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MEDICAL APPLICATIONS

Hitachi’s products are not authorized for use in MEDICAL APPLICATIONS,
including, but not limited to, use in life support devices without the written
consent of the appropriate officer of Hitachi’s sales company. Buyers of
Hitachi’s products are requested to notify Hitachi’s sales offices when planning
to use the products in MEDICAL APPLICATIONS.

When using this manual, the reader should keep the following in mind:
1. This manual may, wholly or partially, be subject to change without notice.

2. Allrights reserved: No one is permitted to reproduce or duplicate, in any
form, the whole or part of this manual without Hitachi’s permission.

3. Hitachi will not be responsible for any damage to the user that may result

from accidents or any other reasons during operation of his unit according
to this manual.

4. This manual neither ensures the enforcement of any industrial properties
or other rights, nor sanctions the enforcement right thereof.

5. Circuitry and other examples described herein are meant merely to indi-
cate characteristics and performance of Hitachi semiconductor-applied
products. Hitachi assumes no responsibility for any patent infringements
or other problems resulting from applications based on the examples
described herein.

6. No license is granted by implication or otherwise under any patents or
other rights of any third party or Hitachi, Ltd.

August 1989 ©Copyright 1989, Hitachi America, Ltd. Printed in U.S.A.
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Quick Reference Guide

HMCSA400 Series Line up

ZTAT Microcomputer (PROM) Mask ROM
— ! [Jre——
| HD4074308° | b 02300 | !
T A/D Converter I HD404302 |
1 ' ! !
| l | |
AL HD4074408, HD4074418 |
Fast, with timer and T HD404418 l
l powerful interrupt function | | |
|
! HD4074608 I | !
b DTMF Generator | HD404608 | |
| LCD Controller | | [
| ! ' |
| ' ' |
HD4074678" | L
P T HD404
| DTMF Receiver | | 04678 ||
Dedicated I ! I '
L HD4074709 ] || Hpaoa70s | |
A r VFD Contro"er .—'__AA_»“ ¥ﬁr HD404709 ]
| Clock function | | |
| | ! |
]
H o losonasos | 4 Hodoaoe | |
i [ HD40L4808 |
LCD Controller l
e -] |
M o | |
1| HD40P4919 | HD404918 | |
| Highcurrent port T | Hoaoaets :
| E—— _] A —
EPROM on the package
type Microcomputer
HMCS400 Application Specific Microcomputer
CPU Core General Purpose Microcomputer
HMCS424 —-1HD40P4281"
36 1/0 TPowerful peripheral functions
pins
HMCS412 HMCS414 HD614P180
HD614P0O80S
v if; Ve ™| /HDB14P0160S
HMCS402 HMCS404 HMCS408 HD404019
General-purpose Large memory
HD4074008 HD4074019
Large memory

. ZTAT Microcomputer High withstand voltage
* . Under Development
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Quick Reference Guide

HMCS400 Series Application Specific Microcomputer

Specific Feature A/D Converter Multi function Timer
Part No. HD404302 HD4074308* HD404418 HD4074418 HD4074408
Supply voltage (V) 5 5 5 5

Operating Temperature

. -20to+75 -20to+75 -20to+75 -20to+75
Range (°C)
DP-64S,FP-64, DP-64S,DC-64S  DP-64S,DC-64S
Package DP-42 FP-64A FP-64,FP-64A  FP-64,FP-64A
ROM (bits) 2048 x 10 8192 x 10 8192 x 10 8192 x 10
RAM (bits) 160 x 4 512x 4 512x 4 512 x 4
1/0 port 33 58 58 58
external 2 6 6 6
Interrupts
internal 3 6 6 6
8bit timer x 2 8bit timer x 4
Timer [auto-reload timer/event counter [autweload timer/event counter/PWM
free running timer/watchdog timer | free-running timer/watchdog timer

Serial Interface -

8bit x 2 (clock synchronous)

A/D converter (8bit x 4 channel)

Tone Generater PWM outpu‘t
Watchdoa Timer Watchdog timer
Others ondog 8 high voltage ports (+12 V) (HD4074408 only)
26 high voltage ports (40 V) L
Low power dissipation modes Low power dissipation mode
(stop mode/standby mode (stop mode/standby mode
* : Under development
G HITACHI
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Quick Reference Guide

PRELIMINARY
DTMF Generator Phase Lock Loop
HD404608 HD4074608 HD404508* HD4074509*
5 5 5 5
-20to +75 -20to +75 -40to +70 -40to +70
FP-80B,FP-80A FP-80B,FP-80A FP-80B FP-80B
8192 x 10 8192 x 10 8192 x 10 16384 x 10
1184 x4 1184 x4 512x 4 512x4
30 30 29 29
2 2 5 5
4 4 6 6
8 bit timer x 3 8 bit timer x 2

free-running timer/time base
auto-reload timer/event counter
auto-reload timer/watchdog timer

20 bit timer x 1
8-bit multiplexed w/reload, event, PWM
8-bit multiplexed w/reload, event
20-bit free running

8-bit x 1 (clock synchronous)

8-bit x 2 (clock synchronous)

DTMF generator
LCD controlier/driver
Watchdog timer
Clock function (32 kHz crystal oscillator)
Low power dissipation modes
stop mode/standby mode
watch mode/subactive mode

‘ PLL with prescalar {(max 160 MHz)

LCD controller/driver
A/D converter (8-bit x 2 channel)
IF counter (15 mHz max. input)

Hitachi America Ltd.  Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300
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Quick Reference Guide

Specific Feature

DTMF Receiver

VFD controller/driver

Part No. HD404678 HD404708 HD404709 HD4074709
Supply voltage (V) 5 5 5 5
Operating Temperature _» 175 _20t0+75 -20t0+75 -20to+75
Range (°C)
DP-64S
DP-64S DP-64S, FP-64A*
Package FP-64A FP-64B* .
FP-64B FP-G4A * FP-64B*, DC-64S
ROM (bits) 8192 x 10 8192 x 10 16384 x 10 16384 x 10
RAM (bits) 512 x4 576 x 4 576 x 4 576 x 4
1/0 port 52 56 56 56
external 4 4 4 4
Interrupts
internal 7 5 5 5
bt timer x.4 . 8bit timer x 3
free-running timer A
. . free-running timer/timer base
Timer auto-reload timer )
auto-reload timer/event counter
event counter auto-reload timer/watchdog timer
timer-output circuits o9

Serial Interface

8bit x 2 (clock synchronous)

8bit x 1 (clock synchronous)

VFD controller/driver

DTMF receiver Clock function (32 kHz crystal oscillator)
Others Reset voltage variable function Watchdog timer

Low power dissipation modes Low power dissipation modes

(standby mode/stop mode stop mode/watch mode
standby mode/subactive mode
* : Under development
@ HITACHI
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Quick Reference Guide

LCD Controller/Driver

HD404808 HD4074808 High Current Port
HD40L4808 HD407L4808 HD404918 HD404919
5 5 5 5
-20to+75 -20to+75 -20to+75 -20to+75
FP-808,FP-80A FP-80B,FP-80A DP-42 DP-42
8192 x 10 8192 x 10 8192 x 10 16384 x 10
1184 x 4 1184 x 4 512x 4 992 x 4
30 30 35 35
2 2 2 2
4 4 1 1
8bit timer x 3
free-running timer/time base 8bit timer x 1
auto-reload timer/event counter [(auto-reload timer/event counter
auto-reload timer/watchdog timer

8bit x 1 (clock synchronous)

LCD contoroller/driver
Clock function (32 kHz crystal oscillator) 27 high voltage ports (+12 V)
Watchdog timer 8 high current port (25 mA)
Low power dissipation modes Low power dissipation modes
[stop mode/watch mode (stop mode/standby mode
standby mode/subactive mode
@ HITACHI
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Quick Reference Guide

HMCSA400 Series General Purpose Microcomputer

Part No. HMCS402AC/C/CL HMCS404AC/C/CL HMCS408AC/C/CL HMCS412AC/C/CL
Clock Frequency (MHz)  6/4/2 6/4/2 4/4/2 4/4/2
Supply voltage (V) 5/5/3 5/6/3 5/5/3 5/5/3
Power operate 27/10/9 27/10/9 22.5/11.5/5.5 16/9/4
?r'rfj;‘,’a“" standby 9/6/3 9/6/3 8.5/6/2.5 7/5/2.5
(mW) si0p 0.06 0.06 0.05 0.05
pporating Temperature 20 t0+75 -20to+76 -20t0+76 ~20t0+75
DP-64S,FP-64 DP-42,DP-42S

Package DP-64S,FP-64 DP-64S,FP-64 FP-64A EP-44A

ROM 2048 x 10 4096 x 10 8192 x 10 2048 x 10
Memory

RAM 160x 4 256 x 4 512x4 160x 4

1/0 36 36 36 31
1/0 input 6 6 6 1

output 16 16 16 4

external 2 2 2
Interrupts timer/counter 2 2 2 1

serial 1 1 1 -
Timer Timer A 8bit free-running timer/counter -

Timer B 8bit auto-reload timer/event counter 8bit auto-reload timer/event counter
Serial Interface 8bit x 1 (clock synchronous) -
stuction execution 1.33/2/4 1.33/2/4 1/2/4 1/2/4

Low power dissipation modes Low power dissipation modes

Others standby mode, stop mode standby mode/stop mode

58 1/0 pins including 26 high voltage

36 1/0 pins including 24 high voltage

HMCS400 Series EPROM on the Package Type

Part No. HD614P080S HD614P016S HD614P180 HD40P4281* HD40P42161" HD40P4919
Supply
Voltage (V) 5 5 5 5 5 5
Operating
Temperature -20to+75 -20to+75 -20to+75 -20to+75 -20to+75 -20to+75
Range ('C)
Package DC-64SP DC-64SP DC-42P DC-42P DC-42P DC-42P
Equivalent HMCS402C/AC HMCS412C HD404918
Device HMCS404C/AC HMCS408C/AC HMCS414C HMCS424C/AC  HMCS424C/AC HD404919
Mountable HN482764 HN482764 HN482764
EPROM HN27C64 HN27C256 HN27C64 HN27C64 HN27256 HN27C256

HN4827128 HN4827128 HN4827128
* : Under development

@ HITACHI
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Quick Reference Guide

HMCS414AC/C/CL HMCS424AC/C/CL HD4074008 HD4074019 HD404019
4/4/2 4/4/2 8 4 4
5/5/3 5/5/3 5 5 5
16/9/4 16/10/3.5 225 TBD TBD
7/5/2.5 8.5/6/2.5 8.5 TBD T8D
0.05 0.05 0.05 TBD TBD
-20to+75 -20to+75 -20t0+75 -20to+75 -20tot+75
DP-42,DP-42S DP-42,DP-42S DC-64S,DP-64S DC-64S,ADP-64S DP-64S, FP-64B*,
FP-44A FP-44A FP-64,FP-64A FP-64B*, FP-64A* FP-64A™
4096 x 10 4096 x 10 8192 x 10 16384 x 10 16384 x 10
160x 4 256 x 4 512 x4 992 x 4 992 x 4
31 31 36 52 52
1 1 6 6 6
4 4 16 - -
2 2 2 2 2
1 2 2 2 2
- 1 1 1 1

8bit free-running X . N
- timer/counter 8bit free-running timer/counter

8bit auto-reload timer/event counter

- gy?rlmtcﬁrlr:g:?s():k 8bit x 1 (clock synchronous)
1/2/4 1/2/4 1 1 1

Low power dissipation modes

standby mode/stop mode

*: Under Development
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Quick Reference Guide

CMOS 4-Bit Single-Chip Microcomputer HMCS40 Series

. HMCS42CL HMCS43CL HMCS44CL
Family Name (HD44708) (HD44758) (HD44808)
(Type Name) HMCS42C HMCS43C HMCS44C
(HD44700) (HD44750) (HD44801)
Supply Voltage (v) 3/5 3/5 3/5
Power Dissipation (typ.) (mw) 0.23/1.5 0.24/1.5 0.32/2
Max. 1/0 Terminal Voltage v) 10 10 10
Operating Temperature Range *' (°C) -20to+75 -20to+75 -20to+75
Package DP-28, DP-28S*4 DP-42, DP-42S*4 DP-42, DP-425*4
R s 330% Shx 10 Toax10%
RAM (bits) 32x4 80x 4 160 x 4
Registers 4 6 8
Stack Registers 2 3 4
4-Bit Data Input 4x1 4 x1 -
4-Bit Data Output 4x2 4x2 -
1/0 Ports Discrete Output 22 1x6 32 1x12 32 -
4-Bit Data Input/Output - 4x1 4x4
Discrete input/Output 1x4 1x4 1x16
External - 2 2
Interrupts "
Timer/Counter - 1 1
Instructions Number of Instructions 52 87 87
Cycle Time (us) 20/10 20/10 20/10
Built-in Clock Pulse Generator Yes
Power on Reset No/Yes No/Yes No/Yes
Battery Back-up Halt RAM Hold Halt
B umy o

* 1 Wide Temperature Range (-40 to+85°C) version

is available.
* 2 Pattern Memory
* 3 LCD DRIVE FUNCTION

Common 4

LCD Segment 32

Drive  pyty

Static, 1/2, 1/3, 1/4

Bias 1/2,1/3

Display Capability

4 x 32 Matrix (1/4 Duty)

Expandable using the LCD Driver HD44100H.

*4 As for low-voltage operation version, a shrink

package isn't prepared.

@ HITACHI
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HMCS45CL

HMCS46CL

HMCS47CL

(HD44828) (HD44848) (HD44868) (N as705 LCD-IV*3
HMCS45C HMCS46C HMCS47C N narot) (HD613901)
(HD44820) (HD44840) (HD44860)
375 3/5 3/5 3/5 3/5
0.32/2 0.32/4 0.32/4 0.36/2.4 0.9/5.0
10 10 10 10 Ve +0.3
20 t0+75 20 t0+75 20 t0+75 20t0+75 20 t0+75
FP-54, DP-64S DP-42, DP-425* FP-54, DP-64S FP-80 FP-80
2088 x 19 4,096 x 10 4,096 x 10 2,008 x 12 4,096 x 10
160 x 4 256 x 4 256 x 4 160 x 4 256 x 4
6 8 6 6 6
a 4 4 4 4
- - - 4x1 4x1
ax1 - - ax1 4x1 4x1
44 - 32 - 44 - 32 - 32 -
4x6 4x4 4x6 4x2 4x2
1x16 1x16 1x16 Tx16 1x16
2 2 2 2 2
1 1 1 1 1
71 87 87 87 87
20/10 20/5 20/5 20/10 20/5
Yes
No/Yes No/Yes No/Yes Yes No
Halt Halt Halt Halt Halt
D aoaoE HDA44857E HD44857E HD44797E HD44797E
@ HITACHI
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Introduction of Packages

Hitachi microcomputer devices include vari-
ous types of package which meet a lot of
requirements such as ever smaller, thinner
and more versatile electric appliances. When
selecting a package suitable for the cus-
tomers' use, please refer to the following for
Hitachi microcomputer packages.

1. Package Classification

There are pin insertion types, surface mount-
ing types and multi-function types, appli-
cable to each kind of mounting method. Also
plastic and ceramic materials are offered
according to use. Figure 1 shows the package
classification according to the mounting
types on the Printed Circuit Board (PCB) and
the materials.

Sﬂiﬁ}‘n’?" — Plastic DIP |

Pin Insertion Ceramic DIP l
Type

82;',?,:; S-DIP |——] Shrink Type Plastic pIP |

Skinny Type Plastic DIP]

Skinny Type Ceramic DIP|

PGA (Ceramic) J

PGA (Plastic) |

gla:sksaifgi’gation E/Iuortflani?ng Type] | Eaaékage ]l DFP H SOP (Plastic) 1

— oFp |  QFP (Plastic) ]

1 FPG(Ceramic) |

e — cc PLCC (Plastic) |

LCC (Ceramic) |

Type

L_{Multi-function —-‘EROM on the package Type]

DIP: Dual in line package

S-DIP: Shrink Dual in line package
SK-DIP: Skinny Dual in line package
PGA: Pin Grid Array

DFP: Dual Flat Package

QFP: Quad Flat Package

SOP: Small Outline Package

FPG: Flat Package of Glass
PLCC: Plastic Leaded Chip Carrier
LCC: Leadless Chip Carrier

Figure 1.

Package Classification according to the Mounting Type on the Printed
Circuit Board and the Materials

@ HITACHI
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Introduction of Packages

2. Type No. and Package Code Indication

Type No. of Hitachi 4-bit single-chip micro-
computer device is followed by package
material and outline specifications, as shown
below. The package type used for each

LType No. Indication J

HDXXXXX%

Note HDXXXPXXXX stands for
Type No. of EPROM on the
package type microcomputer

device.

Package Code Indication ]

-64S

device is identified by code as follows, illus-
trated in the data sheet of each device.

When ordering, please write the package
code beside the type number.

Package classification
HMCS 40 series
No Indication; Plastic DIP
S; Shrink Type Plastic DIP
F; QFP
HMCS 400 series
F; QFP
H; QFP
P; Plastic DIP
S; Shrink Type Plastic DIP
C; Ceramic DIP

L—[ Additional outline 2 ]

Outline ]— T Number of pins l

Additional outline 1

D; DIP

F; FLAT
Materials
P; Plastic
C; Ceramic

G; Glass sealed Ceramic

S; Shrink Type

P; EPROM on the package

SP; EPROM on the shrink
package

@ HITACHI
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Introduction of Packages

3. Package Dimensional Outline

Hitachi 4-bit single-chip microcomputer

device employs the packages shown in Table
1 according to the mounting method on the

PCB.

Table 1. Package List

Mounting method

Package classification

Package material

Package code

Pin insertion type Standard Outline (DIP) Plastic DP-28
DP-42
Ceramic DC-42
Shrink Outline (S-DIP) Plastic DP-28S
DP-42S
DP-64S
Ceramic DC-64S
Surface mounting type Flat package QFP Plastic FP-44A FP-80
FP-54 FP-80B
FP-64 FP-80A
FP-64B FP-100
FP-64A
FPG Ceramic FG-80
Multi-function type EPROM on the package  Ceramic DC-64SP
type DC-42pP
@ HITACHI
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Introduction of Packages

Plastic DIP
Unit : mm (inch)
Scale : 1/1
DP-28
35.6(1.402)
28 36.5max.(1.437Tmax.) 5

nononnoaoanaaand

(0.528)

13.4
14.6max
(0.575max.)

U000 U0o 0000000 ug
[N i - 15.24

(00a7) < & 06000 |
< £ x§ ‘ I
_E-5,°3
E-NyEN
(AT gislas
o= =
WYHARA =i
v v I8¢ 2585
L | 2sax02s oastor 28 et
{0100£0010) (001940000 = g~15° ©O7
DP-42
52.8(2.079)
53.7max.(2.1 14max.)
a2 2
Anoaonooonoooonoonoonno

%X 8

o ° E

S| &e

oS R

)

4

5 g e

1.2 2
(0.047)
1524
. 2 3 (0.600)
¢ E
ES ES
seles
P
2544025 048+0.1 ~3 1S
(0.100+0,010) (0.019+ 0.000) S0k 0B
mm‘"—‘wﬁ
© HITACHI
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Introduction of Packages

Shrink Type Plastic DIP

Unit : mm (inch)

Scale : 1/1
DP-28S
27.10(1.067)
bg 27-94max (1L100max)
annnoonoooonon -
X8
©|SEE
=S89
[0 ~Sso
ju ) |SpSpspepspussgepupuapu)
e 4 L 10.16
(0.039) < £ g8 | Ce0
E-S.ES :
&|29188
c;*e mg/
- | W
— : 25T
1178 +0.25 0a8101  EEf RS
" T(0.070+0.010)  "(0.019+0.004)% S 0" I5' ©9
N o
DP-42S
37.34(1.470)
12 38.6max. (1.520max.) 22
onNoooOOaaonAonaannana
3|58
S|Ew
S|eh
o) Ime
o000 0000000000070
! 10 ji2r 15.24
0.039 £E % -
o EExE L o0 |
&
BT ‘
Sles
DP-64S
57.6(2.268)
64 58.5max.(2.303max.) 33
nnnnnnnnnnrlnnnhnnnnnnnnnnnnnnnn
3 :fE
2EE S
“les &
o s
IIJ LJL[I)LJUULILIIJULJUUUU'UIJUUULIUULIUUULILJL"J
I 32
(0.39)
- 19.05
& E ::é (0.750)
E.S EoS '
512188
IR

0.25% £
©0010%% @

(|.77s +0.25 0.48 4 ovlo_.”.h

0.070+ 0.010) (0.019 + 0.004)

2.54min
(0.100min.)
o
a
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Introduction of Packages

Shrink Type Ceramic DIP
Unit : mm (inch)
Scale : 1/1
DC-64S
57.3(2.256)
4 - 33
]
=
s
E]
]
[
! 0.9(0.035) %
- 19.05(0.750)
5 &
£
Lie | mm———
— |
== 0.25:34
|_tm8xo2s I 0.48+0.1 &l "(0.010:3589
{0,070+ 0.010) (0019 + 0.004) Sle
i
g2
S HITACHI
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Introduction of Packages

Flat Plastic Package

Unit :
Scale

mm (inch)
0 3/2

FP-44A

17.240.3(0.677+0.012)

2.90(0.114)max

14.0(0.551)
ki 23

0.80(0.031))

34

14.0(0.551)

44 H

17.240.3(0.677£0.012)
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FP-64B
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FP-80B
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Flat Ceramic Package

Unit : mm (inch)
Scale : 3/2

FG-80

17403 J
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22

G HITACHI

Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 * (415) 589-8300



Introduction of Packages

EPROM on the package

Unit : mm (inch)

Scale : 3/2
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Reliability and Quality Assurance

1. Views on Quality and Reliability

Basic views on quality in Hitachi are to meet
individual user’s purchase purpose and qual-
ity required, and to be at the satisfied quality
level considering general marketability.
Quality required by users is specifically clear
if the contract specification is provided. If not,
quality required is not always definite. In
both cases, efforts are made to assure the
reliability so that semiconductor devices
delivered can perform their ability in actual
operating circumstances. To realize such
quality in manufacturing process, the key
points should be to establish quality control
system in the process and to enhance morale
for quality.

In addition, quality required by users on

semiconductor devices is going toward

higher level as perfomance of electronic sys-

tem in the market is going toward higher one

and is expanding size and application fields.

To cover the situation, actual bases Hitachi is

performing is as follows;

(1) Build the reliability in design at the stage
of new product development.

(2) Build the quality at the sources of manu-
facturing process.

(3) Execute the harder inspection and reli-
ability confirmation of final products.

(4) Make quality level higher with field data
feed back.

(6) Cooperate with research laboratories for
higher quality and reliability.

With the views and methods mentioned

above, utmost efforts are made for users’

requirements.

2. Reliability Design of Semicon-
ductor Devices

2.1 Reliability Targets

Reliability target is the important factor in
manufacture and sales as well as perfor-
mance and price. It is not practical to rate
reliability target with failure rate at the cer-
tain common test condition. The reliability
target is determined corresponding to char-
acter of equipments taking design, manufac-
ture, inner process quality control, screening
and test method, etc. into cosideration, and
considering operating circumstances of
equipments the semiconductor device used
in, reliability target of system, derating
applied in design, operating condition, main-
tenance, etc.

2.2 Reliability Design

To achieve the reliability required based on
reliability targets, timely sude and execution
of design standardization, device design (in-
cluding process design, structure design),
design review, reliability test are essential.

(1) Design Standardization

Establishment of design rule, and standardi-
zation of parts, material and process are nec-
essary. As for design rule, critical items on
quality and reliability are always studied at
circuit design, device design, layout design,
etc. Therefore, as long as standardized proc-
ess, material, etc. are used, reliability risk is
extremely small even in new development
devices, only except for in the case special
requirements in function needed.

(2) Device Design

It is important for device design to consider
total balance of process design, structure
design, circuit and layout design. Especially
in the case new process and new material are
employed, technical study is deeply executed
prior to device development.

(3) Reliability Evaluation by Test Vehicle

Test vehicle is sometimes called Test Pattern.
It is useful method for design and process
reliability evaluation of IC and LSI which
have complicated functions.
1. Purposes of Test Vehicle are as follows:
® Making clear about fundamental failure
mode
® Analysis of relation between failure
mode and manufacturing process con-
dition
® Search for failure mechanism analysis
® Establishment of QC point in manufac-
turing
2. Effectiveness of evaluation by Test Vehicle
are as follows;
® Common fundamental failure mode and
failure mechanism in devices can be
evaluated.
® Factors dominating failure mode can be
picked up, and comparison can be made
with process having been experienced
in field.
® Able to analyze relation between fail-
ure causes and manufacturing factors.
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® Easy to run tests.
etc.

2.3 Design Review

Design review is organized method to con-
firm that design satisfies the performance
required including users’ and design work
follows the specified ways, and whether or
not technical improved items accumulated in
test data of individual major fields and field
data are effectively built in. In addition, from
the standpoint of enhancement of competi-
tive power of products, the major purpose of
design review is to ensure quality and reli-
ability of the products. In Hitachi, design
review is performed from the planning stage
for new products and even for design chan-
ged products. Items discussed and deter-
mined at design review are as follows;

(1) Description of the products based on
specified design documents.

(2) From the standpoint of specialty of indi-
vidual participants, design documents are
studied, and if unclear matter is found,
sub-program of calculation, experiments,
investigation, etc. will be carried out.

(3) Determine contents of reliability and
methods, etc. based on design document
and drawing.

(4) Check process ability of manufacturing
line to achieve design goal.

(5) Discussion about preparation for produc-

tion.

Planning and execution of sub-programs

for design change proposed by individual

specialist, and for tests, experiments and
calculation to confirm the design change.

(7) Reference of past failure experiences
with similar devices, confirmation of
method to prevent them, and planning
and execution of test program for con-
firmation of them. These studies and
decisions are made using check lists
made individually depending on the
objects.

(6

~

3. Quality Assurance System of
Semiconductor Devices

3.1 Activity of Quality Assurance

General views of overall quality assurance in

Hitachi are as follows;

(1) Problems in individual process should be
solved in the process. Therefore, at final
product stage, the potential failure fac-
tors have been already removed.

(2) Feedback of information should be made
to ensure satisfied level of process ability.

(3) To assure reliability required as an result
of the things mentioned above is the

purpose of quality assurance.

The followings are regarding device
design, quality approval at mass produc-
tion, inner process quality control, prod-
uct inspection and reliability tests.

3.2 Quality Approval

To ensure quality and reliability required,
quality approval is carried out at trial pro-
duction stage of device design and mass
production stage based on reliability design
described at section 2.

The views on quality approval are as follows;

(1) The third party performs approval objec-
tively from the standpoint of customers.

(2) Fully consider past failure experiences
and information from field.

(3) Approval is needed for design change
and work change.

(4) Intensive approval is executed on parts
material and process.

(5) Study process ability and fluctuation fac-
tor, and set up control points at mass
production stage.

Considering the views mentioned above,
quality approval shown in Fig. 1 is per-
formed.

3.3 Quality and Reliability Control at
Mass Production

For quality assurance of products in mass
production, quality control is executed with
organic division of functions in manufactur-
ing department,  quality assurance depart-
ment, which are major, and other depart-
ments related. The total function flow is
shown in Fig. 2. The main points are de-
scribed below.

3.3.1 Quality Control of Parts and Mate-
rial

As the performance and the reliability of
semiconductor devices are getting higher,
importance is increasing in quality control of
material and parts, which are crystal, lead
frame, fine wire for wire bonding, package, to
build products, and materials needed in
manufacturing process, which are mask pat-
tern and chemicals. Besides quality approval
on parts and materials stated in section 3.2,
the incoming inspection is, also, Key in qual-
ity control of parts and materials. The incom-
ing inspection is performed based on incom-
ing inspection specification following pur-
chase specification and drawing, and sam-
pling inspection is executed based on MIL-
STD-105D mainly.
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The other activities of quality assurance are

as follows:

(1) Outside Vendor Technical Information
Meeting

(2) Approval on outside vendors, and guid-
ance of outside vendors /

(3) Physical chemical analysis and tes

The typical check points of parts and mate-

rials are shown in Table 1.

3.3.2 Inner Process Quality Control

Inner process quality control is performing
very important function in quality assurance
of semiconductor devices. The following is
description about control of semi-final prod-
ucts, final products, manufacturing facilities,
measuring equipments, circumstances and
sub-materials. The quality control in the
manufacturing process is shown in Fig. 3
corresponding to the manufacturing process.

devices should be removed preventively in
manufacturing process. To achieve it, check
points are set-up in each process, and prod-
ucts which have potential failure factor are
not transfer to the next process. Especially,
for high reliability semiconductor devices,
manufacturing line is rigidly selected, and the
quality control in the manufacturing process
is tightly executed — rigid check in each
process and each lot, 100% inspection in
appropriate ways to remove failure factor
caused by manufacturing fluctuation, and
execution of screening needed, such as high
temperature aging and temperature cycling.
Contents of inner process quality control are
as follows;
® Condition control on individual equip-
ments and workers, and sampling
check of semifinal products.
® Proposal and carrying-out improvement
of work

(1) Quality Control of Semi-final Products ® Education of workers
and Final Products ® Maintenance and improvement of yield
® Picking-up of quality problems, and
Potential failure factors of semiconductor execution of countermeasures
Step Contents Purpose
Target Jl Design Review
Specification
Design = Characteristics of Material and Confirmation of
Trial Materials, Parts Parts Characteristics and
Production Approval Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical
Electrical
Others
ﬂChatactenshcs Approval | Electrical Confirmation of Target
Characteristics Spec. Mainly about
Function Electrical Characteristics
Voltage
Current
Temperature
Others

ﬁoual ity Approval (1) |

Mass
Production

Appearance, Dimension

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Quality Approval (2) e—

Reliability Test
Process Check same as
Quality Approval (1)

{ Confirmation of Quality
1 and Reliability in Design

Confirmation of Quality
and Reliability in Mass
Production

26

Figure 1. Flow Chart of Quality Approval
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® Transmission of information about

quality

(2) Quality Control of Manufacturing Facil-
ities and Measuring Equipment

Equipments for manufacturing semiconduc-
tor devices have been developing extraordi-
narily with necessary high performance
devices and improvement of production, and
are important factors to determine quality
and reliability. In Hitachi, automatization of

manufacturing equipments are promoted to
improve manufacturing fluctuation, and con-
trols are made to maintain proper operation
of high performance equipments and perform
the proper function. As for maintenance
inspection for quality control, there are daily
inspection which is performed daily based on
specification related, and periodical inspec-
tion which is performed periodically. At the
inspection, inspection points listed in the
specification are checked one by one not to
make any omission. As for adjustment and

Process

Material, Parts J

Material,
Parts

Inspection of
Material and Parts

Inspection

Receiving |

pp———

Quality Control

Inspection on Material and
Parts for Semiconductor
Devices

Method

Lot Sampling,
Confirmation of
Quality Level

Characteristics

| | Manufacturing Equipment, | _J] . 4 Confirmation of
\ Manufacturing [ —4 Environment, Sub-material, Quality Level
1 I Worker Control
| |
| |
| .
: s . [ Inner Process ---4--— LotSampling,
' creening r==-1 Quality Control Conf.lrmatuon of
| Quality Level
! I
! I
{ ! 100% Inspection on F==1==d  Testi
——= | 100% Inspection| b———~] Appearance and Electrical h esting,
1 | Characteristics nspection
S
Products Sameting 1 " -
Products ampling Inspection on S Sup—
Appearance and Electrical Lot Sampling

Reliability Test

Confirmation of
Quality Level, Lot
Sampling

Feedback of

g 1 Information
m : Quality Information |

| Claim :

: Field Experience [—
: General C_!uality :

N Information _,'

Figure 2. Flow Chart of Quality Control in Manufacturing Process
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maintenance of measuring equipments,
maintenance number, specification are
checked one by one to maintain and improve
quality.

(3) Quality Control of Manufacturing Cir-
cumstances and Submaterials.

Quality and reliability of semiconductor
device is highly affected by manufacturing
process. Therefore, the controls of manufac-

turing circumstances — temperature, humid-
ity, dust — and the control of submaterials —
gas, pure water — used in manufacturing
process are intensively executed. Dust con-
trol is described in more detail below.

Dust control is essential to realize higher
integration and higher reliability of devices.
In Hitachi, maintenance and improvement of
cleanness in manufacturing site are executed
with paying intensive attention on buildings,

Process

Y Purchase of Material
Wafer

—Wafer —1
C Surface Oxidation Oxidation

inspection on Surface
Oxidation
Photo Resist Photo
Resist
Inspection on Photo Resist
© PQC Level Check
Diffusion Diffusion
Inspection on Diffusion
© PQC Level Check

Evaporation Eyapora-
tion
Inspection on Evaporation

© PQC Level Check
Wafer Inspection Wafer
Inspection on Chip
Electrical Characteristics
Chip Scribe
Inspection on Chip
Appearance

© PQC Lot Judgement

Chip

+—Frame —«

Assembling Assembling

© PQC Level Check

(] Inspection after
Assembling
< PQC Lot Judgement

“— Package |
Sealing Sealing
© PQC Level Check
Final Electrical inspection
O Failure Analysis

Marking

Appearance Inspection
Sampling Inspection on
Products
Receiving

Shipment

Control Point

Characteristics, Appearance

Appearance, Thickness of
Oxide Film

Dimension, Appearance

Diffusion Depth, Sheet
Resistance

Gate Width

Characteristics of Oxide Film
Breakdown Voltage

Thickness of Vapor Film,
Scratch, Contamination

Thickness, VTH Characteris-
tics

Electrical Characteristics

Appearance of Chip

Appearance after Chip
Bonding

Appearance after Wire
Bonding

Pull Strength, Compression
Width, Shear Strength
Appearance after Assembling

Appearance after Sealing
Outline, Dimension

Marking Strength

Analysis of Failures, Failure
M‘ode, Mechanism

Purpose of Control

Scratch, Removal of Crystal
Defect Wafer

Assurance of Resistance
Pinhole, Scratch

Dimension Level
Check of Photo Resist
Diffusion Status

Control of Basic Parameters
(VTH, etc.) Cleanness of surface,
Prior Check of Vin

Breakdown Voltage Check
Assurance of Standard
Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip
Bonding

Quality Check of Wire
Bonding

Prevention of Open and
Short

Guarantee of Appea;-anoe
and Dimension

Feedback of Analysis Infor-
mation

Figure 3. Example of Inner Process Quality Control
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facilities, airconditioning systems, materials
delivered-in, clothes, work, etc., and period-

Table 1. Quality Control Check Points
of Material and Parts (Exam-

ical inspection on floating dust in room, fall- ple)
ing dusts and dirtiness of floor. Material, Important
3.3.3 Final Product Inspection and Reli- Parts Control ltems _ Point for Check
ability Assurance Wafer Apperance Damage and Contam-
ination on Surface
(1) Final Product Inspection Dimension Flatness
Sheet Resistance Resistance
Lot inspection is done by quality assurance Defect Density  Defect Numbers
department for products which were judged Crystal Axis
as good products in 100% test, which is final
process in manufacturing department. Mask Appearance Defect Numbers,
Though 100% of good products is expected, Di . ggratch_ Level
sampling inspection is executed to prevent R'"Te”S'°’? imension Leve
mixture of failed products by mistake of work, esistoration . .
etc. The inspection is executed not only to Gradation Un{f ormity of Gra-
confirm that the products meet users’ dation.
requirement, but to consider potential fac- Fine Apperance Contamination,
tors. Lot inspection is executed based on MIL- Wire for Scratch, Bend,
STD-105D. Wire Twist
Bonding Dimension
(2) Reliability Assurance Tests Purity Purity Level
Elongation Ratio Mechanical
To assure reliability of semiconductor Strength
devices, periodical reliability tests and reli- —
ability tests on individual manufacturing lot Frame Appearance Contamination,
required by user are performed. Scratch
Dimension Dimension Level
Processing
Accuracy
Plating Bondability,
Solderability
Mounting Heat Resistance
Characteristics
Ceramic Appearance Contamination,
Package Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Sol-
derability
Mounting Heat Resistance
Characteristics
Electrical
Characteristics
Mechanical Mechanical
Strength
Strength
Plastic Composition Characteristics of
Plastic Material
Electrial
Characteristics
Thermal
Characteristics
Molding Molding Perfor-
mance
Performance
Mounting Mounting Charac-
Characteristics  teristics
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Customer

Claim
(Failures, Information)

Sales Dept.

Sales Engineering Dept.

—_—— e e — . —

Quality Assurance Dept.

l

!

Manufacturing Dept.

Design Dept.

L

Report

|

Quality Assurance Dept.

Sales Engineering Dept.

Reply

Customer

Failure Analysis

Countermeasure
Execution of
Countermeasure

Follow-up and Confirmation
of Countermeasure Execution

30

Figure 4. Process Flow Chart of Field Failure
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Reliability Test Data of Microcomputer

1. Introduction

Microcomputer is required to provide higher
reliability and quality with increasing func-
tion, enlarging scale and widening applica-
tion. To meet this demand, Hitachi is improv-
ing the quality by evaluating reliability,
building up quality in process, strengthening
inspection and analyzing field data etc..

This chapter describes reliability and quality
assurance data for Hitachi 4-bit single-chip
microcomputer based on test and failure
analysis results. More detail data and new
information will be reported in another reli-
ability data sheet.

2. Package and Chip Structure
2.1 Package

The reliability of plastic molded type has
been greatly improved, recently their appli-

cations have been expanded to automobiles
measuring and control systems, and com-
puter terminal equipment operated under
relatively severe conditions and production
output and application of plastic molded type
will continue to increase.

To meet such requirements, Hitachi has con-
siderably improved moisture resistance,
operation stability, and chip and plastic
manufacturing process.

Plastic package type structure is shown in
Figure 1 and Table 1.

2.2 Chip Structure

Hitachi 4-bit single-chip microcomputer are
produced in PMOS E/D technology or low
power CMOS technology. Si-gate process is
used in both types because of high reliability

Table 1. Package Material and Properties

Item Plastic DIP Plastic Flat Package
Package Epoxy Epoxy

Lead Solder dipping Alloy 42 Solder plating Alloy 42
Die bond Au-Si or Ag paste Au-Si or Ag paste
Wire bond Thermo compression Thermo compression
Wire Au Au

(1) Plastic DIP

(2) Plastic Flat Package

Bonding wire

Plastic

Figure 1. Package Structure
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and high density. Chip structure and basic circuit are shown in

Figure 2.

Si-Gate P-channel ” si-Gate CMOS

PSG Al Gate

Gate (Poly-Si) &/

Al

p* P¥
{  P-well
[ Y
N 5o 1l \
Si0, Source Drain SiO, Source Drain
FET2
P-channel P-channel
EMOS EMOS
N-channel
P-channel EMOS

EMOS

Figure 2. Chip Structure and Basic Circuit
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3. Quality Qualification and Eval-
uation

3.1 Reliability Test Methods
Reliability test methods shown in Table 2 are

used to qualify and evaluate the new prod-
ucts and new process.

Table 2. Reliability Test Methods

Test Items Test Condition MIL-STD-883 B Method No.

Operating Life Test 125°C, 1000hr 1005,2

High Temp, Storage Tstg max, 1000hr 1008, 1

Low Temp, Storage Tstg min, 1000hr

Steady State Humidity 65°C 95%RH, 1000hr

Steady State Humidity Biased 85°C 85%RH, 1000hr

Temperature Cycling -55°C~150°C, 10 cycles 1010,4

Temperature Cycling —20°C~125°C, 200 cycles

Thermal Shock 0°C~100°C, 100 cycles 1011,3

Soldering Heat 260°C, 10 sec

Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z 2002,2

Vibration Fatigue 60Hz 20G, 32hrs/X, Y, Z 2005,1

Variable Frequency 20~2000Hz 20G, 4min/X, Y, Z 2007,1

Constant Acceleration 20000G, 1 min/X, Y, 2 2001,2

Lead Integrity (DIP) 225gr, 90° 3 times 2004,3

Lead Integrity (QFP) 225gr, 90° 1 time 2004
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3.2 Reliability Test Results Table 14, There is little difference according
to device series, as the design and production
Reliability Test Result of 4-bit single-chip process, etc. are standardized.

microcomputer device is shown in Table 3 to

3.2.1 HMCS40 Series (HMCS40 Series)
Table 3. Dynamic Life Test

(1) PMOS
(Condition; —Vpp=11V, —Vuiss=50V, Ta=125°C)

Device Type Package Sample Size Component Hours Failure

HMCS47A DP-64S 45 45000 0
FP-54 45 45000 Y

HMCS45A DP-64S 90 90000 0
FP-54 405 405000 2*

HMCS44A DP-42 313 313000 1**
DP-42S 45 45000 0

HMCS43 DP-42 116 116000 (0]
DP-42S 45 45000 0

HMCS42 DP-28 106 106000 0

Total 1210 1210000 3

*  Surface contamination
**  Aluminum metallization open

(2) CMOS
(Condition; Vcc=5.5V, Ta =125°C)

Device Type Package Sample Size Component Hours Failure
HMCS47C DP-64S 90 90000 (¢}
FP-54 90 90000 0
HMCS46C DP-42 90 90000 (¢}
DP-42S 45 45000 0
HMCS45C DP-64S 45 45000 0
FP-54 120 120000 1*
HMCS44C DP-42 162 162000 1%*
DP-42S 45 45000 0
HMCS43C DP-42 120 120000 (o]
FP-54 90 90000 0
HMCS42C DP-28 60 60000 0
DP-28S 45 45000 0
LCD-1t FP-80 90 90000 0
LCD-WV FP-80 90 90000 0
Total 1182 1182000 2

*  Surface contamination

**  Aluminum metallization open

Estimated Failure Rate=0.018%/1000 hrs at Ta=75°C for PMOS
0.014%/1000 hrs at Ta=75°C for CMOS

(Activation Energy 0.7eV, Confidence Level 60%)
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Table 4. Moisture Resistance

Plastic Package Type

DIP oFP
Test Item Condition Sample Failure Sample Failure
High Temp. 65'C 95%RH, 1000hrs 870 1 545 1
High Humidity 85°C 95%RH, 1000hrs 220 1 165 1
Storage
High Temp. 85°C 85%RH, 1000hrs 205 1 185 1
High Humidity Bias
Pressure 121°C 2 atm, 96hrs 55 (0] 55 o]

Cooker Test

Failure mode : Aluminum corrosion 6 pcs.

10° T I
\ DIP 600mil Estimated Failure Rate
.......... ‘ in Field
QFP-H-54..54,60 pin (30°C 95%RH)
N\ 0.0125%/1000 hrs for DIP
0.025%/1000 hrs for QFP-H-54
n 104
£ \ DIP
2
© QFP-H-54 d=2.9mm max.
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3
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Moisture resistance of plastic package LSI
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Table 5. Mechanical and Environmental Test Results

DIP Type QFP Type

Test Item Test Condition Sample Failure Sample Failure
High Temperature Storage Ta=150°C, 1000hrs 43 0 53 0
Low Temperatuer Storage Ta=-55°C, 1000hrs 50 0 40 o]
Temperature -55'C~25'C~150°C 1637 [o] 1514 (o]
Cycling 10 cycles
Thermal Shock 0°C~100°C 10 cycles 150 0 100 (0]
Soldering Heat 260°C, 10 sec 140 (0] 160 (o]
Solderability 230°C, 5 sec 34 0 34 0
Mechanical 1500G, 0.5 msec 45 0 45 (o]
Shock 3 times/X, Y, Z
Vibration 60 Hz, 20G 120 0 45 o]
Fatigue 32 hrs/X, Y, Z
3.2.2 HMCS400 Series
Table 6. Dynamic Life Test (HMCS400 Series)
(Condition : Vcc=6.0V, T,=125°C)
Device Type Package Sample Size Component Hours Failure
HMCS404 DIP 55 55,000 (o]

QFP 77 77,000 [¢]
HMCS408 DIP 78 78,000 o]

QFP 55 55,000 0
HMCS412 DIP 55 55,000 0

QFP 32 16,000 0
HMCS414 DIP 55 55,000 0

QFP 32 32,000 (0]
HMCS424 DIP 55 55,000 (0]
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Table 7. Moisture Resistance (HMCS400 Series)

(1) High Temp. High Humidity Storage

Device Type Package Candition 168 hrs. 500 hrs. 1000 hrs.
HMCS404 DIP 65°C 95%RH 0/176 0/176 0/176
QFP 65°C 95%RH 0/176 0/176 0/176*
HMCS408 DIP 65°C 95%RH 0/45 0/45 0/45
DIP 85°C 95%RH 0/45 - 0/45 0/45
QFP 65°C 95%RH 0/116 0/116 0/116
QFpP 85°C 95%RH 0/70 0/70 0/70
HMCS412 QFP 65'C 95%RH 0/50 0/50 0/50
QFP 85°C 95%RH 0/50 0/50 0/560
* Aluminum Corrosion
(2) Pressure Cooker Test
(Condition : 121°C, 2 atm.)
Device Type Package 40 hrs. 60 hrs. 100 hrs.
HMCS404 DIP 0/45 0/45 0/45
QFP 0/45 0/45 0/45
HMCS408 DIP 0/22 0/22 0/22
QFP 0/45 0/45 0/45
HMCS412 QFP 0/45 0/45 0/45
(3) High Temp. High Humidity Bias
(Condition : 85°C, 85%RH, Vcc=5.5V)
Device Type Package 168 hrs. 500 hrs. 1000 hrs.
HMCS404 DIP 0/32 0/32 0/32
QFP 0/22 - 0/22 0/22
HMCS414 DIP 0/22 0/22 0/22
QFpP 0/22 0/22 0/22
GO HITACHI
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Table 8. Temperature Cycling (HMCS400 Series)

Device Type Package 10 cycles 100 cycles 200 cycles
HMCS404 DIP 0/295 0/90 0/90

QFP 0/210 0/45 0/45
HMCS408 DIP 0/90 0/45 0/45

QFP 0/45 0/45 0/45
HMCS412 DIP 0/287 0/77 0/77

QFP 0/45 0/45 0/45
HMCS414 DIP 0/77 0/77 0/77

QFP 0/45 0/45 0/45
HMCS424 DIP 0/45 0/45 0/45

Table 9. High Temp. Low Temp. Storage (HMCS400 Series)

(1) High Temp. Storage (Condition : 150°C)

Device Type Package 168 hrs. 500 hrs. 1000 hrs.
HMCS404 DIP 0/22 0/22 0/22

QFP 0/22 0/22 0/22
HMCS408 DiP 0/22 0/22 0/22

QFP 0/22 0/22 0/22
HMCS414 DIP 0/22 0/22 0/22

(2) Low Temp. Storage (Condition : —55°C)

Device Type Package 168 hrs. 500 hrs. 1000 hrs.
HMCS404 QFpP 0/22 0/22 0/22
HMCS408 DIP 0/22 0/22 0/22
QFP 0/22 0/22 0/22
HMCS414 DIP 0/22 0/22 0/22
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3.2.3 4-bit ZTAT

Table 10. Dynamic Life Test (ZTAT)

(Condition : Vcc=6.0V, Ta=125°C)

Device Type Package Sample Size Component Hours Failures
HD4074008 DIP (ceramic) 55 55,000 (0]

DIP 55 55,000 0
HD4074408 DIP (ceramic) 55 55,000 0

DIP 100 100,000 0

QEP 32 32,000 0

Table 11. Moisture Resistance (ZTAT)

(1) High Temp. High Humidity Storage

Device Type Package Condition 168 hrs. 500 hrs. 1000 hrs.
HD4074008 DIP 65°C 95%RH 0/77 0/77 0/77
QFP 65°C 95%RH 0/565 0/55 0/565
85°C 95%RH 0/49 0/49 0/49
HD4074408 DIP 65°C 95%RH 0/116 0/116 0/116
QFP 65°C 95%RH 0/45 0/45 0/45
85°C 95%RH 0/26 0/26 0/26
(2) Pressure Cooker Test
(Condition : 121°C, 2 atm.)
Device Type Package 40 hrs. 60 hrs. 100 hrs.
HD4074008 DIP 0/22 0/22 0/22
QFP 0/22 0/22 0/22
HD4074408 DIP 0/45 0/45 0/45
QFP 0/22 0/22 0/22

Table 12. Temperature Cycling (ZTAT)

(Condition : —55°C~150°C)

Device Type Package 10 cycles 100 cycles 200 cycles
HD4074008 DIP 0/150 0/45 0/45
QFP 0/100 0/45 0/45
HD4074408 DIP 0/120 0/45 0/45
QFP 0/130 0/45 0/45
G@HITACHI
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Table 13. High Temp. Low Temp. Storage (ZTAT)

(1) High Temp. Storage

(Condition : 150°C)
Device Type Package 48 hrs. 168 hrs. 500 hrs. 1000 krs.
HD4074008 DIP (ceramic) 0/221 0/35 0/35 0/35
DIP 0/79 0/79 0/79 0/79
QFP 0/189 0/45 0/45 0/45
HD4074408 DIP (ceramic) 0/255 0/104 0/104 0/104
DiP 0/260 0/44 0/44 0/44
QFP 0/103 0/32 0/32 0/32
(2) Low Temp. Storage
(Condition : —55°C)
Device Type Package 168 hrs. 500 hrs. 1000 hrs.
HD4074008 DIP 0/22 0/22 0/22
QFP 0/22 0/22 0/22
HD4074408 DIP 0/22 0/22 0/22
QFP 0/22 0/22 0/22

Table 14. Mechanical and Environment Test Results (HMCS400 Series)

DIP QFP

Test Item Condition Samples Failures Samples Failures
Thermal Shock 0'C~100C, 10 cycles 210 0 150 (o]
Soldering Heat 260°C, 10 sec 246 0 86 0]
Solderability 230°C, 5 sec, Rosin flux 132 0 88 [¢]
Salt Water Spray 35°C, NaCl 5%, 24 hrs. 110 0 66 0
Drop Test 75cm, maple board 3 times 44 0] 40 0
Lead Integrity Streching, 25609, 30 sec. 60 6] 40 0
Banding, 225g, 90, 3 times 160 (0] 22 0
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4. Precaution
4.1 Storage

It is preferable to store semiconductor

devices in the following ways toc prevent

detrioration in their electrical characteristics,
solderability, and appearance, or breakage.

(1) Store in an ambient temperature of 5 to
30°C, and in a relative humidity of 40 to
60%.

(2) Store in a clean air environment, free from
dust and active gas.

(3) Store in a container which does not
induce static electricity.

(4) Store without any physical load.

(5) If semiconductor devices are stored for a
long time, store them in the unfabricated
form. If their lead wires are formed
beforehand, bent parts may corrode dur-
ing storage.

(6) If the chips are unsealed, store them in a
cool, dry, dark, and dustless place.
Assemble them within 5 days after
unpacking. Storage in nitrogen gas is
desirable. They can be stored for 20 days
or less in dry nitrogen gas with a dew
point at —30°C or lower. Unpacked
devices must not be stored for over 3
months.

(7) Take care not to allow condensation dur-
ing storage due to rapid temperature
changes.

4.2 Transportation

As with storage methods, general precau-
tions for other electronic component parts are
applicable to the transportation of semicon-
ductors, semicoductor-incorporating units
and other similar systems. In addition, the
following considerations must be given, too:

(1) Use containers or jigs which will not

induce static electricity as the result of

vibration during transportation. It is
desirable to use an electrically conductive
container or aluminium foil.

In order to prevent device breakage from

clothes-induced static electricity, workers

should be properly grounded with a

resistor while hadling devices. The resis-

tor of about 1 M ohm must be provided
near the worker to protect from electric
shock.

(3) When transporting the printed circuit
boards on which semiconductor devices
are mounted, suitable preventive mea-
sures against static electricity induction
must be taken; for example, voltage built-
up is prevented by shorting terminal cir-
cuit. When a belt conveyor is used, pre-
vent the conveyor belt from being elec-

2

-~

trically charged by applying some surface
treatment.

(4) When transporting semiconductor
devices or printed circuit boards, mini-
mize mechanical vibration and shock.

4.3 Handing for Measurement

Avoid static electricity, noise and surge-volt-
age when semiconductor devices are mea-
sured. It is possible to prevent breakage by
shorting their terminal circuits to equalize
electrical potential during transportation.
However, when the devices are to be mea-
sured or mounted, their terminals are left
open to provide the possibility that they may
be accidentally touched by a worker,
measuring instrument, work bench, soldering
iron, belt conveyor, etc. The device will fail if
it touches something which leaks current or
has a static charge. Take care not to allow
curve tracers, synchroscopes, pulse genera-
tors, D.C. stabilizing power supply units etc.
to leak current through their terminals or
housings.

Especially, while the devices are being test-
ed, take care not to apply surge voltage from
the tester, to attach a clamping circuit to the
tester, or not to apply any abonormal voltage
through a bad contact from a current source.

During measurement, avoid miswiring and
short-circuiting. When inspecting a printed
circuit board, make sure that no soldering
bridge or foreign matter exists before turning
on the power switch.

Since these precautions depend upon the
types of semiconductor devices, contact
Hitachi for further details.

4.4 Soldering

4.4.1 Methods and Standard Conditions for
Soldering

Table 15 lists the major methods for soldering surface
mount packages. The methods can be grouped into
two broad categories: partial heat application meth-
ods whereby the outer leads are heated, and overall
heat application methods by which the PCB assem-
bly including the packages, are heated.

The standard conditions with brief descriptions of
each method are given in 4.4.1.1 and 4.4.1.2. When
selecting the best method, consider all advantages
and disadvantages. Refer to the recommended
method in 4.4.2 for each particular package type.
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Table 15. Methods for Soldering Surface Mount Packages

Refer-
Method Name Setup ence
Partial
Heat Soldering iron
Appli- . 4.21
cation » Manual soldering (
Methods =
Pulse heater solder ,.T.// Pulse current
soldering 4 Heater
==
_— Hot air blower
Hot air solderi
ot air soldering D a’
Laser soldering ?/ Laser beam
=
Overall
?g‘;}i_ Infrared reflow soldering -ooo—Infrared ray heater 4.2.2
cation ,«::-\. —
Methods
{ Cooling oil
Vapor phase I — Saturated vapor
reflow soldering Inert fluid
" Heater
T A
Ty \
i i = {
Dip soldering ? Wave solder

(solder vessel for surface mounting)

Furnace soldering

@ HITACHI

Hitachi America Ltd.  Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 » (415) 589-8300




Reliability Test Data of Microcomputer

4.4.1.1 Partial Heat Application Methods

Manual Soldering: A package is fixed to the predeter- typically 0.5 Mm or less in diameter. Soldering time
mined position with flux or adhesive. With the pack- should be three seconds or less per pin. Table 16
age held in place, the leads are soldered. A pointed tip shows typical processes for soldering an QFP.

iron at 350°C is used with solder in narrow wire form

Table 16. Typical Processes for QFP Soldering

Process Procedure
Presoldering

— Solder

Positioning and temporary fixing

1. Solder-sip the footprint on the board.
2. Remove all bridges developed in dipping.

-

. Align the index markings.
2. Place a package on the footprint.

Board 3. Check that the leads on four sides have been
placed accurately on the footprint.
LS 4. Fix four corners of the package by soldering.
Any bridges between leads may be left as
_

they are.

— 31T

Index
Fix by soldering.

Flux application 1. Using a brush, apply flux (rosin-based) to the
leads and pattern.

2. Put a small quantity of flux into a container for
use in each short session of flux application
(approx. 4 hours). :

LSI - 3. At the end of each applying session, discard

- all the flux left in the container. Do not mix
residual with replenished flux.

Brush

Soldering 1. Move the soldering iron across leads while

. melting the solder.
LSI s Solder
; LS| \ Soldering LS!
Iron
Board

Solder  lrontip

TTTT

Move soldering iron this way.
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Pulse Heater Soldering: (source: Textbook for In-
ternepcon JAPAN Seminar No 10, Jan. 26, 1985). A
pulse current is allowed to flow in a heater chip (col-
let). As Joule heat develops and flows in the chip, a
prepared solder piece is melted instantaneously and
pressed onto the required position by the chip. This
method is noted for a minimum rise in temperature of

the entire package, but may not be suitable for mass
production. It is suited for packages with their leads
extending outward (gull-wing type), but not for those
with leads bent inward (J-bend leads). Figure 13
shows typically structures of heater chips, and Table
17 lists representative conditions for pulse heater sol-
dering.

rc TON

) 23]

TC: thermocouple

TC

Figure 3. Typical Heater Chip Structures

Table 17. Typical Conditions for
Pulse Heater Soldering

tem Condition
Heating temperature 100-260°C
Heating Time 5-10 sec.
Cooling Time 5-10 sec.
Soldering Pressure 8-28 kg*
Stroke 50 mm

*: From a compressed-air source of 4 kg/cm2
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Hot Air Soldering: Air or nitrogen gas is heated, and
hot blasts are applied through a nozzle to melt-solder
devices in place. This method requires gas at high
flow rates because gas as a heat medium has low

thermal conductivity and heat capacity. It is difficult
to apply hot air under stabilized conditions. Figure 4
sketches a hot air soldering setup, and table 18 lists
typical conditions for hot air soldering.

Air or nitrogen gas Heater
l Quartz glass
LSI Hot air
el

\

Solder paste

T3

Footprint

Figure 4. Setup for Hot Air Soldering

Table 18. Typical Conditions for Hot
Air Soldering

Item Condition
Hot Air temperature 230-260°C
Air Flow Rate 25-30 {/min.
Soldering Time* 3-10s
Cooling Time 5-10s

*: Duration of hot air application
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Laser Soldering: (source: Textbook for Internepcon
JAPAN Seminar No. 10, Jan. 26, 1985) A laser beam is
applied to the target position to melt solder. Laser
sources include a ruby type, YAG (yttrium aluminum
garnet) type, glass-fixed laser, and CO, (carbon diox-
ide gas) laser. Currently, CO, and YAG lasers are used.
Table 19 compares the characteristics of the two laser
types. The YAG laser may be more suitable than the

CO, type since is provides higher heat exchange ef-
fectiveness over the metal surface to be soldered and
a lower absorption factor for the board than the CO,
laser.

Figure 5 illustrates a typical YAG laser soldering ar-
rangement. The YAG laser output in continuous oscil-
lation is from 50 W to 600 W depending on the lamp
capacity and the volume of YAG crystal.

Table 19. Comparing the CO, Laser and YAG Laser Characteristics

Polyimide Substrate Tin-lead Solder Initial Investment Laser Efficiency
CO, Laser 2% in reflection factor 74% in reflection factor 1 20-25%
(10.6 pm) (98% in absorption factor) (26% in absorption factor)
YAG Laser 27% in reflection factor 21% in refiection factor 2 1%
(1.06 um) (73% in absorption factor) (79% in absorption factor)

' Cross hairs

g Relay lens

Light source

Camera

P i

w Dichroic mirror

U—"T

Beam expander

Condenser lens
Target material

Reflecting mirror
for adjusting
optical axis

Laser beam

Figure 5. Typical YAG Laser Soldering Arrangement
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4.4.1.2 Overall Heat Application
Methods

Infrared Reflow Soldering: The infrared ray from a hal-
ogen lamp is condensed by a reflecting mirror into a
hot beam for soldering. Because both point and line
ray sources can be used, this method allows a large
number of packages to be soldered at the same time.
It is therefore suitable for mass production.

Infrared rays are divided into three groups: far infrared
radiation (y = 5.6-1000 um), intermediate infrared
radiation (y = 1.5-5.6 um) and near infrared radiation
(v 0.7-1.5 um). In many infrared ray reflow soldering
setups, the preliminary heater emits far infrared (or
intermediate) rays infrared and the main heater re-
leases near infrared (or immediate) rays.

Reflow conditions vary with the package shape,
board configuration and soldering equipment. Figure
6 shows an example of infrared ray reflow soldering
conditions for IC/LSI packages. The temperature
measurement point in infrared reflow soldering varies
depending on the package type and application chip.
At Hitachi, the criteria for determining the position
are set forth as follows:

® For temperature measurement on the package sur-
face, the measuring position is a MOS package
that incorporates a relatively large chip.

® For measurement on the board or lead surfaces, the
measuring position is a bipolar package that incor-
porates a relatively small chip.

® Where MOS and bipolar packages coexist, the tem-
perature is to be measured on MOS package sur-
faces.

Since plastic molded surface mount packages are
black, the portion exposed to infrared rays readily ab-
sorbs heat, boosting the temperature of that portion
higher than that of the leads. This problem is by-
passed by two measures: cooling the package during
reflowing, or placing a white metal reflector on the
surface of the package to subdue the energy absorp-
tion and created a lower temperature inside the pack-
age. Figure 7 illustrates a typical temperature profile
when a reflector is used.

——+—10 s max.

235C
max
140~160C

1-4°C/s

1-5°C/s

Temperature —

Time
s

Figure 6. Typical Conditions for Infrared
Reflow Soldering

Infrared
rays Reflector
(2 mm
800~ thick)
r
G + Ts Tz Th
250 - 171
o - Without N
| reflector NN
j) L T SR NN
H F
2 s00f- T2
o] F Ts
" L
o -
é‘ L
T 150} /.
B 3 With
reflector

100

AL

W
o
=4

@

=3

50

Time (s)

Figure 7. Typical Temperature Profile with
Reflector Used
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300 7
’ 260 Soldering
250 930 Air
~ 9 280 A .
© Pre- cooling
L 200iheat-
ing
2 150
3
S}
© 100
~
&
50
5
= 0
[ 2_5»4-15; )
; s
(min.) )
Time

Figure 8. Example of Temperature Profile

Table 20. Typical Reflow Conditions

CMPAK, MPAK, MPAK-4,
Item FPAK, UPAK DPAK
Soldering Temperature (board 230-260°C (reference solder melting 220°C max.
temperature) point +50°C)
Soldering Time 15-20 sec. 40 s. max.
Preheating Temperature 100-150°C 160°C
Preheating Time 2--5 min. 5 min.

Vapor Phase Reflow Soldering: A special high boiling
point solvent (for example fluorocarbon type) is
heated to generate a vapor layer. As the entire board is
passed through the layer, the latent heat of vaporation
causes the solder to reflow. This method offers the
following advantages:

® The temperature can be kept constant. Since the
solvent vapor is used, the reflow temperature is de-
termined by the boiling point of the solvent to elimi-
nate the likelihood of overheating.

® Damage to components and boards can be avoided
due to virtually uniform thermal conduction re-
gardless of the configuration of the solderable as-
semblies.

Numerous components of different shapes can be
subjected to simultaneous reflow soldering. The
use of solvent vapor permits reflow soldering at
multiple positions simultaneously that eliminate
most constraints from different component shapes.
This feature applies particularly to J-bend type de-
vices whose leads are partially located under the
package.

The inert reflow atmosphere prevents solder oxida-
tion or flux baking. Any residual flux can be readily
removed by conventional techniques.

Figure 9 shows typical conditions for vapor phase
reflow soldering.
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Temperature (°C)

150~190°C

1v5°C/s.

Time (s)

Figure 9. Typical Conditions for Vapor Phase Reflow Soldering

Table 21. Properties of Solvents for Vapor Phase Reflow Soldering (source:
manufacturers catalogs)

Product Name FC-70 FC 5311 GALDEN LS230 GALDEN HS260

Manufacturer 3M(US.A)) ISC Chemical (UK) Montefluos S.P.A. Montefluos S.P.A.
(Italy) (Italy)

Distributor Sumitomo 3M Sumitomo 3M Montedison Japan Montedison Japan

Molecular Formula (C5Fq14)3N CF3

Tributylamine

CF3~(0-CF-CF,)n-(0-CF,)m-0CF 3
Perfloralkyl-polyether

Molecular Weight 820 624 800 900
Boiling Point (°C) 215 215 220-235 250-265
Specific Gravity 1.94 2.03 1.824 1.840
(g/mf)
Vapor Pressure <0.1 <01 5 x 10-3 5 x 104
(mmHg)
Specific Heat 0.25 0.25 0.24 0.24
(cal/°C.qg)
Thermal Conductivity 1.6 x 10-4 1.26 x 104 1.67 x 10-4 1.67 x 104
(cal/g.°C.s)
Surface Tension 18 19 18 18
(dyne/cm)
PFIB Generation Less than 5 ppm in <1 ppb <0.5 ppb <0.5 ppb

solvent, less than

0.03 ppm at opening
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Figure 10 sketches two types of vapor phase reflow
soldering equipment (in-line and batch type), and ta-
ble 9 lists the properties of solvents available for vapor
phase reflow soldering. The in-line type is suited for
mass production, and the batch type for low or me-
dium production as well as for research and develop-
ment purposes. Both types need adequate ventilation
during operation. Consult the equipment manufac-
turer, material vendor and appropriate occupational
operating standards for ventilation requirements.

Dip Soldering: A package is fixed temporarily on the
board by adhesive. With the component side facing

downward, the package is passed through molten
solder. Figure 11 depicts the process flow for dip-
soldering 18- and 28-pin MSPs. Compared with reflow
methods, this method exerts extremely high thermal
stress on semiconductor chips. Adverse effects from
the stress should be avoided by providing a preheat-
ing zone to soften thermal shock and minimizing the
soldering time. Figure 12 shows a typical temperature
profile for dip soldering.

Ventilation

Secondary

cooling coil
Primary

cooling coil

Filter

Heat exchanger

Preheating

Elevator

Primary
steam layer;

Exhaust
system

—

Reflow

Housing

—Access port

P
Inert fluid
Structure of Batch Type Equipment

Chiller
unit

Cooling

In-line System

Configuration (source:

£ Filtering

Catalog of Hitachi Technoengineering, Ltd.)

Figure 10. Vapor Phase Reflow System
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Adhesive agent
PCB

Adhesive. ,,/
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Figure 11. Flow of Process for Solder-Dipping 18- and 28-Pin MSPs
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Figure 12. Temperature Profile of Solder-Dipped Soldering
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Furnace Soldering: (source: technical information
from Senju Metal Co.) The PCB is placed on a thin
heat resistant belt. As the PCB advances, the belt is
heated from below by hot plates to reflow the solder.
This method provides high processing capacity, and
the equipment required is relatively inexpensive. This

method, however, is not suitable for boards with low
resistance to heat, poor thermal conductivity or com-
plicated shapes. Figure 13 outlines a typical furnace
soldering setup, and Figure 14 depicts a typical tem-
perature profile of this method.

Heat-resistant

Cooling fan

/

belt

Direction
of movement

=

\
@X

—_—
L, 1l
3 i
\‘ L

H?I J@

|

Main heater
Preheater

Figure 13.

Furnace Soldering Setup
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- / \
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50/

0 ul 1 nl 1
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Figure 14. Typical Temperature Profile of Furnace Soldering
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4.4.2 Recommended Mounting
Methods for Each Package Type

Table 22 lists the recommended mounting methods
for each of the package types now on the market.

When determining conditions for the mounting
method selected, refer to the temperature profile ex-
amples in 4.2 and the notes in 4.4. The symbols used
in the table have the following meanings:

O (suitable): Use this method by considering the
temperature profile inside the package, tempera-
ture rise gradient, change in soldering conditions,
and solderability.

X (unsuitable): Do not use this method.

The soldering methods are divided into the three
groups above with emphasis placed on thermal stress
on components and solderability. Productivity and
the costs also be analyzed.

Notice that methods are recommended for each pack-
age type. Where different package types coexist, se-
lect the soldering method suitable for the package
type most vulnerable to thermal stress.

Table 22. Recommended Mounting Methods for Each Package

ICILSI Packages Discrete Packages
QFP PLCC/ QFP
M ing Method: ic) SOP MSP SOJ (ceramic) LCC MPAK UPAK FPAK DPAK LLD SRP

§ S ., Manual Soldering [0} O o o o X o o ¢} [0 o o
% 3 E Pulse Heater Soldering O ) x x o x o o o o ) )
g Eg Hot Air Soldering o o o) o o] o o o) O o o] [
&< | aser Soldering o o) [e] o) o] X O o] o o o o

Infrared Reflow
§ S W Soldering o o] O o o o O [0 [¢] o O o
T3 B Vapor Phase Reflow
3 2 £ Soldering o e} o o o o o o e} o o o
g 2‘2 Dip-soldering X Note 1 Note2 x X x [e] o o x Note3 O o

Furnace Soldering (¢} o [0} o o o [0} o o o O o

z
9
=3
@
7]

Recommended, or possible for MSPs with 44 or more pins.

1. Recommended for SOPs with 20 pins or less, but unsuitable for SOPs with 24 or 28 pins.
2.

3. Methods indicated as unsuitable may apply depending on the specific product. For more information, consult your Hitachi representative.
4

(O : Suitable; x : Unsuitable)
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4.5 Removing Residual Flux

To ensure the reliability of electronic systems,
residual flux must be removed from circuit
boards. Detergent or ultrasonic cleaning is
usually applied. If chloric detergent is used
for the plastic molded devices, package cor-
rosion may occur. Since cleaning over
extended periods or at high temperatures
will cause swollen chip coating due to solvent

permeation, select the type of detergent and

cleaning condition carefully. Lotus Solvent

and Dyfron Solvent are recommended as a

detergent. Do not use any trichloroethylene

solvent. For ultrasonic cleaning, the following

conditions are advisable:

® Frequency: 28 to 29 kHz (to avoid device
resonation)

® Ultrasonic output: 16W/ £

® Keep the devices out of direct contact
with the power generator.

® Cleaning time: Less than 30 seconds
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ZTAT MCU On-Chip PROM Characteris-
tics and Precautions

Principles of Programming/Erasing: The
ZTAT micros’ memory cells are the same as an
EPROM's. Therefore they are programmed by
applying high voltage to control gates and
drains, which injects hot electrons into the
floating gate. They are stable, surrounded by an
energy varrier of SiO, film. Such a cell becomes
a 0 bit due to the memory threshold voltage
change. A cell with no condensed electrons at
its floating gate appears as a 1 bit (figure 15).

The electron charge in memory cells may

decrease as time goes by. This can be caused
by:

- Ultraviolet light: discharged by photo-
emitted electrons (erasure principle)

- Heat: discharged by thermal emitted elec-
trons

- High voltage: discharged by a high electric
field at the control gate or drain

If the oxide film covering a floating gate is
defective, the erasure rate is great. Normally,
electron erasure does not occur, because such
defective devices are found and removed
during testing.

Control gate

Floating gate

Source VQVGVQVQVQ‘ / Drain

e

Programming (0)

Control gate
SiO; 9
Floating gate
Source / Drain
N @} N+
Erasing (1)

Figure 15. Cross-section of EPROM Memory Cell
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Programming Precautions: The EPROM
memory cells should be programmed under
specific voltage and timing conditions. The
higher the program voltage and the longer
the program pulse is applied, the more elec-
trons will be injected into the floating gate.
However, if an overvoltage is applied to Vpp,
the p-n junction may be permanently
damaged. Pay particular attention to PROM
programmer overshoot. Negative voltage
noise will cause a parasitic transistor effect,
which may reduce break-down voltage.

The ZTAT micros are connected electrically
to the PROM programmer through a socket
adapter. Therefore, pay attention to the fol-
lowing:

- Confirm that the socket adapter is firmly
fixed on the PROM programmer.

- Do not touch the socket adapter or the LSI
during programming.

- Misprogramming can be caused by poor
contacts.

On-Chip EPROM Reliability after Pro-
gramming: Generally, semiconductors are reli-
able except for initial failures. Parts can be
screened to avoid failures. Exposure to high
temperature is a kind of screening which re-
moves PROM memory cells with data hold fail-
ures in a short time. This is done to the ZTATs in
the wafer stage, so ZTAT data hold characteris-
tics are high. Exposing the LSI to 150°C after
user programming can effectively upgrade
these characteristics. Figure 16 shows the rec-
ommended screening flow.

Programming
Verification

Exposure in high temperature
without applying any power
150°C = 10°C, 48Hr + 8Hr*

— OHr

Confirmation of reading
Vec =4.5Vorb5.5V

Hitachi engineer.

* Exposure time is the time after the temperature
in heater reaches 150°C.

Note: If programming errors occur continuously during programming with one PROM programmer, stop pro-
gramming and check the PROM programmer or socket adapter.
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a

Figure 16. Recommended Screening Flow
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Program Development Procedure and
Support Systems

1. General Description

The cross assembler and the hardware emu-
lator using various types of computers are
prepared by Hitachi as supporting systems
to develop the user's programs. User pro-
grams are mask programmed into the ROM
and shipped as LSI by Hitachi. Figure 1

shows the typical program design procedure
and Table 1 shows the system development
support tools for HMCS 40 and HMCS 400
series microcomputers which are used in
these processes.

Allocation of

Test
production

|

Sample

® RAM and )
EPROM o
Artwork @
Source LD Egitor
program
bl
Mask I\@J_‘ Assemble @Cross assembler

Sample
evaluation

Flexible
disk

Object
program

Hardware

. L 4————@ Emulator,
simulation

Piggy back
microcomputer,
and PROM on chip
microcomputer

No

Yes

Mass
production

Figure 1. Program Design Procedure
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(Description)

O)

®
®

When the user programs the system, pre-
determined functions are assigned to the
I/O pins and the RAM area is estimated
before actual programming.

A flowchart is designed to achieve the
predetermined functions.

The coded flowchart is written onto
floppy disk using HMCS 400 series mne-
monic code to make a source program.
The source program is assembled using
host computer to generate the object pro-
gram. Errors during the assembling are
also detected.

Hardware emulation is performed to
check the program. Hitachi provides the
emulator, which may be connected to

Development Flowchart

host computers such as an IBM PC, for
debugging, as well as the piggyback mi-
crocomputer and EPROM on chip micro-
computers to verify the program.

The completed program is sent to Hitachi
in the form of EPROMs along with the
appropriate “Ordering Specifications”,
“Marking Option”, and “Mask Option
List” documents.

The ROM and mask options are masked
by the company, LSI is tentatively pro-
duced and the sample is handed to the
user. After the user has evaluated the
sample and confirmed that the program
is correct, mass production can be
started.

Single chip microcomputer device is developed according to the following flowchart after

program development.

Device Development Flowchart

Hitachi

Customer

Remarks

*3

1 ROM code *1
2 Mask Option List *2
3 Ordering Specifications

*1 2 sets of EPROMS

*2 Part specific
*3 Generic for Hitachi

| Computer processing ]
i

ROM code for confirmation

of ROM fabricating
specifications *4

OK

Microcomputers

*4 The same ROM code as
submitted

Verification Listing *5 I

*5 Send it back after

[Mask ]
]

[Sample ]

i
[Working Sample (WS) *6 ]—-————;

approving

*6 3 pcs.

5§ Confirmation of function,
characteristics *7, *8

*7 Start the following
flowchart after

OK

{
Engineering S

ple (ES) *9 |

approving

*8 Send back signed
working sample approval
form.

*9 10 pes.

Confirmation of function,
characteristics, quality

Commercial Sample (CS) |

(END)

Note: Please send in 1, 2,and 3 al ROM ordering, and send back 4, 5 alter approving.
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Description

Part No.

HMCS402/404
408/412/424)
1D4074408

HDA404019
HD4074019

HDA04302
HD4074308*

HDA4074408
HDA04418
1D4074418

HD404508*
HDA074509"

HDA04608
HD4074608

HD404678
HD4074678*

HD404708
HD404709
HD4074709

HD404808
HD4074808
HD40L4808
HD407L4808

HDA04818
HDA404919

Leoin
(HD44730)
(HD44795)

o
(HD613901)

Emulator

HA00CMIX2)
(HS408EMLOZH)M

HS440EMLOTH

HSAQLEMLOTH™

Emulator unit

HS400EUAOTH(

Target probe

*HS409ETAOIH2)

*HS430ETAOTHIZ

*HS450ETAOIH2!

HS4BOETAOTH?

*HS4B7ETADTH

HS470ETAQTH

HS480ETADTH

*HS491ETAOTH®

User system
intertace cable

HS400ECASCH

*HS430ECD42H

*HS470ECSBAH

Programming
Socket Adapter

HS408ESSTIHI

HS408ESFOTH®

HS408ESFO3H!S!

HS409ESSTIH®

*HS409ESFOTH!

*HSA409ESHOTH®S!

*HS430ESDOTH®

HS448ESSTIHE

HS440ESFOTHA

HS440ESFO3HIS!

*HS450ESFOTH

HS460ESFOTH(!

HS460ESHOTHS!

*HS467ESHOTHS!

HS470ESSTIHI!

HS470ESFOTHA

HS470ESHOTH®!

Assembler
(IBM PC)

ASAQ0PUTITSFE!

ASAOPUTIISF®!

Simulator
(IBM PC)

$400SIMPC®

* Untler development

Notes: (1) All emulators and emulator units include RS-232C port for connection to IBM PC.
(2) Requires HS40OEUAOTH emulator unit and applicable user system interface cable.
(3) For dual inline package (DIP).
{4) For rectangular outline quad flat package (QFP).
(5) For square outline quad flat package (QFP).
(6) Developed by one of Hitachi's overseas engineering subsidiaries.
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Program Development Procedure and Support Systems

2. Emulator

BEmulator for 4-bit Single-Chip
General-Purpose Microcomputer:

The emulator for 4-bit single-chip general-
purpose microcomputers is an incircuit emu-
lator to develop application systems incor-
porating a 4-bit single-chip microcomputer.
The emulator efficiently supports system
development in both software and hardware,
as well as software debugging.

Features

- Effective as a software development sys-
tem, as well as helping hardware devel-
opment with a user prototype system con-
nected.

- Efficient development enabled by various
kinds of emulation commands.

- Memory address corresponding to the mi-
crocomputer internal ROM (Mask ROM), or
EPROM, can be switched tothe RAM on the
emulator (described as “User RAM") or to
EPROM for emulation.

+ Allows easy serial interface selection (set-
ting interface levels, baud rate).

- HMCS series mask option functions can be
used by manual operation during emula-
tion.

Functions

- Real-time execution
Executes a user program from the address
specified until 1 or 2 occurs.
1. A breakpoint is detected.
2. The RESET or ABORT switch is pressed.

- Single-step execution

Executes an instruction at the address
specified, and displays contents of the
MCU register, RAM, or I/O port. Sequential
execution is possible.

- Real-time trace

Executes a user program in real-time while
tracing the user program address, data,
interrupt generation, and contents of 8-bit
data detected by external probes.

- Sets, displays, and cancels breakpoint

Breakpoints can be set in the following
modes.

Address specified

Pattern detected by external probes
Opcode specified )

Number of execution cycles after the
above conditions are detected.

Note. Combination of 1-3 can be set for 4
points. 4 can be set for 1 point.

S wn e

- Coverage function (CO coverage)

- Displays and modifies the object program

and contents of the MCU register and RAM

- Line assemble

Writes an instruction to the address speci-
fied in mnemonic using CRT

- Line disassemble

Disassembles and displays the object pro-
gram in the address range specified

4-bit Single-chip Microcomputer Supporting Systems

Product to debug Emulator only
HMCS402, HMCS404, H400CMIX2
HMCS408 (HS408EMLO2H)
HMCS412, HMCS414,

HMCS424

HD4074008

ZTAT Microcomputer

Socket adapter for

Product to debug Package Maker ZTAT Microcomputers
HD4074008
DP-64S DATA 1/0 HS408ESS11H
FP-64 HS408ESFO1H -
Fp-e4A  DATAIO HS408ESFO3H
@ HITACHI
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Selected by a Host Computer

Host Computer

Host Interface

(manufacturer) 0s Cross Assembier Software Simulator
IBM PC or Compatibles PC-DOS AS400PUTI1SF SUTLIBMPC**
S400SIMPC
**Included with Cross Assembler
Emulator Commands
Category Command Function
File management L Loads object program and loads symbol information
\ Verifies object program
P Saves object program
Execution G Executes user program
S Traces user program in single step
Setting break conditions TR Sets, displays and cancels combination break conditions
BR1
BR2
BR3
Management of memory | Displays and modifies program memory contents
and registers ID Dumps program memory contents
Transfers object program
Compares object progam
Displays and modifies data memory contents
MD Dumps data memory contents
R Displays and modifies register values
10 Displays and modifies 1/O port contents
V) Sets and displays EPROM/user RAM
Support of debugging Displays real-time trace results
HE Displays all emulator commands
Line assemble
DA Disassemble
o Searches for bit pattern
Cco Displays and clears coverage data
Sets and displays MCU clock mode
N Designates transfer rate
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Specifications ‘
Emulator product No.
H400CMIX2
Item HS440EMLO1H (HS408EMLO2H)
Support clock 8 MHz External 0.4, 0.8, 1.14, 1.6,
clock 2, 2.67, 4,6.01, 8
MHz External clock
Emulation memory 16kW 8kw
Break Combination break: 4 Combination break: 4 points
points
PC break: Entire pro-
gram memory area
Real-time trace capacity 2047 cycles 2048 cycles
Serial interface  Interface level RS-232C, TTL
Baud rate 300, 1200, 4800, 9600, 19200 BPS
User interface DP-64S DP-64S
(Support package) DP-42
Emulator dimension W : 440 mm W : 365 mm

L : 275 mm L 275 mm

e Simulator:

Cross
Assembler

Emulator /

Programming / -
Socket Adaptors

HMCS400 Series General Purpose Microcomputer Development Tools
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HMEmulator for 4-bit Single-chip AS
Microcomputer:

The emulator for 4-bit single-chip AS (Appli-
cation Specific) microcomputers powerfully
supports system development in software
and hardware.

Features

HS400EUAO1H main features are as follows:

- Efficient development enabled by various
kinds of emulation commands

- Adapts easily to different HMCS 400 se-
ries microcomputers by exchanging the
target probe and user system interface ca-
bles. (Note that this cannot be used for
developed emulator support products.)

- Contains emulator RAM (called “Program
Memory”) which includes a memory area
corresponding to the HMCS400 series mi-
crocomputer internal ROM (Mask ROM) or
EPROM

- Allows easy serial interface selection (set-
ting interface levels, baud rate)

- Can evaluate the microcomputer mask op-
tion

Functions

HS400EUAO1H main functions are as follows:

- Executes the user program in real-time

- Sets breakpoints

—Combination breakpoints: 4 points (Can

be specified with program counter,
address/data bus, data memory informa-
tion, external probe signal, pass count,
etc.)

—PC breakpoints: Entire memory area (Can
be specified with program counter)

- Displays trace results in trace stop mode

without halting program execution

- Real-time trace

Memorizes and displays bus information
and external signals before/after trace is
stopped by breakpoints to a maximum of.
2000 steps

- Symbolic debugging

Debugs by symbolic information (break,
trace)

- Execution time measurement

Measures program execution time in mi-
croseconds to a maximum of one hour

- Line assemble

Modifies memory contents in assembly
languages

- Disassemble
- Single-step trace

Traces a user program and displays con-
tents of the MCU register and data memory
at the address specified after each instruc-
tion is executed.

- Displays and modifies register contents
- Displays and modifies contents of program

memory and data memory

- Coverage function (CO coverage)
- Self-diagnostic function
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AS Microcomputer Supporting Systems

Components
Socket adapter
Emulator unit for User System for ZTAT
Product to debug Package HMCS 400 Series Target Probe  interface Cable Microcomputer
HD404608, FP-80B  HS400EUAOTH  HS460ETAO1H HS400ECA80H HS460ESFO1H
HD4074608 FP-80A HS460ESHOTH*
HD404708, DP-64S HS470ECS64H* HS470ESS11H
HD404709, N HS470ETAOTH
HD4074709 DC-64S . HS400ECA80H HS470ESFO1H
FP-64B HS470ESHOTH
FP-64A
HD4074808, FP-80B HS480ETAO1TH HS400ECA80H HS460ESFO1TH
HD404808, 580A DSA60ESHOTH
HD407L4808, FP-80A HS460ESHOTH
HD40L4808
HD404302, DP-42 HS430ETAOTH HS430ECD42H* HS430ESDO1TH*
HD4074308
HD404678 FP-64A HS467ETAOTH* HS400ECA80H HS467ESHOTH*
HD4074678
HD404019, DP-64S HS409ETAOTH* HS470ECS64H* HS409ESS11H
HD4074019 DC-64S HS400ECABOH  HS409ESFOTH*
FP-64B HS409ESHO1H*
FP-64A
HD404508, FP-80B HS450ETAOTH** HS400ECA80H  HS450ESFOTH* *
HD4074509 -
HD404918, DP-42 HS491ETAOTH* HS430ECD42H* —
HD404919
HD404418, DP-64S HS440EMLOTH  — HS448ESS11H
HD4074408, beRas -
HD4074418 DC-64S HS440ESFO1H
‘ FP-64 HS440ESFO3H
FP-64A
* Under development
**Preliminary
Selected by a host computer
Host computer
(manufacturer) 0s Cross Assembler Host interface program Simulator
IBM PC PC-DOS AS400PUTINSF SUTLIBMPC** S400SIMPC
or compatibles
**Included with cross assembler
G HITACH!
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Emulator Commands

Category Command

Function

File management

Loads object program and loads symbol information

Saves object program

Execution

Executes user program

Traces user program in single step

Setting break conditions  BP

Sets, displays and cancels program counter (PC) break

TR Sets, displays and cancels combination break conditions
_ER_1*, .
@ ,,,,,,,,,,,,,, -
BRZ N
Management of memory | Displays and modifies program memory contents
and registers 1D Dumps program memory contents
IMAP Sets and displays the program memory area
T Transfers object program
C Compares object program
M Displays and modifies data memory contents
MD Dumps data memory contents
MMAP Sets and displays data memory area
DEF Sets address to display data memory contents during halt of user
program execution
R Displays and modifies register values
10 Displays and modifies 1/0 port contents

Support of debugging CONT

Restarts real-time trace from subcommand wait

Displays real-time trace results

HE

Displays all emulator commands

Line assemble

DA

Disassemble

SYM

Defines, clears and displays symbols, and selects the attribute of
the symbols to be loaded

Searches for bit pattern

Cco

Displays and clears coverage data

Sets and displays MCU clock mode

TIM

Sets and displays MCU timer operation

Designates transfer rate
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Specifications
Emulator product No.
HS400EUAOTH  HS400EUAOTH  HS400EUAOTH  HS400EUAOTH  HS400EUAOTH
Item +HS460ETAOTH +HS470ETAOTH +HS480ETAOTH +HS430ETAO1TH +HS450ETAOTH
Support clock 800 kHz 4 MHz 800 kHz 4 MHz 4.5 MHz
External External External External External
clock clock clock clock clock
Emulation memory 16 kW
Break Combination break: 4 points
PC break: entire program memory area
Real-time trace capacity 2047 cycles
Serial'interface Interface level RS-232C, TTL
Baud rate 300, 1200, 4800, 9600, 19200 BPS
User interface FP-80A/B DP-64S FP-80A/B DP-4 FP-80B
(Support package) FP-64A/B
Dimension Emulator unit W : 440 mm, L : 275 mm

Target probe W : 258 mm, L : 169 mm

Cross.
Assembler T Ty

Emulator Unit

Target Probe

End User Cable

Programming : :

HMCS400 Series Application Specific (AS) Microcomputer Development Tools

G HITACHI
66 Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300



Data Sheets

- HMICS400 Series

General Purpose
Microcomputer

G HITACHI
Hitachi America Ltd. ® Hitachi Plaza 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300 67






HMCS402C(HD614022)/ ——

HMCS402CL(HD614025)/
HMCS402AC(HD614028)

DESCRIPTION

The HMCS402C/CL/AC are CMOS 4-bit single-chip micro-
computers with high performance and low power dissipation.
They have efficient and powerful architecture same as
HMCS400 series basically.

These microcomputers provide variety of on-chip resources
such as ROM, RAM, /0, two timer/counters and a serial inter-
face to perform in wide user’s applications. 1/O pins of
HMCS402C/CL/AC are able to drive fluorescent display tube
directly.

The HMCS402CL is able to operate in low voltage and has
the characteristics of wide-range operation voltage.

HMCS402AC is a high-speed version of HMCS402C.

