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EVALUATION

The contractor evaluated a new approach to MNOS memory circuit design
that used bipolar circuitry for every function on the memory chip except actual
storage of data. The approach has the advantage that it is a commercial process
for which there is a large amount of reliability data. The technology looked
promising at the start for radiation hardness due to the complete elimination of
MOS technology which is notoriously vulnerable to radiation. The results were
discouraging, however, because the MNOS transistors proved to be moderately
vulnerable to radiation. Although the resulting hardness is one to two orders
of magnitude higher than that of most standard commercial MNOS technology, it
did not satisfy the goals desired for the specific application which generated the
requirement. (Related TPO 4D5)
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SECTION I
PREFACE

This report represents the findings and recommendations derived from
the feasibility study (Phase I) on the subject in question, conducted under .
the Contract No. F19628-78-C-0178, administered by Pat Vail, Project Engineer,

Rome Air Development Center, Deputy for Electronics Technology.
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SECTION II
INTRODUCTION

Previous rad-hard IC's utilizing MNOS transistors as memory elements
$ used MOS control logic (PMOS or CMOS). This study has revealed that the
' state-of-art MOS circuitry represented the weak link in the rad-hard charac-

teristics. The study also demonstrated that MNOS memory transistors were

. effective rad-hard memory cells. (Ref: Contract Review on "1K Nonvolatile

Memory", held at Westinghouse Co. for the Air Force Material Lab., June 1979).

RCA's Bipolar Design Group developed circuits and process which led ]
eventually to "BIMOS" IC's. There are numerous similarities between bipolar
and MOS IC technologies, such as: Starting material resistivities, polarities,

processing sequences, and compatibility of isolation and diffusion techniques.

The known radiation performance of bipolar circuitry, coupled with the

MNOS memory transistor, offers a high-performance combination.

Three compatible technologies were developed by RCA's SSD (Solid State
Division), the integration of which offers an opportunity to generate IC's
with conceivably superior radiation tolerances. The technologies of interest

are:

1, Dielectric Isolation.
. 2. Bipolar Processing.
3. MNOS Processing. ]

RCA's Commercial Design Group is developing several circuits based on
combined technologies. One of these circuits utilizes both MNOS and bipolar

transistors on the same chip. This circuit was developed for commercial
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applications requiring an "EAROM." For the commercial circuits, no radiation i

tolerance is required.

The p-n junction isolated circuit of interest employs MNOS transistors ;
as memory elements and bipolar transistors for analog and digital circuit

functions.

' i A test key (TAl0306) was developed and tailored to facilitate the 1
evaluation of special parameters and functions of the devices representing
the hybrid technology. This test key was used as a test vehicle in all the
studies reported in subsequent sections of this report. The test key pellets
employed in this study were derived from wafers processed in the IC
engineering model shop by the standard commercial process without any regard

whatever to the rad-hard capability of the resulting devices. 1

The test key incorporates all the elements of the technologies which are

presently used in the High Speed Bipolar IC operation and are utilized in

production of rad-hard IC's except dielectric isolation.

The merger of the above processes makes possible a dielectric isolation

MNOS/Bipolar, rad-hard process suitable for re—entry "EAROM" applications.

s
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E | SECTION III
’ STATEMENT OF WORK

A, OBJECTIVES OF PHASE I
1. Credits:
The R&D study, the subject of this report, was sponsored and funded by

the Electronics Systems Division (PKR), Air Force Systems Command, U.S. Air

Force, Hanscom Air Force Base, MA 01731.

The primary objectives of the reported research were to fabricate n-p-n
bipolar transistors and MNOS devices on the same chip, to assess the gamma
radiation performance of these structures, and to determime whether these
devices could be combined into a radiatien~tolerant memory design. The data
derived from the feasibility study is to be used for guidance in selecting k
the radiation-hardened 1K "EAROM" design.

The TA10306 circuit was chosen for Phase I analysis since it is immedi-
ately available and represents the processing technology which can be 3
utilized for Phase II effort. This circuit provided a fringe benefit in the
sense that any influences exerted by the bipolar processing could be detected 1
and verified by this test key. &

In the testing and characterization of the devices of interest, the
primary emphasis was placed upon the following parameters:

°'VTH -~ initial threshold.

° Fixed amplitude switching at 25V and 30V.

Gm - transconductance.

° Retention time through a latitude of duration.
Erase/write degradation,

° Total-dose radiation.

° Bipolar transistor characteristics, such as: Gain, VBD’

VCE(sat), leakage current.
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The devices were irradiated to predetermined gamma dose levels by means
of the Gammacell-220 radioactive GBAL irradiator; the above-listed parameters
were used as the yardstick to ascertain the rad-hard characteristics of the
test vehicle (TA10306).

B. TECHNICAL APPROACH
The program was divided into the following sequence of tasks:

l. Fabrication of test chips.

2. Zero-hour characterization of the test chips.
3. Irradiation (Gamma -~ total dose of the chips).
4. Post-radiation characterization.

5. Reliability testing and failure analysis.

6. Summary - conclusions - recommendations.

The Engineering Model Shop facilities of the High-Speed Bipolar IC
operation were utilized to generate the device wafers required for this study.
No major problems were anticipated in merging the dielectrically isolated
bipolar devices with MNOS processing. Basically, these processes are tech-
nologically compatible. However, most TIL circuits require a maximum voltage
of 7 volts, which is determined by BVcgg The MNOS devices require up to
30 volts for programming. Consequently, minor adjustments to the TTL process
were made to accommodate the higher MNOS voltage requirements. An appropriate

set of masks (TA10306) was made for p~n junction processing.

The TA10306 chip incorporated both drain-source. protected and thin-oxide
transistors. The drain-source protected unit is the one of major interest,
but the thin-oxide unit was required as a reference so that the effects of
the thin~oxide region and the thick-oxide region of a drain-source protected

device could be carefully separated.

