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outline

Inttoduclicln  atId I I[vi[”w of Device Strucluros

Total Dose E fleck

Displacemcld  [)atliagc

Transient loni~;dit]rl  E Iiccts

Single-Evenl  E ffwt:..

Latchup  frc~rn 1 tal)si(>nt  Ionization and }{eavy Ions

Introduction ICI 111(’ (.:oiltmercial  Device Ptobletn

‘l’he f i v e  t o p i c s  t o  bc cov([~(i ill tl) 111,11  jIIcscII[:iIIOI)  :IIC  iIs fc)lloivs:

]ntroduc[iorl

“J’otal I)OSC 1’,lIL’C t\

‘1’ransicnt  lolli:/;lli~jll t I II. .l~

Sin.glc-livctll 11 II:L1.

A sixth topic, neutron  ci:iIII, III,t, i’ i] (;(I(I1 1 ill IIIC IIotcs fol c(>IIIl~lct(’IIc  ss, but  was n o t
covclcxl  111 Illc oral  ])rcscnlati(~ll  II LL;  IL I .,. I)J Iilllc. cotl~tl:iirl[s,
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Key ‘i cchrtical  Issues

Charge Generation and “ltap~)irlg  i~l lnsLtlators

- Affects E]oth Bipc)lat  an(~ ~,l(W “1 echnolc)gies

- Complicated Dcpcr)dcft(:c  CII I EIIas Conditiotls  and [)cvice Structure

– Time Dependent

Transient Charges Ot I’ll(ltoc IJIIOIIIS  frctlll li(!aVy lorIs C)r Gamnla  PUISC?S

– Upset Effects

–  Latchup

- Destructive Effects

Parasitic Elements AIC III II IC)I iallt iot bcdh F’l)enomcna

– MOS Structures it) Flil)olat [Icvir:cs

- E3ipolar Structures in MC): [wvit:{.s

h(y I ( (}ilii(fll ).v,x[l(.v

‘1’wo  b a s i c  r a d i a t i o n  effrcls ]J)I(IIIIIII.  II; I II IIC pIoviII  to bc ]):ltli(ula[ly challcnp,  ing
(kVICC tCChl)O]O~,y has Cv~)]\JLX. ( 1 )  L t 11,! ’(.’. ~’ ,Ijl]lillp, [1{ [11(’ lll[L’lfi!L’C’  bL”[\VL’Cll sillC(Hl
dioxide d silicon, which is IIIrwL’11(  i lIIL)~’  :,ctllicf)l](lL]ct(Jr  [c(’ll]lolo~ics;  :IIICI (2, )
ttansic.n(  char~c  pulses or l) II()((IcIII  I(II : ~ IIL I. Ilcci t)y lIcavy ions aII(i sllot[-cilll-:itioI)”

]) LI]SCS  C)f ~al)lllla  ractiatio]l.

as

l<:ldi:itlotl-l]:  ]rclcrlccl  (eChllol[l~il,  ,11 dirsi:hcd 10 t:lkc (lICW  cfltcts  ill(() account,  and
~CllCldlly s})ecify  Inaxiniunl  ]);+liilll(’111(  (“III] IIS 01  lll)~it rate> ((itt:liis vaIy w i t h  tile.
circuit tccl)nology ancl ploccss) 1 J{I(  I(]lill tIarLILIIIc(i  circui( lc;tl l ]olo:.its” rc,cluilcs  a
~,te;i( deal o f  effort b y  l~~:llltlf;itlll~r i, ,)or \ in illitl:llly dc<i~,rlill:,  11](: pl”occss, but  alSO

in csl:tblishil)g  process  co])trol’. 211(i ii:: ~lIILL. :\ SSUI; IIILL tccl)l]i[]tlts I() II Iak~’ SUI-C  tl]at t h e
Iadialion  Icspo]lsc StiiJ’S willlil~ ])l(’i: IIIL’11 111 H(S.
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● Operation cjc~m](ls  t,rl ,hl:~i(vi  }, carricl  fl{~w froln clrain  10 sc)llrcc

● Gate oxide is clire(tly  r{ I;II(cI 1 I (jevic. c p[.r(o[lt)arlc~

● Parasit ic field oxicic i!. I ILI( II tl ,h. kw, arlcl  c,niy Icmscly  ccmtrc,lled

lIaI-tlIICSS  c){” gale oxicle.s.
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T qtc)lcqy of NMC)S  ~1’)Cj
PM(}S ‘1 ransistors  in CMOS
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p-substrate

I r)-well
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‘J’t]ccil-cuit o})cI:ttic)lld c~),lt~is(~ll I\,I\i Iiasjli(t([ion isol:lti,)tl lw(wccII the wc]l and
sLlbslmtc.  ‘1’t}isisolatioll tectllli(j(l~  I\ ,,Iy I lIIl)Ol[a  I)l 1’01 tlal)sicrll lcl(ila(io]l p h e n o m e n a
bccausc ]Jhotocurrents  aI’C j)lo(~ll((’(i  L’. I[]IITI  lli(’ C](’t)]ctlo])jllllc[lc)t] oi”l}Ic 11-well/substra(c
junction tllilt can have a lal~,c i)lli(l(l]~ 1)11  (i:.~icc  1( ’sl)oIIscs. As discussed later, this typr
o f  isolatioIl  a l s o  p r o d u c e s  a  ]Jcttdii(l(  ) II 1) II struc[u]( ttiat (aII  C; ILISC la[chup.  C)(11CI
fonlls o f  iso la t ion can bc usc(i tl):ll 1 , ,111, .  0 clilllili:itt tl]( cflt,c(~  ol’],alztsi(ic  1>-11
junc(icms  iII h4C)S ckviccs, atI(l su(t[ :IIIJII(I,  I 1(:s :IIL (lf[crI u~rci itl l]alLlrllt’(1  tccbnologies.
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S t r u t F “1 pc)lar Transistc)r

