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Preface

This document describes the basic hardware/software structures and other applications—
related features of the MB8764 16-bit general-purpose Digital Signal Processor (DSP).
The applications spectrum of the DSP is extremely broad, ranging from relatively simple
telecommunications and signal-processing requirements to very complex signal analysis,
multi-order filter designs, and systems that demand the utmost in throughput and compu-
tation capabilities.

Architectural features and the general applications spectrum of the DSP are defined in
Chapter 1. The remaining chapters describe programming techniques, interface character-
istics, application examples, and memory-expansions options. An MB8764 Data Sheet is
shown in Appendix B.
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Section One - Introduction

Contents of This Section Page
1.1 Architectural OVerview . ........ii ittt e, 1-1
1.2 Applications Spectrum ... ..... ...t i e 1-1

1.1 Architectural Overview

The MB8764 DSP is the ultimate answer to high-speed digital signal processing. Fea-
turing a 100-nanosecond cycle time and a high-speed pipelined multiplier, the MB8764
provides optimum throughput for computation-intensive applications. In addition, the
MB8764 provides the user with an extensive instruction set, expandable memory op-
tions, an on-chip DMA channel, and a wide assortment of peripherals and system de-
velopment tools. In combination, these functions and support devices provide design
flexibility, system efficiency, and the lowest possible processing costs. A simplified
block diagram of the MB8764 DSP is shown in Figure 1.1.

1.2 Applications Spectrum

Basic operations, processing functions, and major applications areas are shown in Fig-
ure 1.2.

Page 1-1
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Figure 1.2 Applications Spectrum of MB8764 Digital Signal Processor
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Section Two - Programming Techniques

Contents of This Section Page

2.1 Multi-Loop Programming . ............. .ot 2-1
2.2 Double Precision Addition And Subtraction

21 Multi-Loop Programming
Programming example #1 shows how nested loops can be utilized. In this dual-loop
program, the CO register is an 8-bit counter and the C1 register is a 4-bit counter.

(#$N1 means immediate data N1)

EXECUTION
#N2 =S| [ co-1 - co
¥ >3 X+1 > X
0+ X Yt > Y
[\ i 4
STATEMENT PROCESSING
C1-1
X+1 MOV:NOP #$N1,C0 ... N1-g=CO
Y+1 .
> L1
SXY:NOPR #$N2 cor N2 mCl, X - XS, Y Y8,
L2 . 0-+X, 0 Y
EXECUTION E— JOC:NOF’: L2,c1 . Cl-1-3» C1, X+1 -8X, Y41 = Y
. When not jumping.....
@ XS +X, YS Y
Yes .
JOCINOP L1, CO ... CO-1-9 CO, X+1—9 X, Y+1 =By

EXECUTION

Programming Example #1. Using Nested Loops

A dual-loop program that uses the CO0 register for both the inner-and-outer loop
counter is shown in programming example #2. The number of program statements and
the incrementation cycle are the same as those for programming example #1.

Page 2-1
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COo-1 :('S‘(O
X+1
Y+i Y

EXECUTION

#$N1 -+ C0

EXECUTION

0-»C1
X-+XS
Y-»YS

g >

Yes

>

$M1-»C0
EXECUTION

EXECUTION

co :C?(
X+1
Y+i % Y

STATEMENT

CLR X:Y (Note 3)
MOV:NOP CO, #M1
» LOOP1 MOV:NOP 0, #M1
LOOP2 .
SXY:NOP #$0 (Note 3)
MOV:NOP #$N2,C0
JOC:NOP LOOP2,C0
GXY:NOP (Note 3)
MOV:NOP $M1,C0

JOC:NOP LOOP1,CO

Notes:

1. $M1 = Address M1 in RAM
2. Address M1 in RAM

Applications Manual MB8764

PROCESSING

0> X,0» Y
N1 » CO
C 3 RAM M1 (Note 2)

0% Ci1,X» XS,Y» YS
0> X 0» Y
N2» CO

CO-1.5 CO, X+1p X, Y=13 Y
XS» X, YS»Y

RAM M1 5.CO

CO-1» CO, X+1» X, Y+1» Y

3. Required only with Index Addressing

Programming Example #2. Using A Common Register (CO) for
Inner-and-Outer Loop Counter

Programming example #3 illustrates a triple-loop counter. This example uses index ad-
dressing in each loop and, to reduce the number of statements, C1 is used as the jump
condition for the innermost loop.

Page 2-2
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EXECUTION

#$N1 +C0

co -+ ssmi
Note 1

EXECUTION

Section Two — Programming Techniques

STATEMENT PROCESSING

CLR X:Y (Note 2)
MOV:NOP #$N1,C0

MOV:NOP C0, $M1
—— LOOP1 :

0 X, 0 Y
N1 .= CO

C0 -+ RAM M1

MOV:NOP X,$L1 (Note 2) X + RAM L1
MOV:NOP Y,$L2 (Note 2) Y »RAM L2
CLR X:Y (Note 2)

MOV:NOP #$N2,C0

MOV:NOP CO, $M2
—» LOOP2

0> X,Co>»Y
N2 CO

C0» RAM M2

SXY:NOP #§N3 N3 C1, X XS, Y YS

0p X, 0pY

I:jopa

JOC:NOP LOOP3,C1  CO-1 % C1, X+1% X, Y+1 %1
. When not jumping.....

XS X, YS »Y

MOV:NOP $M2, CO  RAM M2 5 CO

JOC:N(SP LOOP2,C0 CO0-1 & CO, X+1% X, Y+1> Y
MOV:NOP $L1,X (Note 2) RAM L1 X

MOV:NOP $L2,Y (Note 2) RAM L2 5. Y

MOV:NOP $M1,C0 RAM M1 3 CO

| JOC:NOP LOOP1,C0  Go-1 % CO, X¢1% X, Y415 1

Notes:

1. $M1 = Address M1 in RAM
2. Required only with Index Addressing

Programming Example #3. Triple-Loop Program Using Index Addressing
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2.2

Applications Manual MB8764

Double Precision Addition And Subtraction
2.2.1 Data Formats

The data word for both the augend and addend is 31-bits long and is in two’s
complement form. To perform a double-precision add or subtract operation,
the data word is separated into two parts--the Least Significant Word (LSW)
and the Most Significant Word (MSW). The LSW and MSW format is always
the same and is shown in the following diagram

15 0 14 0
L1 ] [ol 1]
L Sign Bit L Always 0

MSW (16-bit) LSW (15-bit)

2.2.2 Double Precision Addition

Addition is performed in the following manner:
e Add each LSW value.
o Check if the sum is greater than or equal to two (2).

o Save the result. (The result is stored in RAM location $85).

25 24 23 10 9 8

plol T 1 [ 11

&. -y
Effective value (15-bit)

e Add each MSW value.

7
11 ]

o If the sum of the LSWs is greater than or equal to two (2), add one (1) to
the sum of the MSWs.

« Save the result plus the sign bit. (The result is stored in RAM location $84)

o The final result of a double precision add is the effective 15-bit value of
the LSWs (RAM location $85) and the value of the MSWs plus the sign bit
(RAM location $84).

Sign Bit Effective Value
[ S I 11
[ ]

-~ —
=

Final Value by Addition
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2.2.5 Double Precision Subtraction

Subtraction is performed by adding the one’s (1)’65r two’s (2) complement of
the binary expressions--refer to paragraph 2.2.4. The complementary form of
the subtrahend depends on the LSW value. The rule for which complement
form to use is as follows:

When all the LSWs (first 15-bits) are zero,
LSW 15-bit: leave all zeroes
MSW 16-bit: transform to two’s complement form

When any of the LSWs (first 15-bits) are not zero,

LSW 15-bit: transform to two’s complement form
MSW 16-bit: transform to one’s complement form

In the example that follows, the length of the LSWs and MSWs are reduced to

4-bits.
X.... minuend MSW Yl... subtrahend MSW
X"... minuend LSW Y ... subtrahend LSW
A X..[oJo o000 [ro1d9]..x
=1

9 vY..[o(o oo o] [0o0o0 1]..Y
In this example ... Y'# all 0’s

Therefore ... Y' becomes ¥ + 1 = 11 1 1

and ... Y becomes Y =[J1 1 1 1
Adding, weget: [0l0 0 0 O0J[1 0 1 0}
+ 0O+ 1+ 10t 1 1]

Result: @IO 0 0 oJ][1 0 o0 1]

discard carry

Page 2-5
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-~--- ADDRESS MAP OF EACH VALUE -—--

$80 : MSW 1
$81 : LSW 1
$82 : MSW 2
$83 : LSW 2

$84 : MSW result
$85 : LSW result

NO. LOC

Nt d et d 2t 2t b 2 OO ND NN =

QOONIINHWN=2O
o
[=.
[~
(=]

OP OPRND1/2

401283
D08808
530000
800A83
401282
5F0000
800A82
FOEQOC
401282
530000
800A82
FOEOOC

404281

402283
520000
800A85
474280
402282

SE0000
800A84

SOURCE STATEMENT

PRG DBLPRE
ORG MAIN,$000

*
KAk kAR AR R AR AR AR R AR Ak Ak hhhhhhkh k&

* DOUBLE PRECISION SUBTRACT *

KA AR R AR KRR R AR AN KRR RRA AR AR AR A AR R AKX &

*
DBLSUB  MOV:NOP
JOC:NOP
NOP:NEG
MOV:NOP
MOV:NOP
NOP:COM
MOV:NOP
JMP:NOP

$83,D
ZERO,ZR

$83
$

D, $82
DBLADD

ZERO MOV:NOP §82,D

NOP:NEG
MOV:NOP
JMP:NOP

D, $82
DBLADD

T LSB
CHECK FOR ALL ZERO
;IF_ NOT ZERO TRANSFORM TO TWO’S COMPLEMENT
‘REPLACE OLD LSB

:GET MSB

TRANSFORM TO ONE’S COMPLEMENT
;REPLACE OLD MSB

;DO _ADD

:TRANSFORM MSB TO TWO'S COMPLEMENT

;REPLACE OLD MSB
;DO ADD

*
R ]

* DOUBLE PRECISION ADDITION *

A AR AR AR AR AR AR R R R AR RARRA KRR AR AR AR A K&

DBLADD MOV:NOP
MOV:NOP
NOP:ADD
MOV:NOP
MOV:SLA
MOV:NOP
NOP ADD

N
DONE MOV:NOP
*

END

$81, A
$83,B

D, $85
$80, A
$82, B
#$1
DONE, OV
D, $84

;GET LSB-1

;GET LSB-2

:ADD LSB’ S

:SAVE LSB R

;GET MSB-1 & SHIFT LSB RESULT TO CHECK FOR CARRY
GET MSB- 2

:ADD MSB’S

;LOAD A-REGISTER WITH $1

:CHECK FOR LSB OVERFLOW & ADD ONE TO MSB'S
;)IF NO OVERFLOW REDUCE MSB'S BY ONE

:SAVE MSB RESULT

Page 2-6
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Section Three — DSP Interfacing