A "stepped oxide” MNOS transistor channel is actually a composite device
o
consisting of a thin-oxide (20A) memory portion centered between thicker
o
oxide (500A) fixed threshold sections. This transistor exhibits enhancement~

mode operation with source-to-drain breakdown voltage in excess of 35 volts,

11I-2
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and is best suited for use in the design of large-scale nonvolatile memories.

The testing procedures make use of the saturated threshold voltage state

as a reference level on which all tests can be based.

The thin device is used in conjunction with the stepped~oxide MNOS
transistor for evaluating the saturation into the high-conduction state because
the high-conduction state typically exhibits depletion-mode behavior for the
thin-oxide memory portion of the transistor. In the stepped-oxide MNOS
device, the depletion-mode characteristics of the thin-~oxide characteristic
of the thin-oxide portion of the device is suppressed by the characteristics

of the thick-oxide portionm,

The thicker oxide region results in a fixed-threshold nonprogrammable
enhancement-mode transistor. The stepped-oxide device will be dominated by
the thick-oxide section when the thin-oxide threshold voltage is more positive
than that of the thick-oxide portion. By having both devices, these charac-

teristics can be separated.

In order to provide a broad statistical basis, the devices used in this
study were derived from four different wafer process lots which were processed
in an identical manner. Table III-1 summarizes the technological highlights
of the process employed. Table III-2 represents a detailed process flow-sheet,
and incorporates the more important process and quality-control points.

Fig. 1I1I-1 shows the vertical geometry of devices formed by the above

described process.

Characterization of the four lots has revealed that three lots provided
normal, expected characteristics, but that the fourth lot exhibited poor
retention characteristics. An analysis of the defective lot revealed that
the quality of the silicon nitride was poor. This kind of wafer would

normally be eliminated by the initial wafer acceptance test; consequently,

this lot was replaced with another meeting the specifications.

1
;
i
!
3
i
i
1
f

—)

2




Table III-1 - Processing Steps

Pocket (SB)

*ISO

*Deep N+

Arsenic Field Implant
12L Base

B &R

Emitter N+

Channel For MOS
Channel For MNOS

First Contact (Thermal Nitride)
Second Contact (Underlying Oxide)

Metal

Protect

13 Mask Levels Plus 3 Redundant lLevels

*Redundant Masking Level

I1I1-4




Table III-2 - Process and Quality Controls

1. Starting substrate wafer
(1-0-0), »p- doped
25 - 50 2 cm

Preoxidize and oxide
strip cleaning

Oxidize at 1000°¢
steam
~ 2 hours

N+ photoresist
and oxide etch

Visual

5. Antigony deposit
1250°C

Glass removal
steam oaidation
at 1200%c

Strip oxide : Visual

Grow Epi Tayer Layer thick
(N- doping) 1.6 - 1.50cem Layer Rs
typical 8um thick Visual

Steag oxidation
1000°C - 2 hours




Table III-2 - Process and Quality Controls (cont’d)

150 photoresist
and oxide etch

Visual

ISC Boron deposit .
(B.S.G. C.VOD.) and R
anneal 1150°¢C, N2

= 12. Boron glass gemoval
; diffuse 1200°C OZ/NZ Visual .
‘ Strip oxide

I1SO probe

1000%C steam
cxidation

Photoresist both sides
develop front

N+ collector oxide Visual
etch

N+ dsposition (POCL3)
1050°C

1000°C steam
oxidation

P+ photoresist
and oxide etch Visual
boron deposit (B.S.G. C.V.D.)




Table III-2 - Process and Quality Controls (cont'd)

19. P+ anneal 1100%C N,/0, R
RS 5.5 - 6.5 /0.

20. 10% HF etch o
P+ drive-in 1165°C
steam

21. Field implant
photoresist and Visual
. oxide etch

22. Implant arsenigz
150 KEV 3 X 10

23. Strip oxideo clean
steam, 1165°C Rs
Rs 2000 - 2500 o/

2. 120 B&R deposition o
B.S.G. (C.y.D.) .
Anneal 945°C s |
R, 60 - 65 o/

25. Remove glass
12y drive-in, R
steam - 1000°C S
Rs 230 - 300 9/a i

26. Standard B&R photoresist j
- and oxide etch Visval
B.S.G.Odeposit and anneal Rs
at 945°¢C Rs=50-559/a




27.

29-

30.

31.

32.

3.

Table III-2 - Process and Quality Controls (cont'd)

Remove 8lass diffuse
at 1]00°C wet/dry

Rs I€L = 325 - 375 9/p
Rs B&R = 180 - 230 U

tmitter photoresist
and oxide etch

POCL8 deposition
1050™C

Final oxidation o
Azeotropic HCL at 940°C

Chanrel oxide photoresist
and oxide etch
"50:1" etch, clean

Channel oxide oxidgtion
Azeotropic HCL 8009

T,y 600 - 650 R

Thin channel photoresist

and oxide etch
retain photoresist

Implant phosphorous 35 Kgy

5 X 10'2, base P.R., B.E. 7 Min.
strip photoresist

I11-8

Visual

ox

Visual

Visual

Visual
Tox {(Channel)

450 - s00f : ﬁ
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Table III-2 - Process and Quality Controls (cont'd)

35. Thin oxide oxidatioa
Azeotropic HCL, 580°C T
35 Min. ﬂ
Tox 18 - 22

ox

51 ' 36. Deposit 513 N4 1

(L.p.C.v.P

) sn
'’ 500 - 550 R

37. CV plot for av
CMOS

38. Anneal at 1000°C
f in F.G.

L 39. Deposit undoped SiO2 T

(C.v.D.) N 50008 ox
first contact photoresist Visual
oxide etch, SiN etch

40. Final oxidation
g | Azeotropic HCL 94°C
'J Anneal F.G. 15 Min.

41, Annsal F.G.
740°C - 16 hours

42. Second contact photoresist
and oxide etch Visual
clean

|- 111-9




43.

44.

45.

46.

47.

48.

Table 1I1I-2 - Process and Quality Controls (cont'd)

Evaporate aluminum
metal photcresist and etch

Al]ay aluminum
530°C F.G.

