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ABSTRACT

8085 M CROPROCESSCOR BASED
RANDOM ACCESS MEMCORY CHECKER

Ji i nwei Hung
Master of Science in Engineering

Youngstown State University , 1986

Three stand-al one m croconputer 8085-based nenory
checkers, which include (1) SRAM checker, (2) 16k*1 DRAM
checker and (3) 64k*1 DRAM checker, were designed and built
sucessfully with the aid of a mcroconputer devel opnent
system These boards can be inplenented to test additiona
menory chi ps using the design techni que presented.

The software systemis conposed of two parts, one
for the pattern test and the other for the sensitivity
test. The systemis able to detect hard nenory errors, soft
menory errors and bit-to-bit interference within a single
byte and within bytes stored in nenory. The anal ysi s of
typical software is discussed and the 8085 assenbly testing

prograns are included.
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CHAPTER 1
| NTRODUCTI ON
11 | nt roducti on

Have you ever had a conputer program which ran
sucessfully for alongtime only to have it suddenly fail?
Or are you getting inconsistent results fromthe expected
data? One of the reasons is probably only because one
bit out of several hundred thousands erred. A conputer
system whether a |large conputer or a mcroconputer,
requires a large memory to store data and program
instructions. Menory does fail, thus, testing nenory becones
I mportant. Wth the rapid growth of the computer
i ndustry in the recent years, the use of sem conductor
devi ces continuously grows at an increasing rate. On the-
ot her hand, quality assurance of integrated circuit is being
enphasi zed nore each day. However, there also exists the-
possibility of purchasing a bad nmenmory chip. Once we
have doubt about a chip, it wouldn't be too difficult for a
qualified person, who is very famliar with the computer
system tofindthe defective nenory chipif thechipis used
as the read/write nenory in the conputer system But for the
general technician, a random access nmenmory checker is

I ndi spensabl e.
12 Sem conduct or Test

In general, the sophisticated tests applying to a



sem conductor device include three parts: DC test, AC test,
and FUNCTI ON test. 1

(1) DC test: El ectrical DC paranmetric test
verifies specific paraneters in terns of voltage or current.
This test measures the resulting voltage by applying
current to the devices, or neasures the resulting current
by applying voltages to the devices.

(2) AC test: The AC paranetric test verifies
the tinme-rel ated paraneters specified in terms of seconds.
The basic characteristic of AC paranetric test is the
measurenment of the timng relationship at which devices
operate such as rise tine, fall tinme, propagation tine, del ay
time, set-up tine, release tinme and access tine.

(3) FUNCTION test: This test verifies that the
devices perform functionally correct, which is the best test

required for the sem conductor.
13 Aut onatic Testing Equipmentl (ATE) _

ATE i s a consequence of conputers being interfaced
with digitally-controlled stimulus and measurement
I nstrunments. ATE dramatically inproves the measurement
accuracy of test. It reduces the human error in testing and
enhances confidence in equi pment performance and failure
di agnosis. It sinplifies the test work and can do nass

testing within a short tine. ATE is divided into three

1F.H. Chen. "Design and |nplementation for A Genera
Purpose |IC Tester Based on A M croconputer” Chen Kung
Uni versity ,1983 , p.l



classes: benchtop, dedicated and general purpose.

1. Benchtop Tester: Benchtop testers usually have
limited test capability and are small in size. Normally,
they are controlled by a hardware designed decoder or
controller. The characteristics of a benchtop tester include
its low cost and manual or fixed programs with go/no-go test
that may or may not have data readout. Benchtop testers are
not easy to maintain, although they are easy to use.

2. Dedicated Tester: The dedicated tester is
specified for one device family such as memories. M ost
dedicated testers are computer controlled.

3. General Purpose Tester: The general purpose
tester is a flexible configuration to accommodate almost any
device type. Sophisticated computer-controlled hardware and
software are also mandatory in this system. This tester
tests almost everything from VLSI to SSI. The basic
components of this general purpose tester include a computer
controller, a stimulus and response unit, and a device—under:
test interface.

Generally speaking, a general purpose tester is
powerful for testing IC's, but they are normally controlled
by a mainframe or a minicomputer. The price of this

equipment is high and the equipment is hard to maintain.

1.4 Memory Test With The Microcomputer

The memory chip must be tested to confirm both the
uniqueness of the address and the absence of the bit-to- bit

interference (abit may affect the value of another bit on



the same chip). Based onthis, the nost perfect test isto
check 216324 conbinations for a 2k by 8 bit menory chip. It
could take a lot of tinme if each possible conbination were
tested separately even when using a conputer. A |arge anount
of research has been done on this in order to find other
testing al gorithms which could shorten the testing time
(Refer to chapter 1\).

The rapidriseinthe use of the m croconputer can be
expl ai ned by the many avail able applications for the
relatively | ow cost of the m croconputer hardware. This
makes many applications econom cally feasible. Many
i nstruments that have been controlled by a main frame or
m ni comput er before are now being replaced by the
m croconputer where high accuracy, speed and conplexity are
not strictly in demand. Traditionally, menmory chips are
checked by a universal testing machi ne which costs sever al
hundred thousand dollars. The cost prohibits a m croconputer
owner from acquiring a universal testing nachine. Since the
m croconput er has beconme a powerful tool for equipnment or
I nstrunentation, it is used along with its well structured
support chi ps {such as ROM RAM) within the design of a
small, |low cost and user-friendly conputerized nenory
tester. The cost of incorporating a 8085 m croconputer in a
checker was at the time of investigation only forty
dollars. Because of their sinplicity, these nmenory testers
can quickly performa functional test on RAMs.

Chapter 2 describes the basic memory cell

organi zation andthree different types of nenory. Thi s
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CHAPTER 2
RANDOM ACCESS MEMORY OVERVI EW
2.1 What is RAM?

RAM st ands for random access nenory whi ch may use MOS
or BJT devices in either SRAM or DRAM BJT devi ces have a
better performance at high speeds than the MOS RaMs because
they are manufactured using TTL, ECL, or 1°L t echnol ogy.
Modern MOS RAMs are manufactured using NMOS or CMOS
technology. CMOS is especially useful in applications which
require | ow power consunption. A random access menory is one
in which the time required for storing (writing) and
retrieving (reading) information is independent of the
physical |ocation (within the memory) of the stored data.
Figure 1 shows a conceptual organization of a memory
constituting Wwords of B bits, each requiring an address of

n bits (2=w).
22 RAM Type

The two- basic RAM types that have evolved@ since
1970 are the DRAM and SRAM DRAM stands for dynamic RAM, and
SRAM stands for static RAM  There is another nmenory called
I nt egrated RAM or iRAM which offers the advantages of the
SRAM's design simplicity and the DRAM's high packing

capacity. 2

2Intel Menory Conponent Handbook 1983, pp ‘-1, 1-2



chapter gives the reader background i nformation on the nenory
chip. Chapter 3 describes the failure analysis of the nenory
chips to help the reader have a basic understandi ng of
menory failure. Chapter 4 contains the software testing
al gorithnms whi ch have been devel oped and the testing nethods
used for testing of the RAMs. Chapter 5 contains the
circuitry of the RAM checkers and the procedures to extend
the capability to test additional RAM chi ps. Chapter 6
contains the software system used in the RAM checkers, and
finally, the summary of this thesis is presented in chapter

7.



221 SRAM

Astatic RAMdeviceuses aflip-flopcircuit for each
bit. Data stored in the flip-flop circuit are retained
until they are altered by writing newdata in that | ocation
or when electric power is lost. Mre recently, considerable
progress has been made in the devel opnent of the high speed,
| ow power, high density static MCS RAM The current state-
of-the-art in commercially available static MGS RAM chip is
represented by the | M5-1400 manufactured by Innos. This is a
16k menmory chip featuring 45 nS access time and a maxi mum

power di ssipation of 660 mw when in operation and 110 mW when

I n the standby node. 3

1T — 12 - B
2 2
33— 3 Memory
cell
array

ADDxp 55 Vo corDe

Data bufffers

IR

Data

FIGURE 1. Menory Crganization

3Sedral Smth, Mcro-Electronic Circuit, Holt R nehart
and W nston, 1982, p.763



SRAM requires relatively large silicon areas because
it is conposed of 6-8 MOS transistors, which limts the chip
size of the menory. Figure 2 shows a basic cell of the CMOS

menory.

Vece=5V
! !
1
- —~
D 03 | Q4 |D
by

Word Line r

FIGURE 22 CMOS Menory Cel

2.2.2 DRAM

A maj or breakthrough in the devel opment of the RAM
technol ogy was the invention of the one-transistor memory
cal |l ed DRAM, which is noted for its high capacity, moderate
speed and | ow power consumption. This device uses a
capacitor-like element and a driving transistor for each bit.._
Since the charge on the capacitor decays with time, it
requires a periodic refresh signal to maintain the cata

storage. Traditionally, the refresh circuit is built on the



PCB on which the DRAMs are install ed. The computer is
prohibited from doing a read/write during the refreshing

peri od. Figure 3 shows the structure of a DRAM cell.

!Vbrd l'ine

Cc

aH |

Digit line

FI GURE 3. DRAM Cel

2.2.3 iRAM

| ntegrated RAM, which integrates a dynam ¢ RAM and
its control and refresh circuitry on one substrate, has

the characteristics of a DRAM, but |ooks |ike a SRAM

224 Conmpari son of DRAM and SRAM

Dynam c menmories are notoriously difficult to work
wi th because of the refresh process which may cause timing
probl ens. Al t hough SRAM is much easier to use than DRAM,
attention nmust be given to the size and cost.

Bef ore considering iRAM, SRAM is a good choice for



t he designer who builds boards smaller than 8k bytes
because the high price is offset by the dynam c control
circuitry. Cn the other hand, for building boards |arger
than 64k bytes, DRAM is preferred because power consideration
and package density begin to take precedence over circuit
conpl exi ty.

When conparing these two types of nmenory, there are
three mpj or advantages of a DRAM whi ch become apparent.

1 The density of a DRAM is much higher than the
SRAM's. That is why DRAM boards contain more memory chi ps
than the SRAM boards even with the supporting control
circuitry that the DRAM board requires.

2 Adynam c RAM has |ess power dissipation. This
reduces not only the ampunt of heat generated but also the
current requirenments for the power source. Typically, a 64k
type dynam c nenory board dissipates approximately 8 watts
compared to 50 watts for the same size of memory of the
static memory board. The decrease in power dissipation can
make a big difference in the reliability of the entire
system

3 The third advantage of a DRAM is its | ow cost
because of the high density of nmenory per chip.

In the comparison of these two memories, dynam c
menori es have sl ower data-access tinme (although they are nore
than fast enough for the average mcroprocessor). There is.
still one aspect that could make the SRAM a better choice.
That is, not all types of direct memory access controllers

will conveniently interface with all types of dynam c nmenory



boar ds. 4

4 Larry Mal akoff,

Intelligence Decision" Byte,
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Feb 1981, p.142
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CHAPTER 3
MEMORY FAI LURE ANALYSI S
3.1 | nt r oducti on

Faulty menory is a very difficult problem to detect.
Most distributers of nmenory board kits supply a sinple test
designed to detect sonme errors. These tests are ineffective
in detecting a certain type of failure such as pattern
sensitivity.

A number of nmethods are applied to calculate the
reliability of a nodel menory system Intel devel oped a chip
8206/8206-2 using ECC® which can correct a single bit failure
and detect double bit errors. Studying nmenory failure
analysis is fundanental to any new devel opnent in order to
evol ve ot her good algorithnms and chips to prevent the nenory
defect or even to correct it without the user's awareness.

32 Error O assification.

Normally, the menory errors are classified into two

categories, hard menory errors and soft nmenory errors.
321 Hard Menory Error

There are two types of hard nmenory errors, struct-at-

0, struct-at-1, which are permanent errors such as shorts,

open leads, mcro-cracks or other instrinsic flaws. They -

SIntel Menory Conponent Handbook 1983, pp 3-164, 3-
179.

12



are classed as single cell failures, rowfailures, columm
failures, combined row failures, half-chip failures and full
chip failures. FIGJRE 4 shows the failure distribution of

a 2117 RAM chip.

Conbi ned Hard Failures 0.027% / 1000 hrs

28.1% 50%
C28umrlls Single cell
128 ce 1 cell

5.6%
Row
128 cell

Row Col umn
256 cells
FIGQURE 4. 2117 Failure D stribution

3.2.2 Soft Menory Error

A soft nmenory error occurs when the current state of

a dynam c menory bit is changed by ionizing radiation from

the plastic or ceramc integrated circuit package. In _

contrast to a hard nenory error, a soft nenory error is

°Ibid., pp 3-164, 3-179

13



characterized by being a random, non-recurring,
nondestructive single cell error. A soft error can also be
the result of atimng problem or arefresh probl em when
usi ng dynam c nenory. Bit-to-bit interference could be
caused by a soft nenory error. Sonetinmes it is incorrect for
thefirst ti meread out, but correct for the second ti me read
out. This type of error is associated with the system | evel
problemand the rate of failure is hard to quantify; in any
event it is assuned to be very small. FIGURE 5° shows the

conbi ned distribution of failure types.

Soft Error Single Cell Rate- 0.1% Per 1000 hrs
Hard Error Conbi ned Rate- 0.027% Per 1000 hrs

Tot al = 0.127% Per 1000 hrs
Hard error
50. 0% si ngl e cel |
15. 6% r ow
28. 1% col um
6. 2% row/column 1.2% %

combined errors :

]

78.7% |

soft error /
singl e cell

FIGURE 5 Conbined Distribution of Failure Type

51pid., pp3-164, 3-179



CHAPTER 4
TESTI NG ALGORI THM

The few testing al gorithnms avail able today will be
exam ned in order to determ ne which algorithm will be

| npl enmented in the RAM checkers.
4.1 Al gorithm Research

During the algorithm research, it was found that
there are six major ways to test memory chip. These

algorithms will be briefly described.
411  The First Method®

The first method is called the wal ki ng- address nenory
test. Starting at an even nenory address given by the user,-
the algorithm wites the nost significant byte of the address
intoall of the even menory | ocations and then verifies the
byte's content. Next the |east significant byte of the
address is written into all of the odd or next menory
| ocations and then verified. Finally, the program goes back
to the starting address and verifies the contents of all
| ocati ons. This memory test is rapid, but it could m ss

hard menory errors |ike struck-at-0 or 1

412 The Second Method®

® HR Pinnick Jr. " Testing Your Memory Using the
Bar ber-pole Algorithm ", Byte Dec, pp 414-444



The second nmethod stores 55H (0101 0101 i n bi nary)
into the even.locations and AAH (1010 1010 in binary) into
the odd | ocations then checks the contents of all |ocations,
The test is repeated with the contents of even and odd
| ocati ons interchanged. This rapid test checks both hard
and soft memory errors, but it has no cross-bit-check for

the soft nmenory errors.
4.1.3 The Third Method®

The nost extensive menory test al gorithms are
probably the gal lop-read and gal lop-wite test. The gal |l op-
read test clears menmory to all zeroes in all locations and
stores FFH (1111 1111 in binary) in a specified starting
address. This test reads all other | ocations and verifies
t he presence of OOH except for the | ocati on whi ch contains-
FFH Next the pattern FFH is witten into the next | ocation,
and the reading and verification of all |ocations are
repeated until the end of the |ocations. The gallop-write
test is simlar with the gallop-read test except that OO
is replaced by FFH, and FFH is replaced by the OOH _ These
tests are excellent for testing nmenmory except they are
extremely time consum ng and they have difficulty in
detecting the error if one data bit affects another data

bit.