Contents of This Section Page
3.1 Memory Interfaces .........ciiiiiiirntn it e 3-1
3.2 Analog Port Interface .......... ...ttt 3-4
3.3 Interactive Processing ...........c.oouvininiin i in i, 3-7
34 Interfacing Multiple DSPs ........ .. .. i 3-8

3.1 Memory Interfaces

Figures 3.1 and 3.2, respectively, show how the MB8764 can be interfaced to external
ROM and RAM memories. Observe that external logic or timing arbitration circuits are
not required.
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1024 Word x 8 Bit EEZ

0g 0, Og 05 0, 05 0, O,

plelrplr|r|PiP|P
23| 22| 21{ 20{ 19| 18|17 |16

PA| PA| PA] PA] PA|l PA| PA| PA| PA| PA
9] 8] 7] 6f 5] 4] 3] 2] 1] 0

Ay Ag A, Ag Ag A, Ay Ay A, Ag
1024 Word x 8 Bit CE,

05 0, 0 05 0, 0y 0, O,

plrlPlPlP|P|P|P
15114 {13[12]|11[10]| 9 |8

PA| PA| PA| PA| PAI PA| PA|PA| PA( PA
af 8] 7| 6| 5] 4] 3] 2| 1] o

Ag Ag A7 Ag Ag Ay Ay Ay Ay Ag
1024 Word x 8 Bit EEZ

0g 0; 0g 05 Oy 03 0, Oy

pleirplr|pP|r|P|P
7(6|5|al3|2]1]0

PA9 Z? - ~
PAB |-
PA7 (==
PAS [y
PAS o=
PA4 [
PA3 [
PA2 [
PA1
PAO
P23 4: 4
P22 =
P21 =
P20 —
P19 =
MB8764 P18 ¢
P17
P16 ‘;3
P15 =
P14 =
P13 =
P12 [—
P |
P10 =
P9 T3
i T
PT Isq
iflrnl
13
P4 |
P32
P2 [
Pl
PO
e
PRM ——/—_17

—(—l_l-— (RESET PULSE)

ROM address (PA9-PAO) is incremented

by reset pulse

Figure 3.1 External ROM Interface
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MB8764

EWE
ECE
EA9
EA8
EA7
EA6
EAS5
EA4
EAS3
EA2
EA1
EAOQ
D15
D14
D13
D12
D11
D10
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D1
Do
ESS

n
N

|
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w
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E
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9
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Al A
6(5

H>m

E
A
3

N >m

FEEEF
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o
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[}

wn
©

5674321171615

MBM2149L-55

14 13 12 11

"

E
A
9

©»m
~Nr»m

E|E
Al A

E
A
6 110

o> m

E|E
AJ Al
413

M>m

10

D15 |D14 [D13|D12

5674321171615

14 13 12 11

8
MBM2149L-55

10

D7| D6

D5| D4

winviopio IO N |W[W I |= [0
o|lw|saldjanla|loiN|[O o |N]®|©|O|O|= |0 |0 N

E
Al
9

©»m
~»>m

E|E
Al A
615

&y m

E|E|E
Al Al A
3(2

o»m

5674321171

o

9

MBM2149L-55

14 13 12 11

E
Al
9

©P»m
~>m

E{E
Al A

E
A
6

a»m

ElE
AlA
4|3

N> m

110

D11 |D10|D9 |D8

5674321171615

14 13 12 11

8 |—
MBM2149L-55

10

D3| D2

D1} DO

Figure 3.2 External RAM Interface
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3.2 Analog Port Interface

One method of implementing a 16-bit digital-to-analog interface is shown in Figure
3.3. In this type of interface, signal compatibility and I/O timing parameters are criti-
cal. The circuits shown address both of these areas and provide the best possible solu-
tions. Timing for the /O control signals is shown in Figure 3.4.

LS161
RE
4 | 0p 0p 0c 0p -l
‘L % 2 4 —
» 3 (AOF)
‘ 5 ECK
LS WCK
~ L‘D——J 11| LS157 (WCK)
A o
10 BCT
AOF S S

ON:ECLOCK MODE
OFF:INCLOCK MODE

WCK 1
~
| &
S

LS161
O0a 0 O0c 0D

T+
2.048 LS161 |- LS
161 p d 8kHz
MHz | P L AN e TRG
nl7/7|7 200pF
GND /J;

Figure 3.3 Analog Port Interface
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+15V *lf?."
5 a2 N 2 18 1|es
S TV {0 2 16 2 | EB2
11 1 . 13 7 Y 6 14 3| EB3
S Vv 6 Y 8 12 \/ 4 | EB4
A/Din 10 2 14 5 Y 11 LS241 9 5 | EBS
14 A1 — - 3 7 6| EBs
.| SHM-1 3 Y 15 5 Y _7]EB7
C \V/ 17 3 Y 8]|€eBs
,.J; 777 < N /
17 \4
| s Lsej 18 19113
15V DR TR G 21,
—e ACT
TRG Y 15V |l i
2 18 9
22pF 16N 10 ngo
25v 7 | 23 1 ’ 4 14 11 ERqq
-15V > 6 5 Ls241 (12 f 121pgy
DAC-HP16 LS175 11 9 13
oa 3 11 12 74 EB13
25k 4 14 13 EB14
18 A 15 5 151 EB1s
Bipolar Offset To 17 3 16 EB16
25k Zero Adjust g g ;
7T 31118175 [12
-15V 8 | 14 13
/A out output | S— )
20! anp 9 2 4
[ 10 16} o752
11 | 115517512
12 | 14 13
A
Gain Adjust | S
22 ain us
(Left Open) :i g g
15 | 11|LS175 32
16 | 14 13
[19 A
22oF £ —'o
BVI7T Dok

Figure 3.3 Analog Port Interface (Cont’d)
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Analog/Digital Converter-to-Digital Signal Processor:

Applications Manual MB8764

AIF
(Input to DSP)

R ——

Hi-Z

RCK

(Input to DSP) b“— 0.49 us
D15 - DO < Valid data from ADC

(Input to DSP) \3 )
ACT

L

(Output from DSP)

—

Notes:

1. The above timing sequence is initiated by an 8kHz clock signal derived from the on-board 2.048 MHz master clock.

2. The DSP receives data in the Program (P) mode.

Digital Signal Processor-to-Digital/Analog Converter:

N

REQ
(Output from DSP)

BCT
(Output from DSP) I

AOF
(Output from DSP)

WCK
(Output from DSP)

DCK
(Signal within the Board)

Data from DSP
(Data on Data Bus)

Graw> o>
RN

Data Latched by DAC Previously Sampled Data

>< Valid Data

\ DAC — Analog

Output

Figure 3.4 1/0 Control Signals
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3.3 Interactive Processing

Section Three — DSP Interfacing

A simple interactive signal processing network is shown in Figure 3.5. The EN and
DIR logic provides a bidirectional data link between the two DSPs; however, each DSP
is restricted to its associated ERAM (DSP/A «—»>ERAM/A and DSP/B «—> ERAM/
B). A processing system of this type is easy to implement, requires very few parts, and

essentially doubles the throughput.

EA9-EA0

[

A
MB8764

AIF WCK_BCT ACT R

AIF RCK ACT BCT WCK AOF
ECE |

B EWE |

MB8764

L

ERAM

I
T
I

DIR

EN

7415245

EAS-EA0Q

DIR:
H=A%® B
L=B% A

EN:
H = High-Z
L = Enable

ERAM

Figure 3.5 Interactive Processing With Two DSPs
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34 Interfacing Multiple DSPs

Multiple DSP configurations are particularly useful in applications that require many
phases of signal processing or in those requiring hybrid control features. In the exam-
ple that follows, three DSPs are used to evaluate a transversal filter. Data transfer con-
cepts and a simplified block diagram of the system are shown in Figure 3.6.

As indicated in Figrue 3.6a, data is transferred between the three DSPs in the
following manner:

IN : Input new sample data.

OUT : Output result after execution.

Data transfer from #1 to #2.

Data transfer from #2 to #3.

Transfer filtered result from #3 to #1.
Transfer filtered result from #2 to #1.

W N =

In terms of processing dynamics (Figure 3.6b), the following operations occur:

IN, OUT : Accessing ERAM #1

1 : Data transferring from #1 to #2 with address in DMA mode.
2 : Data transferring from #2 to #3 with address in DMA mode.
3 : Data transferring from #3 to #1 with address in DMA mode.

4 : Data transferring from #2 to #1 with address in DMA mode.

In operations 1 and 2 data calculated for the next cycle is transferred.

Address/data formats for each transfer cycle and a DMA timing cycle are
shown in Figures 3.7 and 3.8, respectively.
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MB8764#1 MB8764#2 MB8764#3

a. Data Transfer Concepts

ECE EA

Al

‘—OUT—@: — EWE  ACT

T

>
-

—¥ cK RC

—¥ FLO AOF

R |~
D15-0 BCT
T WCK
MB8764#1
Common Bus —>
_ AlF |—
REQ _
ACT
J-— —» CK RCK
—» FL AOF
pis-0 Botr ——(f
FL1 WCK
MB8764#2
e AF
ACT
— CcK RCK

—>F6  AoF

D15-0 BCT
WCK
Input mode : A mode MB8764#3
Output Mode : | mode b. System Block Diagram

Figure 3.6 Multiple DSP Configuration
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INPUT/OUTPUT DATA

Transfer 1 ... #1 to #2

15 0
Address Data [o[ 0, 0 1[1] | | [ iRAM Address of #2 |
#1 to #2 DMA Write | Mode Output
15 0
T T T T T T T T T T T T T T T
Data ... .oaa , ., ., . |

Transfer 2 ... #1 assigns transferring #2 to #3

AddressData [1]070 1] 7 T T | T T Address ot #2 |

PO R S S W ety

#1to #2 DMARD
[ofoft o] | [ | |  Addessofes |

‘ Value transfered from EO of #1 is
transferred to EIA of #3 via EA of #2

Data

Address Data [0]o,1,0[1] | | | | | adaresgorey |

#2 to #3

r 1 1§ © §© 7 1rmr 79 7T T1T™ 77T 1770
pata, , .|

B VR R TR W S S 1

Data

Transfer 3 ... #3 to #1

Address Data [0 o' 0 o[ 1] T T | TaAddressof#1 . |

#3 to #1

Illllllllllllllll
TR T T W 1

Data

Transfer 4 ... #2 to #1

Address Data [o]0,0,0[1] | | | | Agoressofsr, | |

# to#1

r 1 §¥ & ¥ 1V 197 7T 71T 7T 17T 7T 71T°7
Lo ... . Bata , ., ]

Data

Figure 3.7 Address/Data Formats
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- One Cycle >
4 Fo set [ 4 Fo

Output Output

System Sync g
(FO Sync l—‘ Assign l— Assign {( I Input

(#2 to #3) (#1to #2) | v
[ #1 e l Filtering 1 lr Filtering \\ Filtering 23,,0” F1 l l I Fo H r
InputJ \ R / / Output
DM\ eckDMA \ DMA  DMA  Eyecution
F1 Set 4
{ # ggncl Fittering |- H | Fitering | Sine I FO Sync —[
' il
| Assign Output
(#2 to #1)

e set

(3# to #1)

ERAM Read ERAM Write

|
|
|
| /
iE t
\ #3 ESnc Filtering I{r Filtering 7[ | |
! i Asslgn—f I
| Output |
| |
| |
| |

DUMMY I I I
#1 I out lLNPUT l out I IN IN

1 4 I out
#2 I IN | l ouT l IN I l ouT
| |
DUMMY
#3 IN out | INPUT I
| |
| |
Transfer 2 Transfer 1 Transfer 3 Transfer 4

Figure 3.8 DMA Timing Cycle
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Section Four - Design Calculations and
Programming Examples

. Contents of This Section Page
4.1 Introduction .. ........coouiiniii i e e 4-1
4.2 Infinite Impulse Response (IIR) Filter .............. ... .. .o, 4-1
4.3 Finite Impulse Response (FIR) Filter (24 Taps) ...............cuu.. 4-5
4.4 Echo Canceller ......... ...ttt 4-8
4.5  Program Example For Fast Fourier Transforms (FFT) ............... 4-10

4.1 Introduction

This chapter shows how the DSP can be used to solve some design problems that
would otherwise require extensive logic and considerable development costs in both
hardware and software. Using the DSP and its support peripherals, each of the applica-
tions that follow can be easily developed and performance-evaluated with a minimum
of time and effort.

