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Figure 15. Log cumulative data loss vs. log time for three storage
temperatures on samples of 100 X2210's. Data loss is defined to occur
when the first bit in an array loses data.
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Figure 16. Log data loss rate vs. inverse temperature for X2210's.

Figure 16 shows the result of calculating failure rates
based on these results and plotting vs. inverse
temperature. Since the rates fall on a straight line, we
can extract an activation energy and extrapolate to
lower temperatures (see the next section for a
discussion of activation energies). The result is that
the experimental value of the activation energy is 1.7
eV and the mean time for data loss for this mechanism
(which we believe to be the fundamental loss mech-
anism of this technology) is 3 million years for
retention at 125°C.
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BASIC RELIABILITY
CONCEPTS

There are a couple of simple concepts basic o
most reliabitity work. One is the long established
observation that failure rates follow the bathtub-
shaped curve illustrated in Figure 17

INFANT RANDOM
MORTALITY FAILURES WEAROUT
FAILURE ‘
RATE /
t/.
,
{»..«f'/(
LOG TIME

Figure 17. lllustration of bathtub curve of failure rates showing regions
in which infant mortality, random failures, and wearout mechanisms
dominate the failure rate.

There is an infant mortality region characterized by a
rapidly declining failure rate as the “weak” parts are
eliminated from the population, a random failure
characterized by an invariant or slowly declining
failure rate, and a wearout region characterized by
an increasing failure rate as the units reach the end
of life.

Each region of the failure rate curve has certain
specific failure modes which predominate. For exam-
ple, the infant mortality region is dominated by
failures which arise out of manufacturing defects.
Table | gives a summary of the common faiiure
mechanisms and stresses which may be used to
accelerate the failure rates of the various mechanisms
which have been culled from the literature." ™

The classic parameter which is used to accelerate
failure rates is temperature. It is known that a very
broad class of failure mechanisms have a ternperature
dependence proportional to exp (-E./kT) where Ea is
called the activation energy, k is Boltzmann’s con-
stant, and T is the absolute temperature. This is true
because a number of basic physical phenomena
such as diffusion rates and chemical reaction rates
have this dependence. The significance of this is that
if the activation energy is known for the failure
mechanisms in question, then the failure rates
arising from these mechanisms can be measured at
elevated temperature where they are high enough to



e conveniently measured and extrapolated back to
lower operating temperatures where the failure rates
may be so low as to require an inconveniently large
number of device hours to measure. The relationship
which allows one to translate failure rates from one
temperature to another is known as the Arrhenius
relation. Figure 18 illustrates this relation for a
nuimber of common values of activation energy.

ACCELERATION FACTOR

250 200 150 100 50 25
TEMPERATURE (°C)

Figure 18. Acceleration factor vs. temperature calcuiated for various
achvation energies from Arrhenius relation.

RELIABILITY TESTING

Four tvpes of tests weire conducted to establish
tne reliability of the parts:
1. High temperature dynamic lifetest
2 Data retention bake
3. High temperature reverse bias
4. Environmental
These tests will be discussed in turn.
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Failure ]

Activation Detection
! Mechanism i Type Energy Method
i 1
lonic infant/ 10eV High Temp
Contamination Random/ Bias
Wearout
Surface | Wearout 05-10eV |  High Temp i
Charge Bias
Polarization Wearout 10eV High Temp.
Bias
|
Electro- Wearout 10 eV High Termp !
migration Operating Life
Microcracks Random - Temperature
Cycling
Oxide infant/ , 03eV High Temp :
Rupture Random ‘ Operating Lite ’
Silicon Infant/ | 03eV High Temp |
Defects Random \ Bias
Oxide Defect Infant: 0.6eV High Temp
Leakage Random Operating Life ‘
Electron : Wearout ' --- Low Temp |
Trapping In | ‘ High Voltage |
Oxide : | Operating Life |

Table I. MOS Failure Mechanisms

High Temperature Dynamic
Lifetest

This is the usual data from which failure rate
predictions are made. For this to be a valid predictor
of failure rate. the parts must really function in the
manner in which they would in operation. Thus
overly elevated temperatures at which the unit does
not function internally are to be avoided, since this
may lead to overly optimistic predictions.

