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Abstract. The ionizing radiation response of several semlconductor process technologles has been shown
ta be enhanced by plastie packaging and/or pre-condifioning (burn-in), Potential snechanisinx for thls
e¢ffect are discussed and data on bipolar linear circuits are presented,

Introduction. [n 1994 [1] it was shown that the total dose degradation of both a radjation hardened
(Sandia CMQS [IA) and a radiation tolerant (National Semiconductor Corp. NSC, FACT) bulk CMOS
tcchnology was enhanced by an clevated tcmperaturc burn-in, The suatic power supply current cxceeded
the specification valuc at the rated total dose Ievel on parts which had been subjected to burn-in, whereas
parts without burn-in casily pussed. In another study of the NSC FACT process [2] the total dose effects
of packaging (ceranie and plastic). in addition to the effects of bura-in, were characterized. For both high
and low dose rates, where the failurc mechanisms were different (i channel edge leakage at high ratc and
ficld oxide leakage at low rate), the plastic package greatly enhanced the eifect of burn-in. The
mechanism for the burn-in effcet was studied on the radiation hardencd technology [1, 3] using both gaie
and ficld oxidc MOSFETS. Charge scparation analysis performed on the gate oxide transistors showed
that burn-in had very little effect an the irradiation induced increasc 1n oxide trapped charge, ANot, but it
significantly reduced the buildup of interface traps. ANit. No charge separation analysis was possible in
the Iield oxide transistors because of their design. However the field oxide transistors were studied for the
cffects of temperature and bias during burn-in using the irradiation tnduced threshold shift at 1O nA drain
current [3]. [t was shown that the niechanism was a function of time and temperature, with no bias
dependence. The shift in the subthreshold region was nearly parallel and much larger in the burned-in
devices, suggesting that the enhanced effect was duc 10 larger ANot - The activation energy for the process
was detcrmined to be 0.38 eV. which is similar to that of hole compensation (0.41 eV) [4] and molecudar
hydrogen diffusion in bulk fuscd silica (0.45 eV) [5].

In the packaging/burn-in study on NSC FACT [2], the burn-1n cflect was shown to be greatly
enhanccd by the plastic package, whereas for the non burncd-in parts there was little effect of packaging.
Additional testing, previously unpublishcd, showed that the bum-in effect was not sensitive to bias,
indicating that the same mechanisny observed in the Sandia CMOS A may be at work in the NSC
FACT tcchnology. Tt Is not known whether the n channel cdge or the ticld oxide leakage is a result of
ANat alone or ANot compensated by ANit, since ticld oxido test structures were not available. However,
since the plastic alone has little effect, it appears that the plastic accelerates the burn-in effect. Additional
tests are planned to vary the time and temperature of the plastic molding process to sce if greatcr time
and/or temperature ciuses more burn-in effect. Also tests will be performed to isolate potential plastic
cffects such as mobile ion chatging and stress,

Although the burn-in cffcct has been observed in two CMOS process technologies, to date It has
not been reported in any bipolar technologies. In this paper we will show new data demonstrating the
burn-in cffect in a bipolar linear circuit. We will also present a summary ot all of the studies (to our
knowledge) on the burn-in and packaging cilect on total dose response.

WETEF

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED %

Zd Woeb 28 Le6T 82 R4 . 6811 958 SBs @ UM El(}th UL 3RS J4T 1 WO



DISCLAIMER

Portions of this document may be illegible
in electronic imaege products. Images are
produced from the best gvailable original

document.



DISCLAIMER
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any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.