4.2 Infinite Impulse Response (IIR) Filter

The DSP is an ideal choice for calculating component values and frequency responses
of an infinite impulse response filter similar to the configuration shown in Figure 4.1.
The equation corresponding to each second-order filter section can be expressed as:

-1 -2
ao +alZ ™' +a2Z .

Yn = ki 3 5 Xn and, after transformation:
1+boz™" +b1Z2~

Yn = aoXn + n-1(a1X) + n-2(a2X)-n-1(boY)-n-2(b1Y)
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@ ao a3
Yn

abé

Figure 4.1 Infinite Impulse Response Filter of the 5th Order

In Figure 4.1, the memory area corresponding to each signal node (encircled numbers
1 through 9) are located in the numeric area of BRAM; all coefficients are stored in
queue in ARAM.

The virtual shift mode is used to sequence data shifting for each signal node. In the
programming example and execution cycles that follow, it is assumed that calculations
are to proceed indefinitely; thus, initial setting are omitted. As shown in the execution
cycles, after the first second-order stage has been calculated, the output value is stored
in address 4 and the next stage is calculated. As each stage is calculated, the output of
that stage becomes the input for the next. When the last stage is caluclated, the value
of each signal node appears in the “after execution” column and the second processing
cycle begins.

In the second iteration, the output data of each signal node is indicated with a prime

mark (x'). Each filter coordinate (X and Y) is incrementally increased in value and
addresses are advanced accordingly. The processing operation can be expanded to
achieve the required response characteristics of the filter. By using the virtual shift
mode in this program, data shift processing can be omitted.
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IR Program Example (Second-Order Filter Section)

Section Four- Design Calculations and

Programming Examples

o1 SET Vs Set virtual shift mode.
02 MOV :NOP #$200,PGT:PGM Set PGT and PGM.
L1 EQU* Define as L1 = 03.
03 JOC:NOP L1,IF Walit for new data.
04 MOV :NOP D,EO Transfer previous data to EO.
05 MOV :NOP #$3,CO Set number of loop.
06 MoV #$800,EA Start output (in | mode).
07 MOV :NOP #3$0,X:Y Reset X and Y. VP Is stored in Y.
08 MOV :NOP El, $80(Y) Set input.
L2 EQU *
09 LAB :NOP $0(X),$0(Y)
0A LAB:NOP $1(X),$1(Y) Filter
0B LAB:MLT $2(X).$2(Y) Processin
0C  LAB:MSM $3(X),$3(Y) ¢
oD LAB:MSM $4(X),$4(Y)
OE NOP :MSM
OF MXY :MSM #%4,#$1 Change X value.
10 MOV :NOP D,$81(Y) Result is stored in D.
11 JOC:NOP L2,co Loop control statement.
12 AVP :NOP #$F Subtact VP by 1 for next loop.
13 JMP :NOP L1
Execution Cycles Processing Coefficients
1st Cycle 2nd Coefficient Equivalent in Figure 4.1
Cycle
BRAM | Before | After | After After Before $2D4A ... ao
Address| Execu- 1st 2nd Execution Execu- $5A93 ...... al
tion Stage Stage tion $2D4A ...... a2
0 X X X X X $ASEF ...... bo
1 $DADS ...... b1 $
1 X X X X @ $2614 ...... a3
| | $4A4A ...... a4
2 ® ® ©) @' =®) @i $2614 ...... a5
2 1@ | Q| Q9@ @ || @
4 ® | @ | @' ® $5000 ... a6
| $5000 ...... a7
5 ® ® ®| ® = ®) @l $0000 ...... a8
$DEOD ...... b4
¢ |0 | O |00, © || S0 b,
AN NI NON NORIONEON NG,
] '
1@ |Q | @ |®
'
o ONEON O]
S RONNONNO, X X
B X X X X X
(e} X X X X X
D X X X X X
E X X X X X
F X X X X X
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A test setup designed to measure the response curve of the IIR filter is shown in Fig-
ure 4.2. The spectrum analyzer provides a high-resolution display of both gain and fre-
quency.

FDSP Kit-8764*

AD Converter
> Sampling Frequency

8 kHz

Spectrum
Analyzer

MB8764

DA Converter

* Fujitsu Software Development System

Figure 4.2 Test Setup for Measuring Response of IR Filter
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4.3 Finite Impulse Response (FIR) Filter (24 Taps)

A FIR filter with typical input and output waveforms is shown in Figure 4.3. As shown
in waveform A, all high-frequency components are present at the input of the filter.
Each section of the filter is designed to attenuate specific high-order frequencies; thus,
the signal at the output summing point (Yn) is nearly a pure sinewave--see waveform
B. Filters of this type are frequently used for echo cancellation in communication sys-
tems - refer to paragraph 4.4.

n
Yn =3, akXn-k
K=0
Out
2v/div I | 1ps/div 2v/div F | 1us/div
ln ES i " n E
© S bd *
HH ::::!’.’R‘"\&Ei::'ﬁ HH { ::::%ﬁ'
b & S
J?.ur :-J
3 I
Waveform A: Input Waveform B: Output

Figure 4.3 Finite Impulse Response (FIR) Filter with Input/Output Waveforms

Because of a JMP instruction to address 17, the FIR program example that follows di-
rectly outputs the input data. To execute the filter program, the JMP instruction must
be changed to a NOP instruction.
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FIR Program Example

a o a o
ON 40OV R LN

B Oh D DD DD WL LWL WWWWWLWNNNNNDRNNNDNNNRNDNS 2 4
OO HAWN 200N EON2O0O0OONDDOHAEWLON -0 O®O®NDGO D
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PRG TRANS
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RARR AR AR R AR R R R AR AR R R AR A A A A A R A R R R AR R R AR R R AR R R R AR R AR AR R AR R AR R AR AR

*

*

*

*

*

24 TAPS TRANSVERSAL FILTER FOR MB8764

(C) 10, OCTOBER, 1983 BY FUJITSU LIMITED

RARK KRR KRR R R R AR AR R R R AR AR A R R R K R R AR AR AR R AR AR R R AR R R AR AR R AR R AR R AR AR

ORG TRF,$000
EQU*

CLR ADM:DMM:Y
Joc IN,IF
MoV #$800,EA
MoV EI,$80(Y)
MOV EL$0(Y):A
MOV A.EO
JMP IN

Ly #$37

LIy #$F4

LIY :MLT #$AD

LIY :MSM #3529

LIY :MSM #$FEFC
LIY :MSM #$FDD2
LIY :MSM #$FDY0
LIY :MSM #$FF11
LIY :MSM #$290
LIY :MSM #$762

LIY :MSM #$C10
LIY :MSM #$EF2
LIY :MSM #$EF2
LIY :MSM #3$C10
LIY :MSM #$762
LIY :MSM #8$290
LIY :MSM #$FF11
LIY :MSM #$FD90
LIY :MSM #$FDD2
LIY :MSM #$FEFC
LIY :MSM #$29

LIY :MSM #$AD

LIY :MSM #$F4

LIY :MSM #$37
NOP:MSM

MXY:MSM #0,4$E7
MOV D,EO
JMP IN

END

* RESTART TRANSVERSAL FILTER
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A test setup designed to measure the response curve of the FIR filter is shown in Fig-
ure 4.4

FDSP Kit-8764*

INPUT DATA \
FM-16S Data RAM (Input)
16 Bit
MB8764
12 Bit
DA Converter
Cutoff Frequency is OUTPUT DATA
Nearly 1260 Hz High Frequency Factor

Rejection
NS

Oscilloscope

)
|

240Hz

Figure 4.4 Test Setup for Measuring Response of FIR Filter
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4.4 Echo Canceller

In communication systems and other configurations where signal echos are a problem,
the MB8764 provides a classic solution. As shown in 4.5a, the actual echo {y(k)} is a
spectrum of impulse frequencies caused by line mismatches and is expressed by the
equation:

y(k) =n§ hnx(k-1)+ v(k)

The (hk) term in Figure 4.5a represents the impulse response of an echo pass, that is,
the A-to-B pass through the hybrid. To cancel the actual echo {y(k)}, an imaginary

A A
echo {y(k)}, of opposite phase is generated. These two signals {y(k) and y(k)d} are
summed at point B and the result is echo cancellation.

To generate the imaginary echo and the impulse series, the MB8764 computes the fol-
lowing two formulas:

A
#1 = y(k) = 3 hn(k)+x(k-n)
A A
#2 = h (k+1) = h(k) + Kx(k-n)e(k)
Reducing and solving for the instantaneous voltage at the summing point:
A
e(k) = Y(k) - y(k)

Formula #1 is identical to the FIR transversal filter characteristic described in para-
graph 4.3. For the typical echo canceller, several taps of the transversal filter are re-
quired to accommodate system delay times. Multiple DSPs are used to satisfy the addi-
tional memory requirements; a typical configuration is shown in Figure 4.5b.
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A
k
Xtk A/D D/A

]

[

A

A
y(k)

e(k)

By(k)

a. Concepts of Echo Cancellation

& _I_ ‘ J Common Bus
BCT ACT BCT ACT
ACF AlF | AOF AlF CH1 In
MB8764 MB8764
#2 #1
WCK RCK |e WCK  RCK |« CLK
Dn  FLO Dn FL1 FLO
3 Y
I CH1 Out
BCT ACT BCT ACT
P AF AOF AF | CH2 In
MB8764 MB8764
#2 #1
WCK RCK WCK RCK | —
Dn FLO Dn_FL1 FL0
A Y
A [ N————b
CH2 Out

b. Using Multiple DSPs for Additional Memory
Figure 4.5 Echo Canceller

Echo A
Canceller v(k)
hk Hybrid
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4.5 Program Example For Fast Fourier Transforms (FFT)

The DSP can be used to reduce any complex waveform into discrete component val-
ues. In the example that follows, the Fourier-transform program uses a single DSP and
a 64-point matrix to analyze the input waveform. Memory location and mapping tables

for the Assembly Listing that follows are shown below. A summary of FFT computa-
tions is shown in Appendix A.