414 The Fourth Method®

®Ibid. pp 414-444

16



The nmethod is called the barber-pole algorithm
because patterns used for the test are simlar to the
barber-pole (rotate by shifting 0 or by shifting 1). Ref er
to Table 1

First, consider the test for a 2114 type static 1lk*4
menory chip. The nine patterns of Table 1 are witten into
each | ocation one at a tinme and then the pattern is
retrieved fromthe location after each wite to nmenory in
order to check if it is the same as previously witten. The
process is repeated wuntil the end of the nmenory location is

r eached.

TABLE 1. Testing Pattern

Bl NARY HEX
0000 0000 00,
0001 0001 11H
0010 0010 22H
0100 0100 44H
1000 1000 88H
1110 1110 EEH
1101 1101 DDH
1011 1011 BBH
0111 0111 77H

For another type of memory such as 2k*8, the test
patterns will bealittle different. They are 01H, ozﬁ} 04H,
08H, 10H, 20H, 40H, 80H, FEH, FDH, FBH, F7H, EFH, DFH, BFH
and 7FH

The barber-pole testing algorithmis very good at
detecting both hard nmenmory errors and soft menmory errors,
except, it only finds the interaction within one byte. It is
| mpossi ble to detect whether the rest of memory is

affected at other | ocations.

17



415 The Fifth Method’

The fifth test, called the nenory pattern sensitivity
t est, Is a little different from the previous testing
met hods nentioned above. The program works by initializing
the memorytobetested with a sequence consistingof 00H to
FFH. Then pointers are set at the beginning and end of the
same bl ock of nenmory. Next, the data at each of the pointer
| ocation is exchanged and the pointers are then noved toward
one another. The process of exchangi ng and novi ng repeats
until the pointers neet. The inverted sequence is then
checked for accuracy. If any discrepancies are encountered,
the nmenory is defective.
416  The Sixth Method: Optimal RAM Test Algorithm®
Before stating the algorithm the following notations
are introduced. Let A, be the nenory address u
0<u<2™
TC0={A,/u=0 (nodulo 3)3
T1={A,/u=1 (nodulo 3)3
T2={A,/u=2 (nodulo 3)3
Al gorithm .
Step 1. Wite the all 0 words, WO, at all |ocations.
Aj €1l and A €M

Step 2 Wite the all 1 word, wi, at all |ocations.

7 Don Kins, " A Memory Sensitivity Test ", Byte, Oct~
1978, pp 12-16

8 John Knai zuk, JJR And CRP. Hart mann, " An
Al gorithm for Testing Random Access Memory ", |EEE
Transaction on Conputers, April 1977, pp 414-416.



-—
&

A; €100
Step 3 Read all locations Ay € ri:
I f output =wo0; no fault indicated
#W0; RAM fault indicated
Step 4 Wite all 1 word wl at all |ocations.
Aj € m
Step 5 Read all location a, & m2:
I f output=wo0; no fault indicated
£wo; RAM fault indicated
Step 6 Read all location a; &m0 and Ay € L
i f output=wl; no fault indicated
fw0; RAMfault indicated
Step 72 Wite and read the all 0 words WO at al
| ocati ons
A; €m0
I f output=wo0; no fault indicated
£w0; RAM fault indicated
Step 8 Wite and thenread the all 1 word w1 at al
| ocati ons.
A, € m
I f output=W1l: no fault indibated
FWl: RAM f aul t indi cated

end.

This algorithmpresents an algorithmthat optim zes
in detecting any single struct-at-0 or struct-at-1 fault in "~

a random access nenory.



4.2 Al gorithm Used in The RAM Checkers

Since the RAM checkers designed in this thesis are
for the intensive menory testing , execution time is of
m nor i mportance. It is desirable to have a good and
detailed testing programto judge the menory once there is
any doubt. This type of testing algorithm will not be
feasible for production testing purposes. \When the tinme
becomes i nportant to the user, a short test option for
testing DRAM boards is added to give t he user a

flexible choice for the testing. Refer to Table 2

TABLE 2 Execution Time for Each Test

Long Test
RAM Type 8155 2114 4116 4164
RAM Si ze .25k*8 2k*4 16K*1 64k*1
Test Ti ne 4 sec 20 sec 120 sec 271 sec

Short Test _
RAM Type 8155 2114 4116 4164
RAM Si ze .25k*8 2k*4 16k*1 64k*1
Test Ti ne 4 sec 20 sec 6 sec 13 sec

As stated before, the |larger the nunber of -tests;
the greater will be the reliability. In the RAM checkers,
gal | op-read, gallop-wite barber-pole and sensitivity testing
t heories were conbined together to arrive at the testing
met hods selected for the design of the checkers. The
di fference between the long and short test is that the short
test doesn't include the gallop-read test and gal lop-wite

test.



The testing program is conposed of two parts, one is
for the pattern test, the other is for the sensitivity test
First, the byte OOHis stored into all the menory | ocations,
next using the barber-pole algorithm storing the baber-pole
testing patterns sequentially begining with the first nenory
| ocation, the data is then verified until the end of the

testing pattern is reached. Suppose a discrepancy is found

in the mddle of test, the program will then be aborted and
go to the fail indication  routine. After the |ast testing
pattern is read, the rest of the memory |ocations will be

checked one at a time to verify those OOH (or FFH) val ues
whi ch di d not change (the short test doesn't include this).
The process wll be repeated until every nmenory location is
checked. This conpletes the pattern test.

The sensitivity test is perforned after the pattern

test. A sequence of 256 bytes will be stored into the nenory
I n increasing order. The nunmber of the byte depends on the
size of nenory. For instance, for a 1k*4 nenory chip, only

16 bytes are used and for a 16k*1 menmory size, only 2 bytes
are used. Next, the contents of the memory | ocations are
I nterchanged. |If upon checking, the sequence of the HUnbers
iIs found to be in decreasing order the memory chip is
good, otherwise it is a defective chip. When this nethod is
applied toa 8155 chip (256 bytes by eight), the pass test
time is about 4 seconds. For the 2114 (2k*4) chip, the pass
test time takes approxi mately 20 seconds when t he 3.579545

MHz crystal is used.
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CHAPTER 5
HARDWARE DESI GN AND ANALYSI S

The memory checkers which are for testing a SRAM, a
16k*1 DRAM and a 64k*1 DRAM are based on the use of 8085

CPU. Hardware circuitry wll be now studied individually.
51 Static Menory Checker

Thi s checker was sucessfully designed to test nenory
chips of the 2114 type and the 8155 famly. It can be
expanded to test additional menory chips with the aid of a
m croconmput er design system wusing the follow ng design

t echni que.
511 Har dware of The Static Menory Checker

Fi gure 6 shows t he phot ograph of this Checker, and
Figure 7 shows the schematic. This checker is designed to
test many different types of static nenory chips.

In Figure 7, it can be seen that | NTEL 8212 i s used
as the address |atch enabled by the ALE signal. Th? LEDs
whi ch i ndicate the test results are connected tothe PA1/0
ports of the 8155. For this reason the 8155 chip coul d not
be rempved fromthe board even if it is not the unit under
test. Thereis adipswtch consisting of four switches in
whi ch only one is used on the board. When the switch is at -
the ON position, the 2114 test is selected, otherw se the

8155 is the unit under test.
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512 Testing Chips in The SRAM Checker

Table 3 lists the memory chi ps that can be tested

using this checker in addition to the I NTEL menory chi p 8155.

TABLE 3. 2114 Famly

VENDER PART NUMBER

| nt el 2114A/2114AL

Tl TMS 2114/TMS 2114L
ANMD 9114/91L14

EA EA2114L
EMM/SEMI 2114

Fairchild F2114

Hi t achi HM472114A

I nt el 2114A/2114AL
Intersil IM2114/1M2114L
Mitsubishi M51L2114L

Mot or ol a MCM2114/MCM21L14
Nat i onal SC MM2114/MM2114L
NEC upD2114/upD2114L
I MSM2114/MSM2114L
Synert ek SY2114/SY2114L

513 Fut ure Expansion

This testing board is a nodel for the SRAM checker
Fut ure expansions can be inplenmented by using the follow ng
har dwar e desi gn procedures:

1 Connected the chip select (Cs) line with the
out put of 3205. Refer to Figure 8

The address of each output of decorder 3205 is

listed in Table 4



00|15 to 2716

01{14 to 2114

02|13 future expansion
3205 03|12 future expansion

0411 to 8155

0510 future expansion

06| 9 future expansion

07| 7 future expansion

FIGURE 8. 3205 CQut put Analysis

TABLE 4. 3205 Address Assi gnnment

QUTPUT Pl N NUVBER ADDRESS

00 15 0000H-1FFFH
01 14 2000H~-3FFFH
02 13 4000H-5FFFH
03 12 6000H-7FFFH
02 11 8000H-9FFFH
05 10 AQOOH-BFFFH
06 9 COOOH-DFFFH
o7 7 EOOOH-FFFFH

2. Connect the data and address lines to ADO

t hrough abp7, and A8 through A15.

The 8085 m croprocessor can run at maxi mnum speed of
3 MHz.? In order for it to work with nost of t he-menory
chips, approxi mately half of the maxi mum speed is
considered as the best choice. For this board 3.57945/2 MHz
I's chosen. If the menory can not be matched with the
exi sting bocard, it is suggested that the board be interfaced
to the MDS, which can inmplement the additional control-

circuitry.

9 Mcs-80/85 TM Fanmily User Manual, Oct 1979, p6-4



5.2 16k DRAM Checker

Two test nmet hods are used on the DRAM checkers. The
user can choose a long or a short test by setting the
connected dip switch on the testing board to either the ON

or OFF position.
521 Har dwar e Descri ption

This board is designed as a 16k RAM checker. Figure
9 shows t he photograph, and Figure 10 shows the schematic of
t hi s checker.

On this board, the 8755 serves as program nmenory
storage and as 1/0 for the system |In order to have the
expected data come fromthe menory under test, a data |atch
LS373 is necessary, the XACK signal (TRANSFER ACKNOW.EDGE
pi n #29 of the the 8203) serves as the strobe inthis case,
and the Ls373 is disabled when the 8755 is inthe enabled
state. -

The I NTEL 8203 is a dynam ¢ RAM control | er desi gned
to provide all necessary signals when using the 2164, 2118,
and 2117 DRAM in a mcroconmputer system The 8203 provides
mul ti pl exed addresses, an address strobe, refresh |ogic, and

refresh/access arbitration. 10

10
I ntel Conponent Handbook pp 3-285, 3-302.
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522 Testing Chips in The 16k DRAM Checker

Table 5 |lists the 16k DRAM chi ps that can be tested

usi ng this checker.

TABLE 5. 4116 Fam |y

VENDER PART NUMBER
TI TMS 4116
ANMD AMB026
Fairchild F4116
Fujitsu MB8116
Hitachi HM4716

I nt el 2117

I ntersil IM4116

| TT ITT4116
M t subitsu M5k4116
Most ek MK4116
Mot or ol a MCM4116
Nat i onal MM5290
NEC upD416
&I MSM3716
Toshi ba TMM416

523 Fut ure Expansion

Future hardware expansion is made possible by the
foll owi ng procedures in addition to the data and address
| i nes being connected to the CPU (ADO- AD7 and A8-Al5).

1. Connect the RAS of the new menmory chiptothe RaS

signal comng fromthe 8203, refer to Table 6. -

TABLE 6. 8203 Bank Sel ecti on

| NPUTS CUTPUTS
Bl BO RASO =Rrasi RASZ RAS3
0 0 0 1 1 1
0 1 1 0 1 1
1 0 1 1 0 1
1 1 1 1 1 0

The addresses assigned to the RAS signal are shown in



Tabl e 7.

TABLE 7.
8203 Active RAS Address Assignment
Active RAS Assi gned Address
RASO 0000H-3FFFH
RESI 4000H-7FFFH
RAS? 8000H-BFFFH
RAS3 COOOH-FFFFH

Locations 0 to 3FFFH are being used by the ROM and
4000H to 7FFFH by the 4116.

2 Inthe case RAS2 is used, 02 com ng fromthe 3025
shoul d be connected as shown in Figure 11 inorder to di sable
the data latch when the memory chip addresses are not

acti vat ed.
53 64k DRAM Checker

This DRAM testing board is very simlar to the 16k
DRAM t esting boards except that this board has to test 64k

| ocations. The 8085 is capable of addressing 64k | ocations.

Sl

3205 01 3205

RD LS126 1s126

' e

W~ wwmtt

FI GURE 11. Data Latch Method
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531 Har dwar e Anal ysi s

This board is designed to test a 64k RAM. PRefer tc
Figure 12 and Figure 13 for the photograph and schemati c.

In addition to being simlar instructure with the
previous two boards discussed, this bcard requires virtual
memory in order to test 64k | ocati ons when the 8085 i s used
as the mcroprocessor. The main feature of this bcard is
that it uses the overlap method to satisfy the requirements
of testing the 64k DRAM Figure 14 shows the hardware

structure of this overlap nethod.

Port PR4-PB7

74'H04 LS126

DL

I
| >

t‘i
2]
(=
[N
wn

8203

AAAAAY 1S

FIGURE 14. Cverlap Structure



When the ports PB4 to PB7 are asserted high, the

Ls125 goes to the high i npedence state. 00- C7 com ng from

the 8203 will be connected to the 4164 through the
I nverters. For this case, the | ocations 8000H- FFFFH
addressed by the processor will be mapped to the | ocations
7FFFH-0000H Wi t hi n the menory chip. On the ot her hand, when

a Low is asserted on the port PB4 to PB7, the LS126 goes to
hi gh i npedence state and 8000H- FFFFH addressed by the
processor is equal to 8000H FFFFH within the 4164.

Combi ni ng these t wo cases, O-FFFFH | ocations in the
menory chip will be checked by setting the output port PB4-

PB7 H gh and then Low.

532 Testing Chips in The 64k DRAM Checker

Table 8 lists the 4164 fam |y that can be tested

usi ng this checker.

Refer to TABLE 8

TABLE 8. 4164 Fam |y

VENDER PART NUMBER
- Tl TMS4164
Fairchild F64k
Fuji tsu MB8264
Hi t achi HM4864
I nt el 2164
Mitsubishi MSk4164s
Most ek Mk4164
Mot or ol a MCM666
Nat i onal NMC4164
NEC upD4164
&Kl MSM3764

Toshi ba TMM4164

35



5.3.3 Fut ure Expansi on

Fut ure expansi on can be obtained by sharing all of
the signal lines with the 4164 except for the data |ine ADO
used by the 4164. The rest of the data |lines AD1-AD7 are
avail able to be used as any data signal. cf course, the

software nmust be nodified to support this change.



CHAPTER 6
SGFTWARE DESI GN

This chapter is concerned about the testing software
of the three testers. Since the 8085 CPU is used, 8085
machi ne codes are enployed in the checker software design.
Each of the three prograns contains two parts. The first
part is called the pattern test routine. It checks the
uni queness of each byte and nmakes sure that every single bit
Is valid. After each location is checked, the gall op-read
test is applied to the rest of the nenory within this bl ock
( 256 bytes is defined as a block ). In this case, nost of
the interference between bytes will be detected. The second
part of the programis the sensitivity test routine which is
very useful in detecting the interference between bytes. For
t he case of the 8155, OOH - FFHis written into consecutive
menory |ocations. Then the contents of the menory are
reversed. If the sequence of FFH, FEH, ... 02H, 01H, OOH is_
not read from the 8155 menory |ocations, an error is
detected and this menmory chip is defective. During the
search for defective memory chips in the school's
el ectroni c shop, one 4164 chip was found which passed the

pattern test but failed the sensitivity test.

