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Ab.vttact

This first compendium of single event test data for
power MOSI~ETs  provi(ies  failure thresholds from burnout or
gate rupture for over 100 devices of eight manufacturers.
Ordering the data has also provided some useful insights.

1. ltltroductirm

I’owcr transistor single event effects (S1111)  test data
obtained by The Aerospace Corporation, l’he Boeing
Company, Jet Propulsion I.aboratory,  NWSC(Crane,lN),
Rockwell International , and others have been organized into
one compendium here. The intent is to present a nearly
comprehensive set of MC) SI:E’l” data through May, 1994. It is
bclicwcl, however, that some other data may be available that
has not been published or brought to our attention.
Contributors who desire inclusion in this conlpcndium should
contact IJon Nichols.

This data set includes both single event burnout
(S1111) anti single event gate rupture or damage (SEGR or
SILGIJ)  of MOSh’lil” power devices. There is no harci line of
separation between power devices and lower power devices,
nor is there a demonstrated immunity of the latter to S1111.
There is some data (not shown) for SIiB of npn bipolar
devices but none (as yet) of burnout of pap bipolar devices.
The bipolar data is still very limited and much of it was taken
by I’itus et al (1) who have refrained from identifying
manufacturers. Thus the category of bipolar power transistors
is still very rudimentary.

‘1’hc purpose of the present work is to:

(1) provide design engineers with operating voltage
limits (max V1>S for a specified VGS)  of tcstecl devices.

(2) identify unspecified process variables relevant to
S1 W response

(3) identify those paralnctcrs  characterizing Sllli
response

(4) present trends that permit extrapolation from the
existing data set,

There are several possible testing approaches that have been
considcrcci, but two arc of fundamental importance. One
approach attempts to measure the SIHVS1iGR cross section vs
V1>S of a device for a given test ion (or equivalently a given
I ET) for a fixed gate source voltage (VGS) and temperature.
l’his type of cross section should not be confused with the
1.IiT-dcpe.ndcnt cross sections tabulated for soft errors in 1(1s.
The transistor cross section equals zero at lower V1)S  and
rises very rapidly only at its threshold V1)S (almost like a step
function); then tends to level off at somewhat higher V1>S.  So
far, no experiment has yet extcncicd  the data far beyond
threshold, Then, to obtain SIT+ rates for a specitied
environment, onc must perform the same cxpcrirncnt  for
several other ions to establish the I.ET threshold and cross
scctirms for a few different ions [Ilil’s) above threshold. This
approach requires a large sample si?,c ancl still does not
provide an adequate basis for calculating the device upset rate.
All of the preceding cross sections must also be repeated for
angles of beam incidence greater than zero.

l’hc second approach seeks simply to identify the
threshold voltage V1~S(th) for failure for a given ion (usually
Ni/lie or Br/Kr), VCTS and temperature. l’hc selcctcd ion
should represent a realistic worst case for the environnlcnt.
I’he latter approrrch  indicates a voltage opcr’iiting  limit to the
designer who can apply a dcrating factor, but it also offers



“ little chance, to estimate the failure probability if one operates
above threshold.

The data tabulated here in one extended table
presents threshold V]js for several groups of ions at a few
selected gate source voltages VGS, following the second
(recommended) approach.

A nearly standard technique* for measuring the
threshold drain-source voltage VDS consists of the following
steps :

(1) Prior to any irradiation, measure the drain source
curtcnt at rated BV for VGS=O, or alternatively measure the
actual breakdown VIJS for the same conditions. One should
also measure the gate-source current at maximum rated gate
voltage (usually 20 V) for V~S==O. l’hcse measurements
establish the normal operating currents.

(2) Choosca  single gate voltage VGS(startwilh the
least susceptible zero voltage) and hold it constant for each
subsequent irl-adiation  step, for successively larger  VI~S. At

the end of each irradiation step of 105 ions/crn2,  change the
bias conditions to those used in step (1) to determine the two
currents lCJSS and lI>SS.

(3) Iiailure is either (1) SEGR as evidenced by a large
permanent increase in gate current ranging between a fraction
of a rnilliarnp up to the circuit limit (say, 10 amps) or (2)
S1}1+  (burnout) evidenced by a short across source. and drain as
well as a gate short.

(4) Delayed Failures-- On several occasions J])I, anti
other test organizations have seen delayed types of SIIGR. On
some occasions, the gate currents increased to -1 nlA during
irl-aciiation and then increased again to the circuit limit during
post-bcarn tests where, as aiways,  VGS was rese[  to 20V.

“ Anoti]er type of SI;GR failure occurs when ti~c drain-source
voltage is ir~crcrncntccl  for the next test,

111. Supporlitrg Studies

Sevcrai  collateral tests have been pm-forrncd by now.
Nichols et al (2), Fischer (3) and Tastct (4) have demonstrated
that higher grazing angles of ion incidence have less effect on
SI~ll and SliGR than normaiiy incicient irraciiation. Hence the
complications involved in caiculatirrg SEE rates by ciealing
with an effective I,13T vs incident ion angle arc simplified. (In
actuaiity,  there is no known formal method for calculating
rates uncier ti~ese conditions for a specified environment.
Since the calculation is relatively easy when compared to
ti]osc for incident ions on other microcircuits, it is expecteci
that such a rate calculation rncthod wiii be developed soon.)
—-.. —
*At present, no standard test appro-ach ‘has been dcscribcd.
The sccon(i approach outiincd here is rccor)]mcndcd  when a
iargc number of dcvicc types must be eva]uatcd  for a proposmi
systcrrl.

IIigh temperature tests have been performed (2,S.6)
si~owing that S};B is greatly reduced at higher temperatures
due to phonon interference with the avaianche  burnout
nlcchanisrn. In contrast, high temperatures tend to promote
S}iGR to a varying degree.

Nichols anti Waskiewicz  have noted that most
transistors that are supposed to differ only by die size (e.g. by
having a different number of the same size transistor elements
or cells) have similar breakdown voltages as expected.
IIowever, there arc a few occasions when such devices yieid
widely different SIiE results. Waskicwicz  notes that the
dielectric oxide breakdown voltage (an uncontrolled
parameter) may be responsible for wafer-to-wafer anti device-
to-device variability to SFli.