Silane protect
(C.V.D~P.S,G.)
7500 - 90008

Protect photoresist
and oxide etch

W.E.T.
backlap
circuit probe

Sell to Assembly Department

I111-10

Tmet

Visual

ox

Visual
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C. RAD-HARD EVALUATION OF THE DEVICES - GENERAL
The IC's used in this study were tested at various (total) doses of

"gamma" radiation. The testing was carried out through the use of a Gamma-

cell~220, cobalt~60 irradiator available in the Somerville SSD Engineering
Labs, Fig., III-2.

The devices to be tested were inserted into a test panel, Fig. II1I-3,
where the MNOS circuits were biased at -10 volts during the irradiation.
Specified exposure times were employed to attain the desired total dose. All
of the devices were tested immediately before irradiation (“'zero hour") and

immediately after irradiation for the following electrical parameters:

1. Bipolar Beta at = 10 pA

100 wA
1 mA
VeEo
VeBo
VEBO
VCE(sat)
Icro

2. MNOS: V.., VOolts

TH

Subsequently, the devices were returned to the RCA David Sarnoff Research

Labs in Princeton for other tests stipulated by the contract.

i sl be A
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Fig. 1I1-2 ~ Gammacell 220.
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2 24 24 L] 24 241 2
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T

L 24 24
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Note: For pinouts see pages A-21 and A-33,

Fig. 11I-3 - TAl0306A radiation test board.
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| SECTION IV j
ELECTRICAL TESTING OF DEVICES * E

A, INTRODUCTION
The testing of the MNOS devices fabricated with bipolar transistors was J i
ajmed at finding those characteristicg pertinent to nonvolatile memory design ; {
that existed for representative devices in the TA10306 test array. The
testing involved twenty packaged devices from four different diffusion lots.
The test flow chart is shown in Fig. IV-1 (See Appendix). ?

B. TEST EQUIPMENT ’
A block diagram of the basic test equipment used to evaluate the MNOS i

devices is shown in Fig. IV-2. The device under test (D.U.T.) 1s accessed

TSR P v

through a relay matrix by a VTH sample measurement system and a prggrammable
pulse generator. The control-logic section adds automatic preselected control
of pulse and VTH read operations. A more detailed functional block diagram
is given in Fig. IV-3. It is clear that the operator can choose pulse H
amplitude and duration for driving the MNOS element and the time selection

(in decades) of VTH read for retention-time measurements. The measured data J
is digitized and transferred onto magnetic tape by a SERDEX data acquisition ;

system. The data was transferred from the cassette type to disk file on a

Data General Eclipse C300 computer to allow automatic plotting of the data.

In the case of retention data, an option in the plotting package was
selected to fit a least squares line through the data points. The values of
the fitting parameters are automatically notated on the left edge of each

plot. The values shown correspond to the fitting parameters for the line

Y=mzx+ b, where X = log (time) and Y = threshold voltage. Given in this

form, the value of m noted on the graph corresponds to the change in thres-
hold voltage per decade of time. For the stepped—-oxide devices, there was

generally no change in threshold when the device was first written to the

low threshold state, so that the slope shown is zero. (An error in the !
calculation routine shows this data with a correlation coefficient, R, of
zero rather than 1.000. The correlation coefficient for all other cases is

calculated correctly.)

* All Figures and Tables for Section IV are contained in the Appendix.
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Fig. IV-4 through 12 contain more detailed .block diagrams of

each major subsection of the test system. Fig. IV-13 through 21 detail the

actual circuitry used in each of the major blocked sections of the system.

In order to assure highly accurate and reproducible measured results,

the calibration procedure shown below was adopted:

l.

Only the resistors which had been designated for this procedure
were used since these were the only ones whose actual values

were known,
The resistor to be used was connected directly to the current-

source output on the back of the threshold-measurement system.

A pulse generator was connected to the ext. clock input and

the rep. rate varied until the digits on the DVM changed at
approximately a 10 Hz rate.

The top cover was removed, and the pot which corresponded to the
current range selected was adjusted.

When the adjustment was deemed correct, the INT./EXT. switch was
flipped to internal, and at least 9 or 10 readings of the same
voltage were taken. The average was taken to be the expected
reading, it should be within 390.

If averaged readings were not within 390, steps 4 and 5 were

repeated.
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The resistors used for calibration are shown in Table IV-1; the
actual values of the specific calibration resistors used are shown in
Table IV-2. The tables show that precision resistors are used to calibrate
the various current ranges. The measured linearity of the V, ., measurement

) TH
system for each current scale is shown in Figs. IV-22 through IV-29.

Since the VTH measurement is a sample read of the turn-~on voltage of the
MNOS FET, a critical parameter associated with it is the time duration of the
gate-to-source voltage during reading. The tradeoff decided was to minimize
the sample-read duration, but not to cut off the read at the 1 microampere
current range for a device with a large negative VTH(approximately -18V).
The value selected was 6 milliseconds. V timing information is shown in

TH
Fig. IV-30.

C. TA10306

The TA10306 test key was selected as the vehicle for evaluation of the
MNOS FET devices. This test key consists of a stepped-oxide (drain-source
protected) MNOS and a thin-oxide only MNOS device bonded out separately in a
24-pin ceramic, hermetically sealed, dual-in-line package (DIC). This test
key also has a bipolar n-p-n device bonded out. A photomicrograph and bond-
out diagram is shown in Fig., IV-31,
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D. TEST RESULTS
The first part of the test flow shown in Fig. IV-1 required the documenta-
tion of the initial V__, of both the stepped-oxide and thin-oxide MNOS devices.

TH
These devices are tested as received from fabrication and packaging and i

have received no programming pulses. The measured values are shown in ;
Table IV-3. !

The VBD or the source-to-drain breakdown voltage was measured for all -
units selected for further testing, as shown in the flow of Fig. IV-1l. The
measurement was made with the gate and source fixed at ground and with a

forced drain potential. The voltage needed for an ID of 1 microampere was

S
measured; the results are shown in Table IV-4.