Xicor gathers this data at 125° C ambient which is
within the known operating range of the units under
test. The stimulus pattern consists of recalling a
known pattern, writing a checkboard pattern over
the recalled pattern bit by bit, reading the checkboard
pattern, writing its complement, reading the comple-
ment and then beginning over again.

The unitsin lifetest are tested at 168, 500, 1000, and
2000 hours to determine that they are still within
specification. The first step of the readout tests is to
recall the information stored in the nonvolatile
section of memory to determine if the previously
stored pattern is still retained. If so, the memory is
completely exercised over voltage including verifica-
tion of the STORE function. Finally, the predeter-
mined pattern is restored to memory for the next
lifetest period.
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Data Retention Bake

This test is sometimes referred to as a storage
bake, but we prefer the term “data retention bake”
because this better describes the principal function
it serves in the case of electrically programmable
nonvolatile memories.

In this test, a pattern is stored in the memories and
the memory is baked at 250° C with no bias applied.
At intervals the memory is removed from bake, and
the nonvolatile data recalled and checked for accu-
racy. The data is not restored at readouts in order to
ascertain the worst case retention. Since Xicor
warrants cycling endurance of various values, this
test was performed on parts specified for 1000 cycle
endurance which had performed 1000 complete
data alterations, as well as on parts which had not
received this treatment.

HTRB

HTRB stands for High Temperature Reverse Bias,
a term which originated with bipolar circuits, in
which case the test reverse biased the junctions of all
of the input stages. For MOS circuits, a better term
would be high temperature static bias. In this stress,
which Xicor carries out at 150°C, Vss is grounded
and a static positive voltage is applied to all of the
input and outputs as well as to Vcc. This has the
effect of applying a static bias equal to the power
supply across the gate oxides of the circuit transistors.
This stress is intended to expose failures which
might occur as a result of drift of mobile ionic
contaminants or latent defects in the gate oxides.

It is known that many defects are accelerated by
voltage as well as temperature. For example, it has
been shown by Crook that the failure rate of oxide
defects increases 107 times per MV/cm increase in
the electric field." For this reason, HTRB stresses
were conducted with both 5.5V and 7.5V bias applied
to the units under test.

Package Environmental Tests

The package environmental tests were done in
accordance with MIL STD 38510 and MIL STD
883/B Group C and D. Table Il lists the tests, the test
conditions and the acceptance criteria. The results
column represents the summary of data from 3 Iots.
All lots passed the 883/B qualification criteria.
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Accept
Test Method Conditions LTPD # Results
Temp. 1005 Test Condition C 15 1/25 0/80
Cycling (10 cycle
—65to 125°C)
Constant 2001 Test Condition E 0/80 |
Acceleration (30,000 g '
Y1 axis only)
Seal 1014 | Test Condition B \
—Fine (5 X 10 cc/min) 2/80
—Gross Test Condition C 0/78 |
Lead 2004 | Test Condition B2| 15 1/25 0/78
Integrity (Lead Fatigue)
Seal 1014
—Fine Test Condition B 0/78
—Gross Test Condition C 1/78
|
Thermal 1011 Test Condition B 15 1/25 0/76
Shock {15 cycles :
—55°C to 125°C) :
Temp. 1010 Test Condition C 0:76
Cycling (100 cycles)
Moisture 1004 /76
Resistance
Seal 1014
—Fine Test Condition B 1/76
—Gross Test Condition C 0/75
Internal 1018 5.000 ppm max. -—- 0/3 ‘ 0/17 ‘
Water water content at or
Vapor 100°C 15
Content
T
Mechanical 2002 Test Condition B 15 1725 | 075
Shock (1500 g peak
3 axis) | |
Vibration 2007 | Test Condition A 1725 | 0/75
Variable (20 g peak
Frequency 3 axis)
Constant 2001 Test Condition E 1/25 0/75
Acceleration
Seal 1014 |
—Fine Test Condition B 1725 275
—Gross Test Condition C 125 073
Salt 1008  Test Condition A 1 15 125 0.73
Atmosphere
Seal 1014
Fine Test Condition B 073
- Gross Test Condition C 0/73
Adhesion of 2025 15 1725 0/25
Lead Finish (# of
leads
from
3 de- !
vices) :
| Lid Torque | 2024 P15 125 025

Table ll. ENVIRONMENTAL TEST FOR 18 LEAD CERDIP PACKAGE
MIL—STD—8838B. Method 5005.7 Group D.