6.1 Testing Program for The Static RAM Checker

This programis illustrated in Figure 15, and the
conpl ete assembly | anguage program is contained in the

Appendi x A



{ START )

ASSIGN PORT
21 - OUTPUT
22 : INPUT

YES——’@

PATTERN TEST NO

LOAD 2000
TO

20FF WITH
00

\

LOAD FIRST
GET READY TO TEST ADDRESS 2000
----------------- INTO HL

@ ;
/\5\
HIS THE
< TrasT N YES ;4:E:>
ADDRESS ~
3///

NO

)

CLH

* ALL NUMBERS ARE
GET TESTING IN HEX.

PATTERN 01
02, ...

¥
WRITE INTO
MEMORY

FIGURE 15. SRAM Testing Program Flowchart (continued)



TN

2
y
READ BACK

FROM
MEMORY

WRITTEN
DATA EQUAL T
READ DAT

,/8155 FAIL NO

/ /
1

END

NO

N

ALL OTHER

\

JA <
8155 FAII_/ NO W
0 3

L—_—\ l YES

END

|

ADDRESS

_ |

FIGURE 15. SRAM Testing Program Flowchart

GET

ANOTHER
PATTERN

(continued)



SENSI TIVITY TEST

LOAD 00-FF

2000 = 20FF

| NTERCHANGE
2000 - 20FF
2001 - 20FE

CHECK
2000 - 20FF
SEQUENCE

155 FAIL/Z

ﬁ

FI GURE 15. SRAM Testing Program Fl owchart (conti nued)



 MOVE 4000
i TO 7FFF
[ WTH FO

MOVE FI RST
ADDRESS 4000
I NTO HL |

YES

GOTO
LED ON
ROUTI NE

v

GOTO
LED OFF

ROUTINE

8 ' NO
O i

GET TESTING
PATTERN F1,
F2/ .....

FI GURE 15. SRAM Testing Program Fl owchart (continued)



O,

i i

WRITE INTO!
MEMORY :

|

B
READ BACK |

FROM MEMORY

IS
WRITTEN DATA
EQUAL TO
EAD DATA 2

2114 FAILZ NQ

YES

|
l
|
' Ié;t\\

END

<PATTERN\\\g7 GET
TEST END, ? NO ANOTHER
PATTERH

YES

/

ARE, [ 8 |
ALL OTHER K\_/
2114 FAI I\Dms\
|

y YES
|
|
& N | NEXT
. / } ADDRESS
(
!

FIGURE 15. SRAM Testing Program Flowchart (continued)



LOAD FO - FH
TO
4000 - 7FFF

{
| NTERCHANGE

4000 - 7FFF
4001 - 7FFE

CHECK
4000 - 7FFF
SEQUENCE

/"2114 FAII_Z NO

A

2114 PASS

END

FI GURE 15. SRAM Testing Program Fl owchart



6.2 Testing Program for The 16k DRAM Checker

This testing programis simlar with the SRAM testing
program except that it only has one data line. The testing
flowchart is shown in Figure 16 and the assembly | anguage

program is contained in Appendix B

START

ASSIGN I/0
PORT
! \‘/
| NPUT
TESTI NG
MODE
Y
STORE ALL
MEMORY
WITH  FF
2 _
MOVE FIRST
LOCATION
4000 I NTO
HL

FI GURE 16. 16k DRAM Testing Program Fl owchart (continued)



YES/’*\‘

\/

WRITE FE
INTO
MEMORY

\
READ BACK

FROM
MEMORY

IS
DRAM FAILL NC FE
[

/ ?

B

END

DRAM FALMZ NO
ABXX:CURRENT
END ADDRESS
YES j‘
NEXT
ADDRESS
D

FI GURE 16. 16k DRAM Testing Program Flowchart (continued)
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LOAD MEMORY
WITH

FE,FF, IN

SEQUENCE

T
| NTERCHANGE
CONTENT
FE - FF

CHECK
SEQUENCE

DRAM FAIL

/

Z/DRAM PAS
!

|

- '

END

FI GURE 16. 16K DRAM Testing Program Fl owchart



6.3 Testing Programfor The 64k DRAM Checker

The two testing prograns for the 16k DRAM and the
64k DRAM are very sim | ar because both of them have one
data line excluding the 64k DRAM which has two sets of
| ocati ons 8000H~-FFFFH addressed by the 8085. The program
flowmchart is shown in Figure 17, and the conplete assenbly

| anguage program is contained in the Appendix C

<

ASSICGN 1I/0
PORT

v

{

| NPUT
TESTI NG
MODE

v

TEST FI RST
HALF
MEMORY

STORE ALL -
MENORY
WTH FF

!
L=0

LED ON
ROUTI NE

O,

FI GURE 17. 64k DRAM Testing Program Fl owchart (conti nued)
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+3

/’“\
!.\ 2
\\\\\\k YES GOTO
L=80 ? LED OFF
p ROUTINE
o
~3
~
LAST YES 71
ADDRESS ! /
2 4\\~/
} NO
WRITE FE
INTO
MEMORY
i
1
]
READ BACK !

FROM MEMORY

RAM FAIL[ NO
END

|

/

/ 7

/DRAM FAIl NO

END

FIGURE 17.

NEXT
ADDRESS

©

64k DRAM Testing Program Fl owchart

ABXX: CURRENT
ADDRESS

(continued)



@
|

LOAD MEMPRY
W TH rE,fF

. 1| NSEQUENCE
{ |

k

| |
| NTERCHANGE
1 CG\I-I-ENT |
| FE- FF

SEQUENCE

| CHECK

DRAM FAIj/‘

 ——

| !
YES 'TEST SECOND!
HALF MEMOR? ZIHALF MEMORY!

i DRAM PASS

FIGURE 17. 64K DRAM Testing Program Fl owchart



CHAPTER 7

SUMVARY

Wth the aid of a m croconputer design system three
RAM testing boards for a SRAM checker, a 16k DRAM checker,
and a 64k DRAM checker respectively were sucessfully
desi gned and built. The basic description of RAMs s
di scussed in chapter 2, the software systemis described in
chapter 6 and testing prograns are listed in Appendix A, B
and C Many hardware and software problenms are easily
detected and solved with the use of a MDs, which helps to
save a lot of timeduringthe devel opnent process of the RAM
testing boards. Wth the aid of a MDS, these checkers can

be expanded to test additional menory chips.

7.1 Per f ormance Eval uati on of The Checkers

These RAM testers are designed to detect both the--

hard nmenory errors and soft nenory errors to a high degree
of accuracy. The testing accuracy of the RAM checkers can
not be assigned a percentage val ue for RAMs in generxal but
only for a particular RAM since the fabrication process
di ffer for eachtype of RAM Every menory chip type has its
speci al characteristic and the failure distribution is
different for each one. In Chapter 3, it was pointed out
t hat soft menmory errors associated with the system | eve

problem and the rate of failure are hard to quantify.

This is why no al gorithm has ever been claimed to have a

50



percentile associated with its performance.

The testing method for SRAM i s conposed of barber-
pol e al gorithm sensitivity test algorithmand gall op-read
alogrithm For the DRAM the same nethod can not be applied
because of the long execution time (at |east one hour is
needed to test the 64k DRAM wunder 3.58 Mz with the same
met hod that was applied to the SRAV. That is why only the
bar ber-pole, the sensitivity algorithm and part of the
gal l op-write algorithms are enpl oyed by t he DRAM checkers.
The performance of the testing nmethod when conmbining
al gorithms should be better than using a single algorithm

whi ch was discussed in Chapter 4
7.2 Concl usi on

Application of the m crocomputer controlled RAM
checkers for the SRAM (8155 and 2114) and the DRAM (4116,
4164) results in detecting memory failures at a | ow cost
and with a high degree of reliability.

In addition to the personal usage, these RAM testers
could be very useful when starting up a small electronic
assembly plant where an inexpensive tool, insteaa of a
sophi sticated ATE, is needed to give a good eval uati on of
menory chips, if the DC and AC paraneters are not critical

These RAMtesters are very easy to use. No speci al
training is needed to operate them PASS and FAIL indicating-
LEDs on the front panel will show the user if the RAM

passes or fails the test

As was indicated in the previous chapters, the RAM



checkers could be expanded to check other memory chips.
Software witing may not be easy except for those who have
t he assenbly | anguage programm ng abi lity. The menory
chips to be tested in the RAM checkers are required to
accompany the 8085 CPU. Cther chips that are used with a
CPU other than the 8085 could be tested by enmpl oying the
same technique described in this thesis except that the
characteristics of the different types of CPU nust be taken
into account.

Recently, more powerful m crocomputers with
supporting hardware and software were devel oped. For
i nstance, a 32-bit m crocomputer was successfully
manuf actured. It is expected that the nenory checker using
the mcroconmputer-controlled program will become nore

sophisticated as other good testing algorithms evolve.
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TESTI NG PROGRAM LI SI TI NG FOR SRAM
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31s-1

Lcc

0080
2000
20FF
0000

0000
0002
3004
0005

0011
0014
0016

I 8080/1308S5 MACRI

JBJ

SEQ1
D320
JB22
£5601
FEQL
£22001
ZEFE

a3l

210020
3600
23

r
=
m

N i el e
ONCUARLWNE OO® O (9 A i) e

(]
Lo,

ASSTIMBLER, va.l MoDyLE PA

o
m
re

SOURCE STATEMENT

;bﬂ&Q&Ql..“"QQQ’CQ.Oi#l&.n..’.ﬂ”.’ill.’."".QQO&Q’Q’!QI’QQQGQ&!
i * STATIC MEMORY TIST "
;&ﬁ%“l“’."ﬂ’...’ﬂi..“’.QQ.Q&lﬂ"Qdi.ﬁd..ni‘ﬁﬁi.ih&’i'ﬁ’ﬁiﬁlhaQQ’&'
oy Jiinwe:r Hun9
1S/11/8S

;

;UESCRIFTIOMN:
;Qiﬂ'ﬂn.“Q’Qllii&ﬂ“i&{lulnﬂ..’“ﬁﬂﬂﬁi.lil!n"i’lli&‘llhi’h&’dhl&l&ll
;# This testindg prodaram 15 comerosed of “ATTERM TEST and SENSITIVITY

j» TEST for tne stvat:c RAMs (015512114) »
i% A 31p switch 1s :astatled on the front Panel: if the 1st switch#
;% 15 at the on ros:ticn, 2114 wil!l e zhecred:, otnerwise BLSS s =
;% the unit unuer checrked. *
j# Port 21122 are beindg ysed br tne 3083 to 'ndicate %“ne testing #
;# result, in anwy event , tt 1s Pron(otited to remove S1SS. »

;‘““ﬁ’“D”*”#ﬂﬂ*“&*”“QﬁﬁQﬂ”*’”"****Q‘**ﬁ&l*’l*"ﬂ%ﬁﬁl”"*ilh’”“*..

JRART I
17 -
;*%l*l*&%l*&*“*1***ﬁhﬁ*l#%%*****&ﬂﬂ*iQi*&*%*iﬂ*&il*lilﬂ*“**l*Q*****
i% f'attern test program 1s using the similar oarner pole and )

i* marred zeroes algortthm, »
;**iﬁiﬁ’l‘*l&****i**k**’*é&“*ﬁ**“i*****b*i*‘i*****Q*&l*****i**’***k

.~ -

JTEST B15% memary cnipP

FAT EQU 00SOH itesting pattern stored nhere
ST81 EQU 2000H istarting address of 81SS
ENS1 EQU 20FFH +end address of 8185

aRG H istarting srogram address
H
B
;***********%%**ﬁ*****Q*%l*****%**“*Q**Ql%*h#**hﬂ*%****h*%**h%**h**
i* The following program 1s to assign the directiaon of 1/0 Ports. #*
i# and clear tnhe pane! LE3 ,turn on %<ne 2LSTS ingicsnor. *
;*&l*l*#&*le**&’!*!*i**‘**i**“***lili*.*l***&!tﬁ****G**Q**ﬁ&****l*

3VI AsQO1H ’

ouTt 20H

IN 20K jreaa tne switch and seliect

ANI O1H ithe uni1t unaer test

CFI o1+

INZ T221 jif panel=01l so to 2114 test

1 ArOFEH jturn on tne 8153 indic3v-r,

ouTr 21H
i
;
5 W00 260 5090 26 20 36 460636 20 36 2036 90 0 2036 F 30 3030 900 30 0 30 30 3000 20 38 46 9630 00026 36 20 30 50 30 30 363090 20 4t 30 46 20 0 30 90 30 30 9030 00 20 6
i* Set all tne contents of all locations O in oruer to set reaur ¥
;% for the O test. »
[ T LY Soyrpvanpuppup v T T T TP T T TR R TR S P X LS TR ST L L LT

~+ e

LXI H,3T81 istarting address of 8155
0000: MVI M, OH imove 3!{{ locations with ¢
INX H

5



ISIS-1: 8080/8085 MACRO
LOC OBJ LINE
0017 .7C <3S
0018 FED21 S6
001Aa C21400 57

=B
59
40
61
42
63
44
55
66
001D 210020 37
0020 118000 48
0023 £B 69
0024 7E 70
0025 FEOO 71
0027 CTA3S00 72
*002A EB 73
Q02B 77 74
002C 46 75
002D 38 75
OOZE C2ER000 77
0031 13 78
0032 £32300 79
30
81
82
33
84
35
86
0035 £B 87
0036 7E 88
0337 2F 89
0038 47 90
0039 110020 91
0035 £X 92
003D 7E 93
0035 FEOO 94
95
0040 C25%590 96
97
0043 23 98
0044 7C 99
0045 FE21 LOO
0047 $23p0O 131
004a EB 102
004B 23 103
004C 7C 104
004D FE21 10S
004F CAHJIOO 106
0052 C32000 107
00SS 7E 108
00Ss 90 139

ASSEMBLER, V4.1 MODULE PAGE

"

SOURCE STATEMENT

30V Are

7
Crl 2iH ;1€ not excecde 2100 soto 0Q0CQ
JNZ 0000

1
;
H
;&hl&&%%lﬂO.hh&iﬂ**ﬁ'hﬁd‘.*l’ﬂl%ﬁlﬂ!lﬁ”nﬂ*l*n*ki’ﬁ“#“lnﬂhn.i&.ﬂ&ﬁ&i
;w Get tne Pattern from iocat:ion PAT one ow one » wr:te 1nto the «
;# location » and pyll %t out to do tne testing. G0 to O test wnens

;# runring out of tne sattern at each tozation.
;““Qﬁﬂﬂﬁ'““ﬁﬁ"*"“’ﬂ’*’**“*“‘“’.*.**%%%*l‘.‘ﬂ“‘ﬁl*Ql*“*”ﬂ’”**l**ﬂ“i

i
H

LXI Hs,ST91 jstarting address

LOOP1: LXI D,PAT ;jeattern stored nere

LOOF2: XCHG
oV ArM
crl H iif pattern 15 O sthen 3o the zero
Y4 ZERO itest.
XCHG
MoV M:A jlocat:on Sstored with esattern
MOV B
Cup B jcheck 'ocation content with pattern
JNZ FAIL istore if not equal tnen sump Lo tne
INX D iFAIL souruot:ne .Jtherwise go to next
IMP Laar2 jlocation.