The testing is divided into measurements of retention time and fixed-
amplitude-switching (FAS) characteristics. The units are further subdivided
into 25-volts and 30-volts pulsed devices., Typical graphs for fixed-amplitude
switching and retention time are included in Figs. IV-32 and IV-33.

The fixed amplitude switching measurement, Fig. IV-32, plots the threshold o
voltage of the device after it has been pulsed with a 25 or 30-volt pulse ‘
whose width is varied from the microsecond range up to a tenth of a second.

The threshold voltage is changed from the high-conduction state that is +1 !
volt to the low conduction state, -6 volts, with each set of measurements. !
Examination of the typical graph in Fig. IV-32 shows that the threshold

voltage reaches a low limit after a pulse of 25 volts with a 10 millisecond !
width. !

The retention-time graph in Fig. IV-33 plots the threshold voltage ver-
sus time for an MNOS device. The device is pulsed into the low conduction

state with a 25-volt pulse with a width of 10 milliseconds. The threshold

voltage is measured after the indicated elapsed time; i.e., from a minimum
of 0.01 seconds to a maximum of 10,000 seconds. The slope of the line
obtained gives an indication of the long-term stability of the structure.

1v-4




oo TPy R - . B T S e .
v %24 0 B e L 2 | T b
? A Pyt L 2

A e e <t s m——

The results of the tests are presented by lot. As shown in Table IV-4,
the four diffusion lots were taken from lots No. 2A, 10A, 13A, and 18. The

slope of the least-squares line through the data, m, gives the rate of change
of threshold in volts/decade of time.

b 1. Lot 2A
a. 25V. Figs IV-32 through IV-37 display the FAS at 25°C of units
= No. 3, 8, and 9 for both the thin-oxide (T0) and stepped-oxide (SD)

devices. Figs, IV-38 through IV-40 display the FAS for unit No. 1 for =-55°C,
25°C, and 125°C, Figs IV-41 through IV-44 show the retention time at 25°C
for thin and stepped-oxide (TO and S0O) devices.

b. 30V. Figs IV-45 through IV-50 display the TO and SO characteristics
@ at 25°C. Fixed-amplitude switching characteristics, FAS, for unit No. 5 at
25°C and 125°C are shown in Figs. IV-51 and IV-52. Retention times for TO
and SO devices at 25°C are shown in Figs. IV-53 through IV-58. J

2, Lot 10A 1
a. 25V, TFigs. IV-59 through IV-64 display FAS for TO and SO at 25°C.
Retention time is shown at 25°C in Figs. IV-56 through IV-70 for SO and TO.

b. 30V. Figs. IV-71 through 1V-76 display FAS for TO and SO at 25°C.
Retention time is shown in Figs. IV-77 through IV-82 for SO and TO at 25°C.
3. Lot 13A

a. 25V. Figs. IV-83 through IV-88 display the FAS for TO and SO at
25°C. Retention time is shown in Figs. IV-89 through IV-94 at 25°C.

b. 30V. Figs. IV-95 through IV-100 display FAS for TO and SO at 25°C.

Retention time is shown in Figs. IV-101 through IV-106 at 25°C.
4, Lot 18

a. 25V. Figs. IV-107 through IV-112 display the FAS for TO and SO at
25°C. Retention time is shown in Figs. IV-113 through IV-118 for TO and SO
at 25°C.

somiomithitodiisinaan

E b. 30V. Figs. IV-119 through IV-124 display the FAS for TO and SO at
| 25°C. Retention time is shown in Figs. IV-125 through IV-130 for TO and SO
at 25°C.

IV-5




) PR
e e i |

The FAS for TO devices at 25°C are shown in Figs. IV-131 through IV-137
for lot 2A, in Figs. IV-138 through IV-140 for lot 10A, in Figs. IV-141
through IV-146 for lot 13A, and Figs. IV-147 through IV-151 for lot 18.

E. BIPOLAR TRANSISTOR RADIATION DATA

The n-p-n transistors which were processed on the same test key as the

MNOS devices wcre subjected to gamma radiation. Data is presented in
Table IV-5 on the test done at 1 x lO5 and 5 x 105 rads. The degradation
which is evident at 5 x 105 rads is typical of devices which are processed

without concern for radiation tolerance.

The data shows degradation of beta at a collector current of 10 micro-
amperes. The beta is reduced by a factor of 2.5 to 3 times its initial
value as a result of the generation of surface states at the emitter base
junction boundary. Improvements in this performance can be obtained by
modifying the oxidation and annealing conditions after the emitter diffusion
step. n-p-n transistors which perform satisfactorily after exposure to
1x 106 rads are fabricated in the High-Speed Integrated—-Circuit production

area. These devices are being utilized in a number of military systems.

F. MNOS RADIATION TEST RESULTS

Tables IV-6, 7, and 8 show the radiation test results of the thin-oxide
6

and stepped-oxide devices after exposure to the 1 x 105, 5x% 105 and 1 x 10
rads., Analysis of the Table IV-6 shows that a window of voltage exists for
both the thin and stepped-oxide device after exposure to 1 x 105 rads.

Table IV-~-7 shows that the performance of the thin-oxide devices is
acceptable after exposure to 5 x 105 rads.; i.e., the voltage window between
the high-conduction state and the low-conduction state is at least 1 volt.
The stepped-oxide device has degraded so that only three of the nine units
have an acceptable window between the high and low states. The thicker
oxide in the stepped-oxide device has caused the degradation. Devices made

with thin oxide perform satisfactorily at this level.

Iv-6
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At 1 x“106, Table IV-8, both the thin-oxide and stepped-oxide devices

have degraded to an unusable level.

The oxidation procedure which was used to fabricate the 1000-A thick
oxide can be modified so that it will have acceptable characteristics at
1x 106 rads. RCA has fabricated MOS devices which demonstrate this
capability. This test has demonstrated that the thin-oxide nitride structure
must be improved if it is to survive the 1 x 106 rads exposure. It should be
noted that the thin-oxide structure is not acceptable by itself as a memory

element.

