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SYNOPSIS

This project has introduced the prototype electronic
telephone directory to keep in touch with the advancement in

technology.

This electronic telephone directory has got the
facility to store the name and corresponding number of a
particular person, company etc. The purpose of building this
gadget is to make the process of storing and retrieving the
number of a person easier. Directory is built around the
8085 Microprocessor because of facilities provided in this
chip. The electronic memory is used for storing just as

paper in book.

This project will be of use for person or company
handling large amount of telephone numbers, wiich makes
retrieval easier without any wear and tear or damage and

saves valuable time.
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CHAPTER 1
INTRODUCTION

1.1 General Introduction

It is long since the telephone has been introduced
into the society. From then on the numbers have been stored

or written down on a piece of paper or a book.

The directory is a small book which is always prone
to getting misplaced, lost or getting torn 1in aue course of

time.

The electronic telephones and exchanges have been
introduced and to keep in pace with the development we have
introduced electronic telephone directery. This makes things
much easier to saves valuable time. The user does not have
.to refer to the number he wants to dial. With "the push of a

button, the required number is obtained.

The electronic telephone directoryis bui.t ground the
8085 Microprocessor because the <chip provides facilities

suitable for this application.



1.2 Key Board

The Electronic telephone directory 1is provided with
30 keys, A...... Z, Read (Rd)}, Write {WR), load and digits
(0.....9). The names and numbers are loaded imn and read
whenever needed by using these keys. Two multiplexers
(74150) . are used to multiplex 15 keys each to scan for key

pressing.

1.3 Display

Eight seven segment displays {dynamic type) are used
for displaying the number retrieved while reading. In order
to drive the seven segment display, BCD to seven segment
decoder (4511) is used. Decoder uses latch enable pin to
store and blanking pin to turnoff the display. The display

is achieved by the phenomenon of persistance of vision.

i.4 Computer Peripheral Connections

The input-output port is provided by 8155. 8155 has a
static RAM, TIMER and three ports for input and output for

interfacing keyboard & display.



Other peripheral connections are the EPROM 27372 with
4K memory and a 2K RAM 6116. The latch is provided by 74373
for latching the lower order address availanle on the

multiplexed data bus.

1.9 Project functioning

Circuit is made‘to function by connecting the power
supply. The program looks for load key to be pressed. Upon
pressing- this key, the scan code is send to the
microprocessor and the program waits for alphabatical input.

This is indicated by display of 'S5'.

When the alphabet characters are keyed in twc 'S' are
displayed. Now the corresponding number of thz person 1is
keyed in. The end of numerical character input denotes a

tripple 'S". Now the load key has to be pressed in order to

perform the next desired operation.



CHAPTER 2

8085 MICROPROCESSOR AND PERIPHERALS

2.1 Intreduction

This chapter deals with the 8085 microprocessor and
its peripheral connections. 8085 is an eight bit gencral
purpose microprocessor capable of addressing 64K of memory.

The peripheral connections include memory chips.

EPROM 2732 is a 24 pin chip with 32K i.e. 4K x 3 bit memory.

It is completely static and operates at 5 volts power supply.

RAM 6116: This is 2K RAM capable of working at high speeds.
This RAM is a 2048 x 8 bit {(CM0S). It needs £ volts power

supply.

Octal Latch 74373 is to provide latched address to RAM and
EPROM.

8155 is a programmable I/0 device which is used by the 8085

microprocessor to access key board and display. it ccts as

programmable I/0 interface.

Multiplexer 74150 is a 16 line multiplexing unit. It s also

supplied with 4 line scan input signal.

BCD to seven segment decder 4511: It is a 16 pin chip with 4

pin input for BCD. It converts the BCD signal intc seven

segment code for the display.



2.2 Microprocessor 8085

8085 microprocessor 1is an 8 bit general purpose
microprocessor capable of addressing 64K of memory. The
device has 40 pins, requires a +5V single power supply and a
clock signal of 3.072 MHz. The clock is generated internally
in the microprocessor by connecting a 6.144 MHz crystal at

the pins X1, X2.

The signals are classified into 6 groups (Fig. 2.1)

1. Address bus

2. Data bus

3. Control and status signals

4. Power supply and frequency signals

5. Interrupts and peripheral initiated signals and

6. Serial I/0 Ports.

The address bus comprises of 8 signal lines Ay - A,g

which are unidirectional, used as high order address bus.

The multiplexed address/data bus 1is also a set of 8

signal ‘lines ADO - AD7 which are bidirectional, they serve a
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dual purpose. They are used as the low-order address bus as
well as the data bus. In an instruction execction, during
the earlier part of the cycle, these lines are used cs low-
order address bus. During the later part of the cycle, these
lines. are used as the data bus. The process islknown as

multiplexing of the bus. They can be seperated using ¢

latch.

The contrel and status signals include 2 control
signals RD and ;ﬁi 3 status signals I0/M, S] and SO to
identify the name of operation and one special signai ALE to

latch the low order address bits.

Power supply and clock frequency:

Vecc : + 5 Volts
Vss : Ground Reference
X1 & X2 A crystal (or RC, LC network) is connected

between these 2 pins. The frequency is inter-
nally divided by 2. To operate the system at

3.072 MHz, the crystal should have 6.144 Mhz.

CLK (0UT) : Clock output. This can be used as o clock

to clock other devices.



Interrupts and Externally initiated operation:
It has 5 interrupt signals.

INTR - Interrupt Request - Input

INTA - Interrupt Acknowledge - Output

Externally initiated:

HOLD - Input
READY - Input
RESET - Input

RESTART Interrupt Signals

RST 5.5 ]-
RST 6.5 ]- Inputs
RST 7.5 ]-

HLDA - Hold Acknowledge - Output

Serial I/o Ports:
For serial transmission implementation,

SID - Serial Input Data

S0D - Serial Output Data



2.3 Input-Qutput Port

8155 Programmable Input-Output device:

The circuit uses the 8155 programmable input-output
device which is used between the 8085 microprocessor and the
keyboard .and display set wup. The 8155 acts as the

programmable interface between the microprocessor and the I/0

section.

8155 is used between the 8085 microprocessor and the
external devices. These external devices in this case are the
keyboard and the 7 segment display unit. The :interface is

done with the help of the ports of 8155.

The 3 different sets of lines are classified es the

ports of 8155. They are:

PORT A - PAO - PA7 - I/0
PORT B - PBO - PB; - 1/0
PORT C - PC0 ~ PC5 - I/0

Thus we see all the 3 ports can be used either as
input or as output port. The control word determines, which

port should be input and which one should be the output
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port. After defining the control word, it is also possible
for us to change the definition by just giving another

control word.

The 8155 as shown in the figure 2.2 , has 40 pins.
Among these 8 are Address/Data lines defined by ADy - AD-.
These lines take care of the key press scan line signals'

defined by the software. These 8 lines are connected with

the ADO - AD7 lines of the microprocessor.

Here we have used the ports in the following manner.

Port A - 0O/P
Port B -~ O0O/P
Port C - 1I/P

The Port B used as the output port is used té enable
the 7 segment display drivers (8 in number). The port A is
used for the scan code delivery. The Port C is used to look
for which of the key press code appears through the Z pin of
" the 74150 multiplexers. Since only 2 multiplexers are being

used only PCO and PCy lines are used for this purpose.

The Port B output signals are accordingly set with
respect to which of the 8 seven segment displays should be
driven to display the particular digit. This ©neing
determined by the 4 bit 8241 code sent to the 4511 BCD - 7

segment driver.



2.4 Memory

The peripheral connections include two memory chips.

2.4.1 EPROM 2732 (Fig. 2.3)

This is a 24 pin, 32K i.e. (4K x 8 bit) Jltraviolet
Erasable PROM. It is completely static, operating at +5V

single power supply. It has simple programming requirements

of

1. Single location programming

2. Programs with one 50 ms Pulse

In this circuit, to store the software this EPROM 1is
being used. The fast dccess time capability of this EPROM is

also of mentionable importance.

Upon switching ON the system, the EPRCM chio 1s

enabled and the execution of the stored software takes place.

Upon each and every step of execution, thke EZPRCM 1is
oddressed to and it takes care of whatever 1is to be done
according to the different parameters, say flags etc. Say
when in the read operation, a non existing name is asked for,

the software in EPROM takes care of blanking out the display.
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2.4.2 The RAM 6116

This is a 2K RAM capable of working at aigh speeds.
The fastest access time are 120 ns/150 ns/200 ns {Max.).
6116 RAM is a 2048 word x 8 bit CMOS RAM. The Vcc supply 1is

of +5 V single power supply{?krl-4;,,

The output lines of the octal latch is connected to

the A0 - A7 and the A8’ A9, A1O of 8085 are_connected to A8

- A]O of 6116 RAM. Thus a 11 line address can accomodate a
2K address location. So according to the location being
addressed, the RAM registers the data while a write
operation and takes data and passes the data if present on

to the data lines via the I/o lines.

The operation of this RAM is enabled by the CS (Chip
Select) line. Given to this is a low signal, from the 1 of 8

decoder output.
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Octal Latch: 74373

This chip is used to pass on the address to the RAM
and EPROM. Whenever a key press is encountered. the address
lines. AD, - AD of Microprocessor are set with the
pqrticuldr address. On being a valid «oddress, the
microprocessor enables the latch enable signal ie output

enable (0E) an active low(fiz =% .

When this is activated, the input and the output
lines are connected virtually and the address on the lines
IO - 17 are transferred on to 00 - 07 of the latch. After
this, the enable signal is taken off ie.,BE-is made 1. Thus
any other address won't be transferred uﬁtil the next enable

signal is given by the microprocessor.

This transferred address is made available at the A0

- A7 of the RAM 6116.

Internally these latches have D flip-fleps.
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2.4.3. 74138 - 1 of 8 Decoder

This is used to generate chip enable signals to the
EPROM, RAM etc. According to the inputs provided to this, we
have either a high or o low at the pins 04 to 07. The inputs
are at pins Ay, Ay & A, and to E, and EQ{?RC PR

Chip enable signals given are OO to 2732 and 0, to

6116.

_ This chip enable of 8155 is also a low signci. The
A]5 line of microprocessor 8085 is 'NOT' - ed and given to

CS of 8155(2.6.2.)
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2.5 Input section

The keyboard section comprises of 30 different keys
and the multiplexer unit. The keys are "press to ON" type.

The multiplexer unit has two 74150 chips.

2.5.1 Multiplexer

These 74150 multiplexer are sixteen line multiplexing
units. So a maximum of 16 keys can be connected to o« single
multiplexer. The actual circuit uses only 28 keys. To the
first multiplexer are ;onnected a set of 16 keys. The rest

12 are connected to the second multiplexer(¥&s§Lﬁg'

The multiplexer also is supplied with a 4 line, scan
input signal. It ranges from 0000 to 111l. these are

connected to lines SO - 53. These are connected to lines SO

- 353 of each multiplexer. Thus a total of 8 line scanning is
given by the 8155 through its Port A of which PA, - PA, are

connected to Multiplexer-1 and PA, - PA, to the multiplexer
- 2.

The scanning code actually follows the sequence. When
a scan signal scans the first multiplexer, the other

multiplexer's scan signal 1is kept constant. That is:
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Initially the linés PAy =~ PA3 are made 1111 and the
other 4 lines are PA, - PA, are continuously varied from
0000 to 1100. This scans the rest of the keys (12, connected
to the 2nd multiplexer. The above procedure 1is repeated

until a key press is met with.

