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ABSTRACT 

8085 MICROPROCESSOR BASED 

RANDOM ACCESS MEMORY CHECKER 

Jiinwei Hung 

Master of Science in Engineering 

Youngstown State University , 1986 

Three stand-alone microcomputer 8085-based memory 

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 microcomputer development 

system. These boards can be implemented to test additional 

memory chips using the design technique presented. 

The software system is composed of two parts, one 

for the pattern test and the other for the sensitivity 

test. The system is able to detect hard memory errors, soft 
- 

memory errors and bit-to-bit interference within a single 

byte and within bytes stored in memory. The analysis of 

typical software is discussed and the 8085 assembly testing 
- - 

programs are included. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Have you ever had a computer program which ran 

sucessfully for a long time only to have it suddenly fail? 

Or are you getting inconsistent results from the expected 

data? One of the reasons is probably only because one 

bit out of several hundred thousands erred. A computer 

system, whether a large computer or a microcomputer, 

requires a large memory to store data and program 

instructions. Memory does fail, thus, testing memory becomes 

important. With the rapid growth of the computer 

industry in the recent years, the use of semiconductor 

devices continuously grows at an increasing rate. On the- 

other hand, quality assurance of integrated circuit is being 

emphasized more each day. However, there also exists the- 

possibility of purchasing a bad memory chip. Once we 

have doubt about a chip, it wouldn't be too difficult for a 

qualified person, who is very familiar with the co-mputer 

system, to find the defective memory chip if the chip is used 

as the read/write memory in the computer system. But for the 

general technician, a random access memory checker is 

indispensable. 

- 

1.2 Semiconductor Test 

In general, the sophisticated tests applying to a 



semiconductor device include three parts: DC test, AC test, 

and FUNCTION test. 1 

(1) DC test: Electrical DC parametric test 

verifies specific parameters in terms of voltage or current. 

This test measures the resulting voltage by applying 

current to the devices, or measures the resulting current 

by applying voltages to the devices. 

(2) AC test: The AC parametric test verifies 

the time-related parameters specified in terms of seconds. 

The basic characteristic of AC parametric test is the 

measurement of the timing relationship at which devices 

operate such as rise time, fall time, propagation time, delay 

time, set-up time, release time and access time. 

(3) FUNCTION test: This test verifies that the 

devices perform functionally correct, which is the best test 

required for the semiconductor. 

1.3 Automatic Testing ~ ~ u i ~ m e n t l  (ATE) - 

ATE is a consequence of computers being interfaced 

with digitally-controlled stimulus and measurement 

instruments. ATE dramatically improves the measurement 

accuracy of test. It reduces the human error in testing and 

enhances confidence in equipment performance and failure 

diagnosis. It simplifies the test work and can do mass 

testing within a short time. ATE is divided into three 
- 

'F.H. Chen. "Design and Implementation for A General 
Purpose IC Tester Based on A Microcomputer" Chen Kung 
University ,1983 , p.1 



c l a s s e s :  bench top ,  d e d i c a t e d  and g e n e r a l  purpose .  

1. B e n c h t o p  Tes te r :  B e n c h t o p  t e s t e r s  u s u a l l y  h a v e  

l i m i t e d  t e s t  c a p a b i l i t y  a n d  a r e  s m a l l  i n  s i z e .  N o r m a l l y ,  

t h e y  a r e  c o n t r o l l e d  by  a  h a r d w a r e  d e s i g n e d  d e c o d e r  o r  

c o n t r o l l e r .  The c h a r a c t e r i s t i c s  of  a bench top  tes ter  i n c l u d e  

i t s  low c o s t  and manual o r  f i x e d  programs w i t h  golno-go t e s t  

t h a t  may o r  may n o t  have  d a t a  r e a d o u t .  Benchtop t e s t e r s  a r e  

n o t  e a s y  t o  m a i n t a i n ,  a l t h o u g h  t h e y  a r e  e a s y  t o  use .  

2 .  D e d i c a t e d  T e s t e r :  T h e  d e d i c a t e d  t e s t e r  i s  

s p e c i f i e d  f o r  o n e  d e v i c e  f a m i l y  s u c h  a s  m e m o r i e s .  Most  

d e d i c a t e d  testers a r e  computer  c o n t r o l l e d .  

3 .  G e n e r a l  P u r p o s e  T e s t e r :  The g e n e r a l  p u r p o s e  

tes ter  i s  a  f l e x i b l e  c o n f i g u r a t i o n  t o  accommodate a l m o s t  any 

d e v i c e  type .  S o p h i s t i c a t e d  c o m p u t e r- c o n t r o l l e d  h a r d w a r e  and 

s o f t w a r e  a r e  a l s o  m a n d a t o r y  i n  t h i s  s y s t e m .  T h i s  t e s t e r  

t e s t s  a l m o s t  e v e r y t h i n g  f r o m  V L S I  t o  S S I .  T h e  b a s i c  

components  of  t h i s  g e n e r a l  purpose  tes ter  i n c l u d e  a computer  
-. 

c o n t r o l l e r ,  a  s t i m u l u s  and r e s p o n s e  u n i t ,  and a  dev ice- under-  

t e s t  i n t e r f a c e .  

G e n e r a l l y  s p e a k i n g ,  a  g e n e r a l  p u r p o s e  t e s t e r  i s  

p o w e r f u l  f o r  t e - s t i n g  ' I C ' S ,  b u t  t h e y  a r e  n o r m a l l y  c o n t r o l l e d  

b y  a  m a i n f r a m e  o r  a  m i n i c o m p u t e r .  T h e  p r i c e  o f  t h i s  

equipment  i s  h i g h  and t h e  equ ipment  i s  h a r d  t o  m a i n t a i n .  

1.4 Memory T e s t  With The Microcomputer  

- 

The memory c h i p  m u s t  b e  t e s t e d  t o  c o n f i r m  b o t h  t h e  

u n i q u e n e s s  o f  t h e  a d d r e s s  a n d  t h e  a b s e n c e  o f  t h e  b i t - t o - b i t  

i n t e r f e r e n c e  ( a  b i t  may a f f e c t  t h e  v a l u e  o f  a n o t h e r  b i t  on 



the same chip). Based on this, the most perfect test is to 

check 2 16324 combinations for a 2k by 8 bit memory chip. It 

could take a lot of time if each possible combination were 

tested separately even when using a computer. A large amount 

of research has been done on this in order to find other 

testing algorithms which could shorten the testing time 

(Refer to chapter IV). 

The rapid rise in the use of the microcomputer can be 

explained by the many available applications for the 

relatively low cost of the microcomputer hardware. This 

makes many applications economically feasible. Many 

instruments that have been controlled by a main frame or 

minicomputer before are now being replaced by the 

microcomputer where high accuracy, speed and complexity are 

not strictly in demand. Traditionally, memory chips are 

checked by a universal testing machine which costs several 

hundred thousand dollars. The cost prohibits a microcomputer 
- 

owner from acquiring a universal testing machine. Since the 

microcomputer has become a powerful tool for equipment or 

instrumentation, it is used along with its well structured 

support chips lsuch as ROM, RAM) within the desig-i of a 

small, low cost and user-friendly computerized memory 

tester. The cost of incorporating a 8085 microcomputer in a 

checker was at the time of investigation only forty 

dollars. Because of their simplicity, these memory testers 
- 

can quickly perform a functional test on RAMS. 

Chapter 2 describes the basic memory cell 

organization and three different types of memory. This 
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organization and three different types of memory. This 



CHAPTER 2 

RANDOM ACCESS MEMORY OVERVIEW 

What is RAM? 

RAM stands for random access memory which may use MOS 

or BJT devices in either SRAM or DRAM. BJT devices have a 

better performance at high speeds than the MOS RAMs because 

they are manufactured using TTL, ECL, or I ~ L  technology. 

Modern MOS RAMs are manufactured using NMOS or CMOS 

technology. CMOS is especially useful in applications which 

require low power consumption. A random access memory is one 

in which the time required for storing (writing) and 

retrieving (reading) information is independent of the 

physical location (within the memory) of the stored data. 

Figure 1 shows a conceptual organization of a memory 

constituting W words of B bits, each requiring an address of 
- 

n bits (2"=~). 

2.2 RAM Type 

The two- basic RAM types that have evolveZ- since 

1970 are the DRAM and SRAM. DRAM stands for dynamic RAM, and 

SRAM stands for static RAM. There is another memory called 

Integrated RAM or iRAM which offers the advantages of the 

SRAM's design simplicity and the DRAM'S high packing 
- 

capacity. 2 

2~ntel Memory Component Handbook 19 83, pp i-1 , l-2 



chapter gives the reader background information on the memory 

chip. Chapter 3 describes the failure analysis of the memory 

chips to help the reader have a basic understanding of 

memory failure. Chapter 4 contains the software testing 

algorithms which have been developed and the testing methods 

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 chips. Chapter 6 

contains the software system used in the RAM checkers, and 

finally, the summary of this thesis is presented in chapter 

7. 



2.2.1 SRAM 

A static RAM device uses a flip-flop circuit for each 

bit. Data stored in the flip-flop circuit are retained 

until they are altered by writing new data in that location 

or when electric power is lost. More recently, considerable 

progress has been made in the development of the high speed, 

low power, high density static MCS RAM. The current state- 

of-the-art in commercially available static MGS RAM chip is 

represented by the IMS-1400 manufactured by Inmos. This is a 

16k memory chip featuring 45 nS access time and a maximum 

power dissipation of 660 mW when in operation and 110 mW when 

in the standby mode. 3 
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SRAM requires relatively large silicon areas because 

it is composed of 6-8 MOS transistors, which limits the chip 

size of the memory. Figure 2 shows a basic cell of the CMOS 

memory. 

I Word Line I 
I 

FIGURE 2. CMOS Memory Cell 

2.2.2 DRAM 

- - 
A major breakthrough in the development of the RAM 

technology was the invention of the one-transistor memory 

called DRAM, which is noted for its high capacity, moderate 

speed and low 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 m a i n t a i ~  the cata 

storage. Traditionally, the refresh circuit is built on the 



PCB on which the DRAMS are installed. The computer is 

prohibited from doing a readlwrite during the refreshing 

period. Figure 3 shows the structure of a DRAM cell. 

I 
I Word line 

FIGURE 3. DRAM Cell 

Integrated RAM, which integrates a dynamic RAM and 

its control and refresh circuitry on one substrate, - - has 

the characteristics of a DRAM, but looks like a SRAM. 

2.2.4 Comparison of DRAM and SRAM 

Dynamic memories are notoriously difficult to work 

with because of the refresh process which may cause timinq 
- 

problems. Although SRAM is much easier to use than DRAM, 

attention must be given to the size and cost. 

Before considering iRAM, SRAM is a good choice for 



the designer who builds boards smaller than 8k bytes 

because the high price is offset by the dynamic control 

circuitry. Cn the other hand, for building boards larger 

than 64k bytes, DRAM is preferred because power consideration 

and package density begin to take precedence over circuit 

complexity. 

When comparing these two types of memory, there are 

three major advantages of a DRAM which become apparent. 

1. The density of a DRAM is much higher than the 

SRAM's. That is why DRAM boards contain more memory chips 

than the SRAM boards even with the supporting control 

circuitry that the DRAM board requires. 

2. A dynamic RAM has less power dissipation. This 

reduces not only the amount of heat generated but also the 

current requirements for the power source. Typically, a 64k 

type dynamic memory 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 low cost 

because of the high density of memory per chip. 

In the comparison of these two memories, dynamic 

memories have slower data-access time (although they are more 

than fast enough for the average microprocessor). 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 dynamic memory 



boards. 4 

Larry Malakoff, "Dynamic Memory: Making An 
Intelligence Decision" Byte, Feb 1981, p.142 



CHAPTER 3 

MEMORY FAILURE ANALYSIS 

Introduction 

Faulty memory is a very difficult problem to detect. 

Most distributers of memory board kits supply a simple test 

designed to detect some errors. These tests are ineffective 

in detecting a certain type of failure such as pattern 

sensitivity. 

A number of methods are applied to calculate the 

reliability of a model memory system. Intel developed a chip 

8206/8206-2 using E C C ~  which can correct a single bit failure 

and detect double bit errors. Studying memory failure 

analysis is fundamental to any new development in order to 

evolve other good algorithms and chips to prevent the memory 

defect or even to correct it without the user's awareness. 
- 

3.2 Error Classification. 

Normally, the memory errors are classified into two 

categories, hard memory errors and soft memory errors. - - 

3.2.1 Hard Memory Error 

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

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

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

5 ~ n t e l  Memory Component Handbook 1983, pp 3-164, 3- 
179. 



are classed as single cell failures, row failures, column 

failures, combined row failures, half-chip failures and full 

chip failures. FIGURE 4' shows the failure distribution of 

a 2 1 1 7  RAM chip. 

Combined Hard Failures 0.027% / 1000 hrs 

/EiiL 1 2 8  cells 1 iEz;; eel\ 

Row-Column 
2 5 6  cells 

FIGURE 4 .  2 1 1 7  Failure Distribution 
- - 

3.2.2 Soft Memory Error 

A soft memory error occurs when the current state of 

a dynamic memory bit is changed by ionizing radiation from 

the plastic or ceramic integrated circuit package. In - 

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



characterized by being a random, non-recurring, 

nondestructive single cell error. A soft error can also be 

the result of a timing problem, or a refresh problem when 

using dynamic memory. Bit-to-bit interference could be 

caused by a soft memory error. Sometimes it is incorrect for 

the first time read out, but correct forthe second time read 

out. This type of error is associated with the system level 

problem and the rate of failure is hard to quantify; in any 

event it is assumed to be very small. FIGURE 55 shows the 

combined distribution of failure types. 

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

Total = 0.127% Per 1000 hrs 

Hard error 
50.0% single cell 
15.6% row 
28.1% column 
6.2% row/column 

lki:ned errors I 

soft error 
single cell 

FIGURE 5. Combined Distribution of Failure Type 

5~bid., pp3-164, 3-179 



CHAPTER 4 

TESTING ALGORITHM 

The few testing algorithms available today will be 

examined in order to determine which algorithms will be 

implemented in the RAM checkers. 

4.1 Algorithm Research 

During the algorithm research, it was found that 

there are six major ways to test memory chip. These 

algorithms will be briefly described. 

4.1.1 The First ~ e t h o d ~  

The first method is called the walking-address memory 

test. Starting at an even memory address given by the user,- 

the algorithm writes the most significant byte of the address 

into all of the even memory locations and then verifies the 

byte's content. Next the least significant byte of the 

address is written into all of the odd or next memory 

locations and then verified. Finally, the program goes back - - 
to the starting address and verifies the contents of all 

locations. This memory test is rapid, but it could miss 

hard memory errors like struck-at-0 or 1. 