● Operation cle[len(ls CIII /r Ifi, LJr I/J c ;Irrier trarl sport tl)rouflh  t,~sc regic]n

IIarlow b:isc rc.gion,  to the coll<TL  I(I[ [’1, I  ,;l~>lli(uc{c  <If tlIc c(~llL({LII CLIIICnt depc.ncis  oIl
the b a s e  CLIrICIIt (pmviclecl  b)’ c~t~t It: I t IIILL II Iy). ‘J’1), rntio of (ollcctor  current to b a s e
Curtcllt is the. colllllloll-cll]ittt.l  L’{11 1(’111  $ILII]I. II II, 211J  II is Itlc l“IIII(I:I II ICI II:II  p a r a m e t e r  that
is usudlly  II SCCt  to dcscribc  tlallsis[il].\.

Note that  bccausc  tr:insisto[ O I W I I1 1 { ) ’ I  (;( IjI:IIdS  (HI millmilj’ CIIIIL’11( flow  t h r o u g h  t h e

b a s e ,  t r a n s i s t o r s  a r e  far mort wll:)i[ i it 1(I di l)lacLsII~eIil  eflrc[s [10111 ptotor)s  and n e u t r o n s
[hall  MOS tmnsistors. l)cvic(’<  V} ’ill I i! 1,. I lI:~t lepioIl\  (lo\vcl  \;IllIts of ullily-gain
fl’eqllcllcy lcspoIlsc,  fq) are Illolc s:it~ III. \ I .{is])l:lcclllcrl[ effccl~.

J u s t  as Imrmitic p-n  junctions V,IL’ illr]x] ((lrlt ioi sorer  t)]xs ol’ Ii](l]:lti[)t) effects in
MC)S dcviccs, p a r a s i t i c  o x i d e  ~IItI( IIIIC , III  1 III[)lNI (lci ICCS C: III lI;ItC  {I I:IIFL in fluctlct’ on
the ladiation response of bi[)olar (1(, IL ~ ‘ 1  II. oxi(lcs use(i ill l)il]~}ltli (icviccs arc less
Well contmllcd than oxide.s ill MC ),~ ~it i). C> ,~r~d :11; OIIly Ilcct-’\s:lry to plo~’iclc barrie]-s
duril)p, processing steps. ‘1 hcst’ {)li~i,>  il I.’ ll,ic ally lc’l”y IIli(h..  211(1 Illiiy tlc gl”OWl)  in
scvcld]  successive. process ill?, s[(:lt~

17

(“\(’1  ,?ss1111’3)



f
{ ‘)<(’] ,4ss]]  “1]{])

I

I
l-opology of a Jurlctioti  Isolatecl Elipolar l“ransistor

I L- . . . .)

l) 5.(11) Ilot(’ I

I

1 ’

I



t .
(’x(’] Assll’llill

Charge ?rapping in Sil
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. Ionii-atic>ll procilcf.  s c!r, ctrcnl-t]c,lc  pairs in c)xicie

. Holes  rni{)lotc tI. I iilt(,tfa~e

● Hole  trtinsl)(,tl  {;OLWII,  Is on cloctlic  field

loaiz.ir]p,  raciiation produces (lCit  IiII lIt Il j)aih Irj inslrl;itots ar](i scnliconductors,
‘J’his fi~ul-c  s h o w s  char-gc  wi[tlirl tlI~ \ I} III II rcsis~allce  ::IIC  of ;Irl h40S  tr:insistor. 7’lIc

.
k , swL’]11  CILIt  I(.I eitl)cl  III( fI:Itc  clcc(mcle  or t h e .C.lecl lolls ha\rc lllgh moblllly,  al)(l ill (’ .1(11!.

iate Ifacc. Ilolcs }lave mucl)  lt)wti lll{~!~illl}, l)ut ljill llligI:~le  to cittlcr ttlc ~,ate o r  t h e
intc~lace  ill t i m e  peIiods of r]lillist~or i: 1( I .Iuo]Id~. ‘]  ’ ]1( ’  tlilrl~llol [ tilllt’ (] C.pCIl(]S  01} thC

gate oxide thickness and tllc ap[}lILLl 1 III I “;OIHC of’  IIlc. tl{~l(’s  MI]] 1~’coIrlllirlr2 within t h e
~:itc  ox ide.  A flaction of tllc tlolL~ III I I,. II LIIC s,li(otl-silicc~rl (li(~xi(lc  in ter face wi l l  bc
tr:ll)]wd. Illtcr’face traps car} :ilso IN tI ‘::11,1.;  v:tliol al Icct  dcJ’ices ir] (Ilffc]fnt ways than
holr (raps.

