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EVALUATION

The objective of this study was to establish effective reliability
procedures for testing , qualifying and screening mi crocircuit Random
Access Memories (RAMs). The study covered the performance of memories
implemented with different technologies and desi gn confi gurations .
Specia l emphas i s was p laced on eva luat ing the effec tiveness of var ious
existing pattern tests, and how they can be used most effectively with
each device. The purpose was to determine the optimum number and order

• of tests that should be done to minimize the testing required to detect
pattern sensitivity .

The results of the study and discussions wi th the vendors were used
to determine screening , testing and temperature requirements for the
various RAMs . The study is considered successful in meeting the initial
objectives established at the beginning of the program.

The major significance of the study is that it provides a background
of technical understanding in the screening and testing of RAMs. The
contractor has prepared detail specifications for MIL-M-38510, General
Specification for Microcircuits , for all but two of the devices studied ,
using the results of the study . The study verified that the CCD45O and
~2L 93481 wou ld operate only over the ir spec i f ied commercial
range of temperature and that no mili tary spec i f ication for these dev ices
should be prepared .

JAMES J. DOBSON
Project Engineer

I ;
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1.0 INTRODUCTION

~~~~

- 
~~

- Complex semiconductor memory devices with storage capacities up to 4,096
bits are currently being used in Air Force systems, and memory sizes in

excess of 64K bits are expected to be used in the near future. These complex
devices are fabricated with a variety of different semiconductor technologies ,
design configurations , and test methods , all of which could introduce or
conceal- reliability problems. Complete electrical characterization is an
essential step in assessing the reliabilit y of these new and highly complex

I devices. Unfortunately, test times associated with the standard N2 bit

• integrity tests (Galpat and Walking patterns) are excessive for memory sizes

4 larger than 4K bits. • More efficient test patterns are needed , and/or a
di-fferent test philosophy is required .

• The primary object i ve of the work descri bed in this report was to elec—
tricall y characterize the performance of complex memories implemented with
different technologies and design configurations. Special emphasis was to be

• placed on evaluating the effectiveness of different N2, N312 and N type
pattern tests to determi ne if N and 1.43/2 type patterns could be substituted
for patterns . Secondary objectives of the work were to formulate effective

burn — in circuits for the memories and to evaluate input transient protection
networks. The results of all the tests and evaluations were then to be

i ncorporated into proposed MIL—M—38510 specifications.

_ _ _  _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~—--~~~~~~ • - -



2.0 MEMORY TYPES

Five different memory types were selected for characterization. These

included: a) two 4096 x 1 bit dynami c random access memories , the TMS4OSO

which is imp l emented with NMOS technology , and the 93481 wh i ch is impleniented

with integrated injection logic (I 2L); b) one NMOS 4096 x 1 bit static
RAM (AM9140); c) one CMOS/SOS 1024 x 1 bit static RAM (MWS55O1/CDP182I); and

d) one charge coupled 9K bit dynamic shift register (CCD45O). Initially, i t
was hoped that the selected memories could be obtained from multip le sources.

However , with one exception , devices were only available from sing le sources
at the time characterization testing was being performed. The 1MS4050 was

- 

I available from several sources, but only Texas Instruments expressed an
• 

- 
interest in supplying part s to the MIL-M—38510/235 specification. Specific

-
- 

- 

- manufacturers , part numbers and physical descriptions of the memories included
in the program are shown in Table 2— 1. Additional details of the physical and

electrical characteristics of each memory type are contained in Append i ces A
through E.

F

Twenty— five devices of each memory type were obtained for electrical

characterization , burn -in ci rcuit evaluation , and transient protection network
tests. A minimum of twenty of each memory type were allocated for electrical
characterization. Three memories of each type were allocated for burn — in
circuit evaluations , and two of each type were allocated for transient protec-

tion network tests. With the exception of the Advanced Micro Devices ’ (AMD)
4K static RAM (AM9140), all memories were initially obtained as commercial

temperature range devices. The AMU AM9140 devices were obtained throuyh RADC ,
and had been previously screened to the —55°C and 125°C electrical tests

contained in the proposed NIL-M-38510/237 specification. None of the other
memo ry types were initially available from manufacturers as full military

temperature range (-55°C to 125°C) parts. However , the CDP1821 , which is the
microprocessor famil y designation for the MWS550~ CMOS/SOS static RAM , was
obtained as a fu l l  military 4 einperature range ~art subsequent to the MWSSSO1
characterization tests.

2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ - -  
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3.0 APPROACH

Subsequent to the selection of memory types, a detailed study of individ-
ual memory characteristics was performed . This included a review of manufac-
turer provided functional block diagrams , logic organizations and hit maps.
In some cases, manufacturers cou l d/would not supp ly logic di agrams or other
technical information , and the necessary i nformation was derived from studies
of the , chip topology . A limited review of current literature was also per-
formed to determi ne prevalent memory failure modes and electrical test problems.
The results of these studies were used to establish the parameters , patterns
and test conditions for prelimi nary electrical characterization tests. These
prelimi nary tests were performed with two of each memory type, and were
intended to provide upper and l ower temperature limits , worst case supply

-‘ voltage conditions , and most sensitive patterns for subsequent tests of an
— 

additional eighteen devices. Since most memory types were procured as comirier-
cial temperature range devices , it was of interest to determine performance
characteristics outside of the manufacturer ’s specified operating temperature
range . If memory performance is only slightly degraded at the -55°C and 125°C
temperature limits , then characterization testing could be conducted at these
temperature extremes, and full military temperature range specifications could
be based on the test results. However, if the memory ‘is not funct i onal , or
performance is degraded to the point where the part is no longer attract i ve

• for system applications , the characterization testing and specification must
be accomplished at reduced temperature extreiiies. In some cases, only a
percentage of the part s w i ll be nonfunctional at —55°C or 125°C. Thus ,
judgment must be used in selecting temperature extremes, since this decision
will affect the manufacturer ’s yield and user ’s cost. Maximum/minimum operat-
ing voltages , l oads and conibinations of these with temperature are also
factors to be considered for subsequent characterization and specification.

The selection of pattern tests is critical for RAM characterization
testing and specification , since the patterns generally recognized as being
the most effect i ve in detect i ng bit integrity and timi ng problems are time
consumi ng N2 type tests. During the initial studies of memory functional

4 
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blocks , logic organizations dnd chip topology , attetllpts were made to id ent i fy
N3’2 and N type patterns that woul d check for specific memory defects that
were also checked by N2 patterns. The selected N2, N3’2, and N type

‘ l  patterns were then used in all subsequent functiona l testing and shmoo p lot
evaluations. Two crit ical system app lication timing parameters (access time
and write pulse width) were also selected for measurement while runnin j each
pattern . Other timi ng parameters were measured whi le runnin g the patterns

that resulted in the worst case values of access time and write pulse width.

Following the complete electrical characterization of a memory type ,
burn — in circuits suitable for 125°C burn—in and life testing were formulated .
Both static (dc) and dynamic circuits were evaluated at ambient temperatures
between 25°C and 125°C. Based on these evaluations , specific circuits were

selected as MrL—M— 38510 burn— circuits. Three devices were then operated in
the selected circuit for 72 hours at 125°C to verify circuit suitabilit y . A

‘I satisfactory static bias circuit was one that: a) provided maximum rated
operating device voltage , b) resulted in reasonable operating currents at

125°C, and c) provided voltage stresses that would accelerate most known
failure mechan isms. Generally, it is desirable to reverse bias pn junctions

in bipolar devices , and provide both positive and negative polarity stresses

across gate oxides in MOS devices. These conditions are usually satisf ied in

complex devices with most biasin g configurations. A satisfactory dynamic bias
circuit was one that: a) operated the memory at max i mum rated operating
voltage , b) ma i ntained reasonable current levels , and c) operated the memory

in a manner approximatin g system usage.

The final step of the memory evaluations was a test of input transient
protection networks. An input pin of two of each memory type was subjected to

a voltage pulse simulating a static discha rge pulse (zap test). Examinations

of input leakage current values prior to and following the zap test provided
an indication of device damage.

5 
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4.0 ,~~ITIAL STUDY RESULTS

Two categories of memory types were included in the program , those with

existing or proposed MIL-M-38510 specifications , and those with no MIL-M-38510

• specification. Thus , the extent of - the initial studies varied depend i ng on
the availability of a militar y specification. In general , if a m ilitary

specification were available , sufficient studies were performed to veri fy the

suitability and adequacy of tests contained in the specification. Additional
tests were identified for characterization testing only if the MIL—M—38510
specification was clearly deficient , or if additional tests were necessary to
eval uate the effectiveness of a less time consuming pattern test. Test
parameters and test conditions for memories with no military specification
were patterned after those contained in MIL—M—38510 specifications for devices

• manufactured with the same or similar technologies. In general , this was only

• hel pful for dc parameters and loading conditions. The selections of pattern
tests, timing parameters , and rel ated voltage conditions were based on studies
of current literature , manufacturer ’s functional diagrams , bit maps , and chip
topol ogies. Included in the followi ng paragraphs are discussions of the
rationale employed for selection of tests and conditions related to: a) dc
parameters , b) noise m argins , C) quiescent power dissipation , d) bit integrity

tests , e) timing parameters including refresh requirements for dynamic RAMs ,
and f) output l oading conditions.

4.1 DC PARAMETERS
DC parameters considered for characterization included : a) input l eakage

currents , b) output leakage currents , c) power supply currents , d) input clamp
voltages , and e) output voltages. For electrical characterization and specifi-
cat i on it is sufficient to establish the voltage and current conditions that
will yield worst case values of the parameter under test. A summary of the
conditions established for dc testing is shown in Table 4—1.

MOS/CMOS input currents with both high and low l evel voltage inputs are
primarily leakage currents , and the worst case conditions to produce maximum
leakage currents are maximum supply voltage and either maximum input voltage

6  
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S TABLE 4-1 . WORST CASE DC TEST CONDITIONS

¶ PARAMETER SYM8OL TEST CONDITIONS

HIGH LEVEL INPUT CURRENT 1 IH V~~ IS AT MAXIMUM OPERATING SUPPLY VOLTAGE

INPUTS NOT UNDER TEST ARE GROUNDED

UNDER TEST IS AT MAXIMUM INPUT VOLTAGE

EACH INPUT IS TESTED SEPARATELY

LOW LEVEL INPUT CURRENT 1 1L V~~ IS AT MAXIMUM OPERATING SUPPLY VOLTAGE

INPUTS NOT UNDER TEST ARE AT MA~ It 1UM INPUT VOLTAGE

• V INPUT UNDER TEST IS AT MINIMUM INPUT VOLTAGE

EACH INPUT IS TESTED SEPARATELY

HIGH IMPEDANCE STATE , ~~~~ ~~ IS AT MAXIMUM OPERATING SUPPLY VOLTAGE
HIGH LEVEL OUTPUT CURRENT V INPUTS ARE AT MINIMUM INPUT VOLTAGES

• V
0~ipüis 

ARE AT MAXIMUM OUTPUT VOLTAGES

CHIP IS NOT ENABLED
EACH OUTPUT IS TESTED SEPARATELY

- • HIGH IMPEDANCE STATE , 1OLZ ~~ IS AT MAXIMUM OPERATING SUPPLY VOLTAGE
LOW LEVEL OUTPUT CURRENT v ARE AT MINIMUM INPUT VOLTAGES

VOUTPUTS ARE AT MINIMUM OUTPUT VOLTAGES

CHIP IS NOT ENABLED
EACH OUTPUT IS TESTED SEPARATELY

SUPPLY CURRENT FROM V~~ SUPPLY 1
~c 

~~ ES AT MAXIMUM OPERATING SUPPLY VOLTAGE

ARE AT MINIMUM INPUT VOLTAGES

ARE AT MINIMUM OUTPUT VOLTAGES

VCC SUPPLY IS TESTED . SPECIAL CONDITIONS , E.G. • CHIP

DESELECTED AND POWER DOWN MODE

INP UT CLAMP VOLTAGE , POSITIVE V I C (POS)  V~~ IS GROUNDED AND V55 IS OPEN
INPUTS ARE OPEN
INPUT UNDER TEST SINKS DESIRED CURRENT

EACH INPUT IS TESTED SEPARATELY

INPUT CLAMP VOLTAGE , NEGATIVE V I C ( N E G )  ~~ IS OPEN AND V55 IS GROUNDED
INPUTS ARE OPEN

INPUT UNDER TEST SOURCES DESIRED CURRENT

EACH INP UT IS TESTED SEPARATELY

1 1GM LEVEL Ou TPUT VOLTAGE VOH VCC IS AT MINIMUM OPERATING SUPPLY VOLTAGE

ARE AT IECESSAR Y VOLTAGE LEVELS AND T M I NG TO

WRITE DATA AND READ DATA

OUTPUTS UNDER TEST SOURCE DES IRED CURRENT

ALL OUTPUTS ARE TESTED SIMUl TANEOUSLY

LOW LEVEL OUTPUT VOL TArE V~~ ~CC ~ ~T MINIMUM OPERATING SUPPLY VOLTAGE

‘RE AT NECESSAR Y VOLTAGE LEVELS AND TIM IN G TO

WR I T E  DA TA AN D READ DATA
OUTP UTS UN DER TEST SINK DESIRED CU R V E NT

ALL OUTPUTS ARE TESTED SIMIJLTANEO USLY
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S (high-level input current) or minimum input voltage (low-level input current).
The same conditions are required for maximum 12L/TTL inp ut curren ts. Howeve r,

- - 1 the l ow-level input current is the input-stage emitter current , rather than a
• leakage current. Input leakage currents should be measured at each input pin

with all other input pins connected to ground during high -level input current

— measurements , and to the supply voltage during low-level input current measure-
ments .

Output leakage currents are generally only of importance for the high “Z”
state of devices with tn -state outputs . Worst case conditions for high “Z”
output leakages are similar to the conditions established for input leakages
(maximum supply voltage and maximum or minimum output voltages).

Power supply currents are measured to assure maximum power dissipation
limi ts are not exceeded. Application of the maximum power supply voltage will
result in maximum current and power dissipation.

Tests to determine the presence of input clamp diodes require forcing a
suitable current at the input pin and measuring a vol tage . Network verifica-
tion tests are normally not performed when the primary protection element is a
field turn-on MOS transistor since proper transistor action cannot be veri-
fied via external tests. The field turn-on transistor can be veri fied by inducing
a positive transient of several hundred volts at the device input and successfully
completing the input leakage test. The TMS4O5O and AM914O NMOS memories both
incorporate field turn-on transistors and the manufacturers recommended incorpor-
ating a high voltage transient test only on a sampling basis since this test is
destructive. Thus , clamp diode verification tests were only used in this program
for the CMOS/SOS and 12L memories.

Output high and low voltage measurements are performec!, in conjunction with
input threshold measurements , to determine/veri fy noise margins. Minimum high
level (logic “1” ) noise margins occur when output high voltages are minimum .

Minimum low leve l (logic “0” ) noise margins occur when output low voltages are
maximum . These conditions of worst case output vo l tage result when the supply
voltage is minimum and the output l oading is maximum .

8 



- -  --—•--~ • - -  —~~~~~~~,-.
-

- --- - -F - - - • -
~~~~~~~~~~

--
~~~~~

— - -  —~~ -—ln - •

---—-

~~~~
. 

-
~~~~~~~~

4.2 NOISE MARGINS
Noise margins are defi ned as the difference between: a) device output

low voltage (VOL) and the max imum l ow-level input (VTHO ) for which an output
logic level does not change state , and b) device output high voltage (VOH ) and
the minimum high -level input (V IH1) for which an output does not change state.
Thus , minimum noise margin is present when: a) V01 is maximum and VTHO is
minimum , and b) VOH is minimum and VIH1 is maximum. As previously mentioned ,
the dc values of VOL and VOH are measured at conditions that result in these
worst case values. Values of input voltage levels causing an output logic
state change (threshold voltages - VIH1 and VTHO) should also be measured at
these conditions.

4.3 POWER DISSIPATION
Maximum NMOS and I2L device power dissipation occurs in the quiescent

state with maximum power supply voltages. Thus , maximum power dissipation for
these type memories can be determ i ned from dc measurements of supply current
at the various cond itions of chip enable , output enable , address enable , and
device power down mode. Maximum power dissipation in CMOS devices occurs
during dynamic operation , and is a function of voltage , frequency and internal
capacitances. Measurements of dynamic power dissipation are difficult with

most automated testers since , as a minimum , the average value of supply

current must be obtained over a read or write cycle period . Thus , dynamic
power measurements were not included in the characterizat ion study.

4.4 OUTPUT LOAD ING
The specific output l oads used for each memory type during all functional

and timing parameter tests are shown in Fi gure 4-1. These are the l oad

configurations specified by the manufacturers , and were used to permit direct

correl ations between the characterization test results and the manufacturer ’s
guaranteed performance figures.

4.5 FUNCTfONAL TESTS
RAM functional tests are performed to verify that: a) data can be stored

in all memory cells , b) correct data can be retrieved from all cel l locat i ons , S

9



•t r,i~-rwaw-~~ —- k ~~~~~~~~~~~~~~~ -- - - -
- -
~~~~ -~“-—, —~~~--- —--•-- .-

- I

$• Iv . 
. 