ARAM ROM
P — A
4 =\ = =N
- 16 Bits > <+——— 24 Bits ———»
0 [ o
Main Part
Temporary
Address Data Area 1c
7F 80
FFT Computation
BRAM Address co
A
r ~N
<+—— 16 Bits —» 300
80 Bit R%lerseA Address
Imaginary Data ata Area
Area 33F
Ci
COS Data Table
Real Data Area (Note)
3BF
FF 3Co
SIN Data Table
(Note)
3DF

Note: When ROM is used for
sine/cosine tables, lower
16-bits are used for data.
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The main part of the ROM table is divided into three basic areas, which are:

Data Input (0001-000A)-- the input data is changed into bit reversed
data and stored in the real data area of BRAM; zeroes are stored in the
imaginary data area of BRAM.

Assignment Jump to FFT Computation (0080-xxxx)-- assigns subroutine
jump to FFT computation area.

Data Outpput (000D-001B)—- the output data consists of the square of
the imaginary value and the square of the real value; the data is output
by the MB8764 DSP in the “I” mode.

The FFT computation area of ROM provides temporary storage for coefficients (SIN
and COS data ) used in butterfly computations and also provide sufficient memory
space for the actual butterfly calculations.

The bit reverse address data area stores the address data required to properly arrange
and correlate the input data. The SIN/COS data tables provide the sine and cosine val-
ues for each 1/32nd radian from 0 to .

Some examples of a 64-point FFT are shown in Figure 4.6. Waveforms A, B, and C
are input signals at different frequencies; waveforms, A s B‘, and C' are the corre-

sponding output, signals. In Figure 4.7, the output signal (waveform A') is plotted to
show frequency and power-ratio relationships. Point “1” indicates a frequency of 0 Hz
and a power ratio of 0. Since the sampling rate of the FDSP KIT-8764 is 8 kHz, the
time interval between points “1” and “2” is limited to a resolution of 4 kHz. The DSP
divides the time interval into 32 equal parts and shows the power ratio for each dis-
crete point.
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50 mV/div :E 500 ps/div 3
E 3
I :“:
NnL It Il In ¥
l -
HHHH R HHAH :'5“ HHHH “H\ T '”E‘B”' T
0 |Y z
Waveform A Waveform A
50 mv/idiy ¥ [500 ps/div E
Al n nln E S
T TAVAIK EE
: : } :H 111 g
X ¥
L i
i - S |
I ¥
Waveform B Waveform B
50 mV/div] F 100 us/div E]
M| F M I
N:: :l:: HATHHE / H RFTNATUTLIERTIIREY. ;| FFY THPR1 FPPPL FOOM
/ EIN :
Y NS T N4 T
pu of I
¥ e E
E: i
Waveform C Waveform C'

Figure 4.6 Input and Output Waveforms of 64-Point FFT
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1

Power Ratios

5/ T >

Frequency

Figure 4.7 Frequency and Power Ratios of Waveform A
(All points not shown)
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MB8764 FDSP3 ASM64 (V01/L01,831130) ASSEMBLY LIST DATE 0.0.0
INPUT
C:FFT64P
TEXT FFT64P

NO. Loc OP OPRIND1 OPRIND2 SOURCE STATEMENT
Jo
1 . PRG FFT64P
§ . % INPT OUTPUT %
*
4
5 0000 ORG 10,$000
6 0000  70CFO00 MOV:NOP #$300,PGT:PGM:X:Y
7 0001 702040 MOV:NOP #$40,C0
8 0002  D09002 JOC:NOP $2,IF
9 0003 010080 LTB:NOP $0(X),$0
10 0004  A14000 MOV:NOP AY
11 0005 B20BCO MOV:NOP El,$CO(Y)
12 0006  D04002 JOC:NoP $2,C0
13 0007  E04800 CLR Y:A
14 0008 702040 MOV:NOP #840,C0
15 0009  810B80 MOV:NOP A,$80(Y)
16 000A  D04009 JOC:NOP $9,C0
17 000B  F00080 JSR:NOP $80
18  000C  E00100 CLR IF
19 000D  70C000 MOV:NOP #80,Y:X
20 000E 702040 MOV:NOP #8$40,C0
21 000F 406380 MOV:NOP $80(Y),B:A
22 0010  4063CO MOV:NOP $CO(Y),B:A
23 0011 540000 NOP:MLT
24 0012 580000 ?gg:ngy S1a1F
25 0013  D09013 : ,
26 0014 808000 MOV:NOP D,EO
27 0015  F30800 Mov #$800,EA
28 0016  E00100 CLR IF
29 0017  DO400F : JOG:NOP $F,CO
30 0018  C08000 LDI:NOP #$8000
31 0019 818000 MOV:NOP AEO
32  001A  DOAO1A JOC:NOP $1A,0F
33 001B  F30800 MOV #$800,EA
34 001C  FOE000 JMP:NOP $0
*
gg N % FFT64P %
37 *
38 0080 ORG FFT,$080
39 0080 700780 MOV:NOP #$380,PGT
40 0081 700800 MOV:NOP #$0,PGM
41 0082  E00600 CLR DMM:ADM
42 0083  C00020 LDI:NOP #$20
43 0084  810A41 MOV:NOP A, $41
44 0085  C00002 LDI:NOP #82
45 0086  810A42 MOV :NOP A,$42
46 0087  C00001 LDI:NOP #$1
47 0088  810A40 MOV:NOP A,$40
48 0089 702006 MOV:NOP #$6,C0
49  008A  C00000 GENO1  LDI:NOP #$0
50 008B  810A02 MOV:NOP A,$2
51  008C  910A06 MOV:NOP C0,$6
52 008D 602241 MOV:NOP $41,C0
53 008E  CO00000 GENO2  LDI:NOP #30
54 Q08F  810AO1 MOV:NOP A,$1
55 0090  910A07 MOV:NOP C0.$7
56 0091 704000 MOV:NOP #30,Y
57 0092 602240 MOV:NOP $40,C0
58 0093  904A08 GENO3  MOV:NOP Y,A:$8
59 0094 402202 MOV:NOP $2,B
60 0095 422240 MOV:ADD $40,B
61 0096  804A00 MOV:NOP D,$0:A
62 0097 628201 MOV:ADD $1,X
63 0098  800A03 MOV:NOP D,3$3
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(Continued from page 4-14)

MB8764 FDSP3 ASM64 (VO1/LO1,831130) ASSEMBLY LIST DATE 0.0.0
INPUT
C:FFT64P
TEXT FFT64P
NO. Loc OP  OPRIND1 OPRIND2 SOURCE STATEMENT
64 0099 604203 MOV:NOP $3,Y
65 009A  0141CO LTB:NOP $20(x),$40(Y)
66 009B 018180 LTB:NOP $40(X),$0(Y
67 009C 054180 LTB:MLT $20(X),$0(Y
68 009D 0B81CO LTB:MRD $40 Lx’ '$40(Y)
69 O009E  840A05 MOV:MLT D,$
70 009F 684200 MOV:MSM $0.Y
71 00A0  800A04 MOV:NOP D,$4
72 00A1 404205 MOV:NOP 5,A
73 00A2  4023C0 MOV:NOP $CO(Y),B
74 00A3 664203 MOV:SUB $3,Y
75 00A4  800BCO MOV:NOP D,$CO(Y)
76  00A5 624200 MOV:ADD $0.Y
77 00A6  800BCO MOV:NOP D,$CO(Y)
78 00A7  800BCO MOV:NOP D,$CO(Y)
79  00A8 404204 MOV:NOP 4,A
80 O00A9 402380 MOV:NOP 80(Y),B
81 O00AA 664203 MOV:SUB 3,Y
82 O00AB 800880 MOV:NOP D,$80(Y)
83 00AC 624200 MOV:ADD $0,Y
84 O00AD  800B80O MOV:NOP D,$80(Y)
85 O00AE 404201 MOV:NOP 1A
86  O00AF 402241 MOV:NOP 41,8
87 00B0 624208 MOV:ADD 8,Y
88 00B1  800AO1 MOV:NOP D,$1
89 00B2 D04093 Joc:NoP GENO3,C0
90 00B3 404202 MOV:NOP 2,A
91  00B4 402242 MOV:NOP 42,B
92 00B5 622207 MOV:ADD 7,C0
93  00B6  800A02 MOV:NOP D,$2
94 0087 DO408E Joc:NoP GEN02,C0
95 00B8 401241 MOV:NOP $41,D
96 00B9 652206 MOV:SRA $6,C0
97 00BA  800A41 MOV:NOP D,$41
98 00BB 401242 MOV:NOP $42,D
99 00BC  800A40 MOV:NOP D, $40
100 00BD 570000 NOP:SLA
101  O0BE  800A42 MOV:NOP D,$42
102 00BF  DO40BA JOC:NOP GENO1,C0
103 00CO  F02000 RTS
104 :
198 : % TABLE 1%
107 0300 ORG TAB1,$300
108 0300 ;ggggg DCW $0000:$0020:$0010:$0030:$0008:$0028:$0018:$0038
FF0010
FF0030
FF0008
FF0028
FF0018
FF0038
109 0308 Eggggz DCW $0004:$0024:$0014:$0034:$000C:$002C:$001C:$003C
FF0014
FF0034
FF000C
FF002C
FF001C
FF003C
110 0310 Eggggg DCW $0002:$0022:$0012:$0032:$000A: $002A:$001A:$003A
FF0012
FF0032
FFO00A
FF002A
FFO01A
FF003A
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NO. L
111 0318
112 0320
113 0328
114 0330
115 0338
116
117
118
119  03A0
120 03A0
121 03A8
122 03BO

Applications Manual MB8764

Programming Examples

FDSP3 ASMé4 (VO1/LO1,831130) ASSEMBLY LIST DATE 0.0.0

INPUT

C:FFT64P
TEXT

oc op

FF0006
FF0026
FF0016
FF0036
FFO00E
FF002E
FFOO01E
FFOO3E
FF0001
FF0021
FF0011
FF0031
FF0009

FFOO3F

FF4000
FF3FB1

FEDC72
FFD766
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FFT64P

OPRIND1 OPRIND2 SOURCE STATEMENT

»*

DCwW $0006:$0026:$0016:$0036:$000E : $002E:$001E: $003E

DCW $0001:$0021:$0011:$0031:$0009:$0029:$0019:$0039

DCW $0005:$0025:$0015:$0035:$000D:$002D:$001D:$003D

DCW $0003:$0023:$0013:$0033:$000B:$002B:$001B:$003B

bDCw $0007:$0027:$0017:$0037:$000F : $002F : $001F:$003F

% TABLE 2%

ORG TAB2,$3A0
DCW $4000:$3FB1:$3EC5:$3D3F:$3B21:$3871:$3537:$3179

pDCcwW $2D41:$289A:$238E:$1E2B:$187E:$1294:$0C7C:$0646

DCW $0000:$F9BA:$F384:$ED6C:$E782:$E1D5:$DC72:$D766
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MB8764

NO.

