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National : " Preface
Semiconductor

This handbook replaces the N8080 System Design Manual. The Series 8000 Microprocessor Family encom-
passes not only the INS8080A, but also many peripheral control components as well. The title change
reflects this increased emphasis on peripherals. This handbook provides design information pertaining to
the National Semiconductor Series 8000 Microprocessor Family. The material contained in this handbook is
presented at a level-of-detail 'sufficient for use in the design and development of microprocessor systems
using the proven INS8080A CPU and support components. The material is up-to-date at the time of publica-
tion and is subject to change without notice. '

Copies of this publication and other National Semiconductor publications may be obtained from the
National Semiconductor sales office or distributor serving your locality. ,

Availabie data sheets are included in appendix D.
Related National Semiconductor Publications:

National’s 8080A Microprocessor Family Quick Reference

Pace Resident Macro Assemblers Manual (for UDS - based 8080 cross assembler)
Universal Development System Users Manual

Universal Development System Editor Users Manual

Universal Development System PROM Programmer Users Manual

LLL Basic Interpreter Users Manual

Microprocessor Family Product Guide

National’s Spectrum of IC Components for Terminals

Microprocessor System Design Training

Microprocessor Applications in Business, Science and Industry




Data Sheet Index

Data Sheet Index

.The Series 8000 Microprocessor Family Data Sheets available at time of publication are listed below and
included in appendix D in the order shown (for memory data sheets refer to National’'s Memory

Databqok): ’

D.1 CPU GROUP i : Page
INS8080A ~ 8-Bit Microprocessor ....... et e raraaas BTSRRI D- 3
INS8224 ‘Clock Generator and DIiver . ...ttt iiaiinns D-13
INS8228/8238 System Controller and Bus Driver ........ s D-19

D.2 DIGITAL I/0 COMPONENTS

INS8202  TRI-STATE® 8-Bit BUS DIIVET ...\ vt eneeneaneeareaneaneaneannnnn, D-25

INS8203 TRI-STATE 8-Bit Bus Driver (Inverting) .................. e D-25
INS8208 8-Bit Bidirectional Bus Driver ........ ..ot D-29
INS8212 B-Bit I/0 PoOrt ..o e D-35
INS8216 4-Bit Bidirectional Bus Driver ............ooiiiiiiiiiiiiiiiiii i /....D-43
INS8226 4-Bit Bidirectional Bus Driver )

(Inverting) ................ N R » R K]

INS8255 Programmable Peripheral Interface ............... P D-47

D.3 PERIPHERAL CONTROL COMPONENTS

DP8350 Series Programmable CRT Controller............. [N e D-59
INS1771-1 Floppy Disk Formatter/Controller............ e e D-73
INS8253 Programmable Timer ... ...uiueet ettt eiee i ie e e ii e, D-91
INS8254 Programmable 16-Bit Addressable . .

~ Peripheral Interface............ oo D-101
INS8857 Programmable DMA Controller...........coviiiiiiiiiiinnnnnnnns [ D-115
INS8259 Programmable Interrupt Controller .................. ..ot P D-127
INS8298E* . LLL BASIC Interpreter ................... e s D-139

D.4 COMMUNICATIONS COMPONENTS

INS1671 ASTRO Communications Interface ............coeveevinrinrniennnenennn. D-145
INS8250 Asynchronous Communications Element (ACE) ...................c..... D-157

INS8251 Programmable Communications Interface .......................... ... D-173

*NOTE: For the following devices, contact National's Microprocessor Marketing regarding
availability of devices and data sheets: : :

INS9298E LLL BASIC Interpreter

INS8316  (same as MM52116) 16K bit (2K x 8) ROM
INS8332 (same as MM52132) 32K bit (4K x 8) ROM
INS8364 (same as MM52164) 64K bit (8K x 8) ROM
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Introduction

1.1 GENERAL DESCRIPTION

The National Semiconductor Series 8000
Microprocessor Family covers the broad
general-purpose’ segment of microprocessor
applications (see figure 1-1 for INS8080A exam-
ple). Included in the Series 8000
Microprocessor Family are the proven
INS8080A CPU and components of proprietary
designs as well as a wide range of mulitiple
source devices. The Series 8000
microprocessor family finds use in 8-bit
microprocessor system designs ranging from
complex controls to highly sophisticated com-
munications applications. Some of the user
benefits are listed below:

Most components of the Series 8000 Micro-
processor Family are shown in figure 1-2. (For a
more nearly complete list, see chapter 10
references and specific publications such as
National’s Memory Databook). Components
are discussed by type (see 1.2). Representative
of the type of CPU that can be used with the
Series 8000 Microprocessor Family is the INS-
8080A, an 8-bit CPU chip that may be used inter-
changeably with the Intel 8080A. The Series
8000 Microprocessor Family can be used in
systems that range from a few family com-
ponents to designs that utilize the extensive
capabilities available. The INS8080A falls be-
tween the cost-effective 8-bit INS8060 chip and
the highly versatile 16-bit INS8900 chip in

uo1onpou|

: gig"‘l’e"’t‘gpcrgﬁmrgo system design National Semiconductor's microprocessor
B p bl group spectrum. Any of these three microprocessors
e Programmable input/output concepts can be used with Series 8000 peripheral
e Multiple source availability components
e Complete line of support components )
e Total product support ‘The designer can satisfy memory requirements
—
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Figure 1-1. National Semiconductor Series 8000 Microprocessor. Family

Basic System Model (Example using INS8080A CPU Group)
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SERIES 8000

Figure 1-2. Series 8000 Microprocessor Family

MICROPROCESSOR
MICROBUS™ 8
MEMORY INPUT/OUTPUT PERIPHERAL COMMUNICATIONS
Co CONTROL
PART PART PART PART
‘NUMBER DESCRIPTION NUMBER DESCRIPTION NUMBER" DESCRIPTION NUMBER DESCRIPTION
INS8101A-4 256 x 4 Static RAM with INS8202 Tri State 8 Bit Bus Driver DP8350 Series Programmable CRT Controlier INS1671 ASTRO Communications
Separate /0 INS8203 Tri State 8 Bit Bus Driver INS1771-1 Floppy Disk Contraller Interface
INS8102A 1024 x 1 Static RAM (Inverting) R INS1791 Dual Density Floppy Disk INS8250 Asynchronous Communications
INS8111A-4 256 x 4 Static RAM with INS82LS05 1 of 8 Binary Decoder Controller : Element (ACE)
Common /O . INS8208B 8 Bit Bidirectional Bus Driver INS8244 90 Key Keyboard Encoder INS8251 Programmable Communications
INS8154 128 x 8 Static RAM with INS8212 8 Bit IO Port INS8245 16 Key Keyboard Encoder . . Interface
Common /O INS8216 4 Bit Bidirectional Bus INS8246 20 Key Keyboard Encoder
INS8298E 8080A LLL Basic Interpreter Driver INS8247 4 Digit Display Controller
INS8316A/E 2048 x 8 MOS Mask ROM INS8226 4 Bit Bidirectional Bus INS8248 6 Digit Display Controlier
(2708 Compatible) Driver (Inverting) INS8254 Programmable 16 Bit Addressable
INS8332E 4096 x 8 MOS ROM INS8253 - Programmable Timer Peripheral Interface
(2708 Compatible) INS8255 Programmable Peripheral INS8277 Programmable CRT Controller
INS8364/ 8192 x 8 MOS Mask ROM Interface INS8285 Character Generator
8364E (E has 2708 Compatibility) INS8257 Programmable DMA INS8292 8 Bit A/D Converter with
INS8704 512 x 8 EPROM Controller 16 Channel Analog MUX
INS8708A 1024 x 8 EPROM INS8259 Programmable Interrupt INS8294 3% Digit DVM with Multiplexed
MM1702A 256 x 8 EPROM Controller : BCD Output
MM2114 1024 x 4 Static RAM
MM5204 512 x 8 EPROM
MM5242 1024 x 8 ROM
MM5257 4K x 1 Static RAM
MM5281 4096 x 1 Dynamic RAM
MM5290 16K Dynamic RAM




from the wide range of National Semicon-
ductor's RAM, ROM, PROM, and MAXI-ROMTM*
components. Programmable input/output and
peripheral functions enable the system
designer to configure and adapt interface lines
to his own requirements. Data communica-
tions may be accomplished by using a variety of
Series 8000 Communications Peripherals.

The Series 8000 Microprocessor Family is sup-
ported by industry standard design kits, easy-
to-use development systems, and a full comple-
ment of cross and resident assemblers.
Various components and software also are
available to support the Series 8000
Microprocessor family from experimentation to
final production (see chapter 10, Development
Support).

1.2 HANDBOOK ORGANIZATION

The major portions of the Series 8000

Microprocessor
follows:

Family Handbook are as

e Introduction

The MICROBUS

The Series 8000 Microprocessor Family
CPU Group

Designing Series 8000 Microprocessor
Family Systems

Memory Components

MAXI-ROMs

Input/Output Components

Peripheral Control Components
Communications Components
Development Support

Programming

Appendices

The handbook takes the approach of introduc-
ing the system concept of the MICROBUS first,
since this is the System Bus used to intercon-
nect the various Component Device Groups.An
example of a CPU group is discussed next to
form a base for discussing the various sizes of
systems that follow. With this base of informa-
tion, the chapter on designing Series 8000
Microprocessor Family Systems is presented
next followed by detailed discussion of other
device types, so that the designer can pick the
chapters of interest that follow and skip the
rest. Chapters 5 and 6 discuss memory com-
ponents including MAXI-ROMs, and their use in
storing large programs in ROM. Having covered
the various memory options, it is possible to ex-
amine how Input/Output is included in the
system. This is treated in two chapters (7 and 8)
so that individual Input/Output Components
can be selected more easily.

The communications components allow data
transfer to remote locations, and are covered in
chapter 9. We next turn our attention to

Development Support, covering how the
designer is aided, and then programming. Ap-
pendices are included next which give
reference data such as MICROBUS specifica-
tions, additional sources of information and
complete the manual with the available Data
Sheets for the devices referenced.

1.2.1. Introduction

Chapter 1, Introduction, gives a general view of
the Series 8000 Microprocessor Family and
discusses the plan of the Handbook. It iden-
tifies the key concepts that are used
throughout the Handbook such as the
MICROBUS, and discusses the relationship of
the various chapters to each other.

1.2.2 The MICROBUS

The MICROBUS chapter describes the use of
the system bus and its conventions. The bus
concept is developed, indicating bus usage for
various size systems, recognizing that most
systems will not need the entire MICROBUS
capability.

1.2.3 The Series 8000 Microprocessor Family
CPU Group

The discussion of the CPU Group includes as
an example, the INSB080A Microprocessor, the
INS8224 Clock Generator and Driver and the
INS8228/INS8238 System Controller and Bus
Driver. The architecture of the INS8080A is
discussed along with the operating cycle, data
and instruction representation. Other key
topics such as addressing capabilities, In-
put/Output operation and control, and inter-
rupts are examined in this chapter and then
referenced in following chapters. In particular
the next chapter on Designing Series 8000
Microprocessor Family Systems relies heavily
on an understanding of the CPU. Group as
discussed in this chapter.

1.2.4 Designing Series 8000 Microprocessor
Family Systems

The handbook is organized so that a designer
might start with this chapter and refer to each
of the other chapters as needed,” while con-
sidering the design requirements of the system
being designed for a particular application. For
example, a particular system might need power-
ful input/output capability and therefore
chapters 7 and 8 might be reviewed while con-
sidering approaches for the design of a system
with that capability.

1.2.5 Memory Components
The diversity of Memory options range from

small RAM to-the mask programmable MAXI-
ROM.

* Trademark, National Semiconductor Corporation
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1.2.6 MAXI-ROMs

Mask programmable MAXI-ROMs may contain
complete programs. As an, example of-the
possibilities, the 8298 LLL (Lawrence Livermore
Laboratory) BASIC interpreter for the INS8080A
is discussed. This program resides in an INS-
8298E, (65,536 bit) static mask-programmable
ROM.

1.2.7 Input/Output Components

These devices receive a somewhat lighter
discussion than the Peripheral Control Com-
ponents because of -their simplicity. The
devices of a more complex nature (i.e.
Peripheral Control Components), are given a
more extensive treatment to make it easier fora
designer to feel comfortable in designing with
the devices. It is assumed that the designer
has considerable background in the use of
similar /O devices and other Component
Groups of concern in his design. The next two
chapters are companions to this one and are in-
tended to be used with it.

1.2.8 Peripheral Control Components

The discussion of these devices is somewhat
grouped because of their typical use together,
although no rigid division is implied by chapter
divisions or order of discussion of devices. The
statement that the only limitation is the im-
agination of the - designer applies perhaps
stronger with the .l/O, than any other area of
design, for here is the interface capability to
other devices, equipment, and systems in the
outside world. The treatment in the two In-
put/Output chapters (7 and 8) and the com-

munications chapter (9),-is intended to get the

imagination going, and emphasize the range of
devices available, rather than give cook book
solutions to particular problems. (See appendix
C for additional information sources.)

1.2.9  Communication Components

Various communications devices are covered
in this chapter. ‘

1.2.10 Development Support

This chapter identifies items of general sup-
port, such as the 8080 cross assembler, PROM
Programmer and the Universal Development
System (UDS), training and technical support.
(Also see appendix C for additional information
sources.)

1.2.11 Programming

In this chapter, programming topics are
covered from machine language through high
level languages. Reference is also made to
related programmable devices, such as Pro-
grammable Peripheral Control Components.

1.2.12 Appendices

In addition to general reference data, additional
information .sources are identified in appendix
C. i

Available data sheets for the referenced
devices are grouped in Appendix D. Notice that
they are grouped by area of concern (i.e., CPU
group, Memory components, Digital /O Com-
ponents, Peripheral Control Components, and
Communication Components).
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MICROBUS™

2.1 INTRODUCTION

MICROBUS, the National Semiconductor Stan-
dard for Microprocessor Interfaces, deals with
systems that use 8-bit parallel means to
transfer digital data between MOS/LSI
microprocessor CPUs and interfacing devices.
The interface system described herein allows
proximate components to communicate over a
unified bus system.
/

This standard applies to relatively small
systems representative of users’ end products.
Typically, these are systems where fewer than
ten integrated circuits are interconnected to a
common system bus, with buffering kept to a
minimum.

Application of this standard will provide the
user with a broad line of support devices which
can be effectively ‘“plugged” into systems
without regard to complex timing or electrical
analysis, thereby making interfacing easy for
the system designer.

2.2 GENERAL DESCRIPTION

This standard applies to interface systems
used to interconnect electronic devices with
MOS/LSI microprocessor systems. Devices
should have the following characteristics:

e Data exchanged among the interconnec-
ting devices is digital (as distinct from
analog).

e Total transmission path among intercon-
necting devices is electrically short. That
is, transmission line considerations are
negligible.

e Number of devices interconnected onthe

system bus is small (ten or fewer).

This standard defines the most general system.
The large majority of interfacing devices
employ only a subset of the signals. Signal
Lines are described in table 2-1. For details con-
tact National Semiconductor.

2.2.1 Basic MICROBUS Interface

The following paragraphs define the Basic
MICROBUS Interface Signals. Figures 2-1 and
2-2 illustrate the fundamental read and write cy-
cle timing.

The Basic MICROBUS Interface defines
generalized read and write strobes - RD and WR.
In actual systems there may be both memory

strobes and peripheral device (I/O) strobes.
Because it is actually the option of the system
designer whether he implements both sets of
strobes, only the generalized strobes are dis-
cussed in detail. The mnemonics to be used for
the memory strobes are MEMR and MEMW. The
mnemonics for peripheral strobes are I/OR and
IIOW. (Refer to Section 4.3 for discussion of
mapping peripherals in memory vs. /0O address-

ing space.)