Obcrg has demonstrated that the faiiurc  threshold
voltages increase witi] cievice ratccl breakciown  voltage as
expected, but not at a proportionate rate. The threshold
voltage as a percentage of brcak(iown  voltage BV tcncis to
decrease as BV increases.

IV. C)rgwnizcitiotr  otrd .Tcope of Ikitcl

This paper presents SliII anti SIIGR data for
MOS}’llTS in l’able 1 for all known data taken up to May,
1994. Iiight manufacturers are rcprcscnte.d,  with cspcciaily
extensive data for lr~ternationai  Rectifier (lNR) and }Iarris
(I IAR). Most data arc for cornmcrciai parts; but lIarris,  Ixys
and lNR have developed devices which are resistant to total
dose. l’hcsc rad har(i  devices often turn out to be less
susceptible to burnout as well, but some hardening techniques
(such as oxi(ie  thinning) may crrusc ti~c cicviccs to be more
susccptihlc to SIPGR.

‘I’he data have been provicicci ciircctiy by testers or
taken from published recorcis of tests performed by many
organizations. Most (iata is taken at ambient tcrnpcrature;  clata
taken at higilcr temperatures is noted in the “Renlarks”
column. One advantage of this type of data compilation is to
point out ar](i exclude inconsistent data. Onc example is the
data set taken in 1987 that useci low energy ions at the
University of Washington tarr(iern Van cie Gr:iaff.  More
recent tests at tilat faciiity,  by Ilocing,  witi~ the “Booster”
acceicr:itor,  utilized higher energy ions and arc therefore
consistent with data taken at other accelerators. As can be
seen, the remaining test results demonstrate a strong
correlation between higher-I XT incident ions and a lower
acceptable drain-source voltage threshold. I’here is aiso a
strong correlation between higher off gate-source voltage
VGS and lower VDS thresholds.

The data arc grouped in rows by device manufacturer
witi~ the smailest manufacturer data groups Iisteci f~rst. Within
cac}~ manufacturing group, devices with tile iowest  break(iown
VojtaEc are listed first-- first n-channel arrci then p-channci.
l)cviccs  that arc very simiiar, or the same (icvices tcstcci with
ciifferent  conciitions (e.g. VCIS)  are grouped in touching,



adjacent rows. The columns list manufacturers, device
nunlber(s),  channel type, and test sample size. It is observed
that samples are never large enough to provide valid statistics,
nor a characterization of maverick behavior that is
occasionally noted. Most data, however, are fairly repeatable.
Subsequent columns list the rated breakdown voltage (BV)
and gate-source voltage VC7S.

The next five columns group the ions. The first
column is for low-I ,F.T ions having LETs less than that of the
dominant Ni/Fe/Co/Cu  group included in column two. This
first group is useful in judging the adequacy of postulated
theories (See for example, ref. 3). It is now often accepted
that a characterization with a single ion of the second group
may be all that is needed for project requirements. This view
is supported by two facts: (1) those heavier ions having a

_ higher 1.]{”1’  have fluxes in ou[er space two or t}~rec orders of
magnitude smaller than that of the Ni/l;e group, and (2) there
is no need to account for enhanced effects from grazing-angle
collisions having a high “effective” (angle-dcpcndcnt)  L}iT.
lhc third group in the table includes Br and Kr (1.1;”1’=37
McV/n]g/cn~2),  traditional high IXT ions at the. Brookhavcn
Van DC Graaff  (13NI,)  and U. C. 13crke.lcy 88-inch cyclotron
(88),  respectively. I’hc fourth groLIp includes the highest lJ{T
ions easily available at the aforementioned facilities. The fifth
column includes data from very high energy (10- 100
MeV/an~u) facilities: the }Jcrkeley Bevaiac (now defunct) ancl
GANII. (l~rancc). It is this last group of ions that present
some inconsis tencies  with the lower energy I,E’1’
charactcrizmtions, for reasons that have not yet been fully
c.xplained.

I’hc remaining set of colu]nns  provi(ic  the failure
mode, the test group, test date, ion facility and “Ren]arks.  ” It
is useful to know that INR uses 7000 and 8000 numbers to
specify n-channel (icviccs with 100 Krad and 1 Mrad totai
ciosc tolerance, respectively; 9000 numbers for p-channel
dcviccs with 100 Kraci tolerance. l’hc first INK mfr nun]bcr
(on the left) reia[cs to the breakdown voltage; the second
number is related (o the dic size-- the larger this nu]nber, the
larger  the dic size and (usually) the larger  number of
in(iividual cells. INK’s letter “H” in the third place froln the
left of the prefix means that the devices arc especially
designed to bc radiation resistant to total dose. It turns out
that such devices are also very resistant to single event effects
as WC]].  The fourth letter of INR (which may bc “}1”) and
third letter of’ }lAR devices is a package designation not
expcctcd to affect SEB/SIXiR  data. llarris  denotes rad hard
tolcrancc with a suffix after the device number; K= 100 Krad
and 11=. 1 Mrad.

V. Future Dit-wtimls

‘1’hc large body of test data have lcd to generation of
global models of SliIJ and SIiGR.  Wc know such mo(icls are
not the whcrlc story, for burnout data often show n~cltcirrwn
locatcci at physical stress points, such as the ecigcs of metal
ovcrlaycrs. We also note again that f~eld-dependent irradiation
mo(icls  arc not sufficient to explain the dciaycci failures
caused by bias changes following irradiation.

l’hc SIi13 rnodcl first mentioned by Waskicwicz.  (5)
and Hohl (7, 8) has been polished and extended by Wrobel
(9). This model secrned  sufficient, but it has been chailcnged,
at least in part, by Ku boyama (1 O) with an expcrinlentally-
based numcricai  analysis. Hence the picture of SIlft cannot be
considered a closed subject.

l’hc model for SEiCiK  has yet to bc produced. The
most recent attack on the problem was provided by the group
at the University of Arizona (1 1,12) who attempt to match a
numerical analysis of the semiconductor region to properties
of the gate oxide. Their computerized approach, using a n-
channei cylindrical (r,?) transistor cell, cicscribes a norniaily
incident ion track along the z-axis whose holes migrate to the
oxide-semiconductor interface. l’he rnoclel assurncs  that the
holes are not trappec{  at the interface, but that they pile up
there before drifting transvcrse]y to the grouncicci  body. The
ci~argc builciup at the interface is thus a sensitive function of
the hole mobility and the RC tirnc constant of the interracial
storage capacitor. The rnocicl shows the expected variation in
voltages and currents; it also demonstrates that the maximum
tirnc-dependent fields across the oxide are imiccd sufficient to
cxcccd  the criticai field cbrrractcrizing  oxicic brcalwiown.