123

129

130

131

INPUT

C:FFT64P

TEXT

LOC opP

03B8

03C0o
03Co

03C8

03D0

03D8

FFD2BF
FFCEB7
FFCACS
FFC78F
FFCADF
FFC2C1
FFC13B
FFCO4F

FF0000
FF0646
FFOC7C
FF1294
FF187E

FF0646

FDSP3 ASM64 (VO1/LO1,831180)

FFT64P
OPRIND1  OPRIND2

bDCwW

*

ORG
bCcw

DCW

DCW

bDCw

* END

Section Four- Design Calculations and
Programming Examples

ASSEMBLY LIST DATE 0.0.0

SOURCE STATEMENT

$D2BF:$CE87:$CAC9:$C78F:$C4DF:$C2C1:$C13B:$C04F

% TABLE 3%

TAB3,$3C0
$0000:$0646:$0C7C:$1294:$187E:$1E2B: $238E:$289A

$2D41:$3179:$3537:$3871:$3B21:$3D3F:$3EC5:$3FB1

$4000:$3FB1:$3EC5: $3D3F:$3B21:$3871:$3537:$3179

$2D41:$289A:$238E:$1E2B:$187E:$1294:$0C7C:$0646
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Programming Examples

MB8764 FDSP3 ASM64 (V01/L01,831130)
ID SYMBOL START
1 10 0000
2 FFT 0080
3 TAB1 0300
4 TAB2 03A0
5 TAB3 03Co
MB8764 FDSP3 ASM64 (V01/L01,831130)
SYMBOL S VALUE  TYPE
GENO1 2 008A A
GENO02 2 008E A
GENO03 2 0093 A

END OF ASSEMBLY (NO ERROR)

Page 4-18

ASSEMBLY LIST

END VALUE TYPE

001C SECT ABS
00CO SECT ABS
033F SECT ABS
03BF SECT ABS
03DF SECT ABS

ASSEMBLY LIST

DEF. REFERENCES (STATEMENT NUMBER)

49 102
53 94
58 89

Applications Manual MB8764

DATE 0.0.0

DATE 0.0.0
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Section Five — ROM Expansion

Contents of This Section Page
5.1 Expansion of Instruction ROM ....... ... .. .. .. ... ... 5-1
5.2 ROM-Bank Switching ............. it 5-4

5.1 Expansion of Instruction ROM

By using the PGM register in the MB8764, the expansion ROM area can be increased
from 1K to 4K words; however, the expansion RAM is reduced from 1K to 256 words.
The PGM register is controlled solely by the user’s program; all program addresses
must be precisely organized to avoid errors. A typical expansion circuit and a properly
organized address table are shown in Figure 5.1.

Operations for expanding the external ROM area to 4K words are as follows:

. Set IRM to 1.

o Reset PA9-PAO and PGM to 0.

. Set PGM value in the last statement of each PGM area as shown in
Figure 5.1.

. When an unconditional jump to another PGM area is required, two
transfer instructions and a jump instruction are used--refer to ad-
dress/instruction listing that follows. '

ADDRESS INSTRUCTION
n-1 :
n MOV:NOP #$a,PGM
Except a N
n+1 JMP:NOP $m
n+2 :

a { m NOP
m+1

At the destination address of the jump, a NOP instruction must be included. If the
jump is to the same PGM area, there are no restrictions. With a conditional jump, it is
not possible to assign the same PGM area as the destination.
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=]

MB8764 4K Word 4K Word 4K Word

IRM

X X X
8 Bit 8 Bit 8 Bit

P23-P16
P15-P8
P7 -PO

PAVAVAN I

PGM PA9-PA0  External ROM
o 000

3FE| MOV:NOP_#$1,PGM
0 3FF[ JMP:NOP $0

1 000

3FE| MOV:NOP__ #$2,PGM
1 3FF| JMP:NOP  §0
2 000

3FE| MOV:NOP #$3,PGM
2 3FF| JMP:NOP §0
3 000

3FE| MOV:NOP #$0,PGM
3 3FF| JMP:NOP $0

Figure 5.1 External ROM Expansion and Address Table

A timing diagram for external ROM expansion is shown in Figure 5.2.
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3 U

[}
[}
PA9-PAO X n X st

|
1 |
PGM Excepta ! )'< a
| |
| |
IRO 1 | |
| |
| n X n+1 X m
IR1 2 | |

Figure 5.2 EROM Timing
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5.2 ROM-Bank Switching

The instruction area of ROM can be expanded to 4K words by simply connecting the
internal/external ROM-switching pin (IRM) to EA8 or EA9. When both EA8 and EA9
are set to 0, external ROM (EROM) is selected. Figures 5.3 and 5.4 show how internal
ROM (IROM) and EROM can be used together to serve a variety of applications.

EAS
PA9 ~ | A9
MB8764 () v 8
PAO A0
P23 1, 0283
PO 00
Address Address
00
A Subroutine
Unit 1
N | LDI:NOP #$(N+4)
n+l | MOV:NOP A,$0
MOV:NOP #$00,PGM n+2 | MOV:NOP #$2,PGM 5
JMP:NOP $3FF n+3 | JMP:NOP $0,
2 n+4 :
4
3 :
v
JMP:NOP $0
IFF aFfF | JOC:NOP ($0), PL:MI

Figure 5.3 IK Word IROM And IK Word EROM
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MB8764

P23 PA9
4 ¢

PO PAO EA8 EA9 IRM

L $
15 {14 I I

A B C D

B74L542
ECODER

3 2 1 0

o=

-
IRV

|11

7 |
023 A9 CE 023 A9 CE| 023 A9 CE
Y e ¢
00 A0 00 A0 00 A0
EROM EROM EROM
1K x 24 Bit 1K x 24 Bit 1K x 24 Bit

Figure 5.4 1K Word IROM And 3K Word EROM
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Appendix A

Appendix A
FFT Computations

Computations for Fast Fourier Transforms (FFT) use two digital processes to plot fre-
quencies and power ratios of a complex waveform. In order of execution, these processes
are Bit Reverse Processing and Butterfly Computations. The bit reversal process is shown

in Figure A.1.

Original
Digit Binary

0 000
1 001
2 010
3 011
4 100
5 101
6 110
7 111

Bit Reversed
Binary Digit
000 0
001 4
010 2
110 6
001 1
101 5
011 3
111 7

Figure A.1 Bit-Reversal Process

In the example shown in Section Four, the bit-reversed data is prepared in ROM and
stored in queue in RAM. Butterfly computations are then performed. Figure A.2 shows
the computations for an 8-point FFT; the example in Section Four has been expanded to

a 64-point plot.
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X0

X(0)

X4 X

X2

X(2)

X6 X(3)

X1

X(4)

X5

X(5)

X3 X(6)

X7 X{(7)

Figure A.2 Computations for 8-Point FFT

Page A-2



Applications Manual MB8764 Appendix A

Page A-3



Appendix B Applications Manual MB8764

Appendix B
MB8764 Data Sheet




| GENERAL PURPOSE
FUJITSU gabileihy\Rgie:\%

[T PROCESSOR

MB 8764

December 1985
Edition 2.0

GENERAL PURPOSE DIGITAL SIGNAL PROCESSOR

The Fujitsu MB 8764 is a general purpose silicon-gate CMOS digital signal
processor (DSP) integrated circuit. The MB 8764 features a high-speed
pipelined multiplier, supports concurrent operations with compound instruc-
tions and multiple data paths, offers flexible and expandable memory options
and has an on-chip DMA channel.

With its high-speed operation, the MB 8764 gives high throughput in various
applications, such as telecommunications, signal processing and image proces-
sing.

Being packaged in the 88-pin pin grid array, the MB 8764 allows a complex
system to be built with the external program ROM and data RAM accessed
through dedicated address and data buses.

® General purpose high-speed digital signal processing
® High speed operation
* 100ns cycle time CERAMIC PACKAGE
® Parallel pipelined multiply function RIT-88C-A01
+ 16 bitsx 16 bits—> 26 bits
® Divide function
*+ 26 bits~ 16 bits—> 16 bits
® Program ROM
* 1024 words x 24 bits
» Internal (mask-programmed) and external ROM selectable
® Part of the program ROM can be used for constant data storage
® Two built-in 128 x 16 bits RAMs
® Expansion RAM function
- Expandable up to 1024 words x 16 bits
»  Two access speed rates can be selected
® Numerous 1/0 functions
* 16-bit parallel interface
* Three input modes and two output modes including DMA
® Powerful instruction set using compound instructions
One level of subroutine nesting (multi-level nesting can be programmed)
« Two levels of loop nesting (multi-level nesting can be programmed)
+ Compound instructions (for example, an arithmetic/logic instruction
combined with a move instruction) enable concurrent processing
* 15 arithmetic/logic instructions
® Addressing
+ Direct addressing
* Indexed addressing
* Immediate addressing
* Virtual shift addressing

® Silicon-gate CMOS process This device contains circuitry to protect the
® Single 5 volt power supply, TTL 1/O interface (except pins for clock signals) inputs against damage due to high static volt-
° o cavi . . ages or electric fields. However, it is advised
88-pin space s&.mng Pm grid array package . that normal precautions be taken to avoid
® Support tool, including cross-assembly software and evaluation board application of any voltage higher than maxi-
mum rated voltages to this high impedance

circuit.
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Fig. 1 — BLOCK DIAGRAM

Clock geneator

K1 —
k2 i ” —"]
Address calculation block
Sequence 1/0 interface
control 1%}
=
block H
RST —
EWE -
o
w
ERAM
5 EA9-0 RAS
T
‘ l
I w
T 3 L| @
il i| 18US H
RN 1ROM W
g ———
Arithmetic :1
and logic
P28 L 7ookH block D15-0
L=l
L +— RC
IR1 —B8eT
110
CONT [==T— ASL
— Al
Decoder |+ rEG
DEC LAD | AOF
L WCK
Vop—=
Vgg == %]
TS
ESS—= Control flag

FUNCTION OF BLOCK

Block

Function

Clock generator

Sequence
control block

This block generates a cycle clock (#3) used for internal operations. The clock pulses can be generated by supplying
a clock signal from an external circuit through external pins CK1 and CK2, or by a crystal resonator and capacitors
connected to CK1 and CK2. The master clock (MCLK) obtained by either of the above two methods has the same
frequency as that of the CK1/CK2 clock and generates a cycle clock 93 having the frequency of the machine cycle
(which is half the MCLK frequency). All internal operations are timed by the cycle clock ¢3.

This block controls the DSP instruction execution sequence. The program counter (PC) is reset to address O by the
RST pulse, and is incremented by 1 at each leading edge of $3 after RST is turned off. The PC output is connected
to the address input of the internal microinstruction ROM (IROM) via the ROM pointer (DPR), and the ROM data
is read out sequentially according to the PC value.