Data
od Valid

DATA BUS DRIVEN
BY THE INTERFACE
™| DEVICE IN THIS
INTERVAL

-

Figure 2-1. Read Cycle - Fundamental Timing

Relationships
" -/
X DATA VALID X

DATA BUS
PROVIDES VALID
DATATO THE
INTERFACE DEVICE
' IN THIS INTERVAL

Figure 2-2. Write Cycle - Fundamental Timing
Relationships ‘

2.2.1.1 Data Bus (D7-Dg)

These signal lines carry bit-parallel data infor-
mation, typically, implemented as eight TRI-
STATE input/output lines. In such a typical ap-
plication status, control and data information is
transferred. In most applications, eight bits are
implemented.

*Trademark, National Semiconductor Corporation
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"Table 2-1.  SIGNAL LINES (Referenced to the Interface Deviée)

FUNCTION

Data

Generalized Read Strobe
Generalized Write Strobe
Memory-Read Strobe
Mbemory Write Strobe
1/0 Read Strobe

1/0 Write Strobe
Device (Chip) Select
Reset

Ground -

Address

Interrupt

DMA Request

DMA Acknowledge
Terminal Count

Ready

Early Write Strobe
Data Buffer Enable
Data Buffer Out
Address BLJffer Enable

Address Buffer Out

MNEMONIC NUMBER

D7-Do 8
RD 1
WR 1
MEMR 1
MEMW 1
IR 1
17OW 1
CS 1
RESET 1
GND 1
A15-A0 16
INTR -~
DRQ -
DACK —
TC 1
READY 1
EWR 1
DBE 1
DBO 1
‘ABE 1
ABO 1

TYPE
Bidirectional
Input

Input

Input

Input

Input

Input

Inpu_f

Input

Power Supply
Input
Outbut
Output
Input

Input

0.C. Output(
Input
Output
Output
Outpﬁt

Output

2-2




In simpler, dedicated, interface applications,
these signal lines may be unidirectional. Ex-
amples are, simple interface latches, keyboard
controllers, and display controllers.

2.2.1.2 Chip Select (CS)

This input pin enables communication between
the interface device and the system. This
signal is a combinational active low state in-
dicator that the device is being addressed by
the system. The user/designer must accom-
modate transients on this signal during
changes in the address bus. Therefore, this
signal should be used as a combinational
enable function, i.e., level sensitive applica-
tions are O.K., edge sensitive are not.

In a_data transfer, the CS signal will envelope
the RD or WR signals.

2.2.1.3 Read Strobe (RD)

A low state on this input pin enables the inter-
face device to send information to the system
via the data bus. This signal is the indicator to
the interface device to_ provide data to the
MICROBUS whenever CS is also active (low).
Otherwise, the interface device data bus drivers
should be in the high impedance state.

2.2.1.4 Write Strobe (WR)

A low on this input signal in combination with a
low on the CS input signal enables the transfer
of information from the MICROBUS to the inter-
face device. '

The data bus (D7-Dg) will be valid to the inter-

face device before the high to low transition of .
WR and will remain valid until after the low to

high transition of WR.

Designers of new interface devices should not
rely upon data being valid on the leading edge
of the write strobe because some existing and
future microprocessors do not provide data
valid at this time.

2.2.1.5 Reset (RESET)

The RESET signal is supplied by the system to
all interfacing devices at power on time and
typically by a manual (pushbutton) operation.
Devices are to be reset whenever the RESET
signal is in the low voltage state.

The reset signal should place all interfacing
devices into a known initial state. It is desirable
that every sequential storage element within an
interface device be initialized by this signal. For
example, when a floppy disk interface device is

reset, it should restore the head to track zero. A
mag tape device, however, should terminate
tape movement operations. Each electro-
mechanical device must be considered
separately when determining what effect the
RESET input will have on its controlling states.

Whenever the RESET signal is applied, the in-
terface device shall place its data bus and other
TRI-STATE system outputs into the high im-
pedance state. _The device designer may
assume that the RESET input will be low for a
minimum of 100 usec.

Many MOS/LSI interface devices require an ac-
tive high voltage RESET signal while most ex-
isting TTL devices use RESET. For this reason,
most systems will require both RESET and
RESET. Either reset signal is acceptable for
this standard. Future interface devices should
standardize on the RESET convention.

2.2.1.6 Ground (GND)

This signal provides Ov reference t0 the inter-
face device. All signals and voltages are ref-
erenced to GND.

2.2.2 Addressing Techniques

The first extension of complexity beyond the
Basic MICROBUS is the addition of addressing
capability. The addition of address signals to
the interface device provides a binary encoded
selection of device internal registers or memory
locations.

2.2.21 lnpu‘t Case

These input_signals, in conjunction with the CS
and RD or WR inputs, control the selection of
data, control, or status information transfer be-
tween. the MICROBUS and the interfacing
device.

A common example is the 8255 Programmable
Peripheral Interface. This device has _two
address inputs (A4 and Ag). Internal to the
device, there are three data ports- A, B,and C; a
status register; and a control register. The A, B,
and C data ports may be read or written and are
specified by the address inputs during the time
RD or WR is low. In this case, port A, B, or C is
specified when the A{Ag inputs are 00, 01, or 10
respectively. When the address. inputs are 1t
and a read operation is performed, the 8255 pro-
vides information from its status register to the
data bus. When the address inputs are 11 and a
write is performed, the 8255 command register
is loaded from the data bus.

In this example, a write only and a read only
register share a common address. This is not a
preferred practice as it adds complexity to the
controlling software. Data written to write only
control or data registers must often be dupli-
cated in RAM when independent bit operations
are to be performed on the register.
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2.2,2.2 Address/Chip Select
Relationship

It is implied that the chip select signal, CS
(2.2.2) is'a combinational function of the'system
address bus. Because of thisrelationship, tran-
sitions of CS are delayed from changes in the
address bus. The timing specifications for the
CS signal are derived from the typical imple-
mentation presented in appendix B.

2.2.2.3 Bidfrectional Addresses

In the future, interface devices will provide their
own address information during direct memory
access (DMA) transfers. In this class of inter-
face device the address lines are outputs dur-
ing DMA transfers-and inputs during conven-
tional, programmed /O transfers as described
in section 4.3. Special control signals are
required to control external TRI-STATE address
buffers and latches needed for this type of
device. These signals control the direction of
data through the TRI-STATE buffer and the TRI-
STATE enable. They are named Address Buffer
Out (ABO) and Address Buffer Enable (ABE)
respectively. .

2.2.3 Interrupt Convention

Interface devices often provide interrupts to the
system to request the initiation or indicate the
completion of a task.

In the standard bus environment, interface
devices may provide one or more interrupt
signals. In the singular case, this signal - is
named INTR. It is an active high signal that is
asserted in the high voltage state to request a
Program interruption.

Once asserted high by the interface device, the
interrupt signal must remain high until it is ser-
viced by the system. Typically, interrupts may
be serviced by the system taking action to
either identify or service the condition which
caused the interrupt. In all cases, this must be
implemented by a programmed 1/O transfer be-
tween the system and the device. The particular
protocol for removal of the interrupt is depen-
dent upon the type of device producing it.

The interrupt signal may be asserted asyn-
chronously with respect to other'signals in the
system. See figure 2-3. It must be removed by
the’ completion of_the appropriate RD or WR
strobe when the CS and address mputs are
active.

An example of implementation is an A/D con-
verter designed to interface to the MICROBUS.
The device designer who wishes to make his
A/D converter compatible with the MICROBUS
will modify the classical control and timing
logic to replace the END OF CONVERSION

signal with an intellrupt output (INTR). The
START CONVERSION input is replaced or
supplemented by a programmed 1/O operation.

DEVICE ACKNOWLEDGES'
SERVICE COMPLETE

~ -
INTR s
- DEvicE
SERVICE
REQUEST
cs -
RD, WR

Figure 2-3. Interrupt Service - Interface Device

Waveforms

\

In the simplest case, the INTR output is set
high at END OF CONVERSION. The system re-
sponds to the interrupt by reading the A/D out-
put buffer which sets the INTR low and simuita-
neously starts a new conversion. The reader
will notice that the START CONVERSION input
is not required. In practice it is desirable to
implement control and status registers to allow
the system to select how the interrupt and start
conversicn systems will function.

In an 8080 system, the interrupt feature may be
implemented by adding an 8259. The interrupt
controller is added to the CPU group to provide
the MICROBUS interrupt inputs for interfacing
devices.

2.2.4 Direct Memory Access (DMA) Transfers

Systems that provide DMA capability interface
to devices via two dedicated and one common
signal. Each DMA device controls its own DMA
request signal (DRQ). The system responds to
DRQ with a dedicated DMA acknowledge signai

(DACK). The third special signal for DMA is the

terminal count (TC) indicator provided by the
system to the device to indicate that the. pre-
sent DMA cycle should be the last cycle for this
data block.

Figure 2-4 illustrates a typical DMA cycle in
which the device is providing data to'the -
system. In this type of DMA channel, a
simultaneous read - erlgheral (TOR) and write
memory operation (MEMR) is performed.

2.4
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PULSED ON LAST

-~
T /—\’/ BYTE OF BLOCK

Figure 2-4. Single Cycle DMA Transfer from an
Interface Device to Memory.

The interface device designer should consider
the DACK signal to be equivalent to a special
chip select signal with equivalent timing rela-
tionships to the read and write strobes and TRI-
STATE enabies of the MICROBUS. -

Refer to manufacturer’s literature for the stan-
dard 8257 DMA Controller for further detailed
discussion of the various modes and relation-
ships possible for DMA interface devices.

In an 8080 system, DMA capability may be im-
plemented by adding an 8257 DMA controller
and an 8212-8-Bit I/O Latch to the basic system
model.

From a device designer’s viewpoint, this addi-
tion may be implied as part of the MICROBUS.

2.2.5 Ready Signal

The READY signal is used to extend the period
of a RD or WR strobe. It is a system input that
may be driven by any number of interfacing
devices. Interfacing devices that cannot other-
wise meet the access time requirements of the
system should provide a READY output to the
system. This output should not have an active
or passive connection to Vog(+ 5V). 1t should
be open-collector (open drain if n-channel). The
system will provide a common resistive pull-up
“ device for the READY signal. .

Typically, use df the READY signal requires
complex electrical design and timing analysis.

Figure 2-5 illustrates timing relationships for
the READY signal. In this example, the system
initiates -a read or write cycle to the device by
activating its RD or WR and CS inputs. |f the in-
terface device cannot respond within the
system access time requirements, it may assert
the READY signal low indefinitely until it has
had time to stabilize the data bus in a read
operation or accept the data in a write opera-
tion.

The device designer is cautioned to use the
READY feature only for access time extension
and not for synchronization because it may

-severely impact system throughout.

O
ol

e p /-

JJ

" /T

JJ

Figure 2-5. Relationship of READY to CS, WR,
and RD.

e
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2.2.6 The Basic Interface Model

The specific. implementation and model for the
Basic MICROBUS interface (Class 1) is the com-
bination of the INS8080A CPU, 8224 Clock
Generator, 8228 System Bus Controller, and
Chip Select ‘Logic. This system model is
depicted in Figure 2-7. The expanded CPU
Group is shown in-Figure 2-8. Note the
use of the INS8259 at the bottom of the figure
to expand interrupts. See section 4.7 for expan-
sion using INS8259.

Class 1 devices will also interface directly with
the INS8060 (SC/MP Il) microprocessor system
model depicted in Figure 2-9. INS8079 system
model is shown in Figure 2-10.
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Figure 2-6. INS8080A System Model for the
Basic MICROBUS Interface

For purposes of clarification:

e Class 0 devices are those which may
require special conditioning of their inter-
face to successfully. function with micro-
processor systems.

e Class 1 devices perform with the following
microprocessor CPUs when other bus
loading is within the D.C. and capacitive

load limits:
INS8080A.

INS8060, INS8070,

eClass 2 devices are tailored for next-

generation microprocessors. The
specification will be available in the
future.
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Chapter 3

The Series 8000
Microprocessor
Family

CPU Group

INS 8080A
MICROPROCESSOR FAMILY

Part Number/Description
INS8080A

8 Bit CPU (2us)
INS8080A-1

8 Bit CPU (1.3us)
INS8080A -2

8 Bit CPU (1.5u8)
INS8080ADI

8 Bit CPU (2us)

—40°Cto +85°C
INS8080ADI/883

8 Bit CPU (2us)

—40°Cto +85°C/883B
INS8224

Clock Generator & Driver
INS8228

System Controller & Bus Driver
INS8238

System Controller & Bus Driver

(Advanced Timing)
INS8257

Programmable DMA Controller
INS8259

Programmable interrupt Controller

* Trademark, National Semiconductor Corporation







The Series 8000
Microprocessor Family
CPU Group

3.1 INTRODUCTION

This chapter provides detailed information on
the Series 8000 Microprocessor family of sup-
port chips that comprise the INS8080A CPU
Group. The information within this chapter is
intended to assist the Series 8000 designer by
providing both descriptions of the operating
characteristics of the devices and typical inter-
connection diagrams. Detailed parametric in-
formation on each of the CPU Group devices is
‘contained in appendix D, Device Data Sheets.

National Semiconductor offers the broadest
line of microprocessors of any semiconductor
manufacturer in the world. National has ex-
panded its microprocessor base so any
microprocessor application can be designed
and produced using its products. From the
simplest electronic toy or control mechanism
to large control arrays, point-of-sale systems,
and large data-processing systems, National
can supply your needs. Some of the features
and benefits of dealing with National follow.

e Micro-Plus - testing, special reliability
and quality program

e Full development system support - all the
way from the high-powered PACE
development system (with numerous
software packages and a DOS) to low-
cost development systems (for PACE and
SC/MP) to do-it-yourself PACE and
SC/IMP kits

National Semiconductor also offers the most
extensive line of CPU-to-peripheral support pro-
ducts - for digital input/output, communica-
tions, peripheral control, and memory. And Na-
tional Semiconductor is expanding the support
lines, so you can expect to see even more!

National’s INS8080A Family '

Positioned between the cost-effective INS8060
and the highly versatile 16-bit INS8900, Na-

SERIES 8000
MICROPROCESSOR
FAMILY

( MICROBUS

5

=

L ]

Memory Digital 110

Peripheral

Control Communications

e Cost effectiveness - because of our varie-
ty, our microprocessors afford designs
that can be tailored to a muititude of ap-
plications

e Broad product family of microprocessors
and peripherals

e 16-Bit COMPUTATION microprocessors
for precision control functions

e 8-Bit BYTE HANDLING microprocessors
for terminals :

e 4/8-Bit LOW-COST CONTROL micropro-

- cessors for industrial controllers
e Second sourced families
e Ready availability - off-the-shelf shopping

tional’s INS8080A can be used in systems
which range from a few family components to
designs which utilize its full capabilities. Na-
tional offers the broadest line of peripheral cir-
cuits and memories to complement the basic
INS8080A CPU. Nationai’s INS8080A features
and benefits:

Family approach to system design
Complete CPU group

Programmable input/output concepts
Multiple source availability

Complete line of support components
Total product support

3-1
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National’s INS8080A family is supported by
industry-standard design kits, easy-to-use
development systems, and a full complement
of cross and resident assemblers. Various
components and software also are available to
support the INS8080A family from experimenta-
tion to final production.