~. e

JZZROES TEST

PR P P T T T T T TR TR TR S AL LT e
i This test 1s to test tf ai! those focati.ons otner than tne »
i specified one cantain O .
;***“Q%*****“*****ﬂﬂ****“*****i*hh**““**l*****i****“******l********
ZERO : XCHG

MOV ArM jget the comei iment of the initial
tMA jvalue t0 masa this specified |ocatton.
nov BsA
LXI D,STS1
YCHG
QLF MOV AM
CPI H jcompsre 3l the content: of locations
jwith zeros
JNZ MaP ;i€ not O » then sots MAP subrout:ne
jto check :f 1t 13 allowed.
CON1 ¢ INX H
MOV ArH
crl 21H
JNZ qL#
XCHG
INX H i jJume to succedins tocat :on
MoV ArH jeneck if test compiete ?
CFI 21H
J2 SETST 3if complete sot0 sensitivity test
JHP LOQF1 jor continue tne Pattern teosy
MAP - MOV ArM jadd up the content with that of

ADD B ithe specif e one

i
Ut



131s-12

LoC

2087
0059
00sC
00%E
3061
0063
0065

0080
0080
0081
0032
2083
0034
008S
0036
0087
0088
0089
Q08A
008E
008C
0u8h
008E

0090

OoBO
00BO
00B2
00BJ

Q08%
ooBS
Q0BR

3080/3085

JEFA
D322

76

210020
CEQO
71

MACRQ

LI NE

10
111
1z
113
114
1135
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
1335
136
137
138
139
140

ASSEMBL

PASS

.
’

e
=N

Ja,l MODULE FAGE 3

SOURCE STATEMENT

(o]

JHZ
MVl
JMP
MVI
aur
HLT

OFFH jecneckh i f ot s paual CFH

FAIl L ji+f not sump to FAIL sumroutine
4,0

CON1

A OF6H iset the »ass |:3ht on

21H

7

; TESTI NG PATTERN

IR ZITRITL LSRR R XRYS ISR LSRR LSRR 2SR RS2 2 R0 R L 22 2 L)
i# These are 'he testing patterns for the 8159 testing prosram,

is failowed to rerrent tne end of the epattarns. *
IR ITI RTINS TSI 2T SIS SAL IR IS S S S S 2 R sl d]

3w OCH

?

?

ORG
3R
0B
DB
0B
DH
9B
0B
0B
DR
0B
DB
Dr
0
DB
DB
O3]
op

PAT
Q14
QZH
04H
08H
10H
20H
40H
SO0H
OFEH
OF I
OF BH
OF 7H
QEFH
JDFH
OPFH
07%H
OoH

IEXZIURIAL2ETE LTSI LRI TR LRSS SRR SLTRSLEETE RS R S 2L Y S
ts to turn on the FAIL LED Jispiay. *
XTI TIITRTL TS L RIS AL 22 LRR SRR TSR YR RS L ST

i®# Thrs

"AL

}

FPART I

CRG
"I
out
HLT

v
a

OOBOH
ArOFAH iset the FAIL lisht on,

22H

IEI XTI EITTRSILS LSS RS LS SRR SRS AR S el Y R Y]

i This

15 to

30 the SENSITIVITY TEST to ensure the meoory isn’t®

i# affected oy the other locations dur ng the switching per:iod ¥
j# By storing O ~ FF into the locstion 2000 ~ 20FF | then *
i% reverse the seauences then check if the contents of those #

i* locations

are tn the reverse sequence wnich ue demand. *

IR IZYTL 2T 2SS ARSI LSS SRS LA RS RS LIS LTSy Y

FJSENSITIVITY TEST:

SETST:
CONT2:

LX
MUT
MQV

H,5T81 ilpad O~Ff t0 t3e iocations from
C,Q0H 12000~20FF
M,C i€ is tne content of each locat.on.



ISIS-II 8080,/3085 MACRO ASSEMBLER, V4.1l MODULE PAGE 4

-2C 0OBJ LINE SOURCE STATEMENT
OOBH 23 155 INX H jincrease the location .
“QRBRC 7C lobd Moy AsH jcnecy. ¥ done 7
0Bl FZ21 157 CF1l 21H
OOBF ZAC400 168 42 CHK1 jyess 30 on to CHK routine to
169 jintercnange the content of seecified
170 jlacstions.
Q0Cc2 2C 171 INR c
0Q0C3 C3RADO 72 JHF CON72
00Cs 1LFF20 173 CHK1 @ LXI L,ENSL Jintercnande tne zantents of locatons
00CY9 210020 174 XTI H,3TG1 J2000~20FF,2001~20FE:2002~20FD. . ...
OOCC 46 17S L00P3: MOV B,M
00C2 EP 175 XCHG
OOCE 4E 177 nov cm
QQCF 70 178 nov M.B
O0DO EY 179 XCHG
3001 71 180 MOV “,C
0002 1R 181 ocx o
o0on3 23 182 INX H
o0oDl4 7T 123 MaV AL ichneck 1 f ail done
0005 FEQO 184 crl 80oH
00n7 C2CCO0 18S JNZ LOOrP3
136 ,
137

b
188 S THE FOLLOWING PROGRAM | S TO CHECK IF THE CONTENT JF THE ARRAY |S
189 iIN THE ORDER FROM LARGE TO SMALL.

Q0DA 210020 190 LXI H»STS1
00Dl 1600 191 MUT 0y 00H '
QQDF 15 192 LOOP4: DCR i ;
QCEOQ CA&100 193 JZ FASS
00EZ 97 194 SUB A jreset tne zarry flog
004 7E 199 MOy ArM
00£5 23 196 INX H
CO0ES 96 197 SuUB M
007 DAEQQ0 198 JC FAIL
OOEA CARO000 199 <z FAIL
OOED CIDFQ0 200 JMP LOOF4
201 »
202
0800 203 sT21 EQU 0200H
ORFF 204 EN21 QU OPFFH
Q200 208 PAT2 EQU Q0200H

W ARy L L L T e T T T T Y A P R YR Y T TN T R )
207 i% The folliowing program 1s to test tne 2114 (2k*4) memory | tne*
208 ;# sizorrthm used (s the same as tne one Seibg used :n tne above*

209 % eprogram, *
21 IEITTIRETE LTRSS LS SRR L IR LSRR R SIS Y g
211

a3 8al

1
213 JTEST 2114 CHIP
214 iPART 1
215 SFATTERN TEST FOR 2114
:16 IEZ I 2T L TR LEELR 2L YLERL 2SI LRSS RS LSRR L XS S Y )
217 i% The followtng Pprodram 1s to reset the indigators and turn on @
213 % tne 2114 indicator. -
:1 CANE T2 IR ISR I AL SRS SIIL IS 2 L L)



Lac

0120
01290
0122
0124
0125

0128
012K

JLID
012g
012F
0131

0134
9137
013A
Q13B
o1z
0140
0142
0145
0147

8080/808%5

0BJ

JEFF
0322
3JEFD
2321

210008
I4F0
23

e
FE0C
C22B01

210009
110002
70
FECO

214A FE

014C
014F
0131
0154
0156
0139
O1SHE
01SE
0160
0163
0164
0165
0167
015A
015R
016C
014D
014E
0170

CA7301
33

4F

7

7E
F&FQ
Y9

MACRO ASSIMBLER.

LINE

220
adeadl
aledel

223
224
228
ﬁ'ﬂé
227
228
229
230
221
232
233
234

-
233

236
237
238
239
240
241
242
243
244
245
246
247
248
249
2350
221
252
253
254

Are
-

256

57
258
259
160
261
262
263
264
255
268
267
2458
269
270
271
271
273
274

Ja.1

SOURCZ STATEMENT

RG
MUI
ouTr
MUT
our

0120H
A)OFFH
22H
A OF UH
21H

MODULE PAGE S

iresc’ the pass tndicator

iturn on the 2114 indicator

H M 2Ty YRS T2 YR S SRS 222222222222 S22 22 222222 22X 22 2.2 2 22 d
j# The foliowing Prosram 1s to set 3il tne contents of tne memory

i

# ipcation to ve 9

tn order to set ready for tne zero test *

3R T N OSB3 OO0 I AN S 3 S B e B A0 36 30 T b b I A6 b b S0 e e o 2 3 B B 06 O 2 3 3 3 3 I6 S I T 3 U B 3 3 %

)
i

LOOFS:

-1
MVI
INX
nnv
CFl
INZ

H,ST21
M,QFOH
H

RrH
OCH
LOarS

39000 00 9020 060640 30 30 30 90 3630 30 20 9690 30 20 3 902030 0 3 5030 2620 H0 00 T 20 00 30 30 30 06 20066 30 226N BN
i® Get tne pattern from

2

i* location

, and puil

lacation PATZ one by one » write :(nto the
tt out for tne testindg. Goto O test unen *

i%* run out of tne pattern at eacn locatian,
;&n*******ﬁ**n****ii***Qiill***n*ﬂ**h%&*”**ﬁl&&l*i#*%*****i*****“

i
i

LOOP6:

[ala) o

L X1
L X1
Mav
crl
JZ
crI
Jz
CPI
Jz
CPI
JZ
CPI
Jz
CPI
JZ
CFlI
JZ
CPI
JZ
XCHG
nov
CPI
Jz
XCHG
nov
Moy
Mav
ORI
awpP

HsST21
D,FATD
AL
QO0H
LEDON
Z0H
LzDOF
40H
LEDON
60H
LEDOF
BOH
LZDON
OAOH
LEDOF

rmove L to A
jif L=O so to LEION

jif L=20 so to _EZDOF
iif L=40 so0 %o L.ZTON
}if L=60 30 to .EDOF
iif L=80 so to LEDON
jif L=A0 g0 to LEDOF
iif L=C0 g0 to LZULON

jif L=E0 so to LEDOF

58



1SIS-II 8080/80BS MACRO ASSEMBLER: V4.1 MODULE PAGE 6
LCC B LI NE SOURCE STATEMENT
0171 c29cot 275 Nz FAI2
0174 13 276 INK 3
0175 £34301 217 Jnp LCOP?

79
280 ; ZERCES TEST FCR 2114
:Bl ;l%in‘ﬁ‘hﬂ'ﬂ..un..din&iQlﬁlli‘i*%*idiil%l%ni%ﬁlQill&ﬂﬁﬁ*l&di%lnil

LB e

232 iThis test 15 %a check if all_locations otner tnan the <s@cifimdax
233 % one =entain zarn . -
284 ;"hill’.n'.&’n*iiiw&*niinlbiln.‘!’l‘i’."'il‘*nbli!li*'!i!*i‘*&*

0178 <B 285 I0TE : XCHG

0179 50 296 MQV EsL
017A Sa 237 MQy D,H
0178 23 ‘138 INX H
217C 7C 289 (e} AsH
017D F20C 290 cP1 OCH
017F CA0B02 291 J2 SETS2
0132 72 292 LOOPS: Mgy ArM
0183 F&FOQ 293 ORI OF OH
0188 FEFO 294 crl OFOH
0107 c29cel 275 JINZ Fal2
018a 23 296 I NX H
0188 7C 297 MQV AsH
018C FECC 298 CrI CH
218E C2BZ01 299 INZ LOGQFB8
0191 &F 300 MoV L E
0192 62 301 {olY HiD
0193 23 302 INX H
0174 C33701 303 JMF LOQFé
0197 3&FS 304 PSS NVI A, OFSH
0199 D321 305 aut 21H
019k 75 304 HT
019C 3EF9 307 FaI2 : MYl A OFFH
019E 0321 013 Qur 21H
01A0 75 309 HLT
01A1 3EFD 310 LEDOF: MVI A OFDH
01A3 9321 311 aur 21H
01AS £34301 312 JMP Loarz
01A8 ZEFL 313 LEDQN: MYI ASQF LH
01AA D321 314 aur 21H
01AC C36301 315 JMP LOCF?

316

317

H
318 ; TESTLNG PATTERN FOR 2114
3 19 3 ******&**i************’***********”*#l*ﬂ***"l*****&****“********
320 ;%*This 1s the testing program for the 2114 memory cnip; Q0H 15 ®
*

I21 ;# follpued tn reerent the end of the test.
T 5 M3 e I 22 U 0060 O U6 T30 IO J6 e TN 206 T U6 I U T e I 3 I I U e I 0 B A 26 06 2 22

0200 323 CRG PAT2
0200 F1 324 DE OF LH
0201 2 223 DB OF2H
0202 F4 326 H OF 4H
0203 F8 327 DB OFBH
0204 FE 328 DE OFEH

0205 7 329 B OFTH

I
e



ISIS-II 8080/3085 MACRO ASSEMHLER, V4.l MODULE PAGE 7
Loc OoBJ LI NE SOURCE STATEMENT
0206 F7 330 DB OF7H
0207 FoO 331 B OF OH
322
333

334 jPART I1I

335 IRITTIIIIZTR YIRS YR YRR R SRS RS R R 2Rt L))
336 i» This s to d0 the SENSITIVITY TEST to ensure the memory 1s’nt
337 ;% affected oy the other memory dqur:ne tne sWitching eeri0d. #
338 ;# By storing 00 ~ OF into the first sepec:ified loc3ations suDset

339 ;# tnen soon to opther subset til! the end of tne tocations »
340 ;% Reverse those contents 1n the supset n , it faiis unless tne*
341 ;% 3rr3y 15 in the order from !a3rge to small unen ue cnecr. “he #*
342 % order. L4

R T L L Yy R oy e T T P e T P AL T
I44 FSENSITITY TEST FOR 2114

0208 210008 345 SETS2: LX H,3721
020k L1FFOR 346 LXI U,EN21
020E OEQO 347 MYI C.,00
0210 71 348 LOOP9: MOV M,C
0211 ocC 349 I NR C
0212 23 IS0 I NX H
0213 7C ISt MQy ArH
0214 FEQC 3S2 CPI OCH
0216 T2i002 353 JNZ LOQr?
0219 210008 IS4 REV : LXI H,3721
021C 46 35S L0OFA: MQY B.M
0210 ER IS XCHG
021z 7€ 357 MQu ArM
921F 70 358 MOV M,B
0220 €R 1S9 XCHG
0221 77 360 MOV M, A
0222 1B 361 acx D
0223 23 362 I NX H
022% 7C 363 MoV AsH
0225 FEOA 364 CFI OAH
0227 Ca2p02 36S 42 CHK
022A C3iC02 366 JMP LOOP?
Q22D 210008 367 CHK : LXI H1ST21
0230 46 368 LOOPB : NOV BoM
0231 7D 369 nov arl
0232 30 370 ADD B
0233 E&0OF 371 ANI OFH
0235 FEOF 372 CFI OFH
0237 c2%cot 373 JNZ FA12
023A 23 374 INX H
Q238 7T I73 Moy AsH
023C FEOQC I78 CPI OCH
Q23E C23002 277 JNZ LOOPB
0241 €3%9701 378 Jme PSS
279 END

PUBLIC SYMBOLS

o
)



1S8Is-I1 80BO/B0BS MACRO ASSEMHLER,

EXTERNAL

SYMROLS

USER SYMEROLS

CHK A
FAIL A
LOOPS A
MAP A
REV A
ZOTE A

ASSEMBLY

0220 CHKL A 00Cé
00BO LEDOF & O1A1
012B LOQFé A 0137
0055 OLP A Q02D
0219 SETS2 A Q208B
0178

COMPLETE, NO ERRORS

V4.1

CON1
LEDON
LOOF?
0000
SETST

A 0043
A 01A8
A 0163
A 0014
A Q0BS

MODULE

CONT2
LOOF1
LOOP8
FASS
ST21

PAGE

00BA
0020
0182
0061
0800

B8

EN21
LQor2
LOOF?
FAT
ST81

OBRFF
0023
0210
0080
2000

ENB1
_00F3
[alsl g}
AT

TE21

DL > >

n0F¢
00C.
021
020

oL
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1§Is-12

LOC

4000
7FFF
0000
0000
0002
0004
0006
0008

0010
0011

0014
0014
0017
001e
001A
001D

0010
0011
0023
00264
09028
002R
002D
0022
002F
0031
0033
0038
0039
003A
023C
003F
0042

Ha

tde.