HARDWARE FEATURES
4-bit Architecture
2048 Words x 10-bit ROM
160 Digits x 4-bit RAM
58 1/0 Pins, Including 26 High Voltage 1/0 Pins (40V Max)
Two Timer/Counters
11-bit Prescaler
8-bit Free Running Timer
8-bit Auto-Reload Timer/Event Counter
® Clock Synchronous 8-bit Serial Interface
® Five Interrupts
External 2
Timer/Counter 2
Serial Interface 1
® Subroutine Stack
Up to 16 Levels Including Interrupt
® Two Low Power Dissipation Modes
Standby — Stops instruction execution while keeping
clock oscillation and interrupt functions in
operation
— Stops instruction execution and clock oscil-
lation while retaining RAM data
On-Chip Oscillator
External Connection of Crystal, Ceramic Filter or Resistor
(externally drivable)
(Resistor Oscillator is available only to the HMCS402C)

oo oo o

Stop

® SOFTWARE FEATURES

@ Instruction Set Similar to and More Powerful than HMCS40
Series; 99 Instructions

@ High Programming Efficiency with 10-bit ROM/Word; 79
instructions are singl d instructions

Direct Branch to All ROM Area

Direct or Indirect Addressing to All RAM Area

Subroutine Nesting Up to 16 Levels Including Interrupts

Binary and BCD Arithmetic Operation

Powerful Logical Arithmetic Operation

Pattern Generation — Table Look Up Capability —

Bit Manipulation for Both RAM and 1/0

= PROGRAM DEVELOPMENT SUPPORT TOOLS

® Cross assembler and simulator software for use with IBM
PCs and compatibles

@ In circuit emulator for use with IBM PC

HMCS402C, HMCS402CL, HMCS402AC

(DP-64S)

HMCS402C, HMCS402CL, HMCS402AC

(FP-64)

® EPROM On Package Microcomputer; HD614P080S

Mask options are ﬁxeg as follows: ™

e 1/0 pin : Open Drain
e Oscillator : Crystal Oscillator or Ceramic Filter Oscillator
(externally drivable)

e Divider : Divided-by-8

~

® HMCS402C/CL/AC CLASSIFICATIONS

Type Name

Item (HD614022) (HD614025)] (HD614028)

HMCS402C [HMCS402CL|{ HMCS402AC

Vee (V) 4~6 27~6 45~6

Minimum Instruction

Execution Time (us) 2 4

1.33
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® PIN ARRANGEMENT

O § Do
D2 Ds
D3 3 Ds
D D7
Ds Ds 51 Ds
Roo Ds E D2
Ro 3 D« 49
Ro2 D3 D1
:o: B D: E Do
10 3 D
Ru Do [+7] Gno
Rz GND 6] osc.
:u 3 82(:2 E 0sC,
20 C 1
R TEST [«4] TEST
R RESET (4] ReseT
2 B Ros ry .
Rao Re2 E Rses
Ra/ Vdisp(3 Ror 'Z_'ﬂ Rsz
R 0 Rso 40| R
Ry @7 Rs3
Rz /INTo2 Re2 38] Rso
R /INT ] Re: 38] Re3
Rso Rso
Rsy R73 E Rez
Rs2 3 R 36| Rev
Rs3 Rn :
Reo R0 % Rso
Re: Ra3
Re2 Ra2/SO 34| R13
Re3 Ru/SI_ E R 72
Vee 3 Rs0/SCK

(Top View)

(Top View)
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® BLOCK DIAGRAM

Rao/Ra1 /Rea/ Ras/ Raa/
§CK 51 S0 NT, INTo RESET TEST 0SC) 0SC2 VecGND
-n../vm:Eh- I 1 I § l 1
)
o
- — f:?é:h TIMER | TIMER EXTERNAL SYSTEM CONTROL
Res FACE A B8 INTERRUPT
Rsz ROM
Ret INTERRUPT CONTROL
Rso
2048 x 10bit

}
Rea
sp INSTRUCTION &
iy } — RAM 160 xabit DECODER

|
AR R R AR R R RN RRRRRRARRRLNRE

Ra3Ra2/Ra1/Rao/ Raa/R32/R31Ra0 'Rz:Rzsz-Rzo "Rv:RuRanc' 'RmeRmRoo: (D15 D14Dy3 D12 011 D10 Ds Da D7 Ds Ds DA'Ds D2 D, Do

TR TNT T 2an i 20

S0 St SCK INT,INT,, ~  ~ "~ ~7===F====-=-==

{723 High Voltage Pins

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note
Supply Voltage Vee —0.310 +7.0 v
Terminal Voltage Vr —0.3 to Vec+0.3 v 3
Vee —45 to Ve +0.3 A\ 4
Total Allowance of Input Currents Zlg 50 mA 5
Total Allowance of Qutput Currents —Zlg 150 mA 6
Maximum Input Current lo 15 mA 7.8
4 mA 9,10
Maximum Output Current —lo 6 mA 9,1
30 mA 9,12
Operating Temperature Topr —20 to +75 °c
Storage Temperature Tsto —55 to +125 °c

{Note 1)  Permanent damage may occur if “’Absolute Maximum Ratings" are exceeded. Normal operation should be under the condi

tions of

*Electrical Characteristics”. |f these conditions are exceeded, it may cause the malfunction and affect the reliability of LS.

(Note 2) Al voltages are with respect to GND.

(Note 3)  Applied to standard pins.

{Note 4)  Applied to high voltage pins.

(Note 5)  Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously.

(Note 6)  Total allowance of output current is the total sum of the output current which flow out from V¢ to all 1/0 pins simultaneously.

(Note 7)  Maximum input current is the maximum amount of input current from each 1/0 pin to GND.
(Note 8)  Applied to D, ~ D, and R3 ~ R8.

(Note 9)  Maximum output current is the maximum amount of output current from V¢ to each 1/0 pin.
(Note 10) Applied to D, ~ D, and R3 ~ R8.

(Note 11)  Applied to RO ~ R2,

(Note 12) Applied to Dy ~ D)s.

G HITACHI
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® HMCS402C ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vg =4V to 6V, GND = 0V, Vgisp = Ve —40V to Ve, Ta = —20 to +75°C, if not specified.)

. Value X
Item Symbol Pin Name Test Conditions i e o Unit Note
RESET, SCK, _ v
Input “High” v INT,, INT, 0.7Vee Vect0.3
Voltage " sI 0.7V — | veet03 | v
0SC, Vee- 05| - Veet0.3 | 'V
RESET, SCK
N INT -0.3 - 0.22v, v
Input “Low" v INT,, INT, cc
Voltage e Sl -0.3 - 0.22V¢c \
0SsC, -0.3 - 0.5 \
Output “High” [ —lon = 1.0mA Vee—10 | — _ v
\ ,
Voltage o SCK. S0 “lon = 0.01 mA Vee—03 | — - v
Output “Low” = _ _ _
Voltage Voo SCK, SO loL = 1.6mA 0.4 v
RESET, SCK,
Input/Qutput N - - -
Leakage Current | |t IS';‘ Soo”‘c‘)gbl Vin =0V toVec 1 HA 1
Crystal or
Ceramic Filter
il - -
Current 8:;20'?:0' 2.0 mA 2,6
Dissipation in lee Vee Vee=5V f._ = 4MHz
Active Mode —ﬁqgistor
Oscillator
Option - - 24 mA 2,6
fox = 4MH2
Crystal or
Ceramic Filter
Maximum |Oscillator — — 12 mA 3,6
| v Logic Option
sBY1 cc Operation |foxc = 4MHz
Vee =5V gesi?:or
scillator
i - - 1.6 mA 3,6
Current fO;ngv;MHz
Dissipation in Crystal or
Standby Mode Ceramic Filter
. Oscillator - - 0.9 mA 4,6
Mm!mum Option
Isey2 | Ve gzg'rca“on fose =4MHz
Vee =5V gesistor
illator
0:)(é=on - - 1.3 mA 4,6
fox = 4MH2
Current J—
PO Vin(TEST) = V¢e-0.3V to V.
Dissipation in | Y in cc cc - - 10 A 5
Stop Mode rop ce Vin(RESET) = OV t0 0.3V M
Stop Mode
Retain Voltage Vstop Vee 2 - - v
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(Note 1)

Pull-up MOS current and output buffer current are excluded.

(Note 2) The MCU is in the reset state. The input/output current does not fiow.
® Reset state in Operation Mode

® RESET, TEST ... Vcc voltage

e D, ~D,, R3~RY - V¢ voltage

Test Conditions:

(Note 4}

(Note 5)
(Note 6)

MCU state;

Pin state;

MCU state;

Pin state;

MCU state;

Pin state;

eD,~D,s, RO~R2, R

® Standby Mode

. Ra1 -+ Vgisp voltage

© Input/Output; Reset state

® TIMER-A

prescaler divide ratio

® TIMER-B; +2 prescaler divide ratio
o SERIAL Interface ; Stop

® RESET ... GND voltage

® TEST --- V¢ voltage

®D,~D;, R3~R9 .- V¢ voltage
®D,~D;s, RO~R2, Rag, Ra1 * Vdisp voltage

® Standby Mode

® Input/Output; Reset state

® TIMER-,
® TIMER-

2048 prescaler divide ratio
2048 prescaler divide ratio

® SERIAL Interface ; Stop

® RESET ... GND voltage

® TEST ... Vg voltage

®D,~D;, R3~R9 ... V¢ voltage
®D,~D,s, RO~R2,Rpg, Rag -+ V(isp voltage

Pull-down MOS current is excluded.
When fosc=x[MHzl , the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (fggc=x [MHz]) =1;-x max. value (foec=4[MHz])

® INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN
(Ve =4V 108V, GND = 0V, Vgisp = Vo —40V to Ve, Ta= —20 to +75°C, if not specified.)

The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions:

The timer/counter operate with the slowest clock and input/output current does not flow.
Test Conditions:

Val
Item Symbol Pin Name Test Conditions N Tue Unit Note
min typ max

Input ““High” Do ~ D3,

Voltage Vi R3 ~ RS, R9 07Veec | — | Vect03 |V

Input “Low’’ Do ~ D3,

Voltage Vie R3~ R5 RO -0.3 - 0.22Vc v

Do ~Ds,
Output “High” v R3~ R8 —lon =1.0mA Vee—1.0 - - 1
Voltage OH Do ~ D>
R3~ R8' —lon =0.01 mA Vec—0.3 - - \% 1

Output “Low"’ V] Do ~ D3, _ _ _

Voltage oL R3~ R8 loL = 1.6 mA 0.4 \%

Input/Output Do ~ D3, - _ _ 1 A 2

Leakage Current | i R3~R9 Vin =0V to Ve K

Pull-Up MOS Do ~ D3, Vee =5V

Current —le R3~ R9 Vi =0V 30 60 120 uA 3
(Note 1) Applied to 1/O pins with “CMOS” Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/O pins with “with Pull-up MOS" selected by mask option.
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® INPUT/QUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN
(Vee =4V 10 6V, GND = 0V, Vi, = Ve —40V to Vg, Ta = —20 to +75°C, if not specified.)

Val
ftem Symbol Pin Name Test Conditions - N ue Unit Note
min yp max
Input “High”* Ds ~ Di1s, R1
Ventage Vi R2. Rae. Ray 07Vee | - | Veet03 | Vv
Input “Low” Dsa~Dis , R1
Vertage Vi R2, Ry R Vee—40 | — | 022vee |V
Da ~ Dis —lon=15mA, Vcc=5V+10%| Vcc—3.0 - - \
Output ““High” Von —loH=9 mA Vce—2.0 - - \
Voltage RO~ R2 —loy=3 mA, Vcc=5V+10% | Vcc—3.0 — — \
—loH=1.8 mA Vec—-2.0 - - \
Ds~Dis Vaisp = Vec—40V - — | Vee=37 | v 1
Output “Low”’ Vo RO~R2
Volt - Da~D
age R3~ R‘ZS 150k to Ve —40V - — | Vee-37 v 2
Input/Output el Da~D1s
Leakage B RO~R2 Vin = Vece—40V to Ve - - 20 HA 3
Current Rao. Ra1
Pull DownMOS | | po b Vaip = Vec—35V 125 | 250 500 A .
Current d Ran R Vin = Vee “
A0. Rat

(Note 1) Applied to /O pins with “with Pull-down MOS" selected by mask option.

(Note 2) Applied to 1/O pins with “without Pull-down MOS (PMOS Open Drain)" selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/O pins with ‘with Pull-down MOS" selected by mask option.
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® AC CHARACTERISTICS (V¢e =4V to 6V, GND = 0V, Vgisp = Voe —40V to Ve, Ta= —20 to +75°C. if not specified.)

. Test Value X
Item Symbol Pin Name Conditions n vp hax Unit Note
.8 5 Oscillation Frequency fosc 0ScC,, 0SC, 04 4 4.5 MHz
°E 2 _
EE = | Instruction Cycle Time teye 1.78 2 20 s
5 2 I -
586 %'(:Llator Stabilization thc 0SC, , 0SC, _ — 20 ms 1
.5 Oscillation Frequency fosc 0sc,, 0sC, R§=20k2+2% 18 3.0 42 MHz
R
";"' = | Instruction Cycle Time teye R§=20kQ2+2% 19 2.66 4.44 Ms
o 9 " .
cd %sr(':::rlator Stabilization the 0SC,, 0SC, R§=20k2£2% _ _ 05 ms 1
External Clock Frequency | fcp 0SsC, 04 - 45 MHz
External Clock ““High”
X — —
S | Level Width teen 08C, 100 ns 2
© | External Clock “Low” _ _
S | Level Width tepL 0SC, 100 ns 2
g External Clock Rise Time tepr 0SC, - - 20 ns 2
w External Clock Fall Time teps 0SC, - — — 20 ns 2
Instruction Cycle Time teye 1.78 - 20 us 2
INTo “High” Level Width ti0H INTo 2 . — teye 3
TNTo “Low" Level Width tioL INTo I R - teye 3
INT: “High” Level Width t11H INT: 2 - - teye 3
INT: “Low” Level Width L INT: 2 - - teye 3
RESET “High” Level Width tRSTH RESET 2 — - toye | 4
. . f=1MHz
Input Capacitance C; all pins - - 15 F
P pact in P Vin = OV P
RESET Fall Time tRSTY - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vo reaches 4.0V at ““Power-on”, or after RESET
input level goes to ‘“High” by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering
from stop mode, apply RESET input more than tgc to obtain the y time for il bilization. When using
crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator Resistor oscillator
Cs — Cy EE—
+ osc —} osc
Crysta_l]: ! Cerfa_mic ! 0sc,
‘1:":;" |Iter=::" Rt
t OSC. t 0SC2
Cs 2 Cs osc,
GND GND
Crystal: 4.194304MHz NC-18CNihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) Rf : 20kQ+2%
Rf: 1MQ £2% Rf : 1TMQ£2%
Ci : 22pF+20% Ci : 30pF+20%
C: : 22pF+20% C2 : 30pF+20%
(Note 2) (Note 3)

1fce

Vee-0.5
osc, I— tCPH tcPL
05

-

CcPr tcet

(Note 4)

0.7Vee

RESET 0.22vee
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® SERIAL INTERFACE TIMING CHARACTERISTICS

(Vec =4V to 6V, GND = 0V, Vgisp = Ve —40V to Ve, Ta = —20 to +75°C, if not specified.)

« At Transfer Clock Output

. Test Value X

Item Symbol Pin Name Conditions min vp hax Unit Note
Transfer Clock Cycle Time Tscye SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High”” oa
Lovel Width 9 tsckH SCK (Note 2) 05 - - tseye 1,2
Transfer Clock “Low"” <A
Level Width tsckL SCK (Note 2) 0.5 - - tscye 1,2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 100 ns ,2
Transfer Clock Fall Time tsckt SCK (Note 2) - - 100 ns .2
Serial Output Data
Delay Time toso SO (Note 2) - - 300 ns 1,2
Serial Input Data Set-up Time tss) Sl 500 - - ns 1
Serial Input Data Hold Time ths) Si 150 - - ns 1

+ At Transfer Clock Input
. Test Value .

item Symbol Pin Name Conditions n vp T Unit Note
Transfer Clock Cycle Time tscyc SCK 1 - - teye 1
Transfer Clock ““High” T _
Level Width tsckH SCK 0.5 - tseye 1
Transfer Clock “Low” <~ _ -
Level Width tsckL SCK 0.5 tseye 1
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tsckt SCK — - 100 ns 1
Serial Output Data
Delay Time tpso SO (Note 2) - - 300 ns 1,2
Serial Input Data Set-up Time tssi N} 500 - - ns 1
Serial Input Data Hold Time thsi S| 150 - - ns 1

(Note 1) Timing Diagram of Serial Interface

P tsck -
SCK Vee —2.0V(0.7Vee % X | tscKL
0.8V(0.22Vce) *

tSeye

toso

Vec -2 0V
SO
L 08V

X

lSSIJ [ tHsy

Si

*Vce — 2.0V and 0.8V are the threshold voltage for transfer clock output.
0.7 Vg and 0.22 Vg are the threshold voltage for transfer clock input.

(Note 2) Timing Load Circuit

Vee
R =2 6kg
Test
Point
c R 152074®
30pF 12k T or Equiv.

0.7Vce
0.22Vee
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® CHARACTERISTICS CURVE

(REFERENCE DATA)

4 | [ [ ]
*Ta=-20~+75T 4Ta=—20~+75t
Vec=5V fosc =4MHz
3 9 max
: :
max.
3 2 - 32
L L
1 1
o] 2 3 4 5 (o] 1 2 3 4 5 6
fosc(MHz) Vee(V)
Icc vs. foscCharacteristics lcc vs. Ve Characteristics
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option)
Ta=-20-+75¢C AT 0-375¢C
Ve =5V fosc=4MHz max.
3 F] 3 A
3 2 pd
£ o E P
%2 52 -
L / L
1 1
+
0] 2 3 4 5 0 1 2 3 4 5 6
f MH
osc(MHz) Vee(V)
Icc vs. fosc Characteristics Icc vs. Ve Characteristics
(Resistor Oscillator Option) (Resistor Oscillator Option)
20 ==26=-+75¢ 20 ==70-+75% T
Vee=5V fosc=4MHz :'Bav;
16 1.6 :
< Isavs 2
€ max €
T2 —+ <12
H Isay2 % /max.
= L~ max. )
%08 £08 e
0.4 / 0.4
~1
.
0 1 2 3 4 5 o 1 2 4 5 6
fosc(MHZ) Vcc(V)
Isgy vs. fosc Characteristics Isgy vs. Ve Characteristics
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option)
GO HITACHI
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78

20T=—20~+75¢ , 20m==20-+75¢ max.
Vee=5V :‘*:; fosc=4MHz Isey2
1.6 —+ 1.6 max.
2 Isev2 <
B 12 // max. 5 . y
< 1.2 < 1.2
_é 08 / e _é 08
0.4 7] 0.4
(o] 1 2 3 4 5 0 1 2 3 4 5 6
fosc(MHz) Vee(V)
IsBy vs. fosc Characteristics Isgy vs. Ve Characteristics
(Resistor Oscillator Option) (Resistor Oscillator Option)
500 T T T 1T Ta=-20 ~ +75°C ma
Ta=—20~+75TC 500 —— .
400
400
< 300
E . 300 /
f i L 1 e
2Q0) =
max. 200H——A
%
100 min
| e 100 /
—— min
-
0 L’ 2 3 4 5 6
Vec(V) 0 10 20 30 40 50
~1p (Pull-up MOS Current) vs. Vee—Vdisp(V)
Vg Characteristics lg (Pull-down MOS Current) vs.
15 : . (Vee — Vdisp) Characteristics
Ta=—-20~+75T
Vee=6V
10 y AVec=5v
g A A
< L 4[Ta==20-+75¢C
E / Vec=4V = Vec=6V
3 A g I
= E3
5 /= £ | Vee=sv
£
// z 2 Vec=4V
o
,/ [ / —
v ’
0o
° ! 2 3 1V Vi (V)2 ?
Vou(V) ce You
loL min. vs. Vo Characteristics ~lon min vs. (Voo — Vou) Characteristics
(Standard Pin) (Standard Pin *'CMOS"")
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—lon min. (MA)

30
L1 Vec=6V
Ta=—20~+75T
// AVcc=45V
20 A4
/ ,/ _—Vec=4V
//
A4
10
/4
/
/
0 1 2 3 4 5
Vee —Von(V)
-lon min. vs. (Vec — Vou) Characteristics
(D4 ~ Dy5 Pins)
@ HITACHI

—lon min.(mA)

6 —r———1—
[Taz= —20~
Ta=—20~+75%C Avee=sv
5 .
4 /
//’VCC=4~5V
3 // | Vce=aV
/A
2 ..
74
1 Z
/ Y
0 1 2 3 5
Vee —Vou(V)

-lgn min. vs. (Vcc — Von) Characteristics

(RO ~ R2 Pins)
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= HMCS402CL ELECTRICAL CHARACTERISTICS
© DC CHARACTERISTICS (Vc=2.7V to 6V, GND = 0V, Vgisp = Vcc—40V to Vg, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
RESET, SCK
o 0.85Vee | — Vcct0.3 \
Input “*High” v INTo, INT:
Voltage H Si 0.85Vee | — Vcct+0.3 Vv
0OSC: Vee—03 | — Vce+0.3 \"
RESET, SCK
N -0.3 - 0.15V¢cc \Y
Input ““Low"’ v INTo, INT:
Voltage L St -0.3 — | 0.15V¢e \
0SC1 -0.3 - 0.3 \
Output “High” P _
Voltage VoH SCK, SO —lon =0.1 mA Vce-05 | — - \)
Output “Low” od _
Voltage Voo SCK, SO loL =0.4mA - - 0.4 \
RESET, SCK,
Input/Output T T _
Leakage Current el IS';ITSOO Iggé:'l Vin =0V to Vee - - 1 MA 1
Current
PSP Vee=3V
Dissipation in lce Vee cc” - - 0.6 mA | 2,6
Active Mode fosc = 2 MHz
Maximum Logic Operation
Isgy1 Vee Vec =3V - - 0.5 mA | 3,6
gt.‘rr.ent. . fosc = 2 MHz
ssipation in
S(Ianlgb\; Mode Minimum Logic Operation
Isey2 | Vee Vee =3V - - 0.4 mA | 4,6
fosc = 2MHz
Current —
icsination i Vin (TEST) = V¢c-0.2V to V.
Dissipation in in cc cc _ _
Stop Mode lop | Vee Vin (RESET) = 0V 10 0.2 V 10 HA 5
Stop Mode
Retain Voltage Vstop Vee 2 - - v
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(Note 1} Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.

Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... V¢ voltage
o Do ~D;3, R3~R9 -- V¢ voltage
©D.~Dys, RO~R2, R o Raq -+ Vgisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions:  MCU state; ® Standby Mode
® Input/Output; Reset state
® TIMER-A; +2 prescaler divide ratio
® TIMER-B; +2 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ... GND voltage
® TEST - V¢ voltage
® D,~D;, R3~RY --- V¢ voltage
®D,~Dis, RO~R2, Rag, Ray - Vdisp voltage
{Note 4) The timer/counter operate with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Output; Reset state
® TIMER-A; +2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ... GND voltage
® TEST --- V¢ voltage
®D,~D;3, R3~RY ... V¢ voltage
®D,~D,s, RO~R2, Rag. Rag - Visp voltage
(Note 5) Pull-down MOS current is excluded.
(Note 6) When f°w=x[MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows:
[When Divide-by-8 (D-8) option is selected.] ~ max. value (fosc=x[MHz]) =%x max. value (fogc=2[MHz] )
e INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN
(Vee= 2.7V to 6V, GND = 0V, Vyjsp = Vcc —40V to Vg, Ta= —20 to +75°C, if not specified.)
. ™ Value .
ltem Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input “High” Do ~ D3
! - +
Voltage Vi 1 R3~RS5, RO 0.85Vce Veet03 |V
Input “‘Low” Do ~ D3,
Voltage Vi R3~ R5, R9 -0.3 — 1015 Ve Vv
Output “High" Do ~ D3, _
Voltage VoH R3 ~ R8 —lon =0.1 mA Vce-05 | — - \% 1
Output "“Low"’ Do ~ D3, _
Voltage Vou R3~ R8 loL =04 mA - - 04 v
Input/Output Do ~ D3, o
Leakage Current Ml R3~ R9 Vin=0V to Vee - - 1 LA 2
Do ~ D3, Vee = 3V
Pull-Up MOS | R3 ~ R9 Vin= 0V 3 15 40 BA |3
Current - = _
m~re |V ov 30 |60 | 120 |wA | 3

(Note 1) Applied to 1/0 pins with “CMOS"’ output selected by mask option.
{Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/O pins ‘‘with Pull-up MOS"’ selected by mask option.
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e INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN
(Ve = 2.7V 10 6V, GND = 0V, Vg, = Ve —40V to Ve, Ta = —20 to +75°C, if not specified.)

. Val
Item Symbol Pin Name Test Conditions - 2ue Unit Note
min typ max

Vet o g Vi R 085Vee | - | Vect03 | V
| t “‘Low” Da~Dis , R1
\;‘:I‘t’age o Vi R2, Rao. Rat Vee—40 - 018Vee v

b o —loH=15mA, Vcc=5V£10%| Vcc—3.0 - - \

4 ~ Dis
Output “High” Vou —lon=2.5mA Vee=10 | - - \
Voltage RO~ R2 —lon=3mA, Vcc=5V10% | Vcc—3.0 - — \
—lon=0.5mA Vee—1.0 - — Y]

Da~D1s _

Output “Low"’ v RO~R2 Vgisp = Vec—40V — - Vee—37 Y 1
oL —

Voltage g‘(‘)"?‘; 150k to Ve —40V - ~ | Vee=37 | v 2
Input/Output Da~Dis
Leakage Ml RO~R2 Vin = Vee—40V to Vee - - 20 A 3
Current Rao. Ra1

Da~D1s _
Pull Down MOS y RO~R2 Vdi;,,_- Vec—35V 125 250 500 uA 4
Current Rag, Ras Vin =Vee

(Note 1) Applied to |/O pins “‘with Pull-down MOS"’ selected by mask option.

(Note 2) Applied to 1/0 pins “‘without Pull-down MOS (PMOS Open Drain)” seiected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/O pins “‘with Pull-down MOS" selected by mask option.

A @ HITACHI
82 Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300



HMCS402C/HMCS402CL/HMCS402AC

® AC CHARACTERISTICS (Vgg=2.7V to 8V, GND = 0V, Visp = Vec—40V to Vg, Ta = =20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit | Note
min typ max

Oscillation Frequency fosc 0OSCt, OSC2 0.4 2 2.25 MHz
Instruction Cycle Time teye 3.55 4 20 us
Oscillator Stabilization Time trc 0OSC1, OSC2 - — 60 ms 1
el Sjock “High™ topu osci 206 | - - nso |2
v en | oo e I N
External Clock Rise Time tepr OSCi - - 20 ns 2
External Clock Fall Time teps 0SC: - - 20 ns 2
TNTo “High” Level Width tioH TNTo 2 - - teye | 3
INTo “Low” Level Width tioL INTo 2 - - teye 3
TNT1 “High” Level Width th TNT1 2 - - teye 3
INT1 “Low" Level Width tiL INTT 2 - - teye 3
RESET ““High” Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins fVTnLN(']HVZ - - 15 oF
RESET Fall Time tRsTH - - 15 ms 4

{Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Ve reaches 2.7V at “Power-on”, or after RESET input level goes
“High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than tR¢
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or
ceramic filter oscillator, please ask a crystal osciliator maker's or ceramic filter maker’s advice because oscillator stabilization time depends
on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator

C — (o}

} C —F osc

ICrystal osc Cer@mic !

= <R hlter§=:>h

F I AW-440SC: t 0SC2

C2 d C2
GND GND
Crystal: 2.097152MHz DS-MGQ308 (Seiko Denshi) Ceramic filter: CSA2.000MK (Murata)
Rf = 2MQ * 2%, Rd = 2.2k + 2% Rf = 1MQ * 2%, Ci=Ca=30pF +20%

Ci =10pF £ 20%
C; = 10pF + 20%

(Note 2) (Note 3)
1-fcp
Vee—0.3v
osc, — tcPH tcpL
0.3v
tcPr tcpt
(Note 4)

0.85Vce
RESET  015vce

tRSTf
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® SERIAL INTERFACE TIMING CHARACTERISTICS

(Vee=2.7V to 6V, GND = 0V, Vdisp = Vcc—40V to Vec, Ta= —20 to +75°C, if not specified.)

* At Transfer Clock Output

" Test Value X

Item Symbol Pin Name Conditions por vp nax Unit Note
Transfer Clock Cycle Time tscye SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High” oa
Lovel Width ¢ tsckh SCK (Note 2) 05 - - tseye 1.2
T f | " " —
L:,';f \:/ridct:t:k Low tsckL K (Note 2) 0.5 - - tseye 1.2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 300 ns 1,2
Transfer Clock Fall Time tsckf SCK (Note 2) - - 300 ns .2
S Qe or oo | s (ween | - | - w0 [ w2
Serial Input Data Set-up Time tssi Sl 1000 - - ns 1
Serial Input Data Hold Time tusi SI 500 - - ns 1

« At Transfer Clock Input
X Test Value X

Item Symbol Pin Name Conditions i e e Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
I:fomgtr(:k High tsckH SCK 05 - - tseye 1

P . -

Transfer Clock Rise Time tsckr SCK - - 300 ns 1
Transfer Clock Fall Time tscks SC - - 300 ns 1
Serial Output Data
Delay Time tpso SO (Note 2) - - 600 ns 1,2
Serial Input Data Set-up Time tssi St 1000 - - ns 1
Serial Input Data Hold Time thsi Si - - ns 1

(Note 1) Timing Diagram of Serial Interface

f= tsckt
§CK Vec—0.5V (0.85Vce)* K |- tsext
0.4V (0.15V¢g)*

[N\
X

toso
Voo
so >; cc—-0.5v X
0.4V
tssi= | tust
st 0.85Vce
0.15Vcece
!

*Vc—0.5V and 0.4V are the threshold voltage for transfer clock output.
0.85V g and 0.15V ¢ are the threshold voltage for transfer clock input.

(Note 2) Timing Load Circuit
Vee
RL =2.6ke
Test
Point
c R 1520746
30pF 12k9 or Equiv.
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® CHARACTERISTICS CURVE (REFERENCE DATA)

T T T
Ta=—20~-+75T max T
fosc=2MHz Ta=—20~ +75°C ]
1.0 fosc=2MHz isBY1
1.0 max.
~ — IsBy2
: e : b
S VZ <
—05 3
=05 =
<
3 1
(0] 1 2 3 4 5 6
Vo) 0 1 2 3 4 5 6
lcc vs. Ve Characteristics Veelv)
(Crystal, Ceramic Filter Oscillator) Isgy Vs. Ve Characteristics
500 ——TT (Crystal, Ceramic Filter Oscillator)
Ta=—20~+75C
Ta=-20~ +75°C
a=-20~+75°C
400 500 , B
max,
< T
‘2300 400
7 -/
200 max. < 300
ES WL
°
- typ.
100 e typ. 200
min 7
1 |
o T2 3 a 5 6 0017 min-
Veelv)
—Ip (Pull-up MOS Current) vs.
Vcc Characteristics o 0 " P 20 50
¥ a-—20~+75°C [ Vee—VdispV)
Veo=6V 14 (Pull-down MOS Current) vs.
(Vec—Vdisp) Characteristics
Vee=5v
10
2 Pad
£ v #——
€ Vc/c;’_ Ta=—20~ +75°C
& $s s
o =
2 - Vee=5v
5 £ // ¢
2
z 1 | _—Vce=4v
o L —
YV L. 3 ]
/
— Vee=2.7v
0 1
0 1 2 3 2 3
Vo(V) Vee—VoH (V)
loL min. vs. VoL Characteristics —lon min.vs. (Vcc—Vor) Characteristics
(Standard Pin) (Standard Pin “CMOS")
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30

Ta = —20 ~ +75°C [T
Vee=6V
6
Ta=—-20~+75T
Vee=6V

~ 20 Vee=5v 5
E / /1|' /1/ g Vee=sv
£ Vee=av z 4
€ 1 £
T =
2 £
] ) £ 3 F—{vec-av

10 V=27V 5

e T, /
'/ ol
7 T vee2 v
1
L |
0 1 2 3 4 5 0 1 2 3 4 5
Vee=-VoH (V) Vee—Vor (V)
—lon min. vs. (Vcc-VoR) Characteristics —lon min. vs. (Vcc—Vow) Characteristics
(D4 ~ D1s Pins) (RO ~ R2 Pins)
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® HMCS402AC ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (V¢ = 4.5V to 6V, GND = 0V, Vgisp = Vec—40V to Vg, Ta = —20 to +75°C, if not specified.)

Value
Iltem Symbol Pin Name Test Conditions - Unit | Note
min typ max
%ET"—T‘?(' 0.7V¢e Veet03 | v
Input “High" v o
Voltage H Sl 0.7Vee | — | Veet0.3 | V
0OSC: Vee—0.5 | — | Vec+0.3 Vv
RESET. 20K, 03 |- |022vee | V
Input “Low”’ v L
Voltage L SI -0.3 — | 0.22v¢e \%
0OSC1 -0.3 - 05 \%
Output “High” | , K. S0 —lon = 1.0mA Vee-10 | — _ v
Voltage OH . —lon =0.01 mA Vee-0.3 | — - \
Output “Low"” s _
Voltage VoL SCK, SO loL = 1.6 mA - - 0.4 v
RESET, SCK,
Input/Output N TN
el iNTo, INT1 | Vin =0V to V¢c - - 1 kA 1
Leakage Current Sl, SO, 0SC1 k
Current -
Dissipationin | lec | Vec Jec s Sz - - 30 mA | 2,6
Active Mode osc
Maximum Logic Operation
lsgy1 Vee Vec =5V - - 1.8 mA 3,6
Current fosc = 6 MHz
Dissipation in - - -
Standby Mode Minimum Logic Operation
Issy2 Vee Vec=5V - - 1.35 mA 4,6
fosc = BMHZ
Current —
urrent Vin (TEST) = Ve —0.3V to Ve
Dissipation in Istop Vce n - - - 10 uA 5
Stop Mode Vin (RESET) =0V to 0.3V
Stop Mode _ _
Retain Voltage Vstop | Vee 2 v
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(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; © Reset state in Operation Mode
Pin state; ® RESET, TEST ... V¢ voltage
®Do~D;, R3~R9 --- V¢ voltage
®D,~Dis, RO~R2, R\, Rag -+ Vdisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Output; Reset state
© TIMER-A; +2 prescaler divide ratio
® TIMER-B; +2 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ..-GND voltage
® TEST .- V¢ voltage
®D,~D,, R3~R9 .. V¢ voltage
#D,~D,s, RO~R2, Rag, Ray - Vdisp voltage
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Output; Reset state
® TIMER-A; +2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET. ... GND voltage
® TEST .- V¢ voltage
®D,~D,, R3~R9 ... V_ voltage
®D,~Ds, RO~R2, Rpag, Ray - Visp voltage
(Note 5) Pull-down MOS current is excluded,
(Note 6) When fo=x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (foec=x [MHz]) =%x max. value (fgec=6 [MHz])

® INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN
(Vce = 4.5V to 6V,GND = 0V, Vgisp = Vec—40V to Ve, Ta = —20 to +75°C, if not specified.)

Val
Item Symbol Pin Name Test Conditions - aue Unit Note
min typ max

Input *‘High" Do ~Ds,
Voltage Vin R3 ~ R5, R9 0.7Vce - Vec+0.3 \
Input “‘Low” Do ~ D3,
Voltage Vie R3 ~ R5, R9 : -0.3 - 0.22V¢c \Y

Do ~ Das,
Output “‘High” v R3~R8 —lon = 1.0 mA Vee—1.0 — - 1
Voltage OH Do <D

R3~ RS’ ~lon = 0.01 mA Vee—0.3 - - 1
Output “Low’’ Do ~ Ds, -
Voltage Voo | BS<Rs low = 1.6 mA - _ 04 v
Input/Output Do ~ Ds, - _ -
Leakage Current Mt R3~ R9 Vin =0V to V¢c 1 uA 2
Pull-Up MOS Do ~ D3, Vee =5V
Current —lo R3~ R9 Vi, =0V 30 60 120 uA 3

(Note 1) Applied to /O pins with “CMOS" Output selected by mask option.
{Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to /O pins “with Pull-up MOS" selected by mask option.
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® INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN
(Vce = 4.5V to 6V, GND = 0V, V(isp = Vcc—40V to Vg, Ta=-20to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit Note
min typ max
Input “High” Da ~Dis, R1
Voltage Vin R2, R0, Rat 0.7Vce - Vect+0.3 \Y
Input “Low” Da~Dis , R1
Voltage Vie R2, Rao, Ra Vee—40 | - | 022V¢c |V
b o —lon=15mA, Vcc=5V £ 10%| Vcc—-3.0 - - Vv
a ~ Dis
Output ““High" v, —loH=9mA Vee—2.0 - - \
Voltage OH RO~ R2 “Ton=3mA, Vge=5V £ 10% | Voc—3.0 | — — v
—loH=1.8 mA Vee—-2.0 - — \
Ds~Dus Vi = Voo —40V - - | Vee-31 | v 1
Output “Low" v RO~R2 dise ce cc
Voltage ot Da~D
9 Ro~R> 150k to Ve —40V - — | Vee-37 v 2
Input/Output Ml Da~Dis
Leakage e RO~ R2 Vin = Vcc—40V to Ve - - 20 HA 3
Current Rao. Ra1
Pull Down MOS De~Dis Vaisp = Vee—35V
Current Iy RO~R2 vf"‘°= v cc 125 250 500 HA 4
RAO: RA1 in cc
(Note 1) Applied to 1/0 pins "‘with Pull-down MOS"’ selected by mask option.
(Note 2) Applied to I/0 pins “without Pull-down MOS (PMOS Open Drain)’* selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.
(Note 4) Applied to 1/0 pins “‘with Pull-down MOS"’ selected by mask option.
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® AC CHARACTERISTICS (Vcc=4.5V to 6V, GND = OV, Vgisp = Ve —40V to Vee, Ta = —20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit | Note
min typ max

Oscillation Frequency . fosc 0SC1, OSC2 0.4 6 6.2 MHz
Instruction Cycle Time teye 1.29 1.33 20 Mus
Oscillator Stabilization Time | tgrc 0sC1, OSC2 - - 20 ms 1
ever Width " te | OSC 0 | - | - e |2
Cover wigth | osc 00| - | = e |2
External Clock Rise Time tepr OSC: — - 20 ns 2
External Clock Fall Time teps 0SC: - - 20 ns 2
INTo ““High”" Level Width tioH INTo 2 - - toye 3
INTo “Low” Level Width tioL INTo 2 - - teye 3
INT1 “High” Level Width t)1H INT1 2 - - teye 3
TNT1 “Low"” Level Width L INT1 2 - - teye 3
RESET “High” Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins ﬁ/TnLN(.)H\/Z - - 15 pF
RESET Fall Time tRSTS - - 20 ms 4

{Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after V¢ reaches 4.5V at “Power-on’’, or after RESET input level goes
“High” by resetting to quit the stop mode bv MCU reset. At power ON or recovering from stop mode, apply RESET input more than trc
to obtain the y time for il ion. The circuits used to measure the value are descnbed below. When using crystal or
ceramic filter oscillator, please ask a crystal oscillator maker s or ceramic filter maker’s advice L bilization time d d:
on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator
Ci E— Cy
i} —{F osc
rvstaj]_ osc: Ceramic !
SR hlter=::h
T( S
F 0SC2 t 0SC2
C2 C2
GND GND
Crystal: 6.0MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter : CSA6.00MG (Murata)
Rf : 1MQ £2% Rf :1MQ 2%
C1 : 20pF £20% Ci  : 30pF +20%
C2 : 20pF £20% Ca2 : 30pF +20%
(Note 2) (Note 3)
11cp
Vee-0.5
osc, — tCPH—] tcPL
0.5V
- o
cer tcet

(Note 4)
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® SERIAL INTERFACE TIMING CHARACTERISTICS .
(Vce=4.5V to 6V, GND = 0V, Vdisp = Vcc—-40V to Vg, Ta = —20 to +75 C, if not specified.)

* At Transfer Clock Qutput

. Test Value i
Item Symbol Pin Name Conditions o vp nax Unit Note
Transfer Clock Cycle Time tscye SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High” <CK
Lok Hie tsckm SCK Note2) | o5 - = | teye | 1.2
Transfer Clock “Low” &I _
Level Width tsckL sc (Note 2) 05 - tseyo | 1.2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 100 ns 1,2
Transfer Clock Fall Time tsckf SCK (Note 2) - - 100 ns 1,2
Serial Output Data — -
Delay Time tpso SO (Note 2) 250 ns 1,2
Serial Input Data Set-up Time tssi Si 300 - - ns 1
Serial Input Data Hold Time tus S| 150 - - ns 1
* At Transfer Clock Input
It Symbol | PinN Tost Value Unit | Not
n Name e
em ymbo in Na Conditions i v oo nit ote
Transfer Clock Cycle Time tseye SCK 1 - — teye 1
Transfer Clock “High” TER —
Level Width tsckH SCK 05 - tseye 1
Transfer Clock ““Low"” Fic _ —
Level Width tsckL SCK 0.5 tseye 1
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tsckt SCK - - 100 ns 1
Serial Output Data
Delay Time toso SO (Note 2) — - 250 ns 1,2
Serial Input Data Set-up Time tssi Si 300 - - ns 1
Serial Input Data Hold Time tusi Sl 150 - - ns 1
(Note 1) Timing Diagram of Serial Interface
t= tsct
SCK Vee —2 0V(0 7 Vee
08V(0.22Vcc) * Z
toso
 Vec -2 0V X
so )( X
\ 08V
1SSi = —thsi
si 0.7Vce
\ 0.22Vec
* Vee — 2.0V and 0.8V are the threshold voltage for transfer clock output.
0.7 Vg and 0.22 V¢ are the threshold voltage for transfer clock input.
(Note 2) Timing Load Circuit
Vee
RL =2 6ky
Test
Point
c R 15207480
30pF 12ky or Equiv.
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© CHARACTERISTICS CURVE (REFERENCE DATA) 24z T20-175¢ / Isev1
— f, =6MH. max.
p max. 20 osc=B6MHz ]
Ta=—20~+75TC |/ Jiseva
fosc=6MHz / /max,
3t 1.6
3 3 /
E € /]
52 w12 ~
Q >
- 8
1 £08
»
a4
0 1 2 3 4 5 6 04
VeelV)
Icc vs. Ve Characteristics (o] 2 3 4 5 6
(Crystal, Ceramic Filter Oscillator ) Vee(V)
Isgy vs. V¢c Characteristics
500 T T 7T (Crystal, Ceramic Filter Oscillator )
Ta=-20~+75T
400 500 Ta=-20~ +75°C max.
3 300 400
rs
[
200 /max. . 300 /
E / = typ.
100 typ. ~ 200 A
min -
— / min.
0 3 r 5 6 100
Vcc(V) /
—Ip (Pull-up MOS Current) vs.
Ve Characteristics 0o 10 20 30 40 50
Vee—Vdisp(V)
lg (Pull-down MOS Current) vs.
15 a=—20~F75C (Vee — Vdisp) Characteristics
Vcc=6V
~ 4rra=—20=%75¢
*
- Vcc=6V
= <
~10 Vec=5V €3 |
S - 45 E pe=2
= Vec=4.5V -
E » / cc E 2 / /Iz\
5 2 F——T Vcc=45
> » I ee—
= 1 A/
o
/7’ Y 1 2 3
74 Vee—Vou(V)
7 -lon min vs. (Vcc — Von) Characteristics
(Standard Pin "‘CMOS”’)
0 3
Vou(V)
loL min. vs. Vo Characteristics
(Standard Pin)
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NEEREE Vee-6V
Ta=-20~+75T ce
Vee=4.5V
20 A
<
E
<
3
3
"0
//
4
)4
o 1 2 3 4 5

Vee—Von(V)

-lon min. vs. (Vce — Vor) Characteristics
(Dg ~ Dy Pins)

s DESCRIPTION OF PIN FUNCTIONS
Input and output signals of MCU are described below.

® GND, Vcc. Vdisp

These are Power Supply Pins. Connect GND pin to Earth
(0V) and apply Vcc power supply voltage to Vcc pin. Vaisp
is an power supply for high voltage Input/Output pins with
maximum voltage of Vcc-40V. Vgisp pin can be also used as
Ra 1 pin by mask option. For details, see “INPUT/QUTPUT”.

o TEST

TEST pin is not for user’s application. TEST must be con-
nected to Vc.
® RESET

RESET pin is used to reset MCU. For details, see “RESET”.

e 0sC,, OSC,

These are Input pins to the internal oscillator circuit. They
can be connected to crystal resonator, ceramic filter reso-
nator Rf oscillator (applicable only to the HMCS402C), or
external oscillator circuit. Select the circuit of MCU by mask
option corresponding to the oscillator type. For details, see
“INTERNAL OSCILLATOR CIRCUIT.”

® D-port (D to D;5)

D-port is a 1-bit Input/Output common port. Do to Dj are
standard type, D4 to Dys are for high voltage. Each pin has the
mask option to select its circuit type. For details, See “INPUT/
OUTPUT”.

® R-port (RO to RA)

R-port is a 4-bit Input/Output port. (only RA is 2-bit con-
struction.) RO and R6 to R8 are output ports, R9 to RA are
input ports, and R1 to RS are Input/Qutput common ports.
RO to R2 and RA are the high voltage ports, R3 to R9 are the
standard ports. Each pin has the mask option to select its cir-

N [y S .
= > | AVec=8V
5 =
4 Vec=4.5V
< / | +—Vecc™
E -
' 3
<
£ d
3
22
|
1
0 1 2 3 4 5
Vee—Von(V)

-lon min. vs. (Ve — Vi) Characteristics
(RO ~ R2 Pins)

cuit type. Raz, R33z, Rao, Ra1 and Ra2 are also available as
TNTo, INT:, SCK, SI and SO respectively. For details, see
“INPUT/OUTPUT”".

e INT,, INT,

These are the input pins to interrupt MCU operation exter-
nally. INT, can be used as an external event input pin for
TIMER-B. INT, and INT, are also available as R, and Rs3
respectively. For details, See “INTERRUPT”.

e SCK,s1,so

These are Transfer clock 1/O pin (SCK), serial data input pin
(SI) and serial data output pin (SO) used for serial interface.
SCK, SI, and SO are also available as Rqq, Ra; and Ry, respec-
tively. For details, see “SERIAL INTERFACE”.

= ROM MEMORY MAP

MCU includes 2048 words x 10 bits ROM. ROM memory
map is illustrated in Fig. 1 and described in the following
paragraph.

® Vector Address Area ..... $0000 to $000F

When MCU is reset or an interrupt is serviced, the program is
executed from the vector address. Program the JMPL instruc-
tions branching to the starting addresses of reset routine or
of interrupt routines.

® Zero-Page Subroutine Area ..... $0000 to $003F
CAL instruction allows to branch to the subroutines in
$0000 to $O03F.

® Pattern Area...... $0000 to $07FF
P instruction allows referring to the ROM data in $0000 to
$O7FF as a pattern.

® Program Area....... $0000 to $O7FF
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° $ 0000 0 JMPL Instruction $ 0000
Vector Address 1 (Jump to RESET Routine) |$ 0001
15 $ 000F 2| JMPL Instruction $ 0002
16 $ 0010 3 (Jump to INTp Routine) $ 0003
Zero-Page Subroutin 4 JMPL Instruction _|$ 0004
9 utine 5[ (Jump to INT; Routine) |$ 0005
(64Words) -
63 $ 003F 6[ JMPL Instruction $ 0006
64 $ 0040 7] (Jump to TIMER-A Routine) | 0007
Program 8| JMPL Instruction $ 0008
Pattern 9| (Jump to TIMER-B Routine) |$ 0009
(2048 Words) 10 $ 000A
11 $ 0008
ggg gg;&f 12 JMPL Instruction _|s00oc
13 (Jump to SERIAL Routine) |$ 000D
Not Used a4 $ 000E
\
16383 $3FFF 15 $ 000F
Fig. 1 ROM Memory Map
s RAM MEMORY MAP and special registers are also mapped on the RAM memory
MCU includes 160 digits x 4 bits RAM as the data area and space. RAM memory map is illustrated in Fig. 2 and described
stack area. In addition to these areas, interrupt control bits in the following paragraph.
o] $ 000 (o] $ 000
RAM-mapped Registers 1 $ 001
trol Bits
a1 $01F ) Interrupt Control Bi $002
32 $ 020 003
Memory Registers(MR) \ 3 T $
a7l ] $ 02F 4| Port Mode Reg. (PMR) | W |$ 004
48 $ 030 5| Serial Mode Reg (SMR) | W |$ 005
Data 6| Serial Data Reg. Lower (SRL) R/W|$ 006
o 7| Serial Data Reg. Upper (SRU) 'R/W|$ 007
(96 Digits) - :
8| Timer Mode Reg. A (TMA) | W |$ 008
\ 9] Timer Mode Reg. B (TMB) | W |$ 009
127 $07F 10 . (TCBL/TLRL) {R/W|g 00A
128 £ 080 - TIMER-B —_—
11 (TCBU/TLRU)R/W|$ 00B
Not Used \ 12 $00C
959 $ 38F Not Used
960 $ 3C0 \
f‘ac_k 31 $O01F
t
1023 (64Digits) $3FF
* Two registers are mapped on same address.
R  :Read I
W :\;:‘e Oor:,lvy 10 Tnmer/Even:T%oB\tr;ter B Loweri R Timer Log'?_r?f)g Lower IIW $00A
R/W:Read/Write B e CCOE;JG;er 8 Upper E R fmer L?Tafnﬁg e ;W $008

Fig. 2 RAM Memory Map
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bit 3 bit 2 bit 1 bit O
|
o MO IFO RSP ) /E $000
(IM of INT,) (IF of INT,) (Reset SP Bit) (Interrupt Enable Flag)
1 IMTA IFTA M1 IF1 $001
(IM of TIMER-A) (IF of TIMER-A) (IM of INT,) (IF of INT,)
IMTB IFT8
02
2 Not Used Not Used (IM of TIMER-B) (F of TIMER-B) | %©
IMS IFS
0
3 Not Used Not Used (IM of SERIAL) (F of sEriaL) | 3003
IF : Interrupt Request Flag
IM : Interrupt Mask
1/E : Interrupt Enable Flag

SP : Stack Pointer

(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD
instruction. Itis not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction.
The content of Status becomes invarid when ““Not Used'’ bit is tested.

Fig. 3 Configuration of Interrupt Control Bit Area

® Interrupt Control Bit Area ..... $000 to $003

This area is used for interrupt controls, and is illustrated in
Fig.3. It is accessable only by RAM bit manipulation instruction.
However, the interrupt request flag cannot be set by software.

® Special Register Area ..... $004 to $008B

Special Register is a mode or a data register for the external
interrupt, the serial interface, and the timer/counter. These
registers are classified into 3 types: Write-only, Read-only, and
Read/Write as shown in Fig. 2. These registers cannot be
accessed by RAM bit manipulation instruction.

Memory Registers Stack Area
32 [ MRO_] g 020 95°[Level 16]83c0
33 MR(1) $ 021 Level 15
34 |_MR(2) $ 022 Level 14
35 |_MR@3) $ 023 Level 13
36 |_MR4) $ 024 Level 12
37 |_MR(5) $ 025 Level 11
38 | _MR(6) $ 026 Level 10
39| MR(7) $ 027 Level 9
40| MR(8) $ 028 Level 8
41| MR(9) $ 029 Level 7
42 MR(10) | $ 02A Level 6
43| MR(11) | $ 02B Level 5
441 MR(12) | $ 02C Level 4
45| MR(13) | $ 02D Level 3
46 | MR(14) | $ 02E Level 2
47 | _MR(15) | $ 02F 40973 Level 1]g3FF

® Data Area ..... $020 to $07F
16 digits of $020 to $02F are called memory register (MR)
and accessable by LAMR and XMRA instructions.

® Stack Area .... $3CO to $3FF

Stack Area is used for LIFO stacks with the contents of the
program counter (PC), status (ST) and carry (CA) when process-
ing subroutine call and interrupt. As 1 level requires 4 digits,
this stack area is nested to 16 level-stack max. The data pushed
in the stack and LIFO stack state are provided in Fig.4. The
program counter is restored by RTN and RTNI instructions.
Status and Carry are restored only by RTNI instruction. The
area, not used for stacking, is available as a data area.

bit3 bit2 bit1 bit0
I T
1020 ST PC .5 PC ., PC,, |$3FC
| Il
- T
1021] ‘pc, PC, PCs | PC, |$3FD
Il
[
1022 CA PC, | PCs | PC, |$3FE
o
1023 PC, | PC, | PC, PC, |$3FF
|

PC13 to PCo ; Program Counter
ST, Status
CA; Carry

Fig. 4 Configuration of Memory Register, Stack Area and Stack Position
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® REGISTER AND FLAG

The MCU has nine registers and two flags for the CPU opera-
tions. They are illustrated in Fig.5 and described in the follow-
ing paragraphs.

® A lator (A), B Register (B)

Accumulator and B Register are 4-bit registers used to hold
the results of Arithmetic Logic Unit (ALU), and to transfer data
to/from memories, 1/O and other registers.

® W Register (W), X Register (X), Y Register (V)

W Register is 2-bit, and X and Y Register are 4-bit registers
used for indirect addressing of RAM. Y register is also used
for D-port addressing. W Register is write only and cannot be
read.

® SPX Register (SPX), SPY Register (SPY)
SPX and SPY Register are 4-bit registers used to assist X and
Y Register respectively.

® Carry (CA)

Carry (CA) stores the overflow of ALU generated by the
arithmetic operation, It is also affected by SEC, REC, ROTL and
ROTR instructions.

During interrupt servicing, Carry is pushed onto the stack
and restored back from the stack by RTNI instruction. (It’s not
affected by RTN instruction.)

® Status (ST)

Status (ST) holds the ALU overflow, ALU non-zero and the
results of bit test instruction for the arithmetic or compare in-
struction. It is used for a branch condition of BR, BRL, CAL or
CALL instructions. The value of the Status remains unchanged
until the next arithmetic, compare or bit test instruction is ex-
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL
instruction has been executed (irrespective of its execution/
skip). During the interrupt servicing, Status is pushed onto the

3 o
:Z:] Accumulator
3 o

Sutus

Program
Counter

LT - =

Fig. 5 Register and Flags

stack and restored back from the stack by RTNI instruction.
(It’s not affected by RTN instruction.)

® Program Counter (PC)
Program Counter is a 14-bit binary counter for ROM address-
ing.

® Stack Pointer (SP)

Stack Pointer is used to point the address of the next stack-
ing area up to 16 levels.

The Stack Pointer is initialized to locate $3FF on the RAM
address, and is decremented by 4 as data pushed into the stack,
and incremented by 4 as data restored back from the stack.

= INTERRUPT

The MCU can be interrupted by five different sources: the
external signals (INT,, INT,), timer/counter (TIMER-A,
TIMER-B), and serial interface (SERIAL). In each sources,
the Interrupt Request Flag, Interrupt Mask and interrupt vector
address will be used to control and maintain the interrupt re-
quest. The Interrupt Enable Flag is also used to control the
total interrupt operations.

® Interrupt Control Bit and Interrupt Service

The interrupt control bit is mapped on $000 to $003 of the
RAM address and accessable by RAM bit manipulation instruc-
tion. (The Interrupt Request Flag (IF) cannot be set by soft-
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request
Flag (IF) are set to “0”, and the Interrupt Mask (IM) is set to
“1” at the initialization by MCU reset.

Fig. 6 shows the interrupt block diagram. Table 1 shows the
interrupt priority and vector addresses, and Table 2 shows the
conditions that the interrupt service is executed by any one of
the five interrupt sources.

The interrupt request is generated when the Interrupt Re-
quest Flag is set to “1* and the Interrupt Mask is “0”. If the
Interrupt Enable Flag is “1*, then the interrupt will be activated
and vector addresses will be generated from the priority PLA
correspondiug to the five interrupt sources.

Fig. 7 shows the interrupt services sequence, and Fig. 8
shows the interrupt flowchart. If the interrupt is requested, the
instruction finishes its execution in the first cycle. The Inter-
rupt Enable Flag is reset in the second cycle. In the second and
third cycles, the Carry, Status and Program Counter are pushed
onto the stack. In the third cycle, the instruction is executed
again after jumping to the vector address.

In each vector address, program JMPL instruction to branch
to a starting address of the interrupt routine. The Interrupt
Request Flag which caused the interrupt service has to be reset
by software in the interrupt routine.
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;

Sequence Control
1E Push PC CA ST
- Reset I

Jump to Vector
Address.

-
Priority Control | —» Z;:w'
PLA [ adaress

Fig. 6 Interrupt Circuit Block Diagram

Table 1. Vector Addresses and Interrupt Priority

Reset . Interrupt | Priority Vector addresses
RESET - $0000
INTo 1 $0002
INT, 2 $0004
TIMER-A 3 $0006
TIMER-B 4 $0008
SERIAL 5 $000C

Table 2. Conditions of Interrupt Service

Interrupt R
Interrupt source INTo INT, TIMER-A TIMER-B SERIAL
control bits
1/E 1 1 1 1 1
IFO-IMO 1 0 0 0 o
IF1 - IMT * 1 (o] (o} (o]
IFTA - IMTA * * 1 0 o
IFT8 - IMTB * * * 1 (o]
IFS - IMS * * * * 1
* Don't care
G HITACH!
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Instruction 1 2 3 4 5 6
Cycles
| ! 1 1 ] |
! 1 1} 1 1 T 1
Instruction
execution
Interrupt Stacking, Stacking,
accepted Reset of I/E Vector address
is generated
JMPL instruction execution on the
vector address
Instruction
Execution at
starting address
of the interrupt
Fig. 7 Interrupt Servicing Sequence routine

® Interrupt Enable Flag (1/E: $000,0)

The Interrupt Enable Flag controls enable/disable of all inter-
rupt requests as shown in Table 3. The Interrupt Enable Flag is
reset by.the interrupt servicing and set by RTNI instruction.

Table 3. Interrupt Enable Flag

Table 5. External Interrupt Mask

External Interrupt Masks Interrupt Requests

0 Enable
1 Disable (masks)

Interrupt Enable Flag Interrupt Enable/Disable

0 Disable

1 Enable

® External Interrupt (INT,, INT, ) o
To use external interrupt, select Ry, /INTo, R33/INT, port

® Port Mode Register (PMR: $004)

The Port Mode Register is a 4-bit write-only register which
controls the Rs,/INT, pin, Rs3/INT; pin, Rq;/SI pin and
R4, /SO pin as shown in Table 6. The Port Mode Register will
be initialized to $0 by MCU reset, so that all these pins are set
to a port mode.

Table 6. Port Mode Register

for INT,, INT, mode by setting the Port Mode Register (PMR:
PMR .
$004). _ Ry3/INT; pin
The External Interrupt Request Flags (IF0, IF1) are set at bit 3
the falling edge of INT,, INT, inputs. 0 Used as R33 port input/output pin
INT, input can be used as a clock signal input of TIMER-B. 1 Used as INT, input pin
Then, TIMER-B counts up at each falling edge of input. When
using INT; as TIMER-B external event, an External Interrupt PMR
Mask (IM1) has to be set so that the interrupt request by INT: - R3;/INT, pin
will not be accepted. bit 2
0 Used as R32 port input/output pin
® External Interrupt Request Flag (IF0: $000,2, 1F1: $001,0) 7 Used a3 TNT, input pin
The External Interrupt Request Flags (IFO, IF1) are set at
the falling edges of INT,, INT, inputs respectively.
PMR )
® External Interrupt Mask (IMO: $000,3, IM1: $001,1) it 1 Ra1/S1 pin
The External Interrupt Mask is used to mask the external 0 UweaaR - ; -
interrupt requests. sed as R4, port input/output pin
1 Used as Sl input pin
Table 4. External Interrupt Request Flag PR
R h
External Interrupt Request Flags Interrupt Requests bit 0 42/S0 pin
0 No 0 Used as Ra, port input/output pin
1 Yes 1 Used as SO output pin
@ HITACHI
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(A)

Reset

MCU

Interrupt Yes

Request
!
No
(B)
Execute Interrupt
Instruction Accept
PC—(PC)+1 VB0
Stack—(PC)
Stack«(CA)
Stack—(ST)

1 PC—$ 0002

] PC—$ 0004

I PC—$ 0006

TIMER-B
Interrupt
?

[ PC—$ 0008

-] PC—$ 000C

(SERIAL Interrupt)

Fig. 8 Interrupt Servicing Flowchart
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= SERIAL INTERFACE

The serial interface is used to transmit/receive 8-bit data
serially. This consists of the Serial Data Register, the Serial
Mode Register, the Octal Counter and the multiplexer, as illus-
trated in Fig. 9. Pin Rao/SCK and the transfer clock signal are
controlled by the Serial Mode Register. Contents of the Serial
Data Register can be written into or read out by the software.
The data in the Serial Data Register can be shifted synchronous-

ly with the transfer clock signal.

The serial interface operation is initiated with STS instruc-
tion. The Octal Counter is reset to $0 by STS instruction. It
starts to count at the falling edge of the transfer clock (SCK)
signal and increments by one at the rising edge of the SCK.
When the Octal Counter is reset to $0 after eight transfer clock
signals, or discontinued transmit/receive operation by resetting
the Octal Counter, the SERIAL Interrupt Request Flag will be
set.

SYSTEM 0C(3bit) SROF
PRESCALER(1 1bit) OCTAL IFS
CLOCK COUNTER
INTERRUPT
P P I o REQUEST FLAG
B NRE of SERIAL INTER-
Ty FACE
I 1
SERIAL MPX +2 ol MPX 'NT;:NAL 8us ;LNE G
I SCKISR (8 bit)
3 SERIAL DATA REGISTER
SMR(4bit) ] PMR(4bit) 4 ¥4
SERIAL MODE PORT MODE
A REG. 4 L REG [ internaLBUS LINE 521 |
SCK |
[ INTERNAL BUSLINE | (52) | £ 2

R../SO
PORT

Fig. 9 Serial Interface Block Diagram

® Serial Mode Register (SMR: $005)

The Serial Mode Register is a 4-bit write-only register. This
register controls the Rqo/SCK and the prescaler divide ratio as
the transfer clock source as shown in Table 7.

The Write Signal to the Serial Mode Register controls the
operating state of serial interface,

The Write Signal to the Serial Mode Register stops the
transfer clock applied to the Serial Data Register and the Octal
Counter. And it also reset the Octal Counter to $0 simul-
taneously.

When the Serial Interface is in the “Transfer State”, the Write
Signal to the Serial Mode Register causes to quit the data
transfer and to set the SERIAL Interrupt Request Flag,

Contents of the Serial Mode Register will be changed on the
second instruction cycle after writing into the Serial Mode
Register. Therefore, it will be necessary to execute the STS
instruction after the data in the Serial Mode Register has been
changed completely. The Serial Mode Register will be reset to
$0 by MCU reset.

® Serial Data Register (SRL: $006, SRU: $007)

The Serial Data Register is an 8-bit read/write register. It
consists of a low-order digit (SRL:83006) and a high-order digit
(SRU: $007).

The data in the Serial Data Register will be output from the
LSB side at SO pin synchronously with the falling edge of the
transfer clock signal. At the same time, external data will be
input from the LSB side at SI pin to the Serial Data Register
synchronously with the rising edge of the transfer clock. Fig.
10 shows the I/O timing chart for the transfer clock signal and
the data.

The writing into/reading from the Serial Data Register during
its shifting causes the validity of the data.

Therefore complete data transmit/receive before writing
into/reading from the serial data register.
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Table 7. Serial Mode Register

SUR Reo/SCK
Bit 3 “©
0 Used as Rao port input/output pin
1 Used as SCK input/output pin
SMR Transfer Clock
Prescaler System Clock
Bit2 Bit 1 Bit0 R40/SCK Port Clock Source Divide Divide
Ratio Ratio
0 0 0 Sg':tpu . Prescaler +2048 + 4096
SCK N -
0 0 1 Output Prescaler + 512 + 1024
SCK - .
0 1 0 Output Prescaler = 128 + 256
SCK N -
0 1 1 Output Prescaler 32 64
SCK . .
1 0 0 Output Prescaler g 8 16
T SCK . B
1 0 1 Output Prescaler g 2 3 4
SCK System -
! 1 0 Output Clock - !
1 1 1 SCK External _ _
Input Clock

Transfer Clock I | | | | I | | | I ‘ | | I ‘ l
Serial Output Data XLSB X x X X X X X MSB

Serial Input Data
Latch Timing

Fig. 10 Serial Interface I/0 Timing Chart

©® SERIAL Interrupt Request Flag (IFS: $003, 0) Table 9. SERIAL Interrupt Mask
The SERIAL Interrupt Request Flag will be set after the
eight transfer clock signals or transmit/receive discontinued SERIAL Interrupt Mask Interrupt Request
operation by resetting the Octal Counter. 0 Enable
i mask
® SERIAL Interrupt Mask (IMS: $003, 1) : ! Disable (mask)
The SERIAL Interrupt Mask masks the interrupt request. ® Selection of the Operation Mode
Table 10 shows the operation mode of the serial interface.
Table 8. SERIAL Interrupt Request Flag Select a combination of the value in the Port Mode Register and
the Serial Mode Register according to Table 10.
SERIAL Interrupt Request Flag Interrupt Request Initialize the serial interface by the Write Signal to the
0 No Serial Mode Register, when the Operation Mode is changed.
1 Yes ©® Operating State of Serial Interface

The serial interface has 3 operating states as shown in Fig. 11.
The serial interface gets into “STS waiting state” by 2 ways:
one way is to change the operation mode by changing the data
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in the Port Mode Register, the other is to write data into the
Serial Mode Register. In this state, the serial interface does not
operate although the transfer clock is applied. If STS instruc-
tion is executed, the serial interface changes its state to “SCK
waiting state”. i

In the “SCK waiting state”, the falling edge of first transfer
clock affects the serial interface to get into “transfer state”,
while the Octal Counter counts-up and the Serial Data Register
shifts simultaneously. As an exception, if the clock continuous
output mode is selected, the serial interface stays in “SCK wait-
ing state’” while the transfer clock outputs continuously.

The Octal Counter becomes “000” again by 8 transfer
clocks or execution of STS instruction, so that the serial inter-
face gets back into the “SCK waiting state”, and SERIAL
Interrupt Request Flag is set simultaneously.

When the internal transfer clock is selected, the transfer
clock output are triggered by the execution of STS instruction,
and it stops after 8 clocks.

©® Example of Transfer Clock Error Detection
The serial interface functions abnormally when the transfer
clock was disturbed by external noises. In this case, the transfer

* "’Change PMR’' means the change of
operation mode as below:

* Transmit Mode
* Receive Mode
* Transmit/Receive

Clock Continuous
Output Mode

clock error can be detected in the procedure shown in Fig. 12,

If more than 9 transfer clocks are applied by the external
noises in the “SCK waiting state”, the state of the serial inter-
face shifts as the following sequence: first “transfer state”
(while 1 to 7 transfer clocks), second “SCK waiting state” (at
8th transfer clock) and third “transfer state’ again. Then reset
the SERIAL Interrupt Request Flag, and make “STS waiting
state” by writing to the Serial Mode Register. SERIAL Inter-
rupt Request Flag is set again in this procedure, and it shows
that the transfer clock was invalid and that the transmit/receive
data were also invalid.

Table 10. Serial Interface Operation Mode

SMR PMR . .

B3 Bt Bt 0 Serial Interface Operating Mode
1 0 0 Clock Continuous Output Mode
1 0 1 Transmit Mode
1 1 0 Receive Mode
1 1 1 Transmit/Receive Mode

STS Waiting State

Octal Counter = 000"
Transfer Clock Disable

Transfer Clock

Change PMR*

SCK Waiting State
(Octal Counter = “000"")

8 Transfer Clocks,
STS Instruction

Transfer State
(Octal Counter # “'000"")

Transmit/Receive
(IFS<"1")

Interrupt
Disable

IFS < Q"

Write to

Transfer Clock
Error Processing

Fig. 12 Example of Transfer Clock Error Detection

(IFS «"1")

Fig. 11 Serial Interface Operation State

= TIMER

The MCU contains a prescaler and two timer/counters
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit
free-running timer. TIMER-B is an 8-bit auto-reload timer/
event counter.

® Prescaler

The input to the prescaler is a system clock signal. The
prescaler is initialized to $000 by MCU reset, and the prescaler
starts to count up the system clock signal as soon as RESET
input goes to logic “0”. The prescaler keeps counting up except
MCU reset and stop mode. The prescaler provides clock signals
to TIMER-A, TIMER:-B and serial interface. The prescaler de-
vide ratio of the clock signals are selected according to the
content of the mode registers such as — Timer Mode. Register A
(TMA), Timer Mode Register B (TMB), Serial Mode Register
(SMR).
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[ iNTeRNAL BUS LINE (s1) ]
TIMER MODE REGISTER B
4
TMBI(bit)
TL(4bit) 4
TIMER LATCH
__ 3 REG.
. EEES
. cPTB TCB(8bit) TBOF
C) '| TIMER-B  MPX TIMER/EVENT COUNTER B IFT8
el @ EEEEERE INTERRUPT
T wlt ? o8 = s TLR(8D REQUEST FLAG
B I I Y & " OF TIMER-B
DESEE TIMER LOAD REGISTER -
SYSTEM
lCLOCK PRESCALER(11bit) 4 }4
Je [ inTERNAL BUS LINE (s2) |
|~
i BB B B R
N e
TIMER-A MPX CPTA TCA(8bit) TAOF | \ora
TIMER COUNTER A
INTERRUPT
REQUEST FLAG
OF TIMER-A

3
TMA(3bit)

TIMER MODE REGISTER A

Fig. 13 Timer/Counter Block Diagram

©® TIMER-A Operation

After TIMER-A is initialized to $00 by MCU reset, it counts
up at every clock input signal. When the next clock signal is
applied after TIMER-A is counted up to $FF, TIMER-A is set
to $00 again, and generating overflow output. This leads to
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to
“1”. Therefore, this timer can function as an interval timer
periodically generating overflow output at every 256th clock
signal input.

The clock input signals to TIMER-A are selected by the
Timer Mode Register A (TMA: $008).

® TIMER-B Operation

Timer Mode Register B (TMB: $009) is used to select the
auto-reload function and the prescaler divide ratio of TIMER-B
as the input clock source. When the external event input is
used as an input clock signal to TIMER-B, select the R33/INT,
as INT, and set the External Interrupt Mask (IM1) to “1” to
prevent the external interrupt request from occurring.

® Timer Mode Register A (TMA: $008)

The Timer Mode Register A is a 3-bit write-only register.
The TMA controls the prescaler divide ratio of TIMER-A clock
input, as shown in Table 11.

The Timer Mode Register A is initialized to $0 by MCU reset.

® Timer Mode Register B (TMB: $009)

The Timer Mode Register B is a 4-bit write-only register. The
Timer Mode Register B controls the selection for the auto-
reload function of TIMER-B and the prescaler divide ratio,
and the source of the clock input signal, as shown in Table 12.

The Timer Mode Register B is initialized to $0 by MCU reset.

The operation mode of TIMER-B is changed at the second
instruction cycle after writing into the Timer Mode Register B.

Therefore, it is necessary to program the write instruction
to TLRU after the content of TMB is changed.

Table 11. Timer Mode Register A

TIMER-B is initialized according to the value written into the TMA

Timer Load Register by software. TIMER-B counts up at every Bit2 Bit1 Bito Prescaler Divide Ratio

clock input signal. When the next clock signal is applied to il it it

TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- 0 0 0 +2048

alized again and generate overflow output. In this case if the 0 0 1 +1024

auto-reload function is selected. TIMER-B is initialized accord- 0 1 0 < 512

ing to the value of the Timer Load Register. Else if the auto- 0 -

reload function is not selected, TIMER-B goes to $00. TIMER- 1 1 + 128

B Interrupt Request Flag (IFTB: $002,0) will be set at this 1 0 0 + 32

overflow output. 1 0 1 + 8
1 1 0 + 4
1 1 1 + 2
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Table 12. Timer Mode Register B

the Timer/Event Counter. In this case, read the high-order digit
first, and then the low-order digit. The count value of low-order

TMB Auto-reload Function digit is latched at the time when the high-order digit is read.
Bit 3
0 No ® TIMER-A Interrupt Request Flag (IFTA: $001, 2)
The TIMER-A Interrupt Request Flag is set by the overflow
1 Yes output of TIMER-A.
T™B Prescaler Divide Ratio ® TIMER-A Interrupt Mask (IMTA: $001, 3)
B2 Bt AT Clock Input Source TIMER-A Interrupt Mask prevents an interrupt request
5 5 5 5078 generated by TIMER-A Interrupt Request Flag.
0 0 1 + 512 Table 13. TIMER-A Interrupt Request Flag
0 1 0 + 128
TIMER-A Interrupt
) 7 7 Y Request Flag Interrupt Request
1 0 0 + 8 0 No
1 0 1 + 4 1 Yes
! ! 0 — v 2 Table 14. TIMER-A Int t Mask
1 1 1 INT, (External Event Input) ) A nterrupt Mas

e TIMER-B (TCBL: $00A, TCBU: SOOB)
TLRL: $00A, TLRU: $00B

TIMER-B consists of an 8-bit write-only Timer Load Regis-
ter, and an 8-bit read-only Timer/Event Counter. Each of them
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high-
order digit (TCBU: $00B, TLRU: $00B).

The Timer/Event Counter can be initialized by writing data
into the Timer Load Register. In this case, write the low-order
digit first, and then the high-order digit. The Timer/Event
Counter is initialized at the time when the high-order digit is
written. The Timer Load Register will be initialized to $00 by
the MCU reset.

The counter value of TIMER-B can be obtained by reading

PMR:$ 004

TIMER-A Interrupt Interrupt Request

Mask
0 Enable
1 Disable (Mask)

® TIMER-B Interrupt Request Flag (IFTB: $002, 0)
The TIMER-B Interrupt Request Flag is set by the overflow
output of TIMER-B.

® TIMER-B Interrupt Mask (IMTB: $002, 1)

TIMER-B Interrupt Mask prevents an interrupt request
generated by TIMER-B Interrupt Request Flag.

SMR:$ 005

PMR3|PMR2|PMR1|PMRO

SMR3|SMR2[SMR1|SMRO

[ S —

*— Transfer clock selection

R40/SCK pin mode selection

R42/SO pin mode selection

R4, /S pin mode selection

R3/INT, pin mode selection

TMA:$ 008

R33/INT, pin mode selection

TMB:$ 009

TMA2| TMA1TMAO

TMB3|TMB2|TMB1|TMBO|

~—

—_—

*—- TIMER-B input clock selection
Auto-reload function selection

TIMER-A input clock selection

Fig. 14 Mode Register Configuration and Function
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Table 15. TIMER-B Interrupt Request Flag

TIMER-B Interrupt

Request Flag Interrupt Request

0 No

1 Yes

Table 16. TIMER-B Interrupt Mask

TIMER-
ERB Interrupt Interrupt Request

Mask
0 Enable
1 Disable (Mask)

= [NPUT/OUTPUT

The MCU provides 58 Input/Output pins, and they are con-
sist of 32 standard pins and 26 high voltage pins. Each standard
pin may have one of three mask options: (A) “Without pull-
up MOS (NMOS open drain)”, (B) “With pull-up MOS”, or
(C) “CMOS”. And also each high voltage pin may have one
of two mask options: (D) “Without pull-down MOS (PMOS

open drain)”, or (E) “With pull-down MOS”. As pull-down
MOS is connected to internal Vg, line, select Ro1/Vgip pin
as Vgjsp with mask option when at least one high voltage pin is
selected as “With pull-down MOS” option.

When any Input/Output common pin is used as input pin, it
is necessary to select the mask option and output data as shown
in Table 18.

® Output Circuit Operation of Standard Pins with “With pull-
-up MOS’* Option

Fig. 15 shows the circuit used in the standard pins with
“with pull-up MOS”option.

By execution of the output instruction, the write pulse will
be generated, and be applied to the addressed port. This pulse
will turn “ON" the PMOS (B) to make the transient time
shorten to obtain “High level™, if the output data is changed
from “0” to “1”. In this case, the “write pulse” allows the
PMOS (B) to turn “ON" as long as 1/8 instruction cycle. While
“write pulse” is “0”, pullup MOS (C) may retain the output
in high level.

The HLT signal becomes “0” in stop mode, so that MOS (A)
(B) (C) turn “OFF”.

@ HITACHI
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‘ \ Write pulse

PMOS(B) {Output
Pull up MOS (C) M, instruction)
M,
HLT
O wosuy
M,
l I |—_—_CE Data
7T
Mos Features ON Resistance Value
HMCS402C, HMCS402AC HMCS402CL
Buffer
M, approx. 25092 approx. 1k
M, approx. 1k approx. 5k§2
M approx. 40k approx. 75k§2 to 1MQ (Ve = 3V),
3 to 160kS2 (Ve = 5V) approx. 40k§2 to 160kS2 (Ve = 5V)
1 Instruction cycle _
1 X .
| [
Output instruction execution
Write pulse

Fig. 15 Output Circuit Operation of Standard Pins with “with Pull-up MOS’" Option
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Table 17 1/0O Pin Circuit Type

Without pull-up MOS

(NMOS open drain) With pull-up MOS CMOS (C) Applied
(A) (B) pins
HLT: input m_ :jnput HUT input
Vo data Veo [V ata rite Vee data Do ~D3,
£ |Vee pulse e R3o ~R33
common it AL n . .
i TRy O @ 40 ~Ra3,
o e Rso ~Rs3
output output output
data data data
3
a Vee [V, write Vee -
> | Output e |3 pulse Reo~Rg3,
o | Dutp huse ALT Ryo~R
5 | pins o HUT 70~ Ra3,
T ﬁ%—HLT Rso~Rs3
©
e output output
’ ; g
Vee
e HLT >0
Input HLT . HLT input Ru~R
ins input 90~ Ro3
P data data
Without pull-down MOS . . .
(PMOS open drain) (D) With pull-down MOS (E) Applied pins
Vee Vee
HLT
1/0 I'CG: output D4~D,s,
common data Rig~R.,
pins R20~R23
input input
data data
@ Vee
& i i HLT
] |—(G: HLT Fﬂ——_ output
s output data
£ | Output data
2 ~
> | pins v Roo~Ro3
£ cc
2
T Vdisp
) HLT input HLT input R
nput data data A0,
pins Vee Ra1/ Vi
Vdisp

{Note), In the stop mode, HLT signal is ‘0" and 1/0O pins are in high impedance state.

Hitachi America Ltd.  Hitachi Plaza e 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819  (415) 589-8300
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Without pull-up MOS (NMOS open drain)
or CMOS (A or C)

With pull-up MOS (B)

Applied pins

Standard pins

__LE>°— scx HL'!'
HLT Vi
170 Vee r cc
common HLT+mode select HLT+mode select §CK (Note 2)
pins o (Output mode)
internal SCK mternsl SCK
Vee | Vee
V,
cc o BT
Output t g
pins so
so SO
Input INTo,
pins INT,,
. input S
input data —_
data T SCK (Note 2)
HLT (Input mode)

(Note 1). in the stop mode, HLT signal is “0"", HLT signal is *1"* and |/O pins are in high impedance state.
(Note 2) If the MCU is interrupted by serial interface in the external clock input rode, the SCK terminal becomes input only.

108

Table 18 Data Input from Input/Output Common Pins

L Possibility Awvailable pin condition
1/0 pin circuit type of Input for input
CMOS No —
Standard Without pull-up
pins MOS Yes 1
(NMOS open drain)
With pull-up MOS Yes s i
Without pull-down
High MOS Yes “0"
voltage (PMOS open drain)
pins With pull-down i
MOS Yes 0
@ HITACHI
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® D-port

D-port is 1-bit I/0 port, and it has 16 Input/Output common
pins. It can be set/reset by the SED/RED and SEDD/REDD
instructions, and can be tested by the TD and TDD instructions.
Table 17 shows the classification of standard pins, high voltage
pins and the Input/Output pins circuit types.

® R-port

R-port is 4-bit I/O port. It provides 20 input/output com-
mon pins, 16 output-only pins, and 6 input-only pins. Data
input is processed using the LAR and LBR instructions and data
output is processed using the LRA and LRB instructions. The
MCU will not be affected by writing into the input-only and/or
non-existing ports, invalid data will be read by reading from the

output-only and/or non-existing ports.

The Rs2, Ras, Rao, Ra1 and Rez pins are also used as the INTo,
INT:, SCK, SI and SO pins respectively. Table 17 shows the
classification of standard pins, high voltage pins and Input/
Output pins circuit types.

= RESET

The MCU is reset by setting RESET pin to “1”. At power
ON or recovering from stop mode, apply RESET input more
than trc to obtain the necessary time for oscillator stabiliza-
tion. In other cases, the MCU reset requires at least two instruc-
tions cycle time of RESET input.

Table 19 shows initialized items by MCU reset and each
status after reset.

Table 19 Initial Value by MCU Reset
Initial value by
Items MCU reset Contents
Program counter (PC) $0000 Execute program from the top of ROM address.
Status (ST) “r Enable to branch with conditional branch instructions.
Stack pointer (SP) $3FF Stack level is 0.
(A) Without pull- g f
up MOS 1 Enable to input.
Standard pin| (B) With pull-up viqer .
MOS 1 Enable to input
(C) CMOS e -
1/0 pin (D) Without pull
output register : " Enable to input.
High voltage down MOS P
pin (E) With pull- gy f
down MOS 0 Enable to input.
Interrupt Enable Flag (I/E) 0" Inhibit all interrupts.
Interrupt flag Interrupt Request Flag (IF) “Q" No interrupt request.
Interrupt Mask (IM) B Mask interrupt request.
Port Mode Register (PMR) “0000"" See Item “‘Port Mode Register’’.
. Serial Mode Register (SMR) “0000"” See Item ““Serial Mode Register”’.
Mode register - - . - —~
Timer Mode Register A (TMA) “000"" See Item ““Timer Mode Register A"’.
Timer Mode Register B (TMB) 0000’ See Item ‘‘Timer Mode Register B"'.
Prescaler $000 -
y Timer/Counter A (TCA) $00 -
Timer/Counter, "
Serial interface | _Timer/Event Counter B (TCB) $00 -
Timer Load Register (TLR) $00 -
Octal Counter ‘000" -
{Note) MCU reset affects to the rest of registers as follows:
Item After recovering from STOP mode After MCU reset except for
by MCU reset the left condition
Carry (CA)
Accumulator (A) . .
- The contents of the items before The contents of the items before
B Register (B)[ MCU reset are not retained. MCU reset are not retained.
W Register (W) It is necessary to intialize them It is necessary to initialize them
X/SPX Registers (X/SPX) by software again. by software again.
Y/SPY Registers (Y/SPY)
Serial Data Register (SR)| Same as above Same as above

RAM

The contents of RAM before

are retained.

reset (just before STOP instruction)

Mcu

Same as above

Hitachi America Ltd. e Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300
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= INTERNAL OSCILLATOR CIRCUIT filter oscillator, or resistor oscillator as shown in Table 20. In
Fig. 16 gives internal oscillator circuit. The oscillator type any cases, external clock operation is available.
can be selected from the followings; crystal oscillator, ceramic

o5 ©—
Divider Timing

Oscillator divid
(Selectable circuit

with mask 1/8 circuit
OSC:@‘—‘ options)

System
clock

Fig. 16 Internal Oscillator Circuit

Internal Oscillator Circuit Mask Option

HMCS402C|HMCS402CL | HMCS402AC
Crystal [¢] o o
Oscillator| Ceramic o [e] e}
Resistor o - —
Divider 1/8 o o o
@ HITACHI
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® Oscillator Circuit

Table 20 Examples of Oscillator Circuit

Circuit configuration

Circuit constants

HMCS402C HMCS402CL HMCS402AC
External clock Ositvtor
operation
0S¢,
Open —] OSC,
Resistor Rf = 20k2+2%
oscillator

osc,
R'{
0sc,

Ceramic filter

Ceramic filter

Ceramic filter

a 05Cr CSA4.00MG CSA2.000MK CSA6.00MG
Ceramic filter Ceramic (Murata) (Murata) (Murata)
oscillator filter < Rf : IMQ+2% Rt : IMQ+2% R : IMQ+2%
s C, : 30pF20% Cy : 30pF£20% C, : 30pF+20%
GND C, : 30pF+20% C, : 30pF+20% C, : 30pF+20%
o Rf : IMQ+2% Rt : IMQ+2%
0SC: C, : 10~22pF+20% C, : 10~22pF+20%
Y C, : 10~22pF20% C, : 10~22pF20%
'05& Crystal: equivalent Crystal: equivalent
Crystal C2 R circuit to the left circuit to the left
oscillator GND Co : 7pF max. Co : 7pF max.
Rs : 6082 max. Rg : 10082 max.
AT cut parallel resonance crystal f . 240~4'5MHZ f . 2.0'~6A2MHZ
[
[ Rf : 2MQ+2%
p,;;..l 0SC: C; : 10~22pF+20%
3R C, : 10~22pF+20%
v M\4-osC2 Crystal: equivalent
et Rd circuit to the left
Co : 7pF max.
GT cut paraliel resonance crystal RS : 1002 max.
f :2.0~2.25MHz
osﬂ' Il o
Co
(Note 1)  On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter

maker. The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board.
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter.

(Note 2)

able layout of crystal and ceramic filter.

/

G HITACHI

Wiring among OSC |, OSC; and elements should be as short as possible, and never cross the other wirings. Refer to the recommend-
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\

Gl\:); ‘=§\\

Fig. 17 Recommendable Layout of Crystal and Ceramic Filter

® LOW POWER DISSIPATION MODE

The MCU provides two low power dissipation modes, that is,
a Standby mode and a Stop mode. Table 21 shows the function
of the low power dissipation mode, and Fig. 18 shows the
diagram of the mode transition.

Table 21 Low Power Dissipation Mode Function

Condition
Low Power " Timer/ Recovering,
Dissipation Mode Instruction Oscillator | Instruction Register, Interrupt RAM g:xm/( Counter, method
circuit execution Flag function iﬁu Serial
P Interface

SBY " . . " N " RESET Input,
Standby mode instruction Active Stop Retained Active Retained Retained Active Interrupt request

STOP oy : High'?
Stop mode instruction Stop Stop RESET Stop Retained impedance Stop RESET input

*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19.
*2) A high voltage pin with a pull-down MOS option is pulled down to the Vgisp Power supply by the pull-down MOS. As the MOS is ON, a pull-
down MOS current flows when a voltage difference between the pin and the Vgjgp voltage exists. This is the additional current to the current dis-

sipation in Stop Mode (lgop).

*3) Asa I/O circuit is active, a 1/0 current possibly flows according the state of 1/0 pin. This is the additional current to the current dissipation in

Standby Mode (Iggy 1, IsgY2)-

Fig. 18 MCU Operation Mode Transition

© Standby Mode
The SBY instruction puts the MCU into the Standby mode.
In the Standby mode, the Pscillator circuit is active and timer/

counter and serial interface continue working. On the other
hand, the CPU stops since the clock related to the instruction
execution stops. Registers, RAM and Input/Output pins retain
the state they had just before going into the Standby mode.

The Standby mode is canceled by the MCU reset or interrupt
request. When - canceled by the interrupt request, the MCU
becomes an active mode and executes the instruction next to
the SBY instruction. At this time, if the Interrupt Enable Flag
is “1”, the interrupt is executed. If the Interrupt Enable Flag
is ““0”, the interrupt request is held on and the normal instruc-
tion execution continues.