2.6 4511 BCD to seven segment decoder

The chip 4511 has 4 pin input for BCD which is fed to
pins 7,1,2 and 6. The chip converts the BCD and makes the
corresponding display segments glow. It functions like 4 bit
storage latch, a 8421 BCD to seven segment deccder, and an
output drive with capability to source upto 25 mA. Latch

enable pin of 4511 stores BCD code and blanking turns of-
the display({gg 2.8}

Its application includes counter, display drivers,
seven segment decimal display and various clock, watch and

timer users.
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CHAPTER 3

GENERAL CIRCUIT DESCRIPTION

3.3.1 Keyboard Description

In the circuit of this project we have a key board
which contains thirty keys. These keys are connected to two
multiplexers (74150). Each multiplexer 1is connected to 16
switches. The output of the multiplexer are connected to the
Port A low of 8155 which acts as an input to the

microprocessor.

The Port A of 8155 is connected to the select lines
of the multiplexers the lines PAy - PA3 is connected to one
multiplexer and the lines PA4 - PA; is connected to next

multiplexer.

Now the data from the key board is taken as follows:
The lines PAO - PA4 are made 1111 and the next four lines
PA4 - PA; are varied continuously from 0000 to 1i1C. These
act as the address of the first fifteen keys. The address of

the next fifteen keys is taken by interchanging the process.

That is first four lines are varied continuously from 0000



to 1110 and the next four lines are kept constantly at 1111.
This process is repeated continuously with the help of a
software programme. The output of the multiplexer which are
connectedl to the Port C low of 8155 is checked. If the
output (i.e. PC,y and PC]) is not zero that means the key
corresponding to the address which is correctly on port A 1is

not pressed. If it is zero that means it 1s pressed.

If the process of changing the addresses of both
multiplexers is finished and no key is pressed the process
of address generation is repeated continuously tiil any of

the thirty keys is pressed.

If in between the cycle of address generation any key
is pressed the cycle terminated and 1t stores the address of

the key as its corresponding code.



3.3.2 Display Description

The display of the telephone number is done by the
seven segment display. This display is a dyncmic type of
display. The data available on the lines of Port ¢ PC4 -
PC7. This data is given on the input lines of all the 4511

decoder drivers at a time parallely.

The display is done as follows: The addressing of the
decoders 1is controlled‘by the eight lines of Port E of 8155.
At a particular given time only on 4511 chip is enabled
which gives the data on the seven segment display. Now this
chip is disabled and the data is changed and the next 4511
is enabled sequentially. This procedure is reneatec using

the Port B output.

The process is repeated so fast that due tc human
persistance of vision. The display on the seven segment
displays looks as if it is constantly glowing. This process

is repeated till the key load is pressed.



CHAPTER 4

PROJECT FUNCTIONING

The circuit begins to function with the connection of
power supply. The circuit scans the key board which makes
all operations stand still. If the system 1is to be used the
load key is pressed. The software initially looks for this
key press, until this key 1is pressed system shows no
response if other keys are pressed. When load key is pressed
a 0 is displayed expecting a name entry. The logd key press
sends corresponding scan code to the microprocessor for eg.

keys from O to 15 will have varying scan code starting from

0000 0000
0000 0001
0000 1111

Always the circuit will be scanning these codes. From 16th

key to 30th key will have code like given below:

0001 1111
0010 1111

1111 1111



When the load key is pressed the corresponding code of
the key is passed on to the microprocessor through perigherci

connections.

After this the scan code of this key is send to the
microprocessor and the program waits for the aglphabetical

input. This is indicated by the display of a single 'St

If the alphabets (names) are fed in, one by one the
character count is shown on the display, while the characters
are being stored temporarily. Once when this feeding is over,

it displays a double 'S', indicating end of name feec.

Now it waits for either a write or read kesy press. If
it is write key, the number feed is expected one by ocne the
number is fed in simultaneously, the number of numericci input

being counted. Once that is completed, the name 3 number are
rpassed on the input bus of RAM and are stored. This 1

indicated by a triple ‘S'.

When the write key is pressed, inside the circuit the
WR line is enabled and location is addressed to microprocessor
In the display when name is given the character 1inputs are
counted. In present condition four alphabets can be fed 1in.
These alphabets may be a short form of a person's name. After
the fourth alphabet is keyed in two 'S’ are disployed which
indicates the alphabet entry is completed. Once  the
corresponding number of the person is keyed in tripie 'S° 1is

displdyed indicuting the end of numerical character Input.



With the end of numerical character key input the
name and number from static memory of 8085 is passed onto
the 6116 (RAM) bit by bit serially and thus is written in

the RAM.

During a write operation the number 1s written to
that location where it is addressed to. When the number is
being given a one is displayed showing numeric input. In
case if bit by bit matching is found during write operation,

it over write the data previously stored.

During read key press, the RD line is znabled and
program commands the microprocessor to pass on the address
to the checking sequence. When the bit by bit matching meets
with a 100% match then the program makes the transfer of the
number from that location on to microprocessor. "his data is
then passed on to 8155 to be displayed on the display
network. If a match is not obtained the circuit blanks of

the display.

After all these operations the circuit expects the
press of the load key. Now the circuit 1s ready for read or
write operation. If another number is to be fed irto the
circuit above procedures are repeated. If the wuser is
interested in finding out a number of a person tre read

routine is performed.



CHAPTER 5

CONCLUSION

Electronic Telephone Directory 1is a handy device
which can be operated easily. This protoe type can store
about 200 numbers. The memory capacity can be increased, 1f
desired. There are many limitations to the project. While
writing or reading, the name will not be displaved, only the
number of characters in the name is displayed. The solutions

to this limitations is the usc of 14 secgment display.

No battery back up is given which makes datc erased

when power supply is switched off.

Overcoming these limitations will make this project

a grand success.
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8085AH/8085AH-2/8085AH-1
8-BIT HMOS MICROPROCESSORS

= Single : 5V Powar Supply with 10% ]
Voltage Margins
® 3 MHz, 5§ MHz and 6 MHz Selections
]

- Available

20% Lower Power Consumption than
8085A for 3 MHz and 5 MH;

On-Ckip System Controller; Advanced
Cycie Status tnformation Avallable for
Large System Control

Four Vectored Interrupt Inputs {One Is
Non-Maskable) Plus an
80B0A-Compatibie Interrupt

» Serial! In/Serial Qut Port

1.3 us Instruction Cycle (BOB5AH); 0.8
13 (B0OB5AH-2); 0.67 18 (BOBSAH-1)

®* 100% Compatible with 8085A .
8 100% Software Compatible with B0B0A .
® On-Chip Clock Generator (with

External Crystal, LC or RC Network)
The Intel* BOB5AH ig a compiete 8 bit

paratlel Central Processing Unit (CPUY im

= Decimal, Binary and Double Precision

Arithmetic

Direct Addressing Capabiiity to 64K
Bytes of Memory

Available in EXPRESS

- Standard Temperature Range

- Extended Temperature Range

plemeonted in N-channel,

depletion load, siticon gatetechnology (HMQS) Its instruclion set is 100%, software cormnpatible with the BOBOA.

microprocessor. and i is desi
high level of system integrati
B8355/8755A {ROM/PROMAO)
faster versions of the BOBSAH.

The BOBSAH incorporates all of the feat
provided for the BOBOA, ihereby offering

The BOB5AH uses a multiplexed data bus. The address is split

utes that the 8224 (clock generator
a high level of system integratron,

goed to improve the present 8080A's performance by higher systam speed. Its
on allows a minimum system of three IC's
| while maintaining tctal system expandab

{8085AH (CPU), BIRBH (HAM!‘IO) and
Hity Tre BORSAK.2 and B085AH-1 arg

cand 3228 (system controliler!

between the B bit address nus and the B bit data

bus. The on-chip address latches of B155HB156H/B355/87554 memory products ailow 2 girect inteHace with

the BOB5SAH.
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Tabie 1. Pin Dewscription

Symbol

Type

Hame and Function

Ag-Ayy

1
Addr “38 Bus: The most signilicant
8 bz of iz memory adaress of the
8 bits of the O address. 3-staled
dunng Hald and Hall modes and
during RESET

ADpy

o

Muitiplsxed Addreas/Daly Bus:
Lower 8 b:ly of the memary addiess
(or 1O addruss] sppear on the bus
during the hiest clock cycle (T slale)
of a maciuwne cycie it then beccmes
the data bus duning {he second and
third ¢clock cycles

ALE

Address Latch Ensble: {i occurs
during the Nrsl clock state ol 3 ma-
chine cycle and enables the address
10 get latghed inla the on-chip lalch
of peniphacais The ltalling edge ol
ALE 15 sel to guaraniee setup and
hotd hmes tor the address \nforma-
ton" The faling edge o! ALE can
alsg be used to sirobe the slatus
information ALt 13 never 3% Leo

Sa. 5y, and 1O/M

A

these lines

Maczhing Cycle Stalus:

O/ 5, Sy Status

Q I Memory write
0 Memory read

1 D wonle

0 1O read

1 Opcode telch
1 Opcode tetch
1 Intecrupt
Acknowiedqge
0 0 Hait

X X Holg

' X X Heset

* = J-state {nigh 1mpedance|
X = unspecihied

- — D - -0

1
v}
1
1
1
1

S, can be used as an advanced AW
status 1O/M S, and §, becomae
valid ot the Gegmning of a2 machine
cycle and remain stable throughgut
the cycle The lainng edye of ALE
Mmay De used Lo lalch the stale of

Read Coanliol: A inw luvel on AD
tudic ates e sebeclod ooy o
) deviaw 1 Lo Dy roddd divd that 1t
Data Bus s asailubie tor tho cals
lpnstar dstaicd dunng Hold and
Hait modes and dunny MESET

Write Contiol: A tow level on WR
indicates tho Jata on the Dala Bus s
to De wrnitlen nlg the selecied
memory or VO localion Data 15 sel
up al the wang edge of WH 13-
stated dunng MGl¢ and Hall modas
and duning RESET

Symbal

READY

HOLD

Type

HLDA

"H”amo and Function

Resdy. i HLADY 13 high durning a
reac OF wide Cyciv b indicares that
Ihe memary of penpheralis reddy 1o
send o receive Jala 1! READY s
Jow the Cohu owill wad an antegral
number ol Clvck cycles tor READY
1o go fgh befure cumpieung the
real Cf owirite Cycia
cunlurmm e spas - hed setupr andg hold
Timey

Hold. Indw ates iNal angther masler
s e guesiing iNe use of ihe addressy
and dala Luse The vpu upon
[he hoid feques!
rehcgush the use Gf the Dus a3s
soon as the compiehan of the cui-

FELEIY.1Q wild

READY owst |

1

renl Lus Lransier Internal prucess:
ng can Ine processor ‘1
can reqain the bus ondy alter the !
HOLD i3 removed when the HOLD ~
15 drRknuwiedged (Re AdOress ‘
Data i-{() WA and mi.i lines are
3 slated

cotibifnue

)

— . S

Hold Achnowiedge: indicales hal
the (pu has receved the HOWD e
Guest and thal it will relinguish the 1
DLy in the ekl Llock cycle MDA !
gues low alter ne Hcid feguest 1y :
remaved he Lpulahesthe Dus one
Rall clocn cyche alier HLDA gues |

1Sw

INTR

INTA

ST 55
RST 65
RST 75

Interrupl Requeal: Is used as a
gereral purpose intecrupt I s
sarmpled only duning the neal 1o the
las! clock cycle o! an insltuchon
and during Hols ana Hait states H i
is active the Prugram Counter (PC)
will e mhbited rom incrementing
and an (NTA wii be ssued During
this cyCle o RCSTART or CALL e i
straction can be msarled 10 jump Lo
The nlerrugd seivee ouine The
INT2 :s enatned and diaabled Gy
sQltware i115 Sisabled by flesel and
immeciately alter ananfedruplis ac-
cepled

i
i
|
i
|
|
!
|
i
i

Interrupt AL knowiedyge. L used n 1}
abwad ul fuod bay 1ho satow Ditatyg
a3) HO Dua- vy Ui Beslrnn b oo iy
altyr @0 IRTR G ac s opted W an be
couyed bu suhivale a0 BEBUA talgap!

