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'+ TEST ABSTRACT

. Electrical characterization tests were performed on 35 RCA o

CDP1822SD, 256-by-4-bit, CMOS, random access memories. The tests
included three functional tests, AC and DC parametric tests, a series of : 5

u schmoo plots, rise/fall-time screening, and a data retention test,

| All tests were performed on a Tektronix S-3260 automated IC test

system, Temperatures were controlled by a Temptronic TP450A thermal 34

All the functional tests, the data retention test, and the AC and DC
i parametric tests were performed at ambient temperatures of ZSOC, -ZOOC,

-55°C, 850C, and 125°C. The schmoo plots were performed at ambient

|
|
‘s airstream unit, '
l
temperatures of ZSOC, -550C, and 1250C. The data retention test was 1
performed at 25°¢C, |

Five devices failed one or more functional tests and four of these
devices failed to meet the expected limits of a number of AC parametric
tests. Some of the schmoo plots indicated a small degree of interaction

W between parameters,

iii
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1,0 INTRODUCTION

This report documents the electrical characterization tests performed
on the RCA CDP1822SD, 256-by-4-bit, CMOS, random access memory. The
results of these tests are eresented in plots, histograms and statistical
analyses of the data, The tests performed include functional tests, AC and
DC parametric tests, schmoo plots, a data retkention test, and a rise/fall-
time screening test. The functional tests were performed on a pass/fail
basis to 1) ';rérify that data could be written into and read from each location
in the memory afray, and 2) assure proper address decoding. The AC para-
metric tests were performed functionally using standard memory test patterns.
The DC parametric tests were all static measurements made by forcing spe-
cific conditions on the device and measuring a voltage or current. The schmoo
plots were performed to determine if any interdependence of device parameters
existed, The data retention test determined if data could be retained in the
memory array at reduced supply voltage. The rise/fall-time screening tests
were included at the request of JPL. Their purpose was to screen for system
use problems associated with slow rise/fall-times on the address lines.

All of the tests were performed on a Tektronix S-3260 automated IC
test system. The schmoo plot tests were performed at ambient temperatures
of ZSOC, -SSOC, and IZSOC. The functional tests and the AC and DC param-

etric tests were performed at ambient temperatures of 25°C, -ZOOC, -SSOC,

'85°C, and 125°C, Temperature control was provided by a Temptronic

TP450A thermal airstream unit under test program control.
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2,0 DEVICE DESCRIPTION 7

The RCA CDP1822SD is a 256-by-4-bit,‘ silicon-on-saphire (SOS),
random access memory, The device is organized into 256 4-bit words and
packaged in a 22-lead, ceramic, dual-in-line package. Brief descriptions
of its operation and of the function of each of its external connections are
givenin 2,1 and 2,2, See Figures 1l and 2 for terminal assignments and

logic diagram.

MA3 —] 1 ~ 22 VDO
MA2 — 2 21— mae ‘
Ma1 —] 3 ' 20 |— MWR

MAO— 4 19 b— cs1 ‘

mMas~— 5 18 }|— mrRD 1
MAE —] & 17 — cs2

MA7——1 7 16 — pos

vss — g : 15 | pOI

o0 —{ 9 14 — po2

DOO =i 10 o 13 |— D12

o1 —— 11 12 |— po1

TOPVIEW :

Figurc 1. Terminal assignments.
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MA1 MA3

MAO MA2

b

= CS1
acoBuFrER | o
DECODER le— cs2
MAd——p| .
w
—] L x —— o)
MAS Su 266-BY-4 ve
mas—a] 28 STORAGE vss
8
MATemmep] <O
INPUT ouUTPUT
e P ——
MWR BUFFER 3.STAGE BUFFER MRD
Dio D12 poo 002
oIt DI3 o1 D03

Figure 2. Functional diagram.

2.1 PIN DESCRIPTIONS

2.1.1 Chip Select (CS1 and CS2) Inputs

The chip select inputs are used to enable or activate the memory,
The memory is enabled for read or write only when CS1 is low (logic ''0'")
and CS2 is high (logic "1"), The memory is disabled for all other combina-
tions of CS1 and CS2. When the memory is disabled, the memory outputs
are in a high-impedance state, Refer to Table 1 for Truth Table,

2.1,2 Write Enable (MWR) Input

The MWR input controls write/read mode selection, When MWR is
high (logic ''1'"), the memory is in a read mode. When MWR is low
(logic ''0"), the memory is in a write mode and the output is in a high-

impedance state, Refer to Table 1 for Truth Table,

0_= Ada ‘hA"w— ) j‘& N ‘;’J R 5‘? T
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TABLE 1,. TRUTH TABLE

Function | MWR | CST | cs2 | MRD Data Out (DO)

_ : ————
Read 1 3 1 0 Storage state of addressed cell
Write 0 3 1 1 * High impedance
Write 0 0 1 X New data-in state

X 1 X X High impedance
Standby X 0 X High impedance
1 0 1 1 High impedance
Logic "1" = High Logic "0" = Low X = Don't care

2.1.3 Address (MAO through MA7) Inputs

The address inputs select one of 256 possible memory array loca-
tions, Data may either be written into or read from the selected location in
the memory, provided the memory has been enabled with the chip select
inputs, MWR must be in the proper logic state to select the desired mode of

operation,

2,1, 4 Data-In (DIO through DI3) Inputs

The data input lines are the path through which data is written into

the memory array,

2.1.5 Data-Out (DOO through DO3) Outputs

The data outputs are the lines through which data from the memory
array are sampled during a read operation, Positive logic is used (i, e, ,
a logic '"1'" written into the memory array is recognized as a logic ''l1'" when

read from the memory array).

2,1, 6 Output Disable (MRD) Input

The output of thi¢ memory is disabled (in a high-impedance state)
when MRD is high (logic "1"),

2-3




2.2 DEVICE OPERATION

For the following descriptions, refer to the timing diagrams in

Figure 3,

2.2.1 Write Mode

To write data into the memory array CSI1 must be low
(logic '""0") and CS2 must be high (logic ''1""), The address data must be valid
for time period TAS™ prior to MWR high-to-low transition and must remain
valid for time period TAH™ after MWR low-to-high transition, The data inputs

must be at the desired level for time period TDS™ prior to MWR low-to-high
transition and remain in the selected state for time period TDH" after MWR

low-to~high transition, MWR must remain low for a minimum of TWP™*

2. 2.2 Read Mode

To read data from the memory array, CS1 and MRD must be low
{logic "0") and CS2 must be high (logic ""1"), MWR must be high. The
desired memory array position is selected by means of the address lines.

Valid data will be available at the output after time interval TAA*.

RiA
v

"TAS = address setup time,
TAH = address hold time,
TDS = data setup time,

TDH = data hold time,

TWP = write pulse time,
TAA = address access time,

2-4
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3.0 DESCRIPTION OF TESTS

3.1 FUNCTIONAL TESTS

alive'' test with conditions set well within the operating limits for the device.

Three functional tests were performed. The first was a ''dead or

The second and third tests were run under more severe conditions,

‘to Table 2.) All the functional tests used galpat as the test pattern,

3.2 AC PARAMETRIC TESTS

3.2.1 General Description.

(Refer

All AC parameters were tested functionally'using memory test

patterns.

functional test was performed to determine whether the memory could function

at the programmed value,

The parameter of interest was set to a starting value and a

If the memory failed the functional test, the param-

eter was incremented by 2, 5, or 8 ns, depending upon the parameter, This

TABLE 2, FUNCTIONAL TEST CONDITIONS
Test Cfonditions
Test Logic "0" | Logic "1" o i
No. | vDD| VIL | VIH J Threshold | Threshold | Time | TWP | TDS | TAA
10V | oV |9.5V 1V 9V 1 us|300 ns|700 ns| 900 ns
1oviiv 9.0V 1V 9V 256 ns|100 ns|{200 ns|230 ns
5V | 0.5V|4.5V] 1V 4v 352 ns|200 ns|300 ns| 330 ns
Notes: CS1 and MRD = logic "0",
CS2 = logic "1,
3-1
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process was repeated until the memory passed the test or until the range of

values for the parameter was exceeded. The value of the parafneter was. ‘

recorded at the time of the successful completion of the functional test by the
memory, If the range of values for the parameter was exceeded without the
memory passing the functional test, a 1K default reading was recorded,

All parameters were measured at three sets of test conditidﬁs (refer
to Table 3). Timing conditions for the individual AC parametric tests are

listed in Table 4,

3.2.2 Write Cycle Time (TWC)

The pattern for the TWC test was divided ihto separate read and write
sections so read cycle timing could be set independently from write cycle
timing, This allowed enough read cycle time to assure a proper read opera-
tion and prevent address access time from affecting TWC data.

Before the start of the TWC test, TWP and TPH were set to the Values“;.«"‘
measured for these parameters plus 10 ns, To measure rTI‘WC, the value of \
TWC was varied over a range starting at (TWP + TDH + 20 ns)yor 80 ns (test R
system minimum cycle time), whichever was greater, to a final value of f
450 ns.

functional test was recorded.

The value of TWC at the time of successful completion of the

TABLE 3, AC— PARAMETRIC TEST CONDITIONS - ‘-
Input
Voltage - Output Compare Levels
Levels L
Test =
Condition| VDD | VIL | VIH Logic '"'0" Threshold | Logic "1" Threshold
e

1 45V | ov | 4.4v 1v 3.5V

2 5.0V ] 0V | 4,9V 1v 4,0V

3 5.5V | 0V 9.9V 1v 8. 0V

3-2




dQ0d SI ADVd TYNIDIYO
4HL JO ALIIIDNAodday

€-¢

TABLE 4. AC—PARAMETRIC TIMING CONDITIONS

Timing Conditions

Compare Strobe
4 (Measured from Start

Parameter TAS TAH “TDS TDH TWP of Cycle)
TAA 1400 ns. 300 ns 700 ns 300 ns 300 ns |Varied from 50 ns to
‘ ) 600 ns in 5-ns iner
TAS  |Varied from| 250 ns 700 ns 300 ns 300 ns 900 ns
-40 ns to
T 1300 ns in k
2 ns incr SR
T AH 400 ns |Varied from| 700 ns |  300'ns 300 ns 900 ns
S =20 ns to x
200 ns in-
2.ns incr
TDS 400 ns 300 ns Varied frorr; 250 ns 300 ns 900 ns
-40 ns to
250 ns in
2 ns incr
TDH 400 ns 300 ns 700 ns Varied from 300 ns 900 ns
- -20 ns to
200 ns in
2 ns incr
TWP 700 ns 300 ns 700 ns 300 ns Varied from- 900 ns
minus TWP | 20 ns to
300 ns in
2 ns incr
Notes:  Cycle time = 1 us, CS2 = logic "1,
CS1 & MRD = logic "0". _ Pattern used = galpat.
(Continued next page)
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(Table 4, continued)