4.1.2 The Second ~ e t h o d ~  

H.R. Pinnick Jr. I' Testing Your Memory Using the 
Barber-pole Algorithm ", Byte Dec, pp 414-444 



The second method stores 55H (0101 0101 in binary) 

into the even. locations and AAH (1010 1010 in binary) into 

the odd locations then checks the contents of all locations, 

The test is repeated with the contents of even and odd 

locations interchanged. This rapid test checks both hard 

and soft memory errors, but it has no cross-bit-check for 

the soft memory errors. 

The Third Method6 

The most extensive memory test algorithms are 

probably the gal lop-read and gal lop-write test. The gal lop- 

read test clears memory to all zeroes in all locations and 

stores FFH (1111 1111 in binary) in a specified starting 

address. This test reads all other locations and verifies 

the presence of OOH except for the location which contains- 

FFH. Next the pattern FFH is written into the next location, 

and the reading and verification of all locations are 

repeated until the end of the locations. The gallop-write 

test is similar with the gallop-read test except that OOH 

is replaced by FFH, and FFH is replaced by the OOH. These - - 
tests are excellent for testing memory except they are 

extremely time consuming and they have difficulty in 

detecting the error if one data bit affects another data 

bit. 

4.1.4 The Fourth ~ e t h o d ~  



The method is called the barber-pole algorithm 

because patterns used for the test are similar to the 

barber-pole (rotate by shifting 0 or by shifting 1). Refer 

to Table 1. 

First, consider the test for a 2114 type static lk*4 

memory chip. The nine patterns of Table 1 are written into 

each location one at a time and then the pattern is 

retrieved from the location after each write to memory in 

order to check if it is the same as previously written. The 

process is repeated until the end of the memory location is 

reached. 

TABLE 1. Testing Pattern 

BINARY HEX 

OOH 
11H 
22H 
44H 
88H 
EEH 
DDH 
BBH 
77H 

For another type of memory such as 2k*8, the test 
- - 

patterns will be a little different. They are OIHI 02H, 04H, 

08Ht lOH, 2OHt 40H, 80HI FEH, FDH, FBH, F7H, EFH, DFH, BFH 

and 7FH. 

The barber-pole testing algorithm is very good at 

detecting both hard memory errors and soft memory errors, - 

except, it only finds the interaction within one byte. It is 

impossible to detect whether the rest of memory is 

af fected at other locations. 



4.1.5 The Fifth ~ e t h o d ~  

The fifth test, called the memory pattern sensitivity 

test, is a little different from the previous testing 

methods mentioned above. The program works by initializing 

the memorytobetested with a sequence consisting of OOHto 

FFH. Then pointers are set at the beginning and end of the 

same block of memory. Next, the data at each of the pointer 

location is exchanged and the pointers are then moved toward 

one another. The process of exchanging and moving repeats 

until the pointers meet. The inverted sequence is then 

checked for accuracy. If any discrepancies are encountered, 

the memory is defective. 

4.1.6 The Sixth Method: Optimal RAM Test ~lgorithm* 

Before stating the algorithm, the f~llowing notations 

are introduced. Let AU be the memory address u. 

o<u<2" 

~O=CA,/U=O (modulo 3) 3 

X1=CAU/u=l (modulo 3) 3 

K2=CAU/u=2 (modulo 3) 3 

Algorithm - - 

Step 1: Write the all 0 words, WO, at all locations. 

61n and 6 ~ 2  

Step 2: Write the all 1 word, W1, at all locations. 

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

John Knaizuk, J.R. And C.R.P. Hartmann, " An 
Algorithm for Testing Random Access Memory ", IEEE 
Transaction on Computers, April 1977, pp 414-416. 



Step 3: Read all locations A 6 fl1: 
j 

if output =WO; no fault indicated 

#wO; RAM fault indicated 

Step 4: Write all 1 word W1 at all locations. 

Step 5: Read all location Ak 6 TR: 

if output=WO; no fault indicated 

#WO; RAM fault indicated 

Step 6: Read all location Ai 6 r r O  and Aj 6 TI: 

if output=Wl; no fault indicated 

fw0; RAM fault indicated 

Step 7: Write and read the all 0 words WO at all 

locations 

if output=WO; no fault indicated 

{WO; RAM fault indicated 
- 

Step 8: Write and then read the all 1 word W1 at all 

locations. 

- - 
if output=Wl: no fault indicated 

f ~ 1 :  RAM fault indicated 

end. 

This algorithm presents an algorithm that optimizes 

in detecting any single struct-at-0 or struct-at-1 fault in - 

a random access memory. 



Algorithm Used in The RAM Checkers 

Since the RAM checkers designed in this thesis are 

for the intensive memory testing , execution time is of 

minor importance. It is desirable to have a good and 

detailed testing program to judge the memory once there is 

any doubt. This type of testing algorithm will not be 

feasible for production testing purposes. When the time 

becomes important to the user, a short test option for 

testing DRAM boards is added to give the 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 Size .25k*8 2k*4 16K*1 64k*1 - 
Test Time 4 sec 20 sec 120 sec 271 sec 

Short Test - 

RAM Type 8155 2114 4116 4164 
RAM Size .25k*8 2k*4 16k*1 64k*1 
Test Time 4 sec 20 sec 6 sec 13 sec 

As stated before, the larger the number of -tests; 

the greater will be the reliability. In the RAM checkers, 

gallop-read, gallop-write barber-pole and sensitivity testing 

theories were combined together to arrive at the testing 

methods selected for the design of the checkers. The 
- 

difference between the long and short test is that the short 

test doesn't include the gal lop-read test and gal lop-write 

test. 



The testing program is composed of two parts, one is 

for the pattern test, the other is for the sensitivity test. 

First, the byte OOH is stored into all the memory locations, 

next using the barber-pole algorithm, storing the baber-pole 

testing patterns sequentially begining with the first memory 

location, the data is then verified until the end of the 

testing pattern is reached. Suppose a discrepancy is found 

in the middle of test, the program will then be aborted and 

go to the fail indication routine. After the last testing 

pattern is read, the rest of the memory locations will be 

checked one at a time to verify those OOH (or FFH) values 

which did not change (the short test doesn't include this). 

The process will be repeated until every memory location is 

checked. This completes the pattern test. 

The sensitivity test is performed after the pattern 

test. A sequence of 256 bytes will be stored into the memory 

in increasing order. The number of the byte depends on the 
- 

size of memory. For instance, for a lk*4 memory chip, only 

16 bytes are used and for a 16k*1 memory size, only 2 bytes 

are used. Next, the contents of the memory locations are 
- - 

interchanged. If upon checking, the sequence of the numbers 

is found to be in decreasing order the memory chip is 

good, otherwise it is a defective chip. When this method is 

applied to a 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 approximately 20 seconds when the 3.579545 

MHz crystal is used. 



CHAPTER 5 

HARDWARE DESIGN AND ANALYSIS 

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 will be now studied individually. 

5.1 Static Memory Checker 

This checker was sucessfully designed to test memory 

chips of the 2114 type and the 8155 family. It can be 

expanded to test additional memory chips with the aid of a 

microcomputer design system using the following design 

technique. 

5.1.1 Hardware of The Static Memory Checker 

Figure 6 shows the photograph of this Checker, and 

Figure 7 shows the schematic. This checker is designed to 

test many different types of static memory chips. 

In Figure 7, it can be seen that INTEL 8212 is used 

as the address latch enabled by the ALE signal. The LEDs - - 
which indicate the test results are connected to the PA 1/0 

ports of the 8155. For this reason the 8155 chip could not 

be removed from the board even if it is not the unit under 

test. There is a dip switch consisting of four switches in 

which only one is used on the board. When the switch is at - 

the ON position, the 2114 test is selected, otherwise the 

8155 is the unit under test. 



FIGURE 1 2 .  64k DRAM Checker  





5.1.2 Testing Chips in The SRAM Checker 

Table 3 lists the memory chips that can be tested 

using this checker in addition to the INTEL memory chip 8155. 

TABLE 3. 2114 Family 

VENDER 

Intel 
TI 
AMD 
EA 
EMMISEMI 
Fairchild 
Hitachi 
Intel 
Intersi 1 
Mitsubishi 
Motorola 
National SC 
NEC 
OK I 
Syner tek 

PART NUMBER 

2114A/2114AL 
TMS 2114/TMS 2114L 
9114/91L14 
EA2114L 
2114 
F2114 
HM472114A 
2114A/2114AL 
IM2114/IM2114L 
M5L2114L 
MCM2114/MCM21L14 
MM2114/MM2114L 
upD2114/upD2114L 
MSM2114/MSM2114L 
SY2114/SY2114L 

5.1.3 Future Expansion 

This testing board is a model for the SRAM checker. 
- 

Future expansions can be implemented by using the following 

hardware design procedures: 

1. Connected the chip select (CS) line with the 

output of 3205. Refer to Figure 8. 

The address of each output of decorder 3205 is 

listed in Table 4. 



15 to 2716 
14 to 2114 
13 future expansion 
12 future expansion 
11 to 8155 
10 future expansion 
9 future expansion 
7 future expansion 

FIGURE 8. 3205 Output Analysis 

TABLE 4. 3205 Address Assignment 

OUTPUT PIN NUMBER ADDRESS 

15 0000H-1FFFH 
14 2000H-3FFFH 
13 4000H-5FFFH 
12 6000H-7FFFH 
11 8000H-9FFFH 
10 AOOOH-BFFFH 
9 COOOH-DFFFH 
7 EOOOH-FFFFH 

2. Connect the data and address lines to ADU- 

through AD7, and A8 through A15. 

The 8085 microprocessor can run at maximum speed of 

3 MHZ.' In order for it to work with most of the-memory 

chips, approximately half of the maximum speed is 

considered as the best choice. For this board 3.57945/2 MHz 

is chosen. If the memory can not be matched with the 

existing bcard, it is suggested that the board be interfaced 

to the MDS, which can implement the additional control- 

circuitry. 

MCS-80/85 TM Family User Manual, Oct 1979, p6-4 



16k DRAM Checker 

Two test methods 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. 

5.2.1 Hardware Description 

This board is designed as a 16k RAM checker. Figure 

9 shows the photograph, and Figure 10 shows the schematic of 

this checker. 

On this board, the 8755 serves as program memory 

storage and as 1/0 for the system. In order to have the 

expected data come from the memory under test, a data latch 

LS373 is necessary, the XACK signal (TRANSFER ACKNOWLEDGE 

pin #29 of the the 8203) serves as the strobe in this case,- 

and the LS373 is disabled when the 8755 is in the enabled 

state. - 

The INTEL 8203 is a dynamic RAM controller designed 

to provide all necessary signals when using the 2164, 2118, 

and 2117 DRAM i n  a microcomputer system. The 8203 provides 

multiplexed addresses, an address strobe, refresh logic, and 

refresh/access arbitration. 10 

lo Intel Component Handbook pp 3-285, 3-302. 



FIGURE 9 .  16k DRAM Checker 



from 60F5 v i n  a29 SO 1 '  
from 8OL5 pin  433  S1 2 12 t o  8-k 

1-p 1 3  

'no4 74LSll 
2 . 0  M r  

FIGURE 10. 16k DRAM Tester  Schemat.ic 



5.2.2 Testing Chips in The 16k DRAM Checker 

Table 5 lists the 16k DRAM chips that can be tested 

using this checker. 

TABLE 5. 4116 Family 

VENDER PART NUMBER 

TI 
AMD 
Fairchild 
Fuj itsu 
Hitachi 
Intel 
Intersil 
ITT 
Mitsubitsu 
Mostek 
Motorola 
National 
NEC 
GKI 
Toshiba 

TMS 4116 
AM9026 
F4116 
MB8116 
HM4716 
2117 
IM4116 
ITT4116 
M5k4116 
MK4116 
MCM4116 
MM5290 
upD416 
MSM3716 
TMM416 

5.2.3 Future Expansion 

Future hardware expansion is made possible by the 

following procedures in addition to the data and address 

lines being connected to the CPU (ADO-AD7 and A8-A15). 

1. Connect the RX of the new memory chip to the RAS 

signal coming from the 8203, refer to Table 6. - - 

TABLE 6. 8203 Bank Selection 

INPUTS GUTPUTS 
- --- 

B1 BO RASO RASl RAS2 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 



Table 7. 

TABLE - 7. 
8203 Active RAS Address Assignment 

- 
Active RAS Assigned Address 

Locations 0 to 3FFFH are being used by the ROM and 

4000H to 7FFFH by the 4116. 
- 

2. In the case RAS2 is used, 02 coming from the 3025 

should be connected as shown in Figure 1 1 i n  order to disable 

the data latch when the memory chip addresses are not 

activated. 

5.3 64k DRAM Checker 

This DRAM testing board is very similar to the 16k 

DRAM testing boards except that this board has to test 64k 
- 

locations. The 8085 is capable of addressing 64k locations. 

FIGURE 11. Data Latch Method 



FIGURE 1 2 .  64k DRAM Checker 





5.3.1 Hardware Analysis 

This board is designed to test a 64k R A M .  P,efer L C  

Figure 12 and Figure 13 for the photograph and schematic. 

Iri addition to being similar in structure w ~ t h  the 

previous two boards discussed, this bcard requires vlrtual 

memory in order to test 64k locations when the 8085 is used 

as the microprocessor. The main feature of this b c a r d  is 

that it uses the overlap method to satisfy the requirenents 

of testing the 64k DRAM. Figure 14 shows the hardware 

structure of this overlap method. 

Port PE4-PB? 

I 

FIGURE 14. Cverlap Structure 



When the ports PB4 to PB7 are asserted high, the 
-- 

LS125 goes to the high impedence state. 00-C7 coming from 

the 8203 will be connected to the 4164 through the 

inverters. For this case, the locations 8000H-FFFFH 

addressed by the processor will be mapped to the locations 

7FFFH-0000H within the memory chip. On the other hand, when 

a Low is asserted on the port PB4 to PB7, the LS126 goes to 

high impedence state and 8000H-FFFFH addressed by the 

processor is equal to 8000H-FFFFH within the 4164. 

Combining these two cases, 0-FFFFH locations in the 

memory chip will be checked by setting the output port PB4- 

PB7 High and then Low. 

5.3.2 Testing Chips in The 64k DRAM Checker 

Table 8 lists the 4164 family that can be tested - 

using this checker. 

Refer to TABLE 8. 

TABLE 8. 4164 Family 

VENDER PART NUMBER 

- TI 
Fairchild 
Fuj itsu 
Hitachi 
Intel 
Mitsubishi 
Mostek 
Motorola 
National 
NEC 
GKI 
Toshiba 



5.3.3 Future Expansion 

Future expansion can be obtained by sharing all of 

the signal lines with the 4 1 6 4  except for the data line ADO 

used by the 4 1 6 4 .  The rest of the data lines AD1-AD7 are 

available to be used as any data signal. Gf course, the 

software must be modified to support this change. 



CHAPTER 6 

SGFTWARE DESIGN 

This chapter is concerned about the testing software 

of the three testers. Since the 8085 CPU is used, 8085 

machine codes are employed in the checker software design. 