Lhip Or sumw other e bupd poril

Reslaclinteirupte: Thaso thioein-
duls Nave the suig Lioung a1 INTH
excepl thoy
AESTART Lo be

mnseried

CausE RO uHternal

sulomatically

The pnornty of these.interrupts s

Grdz2ted as shown in Tatle 2 These
inlerruplds have 3 higher pricoity
Inan INTH 6 addihion they may be
ndovidudlly Maskad oul using the
Stk inslruction



Y ;
nydr’}‘. .".""!:P'}ﬂ‘:t\if"' o ;
Polle 0 Zae Ll
jorea Hame and Fun- - o
! reen % op (nereg my o, o 7 A , . C o Ty
' At e AESTANT i e e 10 ) bee o Tan n Lo
T T @t Mg A tene 4y ! R ot The woanal gy
. TR TETS SO e gt g ; | Fyneticn re [ronessor
fLUPmomaekoor Inforrynt Erarta o | ! (Tieck and fasty an integral number
‘ Mz henoheslpen ty At any e o | j l‘ el Rarinds
. t T S At LT
et T RPN N ”‘F {_’:f_ai’.f__i'__ wam e e Xy T : t | X, anc x;, AT Connaciec g
BT Y ! Resel In Sats the ©ram L LY T R PPN WP
Countarto rero wndasery h-l: .. 1 [ SIS L AT T Lt oreabg N Lan i
rupt Enadbie and MDA fir t i i e ! tin
The dala and addreas L ersan=tn, | : ere T [rau=ngy e
cenlrt in2g arg ataing o ; |
RESET and bacause of the aiyn |
chrannuy Ta CPHESFT o, — i
L1 LD LU Rl pe A v - I |‘
may b altérad by FTESEY will- o . i
predictatin res0 AEFET 03 ., — }_k -
Schmitt-trigga st cor a0 . ; T I ! T._or al i pulD-tl Liry: ‘Ine carn cr‘
connaction to re F 0 pee prs tor ! .l ¢ line s joaged inte accumuiatar
power-on RESET de.ay (522 Figure 1 CUr T et 3 MR instruction g
J) Uponpoweroap, REEET 15 mooat _ —_— e e
rama.n low tor al iseat 10 0y wirpr J L Cor | Beoral Copent Tasm i e age
HIUNIOUM Vo= bR Bacn 12 bieed ! PRt Sl e w oA geliad l
For propar resat gpecation sfigr the | : ! Py e S Mo [
power-up durstion RESLCT iR P T P U =
8hould ba kept low & minirnym ol e i oWl vl Tk 1'
. three clock pericds. The CPU iy held i Vse J |
i in the reset condition as iong as SRR SR —— - R - —
I RESETTH i3 appliac
- - A -
Trbis 3 tatar o Coiaa, fmeiart Ndggre, nnd Sansitivity
Address Branches: To ] J\
Namg Priorlty When Iuterrupt Coours : Thre Trlmnar
TRAP 1 REIE T RlSmg ec_'qe arl
RST 75 2 aCH | Rsing edge 1., :
RST & & 3 344 I Fagh Ie, 8 Lot samples !
AST 5% L TCH High leval u:mr sam;al( ] |
INTR _‘J 5 See Nowe 2 ngh revel
—— e indi, ———— s e el
NATEg.
1. The processor pushes the P on ke soacy malarg - mIhing o the ingcatey address.

? The addrass trarched ta depends on tra e

Yo brn o nroyided g

—

PR i\ N e

BT

Al uhen ths e o e SCRTOHaigan

Aefew g



intel

B0BSAH/BOB5AH-2/8085AH-1

FUNCTIONAL DESCRIPTION

The 8085AH is a compluyte B-bil parallel ceniral pro-
cessor. W is designed with N-channal, depletion
load, siticon gata lechnology (HMOS), and requires
a single +5 volt supply. its basic ciock speed is
3 MHz (BG85AH), 5 MH2 (B0B5AH-2), or 6 MHz
(B085AM-1), thus improving on the present BOBOA's
performance with higher System speed. Alsg it js
designed to fit Inlo a minimum system of three IC's
The CPU (8085At), a RAMAO {8156H), and a ROM or
EPROMAO chip {8355 or 8755A).

The 8085AH has twelve addressabie 8-bit registers.
Four of them can tunction only as two 16-bit register
pairs. Six others can be used interchangeably as
8-bit registers or as 16-bit register pairs. The BOB5SAH
register set is as tollows:

‘ Mnemonic

' ﬂonl-tir Contants

ACCoraA Accumulator 8 bita
PC Program Counter 16-bit address
BC,DE HL General-Purposa 8 bits x 6 or

Registers; data 16 bits x 3

pointer (HL)
sP Stack Pointer 16-bit address
Flnda aorF Flag Ragister 5 tlags {B-bit space)

The 8085AH uses a multiplexed Data Bus. The
address is spiit between the higher 8-bit Address
Bus and the lower 8-bit Address/Oata Bus. Dunng
the tirst T state (clock cycle) of a machine cycle tha
low order address is sent out on the Address/Data
bus. These lower 8 bits may be latched externaliy by
the Address Latch Enable signai (ALE). During the
rest ot the machine cycle the data bus is used for
memaory or /O data.

The 80BSAH provides RD, WHR, S, S,. and 10/M
signals for bus control. An Interrupt Acknawledge
signal (INTA) is also provided. HOLD and ali inter-
rupts are synchronized with the processor’sintarnal
clock. The 8085AH also provides Serial input Data
(SID) and Serial Oulput Data (50Dj iines for simple
serial interface, ‘

In addition to these features, the B085AH has three
maskabie, vactor interrupt pins, one nonmaskable
TRAP interrupt, and a bus veclored interrupt, INTR.

INTERRUPT AND SERIAL 1/0

The BOBSAH has 5 intarrupt inputs: INTR, RST S.5,
RST 6.5, RST 7.5, and TRAP. INTR is identical in
function to the 8080A INT. Each of the thres RE-
START inputs, 5.5, 6.5, and 7.5, has a programmable
mask. TRAP is also a RESTART interrupt but it is
nonmaskable. ’

The three maskable interrupts cause the internal
execution ot RESTART {saving the program countar
In the stack and branching to the RESTART address)
if the.nterrupts are enabled and if the interrupt mask
is not sel. The nonmaskabie TRAP causes tha inter-
nal execution of a RESTART veclar independant
of the state of the intarrupt enabie or masks {See
Table 2)

There are two ditferent types of inpuls in the restan
interrupts. RST 5.5 and AST 6.5 are high leval-
sansitive like INTR {and INT on the 8080) and are
fecognized with the same timing as INTR. RST 7.5 s
rising edge-sansitive.

For RST 7.5, only a pulse is required 1o set an inter-
nal fip-tiop which gensrates the ihternal interrupt
request (a normaliy high tevel signal wilth a low
going pulse is recommended for highest system
noise immunity). The RST 7.5 raquest Hip-Hop
femains sel untif the request is serviced. Then
it is reset automatically. This flip-flop may aiso be
reset by using the SIM instruction or by issuing a
RESETIN to the BOB5AM. The RST 7.5 intarnal fiip-
flop will be set by 8 puisa on the RST 7 5 pin aven
when the RST 7.5 interrupt is masked out.

The status of the three AST interrupt masks can only
be atfected by the SIM instruction and BESET TN,
{See SIM, Chapter § of the MCS-80/85 User's
Manuai }

The interrupts are arranged in a fixed prionty that
determines which interrupt is to be recognized it
marg than one is pending as follows: TRAP—
highest priority, RST 7.5, AST & 5 RST 55, INTR—
lowest prioarity. This priority scheme does not lake
into account the priarity ol aroutine that was started
by a higher priority interrupt. AST 5.5 can intarrupt
an RST 7.5 routine it the interrupts are re-enabled
belcre the end of the AST 7.5 routine.

The TRAP interrupt is useful for catastrophic evenis
such as power tailure or bus error. The TRAP inputis
fecognized just as any othar interrupt but has the
highest priority Itis not affected by any {lag or mask.
The TRAP inputis both sdge andlevel sensitive. Tha
THAP input must go high and remain high until it is
acknowledged. It will not bae recognized agarn untii it
goes low, then high again. This avoids any false
triggering due to noise or logic glitches. Figure 4
illustrates the TRAP interrupt request circuitry
within the BO85AH. Nota that the servicing of any
Intersupt (TRAP, RST 75 RST 65 RST 55, INTH)
disables all fyture Interrupts {except TRAPS) until gn
Eiinstruction is executed.
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UXTEMMAL | BOBBAM
nar

INT ERRUPT
REQULST TRAP

HESET IN

TRAY

INTERRUPT
AFOUEST

SCHMITT
TRIGGER

v {0 CLR

CLEAR

INTEANAL TRAFF £
TRAS

ACHNOWLEDRGE

Figure 4. TRAP and RESET IN Circult

The TRAP interruptis speciai In that it disables inter-
rupts, but preserves the previous interrupt enable
status. Parforming the first RIM instruction follow-
Ing a TRAP intarrupt allows you to determine
whether interrupls were anablad or disablad prior to
ihe TRAP. All subsequent RIM instructions provide
current interrupt enable status. Performing a RIM
instruction following INTR, or RST 5.5-7.5 will
provide current Interrupt Enable status, revealing
that Interrupts are disabled. See the description of
the RiM instruction in the MCS-80/85 Family User's
Manuai,

. The serial I/O system is also controlled by the RIM
and SIM instructiona. SID ia read by RIM, and SiM
seis the SOD data.

DRIVING THE X, AND X, INPUTS

You may drive the clock inputs of the 8085AH,
B085AH-2, or BOB5AH-1 with a crystal, an LC tuned
circuit, an RC network, or an external clock source.
The crystal frequency must be at least 1-MHz, and
must be twice the dsaired internal ciock fraquency;
hence, the 8085AH s operated with a 8 MHz crystal
(for 3 MHz clock), the BOBSAH-2 oparated with a 10
MHZ crystal (for 5 MHz2 clock), and the BO8SAH-1 can
be operated with & 12 MHz crysta! (for § MHz clock),
It a crystal is used, it must have the foliowing
characteriatica: ’

Parallol resonance at twice the clock frequency
desired

C\ ({load capacitance) = 30 pF

Cg (shunt capacltanca) < 7 pF

Rg (equivalent shunt resistance) = 75 Ohms
Drive levet” 10 mW

Frequency tolerance: = 005% (suggested)

Note the use of the 20 pF capacitor between X, and
ground. This capacitor is required with crystal fre-
quencies below 4 MH2 to assure oscillator stariup at
the corract frequency. A parallet-resonant LC circuit
may be used as the frequency-determining network
for the BOB5AH, providing that its frequency
telerance of approximatsly = 10% is acceptable. The
components are choser from the formula:

f= 1
2"\‘/Lfcex! - Cint)

To minimize variations in trequency, it is recom-
mended that you choose a value for Cg,q that is at
teast twica that of Cjy, or 30 pf¥ The uso of an LC

circuit is not recommended for frequencies higher

than approximately 5 MHz.

An RC circuit may be used as the trequancy-
determining network for the 8085AH if maintalning a
precise clock frequency is of no importance. Var-
iations in the on-chip timing generation can cause a
wide variation in frequency when using the RC
mode. Its advantage Is {3 tow component cost. Tha
driving fraquency genarated by the circuit shown is
approximately 3 MHz. It is not recommended that
frequencies greatly higher or lower than this be
attempted.

Figure 5 shows the recommanded clock driver cir-
cults Note in D and E that pullup resistors are re-
quired 1o assure that tha high levei voltage of the
input ia at least 4V and maximum iow level voltage
of 0.8V.