Timing Conditions
Compare Strobe 5
{(Measured from
Parameter TCSS1 TCSS2 TCSHI1 TCSHZ2 Start of Cycle) | Comments
= : . -
TCSS1 Varied from N/A 250 ns N/A 900 ns CS2 = logic "1}
0 ns to :
550 ns in ’ §
2 ns incr
TCSS2 N/A Varied from N/A 250 ns 900 ns CS1 = logic "0"
10 ns to ’
550 ns in" ‘ :
2 ns incr- - {
TCSHI 700 ns N/A Varied from N/A 610 ns | CS2 = logic "1" |
E ' 0 ns to
250 ns in--
2 ns incr
TCSH2 N/A 700 ns N/A | Varied from 610 ns CS1 = logic "'0"
0 ns to
250 ns in
2 ns incr | 1
Notes: Cycle time = 1 ps, |
TAS = 400 ns. 1
TAH = 300 ns. |
TDS = 700 ns. ‘ |
TDH = 300 ns, |
TWP = 300 ns, v 8
Pattern used = galpat. |
{
(Continued tiext page) ;
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(Table 4, continued)
r ’ Timing Conditions
l Parameter TDOH]1 TDOH2 TDOH3 " Comments
= = _ | ]
TDOH1 Varied from N/A N/A CS2 =logic "1" —
o 300 ns to m - ].OgiC no
0 ns in i
2 ns incr TWP = 200 ns
net TAS = 350 ns
TDOH2 N/A Varied from N/A CS1 = logic "0"™ TAH = 450 ns
' 300 ns to —_— L h TDS = 550 ns
0 ns in MRD = logic "0 TDH = 450 ns
2 n's mner Cycle time = 1 ps
. - e TN )
TDOH?3 N/A N/A Varied from| CS1 = logic "0 Pattern = checkerboard
|300 ns to CS2 = logic "1"
10 ns in g '
2 ns incr
‘-."’ ;
W _ Timing Conditions
| Parameter TDOAl TDOA2 ‘TDOA3 Comments
TDOAl |Varied from N/A N/A  |CS2 = logic "1" TWP = 250 ns
(output 0 ns to TAS =1 ps
enable from}450 ns in TAH = 250 ns
CS1) 2 ns incr ’ o TDS = 1.25 pus
TDOA2 N/A Varied from N/A |CSI = logic "0" TDH = 250 ns
(output 0 ns to Cycle time = 1.5 ps
enable from 450 ns in Patterp = checkerboard
CS2) ‘ 2 ns incr — — - MRD = logic "'0"
TDOA3 " N/A N/A Varied from|CS1 = logic "O0" TWP = 300 ns
{output T 3 0 ns to _ TN TAS = 400 ns
enable 450 ns in | C5% = logic "l TAH = 300 ns
from MRD) 2 ns incr TDS = 700 ns
: TDH = 300 ns
Cycle time = 1 ps
- Pattern = checkerboard
(Concluded next page)
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(Table 4, concluded)

Timing Conditions

Parameter Read Cycle Write Cycle
TRC varied from 80 ns to 450 ns in 8 ns Cycle time = 1 ps
increments TAS = 400.ns

TRC Compare time = TRC minus 20 ns TAH = 300 ns

(read cycle time)

TDS = 700 ns

Pattern = diagonal (read only) TDH = 300 ns

TWP = 300 ns
Pattern = Diagonal (write only)

Cycle time = 1 ps TWC varied from 80 ps or
(TWP + TDH + 20 ns)”
TWC Compare time = 900 ns whichever is greater, to 450 ns
(write cycle -

time) Pattern = diagonal (read only) TWP and TDH set to the measured

value for these parameters plus
10 ns

Pattern = Diagonal (write only)

“The previously taken values (just prior to this test) of TWP and TDH plus 20 ns.

B ey - -actan




If the range of values for TWC was exhausted without the functional '
test being passed, TWC and TDH were incremented by 5 ns ard the process '
was repeated, If after adding 20 ns to TWP and TDH, and after incrementing ;o
through the range of values for TWC, the functional test still was not passed, :' i
a default value of 1K was recorded for TWC, '

3.3 SCHMOO PLOTS

Schmoo plots determine whether interdependence exists between two
device parameters, They also provide information on the operating range of p

the device, Plots were performed on the following parameters:

- TWP versus TAS (address setup time)
TWP versus TAH (address hold time)
TWP versus TDS5 (data setup time)

" TWP versus TDH (data hold time).

The following is a description of TWP versus TAS, but it is also a
general outline of how the schmoo plot tests were performed, The TWP
versus TAS test was performed with the address lines on RZ (return-to-
zero) and RZL™ (return-to-one) timing. Refer to Table 5 for test conditions.
Timing conditions for the individual schmoo plots are lited in Table 6. Both : |
TWP and TAS were set to a starting value below their operating range. TAS

was incremented through a range of values until it reached a

TABLE 5, SCHMOO PLOT TEST CONDITIONS ' : |

Output Compare Levels |

Test ‘ - o
Condition | VDD | VIH VIL | Logic "1" Threshold | Logic "0" Threshold S
lmm‘:::% — 5 1
5V | 4.9V | ov 4v v -

2 10V | 9.9v | ov 8V | 1v ~ o

Pattern used = skip, 1

=‘cRZI = return to zero, invert (equivalent to return-to-one condition), |

RODUCIBHJITY OF 3.7 , , |
I(;gGINAL PAGE IS POOR = o
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TABLE 6, SCHMOO PLOT TIMING CONDITIONS
Timing Conditions
Compare Strobe
(Measured from
Test TAS TAH TAS TDH TWP Start of Cycle)
TWP | Varied from 250 ns 700 ns 300 ns Varied from 900 ns
versus | -10 ns to 20 ns to
TAS 70 ns in 160 ns in
2 ns incr 10 ns incr
"TWP >520 ns Varied from 700 ns 300 ns Varied from 600 ns
versus -30 ns to 30 ns to
TAH 10 ns in 180 ns in
2 ns incr 10 ns incr
TWP >520 ns 300 ns Varied from 250 ns Varied from 900 ns
versus | -10 ns to 30 ns to
TDS 50 ns in 120 ns in
2 ns incr 10 ns incr
TWP >520 ns 300 ns 700 ns Varied from | Varied from 900 ns
versus -30 ns to 30 ns to
TDH 30 ns in 120 ns in
2 ns incr 10 ns incr
NOTES: Cycle = 1 ps
CS1 & MRD = logic "0",
CS2 = logic "1".
Pattern used = skip.
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pr}edetermined stop value, After each increment, a functional test was
performed. If the functional test passed, an asterisk was printed on the plot
indicating that for those values of TWP and TAS the memory functioned
properly. When the stop value for TAS was reached, TWP was incremented
and TAS was reset to its starting value, The process described above was
repeated until TWP reached its predetermined stop value plus one incfement.

At this point the test was terminated,

3.4 DATA RETENTION TEST

The data retention test determined if the devices were able to retain
data in the memory array at a reduced supply voltage. A checkerboard
pattern was written into the memory at a supply voltagﬁe of 11,5V, All
voltage and timing conditions were well within the operating range for the
device, After the write operation, CS2 was switched to a logic zero level,
disabling the device, Then the rest of the inputs were also switched to a logic
zero level, The supply voltage was reduced to i, 8V, After approximately,.,
2‘ seconds, the supply voltége was returned to 11, 5V, all input voltage condi-
tions were reestablished, and the contents of the memory array were read to.

verify data integrity. : -

......

3.5 RISE- AND FALL-TIME TEST

All samples were screened for susceptibility to functional failures,
resulting from slow rise and fall times on the address;’-;s,lines. A galpat pattern

was used for this test, Refer to Table 7 for sets of test conditions,

3.6 DC PARAMETRIC TESTS

The following tests were performed in accordance with the test con-

ditions specified in Table 8:

IIL (input low current) VOL1 and VOL2 (output voltage low)

IIH (input high current) VOH1 and VOH2 (output voltage high)
IDN1 and IDN2 (output sink IC1 to IC4 (quiescent device current)
current) . I0Z1 to IOZ8 (output leakage current)

IDP1 and IDP2 (output
source current)

ILPD (power down device current)

3-9
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TABLE 7, RISE- AND FALL-TIME TEST CONDITIONS

Test Cfé)ndition No, 1 Condition No, 2
‘%
VDD 10v 5V
VIH 9.5V 4,5V
VIL ov ov
Logic '"1" threshold level 9V 4V
Logic '"'0" threshold level 1v 1v
Cycle time 10 ps 10 us
TWP 200 ns 200 ns
TDH
T AH 50 ns 50 ns
TAS
TDS >1 ps >1 s
TR/TF address lines 5 us 5 us
3-10




: o e R bt el P Bz

e8. TABLE 8. DC - PARAMETRIC TEST CONDITIONS
5 E Terminal Condition {(Pins Not Designated are Open) U
é % A{%) X=0to7 | DY) Y=0to3 DO(Y)-¥=0to3 |VSS.| CS2 MRD | Cs1 | MWR | vDD r:
g 8 Symbol | Note | (1} to (7), (21) [(9), (11), (13), (15) | (10), (12), (14), (16} (8) a7 (18) (19) (20) (22) ¥::; g
E = VIC1 A(X)= 1 mA GND GND | AX) | Vv
= E VIC1 DI(Y) = 1 mA GND GND | DIY) | V
=7 VIC1 GND| 1mA GND 17 v
- % VIC1 GND 1 mA GND 18 v
8 -3 VIC1 GND 1 mA GND 19 v
® T VIC1 GND 1mA| GND | 20 | V

W
viC2 A(X) = -1 mA GND GND | A(X) | V
vIC2 DIY) = -1 mA GND GND | DKY) | V
- vicz GND | -1 mA GND 17 v
vIC2 GND -1 mA GND 18 v
VIC2 GND -1 mA GND 19 v
W VIC2 GMD -1 mA| GND 20 v
ut

- L A(X) = OV DI(Y) = 10V GND | 10V 10V 10V 10V 11.5V | A(X) | nA
1L A(X) = 10V DI(Y) = OV GND | 10V 10V 10V 10V 11,5V | DKY) | nA
oL A(X) = 10V DI(Y) = 10V GND | GND | 10V 10V 10V 1.5v] 17 | naA
L A(X) = 10V DI(Y) = 10V GND | 10V GND | 10V 10V 11.,5V]| 18 | nA
L A(X) = 10V DI(Y) = 10V GND | 10V 10V GND | 10V 11.5V| 19 | nA
L A(X) = 10V DI(Y) = 10V GND | 10V 10V 10V GND | 11.5v| 20 |[=aA
biict A(X) = 11,5V DI(Y) = OV GND| GND | GND | GND | GND | 11.5V| A(X) | nA
IH A(X) = OV DI(Y) = 11,5V GND| GND | GND | GND | GND | 11,5V | DKY) | nA
H A(X) = OV DI(Y) = OV GND | 11.5V | GND | GND | GND | 11,5V 17 | nA
= A(X) = OV DI(Y) = OV GND| GND | 11.5V | GND | GND | 11.5v| 18 | nA
IH A(X) = OV DI(Y) = OV GND| GND | GND | 11.5V |{ GND | 11,5V} 19 | nA
IH A(X) = OV DI(Y) = OV GND | GND | GND | GND | 11.5V [ 11.5V| 20 | nA
IDN1 (a) A(X) = OV DK(Y) = OV DO(Y) = 0. 4V GND | 5V GND | GND 5V 5V DO(Y)| mA
IDN2 (a) A(X) = OV DI(Y) = OV DO(Y) = 0, 5V GND | 10V GND | GND | 1OV 10V DO(Y)| mA
IDPI1 {b) A(X) = OV DI(V) = 5V DO(Y) = 4. 6V GND | 5V GND | GND 5v 5V DO(Y)| mA
IDP2 (b) A(X) = OV DI(Y) = 10V DO(Y) = 9.5V GND | 10V GND | GND | 10V 10V DPO(Y)| mA