RESULTS

Table Il exhibits the results of dynamic life test on M asmr || 168Hr | 500Hr , 1000 Hr. | 2000 Hr ‘
2300 units of X2210 and X2212. The data show a total Hours
Of 4 failureS in over 17 X 106 device hOUrS. The #Fail | #In #Fail‘#ln ‘ #Fail | #In HM=a|l #in || #Fall ‘#ln | J
causes of the failures were determined through oz || o Tios] o Tiosll o0’ 0 Thas o Tuos 20d
failure analysis and are also listed in Table 1. o gz:; ] 2 ‘ 2:“ IR : o

Tables IVand V show the results of 150°Cstaticlife | | ., om | 0 125 0 | 21/ 0 | 18] o ‘ % ‘ | se32
test at 5.5V and 7.5V, respectively. No failures were | .5 2010 | o 25\ o 25| o | a5l o | 25H | 23800
seen out of 280 units tested with 5.5V applied bias, | cotss 2212 Lo o0 5.0 25 0 2 23800
whereas one unit failed out of the 175 units tested tots72zi00 ¢ 0 25 o 25, 0 25 0o 25 23800
W|th 75V app“ed biaS. Lot 88 (2210) 0 25 1‘ 0 24 O{ 24 ; 0 24 i ; 228487

Tables VI and VIl show the results of 250°C | roras 0 280!i o leraf| o 269. 0 |260 105 ‘37-10"7
retention bakes before and after putting 1000 '
program-erase cycles on units rated as being for use Table IV. STRESS 5.5V HTRB AT 150°C
in 1000-cycle applications. The data on uncycled
material shows the loss of 4 bits from 350 units baked
for 1000 hours. The data on cycled material shows
the loss of 4 bits from 175 units baked. These results oy earr | 500w 1 1000 br
are not statistically significantly different in overall - - - :
failure rate, but examination of the form of the data wrait Lotn | sran | win 1Larair | sim lapait | o | o
shows a tendency for the failures in the cycled
samples to be concentrated at early readouts, as |lot#2(2212) |} 0 |25/ 0 123 0 |23 O |23 2189
might be expected for latent defects which had been | Let#3(2212) || 1% |25 | 0 123 0 23 )| 0 23, 2189
accelerated by the high fields present during the |Lot#4(2212) || 0 125} 0 123} 0 231 0 |23 21696
store process. The data loss fraction through 1000 Lot#5(2212) || 0 |25 1] 0 |25 0 |25 0 |25/ 23800
hours at 250°C (which is equivalent to 1.08 X 10° |lot#6(2212) || 0 |25 | 0 125 ) 0 |25 0 |25/ 23800
hours at 70°C for the 0.6 eV failures observed) isseen | Lot#7(2212) || 0 125 )} 0 (24| 0 |24} 0 |24 ) 22848
to be in the range of 1-2% which Is about half that Lot#8(2210) || 0 25| 0 |25 )| 0 J24) O |24 22968
reported previously for EPROM's." Results reported TOTALS 1 l1soll o |1aall o J1azii o |1a3] 13 % 10°
for other EZPROM technologies would indicate that
the present results are greatly superior to retention 2 = single bit retention failure, leaky oxide -0.6 eV
observed on the other technologies."” Table V. STRESS 75V HTRB AT 150°C