For driving frequencies up to and including 6 MHz
you may supply the driving signal 1o X, and leave X,
open-circuited (Figure 5) I the driving frequancy
is from 8 MHz to 12 MHz, stability of the clock
generator will be improved by driving both X; and X;
with a push-pull source (Figure SE). To prevent
self-oscillation of the BOB5AH. be surae that X5 Is nct
coupled back to X, through the driving circuit.
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GENERATING AN 8085AH WAIT STATE

it your system requirements are such that slow
mamories or peripheral devicas are being used, the
citcuit shown in Figure 6 may be used to insert one
WAIT state in each BOBSAH machine cycile.

The D fip-fiops should be chosan so that
* CLK |s riging edge-triggered
¢ CLEAR is low-level aclive.

Y —a

\
|
i
!

‘uwmnm&mbn(mnmrmmnofurcw

i
|
EXCEEDS S0MAH 10U DR 1M %

Figure §. Generation of a Wait State for 8085AH
ch
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As In the 8080, the READY line is used to extend the
rgad and write pulise lengths o that the BOBSAH can
be used with sjow memory. HOLD causes the CPU to
relinquish the bug when it is through with it by float-
ing the Address and Data Busas.

SYSTEM INTERFACE

The 8085AH familly includes memory components,
which are directly compaltible to the BO85AH CPL.
For example, a system consisting of the three chips,
B8085AH, 8156H, and 8355 wili have the foliowing
{odtures:

¢ 2K Bytes ROM

s 258 Byles RAM

* 1 Timer/Counter

« 4 8-bit 1O Ports

* 1 6-bit KO Pon

* 4 interrupt Levels

* Serlal {n/Serial Out Ports

This minimum system, using the standard /O tech-
nique is as shown in Figure 7.

In addition to standard /O, the memory mapped 1/0
oftars an sfficient 1/O addressing technique. With
this technique, an area of memory address space i
assigned for /O address, thereby, using the memory
address for YO manipulation. Figure 8 shows the
system configuration of Memory Mapped /O using
8085AH.

The 8085AH CPU can also interface with the stan-
dard memary that does not have the multiplexed
sddresa/data bus. it will require a simple 8212 {8-bit
latch) as shown In Figure 8.
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BASIC SYSTEM TIMING

The 8085AH has a multiplexed Data Bus. ALE is used
as a strobe to sample the lower 8-bits ot address on
_the Data Bus. Figure 10 shows an instruction fetch,
memory read and /O write cycle (as would occur
during processing of the OUT instruction). Nots that
during the I/O write and read cycle that the O port
address is copied on both the upper and lower half
of the address. ’

There are soven possible ty, of machine cycies.
Which of these seven takes place is defined by the
status of the three status lines 1I0/M, S, Sg) and the
three control signala (RD, WR, and INTA). (See Table
3.) The status lines can be used as sdvanced con-
trals (for device selection, for example), since they
become active at the T, state, at the cutset of sach
machine cycle. Control lines RD and WH becoma
active |ater, at the time when the tranafer of datais to
irke place, 80 are used as command lines.

A machine cycle normally consiats of three T states,
vith the exception of OPCODE FETCH, which nor-
rnally has elther four or six T states (unjess WAIT or
HOLD states are forced by the receipt of or
HOLD Inputs). Any T state must be one of ten
poasible states, shown in Tabla 4.

Tabie 3. BOBSAH Machine Cycle Chart

_Status  (COMYAQL
MACHINE CYCLE | o ?J}ﬂ B | WA | TR
OPCODE FETCH  [OF) o 1l 1] o 1 1
MEMORY READ  IMA] ot ibola] v}
MEMORY WRITE (M) e | ol 1]y o H
1/0 AEAD noAj : ri oo 1 '
170 WRITE HOwW) of v o 1
ACKNOWLEDGE :
OF INTR {ina) H T 1 0
BUS IDLE {BI} DAD ¢ |, f o 1 )
ALK OF .
AST TAAr ' 1 E v 1 1
HALT Ts| o olts) s 1

Table 4. BOBSAH Mecnine State Chart

Strtue & Bums '_"'}'—"' Contral _
— . P __‘.""
Tore (3180104 [ay Ay, AD,AD,—]R!}W&[INTA ALE ;
T x | x X » N A
Ty X | x H P X0
Twarr X [ X X 2 2 w2 Q i
T3 X L x x » ES S
Te 1 o x T3 . t g
Ty T o x 13 : 3
Te v {0 x 1 : poa
Tagger | X 751 15 s s 5L
TuALT 0[S TS i3] 7S oy
: ‘ :
Twopp | X |78, TS sl oS .3
GrLogha D~ T = High |mpedones
T Legm "1 B Urrigeas M

* ALE nwt gunaroved doring Ind and Jrd macina cycizr of DAD retutlion
TIOM = 1 guring Ty -Tg ot INA mechine ey .

-, LY -,
—
Cux T, L n v, T, 1 " 1, 1, T, \ tf
agAL PC,, [HIGH DRDER ADOR I X ot e, 10 FORT
R—
— ) -
fLOw ORDER DATa ¥ mOM DATA F ROl MEMORY DATA TO MEMGRY
ADCAE MR e R ¥ (4D PORT ADORT om PEARPHEALL
TINETRUC IO s M
ALl
1
i
}
=
- |
i i
!
ol \ [ i
ratus x B8y (FETCH) x 9 (RAD) X 01 wRiTL ' X

Figure 10. S0BSAH Basic Sysiem Timing
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Teble 8. Instruction Set Summary

nstruction Code Operstionn
Moemonko | D; Dy Dy Dy Oy O; D, O Description
MQOVE, LOAD. AND STORE
MOVE 2 0 1 DD B § 5 5 [Move regilerio register
MOV M ¢ 0 1 1 1 0 5 5 3 |Maveregisiar 1o memory
MOV M @ 1 DO D 1 1 0 |Mowememory 1o regisiar
MV ¢ 0 0 D O D 1 1 0 |Moemmedate regisisr
MVI M 00 1 12 0 1t 0 |Move mmediate memory
LXI B 0 0 0 0 0 0 0 1 {losd mmediats regsler
Par84C
[N 00 0 Y 0 0 0 § |Loaws uminediaie reqisier
Par D& E
X H 0 0 1 0 0 0 0 1 |Lcawdimmediale ragisier
FPar Hi&L
Slax 8 O 0 0 0 0 9 1 0|SwreAwngue
STAX D G001 00 1 0|SeAduacl
L DAX 8 0 0 0 @Y 0 1 0 |LuadAunhiet
LDAX O 90 0 1 1 0 1 0|tosdAuxtiract
5TA @0 1t 0 0 1 0|5 Acie
LOA 0 0 1 1 1 0 VD [LoadAdiee
sHL D 00 1 0 0 0 1 OjLlweHdL e
LHLD 0 0 1 0 1 0 1 0 |LocsdHbL diract
XCHG T 1 v 0 4 0 1 1 |Exchangea DBE HEL
Ragislers
STACK OPS] '
PUSH B 100 0 v 0 1 |Pushregstar ParB g
€ on slack
PUSH D 1 1 6t 0 1 0 1 |PushispaisrPawDa
E on stack
PUSH H 1 1 1 ¢ @ 1 0 1 |Puthiegsiar PRirH &
L on alack
PUSHPSW| 1 1 1 1 0 1 0 1 |PushAangFugs
on pack
POF B 1 1. 0 0 0 0 0 1 |Popregisier Per 8 3
ol atacx
POP O 11 80 17 € 0 9 1 [FPopregoierPairD i
- E off sach
POP H 1 1.1 0 ¢ 0 0 t |Popregisies PrrH i
Lol stach
POR PSwW V1 1 1 0 0 0 +|PupAandFlags
olf atack
XTHL V11 0 0 0 3 1 {Exchange 1op ol
. Mack Ha L
SPHL el o8 1 0 0 % IHALI0 sack poniter
LXI 5P 9 0 1 1 0 0 0 1 [Losdmmedale stack
posnier
WX 5P 0 0 1 v 0 0 1 1 [increment slack portes
OCx 5P [/ ] 1 0 1 1 |Decremeni siack
poinier
JUMP
i 110 0 0 0 1 1 |ampuncondional
x T 1.0 0 1 0 1 0{humponcany
JNC VL0 1 0 0 1 0 {aumponnocarry
2 11 90 0 1 D 1 0 Jiumgoninwg
p s 1 + 06 0 &6 0 1 0]|dmponnoien
oo P11t 00 8 D dumeon pore
It 1 17 13 17 F 0 1 0 |umponminuy
JPE 11 1 0 1 0 1 0 |Jumpon penty even
PO Tt 1000 1 0 Jump on pyity oo
PO T 1 1 90 1 ¢ 0 1 |H&Lwprogram
COL by
CALL
caLt t 1 0 0 1 0 1 [ Cal uncondinons:
[#] 1 1.0 1 1 1 0 0]Caltoncary
CNC U1 &1 @t 0 0fCabonnagcary

( Instruction Code [ Opecnticns
' Masemonic | Dy Dy D, O, D, D, D, Dy Duscription
[o¥] 1 v 0 0 1 v G 0O {CaNon reto 1
CNZ 1 1 0 &4 0 1 0 0 |[Cadonnozero
crP T 11 1 0 3 0 0 [Call on poslive
Ci 1 1 1 1 10 G Calt on minus
CPE 1T 1 1 G t 1 0 0 |Cail onparty gven
- 111 50 & v 0 g lalonoanxedd
AETURN
RET 117 0 0 1 5 0 : |Retum
RC i1 0 1 3 0 0 0 |Reluin on cary
HNC 11 0 1 0 0 D 0 [Aelumonne cary i
Az 11 0 0}V 2 0 O |Retwn on ze60 !
RuZ T 1 00 ¢ 0 0 0 |Retum onno zero }
RP 1T 1 1 1 0 0 g 0 iRefuin on posilive
1AM T 1 1 1 1 5@ O [Retuin on munus
oy TV 8 0 GG Heturnon panty wven
LOREG V110 LG TG i ;
aestary [0 T 7 T T N :
L1 B . . S [
INPUTIOUT
PN oy 0 gt ingut
LGJT 1T 1 0t _E Ot JGupu i
WHCREMENT AND DECREMENT !
WA ¢ Q0 DD O 0 O |increment register
CR 00 0DOD 0 1 |Decoamant regisier
[ INF W 00 1 1 ¢ 0 C [incement memoy
j DCRA M @ 0 1 ¥ G 0 U Decrement memory
PoNX 8 0 0 G 0 ¢ & 1 % lincrementBC
' twginlery
bomx D 600 1 0 & o incomrent D & E
i rai sies
T 02 t 0 0 ¢ 3 o |lnccemantH &L
g lwgialas
oCx B 0 0 0 & ¥ & 1 o DeurwantBEC
DCX D 00 ¢ 1 v & 3 1 iDecrementDAE :
OCx 0 1 2 1 & 1 % |[DecrementHélL i
ADO !
ADO ¢ 100 02 S § 5 jAcdeguiarloA .
ADC ¢ 10 0 0 3 5 ALd tegisler 10 A
Wit Carry
ADO M 1 ¢ Co C | Aod merkxy o A
ADC W 100 0 1 LG [ Aaa memory ko A
with carry
ADd 1 0o LG |A0d immediie o A
At 1 0 0 1 T8 A inmedats o A .
wilth CaTy
DAl B 00 0 ¢ 1 2 0 V|AKBACWHEL
DAD D 00 0 v v T 0t |AdDAEWHAL
OAD H 0 0 v G 3 T 0 1V |AdHALIOHAL
DAD 5P 0 0 11 1 2 0 1 |ACd slack poinkss o
Hé L
SUBTRACT
308 « 1.0 g 1 @ & S5 3 [Subirec regrater
: lrom A
508 r 16 0 1 7 5§ S 5| Subimct regishw trom
A with Dormow
S0 M t 00 1 0 T 1t ¢ Sulirecl Memory
from A
388 M 00 3 T D | Subxrect memaory from
A with DOMrow
SN LI B < B H 1D | Subtract imvnaci el
from A
SB 1 1 0 1 PO | Sudrract wTwmediate
[ from A with bodron
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Tabie 6. Instructlon Set Summary (Continued)

nstruction Code Oparations
Mrgmonic | Dy Dg Oy O, Dy D; D, Dp Dascilption

LOGICAL .