Althou~h  this example irlJt)liL~ ,iII \’1( )S  [~ill]sist~)[, th(. s:lrlli [J:IiIc ~)IOLL:ss  ap[)]ics  [0
aay silicor]/silicorl clic)xidc  illti.”ll<.l~L. il.’~~(illri’ {lIC t)>ldes  in t)i])ol:il tt,ir]sistc)rs.
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THF3ESHC)1.D  VO1.1 A(;E VS. TOTAL [lC)SE. FOR
N-AND 1)- (..:tifl.NNE 1 MOS T13ANSISTOF?S
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A n  :iciditional complic:itio[l :11  is,!. 1,~’{  ,1~1 , (lIc 111)1,.  tIal Is aIICl illl(ll:icc tr:ips  h a v e

diffcicl]t (imc dc.pcncte.nci  es. ‘ 1  IIC III) I 11111 ~][ar]t  (iillt~[cr]c{’ is tli; tt Ii[)lc t]:ips general ly
:illl)c ill Wltli ii inc., e,vell at Iooll) t(..lllll{~ ittlllt. I’tiis c aI I caIIsc ({))]:(II(J)I[  (10s(. l:itc effects in
M O S  clcviccs,  bccalise  most  01 III( tl[,l \ i+il IL:CXI)’CI ;t[ vcty 10Lv dose ]iitrs, le:ivi[tg  c)t]ly
the iritcrf;icc triips. Testing ~i])lII(I,II.  h< [I:lit. lICCII dci clojh(i to (IL:I1 with tliis problcm  f o r
MOS tcctillologies,

II:irclc]iccl  M O S  d e v i c e s  :iI( :1):11111 I( I,\III  II IIILiCli ltlwcI ~i]t~ tlilcsti[)ld voltage  chmges
tllali the v:il~ics shown in this lIpitI~ !+(,t,t  111,11 cltvic[’ haldctii~l:,  iIl\l  Sl tilk(’ t)Oth  i n t e r f a c e
:ind hole  tl:i])s into account .
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1 hrc!shcIld Shift at Various
Dow HaiGs tot an NMOS Transistor
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Dependence of ‘1 hrmhold-Voltage Shift
on (Ixici(: Thickness

-10.0

I

- 8 . 0
-6.0

-4.0

-2.0
>
5 -1.0

> -0.8<1 -0.6
-0.4

- . . ..[-..—.

/
‘r I’,

a) Oxide Traps

/

Dry oxide:
n=l.65 ●

\
\W’et (,xicl(

II : 1 [1:!

-0.2
I

L- 0 . 1  _ _l - - – – . .  -L-. I
100 200 400 6110800 l(I@I

Oxide Thickll[ss,  A

-10,() ,..
-s.0
-(,.0 h)

-4.0
[)ry

-20 n .

:>
,.” -1,0

~, -(1,8
-(I.6
-(1,4

.(1.2

-!),1 .
1 0 0

/

, .,-------

Inlelfacc 1 raps

Oxidc ❑ m

1.45.
‘-x

\ Wet oxide
n=l,61

I 1--1.
200 400 6008001000

Oxicic Thickness, ~

.

-.

‘1’lle thlcsho]d  s h i f t  in oxicic\ is r(~i~l~ r(i ,1. oxi(l[s :Irc ltxl(lcct.1 irl tliickl)css, w h i c h

gclIc.rally  {wc.urs as dev ices  ale’ S(lII{L! 1( .II i’lcr 1( It LIIC siy,cs. ‘~ lIis  fl\r,LllL’ s h o w s  t h e
clc]IcIIclencc.  of h o l e  traps  an(l ill[rt I’, IL ~ 11:11 OII OX I(IL thicktlcii ol(lrr  devices usecl

VCly  thick o x i d e s ,  lcacling  to l:!ly~’ Iildiil!lotl lll(lLb L’Cd  Chal)~,CS  11( lcl:ltivc]y  10\~ tOtal dOSC

]cvcls, b u t  IIcwer’  tcchnolo:ic>  L> X]IIi  It IIJLIL  ] ]{)w(I  till~shold  s])lf(s. ]]owrcvcr,  as discLlssd

ill tlIc next  slide, th ick ficl(i cmid,,<  iII. [111  I,(]uil(>,l, :in(l l’i(l(l oxi(l~’ inve]sion  is  of(cn
t h e  domindnt  problem fm II II)IC WII;  ,IL[,(I ~f.tlt~olIJ:’lL=s,



II PJ(’!ASSI1:II;  I)

I-V CHARACTERISTICS (II N-C}-IANNE=L  TRANSISTOR
SHOWING F:l[;l..[:) OXIDE INVERS1ON
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‘1’llis  lipalc compams  t o t a l  dc)s( (IL:I,I  ,I(i;I  1(11)  fol sL\’cr:Il  ~lifl’cl~lll [y})cs of npn
(Iallsistors. ‘1’he palametcl’  til;~l  is ])l(,li t 1~ 1/111,, 1  /11,, ,,,,,,,,,,,, \4iIIClI is Ii{]car  wit}l total
dose at Io\v  Iadiatioj] levels, S;i[l.ll;lti( i ;’I.11 1,111>  (lticur’s at IIiyll(’i lL’\’(’lS tlL’Call SC Of thC
illtcl’[lal field pmcluccd  b y  t]~~ dcl)l~II(II  IC’/,  II it I a~ ;! s]) Ic’:Ids at tjl~ suI[acc.
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Dose Rate 1: ffw:ts in E3ipolar Devices