Experimental Details and Discussion. Characterizalion testing was pecformed on LT 1014 bipolar linear
quud operational amplifiers to study the effect of burn-in on the totul dose response in plastic packaged
parts. No comparison was made ta parts in ceramic packages. All parts in the study were {Tom the same
date code (9603) and no burn-in had been performed by the manutacturer. One yroup of samples was
burned-in prior to irradiation at 125 °C for 160 hours under static de bias. Eight sumples from the
burned-in group and & non burncd-in sumples wore irradiated at 90 rad (S{)/s tn 2 Co-60 source. under
static de blas, to cwnulative dose levels of 5, 10, 15, 20, 25, 30, and 40 krad (Si). All of the specification
clectrical parameters were measured beforo and after burn-in and atter cach irradiation level. No
significant changes in preirradiation parameters were observed as a result of the burn-in alone, The total
duse response of four scagitive parameters Is shown in Figures 1-4 as the average value of tho parameter
for op amp #lin the quad (all 4 ap amps in the package showed similar respoase) vs. dose for the 8
burncd-in (BI) and 3 non burned-in (NBI) parts. Data are not shown 1a the Hgures past the onset of
functional failure, where parameter shifts become large and crratic  For the Bl parts this eccurred
between 20 and 25 krads and for the NBI parts it occurred between 10 and 40 krads, However, even
though the BI punts failed at a lower dosc level. many of the electricul parameters showed fess degradation
than the NBI parts at dose Ievels below failure as discussed below. Figures [-3 show the positive supply
current (Is+), die positive input bias current (1b+) and the input oflsct vollage (Vos), respectively. The
negative Is and Ib showed the same qualitative response ag the posttive [s and b, For cach of these
parameters the Bl patts degraded substantially less than the NBI parts. ‘The mechanism lor this behavior
is related to the excess base current in the critical transistors, For the L'1'1014, the input transistors are
substrate pnps and the current sources use lateral pnps. A recent study on the mechainism for excess base
current in lateral and substrate pnp uransistors {6] shows that the dominant paranieter is an interface trap
ihduced increase in surface recombination velocity. Increases in oxide trapped charge, on the other hand,
oilsct the effect of increased surface recombination velocity, resulting in less excess base current. Thus the
better performunce of Is+, Ib+ and Vos in the Bl parts may be the result of toth a reduction in ANit and an
increase in ANot. However, cven though thiese parameters showed fess cffect from burn-in, other
paramcters, c.g. voltage gain, showed much more degradation from burn-in, which leads to earlier onset
of functional failurc of the BT parts. The voltage gain depends on npn Lransistor zaun. which is more
affected by ANot (7]. In npn transistors the total dosc dependence on ANot is exponential. whereas the
dependence on ANit is linear.

Based on the LT 1014 resulrs, it appears that the mechanisms which explain the CMOS burn-in
effect are consistent with the blpolar lincar response. Data are currentty being taken on NSC LM111
vollage comparators. Results will be presented in the full paper.

Summary of Data on Packaging/Burn-in Effect un Total Dasc Respange, [n addition to the studies

discussed above, the effects of packaging and/or burn-in on total dosc response have been studied in
bipolar transistors [8-11], power MOSFETs [11] and additional CMOS microcircuit technologies | 12).
Also, previously unpublished data have been taken at NSWC Crane on the effects of both packaging and
burn-in on an NSC LM119 bipolar dual voltage comparator. Table | is a list of all of the part types and
process technologies that have been studied to date (to our knowledge) along with whether or not a
sensitivity was observed for either packaging, burn-in or both. Two of the studies looked at discrete
bipolar junction transistors, BJTs [8-11]. In the morc recent work by Dowling and West [10] the study
was performed on a single process lot of material for each of two npn BI'T part lypes, looking at gain
degradation. Dic were packaged in four package types, metal can (TOS), cpoxy potted in metal can, and
both ceramic 2ad plastic surface mount (SOT23). T'he only major effect seen for package lype was that
the ceramic SOT23 part degraded more than the others for both BIT types, [n all package types the effect
of burn-in was a 10% greater gain degradation. In the ERA study [11], two npa BIT types were
characterized as a function of burn-in for both ¢eramic and plastic packages. Unfortunately the ceramic
and plastic parts were (rom different proccss lots. Considering the spread in the data, the only clear eflect
of burn-~in was that for one type in plastic, the burn-in resulted in significantly /ess degradation. For the
other threo groups there was no significant effect. In the same study [11] both n and p channel power
MOSFETSs were charmacicrized for the burn-in cilcct in both ceramic and plastic. No packaging or burn-in
offects were observed. [n the NSWC study on the NSC LM 19, the plastic parts degraded about a factor
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of two mare than the ceraric parts, but there was only a small etfect of burn-in. Fowever, the burn-in
alonc resulted In a significant change in the plastic parts. All dic werc from the same wafer intended for
space and military parts, which did not have a silicon nitride overcout. The nitride ovorcoal is always
used for commercial plastic parts at NSC. Thus the plastic package results are not representative of
dyailable packaged praduct but may pravide insight into cflect ol plastic alone on the total dosg response.
In a recent study by Flash, et al, [12] four additional CMOS microctrcuit technologics were evaluated for
the burn-in effect. Only one demonstraicd a significant effect as shown in Table L. No details of the
process arc available, nor are there tests structurcs lor cvaluation,