4~~OHM

~~~~~~~~~~~~~~~ 
OUTPUT 

LIIIII IIIIIi _T~I~
I::II:_4;*.:L - 

-

f r •~

5v

~~~3OI OHM 

OU T PUT -

— J ~~~~~~~~~~~ L____ __

FIGURE 4-1. MEMORY DEV ICE OUTPUT LOAD CIRCUI TS

10

- —~~~~~~~~- 
- -_-- —. ~~~~~~~~~~~~

— —•-•~~~~ -••--—-- ---——•~
-- --&~~~~~

- •~~~~~~~___ .—•• 
• - -— - •--— --



— —-- -•----—-. ~~. 
—

~~~~~~~

I
r

and c) all cells have a unique address. Memory functional tests are per-
formed with a test pattern to show complete independence of each memory cell.

~~nce functional tests are performed as Go/No—Go tests, a device that fails a
functional test due to parameter degradation cannot be different i ated from a

• device that fails due to a stuck bit. For this reason , the functional tests
are performed simultaneous ly with timing parameter measurements. The timing

— 

parameters are measured using a bisecting subrout i ne which utilizes a parameter
value at the mid—point of a test interval with known pass/fail conditions at

the interval extremes. By determining whether the device passed or failed
with the mid—point value , another value is selected at the mid—point of the
new pass/fail interval . The process is repeated until the interval is smal l —

enough to determine the parameter val ue within the desi red accuracy. The two
most important timing parameters , memory access time and write pulse width ,
were sel ected for measurement during functional tests, since they characterize
the device during read and write operations , respectively. The definitions
for these parameters are provided in Section 4.6.

~ince no single pattern can exercise the memory device thoroughly enough S 
-

to discover all of its deficiencies , a series of test patterns was formulated

to identify specific deficiencies. The set of patterns selected was based on
evaluations of device technology , functional bl ock diagrams , logic organiza—

tion , and chip topology.

4.5.1 Device Technology Review — Five process technologies are inc l uded in

the memory types under evaluation: NMOS, CMOS/SOS, TTL—Schottky , 12L and
CCD. Process related defects associated wi th the MOS (NMOS , CMOS/SOS and CCD )
technology include oxide defects , excessive leakage currents and threshold
voltage shifts. For the bipolar technology (I2L and Schottky T2L),
transistor leakage and low beta are the more common process related defects.
Test patterns cannot be selected solely on the basis of device technology,
since the type ~‘id location of the defect(s) will determine which pattern can
detect the fault. A process related defect that causes a device functional
failure due to a stuck bit at an address can be detected by a pattern which
verifies all locations during read and write operations. The March (N) pattern

11 
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fu l fills this requirement and is acceptable. However, other types of defects
are equally likely to occur, and selection of patterns to detect these defects
requires an eval uation of the functional bl ock diagram.

4.5.2 RAM Functional Block Diagram Review - The basic RAM functional bl~cks
include: a) address input , b) decoder, c) memory cel l matrix , d) read and
write amplifiers , e) clock and timing control , f) input/output (I/O )~ and g)
special functions. Therefore, by determining which patterns will detect
possible defects in each functional bl ock, an effective set of patterns can be
identified . The functional block defects may be due to inadequat~~design , or
manufacturing process defects. Table 4-2 shows a matrix of N2, N312, and
N patterns that were formulated to detect defects in each of the functional
blocks. Descriptions of the pattern algorithms are included in Appendices A
through D. Discussions of individual funct i onal bl ock defects and patterns
selected to detect these defects are contained in the follo~ing paragraphs:

A) Address Input — Defects in the address input functional block typi-
cally result in an addressed cel l that does not exist ,~s an independent and
unique entity. This type of failure may be caused by either a short or an
open at an address input . Test patterns that read each cel l at least once when
each of the other cells are in a complemented state ensure that each cel l has
a uni que address. The Galpat (N2) pattern ful fills this requirement since
all background cells are in the compl emented state from the test bit cell.
The test bit cel l is then verified for all possible address read combinations.
The sequence is repeated until each cel l is used as the test bit cell. The
Rowpat (N3”2) pattern also fulfills the address uni queness test requirement
by reading the test bit cel l with every other cel l in its row. With the
Rowpat pattern , the test bit cel l is in the complemented state from the
background cells. Additional test patterns .*at check for address uniqueness

are shown in Table 4—2.

S
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B) Decoder — A RAM decoder failure may result in the following:
(a) inaccessible memory cells , (b) memory cells with two addresses , (c) two or
more memory cells with the same address , and (d) slow switching speed .
Inaccessible memory cells and memory cells with two addresses can be detected
by the address uniqueness patterns (Galpat , Galwrt , Walking, Rowpat and
March).

Multip le cel l selection is caused by a short in the address and address
- 

- complement signals and can be detected by a Walking (N2) pattern. With this
pattern the background cells are written with “Os ” and the test bit cel l is
written with a “1” . The “1” is wa l ked through every memory cel l , sequentially
reading all memory l ocations prior to shifting the test cel l bit. Multipl e
cel l selection is detected because the Walking pattern tags each memory cell
W1 Lh an address one at a time and shows that it shares no other address by
reading the test (tag) bit as a “1k and al so reading all other bits which are
°Os ”. In addition , the Shifting Diagonal (N) pattern can detect multiple cel l
selection because it effectively performs a Walking pattern or separate rows.
The Shifting Diagonal pattern is performed by shifting a diagonal of “1s~ in a
background of ~~~ and the memory is read prior to shifting the diagonal.
For a 64 x 64 memory cel l matrix the diagonal is shifted 64 times.

De’ oder switching speed is dependent on the state of the decoder prior to
switching and the desired state after switching. A pattern such as Galpat
that checks all possible address combinations is an effective pattern to
detect this weakness. However , Galpat uses a sequential addressing scheme in
performing its read combinations. A pattern that uses nonsequential addressing
such as a complementary address sequence will impose a more severe test for

• decoder switching speed because this pattern causes more address transitions
and decoder delays due to noise generation. The address compl ement or
Pddcomp (N) pattern writes the background data , reads the data in the first
cell , writes its complement , increments to the maximum address , reads the data
at the maximum address , and writes its complement. Following this , the second
cel l is read and the complement is written . The maximum address minus one
(4094 for the TMS4O5O) is read and its compl ement is written. This process is

14
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repeated until the total memory is read and its complement is written into
memory .

C) Memory Cell Matrix - In addition to the previously mentioned single
bit memory cell failures , the matrix may show a disturb sensitivity , i.e.,
data written in one cell may affect the contents of an adjacent cell. The
sel ected cel l is connected to the adjacent cell(s) by stray capacitance and
can be affected by “1” to “0” and “0” to “1” transitions. Cel l disturb
problems can be effectively screened with a March pattern. The March pattern

-
~~ seque ntially reads a cel l and writes the compl ement into the cel l before

proceeding to the next cell. The pattern is al so conducted from highest
address to l owest address in the read/write sequence and then repeated with
the data complemented . By performing this pattern sequence , all transitions
for cel l disturb are checked [1J. The Galpat pattern will also screen for
cell disturb problems , but it verifies all memory cells with the test bit
cel l , not just adjacent bits.

D) Write/Sense Amplifier - A typical write amplifier problem associated
with single I/O l ine memories is fai lure of the amplifier to recover from a
write cycle in time to perform a read cycle. This write recovery delay may be
due to the use of a higher voltage for the write operation than the read
operat i on. Thus , a longer tine is required to return to the normal level
following a write operation. An alternate explanation is that a l ong recovery
t ime  may be caused by a saturated sense amplifier during a write cycle. The
sense amplifier cannot recover to detect the cel l voltage during a read cycle.
The most effective pattern to detect both of these problems is the Galwrt
(N2) pattern . This pattern checks write—read combinations at every pair of
memory ce l ls .  The Addcomp pattern is also suitable to detect write recovery
probl eMs , since every read cycle is prec eded by a wr i te cycle in a different
i iei iory cel l  If the slow wr i te  recovery is due to a saturated sense amplifier ,
the anom&ous condit ion can he detected by a March pattern , since write and

~‘ead cyc les are - In lucted at every memory cel l .

15
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Saturated sense amplifiers may be the result of charge accumulation at
— the sense amplifier input . This results in improperly identifyi ng a “0” as a

“1” after reading a long string of “is ’. The Walking pattern , as described
earlier , is suitabl e for detecting sense amplifier recovery problem s, becaus e
the sense amplifier remains in the same state after reading the test oit until
the test bit is “Walked” to the second location. The Shifting Diagonal
pattern will al so detect this weakness by writing a diagonal of “is” in a
background of “Os ” and subsequently read i ng the memory. The single “1” in
a row will be followed by a string of sixty—three (63) “Os”.

E) Timing Control - The timing control functional block includes the
control logic for inputs and outputs as wel l as the internally generated clock
signals. Defects in the timing control circuitry will result in i naccurate
data due to failure of the memory to write or read properly. Any pattern that
can write and read data and its compl ement from all memory cel l locations is
suitable for detecting these type defects.

F) I/O Circuitry — The final functional block of every RAM is the

I/O circuit , which may incl ude a single I/O line , or separate data input and
data output lines. There are no identified defects with this functional block

other than inaccurate data caused by a shorted or open circuit. Any pattern

that can write and read data and its compl ement from all memory l ocations is

suitable.

G) Special Functions - In addition to the functional blocks included for

all RAMs , the TMS4O5O catalog sheet bloc k diagram illustrates the use of dummy

cells and a precharge voltage generator. The dummy cells are identical to the
memory cells and minimize the sense amplifier imbalance caused by coupling

noise and provide a reference voltage to the sense amplifier for discrimina —

tion of logic levels. During sense amplifier switching a proper voltage l evel

is required , and the precharge voltage generator precharges the storage

capacitor of the dummy cel l to the required value [2]. A failure of either

dummy cell or precharge voltage generator will provide inaccurate data at the

output . These defects are easily detected by any of the previously described

patterns.
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The AM9140 memory includes two additional functidnal blocks , latch and

memory status. The latch is used to isolate the address register from the

•1 address input pi ns, and is under cl ock control . In the decoder circuitry , a S

latch holds the select line low and prevents it from fl oating when all row
drivers are turned off [3]. Both l atches are transparent to the user and the
requirement for address hold time after chip enable goes high must be satis— 

—

fied . A defect in the latch circuit could result in incorrect addressing or
inaccessible cells. These defects are detectable with any of the previously
described patterns. The memory status is derived from i nternal timing signals
that show the performance of a reference row of memory cells. The memory
status is always enabled and never enters a three state “off” mode , and ,
therefore, always refl ects the status of the memory. The memory status
functional block is independent of the memory cel l operation , and defects in
this block will not affect primary memory operation.

A data latch circuit is inc l uded in the 93481. This circuit uses timing
and control signals to l atch output data within the timing constraints of
address , address enable and latch enable signals. As l ong as the l atch enable
remains low , the output data will be l atched. m accurate data will result
with an anamolous condition in the data latch circuitry . Any pattern that
reads or writes data and its complement into the memory is suitable for
detecting defects in the data latch circuitry.

4.5.3 CCD Shift Register Functional Block Diagram Review - The set of patterns
selected for functional testing of the CCD shift register included : Scanl
(N), ScanO (N), Srwalk (N), Al twor (N), Cboardl (N), and Cboard2 (N). Since
the CCD45O contains no address decoder , a pattern that verifies that ‘is ” and
“Os ” can be written into and read from all memory cells should be sufficient
[4]. However, a review of the functional block diagram suggested that slow
sense amp lifier recovery time could be a problem . Thus , a pattern similar to
the Walking pattern (Srwalk) was included in the pattern set. The Srwalk
pattern shifts a “1” followed by a string (1024) of “Os ” through the memory ,
and then repeats the sequence with the data complemented .
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• 4.5.4 Logic Or~~nization/Schematic Review - Detailed schematics were not

available from the manufacturers for all the part types.- However, logic
diagrams were available from the militar y specifications for the TMS4O5O and
from the manufacturer for the MWS55O1/C0P1821. The TMS4O5O uses clock signals

- t in the decoding network such that the decoder outputs deselect prior to selec-
tion and inhibit possible multipl e cel l selections. However, the del ayed
clock 4D5 shown in Appendix A , Figure A3, is turned on after au signals at

C I the decoder are stabilized . If~~05 is turned on prematurely, multipl e cel l
selection may occur by creating a sneak path between two storage cells. A
similar condition exists for the AM9140 where several del ayed clock signals
are generated in the memory. A premature clock may cause the decoder to be
selected and possible multiple cel l selection may occur. For the MWS55O1 and

— - 
CDP1821 memories , slow rise or fall times may cause loss of data in the
memory, or possible multiple cel l sel ections. The MWS55O1 rise and fall times
must be faster than 200 nS and the newer CDP1821 rise and fall time must be
faster than 1 ~S.

These multiple cell selections for the TMS4O5O, AM914O and MWS55O1 can be
detected by a Walking or Shifting Diagonal pattern as described earlier. No
new patterns were added as a result of the logic diagram review .

4.5.5 Chip Topology Review Assurance that memory cell adjacency was physi-
cally realized during functional testing was accomplished by verifying the bit
map with the m anufacturer , and then usin g the proper address sequence for
physically adjacent cells. Chip topology considerations do not require new
patterns , but only highlight the importance of performing functional tests
with “topo logica lly pure ” patterns.

4.6 TIMING PARAMETERS
Timing parameter tests are performed to evaluate the timing relationships

S among the various control and address signals. Timing parameters considered
for charac ter iza t ion  included : a) access t i me , b) address hold t imi e , c)
address setup time , d) wr i te  pulse width , e) data hold time , and f) data setup
time . These parameters are measured during a read/wri te cycle and/or a

18
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read/modi fy/write cycle, whichever provides the worst case timi ng relationship

for the parameter under test. A comparison of the timi ng parameters selected
for each memory type is presented in Table 4—3.

Access time is the time after which data output is guaranteed to be

valid , and may be defined with reference to either the address or chip enable ~- -

signals. Access time is nor m ally measured during a read/write cycle and
read/modify/write cycle. The manufacturer ’s catalog specification or,
when available , the military specification for the memory type, was used to
select the start and stop times of the address , data , and clock signals.
Since access time is a critical memory parameter , it is included in the timi ng
tests for all part types.

Address setup time is defined as the time interval between the application
of an address input and an act i ve transition of the clock (chip enable , chip
select or address enable) signals. This parameter is specified as a minimum
value to ensure proper memory operation. Setup time is also specified for
data input and is the time interval between the application of data and the
active transition of the write pulse. The address and data setup times are
specified as a minimum of 0 nS , and engineering judgment was used to exclude
these tests for several part types. However , the parameters were, as a
m i n i m u m , veri f ied implicit ly by adjusting the start and stop times of address ,
da t a , and clock signals and ver ifying that the device is functional wi th  these
timing relationships.

The wr i te cycle requires that , in addit ion to the address and data
t iming s ignals , wr i te  pulse and chip enable signals occur. The “ANDED”
condit ion of wr i te  pulse and chip enable must last for a m i n i mu m time , w h i c h

is specif ied as wr i te pulse width. This parameter is also measured during
functional tests , hut is include d in the t iming tests to establ ish the worst
case values t c r  the read/ Modi fy /wr i te cycles. Since wr i te  pulse width is as
c r i t i c f l  ~ par~MS Y t e r  as access t i me , it was a lso measured for a l l  part types.

19
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The address (data) hold times are defined as the interv al during which
the address (data) is retained after the chip enable signal goes hi gh (low).
Data hold time measurements are included for all memory types , but address
hol d time measurements were only included for the dynamic RAMs. Static RAM
address hold times are implicitly determined during other tests.

Additional timing parameters were inc l uded for TMS4O5O and AM914O evalua—
• tions. These additional parameters included : a) propagation del ay time for

the TMS4O5O , and b) output ON/OFF del ay time , memory status del ay time , and
preset interval time for the AM914O. The timing relationships for these

- 

- I 
signals are included in Appendices A and B.

4.7 REFRESH TESTS
Dynamic memories store data by placing a charge on a capacitor. Since

the stored charge will dissipate within milliseconds , the charge must be
refreshed periodically to retain correct data. Refresh requirement s are

- 
• temperature dependent , and at higher temperatures the refresh time will be

shorter due to higher leakage currents. Refresh is accomplished in the
TMS4O5O and 93481 by performing a refresh cycle , or a memory read cycle at
each row. Addressing a row will cause all cells in the row to be refreshed .

• Therefore , the TMS4O5O , which is organized as a 64 row x 64 column matrix ,
will require refreshing at 64 rows. The 93481 (32 row x 128 column matrix )
will require refreshing at 32 rows.

Refresh time measurements can be accomp lisiied by using either a block
refresh or a distributed refresh technique. The block refresh technique
consists of writing data in the entire memory, stopping all external clock
signals for a designated time (refresh period ) and reading the memory to
verify its correctness. Then the data complement is written into the memory ,

S and the procedure is repeated . The refresh time is then iterat ed until the
boundary between a pass and fail condition is noted . This time is the required
minimum refresh time for the memory under test. The main advantage of the
block refresh technique is that data is verified in the absence of noise with
external clock signals turned off. The main disadvantage of using this method

21

- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

_ __•~t ~



- — ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ -~~~~~~ !~5CC ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~-S - 

— _ _ _ _ __ _ _

is that memory power dissipation/chip temperature is changing as the clock
s ignals are turned “on” and “off”. The resulting temperature dependent varia-
tions in refresh time make the bl ock refresh techni que an unacceptable test
method [5].

The second method for measuring refresh time is the distributed refresh
technique. This technique consists of writing data into the memory and
continuously cycling the device. By sequentially reading the TMS4O5O memory

• by its columns , every row will be refreshed every 64th cycle. Similarly,

- ,- every row of the 93481 will be refreshed every 32nd cycle. The period is
- 

• 
varied such that the time between write and read cycles is equal to the
refresh time bei ng examined . For exampl e, the 1MS4050 contains 4096 memory
cells in a 64 x 64 cel l matrix. To determine memory functionality with a 2 mS
refresh time , the period or cycle time must equal the refresh time divided
by the difference between the number of cells and the number of rows. This
value was computed as 500 nS for the TMS4O5O. During the refresh tests, the
memory is written with a checkerboard pattern (an alternating fiel d of “is ”
and “Os”), and using the distributed refresh method the refresh time is
determined . After data is read out , the data complement is written into the
memory and the procedure is repeated. The checkerboard pattern was selected
for the refresh tests since it may show cel l disturb and data sensitivity
problems. A memory cel l stored with a “0” may be disturbed by adjacent “is ” ,
and vice versa.

~~~~- -
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5.0 PRELIMINARY CHARACTERIZATION TEST RESULTS

Major objecti ves of the prel imi nary characterization tests wi th
two of each memory type were to determi ne the maximum and minimum operating
temperatures , worst case voltage conditions , and worst case patterns for
subsequent testing of eighteen devices.

5.1 OPERATING TEMPERATURE EXTREMES

- - The results of functional testing and shmoo pl otting at ambi ent tempera—
tures between -55°C and 125°C were used to determine the upper and l ower
temperature extremes for subsequent RAM characterization testing. However,
shmoo pl ots of access time , write pulse width and refresh time versus supply
voltage using all seven of the previously mentioned patterns provided the most
insight for determining operating temperature extremes. Refresh time require—
rnents for dynamic RAMs, and access t ime requirements for static RAMs were the
parameters responsible for limiting operating temperatures to less than the
ful l military temperature range. The following are brief discussions of the
specific test results that led to the selection of operating temperature
ext remes for each memory.