Significantly more cianm~gc  (I[ ic~lts ill low dose rates

● Factors of 2 to 10 have IIICII repcwkcl

● Extremely low c~osc rates ;Itc! r{qt.rircx{  fcjr some technologies

● Failure modes may differ at hi!lll  ant! Ic!w dc>se late

Depends on device tc(llrlc~lo{ly  arl[l proc:essirrg

s Large differences bctwcet~ vcn(iors

. Special structures (sl.lf~tl ;IS lai~:tal pr]p transistors) arc more affected

Mechanisms not fully unclcrsl(:](!cl

. Active research area

. Severely complicates tcwtirlg arid application of bipolar technologies

1)(1s( 1:(11(’ 1 ,ffi?rt ,St(ltiis

}~.llhanccd  dallla~e a l s o  Oc(’111  \ !11 II ,~j (;II ( IiItLS ill n])n tliillsi~l[jls, 11o1 lnost Il]}n

cleviccs aIc no IOllgcr affectr(l t)y (I(Is I,I(L 11.11 cios: I;itcs 1)1’Iou  ilt){)u( 1  l:id(Si02)/s. “l’he.
mcchams III for cnhancxcl  daII IU:L. III t, It.. ., I L \ices is s(ill l)ciil~ itlJ’csti~;atcd,  b u t  i t

a p p e a r s  to bc clue, to a co]lll)ir];iti[)t~  (>I {11(’ f (I y thick, po{)rl~ co II IIolled oxides that are.

usd ill l i n e a r  i n t e g r a t e d  citclii[s,  III [)t:ll)ill Ilion with the prcllli:il IIalo Ie o f  s o m e
tral)sislor st]-ucturcs  in lineal 1( ;~$ ‘ 1  II IL ;11 [~ appc; iI to bC lill~’C’  dif!crcr]ces in t h e  VJay

tha( Pal(s  fl’olll diffCI’el]t 11)[1111.l~a(”llll L“ !, li’~ (lrl(l a{ l(Itv (Iosc 1211Ls.

A  II UIIII)CI- of labora(oric.s  aIL’ illl ~~itii{ IjI tlic dow-rdte  }IIC~l IlCIII fol l~ipola~ d e v i c e s .
ollc ~cy issue is bow to nl~dify l{~lil: ‘ 1(,11 [ s(ill~,,  :11>1 JIO:I(l  IC,  S [{.) ([(al \iith (hc problctn,
bccaose it is clearly impracli(  :11 1( I 111:11(111.  Iitlie-(olliilrilirtp tcsl\ :Jl low” dose rate for
b i p o l a r  dcviccs. lrradiatiotl :It (’l(j ItI (i I(II  II;raILIIC  IS OIIC l~()~sil)lc  iil)pt(uch,  b u t  IIIC)IC
w o r k  is occdcd to clctcrmitlc II’ 1111< li III !I$() 1. Satisfac[ol  ily f’oI a l l  ( 1 ~ ’ v i c e  t e c h n o l o g i e s .

]OxL711 rcfelcticcs orl  d~sc-ra[c  c1 t I.cti ill I II! ,11 II (l \ I c e s :

R .  N .  Nowlio,  li. N. ]inlow, R, I). $.l,lir )JI : I \V. 1, (’,llIII)S, 111} l’I,tIIs. Nor].  Sci., NS-39,
}). 2020,” 1992

1). M .  l;lec(woml,  et al., llll;,ll “1 IJII.  N~I(  : :>~i, J4S-4 1, II 1871. 1991

S, hl~(;ll)l~,  R, 1,. I>CASC,  W. Will  illlii (i I)IIIJ )I;lil; ‘llilll\. NIICI. SC’ I , .Ns- 11, /). 2544, 1994

A .  11. Johnston, 11. G. Rax, an(i (’ 1 I CL II I I J ians. No(I. SLi,,  ~s-!?. II, ]660, 1 9 9 5

R .  l). Sch[inlpf,  et a l . ,  I})llli ‘I I:IIIS  h’1l. l ,\i , “;$ 4.2,  ]. l(Kll, 1°95
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Tota Dose Faiil!!e k [=vul$.  of Various Technologies

Device Category

Bipolar op-amp
(commercial)

Bipolar op-amp
(harclened)

ND converter
(commercial)

54AC Logic
(CMOS)

54F Logic
(bipolar)

CMOS
Microprocessor

‘lyl)lc~l [R;liltll(.  Leve!  };angc:
[kr;II:!  (Si)] Comments

5- !~o May be affected
hy close rate

> “1(10

4 2’0

“i!) 30

!,[) }00

8- foo

Wick variation
irl designs

Usuaiiy dcm~inated
I:jy fielci c)xide

Collsictcra[)]c  variatiorl  GCCLIIS  fo[  c, 1111111,  ,1 i  prmcf:s~(’s  lJCC:IIIWI f~f tiit: \vide ran~,e of
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Neutron Datnag[’  (:cl~tstant  of Semiconductors

KSi

[

Cmz
‘n-s

10-7

\\ K

‘ \
“----

\

10”1 1(1:1

“\\\ /,/.-.---

[ Irlitlft ( “llrrent Density [A/crII~]

1-20

1 Y(’I  ASSI}II{l)



Example cd “1 ta~lsistor  Gain [)egraclation

10,000 r

1000

h~~ 100
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Ncllifurl I’luellce
Device Type [Illcnlz]

General-purpose
bipolar transistor

101:’

iol s Techrtologies

Commercial ().!) 2xlol~
op-amp

Hardened :. ‘i014
op-amp

54LS Logic :> <Old

Optocoupler :{ >: 1011

Degradation

3x gain reduction

5X increase in
input current

F’aran~etcr  drift

l’aran~eter drift

50°/0 cJrop in current
trarlsfer  ratio

‘1’his Ialllc s h o w s  s o m e  cxalll{)l(’\ (1’ 11:1:’ ‘lL\tlroti l e v e l s  iIt w}]i.  tl si,qtliflcan[ de.~, rada[ion