Some limitations of the above sernicon(iuctor  model
were amplified Iatcr (ref. 12) in order to cxpiain (hc effect of
grazing angle irradiation and higher temperatures on S!LGR.
Increased S}lGK  susceptibility at higher temperature is
attributcci to (1 ) increased concentration of holes at the
intcrfacc duc to ciccreascd  ra[iiai diffusion of deposited holes
from the center of the ion’s filament (track). an(i (2) a clccre.asc
of hoic mobility.

The rcduccd  chance of SEGK  at higher angles,
according to numerical simulations indicated by ref. (12),
corncs  from the fact that ti~c holes deposited in the obli(iuc
tlack arc still driven vertically to the oxide-semiconductor
interface. Bccausc the hole charge is now sprcaci over a wider
area at the interface, a lower eicctric flclci is gcncrateci across
the oxide.

Although  ncitbe.r dcscrii>tion  (of SIiCIR an(i S1;}3)  can
be consi(icred  complete, it seems clear that the greatest
deficiency lies in our understanding of the oxicie. Is there
reaiiy a wcil-defined criticai fieid and if so, what mechanism
causes the abrupt collapse (short-circuiting) of the oxide?
Ilow long must the critical field last in the oxide before
breakdown occurs? What controlled and uncontrolled oxi(ie
fabrication parameters affect oxide breakdown? Is there a
first-stage incipient breakdown induced by heavy ions that is
triggered by a later change. to higher applic~i bias? What role
do mechanical stresses, impurities, structures and surfaces
pl:iy? Can we iincl an oxide process resistant to SI;CIR and to
total ionizing dose?

Sonm possibilities for further nurncricai  anaiysis still
rcrnain. 1s a fully 3-din~cnsional code required to explain why
a change in bias across the oxide is obscrvc~i  to bc more
influential than an equrrl change in bias across the drain-



source? Can we develop a 3-D code aclcquatc to predict the
performance of novel devices? 1)0 possible interface traps
play a significant role in SEGR models and their temperature
dcpcnclerrcc?

VI. Ccwclusirm

This first compendium of SFW (SE}3  and SEGR)
effects in power MOSF’ETS  given here will be useful for
dcsigrrcrs ofsatcllite and space systems. Someextrapolations
may bc warranted, and somecautionary  observations are also
providc(i.  Testing with only one ion may bc acceptable for
some system requirements.
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‘Compda!ron  of Single Event Oata for Power MOSFETS--  Threshold Voltages (Vds) for Normally lnc,den!  Ions for Burnoul  (SEB)  and Ga!e RLlplure  (SEGR)
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100 fN),l  00~,Ne),90/,Ar) 60(CU)

Hdrd(N, ) 80/90(Brl

95(Ar) <55(  C”)

90

80
.60(Cu)

H.$fd  Q 10(M5r\ 501 bOll)

Hal!,!  @ 100(6,)
,,d,  d @ ,O”(p,  !

.~uo(flo

.lfJ(J,  ~r!
$=%@ ~--

R 1990

R ig90

RIA 1990

PIA +990

R !990

A “5/88

A “6/88

Q 1990

Q/A 1!490

B wP-o~ 4/93.

R WP 04 -7/93.

R WP-04 “7/93-

ESA -1/94

R/A 1990

ESA -!/94

R R 1990

B -72/92

B .42/92

R !990

Locaflon  Remarks

Cf 2 5 2  data  exlsf$

88

88 DC84A5

88

CI 252  dd,a G.X)SIS

89

08

88

88

88

8 8

8E111

EWL

EWL

EWL

88

Ew[.

88

fm

UN

88

WI

[W4L

W4L

6EYd,-

Evd[

Kwja

Koga

D C  92Y2 W W,lf

DC9242  Bob Fe,ndon 7/1 3/93

DC9242  Bob  Fwndon  7 / 1  3/93

gfJ29g, 14a,we!l  I?epf  A E A  RS ,348

9228G,  +arwcdl  qcpl  A E A  RS 1348

Chelg  2 3  tiey C  VO!t!  fdllufe  mode “S ,cmp

Otwg 80 (!ey c
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MI,

~ ,NR
~INR

INR

Irw

Ih’l?

lNQ

INR

INR
,NQ
,,,0

‘Id  q

l~lv
!r.%i

wn

!FJn

INF

“wR

INQ

WR

INR

(NP

lNR

I?JR

.

i

.J.e!2iw McME RL!L—_
The Pass/Fall  Vds  Volfages for lndfcated  Beams of Columns H through  L

Mh Number Gener,c Nc Channel Sample BVds Vgs(of  f) Low Z Ions Fe. Nt,Co  LET.27 Br or Kr LET=38  ‘Mqh  Z ions H@ Energy  Ions  Fa, $ure  Test O(g

!RI= 130

lqF~3f3

IRF130
tpc730

lFt  FF130

IRFF130

cunt,  nued

,qc,’y~

,RF  ,50

tF3G150

!WF ,50

IRF150

ltic  150

lHw150

C“fll$nuec!

1F7HF71  IO

con!tnued

~RHF713fJ

conlmued

IPHM713!I

lRH7150

cent, nued
1FIH7150

18 H7150

IF+147150

!DFGs1 10

2N6756

2N6796

2N6796

2N6796

2N6796

2N6796

2N6764

2N67ti4

2N6764

2N6764

2N6764

n

n

n

n

n

n

n

n

“

r)