Fig. 19 shows the flowchart of the Standby Mode.

©® Stop Mode

The STOP instruction brings the MCU into the Stop mode.
In this mode the oscillator circuit and every function of the
MCU stop.

The Stop mode is canceled by the MCU reset. At this time,
as shown in Fig. 20, apply the RESET input for more than trc
to get enough oscillator stabilization time. (Refer to the “AC
CHARACTERISTICS”.) After the Stop mode is canceled,
RAM retains the state it had just before going into the Stop
mode. The other hand, Accumulator, B Register, W Register,
X/SPX Registers, Y/SPY Registers, Carry and Serial Data
Register don’t retain the contents.
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SBY

Oscillator Active
Peripheral Clocks
Active

All Other Clocks
Stop

Restart
Processor Clocks

Restart
Processor Clocks

No

(A) (B8) Yes (c)
Reset MCU Execute Interrupt
Instruction Accept

I

Fig. 19 MCU Operating Flowchart

Stop mode

D

s
Internal clock ——I_l._rl_.,

RESET

et T

STOP instruction execution

|

y
O O O O B
\
9

| S

r tres

-

(more than stabilization time: tgc)

Fig. 20 Timing Chart of Recovering from Stop Mode
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@ RAM ADDRESSING MODE

As shown in Fig. 21, the MCU provides three RAM address-
ing modes; Register Indirect Addressing, Direct Addressing and
Memory Register Addressing.

Ind: Add

® Reg 9
The combined 10-bit contents of W Register, X Register and
Y Register is used as the RAM address in this mode.

RAM Address

W-Register
—

©® Direct Addressing

The direct addressing instruction consists of two words and
the second word (10 bits) following Op-code (the first word) is
used as the RAM address.

Add,

o M v Regi ing
The Memory Register Addressing can access 16 digits
(Memory Register: MR) from $020 to $02F by using the LAMR
and XMRA instruction.

X-Register Y-Register
r N T\

Wi JWo Xa| Xa] Xif Xof Ya] Ya|Y:[Yo

AP, |APg | AP, [ AP | APs| AP, | AP;| AP, | AP, |AP,
(a) Register Indirect Addressing
Instruction 1st Word Instruction 2nd Word
4 N ~

OP Code
T N N | 1) N |

do | dg | dy | de | ds| da| ds|d;]|d|do

RAM Address

AP, | AP,

AP, AP¢| AP,| AP;| AP,| AP,

o)

APg

(b) Direct Addressing

RAM Address

Instruction

OP Code

APy

APg| AP,| AP¢| APs| AP,4| AP;| AP,| AP, AP

(c) Memory Register Addressing

Fig. 21

RAM Addressing Mode

@ HITACHI
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® ROM ADDRESSING MODE AND P INSTRUCTION
The MCU has four kinds of ROM addressing modes as shown
in Fig. 22.

® Direct Addressing Mode

The program can branch to any addresses in the ROM
memory space by using JMPL, BRL or CALL instruction.
These instruction replace 14-bit program counter (PC;3 to
PCy) with 14-bit immediate data.

® Current Page Addressing Mode

ROM memory space is divided into 256 words in each page
starting from $0000. The program branches to the address in
the same page using BR instruction. This instruction replace the
low-order eight bits of program counter (PC, to PCq ) with 8-bit

Instruction 1st Word

immediate data. The branch destination by BR instruction on
the boundary between pages is given in Fig. 24.

® Zero Page Addressing Mode

The program branches to the zero page subroutine area,
which is located on the address from $0000 to $O03F, using
CAL instruction. When CAL instruction is executed, 6-bit
immediate data is placed in low-order six bits of program
counter (PCs to PCy) and “0’s™ are placed in high-order eight
bits (PCy3 to PCg).

® Table Data Addressing

The program branches to the address determined by the
contents of the 4-bit immediate data, accumulator and B regis-
ter, using TBR instruction.

Instruction 2nd Word

(JMPL)
(BRL)
(CALL)

T T T T
OP Code ps

P2

T
P

T T T T T T T T T T

nlpoldylda‘m d¢ ds da d3y da di do

I I I T

Program Counter |Pc,, PCis PC,, PCio PC, PCs PC, PC, PC; PC, PC, PC; PC, PCo
1 1 A I I L 1 1 1 1 1 1 1

(a) Direct Addressing

Instruction

T T T T T T T

T
(BR) IOPCodeI br be bs bi by bi b bol
.

T
Program Counter ILC”

L

i1

PC,; PC,; PCyo PCs PCs PC, PCq PC;IPC4|P03 PC; PC, PCo
L ) L L L L L L L L

(b) Current Page Addressing

Instruction
ccay | 0P Code l % a0 8 m e a
1 1 1 1 I I i i
“0" *0" “0" 0" “0" "0" "0 "0~ l l l l l l
' T ' T ' T ' T t T ' T ' T ' T T 1 L T T

Program CounterIfCu PCi2 PCy; PCro F‘CoI PCs PC, PCs PC’|PC‘|PC’1PC’ PCy PC,
L i 1 I . A i 1

(c) Zero Page Addressing

p .
° ] B Register Accumulator

Instruction
- 1 T T T T T T
(TBR) OP Code | Ps P2 P
I 1 i 1 I 1
P

T T
lB; B. B Bo|A3 Ar Ay Aol

T

TITIIIIIT

T T
Program Counter ch.; PC,, PC;, PCy,, PCs PCy PC, PC¢ PCs PC, PC; PC, PC, PC,
A i A 1 1 1 1 1 A i 1 1 1

(d) Table Data Addressing

Fig. 22 ROM Addressing Mode
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Instruction

®) l OP Code

“0" 0"
P 2

B Register Accumulator

T T T T T T

B; B: B Bo]As Ay A Ao]

TTIIITT]

Referred ROM Address L

T T T T T
RA13sRA;; RAIIRA,, RA, RA; RA, RA¢ RA; RA, RA; RA; RA, R;I
1 1 L 1 L L L L L L " L n

(a) Address Designation

T

T
ROM Datalno, HO. Ro, Ro6 Ro, Ro. RO, Roz RO, RO.,I

lii&&&&#

AccumulatorBReglsterl By B, B, By | A
1

L 1 s

Az
L

Ay A,| :I1fROg=1
L

ROM Data IRo RO. RO, RO,, RO, RO, FKO; RO: RO: RO,

iii

GiiJT

Output Register R'I,RZI R,, R:: Ry R,‘,IR.; Rz Ry, le :1f ROy =1
1 L L Il 1 L

(b) Pattern Output

Fig. 23 P Instruction

® P Instruction

The P instruction refers ROM data addressed by Table Data
Addressing. ROM data addressed also determine its destination.
When bit 8 in referred ROM data is “1”, 8 bits of referred

/\/

256(n- 114255
2560

ROM data are written into the accumulator and B Register.
When bit 9 is “17, 8 bits of referred ROM data are written into
the R1 and R2 port output register. When both bit 8 and 9 are
“1”, ROM data are written into the accumulator and B Register
and also to the R1 and R2 port output register at a same time.
The P instruction has no effect on the program counter.
® Description of the branch di on page b dary
When BR is on page boundary (256n + 255), BR instruction
transfers the contents of PC to the next page with hardware
architecture. Therefore, the program branches to the next page

nd BR AAA
when using BR on page boundary.
The HMCS400 series cross macro assembler has automatic
AAA  NOP . .
paging facility for ROM page.
® INSTRUCTION SET
The HMCS402C/CL/AC provide 99 instructions. These in-
structions are classified into 10 groups as follows;
L s S (1) Immediate Instruction
|- Bress 25001255 (2) Register-to-Register Instruction
(3) RAM Address Instruction
(4) RAM Register Instruction
ss8  NOP (5) Arithmetic Instruction
(6) Compare Instruction
(7) RAM Bit Manipulation Instruction
(8) ROM Address Instruction
(9) Input/Output Instruction
(10) Control Instruction
/\/
Fig. 24 The Branch Destination by BR Instruction on
the Boundary between Pages
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Table 22. Immediate Instruction
'WORD,
OPERATION MNEMONIC | OPERATION CODE | FUNCTION [ STATUS /45
L
Load A from Immediate LAl 10001 1izizivio i—A 121
Load B from Immediate LBl i 100000i3i2i1i0 i—B 1,1
Load Memory from Immediate LMID id [OTTOTO0i3izivio —M 2/2
dsdgd;dsds dadydzdi do
Load Memory from Immediate, Increment Y LMIIY 1 10100 Vizizirio |[i->MY+ 1Y NZ 11
Table 23. Register-to-Register Instruction
WOR
OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS e
YCL
Load A from B LAB 0001001000 B--A 11
Load B from A LBA 0011001000 A-+B 11
Load A from Y LAY oo0o101o0o11 11 Y—A 11
Load A from SPX LASPX 0001101000 SPX—A 1,1
Load A from SPY LASPY 0001011000 SPY—A 11
Load A from MR LAMR m 100 1 1 1 mamummoe| MR(m)-A 11
Exchange MR and A XMRA m 101 1 1 1 mamamimo| MR(m).-A 121
Table 24. RAM Address Instruction
WOR
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS Cocie
Load W from Immediate LWI i 00111100i,i, —W 11
Load X from Immediate LXt i 100010i3iz2i11i0 e X 1,1
Load Y from Immediate Lyl i 10000 1 i3iziio i—Y 11
Load X from A LXA 0011101000 A—sX 171
Load Y from A LYA 0011011000 A—Y 1,1
Increment Y 1Y 0001011100 Y+1-Y NZ 11
Decrement Y DY 0011011111 Y-1-Y NB 1,1
Add Ato Y AYY 0001010100 Y+A-Y OVF 11
Subtract A from Y SYyy 0011010100 Y~-A-Y NB 11
Exchange X and SPX XSPX 0000000001 X«+SPX 11
Exchange Y and SPY XSPY 0000000010 Y«+SPY 11
Exchange X and SPX.Y and SPY XSPXY 0000000011 [ X«+SPX,Y--SPY 1,1
Table 256. RAM Register Instruction
WORD,
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS /
CYCLE
Load A from Memory LAM(XY) [00100100vy x M—A, (5:85%) 11
0110010000
Load A from Memory LAMD d do ds dr ds ds da ds G2 d do M—A 2/2
Load B from Memory LBM(XY) [00010000y x M-8, (5:8%) 1,1
Load Memory from A LMAXY) |00100101yx | A=M, (XX 11
0110010100 IR
Load Memory from A LMAD d do s dy ds 0 da d3 da d do A-M 2/2
Load Memory from A, Increment Y LMAIY(X) 000101000x [A—-M)Y + 1->Y(X--SPX) Nz 171
Load Memory from A, Decrement Y LMADY(X) |[001101000x |A-M)Y - 1-5Y(x.-8PX) NB 1,1
Exchange Memory and A XMA(XY) [00100000y x MeA, (52238 1,1
XMAD d [0110000000 MoA
Exchange Memory and A o i ly Gy G o Gy G ) G 2/2
Exchange Memory and B XMB(XY) [00110000y x M-B, (F235%) 1,1

Hitachi America Ltd.  Hitachi Plaza « 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300
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Note) (XY) and (x) have the meaning as follows:
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.)

MNEMONIC [y ! x FUNCTION
LAM 0:0
LAMX 01 X < SPX
LAMY 7.0 Yo SPY
LAMXY 11 X ©'SPX, Y ©¢SPY.

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each. (example of LMAIY (X) is given below.)

MNEMONIC x FUNCTION
LMAIY 0
LMAIYX 1 X <SPX

Table 26. Arithmetic Instruction

WORD.
OPERATION MNEMONIC | OPERATION CODE FUNCTION [ STATUS CVC/E
L
Add Immediate to A Al i 101000izizirio A+i-sA OVF 11
Increment B B 0001001100 B+1-8B NZ 1,1
Decrement B DB 0011001111 B-1-8B NB 11
Decimal Adjust for Addition DAA 0010100110 11
Decimal Adjust for Subtraction DAS 0010101010 11
Negate A NEGA 0001100000 A+1-A 11
Complement B coms 0101000000 B--B 11
Rotate Right A with Carry ROTR 0010100000 11
Rotate Left A with Carry ROTL 0010100001 11
Set Carry SEC 0011101111 1-CA 1,1
Reset Carry REC 0011101100 0-CA 1N
Test Carry TC 0001101111 CA 11
Add A to Memory AM 0000001000 M+A-A OVF 1.1
Add A to Memory AamD d [21999001999 1 M+aA--A OVF | 2,2
. M+A+CA--A
Add A 11
to Memory with Carry AMC 0000011000 OVF—CA OVF 7/
i 0100011000 | M+A+CA-A
Add A to Memory with Carry AMCD d dsds G705 0 dad3 0203 do | OV F~CA OVF 2/2
) M-A-CA-+A
1 1
Subtract A from Memory with Carry | SMC 0010011000 NB—CA NB 1
’ M-A-CA--A
Subtract A from Memory with Carry SMCD d 89&8&786352’453929!30 NB—CA NB 2,2
OR A and B OR 0101000100 | A B-—A 11
AND Memory with A ANM 0010011100 AMM—A NZ 11
i 1100111 \
AND Memory with A ANMD d [§11001 11001 Aim—A NZ | 2,2
OR Memory with A ORM 0000001100 AM--A NZ 11
- 01000011 s
OR Memory with A ORMD d [9100005L13% 1 Am—A NZ | 22
EOR Memory with A EORM 0000011100 A+M—-A NZ 11
‘ 07100011100 -
EOR Memory with A EORMD d | 4 '3, ds ds de dy dz 0 do A+M-—A NZ 2/2
@ HITACHI
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Table 27. Compare Instruction

WORD,
OPERATION MNEMONIC | OPERATION CODE | FUNCTION [STATUS /
. YCLE
Immediate Not Equal to Memory INEM 000010i3iz2iio i/M NZ 1,1
Immediate Not Equal to Memory INEMD i,d ggéagygsésgn?ai&zid‘v' , ifM NZ 2,2
A Not Equal to Memory ANEM 0000000100 AzM NZ i1
0100000100
A Not Equal to Memory ANEMD d [§100000198] A/m NZ [ 2,2
B Not Equal to Memory BNEM 0001000100 B/M NZ 1.1
Y Not Equal to Immediate YNEI 00011 1izizivio Y#i NZ 1,1
Immediate Less or Equal to Memory ILEM i 00001 tiznznio i-M NB 1,1
Immediate Less or Equal to Memory | ILEMD i.d gy;gg’)gﬁ; lhul Y NB 2,2
A Less or Equal to Memory ALEM 0000010100 A--M NB 1,1
070001010 .
A Less or Equal to Memory ALEMD d |00 0 d. e a;ga A<M NB 2,2
B Less or Equal to Memory BLEM 0011000100 B--M NB 11
A Less or Equal to Immediate ALEl i 10101 tiziz2itio A NB 11
Table 28. RAM Bit Manipulation Instruction
WOR|
OPERATION MNEMONIC | OPERATION CODE FUNCTION [STATUS XYELE
Set Memory Bit SEM n 00100001 mno 1-+M(n) 1,1
01100001
Set Memory Bit SEMD n.d | G b o, dsdededydpdhan| 1 Min) 2,2
Reset Memory Bit REM n 00100010nino 0--M(n) 11
i 01100010n
Reset Memory Bit REMD nd | § g, dedsdedsdrdiae] O—Min) 2,2
Test Memory Bit TM n 00100011 nno M(n) 11
0110001 1nin
Test Memory Bit TMD nd | G0 4G e de dyd o a0 M) | 2/2
Table 29. ROM Address Instruction
WORD
OPERATION MNEMONIC | OPERATION CODE | FUNCTION [ STATUS /
CYCLE
Branch on Status 1 BR b 1 1 brbebsbabsb2abibo 1 11
010111 P3P2pPiP0
Long Branch on Status 1 BRL Y | dodsdrdsds d'gJ;gzg' go 1 2/2
iti 10101 2P1Po
Long Jump Unconditionally IMPL u [ Q10 O e 2,2
Subroutine Jump on Status 1 CAL a {0111 asasazazarao 1 1,2
Long Subroutine Jump on Status 1 CALL u 925897(}6&5 45;35;5.‘5? 1 2,2
Table Branch TBR p [00 1011 p3pzpipo 1,1
Return from Subroutine RTN 0000010000 1/3
1-+I/E 1,
Return from Interrupt RTNI 0000010001 CA RESTORE ST /3
Table 30. Input/Output Instruction
WORD,
OPERATION MNEMONIC OPERATION CODE FUNCTION |STATUS /
CYCLE
Set Discrete 1/0 Latch SED 0011100100 1--D(Y) 11
Set Discrete 1/0 Latch Direct SEDD m |10 1 1 1 0 mamammg 1-D(m) 11
Reset Discrete 1/0 Latch RED 0001100100 0—-D(Y) 11
Reset Discrete 1/0 Latch Direct REDD m [1 0 0 1 1 0O msmamimg 0—D(m) 11
Test Discrete I/0 Latch D 0011100000 D(Y) 11
Test Discrete 1/0 Latch Direct TDD m |1 01 0 1 O mamzmmo D(m) 11
Load A from R-Port Register LAR m (10010 1 mmmme R(m)—A 11
Load B from R-Port Register LBR m [1 0010 0 mammmg R(m)—-B 11
Load R-Port Register from A LRA m (10110 1 mimmmoe| A—R(m) 121
Load R-Port Register from B LRB m |1 0110 0 mmammg B—R(m) 11
Pattern Generation P p |01 1011 pap2pipo 12
@ HITACHI
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Table 31. Control Instruction

OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS WO}
CycLE
No Operation NOP 0000000000 11
Start Serial STS 0101001000 11
Stand-by Mode SBY 0101001100 1.1
Stop Mode sTOP 0101001101 11
Table 32. Op-Code Map
R8 0 1
Re[N] 0T 2H4 s[e[7]8[o[Aa[B]c[o[E[F|o[1[2]3[4]5]6][7][8]e]Aa[B[C[D[E]F
0 [NoPisprxsPYASE AN AM 0RM| Jinew) D oawo)
1 [RTNRTNI ALEM| AMC| IEORM| ALEMD} [AMCD| EORM(
2 INEM i(4) INEMD i(4)
3 ILEM i(4) ILEMD i(a)
4| LBM(XY) [BNEM LAg] 8 cows] __— [OR]__— [sTS|__— | SBY[sT0F
5 |LMAIVX)] AYY P 1Y IMPL p(4)
6 |NecH RED use TC CALL p(a)
ol? YNEI i(4) BRL p(4)
8] XMAKXY) | SEMn@2 [ REM n2) | T™Mn@2 [ _— | SEMD n(2) T REMD n2) [ TMD n(2)
9] LAMXY) | LMAXY) [sMC[__— |aNM o] __— ] __— ] __— [iww)
Alrompor] _—— Jom[ _— o[ __— | LMID 4
B TBR p(4) P p(4)
[ xMBixY) Jueu 184 08
D [LMADY(X] SYY LA oY caL o)
E [0 SED LA REC SEC
Fl wwii2)
0 LBl i(4)
1 (871 i(4)
2 LXI il4)
3 LAI (4)
4 LBR m(4)
5 LAR m(4)
6 REDD m(4)
7 LAMR m(4)
BR b(8)
18 Al i(4)
9 LMY i(4)
A TDD m(4)
B ALEl i(4)
c LRB m(4)
D LRA m(4)
E SEDD m(4)
F XMRA m(4)
r - . i Address e 24 -
OO fapgles T e (- pmieasim ()t
{2-word/2-cycle)
O HITACHI
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HMCS402C/HMCS402CL/HMCS402AC

HMCS402C/CL/AC Date of Order
S
Dept.
5V Operation : O HMCS402C Name
3V Operation O HMCS402CL ROM Code Name
High Speed Operation : 0 HMCS402AC LSl Type Number
(Hitachi's entry)

* Please enter check marks in O (8, X,V/).

{11 /0 Option Note (1/O options masked by @ are not available.)
o opTioN | 110 opTioN |
PIN INPUT/QUTPUT ATETCcl o TE PIN INPUT/OUTPUT ATBTCTDTE
Do ° Input/Output Riag Input/Output
Dy 3 § Input/Output A3 R3) Input/Output
D, § a | input/Output R3, Input/Output
D3 «” input/Output R33 Input/Output
Da Input/Output Rg Input/Qutput
Ds Input/Output R4 Ra; Input/Output
D¢ - Input/Output Rag Input/Output
D4 § Input/Output Ra3 Input/Output
Dg 2 Input/Output Rso Input/Output
Do e Input/Output RS Rsy Input/Output
Do 3 Input/Output Rso Input/Qutput
Dy, 5 Input/Output Rs3 - Input/Output
D2 T input/Output Reo | £ Output
D)3 input/Qutput R6 Re1 ° Output
D)4 Input/Output Re2 3 Output
D5 Input/Output Res | & Output
GETY “ Output
R7 Ry Output
Roo Output Rq2 Output
RO Ro1 Output Rq3 Output
Ro2 Output Rgo Output
Ro3 _g Output R8 Rgi Output
Ryo | & Input/Output Rg2 Output
R1 Ri) g‘ Input/Output Rg3 Output
Rj2 5 Input/Output Ro Rgo Input
Ri3 Z Tnput/Output Ro 1 Input
Rao %’ input/Output Rg2 Input
Ry, Input/Output Ro3 Input
R2 Ra2o Input/Output RA RAQ [ &a Input
Fe—— 53¢
Ra3 Input/Output Ra1 ':E% Input Please m_ark on
S Ra1/Vdigp
* Please enter ‘O’ in applicable item for 1/0 option selection.
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS
C; CMOS (not be used as Input)
D: Without Pull-down MOS (PMOS Open Drain) E: With Pull-down MOS
(2) Ra1/Vdisp {3) Package
Ra1/Vdisp Package
O Ra1: Without Pull-down MOS (D) O DP-64S (shrink package)
O Vdisp Q FP-64

* Please enter check marks (®, X, Ain applicable item. * Please enter check marks (®, X,\/) in applicable item.
Note) Ra1/Vgisp has to be selected as Vgisp Pin except for the case that all High Pins are option D.
)

Divider (DIV) (5) ROM Code Media

Clock Divide Ratio ROM Code Media
O EPROM: Type

0O EPROM: EPROM On-Package Microcomputer Type

]

!'® Divided-by-8

Check List of Application

(A) Oscillator (CPG option)

0 402C (5V O ion)
O Resistor (R = 20k2+2%)

0 402CL (3V Operation) 0 402AC (High Speed Operation)

CPG
Option

O Ceramic Filter

O Ceramic Filter

0 Ceramic Filter

I Crystal

O Crystal

O Crystal

|0 External Clock

O External Clock

O External Clock

* Please enter check marks (8, X, \/) in applicable item.
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HMCS404C(HD614042)/ —
HMCS404CL(HD614045)/
HMCS404AC(HD614048)

DESCRIPTION

The HMCS404C/CL/AC are CMOS 4-bit single-chip micro- HMCS404C, HMCS404CL, HMCS404AC
computers which are members of the HMCS400 series.

The HMCS404C/CL/AC have efficient and powerful architec-
ture and its software is very similar to the HMCS40 series.

These microcomputers provide variety of on-chip resources
such as ROM, RAM, I/O, two timer/counters and a serial
interface to perform in wide users’ applications. I/O pins of
HMCS404C/CL/AC are able to drive fluorescent display tube
directly.

The HMCS404CL is able to operate in low voltage and has
the characteristics of wide-range operation voltage.

The HMCS404AC is a high-speed version of HMCS404C.

HARDWARE FEATURES
4-bit Architecture
4,096 Words x 10-bit ROM
256 Digits x 4-bit RAM
58 1/0 Pins, Including 26 High Voltage 1/O Pins (40V Max)
Two Timer/Counters HMCS404C, HMCS404CL, HMCS404AC
11-bit Prescaler
8-bit Free Running Timer
8-bit Auto-Reload Timer/Event Counter
® Clock Synchronous 8-bit Serial Interface
® Five Interrupts
External 2
Timer/Counter 2
Serial Interface 1
Subroutine Stack
Up to 16 Levels Including Interrupt
® Two Low Power Dissipation Modes
Standby — Stops instruction execution while keeping
clock oscillation and interrupt functions in
operation
Stop  — Stops instruction execution and clock oscil- (FP-64)
lation while retaining RAM data
® On-Chip Oscillator
External Connection of Crystal, Ceramic Filter or Resistor ® EPROM On Package Microcomputer; HD614P080S

(DP-648S)

(externally drivable) Mask options are fixed as follows:
(Resistor oscillator is available only to the HMCS404C) e 1/0Opin : Open Drain
o Oscillator : Crystal Oscillator or Ceramic Filter Oscillator
®= SOFTWARE FEATURES (externally drivable)
® Instruction Set Similar to and More Powerful than HMCS40 e Divider : Divided-by-8 J

Series; 99 Instructions .
® High Programming Efficiency with 10-bit ROM/Word; 79
instructions are single-word instructions

@ Direct Branch to All ROM Area = HMCS404C/CL/AC CLASSIFICATIONS

® Direct or Indirect Addressing to All RAM Area

® Subroutine Nesting Up to 16 Levels Including Interrupts Type Name | HMCS404C|HMCS404CL| HMCS404AC
® Binary and BCD Arithmetic Operation ltem (HD614042)| (HD614045)| (HD614048)
® Powerful Logical Arithmetic Operation

® Pattern Generation — Table Look Up Capability — Vee (V 4~6 27~6 45~6

® Bit Manipulation for Both RAM and /O

Minimqm In§truction

PROGRAM DEVELOPMENT SUPPORT TOOLS Execution Time (us)

® Cross assembler and simulator software for use with IBM
PCs and compatibles

@ In circuit emulator for use with IBM PC

2 4 1.33
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HMCS404C/HMCS404CL/HMCS404AC

® PIN ARRANGEMENT

305
D
Ds Ror [ [51] o,
o Roz 3] [5) 0.
20, Roa 3] 0
8 0> Rio | 4 Do
be R[5 GND
GND Riz [6 0SCz
822’ Ris (7] 0sCs
)
TEST Rz [8] TEST
RESET Rz [9] RESET
3 R
Aoy A2z [i0] Res
B8 Ra Rz [11] R
3 pe Ao [12] Rer
Raa
g Rer An /Vaisp[13] Rso
2 Rar R3o [14 Res
Reo
3 R R [15] Ra:
B3 R R:z/lNToE Re
8 R R
R Ras /INTy [77] Reo
B Ray
] n.,;so Rso [ig] R7
) Ra: /S| Rs [19
Jig - = [ Rn
:ss;s:s|57,8:2:
T xarcarcacac >H \ \ € ca
(Top View) Y& d
(-4
® BLOCK DIAGRAM (Top View)
£ o meser Tesr OSC. osc, Vec oND
P )
T narvans :‘>T it . S | [ R
' Rao o
B s o] o | e | e Corenun, svstem conTRoL
R |
i S — INTERAUPT CONTROL
An —=f v AOM
I 4096 x 1081
] ] aam e
wl K= o K
re K=o e
]
Rus =
] N |
£ =]
ou N 1 I
L Sy T f |
— I l}
] NN
Ra p—
P —
R
o i I
L
. s KD ¢
Ay t T ]
RoRa/RaRuo.  RyRyu /Ry A RUNEN i vRusFuRys | RorRerRoRas | 1011D,0 Dy Dyy Dy DOy O, O, D, O, D, O, O, D, O
SO SI SCK INT, INT, < SL- P ]

T7_] High Voltage Pins
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= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note
Supply Voltage Vee —0.3t0+7.0 \
Terminal Voltage Vr ~0.3t0 Vec +0.3 v 3
Vce —45 to Ve +0.3 \% 4
Total Allowance of Input Currents Zlp 50 mA 5
Total Allowance of Output Currents —Zlo 150 mA 6
Maximum Input Current lo 15 mA 7.8
4 mA 9,10
Maximum Output Current —lo 6 mA 91
30 mA 9,12
Operating Temperature Topr —20 to +75 °c
Storage Temperature Tstg —55 to +125 °c
(Note 1)  Permanent damage may occur if **Absolute Maximum Ratings” are exceeded. Normal operation should be under the conditions of
“’Electrical Ch istics”. If these conditi are ded, it may cause the malfunction and affect the reliability of LSI.

(Note 2)  All voltages are with respect to GND.

(Note 3)  Applied to standard pins.

(Note 4) Applied to high voltage pins.

(Note 5)  Total allowance of input current is the total sum of input current which flow in from all 1/0 pins to GND simultaneously.
(Note 6)  Total allowance of output current is the total sum of the output current which flow out from V¢ to all I/O pins simultaneously.
(Note 7)  Maximum input current is the maximum amount of input current from each 1/0 pin to GND.

(Note 8)  Applied to D, ~ D3 and R3 ~ R8.

(Note 9)  Maximum output current is the maximum amount of output current from V¢ to each 1/0 pin.

(Note 10) Applied to D, ~ D3 and R3 ~ R8.

(Note 11) Applied to RO ~ R2.

(Note 12) Applied to Dy ~ D;s.

G HITACHI
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HMCS404C/HMCS404CL/HMCS404AC

® HMCS404C ELECTRICAL CHARACTERISTICS

® DC CHARACTERISTICS (Ve =4V to 6V, GND = 0V, Vgisp = Ve —40V to Vg, Ta=-20 to +75°C, if not specified.)

Val
Item Symbol Pin Name Test Conditions . aue Unit Note
min typ max
RESET, SCK ,
. ’ - +0.. \
Input “High”’ v INT,, INT, 0.7Vee Veetd3 v
Voltage H N 0.7Vce - Vect0.3 v
0sC, Vee- 05 — Veet0.3 \
RESET, SCK
NF i -0. - . v
Input “Low"” v INT,, INT, 0.3 0.22V¢c
Voltage i Sl -0.3 - 0.22V¢e \
0sC, -03 - 0.5 \
Output “High" e —lon = 1.0mA Vee—-1.0 - - Vv
\% SCK, SO
Voltage oH Zlon = 0.01 mA Vee03 | — - v
Output “Low” == _
Voltage VoL SCK, SO loL = 1.6 mA - - 04 v
RESET, 3CK,
Input/Qutput 1" POl _
Leak t wl INT,, INT,, | Vin =0V toVee - - 1 uA 1
eakage Curren sI, 80, 0SC,
Crystal or
Ceramic Filter
Current OSC[llator - - 20 mA 2,6
Dissipation in | v V=5V Option
cc cc cc= =
Active Mode f_os': 4MHz
Resistor
Oscillator
Option - — 2.4 mA 2,6
foxc = 4MHZ
Crystal or
Ceramic Filter
Maximum |Oscillator - - 1.2 mA 3,6
1 v Logic Option
58Y1 cc Operation  |fosc = 4MHz
Vee =5V (F:i.esi?’tor
scillator
! - - 1.6 mA 3,6
Current (f‘)pngr:‘ MHz
Dissipation in
Standby Mode Crystal or
Ceramic Filter
. Oscillator - - 0.9 mA 4,6
It’lm!murn Option
1 Vv ogic fosc =4MH
sev2 ce Operation o z
Vee =5V Resistor
Oscillator
Option - - 1.3 mA 4,6
fosc = 4MHZ
Current e
Dissipation in lstop Vee Vin(TEST) = Vec-0.3V to Vee = - 10 HA 5
Stop Mode Vin(RESET) = 0V to 0.3V
Stop Mod
P oo Vstop Vee 2 - — \"

Retain Voltage
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HMCS404C/HMCS404CL/HMCS404AC

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voltage
® Do ~D3, R3~R9 - V¢ voltage
eD,~D,s, RO~R2, HM, Raq - Vdisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
@ Input/Output; Reset state
prescaler divide ratio
prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ... GND voltage
® TEST - V¢ voltage
®D,~D;, R3~RI ... V¢ voltage
®D,~Dis, RO~R2, Rap, Rat -+ Vdisp voltage
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
© Input/Output; Reset state
+2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio
® SERIAL interface -; Stop
Pin state; ® RESET.... GND voltage
® TEST ... V¢ voltage
®D,~D3, R3~R9 ... V¢ voltage
©D,~D;s, RO~R2, Rag, Raj - Vgisp Voltage
(Note 5) Pull-down MOS current is excluded.
(Note 6) When fo.=x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:
X
4

max. value (fogc=x [MHz]) ==-x max. value (fogc=4[MHz] )

® INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN
(Vee =4Vto 6V, GND = 0V, Vyisp = Vec —40V to Ve, Ta= —20 to +75°C, if not specified.)

Val
ftem Symbol Pin Name Test Conditions - aue Unit Note
min typ, max

Input “High"” Do ~ D3,
Voltage Vin R3 ~ R5, R9 0.7Vee - Vcc+0.3 \%
Input “"Low” Do ~ D3,
Voltage Vie R3~ RS, R9 -03 - | 0.22V¢c v

Do ~ Ds,
Output ““High"” R3~R8 —lon =1.0mA Vee—1.0 - _ 1

Vo

Voltage Do ~ D3 -

R3~ RS —lon =0.01 mA Vee—-03 | — - 1
Output “Low" v Do ~ Ds, -
Voltage oL R3~ R8 loL =16 mA - — 0.4 Y]
:.r:agllita/g(guéﬁ:'fent thed gg : R;' Vin =0V toVce - - ! uA 2
Pull-Up MOS Do ~ D3, Vee =5V
Current —lo R3~R9 Vi =0V 30 60 120 MA 3

(Note 1) Applied to 1/0 pins with “CMOS" Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
{Note 3) Applied to 1/O pins with “with Pull-up MOS" selected by mask option.
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e INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN
(Ve = 4V to 6V, GND = OV, Vgjsp = Ve —40V to Ve, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - au Unit Note
min typ max
Input “High'’ Da ~ Dis, R1 ,
Voltage Vin R2, Rag, Ra1 0.7Vcc — Vec+0.3 V
Input “Low"”’ Da~Di1s , R1
Voltage Vie R2, Rao. Ra1 Vce—40 - 0.22V¢e v
b b —loH=15mA, Vcc=5V£10%| Vcc—3.0 - - \
4 ~ 15
Output “High” |y —loH=9 mA Vee-20 | = = v
Voltage RO~ R2 —lon=3mA, Vcc=bV£10% | Vee-3.0 | — - v
—lon=1.8 mA Vee—2.0 - - \%
Da™Dis Vaip = Ve —40V - — | Vee-37 | v 1
Output “Low" v RO~R2
Voltage o Da~Dus 150kS2 to Ve —40V - — | Vee-37 | v 2
RO~R2 ce
Input/Output el Da~Dis
Leakage " RO~R2 Vin = Vcc—40V to Vee - - 20 MA 3
Current Rao, Ra1
Pull Down MOS Da~Dis Vaiep = Vec—35V
lg RO~R2 disp = VCC 125 250 500 uA 4
Current Vin = Vee
Rao, Rai "
(Note 1) Applied to I/O pins with “with Pull-down MOS" selected by mask option.
(Note 2) Applied to /O pins with “without Pull-down MOS (PMOS Open Drain)” selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.
(Note 4) Applied to 1/O pins with “'with Pull-down MOS" selected by mask option.
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HMCS404C/ HMCS404CL /HMCS404AC

® AC CHARACTERISTICS (Vcc =4V to 6V, GND = 0V, Visp = Vee —40V to Ve, Ta= —20 to +75°C. if not specified.)

" Test Value . "
Item Symbol Pin Name Conditions min v X Unit Note
5 £ 5 | Oscillation Frequency foss 0SC;, 0SC, 0.4 4 45 MHz
T2
3 B = [ Instruction Cycle Time teye 1.78 2 20 us
265 o -
558 $§c1|Iator Stabilization the 0SC,, 0SC, — — 20 ms 1
ime
. 5 | Oscillation Frequency fosc 0SC,,0SC, |R{=20kQ+2%| 1.8 3.0 42 MHz
o
g':_‘ instruction Cycle Time toye Rf=20k$2£2% i9 2.66 4.44 us
° 2
e} %s:':]l(lelator Stabilization tac 0SC,, 0SC, |R-20k2£2% _ _ 05 ms 1
External Clock Frequency | fcp 0SC, 04 - 45 MHz 2
External Clock “High”
X -— u—
g Level Width tcPH 0sc, 100 ns 2
3] External Clock “Low"
= 100 - —
2 Level Width tepL 0SsC, ns 2
£ | External Clock Rise Time | tcp, 0SC, _ - 20 ns 2
W ["External Clock Fall Time | tcpr 0SC, _ - 20 ns 2
Instruction Cycle Time teye 1.78 — 20 us 2
INTo “High” Level Width tioH INT 2 — — teye 3
TNTo “Low” Level Width tioL INTo 2 - - toye 3
INT1 “High” Level Width t1H INT: 2 - - teye 3
INT: “Low” Level Width 1L INT1 2 - - teye 3
RESET “High” Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins f=1":l~({)zv - - 15 pF
n
RESET Fall Time tRsSTH - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vg reaches 4.0V at “Power-on”, or after RESET input
level goes to ““High” by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering from stop
mode, apply RESET input more than tRc to obtain the necessary time for oscillator stablllzatlon When uslng crystal or ceramic
filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice b i ion time d on
the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator Resistor oscillator
[} — Ch O
SC — osc
Crystal osc Cerf@mic ! 0S¢,
=2g, . ilteres, Ry Ry
0SC 0SC
C2 : P 2 osc,
GND GND
Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) Rf : 20k+2%
Rf: 1MQ £2% Rf : 1TMQ:2%
Ci : 22pF+20% Ci : 30pF+20%
C2 : 22pF:20% Cz2 : 30pF20%
(Note 2) (Note 3)

1/fcp
Vce-0.5
osc, — tCPH— tcPL
0.5

(Note 4)
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HMCS404C/HMCS404CL/HMCS404AC

® SERIAL INTERFACE TIMING CHARACTERISTICS

(Vce =4V to 6V, GND = 0V, Vyisp = Vec —40V to Ve, Ta= —20 to +75°C, if not specified.)

* At Transfer Clock Output

. Test Value .

Item Symbol Pin Name Conditions i vp hax Unit Note
Transfer Ciock Cycie Time Tscye SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High"” e
Lovel Width 9 tsckh SCK (Note 2) 05 - - tseye 1,2
Transfer Clock “Low"” a2
Level Width tsckL SCK (Note 2) 0.5 - - tscye 1,2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 100 ns 1,2
Transfer Clock Fall Time tsckf SCK (Note 2) - - 100 ns 1,2
Serial Output Data
Delay Time tbso SO (Note 2) — - 300 ns 1,2
Serial Input Data Set-up Time tssi St 500 - - ns 1
Serial Input Data Hold Time tusi Sl 150 - - ns 1

* At Transfer Clock Input
. Test Value .

Item Symbol Pin Name Conditions . o e Unit Note
Transfer Clock Cycle Time tscye SCK 1 - - teye 1
Transfer Clock “‘High”" =~ _
Level Width tsckH SCK 05 - tseye 1
Transfer Clock “‘Low" s
Level Width tscki SCK 08 - - tseye !
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tsckf SCK - - 100 ns 1
Serial Output Data
Delay Time tpso SO (Note 2) - - 300 ns 1,2
Serial Input Data Set-up Time tssi Si 500 - — ns 1
Serial Input Data Hold Time thHs| SI 150 - - ns 1

(Note 1) Timing Diagram of Serial Interface

3CK Vee —2.0v(0.7Vee 1%
0.8V(0.22Vcc) *

t= tscki

toso

){ Veec —2.0V X
| 0.8V

- —=

. 7Vee

tssi~ [—ths
0.
0.22Vce

* Ve — 2.0V and 0.8V are the threshold voltage for transfer clock output.
0.7 Vg and 0.22 Vg are the threshold voltage for transfer clock input.

(Note 2) Timing Load Circuit
Vee
RL =2.6kQ
Test
Point
c R 152074@®
30pF 12kQ or Equiv.
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HMCS404C/HMCS404CL/HMCS404AC

® CHARACTERISTICS CURVE (REFERENCE DATA)

. I I
“Ta=-20~+75T 4Ta=—20~+75°c
Vee=5V fosc=4MHz
3 3 max
< <
& - max. E
o 2 02
L K
1 1
[o] 2 3 4 5 0 1 2 3 4 5 6
fosc(MHz) Vee(V)
lce vs. foscCharacteristics Icc vs. Ve Characteristics
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option)

4 Ta=—-20~+75C 4Ta=-20-+75¢
Vee=5V fosc=4MHz max.
< : /ma < : /‘
< <
£ E P
E ’ / 82 ~
1 — 1
(0] 1 2 3 4 5 0 2 3 4 5 6
f
osc(MHz) Vee(V)
lcc vs. fosc Characteristics lcc vs. Ve Characteristics
(Resistor Oscillator Option) (Resistor Oscillator Option)
20=—70-+75¢ 20(==30-775¢ T
Vee=5V fosc=4MHz ;‘;';
16 16 -
< Isay1 <
£ _max i,
o 1.2 | ;] 1.2 SBY2
@ SBY2 max.
‘E: // max. ;3 /
_% 0.8 7 é 0.8
0.4 0.4
=
0 1 2 3 4 5 0 2 3 4 5 6
fosc(MHz) Vee(V)
Isgy vs. fosc Characteristics Isgy vs. Vcc Characteristics
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option)
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HMCS404C/HMCS404CL/HMCS404AC

Isav1

20[Ta=—20-+75¢ o] 20 =20~ ¥75¢ max.
Vee=5V niaa"): fosc=4MHz Isav2
16 f 16 max.
= Issy2 <
£, P £,
e ;7 L
© ©
_é 0.8 / é 0.8
04 7 0.4
0 1 2 3 4 5 0 1 2 3 4 5 6
fosc(MHz) Vee(V)
Isgy vs. fosc Characteristics sy vs. Vcc Characteristics
(Resistor Oscillator Option) (Resistor Oscillator Option)
500— T T T T Ta=-20~+75°C max
=—20~ 500 :
Ta=—20~+75C ——
400
400
< 300
:(:f . 300 /
T < typ.
200 =
max. 200 [ //
100 min.
| L1 1001/
[ min
0 2 3 4 5 6
Vee(V) ] 10 20 30 40 50
~Ip (Pull-up MOS Current) vs. Vee—Vdisp(V)
Vcc Characteristics lg tPull-down MOS Current) vs.
15 . . (Vee — Vaisp) Characteristics
Ta=—-20~+75C
Vee=6V
10 Vee=5V
< A4
< 4[Fa=—20-175¢ I
E e =tV =4V 3 Vee=6V
2 '/ | €3 |
/ // = /v;c=5 v
5 / £
2 - Vec=4V
2 —
’ 7, : //_/(
1
!
0 ! 2 3 ° NVea-Von(V) ’
Vou(V) ceor
loL min. vs. Vg Characteristics -lon min vs. (Vge — Vou) Characteristics
(Standard Pin) (Standard Pin ‘“CMOS"’)
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HMCS404C/HMCS404CL/HMCS404AC

30
L] Voo=6V
Ta=—-20~+75TC .
/| ®[Fas 20~ +75%
% e Vcc=4.5V ax LA V=6V

20 A 1A . ’
~ /1 _A4—Vcc=4V
< V
£ /14 . /|
é / // g - Vec=4.5V
3 z3 / —{Vec=4V
T £ V

10 7 £ / L~

P E, i
/4 [ / /'
/ i 4
1 /4
y Y
0 1 2 3 4 5 o 1 2 L: 5
Vee—Von(V) Vee—Von(V)
-lgn min. vs. (Ve — Vow) Characteristics -lon min. vs. (Vee — Von) Characteristics
(Ds ~ D, s Pins) (RO ~ R2 Pins)
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HMCS404C/HMCS404CL/HMCS404AC

® HMCS404CL ELECTRICAL CHARACTERISTICS

® DC CHARACTERISTICS (Vcc=2.7V to 6V, GND = 0V, Vdjsp = Vcc—40V to Ve, Ta=—-20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
RSP 0.88Vee | — | Vect03 | V
Input “"High"’ v !
Voltage H ] 085Vee | — | Vect03 | V
0SC: Vec—0.3 | — Vcc+0.3 \%
RESET, SCK,
Ny .\ INTo, INT: -0.3 - 0.15Vcc \%
Input “‘Low v
Voltage L Sl -0.3 — | 0.15V¢c \Y
0SC1 -0.3 - 0.3 \Y
Output “High” _ _ _ _ _
Voltage VoH SCK, SO lon =0.1 mA Vee-0.5 \Y
Output "Low™ | SCK, SO loL = 0.4mA 04 v
Voltage oL ' oL =5.4m - - :
RESET, SCK
Input/Output e T
(LITR] INTo, INT1, |Vip=0VtoVcc - - 1 HA 1
Leakage Current S, S0, OSC: n
Current
FUTRI Ve =3V
Dissipation in Icc Vee cc” - - 0.6 mA | 2,6
Active Mode fosc = 2MH2
Maximum Logic Operation
Isey1 | Vce Vee =3V - - 05 mA | 3,6
Current fosc =2 MHz
Dissipation in — " -
Standby Mode Minimum Logic Operation
lsgy2 Vce Ve =3V - - 0.4 mA 4,6
fosc = 2MHz
Current —
T Vin (TEST) = V¢e-0.2V to Ve _ _
Stopmode | | Voo Vin (RESET) = 0V t0 0.2 V 10 HA | B
Stop Mode
Retain Voltage Vstop Vee 2 - - v
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HMCS404C/HMCS404CL/HMCS404AC

(Note 1) Puli-up MOS current and output buffer current are excluded.
{Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vc voltage
® Do ~D3, R3~RY - V¢ voltage
D, ~Dys, RO~R2, R0, Raq - Vgigp voltage
{Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Output; Reset state
® TIMER-A; +2 prescaler divide ratio
© TIMER-B; +2 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ... GND voltage
® TEST - V¢ voltage
® D, ~D;, R3~R9 - V¢ voltage
®D.~Dis, RO~R2, Rap, Raq -+ Vdisp voltage
{Note 4) The timer/counter operate with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; © Standby Mode
© Input/Output; Reset state
® TIMER-A; +2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET.... GND voltage
® TEST ... V¢ voltage
®D,~D;, R3~R9 ... V¢ voltage
®D,~Dis, RO~R2, Rag, Raq - Vdisp voltage
(Note 5) Pull-down MOS current is excluded.
(Note 6) When foi.=x[MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows:

[When Divide-by-8 (D-8) option is selected.] ~ max. value (fogc=x [MHz]) =%X max. value (fosc=2[MHz])

e INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN
(V= 2.7V to 6V, GND = OV, Visp = Ve —40V to Ve, Ta= —20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit | Note
min typ max

{;‘;"‘t’;‘;;“igh" Ve | pe R;: "o 085Vee | — | Vect03 | v

v&:;;ww" ViL 33 N 3-35 R9 -0.3 — 1 0.15 Ve \Y}

83}&‘;"“‘9*‘" Vo |DyBy —lon =0.1 mA Vee-05 | — - v 1

G v %% omonme ] [

:_’Lzll](;/g;(zuésr:ent el gg ~ g;' Vin=0V to Vee - - 1 HA 2

PulupMOS | Raspy  |veed 3 15| 4 |wA| 3
PN \\;ic,,c:osvv 30 |60 120 A | 3

(Note 1) Applied to 1/0 pins with "“CMOS'* output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins *‘with Pull-up MOS" selected by mask option.
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HMCS404C/HMCS404CL/HMCS404AC

® INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN
(Vee = 2.7V t0 6V, GND = 0V, Vgjsp = Vec —40V to Ve, Ta= 20 to +75°C, if not specified.)

: - Value .
Item Symbol Pin Name Test Conditions - Unit Note
min typ max
Input “High” Da ~ D1s, R1
Voltage \,IIH R2, Rao, Ra1 0.85V¢c - Vce+0.3 \Y
Input “Low"’ Da~D1s , R1
Voltage Vi R2, Rao, Ra1 Vec—40 | - | 0.18Vee |V
D b —lou=15mA, Vcc=5V*10%| Vcc—3.0 - - \
4 ~ Dis
Output “High” Vou —loH=2.5mA Vee—1.0 - - \Y
Voltage ° RO~ R2 —lon=3 mA, Vcc=5Vi10% | Vec—3.0 | — TN
—lon=0.56 mA Vee—1.0 - - v T
Da~D1s
Vgisp = Vec—40V — - -
Output “Low' v RO~R2 disp cc VCC 37 Vv 1
oL
Voltage 23:%‘; 150kS2 to Ve 40V - — | Vee37 | v 2
{nput/Output Ml D4a~Dis
Leakage v RO~R2 Vin = Vcc—40V to Ve - - 20 HA 3
Current Rao. Rai
Pull Down MOS Da~Ds Vaip = Veo—35V
Current lg RO~R2 diso v cc 125 250 500 uA 4
Rao. Ra1 in - 7cc
(Note 1) Applied to 1/O pins “‘with Pull-down MOS"’ selected by mask option.
(Note 2) Applied to 1/0 pins “‘without Pull-down MOS (PMOS Open Drain)’’ selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.
(Note 4) Applied to 1/O pins “with Pull-down MOS" selected by mask option.
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HMCS404C/HMCS404CL/HMCS404AC

® AC CHARACTERISTICS (Vgc=2.7V to 6V, GND = 0V, Vdisp = Vcc—40V to Vec, Ta = -20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit | Note
min typ max

Oscillation Frequency fosc 0SC1, 0SC2 0.4 2 2.25 MHz
Instruction Cycle Time teye 3.55 4 20 us
Oscillator Stabilization Time trc 0SC:, OSC2 - - 60 ms 1
E::glrrxild(t::?‘:k “Hign™ tepH 0SC: 205 - - ns 2
B o e | oo 2 |- - w2
External Clock Rise Time tcpr 0SC1 - - 20 ns 2
External Clock Fall Time tepe 0OSC1 - - 20 ns 2
TNTo “High” Level Width tioH NTo 2 - - teye 3
INTo “Low” Level Width tioL INTo 2 - - teye 3
INT1 “High” Level Width Yy INT: 2 - - teye 3
TNT1 ““Low’ Level Width 1L INTy 2 - - teye 3
RESET “High" Level Width tRSTH RESET 2 - - teye | 4
Input Capacitance Cin all pins L?"L'%Hvz - — 15 pF
RESET Fall Time tRsTH - - 15 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.7V at “Power-on”, or after RESET input
level goes “High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input
more than tgC to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below.
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator
Ch E— Cy
+ osc — 0sc
Crvsta_II_ ! Ceramic_[_ !
= > filteres >
—l— SR 2R
H—+AW—-0scC: b 0SC2
C2 Rd | C2
GND GND
Crystal: 2,097152MHz DS-MGQ308 (Seiko Denshi) Ceramic filter: CSA2.000MK (Murata)
‘Rf = 2MQ £ 2%, Rd = 2.2k £ 2% Rf = 1M £ 2%, Ci=Ca= 30pF +20%

C, =10pF £ 20%
C, = 10pF + 20%

(Note 2) (Note 3)
1fcp
Vee-0.3v
osc, ——tcPH tcpL
0.3v
tCPr tCPf
(Note 4)
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HMCS404C/HMCS404CL/HMCS404AC

® SERIAL INTERFACE TIMING CHARACTERISTICS
(Vee=2.7V to 6V, GND = 0V, Visp = Vec—40V to Ve, Ta = —20 to +75°C, if not specified.)

+ At Transfer Clock Output

Test Value .
Item Symbol Pin Name Conditions i o max Unit Note
Transfer Clock Cycle Time TSeye SCK (Note 2) 1 - - teve 1,2
Transfer Clock “High” o3
Level Width tsckH SCK (Note 2) 0.5 - - tseye 1,2
Transfer Clock “Low” AT
Level Width tsckL SCK (Note 2) 05 - - tseye | 1.2
Transfer Clock Rise Time tsckr SCK (Note 2) = - 300 ns 1,2
Transfer Clock Fall Time tsckf SCK (Note 2) - - 300 ns ,2
Serial Qutput Data
Delay Time toso SO (Note 2) - - 600 ns 1,2
Serial Input Data Set-up Time tss Sl 1000 - - ns 1
Serial Input Data Hold Time thsi SI 500 - - ns 1
+ At Transfer Clock Input
. Test Value .
Item Symbol Pin Name Conditions i vp ax Unit Note
Transfer Clock Cycle Time tseyc SCK 1 - - teye 1
Transfer Clock “High” P _
Level Width tsckH SCK 0.5 - tseye 1
Transfer Clock ““Low” N _ _
Level Width tsckL ScK 05 tseve !
Transfer Clock Rise Time tsckr SCK - - 300 ns 1
Transfer Clock Fall Time tsckf SCK — - 300 ns 1
Serial Output Data
Delay Time toso SO (Note 2) - - 600 ns 1,2
Serial Input Data Set-up Time tes Si 1000 - - ns 1
Serial Input Data Hold Time thsi SI 500 - - ns 1
(Note 1) Timing Diagram of Serial Interface
— tseye
b tsoxt tscxe
SCK Vcc—0.5V (0.85Vee)* K- tsexe
0.4V (0.15V¢ce)* tsckH 4
toso
s0 y Vee—0.5v X ; <
0.4V
tssi~f tHSI
st 0.85Vce
0.15Vce
*Vc—0.5V and 0.4V are the threshold voltage for transfer clock output.
0.85Vcc and 0.15V ¢ are the threshold voltage for transfer clock input.
(Note 2) Timing Load Circuit
Vee
R =2.6kg
Test
Point
c R 152074/
30pF 12kq T °f Equiv.
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HMCS404C/HMCS404CL/HMCS404AC

® CHARACTERISTICS CURVE (REFERENCE DATA)

1 T 1
Ta=—20~+75¢C max. . . .
fosc=2MHz Ta= 20 ~ +76°C ]
1.0 fosc=2MHz isav1
1.0
. max.
< 4 = Issy2
E / g é max.
3 - L
8 o~
<05 4 % /
— 05
3 .
0o 1 2 3 4 5 6
veev) 0 1 2 3 4 5 6
Icc vs. Ve Characteristics Veev)
(Crystal, Ceramic Filter Oscillator) Isy vs. Ve Characteristics
500 T (Crystal, Ceramic Filter Oscillator)
Ta=—20~+75T
Ta = —20 ~ 175°C
400 500 —
- A 8
3 /
< 300 400
I
200 max. &; 300
// * typ.
100 typ. 200
L .
min.
L, ==L 1] ]
o 2 3 4 5 6 100 min.
Veelv)
—Ip (Pull-up MOS Current) vs. V
Ve Ch isti
cc Characteristics o 0 » = s %
5 ta-—20~ +75°C | Vec—VdispV)
Vce=6V Id (Pull-down MOS Current) vs.
(Vec—Vdisp) Characteristics
Vee=5V
- 10
<
E 4 -
g Vec=aV | Ta=—20 ~ +75°C
3 / E 3 Vee=6V
5 // £ / L Vee=5v
€
A 2
/4 5 P L—1 JF—vec=av
7 Ve =27V T ///
- A
// /
Vee=2.7v
0 1 2 3 ° ! 2 3
Vou(V) Vee-Voh (V)
loL min. vs. Vo Characteristics —lon min. vs. (Vcc—Von) Characteristics
(Standard Pin) (Standard Pin “CMOS”)
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HMCS404C/HMCS404CL/HMCS404AC

30
Ta =—20 ~ +75°C [ ]
Vee=6V
6
Ta=—-20~+75T
Vce=6Vv
—~ 20 Vee=5v 5
g |
£ T A VeessV
£ Veeeav z 4 A
€ /1 1 .E.
5 <,
T 7 E [ Vcc=av
x
10 Vee=2.7V ks)
Vi +——] |
P 2 v
4 A T Veg=2.7V
|
1
L |
o 1 2 3 4 5 [ 1 2 3 4 5
Vee—VoH (V) Vee—VoH (V)
—loH min. vs. (Vcc—Von) Characteristics —lon min. vs. (Voc—Von) Characteristics
(Da ~ Di1s Pins) (RO ~ R2 Pins)
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HMCS404C/HMCS404CL/HMCS404AC

= HMCS404AC ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vcc = 4.5V to 6V, GND = 0V, Vgisp = Vec—40V to Ve, Ta = ~20 to +75°C, if not specified.)

Value
Item ymbo in Name Test Conditions nit ote
S | Pin N Conditi - . Uni N
min yp max
F%E.I;—'STC:K' 0.7Vce - Vcc+0.3 Y
Input “High" v !
Voltage H Sl 0.7Vee | — | Veet03 | vV
0OSC1 Vee-056 | — Vec+0.3 \
RESET, SCK
NT. INTT -0.3 - 0.22V¢c \Y
Input “Low” v INTo, INT1
Voltage L Sl -0.3 — | 0.22V¢e \
0SC1 -0.3 - 0.5 \%
i —lon = 1.0 mA Vee-1.0 | — - \%
Output “High Von SCK, SO .
Voltage —lon =0.01 mA Vce-03 | — - \
Output ““Low” e _
Voltage VouL SCK, SO loL =1.6 mA - - 0.4 \
RESET, SCK
Input/Output NTo. INT1 -
Leakage Current el ISI TSOO lg;él Vin =0V to Vee - - ! HA 1
Current
[ . . Vcc =5V
Dissipation in lcc Vee _ - — 3.0 mA 2,6
Active Mode ) fosc = 6 MHz
Maximum Logic Operation
Isgy1 Vee Vec =5V - - 1.8 mA 3,6
Current fosc = 6 MHz
Dissipation in — - -
Standby Mode Minimum Logic Operation
IsBy2 Vce Veec =5V - - 1.35 mA 4,6
fose = 6MHz
Current —
PRI Vin (TEST) = Ve —0.3V to Ve
Dissipation in lstop Vce n - - — 10 MA 5
Stop Mode Vin (RESET) =0V to 0.3V 7-—_‘
Stop Mode B B
Retain Voltage Vstop | Vee 2 v
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HMCS404C/HMCS404CL/HMCS404AC

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... V¢ voltage
© D, ~D;., R3~R9 -- Vc voltage
©D.~Dis, RO~R2, R . Raq - Vgjsp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state: ® Standby Mode
® Input/Output; Reset state
® TIMER-A; =2 prescaler divide ratio
® TIMER-B; +2 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ...GND voltage
® TEST - V¢ voltage
®D,~D;, R3~R9 .- V¢ voltage
®D,~Ds, RO~R2, Rpag, Ray - Visp volitage
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
© input/Output; Reset state
® TIMER-A; +2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ... GND voltage
® TEST ... V¢ voltage
®D,~D;, R3~RY ... V¢ voltage
®D,~D,s, RO~R2,Rpg, Raj - Vgisp Voltage
(Note 5) Pull-down MOS current is excluded.

(Note 6) When fo=x[MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (fogc=x[MHz]) =%x max. value (fog.=6 [MHz])

® INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN

(Ve =4.5V to 6V,GND = 0V, Vdisp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - 2y Unit Note
min typ max

Input “High”’ Do ~ D3,

V(?ltage ¢ Vin R3 ~ R5, R9 0.7Vee = | Vect0.3 v

Input “Low”’ Do ~ D3,

Voltage Vi R3~ R5. R9 -03 — | 022Vve |V

Do ~ D3,
Output “High” v R3~R8 —low = 1.0mA Vee—1.0 - - 1
Voltage OH Do ~ D3
R3~ RS’ —lon =0.01 mA Vce—0.3 - — 1

Output “Low" V. Do ~ D3, = — -

Voltage oL R3~ R8 loL =1.6 mA 0.4 Vv

Input/Qutput Do ~ D3, = _ - 1 A 2

Leakage Current Ml R3~ R9 Vin =0V to Ve K

Pull-Up MOS Do ~ D3, Vee =5V

Current =1o R3~ R9 Vi =0V 30 60 120 HA 3
(Note 1) Applied to 1/O pins with “CMOS” Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to /O pins ““with Pull-up MOS" selected by mask option.
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® INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN
(Vce = 4.5V to 6V, GND = 0V, Vgisp = Vcc—40V to Ve, Ta=~20 to +75°C, if not specified.)

Val
item Symbol Pin Name Test Conditions - : ue ma Unit Note
min vp X
Input “High"’ D4 ~ Di1s, R1
Vertage Vin R2. Rao. Rax 07Vee | - | Vect03 | Vv
Input “Low" Da~Di1s , R1 |
V(':l‘:aw Vie R2, Rao. Rai Vce—-40 - | 0.22v¢e v
o N —loH=15mA, Vcc=5V + 10%| Vcc—-3.0 - - \
4 ~ D1s
Output ““High” v —lon=9mA Vee—2.0 - - \
Voltage OH RO~ R2 “lon=3mA, Vcc=5V £ 10% | Vgc—3.0 | — - v
—lon=1.8mA Vee—2.0 - - vV
Da~D1s _
Output “Low" v RO~R2 Vgisp = Vec—40V - - Vee—37 \ 1
oL
Voltage g'ajg 150kS2 to Ve —40V - — | Vee-37 | v 2
Input/Output Da~Dis
Leakage [hd RO~R2 Vin = Vee—40V to Ve - - 20 pA | 3
Current Rao. Rai
Da~Dis
Pull Down MOS N Vaiso = Vec—35V
Current lg 30 ?‘2 Vi:p= Vee 125 250 500 HA 4
A0. Ra1

(Note 1) Applied to 1/0O pins “with Pull-down MOS" selected by mask option.

(Note 2) Applied to 1/0 pins “without Pull-down MOS (PMOS Open Drain)’ selected by mask option.
(Note 3) Puli-down MOS current and output buffer current are excluded.

{Note 4) Applied to I/O pins ““‘with Pull-down MOS" selected by mask option.
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® AC CHARACTERISTICS (Vcc=4.5V to 6V, GND = 0V, Vyjsp = Vcc—-40V to Ve, Ta=—-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit | Note
min typ max
Oscillation Frequency fosc 0SC1, 0OSC2 0.4 6 6.2 MHz
Instruction Cycle Time teye 1.29 1.33 20 us
Oscillator Stabilization Time | trc 0OSC1, OSC2 a — - 20 ms 1
Eovel widan o tcpu | OSCi 0 | - | - || o2
el lock “Low” topL 0sC1 70 | - - ns | 2
‘_External Clock Rise Time tepr 0OSC1 D — - 20 ns 2
Ek;t;n.a_l Clock Fall Time teps i AOSC|‘ ) - — 20 ns 2
TNTo “High” Level Width tion NTo o 2 — _ teye | 3
_ INTo ““Low” Level Width tioL INTo 2 - - teye 3
TNT: “High” Level Width | NTL | 2 | - - toye | 3
INT1 “Low’ Level Width L INTT N 2 - - teye | 3
* RESET “High” Level Width | trstw | RESET | 2 | - - toye | 4
Input Capacitance Cin all pins (/TnL'\gHvz - — 15 pF
RESET Fall Time trsT T - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcg reaches 4.5V at “Power-on’’, or after RESET input
level goes “High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input
more than tRc to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below.
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator

stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator

C — C
—i 0sC —i osc
Crvsta_l]_ ! Ceramic_]_ !
=2 filtere52
—I- >R >3
1} 0SC: t 0SC2
- C2 C2
GND GND
Crystal: 6.0MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter :
Rf : 1MQ 2% ' Rf :1MQ 2%
Ci1 : 20pF +20% C:  : 30pF +20%
Cz : 20pF +20% C2 : 30pF +20%
(Note 2) (Note 3)
1fcp
Vee-0.5V;
osc, [=—tCPH tcPL
0.5V L
tcPr tcef
(Note 4)
0.7Vee
RESET 0.22v¢e
tRsTS
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©® SERIAL INTERFACE TIMING CHARACTERISTICS

(Vec=4.5V to 6V, GND = 0V, Vdjsp = Vcc—40V to Ve, Ta=—-20 to +75°C, if not specified.)

* At Transfer Clock Output

t Value .

Item Symbol Pin Name CorLeistions in e o Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High” TER
Level Width d tsckH SCK (Note 2) 05 - - tseye 1.2
Transfer Clock ““Low™ e oa
Level Width tsekL SCK (Note 2) 0.5 - - tseye 1.2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 100 ns .2
Transfer Clock Fall Time tsckt SCK (Note 2) - - 100 ns ,2
Serial Qutput Data ] _ -
Delay Time tpso SO (Note 2) 250 ns 1,2
Serial Input Data Set-up Time tssi Sl 300 - - ns 1
Serial Input Data Hold Time ths) S| 150 - - ns 1

« At Transfer Clock Input
. Test Value .

Item Symbol Pin Name Conditions [ min e — Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
Transfer Clock ““High” P _
Level Width tsckh ¢ 05 = | s !
Transfer Clock “‘Low"” s _ _
Level Width tscke SCK 05 tseve !
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tsckf SCK - - 100 ns 1
Serial Output Data p
Delay Time tpso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tss) Si 300 - - ns 1
Serial Input Data Hold Time st Sl 150 - - ns 1

(Note 1) Timing Diagram of Serial interface

ScK Vee —2.0V(0.7 Vee ¢
0.8V(0.22Vce) *

Vec—2.0v
0.8V

so

X

s __<

* Ve — 2.0V and 0.8V are the threshold voltage for transfer clock output.
0.7 Vg and 0.22 V¢ are the threshold voltage for transfer clock input.

(Note 2) Timing Load Circuit
Vee
Ry =2.6k
Test
Point
ct 2R 152074@®
30pF 12k T of Equiv.
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24 T T
® CHARACTERISTICS CURVE (REFERENCE DATA) Ta=—-20—~+75¢C Isav1
) fosc =6MHz max.
4 | T max. 20 =
Ta=—-20~+757T r's‘savz
fosc=6MHz / g
3 16 /
3 P /
3 £ /]
%2 < 1.2 e
o >
= 2
1 é 08
0.4
0 1 2 3 4 5 6
Vec(V)
lec vs. Ve Characteristics 0 2 3 4 5 6
(Crystal, Ceramic Filter Oscillator ) Vee(V)
Isgy vs. Vcg Characteristics
500 T (Crystal, Ceramic Filter Oscillator )
Ta=—20~+75T
— ~ o
400 500 Ta=-20~+75"C max.
)/-‘/
/,
< 300
; 400 /
_Q
' 200 1
max. ~ 300
é / — typ.
100 —typ. ~ 200
- min l
L‘ _%———/ . / min
073 3 4 5 6 100
Vee(V)
—Ip (Pull-up MOS Current) vs. /
Vcc Characteristics 0 10 20 30 40 50
Vee—Vdisp(V)
15 Ig (Pull-down MOS Current) vs.
Ta=-20~+75<T (Vce — Vagisp) Characteristics
Vec=6V
4ra==20=%75¢T
VA 2 Vee=6V
<10 ’ Vee=5V £3 |
< - -
E ] — Vec=4.5V < =
= // L~ cc=4. E ) P '
£ / ? | Vermts
= // 1 ~
5 / // =
/
[ 0 1 2 3
/V Vee— Von(V)
/ -lon min vs. (Vce — Vop) Characteristics
(Standard Pin “CMOS”’)
0 3
Vou(V)
loL min. vs. Vg Characteristics
(Standard Pin)
G HITACHI
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30
L Voo-6V
Ta=-20~+75C

Vee=4.5V
20 -

<

£

€ 4

£

3

"0

//
4

0 1 2 3 4 5
Ve —Vou(V)

-lon min. vs. (Vee — Vou) Characteristics
(D4 ~ Dy Pins)

u DESCRIPTION OF PIN FUNCTIONS
Input and output signals of MCU are described below.

® GND, Vcc, Vaisp

These are Power Supply Pins. Connect GND pin to Earth
(0V) and apply Vcc power supply voltage to Vcc pin. Vi,
is an power supply for high voltage Input/Output pins witg
maximum voltage of Vcc-40V. Vagijsp pin can be also used as
Ra 1 pin by mask option. For details, see “INPUT/OUTPUT”.

® TEST

TEST pin is not for user’s application. TEST must be con-
nected to Vee.
® RESET

RESET pin is used to reset MCU. For details, see “RESET”."

® 0sC,, 0SC,

These are Input pins to the internal oscillator circuit. They
can be connected to crystal resonator, ceramic filter reso-
nator, Rf oscillator (applicable only to the HMCS404C), or
external oscillator circuit. Select the circuit of MCU by mask
option corresponding to the oscillator type. For details, see
“INTERNAL OSCILLATOR CIRCUIT.”

® D-port (Dy to D;s)

D-port is a 1-bit Input/Output common port. Do to D; are
standard type, D, to Dys are for high voltage. Each pin has the
mask option to select its circuit type. For details, See “INPUT/
OUTPUT”.

® R-port (RO to RA)

R-port is a 4-bit Input/Output port. (only RA is 2-bit con-
struction.) RO and R6 to R8 are output ports, R9 to RA are
input ports, and R1 to RS are Input/Output common ports.
RO to R2 and RA are the high voltage ports, R3 to R9 are the
standard ports. Each pin has the mask option to select its cir-

6 T T 6 T T
Ta=—20~+75T | _|vec-sv
5
4
~ V=45V
E 17
€3 7
g ]
z
T2 /
1
o 1 2 3 4 E
Vcc—VOH(V)

~lon min. vs. (Vcc — Vou) Characteristics
(RO ~ R2 Pins)

cuit type. Raz, R33s, Rso, Ra1 and R4z are also available as
INTo, INT1, SCK, SI and SO respectively. For details, see
“INPUT/OUTPUT”.

® INT,, INT,

These are the input pins to interrupt MCU operation exter-
nally. INT, can be used as an external event input pin for
TIMER-B. INT, and INT, are also available as Rj,, and Rj3
respectively. For details, See “INTERRUPT”.

e SCK, sI, SO o

These are Transfer clock I/O pin (SCK), serial data input pin
(SI) and serial data output pin (SO) used for serial interface.
SCK, SI, and SO are also available as Rqo, Ryy and Ry, respec-
tively. For details, see “SERIAL INTERFACE”.

= ROM MEMORY MAP

MCU includes 4096 words x 10 bits ROM. ROM memory
map is illustrated in Fig. 1 and described in the following
paragraph.

® Vector Address Area ..... $0000 to $000F

When MCU is reset or an interrupt is serviced, the program is
executed from the vector address. Program the JMPL instruc-
tions branching to the starting addresses of reset routine or
of interrupt routines.

® Zero-Page Subroutine Area ..... $0000 to $003F

CAL instruction allows to branch to the subroutines in
$0000 to $003F.

® Pattern Area..... $0000 to SOFFF
P instruction allows referring to the ROM data in $0000 to
SOFFF as a pattern.

® Program Area...... $0000 to $OFFF
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0 $ 0000 0 JMPL Instruction $ 0000
Vector Address 1 (Jump to RESET Routine) | $ 0001
15 $ 000F 2 JMPL Instruction $ 0002
16 $ 0010 3 B (Jump to TNTo Routine) T $ 0003
Zero-Page Subroutine 4 o JMPL Instruction — $0004
5 (Jump to INT; Routine) $ 0005

(64Words) -
63 $ 003F 6 JMPL Instruction $ 0006
64 $ 0040 7 (Jump to TIMER-A Routine) | ¢ 0007
Program 8| JMPL Instruction _|$ 0008
Pattern 9 (Jump to TIMER-B Routine) |$ 0009
(4096Words) 10 $ O00A
1 $ 0008
:ggg g?ggg 12 L JMPL Instruction n $ 000C
Not Used 13 (Jump to SERIAL Routine) {$ 000D
14 $ 000E
16383 $3FFF 1 $ 000F

Fig. 1 ROM Memory Map

= RAM MEMORY MAP
MCU includes 256 digits x 4 bits RAM as the data area and

and special registers are also mapped on the RAM memory
space. RAM memory map is illustrated in Fig. 2 and described

stack area. In addition to these areas, interrupt control bits

0

in the following paragraph.

$ 000 0 $ 000
RAM-mapped Registers 1 . $ 001
trol Bit
31 $01F 2 Interrupt Control Bits $002
2 Nemory RegisterstMR) |5 3 $003
47 ____:Tgrz__eg_fjrj_ ___]so02F 4| Port Mode Reg. (PMR) | W [$ 004
48 $030 5] Serial Mode Reg. (SMR) | W |$ 005
Data 6| Serial Data Reg. Lower (SRL) [R/W|$ 006
(192Digits) 7| Serial Data Reg. Upper (SRU) R/W|$ 007
8| Timer Mode Reg. A (TMA) | W |$ 008
9| Timer Mode Reg. B (TMB) | W |$ 009
223 $ ODF ol TIMER.B" (TCBL/TLRL) |R/W|$ 00A
224 $ OEO 1 (TCBU/TLRU){R/W|$ 008
Not Used $ 00C
959 $ 3BF Not Used
960 $ 3C0
Stack 31 $01F
4Digit
1023 (B4Digis $ 3FF
* Two registers are mapped on same address.
\F:V ic::tde %‘:?’y 10 Timer/Even:TCccéuBter B Lower!l R Timer Lo(i_ircII-SE)Q. Lower EW $00A
: Timer/E: C B Upper | Timer Load Reg. Upp: H
R/W:Read,/Write b I i T Ry jw]$008

Fig. 2 RAM Memory Map
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bit 3 bit 2 bit 1 bit O
o IMO IFO RSP IE 6000
(IM of INT,) (IF of INT,) (Reset SP Bit) (Interrupt Enable Flag)
. IMTA IFTA M1 IF1 5001
(IM of TIMER-A) (IF of TIMER-A) (IM of INT;) (IF of INT?)
IMTB IFTB
2 Not Used Not Used (IM of TIMER-B) (F of TMER-B) | 3902
IMS IFS
3 Not Used Not Used {IM of SERIAL) (IF of SERIAL) $003
IF : Interrupt Request Flag
IM : Interrupt Mask

I/E : Interrupt Enable Flag
SP : Stack Pointer

(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction.
The content of Status becomes invarid when “Not Used”’ bit is tested.

Fig. 3 Configuration of Interrupt Control Bit Area

@ Interrupt Control Bit Area ..... $000 to $003

This area is used for interrupt controls, and is illustrated in
Fig.3. It is accessable only by RAM bit manipulation instruction.
However, the interrupt request flag cannot be set by software.

® Special Register Area ..... $004 to $00B

Special Register is a mode or a data register for the external
interrupt, the serial interface, and the timer/counter. These
registers are classified into 3 types: Write-only, Read-only, and
Read/Write as shown in Fig. 2. These registers cannot be
accessed by RAM bit manipulation instruction.

Memory Registers Stack Area
32 [MRO ] g 020 960[Level 16 ]$3C0
33 MR(1) $ 021 Level 15
34 |_MR(2) $ 022 Level 14
35 |_MR(3) $ 023 Level 13
36 |_MR(4) $ 024 Level 12
37 | _MR(5) $ 025 Level 11
38 |_MR(6) $ 026 Level 10
39 | MR(7) $ 027 Level 9
40| MR(8) $ 028 Level 8
41 | MR(9) $ 029 Level 7
42| MR(10) | $ 02A Level 6
43| MR(11) | $ 02B Level 5
44| MR(12) | $ 02C Level 4
45| MR(13) | $ 02D Level 3
46| MR(14) | $ 02E Level 2
47 |_MR(15) | $ 02F 1923| Level 1|g3FF

® DataArea..... $020 to $O0DF
16 digits of $020 to $O2F are called memory register (MR)
and accessable by LAMR and XMRA instructions.

® Stack Area .... $3C0 to $3FF

Stack Area is used for LIFO stacks with the contents of the
program counter (PC), status (ST) and carry (CA) when process-
ing subroutine call and interrupt. As 1 level requires 4 digits,
this stack area is nested to 16 level-stack max. The data pushed
in the stack and LIFO stack state are provided in Fig. 4. The
program counter is restored by RTN and RTNI instructions.
Status and Carry are restored only by RTNI instruction. The
area, not used for stacking, is available as a data area.

bit3 bit2 bit1 bit0
I T
1020 ST IPC 15 PCia PC,; | $3FC
!
T 1
1021] pc,, PC, PC, | PC, |$3FD
|
T r__
1022] CA PC, | PCs I PC, |$3FE
___ T
1023| PC, | PC, | PC, PC, |$3FF
) ]

PCi3 to PCo ; Program Counter
ST, Status
CA; Carry

Fig. 4 Configuration of Memory Register, Stack Area and Stack Position
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®= REGISTER AND FLAG

The MCU has nine registers and two flags for the CPU opera-
tions. They are illustrated in Fig. 5 and described in the follow-
ing paragraphs.

o A I} (A), B Regi (B)

Accumulator and B Register are 4-bit registers used to hold
the results of Arithmetic Logic Unit (ALU), and to transfer data
to/from memories, I/O and other registers.

® W Register (W), X Registar (X), Y Register (Y)

W Register is 2-bit, and X and Y Register are 4-bit registers
used for indirect addressing of RAM. Y register is also used
for D-port addressing,

® SPX Register (SPX), SPY Register (SPY)
SPX and SPY Register are 4-bit registers used to assist X and
Y Register respectively.

® Carry (CA)

Carry (CA) stores the overflow of ALU generated by the
arithmetic operation. It is also affected by SEC, REC, ROTL and
ROTR instructions,

During interrupt servicing, Carry is pushed onto the stack
and restored back from the stack by RTNI instruction. (It’s not
affected by RTN instruction.)

® Status (ST)

Status (ST) holds the ALU overflow, ALU non-zero and the
results of bit test instruction for the arithmetic or compare in-
struction. It is used for a branch condition of BR, BRL, CAL or
CALL instructions. The value of the Status remains unchanged
until the next arithmetic, compare or bit test instruction is ex-
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL
instruction has been executed (irrespective of its execution/
skip). During the interrupt servicing, Status is pushed onto the

3 o
— Accumulator
3 o

Status

Program
Counter

CLLTT » e

Fig. 5 Register and Flags

stack and restored back from the stack by RTNI instruction.
(It’s not affected by RTN instruction.)

® Program Counter (PC)
Program Counter is a 14-bit binary counter for ROM address-
ing.

® Stack Pointer (SP)

Stack Pointer is used to point the address of the next stack-
ing area up to 16 levels.

The Stack Pointer is initialized to locate $3FF on the RAM
address, and is decremented by 4 as data pushed into the stack,
and incremented by 4 as data restored back from the stack.

= INTERRUPT

The MCU can be interrupted by five different sources: the
external signals (INT,, INT,), timer/counter (TIMER-A,
TIMER-B), and serial interface (SERIAL). In each sources,
the Interrupt Request Flag, Interrupt Mask and interrupt vector
address will be used to control and maintain the interrupt re-
quest. The Interrupt Enable Flag is also used to control the
total interrupt operations.

® Interrupt Control Bit and Interrupt Service

The interrupt control bit is mapped on $000 to $003 of the
RAM address and accessable by RAM bit manipulation instruc-
tion. (The Interrupt Request Flag (IF) cannot be set by soft-
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request
Flag (IF) are set to “0”, and the Interrupt Mask (IM) is set to
“1” at the initialization by MCU reset.

Fig. 6 shows the interrupt block diagram. Table 1 shows the
interrupt priority and vector addresses, and Table 2 shows the
conditions that the interrupt service is executed by any one of
the five interrupt sources.

The interrupt request is generated when the Interrupt Re-
quest Flag is set to “1* and the Interrupt Mask is <“0”. If the
Interrupt Enable Flag is “1*, then the interrupt will be activated
and vector addresses will be generated from the priority PLA
corresponding to the five interrupt sources.

Fig. 7 shows the interrupt services sequence, and Fig. 8
shows the interrupt flowchart. If the interrupt is requested, the
instruction finishes its execution in the first cycle. The Inter-
rupt Enable Flag is reset in the second cycle. In the second and
third cycles, the Carry, Status and Program Counter are pushed
onto the stack. In the third cycle, the instruction is executed
again after jumping to the vector address.

In each vector address, program JMPL instruction to branch
to a starting address of the interrupt routine. The Interrupt
Request Flag which caused the interrupt service has to be reset
by software in the interrupt routine.
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Sequence Control

- Push PC/CA/ST

D R
* Jump to Vector
Address

L -
Priority Control |—» x;‘:'ss
PLA "

Fig. 6 Interrupt Circuit Block Diagram

Table 1. Vector Addresses and Interrupt Priority

Reset . Interrupt | Priority Vector addresses
RESET - $0000
INTo 1 $0002
INTY 2 $0004
TIMER-A 3 $0006
TIMER-B 4 $0008
SERIAL 5 $000C

Table 2. Conditions of Interrupt Service

Interrupt
Interrupt source INTo INT: TIMER-A TIMER-B SERIAL
control bits
I/E 1 1 1 1 1
IFO-IMO 1 0 3} 0 0
IF1-IMT * 1 o] (o] 0
IFTA - IMTA * * 1 0 0
IFTB - IMTB * * * 1 (o]
IFS - IMS * * * * 1
* Don't care
@ HITACHI
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instruction 1 2 3 4 5 6
Cycles
! ] i | \ \ |
r T 1 T 1 } —
Instruction
execution
Interrupt Stacking, Stacking,
accepted Reset of I/E Vector address
is generated

JMPL instruction execution on the
vector address

Fig. 7 Interrupt Servicing Sequence

® [nterrupt Enable Flag (I/E: $000,0)

The Interrupt Enable Flag controls enable/disable of all inter-
rupt requests as shown in Table 3. The Interrupt Enable Flag is
reset by the interrupt servicing and set by RTNI instruction.

Table 3. Interrupt Enable Flag

Instruction
Execution at
starting address
of the interrupt
routine

Table 5. External Interrupt Mask

External Interrupt Masks Interrupt Requests

0 Enable
1 Disable (masks)

Interrupt Enable Flag Interrupt Enable/Disable

0 Disable

1 Enable

e External Interrupt (INT,, INT,)
To use external interrupt, select R3,/INT,, Ry33/INT, port
for INT,, INT; mode by setting the Port Mode Register (PMR:

@ Port Mode Register (PMR: $004)

The Port Mode Register is a 4-bit write-only register which
controls the Rj3,/INT, pin, R33/INT; pin, R4, /SI pin and
R4, /SO pin as shown in Table 6. The Port Mode Register will
be initialized to $0 by MCU reset, so that all these pins are set
to a port mode.

Table 6. Port Mode Register

PMR J—
$004). - R33/INT, pin
The External Interrupt Request Flags (IFO, IF1) are set at bit 3
the falling edge of INT,, INT, inputs. 0 Used as R33 port input/output pin
INT, input can be used as a clock signal input of TIMER-B. 1 Used as INT, input pin
Then, TIMER-B counts up at each falling edge of input. When
using INT; as TIMER-B external event, an External Interrupt PMR
Mask (IM1) has to be set so that the interrupt request by INT1 - R3,/INT, pin
will not be accepted. bit 2
0 Used as R32 port input/output pin
® External Interrupt Request Flag (IF0: $000,2, IF1: $001,0) 1 Used a5 INT, input pin
The External Interrupt Request Flags (IFO, IF1) are set at
the falling edges of INT,, INT, inputs respectively.
PMR ]
® External Interrupt Mask (IM0: $000,3, IM1: $001,1) bt 1 Ray /Sl pin
The External Interrupt Mask is used to mask the external ) Ued R — -
interrupt requests. sed as R,y port input/output pin
1 Used as Sl input pin
Table 4. External Interrupt Request Flag PMR
R .
External Interrupt Request Flags Interrupt Requests bit 0 42/S0 pin
0 No 0 Used as Rq4, port input/output pin
1 Yes 1 Used as SO output pin
@ HITACHI
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Power
ON

[« PC«$ 0002

[ PC—$ 0004

1 PC<$ 0006

] PC—$ 0008

-] PC«+$ 000C

Fig. 8 Interrupt Servicing Flowchart
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RESET%NO
Yes "y
Interrupt Yes
Request
7
No
No \/E—s17q
(A) (B) (C)
Reset Execute Interrupt
MCU Instruction Accept
PC—(PC)+1 l/E—0r
Stack«(PC)
Stack«(CA)
Stack«(ST)

TIMER-B
Interrupt

(SERIAL Interrupt)

152 Hitachi America Ltd.  Hitachi Plaza 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819  (415) 589-8300



HMCS404C/HMCS404CL/HMCS404AC

= SERIAL INTERFACE

The serial interface is used to transmit/receive 8-bit data
serially. This consists of the Serial Data Register, the Serial
Mode Register, the Octal Counter and the multiplexer, as illus-
trated in Fig. 9. Pin R4o/SCK and the transfer clock signal are
controlled by the Serial Mode Register. Contents of the Serial
Data Register can be writien into or read out by the software.
The data in the Serial Data Register can be shifted synchronous-

ly with the transfer clock signal.

The serial interface operation is initiated with STS instruc-
tion. The Octal Counter is reset to $0 by STS instruction. It
starts to count at the falling edge of the transfer clock (SCK)
signal and increments by one at the rising edge of the SCK.
When the Octal Counter is reset to $0 after eight transfer clock
signals, or discontinued transmit/receive operation by resetting
the Octal Counter, the SERIAL Interrupt Request Flag will be
set.

SYSTEM 0C(3bit) SROF
PRESCALER(11bit) OCTAL IFS
cLock COUNTER
T INTERRUPT
JolalelsTs REQUEST FLAG
NERIHE 1 of SERIAL INTER-
Tyly FACE
A 1
SERIAL MPX +2 MPX L 'NTSN L BUS ;TE s |
f SCKI SR (8 bit)
3 SERIAL DATA REGISTER
SMR(4bit) PMR(4bit 4
SERIAL MODE PORT MODE H Lz
o REG. L ReG. | INTERNAL BUS LINE  (s2) ]
SCK 1
| INTERNAL BUS LINE
R../ SO
PORT
)

Fig. 9 Serial Interface Block Diagram

® Serial Mode Register (SMR: $005)

The Serial Mode Register is a 4-bit write-only register. This
register controls the R40/SCK and the prescaler divide ratio as
the transfer clock source as shown in Table 7.

The Write Signal to the Serial Mode Register controls the
operating state of serial interface.

The Write Signal to the Serial Mode Register stops the
transfer clock applied to the Serial Data Register and the Octal
Counter. And it also reset the Octal Counter to $0 simul-
taneously,

When the Serial Interface is in the “Transfer State”, the Write
Signal to the Serial Mode Register causes to quit the data
transfer and to set the SERIAL Interrupt Request Flag.

Contents of the Serial Mode Register will be changed on the
second instruction cycle after writing into the Serial Mode
Register. Therefore, it will be necessary to execute the STS
instruction after the data in the Serial Mode Register has been
changed completely. The Serial Mode Register will be reset to
$0 by MCU reset.

® Serial Data Register (SRL: $006, SRU: $007)

The Serial Data Register is an 8-bit read/write register. It
consists of a low-order digit (SRL:$006) and a high-order digit
(SRU: $007).

The data in the Serial Data Register will be output from the
LSB side at SO pin synchronously with the falling edge of the
transfer clock signal. At the same time, external data will be
input from the LSB side at SI pin to the Serial Data Register
synchronously with the rising edge of the transfer clock. Fig.
10 shows the 1/0 timing chart for the transfer clock signal and
the data.

The writing into/reading from the Serial Data Register during
its shifting causes the validity of the data.

Therefore complete data transmit/receive before writing
into/reading from the serial data register.
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Table 7. Serial Mode Register

SMR R40/SCK
Bit 3 0
0 Used as R4o port input/output pin
1 Used as SCK input/output pin
SMR Transfer Clock
Prescaler System Clock
Bit2 Bit 1 Bit0 Ra40/SCK Port Clock Source Divide Divide
Ratio Ratio
0 0 0 §8'< Prescaler +2048 + 4096
utput
SCK N -
0 0 1 Output Prescaler + 512 + 1024
SCK N =
0 1 0 Output Prescaler + 128 + 256
SCK - =
0 1 1 Output Prescaler = 32 - 64
SCK . -
1 0 0 Output Prescaler + 8 + 16
SCK N -
1 0 1 Output Prescaler g 2 + 4
SCK System N
1 1 0 Output Clock - i !
1 1 1 SCK External _ _
Input Clock
Transfer Clock I , | I I I | I l l | I | I ' l

I TTTITT T
RN

Fig. 10 Serial Interface 1/0 Timing Chart

Serial Output Data

Serial Input Data
Latch Timing

©® SERIAL Interrupt Request Flag (IFS: $003, 0)

The SERIAL Interrupt Request Flag will be set after the
eight transfer clock signals or transmit/receive discontinued SERIAL Interrupt Mask Interrupt Request
operation by resetting the Octal Counter. 0 Enable

1 Disable (mask)

® Sel of the Op Mode

Table 10 shows the operation mode of the serial interface.
Select a combination of the value in the Port Mode Register and
the Serial Mode Register according to Table 10.