The DPR value is also output through PA9 to PAO to the outside to permit access to an external ROM (EROM). Data
from the EROM is input to the MB 8764 through P23 to PO. At any given time, either the IROM or EROM can be
used, and the choice is controlled by the IRM input. The IROM is a mask ROM with a capacity of 1,024 words x 24
bits. The ROM that has the same organization can be used for the EROM. The IROM and EROM are functionally
identical. The ROM output data is transferred to the instruction register IRO at the beginning of a cycle (that is, at
the leading edge of $3), moved to the instruction register IR1 at the beginning of the following cycle, then decoded
and executed.

To perform a branch instruction,address can be loaded into PC through 1RO and the |IBUS, and the PC value can be
saved in RAM or in another register through the IBUS. PCS is single PC stack used for subroutine execution. Two loop
counters, CO and C1, are provided to facilitate the handling of loops.

This block also has a cycle counter (CYC) that controls execution of multi-cycle instructions. This counter automati-
cally stops incrementing PC during execution of a multi-cycle instruction.
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FUNCTION OF BLOCK (Cont’d)

Block Function

Decoder { Instruction codes fetched from the instruction ROM and transferred to instruction registers IR0 and IR1 at the begin-
ning of each cycle are moved to the look-ahead decoder (LAD) and decoder (DEC), respectively, then interpreted and
executed. Execution of an instruction (the execution cycle) usually takes place while the instruction is stored in IR1.
The DEC output controls the enable lines of the registers required for execution.

Before an instruction is executed, LAD controls calculation of the effective address in RAM, interprets operations to
be performed in the arithmetic and logic block, and decodes the number of cycles required for the instruction. The
number of cycles required for an instruction is the number of machine cycles during which the instruction is stored

in IR1.
Address This block calculates the effective (execution) address in RAM (IRAM/ERAM) or ROM (table ROM).
calculation The address calculation block consists of index registers X and Y, stacks XS and YS for index registers X and Y, a
block 7-bit adder (AD1), an 8-bit adder (AD2), the virtual shift pointer (VP), and the virtual shift mode register (VS).

An effective address is calculated in the LAD cycle, and the result is used as the execution address in the following
execution cycle. An address in the table ROM is first calculated in AD1, then used to read table data through the
table address register (TBA) and ROM pointer (DPR).

To access IRAM by an instruction having one address, the effective address is first calculated in AD2, then the result
is used to access IRAM through the RAM pointer (DPB). To access IRAM by an instruction having two addresses, the
effective address in ARAM is calculated in AD1, the effective address in BRAM is calculated in AD2, and the results
are used to access ARAM and BRAM through DPA and DPB.

An address in ERAM is calculated by AD2 and the result is used to access ERAM through the ERAM pointer (DPE).

Note that the table ROM is accessed by adding the value of page register PGT as the MSB element of the address, and
the ROM data (16-bit) is output to IBUS through TBD. ERAM is accessed by adding the value of page register PGM as
the MSB element of the address.

RAM This device has two 128-word x 16-bit RAM areas called ARAM and BRAM. ARAM and BRAM can be used as two
independent RAMs, or as a single RAM (IRAM) having a continuous address space. |f the internal RAM is not suffi-
cient, an external RAM (ERAM) can be connected to the chip. The ERAM can be used as an extension of BRAM or
IRAM, but its address space is independent of BRAM or IRAM.

Arithmetic and Arithmetic and logic instructions are executed in this block. Execution of an instruction is timed by the machine cycle.
logic block This block consists of input registers A and B, an accumulator D that receives the operation result, a multiplier MLT,
and an arithmetic and logic unit ALU.

Multiplication is performed by a two-stage parallel multiplier in which MLT and ALU functions are pipelined.

MLT multiplies the values of A and B unconditionally at each instruction and stores the intermediate results in the
temporary registers TRO and TR1. The final result of multiplication is obtained by having the ALU add the values
of TRO and TR1 according to a subsequent multiply instruction. Since the multiplier has a two-stage pipeline structure,
it takes two cycles to obtain the multiplication result in D after data have been loaded into A and B.

Operations other than multiplication are performed by the ALU alone, and the result is stored directly in D.

The arithmetic and logic block also includes operation flags (PL, MI, ZR, and OV) that can be used to indicate condi-
tions for conditional branch instructions. Register D has a longer bit length than the internal bus (IBUS), so a control
register CLP is provided to output clipped data when the D value overflows the IBUS.

1/0 interface The 1/0 interface is used to exchange data between the DSP chip and an external circuit. It consists of 1/O registers,
an 1/0 controller and flags. The 1/0 controller controls data transfer to/from the external circuit independently of the
execution of instructions.

Data can be input from an external circuit through El with or without address information through EIA. There are
three input modes: the P, D, and A modes. These modes are distinguished by values set by instructions in the mode
registers ADM and DMM. When data is set in El, the input flag IF is set. In the P mode, the El value is transferred to
another register or to RAM by the program. In the D or A mode, the El value is transferred to IRAM by cycle stealing.
In the D mode, DMC is selected as the IRAM address, while in the A mode, EIA is selected. |F is reset when the El
contents are transferred to another location.

Data is output to an external circuit through EA and EO. There are two output modes, and they are distinguished by
the instruction data placed in EA. :

OF is set when data is placed in EA, and is reset when data output to the external circuit is completed.

The data exchange between the DSP and an external circuit as explained above is performed through /O control pins
for synchronization with the external circuit.

The 1/0 interface also includes the FO and F1 flags. These are set by external input signals and used for program control
or synchronization.
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PIN ASSIGNMENT

Fig.2—PIN ASSIGNMENT No.| Name | No.| Name | No.| Name | No.| Name | No.| Name | No.| Name
1| PA1 16 | EAO | 31| D14 | 46 | P23 61| EA7 | 76 | CK2
2(PAO [17| - |32| REQ|47|P21 | 62| EA9 | 77 | TST

°“'““"""\""°"‘°“' 3{P22 (18| EA3 | 33| BCT | 48| P18 | 63| ECE | 78 | PA9
.mm..,.l: T I 4|P20 |19 EAS |34 @ 49 | P16 | 64| Dy |79 PA6
. OO QOO e 6688 @ 5| P19 | 20| EA6 | 35| RST | 50 | P15 | 65 Dy |80 | PAd4
\@® @ CACAVRCRC) @[ @ [Jeonwol 6| P17 21| EA8 | 36| FLO | 51| P13 66 | Dy 81 | GND
® e ®e 8o 7|P14 | 22| EWE |37 | WCK | 52| P10 | 67| Dg |82 Ve
Expansion RAM o ® 8 | P12 23 | Do 38 | ESS 53 | P8 68 | Dig | 83| Vec
“’""""‘;m_‘@ © O Lesuionnan 9|P11 (24| D, |39|CK1 |54|P6 |69| Dy | 84| GND
ROM control e ® TOP VIEW @l® 10 | P9 25 | D3 40 | IRM | 55 | P3 70| D45 | 85 | GND
Teo® ® @] 1M|P7 |26|Dg |41|PA8 | 56| P1 71| ACT | 86 | Vee
® ) 12| P5 | 27| Dg |42| PA7 | 57 | EA1 | 72| AIF |87 | Ve
p,mm.“.m.\g ©/ - 2 g 13|P4 |28|Dg |[43|PA5 | B8] -~ |73 E 88 | GND
. 14 | P2 29 | D14 44 | PA3 | 59 | EA2 | 74| AOF
SR CRCRCRCRCRORC ROl R 15| PO | 30| D13 | 45| PA2 | 60 | EA4 | 75 | ASL
®© ® ® 6 @ ® o @
- J
| No.| Name{ 1/O Function No.|Name| 1/0 Function No.| Name| 1/O Function
78 |PA9 |Output|Program address MSB 55 |P3 1/0 Instruction BIT3 30 [D13 |I/O Data bus 1/0 BIT13
41 | PA8 |Output|Program address BIT8 14 |P2 1/0 Instruction BIT2 69 | D12 {I1/O Data bus 1/0 BIT12
42 {PA7 |Output|Program address BIT7 56 |P1 1/0 Instruction BIT1 29 | D11 |1/O Data bus 1/0O BIT11
79 |PAB |Output|Program address BIT6 15 |PO 1/0 Instruction LSB 168 | D10 |1/O Data bus I/O  BIT10
43 [PA5 |Output|Program address BITS 39 |CK1 |input |Master clock input pin 1 67 |D9 |l/O Data bus 1/0 BIT9
80 |PA4 |Output|Program address BIT4 76 [CK2 [Input |Master clock input pin 2| 28 |D8 |[l/O Data bus 1/0 BIT8
44 |PA3 |Output|Program address BIT3 35 [RST |Input |Initialization 66 | D7 110 Data bus 1/0 BIT7
45 |PA2 [Output|Program address BIT2 40 (IRM Inzut Internal/external ROM 27 [D6 |l/O Data bus 1/0O BIT6
1 [PA1 [Output|Program address BIT1 switching 26 |D5 |I/O Data bus /O BITS
2 |PAO Out::ut Program address LSB 77 |TST |input |Internal ROM test mode| |65 [D4 |I/O Databus I/O  BIT4
46 [P23 |I/O Instruction MSB 62 |EA9 |Output Egg?er;ssion RAM viSE gi gg :jg 3ata :us :;g ::Ig
3 [P22 [i/0 Instruction BIT22 a ata bus
47 [P21_ /0 |Instruction BIT21| |21 |EA8 |Output fc"‘gfe’;:m" RAM BiTs 24 [D1_|I/O_ |Databus /O BIT1
4 (P20 |I/O lnstruction BIT20 51 [EA7 [Output |Expansion RAM 23 |DO (1O Data bus 1/0 LSB
5 [P19 [1/0 Instruction BIT19 address BIT7 34 |RCK |input |Data read clock
48 |P18 |i/O Instruction BIT18 20 |EA6 |Output |Expansion RAM 33 |BCT |Input |Data bus output enable
6 (P17 [I/O Instruction BIT17 address BIT6 72 |AIF |[Input [Data input request
49 |P16 |[I/O Instruct?on BIT16 19 [EAB |Output Eé(é)raer;:ion RAM - :73‘; E%—? :nput i:ag fnpu:
50 |P15 [I/O Instruction BIT15 al nput ag inpu
7 [P14_[I/O_ [Instruction BIT14 60 (EA4 Output f;graez:ion RAM BIT4 75 [ASL [Input fc;at?out_pué typz speci-
i ication in mode
5; s:g :;g ::::::Z::g: g:;:g 18 |EA3 |Output :;g;r;:ion RAM BIT3 37 |WCK |Output | Data write clock
57 {P10 {170 [imteeton—BITTD] | %0 |72 |0Vt Expansion RAW R o eston e
nstruction —
10 [P9__[1/O__ |instruction __ BIT9 57 [EAT [Output ::::,?:Zion RAM 2z 71 _|ACT |Output]input ensble
53 (P8 |I/O__ [Instruction _ BIT8 address BIT1 32 |REQ |Output) Data bus request
i1 [P7__|/O__ [instruction __ BITY 16 |EAO [Output |Expansion RAM ;g E_(‘Vlg 8”:2“: :ﬁ:m :‘:ﬁ:ecn“;ke
i address utpu ! a
?g gg :;g :::::Z::g: ::12 70 {D15 [I/O Data bus 1/O MSB 38 |ESS |Input |ERAM speed select
13 |P4 /O Instruction BIT4 31 _|D14 |I/O Databus I/O  BIT14
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ABSOLUTE MAXIMUM RATINGS*!
Rating .
Parameter Symbol o Mo Unit
Power supply voltage Vee -0.3"2 7.0 Y
Input voltage \ -0.3°2 Vee +0.372 Y
Output voltage Vo -0.3"2 Vee +0.372 \%
Operating temperature Top 0 85 °C
Storage temperature Tstg -55 150 °c

Note: *1 Permanent device damage may occur if the absolute maximum ratings are exceeded. Functional operation should
be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.

