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ABSTARCT

The main purpose of this paper is to establish an efficient hardware algorithm for static
and dynamic RAMs testing. The paper discribes the analytical formulation, the hardware
realization, and the experimental results of the propsed algorithm when used in testing RAMs as
this type of RAMs are widely used .

INTRODUCTION

Memory unit specially the RAM type interacts with CPU and 1/Q devices and always used In
all computer operations. Therefore testing of RAM'’s is an important problem since RAM's are
widely used. Such test may be software or hardware.

Many algorithms have bean devetoped for functlonal testing of RAM’s [1-6]. However most
of them require a time increasing mare than proportionally to the number of cells. This may
become a crucial point due to eniarging of scale integratlon. Furthermore, it becomes very
difficult and may be even impossible to find such that aigorithm, when multiple fault is present in
the RAM. An alternative solutlon is the random testing to detect faults resulted from : short cel,
apen cell, short address and disturbed cells. in genheral there are different test pattemns they are;
all zero all one, checkerboard, marching, and walking test pattems. in this case a saquencs of
random pattams is simultansously applied to a RAM under test and compare the output of this
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RAM to reference memory. The ability of a given test pattern to detect a fault depands on the
design geomeatry, and output of the memory cells. So, these methods are widely applicable
since the test pattemn generation Is independent of the predascribed set of faults. However, for
any fault, there is no certainty about the detection of this particular fault. Also, tha probabiity that
this fault Is detected ¥ it Is present In the circuit, Is an Increasing function of the number of
random pattems.

Static RAM the Ideal approach for microcomputer because it is fast and & dos not need
refreshing circutry. However there are tow good reasons for using dynamic RAM, first the
amourt of circult board space used for static RAM Is three times that used for dynamic RAM, l.e,
three dynamic storage ceils can fit into about the same space as one statlc storage cell. The
second reason for using dynamic RAM s the power dissipation (the amount of power required
to operate the memory device, In watts per storge call), & requires from 4 to 100 microwatts per
coll. While the power dissipation for static RAM range from 100 to 400 microwatts per ceil.
Naturally, we can net forget the additional circuitry needed to handle memory refresh.

Dynamic AAM is available in different size memory package ranging from 1 K bit to 64 M
bit. This paper preserts a hardware aigorithm to test static and dynamic RAMs. The algorithm is
described with respect to a 64 K bit as it Is one of the more popular RAM package. In this
algorithm each address of the RAM is tested through writing “0* into i, change the mode of the
AAM to READ mode and check I there is “1* in this location, write 1" in the same location and
read it to ¢check if there is "0° and so on with the rest of addresses. Finally, the paper includes the
complete description of the hardware reailzation and the conulsion of the experimental results. It
shows that the proposed tester for static and dynamic RAM’s exhibits the most attractive property
for practical implementation.

CIRCUIT DESIGN AND EXPERIMENTAL RESULTS

The 64 Kbit RAM requires 16 bit address to decods one of 2'"8storage cell locations. Due
to reducing the number of pins on the RAM chip, the memory address are nomnaily divided into
two steps. The first B bits of the address are sent when the control signal of row address strobe
(RAS) s enabled and the subsequence 8 bits are followed when the contral signal of column
address strobe (CAS) is enabled high. So, there is only 8 address pins available on the ship.
However, lasting of a such chip requiras 16 address lines to access all 64 K bit. Also dynamic
RAM must be refreched at least once every 2 millseconds to keep the information in it. The
refreshing is very important in dynamic RAM testing however i is complex. To avoid this
complextiy we proposed some modification.

The hardware realization for ons of the most common test pattems, to detect short and
open cell's also 10 detect adlacent cell shorts In a 1 K bit statlc RAM {memory chip 2102) is
shown in figure {1}. Firstly aschmitt trigger inverter N12 is used as 4 slmple oscillator with (0.22
MH2z) this oscillator is used to drive 3-ripple binary coun ters (IC5, IC6, IC7) connected in
cascade, this generate 12 bit binary output, first 10 bits are used to address the 1024 memaory
location in the 1 K bit (2102) static RAM, the last two bit (most significant) are used to feed the
decoder (74155) as an input. This IC containg two (2-TO-4) decoders,in our circuit one of them
used, the output lines of decoder at pines (3-10-11-12), pin 9 Is used as data input of static
RAM, pins 9 NANDed with 11 are used for (R/W) enable of static RAM,pin {10,11} connected to
the Indlcating circuit, the indicating circult contents of two IC 7400, 7414 from (N1 TO N8)in
7400 and from (N7 TO N12) in 7414 chip (the indicating circult is used to control 2102 and test
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logic). The static RAM chip which used In this clrcutlt Is “5257" Is 4K bit static RAM which have 12
pins from AQ TO A11 to address 4 #1024 mamory location, but it Is used as 1 K bit in staad of
2102, s0 it usa only 10 ping from AD to A9 to addresses 1024 memory location and ignore A10,
A11 by this way the chip 5257 Is used as 1 K bit. The output of the counter will be the input of the
RAM chip and then every cell in the RAM must be addressed at every count pulse, the first ten
output of the counter will generate the 1024 addresses of the mamory, and the most two blts will
generate four cases as shown:
——ee——glocodsr  plng--

3 13 9 10 1 12
state1 0 0 e 1 1 1
state2 O 1 1t 0 1 1
state3 1 0 1 1 0 1
stated 1 1 1 1 1 0

Assuming that Initlaily alf 12 outputs from the counter are low Then pins 3 and 13 are also low.