(Concluded next page)
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{(Table 8, concluded)

(c) Power-down test,

{a) Write all zeros in memory,
(b} Write all ones in memory,

Write checkerboard with VDD = 11, 5V,
Return VDD to 11.5V and read memory (verify contents),

Lower VDD to'l, 8V. All inputs £ VDD, Measure ILPD,

Terminal Condition (Pins Not Designated are Open) u
A(X) X=0ta7 DI{Y) Y=0¢to3 DO(Y) Y=0to 3 | VSS cs2 MRD Csi | MWR | VDD i\l
Symbol | Note | {1)to (7), (21) {9, {11), {13), (15)}(10), (12), (14}, {16)] (&) an {18) (19) (20) (22) 1%‘4;3; g
VOL1 (a) A(X) = 5V DY{Y) = 0, 8V DO(Y)=2.0mA | GND | 4.5V | GND GND 54 5V DO(Y) | mV
VOL2 {a) A(X) = 10V DI(Y)= 0.8V DO(Y)=4.0mA | GND | 9,5V | GND | GND 10V 10V DOLY) | mV
VOH1 (b) A(X) = oV DI{Y) = 4,5V DO(Y)=1.0mA | GND | 4,5V | GND GND 5V 5V DO(Y) | V
VOH2 (b) A(X) = OV DI{Y) = 9,5V GND | 9.5V | GND | GND 10V 10V po(Y) | Vv
L1 (a) A(X) = OV DI(Y) = OV GND | 10V GND GND 10V 11,5V 8 pA
L2 (a) A(X) = 10V DI(Y) = 10V GND | 10V GND GND 10V 11,5V 8 RA
L3 (b) A(X) = 0oV DI(Y) = OV | GND | 10V GND | GND 10V 11.5V 8 pA
IL4 (b) A(X) = 10V | DI(Y)= 10V . GND | 10V GND | GND 10V 11,5V 8 pA
1021 (b) AlX)= oV i DI(Y) =0V DO(Y) = 11,5V GND | 3.5V | GND | GND 11,5V | 11,5V | DO(Y) | pA
1022 {b) A(X) = 0V . DIY)= OV DO(Y) = 1.5V GND | 11.5V . 8V GND 11.5V | 11.5V | DO(Y) | pA
1023 (b) A(X) = 0V { DL(Y) = OV DO(Y) = 11,5V | GND | 11.5vV | ov 8V 11,5V | 11,5V | DO(Y) | pA
1024 (b} A{X) = OV \ DI(Y) = OV ; DO(Y)=11.5V [ GND| 1L.5V}| OV 0V 3,5V | 11.5v| DO(Y) | pA
1025 (b) A(X) = 11.5V |  DIY)= 0V | DO(Y)=11.5V  GND | 3.5V | OV | 0V 11.5V | 11.5V| DO(Y) | pA
10Z6 {b) A(X) = 11,5V DIY) = OV | DoY) =11.5V ' GND | 11.5V 8v | ov 11.5V | 11,5V} DO(Y) | uA
1027 | (b) AX)=11.5V | DIY)=0V i DO(Y)= 11,5V  GND | 11,5V 0V 8V 11.5V | 11,5V | DO(Y) | pA
1028 {b) A{X)=11.5V |  DUY)= 0V | DO(Y)=1i.5V 1 GND | 11.5V oV oV 3.5V | 11.5V} DO(Y) | pA
ILPD (c) | | 22 LA
: i | :
: i
| | >
| ; |
- R — — JE SN PRIV JL._“,,WMw e L ,.AL‘__..W_.A_,,AMW —




4,0 DATA SUMMARY

The test results are divided into two main groups. The first group
includes the functional tests, AC and DC parametric data, and data retention
test results, Histograms and statistical data were generated from the AC
and DC parametric data (refer to Appendix A). The raw data, which includes
results from the first group, is located in Appendix B, The second group

includes the schmoo plots, which are located in Appendix C,

4,1 SUMMARY, RAW DATA

Out of 35 samples tested, 5 failed 1 or more of the functional tests
(refer to Table 9). Of the five samples that failed functional tests, four also
failed to function within the expected operating range for a number of AC
parametric tests (refer to Table 10), The expected operating range for the
individual AC parameters is listed in Table 11, Some of the data that
indicated possible device problems was found on retest to be invalid, The

retest data for these devices is summarized in Table 12,

4,2 SUMMARY, SCHMOO PLOTS

- Some of the plots indicate interactions between device parameters
(consult the data in Appendix C). Lack of interaction between parameters is
indicated by a perfectly rectangular plot. The TAS versus TWP plots show
no sign of interaction, These plots indicate that for write pulse widths below
a certain value, the time interval from the address transition to the write B

enable high-to-low transition becomes the controlling factor,

,(,'g,




TABLE 9, FUNCTIONAL FAILURES

Test Temperature
Device Serial Functional p o o o o
Number Test Number(@) | 25°c | 20°c | -55°C | 85°C | 125°C
F:_
1
2
3 3 ;
4
1 e
18 2
3 ; ; ; ; :
4 sl E g 8
1
2
19 3 : ! :
4
1
25 2
3
4 5k 3 £ % i
1
2
32 3
4 B }j B sk X
(a): No. 1 = wide limit functional test (VCC = 10V).
" No. 2 = tight limit functional test (VCC = 10V),
No. 3 = tight limit functional test (VCC = 5V),
No. 4 = Data retention test,
# = Failed functional test
4-2
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TABLE 10, AC—PARAMETRIC TEST SUMMARIES

SN{ Temp (OC) VCC (Volts) Parameter Data (ns) Comments
TDOAL >450 Exceeded range
TDOA?2 >450
3 =35 4.5 Failed because
TPDH <0 of slow address-
access time
25 5.0 TCSS1 >550
TDOAI1 >450
=20 4,5 TDOA2 >450
TPDH <0
TAA >600
TAS2 >300
18 TAH >200
-55 4,5 TCSH1 and 2 - >250
TDOA1! and 2 > 450
TDOHI1, 2, and 3 <0
TPDH <0
85 10,0 TPDH <0
125 10,0 All except TAS2 e
TDOA1 >450
19 -55 4,5 TDOA? > 450 Exceeded range
25 4.5 TCSS1 and 2
-20 5.0 TCSH1 and 2 <0
32 -55 TDOAI1 and 2
85 TDOH]1 and 2 >300
125

“Values exceed range. Refer to Table 11 for end-of-range values.
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TABLE 11, AC~ PARAMETRIC TEST RANGE

Test Start of Range (ns) End of Range (ns) Increment (ns)

TAA 50 600

TDS -40 250

TDH -20 200

T AS1 -40 300

TAS2 -40 300

T AH -60 200

TWP 20 300

TCSS1 550

TCSS2 550

TDOAI 450

TDOA2 450

TDOA3 450

TDOH1 300 -2
TDOH?2 300 -2
TDOH3 300 -2
TPDH 200 0 -
TRC 80 450

TWC o 450 8
TCSHI1 250

TCSH?2 250 2

# = 80ns or (TWP + TDH + 20 ns),
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TABLE 12, RETEST DATA SUMMARY
Data
SN | Temp (°C) | Parameter | Pin Original | Retest Comments
25 ViCl1 Cs2 4,96V 2,94V
ViC2 CS2 | -4.95V -2.93V
25 TCSH2 0 ns %
12 at VDD = 4,5V,
-20 N/A 5.0V, and 10, 0V
-55
25 ViCl csz | 4.96V | 2.79V
15 Vi1Ce CS2 | -4, 96V -2.81V
85 TDOH1 N/A 0 ns 54 ns |at VDD = 10, 0V
25
-20 ViCl CS2 | =4, 96V | =2,8V
-55 ViCcz CS2 | =4,96V |[=-2,8V
16 85
25 TCSH2 N/A 0 ns w* at VDD = 4,5V,
=20 5.0V, and 10, 0V
-55
30 25 ViCl CS2 5,01V 3,03V
ViC2 CS2 | -4,98V -3,03V
% = Data consistent with data for other samples.
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5.0 PATTERN DESCRIPTIONS

5.1 GALPAT (Figure 5)

Write a background of zeros into all memory addresses, Write all
ones into the first reference word, Read the first background word., Read
the reference word, Read the next background word, Read the reference
word, Read the next background word, continuing this sequence until all
background words have been checked, Write the reference word to zero and
write a one into the next reference word,  Repeat the process until all words
have been used as reference word. Repeat the entire sequence using a back-

ground of ones and a test word (for the reference word) of all zeros,

5.2 CHECKERBOARD (Figure 6)

Write alternate (1010) and (0101) into all memory locations while
incrementing the address count from memory location zero to memory
location 255, Read alternate ’~(1010) and (0101) in all memory locations,
Write alternate (0101) and (1010) into all memory locations. Read alternate

(0101) and (1010) in all memory locations,

5.3 DIAGONAL WRITE (Figure 7)

For the purposes of this explanation, address lines AO through A3

~are designated as row address lines, and address lines A4 through A7 are

designated as column address lines. ;
Write zeros into all memory locations, Write ones into all memory

locations where the row and column address are equal,

5-1
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s,

‘ ‘ STARY ’

XM = 17, YM = 17 Y
XB =0,YB = 0 ‘

X 0O,y =0 ) P
D=0,A=1 .

: ! WRITED AT S Ny
—’l ‘ ~®  AooRess xgvs [* Poe i<

WRITE D AT +
ADDRESS XY !