Each of the three programs contains two parts. The first 

part is called the pattern test routine. It checks the 

uniqueness of each byte and makes sure that every single bit 

is valid. After each location is checked, the gallop-read 

test is applied to the rest of the memory within this block 

( 256 bytes is defined as a block ) .  In this case, most of 

the interference between bytes will be detected. The second 

part of the program is the sensitivity test routine which is 

very useful in detecting the interference between bytes. For 

the case of the 8155, OOH - FFH is written into consecutive 

memory locations. Then the contents of the memory are 
- 

reversed. If the sequence of FFH, FEH, ... 02H, OlH, OOH is 
not read from the 8155 memory locations, an error is 

detected and this memory chip is defective. During the 

search for defective memory chips in the sc-hool's 

electronic 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 program is illustrated in Figure 15, and the 

complete assembly language program is contained in the 

Appendix A. 



PATTERN TEST 
------------  ------------ 

GET READY TO TEST -------------_--_ 

ASSIGN PORT 
2 1  : OUTPUT 
2 2  : INPUT 

2 0 F F  WITH 1 r; I 
I ADDRESS 2 0 0  

INTO HL 4 

,$HIS THE 
YES 

MEMORY 

r NO 
* ALL NUMBERS ARE 

L' 
FIGURE 1 5 .  SRAM T e s t i n g  P r o g r a m  F l o w c h a r t  ( c o n t i n u e d )  

GET TESTING 
PATTERN 0 1  
0 2 ,  ... 

I N  HEX. 
, .  



1 READ BACK I 
MEMORY w 

E S T  EN ANOTHER 
PATTERN 

1 YES 
I 

I 
I 

I 

1 YES 

ADDRESS 

FIGURE 1 5 .  SRAM T e s t i n g  Program F l o w c h a r t  ( c o n t i n u e d )  



LOAD 00-FF 

2000 - 20FF 

INTERCHANGE 

CHECK 
2000 - 20FF 
SEQUENCE 

YES I 

8155 PAS l-7 
(i END 

SENSITIVITY TEST 
- - - - - - - - - - - - - - - -  - -- - -- -- - -- - - - --  

FIGURE 15. SRAM Testing Program Flowchart (continued) 



MOVE 4000 
1 TO 7FFF 
1 WITH FO 

0-0 ADDRESS 

I 

MOVE FIRST 
ADDRESS 4000 
INTO HL 

PATTERN F1, 

/ 

FIGURE 15. SRAM Testing Program Flowchart (continued) 

f 

YES 7 GOT0 7 

LED ON 
ROUTINE 



/ WRI TE I NTO i 
! MEMORY 1 i I 

READ BACK i 
FROM M E M O R ~  

i 

END \ 

1 Y E S  

c 
ARE, 

ALL OTHER 
2 1 1 4  F A 1  OCATIONS ' ,' , /NO- 

/ & END 'l I 

J Y E S  

F I G U R E  1 5 .  SRAM T e s t i n g  P r o g r a m  F l o w c h a r t  ( c o n t i n u e d )  



INTERCHANGE 

( YES 

FIGURE 15. SRAM Testing Program Flowchart 



Testing Program for The 16k DRAM Checker 

This testing program is similar with the SRAM testing 

program except that it only has one data line. The testing 

flowchart is shown in Figure 16 and the assembly language 

program is contained in Appendix B. 

START CzI 
ASSIGN 1/0 Ti 
INPUT 
TESTING 

STORE ALL 
MEMORY 

4000 INTO 

YES*-/ LED ON 
I ROUTINE 

YES ' GOT0 
1 

/ 

I 

LED OFF ,- 

; 
ROUTINE 1 -I 

FIGURE 16. 16k DRAM Testing Prograrc Flowchart (continued) 



WRITE FE El / MEMORY I 

READ BACK 
FROM 
MEMORY 

i YES 
I 

LONG oz/ 
YES ! 

1 

DRAM FAIL NO 
1 
I 
i 

I 
I 

ABXX:CURRENT 
ADDRESS 

ADDRESS 0 2; 
FIGURE 16. 16k DRAM Testing Prograrc Flowchart (continued) 



F E , H I N  I 
SEQUENCE 

INTERCHANGE 
CONTENT 
FE - FF 

CHECK 
SEQUENCE 

I YES 1 

DRAM PAS 

I 

END 

FIGURE 16. 16K DRAM Testing ProqrarT Flowchart 



6.3 Testing Program for The 64k DRAM Checker 

The two testing programs for the 16k DRAM and the 

64k DRAM are very similar because both of them have one 

data line excluding the 64k DRAM which has two sets of 

locations 8000H-FFFFH addressed by the 8085. The program 

flowchart is shown in Figure 17, and the complete assembly 

language program is contained in the Appendix C. 

START 0 
I ASSIGN 1/01 

INPUT 
TESTING 

LED ON 
ROUTINE 

d' r 

TEST FIRST 
HALF 
MEMORY 

I 

< 
V 

STORE ALL 
MEMORY 
WITH FF 

- - 

a 
FIGURE 17. 64k DRAM Testing Program Flowchart (continued) 



Y E S  

W R I T E  FE 

MEMORY 

R E A D  BACK I 
FROM MEMORY 

NO 

E N D  

I 
1 

1 
;DRAM F A I J  - NO 

, 
I 
I ABXX : C U R R E N T  

A D D R E S S  

F I G U R E  1 7 .  6 4 k  DRAM Testing Program Flowchart (continued) 



LOAD MEMORY 
WITH FE,FF 
,IN SEQUENCE 
I I 
INTERCHANGE 

, CONTENT , 
/ FE - FF I 

CHECK 
SEQUENCE 

i 

FIGURE 17. 64K DRAM Testing Program Flowchart 



CHAPTER 7 

SUMMARY 

With the aid of a microcomputer design system, three 

RAM testing boards for a SRAM checker, a 16k DRAM checker, 

and a 64k DRAM checker respectively were sucessfully 

designed and built. The basic description of RAMs is 

discussed in chapter 2, the software system is described in 

chapter 6 and testing programs are listed in Appendix A,  B 

and C. Many hardware and software problems are easily 

detected and solved with the use of a MDS, which helps to 

save a lot of time duringthe development process ofthe RAM 

testing boards. With the aid of a MDS, these checkers can 

be expanded to test additional memory chips. 

7.1 Performance Evaluation of The Checkers 

These RAM testers are designed to detect both the-- 

hard memory errors and soft memory errors to a high degree 

of accuracy. The testing accuracy of the RAM checkers can 

not be assigned a percentage value for RAMs in general but- 

only for a particular RAM since the fabrication process 

differ for eachtype of RAM. Every memory chip type has its 

special characteristic and the failure distribution is 

different for each one. In Chapter 3, it was pointed out 

that soft memory errors associated with the system level - 

problem and the rate of failure are hard to quantify. 

This is why no algorithm has ever been claimed to have a 



percentile associated with its performance. 

The testing method for SRAM is composed of barber- 

pole algorithm, sensitivity test algorithm and gallop-read 

alogrithm. For the DRAM, the same method can not be applied 

because of the long execution time (at least one hour is 

needed to test the 64k DRAM under 3.58 Mz with the same 

method that was applied to the SRAM). That is why only the 

barber-pole, the sensitivity algorithm and part of the 

gal lop-write algorithms are employed by the DRAM checkers. 

The performance of the testing method when combining 

algorithms should be better than using a single algorithm 

which was discussed in Chapter 4. 

7.2 Conclusion 

Application of the microcomputer controlled RAM- 

checkers for the SRAM (8155 and 2114) and the DRAM (4l.16, 

4164) results in detecting memory failures at a low 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, instead of a 

sophisticated ATE, is needed to give a good evaluation of 

memory chips, if the DC and AC parameters are not critical. 

These RAM testers are very easy to use. No special 

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 writing may not be easy except for those who have 

the assembly language programming abi 1 ity. The memory 

chips to be tested in the RAM checkers are required to 

accompany the 8 0 8 5  CPU. Cther chips that are used with a 

CPU other than the 8 0 8 5  could be tested by employing the 

same technique described in this thesis except that the 

characteristics of the different types of CPU must be taken 

into account. 

Recently, more powerful microcomputers with 

supporting hardware and software were developed. For 

instance, a 32-bit microcomputer was successfully 

manufactured. It is expected that the memory checker using 

the microcomputer-control led program will become more 

sophisticated as other good testing algorithms evolve. 



APPENDIX A 

TESTING PROGRAM LISITING FOR SRAM ................................. 



7 - 7  ,a,S-I: !30R0/!3985 ~ A C R O  ASSE~BLE~I  'J4.1 YODULE PPGE 1 

0000 3EO1 
0002 0320 
,1004 3822 
0005 EbOl 
CO0U sE91 
OOOA ~ 2 1 0 0 1  
,j0OD 2EeE 
OOOF 3321 

LCC 3BJ LINE SOURCE STATE3ENT 

1 ;r***rr*e***r*r*rr**********wa*O****************ee***************** 
2 ;* STATIC 3EYORY TEST * 
3 ................................................................... 
4 ; 3r J t I nue I Hun9 
C .  
> ,  151 11/L35 
6 ;DES'S:PTIOtl: 
7 ;*sr*r*r*rr****r**rr**r,**r*rr****oa~,*********o**************************** 
8 ;* T h 1 5  t e s t t n g  r rooraa,  I S  c o r ~ r o s e d  o f  PfiTTEHN TEST and SENSITIVITY 
9 ;* TEST f o r  t ? e  s t a t : c  RAMS (015512114) +t 

10 ;* A JIP s u ~  t c n  I S  r n s t a l  l e d  on t 3 e  f r o n t  Panel I I ?  t n e  1 s t  s u l t c 3 *  
11 ;* I S  a t  t h e  on p o r ; t ~ o n ,  2114 u l l l  be :necr,ed~ o t n e r u ~ s e  8155 i s  * 
12 ;* t h e  u n l  t unuer checr.eil. e 
13 ;* P o r t  21122 a r e  Setr ig used b r  t n e  9085 t o  ~ n d l c a t e  'Re t e s t t n s  *. 
14 ;* r e s u l t ,  ~n any e v e n t  , ~t 1s p r o n l ~ l t e d  t o  remove 3155. * 
1s ;rrrr*r*r*rr*rrrr*r,,,**,*****r+r*************************** 
16 ; 
17 ; 
18 ;?ART 1 
10 ;w***rrr*r*wrr*rr*c~ko~*,~~(**~)***.****.***********************u******* 
20 i* P a t t e r n  t e s t  program I S  u s l n s  t h e  s i u l t l a r  3ar:ler p o l e  and * 
21 i* mareed zeroes algorithm. * 
2' .................................................................... 
23 i 
24 ; 
25 ;TEST 6155 nealorr cn I P 

26 PCIT EQU 00S0H ; t e s t i n s  p a t t e r n  s t o r e d  > e r e  
27 ST81 EQU 2000H ; s t a r t i n s  address o f  8155 
28 ENS1 EQU 2OFFH ;end address o f  9155 
29 ORG OH ; s t a r t  i n *  r r o s r a n ~  address 
30 i 
3 1  ; 
32 ;**r****wrrr*rrwrrr*o***~(*******~*****~**************************** -- 
as ;* The f o l l o u ~ n s  program I S  t o  a s s l s n  t h e  d l r e c t ~ o n  oC :/O P o r t s .  * 
34 ;* and c l e a r  t.ae pane l  LE3 ,?.urn on t ? s  DL55 : n o i c s ~ , 3 r .  +t 
35 ;*****************+****rr*,****************************************** 

3 V I  ApOlH 3 6 I 

37 OUT ?OH 
38 : N ,-H ; read  t n e  su1tc5 and r e l e c t  "-7 

39 6NI 01H ; t n e  un l t  under t e s t  
4 0 CFI 01.H 
4 1  JNZ TE21 i i f  panel=Ol  so t o  2114 t e s t  
42 I AtOFEH i t u r n  on t n e  9155 ; n J l c a t - . r .  
43 OUT 31H 
44 ; 
45 ; 
46 ;*w*rrrr*uw*r**r**r~**o0*.*****~*~**1)~*~**************************** 
47 ;* Se t  a l l  t n e  c o n t e n t s  o f  a l l  l o c a t l o n s  0 i n  o r u e r  t o  s e t  r e a u r  * 
48 i* f o r  t h e  0 t e s t .  n 
49 ................................................................... 
so i 
5 i  ; 
C - q  
4 L X I  HISTOL ; s t a r t ; n s  address o f  3155 
53 0000: MVI MIOH ;move a l  l l o c a t  l o n s  v i t h  G 
5 4  INX H , 



IS IS- I :  9080/8085 MACRO AS~E~PLERI V4.1 MODULE P ~ G E  2 

LOC OBJ LINE SOUKCE STAiEHENT 

o o l a  210020 
0020 L l8000 
0023 5B 
0024 7E 
0025 FEOO 
0027 CA3500 

"0026 EB 
0028 77 
002C 46 
0 0 3  se 
OOZE C28000 
0031 13 
0032 C32300 

cc 30V d l i l  0017 .?C J -I , 
0013 '€21 5 6  CFI 2:H ; I $  not exccde 2100 90t0 C!OSO 

Jt4Z 0000 o o l a  C?,I~OO 57 , 
:I3 ; 
59 ; 
60 ;wr*rr*n*r*rr*r*ar*r************a**********************a************ 
61 ;* Get tne Pattern from iocatton PAT one sr one r urtte lnto tne * 
62 ;* loc~tton t and pull tt out to do tne test~ns. Go to 0 test dnen* 
63 i* runrtns out of tne pattern at sac3 lo:atton. * 
44 ;*w*r*a**a***l***********.t*r**r,r**************************** 
55 ; 
66 i 
67 L X I  HtSTSl ;~.tarttn4 address 

;pattern stored >err? 68 LOOF1: L X I  DIPAT 
69 LOOF2: XCYG 
70 nov n t n  
7 1 C @ I  OH ; tf ~ 3 t t e r n  I S  0 ttaen ,do the zero 
7 1, JZ ZERO ;test. 
73 XCHG 
74 now ~ I A  ;locat:on stored utth pattern 
75 now BIM 
-, 
i 5 C3P B icheck 'ocation content atth pattern 
77 JNZ FAIL istore tf not equal tnen jump t~ tne 
78 I?4X D ;FAIL souruot:ne .3therwrse so to next 
79 JMP L30FZ ilocotion. 
130 i 
81  ; 
82 ;ZEZOES TEST 
33 ................................................................... 
84 ;* Th I S  test I S  to test tf a1 l those l oc~t. ions otner t2an tne * 
35 ;* spectfted one contatn 0 . (r 