Table 9. SERIAL Interrupt Mask

©® SERIAL Interrupt Mask (IMS: $003, 1)
The SERIAL Interrupt Mask masks the interrupt request.

Table 8. SERIAL Interrupt Request Flag

SERIAL Interrupt Request Flag

Interrupt Request

Initialize the serial interface by the Write Signal to the

0

No

Serial Mode Register, when the Operation Mode is changed.

1

Yes

154
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@ Operating State of Serial Interface
The serial interface has 3 operating states as shown in Fig.'11.
The serial interface gets into “STS waiting state” by 2 ways:
one way is to change the operation mode by changing the data
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in the Port Mode Register, the other is to write data into the
Serial Mode Register. In this state, the serial interface does not
operate although the transfer clock is applied. If STS instruc-
tion is executed, the serial interface changes its state to “SCK

waiting state”,

In the “SCK waiting state”, the falling edge of first transfer
clock affects the serial interface to get into “‘transfer state”,
while the Octal Counter counts-up and the Serial Data Register
shifts simultaneously. As an exception, if the clock continuous
output mode is selected, the serial interface stays in “SCK wait-

ing state” while the transfer clock outputs continuously.

clock error can be detected in the procedure shown in Fig. 12.

If more than 9 transfer clocks are applied by the external
noises in the “SCK waiting state™, the state of the serial inter-
face shifts as the following sequence: first “transfer state”
(while 1 to 7 transfer clocks), second “SCK waiting state” (at
8th transfer clock) and third “transfer state” again. Then reset
the SERIAL Interrupt Request Flag, and make “STS waiting
state” by writing to the Serial Mode Register. SERIAL Inter-
rupt Request Flag is set again in this procedure, and it shows
that the transfer clock was invalid and that the transmit/receive
data were also invalid.

The Octal Counter becomes “000” again by 8 transfer

clocks or execution of STS instruction, so that the serial inter-
face gets back into the “SCK waiting state”, and SERIAL

Table 10. Serial Interface Operation Mode

Interrupt Request Flag is set simultaneously. SMR PMR Seri X
H f
When the internal transfer clock is selected, the transfer Bit3 | Bit1 Bit0 erial Interface Operating Mode
clock output are triggered by the execution of STS instruction, 1 0 0 Clock Continuous Output Mode
i fter 8 clocks.

and it stops after 8 clocks. p o ; Transt Wiode
® Example of Transfer Clock Error Detection 1 1 0 Receive Mode

The serial interface functions abnormally when the transfer 1 1 1 Transmit/Receive Mode

clock was disturbed by external noises. In this case, the transfer

/ STS Waiting State \

* “’Change PMR’’ means the change of
operation mode as below:

* Transmit Mode
* Receive Mode
* Transmit/Receive

Clock Continuous
Output Mode

Octal Counter = 000"
Transfer Clock Disable

Change PMR"

Transfer Clock

SCK Waiting State
(Octal Counter = 000"}

8 Transfer Clocks,
STS Instruction

Transfer State
(Octal Counter # ‘"000"')

Fig. 11 Serial

Transmit/Receive
(1FS="1")

Interrupt
Disable

IFS < 0"

Write to
SMR

Transfer Clock
Error Processing

Fig. 12 Example of Transfer Clock Error Detection

(IFS «""1")

Interface Operation State

= TIMER

The MCU contains a prescaler and two timer/counters
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit
free-running timer. TIMER-B is an 8-bit auto-reload timer/
event counter.

® Prescaler

The input to the prescaler is a system clock signal. The
prescaler is initialized to $000 by MCU reset, and the prescaler
starts to count up the system clock signal as soon as RESET
input goes to logic “0”. The prescaler keeps counting up except
MCU reset and stop mode. The prescaler provides clock signals
to TIMER-A, TIMER-B and serial interface. The prescaler de-
vide ratio of the clock signals are selected according to the
content of the mode registers such as — Timer Mode Register A
(TMA), Timer Mode Register B (TMB), Serial Mode Register
(SMR).
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| INTERNAL BUS LINE (s1) ]
TIMER MODE REGISTER B
La
TMB(4bit)
TL(4bit) a
TIMER LATCH
S 3 REG.
INT,
CcPTB TCB(8bit) TBOF
> TIMERB  MPX TIMER/EVENT COUNTER B """Bl
olelsl 2 REEEEEE INTERRUPT
b Il Ko B B = . REQUEST FLAG
10 I IR ol I 1 TLR(8bit) o
Nk I TIMER LOAD REGISTER TIMER-B
SYSTEM )
eLocK PRESCALER(1 1bit) " L
| INTERNAL BUS LINE (s2) |
o~ ¢ o &Y M
O IR i il R Y =]
O i B
TIMER-A MPX CPTA TCA(8bit) 180 | ra
TIMER COUNTER A
3 INTERRUPT
REQUEST FLAG
OF TIMER-A

TIMER MODE REGISTER A

Fig. 13 Timer/Counter Block Diagram

® TIMER-A Operation

After TIMER-A is initialized to $00 by MCU reset, it counts
up at every clock input signal. When the next clock signal is
applied after TIMER-A is counted up to $FF, TIMER-A is set
to $00 again, and generating overflow output. This leads to
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to
“1”. Therefore, this timer can function as an interval timer
periodically generating overflow output at every 256th clock
signal input.

The clock input signals to TIMER-A are selected by the
Timer Mode Register A (TMA: $008).

® TIMER-B Operation
Timer Mode Register B (TMB: $009) is used to select the
auto-reload function and the prescaler divide ratio of TIMER-B

as the input clock source. When the external event input is.

used as an input clock signal to TIMER-B, select the R33 /INT,
as INT, and set the External Interrupt Mask (IM1) to “1” to
prevent the external interrupt request from occurring.

©® Timer Mode Register A (TMA: $008)

The Timer Mode Register A is a 3-bit write-only register.
The TMA controls the prescaler divide ratio of TIMER-A clock
input, as shown in Table 11.

The Timer Mode Register A is initialized to $0 by MCU reset.

® Timer Mode Register B (TMB: $009)

The Timer Mode Register B is a 4-bit write-only register. The
Timer Mode Register B controls the selection for the auto-
reload function of TIMER-B and the prescaler divide ratio,
and the source of the clock input signal, as shown in Table 12,

The Timer Mode Register B is initialized to $0 by MCU reset.

The operation mode of TIMER-B is changed at the second
instruction cycle after writing into the Timer Mode Register B.

Therefore, it is necessary to program the write instruction
to TLRU after the content of TMB is changed.

Table 11. Timer Mode Register A

TIMER-B is initialized according to the value written into the TMA

Timer Load Register by software. TIMER-B counts up at every Bit2 Bit1 BitO Prescaler Divide Ratio

clock input signal. When the next clock signal is applied to ! it it

TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- 0 0 0 +2048

alized again and generate overflow output. In this case if the 0 0 1 +1024

auto-reload function is selected. TIMER-B is initialized accord- 0 1 0 512

ing to the value of the Timer Load Register. Else if the auto- 0 -

reload function is not selected, TIMER-B goes to $00. TIMER- 1 1 + 128

B Interrupt Request Flag (IFTB: $002,0) will be set at this 1 0 0 + 32

overflow output. 1 0 1 + 8
1 1 0 + 4
1 1 1 + 2

@ HITACHI
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Table 12. Timer Mode Register B

the Timer/Event Counter. In this'case, read the high-order digit
first, and then the low-order digit. The count value of low-order

T™MB igit i i igh- digit i .
e Auto-reload Function digit is latched at the time when the high-order digit is read
I
0 No ® TIMER-A Interrupt Request Flag (IFTA: $001, 2)
The TIMER-A Interrupt Request Flag is set by the overflow
1 Yes output of TIMER-A.
™S Prescaler Divide Ratio, ® TIMER-A Interrupt Mask (IMTA: $001, 3)
B2 B B0 Clock Input Source TIMER-A Interrupt Mask prevents an interrupt request
generated by TIMER-A Interrupt Request Flag.
0 0 0 +2048
0 0 + 512 Table 13. TIMER-A Interrupt Request Flag
0 1 0 + 128
TIMER-A Interrupt
0 7 7 =33 Request Flag Interrupt Request
1 0 0 + 8 0 No
1 0 1 + 4 1 Yes
! ! 0 2 Table 14. TIMER-A Interrupt Mask
1 1 1 INT; (External Event Input) | nterrupt Mas

e TIMER-B (TCBL: $00A, TCBU: $OOB)
TLRL: $00A, TLRU: $00B.

TIMER-B consists of an 8-bit write-only Timer Load Regis-
ter, and an 8-bit read-only Timer/Event Counter. Each of them
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high-
order digit (TCBU: $00B, TLRU: $00B).

The Timer/Event Counter can be initialized by writing data
into the Timer Load Register. In this case, write the low-order
digit first, and then the high-order digit. The Timer/Event
Counter is initialized at the time when the high-order digit is
written. The Timer Load Register will be initialized to $00 by
the MCU reset.

The counter value of TIMER-B can be obtained by reading

PMR:$ 004

TIMER-A Interrupt Interrupt Request

Mask
0 Enable
1 Disable (Mask)

® TIMER-B Interrupt Request Flag (IFTB: $002, 0)
The TIMER-B Interrupt Request Flag is set by the overflow
output of TIMER-B.

©® TIMER-B Interrupt Mask (IMTB: $002, 1)

TIMER-B Interrupt Mask prevents an interrupt request
generated by TIMER-B Interrupt Request Flag.

SMR:$ 005

PMR3|PMR2|PMR1|PMRO

SMR3|SMR2|SMR1|SMRO

[ —

f—— Transfer clock selection

R40/SCK pin mode selection

R4, /SO pin mode selection

R4:1 /S| pin mode selection

R3;/INTg pin mode selection

TMA:$ 008

R33/INT, pin mode selection

TMB:$ 009

TMA2| TMA1|TMAO

TMB3|TMB2|TMB1{TMBO

—_—

| S

TIMER-B input clock selection
Auto-reload function selection

TIMER-A input clock selection

Fig. 14 Mode Register Configuration and Function
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Table 15. TIMER-B Interrupt Request Flag

TIMER-B Interrupt

Request Flag Interrupt Request

0 No

1 Yes

Table 16. TIMER-B Interrupt Mask

TIMER-B Interrupt

Mask Interrupt Request
0 Enable
1 Disable (Mask)

= INPUT/OUTPUT

The MCU provides 58 Input/Output pins, and they are con-
sist of 32 standard pins and 26 high voltage pins. Each standard
pin may have one of three mask options: (A) “Without pull-
up MOS (NMOS open drain)”, (B) “With pull-up MOS”, or
(C) “CMOS”. And also each high voltage pin may have one
of two mask options: (D) “Without pull-down MOS (PMOS

open drain)”, or (E) “With pull-down MOS”. As pull-down
MOS is connected to internal Vgigp line, select Ra1/Vaip pin
as Vgjsp with mask option when at least one high voltage pin is
selected as “With pull-down MOS” option.

When any Input/Output common pin is used as input pin, it
is necessary to select the mask option and output data as shown
in Table 18.

® Output Circuit Operation of Standard Pins with “With pull-
-up MOS" Option

Fig. 15 shows the circuit used in the standard pins with
“with pull-up MOS”option.

By execution of the output instruction, the write pulse will
be generated, and be applied to the addressed port. This pulse
will turn “ON” the PMOS (B) to make the transient time
shorten to obtain “High level”, if the output data is changed
from “0” to “1”. In this case, the “write pulse” allows the
PMOS (B) to turn “ON” as long as 1/8 instruction cycle. While
“write pulse” is “0”, pull-up MOS (C) may retain the output
in high level.

The HLT signal becomes ““0” in stop mode, so that MOS (A)
(B) (C) turn “OFF”.
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I \ Write pulse
PMOS(B)

(Output
M, instruction)

| "C—__}_T‘_l T ALT

Pull up MOS (C)
M,

o E

M,

MOS Features ON Resistance Value
Buffer HMCS404C, HMCS404AC HMCS404CL
M, approx. 2502 approx. 1kQ2
iy approx. 1k approx. 5k
M approx. 40k approx. 75k to 1MQ2 (Ve = 3V),
3 to 160k (Ve = 5V) approx. 40k to 160k (Vgc = 5V)
- 1 Instruction cycle _
- . L
I I
Output instruction execution
Write pulse

Fig. 16 Output Circuit Operation of Standard Pins with ““with Pull-up MOS"* Option
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Table 17 1/0 Pin Circuit Type

Without pull-up MOS : i
(NMOS open drain) With pu(‘g')"p mos CMOS (C) Applied
(A) pins
HLT input HLT :D anut HLT input
data data write data Do ~Ds,
vo Vee [Vee +— pulse Vee TS Rso ~R33
common e oF n n ,
pins TR g El a0 ~Ra3,
/'OC('_lquLT o output Rso ~Rss
output u output
d:;tap ¢ data data
2
£ Vee [V write Vee ~
& | output e e pulse . Reo™~Re3,
2 | pins HOT HLT R70~Rs3,
s output output
@ data data g:::ut
Vee
i AT Dol
Input HLT LT i ~
pins O——D‘ input et R9o™~Ro3
data
Without pull-down MOS . . .
(PMOS open drain) (D) With pull-down MOS (E) Applied pins
Vee Vee
o= e
o o s D~y
common dere Rio~R13,
pins R20~Rz3
input input
data data
" Vee
g e ACT
g l_G.__ HLT FCG: output
8 0 output data
= utput data N
> | pins v Roo~Ro3
< cc
2
* Vdisp
HLT i t HLT input
input P data Rao,
pins Vee RA‘I/Vdisp
Vdisp

(Note) In the stop mode, HLT "signal is “‘0"’ and 1/O pins are in high impedance state.

160

(to be continued)
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Without pull-up MOS (NMOS open drain)
or CMOS (A or C)

With pull-up MOS (B)

Applied pins

—Po_— SeK 2&1_ scK
10 Vg HHLT Vee | Vee — ___
common HL T+moade select HL Prroode select | <ER (Note 2)
pins O 2 l (Output Mode)
internal SCK internal SCK
« Vi Vi
£ V, cc cc
s T T J J"
J Qutput S0
© | pins
c
& so
@ so
Input INTo,
pins INTy,
input input St
O P ~ data O P data SCK (Note 2)
HLT HLT (Input Mode)

(Note 1) In the stop mode, }_-ILT signal is “0”’, HLT signal is ’1"" and /O pins are in high impedance state.
(Note 2) If the MCU is interrupted by serial interface in the external clock input mode, the SCK terminal becomes input only.

Table 18 Data Input from Input/Output Common Pins

T Possibility Auvailable pin condition
1/0 pin circuit type of Input for input
CMOS No -
Standard Without pull-up
pins MOS Yes “
(NMOS open drain)
With pull-up MOS Yes e
Without pull-down
High MOS Yes o
voltage (PMOS open drain)
pins With pull-down gy
MOS Yes 0
@ HITACHI
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© D-port

D-port is 1-bit I/O port, and it has 16 Input/Output common
pins. It can be set/reset by the SED/RED and SEDD/REDD
instructions, and can be tested by the TD and TDD instructions.
Table 17 shows the classification of standard pins, high voltage
pins and the Input/Output pins circuit types.

® R-port

R-port is 4-bit 1/O port. It provides 20 input/output com-
mon pins, 16 output-only pins, and 6 input-only pins. Data
input is processed using the LAR and LBR instructions and data
output is processed using the LRA and LRB instructions. The
MCU will not be affected by writing into the input-only and/or
non-existing ports, invalid data will be read by reading from the

output-only and/or non-existing ports.

The Rsz, Ras, Rao, Re1 and Rez pins are also used as the INTo,
INT1, SCK, SI and SO pins respectively. Table 17 shows the
classification of standard pins, high voltage pins and Input/
Output pins circuit types.

® RESET

The MCU is reset by setting RESET pin to “1”. At power
ON or recovering from stop mode, apply RESET input more
than tgc to obtain the necessary time for oscillator stabiliza-
tion. In other cases, the MCU reset requires at least two instruc-
tions cycle time of RESET input.

Table 19 shows initialized items by MCU reset and each
status after reset.

Table 19 Initial Value by MCU Reset

Items ln'i\;iéU/?let;gtby Contents
Program counter (PC) $0000 Execute program from the top of ROM address.
Status (ST) “1 Enable to branch with conditional branch instructions.
Stack pointer (SP) $3FF Stack level is 0.
(A) mt&%"st pull- “r Enable to input.
Standard pin| (B) VMVgg pull-up e Enable to input
. (C) CMOS “r -
/Opin (D) Without pull o .
output register High voltage down MOS 0 Enable to input.
pin ) :ﬁ::‘npn%s “0" Enable to input.
Interrupt Enable Flag (I/E) “0" Inhibit all interrupts.
Interrupt flag Interrupt Request Flag (IF) “o" No interrupt request.
Interrupt Mask (IM) “r Mask interrupt request.
Port Mode Register (PMR) “0000"" See Item ‘‘Port Mode Register’’.
. Serial Mode Register (SMR) “0000"" See |tem “*Serial Mode Register”’.
Mode register - - - -
Timer Mode Register A (TMA) ‘000" See I1tem “Timer Mode Register A",
Timer Mode Register B (TMB) “0000"" See Item ““Timer Mode Register B’".
Prescaler $000 -
. Timer/Counter A (TCA) $00 —
g::i‘:: /i?‘g:‘r?at;’ Timer/Event Counter B (TCB) $00 -
Timer Load Register (TLR) $00 —
Octal Counter ‘000" -

(Note) MCU reset affects to the rest of registers as follows:

Item

After recovering from STOP mode

After MCU reset except for

by MCU reset the left condition

Carry (CA)
Accumulator (A) . i

" The contents of the items before The contents of the items before
B Register (B)| MCU reset are not retained. MCU reset are not retained.
W Register (W)]| Itisnecessary to intialize them It is necessary to initialize them
X/SPX Regi (X/SPX) by software again. by software again.
Y/SPY Registers (Y/SPY)
Serial Data Register (SR)| Same as above Same as above

RAM

The contents of RAM before MCU
reset (just before STOP instruction)
are retained.

Same as above

162
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= INTERNAL QSC“.LATOR CIRCUIT filter oscillator, or resistor oscillator as shown in Table 20. In
Fig. 16 gives internal oscillator circuit. The oscillator type any cases, external clock operation is available.
can be selected from the followings; crystal oscillator, ceramic

0sC, @——‘

Oscillator Divider Timing
(Selectable circuit generator [—

with mask 1/8 circuit
0sC. @— options)

Fig. 16 Internal Oscillator Circuit

System
clock

Internal Oscillator Circuit Mask Option

HMCS404C |[HMCS404CL | HMCS404AC
Crystal o o o
Oscillator| Ceramic o o o
Resistor o - -
Divider 1/8 [e] o o
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® Oscillator Circuit

Table 20 Examples of Oscillator Circuit

Circuit configuration Circuit constants
HMCS404C HMCS404CL HMCS404AC
External clock owier
operation
0sc,
Opcn—1 0sC,
Resistor Rf = 20k2+2%
oscillator
0sC,
Rf{
osc,
Ceramic filter Ceramic filter Ceramic filter
< 0SCr CSA4.00MG CSA2.000MK CSA6.00MG
Ceramic filter Ceramic ‘_L_‘ (Murata) (Murata) (Murata)
oscillator filter T::' Rf : IMQ+2% Rf : IMQ£2% Rf : IMQ£2%
A 0S¢z C, : 30pF+20% C; : 30pF+20% C,; : 30pF+20%
GND C, : 30pF+20% C, : 30pF+20% C, : 30pF+20%
o Rf : IMQ+2% Rf : TMQ£2%
o T Cy : 10~22pF+20% C; : 10~22pF+20%
") C, : 10~22pF+20% C, : 10~22pF+20%
rT" osc, Crystal: equivalent Crystal: equivalent
Crystal 7t C2 S circuit to the left circuit to the left
oscillator GND Co : 7pF max. Co : 7pF max.
Rs : 609 max. Rs : 10082 max.
AT cut parallel resonance crystal f . 2,0~4,5MHZ f . 2.0~6'2MHZ
Co
c — Rf : 2MQ+2%
‘:'Y‘;"!L [ 0sCy C, : 10~22pF+20%
3 C, : 10~22pF+20%
4—+AWW\Aosc, Crystal: equivalent
G”,"DC' Rd b—uw— circuit to the left
Co : 7pF max.
GT cut parallel rasonance erystal Rs : 1000 max.
f :2.0~2.25MHz
L C, Rs
osc, m 0sc,
Co

{Note 1)  On the crystal and ceramic filter resonator, the upper circuit s are the one ded by crystal or ceramic filter
maker. The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board.
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter.

(Note 2)  Wiring among OSC ;, OSC; and elements should be as short as possible, and never cross the other wirings. Refer to the recommend-
able layout of crystal and ceramic filter.
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Fig. 17 Recommendable Layout of Crystal and Ceramic Filter

= LOW POWER DISSIPATION MODE

The MCU provides two low power dissipation modes, that is,
a Standby mode and a Stop mode. Table 21 shows the function
of the low power dissipation mode, and Fig. 18 shows the
diagram of the mode transition.

Table 21 Low Power Dissipation Mode Function

Condition
Low Power . Timer/ Recovering
Dissipation Mode Instruction Oscillator | Instruction Register, Interrupt RAM (')':ﬁu:,/‘ Counter, method
circuit execution Flag function i‘r)\ Serial
4 Interface

SBY . . . " g " RESET Input,
Standby mode instruction Active Stop Retained Active Retained Retained Active Interrupt request

STOP 3 N High'2)
Stop mode instruction Stop Stop RESET Stop Retained impedance Stop RESET input

*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19.
*2) A high voltage pin with a pull-down MOS option is pulled down to the Vdisp Power supply by the pull-down MOS. As the MOS is ON, a pull-
down MOS current flows when a volitage difference between the pin and the Vdisp voltage exists. This is the additional current to the current dis-

sipation in Stop Mode (lstop)-

*3) Asa /O circuit is active, a i/O current possibiy Tiows according tne state o7 i/O pin. Tnis is the additionai current 1o tne currenti dissipation in

Standby Mode (Iggy1, Isy2)-

g
=
&
Standby \(\&

Fig. 18 MCU Operation Mode Transition

® Standby Mode
The SBY instruction puts the MCU into the Standby mode.
In the Standby mode, the oscillator circuit is active and timer/

counter and serial interface continue working. On the other
hand, the CPU stops since the clock related to the instruction
execution stops. Registers, RAM and Input/Output pins retain
the state they had just before going into the Standby mode.

The Standby mode is canceled by the MCU reset or interrupt
request. When canceled by the interrupt request, the MCU
becomes an active mode and executes the instruction next to
the SBY instruction. At this time, if the Interrupt Enable Flag
is “1”, the interrupt is executed. If the Interrupt Enable Flag
is “0”, the interrupt request is held on and the normal instruc-
tion execution continues.

Fig. 19 shows the flowchart of the Standby Mode.

® Stop Mode

The STOP instruction brings the MCU into the Stop mode.
In this mode the oscillator circuit and every function of the
MCU stop.

The Stop mode is canceled by the MCU reset. At this time,
as shown in Fig. 20, apply the RESET input for more than trc
to get enough oscillator stabilization time. (Refer to the “AC
CHARACTERISTICS”.) After the Stop mode is canceled,
RAM retains the state it had just before going into the Stop
mode. The other hand, Accumulator, B Register, W Register,
X/SPX Registers, Y/SPY Registers, Carry and Serial Data
Register don’t retain the contents.
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SBY

Oscillator Active

Peripheral Clocks
Active

All Other Clocks

Stop

Restart Restart
Processor Clocks Processor Clocks
=D
A (B) Yes (C)
Reset MCU Execute . Interrupt
Instruction Accept

Fig. 19 MCU Operating Flowchart

oo TN, I

| /
3
mornt ek — L L] KLHI]IIIIIII]LH__IUI_H__IL
RESET 1 i 9 I—__.__

| ol
™ tres |

STOP instruction execution (more than stabilization time: tgc)

Fig. 20 Timing-Chart of Recovering from Stop Mode
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® RAM ADDRESSING MODE

As shown in Fig. 21, the MCU provides three RAM address-
ing modes; Register Indirect Addressing, Direct Addressing and
Memory Register Addressing.

® Register Indirect Addressing
The combined 10-bit contents of W Register, X Register and
Y Register is used as the RAM address in this mode.

® Direct Addressing

The direct addressing instruction consists of two words and
the second word (10 bits) following Op-code (the first word) is
used as the RAM address.

Add

The M‘emo;y Register Aadressing can access 16 digits
(Memory Register: MR) from $020 to $02F by using the LAMR
and XMRA instruction.

W-Register X-Register Y -Register
e N\ R4 B}
WI WO x3 XZ xl XD Y3 YZ Y] YO
RAM Address
APg |AP; [AP; [AP¢ | APs| AP, [ APS| AP, | AP, |AP,
(a) Register Indirect Addressing
Instruction 1st Word Instruction 2nd Word
~N ~
OP Code
TR TR S R W S S N dy | dg | dy | de [ ds | ds| d3|dy] dy|do
RAM Address |APy|APg| AP, | AP, | AP| AP4| AP3| AP,| AP, | AP
(b) Direct Addressing
Instruction
-
OP Code
T S T | M3 my] M| Mo
RAM Address | np | ap, | AP, | AP| APs| AP.| 4P| AP, | AP, |AP,

(c) Memory Register Addressing

Fig. 21

RAM Addressing Mode
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= ROM ADDRESSING MODE AND P INSTRUCTION
The MCU has four kinds of ROM addressing modes as shown
in Fig. 22.

® Direct Addressing Mode

The program can branch to any addresses in the ROM
memory space by ‘using JMPL, BRL or CALL instruction.
These instruction replace 14-bit program counter (PC,3; to
PC,) with 14-bit immediate data.

® Current Page Addressing Mode

ROM memory space. is divided into 256 words in each page
starting from $0000. The program branches to the address in
the same page using BR instruction. This instruction replace
the low-order eight bits of program counter (PC, to PCy) with

Instruction 1st Word

8-bit immediate data. The branch destination by BR instruction
on the boundary between pages is given in Fig. 24.

® Zero Page Addressing Mode

The program branches to the zero page subroutine area,
which is located on the address from $0000 to $003F, using
CAL instruction. When CAL instruction is executed, 6-bit
immediate data is placed in low-order six bits of program
counter (PCs to PCy) and “0’s” are placed in high-order eight
bits (PCy3 to PCg).

® Table Data Addressing

The program branches to the address determined by the
contents of the 4-bit immediate data, accumulator and B regis-
ter, using TBR instruction.

Instruction 2nd Word

E;NRALP]L] T T Pl T T T T T - T T T T T T T T T
(CALL) L OJCOdJe gds  ds da d3) d ) di dol

SN PN
JLllLLl

TII1 1]

Ll
Program Counter PCn PCu PC., PCm PC; PC- PC7 P05 PCs PC. PCs PC: PC, PCoI

(a) Direct Addressing

Instruction

T T T T T T

- T T
(BR) OPCodil;b7 bs bs bs bs
-

T ITT]

T T T T T
Program Counter |PC,,: PCy, PCy; PCyo! PCs PCs PC, PCs PCs PCs PCs PC, | PC, PC"I
1 . " 1 1 1 1 . 1 A 1

!

(b) Current Page Addressing

“0" “0”

‘l'l

0

Instruction
T T T T T T T T
(CAL) oP Cod(le 3 A @ @ A A
Il L Al 1 1
R AEEREREE
T [ T T T

Y ¥y Vv v ¥
LL AR N R B

Program Counter[PC.;]PC., PCy; PC1o PCy PCs PC, PCs PCs PC, PC3 PC, PC, PCo
L TR i — A e i | | L 1 1

(c) Zero Page Addressing

Instruction

Ja

(TBR) I bP C'ode'
- 1 A

E
A

T T T

P2 P1
L L L

P .
"J B Register Accumulator

v Y

T T T T T
Ijs B, B: BolAa Az Ay Aol

T

TTIT 1117

T T T

Program Counter IPC.,IPC,: PCy,y PCW PC; 'PC; PC, PCg[PC; PC. PC;‘PC, PC| PCo

—

(d) Table Data Addressing

Fig. 22 ROM Addressing Mode
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Instruction
—— ———
" | |
® , OP Code Pr P P P B Register Accumulator
T T T T T T
ljg Ba . B Bo | Azl A A Agl
L 1
T NEEEEEY
1y
T T 1 T T T T

Referred ROM Addressl

T T T T
RAsRA;, RALRA,, RA;, RA, RA, RAs RA;s RAs RA;, RA, RA, RAoI
L L s L L ! L L L L L " L

(a) Address Designation

Ll
ROM Datalﬁo9 Ro. Ro7 Ro.s Ros Ro. RO, RO, RO, ROoI

}J}++J++

B, B;B

Accumulator, B Reguster[ B
. L

As Az
L L

A, A,| :1fROg =1

ROM Data Lno RO, RO, Ro, RO. RO, no, RO, RO, RO

6%&&144&

Output Register R1 R2| R23 R,, R, R,‘,]Fl.3 Ry, R,, R"’I

1 1f ROy =1

b

Fig. 23

@ P Instruction

The P instruction refers ROM data addressed by Table Data
Addressing. ROM data addressed also determine its destination.
When bit 8 in referred ROM data is “1”°, 8 bits of referred

N

256(n -1+ 255
H BR AAA 256n

NOP

™ BR AAA
o BR 888

256n 4254
25604255
256(n+ 1)

888 NOP

/‘\/

Fig. 24 The Branch Destination by BR Instruction on
the Boundary between Pages

Pattern Output

P Instruction

ROM data are written into the accumulator and B Register.

When bit 9 is “1”, 8 bits of referred ROM data are written into

the R1 and R2 port output register. When both bit 8 and 9 are

“1”, ROM data are written into the accumulator and B Register

and also to the R1 and R2 port output register at a same time.
The P instruction has no effect on the program counter.

® Description of the branch destination on page boundary
When BR is on page boundary (256n + 255), BR instruction
transfers the contents of PC to the next page with hardware
architecture. Therefore, the program branches to the next page
when using BR on page boundary.
The HMCS400 series cross macro assembler has automatic
paging facility for ROM page.

= INSTRUCTION SET
The HMCS404C/CL/AC provide 99 instructions. These in-

structions are classified into 10 groups as follows;

(1) Immediate Instruction

(2) Register-to-Register Instruction

(3) RAM Address Instruction

(4) RAM Register Instruction

(5) Arithmetic Instruction

(6) Compare Instruction

(7) RAM Bit Manipulation Instruction

(8) ROM Address Instruction

(9) Input/Output Instruction

(10) Control Instruction
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Table 22. Immediate Instruction

WORD,
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS /
YCLE
Load A from Immediate LAl i 10001 1izizirio i—A 1.1
Load B from Immediate LBl i 100000i3izi1i0 i—B 1,1
Load Memory from Immediate LMID iid [OTTOTOi3iz2i1i —M
M Y| ddedrdsds ey | 22
Load Memory from Immediate, IncrementY | LMIIY i 10100 Tizizirio [i-PMY+15Y NZ 1.1
Table 23. Register-to-Register Instruction
WORD
OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS /tv)(:s
Load A from B LAB 0001001000O0 B—A 11
Load B from A LBA 0011001000 A-B 11
Load A from Y LAY 0010101111 Y—-A 11
Load A from SPX LASPX 0001101000 SPX—A 1.1
Load A from SPY LASPY 0001011000 SPY—A 1.1
Load A from MR LAMR m 100 1 1 1 mamamimo| MR(m)—A 11
Exchange MR and A XMRA m 101 1 1 1 mamammo| MR(m)-A 1.1
Table 24. RAM Address Instruction
WORD.
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS /téE
Load W from Immediate Lwit i 00111100i,i, i—W 1.1
Load X from Immediate LXt 100010i3iz2i1i0 i—X 1,71
Load Y from Immediate Lyt i 100001 i3izirio —Y 1.1
Load X from A LXA 0011101000 A—X 1,1
Load Y from A LYA 0011011000 A—Y 1,1
Increment Y Y 0001011100 Y+1--Y NZ 1.1
Decrement Y DY 0011011111 Y-1-Y NB 1.1
Add AtoY AYY 0001010100 Y+A-Y OVF 11
Subtract A from Y SYY 0011010100 Y-A-Y NB 1.1
Exchange X and SPX XSPX 0000000001 Xe>SPX 1.1
Exchange Y and SPY XSPY 0000000010 Y SPY 11
Exchange X and SPX,Y and SPY XSPXY 0000000011 | Xe>SPX,Y~SPY 1.1
Table 25. RAM Register Instruction
WORD
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS /
CYCLE
Load A from Memory LAM(XY) [00100100yx M-A, (¥3E%) 1,1
0110010000
Load A from Memory LAMD d Qo ds 07 ds s da 0 0 1 do M—A 2,2
Load B from Memory LBM(XY) |00010000y x M-B, ¥-3%) 11
Load Memory from A LMA(XY) [00100101yx A-M, (=88 11
| sad Maomaory from A iman 4 10110010100 A_an n a
Load Memory from A LMAD d ) dods dedsdad do A—M 2,2
Load Memory from A, Increment Y LMAIY(X) 000101000 x |A>M.Y+ 1-5Y(X--8PX) Nz 1.1
Load Memory from A, Decrement Y LMADY(X) [001101000x [A-MY—1-Y(X+SPX) NB 1.1
Exchange Memory and A XMA(XY) |00100000y x MeA, (5:5P%) 1,1
0110000000 MoA
Exchange Memory and A XMAD d s s G o s s G Gl 2/2
Exchange Memory and B XMB(XY) [00110000y x M<B, (523 11
G HITACHI
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Note) (XY) and (x) have the meaning as follows:

(1)

The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.)

MNEMONIC |y | x FUNCTION
LAM 0:0
LAMX 01 X ©SPX
LAMY 1.0 Y ©SPY
_ =AY H T
LAMXY 11 X ©'SPX, Y ©SPY
(2) The instructions with (x) have 2 mnemonics and 2 object codes for each. (example of LMAIY (X) is given below.)
MNEMONIC x FUNCTION
LMAIY 0
LMALY X 1 X ©SPX
Table 26. Arithmetic Instruction
WORD.
OPERATION MNEMONIC | OPERATION CODE FUNCTION | STATUS /
CYCLE
Add Immediate to A Al i 101000izizitio A+i-A OVF
Increment B 1B 0001001100 B+1-B NZ
Decrement B DB 0011001111 B-1-B NB
Decimal Adjust for Addition DAA 0010100110
Decimal Adjust for Subtraction DAS 0010101010
Negate A NEGA CCC118C8CCC A+ 1A i
Complement B CcOmMB 0101000000 B--B 1.1
Rotate Right A with Carry ROTR 0010100000 1.1
Rotate Left A with Carry ROTL 0010100001 171
Set Carry SEC 0011101111 1--CA 1.1
Reset Carry REC 0011101100 0--CA 11
Test Carry TC 0001101111 CA 11
Add A to Memory AM 0000001000 M+A-A OVF 1.1
01 .
Add A to Memory AMD d 9100001099 M+A-A OVF |22
Add A to Memory with Carry AMC 0000011000 | MEACAZA OVF | 1.1
i 01000711000 [ MtA+CA-A p
Add A to Memory with Carry AMCD d G da dy ds ds de dy 0y 1 do OVESCA OVF 272
Subtract A from Memory with Carry | SMC 0010011000 | MATCESA T Ng | 1.1
; 0711 71 M—A_CA—A -
Subtract A from Memory with Carry | SMCD d ds dsmgs& da dagz& go NBDCA NB 2.2
OR A and B OR 0101000100 AUB —A 1.1
AND Memory with A ANM 0010011100 ANM--A Nz 1.1
: 011001710 Mo =
AND Memory with A ANMD d Q110010039  ANM-A NZ |22
OR Memory with A ORM 0000001100 AUM-A Nz 11
i 010 011 N -
OR Memory with A ORMD d dgdad7gsgsd4d3dzgy 80 AUM-—A Nz 22
EOR Memory with A EORM 0000011100 ADM—A NZ 1.1
i 0100011100 F -
EOR Memory with A EORMD d dade dy ds 05 di s 0 0 do APM-A NZ 272
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WORD
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS AE
Y
Immediate Not Equal to Memory INEM i 00001 0i3izirio i#M NZ 1.1
Immediate Not Equal to Memory INEMD i,d gsgsggs;sg«' a'fzi&i& i £M NZ 2.2
A Not Equal to Memory ANEM 0000000100 A+M NZ 1.1
1 100 ,
A Not Equal to Memory ANEMD d Q1000001001 A#m NZ |22
B Not Equal to Memory BNEM 0001000100 B£M NZ 1.1
Y Not Equal to Immediate YNEI i 00011 1izizirio Y& NZ 1.1
Immediate Less or Equal to Memory ILEM i 00001 1izizirio is™M NB 1,1
Immediate Less or Equal to Memory ILEMD id gggeggﬂ}s(}‘i:gzid“ in isM NB 22
A Less or Equal to Memory ALEM 0000010100 A<M NB 1.1
01000101
A Less or Equal to Memory ALEMD d [§10Q0010100 1 Asm NB | 2.2
B Less or Equal to Memory BLEM 0011000100 B<M NB 1.1
A Less or Equal to Immediate ALEI i 10101 1iziz2i1i0 A<i NB 1.1
Table 28. RAM Bit Manipulation Instruction
WOR
OPERATION MNEMONIC | OPERATION CODE FUNCTION |STATUS /CY[::/LE
Set Memory Bit SEM n 00100001 nine 1-M(n) 1.1
i 1 01 .
Set Memory Bit SEMD nd [Q110000 1 nme] 1-Min) 2,2
Reset Memory Bit REM n 001000 10nino 0—-M(n) 11
i 0010 ;
Reset Memory Bit REMD nd [ 110001900 0—Min) 2,2
Test Memory Bit T™ n 0010001 1nino M(n) 1.1
B 1
Test Memory Bit TMD nd g93337odsgsgaéjdzr&:'ag M) | 2/12
Table 29. ROM Address Instruction
WORD,
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS /
CYCLE
Branch on Status 1 BR b 1 1 bsbebsbabsbabibo 1 1,1
010111 PappiPo .
Long Branch on Status 1 BRL u do dg d ds s dl%}dz(ﬁ % 1 2,2
Long Jump Unconditionally JMPL u ggég,ésdsémfgfg"dpf 2,2
Subroutine Jump on Status 1 CAL a | 0111 asasazazarao 1 1,72
Long Subroutine Jump on Status 1 CALL u 99&897&359‘%’:&25“3: 1 2,2
Table Branch TBR p 001011 pspzpipo 11
Return from Subroutine RTN 0000010000 1./3
Return from Interrupt RTNI 0000010001 |oa R‘E’SIT/%RE 1,3
Table 30. Input/Output Instruction
'WORD,
OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS /
CYCLE
Set Discrete I/0 Latch SED 0011100100 1-D(Y) 1.1
Set Discrete I/0 Latch Direct SEDD m [1 0 1 1 1 0 mamamimo 1-D(m) 11
Reset Discrete I/0 Latch RED 0001100100 0-D(Y) 11
Reset Discrete 1/0 Latch Direct REDD m {1 00 1 1 0 mimmmo 0—D(m) 11
Test Discrete 1/0 Latch TD 0011100000 D(Y) 11
Test Discrete /0 Latch Direct TOD m {1010 1 0 mmmmo D(m) 11
Load A from R-Port Register LAR m {10010 1 mmmme R(m)—A 11
Load B from:R-Port Register LBR m |1 0010 0 mammmo R(m)-B 11
Load R-Port Register from A LRA m (101101 mammmo A—R(m) 11
Load R-Port Register from B LRB m (101100 mmmmo B—R(m) 11
Pattern Generation P p {01101 1 papapipo 1,2
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Table 31. Control Instruction
WORD,
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS /
CYCLE
No Operation NOP 00000000OO0O0 11
Start Serial STS 0101001000 11
Stand-by Mode SBY 0101001100 1.1
Stop Mode STOP 0101001101 11
Table 32. Op-Code Map
R8 0 1
EINNEIE 2H4 s[6]7]8[s[alB]c[D]|E[Flo][1[2]3[4]s]e]7[8]s]A[B]c[P[E[F]
O [NOPXSPX!XSPY XS;V A?M AM ORM fanem AMD ToRm0]
1 [RTNRTNT ALEM] AM(] EoRM Fiow) Jauc) o
2 INEM 4 o INEMD i@
3 ILEM i(4) ILEMD )
4| LBM(XY) [BNE LAB] /] 1B comal/] OR 1/[srs |/[sav [srw
5 [imavp]_—"Tarv b — [ JMPL pld)
) LASP) C CALL ()
ol? YNEI i(4) BRL pl4)
8] XMAXY) [ SEMn2) | REM ni2) | TMn@2 [w _— | SEMD n(2) I REMD n(2) J ™™D ni2)
9| LAM(XY) [ LMA(XY) [smc[/lmm umj/[[mﬂ/ﬁmcg{ | Towg]
B e T e LAy LMID i(4)
8 TBR pl4) P p(4)
Cl  XMB(XY) oM 18A D8
D [LMADY(X] sy| LYA DY
Y CAL a(6)
£ ™D SED XA REC] SEC
F LWI i(2)
0 LBl i(4)
1 Ly! i(4)
2 LXI i(4)
3 LA i(4)
a LBR m(4)
5 LAR m(4) 7
6 REDD m(4)
7 LAMR m(4)
1 s i @ BR b(8)
9 Y i(4)
A TOD m(4)
B ALE i)
c LRB m(4)
D LRA m(4)
E SEDD m(4)
3 XMRA m(4)
e 1-word/2-cycle [ ES 1-word/3-cycle ro)e RAM Direct Address roe 2-word/2-cycle

Instruction Instructi

on Instruction
(2-word/2-cycle)
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HMCS404C/CL/AC Date of Order
MASK OPTION LIST Customer
Dept.
5V Operation : 0 HMCS404C Name
3V Operation : OHMCS404CL ROM Code Name
High Speed Operation : O HMCS404AC LSI Type Number
(Hitachi's entry)
* Please enter check marks in O (m, X, V).
(1) 1/0 Option Note (I/O options masked by & are not available.)
1/0 OPT]ON 1/0 OPTION J
PIN INPUT/QUTPUT ATETC J PIN INPUT/OUTPUT AT cToTE
Do o Input/Output / 777 / Rag Input/Output
D, .§ 21 _Input/Output ////// RS R3; Input/Output
D, § & [ Input/Output ///// R3z Input/Output
D3 « Input/Output 727 R33 Input/Output
[H Input/Output_ 777277722 Rag Input/Output
Ds Input/Output 772 7 R4 Ra; Input/Output
D¢ . | InpuOutput 772 72 Ray Input/Output
D, £ [[nput/Output 77 /////// Ra3 Input/Output
Dg 3 Input/Output Rso Input/Output
Dy £ Input/Output , RS Rs) Input/Output
Do S Input/Output 7777 7 Rsy Input/Output
D), 5, [_Input/Output %%% Rs3 | Input/Output
D, T Input/Output 747 | Reo | £ Output
D13 Input/Output 7 7 RE Re1 | © Output
D4 Input/Output ////,//// Rez | 8 Output
D;s input/Output 777 ) Re3 § Output
R0 @ Output
R7 Rq) Output
Roo Output 277,77/ Ray Output
RrolRoL ://////%7////, Ra3 Output
Ro2 Output %///%//%/ Rgo Output
Ro3 | & Output R8 Rai Output
Rio | & Input/Output Rg2 Qutput
R1 Ryt g’ Input/Output Rg3 Output
Ri2 | o Input/Output Ro Roo Input
Ris i Tnput/Output Ro1 Input
Ry | 2 Input/Output Rg2 Input
R21 T Input/Output Roy3 Input
R2 Roo Input/Output RA RAQ 55 Input
Ra3 Input/Output Ra1 |£<4q] Input Please mark on
3 Ra1/Vdisp
* Please enter ‘O in applicable item for 1/O option selection.
A; Without Pull-up MOS (NMOS Open Drain} B; With Pull-up MOS
C; CMOS (not be used as Input)
D: Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS
{2) RA1/Vdisp (3) Package
Ra1/Vdisp Package
O Ra1: Without Pull-down MOS (D) O DP-64S (shrink package)
O Vdisp O FP-64

* Please enter check marks (W, X, V4 in applicable item.

* Please enter check marks (M, X,\/) in applicable item.

Note) Ra1/Vyisp has to be selected as Vgisp Pin except for the case that all High Pins are option D.

(4) Divider (DIV)

(5) ROM Code Media

Clock Divide Ratio

ROM Code Media

I's Divided-by-8

O EPROM: Type

0 EPROM: EPROM On-Package Microcomputer Type

Check List of Application

(A) Oscillator (CPG option)

0 404C (5V Operation)

0 404CL {3V Operation)

0 404AC (High Speed Operation

)

O Resistor (R = 20kQ+2%)

CPG O Ceramic Filter

0 Ceramic Filter

O Ceramic Filter

Option DO Crystal

O Crystal

O Crystal

O External Clock

O External Clock

O External Clock

* Please enter check marks (W, X,\/} in applicable item.
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HMCS408AC

(HD614080/HD614085/HD614088)

Description

The HMCS408C/CL/AC are CMOS 4-bit
single-chip microcomputers in the HMCS400
series. Each device incorporates ROM, RAM,
I/0, Serial Interface and 2 timer/counter and
contain high-voltage I/0 pins including high-
current output pins to drive fluorescent dis-
play tude directly.

Features

4-bit architecture

8192 words of 10-bit ROM

812 digite of 4-bit RAM

58 1/0 pins, including 26 high-voltage I/O
pins (40 V max)

2 Timer/counter

—11-bit prescaler

—8-bit free running timer/counter
—8-bit auto-reload timer/event counter
® Clock synchronous 8-bit serial interface
® Five interrupt sources

—External: 2

—Timer/counter: 2

—Serial interface: 1

® Subroutine stack

—TUp to 16 levels including interrupts

® Minimum instruction execution time

—0.89 uxs: HMCS408AC

—1.78 xs: HMCS408C

—3.55 us: HMCS408CL

® Low power dissipation modes

—Standby: Stops instruction execution
while allowing clock oscillation and
interrupt functions to operate.

—Stop: Stops instruction execution and
clock oscillation while retaining RAM
data.

® On-chip oscillator

—Crystal or ceramic filter
(externally drivable)

® Package

64-pin shrink dual in-line plastic package

64-pin flat plastic package

® Instruction set compatible with HMCS

404; 101 instructions )

word ROM: 79 single-word instructions

® Direct branch to all RAM areas

® Direct or indirect addressing of all RAM
areas

® Subroutine nesting up to 16 levels includ-

ing interrupts

® Binary and BCD arithmetic operations

® Powerful logical arithmetic operations

® Pattern generation-table lookup capabil-
ity

® Bit manipulation for both RAM and 1I/O

Program Development Support Tools

® Cross assembler and simulator software for
use with IBM PCs and compatibles
® In circuit emulator for use with IBM PC
HD614P080S/HD614P0160S with the fol-
lowing fixed options:
—I/0 pin: open drain
—Oscillator: crystal or ceramic filter oscil-
lator
(externally drivable)
Divider: Divided by 8
—Package:
64-pin shrink dual in-line plastic pack-
age
64-pin flat plastic package
® Programming socket adapter for program-
ming the EPROM-on-chip device

Type of Products

Item HMCS408C HMCS408CL HMCS408AC
Power Supply 3.5 to 6 25t06 4.51t06

V)

Typical 2 4 1

instruction

Cycle Time (us)
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Pin Arrangement

176
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Block Diagram

Réo/Ré/Ray/ R3s/ R3y/ —
SCKSI SO INT, INTo RESET TEST OSC, 0SC, Vcc GND
ey L — N
L ; _R_A_oJ‘ Is::g:n. TIMER | TIMER EXTERNAL SYSTEM CONTROL
RO, FACE A B INTERRUPT
R9. ROM
Rsf R9 [ INTERRUPT CONTROL
R9,
8192 X 10bit
R8; = | ! INSTRUCTION]
RS, e K= RAM 512 x 4bit DECODER
R8 c
R8, <
>
7y ] iji J
C )

R7, =
a7 o] 7 K r ft f it
e ] I/ |
R63 -— I
R6, w X Y sT| [cA] A ] I PC J
R6, <] A6 (:: 7S
R6o<—
RS SPX SPY

3 -
R5; <]
RS, =] 75 () A > <
R5q=—] ]

so s SCK iNT,

D-PORT

iNTs

lm_)J © [“2 [l L= ]
T T 1 TR

R43R4z/ R4,/ Rdy/ R3y/A3:/RIR3, 'D R2:R2R2 R4
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Pin Description
GND, Vcc, Vaisp (Power)

These are the power supply pins for the MCU.
Connect the GND to the ground (0 V) and
apply the Vcc power supply voltage to the
Vce pin. The Vagisp pin (multiplexed with RA;)
is a power supply for high-voltage I/O pins
with maximum voltage of 40 V (Vcc—40 V).
For details, see Input/Output section.

TEST (Test)

TEST is for test purposes only. Connect it to
Vcc.

RESET (Reset)

RESET resets the MCU. For details, see Reset
section.

OSC;, OSC: (Oscillator Connections)

OSC; and OSC:; are input pins for the internal
oscillator circuit. They can be connected to a
crystal resonator, ceramic filter resonator, or
external oscillator circuits. For details, see
Internal Oscillator Circuit section.

Do-D1s (D Port)

The D port is an input/output port addressed
by the bit. These 16 pins are all input/output
pins. Do to D3 are standard and D4 to Dys are
high-voltage pins. The circuit type for each

pin can be selected using a mask option. For
details, see Input/Output section.

RO0o-RO3, R1o-R13, R20-R23, R30-R33, R40-R43,
R50-R53, R60-R63, R70-R73, R80-R83, R9o-
R93;, RAo, RA; (R Ports)

RO to R9 are 4-bit I/O ports. RA is a 2-bit port.
RO, R6, R7 and R8 are an output port, R9 and
RA are an input port, and R1 to R5 I/O ports.
RO, R1, R2, and RA are high-voltage ports, and
R3 to R9 are standard ports. Each pin has a
mask option which selects its circuit type.
The pins R3z, R33, R4o, R4; and R4; are multi-
plexed with INT, INT;, SCK, SI and SO
respectively. For details, see Input/ Output
section.

INT,, INT: (Interrupts)

INTo and INT: are external interrupts for the
MCU. INT; can be used as an external event
input pin for timer B. INT, and INT; are
multiplexed with R3; and R3; respectively.
For details, see Interrupt section.

SCK, SI, SO

The transfer clock I/O pin (SCK), serial data
input pin (SI) and serial data output pin (SO)
are used for serial interface. SCK, SI, and SO
are multiplexed with R4y, R4; and R4;
respectively. For details, see Serial interface.

Functional Description
ROM Memory Map

The MCU includes 8,192 words X 10 bits of
ROM. ROM is described in the following par-
agraphs and the ROM memory map (figure 1).

Vector Address Area (S0000 to SOOOF):
Locations $0000 through $000F are reserved
for JMPL instructions to branch to the start-
ing address of the initialization program and
of the interrupt service programs. After reset
or interrupt routine is serviced, the program
is executed from the vector address.

Zero-Page Subroutine Area (S0000 to
S003F): Locations $0000 through $003F are
reserved for subroutines. CAL instructions
branch to subroutines.

Pattern Area ($0000 to SOFFF): Locations

$0000 through $0FFF are reserved for ROM
data. P instructions allow referring to the
ROM data as a pattern.

Program Area (S0000 to S1FFF): Locations

from $0000 to $1FFF can be uged for program

n
............ 22202 can De used Ior program

RAM Memory Map

The MCU includes 512 digits of 4-bits RAM as
the data and stack area. In addition to these
areas, interrupt control bits and special func-
tion registers are also mapped on the RAM
memory space. RAM memory map (figure 2)
is described in the following paragraphs.

Interrupt Control Bit Area (S000 to $003):
The interrupt control bit area (figure 3) is
used for interrupt controls. It is accessable
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only by a RAM bit manipulation instruction.
However, the interrupt request flag cannot
be set by software. The RSP bit is used only to
reset the stack pointer.

Special Function Registers Area (S004 to

mode or data registers for the external inter-
rupt, the serial interface, and the timer/
counter. These registers are classified into
three types: write-only, read-only, and read/
write as shown in figure 2. These registers
cannot be accessed by RAM bit manipulation

S00B): The special function registers are the instructions.
o $0000 9] JMPL Instruction J1s0000
Vector Address 1| (Jump to RESET Routine) |$0001
15 $SO00F 2 R JMPL Instruction _|$0002
16 $0010 3 (Jump to INT, Routine) |$0003
Zero-Page Subroutine 4l JMPL Instruction |$0004
r (64Words) 5 (Jump to INT; Routine) $0005
63 $003F 6| JMPL Instruction 180006
64 $0040 7| (Jump to TIMER A Routine) |$0007
Pattern 8 | JMPL Instruction {80008
} (4096 Words) 9| (Jump to TIMER B Routine) |$0009
4085 $OFFF 10 $000A
4096 $1000 11 B $000B
Program 12| JMPL Instruction _|$o00C
(8192 Words) 13| (Jump to SERIAL Routine) |$000D
I{
j ores 14 $000E
8191 15 $000F
8192 23555
Not Used
16383 $3FFF
Figure 1. ROM Memory Map
0 $000 0 $000
RAM- ed Regist 1 $ 001
M-mapp egisters Interrupt Control Bits $002
534; $01F 2
Memory Registers (MR) 3\020 3 - $003
a7l o ds02F 4| Port Mode Reg. (PMR): W | $ 004
48 $ 030 5| Serial Mode Reg. (SMR); W | $ 005
6| Serial Data Reg. Lower (SRL)IR/W| $ 006
Data 7| Serial Data Reg. Upper (SRU)!IR/W| $ 007
(448 Digits) 8| Timer Mode Reg. A (TMA), W |$008
9| Timer Mode Reg. B (TMB)i W | $009
479 $ 10F ol mer & (TCBL/TLRL)'R/W| $ 00A
480 $ 1E0 1 (TCBU/TLRU){R/W| $ 00B
Not Used 12 $00C
959 3BF
960 g 3Co Not Used
Stack
t (64 Digits) 3 $o1F
1023 $ 3FF
*Two registers are mapped on same address.
R :Read Onl Timer/Event Counter H Timer Load Reg. Lower |
W e omb 10| Blower (TcBL IR (TLRL) 1W|s00A
» Write Only 11| Timer/Event Counter v r| Timer Load Re?. Upper !w|s008B
R/W: Read/Write B Upper (TCBU) 1 (TLRU N
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Data Area ($020 to $1DF): 16 digits of $020
through $02F are called memory registers
(MR) and are accessible by LAMR and XMRA
instructions (figure 4).

Stack Area ($3CO0 to S3FF): Locations $3C0
through $3FF are reserved for LIFO stacks to
save the contents of the program counter
(PC), status (ST) and carry (CA) when su-

broutine call {(CAL-instruction, CALL-
instruction) and interrupts are serviced. This
area can be used as a 16 nesting level stack in
which one level requires 4 digits. Figure 4
shows the save condition. The program
counter is restored by RTN and RTNI instruc-
tions. Status and carry are restored only by
RTNI instruction. This area, when not used for
a stack, is available as a data area.

bit 3 bit 2 bit 1 bit O
IMO IFO RSP I/E
(0] — — . / $000
(IM of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag)
1 IMTA IFTA IM1 IF1 $001
(IM of TIMER A) (IF of TIMER A) (IM of INT4) (IF of INTy)
IMTB IFTB
2 Not Used Not Used $002
(IM of TIMER B) (IF of TIMER B)
IMS IFS
3 Not Used Not Used $003
(IM of SERIAL) (IF of SERIAL)

IF:  Interrupt Request Flag
IM:  Interrupt Mask
I/E:  Interrupt Enable Flag
SP: Stack Pointer
Note:

affected by the SEM/SEMD instruction.

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not

The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction.

Figure 3. Configuration of Interrupt Control Bit Area

Memory Registers Stack Area
32| MR(O) |$020  960| Level 16 [$3CO
33| MR(1) [$021 Level 15 PC13 to PCo: Program Counter
34| MR(2) $022 Level 14 S T: Status
35| MR(3) [$023 Level 13 CA: Carry
36| MR(4) $024 Level 12
37] MR |s025 Lovel 11 Note: As the HMC.S408C/CL/AC have 8k
ROM, PC,; is not used.
38| MR(6) |$026 Level 10
39| MR(7) |[$027 Level 9 bit 3 bit 2 bit 1 bit O
40| MR(®) ]so2s Level 8 ! v $3FC
a1 MRO) |so29 Lovel 7 1020 ST PCo POz PCn
42 MR(10) |$02A Level 6 — T saro
43[_MR(11) |s028 Level 5 1021 PCwo PG PG PO
44| MR(12) |$02C Level 4 T sare
P

45| _MR(13)_[$020 Lovel 3 1022 cA PG PG PG
46| MR(14) |$02E Level 2 — v __

1023 PCs PC2 PC1 PCo $3FF
47| MR(15) |$02F 1023| Level 1 [S3FF | | A
Figure 4. Configuration of Memory Register, Stack Area and Stack Position
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Registers and Flags

The MCU has nine registers and two flags for
the CPU operations (figure 5).

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results of
the arithmetic logic unit (ALU), and transfer
data to/from memories, I/0, and other regis-
ters.

W Register (W), X Register (X), Y Regis-
ter (Y): The W register is a 2-bit, and the X
and Y registers are 4-bit registers used for
indirect addressing of RAM. The Y register is
also used for D port addressing. The W regis-
ter is a write-only register.

SPX Register (SPX), SPY Register (SPY):
The 4-bit registers SPX and SPY are used to
assist the X and Y registers respectively.

Carry (CA): The carry (CA) stores the over-
flow from ALU generated by an arithmetic

operation. It is also affected by SEC, REC,
ROTL and ROTR instructions.

During interrupt servicing, carry is pushed
onto the stack. It is restored by a RTNI

instruction, but not by a RTN instruction.

Status (ST): The status (ST) holds the ALU
overflow, ALU non-zero, and the results of bit
test instruction for the arithmetic or compare
instructions. It is a branch condition of the BR,
BRL, CAL, or CALL instructions. The value of
the status remains unchanged until the next
arithmetic, compare, or bit test instruction is
executed. Status becomes 1 after the BR, BRL,
CAL, or CALL instruction whether it is
executed or skipped. During interrupt servic-
ing, status is pushed onto the stack and res-
tored back from the stack by a RTNI instruc-
tion, but not by a RTN instruction.

Program Counter (PC): The program
counter is a 14-bit binary counter which con-
trols the sequence in which the instructions
stored in ROM are executed.

Stack Pointer (SP): The stack pointer (SP) is
used to point the address of the next stacking

mvmm e ALY 1
aica (Up Lo 1uU 1EeVeELS).

The stack pointer is initialized to RAM
address $3FF. It is decremented by 4 when
data is pushed onto the stack, and in-
cremented by 4 when data is restored from it.

w

w
IH
o

Accumulator

B Register
‘ITW Register
3 [o]
3 0
3 [¢]
SPX SPX Register
3 [0]
SPY SPY Register
Carry Flag
Status Flag
13 0
l PC ] Program Counter
9 5 0
1] 1 l 1 I 11 SP IStack Pointer
@ HITACHI

Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300 181



HMCS408C/HMCS408CL/HMCS408AC

The stack can only be used up to 16 levels
deep because the upper 4 bits of the stack
pointer are fixed at 1111.

The stack pointer is initialized to $3FF by
either MCU reset or the RSP bit reset by a
REM/REMD instruction.

Interrupt

Five interrupt sources are available on the
MCU: external requests (INTo, INT:), timer/
counter (timer A, timer B), and serial interface
(serial). For each source, an interrupt request
flag (IF), interrupt mask (IM) and interrupt
vector addresses are provided to control and
maintain the interrupt request. The interrupt
enable flag (IE) is also used to control an
interrupt operations.

Interrupt Control Bits and Interrupt
Service: The interrupt control bits are
mapped on $000 through $003 of the RAM
space. They are accessible by RAM bit
manipulation instructions. (The interrupt
request flag (IF) cannot be set by software.)
The interrupt enable flag (IE) and IF are
cleared to 0, and the interrupt mask (IM) is set
to 1 at initialization by MCU reset.

Figure 6 is a block diagram of the interrupt
control circuit. Table 1 shows the interrupt
priority and vector addresses, and table 2
shows the interrupt conditions corresponding
to each interrupt source.

The interrupt request is generated when the
IF is set to 1 and IM is O. If the IE is 1 at this
time, the interrupt will be activated and

D__ « Push PC/CA/ST
- Reset I/E

Sequence Control

« Jump to Vector
Address

. —> Vector Address
Priority Control PLA |——

Figure 6.

Interrupt Control Circuit Block Diagram
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vector addresses will be generated from the
priority PLA corresponding to the interrupt
sources.

Figure 7 shows the interrupt service
sequence, and figure 8 shows the interrupt
service flowchart. If an interrupt is requested,
the instruction being executed finishes in the
first cycle. The IE is reset in the second cycle.
In the second and third cycles, the carry,
status and program counter are pushed onto
the stack. In the third cycle, the instruction is
re-executed after jumping to the vector
address.

In each vector address, program a JMPL
instruction to branch to the starting address
of the interrupt service program. The IF
which caused the interrupt service must be
reset by software in the interrupt service
program.

Interrupt Enable Flag (I/E: $000 bit 0):
The interrupt enable flag enables/disableg
interrupt requests as shown in table 3. It is

reset by interrupt servicing and set by the
RTNI instruction.

External Interrupts (INT,, INT:): The
external interrupt request inputs (INTo, INT})
can be selected by the port mode register
(PMR: $004). Setting bit 3 and bit 2 of PMR
causes R33/INT; pin and R32/INTo pin to be
used as INT; pin and INT, pin respectively.

The external interrupt request flags (IF0, IF1)
are set at the falling edge of INTy and INT;
inputs. (Refer to table 4.)

The INT; input can be used as a clock signal
input to timer B. Then, timer B counts up at
each falling edge of the INT; input. When
using INT; as timer B external event input,
external interrupt mask (IM1) has to be set so
that the interrupt request by INT; will not be
accepted. (Refer to table 5.)

External Interrupt Request Flags (IFO:
€000 Lit 2, IFi: 5001 bit 0): The external
interrupt request flags (IFO, IF1) are set at the

Table 1. Vector Addresses and Inter-
rupt Priority

Reset, Interrupt Priority Vector addresses

RESET - $0000
INTo 1 $0002
INT, 2 $0004
Timer A -3 $0006
Timer B 4 $0008
SERIAL 5 $000C

Table 2. Conditions of Interrupt Service

Interrupt Control Bit INTo INTy Timer A Timer B Serial
I/E 1 1 1 R 1
IFO - IMO 1 0 0 0 0
IF1 - IM1 * 1 0 0 0
IFTA - IMTA * * 1 0 0
IFTB - IMTB * * * 1 0
IFS - IMS * * * * 1
* Don't care
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falling edge of the INTo, and INT; inputs
respectively.

External Interrupt Masks (IM0: S000 bit
3, IM1: $001 bit 1): The external interrupt
masks mask the external interrupt requests.

Port Mode Register (PMR: $004): The port
mode register is a 4-bit write-only register
which controls the R3;/INT, pin, R33/INT; pin,
R4,/SI pin, and R4,/SO pin as shown in table
6. The port mode register will be initialized to
$0 by MCU reset. These pins are therefore
initially used as ports.

Table 3. Interrupt Enable Flag Table 6. Port Mode Register
Interrupt Enable Flag Interrupt Enable/Disable PMR3 R33/INT; Pin
0 Disable 0 Used as R33 port input/output pin
1 Enable 1 Used as INTy input pin
Table 4. External Interrupt Request PMR2 R32/INTo Pin
Flag
0 Used as R3z port input/output pin
External Interrupt Request Flags  Interrupt Requests —
1 Used as INTg input pin
(o] No
1 Yes PMR1 R44/S1 Pin
0 Used as R44 port input/output pin
Table 5. External Interrupt Mask
1 Used as Si input pin
External Interrupt Masks Interrupt Requests
(o] Enable PMRO R4,/SO Pin
1 Disable (masks) 0 Used as R47 port input/output pin
1 Used as SO output pin
Instruction 1 2 3 a4 5 6
Cycles
F f ; f f f |
Instruction
execution
. Stacking,
Interrupt Stacking,
accepted Reset of I/E Yector address
is generated

JMPL instruction execution on the
vector address

Instruction
execution at
starting address
of the interrupt
routine

¢

Figure 7. Interrupt Servicing Sequence
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RESETk?NO

Yes
|nterm Yes
Request
?
No
(A) (B) (C)
Reset Execute Interrupt
MCU Instruction Accept
PC—(PC)+1 I/E— 0
Stack—(PC)
Stack—(CA)
Stack—(ST)
F— PC+—$ 0002
=1 PC+—$ 0004
T
<{  PC-$0006 |r:$'r:r'uﬁt
~{  Pc—s 0008 ;E:;:E:ugt
= PC—$000C
(Serial Interrupt)
Figure 8. Interrupt Servicing Flowchart
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Serial Interface

The serial interface is used to transmit/
receive 8- bit data serially. This consists of the
serial data register, the serial mode register,
the octal counter and the multiplexer as
illustrated in figure 9. Pin R4¢/SCK and the
transfer clock signal are controlled by the
serial mode register. The contents of the
serial data register can be written into or
read out by software. The data in the serial
data register can be shifted synchronously
with the transfer clock signal.

STS instruction is used to initiate serial inter-
face operations and to reset the octal counter
to $0. The counter starts to count at the fall-
ing edge of the transfer clock (SCK) signal
and increments by one at the rising edge of
the SCK. When the octal counter is reset to $0
after eight transfer clock signals, or when a
transmit/receive operation is discontinued by
resetting the octal counter, the serial inter-
rupt request flag will be set.

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls
the R40/SCK, prescaler divide ratio, and
transfer clock source as shown in table 7.

The write signal to the serial mode register
controls the operating state of the serial

interface.

The write signal to the serial mode register
stops the serial data register and octal
counter from applying transfer clock, and it
also resets the octal counter to $0 simultane-
ously. Therefore, when the serial interface is
in the transfer state, the write signal causes
the serial mode register to cease the data
transfer and to set the serial interrupt request
flag.

Contents of the serial mode register will be
changed on the second instruction cycle after
writing into the serial mode register. There-
fore, it will be necessary to execute the STS
instruction after the data in the serial mode
register has been changed completely. The
serial mode register will be reset to $0 by
MCU reset.

Serial Data Register (SDR: $006, SRU:
$007): The 8-bit read/write serial data regis-
ter consists of a low-order digit (SRL: $006)
and a high-order digit (SRU: $007).

The data in the serial data register will be
output from the SO pin, from LSB to MSB,
synchronously with the falling edge of the
transfer clock signal. At the same time,
external data will be input from the SI pin to
the serial data register, to MSB first,
synchronously with the rising edge of the

OC (3 bit)
System . SROF
Prescaler (11bit) Octal IFS
Clock Counter
I Interrupt
© Request Flag
LA ES N
? °|° $ ? t-:-) $ ?afcgenal Inter-
I Internal Bus Line (S1) l
Serial MPX = +2 MPX
14 14
T SR (8bi1)
13 Serial Data Register ]
SMR (4 bit) PMR (4 bit) 14 14
Serial Mode r—] Port Mode [ ——— — 1
1'4 REG. +4 REG. 1 miernai pus e {92 1
SCK 1
[ Internal Bus Line (S2) I 12
R4o/SCK Ray/si || R4,/50 ||
Port Port Port
SCK Sl SO

Figure 9. Serial Interface Block Diagram

@ HITACHI
186 Hitachi America Ltd.  Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819  (415) 589-8300



HMCS408C/HMCS408CL/HMCS408AC

transfer clock. Figure 10 shows the I/0 timing
chart for the transfer clock signal and the
data.

The read/write operations of the serial data
register should be performed after the com-
pletion of data transmit/receive. Otherwise
the data may not be guaranteed.

Serial Interrupt Request Flag (IFS: S003
bit 0): The serial Interrupt request flag will
be set when the octal counter counts eight
transfer clock signals, or when data transfer is
discontinued by resetting the octal counter.
Refer to table 8.

Serial Interrupt Mask (IMS: S003 bit 1):
The serial Interrupt mask masks the interrupt
request. Refer to table 9.

Selection and Change of the Operation
Mode: Table 10 shows the serial interface
operation modes which are determined by a
combination of the value in the port mode
register and that in the serial mode register.
Initialize the serial interface by the write
signal to the serial mode register, when the
operation mode is changed.

Table 7. Serial Mode Register

SMR3 R4o/SCK

o] Used as R4o port input/output pin

1 Used as SCK input/output pin

Transfer Clock
Prescaler System Clock

SMR2 SMR1 SMRO R4o/SCK Port  Clock Source Divide Ratio Divide Ratio
SCK . .

0 0 (6] Output Prescaler + 2048 + 4096
SCK . .

0 0 1 Output Prescaler + 512 + 1024
SCK . .

0 1 0 Output Prescaler + 128 + 256
SCK . .

0 1 1 Output Prescaler + 32 + 64
SCK . .

1 0 o] Output Prescaler + 8 + 16
SCK .

1 (0] 1 Output Prescaler + 2 4
SCK System o .

! ! 0 Output Clock !

1 1 1 SCK External - o
Input Clock
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Table 8. Serial Interrupt Request Flag Table 10. Serial Interface Operation
Mode
Serial Interrupt Request Flag Interrupt Request Serial Interface
0 No SMR3 PMR1 PMRO Operating Mode
1 Yes 1 0] (0] Clock Continuous
Output Mode

Table 9. Serial Interrupt Mask ! 0 ! Transmit Mode
Serial Interrupt Mask Interrupt Request ! ! 0 Receive Mode

1 1 1 Transmit/Receive
(0] Enable Mode
1 Disable (Mask)

Transfer
Clock
1.2 3 4 5 6 71 8

Serial ' ’

Output LSB MsB
Data ‘

Serial Input

Data

Latch Timing

Figure 10. Serial Interface I/O Timing Chart

Change PMR means the change of
operation mode as below:

Clock + Transmit Mode .

Continuous || - Receive Mode STS Waiting State

Output Mode | | - Transmit/Receive Octal Counter =000
Mode ( )

Transfer Clock Disable

Change PMR*

Transfer Clock g
SCK Waiting State Transfer State
8 Transfer Clocks,
(Octal Counter=000) STS Instruction (Octal Counter#000)

(IFS<1)

Figure 11. Serial Interface Operation State
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Operating State of Serial Interface: The
serial interface has three operating states,
the STS waiting state, SCK waiting state, and
transfer state, as shown in figure 11.

The STS waiting state is the initialization
state of the serial interface internal state. The
serial interface enters this state in one of two
ways: either by changing the operation mode
through a change in the data in the port
mode register, or by writing data into the
serial mode register. In this state, the serial
interface does not operate even if the transfer
clock is applied. If an STS instruction is
executed, the serial interface shifts to SCK
waiting state.

In this state the falling edge of the first trans-
fer clock causes the serial interface shift to
transfer state, while the Octal Counter
counts-up and the serial data register shifts
simultaneously. As an exception, if the clock
continuous output mode is selected, the serial
interface stays in SCK waiting state while the
transfer clock outputs continuously.

The octal counter becomes 000 again by 8

tranefer clocks cor by exccution of STS
instruction, so that the serial interface returns
to SCK waiting state, and the serial interrupt
request flag is set simultaneously.

When the internal transfer clock is selected,
the transfer clock output is triggered by the
execution of an STS instruction, and stops

after 8 clocks.

Example of Transfer Clock Error Detec-
tion: The serial interface functions abnor-
mally when the transfer clock is disturbed by
external noises. In this case, transfer clock
error can be detected by the procedure
shown in figure 12.

If more than 8 transfer clocks are applied in
the SCK waiting state, the state of the serial
interface shifts as the following sequence:
first, transfer state, second, SCK waiting state
and third, transfer state again. The serial
Interrupt flag should be reset before entering
into the STS state by writing data to SMR.
This procudure causes the serial Interface
Request Flag to be set again.

Timer

The MCU contains a prescaler and a timer/
counter (timer A, timer B, figure 13) whose
functions are the same as HMCS404C's. The
prescaler is an 11-bit binary counter, timer A
an 8-bit free-running timer/counter and timer
B is an 8-bit auto-reload timer/event counter.

Prescaler: The input to the prescaler is a
system clock signal. The prescaler is initial-
ized to $000 by MCU reset, and it starts to
count up the system clock signal as soon as
RESET input goes to logic 0. The prescaler
keeps counting up except in MCU reset and
stop mode. The prescaler provides clock sig-
nals to timer A, timer B, and the serial inter-

Transmit/Receive
(IFS<1)

[ ]
Interrupt

Disable

|

IFS<0

T

Write to
SMR

No

Normal End

Transfer Clock
Error Processing

Figure 12. Example of Transfer Clock Error Detection
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’

face. The prescaler divide ratio is selected by
the timer mode register A (TMA), timer mode
register B (TMB), and serial mode register
(SMR).

Timer A Operation: After timer A is initial-
ized to $00 by MCU reset, it counts up at
every clock input signal. When the next clock
signal is applied after timer A is counted up
to $FF, timer A is set to $00 again, and
generating overflow output. This leads to
setting timer A interruput request flag (IFTA:
$001, bit 2) to 1. Therefore, this timer can
function as an interval timer periodically
generating overflow output at every 256th
clock signal input.

The clock input signals to timer A are
selected by the timer mode register A (TMA:
$008).

Timer B Operation: The timer mode regis-
ter B (TMB: $009) selects the auto-reload
function, input clock source, and the pres-
caler divide ratio for timer B. When the
external event input is used as an input clock
signal to timer B, select R33/INT; as INT; and
set the external interrupt mask (IM1) to pre-
vent an external interrupt request from oc-

curring.

Timer B is initialized according to the data
written into the timer load register by soft-
ware. Timer B counts up at every clock input
signal. When the next clock signal is applied
to timer B after it is set to $FF, it will generate
an overflow output. In this case, if the auto-
reload function is selected timer B is initial-
ized according to the value of the timer load
register. If it is not selected, timer B goes to
$00. The timer B interrupt request flag (IFTB:
$002 bit 0) will be set at this overflow output.

Timer Mode Register A (TMA: $008): The
timer mode register A is a 3-bit write-only
register. The TMA controls the prescaler
divide ratio of timer A clock input, as shown
in Table 11.

The timer mode register A is initialized to $0
by MCU reset.

Timer Mode Register B (TMB: $009): The
timer mode register B (TMB) is a 4-bit write-
only register which selects the auto-reload
function, the prescaler divide ratio, and the
source of the clock input signal, as shown in
table 12. The timer mode register B is initial-

Timer Mode Register B

TMB (4bit)

INT4

CPTB
Timer B MAX

(]
fl‘l < CIO ™
RN [N IOV BN IR

+128
+512
+2048

System
Clock

Prescaler (11 bit)

+128
+512
+1024

+2048

N
N | <0 (;)
N o ] e

Timer A MPX CPTA

43

TMA (3bit)

Timer Mode Register A

[ Internal Bus Line (s1) I
r4
TL (4bit) la
Timer Latch
REG.
TCB (8bit) TBOF | \r18
Timer/Event Counter B
[TITT11]
" Request Flag
TLR (8bit) N
Timer Load Register of Timer B
a4 §7s
i Internal Bus Line (52) ﬁ|
TCA (8bit) TAOF
Timer Counter A IFTA
Interrupt
Request FlIAg
of Timer A

Figure 13. Timer Block Diagram
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ized to $0 by MCU reset.

The operation mode of timer B changes at the
second instruction cycle after the timer mode
register B is written to. Initialization of timer
B by writing data into the timer load register
should be performed after the contents of
TMB are changed. Configuration and function
of timer mode register B is shown in figure 14.

Timer B (TCBL: SO0A, TCBU: S00B, TLRL:
SO00A, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit
read-only timer/event counter. Each of them
has a low-order digit (TCBL: $00A, TLRL:
$00A) and a high-order digit (TCBU: $00B,
TLRU: $00B). (Refer to figure 2.)

The timer/event counter can be initialized by
writing data into the timer load register. In
this case, write the low-order digit first, and
then the high-order digit. The timer/event
counter is initialized when the high-order
digit is written. The timer ioad regisier is

initialized to $00 by the MCU reset.

The counter value of timer B can be obtained
by reading the timer/event counter. In this
case, read the high-order digit first, and then
the low-order digit. The count value of the
low-order digit is latched at the time when
the high-order digit is read.

Timer A Interrupt Request Flag (IFTA:
S001 bit 2): The timer A interrupt request
flag is set by the overflow output to time A
(table 13).

Timer A Interrupt Mask (IMTA: S001 bit
3): Timer A interrupt mask prevents an
interrupt request generated by timer A
Interrupt request flag (table 14).

Timer B Interrupt Request Flag (IFTB:
$002 bit 0): The timer B interrupt request
flag is set by the overflow output of timer B
(table 15).

Timer B Interrupt Mask (IMTB: S002 bit
i): The timer B Interrupt mask prevents an
interrupt request from being generated by
timer B Interrupt request flag (table 16).

Table 11. Timer Mode Register A

Table 12. Timer Mode Register B

TMA2 TMA1 TMAO Prescaler Divide Ratio TMB3 Auto-reload Function
0 0 (0] + 2048 0 No
0 0 1 o + 1024 1 Yes
(o) 1 (o) + 512 B
0 1 1 + 128 Prescaler Divide Ratio,
1 0 o R 32 TMB2 TMB1 TMBO Clock Input Source
1 0 1 . 8 0 O_ e 0 + 2048
1 1 0 R a 0 0 1 + 512
] 1 1 N 2“‘ 0 1 (0] + 128
0 1 1 + 32
1 0 0 + 8
1 0 - 17 + 4
1 1 0 + 2

INT1 (External Event Input)
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Table 13. Timer A Interrupt Request Table 15. Timer B Interrupt Request

Flag Flag
Timer A Interrupt Timer B Interrupt
Request Flag Interrupt Request Request Flag Interrupt Request
(0] No (0] No
1 Yes 1 Yes
Table 14. Timer A Interrupt Mask Table 16. Timer B Interrupt Mask
Timer A Interrpt Mask Interrrupt Request Timer B Interrupt Mask Interrupt Request
(o] Enable 0 Enable
1 Disable (Mask) 1 Disable (Mask)
PMR: $004 SMR: $005
PMR3] PMR2 | PMR1} PMRO SMR3 | SMR2 | SMR1 | SMRO
. J

L—— Transfer clock selection

R4,/SCK pin mode selection

R4,/S0 pin mode selection

R4,/SI pin mode selection

R3,/INT, pin mode selection

R33/INT; pin mode selection

TMA: $008 TMB: $009
[ TMA2 | TMA1| TMAO TMB3 | TMB2 ] TMB1 | TMBO
— y ) ,
t t

Timer B input ciock seiection

Auto-reload function selection

Timer A input clock selection

Figure 14. Mode Register Configuration and Function
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Input/Output

The MCU has 58 I/0O pins, 32 standard and 26
high voltage. One of three circuit types can
be selected by mask option for each standard
pin: CMOS, with pull-up MOS, and without
pull-up MOS (NMOS open drain): and one of
two circuit types can be selected for each
high-voltage pin: with pull-down MOS and
without pull-down MOS (PMOS open drain).
Since the pull-down MOS is connected to the
internal Vaisp line, Vgisp must be selected for
the RAi1/Vuisp pin via mask option when at
least one high-voltage pin is selected as with
pull-down MOS option. See table 17 as for I/O
pin circuit types.

When every input/output pin is used as an
input pin, the mask option and output data
must be selected in the manner specified in
table 18.

Output Circuit Operation With Pull-Up
MOS Standard Ping: In the standard pin
option with pull-up MOS, the circuit shown in
figure 15 is used to shorten rise time of out-
put.

When the MCU executes an output instruc-
tion, it generates a write pulse to the R port
addressed by this instruction. This pulse will
switch the PMOS (B) on and shorten the rise
time. The write pulse keeps PMOS in the on
state for one-eighth of the instruction cycle
time. While the write pulse is 0, a high output
level is maintained by the pull-up MOS (C).

When the HLT signal becomes 0 in stop
mode, MOS (A) (B) (C) turn off.

D Port: The D port is an I/O port which has 16
discrete I/O pins, each of which can be ad-
dressed independently. It can be set/reset
through SED/RED and SEDD/REDD instruc-
tions, and can be tested through TD and TDD
instructions. See table 17 as for the classifica-

tion of standard pin, high-voltage pin, and the
I/0 pin circuit types.

R Ports: The eleven R ports in the HMCS408
are composed of 20 I/O pins, 16 output-only
pins, and 6 input-only pins. Data is input
through LAR and LBR instructions and out-
put through LRA and LRB instructions. The
MCU will not be affected by writing into the
input-only and/or non-existing ports, while
invalid data will be read by reading from the
output-only and/or non-existing ports.

The R32, R33, R4o, R4, and R4, pins are multi-
plexed with the INT,, INT;, SCK, SI, and SO
pins respectively. See table 17 as for the clas-
sification of standard pins, high-voltage pins

and selectable circuit types of these I/O pins.

Unused I/0 Pins: If unused I/0 pins are left
floating, the LSI may malfunction because of
noise. The I/0 pins should be fixed as follows
to prevent the malfunction.

Hign-voitage pins: select without pull-down
MOS (PMOS open drain) via mask option and
connect to Ve on the printed circuit board.

Standard pins: Select without pull-up MOS
(NMOS open drain) via mask option and
connect to GND on the printed circuit board.

R4,/SCK and R4:/SO should be used as R4
and R4: by serial mode register and port
mode register respectively.

Reset

Bringing the RESET pin high resets the MCU.
At power-on, or when cancelling stop mode,
the reset must satisfy trc for the oscillator to
stabilize. In all other cases, at least two
instructions cycles are required for the MCU
to be reset.

Table 19 shows the parts initialized by MCU
reset, and the status of each.
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Table 17. I/O Pin Circuit Types
Without pull-up MOS With pull-up MOS Applicabl
P P. P! P CMOS (C) -ppl e
(NMOS open drain) (A) (B) pins
HLT Input Hﬁ':D (ljﬂl:llt AT Input
t ata dat: —
data Vee [Vec __erite Vee e Do ~Ds
1 /o p% AT R30 - R33
HLT —
::.o mmen '.ogjfbutput © Output Output | R4 —R43
ins data data data RS, —R53
Vee | Vee write Vee
» . J—pulse .
£ | output ALT Eﬁﬁ HLT | R6, —R63
g pins % output R70 —R73
data
-] utput
H data Gotbut| R8o —R8g
7]
Vee
Input AT AT ol
= input HL i _
pins O————D‘ e g\er;l;t R9y —R9;
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Without pull-down MOS With pull-d MOS (E) Applicable
ull-down P
(PMOS open drain) (D) P pins
Vce

1/0 O_ i'(’(:‘[-—Output D4 —D1s

Common data R1p —R13

Pins Vec R2o —R23

Vdisp WD Input
data
Vce

@ _
£ ALT
a |'OG:Output’ ROp —RO3
g Output data

Pins
% Vce
>
'.5 Vdisp
: —

( ) LT | b—— input
fnput HLT input — v data RA
Pins data ce 0
Vaisp
Input AT Input RA,
Pins O D data
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Without pull-up MOS (NMOS open drain) Applicable
With pull- M B
or CMOS (A or C) ith pull-up MOS (B) pins
scK é_):; ScK
HLT
e T Vee | Veo LA
1/0 mode select mode select| SCK (Note 2
Common (Output mode
Pins O— ’
internal SCK - —
internal SCK
7]
£
a
E Vcc o VCC VCC
-§ Output HLT HLT
8| pins SO
»
NT,
INT,
Input Input Input
ﬁins data e .
HLT HLT SCK
(Input mode)
Notes: 1. In the stop mode, HLT signal is O, HLT signal is 1 and I/O pins are in high impedance state.
2. If the MCU is interrupted by serial interface in the external clock input mode, the SCK
terminal becomes input only.
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Table 18. Data Input from Input/Output Common Pins

1/0 Pin Circuit Type Input Possible Input Pin State
Standard Pins CMOS No —
Without puli-up MOS
R Yes 1
(NMOS open drain)
With pull-up MOS Yes 1
High Voltage Pins Without pull-down MOS Ves o
(PMOS open drain)
With pull-down MOS Yes [¢]
’ \ 2/(\)/rite pulse
_ PMOS (B) utput
Pull-up MOS (C) instruction)
I HLT
Q NMOS (A)
Data
On Resistance Value
MOS
Buffer HMCS408C, HMCS408AC HMCS408CL
A approx. 250 Q approx. 1kQ
B approx. 1kQ approx. 1.7 kQ
C approx. 30kQ to 160 kQ approx. 60kQ to 1 MQ (V. = 3 V)
(Vee =5 V) approx. 30kQ to 160kQ (V.. = 5 V)
1 Instruction cycle
QOutput instruction execution
Write pulse

Figure 15. Output Circuit Operation of Standard Pins With Pull-Up MOS Option
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Table 19. Initial Value After MCU Reset
Initial Value by

Items MCU Reset Contents

Program Counter (PC) $0000 Execute program from the top of ROM
address

Status (ST) 1 Enable to branch with conditional’ branch

instructions

Stack Pointer (SP) $3FF Stack level is O
1/0 Pin Standard Pin  (A) Without Pull-Up 1 Enable to input
Output Register MOs
(B) With Pull-Up 1 Enable to input
MOS
(C) CMOS 1 _
High Voltage (D) without Pull- O Enable to input
Pin Down MOS
(E) With Pull- 0 Enable to input
Down MOS
Interrupt Flag Interrupt Enable Flag (I/E) [¢] Inhibit all interrupts
Interrupt Request Flag (IF) (o] No interrupt request
Interrupt Mask (IM) 1 Mask interrupt request
Mode Register Port Mode Register (PMR) 0000 See port mode register
Serial Mode Register (SMR) 0000 See serial mode register
Timer Mode Register A (TMA) 000 See timer mode register A
Timer Mode Register B (TMB) 0000 See timer mode register B
Timer/Counter Prescaler $000 —
Timer/Counter A (TCA) $00 —

Timer/Event Counter B (TCB) $00 —

Timer Load Register (TLR) $00 —

Octal Counter 000 —

P Y AP SR S Sy £
anculd Uit 1SSt Ul ityidiers att 10110wWsS.
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After recovering from STOP

After MCU reset except for

Item mode by MCU reset the left condition
Carry (CA) The contents of the items before The contents of the items before
Accumulator (A) MCU reset are not retained. MCU reset are not retained.
It is necessary to initialize them by Itis necessary to initialize them by
B Register (B) software. software.
W Register (w)
X/SPX Registers (X/SPX)
Y/SPY Registers (Y/SPY)
Serial Data Register (SR)

RAM

The contents of RAM before
MCU reset (just before STOP
instruction) are retained.