XY =90

! X7 ; S
XY .y i PO .
‘; - YES |  READD AT | -
~ XB YB ADDRESS XY 1 ‘
' NO , . i :
INC XY - 5 ‘

READ D AT ! : s i
ADDRESS XY . : ' ; N

e \ 4 _ =

READ D AT } i L
.-.ADDRESS XBYB ‘ i s

NO l i ‘

WRITE D AT ‘ .
ADDRESS XBYB :
| INC xBYB .
X8 =0, YB = 0 .
X =0Y=0
D = 15 :
DEC A
Figure 5. Galpat flow chart
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‘ START )

\ 4
XM =17 YM= 17
X=0Y=0
D=12

A=1

WRITE D AT
ADRESS XY

INC'XY

NO

YES

READ D AT
ADRESS XY

INC XY

XY = 0
D=6
DECA

Figure 6. Checkerboard flow chart
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START

y - ! ..
XM =17, YM= 17
XY =0 4
o=0 o /

A
WRITE D AT
ADDRESS XY

XY
- o INC XY

XMYM

YES

XY = 0 . -

WRITE D AT P
ADDRESS XY ; ‘

| | ’

NO INC X
| INCY

Figure 7. Diagonal write flow chart R
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5.4 DIAGONAL ROW/COLUMN PING-PONG READ (Figure 8)

Read the first word in the diagonal, which becomes the reference word

for the row/column read. Read all the words in the same row as the refer- ;

ence word as follows: Read the reference word. Read the first background
word in the row, Read the reference word, Read the next background word
in the row, Continue this procedure until all the words in the row have been
read. Repeat the above procedure for all the words that share the same
column as the reference word, Upon completion of reading the column, -
select the next word in the diagonal as the Vreference word and repeat the
entire procedure, The above procedure is repeated until every word in the

diagonal has been selected for the reference word once,

5,5 MODIFIED CHECKERBOARD (Figure 9)

Write alternate (1010) and (0101) into all memory locations while
incrementing the address count from memory locations zero to memory
location 255, Increment through the memory a second time, reading the
contents of the memory and rewriting the memory at each memory address,
The data written into the memory on the second pass is the same as the

data written on the first pass,

5,6 SKIP (ROW/COL GALPAT) (Figure 10)

Write a background of zeros, Write all ones into the first reference
word, Only background words which share thé same row or the same column
as the reference word are read, Read the first background word in the row,
Read the reference word, Read the next background word in the row, and
continue this sequence until all the background words in the row‘{h'ave been
checked, Now repeat this process with all the words that share the same
column as the reference word, Write the reference word back to zero and

write a one into the next reference word.,’ Ré‘peat the process until ali words

have been used as the reference word. Repeat the entire sequence using a

background of ones and a test word (for the reference word) of all zeros,

5-5
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XM = 17, YM = 17
XY=°'D=°
X8 =0, YB =0

READ D AT ADDRESS XBYB
X =0
READ D AT XY NYES| Reao B At
ADDRESS XY XBYB ADDRESS XY
NO
READ D AT READ D AT
ADDRESS XY ADDRESS XY
A Y
READ D AT ' READ D AT
ADDRESS XBYB ) ADDRESS XBYB
NO ’ nof
INC X INC Y
i YES YES
; : ; o y
X = XB Y = YB
| .
|
1 |
READ D AT READ D AT
ADDRESS XEYB ADDRESS XBYB
Y
Y =0
INC XB
INC Y

Figure 8. Diagonal row column ping pong read flow chart
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% 'g
T

s

g Y
START ERE I |
.

XM =17, YM= 17 P
XY =0 k ‘
D=12

e

»

WRITE D AT ‘ ' k |
ADRESS XY o

¥ |

INC XY

L 2 ‘

WRITE D AT
ADRESS XY

XY NO NOTE: CHECKERBOARD MODIFIED
- INC XY FOR (TPDH) OUTPUT DISABLE
XMYM TIME TEST.

YES

XY =0

Ia
READ/WRITE D
AT ADRESS XY

'

INC XY

v

READ/WRITE D
AT ADRESS XY

INC XY

Figure 9. Modified checkerboard flow chart
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WRITE D AT
ADDRESS XY

WRITE D AT

Y

ADDRESS X8YB
X =0

4+

INC X

no /XY
XBYSB
YES
READ D AT READ D AT
ADDRESS XY ADDRESS XV
Y A

READ B AT ADDRESS XBYB

< %
Wl

NO

2%

X

YES

-

b 4

Y

XBYB
YES
A
READ D AT READ [} AY
ADDRESS XY ADDRESS XV
A y

READ D AT ADDRESS XBYB

INC XBYB
XY = Xg¥B

NO

§l|-<

YES

a

Y = Y8

B!

WRITE D AT
ADDRESS XBYB

U X
<
on
-0

DEC A

HALT

Figure 10. Skip (row/col galpat) flow chart
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x

o

o

COMPOMENTS DEPARTMENT
- TR - ~ 3¢

600 . 0N

20 SEP 78

125¢

540. 0N
480.0N
420.0MN
360. 0N
300.0N
240.0N
1680.0N
120. 0N
68. 00N
0.009

&

S :
# OF CELLS

CELL SIZE 6.000N

READINGS :
MAX TMUM :
MEAN:

AN
MINIMUM:
STD . DEV. :

3%
8

- olad
$pupt
Deyg

338
QDo
(7Y

-

REPRODUCIBILITY OF THE
QRIGINAL PAGE IS PQOR

' N

Ohoe

!
&
o

& .
-

$20%
4%
$999%

o3
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COMPONENTS DEPARTMENT

TAA AT UCC=S. e 20 SEP 73

TEMP -> —55C ~20C 25C 85Cc 125C

500 N -

450 BN -

400. 8N +

350.6N =3

300 . 0N

250 ON

200 . 0N

158 . BN

169 . 0N

50 @8N

0 .660 T T T T e T 1 T T

2 4 2 4 2 4 2 4 2 4

# OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 5.000N
READ INGS : 34 34 34 34 34
MAX T MUM - 400 BN 370. N 330. 0N 310. 8N 325 6N
MEAN : 213 7N 217 8N 216 . 2N 215 7N 225 6N
MINIMUM: 140 BN 150 ON 160 ON 160 . 8N 175 ON
STD . DEV . 59. 38N 5. 26N 40. 90N 34 . 28N 32" 76N
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COMPUNENTS DEPARTMENT TDS AT UCC=4. SV 20 SEF 78
TEMP - - 33C - 20C 23C asC 125C

7o 90N

63 BON -

56 O8N -F

49 90N

42 BON - F

35 80N

28 . O8N

21 . OON

14 B8N -

7. 008N -

2 . 008 T = : T T Y T T T T -1
DATA EDITED S 10 S 10 S 1@ S 10 S 18
# OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 700.0P
PEADINGS : 34 34 34 33 34
MAZ4TMUM - 98 . BN 44  OON 38 . 00N 40 . OON 38 . 99N
MEAN : 31.76N 235 . 76N 23 12N 24 O6N 24 12N
MINIMUM : 20 . 00N 18. G0N 16 08N 16 . 00N 16 . QaH
STD.DEV. : 8.482N S. 798N 4 676N 5 .208N 4 663N




125C

20 SEP 78

a3C

TDS AT VUCC=% @u

—20C

~

56 aeN
45 98N
40 00N
35. 88N
30 08N
25 88N
20. 08N
15. 888
10. 88N
S . 808N

OMPONENTS DEPARTMENT
0.800

TEMP -

™
N

. &)

L]

@

FREQ
A-5

den
29N
=
323N
OF THER

& P
8%

ar
*q Badze

CIBILITY
PAGE 1S pooR

REPRODU
ORIGINAJ,




_OMPONENTS DEPARTMENT TDS AT UCC=198 QU
TEMF - - B3C -20C 25C 83C

28 PON e

18 @eN

i

L

16 . G0N
14 B8N
12 88N

A

10 @8N Eo

8 . 0aeN ,E———-a
6. 00N b

4 OBON

1

2 BOON -

@ o900 1 —

A T ] \
DATA EDITED 20 20 20 28

% OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 208.0P

FEADINGS - 34

MAZ ITMUM - 10 B8N
MEGN - 7 588N
MINIMUM £ . 09aH
5TD.DEV 957 .3F

34 34
10 . 90N 18 . 08N
8 .935N 8 235N
6. BOON 8. 000N
600 . 2P 654 1P

DRND
N
Y




20 SEP 7%

COMPONENTS DEPARTMENT

TEMP -

TDH AT UCC=4. .35V

123C

23C

T»;%—E

%f:

—~2ecC

- 335C

i

32 28N

-

27 9N

4

24 O8N

4

21 . 00N

18 @8N

-

15 o8N

12 08N

9 008N

€ 00BN

3. 860N

FREQ. OF OCCURRENCE

lm

..f

4

85 5
mmmuo




COMPONHENTS DEPARTMENT

TEMP - -
30 9eN
27 eeN
29 86N
21 98N
12 89N
15 90N
12.38N
9 eean
€ PR E
2 908N
0 009
# OF CELLS 100
CELL SIZE 309 0P
PEAD INGS
Mé TMUM -
MEGH -
MINIMUM
STU DEV.

TOH AT UCC=S5. 8y

28 <EF 72

1250

FREQ@. OF OCCURRENCE

Z

Lt s AV Lo

2

L re——




COMPONENTS DEPARTMENT TOH AT UCC=l10.0W b

TEMP - —35C =88 st ~ —
30 00N

27 OON

A

24 . OON
21 . 90N

ed MERLE TERE SELE

e T

6. 000N -

3 000N -

v T T T | L)
DATA EDITED BEE e
# OF CELLS 109 ‘
CELL SIZE 300 . 0P

READ INGS :
MAX I MUM - 14,
MEAN : 3.

MINIMUM: 8.
STO.DEV. 1.

$ige
o0
$ags
Conn
$33s
CRa®
338«
.«
38534

REPRODUCIBILITY OF
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COMPOMENTS DEPARTMENT Tasl AT UCCs4 SU 29 SEF 7%

TEMP - — 55C —20C 25C 85C 125

S8 0N

45 @ON L

40 BON -

30 9N - F

25 PON -

20 . 00N

15 . 82N

10 @eN

S BOoN

0 oea - ' . . P | . z
DATA EDITED 19 10 10 10 10
# OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 5@9.eP
READINGS - 32 34 34 34 34
MEZ MM - 36. 08N 42 . BN 18. 10 . 90N 8 @anl
MEAN 15.88N 16 BeN 12 @eN 7 941N § 235H
MINIMUM - 19, 00N 12. 00N 8 29eN 4 208N 2. 990N
STO . DEY S 679N 6.010N 3. 200N 1.516N 1 243H
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20 SEF 72

AT UCC=S. oy

TAS1
~20C

COMPONENTS DEPARTMENT
TEMP ->

125C

30 08N
27 B8N
24 O8N
21 . G8N
18 08N
15 88N
12.08N
9. 008N
6 . B8N
3 . 006N
@ .000

& 5 5
5 ks

-

e . s Sttt
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COMPONENTS DEPARTMENT TAS1 AT UCC=1@.8u 20 SEP 78

PR SN

TEMP -~ - $5C - 20C 25C 85C 1250

18 BON

Q AN

8 O0ON

T OBBN -

6 PN

S 988N

G Pt

3 68BN -

2 98N

1 BBON

3 008 "L-_ -1 1 — T T
DATA EDITED 20 29 20 20 26
& OF CELLS 100 FREQ OF OCCURRENCE
CELL SIZE 160 0P
READINGS - 34 34 34 34 33
MéaZ T MUM - 6 . OBBN 6 . OBON 6 BBON 6 00BN 6 . dd6H
MEAN - 4 B5SN 4 OSSN 4 O39N 4. 118N 4 121N
MIHIMIM: 4 G0N 4 00eN 4 QBBN 4 POON 4  AaGH
STO DEY 343 0P 343 2P 343 2P 47?7 7P 454w




20 SEP 78

TRS2 AT UCC=4 35U

COMPONENTS DEPARTMENT

125C

—20C 23C

33C

e 4

TEMP

270 N

240 N

180 8N

210 8N

158 N
120 . 6N

T S B3EE
= mmmx
L0
o uwmm&
Noee
+S&EE
e
77
unnwa
L
¥ : Flgn
g,
§ Bay
° mm mm ux

5°8 Seecs
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COMPONENTS DEPARTMENT TAS2 AT UCC=S oy 26 SEP 7%
TEMP - ~9SC —2ec 2sCc 85C 125C

228 6N —F:

1968 0N 4o t:
176 ON

-

154N-ri=' F

132 BN

2

118 8N
88 9ON

66 80N
44 99N

ME (M
MINIMUM
5TD DEY




20 SEP 78

TR82 AT UCC=i0.V

COMPONENTS DEPARTMENT

125C

%=

o 58880
N3Bw

-9

o, S8R8S
a3

-®

10m

-t

o SESEG
j 49

*mn

8583

g 380

-

16 . O8N

8§
mm % 5
84 Gz
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COMPONENTS DEPRARTMENT T&H AT UCC=4 SU z6 SEFP 78
TEMP - > - 335C ~28c 2sC 125C

B ve

-3 OOON -

-6 . 000N

-9 08BN

-12 88N -L- L

——]

-15 OBN

-18 . 06N

-21 . O8N

-249 OBN

-27 . BN

-30 . 66N T v T T
DATA EDITED 18 10 10 16
% OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 300 . oP
READINGS : 33 34 34 24
MAX I MUM : -12.08N 10.08N -12 . 00N -12.00H
MEAN : -17.76N 7.29N -IS.OON -17 .88M
MINI : -28 . BON € . G0N -28 . 00N -28 99N
STD DEV. : 3 767N 3. 580N 3.375N 3.444H
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20 SEP 78
125C

TAH AT UCC=3. eV

—28C

COMPONENTS DEPARTMENT

mmmmm

8&04.

mm i

23
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COMPONENTS DEPARTMENT

TEMP -»
8 a2

-2 QeON
-4 QRON
-6 . 00BN
-8 Beon
-10 88N
-12.0eM
~14 08N
-16 . 90N
-18 . @eN
-29. 00N

DATA EDITED

# OF CELLS
CELL SIZE

READ INGS :
MAX T MUM :
MEAN :
MINIMIM
STD DEV . ¢

TAH AT UCC=10.8V 20 SEP 75
- 55C - 20C 25C 85C 125C
- ks =
4 L =
-4 i
4
L ] 4 | ] L} |  § j i i h |
10 20 10 29 10 20 10 29 18 20
100 FREQ. OF OCCURRENCE
209 . 0P
2 000N  -2.080H  -2.088N  -2.080N -2 0OON
-2.353N ~-2.647N -3 471N ~-3.7@6N -4 9G9H
-4 . 908N -4 . QOON -6 . 800N -8 08N -19". 39H
773.9P 949 7P 1.237N 1.488N 1 877N
A-18
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COMPONENTS DEPARTMENT

EEEEEEEEEEET S
M,mmmmn@anxmmmmmmmm
: o B

P

A-19

-~
.’LA—M‘J—

- -

.
. .
o

3 i
— S



COMPONENTS DEPARTMENT TWP AT UCCsS. By 20 SEF 78

TEMP -> - 85C - 20C 25C 8SC 125C
110 .08 f — :
Q9 geN
8e DO E
77 88N
66 o |
55 . 08N }
44 . 00N \
33.00N - |
22 ooN ‘
11 80N - 1
9. 000 r T T T T ‘

5 5 s s 5

% OF CELLS 100 FREQ. OF OCCURRENCE

CELL SIZE 1.100N

READINGS 34 34 34 34 34

MAX I MUM - 94 @an 92 . BaN 86 BN 96 N 190 6N

MEAN - 63. 59N 62. 12N 61 .47N 71.00N 75. 82N

MINIMUM : 44 . BON 46 BN 48 @eN 54 G0N S8 . GON

STD.DEV . : 9.519N 8. 752N 7 648N 8. 644N 3 904N
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COMPONENTS DEPARTHMENT TP AT UCCs=10.8v 28 SEP 78
TEMP -> - 85C - 20C 25C 83C 125C
60 O8N
54 OBN A
48 O8N
42 . OBN - |
30 . 6N 1
|
18 08N '
12.00N -~ ‘
6.900N - |
Om T 1 L ] R J L)
DaTA EDITED 19 i@ 10 1@ 16
& OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 660.0P
READINGS 34 o4 24 34 33
MAXIMU - 38 . O8N : . O 34 . 68N
MEAN : 31 .94N ; . 76N 44 O6N
MINIMUM : 26 . 08N " ¥ 34 OON 36 . 66N
STD.DEV . 2.628N 2.561N 2.7 3.482N 3.857N
OF THE
RODUCIBILITY
ggGmAL PAGE IS POSR A-21




COMPONENTS DEPARTMENT

Ve -
560

461 .

q ™~
——

3 2 %2 %2 % 2 2 2 2 2 %

TCSS1 AT UCC=4 35U

- 35C - 208C asC 83C

20 SEF 78

125C

140 . vH
24 2aN
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FREQ.
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nB%ES |
mnul b
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TCSS1 AT UCC=S v
23C

ummmm

- 335C

216 8N
114 SN

250 N
233 &N

e & 5
4 S3see

COMPONENTS DEPARTMENT

TEMP -
DATA EDI
#®

CEL




COMPONENTS DEPARTMENT TCSS1T AT UCC=1@. 8y 20 SEF 72

TEMP - - 35C - 20C 23C 85C 1250
120 ON ¥

112 BN

L

104 0N -

N
ol :

40 .

L7

gara EDITED S 1@

E
8
é“ﬁ

33
102 BN
82 . 05N

3
3
S50
388
S
$¢§*
"
g8
$5gs
8
g
z

9

ugow

ﬂ

(4]

~

=z

g3
=

ZZZ

NN

. N(.lf

0\. .
(=

41N

ZzZZZ

fJO

u.

N

—

<




20 SEP 78
125C
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420 0N ==
383.0N
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461 8N
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COMPONENTS DEPARTMENT 1CSS2 AT UCCsS. eV

TEMFP -.- - SSC - 20C 25C
278 .

20 SEF 72
1250

-
$ 92 % % 2 2 9

=

- |

156.

137.

118 BN

99  BON

80 BON A —y
DATA EDITED 2 “
# OF CELLS 108
CELL SIZE 1 . 9CON
PEAD INGS : 33
MAXIMUM : 232 .6N
MEAN : 136.8N
MINIMUM : 9€ . BON
STD.DEV . : 31.03N




125C

20 SEP 78

TC8S2 AT UCC=10.8V
a25C

COMPONENTS DEPARTMENT

!
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SOMPONENTS DEPARTMENT

TCSHI AT  UCC=4. SV 20 SEF 78

TEMP - > - 85¢C -. 20C 25C 85C 125C

30 90N - : e —

73 PON

65 BBN

59 BeN E’

)

52 90N

45 9ON

33 . 06N

31 90N

24 9ON -

17 OON A

18. 06N T T T — —
DaTA EDITED S S S 5 e
% OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 700 oP
READINGS 32 33 33 33 33
MA T MUM 74 @8N S8 . QON 62 . 80N 70 . 00N 74 96N
MEFH - 44 31N 38 30N 41 @3N %3 61N 53 G3H
MINIMUM - 32 86N 28 90N 32 Q0N 38 90N 33 6nH
<TD DEY. > 485H $ 961N 7 %36N ? 357N 7 sazn

A=-28




COMPONENTS DEPARTMENT TCSHI AT UCCsS.ou 20 SEP 7%
TEMP -> — 55C - 20C 2sc 85C 125C

70 80N

64 OBN F

S8. 28N

S2 . 08N

& 2

49 ean

34 90N

28 oo

22 98N

1€ eaN

10.00N . : ; T T T T T v
22-'.3 2‘(:';%0 éz.w S ie S Ft:Eﬂ G-'SOCC::IEN:ES ie S 18
READINGS 33 33 33
e gR sk ¥R $E 4B
STD DEV. 6.855N 4.6 6.347N 6 984N 6.251N

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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COMPONENTS DEPARTMENT

TCSH1 AT UCC=10.8V 20 SEF 78

TEMP -» - 85C ~ 20C 25C 85C 125C

46 PON

36 0ON

32 90N A

28 .00N -

24 90N

20 90N

16 00N

r * *

12.00N +$

e BPON - [

4 000N -

gm T  ; 1 § \ g ; | | E | A ] |
DATA EDITED 16 20 16 206 16 20 186 28 16 29
% OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 400 0P
READINGS : 34 34 34 34 32
MEX L MUM - 24 . 0ON 26 . 20N 38 . 00N 34 . 00N 36 00N
MEAM 20 94N 21.53N 23 24N 27 S9N 28 31N
MIHIMUM - 12.080N 10. 88N 14 . @8N 14 @ON 14 GON
STD DEV - 2. 044N 2.513N 3. 482N 3. 611N 3. 745N
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COMPONENTS DEPARTMENT TCSH2 AT UCC=S @y 29 SEP 72

TEMP - - 35C - 2ecC 23C 85C 125C
ra |

55558835 8%5%3$

34

28

22

16

19. - T g T T T | T T v T
DAaTA EDITED S 10 5 10 S 1@ S 1@ - 16
$# OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 600 oP
READINGS : 31 31 31 33 33
MAXIMUM - 62 . 00N S0 . 0eN 56 . 98N . 68 BN
MEAM : 37 61N 34 26N 37 . 42N 47 . 45N 49 . 94H
MINIMUM : 20 . 99N 26 . OON 298 . 00N . OON 3% GVN
STD.DEV . 7 107N 4 187N S.878N 6.3€9N €. 275N




20 SEP 78

TCS8HZ2 AT UCC=10. &V

COMPONENTS DEPARTMENT

125C

a3C

- &
o pESER
% .

-8
L ® umwwm
213
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L ® nwdmm
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COMPONENTS DEPARTMENT TDOAL AT UCC=4. .5y 20 SEF 78

TEMP - - - 53C - 2eC 23C 83C 1250
586 .

)

536 .
49, .
443

316.

272.
228
184 .

§ |
3 222 %2222 % 2 %

140.

DATA EDITED
% OF CELLS 1
CELL SIZE 4 406N

READINGS : 33
MAATMUM - 366 . : . . 408 0N
MEAH : 246 .

MINIMUM : 166 .
STD.DEY : 49.

45 T2H

e s e Lo i it 8,



20 SEP 78

TDOAL AT UCCs=S @

COMPONENTS DEPARRTMENT

123C

§ 5 888858888
BEARNESEER

« RECSE
. S8

~ 8% g 28
2.0 BREE
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TEMP - - — S5C —20C 25c 8sC 125¢C '
| i

COMFONENTS DEPARTMENT TDOA1 AT UCC=1@.8y 20 SEP 73

156 N

140 BN 4

130 ON

120.0N -

116 8N

100 BN

9O B

8A iy

70 O8N

Gl

Sawi ) R ] g | § Al
DATA EDITED S S - - 5
# OF CELLS 109 FREQ. OF OCCURRENCE
CELL SIZE 1 @Q6N
REAGDINGS - 34 34 34 33 33
MéX T MUM - 184 .ON 110.0N 114 ON 122.0N 124 9N
MEAN - 83. 76N 87 .47N 93.71N 183 6N 114 1N
MIMIMIUM 70 98N 74 . BON 82 . 90N 90 . 69N 98 0N
5TD DEY . 7. 182N 8.996N 8.879N 9.741N 18 33N




20 SEP 78
125C

COMPONENTS DEPARTMENT TDOAZ AT UCCs=4 U
TEMP -~ - 35C - 20C 235%C

A

Al

580 N

465 ON

430 . 0N
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COMFONENTS DEPARTMENT TDOA2 AT UCC=S. @u 20 SEF 73
TEMP - - 33C

400 N -

372 BN 1

344 BN

316.0N AE

288 BN -

260 BN

232 . ON

204 N

176 BN

148 N

120 .0N T
DATA EDITED <
# OF CELLS 100
CELL SIZE 2.800N
READ INGS 33 33 33 33
MAX T MUM : 362 .8N 338 . 0N 314. 304 BN 324 . 6N
MEAN : 205 . 6N 206 . 7N , 213 .3N 227 .6M
MINIMUM : 134 BN 142 ON 150 . ON 160 .eN 174 ON
STD.DEV . S2.87N 46 .94N 35.27N 33.959N 33 .328N
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20 SEP 78

TDOAZ AT UCC=10.0V

- 20C

COMPONENTS DEPARTMENT
TEMP ~0»

148 8N

-

131 &N

X IT
5o8 Brven
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20 SEF 7€

TDOA3 AT UCC=4 3V

- 20C

OMPONENTS DEPARTMENT

TEP -

=
L

1250

23C

- 35C

ZZZ
38783
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58282

na4s

&%
ummmw

858
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COMPONENTS DEPARTMENT TOCA3 AT VCC=19.8V 20 SEFP 72

TENP -0 - 55C - 28C 23C 83C 125C
40 -

3

34.
31.