86 ;u**wr************r**!Y******(I****c********************************* 
0035 EB 87 ZERO : XCHG 
0036 7E 88 ~ O V  AIM ;set the conw l :ntent of the tn tt I a i 
0337 2F  39 C!lA ;value to bask t n 1 5  speclf~ed locatton. 
0038 47 9 o nov BIA 
0039 110020 9 1 L X I  DISTSI 
OO3C E9 92 XCUG 
003D 7E 93 OLP : YOU AIM 
003: FEOO 9 4 CPI OH 

95 
0040 C25530 9 6 JNZ nap 

97 
0043 23 98 CON1 : INX H 
0044 7C 99 HOW AIH 
'3045 FEZ1 LOO CFI I L H  
0047 C23DOO 131 JNZ OLi' 
0044 EB 102 XCHG 
004B 23 103 INX H 
004C 7C 104 HOW AI* 
004D FEZ1 105 CFI 213 
004F CAHJOO 106 JZ SETST 
0052 C31000 I 9 7  JHP LOOP1 
0085 7~ 138 ~ A P  : 3 0 ~  a t n  
0056 90 139 . ACID B 

;compare all the content: of l0Cat;OnS 
iutth zeros 
; tf not 0 then got3 YAP subrout:ne 
;to check. : f :t 1s a l lowed. 

i jump to succed I ns l ocat I on 
jcneck if test  coat^ l ete ? 

itf complete sot0 senstttvltr test 
;or conttnua tne rattern tsst 
;add up t>e content uttn that of 
i the spec I f I eQ one 



0080 
0380 01 
00B1 22 
0032 04 
3003 08 
0034 10 
OOBS 20 
0036 40 
0087 UO 
0089 FE 
0089 =D 
OO3k =B 
008B F7 
ooec EF 
00BD 3F 
00SE BF 
OOBF 7F 
0090 00 

LOC OBJ LINE SOURCE STAYERENT 

3057 =E?F :I3 C?I 0FFH 
0059 C2B300 11 1 JHZ FAIL 
005t 3000 :I" I n l o  
03ZE ZSi300 113 JnP CON1 
3061 3EFa 11* PASS : nVI A I O F ~ H  
0063 5321 115 OUT 21H 
0065 76 116 HLT 

117 ; 
113 i 
119 ;TESTING PATTERN 
129 ;***rrr***rr**rr*rrrrrrrrrrr**r*rr*r**wr****************u*****n*** 

121 i* These a r e  'he t e s t 1 n 9  p a t t e r n s  f o r  t h e  3155 t e s t i n g  ~ r o s r a n b .  * 
122 i* OOH 1s f ~ l l o u e d  t o  r e r r e n t  t n e  end o f  t s e  p a t t z r n s .  * 
123 ;**rr*******rrr******r(**o**rr***+,*****a******************** 
124 ORG PAT 
125 3 P Old 
126 D P 32H 
117 D B 04H 

OOBO 
OOBO 3ErA 
0082 D322 
OOBJ 76 

0095 210020 
OOBS OEOO 
nonn 71 

icnecv. i f  8 t I S  equal =F+i 
i I f n o t  Jusp t o  FAIL su:orout I ne 

DB 3HH 
DH 10H 
9 B 20H 
DB 40H 
D B 908 
D B OFEH 
3 B OF3H 
DB OFSH 
D R OF7H 
D B OEFq 
D B 3DFH 
D B OPFH 
11 8 07'4 
UB OOH 

I 

; 
................................................................. 
i* Th I S  I S  t o  t u r n  on t h e  FAIL LEI1 ~ I S P  l a y .  * 
................................................................. 

ORG OOBOH 
'AIL: !18JI A I O F ~ H  ; s e t  t h e  'AIL I l s h t  ?n. 

OUT 22H 
YLT 

I 

i 
;PART I1 
................................................................. 
;* T h ~ s  1s t o  '10 t h e  SENSITIVITY TEST t o  ensu re  t h e  meoorr 1 s n f t *  
;* a f f e c t e d  3s t h e  o t s e r  I o c ~ t ~ o n s  Ju r  ns  t h e  s u r t c h i n s  P e r l o d  * - ;* BY s t o r ~ n s  0 * FF i n t o  t h e  l o c ~ t ~ o n  2000 - =OFF I t 3 e n  * 
;* r e v e r s e  t h e  sequence1 t h e n  check i f  t h e  c o n t e n t s  04 t h o s e  * 
i* l o c a t ~ o n s  a r e  l n  t h e  r e v e r s e  sequence wn1c3 u e  demand. * 
................................................................. 
i SEI'ISITIVITY TEST : 
SETST: LXI HtST31 ; l o a d  0-ff to t 3 e  l o c a t , o n a  f r o m  

nu1 C ~ O O H  :2000-20ff 
C O N T ~ :  n0v n I c  iC I S  t n e  c o n t e n t  o f  eac3 l o c a t . o n .  



L?C OBJ L I N E  SOURCE STATEHENT 

OOBH 2 3  
IjOHC 7C 
00811 F Z 2 l  
OOBF Z i C 5 0 0  

o o c 2  9c 
00C3 C3BaOO 
00C5 l ' F 7 2 0  
OOC9 2 1 0 0 2 0  
OOCC 4 6  
00C3 EP 
OOCE 4E 
OOCF 7 0  
OODO EY 
3 0 0 1  7 1  
00D2 1 5  
00D3 2 3  
00D4 711 
0 0 0 5  FEQO 
OOD7 C2CCOO 

o o n a  2 1 0 0 2 0  
oona 1600 
OODF 1 5  
OGEO CA6100 
00E3  9 7  
OGcr 7E 
0 0 5 5  2 3  
OGE5 9 6  
0 0 5 7  DAROOO 
OOEA CAR000 
OOED C3DFOO 

I N X  H 
5O'J A # H  

; ~ n c r e a s e  t h e  l o c a t t o n  . 
;cnecP. t f  done '7 

CFI 21H 
J 2 CHKL ; yes )  so on t o  CHK rnut, tns t o  

; ~ n t e r C ? t a n s e  the c o n t e n t  o i  sPeCl f te ,3  
; l o c a t ; o n s .  

INR C 
JHF CON72 

CHK1 : LX: L IPEI IS~  ; ~ n t e r c n a n s c  t n e  c s n t e n t s  o f  IOCatOnS 
LX: HIBTQL ; ~ O O ~ - ~ O F F ~ ~ O ~ ~ - ? O F E I ~ O O ~ - ~ O F D  . . . . . .  

 LOOP^: YOV 5 1 n  
XCHG 
nov cln 
nov nlic 
XCHG 
n o v  nlc 
DCX I) 
It4X H 
now AIL 
Cr"1 80H 
JNZ LOOP3 

, 
, 
;THE F0LLOW:NG ?ROGRAH I S  TO CHECK I F  THE CONTENT 3F  THE i%RAY I S  
; IN  THE ORKIER FROM LAKGE TO SYCLL. 

LX: i l 1ST31  
nu1 D I O O H  I 

LOOP4: DCR D i 
J 2  FAf  S 
SUB A i r e s e t  t n e  c a r r y  f l a y  
nov 3,n 
I N X  H 
SUB Y 

;check I f a l  l  done 

- - - 
JC F A I L  
;z F A I L  
JYP LOOP4 

I 

I 

ST11  EQU 0800H 
EN21  EQU OPFFH 
OAT2 EQU 0200% 
;YI****r***C*************************X*************+U****#******* 

;* The f o l  l o u l n s  Program I S  t o  t e s t  t n e  2 1 1 4  (2L.*4) ttenlorv I t n e *  
;* a i ~ o r ~ t h m  used I S  t n e  same as  t n e  one 3 e 1 b s  used I n  t n e  above* 
i *  prosram. * 
...................................................... 

I 

, 
;TEST 2 1 1 4  C H I P  
;PART I 
;PATTERN TEST FOR 2 1 1 4  
................................................................. 
i* The f o l l o u t n s  Prosram I S  t o  r e s e t  t h e  t n d t c a t o r s  and t u r n  on 
;* t n e  2 1 1 4  ~ n d ~ c a t o r .  w 
................................................................. 
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- - - -  
.)LID 23 
OL2E 7C 
012F FEOC 
0131 C22BOL 

0134 210009 
9137 110002 
013A 713 
$125 '€00 
013D CAA801 
0140 FE2O 
0142 CAA101 
0145 eE40 
0147 CAP1801 
'914.4 'E6O 
014C CAA101 
OlJF FEBO 
0151 CAA801 
0154 FEAO 
0156 CAAlO1 
0159 FECO 
OlSB CAA801 
0155 FEE0 
0160 CAP1101 
0163 EB 
0164 7E 
0165 X F O  
0167 CA7301 
Ola.4 EB 
0155 4F 
016C 77 
016U 7E 
Ol6E F6FO 
0170 Y9 

L I N E  SOURCE STATERENT 

ORG 012OH 
TE2: : nV1 APOFFH ;rest: t h e  pass ~ n d ~ c a t o r  

OUT 22H 
n'JI APOFUH ; t u r n  on t h e  2114 ~ n d ~ c a t o r  
OUT 213 

;w**rr*r*r*r**r***rat*o*******+*************n****a******* 
i *  T h e  t 'o l  l ou I n s  prooram 1s t o  s e t  a1 l  t n e  c o n t e n t s  o f  t n e  nteeorr 
i *  l o c a t . o n  t o  3e 9 ~ n  o r d e r  t o  s e t  read3 f o r  t n e  :era t e s t  * 
;*******************************************n*********n********** 

L X I  HtST21 
LOOF'5: MIOFOH 

::4x H 
nnv AIH 
CFI OCH 
JNZ L30PS 

I 

238 ; 
239 ;rrrr**r**r*rr*rr**rrrr*r***wrr*r*****Y***I)******************************** 
240 ;* Get t n e  p a t t e r n  f r o m  l o c a t l o n  "AT1 one SY one r u r  , t e  I n t o  tt.e 
241 i* l o c a t ~ o n  , and p u l l  ~t o u t  f o r  t n e  t e s t ~ n s .  Got0  0 t e s t  unen * 
242 ;* r u n  o u t  o f  t n e  p a t t e r n  a t  eacn l o c a t ~ o n .  a 
243 ;w*wrrr**rw***rrrrr***r*rr*********~)******~**************n******n*** 
244 i 
245 i 
246 L X I  H1S721 
247 LOOP6: L X I  DIPAT' 
148 ROV A P L  inlove L t o  A 
249 CFI OOH ; ~f L=O so t o  -EDON 
2Z0 J Z LEDON 
25 1 CDI 29H ; I F  L-20 so t o  ,EDOF 
252 JZ LEDOF 
253 CPI 40H ; I<  L=40 90 t o  LEDON 
254 JZ LEIION 
-'r= 
-3-1 CPI 6OH i l f  i=bO 90 t o  LE30F 
"C ' -do JZ LEDOF 
257 CPI 80H i l f  L=90 so t o  LEDON 
-c -dS J Z  LEDON 
1C ,d9 CPI OAOH i t f  L=AO so  t o  LEDOF 
160 J Z LEUOF 
261 CFI OCOH ; ~f L=CO 90 t o  LELlON 
262 JZ LEDON 
263 CPI OEOH ; ~f L=EO so t o  LEDOF 
264 J Z LEDOF 
255 LClOF7: XCHG 
266 nov AIM 
267 CPI OFOH 
25s JZ ZOTE 
269 XCHG 
270 nov CIA 
27 1 YO'J Y J A  
2 7 1  0 A r M  
273 ORI OFOH 
274 CMP C 
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LCC OBJ LINE SOURCE STATEMENT 

0171 C29COl 275 :NZ FA12 
0174 13 276 INX 3 
0175 t36301 277 J ~ P  L C O P ~  

273 ; 
-79 ; -. . . 

280 ;ZEROES TEST FOR 2114 
'181 ;********r**r**r*r*******o*********************~***~************~ 
232 ;Th I s t e s t  I j to check i f  a1 1 - 1 o c a t 1  ons o t n e r  tnan t h e  c-rr 1 c 1 P*-* 

233 i* one c o n t a l n  zero  . 
'34 ; o ~ * ~ ~ r ~ r o ~ a * ~ ~ ~ ~ ~ ~ ~ ~ ~ * * * * ~ ~ ~ o ~ a ~ ~ ~ ~ o ~ o ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

0178 C-H 
0179 50 
0176 54 
017F 23 
017C 7C 
017D FEOc 
017F CA0002 
0132 7E 
OlB3 F6FO 
OlS5 FEFO 
0107 C19C01 
0186 23 
OlCB 7C 
018C FEOC 
JIBE C213201 
0191 68 
01f?2 62 
0193 23 
0174 C33701 
0197 3EF5 
0199 0321 
019H 75 
OloC 3EF9 
019E 9321 
0lAO 75 
OlAl 3EFD 
OLA3 9321 
01.45 C35301 
OlA8 3Ef1 
OlAA 3321 
OlAC 1336301 

285 ZOTE : XZHG 
296 now EIL 
237 nOIJ 9 IH 
'138 INX H 
299 now A I H  
290 CPI OCH 
20 1 J 2 SETS2 
292 LOOPS: now a ~ n  
293 OR1 OFOH 
294 CPI OFOH 
275 JNZ FA12 
296 INX H 
297  OW A I H  
298 CFT, OCH 
299 JNZ LOOFQ 
300 nO'J LIE 
301 !IOU HID 
302 I ~ J X  H 
303 J ~ P  LOOF& 
304 QSS : nvr A, ~ F Z H  
305 OUT 21H 
305 HLT 
307 FA12 : 3'41 AtOF9H 
3013 OUT 21H 
309 HLT 
310 LEDOF: nu1 AIOFDH 
311 OUT 11H 
312 JUP LOOP7 
313 LET'ON: H'JI AtOFlH 
314 OUT 21H 
315 J5P LOOP7 
316 i 
317 ; 
318 ;TESTING PATTERN FOR 2114 
319 ;***r**rr***rr*rr****************.~****O************************** 
320 i*Th~s I S  t h e  t e s t l n s  program f o r  t h e  2114 nlenlorr cnlP1 OOH Is * - 
321 i *  f o l l o u e d  t o  r e p r e n t  t h e  end o f  t3'a t e s t .  * 
322 ;**r*r**r****rr******r*r***rr**r***r**r,************************* 
323 ORG PnT2 
324 D B OFlH 
325 D B OF2H 
326 OH OF4H 
327 OB OF8H 
328 OB OFEH 
329 DB OFnH 
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LOC OBJ LINE SOURCE STATEMENT 

0208 21000B 
O2OB LlFFOLc 
O2OE OEOO 
0210 71 
0211 0C 
0212 23 

0225 FEOA 
0227 Ck2DO2 
02311 C3LCO2 
022D 210008 
0230 46 
0231 70 
0232 30 
0233 EOOF 
0235 FEOF 
0237 C29C01 
023A 23 
023R 7s 
023C iEOC 
023E C23002 
0241 C39701 