*2 This value applies in a steady condition. It may be 0.5 V in a transient condition (for 20 to 30 ns).

RECOMMENDED OPERATING CONDITIONS

Condition .
Parameter Symbol - Unit
Min Typ Max
Power supply voltage Vece 4.5 5.0 5.5 \
Operating temperature Tor 0 85 °C
DC CHARACTERISTICS
(Recommended Operating Conditions unless otherwise specified.)
Parameter Symbol Condition Min Typ Max Unit
Input high voltage Vin Other than CK1, CK2 20 Vee 0.3 Vv
Vincek CK1, CK2 4.0 Vee +0.3 \Y
Input low voltage Ve Other than CK1, CK2 -0.3 0.8 \%
L ViLck CK1, CK2 -0.3 0.6 \
Qutput high voltage Von lon =-0.4 mA 2.7 Vee \Y
Output low voltage VoL loL =2mA 0.4 \%
Input leakage current I V,=0to55V -25 25 MA
e w |
Static power supply current lees 1 mA
Power supply current lcc fop =8 MHz 60 mA
CAPACITANCE
(Vee =V =0V, fyy = 8 MHz)
Parameter Symbol Min Typ Max Unit
Input pin Cin 5 pF
Output pin CouT 5 pF
1/0 pin Cio 8 pF
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AC CHARACTERISTICS

EXTERNAL CLOCK TIMING

Parameter Symbol Min Typ Max Unit
Cycle time *1 teve 100 ns
High voltage pulse width tekH 20 ns
Low voltage pulse width tekL 20 ns

Note: *1 Value when ERAM (extended RAM) is not used. When ERAM is used, follow the specifications for the ERAM
interface AC characteristics. This note also applies to the following AC characteristics.

Fig. 3 — EXTERNAL CLOCK TIMING DIAGRAM

Ton o\ \
e

tcKH ek

tcyer2

{iNpuT) _\ j \____/——\

f——tck L tCKH

INTERNAL OSCILLATOR (Crystal oscillator connected)

Parameter Symbol Min Typ Max Unit
Cycle time teve 100 ns
Crystal frequency feve 16 20 MHz

RESET INPUT TIMING

Parameter Symbol Min Typ Max Unit
Power-on reset *1 tprsT 1 ms
MCLK setup *2 tRsTS 20 ns
MCLK hold *2 tRsTH 15 ns
Reset input pulse width trsTW tcyc 35 ns

Note: *1 The time specification for power-on reset applies to the internal oscillation mode. .
In the external clock mode, the reset pulse must be entered so that the leading edge of MCLK (CK2) can be
produced while RST = 0.
*2 In the external clock mode, MCLK is considered to be CK2 (the inversion of the clock input from CK2).
This note also applies to the following AC characteristics.
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Fig. 4 — RESET INPUT TIMING DIAGRAM

RST

MCLK

(CK2)

tPRST
tRSTH
EXTERNAL ROM INTERFACE TIMING
Parameter Symbol Condition Min Typ Max Unit

Address output delay (from MCLK pulse) tpAD C_ = 50pF 60 75 ns
Address output hold (from MCLK pulse) tpAH C_ =50pF 20 ns
Data hold time (to address) teHA C_ =50pF 0 ns
Data setup (before MCLK pulse) tps C, =50pF 10 10 ns

Fig. 5 — EXTERNAL ROM INTERFACE TIMING DIAGRAM

IRM =0 (External ROM mode)

cyc

/ |

FE

=

%3
tPAD tPAH
PA9 to PAO
(OUTPUT) M( VALID
tpac” tPHA
P23 to PO
tps ‘

Note: *tpac is the address access time provided by the specification of the external ROM.
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FLAG (FLO and FL1) INPUT TIMING

Parameter Symbol Min Typ Max Unit
Setup time teLs 15 ns
Hold time teLH 30 ns
Pulse width*' teLw tcyc +45 ns

Note: *1 tg w (Min) =2 x tcyc +45 when ERAM is used with ESS = 1.

Fig. 6 — FLAG INPUT TIMING DIAGRAM

teve

MCLK T\ o\

(CK2) {_—\__/—-——\_}

mandm————\ tFLs tF"H{_—

(INPUT) N 7

TFLw
EXPANSION RAM INTERFACE TIMING (ESS = 0, Read Cycle)
Parameter Symbol Condition Min Typ Max Unit

Address output delay teaD C,_ =50pF 50 60 ns
Address output hold tEAH C, =50pF 10 13 ns
Chip enable output delay tcep C_ = 50pF 57 70 ns
Chip enable output hold tcen C_ =50pF 17 19 ns
Output disable tonz C_ =50pF 0 ns
Data input setup time terDs C,_ = 50pF 30 25 ns
Data input hold time tERDH C_ = 50pF 0 ns

MCLK
(CK2)

Fig. 7 — EXPANSION RAM INTERFACE TIMING DIAGRAM (ESS = 0, Read Cycle)

N
%3 \

tcye

/

A W
/

te AD—= tEAH
EA9 to EAQ
(OUTPUT) m VALID 7<XXX
tcEH
ECE (OUTPUT) —\ I J('
tcep tDHzl_...l

ERAA™—=

m\lspboTl)Do HIGH-Z VALID
tERCA** tERDS tERDH

Note: *tegaa is the address access time provided by the specification of the expansion RAM.
**terca is the chip select access time provided by the specification of the expansion RAM.
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EXPANSION RAM INTERFACE TIMING (ESS = 1, Read Cycle)
Parameter Symbol Condition Min Typ Max Unit
Address output delay teaD C_ =50pF 50 60 ns
Address output hold tEAH C_ =50pF 10 13 ns
Chip enable output delay tcep C_ =50pF 57 70 ns
Chip enable output hold teen C_ = 50pF 17 19 ns
Data input setup time terDS C_ =50pF 30 25 ns
Data input hold time tERDH C,_ =50pF 0 ns

Fig.8 — EXPANSION RAM INTERFACE TIMING DIAGRAM (ESS = 1, Read Cycle)

teve x 2

& S S S

e tEAH

o2
e
N

tEAD

EAQ to EAO Y
(OUTPUT) M( VALID )

1CED 1 TERCA**

tceEH |
ECE (OUTPUT) J

teRAA tERDS tERDH

Note: “tzgaa is the address access time provided by the specification of the expansion RAM.
**temca is the chip select access time provided by the specification of the expansion RAM.
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EXPANSION RAM INTERFACE TIMING (ESS = 0, Write Cycle)

Parameter Symbol Condition Min Typ Max Unit
Address output delay teap C_ = 50pF 50 60 ns
Address output hold tean C. = 50pF 10 13 ns
Address hold (after EWE) twea C_ =50pF 5 ns
Chip enable output delay tcep C_ = 50pF 57 70 ns
Chip enable output hold tceH C_ =50pF 17 19 ns
Write enable output delay twep C_ = 50pF 40 50 ns
Write enable output hold tweH C_ = 50pF 5 35 ns
. . teve
Write enable pulse width twew C_ =50pF —30 ns
2
Data output delay top C_ =50pF +1TTL 52 70 ns
N teve
Data setup (before EWE) tosw C_ =50pF + 1TTL — 50 ns
2
Data hold (after EWE) toHw C_=50pF +1TTL 5 ns
Data output active delay tbac C_ =50pF +1TTL 52 70 ns

Fig. 9 — EXPANSION RAM INTERFACE TIMING DIAGRAM (ESS = 0, Write Cycle)

tcye

MCLK
(CK2)

tcyc/2

S S N T

B Y

A

tEAH

|~——tg AD
EAQ to EAO \

~—tCED ’—'—tCE Hi
ECE (OUTPUT)

i tWEA
l—{ tWEH
f—1tpsw {
EWE (OUTPUT) )
twep tWEw - |
top DHW

D15 to DO
(OUTPUT) HIGH-Z

’mk VALID
~=—tDAC
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EXPANSION RAM INTERFACE TIMING (ESS = 1, Write Cycle)
Parameter Symbol Condition Min Typ Max Unit
Address output delay teaD C_ = 50pF 50 60 ns
Address output hold teAH C_ = 50pF 10 13 ns
Address output hold (after EWE) twea C, = 50pF 25 ns
Chip enable output delay tcep C_ = 50pF 57 70 ns
Chip enable output hold tcen C,_ = 50pF 17 19 ns
Write enable output delay twep C_ = 50pF 50 ns
Write enable output hold twen C,_ = 50pF 10 35 ns
Write enable pulse width twew C_ = 50pF teve — 40 ns
Data output active delay toac C_=50pF +1TTL 57 75 ns
Data setup (during EWE) tosw C_ = 50pF +1TTL tcve — 65 ns
Data hold (after EWE) tonw C_ = 50pF +1TTL 5 ns

Fig. 10— EXPANSION RAM INTERFACE TIMING DIAGRAM (ESS = 1, Write Cycle)
tcyc x 2
MCLK
(CK2) ]{ \ / \K / \ / \ J{ \__/—
tEAD tEAH
EA9 to EAOD ﬁ
(OUTPUT)
Fe—2ICEH
ECE (OUTPUT) \
"—'tCED—-—I tweD TWEH j=-e]
EWE (OUTPUT) ]t
I twew tWEA
tDHW
=—tpAC—etm————t D =]
eSS o 2——— e )




A
FUJITSU

W mB 8764

P MODE AND D MODE INPUT TIMING

Parameter Symbol Condition Min Typ Max Unit
ATF setup tars 30 ns
AITF hold tAFH 20 ns
ATF pulse width *1 taFw teyc +50 ns
ACT fall delay tacT C_ =50pF +1TTL 70 ns
ACT reset delay tacTRD C_=50pF +1TTL 70 ns
RCK input enable trRckAC 0 ns
RCK pulse width trckw 40 ns
RCK enable setup toes 35 ns
RCK enable hold toen 25 ns
Data setup tops 25 ns
Data hold topH 25 ns
ACT reset setup tacThRs 60 ns
ACT reset hold tACTRH 10 ns

Note: *1 tapw (Min) =2 x tcyc + 50 when ERAM is used with ESS = 1.