28.

B3
83388838 8¢¢3°¢8

22

19

1€ .

13 -

19 T i i ; | A
DATA EDI 1@ 1@ 1@ 10 10
® OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE oP
READ INGS : 34 34 34 34 33
MAX I MUM : 26 . O8N 28 . O8N 30 . 00N 34 . BN 36 VOGN
MEAN - 22. 18N 23 .94N ggm 28 . 76N 30 37N
MINIMUM: 20 . 00N 20 . 00N . BON 26 . 0N 26 . BuN
STD DEV. 1.58SN 1.740N 2.146N 1.971N 2.456H
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20 SEP 78

AT UCC=4 .SV

TROK1

COMPONENTS DEPARTMENT
TEMP -

186 eN

e vd

nEHEX
e

ol v v

5885
332

L lal kol

i 5 5

R
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COMPONENTS DEPARTMENT 20 SEP 78

EMP - - 99C

159 N

142 BN

134.0N

126 0N

118 .M

110 N

102 . 8N

94 O8N

86 O9N

78 OBN

79 . 08N 1 T Y T
DATA EDITED 6 2 4 =&
#% OF CELLS
CELL SIZE
READ INGS : 33
MAA T MM : 140 . 6N
MEAN : 122 . 3N
MINIMUM : 98 . OON
5T0 DEV 16 32H




20 SEP 78
125C

TOOH1 AT UCC=10.0V
— 208C 23Cc

- 33C

COMPONENTS DEPARTMENT

. D
. v cued
& B0
] L] { L] “m
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COMPONENTS DEPARTMENT

TOOH2 AT UCCe4 .Sy 20 SEF 73

TEMP - - 5%C -- 20C 25C gsC 125C

286 ON

261 ON L

242 0N - ™

P

223.0M A

204 BN

185 N -L

166 BN -

147 .0M

128 @N

189 oN

90 . GON T L}
DATA EDITED S 5
# OF CELLS 100
CELL SIZE 1 .9@@N
READINGS - 32 33
MAX T MUM - "N 166 9N
MEAN - 137 4N 149 2H
MINIMUM 108 @GN 128 0N
5TD. DEV . - 26 . 00N a 863N
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20 SEF 78

23C

TOOHZ AT UCC=S. oV

A-47

- 99C

214 BN

230 . N

COMPONENTS DEPARTMENT

TEMP -

o s g
B

150 6N 1=
134N

88
& R

198 . 8N
182 . 8N
166 8N -
118.6N
182 . oN




COMPONENTS DEPARTMENT

TEMF -
120 N

188 6N
9€.
84 .
‘2.
60 .

5 &
f338888¢8G%E
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%3 37
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TDOH2 AT UCC=18 U 20 SEP 73
— S5C — 28C 25C 85C 125C
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20 SEP 78

TOOH3 AT UCC=4 SV
—20C

COMPONENTS DEPARTMENT
TEMP -

125C

- 33C

147 BN
144 BN
141 &N
138 . 8N
135 0N
132 . 6N
129 8N
126 0N
123 .04

156 . &N

88

Bhe
e i g
550 Dgpac

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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COMPONENTS DEPARTMENT TOOH3 AT UCCsS.eu 20 SEP 78

TEMP - - 33C -~ 20C 23C 83C 125C
13 [

127

183.

—
.
2 8 42 & & & - 0 &

109.

# OF CELLS 108 FREQ. OF OCCURRENCE
CELL SIZE 300.0P

READ I NGS
MAX IMUM -

34 34
118.eN 120.0N 122.
MEAN : 113. 1IN 114.w 116.
MINIMUM: 106 .8N 108 108
STD DEY . 3.593N 3 3 810N

23
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TOOH3 AT UCC=10.&V

COMPONENTS DEPARTMENT
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206 SEF 78

TPOH AT UCC=4 SV

—~eaeC

COMFONENTS DEPARTMENT

TENF -

125C

23C

- 9SC

15@ oN

147 BN

144 ON

141 N

138 8N

135 8N

132. 0

129 8N

126 &N

123 . 0N

A=-52
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TPDH

AT UCC=3. &V
23C

20 SEP 78

e3C 125C

[y

=

®
A

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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COMPONENTS DEPARTMENT

TR =»

¥ B X B H Y82
EREREREEREERE

20
DATA ED

CELL SIZE

READINGS :
MAX 1 MUM :

MINIMUM
STD DEV .

3
o
“B

1PDH AT UCC=10.0Y 20 SEP 78
— S5C — 20C 25C 85C 125C
;L P
A ] 1 ) | ] A J
19 10 10 10 10
108 FREQ. OF OCCURRENCE
300 oP
34 34 34 33 33
36 BeN 38 . 00N 4@ . 80N 42 . 80N 46 . 08N
29 12N 30 29N 32. 18N 34 SSN 36 91N
24 99N 24 80N 26 . 00N 30 00N 30 9aN
2. 320N 2 368N 2. 928N 3 474N 3 358N
A-54




20 SEP 78

TRC AT UCC=4 5V

450 . 8N

COMPONENTS DEPARTMENT
TEMP -0

423 BN

396 . N

369 .8N

342 . ON

315 éN

~e

207 . 6N
188 8N

261 . 8N
234 BN

& & 5
b1 Siie

A-55
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E
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COMFONENTS DEPRRTMENT TRC AT UCC=S . @u 28 SEFP 78

TEMP - - 33C —20C 23C 83C 125C

320
300 .
288 .

268 .

2
2 292 2 % %2 % 8 2 2 2

229

268 .

180

160 .

140 B T T T ¥ L | | L]

2 4 6 2 4 6 2 4

# OF CELLS 100 OCCURRENCE
CELL SIZE 2 . O8N
READ INGS - 34 34 34
MAX TMUM 328 . 8N 320 .8N 336 . 9N
MEAN : 204 7N 233 .8N 245 . 4N
MINIMUM: 144 GN 184 ON 192 . 6N
STD.DEV : 40 13N 30 .84N 39 459H




20 SEP 78
125C

T
10

TRC AT UuCC=10.&W

5583
B
RS

vt vt w4 (D

FREQ.
A-57

161 0N
152 . 0N
143.0N -
134 0N
125. 8N -
116.0M
187 .8N
95 e
89 B0
80 . 88N

n EDITIED

176 .o

COMPONENTS DEPARTMENT

TEMP -

m 3
o 1

02



COMPONENTS DEPARTMENT THC AT  UCC=4.SU 20 SEP 78
TEMP ~ . —S5C —~ 28C 2s5c esc 125C

182.
161.

140.

ud
o

DATA EDIY
¢ OF 100
CELL SIZE 2.108N

READ INGS -
MAX IMUM: 344 .
MEAN

MINIMUM:
STD .DEV. :

N
“Cg 3 2 3 2 2 92 2 2 22

:

34
296 .ON
234 6N
184 6N
24 73N

He=N)




2e SEP 78

THC AT UCC=3. oV

—20C

COMPONENTS DEPARTMENT

TEMP -

- 33C

123C

320 0N

301 8N

282 . 8N

263 8N

244 BN

225 N

187 . 8N

168 6N

145 N

. 1D

130 .8M
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-l ot

E
g
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E
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COMPONENTS DEPRRTMENT

TWC AT UCC=10 @V 20 SEP 78

TEMP - : - 33C - 20C 25C 83C 125C

168 N ' T ¥

151 BN -

142 BN -+

133. 8N~

124 6N -1 L

115 . BN -

— )%E

pa y -

97 . 68N t:

88 80N f- L

79 B8N

70 00N T T T T T T T T Y T
DATA EDITED 186 20 16 2@ 16 28 ie 20 18 206
® OF CELLS 108 FREQ. OF OCCURRENCE
CELL SIZE 900 . oP
READ INGS : 34 34 34 34 33
MAXTMUM : 112.8N 128 . 8N 136 . 0N 144 BN 152 0N
MEAN : 96 47N 101 .9N 112.9N 124 .9N 133 .6N
MINIMUM: 80 80N 86 . 00N 96 . OON 104 ON 112 .6n
STD DEV . : S.889N 7.456N 7 .864N 9.030N 9.271N




COMPONENTS DEPARTMENT IIL AT TA=12%C 21 SEP 78

0 008
-120 BN
-240 0N

: Pea
5
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4
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ity |

"OMPONENTS DEPRARTMENT 1IL

AT TA=83C 21 SEP 73

-16 OON
-32
-48
~564 O8N
-80
-96 . 80N
=112 6N

-128. 0N
-144 0N

-160.0N

T |
DATA EDITED S 186 15 20 25
$ OF CELLS 100 FREQ.
CELL SIZE 1 6PN
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N
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COMPONENTS DEPARTMENT

IIL AT TaA=2SC

21 SEP 78

-
-10.80N -t

~12.60N

~14 48N -

-16 . 28N -:r
-18 . 88N

DATA EDITED
# OF CELLS 109
CELl SIZE  180.0P

READINGS :
MAX TMUM :
MEAN :
MINIMUM:
STD.DEV. :

REPRODUCIBILITY Op
ORIGINAL PAGE I mo":&

A-63

942
-909 . 6P
-2.237N

. 60N
1.151N

b o ot i o 2 o b



COMPONENTS DEPARTMENT

590 .

IIL AT TA=-20C 21 SEF 72

200

:
T T % 2 8 S DS

DATA EDITED
% OF CELLS 100
CELL SIZE 20 eeP

READ INGS -
MAX IMUM :
MEAN :
MINIMUM:
STD . DEV. :

Y " T ™ T T T Y T T
20 40 60 80 100 120 140 160 188 206
FREQ. OF OCCURRENCE

541
-100 .0F
=343 6F
=1 . S9ON

134 9P




COMPONENTS DEPARTMENT 1IL AT TA=-SSC 21 SEP 72

160 oF

20 eoP
-60 0P A

-140.0P -
-220 0P -
-390 . eP +
-380.0P -
—468.0P -
-540.0P -

-708 .oP -

p 3 | ] | I} | L | v
DATA EDITED 48 80 120 160 2080 240 200 320 360 460
# OF CELLS 100 FREQ. OF OCCURRENCE

CELL SIZE 8.000P

READINGS : 542

By
248
CET




COMPONENTS DEPARTMENT

IIH AT TA=125C 21 SEP 78
600 N
S40 ON
480 . N
420 . 0N
360 . 0N
380 6N =
200N =
180 N +———
120 . 9N :.—;-E:_”;:————* —
“m e e e e e~ =~
0 .000 T T T T T o S T T | T Y
s 10 1% 20 25 3@ 35 4@ 45 S8 S5
# OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 6. 000N
PEAD INGS - 544
MAX LML - 521 . 2N
MEAN - 155 2H
MINIMIM: 73 70N
STD. DEV . - 63 T4H

s ke e el



109 8N
90 BON
80 . OON
70 . 00N
68 O8N
S0 BBN
40 . 60N
30 . 98N

3
?