5.1.1 TMS4O5O NMOS Dynamic RAM - Refresh t ime requirements limited the
TMS4O5O operating temperature extremes to -55°C and 85°C. The maximum refresh

— time requirement specified by the manu facturer, and MIL—M—38510/235, is two
milliseconds for values between 11.4 Vdc and 12.6 Vdc. This requirement
was easily achieved at 25°C and -55°C , as were the specified requirements for
all other parameters . However , as can be seen from the 85°C and 100°C shmoo
pl ots of refresh time (tREF ) versus V00 shown in Figure 5-1 , the TMS4O5O
must be refreshed more frequently than every two milliseconds at 100°C with
V00 greater than 12 Vdc. Refresh time requirement s less than two milli-
seconds were not determined , since this was felt to be the l ower limit for
most system applications. Below 12 Vdc at 100°C , the refresh time requirement
changed abruptly from less than two milliseconds to approximately 50 mil l i—
seconds , and rema i ned at 50 milliseconds down to a VOD of less than 9 Vdc.
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At 85°C the refresh ’
~t-.tme requirement was approximately 100 millis econds wi th

VDD values between 8.5 Vdc and 13 Vdc. Thus, two effects were observed as
the TMS4O5O operating temperature was increased from 85°C to 100°C. The first
effect was the expected decrease i-~ refresh time requirement from 100 mIlli-
seconds at 85°C to 50 milliseconds at -100°C. The second , and most important ,
effect was the reduction in the VDD value (13 Vdc at 85°C to 12 Vdc at
100°C) where the me nory became nonfunctional with tREF values less than two
milliseconds. The second effect was the determining factor in limiting the
TMS4O5O upper test temperature to 85°C.

5.1.2 93481 I2L Dynamic RAM - As was the case with the TMS4O5O , refresh time
requirements limited the maximum temperature extremes for the 93481 12L
dynamic RAM . However , the temperature limitations were more severe than those
established for the TMS4O5O. The 93481 was limited to operating tempera-
ture extremes of 0°C and 70°C. Shmoo pl ots of tREF versus V 00 at 70°C and
85°C are shown in Figure 5-2. At 70°C , device operation is normal with
refresh times of four to five milliseconds for values of V00 between 3.8 and
7 Vdc. However , at 85°C the device is only functional (tREF > two milli-
seconds) between 6 and 6.5 Vdc. Thus , the upper temperature limit was estab—
lished as 70°C. A similar effect was noted at low temperatures , as can be
seen from the 0°C and —10°C shmoo plots in Figure 5-3. At —10°C the device is
not functional with values of V00 less than 4.9 Vdc , and is nonfunctional at
0°C with VDD values less than 4.7 Vdc. The manufacturer ’s l ower operating
limit for V00 is 4.75 Vclc. Thus , 0°C was selected as the 93481 lower
temperature limit. Subsequent discussions with the manufacturer revealed that
the part would not operate below 0°C due to the use of four series diodes in
the start—up timing circuitry . Below 0°C, the increased forward voltage of
these diodes inhibits device operation. The ma nufacturer also noted that
device operation above 70°C could be achieved , but at the expense of signi-
ficant yield losses.
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5.1.3 AM9140 NMOS Static RAM - Shmoo pl ots of chip enable access time versus
VOD at -55°C and 125°C (Figure 5—4) showed that the AM9140 is capable of
operating over the full military temperature range. A restriction on the

maximum value of V00 was noted at 125°C. However, this did not occur until

approximately 6.2 Vdc , and is well above the 5.5 Vdc maximum operating voltage

specified by the manufacturer and MIL—M-38510/237.

5.1.4 MWS55O1 and CDP1821 CMOS/SOS RAMS - Operating temperature extremes for

the MWS55O1 were limited to —55°C and 85°C due to excessive address access

time requirements (t~~ > 250 nS) at VDD values above 10.4 Vdc. This

effect can be seen in the 85°C and 100°C shrnoo pl ots shown in Figure 5-5 , and

was only noted with a Walking pattern . Thus , the MWS55O1 has an -obviou s

pattern sensitivity at the upper temperature and voltage conditions. However ,

the ma nufacturer stated that he had not observed any sensitivity of the

MWS55O1 to a Walking pattern. The microprocessor version of this part

(CDP1821) is suppl i ed as either a ten volt part or a five volt pa rt. Samples

of the ten volt part provided by the manufacturer did not show any pattern

sensitivity or abrupt change in t~~ at values of V OD up to 11.0 Vdc and

temperatures of 125°C. Shmoo plots for the C0P1821 at ambient temperatures of

85°C and 125°C are shown in Figure 5—6. The five volt part is simply a ten

volt part that does~ not operate at 10 Vdc. As shown in the Figure 5—7 shmoo
plot , the five volt part displ ays the same characteri stics as the MWS55O1 .

However , i n thi s case , performa nce of the five volt CDP1821 is severly

degrade d at V00 values above 8 Vdc , and the degradati on i s observe d w i th all
patterns.

5.1.5 CCD45O Dynam ic Shift Register — Since the CCD45O had become obsolete

during this characterization program , test i ng was only performed at the
manuf acturer ’s specified temperature extremes (0°C and +55°C). With two

exceptions , the CCD4 5Os appeare d to meet the manu facturer ’s specifications

over the 0°C to +55°C temperature range. A 50 nS to 60 nS rise time is

mandatory for the phase 2 clock pulse. The manufacturer ’ s catalog indicated

the r i se ti me coul d be as lon g as 200 nS , bu t he has subsequen tly con fi rme d
the requirement for a 50 nS rise time . One of the device s tested was also

sensitive to the Altwor pattern , as illustrated in Figure 5—8.
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5.2 WORST CASE VOLTAGE LEVELS

Worst case voltage levels for dc parameters, power d i ss i pat i on , and
-t noi se imunity were prev i ously determi ned . Thus , the prelimi nary tests were

designed to yiel d the worst case voltage levels for subsequent functional
1 - 

and timi ng tests. Devices were operated at the uppe r and lower voltage limits

- specified by the manufacturer at the worst case temperature (hi gh temperature)

using N2, N312, and N patterns for RAMs (N patterns for CCD Shift Register).

- 
Access time and write pulse width were measured at each condition since both

parameters are affected by supply voltage vari ations. Typical access time

measurements are shown in Tables 5—1 through 5—6 . These results indicate that

maximum access times occur in all memory types at the minimum value of posi—
-~~ tive supply voltage and the maximum absolute value of negative supply voltage
- (most negative voltage). Similar results were obtained for the write pulse

- 
width. Thus , all subsequent functional and timing parameter tests were

- 

conducted with minimum positive supply voltages an’d maximum values of negative

supply volta ges.
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TABLE 5-1. TEX AS INSTRUMENTS TMS4O5 O TYPI CAL ADDRESS AC CESS TI M ES

PATTERN TYPE TYPICAL ADDRE SS ACCESS TIMES UNITS
V — 1 1 . 4v V — 1 1 .4v  V — 12 . 6 v  V — 12 . 6 v

— —4 .5v v0D - — 5 . 5 v  V 1
~~ —~~.sv ~~~ — — 5 . 5 vBB BB BB BB

GALPAT N2 
220 225 211 215 nS

R OWPA T N312 22 1 225 2 1 2 2 14 nS

MARCH N 22 0 224 21 1 2 14 
- 

nS

- -
- NOTES:

WORST CASE ADDRE SS ACCESS TIME OCC URF .D AT V OD — 1 1 . 4V AND V BB
2 MAXIMUM SPEC I F iCAT I ON L IMIT FOR ADDRESS ACCESS TIME IS 300 NS .

3 AJI B IENT T E M P E R A T U R E  IS 85C C.

TABLE 5-2. F A I P I K IL O  9’
~~.81 T Y P I C A L  CO LUMN ADDRESS TIMES

PATTERN TYPF TYPICAL COL.i MN ADI)RF.SS ACCESS TIMES U N I T S
v - - — S .1 Sv V 4 .7 5vI (A  CC

CAI . PAT N 9 ’ :  98 nS

RUWPAT 
- 

q , :  99 nS

MARCH 

-- 

N j 
_____________________ 

98 nS

NI) - -

WORST CASE COLUMN ADDRESS ACCESS TIME OCCUR AT ~~~ 4.7SV .

‘1A~ I M I l l SP~ 1 CATiON II M I T I~~R Cl)I,t(MN ADDRESS ACCESS TIME IS 75 NS.

1 ANKI ENT rEMI’EKATCRE Is 700C.
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TABLE 5-3. ADVANCED MICRO DEVICES AM9 1 40 TYPICAL CHIP ENABLE ACCESS TIMES

PATTERN TYPE TYPICAL CHIP ENABLE ACCESS TIME S UNITS

‘icc — 5.Sv V~-

GALPAT N2 244 260 nS

ROW PAT N3’2 246 260 nS

MARCH N 244 257 nS

NOTES:

- 

- 
WORST CASE CHIP ENABLE ACCESS TIME OCCURRED AT VCC — 4.SV.

2 MAX IMU M SPECIFICATION LIMIT FOR CHIP ENABLE ACCESS TIME IS 500 NS.

3 AMBIENT TEMPERATURE IS 1250 C.

TABLE 5-4. RCA MWS55O 1 TYPICAL READ ACCESS TIMES - -

I PATTE RN TYPE TYPICAL READ ACCESS TIMES UNITS

— LO .5v V 00 
— 9.5v V

00 
— S.25v V

00 
—

WALKING N
2 85 91 161 184 nS

R OW PAT N 3 ’2 82 87 162 186 nS

MARCH N 80 85 156 179 nS

NOTES:

WORST CASE RE Al) ACCESS TIME OCCUR RE D AT V 00 - 4 .75V.

2 MAXIMUM SPECIFICATION LIMIT FOR ADDRESS ACCESS TIME IS 250 MS.

3 AMBIENT TEMPERATURE IS 85°C.
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TABLE 5-5. RCA CDP 182 1 T Y P I C A L  READ ACCES S T I M E S

PATT ERN TYP E T Y P I C A L  READ ACCESS TIMES UNITS
V
00 

— 1O .5v V 00 
— 9.5v V DD — 5 . 2 5 v  V DD 

=

WALKING N
2 

80 83 164 183 nS

ROW PAT N312 70 73 1 3 1  145 nS

MARCH N 72 76 132 144 nS

4 NOTES:

WORST CASE READ ACCESS TIME OCCURRED AT V
00 

- 4 75V.

2 MAX IMUM SPECIFICATION LIMIT FOR ADDRESS ACCESS TIME IS 250 NS.

3 AMBIENT TEMPERATURE IS 1250 C .

TABLE 5-6. FAIRCHILD CC D45O TYPICA L READ ACCESS TIMES

PATTERN TY PE TYPICAL REA D ACCESS TIMES UNITS

V CC 
— 5 .25V ~~~ 4.75V ~~~ 4.75 V V

CC 
— ~4 .7~ V

V BB = — 3.OOv V NR ~3.O~V V BB — —2 .OV — — 2 . 01W

V — 13 .20V V = !U.80V V • 13.201/ V — IO .RU VDI) DO 013 DI)

SRW AL K N 144 156 - 
144 ISO nS

CBOARDI N 142 155 144 149 nS

SCAN N 14 1 15 6 142 148 nS

NOTES :

W O RST CASE READ ACCESS TIME OCCURRED AT V 11 . 4.75V , V 88 
- — 3 .01/ , ANI ) V

i10 
-~ 10 .81 W

2 MAXIMUM SPECIFICAT IO N LIMIT FOR READ ACCES S TIME IS 181) MS.

3 AM NIENT TEMPERATURE IS 55° C .
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5.3 TIMING-TEST PATTERNS
Patterns used during the measurements of dynamic timi ng parameters were

selected from the set of seven patterns used during functiona l testing.
5- Initial ly, only three patterns (N2, N312, and N) were to be selected for

timi ng parameter measurements, since these tests are extremely time consumi ng.
Additional patterns were selected if test times were not excessive.
The cri teria for pattern selection was: a) select the specific N2, N3~

2,
H and N pattern that yields the largest values of access time and write pulse

width , and b) if no pattern related timi ng vari ations are noted , arbitrarily
select at least one N2, N3’2, and N pattern .

The results of the RAM functional tests performed with three N2 pat-
terns (Galpat , Galwrt , and Walking), one N3’2 pattern (Rowpat) and three~N
patterns (March, Addcornp, and Shifting Diagonal ) reveal ed pattern rel at~d
timi ng vari ations in the static RAMs (AM914O , MWS5501, and CDP1821), ~ut none
in the dynamic RAMs (TMS4O5O and 93481). The average AM9140 access time
values obtained with the Galwrt and Shifting Diagonal patterns were slightl y
l ower than average values obtained with the other patterns. Thus, the Galwrt
pattern was deleted for AM914O ti m ing parameter measurements. The Gal pat
pattern was also deleted , arbitrarily over the Walking pattern , but all other
patterns were retained . All seven patterns were retained for MWS55O1 timi ng
parameter measurements , since test time s for this 1K bit RAM were not exces-
sive. However, the Galwrt , Addcomp , and Shifting Diagonal patterns were
deleted for the subsequent tests of the C0P1821 memory to expedite the test
program .

Since no pattern related timi ng vari ations were noted during functional
tests of the TMS4OSO and 93481 dynamic RAMs , pattern selection was arbitrary .

The Galpat and Shifting Diagonal patterns were not used for TMS4O5O timi ng
parameter i~easureinent s, and the Galwrt and Walking patterns were not used for
93481 timing measurements. -
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Functional tests of the CCD45O shift register were performed with the
followi ng N—type patterns: Scani , Sca nO , Srwalk , Altwor , Cboardl and Cboard2.

- 1 Because of the device obsolescense , and the observed sensitivity to the Aitwor
pattern , only the Altwor pattern was used for timi ng parameter measurements.

A summa ry of the patterns selected for each memory type is shown in
Table 5-7.
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6.0 FORMAL CHARACTERIZATION TEST RESULTS

Formal characterization testing was performed with twenty of each RAM
- type at the temperatures and worst case voltage conditions established during
the preliminary characterization tests. Only two CCD45O shift registers were
formally characterized . The formal characterization tests included : a) dc
parametric measurements , b) functional tests which included measurement s of
access time and write pulse width using N2, N312 and N patterns , c) timi ng
parameter measurement s, d) threshold voltage measurements , and e) refresh time
measurement s for the dynamic RAMs. Included in this section are summari es of
the test results for each memory type. The summari es provide computed mean

— and standard deviation values for each parameter. However , parameter values
outside the range of the measurement limits established by the automated test
equipment have been censored from the data set. Histogram presentations of
sel ected parameter values are provided in Appendix F.

6.1 TMS4O5O TEST RESULTS

6.1.1 DC Parameters - Results of TMS4O5O dc parameter tests are shown in
Table 6— 1 . With the exception of the and 

~~ 
(CEL) parameters , the

MIL—M—3851O/235 specification limits appear satisfactory . The distribution of
1B8 values is centered well below the MIL-M—38510/235 maximum limit of 1OO~~A ,
and this limit could be reduced to 5O p A. The distribution of 

~~ 
(CEL)

values is well above the MIL-M-38510/234 maximum limit c~f 2OO~~A. Maximum
values of 1D0 (CEL) occured at —55°C , and the mean value at —55°C was 600 .~A .
The manufacturer suggested that the out-of—toleranc e values of 

~~ 
(CEL)

were due to making the measurement before the current had reached its steady
state value. As shown in Figure 6—1 , there is a large 10D transient when
the chi p enable signal goes from a high state to a low state. Thus , it is
reasonable that some del ay should be incorporated in the test sequence between
the tine the chip enable signal goes 1 0W and the 

~~ 
(CEL) neasurement .

However , wi thin— specification va~Iues were not realized after delays of up to
15 seconds. Thus , the MIL-M—38510/235 maximum limi t for 1DD (CEL) probabl y
should be increased .-
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6.1.2 Functional Tests — The results of ta(a d ) and tw(Wr) measurements
performed while running functional tests with the seven previously identifi ed
patterns are summarized in Table 6—2 . The mean and standard deviation values
reflect values within the measurement limits set for the automated test
system, and show no important pattern rel ated vari ations in timi ng parameters.
At -55°C, 8 of the 20 parts tested were nonfunctiona l , and a summa ry of the

-

• 
percentage of these eight failures detected by each pattern is shown in Table
6—3. Note that only the Shifting Diagonal pattern detected all eight failures ,
suggesting that this N type pattern is the most effective pattern for detecting
the observed TMS4OSO functional failures. No attempt was made to analyze the
nature of the failures , and the manufacturer could /would not provide additional
ins i ghts.

6.1.3 Timing Parameters — A summary of the timing parameter measurements is
provided in Table 6—4. This data is a composite summa ry of the data obtai ned
by measuring each parameter while running five different pattern s (Galwrt ,
Walking , Rowpat , March and Addcomp). All of the parameter distributions are
well within the specification requirements. However , as was the case during
functional testing , approximately 50% of the parts failed at -55°C. During
the timi ng tests, 10 of the 20 parts failed at —55°C . A single part failure

was also noted at +85°C, and a summa ry of the percentage of failed devices
detected by each pattern and parameter test is shown in Table 6—5 . Note that
at —55°C, no single parameter was responsible for all the failures . All
patterns were general ly equally effective in detecting a failed part (all
patterns detected at least 80% of the failed parts), but , the Rowpat pattern
was the only pattern that was 100% effective at —55°C . Unfortunately, the
single 85°C failure was not detected by Rowpat. This single failure was also
not detected during functional testing although it failed a timi ng parameter
that was measured during functional testing. The reason(s) for these apparent
inconsistenc i es are not known , but a pa rt intermittency could explain the

observed test results.
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TABLE 6-3. TEXAS INSTRUMENTS TMS4O5O PATTERN EFFECTIVENESS
1’

FAILURE PERCENT FAILURE DETECTED BY PATTERN
- 

- CRITERIA 1 -55°C

PARAMETER OP OW W R N A SD

READ/WRITE

- 
ta ( a d ) >500 88 75 88 75 88 75 100

I <460 88 75 88 75 88 75 100
w(wr)

NUMBER OF DEVICE 8
FAILURES AT TA 

__________ ________________________________________________

NOTES:

1. GP - GALPAT
GW - GA LW RT
W - WALKI NG
R - ROWPAT
N - MARCH
A - ADOCOM P
SO - SHIFTING DIAGONAL

2. *~ FAIL URES AT TA = 25°C and TA = 85°C.