n

n

n

n

n

n

n

n

n

n

3 100 1 0

100 0

100  0

100 5

5 100 10

~oo o

10

too o

100 0

3 Too 10

1 (JO  o

3edc~)  1 0 0  off

100  0
100 0

100 10

TOO 2

15

100  2
15

100 5

6 100  0

4 15

2/3 ea 100  Ott

100  0
100  0

n&D CMOS *OO  2

9120  t~mrl}2N6845  v 100  2

cul,  !!n,,  t!d 15
IHFF9122 v 1 100  10

100(f4),100(Ne),90(Ar)  601CU) SEB R/A

70/80(NI) 60170,  Br) SEE EsA

85 S.EBA
Hafd N/A n WF’01

fOO(, Nl,  ~OO(Nel,  90(Ar) 60(CU), S!z3 R/A

82(E?r) SFE4 s

105(Br) 58(  Au) -S

Hardftdf) 70/80  fBr) *5 ESA

90/100  ~NI) 70,’f30(Br) %s ‘E 5A

~OO(Nei,701Ar), 50(CU) 40;60(12  GeV la 9t?v  )SE9  RIA &J

105 75 75 S!3 A
1001208 MeV Cl) 70(NI) 55(Br) 55(I) 5 0 ( !  !O 4 Gev  Xe GANI[)  SE[GWS

iOO<208  MeV Cl) >801,  %) 80/100f>l  Gev  ~e) E!ev SE13  J
IOO(FL31  ~OO(Cu)  100(Kr) 60/100  f12GeV)  Ld  Bev SEB .t &F?

~OO(Cu)901~OO(Kr) ? u

Hard a, 1OO(N()  Hard a! 100f Br) N/A R

Hard al 1OO(NI) 70(Br) -R

Hard al 1 O O ( N I )  Fall  al loO(Br) SECJIP
Ha,d  Al ?oOf  N,) 60(B,1 scn~

8 0 =R 9 WPO1

Eh Or\ly  o n e  o !  b fails,  wilh  60{70  V@S SE9 J

50J80(B,  ) ~, “1

IO@(NI) > .POf  Xe) GA NIL N/A ~ES

H,)rd  tt 100IBr) .1 O()(I) ,/ c
H.,,(J  @ *!!!) (K,) .lLK)(XC+ NiA  A

Dale

7990

‘1/94

6/87

3 / 9 3

IY9Q

~990

‘1/94

,1!g4

+990

“5!92

1 1/90

6/8$3

7990
199(.)

7 / 9 2

7/92

7/92

7 / 9 2

~/9.J”

9 1 / 9 2
91192

11,30

ur,k$,uw!,
-5/92

—

Locatmn  Remarks

88
PNL

88

88

88

GNL

m:

~~

EYJL

t3n

BE I
gnJL

E!w

88

88

BNL

EYVL

941

ML

ILkV

F?NL

EWl

GANI!

WVL

LIM

~.J~ ,

t3N!

rm!

13t3

8315A,  Harwcll  Ffcp!  AEA RS 1348

Key.+

Oberg DC9236

COITIDdre  lo S!L uarl

2 2 0  MeV Br hdS  IallIJe.2H  Itllc forts

330 k.4YV Au 11. IS r,ir,ge.3  I m!crcms

9228G,  I<arwell F?eoI  ALA RS !.348
J P L  BCV<,,,)L  ,U,, L ET_30  Fj,8~

Koga

3  GANIL !OflS  TasIeI, RADECSY1

7W0 Fe af llevJ.  IL, e~LtI  ! E T.6
J P L  .jI P,evcIlac.Ju,,e  1 v&j

Waskmwwcz  g Gfontnyer,  DvA  Rep! 2/90

90 deg  C

90 [leg  c

90 C&q  c

90 q c

100deg  C  DC!)I~2

Kogc! reoorls fl[) SLB UI, f<) 1 5 0 V
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The PassIFad Vds  voltages  fm lndma!ed  %arns  o f  Co!umns hi  lhruuqh  L

DdIe Locd~lon  Fiemarhs

8 / 9 2 EWL DC914*  9oLfeg  c

8/92 WL DC914 I ’90 (leg C

1

Mfr  Number Ger!eoc N( Channel Sample BVds Vgs(off)Low  Z Ions Fe, Nl,Co LET.27 Br or W LET.38  Mgh Z ions Wgh  Energy  Ions  Failure Test O,g

9 1 3 0  1amt!\2N6EJL)4  o too  2

15

Hard @ 1OO(NI) Hard Q 100(9r)

Hard @ ,00(NI)  50(Br)

N/A

SEC%conl,  nued

IRWF9130

Corlllnued

lRFF9130

l~FF9,30

continued
Ccml, r,”ed

IRF9130

ccmlcnued

toc~,do

curtt,rlu~d

,QK9,5~

IRH91 5@

IRF21O

lqF210

IRF220

ccm!$nued
!RFF’220

lFi  F230
lRFr2313

lRF~230

lFi  FF230

IF4FF  230
IRFF230

IRF240

5

5

2

2

3&2

3&3

5

5

100 0

5

Hard @ IOQ(NI}

Hard @ ‘OO(VI)

o N/A

V!A

n

R

.! /93

4/93

NL 90 deg C F i rs t  INP hdft!I?IIerJ  o c%rmef

WC W deg C
.

88 DC8533,  f3547

tW-

fWL

m!

88 DC8406,  2545

EWL

2Nf3849

2N6849

100 10

100 0

0 to 35

36

100 10

10

D

v

VIA

VIA

pass Q o(Au) m

~atl  I% O(AU) w

NIA

NIA

QIA

s

s

s

R/A

s

Hard(Cu)

Hard @ 1OO(%)
0

60/70(~e) 70/80  (Eir)

40/60(Kr)

9 1 / 9 2

91/92

BNL,188111  Anonla$ous  CO, WLIIISO!,  V d s  of Br a“d Ar

BNL/88111
v

P 100 0

100 5

1 0 0 0 s 5

Hard @ 1OO(NI)

Ha,d  @ 100(NI)

H~,d @ 100(N, )

R

R

Q

12/!22

1 2 / 9 2

8/93

LWL

EiwL

!34L

90 deg  C

90 (!L!g  c

D C  A9330  Bob  ~efr,don

92 L18G,  Warwell  Rep!  AEA RS.13.18

Amb,  wN.45  C@ C  DC 921 @G  W  W,!!

IO(I  deg  C  W  W,ll

DC 9040 Bob ~tifndorl

9228G,  Harwe!! Rept A E A  RS 1348

DC 9746  Bob Fe,”,  IOr,

Dc  9217 Obt.,g ‘# ,!q c

O!)CIIJ  w (&g c

9228G,  H’MWCII  RqJl  A E A  QS 134!3

0

2N6784

2Nb784

200 0

200  o f f

n

n

140/150  (N,) ? 00/120(5,)
.!~o(c,,)

!39

S&9

“1/94
lgg~

UNL

t!8

200 5

5

200 5

1 45(c’0)

! 50( CO)

145(NI)

n SEB

Sm

SE!