The stepped-oxide device was designed to overcome two deficiencies of
the thin-oxide structure. The thin-oxide structure can become a depletion
mode MOS device. With a thick-oxide device connected in series, the composite
structure stays in the enhancement mode. The stepped—oxide region covers the
source~to-substrate and drain-to-substrate junctions. Thin-oxide structures
exposed to high~temperature bias life tests exhibited a high incidence of
failures for leakage current. Use of the stepped-oxide structure eliminated

this problem.

G. LIFE AND WRITE/ERASE DATA

Data is presented in Figs. IV-152 through IV-155 on parts fabricated in
the Model Shop.

Fig. IV-152 presents 25° storage data on 25 units showing average ¢ and
3 ¢ limits. The data shows that a window of at least 3 volts exists after

229 days. Projected performance shows a window of 2.5 volts at 9.6 years.

Fig. IV-153 presents data on four units stored at 150°C for 1 year.

The data shows a voltage window of 1.8 volts after 1 year storage.

Figs. IV-154 gives data on 27 units which were programed through the

write-erase cycle 103 times. The devices were then stored at 100°C for 27

hours. Failed units appear to be typical short-term burn-in failures.
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Figs. IV-135 gives data on units that were programed through 105 write/
erase cycles and exposed to 100°C storage. Data was taken at 2.7 hours and

27 hours.

2 The results of the data described above indicate that the MNOS process
is capable of producing devices which will perform satisfactorily over

: extended periods of time.
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SECTION V
CONCLUSIONS

The primary objectives of the reported research were to fabricate n-p-n
bipolar transistors and MNOS devices on the same chip, to assess the gamma
radiation performance of these structures, and to determine whether these

devices could be combined into a radiation~-tolerant memory design,

1. The radiation data indicates that the devices performed acceptably
at 1 x 105 rads. The thin-oxide structures were acceptable after exposure to
5 x 105 rads.

Analysis and process refinements would be required on the basic

thin-oxide nitride structure to make it acceptable at 1 x 106 rads.

2, The electrical performance of the n-p-n transistors was acceptable.
Improvements in the oxidation procedures would improve the post-rad low—current

performance.

3. The breakdown voltage of the MNOS device exceeds 30 volts. This
capability permits the implementation of a write/erase function in the memory

of an LSI designed for 30-volt operation.

Therefore, this research has demonstrated that the circuit elements
described could be combined into a memory design which would perform

acceptably at 1 x 105 rads,

There is no question that a substantial improvement of the rad-hard
characteristics can be achieved by observing more processing sophistication in
the oxidation procedures. A specific reference is made here to the Rad Hard
CMOS Channel Oxide process developed and refined by the RCA Solid State
Division under the sponsorship of Wright Patterson A.F.B., Material Lab.
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(Contract #F-33615-76-6-5374, W.P,.A.F.B., Manufacturing Technology Division,
i Materials Lab.). The channel oxide process described in this report should

be compatible both in sequence and thermally with the MNOS technology employed

and described in the present report.

T AR v e ML T S - 1 €N T




b B T i B TR B i

Appendix A

SELECT 20
VISUALLY GOOD
CHIPS, PACKAGED
IN 14 . LEAD FLAT
PACK, MAINTAIN
LOT & CHIP IDENTITY

@] f

INITIAL THRESHOLD
&

S - D BREAKDOWN
(RESERVE 10)

an

I |
b ®| I@

“ 25V FIXED AMP. 30V FIXED AMP.
, ) SWITCHING @ 25°C SWITCHING @ 25°C

26V 3ov

RETENTION @ 25°C RETENTION@25°C [ |

T ® ®
: 25v 30v

FIXED AMP. SWITCHING FIXED AMP, SWITCHING
| & & '
i RETENTION @ 125°C RETENTION @ 125°C 3
] 4
| 5
;; of ol
i 25v 30v
| FIXED AMP. SWITCHING FIXED AMP. SWITCHING
g & &
| RETENTION @ -§5°C RETENTION @ —55°C
| ® ®
“ 25GM 30 GM
ﬁ @ 25, 125, -55°C @ 25,125, —55°C

1 RADIATION TESTING W/E CYCLE ENDURANCE RADIATION TESTING

100 uSWRITE PULSE

® 6]

RETURN RETURN
FOR RETESTING FOR RETESTING

Fig. IV-1 - Radiation—-hardened MNOS testing plan
(repeated for a total of four lots).
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BLOCK DIAGRAM OF DATA AQUISITION SYSTEM

PROGRAMABLE
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A-2

Fig. IV=2 ~ Block diagram of data acquisition system.
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Fig. IV-3 - Functional block diagram.

A-3




EQOC
FROM O—]
PP.G.

DETAILED BLOCK DIAGRAM OF CONTROL LOGIC

Decade Timing Logic

J

VTH START

PULSE TO 0——]

RELAY
MATRIX

CLOCK GATING 10MS DECADE 100MS DECADE IS DECADE

MA —o
STER CLOCK LOGIC SELECT LOGIC SELECT LOGIC SELECT LOGIC
VTH &TART AND 10MS DATA 100MS DATA IS DATA
STOP LOGIC LATCH tATCH LATCH
r |
1
10,0008 DECADE 1000S DECADE 100S DECADE 10S DECADE

LOGIC

DECADE SUMMING

SELECT LOGIC

SELECT LOGIC

SELECT LOGIC

SELECT LOGIC

|

1

l

:

10,000S DATA 1000S DATA 1008 DATA 10S DATA
LATCH LATCH LATCH LATCH

Fig, IV-4 - Detailed blocl diagram of contro! logic.
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DETAILED BLOCK DIAGRAM OF PROGRAMMABLE PULSE GENERATOR
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Fig. iv-5 = Detailed block diagram of programma.le
pulse generator.
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DETAILED BLOCK DIAGRAM OF RELAY MATRIX
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Fig. IV-7 -~ Detailed block diagram of relay matrix.
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DETAILED BLOCK DIAGRAM OF SERDEX INTERFACE LOGIC j
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F Fig. IV-8 - Detailed block diagram of SERDEX interface logic.
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DETAILED BLOCK DIAGRAM OF SYSTEM POWER SUPPLIES E
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Fig. IV-9 Detailed block daigram of system power supplies.
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DETAILED BLOCK DIAGRAM OF SERDEX DATA TRANSFER SYSTEM

BCD DATA
INPUT
REGISTER

ISOLATED
CURRENT LOOP
RECEIVER

ASC11 TO
PARALLEL
CONVERTER

CONTROL
CHARACTER
DECODER

CHARACTER
COUNTER

SYSTEM CLOCK DATA ISOLATED PARALLEL AID
AND TIMING FORMATING CURRENT LOOP 70 ASC11
LOGIC LOGIC TRANSMITTER CONVERTER

5T 6 DEEP |2
TTLOUTPUT SHIFT =
(TO NCR 260) REGISTE

RS
S A .

GATED DATA
OUTPUT
REGISTER

SERIAL INPUTS

Fig. iv-10 - Detailed block diagram of SERDEX data transfer gystem.
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Fig. IV-11 - Reset logic.
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5 Fig, 1IV-13 - Programmable pulse generator output stage.
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Fig. IV-14 ~ SERDEX interface logic.
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CONVERT

®
s0n @T
5Y =
- 1RI60T=
G
0¥ uf
12
m
3 1%
1129602 l
5
W 3466 ® 112 1400
T0 GATE ‘ s 35 10 foL0
LA r4ssott 5V COMMAND INPUT
T—JE OF SANPLE/NOLD
- ® 12 [ 11 @ *1
v GATE A " T SERDEX INTEFACE T
0F Oy = 1w CARD
S0 0H00H o
A » c, 1} 02 CAN BE ADJUSTED FOR A WIDER RANGE OF READ TINE.

% (IRCLED NUMBERS REPRESENT P.C. LOCATIONS.

Fig. IV-17 - Logic board.
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RELAY LOGIC

0 207

1/6 CD 4048
1/2 9602

* INPUT T0 (D4049 IS FROM THE SET SWITCH LOCATED IN THE
PROGRAMMABLE PULSE GENERATOR

= SSRI -THROUGH SSRS ARE TELEDYNE SOLID STATE RELAYS # 640-1.
% ALL RELAY CONTACTS GO TO THE UUT

T0#24A

1/6 1407

Fig. IV-18 - Relay logic.
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THRESHOLD NEASUREMENT SYSTEM L

GURRENT SOURCE BOARD

AAAAA

b G A
on
=3
<
o=

ARAAA

U

;:: 10t -V
9

1/2 DRAIN CURRENT SWITCH

+6Y

-8V
v q| °3
SECT(')(;N;.#NZ. SWITCH 2N3643 2N3638A
i DATEL

] —V
e 15V T0 0P ANPS : : WAL 1 LD
AND SANPLE doup [0 SOURCE! @ ; SANPLE & HoL

. THE VOLTAGES AT THE BASES OF =it =

Q, & & ARE WTH RESPECT T0 :

V0 & -2, 10 ANALOG
x THE GATES OF 0, k O, ARE DRNEN 190060 IWPUT OF DP

BY THE NC3466 AND DHOO34 RESPECTIVELY = =

b

==
1

'

:

'

'

4

pmm———

ISECTION #3

T0 DRAIN OF UUT I EW PR SWITCH

Fig. IV-19 - Threshold measurement system.

A-19

o G LT e i T - B RN L . R e T T Y PP S e 0 A

PR P

e o, SRS



R ) ) ' T - s i Mk e R P S Lot i BTl ninatia i SIS Sl AR S -

[,

POWER SUPPLIES

A

s

30610
o—o 4 T '
HTWe 0 NC 7805
1 AT +
@ | ¢-i06 v S L 70 OPN & LOGIC
5V
SIGRAL 34-1T0 . -
THR{AE REETY B
" 6 W’ - - 3 S B v
- .
I T0 CURRENT SOURGES
53’;‘ %.JJ,J 72 F—°
! l ' 3 T oy
SIGNAL 24- 250 - »
133 13.[5 I+ 0.0 -
-I:
518 T T™ B W
18058 T -0 T0 CURRENT
L I . e SOURCES
1 =
50 w12 ( O~———0
- 1
? ]
!

Fig. IV-20 - Power supplies.
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MNOS SWITCHING BOX

SET PULSE
FRON PP6.

THIN OXIDE DRAIN PN #W
T0 DRAIN OF VTH WEASUREMENT SYSTEW

THIN OXIDE GATE PIN #15
10 GATE OF VYH WEASUREMENT SYSTEN

£0C
STEPPED OXIDE ORAIN PIN #2
FROM PRS 70 DRAIN OF VI EASURENENT SYSTEN
STEPPED OKIDE GATE PIN ¥ 24
10 GATE OF VTH NEASUREMENT SYSTEN

1/6 1407

1 173 140

S 2 SSRI- SSR4 ARE TELEDYNE SOLID STATE RELAYS #640-1

Fig. IV~21 ~ MNOS switching box.
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Table IV-1 - Resistors Used for Calibration and Linearity

gﬁfﬁd Current Scales
1ua 2yua Sua 10, a 20 ua 50 u a 100 1 a 200 v a
100 mv 100K 49.9K 20K 10K 5.1K 2K 1K 511 a
200 mv 200K 100K 38.3K 20K 10K 3.83K 2K 1K »
; 500 mv 499K 261K 100K 49.9K 26.1K 10K 5.1K 2.61K
‘ v m 499K 200K 100K 49.9K 20K 10K 5.1K
2v 2m Tm 383K 200K 100K 38.3K 20K 10K
Sv 5.74m 2.61m Tm 499K 261K 100K 49.9K 26.1K
10v 10m 5.74m 2m m 499K 200K 100K 49.9K
15v 15.74m 7.66m 3.16m 1.5m 750K 301K 147K 75K