3. WORST CASE SUPPLY VOLTAGES: VDD 11.4V and V88 = -5.5V .
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TABLE 6-5. TEXAS INSTRUMENTS TMS4O5O DYNAMIC TIMING EFFECTIVENESS

PERCENT FAILURE DETECTED BY PARAMETER AND PATTERN
FAILURE 

— —- - C R I T E R I A  TA — 85 C TA - -55 C

PARAMETER OW W R M A GW W R M A

READ/WRITE

th(ad) <200 100 100 100 60 60 50 50 50

tPLH <360 100 100 100 40 50 50 50 50

th(da) <73 100 100 100 80 90 80 80 80

READ/MODIFY/WRITE

t a ( a d )  >470 100 100 100 50 60 60 60 50

t h(d a ) <170 100 100 100 40 50 50 50 50

t <290 100 100 100 50 60 60 60 50w(wr)  
_________ ________________________ ________________________

PERCENT FAILED
DEVICES DETECTED 100 100 100 90 90 100 90 80
BY PATTERN

NUMBER OF FAILED 1 10D E V I C E S  AT TA

N OTES:

1. OW — GA L WR T
w - WA L KLN G
P - ROW PAT
M - M A R C H
A - /\DOCOMP

2. NO FAILURES AT TA 
= 25°C

3. WORST CASE SUPPLY VOLTAGE : V00 11.4V and V88 = -S.5V
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6.1.4 Threshold Tests - Results of the threshold voltage tests are summari zed
in Table 6-6. These results affect device no i se immunity , and are discussed

- in paragraph 9.2.

6.1.5 Refresh Tests - Refresh test results are summarized ~n Table 6-7. As
- expected , the minimum refresh time requirement occurs at the high temperature

- 

condition (85°C). The standard deviation of the distribution is also quite
large , indicating a wide spread of values for this parameter. Exami nation of

I the histograms of refresh time at 85°C (Appendix F) shows a range of value s
- from near 0 milliseconds to 130 milliseconds , but most parts are between

- 

0 and 30 milliseconds. Only a few parts have 85°C refresh times in the 100
millisecond region.
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TABLE 6-6. TEXAS INSTRUMENTS TI’1S4050 ELECTRICAL CHARACTERIZATION - THRESHOLD TESTS

M IL—M—3851O /23~PARA M ETER TEST LIMITS TA 
— 25= C TA — 85C C T

A 
— ~55 0 c UNITS

_______________ 
MIN MAX MEA1I1 

- SIGMA MEAN SIGMA MEAN SIGMA

VTHI 
— — 1.753 0 .173 1.642 0. 131 1.686 0.135 Vdc

— — 0.975 0.191 0.930 0.193 0.990 0 .198 Vdc

V
OD 

— 11.4 Vd c AND V~~ — — 5.5 Vd c
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TABLE 6-7. TEXAS INSTRUMENTS TMS4O5O ELECTRICAL CHARACTERIZATION - REFRESH TESTS

MI L — M— 385 10/235
PARAMETER TEST LIMI TS TA 25°C TA — 85°c TA — —55°C UNITS

_______________ 
MIN MAX MEAN SIGMA MEAN SIGMA MEAN SIGMA 

____________

tREF — 2 342.419 11 4 .378 25.241 24.519 401.094 0.791 mS

V
110 

11 .4v
V~~ — 4.Sv

t
REF — 2 323.193 113 .046 23.702 23 .210 401.094 0.791 mS

V
110 

l1.4v

V~~ — 5 . 5v
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6.2 93481 TEST RES ULTS - 

-

6.2.1 DC Parameters — The 93481 dc parameter test results are shown in Tabl e
6—8. All of the measured parameters are well wi thin the manufacturer ’s
catalog limits , and tightened limits coul d be incorporated in a MIL—M—38510
specification. Limits are also required for the 1CC pararleters , since the
manufacturer does not specify limits for

6.2.2 Functional Tests — The results of tCAA and t~ measurement s performed
while running functional tests with seven patterns are shown in Table 6—9. No
important pattern related variations in timing parameters were noted , but

;
‘ I - 7 of the 20 parts tested were not functional (6 at 0°C and 1 at 70°C).

With the exception of the single failure at 70°C, all failures (Table 6—10)
were detected by all patterns. The 10°C part failure was not detected by the
Addcom p and Shifting Diagonal patterns. A cell-disturb type failure could
produce the observed pattern sensitive results.

6.2.3 Tim ing Parameters - A summary of the 93481 timing parameter measure-
ments is shown in Table 6-11. Examinaticn of the mean and standard deviation
values for each parameter shows that a high percentage of part s do not meet
the manufacturer ’s specifications for tCAA and t~, especial ly at 70°C.
However , only one part was not functional at 70°C , suggesting that the ma nu-~
facturer ’s specification for tCAA and t~ should be relaxed . As shown in
Table 6—12 , nine parts were not functional at 0°C. This high percentage (45%)
is not unexpected in view of the design limitation previously discussed. I~
is interesting to note, however ,, that no single pattern was 100% effective in
detect i ng these nine low temperature failures , nor was any sing le parameter
responsibl e for all the failures. Parts that are totally nonfunctional at 0°C
should have been detected by all patterns , and failed all parameter specifi-
cations. Thus , some of the 0°C failures were probably still functional
parts.
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TABLE 6-12. FAIRCHILD 93481 DYNAMIC TIMING EFFECT IVE I~ESS

PERCENT FAILURE DETECTED BY PARAMETER AND PATTERN

C R I T E R I A  TA 
70*C TA 

= O C
PARAMETER “~ OP P M A SD OP R N A SD

READ/WRITE

- 

- 

tAS < 9 78 78 78 78 56

tAH < 59 67 78 78 78 56

tWSDE <120 100 100 78 67 78 67 67

tWH O < 35 44 44 44 44 56

READ/MOD IFY/WRITE

t~~~~A 
>200 56 56 56 56 56

t~ < 50 56 56 56 56 56

t > 8 0  56 56 56 56 ~~6CSA 
-___________ _____________________________ _______________________________

PERCE~IT OF FAILED
DEVICES DETECTED 100 100 89 8~ 89 78 61

— 
BY PATTERN

NUMBER OF FAILED T i 9
D E V I C E S  AT TA

NOTES:

1. G~ -

R - RO W PAT
M — MARCH
A - ADO COMP
SD - SHI FTINO DIA GONAL

2. ~o FAILURES AT T A 25°C

3. WORST CASE SUPPLY V OL IAGE : ~~ = 4.5V
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Discussions with the manufacturer about the inability of these parts
to meet his catalog specifications revealed that he has redesigned the pa rt
using smaller elerient geometries. He stated that the new parts should meet

- i the catal og specification s , especially the 75 nS access time requirement.
However , he has no current plans to design a part capable of operation at
-55°C.

6.2.4 Threshold Tests - Threshold voltage test results are summarized in

- 

, 

Table 6—13 , and are discussed in paragraph 9.2.

6.2.5 Refresh Tests - Refresh time test results are summarized in Tabl e 6-14.
As was the case with the TMS4O5O , there is wide spread in the distrib ution of
parameter values , suggesting that the processes affect i ng this parameter are
not well controlled.
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TABLE 6-13. F A I R C H I L D  93481 EL ECTR ICA L CH A RA CTERI ZA TI ON - THRESHOLD TESTS

- M ANUFACT URER ’ S 1 25° C 1 = 70° C T 0° C UNITS
- - PARAMETER TE ST LIMITS A A A

- 
MIN MAX MEA N SICMA ME AN si~;o~ MEAN SI GMA

- V
T1!1 — — 1.879 0.046 1.671 0.035 2.100 0.10R 

~~~~~

- 
~~~ — — 1.146 0.113 1.018 O O6O 1.299 0.041 Vdc

V~~, = 4.75 Vdc
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TABLE 6 - 14 . FAIRCHI LD 93481 ELECTRICAL CHARACTERIZAT ION - R EFRESH TESTS

MANUFACTURE R S
PARAMETEP. TEST LIMI TS T

A 
— 25 ° C T

A 
= 70 C TA 

= 0 C UNITS

MIN M~j( MEAN SiGMA MEAl’! SIGMA ~~~~ sicu~

LREF - 2 147.120 143.715 43 .617 81.274 271.213 151.089 mS

V
CC 

4.75v

1
REF — 2 187 . 173 139.990 46 .510 89.908 340 .336 94.926 mS

V~~ 5 .25v
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6.3 AM9140 TEST RESULTS

6.3.1 DC Parameters — The AM914O dc parameter test results are shown in Table
6—15. All of the measured parameter values are well within the limits con-
tained in MIL—M—38510/237, and the limits for 1cc could be tightened .
Electrical tests of a 120 piece lot of AM914Os for another RADC program
(ContrGct No. F30602-78-C-0014) confirmed that the maximum values specified
for ICC i..Oui~~ be reduced wi th no increase in yiel d loss.

6.3.2 Functional Tests — The results of tA and t~ measureme nts performed
while running functional tests with seven patterns are shown in Table 6—16.
Exami nation of the mean values of access time obtained with each pattern shows
no important pattern rel ated variations for five of the seven patterns.
However, the mean values of tA obtained while running the Galwrt and Shift—
ing Diagonal patterns are respectively 5% and 15% l ower than the mean values
of tA obtained with the other five patterns. Without specific knowl edge of
where the access time vari ations are occurri ng on the chip, it is difficult to
speculate why the Galwrt and Shifting Diagonal patterns yiel d l ower access
times tha n the other patterns.

Two of the AM9140 memori es were nonfunctional at -55°C and 125°C , an d as
shown in Table 6-17 , neither of the failures was detected with the Shifting
Diagona l pattern. All failures were detected by the Galpat , Galwrt , Walking
and March patterns.

6.3.3 Timing Parameters - A summa ry of the AM9140 timi ng parameter measure-
ments is provided in Table 6—18. All of the timing parameter distributi ons
are wel l within the MIL—M—38510/237 l imits , and the limits for output off
del ay (tcF) and data setup time (tDs) could be more stringent i f  desired .
Three timi ng parameter failures were noted at 125°C, and as shown in Table

6-19, all were detected by all patterns except the Shifting Diagonal .

6.3.4 Threshold Tests - Results of the threshold voltage tests are summarized
in Table 6—20 , and are discussed in paragraph 9.2.
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TABLE 6-19. ADVANCED MICRO DEVICES AM9140 DYNAMIC TI MING EFFECTIVEN ESS

PERCENT FAILURE DETECTED
FAILURE BY PARAMETER AND PATTERN

• CRITERIA T 0 125°C
nS A

P ARA IIE TER W R M A SD

READ/WRITE

tCF >200 67 67 67 67

tDM ~320 33 33 33 33

tDH <200 67 67 67 67 67

READ/MOD I FYf WRITE

tA >330 67 6 - 7  33 33

PEpCE’~T OF FAILED
DEVICES U E T E C T E O  ~OO 100 100 100 67
BY PATT E RN

N~JMl FR OF FAIL ED 1 3
DFV’~~~S AT

NOT ES:

I .  w ’
— WA (K ~ NO

R — Rf ~: PAT
—

A —

SD — SHI FT IN G DIP¼G (~NAL

2. ~~ FAILURF S AT T A = 75 °C and = —55 °C

3. WORST CAS E SUPPLY VOLTA GE : V CC = 4 . 5V
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TABLE 6-20. ADVANCED MICRO DEVICES AM9 140 ELECTRICAL CHARACTERIZATION - THRESHOLD
TESTS

— - MIL—M— 38510/235 
—

PARAMETER TEST LIMITS T
A 

— 2 5 C  T
A 

85°C T
A 

= —SS C UNITS
- MIN MAX MEAN SIGMA MEAN SIGMA ME AN SIGMA 

________

- VTH1 — — 1.587 0.074 1.527 0.067 1.674 0.076 Vdc

- V THO 
—

— 

— 1.472 0.080 1.381 0.071 1 .510 0.104 Vdc

~~ ‘~~‘
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6.4 M~JS55O1 TEST RESULTS •

6.4.1 DC Parameters - Results of MWS55O1 dc parameter tests are shown in
Table 6—21. With the exception of the ‘0DM and ‘DOL parame ters , the
distribution of parameter values were well within the manufacturer ’s specified
limits. The distribution of ‘DDH and ‘DOL values below one mi lliamp were
also within the manufacturer ’s limits < 5OO~~A and 1DDL I 2OO~~A),
but approx imately 30% of the parts displayed 

~~ 
values greater than one

mil l iam p at 85°C.

6.4.2 Functional Tests — Selected results of tRA and t~ measurement s
performed while running functional tests wi th seven patterns are shown in
Table 6—22. With the exception of the tRA values obtained at 85°C while
running the Walking pattern at 9.5 Vdc and 10.5 Vdc , there are no pattern—
related vari ations in the 10 volt results. The values of tRA obtained at 10
Vdc with the Walking pattern are slightly higher than the values obtained with
the other six patterns for the reasons previously discussed .

The 5 Vdc results show a wide vari ation (20 nS) in the mean values of
tRA at 55°C. The maximum mean tRA value of 152 nS was obtained wi th the

• Gal pat pattern , and the minimum tRA value of 132 nS was obtained with the
Shifting Diagonal pattern.

A total of nine parts were also nonfunctional at 85°C with VDD = 10.5
Vdc , and as shown in Table 6—23 , were only detected with the Walking pattern.
At -55°C , there were two nonfun ctiona l devices wi th V00 = 4.75 Vdc. Both of
these failures were detected with a Marc h pattern. One of the failures was
also detected with the Addcomp pattern.

6.4.3 Timing Parameters - A summary of the timing parameter measurements is
provided in Table 6-24. These measurement s were perforlned at the l ower

• voltage conditions (9.5 Vdc and 4.]5 Vdc) where the access time parameter is

68
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TABLE 6-22. RC~ MWS55O1 ELECTRICAL CHARACTERIZAT ION - FUNCTIONAL TESTS

MANUFACTURER ’ S TA 25°C TA = 85°C 
— 

TA — -55°C
PARAMETER TEST LIMITS 

________ 
UNITS

MIN MAX MEAN SIGMA MEAN SIGMA MEAN SIGMA

READ/WRITE
t RA’ 10.5V 125

GALPAT 75.304 6.382 83.923 5.851 68.190 6.284 nS
GALWRT 73.130 5.294 81.615 5.122 63.333 4.714
WALKING 74.870 6.879 88.615 7.354 67.095 6.338
ROWPAT 75.348 6.491 83.769 5.925 67.571 6.344
MARCH 73.565 6.592 83.077 6.403 67.619 6.758
A0DCOMP 74.304 6.912 82.846 6.395 66.238 6.450
SHIFTING 125 73.739 6.828 82.846 6.323 67.000 6.466 nS
DIAGO NA L

t RA ’ 9 .5V 125

GALPAT 81.130 6.956 89.769 6.303 73.048 6,168 nS
GALWRT 76.652 5.631 85.538 5.473 66.000 5.004
WALKING 80.435 7.442 94.154 6.983 70.905 6.428

ROWPAT 80.652 6.806 89.154 6.274 72.571 6.366
MARCH 78.870 6.930 88 .231 6.436 71 .000 6.740
ADDCOMP 79.087 7.223 88.154 6.526 70.857 6.678
SH IFC - ING 125 78.739 7.098 87.923 6.244 71.476 6.478 nS
DIAGONAL

tRA p 4.75V 250

GALPAT 154.478 16.030 167.769 14.733 152,333 19.308 nS
GALWRT 154.130 16.200 168.692 15.158 135.048 12.117
WALKING 151.478 15.434 158.692 14.922 137.048 12.702
ROWPAT 154 .435 15.767 67.84 6 14.~O7 144.238 16.177
MARCH ‘48.174 15.148 i64 ,154 14.612 131.333 11.232
ADDCOMP 448.348 15.092 163.385 13.904 135.143 12.957
SHIFTING 250 134.652 13.761 143.692 12.220 132.333 13.003 nS
DIAGONAL

t~~, 1O.5V 45

,ALPAT 42.957 5.637 49.385 5.610 38.905 4.849 nS
GALWRT 43.522 5.412 46.077 5.106 39.952 4.786
WALKING 4L,.609 6.232 50.692 6.330 38.952 4.806
~OWPA T 42.826 5.4 59 45.462 5.154 38.810 4 .81 7
MARC H 42.130 5.335 45.231 4.870 39.0~~ 4.946
nOCOMP 41.870 5.472 45.385 5.241 38.667 4.754

• ‘ ‘
~~~r , 45 42.957 5.520 45.615 5.001 39.429 4.797 nS
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typically the largest. However, in light of the pattern sensit ivity problem s
noted at the high voltage condition , test specifications ‘for these parts should
include measurement s at both the high and low voltage conditions using a
Walking pattern. Exami nation of the mean and standard deviation of the timi ng

• parameter values shows that the distributions are within the manufacturer’s
specificat i ons, although three failures were detected (two at 85°C and one at
-55°C). As shown in Table 6—25 , the 85°C failures were detected by only the
Walking pattern , and the single -55°C failure was only detected by the March
pattern. These results are in agreement with the functional test results.

6.4.4 Threshol d Tests - Results of the threshold voltage tests are summarized
— -

~ in Table 6—26 , and are discussed in paragraph 9.2.
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TABLE 6-25. RCA MWS55O1 DYNAMIC TIMING EFFECTIVENESS

PERCENT FAILURE DETEC1E D BY PARAMETER AND PATTERN
- • I FAILURE ~~~

‘ “ 5 - ’ — ‘ ‘
~~~~~~~~~