168 Hr. 500 Hr. 1000 Hr. 2000 Hr.
Total
#Fail | #In || #Fail | #In || #Fail | #In || #Fail | #In Hours 48 Hr. 168 Hr. 500 Hr. 1000 Hr. 2000 Hr.
Lot #1 (2212) 2 |353] o | 93 0o |93 0o a3l 21=10° #Fail | #In || #Fail | #In || #Fail | #In || #Fail | #in || #Fail | #In
tot#2(2212) || 0 (385] 0 |98 | 0 [98| O |98 | 23~10° Lot#2(2212) || 0 |51 ] 0 |51 0 |5t 0 [51 | 0 st
Lot #3 (2212) 0 99 0 99 0 99 0 99 19 X 10° Lot #3 (2212) 0 49 0 49 0 49 2° | 49 0 47
Lot #4 (2212) 0 279 0 99 0 99 o] 99 || 21 x 10° Lot #4 (2212) 0 50 1% | 50 0 49 0 49
Lot #5 (2212) 0 |322 0 98 0 97 0 97 || 22x10° Lot #5 (2212) 0 50 0 50 0 50 1¢ | 50
Lot #6 (2212) 0 283 0 99 0 99 0 99 || 22 = 10° Lot #6 (2212) 0 50 0 50 0 50 0 50
Lot #7 (2210) 287 |99 | 0 |98 | 0 |98 21x10° Lot #7 (2212) 0 (S0 || 0 |47 0O |47 47
Lot #8 (2210) 0 | 292 0 99 0 99 0 99 || 22x 10° Lot #8 (2210) 0 50 0 50 0 50 50
TOTALS 3 |2300 1 785 0 782 0 782 || 1.7 10° TOTALS 0 |350 1 347 Q 346 3 346 0 98
a = 2units — single bit retention failure, oxide leakage. 0.6 eV a = 1failure — single bit oxide leakage, 0.6 eV
b = 1 unit — single bit oxide breakdown, 0.3 eV b = 2 failures — single bit oxide leakage, 0.6 eV
¢ = 1unit — single bit oxide breakdown, 0.3 eV ¢ = single bit oxide leakage, 0.6 eV

Table Ill. STRESS DYNAMIC LIFE TEST
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Table VI. STRESS 250°C BAKE "NO CYCLE"
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! 48 Hr. | 168 Hr. 500 Hr. 1000 Hr.

e { #Fail | #In #Fail | #In #Fail | #In #Fail | #In
Lot #2 (2212) 1° 25 1° 24 0 23 0 | 23

Lot 53 (2212) 0 25 0 25 0 25 0 25

Lot #4 (2212) 2 25 0 23 0 23 0 23

Lot #5 (2212) 0 25 0 25 0 25 0 25

Lot #6 (2212) 0 25 0 25 0 25 0 25

| Lot #7 (2210) 0 25 0 25 0 25 0 25
‘ Lol #8 (2210) o | 25| o | 25 0o |25 || o | 25
‘ TOTALS 3 175 1 172 0 171 0 171

a == single bit faiture oxide leakage, 0.6 eV
b = single bit failure oxide leakage, 0.6 eV
¢ — 2single bit failures oxide leakage, 0.6 eV

Table Vil. STRESS 1K CYCLES BAKE AT 250°C

CALCULATION
OF PREDICTED
FAILURE RATE

There is no simple, one-step formula for inferring
a predicted failure rate from the experimental data.
Instead, the failures of each individual activation
energy must be treated differently. The first step is to
calculate the equivalent device hours at the ambient
temperature of interest, utilizing the Arrhenius
retationship discussed earlier. This calculation
should be carried out for every mechanism observed
or expected. Thus, for example, the calculation for
the 0.3 eV activation energy oxide rupture mech-
anism shouid be carried out whether this failure
mechnaims is observed or not, since this mechanism

is always anticipated in MOS integrated circuits. The
extrapolation should be carried out utilizing the
junction temperature at the ambient temperature of
interest and not the ambient temperature itself. The
upper confidence limit is then calculated for the
failure rate for each activation energy. The upper
confidence limits for the various activation energies
are then summed for a total failure rate prediction.
{The meaning of the “upper confidence level” is that
with a certainty, or probability, of a certain level we
can say that the true value is less than the stated
value. Thus, the confidence ievel rate calculated is
non-zero even for the case where no failures are
observed, because we can't be sure that there will be
none.)

The results are tabulated in Table Vit based on the
data tabulated in Tables lII-V. As is seen. these data
lead to a predicted failure rate of 0.045%/1000 hours
at 70°C ambient with a 60% UCL and 0.028%/1000
hours at 55°C ambient with a 60% UCL. For com-
parison with other vendors who may use expected
values, the expected values of the failure rates are
calculated to be .030%/1000 hours (300 FIT) at 70°C
and 0.019%/1000 hours (190 FIT) at 55°C.