CXXLII-S.  ‘1’llc most c r i t i c a l  (lcviucs :11< I ill,:~l illt(’~liil~(l circui(s \\itt] low f., t r a n s i s t o r s .
Note [hat although ]nany  COIIIIIIOII lit][ol cil, Ilits fIi Il iII low ICICIS,  [lot al] linear devices
usc late.ra] pnp and substrate ])11]1  [I, IT I .i, s,l)~. ‘1’h\ls  tlIc harcll)css Icvcl of Iille.ar dcviccs

Cal)  Yary w i d e l y  for diffcrc]ll  dcsij)ll~  IIitl ]) OCCSSCS.

optics]  dev ices  are often IIi},,l]l> \cII\ (ii , 10 dii]ll;lcei[lcnl cl’1~.tts,  ‘J’llis is caused by
t w o  l’acto]s.  Iiirst, t h e y  oflcll It:l> 1111  I i i ; ’ 1 1  {, 1111  tId Iis I\[or5,  allci SVC(JII(I,  c o l l e c t i o n  of

o p t i c a l l y  il]cluced  carr iers  dc~ILLIIi.1~ C)II II’  I.[1  It., v.lliclt i s  d~’jII;I~l(J  t)y rlct.l[lot)s.



I PtiIn;II y Photc)currenl
I

[.

. .. —.—. .

‘PP =q~AG(VV-rl)

~ Device Properties That Affect  I ~}~,:
I

1) Junction Area

2) Depletion Width (W - V 1 ‘2)
3) Minority Carrier Lifctinw (1. ~~ ~ ‘1)1 )

1.=3  pm fort  -10lls
L=:lOOpmfort-.  l0ps

@=4.z~lo13-e-hPaits-s in sill{[,fl~,
rad (Si)-cn~3

1

I
I

\
\,

\

Dcplclic,n

“[~ “:r’>[-~
. . ,.y, -.. : .- ‘.,. ., -,..,/.7,T~;  >--: ,,~

.,:’ ,.J .< ./ ,.,’ ,< ,, .,

1

Diffusion /1
~, .–

L e n g t h  , /
‘.. . . . . . . . . ..— — .-’

I
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Primary
Photocurrent

Primary t)twtc)(:urrertt  Wavefortns

1.0

0.5

0

,J

\

-— —

Pulse  VJic{ttl ::200  ns
(1 ifetinw in IIS) .

1 imc (jIsec)



Primary ancj %(:onclary Photwurrent

v

. - — .L-

~ AA ~

. . . .
Ipp causes  a vc~ltage

HI HI (iI’oP of lp~~ F+L.lpp} ‘..:,
4--’ 1,.- . . befcm turn-cm‘.. ~ s;~)

rB
F32

{ ‘PP
flows  out of

.__ .  —. . . .  . - b~s[!  lead through rFJ
qVB[:/k-l

Ic = ICO (e .1) and exteriml resistance

S(I ltl All,r I’ilotoclil  I (’111

.1.2;

~lp.;(’l ,4ss]1’1  1’))



2V/C)iv

~~llt[)(lt Hc?spc)nses cd the
54151 8“ Hit Multiplexer

‘Uu’u-l. (

.1----- 1 II / I

I I

-—.. .— ------ ----- w output
(&{wicic  Phase Splitter)

F:aclifiti[lfl
1’111s(’ Wl[lltl

[)0s[. I{::IIC’ : 3. ,F’ x ‘l C)* raci (Si)/s

‘1’l)is fig, am shows (he rrs})t)t]kt LJI , fil;,,il II illlcp,rat{.(1  circllil 10 :1 ?  }1s pul SC. of
iolliz,illg radiation, A t  (Ilis cIc):>c t:+[~’. I II( I< [).IIISC  of (Inc of tlIt OII(lIUIS exceeds the. noise
mar$, in, cal]sing digital c.rIoIs l)ifl’t.] IIwt~ I I I  inlclll:ll cilcui[ly  tiIII\c (hc CJther output t o
ha\’L! a  lower l“csponse.

I)osc-ralc e f f e c t s  dcpclId  L,II tlIt IiI. ;IIIc(I  ( irclli[ cl~sjj[[] and ]:IyoLIl,  ‘J’I)L.  tlIICS]IO]d

Ups(’[  rate o f  c o m m e r c i a l  cli:il; ll I(’L i} [:, l)IL I I  tx(itdc]l 1 x 1o”” aII(l  1  x I(Y rad(Si)/s.
}laldct Icd (Icviccs aIc  availal)l~ \villi I ,11,11  I I: II ICI tllt,~t-lol(l tIj,\r( ILVCIS, S o m e  h a r d e n e d
dcsi~lls usc spw.ial  S O I  pIocL\\III:  to IL LIII( t}Ic  ]l)a:’]lil~ltlc (11” iti[t]ll;il ])1 IL)t[)cLIIIc  I)(s,

w’l]icll is at I c. ffec[ivc (cctllli(l~l~
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Transient Respotwe of Operatic]nal  Amplifiers

{ ,,,

“1,\ z,. .
Y ,,-,,~~  ,/-. u)

:x .r

+.vvvvmwvwmN
c,:> . . .
m

Juncticm Isf,la!i[,tl Dielectric Isolation

l____l  ..1 _.l_d. I ! 1.[ I ~ I i I I ILL -1. J
10 ~(scc./[liv 1 psec/[)iv

Dose Rate = 2 x 1(18  raci (S IQS(C: Pulsw Wicllh = 2 [Isec

Junction-isolateci  cicv  Ixs h;IvI; Ion!]  recovery tintes

Feedback coflciitic,r{s i!liluet)c(:  recovery, not pron~l,t rcs~)onse

Radiation hardenccf  OII-a II III!. do ncd o~,cxate  dutitl{~  rr)oclerate
transient iorlizf:ti(~fl  ~Julsvs
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100

u
E
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Primary l>tlolc~cutt-ent in a Flectangular
W(’11 lest StructlJre

, ---- ,-
1 I I I 1 1

r------ ‘ .  ’ . .