D B OF7H 
20 OFOH 

; 
;PART I1 
;*r****r*r*****rr*a**r**r*******r************************** 
;* T h ~ s  1 3  t o  ado t h e  SENSITIVITY TEST t o  ensu re  t h e  noenlory ~ s ' n t  
;* a f f e c t e d  DY t h e  o t h e r  aaemor~ d u r : n 9  t n e  s u 1 t c n 1 n s  ~ e r ~ o u .  * 
i *  BY s t o r ~ n s  00 - OF ~ n t o  t h e  f l r s t  s p e c ~ f ~ e d  l o c a t ~ o n s  suose t  
i *  t n e n  soon t o  o t h e r  s u b s e t  t ~ l l  t n e  end o f  t n e  l o c a t ~ o n s  * 
;* Reverse t h o s e  c o n t e n t s  I n  t h e  subse t  n  I ~t f a 1  i s  u n l e s s  t n e *  
i *  a r r a y  I S  ~n  t h e  o r d e r  f r o m  l a r g e  t o  sulal l unen ue cnecr. *.he * 
;*  o r A e r .  
................................................................ 
;SENSITITY TEST FOR 2114 
SETS': LXI HpST21 

LXI UtEN21 
M'JI c,oo 

LOOP?: MOV n l c  
INR C 
INX H 
UOV AjH 
CPI OCH 
JNZ LOOP9 

REV : LXI HjST21 
LOOPA: 90'4 BIM 

XCHG 
MOU AtM 
nolJ nja 
XCttG 

364 
305 
366 
367 CHK 
368 LOOPB 
369 
370 

3cx 
INX 
308J 
CFI 
J i 
JnP 

: LX: 
: nov 

nov 
ADD 
AN1 
CF I 
JNZ 
INX 
3O'J 
CP I 
JNZ 
JMP 
END 

9, A 
D 
H 
htH 
OAH 
CHK 
LOOP? 
H 1 ST21 
BPM 

FA12 
H 
AIH 
OCH 
LOOPB 
PSS 
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EXTERNAL SY5HOLS 

USER SYnaOLS 
CHK A 022' CHKI A ooc6  CONI A 0043 CONTZ a OOBA E N ~ I  n OFF= E N ~ I  A 20:: 
FAIL  A OOBO LEIIOF k O l A l  LEDON A O lA8  LOOP1 A 0020 LOOP2 A 0023 LOOP3 A OCt. 
LOOP5 A O12P  LOOP^ A 0137 LOOP7 A 0163 LOOP8 A 0182 LOOP9 P 0210 LOOPA .& '321: 
HAP A 0055 OLP a 003D 0000 A 0014 F'fiSS k 006: PAT A 0080 A 020 
REV A 0219 SETS2 A 0208  SETST A 0085 ST21 A OUOO ST81 a 2000 TE21 4 0:21 
ZOTE A 0178 

ASSEHPLY CO~PLETEI NO ERRORS 



APPENDIX B 

TESTING PROGRAM LISTING FOR 16K DRAM .................................... 
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LOC OBJ L I N E  SOUFLCE STATEHENT 

4000 
7FFF 
0000 
0000 3EFF 
0002 D301 
0004 3EFE 
0006 D300 
0008 3E00 
OOOA D303 
OOOC DB01 
OOOE E6O l  
0010 4F 
0 0 1 1  110040  

0010 7D 
0011  FEOO 
0023 CA7000 

1 ........................................................ 
7 i* 16h !IYNAMIC MEMORY TES- * 
3 ........................................................ 
4 ; 
C .  > I 

6 ;DESCRIFTION: 
7 ........................................................ 
8 i* Th 1 5  testlns Prosram uses tne same a1 sor I tnn as ue 
9 ;* have for tne stat:c KAH test. The only d~fference I S *  

1 0  i* tnat the user can nave a ChOlCe to select tne testins 
11 i* method el ther ulth or U I  tnout tne MAPPED 1 test DY * 
13  ;* s e t t ~ n s  the tolsle sultch on the tront panel. t 

13  i****************wr************************************* 
14 i 
15 i 
16  ;?ART 11 PATTERN TEST 
17 ST16 EQU 4000H ;startins address for 4116 
1 8  EN16 EOU 7FFFH ;end address tor 4116 
1 '? ORG 0 H 
2 0  MV I AIOFFH iasslsn the 1 / 0  ~ 3 r t  

OUT 
nvx 
OUT 
nu1 
OUT 
I N  
AN1 
nov 
L X I  

LOOPI: M'JI 
INX 
YO'J 
CPI  
JNZ 
L X I  

LOOP?: HO'J 
CPI 

CF I  
JZ 

LO OF^: nu1 
nov 
YO'J 
OK1 
C F I  
JNZ 
JHF' 

BBH : PlOV 
C F I  
JNZ 
J5P -- LZRO : nov 

k 1 L 
OOH 
LEIIOPJ 
80H 
LEUOF 
A ,  OFEH 
MIA 
k,H 
OFEH 
OFEH 
F A I L  
ZERO 
AIH 
BOH 
iOOF1 
SENST 
nlC 

;set the 4116 ~ n d ~ c a t o r  on 

; a s s ~ s n  the I / O  Pgrt 

iread the tossle suitc? position 

istore to C 
imove a l l the atenlory l ocat ions u :  t.3 
; FF 

inlove f rrst loczttion to H - J  
;get reaav for t3e test. 
i ~ f  L=O so to LENOC r u u t ~ n e  

inlove FE t.0 A 
inlove A to nlentorv location 
inlove Dacr. to A 

iconlpare u ~ t h  FE 
;not equal7 so to F A I L  
ires, so to ZERO routine 
; I S  test cone leted ? - - 
;no, so to LOOP1 
;rest 30 to SENST 
;check the tosl l e POS i t i on 
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LOC OBJ L I N E  SOURCE STATEnENl 

OOA1 2 1 0 0 4 0  
00A5  7E 
00A6  1 3  
00A7  PE 
OOAQ CA6B00 
OOAB 7C 
OOAC FEBO 
OOAE CA6600 
OOBl C3A5OO 

- - -  . .- . 

11 1 DCX 
1 1 2  nov 
1 1 3  I NX 
1 1 4  JMF 
1 1 5  ;The f o l  l o u ~ n g  
1 1 6  ;each l o c a t ~ o n  
1 1 7  CHK : L X I  
118 LOOFB: now 
1 1 7  I N X  
1 2 0  c n ~  - - 

1 2 1  JZ 
1 2 2  nov 
1 3 3  C F I  
1 2 4  JZ 

~ I P  inlove n t o  B 
H ;(Iscrease H 
t l  I A inlove A t o  P I  
H ; increase H 
LOOPA i JU~IP t o  LOOFA 

program i s  t o  check I C  the  con ten ts  o f  
a re  ~n  t h e  r i 9 h t  sequence uh ~ c h  ue demand. 

H t S T 1 6  
h ln  inlove n t o  A 
H i ~ n c r e a s e  H 
fl icon~pare u i t h  M 
F A I L  ; i f  n o t  equal go t o  F A I L  
A I H icheck i f  t e s t  contr le te 
QOH 
PASS 
LOOFP i n 0 1  do on 

EXTERNAL SY3BOLS 

USER SYflROLS 
AAA A 0 0 6 0  BPB A 0 0 3 9  CCC A 0 0 6 1  CHK A 0 0 A 1  EN16 A 7FFF F A I L  A OO6P 
LEDOPI A 0 0 7 0  LOOP1 A 0 0 1 4  LOOF? A 0 0 2 0  LOOP3 A OO2B LOOP4 A 0 3 5 1  LOCIF'5 A 003 t .  
LOOF'F A 9 0 6 5  PASS A 0 0 6 6  REV A 00BF SENST A 0 0 7 E  ST16 A 4 0 0 0  ZERO A 0 0 4 2  

ASSEflFLY COflF'LETEt NO ERRORS 



APPENDIX C 

TESTING PROGRAM LISTING FOR 64K DRAM .................................... 
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LOC OBJ L INE  SOURCE STATEMENT 

SO00 
FFFF 
0000 
0000 3EO2 
0 0 0 1  D320 
0004 3EFE 
0006 D322 
0008 32FE20 
0003 DB11 
OOOU 32FF20 
0010 21FA20 
0013 36FC 
0015 23  
0016 36Fd 
0018 23  
0019 36F8 
0013 23  
OOlC 36FE 
OOlE 210080 

0023 2 3  
0024 7C 
0025 FEOO 
0027 C22100 
OO2A 210090 

002:1 7U 
002E FEOO 
0030 CAS300 

, 1 ;*****rr**r****rr*r*rrr*r**e*****************u*****+********* 
2 ;* o4K IlYNAP.IC YEYOFZY TEST 
3 ;rr***r*****rrrrr**o*1)**********00****1)*********+******* 
4 ; 
C .  d I 

6 ; UESCRIPTIOFJ : 
7 ;*******************u*********************************** 

8 ;* T h ~ s  t e s t ~ n s  program uses t h e  same a l r o r i t n m  as ue r 
9 i *  have f o r  t h e  s t a t i c  RAM t e s t .  The Dn l r  d ~ f f e r e n c e  i s *  

10  ;* t n a t  the  user can nave a  cno ice  t o  s e l e c t  t n e  t e s t ~ n e  
11 i *  netnoa e i t n e r  v i  t n  o r  .JI t n o u t  the  3AFPED 1 t e s t  D Y  * 
12  ;* s e t t  1n9  t n e  t o e s l e  s u i  t c a  on t h e  f r o n t  pane I .  * 
13 ;* r 1 6 4  has 5 4 t * l  mentory c a ~ a c  I tr I , ~ ~ r t u e  nesorr  method* 
14  i* I S  nee9jed f o r  t h e  u n o l e  t e s t  u ~ t h  the  3055. There a r e  
15  i* t u o  3000 t o  FFFF l o c a t ~ o n  I se lec ted  DY one I / O  p o r t *  
10 ;* 1 lne. * 
17  ;w***r**r**rrr*r*w************************************** 
13  ; 
19 i 
20 ;PART 11 PATTERN TEST 
2 1  3 6 4  EQU QOOOH is ta r+ , ins  address f o r  4164 
2 2  EN64 EQU OFFFFH ;end ad~lres; f o r  4154 
23  ORG OH 
2 4 MU: AtO?H i a s s 1 3 n  the  1 /0  p o r t  
-! C - a OUT 2OH 
26 M8J I AtOFEH ;se t  t h e  4164 i n d ~ c a t o r  on 

OUT 
STA 
I N  
STA 
L X I  
flu I 
INX 
nu r 
INX 
nu1 
INX 
nu I 

START: ;XI 

LOOPI: 3 'J I  
INX 
30'J 
CPI  

- -! -3 
2OFEH -. -, H 
2OFFH 
Hp2OFAH 
M 1 OFCH 
H 
M 1 JFAH 
H 
M 13FSH 
H 
n OFEH 
HI s i b 4  

n I OFFH 
H 
ArH 
OOH 

i s t o r e  f o r  I  a t e r  usage 
; read t h e  t03S le  s u ~ t c h  p o s i t t o n  
; s t o r e  here  
, 
i s t o r e  t h e  1s t  r o u t ~ n e  PASS 'data 

; s t o r e  t h e  1 s t  r o u t r n e  F A I L  d a t s  

; s t o r e  t h e  1 s t  r o u t ~ n e  LLDON ,data 

; s t o r e  t h e  1st r o u t i n e  LEDOF .4ata 
iniove a  I l t h e  memory l  oca t  ions u  I t h  
; FF 

- - - .  

4 5 JNZ LOOP1 
46  L X I  H lST64 ;move f i r s t  l o c a t i o n  t o  HLI 
4 7 ;3et  r s a a r  f o r  t h e  t e s t .  
48 LOOP=: MO'J AIL i l f  I - 0  so t o  IENON r o u t ~ n e  
49 CCI OOH - - 
50  JZ LE'JON 
5 1 CPI BOH i l f  L=80 so t.0 LENOF r o u t - n e  
51  - 17 .. LZ30F 
53- LOOP3: 35rI APOFZH ;niove FE t o  A - - 
54 YOY YrA intove A t o  71en1or~ l  oca t  J on 
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LOC OHJ LINE SOURCE STATEMENT 

0043 FEOl 
0045 CA6100 
0048 SD 
0049 54 
004A 1 3  
0048 70 
004C D600 
004E CA6000 
0051 7E 
0052 F6FE 
0054 FEFF 
0056 C26B00 
0059 7D 
OOSA 23 
005B FEFF 
035U C15100 
0060 6B 
0061 62 
0061 23 
0063 C33900 
0066 3EFC 
0068 11300 
006A 76 
OOSB 3EFA 
006D D300 
006F 76 
0070 3EFU 
0072 D300 
0074 C32POO 
0077 3EFE 
0079 D300 
007B C31B00 

007E 110040 
0031 11FF7F 
0084 OEOO 
0085 71  
0087 OC 
0098 23 
0009 7C 
009A FE80 
OOOC C18600 

OOYA 7E 

7 4 
75 
7 6 
77 
78 
7 9 
80 
81 
a: 
8 3 
8 4 
5 5 
86 
8 7 
88 
89 
90 
9 1  
92 
9 3 
9 4 
95 
9 6 
9 7 
9 8 
9 9 

100 
101  
102 
103 
104 
105 
106 
107 
i o a  
109 

CFI 01H i c : o n ~ ~ a r s  u l t h  0 1  
JZ CCC ;equal,  so  t o  CCC 
n0v E f L  i n o f  s t o r e  HL t o  LIE 
n0v Lt r H 
INX H . i ~ n c r e a s e  HL 
~ O V  A r L ;check t f  L l a r g e r  than FF 
SUI OH 
JZ GAR i r e s ,  go t o  AAA 

LOOF4: UOU A I M  i n o r  s t a r t  one t e s t  
OR I OFEH 
CP I OFFH i c h e c k  t f  c t  one' 
.IN2 FA IL  ;not do t o  FAIL 
nov A P L  . INX H i n e r t  l o c a t t o n  
CPI OFFH i f f  ~t l a r s e r  t h a n F F 7  
JNZ LOOF4 i n o t  so  t o  LOOP4 

AAA : tlOU L f E  i r e s ,  aov DE back t o  HL 
nou H,D 

CCC : I N X  H i t nc rease  HL 
JHP BBR i 9 0  t o  BBH 

PASS : n'J1 AIOFCH IF'ASS ~ n d ~ c a t o r  d a t a  
OUT OH 
HLT 

FAIL : nu1 ArOFAH ;FAIL t n d ~ c a t o r  d a t a  
OUT OH 
HLT 

LEDON: ~ V I  AfOFBH ;LEDON ~ n d ~ c a t o r  d a t a  
OUT OH 
JnP LOOP3 

LEIIOF: UVI AtOFEH iLEDOFF ~ n d ~ c a t o r  d a t a  
OUT OH 
JMP LOOP3 

i T h ~ c  p a r t  o f  t h e  t e s t  I S  t o  v e r i f y  t h e  s e n s ~ t t v ~ t r  o f  
i nten~orr 
;The f o l l l n g  program I S  t o  s t o r e  O t l f 0 1 1  ... t o  ntenlorr 
i l o c a t t o n  
SENST: L X I  HrST16 ; l o a d  0 )  1 r 0 ~ 1  . . .sequence t o  n~entorr 