3.2 INS8080A MICROPROCESSOR

The basic INS8080A CPU Group consists of
three components:

e The INS8080A Microprocessor

e The |INS8224 Clock Generator and
‘Driver . ‘

e The INS8228 System Controller

The INS8080A is an 8-bit microprocessor hous-
ed in a'standard 40-pin dual in-line package. The
chip is fabricated using N-channel silicon-gate
technology. The INS8080A has a 16-bit address
bus capable of addressing up to 65k bytes of
memory, 256 input/output devices. Data is
transmitted on a separate bidirectional 8-bit
TRI-STATE bus. The INS8080A directly pro-
vides signals to control the interface to memory
and 1/0 ports. The INS8080A has:

e 74 Instructions - Variable Length

e 6 General Purpose Registers plus an
accumulator

e Variable Length Stack

e Addresses 256 Input and 256 Output
Ports '

e Multiple Addressing Modes

The INS8080A is an 8-bit CPU chip that may be
used interchangeably with the Intel 8080A. It
can be used in systems that range from a few
family components to designs that utilize its
full capabilities. -

Detailed descriptions of both the INS8080A In-
struction Set and the INS8080A parametric in-
formation is contained in the INS8080A Data
Sheet in appendix D.

3.2.1 Architecture of the INS8080A .

Figure 3-1 illustrates CPU architecture and the
pinouts of the chip. . (Refer to table 3-1 for
descriptions of the INS8080A chip pinouts.) The
INS8080A consists of the following major func-
tional units: (1) Register Array and Address
- Logic, (2) Arithmetic and Logic Unit (ALU) and
Registers, (3) Instruction Register and Decoder,
(4) Timing and Control, and (5) Data Bus Buf-
fer/Latch. Each of the major functional units
and its logic units are briefly discussed below.
3.2.1.1 Register Array and Address Logic
This functional section of the CPU chip com-
prises a static RAM Register array, and Incre-
‘menter/Decrementer, an Address Latch, and a

Register-Select Multiplexer. The Register array
is organized into six 16-bit registers as follows.

e A Program Counter

e A Stack Pointer

e Three register pairs (BC, DE, and HL)
composed of six 8-bit general-purpose
registers.

e Aregister pair (W and Z) composed of two
8-bit temporary registers.

The Program Counter (PC) is a special-purpose
register that contains the address of the in-
struction being executed; the PC is in-
cremented during each instruction fetch. The
Stack Pointer (SP) is also a special-purpose
register and contains the address of the next
available stack location in the external
read/write memory (RAM).  Using the SP
register, any area of the external memory may
be reserved as a last-in-first-out (LIFO) external
stack. The stack is used primarily for temporary
storage of the contents of the PC and alil
general-purpose registers (including the Ac-
cumulator) during subroutine execution and In-
terrupt Service Routine execution. The Stack
Pointer is decremented when data are
“pushed” onto the stack and incremented
when data are “popped” off the stack. In other

. words, the stack is filled from top to bottom.

General-purpose registers B, C, D, E, H, and L
can be used by the programmer as either single
8-bit secondary accumulators or-as 16-bit
register pairs that function as data counters.
The HL register pair is the primary data counter
and provides the indirect memory address for
most memory-reference instructions (refer to
3.2.5). The BC and DE register pairs are used as
data counters for a limited number of memory-
reference instructions (for example: STAX B,
STAX D, LDAX B, AND LDAX D). Temporary
registers W and Z, which are not under software
control, are only used as a 16-bit register pair
for the internal execution of instructions.

The Register-Select Multiplexer enables 8-bit
data transfers between the Internal Data Bus:
and the Register Array. Sixteen-bit transfers oc-
cur between the Register Array and either the
Address Latch or the Incrementer/Decremen-
ter. Any of the three register pairs (BC, DE, or
HL) routes its 16-bit data output to the Address
Latch, which in turn drives both the 16-bit
Aq5-Ag Address Bus (via the associated 16-bit
unidirectional TRI-STATE Address Buffer) and
the Incrementer/Decrementer. The data output.
of the Incrementer/Decrementer is routed to the
Register Array. The 16-bit data may be either in-
cremented, decremented, or merely transferred
between registers. ) i

3.2.1.2 ALU and Registers

This functional section of the CPU chip in-
cludes the Arithmetic Logic Unit (ALU), an 8-bit
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Table 3-1. Input/Output Signal Descriptions

SIGNAL MNEMONIC/
PIN DESIGNATION

- FUNCTIONAL NAME

DESCRIPTION

READY (Input)

HOLD (Input)

INT (Input)

RESET (Input)

SYNC (Output)

WAIT (Output)

WR (Output) *

Memory or 1/0
Synchronization

Hold or DMA

Operations

Interrupt Request

Reset

Synchronizing Signal

Wait Mode

Write

When high (logic 1), indicates that valid memory

or input data are available to the CPU on the
INS8080A External Data Bus. The READY signal
is used to synchronize the CPU with slower memory
or input/output devices. If the INSBO80A does not
receive a high READY input after sending out an
address to memory or an input/output device, the
INS8080A enters a WAIT mode for as long as the
READY input remains low (logic 0). The CPU may
also be single stepped by the use of the READY
signal.

When high, requests that the CPU enter the HOLD
mode. When the CPU is in HOLD mode, the CPU
address and data buses both are in the high-
impedance state. The HOLD mode allows an exter-
nal device to gain control of the INS8080A address
and data buses. immediately following the comple-
tion of the current machine cycle by the CPU. The
CPU acknowledges the HOLD mode via the HOLD
ACKNOWLEDGE (HLDA) output line. The HOLD
request is recognized under the following conditions:

® The CPU is in the HALT mode.

® The READY signal is active and the CPU is in

the T, or T, state.

When high, the CPU recognizes an interrupt re-
quest on this line after completing the current
instruction or while in the HALT mode. An inter-
rupt request is not honored if the CPU is in the
HOLD mode (HLDA = logic 1) or the Interrupt
Enable Flip-flop is reset (INTE = logic 0).

When activated (high) for a minimum of three clock
periods, the content of the Program Counter is
cleared and the internal Interrupt Enable and Hold
Acknowledge Flip-flops are reset. Followinga
RESET, program execution starts at memory loca-
tion 0. It should be noted that the Status Flags,
Accumulator, Stack Pointer, and other registers are
not cleared during the RESET sequence.

When activated (high), the beginning of a new
machine cycle is indicated and the status word
information is outputted on the External Data Bus.

When high, acknowedges that the CPU is in the
WAIT mode.

When low, the data,on the External Data Bus are
stable for WRITE memory or OUTPUT operation.




Table 3-1.

Input/Output Signal Descriptions (Continued)

SIGNAL MNEMONIC/
PIN DESIGNATION

FUNCTIONAL NAME

DESCRIPTION

HLDA (Output)

INTE (Output)

DBIN (Output)

A5-Ag (Output)

D;-Dg (Input/Output)

¢1 and ¢2 (Inputs)

+12V (input)

+5V (Input)
-5V (Input)

GND

Hold Acknowledge

Interrupt Enable

Data Bus In

Address Bus

Data Bus

" Clock Inputs

Ground

Goes high in response to a iogic 1 on the HOLD
line and indicates that the data and address buses
will go to the high-impedance state. The HLDA
begins at one of the following times:
® TheT; state of a READ memory input
operation.
® The clock period following the T; state of a
WRITE memory output operation.
In both cases, the HLDA signal starts after the
rising edge of the ¢1 clock, and high impedance
occurs after the rising edge of the ¢2 clock.

Indicates the content of the internal Interrupt
Enable Flip-flop. The Enable and Disable Interrupt
(El and D) Instructions cause the Interrupt Enable
Flip-flop to be set and reset, respectively. When the
flip-flop is reset (INTE = logic 0), it inhibits inter-
rupts from being accepted by the CPU. In addition,
the internal interrupt Enable Flip-flop is automat-
ically reset (thereby disabling further interrupts) at
theT; state of the instruction fetch cycie, when an
interrupt is accepted; it is also reset by the RESET
Signal.

When high, indicates to externai circuits that the
External Data Bus is in the input mode. The DBIN
Signal should be used to gate data from memory or
an input/output device onto the External Data Bus.

This bus comprises 16 TRI-STATE®output lines.
The bus provides the address to memory (up to

65k bytes) or denotes the input/output device num-
ber for up to 256 input and 256 output peripherals.

This bus comprises eight TRI-STATE input/output
lines. The bus provides bidirectional communica-
tion between the CPU, memory, and input/output
devices for instructions and data transfers. A status
word (which describes the current machine cycle)
is also outputted on the External Data Bus during
the first state of each machine cycle {SYNC =

logic 1).

Twe non-TTL compatible clock phases that pro-
vide nonoverlapping timing references for internal
storage elements and logic circuits of the CPU.
Vpp Supply

Vec Supply
Vgg Supply

Vgs (0 volt) reference




Accumulator (ACC), an 8-bit Temporary Ac-
cumulator (ACT), a 5-bit Flag Register, and an
8-bit Temporary Register (TMP). The "ALU per-
forms arithmetic, logical, and rotate operations.
It is fed by the ACC, the ACT,and the Carry Flip-
flop of the 5-bit Flag Register. The results of
the ALU operation are transferred to either the
Internal Data Bus or the Accumulator. In addi-
tion, the ALU feeds the Flag Register. This
register contains flip-flops which provide
storage for the five condition flags (Zero, Carry,
Sign, Parity, and Auxiliary Carry) associated
with the execution of instructions in the
INS8080A. The Carry Flag may be set or com-
plemented by execution of the Set Carry or the
Complement Carry Instruction (refer to 8080
. Data Sheet), respectively. The 8-bit Temporary
Register is loaded via the Internal Data Bus and
routes all or portions of its data to the ALU, the
Fiag Register, and/or the Internal Data Bus. The
Accumulator serves as a link between the exter-
nal memory and all other software-controlled
registers. The Accumulator is used in perform-
ing arithmetic and logic operations and for stor-
ing the results of these operations. Immediate
instructions, data transfers, shifts, and rotates
also use the Accumulator. The Accumulator
receives data from the ALU and the Internal
Data Bus and routes data to the Temporary Ac-
cumuiator and the Internal Data Bus. During
the execution of the Decimal Adjust Ac-
-~ cumulator Instruction, the contents of the Ac-
cumulator and the Auxiliary CarryFlip-flop may
be tested for decimal correction (utilizing the
Decimal Adjust logic).
3.2.1.3 Instruction Register and Decoder
This functional section includes an 8-bit In-
struction Register and an Instruction Decoder.
The Instruction Register stores byte 1 of the in-
struction during the execution cycle. This byte,
which contains the operation ¢ode, is transfer-
red to the Instruction Register via the Internal
Data Bus. The succeeding Instruction Decoder
and control logic circuits then generate the re-
quired signals to .control the internal data
transfers and the timing of the new instruction,
which may require from one to five machine
cycles for execution (refer to 3.2.2.1).

3.2.1.4 Timing and Control Unit

TheTiming and Control Unit generates the state
and cycle timing signals, and maintains the pro-
per sequences of events required for any pro-
cessing task. Two nonoverlapping external
clock inputs (¢1 and ¢2) are accepted by the
Timing and Control circuits to furnish the tim-
ing references for all microprocessor actions.
In addition, the output of the Instruction
Decoder is combined with various timing
signals and external control inputs at the Tim-
ing and Control circuits to provide the control
and gating signals required by other functional

units (both internal and external to the CPU) for -
execution of the specified operation.

3.2.1.5 Data Bus Buffer/Latch

This major functional unit includes .an 8-bit
Data Buffer and an 8-bit Latch. The 8-bit Data
Buffer is a bidirectional TRI-STATE interface
that provides isolation between the Internal
Data Bus and the D7-Dg External Data Bus. In
the output mode, data or internal status infor-
mation on the Internal Data Bus initially is load-
ed into the 8-bit Latch. The outputs of the Latch
are then transferred to the External Data Bus via
the output Data Bus Buffer, which is in the high-
impedance state during input or nontransfer
operations. In the input mode, external data are
transfered to the Internal Data Bus via the input
Data Bus Buffer, which is in the high-
impedance state during output or nontransfer
{DMA) operations. With the exception of the T3
state of a machine cycle (refer to 3.2.2.1), the In-
ternal Data Bus is precharged at the start of
each internal state.

3.2.2 Operating Cycle
3.2.2.1 Instruction Cycle and Related Timing

An nstruction cycle of the INS8080A consists
of fetching an instruction from the program
stored in external memory and executing the
operation specified by the instruction. The
fetch routine first causes the instruction. ad-
dress to be transferred from the Program
Counter to the Address Bus via the output Ad-
dress Latch. Next, an input data transfer (fetch
from memory) is initiated. When the selected
instruction (which may be one, two, or three
bytes in length) is subsequently placed on the
External Data Bus, the operation code byte is
loaded into Instruction Register. If the instruc-
tion consists of more than one byte, additional
states are required to fetch each byte of the in-
struction. In this case, the subsequent bytes
are placed in temporary storage registers.

After the complete instruction is present in the
INS8080A, the Program Counter is incremented
and the instruction is then executed in the re-
maining states of the instruction cycle. The
instruction may call for a memory-read, a
memory-write, or an internal CPU operation
such as a register-to-register transfer or an add
registers operation.

The basic instruction cycle (see figure 3-2) con-
tains from one to five machine cycles, which
are referred to as M1, M2, M3, M4, and M5. Each
machine cycle, in turn, contains from three to
five states, which are referred to as T1, T2, T3,
T4, and T5. The duration of a T state is deter-
mined by the interval between two successive
positive-going transitions of the ¢1 clock pulse.
Depending on the type of instruction being ex-
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Figure 3-2. Basic Instruction Cycle

ecuted, a total of from 4 to 18 T states are re-
quired for a full instruction cycle.

Machine cycle M1 is always the operation-code
fetch cycle and lasts from four to five T states.
The duration of machine cycle M2, M3, M4, or
M5 is normally three T states. During state T1
of a machine cycle, the following occur: the
content of the Program Counter is placed on
the Aq5-Ag Address Bus; the SYNC Signal
(related to the leading edge of the ¢2 clock) is
activated (high); and status information pertain-
ing to the current machine cycle (refer to 3.2.4)
is outputted onto the External Data Bus. State
T1 is always followed by T2, during which time
the conditions of the READY and HOLD Signals
are tested. In order to proceed to the T3 state,
the READY Signal must be high (logic 1). If this
signal is low (logic 0), the INS8080A enters the
wait state (Tyy) and remains there until the
READY Signal goes high.

The type of machine cycle in progress deter-
mines the events that take place during the T3
state. During a FETCH machine cycle, the

INS8080A inputs an instruction byte from the
External Data Bus. During a MEMORY READ,
STACK READ, or INPUT machine cycle, the
INS8080A inputs a data byte from the External
Data Bus. In an INTERRUPT machine cycle, an
interrupt instruction of up to three bytes is jam-
med onto the External Data Bus and is routed to
the CPU. The INS8080A outputs a data byte on-
to the External Data Bus during a MEMORY
WRITE, STACK WRITE, or OUTPUT machine cy-
cle.

States T4 and T5 are available if required for

execution of a particular instruction. if the in-
struction being executed does not require
either of these states, the CPU proceeds from
the T3 state of a machine cycle directly to the
T1 state of the next machine cycle. The T4 and
T5 states are only used for internal processor
operations. .