ANA r 1 ¢ 1 00 §5 5§ 5 [Anoreguater with A

XRA r 1 ¢ 1 0 1 8 5 S |Exclusive CR reg:star
will A

ORA r 1 01 1 0 5 S § |ORregster with A

CMP ¢ 1 0 1 1 1 5§ § S Compare register with A

ANA M 1 01 & 0 1 1 0 |And memory with A

XRA M 18 1 @ 1 1 1 0 |Esciusive OR mamory
wilh A

ORA M 101 3 0 ¢ | OR memory with A

CMP M T3 1 1 1 1 1 0 |Compare
MmOty wilh A

ANt 1T 7 Y 0 0 v v 0 |And mmediate with A

XAt 1T 1 1 0 1 1 4 & |Exclusive OR immadiate
with A

ORI 1 1 0 t v .0 |OR immadiate with A

CP | 1t 1 1 0 |Compuere immediate
wilh A

ROTATE

RLC 9 0 0 0 0 v 1 1 |Rotate Alett

RARC 0 ¢ 0 0 1t 1 1 1 ]Roate Arighi

RAL ¢ 0 0 t 0 1 1 1 |Rotais Aleil through

. carry

RAR e 0 C t 1 1 | 1 ]Rolate Anght through

carry
NOTES:

1 OD3 or 933 BO0O. COOY, DOIO, EDTY W 100 L 101, Memory 110 A 111
2. Two possible cycls timee (812) indicate instruction cycles depondent on condition flags

“All mnemonice copyrighied § Intel Corporation 1976

!

— e ey
Instruction Code Operatlagns :
Mnemonikc | Dy Dy Dy Dy Dy D; Dy Dy, Description :
SPECIALS :
CrMA 0o+ 0 'y Complement .
i
STC [ T o] 11| Setcarry .
ChIC o0 11 11| Coemplament ;
carry |
A 0 0 1 0 9 i 1_tiDecihaladuslA
CONTROL T
El 1t t 1 1 0 1 & | Enatle tnierruplis
o 1T 1 1 1 0 0 1 1 |Disable interrupt
NOP 9 0 0 0 0 0 C 0fNuoperation
BT 0 1 1 1 g 1t 0dkHai
NEW BOBSA INSTRUCTIONS
A 0 C 1 9§ 0 0 C 0]Feadinterrupl Mask
SIM 00 1 1 0 0 € 0| Selinferrupt Mask
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Unspec'fied 80854 Op Codes

L - NEY BOUT INSTAUCKIONS -

NEW CONDITION COOES BRI P 2 iompiement ovt igm

X5 «ni 5 Lrdethow 1DUX. G over bt (1)
Corciian code torn ot 254010 - Q-A - D2 R where
Qi sgr ot opeacd 1 G2+ 5.4n 5% oparaed 7
3 P4 Xy Ay [+] P Voo Roengn ol ienadi For subust 1hom sind Currpangs g
epise 07 won 7
X . RSTw Irestart N overhiow,

vy

HSP =1} = {PCH)

HSPi-21 = (PCL}

(5P < t5P)- 2

(PCI ~ 40 han
Hong wvert How lag v o3 sl the scliong < hiad abowe are
et lormed,. Siterwile conirul COntinug segquentisiiy

osub foubie sulisacionl
IHE LY = (M1 4Ly - (B) 7
Tha contents ol register pair B and C are sublracied 1o tha
contents of regivter ga Hand L Tha tewult o placed in
reguter paw Hand L Al condition Mags are affected

1081 [ S
1100101 ; (CB)
Creley 3
atdy 1] CyLies LT
adarenng reysier sieres 6or 12
Hag Z. 5. P CY AC XY v widrerng TRG AT e e
Hags none

ARHL tardhmenc shilt o1 HanG L 1o the fighl}
IH7«HTL (HR-1) = [Hny 4
{L?=Hal, {Ln- 1} = (Loy, ICY} (Lo}
Tha contents of tegisier par M ond L are w0 Hed nght one bi;
The uppermou bl 13 duphcated and 'he Iowetl bit 15 thified
1080 the Caicy be1 Fhe result 3 praced a FrGSiad pr H ang |
MNote anly the CY 11ag + atlecied

IDDDIOODG,

SHLX fs10r¢ M and L ainduat hrough J ang £
GOWEN =1L,
HULHE 1 = iHY
The contenty ol fegiiies L pre moved (0 the memory iocation
whole addsets 3 -0 regias pan D ang B The contents of
TARIIAT H A0 inovEd (O The luCLersing Memory location

158
gy
Cycins L
cycin 2 slaie 16
italey ? aadressing regaie anduget
43I esung reqister Hags ncre
ags Cvy
0F ' XS Liuwmp on no1 Xh)
]
ROEL  (rotate D and £ rett through carty) i thor X5

. (Onet) = (Dn), (Dol = LE2I

' ICY} = (D7) {En*1) » (En). (Eo} « {CY)
The coniants of tegistas par D and € sre ratateg ieft une
POwLion thiough the carry llag The 10w orger bit 1 1 wgu!
Lo the T Nag and 1he CY llay 1 141 10 the vsiue thfied out
o the fugh order tut Uniy th CF 90d 1he v fisgs ary allecieg

0011000

(PCI = (Lete 3 iDy1a 20

iTrne X5 Hay arawet control o teansteired 10 hat 18 1ruction
whot aduress v 104 fied 0 Lyie 3 800 Gyla 2 of the current
W LCTON OINefwils CONID] CONTINUE S4Quentaly

T1 01y Q0
10w OF HE e L

[Eeien

(18} high O Oer #odrem
Cyclas 2ol
cycley 3 ates Yar g
Hates 10 doresnng rmed.ate
*drasung reyalar Hage nong
Hags cr. v

LHLX Gad H and L .ndrect thiough D and £}
Ll = ([DIEn
LML= LOE) Yy
The corntent of the mamory 16<eion whom adiress & n D
#00 £ 20 mOVkG 10 ingibier L The contenty of (hy WXTewiing
ey I HLON 118 Moved 10 oegiale: M

Lo Toad D and € wilh H and L plus immaediaie Lyta}
1DFLE) » IRFALE * ty1e 2}
The com s ul cogisiar pant Hang | g9 aGUed 1o the

snegdiate byle The sesull o placed noepyaier per Doang &
Nate ng ondinwn Nayy sre eiteciey

00101000

(24) 1 01101 kL,
dary
| Cyoing 3
:lﬂl:\‘ ;g Hates 10
& -
sddimning rniediate segsier e mmng ot

tia, Tt
tiagn- nong hd

JAS fjump an X5}
1{xs)
(PCi = ibyta 31 ipyie 2)
it ine X5 {iag i1 reskl Con1zai i transterred 10 the nstruction

whow sddrets ot ipeci! e v byted and oyie 2 of (he curcpnt
nituction. atherm o conlral contuiue 1equentialiy

LOSt 11920 D ang E with SP plus wmmed:
1) 1E} = (SPHISPLY + (yte 21
The contenis of reguater parr SP yre agaed to 1hg immadau

Dyte The tesult o placed 1o register paur D ard E Nole no
condiian lag are atlectad

byiei

+ 0
i 60111CGo0Q 1131 V0 (F D
Igw Qrger yagigyy
dais 138 high 0rg8 a0 en
tyclm 3 Cyclnn 2w 3
tatn 10 1 T 10 )
sddraseing wnadisie reyter B g sTediare i
tags e Tingn none j
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8155H/8156H/8155H-2/8156H-2
2048-BIT STATIC HMOS RAM
WITH I/O PORTS AND TIMER

& Single +5V Power Supply with 10% a 1 Programmable 6-Bit 1/0 Port

Voltage Margins & Programmable 14-Bit Binary Counter/

® 30% Lower Power Consumption than Timer
the 8155 and 8156 s Compatibie with 8085AH, 8085A and

8 100% Compatible with 8155 and 8156 8088 CPU

® 256 Word x 8 Bits s Multiplexed Address and Data Bus

® Compietely Static Operation s Available in EXPRESS

® Internal Address Latch - Standard Temperature Range

m 2 Programmable 8-Bit /O Ports - Extended Temperature Range

The Intel®* 8155H and B156H are RAM and I/ chips implamentad in N-Channet, depletion laad, silicon gale technalogy
(HMOS). 1o be used in tha B0B5AH and 8088 microprocessar systems. The RAM portion 15 designed with 2048 static cells
organizad as 256 x B. They have a maximum access time of 400 ns 1o permit use wilh nc waH states in BOBSAH CPU.The
B155H-2 and 8156H-2 have maximum access limes of 330 ns for use with the 8085AH-2 and the 5 MHz 8088 CPU.

The 17 O porticn consisls ol three general purpose 1/ 0 ports One of the three ports can be programmaed Lo be staius
pins, thus allowing tha other two porls to operate in handshake mo.de

A 14-bit programmable counterftimers alsa included Gn Chip Lo provide eilher @ SGUAre wave 07 telminal count pulse
tor the CPU system depanding an timer mode

LA RN wliov
LOPR R P s f] v,
] pmenm (13 34|73 e,
G ™ PURT A .
AEseT [4 FRN BN
A FAD ; } -
PC, []e 3 ] Pa,
AQ, Py . ] ImiRouT [ 6 RN
1anc ;
§ ¢ — Wi | Wy,
KA ¥
. \ APORT 8 ctukier [ ] 4oy,
L k. ¥ Ll ni L]y srfies,
—————— B -
ALE wh (116 msed N[,
[P - aird [ sissey W[ oTw,
au, i b2 wlire
P s A"‘Ll:li L!\ L
. - e, A, | i ra,
e N wofe al
.._J . D, [ * oA
1 i ap, [11e = [2ra,
TIMER CLK Ve (rEV1 a0, [ 24 [ Fay
FiMi A ol Vg 10V) ap, [] e 1l Pa,
au, (130 ) ra,
1
v n
ot TIaaD - CL 010aH0IISN-D - CF s L B e

Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Symbol Type Name and Function Jl
RESET 1 Reset: Pulze provided by the 80B5AH 1o initialize the system {connact to BOASAH RESET QUT). Input
‘high on thig line reseta the chip and initiahzes the three 110 ports to Input mode. The width of RESET
pulse should typically be two B0BSAH ¢tock cycla timas
"A[)n,,, h T vo Aédt‘ldﬂlil: Y atate Addrcsnfﬂnll lines that inteitace with the CI'U lower B bit Addcans/Data Bus
The 8-biladdress s iatched into the address Iatchingide the B155H!58H on the falling edge ol ALE The
address can ba either forthe memory section orthe YO saction dapending onthe tGiM input. The 8-bit
data i3 sither weittan into the chip or read from the chip, depending on the WA or RD input signal.
ceor CE 4 Chip Ensbie: On 1hs B155H. this pin i3 F and is ACTIVE LOW On the B156H, this pin s CE and iy
_ B : _ACT_IVE HIGH. o o
RD } Rend Control: Inputiow on thishne with the Chip Enabile aclive anables and ADg ; bulters WO pin
18 low. tha RAM content will be read oul to The AD bus Otherwise the contert of the selected VO porior
command siatus registers will be read to the AD bus .
WA | Write Conirol: Input low on This hine with the Chip Enable active causas tha data on the AddrassyDala
Bus to be written to Yhe RAM or 1:Q ports and command status reqister. depending on IO'M
oy jdaailiiatie _
ALE ) Address Lalch Ensbla: This control signal latches both the address on the ADg 7 hnes and the siale
of tha Chip Enable and 10 M in1o the chip »1 the 1aling sdge of ALE
Y 717776 Mamory: Salects memory f fow and O and command siatuy registera i mgn ’
PAg 718} [} Port A: These 8 pins are genarat purpose kO piny The nout direcuion 13 selected g;;r;grnmmmg
the command reqister
 PBg.7(B) [Fla) Port B: These B pins are gonerai purposs VO pins The in‘oul direction 13 selected by programming
the command regisier
- -~
PCg-s(8) (R} PoriC: These Bping can function as sither input port, output port. or a3 controf signsts for PAand PB '
Programming is done through the command fegisier Whan PCg_g are used as zonirol signaly. thay i
will provide the following” ¢
PCo— A INTR (Fort A Interrupt) :
PC, — ABF (Port A Buffer Full)
PCy — A 5TB (Port A Strobe)
PCy— 3 INTR (Port B Interrupl)
PC4 — B BF (Port B Butter Full} )
PCqy — B3TE (Port B Strobe) :
TIMER IN i Tiner Input: 1npul 1o the counter-timer. i
1
TIMEA OUT Q Timer Output: This output can be sither A square wtve Of 3 pulse, depanding on the timer mode. E
Vee Voltage: -5 vull supply ;
Vss Qround: Ground relsrence o |
. 1

FUNCTIONAL DESCRIPTION

The 8155H/8156H contains the following:

« 2k Bil Static RAM organized as 256 x 8
« Two 8-bit /0 ports | PA & PR .and ane8-bitl/Opor PC.
<oun’

* 14-tit lim.

The 10/M (10/Memory Select. pin selects gither the live
registers -Command. Status. PAg.7. PBg-7, PCo-5 oOf
the memory -RAM. portion.

The B-bit address on the Address/Datalines. Chp Enabte
input CE or CE. and 10/M are all latched on-chip at the

falling edge ol ALE.

TTRBIT INTEANAL DATA BUS

=

COMMAND

STATUS

Figure 3. B153H/8158H Internal Registers
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= PR \
[+L]
M 1any /
10/M \
AD,, ADGRESS X DATA vALID >——<:
ALE . N\ 4
vy
AD OR WR N /
NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A C. CHARACTERISYICS
j
Figure 4. 8155H/8156H On-Board Memory Read/Write Cycie
PROGRAMMING OF THE \
COMMAND REGISTER Yy 8 s 4 3 2 13 !
The command register consisis of eight iatches. Four [rlruliea] eafrea] oo ] ’fl
bits 10-3) define the mode ol the ports, lwo bits . 4-5 i A E s e T, ;
enable or disabla the' interrupt from port C when it agts | R T g et ]
as conlral port, and the last twobils (6-7: are for the Limier l — - Grempseng, OV i
The command regisier contents can be allered at any 1 ‘ o0 . ALt
tme by using the /O address XXX XX000 during a WRITE L e srmeseea, . oAz
operation with the Chip Enable active and I0/M = 1. The | Nl
meaning of each bit of the command byta is defined n :
zgzrreb;’:.m'l’ahda contents of the command regisier may CREEE o ERABLL BURTE A L. ENABLE

READING THE STATUS REGISTER

The status register canmsts of seven lutchas. onefareach
bit: six 10-5: for the status of the ports and cne -6 for Lhe
stalus ol the timer.

The slatus of the timer and the 1/0 section can te polled
by reading the Stalus Register {Address XXXXX000}
Status word format is shown in Figure 6 Note that you
may never wrile to the stalus register since the cominand
registar shares the same I/Q address and tha command
regisler is selecled when a write 1G that address s issLed

ERALLE FORT B
ikTEHRALET

[0 - pueasa

| Do« masr DX MOT AFFECT COUNTER
OPFERATION

STOP COUMTING IF THE TIMEH 18
BUNNI NG
V10 ¢ STOP AFFTRA TZ
i AFTUR PHLBLNT 1C 1F HESCHED (MOP
. 1P TIMLA AL MOT EYARTLD)
[ 11+ BtanT  LLAD MUl ANG CNT LERdIA
‘ AMU ETART IMMEDIALLLY AFTEH

ITOP IMKEUIATLLY
= it A LUMMANG

LOADING (1F TIMEH i NOT PRHLEENILY
HUNNING) b TIMER 15 AUNKHING STAMY
TIHE NeW WODE AKD CHE LENDYH
ImMLD AT ELY AFTEH FRLEENT 1C

IS REACHLD

01 - STOP - ROP 1P T:MEA HAS NOT STARTED,

Figure 5. Command Register Bil Assignment
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interrupt that the B15SH sends out. The second is an
output signal indicating whether the butfer is full or
emply. and the third is an input pin 10 accept & strobe
for the strobed inpul mode. (See Tabie 20)

A0) AV A0y A0y A0y A0; AD: A0 When the ‘G’ portis prograimmed to eithar ALT3 or ALT4,

N“"'"L'""I - ]""“]'":'I :, ]'"“m] the control signals for PA and PB are initialized as tollows:

REERER
I | | . -
| I : ~ PORT & INFERRUPT REQUEST CONTROL INPUT MODE OUTPUT MODE
'
| 1] i L. .. .= PORY A BUIFIR FULL/TWPTY
| ! : t NPUTIRIUTPYT) - BF Low Low
\
! l . l I - FONT A INFIRRUST ENABLE INTR Low ngh
I ! . e e PORT B INTERRUPT REQUEST 578 Input Control input Control
i !
‘{ l - eme. C e PORE B SUFFLA FULL/EMPTY
: NRPUTCUTPUT)
.
i e mmeam - PORT B IMIEARUPT (NABLID
L e . e e TiMIANTEANYPT (THIT 81T
1S L ATCHED HIGH mHI N
TEAMINAL COUNT 1S _ i o
AEACHED. AND IS RESET 10 7
LOW UPON READING OF THE " 0 ADDlES!' i AELECTION
e Ao By ATl ne As a4 |aa|az (a1 Ao-]
XX Xlxix |0 0 {intervar Commang Status Aegister
x|x x| x}|x]|o0 1 ] Geaeral Purpose 1 0 Poa A
xlsix[xlxlo G | Genecar Pucpose | (F Pont B
LIRS Y x{x|x|o0 oot O Deneal Purpiese | O o Conbol
x|Xx x b3 x 1 U [ tew Qe B By ) Tomer Coung
A x|l xtalagxn]a 1 [ Hgh G bty ol Timer Counl and 2 Dis
Gt Taned Made
Figure 8. Status Register Bit Assignment . o
il Care

t VOACHens Musl Do qualfec by CT = 1 (B 156H) or CE = O (B188H) and XVBE = 1in
o dar 1O e aCT e MDDTOPTHItE rQISTe

INPUT/OUTPUT SECTION
The 110 la‘cﬂon of the 8155H/8156H consists of tive regis--

ters: (See Figure 7.) Flgure 7. 1/0 Port and Timer Addressing Scheme
* Command/Status Register (C/S) - Both registers are

assigned the address XXXXX000. The C/S address
sarves the dual purpose.

When the C/S registers are setected durning WRITE
operation, a command is written intoe the command
register. The contents of this register are notaccgessible

Figure 8 shows how 170 PORTS A and B are structured
within the 8155H and B156H:

through the pins B RSD 1 BN
ONE T OF PORT A DA PORT £
When the C/S «XXXXX00Q) is selected during a READ
operation, {he status intormation of the I/O ports and ' Qureut
the (imer becomes available on the ADg-7 lines © L: &—*“
cie €

LV
either input or output ports depending on the stetus of frasee
the conlents of the C/S Regisler. Also depending on
the command. this port can operate in either the basic
mode or the strobed mode 1Sea liming diagram) The
/0 pins assigned in relation to this ragister are PAp. 7
The address of this register is XXXXX001

i
i
1
1
¢ PA Register — This register can be programmed to be CUTPUT; i
1
H
]

INTERMAL DATA BUS

iz

cl

o
|

-1

!
2|
s

{ n ) . !

* PB Register — This register functions the same as PA "—G'-I e _niiti _L_:r-c:"‘ [ ;
Reglster. The I/0 pins assigned are PEo 7 Thaaddress nr ats rom s Aa nhd :
of this 1eginter g XAXXX010 NEIL I

® PC Reaglster -~ This ragintar han ihe addiras X XXX X110 AW ;W
and conlains only 8 bits Thea 8 bits can be program- At O0E 1l - 1 FOR OUTRIT OO
med to be either input ports, output ports or as control W S T } o - 5 FON HPUT MOGE
signals for PA and PB by properly programming the ;’;i‘x:?"xn_ (D01 » (CE ACTIVE « (POR T ADOR 28 32LECTED]
AD7 and ADj bits of the C/S ragistar. WHITE FORT = DO 11 o (AR =0) « {C1 ACTIVE) » IPORT ADDRESE $£ ECTZD)

When PCo.s is used &3 a control port, 3 bits are

assignad lor Port A and 3 for Port B. The lirst bit is an Flgure B. 8155:/8158H Port Functions
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B8155H/8156H/81 55H-2/8156H-2

Bils 8-7 {TM2 and TMy of command rag:ster contents
are wsed to start and stop the courtar. Thera are four
command3 1o choose trom.

™z . ™My
[} 0 NOP — Do not atfect counter operation
0 1 STOP — NOP i! timer has not started;
. stop ccunting if the umer is running

i 0 STOP AFTER TC — Stop immedintely
after present TCis reached INOP i timer
has not started)

1 1 START — Load mode and CNY length

and start immediately after loading (it
timar is not presenily running:. It timer
is running, start the new mode and CNT
lenglh immediately aler presant TC is
reached.

Note thal whils the counter is counting. you may foad 2
new count and mode into the count length registers
Bafore ths new count snd mods will be used Dy the
counter, you must issue & START command to the
countar. This applies even though you may only want ic
change tho count and use the previous mode

in case of an odd-numbered count. the tirst half-cycle
of tha squarewave output. which is high, is ons count
longer than the second ilow) half-cycle, as stiown in
Figure 12.

1
!
-

IREs

HOTT % ANO 4 AFFIAID e NUMEE A OF CLOCRL N TMAT 1M FIROD

Figure 12. Asymmatrical Square-Wave Outpul
Resulting from Count of §

The counter ln the B155H is not initialized to any particular
moda or count when hardware RESET cccurs, but RESET
doen stop the counting Theretore, counting cannot begin
tollowing RESET untila cTART cammandis issued viathe
CIS rogister.

Pleass note that the timer circuit on the B155H/B156H chip
s designed to be & square-wave limae:. not an event
counter. To achieve this. it counts down by twos twice
in completing ong cycle Thus, s regisiers do not con-
tain values direclly representing the number of TIMER IN
pulses received. You cannot ioad an initiat value of 1into
the count regisler and causé the imer to operate, as i3
terminal count value is 10 rbinary: or 2 tdecimall. {For
\he detection of single pulses, it is suggested that one
of the hardwera interrupt pins on the BOBS5AH ba used.)
After 1he timer has started counting down, the values
residing in the coun! reaislers can be used o calculale
the actual number of TIMER iN pulses required to com-
plete the timer cycle if des-red To obtain the remaning
count. pertorm the following operat:cns in order.