‘“-“
~~~ 

—

CRITE RIA A 85 C TA —55 C
PARAMETER nS GP G W W R M A S D  G(’ G W W R M A S D

VDD — 9.5V

READ,’W R ITE

tDS <200 100

• 
tDH <170 100

READ/MODIFY/WRITE

tRA >260 100

t
~ 

<250 100

tDS <170 100

tDH <100 100
• 

V00 = 4.75V

READ/WRITE

t0s <200 100

tDH <170 - 
100

READ/MODIFY/WRITE

tRA >260 100

t~ <250 100

t
0~ <170 100

tDH <100 100

NUMBER OF F A I L E D
DEVICES AT TA 

2 1

NOTES:

1. GP — GALPAT
GW - GALWRT
W - W A L K I N G
R — R O WPAT
M - MARC H
A - ADDC°MP

SD - SHIFTING DIAGONAL

2. NO FAILURES AT T~ 
- 25’C
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TABLE 6-26 . RCA ~1WS55O l ELECTRICAL CHARACTERIZATION - THRESHOLD TESTS

MA NUFA C TU~ ER 1 S
?ARAM1~TER TEST LIMiTS T

A 
— 25° C TA 

— 85° C TA 
— —ss°c UNITS

_______________ 
MI N MAX ME AN SIGMA ME AN SIGMA ME AN SIGMA 

__________

V THP — — 5.3 18 0.232  5 . 4 15  0 ,2 13  5 .422  0,282 Vdc

V 01) 
= 9 .5v

V ’),HN — — 2.686 0.179 2.550 0.132 2.823 0.138 Vdc

V~~ 
= 9.5v

- - 2.682 0.085 2 ,63 1  0.07 1 2.673 0.081 Vd c

V
i JIN

V
00 

= 4 ,75v — — 1.266 0.395 1.251 0,282 1.655 0,154 Vdc
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6.5 C0P1821 TEST RESULTS

The CDP1821 is the microprocessor family designation for the MWS55O1
memory , and is essentially the same chip. The CDP1821 is rated by the manu-
facturer as a 125°C part, but the 85°C limits for virtually all parameters
have been rel axed to allow specificati on at 125°C. Comparison of the MWS55O1
specification (85°C) with the CDP1821 specification (125°C) reveals that : a)

‘I H has been increased from 1 ~A to 1O j~A , b) ‘DDH has been increased from
5OO~~A to 1500 ~.tA , and c) tRA has been increased from 125 nS to 350 nS.

The dc parameter , functional , and timing parameter test results shown in
Tables 6—27 through 6—31 are similar to those obtained with the MWS55O1.
Generally, the ma nufacturer ’s specification changes to permit 125°C operation
appear warranted , but the magnitude of the changes may be excessive. MIL—M-

-
• 38510 specification limits could probably be tighter than the manufacturer ’s

catalog limits.

The extreme pattern sensitivity noted with the MWS5SO1 at high tempera-’
ture and high voltage was not observed with the C0P1821. However, based on
the two CDP1821 failures observed , it still appears that the Walking pattern
is the most effective pattern for these parts.
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TABLE 6-28. RCA C0P1821 ELECTRICAL CHARACTERIZATION - FUNCTIONAL TESTS

— 

MANUFACTURER’S TA 25°C T — 85°C . T — 125°C
- ‘ 

V 
PARAMETER TEST LIMITS A A UNITS

__________ 
MIN MAX MEAN SIGMA MEAN SIGMA MEAN SIGMA 

_______

READ/WRITE

~ 
t~~~, 1O.SV 350

GALPAT 61.000 3.521 69.200 3.487 76.600 3.555 nS
GALWRT 56.400 3.441 64.200 3.919 71.000 4.243
WALKING 59.800 3.125 70.400 2.653 83.400 4.842
ROWPAT 61.000 3.397 69.200 3.487 76.600 4.030
MARCH 59.000 3.347 66.600 2.938 77.200 5.193
ADDCOMP 60.000 3.950 68.200 3.599 76.000 3.950
SHIFTING 350 59.800 3.869 68.200 3.486 76.600 3.136 iS

- - • 
DIAGO NA L

~~~ 9.5V 350

GALPAT 66.400 5.004 75.000 5.177 83.000 5.477 nS
GALWRT 61.000 4.690 68.600 4.800 75.000 4.690
WALKING 65.000 4.604 76.600 4.758 90.800 5.308
R0WPA T 66.200 4.834 74.000 5.344 81.800 5.231
MARCH 63.000 4 .100 72.200 4.215 85.400 6.312
ADDCOMP 62.800 4 .579 71 .000 3.950 79.000 3.94 9

— SHIFTING 350 65.400 5.004 73.000 4.858 81.400 4.799 nS
DIAGONAL

tM) 4 .75V 560

GALPAT 156.800 24.473 158.400 18.779 175.200 20.123 nS
GALWRT 141.000 12.932 152.800 12.319 161.000 10.295
WALKING 146.600 18.250 169.600 16.836 209.600 21.464
ROWPAT 153.800 22.850 158.200 18.925 172.400 19.946
MARCH 137.600 14.208 150.800 14.810 168.000 18.176
ADDCOMP 142.000 15.925 152.400 14.178 177.800 15 .767
SHIFTING 560 139.000 17.574 147.000 13.070 173.400 15.653 nS
DIAGONAL

t~, 10.5V 140

GALPAT 36.000 0.633 38.800 1.166 43.800 1.166 nS
GAI.WRT 36.200 0.748 39.000 1.265 41.800 1.166
WALKING 36.000 0.633 38.800 1.166 42.200 0.746
ROWPAT 35.800 0.748 38.600 1.019 44.400 1.200
MARCH 36.200 0.979 38.800 1.166 41.400 0.801
ADOCOMP 35.800 0.748 38.800 1.327 43.400 0.799
SHIFTING 140 36.400 0.801 39.600 1.356 42.000 1.265
DI AGO NA L 

_____ ______ _______ ________ ________ ________ ________ _________ ______
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TABLE 6-29. RCA CDP1821 PATTERN EFFECTIVENESS

FAILURE PERCENT FAILURE DETECTED BY PATTERN
CRITERIA T = 25°C

PARAMETER GP GW W R N A SD

READ/WR ITE

t AA VI~ = 5.25V >260 100

t AA VDD = 4 .7 5V >260 100 100

NUMBER OF DEVICE -

FAILURES AT TA

NOTES:

1. GP - GA L PA T
GW - GA LW RT
W - WALKING
R — RU WPAT
M - MARCH
A - IIDDC OM P
SD - S H I F T I N G  DIAGONAL

2 NO FAILURES AT TA = 85°C AND TA = 125 C
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TABLE 6-31. RCA CDP1821 DYNAMIC TIMING EFFECTIVENESS

PERCENT FAILUR E DETECTEDFAILURE BY PARAMETER AND PATTERN
CRITERIA _______________________________

nS TA 25° C
PARAMETER GP W R M

V DD 5 .25V

READ /MODIFY/WRITE

t >250 100

1 -i tDS 100

tDH 
< 50 100

READ/MODIFY/WRITE

VDD ° 4 .7 5V

tM 
>250 100 100

tDS < 50 100 100

tDH 
< 50 100 100

NUMBER OF FAILED 
1D E V I C E S  AT 14 *

NOTES:

1. GP - GALPAT
W - WALKING
R - RO WPA T
M - M A R C H

2. NO F A I L U R E S  AT TA 85°C and TA = 125°C
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6.6 CC0450 TEST RESULTS

The results of the limited testing (two devices) performed with the
- I CCD45O dynamic shift regi ster a-re summarized in Tables 6—32 through 6—34. In

addition to the previously noted requirement for a 50 nS phase 2 clock rise

• time and possible sensitivity to the Aitwor pattern , the CCD45O test results
- suggested that the parts do not meet the manufacturer 1 s specification for

~~ and t5~0. 
Si nce the CCD45O is no longer being manufactured , no

further tests were perform ed.
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7.0 BURN-IN/LIFE TEST CIRCUIT EVALUATIONS

The purpose of the burn— i n/life test ci rcuit evaluations was to formulate
effective MIL—M—38510 screening circuits. One dynamic and three static
circuit configurations were evaluated by operating each memory type at ambient
temperatures between 25°C and 125°C. Followi ng thi s evaluation , a single
circuit was selected for a burn— i n/life test circuit verification test. The
verification test consisted of operating three of each memory type for 72
hours at 125°C in the selected bias circuit. Electrical performance measure-
ments after cool—dow n to room temperature with bi as applied validated that the

4 
selected circuit was acceptable , and did not induce undesired failure modes.
During the burn—in/life test evaluations , the criteria for an acceptabl e
static bias circuit was: a) no thermal runaway , b) no excessive current
densities , and c) no abrupt changes in an output voltage state over the 25°C
to 125°C temperature range. An acceptable dynamic bi as circuit was also
required to meet these criteria. In addition , the memory must remain func—

• tional in the dynamic bias circuit at temperatures between 25°C and 125°C.

During all evaluations , the device power supply and output voltages were
recorded. Appropriat e waveform photog raphs were also taken of memory opera-

tion in the dynamic bias circuits.

The three static burn— in circuits were selected from the device truth
table combinations and included the read mode , wri te mode , and high output
impedance or standby mode. Address pins were biased with ~~ and

(GND ), and device outputs were unloaded . The dynamic burn-in circuit operated
the devices in the read/ modify/write mode with a checkerboard pattern , and a
30 pF load . This mode of operation cl osely approxima tes memory usage condi-
tions and exercises all portions of the memory. During both the static and

dynamic circuit evaluations , devices were stressed with the maximum rated
operating voltage in the temperature range from 25°C to 125°C.
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All of the circuits evaluated operated sati sfactorily at 125°C. Thus,
selection of burn— in circuits for MIL—M—38510 specifications was based on the
electrical stress conditions established by each circuit. The dynamic bias
circuits were selected for all memory types, since the electrical stresses are
simi l ar to usage conditions , and all parts of the memory will be subjected to
maximum voltage stress pulses during the burn—in. Static bias circu its will

• not provide maximum voltage stresses across all gate oxides or pn junctions.
However, a static bias test is felt to be more effective for accelerating
failures due to ionic contami nation , and perhaps both types of tests should be
empl oyed. Both types of tests are currently specifi ed in MIL—M-38510 for
Class US” C~1DS microcircuits. Thus , both static and dynamic test ci rcuits
were selected for the MWS55O1 CMOS/SOS memory. A summa ry of the circuit
conditions sel ected for each memory type is provided in Table 7-1. Details of
the MWS55O1 static bias circuit configuration are shown in Figure 7—1 . Also
shown in the figure is a pl ot of the supply current 

~‘Do~ 
as a funct i on of

ambient temperature. Similar information is provided in Figures 7—2 through
7—4 for the other memory types. The circuits shown in these figures were the
selected candidates for static bias configurations and could be useful where
both static and dynamic biasing is desired .

Three of each memory type were operated in the dynamic bias circuit
configuration for 72 hours at 125°C. Photographs of input/output waveforms of
typical devices before and after the 72 hour burn — in are presented in Figures
7—5 through 7—7. Followi ng the 72 hour circuit verification test, all devices
were subjected to, and passed , electrical performance tests. Thus , all of
the selected circuits appear satisfactory for inclusion in MIL-M-38510
specifications.
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TABLE 7-1 . SUMMARY OF SELECTED BURN-IN/LIFE TEST CIRCUITS

• 
- FART T’f FE MAXIMUM TYPE OF MODE OF TEST

OP ERATING VOLTAGE CIP~C1JIT OPERATING PATTERN

• ThS4050 Von — 12 .b V DYNAMIC RZA D/MOD IFY / WR ITE CRECKER3OARD
VBB — — 5 .SV

AM9140 VCC — 5 . 5V DYNAMIC REA D/) tODI FY / WRIT E CHECKERBOARD

MWS~~ OI VDD — 1O .5V - STATIC READ N/A
DYNAZ4IC READ/MODZFY/L QR I TE CHECKE RBOARD

93481 VCC — 5.25V DYNAMIC RE AD/MODIF Y / WRITE CHECKERBO ARD
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PRE BURN-IN

R/W

S/N 53 DO

S/N 54 DO

S/N 63 DO 
-

- -

POST BURN-IN

S/N 53 DO

_ _ _

S/ N 54 DO _ __

S/ N 63 DO

FIGURE 7-5 . RCA MWS5SO1 72 HOUR BURN-IN/LIFE TEST CIRCUIT VERIFICATION
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PRE BURN-IN

CE

S/ N 35 DO 11I .~~.
S/N 13 DO
S/ N 133 DO 

_ _ _

POST BURN-IN

CE I

S/ N 35 DO

S/ N 1 3 DO _______
S/N 133 DO

FIGURE 7-6. ADVANCED MICRO DEVICES AM9140 72 HOUR BURN-IN/LIFE TEST

CIRCUIT VERIFICATION
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m?~~~~~•- ~~~~~~~~~~ 4
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8.0 INPUT PROTECTION NETWORK EVALUATION

MOS and CMOS microcircuits normally i ncorporate circuitry at the input
pins to protect the thin gate oxides from transient or static discharge
induced damage. The networks typical ly include resistors, and cl amping
diodes or clamping transistors . Parasitic capacitors are also present, but
may not be shown in manufacturer provided schematics. Input clamp diodes are
also incorporated in TTL microc i rcuits for transient voltage protection.
Examination of the NMOS (TMS4O5O and AM9140), CMOS (MWSS5O1) and 12L (93481)
memory types revealed that the input protection networks shown in Figure 8-1
were incorporated in each memory type. No attempt was made to identify the
input protection network for the CCD shift regi ster (CCD45O) since only
limited evaluati ons were performed with this now obsolete part. Note that the
CMOS input is protected from static discharges between the input and ground ,
and the input and V00. The NMOS memories only provide protection between the
input pins and ground. Additi onal NMOS protection is not required , since the
path between input and V90 is normally a high impedance path. Thus , break—
down of the gate oxide due to transients between an input and VDD will not
result in damaged oxide.

The degree of static discharge protection provided by the input network s
can be evaluated by applying a voltage pulse to the input pin. The puls e

shou ld approximate in magnitude and duration a static discharge pulse that
could be experienced during normal device handling. The worst case polarity
that will cause damage to either the input stage or the protection circuitry
shou ld also be applied . Worst case polarity is the condition that wi l l  result
in a reverse voltage breakdown of a pn junction since this results in maximum

jun ction power/ heating. The input pins , voltage po larit ies and voltage
magnitudes established for testing memory input protection circuitry are shown
in Table 8—1 . Voltage magnitudes are based on the values contained in MIL — M—

38510 specifications for the same or similar parts.
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F IGURE 8- 1. INPUT PROTECT ION NETWORKS
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TABLE 8-1. SUMMARY OF ZAP TEST CONDITION S

H _ _ _  
_ 

_ _ _ _  _ _ _
ZAP VOLTAGE TEST CONDITIO NS

PART TYPE ‘V T ‘/ 
— 

+ TERMI NAL - TERMINAL

TMS4O5O +150 ADDRESS A0

-150 ADDRESS A0

Ai-19140 +150 ADDRESS A0 V55

-15 0 ADDRESS A0

MWSS5OI +400 VDD ADDRESS

+400 ADDRESS

93481 ÷150 ADDRESS A0
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Static discharge-type pulses were simulated with the circuit shown
-

~ 

- in Figure 8—2. The values of resistances and capacitance shown in the ci rcuit

- 
I were selected to represent typical body resistance and capacitance [6). A

- 1  typical voltage waveform obtained at the input of a device pin is shown in

1 Figure 8—3 .

Followi ng the static discharge (Zap) tests of two of each memory type

(CCD45O excluded), parametric and functional tests were performed to determine

if device damage was experienced . Results of these tests showed negligible

-: parameter degradation and no functional failures .
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Si Hg wetted “chatter free” relay.

FIGURE 8-2. HIGH VOLTAGE ZAP TEST CIRCUIT
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9.0 ANALYSIS OF CHARACTERIZATION TEST RESULTS

• Electrical characterization test results were used to compute maximum
power dissipation and no i se im~iunity for each memory type. The results were
also analyzed in an atte mp t to deter-riii n~ the optimum set of el ectrical tests
for a MIL—M— 3851 0 specification The o p t T h I~~i set of tests was initially
defined to be the minin i :im number of tests ( n h i n u l i u m  test time ) required to
obtain a 90% test conf~dence level . Unfortunately , for large memories (RAMs),
it is not practical t~ veri fy the int egrity of all , or even 90% of all pos—
sible signal paths , as is typically done with combinatorial logic devices.
Thus , a qualitative analysis of test effectiveness was performed.

Included in this section are: a) the results of the power dissipation
and noi se immunity calculations , and b) discussions of the dc parameter,
functional , and timi ng parameter test results.

9.1 POWER DISSIPATION
Results of the power dissi pation cal culations are shown ill Table 9—1.

The average values of the maximum power di ssipation at each temperature were
obtained from the products of average values of power supply current and
max imum value of power supply voltages. The worst case values shown in the
tab le were calculated as the product of average plus 3 sigma values of power
supp ly current and maximum power supply voltage . Worst case values are shown
for the ambient temperature condition that results in maximum power dissipa —
tion. All of the calculated power dissipation values are for the quiescent

state, however , for referenc’~, typ ic al 25°C catalog values of dynami c power
dissipation are shown for the CMOS/SOS and CCD memory types (MWSS5OI , and
CC0450).

The CMOS/SOS memo -y , as expected , requi res the least power of all the
memory technol ogies eval u .~ted, Rank i ng the other technol ogies from l owest to
highest power dissipatio n result s in the following order: CCD , NMOS static ,
12L dynamic , à iid NMOS dyna~ic .~ In li ght the fact that the NMOS dynamic
RAM is a 12 Vdc part a~d the I L  RAM is a Vdc part , the rank i ng appears
reasonable . The worst case 1 ower di s~i t’ ~tion values are also approximately

the nia n~facturer s , or N IL— ti - ~-~S! 0. 5p~c~ fied maximum values.

l ( ~2
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• 9.2 NOISE MARGINS

Results of the noi se marg in cal culations are shown in Table 9— 2. The
static RAM typical noi se margin figures were computed as the difference
between the average measured values of threshold voltages and output voltages.

• 
1 

VNL is the difference between VTHO and VOL, and VNH is the difference
• between VOH and VTH1 . Worst case values of static RAN noise ma rgins were

computed using the mean ±~ 
sigma values yielding the minimum noise ma rgin.

The same genera l technique was used for calculating dynamic RAM noise ma rgins.
-: However, VOH and VOL values were not measured and the manufacturer ’s

specified maximum/minimum values of VOH and VOL were used in the calcula —
tions. As a result , the calculated TMS4O5O and 93481 worst case noise ma rgins
are highly pessimi stic. The low value of noise margin (0.06 volts ) for the

4 CMOS/SOS memory is also pessimi stic , and is attributed to the apparent large
- variation (sigma ~ 0.44 volt) in the n—channel threshold voltage. However ,

- 
- 

- exami nation of the n—channel threshold voltage distribution showed tha t most
values were greater than one volt. Since noise ma rgins are verified imp l i c—
itly by performing functional tests with maximum /minimum i nput level logic

- 

states, additional threshold voltage tests are not required .
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9.3 DC PARAMETER TESTS
The selected dc parameter tests represent the minimum set of tests that

can be performed to ensure that dc parameters are within specified limits at
all operating conditions . Additional tests at other voltage and current
conditions are unnecessary because the sel ected voltage/current conditions
produce the worst case value of the parameter under test. The selected
sequence of performing dc tests is also believed to be optimum since tempera-
ture sensitive parameters are measured prior to performi ng high power dis-
sipating measurements. Thus , test time is not wasted waiting for the device
to reach thermal equilibrium after a high power measurement .