3.2.2.2 State Transition Sequence

Figure 3-3 illustrates in flowchart form how the
INS8080A proceeds from the T1 through T5

N
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states of a machine cycle during the execution
of an instruction. The actual number of states
involved in a machine cycle depends on the in-
struction being executed and on the particular
machine cycle of the instruction. The flow
diagram also shows how the READY, HOLD,
and INT lines are sampled during the machine
cycle, and how the conditions on these lines af-
fect the basic transition sequence. Only the
basic sequence and the WAIT sequence are -
discussed below. The HOLD and INTERRUPT
sequences are discussed later in this chapter.

- In the basic sequence, the INS8080A does not
wait for memory, does not hold, and is not
halted. During this sequence, the READY input
is held high, the HOLD input is held low, and
the HALT Instruction is not executed. The
INS8080A enters the WAIT sequence as a result
of sampling a low READY Signal during the T2
state of every machine cycle, except for DAD
(add Register Pair to H and L Registers) Instruc-
tions. (When executing DAD Instructions, the
READY input is only sampled during the M1
machine cycle.) The WAIT sequence enables
the- INS8080A to adjust its processing cycle
time to match the slower access time of the
memory which requested the WAIT state.
Beginning at T2, the memory must hold the
READY line low for a number of clock cycles
equal to the number to Tyy states to be inserted
in the machine cycle. The actual number of Ty
states to be inserted is determined by external
logic that is user-designed. The [INS8080A
does not furnish a control output during each
state to directly indicate its internal state. In-
stead the microprocessor indicates the internal
state by supplying INTE, HLDA, DBIN, WR, and
WAIT control signals to the external circuits.

3.2.3 Data and Instruction Representation

An 8-bit binary word or byte (see figure 3-4) is
used to represent data in the INSB8080A. Bit Dg
is the least significant bit (LSB) of the data
word. The INS8080A instruction repertoire in-
cludes 1-byte, 2-byte, and 3-byte instructions
(see figure 3-5). The exact instruction format
depends on the particular operation to be ex-

ecuted. The first byte of an instruction con-
tains the operation code. The second or third (if
applicable) byte of a multiple-byte instruction
contains either data or addressing information.
Multiple-byte instructions must be stored in
consecutive memory locations. For a multiple-
byte instruction, the address of the first byte is
used as the address of the instruction.

3.2.4 Status Information

The INS8080A outputs an 8-bit status word onto
the D7-Dg External Data Bus during the first
state (SYNC interval) of each machine cycle to
identify the machine cycle in progress. A latch
circuit for storing the status word for control of
external circuits is illustrated in figure 3-6. (A
similar latch is included in the INS8228/-
INS8238 System Controller and Bus Driver.)
Table 3-2 defines the status information and in-
dicates how this information is distributed on
the External Data Bus.. Table 3-3 lists the status
bit outputs for each type of machine cycle.

3.2.5 Addressing Capabilities

The INS8080A chip has a 16-bit address
capability, thus allowing any one of 65,536
memory locations to be uniquely specified.
Data to be operated on are often stored in
memory. When multi-byte numeric data are
used, the data must be stored in consecutive
memory locations. In this case, the least
significant byte is stored first, followed by pro-
gressively more significant bytes.

Either the Program Counter, the Stack Pointer,
or one of the 16-bit register pairs (BC, DE, and
HL) is used in each memory-reference instruc-
tion. The Program Counter is always used to
specify the addresses of program instructions
(or data); it provides for the increasingly se-
quential execution of instructions, except when
an interrupt or a branch instruction is effected.
The Stack Pointer and the register pairs are
used for other address/data requirements. The
INS8080A has four different modes for addres-
sing data stored in memory or in registers:
these are immediate, direct, register, and
register indirect. Each of the addressing
modes is discussed below.

\

- BIT NUMBER

NS10603

Figure 3-4. Data Word Format




BYTE 1

BYTE 2

BYTE 1

BYTE 2

BYTE 3

Dy Dg Dg Dy D3 D, D4 Do | opcope
A. One—Byte Instruction '

D7 Ds D5 04 D3 Dz D1 Do  OP CODE

: DATA OR

D, | Dg Dg D4 D3 D, Dy | Dy | DATAOR

B. Two—Byte Instruction

D7 D6 D5 D4 D3 Dz D1 DO OP CODE
DATA OR

Dy D6 05 Dg4 D3 Dy D1 Do ADDRESS
! DATA OR

D7 Dg Ds D4 D3 D2 D4 Do | ApDRESS

C. Three-Byte Instruction

Figure 3-5. Instruction Formats
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Table 3-2. Status Information Distribution and Definition

DEFINITION

DATA BUS
SIGNAL MNEMONIC BIT NUMBER
INTA Dy
wo D,
STACK D,
HLTA D, .
ouT Dy
My Dg
INP Dg
MEMR D,

Acknowledge signal for an Interrupt Request. When
DBIN signal is high, the INTA signal should be used

. to gate an instruction (for examole, Restart or

Jump to Interrupt Service Routine) of up to three
bytes onto the D;-Dg Data Bus. The INTA signal
can also be used to control the flow of data onto
the External Data Bus.

When low, indicates that the current machine cycle

_ will be either a WRITE memory or OUTPUT oper-

ation. When high, a READ memory or INPUT
operation will be executed.

When high, indicates that the A,5-Ag Address Bus

contains the pushdown stack address from the |
Stack Pointer (SP).

Goes high to acknowledge a Halt Instruction.

When high, indicates that the A;5-Ag Address Bus
contains the address of an output device and that
the External Data Bus will contain the output data
when the WR is low.

Goes high to indicate that the INS8080A is in the
fetch cycle for the first byte of an instruction.

When high, indicates that the Ay5-Ay Address Bus
contains the address.of an input device and that

- the Data Bus will contain the input data when the

DBIN signal is high. The INP signal can also be
used to control the flow of data onto the Data Bus.

When high, indicates that the Data Bus will be used
for READ memory data. The MEMR signal can
also be used to control the flow of data onto the
Data Bus.




Table 3-3. Status Bit Outputs For Each Type of Machine Cycle

STATUS DATA BUS BITS

TYPES OF MACHINE CYCLES WORD

TYPE D; | Dg | Ds | Dy | D3 | D, | Dy | Dy
Instruction Fetch 1 1 0 1 0 0 0 1 0
Memory Read 2 1 0 0 0 0 0 1 0
Memory Write 3 0 0 0 0 0 0 0 0
Stack Read 4 1 0 0 0 0 1 1 0
Stack Write 5 0 0 0 0 0 1 0 0
Input Read 6 0 1 0 0 0 0 1 0
Output Write 7 0 0 0 1 0 0 0 0
Interrupt Acknowledge 8 0 0 1 0 0 0 1 1
Halt Acknowledge 9 1 0 0 0 1 0|1 0
Interrupt Acknowledge While Halt 10 0 0 1 0 1 0 1 1

3.2.5.1 Immediate Addressing

In this mode, the instruction contains the re-
quired data in either the second byte (8-bit data
quantity) or the second and the third bytes
(16-bit data quantity). When the data represent
a 16-bit quantity, the least significant byte is
first, followed by the most significant byte. The
immediate addressing mode is relatively fast
because an additional data address is not
formed, nor is an additional memory access re-
quired to fetch data. :

3.2.5.2 Direct Addressing

In this mode, the instruction contains the exact
memory address of the required data or instruc-
tion in the second and third bytes. Byte 2 con-
tains the lower-order bits of the memory ad-
dress and byte 3 contains the higher-order bits.
Jump and Branch Instructions are executed via
the direct addressing mode. Itis also used fora
limited number of memory-reference instruc-
tions.

3.2.5.3 Register Addressing

The register addressing mode is conceptually
identical to the direct addressing mode. In the
register addressing mode, a one-byte instruc-
tion is used to specify the register or the
register pair in which the required data are
located.

3.2.5.4 Register Indirect Addressing

In this mode, a 1-byte instruction specifies a
register pair (or Stack Pointer) that contains the
exact memory location of the required data or
instruction. The high-order bits of the memory
address are in the first 8-bit register(B, D, or H)
of the specified register-pair and the low-order

bits of the address are in the second 8-bit
register (C, E, or L).

3.2.6 Input/Output Operation and Control
High-speed data transfers between the
microprocessor, memory, and input/output
peripheral devices are made in parallel. The
data and address ports of the INS8080A chip
are connected to memory or other peripherals
via an 8-bit bidirectional External Data Bus and
a 16-bit unidirectional Address Bus, respective-
ly. Various timing and control signals (for ex-
ample, SYNC, DBIN, and so forth) and status
information are generated during the data
transfers.

3.2.6.1 Data Input Operations

The input cycle consists of reading data from
either a specified memory location or from an
input peripheral device. Timing is shown in
figure 3-7 for a data-input operation. As shown,
status information is initially transferred onto
the D7-Dg External Data Bus during the SYNC
signal interval. The low-to-high transition of the
¢2 clock during state T2 clears the status infor-
mation from the External Data Bus, preparing
the bus for the receipt of incoming data. At this
time, the Aq5-Ag Address Bus contains a valid
address and any one of 65,536 memory loca-
tions or 256 input peripheral devices may be
selected. Data subsequently placed on the
D7-Dg Data Bus by memory or an input
peripheral device then are sampled during the
T3 state of a machine cycle. During the input-
ting of data to the microprocessor, the IN-
S8080A generates a high DBIN signal which is
used externally to enable the data transfer. The
DBIN signal is initiated by the leading edge of

" the ¢2 clock during state T2 and is terminated

by the leading edge of the ¢2 clock during state
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Figure 3-7. Data Input Operation Timing

T3. (During the WAIT sequence, the DBIN
signal is extended one or more clock periods by
any Tyy states intervening between states T2
and T3.) Machine cycles during which the DBIN
signal is generated include FETCH, MEMORY
READ, STACK READ, and INTERRUPT.

3.2.6.2 Data Output Operations

The output cycle consists of writing data into
either a specified memory location or to an out-
put peripheral device. Figure 3-8 shows the tim-
ing for a data-output operation. The outputting
of status information onto the D7-Dg Bus and
address information onto the A45-Ag Bus is as
described above for data-input operations. The
rising edge of ¢2 within state T2 clears status
information from the D7-Dg Data Bus and loads
in the data that are destined for memory or for
peripherals. Note that a high READY signal is
also required during an output cycle. If a high
READY signal is not present, the micro-
processor enters the Tyy state following the T2
state. In this case, data on the D7-Dg lines re-
main stable during the wait state, and the pro-
cessing cycle will not proceed until the READY
goes high. During the outputting of data from
the microprocessor (MEMORY WRITE, STACK
-WRITE, and OUTPUT machine cycles), the IN-
S8080A generates a low WR output for_syn-
chronization of external transfers. The WR is
initiated by the leading edge of the first ¢1
clock following T2 and is terminated by the
leading edge of the ¢1 clock during the state
following T3. During the WAIT sequence, the
WR output is extended one or more clock
periods by any Tyy states intervening between
states T2 and T3.

3.2.7 Iinterrupts

Figure 3-9 illustrates the timing for an interrupt.
A peripheral device requests an interrupt by
raising the microprocessor’s INT line high. The
INS8080A acknowledges the asynchronous in-
terrupt request at the completion of the instruc-

~tion in progress, providing interrupts have not

been disabled either by an interrupt service not
followed by a new Enable Interrupts Instruction
or by a Disable Interrupts Instruction. - During
the first clock period (SYNC interval) of the IN-
TERRUPT machine cycle, the microprocessor
outputs a high INTA status bit (Do) to indicate
acknowledgement of the external request.

The asynchronous interrupt request is reclock-:
ed by internal logic to establish a proper rela-
tionship with the ¢2 clock. As shown, an inter-
rupt request that is made when the INTE line is
high (enabled), causes the internal interrupt
flip-flop to be set by the ¢2 clock pulse during
the last state of the instruction cycle in pro-
gress. This action ensures the completion of -
any instruction being executéd before the pro-
cessing of the interrupt. The INTERRUPT
machine cycle that follows an enabled interrupt
request is similar to a FETCH machine cycle,
except that the Program Counter is not incre-. .
mented during the acceptance of the interrupt
instruction and the contents of the Program
Counter and status information are pushed on-
to the external stack. In this way, the correct
pre-interrupt instruction address is maintained
in the external stack during the interrupt
machine cycle. .

™
The interrupting device identifies its required

" service routine by jamming an instruction of up
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to three bytes onto the D7-Dg External Data Bus
during state T3, when the DBIN signal is high
(for example, a Call Conditional, a Jump Condi-
tional, or a Restart Instruction). During this
time, memory and other peripherals are tem-

porarily in the high-impedance state, thereby

allowing the interrupting device to control the
External Data Bus. The Restart Instruction, for
instance, includes a 3-bit variable field that is

used to call a routine in one of eight memory

locations with the following hexadecimal ad-
dresses: 0000, 0008, 0010, .0018, 0020, 0028,
0030, and 0038. Any of these addresses may be
used to store the first instruction of a service
routine for the requesting device.

3.2.8 Hold Operations

Direct Memory Access (DMA) is a method fre-
quently used to effect data transfers between
peripherals and memory. Using this technique,
data transfers can be directly implemented
without involving the microprocessor. In the
INS8080A, provisions are included for DMA
transfers. A peripheral requests a DMA transfer
by placing a high level on the HOLD line of the
INS8080A. This, in turn, may cause the micro-
processor to suspend temporarily its opera-
tions and the address and data buses to go to
the high-impedance state (float). The INS8080A
acknowledges the asynchronous HOLD re-
quest by placing a high on the HLDA line.
When its HOLD request is acknowledged, the
related peripheral device takes control of the

address and data buses, thereby allowing the
device to effect direct data transfers to
memory.

Figure 3-10 shows the timing of a HOLD opera-
tion fora READ MEMORY or INPUT machine cy-
cle, and figure 3-11 shows the timing of a HOLD
operation for a WRITE MEMORY or OUTPUT
machine cycle. Note that in both cases, the
asynchronous HOLD request is re-clocked by
internal logic to establish the proper relation-
ship with the ¢2 clock. As shown, a HOLD re-
quest that is made when the .READY line is
high, causes the internal hold flip-flop to be set
by the ¢2 clock pulse. With the flip-flop set, the
subsequent leading edge of the ¢#1 clock pulse
causes the HLDA output to go high at either the
T3 state fora READ MEMORY or INPUT cycle or
at the clock period following the T3 state for a
WRITE MEMORY or OUTPUT cycle. In either
case, the A15-Ag Address Bus and D7-Dq Exter-
nal Data Bus are floated (high-impedance state)
after the leading edge of the next ¢2 clock
pulse.

Once the address and data buses of the
INS8080A are floated; the microprocessor
usually suspends its operations. However, if
the HOLD request was acknowledged at the T3
state and if a particular machine cycle requires
the T4 and T5 states, the microprocessor con-
tinues these operations internally. Thus, the in-
ternal processing activities do not end unti! the
machine cycle is terminated.
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Figure 3~10.‘ Hold Operation Timing for MEMORY READ or INPUT Cycle
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When the peripheral device has completed the
DMA transfer, it places a low level on the HOLD
line of INS8080A. This low level causes the
microprocessor to leave the HOLD state
through a sequence similar to that by which it
entered. Following the leading edge of the next
¢1 clock pulse, the HLDA output returns to a
low level. Normal processing then resumes
with the machine cycle following the last cycle
that was executed.

3.2.9 Microprocessor Halt

The Halt (HLT) Instruction is used to effect a
programmed halt condition. When the HLT In-
struction is executed, the INS8080A enters the
halt state (T\yp) after state T2 of the next
machine cycle as shown in figure 3-12. The
microprocessor can exit the halt state in only
the following three ways, which are shown in
the Halt Sequence Flowchart of figure 3-13.