SRNG

9548

REPRODUCIBILITY OF THE i
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COMPONENTS DEPARTMENT

IIH AT TA=25C

21 SEP 78

16 98N
9 BN -
8 026N
7 . GBeN
€ 688N -
S5 08eN
4 . 000N
3 00N
2 008N
1 608N
0.090
# OF CELLS
CELL SIZE
READINGS
MAaX ITMUM
MEAM :
MINIMUM
570D .DEV

s M



COMPONENTS DEPARTMENT

IIH AT TA=-20C

21 SEP 78

i

2
2.
e

-

-~
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188 20@ 220
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&33§g
239




COMPONENTS DEPARTMENT IIH AT TA=-S55C 21 SEF 72

506 oP

e e

440 oP

1 i
-

380 epP
328 .6F -
260 .6F -

290 0P -r=a

140 . 6P A

0 0P ] — =

20 00 -
~40 08P -

—168 6P

# OF CELLS 1
CELL SIZE 6. 009P

READ INGS : 544
MAX TMUM 4
MEAN 101
MINTMUM 0.6
STD.DeY. : 47

A-70




COMPONENTS DEPARTMENT 10N1

TEMP - - 5%C
14 20M

21 SEP 78

12 oM
11 80M
16.79M
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COMPONENTS DEPARTMENT 10N2 21 SEP 75

TEMP - — $SC — 28C 25C 85C 125
3@

$$ 88856888

10

8 eeem

# OF CELLS 109

CELL SIZE  220.8U

READINGS 136 136 136 136 136
MAXIMUM : 28 25M 25 . 2oM 21.73M 18.30mM 16 26M
MEAN : 19.95M 17.92m 15 .62M 13 .28M 11.83M
MINTMUM : 16 10M 14 65M 12 .€5M 18_e6mM 9. 358mM
STD.DEV 2.481M 2.115M 1.824M 1.53%M 1.35¢
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I0P1

COMPONENTS DEPARTMENT

125C

T

A A
ie 20 10
FREQ. OF OCCURRENCE
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COMPONENTS DEPARTMENT

TEMP -

A
®

SERRRRRRE

# OF CELLS
CELL SIZE

READ INGS :

MAXTMUM :
MEG&N

MINIFRRW=.

STD.DEY

IDP2 21 SEP 7%
- 35C —20C 125C
-
¥ i ] ¥ L : i | 1 )
18 28 1@ 20 10 20 18 20
100 FREG. OF OCCURRENCE
80 . 88U
136 136 136 136 136
. agemM -5 . 5451 -4 480M -3.630M -3 .885M
~7.744M -6.713M -3 . 684M -4 . 88aM -4 . 305M
-9.400M -8.155M -6.915M -5.825M -5 . 220M
$583.1U 495 .6U 434 SU 376 .51 355 el
A-74
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COMPONENTS DEPARTMENT uoL 1 21 SEP 78
TEMP - ' -~ = — 20¢ &= - L
190 oM ; |
176 em
162.0M -
oM
oM
. oM

2539

e o g
0\8&'»1

. AU
0

&
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COMPONENTS DEPARTMENT voL2 21 SEP 73

TEMP - >
256

234
219.

-
[
®

58 . 6on 1

% OF CELLS
CELL SIZE

PEADINGS :
MAZTMUM :
MEAN :
MINIMUM
STD .DEV. :

4838
$ 23 %% 3 8%

- 33C - 2eC 23C 83C 125C

S

1

199
2. 008M

Sgd
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AR
—~ON-
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XX
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21 SEF 78

UOH1

COMPONENTS DEPARTMENT

TEMP -»

125C

- 33C

S 008

4.979

4.949

4.910

4 888

4.858

4.820
4.79@

4.760

4 738

- 4.789

N
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geT

59
18.44M
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o
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COMPONENTS DEPARTMENT UOH2

TEMP - >
9 908

0

260

.820

v W W

MR owwwww

® OF Ll
CELL SIZE

READINGS :
MAXTMUM :
MEAN :
MINIMUM :
STD.DEY. :

21 SEP 78

-~ 35C - 20C 85C 125C

—
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—
Q
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8
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9
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9
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COMPONENTS DEPARTMENT

TEMP - ~ $5C
S8 80U

IL1

- 28C 25C

21 SEP 78

12 88U
-30 . 00U
-70. 98U
-110.8U

1

-150.8u
-190.6U

7 O | 1
T v

-238.8U

L

-278 .80

1

-310.8U

_m-w T

DATA EDITED 10
# OF CELLS 100
CELL SIZE 4.000U

READ INGS -

M T MUM : -5
MEAN : -3
MINIMUM: -2
STD .DEY . : 4

~208 .0U
42.07U

1@ 10

33

~88 . 66U
-124 .2U
-330 _ou

58 . 041

CISESNEpPTa——



OMPONENTS DEPARTMENT

P =2
29 28U
-2Z o
-64 . 08U
~-166 .U
-148 . &
-1990.8U
-232.8U
-274 .U
~-316 . &U
~358
-488 .eU
DATA EDITED
¢ OF CELLS
CELL SIZE
READINGS
MAXTMIUM -
MEAN :
MINIMUM :
STD.DEV. :

L2 21 SEP 78
- 95C —2ec 25C 83C 125C
" b
.
-
¥ L L} L} ¥
10 10 10 18 10
109 FREQ. OF OCCURRENCE
4. 200U
33 33 33 33
-5, 000U -5 000U -3 -28.980  -90.0eU
-26.820  -26.820 -39 -55.61U0  -164.4U
-216.0U0  -200.8U -280.QU -23 8U  -37@_ AU
48.220 46. 18U 46 60U 48. 44U 71.300




COMPONENTS DEPARTMENT I3 21 SEP 72

TEMWP - - 33C --20C 25C 83C 125C

-16 8au

-40 . 90U

~-70.88U

i

-108 68U

-130. U

1

i

-160.8U
-196 .80

i
S
——

-220 U -'+
-250 U A

-260

-
DATA EDITED 10 10 10 10 10
# OF CELLS 100 FREG. OF OCCURRENCE

CELL SIZE 3.000U

READINGS 33 33
MAXTMUM -5.090U  -3.880U -5 -
MEAN 300 -7, :
MINIMUM: -23%.00 -z 60 -175eU -
5T0.DEV. - 42.%eU 37" 04U

CRLGE 1S POOR A-81 |
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COMPONENTS DEPARTMENT 4 21 SEP 78
TEMP -> - $3C -~ 20C 25C 85C 1250

20 20U — .

-10 88U

-40 0OU -

-70 98U

-108 8U - F.

-130.0U

-160 68U - #’ +

-196 U - # P=

-220 U -A,

-258 8U L

-280 U T T =y T T
DAaTa EDITED 18 10 10 10 10
# OF CELLS [21%) FREG. OF OCCURRENCE
CELL SIZE 3 8eeu
READ INGS - 33 33 33 33 332
MAX I MUM -5 . @8ou -5 . 890U -5 290U -1% . 00U ~-65 961
MEAN : ~25 91U -26 .97V ~30.15U -48 . 18U -119 .4U
MINIMUM -238. 08U -200° U -175.80 ~-165. 08U -2%9 al
5TD . DEV . - 42 98U 37 620 3%5.830 34 730 45 .@5i

A-82
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1021 AT TA=-S3C 21 SEP 78

—
“
'

—3
A | Bl
8 9 10

136

16 60N

2.386N

~-2. 260N

3.1206H
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SOMPONENTS DEPARTMENT 1022 AT TA=-55C 21 SEP 78

22 BN I

19 SN J

17 BBN -

14 SON -

12 OBN -

oS- ?

7 . GOON

4 500N BHVBV————

Pl i =

-500.60F T

—= . 00w X v T ' T T T T T T T

1 2 3 4 g 6 7 8 9 19 11

% OF S 1 FREQ. OF OCCURRENCE
CELL SIZE 250 .oP
READINGS : 136
L i 20 24N
MEAH - 5 N
MINTMUM: _2. g0
STD.DEV - 3 53N




COMPONENTS DEPARTMENT 1023 AT TA=-55C 21 SEP 73

26 O8N
23104]

20 20N -

17,308 -
14 48N -
11 SeN -

8.606N -
N

-3 . O8N Y T | T T T L | L)
1 2 & S 6 4 8 2

& OF CELLS 108 FREQ. OF OCCURRENCE
CELL SIZE oP
FEAD INGS - 136
MEA TMUM : 24 . 60N
MEAN : 2 . B40N
MINIMUM: -2 . 060N
STD.DEV . : 3.067H

MEPRODUCIBILITY OF THR
ORIGINAL PAGE IS POOR A-85




COMPONENTS DEPARTMENT 1024 AT TA=-5SC 21 SEP 7%

26 00N «

17 78N ]@
15 48N A
13 18N A

186.80N -1 _____
8.568N -

6 . 208N

3m B e e e ——

) s ST ———d —— - ]
N A
-700 P T
e e = yoo———
-3 . 666N T T T T - T T v
1 2 3 4 S 6 7 2
# OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 230.eP
READINGS : 136
MAXTMUM - 18 a6H
MEAN : 2 .847H
MINIMUM : -2 . 986aH
5TD.DEV - 3.9a3H
A-86
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COMPONENTS DEPARTMENT 1025 AT TA=-SSC 21 SEP 72

20 9N

17 VBN JEEEHI-I

15 40N -~
13108

v T
7 8
136

18 . 06N
2.847N

-2 . 909N

3.0059N

A~87
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COMPONENTS DEPARTMENT

n
—
?a
T
N
W

1026 AT TA=-55C

20 98N
17 7TON jJ

15.48N -

13.18N -
18 88N A
8. 588N -

398N BV
leoon T—=—=a

-3. 888N L J L T T T T T T T D ; 2 §
1 4 3 4 S 6 4 8 9 180 11 12

# OF CELLS 109 FREQ. OF OCCURRENCE
CELL SIZE 230 .0pP
READINGS : 136
MEXIMIM: 18 78N
MEAN: 2.036N
MINIMIM: -2 . DBON
STD.DEV. : 2 . 945N

PR S




COMPONENTS DEPARTMENT

20 o8N

1027 AT TA=-355C

21

SEF 73

l??&l]

15. 40N -
13. 18N A

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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COMPONENTS DEPARTMENT 1028 AT Ta=-SS5C ' 21 SEP 72

28 B8ON
17 78N
15 48N
13. 16N
18 68N
8. S86N
6 . 288N
3. 988N
1. 688N
-768 . 6P

# OF CELLS
CELL SIZE

READINGS :
MAXTMUM :

MINIMUM:
STD.DEV.