L X I  tlrEt116 
W'JI CfOO 

LCOF5: MOW UIC 
INR C 
INX H 
MOU AIH i ~ f  it cantpLete' 
CPI 30H 
JNZ LOOP5 ;no) 90 t~ LOOPS 

;The f o l  l o u ~ n s  p r o a r a n ~  I S  t o  I n t e r c h a n g e  t h e  menlory 
i c o n t e n t  r 4000 - 4001 f 4001+4003r .... 
REV : L X I  HtST16 
LOOPA: nov ~ , n  

I NX H 
nov A,H I 

CF I 80H 
JZ CHK ; ~f r e v e r l s ~ o n  I S  c o n ~ p l e t e d  so 

; t o  check ~ t .  
~ O V  am ;ntove M t o  A - 
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LOC OBJ LINE SOURCE STATEMENT 

OOAl C29B00 

00A4 210080 
00A7 46 
OOAQ 13 
OOA9 7C 
OOAA FEOO 
OOAC CAP700 

OOAF 7E 
OOPO 70 
0001 28 
0002 77 
0003 23 
00P4 C3A700 

OOP7 210080 
OOPA 7E 
OOPR 23 
OOPC RE 
OOBD CA7DOO 
OOCO 7C 
OOCl FEOO 
00C3 C2PAOO 
00C6 3AFE20 
30C9 FE06 
OOCB CA7700 
OOCE 21FA20 
0001 3604 
00D3 23 

OODA 3606 
OOPC 7E 
OODD 0322 
OODF 32FE20 
00E2 C31EC.O 

PUBLIC SYPlBOLS 

110 JNZ LOOP5 !not So to LOOPS 
111 ;The follouins rrosran I S  to lnterchanse the nemorr 
112 icontent , 8000 + 8001 t 800228003r .... 
113 REV : LXI H I ST64 
114 LOOPA: nov B I n  
11s INX H - - - 
116 ~ O V  AIH i 
117 CPI OOH 
118 JZ CHK Iif reverision is comrleted so 
119 ito check It. 
120 now A I n imove n to A 
121 nov n,B J ~ O V C  n to B 
122 PCX H idecrcase H 
123 nov M I A  )move A to n 
124 INX H iincrease H 
125 JnP LOOPA f Jumr to LOOPA 
126 !The follouins rrolram is to check i f  the contents of 
127 ieach location are in the risht rewenee u h ~ c h  we demand. 
128 CHK I LXI H ST64 
129 LOOPBI HOV h t n  irovc n to A 
130 ' INX H iincrease H 
131 CHP n icomrare u ~ t h  H 
132 JZ FAIL Iif not e w a l  so to FAIL 
133 ~ O V  A I H ;check if test comrlete 
134 CP I OOH 
135 JNZ LOOPP in08 so on 
136 LDA 2OFEH iues, load 20FE to A 
137 CF I O6H icomrarc uith 6 
138 PASS ;if it is e ~ u a l  90 to PASS 
139 JZ LXI H I ~ O F A H  in01 resat 
140 MV I Ht04H IPASS indicator data 
141 INX H 
142 nV1 tl~02H ;FAIL indicator data 
143 I NX H 
144 ~ V I  HIOH iLEDON indicator data 
145 ZNX H 
146 HVI . tlt06H JLEDOF 1ndic8tor data 
147 nov A, n 
148 OUT 22H ireset LED 
149 STA 2OFEH I 
IS0 JHP START ;lo to another 8000 to 
151 ;FFFF routine. 
152 END 

USER SYMBOLS 
AAA A 0071 ABP A 0046 CtC A 0073 CHK A 0087 EN64 A FFFF FAIL A OO7D 
LEPON A 0083 LOOP1 A 0021 LOOP2 A 002D LOOP3 A 0038 LOOP4 A 0062 LOOPS A 0098 
LOOP0 A OOBA PASS -A 0077 REV A 00A4 SENST A 0093 ST64 A 800Q- START A OOtE 
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X I  4-g vcc 
x 2 HOLD 

RESET ;:: 1; ;; HLOA 
CLK (OUT1 

SIO 36 RESET IN 

Figure 2 8085A Pinout Diagram 

FUNCTIONAL PIN DEFINITION 
The follow~ng descr~bes the funct~on of each pln: 

Symbol Functlon 

An-AI 5 Address Bus: The most s~gn~ficant 8 
(Output. 3-stat.) blts of the memory aaaress or the 8 

b ~ t s  of the I/O address. 3-stated dur- 
Ing Hold and Halt modes and durlng 
RESET. 

ADO-7 ' Multtplexed Address/Data Bus: Low- 
(Input/Output, er 8 blts of the memory address lor 
3-state) I10 address I appear on the bus dur- 

Ing the flrst clock cycle rT statel of a 
machtne cycle. I t  then becomes the 
data bus durlng the secona ana thlrd 
C ~ O C K  cycles. 

ALE Address Latch Enable It occurs dur- 
(Output) Ing the flrst clock state of a machlne 

cycle and enables the address to get 
latched Into the on-ch~p latch of pe- 
rtpherals The falling edge of ALE IS 

set to guarantee setup and hold tlmes 
for the address ~nformat~on The fall- 
Ina edae of ALE can also be used to 
suoor l n ~  qratlts ~nformat~on ALE IS 

never 3-stated 

So. SI. and I O / ~  
(Output) Mach~ne cycle Status: 

IO/M S, So Status - 
0 0 1 Memory wrlte 
0 1 0 Memory read 
1 0 1 I/O wrlte 
1 1 0 I/O read 
0 1 1 Opcode fetch 
1 1 1 In ter ru~t  Acknowledge 

0 0 Halt 
X X Hold 
X X Reset 

' = 3-state h ~ g h  Impedance1 
X = unsoectf~ed 

Symbol 

- 
R D 
(Output. 3-state) 

- 
WR 

(Output, 3-atate) 

READY 
(Input) 

HOLD 
(Input) 

HLDA 
(Output) 

INTR 
(Input) 

Functlon 

St can oe used as an advanced R,K 
status. IO/R.SO and S1 become valld 
at the beg~nnlng of a macnlne cycle 
and rernaln stable throughout the - mav oe cycle The falling edge of ALZ 
used to latch the state 01 these l~nes 

READ control A low level on In- 
dlcates the selected rnemorv or 1.0 
devlce IS to be read and that the Data 
Bus IS available lor the data transfer 
3-stated durlng Hold and Halt modes 
and durtng RESET 

WRITE control A low level on WR In- 
dlcates the data on the Data Bus IS to 
be wrltten Into the selected memory 
or I/O locatton F a  IS set up at the 
tralllng edge of WR 3-stated durlng 
Hold and Halt modes and durlng 
RESET 

If READY is h~ghdur~ngareadorwrtte 
cycle. it ~ndlcates that the memory or 
peripheral IS ready to send or recelve 
data If READY IS low the cpu will 
Walt an Integral number of clock 
cycles for READY to go h ~ g h  before 
complettng the read or wrlte Cycle 

HOLD lndtcates that another master 
IS requesting the use 01 the address 
and data buses The cpu. upon re- 
cetvlng the hold request. wtll re- 
l~ngulsh the use of the bus as soon as 
the completton of the current bus 
transfer Internal orocesslng can con- - 
tlnue The processor can regaln the 
bus only alter the HOLD IS removed 
When the HOLD ~sacknowledged the 
Address. Data. Kb. m. ana IO/G 
I~nes are 3-stated - 

HOLD ACKNOWLEDGE lndtcates 
that the cpu has recetved the HOLD 
request and that ~t w ~ l l  rellnqulsh the 
bus ~n the next clock cycle HLDA 
goes low after the Hold request IS 

removed. The cpu takes the bus one 
half clock cycle alter HLDA goes low 

INTERRUPT REOUEST s_used as a 
general purpose ~nterrupt It IS sam- 
pled only dur~ng the next to the lasf 
clock cycle 01 an tnstructlon and dur- 
Ing Hold and Halt states If 11 IS actlve 
the Program Counter PC w ~ l l  be In- 
h c e d  'rom lncrementlng and an 
l N i A  w ~ l l  be Issued Durlng thlscycle 
a RESTART or CALL lnstructlon can 
be ~nserted to lump to the lnterruot 
servlce routlne The INTR IS enabled 
and dlsabled by software It IS dls- 
abled by Reset and lmmealately atter 
an interrupt IS acceoted. - 



8085A FUNCTIONAL PIN DESCRIPTION (Continued) 

Symbol Functlon 
- 
INTA INTERRUPT ACKNOWLEDGE IS 
(Output) used lnstead ot and has tne same 

tlmlng as1 KO during the lnstrucrlon 
cycle atter an INTR is accepted. It can 
be used to actlvate the 8259 Interrupt 

RST 5.5 
RST 6.5 
RST 7.5 
(Inputs) 

TRAP 
(Input) 

RESET IN 
(Input) 

Symbol 

chlo or some other lnterrupl port. 
RESET OUT 

RESTART INTERRUPTS. These three ,Outpu,) 
Inouts nave the same timing as INTR 
exceot they cause an internal RE- 
START lo be automatically Inserted 

The prlorlty of these Interrupts is 
ordered as shown In Table I These XI. x2 

interrupts have a hlgher priorlty than (Input) 

INTR. In addlt~on, they may oe lndi- 
v~oually masked out uslng the SIM 
Instructlon. 

Trap Interrupt is a nonmaskable RE- 
START ~nterrupt. It 1s recognized at 
the same ttme as INTR or RST 5.5-7 5. 
It IS unaffected by any mask or Inter- 
rupt Enable. It has the highest prlorlty 
of any ~nterruot-!See I) 

- 

Sets thg'proqrarr, Countp- 7 0  zero bne 
resets the interrupt Enable ana HLDA 
f l~pt lops.  The dataand address buses 
and the control llnes are 3-stated dur- 
Ing RESET and because of the asyn- 
cnronous nature of RESET. the pro- 
cessor's Internal regtsters and flags 
may be altered by RESET w ~ t h  unpre- 
dtctable results. RESET IN 1s a 

CLK 
(Output) 

SID 
(Input) 

SOD 
(Output) 

Function 

Schmltt-triggered Inour. allowing 
connectlon to an R-C nerworr lor 
power-on RESET delav The cou IS 

held in tne reset condltlon as long as 
RE~'ETN IS apollea. 

lnd~cates cou is belng reset. Can oe 
used as a system reset The slgnal IS 

syncnronlzea to the processor CIOCK 

and lasts an integral numoer of CIOCK 

perloas. 

X i  and X 2  are connected :o a crystal. 
LC, or RC networlc todriverheinternal 
clock generator X I  can also oe an 
external c l o c ~  lnout from a loglc gate. 
The Input frequency IS dlvidea by 2 to 
give rhe processors mternal oper- 
ating frequency 

Clock Output for use as a system 
clock The perloa ot CLK IS twlce the 
X i .  X 2  input per~od 

Serral Input aata line. The aata on rh~s  
line IS loaded Into accumulator bit 7 
wnenever a RIM instruction is exe- 
cuted. 

Sertar output data llne The outpu~ 
SOD IS set or reset as specified by the 
SIM Instructlon. 

75 volt supply. 

Ground Reference 

TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS. AND SENSITIVITY 

NOTES. 

1 Prtor~ty I When Interrupt Occurs 
Address Branched To (1) 

TRAP I 1 / 24H 

RST75 1 2 - 1  3CH 

( 1  I The processor pusnes the PC on tne Stack before branching lo the lndlcated address. 
i 2: The address branched to depends on the lnstrucflon provlded to Ine cpu wnen the tnterruo: 1s 

acknowledged. 

Type Trtgger 

Rlstng edge AND high level urtl l sampled / 
Rlslng edge 'latches. - -  I 

RST 6 5 

RST 5 5 

I INTR 

3 34H / nigh level untll samoled 1 
4 2CH I ~ ~ g h  level unt~ l  sampled I 

5 1 See Note 2 1 Hlgn level until sampled I 



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

02661. APRIL 1982-AEVISED DECEMBER 1983 

8 8 Latches in a Single Package 

@ 3-?.ate Bus-Driving True Outputs 

SN54ALS373.  SN54AS373 . . . J PACKAGE 

SN74ALS373,  SN74AS373 . . . N PACKAGE 

(TOP VIEW) 

8 Full Parallel Access for  Loading 

@ Buffered Control  lnputs  

8 P-N-P lnputs Reduce D-C Loading o n  Data Lines 

@ Package Opt ions Include Both  Plastic end Ceramic 
Chip Carriers in Addi t ion t o  Plastic and Ceramic DIPS 

0 Dependable Texas Instruments Quality and Reliabiiity 

These &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, 110 pons, bidirectional bus drivers, and working 
registers. 

The e~ght latches of the 'ALS373 and 'AS373 are transparent 
D.fype latches. While the enable (C1 is high the Q outputs will 
lollow the data (0) inputs. When the enable is taken low, the Q 
outputs will be latched at the levels that were set up at the D 
ulputs. 

A buffered output-control input (El can be used to place the 
sight outputs in either a normal logic state (high or low logic 
bvels) or a high-impedance state. In the high-impedance state 
be outputs neither load nor driva the bus lines significantly. The 
high-impedance third state and increased drive provide the 
capability to drive the bus lines in a bus-organized system 
w~thout need for interface or pull-up components. 

The output control does not affect the internal operationiof 
the latches. Old data can be retained or new data can be entered 
wh~le the outputs are off. 

The SN54ALS373 and SN54AS373 are characterized for 
operation over the full miiitary temperature range of - 55 OC to 
125 OC. The SN74ALS373 and SN74AS373 are characterized 
for o~eration from 0 OC to 7 0  OC. 

FUNCTION TABLE LEACH LATCH) 

GND 4Q $3 10 :Q 

SN54ALS373.  S N 5 4 A S 3 7 3  . . . FH PACKAGE 

SN74ALS373.  SN74AS373 . . . FN PACKAGE 
(TOP VIEW) 

INPUTS OUTPUT 

X Qo 
H X X 



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

lo .  c symbol 

logic diagram (positive logic) 

Pin numbers shown are for J and N oackager. u 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage. VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Inputvoltage 7'; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Voltage applied to a disabled 3-state output ESi 

Operat~ng free-air temperature range: SN54ALS373,  SN54AS373  . . . . . . . . . . . . . . . . . . . .  - 5 5  OC to 1 2 5 ?  
SN74ALS373.  SN74AS373  . . . . . . . . . . . . . . . . . . . . . . . .  O°C to 70C( 

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 6 5  OC to 1 50Y  



8755A 18755A-2 
16,384-BIT EPROM WITH 110 

m 2048 Words x 8 Bits m 2 General Purpose 8-Bit 110 Ports 

Single + 5V Power Supply (Vcc) m Each 110 Port Line Individually 
Programmable as Input or Output 

m Directly Compatible with 8085A 
and 8088 Microprocessors m Multiplexed Address and Data Bus 

U.V. Erasable and Electrically 
Reprogrammable 

m 40-Pin DIP 

m Internal Address Latch 

The lnlela 8755A IS an erasable and electr~cally reprogrammable ROM (EPROM) and I10  c h ~ p  to be used ~n the 8085A 
and 8088 microprocessor systems. The EPROM portlon IS organ~zed as 2048 words by 8 b~ts .  It has a maxlmum 
access time of 450 ns to permlt use with no wa~t  states ~n an 8085A.CPU. 