1. A high level on the microprocessor’s
RESET line resets the INS8080A to
state T1, and clears the Program
Counter as described in 3.2.10.

2. A high level on the HOLD line causes
the microprocessor to enter the
HOLD state as described in 3.2.8.

When the HOLD line is subsequently -

driven low, the INS8080A reenters the
halt state at.the ieading edge of the
next ¢1 clock pulse (see figure 3-14).
3. A high level on the INT line, while the

INTE output line is high, causes the
INS8080A to exit the halt state and
enter state T1 on the leading edge of
the next ¢1 clock pulse (see figure
3-14). -

:_3.2.10 Initialization

When power is first appplied to the INS8080A,
an external high-level signal of at least three
clock periods in duration is placed on the
RESET line to clear the Program Counter (see
figure 3-15). Thus, the firstinstruction is always
fetched from memory location 00004¢ after the
power-up initialization cycle. The Status Flag
Register, the Stack Pointer, and other working
registers (Accumulator, B Register, C Register,
and so forth) are unaffected by the active
RESET signal. Instead, these registers are in-
itialized by related instructions within the
program.

3.3 INS8224 CLOCK GENERATOR . AND
DRIVER

The INS8224 is a single-chip crystal controlled
clock generator and driver for the INS8080A.

Figure 3-16 is a functional block diagram of the
INS8224 chip. The INS8224 provides ¢1 and ¢2
MOS clocks, a power-on RESET Signal, and a
synchronized READY Signal for the INS8080A.
In addition, the INS8224 provides a Status
Strobe (STSTB) for the INS8228/INS8238
System Controller and Bus Driver, and a ¢2 TTL
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Clock, and an Oscillator (OSC) Signal to accom-
modate user requirements.

The INS8224:

e Has' Crystal-Controlled Oscillator for
Stable Operation

e Provides Status Strobe for INS8228 -

e Provides Power-On Reset for INS8080A

An external, series-resonant crystal provides
frequency control for the oscillator circuit as
shown in figure 3-16. Normally, a fundamental
mode crystal is used to determine the basic
operating frequency of the oscillator. However,

an overtone mode crystal (which generally has a -

lower gain) may also be used. When an over-
tone mode crystal is used, the TANK .input of
the chip is connected to a parallel 'LC network
(AC coupled to ground) to offset the lower gain
of the overtone mode crystal. Regardless of the

type of crystal used, the crystal frequency is

nine times the desired microprocessor speed
(crystal frequency = 1tCY x 9). When the
crystal frequency is above 10 megahertz, a
selected capacitor of from 3 to 10 picofarads

{Note 2)

N

may have to be ¢onnected in series with the
crystal to produce the exact desired frequency.
The stable, crystal-controlled oscillator output
is routed to the OSC chip pinout via a buffer for
external timing purposes, and to the clock
generator circuit.

The clock generator circuit comprises a divide-
by-nine counter and the associated decode
gating logic. The circuit generates the ¢1 and
¢2 clocks (see figure 3-17) and internal timing
signals. All of the nonoverlapping waveforms
generated follow a simple 2-5-2_pattern. Two of
the clock generator outputs are routed to high-
level drivers, which convert the TTL¢1 and ¢2
clocks to MOS level clocks. A third output of
the clock generator is routed to the #2 (TTL)
chip pinout for external timing purposes.

The STSTB Signal is generated by gating a high-
level SYNC input from the INS8080A with the
¢1A internal timing signal from the clock
generator circuit. The STSTB Signal is used to
clock status information onto the status latch
of the INS8228/INS8238 System Controller and
Bus Driver.
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Figure 3-16. INS8224 Functional Block Diagram
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A Schmitt Trigger circuit is used in conjunction
with a D-type flip-flop to provide an automatic
system reset and startup upon application of
power as follows. The RESIN input, which is
obtained from the junction of an external RC
network that is connected between Vg and
ground, is routed to the internal Schmitt Trigger
circuit. This circuit converts the slow transition
of the power supply rise into a sharp, clean
edge when its input reaches a predetermined
value. When this occurs, the succeeding
D-type flip-flop is synchronously reset, thereby
providing the RESET output signal. For manual
system reset, a momentary contact switch that
provides a low (ground) when closed, is also
connected to the RESIN input.

The synchronized READY signal is generated
by a D-type flip-flop, which is clocked by the
¢2D internal timing signal output of the clock
generator. The D-type flip-flop re-clocks an
asynchronous Ready Input (RYDIN) signal to
provide the synchronous READY Signal to the
INS8080A.

A typical INS8224-to-INS8080A interconnection
is shown in figure 3-18.
3.4 INS8228/INS8238 SYSTEM CONTROLLER
AND BUS DRIVER

The INS8228/INS8238 generates all the read
and write control signals required to directly in-
 terface the memory and input/output compo-
nents of the N8080 family. The INS8228/
INS8238 also provides drive and isolation for
the bidirectional data bus of the INS8080A
Microprocessor, a user-selected single-level in-
terrupt vector (RST7) for use in the interrupt

structure of small systems that require only one
basic vector, and an Interrupt Acknowledge
Signal (INTA) for each byte of a multibyte CALL
Instructon.  Advanced /O Write (/0 W) and
Memory Write (MEM W) Signals are provided
only by the INS8238 chip for large-system tim-
ing control. Figure 3-19 is a functional block
diagram of the INS8228/INS8238 chip.

The bidirectional bus driver is a parallel 8-bit,
TRI-STATE circuit that buffers the INS8080A
D7-Dp External Data Bus from memory and
input/output devices. The bus driver circuit also
assures that the input/output requirements of
the CPU data bus (3.3 volts minimum input and
1.9 milliamperes maximum drive output) are ex-
ceeded, thereby enhancing noise immunity. In
addition, the bus driver circuit has sufficient
output drive capability (up to 10 milliamperes)
for directly connecting a large number of
memory and input/output devices to the system
data bus. The chip gating array (figure 3-20)
controls the operation of the bidirectional bus
driver so that proper bus flow is maintained,
and so that the driver circuit is driven into
the high-impedance state during a DMA data
transfer.

The status latch uses the ‘low-level Status
Strobe (STSTB) from the INS8224 Clock
Generator and Driver to store the status word
that is outputted onto the CPU data bus by the
INS8080A at the start of each machine cycle.
The latched outputs of the status latch are, in
turn, routed to the chip gating array.

The gating array generates read and write con-
trol signals by gating the status latch outputs
with various control signals from the INS8080A
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Figure 3-18. INS8224 to INS8080A ‘Interconnection

Microprocessor. The read control signals (MEM
R, ITOR, and INTA) are obtained by gating the
approprlate status latch bit(s) with a high-level
DBIN signal from the INS8080A. Similarly, the

write control signals (MEM W and I/OW) are ob-

tained by gating the appropriate status latch
bit(s) with a low level WR signal from the INS-
8080A. During a DMA data transfer, the gating
array and bidirectional bus driver are driven to
the high-impedance state by high-level BUSEN
and HLDA inputs. When using a multibyte
CALL as an Interrupt Instruction, the INS8228/
INS8238 generates an INTA pulse for each of
the three bytes of the instruction, when an in-
terrupt is acknowledged by the INS8080A.

The INS8228/INS8238 can be used to insert a
single-level interrupt vector (RST 7) onto the
CPU data bus with a high-level DBIN signal,
when an interrupt is acknowledged by the INS-
8080A. To use this feature of the chip, the INTA
output (pin 23) must be connected to an exter-
nal 12-volt power supply via a 1-kilohm resistor.
A typical INS8228/INS8238-to-INS8080A inter-
connection is shown in figure 3-20.

35 cPu CHIP SET

The INS8080A and its two CPU Group support
devices, the INS8224 and the INS8228/INS8238,
constitute the minimum components to imple-
ment the MICROBUS. The minimum CPU Group
is sufficient forimplementing a minimal system
with only a linear select addressing capability.

An' illustration of a minimal .CPU Group is
shown in figure 3-21. For expanded CPU Group
see figure 2-8, INS8080 family CPU group to
MICROBUS Configuration. Refer to appendix
A.8 for System Timing Diagram. .

For descriptions of the devices required to ex-
pand the minimal CPU Group into one with an
expanded capability refer to the sections listed
below:

e Expanded chip selects (see section 4.4)
e Interrupt expansion (see section 4.7)
e Address expansion (see section 4.3)

For INS8080A instruction set, see chapter 11.
3.5.1 DM8131 6-Bit Unified Bus Comparator .

The DM8131 compares two 6-bit binary words
and indicates equality by the output going low.
The application shown utilizes the DM8131 to
select a 2K block of memory/peripheral space
with the INS82LS05 selecting 8 blocks of 256
each, within the 2K block.

Features:

e Low Bus Current Input
e High Bus Noise’ Immumty
e TTL Qutput

3.5.2 INS82LS05 One-of-Eight Binary
Decoder

The INS82LS05 decodes one of eight lines, bas-
ed upon the conditions at the three binary
select inputs and the three enable inputs. It is
designed to be used in high-performance

- memory-decoding or data-routing application,

requiring very short propagation delay times.
Features:

" e Three enable inputs simplify cascading
e Schottky clamped for high speed
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Figure 3-20. INS8228/INS8238 to INS8080A Interconnection

3.5.3 INS8257 Programmable DMA Controller

The INS8257 is a four-channel Direct Memory
Access (DMA) . controller that generates se-
quential memory addresses which allow the
peripherals to read or write data directly from or
to memory. Peripheral interrupt requests are
prioritized internal to the INS8257 and are
issued as a composite bus request signal to the
CPU. Each channel contains a cycle counter
that allows the INS8257 to maintain control of
the number of memory locations accessed by
the peripherals. Additional input controls
enable sectored data transfers and expansion
of the DMA capabilities.

Features:
e Four-Channel DMA Control

e Priority DMA Request Logic
e Channel Inhibit Logic

e Auto Load Mode

3.5.4 INS8259 Programmable Interupt Con-
troller .
The INS8259 handles multilevel priority inter-
rupts in a variety of modes, and requires no
clock input. The chip functions as an 8-level .
priority interrupt controller, expandable to 64
levels. ' ‘

Features:

Programmable Interrupt Modes
Expandable 8-level Interrupt Controller
Individual Request Mask Capability
Static Operation :

See also Section 4.7, Expanding Interrupts, and
figure 2-8, INS8080 Family CPU Group to
MICROBUS Configuraton.
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Designing Series 8000

Microprocessor Family Systems

4.1 INTRODUCTION

This chapter provides detailed information to
aid the system designer in the design of
INS8080A microcomputer systems. Included in
the chapter are the following: CPU group
design, details on interfacing to memory and

peripheral devices, techniques for expanding -

interrupts, and a method of |mplement|ng a
simple control panel.

4.2 CPU GROUP DESIGN

The preferred design approach for the CPU
group is to use the INS8080A Microprocessor
with the INS8224 Clock Generator and Driver
and the INS8228/INS8238 System Controller
and Bus Driver as shown in figure 4-1. The use
of this approach yields significant benefits in
system timing and decreased component
count. An alternative design approach, which
uses standard TTL components and National
Semiconductor general-purpose peripheral
devices to implement the basic functions of cir-
cuits of the two supporting chips is described
below. This design approach achieves opera-
tional characteristics that closely approximate
those of the INS8224 and INS8228/INS8238
chips.
4.21 Clock Generator and Driver Design
Figure 4-2 shows the design of the Clock
Generator and Driver using discrete com-
ponents. The circuits generate two non-
overlapping timing references (¢1 and ¢2
clocks) for the internal storage elements and
logic circuits of the INS8080A Microprocessor.
(Refer to the INS8080A Data Sheet for the levels
and timing relationships of the two reference
clocks.) The circuits also provide auxiliary
functions such as the synchronization of exter-
nal requests and the generation of the status
word strobe.

The Clock Generator comprises a 20-megahertz
crystal-controlled oscillator, a 4-bit presettable
binary counter, and associated gating circuits
(two Exclusive-OR gates and three NAND
gates). The oscillator provides a 20-megahertz
TTL signal to the CLK input of the 4-bit counter,
which is preset to a binary count of 3 by strap-
ping the Dp and Dp inputs to Vg supply (+5V)
and the D and Dp inputs to ground. The
resulting Qp through Qp outputs of the counter
are then decoded by the standard TTL gates to
provide proper timing for the ¢1 and ¢2 clock

outputs. These TTL clock outputs are in turn
capacitively coupled to the clock driver circuit.

The Clock Driver is a two-phase interface circuit
that converts the TTL ¢1 and ¢2 clocks to MOS
level ¢1 and ¢2 clocks. The MOS clocks have a
voltage swing of from 0.6 to 11 volts, and rise
and fall times typically
nanoseconds into a 20-picofarad capacitive
load. To obtain the required output voltage
swing, the clock driver is biased from the Vgg
supply (—5V) and the Vpp supply (+ 12V) via a
simple resistive divider. A low-resistance
series network is included between each driver

output and the INS8080A to eliminate any pulse

overshoot.

The 20-megahertz oscillator also provides its
TTL output to the CLK input of a D-type flip-flop
of the Auxiliary Functions circuits. This flip-
flop, in turn, generates an advanced timing
signal (¢1A) that is used to clock two D-type
flip-flops associated with the external WAIT
and DMA REQUEST signals, thereby syn-
chronizing the HOLD and READY signals to the
INS8080A. The ¢1A timing signhal is also gated
with the SYNC signal from the INS8080A to
generate a low-level status strobe (STSTB) out-
put. This output can be used as the latching
signal for the status word that is outputted onto
the D7-Dg External Data Bus by the INS8080A at
the first state of each machine cycle.

422 System Controller and Bus Driver
Design

Figure 4-3 shows the design of the System
Controller and Bus Driver using discrete com-
ponents. The circuits generate the read and
write control signals for memory and input/out-
put devices, and provide buffering of the D7-Dg
External Data Bus.

The System Controller comprises an eight-bit
latch and associated gating circuits (four NAND
gates and an_inverter). The latch uses the
status strobe (STSTB), which occurs at the start
of each machine cycle, as the latching signal to
store the status word that is outputted onto the
D7-Dg External Data Bus by the INS8080A. Four
of the latch outputs (INTA, INP, MEMR, and
OUT) then are gated with either the Data Bus In
(DBIN) or Write (WR) outputs of the INS8080A to
generate the low-level read control signals
(MEM R, I/O R, and INTA) or low-level write con-
trol signals (MEM W and /O W), respectively.

less than 10 -
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Figure 4-2. System Clock Generator and Driver Using Discrete Components

These control signals are directly interfaced to
the memory and input/output devices.

The Bus Driver comprises two 4-bit, parallel
bidirectional IC components that buffer the
INS8080A D7-Dg External Data Bus from
memory and input/output devices. The
INS8080A data bus has an input requirement of
3.3 volts(minimum)and output drive capacity of
1.9 milliamperes (maximum). The bus driver en-
sures that these requirements are not only met
but exceeded for enhanced noise immunity. In
small systems with minimum memory and
input/output requirements, buffering of the
D7-Dg External Data Bus may not be required.

As shown in figure 4-3, the Direction Control
(DIEN) and Chip Select {CS) inputs of the Bus
Driver are connected to the DBIN output of the
INS8080A and the system Bus Enable (BUSEN),
respectively. The DBIN signal ensures that the
proper data flow is maintained on the data bus.
The BUSEN is an asynchronous signal that
allows other devices to gain access of the data
busduringaDMA datatransfer(BUSEN = logic 1)

by forcing the outputs of each 4-bit bidirectional
IC of the bus driver to the high-impedance state.