\

\

-’1. 211 n.well prc,ccss
24 X1(IS

\

““\
laser pulse  widt}l z 15 ns

6.1 Xlo”’  “  - . .

~,;; -

‘ \ , \ \
-. . . ..-

. ...%
‘-- ‘L ‘“1 :

“’”L..  7-=-...  . ...1
1 . I I I I
o 1 :) 3 4

‘1111(  ~[se:,

I

‘1’llc  lW~ViOLls  CXZIIIII>]CS  l12\c. stlo\\l sl)ll, (\,, Ildt  i(~ciilizcd  ] ) l l ( l { o L ’ u l l ’ L i l t  Ics]mnscs.
Real

dcviccs  ca]l v2sponci quite clifll’lrtltl) IL< ii(I:LI of w[uldlioll of tlIc vollasc across  the
c o l l e c t i o n  Icgion,  conduct ivil}, I)I()(!IIIZ  11(111  (! I(’  10 llIc I]igtl i]ljcc[iorl l e ve l ,  ancl charge
storaf,e  wilhin the ciis(ribu[cd  \lIIII,’l(llL “1’JII\  fi~lll(i stlows  IjIC I)l)()(()c[]tlc]][ o f  a CMOS
I I - w e l l .  llv\:t I at rc.lativcly  lo\\’ {Ic)s{ I<IIIS  til l tcsl!{ItIs( is vcly [ii flrtc. r]l fto]ll the idc:ilizccl
Wavcfot-ms  discussc(i  cariicr. “i’iIL 11):1:  llil~i(i of tile  ili Iot(xutt  Ltll  is II() lollgcr
i>mimr(ional  to ciosc rate, As IIIL Li[):,r li,l. ill, lca~c:,, IIIC lilll~.  iL,sIKIJIs~, ~~[~ll(is  [o
imrio(.is O f  SCVCl”2i microsccol](i~  ((11,’  I i  .il,[lir] ])uisc  }\i{ili] \Vaf l!) ll,f). ‘1’ilis Shows  tl]c

(ii fl’lcully of ull(icrs[;~])(lit]g  cil~ll]l r[.<[ ~r iu~ 10 I]:llt<i(.llt iolliyiltioli”  t’ft”~,c(s,



Silic;on  c)n-trlsulator  l“ransistor

/ Siclewall
- . . - . .

@

, - “’,:,

/

/ /
n+ Solllcc

/ “
,, p-t, ody

(under gate)

/ . /’ ‘ ““‘“  - /’ /==’”

[: .?{

, / l’I.Ily S ~ate i ‘/ -

/

/  A-,,

. . .
‘?””’:”’’’’”’:’’’””’” ““;””’’’”’’””’  - “---==S, cleWall

,,...,$.;~..;~/_  .- _
. . . .

J

Sk.- . _
Channel

!14 (if Ilr,
\~;,,[e~~i{~{,

::>, (
. . . - - - -

Oxillc
——.  —.— .  .  . . . . .-

Si Silt IS. !(, t[)

IIardencd p r o c e s s e s  are [l~ilili~l)lc’  II :1’ LIS .uch ICL  ]Inolo:ics. Sol tcct]llolc)gy

typic ;il]y l:iiscs t h e  transient III)W[ tlll~  sII, I1. t  y t~ifc)-t[)-tll!te  OId. I \ 01 ]na~nitudc

co II)] Iard (O  jllr)ctioll -isc)late(i (t’clIII(IlfIII,I~s S 0 1  (i~\ites  lIa\Jc  rII~I[lI  lc)\vcI  s i n g l e - e v c t l t

crI(~l  rn(cs, aI]d are ~enerally illll[llill( to ldl I lILIj). I lov)’evct”,  Sol plorcssill:,  is more
c o s t l y .  S[)n)e a d d i t i o n a l  jolli,z,iti[, I: ILII:tIIotI l)toblutl]~ arc ]n[]odlict~l  l)cc:(~lse o f  t h e

siclcwall  aII(l t h e  p o s s i b i l i t y  01 I):; (L L II IIlr Itl lLak;Iy\’  ([he Si02 l:i\L’I  h:+~  :i f’]nite

thick  t]css),  but these. difficulli(’s l)~it( II.(II  : )’vc(I  1’, )1 llard~;l][,(i  ]Irt)ccsscs,
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Transient Upsel “I”hr[’shold of Various Technologies

1 y}lical Upset 1 hreshc)ld
Device ‘I ypc [tad (Si)/s]

54S Lc)gic 0.!’)- 2X1(I6
(bipolar)

Commercial l--3x lofi
Op-amp (bi~jc,lat)

Hardened >lxlo~
Op-amp

CMOS Mcrnoty l-. flxlo~
(Commercial)

CMOS Men~ory >1010
(hardene(i)



Charge Generalic)t

L/ “
Prompt Ctmrgc

I

J

[)c!klyr(i (;tlfff![

I  1+*-1.7Z3-’- “-  “ (b.

in p-n Junctic)n I]y a Heavy Ion

0.0 c~.2 0.4 1 10 1(1[1
Time. ns

‘ 31.,

:. -.. ..-,.