BOBO/

OBJ

3EFF
p302
3EFE
D300
3E00
D303
DEOL
£401
4aF
110040

J6FF
23

7C
FESO
C21400
210040

7D
FEOO
CA7000
FEBO
CA7700
3JEFE
77

7E
F&FE
FEFE
C26B00
234200
7Cc
FEBO
£22000
L3700
79

aS

8085 MACRG

=
z
m

OO ~NO LB Wt

ASSEMBLER) Wé&.1 MODULE PAGE i

SOUKCE STATEMENT
T L T Ty Ry Y T LR L L R
] 16K ODYNAMIC MEMORY TEST *

XTI SRS RSS20 2R 2 R R Rt X2 2222 2 R X R X 2
’

1

JOESCRIPTION:

X222 LLILLSASRLSSL AR S R R R Y L R ) X 2 L
;# This testing program uUSes tne same 31SOr itnn as we ©
;# have for tne stat:c KAH test. The oniy difference t1s#
j# tnat the user can nave a choice to select tne <estine
% method e:ther with or witnout tne MAPFED 1 test Dy
7% setting the togsie switch on the tront panel. »
XX ETRL TSRS 2RISR RS 22 R R sl lddd
’

i
i®#ART I, PATTERN TEST

ST16 €ay 4000H jstarting address for 4116
EN16 EQU 7FFFH iend address tor 4116
ORG OH
] | #,0FFH iasssien the 1/0 eport
ouTt H
MVI A2 OFEH iset the 4116 indicator on
ouT OH
MV1 A0 iassign the I1/0 port
ouT 3H
IN 01H jread the toegie switch Position
ANI 01H
nov ’A istore to C
=XI H,3T16 inmove all the memory locat ions w
Haa
LOOFLY MYI M, 0FFH
INX H
MoV ArH
CFrI S0H
JNZ L00F1
LXI H,ST1é6 imove frrst tocstion to Ho»
jget resay for tne test.
LOOP?: MOV ArL jif L=0 go t0 LENON rocutine
CPI OOH
JzZ LEDON
CFl BOH ;if L=80 so0 to LENDF rout:ne
Jd2 LENOF
LOOP3: MVI A»OFEH Jmove FE %o A
MOV MiA imove A to memory |ocation
MOvY [ 92,] jmove back to A
ORI OFEH
CFl OFEH icompare with FE
INZ FAIL inot eaual:, S0 to FAIL
JMF ZERO jges, SO to ZERO routine
BBH : MOV ArH jis test compieted ?
CFI BOH -
JNZ LOOF2 jmer SO to LOOF2
—— Me SENST jyes» 20 to SENST
ZZRO : #bv AsC sjchecr the tosgle position

On

N

w:itn



ISIS-1I1 BOBO/BOBS MACRO ASSEMEBLER, va,l MODULE FAGE 2
L0C ORY LINE SOURCE STATEMENT
003R 7E 55 MoV Ao M imove batlk to A
003C F4FE S6 ORI OFEH
003E FEFE 37 CFl OFEH icompare with FE
0040 C27D00 1 JNZ FAIL inot eaual, go to FAIL
0043 C34F00 59 JMP ZERO ives, go to ZERO roputine
0046 7C 40 BBB : MOV A'H its test complieted 7
0047 FEOQO 61 [0l 204 QOH
0049 C220100 62 JNZ LOOF2 ino, do0 to LOOF2
004C (39300 63 JMP SENST ivyes, 9o to SENST
004F 3IAFF20 é4 ZERD : LDA 20FFH icheck the toggle position
0052 E402 65 ANI 02H
0054 FEOQ2 B 66 CFl O2H icompare with 02
0056 CA7300 67 Jz cce ieaual, o to CCC
005% 3D 48 MOV E,L inosr store HL to DE
005A 5S4 69 Mov D:H
00SR 23 70 INX H jincrease HL
00SC 7D 71 MOV AL icheck if L larger than FF
oosSt D600 72 SUI OH
025F CA7100 73 JzZ AAA ives, g0 to AAA
0062 7€ 74 LOOP4: MOV ArM inos, start one test
0063 F64FE 75 OR1 OFEH
004% FEFF 76 CFI OFFH icheck if is one?
0067 C27D00 77 JINZ FAIL ino, 30 to FAIL
006A 7D 78 MOV AL
004k 23 79 INX H inext location
004C FEFF 80 CFl OFFH itf it laraer than FF
004E C26200 81 JNZ LOCF4 ino, 30 to LOOF4
0071 &K 82 AAA ! MOV L,E jves: mov DE back to HL
0072 42 83 MOov H,D
0073 23 . 84 CCC : INX H jincrease HL
0074 C34600 89 JHF BRE ieo to HBER
0077 3AFA20 86 FASS : LDA 20FAH iPASS indicator Jdata
007A D322 87 ouT 22H
007C 76 8e HLY
007D 3IAFER20 89 FAIL : LDA J20FEH JFAIL indicator data
0080 D322 90 ouT 22H
0082 76 ?1 HLT
0083 3AFC20 92 LEDON: LDA 20FCH JLEDON indicator data
0086 D322 ?3 ouT 22H -
ooee C33800 4 . JMFP LOOF3
00BR 3AFD20 95 LEDOF: LDA J0FDIH JLEIOFF indicator datsa
00BE 01322 96 ouT 22H
0090 C338300 97 JMF LOOF3

?8 iThis rpart of the test is to verify the sensitivity of
?% imemory . —

100 iThe folling program is to store 0,1,0,1 ,.. to memory
101 jiocation
0093 210080 102 SEMST: LXI Hs3Té64 Jiload 0/,1/,0,1 ...sequence to memory
0096 LLIFFFF 103 LXI D, ENG4
0099 OEOO 104 MUY C,00
00%F 71 105 LOOFPS: MOV M,C
009C oC 106 INR C
009D 23 107 INX H
00%E 7C 108 MOV ArH iif it complete?

CO9F FEOQO 109 . CP1 00H - B



ISIS-11 8080/8085 MACRO ASSEMBLER, V4.1

LOC OBJ LINE SOURCE STATEMENT
009H 70 110 MOV MR
009C 2B 111 DCX H
009U 77 112 nov MrA
00%7E 23 113 INX H
009F C39200 114 JnF LOOFA
115 iThe followindg program
116 +each location are
00a2 210040 117 CHK ¢ LXI H,STL6
00AS 7E 118 LOOPR: MOV AN
00A6 23 117 INX H
00A7 HE 120 CMP M
OOAQ CAG4E00 121 JZ FAIL
OOAB 7C 122 nov ArH
OOAC FEBO 133 CFI BOH
OOAE CA4600 124 JZ PASS
Q0R1 C3AS500 125 JMP LOOFP
126
127 END
FUBLIC SYMHBOLS
EXTERNAL SYMEOLS
USER SYMHEOLS
AAR A 0060 RERR A 0039 ee A 0062
LEDOM A 0070 LOOF1 A 0014 LOOF2 A 0020
LOOFF A 00aS FASS A 0066 REV A Q08F
ASSEMELY COMFLETE., NO ERRORS

MODULE FAGE 3

imove M to H
idecrease H
imove A to M
jincrease H
joump to LOOFA
is to check

imove M to A

irncrense H

icomepare uith M

iif not equal g0 to FAIL

icheck if test comelete
ino» g0 on
CHK A Q0A2 EN16
LOOP3 A 002R LOOP4
SENST A 007E ST16

¥ the contents of
1n the right sequence uhich we demand.

A TFFF
A 0351
A 4000

FAIL
LOORS
ZERD

A 006F
A 008¢
A Q09042

BN

)
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ASMB0 :F1:iHL.ASM

ISIS-II 3080/3808BS5 MACRO ASSEMBLER, Ya.l MaDu PAGE 1

~
m

LOC QBJ LINE SOURCE STATEMENT

IRIZITIZARRERYRZT AR RS2 LRSS LR RS R AL L] LY YRRy Re ey ey

A 44K ODYNAMIC “EMORY TEST °
R Ty T T T TR TR T R TR R Y R R

’
)

JUESCRIPTION:

IRTIIYTTRY Y222 S22 22X R R R R R R sl R e ity
3#» This test:nd program uses the same aigorithm as we *
i*» have for the static RAM test. The oniy difference is»
10 ;% tnat the user can nave a choice to select tne testing
11 /# metnhod eitner witn or «i1thout the 4APPED 1 test oy =
12 i» setting tne toggle switeh on the front Panel. B
13 i# 4164 has %4k#1 memory cCarac i tr: virtue zemorwy method*
14 3% 15 needed for the wnoie test with the 3055. There are
1S i# tuo 3000 to FFFF location 1 selected by one I/0 portx
16 i# line. *
17 HIIIZITTTTTEETI LT PLEE TSI SE 2SR TS 222 22 R RS L L 2 2

© 00 ~NO & H» wWwNr

13 }
19
20 iPART I, PATTERN TEST
2000 21 3Té4 EQU 8000H istarting address for 4164
FFFF 22 EN64 EQu OFFFFH ijiend adadress for 4154
0000 23 ORG CH
0000 3E02 24 MYI ArO2H iassian the 1/0 port
0001 D320 W ouTt 20H
0004 3IEFE 26 ui¥ | A)OFEH Jset the 4164 indic3tor on
0006 0B322 27 ouTt jadat}
0008 32Fz20 28 STA 20FEH istore for later usase
Q00R DRI 29 IN 2: iread the togsgie switgn Position
000D 32FF20 30 STA 20FFH istore here
0010 21FA20 3t LXI H)20FaH ,
0013 364FC 32 ul¥] | M,OFCH jstore the 1st routine FASS data
0015 23 33 INX H
0016 36FA 34 MVI M,OFAH istore the 1st routine FAIL 2ata
0018 23 3 INX H
0019 34F8 34 MVI M,0F8H istore the 1st routine LLDON data
Q013 23 37 INX H
001C 36FE e null NnsOFEH jstore the 13t routine LEDOF 33t3
001E 210080 39 START: LXI Hi3764 imove ail the memory locations with
40 iFF
0021 34FF 41 LOOP1: Myl n,oFFH
0023 23 42 INX H
0024 7C 43 Moy AsH
002S FEOO G4 [5828 4 OOH
0027 T22100 43 INZ LOOPL
002A 210090 46 X1 Hs3TS4 imove first location to HL,
47 iset reaagy for the test.
0020 70 48 LQOOP2: MOV AL jif L=0 so to _ENON routine
Q02E FEOO 49 crl OCH
0030 CA8300 S JZ LEDION
0033 =80 51 CPI BOH }if L=80 so to LINOF routine
003S CA8EO00 52 wE LZDOF
0038 3IEFE £3- LO0F3: MVl ArQFZH  imove FE %o A -

0038 77 54 MOV MrA imove A to memery location



ISIS-11 B0BO/8BOBY

LOC

0043
0045
0048
0049
004A
004k
004C
004E
0051
0052
0054
0056
0059
003A
00Sk
005U
0060
0061
0061
0063
0066
0068
006A
004k
oo6I
006F
0070
0072
0074
0077
0079
007B

007E
0031
0084
0085
0087
0098
0009
008A

008F
Q092
0093
0094
009S
0097

OOYA

OHJ

FEO1
CA6200
an

54

13

70
D600
CA4000
7E
F&4FE
FEFF
C26K00
7D

23
FEFF
C25100
6B

62

23
C339200
JEFC
0300
76
SEFA
D300
76
JEFB
D300
C3I2R0O
SEFE
0300
c32p00

110040
11FF7F
OEOCO
71

ac

23

7C
FEBO
£28600

210040
46

23

7C
FEBO
CAARZ00

TE

MACRO

LINE

SS
Sé
57
S8
59
60
61
62
63
&4
3
&6
&7
68
69
70
71
72
73
74
75
76
77
78
79
80
81
a2
83
84
85
86
87
88
89
90
91
2
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

ASSEMBLER,

LOQP4:

RAA
ccC

PASS

FAIL

LEDON:

LEDOF ¢

SOURCE STATEMENT

CFI
Jz

MOV
MOV
INX
MOV
Sul
Jz

MoV
a1
CFrI
JNZ
nov
INX
CPI
JINZ
MOV
MOV
INX
JHP
MVl
ouTr
HLT
MVI
ouTr
HLT
MVI
ouTr
JMP
MUT
our
By

V4.1

O1H
ccC
Es/L
oH
H
ArL
H
AAA
ArM
OFEH
OFFH
FAIL
AL
H
OFFH
LOGF 4
L E
H,D
H
BBR
AsOFCH
H

Ay QFAH
CH

A OFBH
CH
LOOP3
A)OFEH
CH
LOOP3

iThis part of the test

i memory

iThe folling program 1s

ilocati
SENST:

LOOPS:

on
L X1
L X1
MVl
MOV
INR
INX
Mgy
CPI
INZ

H,ST16
I ENLS
£,00
M, C

C

H

ArH
30H
LOOPS

iThe folliowing Pprogram

jconten
REV :
LOOFA:

t
L X1
MoY
I NX
nov
CF1
JZ

MOV

4000 ~ 4001
H)ST14
B M
H
AsH
80H
CHK

AH

18 to

’

MODULE PAGE

icomeare with 01
ieaual, 90 to OCC
inos» store HL to DE

iincrease HL

icheck if L larder than FF

ives, 90 to AAA
inos start one test

jchech if it one?
inor do to FAIL

inext location

7if it Jlareer than FF ?
inor so to LOOP4
jyesy aov DE back to HL

itncrease HL
jg0 to BBH

iFASS indicator data

iFAIL indicator data

JLEDON indicator data

JLEDOFF indicator Jdatsa

s to verify the sensitivity of

to store 0,1,0,1 ... to memory

iload 0,1,0:1

i.Sequence to memory

Piif it comPlete?

‘nos 90 top LOOQFS

4002~4003,

?

iif reverision
’to check it.
imove M to A

interchange the memory

s comeieted so



ISIS-I1 8080/8085 MACRO ASSEMRLER, Va.l MODULE PAGE 3

Lot OBJ LI NE SOURCE STATEMENT

00A1 C29BOO 110 JNZ LOOFS inos So to LOOPS
111 ;The following program 18 t0 interchanse the memory
112 jcontent , 8000 ~ 8001 » 8002~8003, ....