“6/93

‘G/93

“ 7 / 9 3

88+n

881r1

iWL2N679@ n

2N6798

2N6798

2N6798

2N6798

2N6798

2N167’31J

200 0

2 0 0  27

2000&5

200 0

200 0

200 5

160/170(Nr) .l~o(gr)

., Z@(c(,  )

‘35(,  NI)

~69(9rl
140

120

SEE

se

SEB

ESA
R

R

‘ 1 / 9 4

1990

“7/93

BW

8t!

EWL

n

n

n

n

,,

“

SEB(9rVSEGf+  (Au)  S  unknown  CAL
~= B WPO1 lIJ/g3-  (M
SE B/SEGR  ~ Wp.ol  I o,fj3  (~

S.E!3 ESA “1/94 m!

I07(Au)

200 0 140/150(N, l !20/1?.0  ([3,)
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The Pass/Fail Vds Vo!lages for Indlca!ed Beams of Columns B Ihrough  L — - — - — - jI

IMfr

; INR

INR

INR
I

INR

INR

INP

IN9

I

; INR

!.NF7
,

; INR. .

,

~ INR

1
INR

~INR

INR

INR

I

1 INR

~’::
,,

Mfr  Number Gener,c NcChannel  Sample BVds Vgs(off)Low  Z tons  Fe, NI,Co  LET.27 Br or Kr LET.38 ‘Htgh  Z Ions  High  Energy Ions Fa!lure  Test 0r9 Date Local#on Remarks ,

“200 o

200 0

’ 2 0 0  0?

2 ’ 10

3 each ~ff

’200 5

5

5 200 ‘o

‘5 5

200 2

‘5 ’15

4 200 0

3 . 2 , 4 ’15

2 “20

2/3 ea ’200 off

200 0

‘5

200 ‘5

“12

‘4 “200 ‘o

200 5

200 5

200 ‘5

200 10

200 0

“120/ 140( N,) ‘<120(9r) S433 ESA ‘ 1 / 9 4 EWL
150 ~35 SEBA -9/89 88

140( Fe),120(Cujt  OO(K,  ) 80(  Lal),80(La2)  S.!33 A8B 1998 88/Bev
190( N),200(Ne),120(  Ar), 90(CU), 100( N!),85(Br)--  l5O(Cf-252) S93 R/A 1990/1 992 88/BNL

9228G,  Harwell  Rep! AEA.  RS-1348 I

Kcqa

Oberg  & Kolasmsk,

Wask!ewecz

3 GANIL  IOns  Tasfet, RAE) ECS91

Ternv.  25 deg  C

Temp. 10iJ deg C 1

I

IRF250 2N6766  ‘n
IRF250 2 N 6 7 6 6  n

IRF250 2N6766 ‘n
con!,  nued

contbnued

IRF250 ‘2 N7225 n

IRH7230 n

coon!  tnued

IRHF7230  2N7262 n

conhnued

IRH7250 n

conttnued

contfr)ued

IRH7250 n
lRH7250 n

conltnued
IRHM7250 n

200( CI-2)  135(NI) l12(E3r) ‘107(I) 100(  Xe).  GANIL  ~R ~ 1 +/90
150 S.!33 9 WP.01

160

1 1/93

SEE B WP.01 1 1/93

EWL

88

8 8

EWL

W4L

EWL

&’4L

ENL
~~

EWL

Hard a! 200 V(NI) N/A Q 1 2 { 9 2

Hard at 200  V(N!) N/A R 1 2/92

Hard al 200V(NI  ~60(Er) =R 7 / 9 2

1 fad al 200 V(N!) 90(Br) =R 7 / 9 2

DC 9042 90 deg C

DC 9042 90 dey C

IR 7XXX .Rad !ol%rant  9 0  deg C

1 of 5 fa!l--  NI 90 Oeg  C

J

J
J

-
R

q

B WP-01

B WP-01

9 1 / 9 2

91/92
QI 19z

1 1/90

8 / 9 3

8 / 9 3

7/94

.1 /94

Hard 6S 200(Br)

180/200(Ar) 160/200( Fe) 120/140( B,)

80(Br)

200(NI)

180(NI)

120(NI)

No fa,lure  0 zoo

Data  @lW  deg C  exmls  for  9( Vgs=15  CmIY 1

200(Xe)  GANIL GANIL 3 GANIL  tons Tas!ef, !3ADECS91

T=90  deg C. DC A9316  Femdon  818-586-2607 ~

T=90  deg C DC A9316  Fefndon 818.5862607 !

EN.

E?4L

881n

881!1

Lw

Lw

~?

88

f3NL

EWL

E$4L

9“4L

Oberg  100 deg C

Oberg lW deg  C

Obefg  100 *g C

Oberg  100 deg  C

SSF Table

Oberg Temp .80 deg C

170

IrIHMBZ50 n

cent, nued

9 2 3 0  fam!ly’2N6851  p

9 2 3 0  lamtl)2N6851 g

19 F9230 P
IPFFY230  2N6851  D

con!,  nued

continued
l17FF9230 2N6851  p
lRFFg230 2N6851  p

140 B WP-01

B WPOI

!/93.

1 / 9 3-110

?
SEW

N/A

NIA

Pass al O (Au) m

B wP  o!

B WP-01

s

s

s

-1993

-11/93

unknown

1987

1987

Hard I@ 200(Br)
~{~,d @ 2oo(9,)

o !0 35

3 6

2 0 0 0  @.5 ~ardfN[)

2 0 0  10 HJ,cI(CU)

2&2 200 0 80/~  OOIFe)

3,1,3 15 Ha, dlAf\ llJo/120(Fe,

Fad  at D (AII) sEa?s 7987

IQ F9240 2N7237 P
Lun!lrl,,  ed
fwc:,~~o

CUlll!flue[!