The effect of packaging on the total dose response has been studied independently of burn-in, but
few studies have had adequate controls to isolate effects to package alone. Because of the potentially large
variation in total dose response from process lot to lot and cven walcr to wafer within the same lot, it is
necessary (o have die from a single wafer to assurc that packago is the main variable. Another variable
which is introduced in a packaging study {8 the determination of total dose in the sensitive diclectric.
Many package conligurations cause significant dose enhancement in sensitive regions. Only one of the
studics cited [10] show a significant package effect without a burn-in cffcct. and this occurred in a ceramic
packagc,

Cunclusion, Many studies have been performed to look at the cffccts of packaging and/or burn-in on total
dose response. We have presented a summary of these studies to date (to our knowledge). Only 4 process
tcchnologles (3 CMQS and 1 bipolar) show a significant burn-in effect to date. ‘I'he mechanisms for this
effect appears to be consistent with that reported earlier [1, 3] for the Sandia CMOS ItIA process.
Additional testing with appropriate test devices and structures will bx conducted to determing the
wniversality of these mechanisms.

References
1. M. R. Shaneyfelt, D, M, Flcctwood, J. R, Schwank, T. L. Meisenheimer. and P. S. Winokur. “ElTects
of Burn-In on Radiation Hardness™, (EEE ‘I'rans. Nucl. Sci. N§ 41, 2550 (1994).
2. S. D. Clark, J, P, Bings, M. C. Maher, M. K. Williams, D. R. Alcxander, and R. L. Pease. "Plastic
Packaging and Burn-in Effects on lonizing Dosc Response in CMOS Microcircuits™, IEEE Trans. Nucl.
Sci. NS 42, 1607 (1995). '
3. M. R. Shancyfelt, P. S. Winokur. D. M. Fleetwood, J. R, Schwank. and R, A, Reber, Ir,, "Elfects of
Reliability Scrceng on MOS Charge T'rapping”, IEEE Trans. Nucl. Sci. NS 43, 865 (1996).
4, J. R, Schwank, P. S. Winokur, P, J, McWhorter, F. W. Sexton. P V. Dressendorfer, and D. C. Turpin,
“Physical Mechanisms Contributing to Device Rebound”, IEEE "Urans, Nucl. Sci. NS 31, 1434 (1984).
5. D. L. Griscom, “Dillusion of Radiolytic Molccular Hydrogen as a1 Mcchanism for the Postirradiation
Buildup of Intcrface States in SiO,-Si Structurcs”™, J. Appl. Phys., 58, 2524 (1985).
6. D. M. Schmidt, A. Wu, R. D, Schrimpf, D. M. Fleetwood, and R. L. Pease, “Madcling lonizing
Radiation Induced Gain Dcgradation of the Lateral Bipolar function Transistor”, IEEE Trans. Nucl. Sci.
NS 41, 2550 (1994),
7. 8. L. Kosier, A. Wel, R. S. Schrimpf, D. M. Fleetwood, M, DeLaus, R. L. Pease, and W. £, Combs,
“Physically Based Comparison of Hot-Carrier-Induced and lonizing-Radiation-Induced Degradation in
BIT's”, IEEE Trans, Elc. Dev., ED-42, 436, (1993).
8. S. Dowling, “Comparative Effects of Gamma Totsl Dosc on Surtice Mount and Non-Surfacc Mount
Bipolar Transistors”, Proceedings of RADECS 93. 338 (1993).
9, S. Dowling and R. H. West, “The Effects of Radiation on Identical Devices with Different Types of
Packaging”, Proceedings of RADECS 95, 244 (1995).
10. S. Dowling, “The Total Dose Response of NPN Transistors with Different Package Typcs 1o Various
[rradiation Conditions”. [EEE Radiation Effects Data Workshop Record, 44 (1996).
11, B. C. Roberts, C. P. Strudwick, and J. W. Billing, *A Study into Incrcasing the Cost Effectiveness of
Future Spacceraft by the Use of Plastic fincapsulated Semiconductors, Phase 27, ERA Technology Report
96-0198, April, 1996.
12, G. L. Hash , M. R. Shancyfclt, F, W, Sexton, and P. S. Winokur, “Radiation Hiardness Assurance
Calaogories for COTS Technologies”, submitted to NSREC 97,