4.3 ADDRESSING CONSIDERATIONS AND

TECHNIQUES

The INS8080A has a 16-bit address bus that is
capable. of addressing up to 65K bytes of
memory and up to 256 input and 256 output
devices. In small systems with minimum
memory and input/output requirements, buffer-
ing of the A15-Ag Address Bus may not be re-
quired. However, as memory and input/output
device requirements increase, buffering is
required for the bus. This address buffering
function can be implemented by using two Na-
tional Semiconductor INS8202 TRI-STATE Oc-
tal Buffers as shown in figure 4-4. Note that the
system Bus Enable (BUSEN) signal is con-
nected to the buffers so that they are forced in-
to their high-impedance state during a DMA
data transfer (BUSEN =logic 1) or any other
time that bus access is desired, thereby allow-
ing other devices to gain access of the address
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Figure 4-3. System Controller and Bus Driver Using Discrete Components

bus. As mentioned above, up to 65K bytes of
memory and up to 256 input and 256 output
devices can be directly addressed via the
Aq5-Ag. Address Bus. of the INS8080A. The
INS8080A microcomputer system can be con-
figured 'so that memory and input/output
devices are either treated separately (isolated
input/output) or as a single memory array
(memory mapped - input/output) as described
below. The mapping for the isolated input/out-
put.and memory mapped input/output address-
ing techniques is shown in figure 4-5. With
both of these addressing techniques, the most
common method of addressing memory or in-
put/output devices is to decode some of the ad-
dress bus bits as “chip selects” (using a device
such as the National Semiconductor
INS82LS05 to enable the addressed memory or
the input/output device). The linear select
method (refer to 4.5.1) is another way of ad-
dressing the input/output devices using either

of the addressing techniques. In linear select, a
singular address bus bit is assigned as the ex-
clusive enable for a specified input/output
device. Using this method limits the number of
input/output devices that can be addressed but
eliminates the need for extra decoders. In
small system design, this is an important con-
sideration. :

When the INS8080A system is configured for
isolated input/output addressing, the memory -
address space is separated from the input/out-
put devices address space by using system
control signals for the input/output architecture
as shown in figure 4-6. Also, with isolated in-
put/output addressing, the input/output devices
communicate only with the Accumulator using
the IN and OUT Instructions. Thus, since the
memory address space is not affected by in-
put/output device addressing, the full address
space of 65K bytes is available for memory.
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Figure 4-4. Address Buffer Design Using INS8202 Devices
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Figure 4-6. System Control Signals for Isolated Input/Output Addressing

When the INS8080A system is configured for

memory mapped input/output addressing, an -

area of the memory array is assigned to the in-
put/output devices by using system control
signals for the input/output architecture as
shown in figure 4-7. In this configuration, new
input/output control signals ('O R (MM) and 70
W (MM)) are generated by gating the MEMR and
MEMW signals with most significant address
bit A45. (Since these new input/output signals
connect in exactly the same manner as the
corresponding signals of the isolated input/out-
put configuration, the system bus character-
istics are unaltered). Address bit A¢g is used
because ‘it allows up to 32K bytes of5memo‘ry
addressing, and because it is easier to control
with software. However, any other address bit
may be used for this gating function. When bit
A1s is low, the memory address space is active
and when bit A5 is high, the input/output
devices address space is active.

With ' memory mapped input/output addressing,
all of the instructions that can be used to
manipulate memory locations (for example,
MOV M, r; LDA; STA; LHLD; et cetera) can also
be used for the input/output devices. These
devices are still considered addressed
“PORTS” but instead of the Accumulator being
the only data transfer medium for the
peripherals, any of the internal registers of the
INS8080A can also be used for this purpose.
Thus, memory mapped input/output addressing
is suited for small systems that require high
throughput and have less than 32K bytes of
memory. ‘

4.4 INTERFACING TO MEMORY

The CPU group of the INS8080A microprocessor.

family interfaces with standard semiconductor
memory components (and input/output
devices) via the MICROBUS. A typical interface
to a memory array having 6K bytes of ROM
storage and 512 bytes of RAM storage is shown
in figure 4-8. This typical memory interface is
suitable for almost any size of memory
array.However, in larger systems, buffers may
be required for driving the three buses and
decoders may be required for generating the
chip select signals for the memory array (and in-
put/output devices).

As shown in figure 4-8, the interfacing to the
three National Semiconductor INS8316 ROMs
is quite straightforward. The Dg-D7output lines
of the ROMs are connected to the bidirectional
Data Bus; the Ag-A1g address inputs are con-
nected to corresponding bits of the Address
Bus; the CS2 and CS3 chip select inputs are
connected to the Aq1 and A2 bits (most signifi-
cant) of the Address Bus; and the CS1 chip
select input of the ROMs is connected to the in-
verted MEM R signal of the Control Bus. During
a FETCH or MEMORY READ machine cycle, the
CPU group may output an address in the ROM
address space of the memory array. When this
occurs, the data stored at the addressed ROM
location are then ga ted onto the External Data
Bus with the MEM R signal. In this way, data
are read from the ROMs in the INS8080A
microprocessor system.

The interfacing to the four National Semicon-
ductor INS8111A-4 static RAMs is also straight-
forward. The 1/04-1/04 common input/output
lines of the RAMs are connected to correspond-
ing bits of the bidirectional Data Bus; the Ag-A;
address bits are connected to corresponding

bits of the Address Bus; and the R/W and OD in-
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puts_of the RAMs are connected to the MEM w
" and MEM R(orDBIN)signals, respectively,of‘the
Control Bus. During a FETCH, MEMORY READ,
or STACK READ machine cycle, the CPU group
reads data from the RAMs in exactly the same
manner as described above for the ROMs. Dur-
ing -a MEMORY WRITE or STACK WRITE
machine cycle, the CPU group outputs an ad-
dress in the RAM address space of the memory
array. When this occurs, the data to be written
into memory are then strobed into the address-
ed RAM location with a low-level MEM W
signal. In these ways, data are read from and
written into RAMs in the INS8080A micro-
processor system

The memory array of figure 4-8 mcludes ROMs
(INS8316A) and RAMs (INS8111A-4) that have an
access time of 450 nanoseconds (maximum).
When the INS8080A microprocessor is oper-
~ ated from a clock generator with a'tCY of 500
nanoseconds, the required memory access
time is from 450 to 550 nanoseconds.Therefore,
when slower memory components are used in
the system, the INS8080A Microprocessor must
contain a synchronization provision to allow the
memory. components to request the wait state
(Tw)- (The actual number of Tyy states to be in-
serted is determined by external logic that is
user designed.) This provision can be im-
plemented for any slow memory (RAM or ROM)
by a simple logic control of the READY input of
the INS8080A as follows. When the addressed
slower memory receives a MEM R or MEM W
_signal, it places a low-level on the READY line
of the microprocessor, causing the INS8080A
to enter the WAIT sequence (refer to 3.2.2.2).
After the slower memory has had time to res-
pond, it places a high-level on the READY line,

thereby allowing completion of the mstructnon*‘

cycle.
4.5 DYNAMIC MEMORY
4.5.1 Introduction

Many new memory system designs are using
dynamic RAMs, particularly in large memory
systems due to the availability of 16K RAM
chips.

The key to success in a dynamic RAM system,

or any other system for that matter, is margin. A
system. designed to maximize power supply
and timing margins will be reliable and easy to
manufacture. ’

In this section we shall discuss RAM. chip
characteristics, power supply and control
signal distribution on PC boards, and control
logic implementation suggestions.

4.5.2 Ram Chip Characteristics .

~ For reference we shall compare dynamic and
static RAMs at the chip level. Then we shall

describe the unique characteristics of dynamic
RAMs which must be consndered in a memory
system design.

Dynamic RAMs versus Static RAMs

The basic difference between dynamic and
static RAMs is the way they store data. The
static RAM uses a flip-flop to store a bit, while
the dynamic RAM uses a capacitor to store a
bit. (See figure 4-9.)

WORD LINE
L R

Voo

BITLINE BIT LINE

DATA © DATA

vss

Static RAM Cell
WORD LINE

BIT LINE

CSTORAGE

||H

OATA

Dynamic RAM Cell
Figure 4-9. Cell Comparison
It is their respective cell designs that give each

RAM its advantages over the other. Let’s com-
pare the RAMs for ease of use, power dissipa-,

" tion, die size, and price.

Ease of Use: The static RAM is easier to use
because no refresh logic is required. In addi-
tion, static RAM control signals tend to be
easier to generate because cycling is usually
unnecessary.

Power Dissipation: (The dynamic RAM draws
less power. The static RAM draws power con-
tinuously -to sustain its flip-flops, while the
dynamic RAM draws minimal power (1 to 2mA)
between cycles. With continuous cycling, the
dynamic RAM draws about as much power as
the static. However, in a large memory system,
dynamic RAMs save total system power since
only one bank of RAMs is ever accessed during
a memory cycle. All other banks draw minimal
current except during refresh cycles. The duty
cycle for refresh is approximately 12 to 3%.

Die Size: Dynamic RAMs tend to be smaller.
Due to the difference in cell designs, the die
size of the dynamic RAM is often at least 20%
smaller than that of a comparable static RAM
from the same manufacturer.
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Price: Because of smaller die sizes and much
larger production runs, dynamic RAMs should
always remain considerably cheaper than com-
parable static RAMs. In addition, dynamic
RAMs save money in larger systems. Less chip
power means smaller and cheaper power sup-
plies. Smaller supplies mean a further saving in
reduced cooling requirements. In general, the
larger the memory system, the greater the sav-
ings by using dynamics.

Dynamic RAMs

Refresh: Since charge leaks off the storage
capacitors, it must be replenished periodically
in order for a dynamic RAM chip to retain its
data. The charge in any one cell is replenished,
or refreshed, every time that cell is accessed for
aread or a write. At the same time, all the other
cells in the same row are also refreshed. For
that reason the entire RAM chip can be refresh-
ed by doing only 64 cycles for 4K RAM, (a 16K
RAM needs 128 cycles) in 2ms while sequenc-
ing through all the row addresses. The bit pat-
tern presented to the column addresses does
not matter. However, the setup and hold times
must still be met. Unstable column addresses
during refresh will cause data loss.

The hardware required for refresh amounts to a
6 or 7-bit counter for the refresh addresses,
some way to multiplex the counter onto the
RAM row address lines, a timer to signal when a
refresh should be done, and the miscellaneous
gatingneeded tocoupleintothe usual read/write
logic.

In some systems no extra refresh logic.is need-
ed: For example, in CRT systems normal opera-
tion sequences through all the row addresses
in less than a 2ms refresh period. This will be
true only if the row address bits on the RAM
chip are driven from the least significant ad-
dress bits of the system. As arule, this is good
practice in all systems. By placing the most
active system address bits on the RAM row ad-
dresses, normal system operation will auto-
matically refresh the bulk of the RAM.

Cycling: One of the key functional differences
between static and dynamic RAMs is the fact
that dynamic RAMs must run through a cycle in
order to read or write. Aborting the cycle by
removing the chip enable too early or by trying
to start a second cycle too soon after the first
will probably cause data loss. Minimum chip
enable on and off times must be observed.

Summary

Static RAMs are easier'to use. Dynamic RAMs
are cheaper, use less power, must be refreshed,
and must be cycled. -

4.5.3 Memory Subsystem Design
Considerations

Some memory board designs are easy to
manufacture, while others, functionally iden-
tical, have low manufacturing yields seemingly
due to the many “bad” chips. The difference
between them is usually the amount of margin
designed into each system. Power supply and

¢ timing margins are both critical, and as the

margins go to zero or negative, the amount of’
“soft” errors goes.up. (A chip has a “hard” er-
ror if a location consistently cannot'be written
and read back properly. It has a “soft” error if it
only occasionally fails.) :

On careful analysis, “‘soft” errors usually occur
during a memory cycle in which some system
parameter has gone out of spec. Since the
RAM chips themselves have variations in their
margins, replacing the offending RAM with one
that has a greater margin in the out-of-spec
parameter seems to cure the problem. This
results in a large pile of “‘bad”” RAMs. However,
the real solution to this type of problem is in a
careful system design and board layout in the
beginning.

Power Distribution

By far the single most important aspect. of a
successful RAM system is good power distribu-
tion consisting of carefully designed decoupl-
ing and power gridding. The importance of
good power distribution cannot be over-
emphasized.

Figure 4-10 shows CE, Ipp current waveform for
a typical dynamic RAM chip during a memory
cycle.

2-4mA

Figure 4-10. ‘Ipp Current Waveform




At the beginning and end.of chip enable, each
RAM chip draws 50 to 100mA current spikes
with rise times of 20ns. In additon, each RAM
package draws a 20 to 40mA DC current lasting
for the duration of chip enable. The power
distribution system must supply these currents
while .the voltages at the. RAMs remain con-
stant. if there are a number of rows of RAMs, all
power supply traces to all RAMs should be run
both vertically and horizontally throughout the
array. Providing multiple paths through the ar-
ray reduces the effectjve inductance of the
power distribution system. .

Power Distribution Rules:

,1. It is the single most important aspect of a

. .good RAM board layout.

2. Use plenty of decoupling. The decouplmg
caps not only reduce voltage spikes, but
also provide most of the RAM power dur-
ing the cycling. Lay out the-board for a
0.1xF capacitor per power supply per RAM
chip (up.to three capacitors per chip). As
production history accumulates, it may be
possible to omit half the
However, lay out the board for one per sup-
ply per chip. Use 50 to 200uF of bulk
decoupling +12V. On +5V and -5V use

20 to 100uF. '

3. The decoupling capacitors, should have
the shortest possible traces back to their
respective RAM power supply and ground
pins., To.reduce inductance further, these
traces should be as wide as room will
allow.

4. Traces running the power supply voltages
throughout the array should be as wide as
possible. . However, with good decoupling
design, even minimum trace widths will
probably be acceptable. If some power
supply traces can be wider than others,
make Vgg (Ground) wider first, Vpp next,
Vg next, and finally Vgg. Ground is the
key. Grid the supplies even if the traces
are heavy in one direction and light in the
other.

5. Multilayer boards tend to simplify power
distribution problems, but the types of pro-
blems that must be solved are the same.
Only the magnitudes have been somewhat
reduced. Almost everything that has been
said up to now is still applicable to
muitilayer boards.

Data and Control Signal Distribution

The second most important aspect of the suc-
cessful RAM system is address, data, and con-
trol signal distribution.

Let’s discuss the chip enables first. This is the
most important signal to the RAM and all timing
is referenced to it. There are two types of chip
enables in common use today: 12 volt and TTL
level swings. : .

capacnors.

First, place.the actual driver chip near the RAM
array it is driving, making the chip enable run
short and direct.. Second, put a damping
resistor-'near the driver. Do this for either TTL
level or 12 volt chip enables. Select the value of
this resistor to. give the best clock waveform at
the RAM chips.. Its value will probably be be-
tween 10 and 51Q. Figure 4-11 shows the com-
monly used arrangements.

RAMs

RAMs

DRIVER

RAMs

" RAMs

R

DRIVER

RAMSs A 1 AM RAMS -
RAMs AAA— A RAMs
RAMs M- A RAMs
RA‘Ms M\ AW - RAMs

Figure' 4-11.. Damping Resistor Pladement

The reasons for these two recommendations
stem from the fact that, at the frequencies en-
countered here, the clock lines are, in fact,
transmission lines.

Long clock lines can cause ringing because the
open circuit at the far end of the line causes the
reflection from the end of the line to return to
the driver after the end of the rise time.