Same as above
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Internal Oscillator Circuit 21 for selection of the type. In addition, see

figure 17 for the layout of the crystal or
Figure 16 outlines the internal oscillator cir- ceramic filter. In all cases, external clock
cuit. Through mask option, either crystal os- operation is available. Three divide ratios, 1/
cillator or ceramic filter oscillator can be 16, 1/8, and 1/4, are selectable via mask option
selected as the oscillator type. Refer to table (table 20).

0SC: @ Oscillator Divider Timing
(S.electable circuit ' generator _ System
wnth mask (Mask Option circuit clock
0SC, (:) options) Selectable)

Figure 16. Internal Oscillator Circuit

Table 20. Internal Oscillation Circuit
Mask Option

HMCS HMCS HMCS GN;
T

408C 408CL 408AC N

0SCz|___]
Divider 1,16 — O —
0SCs
1/8 O O O
TEST[ |
1/4 —
© © RESET[ ]
Oscillator Crystal O O O
Ceramic O O O

Figure 17. Layout of Crystal and
Ceramic Filter
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Table 21. Examples of Oscillator Circuits
Circuit Constants
Circuit Configuration | HMCS408C HMCS408CL HMCS408AC
External Oscillator
Clock I
Operation [:I—- 0SC;
Open—o0scC.
Ceramic Ceramic filter Ceramic filter Ceramic filter
Filter o — CSA 4.00MG CSA 4.00MG CSA 8.00MT
Oscillator | .. 1T71°5¢ CSA 2.000MK CSA 2.000MK CSA 4.00MG
filter ‘-T- ::JR' (Murata) (Murata) (Murata)
41——dosc: Re: 1 MQ *+ 20% R: 1 MQ * 20% Re: 1 MQ * 20%
. Cy: 30 pF = 20% Cq: 30 pF = 20% Cy: 30 pF = 20%
C2: 30 pF = 20% Cz: 30 pF = 20% Cz: 30 pF + 20%
Crystal & B;: 1 MO + 20% B 1 MQ = 20% Re 1 Mg = 20%
Oscillator | crystal[ c:,ln Cqi: 10-22 pF + 20% | C1: 10-22 pF * 20% | Cy: 10-22 pF *+ 20%
Tilosc, Cz: 10-22 pF * 20% | Cy: 10-22 pF * 20% | C2: 10-22 pF % 20%
B Crystal: equivalent to | Crystal: equivalent to | Crystal: equivalent to
GND circuit shown circuit shown circuit shown
AT cut parallel
resonance crystal Co: 7 pF max. Co: 7 pF max. Co: 7 pF max.
Rs: 100 Q max. Rs: 100 Q max. Rs: 100 Q max.
050"{ L Cr'\‘s_m*"osm f:1.0-4.5 MHz f:1.0-4.5 MHz f:1.0-4.5 MHz
Co f:1.0-9.0 MHz
g fosc Re: 2 MQ + 20%
eyl 5 111 Cy: 10-22 pF * 20%
b Ca: 10-22 pF + 20%
4 C R ’ Crystal: equivalent to
e GT cut parallel circuit shown
resonance crystal Co: 7 pF max.
Rs: 100 Q max.
osc.-—{ L cm—osc; f:1.0-2.25 MHz
Co
Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended

by the crystal or ceramic filter maker. The circuit parameters are changed by crystal, ceramic
filter resonator, and the floating capacitance in designing the board. In employing the
resonator, please consult with the engineers of the crystal or ceramic filter maker to
determine the circuit parameter.

Wiring between OSC1, OSC;, and elements should be as short as possible, and never cross

the other wires. Refer to the layout of crystal and ceramic filter (figure 17).
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Operating Modes
Low Power Dissipation Mode

The MCU has two low power dissipation
modes, standby mode and stop mode (table
22). Figure 18 is a mode transition diagram for
these modes.

Standby Mode: Executing an SBY instruc-
tion puts the MCU into standby mode. In
standby mode, the oscillator circuit is active
and interrupts and timer/counter working.
On the other hand, the CPU stops since the
clock related to the instruction execution
stops. Registers, RAM, and I/O pins retain the
states they were in just before the MCU went
into standby mode.

Table 22. Low Power Dissipation Mode Function

Condition
Timer/
Low Power Input/ Counter,
Dissipation Oscillator Instruction Register, Interrupt Output Serial Recovery
Mode Instruction  Circuit Execution Flag Function RAM Pin Interface Method
Standby mode  SBY Active Stop Retained  Active Retained  Retained 3 Active RESET
instruction input,
interrupt
request
Stop mode STOP Stop Stop RESET ! Stop Retained  High Stop RESET
instruction impedance 2 input
Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 19 for the contents of

the flags and registers.

2. A high-voltage pin with a pull-down MOS is tied to the Vgisp power supply through the pull-
down MOS. As the pull-down MOS stays on, a pull-down current flows when a difference
between the pin voltage and the Vgisp voltage exists. This is the additional current to the

current dissipation in stop mode (lsop) -

3. As an 1I/0 circuit is active, an 1/O current may flow, depending on the state of /0O pin in
standby mode. This is the additional current to the current dissipation in standby mode.

1

Standby

RESET

Figure 18. MCU Operation Mode Transition
@ HITACHI
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Standby mode may be cancelled by inputting
RESET or by asserting an interrupt request.
In the former case the MCU is reset. If the
interrupt enable flag is 1 at this time, the
interrupt is executed, while if it is O, the
interrupt request is put on hold and normal
instruction execution continues. In the later
case, the MCU becomes active and executes
the next instruction following the SBY
instruction.

Figuer 19 shows the flowchart of the standby

mode.

Stop Mode: Executing a STOP instruction
brings the MCU into stop mode, in which the
oscillator circuit and every function of the
MCU stop.

Stop mode may be cancelled by resetting the
MCU. At this time, as shown in figure 16, reset
input must be applied at least to trc for oscil-
lation to stabilize. (Refer to AC Characteris-
tics table.) After stop mode is cancelled, RAM

SBY

Oscillator Active
Peripheral Clocks
Active

All Other Clocks
Stop

Restart
Processor Clocks

Restart
Processor Clocks

No

(A) (B) Yes (C)
Execute Interrupt
Reset MCU Instruction Accept

Figure 19. MCU Operating Flowchart in Standby Mode

@ HITACHI
Hitachi America Ltd. e Hitachi Plaza « 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300 203



HMCS408C/HMCS408CL/HMCS408AC

retains the state it was in just before the MCU
went into stop mode, but the accumulator, B
register, W register, Y/SPY registers, and car-
ry may not retain their contents.

RAM Addressing Mode

As shown in Figure 21, the MCU has three
RAM addressing modes: register indirect ad-
dressing, direct addressing, and memory reg-
ister addressing.

Register Indirect Addressing: The W reg-
ister, X register, and Y register contents (10
bits) are used as the RAM address.

Direct Addressing: A direct addressing
instruction consists of two words, with the
word (10 bits) following the opcode used as
the RAM address.

Memory Register Addressing: The mem-
ory register (16 digits from $020 to $02F) is
accessed by executing the LAMR and XMRA
instructions.

ROM Addressing Mode and P Instruc-
tions

The MCU has four ROM addressing modes, as
shown in figure 22.

Direct addressing Mode: The program can
branch to any address in the ROM memory
space by executing a JMPL, BRL, or CALL
instruction. These instructions replace the 14
program counter bits (PCi3 to PCy) with 14-bit
immediate data.

Current Page Addressing Mode: The ROM
memory space is divided into pages, with 256
words in each page. Page zero begins at ad-
dress $0000. By executing a BR instruction, the
program can branch to an address in the current

page.

This instruction replaces the low-order eight
bits of the program counter (PC7 to PCy) with
the 8-bit immediate data.

When BR is on page boundary (256n -+ 255)
(figure 23), executing a BR instruction trans-
fers the PC contents to the next page accord-
ing to the hardware architecture. Conse-
quently, the program branches to the next
page when the BR is used on a page bound-
ary. The HMCS400 series cross macro assem-
bler has an automatic paging facility for ROM

pages.

Zero Page Addressing Mode: By executing
a CAL instruction, the program can branch to
the zero page subroutine area, which is
located at $0000-$003F. When a CAL
instruction is executed, 6-bits of immediate
data are placed in the low-order six bits of the
program counter (PCs to PCp) and Os are
placed in the high-order eight bits (PCi3 to
PCe).

Table Data Addressing: By executing a
TBR instruction, the program can branch to
the address determined by the contents of
the 4-bit immediate data, accumulator, and B
register.

P Instruction: ROM data addressed by table
data addressing can be referred to by a P
instruction (figure 24). When bit 8 in the
referred ROM data is 1, 8 bits of ROM data are
written into the accumulator and B register.
When bit 9 is 1, 8 bits of ROM data are written
into the R1 and R2 port output register. When
both bits 8 and 9 are 1, ROM data are written
into the accumulator and B Register and also
to the R1 and R2 port output register at the
same time.

The P instruction has no effect on the pro-
gram counter.

L Stop mode

r g
osecer TTIIINNANANL____, ...u||||||||IIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIlIIlIIIIIIlIIIIIIlIII

L
Internal clock _ﬂ_j—l_.__'

RESET £

[T 1
L

UUJIHJJHIJL [T
D

STOP instruction execution

o

Tres

(more than stabilization time: trc)

Figure 20. Timing Chart of Recovering from Stop Mode
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W Register X Register Y Register
TN, N7 N\

WilWo | X3 | X2 | Xi|Xo]| Ya]| Yz2] Y1 | Yo

RAM Address [ APs| APg | AP7 | APs | APs|AP4 | APs | AP2| AP | APo

Register Indirect Addressing

Instruction 1st Word Instruction 2nd Word

Opcode do | ds [ d7 | ds | ds | da | d3 | d2 dy | do

RAM Address | APy | APs | AP | APs | APs | APa| AP3 | AP2 | AP1 | APo

" Direct Addressing

Instruction

Opcode m3 | mz2 | m |[mo

RAM Address | APs| APs | AP7| APs| APs|APa| AP3| AP2| AP1 | APy

Memory Register Addressing

Figure 21. RAM Addressing Mode
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(UMPL)
(BRL)
(CALL) .
Instruction 1st Word Instruction 2nd Word
Ja N, ™
T ) L 1 ¥ T L} T T L} L] L} L] ] T T B
Opcode Ps p2 p1 po|lds ds d7 de ds dsa ds d2 di do
1 1 1 1 i 1 1 1 1 1 1 1 1 i 1 I 1
L} T L T T T L} A} T ' T T
Program CounterlPCm PC12 PC11 l"’CwI PCQ|PC8 , PCs lF‘C¢=.;|F’C5l PCas PCs , PCz PC , PCOJ
Direct Addressing
Instruction
Y N\
T T T T 1 1 T L}
(BR)| Opcode | b; bs bs ba bz bz b1 bo
1 1 1 1 ] 1 1 1
RN ,,
T Ll T T T T T T T
Program Counter [PCL’«XI PC12‘PC11‘|’C'0I PC9l PCs , PC7 lPCBIPCs lF’C4 , PCs . F‘Czl PC . PCo
Current Page Addressing
Instruction )
s —
T T T T T T T T
(CAL) . Op(iode ) @ a.  as @ a1 A
0O 0 O O O O o0 O
| BN 2K TR SN R A y
v T ] ¥ L] ¥ L) L] 1 L] Ll T Ll
Program Counter PC1?;PC12'F’C11IPC10I PCglPCtxl PCy ) PCe' PC5| PCAI F’CsI PC2 PC:i PCo
1 1
Zero Page Addressing
Instruction
r— A
- 1 1 1 ¥ T T T g
(TBR) Lo ODCiOde N . ps P2 p1 Po B Register Accumulator
r e \
T 1 T T ¥ T
leleB1|BolA3 Az A1leI
P T T T T
‘ T ‘ T T T T T T T T T T T T
Program Counter |[PC13PCi2 PC11 PCio PCo PCs PC7 PCs PCs PCs PCs PC2‘PC1 ' PCo
1 1 '} 1 1 1 L 1
Table Data Addressing

Figure 22. ROM Addressing Mode
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N\

256(n—1)+255

[‘ BR AAA 256n

AAA NOP

| BRAAA 256n+254

— BR BBB 256n+255
256(n+1)

‘sl BBB NOP

TN

Figure 23. The Branch Destination by BR Instruction on the Boundary between Pages

(P)

Referred ROM Address

Instruction
T T T T L 1 T T -
Opcode

1 ) p. L 1 Ps N P2 I P B Register Accumulator

- Ll 1 T - T T T
Bs B2 Bi Bo | Az A2 A1 Ao

I L1 1 1 L

i I A A
T T T T T T T T T T

T 1 1
RA13 RA12 RA11RA10RA9 RAs RA7 |RA6 RAs RAs RA3 RA2 RA: RAo
1 1 1 1 1 L 1 1 L 1 1 1

Address Designation

ROM Data ROsg lF(Os RO7 ROG ROs R04 R03 ROz RO ROo
Accumulator, B Register | B3 IBZ B1 Bo | As 'Az |A1 Ao If ROs=1
1 1 1
T [] 1 T T L] T T T
ROM Data ROg lROB RO71ROGIR05 ROs4 RO3 ROzIRO1JROo
A 1 1 i
S Y
Output Register R1, R2 [R23 R22 R2y R20[R13 R12 R1; FHo] If ROg=1
1 1 L 1 1 1
Pattern
Figure 24. P Instruction
@ HITACHI
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Instruction Set

The HMCS408C/CL/AC provide 99 instruc-
tions which are classified into 10 groups as
follows;

1. Immediate instruction

2. Register-to-register instruction

3. RAM address instruction

4. RAM register instruction

Arithmetic instruction

Compare instruction

RAM bit manipulation instruction
ROM address instruction
Input/output instruction

Control instruction

©ENO®

10.

Tables 23-32 list their functions, and table 33
is an opcode map.

Table 23. Immediate Instructions

Words/

Operation Mnemonic Operation Code Function Status Cycles
Load A from Immediate LAl i 10001 1.igizi1i0 i-A 1/1
Load B from Immediate LBl i 1 000O0O0i3izgigip i +B 1/1
Load Memory from LMID i,d 01101 0izi2i1ip i M 2/2
Immediate dg dg d7 dg ds dq d3 d2 dq do
Load Memory from LMIIY i 10100 1i3i2i1ip M Y+1-Y NZ 1/1
Immediate, Increment Y
Table 24. Register-to-Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from B LAB 0001001000 B—A 1/1
Load B from A LBA 0 117001000 A-B 11
Load A from W LAW 0100000000 W-A 2/2

0000000O0O0O0 (Note)

Load A from Y LAY 0010101111 Y—A 1/1
Load A from SPX LASPX 0001101000 SPX—~A 1/1
Load A from SPY LASPY 0001011000 SPY—~A 1
Load A from MR LAMR m 10011 1mmmmy MR(m)~ A 11
Exchange MR and A XMRA m 10111 1mmmm MR(m~A 1/1

Note: An operand is provided for the second word of LAW and LWA instruction by assembler automat-

ically.

®HITACHI
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Table 25.. RAM Address Instructions

Words/

Operation Mnemonic Operation Code Function Status Cycles
Load W from Immediate LWI i 00111100 ip i—-W 1/1
Load X from Immediate LXIi 10001 0i3i2i1ip i—X 1/1
Load Y from Immediate LYl 10000 1i3ipi1ip i—Y 11
Load W from A LWA 0100010000 A—W 2/2

00000OO0OOOO0DO (Note)
Load X from A LXA 0011101000 A-X 1/1
Load Y from A LYA 0011011000 A-Y 1/1
Increment Y Y 0001011100 Y+1-Y NZ 1/1
Decrement Y DY 0011011111 Y=-1-Y NB 11
Add AtoY AYY 0001010100 Y+tA-—Y OVF 1/1
Subtract A from Y Syy 0011010100 Y-A—Y NB 1/1
Exchange X and SPX XSPX 0000000001 X-—SPX 1
Exchange Y and SPY XSPY 0000000010 Y~SPY 11
Exchange X and SPX,Y XSPXY 00000O0O0OO0OT1T 1 X-SPX, Y-—SPY 1/1

and SPY

Note: An operand is provided for the second word of LAW and LWA instruction by the assembler

automatically.

Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300
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Table 26. RAM Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from Memory LAM(XY) 00100100y x M—A,(X-SPX, Y—~SPY) 1/1
Load A from Memory LAMD d 0110010000 M~—-A 2/2
dg dg d7 dg ds dgq d3 da dq do
Load B from Memory LBM(XY) 0001 000O0OYyY x M-—B,(X-SPX, Y-SPY) 1/1
Load Memory from A LMA(XY) 00100101y x A-—M,(X=SPX, Y--SPY) 1/1
Load Memory from A LMAD d 0110010100 A-—+M 2/2
dg dg d7 dg ds dgq d3 d2 d1 do
Load Memory from A, LMAIY(X) 000101000 x A-MY+1-Y(X=SPX) NZ 1/1
Increment Y
Load Memory from A, LMADY(X) 001101000 Xx A-MY-1-Y(X=SPX) NB 1/1
Decrement Y
Exchange Memory and A XMA(XY) 001 00000y x M-—A,(X-SPX, Y~SPY) 1/1
Exchange Memory and A XMAD d 0110000000 M~-—A 2/2
dg dg d7 dg ds dg d3 da dq do
Exchange Memory and B XMB(XY) 00110000y x M-B,(X-SPX, Y=SPY) 1/1

Note: (XY) and (X) have the following meaning:
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of
LAM (XY) is given, below).
Mnemonic vy x Function
LAM 0 0
LAMX (o] 1 X ~ SPX
LAMY 1 o] Y —~ SPY
LAMXY 1 1 X~SPX, Y-SPY
(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of
LMAIY(X) is given below).
Mnemonic x Function
LMAIY 0
LMAIYX 1 X — SPX
G HITACHI
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Table 27. Arithmetic Instructions

Words/
Operaticn Mnemonic Operation Code Function Status Cycles
Add Immediate to A Ali 101 00 O izip iy in A+i A OVF 1/1
Increment B 1B 0001001100 B+1 +B Nz 1/1
Decrement B DB oo11001111 B-1 B NB 1/1
Decimal Adjust for Addition DAA 0010100110 1/1
Decimal Adjust for Subtraction DAS 0010101010 1/1
Negate A NEGA 0001100000 A+1 ‘A 1/1
Complement B COMB 0101000000 B B 1/1
Rotate Right A with Carry ROTR 0010100000 1/1
Rotate Left A with Carry ROTL 0010100001 1/1
Set Carry SEC 0011101111 1-~CA 1/1
Reset Carry REC 0011101100 0O-CA 1/1
Test Carry TC 0Oo0O01T1T01T1 11 CA 1/1
Add A to Memory AM 0000001000 M+A A OVF 1/1
Add A to Memory AMD d 0100001000 M+A -A OVF 2/2
dg dg dy dg ds da d3 dz dq do
Add A to Memory with Carry AMC 0000011000 M+A+CA -~ A OVF 1/1
OVF ~CA
Add A to Memory with Carry AMCD d 0100011000 M+A+CA-A OVF 2/2
dg dg dy dg ds dg d3 d2 d1 dg OVF ~CA
Subtract A from Memory SMC 0010011000 M-A-CA-A NB 1/1
with Carry NB—~CA
Subtract A from Memory SMCD d 0110011000 M-A-CA-A NB 2/2
with Carry dg dg d7 dg d5 dq d3 d2 dj dg NB--CA
OR Aand B OR 0101000100 AUB-A 1/1
AND Memory with A ANM 0010011100 ANM—=A NZ 1/1
AND Memory with A ANMD d 0110011100 ANM—A Nz 2/2
dg dg dy dg ds dg d3 d2 dq do
OR Memory with A ORM 0000001100 AUM-A NZ 1/1
OR Memory with A ORMD d 0100001100 AUM-A NZ 2/2
dg dg d7 dg ds d4 d3 dp dj do
EOR Memory with A EORM 0000011100 A®M-—-A Nz 1/1
EOR Memory with A EORMD d 0100011100 A®M-A Nz 2/2
dg dg d7 dg ds dg d3 d2 di do
Note: N : Logical AND
U : Logical OR
® : Exclusive OR
G HITACHI
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Table 28. Compare Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Immediate Not Equal INEM i 00001 0i3ipitip i M NZ 1/1
to Memory
Immediate Not Equal INEMD i,d 01001 0i3i2i1 o i'M NZ 2/2
to Memory dg dg d7 dg ds dg d3 d2 dq do
A Not Equal to Memory ANEM 00000001 O00O0 A=+M NZ 1/1
A Not Equal to Memory AMEMD d 0100000100 A+ M NZ 2/2
dg dg d7 dg ds dgq d3 d2 d1 do
B Not Equal to Memory BNEM 0001000100 B+ M NZ 1/1
Y Not Equal to Immediate YNEL i 0001 1 1 i3iz2i1 o Y #i NZ 1/1
Immediate Less or Equal ILEM i 00001 13z ip i=M NB 1/1
to Memory
Immediate Less or Equal ILEMD i,d 01001 1 .3i2i o i=M NB 2/2
to Memory dg dg d7 dg ds dgq d3 d2 di do
A Less or Equal to Memory ALEM 0000010100 A= NB 1/1
A Less or Equal to Memory ALEMD d 0100010100 = NB 2/2
dg dg d7 dg ds dgq d3 d2 dy do
B Less or Equal to Memory BLEM 0011000100 B=M NB 1/1
A Less or Equal to Immediate ALEl i 101 01 132 i1 ip A= NB 1/1
Table 29. RAM Bit Manipulation Instructions
Words/
Operation Mnemonic Operation Code Function Status  Cycles
Set Memory Bit SEM n 00100001 mMmn 1 - M(n) 1/1
Set Memory Bit SEMD n.d 0110000 1Tmm 1 - M(n) 2/2
dg dg d7 dg ds d4 d3 d2 d1 do
Reset Memory Bit REM n 0010001 0mnm 0 -+M(n) 1/1
Reset Memory Bit REMD n,d 0110001 0mn 0 - M(n) 2/2
dg dg dy dg ds dg d3 d2 dq do
Test Memory Bit T™ n 0010001 1Tmm M(n) 1/1
Test Memory Bit TMD n,d 0110001 1Tmn M(n) 2/2

dg dg d7 dg dg dg d3 d2 dy

do
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Table 30. ROM Address Instructions

Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005- 1819 e (415) 589-8300

Words/
Operation Mnemonic Operation Code Function Status  Cycles
Branch on Status 1 BR b 1 1 by bgbg bg bz by by bg 1 1/1
Long Branch on Status 1 BRL u 0101 1 1 p3p2p1pPo 1 2/2
dg dg d7 dg ds dgq d3 dz dq do
Long Jump Unconditionally ~ JMPL u 01 01 0 1 p3zpzp1po 2/2
dg dg d7 dg ds dgq d3 do d1 do
Subroutine Jump on Status 1 CAL a 0 1 1 1 agagazaza;ag 1 1/2
Long Subroutine Jump on CALL u 0101 1 0p3p2p1PO 1 2/2
Status 1 dg dg d7 de ds dg d3 da dq do
Table Branch TBR p O 0101 1p3p2p1po 1/1
Return from Subroutine RTN 000001 00O00O0 1/3
Return from Interrupt RTNI 0000010001 1 ~I/E ST 1/3
CA Restore
Table 31. Input/Output Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Set Discrete 1/0 Latch SED 0011100100 1 - D{Y) 1/1
Set Discrete /O Latch Direc SEDD m 10111 0mmmmm 1 -+ D(m) 1/1
Reset Discrete 1/0 Latch RED 0001100100 0 ~ DY) 1/1
Reset Discrete 1/0 Latch Direct REDD m 10011 0mgmmmy 0 - D(m) 1/1
Test Discrete I/0 Latch D 0011100000 D(Y) 1/1
Test Discrete 1/0 Latch Direct TDD m 10101 0mmmm D(m) 1/1
Load A from R Port Register LAR m 100101 mmmm R(m) - A 1/1
. Load B from R Port Register LBR m 1001 00mmmm R(m) ~ B 11
Load R Port Register from A LRA m 101101 mmmm A -+ R(m) 1/1
Load R Port Register from B LRB m 1011 00mmmmy B - R(m) 1/1
Pattern Generation Pp 01101 1p3p2p1PoO 1/2
Table 32. Control Instructions
Words/
Operation Mnemonic Operation Code Function Status  Cycles
No Operation NOP 000000OO0ODO0OO0O 1/1
Start Serial STS 0101001000 11
Standby Mode SBY 0101001100 1/1
Stop Mode STOP 0101001101 1/1
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Table 33. Opcode Map

RS 0 1
rol,tlof1]2]3]a]s]6]7[8][9]a]B[c|[D]e[F[o]1]2]3]a]s][6[7][8][9]Aa]B]c]D[E]F
0 [NOPXSPXXSP xfff - AM orM| faevo lavD) (™
1 |RTN|RTNI ALEM MQ JALEMD) AMCD [EORMD|
2 INEM i4) INEMD i(4)
3 ILEM i(4) ILEMD i(4)
4| LBMIXY) el LAB B coup oR sTs sevETo
5 [LMAIY(X) AYY] LASPY| Y r J/‘ m lp({i F
6 N RED L T CALL p(4)
07 YNEI i(4) BRL p(4)
8| XMAXY) | SEMn@2) | REMn(2) | TMn(2) fuwg SEMD n(2) [ REMD n(2) [ TMD n(2)
9| tamxy) | LmAxy) fw v ]
A norjwonJ/[ [/I V EAY LMID i(4)
B BR p(4) P p(4)
c| XMB(xY) B LBA DB
D [LMADY(X) SYY| LYA DY
E {TD SED LXA REC| SEC CAL a(6}
Fl wii@)
0 LBI i(4)
1 Lyl i(4)
2 LXI i(4)
3 LAl i(4)
4 LBR m(4)
5 LAR m(4)
6 REDD m(4)
117 LAMR m(4) BR b(8)
8 Al i4)
9 LMY i(4)
A DD m(4)
B ALEI i4)
c LRB m(4)
D LRA m(4)
E SEDD m(4)
F XMRA mi4)
" }-1-word/2-cycle [ Y-1-word/3-cycle [ }--RAM Direct Address [ |--2-word/2-cycle

214

Instruction Instruction Instruction
(2-word/2-cycle)
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Absolute Maximum Ratings

Item Symbol Value Unit Note

Supply Voltage Vce - 03to+ 7.0 \%

Terminal Voltage \%3 - 0.3to Ve + 0.3 \% 3
Vee — 45 to Ve + 0.3 Y, 4

Total Allowance of Input Current S lo 50 mA 5

Maximum Input Current lo 15 mA 7,8

Maximum Output Current - lo 4 mA 9,10
6 mA 9, 11
30 mA 9,12

Total Allowance of Output Current - 3 lg 150 mA 6

Operating Temperature Topr - 20to + 75 °C

Storage Temperature Tstg - 55t0 + 125 °C

Notes:

-

1.

N2O ©oN o arwN

Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera-
tion should be under the conditions of Electrical Characteristics. If these conditions are
exceeded, it may cause a malfunction or affect the reliability of LSI.

All voltages are with respect to GND.

Standard pins.

High-voltage pins.

Total allowance of input current is the total sum of input current which flows in from all 1/0
pins to GND simuitaneously.

Total allowance of output current is the total sum of the output current which flows out
from Vcc to all 1/0 pins simultaneously.

Maximum input current is the maximum amount of input current from each /0 pin to GND.
Do—D3 and R3—-R8.

Maximum output current is the maximum amount of output current from Vcc to each 1/0
pin.

Do—D3 and R3—R8.

RO-R2.

Ds—Dss.
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HMCS408C/HMCS408CL/HMCS408AC

Electrical Characteristics

DC Characteristics

(GND = 0V, Vaisp = Vcc — 40 V to Vee, Ta = —20°C to + 75°C,
HMCS408C; Vec = 3.5 Vto 6V,

HMCS408CL: Vcc = 256V to 6V,
HMCS408AC: Vcc = 4.5 V to 6 V)

Item Symbol Pin Min Typ Max Unit Test Condition Note
Input High Vin RESET, SCK 0.8 V¢c Vee + 0.3V
Voltage R32/INTo,
R33/INT
Si 0.7 Vce Vec + 0.3V
0SCy Veec — 0.5 Vee + 0.3V HMCS408C/AC
Vee — 0.3 Vee + 0.3V HMCS408CL
Input Low ViL RESET, SCK - 0.3 0.2 Vee \
Voltage R32/INTo,
R33/INT
SI - 0.3 0.3 Vce \
0S8C - 0.3 0.5 HMCS408C/AC
-0.3 0.3 \Y HMCS408CL
Output High VoH SCK, Vee — 1.0 \ HMCS408C/AC;
Voltage SO = loH = 1.0mA
Vee - 0.5 v HMCS408C/AC;
= lon = 0.6 mA
HMCS408CL;
~lon = 0.3 mA
Output Low VoL SCK, 0.4 A HMCS408C/AC;
Voltage SO loL = 1.6 mA
HMCS408CL;
loo = 0.4 mA
Input/Output || RESET,SCK 1 uA Vi, = 0V to Ve 1
Leakage R32/INTo,
Current R33/INTq,
Si, SO,
0SC;
Current lec Vee 2.3 mA  HMCS408C; Vcc = 5V; 2.5
Dissipation in fosc = 4 MHz, + 8, or
Active Mode fosc = 2 MHz, + 4
1.1 mA  HMCS408CL; Vcc = 3V; 2,5
fosc = 4 MHz, + 16, or
fosc = 2 MHz, + 8
4.5 mA HMCS408AC; Vcc =5V; 2.5
fosc = 4 MHz, + 4
G HITACHI
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HMCS408C/HMCS408CL/HMCS408AC

Item Symbol Pin Min Typ Max Unit Test Condition Note
Current Issy Vee 1.2 mA  HMCS408C; Vec = 5V; 3.5
Dissipation in fosc = 4 MHz, + 8, or
Standby Mode fosc = 2 MHz, + 4
0.5 mA  HMCS408CL; Vcc = 3V; 3.5
fosc = 4 MHz, + 16, or
fosc = 2 MHz, + 8
1.7 mA  HMCS408AC; Vec = 5V; 3.5
fosc = 4 MHz, + 4
Current Istop Vee 10 uA HMCS408C/AC; 4

Dissipation in

Vin(TEST) = Vec — 0.3V to

Stop Mode Vce: Vee. Vin(RESET) =
OVt 0.3V
HMCS408CL;
Vin(TEST) = Ve — 0.2 V to
Vec: Vee. Vin(RESET) =
OVt 0.2V
Stop Mode Vston Vee 2 \
Retain Voltage
Notes: 1. Excluding pull-up MOS current and output buffer current.
2. The MCU is in the reset state. Input/output current does not flow.
- MCU in reset state, operation mode
« RESET, TEST: Vcc
« Do-D3, R3-R9: Vcc
+ D4-D1s, RO-R2, RAo, RA1: Viisp
3. The timer/counter operates with the fastest clock. Input/output current does not flow.
« MCU in standby mode
» Input/output in reset state
- Serial interface: Stop
« RESET: GND
« TEST: Vce
» Do-D3, R3-R9: Vcc
- Da-D1s, RO-R2, RAo, RA1: Viisp
4. Excluding pull-down MOS current.
5. When fosc = x MHz, estimate the current dissipation as follows:

HMCS408C/AC; Max value @ x MHz = x/4 X (max value @ 4 MHz)
HMCS408CL; Max value @ x MHz = x/2 X (max value @ 2 MHz)

G HITACHI
Hitachi America Ltd. o Hitachi Plaza e 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819  (415) 589-8300

217



HMCS408C/HMCS408CL/HMCS408AC

Input/Output Characteristics for Standard Pin

(GND = 0V, Vaisp =Vcc — 40 V to Vee, Ta = — 20°C to + 75°C,
HMCS408C: Vec = 35 Vto 6V,

HMCS408CL: Vcc = 25 Vto 6 V,

HMCS408AC: Vcc = 45 Vto 6 V)

Item Symbol Pin Min Typ Max Unit Test Conditions Note
Input High ViH Do-D3, 0.7 Vce Vee + 0.3 V
Voltage R3-R5,

RS
Input Low ViL Do-D3, - 0.3 0.3Vce \%
Voltage * R3-R5,

R9
Output High VoH Do-D3. Vec - 1.0 v HMCS408C/AC; 1
Voltage R3-R8 —lon = 1.0 mA

Do-D3. Vec — 0.5 \% HMCS408C/AC; 1

R3-R8 - lon = 0.5 mA

HMCS408CL; ~ lon = 0.3 mA

Output Low VoL Do-D3, 0.4 \ HMCS408C/AC; lop = 1.6 mA
Voltage R3-R8 HMCS408CL; oy = 0.4 mA
Input/Output [ Do-D3. 1 rA Vin = 0 V to Ve 2
Leakage Current R3-R9
Pull-Up MOS =lp Do-D3. 30 60 150 rA Vec =5V, Vp =0V 3
Current R3-R9

Do-D3, 3 15 50 A HMCS408CL only; 3

R3-R9 Vec =3V, Vip =0V

Notes: 1. Applied to 1/0 pins with CMOS output selected by mask option. '
2. Pull-up MOS current and output buffer current are excluded.
3. Applied to I/0 pins with pull-up MOS selected by mask option.
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HMCS408C/HMCS408CL/HMCS408AC

Input/Output Characteristics for High Voltage Pin

(GND = 0V, Vaisp =Vec — 40 V to Vee, Ta = — 20°C to + 75°C,
HMCS408C: Vcc = 3.5 Vto6 V,

HMCS408CL: Vgc = 25 Vto 6 V,

HMCS408AC: Vcc = 4.5 Vto 6 V)

Item Symbol Pin Min Typ Max Unit Test Conditions Note
Input High ViH D4-D1s, 0.7 Vcc Vee + 03 V
Voltage R1, R2,
RAgp, RA,
Input Low ViL D4-D1s, Vce — 40 0.3 Vce \
Voltage R1, R2,
RAg, RA;
Output High VoH D4-D1s Vee - 3.0 \ =~ lon=15mA,Vec = 5V * 20%
Voltage
Vee — 2.0 \ =~ lo=10 mA Vcc = 5V + 20%
Vee — 1.0 \ HMCS408C/AC;
— loH= 4 mA
HMCS408CL;
= loH = 2.5 mA
RO-R2 Vee - 3.0 \ —loy =3 mA, V¢ = 5V * 20%
Vee — 2.0 \ - lon=2mA, Vec =5V £ 20%
Vec — 1.0 \Y HMCS408C/AC;
- loy = 0.8 mA
HMCS408CL;
~lon = 0.5 mA
Output Low VoL D4-D1s, Vee = 37 v Vdisp =Veec — 40V 1
Voltage RO-R2
D4-Dis, Vee — 37 v 150kQ to Vg — 40V 2
RO-R2
Input/Output I D4-D1s, 20 #A Vjp = Vcc — 40V to Ve 3
Leakage RO-R2,
Current RAg, RA4
Pull-Down MOS |4 D4-D1s, 125 250 600 A Vgep = Vee — 35V, 4
Current RO-R2, Vin = Vcc
RAo, RA

Notes: 1. Applied to I/0 pins with pull-down MOS selected by mask option.

Pull-down MOS current and output buffer current are excluded.
Applied to I/0 pins with pull-down MOS selected by mask option.

Pwn

@ HITACHI
Hitachi America Ltd.  Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300

Applied to 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option.

219



HMCS408C/HMCS408CL/HMCS408AC

AC Characteristics

(GND = 0V, Vaisp =Vcc — 40 V to Vee, Ta = — 20°C to + 75°C,
HMCS408C: Vec = 3.5 Vto 6 V,

HMCS408CL: Vcc = 25V to 6V,

HMCS408AC: Voc = 45 Vto 6 V)

Test
Item Symbol Pin Min Typ Max Unit Conditions Note
Oscillation Frequency  foqc 0SCy, 0SC3 0.4 4 4.5 MHz HMCS408C;
divide by 8
0.2 2 2.25 MHz HMCS408C;
divide by 4
0.8 4 4.5 MHz HMCS408CL;
divide by 16
0.4 2 2.25 MHz HMCS408CL;
divide by 8
0.4 4 4.5 MHz HMCS408AC;
divide by 4
0.4 8 9 MHz HMCS408AC;
divide by 8
Instruction Cycle teye 1.78 2 20 us HMCS408C
Time
3.55 4 20 us HMCS408CL
0.89 1 20 us HMCS408AC
Oscillator Stabiliza- tg¢ 0SC,, 0SCy 20 ms HMCS408C/AC 1
tion Time
60 ms  HMCS408CL 1
External Clock tCPH, 0SC, 92 ns HMCS408C; 2
High, Low tepL divide by 8
Level Width HMCS408CL;
divide by 16
HMCS408AC;
divide by 4
203 ns HMCS408C; 2
divide by 4
HMCS408CL;
divide by 8
41 ns HMCS408AC;
divide by 8

(continued)
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HMCS408C/HMCS408CL/HMCS408AC

AC Characteristics (Cont)

. Test
Item Symbol Pin Min Typ Max Unit Conditions Note
External Clock Rise tcp, 0SC4 20 ns 2
Time
External Clock Fall tcpg 0SC, 20 ns 2
Time
INTo High Level top INTo 2 teye 3
Width
INTo Low Level toL |—NT|'0 2 teye 3
Width
INT 1 High Level tj1n IT\TT1 2 teye 3
Width
INT1 Low Level tj1p W1 2 teye 3
Width
RESET High Level tpgry  RESET 2 tove 4
Width i
Input Capacitance  Cj, All pins 15 pF f =1 MHz,
Vin =0V

RESET Fall Time tRSTS 20 ms HMCS408C/AC a4

15 ms HMCS408CL 4

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its
minimum allowable voltage (HMCS408C:3.5 V, HMCS408CL; 2.5V, HMCS408AC; 4.5
V) after power-on, or after RESET goes high. At power-on or STOP mode release, RESET
must be kept high for at least trc. Since trc depends on the crystal or ceramic filter’s circuit
constant and stray capacitance, please get the manufacturer’s advice when designing the
RESET circuit.
See figure 25.
See figure 26.
See figure 27.

Rwn
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HMCS408C/HMCS408CL/HMCS408AC

Serial Interface Timing Characteristics
AT Transfer Clock Output

(GND = 0V, Vaisp = Vcc — 40 V to Veg, Ta = —20°C to + 75°C,
HMCS408C: Vcc = 35 Vto6 V,

HMCS408CL: Vec = 25 Vto 6V,

HMCS408AC: Vec = 45 Vto 6 V)

Item Symbol Pin Min Typ Max Unit Test Condition Note
Transfer Clock Cycle Time tseye SCK 1 teye 1.2
Transfer Clock High, tsCKH SCK 0.5 toeye 1.2
Low Level Width tscKL
Transfer Clock Rise, Fall Time SCK 100 ns  HMCS408C/AC 1.2
tsckf 300 ns  HMCS408CL 1.2
Serial Output Data Delay time tpgg SO 300 ns HMCS408C 1.2
600 ns HMCS408CL 1.2
250 ns HMCS408AC 1.2
Serial Input Data Set-up Time tgg, Si 500 ns HMCS408C 1
1000 ns HMCS408CL 1
300 ns HMCS408AC 1
Serial Input Data Hold Time tHs! Si 150 ns HMCS408C/AC 1
500 ns - HMCS408CL 1
@ HITACHI
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HMCS408C/HMCS408CL/HMCS408AC

AT Transfer Clock Input

Item Symbol Pin Min Typ Max Unit Test Condition Note
Transfer Clock Cycle Time tseye SCK 1 teye 1
Transfer Clock High, tsckH SCK 0.5 tseyc 1
Low Level Width tscKL
Transfer Clock Rise, Fall Time tsckr SCK 100 ns HMCS408C/AC 1
tsckf 300 ns  HMCS408CL 1
Serial Output Data Delay Time tpgo SO 300 ns HMCS408C 1.2
600 ns HMCS408CL 1.2
250 ns HMCS408AC 1.2
Serial Input Data Set-up Time tgg Si 500 ns HMCS408C 1
1000 ns HMCS408CL 1
300 ns HMCS408AC 1
Serial Input Data Hold Time  tyg; St 150 ns HMCS408C/AC 1
500 ns HMCS408CL 1
Notes: 1. See figure 28.
2. See figure 29.
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HMCS408C/HMCS408CL/HMCS408AC

HMCS408C/AC

te—1/fcP——]

Vee=0.5V :—-tcp — tcp /
H L
0SCt  osv E jZ

o r—

-

teer tept

HMCS408CL

1/fep

Vcc—0.3V T X
0SsC l@—tCcPH —» terL
1 0.3_\4 _?*— j{ \

]
terr teps

Figure 25. Oscillator Timing

P — 0.8Vcci * I/
INTo, INT1 0.2Vee tion, tiw -+tIOL, i

Figure 26. Interrupt Timing

Figure 27. Reset Timing
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HMCS408C/HMCS408CL/HMCS408AC

ts |

y

e tscks fe—tsckr
ﬁ Vcc—Z.OV (0.8Vcc) * fa—tsckL
0.8V (0.2V¢e) *
toso

-Vee—2.0V
° Ao X
k 0.8V

Sl

I

* Vee—2.0V and 0.8V are the threshold voltage for transfer clock output.
0.8Vcc and 0.2V are the threshold voltage for transfer clock input.

Figure 28. Timing Diagram of Serial Interface

Vee
R =2.6kQ
Test
Point
1520740
¢ i Equiv
or .
30pF 12kQ

Figure 29. Timing Load Circuit
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HMCS408C/HMCS408CL/HMCS408AC

HMES408C/AC/CL Date of Order
MASK OPTION LIST P
Dept.
5V Operation : [J HMCS408C
Name
3V Operation : [J HMCS408CL

ROM Code Name

High Speed Operation  : [J HMCS408AC

LS! Type Number
*Please enter check marks in [J (Hitachi’s entry)
(W, x, v).

(1) 1/0 Option

Please enter O in applicable item for I/O option selection.
A; Without Pull-up MOS {NMOS Opsn Drain) B; With Pullun MOS
C; CMOS (not be used as Input)

D; Without Pull-down MOS (PMOS Open Drain)  E; With Puil-down MOS

Note (1/0 options masked by E3 are not available.)

1/0 Option 1/0 Option
Pin Input/Output Pin Input/Output
A|BIC|D|E
Do - Input/Output R3p Input/Output
£
D, t Input/Output R3, Input/Output
S R3
D, 'g Input/Output R3, Input/Output
D3 @ Input/Output R33 Input/Output
Dy Input/Output R4, Input/Output
Ds Input/Output R4, Input/Output
R4
Dg Input/Output R4, Input/Output
D, Input/Output R4; Input/Output
L]
Ds £ | Input/Output RS0 Input/Output
o | e—
Dg E’ Input/Output R5, input/Output
; R5 —
Dio = | Input/Output RS, Input/Output
=
Dyy T Input/Output R53 Input/Output
£
Dy Input/Output R6p | £ | Output
B
Dy3 Input/Output R6, | 8 | Output
R6 §
Dya Input/Output R6, | & | Output
Dis Input/output R63; Output
R7o Output
b
R7, Output
R7
ROy Output R7, Output
RO, Output 1 R7; Output
RO
RO, Output R8n Output
7 ‘V‘V‘ L
RO3 Output y / R8, Output
Rig | & | Input/Output %%W; Re R8. Output
°|g 7% 2
R1; | & | Input/Output 7 ?% R8. Output
R1|—|8 /%/ ’
R1, |3 | Input/Output R9 Input
2 % put/Outpuf V/é 7// %/A o npu
R13 | £ | Input/Output / / R9, Input
/%% R9 ——]
R2, Input/Output /é % é R9, Input
2 7z 7 7 -
R2, Input/Output [/ / / R93 | |Input
R2 " 7/4%%
R Input/Output / R Input
2 put/Outpu %7474 AA _ig npuf
R2; Input/Output /j//j//j RA, |Bs
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HMCS408C/HMCS408CL/HMCS408AC

(2) RA1/Vdisp (3) Package
RA1/Vaso Package
[0 RA;: Without Pull-down MOS (D) [] DP-64S (shrink package)
0 Vaisp [J FP-64
* Please enter check marks (B, X, /) in applicable [J FP-64A

item. * Please enter check marks (ll, X, /) in applicable

item.

Note) RA1/Vgisp has to be selected as Vyisp Pin exept the case that all high pins are option D.

(4) Divider (DIV) (6) ROM Code Media

Products

- HMCS408C | HMCS408CL | HMCS408AC
|divider

ROM Code Media

[J EPROM: Emulator Type

8 O O O ] EPROM: EPROM On-Package Microcom-
4 0 ) puter Type
L Check List of Application ]

(A) Oscillator (CPG option)

[J HMCS408C [J HMCS408CL [J HMCS408AC
(5V Operation) (3V Operation) (High Speed Operation)
cP
_G [ Ceramic Filter ] Ceramic Filter ] Ceramic Filter
option
[J Crystal ] Crystal [J Crystal
[J External Clock [ External Clock [ External Clock

* Please enter check marks (ll, X, /) in applicable item.
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HD4074008

Description Ordering Information
The HD4074008 is a ZTAT microcomputer in- Part No. Clock Freq. (MHz) Package
corporating 8 kwords of programmable ROM
and 512 digits of RAM. It is a CMOS 4-bit single- HD4074008S 8 DP-64S
chip HMCS400-series microcomputer provid- HD4074008C DC-64S
ing the high programming productivity, high- _— _—
sp%ed operation, and low power dissipation. HD4074008F FP-64
HD4074008H FP-64A

Features
® 8,192 words X 10 bits programmable ROM

(Programming spec is compatible with

the 27256 type)
® 512 digits X 4 bits RAM
® 581/0 lines including 12 high current pins

(15-mA), I/0 pin circuit type; open drain
® Two on-chip timer/counters
® Clock synchronous 8-bit serial interface
® Five interrupt sources

—External 2

—Internal 3
® Subroutine stack: Up to 16 levels includ-

ing interrupts
® Two low power dissipation mode

—Standby mode

—Stop mode
® On-chip oscillator: Crystal or ceramic fil-

ter (Externally drivable)
® Minimum instruction cycle time 0.89 us
@ Operation modes

—MCU mode

—PROM mode
® Package

—64-pin shrink type plastic DIP

—=64-pin shrink type ceramic DIP with

window

—64-pin flat plastic package
Program Development Support Tools
® Cross assembler and simulator software for

use with IBM PCs and compatibles

In circuit emulator for use with IBM PC

Programming socket adapter for program-

ming the EPROM-on-chip device

G HITACHI
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HD4074008

Pin Arrangement

Hitachi America Ltd. e Hitachi

ouldio 84[JD1o
01202 63[JDs
03 62[1Ds
Dug‘ 6170,
D1s[Js so[JDs
ROo e 59 D5
ROy [y s8[1Ds
RO, (Je 570103
RO 9 s6[ 1D
R1gJ10 5[0,
R1,n 54100
R1,12 53 JGND
R13[]13 52[JOSC2
R2, 14 5-%056-
R2, s s0[ JTEST
R2; e 49[ JRESET
R23 v 4s[JR9;
RAo[F1s <[R9,
RAi 11 46[TJR9,
R3 (20 45{JR9o
R3) Hr +4[JR8,
R3y/INTg (22 «3[JR8;
R3,/INT, [J22 s2[TJR8,
RSo s «1FIR8,
RSy 25 40[JR7;3
RS2 26 ;sérn,
RS3 27 38[JR7,
R6o 28 3[R7,
R6: (29 3s[ JR43 % & 9
Re: Cao 35 IR4,/50 d
R61 M 38| JA%/Si S&d
Vee [z 33[TIR4,/SCK 2
(DP-64S,DC-645) (FP-64)
SSS L2282 g an 0w
[y gajalajalajalajalajaNa)ala]
HiNiRiNininRininininininininin
323333 BLBBIBIGRR
RO;[] 1 4 :]Dz
R1o[] 2 D,
R, s 1D,
R1.] 4 [ JGND
R1: s []0sC,
R2,J & ]OSC,
R2,] 7 [ITEST
R2, s L JRESET
R2, (] [JR9;
RA, 10 CJR9,
RA, EIR9,
R3, ]2 IR,
R3, [ CIR8;
R32/INT, []14 RS,
R33/INT, (RS,
16
R50 ~N ® OO0 - NMYT WO~ 00 - o~ FRSO
— = = NN N N NN NN NN ™ ™
000000 OOoOOooud
FNF)O—NF)()!—OMO-—N(')
WWWDOOEO©O©OSNAINNNSN
mmmmmzm>83§mmmxm
S o~
<
+Cx
o«
(FP-64A)
(Top View)
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HD4074008

Pin Description

Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode
DC-64S, DC-64S, .
DP-64S FP-64 FP-64A Symbol 1/0 Symbol 1/0 DP-64S FP-64 FP-64A Symbol 1/O Symbol 1/0
1 59 57 D1 /0 Vce 33 27 25 R4o/SCK 1/O 04 1/0
2 60 58 D12 1/0 34 28 26 R4:/SI 1/O Os 1/0
3 61 59 D13 1/0 35 29 27 R4,/SO 1/0 Og 1/0
4 62 60 Dia I/0 36 30 28 R43 /0 0 1/0
5 63 61 Dis 1/0 37 31 29 R70 O CE I
6 64 62 RO O A I 38 32 30 R71 o OF I
7 1 63 RO+ 0 A I 39 33 31 R7, O
8 2 64 ROz O A I 40 34 32 R73 O
9 3 1 ROz O A, I 41 35 33 R8 O
10 4 2 Rlo  1/O As I 42 36 34 R8; o}
11 5 3 R14 1/0 As I 43 37 35 R8 o
12 6 4 R12  1/0 A; | a4 38 36 R83 O
13 7 5 R1z  1/0 Ag I 45 39 37 R9% | Vep
14 8 6 R2o  1/0 Ao | 46 40 38 R9 | Ae |
15 9 7 R2; 1/0 Ao ] 47 41 39 R9, I Mo |
16 10 8 R2,  1/0 Ap I 48 42 40 R93 M I
17 1 9 R23  1/O0 As2 I 49 43 41 RESET |  RESET |
18 12 10 RAo ] 50 44 42 TEST | TEST |
19 13 11 RA | 51 45 43 0SC4 |
20 14 12 R3o /O Az | 52 46 44 0SC; O
21 16 13 R3; /O Az | 53 47 45 GND GND
22 6 1a R3,/INTe 1/0 54 48 46 Do 1/0 0o 1/0
23 7 15 R3/INT; 1/0 55 49 47 Dy 1/0 04 1/0
>a 8 16 RS9 1/0 56 50 48 D2 I/0 0 1/0
25 9 17 RS, /0 57 51 49 D3 1/0 O3 1/0
26 20 18 R5,  1/0 58 52 50 Ds 1/0
27 21 19 Rs;  I/O 59 53 51  Ds A
28 22 20 R6e O 60 54 52 Ds 1/0
29 23 21 _Ré6; O 61 55 53 Dy Vo
0 24 22 R6; O 62 56 54 Dsg 1/0
31 25 23 R6s O 63 57 55 Ds Ay
32 26 24 Vee Voo 64 58 56 Dio 1/0 Vce
(Note) 1/0 : Input/Output Pins

| : Input Pins
O : Output Pins
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Pin Function
GND, Vcc (Power)

GND and Vcc are the power supply pins for
the MCU. Connect GND to the ground (0 V)
and apply the Vcc power supply voltage to
the Vcc pin.

TEST (Test)

TEST is for test purposes only. Connect it to
Vee.

RESET (Reset)

RESET resets the MCU. For details, see Reset
section.

OSC;, OSC: (Oscillator Connections)

OSC; and OSC; are the connected pins for the
internal oscillator circuit. They can be con-
nected to a crystal resonator, ceramic filter
resonator, or external oscillator circuits.

Do-D1s (D Port)

The D port is an input/output port addressed
by one bit. These 16 pins are all input Dg to D3
are standard and D4 to Dis are large current
standard pins. The circuit type for each pin
can be selected using a mask option. For
details, see Input/Output section.

RO-RA (R Port)

RO-R9 are 4-bit I/O ports. RA is a 2-bit I/O
port. RO, R6, R7, and R8 are output ports, R9
and RA are input ports, and R1 to R5 are I/O
ports. All pins of port RO-RA are standard
pins. The circuit type of Ds-Dis and RO-R2 is
PMOS open drain, and that of Do-D3 and R3-
R8 is NMOS open drain. R3;, R33 and R4, R4,
R4, are multiplexed with INT,, INT;, SCK, SI,
and SO respectively. The RA; pin should be
used as RA; since it is PMOS open drain (MOS
without pull-down). For details, see Input/
Output section

INTo, INT; (Interrupts)

INT; and INT; are external interrupts for the
MCU. INT: can be used as an external event
input pin for timer B. INT, and INT; are

multiplexed with R32 and R33; respectively.
For details, see Interrupt section.

SCK, SI, SO (Serial Interface)

The transfer ciock I/0 pin (SCK), serial data
input pin (SI), and serial data output pin (SO)
are used for serial interface. SCK, SI, and SO
are multiplexed with R4o, R4;, and R4:
respectively. For details, see Serial Interface
section.

Vep (Program Voltage)

Vpp is the input for the program voltage (12.5
V+0.3 V) for programming the PROM.

CE (Chip Enable)

CE is the input for programming and verify-
ing internal PROM.

OE (Output Enable)

OE is the input of data output control signal
for verify.

Ao-Au (Address Bus)

Ao-Ai4 are address input pins for internal
PROM.

0o-O7 (PROM Data Bus)

These are data bus for internal PROM.

Mo, M: (Mode)

Mo and M;, set PROM mode. PROM mode is

set when Mo, M3, and TEST pins are low level
and RESET pin high level.
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Functional Description
ROM Memory Map

The MCU includes 8,192 words X 10 bits of
PROM. It is described in the following para-
graphs and the PROM memory map (figure 1).

Vector Address Area (S0000 to SOOOF):
Locations $0000 through $000F are reserved
for JMPL instructions to branch to the start-
ing address of the initialization program and
of the interrupt service programs. After reset
or interrupt routine is serviced, the program
is executed from the vector address.

Zero-Page Subroutine Area ($S0000 to
S003F): Locations $0000 through $003F are
reserved for subroutines. CAL instructions
branch to subroutines.

Pattern Area (S0000 to SOFFF): Locations
$0000 through $0FFF are reserved for PROM
data. P instructions can refer to the PROM
data as a pattern.

Program Area (S0000 to S1FFF): Locations
from $0000 to $1FFF can be used for program
code.

0 $ 0000 (o] JMPL Instruction _ $ 0000
Vector Address 1 (Jump to RESET Routine) |$ 0001
15 $ OOOF 2 JMPL Instruction $ 0002
16 $ 0010 3 (Jump to INT, Routine) | $ 0003
Zero-Page Subroutine 4 = JMPL litrucliovj - $ 0004
5 (Jump to INT; Routine) $ 0005
(64 Words) -
63 $ 003F 6 JMPL Instruction $ 0006
64 $ 0040 7 I (Jump to TIMER A Routine) 7] $ 0007
Pattern 8 JMPL Instruction $ 0008
(4096 Words) o[ (Jump to TIMER B Routine) |$ 0009
4095 $ OFFF 10 $ 000A
4096 $1000 n $ 0008
12 JMPL Instruction $ 000C
Program 13[ (Jump to SERIAL Routine) |$ 000D
(8192 Words) '4I $ 00OE
8191 $1FFF B $ 0OOF
8192 $2000
Not Used
16383 ¢ 3FFF

Figure 1. PROM Memory Map
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RAM Memory Map

The MCU includes 512 digits of 4-bit RAM as
the data and stack area. In addition to these
areas, interrupt control bits and special func-
tion registers are also mapped on the RAM
memory space. The RAM memory map (figure
2) is described in the following paragraphs.

Interrupt Control Bit Area (S000 to $S003):
The interrupt control bit area (figure 3) is
used for interrupt controls. It is accessable

only by 2 RAM bit manipulation instruction.

However, the interrupt request flag cannot
be set by software. The RSP bit is used only to
reset the stack pointer.

Special Function Registers Area (S004 to
S00B): The special function registers are the
mode or data registers for the external inter-
rupt, the serial interface, and the timer/
counter. These registers are classified into
three types: write-only, read-only, and read/
write as shown in figure 2. These registers
cannot be accessed by RAM bit manipulation

ingtructions
nstiruclions.

(o] $ 000 (o] $ 000
RAM-mapped Registers 1 . $ 001
trol Bit
31 $O1F ) Interrupt Control Bits $ 002
32 $ 020
Memory Registers(MR) 3 T $ 003
al ] $ O2F 4| Port Mode Reg. (PMR) ! W |$ 004
48 $ 030 5| Serial Mode Reg. (SMR) ¢ W |$ 005
Data 6| Serial Data Reg. Lower (SRL) !R/W|$ 006
(448 Digits) 7| Serial Data Reg. Upper (SRU) 'R/W|$ 007
8| Timer Mode Reg. A (TMA) ! W |$ 008
9] Timer Mode Reg. B (TMB) | W |$ 009
479 $1DF L N (TCBL/TLRL) !R/W|$ 00A
TIMER B
480 $1E0 1. (TCBU/TLRU):R/W]|$ 008
Not Used $ 00C
959 $ 3BF
960 $ 3C0 Not Used
(6:‘39" | 31 $01F
igits)
1023 $ 3FF
* Two registers are mapped on same address.
X Timer/Event Counter B Lower:; Timer Load Reg. Lower
R: Read Ogly 10 (TCBL) R (TLRL) W | $00A
W: Write Only :
. . Timer/Eveni Counier B Upper! Timer Load Reg. Uppei
R/W: Read/Write 11 (TCBU) © R (TLRU) w [ $00B

Figure 2. RAM Memory Map
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Data Area ($020 to $1DF): 16 digits of $020
through $02F are called memory registers
(MR) and are accessible by LAMR and XMRA
instructions (figure 4).

Stack Area (S3CO to $3FF): Locations $3CO
through $3FF are reserved for LIFO stacks to
save the contents of the program counter
(PC), status (ST), and carry (CA) when su-

broutine calls (CAL instruction, CALL
instruction) and interrupts are serviced. This
area can be used as a 16 nesting level stack in
which one level requires 4 digits. Figure 4
shows the save condition. The program
counter is restored by RTN and RTNI instruc-
tions. Status and carry are restored only by
the RTNI instruction. This area, when not
used for a stack, is available as a data area.

bit 3 bit 2 bit 1 bit O
IMO IFO RSP I/E
0 __ ___ ) $000
(IM of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag)
. IMTA IFTA M1 IF1 5001
(IM of TIMER A) (IF of TIMER A) (IM of INTy) (IF of INTY)
IMTB IFTB .
2 Not Used Not Usea 3002z
(IM of TIMER B) (IF of TIMER B)
3 Not Used Not Used IMS IFS $003
se o)
© se (IM of SERIAL) (IF of SERIAL)

IF:  Interrupt Request Flag

IM: Interrupt Mask
I/E:  Interrupt Enable Flag
SP: Stack Pointer

Note:

affected by the SEM/SEMD instruction.

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not

The contents of status becomes invalid when a “Not Used” bit is tested.

Figure 3. Configuration of Interrupt Control Bit Area

$3FC

$3FD

$3FE

$3FF

Memory Registers Stack Area

32| MR() [$020  960| Level 16 |$3CO

33| MR(1) |$021 Level 15 PC13 to PCo: Program Counter

34 MR(2) |$022 Level 14 ST: Status

35| MR(3) [$023 Level 13 CA: Carry

36| MR(4) (3024 Level 12

371 MRGB)  |$025 Level 11 Note: As the HD4074008 is an 8 k PROM version,
38| MR@E) |$026 Level 10 PCig is not used.

39| MR(7) $027 Level 9 bit 3 bit 2 “bit 1 bit O
40| MR(8) [$028 Level 8 T e
41| mR9) |s029 Level 7 1020 ST PCis | PCz PCn
42| MR(10) |$02A Level 6 — T
43 MR(11) |$028 Level 5 1021 PCio PCo | PCs . PCy
44| MR(12) [$02C Level 4 T
45[ MR(13) |$02D Level 3 10221 CA PCs \ PCs | PCs
46| MR(14) |$02E Level 2 — =

1023| PCs PCz [z PCo

47| MR(15) |$02F  1023| Level 1 [$3FF | | |

Hitachi America Ltd. e Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 # (415) 589-8300
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Registers and Flags

The MCU has nine registers and two flags for
the CPU operations (figure 5).

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results
from the arithmetic logic unit (ALU), and
transfer data to/from memories, I/O, and
other registers.

W Register (W), X Register (X), Y Regis-

*ow IV\- The 2-kbit W register. and the 4-kit ¥

WeX {4 . 440 SgLISLeI, anG s LIV &

and Y registers indirectly address RAM. The Y
register is also used for D port addressing.

SPX Register (SPX), SPY Register (SPY):
The 4-bit registers SPX and SPY are used to
assist X and Y registers respectively.

Carry (CA): The carry (CA) stores the over-
flow from ALU generated by an arithmetic
operation. It is also affected by SEC, REC,
ROTL, and ROTR instructions.

During interrupt servicing, carry is pushed
onto the stack. It is restored by a RTNI
instruction, but not by a RTN instruction.

Status (ST): The status (ST) holds the ALU
overflow, ALU non-zero, and the results of bit
test instruction for the arithmetic or compare
instructions. It is a branch condition of the BR,
BRL, CAL, or CALL instructions. The value for
the status remains unchanged until the next
arithmetic, compare, or bit test instruction is
executed. Status becomes 1 after a BR, BRL,
CAL, or CALL instruction whether it is
executed or skipped. During interrupt servic-
ing, status is pushed onto the stack. It is
restored back from the stack by a RTNI

ingtruction. but not kn a RTN instruction
mstruction, sut not a nllN instructlion.

Program Counter (PC): The program
counter is a 14-bit binary counter which con-
trols the sequence in which the instructions
stored in ROM are executed.

Stack Pointer (SP): The stack pointer (SP) is
used to point to the address of the next stack
area (up to 16 levels).

The stack pointer is initialized to RAM
address $3FF. It is decremented by 4 when
data is pushed onto the stack, and in-
cremented by 4 when data is restored from it.
The stack can only be used up to 16 levels

3 0
A
3 0

B Register
W Register
0
X Register
Y Register
SPX Register
SPY Register
Carry
Status

l PC

Program
Counter

onnns

Stack

sp Pointer

Figure 5. Registers and Flags
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deep because the high four bits of the stack
pointer are fixed at 1111.

The stack pointer is initialized to $3FF by
either MCU reset or the RSP bit, reset by a
REM/REMD instruction.

Interrupt

Five interrupt sources are available on the
MCU: external requests (INTp, INT;), timer/
counter (timer A, timer B), and serial port
(serial). For each source, an interrupt request
flag (IF), interrupt mask (IM), and interrupt
vector addresses control and maintain the
interrupt request. The interrupt enable flag
(IE) also controls interrupt operations.

Interrupt Control Bits and Interrupt
Service: The interrupt control bits are
mapped on $000 through $003 of the RAM
space. They are accessable by RAM bit
manipulation instructions. (The interrupt
request flag (IF) cannot be set by software.)
The interrupt enable flag (IE) and IF are
cleared 0, and the interrupt mask (IM) is set to
1 at initialization by MCU reset.

Figure 6 is a block diagram of the interrupt
control circuit. Table 1 shows the interrupt
priority and vector addresses, and table 2
shows the interrupt conditions corresponding
to each interrupt source.

Sequence Control

- Push PC CA ST
|

* Jump to Vector

Address

Vector

Priority Control PLA Address

Figure 6. Interrupt Control Circuit Block Diagram
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An interrupt request is generated when the
IF is set to 1 and IM is 0. If the IE is 1 at this
time, the interrupt will be activated and
vector addresses will be generated from the
priority PLA corresponding to the interrupt
sources.

Figure 7 shows the interrupt service

AY
sequence, and figure 8 shows the interrupt
service flowchart. If an interrupt is requested,
the instruction being executed finishes in the
first cycle. The IE is reset in the second cycle.
In the second and third cycles, the carry,
status and program counter are pushed onto
the stack. In the third cycle, the instruction is
re-executed after jumping to the vector

Table 1. Vector Addresses and Inter-

rupt Priority

Reset, Interrupt Priority Vector addresses

RESET - $0000
INTo 1 $0002
INT; 2 $0004
Timer A 3 $0006
Timer B 4 $0008
SERIAL 5 $000C

Table 2. Conditions of Interrupt Service

Interrupt Control Bit Tﬁ?o INT, TimerA TimerB SERIAL
I/E 1 1 1 1 1
IFO-IMO 1 0 0 0 0
IF1-IMT * 1 0 0 0
IFTA-IMTA * * 1 0 0
IFTB-IMTB * * * 1 0
IFS-IMS * * * * 1

Table 3. Interrupt Enable Flag

* Don’t care

Table 5. External Interrupt Mask

Interrupt Enable Flag Interrupt Enable/Disable External Interrupt Masks Interrupt Requests

0 Disable 0 Enable

1 Enable 1 Disable (masks)
Table 4. External Interrupt Request

Flag

External Interrupt Request Flags  Interrupt Requests

0 No

1 Yes
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address.

In each vector address, program JMPL
instruction to branch to the starting address
of the interrupt service program. The IF
which caused the interrupt service must be
reset by software in the interrupt service
program.

Interrupt Enable Flag (I/E: $000 bit 0):
The interrupt enable flag enables/disables
interrupt requests as shown in table 3. It is
reset by interrupt servicing and set by the
RTNI instruction.

External Interrupts (INTo, INT:): The
external interrupt request inputs (INTo, INT,)
can be selected by the port mode register
(PMR: $004). Setting bit 3 and bit 2 of PMR

causes R33/INT; pin and R32/INTo pin to be
used as INT; pin and INTo pin respectively.

The external interrupt request flags (IF0, IF1)
are set at the falling edge of INTy and INT;
inputs. (Refer to table 4.)

The INT; input can be used as a clock signal
input to timer B. Then, timer B counts up at
each falling edge of the INT: input. When
using INT; as timer B external event input,
external interrupt mask (IM1) has to be set so
that the interrupt request by INT; will not be
accepted. (Refer to table 5.)

External Interrupt Request Flags (IFO:
$000 bit 2, IF1: S001 bit 0): The external
interrupt request flags (IF0O, IF1) are set at the
falling edge of the INT,; and INT; inputs

Table 8. Port Mode Register
PMR3 R33/INT; Pin PMR1 R44/S! Pin
(6] Used as R33 port input/output pin (] Used as R4, port input/output pin
1 Used as INT; input pin 1 Used as S! input pin
PMR2 R32/INT; Pin PMRO R42/SO Pin
0 Used as R3; port input/output pin o Used as R4 port input/output pin
1 Used as INTo input pin 1 Used as SO output pin
Instruction 1 2 3 4 5 6

Cycles
t 4 1

Instruction
execution

Interrupt Stacking, Stacking.
Vector address
accepted Reset of I/E
is generated
JMPL instruction execution on the
vector address
Instruction
execution at
starting address
of the interrupt
routine
Figure 7. Interrupt Servicing Sequence
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240

Power
ON
RESET>N°
Yes /
interh\ Yes
Request
?
No
(A) (B) (C)
Reset Execute Interrupt
MCU Instruction Accept
PC—(PC)+1 I/E— 0
Stack«+(PC)
I Stack«—(CA)
Stack«+(ST)
Yes INT,
] PC«$ 0002 Interrupt
?
No
Yes INT,
= PC—$0004 Interrupt
?
No
1 pcg0006 Yes «“TIMER A
Interrupt
-—1 PC—$ 0008
| PC—$ 000C
(SERIAL Interrupt)
Figure 8. Interrupt Servicing Flowchart

G HITACHI

Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300




HD4074008

respectively.

External Interrupt Masks (IMO: $000 bit
3, IM1: $001 bit 1): The external interrupt
masks mask the external interrupt requests.

Port Mode Register (PMR: $004): The port
mode register is a 4-bit write-only register
which controls the R32/INT, pin, R33/INT; pin,
R4,/SI pin, and R4,/SO pin as shown in table
6. The port mode register will be initialized to
$0 by MCU reset. These pins are therefore
initially used as ports.

Serial Interface

The serial interface is used to transmit/
receive 8-bit data serially. It consists of the
serial data register, the serial mode register,
the octal counter, and the multiplexer as
illustrated in figure 9. Pin R4¢/SCK and the
transfer clock signal are controlled by the
serial mode register. The contents of the
serial data register can be vwritten intc or
read out by software. The data in the serial
data register can be shifted synchronously
with the transfer clock signal.

STS instruction is used to initiate serial inter-
face operations and to reset the octal counter
to $0. The counter starts to count at the fall-
ing edge of the transfer clock (SCK) signal
and increments by one at the rising edge of
SCK. When the octal counter is reset to $0
after eight transfer clock signals, or when a
transmit/receive operation is discontinued by
resetting the octal counter, the serial inter-
rupt request flag will be set.

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls
the R4¢/SCK, prescaler divide ratio, and
transfer clock source as shown in table 7.

The write signal to the serial mode register
controls the operating state of the serial
interface.

The write signal to the serial mode register
stops the serial data register and octal
counter from accepting transfer clock, and it
also resets the octal counter to $0 simultane-
ously. Therefore, when the serial interface is
in the transfer state, the write signal causes

the serial mode register to cease the data
transfer and to set the serial interrupt request
flag.

Contents of the serial mode register will be
changed on the second instruction cycle after
the serial mode register has been written to.
Therefore, it will be necessary to execute the
STS instruction after the data in the serial
mode register has been changed completely.
The serial mode register will be reset to $0 by
MCU reset.

Serial Data Register (SRL: $006, SRU:
$007): The 8-bit read/write serial data regis-
ter consists of a low-order digit (SRL: $006)
and a high-order digit (SRU: $007).

The data in the serial data register will be
output from the SO pin, from LSB to MSB,
synchronously with the falling edge of the
transfer clock signal. At the same time,
external data will be input from the SI pin to
ilie seriali data register, MSB first,
synchronously with the rising edge of the
transfer clock. Figure 10 shows the I/O timing
chart for the transfer clock signal and the
data.

The read/write operations of the serial data
register should be performed after the com-
pletion of data transmit/receive. Otherwise
the data may not be guaranteed.

Serial Interrupt Request Flag (IFS: S003
bit 0): The serial interrupt request flag will
be set when the octal counter counts eight
transfer clock signals, or when data transfer is
discontinued by resetting the octal counter.
Refer to table 8.

Serial Interrupt Mask (IMS : S003 bit 1):
The serial interrupt masks the interrupt
request. Refer to table 9.

Selection and Change of the Operation
Mode: Table 10 shows the serial interface
operation modes which are determined by a
combination of the value in the port mode
register and that in the serial mode register.

Initialize the serial interface by a write signal
to the serial mode register, when the opera-
tion mode is changed.
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Table 7. Serial Mode Register

SMR3 R49/SCK
(o] Used as R4q port input/output pin
1 Used as SCK input/output pin
Transfer Clock
Prescaler System Clock
SMR 2 SMR 1 SMR 0 R4¢/SCK Port Clock Source Divide Ratio Divide Ratio
(0] 0 (] SCK Output Prescaler + 2048 + 4096
(o] [o] 1 SCK Output Prescaler + 512 + 1024
0 1 0 SCK Output Prescaler + 128 + 256
0 1 1 SCK Output Prescaler + 32 + 64
1 0 0 SCK Output Prescaler + 8 + 16
1 0 1 SCK Output Prescaler L 2 + 4
1 1 [o] SCK Output System Clock — + 1
1 1 1 SCK Input External Clock — —
OC (3 bit)
System . SROF
Clock Prescaler (11bit) C?)?r?{er IFS
| Interrupt
] Request Flag
Ol §
NlNl=]0 of Serial Inter-
Py @ i B w0 & ace
| Internal Bus Line (S1) |
Serial MPX > 2 % MPX
14 14
T T X SR (8 b1
3 Serial Data Register
SMR (4 bit) PMR (4 bit) ¥4 ¥4
Serial Mode Port Mode -
F REG. 4 REG. I Internal Bus line (S2) I
SCK 1
1 internal Bus Line (S2) | 1 2
R40/SCK R4y/s || R4,/S0 ||
Port Port Port
SCK Si SO

Figure 9. Serial Interface Block Diagram
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Operating State of Serial Interface: The
serial interface has three operating states,
the STS waiting state, SCK waiting state, and
transfer state, as shown in figure 11.

The STS waiting state is the initialization
state of the serial interface internal state. The
serial interface enters this state in one of two
ways: either by changing the operation
mode through a change in the data in the
port mode register, or by writing data into
the serial mode register. In this state, the
serial interface does not operate even if the
transfer clock is applied. If an STS instruction
is executed, the serial interface shifts to SCK
waiting state.

In this state the falling edge of the first trans-

fer clock causes the serial interface shift to
transfer state. While the octal counter counts-
up and the serial data register shifts simul-
taneously. As an exception, if the clock con-
tinuous output mode is selected, the serial
interface stays in SCK waiting state while the
transfer clock outputs continuously.

The octal counter becomes 000 again after 8
transfer clocks or by execution of an STS
instruction, so that serial interface returns to
SCK waiting state, and the serial interrupt
request flag is set simultaneously.

When the internal transfer clock is selected,
the transfer clock output triggered by the
execution of an STS instruction, and it stops
after 8 clocks.

Table 8. Serial Interrupt Request Flaa

Serial Interrupt Request Flag Interrupt Request

(o] No

1 Yes

Table 9. Serial Interrupt Mask

Serial Interrupt Mask Interrupt Request

Table 10. Serial
Mode

Interface Operation

SMR3 PMR1 PMR2 Serial Interface Operating Mode

1 (0] 0] Clock Continuous Output Mode
1 0 1 Transmit Mode
1 1 0 Receive Mode

Transmit/Receive Mode

(6] Enable

1 Disable (mask)

2

Transfer Clock ||||||||||||||||

Serial Output Data

I TTTTT =

Serial Input Data
Latch Timing

Figure 10. Serial Interface I/O Timing Chart
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Example of Transfer Clock Errors
Detection: The serial interface functions
abnormally when the transfer clock is dis-
turbed by external noises. In this case, trans-
fer clock error can be detected by the proce-
dure shown in figure 12.

If more than 8 transfer clocks occur in the

SCK waiting state, the state of the serial
interface shifts as follows: first, transfer
state, second, SCK waiting state and third,
transfer state again. The serial interrupt flag
should be reset before entering into the STS
state by writing data to SMR. This procudure
causes the serial IRF to be set again.

* Change PMR means the change of
operation mode as below:

Clock
Continuous
Output Mode

+ Transmit Mode
* Receive Mode

4

Mode

STS Waiting State

+ Transmit/Receive (Octal Counter =000 )
Transfer Clock Disable

Change PMR*

Transfer Clock

SCK Waiting State
(Octal Counter=000)

8 Transfer Clocks,
STS Instruction

Transfer State
(Octal Counter +000)

A

(IFS<1)

Figure 11. Serial Interface Operation State

Transmit/Receive
(IFS<1)

Interrupt
Disable

l

IFS<0

!

Write to
SMR

No

Normal End

Transfer Clock
Error Processing

Figure 12. Example of Transfer Clock Error Detection
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Timer

The MCU contains a prescaler and two timer/
counters: (timer A, timer B). A block diagram
is shown in figure 13. The prescaler is an 11-bit
binary counter, timer A an 8-bit free-running
timer/counter, and timer B an 8-bit auto-re-
load timer/event counter.

Prescaler: The input to the prescaler is the
system clock signal. The prescaler is initial-
ized to $0000 by MCU reset, and it starts to
count up the system clock signal as soon as
RESET input goes to logic 0. The prescaler
keeps counting up except in MCU reset and
stop mode. The prescaler provides clock sig-
nals to timer A, timer B, and the serial inter-
face. The prescaler divide ratio is selected by
the timer mode register A (TMA), timer mode
register B (TMB), serial mode register (SMR).

Timer A Operation: After timer A is initial-
ized to $00 bv MCU reset. it counts up at
every clock input signal. When the next clock
signal is applied after timer A becomes $FF, it
will generate an overflow and become $00.
This overflow causes the timer A interrupt
request flag (IFTA : $001 bit 2) to go to 1. This

timer can function as an interval timer
" periodically generating overflow output at
every 256th clock signal input.

The clock input signals to timer A are
selected by the timer mode register A (TMA:
$008).

Timer B Operation: The timer mode regis-
ter B (TMB: $009) selects the auto-reload
function, input clock source, and the pres-
caler divide ratio of timer B. When the exter-
nal event input is used as_an input clock
signal to timer B, select R33/INT; as INT; and
set the external interrupt mask (IM1) to pre-
vent an external interrupt request from oc-
curring.

Timer B is initialized according to the data
written into the timer load register by soft-
ware. Timer B counts up at every clock input
signal. When the next clock signal is applied
to timer B after it is set to $FF. it will generate
an overflow output. In this case, if the auto-
reload function is selected timer B is initial-
ized according to the value of the timer load
register. If it is not selected, timer B goes to
$00. The timer B interrupt request flag (IFTB:

Timer Mode Register A

L Internal Bus Line (S1) I
Timer Mode Register B
p &
TMB(4bit) T .
Timer Latch 1
3 Reg.
iNT, 1111
<: ) " CPTB TCB(8bit) TBOF
Timer 8 MPX Timer/Event Counter B IFT8
ol ®] o~ (] IIIII1'I Interrupt
bl B B B - TLR(8bit) Request Flag
o | Timer Load Register ot Timer
System .
Clock Prescaler (11bit) 44 14
Internal Bus Line
P I Bl fd B B =1 4
AR
Timer A MPX CPTA TCA(Bbit) TAOF } \eva
Timer Counter A
Interrupt
13 Request Flag
of Timer A
TMA(3bit)

Figure 13. Timer/counter Block Diagram
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$002 bit 0) will be set at this overflow output.

Timer Mode Register A (TMA: $008): The
timer mode register A is a 3-bit write-only
register. The TMA controls the prescaler
divide ratio of timer A clock input, as shown
in" table 11. The timer mode register A is
initialized to $0 by MCU reset.

Timer Mode Register B (TMB: $009): The
timer mode register B (TMB) is a 4-bit write-
only register which selection the auto-reload
function, the prescaier divide ratio, and the
source of the clock input signal, as shown in
table 12. The timer mode register B is initial-
ized to $0 by MCU reset.

The operation mode of timer B changes at the
second instruction cycle after the timer mode
register B is written to. Initialization of timer
B by writing data into the timer load register
should be performed after the contents of

TMB are changed. Configuration and function
of timer mode register B is shown in figure 14.

Timer B (TCBL: SO0A, TCBU: S00B, TLRL:
S00A, TLRU: S00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit
read-only timer/event counter. Each of them
has a low-order digit (TCBL: $00A, TLRL:
$00A) and a high-order digit (TCBU: $00B,
TLRU: $00B). (Refer to figure 2.)

The timer/event counter can be initialized by
writing data into the timer load register. In
this case, write the low-order digit first, and
then the high-order digit. The timer/event
counter is initialized when the high-order
digit is written. The timer load register is
initialized to $00 by the MCU reset.

The counter value of timer B can be obtained
by reading the timer/event counter. In this
case, read the high-order digit first, and then

PMR:$ 004

SMR:$ 005

SMR3

IPMRSIPMRZIPMRI |PMRO

SMR2|SMR1

SMRO

[

y)
~ -
‘— Transfer clock selection

R4,/SCK pin mode selection

R4,/S0 pin mode selection
R4,/SI pin mode selection
R3,/INT, pin mode selection

R33/INT; pin mode selection

TMA:3 008 TMB:§ 009
TMA2| TMA1|TMAO TMB3|TMB2|TMB1|TMBO
;——v————/ v )

t—— Timer B input clock selection

Auto-reload function selection

Timer A input clock selection

Fiure 14. Mode Register Configuration and Function
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the low-order digit. The count value of the
low-order digit is latched at the time when
the high-order digit is read.

Timer A Interrupt Request Flag (IFTA:
$001 bit 2): The timer A interrupt request
flag is set by the overflow output of timer A
(table 13).

Timer A Interrupt Mask (IMTA: $001
bit 3): The timer A interrupt mask prevents
an interrupt request from being generated by
the timer A interrupt request flag (table 14).

Timer B Interrupt Request Flag (IFTB:
$002 bit 0): The timer B interrupt request
flag is set by the overflow output of timer B
(table 15).

Table 11. Timer Mode Register A

TMA2 TMA1 TMAO Prescaler Divide Ratio

o 0 0 + 2048
(o] (o} 1 + 1024
0 1 0 + 512
(o] 1 1 + 128
1 0 0 + 32
1 (o] 1 + 8
1 1 0 + 4

Table 12. Timer Mode Register B

Table 13. Timer A Interrupt Request

Flag
Timer A Interrupt
Request Flag Interrupt Request
0 No
1 Yes

Table 14. Timer A Interrupt Mask

Timer A Interrupt Mask Interrupt Request

0 Enable

1 Disable (Mask)

Table 15. Timer B Interrupt Request
Flag

Timer B Interrupt

TMB3 Auto-reload Function Request Flag Interrupt Request
(o] No (0] No
1 Yes 1 Yes

Prescaler Divide Ratio,
TMB2 TMB1 TMBO Clock Input Source

Table 16. Timer B Interrupt Mask

Timer B Interrupt Mask Interrupt Request

(0] (0] (o] + 2048

0] Enable
(o] (0] 1 + 512

1 Disable (Mask)
(] 1 (o] + 128
(o] 1 1 + 32
1 (] (o] + 8
1 (o] 1 + 4
1 1 (o] + 2
1 1 1 INT; (External Event Input)

@ HITACHI

Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300 247



HD4074008

Timer B Interrupt Mask (IMTB: S002 bit
1): The timer B interrupt mask prevents an
interrupt request from being generated by
timer B Interrupt request flag (table 16).

Input/Output

The MCU has 58 I/O pins including 12 high
current standard pins (15 mA). If I/O pin is
used as input pin, output data should be in
the state shown in table 18.

D Port: The D port is an I/O port which has 16
discrete I/O pins, each of which can be ad-
dressed independently. It can be set/reset
through SED/RED and SEDD/REDD instruc-
tions, and can be tested through TD and TDD
instructions. See table 17 for I/O pin circuit
types.

R Ports: The eleven R ports in the
HD4074008 are composed of 20 I/O pins, 16
output-only pins, and 6 input-only pins. Data
is input through LAR and LBR instructions
and output through LRA and LRB instruc-

tions. The MCU will not be affected by writ-
ing into the input-only and/or non-existing
ports, while invalid data will be read by read-
ing from the output-only and/or non-existing
ports.

The R32, R33, R40, R41 and R4; pins are multi-
plexed with the INT,, INT;, SCK, SI and SO
pins respectively. See table 17 for I/O pin
circuit types.

How to Deal with IInused I/0 Ping: If the
I/O pins not used in the user system are in
floating state, the LSI may malfunction
because of noise. Electric potential of the I/O
pins should be fixed as follows to prevent the

malfunction.

For PMOS open drain output pins, connect
the pin to the Ve on the printed circuit of the
user system.

For NMOS open drain output pins, connect
the pin to GND on the printed circuit of the
user system. Input pins should be connected

Table 17. I/0 Pin Circuit Types
MOS Without Pull-Up Pins MOS Without Pull-Up Pins
{(NMOS Open Drain) (NMOS Open Drain)
_ o scx
HLT Input data D
0—D3 Vee e e~y
1/0 R3,—R3s HLT +Mode select SCK{Note 2)
Pins Rdo—R43 | o :'.:]Lcl)t;)eut
& R50—Rb3 I
Output data Internal  SCK
@ i
€ _ ALT
& | Output 230 R?]a
B | Pins 0—R73 SO
& Output data R80—R84
r__“‘\_|.-l.—-
H I;;‘ S0
]
n
INTg
INT,
Input HT. ; Sl
i : HLT:[ )3 Input data  |R90—R93 O_T:'D— Input data  Igzp oo 9)
HLT Input
mode
Notes : 1. In stop mode HLT is O and HLT is 1. Then I/O Pin is in high-impedance state.

2. In serial interface interrupt, SCK pin is input pin if external clock input mode is selected.
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to Vcc on the printed circuit of the user sys-
tem.

R4,/SCK and R4,/SO should be set to R4 and
R4; by serial mode register and port mode
register, respectively.

Reset

Bringing the RESET pin high resets the MCU.
At power-on, or when cancelling stop mode,
the reset must satisfy trc for the oscillator to
stabilize. In all other cases, at least two
instructions cycles are required for the MCU
to be reset.

Table 19 shows the parts to be initialized by
MCU reset, and the status of each.

MOS Without Pull-Down

(PMOS Open Drain) Pins
Vee
AT
Output data D4s—D1s
1/0 Pins R10—R13
RZo—RZ3
‘—M Input data
'g Vee
Q. |Output HLT .
'g Pins Oﬁﬂomput data R00—R03
°
c
3
»n
Input LT
Pins Input data RAo, RA
Note: In stop mode, HLT is O. Then I/O pins are in high-impedance state.

Table 18. Data Input from Input/Output Common Pins

1/0 Pin Circuit Type Input Possible Input Pin State
Standard Pins (1) CMOS No —

MOS without pull-up

i Yes 1

(NMOS open drain)

MOS without pull-down
Standard Pins (1) withou pu, W Yes (o]

(PMOS open drain)
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Table 19. Initial Value at MCU Reset
Initial Value at

Items MCU Reset Contents

Program Counter (PC) $0000 Execute program from the top of ROM
address

Status (ST) 1 Enable to branch with conditional branch

instructions

Stack Pointer (SP) $3FF Stack level is O
1/0 Pin Standard Pin NMOS Open Drain 1 Enable input
Output Register () Mos Wi‘hO“‘]
Pull-Up
Standard Pin  PMOS Open Drain QO Enable input
) MOS Without
Pull-Down
Interrupt Flag Interrupt Enable Flag (I/E) ] Inhibit all interrupts
Interrupt Request Flag (IF) (0] No interrupt request
Interrupt Mask (IM) 1 Mask interrupt request
Mode Register Port Mode Register (PMR) 0000 See port mode register.
Serial Mode Register (SMR) 0000 See serial mode register.
Timer Mode Register A (TMA) 000 See timer mode register A.
Timer Mode Register B (TMB) 0000 See timer mode register B.
Timer/Counter, Prescaler $000 —
Serial interface Timer/Counter A (TCA) $00 —

Timer/Event Counter B (TCB) $00 —

Timer Load Register (TLR) $00 —

Octal Counter 000 —

Note: MCU reset affects the rest of registers as follows:
After recovering from STOP  After MCU reset except for

Item mode by MCU reset the left condition
Carry (CA) The contents of the items before  The contents of the items before
Accumulator (A) MCU reset are not retained. MCU reset are not retained.
It is necessary to initialize them by It is necessary to initialize them by
B Register (B) software again. software again.
W Register (W)
X/SPX Registers (X/SPX)
Y/SPY Registers (Y/SPY)
Serial Data Register (SR)
RAM The contents of RAM before Same as above

MCU reset (just before STOP
instruction) are retained.
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Internal Oscillator Circuit lator can be selected as the oscillator type.

Refer to table 20 to select the type. In addi-
Figure 15 outlines the internal oscillator cir- tion, see figure 16 for layout of the crystal or
cuit. Crystal oscillator or ceramic filter oscil- ceramic filter.

0sCr @ Oscillator
0SC> @——

Divider Timing

L System
circuit generator |
1/8 circuit clock

Figure 15. Internal Oscillator Circuit

Figure 16. Layout of Crystal and Ceramic Filter
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Table 20. Examples of Oscillator Circuits

Circuit Configuration Circuit Constants
External Clock Oscillator
Operation
D— 0SCs
Open—0SC2
Ceramic Filter Ceramic filter
Oscillator i fosc. CSA8.00MT
Gromic é.; R (Murata)
et losca Re: 1 MQ * 20%
R . C1:30 pF * 20%
GND C2:30 pF = 20%
Crystal Oscillator e [TTI Re: 1 MQ = 20%
?IET- C1:10-22 pF * 20%
b |°Sc’ C2:10-22 pf + 20% o
GND Crystal: equivalent to circuit shown
Rl Co: 7 pF max.
Rs: 100 Q max.
0SsC:. Ci Rs 2
E ;’—j_‘m f: 1.0-9 MHz

Notes : 1. Since the circuit constant changes according to the crystal and ceramic filter resonator and
stray capacitance of the board, please consult with the engineers of crystal or ceramic filter
maker to determine the circuit parameter.