00a4 210080 113 REV : LX Hi ST64

00A7 46 114 woaopra: NOV B/M

00AB 23 115 L NX H

ooa? 7C 116 MOV ArH }

O0AA FEOO 117 CPI OOH

OOAC CAP700 118 JZ CHK lif reverision is comrieted so
119 Jto check it,

OOAF 7E 120 MOV A:H imove 1 to A

Q0oPO 70 121 MoV MsB jmove 1 to B

00B1 2B 122 DeX H idecrease H

00B2 77 123 nov MrA imove A t0o N

0083 23 124 I NX H Jincresse H

Q0R4 C3A700 125 JMP LOOFA Jiume t 0 LOOPA

126 iThe following erowram is t0 check if the contents of
127 jeach location are in the risht seauence which we demand

Q0R7 210080 128 CHK & LXI H»ST64
OOPA 7E 129 LOOPB: MQV A imove M t0 A
OOPR 2 130 - I NX H iincrease H
OOPC RE 131 M, 14 M jcompare with M
OOBD CA7DO00O 132 JZ FAI L lif not eaual so to FAIL
ooco 7C 133 MoV AH jcheck if test comelete
00oci FEOCO 134 CPI OOH
00C3 C2RAOO 135 JNZ LOOPP ine, SO on
00Cs6 3AFE20 136 LDA 20FEH jwes, |0ad 20FE to A
00C? FEO6 137 CFl 06H icomrare with 6
Q0CH CA7700 138 JZ PASS Jif it is eauatl g0 to PASS
OOCE 21Fa20 139 LXI H:20FAH ino:, reset
00D1 3604 140 My M) 04H i1PASS indicator data
oon3 23 141 I NX H
00D4 3602 142 MV1 M, 02H JFAIL indicator data
00Ds 23 143 | NX H
0007 34600 144 MVI M,OH JLEDON indicator data
oone 23 145 INX H
OODA 3606 146 MYI . MsO6H JILEDOF indicator dJdata
OOPC 7E 147 MoV AMn
OODD D322 148 ouT 22H ireset LED
OODF 32FEZO 149 STA 20FEH |
Q0E2 C3ILECO 150 Jmp START jeo to another 8000 to
151 $FFFF routine.
152 END

PUBLI C sYmBoLS

EXTERNAL SYMBOLS

USER SYMBOLS

AAA A 0071 RBR A 0046 ccc A 0073 CHK A 0087 EN64 A FFFF
LEDON A 0083 LooP1 A 0021 LOOP2 A 002D LOOP3 A 0038 LOOP4 A 0062
LOOPO A OOBA PASS -A 0077 REV A 00A4 SENST A 0093 ST64 A 8o0aQ_

N
\(

FAI L A 007D
LOOPS A 0098
START A 00LE



1SIS-1I1 8080/8085 MACRO ASSEMBLER, V4.1 MODULE  PAGE 4

ASSEMBLY COMPLETE, NO ERRORS
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8085A/8085A-2

xy w3 vee
X2 Q2 390 HoLD
RESET OUT O3 38 HLDa
sop 4 373 cLK touT)
sip s 36 E RESET IN
TRAP ™6 35 READY
RST?7S Q7 3a [ 10/
AsT 55 8 130 5
AST55 ]9 12p A0
INTR [0 N wR
WTA g1 0% 0B aLe
ADg O 12 2913 so
ADy 313 280 Ass
aDz e 270 asa
aD3 15 26{3 A3
aps 6 250 Ay
ADs 17 23 an
ADg [ 18 23 A
ADy ]9 2203 a9
ves ] 20 21 Ag

Figure 2 8085A Pinout Diagram

8085A FUNCTIONAL PIN DEFINITION

The followtng describes the function of each pin:

Symbol
Ag-Ais
(Output. 3-stat)

ADn-7
(Input/Output,
3-state)

ALE

(Output)

So. S1, and 10/M
(Output)

Function

Address Bus: The most significant 8
bits of the memory aaaress or the 8
bits of the /O address. 3-stated dur-
ing Hold and Halt modes and during
RESET.

Multiptexed Address/Data Bus: Low-
er 8 bits of the memory address (or
/0O address| appear on the bus dur-
ing the first clock cycle (T statei of a
machtne cycle. It then becomes the
data bus durlng the secona ana third
ctock cycies.

Address Latch Enable It occurs dur-
ing the first clock state of a machine
cycle and enables the address to get
latched into the on-chip latch of pe-
ripherals The fatling edge of ALE s
set to guarantee setup andhold times
for the address information The fall-
ing edae of ALE can also be used to
sirone the status information ALE s
never 3-stated

Mactune cycle status:
10/ 31 So Status
Memory write
Memory read
170 wnite
/0 read
Opcode fetch
Interrupt Acknowledge
Halt
Hoid

X Reset
= 3-state high impedance!
= unspecified

RPOPRPPROO

XORrRrRPRO-4O
XX OrrFr OoOpr OF

X

Symbol

AD
(Output. 3-state)

WR
(Output, 3-atate)

READY
(input)

HOLD

(tnput)

HLDA

(Output)

INTR
(input)

St can oe used as an advanced R/W
status. 10/M.Sg and S1 become valid
at the beginming of a machine cycle
and remain stable throughout the
cycle The falling edge of ALE mav te
used to latch the state of these lines

READ control A low level on RD n-
dicates the selected memory or 'O
device 1s to be read and that the Data
Bus 1s available lor the data transter
3-stated during Hold and Halt modes
and durtng RESET

WRITE control A low level on WR in-
dicates the data on the Data Bus 's to
be written into the selected memory
or I/Q location Data is set up at the
trailing edge of WR 3-stated durlng
Hold and Halt modes and during
RESET

IfREADY is high during aread orwrite
cycle. it ingicates that the memory or
peripherai 1s ready to send or receive
data If READY 1s low the cpu wilil
wait an integral number of clock
cycles for READY to go high before
compteting the read or write cycte

HOLD indicates that another master
1S requesting the use of the address
and data buses The cpu. upon re-
ceiving the hold request. will re-
linqguish the use of the bus as soon as
the compietion of the current bus
transfer Internal processing can con-
tinue The processor can regain the
bus only alter the HOLD 1s removed
When the HOLD is acknowiedged the
Address. Data. AD, WR, ana |O/M
lines are 3-stated

HOLD ACKNOWLEDGE indicates
that the cpu has received the HOLD
request and that it will relinguish the
bus in the next clock cycle HLDA
goes low after the Hold request 's
removed. The ¢pu takes the bus one
half clock cycle alter HLDA goes low

INTERRUPT REOUEST is used as a
general purpose interrupt It 1s sam-
pled only during the next to the last
clock cycle of an tnstruction and dur-
ing Hold and Halt states If itis active
the Program Counter PC will be tn-
hibited {rom incrementing and an
JNTA will be 1ssued During thiscycte
a RESTART or CALL instruction can
be inserted to jump to the interrupt
service routine The INTR i1s enabled
and disabled by software It 1s dis-
abled by Reset and immediately atter
an interrupt 18 acceoted.



8085A/8085A-2

8085A FUNCTIONAL PIN DESCRIPTION (Continued)

Symbol Function Symbol Function
INTA INTERRUPT ACKNOWLEDGE Is Schmitt-triggered  nout, allowing
(Output) used instead of anag has tne same connection to an R-C netwoerx lor
uming asi RD during the instructon power-on RESET aeiav The cou s
cycle atter anINTR is accepted. It can held n tne reset condition as long as
be used to activate the 8259 Interrupt RESET IN 's apphea.
chip or some other interrupt port.
RESET OUT indicates cou is being reset. Can pe
RST 55 RESTART INTERRUPT.S.'These three (Cutput) used as a system reset The signal is
RST 6.5 inputs nave the same timing as INTR syncnronizea to the processor ciock
RST 75 exceot they cause an internal RE- ana lasts an integral numoer of ciocx
(Inputs) START lo be automatically inserted periods
Zrc?erz:jloars"éhg{/vr:his?l’albntteerlru'ﬁ)'fegz X1, X2 Xy and X3 are connected ¢ acrystal.
h |
interrupts have a hignher priority than (inpu) tl%cir }:::n':::';'x;? OCr;vne;:(;n;eem;r:
!/’l\lo-l;.lz.ﬂ I nnaugg:(te'cozn‘ofjrt]ea/smay t?]: Ig?r; external clock input from aiogic gate.
mslrucinon 9 The input frequency 1s dividea by 2 to
' give rhe processors internat oper-
TRAP Trap Interrupt s a nonmaskable RE- ating frequency
{input) START interrupt. It ts recognized at
the same time as INTR or RST §.5-7 5. CLK Clock Output for use as a system
It 1s unaffected by any mask or Inter- (Output) clock The penog of CLX is twice the
rupt Enabote. It has the highest priority Xi. Xz input period
of any interruot. (See Table 1) SID Serial input data line. The data on this
RESET IN Setsxhq/Program Counte-tg zerobna (Input) line 1s loaded 1nto accumulator bit 7
{input) resets the interrupt Enable ana HLDA wnenever a RIM instruction 1s exe-
flip-tlops. The dataang address buses cuted.
and the controlhnesare3-?t?1ted dur- sSOD Senal output data tine The output
ing RESET and because of the asyn- (Output) SOD is set or reset as specified by the
chronous nature of RESET. the pro- SIM instruction
cessor's internal registers and flags '
may be altered by RESET with unpre- Vee -5 volt supply.
dictable results. RESET IN s a Vss Ground Reference
TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS. AND SENSITIVITY
Address Branched To (1) \
Name Priority When Interrupt Occurs Type Trigger !
TRAP 1 l 24H Rising edge AND hign level urtl sampled |
RST 75 2 . 3CH Rising edge 'latched; -
RST 65 3 34H High level unti sampted |
RST 55 4 2CH | mign level until sampled !
! INTR s See Note 2 } Hign level until sampled !
NOTES.

(11 The processor pushes the PC on the stack before branching to the indicated address.
{2: The address branched to depends on the instructton provided to the cpu wnen the interrup! 1s
acknowledged.



TYPES SN54ALS373, SN54AS373, SN74ALS373, SN74AS373
OCTAL D-TYPE TRANSPARENT LATCHES WITH 3-STATE OUTPUTS

¢ 3Latches in a Singie Package

¢+ 3.S-ate Bus-Driving True Outputs

8 Full Parallel Access for Loading

¢ Buffered Control Inputs

¥ P-N-P Inputs Reduce D-C Loading on Data Lines

¢ Package Options Include Both Plastic end Ceramic
Chip Carriers in Addition to Plastic and Ceramic DIPs

# Dependable Texas Instruments Quality and Reliabiiity

incription

Thee B8-bit latches feature three-state outputs ™ designed
specifically for driving highly capacitive or relatively low-
mpedance loads. They are particularly suitable for implementing
buffer registers, 1/Q pons, bidirectional bus drivers, and working
registers.

The eight latches of the 'ALS373 and 'AS373 are transparent
D-type latches. While the enable (C) is high the Q outputs will
foliow the data (D) inputs. When the enable is taken low, the Q
outputs will be latched at the levels that were set up at the D
nputs.

A buffered output-control input (OC) can be used to place the
sight outputs in either a normal logic state (high or low logic
lavels) or a high-impedance state. In the high-impedance state
the outputs neither load nor drive the bus lines significantly. The
highimpedance third state and increased drive provide the
capability to drive the bus lines in a bus-organized system
without need for interface or pull-up components.

The output control OC does not affect the internal operations of
the latches. Old data can be retained or new data can be entered
while the outputs are off.

Te SN54ALS373 and SNS54AS373 are characterized for
operation over the full miiitary temperature range of —55°C to
125°C. The SN74ALS373 and SN74AS373 are characterized
for operation from 0 °C to 70°C.

FUNCTION TABLE LEACH LATCH}

INPUTS ouTPUT
OC ENABLEC [5) a
L H H H
L H L L
L L X Qo
H X X z

02661. APRIL 1982 ~REVISED DECHVBER 1983

SN54ALS373,. SN54AS373 . . . J PACKAGE
SN74ALS373. SN74AS373 . . . N PACKAGE
(TOP VIEW)
ocl 200 Vee
1a? 19 j8Q
10s 0eo
20« 171070
22(s s{d7a

.3as s0sa
ao(J7 w[JsD
4 8 13kd &
859 12698
19
GND nc
SN54ALS373, SN64AS373 . . . FH PACKAGE
SN74ALS373, SN74AS8373 . . . FN PACKAGE
(TOP VIEW}
8]
og
aog $¢
jSwg e p aum § Sy
321

.

4af)e
GND

(SN oMl
[Vl



TYPES SN54ALS373, SN54AS373, SN74ALS373, SN74AS373

OCTAL DTYPE TRANSPARENT LATCHES WITH 3-STATE OUTPUTS

lo. c symbol

logic diagram (positive logic)

oc ety
1
SRALA P
= 12)
wB_fo » T2l
20 (& 'S)__ 29
30 n 16] 10
a0 _I8 19 __ 4
sp_{13) 12 g
so 14 (15} 6Q
70 _117) 181 2q
sp_1181 N o
= 1} N
oc B
e D La p
c1 12}
13 L Pt 1Q
10 10
<
*-ACt 5) 20
203 10
4
” jC1 {6) 1q
30 10
<
. L - [3] 191
08 0 o 4Q
[
g Cc1
RE] N D2 sa
sD 10
[ o= 3] a 15)
14) R et
6D - 1D sa
L
o C?
(1 o— ALl
70 10
1181 i W—Ma
8D 1o

-

Ul

Pin numbers shown are for J and N packages.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOl AGE. VO v o v v v e e et e e i e e e e e e e e e PAl
LT LT QR T 1 T T 7%
Voltage applied to adisabled 3-state OULPUL . . . . o oottt it e et e e e e e e 554
Operating free-air temperature range: SN64ALS373,SN54AS373 .. ... ... ... ... —=55°Cto125%

SN74ALS373,SN74AS373 . .. .. i e 0°Cto 70

Storage temperature range . v v o v v o vt v i et e e e e e e e e e ~=65°Cto 150Y
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8755A /8755A-2
16,384-BIT EPROM WITH 1/0

s 2048 Words x 8 Bits a 2 General Purpose 8-Bit /0 Ports

e Single +5V Power Supply (Vee) » Each I/O Port Line Individually
Programmable as lnput or Output

8 Directly Compatible with 8ogsa
and 8088 Microprocessors # Multiplexed Address and Data Bus
a UV. Erasable and Electrically s 40-Pin DIP

Reprogrammable

a Internal Address Latch

The intel® 8755A s an erasable and eiectrically reprogrammable ROM (EPROM) and 1/ O chip to be used in the 8085A
and 8088 microprocaessor systems. The EPROM portion ts organized as 2048 words by 8 bits. It has a maximum
access time of 450 ns to permit use with no wait states in an 8085A.CPU.

The 170 portion consists ot 2 general purpose |/0 ports. Each /0 port has 8 port lines, and each 170 port line is
individually programmable as input or oulput.

The 8755A-2 18 a high speed selected varsion ot the 8788A compatible with the 5 MHz 8085A-2 and the full speed 5
MHz 8088.

ior

PIN CONFIGURATION BLOCK DIAGRAM
06 ANOCT, ] 1~ a0 [TV
cE; ()2 m[Jre, cu————l
ek {3 38 (J°8;
RESET [ 4 37 [JP8 READY |
Voo O 5 s [18, _
neaov (s 5 (178, ‘°¢N<:___—>
om 7 34 P8,
s
9

PORT A
n e, . — o
32{3"8,

AD
iow (] 10 arssa/ 21 [3PA,

2 X8
ae (] 875582 3y Pyea, 10/ | EPROM
A0, 12 20 [OPay ALE mere——-t &> ..,
40,3 23 [2%A, AT ‘ _
ACy (] 1e 27 (3, fre] _
A0, s F3all AESET ] -
A0, (1 25 (17A, GR
AC, (117 26 [1PA,

A, [ a CE, (
L] e P2 RSt ’QOG:CE'—I I I—v“ i vV}

AD, (1 1y 2 é“ v

] 00 Veg 10V
ss (] 20 b3l




8755A FUNCTIONAL PI N DEFINITION

Symbol

ALE
“nnput)

ADo-7
finput/output)

Ag-10
nnput}

PROG/CE1
CE2
nnputi

10/M
ftnput)

RD

(input!

oW
nnput)

CLK
linputi

Function

when Address Latch Enable goes
nigh. ADg.-7, 10/M, Ag-10. CE2, and
EE_\enter the address latches. The
signals +AD, 10/M. As.i0. CE: are
latched n at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower 8-bits of the PROM or ¥/O
address are applied to the bus iines
when ALE s high.