In reducing these data, we made the extremely
conservative assumption of applying no acceleration
forthe elevated voltage of the 75 VHTRB data. Had a
voltage acceleration been applied, the predicted
failure rates would have been lowered by another
two orders of magnitude. Although this technique of
data enhancement has been employed by some
companies, the more conservative estimate has
been used here. These results show that Xicor has
attained on its NOVRAM products failure rates
comparable to those reported by major suppliers on
standard volatile products.’®°

i Expected ‘ Expected
| ! Value of 60% UCL Value of 60°: UCL
Activation i | Equivalent Failure Rate Failure Equivalent Failure Rate Failure
Energy ' Hours at { Hours at ! Numberof | Hours at at70°C Rate Hours at at55°C Rate
leV! | 125°C } 150°C . Failures | 70°C [FIT] i [FLT) 55°C [FLT] (FLT,
i l I . ' -
03 171 « 10 | 543 - 10° 2 { 899 - 10° 220 340 | 135 10 150 230
—_ —+— 1 1 1 t A —— —— e - SR - =
06 171100 | 84300 3 373 - 10 80 | 10 | 842100 40 50
_ . ; ——— e I
| ' I “
10 171 - 10° 543 10° | 0 269 .- 10° — — o105 - 107 — |
TOTAL | “ 300 450 { 190 l 280

Table VIIi. RESULTS FOR TABLES {il-V
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SUMMARY

The data presented in this reliability report show
that the data retention of Xicor's NOVRAM tech-
nology is excellent. Even atas high atemperature as
300°C, only about 2% lose data in 1000 hours.
Theoretical grounds for expecting this result are
discussed. The predicted expected failure rate at
55°Cis 190 FIT (.019%/1000 hours) for a value of 280
FIT (.028%/1000 hours) at a 60% UCL. Finally, the
cerdip packaging employed is shown to be capable
of passing the Group D qualification requirements of
MIL-STD 883B, Method 5005.7.
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Cover Photo: Figure 7 Data retention vs. temperature for memory arrays
fabricated with Xicor's technology.

This report is based on data collected through September, 1983.
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X2816A/04A PRELIMINARY RELTABILITY SUMMARY

by Bruce Prickett §&
John Caywood

Introduction

The X2804A and &§816A are 4K and 16K electrically erasable programmable
read only memories (E“PROMs) organized as 512 x 8 and 2K x 8. These memories
operate on a sing]e 5 volt power supply for all operations. Figures 1 and 2
show the pin configurations of the X2816A and X2804A and the functional
diagram of the X2816A. Figure 3 is the package outline drawing for these
parts. Figure 4 and 5 are bit maps which illustrate the physical location of
the memory bits of the X2804A and X2816A respectively.

A]though Xicor introduced its X2816A_and X2804A E2PROMS only recently,
Xicor is an experienced manufacturer of ESPROMs. This is because the family
of NOVRAMs _(X2201A,X2210 and Xx2212) which Xicor introduced earlier all
contained EZPROMs integrated together with static RAM on a bit-for-bit
basis. The process technology and the 5 volt design tec?niques which had been
deve]oped for the NOVRAMs were carried over to the E QM products. This
experience enabled Xicor to introduce these 5-Volt only ES PROMs with a self
timed write cycle that includes latched address and data buffers. By
producing parts with these_features in production quantities, Xicor has set
the industry standard for £2 PROMs.

Technology

These EZPROMs employ the same triple poly n-channel process which Xicor
developed previously for NOVRAMs. With this technology, data is stored as the
presence or absence of charge on a piece of second-level polysilicon which
acts as a gate for a readout transistor. This piece of polysilicon is
completely surrounded by ~ 1000 A of thermally grown SiQ,, one of the best
electrical 1insulators known. Charge 1is transferred onto and off of the
storage gate by means of a quantum mechanical phenomenon, called Fowler-
Nordheim tunneling. This phenomenon has been described in detail in recent
publications.*”