2. Wiring among OSC,, OSC:2, and elements should be as short as possible, and never cross
other wiring. Refer to figure 16.
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Operating Modes
Low Power Dissipation Mode

The MCU has two low power dissipation
modes, standby mode and stop mode (table
21). Figure 17 is a mode transition diagram for
these modes.

Standby Mode: Executing an SBY instruc-
tion puts the MCU into standby mode. In

standby mode, the oscillator circuit is active
and interrupts, timer/counter and serial
interface working. On the other hand, the
CPU stops since the clock related to the
instruction execution stops. Registers, RAM,
and I/O pins retain the states they were in
just before the MCU went into standby mode.

Table 21. Low Power Dissipation Mode Function

Condition
Timer/
Low Power Input/ Counter,
Dissipation Oscillator Instruction Register, Interrupt Output Serial Recovery
Mode Instruction  Circuit Execution Flag Function RAM Pin Interface Method
Standby mode  SBY Active Stop Retained  Active Retained  Retained2  Active RESET
instruction input,
interrupt
request
Stop mode STOP Stop Stop RESET? Stop Retained  High Stop RESET
instruction impedance input

Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 19 for the contents of

the flags and registers.

2. As an 1/0 circuit is active, an I/0 current may flow, depending on the state of I/0O pin in
standby mode. This is the additional current to the current dissipation in standby mode.

Standby

Active

Figure 17. MCU Operation Mode Transition
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Standby mode may be cancelled by inputting
RESET or by asserting an interrupt request.
In the former case the MCU is reset. If the
interrupt enable flag is 1 when an interrupt
request asserted, the interrupt is executed,
while if it is 0, the interrupt request is put on
hold and normal instruction execution con-
tinues. In the later case, the MCU becomes
active and executes the next instruction fol-
lowing the SBY instruction.

T A0 1o b L) aaonl ot Af Slen b Al
LiJui€ i0 S510UVWS uic uovviilaliv Ul uvii€ SiaiiQoy

Stop Mode: Executing a STOP instruction
brings the MCU into stop mode, in which the
oscillator circuit and every function of the
MCU stop.

Stop mode may be cancelled by resetting the
MCU. At this time, as shown in figure 19, reset
input must be applied for at least tgyc for
oscillation to stabilize. (Refer to AC Charac-
teristics table.) After stop mode is cancelled,
RAM retains the state it was in just before the

AANITT cavmnendt it~ b v~ a st o amvrseeas
wiv v VWellv iivO SO IMIOGE, OuUv wui€ alluliiu-

lator, B register, W register, X/SPX registers,

Oscillator Active
Peripheral Clocks
Active

All Other Clocks
Stop

Restart Restart
Processor Clocks Processor Clocks
No 6
(A) (B) Yes ()
Reset MCU E)(ecl';'.\‘setmction 'me"u:;cem

Figure 18. MCU Operating Flowchart in Standby Mode
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Y/SPY registers, carry, and serial data register
may not retain their contents.

1 Stop mode N

(D 7
S o I ) I kuuuuum o nnn
by

* tres |

RESET £

STOP instruction execution (more than stabilization time: trc)

Figure 19. Timing Chart of Recovering from Stop Mode
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Programmable ROM Operation

The HD4074008's on-chip PROM is pro-
grammed in PROM mode (figures 20, 21 and
22). PROM mode is set by bringing TEST, Mo,
and M; low, and RESET high as shown in
figure 21. In PROM mode, the MCU does not
operate. It can be programmed like a stan-
dard 27256 EPROM using a standard PROM
programmer and a 64-to-28-pin socket
adapter. Table 23 lists recommended PROM
programmers and socket adapters.

Since an instruction of the HMCS400 series
consists of 10 bits, the HMCS400 series
microcomputer incorporate conversion circuit
to use a general perpose PROM programmer.
By this circuit, an instruction is read or pro-
grammed using 2 addresses, lower 5 bits and
upper 5 bits as shown in figure 22. For
example, if 8 kwords of on-chip PROM are
programmed by a general purpose PROM
programmer, 16 kbytes of addresses ($0000-
$3FFF) should be specified.

Programming And Verification

The HD4074008 can be high-speed pro-
grammed without causing voltage stress or
affecting data reliability.

Table 22 shows how programming and
verification modes are selected.

Figure 23 is a programming flowchart, and
figure 33 is a timing chart. For precautions on
PROM programming, refer to ZTAT MCU On-
Chip PROM Characteristics and Precautions
for Applications.

Erasing

The PROMs in ceramic window packages can
be erased by ultraviolet light. All erased bits
become 1s.

Erasing conditions are : ultraviolet (UV) light
with wavelength 2537A with a minimum
irradiation of 15W-sec/cm?. These conditions
x#W/cm? UV source for 15-20 minutes, at a
distance of 1 inch.

Precautions

1. Addresses $0000 to $3FFF should be
specfied if the PROM is programmed by a
PROM programmer. If addresses of $4000
or higher are accessed, the PROM may
not be programmed or verified. Note that
the plastic package type cannot be
erased and reprogrammed. Data in un-
used addresses should be set to $FF.
(Ceramic window packages can be
erased and reprogrammed by ultraviolet
light.)

2. Be careful that the PROM programmer,
socket adapter and LSI match. Using the
wrong programmer of socket adapter
may cause an overvoltage and damage
the LSI. Make sure that the LSI is firmly
fixed in the socket adapter, and that the
socket adapter is firmly fixed in the pro-
grammer.

3. The PROM should be programmed with
Vpp=12.5 V. Other PROMs use 21V.If 21V
is applied to the HD4074008, the LSI may
be permanently damaged. 12.5 V is Intel's
27256 Vpp.

Table 22. PROM Mode Selection

.5
[ (1]

Mode CE OE Vpp
Programming low High Vpp  Data input
Verify High Low Vpp Data output

Programming High High Vppe High
inhibited impedance
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Table 23. PROM Programmers and Socket Adapters

PROM Programmer

Socket Adapter

Maker Type Name Maker Type Name Package
DATA i/0O 22B Hitachi HS408ESS11H DP-64S
298 DC-64S
HS408ESFO1H FP-64
HS408ESFO3H FP-64A
AVAL Corp PKW-1000 Hitachi HS408ESS21H DP-64S
PKW-7000 DC-64S
HS408ESFO1H FP-64
HS408ESFO3H FP-64A
G HITACHI
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Vee [J1 O 64 Vce
[ P 63
3 62
4 611
E 5 607 Az []
A e 5917 As ]
A 7 587 As ]
As )8 57{30s As []
A9 56 [0 As []
As [J10 550, A ]
As O] 11 5400 As ]
A; O12 53 JGND Ad:
As E 13 : 52% Aol
Ao LJ14 51
roldis HD40740083 STest Anr HD4074008
An]16 493 RESET A1
A|2E 17 48w, 12
18 470 ™o 13
E 19 467 A9 A3 14
A3} 20 457 Vep A 15
Awl]21 44 “E 16
22 43
023 429 7
C]24 410 (I Rk
Oes 40[7] R
Ci? g QaAJILERZZ 3
gz w00 OOOOOOOUUU
029 36[7 0, £88383S
30 35{] 06
31 347 0s
Vee [32 33[J 04
(FP-64)
(DP-64S,DC-64S)
M N - 8 8 I\
<< < > > o
As 10,
As 10,
Ag 3]0,
27 %GND
8
Ao M
Ao JTEST
Aqs HD4074008 CJRESET
EEEER
(FP-64A)
(Top View) G: GND (Vsgs level)
Nomark: open

Figure 20. PROM Mode Pin Arrangement
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v
T—FuzssT e
TEST
Mo
M
Ve o
R9o/Vee
GND

Data

00‘07 00_07

—>

Address

AO—A14 AO—A14

!

Figure 21. PROM Mode Function Diagram

$0000
$0001

$001F

$0020

$007F
$0080

S1FFF
$2000

S3FFF

STFFF

| o bit4 | bit3  bit2 | bitl | bitd [Lower 5 bits } [ JMPL Instruction _| 0000
T 1 . 1 _bwo_, big . b7, bit . bits_| Upper 5bits | S00%° (Jump to RESET Routine) $0001
JMPL Instruction $0002
Vector Address [ Wump to INTo Routinel | 50003
$000F JMPL Instruction _| 30004
$0010 [~ (Jump to INTy Routine} $0005
Zero-Page Subroutine | JMPL Instruction _| $0006
(64 Words) (Jump to TIMER A Routine) | g0007
| JMPL Instruction _| s0008
$O03F (Jump to TIMER B Routine) ~| $0009
$0040 $000A
r Pattern $0008
(4096 Words) JMPL Instruction _| so00c
[™ (Jump to SERIAL Routine) $000D
SOFFF $000E
$1000 $O00F
Program
(8198 Words)
S1FFF
$2000
Not Used
(Note) $3FFF
N

S —7
Three bits are not used.

(Setto 111)

Note: When reading this address space, $FF is output.

Hitachi America Ltd.  Hitachi Plaza 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 ¢ (415) 589-8300

Figure 22. PROM Mode Memory Map
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SET PROG./VERIFY MODE
Vep=12.5+0.3V, Vcc=6.0+0.25V

YES

Program tew = 1ms + 5%

( Address + 1 —+ Address

1

NO

Address ?

SET READ MODE
Vec=5.0+0.5V, Vep=Vcc 0.6V

READ
All Address

Figure 23. High Speed Programming Flowchart
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Addressing Modes
RAM Addressing Mode

As shown in figure 24, the MCU has three
RAM addressing modes: register indirect ad-
dressing, direct addressing, and memory reg-
ister addressing.

Register Indirect Addressing: The W reg-
ister, X register, and Y register contents (10
bits) are used as the RAM address.

Direct Addressing: A direct addressing
instruction consists of two words, with the
word (10 bits) following the opcode used as
the RAM address.

Memory Register Addressing: The mem-
ory register (16 digits from $020 to $02F) is
accessed by executing the LAMR and XMRA
instructions.

ROM Addressing Mode and P Instruc-
tions

The MCU has four kinds of ROM addressing
modes, as shown in figure 25.

Direct Addressing Mode: The program can
branch to any address in the ROM memory
space by executing a JMPL, BRL or CALL
instruction. These instructions replace the 14
program counter bits (PCi3 to PCo) with the
14-bit immediate data.

Current Page Addressing Mode: The ROM
memory space is divided into pages, with 256
words in each page. Page zero begins at ad-
dress $0000. By executing a BR instruction, the
program can branch to an address in the current
page. This instruction replaces the low-order
eight bits of the program counter (PC,3 to PCy)
with the 8-bit immediate data.

When BR is on page boundary (2566n + 255)
(figure 26), executing a BR instruction trans-
fers the PC contents to the next page accord-
ing to the hardware architecture. Conse-
quently, the program branches to the next
page when the BR is used on a page bound-
ary. The HMCS400 series cross macro assem-
bler has an automatic paging facility for ROM
pages.

Zero Page Addressing Mode: By executing
a CAL instruction, the program can branch to
the zero page subroutine area, which is
located at $0000-$003F. When a CAL
instruction is executed, 6-bits of immediate
data are placed in the low-order six bits of the
program counter (PCs to PCp) and Os are
placed in the high-order eight bits (PCis to
PCs).

Table Data Addressing: By executing a
TBR instruction, the program can branch to
the address determined by the contents of
the 4-bit immediate data, accumulator, and B
register.

P Instruction: ROM data addressed by table
data addressing can be referred to by a P
instruction (figure 27). When bit 8 in the
referred ROM data is 1, 8 bits of ROM data are
written into the accumulator and B register.
When bit 9 is 1, 8 bits of ROM data are written
into the R1 and R2 port output register. When
both bits 8 and 9 are 1, ROM data are written
into the accumnulator and B register and also
to the R1 and R2 port output register at the
same time.

The P instruction has no effect on the pro-
gram counter.
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W Register X Register Y Register

[ Y4

WifWo | Xs | X2 | Xi | Xo| Ya| Y2 | Y1 ] Yo

RAM Address | APs| APg | AP7 | APs | APs|AP4 | AP3| AP2| AP1| APo

Register Indirect Addressing

Instruction 1st Word Instruction 2nd Word

ds | da | d3 | d2 | di | do

Opcode do | ds | dv | de
1

Il 1 Il 1 1 1 1 -

RAM Address | APs | APs | AP | APs | APs | AP4| AP3 | AP2 | AP [ APo

Direct Addressing

Instruction
7 )
Opcode m3 [ mz2 [ mi |mo
1 1 1 1 1
0O 0 o© (f 1 0
RAM Address | APs| APs| AP;| APs| APs | APs| AP3| AP2| AP1 | AP

Memory Register Addressing

Figure 24. RAM Addressing Mode

G HITACHI
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(JMPL)
(BRL)
(CALL)
Instruction 1st Word Instruction 2nd Word
/ N N\
L) T T Ll T T T L} L L] L) L} T T T T T
Opcode pP3 p2 p1 pojds ds d7 deé ds ds d3 d2 di do
1 1 1 1 1 1 1 1 1 1 1 1 - 1 L A L
T ’ T T T T v T T T
Program Counter[F'Cm PC12 PC1y PC1ol PCslPCe lPC7 lPCe'PC5. PCas PC3 lPCz PC1 , PCo]
1 1 1 1 1
Direct Addressing
Instruction
Ve )
T 1] L) T T T T T
(BR)| Opcode | b; bs bs bs bs b2 b1 bo
1 1 i 1 1 1 A L
17 1T 17 1 I
L I B B B | ¥
T T T T T T T T T T T —T T
Program Counter lPCwlPCﬁPCn‘PCwl PCglPCs'PC7 lPCcs.PC5 |F'C4 , PCs . PCzl PC , PCo
Current Page Addressing
Instruction
s N
L L} L L] T L] Ll 1]
(CAL) Opcode as a« a3 a2 ar ao
1 1 1 i 1 1 2 L
0O o0 0O O 0o O o o
2R 2N N BNR AR 2R AR
T T T T T T T T T T T T T
Program Counter PC1::PC!2|PC11 |PC10' PCo IF’st , PC; . PCs PCsl PC4| PC3‘ PC2 PC1 PCo
1 i 1
Zero Page Addressing
Instruction
o )
1] T 1 T T T T L
(TBR) Opcode ps p2 p1 Po B Register Accumulator
1 1 "l 1 1 1 1 i L ~— aY

T T T T T T

leBz B1IBo|A3 Az A1le|
L 1 A

S LTI LI

T
Program Counter PCI:‘:PCR PCHIPCm PCs PCs PCy PCs' PCs . PCAI PCs .PC2‘PC1 . PCo

Table Data Addressing

Figure 256. ROM Addressing Mode
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T~

256(n—1)+255
[' BR AAA 256n
AAA NOP
1 BR AAA 256n+254
—1 BRBBB 256n+255
256(n+1)
> BBB NOP

Figure 26. The Branch Destination by BR Instruction on the Boundary between Pages

Instruction

(P3

L} T
Opcode
1 1

1 T

p3

'S 1 1

p1

P2 po B Register Accumulator

Referred ROM Address

[

7 N

As A

] T
lTBs Bz B1 Bo
1 L

1
Aq
1

1
Ao
1

/

T T T T T T T T T 1 T
RA13 RA12 RA11RA10RAe RAs RA7 [RAs RAs RAs RAs RAz RA: lRAo
1 L 1 L 1 1 1 A1 i 1 1

Address Designation

T L L} 1 Ll T L] T ]
ROM Data ROs RO: RO; ROs RO; RO: ROz ROz RO: ROc
A L (] 1 1 1 ] 1 L
R T T
Accumulator, B Register | B3 . B2 B:1 Bo | A3 IAz A1 Ao If ROs=1
1 1
T T T T T
ROM Data ROs ROs R07 ROG R05 R04 ROs3 R02 RO ROo
Output Register R1, R2 |R23 R22 R21 R20 R1a R1z R11 R1o If ROg=1
1 1 1 1 1 1

Pattern

264

Figure 27. P Instruction
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Instruction Set

The HD4074008 provides 101 instructions
which are classified into 10 groups as follows;

CORWNE

Immediate instruction
Register-to-register instruction
RAM address instruction
RAM register instruction
Arithmetic instruction
Compare instruction

7. RAM bit manipulation instruction
8. ROM address instruction

9. Input/output instruction

10. Control instruction

Tables 24-33 list their functions, and table 34

is an opcode map.

Table 24. Immediate Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from immediate LAl 10001 1i3i2i1i0 i ~A 1/1
Load B from Immediate LBl 10000O0Oizigigip i—B 1/1
Load Memory from LMID i, d 01101 0iz3i2i1ig i—M 2/2
immediate dg dg d7 dg ds da d3 d2 dq do
Load Memory from LMIY i 10100 1i3ipiip i—=M, Y+1-Y NZ 1/1
Immediate, increment Y
Table 25. Register-to-Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from B LAB 0001001000 B—A 1/1
Load B from A LBA 0011001000 A-—B 1/1
Load A from W LAW 0100000000 W-—A 2/2

00000OO0OO0OOOO (Note)

Load A from Y LAY 0010101111 Y—-A 1/1
Load A from SPX LASPX 0001101000 SPX—~A 1/1
Load A from SPY LASPY 0001011000 SPY—A 1/1
Load A from MR LAMR m 100111 mmmm MRm —~ A 1/1
Exchange MR and A XMRA m 10111 1mmmm MRm —~A 1/1

Note: An operand is provided for the second word of LAW and LWA instruction by assembler automat-

ically.

Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 589-8300
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Table 26. RAM Address Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load W from Immediate LWI i 00111100 i i—=W 1/1
Load X from Immediate LXIi 1 000 1 0i3i2i1ip i—X 11
Load Y from Immediate LYl 10000 1i3i2itig i—Y "1
Load W from A LWA 0100010000 A—-W 2/2
CCCCCC0CO0CCO0 {Note)
Load X from A LXA 0011101000 A—-X 1/1
Load Y from A LYA 0011011000 A=Y 11
Increment Y Y 0001011100 Y+1-Y NZ 1/1
Decrement Y DY ootr10111 11 Y-1-Y NB 11
Add Ato Y AYY 0001010100 Y+tA-—Y OVF 1/1
Subtract A from Y SYY 0011010100 Y-A=-Y NB 1/4
Exchange X and SPX XSPX 0000000001 X+—SPX 1/1
Exchange Y and SPY XSPY 0000000010 Y+~SPY 1/1
Exchange X and SPX,Y XSPXY 00000O0O0OT1T 1 X-—S8PX, Y-SPY 1/1
and SPY

Note: An operand is provided for the second word of LAW and LWA instruction by the assembler
automatically.

G HITACHI
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Table 27. RAM Register Instructions

Words/
Operation M i Operation Code Function Status Cycles
Load A from Memory LAM(XY) 00100100y x M-=A,(X=SPX, Y--SPY) 11
Load A from Memory LAMD d 0110010000 M-A 2/2
dg dg d7 de ds dq d3 d2 dq do
Load B from Memory LBM(XY) 00010000y x M-B,(X~8PX, Y~SPY) 1/1
Load Memory from A LMA(XY) 00100101y x A-=M,(X=SPX Y-SPY) 1/1
Load Memory from A LMAD d 0110010100 A-M 2/2
dg dg d7 de ds dg d3 d2 di do
Load Memory from A, LMAIY(X) 000101000 x A-M,Y+1--Y(X-SPX) NZ 1/1
fncrement Y
Load Memory from A, LMADY/(X) 001101000 x A-MY=-1:Y(X-SPX) NB 1/1
Decrement Y
Exchange Memory and A XMA(XY) 00100000y x M~A,/(X=SPX, Y-SPY) 1/1
Exchange Memory and A XMAD d 0110000000 M~—A 2/2
dg dg d7 dg ds d4 d3 d2 dq do
Exchange Memory and B XMB(XY) 00110000y x M-—=B,(X-SPX Y-SPY) 1/1

Note: (XY) and (X) have the following meaning:
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of
LAM (XY) is given below).
The op-code X or Y is assembled as follows.

Mnemonic vy x Function

LAM 0o o0

LAMX o 1 X — SPX

LAMY 1 0 Y —~ SPY
LAMXY 1 1 X—~SPX, Y~SPY

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of
LMAIY(X) is given below).
The op-code X is assembled as follows.

Mnemonic x Function
LMAIY (0]
LMAIYX 1 X — SPX
@ HITACHI
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Table 28. Arithmetic Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Add Immediate to A Ali 10100 O0i3ipipip A+i—A OVF 11
Increment B 1B 0001001100 B+1—8B NZ 1/1
Decrement B DB 0011001111 B-1—-B NB 11
Decimal Adjust for Addition  DAA 0010100110 11
Decimal Adjust for Subtraction DAS 00101010 17 (o] 1/1
Negate A NEGA 0001100000 A+1 ~A 1/1
Complement B comB 0101000000 BB 11
Rotate Right A with Carry ROTR 00101 00O0O00O0 11
Rotate Left A with Carry ROTL 0010100001 1/1
Set Carry SEC oOo011101111 1-~CA 1/1
Reset Carry REC 0011101100 0-~CA 11
Test Carry TC 0Oo0O01T101 111 CA 1/1
Add A to Memory AM 0000001000 M+tA—A OVF 1/1
Add A to Memory AMD d 0100001000 M+A—A OVF 2/2
dg dg d7 dg ds da d3 do dy do
Add A to Memory with Carry AMC 0000011000 M+A+CA ~A OVF 11
OVF—CA
Add A to Memory with Carry AMCD d 0100011000 M+A+CA-A OVF 2/2
dg dg d7 dg ds dg d3 d2 dy do OVF-~CA
Subtract A from Memory SMC 0010011000 M-A-CA-A NB 1/1
with Carry NB—~CA -
Subtract A from Memory SMCD d 0110011000 M-A-CA—-A NB 2/2
with Carry dg dg d7 dg ds d4 d3 d2 d1 do NB--CA
ORAand B OR 0101000100 AUB-—A 1/1
AND Memory with A ANM 0010011100 ANM-—-A NZ 1/1
AND Memory with A ANMD d 0110011100 ANM-A NZ 2/2
dg dg d7 dg ds da d3 d2 dq do
OR Memory with A ORM 0000001100 AUM-A NZ 11
OR iiemory wiih A ORMD d 6160606061 10606 AUM-A NZ 2/2
dg dg d7 dg ds da d3 do dy do
EOR Memory with A EORM 0000011100 A®dM-A NZ 1/1
EOR Memory with A EORMD d 0100011100 A®M-A NZ 2/2

dg dg d7 de ds dgq d3 d2 d1 do

Note: N : Logical AND

268

U : Logical OR
@ : Exclusive OR
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Table 29. Compare Instructions

Words/
Operation Mnemonic Operation Code Function Status  Cycles
Immediate Not Equal INEM i C 00O 1T O iziyirig i M Nz /1
to Memory
Immediate Not Equal INEMD i,d 01001 03z i ig =M NZ 2/2
to Memory dg dg d7 dg ds da d3 d2 dy do
A Not Equal to Memory ANEM 0000000100 A= M NZ 1/1
A Not Equal to Memory AMEMD d 0100000100 A=M NZ 2/2
dg dg d7 dg ds dq d3 d2 dy do
B Not Equal to Memory BNEM 0001000100 B+M NZ 1/1
Y Not Equal to Immediate YNEI i 0001 1 1 i3i2i1ig Y #i Nz 1/1
Immediate Less or Equal ILEM i 0000 1 1i3iziio i=M NB 11
to Memory
Immediate Less or Eaual ILEMD i.d 01 00 1 1 iz ig i M NR 2/2
to Memory dg dg d7 dg ds d4 d3 d2 dq do
A Less or Equal to Memory  ALEM 0000010100 A= NB 1/1
A Less or Equal to Memory ALEMD d 0100010100 A= NB 2/2
dg dg d7 dg ds dg d3 d2 dq do
B Less or Equal to Memory BLEM 0011000100 B=M NB 1/1
A Less or Equal to Immediate ALEIl i 10101 132 i1 0o Asi NB 11
Table 30. RAM Bit Manipulation Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Set Memory Bit SEM n 00100001 mMmn 1 — M(n) 1/1
Set Memory Bit SEMD n,d 01100001 mng 1 - M(n) 2/2
dg dg d7 dg ds dg d3 d2 dy do
Reset Memory Bit REM n 0010001 O0nMmn 0 ~M(n) 1/1
Reset Memory Bit REMD n,d 0110001 0mn 0~ M) 2/2
dg dg d7 dg ds dgq d3 d2 dqy do
Test Memory Bit T™M n 0010001 1mn M(n) 1/1
Test Memory Bit TMD n,d 0110001 1TmMmnm M(n) 2/2
dg dg d7 dg ds dgq d3 d2 dy do
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Table 31. ROM Address Instructions

Words/

Operation Mnemonic Operation Code Function Status  Cycles
Branch on Status 1 BR b 1 1 by bg bs bg bz bz by bg 1 11
Long Branch on Status 1 BRL u 01011 1p3p2pPiPo 1 2/2

dg dg d7 dg ds dq d3 d2 di do
Long Jump Unconditionally  JMPL u 0101 0 1p3p2pP1PO 2/2

dg dg d7 dg ds dq d3 da dq do
Subroutine Jump on Status 1 CAL a 0O 1 1 1 asagazazal ag 1 1/2
Long Subroutine Jump on CALL u 0101 1 0p3p2pP1PO 1 2/2
Status 1 dg dg d7 dg ds dg d3 d2 di do
Table Branch TBR p 00101 1 p3p2p1pPo 1/1
Return from Subroutine RTN 0000010000 1/3
Return from Interrupt RTNI 000001 000O01 1 —~I/E ST 1/3

CA Restore
Table 32. Input/Output Instructions
Words/

Operation Mnemonic Operation Code Function Status Cycles
Set Discrete 1/0 Latch SED 0011100100 1 — D(Y) 1/1
Set Discrete /0 Latch Direct SEDD m 10111 0mgmmmy 1 - D(m) 1/1
Reset Discrete I/0 Latch RED 00011001 00O0 0 — D{(Y) 1/1
Reset Discrete I/0 Latch Direct REDD m 10011 0mgmmmy 0 - D(m) 1/1
Test Discrete 1/0 Latch TD 0011100O0O0O0 D(Y) 1/1
Test Discrete |/0 Latch Direct TDD m 10101 0mmmmg D(m) 1/1
Load A from R Port Register LAR m 100101 mmmm R(m) — A 1/1
Load B from R Port Register LBR m 1001 00mmmmg R(m) - B 1/1
Load R Port Register from A LRA m 101101 mmmm A — R(m) 1/1
Load R Port Register from B LRB m 10110 0mmmmy B - R(m) 1/1
Pattern Generation Pp 011011 p3p2pP PO 1/2
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Table 33. Control Instructions

Words/
Operation Mnemonic Operation Code Function Status  Cycles
No Operation NOP 00000O0O0O0O00O0 1/1
Start Serial STS 0101001000O0 1/1
Standby Mode SBY 0101001100 1/1
Stop Mode STOP 0101001101 1/1
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Table 34. Opcode Map

R8 0 1
Ro|N[o 12 ﬂ“ 5/6[7[8|o[alB[c[p|e[Flo[1][2]3]a]5]6]7][8|9[Aa[B|c][D[E]F
O vl [ AM loRM Law e lamo) om0
RTN[RTNI IALEM IAMC EORM| LWA] . 0 AMCD IEORMD|
) INEM i(4) INEMD i(4)
ILEM i(4) ILEMD i(4)
LBM(XY) ped a8 B wa| __— Jor| _— ss[_— Jssvpro
LMAIY(X) AYY LASPY] [\ JMPL p(4)
' RED L TC CALL p(4)
o] YNEI i(4) BRL p(4)
XMA(XY) SEM n(2) | REM n(2) TM n(2) Mwo SEMD n(2) IREMD n(2) | TMD n(2)

LAM(XY) | LMA(XY) IsM

ANI\I1/ LAVD o

Roﬁoﬂ/ﬁm{/‘ms[/lmv LMID i(4)

H
0
1
2
3
4
5
6
7
8
9
A
B TBR p(4) P p(4)
C | XMB(XY) IBLEM LBA| DB
D {LMADY(X) SYY| LYA oY
E|TD SED LXA REC| SEC CAL 2(8)
F LW i(2)
0 LBl i(4)
1 Lyl i(4)
2 LXI i(4)
3 LAI i(4)
4 LBR m(4)
5 LAR m(4)
6 REDD m(4)
117 LAMR m(4) BR b(8)
8 Al i(4)
9 LMIlY i(4)
A TDD m(4)
B ALEI i(4)
C LRB m(4)
| D LRA m{4)
E SEDD m(4)
F XMRA m(4)

[ }-1-word/2-cycle

Instruction

[Y-1-word/3-cycle
Instruction

I} RAM Direct Address [ ]--2-word/2-cycle
Instruction Instruction
(2-word/2-cycle)
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Absolute Maximum Ratings

Item Symbol Value Unit Note
Supply Voltage Vce -0.3to + 7.0 \%
Programming Voltage Vpp -0.3to0 + 14 \% 3 B
Terminal Voltage \%3 —0.3to Vee + 0.3 Vv 4
Total Allowance of Input Current S lo 50 mA 5
Maximum Input Current lo 15 mA 7,8
Maximum Output Current —lo 4 mA 9,10
6 mA 9, 1
30 mA 9,12
Total Allowance of Output Current -3 Ig 150 mA 6
Operating Temperature Topr —-20to + 75 ‘C
Storage Temperature Tstg —565to + 125 °vC ' .

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera-
tion should be under the conditions of Electrical Characteristics. If these conditions are
exceeded, it may cause a malfunction or affect the reliability of LSI.

2. All voltages are with respect to GND.
3. Applied to R9o (Vep)
4. Standard pins.
5. Total allowance of input current is the total sum of input current which flows in from all 1/0
pins to GND simultaneously.
6. Total allowance of output current is the total sum of the output current which flows out
from Ve to all I/0 pins simultaneously.
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND.
8. Do—D3and R3—-R8.
9. Maximum output current is the maximum amount of output current from Vcc to each 1/0
pin.
10. Do—D3 and R3—-R8.
11. RO-R2.
12. Ds—Dss.
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Electrical Characteristics

DC Characteristics
(Vec =5V £ 10%, GND = 0V, T. = —20°C to + 75°C, unless otherwise notes.)

Item Symbol Pin Min Typ Max Unit Test Condition Note
Input High Vin RESET, SCK, 0.8 Vcc Vec +0.3 v
Voltage INTo, INT4

0SCq Vee - 0.5 Ve +0.3 V

Si 0.7Vce Vee + 0.3 v
Input Low Vi RESET, SCK, - 0.3 02Vee Vv
Voltage INTo, INTq

0SCy -03 0.5 \Y

Sl - 0.3 0.3 Vce \%
Output High VoH SCK, Vee—1.0 A ~loy=1.0mA
Voltage SO

Vec—-0.5 A —lon=0.5mA

Output Low VoL SCK, 0.4 Vv loL=1.6mA
Voltage SO
Input/Output |1y | RESET, SCK, 1 #A Vi =0V to Vee 1
Leakage INTo, INTq,
Current 0SCy, SI, SO
Current lcc Vee 4.5 mA  \c=56V 2,5
Dissipation in
Active Mode
Current Isgy Vee 1.7 mA  Maximum logic 3,6
Dissipation in . operation
Standby Mode Vec =5V
Current Istop Vee 10 #A Vi (TEST) =Vec - 0.3Vie 4
Dissipation in Vec. Vin(RESET) = 0V
Stop Mode t0 0.3V
Stop Mode Vstop Vee 2 \

Retain Voltage

Notes: 1.
2.

4.
5.

274

Excluding pull-up MOS current and output buffer current.

The MCU is in the reset state. Input/output current does not flow.
+ MCU in reset state, operation mode

+ RESET, TEST: Vcc

s D- N, D2_RA: \/..
w3, NN VIS

» Da-D1s, RO-R2, RAo, RA1:GND

The timer/counter operates with the fastest clock. Input/output current does not flow.
+ MCU in standby mode

- Input/output in reset state

« Serial interface: Stop

+ RESET: GND

* TEST: Vcc

» Do-D3, R3—R9: Vce

+ D4-D1s, RO-R2, RAo, RA; : GND

Excluding pull-down MOS current.

When fosc = x MHz, estimate the current dissipation as follows:
Max value @ x MHz = x/8 X (max value @ 8 MHz)
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Input/Output Characteristics for Standard Pin (I) : NMOS Open Drain

(Vecc = 5V *+10%, GND = 0V, T. = — 20°C to + 75°C, unless otherwise noted.)
Item Symbol Pin Min Typ Max Unit Test Conditions Note
Input High ViH Do-D3, 0.7 Vce Vee + 0.3 V
Voltage R3—R5

R9
Input Low ViL Do-D3, -0.3 0.3Vce \
Voltage R3—R5
R9
Output Low VoL Do-D3, 0.4 \% lor = 1.6 mA
Voltage R3—R8
Input/Output [l Do-D3, 1 uA Vin = 0V to Vcc 1
Leakage Current R3—R9

Note: 1. Pull-up MOS current and output buffer current are excluded.

Input/Output Characteristics for Standard Pin (II) : PMOS Open Drain

(Vecce =5V £ 10%, GND =0V, T, = — 20°C to + 75°C, unless otherwise noted.)
Item Symbol Pin Min Typ Max Unit Test Conditions Note
Input High Vin D4-Dys, 0.7 Vee Vee +0.3 V
Voltage R1, R2,

RAo. RA4
Input Low ViL D4-D1s, - 0.3 0.3Vee V
Voltage R1, R2,
RAQ, RA1
Output High VoH Ds-D1s  Vec - 3.0 \% - low = 15mA, V¢ =5V
Voltage
Vee - 2.0 \ ~loy =10mA, Vec =5V
Vee — 1.0 \ - lon=4mA, Vec=5V
RO-R2 Vee - 3.0 v ~lon=3mA, Vec =5V
Vee - 2.0 v = low =2mA, V¢ =5V
Vee - 1.0 v - lon=08mA, Vec =5V
Input/Output i D4-D1s, 1 uA Vin = 0 to Vce 1
Leakage RO-R2,
Current RAQ, RA;

Note: 1. Pull-down MOS current and output buffer current are excluded.
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AC Characteristics
(Vec =5V £ 10%, GND = 0V, T. = — 20°C to + 75°C, unless otherwise noted.)

Test
_Item Symbol Pin Min Typ Max Unit Conditions Note
Oscillation Frequency  foqc 0SC,, 0SC, 0.4 8 9 MHz divide by 8
Instruction Cycle toye 0.89 1 20 s
Time
Oscillator Stabiliza- tgc 0SCy, OSCo 20 ms 1
tion Time
External Clock tCPH, 0SC4 41 ns divide by 8 2
High, Low tcpL
Level Width
External Clock Rise tcp, 0SC4 15 ns 2
Time
External Clock Fall tcps 0SC, 15 ns 2
Time
INTo High Level ton INTo 2 teye 3
Width
INTo Low Level to_ INTo 2 toye 3
Width
INT 1 High Level tjipn |N_T1 2 teye 3
Width
INT1 Low Level tyL INT, 2 toye 3
Width
RESET High Level tggry RESET 2 teye 4
Width
Input Capacitance  C;, All pins 15 pF f =1 MHz,

Vin =0V
RESET Fall Time tRSTF 20 ms 4

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its
minimum allowable voltage after power-on, or after RESET goes high. At power-on or STOP
mode release, RESET must be kept high for at least trc. Since trc depends on the crystal or
ceramic filter’s circuit constant and stray capacitance, please get the manufacturer’s advice
when designing the RESET circuit.

See figure 28.

See figure 29.

See figure 30.

LIS
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Serial Interface Timing Characteristics

AT Transfer Clock Output

(Ve =5V * 10%, GND = 0 V, Ta = — 20°C to + 75°C, unless otherwise noted.)
Item Symbol Pin Min Typ Max Unit Test Condition Note
Transfer Clock tseyc SCK 1 toye 1.2
Cycle Time

Transfer Clock tsckH SCK 0.5 teeye 1.2
High, Low tsckL

Level Width

Transfer Clock tsckr SCK 100 ns 1.2
Rise, Fall Time tscks

Serial Output Data tbso SO 250 ns 1.2
Delay Time

Serial Input Data tssi SI 300 ns 1
Set-up Time

Serial Input Data tHs| S| 150 ' ns 1
Hold Time

AT Transfer Clock Input

(Vecc =5V * 10%, GND = 0V, Ta = — 20°C to + 75°C, unless otherwise noted.)
Item Symbol Pin Min Typ Max Unit Test Condition Note
Transfer Clock tseye SCK 1 teye 1"
Cycle Time

Transfer Clock tsckH SCK 0.5 tseye 1
High, Low tsckL

Level Width

Transfer Clock tsekr SCK 100 ns 1
Rise, Fall Time tsckf

Serial Output Data tpso SO 250 ns 1.2
Delay Time

Serial Input Data tssi Si 300 ns 1
Set-up Time

Serial Input Data thsi Si 150 ns 1
Hold Time

Notes: 1. See figure 31
2. See figure 32
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1/fcp
o VeeT0-8 V_:-—tcpu—b ter—
ose: O'S‘.V:{ o \_
e— >t
teer tept

Figure 28. Oscillator Timing

e —— 0.8Vcc
INTo, INT: tiow, ti la—tioL, tinL:
0.2Vcc

Figure 29. Interrupt Timing
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q——tchc
te—tsckr fe—tsckr
scK Vec—2.0V (0.8Vcc) + e tockt
0.8V (0.2V¢c) *
> toso

I

~Vec—2.0V
(o) cc
0.8V
tssim  [e-ths >
0.7Vce B
Sl
0.3Vcc —

* Vec—2.0V and 0.8V are the threshold voltage for transfer clock output.
0.8V and 0.2V are the threshold voltage for transfer clock input.

A

Figure 31. Timing Diagram of Serial Interface

Vee
R.=2.6kQ
Test
Point
1520740
C Equi
or Equiv.
30pF 12kQ

Figure 32. Timing Load Circuit
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Programming Electrical Characteristics

Write and Verify Mode
DC Characteristics

(Vee=6V £ 0.25V, Vpp=125V + 0.3V, Vss=0V, Ta=25°C * 5 C, unless otherwise

notes.)

Item Symbol Min Typ Max Unit Test Condition
Input high voltage 0p—07, Ao—A14, OE, CE Vi 2.2 Vec+0.3  V

Input low voltage 0p—07, Ao—Aq4, OE, CE Vi -0.3 0.8 Y

Output high voltage 0o—O07 Vo 2.4 \% lon=—200uA
Output low voltage 00—07 VoL 0.4 \) lo,=1.6mA

Input leakage current 0o—07, Ag—A14, OE, CE |yl 2 . uA  Vin=5.25V/0.5V
Vce current Ice 30 mA

Vpp current lpp 40 mA

AC Characteristics

(Vec=6V £ 0.25V, Vpp=125V * 0.3V, Ta=25C * 5 °C, unless otherwise noted.)

Item Symboli Min Typ Max Unit Test Condition
Address set-up time tas 2 us Fig. 33*
OE set-up time toes 2 us

Data set-up time tos 2 us

Address hold time tam 0 us

Data hold time toH 2 us

Output disable delay time torF 130 ns

Vpp set-up time tvps 2 us

Program pulse width tew 0.95 1.0 1.06 ms

CE pulse width when overprogramming topw 2.85 78.75 ms

Vcc set-up time tvcs 2 us

Data output delay time toe o] 500 ns

Note : *Input Pulse level 0.8~2.2v
Input rising/falling time =20ns

Timing reference level

{input 1.0V, 2.0V
loutput :0.8V, 2.0V
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Address

Data

Program

Verify

D,

tas

Data In Stable

toH

Data Out Valid

toF

Vee _] tves

Vee [
GND } tves

tPw

toes

toe

topw

S

Figure 33. PROM Programming/Verify Timing
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Read Mode
DC Characteristics

(Vss =5V * 10%, Vep = Vec * 0.6 V, Ta = 25°C * 5°C, unless otherwise notes.)

Item Symbol Min Typ Max Unit Test Condition
Input Leakage Current Iu 1 uA Vee = 5.5V, Vip = GND to Vcc
Output Leakage Current Lo 1 uA Vece = 5.5V, Vour = GND to Vcc
Progmam Current lpp 1 100 uA Vpp = Vec + 0.6 V
Current Dissipation lcc 30 mA
Active Mode
Input Voltage ViL -0.3 0.8 \%
ViH 2.2 Vec+0.3 \%
Output Voltage VoL 0.40 \% loo = 1.6 mA
Von 2.4 \ lon = —200 xA

AC Characteristics

(Vec = 5 V * 10%, Ver =

* 0.6 V, Ta = 25°C * 5°C, unless otherwise notes.)

Item Symbol Min Max Unit Test Condition Note
Access Time tacc 500 ns CE=0E =V

CE Output Delay Time tce 500 ns OE = Vi,

OE Output Delay Time toe 10 150 ns CE = V.

Output Disable Delay Time toF 0 105 ns CE = V. 1
Data Output Hold Time toH 0 ns _ CE = OE = VL

Note: 1. Tpr is defined when output becomes open because output level can not be refered.
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Switching characteristics

Input Pulse Level 0.8 t0 2.2V Output Load 1TTL Gate + 100 pF
Input Rise/Fall Time < 20 ns Input/Output Timing Reference Level Output; 1V, 2V
Input; 0.8V, 2V
0 ~\
Address >< K
\N 7
CE
v
top ———t]
OFE /
N
toe— hat— o —
tacc Fe-toH
/‘ 7 / /X
Data Out / { Data Out Valid >—
\\ K 2/

Figure 34. PROM Read Timing
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Description Preliminary
The HD404019, HD4074019 are CMOS 4-bit °
single-chip microcomputers in the HMCS400
series. Each device incorporates ROM, RAM,

1/0, serial interface, and 2 timer/counters and
contains high-voltage I/O pins, including
high-current output pins to drive fluorescent ®
displays directly.

Packages
—64-pin shrink type plastic DIP
—64-pin flat plastic package
—64-pin shrink type ceramic DIP with
window
Instruction set compatible with
HMCS408: 101 instructions
e High programming efficiency with 10-bit/
word ROM: 79 single-word instructions
Features e Direct branch to all RAM areas
® Direct or indirect addressing of all RAM

® 4-bit architecture

areas

® 16384 words of 10-bit ROM ® Subroutine nesting up to 16 levels includ-
—Mask ROM: HD404019 ing interrupts
—PROM: HD4074019 @ Binary and BCD arithmetic operations

® 992 digits of 4-bit RAM ® Powerful logical arithmetic operations

® 581/0 pins, including 26 high-voltage I/O ® Pattern generation-table lookup capabil-

pins (40 V max)
® 2 timer/counters o

—11-bit prescaler

—8-bit free running timer/counter

—=8-bit auto-reload timer/event counter
® Clock synchronous 8-bit serial interface L4
® Five interrupt sources

—External: 2

—Timer/counter: 2

—Serial interface: 1
® Subroutine stack

—Up to 16 levels including interrupts
® Minimum instruction execution time

—0.89 us

ity
Bit manipulation for both RAM and I/O
Program Development Support Tools

Cross assembler and simulator software for
use with IBM PCs and compatibles

In circuit emulator for use with IBM PC

Programming socket adapter for program-
ming the EPROM-on-chip device

Ordering Information
Part No.

; N Packa
® Low power dissipation modes ackage
—Standby: Stops instruction execution Mask ROM HD404019S DP-64S
while allowing clock oscillation and  YP® HD404019F FP-64B
interrupt funptions to operate HD404019H EP-64A

—Stop: Stops instruction execution and ZTAT

clock oscillation while retaining RAM type HD4072019S ~ DP-64S
data HD4074019F FP-64B
o Srcl:-chltp loscxllator. il HD4074019C DC-64S
rystal or ceramic filter HD4074019H  FD-64A

—External clock

[B||N|N|NIN|N|N]

R8,
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Pin Arrangement

R8o

S22 22, 6 e oo o
D..E| sa[JDo Tooo000aa [=] [a]
Dy, []2 63[]Ds
Dy [ 62[ ]Ds 1233338538339
Due E. m%D, RO, 0 ° 3o,
Dis [s sof 106 RO. s0
RO, [} 901D, ROZ - . 10
ro, {1~ s8{ J04 N E 49 :Di
RO, (& 51130, R1o [] [ ]p,
RO, (¢ s6[]0, R1 7 ]GND
R1, o 551D, R1' E 4 %‘
A O w0, [ s[Josc,
r1, 2 53JGND R[] 4s[Josc,
R1, s 52{7] 0SC; R2, [} 44[JTEST
R2, e 51[]OSC, R2, : 43 :[RESET
R2, s sof ) TEST
R2, (s o[ RESET R2, [0 2[R9y
R2; 17 e[ IR9, R2; |1 al™Rg,
RAo ' 4JRg, RA,[]12 40[]R9,
RA Va9 <[R9, RAL/V,
R3, Cho «ns, Was[ 13 [ 1R,
R3, (e s4IR8, R3o 14 38[ ]R8,
nsz/mTQEu [EmLTN R3, [|1s 7[rs,
R3y/INT, (23 42 ]R8
e B S i mi
RS, [Jes a0 JR7, R3s/INT, [ |17 35[ ]R8,
R5; [Jes 29[ JR7,
Rs; (7 38[JR7, RS [ 18 3] ]R7s
R6o Tl 37§R7n Rs: [fro_ . 3 DR72
R6, [J2o 36 R4, S 8RI888KERB &S
R6, (o 35 JR4,/50
re 5 e UUUUUUUUULILLT
N oo r awm O = =
Vee Oz 33 JR40/SCR & g}ﬁ eees>ge 8 .?: ',_-ED b~
ST
(Top View) £ e
[o] ew,
(DP-64S,DC-64S) P (FP-64B)
.
Block Diagram
R4o/R4,/Rdy/ R33/ R3y/
SCKsi SO INT, INT, RESET TEST 0SC, 0SC, Vcc GND
or Timer | Timer External System Control
R9; face A B Interrupt
R9; ROM
R9, Interrupt Control
R9o
16384 x 10bit
R83 Instruction
RS, gd K= RAM 992 x 4bit Decoder
R8,

-
|
[

R73
R7:
R7, =l 7
R
R6;
R6:
R6:
R6o
RS,
RS,
RS1
RS0

~ "1 High Voltage 1/0

3

Y

R3 |7 R2
Lﬂ—ﬂjr t
i v

R4;R4,/ R4,/ Rdy R3y/R3,/R3R30}R2;R2;R2

D-PORT

SO s SCK INT, INT,

]
]

|
201010 D9 Dg D7 Dg D D4}D3 Dz Dy Do
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Differences between PROM in Package, EPROM on Package and Mask ROM Types

PROM in Package ZTAT EPROM on Package Mask ROM
HD614P0O80S
Item HD4074019 HD4074008 HD614P0160S HD404019 HMCS408AC/C/CL HMCS404AC/C/CL HMCS402AC/C/CL
Typical instruc- 1 us 1 us 1.33 us 1 us 1us 2us dus Tus 2us 4pus 1us 2us 4pus
tion execution
time
Power supply 4.5-55 4.5-55 4.5-5.5 3.56-6 45-6 35-6 25-6 45-6 4-6 27-6 45-6 4-6 27-6
voltage (V)
ROM 16,384 words 8,192 words HN27C64: 4,096 16,384 words 8,192 words 4,096 words 2,048 words
X 10 bit X 10 bit X 10 bit X 10 bit X 10 bit X 10 bit X 10 bit
HN4827128: 8,192
X 10 bit
HN27C256: 16,384
X 10 bit
RAM 992 X 4 bit 512 X 4 bit 576 X 4 bit 992 X 4 bit 512 x 4 bit 256 X 4 bit 160 X 4 bit
1/0 pin  Standard NMOS open dain NMOS open drain NMOS open drain Each pin can be without pull-up MOS (NMOS open drainj,
circuit pins with pull-up MOS, or CMOS
High PMOS open drain PMOS open drain PMOS open drain Each pin can be without pull-down MOS (PMOS open drain)
voltage (Typical 6 V use) or with pull-down MOS
pins
Clock Crystal ] o o o o o
generation Ceramic o o e}
Resistance — — — — — HMCS404C HMCS402C
Pakage Type  DC-64S DP-64S FP-64B DC-64S DP-64S FP-64 DC-64SP DP-64S FP-64B DP-64S FP-64  DP-64S FP-64  DP-64S FP-64
{Window) FP-64A {Window) FP-64A FP-64A
Occupied 18.8x 17x58 18.8x 18.8x 17x58 19.6x 23X 17x58 18.8x 17x58 19.6x 17x58 19.6x 17x58 19.6x
area 57.3 248 57.3 25.6 57.3 24.8 25.6 25.6 25.6
(mm) 17.2x172
Height 5.6 5.1 2.9 5.6 5.1 2.9 7.5 5.1 2.9 5.1 2.9 5.1 2.9 5.1 2.9
from (Max) (Max) (Max) (Max} (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max) (Max)
stand 2.9
off (mm) (Max)
Notes: DC-64S: 64-pin shrink type ceramic DIP with window DC-64SP: 64-pin shrink type ceramic piggy back
DP-64S: 64-pin shrink type DIP O: Available
FP-64: 64-pin flat plastic package (rectangular shape) —: Not available
FP-64A: 64-pin flat plastic package (square shape)
FP-64B: 64-pin flat plastic package (rectangular shape)

6107L0YAH/61070YAH
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Pin Description
GND, Vce, Vaisp (Power)

GND, Vcc, and Vy;isp are the power supply pins
for the MCU.

Connect GND to the ground (0 V) and apply
the Vcc power supply voltage to the Ve pin.
The Vg, pin (multiplexed with RA;) is a
power supply for high-voltage I/O pins with
maximum voltage of 40 V (Vcc — 40 V). For
details, see Input/Output section.

TEST (Test)

TEST is for test purposes only. Connect it to
Vce.

RESET (Reset)

RESET resets the MCU. For details, see Reset
section.

0SC,, OSC: (Oscillator Connections)

OSC; and OSC; are input pins for the internal
oscillator circuit. They can be connected to a
crystal resonator, ceramic filter resonator, or
external oscillator circuits. For details, see
Internal Oscillator Circuit section.

Do—D1s (D Port)
The D port is an input/output port addressed

by the bit. These 16 pins are all input/output
pins. Do to D3 are standard and D4 to Dis are

high-voltage pins. The circuit type for each

‘pin can be selected using a mask option. For

details, see Input/Output section.

R0o—RO0;, R1o—R13, R20—R23, R30—R33,
R40—R4;, R50—R53, R60—R63, R70—R73,
R80o—R83, R9—R93, RAo, RA: (R Ports)

RO to R9 are 4-bit I/O ports. RA is a 2-bit port.
R9 and RA are input ports, and RO to R8 I/O
ports. RO, R1, R2, and RA are high-voltage
ports, and R3 to R9 are standard ports. Each
pin has a mask option which selects its circuit
type. The pins R3;, R33, R4o, R4y, and R4; are
multiplexed with INTo, INT;, SCK, SI, and SO
respectively. For details, see Input/Output
section.

INT,, INT; (Interrupts)

INT, and INT; are external interrupts for the
MCU. INT; can be used as an external event
input pin for timer B. INT; and INT; are
multiplexed with R32 and R33 respectively.
For details, see Interrupt section.

SCK, SI, SO

The transfer clock I/O pin (SCK), serial data
input pin (SI), and serial data output pin (SO)
are used for serial interface. SCK, SI, and SO
are multiplexed with R4y, R4, and R4;
respectively. For details, see Serial Interface
Section.
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Functional Description
ROM Memory Map

The MCU-includes 16384 words X 10 bits of
ROM (mask ROM or PROM). It is described in
the following paragraphs and the ROM
memory map (figure 1).

Vector Address Area (S0000 to SOOOF):
Locations $0000 through $000F are reserved
for JMPL instructions to branch to the start-
ing address of the initialization program and
of the interrupt service programs. After reset
or interrupt routine is serviced, the program
is executed from the vector address.

Zero-Page Subroutine Area ($0000 to
$003F): Locations $0000 through $003F are
reserved for subroutines. CAL instructions
branch to subroutines.

Pattern Area (S0000 to SOFFF): Locations
$0000 through $OFFF are reserved for ROM
data. P instructions can refer to the ROM data
as a pattern.

Program Area ($0000 to S3FFF): Loca-
tions from $0000 to $1FFF can be used for
program code.

oNn $ 0000 o JMPL Instruction $ 0000
Vector Address 1 (Jump to RESET Routine) |$ 0001
15! $ 000F 2 N JMPL Instruction $ 0002
16 $ 0010 3 (Jump to TNTo Routine) $ 0003
4 JMPL Instruction $ 0004
Zero-P. i plhickaly .
ero-Page Subroutine 8| (Jump to INT; Routine) | 0005
(64 Words) "
631 $ 003F 6| JMPL Instruction $ 0006
64 $ 0040 7] (Jump to TIMER A Routine) | ¢ 0007
Pattern 8| JMPL Instruction $ 0008
(4096 Words) 9] (Jump to TIMER B Routine) |$ 0009
a09s]| J $OFFF 10 $ 000A
4096 $1000 " $ 0008
P 12 | JMPL instruction $ 000C
rogram 13] (Jump to SERIAL Routine) |$ 000D
q (16384 Worbs) 14 $ 00O
1% $ 00OF
16383 $ 3FFF

Figure 1. ROM Memory Map
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RAM Memory Map

The MCU includes 992 digits of 4-bit RAM as
the data and stack area. In addition to these
areas, interrupt control bits and special func-
tion registers are also mapped on the RAM
memory space. The RAM memory map (figure
2) is described in the following paragraphs.

Interrupt Control Bit Area (S000 to $003):
The interrupt control bit area (figure 3) is
used for interrupt controls. It is accessable
only by a RAM bit manipulation instruction.

However, the interrupt request flag cannot
be set by software. The RSP bit is used only to
reset the stack pointer.

Special Function Registers Area ($004 to
S00B): The special function registers are the
mode or data registers for the external inter-
rupt, the serial interface, and the timer/
counter. These registers are classified into
three types: write-only, read-only, and read/
write as shown in figure 2. These registers
cannot be accessed by RAM bit manipulation
instructions.

[s] $ 000 [o) $ 000
RAM-mapped Registers 1 i $ 001
| Bit
31 $01F 2 Interrupt Control S $ 002
32 $ 020 a 002
Memory Registers (MR > T
a7 r_Y __S'____(_ _)___1 3\02F 4] Port Mode Reg. (PMR) ¢ W |$ 004
48 $ 030 5| Serial Mode Reg. {SMR) | W |$ 005
Data 6] Serial Data Reg. Lower (SRL) !R/W|$ 006
(928 Digits) 7 Sfmal Data Reg. Upper (SRU) 'R/W|$ 007
8| Timer Mode Reg. A (TMA) ! W |$ 008
9] Timer Mode Reg. B (TMB) ! W |$ 009
10 . (TCBL/TLRL) |R/W]$ 00A
— Timer B
(TCBU/TLRU):R/W|$ 008
12 $ 00C
959 $ 3BF
260, $ 3CO Not Used
ft;(':k‘ 31} $ O1F
1023 (64 Digits) $ 3FF
Note: Two registers are mapped on same address.
i Timer/Event Counter B Loweri Timer Load Reg. Lower
R: Read Only 10 (TCBL) R (TLRL) W | $00A
W: Write Only f :
i . Timer/Event Counter B Upper: Timer Load Reg. Upper :
R/W: Read/Write 11 (TCBU) E R (TLRU) W | $00B

Figure 2. RAM Memory Map
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HD404019/HD4074019

Data Area ($020 to S3BF): 16 digits, $020
through $02F, of the data area are called
memory registers (MR) and are accessible by
LAMR and XMRA instructions (figure 4).

Stack Area ($3CO to $3FF): Locations $3C0
through $3FF are reserved for LIFO stacks to
save the contents of the program counter
(PC), status (ST), and carry (CA) when su-

broutine calls (CAL instruction, CALL
instruction) and interrupts are serviced. This
area can be used as a 16 nesting level stack in
which one level requires 4 digits. Figure 4
shows the save condition. The program
counter is restored by RTN and RTNI instruc-
tions. Status and carry are restored only by
the RTNI instruction. This area, when not
used for a stack, is available as a data area.

bit 3 bit 2 bit 1 bit O
IMO IFO RSP I/E
[0} — J— . / $000
(IM of INTp) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag)
1 IMTA IFTA IM1 IF1 $001
(IM of TIMER A) (IF of TIMER A) (IM of INTy) (IF of INTy)
IMTB IFTB
2 Not Used Not Used $002
(IM of TIMER B) (IF of TIMER B)
IMS IFS
3 Not Used Not Used 003
ortse ortse (IM of SERIAL) (F of SERIAL | °

IF:  Interrupt Request Flag
IM:  Interrupt Mask
I/E:  Interrupt Enable Flag
SP: Stack Pointer
Note:

affected by the SEM/SEMD instruction.

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not

The contents of status becomes invalid when a “Not Used” bit is tested.

Figure 3. Interrupt Control Bit Area Configuration
Memory Registers Stack Area
32| MR(0) |$020  960| Level 16 |$3CO
33 MR(1 _|$021 Level 15 PC13 to PCo: Program Counter
34| MR(2) $022 Level 14 ST: Status
35| MR(3) [$023 Level 13 CA: Carry
36| MR(4) [$024 Level 12
371 MR(5) [$025 Level 11
38| WMRI{G) (3026 Level 10
39| MR(7) [$027 Level 9 bit 3 bit 2 bit 1 bit 0
40| MR(8) |$028 Level 8 T e sarc
1020 ST PCu PCi2 PCni
41| MR(9) $029 Level 7 \ \
42| MR(10) |$02A Level 6 — saro
PCro PCs C
43|_MR(11) |s028 Level 5 1021} PCo PGP PO
44| MR(12) [$02C Level 4 T sare
45{ MR(13) |$02D Level 3 10221 CcA PCs 1 PCs { PCa
46| MR(14) [$02E Level 2 — —
1023| PCs PC: PCh PCo |$3FF
47| MR(15) |$02F 1023| Level 1 |$3FF | | |
Figure 4. Configuration of Memory Register, Stack Area, and Stack Position
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Registers and Flags

The MCU has nine registers and two flags for
the CPU operations (figure 5).

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results
from the arithmetic logic unit (ALU), and
transfer data to/from memories, I/O, and
other registers.

W Register (W), X Register (X), Y Regis-
ter (Y): The 2-bit W register, and the 4-bit X
and Y registers indirectly address RAM. The Y
register is also used for D port addressing.

SPX Register (SPX), SPY Register (SPY):
The 4-bit registers SPX and SPY assist X and
Y registers respectively.

Carry (CA): The carry (CA) stores the over-
flow from ALU generated by an arithmetic
operation. It is also affected by SEC, REC,

DOATT and DNATD inatviriadisea

aAvian, QOO NV GeuTululns.

During interrupt servicing, carry is pushed
onto the stack. It is restored by a RTNI
instruction, but not by a RTN instruction.

Status (ST): The status (ST) holds the ALU

overflow, ALU non-zero, and the results of bit
test instruction for the arithmetic or compare
instructions. It is a branch condition of the BR,
BRL, CAL, or CALL instructions. The value for
the status remains unchanged until the next
arithmetic, compare, or bit test instruction is
executed. Status becomes 1 after a BR, BRL,
CAL, or CALL instruction whether it is
executed or skipped. During interrupt servic-
ing, status is pushed onto the stack. It is
restored back from the stack by a RTNI
instruction, but not by a RTN instruction.

Program Counter (PC): The program
counter is a 14-bit binary counter which con-
trols the sequence in which the instructions
stored in ROM are executed.

Stack Pointer (SP): The stack pointer (SP)
points to the address of the next stack area
(up to 16 levels).

The stack pointer is initialized to RAM
addiess $3FF. It 15 decremenied by 4 when
data is pushed onto the stack, and in-
cremented by 4 when data is restored from it.
The stack can only be used up to 16 levels
deep because the high four bits of the stack
pointer are fixed at 1111.

3

B Register
.
W Register
0
X Register
Y Register

SPX Register
0

spy SPY Register

Carry
T

Status
0

PC

Program
Counter

nnnns

SP

Stack
Pointer

Figure 5. Registers and Flags
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The stack pointer is initialized to $3FF by
either MCU reset or the RSP bit, reset by a
REM/REMD instruction.

Interrupt

Five interrupt sources are available on the
MCU: external requests (INTo, INT;), timer/
counter (timer A, timer B), and serial port
(serial). For each source, an interrupt request
flag (IF), interrupt mask (IM), and interrupt
vector addresses control and maintain the
interrupt request. The interrupt enable flag
(IE) also controls interrupt operations.

Interrupt Control Bits and Interrupt
Service: The interrupt control bits are
mapped on $000 through $003 of the RAM
space. They are accessible by RAM bit
manipulation instructions. (The interrupt
request flag (IF) cannot be set by software.)
The interrupt enable flag (IE) and IF are
cleared 0, and the interrupt mask (IM) is set to
1 at initialization by MCU reset.

Figure 6 is a block diagram of the interrupt
control circuit. Table 1 shows the interrupt
priority and vector addresses, and table 2
shows the interrupt conditions corresponding
to each interrupt source.

$ 000.0
I'E

Sequence Control

$ 000.2
IFO

$ 000.3

- Push PC CA'ST
+ Jump to Vector

Address

— >

IMO

Vector

Priority Control PLA Address

$ 001.0
IF1

$001.1
M1

$001.2
IFTA

$ 001.3
IMTA

$ 002.0

[¥T8]

$ 002, 1
MTB

$003.0
IFS

$003.1
IMS

Figure 6. Interrupt Control Circuit Block Diagram
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An interrupt request is generated when the
IF is set to 1 and IM is 0. If the IE is 1 at this
time, the interrupt will be activated and
vector addresses will be generated from the
priority PLA corresponding to the interrupt
sources.

Figure 7 shows the interrupt service
sequence, and figure 8 shows the interrupt
service flowchart. If an interrupt is requested,
the instruction being executed finishes in the
first cycle. The IE is reset in the second cycle.

In the second and third cycles, the carry,
status and program counter are pushed onto
the stack. In the third cycle, the instruction is
re-executed after jumping to the vector
address.

In each vector address, program JMPL
instruction to branch to the starting address
of the interrupt service program. The IF
which caused the interrupt service must be
reset by software in the interrupt service
program.

Table 1. Vector Addresses and Inter-

rupt Priority

Reset, Interrupt Priority Vector addresses

RESET - $0000
INT, 1 $0002
INTy 2 $0004
Timer A 3 $0006
Timer B 4 $0008
SERIAL 5 $000C

Table 2. Conditions of Interrupt Service

Interrupt Control Bit INT, INT, TimerA TimerB SERIAL
I/E 1 1 1 1 1
IFO-IMO 1 0 0 0 0
IF1-IM1 * 1 0 0 0
IFTA-IMTA * * 1 0 (o}
IFTB-IMTB * * * 1 0
IFS-IMS * * * * 1

Note: * Don’t care
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Interrupt Enable Flag (I/E: S000 Bit 0):
The interrupt enable flag enables/disables
interrupt requests as shown in table 3. It is
reset by interrupt servicing and set by the
RTNI instruction.

External Interrupts (INTo, INT:): The
external interrupt request inputs (INTo, INT))
can be selected by the port mode register
(PMR: $004). Setting bit 3 and bit 2 of PMR
causes R33/INT: pin and R3;/INT, pin to be
used as INT; pin and INTp pin respectively.

The external interrupt request flags (IF0, IF1)
are set at the falling edge of INTy, and INT;
inputs. (Refer to table 4.)

The INT; input can be used as a clock signal
input to timer B. Then timer B counts up at
each falling edge of the INT; input. When INT;
is used as timer B external event input,

external interrupt mask (IM1) has to be set so
that the interrupt request by INT; will not be
accepted. (Refer to table 5.)

External Interrupt Request Flags (IFO:
$000 Bit 2, IF1: S001 Bit 0): The external
interrupt request flags (IF0Q, IF1) are set at the
falling edge of the INT,, and INT; inputs
respectively.

External Interrupt Masks (IMO: S000 Bit
3, IM1: $001 Bit 1): The external interrupt
masks mask the external interrupt requests.

Port Mode Register (PMR: $004): The port
mode register is a 4-bit write-only register
which controls the R32/INTo pin, R33/INT; pin,
R4,/SI pin, and R4,/SO pin as shown in table
6. The port mode register will be initialized to
$0 by MCU reset. These pins are therefore
initially used as ports.

Table 3. Interrupt Enable Flag

Table 6. Port Mode Register

Interrupt Enable Flag Interrupt Enable/Disable PMR3 R33/INT; Pin
0 Disable 0 Used as R33 port input/output pin
1 Enable —_ .
1 Used as INTy input pin
Table 4. External Interrupt Request J—
Flag PMR2 R32/INTo Pin
External Interrupt Request Flags  Interrupt Requests (o] Used as R3; port input/output pin
0 No 1 Used as INTo input pin
1 Yes
PMR1 R44/S1 Pin
Table 5. External Interrupt Mask 0 Used as Ré port input/output pin
External Interrupt Masks Interrupt Requests 1 Used as Sl input pin
0 Enable
1 Disable (mask) PMRO R42/SO Pin
(o] Used as R4 port input/output pin
1 Used as SO output pin
GO HITACHI
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Instruction 1 2 3 o . .
Cycles
i I 1 N L . l
r T T t } } |
Instruction
execution
i Stacking
Interrupt Stacking, B
accepted Reset of I/E Vector address
is generated

JMPL instruction execution on the
vector address

Instruction
execution at
starting address
of the interrupt
routine

Figure 7. Interrupt Servicing Sequence
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Serial Interface

The serial interface is used to transmit/
receive 8-bit data serially. It consists of the
serial data register, the serial mode register,
the octal counter, and the multiplexer as
illustrated in figure 9. Pin R40/SCK and the
transfer clock signal are controlled by the
serial mode register. The contents of the
serial data register can be written into or
read out by software. The data in the serial
data register can be shifted synchronously
with the transfer clock signal.

STS instruction initiates serial interface
operations and resets the octal counter to $0.
The counter starts to count at the falling edge
of the transfer clock (SCK) signal and incre-
ments by one at the rising edge of SCK. When
the octal counter is reset to $0 after eight
transfer clock signals, or when a transmit/
receive operation is discontinued when the
octal counter is reset, the serial interrupt
request flag will be set. '

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls
the R40/SCK, prescaler divide ratio, and
transfer clock source as shown in table 7.

The write signal to the serial mode register
controls the operating state of the serial
interface.

The write signal to the serial mode register
stops the serial data register and octal
counter from accepting transfer clock, and it
also resets the octal counter to $0 simultane-
ously. Therefore, when the serial interface is
in the transfer state, the write signal causes
the serial mode register to cease the data
transfer and to set the serial interrupt request
flag.

Contents of the serial mode register will be
changed on the second instruction cycle after
the serial mode register has been written to.

Therefore, the STS instruction must be
executed after the data in the serial mode
register has been changed completely. The
serial mode register will be reset to $0 by
MCU reset.

Serial Data Register (SRL: $006, SRU:
S007): The 8-bit read/write serial data regis-
ter consists of a low-order digit (SRL: $006)
and a high-order digit (SRU: $007).

The data in the serial data register is output
from the SO pin, from LSB to MSB,
synchronously with the falling edge of the
transfer clock signal. At the same time,
external data is input from the SI pin to the
serial data register, MSB first, synchronously
with the rising edge of the transfer clock.
Figure 10 shows the I/O timing chart for the
transfer clock signal and the data.

The read/write operations of the serial data
register should be performed after the com-
pletion of data transmit/receive. Otherwise
the data can not be guaranteed.

Serial Interrupt Request Flag (IFS: S003
Bit 0): The serial interrupt request flag will
be set when the octal counter counts eight
transfer clock signals, or when data transfer is
discontinued by resetting the octal counter.
Refer to table 8.

Serial Interrupt Mask (IMS: $003 Bit 1):
The serial interrupt masks the interrupt
request. Refer to table 9.

Selection and Change of the Operation
Mode: Table 10 shows the serial interface
operation modes which are determined by a
combination of the value in the port mode
register and that in the serial mode register.

Initialize the serial interface by a write signal
to the serial mode register when the opera-
tion mode is changed.
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Table 7. Serial Mode Register

SMR3 R4o/SCK
o] Used as R4 port input/output pin
1 -Used as SCK input/output pin
Transfer Clock
Yo Prescaler System Clock
SMR 2 SMR 1 SMR O R4¢/SCK Port Clock Source Divide Ratio Divide Ratio
o} 0 SCK Output Prescaler +2048 + 4096
[0} 0 1 SCK Output Prescaler + 512 + 1024
0] 1 0 SCK Output Prescaler + 128 + 256
0 1 1 SCK Output Prescaler + 32 + 64
1 [¢] [o] SCK Output Prescaler + 8 + 16
1 0 1 SCK Output Prescaler + 2 + 4
1 1 0 SCK Output . System Clock —_ + 1
1 1 1 SCK Input External Clock - —
OC (3 bit)
System . SROF
11bit; Octal IFS
Clock Prescaler (11bit) Counter
| Serial Interface
w1 ) Interrupt
o °,° alsls é Request Flag
gl b L b g
) iy l Internal Bus Line (S1) |
Serial MPX o =+ MPX 73 T
SCK SR (8 bit)
3 Serial Data Register ’—_
SMR (4 bit) PMR (4 bit) 14 4
F sa:gigeord ¢ F ;erz.)ist%re I Internal Bus line (S2) I
, | ScK 1
Llnternal Bus Line (S2) l £2 |
Rdo/SCK Ra,/st || Ray/s0 |, |
Port Port Port
SCK Si SO

Figure 9. Serial Interface Block Diagram
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Operating State of Serial Interface: The
serial interface has three operating states,
the STS waiting state, SCK waiting state, and
transfer state, as shown in figure 11.

The STS waiting state is the initialization
state of the serial interface internal state. The
serial interface enters this state in one of two
ways: either by the operation mode changing
through a change in the data in the port
mode register, or by data being written into
the serial mode register. In this state, the
serial interface does not operate even if the
transfer clock is applied. If an STS instruction
is executed, the serial interface shifts to SCK
waiting state.

In this state the falling edge of the first trans-

fer clock causes the serial interface shift to
transfer state. While the octal counter counts
up and the serial data register shifts simul-
taneously. As an exception, if the clock con-
tinuous output mode is selected, the serial
interface stays in SCK waiting state while the
transfer clock outputs continuously.

The octal counter becomes 000 again after 8
transfer clocks or execution of an STS
instruction, so the serial interface returns to
SCK waiting state and the serial interrupt
request flag is set simultaneously.

When the internal transfer clock is selected,
the transfer clock output triggered by the
execution of an STS instruction, and it stops
after 8 clocks.

Tabie 8. Seriai interrupi Requesi Fiag

P

Table 10. Serial Inieriace Operaiion Mode

Interrupt . .
Serial Interrupt Request Flag Request SMR3 PMR1 PMRO Serial Interface Operating Mode
0 No 1 0 0] Clock continuous output mode
1 Yes 1 0] 1 Transmit mode
1 1 [0} Receive mode

Table 9. Serial Interrupt Mask

Interrupt
Serial Interrupt Mask Request
0 Enable
1 Disable (mask)

Transmit/receive mode

Transfer Clock ||||||||||||I| l

Serial Output Data

I TTTIT]

7 8
MSB
I

Serial Input Data
Latch Timing

HEEEEE

Figure 10. Serial Interface I/O Timing Chart
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Transfer Clock Errors Detection Exam-
ple: The serial interface functions abnormally
when the transfer clock is disturbed by
external noises. Transfer clock errors can be
detected by the procedure shown in figure
12.

SCK waiting state, the state of the serial
interface shifts as follows: first, transfer state,
second, SCK waiting state and third, transfer
state again. The serial interrupt flag should
be reset before entering into the STS state by
writing data to SMR. This procedure sets the

serial IRF again.
If more than 8 transfer clocks occur in the

Note: Change PMR means the operation
mode changes as below:

Clock * Transmit Mode »

Continuous es| * Receive Mode STS Waiting State

Output Mode | | - Transmit/Receive Octal Counter =000
Mode (Transfer Clock Disable)

Change PMR (Note)

Transfer Clock

\ )

SCK Waiting State Transfer State

(Octal Counter=000)

8 Transfer Clocks,
STS Instruction

(IFS<1)

(Octal Counter +000)

Figure 11. Serial Interface Operation State

Transmit/Receive
(IFS+1)

Interrupt
Disable

Transfer Clock
Error Processing

Normal End

Figure 12. Transfer Clock Error Detection Example
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Timer

The MCU contains a prescaler and two timer/
counters (timer A, timer B). See figure 13. The
prescaler is an 11-bit binary counter, timer A
an 8-bit free-running timer/counter, and
timer B an 8-bit auto-reload timer/event
counter.

Prescaler: The input to the prescaler is the
system clock signal. The prescaler is initial-
ized to $0000 by MCU reset, and it starts to
count up the system clock signal as soon as
RESET input goes to logic 0. The prescaler
keeps counting up except in MCU reset and
stop mode. The prescaler provides clock sig-
nals to timer A, timer B, and the serial inter-
face. The prescaler divide ratio is selected by
timer mode register A (TMA), timer mode
register B (TMB), or the serial mode register
(SMR).

Timer A Operation: After timer A is initial-
ized to $00 by MCU reset, it counts up at
every clock input signal. When the next clock
signal is applied after timer A becomes $FF, it
generates an overflow and becomes $00. This
overflow causes the timer A interrupt request

flag (IFTA: $001 bit 2) to go to 1. This timer
can function as an interval timer periodically
generating overflow output at every 256th
clock signal input.

The clock input signals to timer A are
selected by timer mode register A (TMA:
$008).

Timer B Operation: Timer mode register B
(TMB: $009) selects the auto-reload function,
input clock source, and the prescaler divide
ratio of timer B. When the external event
input is used as an input clock signal to timer
B, select R33/INT; as INT; and set the external
interrupt mask (IM1) to prevent an external
interrupt request from occurring.

Timer B is initialized according to the data
written into the timer load register by soft-
ware. Timer B counts up at every clock input
signal. When the next clock signal is applied
to timer B after it is set to $FF, it will generate
an overflow output. In this case, if the auto-
reload function is selected timer B is initial-
ized according to the value of the timer load
register. If it is not selected, timer B goes to
$00. The timer B interrupt request flag (IFTB:

Internal Bus Line (S1) l
Timer Mode Register B
ra
TMB (4 bit) a0
Timer Latch 14
3 Reg
INT, 11T
" CPTB TCB (8 bit) TBOF
D Timer B MPX Timer/Event Counter B IFT8
ala] @ LI T TTT1 Interrupt
N A A I K B - TLR {8 bit Request Flag
L0 R ™ y . of Timer B
! Timer Load Register
System .
Clock Prescaler (11 bit) Ja la
Internal Bus Line 2
L el ol 5lg (s2) |
P IR fvid [vd A v =1
ja Be ' N
Timer A MPX CPTA TCA (8 bit) TAOF FTA
Timer Counter A
Interrupt
13 Request Flag
of Timer A
TMA (3 bit)
Timer Mode Register A

Figure 13. Timer/Counter Block Diagram
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$002 bit 0) will be set at this overflow output.

Timer Mode Register A (TMA: $008):
Timer mode register A is a 3-bit write-only
register. The TMA controls the prescaler
divide ratio of timer A clock input, as shown
in table 11. The timer mode register A is
initialized to $0 by MCU reset.

Timer Mode Register B (TMB: $009):
Timer mode register B (TMB) is a 4-bit write-
only register which selects the auto-reload
function, the prescaler divide ratio, and the
source of the clock input signal, as shown in
table 12. The timer mode register B is initial-
ized to $0 by MCU reset.

The operation mode of timer B changes at the
second instruction cycle after the timer mode
register B is written to. Timer B should be
initialized by writing data into the timer load
register after the contents of TMB are chan-
ged. Configuration and function of timer
mode register B is shown in figure 14.

Timer B (TCBL: S00A, TCBU: S00B, TLRL:
S00A, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit
read-only timer/event counter. Each of them
has a low-order digit (TCBL: $00A, TLRL:
$00A) and a high-order digit (TCBU: $00B,
TLRU: $00B). (Refer to figure 2.)

The timer/event counter can be initialized by
writing data into the timer load register.
Write the low-order digit first, and then the
high-order digit. The timer/event counter is
initialized when the high-order digit is writ-
ten. The timer load register is initialized to
$00 by the MCU reset.

The counter value of timer B can be obtained
by reading the timer/event counter. In this
case, read the high-order digit first, and then
the low-order digit. The count value of the
low-order digit is latched at the time when
the high-order digit is read.

PMR:$ 004 SMR:$ 005
IPMR3IPMR2 PMR1|PMRO SMR3|SMR2|SMR1]SMRO
'—-—— Transfer clock selection
R40/SCK pin mode selection
R4,/S0 pin mode selection
R4,/S!| pin mode selection
R3,/INTo pin mode selection
R33/INT; pin mode selection
TMA:$ 008 TMB:$ 009
[TMA2| TMA1|TMAO TMB3|TMB2|TMB1|TMBO
—— — v ,
L—'—— Timer B input clock selection
Auto-reload function selection
Timer A input clock selection

Figure 14. Mode Register Configuration and Function
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Timer A Interrupt Request Flag (IFTA:
S001 Bit 2): The timer A interrupt request
flag is set by the overflow output of timer A
(table 13).

Timer A Interrupt Mask (IMTA: $001 Bit
3): The timer A interrupt mask prevents an
interrupt request from being generated by
the timer A interrupt request flag (table 14).

Timer B Interrupt Request Flag (IFTB:
$002 Bit 0): The timer B interrupt request
flag is set by the overflow output of timer B
(table 15).

Timer B Interrupt Mask (IMTB: $S002 Bit
1): The timer B interrupt mask prevents an
interrupt request from being generated by
timer B Interrupt request flag (table 16).

Table 11. Timer Mode Register A

TMA2 TMA1 TMAO Prescaler Divide Ratio

0 (6] 0 + 2048
(] (0] 1 + 1024
(o] 1 0 + 512
0 1 1 + 128
1 o] 0 + 32
1 0 1 + 8
1 1 0 + 4
1 1 1 + 2
Table 12. Timer Mode Register B

Table 13. Timer A Interrupt Request

Flag

Timer A Interrupt

Request Flag Interrupt Request

[0] No

1 Yes

Table 14. Timer A Interrupt Mask

Timer A Interrupt Mask Interrupt Request

o] Enable
1 Disable (Mask)
Table 15. Timer B Interrupt Request

Flag

Timer B Interrupt

TMB3 Auto-reload Function Request Flag Interrupt Request
0 No 0 No.
1 Yes 1 Yes

Prescaler Divide Ratio,
TMB2 TMB1 TMBO Clock Input Source

Table 16. Timer B Interrupt Mask

Timer B Interrupt Mask Interrupt Request

[¢] (o] 0 + 2048

(0] Enable
(] [¢] 1 + 512

1 Disable (Mask)
(] 1 0 + 128
o] 1 1 + 32
1 0 0 + 8
1 0 1 + 4
1 1 0 + 2
1 1 1 INT; (External Event Input)
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Input/Output

The MCU has 58 I/0 pins, 32 standard and 26
high voltage. One of three circuit types can
be selected by mask option for each standard
pin: CMOS, with pull-up MOS, and without
pull-up MOS (NMOS open drain); and one of
two circuit types can be selected for each
high-voltage pin: with pull-down MOS and
without pull-down MOS (PMOS open drain).
Since the pull-down MOS is connected to the
internal Vyisp line, Vaisp must be selected for
the RA1/Vaisp pin via mask option when with
pull-down MOS option is selected for at least
one high-voltage pin. See table 17 for I/O pin
circuit types.

When every input/output pin is used as an
input pin, the mask option and output data
must be selected in the manner specified in
table 18.

Output Circuit Operation of Standardv

Pins With Pull-Up MOS: In the standard
pin option with pull-up MOS, the circuit
shown in figure 15 is used to shorten rise time
of output.

When the MCU executes an output instruc-
tion, it generates a write pulse to the R port
addressed by this instruction. This pulse will
switch the PMOS (B) on and shorten the rise
time. The write pulse keeps the PMOS in the
on state for one-eighth of the instruction
cycle time. While the write pulse is 0, a high
output level is maintained by the pull-up
MOS (C).

When the HLT signal becomes 0 in stop
mode, MOS (A) (B) (C) turn off.

D Port: I/O port D has 16 discrete I/O pins,

each of which can be addressed indepen-
dently. It can be set/reset through SED/RED
and SEDD/REDD instructions, and can be
tested through TD and TDD instructions. See
tables 17 and 18 for the classification of stan-
dard pin, high-voltage pin, and the I/O pin
circuit types.

R Ports: The eleven R ports in the
HD404019/HD4074019 are composed of 36
I/0 pins, and 6 input-only pins. Data is input
through LAR and LBR instructions and out-
put through LRA and LRB instructions. The
MCU will not be affected by writing into the
input-only and/or non-existing ports, while
invalid data will be read when the output-
only and/or non-existing ports are read.

The R332, R33, R4o, R4;, and R4; pins are multi-
plexed with the INT,, INT;, SCK, SI, and SO
pins respectively. See tables 17 and 18 for the
classification of standard pins, high-voltage
pins and selectable circuit types of these I/O
pins.

Unused I/0 Pins: If unused I/O pins are left
floating, the LSI may malfunction because of
noise. The 1/0 pins should be fixed as follows
to prevent the malfunction.

High-voltage pins: select without pull-down
MOS (PMOS open drain) via mask option and
connect to Ve on the printed circuit board.

Standard pins: Select without pull-up MOS
(NMOS open drain) via mask option and
connect to GND on the printed circuit board.

R4¢/SCK and R4,/SO should be used as R4o
and R4; by serial mode register and port
mode register respectively.
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Table 17. I/0 Pin Circuit Types
Without PuII-Up-MOS With Pull-Up MOS CMOS (C) A.pplicable
(NMOS Open Drain) (A) {B) Pins
_ Do—D3
HLT Input AT Input HLT Input _
data data e o rives R30—-R33
t
1/0 VCCJW*‘_'-W.E i R40—R43
Common - O- R}HLT R50—R53
Pins o Output Output! R6o— R63
vs utput data data
£ data R70—R73
o
- R80—R83
-
@
b}
c
]
(] Vee
Input
. *TRi HLT __ _
Pins ~ HLT ﬂ— input b~ Do-i%]ﬁ!-ninput R9o—R93
Y data |\ " deta
Table 17. I/0 Pin Circuit Types (cont)
Without Pull-Down MOS ) Applicable
. With Pull-Down MOS (E) )
(PMOS Open Drain) (D) Pins
Vee
HLT D4a—Dss
1/0 O— l-c’(j———Ou’(put ROo—RO3
Common data
. R10—R13
Pins Vd R20—R2
" vdisp H'LTDE Input 0Tl
£ data
[-%
)
g T
5 _ HLT input
> | Input HLT input data
.-5’ Pins data Vec RAo
I Visp
Input O FTlT:D Input
Pins data RA
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Table 17. I/0 Pin Circuit Types (cont)

Without Pull-Up MOS (NMOS Open Drain) Applicable
With Pull-Up MOS (B
or cMOS (A or C) P (8) Pins
scK é_‘)‘, ScK
HLT
Ve Hwr Vee | Veo AT+
1/0 HLT +mode select mode select| ——— STK (Note 2
C
ommon (Output mode
Pins O_J O_
internal SCK —
@
£
a Ve cc Vce
k-] ——— e
| Output HLT HLT
g Pins SO
]
SO SO
INTo
| INT;
Input Input nput
.p |_.E data P data sI
Pins HLT HLT SCK
(Input mode)

Notes: 1. In the stop mode, HLT signal is O, HLT signal is 1 and I/O pins are in high impedance state.
2. If the MCU is interrupted by serial interface in the external clock input mode, the SCK
terminal becomes input only.
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Table 18. Data Input from Input/Output Common Pins

1/0 Pin Circuit Type Input Possible Input Pin State
Standard Pins CMOS No —

Without pull-up MOS

i Yes 1

(NMOS open drain)

With pull-up MOS Yes 1
High Voltage Pins Without pull-down MOS v 0

es
(PMOS open drain)
With pull-down MOS Yes (0]

_J—\_Write pulse
(Output

PMOS (B
0s (B) instruction)

Pull-up MOS (C) ‘

—_—

| o

-

NMOS (A)

T

MOS On Resistance Value

Buffer

A approx. 250 Q

B approx. 1 kQ

C approx. 30kQ to 160 kQ
(Vee =5 V)

1 Instruction cycle

4+ + 4
+

Qutput instruction execution

Write pulse

Figure 15. Output Circuit Operation of Standard Pins With Pull-Up MOS Option
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Reset instructions cycles are required for the MCU
to be reset.

Bringing the RESET pin high resets the MCU.

At power-on, or when cancelling stop mode, Table 19 shows the parts initialized by MCU

the reset must satisfy trc for the oscillator to reset, and the status of each.

stabilize. In all other cases, at least two

Table 19. Initial Value After MCU Reset
Initial Value by

Items MCU Reset Contents

Program Counter (PC) $0000 Execute program from the top of ROM
address

Status (ST) 1 Enable to branch with conditional branch

instructions

Stack Pointer (SP) $3FF Stack level is O
1/0 Pin Standard Pin  (A) Without Pull-Up 1 Enable to input
Output Register MOS
(B) With Pull-Up 1 Enable to input
MOS
(C) CMOS 1 _
High-Voltage (D) Without Pull- O Enable to input
Pin Down MOS
(E) With Pull- 0 Enable to input
Down MOS
Interrupt Flag Interrupt Enable Fiag (I/E) (0] Inhibit all interrupts
Interrupt Request Flag (IF) 0 No interrupt request
Interrupt Mask (IM) 1 Mask interrupt request
Mode Register Port Mode Register (PMR) 0000 See port mode register
Serial Mode Register (SMR) 0000 See serial mode register
Timer Mode Register A (TMA) 000 See timer mode register A
Timer Mode Register B (TMB) 0000 See timer mode register B
Timer/Counter Prescaler $000 —
Timer/Counter A (TCA) $00 —

Timer/Event Counter B (TCB) $00 —

Timer Load Register (TLR) $00 —
Octal Counter 000 —
@ HITACHI
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Table 19. Initial Value After MCU Reset (cont)
After recovering from STOP  After MCU reset except for
Item mode by MCU reset the left condition
Carry (CA) The contents of the items before  The contents of the items before
Accumulator ) MCU reset are not retained. MCU reset are nt.)t. r.et.alned.
It is necessary to initialize them by It is necessary to initialize them by
B Register (8) software. software.
W Register (W)
X/SPX Registers (X/SPX)
Y/SPY Registers (Y/SPY)
Serial Data Register (SR)

RAM

The contents of RAM before
MCU reset (just before STOP
instruction) are retained.
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lator can be selected as the oscillator type.
Refer to table 20 to select the type. In addi-
tion, see figure 17 for layout of the crystal or
ceramic filter.