STATE 00

in this case pin 9 of decodar {which puiling data to the RAM) switched to logic “0" and pins
10, 11, 12 are switched to logic "1*, whaere pin 9 is logic "0*, pin 11 is logic "t*

Thenoutputof N1 I8 1 '

NG Is O

Via N1,N9 the RAM switched to the write mode,during the first 1024 counts all memaory locations
in RAM are seiting to "0%,pin 10 Is “1", pin 12 Is *1* in this mode the output of gates as follow:-

N7 s 0
Ng s 0
N2 is 1
N3 s 1
N4 s 0
N1t is 1

Noté : state of R (rest of flip flop)initially is loglc 0. S{set of flip fop) is logic "1" {out of N11)
then:

inp of F/F output
5 A NS N&
1 0 0 1

Where state of point A and B Is logic “1°, then D1 on D2 off
Then GREEN LED light. At the next count pin 13 of decoder is puiled *1" and pin 3 still in {ogic
0.

STATE 01
In this case pin 10 goes logic "0", and pins (9, 11, 12) goes logic "1", pin @ is ™", pin 11 is "1",
then, output of N1 is "0%

Ng is “1",
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the RAM is switched to the read mode, all memory localions in RAM are red,if the RAM output
pin 7 remains "0" during all the 1024 counts then, the green led will light, this is mean that it may
be good,if any "1" appear at the output of the RAM this sats the flip-flop and the red led wil light,
this Is mean that a short to Voc at some cell and then the RAM I3 bad, and so on for the case (0
1} the RAM Is switched to the write mode and the pin 9 of the decoder will pulling “1" to the
Input of tha RAM through the next 1024 counts,then In the last case { 1 1 ) the RAM Is switched
1o the read moda if any "0" appear at the output of the RAM | then a red led will light this is mean
that there are a short to GND and the RAM is bad, else a green led will light this msean that the
RAM is good. After the fourth state then a count will begin from start, the complete test sequence
take very liitle time, therefor to test any chip you plug it into is pasition in the circuit and switch
on the power of the circuit, operate the rest switch (sr) if the green led lights this means that the
IC is good,

In this paper the above described algarithm is modifled so as it can be used totest a 64 K
bit RAMs of both types ,static or dynamic. An extemal address multlplexer with signals RAS and
CAS and the pervious information about row address latch and column address laich is used for
such modification . Where the input of the multiplexer is the 16 bits address, while the output is
the B address of row and in the next step the 8 address of column. This is done for every
period of clock. Notice that the address muitiplexer must first active the RAS line of the chip and
simyitaneously supply the address information provided by lines AD—A7. So that the row
addresses is latched, then address multiplexer must active the CAS line for the chip and supply
the address informatlon provided by A8—A15, s0 that the column address is latched.

The dynamic RAM must be rafreshed at least once svery tow milliseconds to keep the
information in it. Refreshing requires that sach row of RAM must be addressed at least once
every tow milliseconds, during refrashing period we can not access the RAM and test operation
should stopped once every two miliseconds to refresh bits in RAM and then return back to
continue test operation. in the proposed circuit the count rat is “1/0.22 MHz" then to address
avery location in memory and write to it will need *1/0.22 * 2 ¢ milliseconds this time will ba
anough to losses information in the first cell  we go back to read i we will find something other,
then refreshing s very important in our circuit in the case of testing dynamic RAM but its
complex, to avoid this complexity we proposad some modification so we do not need to the
refreshing operation the idea is very simple where in the modified circuit while addressing the
first cell the RAM will be in write made and the Input will be "0" then mode will be change to read
mode at the sarme time, if the output of RAM was "0" the green led lights, if the output was "1’ the
red led lights.Then address will change to next address and so on...

The circuit shown in fig. (2) gives the proposed hardware realization of a 64 K bit dynamic
RAM memory location chip "4164". The idea of testing depending on making read/write process
to the RAM as follow. Firstly, schmitt trigger inverter Is used as a simple oscillator with" 0.22
MHZz". This oscillator Is used to drive five ripple counter *7493" with 20 bilts address, the first two
address b0, b1 is used as input for decoder bins, from b2 to b17 are used for input to 74158
chip multiplaxer { to generate the address of 64 K bit ). In the first courrt the output of coun ter is
"0" for ail tines if we take b0, b1 as input for decoder this input glves 4 states (write a "0", read
"0, write"1",and read "1") at the same time the lines from b0 to b17 still "at the same address i.e.
we read and write for one cell of memory !oca Hon at the same address. The process Is
repeated urtil all cells are tested.
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CONCLUSION

This paper has discussed an efficlent technique to speed up the RAM test algorithm. The
experimantal rosults confirn that the new technique has several advantages for practical
Irplemantation.
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Figura ( 1) : Circuit description of 1 K bit static RAM



E-15

? a ] ﬂ_#

Mansoura Engineering Journal (MEJ), Val.15 No. 2,Dec.1990

Figure ( 2 ) : Circuit description of 64 K bit dynamic RAM