-

- 4 In general , the test results showed that the distribution of most param-
eter values were within the manufacturer ’s limits , and tightened limits cduld

- 
- be incorporated in MIL-M—3851O specifications. Only one instance was noted

where all parts exceeded a particular parameter limit. This was the TMS4O5O
100(CEL) parameter , and it is recommended that the MIL-M—38510/235 specifi-
cation be rev i sed to reflect the results of this characterization study.
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9.4 FUNCTIONAL TEST EFFECTIVENESS
The functiona l test data was analyzed to determine the relative

effectiveness of N2, N3”2 and N type patterns. Two criteria were used
to judge the effecti veness of each pattern: a) the ability of the pattern to
detecLi memory defects, and b) the ability of the pattern to produce a worst
case timing parameter measurement . A pattern that meets both criteria is
considered to be the most effective pattern . Table 9-3 provides a summary of
the percentage of functional test failures detected by each pattern. Also
shown are the percentage of timing parameter test failures detected by each
pattern. With one exception , the percentage of failures detected by N type
patterns was equivalent to the percentage detected by N2, and N3”2 patterns.

- 4 This would suggest that N type patterns are just as effective as N2 patterns.
Unfortunately the nature of the device defects is not known , and there may be
other failure modes that would not be detected by the N type patterns. The
MWS5SO1 and CDP1821 CMOS/SOS memory failures were only detected by a single
N2 pattern . Thus , the results of this study are not considered conclusive.
High volume electrical test results containing both N2 and N type pattern
data should be examined prior to formi ng final conclusions.

Table 9—4 shows the pattern (s) that produced the worst case values of
timi ng parameters. With the exception of the MWS55O1 and CDP1821 CMOS/SOS
RAMs , all patterns appeared to be equally effective in producing worst case
values of timing parameters. The Walking pattern was clearly the most effec-
tive pattern for the MWSS5O1 and CDP1821 CMOS/SOS RAMs.. All patterns were
equa lly effect ive for the TMS4O5O and 93481 dynamic RAMS , with less than 2 nS
pattern—related vari ation in timin g parameters. The Galwrt and Shift i ng
Diagona l pattern were slightly less effective for the AM9140 than the other

five patterns.

Discussions wi th the manufacturers concerning patterns used during their
electrical testing revealed: a) both dynami c RAM ma nufacturers (TMS4OSO and

93481) use N2, N312, and N type patterns , b) the AM9140 ma nufacturer uses

only N3t2 and N type patterns , and c) the MWS55O1 manufacturer uses only

N2, and N type patterns. Thus , only one ma nufacturer is not performing N2

type pattern tests on a 1OO~ basis. The 93481 ma nufacturer is currently

review i ng his data , and it appears that N2 tests are not necessary .
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- In summary , it  appears that N2 type tests are probably unnecessary for
- the 4K bit RAMs included in this characterization program. However, a Walking

- (N 2) pattern is necessary for the 1K bit CMOS/SOS RAM. The manufacturer of
this part uses an N2 pattern , but not the Walking pattern. The necessity for
N2 patterns to detect defects in other memory types can only be determi ned
from comparative tests using several types of N2, N3”2, and N patterns.
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9.5 TIMUIG PARAMETERS

Analysis of the timin g parameter data , as previously mentioned , showed

little dependence on the pattern used durin g the measurements. The parameters

were , however , dependent upon voltage and amb ient temperature. Consequently,

all timing parameter measurements were made at the voltage condition producing

worst case timing values. Plots of the average values of access and refresh

time as a function of temperature illustrated the temperature dependence of

these critical timing parameters. Figure 9-1 is a pl ot of the TMS4O5O para-

meters versus temperature , and shows that both are highly temperature dependent .

The worst case condit ion for both parameters occurs at the upper temperature

extemes , since refresh time is decreasing and access time is increasing. At

85°C, the average refresh time is 23 mS and the access time is 173 nS.

A si m i l a r  plot  is shown in Figure 9-2 for the 93481 dynamic RAM . The

refresh time characteristic is sim ilar to the 1MS4050 dynamic RAM , but the
access time curve indicates little variation with temperature .

Plots of access time versus temperature for the static RAMs (AM9140 and

MWS55OI) are shown in Figures 9-3 and 9-4. Both memory types exhibit tempera-

ture dependent access time parameter. The effects of operating voltage

variations on MW55501 access time is also clearly evident in Figure 9—4 .
Access time at the low voltage condition (4.75 Vdc) is approximately twice the
high voltage (9.5 Vdc) access time .

ill

——- 
- —~~~~~~~~— - 4 -~~~- — - — ~~~~~ -~~~~~~~~~~ -—— -—---



•/~~ 
~~~~~~~~

-

• 
400.. - ~~~~~~~~~~~~~~~~ : 

~~~ 
- —400

~~-...~ fHECKERBOARD PATTERN

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘4)
C

U.)
E E
4-

~ 
200- - - —200 ~Cd) 

• -

Li

t8 (ad)

~ 100- - V • 11.4 VOLTS - — 100 ~DD
V • -5.5 volTs
I4k~CH PATTERN

— —  .,,
_ t

REFRE5H I1A:~~~L1111T~~~~~~~~~~~~~~~ S
2 I S

AMBIENT TEIIPERATLJRE - C

FIGURE 9-1. TEXAS J.NSTRIJMENTS TMS4O5O AVERAGE ADDRESS ACCESS TIME
AND AVERAGE REFRESH TIME VERSUS AMBIENT TEMPERATURE

112

- - (lIT rir I!~~~~~~_ -.~i~—:i: ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



—~~~~~~~~
- - - -- 7 7 - - -

~

.

I’

¶1

300— - 300

200 - . 
C~~CKE RBOA RD PATTERN ~~ 2 0G

I 

~0O CAA
~
JT ,

~~~~~~~~~~~~f1~~~~~~~~ 
~~~0o

tREFRES II MAX . LIIII T
0- —

~~~~~~~~

—

~~~

— — - — — --

~~~~

— —

-75 -25 25 75 125
AMBIENT TEMPERAT~0E - °C

FIGURE 9-2. FAIRCHILD 93481 AVERAGE COLUMN ADDRESS ACCESS TIME AND
AVERAGE REFRESH TIME VERSUS AMBIENT TEMPERATURE

113

4
a- —

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- _ .  - - - - ~~i~i~~~~~~~~~ ’ - ” —

tA MAX . LIMIT
5 0 0 - - —  

400 -

~ 
300 - —

200- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ cc ~~ VOL TS

ROWPAT PATTERN

100--

0 — I I I I
-75 -25 25 75 125

AMB IENT TEMPERATURE -

FIGURE 9-3. ADVANCEU MICRO DEVICES AM914O AVERAGE CHIP ENABLE ACCESS TIME
VERSUS AMB I E II T TEMPERATURE

114

~ 

•~~~~~~~~~ 
—-----—- ----— - — - - —— 

~~~~~~~~~~~~ _ ~~~~~~~ •-_•.~



— --r ’~~~~~~~~ _______________________________________________

-~~-

30~~~-

- _ i tRA MAX . Lit-UT FOR V • 5 VOLTS
250 —  

4/) 4-
C RA

200 - \ V 00 
= 4 . 75 VO LTS 

— -

WA LK ING PATTERN — — 
—

125 F 

- 

— - -
ioo- RA MAX . LIMIT FOR V • 10 VOLTS — 

V00 9.5 VOLTS
WALKING PATTERN0- I I I —1

-75 -25 25 75 125

AMBIENT TEMPERATURE -

FIGURE 9-4. RCA MWS55O1 AVERAGE READ ACCESS TIME VERSUS
AMBIENT TEM PERATURE

115 

_ : ~~~~~~~ - — 4  - - - -



-~~~~~~~~ ‘ — - ~~~~~ - -  —-———— — - 
~~~Cci .. ~-_ , .  .

~~~~~~~~~~

10.0 MEMORY CHARACTERIZATION PHILOSOPHY

-. 
- 

The basic philosophy used for this memory characterization program was
similar to the procedure developed in previous RADC memory characterization
studies [7]. Briefly this procedure invol ved checking the memory for:
a) address uni queness , b) bit independence , c) cell integrity , d) intercel l
disturbance , e) data retention and f) the ability of the niemory to recover
from various read/write sequences. This procedure is generally accepted and

has been used for RAMs w~th memory capacities up to 4K bits. Test times
— using this procedure become prohibitive for memory sizes greater than 4K hits ,

since N2 type pattern tests are required .

The results of this characterization program showed that , where pattern
sensitivities are not present , N type pattern tests are generally as effec-
tive as N2 type test. Little pattern rel ated tin ting variations were noted ,
and , virtually all functional failures were detected with an N type pattern.
Thus, N type patterns provide a high test confidence level for memories
without major pattern sensitivities. However , N2 patterns are apparently
still required to detect certain anomalous conditions that were not anticipated
during formulation of the functional test pattern set. Hopefully manufacturers

have gained sufficient experience with pattern sensitivities in the smaller
memories to avoid the problem in larger memories , and the absence of N2

tests will not degrade the test confidence levels achieved with N and N3”2

test patterns.
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H
H ( 11.0 CONCLUSIONS AND REC0F4~ENDATIONS

LSI memor i es implemented with five different semiconductor technologies
were electrically characterized as a function of temperature , voltage and
pattern sensitivity. No new technology related characteristics were revealed
that would limit the performance characteristics of these memories. The j
CMOS/SOS memory was the only device to exhibit a pattern sensitivity , but this
is not believed to be related to the CMOS/SOS technol ogy. Only the two
static memory types (NMOS and CMOS) exhibited the capability for full military
temperature range operation , and the 85~~ performance of the CMOS/SOS memory
was severely degraded (although still useful ) at 125k

’
.

Studies of pattern effect iveness suggested that  N type pat terns  cou ld be
used for el ectrical ~tiaracterization. Except where~~ pattern sensitivities
are present, as was tJ’~e case with the CMOS/SOS RAM , little difference was
observed between the N2 ‘and N functional test results. Pattern related
timing variations were also neglig ible. Alth ough efforts were made to identify
N orQ~

12 type patterns that would detect all types of defects , an(~
pattern\ sensitivity was detected in the CMOS/SOS RAM. Without specific
knowl edg~e of the nature of the CMOS/SOS RAM deficiency , it is apparent that - -

tests- are necessary to detect these types of RAM deficiencies.

It is recommended that future el ectrical characteri zation studies include
provisions for determining the nature of observed device deficien cies.
Discus sions with the manufacturer are helpful in some instances , but are 

-

usually not specific enough to aid in resolving pattern related problems.
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APPENDIX A

This appendix is included to supply various details of the Texas

Instruments TMS4O5O. Figures Al and A2 are the terminal l ayout and the

functional bl ock diagram of the device , respectively. The Figure A3 logic

diagram , the Figure A4 d e  photograph , the Figure A5 transistor cell structure
and the bit map shown in Figure A6 provide even greater layout and function
detail. The timing requ~rements for the rc~ad , write , and read/modify/write
cycles are provided in Figures A7 , A8 , and AY , respectively. Further elec-
trical characteristics are shown in the Figure AlO and All photographs.
Figure AlO is a curve tracer photograph of 

~~ 
versus VOD an d F i gure All

shows several waveform s during an address access time cycle.

In addition , two tab’es have been irciuded in this appendix to supp l ement
the discussion of this device in the report. Table Al provides a list of the

4 symbol s and their definition s that are applicable to this device. Table A2
lists the algorithms used in this study of the 1MS4050.
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CAPACITOR TRANSISTOR
REGION I REGION I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I

; 
LAYER N+ N+

P SUBSTRA TE

a) CROSS SECTION

ROW ADDRESS

f~~~ 

~~COLUMN ADDRESS

b) SCHEMATIC

FIGURE A5. SIN GLE TRAN5ISTO~ CELL STRI CTJRE
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ROW ADDRESS: - A4A5A1A0A2A3
COLUMN ADDRESS: A11A10A9A8A7A6

COLU?~TJS ROW ADDRESSES

DO 00 OF 00 10 00 IF 00 20 00 2F 00 30 00 3F 00’ ~?

00 OF OF OF 10 OF iF OF 20 OF 2F OF 30 OF 3F OF 
~

00 10 OF 10 10 10 iF 10 20 10 2F 10 30 10 3F 10 
12

~~~, 
00 iF OF iF 10 iF IF iF 20 iF _ 2F_iF 30 iF 3F iF ~!
00 20 OF 20 10 20 iF 20 20 20 2F 20 30 20 3F 20

00 2F OF 2F 10 2F iF 2F 20 2F 2F 2F 3D 2F - 3F 2F ~1 30

00 30 OF 30 10 30 iF 30 20 30 2F 30 30 30 3F 30 ~33
34
35
36

_______________ _______________ _______________ ______________ _______________ 37
38
39
3A
33

~ 00 3F OF 3F 10 3F iF 3F 20 3F 2F 3~ 30 3F 3F 3F ~
_______ I _______ _______ I 

_
~ _______ i 3P

EU

8~

8 Pflh l

FIGURE A6. BIT MAI’
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CUSP €NASLE . CE _.~S4ø._t, ICEl

ADDRESS. AD—All 
~~~ 

DON .TC~ I~E) )QOQOC)C)(

— 

—

~ 

— ~,u1rd) 1 I4~.d)

READ/WRITE , R~~ 

— 

tIICE) S— ‘PLH

0*1* IP4PUT/OUTPUT. i/O taI.th DATA OUT

a) TIMING DIAGRAM

SYM BOL PARA M ETER U N I T S

t C( rd) Read cyc le t ime 
- 

470 nS

tw(CEH) Pulse width , chip enable high 300 4000

tw(CE1 ) 
- 

Pulse width 4 chip enable low 130

trCCE) Chip—enable rise time 40

tf(CE) Chip—enable fall time 40

tsu(aa) Address setup time 0

tSu(rq) Read setup time 0

th(ad) Address hold time 150

th(rd) ~2ad hold time 40

ta(CE) Access time from chip enable 280

ta (ad) Access time from addresses 300

t PLH Propagation delay time , lol/—to—h rgh 40 nS
level output from chip enable

b) TIMING TEST CONDITIONS

FIGURE A7. READ CYCLE TiMING DIAGRAM AND TLST CONDITIONS .
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U tc(wvl
0 IwICEK) ~~ 

tw(CEL)

CHIP ENAILE .CE ~. ~~—~~lCE) 1fICE)

i~~ ~~~~~ I
ADDRESS. A D—Al i ~OOOOOOOCDoN;TcARE)OOOOQO(

- ~

- 

REA D/WRITE . R/~~

DATA INPUT/OUTPUT , I/O D~ N’T CA RE~~~~ ~~~ OO(OON’T CARE)O(

a) TIMING DIAGRAM

SYMBOL PARAMETER LIMITS UN ITS

t
C(wr) 

Wr lte cycle t ime 470 nS

tw(CEH) Pulse width , chip enable high 300 4000

tw(CEL) Pulse width , chip enable low 130

tw(~~.) 
Write pulse width 200

tr(CE) Chip—enable rise time 40

tf(CE) Chip—enable fall time 40

tsu(ad) Address setup t ime 0

t SU(dd wr) Data—to—write setup time 0

t
Su(~~~) 

Write—pulse setup t ime 240

t d (CEH_Wr) Chip—enable—high—to—wri te delay time 40

th(ad) Address hold time 150

th (da) Data hold time 40 nS

b) T I M I N G  TEST CONDITIONS

FIGURE A8. WRITE CYCLE TIMING DIAGRAM AND TEST CONDITIONS
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5,IdI l’.14.,I 
H

READ-WR ITE . RI~ 
‘*1,,,) 

~~~~~~~ CxX)
- ; 

DATA NPUV 
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REGION 1 REGION 2
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a) TIMING DIAGRAM

SYMBOL PARAMETER 
— 

~~~~~~~~~ UNITS

tc(RMW) Read , modify write cycle time 730 vS

tw(CEH) Pulse width , chip enable high 560 4000

t (CEL~ 
Pulse width , chip enable low 130

tw(wr) Write pulse width 200

tr(CE) Chip-enable rise time 40

tf(CE) Chip-enable fell tIme 40

td (wr_ daL) 
Write to data—in—low del ay time 20

t
su (ad) 

Address setup time 0

t su(da h) 
Data — in -- h lg h setup time 240

t s (rd)  Read—pulse setup time 0

t Su( Wr) 
Write-pulse setup time 240

th (ad) Address hold time 150

th Ird) 
Read hold time 300

t
)I (da) 

J
oata hold time 40 nS

b) TIMiNG TEsI CONDITIONS

FIGURE A9. READ /MODIFY/WR I TE CYCLE TI MI NG DIA (7RAM AND TEST CONDITIONS
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~DD

V DD - 2 VOLTS /DIV .

1DD (AVG) ~ 40 mA AT V cc = 12V

FIGURE AiD . TYPICAL 
~DD ( A V G) CURRENT FRO F- 1 V DD SUPPLY 

- -
~ J

ADD

CE

R/W

I/O

tA (a d )~~
16 0 nS AT V DD = 11.4 VOLTS , VBB = -5.5 VOLTS

FIGURE All . TIMING WAVEFORMS FOR TYPICAL ADDRESS ACCESS TI~iE (ta (ad)~
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TABLE Al. SYMBOLS AND DEFINITIONS

SYMBOL DEFINITION

VOD Supply voltage

Comon volta ge node

V BB - Supply vo~Wge , substrate

CE Chip enable

I/O Input/Output

AO thru All or ad Address input

R/~ Read or write input

1 IL Low level input current

1 1H Hig h level input current

1DD 
- Supply current from V00 supply

1BB Supply current from V BB supply

VOL Low level output voltage

F VOK High level output voltage

t~ Cycle time

t a Access time

~TH Threshold voltage

th Hold time

t~ Pulse widt h

CE-wr CE high to wri te delay time
CE-dal Chip enabl e to data low

da data

rd read

wr write

RMW Read/Modify/Write

tPLH Propagat ion delay time

A12
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TABLE A2 . ALGORITHMS AND DESCRIPTIONS

ALGORITHM DESCRIPTION

GALPAT A. Write a background pattern of °Os ” throughout memory.
B. Write a “1° (test bit) at the first location.
C. Read location in sequence: read location 2, rea d test

bit, read loca ti on 3, read test bit. Read in sequence
un til every location is read with test bit location.

0. Move the test bit to second location and repeat the
sequence In step C.

E. Repeat the sequence unti l each cell is used as test bit
locat i on .

GALWRT A. Write a background pattern of “Os ’ throughout memory .
B. Write a “1” in to the background cell and read a “0”

from the test bit cell.
C. Repeat the sequence with the same test bit cell but

the next background cell. Continue until entire memory
is sequenced.

D. Move test bit to next location and start sequence again.
E. Repea t sequence unti l each cell i s used as tes t b i t

location.

WALKING A. Write a background pattern of “Os ” throughout memory .
B. Write a “1” at the first cell (test bit).
C. Read the entire memory.
D. Complement the “1” at the first cell and write a “1”

i nto cell 2 (new test bit).
E. Read the entire memory.
F. Repeat the sequence until each cell is used as test

bit location.
G. Repeat steps B throug h F with a background pattern of

“l s ” throughout memory.