In long unloaded clock lines the reflection from

_ the junction of the unloaded and loaded sec-

tions of the line (due to the mlsmatch) cause
glitches in the clock transitions.
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To minimize crosstalk from chip enable to other
signals, try to run chip enable at 90° to other
signals. This is usually hard to do in an actual
layout. As an alternative, leave as much room
as possible between chip enable and adjacent
traces as it runs through the array. Typically,
signals in the array are on 50 mil centers. Mov-
ing the two adjacent signals more than 50 mils
away from chip enable will help some in reduc-
ing crosstalk. However, as stated earlier, there
seem to be very few problems associated with
chip enable. Neither CE itseif nor crosstalk to
other signals will be troublesome if the above
guidelines are observed.

Address, data, and control signals such as
read/write (or equivalent) should be run as
directly as possibie. Their layouts tend to be
non-critical. The critical thing is timing. The
control logic should be designed to maximize
setup and hold times with respect to chip
enable. Again, high production yield is related
to margins. As an example, consider a RAM
board that was built for an 8080 system. The
chip used was MM5271 4K RAM which has a
low true TTL levei clock input. The signal that
controls read, write, and refresh is called TSP.
When doing a refresh, TSP must be low at the
beginning of chip enable. Although the
MM5271 data sheet says that the setup time for
TSP is zero ns with respect to the leading edge
of chip enable, about 50ns of setup time gives
extra margin to avoid error.

In high-speed systems where it is hard to
design in extra margin, use damping resistors
in address, data, and control lines to help con-
trol their waveshapes. A resistor in every ad-
dress, data, and control line allows these
waveforms to be optimized, which gives the
system improved margin over an undamped
design. Use damping resistors only where
necessary. Leave them out of signals that have
time to settie down before they are needed.

Summarizing the use of damping resistors:
always put them in chip enable lines, whether
they are TTL levels or 12V levels. Use them as
necessary in those address, data, and control
lines whose timings are approaching the limits
of the RAM chip data sheet. Design in margin
first. Tune it in when it can’t be designed in.

Most microprocessors have predictable
periods of time when they will not access the
- RAM board. Usually it takes little effort to in-

sert refresh cycles in these times, thereby mak-
ing refresh transparent to the CPU. When the
CPU is very fast and is using the bus almost
continuously, the refresh will have to hold up
the processor. Even then, some clever design
will minimize the time spent doing non-
transparent refresh.

4.5.4 Summary

Refresh requirements make dynamic RAMs

slightly harder to use than static RAMs.
However, they pay the designer back for his ef-
forts by reducing overall system cost in three
ways. First, dynamic RAMs tend to be cheaper
than static RAMs of the same size. This is
primarily due to smaller chip sizes and higher
production volumes than comparable static
RAMs. Second, dynamic RAMs use less power.
When a dynamic RAM is not being accessed it
draws much less current than a static RAM.
During access, dynamic and static RAMs draw
similar amounts of power. However, in a large
array, only that bank being accessed draws full
power. All others still draw standby currents so
that the total system power is lower than for a
comparable static system. Because of the
reduced power requirements, power supplies
are cheaper. And, third, due to lower power
dissipation, cooling requirements are reduced,
allowing a further saving.

There are three things the system designer can
do to maximize RAM board yields during
manufacture. . First, design proper power sup-
ply decoupling. This is probably the single
most important consideration for the designer.
A good high frequency 0.1uF capacitor per sup-
ply per memory chip is recommended. A
capacitor per supply per two chips is probably
okay, but the board should be laid out for one
capacitor per supply per chip and then

.capacitors can be left out as yield data become

available. For bulk decoupling use about 50 to
200uF per board on + 12V, less on +5V and
- 5V.

Second, design in as much margin as possible
in all control signal timing. Use damping
resistors where necessary. If timing is design-
ed right to the minimum specs, periodically the
right combination of data pattern, power supply
noise, temperature, cosmic radiation, etc.,
causes the system to fail. The combined worst
case parameters push a signal beyond
specification and the memory fails.

Third, never allow spurious, shortened memory
cycles to occur. Shortened or aborted memory
cycles are guaranteed to destroy all the data in
the row that was addressed during the aborted
cycle.

Any designer who uses reasonable care can
successfully design dynamic memory systems
which will be easy to manufacture and very
reliable in the field.

For a full discussion - refer to:

“Dynamic RAM Board Design Made Easy,” by
Stephen Calebotta, National Semiconductor,
Memory Application, November 1977.

INTERFACING TO
DEVICES

The input/output devices use the same 3-bus

4.6 INPUT/OUTPUT




architecture for interfacing to the CPU group as
the semiconductor memory components. A
typical input/output interface is shown'in figure
4-12. - This interface enables the INS8080A
Microprocessor to communicate with
peripheral devices or structures such as
keyboards,. paper tape, floppy disks, printers,
displays, data communication interfaces, sen-
sors, relays and motor controls as described in
the following paragraphs.

4.6.1 Input/Output Addressing

Depending on the system input/output environ-

ment, the input/output devices of the typical in-
terface (figure' 4-12) may be addressed using
either the isolated input/output or memory map-

select.Thus, no decoders are required for
generating chip select signals and each device
has an exclusive enable bit. Figure 4-13 shows
an example of how to-address six National
Semiconductor INS8255 Programmable
Peripheral Interface devices using the isolated
input/output addressing technique and linear
select. In this example, the addressing format
shown is the second byte of an IN' or an OUT In-
struction.Similarly, figure 4-14 shows an exam-
ple of how to address 13 INS8255 devices using
the memory mapped input/output addressing
technique and linear select. ‘In this example,
the addressing format shown could be second
and third bytes of any memory reference in-
struction that is used for the input/output
devices (for example, MVI M, LDA, STA, SHLD,

ped -input/output - technique and linear ADD M, ANA M, et cetera).
SERIAL DATA
COMMUNICATION
. #2
INS8251 INS8255 msazss
A6 WR_ D700 CE cb| D7-00 C§_A0_A1 |FB_WR__ orpo 55 Ao A1
[e2Ne) 'y w; O } [o2Ne) ﬂ‘ [¢] r
iR Tno— Tu a0 oW az|mo a1 mT oW a2 |A0 | A1
N h 4 A L - h 4 \
| M R o B U s i
AE > > »
A7 A6 AS
i h 4
DS1 43 DS2 2 Ds2 | : DS2
SYSTEM 4 CIR INS8212 iNT INS8212 iNT o
(INTERRUPTING (INTERRUPTING
INPUT PORT) INPUT PORT) (OUTPUT PORT)
sT8 MD MD
]
T GND . T srlw l vee
FROM INPUT T FROM INPUT "
DEVICE Q“El"}ETL' DEVICE TEUVLETL'
PRIORITY PRIORITY
CIRCUIT CIRCUIT
OR OR .
INS8080A INSB8080A
(SEE (SEE
NOTE) NOTE)
NOTE: IF ONLY ONE INS8212 INTERRUPTING INPUT DEVICE IS USED, THE INT SIGNAL SHOULD BE CONNECTED TO THE INT PINOUT OF THE

INS8080A VIA AN INVERTER. IN THIS WAY, A USER SELECTED SINGLE LEVEL INTERRUPT (RST 7) IS GATED ONTO THE INS8080A DATA
BUS WITH A HIGH-LEVEL DBIN SIGNAL, WHEN THE INTERRUPT REQUEST IS ACKNOWLEDGED .

Figure 4-12.

Typical Input/Output Interface
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ADDRESS v
BITS A7 A6 A5 A4 A3 A2 A1l A0
#6 #  #a #3 #2 #
I T -
DEVICE SELECTS PORT
SELECTS
NS10624
Figure 4-13. Example of Addressing INS8255 Devices Using
Isolated Input/Qutput Technique and Linear Select
ADDRESS
BITS A7 A6 A5 A4 A3 A2 A1l A0
(BYTE 1)
\_ #5 #4 o) 2 . /\ -/
!
DEVICE SELECTS PORT
SELECTS
ADDRESS ) .
BITS A15 A14 A13 A12 Al A10 A9 A8
(BYTE 2) ‘ : : '
: #13 12 11 0
\ ' J\ # # #? #9 #8 #7 /
_ 1/0 FLAG: ‘  DEVICE SELECTS
1=1/0
0 = MEMORY
NS10743
Figure 4-14. Example of Addressing INS8255 Devices Using Memory
: Mapped Input/Output Technique and Linear Select i
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4.6.2 Interfacing 8-Bit Peripherals

As shown in the typical input/output interface
of figure 4-12, two National Semiconductor
INS8255 . Programmable Peripheral Interface
devices and three National Semiconductor
INS8212 Input/Output Port devices are provided
for interfacing 8-bit peripherals (keyboards, sen-
sors, paper tape, displays, et cetera) to the
system. Since each INS8255 has three ports,
up to 24 bits of programmable input/output data
and control signals are provided by each
device. Note that the IfJO W and [TO R signals
from the Control Bus are used as write and read
command signals for the transfer of data
(D7-Do) to and from the INS8255 devices. Also,
note that the i/O W signal is used in conjunc-
tion with the Ag address bit to select the
INS8212 device that functions as an output
port; and that the /O R signal is used in con-

junction with either the Ag or the Ay address bit

to select one of two INS8212 devices that func-
tion as interrupting input ports. The addressing
formats for the INS8255 and INS8212 devices

are shown in figure 4-15.

4.6.3 Interfacing Serial Devices

As shown in the typical interface of figure 4-12,
one National Semiconductor INS8251 Program-
mable Communication Interface device is pro-
data devices
(MODEMs, communications links, et cetera) to
the system. Note that the TO W and i7/O R
signals are also used as write and read com-
mand signals for the transfer of data to and
from the INS8251 device. The addressing for-

vided for interfacing serial

mat for the INS8251 is shown in, figure 4-16.

ADDRESS
BITS 0 0 0 1 A3 A2 A1 A0
\_* | A /\ ; /
DEVICE PORT
SELECTS: SELECTS:
0 = SELECT 00 = PORT A
1 = DESELECT 01 = PORTB
10 = PORTC
11 = COMMAND
A. INS8255 Devices
ADDRESS
BITS A7 A6 A5 1 1 1
\ #3 #2 #1 /
DEVICE SELECTS: !
0 = DESELECT
1 = SELECT

B. INS8212 Devices

NS10744

Figure 4-15. 'Addressing Format for INS8255 and INS8212 Devices
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ADDRESS
BITS 0 0 0 A4 1 1 A0
DEVICE SELECT: " C/D CONTROL:
0 =SELECT 0=DATA
1=DESELECT 1= COMMAND
NS10745
Figure 4-16. Addressing Format for INS8251 Device

4.7 EXPANDING INTERRUPTS

For many applications the single interrupt pro-
vided by the INS8080A is insufficient. The
INS8259 provides a multi-level priority-encoded
interrupt controller for the 8080A CPU group.

The INS8259 is a programmable interrupt con-
troller containing eight priority-encoded vec-
tored interrupts, cascadable to create up to 64
priority-encoded vectored interrupts without
any additional circuitry. Operation of the
device is static, requires no clocks, and is pro-
grammable via the system software allowing
the programmer complete control over system
operation at all times. There are a number of
operational modes, permitting optimization for
diverse system requirements.

Interrupts to the controller_are via interrupt in-
puts IR7-IR0, and are stored in the Interrupt Re-
quest Register while the In-Service Register
stores all interrupt levels currently being servic-
ed. The Priority Resolver Register determines
the priority of the interrupts stored in the Inter-
rupt Request Register and controls the se-
quence in which they are loaded into the In-
Service Register. The sequence in which the in-
terrupt priorities are stored can be controlled
via software allowing the interrupt priorities to
be rearranged as desired by the programmer.

The INS8259 can also be cascaded with up to
eight other devices to create 64 vectored inter-
rupts. In such applications, one device is the
‘master’ and the others are the ‘slaves’. The
‘master’ will store the identification of all other
devices in the interrupt structure thus aliowing
the ‘master’ to maintain the appropriate priority
encoding.

The INS8259, connected to the MICROBUS to
implement the system interrupt controller is il-
lustrated in figure 4-17.

Refer to Figure 2-8 INS8080 Family CPU Group
to MICROBUS Configuration. The INS8259
shown is for the single configuration. See
Figure 4-18 for method of Expanding up to 64 in-
terrupts. For proper ordering of interrupts start
assigning of connections to master interrupt
#7. Assign interrupt request 0 only after all of
the other positions are used.

4.8 USE OF INS8080A SUPPORT CHIPS

This section provides detailed information on
the N8080 family support chips for the IN-
S8080A Microprocessor. Parametric informa-
tion for the support chips is contained in the
related data sheets.

The INS8080A and its two CPU Group support
devices, the INS8224 and the INS8228/INS8238,
constitute the minimum components to imple-
ment the MICROBUS. The minimum CPU
Group is sufficient for implementing a minimal
system with only a linear select addressing
capability.

An illustration of a minimal CPU Group is
shown in figure 4-1. .

For descriptions of the devices required to ex-
pand the minimal CPU Group into one with an
expanded capability, refer to the sections listed
below.

Expanded chip selects (see section 4.4)
Interrupt expansion (see section 4.7)
e Address expansion (see section 4.3)
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Chapter 5
Memory
Components

MEMORY

Type/Part Number/Description

RAM
o Static
INS8101A-4
256 x 4 Static RAM with Separate I/O
INS8102A
1024 x 1 Static RAM -
INSB111A-4
256 x 4 Static RAM with Common /O
MM2114
1024 x 4 Static RAM
MM5257
4K x 1 Static RAM
e Dynamic
MM5281
4096 x 1 Dynamic RAM
MM5290
16K Dynamic RAM
EPROM
MM1702A
256 x 8 EPROM
MM4204/MM5204
512 x 8 EPROM
INS8704
512 x 8 EPROM
INS 8708A
1024 x 8 EPROM

ROM
MM4242/MM5242
1024 x 8 ROM
INS8316 A/E
2048 x 8 MOS Mask ROM
(2708 Compatible)
INS8332E }
4096 x 8 MOS ROM (2708 Compatible)
INS8364/8364E
8192 x 8 MOS Mask ROM
(E has 2708 Compatibility)

* Trademark, National Semiconductor Corporation







Memory
Components

5.1 GENERAL DESCRIPTION

Using the INS8080A family, the designer can
satisfy system requirements from the wide
range of National Semiconductor's RAM,
PROM, and ROM components. For program
storage, the flexible PROM is matched by direct
replacement ROMs. For random access
storage, the designer can choose from one of
the industry’s broadest lines of RAMs,
fabricated using bipolar, MOS, and CMOS
technologies.

5.2 ADDRESSING CONSIDERATIONS

The INS8080A has a 16-bit address bus that is
capable of addressing up to 65K bytes of
memory. In small systems with minimum
memory, buffering of the A45-Ag Address Bus
may not be required. However, as memory re-
quirements increase, buffering is required for
the bus. This address buffering function can be
implemented by using two National Semicon-
ductor INS8202 TRI-STATE Octal Buffers as
shown in figure 5.1. Note that the system Bus

/_/—//\0_25

Enable (BUSEN) signal is connected to the buf-
fers so that they are forced into their high-
impedance state during a DMA data transfer
(BUSEN = logic 1) or any other time that bus
access is desired, thereby allowing other
devices to gain access of the address bus. As
mentioned above, up to 65K bytes of memory
can be directly addressed via the A45-Ag Ad-
dress Bus of the INS8080A. The INS8080A
microprocessor system can be configured so
that memory and input/output devices are
either treated separately (isolated input/output)
or as a single memory array (memory mapped
input/output) as described below. The mapping
for the isolated input/output and memory map-
ped input/output addressing techniques is
shown in figure 5-2. With both of these ad-
‘dressing techniques, the most common
method of addressing memory or input/output
devices is to decode some of the address bus
bits as “chip selects” (using a device such as
the National Semiconductor INS82LS05 to
enable the addressed memory or the in-
put/output device.