1. Stop the count

2 fpadin the 16-bit value fromine count length registers
3. Resel the upper twC mode Dits

4 Fesel the carry and rotate right one position all 18 bits
through carry

5 If carry is set, add 1/2 of the fuli origwnai count 11/2 tult
count — 1 if full count is odd:

Note I you started with &n ord count and you read the
count length register betore the third count pulae 0CCurs,
you will not be able o ciscern whether one or two counts
has ocourred. Aegardless of this, the 8155H/56H always
counts out the right numbear ol pulses in generaling the

FIMER OUT wavelorms.
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8155H/8156H/8155H-2/8156H-2

8085A MINIMUM SYSTEM CONFIGURATION

Figure 132 shows a minimum sysiem using three chips.

containing:

256 Byles RAM
2K Bytes ROM
38 1/0 Pins

1 Interval Tamer
4 interrupt Leveis

BOS W INIMUH SYRTEM CONPIGURATIGN

AR o~ - >
ADO 7 i >
N b
N {'\
] A - u
b—-- - — e e g e —_— e e ———a -_— e r——————————=
R i
o - T T I
l— 1 _— —_ [N FU—
CLK |
F———— - g ——— f—t —F T l— e b 71,,* S R ——
"y nurl
b —ro
ALADY
B O e e [ 10 O B SMVYIRE
Yec
. TIMER . _ Al . AD Q! -,
AESET L] WAlAD] ALE | CE \} G \}Mo\_]w Bl g | AR ﬂﬁ:.x ET|RCY
) -
SIS SN §
l LATCHES
TiMLR )
TuatA
our BN A - N3
CONTROL oR
- BT84 PALM - 1O
A
LAl [
-crs 1 % ’ % ]

b e e % e

Figure 1Ja.

8085AH Minimum System Configuration (Memory Mapped {0}
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8088 FIVE CHIP SYSTEM : * 38 1/0 Pina

Figura 13b shows & live chip system containing: * 1interval Timer

® 1.25K Bytes RAM
» 2K Bytes ROM

* 2 inlerrupl Levels

AN TN Yis Yo
| D
b Ao remikm
Py
bobo§ — | Wk
PORT "/‘—f\
- - . - Y1) a\l.lx/
el | N
S “LALE PORT /A"li\JA‘\
B L [DATA < bl
I 7 . " apon h _/
\J] [ g N
S cmm e =IO pimER
;——A—- meser OV7
e e
|
Ay-duy aoon N 1 -0
v ' - jmE
-1 N
N TR T ' R T S YN
L N e B Ve { N mw)
— J 1= et e — | Y
i I I N R S A
T ) r ] B JITTR
(i R Ity
A [ - Ly
Ve A RS et
‘CI:‘ ] ] b—4-————=] 1CiM  pORT <:E>
- L lneser ®
— r—={ MEADY Yeceo
S [ VO [ U i o1 Y P
— N Y N TS R . T }
; ‘ | Lenca
4 1- | — "] "‘t Yo Yoo Yoo
aND wE
WANUAL ' S S i
anp mEALT J k3 !
ot PR Y
FILT S
Y DR D Y DR Py
44— - s L)
i“__‘ I S CE
34— "'|‘ T T T Ay By
e T an,
T Ty
: b —
, i v
| ;
| e ¥ro
i
\

Figure 13b. 8088 Five Chip System Configuration



n
2732
32K (4K x 8) UV ERASABLE PROM

m Fast Access Time: m Pin Compalible to intel® 2716 EPROM
— 450 ns Max. 2732
— 550 ns Max. 27326 m Completely Static

B Single +5V + 5% Power Supply

m Simple Programming Requirements
~— Single Location Programming
— Programs with One 50ms Pulse

& Qutput Enable tor MCS-85' and
MCS-86™ Compatlbility

B Low Power Dissipation:
150mA Max. Active Current B Three-State Cutput for Direcl Bus
JOmA Max. Standby Current interface

The Intet® 2732 is & 32,768-hit ultraviolet erasable and elrciricatly programmable read only imemory (EPROM. The 2732
oparates from a single S-voil power supply, has a standby mode, and faatures an output enable control. The lotal program-
ming lime for all bits is three and a hall minules. All theae featurea make designing with the 2732 in microcomputer systems
faster, sasler, and move sconomical.

An tmpariant 2732 teature I the separate outpul control, Quipul Fnable (GT) trom the Clig Enanle contiot (GF) 1he
QE conlrol sliminates bus contention In mulliple bus micioprocessor systemns Intel's Appication Note AP.72
describes the micropr~r=ssor system kmplementation of the OF and CF controis on lalel's 2716 and 2732 EPROMs
AP-72 is available troin Intel's Literature Department.

The 2732 has a standby mode which reduces the power dissipat:on without nGcreasing access lune The mewmum aclive
currant is 150mA._ while the maximum standby currentis only 30mA_an BO% savings Tre siandby mode 13 8¢ mevcd Dy
applying a TYL-high signal to tha CE input

PIN CONFIGURATION MODE S5ELECTION

ro— kel el ¢ B B
) T !
A,u""‘ﬂ‘ - /'_‘“ e T PING cr hru,,. [ ouwms_-‘
RN 118t 120 2] t$1y131n
af] 2 nlis - MODE I B ‘
] 2% Re st Vi, |
A s nls, Stendby Vg
M0s 70 108 Program Vi
" L A P .
e WA Progren Vaaty [ v, | v . g o
A 10 [JCE ol ! : 9T
_ - [ R
ad s who, Progaam inhuba| v, ; Vo w <5 1 g gh ? E
—od i i
Sl o,
0,0} 10 1500 .
(I n 4]0, BLCCK DIAGRAM
ano[]12 )81
SATAQUIPUTY
vee e O Or
CHD =
e B 1 !
L]y
“ - AND ' = H
PIN NAMES [l 3 —“ £l coe | ~1 OUTPUT HuFFERY |
R e |7 i e
43 CHWP ENABLE N:g:;';:
[« 3 OUTMUT ENABLE 37.784 BT
Oy -0y oUTPUTE CELL MATRIY




2048-word X 8-bit High Spesd Static CMOS RAM

EFEATURES

# Singte 5V Supply and High Density 24 Pin Package
# High speed: Fast Access Time
o Low Power Suandby and
Low Power Qperation
Completaly Static RAM:
Directly TTL Compatible: AN Input and Output

Pin Out Compatible with Standard 16K EPROM/MASK ROM
Equal Access and Cycle Time

Standbry:
Operation:

WFUNCTIONAL BLOCK DIAGRAM

so—{ 6] -
-
Raw . Mt wmry Meocre — D HD
Dwcuder | @
[ELE A
-
L] . _[

Colum Onesds

\ [ 1) ’
Coarral R
—H./-
1% ,
PO .

0T
-

WABSOLUTE MAXIMUM RATINGS

1'0h . Calume 110
| e [ B
]
1
)
f
.

1" O

Teem Symbol | Ratmg | Unt
Yoltage on Any Fin Relsuive to EPNE__ Vr-—;1 -:0.5' te :; E«_._._E o
Opersting Temperature T.. 01 +10 T
Storage Tempersiure { Plastic) Toe ~55 to +17% ks
Storage Ttm_u-turc(&rlm:l Yoo -85 10 +150 '('" -
Temperature Under Bun _'7_1.. :U::'!_; - C
Power Distipation | Y
& Pulee Width a1 % ¥
@ TRUTH TABLE
[ oF WL Vet T 1T W Careemt
"o - PR R N T b
- -l.- B i. ’ . |; a Hewd I
— — e RN S ,
T T R

12008/150ns/200ns (max.}
100uW (typ.)
180mW {typ.}
No clock or Timing Strobe Required

HMBT116-2 HME1 18- HME116-4 HMB118P-2 HMET 1 6P-3 HMS116P-4

HM&116-2. HMELIE-,
HMEL16-4

L 13
- ey
HMEILEP -1 HMEIISP-D.
HME1167 -4
I
i
i
' DE N
Lo e

BMPIN ARRANGEMENT
'——'_—L/'—'-—j

(R4 }4-.
o=y —
LR T
b=
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e
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TR RS
—
YRR
P un
—
b
1.0 e Ael Cyrcie
Pk 7
et L Heed Coele 1y 20
fha oW rane Aycle 1}l
[ra Weie Urele (20



Sigretics Logic Pioducis

Logic Products

FEATURES

» Select data from 16 sources
« Demultiplexing capability

« Active-LOW snable or strobs
s |nverting data output

DESCRIPTION

The *150 t8 a logical implementation of &
single-pole, 16-position switch with tha
swilch position conirolled by Lhe stats of
tour Select inputs, Sp, S5, Sz, S3. The
Multiplexer output (Y) inverts the salect-
od data. The Enable input {E) is active-
LOW. When E Is HIGH 1he ¥ output is
HIGH regardiess of all other inputs. In

74150
Multiplexer

16-Input Multiplexer
Product Specification

TYPICAL PRbPAGATIOH TYPICAL SUPPLY CURRENT ‘
i

(TGTAL)
TS T oA

ORDERING CODE

bl e e ey

| eacxaoes veun e T gt e v 10 [

Yt mme e T LT T T Npewson a

NOTE:
For inlprmabion regarding devices processed © Milary Spotitiations, M Fw Sugrioiey Milary Product
Oata Manusl

W

JNFUT AND QUTPUT LOADING AND FAN-OUT TABLE

one package the "150 provides the abili- | ___ . _PNs L _ DESCRIPTION [ l
ty lo selecl from 16 sources ol data or Ail Iriputs wl ]
condrol inlormation g T T "’6;;;)“'1'“ T T T o 'j:
L e e
A T4 urn 0RO [ul) 1 urkieilood 10 ba ADRA Ly, and 1 BmA Ly
PIN CONFIGURATION LOGIC SYMBOL, ' LOGIC SYMBOL (IEEE/IEC)
=" S
o [x 5] vox
L 163 73] 0y
By [5] 1] o P PR R R TR - T I I
0, 7] [77] by [FARE NS EENEENES
II-.E 3 Oy » 3 P“\"Ihhﬂhhﬁh“uﬂ|ﬂuﬂ"ﬂﬂ
L= B
By 7] [] Pua i :
L 4] 043 ‘- -: . :
(7] [12] 844 Y ‘
' o - — |
¥ [ 15} 29 1
n [ (5] n, 1
oo 17 ] 8y |
CORm— L
e = Pn [V
L QMO ~ P 12 I
L . —— L 1



QUTPUT

74150

ITT AT T dT T 57 e

Product Speciticaton
Dis

D

R jow

Dy Dy

Dy Dy

Dy

Dy

Oy

Dy

PP X P 2

>

PSS b b (gD 4 g P Ipd

=

b G A RS

RS b b b S b P S

>

b db b i O O B

LG b b b b b 4 O 3

FM MMM XK MK

P b i G TR

b G A A A b G G

P S S i g g I )

b S A A 4

LR O e LY

WO W

b A S S I

P S b a4

X

x o

P g (- O

D G O G G i 4 Y

Wox XXX

Dy

INPUTS

Dy
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D2
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Og

N LA R
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P a3 A b g A U R o A b b 48 g 2]
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PSS S A S8 e S
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LOGIC DIAGRAM
FUNCTION TABLE
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SCL4511B

<SS TMOS BCD-TO-SEVEN SEGMENT

LATCH/DECODER /DRIVER

FEATURES

High-Current Sourcing Bipolar Dutputs (Up to
26 mA)

Latched Storage of Input Code

Blanking input for Display Intensity Modu-
lation

Lamp Test Provision

Resdout Blsnking for lllegel Input Combi-
nations

*>-® S &

DESCRIPTION

The SCL4S118 provides the functions of a
4-bit storage latch, an 8421 BCD-to-seven segment
decoder, and an outpul drwve capability to source
up to 25 mA of currant, Lemp Test, Blanking, and
Latch Ensble inputs sre usad to test the display,
turn off the display, and stors » 8CD code,
respecilively. It can Le used with L EL), incandey
cant, Nuorescenty gas discharge, or hgukd crystal
resdouts sither directly or indirectiy.