Py
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MEASURED VALUES OF CALIBRATION RESISTORS

Table - IV-2

R

511¢q
1K

2K
2.61K
3.83K
5.11K
10K
20K
26.1K
38.3K
49,9K
75K
100K
147K
200K
261K
301K
383K
499K
750K
Tm
1.5m
1.25m
2.6Im
3.16m
4.74m
7.66m
10m

s

8v
.5V
.4V
LAV
.4V
.4V
.8V
1.6V
1.6V
3.2V
av
5V
5V
6V
8y

8
8v
8v
5.1V
8v
8v
8v
8V
8y
8V
8v
8v
8V

A-23
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15.5ma
490ma
.198ma
1512
10212
7Tua
79ua
78.5ua
61ua
83ua
79.5ua
66ua
49,5ua
40.5ua
40ua
30.5ua
26.5ua
20.8ua
10ua
10.6ua
8ua
5.3ua
4ua
3lua
26ua
1.68na
1.04u
.8ua

Rm

516q
1.02K
2.02K
2.65K
3.92K
5.19K
10.12K
20.4K
26.2K
38.55K
50.3K
75.76K
101K
148. 1K
200K
262.3K
301.9K
384.6K
500K
755K
Tm
1.5Tm
2m
2.58m
3.08m
4.761m
7.65m
10m
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Fig, IV-22 - V,  linearity for 1 microampere scale.
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. MEASURED VALUES (V)
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E ——=IDEAL LINEARITY
[ X =MEASURED LINEARITY
- X -
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-
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I [ \ .
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© 10F- x\ —
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Viw LINEARITY FOR 2uA SCALE

Fig, IV-23 - VTH linearity for 2 microampere scale.
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MEASURED VALUE (V)

0 { 10 100
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R X ~= = [DEAL LINEARITY o
i X = MEASURED LINEARITY
n i
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w
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d
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X
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V LINEARITY FOR S5uA SCALE

Fig, IV=24 - V,m linearity for 5 microampere scale.
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MEASURED VALUES (V)
0 J 10 100
ORT T LR T T T T 1T1T] T T
- - =|IDEAL LINEARITY -
X=MEASURED LINEARITY
B X .
z F \ ]
n I X =
w
o |
2
g | \, q
a
w
: — -
s T _
3 = X -
< = \ -
o - —
10 X\ —
X
N 1-15-79
100 i o1 aaaal Il | 1oy gl 1 Ll

Viy LINEARITY FOR IOunA SCALE

Fig. IV-25 - V

TH linearity for 10 microampere scale.
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Fig. IV-26 - VTH linearity for 20 microampere scale.
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CALCULATED VALUE (V)

o

(]

MEASURED VALUES (V)

OO 10 10 50
T T T T 1777 T T T 17717 T

- ]
| —=|DEAL LINEARITY _

X =MEASURED LINEARITY
L X -
| X N
i ]
3 \x\ E

X
B I-15-79 |
c e e Lot N

VyyLINEARITY FOR 50u4A SCALE

Fig., IV=27 - VTH linearity for 50 microampere scale.
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Fig. 1V-28 = Vo,

linearity for 10C microampere scale.
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MEASURED VALUES (V)

0 | 10 100
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- X=MEASURED LINEARITY
¢ [~ -
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- H
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Fig. 1v-29 ~ V__, linearity for 200 microampere scale.
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VTH TIMING

TOP TRACE

VERT. = 2V/DIV.
HOR. = 2 ms/ DIV.

BOTTOM TRACE

VERT ={0V/ DIV
HOR. = 2ms/DIV.

(1) BOTTOM TRACE SHOWS OPEN CIRCUIT READ PULSE
AFTER FIRST BUFFER AMPLIFIER WITH ALL CABLING
ATTACHED.

(2) TOP TRACE SHOWS WHEN VTH SYSTEM READS THE
UUT AS DEPICTED BY POSITIONING THE RISING
EDGE.

Fig. IV-30 - VTH timing information.
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21

I

23 {\ SOURCE

24 | MNOS GATE

1 PMOS GATE

2 LMNOS DRAIN

Qos DRAIN |
3

Fig. IV=-31 - Photomicrograph and bond-out diagram of test key,
TA10306: 24-lead dual-in-line ceramic; pellet size,

200 x 170 mils; frame, NR496.
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Table IV-3 -~ Initial VTH of Units 1 through 124

Yy~ o Vo
Unit Stepped Oxide Thin Oxide

IOT NO, 2A

1 -4.26v -3.36v
2 -2.14v -3.21v
3 ~3.06v -2.98v
] ~2.22v -2.28v
5 T2y -2.46v
6 -2.40v -3.94v
7 2481V -6.36v
8 306y . -3.60v
9 -3.38v -3.30v
10 -3.60v -3.4gv
1} -2.46v -3.28v
12 -2.44y - -3.40v
13 -4.16v . -3.32v
14 -1.64v ' -3.38v
15 -2.38v -3.94v
16 -3.28v | ~2.64v
17 -3.70v -3 9y
18 -2.30v -2.52v
19 -2.40v -2.38v
20 -3.60v -3.92v
21 -2.448y -3.38v
22 -3.94v -2.98v
A-34
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3 Table IV-3 ~ Initial V. of Units 1 through 124 .
g Vo™ Vo~
' Unit Stepped Oxide Thin Oxide i
23 -2.20v -.358v ‘;
24 -2.40v : -2.98y :

1 25 -2.34v -3.40v

| 26 -2.86y -3.63v
27 -3.12v -1.93v i
3 28 -2.29v -3.34v *
| ' 29 -2.48v -3.1v .
30 -2.34v -.048v |