8(JIl[!o~K,  ) Sscw “! 91/92 F3N!  &8@m Fe ddlum  @ Vys. O(above)  ,s a,,on,a lous

5 .20(J(c@ SISE B WP 01 8/93 ‘, W  WIII  1 0 0  d?y  C TerlIp  depcndet,ce  IS SEGR

5 Vi) !a,l,,  re N/A B WP 01 1 1/93 88{1! Obery  A,nbtw)f  Compdre  pf~C&-h,lg

J&y&s — . - - .  — --
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The  Pass/FaO  Vds Voltages for lnd!cafed Beams of columns  H fhrOuQb  L

Mfr  Number Genertc  N< Channel sample  BVds VgS(Olf;  LOW  Z  I o n s  Fe,  NI, CO LET.27  B, or IO LET.38  ‘F@,  Z Ions  H@ Er,ergy  lcms FaIIure  TeSI  Org !3a1e

IRH254 n

conl!nued n

? 2N67@0  n

IRF31O 2N6786 n

IRFF320 2 N 6 7 9 2  n

IRF330 2N6800 n
IRFF330 2N6800 n

con!lnued

!RFF33f3 2!46800  n

IRF340 n
fR~340 n

IRF350 2N6768 n
!HF350 2N6768 n
IPF35!I 2N6768 n

IRH7360 r)
IRHM7360 n

cortl!nued

co fllti!ued

conl!nued

IRF360 n

Cor]ttnued

conttnued
IRF3LI0 n

Cefl!l,tued

IR 420 2N6794 n

250 27 %m?(Cu)  >225(  <r) 7

250 10 Hard(A,  ) HJ,d(Cu)  225/250 (I(r) ?

400 0 200/240(Br)

400 0 2601270(NI) 250/260 (Llr  I

400 2’? <260(CU)

400 0 24012601NI) 2 0 0 / 2 4 0 ( 9 0

400 2 <235 (Cu)  235(Brl

1 5

400 5 240(  LET.28)

400 0 250/260(NI)

4 0 0  27 245

4 0 0  ?

400 5 2 6 0

400 0 260/2 eo(Nl)

400 7 Hard L? 400

6( N!) 400 0 to 2 175/200(NI)

51NI) 5 175/200(NI)

5(NI) 7 175/200(NI)

15 NO  dala

4 4 0 0  ? 2 2 2 5 / 2 5 0

!2

+/-12  (dynam!c) >300

5&4 400 0 2201230(NI)

5A ~ 5 22 C!/250(NII

500 5 3 0 0  a! hq!] 1

235(Br)

240/280(9r)

200/240(Br)

220(Br)

125(Br)

<250

. 2 5 0

225/250( @r)

225/250(Br)

p+ b

SEB

SEB

~~

SE9

S33

SE@

w

SEo

SEB

1 3 0 (  LET.32)  ~

S.EB

SE!3

N/A

S@

SECfl

SEW

SE@

SSm

SEB

SEB

SE53

SE13

SE9

R ?990

R 1 ,9%

ESA ., /94

ESA -t/cJ4

R 1990

ESA - 1 / 9 4
P 7/!22

!7 7 / 9 2

B WPO1 !2/92

ESA -7/94

MK..AS w P 2  “8/93

CNES t 992

B WP-01 .6/93

ESA - 1 / 9 4

INR 1 / 9 3

—

Locat!on  Remarks

88
88

W4L

E44L

09

ENL

w

BNL

w

EWL

BNL7

GAVIL

981n

W’JL

W4L

9 7/!4284/93  BN!_
Q 12/Q2&4/93  L3NL

M 4 / 9 3 !3NL

R 7 / 9 2 W4L

HON WP2  2 / 9 3 BVL

R 9 & 12/”92 ~~

B WP-01 11/93 88

Commercul,  ~.irwell  Rep! AEA RS 1348

?229G,  Harwell  Pee,  AEA QS.  1348

Compare IJTR IIev$ce

9228G,  Harwell  Re@ AEA RS.1348

90 dey C

90 deg C

100deg  C  D C  E9115

9228G,  Fiiwwell  Repl  A E A  RS- 7348

DC 8924,9031,9110 !)r T Rao  S~h,b

D“fow  ef il Q21EEE  Workshop

Oberg VI!,.280 al 100 deg C

922BG,  t+.+~Wtdt  Rcpl  A E A  RS 1348

IR 7XXX Rad IC4c,a,,  f

90 deg  C

90 dq C

90 L%g c

90 dc!g  C

DC9238G

DC9143  B, 90 dq C N, @ ,wJ,,,  T

0LIW9 D alum ,4 1 L!O  dty  C O,dv
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1 The PastiFad  Vds Voltages for lndlcated Beams of Columns Ii  fhrough  L

‘Mfr Mff Number Geneoc $4c Channel, Sample, BVds Vgs(off)  Low Z Ions Fe,  N),  Co LET=27  Br or Kr LET.38  ‘H!gh  Z Ions ti,gh Energy  Ions Fa!lure  Test Org Dale Local,On  Remar4s

IPF43Q 2N6802 n

IPF430 2 N 6 7 6 2  n
lRF~430 ‘2  N6802 n
!RFF430 ‘2 N6802 “n

IRFF430 ‘2  N6802 n

‘(con f!nued)

500 ‘o “300/350(Nt) 320(i3r) sB
,500 “7 .31  O(cu) EEEl

ESA .1 /94

1990

EWL

8 8

BNL

EN.

88!n

w

E?4L

8 8

8 8

(J~?

8 8

BNL

W4L

9228G,  Ha fwell Rept AEA-RS.  ?348

Au has madequafe  range =27 m,c

J  Wnnison

Oberg ambtenl .45 deg C >

Oberg Temo.  100 deg  C

922L3G,  Harwe!f  Reo! AEA. RS.1  34.5

Obefg amb!enf  . 4 5  deg C

Obe{g Temp =100  deg C

W  WIII  D C  9 2 2 5

Koga has cross sechons  for each LE

9228G.  Harwell  Rep! A E A  RS 1348

Br@’Wdeg C, N! QwnmT

Br@90deg C, Nt@roo, nT

Dufouf  e! al 921EEE W o r k s h o p

3 GANIL Ions Tasle!  RAOECS91

R

JH

.!ti

B WP-01

B WP.01

, 5 0 0  ?

5 0 0  ?