Fig. 11 — P MODE AND D MODE INPUT TIMING DIAGRAM

tcyc—=]
(cx2) avat aWaWaVataWataWaWaWa
(CK2)
= Y \J /Y | AW
tAFS tAFH
ATF (INPUT) \ 7 i‘—_—
tACTRH tACTRD
TAFW ==
ACT (OUTPUT) 3 Ir
== tACT tpES tACTRS
RCK (INPUT) ‘; 7
tRCKAC T tDEH
RCKW
D15 to DO )
(INPUT) HIGH-Z VALID
tops: tDDH
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A MODE INPUT TIMING
Parameter Symbol Condition Min Typ Max Unit
ATF setup taFs 30 ns
ATF hold tAFH 20 ns
ATF pulse width *1 tAFw . teyc + 50 ns
ACT fall delay tacT C_ =50pF +1TTL 70 ns
ACT reset delay tacTRD C_ =50pF +1TTL 70 ns
RCK input enable tRCKAC 0 ns
RCK pulse width tRCKW 40 ns
RCK enable hold taEH 25 ns
RCK enable setup tpes 35 ns
RCK enable hold tpEH 25 ns
Address setup taDs 25 ns
Address hold tADH 25 ns
Data setup tops 25 ns
Data hold topH 25 ns
ACT reset setup tacTRS 60 ns
ACT reset hold tACTRH 10 ns

Note: *1 tarw (Min) =2 x tcyc + 50 when ERAM is used with ESS = 1.

Fig. 12— A MODE INPUT TIMING DIAGRAM

tcyc—=—
et avaV¥
(CK2)
s \—(7 \—/ tAFHj.J \_/ U U
tAFs tAEH
tAFW ~
AFW
AIF (INPUT) !; f -~
tacT tRCKAC toEH -
tDES ’
ACT (OUTPUT) T
tRckw tRCKW —— tACTRD
4 y 4
RCK (INPUT) __/ k /
tACTRs
tACTRH
D15 to DO
(INPUT) HIGH-Z ADDRESS DATA

taDs | tapH  tDDS | tDDH
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| MODE OUTPUT TIMING

Parameter Symbol Condition Min Typ Max Unit
REQ output delay trea C_ =50pF +1TTL 75 ns
AOF output delay taoF C_=50pF +1TTL | 65 ns
BCT level 0 setup tgLs 40 ns
BCT level 0 hold teLH 15 ns
BCT level 1 setup tgHs 40 ns
BCT level 1 hold tgHH 15 ns
BCT level 1 pulse width *1 taHw tcye + 56 ns
WCK fall delay twekp C_ =50pF +1TTL 65 ns
WCK rise delay tweku C_ =50pF +1TTL 65 ns
Address output delay tauDp C_ =50pF +1TTL 85 ns
Data output delay toup Cy =50pF +1TTL 80 ns
Data output disable toop C_ =B0pF+1TTL 70 ns
Address setup tapos C_L =50pF +1TTL 170 ns
Address hold tADOH C_ =50pF +1TTL 65 ns
Data setup tbos C_ =50pF +1TTL 170 ns
Data hold toon C_ =50pF +1TTL 65 ns

Note: *1 tgyw (Min) = 2 x tcyc + 55 when ERAM is used with ESS = 1.

Fig. 13 —1 MODE OUTPUT TIMING DIAGRAM

tcyc
o) VUV VIV
s AP \\
%3 _\F'\hl_\f Vv VvV V V U VUV \ \J V V
— tREQ tREQ—={ |=— —— |=—tREQ
REQ (OUTPUT) { |
I
J— —=i |=tgLS
AOF TP
tou tUT) | tBHH taoF tBHS "
AOF o | |
o os TaE BHH
BCT (INPUT) | twekU tBHW
tWC,KD—— f— e — 1B L H—

WCK (OUTPUT) y ¢ \\ __/

—{ l~—tpDD
D15 to DO
HIGH-Z ADDRESS ( DATA
(ouTPUT) ; tADOH |
AUD— }
tADOS |- .| tpos tpoH taup
tbup
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E MODE OUTPUT TIMING
Parameter Symbol Condition Min Typ Max Unit
REQ output delay trea C_ =50pF +1TTL 75 ns
BCT level O setup tars 40 ns
BCT level O hold tgLH 15 ns
BCT level 1 setup taHs 40 ns
BCT level 1 hold teHH 15 ns
BCT level 1 pulse width *1 tanw tcyc 155 ns
Output active delay teca C_ =50pF +1TTL 85 ns
Address output from fall of ASL tpsa C_ =50pF +1TTL 85 ns
Data output from rise of ASL tbsp C_ =50pF +1TTL 85 ns
Output inactive tscp C_ =50pF +1TTL 70 ns

Note: *1  tguw (Min) = 2x tcyc + 55 when ERAM is used with ESS = 1.

Fig. 14 — E MODE OUTPUT TIMING DIAGRAM

AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA

gAV
“\
—— tREQ tREQ
REQ (OUTPUT)—( F_\—
' l—tgL S tBHS
tBHH tBLH
BCT (INPUT) i T
TBHW d

ASL (INPUT) 1‘

l~——{tosa tpsp

D15 to DO . ADDR ATA \ ﬂ
OUTRUT) HIGH-Z -@{ ESS D
—] tBCA ——] LtBCD

d S
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AC CHARACTERISTICS MEASUREMENT CONDITIONS

MB 8764

Parameter

Symbol Condition
Power supply voltage " Vpp 5V £10%
Ambient temperature Ta 0 to 85°C

Fig. 15— AC CHARACTERISTICS MEASUREMENT WAVEFORMS

40V

fao0v \

INPUT

f195v
08V

VALID

1.95 V
0.8 V 4

—_—

OUTPUT

SETUP

HOLD
|

22V
08V

VALID

OUTPUT DELAY

22V
08V
I

OUTPUT HOLD
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Fig. 16 — EXAMPLE OF MB 8764 APPLICATION CIRCUIT
(with 1K-word External ROM and 1K-word External RAM)
VB 8764
T
rJ;— GND V¢
RESET
o BT o o7 CONDITION
%’ 5v o 4} CONTROL
SIGNALS
grocx —>o— cK1  EA9 -
74504 5V :
EAOD
I g—
74504 _
- pag  NE |
I | [ PAO kB2
MBM 214945
A9 A0 B(1Kx4)
I\:I1BK7:38§Y 1/0g -+ +1/04
- S S
: BUS
Do
—L—"D Iy R
BETWEE A
;:g RCR|———— DATA READ CLOCK SIGNAL
:> pg  ACT|——— DATA INPUT ENABLE FLAG
> P7  REG|——— WRITE DATA REQUEST SIGNAL
PO BCT |———— BUS OUTPUT ENABLE SIGNAL
\RM  ASC|— SIGNAL DISTINGUISHING BETWEEN
ADDRESSES AND DATA IN OUTPUT DATA
TST WCK DATA WRITE CLOCK SIGNAL
n‘E ess  AGE SIGNAL DISTINGUISHING BETWEEN
ADDRESSES AND DATA IN OUTPUT DATA
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INSTRUCTION SET

ARITHMETIC AND LOGIC INSTRUCTIONS

Mnemonic Processing performed Mnemonic Processing performed
NOP No operation ABS |D| »D
ADD A+B->D NEG -D->D
MLT AxB—>D SRA Shift D right arithmetic > D
suB B—-A->D SLA Shift D left arithmetic > D
MSM D+AxB->D AND DN A->D
MRD D—-AxB—>D ORA DUA->D
SUM D+A->D DIV D+ A->D
RED D—-A->D CcComMm D-D

TRANSFER INSTRUCTIONS

Mnemonic Processing performed
LTB: (Arithmetic/logic instruction) $a, $b ROMT > A, BRAM/ERAM —> B
LAB: (Arithmetic/logic instruction) $a, $b ARAM -~ A, BRAM/ERAM —~> B
MAB: (Arithmetic/logic instruction) $a, $b ARAM -~ BRAM/ERAM
MBA: (Arithmetic/logic instruction) $a, $b BRAM/ERAM > ARAM
MOV: (Arithmetic/logic instruction) $a, Reg [:Reg. . ] IRAM/ERAM — Register
MOV: (Arithmetic/logic instruction) #9$d, Reg [:Reg..] | Immediate data (d) > Register
MOV: (Arithmetic/logic instruction) Reg, Reg [:Reg..] Register - Register
LDI:  (Arithmetic/logic instruction) #$d d—=>A
LIB:  (Arithmetic/logic instruction) #$d d—~> A, BRAM~>B
JUMP INSTRUCTIONS
Mnemonic Processing performed
JMP: (Arithmetic/logic instruction) #$d Unconditional jump (d - PC)
JOC: (Arithmetic/logic instruction) # $d, flag Conditional jump (d—>PC)
JOC: (Arithmetic/logic instruction) $a, flag Conditional jump (IRAM/ERAM — PC)
JSR: (Arithmetic/logic instruction) #$d Jump to subroutine (PC - PCS, d - PC)

RTS: (Arithmetic/logic instruction)

Return from subroutine

MISCELLANEOUS INSTRUCTIONS

Mnemonic

Processing performed

CLR: [Reg[:Reg...]1...]

Clear register

SET: [Reg([:Reg...]...]

Set register

MXY: (Arithmetic/logic instruction) #$d,, #5d, X+dy=>X, Y+dy2Y
LIY: (Arithmetic/logic instruction) #$d d—>ABRAM—>B,Y+1->Y
AVP: (Arithmetic/logic instruction) #4d VP +d - VP

LVP: (Arithmetic/logic instruction) #$d d—-> VP

ADY: (Arithmetic/logic instruction) Y+YS—>Y

GXY: (Arithmetic/logic instruction) XS—>X,YS—>Y

SXY: (Arithmetic/logic instruction) # $d

d—>C1,X—>XS,Y~>YS5,0~>X,0->Y

NOP: (Arithmetic/logic instruction)

No operation

18




PACKAGE DIMENSIONS
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INDEX
AREA

88-LEAD CERAMIC (METAL SEAL) REPEATED QUAD IN-LINE PACKAGE
(CASE No.: RIT-88C-A01)

.015(0.38)
025(0.64) DIA /.040(1.02)TYP DIA
_hb—- ® 0o 000000 00 0 -]
© 000 000000 00
—— o o o o o o
= o o o o
— o o o o
1.185(30.10) F——1.100(27.94) © o o PIN1 o o o
1.215(30.86) = REF o o INDEX oo o
= o o o o
= o o o o
=‘_l o o o o o o
—— © 0000000 000 O
@ o o0 0000 00 0@
1.185(30.10) | .035(0.89) ! .090(2.29)
1.215(30.86) L .060(1.52) .110(2.79)
.250(6.35) .120(3.05)
MAX .150(3.81)

Dimensions in
inches (millimeters)

Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications; con-
sequently, complete information sufficient for construction pur-
poses is not necessarily given. The information has been carefully
checked and is believed to be entirely reliable. However, no
responsibility is assumed for inaccuracies. Furthermore, such in-
formation does not convey to the purchaser of the semiconductor
devices described herein any license under the patent rights of
Fujitsu Limited or others. Fujitsu Limited reserves the right to
change device specifications.
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