31 ~7.85v -3.94v

32 -5.59v -3.49v

i 3 -13.00v -4.79v
i -2.35v -3.46v i
35 -2.3%v -3.72v

36 -2.38v -3.26v

LOT NG, 10A

; 7 | -3.16v -3.71

' 38 -2.83v -3.69v

3 -3.56v -3.66v

\ 40 -3.43v -3.37v

it -2.75v -3.55v

4z -2.98v -4.28v

43 -3.40v -4.57v

M -2.62v -3.64v




Table IV~3 -~ Initial VTH of Units 1 through 124

i v, - \ A

TH TH
Unit Stepped Oxide Thin Oxide
; 45 -2.73v -3.78v oo
46 «3.19v -4.28v |
47 -4.09v -3.94v ‘
48 -2.89v -3.78v
49 -4 .38v -3.65v
50 -2.73v -4.29v
51 -2.67v -3.65v
52 -3.52v -1.78v
LOT NO. 13A
53 -3.03v -6.17v
54 -3.14v -.0075v
55 -6.06v -3.51v
56 -0053v -4.81v
57 -2.83v ~3.23v
58 -3.26v -3.59v
59 -3.12v -3.84v
60 -3.06v -.0057v
61 -3.07v -4.59v
62 -3.95v -3.82v =
63 -13.00v -3.48v ;‘j
64 -3.10v -3.89v .
65 -2.83v -2.33v |

A-36




LI . b N B LRk s Bene O . S i A 6 e oy SN T s s D i e AT
e e ot i+ et s A NS

Table IV-3 - Initial Voy ©f Units 1 through 124

e

Unit s:ez%'ga Oxide s oxtde
66 -3.72v -3.75v
67 ~13.00v -,045v
| 68 -2.44v -i.2lv
§ 69 ~2.93v -3.58v
, : 70 -2.60v -3.23v
n -2.65v -3.76v
72 -3.50v -3.80v
73 -3.17v -3.7v
74 -3.23v -3.74v
75 -3.12v -3.73v
76 ~3.28v -3.82v
” ~3.93v -3.74v
78 -3.14v -3.71v
79 <3.05v -3.67v
| 80 -3.01v -3.69v
H 81 -3.12v -3.54y
82 -2.93v -.049v
83 -3.24v -3.32v
84 -4.10v -0.12v
85 ~13.00v -13.00v
86 -2.94v -.053v
87 -3.97v -4.21v |
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Unit

89
90
91
92
93
94
95
96
97
98
99
100
101

102
103

104

105

106
107
108
109

Table IV-3 -~ Initial VTH of Units 1 through 124

VTH-

Stepped Oxide

LOT NG 17

-10.00v
-3.02v
<2.27v
-3.08v
| =2.72v
=3.27v
-2.32v
-3.10v
-4.27v
-2.23v
-2.31v
-3.22v
-1.92v
-3.27v
<2.27v
-2.28v
-2.95v
-2.20v
-2.16v
-2.89v
-2.27v
-2.68v

Yoy~

Thin Oxide

-13.00v
-2.84v
-2.82v
-2.94v
-2.85v
=2.71lv
-3.20v
-3.14v
-1.07v
-2.78v
-2.47v
-2.74v
-3.06v
-3.26v
<2.77v
-3.04v
-2.97v
-2.83v
-2.80v
-2.87v
-2.84v
-2.82v

e




Unit

110
m
12
n3
14
1s
16
n7
18
19
120
121
122
123
124

»m e W N -

Table IV-3 - Initial VTH of Units 1 through 124

VTH-

Stepped Oxide

-.546v
-2.95v
-2.89v
-2.3lv
-2.60v
-2.29v
-2.28v
-2.06v
-2.25v
-2.91v
-2.28v
-2.93v
-2.28v
-.052v
-2.98v

LOT NO. 18

-4.1Cv
+.050v
-3.90v
4.1y
+1.34y

TH
Thin Oxide

-2.90v
-2.85v
-2.87v.
-2.78v
~1.17v
-3.08v
-2.92v
-3.16v
-2.26v
-3.02v
-2.84v
-2.78v

=.303v

-2.87v
-3.10v

-2.45v
+.100 v
-2.45v
-2.32v
-3.56 y
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Table IV-3 ~ Initial VTH of Units 1 through 124

Unit

O 0 N O

n

12

13
14
15
16
17
18
19
20
21
22
a3

V. -
Stepggd Oxide

-3.88 v
-3.90v
-2.33v
-13.00 v
+5.42 v
-3.84v
-4.14v
-13.0Cv
-3 48v
-3.52v
-3.30v
-3.25v
+1.80v
-2.66v
-5.26v
-.0545v
-3.76v
-3.49v

Thn oxide
-2.29v
-2.12v
-5.60 v
-4.79v
-2.28v
-2.38v
-5.85v
-2.39v
-2.32 v
+.180 v
-2.44 v
-4.39v
-2.40 v
-6.66 v
-2.32 v
+2.03 v
-2.39 v
-2.55 v

e




Lot

10A

13A

18

Table IV-4 - Typical Source-To-Drain Breakdown Voltage

Device

VBD ~ Volts

Thin Oxide

=34
~70
-35
-33
-34
-34

=32
=31
-32
~-31
=31
-32

-28
-28
-28
~32
-29
-28

-32
-32
-32
-34
-34
-33

Stepped Oxide

~34
~34

-32
~34
~33

=32
-32
~32
=31
=32
-33

~23
=30
=30
=30
~28
=28

=32
=31
=31
=32
-34
=-22




SWITCHING 24 3 TO 25V
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SWITCHING 2R 3 SO 25V
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MISSION
of
Rome Air Development Center

RADC plans and executes nresearch, development, test and
selected acquisition programs in support of Command, Control
Communications and Intelligence {C31) activities. Technical
and engineering support within areas of technical

4is provided to ESD Program Offiees (P0s) and othen ESD
elements, The principal mission aneas are
communications, electromagnetic guidance and control, sur-

veitlance of ground and aerospace objects, Lutauégm data
collection and handling, information “ystem teehnotogy.
Lonospheric propagation, solid state sciences, micrown

physics and eleatronic reliability, maintainability

compatibility.
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