pd WUSP 2@ 66T B2 923 E3TT 958 SBS @ "ON INCH OUL 4TARISSY JdTY 1 W0

P e e~ e, e N . e e o et e e . -




Figure 1. Average s+ vs. Dose

Figure 2. Average lb+ vs. Dose
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Table 1. Devices and Circuits Characterized for Packaging/Sum-in Total Dose Sensitivity
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Oeavice/ Descriptien Manur.__ Process Category | Packagu(s) T:est Package !_"_Bl.’l.m.-lll__
Circuit PN , Technology | i _ Agency | Effect Effect
' 16K SRAM SNL | cMOSWA ' rd hard cor-  'TsAL _large
line driver Nsc FACT | radtal cor | sNL large
| 4bltcounter | Nsc FACT rad tol coiP SNL large
HSC240 | oclalbuffer | Harris _CiMOSISOs rad hard CoIP SNL nona--—__
TMDItSRAM | LMSC | HMCMOS | rad hard colp SNL nane
256k SRAM C&pmss 05um CMOS °  rad ml__ COIP SNL none
26k SRAM_| Paradigm | 0.8umCMOS | comm sop SNL algnificant
54ACO2 | 2input NOR N8C FACT radtol | cDIP, POIP*_ | Nswe | larga large
| M119 | dual camp. N8C_ | bipolarfinear | comm CDIP, POIP [ NSWC | significant | none
BC108 npn BJT | ZETEx bipolar | comm TO18,Edne | ERA | smal | amal
MAT-04 | npnBJT PMI bipolar | “comm | GOIP,SOIC (P) | ERA | smail small
BUZSCO | n Power FET | Slemens | DMOS rad tal TO3, TO247(P) ERA none none
BUZa0s _pPower FET | Slemens DMOS rad toj 103, TO247(P) ERA nohe _hona
_IRFSM_| nPower FET | IR DMOS rad tol Tozzo () | ERA _none |
LT1014 _.opamp Lin Tech bi;;olar linear camm plastic ’ HAC large
LT1021 [ regulater Lin Tech bi;}mlar lInear rad tot Hermetlc '__HAC amall
BCWe) | npnBJT ZETEX f:ipolar comm TOS, SOT22(C,P) cu large small
Bees7 |  npnBJT | ZETEX | bipolar(SIN) | comm | TOS, SoT23(C.P) | cU targe small
* CDIP- ceramic dual In-line, PDIP- plastla dual in-lne | ) o
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