ROWPAT A. Write a background pattern of “Os” for the first row.
B. Write a “1” at the first location (test bit).
C. Read l ocation in sequence : read location 2, read test

bit , read location 3, read test bit. Read until all
64 locations in row is checked with the test bit.

D. Move the test bit to second location and repeat the
sequence in step C.

E. Repeat the sequence until each cell in the first row is
used as test bit location.

F. Increment until all rows are completed.
G. Repeat steps B through F with a background pattern of

‘is ” throug hout memory.

A13
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TABLE A2. ALGORI1HMS AND DESCRIPTIONS (CONT.)

MARCH A. Write a background pattern of “Os ” throughout memory.
B. Incrementing from address 0 to address 4095, read a

“0” and write a “1” Into each cell.
C. Incrementing f rom address 4095 to address 0, read an

“1” and write an “0” into each cell.
D. Repeat steps B and C with a background pattern of

“ls ” throughout memory.

SHIFTING DIAGONAL A. Write a background of “Os” with a diagonal stripe of
i s’ .

B. Read the pattern Incrementing the address by one
each time .

C. Shift the ctripe ri ght one tirle .
D. Read out the pattern incrementing the address by one

eac h time .
E. Repeat steps B through D until the stripe has been

shifted 64 times and the pattern read out each time .
F. Repeat steps B through E with a background of ‘is ”

wi th a di agonal stripe of “Os ” .

ADOCOMP A . Write an al ternate pattern of “Os” and “ls ” throughout
memory.

B. Verify each location by the address sequence: address ,
address complement, address , address +1 , etc.

C. Read out data pattern from memery.

REFRESH A. Write data (Al ternating field of l’ s and Os) throughout
memory.

B. Pause for the maximum specified refresh time .
C. Read out the pattern.
0. Write the compl ement pattern throughout memory.
E. Pause for the maximum specified refresh time.
F. Read out the complecr~’nt pattern.

A16
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APPENDIX B -

This appendix is included to supply various details of the Advanced
Micro Devices A119l40. Figures Bi and B2 are the terminal layout and the

- 
I functi ona l block di agram of the dev ice, respectively. The Figure B3 logic

diagram , the Figure B4 die photograph , the Figure 85 cell schematic and topology ,
and the bit map shown in Figure B6 provide even greater layout and function
detail. The timing requirements for the read , write , and read/modify/write
cycles are provided in Figures 87, B8, and B9, respectively. Further elec—
trical characteristics are shown in the Figure 810 and Bil photographs.
Figure BlO is a curve tracer photograph of 1CC versus VCC and Figure Bli
shows several waveforms during a chip enable access time cycle.

In addition , two tables have been included in this appendix to supplement

the discussion of this device in the report. Tabl e 81 provides a list of the

symbol s and their definitions that are applicable to this device. Table 82

lists the algorithms used in this study of the AM914O.
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A DORESS6[ JV cc~~5OV I
ADDRES S ? [ 2 21 ] ADDRESS 0

A DDRESSB [ 
~ 20 JADOFIESS I

ADDRESS 9 4 19 3 ADDRESS 2

ADDRESS IO[ 5 IS J ADDFIESS 3

A ODRES$II [  •
A t ’ 9 4 O  7 ] AD DRESS 4

OATA IN[ 7 16 3 ADDRESS B

DATAOUT C a ,s ]ws,r~ ENABLE

OUTPUT DISABLE 9 II ]CI-IIP SSLE CT

¶ 
- 

MEMOR’t,TATUS C 10 i3 ]OuTPUT ENA BLE

GIlD) V55 [ 12 ] ~ N,P ENA BLE

FIGURE Bi. TERMINAL CONNECTION

AO

~~~~

SS L I ~OW~~L~~~~~~ A DD R E SS
AND DECO DER

LATCHES 
- STORAGE CE LL MATR IX

CE 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘ EF E REN C E ROW

OE 00 ~1 OUT IN MS

FIGURE 82. FUNCTIONAL BLOCK DIAGRAM
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a) TIMING DIAGRAM

SYRBOL 
— 

PARAIICIER 

— 

~~~~~~~~~ Uill TS

t OC Read cycle tiir ’e 630 nO

t,, Access t im e (CE to output va l id  de lay) 400

t ER Ch ip ,n.bl* 4160 time 400

t EL Chip enab le LOW t in ’. 210

t
~

9 Chip eeab le to chip se lec t hold time 200

Ch ip .nable to iddr,50 hold t i me 200

t~5 Chip select to CE Se L.i C Lime .5

Add res s to Chip enob le Net up tin’. C

t 55 Read to Chip pnj blp set up time 0

Chip enab le to read hold ti me 0

t OW Chip Ena ble to Output OFF del,y 0

05 or 00 to Output O’F del ay 120

t CO 00 or 00 to outp ut Ti) del.y 220

~~ 
Output .nahl. to CE lou Setup time 00

Tat. Out ~O m.,nury stat u s delay 0

ln t e,- na i Oras o t nt ero .l (Ro t c 11) 
— 

t t.
J

flS

b ) T I M t N G  TEST CONDITIONS

F 1GU~E B7. RE~i) CYCLE 11~~NG [)~AGI~AM AND TE ST COND i T I O N S
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a) TI M I NG DIA GRAM

SYMBOL PA~~~ST ER L I M I TS UN I T S

Writ, cycle thn 630 ‘S

t
~ 

Access ci.. (CE to Output Oil de la y ( COO

tEE Chip .na ble HIGE tIm. 400

t EL Chip .nabl. LOW ti me 210

t~~ Add ress to chip enabl, setup t ime

Chip .nabl, to dddrqfl hold ti me 200

t
~5 Chip C,l Rct to CE setup time —s

t~~ Chip enabl, to ch i p sel ect hold t i~~I ?DO

t
~~ 

Writ, puls, width 200

t 0~ 
Data inp ut setup time NO

Dat a input hold ti me 0

t~~ Data out to m.nory st at us delay 0

t p lnt ,rna l preset inve rva l t~~ nO

b) TI1’~ING TEST CONDITIO N S

FIGURE B8. WRITE CYCLE TI M ING DIAGRAM AND TEST CO N DITIO NS
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t A Access t , u ~e (CE to Output v al id deliy) 400

Chip enable HIGH time 700

t EL Chip enable Lo u t ime , 250

~~ Chip enable to Ci,ip select iuld ti me 200

Chip enable to Iddr001 hold tine 200

t CS Chip ue lect to CE setup tim. .5

t AO Od d ,ess to ch i 4, ,*~ble setup ti ne 0

Dead to chip enable sutu p tirie 0

Chip enable to sutlut OFF d .lay

t 0~ Oat. input held tIe., 0

Data inp ut setup tim. 80

c-l Ie po lo , wI dth TOG

t C. CC or 80 to rut pu t OFF de l ay 20

t CO 7~ tO to Ou put Oh ‘C an 220

t 0~ Tat va l id  olt ,r  rit e de lap IT

To ad -uTr. hold time I
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DO ~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE BI. SYMBOLS AND DEFINITIONS

SYMBOL DEFINITION

~“cc SUPPLY VOLTAGE
— 

~~ CO~4ON VOLTAGE NODE
CE CHIP ENABLE INPUT
CS CHIP SELECT INPUT
WE WRITE ENABLE INPUT —

OE OUTPUT ENABLE
OD OUTPUT DISABLE
DI DATA INPUT

- 
- DO DATA OUTPUT

- 
~ MS MEMORY STATU S OUTPUT

AO THRU All ADDRESS -INPUT

11H HIGH LEVEL INPUT CURRENT
1OHZ HIGH IMPEDANCE STATE , HIGH LEVEL

OUTPUT CURRENT
HIGH IMPEDANCE STATE. LOW LEVEL0 OUTPUT CURRENT

1CC SUPPLY CURRENT FROM 
~CC SUPPLY

VOH HIGH LEVEL OUTPUT VOLTAGE

~OL LOW LEVEL OUTPUT VOLTAGE
V IH 

‘HIGH LEVEL INPUT VOLTAGE
V IL LOW LEVEL INPUT VOLTAGE
tRC R EAD CYCLE TIME
tA ACCESS TIME (CE TO OUTPUT VALID DELAY)
tCF OE/ OD TO OUTPUT OFF DELAY
t~0 OE/OD TO OUTPUT ON DELAY
t ON DATA OUT TO MEMORY STATUS DELAY
t~ INT ERNAL PRESET INTERVAL

WRITE CYCLE
WRITE PULSE WIDTH

t05 INPUT DATA SET UP TIME
tDH INPUT DATA HOLD TIME
tR4~C R/M/W CYCLE TIME
t0~ 

DATA VALID AFTER WRITE DELAY

tEH C H IP ENABLE HIGH TIME

t EL CHIP ENABLE LOW TIME

B12



-- -—-—- 
~‘~‘~~‘~~~_: ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i_ -

-
‘ 

I TABLE B2. ALGORITHMS AND DESCRIPTIONS

ALGORIT*i DESCRIPTION

GALPAT A. Write a background pattern of ‘Os° throughout memory .
B. Wr ite a “1 ” (test bit) at the f i rst l ocation.
C. Read location in sequence: read location 2, read test

bit , read location 3, read test bit. Read in sequence
unt il every location is read with test bit location.

D. Move the test bit to second location and repeat the
sequence In step C.

E. Repeat the sequence until each cell is used as test bit
location.

GALWRT A. Write a background pattern of “Os” throug hout memor~.B. Wr i te a “1” into the background cell and read a “0’
from the test bit cell.

C. Repeat the sequence with the same test bit cell but
the next background cell. Continue unti l entire memory
Is sequenced .

0. Move test bit to next location and start sequence again.
E. Repeat sequence until each cell is used as test bit

location ,

WALKING A. Write a background pattern of “Os ’ throughout memory .
B. Write a ‘ 1”  at the first cel l (test bit).
C. Read the entire memory .
D. Complement the “1 ” at the f i rst cell and wr i te a “1”

into cell 2 (new test bit).
E. Read the entire memory .
F. Repeat the sequence until each cel l is used as test

bit location ,
G. Repeat steps 8 through F with a background pattern of

“ ls ” throughout memory.

ROWPAT A. Write a background pattern of “Os” for the first row.
B. Wri te a l~ at the first location (test bit).
C. Read loca ti on i n seq uence: read locat ion 2 , read tes t

bit , read location 3, read test bit. Read unt i l all
64 locations in row is checked with the test bit.

0. Move the test bit to second location and repeat the
sequence In step C.

E. Repea t the sequence unt i l eac h cell i n the fi rs t row i s
used as test bit location .

F. Increment until all rows are completed .
G. Repeat steps B through F with a background pattern of

“is ’ throughout memory.

~13
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TABLE B2. ALGORITHMS AND DESCRIPTIONS (CONT.)

MARCH A. Write a background pattern of “Os” throughout memory.
B. Incrementing from address 0 to address 4095, read a

- “0” and wr ite a “1” into each cell.
C. Incrementing from address 4095 to address 0, read an

“1” and write an °O” into each cell
- 0. Repeat steps B and C with a background pattern of

“ls~ throughout memory.

-

. - 
SHIFTING DIAGONAL A. Wrltt. a background of “Os” with a diagonal stripe of

I 95
1

B. Read the pattern Incrementing the address by one each
I time .

- C. Shift the stripe right one time .
D. Read out the pattern incrementing the address by one

each time.
E. Repeat steps B through D until the stripe has been

shifted 64 times and the pattern read out each time .

F . Repeat steps B through E with a background of “is ”
— with a diagonal str ipe of “Os ”.

ADDCOI’IP A. Write an alternate pattern of “Os ” and “is ” through-
out memory . -

B, Verify each location by the address sequence: address,
address complement, address , address + 1 , etc.

C. Read out data pattern from memory,

~~i4
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APPENL’IX (

This appendix is included to supp~y ~‘aHous details of the RCA MWSS5O1.
Figures Cl and C2 are tne term i nal layuut a:id the functional block diagram of
the device , respectively . The Figure C.~ ~ugic diagram , the Figure C4 die
photograph , the Figure CS c&fl structure and pnr t i a i  cross section , and the
bit map shown in Figure C6 provide even greater layout and function detail.
The timing requirements for the read) write , and read/modify/write cycles are
provided in Figures C7, C8, and C9~ r-esoect ’vel y. Further el ectrical charac-
teristics are shown in th€ Figure ClO , Cli and C12 photographs. Figure ClO is
a curve tracer photograph of I~~ versus VDD arid Figures Cli and C12 show several

- -s waveforms duri ng a read access time cycle with different V00 voltages .

In addition , two tables have been included in this appendix to supplement
the discussion of this device in the report. Table Ci provides a list of the

- -4 symbol s and their definitions that are applicable to this device. Table C2
lists the algorithms used in this study of the MWS55O1. —

C2 
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LEVEl. LEGEND

• SOS epitaxy [~ _j
Channel oxide 1.11 LLEJIJ
Polycry sta lline silicon &Q~3d
Phosphorus~doped glass r~—y~Boron-doped glass 

_____

Aluminum L-T -i

A) CRO SS SECTION OF TRAN SISTOR PAIR

B ) CEL L SCH EMA 1IC

FIGURE C5 . CELL STRUCTURE AND PARTIAL CROSS SECTION
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COLUMN ADDRESS

1 0 2 3 2 4 8 7 9 S tO 11 13 12 14 IS 17 IS II 15 21 20 22 23 25 24 29 27 23 29 30 31
IS

1.7 17

19

II — .   , _ _  

20

- 
- - 21

23
22

24

PIN tS 25 

r 1  27

25 

R 20 

0 29 -

31 
PIN S — — - — — - — ‘  

~~
jj
~~ 

: - - • - - - • - - - • • - • •
~~~~

• - - - -: - -
~~~~

‘ -
IS 

S 13 - -S 12

10

11

I

2

ROw aoo ~~ SS I A S *I A O A 2~~ !]
MSS LSB

C O L U M N  aoo~~css V3 *4 A
~ 

A~ A!~1MSS SB

FIGURE C6 . BIT MAP
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- a) TIMING DIAGRAM

LIMITS
SYMBOL PARAMETER V00 = 4.75V V00 9.SOV UM1TS

H I M  - MAX R1T R~r

tRC Reao rycle time 225 120 nS

tRA Read access time 75 120

tEN Output enable time 60 40

Read/~-r 4te hold time 10 40

t~~~ Read/wi-he Setup time 60 40

t0,~ Output -J-so b l e timY 60 30 nS

~) Ti. -~I~--~ TEST CONDI lIONS

FIGURE C?, READ CY CLE TIMIN G DIP1~RA M AND TEST CONDITIONS
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a) TIMING DIAGRAM

LiMiTS

SYMBOL PARAMETER V00 4.75V V00 
. 9.SOV UNITS

~~Tr ~Ar ~~r ~~~~~~
-

Write cycle time 225 120 nS

t~ Write pulse width 115 80

tWH Read/write hold time 70 40

Read/write setup time 60 40

t0~ Data setup time 45 30

tOM Data hold time 30 30

b) TIMING TEST CONDITIONS

FIGURE C8. WR I TE CYCLE T IMi NG DIAGRAM AND TEST CONDITIONS
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MP1DAN
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F a) TiMING DIAGRAM

LIMITS 
__________“~ T7W I “V’- 

~~. SOV U N I T S
SYMSOL PARAMETER ...IQ. _._._.i.._.2Q.._

HIM MAX HIM MAX

R/M/W cycle time 400 210 aS

tRA Read access time 225 120

t RH Read hold time 225 120

tEN Output enable time 60 40

t~~ Write pulse width 115 80

Read/write setup time 60 40

Data setup time 45 30

tOM Data hold time 30 30

t015 0~ctput disable time bO 30 nS

FIGURE C9. READ /MODIFY/WRITE CYCLE TIMING D1AGRN~ AND TEST C O NDI F IU N S
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I,’ I 20 pA/ DIV.

VDD - 2 VOLTS/DIV.

IDO ~ 50 pA AT VDD = lOV

FIGURE ClO . TYPICAL ‘DD CURRENT FROII V DD SUPPLY - -

0~ -

ADD 
_ _ _ _ _ _

~~~~~~~ ~~~~~~~ 
-
~ m~’ 1400’

DI
-.7

DO

C P

tRA ~ 70 nS AT V OD = 10.5 VOLTS

FIGURE Cli. TIMING WAVEFOR MS FOR TYPICAL READ ACCESS TIME ( tWA )

cli
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CS

ADD

DI 
-

DO

tRA ~ 140 nS AT VDD = 4.75 VOLT S

FIGURE Cl2. TIMING UAVEFORMS FOR TYPICAL READ ACCESS TIME (tRA)
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TABLE Cl. SYMBOLS AND DEFINITIONS

• SYMBOL DEFINITION

VOD 
SUPPLY VOLTAG E

C- V 5~ 
COMMON VOLTAGE NODE

CHIP SELECT

-~ 
- 4 DI DATA IN

DO DATA OUT

AO THRU A9 ADDRESS INPUT

READ OR WRITE INPUT

V IC(POS) INPUT CLAMP VOLTAGE , POSITIVE

V Jc(NEG ) INPUT C LAMP VOL TAGE, NEGATIVE

VOH HIGH LEVEL OUTPUT VOLTAGE

V01 
LOW LEVEL OUTPUT VOLTAGE

11H HiGH LEVEL INPUT CURRENT

1 1L 
LOW LEVEL INPUT CURRENT

1DD SUPPLY CURREN T FROM SUPPLY

V THN 
THRESHOLD VOLTAGE

V THP THRESH OLD VOLTAGE

tRC READ CYCLE TIME

~~ 
WRITE CYCLE TIME

READ /MODIFY/WRITE CYCLE TIME

READ ACCE SS TIME

tEN OUTPUT ENABLE TI ME

OUTPUT DISABLE TIME

WRITE PULSE WID TH

tos iNPUT DATA SETUP TIME

tDH 
INPUT DATA HOLD T IME

C13



___________________________________________________ -—.7 - ,
~~~~~~~~~~~~

---- - - -.7--- -—

Pr- -

TABLE C2. ALGORITHMS AND DESCRIPTIONS

ALGORITHM DESCRIPTION

GALPAT A. Wr ite a background pattern of “Os ” throughout memory.
B. Write a “1” (test bit) at the first location.
C. Read location in sequence: - read locati on 2 , read test

b i t , read location 3. read test bit. Read in sequence
unti l every location is read with test bit location. - -

0. Move the test b it to second location and repeat the
sequence in step C. - -

E. Repeat the sequence until each cell Is used as test bit
location .

F. Repeat steps B through E with a background pattern of —

“ls ” throughout memory .