Internal Oscillator Circuit

Figure 16 outlines the internal oscillator cir-
cuit. Crystal oscillator or ceramic filter oscil-

0SC; @——— _
Oscillator

Divider Timing s
circuit generator ystem
1/4 circuit clock

0scC:

T

Figure 16. Internal Oscillator Circuit

WSS o

Figure 17. Layout of Crystal and Ceramic Filter
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Table 20. Examples of Oscillator Circuits

Circuit Configuration

Circuit Constants

Co

External Clock Oscillator
Operation .
D— 0SC:
Open—0SC2
Ceramic Filter Ceramic filter
Oscillator c CSA4.00MG
. " T IIOSCv (Murata)
fer | B3R Re: 1 MQ = 20%
L osc. Cq: 30 pF *+ 20%
B - Cz 30 pF * 20%
GND
Ciystal Oscillator R 1 MO = 20%
S Ilosc, Cy: 10-22 pF = 20%
. %::R. Cz 10-22 pF + 20%
L osc, Crystal: equivalent to circuit shown
e e Co 7 pF max.
AT cut paratlel | Rs 100 Q max.

f: 1.0—4.5 MHz

Notes : 1, Since the circuit constants change according to the crystal and ceramic filter resonator and
stray capacitance of the board, please consult with the engineers of crystal or ceramic filter
maker to determine the circuit parameter.

2. Wiring between OSC1, OSC;, and elements should be as short as possible, and never cross
other wiring. Refer to figure 17.

Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819  (415) 589-8300
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Operating Modes

Low Power Dissipation Mode

The MCU has two low power dissipation
modes, standby mode and stop mode (table
21). Figure 18 is a mode transition diagram for
these modes.

Standby Mode: Executing an SBY instruc-

tion puts the MCU into standby mode. In
standby mode, the oscillator circuit is active
and interrupts, timer/counter and serial
interface working. On the other hand, the
CPU stops since the clock related to the
instruction execution stops. Registers, RAM,
and I/O pins retain the states they were in
just before the MCU went into standby mode.

Table 21. Low Power Dissipation Mode

Condition Standby Mode Stop Mode
Instruction SBY instruction STOP instruction
Oscillator circuit Active Stopped
Instruction execution Stopped Stopped
Register, flag Retained Reset (note 1)
Interrupt function Active Stopped

RAM Retained Retained

Input/output pins

Retained (note 2)

High impedance

Timer/counter, serial Active Stopped
interface
Recovery method RESET input, interrupt request RESET input

Notes:
flags and registers.

1. The MCU recovers from stop mode by RESET input. Refer to table 19 for the contents of

2. As |/0 circuits are active, an 1/O current may flow in standby mode, depending on the
state of the 1/O pins. This is an additional current added to the standby mode current

dissipation.
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Standby mode may be cancelled by inputting
RESET or by asserting an interrupt request.
In the former case the MCU is reset. If the
interrupt enable flag is 1 when an interrupt
request asserted, the interrupt is executed,
while if it is O, the interrupt request is put on
hold and normal instruction execution con-
tinues. In the latter case, the MCU becomes
active and executes the next instruction fol-
lowing the SBY instruction.

Figure 19 shows the flowchart of the standby
mode.

Stop Mode: Executing a STOP instruction

brings the MCU into stop mode, in which the
oscillator circuit and every function of the
MCU stop.

Stop mode may be cancelled by resetting the
MCU. At this time, as shown in figure 20,
reset input must be applied for at least tgc for
oscillation to stabilize. (Refer to AC Charac-
teristics table.) After stop mode is cancelled,
RAM retains the state it was in just before the
MCU went into stop mode, but the accumu-
lator, B register, W register, X/SPX registers,
Y/SPY registers, carry, and serial data register
may not retain their contents.

]

0

Standby

RESET

RESET

Figure 18. MCU Operation Mode Transition
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sBY

Oscillator Active

Peripheral Clocks
Active

All Other Clocks

Stop

Restart Restart
Processor Clocks Processor Clocks
=5
(A) (8) Yes (C)
Reset MCU Execute ) Interrupt
Instruction Accept

Figure 19. MCU Operating Flowchart in Standby Mode

L Stop mode |

-

oseiteror TN y AT

. /
memaroos — L] LT KUJJlllllﬂlI LM T
, . |

RESET { [
tres |

STOP instruction execution (more than stabilization time: tac)

Figure 20. Timing Chart of Recovering from Stop Mode
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PROM Mode Pin Description

Table 22 and figure 21 describe the pin func-
tions in PROM mode

Table 22. PROM Mode Signals

Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode
3::::::' FP-64B Symbol 1/0 Symbol 1/0 g::::: ' FP-64B Symbol 1/0 Symbol 1/0
1 59 D /0 Vce 33 27  R4/SCK  I/O  Oa 1/0
2 60 D12 1/0 34 28 R44/SI 1/O Os 1/0
3 61 D13 1/0 35 29 R42/SO 1/O0 Os 1/0
4 62 Dia 1/0 36 30 R43 /0 07 1/0
5 63 Dis 1/0 37 31 R7 /0 CE |
6 64 RO /0 A I 38 32 R7: /0 OE |
7 1 RO /0 Az | 39 33 R7: I/0
8 2 RO2 1/0 Az | 40 34 R73 1/0
9 3 ROz 1/0 As | 41 35 R8o 1/0
10 4 R1o /0 As ! 42 36 RS 1/0
11 5 R14 1/0  Ae | 43 37 R82 1/0
12 6 R12 /0 As | 44 38 R8s 1/0
13 7 R13 1/0 Asg | 45 39 R9o | Vee
14 8 R2¢o 1/0 Ao | 46 40 R9: | Ag |
15 9 R24 /0 Ao I 47 41  R9 I Mo |
16 10 R2; /0 A I 48 42  R9s I M |
17 11 R23 1/0 A2 | 49 43 RESET | RESET |
18 12 RAo I Vee 50 44  TEST | TEST |
19 13 RA, | 51 45 0OSC1 |
20 14  R3p /0 Ass I 52 46 0OSC2 0O
21 15 R3; /0 A I 53 47 GND GND
220 16 R3/INT,  1/O 54 48 Do 1/0  Oo 170
23 17 R3y/INT;  1/O 55 49 D, I/0 O 1/0
24 18 R5¢ 1/0 56 50 D2 /0 02 1/0
25 19 R5; 1/0 57 51 D3 /0 O3 1/0
26 20 R5, 1/0 58 52 Da 1/0
27 21 R53 1/0 59 53 Ds 1/0
28 22 R60 1/0 60 54 De 1/0
29 23 R6; 1/0 61 55 Dy 4
30 24  R6; 1/0 62 56 Ds A
31 25 R63 1/0 63 57 Do 1/0
32 26 Vee Vee 64 58 Do /0 Vcc
Note: 1/0: Input/Output Pins

1: Input Pins
O: Output Pins
@ HITACHI

Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300 315



HD404019/HD4074019

Ver (Program Voltage): Ve is the input for
the program voltage (125 V + 0.3 V) for
programming the PROM.

CE (Chip Enable): CE input programs and
verifies internal PROM.

OE (Output Enable): OE is the data output
control signal for verify input.

Ao—Ai4 (Address Bus): Ao—Aj4 are address
input pins for internal PROM.

Oo—O7 (PROM Data Bus): Oo—O7 are the
data bus for internal PROM.

Mo, M: (Mode): Mo and M; set PROM mode.
PROM mode is set when Mo, M;, and TEST
pins are low level and RESET pin is high level.

Vee J1 O 64 ] Vee
[ P 630
ds 621
s 610 - g8
Os 60 < S S
A e 597
A2 Q7 58] T —OQ @O~ DO BT M N
As 8 57[J0s A2E1w‘tgswm3m5mmmmug1:oa
As 09 56102 As[C]2 50_]02
As OJ10 55[]0: A []3 49 ]0s
A wE% As e 4810
A 02 53[JGND A
6« []5 470 Jeno
As O13 52(]
Ao C144p407401951H___ A L]e b |
An]15 50{JTEST As []7 a5 ]
An]1e 49 JRESET A, []8 44 ] TEST
Az17 4883w, Aw[]e "o 43[_JRESET
Vee[]18 4700 ™0 anl]10 4074019 2w
O1e 46[7 Ae A1 a1_1Wo
Aiz[]20 45 Ver Vec[]12 40[_J As
A2 440 Clhs 39 Vee
Cj22 43]
Aa[14 38
Cj23 2]
[ P28 a1 A ]18 g
Oe2s 40 e 36
Oa2s 393 (Y 35 ]
g2z 383 OF s 3]
C]2s 370JCE 19 33
20 36107 Eo—«mqmonwwo—uj
E3° 35305 NONNNNNNNNNOOOM
[m k) 34[]0s UUUUUUUUUUUUU
Vee 32 33[70s ;’»66’66[3]8
.
{DP-64S, DC-64S) (FP-64B)
(Top View) (Top View)
oo~ 88 o
I < > > o
BiRinininininininininininininin
3200838528323 68¢S
A 48]0,
AsC] 2 1[0,
Asl] 3 4870,
A e 4[JGND
Ag] s “]
Aol s im]
A7 ]
Ange HD4074019 «[JReseT
A2 e o[ M,
vVee Qe 39 Mo
38 A
A2 37[7] Vep
Al 38[]
3s[]
£l
33
~e22 S NRISRNER85
JOOoUOUUUOguoOoOy
IS S
(FP-64B)
{Top View)
G: GND (Vss level)
No mark: Open

Figure 21. PROM Mode Pin Arrangement
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Programmable ROM Operation

The HD4074019's on-chip PROM is pro-
grammed in PROM mode (figures 22-—24).
PROM mode is set by bringing TEST, Mo, and
M; low, and RESET high as shown in figure
22. In PROM mode, the MCU does not oper-
ate. It can be programmed like a standard
27256 EPROM using a standard PROM pro-
grammer and a 64-to-28-pin socket adapter.
Table 24 lists recommended PROM pro-
grammers and socket adapters.

Since an instruction of the HMCS400 series
consists of 10 bits, the HMCS400 series
microcomputer incorporate conversion circuit
to use a general perpose PROM programmer.
By this circuit, an instruction is read or pro-
grammed using 2 addresses, lower 5 bits and
upper 5 bits as shown in figure 23. For
example, if 8 kwords of on-chip PROM are
programmed by a general purpose PROM
programmer, 16 kbytes of addresses ($0000-
$3FFF) should be specified.

Programming And Verification

The HD4074019 can be high-speed pro-
grammed without causing voltage stress or
affecting data reliability.

Table 23 shows how programming and veri-
fication modes are selected.

Figure 24 is a programming flowchart, and
figure 42 is a timing chart. For precautions on
PROM programming, refer to Precautions and
On-Chip EPROM reliability after programing.

Erasing

PROMs in ceramic window packages can be
erased by ultraviolet light. All erased bits
become 1s.

Erasing conditions are: ultraviolet (UV) light

with wavelength 2537A with a minimum
irradiation of 15W-s/cm?. These conditions
are satisfied by exposing the LSI to a 12,000
uW/cm? UV source for 15-20 minutes, at a
distance of 1 inch.

Precautions

1. Addresses $0000 to $7FFF should be speci-
fied if the PROM is programmable by a
PROM programmer. Note that the plastic
package type cannot be erased and repro-
grammed. (Ceramic window packages can
be erased and reprogrammed by ultraviolet
light.) Data in address space beyond $8000
must be set to $FF.

2. Be careful that the PROM programmer,
socket adapter and LSI match. Using the
wrong programmer of socket adapter may
cause an overvoltage and damage the LSI.
Make sure that the LSI is firmly fixed in
the socket adapter, and that the socket
adapter is firmly fixed in the programmer.

3. The PROM should be programmed with
Vpp=12.6 V. Other PROMs use 21 V.If 21V
is applied to the HD4074019, the LSI may
be permanently damaged. 12.5 V is Intel’s
27256 Vpp.

On-Chip EPROM Reliability after Pro-
gramming

Generally, semiconductors are reliable except
for initial failures. Parts can be screened to
avoid failures. Exposure to high temperature
is a kind of screening which removes PROM
memory cells with data hold failures in a
short time. This is done to the ZTATs in the
wafer stage, so ZTAT data hold charcteristics
are high. Exposing the LSI to 1560°C after user
programming can effectively upgrade these
characteristics. Figure 25 shows the recom-
meded screening flow.
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Vce
Ve T
Vi
t—RESET c
TEST
Mo
W
V] Data
o 00—0;|C—=> ¢,—o0,
RO Ag—nye (KGO e
14
j¢—«—— OE
j#——meee CE
GND

”

Figure 22. PROM Mode Function Diagram

$0000
$0001

$001F
$0020

$007F
$0080

S1FFF
$2000

$TFFF

e i

Three bits are not used.
(Setto 111)
Note: When this address space is read. $FF is output.

1,1 1 bitd b3 | bit2 | bitl | b0 [ Lower 5 bits } | JMPL Instruction $0000
7, 1, 1 btd , i b7, bub , bub_| Upper 5bits | 20000 (Jump to RESET Routine) $0001
| JMPL Instruction _| so002
Vector Address {Jump to INTo Routine) $0003
$000F JMPL Instruction $0004
$0010 [~ (Jump to INT, Routine) $0005
r Zero-Page Subroutine | JMPL Instruction _| s0006
(64 Words) (Jump to TIMER A Routine) | g6007
| JMPL Instruction _| s0008
$003F (Jump to TIMER B Routine) | $0009
$0040 $000A
Pattern $0008
{4096 Words} JMPL Instruction _| s000C
[~ (Jump to SERIAL Routine) $000D
SOFFF $O00E
$1000 $O00F
Program
(16384 Words)
(Note) S3FFF

318

Figure 23. PROM Mode Memory Map
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Table 23. PROM Mode Selection

Table 24. PROM Programmers and

Socket Adapters
Pin
Mode CE OFE Vpp 0p-0; PROM Programmer Socket Adapter
Programming Low High Vep Data input Maker Type name Maker Type name
Hitachi TBD
Verify High Low Vpp Data output DATA 1/0 ggg tachi
Programming  High High Vee 90 jance AVAL Corp PKW-1000 Hitachi TBD
PKW-7000
Set Prog./Verify Mode
Vpp = 12.5+0.3 V, Ve = 6.0+0.25 V
% |
[ Program tpyy = 1ms + 5% J
[ Address + 1 — Address 1
Program topw = 3n ms J
Last No
Address ?

I Set Read Mode

Vee = 5.0£05 V, Vpp = Ve =06 V ]

Read
All Address

Figure 24. PROM Programming
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Programming
Verification

Exposure in high temperature
without applying any power
150°C + 10°C, 48 Hr + 8 Hr*

— O Hr

Confirmation of reading
Vec =4.5Vor5.5V

* Exposure time is the time after the tempera-
ture in heater 150°C.

Note: If programming erros occur continuously during programming with one PROM
programmer, stop programming .and check the PROM programmer or socket
adapter.

If trouble occurs in verification after programming, or after exposure to high tempera-
tures, please inform a Hitachi engineer.

Figure 25. Recommended Screening Flow
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Addressing Mode
RAM Addressing Mode

As shown in figure 26, the MCU has three
RAM addressing modes: register indirect ad-
dressing, direct addressing, and memory reg-
ister addressing.

Register Indirect Addressing: The W reg-
ister, X register, and Y register contents (10
bits) are used as the RAM address.

Direct Addressing: A direct addressing
instruction consists of two words, with the
word (10 bits) following the opcode used as
the RAM address.

Memory Register Addressing: The mem-
ory register (16 digits from $020 to $02F) is
accessed by executing the LAMR and XMRA
instructions.

ROM Addressing Mode and P Instructions

The MCU has four kinds of ROM addressing
modes, as shown in figure 27.

Direct Addressing Mode: The program can
branch to any address in the ROM memory
space by executing a JMPL, BRL, or CALL
instruction. These instructions replace the 14
program counter bits (PCi3 to PCp) with the
14-bit immediate data.

Current Page Addressing Mode: The ROM
memory space is divided into pages, with 256
words in each page. Page zero begins at ad-
dress $0000. By executing a BR instruction, the
program can branch to an address in the current
page. This instruction replaces the low-order
eight bits of the program counter (PC, to PCy)
with the 8-bit immediate data.

When BR is on a page boundary (256n + 255)
(figure 28), executing a BR instruction trans-
fers the PC contents to the next page, due to
the hardware architecture. Consequently,
the program branches to the next page when
the BR is used on a page boundary. The
HMCS400 series cross macro assembler has
an automatic paging facility for ROM pages.

Zero Page Addressing Mode: By executing
a CAL instruction, the program can branch to
the zero page subroutine area, which is
located at $0000-$003F. When a CAL
instruction is executed, 6-bits of immediate
data are placed in the low- order six bits of
the program counter (PCs to PCo) and Os are
placedinthe high-order eight bits (PCi3to PCg).

Table Data Addressing: By executing a
TBR instruction, the program can branch to
the address determined by the contents of

the 4-bit immediate data, accumulator, and B
register.

P Instruction: ROM data addressed by table
data addressing can be referred to by a P
instruction (figure 29). When bit 8 in the
referenced ROM data is 1, 8 bits of ROM data
are written into the accumulator and B regis-
ter. When bit 9 is 1, 8 bits of ROM data are
written into the R1 and R2 port output regis-
ter. When both bits 8 and 9 are 1, ROM data
are written into the accumulator and B regis-
ter and also to the R1 and R2 port output
register at the same time.

The P instruction has no effect on the pro-
gram counter.
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W Register X Register Y Register
r N\ N N\
WilWo | Xs|X2 | Xe|Xo|Ys] VY2 VY1 ]Yo
RAM Address | APo| APs| AP7 | APs | APs| AP4 | AP3| AP2| AP, |APo
Register Indirect Addressing
Instruction 1st Word Instruction 2nd Word
- N )
Opcode do | de | d7 [ ds | ds | da | da| d2 | di | do
1 1 L i 1 1 1 1 1
RAM Address | APy | APs | AP, |APs | APs | APa| APs| APz | AP1 | APo
Direct Addressing
Instruction
r )
Opcode m3 | mz2 | m |mo
1 1 1 1 1
[O 4] 0 1) l 0
RAM Address| APs| APs| AP7| APs| APs [ APa| AP3| AP2| AP | AP,

Memory Register Addressing

Figure 26. RAM Addressing Modes
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(UMPL)
(BRL)
(CALL) i
Instruction 1st Word Instruction 2nd Word
. N \
k] v 1 1 1 1 L4 L4 L L4 L4 H T 1 T T v
Opcode pPs p2 p1 polds ds d7 de ds da di3 d2 di do
1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T Al T T T v T T T T T
Program CounterF’Cm PC12 PC14 PC10l PC91PC8 lF’C7 |PCG \ F’CsI PCs PCs ) PC2 PCy . PCo
1 1 1 1 1
Direct Addressing
Instruction
Y N\
T T T T T T T T
(BR)| Opcode | b; bs bs  bs b3 b2 b bo
1 1 ] 1 1 1 1
Program Counter PC13I PC|2|PC|1|F’C10I PCs . PCs . PC lF’Ce|F’C5 |PC4 , PCs PCzI PCi . PCo
Current Page Addressing
Instruction
. N
T T L} T T T T T
(CAL) . OpliOde . a as @ a a1 @
0O o0 0 O o O o0 o
| L BN M AN B A A |
M T T T T T T T T T T T T
Program Counter PC1::PC12 PCnIPCwl PC9|PC8IPC7 PCe PCslPCa| PCs PC2 PCi1 PCo
1 1 1 1 1 1
Zero Page Addressing
Instruction
— )
T T T T T T T T
(TBR) Opcode ps p2 Ppr1 po B Register Accumulator
1 1 1 1 1 1 1 1 — ~— N\

leBz‘B1IBolA3 A2 A1IA0

S WAV T T T T I T

T T T
PC1:iPC12 PCH|PCIO PCs PCs PC7 PCe PCs PC4|PC3 PCzlPC1 | PCo

Program Counter

Table Data Addressing

Figure 27. ROM Addressing Modes
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N\

256(n—1) + 255

[:_ BR AAA 256n
AAA NOP

—}- BR AAA 256n + 254
~—+ BR BBB 256n + 255

256(n + 1)
L’ BBB NOP

—~_

Figure 28. BR Instruction Branch Destination on Pages Boundary

Instruction

T T T T T T T T

P) Opcode ps p2 p1 po

[

T T T T T T T T T T T

T T
Referred ROM Address |RA13 RA12 RA11RA10RAs RAs RA; RAs RAs RAs RAs RA2 RA: RAo
1 1 1 1 L 1 i 1 1 A 1 1 1

Address Designation

M 1 L} 1 |l T
ROM Data ROs .ROa‘RO7lR06|R05|RO4l ROs , ROleO1|ROo
R T N T N

Accumulator, B Register | B3 |Bz Br Bo|As A2 A Ao If ROs=1
1 1 1 1 1

T [] |
ROM Data ROs]ROs R07 ROs ROs RO4 ROs ROz R01 ROo

l#ll#%#l

Output Register R1, R2 R23 RZz R21 R20IR13 R12 Rh R1ol If ROg=1

Pattern

Figure 29. P Instruction
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Instruction Set

The HD404019, HD4074019 provides 101 6. Compare instructions
instructions which are classified into 10 7. RAM bit manipulation instructions
groups as follows: 8. ROM address instructions
9. Input/output instructions

1. Immediate instructions 10. Control instructions
2. Register-to-register instructions
3. RAM address instructions Tables 25-34 list their functions, and table 35
4. RAM register instructions is an opcode map.
5. Arithmetic instructions
Table 25. Immediate Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from Immediate LAl 10001 1327 ip i—A 1/1
Load B from Immediate LBl 1 000O0O0Oizi2igip i—B 1/1
Load Memory from LMID i, d 01 1010i3i2i1ig i—M 2/2
Immediate dg dg d7 dg ds dgq d3 dp dq do
Load Memory from LMILY i 10100 1i3ipiqip i—=M, Y+1-Y NZ 1/1
Immediate, Increment Y
Table 26. Register-to-Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from B LAB 0001001000 B—-A 11
Load B from A LBA 0011001000 A~—B 1/1
Load A from W LAW 0100000000 .4 2/2

00000O0OO0OOOO (Note)

Load A from Y LAY 0Oo0101t01111 Y—-A 1/1
Load A from SPX LASPX 0001101000 SPX—A 1/1
Load A from SPY LASPY 0001011000 SPY—-A 1/1
Load A from MR LAMR m 10011 1 mmmm MRm — A 1/1
Exchange MR and A XMRA m 107111 1mmmm MR(m) — A 1/1

Note:
automatically.

An operand is provided for the second word of LAW and LWA instruction by assembler
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Table 27. RAM Address Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load W from Iimmediate LWI i 0011 1100ii i-W 1/1
Load X from Immediate LXI1i 10001 0izigirip i—X 1/1
Load Y from Immediate Lvii 10000 1igigitip i—VY 11
Load W from A LWA 0100010000 A _,w 2/2
00000O0OO0OOOO (Note)
Load X from A LXA 0011101000 A-X 1/1
Load Y from A LYA 0011011000 A-Y 1/1
Increment Y Y 0001011100 Y+1-Y NZ 1/1
Decrement Y DYy 001101t1111 Y-1=-Y NB 1/1
Add Ato Y AYY 0001010100 Y+A-Y OVF 1/1
Subtract A from Y SYY 0011010100 Y-A-Y NB 11
ExchanQeXand SPX XSPX 00000O0O0O0OT1T X~SPX 11
Exchange Y and SPY XSPY 0000000010 Y+~SPY 1/1
Exchange X and SPX,Y XSPXY 00000O0O0O 11 X—SPX, Y-~SPY 11
and SPY

Note: An operand is provided for the second word of LAW and LWA instruction by the assembler
automatically.
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Table 28. RAM Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from Memory LAM(XY) 00100100y x M-A (X-+SPX, 1/1
Y—SPY)
Load A from Memory LAMD d 0110010000 M—A 2/2
dg dg d7 dg ds dgq d3 d2 dq do
Load B from Memory LBM(XY) 0001 00O00O0Yy x M-B, (X-SPX, 11
Y~SPY)
Load Memory from A LMA(XY) 00100101y x A-M,(X-=SPX, 1/1
Y—SPY)
Load Memory from A LMAD d 0110010100 A—-M 2/2
dg dg d7 dg ds dq d3 da di do
Load Memory from A, LMAIY(X) 000101 000Xx A:M,Y+1-0Y NZ 1/1
Increment Y (X—=SPX)
Load Memory from A, LMADY(X) 001101000 x A-M,Y-1-Y NB 1/1
Decrement Y (X—=SPX)
Exchange Memory and A XMA(XY) 00100000y x M-A (X-SPX, 1/1
Y~—SPY)
Exchange Memory and A XMAD d 0110000000 M-—A 2/2
dg dg d7 dg ds d4 d3 d2 dq do
Exchange Memory and B XMB(XY) 00110000y x M-=B, (X-SPX, 1/1
Y—SPY)

Note:

(XY) and (X) have the following meaning:

1. The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of
LAM (XY) is given below).
The op-code X or Y is assembled as follows.

Mnemonic vy x Function

LAM o o

LAMX (o] 1 X — SPX

LAMY 1 0 Y —~ SPY
LAMXY 1 1 X~SPX, Y—~SPY

2. The instructions with (X) have 2 mnemonics and 2 object codes for each (example of
LMAIY(X) is given below).
The op-code X is assembled as follows.

Mnemonic x Function

LMAIY (o]

LMAIYX 1 X «~ SPX
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Table 29. Arithmetic Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Add Immediate to A Ali 101 00O0.i3i2i1ip A+i—A OVF 1/1
Increment B 1B 0001001100 B+1—8B NZ 1
Decrement B DB 0011001111 B-1—+8B NB 1/1
Decimal Adjust for Addition = DAA 0010100110 1/1
Decimal Adjust for Subtraction DAS 0010101010 1/1
Negate A NEGA 0001100000 A+1—-A /1
Complement B COMB 0101000000 B—B 11
Rotate Right A with Carry ROTR 0010100000 1/1
Rotate Left A with Carry ROTL 0010100O0O01 11
Set Carry SEC 0011101111 1-CA 1/1
Reset Carry REC 0011101100 O0—~CA 1/1
Test Carry TC 0001101111 CA 1/1
Add A to Memory AM 0000001000 M+A—-A OVF 1/1
Add A to Memory AMD d 0100001000 M+A-—-A OVF 2/2
dg dg d7 dg ds dg d3 d2 dy do
Add A to Memory with Carry AMC 0000011000 M+A+CA—A OVF 1/1
OVF—CA
Add A to Memory with Carry AMCD d 0100011000 M+A+CA—A OVF 2/2
dg dg d7 dg ds dg d3 d2 dqy dg OVF—CA
Subtract A from Memory SMC 0010011000 M-A-CA-A NB 1/1
with Carry NB—CA
Subtract A from Memory SMCD d 0110011000 M-A-CA—A NB 2/2
with Carry dg dg d7 dg ds dg d3 d2 d1 dg NB—CA
OR A and B OR 0101000100 AUB-A 1/1
AND Memory with A ANM 0010011100 ANM-A NZ 1/1
AND Memory with A ANMD d 0110011100 ANM-A NZ 2/2
dg dg d7 dg ds da d3 d2 dy do
OR Memory with A ORM 0000001100 AUM—A Nz 1/1
OR Memory with A ORMD d 0100001100 AUM-A NZ 2/2
dg dg d7 dg ds dq d3 d2 d¢ do
EOR Memory with A EORM 0000011100 A®M—A NZ 1/1
EOR Memory with A EORMD d 0100011100 A®M—A NZ 2/2
dg dg d7 dg ds dgq d3 d2 dy do
Note: N : Logical AND
U : Logical OR

® : Exclusive OR
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Table 30. Compare Instructions

Words/
Operation Mnemonic Operation Code Function Status  Cycles
Immediate Not Equal INEM i 00001 0i3iziio i*= M NZ 1/1
to Memory
Immediate Not Equal INEMD i,d 0100 1 0i3i2iio i M Nz 2/2
to Memory dg dg d7 dg ds dg d3 d2 di do
A Not Equal to Memory ANEM 0O000O0O0OO0OO1TO00O0 A+ M Nz 1/1
A Not Equal to Memory AMEMD d 01 0000O0T1TO0O0 A+ M NZ 2/2
dg dg d7 dg ds dg d3 d2 dq do
B Not Equal to Memory BNEM 0001000100 B=M NZ 1/1
Y Not Equal to Immediate YNEI i 0001 1 1.i3ipiqig Y #i Nz 1/1
Immediate Less or Equal ILEM i 00001 1330 ig i=M NB 1/1
to Memory
Immediate Less or Equal ILEMD i,d 01001 131 g i=M NB 2/2
to Memory dg dg d7 dg ds dg d3 d2 di do
A Less or Equal to Memory ~ ALEM 000001 O1TO00O0 = NB 1/1
A Less or Equal to Memory ALEMD d 0100010100 = NB 2/2
dg dg d7 dg ds d4 d3 d2 dq do
B Less or Equal to Memory BLEM 0011000100 B=M NB 1/1
A Less or Equal to Immediate ALEl i 10101 132 i1 ig A= NB 1/1
Table 31. RAM Bit Manipulation Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Set Memory Bit SEM n 00100001 mng 1 — M(n) 11
Set Memory Bit SEMD n,d 01100001 mn 1 — M(n) 2/2
dg dg d7 de ds da d3 d2 d1 do
Reset Memory Bit REM n 001 00010mMmm 0 —~M(n) 1/1
Reset Memory Bit REMD n,d 0110001 0mmn 0 - M(n) 2/2
dg dg d7 dg ds dg d3 d2 dq do
Test Memory Bit TM n 0010001 1mn M(n) 1/1
Test Memory Bit TMD n,d 0110001 1mn M(n) 2/2

dg dg d7 dg ds d4 d3 d2 d¢ do
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Table 32. ROM Address Instructions

Words/
Operation Mnemonic Operation Code Function Status  Cycles
Branch on Status 1 BR b 1 1 by bg bs bg bz bz b1 bg 1 11
Long Branch on Status 1 BRL u 01011 1p3p2p1Po 1 2/2

dg dg d7 de ds d4 d3 d2 d1 do
Long Jump Unconditionally ~ JMPL u 01010 1p3p2p1Po 2/2
dg dg d7 de ds d4 d3 d2 d1 do
Subroutine Jump on Status 1 CAL a 0O 1 1 1 agagagazaq ag 1 1/2
Long Subroutine Jump on CALL u 01011 0p3p2pP1Po 1 2/2
Status 1 dg dg d7 de ds d4 d3 d2 dq do
Table Branch TBR p 00101 1p3p2pipo 1/1
Return from Subroutine RTN 000001 00O0O 1/3
Return from Interrupt RTNI 0000010001 1 —=I/E ST 1/3
CA Restore

Table 33. Input/Output Instructions

Words/
Operation Mnemonic  Operation Code Function Status  Cycles
Set Discrete I/0 Latch SED 0011100100 1 — D(Y) 1/1
Set Discrete 1/0 Latch Direct SEDD m 10111 0mmmm 1 — D(m) 1/1
Reset Discrete 1/0 Latch RED 0001100100 0 — D(Y) 1/1
Reset Discrete /0 Latch Direct REDD m 10011 0mmmm 0 — D(m) 1/1
Test Discrete 1/0 Latch D 0011100000 D(Y) 11
Test Discrete I/0 Latch Direct TDD m 10101 0mmmm D(m) 1/1
Load A from R Port Register LAR m 100101 mmmm R(m) — A 1/1
Load B from R Port Register LBR m 10010 0mmmm R(m) - B 11
Load R Port Register from A LRA m 101101 mmmm A — R(m) 1/1
Load R Port Register from B LRB m 10110 0mmmm B —~ R(m) 11
Pattern Generation Pp 01101 1 p3p2pPo 1/2
Table 34. Control Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
No Operation NOP 0000OO0OOOOODO 1
Start Serial STS 0101001000 11
Standby Mode sBY 0101001100 11
Stop Mode STOP 0101001101 1/1

@ HITACHI

330 Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 589-8300

\



HD404019/HD4074019

Table 35. Opcode Map

R8 (o] 1
rofzlo]1]2 %14 s|e7]8]o]als]c]o]e[Flo[1]2][3]4]s]6]7]8|e]a[B[c][D[E]F
0 |NoPKsexspy *SFIAN. AM oRM AW ANEMD AMD ORND
1 |RTN|RTNI ALEM lAmG FORM LWA| IALEMD! AMCD IEORMD|
2 v INEM i(4) INEMD i(4)
3 ILEM i(4) ILEMD i(4)
4| BM(XY) e ™ 8 wu| _—[or] _— |sts|_— Jserpro
5 [LmAIY(X) AYY LAY Y JMPL p(4)
6 ey RED s TC CALL pl4)
0|7 YNE! i(4) BRL p(4)
8 | XMA(XY) SEM n(2) REM n(2) TM n(2) pwaD SEMD n(2) [ REMD n(2) TMD n(2)
9| LAM(XY) | LMA(XY) sm ANV [avn ™
A ROTF+AOTL|/[DAA|/!DASI/ILAV LMID i(4)
B TBR pl4) P p(4)
c| xMB(xY) B LBA o8 ]
D [WADYK) SYY LYA oY
E |10 - sep XA REC| SEC cAL al6)
Fl wii2) -
0 LBI i(4)
1 LYl i(4)
2 LXI i(4)
3 LAI i(4)
4 LBR m(4)
5 LAR m(4)
6 REDD m(4)
117 LAMR m(4) BR b(8)
8 Al i(4)
9 LMY i(4)
A TDD m(4)
B ALEI i(4)
C LRB m(4)
D LRA m(4)
E SEDD m(4)
F XMRA m(4)
(T }-1-word/2-cycle [ Y-1-word/3-cycle [ --RAM Direct Address [ |--2-word/2-cycle
Instruction Instruction Instruction Instruction
(2-word/2-cycle)
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Absolute Maximum Ratings

Item Symbol Value Unit Note
Supply Voltage Vee -0.3t0o+ 7.0 \%
Programming Voltage Vpp - 0.3t0 + 14 \% 13
Terminal Voltage A% - 0.3toVce + 0.3 Vv 3
Vce — 42 to Ve + 0.3 \% 4
Total Allowance of Input Current 2o 50 mA 5
Maximum Input Current lo 15 mA 7,8
Maximum Output Current - lo 4 mA 9,10
6 mA 9, 1
30 mA 9,12
Total Allowance of Output Current — = lg 150 mA 6
Operating Temperature Topr - 20to + 75 °C
Storage Temperature Tstg - 655t0 + 125 °C

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal
operation should be under the conditions of Electrical Characteristics. If these conditions
are exceeded, it may cause a malfunction or affect the reliability of LSI.

. All voltages are with respect to GND.

. Standard pins.

. High-voltage pins.

Total allowance of input current is the total sum of input current which flows in from all I/

O pins to GND simultaneously.

Total allowance of output current is the total sum of the output current which flows out

from Vcc to all 1/0 pins simultaneously.

7. Maximum input current is the maximum amount of input current from each 1/0 pin to

GND.

8. Do—D3 and R3—R8.

9. Maximum output current is the maximum amount of output current from Vcc to each 1/0

pin.

10.Do—D3 and R3—R8.

11.RO-R2.

12.D4—D1s.

13.Applied to HD4074019.

o gasrwN
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HD4074019 Electrical Characteristics
DC Characteristics

(Vee =5V + 10%, GND = 0 V, Vaisp = Vec — 40 V to Vee, Ta = —20°C to + 75°C, unless
otherwise noted.)

Item Symbol Pin Min Max Unit Test Condition Note
Input High Vin RESET, SCK, 0.8 Ve Vec +0.3 v
Voltage INTo, INT,

0SC, Vce — 0.5 Vec + 0.3 Y

Si 0.7Vcc Vee + 0.3 \Y
Input Low Vie RESET, SCK,  -0.3 0.2Vce v
Voltage INTo, INTy

0SC; -0.3 0.5 Vv

Si -0.3 0.3Vce Vv
Output High VoH SCK, Vee - 1.0 \ —lon=1.0 mA
Voltage SO

Vee - 0.5 v —lon=0.5 mA

Output Low VoL SCK, 0.4 \ lot=1.6 mA
Voltage SO
Input/Output |1 | E_S_ET._@, 1 KA Vin = 0V to V¢ 1
Leakage INTo, INT4,
Current 0SCy, SI, SO
Current lcc Vee 8D mA Vec =565V 2,5
Dissipation in
Active Mode
Current Isgy Vee T8D mA Maximum logic 35
Dissipation in operation
Standby Mode Vec =5V
Current Istop Vee TBD uA Vn(TEST) = Ve - 03Vio g
Dissipation in Ve, Vin(RESET) = 0V
Stop Mode 0 0.3V
Stop Mode Vstop Vee 2 v

Retain Voltage

Notes: 1.

Excluding pull-up MOS current and output buffer current.

2. The MCU is in the reset state. Input/output current does not flow.

3. The timer/counter operates with the fastest clock. Input/output current does not flow.
+ MCU in standby mode

+ MCU in reset state, operation mode
« RESET, TEST: Vcc
« Do-D3, R3—R9: Vcc

+ Ds-D1s5, RO-R2, RAo, RA1: Viisp

« Input/output in reset state

- Serial interface: Stop

+ RESET: GND
- TEST: Vcc

+ Do-D3, R3—R9: Vcc

» D4-D1s, RO-R2, RAo, RA1 : Vuisp
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4. Excluding pull-down MOS current.
5: When fosc. = x MHz, estimate the current dissipation as follows::
Max value @ x MHz = x/4 x (max value @ 4 MHz)

Input/Output Characteristics for Standard Pin
(Vec = 5V *£10%, GND = 0 V, Vaisp = Vecc — 40 V to Veg, Ta = —20°C to + 75°C, unless
otherwise noted.)

Item Symbol Pin . Min Max Unit Test Conditions Note
Input High Vin Do-D3. 0.7Vce Vee + 0.3 \%
Voltage R3-R5 .
R9
Input Low ViL Do-D3. -0.3 0.3Vce \%
Voltage R3-R5
R9
Output Low VoL Do-D3, 0.4 \% loL = 1.6 mA
Voltage R3-R8
Input/Output il Do-D3, 1 uA Vin = 0V to Ve 1
Leakage Current R3-R8, R91-R93
RS0 20 uA
Note: 1. Pull-up MOS current and output buffer current are excluded.

Input/Output Characteristics for High Voltage Pin
(Vec =5V £ 10%, GND = 0 V, Vaisp = Vec — 40 V to Vee, Ta = —20°C to + 75°C, unless
otherwise noted.)

Item Symbol Pin Min Max Unit Test Conditions Note
Input High Vin D4-Dys, 0.7 Ve Ve +03  V
Voltage RO, R1, R2,
' RAo, RA4
Input Low ViL Ds-D1s, Ve — 40 0.3 Vce \
Voltage RO, R1, R2,
RAo, RA1
Output High VoH D4-Dis Ve - 3.0 \ = lon=15mA, Vec =5V
Voltage
Vee - 2.0 Y ~low = 10mA, V¢ = 5V
Vee = 1.0 v ~lon = 4mA, Vec = 5V
RO-R2 Vec - 3.0 Y ~lon =3mA, Vec =5V
Vee — 2.0 A% ~loh=2mA Vec =5V
Vee - 1.0 \ ~lon =0.8mA Vec =5V
Output Low VoL D4-D1s, Vee - 34 V 150 kQ to Ve — 40
Voltage RO-R2
Input/Output il D4-D1s, 20 uA Vin = Ve — 40V, Ve 1
Leakage RO-R2,
Current RAg, RAy
Note: 1. Pull-down MOS current and output buffer current are excluded.
G HITACHI
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AC Characteristics
(Ve =5V +10%, GND = 0 V, Vuiep = Vec — 40 V to Vee, Ta = —20°C to + 75°C, unless
otherwise noted.)

Test
Item Symbo! Pin Min Typ Max Unit Conditions Note
Oscillation Frequency  f,. 0SC4, 0SCy 0.2 4 4.5 MHz divide by 4
Instruction Cycle teye 0.89 1 20 us divide by 4
Time
Oscillator Stabiliza- tpc 0SC4, OSCs 20 ms 1
tion Time
External Clock tCPH. 0SC4 92 ns divide by 4 2
High, Low tepL
Level Width
External Clock Rise tcp, 0SC4 20 ns 2
Time
External Clock Fall tcps 0SCy 20 ns 2
Time
INTo High Level tion INTo 2 Toye 2
Width
INTo Low Level tioL INTo 2 teye 3
Width
INT; High Level tw INT, 2 teye 3
Width
INT; Low Level ti INT4 2 teye 3
Width
RESET High Level tggry  RESET 2 teye a4
Width
Input Capacitance  C;, All pins exept R9¢g 30 pF f =1 MHz,

Vin =0V

R9o 180 pF

RESET Fall Time tRSTF 20 ms 4
Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its

minimum allowable voltage after power-on, or after RESET goes high. At power-on or
STOP mode release, RESET must be kept high for at least tac. Since trc depends on the
crystal or ceramic filter's circuit constant and stray capacitance, please get the
manufacturer’s advice when designing the RESET circuit. (See figure 30)
2. See figure 31.
3. See figure 32.
4. See figure 33.
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Serial Interface Timing Characteristics

(Vec =5V * 10%, GND = 0 V, Vuisp = Vecc — 40 V to Ve, Ta = —20°C to + 75°C, unless
otherwise noted.)

Item Symbol Pin Min Max Unit Test Condition Note
Transfer Clock tseye SCK 1 teye 1.2
Cycle Time (Output)

Transfer Clock tsckH SCK 0.4 teye 1.2
High, Low tsckL (Output)

Level Width .

Transfer Clock tsckr SCK 40 ns 1.2
Rise, Fall Time tsckf (Output) . .

Transfer Clock tseyc SCK 1 teye 1
Cycle Time (Input)

Transfer Clock tsckH SCK 0.4 teye 1
High, Low tsckL (Input)

Level Width

Transfer Clock tSCKHD' SCK 1 ' teye 1
END Detect B (Input)

High Level

Width

Transfer Clock tsckr SCK 40 ns 1
Rise, Fall Time tsckf (Input)

Serial Output Data tpso SO 300 ns 1.2
Delay Time

Serial Input Data tssi St 100 " ns 1
Set-up Time )

Serial Input Data tHs! SI 200 ns 1
Hold Time

Note: 1. See figure 34
2. See figure 35
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Crystal oscillator Ceramic filter oscillator

[ —
i 0sCs i

1 . IOS(:.
Crystal é S Ceramic l |
SR filter T_ :: Ri
>
— 0SC: by Josc
| — BCIN
GND GND

Crystal: 4.194304 MHz NC-18C (Nihon Denpa Kogyo)
Ri: TMQ+20%
C1:22pF £ 20%
C2:22pF £20%

Ceramic filter: CSA 4.00 MG (Murata)
R 1TMQ £20%
C1:30pF £ 20%
C,:30pF £20%

Figure 30. Oscillator Circuit

o1 /fep ]

Vec—0.5V :_‘ e Y y
CPH:
0SC: g5y X i

r— .

teer tcet

Figure 31. Oscillator Timing

— —— 0.8Vcc
INTo, INT: tion, tin tio, thu
0.2Vcc 1

Figure 32. Interrupt Timing

Figure 33. Reset Timing

G HITACHI

Hitachi America Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 o (415) 589-8300 337



HD404019/HD4074019

ts »l

y

ke tscks ja—tsckr

ﬁ Vcc-—Z.OV (08Vcc) ‘-tSCKL Z
(Note 1) 0.8V (0.2V¢c) tsckHD
(Note 2)
toso
0 : -Vec—2.0v
0.8V
Sl

Notes: 1. Vcc—2.0V and 0.8V are the threshold voltage for transfer clock output.
0.8V¢c and 0.2V are the threshold voltage for transfer clock input.
2. After 8 clocks are transferred through SCK, at least tgcknp must pass before
the next serial interface transfer clock comes into SCK. If the next transfer clock
comes into SCK within tsckrp. the serial interface request flag can’t be set.

Figure 34. Timing Diagram of Serial Interface

Vce
R =2.6kQ
Test
Point
152074®
I R or Equiv.
30pF 12k Q

Figure 35. Timing Load Circuit
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HD404019 Electrical Characteristics

DC Characteristics
(Vcc =35Vto6V,GND = 0V, Vasp = Vec — 40 V to Vee, Ta = —20°C to + 75°C)

Item Symbol Pin Min Max Unit Test Condition Note
Input High ViH RESET, SCK  0.8vcc Vec + 0.3 \Y%
Voltage INTo, INTy

Sl 0.7Vcc Vee + 0.3 \%

0SC, Vee — 0.5 Vee + 0.3 \Y]
Input Low ViL RESET, SCK  -0.3 0.2Vcc Y
Voltage INTo, INT,

Si -0.3 0.3Vcc \

0SCy -0.3 Q.5
Output High VoH SCK, Vee — 1.0 \ — lon = 1.0 mA
Voltage SO

Vee — C.5 v = low = C.EmA

Output Low Vou SCK, 0.4 \Y loL= 1.6 mA
Voltage SO
Input/Output || RESET, SCK 1 uA Vin = 0V to V¢e
Leakage INTg, INTy,
Current Sl, SO,

0SC;
Current lce Vee T8D mA Vee =5V,
Dissipation in fosc = 4 MHz, + 4
Active Mode
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Item Symbol Pin Min Max - Unit Test Condition . Note
Current Isgy Vee . TBD mA Vec = 5V; 3,5
Dissipation in . fosc = 4 MHz, + 4

Standby Mode.

Current Istop Vee 8D #A Vin(TEST) = Vec — 0.3Vto 4
Dissipation in Vce: Vin(RESET) = 0 V to

Stop Mode 0.3V

Stop Mode Vstop Vee 2 \

Retain Voltage

Notes: 1. Excluding pull-up MOS current and output buffer current.

2. The MCU is in the reset state. Input/output current does not flow.
- MCU in reset state, operation mode
« RESET, TEST: Vcc
» Do-D3, R3-R9: Vcc
. D4'D15, RO-RZ, RAo, F\'A1Z Vdisp

3. The timer/counter operates with the fastest clock. Input/output current does not flow.
- MCU in standby mode
« Input/output in reset state
- Serial interface: Stop
« RESET: GND
« TEST: Vcc
» Do-D3, R3-R9: Vce
- D4-D1s, RO-R2, RAo, RA1: Viisp

4. Excluding pull-down MOS current.

5. When fosc = x MHz, estimate the current dissipation as follows:
Max value @ x MHz = x/4 X (max value @ 4 MHz)
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Input/Output Characteristics for Standard Pins

(Vec =35V to6V,GND = 0V, Vasp, =Vcc — 40 V to Vec, Ta = —20°C to + 75°C)

Item Symbol Pin Min Typ Max Unit Test Conditions Note
Input High Vin Do-D3. 0.7Vce Vec +0.3 V
Voltage R3-R5,
R9
Input Low ViL Do-D3, -0.3 0.3Vce \"
Voltage R3-RS5,
R9
Output High Vo Do-D3, Vee - 1.0 Vv =lon = 1.0 mA 1
Voltage R3-R8
Do-D3, Vec - 0.5 \Y ~lon = 0.5 mA 1
R3-R8
Output Low VoL Do-D3. 0.4 \" oo = 1.6 mA
Voltage R3-R8
Input/Output i Do-D3, 1 #A  Vin=0Vto Vcc 2
Leakage Current R3-R9
Pull-Up MOS ~lp Do-D3, TBD TBD TBD #A  Vec=5V,Vih =0V 3
Current R3-R9
Notes: 1. Applied to I/O pins with CMOS output selected by mask option.
2. Pull-up MOS current and output buffer current are excluded.
3. Applied to 1/0 pins with pull-up MOS selected by mask option.
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Input/Output Characteristics for High Voltage Pins
(Vee =35V to6 V,GND = 0 V, Vaip =Vcc — 40 V to Ve, T = —20°C to + 750)

Item Symbol Pin Min Typ Max Unit Test Conditions Ncte
Input High ViH Ds-D1s, 0.7 Vcc Vec + 0.3V
Voltage RO, R1, R2,
RAo, RA1
Input Low ViL D4-D1s,  Vec — 40 03Vee V
Voltage RO, R1, R2,
RAp, RA;
Output High VoH D4-D1s  Vec - 3.0 v ~ lo=15mA,Vec = 5V * 20%
Voltage '
Vee - 2.0 \ ~loy=10 mA,Ve¢ = 5V * 20%
Vee — 1.0 \ = loH= 4 mA
RO-R2 Vee — 3.0 \ —lon=3mA, Vec =5V £ 20%
Vee — 2.0 \ —loy =2mA, Vec =5V £ 20%
Vee = 1.0 \ — lon = 0.8 mA
Output Low VoL D4-D1s, Vee =37 v Vdisp = Vcc — 40V 1
Voltage RO-R2
D4-D1s, " Vee-37 v 150 kQ to Ve — 40 V 2
RO-R2
Input/Output m D4-D1s, 20 uA Vin = Vec — 40 V to Ve 3
Leakage RO-R2,
Current RAo, RA¢
Pull-Down MOS |4 D4-D15, TBD TBD TBD A Vgep = Vec — 35V, 4
Current RO-R2, Vin = Vcc
RAo. RA4
Notes: . Applied to I/0 pins with pull-down MOS selected by mask option.

1
2. Applied to 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option.
3. Pull-down MOS current and output buffer current are excluded.

4. Applied to 1/0 pins with pull-down MOS selected by mask option.
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AC Characteristics
(Vec =35V to6V,GND = 0V, Viisp =Vec — 40 V to Vee, Ta = —20°C to + 75°C)

Test
Item Symbol Pin Min Typ Max Unit Conditions Note
Oscillation fosc 0SC,, 0SC2 0.2 4 4.5 MHz divide by 4
Frequency
Instruction Cycle toye 0.89 1 20 us
Time
Oscillator Stabiliza- tgc 0SC,, 0SC, 20 ms 1
tion Time
External Clock tCPH. 0SCy 92 ns divide by 4 2
High, Low tcpL
Level Width
External Clock Rise tcp, 0SC; 20 ns 2
Time
External Clock Fall tcps 0SC; 20 ns 2
Time
INTo High Level tjon iﬁo 2 teye 3
Width
INTo Low Level tg mo 2 teye 3
Width
INT1 High Level tiy INT, 2 toye 3
Width
INT1 Low Level ty iNT, 2 toye 3
Width
RESET High Level tggry RESET 2 teye 4
Width
Input Capacitance  C;, All pins 30 pF f =1 MHz,

Vin=0V
RESET Fall Time tRsTS 20 ms 4

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its
minimum allowable voltage (3.5 V) after power-on, or after RESET goes high. At power-
on or stop mode release, RESET must be kept high for at least trc. Since trc depends on
the crystal or ceramic filter’s circuit constant and stray capacitance, please get the
manufacturer’s advice when designing the RESET circuit. (See figure 36)

2. See figure 37.
3. See figure 38.
4. See figure 39.
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Serial Interface Timing Characteristics
(Vecc =35V to6V,GND = 0V, Vaisp = Vec — 40 V to Ve, Ta = —20°C to + 75°C)

Item Symbol Pin Min Max Unit Test Condition Note
Transfer Clock Cycle Time tseye SCK 1 teye 1.2
(Output)
Transfer Clock High, tsCKH SCK 0.4 toye 1.2
Low Level Width tscKL (Output)
Transfer Clock Rise, Fall Time  tgck, SCK 40 ns 1.2
tsckf (Output)
Transfer Clock Cycle Time tseye SCK 1 teye 1
(Input)
Transfer Clock High, tSCKH SCK 0.4 toye 1
Low Level Width tsckL (Input)
Transfer Clock END Detect tSCKHD SCK 1 teye 1
High Level Width (Input)
Transfer Clock Rise, Fall Time  tgck, SCK 40 ns 1
tsckf (Input)
Serial Output Data Delay Time tpgo SO 300 ns 1.2
Serial Input Data Set-up Time  tgg SI 100 ns 1
Serial Input Data Hold Time ths! Si 200 ns 1
Notes: 1. See figure 40.
2. See figure 41.
G HITACHI

344 Hitachi America Ltd.  Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300



HD404019/HD4074019

Crystal oscillator Ceramic filter oscillator
i JI 0sC @ Iosc.
Crystal 1] Ceramic| 1
T :: Rt filter ? :: Rr
—e—4—0SC2 4 [ osc,
e I w I—
GND GND
Crystal: 4.194304 MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA 4.00 MG (Murata)
R 1TMQ+20% R TMQ £ 20%
Cy:22pF £20% Cy:30pF £20%
Cp:22pF £20% C,: 30 pF £ 20%

Figure 36. Oscillator Circuit

jo— 1 /fcP———s]
Vee—0.5V+ Vs \
c. /re—tcpH—a\ ke —tCPi—s
0SC: o5y AR iA \
e »l le
tepr teef

Figure 37. Oscillator Timing

tioH, th tio, ti

Figure 38. Interrupt Timing

RESET

Figure 39. Reset Timing
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e-tsce tsckr
sV —2.ov’(o"7"v");l; P
SCK cc cc e
(Note) 5 g v (0.22 Vo) — ,Z

K 2 [ tsckHp
(Note) (Note 2)
toso

so >§ Vec—2.0V X
k0.8V
- Ty
s‘ 4 0.7Vcc
< > g 0.22V¢c

Notes: 1. V¢ec—2.0V and 0.8V are the threshold voltages for transfer clock output.
0.7V¢c and 0.22Vc are the threshold voltages for transfer clock input.
2. After 8 clocks are transferred through SCK, at least tgckup must pass before the
next serial interface transfer clock comes into SCK. If the next transfer clock
comes into SCK within tscxup, the serial interface request flag can’t be set.

g

A

Figure 40. Timing Diagram of Serial Interface

Vee
R.=2.6kQ
Test
Point
1520740
c or Equiv.
30pF 12k Q

Figure 41. Timing Load Circuit
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Programming Electrical Characteristics for HD4074019

Write and Verify Mode

DC Characteristics

(Vec =6V £0.25V, Ver =125V £ 8.3V, Vss = 8V, Ta = 25°C £ 5°C, unless otherwise

noted)
Item Symbol Min Typ Max Unit Test Condition
Input high voltage 00—O07, Ao—A14, OE, CE Vi 2.2 Vec+0.3  V
Input low voltage 00—07, Ao—A14, OE, CE Wi -0.3 0.8 \Y
Output high voltage  0o—07 VoH 2.4 \ lon=—200 A
Output low voltage 00—07 VoL 0.4 \ lor=1.6 mA
Input leakage current Oo—07, Ao—A14, OE, CE |y 2 A Vin =5.25V/0.5V
Vcc current lcc 30 mA
Vpp current lpp 40 mA

AC Characteristics

(Vcc =6V X025V, Vpp =125V * 0.3V, T. = 25°C * 5°C, unless otherwise noted)

Item Symbol Min Typ Max Unit Test Condition
Address set-up time tas 2 us Fig. 42
—_ Input Pulse level:
OE set-up time toes 2 us 0.8-2.2V
Input rise/fall
Data set-up time tos 2 us time = 20 ns
Timing reference
Address hold time taH 0 us level
{input: 1.0V,20V
Data hold time toH 2 us output: 0.8V, 2.0V
Output disable delay time toF 130 ns
Vpp set-up time tves 2 us
Program pulse width tpw 0.95 1.0 1.05 ms
CE pulse width when overprogramming topw 2.85 78.75 ms
Vcc set-up time tves 2 s
Data output delay time toE 0 500 ns
@ HITACHI
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Program |
st ]
Address
Data Data In Stable Data Out Valid
tos oM tor
Vep
Vee Vee J tves
Vee -
Vee
GND._I tves
CE
trw toes toe
OF R —
toPw ’

348

Figure 42. PROM Programming/Verify Timing
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Read Mode

DC Characteristics
(Vecc = 5V * 10%, Vep = Vec T 0.6 V, T = 25°C * 5°C, unless otherwise noted)

Item Symbol Min Typ Max Unit Test Condition
Input Leakage Current Iu 1 uA Vce = 5.5V, Vin = GND to Ve
Output Leakage Current Lo 1 uA Vee = 5.5V, Vour = GND to Vce
Program Current lpp 1 100 uA Vpp = Ve + 0.6 V
Current Dissipation lcc 30 mA
Active Mode
Input Voltage ViL -0.3 0.8 \
ViH 2.2 Vcc+0.3 V
Output Voltage VoL 0.40 \ loo = 1.6 mA
VoH 2.4 Vv lon = —200 xA

AC Characteristics
(Vecc =5V * 10%, Vep = Veec £ 0.6 V, Ta = 25°C * 5°C, unless otherwise noted)

Item Symbol Min Max Unit Test Condition Note

Access Time tacc 500 ns CE = OE = V,_

CE Output Delay Time tce 500 ns OE = Vi,

OE Output Delay Time toe 10 150 ns CE = W,

Output Disable Delay Time tor 0 105 ns CE =W, 1

Data Output Hold Time ton 0 ns CE=0E =V,

Note: 1. tor is defined when output becomes open because output level cannot be defined.
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Switching characteristics
Input Pulse Level 0.8 to 2.2V
Input Rise/Fall Time < 20 ns

Output Load 1TTL Gate + 100 pF
Input/Output Timing Reference Level Output: 1V, 2V

Input: 0.8V, 2V

. ¥ \
Address >< ><
F 7

CE /
A
tee —
OE /
/|
toe -——7 —tpF—
tacc te-1op o

Data Out I/ / { i Data Out Valid
DNNAN

p

)

350

Figure 44. PROM Read Timing
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HD404019 Date of Order
MASK OPTION LIST Customer
Dept.
Name

% Please enter check marks in )

(m, x, v). ROM Code Name
LSI Type Number
(Hitachi’s entry)
(1) 1/0 Option Note (I/0 options masked by 74 are not available.)
1/0 OPTION 1/0 OPTION
PIN INPUT/OUTPUT PIN INPUT/OUTPUT
A|B|C|D|E A B
Do @ Input/Output R3o0 Input/Output
Dy ; Input/Output R34 Input/Output
] R3
D2 E Input/Output R3; Input/Output
D3 @ Input/Output R33 Input/Output 7
77
Da Input/Output 7//’%% R4o Input/Output %Z/A
Ds Input/Output 7//4;%% e R4, Input/Output 7////4%
Ds Input/Output /%/A’A R4, Input/Output 47%
D7 - Input/Output /////// R43 Input/Output %Q
c SII 777477774 727722
Dsg ; Input/Qutput Zé%; i5i‘ Input/Output ?Zé
Dg § Input/Output ?/AVA% s R51 Input/Output é//l
Dio -E,, Input/Output //AQ% R5, Input/Output /////
I s it I 777
D11 Input/Output %:%% R53 . Input/Output ;//A%
D12 Input/Output /AQ//// R6o -n‘-f Input/Output //A//A
00 ° 4%
D13 input/Output {4%9 a6 jG_.g Input/Output {4%
D1a Input/Output %%% R62 g Input/Output /ja
Dis Input/output %VAZ R63 Input/Output ZVA
%%
R70 Input/Output %%
I a7 R71 Input/Output %[%ﬂ
R—Ooﬁ Input/Output /A@/A EV Input/Output @%
"o ROy Input/Output ??Z/A R73 Input/Output %2
RO2 Input/Output %V///‘V/A LRB—Q Input/Output %74
RO3 Input/Output QI/A% ng R8¢ Input/Output %Q
R1o 'n'é.' Input/Output Z%% R8, Input/Output @@
a1 R14 % Input/Output z@% R83 Input/Output V/%
= ¥ 4 4 A' A
R12 | S | Input/Output %%@ R9 Input %/j
| _5’ - AV V 4 ‘V/ ‘V‘
R13-‘ T | Input/Output ,/A///A’/A no R9; Input ' "///AVA
R2o Input/Output /A/j/j R92 Input ‘%%
R2 R2, Input/Output %OV/A R93 Input v Q%
R22 Input/Output %%VA RA'&:‘?EE Input ] 7
ros| | wewvouest 0 RA; | 2 | Input Please Mark
A % A on RA1/Vyisp

* Please enter “0” in applicable item for I/O option selection.
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS
C; CMOS (not be used as Input)

D; Without Pull-down MOS (PMOS Open Drain) E; With Puli-down MOS
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(2) RA1/Vaisp

RA /Vasp

(3) Package

Package

[0 RA;: Without Pull-down MOS (D)

[ DP-64S (shrink package)

O Ve

(] FP-648

* Please enter check marks (B, X, /)
in applicable item.

* Please enter check marks (M, X, )
in applicable item.

Note) RA:/Vaisp has to be selected as Vasp pin even if one high voltage pin is specified as “E".

(4) Divider (DIV)

Clock divide ratio

(5) ROM Code Media

8 Divided-by-4

ROM Code Media

[J EPROM: Emulator Type

] EPROM: EPROM On-Package Microcom-
puter Type

Check List of Application

(A) Oscillator (CPG option)

CPG ] Ceramic Filter
option
0

Crystal

(1 External Clock

* Please enter check marks (@, X, )
in applicable item.

G HITACHI
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DESCRIPTION

The HD614P080S and HD614P0160S are 4-bit single chip = PIN ARRANGEMENT
microcomputers which have mounted a standard EPROM
2764/27128/27256 for program memory.

The HD614P080S and HD614P0160S are pin-compatible HD614P080S HD614P0160S
with the mask ROM type HMCS402/404/408, but have some
differences with them as shown in Table 33. By modifying the
program in the EPROM, they can be used for the evaluation of
the HMCS402/404/408, or for small-scale production.

® HARDWARE FEATURES
® 4.-bit Architecture
® Application to 4k, 8k or 16k words x 10 bits of EPROM

4096 words x 10 bits . . . . . HN482764, HN27C64 @ Vee

8192 words x 10 bits . . . . . HN4827128

16384 words x 10 bits . . . . HN27C256 @A
® Data Memory (RAM) Capacity ....... 576 digits x 4 bits oA
® 58 1/0 Pins — 26 1/0 pins are high voltage up to 40V (max). 4 on
® 2 Timer/Counters

11-bit Prescaler 4 Onas

8-bit Free Running Counter © Ae

8-bit Auto-reload Timer/Event Counter
® Clocked Synchronous 8-bit Serial Interface
® 5 interrupts 1 © A
External 2
Timer/Counter 2 on
Serial Interface 1 = © A
@ Subroutine Stack ) o RNT B3 © O
Up to 16 levels including interrupts
® Minimum Instruction Execution Time; 1.33 us
® 2 Low Power Modes
Standby — Stops instruction execution while keeping
clock generator and interrupt functions in-
cluded Timer/Counter and Serial Interface in
operation
Stop — Stops instruction execution and clock genera-
tion while retaining RAM data
® Clock Generator
External Connection of Crystal Resonator or Ceramic (Top View)” (Top View)
Filter Resonator (externally drivable)
® Power Voltage Range; 5V * 10%
® 1/0 Pin Circuit Form
All standard pins are “without pull-up MOS”’.
All high voltage pins are “without pull-down MOS". RECOMMENDED APPLICABLE EPROM
Shrink Type 64 Pin EPROM On-package TypeNo, Program Memory Capacity Tom (MH2) EPROM Type No.

@ As

2 X1
H 00
@GND O

‘ Hnagzioes
® SOFTWARE FEATURES 4096 words T
Software Compatible with HMCS402/404/408 Hostroees HN4RZI6A
Instruction Set Similar to and More Powerful than HMCS40 8192 words ::::;::;:
Series; 99 Instructions HNZ7C266.30
® High Programming Efficiency with 10-bit ROM/Word; 79 HN27C266.26
instructions are single word instructions.

Direct Branch to All ROM Area

Direct or Indirect Addressing to All RAM Area

Subroutine Nesting Up to 16 Levels Including Interrupts

Binary and BCD Arithmetic Operation

Powerful Logic Arithmetic Operation

Pattern Generation — Table Look Up Capability —

Bit Manipulation for Both RAM and 1/0

HD614P0160S 16384 words

o|alols]| e

= PROGRAM DEVELOPMENT SUPPORT TOOLS

® Cross assembler and simulator software for use with IBM
PCs and compatibles

@ In circuit emulator for use with IBM PC
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HD614P080S/HD614P0160S

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note
Supply Voltage Vee —0.310+7.0 v
Pin Voltage vy —0.3t0 Ve +0.3 v 3
Vee =45 to Ve +0.3 \ 4
Total Allowance of Input Currents Zlo 50 mA 5
Total Allowance of Output Currents »iflﬁc; e 150 mA 6
Maximum Input Current ) o 15 mA 7.8
4 mA 9,10
Maximum Output Current -lo 6 mA 9 n
30 mA 9,12
o Operating Temperature Topr —20 to +75 °c
Storage Temperature Tstg —55to +125 °c

(Note1)  Permanent damage may occur if “’Absolute Maximum Ratings'’of the LS| or the EPROM are exceeded. Normal operation should be
under the conditions of “Electrical Characteristics’’. |f these conditions are exceeded, it may cause the malfunction and affect the

reliability of LSI.
(Note 2) All voltages are with respect to GND.
(Note 3)  Applied to standard pins.
(Note 4)  Applied to high voltage /O pins.

(Note 5)  Total allowance of input current is the total sum of input current which flow in from all 1/0 pins to GND simultaneously.

(Note 6)  Total allowance of output current is the total sum of the output current which flow out from V¢ to all 1/O pins simultaneously .

(Note 7)  Maximum input current is the maximum amount of input current from each 1/O pin to GND.

(Note 8) Applied to D, ~ D, and R3 ~ R8.

(Note 9)  Maximum output current is the maximum amount of output current from V¢ to each 1/0 pin.

(Note 10) Applied to Dy ~ D; and R3 ~ R8.
(Note 11) Applied to RO ~ R2.
(Note 12) Applied to Dy ~ D;s.
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® ELECTRICAL CHARACTERISTICS

® DC CHARACTERISTICS (Vcg = 4.5V to 5.5V, GND = 0V, Ta = - 20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions e e b SR Unit | Note
) min typ max
RESET, SCK
v 0.7Vee — Vee+0.3 | V
Input “High" v INTo, INT: .
Voltage H s 0.7Vec —  |Veet03 |V
0SC, Vee-0.6 - Vee#0.3 | V
RESET XK. 203 | - |o22vee | V
Input “Low” v !
Voltage L Sl -0.3 - 0.22Vee | V
0SCi -0.3 - 0.5 \
Output “High”’ v SER SO -loy =1.0mA Vee-1.0 - - v
Voltage OH N -lon =0.01 mA Vee-0.3 - - \
Output “Low’’ e aa _
Voltage VoL |SCK, SO loL =1.6 mA - - 0.4 \
RESET, SCK
Input/Output | A
i | | INTo, INTy, Vin =0V to V¢ - - 1 HA 1
Leakage Current Sl, SO, OSC1 n
Crystal or
Current . Cgramic
Dissipation in lec | Vec Ve =5V ;g:g; stor - - 20 mA | 2,5
Operation Mode foge = 4MHz
Maximum g?::::: cor
Logic N
Isey1 | Vce . Filter —_ - 1.2 mA 3,5
Opera_“on Resonator
Current Vee =5V fo = AMHz
Dissipation in - C |
Standby Mode Minimum | ZVSte. Of
Isav2 | Vee (L)gg';ﬁon Filter - - 09 |ma | a5
Vee = BV Resonator
ce fose = 4MHz
Current Vin (TEST) = Ve
Dissipation in | stop Vee ~ Vcc-0.3V - - 10 MA
Stop Mode Vin (RESET) =0~ 0.3V
Stop Mode
Retain Voltage Vsop | Ve 20 - ~ v

(Note 1) Output buffer current are excluded.

(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST — Vg voltage
®Do~D;, R3~R9 — V¢ voltage
eD,~D,s, RO~R2, RAO' Ra1 — Ve ~Vec-40v

(Note 3) The timer/counter with the fastest clock and input/output current does not flow.

Test Conditions: MCU state; ® Standby Mode
® Input/Output; Reset state

® TIMER-A; +2 prescaler divide ratio

® TIMER-B
® SERIAL; Stop

Pin state; ® RESET — GND voltage
® TEST — V¢ voltage

+2 prescaler divide ratio

® D, ~D;, R3~R9 — Vg voltage
®D4~Dis, R0O~R2, Rag, Ra1 — Voe ~ Veg-40V

(Note 4) The timer/counter with the slowest clock and input/output current does not flow.

Test Conditions: MCU state; | © Standby Mode
® Input/Output; Reset state

® TIMER-A; +2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio

® SERIAL; Stop
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(Note 6) The consumption of current in operation and standby mode is proportional to fosc. When foec = x [MHz],
the value of each current is calculated as follows.

Pin state;

® RESET — GND voltage

® TEST — V¢ voltage
®D,~Ds3, R3~RY ~ V¢ voltage
®D,~D,s, RO~R2, Rpag, Ray — Ve ~ VeC-40V

max. value (fgec = x) = ;‘ X max. value (fogc =4 [MHz]).

¢ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN
(Vee = 4.5V to 5.5V, GND = 0V, Ta = -20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions in ty: o Unit Note
Input “High” Do ~ D3, _
Voltage Vi | R3~RS5, R9 0.7Vee Veet03 | v
Input “Low" Do ~Ds, _ _
Voltage Vi |R3~R5, R9 03 0.22Vec | V
Output “Low’’ Do ~ Ds, _ _ _
Voltage VoL R3 ~ R8 lor = 1.6 mA 0.4 v
Input/Output Do ~ D3, OV _ _
Leakage Current Il [R3~Rg Vin =0V-Vec ! HA !
(Note 1) Output buffer current are excluded.
o' INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN
(Vg = 4.5V to 5.5V, GND = 0V, Ta = - 20 to +75°C, if not specified.)
i . Value i
Item Symbol Pin Name Test Conditions . Unit Note
min typ max
Input “High"’ D4 ~ Dis, R1
Voltage ViH R2, Rao, Ra 0.7Vcc - Vcct+0.3 A"
Input “Low” Da ~ Dis, R1
Voltage Vit | R2, Rao, Ras Vee-40 | - |022Vee | V
—lon = 15mA Vce-3.0
Da ~ Dis OH = - - v
Output ““High”’ v —lon =9mA Vce-20,
Voltage OH T eo~R2 —lon = 3mA Vce-3.0° v
=T - -
oH = 1.8 MA Vee-2.0.
Output “Low’’ Da ~ Dis
Voltage VoL RO ~ R2 150kQ to Vc-40V - - Vce-37 \
Input/Output D4 ~ Dis
Leakage LI RO~ R2 Vin =Vcc-40V to Ve - - 20 MA 1
Current RAO, Raj
(Note 1) Output buffer current are excluded.
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® AC CHARACTERISTICS (Vgc = 4.5V to 5.5V, GND = 0V, Ta= -20 to +75°C, if not specified.)

’ Test Value .
Item Symbol Pin Name Conditions ™ vp X Unit Note
- Oscillation Frequency fosc 0SC,, 0SC, 0.4 - 6.2 MHz
]
3 g Instruction Cycle Time teye 1.29 - 20 us
© & [ Oscillator Stabilization
L [y Hhzatl tac 0SC,, 0SC, - - 20 ms 1
& _ | Oscillation Frequency fosc 0sC,, 0sC, 04 - 6.2 MHz
(]
E g Instruction Cycle Time teye 1.29 - 20 us
2 2 | Oscillator Stabilization
8C | e Hhzat thc 0SC,, 0SC, - - 20 ms 1
External Clock Frequency | fep 0sC, 0.4 - 6.2 MHz 2
External Clock “"High”
X
S | Level Width tepH 0SC, 70 - - ns
© | External Clock “Low”
g Level Width tepL 0sc, 70 - ns 2
£ | External Clock Rise Time | tcp, 0sC, _ - 20 ns 2
w External Clock Fall Time teps 0SC, - — 20 ns 2
Instruction Cycle Time teye 1.29 - 20 us 2
INTo “High” Level Width tiom TNTo 2 - - toye 3
TNTo “Low" Level Width tioL INTo 2 - - teyc 3
INT1 “High” Level Width t1H INT: 2 - . teye 3
TNT1 “Low” Level Width thi NT: 2 - - teye 3
RESET “High" Level Width tRSTH RESET 2 - - [ )
. . f=1MHz
Input Capacitance C; all pins - - 15
put Cap in P Vi =0V pF
Reset Fall Time tRsTS - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after V¢ reaches its minimum allowable voltage Vg = 4.5V
after power-on, or after RESET goes high. At power-on or STOP mode release, RESET must be kept high for at least tRc. Since
tRC depends on the crystal or ceramic filter's circuit and stray i please get the manufacturer’s advice when
designing the RESET circuit.

(Note 2)

tcPr tcpf

C:
| osc, 1/fcp
Crystal Vee-0.5V-
=SSRy osc, —tcPH tcPL
0.5V-
0osC, L
Cz
GND

Crystal: 6.0 [MHz] (Note 3)
NC-18C (Nihon Denpa Kogyo)
Ri=1[MQ] £ 2%, C, = C, = 20 [pF] + 20%

gt'IOL, m Lj{

C,

0sC,
Ceramic
filter &= R¢ (Note 4)
RESET
0sC,
ci

GND

Ceramic filter: CSA6.00 MG (Murata)
R¢=1[MQ] £ 2%, C, = C, =30 [pF] £ 20%
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® SERIAL INTERFACE TIMING CHARACTERISTICS
(Vge = 4.5V to 5.5V, GND = 0V, Ta = -20 to +75°C, if not specified.)

+ At Transfer Clock Output

. Test Value X
Item Symbol Pin Name {Conditions in P max Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High" SCK - -
Level Width tsekH SCK (Note 2) 05 tseyc 1.2
Transfer Clock “Low" SER _
Level Width tsckL SCK (Note 2) 0.5 - tscyc 1,2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 100 ns 1,2
Transfer Clock Fall Time tsckt SCK (Note 2) - - 100 ns 1,2
Serial Output Data
Delay Time toso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tss! St 300 - - ns 1
Serial Input Data Hold Time tus) Sl 150 - - s 1
« At Transfer Clock Input
It Symbol | PinN Test Value Unit | Not
n o
em ym| in Name Conditions [~ min rves o nit ote
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
Transfer Clock “"High” e _
Level Width tsckH SCK 05 - tseve 1
Transfer Clock “Low” s _ -
Level Width tseku SCK 0.5 tscye 1
Transfer Clock Rise Time tsckr SCK - . 100 ns 1
Transfer Clock Fall Time tsckf SCK - - 100 ns 1
Serial Output Data
Delay Time toso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tssi St 300 - - ns 1
Serial Input Data Hold Time tusi SI 150 - - ns 1
(Note 1) Timing Diagram of Serial Interface
sck Vec —2.0V(0 7ch.$ %
0.8V(0.22Vec) * 7Z
toso
Vcec -2.0v
so 0.8V
tssi — tHs|
st 0.7Vce
< > i 0.22Vee i <
* Vce-2.0V and 0.8V are the threshold voltage for transfer clock output.
0.7Vcc and 0.22 V¢ are the threshold voltage for transfer clock input.
(Note 2) Timing Load Circuit
Vee
R =2.8kg
Test
Point
c R 1520748
30pF, 12k T of Equiv.
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® CHARACTERISTICS CURVE (REFERENCE DATA)

360

Isev1, Isava(mA)

lec(mA)

2.

1

0.

0.

4 Ta=—20-+75¢
Vec =5V
3 /
max.
2
/
1
(o} 1 2 3 4 6
fosc(MHz)
lcg vs. fosc characteristic
(crystal, ceramic resonator)
0
Ta=-20~+75T
Vce =5V
6 Isav1
max
2
/
8 max. —
4 /
o 2 3 4 6
fosc(MHz)
Isgy vs. fose Characteristics
(crystal, ceramic resonator)
16— T
Ta=-20~ +75°C
Vcee=5.5V —}
10
< =4.5V
H Vee B
<
£ /
3 / L~
5
VY i
7
0 1
vaLv)
loL min. vs. VoL characteristics
(Standard Pin)
@ HITACHI

4Ma==20-F75¢
fosc=4MHz
3 max:
<
€
52
L
1
0 1 2 3 4 5 6
Vee(V)
Icc vs. Ve characteristic
(crystal, ceramic resonator)
20Ma=—20-+75¢
fosc =4MHz
1.6 ISBY1
< max.
Eqa
o
3
208 Aisey2
2 max.
0.4
o] 1 2 3 4 5 6
Vee(V)
lsgy vs. V¢ characteristics
(crystal, ceramic resonator)
30— T T T
Ta=-20~ +76°C
Vcc=5.5V
20 /
< v
E /
£ A Acc=asv
E 4
5 //
h
/
10)
V/
/
/
0 2 3 4 5
Vee—VoH V)

—lon min. vs. (Voo —Von ) characteristics
(D4 ~ Di1s pins)
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A 1 | I T
| Ta=-20 ~ +75°C
1 Vee=5.5V
L7
5 A
d y
i =
v
E 3 Vee=4.5V
€ A
xI
R Ry 28
/4
‘l ——14
0 £
Vee—-VoH(V)

—lox min. vs. (Voc—VoH) characteristics
(RO ~ R2 pins)

® DESCRIPTION OF PIN FUNCTIONS
Input and output signals of MCU are described below.

® GND, Vcc, Vdisp

These are power supply pins. Connect GND pin to Earth
(0V) and apply Ve power supply voltage to Ve pin. Ray/
Vaisp pin is used for Ra; as all high voltage pins are “without
pull-down MOS” (PMOS open drain).

o TEST
TEST pin is not for users application. Connect it to Vec.

e RESET
RESET pin is used to reset MCU. For details, see “RESET”

e 0SC;, OSC2

These are input pins to the internal clock generator circuit.
They can be connected to crystal resonator, ceramic filter reso-
nator, or external oscillator circuit. For details, see “INTER-
NAL OSCILLATOR CIRCUIT.”

® D-port (Do to Dis)
D-port is a 1-bit Input/Output common port. Do to D3 are

standard type, Da to Dis are for high voltage. For details, see
“INPUT/OUTPUT”.

® R-port (RO to RA)

R-port is a 4-bit Input/Output port. (only RA is 2-bit con-
struction,) RO and R6 to R8 are output ports, R9 to RA are
input ports, and R1 to RS are Input/Output common ports.
RO to R2 and RA are the high voltage ports, R3 to R9 are the
standard ports. R3z, Ras, Reo, Ra1, and Raz are also available
as INTo, INT1, SCK, SI and SO respectively, For details, see
“INPUT/OUTPUT”.

® iNTo. INT1

These are the input pins to interrupt MCU operation exter-
nally. INT1_can be used as an external event input pin for
TIMER-B. INTo and INT: are also available as Rsz, and Raa
respectively. For details, see “INTERRUPT”,

e SCK, s1, S0

These are transfer clock I/O pin (SCK), serial data input pin
(SI) and serial data output pin (SO) used for serial interface.
SCK, SI and SO are also available as Rao, Ra1, and Ra2 respec-
tively. For details, see “SERIAL INTERFACE”.

m ROM MEMORY MAP
ROM memory map is illustrated in Fig. 1 and described in
the following paragraph.

® Vector Address Area ..... $0000 to $000F

When MCU reset or an interrupt is serviced, the program is
executed from the vector address. Program the JMPL instruc-
tions branching to the starting addresses of reset routine or
of interrupt routines.

® Zero-Page Subroutine Area...... $0000 to $003F
CAL instruction allows to branch to the subroutines in
$0000 to $003F.

® Pattern Area ..... $0000 to $OFFF
P instruction allows referring to the ROM data in $0000 to
$OFFF as a pattern.

® Program Area ..... $0000 to $1FFF; HD614P080S
$0000 to $3FFF; HD614P0160S

@ HITACHI
Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300 361



HD614P080S/HD614P0160S

EPROM ADDRESS MCU ROM ADDRESS
$0000 0 0 0 bit4 bit3  bit2 bit1 bt0 | |ower 5 bit $0000 | JMPL Instruction n $0000
$0001 )] [ ] bit9 bit8 , bit?7 | bit6 bits_| upper 5 bit (Jump to RESET Routine) $0001
r | JMPL Instruction _} $0002
Vector Address {Jump to INTo Routine) $0003
$001F . $000F | JMPL Instruction | s0004
$0020 $0010 (Jump to INT; Routine) $0005
r JMPL Instruction $0006
Zero-Page Subroutine .
$ 16 Words) (Jump to TIMER-A Routine) | $0007
| JMPL Instruction _| soo0e
$007F $003F {Jump to TIMER-B Routine) $0009
$0080 $0040 $000A
[ Pattern $0008
(4096 Words) | JMPL instruction | 000
(Jump to SERIAL Routine) $000D
$ 1FFF $OFFF $000E
$2000 $1000 $000F
L Program
(8192 Words)
$ 3FFF $ 1FFF
N————
NOT USED
(Set to “111")
HD®614P080S
EPROM ADDRESS MCU ROM ADDRESS
$0000 o, 0 O , btda , bt3 , be2 , bel , bto | jower 5 bit JMPL Instruction $0000
- tt $0000 - E
$0001 0 [ ] bit9 b8 , bit7 |, bite , bits | upper 5 bit {Jump to RESET Routine) $0001
| JMPL Instruction ] soo02
Vector Address {Jump to INTo Routine) $0003
$001F $000F | JMPL Instruction _| $0004
$0020 $0010 (Jump to INTy Routine) $0005
T Zero-Page Subroutine L ‘JJM:L '"5'1';:"0" _| $0006
(64 Words) ump to TIMER-A Routine) | $0007
JMPL Instruction $0008
$007F $003F [~ (Jump to TIMER-B Routine) | $0009
$0080 - $0040 $000A
[ Pattern $0008
(4096 Words) | IMPL instruction _| soooc
(Jump to SERIAL Routine) $000D
$ 1FFF $ OFFF $000E
$2000 $1000 $000F
' Program
(16384 Words)
$7FFF $3FFF
N S——
NOT USED
(Set to “111”)
HD614P0160S

Fig. 1 ROM Memory Map
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o $000 0 $000
X 1
RAM-mapped Registers Interrupt Control Bits $001
31 $01F 2 $002
32 $020 3 $003
Memory Registers(MR) 4 Port Mode Reg. (PMRIT W | $004
arl $02F 5| Serial Mode Reg (SMR | w | so0s
48 $030 6| Serial Data Reg. Lower (SRL) | R/W | $006
7 { Serial Data Reg. Upper (SRU) | R/W | $007
Data 8| Timer Mode Reg. A (TMAI| W _ | $008
(512 Digits) 9 [ Timer Mode Reg. B (TMB) | W_| $009
10 (TCBL/TLAL
| timen.s 2——(TCBL/TLAL) | RAW | $00A
543 $21F " (TCBU/TLRU) | R/W | $008
544 $220 12 $00C
Not Used
959 $38F Not Used
960 $3C0
Stack 3 $O1F
(64 Digits)
1023 $3FF

* Two registers are mapped on same address.

R Read Only

W Wnte Only Timer/Event Counter B Lower (TCBL) R Timer Load Reg. Lower (TLRL) w $00A
R/W : Read/Write

Timer/Event Counter B Upper (TCBU) R Timer Load Reg. Upper (TLRU) w $00B

Fig.2 RAM Memory Map

s RAM MEMORY MAP and special registers are also mapped on the RAM memory
The MCU includes 576 digits x 4 bits RAM as the data area space. RAM memory map is illustrated in Fig. 2 and described
and stack area. In addition to these areas, interrupt control bits in the following paragraph.
bit 3 bit 2 bit 1 bit 0
N IMO IFO RSP 1/E $000
(IM of INT, ) (IF of INT,) (Reset SP Bit) (Interrupt Enable Flag)
3 IMTA IFTA M1 IF1 $001
(IM of TIMER-A) (IF of TIMER-A) (IM of INT}) (IF of INT,)
IMTB IFTB
2 Not Used Not Used (IM of TIMER-B) (F of TIMER-B) | $002
IMS IFS
3 Not Used Not Used (IM of SERIAL) (F of sERIAL) | 3003
IF : Interrupt Request Flag
IM : Interrupt Mask
I/E : Interrupt Enable Flag

SP : Stack Pointer
(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD
instruction, It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction.

The content of Status becomes invarid when “RSP” bit and ““Not Used" bit is tested.

Fig. 3 Configuration of Interrupt Control Bit Area
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@ Interrupt Control. Bit Area ..... $000 to $003

This area is used for interrupt controls, and is illustrated in
Fig. 3. It is accessable only by RAM bit manipulation instruc-
tion. However, the interrupt request flag cannot be set by soft-
ware. The RSP bit is only used to reset the SP.

® Special Register Area ..... $004 to $00B

Special Register is a mode or a data register for the external
interrupt, the serial interface, and the timer/counter. These
registers are classified into 3 types: Write-only, Read-only, and
Read/Write as shown in Fig. 2. These registers cannot be
accessed by RAM bit manipulation instruction.

® Data Area ..... $020 to $21ﬁ .

Memory Registers Stack Area
32 MR(0) $ 020 960 Level 16 |$3CO
33 MR(1) $ 021 Level 15
34 LMR2) | s 022 Level 14
35 |_MR(3) $ 023 Level 13
36 |_MR4) $ 024 Level 12
37 | _MR(5) $ 025 Level 11
38 | _MR(6) $ 026 Level 10
39| MR | s 027 Level 9
40 | MR(8) $ 028 Level 8
41 | MR(9) $ 029 Level 7
42 | MR(10) | $ 02A Level 6
43| MR(11) | $ 028 Level 5
44 | MR(12) { $ 02C Level 4
45| MR(13) | $ 02D Level 3
46 | MR(14) | $ 02E Level 2
47 |_MR(15) | $ 02F 1023 Level 1|¢3FF

16 digits of $020 to $02F are called memory register (MR)
and accessable by LAMR and XMRA instructions.

® Stack Area .... $3C0 to $3FF

Stack Area is used for LIFO stacks with the contents of the
program counter (PC), status (ST) and carry (CA) when process-
ing subroutine call and interrupt. As 1 level requires 4 digits,
this stack area is nested to 16 level-stack max. The data pushed
in the stack and LIFO stack state are provided in Fig. 4. The
program counter is restored by RTN and RTNI instructions,
Status and Carry are restored only by RTNI instruction, and
not affected by RTN instruction. The area, not used for stack-
ing, is available as a data area.

bit3 bit2 bit1 bit0
] [
1020 ST PC13 PCq2 PC11 | $ 3FC
1 |
| |
7 1021] PCrp PCq PCg PC7 |$3FD
| |
T
1022 cA PCq PCg PC4 |$3FE
| 1
_ T
1023 PC3 PCa PCq PCo $ 3FF
| ] ]

PC13 to PCq; Program Counter
ST; Status
CA; Carry

Fig. 4 Configuration of Memory Register, Stack Area and Stack Position

® REGISTER AND FLAG

The MCU has nine registers and two flags for the CPU opera-
tions. They are illustrated in Fig. 5 and described in the follow-
ing paragraphs.

® A I (A), B Regi (B)

Accumulator and B Register are 4-bit registers used to hold
the results of Arithmetic Logic Unit (ALU), and to transfer data
to/from memories, I/O and other registers.

® W Register (W), X Register (X), Y Register (Y)

W Register is 2-bit, and X and Y Register are 4-bit registers
used for indirect addressing of RAM. Y Register is also used
for D-port addressing. W Register is write-only and cannot be
read.

® SPX Register (SPX), SPY Register (SPY)
SPX and SPY Register are 4-bit registers used to assist X and
Y Register respectively.

® Carry (CA)

Carry (CA) stores the overflow of ALU generated by the
arithmetic operation. It is also affected by SEC, REC, ROTL and
ROTR instructions.

During interrupt servicing, Carry is pushed onto the stack
and restored back from the stack by RTNI instruction. (It’s not
affected by RTN instruction.)