Applications include counter display drivers,
- saverrsagmant decimal display, and various ciock,
watch, spd timer usat,

TRUTH TABLE

CONNECTION DIAGRAM
{all packagss!

Segment Quipuls
VqD { 9 F b [« e} .

B S (N Y W S
16 15 14 13 12 1L 1B S

SCL46118
1 ? 3 4 5 b 7 g
T 17 1771 T T 1
B C LT 8i LE & A Vgg

Add suftix for package:

C :6-0in Ceraip
9] SO 0 Cerwimg

L Thooin Rausy
t 6 o Foe
H Chip

LEIBILY| O € B8 Afa b ¢ @ o ¢ g |DISPLAY
¥ x| olx x x x[1 v v &t v 1 [}
x{o] 1{x ¥ x x]o 0 00 00 G Bisenn
Q 1 1{0 0 O 4Gf{y ¥ +* v 1 1 0 0
)] 1 110 0 ¢ t|J]ot v+ 0 0O OC 1
ot v]Jo g v 0|11 61 101 2
LR 1jo e 1 1|11 1100 3
o1l vfo + oofjot vo o1t .
9 1 1 01 o111 ¢+ 1V 01 E)
olrv] 1]o 1 v 0] B v o1 [3
[x] 1 |01 v 1yt vQ3 00O 7
gl tfr o 0o0ofr v 1o [
oj1| t1y @8 60 |11 oy0 o0y ]
[+ 1 1 1 ¢ 1 00 G O GC QOO Bisnk
o 1 t 1 ¢ v+ 1/{0 0 00 00O Bisnk
0 1 1 1 1 0 Q0 0 000G OOQO Blank
o 1 1 Py 0 1{oCc 00 OCQO Blank
[+] 1 ¥ Tt 1+ 10100 ¢ 0 0D O Blank
[+] 1 1 it 1 100 00 000 Alank
1 1 P X N X X L] L4

X = Don‘tcers

* Depends upon 1he BCD code spplisd dquning the D 10 1
transition of LE.

BL.OCK DIAGRAM

lo__...ln el av -

1 Ooei{ @ B}---12 'L.—,b
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to— 0 L) SR -
Io0—q 7 0
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DISPLAY

EESEREREG

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage Vo - Yss Jto 15 Vae

Operating Temperature Ta
C, D, F, H Device £510 +126 ©C
E Device 40 10 +85 ©C

1

. n l : 3 . L

3 S ’RP’ R L\ oo genaripourrer 4

o 0 . l \ [TYIT B

8 -0 R N . e DUTRT DR ;
i:3 J 1

q:;;: ) i d

LAY ;

;3: 1 1 _;

a2 1T :

-:; I |

i +- ¢ !

;"o + 4 foo o e :

2 Trgwevag b £

I I e ey

b wagsevd Commae 4SS0 T

LI 2N S : e

L] 1 " " »

VGG Sl TP vCuTALT eer —
Vom BuIPUY GRIVE wub EACT | - — ;
J

Typical P-Channal
Source Current Characlaniznics

The muximem continuous {worst cesel devated
oulput drive current appiles 16 & single output
with all other cutlputs sQurcing an equal amount of
current. Qperation abova the deralng curve at 2
@ven temparglurs 15 NOL racommenged



Logic Products

FEATURES .

+ 8-bit transparent latch 373

e 8-bit positive, edge-triggered
reglister — 374

* 3-State output butfers

« Common 3-State Outputl Enable

s independent register and 3-State
buffer opsration

DESCRIPTION

The ‘373 is an octal transparent lalch
coupled o eight 3-State outpul bullers.
The two sections of the device are
controlled indapendently by Latch £n-
able (E) and Output Enable { OE) controt
gates. &

PIN CONFIGURATION

7418373, 74L8374, S373,

S374

Latches/Flip-Flops

'373 Octal Transparent Latch With 3-State Cutpuls
'974 Octal D Flip-Flop With 3-State Outpuis
Product Specification

?4L5373
7ASTR
74[53?4
?483?4

PACKAGES

Piastic OIP

P|asuc SOL zO

NOTE:

For mleimation regarding dovces processed to Miitary Speahy

Dals Manual

INPUT AND OUTPUT LOADING AND FAN ouT TABLE

PINS

MOTE:

TYPICAL PROPAGATION

ORDERING CODE

l TYPICAL SUPPLY CURRENT

DELAY {TOTAL}
T s T A
10ns . l CaLbmA
s PFHA
Bns . J L1GmA

COMMEHCIAL RANGE
VCC = 5V’5% Tk=0 C lO +70°C

N?4L5314N NT"IS:‘UJN

N?aLQUZ!'\‘ N?d 73N,

N?AL‘:»J? JL) NMSJ.’ ?D‘

N:d 51?4) MMS:;MD .

ano:s,

see tha Sgretics Miitary Products

Tttt/

£

T

DESCRIPTION 745 ?4LS |
lr‘puts 15ul i 1 ")ul
Oulputs 1050l JULSL.I

!

Wheta & 745 unat toad (Sul) 8 SOUA Gy ard - 2 OmA (), and a 74, St ml load {150 18 PURA L ard - O dmA

i

LOGIC SYMBOL

LOGIC SYMBOL (IEEE/EC)
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signetics Logle Products

Latches/Flip-Flops

7418373, 74LS374, $373, $374

The data on the D inputs are transtered o
the tatch outputs when the Latch Enable (E)
input is HIGH, The latch remains transparent
to the data inguits white E ia HIGH, and stores
the data present one sot-up time belore \he
HIGH-t0-LOW enable ransitioh. The anable
gale has hysteresis buitt in to hetp minimize
probiems that signal and ground noise can
cause on the latching operation.

The 3-State output butiers are designed o

arive heavily loaded 3-Siate buses, MOS’

memaoriss, or MOS microprocessors. The ac-
tive LOW Output ‘Enable (E) controls all
eight 3-Siata butfers independent of the laich

LOGIC DIAGRAM, '373

operation. When OF is LOW. the latched or
transparenl data appears al the outputs.
When OF is HIGH, the outputs are in the
HIGH impedance “off'’' stats, which means
they witl neither drive nor load the bus.

The ‘374 is an A-bit, edge-tnggered ragister
coupled to esght 3-State output butfers. The
two sections of the device are controlted
independontty by the Clock (CPyand Output
Enable (OF) control gates.

The register is fulty adge triggerad. The state
of each D input, one set-up time before the
LOW-to-HIGH clock transition, is transferred

Io the comesponding Mip-fiop's Q output. The
ciock buffer has hysteresis buitt in to help
minimize probiems that signal and ground
noise can causs on the clocking operaton.

The 3-State cutput buffers are designed to
drive heavily loaded 3-State buses, MOS
memories, of MOS mikroprocessons. The ac-
tva LOW Output Enable (OF) controls &l
eight 2-Stata butfers independent of the reg-
inter operation. When O is LOW, the data in
tha rogister appears al the outputs. When OF
is HIGH, tha outputs are an the HIGH imped-
ance ''off stale, which mears thoy will
noither rive noe load the bus

r
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Signetics Logic Procuchs

Loglc Products

FEATURES

» Demuitiplexing capability

» Muitiple Input snable for easy
sxpansion

2 Keel for memoary chip adlact
decoding

® Direct replacement for Intel 3205

DESCRIPTION

The '138 decoder accepts lhree binary

weightod inputs {Ag, Ay, Ay} and when

snabled, providos eghl multually exciu-

ahve, acuvo LOW oulputs (B-7) The:

davice tealuros thrve Enabilu Inputa; two
active LOW (E;, Ez) and one aclive
HIGH (E;). Every output will be HIGH
unless By and E; are LOW and Ej is
HIGH. Tius muitiple enable lunchion al-
jows wvasy parallel expansion of tho do-
vice 10 a 1-¢l-32 (5 ines lo 32 linvs)
docodar wilh just .lour '138s and cne
invertot.

The devica can ba used as an eight
output demulliplexer by using one ol thu
active LOW Enable inpuls as the Data
nput and the remaining Enabie npuls as
strobes. Enable inpuls not used must be
permanently ted lo thev appropriale
active HIGH or aclive LOW state,

PIN CONFIGURATION

ag (1] W) Yoo
Ay [T EE.
4 [1] EJBI
¥ e,
NG )%
5 5] LA
&[] ie] Oy
ana[1 7] Ty

7415138, 5138
Decoders/Demulliplexers

1-01-8 Dacoder/Demultiplexer
Product Specitication

e TYPICAL PROPAGATION | TYPICAL SUPPLY CURRENT
DELAY ‘ (TOTAL}

7415138 26ns J 6 3mA

745138 Tns , 4

ORDERING CODE

COMMERCIAL RANGE

PACKAGES l Voo =4V 5%, T =0"C o #76°C
“.(;Jl‘abrlrxcii.ili’ N ; o 1‘;?4313!5!:, Ra74L 5t 3HN
TR w0 | T s, neasiws )
no"rg‘, RS, S e e =
For il mation regarding duve op pros uztod 16 Miliiang 50600 gl e sod 1 Sgnebus Miliery Prodis e

Data Muinwal

INPUT AND OUTPUT LOADING AND FAN-CUT TABLE

[ PINS DESCHIPTION | 745 i 7415 !

Lo Pme ‘ - . :

| Al st il ' Tl ! 1 S
M : ;

l All Dutputs l 10zl t LI
R it fom ! |

HOTE:

WhEre & 745 arut kad (Su) s SOuA ot 2 OmA G and @ Teln ot bed Ut} s G00A Gy el 340

bt

LOGIC SYMBOL LOGIC SYMUOUL MEEL/IEC)




Pros i) Spocitkealion

7415138, 5138

H
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LOGIC DIAGRAM
FUNCTION TABLE

H

88

H

H = HIGH volage level
L = LOW voRrege level

X=Don't care



7404, LS04, S04
Inverters

Hex Inverter
Product Specification

Logic Products

TYPE

7404

74\.50&

ORDERING CODE

g e - e e o e e e
] TYPICAL PROPAGATION E TYPICAL SUPPLY CURRENT l

DELAY (TOTAL}
t0ns {2mA h
g Lns 2 Simh |
""" T e T ma

COMMERCIAL RANGE

- 1

A
PACKAGES vcc=5v<5'v. ¥ —OCm +1cc \
Flastc ow N?404N N?4LSO4N Nusom !
- z M [ o
Plnatic so NHlS(M 3 NMSLMD !

NOTE:
For inlornahon

FUNCTION TABLE

rogarding duvices poceased 10 Miiary Spechcalons, see the Sugnetacs Mdiary Producia

EPUY CUTPUT Data Manual
A Y :
v ” INPUT AND OUTPUT LOAD|NG AND FAN- OUT TABLE
H L [ es oescmanm 74 718 i
H = HIGH vollage tevel T - - " 13‘U‘i“ U ‘
L = LOW voltage level e B .
; 108at :

NOTE: -
WwWhere a 74 urnt load {015 understodd o be A0pA 1y and - 1.BroA
_20mA Yy, and T4LS unit lord (LS 13 20pA hy and -0 anA

PIN CONFIGURATION

Y B

Iy O

Ei‘? Y
oubé E:

In sadition to tha standsrd spplication of
-witi_plcxnn in data conversion techniques, thess
tircuits can llm be ‘used in genersting logic

LOGIC SYMBOL

S

]
745 und ioad [Sul) 55 S0pA by and

LOGIC SYMBOL (lEEEHEC)

(U l

a M ] bo 0

1 — 10
- o2

u_.';Do—‘:u
O ar—

selact inputs ss the first thres verisbles, any
combir?atlon ot A, B, and C will salect a data input
(auymmg |7ho output is enabled!. For sach combi-