The operation of the cell can be explained in terms of the schematic
diagram shown in Figure 6. First consider the left-hand read section, When
the word select line (which is fabricated in third level polysilicon) is de-
selected (i.e., low), the READ transistor is off. When the word select line
is selected (i.e., high), conduction through the READ transistor depends on
the charge on the floating storage gate. If the floating gate is charged
negatively, the channel beneath it 1is in accumulation and no conduction
occurs, This is read as a "0", If the floating gate is charged positively,
the channel beneath it is in depletion and the channel conducts. This is read
as a "1". The floating gate is programmed (i.e., charged negatively) by
taking the Word Select line and source lines high while the poly 1 WRITE BIT
line is held low. The floating gate is erased (i.e., charged positively) by
taking the word select line high while holding both the source and WRITE BIT
Tines low.
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As was explained in an earlier publication, tunnel current emitted from a
textured surface inherently decreases more rapidly with decreasing ,voltage
than does emission through thin oxide grown on a planar surface. This
results in lower leakage currents from the floating gate during storage and
during the read operation of_the part., The excellent data retention which
users may expect from Xicor ESPROMs is shown in Figure 7 where the log of the
measured data loss rate is plotted vs. inverse temperature. The slope of a
straight line passing through these data gives the thermal activation energy
for intrinsic data loss in Xicor's technology: 1.7 eV. Extrapolation of this
1ine to lower temperatures suggests that the mean time before data loss should
be 3,000,000 years at 125°C. Such extrapolations cannot be taken literally
but clearly show that data will be retained as long as anyone cares for
temperatures within the specified storage conditions.

Xicor's textured poly technology also yields EZPROMS whose ability to be
re-programmed (usually called "endurance") is good. Figure 8 shows the
current conducted by a typical cell as a function of the number of times that
cell had been programmed to a "0" or erased to a "1". As can be seen, the
current conducted in the erased state begins declining noticeably at greater
than a million cycles of data change, but after ten million cycles, the cell
current in the erased state is still about 70 uA while the current in the
programmed state is zero. These values provide good margin to the 50 uA value
which is the nominal value at which the sense amplifier circuit distinguishes
between "1" and "0".

Reliability Study and Results

As was mentioned above, Xicor's E2PROMs use the same process technology
and design techniques as the Xicor family of NOVRAMs. Additionally, these
products are fabricated in the same wafer fab facility and assembled in the
same assembly area with the same fssemb1y technology and controls as the
NOVRAMs,  For these reasons, the E“PROMs should be expected to exhibit the
same excellent long term reliability already demonstrated by Xicor's
NOVRAMs, The reliability studies reported here were designed to corroborate
this assumption.

One further note is that the X2804A is a smaller version of the X2816A,
created by designing a mask set which is just like the X2816A except that 3/4
of the array and two address buffers are removed (i.e., the X2804A is not a
fallout die from the X2816A production). Thus, the reliability study focused
on the X2816A as the more sensitive reliability indicator since it has four
times as many memory bits and about twice the active silicon area.

Since the study illustrated in Figure 7 showed a strong acceleration in
data loss at elevated temperatures, data retention was measured at 250°C.
(For an gctivation energy of 1.7 eV, data loss at 250°C is accelerated
1.4 x 10° times with respect to 125°C.) Table 1 shows the results of data
retention testing on two lots of material which was not intentionally cycled
and on two lots after 10,000 program/erase cycles. Although the sample is
small, in neither case was any data loss observed, which corroborates the
results of Figure 7.

Two other types of stress tests which were conducted on the X2816A were
high temperature reverse bias (HTRB) at 150°C and dynamic life test at
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show, no failures were observed 1n these tests for HTRB and three units
failed in 890,000 device hours of 125°C dynamic life test.

The failure rate of the 2816 was estimated based on the data in Tables II
and III. The method used is that discussed in some detail in RR502. The
results, shown in Table IV, predict an expected failure rate of 15 F.I.T.
(.0015%/1000 hr.) at 70°C and 3 F.I.T. (.00032%/1000 hr.) at 55°C. The

extrapolated value for the 60% UCL of the failure rates are 260 F.I.T.
(.026%/1000 hr.) and 140 F.I.T. (.014%/1000 hr) at 70°C and 55°C ambient,
respectively. The large difference between expected failure rate and 60%
confidence level for the failure rate are an indication of the enormous number
of device hours necessary to confirm the low failure rates observed.