© Status (ST)

Status (ST) holds the ALU overflow, ALU non-zero and the
results of bit test instruction for the arithmetic or compare in-
struction. It is used for a branch condition of BR, BRL, CAL or
CALL instructions. The value of the Status remains unchanged
until the next arithmetic, compare or bit ..st instruction is ex-
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL
instruction has been executed (irrespective of its execution/
skip). During the interrupt servicing, Status is pushed onto the
stack and restored back from the stack by RTNI instruction.
(It’s not affected by RTN instruction.)
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[:: Accumuiator
E:' 8 Reaster

SPX Regater

SPY Hegustns

Fig. 5 Register and Flags

® Program Counter (PC)
Program Counter is a 14-bit binary counter for ROM address-

ing.

® Stack Pointer (SP)

Stack Pointer is used to point the address of the next stack-
ing area up to 16 levels.

The Stack Pointer is initialized to locate $3FF on the RAM
address, and is decremented by 4 as data pushed into the stack,

and incremented by 4 as data restored back from the stack.

8 INTERRUPT

The MCU can be interrupted by five different sources: the
external signals (INT,, INT,), timer/counter (TIMER-A,
TIMER-B), and scrial interface (SERIAL). In each sources,
the Interrupt Request Flag, Interrupt Mask and interrupt vector
address will be used to control and maintain the interrupt re-
quest. The Interrupt Enable Flag is also used to control the
total interrupt operations.

® Interrupt Control Bit and Interrupt Service

The interrupt control bit is mapped on $000 to $003 of the
RAM address and accessable by RAM bit manipulation instruc-
tion. (The Interrupt Request Flag (IF) cannot be set by soft-
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request
Flag {IF) are set to “0”, and the Interrupt Mask (IM) is set to
“1” at the initialization by MCU reset.

Fig. 6 shows the interrupt block diagram. Table 1 shows the
interrupt priority and vector addresses, and Table 2 shows the
conditions that the interrupt service is executed by any one of
the five interiupt sources.

The interrupt request is generated when the Interrupt Re-
quest Flag is set to *“1* and the Interrupt Mask is **0”. If the
Interrupt Enable Flagis **1**, then the interrupt will be activated
and vector addresses will be generated from the priority PLA
corresponding to the five interrupt sources.

Fig. 7 shows the interrupt services sequence, and Fig. 8
shows the interrupt flowchart. "¢ the interrupt is requested, the
instruction finishes its execution in the first cycle. The Inter-
rupt Enable Flag is reset in the second cycle. In the second and
third cycles, the Carry, Status and Program Counter are pushed
onto the stack. In the third cycle, the instruction is executed
again after jumping to the vector address.

In each vector address, program JMPL instruction to branch
to a starting address of the interrupt routine. The Interrupt
Request Flag which caused the interrupt service has to be reset
by software in the interrupt routine.
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$000.0 Seauence Control
VE - Push PC/CA/ST

- Reset I/F
- Jump to Vector

Address

Vector

Priority PLA | 2097

$000.2 [‘ —T
$000.3

$001.0

$003.0

Fig. 6 Interrupt Circuit Block Diagram

Table 1. Vector Addresses and Interrupt Priority

Reset . Interrupt | Priority Vector addresses
RESET - $0000
INTo 1 $0002
INTY 2 $0004
TIMER-A 3 $0006
TIMER-B a $0008

“TserRiAL | s || soooc

Table 2. Conditions of Interrupt Service

Interrupt N
Interrupt source INTo INT, TIMER-A TIMER-B SERIAL

control bits )
I/E 1 1 1 1 1
IFO-IMO 1 0 3} 0 0
IF1 - IMT * 1 0 6] 0
IFTA - IMTA * * 1 [0} (0]
IFTB - IMTB * * * 1 (o]
IFS - IMS * * * * 1

* Don't care
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Instruction

Cycles 1 2 3 4 5 6
[— 1 L Il | J
I T T I T 1
Instruction
execution
Interrupt Stacking, Stacking,
accepted Reset of I/E Vector address
is generated

Fig. 7

® interrupt Enable Flag (I/E: $000,0)

The Interrupt Enable Flag controls enable/disable of all inter-
rupt requests as shown in Table 3. The Interrupt Enable Flag is
reset by the interrupt servicing and set by RTNI instruction.

Table 3. Interrupt Enable Flag

JMPL instruction execution on the
vector address

Interrupt Servicing Sequence

Interrupt Enable Flag Interrupt Enable/Disable

0 Disable

1 Enable

® External Interrupt (INT,, INT; ) o o

To use external interrupt, select R3,/INT,, Ry;3/INT; port
for INTy, INT, mode by setting the Port Mode Register (PMR:
$004).

Instruction
Execution at
starting address
of the interrupt
routine

Table 5. External Interrupt Mask

External Interrupt Masks Interrupt Requests
0 Enable
1 Disable (masks)

® Port Mode Register (PMR: $004)

The Port Mode Register is a 4-bit write-only register which
controls the R;,/INT, pin, R33/INT; pin, Rq,/SI pin and
R42/S0 pin as shown in Table 6. The Port Mode Register will
be initialized to $0 by MCU reset, so that all these pins are set

to a port mode.

Table 6. Port Mode Register

PMR R
The_ExternaI ln_mj[pyai__R_equest Flags (IFO, IF1) are set at ! Ry /INT; pin
the falling edge of INTy, INT, inputs. bit 3
INT, input can be used as a clock signal input of TIMER-B. 0 Used as Ras port input/outout oi
Then, TIMER-B counts up at each falling edge of input. When 3 s W”T_g p‘ utput pin
using INT; as TIMER-B external event, an External Interrupt Used as 1 input pin
Mask (IM1) has to be set so that the interrupt request by INT:
will not be accepted. zr: Rs,/INT, pin
® External Interrupt Request Flag (1F0: $000,2, IF1: $001,0) 0 Used as R%2 port input/outout oi
The External Interrupt Request Flags (IFO, IF1) are set at - Used '_Wp' p' Pt pin
the falling edges of INT,, INT, inputs respectively. sed as INT, input pin
® External Interrupt Mask (IMO: $000,3, IM1: $001,1) PMR
The External Interrupt Mask is used to mask the external e E—— R4, /St pin
interrupt requests.
0 Used as R,, port input/output pin
Table 4. External Interrupt Request Flag 1 Used as SI input pin
External Interrupt Request Flags Interrupt Requests PMR
0 l:o 5ito — R4,/S0 pin
1 es
0 Used as R,, port input/output pin
1 Used as SO output pin
G HITACHI
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Power
ON
RESET— 17 >10
Yes Vy
Interrupt Yes
Request
!
No
(A) (B)
Reset Execute Interrupt
mMCcu Instruction Accept
PC« (PC)+1 V/Ee0"
Stack«(PC)
Stack—(CA)
Stack«—(ST)

[ PC«-$ 0002

] PC<- $ 0004

-  PC- 80006

TIMER-B
Interrupt
?

] PC~-$ 0008

] PC« $ 000C

(SERIAL Interrupt)

Fig. 8 Interrupt Servicing Flowchart
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= SERIAL INTERFACE

The serial interface is used to transmit/receive 8-bit data
serially. This consists of the Serial Data Register, the Serial
Mode Register, the Octal Counter and the multiplexer, as illus-
trated in Fig. 9. Pin R4/SCK and the transfer clock signal are
controlled by the Serial Mode Register. Contents of the Serial
Data Register can be written into or read out by the software.
The data in the Serial Data Register can be shifted synchronous-

ly with the transfer clock signal.

The serial interface operation is initiated with STS instruc-
tion. The Octal Counter is reset to $0 by STS instruction. It
starts to count at the falling edge of the transfer clock (SCK)
signal and increments by one at the rising edge of the SCK.
When the Octal Counter is reset to $0 after eight transfer clock
signals, or discontinued transmit/receive operation by resetting
the Octal Counter, the SERIAL Interrupt Request Flag will be
set.

SYSTEM OC(3bit SROF
PRESCALER(11bit) QCTAL IFS
CLock COUNTER
T NTERRUPT
P By o -3 e REQUEST FLAG
B EIHE of SERIAL INTER-
Ly ly FACE
SERIAL MPX .y Px [ INTERNAL BUS LINE __(51) ]
4 T4
¥ SCKI ™SR (8 bit)
3 SERIAL DATA REGISTER
SMR(4bit) PMR(4bit 4
SERIAL MODE | PORT MODE ! iz
N REG. 4L REG. | INTERNAL BUS LINE (52) ]
SCK I
[__INTERNAL BUS LINE | (s2) | 2

R.,,/SI
PORT PORT

[ R../SO

l..

Fig. 9 Serial Interface Block Diagram

@ Serial Mode Register (SMR: $005)

The Serial Mode Register is a 4-bit write-only register. This
register controls the Ry4o/SCK and the prescaler divide ratio as
the transfer clock source as shown in Table 7.

The Write Signal to the Serial Mode Register controls the
operating state of serial interface.

The Write Signal to the Serial Mode Register stops the
transfer clock applied to the Serial Data Register and the Octal
Counter. And it also reset the Octal Counter to $0 simul-
taneously.

When the Serial Interface is in the “Transfer State”, the Write
Signal to the Serial Mode Register causes to quit the data
transfer and to set the SERIAL Interrupt Request Flag.

Contents of the Serial Mode Register will be changed on the
second instruction cycle after writing into the Serial Mode
Register. Therefore, it will be necessary to execute the STS
instruction after the data in the Serial Mode Register has been
changed completely. The Serial Mode Register will be reset to

$0 by MCU reset.

® Serial Data Register (SRL: $006, SRU: $007)

The Serial Data Register is an 8-bit read/write register. It
consists of a low-order digit (SRL:3006) and a high-order digit
(SRU: $007).

The data in the Serial Data Register will be output from the
LSB side at SO pin synchronously with the falling edge of the
transfer clock signal. At the same time, external data will be
input from the LSB side at SI pin to the Serial Data Register
synchronously with the rising edge of the transfer clock. Fig.
10 shows the I/O timing chart for the transfer clock signal and
the data.

The writing into/reading from the Serial Data Register during
its shifting causes the validity of the data.

Therefore complete data transmit/receive before writing
into/reading from the serial data register.

@ HITACHI

Hitachi America Ltd. e Hitachi Plaza ® 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 « (415) 589-8300

369



HD614P080S/HD614P0160S

Table 7. Serial Mode Register

SUR Reo/SCK
Bit 3 40
0 Used as Rao port input/output pin
1 Used as SCK input/output pin
SMR Transfer Clock
. Prescaler System Clock
Bit2 Bit 1 Bit0 R40/SCK Port Clock Source Divide Divide
Ratio Ratio
0 0 0 sg"ftpu . Prescaler +2048 + 4096
SCK - +
0 0 1 Output Prescaler + 512 + 1024
SCK = -
0 1 0 Output Prescaler + 128 + 256
SCK . -
0 1 1 Output Prescaler = 32 64
SCK . .
1 0 0 Output Prescaler + 8 16
SCK - -
1 0 1 Output Prescaler + 2 g 4 .
SCK System -
1 1 0 Output Clock B !
1 1 1 SCK External _ _
Input Clock

(In the case of SMR Bit 3 = 1)

® SERIAL Interrupt Request Flag (IFS: $003, 0)
The SERIAL Interrupt Request Flag will be set after the

Transfer Clock |‘|,|I|||||,|'II

Serial Output Data

Serial Input Data
Latch Timing

1 2 8

L TTTTT=

HENEEN

Fig. 10 Serial Interface 1/0O Timing Chart

Table 9. SERIAL Interrupt Mask

eight transfer clock signals or transmit/receive discontinued SERIAL Interrupt Mask Interrupt Request
operation by resetting the Octal Counter. 0 Enable
1 Disable (masks)
® SERIAL Interrupt Mask (IMS: $003, 1)
The SERIAL Interrupt Mask masks the interrupt request. ® Selection of the Operation Mode

Table 8. SERIAL Interrupt Request Flag

Table 10 shows the operation mode of the serial interface.
Select a combination of the value in the Port Mode Register and

SERIAL Interrupt Request Flag v

the Serial Mode Register according to Table 10.

0

1

Interrupt Request Initialize the serial interface by the Write Signal to the
No Serial Mode Register, when the Operation Mode is changed.
Yes ® Operating State of Serial Interface

370

The serial interface has 3 operating states as shown in Fig. 11.
The serial interface gets into “STS waiting state” by 2 ways:
one way is to change the operation mode by changing the data
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in the Port Mode Register, the other is to write data into the
Serial Mode Register. In this state, the serial interface does not
operate although the transfer clock is applied. If STS instruc-
tion is executed, the serial interface changes its state to “*SCK
waiting state™.

In the “SCK waiting state”, the falling edge of first transfer
clock affects the serial interface to get into ‘‘transfer state”,
while the Octal Counter counts-up and the Serial Data Register
shifts simultaneously. As an exception, if the clock continuous
output mode is selected, the serial interface stays in “SCK wait-
ing state” while the transfer clock outputs continuously.

The Octal Counter becomes “000” again by 8 transfer
clocks or execution of STS instruction, so that the serial inter-
face gets back into the “SCK waiting state™, and SERIAL
Interrupt Request Flag is set simultaneously.

When the internal transfer clock is selected, the transfer
clock output are triggered by the execution of STS instruction,
and it stops after 8 clocks.

® Example of Transfer Clock Error Detection
The serial interface functions abnormally when the transfer
clock was disturbed by external noises. In this case, the transfer

* "’Change PMR’" means the change of
operation mode as below:

. * Transmit Mode
Clock Continuous * Receive Mode

Output Mode * Transmit/Receive

STS Waiting State

Octal Counter = 000"
Transfer Clock Disable

Transfer Clock

clock error can be detected in the procedure shown in Fig. 12.

If more than 9 transfer clocks are applied by the external
noises in the “SCK waiting state”, the state of the serial inter-
face shifts as the following sequence: first “transfer state”
(while 1 to 7 transfer clocks), second “SCK waiting state” (at
8th transfer clock) and third “transfer state” again. Then reset
the SERIAL Interrupt Request Flag, and make “STS waiting
state” by writing to the Serial Mode Register. SERIAL Inter-
rupt Request Flag is set again in this procedure, and it shows
that the transfer clock was invalid and that the transmit/receive
data were also invalid.

Table 10. Serial Interface Operation Mode

SMR PMR . .

B3 Bt Biio Serial Interface Operating Mode
1 0 0 Clock Continuous Output Mode
1 0 1 Transmit Mode
1 1 0 Receive Mode
1 1 1 Transmit/Receive Mode

Change PMR ™

SCK Waiting State
(Octal Counter = “000")

8 Transfer Clocks,
STS Instruction

Transfer State
(Octal Counter # "“000"')

Transmit/Receive
(IFS<"1")

Interrupt
Inhibit

Write to
SMR

Transfer Clock
Error Processing

No

Normal End

Fig. 12 Example of Transfer Clock Error Detection

(IFS «<"1")

Fig. 11 Serial Interface Operation State

= TIMER

The MCU contains a prescaler and two timer/counters
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit
free-run timer. TIMER-B is an 8-bit auto-reload timer/event
counter.

® Prescaler

The input to the prescaler is a system clock signal. The
prescaler is initialized to $000 by MCU reset, and the prescaler
starts to count up the system clock signal as soon as RESET
input goes to logic “0”. The prescaler keeps counting up except
MCU reset and stop mode. The prescaler provides clock signals
to TIMER-A, TIMER-B and serial interface. The prescaler di-
vide ratio of the clock signals are selected according to the
content of the mode registers such as — Timer Mode Register A
(TMA), Timer Mode Register B (TMB), Serial Mode Register
(SMR).
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TIMER MODE REGISTER B

[

INTERNAL BUS LINE (S1) ]

}e

TMB(4bit)
TL(4bit) la
TIMER LATCH
S 3 REG. ‘
NT,
g CcPTB TCB(8bit) TBOF
> TIMER-B  MPX TIMER/EVENT COUNTER B I—_”'le
tolal @ IEREREERE INTERRUPT
R A B B - REQUEST FLAG
L8 IR I 'S et I B TLR(8bit) e
AR TIMER LOAD REGISTER TIMER-B
SYSTEM _
CLOCK PRESCALER(11bit) . s
® { INTERNAL BUS LINE (S2) ]
MR
Nitlol oo~ S 3
R IR IR Y Bl 0 R RN
o8 it B
TIMER-A MPX CPTA TCA(8bit) 180F | i
TIMER COUNTER A
3 INTERRUPT
REQUEST FLAG
OF TIMER-A

TMA(3bit)

TIMER MODE REGISTER A

Fig. 13 Timer/Counter Block Diagram

® TIMER-A Operation

After TIMER-A is initialized to $00 by MCU reset, it counts
up at every clock input signal. When the next clock signal is
applied after TIMER-A is counted up to $FF, TIMER-A is set
to $00 again, and generating overflow output. This leads to
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to
“1”. Therefore, this timer can function as an interval timer
periodically generating overflow output at every 256th clock
signal input,

The clock input signals to TIMER-A are selected by the
Timer Mode Register A (TMA: $008).

® TIMER-B Operation

Timer Mode Register B (TMB: $009) is used to select the
auto-reload function and the prescaler divide ratio of TIMER-B
as the input clock source. When the external event input is
used as an input clock signal to TIMER-B, select the Ry3/INT,
as INT, and set the External Interrupt Mask (IM1) to “1” to
prevent the external interrupt request from occurring.

TIMER-B is initialized according to the value written into the

® Timer Mode Register A (TMA: $008)

The Timer Mode Register A is a 3-bit write-only register.
The TMA controls the prescaler divide ratio of TIMER-A clock
input, as shown in Table 11.

The Timer Mode Register A is initialized to $0 by MCU reset.

® Timer Mode Register B (TMB: $009)

The Timer Mode Register B is a 4-bit write-only register. The
Timer Mode Register B controls the selection for the auto-
reload function of TIMER-B and the prescaler divide ratio,
and the source of the clock input signal, as shown in Table 12.

The Timer Mode Register B is initialized to $00 by MCU
reset.

The operation mode of TIMER—B is changed at the second
instruction cycle after writing into the Timer Mode Register B.

Therefore, it is necessary to program the write instruction
to TLRU after the content of TMB is changed.

Table 11. Timer Mode Register A

Timer Load Register by software. TIMER-B counts up at every T™A
clock input signal. When the next clock signal is applied to Bit2 Bit1 Bit0 Prescaler Divide Ratio
TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- !
alized again and generate overflow output. In this case if the 0 0 0 +2048
auto-reload function is selected, TIMER-B is initialized accord- 0 0 1 +1024
ing to the value of the Timer Load Register. Else if the auto- 0 1 0 T 512
reload function is not selected, TIMER-B goes to $00. TIMER- 0 ] -
B Interrupt Request Flag (IFTB: $002,0) will be set at this 1 + 128 S
overflow output. 1 0 0 + 32

1 0 1 + 8

1 1 0 + 4

1 1 1 + 2

G HITACHI
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Table 12. Timer Mode Register B

the Timer/Event Counter. In this case, read the high-order digit
first, and then the low-order digit. The count value of low-order

T™B o . ey o
— Auto-reload Function digit is latched at the time when the high-order digit is read.
)
0 No ©® TIMER-A Interrupt Request Flag (IFTA: $001, 2)
The TIMER-A Interrupt Request Flag is set by the overflow
1 Yes output of TIMER-A.
™B Prescaler Divide Ratio, ® TIMER-A Interrupt Mask (IMTA: $001,3).
Bit2 Bt Bito Clock Input Source TIMER-A Interrupt Mask prevents an interrupt request
generated by TIMER-A Interrupt Request Flag.
0 0 0 +2048
0 0 1 + 512 Table 13. TIMER-A Interrupt Request Flag
0 1 0 + 128
TIMER-A Interrupt
) 1 7 32 Request Flag Interrupt Request
1 0 0 + 8 0 No
1 0 1 T 4 1 Yes
! ! 0 2 Table 14. TIMER-A Int t Mask
—_— . . n
1 1 1 INT, (External Event Input) errupt Was

e TIMER-B (TCBL: $00A, TCBU: $OOB)
TLRL: $00A, TLRU: $00B.

TIMER-B consists of an 8-bit write-only Timer Load Regis-
ter, and an 8-bit read-only Timer/Event Counter. Each of them
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high-
order digit (TCBU: $00B, TLRU: $00B).

The Timer/Event Counter can be initialized by writing data
into the Timer Load Register. In this case, write the low-order
digit first, and then the high-order digit. The Timer/Event
Counter is initialized at the time when the high-order digit is
written. The Timer Load Register will be initialized to $00 by
the MCU reset.

The counter value of TIMER-B can be obtained by reading

PMR:$ 004

TIMER-A Interrupt

Mask Interrupt Request
0 Enable
1 Disable (Mask)

® TIMER-B Interrupt Request Flag (IFTB: $002, 0)
The TIMER-B Interrupt Request Flag is set by the overflow
output of TIMER-B.

® TIMER-B Interrupt Mask (IMTB: $002, 1)

TIMER-B Interrupt Mask prevents an interrupt request
generated by TIMER-B Interrupt Request Flag.

SMR:$ 005

PMR3|PMR2|PMR1|PMRO

SMR3|SMR2{SMR1{SMRO

[

L—— Transfer clock selection

R40/SCK pin mode selection

R42/SO pin mode selection

R4;/S1 pin mode selection

TMA:¢ 008

R33/INT, pin mode selection

TMB:$ 009

TMA2| TMA 1| TMAO

TMB3|TMB2{TMB1|TMBO

[

[
t— TIMER-B input clock selection

Auto-reload function selection

TIMER-A input clock selection

Fig. 14 Mode Register Configuration and Function
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Table 15. TIMER-B Interrupt Request Flag

TIMER-B Interrupt
Request Flag

Interrupt Request

0

No

1

Yes

Table 16. TIMER-B Interrupt Mask

TIMER-B Interrupt
Mask

Interrupt Request

0

Enable

1

Disable (Mask)

= INPUT/OUTPUT

The MCU provides 58 Input/Output pins, and they are con-
sist of 32 standard pins of “Without pull-up MOS (NMOS open
drain)” and 26 high voltage pins of “Without pull-down MOS

(PMOS open drain)”.

When any input/output common pin is used as input pin,
it is necessary to set the output data as shown in Table 18.

Table 17 1/0 Pin Circuit Forms

Without pull-down MOS

(PMOS open drain) Applied pins
1/0 Ds~D;s,
common Rio~R13,
pins R20~Ra3
2 Vee
o ng
& | Output |‘<Ct output Roo~Ro3
* | pins data
]
>
£
=
I
Input HLT input Rao
i data y
pins Ra1/Vdisp
Without pull-up MOS Aoolied pi
(NMOS open drain) pplied pins
SCK
Vee HLT
1/0 HLT+mode select| SCK (Note 2)
common
pins oA - (Output Mode)
internal
SCK
£ Vee
a HLT
©
= | Output
3 pins SO
c
2 so
INTo,
Input . IS,\I‘Tl '
pins O?_* input .
data ISCK (Note 2)
HLT (Input Mode)

pins are in high impedance state.

(Note 1) In the stop mode, HLT signal is “0"”, HLT signal is 1"’ and I/O

(Note 2) If the MCU is interrupted by serial interface in the external clock

input mode, the SCK terminal becomes input only.

@ HITACHI

Without pull-up MOS Applied
(NMOS open drain) pins
HLT i
oy Do ~Ds,
1/0 R3o ~Ra33,
common o R4o ~Ra3,
pins HLT Rso ~Rs3
output
data
@
£
a
2
o
° J— Reo~Re3,
5 Output HLT R70~Rq3,
@ | pins output Rgo~Rg3
data
Input O HL I )o— input R9o~Ro3
pins data
(Continued)
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Table 18 Data Input from Input/Output Common Pins

1/0 circuit type

Available pin condition for input

For Standard pins

“Without pull-up MOS g
(NMOS open drain)””

For High voltage pins
"“Nithout pull-down MOS Kl

(PMOS open drain)”’

® D-port

D-port is 1-bit I/O port, and it has 16 Input/Output common
pins. It can be set/reset by the SED/RED and SEDD/REDD
instructions, and can be tested by the TD and TDD instructions.
Table 17 shows the classification of standard pins, high voltage
pins and the Input/Output pins circuit types.

® R-port

R-port is 4-bit I/C port. It provides 20 input/output com-
mon pins, 16 output-only pins, and 6 input-only pins. Data
input is processed using the LAR and LBR instructions and data

output is processed using the LRA and LRB instructions. The
MCU will not be affected by writing into the input-only and/or
non-existing ports, invalid data will be read by reading from the
output-only and/or non-existing ports.

The_R3z2, R33z, Reo, Rai and Raz pins are also used as the
INTo, INT1, SCK, SI and SO pins respectively. Table 17 shows
the classification of standard pins, high voltage pins and Input/
Output pins circuit types.

® RESET
The MCU is reset by setting RESET pin to “I1”. At power

Table 19 MCU Initial Value by Reset

Items ! n;\}‘i(a:luve:g;stby Contents
Program counter (PC) $0000 Execute program from the top of ROM address.
Status (ST) " Enable to branch with conditional branch instructions.
Stack pointer (SP) $3FF Stack level is 0.
1/0 output Standard pin xﬂvglgout pull-up 1 Enable to input.
register ;urgl;h voltage ‘:Ali(t)gom pull-down g Enable to input.
Interrupt Enable Flag (I/E) 0" Inhibit all interrupts.
Interrupt flag Interrupt Request Flag (IF) “o" No interrupt request.
Interrupt Mask (IM) “ Mask interrupt request.
Port Mode Register (PMR) “0000"" See Item ““Port Mode Register’’.
i Serial Mode Register (SMR) “0000”" See Item “‘Serial Mode Register”’.
Mode register - - - . "
Timer Mode Register A (TMA) 000" See Item “Timer Mode Register A”’.
Timer Mode Register B (TMB) ‘0000 See Item ““Timer Mode Register B"’.
Prescaler $000 -
) Timer/Counter A (TCA) $00 -
g::i‘:{ /Igs;'f‘::;’ Timer/Event Counter B (TCB) $00 —
Timer Load Register (TLR) $00 -
Octal Counter 000" -

(Note) The values of registers and flags which are not described on above table will become

as follows.
Item After releasing stop mode After MCU Reset
by MCU Reset except the left
Carry (CA) The value i y before The value immediately
Accumulator (A) MCU reset is not guaranteed. . before MCU Reset is
B register B not guaranteed.

W register

— W
X/SPX register _ (X/SPX)

Y/SPY register  (Y/SPY)

Initialization by the program
should be required.

Initialization by the
program should be

required.
Serial data register (SR) — ditto — —ditto —
The value immediately before
MCU reset (the value i
RAM immediately before executing — ditto —
stop instruction) is retained.
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ON or recovering from stop mode, apply RESET input more
than tpc to obtain the necessary time for oscillator stabiliza-
tion. In other cases, the MCU reset requires at least two instruc-

tions cycle time of RESET input.

Table 19 shows initialized items by MCU reset and each

® INTERNAL OSCILLATOR CIRCUIT
Fig. 15 gives internal oscillator circuit. The oscillator type
can be selected from the followings; crystal resonator, or ceramic

filter resonator as shown in Table 20. In any cases, external

clock operation is available.

status after reset.
osc, ) _ N
Oscillator Divider Timing System
circuit [+ clock
1/8 circuit
osc, (Q—
Fig. 15 internal Oscillator Circuit
Table 20 Oscillator Circuit Example
Circuit configuration Remarks
Oscillator
— 0SC,
External clock
operation
Open —| OSC,

Ceramic filter

Ceramic
filter

Ci —
|0SC
=34
0sC:
C2
ND

Ceramic filter: CSA 4.00MG (Murata)
Rf: 1MQ £2%
Ci1: 33pF £20%
Ca: 33pF +20%

resonator Ceramic filter: CSA 6.00MG |(Murata)
Rf: 1M +2%
G Cy: 30pF +20%
C2: 30pF +20%
Crystal: 4.194304 (MHz)
NC-18C (Nihon Denpa Kogyo)
¢ [osc R 1MQ + 2%
! Ci:  22pF +20%
—— ) Ci:  22pF £20%
. 10SC2 Crystal:6.0 (MHz)
? — NC-18C (Nihon Denpa Kogyo)
Crystal GND
resonator Rf: MQ 2%

ATecut parallel resonance crystal

L Ci Rs
0SCi 0sC2
Co

Ci: 20pF +20%
Ca2: 20pF * 20%

Crystal: ATcut parallel resonance crystal

Co : 7 pF max.
Rs : 10082 max.
f :20~6.2MHz

(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter maker.
The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board.
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter.

(Note 2) Wiring among OSC, , OSC, and elements should be as short as possible, and never cross the other wirings. Refer to the layout

of crys
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Fig. 16 Layout of Crystal and Ceramic Filter

®= LOW POWER DISSIPATION MODE

The MCU provides two low power dissipation modes, that is,
a Standby mode and a Stop mode. Table 21 shows the function
of the low power dissipation mode, and Fig. 17 shows the
diagram of the mode transition.

Table 21 Low Power Dissipation Mode Function

Condition

Low Power . Timer/ Recovering

Dissipation Mode Instruction Oscillator | Instruction Register, Interrupt RAM (I)r:];:u:]/( Counter, method

circuit execution Flag function ig Serial
P Interface

e SBY ) - - - D) ) RESET Input

Standl h . ,
andby mode instruction Active Stop Retained Active Retained Retained Active Interrupt request
STOP *1)) . High
Stop mode instruction Stop Stop RESET Stop Retained impedance Stop RESET Input

*1) STOP mode is released only by MCU Reset. Refer to Table 19 as for the values of the registers and flags after releasing stop mode.
*2) Current flows in 1/0 Circuit by 1/0 pin state at stand-by mode, because 1/0 circuit is active.

This current is an addition to stand-by mode power dissipation.

Active

RESET="0"

Fig. 17 MCU Operation Mode Transition

® Standby Mode
The SBY instruction puts the MCU into the Standby mode.
In the Standby mode, the oscillator circuit is active and timer/

counter and serial interface continue working. On the other
hand, the CPU stops since the clock related to the instruction
execution stops. Registers, RAM and Input/Output pins retain
the state they had just before going into the Standby mode.

The Standby mode is canceled by the MCU reset or interrupt
request. When canceled by the interrupt request, the MCU
becomes an active mode and executes the instruction next to
the SBY instruction. At this time, if the Interrupt Enable Flag
is “1”, the interrupt is executed. If the Interrupt Enable Flag
is 0™, the interrupt request is held on and the normal instruc-
tion execution continues.

Fig. 18 shows the flowchart of the Standby Mode.

® Stop Mode

The STOP instruction brings the MCU into the Stop mode.
In this mode the oscillator circuit and every function of the
MCU stop.

The Stop mode is canceled by the MCU reset. At this time,
as shown in Fig. 19, apply the RESET input for more than tgrc
to get enough oscillator stabilization time. (Refer to the “AC
CHARACTERISTICS™.) After the Stop mode is canceled,
RAM retains the state it had just before going into the Stop
mode after releasing stop mode by MCU reset, the values of the
B register, W register, X/SPX register, Y/SPY register, carry and
serial data register are not guaranteed.
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Oscillator Active

Peripheral Clocks
Active

Ail Other Clocks

Stop

Restart
Processor Clocks

Restart
Processor Clocks

(A)

Reset MCU Execute Interrupt
Instruction Accept

Fig. 18 MCU Operating Flowchart
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Stop mode

Oscillator

i

et T

Internal clock —-I l——-l l—-]

RESET §)-

[ |

!

STOP instruction execution

(more than stabilization time: tg¢)

Fig. 19 Stop Mode Cancel Timing Chart

= RAM ADDRESSING MODE
As shown in Fig. 20, the MCU provides three RAM address-
ing modes; Register Indirect Addressing, Direct Addressing and

Memory Register Addressing.

® Reg Indirect Add g
The combined 10-bit contents of W Register, X Register and
Y Register is used as the RAM address in this mode.

RAM Address

® Direct Addressing
The direct addressing instruction consists of two words and
the second word (10 bits) following Op-code (the first word) is

used as the RAM address.
o M v Register Addressing

The Memory Register Addressing can access 16 digits
(Memory Register: MR) from $020 to $O2F by using the LAMR
and XMRA instruction.

W-Register X-Register Y -Register

N
Wq|Wo | X3] X2| X1[Xo] Y3| Y2| Y1|Yo
APg|APg| AP7| APg| AP5 | AP4 [ AP3| APo| AP AP

(a) Register Indirect Addressing

Instruction 1st Word

Instruction 2nd Word

— —
OP Code
b0 o0 v 44y 41 Jde]dsjd7|de|d5|da] d3| d2| d1 |do
RAM Address |APg|APg|AP7|APg|APs|AP4| AP3| AP APy | AP
(b) Direct Addressing
Instruction
OP Code

TN N R R | m3 | m2]| mi]|mo

0" "0 0" "0" 1 (i
RAM Address | Apo | Apg| AP, | APG | APg | AP4| APS| APS| APy |AP,

(c) Memory Register Addressing
Fig. 20 RAM Addressing Mode
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® ROM ADDRESSING MODE AND P INSTRUCTION
The MCU has four kinds of ROM addressing modes as shown
in Fig. 21.

® Direct Addressing Mode

The program can branch to any addresses in the ROM
memory space by using JMPL, BRL or CALL instruction.
These instructions replace 14-bit program counter (PCy; to
PC,y) with 14-bit immediate data.

® Current Page Addressing Mode

ROM memory space is divided into 256 words in each page
starting from $0000. The program branches to the address in
the same page using BR instruction. This instruction replace
the low-order eight bits of program counter (PC, to PCo) with
8-bit immediate data.

Instruction 1st Word

The branch destination by BR instruction on the boundary
between pages is in the next page. Refer to Fig. 23.

® Zero Page Addressing Mode

The program branches to the zero page subroutine area,
which is located on the address from $0000 to $O03F, using
CAL instruction. When CAL instruction is executed, 6-bit
immediate data is placed in low-order six bits of program
counter (PCs to PCy) and “0’s” are placed in high-order eight
bits (PC,3 to PC¢).

® Table Data Addressing

The program branches to the address determined by the
contents of the 4-bit immediate data, accumulator and B regis-
ter, using TBR instruction.

Instruction 2nd Word

(JMPL)

—

(BRL)

' OP' Cod'e
(CALL) 1 1 L

T T
1”3,92,"1

T
lpo

T T T T T T T | —
Id9¢d81d7jd6 dg dy dsldzLd,‘ld:I

T T T T T I I

T T T T T T T T T T T T T
Program Counter IPC13PC12PC11PC10'PCQ‘ PCg PCy PCgPCg PC4 PC3 PCo PCy PCoI
1 L g L1 . 1 A n i 1 1 I L

(a) Direct Addressing

Instruction

- T T T T T T T T
(BR) |OP Codel b7 bg bg bg bz by by bol
1 1 1 . 1 1

[T TTT 1]

T T T T T T T T T
Program Counter |PC13PC12PC11PC10PCg PCg PC7 PCg PCg PC4 PC3 PC7 PCq PCq
PR ST S SR SR T N W S S S S

(b) Current Page Addressing

Instruction

ca) [ TopCode [ a4 3 5 o %
IR A I

T
Program CounterlPC13PC12Pc11P010 PCSIPCBI PCleCs PCSIPCA‘PCB l"Cz PC1"’¢o
rala i A A

{c) Zero Page Addressing

Instruction

=T T T
(TBR) OP Code
L l 1

T T L
l P3 \ P2 \ P1 \ pol B Register

Accumulator

0" 0"
(1

T T T = T T T

I TV I111

T T T T L T T T T T T T T
Program Counter kaPCnPCnPCwPCs PCg PC7 PCg PCg PC4 PC3 PC7 PCyq Pcol
A i e I L 1 e . e - 1 1 4

(d) Table Data Addressing

Fig. 21 ROM Addressing Mode
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Instruction
— T
3] OP Code , .
P3 P2 P1 Po B Register Accumulator
T T —
B3 B2 By BolAs A2 A1 Ao
1 1 1 L 1
TTT11
L S
T T T

o

L

T
Referred ROM Address RA]3F|A12RA“RA OHA RA81RA 'RAG,RAJ'RA inA3,nA2'RA1}RA—|
A

0

(a) Address Designation

ROM Data[ROQ R08m7 ROg ROy, RO FI03IR02 RO Ro;I

14&&5&&4

Accumulator, B Register| 3 1 824 B ) Bo lﬁ; ) Ag . Aq Aol
'

:IfR08=1

T T T T T T T T T
ROM Data |H09;1H08]H07 ROG!RO R04|HO HOZJRO [HO I

&i?

i#iii

Output Register R1,R2 |Ry3 22
A

Rzoli‘lS Ri2, Rn R1o|

:1fROg=1

(b) Pattern Output

Fig. 22

® P Instruction (Pattern Instruction)

By P instruction, the ROM data determined by Table Data
addressing is referred. When bit 8 in referred ROM data is
“1”, 8 bits of referred ROM data are written into the accumu-

/\\—A

256(n 114255
»— BR AAA 2560

o BR AAA
L B8R 888

2560 + 258
2560+ 255
256in 4 1)

888 NOP

—_

Fig. 23 The Branch Destination by BR Instruction on
the Boundary between Pages

P Instruction

lator and B Register, When bit 9 is *“1”, 8 bits of referred ROM
data are written into the R1 and R2 port output register. When
both bit 8 and 9 are “1”, ROM data are written into the acc-
umulator and B register and also to the R1 and R2 port output
register at a same time.

The P instruction has no effect on the program counter.

® Description of the branch destination on page boundary
When BR is on page boundary (256n + 255), BR instruction
transfers the contents of PC to the next page with hardware
architecture. Therefore, the program branches to the next page
when using BR on page boundary.
The HMCS400 series cross macro assembler has automatic
paging facility for ROM page.

= INSTRUCTION SET
The HD614P080S and HD614P0160S provide 99 instruc-

tions. These instructions are classified into 10 groups as follows;
(1) Immediate Instruction

(2) Register-to-Register Instruction

(3) RAM Address Instruction

(4) RAM Register Instruction

(5) Arithmetic Instruction

(6) Compare Instruction

(7) RAM Bit Manipulation Instruction

(8) ROM Address Instruction

(9) Input/Output Instruction

(10) Control Instruction
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Table 22. Immediate Instruction

WORI
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS ok
Load A from immediate LAl 10001 1izizivio i—A 11
Load B from Immediate LBl i 100000i3izi1io —B 11
Load M fi [ diaty D i, TT0T013020 0 f
oad Memory from Immediate LMID id dgdad7dsdsd;d§dzzd‘.a% —M 2/2
Load Memory from Immediate, IncrementY | LMIIY i 10100 1i3izi1io [i>MY+ 1Y NZ 11
Table 23. Register-to-Register Instruction
WOR
OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS %ﬁ
L
Load A from B LAB 0001001000 B—A 1.1
Load B from A LBA 0011001000 A-B 11
Load A from Y LAY 0010101111 Y—A 11
Load A from SPX LASPX 0001101000 SPX—A 1,1
Load A from SPY LASPY 0001011000 SPY—A 1.1
Load A from MR LAMR m 100 1 1 1 mamammo| MR(mM)—A 1.1
Exchange MR and A XMRA m 101 1 1 1 mamamimo| MR(m)>A 11
Table 24. RAM Address Instruction
WORI
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS 1,v/<;:5
Load W from Immediate LWI i 001111001, i—W 1.1
Load X from Immediate LX i 10001 0i3iz2i1io i—X 1.1
Load Y from Immediate Lyl i 100001 izizitio i—Y 1.1
Load X from A LXA 0011101000 A—X 11
Load Y from A LYA 0011011000 A—Y 1,1
Increment Y Y 0001011100 Y+1-Y NZ 11
Decrement Y DY 0011011111 Y- 1Y NB 1.1
Add Ato Y AYY 0001010100 Y+A-Y OVF 1,1
Subtract A from Y SYY 0011010100 Y-A-Y NB 11
Exchange X and SPX XSPX 0000000001 X«+SPX 1,1
Exchange Y and SPY XSPY 0000000010 Y«SPY 1,1
Exchange X and SPX,Y and SPY XSPXY 0000000011 | X«»SPX,Y«»SPY 1,71
Table 256. RAM Register Instruction
WORD,
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS /
CYCLE
Load A from Memory LAM(XY) {00100100vy x M-A, (§1:28%) 11
0110010000
Load A from Memory LAMD d o dg d7 ds ds da d1 2 A do M—A 2/2
Load B from Memory LBM(XY) [00010000y x M-B, (535%) 11
Load Memory from A LMA(XY) [00100101yx A-M, (5:88%) 11
Load Memory from A LMAD d¢ 0110010100 A—-M 2,2

dedsds deds dadad2di do
Load Memory from A, Increment Y LMAIY(X) 000101000 x [A->MY +1-5Y(X..5Px) NZ 1.1

Load Memory from A, Decrement Y LMADY(X) [001101000x |[A=M)Y—1-Y(X--SPX) NB 11

Exchange Memory and A XMA(XY) {00100000y x Me-A, (¥1:85%) 11
07170000000 M—A ;

Exchange Memory and A XMAD d do ds dy ds ds ds d3d2 d1 do 22

Exchange Memory and B XMB(XY) |00110000y x M--B, (%.3%) 11
GO HITACHI
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Note) (XY) and (x) have the meaning as follows:

(1)

MNEMONIC |y | x FUNCTION
LAM 0|0
LAMX o |1 X & SPX
LAMY 1[0 YOSPY
LAMXY |1 | 1 | X©SPX,Y©SPY

2

MNEMONIC x FUNCTION

LMAIY 0
LMAIYX 1 X ©SPX

Table 26. Arithmetic Instruction

The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.)

The instructions with (%) have 2 mnemonics and 2 object codes for each. (example of LMAIY (X) is given below.)

OPERATION CODE

Add Immediate to A Al 101000isi2irio |
Increment B . 0001001100
Decrement B DB 001 i 0611 11
Decimal Adjust for Addition DAA 0010100110
Decimal Adjust for Subtraction DAS oo10101010]|
Negate A NEGA 0001100000
Complement B “["comB |0101000000
E&ZQE;&JE&E c;}ry ) ROTR 0010100000
Rotate Left A wnth Carry T R(_)?L 56-; (_)1_6 0001
Set Carry | sec 0011101111
Eé‘s'e'}‘é'a_{n}' T REC 0011101100
Test Carry TC 0001101111 |
Add A to Memory | AM 0000001000 | M+A-A OVF
Add A to Memory AMD d |Q1000010007 "M+A.A OVF
Add A to Memory with Carry AMC 0000011000 | MICAZA [ ovF
Add A to Memory W;H-Earry AMCD d 913837%95&4 éggdo.do; MSC;E:::A OVFW
Subtract A from Memory with Carry | SMC 0010011000 | M ATESAT NB
Sutitract A frorn Memory wnth Carry - Sj/l(;? d 39 11:19]179535 }h é]g}g‘ go M_NAB__S:KA")A f\_l“BM
OR A and B 0101000100 | ALB -A

i 0010011100 | AlM-A

AND Memo

011001171
dodg d7ds ds da d3dzdi do

TAIMLA

ORMemorywnhA ORM 0000001100
OR Memor o 0100
(?E»Nl»e?’\“o“r}/_\_mth A 5 OFM__D d dedsdrds dﬁg d dz? g .
EOR Memory with A EORM 0000011100
0700017100
EOR Memory with A (EORMD | 4y dud o 0s dscad 01 o
G HITACHI
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Table 27. Compare Instruction

'WORD,
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS /E
YCL!
Immediate Not Equal to Memory INEM i 000010i3izi1i0 i#M NZ 11
i idl 01001 0izizi;1 i

Immediate Not Equal to Memory INEMD id do dg dy ds s ds 3331'&"& i#M NZ 2,2

A Not Equal to Memory ANEM 0000000100 A#M NZ 11
010

A Not Equal to Memory ANEMD d [Q100000100T A#m NZ |22

B Not Equal to Memory BNEM 0001000100 B#M NZ 11

Y Not Equal to Immediate YNEI i 00011 1izizivio Y#i NZ 11

Immediate Less or Equal to Memory ILEM i 00001 1izizirio isM NB 11

Immediate Less or Equal to Memory | ILEMD id gdam 95 35 (}" 3621" :2, i=M NB 2,2

A Less or Equal to Memory ALEM 000001 0100 A<M NB 1.1
0100

A Less or Equal to Memory ALEMD d [010001919%] Asm NB | 22

B Less or Equal to Memory BLEM 0011000100 B<M NB 11

A Less or Equal to Immediate ALEl i 10101 1isizirio A<i NB 11

Table 28. RAM Bit Manipulation Instruction

WOR

OPERATION MNEMONIC | OPERATION CODE | FUNCTION |STATUS %?c' .
Set Memory Bit SEM n 00100001 mno| 1-M(n) 11

i 01100001
Set Memory Bit SEMD nd dy dg d; s ds da da dp d.dﬁ 1-M(n) 2,/2
Reset Memory Bit REM n 00100010nino| 0O-—M(n) 11
Reset Memory Bit REMD nd [ Q1100010 0mo[ oM 2,2
Test Memory Bit T™ n 00100011 mno M(n) 1,1
i 1

Test Memory Bit TMD nd (01100011 im0 M) | 2/2

Table 29. ROM Address Instruction

\WORI
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS /;LE

Branch on Status 1 BR b 1 1 brbebsbabababibo 1 11
0101 11 P3p2pPo

Long Branch on Status 1 BRL u gg gsa, fs ds ;,‘ “’3?,’ g| go 1 2,2
iyt 2P1Po

Long Jump Unconditionally JMPL u dgdsdydsgsdtdadzm do 2,2

Subroutine Jump on Status 1 CAL a |01 11 asasaszazaiao 1 1,2

Long Subroutine Jump on Status 1 CALL u 99 3.973 Asg{‘;’?ﬁz’g"gg 1 2,2

Table Branch TBR p (001011 p3pzpipo 11

Return from Subroutine RTN 0000010000 1/3

Return from Interrupt RTNI 0000010001 |ca palore 1/3

Table 30. Input/Output Instruction

OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS ny
Set Discrete 1/0 Latch SED 0011100100 1-D(Y) 1;(:1]_E
Set Discrete 1/0 Latch Direct SEDD m {1 0 1 1 1 0 mammme 1-D(m) 1.1
Reset Discrete I/0 Latch RED 0001100100 0—-D(Y) 11
Reset Discrete I/0 Latch Direct | REDD m {1 0 0 1 1 0 msmammo 0—D(m) 11
Test Discrete 1/0 Latch TD 0011100000 D(Y) 11
Test Discrete /0 Latch Direct TDD m {1 01 0 1 0 msmmmo D(m) 11
Load A from R-Port Register LAR m (100101 mimmme R(m)—A 1.1
Load B from R-Port Register LBR m {1 00100 mmmmo R(m)—B 11
Load R-Port Register from A LRA m (101101 mmmmo A—R(m) 11
Load R-Port Register from B LRB m (101100 mmmmo B—R(m) 11
Pattern Generation P P |01 1011 papapipo 1,2
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Table 31. Control Instruction

OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS woy
CYCLE
No Operation NOP 0000000000 11
Start Serial STS 0101001000 11
Stand-by Mode SBY 0101001100 11
Stop Mode STOP 0101001101 1.1
Table 32. Op-Code Map

- e e e - R
EINEIE 2%;_!4 s[e[7]8]s[a[8]c[o[E[F[o]1[2[3]4][5][6]7[8]5[A[B[c[D[E[F

0 [NOPspx XsPYXSP I AM ORM NEM AMD 0RMD)

1 RTNRTNI| .M(M AMC| IEORM| — 164D TAMCD| foa

2 INEM @ _ ... NEMD & 4

3 ILEM (4) ILEMD i4)

4| LBM(XY) [BNEM LAB ) o] __—JOR[_— [s1s|_— [sev[siop

5 [LmAIvIX)] AVY, s “Iv] =T JMPL pl4)

6 [N __—[ReD = c CALL p4)
ol? YNEI i(4) BRL pl4)

8] XMAXY) [ SEM n2) [ REM ni2) | TM n(2) xmq/r SEMD n(2) T REMD n(2) | TMD n(2)

9] Lamxy) [ LMA(XY) [SMV [ _—" uuﬂ/ [[wq /Fuﬂ/ Fnu J/

A [ |__———Jow]_——Jow __—— i T R

B TBR pt4) P p(4)

c| xmBixy) [oew L8A 0B

D |Lmapyi]_—[sty YA [ caL 26)

Efto] _— [s®0 Al __— [rec SEC

F LWI i(2)

) L8l it4)

1 X% i(a)

2 Lxi i4)

3 LAI i(4)

a LBR m(4)

5 LAR m(4)

6 REDD m(4)

7 LAMR m(a)
' s 4 B - BR bi8)

9 LMY i(a)

A TOD m(4)

) ALEI it4)

C LRB m(a)

) LRA m(4)

E SEDD m(4)

F XMRA m(4)

... RAM Direct Address d
a2 cvt e cuce [ R Dt Ao 2 word? vt
{2 word/2 cycle)
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= PRECAUTION TO USE THE EPROM ON-PACKAGE
4 BIT SINGLE CHIP MICROCOMPUTER
Please pay attention to the followings, since this MCU has

special structure with pin socket on the package. .

(1) Don’t apply high static voltage or surge voltage over MAX-
IMUM RATINGS to the socket pins as well as the LSI
pins.

If not, that may cause permanent damage to the device.

(2) When using this in production like mask ROM type single
chip microcomputer, pay attention to the followings to
keep the good contact between the EPROM pins and socket
pins.

(a) When soldering the LSI on a print circuit board, the
recommended condition is

Temperature: lower than 250°C

Time : within 10 sec.
Over time/temperature may cause the bonding solder
of socket pin to melt and the socket pin may drop.
Note that the detergent or coating will not get in
the socket during flux washing or board coating
after soldering, because that may cause bad effect on
socket contact.
(c) Avoid permanent application of this under the con-
dition of vibratory place and system.
The socket, inserted and pulled repeatedly loses its
contactability. It is recommended to use new one when
applied in production.

®

~

d

-~

Table 33 Differences among HD614P080S/HD614P0160S and HMCS402/404/408

T
ype name HD614P080S HD614P0160S |HMCS404AC| HMCS404C |HMCS404CL{HMCS402AC| HMCS402C | HMCS402CL| HMCS408C
Item
:A)(':‘:L"t‘l‘; ;?rs’:;uctlon 1.33 us 1.33 us 1.33 ps 2 us 4 us 1.33 us 2 us 4 us 2us
Power supply voltage 45~ 5.5V 4.5 ~ 55V 45~6V| 4~6V 27~6V| 45~6V| 4~6V 27~6V| 4~6V
04096 words x  |16384 words x
10 bits 10 bits 8192 words
ROM (using standard |(using standard 4,096 words x 10 bits 2,048 words x 10 bits x 10 bits
EPROM 2764) |EPROM 27256) Mask ROM Mask ROM Mask ROM
©8192 words x
10 bits (using
standard
EPROM 27128) .
RAM 576 digits x 4 bits 256 digits x 4 bits 160 digits x 4 bits S12 daits
Standard pins| All pins are “‘without pull-up MOS  [Each pin selects ‘without pull-up MOS (NMOS open drain)”, "‘with pull-up MOS”,
1/0 pin (NMOS open drain)"’. or “CMOS".
circuit
High Voltage | All pins are *‘without pull-down Each pin selects *‘without pull-down MOS (PMOS open drain)’ or “with pull-down
pins MOS (PMOS open drain).” MOS."”
Crystal i i1abl Availabl Availabl Habl Habl, abl. ilabl
Clock resonator Available A A A A
generator
Ceramic filter " " " Availabl Availabl ab| Availabl Availabl
resonator Available Available | Available A
Resistance - - Available | — - Available | — -
Shrink type 64-pin EPROM on
package (DC-64SP).
The base chip pins are compatible Shrink type 64-pin dual-in-line plastic package (DP-64S) or 64-pin
Package with those of the HMCS404 flat plastic package (FP-64).
AC/C/CL, HMCS402AC/C/CL and
HMCS408C
Type DC-64sP DP-64S FP-64
Occupied
area (mm?) 23x57.3 17x57.6 19.6 x 25.6
High from 7.5 (max.)
stand-off EPROM on package 5.1 (max.) 2.9 (max.)
(mm)
G HITACHI

386 Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300



HMCS412C/HMCS412CL/—

HMCS412AC

(HD614120/HD6141 25/HD61 4128)

Description

The HMCS412C/CL/AC are CMOS 4-bit single-
chip microcomputers in the HMCS400 series.
Each device incorporates ROM, RAM, I/0,
and timer/counter and contain high-voltage
1/0 pins including high-current output pins to
drive a fluorescent display directly.

Features

4-bit architecture
2048 words of 10-bit ROM
160 digits of 4-bit RAM
36 I/0 pins, including 24 high-voltage I/O
pins (40 V max)
Timer/counter
—11-bit prescaler
—8-bit auto-reload timer/event counter
(timer B)
® Three interrupt sources
—External: 2
—Timer/counter: 1
® Subroutine stack
—Up to 16 levels including interrupts
® Minimum instruction execution time
—0.89 us: HMCS412AC
—1.78 us: HMCS412C
—3.65 us: HMCS412CL
® Low power dissipation modes
—Standby: Stops instruction execution
while allowing clock oscillation and
interrupt functions to operate
—Stop: Stops instruction execution and
clock oscillation while retaining RAM
data
® On-chip oscillator
—Crystal or ceramic filter
—External clock input
® Package
—Standard 42-pin dual in-line plastic
package
—42-pin shrink dual in-line plastic pack-
age
—44-pin flat plastic package

Instruction set compatible with
HMCS404; 98 instructions

® High programming efficiency with 10-bit/
word ROM: 78 single-word instructions

® Direct branch to all RAM areas

® Direct or indirect addressing of all RAM
areas

® Subroutine nesting up to 16 levels includ-
ing interrupts

@ Rinary and BCD arithmetic cperations

® Powerful logical arithmetic operations

® Pattern generation-table lookup capabil-
ity

® Bit manipulation for both RAM and I/0

Program Development Support Tools

® Cross assembler and simulator software for
use with IBM PCs and compatibles

® In circuit emulator for use with IBM PC

HD614P180 with the following fixed

options:

—I/0O pin: open drain

—Oscillator: crystal or ceramic filter oscil-
lator
(externally drivable)

—Divider: Divide by 8

—Package: standard 42-pin dual in-line
ceramic package

Ordering Information

Item HMCS412C HMCS412CL HMCS412AC
Product HD614120 HD614125 HD614128
Name

Power Supply 3.5 to 6 2.5t06 4.5t06

(\%]

Typical 2 4 1

instruction
Cycle Time (us)

@ HITACHI
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Pin Arrangement K
D12 1o 42D i
D1z 2 41Do 2., . .
D1 3 40[]Ds §£ds558sss4s
RA1/Vaisp[]4 39[1Ds juinininnnininininink
ROo 5 38Dy ro, ] $2935838583% ;”jnc
RO1 6 37 1Ds¢ ro.[]2 s2[ o
ROz []7 36[JDs ro,[ ] . :'D‘
R03Es 35{ 1D4 ° .
R1oClo 2a[1Ds R1o[]4 so[Jos
R1: o 33010, a1, s 29[ Jo.
R12 32]1D1 1.6 28[_Jo,
R1:112 31 Do R 27 oo
R2o[]13 30[JGND Rz ] 26[ Janp
R2: [J1a 20[1]0SC: R2[]e 25 Josc.
R2: 15 28[70SCs r2,[ 10 24[Josc,
RzaEw 27%1‘E§T I L LS
R30 )17 26 JRESET 0@t ST
R3:[J18 25 1R43 nglé °I__H_8I:Q’L3H:;HEJLJ
R32/INTo 19 24F1R4, SEEEsEEEERE
R33/INT: L J20 23 ]R4, 2 g =
Vee [ 22[ R4, NC: No Conection
(DP-42, DP-42S) (FP-44A)
(Top View) (Top View)
Block Diagram
R3s/ R3z/
TNT: INTo RESET TEST 0SC10SC2Vee GND
] — A N
) Timer External System Control I
= <:> B Interrupt
Interrupt Control Rom
2,048 % 10-bit
RAM Instruction
<;::> SP
160X 4-bit Decoder
R ! f - W
' e J e e ]
] 1 i
R1 | l D Port —I
] I I i I I ] rf-fﬁ.: FI-HWH Tr TR
R43R4:R41R40 R33/R3,/R31R30 |R23R22R2|R20||R13R12R1tR1uE :R03R02R0|R00|| D14D13D12D11D10 Ds Ds D7 D Ds D¢|Da D2 D1 Do
INT:INTo T e gy g S S
i::-_-l High Voltage Pins
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Pin Description
GND, Vcc, Vaisp (POWe!')

GND, Vcc, and Vaisp are the power supply pins
for the MCU. Connect GND to the ground (0
V) and apply the Vcc power supply voltage to
the Vcc pin. The Vyisp pin (multiplexed with
RA,) is a power supply for high-voltage 1/0O
pins with maximum voltage of 40 V (Vcc—40
V). For details, see Input/Output section.

TEST (Test)

TEST is for test purposes only. Connect it to
Vee.

RESET (Reset)

RESET resets the MCU. For details, see Reset
section.

OSC;, OSC: (Oscillator Connections)

OSC; and OSC; are input pins for the internal
oscillator circuit. They can be connected to a
crystal resonator, ceramic filter resonator, or
external oscillator circuits. For details, see
Internal Oscillator Circuit section.

Do—D14 (D Port)

The D port is an input/output port addressed
by the bit. These 15 pins are all input/output
pins. Do to D3 are standard and D4 to Dy are
high-voltage pins. The circuit type for each
pin can be selected using a mask option. For
details, see Input/Output section.

RO0o—RO0s3, Rlo—R1s, R2p—R23, R30—R33,
R4o—R4;, RA; (R Ports)

RO to R4 are 4-bit ports. RA is a 1-bit port. RO
is an output port, RA is an input port, and K1
to R4 are I/O ports. RO, R1, R2, and RA are
high-voltage ports, and R3 and R4 are stan-
dard ports. Each pin has a mask option which
selects its circuit type. The pins R3;, and R33
are multiplexed with INTy and INT; respec-
tively. For details, see Input/Output section.

INTo, INT: (Interrupts)

INTo and INT; are external interrupts for the
MCU. INT: can be used as an external event
input pin for timer B. INT, and INT; are
multiplexed with R3; and R33 respectively.
For details, see Interrupt section.

Functional Description
ROM Memory Map

The MCU includes 2,048 words X 10 bits of
ROM. ROM is described in the following par-
agraphs and the ROM memory map (figure 1).

Vector Address Area (S0000 to SOOOF):
Locations $0000 through $000F can be used
for JMPL instructions to branch to the start-
ing address of the initialization program and
of the interrupt service programs. After reset
or interrupt routine is serviced, the program
is executed from the vector address.

Zero-Page Subroutine Area (S0000 to
S003F): Locations $0000 through $003F can
be used for subroutines. CAL instructions
branch to subroutines.

Pattern Area ($0000 to SO7FF): Locations
$0000 through $07FF can be used for ROM
data. P instructions allow referring to the
ROM data as a pattern.

Program Area ($0000 to SO7FF): Locations
from $0000 to $07FF can be used for program

code.
RAM Memory Map

The MCU includes 160 digits of 4-bit RAM as
the data and stack area. In addition to these
areas, interrupt control bits and special func-
tion registers are also mapped on the RAM
memory space. The RAM memory map (figure
2) is described in the following paragraphs.

Interrupt Control Bit Area (S000 to S003):
The interrupt control bit area (figure 3) is
used for interrupt controls. It is accessable
only by a RAM bit manipulation instruction.
However, the interrupt request flag cannot
be set by software. The RSP bit is used only to
reset the stack pointer.

Special Function Registers Area ($004 to
S00B): The special function registers are the
mode or data registers for the external inter-
rupt, the serial interface, and the timer/
counter. These registers are classified into
three types: write-only, read-only, and read/
write as shown in figure 2. These registers
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cannot be accessed by RAM bit manipulation

instructions.
0 760000
0 JMPL Instruction _|$0000
Vector Address 1 (Jump to RESET Routine) $0001
15 $O00F 2 JMPL Instruction _|$0002
16 |$0010 3 (Jump to INTo Routine) $0003
Zero-Page Subroutine 4] JMPL Instruction _|s0004
(64 Words) 5 (Jump to INT1 Routine) $0005
63 $O03F 6 $0006
64 $0040 7 $0007
;n::;ram 8 JMPL Instruction $0008
attern - . . -
9 (Jump to Timer B Routine) 0009
(2,048 Words) $
$O7FF 10 $000A
2047
2048 $0800 1 $000B
12 $000C
Not Used 13 $000D
14 $000E
16383 $3FFF 15 $000F
Figure 1. ROM Memory Map
o $000 0 $000
- i 1 $001
RAM-Mapped Registers Interrupt Control Bits
31 $O1F 2 $002
32 $020
Memory Registers (MR) \ 3 - . $003
a7l $02F 4 Port Mode Register (PMR) i w $004
48 $030 5 Not Used $005
6 Not Used $006
Data
7 Not Used $007
(96 Digits) 8 Not Used $008
9 Timer Mode Register B (TMB): W |$009
127 $O7F 10 . . (TCBL/TLRL)i R/W |$00A
128 $080 - Timer B +
1 (TCBU/TLRU): R/W |$00B
Not Used 12 $00C
959 $3BF Not Used
960! $3C0
Stack
(64 Digits) 31 $01F
1023 $3FF
* Two registers are mapped on same address.
X Timer/Event Counter B Lower! Timer Load Reg. Lower :
R: Read Only 10 (TCBL) R (TLRL) W | $00A
W: Write Only : '
. . Timer/Event Counter B Upper: Timer Load Reg. Upper
R/W: Read/Write 1 (TCBU) R (TLRU) : w | sooB

390

Figure 2. RAM Memory Map
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Data Area ($020 to SO7F): 16 digits of $020
through $02F are called memory registers
(MR) and are accessible by LAMR and XMRA
instructions (figure 4).

Stack Area (S3CO0 to S3FF): Locations $3C0
through $3FF are reserved for LIFO stacks to
save the contents of the program counter
(PC), status (ST) and carry (CA) when su-

broutine call (CAL-instruction, CALL-
instruction) and interrupts are serviced. This
area can be used as a 16 nesting level stack in
which one level requires 4 digits. Figure 4
shows the save condition. The program
counter is restored by RTN and RTNI instruc-
tions. Status and carry are restored only by
RTNI instruction. This area, when not used for
a stack, is available as a data area.

bit 3 bit 2 bit 1 bit O
IMO IFO RSP I/E
0 __ . ) / $000
(IM of INTy) (IF of INTy) (Reset SP Bit) (Interrupt Enable Flag)
Not U IM1 IF1 $001
N t ___ __
! ot Used ot Used (IM of INT, ) (IF of INT; )
IMTB IFTB
N 002
2 Not Used ot Used (IM of Timer B) (F of Tmer B) | °
3 Not Used Not Used Not Used Not Used $003

IF:  Interrupt Request Flag
IM: Interrupt Mask
I/E:  Interrupt Enable Flag
SP: Stack Pointer

Note:

affected by the SEM/SEMD instruction.

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not

The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction.

Figure 3. Configuration of Interrupt Control Bit Area

Memory Registers Stack Area
32| MR [s020 960 Level 16 |s3CO
33| MR(1) [$021 Level 15 PCi3 to PCo: Program Counter
34] MR(2) |[$022 Level 14 ST: Status
35| MR(3) |$023 Level 13 CA: Carry
36| MR(4) [$024 Level 12
37 MR(5) |$025 Level 11 Note: As the HMCS412C/CL/AC have 2k
as[ MR6)  |$026 Level 10 ROM, PCy;, PCy; and PCy3 are not used.
39| MR(7) [$027 Level 9 bit 3 bit 2 bit 1 bit 0
40| MR(8) |[$028 Level 8 T T
41| MR |so029 Tovel 7 1020| ST PCw P~ PCOn |33FC
42| MR(10) |$02A Level 6 T
43| MR(11) |$028B Level 5 1021} PCio PCo ' PCs 1 BC; |$3FD
44| MR(12) |$02C Level 4 ! T
45| MR(13) |so20 Level 3 1022 cA PCe | PCs | PC:  |S3FE
46| MR(14) |$02E Level 2 T
471 MR(15) |$02F  1023[ Level 1 |$3FF 1023 PG A = \ PG \ PCo |S3FF
Figure 4. Configuration of Memory Register, Stack Area, and Stack Position
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Registers and Flags

The MCU has nine registers and two flags for
the CPU operations (figure 5).

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results of
the arithmetic logic unit (ALU), and transfer
data to/from memories, I/O, and other regis-
ters.

W Register (W), X Register (X), Y Regis-
ter (Y): The W register is a 2-bit, and the X
and Y registers are 4-bit registers used for
indirect addressing of RAM. The Y register is
also used for D port addressing. The W regis-
ter is write-only register.

SPX Register (SPX), SPY Register (SPY):
The 4-bit registers SPX and SPY are used to
assist the X and Y registers respectively.

Carry (CA): The carry (CA) stores the over-
flow from ALU generated by an arithmetic
operation. It is also affected by SEC, REC,
ROTL, and ROTR instructions.

During interrupt servicing, carry is pushed
onto the stack. It is restored by a RTNI
instruction, but not by a RTN instruction.

Status (ST): The status (ST) holds the ALU
overflow, ALU non-zero, and the results of bit
test instruction for the arithmetic or compare
instructions. It is a branch condition of the BR,
BRL, CAL, or CALL instructions. The value of
the status remains unchanged until the next
arithmetic, compare, or bit test instruction is
executed. Status becomes 1 after a BR, BRL,
CAL, or CALL instruction whether it is
executed or skipped. During interrupt servic-
ing, status is pushed onto the stack and res-
tored back from the stack by a RTNI instruc-
tion, but not by a RTN instruction.

Program Counter (PC): The program
counter is a 14-bit binary counter which con-
trols the sequence in which the instructions
stored in ROM are executed.

Stack Pointer (SP): The stack pointer (SP) is
used to point the address of the next stacking
area (up to 16 levels).

The stack pointer is initialized to RAM
address $3FF. It is decremented by 4 when
data is pushed onto the stack, and in-
cremented by 4 when data is restored from it.
The stack can only be used up to 16 levels
deep because the upper 4 bits of the stack
pointer are fixed at 1111.

w0
H

W

w

w0
l

W

Accumulator

(o]

B Register

-y
o

w W Register

oI

X X Register

Y Register
0

SPX SPX Register
0

SPY SPY Register

Carry Flag

Status Flag

s

{ PC

J Program Counter

9 5
Ll gd

9
SP J Stack Pointer

Figure 5. Registers and Flags
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The stack pointer is initialized to $3FF by
either MCU reset or the RSP bit reset by a
REM/REMD instruction.

Interrupt

Three interrupt sources are available on the
MCU: external requests (INTp,, INT:), and
timer/counter (timer B). For each source, an
interrupt request flag (IF), interrupt mask
(IM) and interrupt vector addresses are pro-
vided to control and maintain the interrupt
request. The interrupt enable flag (IE) is also
used to control an interrupt operations.

Interrupt Control Bits and Interrupt
Service: The interrupt control bits are
mapped on $000 through $003 of the RAM
space. They are accessible by RAM bit
manipulation instructions. (The interrupt
request flag (IF) cannot be set by software.)
The interrupt enable flag (IE) and IF are
cleared to 0, and the interrupt mask (IM) is set
to 1 at initialization by MCU reset.

Figure 6 is a block diagram of the interrupt
control circuit. Table 1 shows the interrupt
priority and vector addresses, and table 2
shows the interrupt conditions corresponding
to each interrupt source.

Table 1. Vector Addresses and Inter-
rupt Priority

Table 2. Interrupt Service Conditions

Interrupt Control Bit INTp INTy Timer B
Reset, Interrupt Priority Vector addresses
I/E 1 1 1
RESET - $0000
j— IFO-IMO 1 0 [¢]
INTo 1 $0002
— IF1-IM1 * 1 0
INTy 2 $0004 p—
IFTB-IMTB * * 1
Timer B 3 $0008 ]
* Don’t care
$000.0 Sequence
Control
I/E -Push PC/CA/ST
‘Reset |/E
"Jump to Vector
I Address.
$000,2 M ‘
IFO
$000,3 - —
MO —>Vector Address
Priority Control PLA L
001,0
IF1
5001, 1
M1
$002,0
IFTB
IMTB

Figure 6. Interrupt Control Circuit Block Diagram
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The interrupt request is generated when the
IF is set to 1 and IM is O. If the IE is 1 at this
time, the interrupt will be activated and
vector addresses will be generated from the
priority PLA corresponding to the interrupt
sources.

Figure 7 shows the interrupt service
sequence, and figure 8 shows the interrupt
service flowchart. If an interrupt is requested,
the instruction being executed finishes in the
first cycle. The IE is reset in the second cycle.
In the second and third cycles, the carry,
status and program counter are pushed onto
the stack. In the third cycle, the instruction is
re-executed after jumping to the vector
address.

In each vector address, program a JMPL
instruction to branch to the starting address
of the interrupt service program. The IF
which caused the interrupt service must be
reset by software in the interrupt service
program.

Interrupt Enable Flag (I/E: $S000 bit 0):
The interrupt enable flag enables/disables
interrupt requests as shown in table 3. It is
reset by interrupt servicing and set by the
RTNI instruction.

External Interrupts (INTo, INTi1): The
external interrupt request inputs (INTo, INTy)

can be selected by the port mode register
(PMR: $004). Setting bit 3 and bit 2 of PMR
causes R33/INT1 pin and R3,/INT, pin to be
used as INT; pin and INT, pin respectively.

The external interrupt request flags (IF0, IF1)
are set at the falling edge of INT, and INT
inputs (table 4).

The INT; input can be used as a clock signal
input to timer B. Then, timer B counts up at
each falling edge of the INT; input. When
using INT; as timer B external event input,
the external interrupt mask (IM1) has to be
set so that the INT; interrupt request will not
be accepted (table 5).

External Interrupt Request Flags (IFO:
$000 bit 2, IF1: S001 bit 0): The external
interrupt request flags (IF0, IF1) are set at the

falling edge of the INTp;, and INT: inputs
respectively.

External Interrupt Masks (IMO: $S000 bit
3, IM1: $001 bit 1): The external interrupt
masks mask the external interrupt requests.

Port Mode Register (PMR: $004): The 4-bit
write-only port mode register controls the
R32/INT, pin, and R33/INT; pin as shown in
table 6. The port mode register will be initial-
ized to $0 by MCU reset. These pins are
therefore initially used as ports.

Table 3. Interrupt Enable Flag

Table 6. Port Mode Register

Interrupt Enable Flag Interrupt Enable/Disable PMR3 R33/INT; Pin
0 Disable 0 Used as R33 port input/output pin
1 Enable 1 Used as INT; input pin
Table 4. External Interrupt Request
Flag PMR2 R3,/INTo Pin
Extornal Interrupt Request Flags  Interrupt Requests 0 Used as R3; port input/output pin
0 No 1 Used as INT input pin
1 Yes
Table 5. External Interrupt Mask
External Interrupt Masks Interrupt Requests
(o] Enable
1 Disable (masks)
G HITACHI
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Instruction 1 2

3 4 5 6
Cycles
L 1 ! 1 | ! |
I T T T 1 T U
Instruction
execution
. tacki
Interrupt Stacking, Stacking,
Vector address
accepted Reset of I/E A
is generated

JMPL instruction execution on the
vector address

Instruction
execution at
starting address
of the interrupt
routine

Figure 7. Interrupt Servicing Sequence

@ HITACHI
Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 ¢ (415) 589-8300 395



HMCS412C/HMCS412CL/HMCS412AC

Power
ON

RESET>N0
Yes '
InterN
Request es
/
No
No VE=17
Yes
A (8) ! ©)
Reset MCU ' Execute Interrupt
Instruction Accept
PC < (PC)+1 IJE<0
Stack < (PC)

l Stack < (CA)
Stack < (ST)

INTo

“‘—J PC < $0002 Yes Interrupt

r— PC < $0004

o PC < $0008 (Timer B Interrupt)

Figure 8. Interrupt Servicing Flowchart
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Timer

The MCU contains a prescaler and a timer/
counter (timer B, figure 9) whose functions
are the same as HMCS404C's. The prescaler is
an 11-bit binary counter, and timer B is an 8-
bit auto-reload timer/event counter.

Prescaler: The input to the prescaler is a
system clock signal. The prescaler is initial-
ized to $000 by MCU reset, and it starts to
count up the system clock signal as soon as
the RESET input goes to logic 0. The prescaler
keeps counting up except in MCU reset and
stop mode. The prescaler provides clock sig-
nals to timer B. The prescaler divide ratio is
selected by the timer mode register B (TMB).

Timer B Operation: The timer mode regis-
ter B (TMB: $009) selects the auto-reload
function, input clock source, and the pres-
caler divide ratio for timer B. When the
external event input is used as an input clock
signal to timer B, select R33/INT; as INT; and
set the external interrupt mask (IM1) to pre-
vent an external interrupt request from oc-
curring.

Timer B is initialized according to the data
written into the timer load register by soft-
ware. Timer B counts up at every clock input
signal. When the next clock signal is applied
to timer B after it is set to $FF, it will generate
an overflow output. Then case, if the auto-
reload function is selected, timer B is initial-
ized to the value of the timer load register. If
it is not selected, timer B goes to $00. The

timer B interrupt request flag (IFTB: $002 bit
0) will be set at this overflow output.

Timer Mode Register B (TMB: $009): The
4-bit write-only timer mode register B (TMB)
selects the auto-reload function, the prescaler
divide ratio, and the source of the clock input
signal, as shown in table 7. The timer mode
register B is initialized to $0 by MCU reset.

The operation mode of timer B changes at the
second instruction cycle after the timer mode
register B is written to. Timer B should be
initialized by writing data into the timer load
register after the contents of TMB are chan-

mode register B is shown in figure 10.

Timer B (TCBL: S00A, TCBU: S00B, TLRL:
SO00A, TLRU: SO00B): Timer B consists of an 8-
bit write-only timer load register and an 8-bit
read-only timer/event counter. Each has a
low-order digit (TCBL: $00A, TLRL: $00A) and
a high-order digit (TCBU: $00B, TLRU: $00B)
(figure 2).

The timer/event counter can be initialized by
writing data into the timer load register. In
this case, write the low-order digit first, and
then the high-order digit. The timer/event
counter is initialized when the high-order
digit is written. The timer load register is
initialized to $00 by the MCU reset.

The counter value of timer B can be obtained
by reading the timer/event counter. In this
case, read the high-order digit first, and then

Timer Mode Register B

Internal Bus Line (S1)

<

~

L4
TMB (4 bit)
TL (4 bit) L4
Timer Latch
. 3
iNT, I
) TCB (8 bit) TBOF
PTB
@———' Timer B MPX Timer/Event Counter B IFT8
EERERRN
o « g - Request Flag
o < o S G IS TLR (8 bit) of Timer B
RS IR R IR A S | Timer Load Register
System .
Clock Prescaler (11 bit) s a4

Internal Bus Line (S2)

<

>

Figure 9. Timer Block Diagram
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the low-order digit. The count value of the
low-order digit is latched at the time when
the high-order digit is read.

Timer B Interrupt Request Flag (IFTB:
$002 bit 0): The timer B interrupt request
flag is set by the overflow output of timer B

(table 8).

Timer B Interrupt Mask (IMTB: $002 bit
1): The timer B Interrupt mask prevents an
interrupt request from being generated by
the timer B interrupt request flag (table 9).

Table 7. Timer Mode Register B

TMB3 Auto-reload Function
[¢] No
1 Yes

Prescaler Divide Ratio,
TMB2 TMB1 TMBO Clock Input Source

0 0 0 + 2048
0 0 1 + 512
0 1 0 + 128
(0] 1 1 + 32
1 0 0 + 8
1 0 1 + 4
1 1 (0] + 2

INT; (External Event Input)

Table 8. Timer BInterrupt Request Flag
Timer B Interrupt

Request Flag Interrupt Request
0 No
1 Yes

Table 9. Timer B Interrupt Mask

Timer B Interrupt Mask Interrupt Request

(0] Enable

1 Disable (Mask)

R32/INTo pin mode selection

R33/INT: pin mode selection

PMR: $004
PMR3 | PMR2
[
TMB: $009
TMB3 | TMB2 | TMB1 | TMBO
3 N
1

Timer B input clock selection

Auto-reload function selection

Figure 10. Mode Register Configuration and Function
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Input/Output

The MCU has 36 I/O pins, 12 standard and 24
high voltage. One of three circuit types can
be selected by mask option for each standard
pin: CMOS, with pull-up MOS, and without
pull-up MOS (NMOS open drain). One of two
circuit types can be selected for each high-
voltage pin: with pull-down MOS and with-
out pull-down MOS (PMOS open drain). Since
the pull-down MOS is connected to the
internal Vuisp line, Vgisp must be selected for
the RA1/Vuisp pin via mask option when at
least one high-voltage pin is selected as with
pull-down MOS. See table 10 for I/O pin cir-

cuit tymee
cut types.

When every input/output pin is used as an
input pin, the mask option and output data
must be selected as specified in table 11.

Output Circuit Operation With Pull-Up
MOS Standard Pins: In the standard pin
option with pull-up MOS, the circuit shown in
Figure 11 is used to shorten rise time of out-
put.

When the MCU executes an output instruc-
tion, it generates a write pulse to the R port
addressed by this instruction. This pulse will
switch the PMOS (B) on and shorten the rise
time. The write pulse keeps PMOS in the on
state for one-eighth of the instruction cycle
time. While the write pulse is 0, a high output
level is maintained by the pull-up MOS (C).

When the HLT signal becomes 0 in stop
mode, MOS (A) (B) (C) turn off.

D Port: The D port I/O port has 15 discrete
I/O pins, each of which can be addressed
independently. It can be set/reset through
SED/RED and SEDD/REDD instructions, and
can be tested through TD and TDD instruc-
tions. See table 10 as for the classification of

standard pin, high-voltage pin, and the I/O
pin circuit types.

R Ports: The six R ports in the HMCS414 are
composed of 16 I/0O pins, 4 output-only pins,
and 1 input-only pin. Data is input through
LAR and LBR instructions and output
through LRA and LRB instructions. The MCU
will not be affected by writing into the input-
only and/or non-existing ports, while invalid
data will be read from the output-only and/or
non-existing ports.

The R3; and R3; pins are multiplexed with
the INTy and INT; pins respectively. See table
10 as for the classification of standard pins,
high-voltage pins and selectable circuit types
of these I/0O pins.

Unused I/0 Pins: If unused I/0 pins are left
floating, the LSI may malfunction because of
noise. The I/0O pins should be fixed as follows
to prevent the malfunction.

High-voltage pins: select without pull-up
MOS (PMOS open drain) via mask option and
connect to Vcc on the printed circuit board.

Standard pins: Select without pull-up MOS
(NMOS open drain) via mask option and
connect to GND on the printed circuit board.

Reset

Bringing the RESET pin high resets the MCU.
At power-on, or when cancelling stop mode,
the reset must satisfy trc for the oscillator to
stabilize. In all other cases, at least two
instructions cycles are required for the MCU
to be reset.

Table 12 shows the parts initialized by MCU
reset, and the status of each. Table 13 shows
how registers recover from stop mode.
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Table 10. I/O Pin Circuit Types

Without pull-up MOS With pull-up MOS CMOS (C) Applicable
(NMOS open drain) (A) (B) pins
HLT Input ACT Input HLT Input
2 data ——'-E———D"—' data v da‘t)a
a Vee [Vee Write ce Do —D3
|4 ALT| R3p —R33
8| Common ALT O
§ Pins Output Output galgput R4o —R4,
a data data
Table 10. I/O Pin Circuit Types (Cont)
Without pull-down MOS ) Applicable
With pull-d MOS (E
(PMOS open drain) (D) 't pull-down () pins
Vce
HLT
1/0 O_ |'°G: Output Dy =Diq
Common data R19 —R13
Pins Ve RZO - R23
Vdisp H—LT:DO Input
data
@
£
o Vce
2 HLT
I —_— FC=Oupuc | R0 -ROs
>
= Pins
= Vce
I
Vdisp
Ilfput O FTET:D Input RA,
Pins data
Table 10. I/0 Pin Circuit Types (Cont)
Without pull-up MOS (NMOS open drain) Applicable
Wi -
or CMOS (A or C) ith pull-up MOS (B) pins
]
£
a __
2| Input Input Input INTo
(| data data iNT
'g Pins HLT HLT 1
3
(]

Note: In the stop mode, HLT signal is O, HLT signal is 1 and I/O pins are in high impedance state.
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HMCS412C/HMCS412CL/HMCS412AC

Table 11. Data Input from Input/Output Common Pins

1/0 Pin Circuit Type Input Possible Input Pin State
Standard Pins CMOS No —

Without pull-up MOS

. Yes 1

(NMOS open drain)

With pull-up MOS Yes 1
High Voltage Pins Without pull-down MOS Y o

es
(PMOS open drain)
With pull-down MOS Yes (6]

__I—_\_Write pulse
(Output

Pull-up MOS (C) PMOS (B) instruction)

- HLT

O . NMOS (A)
'_{—ﬁ Data

On Resistance Value
MOS
Buffer HMCS412C, HMCS412AC HMCS412CL
A approx. 250 Q approx. 1kQ
B approx. 1 kQ approx. 1.7 kQ
C approx. 30k to 160 kQ approx. 60kQ to 1 MQ (Vee = 3 V)
(Vee =5 V) approx. 30kQ to 160kQ (Vee = 5 V)
1 Instruction cycle
Output instruction execution
Write pulse

Figure 11. Output Circuit Operation of Standard Pins With Pull-Up MOS Option
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Table 12. Initial Value After MCU Reset

Initial Value by

Items MCU Reset Contents
Program Counter (PC) $0000 Execute program from the top of ROM
address
Status (ST) 1 Enable to branch with conditional branch
instructions
Stack Pointer (SP) $3FF Stack level is O
1/0 Pin Standard Pin (A} Without Pull- 1 Enable input
Output Register Up MOS
(B) With Pull-Up 1 Enable input
MOS
(C) CMOS 1 —
High Voltage (D) Without Pull- O Enable input
Pin Down MOS
(E) With Pull- (o] Enable input
Down MOS
Interrupt Flag Interrupt Enable Flag (I/E) (o] Inhibit all interrupts
Interrupt Request Flag (IF) (o] No interrupt request
Interrupt Mask (IM) 1 Mask interrupt request
Mode Register Port Mode Register (PMR) 0000 See port mode register
Timer Mode Register B (TMB) 0000 See timer mode register B
Timer/Counter Prescaler $000 —
Timer/Event Counter B (TCB) $00 —
Timer Load Register (TLR) $00 —

Table 13.

Initial Value after Stop Reset
After Recovering from Stop

After MCU Reset (Non-Stop

Item Mode by MCU Reset Mode)

Carry (CA) The contents of the items before MCU reset are not retained.
Accumulator (A) It is necessary to initialize them by software.

B Register (B)

W Register (W)

X/SPX Registers (X/SPX)

Y/SPY Registers (Y/SPY)

RAM

The contents of RAM before
MCU reset (just before STOP
instruction) are retained.

The contents of the items before
MCU reset are not retained.

It is necessary to initialize them by
software.

402
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Internal Oscillator Circuit

Figure 12 outlines the internal oscillator cir-
cuit. Through mask option, either crystal os-
cillator or ceramic filter oscillator can be

15 for selection of the type. In addition, see
figure 13 for the layout of the crystal or
ceramic filter. In all cases, external clock
operation is available. Three divide ratios, 1/
16, 1/8, and 1/4, are selectable via mask option

selected as the oscillator type. Refer to table (table 14).
osc: (D) Csciltator Divider Timing
(Selectable circuit generator System
with mask (Mask Option circuit clock
0SCs (:) options) Selectable)

Figure 12. Internal Oscillator Circuit
Table 14. Internal Oscillation Circuit
Mask Option

HMCS HMCS HMCS

412C 412CL 412AC
Divider 1/16 — O —
1/8 O @) —
1/4 O @]
Oscillator Crystal O O O
Ceramic O O O

Figure 13. Layout of Crystal and
Ceramic Filter
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Table 15. Examples of Oscillator Circuits
Circuit Constants
Circuit Configuration | HMCS412C HMCS412CL HMCS412AC
External Oscillator
Clock
Operation I:I— 0SCx
Open—0SC:2
Ceramic Ceramic filter Ceramic filter Ceramic filter
Filter o — CSA 4.00MG CSA 4.00MG CSA4.00MG
Oscillator | ceramict T1ose CSA 2.000MK CSA 2.000MK (Murata)
filter ']=’_;: Ri (Murata) (Murata) Rf: 1 MQ = 20%
—-HHosc: Re:1MQ *20% | Re1MQ*20% | Ci:30pF + 20%
an C1: 30 pF = 20% Cy: 30 pF = 20% C2: 30 pF * 20%
Cz: 30 pF + 20% Cy: 30 pF £ 20%
Crystal o Ri: 1 MQ = 20% Rf: 1 MQ = 20% Re: 1 MQ + 20%
Oscillator | cosa [T ,IOSC‘ C1: 10-22 pF * 20% | C1: 10-22 pF + 20% | C1: 10-22 pF + 20%
—T-':"I" C2: 10-22 pF * 20% | C2: 10-22 pF * 20% | C2: 10-22 pF * 20%
5'2 ]OSC’ Crystal: equivalent to | Crystal: equivalent to | Crystal: equivalent to
o circuit shown circuit shown circuit shown
o parle Co: 7 pF max. Co: 7 pF max. Co: 7 pF max.
Rs: 100 Q max. Rs: 100 Q max. Rs: 100 Q max.
osc«—{ L Sgrooscz f:1.0-4.5 MHz f:1.0-4.5 MHz f:1.0-4.5 MHz
Co
C lose, Rf: 2 MQ + 20%
Crystal [~ T (,l Cy: 10-22 pF + 20%
. T 3" Cz: 10-22 pF + 20%
A—seose: Crystal: equivalent to
GND circuit shown
o Co: 7 pF max.
Rs: 100 Q max.
osc|~—{ L cm—osc; f:1.0-2.25 MHz
Co
Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal,
ceramic filter resonator, and the floating capacitance in designing the board. In employing
the resonator, please consult with the engineers of the crystal or ceramic filter maker to
determine the circuit parameter.
2. Wiring between OSC,, OSC;, and elements should be as short as possible, and never cross
the other wires. Refer to the layout of crystal and ceramic filter (figure 13).
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Operating Modes

Low Power Dissipation Mode

The MCU has two low power dissipation
modes, standby mode and stop mode (table
16). Figure 14 is a mode transition diagram for
these modes.

Standby Mode: Executing an SBY instruc-

tion puts the MCU into standby mode. In
standby mode, the oscillator circuit is active
and interrupts and timer/counter working.
On the other hand, the CPU stops since the
clock related to the instruction execution
stops. Registers, RAM, and I/O pins retain the
states they were in just before the MCU went
into standby mode.

Table 16. Low Power Dissipation Mode Function

Low Power Input/
Dissipation Oscillator  Instruction Register, Interrupt Output Timer/ Recovery
Mode Instruction Circuit Execution Flag Function RAM Pin Counter Method
Standby mode  SBY Active Stop Retained  Active Retained  Retained Active RESET
instruction (Note 3) input,
interrupt
request
Stop mode STOP Stop Stop RESET Stop Retained  High Stop RESET
instruction (Note 1) impedance input
(Note 2)
Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 13 for the contents of

the flags and registers.

2. A high-voltage pin with a pull-down MOS is tied to the Vgisp power supply through the puli-
down MOS. As the pull-down MOS stays on, a pull-down current flows when a difference
between the pin voltage and the Visp voltage exists. This is in addition to the current

dissipation in stop mode (lstop)-

3. As an I/0 circuit is active, an 1/0 current may flow, depending on the state of 1/0 pin in
standby mode. This is in addition to the current dissipation in standby mode.

1

Standby
Mode

RESET

Active

=0

Figure 14. MCU Operation Mode Transition
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