The 110 portlon cons~sts ot 2 general purpose 110 ports. Each 110 port has 8 port lines, and each I10  port line IS 

~ndrv~dually programmable as ~nput or oulput. 

The 875%-2 IS a high speed selected verslon ot the 8755A compatible w ~ t h  the 5 MHz 8085A-2 and the full speed 5 
MHz 8088. 

PIN CONFIGURATION BLOCK DIAGRAM 

I 
R E A D Y  

- 

**to 

mthi 

ALE 

m 
E - - 

R * Y T  

~ b n  



8755A FUNCTIONAL PIN DEFINITION 
Symbol Funcllon - 
ALE When Address Latch Enable goes 
'tnoutl htgh. ADO-:. 101M. As-to. CE2, and - 

CEI enter the address latches. The 
s~gnals ,AD. I0:M. Ae-10. CE! are 
ratcned In at the t ra~l~ng edge of ALE. 

ADO-7 B~d~rect~onal  AddressIData bus. The 
llnout/outoutl lower 8-b~ts of the PROM or 110 

address are appl~ed to the bus ltnes 
when ALE IS h~gh. 

Dur~ng an I/O cycle. Porr A or B are 
selectedbased onhelatched value of 
ADO. I! RD or IOR is low when the 
latched C h ~ o  Enables are actlve. the 
output buffers present data on the 
bus. 

These are the h ~ g h  order b~ ts  of the 
PROM address. They do not affect 
I/O operatlons. 

P R O G ~ C ~  Chlo Enable Inputs: CZ IS actlve low 
C E2 and CEZ 1.5 actlve hlgh. The 8755A 
itnput I can be accessed only when BOTH 

C h ~ p  Enables are active at the ttme 
the ALE s~gnal latches them up. If 
etther C h ~ p  Enable ~nput  IS notactlve. 
the ADO-7 and READY outputsw~ll  
be In a h ~ g h  Impedance state. CEi IS 

also used as a programmtng pun. (See 
sectlon on programmlng. I 

I f  the latched I O / ~  IS high when % 
is low. the output data comes from 
an I/O port. If it is low the output data 
comes from the PROM. 

If the lazhed.Ch~p Enables are actlve 
when RO goes low, the ADO-? output 
buffers are enabled and output e~ther 
the selected PROM IocEon or I/O 
port. When both m a n d  IOR are htgh. 
the ADO-? output buffers are 3-stated. 

If the latchedChlp Enables are active. 
a low on IOW causes the output port 
polnted to by the latched value of 
ADO to be wrltten w ~ t h l h e  data on 
 ADO-^. The state of IO/M IS Ignored. 

Symbol 

READY 
lOUtDUtl 

RESET 
(Input) 

Functlon 

READY 1sp3-state outout controlled 
by CE2. CE1. ALE and CLK. ;IEADY 
IS lorced low wnpn the C ~ I D  Enables 
are acttvedurtng the ltme ALE 1s htgn 
and rematns low untll the rtslng eage 
of the next CLK. (See Figure 6 

These are general purpose I/O otns. 
Thew tnput/output d~rectlon IS deter- 
mined by the conlents o l  Dara D~rec- 
tlon Reglster I DDR I PortA tsselected 
for wrlte operatlons w h e c e  Chlo 
Enables are actlve and IOW IS low 
and a 0 was prevtousty latched from 
ADO. ADi. 

Read operatlon IS selected bv e~ther 
IOR low and actrve Chlo Ezables and 
ADO and AD1 low or IO/M htgn RD 
low. actlve Chlo Enaoles, and ADO 
and AD1 low 

Th~s general purpose I/O port IS 

~dentlcal to Port A except that 11 ts 
selected by a 1 latched from ADoand 
a 0 from ADt. 

In normal operatlon. an Input hlgh on 
RESET causes all ptns In Ports A and 
B to assume Input mode (clear DDR 
reglster 1 .  

When t h ~ C h ~ p  Enables are actlve. a 
tow on IOR will output the selected 
I/O port onto the AD bits !OR low 
performs the same iunctton as 
comb~natlonof IO/M htgh and RD 
1%. When IOR IS not usedlnasystern. 
IOR should be tied to VCC ("1" 

Ground Reference. 

VIJO IS a programmlng voltage. and 
must be t~ed to +5V when the 8755A 
IS belng read. 

- 
For programmlng. a h ~ g h  voltage 1s 
sclppl~ed w ~ t h  Vo0=25V. typtcal See 
scctlon on programmlng. ' 

CLK The CLK is used to force the READY 
(inout I into ~ t s  htgh ~mpedancezate after 11 

has been forced low by CEI tow. CE:, 
h~gh,  and ALE h~gh.  



64K DYNAMIC RAM CONTROLLER 
Rovldes All Slgnals Necessary to m Fully Compatible w i th  Intela 8080A, 
Control 64K (21 64) and 16K (21 17, 21 18) 8085A. iAPX 88, and iAPX 86 Family Micro- 
Dynamic Memorles processors 

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

Provldes Address  Mul t ip lex ing and the 8203-3. 

Strobes Provides System Acknowledge and Trans- 
fer Acknowledge Signals 

Rovides a Refresh Timer and a Refresh 
h n t e r  m Refresh Cycles May be Internally or Exter- 

nally Requested (For Transparent Refresh) 
Rovldes Refresh/Access Arbitration . . 

Internal Series Damplng Resiston on All 
hternal Clock Capability with the 8203-1 RAM Outputs 
md the 8203-3 

r U e l J  8203 is a Dynamlc Ram System Controller des~gned to provtde all slgnals necessary to use 21 64.21 18 
2117 Dynamlc RAMS In microcomputer systems. The 8203 provldes multiplexed addresses and address 

-3. refresh log~c. refreshlaccess arb~trat~on. Refresh cycles can be started lnternally or externally. The 
M d  the 8203-3 support an Internal crystal osc~llator and Advanced Read Capability. The 8203-3 IS a 85% Vcc 

n 

7 Figura 1. 8203 Block Diagram FIgurm 2. Pln Conflguratlon 

I - m a  - m la m U r  o( Mv W r y  W T l w t  O l s u q  E- 1- m tnlr koarst. rO O l k r  O I ~ Y  h u n t  M lmemd. 
=~NOWY)* ISP JULY I O U  
w . 3-259 OIOU MUYILII: 21-a 



Table 1. Pln 

I Momory  Road Rogueat: S 1 
functton used in Advanced Read 
mode selected bv OP (oin 25). 

I 
Symbol 
- .  
RASO - 
RASi 
RAS2 1 - 
Our7 - 
R A S ~ I  8 0  

Name and Function 

- 
XACK 

Typo Symbof 

ALo 

REFRQl 
ALE 

mo 
OUTl 
OUT2 
OUT3 
m 4  
ms 
OUTe 

I I I No. 

- CAS 127 l o  1 
Column Address Strobe: Th~s  
Output IS used to latch the Col- 
umn Addreas Into the Dynamtc / 
RAM array 

1 

0 
0 
0 
0 
0 
0 
0 

0 

34 

7 
9 
t I 
13 
15 
I 7  
10 

28 

/ I data lrom the RAM array. I 
SACK / 30 / 0 / System Acknowledge: l h l r i  

No. / Typo Name and Functlon 

Extornal Roirosh Roquort: ALE 
functton used tn Advanced Read 
mode. selected by OP 1 ( p ~ n  25). 

Ou tpu t  of tho  Multiplexer: 
There outputs are dea~gned to 
dnve the addresses o i  the ~ y -  
namtc RAM array. (Note that the 
im0.7 plna do not reoutre In- 
verters or drners for proper op- 
eratlon.) 

Write Enable: Dnves the Wnte 
Enable tnputa o i  the Dynam~c 

Addreaa L o r :  CPU addreas In- 
puts ured to generate memory 
row addreaa. 

Addreee Hlgh: CPU address In- 
puts ured to generate memory 
column addresa. 

Bank Select Inputa: Used to 
gale the appropriate RAS output 
for a memory cycle. B 7 I OP 1 op- 
tton used to aelect the Advanced 
Read Mode. (Not available tn 
84K mode.) See Figure 5. 
When ~n 84K RAM Mode. plns 24 
and 25 operate as the AL7 and 
AH7 addresa Inputs. 

Protected ~ h ~ p  Select: Used to 
enable the memory read and 
wrtte Inputs. Once a cycle 1s 
started. I! will not abort even ~f 

goes Inacttve before cycle 
completion. 

I Memory Wrlto Roquest 

Mode Select: Thta Input select8 I 
18K mode (21 17. 21 18) or 64X( 
mode (2164) .  Pins 23-281 

- 
change functton based on !he 

mode of operation. 

Power Supply: f5V. 

ROW Addreaa Strobe: Used lo1 

latch the Row Address Into I h r ~  
bank of dynamlc RAMS. select / 
ad by the 8203 Bank Select olna ( 

(80. B t I O P 1 )  In 8 r K  mode./ 
only ma and ml are avad j 
able: pln 23 operatea as m1 / 
and ptn 28 operatea as the 80 
bank select Inout. I 
Tranaier Acknowledge: Thtrl 
oulput ta a strobe ana~cattng vaC ( 
~d data durtng a read cycle al 

data wrttten durtng a wrlte cycle 1 - 
XACK can be used to latch vatld I 

I . 
I 
I 
I 
I 
I 

1 
I 
1 ' 

1 
I 
I 
1 

1 
1 

I 

1 

A L l '  

AL2 
AL3 
AL4 . 

A h  

AH t 
An:, 

AH3 
AH4 
AH5 
AH6 

80IAL7 
B i i O P l I  

AH7 

PFS 

i% 

21 / 0 

" [GNO 20 Ground. 

8 
8 
10 
I 2  
4 
18 
1 8 1  

5 
4 
3 
2 
1 

39 
38 

24 
25 

33 

31 

22 
23 

28 

29 

XoIOP2 
X 1 ICLK 

Functional Description 
The 8203 provides a complete dynamic RAM controk 
ler for microprocessor systems as well as exp3fislon 
memory boards. All of the necessary control slgnae 
are provlded for 2164.21 18 and 21 17 dynamlc RAMS. 

. I  

0 
0 

110 

0 

110 
110 

36 
37 

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

output ~ndtcates the beglnnlngol I 
a memory access cycle. It can1 
be used aa an advanced Iran¶. , 
fer acknowledge to ellmlnntol 
welt statas. (Note. If a meinor,/ 
scceaa request 19 made durtng a - 
reiraah cycla. SACK la delayrd i - 
until XACK tn the memory tc.1 
cess cycle). I 

Oacfllator Input#: These 1nout8 I 
are derlgned for a quartz crystal 1 
to control the frequency of the / 
osc~lletor. If XOIOP~ 1s shortad 
to pm 40 (VCC) or 11 XolOP2 18 

connected to + 12V through t ( 

IKR reststor then Xl ICLK b e /  
comes a TlL Input for an extw I 
nal clock. (Note: Crystal modal 
for the 82031  and the 820331 



MOS 
TMS27 16 

LSI 
2048-WORD BY 8-BIT ERASABLE 

PROGRAMMABLE READ-ONLY MEMORIES 
DECEMBER 1979 - REVISED OCTOBER 1983 

I 

2048 X 8 Organization ~ ~ ~ 2 7 1 6  . . . JL PACKAGE 
ITOP VIEW) 

All Inputs :nd Outputs  Fully TTL Compatible 

Stat ic  Operntion (NO Clocks. N o  Refresh) A6 

Performance Ranges: 
A 5 

ACCESS TlME CYCLE TIME 
(MAXI (MINI A2 

TMS2716-30 300  ns 300 ns 
TMS2716-45 450 ns 450 ns A0 

3-State Outputs  for OR-Ties 

N-Channel Silicon-Gate Technology 

8-Bit Output  f o r  Use in Microprocessor- VSS 
Based sy$terns 

PIN NOMENCLATURE 

AO-A 1 0 Addresses 
Q1 -Q8 Data Out - 
SiPGM) Ch~p Select (Program) 

'J 66 - 5-V Supply 
Vcc(PE1 + 5-V Supply (Program Enable) 

VDD + 12-v Supply 

"SS 0 V Ground 

L o w  P o w e r .  . . 315 mW (Typical) 

description 

The TMS2716 is an ultra-violet light-erasable, elec- 
trically programmable read-only memory. It has 
16.384 bits organized as 2048 words of &bit length. 
The device is fabricated using N-channel silicon-gate 
technology for high-speed and simple interface with 
MOS and bipolar circuits. All inputs (.including program 
data inputs1 can be driven by Series 7 4  circuits 
without the use of external pull-up resistors and each output can drive one Series 74 or 74LS TTL circuit wi ihout 
external resistors. The TMS2716 guarantees 250 mV dc noise immunity in :he 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 TMS27LO8. Pin compat~ble mask programmed ROMs are available for large volume requirements. 

- 

This EPROM is 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 11 5,2 mm) centers. It is designed for operation from 0 OC to 7 0  O C .  

operation (read mode l  

address (AO-A101 

The address-valid interval determines the device cycle time. The 1 1 -bit positivelogic address is decoded on-chip to 
select one of 2048 words of 8-bit length in the memory array. A0 is the least-significant bit and A10 most-significant 
bit of the word address. 

chip select, program IS (PGMII 

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 mods, :ne ct?ip select feature does not function as pin 18 inputs only the program pulse. The program 
mode IS selected by tn* ' J C ~ ~ P E )  ptn. Either 0 V or + 12 V on this pin wtll cause the TMS2716 to assume program cycle. 

data out (01-a81 

The chlp must be selected before the eight-bit output word can be read. Data wlll 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 wlll drive TTL clrcults wtthout external components. 