During an /0 cycle. Porr A or 8 are
seliected based on thelatched value of
ADo. !! AD or IOR is low when the
latched Chip Enables are actlve. the
output bufters present data on the
bus.

These are the high order bits of the
PROM address. They do not affect
/O operations.

Chip Enable Inputs: CE1 s active low
and CEz is active high. The 8755A
can be accessed only when BOTH
Chip Enables are active at the time
the ALE signai latches them up. if
either Chip Enable input s not active,
the ADo-7 and READY outputs wili
be in a high Impedance state. CE11s
also used as a programming pin. (See
section on programming.!

If the latched 1Q/M 1s high when RD
is low. the output data comes from
an /O port. If it is low the output data
comes from the PROM.

If the tatched.Chip Enables are actlve
when RD goes low, the ADo-7 output
buffers are enabled and output either
the selected PROM location or 1/O
port. Whenboth RD and IOR are high.
the ADo-7 output buffers are 3-stated.

If the tatched Chip Enablesare active.
alow on IOW causes the output port
pointed to by the latched value of
ADg to be written with_the data on
‘ADo-7. The state of 10/M s ignored.

The CLK is used to force the READY
into its htgh impedance state after it
has been forced low by CE1 tow. CE2
high, and ALE high.

Symbol
READY
toutput)

PAg-7
finput/output)

PBo-7
tinput/output)

RESET
tinput)

1OR
{input)

Vece
Vss
Voo

Functlon

READY is a 3-state output controlled
by CEz CE:. ALE and CLK. READY
1s lorced low when the Chip Enables
are active during the time ALE 1s high
and rematns low until the rising eage
of the next CLK. (See Figure 6

These are general purpose /O pins.
Thetr input/output direction s deter-
mined by the conlents ot Dara Direc-
tion Register IDDR: PortAisselected
for write operations when the Chip
Enables are actlve and iOW s low
and a 0 was previously latched from
ADg, AD1.

Read operation 1s selected bv esther
IOR low and active Chip Enables and
ADg and AD1 low or 10/M hign RD
low. actlve Chip Enaoles, and ADo
and AD:1 low

This general purpose I/O port is
identical to Port A except that it 1s
selected by a 1 latched from AD¢ and
a 0 from AD:.

In normal gperation. an tnput high on
RESET causes all pins in Ports A and
B to assume tnput mode ictear DDR
register:.

When thi_Chnp Enables are actlve. a
tow on 1OR will output the setected
IO port onto the AD bus {OR low
performs the same function as the
combination ot !O/M htgh and RD
low. When iOR1s notusedinasystem,

iOR should be tied to Vee 1"
+5 vol’ suppiy.
Ground Reference.

Voo 1s a programming voltage. and
must be tied to +5V when the 8755A
1S being read.

For programming. a high voltage s
supplied with Vpp = 25V.typicai See
section on programming.:
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- 8203
64K DYNAMIC RAM CONTROLLER

Rovldes All Signais Necessary to a Fully Compatible with Intel2 8080A,
Control 64K (2164) and 16K (2117, 2118) 8085A,iAPX 88, andiAPX 86 Family Micro-
Dynamic Memories processors

Directly Addresses and Drives Up to 64 ® Decodes CPU Status for Advanced Read
Oavices Without External Drivers Capability In 16K mode with the 8203-1and

Provides Address Multiplexing and the 8203-3.

Srobes m Provides System Acknowledge and Trans-

. fer Acknowledge Signals
Rovides a Refresh Timer and a Refresh

Sounter » Refresh Cycles May be Internally or Exter-
nally Requested (For Transparent Refresh)

Provides Refresh/Access Arbitration .

B Internal Series Damping Resistors on All

nternal 0 ock Capability with the 8203-1 RAM Outputs

wd the 8203-3

sintel® 8203 is a Dynamic Ram System Controller designed to provide all signais necessary to use 2164.2118
2117 Dynamic RAMs 1n microcomputer systems. The 8203 provides muitiplexed addresses and address
rooes. refresh logic. refresh/access arbitration. Refresh cycles can be started internally or externally. The

I0-1and the 8203-3 support an internal crystal osciltator and AdvancedRead Capability. The 8203-315a85% Ve
n

[ =)
O
Ll == ‘ wd wh e
. - T ey wd: (T e
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ant— [y . (i
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[ O K3, &0t
iy O =,
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* Figure 1. 8203 Block Diagram Figure 2 PIn Contiguration
1 Ne y 12 the Use of Any Circunry Other Than Clreunry Embodied in 81 inted Proouct. NG Other Ciroud Patent Licanses are impusd.
B, CORPORATION 1982 JULY 1982

- . 3-259 OROEA NUMBEN, 21044002



Table 1. Pin Descriptions

Pin i Pin
Symbol | No. { Type | Name and Function Symbol | No. | Typo | Name and Function |
ALg 8 | .| Addreaa Low: CPU address In- RASg " |21 |O Row Addreaa Strobe: Used !9t
ALy 8 ! puts ured to generate memory RAS, 22 |0 latcn the Row Address nto they
10 |1 row sddress. RAS,/ 23 | O bank of dynamic RAMs, seiect |
ALj 12 |1 ouT, ed by the 8203 Bank Setect pins
Alg 14 |1 RAS4/Bg |28 |10 (Bg. B1/0Py) In 84K made,
AlLs 18 |1 only RASg and AAS ¢ are avar-|
AlLg 18 |1 able: pin 23 operates as CUT7 |
and pin 28 operates as the 89|
AHg 5 | Address High: CPU address In- bankpselect \nout. Ol
AHy 4 1 puts ured to generate memory {
AHg 3 | column addresas. XACK 29 [0 Transter Acknowledge: Thsj
AHq 2 ! autput 18 a strobe indicating vak |
AHq 1 1 id data durtng a read cycle or|
AHsg 39 |1 data written durtng a write cycle |
AHg 38 | XACK can be used to latch vaid |
i data from the RAM array.
Bg/ALy |24 |1 Bank Select Inputs: Used to . |
By/OP¢/ |25 |) gate the appropriate RAS output SACK 30 |0 System Acknowledge: Ths|
AHy foramemory cycle. B1/OP4 op- output indicates the beginmingot |
tion usedto seiect the Advanced a memory access cycle. It can)
Read Mode. (Not availabie m be used as an advanced trans- |
84K mode.) See Figure 5 fer acknowledge to eliminate}
When in 84K RAM Mode. pins 24 wait states. (Note. If a memery|
and 25 operate a8 the ALz and accessrequest ts made durtngaj
AH7 address inputs. refresh cycie. SACK 18 deisyed|
until XACK in the memory a¢:{
TS 33 ! Protected Chip Seleet: Used to cess cycie). !
i?i?:’lfn”;fs mgﬂ;s;yariaglgr:;i Xo/OPz |36 |1/0 Oscillator Inputs: These inputs |
started le willl not abort );ven i Xq/CLK |37 [11Q are designed for a quartz crystall
PCS goles inactive before cycle to control the frequency of fe|
completion oscillator. If Xg/OP2 1s shorted
B - to pin 40 (V) or it Xg/OP3 18
WR 31 | Memory Write Request. connected to T12v through
1KQ resistor then Xy/CLK be
RDO/S1 32 |! Memory Road Request: 51 comes a TTL input fo‘r an exter
funciton used in AdvanceQRead nal clock. (Note: Crystal modal
mode selected by OP y (pin 25). for the 82031 and the 82033
REFRQ/ |34 | External Refresh Request: ALE only).
ALE function used in Advanced Read 16K/84K |35 |’ Mode Selact: This Input selects |
mode. selected by OP 1 {pin 25). 18K mode (2117, 2118) or 84K|
[e]1}0)) 7 o) Output of tho Muitiplexer: thde (fzwt‘t)' :msd 23':'“
out, 9 0 There outputs are designed to ¢ e;ngef uncton based on the
BuT, 11 [0 drive the addresses of the Dy- mode of operation.
OUTy 13 |0 namtc RAM array. (Note that the vee ! 40 Power Supply: +5V.
OUTs 15 |0 BUTg.7 pins do not require In-
OUTs 17 |0 verters or drivers for proper op- GND 20 Ground.
OUTg 10 |O eration.)
28 |0 Write Enable: Drives the Wnte Functional _Desc”puon .
Enable nputs of the Dynamic The 8203 provides a complete dynamic RAM ¢ontrok
RAM array. ler for microprocessor systems as well as expafision
TZS g ie) memory boards. All of the necessary control signais

Column Address Strobe: This
output :8 used to latch the Col-

umn Address into the Dynamtc |
RAM array |

are provided for 2164.2118 and 2117 dynarmic RAMs.

The 8203 has two modes, one for 16K dynamic RAMs
and one for 64Ks, controlled by pin 35.

W



TMS2716

MOS 2048-WORD BY 8B T ERASABLE
LSI PROGRAMMABLE READONLY MEMORIES
DECEMBER 1979 - REVISED OCTOBER 1383
2048 X 8 Organization TMS2716 . . . JL PACKAGE
{TOP VIEW)
All Inputs znd Outputs Fully TTL Compatible RYSE Ve
Static Ogeration (No Clocks, No Refresh) A6 (2 A8
A5 []3 A9
® Performance Ranges: Aa C‘ Vg
ACCESS TIME CYCLE TIME a3 (s A10
(MAXI (MIN) a2ls 190 vpp
TMS2716-30 300 ns 300 ns Al C7 1811 SiPGMy
TMS2716-45 450 ns 450 ns aos 170 as
3-State Outputs for OR-Ties g; E?O :: ch;
N-Channel Silicon-Gate Technology Q3E” 141 ) qs
. . . 12 13l jqa
8-Bit Output for Use in Microprocessor- vss
Based Systems
® Low Power. .. 315 mW (Typical) PIN NOMENCLATURE
o AO-A10 Addresses
description Q1-as Data Out
The TMS2716 is an ultra-violet light-erasable, elec- S(PGM) Chip Select (Program)
trically programmable read-only memory. It has Ves =5-V Supply
16.384 bits organized as 2048 words of 8-bit length. VCCtPE! +5-V Supply (Program Enable)
The device is fabricated using N-channel silicon-gate VoD +12-v Supply
technology for high-speed and simple interface with vss 0 v Ground

MOS and bipolar circuits. All inputs {including program

data inputs} can be driven by Series 74 circuits B
without the use of external pull-up resistors and each output can drive one Series 74 or 74LS TTL circuit without
external resistors. The TMS2716 guarantees 250 mV dc noise immunity in the low stare. Data outputs are three-
state for OR-tying multiple devices on a common bus. The TMS2716 is plug-in compatible with the TMS2708 and
the TMS27L08. Pin compatiblie mask programmed ROMs are available for large volume requirements.

This EPROM s designed for high-density fixed-memory applications where fast turn arounds and/or program changes
are required. It is supplied in a 24-pin dual-in-line cerpak {JL suffix) package designed for insertion in mounting-hole
rows on 600-mil {15,2 mm) centers. It is designed for operation from 0°C to 70°C.

operation (read model

address (A0-A10}

The address-valid interval determines the device cycle time. The 11-bit positivelogic address is decaded on-chip to
select one of 2048 words of 8-bit length in the memory array. AQ is the least-significant bit and A 10 most-significant
bit of the word address.

chip select, program (S (PGM)]

When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the
chip select is high. all eight outputs are in a high-impedance state.

program

In the program moas, ine chip select feature does not function as pin 18 inputs only the program pulse. The program
mode 1s selected by the VG PE} pin, Either O V or +12 V on this pin will cause the TMS2716 to assume program cycle:

data out (Q1-Q8}

The chip must be selected before the eight-bit output word can be read. Data wiill remain valid until the address is
changed or the chip is deselected. When deselected. the three-state outputs are in a high-impedance state. The out-
puts will drive TTL circuits without external components.



8205
HIGH SPEED 1 OUT OF 8 BINARY DECODER

a 110 Port or Memory Selector & Low Input Load Current — 025 mA
Max, 116 Standard TTL Input Load

e Simple Expansion = Enable Inputs m Minimum Line Reflection = Low

» High Speed Schottky Bipolar Voltage Diode Input Clamp

Technology ™ 18 ns Max Delay = Outputs Sink 10 mA Min
m Directly Compatible with TTL Logic m 16-Pin Dual In-Line Ceramic or Plastic
Circuits Package

The Intel® 8205 decoder can be used for expansion of systems which utilize input ports. output ports, and memory
components with active low ¢hip select input When the 8205 1s enabled, one of its 8 outputs goes "low ', lhus a single
row of a memory system 1s selected. The 3-chip enable inputs on the 8205 allow easy system expansion For very large
systems, 8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory
expansions.

The 8205 is packaged in a standard 16-pin dual in-line package. and its performance 1s specified over the temperature
range of O°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to ottain fast switching speeds
resuits in higher performance than equivalent devices made with a gold diffussion process.

PIN CONFIGURATION LOGIC SYMBOL
A4
Ag 1 16 Vee Ag Op O
Ay 2 15 On Ay 0, O—
A, : 3 14 DO' Ay Q3 Oor——
€, ( 4. 13 Oq 0y 5
8205 8208
€, S 12 0O, 0. b
€3 s n 04 A€, 0s b
Q, I 7 10 Og Ae, 0
GRO' 8 9 Qg —_—r, o jo—
AODRESS | €naBLE HuteYTS |
PIN NAMES A A A fE I, E4j0 t 2 1 3 5 & /|
LU Ll L ML oM oW e
L O T R S R S Y B BN TR TN
Ag Ay ADDRESS INPUTS [ TR U VRN IR TR
- E. L S N R S R B I L L
£r €y ENABLE INPUTS [ N I ) oo oM
Oo §7 OECODED OUTPUTS [N S I SR ST l I B I
[ T T O U I A R T T L I T S 4]
I oI L L R L
P T L T T R U B B TR VR |
P T T T T VT
x x X 0L ML 1 L I N L (N
L }n L I O R L T T T} l
X X x I oL Mo e e M s e om
- x x i NooM [ H M oM H M e
x X X ;u L T N . I I ) I




intel
8155/ 8156/ 8155- 2/ 8156- 2
2048 BT STATIC MOS RAM WITH I/0 PORTS AND TIMER

B 256 Word x 8 Bits m 1 Programmable 6-Bit I/0 Port
Single +5V Power Supply B Programmable 14-Bit Binary Counterl
Completely Static Operation Timer
B Internal Address Latch B Compatible with 8085A and 8088 CPU
2 Programmable 8 Bit 1/QO Ports 8 Multiplexed Address and Data Bus
B 40 Pin DIP

The 8155 and 89156 are RAM and 1/0O chips to be used in the 8085A and 8088 microprocessor systems. The
RAM portion 18 designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns
|0 permit use with no wait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use
with the 8085A-2 and the full speed 5 MHz 8088 CPU.