Al 26

az |2

e A

——————————» A2

A3 29

INS8202 ——pe A3

As 130

AS 31

—— e A4

—————————» A5

a6 |32

> L —— ]

a7 |32

A7

INS8080A
MICROPROCESSOR

A8

j

9
&l

SYSTEM
|— ADDRESS
BUS

35

40

INS8202

37

36

Figure 5-1. Address Buffer Design Using IN88202 Devices
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DEVICES
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B. MEMORY MAPPED INPUT/OUTPUT

NS10619

Figure 5-2. Mapping for Isolated Input/Output and Memory Mapped Input/Output Techniques

When the INS8080A system is configured for
isolated input/output addressing, the memory
address space is separated from the input/out-
put devices address space by using system
control signals for the input/output architecture
as shown in figure 5-3. Also, with isolated in-
put/output addressing, the input/output devices
communicate only with the Accumulator using
the IN and OUT Instructions. Thus, since the
memory address space is not affected by in-
put/output device addressing, the full address
space of 65K bytes is available for memory. -

When the INS8080A system is configured for
memory mapped input/output addressing, an
area of the memory array is assigned to the in-
put/output devices by using system control
signals for the input/output architecture as
shown in figure 5-4. In this configuration, new
input/output control signals 7O R (MM) and 770
W (MM) are generated by gating the MEMR and
MEMW signals with most significant address
bit Aq5. (Since these new.input/output signals
connect in exactly the same manner as the cor-
responding signals of the isolated input/output
configuration, the system bus characteristics
are unaltered). Address bit A¢g is used because
itallows up to 32K bytes of memory addressing,
and because it is easier to control with soft-
ware. However, any other address bit may be
used for this gating function. When bit Aqg is
low, the memory address space is active and
when bit A4g is high, the input/output devices
address space is active.

With memory mapped input/output addressing,
all of the instructions that can be used to
manipulate memory locations (for example,
MOV M, r; LDA; STA; LHLD; et cetera) can also
be used for the input/output devices. These
devices are still' considered addressed
“PORTS” but instead of the Accumulator being
the only data transfer medium for the
peripherals, any of the internal registers of the
INS8080A can also be used for this purpose.
Thus, memory mapped input/output addressing
is suited for small systems that require high
throughput and have less than 32K bytes of
memory.

5.3 INTERFACING TO MEMORY

The CPU group of the INS8080A microproces-
sor family interfaces with standard semicon-
ductor memory components (and input/output
devices) via the MICROBUS. A typical interface
to a memory array having 6K bytes of ROM
storage and 512 bytes of RAM storage is shown
in figure 5-5. This typical memory interface is
suitable for almost any size of memory array.
However, in larger systems, buffers may be re-
quired for driving the three buses and decoders
may be required for generating the chip select
signals for the memory array (and input/output
devices). : .

As shown in figure 5-5, the interfacing to the
three National Semiconductor INS8316 ROMs
is quite straightforward. The Dop-D7 output lines
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Figure 5-3. System Control Signals for Isolated Input/Output Addressing
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Figure 5-4, System Contro! Signals for Memory Mapped Input/Output Addressing
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Figure 5-5. Typical Memory Interface

of the ROMs are connected to the bidirectional
Data Bus; the Ag-Aqg address inputs are con-
nected to corresponding bits of the Address
Bus; the CS2 and CS3 chip select inputs are
connected to the A1 and Aq, bits (most signifi-
cant) of the Address Bus; and the CS1 chip
select input of the ROMs is connected to the in-
verted MEM R signal of the Control Bus. During

a FETCH or MEMORY READ machine cycle, the

CPU group may output an address in the ROM
address space of the memory array. When this
occurs, the data stored at the addressed ROM-
location are then gated onto the External Data
Bus with the MEM R signal. In this way, data
are read from the ROMs in the INS8080A
microprocessor system.

The interfacing to the four National Semicon-
ductor INS8111A-4 static RAMs is also
straightforward. The 1/04-1/04 common in-
put/output lines of the RAMs are connected to
corresponding bits of the bidirectional Data
Bus; the Ag-A7 address bits are connected to
corresponding bits of the Address Bus; and the
R/W and OD inputs of the RAMs are connected

to the MEM W and MEM R (or DBIN) signals,
respectively, of the Control Bus. During a
FETCH, MEMORY READ, or STACK READ
machine cycle, the CPU group reads data from
the RAMs in exactly the same manner as
described above for the ROMs. . During a
MEMORY WRITE or STACK WRITE machine cy-
cle, the CPU group outputs an address in the
RAM address space of the memory array. When
this occurs, the data to be written into memory
are then strobed into the addressed RAM loca-
tion with a low-level MEM W signal. In these,
ways, data are read from and written into RAMs
in the INS8080A microcomputer system.

The memory array of figure 5-5 includes ROMs
(INS8316A) and RAMs (INS8111A-4) that have an
access time of 450 nanoseconds (maximum).
When the INS8080A microprocessor is
operated from a clock generator with a tCY of
500 nanoseconds, the required memory access
time is from 450 .to 550 nanoseconds.
Therefore, when slower memory components
are used in the system, the INS8080A
Microprocessor must contain a synchroniza-
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tion provision to allow the memory components
to request the wait state (T\y). (The actual
number of Tyy states to be inserted is determin-
ed by external logic that is user designed.) This
provision can be implemented for any slow
memory (RAM or ROM) by a simple logic con-
trol of the READY input of the INS8080A as
follows. When the addressed slower memory
receives a MEM R or MEM W signal, it places a
low-level on the READY line of the
microprocessor, causing the INS8080A to enter
the WAIT sequence (refer to 3.2.2.2). After the
slower memory has had time to respond, it
places a high-ievel on the READY line, thereby
allowing completion of the instruction cycle.

5.4 DYNAMIC MEMORY

Many new memory system designs are using
dynamic RAMs, part|culary in large memory
systems, or systems using dedicated memory
such as CRT displays.

Refresh requirements make dynamic RAMs
slightly harder to use than static RAMs. The
designer is paid back for his efforts however, by
reduced overall system cost using dynamic
RAMs in three ways:

e Dynamic RAMs tend to be cheaper than
static RAMs of the same size.

e Dynamic RAMs use less power, especial-
ly in a large array.

‘e . Power supplies are cheaper, because of
the reduced power requirements and
therefore cooling requirements are
reduced, ailowing a further saving.

A sample of dynamic memory devices available
is referenced in section 5.6.6 and 5.6.7. (See
section 4.5 for discussion covering the design
of memory systems).

5.5 INS8154 128-BY-8-BIT RAM 1/O .

The INS8154 provides two 8-bit peripheral inter-
face input/output ports and 1024 bits of RAM,

organized as 128 x 8 bits of read/write memory

for data storage.

The /O portion consists of two peripheral ports
of eight bits each. Each port may be read or
written in a parallel (8-bit byte) mode.

In addition to basic I/O, one of the ports, port A,
may be programmed to operate in several types
of strobed mode with handshake. Strobed
mode together with optional interrupt operation
permit both high speed parallel data transfers
and interface to a wide variety of peripherals
with no external logic.

Each bit of each port may be defined as an input
or an output and each bit may be set, cleared, or
read with a single instruction.

. The INS8154 is an N-channel silicon gate

device packaged in a 40-pin dual-in-line
package. It operates with a single 5-volt power
supply and is fully TTL compatible. (See figure
5-6 for block diagram.)

Features

e 128 x 8 RAM

e Single +5-volt power supply

e Low Power Dissipation

e Fully static operation

e Completely TTL compatible

e Two 8-bit programmable 1/O ports

e |/O port has TRI-STATE capability

e Handshake controls for strobed mode of
operation

e Single bit 1/0 operations with single
instruction

Reduces system package count
Independent operation of RAM and /O

e MICROBUSTMCompatible (see flgure 5-7
for MICROBUS connection)

5.6 OTHER MEMORY COMPONENTS

This section describes other memory com-
ponents. (Refer to appendix D for the data
sheets.)
5.6.1 INS8101A-4 IK (256 x 4) Static RAM With
Separate 1/0

General Description

The National INS8101A-4 is a 256 word by 4-bit
static random acess memory element
fabricated using N-channel enhancement
mode Silicon Gate technology. Static storage
cells eliminate the need for refresh and the ad-
ditional peripheral circuitry associated with
refresh. The data is read out nondestructively
and has the same polarity as the input data.

The INS8101A-4 is directly TTL compatible in
all respects: inputs, outputs, and a singie + 5V
supply. Two chip-enables aliow easy selection
of an individual package when outputs are OR-
tied. An output disable is provided so that data
inputs and outputs can be tied for common /O
systems. The features of this memory device
can.be combined to make a low cost, high per-
formance, and easy to manufacture memory
system.

National’s silicon gate technology also pro-
vides protection against contamination, and

permits the use of low cost Epoxy B packaging.

Features
e Organization 256 Words by 4 Bits
e Access time - 0.5 to 1.0pus Max.
¢ Single +5V Supply Voltage )
e Directly TTL Compatible - All inputs and

Outputs
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e Static MOS - No Clocks or Refreshing
Required

e Simple Memory Expansion - Chip Enable
Input

e Low Cost Packaging - 22 Pin Epoxy B
Dual-In-Line Configuration

e Low Power - Typically 150 mW

Tri-State® Output - OR-Tie Capability

e Output Disable Provided for Ease of Use
in Common Data Bus Systems

5.6.2 [INS8111A-4 1K (256 x 4) RAM With Com-

mon /0
General Description

The National INS8111A-4 is a 256 by 4 static ran-
dom access memory element fabricated using
N-channel enhancement mode Silicon Gate
technology. Static storage cells eliminate the
need for refresh and the peripheral circuitry
associated with refresh. The data is read out
nondestructively and has the same polarity as
the input data. Common Data Input/Output
pins are provided.

The INS8111A-4 is directly TTL in all respects:
inputs, outputs, and a single +5V supply. The
two Chip-enables allow easy selection of an in-
dividual package when out-puts are OR-tied.
The features of this memory device can be com-
bined to make a low cost, high performance,
and easy to manufacture memory system.

National’s silicon gate technology provides ex-
cellent protection against contamination and
permits the use of low cost Epoxy B packaging.

Features

e Organization 256 Words by 4 Bits

e Common Data Input and Output

e Single + 5V Supply Voltage

e Directly TTL Compatible - All Inputs and
Outputs

e Static MOS - No Clocks or Refreshing
Required

e Access Time - 0.5 to 1.0us Max.

e Simple Memory Expansion - Chip Enable
Input

e Low Cost Packaging - 18 Pin Epoxy B
Dual-In-Line Configuration

e Low Power - Typically 150 mW

e Tri-State® Output - OR-Tie Capability

Block and Connection Diagrams (INS8101A-4)
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Switching Time Waveforms (INS8101A-4)
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Switching Time Waveforms (INS8111A-4) .
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Block and Connection Diagrams (INS8111A-4)
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5.6.3 The INS8102A 1K (1024 x 1) Static RAM
General Description

The INS8102A family of high speed 1024 x 1-bit
static random access read/write memories are
manufactured using N-channel depletion-mode
silicon gate technology. Static storage cells
eliminate the need for clocks or refresh cir-
cuitry and the resultant cost associated with
them.

Low threshold silicon gate N-channel
technology allows complete DTL/TTL com-
patibility of all inputs and outputs as well as a
single 5V supply. The separate chip enable in-
put (CE). controlling the TRI-STATE® output
allows easy memory expansion by OR-tying in-
dividual devices to a data bus. Data in and data
out have the same polarity. )

Block Diagram

In addition to the INS8102A, a low power ver-
sion, the INS8102AL, is also available. This
selection offers a maximum operating current
of 33 mA and a guaranteed standby mode down
to a power supply voltage of 1.5V.

Features

e Single 5V Supply

e All Inputs and Outputs Directly DTL/TTL
Compatible ‘

e Static Operation - No Clocks or Refresh

e TRI-STATE Output for Bus Interface

e All Inputs Protected Against Static

- . Charge
e Access Time Down to 250 ns

Connection Diagram

Dual-In-Line Package
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Switching Time Waveforms
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Standby Waveforms (INS8102AL)

Vee
4.75v 415
top —1 - R 1.5V =Vpp = 475V
" 15V = Vpp = CE = 2v
CE 15v v v Whenﬁv < VPD = VCC MAX
_/ CE must be 2V minimum.

DV o= e cnme e co cne o c——— —— — — —— o— —
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5.6.4 MM2114 4K (1024 x 4) Static RAM
General Description

The National MM2114 is a 1024 by 4 static.ran-
dom access memory element fabricated using
N-channel enhancement mode Silicon Gate
technology. Static storage celis eliminate the
need for refresh and the peripheral circuitry
associated with refresh. The data is read out
nondestructively and has the same polarity as
the input data. Common Data Input/Output
pins are provided. No address setup times are
required.

The 2114 is directly TTL compatible in all
respects: inputs, outputs, and a single .+ 5V
supply. The Chip select allows easy selection
of an individual package when outputs are OR-
tied. The features of this memory device can be
combined to make a low cost, high perfor-
mance and easy to manufacture memory
system. - :

National’s silicon gate technology provides ex-
cellent protection against contamination and

- permits the use of low cost Epoxy B packaging.

Features

e Organization 1024 Words by 4 Bits

e Common Data Input and Output

e Single +5V Supply Voltage

e Directly TTL Compatible - All Inputs and
Outputs o

e Static MOS - No Clocks or Refreshing
Required

e |dentical Cycle and Access Time

e Simple Memory Expansion - Chip Select
Input

e Low Cost Packaging - 18 Pin Epoxy B
Dual-In-Line Configuration

e Tri-State Output - OR-Tie Capability

RW O ——4

23 0% — _iX Ag— 1 18 —Vcec
‘ - . U
. 18
S—— con a]s o e
) Q—QO GND
A8 0 X CELL ARRAY Ag—1 3 16 — Ag.
. Row 64 ROWS
1 4 SELECT 64 COLUMNS
e s - Az— 4 15 [— Ag
Ag— 5 14 }— 1104
a8 16 -
EZ Ai— 6 13 p— '/02 .
N I I
1/0 1 Qg b
EE — COLUMN 1/0 CIRCUITS Ac— 7 12 [— /03
—
o202 S—— coLuMN sn\sm Cs— s 11 |—1/0g
5 INPUT
[ DATA
ONTROL - " Tl
3ol > El GND —{ 9 10 — RiW
1 5 6 7 15
o4 O~ l\|3 A0 a1 A2 A9 j
g B PIN NAMES
50 AgAg * ADDRESS INPUTS
RW ° READ/WRITE INPUT
: [ CHIP SELECT

1104-//04 DATA INPUT/QUTPUT
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Switching Time Waveforms

READ CYCLE (RIW =“1")

tRC

ta

ADDRESS {

cs \ Y

1/,

e—— tco—>

N ]

e—tcox tke
y
Dourt - \

NOTES:

1. A Read occurs during the overlap of a low CS and a high RIW

2. A Write occurs during the overlap of a low TS and a low RIW

3.1f the CS low ition occurs si y with the RIW Low
transition, the output buffers remain in a high impedance stat