Summary

The technology wused 1in producing the Xicor X2816A and X2804A are
reviewed, The reasons for expecting excellent data retention and good
eadurance are discussed. Finally, data are shown which confirm that these

E4PROMs share the excellent long-term reliability already demonstrated by
Xxicor's NOVRAM family.
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Table 1

250°C RETENTION BAKE

43 HOUR |1 168 HAOUR || 500 HOUR || 1000 HOUR|] 2000 HOUR TOTAL

FFAILT ZIN[[#FATIL] #IN[[#FAIL| FIN[|#FATL| #IN|[#FAIL] ZIN HOURS
Lot #1 0o | 50 0o | 50 0o | 50 0 | s0 0o | 50 97600
Lot #2 0 | 24 0 | 22 0 | 24 0 | 24 0 | 24 46848
(Cycled)
Lot #3 0 | 20 0o | 20 0 | 20 0o | 20 0 | 20 39040
Lot #4 0 | 55 0o | 55 0 | 55 0 | s5 0 | 55 1.1 x 10°
(Cycled)
TOTALS o | 149]| o |149 0 (149 0 [149 0 [149 2.9 x 10°

Table 11

STRESS 5.5V HTRB AT 150°C

75 TIOUR || 168 WOUR |] 500 WOUR 1] 1000 HOUR|]  TOTAL .
FFAIC] FIN|[[#FAIL| FIN||[FFAIC] FIN[|#FAIL] #IN[| _ HOURS 2o
20
Lot #1 o | 25| o [25|| o |25 o |25 || 23800 13
@
Lot #2 o |25 o |25 o |25} o | 25| 23800
Lot #3 o {105 || o {105 || o 105 || o {104 || 99460
Lot #4 o |25 || o | 25| o 25| o |25]| 23800
TOTALS o | 180f| o |18 || o |80 || o |179 || 1.7 x 10°
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Table I1I

DYNAMIC LIFE TEST AT 125°C

168 HOUR 11500 HOUR |1 1000 HOUR|] 2000 HOUR TOTAL
FEATL] #IN|[#FATCT #IN|[#FATL] #IN|[#FAIL] ZIN HOURS

Lot #1 0 (159 0 | 84 0 | 84 o |84l 1.7 x 10°
Lot #2 0 |152 0o | 93 0o | 93 12 | 93 || 1.9 x 10°
Lot #3 o | 75 o | 75 o | 75 o | 75 || 1.5 x 10°
Lot #4 0 |388 0o | 99 1 | 99 o | 98 || 1.3 x 10°
Lot #5 1P |387 0 |126 0 |126 - |- 1.5 x 10°
TOTALS 1 |161|| o 477 1 |477 1 350 || 8.9 x 10°
a = column failure; ionic contamination;l eV
b = stuck row; ionic contamination; 1 eV
¢ = single bit retention failure; non-repeatable ionic contamination; 1 eV

Table 1V
- ] Txpected 60% UCL - Txpected | BO0sTuCL
Activation Equivalent| Vvalue of Failure tquivalent| value of Failure
Energy Hours at Hours at Nunber of | Hours at |Failure Rate Rate Hours at |[Failure Rate Rate
(ev) 125°C 150°C_ | Failures 70°C at_70°C at 70°¢C 55°C at 55°C at 55°C
.3 18.9 x 10° [1.7 x 10° 0 |4.78 x 10°] 0%/1000 |.0195%/1000 |7.60 x 10%| o0%/1000nr .012/1000hr
6 [8.9 x 10° 1.7 x 10° 0 |2.26 x 107| o0%/1000 .0041%/1000 [5.73 x 107|  0%/1000 .N016/1000hr
1.0 8.9 x 105 1.7 x 105 3 1.97 x 108 .0015%/1000 .0021%/1000 }9.29 x 108 .00032%/1000 |.00044/1000hr
TOTAL 3 .0915%/1000 |.0257%1000hr L00032%/1000 | .014%/1000n0r
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Figure 1
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The arrangement of bits within

X2804A physical bit map.

Figure 4:

each byte are displayed for column P and suppressed for the other

columns in which the arrangement of column P is duplicated,
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The arrangement of bits within

X2816A physical bit map.
each byte are displayed for column P and suppressed for the other

Figure 5:
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Figure 6: £2 cell schematic
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Figure 7: Data retention vs. temperature for memory arrays
fabricated with XICOR's technology
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Figure 9: Dynamic 1life test set-up showing the circuit

configuration (a) and the timing (b). The clock frequencies of
higher order address signals are divided down in binary sequence

from AO'
a.
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Figure 10:

Static l1ife test bias diagram
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