The 1/Q portion consists of three general purpose |/ Q ports. One of the three ports can be programmed to be status
pins, thus ailowing the other two ports to operate in handshake mode.

A 14-bit programmable counter/timer s jaiso included on chip to provide either a square wave or terminal count pulse
for the CPU system depending on timer mode.

PIN CONFIGURATION BLOCK DIAGRAM
et 7w O vec
e, [ 2 39 [J ec, g
TIMERIN (] 3 a8 PCy 10/M PORT A
asssrg . 37 {3 PG, A "e-r
e, Os 36 ] P8, AD:,@ 256 X 8
TimeA out (J 6 35 (] P8¢ STATIC —
om 7 34 [ P8y RAM ]
Ceonce(Js
9

AT 8
33{7 s, P — e <:'P°8 > ve,.,

AB 32(] P8, ALE |

s - s —

ALE (1 g1ss.zy 30(0 P8, A

ac, (2 91562 (7 ra,

— PORT C
S
A0, {12 28 [ Pa, c @"Cps
RESET mmmre—e| [ TteA | -

11

aD, {14 2217 pag

a0, s 26 {7 PAg l —

Al i L] l

0. Gre H oa TIMER CLK Vee 128V)
a0y (17 24(] 7a, REATST Vgg 10V
ADg [ 138 23{7 ra,

a0, {19 223 ra,

vss [ 20 n{] ra,

* 8155/8155.2 = CE. 8156/8156-2 = CE




81551'8156 PIN FUNCTIONS

Symbol

RESET
nnput

ADg.»
anput:

CEor CE
‘lﬂpu(v
RD
nnput:

WR
nnput

Function

Pulse proviged by the 8085A to rmi-
naiize the system :connect to 8085A
RESET OUT Input high on this fine
resets the chip and rmitiahzes the
lhree 11O ports to nout mode The
width of RESET puise snouldtypically
be two 8085A clock cycle times.

3-stale Address/Data lines that Inter-
face wsth the CPU lower 8-bit Ad-
dress;Data Bus. The B8-bit address 1s
latched nto the address laten insige
the 3155156 on the tfalling ecge of
ALE The aagress can be erther for
the memorv section or the I/Q section
depenaing on the 1O/M Input. The
8-bit data s either written into the
chip or read from the chip, depending
on the WR or RD input signai.

_C_h:o Enable: On the 8155. this pin 1s
CEandis ACTIVELOW.Onthe 8156,
this pin s CE and 1s ACTIVE HIGH

Read control. tnput low on ths iine
with the Chip Enable active enabies
and ADg-7 buffers. If IO/M pinis low.
the RAM content witi be read out to
the AD bus Otherwise the content
of the selected /O port or command/
status registers will be read to the
AD bus.

Write control: Input low on this line
with the Chip Enable active causes
the data on the Agdress/Data bus to
be written to the RAMor I/Q portsand
command/status register depending
on IO/M

Symbol

ALE
nnput:

10/M

anput:
PAg.718
nput/output

P8g-78)
rtnput/output!

PCo-56"
anput/output

TIMER IN
fnput)

TIMER OUT

routput:

Vce
Vss

T
\N

Eunction

Address Latch Enabte: This control
signal latches both the address on the
ADo-7 ines ana the stare of the Chip
Enable and !O/M into the chip at the
falhng edge of ALE.

Selects memory if low and 1/0 and
command/status registers if righ

These 8 oins are general ouroose iI/0
ptns. The in/out direction s selectea
by programming the command
register

These 8 pins are general ouroose /O
pins The insout direction 1s selected
by programming the command
register

These 6 pins can function as etther
input port. output port, or as control
signalis for PA and PB Programming
1s done through the command reg-
i1ster When PCg-s are usedascontrol
signails, they wiil provige the fol-
lowing:

PCo — A INTR Port A interrupt:
PCy — ABF Port A Buffer Full,
PC2 — ASTB Port A Strobe

PC3 — B INTR Port 9 Interrupt
PCs — B BF Port 8 Buffer Fuil:
PC5 — B STB ‘Port B Strooe:

Input to the counter-timer

Timer outout. This output can be

etther a square wave or a oulse de-
penaing on the imer mode.

+5 volt supply
Grc ind Reference.
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TMS2114, TMS2114L
1024-WORD BY 4-BIT STATIC RAMS

DECEMBER 1979 = REVISED AUGUST 1983

dasc

Previously Called TMS4045/TMS40L45
1024 X 4 Organization

Single *5-V Supply

High Density 300-mil (7.62 mmi 18-Pin
Package

Fully Static Qperation {No Clocks. No
Refresh. No Timing Strobel}

4 Performance Ranges:

ACCESS READ OR WRITE
TIME CYCLE
(MAX) (MINI
TMS2114-15, TMS2114L-15 150 ns 150 ns
TMS2114-20, TMS2114L-20 200 ns 200 ns
TMS2114-25, TMS2114L-25 250ns 250 ns
TMS2114-45, TMS2114L-45 450 as 450 ns

400-mV Guaranteed DC Nolse Immunity
with Standard TTL Loads = No Pull-up
Resistors Required

Common QO Capability

3-State Outputs and Chip Select Control for
OR-Tie Capability

Fan-Out to 2 Series 74. 1 Series 748, or 8
Series 74LS TTL Loads

Low Power Dissipation

MAX
{OPERATING)
TMS2114 550 mwW
TMS2114L 330 mwW

riptlon

TMS2114, TMS2114L ., . NL PACKAGE
(TOP ViEW!

as (v Uhs(J vee
as(J2 v{J a7
as (3 18] as
az(Je 5] a9
A0 9 s a(] o
a1(Js 3] caz
a2 12{] oca3
5s ] oqa
ves (]9 W] W
PIN NOMENCLATURE
A0 = A9 Addresses
0Qt = DQ4 Dats in/Dats Oul
3 Chip Seiect
Vee + 6V Supply
Vss Ground
W Write Enable

This series of staticrandom-accessmemories is organized as 1024 words of 4 bits each. Static design results n reducing
overhead costs by etimination of refresh-clocking circuitry and by simpiification of timing requirements. Because chis
senes is fully static. chip select may be tied low to further simplify system timing. Output data is aiways available

during a reed.cycle.

All inputs and outputs are fully compatibie with Series 74. 74S or 74LS TTL. No pull-up resistors are required. This
4K Static RAM senes is manufactured using Ti's reliable N-channei silicon-gate technology to opuimize the cost/

performance reistionship.

The TMS2114/2114L senes is offered In the 18-pin duel-in-line plastic {NL suffix) package designed for insertion in
mounting-hoie rows on 300-mrl {7.62 mm) centers. The senes is guaranteed for eperation from 0°C to 70°C.- -

©
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MOS TMS4116
LSI 16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY

CCTOBER 1977 — REVISED MAY 1982

N
® 16,384 X 1 Organization TMS4116 .. . NL PACKAGE
o ) (TOP VIEW)
® 10% Tolerance on All Supplies Ves mj VS_S
All Inputs Including Clocks TTL-Compatibie _Dgz 15{] CAS
; wlas 1aJa
Unlatched Three-State Fully TTL-Compatibie FAS 13[] A6
Output o) 12[] A3
® 3 Performance Ranges: A2 11:]A4
a1([d7 10Jas
ACCESS ACCESS READ READ. vop Cl8 3 : Vee
TIME TIME OR MODIFY-
ROW COLUMN WRITE WRITEF
ADDRESS ADDRESS CYCLE CYCLE
(MAX)  (MAX) (MINI {MIN)
PIN NOMENCLATURE
TMS4116-15 150 ns 100 ns 375 ns 375 ns
TMS4116-20 200 ns 135 ns 375 ns 375 ns AO-A6 Addresses
TMS4116-25 250 ns 165 ns 410ns . 515 ns Zas Column Address Strobe
® Page-Mode Operation for Faster Access D Data Input
Time Q Data Output
N . o RAS Row Address Strobe
® Common I/O Capability with "*Early Write Ves _5-V Power Supply
Feature vee +5-V Power Supply
® Low-Power Dissipation Voo +12-V Power Supply
— Operating 462 mW (Max) vss Ground
= Standby 20 mW (Max) W Write Enable

® 1-T Cell Design, N-Channel Silicon-Gate
Technology

® 16-Pin 300-Mil (7.62 mm) Package
Configuration

description

The TMS4 1186 series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories organiz-
ed as 16,384 one-bit words, and employs single-transistor storage cells and N-channel silicon-gate technology.

All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe RAS (or R)
and Column Address Strobe CAS (or C). All address lines {AQ through A6) and datain (D) are latched op chip to simplify
system design. Data out (Q!} is unlatched to allow greater system flexibility.

Typical power dissipation is less than 350 miiliwatts active and 6 miiliwatts during standby (V¢ is not required dur-
ing standby operation). To retain data. only 10 milliwatts average power is required which includes the power con-
sumed to refresh the contents of the memory.

The TMS4116 series is offered in a 16-pin dual-in-line plastic (NL suffix) package and is guaranteed for operation
from 0°C 10 70°C. Package i1s designed for insertion in mounting-hole rows on 300-mil (7.62 mm)} centers.



MOS
LSI

TMS4164, SMJ4164
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY

JULY 1980 = REVISED OCTOBER 1983

® 65.536 X 1 Organization TMS4164 ... NL PACKAGE
SMJ4164 . . . JD PACKAGE
® Singie 1 5-V Supply (10% Tolerance) (TOP VIEW)
® JEDEC Standardized Pin-Out in Dual-In-Line NC mbs
Packages CAS
- CA
® Upward Pin Compatible with TMS4116 Q
(16K Dynamic RAM) :;
® First Military Version of 64K DRAM A
A7
® Available Temperature Ranges:
- M..,.—55°C to 125°C TMS4164 . .. FPL PACKAGE SMJ4164 . . . FG PACKAGE
S... -8B5° to loooc {TOP VIEW) (TOP VIEW)
- E...-40°C to0 85°C 0y ;}g o a2
- a Z >
L.. .0°Cto 70°C =SS
e Long Refresh Period . .. 4 milliseconds Q _vqga a 160 a
® Low Refresh Overhead Time ... As Low As :g R:s:l; :ig :g
1.8% of Total Refresh Period A3 aofls 130 a3
® All Inputs, Outputs. Clocks Fully TTL A4 a2f]7 120 a4
Compatible e
2 8% ¢
o 3-State Unlatched Output >
e Common I/Q Capability with "*Early Write" 5MJ4164 . . . FE PACKAGE
Feature (TOP VIEW)
¢ A9
® Page-Mode Operation for Faster Access I3 a 250
® Low Power Dissipation ne Ha 32 ‘282726 a
Operating . . . 125 mW (TYP) Az s 25 A ne
— Standby ... 17.5 mW (TYP) nc e 2a(] a6
A0 1]7 23] NC
® Performance Ranges {8, E L Temperature a2 08 220 ne
Rangesl:  sccess ACCESS READ  READ- "(‘: ?o i; NC
TIME TIME OR  MODIFY- ne ro as
ROW COLUMN WRITE ~ WRITE NC 1801 a5
ADDRESS ADDRESS CYCLE CYCLE 1314151617
MAX (MAX) (MINI IMINI T eTETE.
( ) 2 222«
'4164-12 120 ns - 70 ns 230 ns 260 ns > -
'4164-15 150 ns 85 ns 260 ns 285 ns
'4164-20 200 ns 135 ns 326 ns 345 ns
® New SMOS (Scaied-MOS} N-Channel
Technology PIN NOMENCLATURE
AO-A7 Address Inputs
description CAS Column Address Strobe
D Data-In
The '4164 is a high-speed. 65,536-bit, dynamic NC No-Connection
random-access memory, organized as 65.536 words Q Data-Out
of one bit each. It employs state-of-the-art SMOS RAS Row Address Strobe
(scaled MOS) N-channel double-level poiysiiicon gate Voo +5-V Supply
technology for very high performance combined with Vss Ground
low cost and improved reliability. w Write Enable




8212
8-BIT INPUT/OUTPUT PORT

e Fully Parallel 8-Bit Data Registerand Buffer @ 3.65V Output High Voltage for
a Service Request Flip-Flop for Direct Interface to 8008, 8080A, or

Interrupt Generation 8085A CPU
® Low Input Load Current = .25mA Max. B Asynchronous Register Clear
B Three State Outputs
® Outputs Sink 15mA

B Replaces Buffers. Latches and
Multiplexers in Microcomputer Systems

m Reduces System Package Count

The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along wtth control and device selection
logic Also inctuded 1s a service request flip-flop for the generation and control of interrupts to the microprocessor

The device 1s muitimode n nature It can be used to impiement latches. gated buffers or muitiplexers Thus. all of the
principal peripheral and input/output functions of a microcomputer system can be impiemented with this device

PIN CONFIGURATION LOGIC DIAGRAM
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Vee
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8212

FUNCTIONAL DESCRIPTION

Data Latch

The 8 thip-fiops that make up the aata latcn are of a D"
type design The autput . Q. of the thip-top wiil foliow the
gata input (O whiie the clock input : Ci1s mgh. Laiching
will occur when the clock ' C. returns low.

The latched data 1s cleared by an asynchronous reset
input .CLR. (Note: Clock :C. Overrides Reset -CLA:.,

Output Bufter

The outputs of the data tatch ( Q) are connected to 3-state,
non-inverting output buffers. These butffers have a
common controi ine | ENi; this controt line either enables
the bufter to transmit the gata from the outputs of the gata
latch : Q) or disapies the pbuttfer, forcing the outputinto a
hign impedance state. ;3-state)

The nigh-impeoance state allows the designer to connect
the 8212 girectly onto the microprocessor bi-directional
data pbus.

Control Logic

The 8212 has control inputs DS1, DS2, MD and STB.
These inpuls are used to control device selection, data
latching, output bulter state and service request flip-flop.

DS1, DS2 (Device Select)

These 2 inputs are used for device selection. when DS1.s
tow ana DS2 is high (DS1 - DS2: the device s seiected. In
the seiected state the output buffer s enabled and the
service request Hip-flop (SR is asynchronously set.

MD (Mode)

This input is used to controi the state of the output buffer
and to determine the source of the ctock input (C) to the
gata laten.

When MD is high (output mode) the output bulters are
enabled and the source of ¢lock (Ci to the data latch is
from the device selection logic (DS1 - DS2).

When MD is low .input mode} the output butfer state is
determined by the device selection togic (0S1:082) and
the source of clock :C: to the data latch i1s the STB
(Strope: Input.

STB (Strobe)

This input 1s used as the ciock (C: to the data latch for the
input mode MD = 0) and to syncnronousty reset the
service request flip-tiop SR,

Note that the SR tlip-tlop 1s negative edge tnggered.

Service Request Flip-Flop

The :SR) Hip-Hop s used to generate and control
interrupts N mMIcrocomputer systems. it 1s asynchron-
ously set by the CLRinput (active low:. When the : SR, thip-
flop is set it 1s 1n the non-interrupting state.

The ocutput of the 1SR thp-flop Q) 13 connected to an
inverting 1nput of a "NOR" gate. The other input 1o the
“"NOR" gate 1s non-inverttng and is connected o the
gevice selection logic .DS1 - DS2:. The output of the
“NOR" gate (INT; is active low "interruplting state) for
connechion 10 active 10w INpuL prionty generating circuits.

SERVICE REQUEST FF
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