8205 
HIGH SPEED 1 OUT OF 8 BINARY DECODER 

m 110 Port or Memory Selector m Low Input Load Current - 0.25 mA 
Max, 116 Standard TTL lnput Load 

Simple Expansion - Enable Inputs Minimum Line Reflection - Low 

m High Speed Schottky Bipolar Voltage Diode lnput Clamp 

Technology - 18 ns Max Delay Outputs Sink 10 mA Min 

Directly Compatible with TTL Logic 16-Pin Dual In-Line Ceramic or Plastic 
Circuits Package 

The Intel9 8205 decoder can be used for expansion of systems &hich utclize cnout ports. output ports, and memory 
components with actlve low c h c ~  select input When the 8205 IS enabled, one of cts 8 outouts goes "low ', lhus a single 
row of a memory system is selected. The 3-chcp enable inputs on the 8205 allow easy system expansion For very large 
Systems. 8205 decoders can be cascaded such that each decoder can drlve 8 other decoders for arbitrary memory 
expanscons. 

The 8205 is packaged in a standard 16-pin dual in-line package. and its performance is spectfied over the temperature 
range of O°C to +75"C. ambient. The use of Schottky barrier &ode clamped transistors to obtain fast swctching speeds 
resulls in higher performance than equivalent devices made with a gold dl f fuss~on process. 

PIN CONFIGURATION LOGIC SYMBOL 

3 

0 1 

GRO 

PIN NAMES 
~ O O R E S S  ! ~ N A B L E  o u t ~ t ~ 1 9  I 

A, A, A t i t ,  I, € , l o  I 7 3 f 5 C , I  

L * * L n , . ,  t ,  * *+ *. ,* L ,* 
* * * I 1  L * '. ' 4  * * " . I  I /  , , x I c . 1 ' : ,, *, >, b ,  +, 9, ., i , . . * 1 L ' 4  ' ' 4  * "  , ' a 4  " ,  

, * x i ,  n  * * H * * * l a  9, ,* I  . x , ; n * * * * * * * * * ) * l  



81 55/81 56/81 55-2/81 56-2 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 

256 Word x 8 Bits 

Single +5V Power Supply 

Completely Static Operation 
Internal Address Latch 

II 1 Programmable 6-Bit 110 Port 

8 Programmable 14-Bit Binary Counter1 
Timer 

Compatible with 8085A and 8088 CPU 

2 Programmable 8 Bit I/O Ports 8 Multiplexed Address and Data Bus 

W 40 Pin DIP 

The 8155 and 89156 are RAM and I10  ch~ps  to be used In the 8085A and 8088 mccroprocessor systems. The 
RAM portlon IS deslgned wcth 2048 statlc cells organized as 256 x 8. They have a maxlmum access tame of 400 ns 
lo perm11 use with no wait states In 8085A CPU. The 8155-2 and 8156-2 have maxlmum access tlmes of 330 ns for use 
w~th  the 8085A-2 and the full speed 5 MHz 8088 CPU. 

The I19 portlon consrsts of three general purpose I10  ports. One of the three ports can be programmed to be status 
plns, thus allowlng the other two ports to operate In handshake mode. 

A 14-b~t programmable counterltimer IS ]also included on chip to provlde ellher a square wave or terminal count pulse 
for the CPU system depending on timer mode. 

PIN CONFlGURATlON BLOCK DIAGRAM 

156 X 8 

STATIC n 
ALE ~- 
ia 

RESET 1 



81551'8156 PIN FUNCTIONS 
Svmb01 F I J ~ c ~ ~ o ~  

RESET Pulse orov~ded Sy the 8085A to I ~ I -  

, ~ n p u l  11a11ze the system lconnect to 8085A 
RESET OUT Input hlgh on l h ~ s  llne 
resets the Chlp and lnltlallzes the 
lhree l.'O oorts to ~ n o u t  mode The 
w ~ d t h  o f  RESETou~sesnould typ~carly 
be two 8085A clock cycle tlmes. 

3-stale Adoress/Oata ltnes that Inter- 
face w ~ t h  the CPU lower 8-b~t  Ad- 
dresstData Bus. The 8-b~t  address IS 

latched Into the address latch ~nstde 
the 3155156 on the lalllng edge of 
ALE The address can be ellher for 
the memorv sectlon or th_e 110 sectlon 
deoenalng on the IO/M Input. The 
8-b11 data IS elther wrftten Into the 
chlo or f r o ~ t h e c h l p ,  deoend~ng 
on the WR or RO Input signal. 

CE or Fi C ~ D  Enable: On the 8155. t h ~ s  p ~ n  IS 

8 ~ n p u t  1 CE and IS ACTIVE LOW. On the8156. 
thts pln IS CE and IS ACTIVE HIGH 

TO Read control. Input low on this l ~ n e  
l lnpul  wtth the Chop E n ~ b l s  a c p r  errables 

and ADO-7 buffers. If IO/M pun IS low. 
the RAM content will be read out to 
the AD bus Otherw~se the content 
o f  the selected I/O port or command/ 
status reglsters will be read to the 
AD bus. 

Wr~ te  control: Input low on thls line 
w ~ t h  the Chip Enable actlve causes 
the data on the AddressIData bus to 
be wrltten to the RAM or I/O ports and 

Symbol -- 
ALE 
i lnpul l  

TIMER IN  
'Input1 

TIMER OUT 
'Output1 

Address Latch &-Iable. T h ~ s  control 
slgnal latches Bath the address on the 
ADO-: llnes and Ihe stare 01 the Ch10 
Enable and IOIR Into the c h ~ o  at the 
falling edge of ALE. 

Selects memory 11 low and 1/0 and 
command/status reglsters 11 h ~ g h  

These 8 oms are general ouroose I10 
plns. The In/cut dlrectton IS selectea 
by programming the command 
reglster 

These 8 olns are general ouroose I f 0  
plns The Infout d ~ r e c t ~ o n  I S  selected 
by programming the command 
reglster 

These 6 olns can funct~on as ellher 
~ n p u t  port. output port. or as control 
s~gnals for PA and PB Programm~ng 
IS done through the command reg- 
lster When PCo-5 are used as control 
slgnals, they wtll provlae the fol- 
low~ng:  
PC0 - A INTR Port A lnterrupt~ 
PC! - =Port A Buffer Full, 
PC2 - A STB Por! A Strobe 
PC3 - B T R  Port 9 lnferruot 
PC4 - B BF Port B Buffer Full1 
PC5 - B STB 1 Port B Strooe 

Input to the counter-tlmer 

Timer outout. T h ~ s  output can be 
ecthcr a square wave or a oulse de- 
penalng on the tlmer mode. 

Grc ~ n d  Reference. 



Ml lS  TMS2114, TMS2114L 
LSI 1024-WORD BY 4.81T STATIC RAMS 

DECEMBER 1979 - REVISED IUGUST 1983 

Previously Called TMS4045lTMS4OL45 TMS2114. TMS2114L . . . NL PACKAGE 
(TOP VlEWl 

1024  X 4 Organization 

I Single + 5-V Supply 

~ i g h  Density 300-mil (7.62 mml  18-Pln 

Package 

Fully Static Operation (No Clocks. No 
Refresh. No Timing Strobe) 

4 Performance Ranges: 

ACCESS READ OR WRITE 
TIME CYCLE 
[MAXI (MINI 

400-mV Guaranteed DC Nolse Immunity 
w i th  ~tan'dard TTL Loads - No Pull-up 
Resistors Required 

Common 110 Capability 

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

Fan-Out t o  2 Series 74. 1 Series 74s. or 8 
Series 74LS TTL Loads 

PIN NOMENCLATURE 
A 0  - A9 Addressea I 
DO1 - DQ4 3.18 InrOaia Oul 

6 chro S ~ I ~ C I  

"cc + 6-V Supplv 

"SS Ground 
W Wr~ta Enrbla 

a Low Power Dissipation 

MAX 
IOPERATING) 

TMS2114 550 mW 
TMS2114L 330 mW 

dascriptlon 

Thls series of static random-access memories is organized as 1024 words of 4 bits each. Static design results In reducing 
overhead costs by elim~nationof refresh-clocking circuitry and by rimplification of timing reauiremants. Because chis 

- 

series is fully static. chip select may be tied low to funher simplify system timing. Output data is elwavs ava~labla 
dur~ng a reed .cycle. 

All inputs and outputs are fully com~atible with Series 74. 74s or 74LS TTL. No pull-up reslstorr are required. This 
4K Slac~c RAM serres is manufactured using Tl's rei~able N-channel s~licon-gate technology to oPt!mrrr the cost/ 
performance relalionsh~p. 

The TMS21 14/21 14L rarles is offered In the 1 8-pin duel-in-line plastic (NL suffixl peckage designed for insertion in 
mounc~ng-hole rows on 300-mrl (7.62 mm) cen:crs. The serres is guaranteed for operation from OeC to 7O0C-- 



MOS 
LSI 

TlVIS4116 
16,384-81T DYNAMIC RANDOM-ACCESS MEMORY 

CCTOBER 1977 - REVISED MAY 1982 

16 ,384  X 1 Organization 

1096 Tolerance o n  A l l  Supplies 

Al l  Inputs Including Clocks lTL-Compat ib le  

Unlatched Three-State Fully TTL-Compatible 
Output  

3 Performance Ranges: 

TMS4116 . . . NL PACKAGE 
(TOP VIEW1 

RAS 
A0 
A2 1 1  

ACCESS ACCESS READ READ. 
A 1  liE;:c 

TIME TIME OR MODIFY- VDD 

ROW COLUMN WRITE WRITEr 

ADDRESS ADDRESS CYCLE CYCLE 
(MAX) (MAX) (MINI (MINI 

TMS4116-15 1 5 0 n s  1 0 0 n s  3 7 5 n s  3 7 5 n s  
TMS4116-20 200 ns 135 ns 375 ns 375 ns 
TMS4116-25 250 ns 165 ns 410 ns . 51 5 ns 

Page-Mode Operation fo r  Faster Access 
Time 

Common 110 Capability with "Early Write"  
Feature 

Low-Power Dissipation 
- Operating 462 mW (Max)  
- Standby 20 mW (Max) 

PIN NOMENCLATURE 

AO-A6 Addresses 
CTS Column Address Strobe 
D Data Input 
Q Data Output - 
RAS Row Address Strobe 

v~~ -5-V Power Supply 
VCC r 5-V Power Supply 
v~~ + 12-V Power Supply 
"SS Ground - 
W Wrtre Enable 

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

16-Pin 300-Mil (7 .62 m m )  Package 
Configuration 

description 

The TMS4116 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 KS (or 
and Column Address ~ t r o b e _ ~ T ~  (or El. All address lines (A0 through A6) and data in (D) are l a t chedo~  chip to simplify 
system design. Data out ( Q l  is unlatched to allow greater system flexibility. 

Typical power dissipation is less than 350 m~i l iwans active and 6 milliwatts during standby (VCC is not required dur- 
ing standby operation). To retain data. only 10 m~l l iwans average power 1s requlred which includes the power con- 
sumed to refresh the contents of the memory. 

The TMS41 16 series is offered in a 16-pin dual-in-line plastic (NL suffix) package and is guaranteed for operation 
from O°C to 70°C. Package 1s designed for insertron In mounting-hole rows on 300-mil (7.62 mml centers. 



MOS 
LSI I 

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

JULY 1 9 8 0  - RE'JISED OCTOBER 1 9 8 3  

- 

65.536 X 1 Organization 

Single + 5-V Supply (10% Tolerance) 

TMS4164 . . . NL PACKAGE 

SMJ4164. . . JD PACKAGE 

(TOP VIEW) 

JEDEC Standardized Pin-Out in Dual-In-Line NC vss 
Packages - cl3 

0 Upward pin Compatible with TMS4116 L!i RAS ii$t (1 6K Dynamic RAM) no r l 5  a 3  

A2 11 A 4  

First Military Version of 64K DRAM ~ 1 0 7  1 0 0 ~ 5  

Available Temperature Ranges: 
. V O D @  9p~7 

- M .  .,. -55OC to 125OC TMS4164. . . FPL PACKAGE SMJ4164. . . FG PACKAGE 

- S . .  . -55OC to 100°C (TOP VIEW1 (TOP VIEW) 

- E . .  . -40°C to 85OC 
- L . .  . O°C to 70°C 

Long Refresh Period . . . 4 milliseconds 

Low Refresh Overhead Time . . . As Low As 
1.89'0 of Total Refresh Period 

All Inputs, Outputs. Clocks Fully 
Compatible 

3-State Unlatched Output 

Common 110 Capability with "Early Write" 
Feature 

Page-Mode Operation for Faster Access 

Low Power Dissipation - Operating . . . 125 mW (TYP) 
- Standby . . . 17.5 rnW (TYP) 

Performance Ranges (S, E, L Temperature 

Ranges': ACCESS ACCESS READ 
TIME TIME OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 

(MAX) (MAX) (MINI 
'4164-12 120 ns - 70  ns 230 ns 
'41 64-1 5 150 ns 85 ns 260 ns 
'41 64-20 200 ns 135 ns 326 ns 

New SMOS (Scaled-MOS] N-Channel 
Technology 

description 

The '41 64  is a high-speed. 65,536-bit, dynamic 
random-access memory, organized as 65.536 words 
of one bit each. It employs state-of-the-art SMOS 
(scaled MOSI N-channel double-level polysilicon gate 
technology for very high performance combined with 
low cost and improved reliability. 

READ- 
MODIFY- 
WRITE 
CYCLE 
IMINI 

260 ns 
285 ns 
345 ns 

S W 4 1 6 4  . . . FE PACKAGE 
(TOP VlCnrl 

PIN NOMENCLATURE 

AO-A7 Address Inputs 

CT Column Address Strobe 

D Data-In . 
NC No-Connect~on 

Q - Data-Out 

RAS Row Address Strobe 

v~~ + 5-V Supply 

v~~ Ground - 
W Wrlte Enable 



8212 
8-BIT INPUT/OUTPUT PORT 

Fully Parallel 8-Bit Data Register and Buffer 3.65V Output High Voltage for 

m Service Request Flip-Flop for  Direct Interface to 8008, 8080A, o r  
Interrupt Generation 8085A CPU 

Low Input Load Current - .25mA Max. Asynchronous Register Clear 

m Three State Outputs Replaces Buffers. Latches and 
Multiplexers i n  Microcomputer Systems 

Outputs Sink 15mA 
Reduces System Package Count 

The 82:; ~ n ~ u l l o u l ~ u t  port conslsts ot an 8 -b~ t  latch w ~ t h  3-state o u t ~ u l  buffers along w ~ t h  control and devlce select~on 
l o g ~ c  Also ~ncluded 1s a servlce request flip-flop for the generation and control of tnterruots to the mlcroDrocessor 

The devlce IS multlmode In nature It can oe used to ~mplement latches. gated buffers or mult~olexers Thus. all of the 
p r ~ n c ~ p a l  oerloneral and InpuI/outDut funct~ons of a microcomputer system can be ~mplemented w ~ t h  t h ~ s  devlce 

PIN CONFIGURATION LOGIC DIAGRAM 

PIN NAMES 

YO l wot  
S T 1  I 11.01s 
1.47 / I.1t.IVIT IACTIVE LO11 

C~ 1 CLEAm tACTIV1 L-I 

SERVICE R€OUEST FF 
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