500 ‘5 3 2 5
“ 1 2 3 2 5

250/300(Br)

5 0 0 (  A u )

275( LET=1oo) ‘a

SEE3

93

~R

SEE

!xB

m

sm

SEB

sEB

S&B

sm

2 5 0 (  LET.23)  !S3

250(  Xe)-GANIL  SE13

S.!3

s

“ 4 / 9 3

“10/93

IRF440 n
,RF440 n

“P3F440 n

’ 5 0 0  “ o 3oo/350(Nl)

500 5 3 0 0

500 “12 3 2 5

ESA

B WP-01

B WP-01

.! /94

6 / 9 3

6 / 9 3

‘2 N6@20~?n ‘? 5 “350INR 6 / 9 3

‘ INR
pJa

lNR

INR

IRFL,445(3 2 N 7 2 2 7  n
lr2!=~450 2 N 7 2 2 7  n
IQ F450 2N6770 n
IQF450 2 N 6 7 7 0  n

conl!nued

IQF450 2 N 6 7 7 0  n

5 0 0  “ o 370(  LET.  I 5) 350(  KT=3L7) 320 fLET.40) -9193
1 1/90

.1 /94

5 0 0  ? 350( C!) 300(NI)

500 0 300/350(NI)

275(Br)

300 (Br)

275/300(Br)

‘275/300(Br)

350(Br)

310 (Br)

250/275(Br)

225/250(Br)

‘155(B()

250(1)

325(1)

<120(1)

5 87 500 “o

5 &3 5

, 5 0 0  7

290/300( N,)

290/300(NI)

R 9 &. 12/92  EX’4L
R 9 & 12/92 W4L

C?t23 1992 GANIL

Cl’Es ~ 1/90 @8JL2/4 ea “500 otf
I
! INR IRH450 n

300/325f  NI)

tRH7450 n

IRH7450 2 N 6 7 7 0  n

corlt  mued

con!,  nued

IRHM7450 n

CMs 1990 7

R & C(f  Oflly)  7,9,12/92 BNL

R 9 & 12/92 EWL
R ‘ 7 / 9 2 EY4L

B WP.01 -1193 w

R 1 2 / 9 2 W4L

u 1 2 / 9 2 L4’4L
B WP.O! 6 / 9 3 88

5 0 0  ?

585 500 “o to 2

5&4 5
15

500 ‘5

R  9 0  deg C ED,.40.50 rn,c !W h,gh  V pafl~

90 deg C

90 deg C

Obery TemP= 100 deg C

room T

room T

DC 9300 W W,!l  TemP .25 c!eg C

DC 9 2 2 7 ,  W  W,tl  Te”,p  .45  deg  C

D C  9227  W Wdl  Temp . 100 deg  C

275/300(NI)
“No da!a

3 0 0

SEW

SE@

933=!

lRGAC54J_J  IGBT  “

contmu%d IGBT

lqGAC50Ll IGBT  “

34”o/350(f41)

340/350(NI)

380(  CO)

:lNq 2(NI) 600 0

2(NI) ’ 6 0 0  5

600 5

SEEf

SH3

SCB!INf7

‘1OOO 5

1000 5

fQ!=AG313 n
lqFAG30 n

SEGWSEB  B WP-01 6/93 80

SEGWSEB  B WP-01 6/93 88

4 0 0

4 5 0

—
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T h e  Pass/~all  V’cs Vo!!ages for !n<!tcated  ~earns  of Columns H !hmuqh  L

——. —— -- .——. — -7

Local  !onqemarksMlr Mlf Number Genertc  N< Channel Sample BVds Vgs(oft;  Low  Z Ions  ‘e, N,,Co LET=27 Br or Kr LET.38  ‘Hfgh  Z ‘ens Wgh  Energy Ions  Fa!lure  Tesf Ofg Odfe

4 / 9 3

-? 993”

.,1993 -

!? 1/92

91/92

“~YL43”

1 2 / 9 2

1 2 / 9 2

.1993 -

91/92
.,993..

‘1992

- 3 / 9 3

91/92

9 1 / 9 1

12/92

1992

91/92

!2/92

12/92

12:92
I>/g/>

,-,fJtJ3,,

40( CO)

100

41

~w IRF130 2N6796

HAP FPh4130 2N7271

lLL.4R  1 3 0  I.m,ly 2N6756

n

n

n

n

n

n

,1

n

n

D

P

P

P

P

P

L1

n

,1

n

100 5
100 5

100 5

SE@ B wP.o  I

Ncwe Harris
? Harr,  s

88,  n

BNL?

BNL?

EWL

88-in
BNL 7

EWL

E?NL

f3NL?

!2NL

BNL’~

B+L

88,  n

9NL

!lNL

NL

f?$4L

@J.J~

[A(L

EW-

WIL

ml

f$NL”~

ml

C*L

M9226  Oberg S a m e  rest,,!  a! 45 & ~00 deg C
SSF TaL)Ie

SSF Table

D a t a  Q1OO  C@  C  exIsIs for Vgs.O  &  !5
‘MAR says these are r,o! IJtes!  !echnologv

. 70/80 (Brl

20/4~(Kr)

9 8

; WQ FR$4140DI  2N7283

con!mued
WW FR!414(J 2N7283

2

3 “

100 0

15

100 5

-J

S33J
? Harrts

w ~RK150~ 2f4729*

con!mued
w=+ FRK150 2N729~

5
4

1 0 0  @

5

100 5

rJo/loo(Nl)

8011 QO(NI)

9 7

SE@ 9WP4

!IH.Y? R W P 4
? Ha, r,s

90 deg  C

90 cleg c
SSF  T,ible

i wq F FM  1600 2V7299

FAR FRI(160 2N7299

100 0

too  5

2 70,’80(BI!

No Oa!lure at 100 SSF Table

W@ 9 I 1 O  farn,l)RcLIPIO 100 <l=~o N/A R

for  dewce  codeti  d.Ja

O&srg  %TI TmlpNo failure at?OO N/A B WP 01

!WP FWJ9140R

coultnued

loo 0

15

LiO/70(9r)

901100(Ar] 30/40(Br)

SECJ3J

SSG+J

4
3&3 I of 3 SEGR (o, A,

PAR FRK9150Q  2 N 7 3 2 2

con fjnued

5&5

5a5

100 0

5

Hard @ 1OO(NI) 60/70 (9r)

Hard @ 1OO(NI}  5 0 / 6 0  (Br)

SE@ qwP4

SEW

DC928X 90 C@  C>

90 dey c 1

~w IRF9150

Contlrluelt

100  -o

10

DC901O

HAR FRK9160
~ t{AR FRK9160R  2N732P
j Collflnuei!