/------

Ion Strike

. . ‘– rl r

““”f ‘---’ ‘.)
,,-+i-- .*...: ~ – ,).- . . +- ,,-

‘1 -

; -+ , - : / <i

/
~ ‘ .;,/ \ Distortion of

, depletion regicm
.{”’

.4//
‘/

[“x(’] Assll~Jl [l)
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CHARGE COLLE:C-rl~C)N IN n+-/p DICIC)E STRUCTURES

..-,,/
Funnel-assistm
drift

\

1,

/~ ~
,.

11111  v,i{,,,

–1 LIMU[.L  !-I 1’11[  1 II ‘

10.12 10-10 10 ?’ .Ilf. 1[) 12 1( I 10 1 @ ~ 0-6

TIME (s) TIME (s)

a. 5 MeV alpha particlf (O ICI(I( FIC  n : b. 1(IO L!cV iron (0.27 pClpnr)

3-0 simulations t,y 1’ I [10 (;. I i ;, IE EE lrans NLICI.  Sci.,  tJS.41,  2005 (1994)
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‘ 1  ‘- -

“  [_i+-J

Sensitive Nocic!s in a CMOS Inverter

● LCIW  node is sensitive t(, 1,-hils
[

● High node is sensitive t[l t~tlil:.
\ i:..

.cl\vL . 1

I t
r’L.

*J I

./

-..:

‘1’tlis fi~, urc+
“1’1)(’ Illcnloly call be Upset t)>’ ‘“tljl\” i  (1[[1  I  I)- 01 II  le~io[ls,  (il.l~ctldiil},,  011 the SIZI;C  al

111[1(’11 11101’[”  \lo\\’ly,  :In(l arc strongly

l<{lcli:l(illtl  } llcL[\ (’ol  If LlcncC.

i



1 IN(’1 Asslll]l])

llps[?t Cross Sc;Clion for a
Commercial ar~d Hatdened Memory

, . . 5  ~.. - - I T- 1 I

10-6 I

//[. -
U }Iarclenrxl  Mctllory

2.1 x 10”9 mrors/tJit-clay I,
,, /

1 .
60-- 80

L I ] (Mev-crr12/rlrg)

100 120 140

the two tylws of m e m o r i e s  will  (M( III III li)\I  I 011)

Cilll  t)C llJ>SCt by ~llOtOIIS.

-1 34
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Charge Region lrIclLIcPc; ill $~licorl Dioxide by a Heavy Ion
I

Vc;
Y

. . ..— .- —___ . . . . .u ?:.,
.“; ,

DRAIN
j . .

/: ‘;
Sll ICON

/

–———uSOURCE

35 A

lNTEiNSE }1[.  A“IIN(  (IC(:III;  S Wll HIN CHARC+E COLUMN
●  INCF{E AS1  S (;(Itd[)~l(:TIVITy
● ENAFI1  F S }IIGI; L[ t~l 1.S C)F Ctl AFiCi E INJE (:71C)N

I

Illtmlucc  other response II ICC II: II II!, III., p;  II  (Ii II I;IIIY  fo]  inslllalols wllicli l):ilc a h i g h
clcctlic f i e l d  prcscr}t  durinu, 111,.  [ilw. (~1 [k )11 sttikc

.i 35

( 1“4(’1 ,’?ss]]  ~]];])



Microdose  t{;~td E~rrors from Heavy Ions
in Waled Devices

OLDER DEVICES.. —-. —.. .—..

LOCALIZED DAMAGE RE:GII:)N  :..: (+/.1 I AF:I A

LARGE NUMBERS OF IONS MLIST S“I FIIF. E
GATE TO CAUSE TOTAL [1(]S1 [J/\ f,l?,C.l

SCALED DEVICES-... —. ——..  ——.  —

LOCALIZED DAMAGE RE;GION  + (iAl  1 O.Fif A

SING1 E ION STF{IKING CiAIF  CAN C:.fU’S[ “I (ITA1
DOSE FAILURE

LOCAI IZEII CHARGE
[) LF,osITION  REGION

F}I(IM ION STRIKE

Gb.TE

/

) [1

Q@

sc)uf{cF OFIAIF.J I

‘Ad[ipw[l 11011)  “1’. OldlIaIII. ct :11., II I I I III NLICI Scl ., Yol [is-lo,  1) 18?() ( 1 9 9 3 ) .
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I PREDICTED 1’13E”ND IN IIARD [;[{ROR  THRESHOLD FOR
SCALED  [II?AMs Wl”l’11 VARIOUS FEATURE SIZES

0.25

0.20

%
z&-
E 0.15
v
x
0a

U
r- 0.10

0.05

0

I 1

1 xpe:irnentai  results fc,r
II 11’, i’ DRAMs (!.V pc)wer  suIIply)

I . . \
-- -.1

. *“’”.-
(1,4 prll, - “’ 1 r> ,,1,>
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Gate F{upturc’ in a Power MC.)SFET

/1/

‘Ad: Ip[cd flc)l]] M. Allctlsl);lctt  ([ :1. II I ,1 ‘t I II,. NLICI.  Sri,, IO. NS 11, ],, ?1(’,() (]99.1)
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I
Sutntnary  c} I Ilard E rrot  Effects