GALWRT A . Write a background pattern of “Os ’ throughout memory .
B. Write a “1” Into the backqround cell and read a ‘ 0 ’

from the test bit ce ll.
C. Repeat the sequ ence ~ith the same test bit cell but

the next background cell. Continue until entire memory
is seque nced.

0. Move test bit to next location and start sequence again.
E. Repeat sequence until each cell is used as test bit

location .
F. Repeat steps B through E with a background pattern of

“ls ” throughout memory.

WALKING A. Write a background pattern of “Os ” throughout memory .
B. Wr ite a “ 1” at the fir st cell (test bit).
C. Read the entire memory.
D. Complement the “ 1’ at the Ci rst cell and write a “1”

Into cell 2 (new test bit).
E. Read the entire memory.
F. Repeat the sequence until each cell is used as test

bit location. • -

G. Repeat steps B through F with a background pattern of
“l s ” throughout memo ry . —

ROWPAT A. Write a background pattern of “Os ” for the first row.
B. - Write  a “ 1” at the first location (test bit).
C. Read location In sequence : read location 2 , read test

b i t , read location 3, read test bit. Read until all
32 locatIons irs row is checked with the test bit.

D. Move the test bit to second location and repeat the
sequence in step C.

E. Repeat the sequence until each cell in the first row is
used as test bit location .

F. Increment until all rows are completed.
G. Repeat step s B through F with a background pattern of

“is ” throughout memory.

C14
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TABLE C2. ALGORITHMS AND DESCRIPTIONS (CONT.)

MARCH A. Write a background pattern of “Os ” throughout memory.
B. Incrementing from address 0 to address 1023 read a

“0” and write a “1” into each cell.
C. Incrementing from address 1023 to address 0, read an

“1” and wri te an “0” into each cell.
D. Repeat step s B and C with a background pattern of

C
- “ ls ” through out memory .
- 4 SHIFTING A. Wri te a background of “Os” with a diagonal stripe of

DIAGONAL “ls ” .
B. Read the pattern incrementing the address by one each

time .
C. Shift the stripe right one time.
D. Read out the pattern incrementing the address by one

eac h time .
E. Repeat steps B through D until the stripe has been

~‘ I shifted 32 times and the pattern read out each time .
F. Repeat steps B through E with a background of “ls ”

with a diagonal stripe of “Os ” .

ADDCOMP A. Write an a lternate pattern of “Os ” and “is ” throughout
memory.

B. Verify each location by the address sequence: address ,
address compleme nt , address , address + 1 , etc.

C. Read Out data pattern from memory .

c15
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APPENDIX D

This appendix is included to supply various detai ls of the Fairchild
93481. Figures Dl and D2 are the terminal l ayout and the functional block
diagram of the device , respectively. The Figure D3 die photograph , the Figure
04 transistor cell structure and the bit map shown in Figure 05 provide even
greater l ayout and function detail . The timing requirements for the read ,
write , and read/modify/write cycles are provided in Figures D6, D7 , and D8,

- 

- respectively. Further el ectrical characteri stics are shown in the Figure D9
and 010 photographs. Figure 09 is a curve tracer photograph of ICC versus

and Figure D1O shows several waveforms during a column address access
time cycle.

In addition , two tables have been included in this appendix to supplement
the discussion of this device in the report . Table Dl provides a list of the
symbols and their definitions that are applicable to this device. Table D2
lists the algorithms used in this study of the 93481.
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a) TIMING DIAGRAM

SYMBOL PARAMETER LIMITS UNITS

MULTIPLEX

t Row address setu p t ime 0 nS

t~~ Row address hold time 50

t IA AZ active t ime 165

t~~ AZ recovery time 135 nS

Read cycle t ime 300 nS

t
~~ A 

Column address access time 100

tCM Output valid time after column address 10

tCSA Chip select access t ime 50

tCSR Chip select recovery t ime 20

t IN Output valid t ime after AZ 5 nS

b) lIkING TEST CONDITIONS

FIGURE 06. READ CYCLE TIMING DIAGRAM NC1D TEST CONDITIONS
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a) TIMING DIAG R AM

SYMBOL PARAMETER L I M I T S  UNITS

MULTIPLEX

t Row address Setup time 0 n S

t AM Row address hold time 50

tTA AZ active time 165

tIR AZ recovery t Ime 135 nS

t
~ 

Write cycle t ime  300 nS -

t~ Write pulse width 40

tWSA Address setup time 30

t WHA Address hold time -5

~~~~~~ 
ch ip  selec t setup time 10

~~~~~~ C h i p  selec c hold time 0

AE hold time after ~~ 50

tWSDE Data i n  s e tup  t ime bef o re end of W 50

tWHD Data in hold time after W~ , 23 nS

b) TIMING TEST CONLiITIONS

FIGURE D7. Wk I TE CYCLE TI~-1NG DIAGRA~ AND TEST CON D ITIONS
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a) TIMING DIAGRAM

SYMBOL PARAMETER ..~ iMhi~~ _ UNITS

MULTIPLEX

t Row address setup time 0 nS
AS

tAM Row address hold time 50

tTA At active time 165

tTR At recovery time 135 nS

tRMWC Read /modif y/write cycle time 415 nS

tCAA Column address access time 100

tCSA Chip select access time 50 . 
-

t~ Write pulse width 40

t~~~1 
At hold time after ~t 60

t
~4~ 0~ 

Data in setup time before end of ~r so
tWH O Data in hold time af te r  ~~ 20

t~~~ Output disable time after W 35

tWR Output recovery time after ~~ 40

tRC Row col umn address change time 20

tMOD Data modify time 0

t/R E F Refresh time 2 nS

b) TIMING TEST CONDITIONS

F IüW~L ~~~ l~LAU/~uu1f Y/~~I Th T1~ i ~u uIAGi-~ii~’ ,u1U TtST CUNDI T1U~iS
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:: rnA/DIV.

VCC — 1 .0 VOLT /DIV .

mA AT 
~~ 

= 5V

FIGURE 09. TYPICAL ~~ CURRENT FRO -1 ~~ SUPPLY

AE

ADD

DI I_~~*_ ~~~~~~~~~~~~~~
DO —~~-

~~~~~ 60 nS AT ~~ 
= 4 .75 VOLTS

FIGURE DlO. TIMING WAVEFO R~-1S FOR COLUMN ADDRE SS ACCESS TIME (tCAA )
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TABLE Dl . Y~8OLS AND D E F I N I T I O N S

SYMBOLS DEFINITIONS

~~ 
SUPPLY VOL TAGE —

GND GROUND

Ao THRU A6 ADDRESS INPUT

-~ 
- - 

CHIP SELECT INPUT

LE LATCH ENABLE INPUT

AE ADDRESS ENABL E INPUT

WRITE ENABLE INPUT

DIN DATA INPU T

- 

- 

DOUT DATA OUTPUT

VOH HIGH LEVEL OUTPUT VOLTAGE

VOL LOW LEVEL OUTPUT VOLTAGE

INPUT CLAMP VOL TAGE

VTH1 THRESHOLD VOLTAG E •.,

THRESHOLD VOL TAGE

11H HIGH LEVEL iNPUT CURRENT

T IL LOW LEVEL IN PUT CURRENT

1OHZ HIGH IMPEDANCE STATE ,
HIGH LEVEL OUTPUT CURRENT

10L1 HIGH IMPEDANCE STATE ,
LOW LEVEL OUTPUT CURRENT

‘CC 
SUPPLY CURRENT FROM ~~ SUPPLY

COLUMN ADDRESS ACCES S TIME

WRITE PULSE WIDTH

tA5 ROW ADDRESS SET UP TIME

tAM ROW ADDRESS HOLD TIME

tWSDE 
DATA- IN SET UP TIME

tWHD DATA-IN HOLD TIME

tREF 
REFRESH TIME

-
~~~
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TABLE 02. ALGORITHMS AND DESCRIPTIONS

~J&Q!UI±i DESCRIPTION

GALPAT A. Wri te a background pattern of “Os ” throughout memory.
B. Write a I l l  (test bit) at the first location.

C- C. Read lo cation in sequence: read location 2 . read test
- - b it, read lo cation 3 , read t est bit. Read in sequence

— 
- until every location is read with test bit location.

D. Move the test bit to second location and repea t the
sequence in step C.

E. Repeat the sequence until each cell is used as test bit
location.

F. Repeat steps B through E with a background pattern of
“l s ’ thr oughout memory .

GA LWRT A. Write a background pattern of “Os ” throughout memory .
B. Write a “1” into the background cel l and read a “ 0”

from the test bit cell.
C. Repeat the sequence with the same test bit cell but

the next background cell. Continue until entire memory
Is sequenced. - - -

0. Move t est bit to nex t location and start sequence again.
E. Repeat sequence until each cel l is used as test bit

location.
F. Repeat steps B through E with a background pattern of

“is ” throughout memory.

WALKING A. Wr ite a background pattern of “Os” throughout memory.
B. Write a ‘1” at the f irst cell (test bit).
C. Read the entire memory.
D. Compl ement the “1” at the first cell and write a “1”

into cell 2 (new test bit).
E. Read the entire memory.
F. Repeat the sequence until each cel l is used as test

bit location.G. Repeat steps B through F with a background pattern of
“is ” throughout memory.

ROWPAT A. Write a background pattern of “Os” for the first row.
B. Write a “1” at the f irst location (test bit).
C. Read location in sequence: read location 2 , read test

bit , read location 3 , read test bit. Pead unti l all - ;
128 locations in row is checked with the test bit.

D. Move the test bit to second location and repeat the
sequence in step C.

E. Repeat the sequence unti l each cell In the first row is
used as test bit location.

F. Increment until all rows are comp l eted.
G. Repeat st eps B through F with a background pattern of

“is ” through out memo ry .

D12
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TABLE 02. ALGORITHMS AND DESCRIPTIONS (CONT.)

MARCH A. Wr i te a background pattern of “Os ” through out m emory .
B. Incrementing from address 0 to address 4095, read a

“0” and write a “1 ” into each cell.
C. Increment ing fro m address 4095 to add ress 0, read a

“ 1” and write an “ 0” into each cell.
D. Repeat steps B and C with a background pattern of

“is ” thr oughout memo ry .

SHIFTING A. Write a background of “Os ” w ith a diag o nal stripe of
DIAGONAL “is”.

B. Read the pattern Incrementing the address by one each
time.

C. Shift th e stripe right one time.
0. Read out the pattern incrementing the address by one

each time .
E. Rep eat ste ps B through D until the stripe has been

shifted l 28 times and the pattern read out each time .
F. Rep eat steps B through E wi th a background of “ ls ”

wi th  a d iag o nal s t r i pe of “Os ” .

ADDCOMP A. Write an alternate pattern of “Os ” ~nd “ is ” throughout
memory.

B. Verify each location by the address sequence: address ,
addres s compl ement, address , address + 1 , etc.

C. Read out data pattern from memory .

REFRESH A. Write data (Alternating field of l’ s and D’s) throughout
memory .

B. Pause for the maximum specified refresh time.
C. Read out the pattern.
0. Write the complement pattern throughout memory .
E. Pause for the maximum specified refresh time .
F. Read out the complement pattern .

D13
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APPENDIX E -

This appendix is included to supply various details of the Fairchild
— CC0450. Figures El and E2 are the termi nal layout and the functional block
- 

diagram of the device , respectively. The Figure E3 die photograph and the bit
map shown in Figure E4 provide even greater layout and function detail. The

timing requirements for the read, write , and read/modify/write cycles are
provided in Figures E5, E6, and E7, respectively. Further electrical charac-
teristics are shown in the Figure E8 photograph of several waveforms during
a read access time cycle.

r 

In addition , two tables have been included in this appendix to supplement
the discussion of this device in the report. Table El provides a list of the

- - 
— 

symbols and their definitions that are applicable to this device. Table E2
- 

lists the algorithms used in this study of the CCD45O.

L 
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FiGURE El. TERMINAL CONNECTION
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FIGURE [2. FUNCT IUNAL BLOCK DIAGRAM
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a) TIMING DIAGRAM

CC 0450
SYMBOL PARAMETER MIN MAX UNITS

t
~ 1RWC d~~ Clock HIGH Time in the 200 500

Read , Write & Recirc ulate Modes

2 
Clock HIGH 100 500

t~~ ~UL1 Underlap 1 20 200
UL2 Underlap 2 20 9480

t
R.A Read Access 180

Read Pers i s t ence  Time 0

t
n Rise Time so 60

2 
Rise Time so

t
f 1 

6 
~ 2 

Fall T ime so nS

Clock Rate 0.1 1.0 141Z

b) TIMING TEST CONDITIONS

FIGURE E5. READ CYCLE TIMING DIAGRAM AND TEST CONDITIONS
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tSWO’ I

___________ r—1 —•1 Iit HwDH
a) TIMING DIAGRAM

CC0450
SYM8OL. PARAMETER fIN MAX UNITS

t
~ IRWC 

~~ 
Clock HiGH Tlae In the R~ á~1, 200 500
Write and Recirculate Modes

Clock HIGH 100 500

tu~j  Under lap 1 20 200tUL2 Underlap 2 20 9480

t 5%J Write Set—up 100
t
fl~j  Write Hold 0

tSWDE Write Mode Data Enable Set—Up 100

tHWDE Writ e Mode Data Enable Hold 0

tsWD Write Data Set—Up 50

tHUD Write Data Mold 0

t n Rise T ime 50 60

t r2 ö
2 

Rj~ p Time 50

‘1 ~ ‘2 
Fall Time 50 nS

Clock Rate 0.1 1.0 MHi

h) TIMING TEST CONDITIONS

FTG UPr E6. ~-~ITE CYCLE lINING DIAGRAM AND TEST CONDITIONS
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• a) TIMING DIAGRAM

CCD4SO
SYMBOL PARAMETER f IN MAX UNITS

t~~1g~ç~ * Clock HIGH Time i~ the 350 500 nS
1 Read/Modify/Write M d c

Clock HIGH 100 500

‘.l UnderLap 1 20 200
DL t

1J~~ Underlip 2 20 9480

Read Enable High Time in 50
Read/Modify/Write Mode

Read Access 180

Read Persistence T ime 0

tSW Write Set—up 100

tEW Write Hold 0
t 5%~j )~ Write Mode Data Enable Set—up 50

t
~~DE Write Mode Data Enable Hold 0
t
~~D Write Data Set—Up 50

Write Data Hold 0

tn ~~ Rise Time 50 60
t r2 

~ 2 Rise Time 50
tf l ~ •2 Fall time SO nS

f Clock Rate 0.1 1.0

b ) TIMING TEST CONDITIONS

FIGURE E7. READ/MODIFY/WR I TE TIMING OIAG~AM V~fl lIST CO T -1DI1I O~5
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_

tRA~~l2O MS AT V CC = 12.0 VOLTS ,

VBB = -3.0 VOLTS , VCC = 5.0 VOLTS

FIGURE E8. TIMING WAVEFORMS FOR TYPICAL READ ACCESS TIME (tRA)
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TABLE El. SYMBOLS AND DEFINITIONS

SYMBOL DEFINITI ON

VDD SUPPLY VOLTAG E
Vcc SUPPLY VOLTAG E
VBB SUBSTRATE VOLTAGE

4 
~~ C~ iMON NODE VOLTAGE
I/O INPUT/OUTPUT

•1 CLOCK 1

CLOCK 2

DE DATA ENABLE

WRITE ENABLE

READ ENABLE

~OH HIGH LEVEL OUTPUT VOLTAGE

VOL LOW LEVEL OUTPUT VOLTAGE

11H HIGH LEVEL INPUT CURRENT
1DD SUPPLY CURRENT FROM V DD SUPPLY
1CC SUPPLY CURRENT FROM ~~ SUPPLY

1BB SUPPLY CURRENT FROM V BB SUPPLY

VTH1 INPUT T HRES HOLD VOLTAGE

VTHO INPUT THR:SHOLD VOLTAGE

tRA READ ACCESS TIME

t,2 CLOCK 2 HIGH TIME

~~ WRITE SETUP TIME

ts~0 
WRITE DATA SETU P TIME

E 10
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TABLE E2. ALGORITHMS AND DESCRIPTIONS

ALGORITHM DESCRIPTION

SCAN1 A. Write a pattern of ‘is ’ through—
- 

- out memory .
B. Read ‘is ’ fr om each memory

location.

SCANO A. Write a pattern of ‘Os ’ through.
- j out memory .

8. Read ‘Os ’ from each memory location.

SHIFT REGISTER A. W ri te a pattern of ‘is ’ throughout
WALK (SRWALK) memory .

B. Write a ‘0’ Into Shi ft Register (SR)

C. Read, shift data 1024 times and read.
D. Rewrite a ‘ 1’  into starting location .
E. Repeat sequence until each cell is

us ed as test bit location .
F. Repeat sequence until all 9

shift registers have been tested .
G. Repeat steps B through F with pattern

of ‘Os ’ throughout memory .

ALTW OR A. Write a pattern sequen ce as follows
into memory :

OOli....0Ol 1
for all 9 shift registers .

B. Read pattern from memory .
C. Repeat steps A - B with complement

pattern.

CHECKERBOA RD1 A. Write an alternate pattern of ~Is~(CSOA RD I) and ‘Os ’ in ascending bit locations
of each shift regi ster. Start with
‘1’ in address 0. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TABLE E2. ALGORITHMS AND DESCRIPTIONS (CONT.)

— CHECKERBOARD1 B. Read pattern from memory .
(CBOARD1 ) ~0NTINUED C. Repeat steps A — B by starting

-v with ‘0’ in address 0.

CHECKERBOARD2 A. Write an alternate pattern of ‘is ’
(CBOARD2) and ‘Os ’ in SRi starting wi th ‘0’

in address 0.
B. Writ e an alternate pattern of ‘is ’

and ‘Os ’ in SR2 starting with ‘1’
in addr ess 1.

C. SR3 , 5, 7, 9 has identlcai data as
SR1 .

D. SR4 , 6 , 8 has identi cal data as SR2.
E. Read pattern from memory.
F. Repeat steps A — E wi th data comp le—[

E12 
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F1.O INTRODUCTION F3• I
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LO INTROD UCTION

This section contains the part types histograms and shmoos at the various

test temperatures . The histogram is a graphical presentation of the frequency

distribution of 100% of a parameter test data . The shmoo is a plot of the device
pass and fail data as a function of two parameters , e.g ., supply voltage and

access time . A typical example of a histogram and shnioo is illustrated below .

SAMPLE H ISTOGRA M
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