COMPONENTS DEPARTMENT 1021 AT TA=-28C 21 SEP 78

CELL

READINGS : 136
MAX TMUM - 25. 19N
MEAN : 5. 107N
MINIMUM -800 0P

P
oz
<3

(7}

&

ﬂ

2
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COMPONENTS DEPARTMENT 1022 AT Tas-20C 21 SEP 78

3SW—F=—

) L Al
10 11 12
# OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 370 oF
READINGS
MAXIMUM
MEAN
MINIMUM:
STD .DEY . -
A-92




COMPONENTS DEPARTMENT

® OF
CELL SIZE

28 88N

1023 AT TA=-20C

21 SEP 78

25 B8N
22 00N o
15. 88N
16 . 28N
13 88N
10. 600
7 . 088N
4 828N
1. 288N

-2.088N
CELLS

READINGS :

NELE
QZ X
8

REPRODUCIBILITY
ORIGINAL PAGE | |

1M
AN

3

I
U,

F THE
POOR

26 .90
9. 318H
-300 . 6P
4 296N



COMPONENTS DEPARTMENT 1024 AT Th=-208C 21 SEP 783
29 90N
25 90N 1
22 80N A
19 78N -
16 68N -
13 SeN
404
B 3 I,
-2 . B8N ———— T T T —— T T T T
1 2 3 8 s € 7 8 2
# OF CELLS 109 FREQ. OF OCCURRENCE
CELL SIZE 310.0P
C'; 136
ML TN 27" boN
MEAN - 4 826MN
MINIMUM -1 .5abN
STD.DEV - 2 813N

1

i
I
l
1
1

10.

TN EEeEe———— |

o 2000 i_%ﬂ———m
(
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COMPONENTS DEPARTMENT 1025 AT TA=-20C 21 SEP 78

: 32 . 26N

MEAN : 4 .887N

MINIMUM: -1 .406N

STD.DEV. : 4 .40%H
A~95
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COMPONENTS DEPARTMENT

33 B8N

1026 AT TaA=-20C

e el e

21 SEP 73

—

26 BN
22 SeN -
19 88N -

15 SeN :

12 . 68N

8 SeenN
S . 608N
1 Se8N
-2 00N

® OF CELLS
CELL SIZE

READINGS -
MAX IMUM -
MEAN
MINIMUM
STD DEV . -

A-96




COMPONENTS DEPARTMENT 1027 AT Y~+-20C 21 SEF 78

35 08N
313&01

27 . 6BN -+

A-97




COMPONENTS DEPARTMENT

# OF CELLS
CELL SIZE

READ TNGS ¢
MAXIMUM:
MEAN
MINIMUM:
STD.OEY. :

1028 AT TA=-20C 21 SEP 78

136
308 . 76N
4 815N
-1 400H
4 344N

A-98
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COMPONENTS DEPARRTMENT

1021 AT TA=25C

21 SEP 78

148 8N
126 SN
113 . 0N
99 . 58N
86 . G0N
72 . SON
359. 68N
45 56N
32 @8N
18 58N
S . 906N
DATA EDITED
& OF CELLS
CELL SIZE
READ INGS
MAX IMUM
MEAN :
MINIMUM:
STD.DEV.




IMPONENTS DEPARTMENT

1022 AT TA=2SC

N
—
=
-
=~
A\

133 6N :
1200

20.1N 4
107 2N A
94 38N -
81 40N -
68 SON
95 . 68N
42 70N
29 88N
16 98N
4 000N

# OF CELLS

ELL SIZE

ZEADINGS -

WX TMUM -

EAN :

FIHIMUM

>TD DEY . :

A-100

136
131 .5
28 . 84H
6 . 8A0N
29 . 2¢N




COMPONENTS DEPARTMENT 1023 AT TA=25C 21 SEP 72

: L | L) ¥ L 4
DATA EDITED 1 2 3 4 S 6 7 8 9 18 11 12 13 |
# OF CELLS 100 FREQ. OF OCCURRENCE ‘
CELL SIZE 1.32@N \
READINGS : 132
MAX T UM - 135_6N l
MEAN - 29.37N ‘
MINIMUM : 7. 780N ;
STD.DEV. - 28.21N |

REPRODUCIBILITY OF THE

ORIGINAL PAGE IS POOR o101 |




COMPONENTS DEPARTMENT 1024 AT TA=25C 21 ZEP 78

B ] ) -
1@ 12 14 1e
# OF CELLS 109 FREQ. OF OCCURRENCE
CELL SIZE 1.286N
READINGS - 136
MAX IMUM : 130 .0H
MEAN : 28.86H
MINIMUM 6 . 30aH
STD.DEV. 20 . 28N

A=-102



COMPONENTS DEPARTMENT 1025 AT TA=25C 21 SEP 78

137 ON
123 7N

110 4N

A-103




"ONENTS DEPARTMENT 1026 AT ThA=2%C 21 SEP 73

TR R — —
117 .3N

104 6N

91 90N

79. 20

66 . SON

S52.80M

A-104




COMPONENTS DEPARTMENT

1027 AT TA=23C

21 SEP 72

136 BN T—t

1232.7N 4
109 4N
96 . 16N
82 68N
69 . 58N

REPROPUCBILITY OF THE
ORIGINAL PAGE IS POOR
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COMPONENTS DEPRRTMENT 1028 AT TA=2%C 21 SEP 78

s6 60N EHV— -

N Ve — @

29 BoN = —————

16 40N

3-m L ) L) T - i 5 1 T ||

1 2 3 4 s 6 7 8 a
# OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 1.34@N
READINGS 136
MAY.TMUM 135 SN
MEAN - 28.91H
MINIMUM : S 600N
STD.DEV . : 20 55N
A-106

137 BN
110.2N -*

96 80N
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COMPONENTS DEPARTMENT 1021 AT TA=8SC 21 SEP 72

1 c8au
1. 4380
1.2680

1

\

\

l

|

%m;
J

7950 . 8N
580.0N
418 0N = —  —5
2rs-- - -
I —

-10e 6N  — T M‘“ - I T T T T T T
DATA EDITED 1 2 3 4 S 6 ’ 8 S 19
# OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 17 . 90N
READINGS: 132
MAX T MUM : 1.4550
MEAN : 296 . 9N
MINIMUM: -48 . 206N
STD.DEV. : 2490 . 1N

A-107




~OMPONENTS DEPARTMENT 1022 AT TA=85C 21 SEF 78

REARDINGS : 136
MAXTMUM 1.4550
MEAN : 244 .94
NIMUM : -78. 38N
D.DEV . - 244 2N

A-108




COMPONENTS DEPARTMENT 1023 AT Tas8SC 21 SEP 7%

e o SRS
——
e

M . m

w
-118 8N 4 =
= = ! / ' T T T 1 T T T T
DATA EDITED 1 2 3 4 S 6 7 8 9 19 11
® OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 19 . 00N
READINGS : 132
MAX T MU 1 456U
R MU 253 6N
pli o -85 76N
STD.DEV . 345" ai
REPRg
C
ORIGIN 4 ITY oF
L P THE
AGE I8 POOR A-109



NTS OEPARTRENT 1024 AT TA=8SC 21 SEP 7%

1 608U
1. 410U
1 2200 4=——
1.8380 ’

846 BN

658 BN =

oo pE— )

-110. 8N ————
~308 . ON ) T L) T ¥ é | T — T T T T
1 2 3 4 S 6 7?7 8 9 18 11 1Z
OF CELLS 160 it o
ELL SIZE  19.@eN OCCURRENCE
EADINGS : .
il 1. 4650
T 244 BN
70 DEV. -78 . 30M
O pEY 245" 3N
A-110
s G e
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COMPONENTS DEPARTMENT 1025 AT TA=8%C 21 SEP 78

1 08U

1 41U ==

1. 2260 e

1.8380

348 0N

658 8N

4606 N

270 8N

88 08N

-118 68N

-390 .6N = T T T T T T | ] T T T A T
DATA EDITED i1 2 3 4 S 6 7 8 9 10 11 12 13
$ OF CELLS 100 FREQ. OF OCCURRENCE
CELL SIZE 19.00N
READINGS 132
MAX I MUM : 1 4790
MEAN - 298 . 2N
MINIMUM: -58 . 7ON
STD.DEY . ¢ 2458 3N

A-111




OMPONENTS DEPARTMENT 1026 AT TA=8SC 21 SEP 78

1 680U

1 4100 =
1. 2200
1.8380
840 BN
658 oN ==
460 0N

-110 m e ——— S ———— —
-3%9" . T

# OF CELLS 1
CELL SIZE 1

STD. DEV 250 1N

A-112




COMPONENTS DEPARTMENT 1027 AT TA=8SC 21 SEP 73
1 608U
1 AU e
12200 ==
1.838U
846 ON |
650 BN =
0N B
28 0N e .
= ———————— a e |
80 8oN — 5 ‘
11008 — ’ —— f
|
-360 . 6N . T T T T T ] |
2 4 6 8 10 12 14 |
# OF CELLS 100 FREQ. OF OCCURRENCE |
CELL SIZE 19.00N 1
‘ 136
stncl)g‘ngs 1.475U |
MEARN : 247 . 1M
MINIMUM - -73 . SON ‘
STD.DEV. : 248 3N |
!
|
1
1
REPRODUCBILITY ¢ *
) |
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SOMPONENTS DEPARTMENT 1028 AT TA=8SC 21 SEP 78

. R
Do i e

278 N o R .

80 0ON ——— =

L1580 e

~300 6N - v T T T T T T T T T 1 g

1 2 3 4 S 6 7 8 9 10 11 1

# OF CELLS 109 FREQ. OF OCCURRENCE
CELL SIZE 19 66N
READINGS : 136
MAZXIMUM : 1.438U
MEAN - 246 SH
MINIMUM : -81 . 96N
STD DEV - 2458 . 7N

A-114




COMPONENTS DEPARTMENT

1021 AT TA=125C

21 SEP 78

7 600U

6 288U

S . 406U

4. 600U

3 888U

3. 0860

2.208U

1.408U

[

-209 N

-1.000U M r 1 r
DATA EDITED 1 2 3 & S & 7 9 10 11 12 13
* OF 100 FREQ. OF OCCURRENCE
CELL SIZE B
READINGS 132
MAX I MUM 6. 325U
MEFAN : 972 . 4N
MINIMUM -7261 .5N
STD . DEV 1.1420

A-115




COMPONENTS DEPARTMENT 1022 AT TA=125C 21 SEF 78

T T
1 2 3 4 S 6 4 8 9 18 11 | P

# OF CELLS 108 FREQ. OF OCCURRENCE
CELL SIZE 80 60N
READINGS - 136
MEX ITMUM 6. 315U
FEAN 914.0H
MINIMUM : -8132.5N
STOD.DEY. - 1. 166l
A-116
TR B Sy e ;/_;ML.JLW




21 SEP 78

COMPONENTS DEPARTMENT 1023 AT TA=12SC

REPRODUCIBILITY OF THE A-117
ORIGINAL ?AGE I8 POOR




JMPONENTS DEPARRTMENT

|

Rl BBdd

 OF CELLS
ELL SIZE

EADINGS
1A% TMUM :
IEAN :
FTNIMUM :
,TD .DEV . :
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