3

5

3

100 0

too o

5

801901  NI11

70;8CI(NI)

1bo!180(,  N,)
160/  18glb!I)

lb6

!40(N!)

1201NI)

VJW ~fl M230R 2N7274

Corll$oued
:*4-AR FRM2:jI) 2N727.1
! t4AP FHK2313R

Lut)l,  !l,,,  d

2

2

200 0

5

200 5

200 0

5

90 L@g C Conip~re  FFiK250Ll

‘W deg  C CoII,PJ,  e F f{ K250R

ssF  rdtlk
TWI,IJ  - 7

I e,,l” ‘~
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;MI1 Mlr Number Genenc Nc Channel Sample BVds Vgs(off)Low  Z Ions Fe,  NI,CO.  LET=27  Br or Kr LET=38  ~H!gh  Z Ions High Enefgy Ions
$

Fa!lure  Test Org Date Locatmn  Ftemarks

SSF Table

SSF Table

W WIII  OC M9227  T= 4 5  deg C

W  WIII  OC MY227 T. 100 deg C

100 deg C data has Vdsfth) 60/80(Br)

100 deg C data hds no SEB “Not latest

2 0 0  5

2 0 0  5

200 5

“5

2.s2 2 0 0  0
1. 15

4&3 2 0 0  0
4?.7 5

2 0 0  1

5 8 3 200 0
15

3 200 0

3 15

5 250 0

250 5

2 5 0  5

2?.4 4 0 0 0

283 5

400 5

5

500 0

5

500 0

500 5

500 0

6 4

7 0

7 0

8 0

60/t OO(Fe) “80/ fQO(Br)

180/2oo(AT)

140/160(NI) ‘!30/1  00(90

‘i20/140(NI) 80/l  oo(Br)

80/90(1)

~wl
ifi4F

iHAR

2 3 0  fam!!y 2N5758

2 3 0  famtfy 2N6798

2 3 0  fam!ly 2N6798

Cont!nued

n

n

n

? Ifarr!s “1993” BNL7
7 Harf!s “}993- BNL?

SEB/SEGR  t3WP-013/93 88tn
SEB/SEGQ BwP.ol  j / 9 3 88bn

I

S3RJ

$EBJ

93SQ !7 WP.4

S@

7 c

91/92 EWL

9 1 / 9 2 88-!n

1 & 9/92  EWL

FRM240C)! 2 N 7 2 8 5

con  ffnued

n

I

I
90deg  C Compare F6K230Q

90 deg C

FRK250R 2N7293

con flnued

n

EWL

LWL

IRF9230 unknown

Y1 /92

91/92

1 2 / 9 3

1 2 / 9 3

3 / 9 3
-1993-

1 1/93

9 / 9 2

1 / 9 3

1)93

- 1 2 / 9 2

.12/92

.12/92

-1993

-9/93

P

PFRM9240R  2N7318

conttnued

Pafd  @ 200( Fe) 80/100(9r)

60/80(Ar)  100/120( Fe) 50(Br)

Pard 0 2L?43(NI)

Hard @ 200 f,NI)

A! 8 5  deg C ,  Vds(Fe).120J180  @ Vgs,.O [
13 NlJ~&,” Hard @ 2~ for Ne

FRM9250

conl!nued

E!NL

EWL

BNL
BNL?

UWL%88

EWL

WV

w

Iw+l

WV

w

BNL?

f38, n

1 of 3 o!der  versmn fa,led at Vds=2001Vgs.  O

Older  verston not Iesfed  al Vds.15
0

SECRR
7 !iarr, s

90deg  C DC 9312

SSF Table

Room femp&  fOOdeg  C

90 deg C

90 deg C

DC8830?en]p  =28deg C

Temp . IOGdeg  C  See precedf,]g

ttm
FAF!

FRL234R

FRM234

175/200 fNI)

238( Pass)

160

225/250(NI)

175/200 (NI)

!30

!30

2 2 0

25o

250

280

n

n

933? 9 WP-01FRK264D 2N7303

! H/m tQH!J7360 n

I con!mued

175/200(Br~

200/225(9r)

HA!=l 2N6800 n

conl, nued n

14AR 4 2 0  family 2N6794 n

conttnued
,

w 4 3 o  f~m,ly 2N6802 n

( t~AQ 4 3 0  fam,ly 2 N 6 7 6 2  n

,,*R IRJ50 {1

S!sB B WP.01

SEJ3 B WPO,

SEE 9 WPO1

SE B WP.ol
Oberg  Temw22deg  C

Oberg  ?ernp=fludeg  C

Oberg  100deg  C

SSF ?dh!e
I

Koga

— — . -— __.i

SEE & SEGR B WP 01

SEB A

P*9 - - -  - -  — - - - - -  –  - —
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r The Pass/Fall Vds Voltages for Ind!cated Beams of Columns H through L

lMfr Mfr  Number Generc  f4c Channel Sample BVds Vgs(off)Low  Z fens Fe, N1.Co LET=27 BI or Kr LET=38  H!gh  Z Ions I@h Energy ions Fa!lure  Test Org Date Locatton  Remarks

i
PAR FRL430D

~ continued

conlmued

conl!nued

WV! FRM450q

I conl!nued

w EN460

!+q TA67613

}.-,!& TA9768

L+@ TA9783

n

n 584

5Ll 1

n

n 1

n

lG@T  n 2

500 0 >400 S&B LION WP-2  2/93 EWL

Dynam!c? >400

0 <400

5 <250

500 0 275/300( N}) 175/? OO(Br)

5 200/225 (f4!) 100/125 (Br)

500 0 300f9r}

500 0 <320(C1)

500 0 <320(CI)

600 5 325/350(  N,)

<320(1)

<320(1)

9f92&3/93  B N L

9/92&3/93  BNL

1992 BNL

1989 EWL

1989 WJL

1 2 / 9 2 @JL

90deg C  M DC9232

90deg C  t4. DC9232

Deleted from  WP.04 des!g,!

E a r l y  pans,  ambtguous ddld  LET(CI)=12

Earfy par!s, amb,guous data LET(CI)  . 1 2

room T

.

.

—

Q&g*  U&  .-– —.. . —