MICRODOSE MECHANISM

INCREASE. STRANSIS1OII 1[ ~!t:fi.(~1 (’UFIFIENT

CAUSED BY LOCfi.I  1/[  1} (:}ll.  F:(,  F “I F; JIPPINC;

,GAT E FAILURE MEC}{ANISLI

OBSERVED IN DF{AMS WII }1 II .( AIL) (L8 pm I E AT UF:[  S171

SIMILAR MECHAMSM  1!4 F’O:JE t: hl IS FE’Fs

●  AFFECl”f. D !dY (:lllil~t  1,”{:  IN .IIJLIE Fil YINC+ SLJEISIRAIE

● ERROR FiA71 C A N  ~1[ I CIL’t’E  F t fI BY FIE DLICIN13  BIAS CCM4D111CINS

ALSO OBSERVL[}  IN IIF{(J(>F h!$It>ll.I’l  E GA1 E AFi RAY$
.
.
.

HEAVY IC)NS  CAN }’1~(1  ,R~’~.4  LNIIFIISE  S, (: HANGINCi  GA’11.  AFIRAY  CONFIGURATIC)N

OBSERVED INT[ CFIIJC. CI(>If  ‘ Wlltl 1 I n, F EA_EUF:E S17f

EXPEC’E’E D “II:)  [:[ F. f,ll.1(11~  I:’; (IE FC)R  S[ CON[)-(;  I NE I: A1”ION DEVICES

,Yllfll Ivl(ll ,\ (~/ I I,! I (1-1!) I 1)1 J,y’dv

10DS wi[[t very high 1. IJ’I’ J:IIIILS ;II rf(]l!lr~d to i]l[[odllcc tl:lld cItt)ls ill Cl l l ’mi l t
technology dcviccs.  llowevct. lII:Ir  II Il<ICII  IIt ~ aIL’ ]il:it]nitl~ to  i[lt![)(luce Ilcw’ clcsigns
\Vltll IOWCI  o])crating VOl{[i:,C’S  iill[l  l~li\’ lttI’\\L’ (lissi~),l[i{JI]. }’lopl;  lllllll:llllc  p,afc  arrays  ale
l)lanncd  for the near  f u t u r e  wl]i(ll \\ill [(~(li  .:d low(:I ])rc)~,~a{lll)lil~[,,  volta~cs  ancl will
also lISC reduced il]sulator tllickllcs~!.\. 1’ ]s ,dl:cl}  tl]al  hal(l  (’tItIt\ will ir]cl~asc  in
ilnp(~ltallcc iil the f u t u r e ,  ~);ll[i~(ll:ll  l:{ 1 II III: ‘Ily slaletl clcvi( cs

{ (()
[] ’<(’1 jSs]l Jl:I)
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I-V Charackwistim During Latchup

(’ “Cltl” tcgiotl
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l.,atch~!p Palt~ in a CM(9S Circxit
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o

feet of Temper:dufd  (III 1 at( lIup Charactwistics
of a Bulk <: ILIC)S  I,flemc)ry

.T-. I ,. . . . . .

SiltlllatiOI)
cross scxlicm
incfcascs

I I

1 elnperature  Dependence
of [Iasic  Parameters

V~l[ drops from
0.7 tc, 0.5V at 125L’C

Well resistance doubles
at 125”(;  compared to
room temperature

i!’’li’(’i of ‘1 (’))1/)( ) (Itl!l’e  0)1 l.atchlip

‘AI’IcI  A. } 1 .  ~(hIISIOll,  11. W .  llU}Ij I(K}, iir I It I I’jao:,, 1] t,b{ “1’IUIIS.  ~IIc]  S(i., !’c)t, NS-38, p.
1435 ( 1 9 9 1 ) ,

l-4:\
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Bulk anti Lpiitaxial CMOS Structures

(“J??—___
~n;gz<j’’’f;>.

p-sut,slrate n.well

.- __ ——_.

[

— - . – ._—-. ——.. - .  _ .

&:e=~
-— .—.p+

n-well :./

._ ------- ..—

L.. ---- . . . . . . . . . . . . . . . . . . . Y

‘1’llis  diagram  compares  bulk aII(! L’} IIt  I\I; \ C M O S  tc’chllolo[ril~,  AI flrs[ glance’  IIICIC
i s  nol  II~LIC]I diffc.rcncc, b i l l  11)( 1111~’ III (1:1 I i ‘III di;i:’l,i]n s110u15  (]IC (It’lll;llc:ition bt’[wccn

d lig,htly  clOIw(l cpitaxial  layri  tttl(l  ;I tl::,lll)  ,Iopd  sul IstIatc. ‘J’tl(’  S(ltlstl;ltr has a much

ICJWCI  Icsis(ivity than  the SLIl)SII,iIC III IIIL  1 1 1 1  1: clc\Ii(c,  \vhicll ii crltil~ly coIIIposd of
Iigll(ly doped material, ‘1’hc l(l\v !>lll)\lltl ii’ It . Sl:illcl’ t:liscs tilt’ ]I]itlil]lllt]l C[ln’ent (01
Chdl:,c)  rcqui[c%  to t r i g g e r  lalLl,lI)~, ;,IL 1 ,Il\L  lIIcr~;iw\  the II{]lcii]]g, tol~dy,c,

l’pilaxial  CMOS is used ill J~I;)iI> {{]liltl.  . ial (il(lli(s. ll(}\\t\L’1,  L.})it:ixi:ll wnfc.rs c o s t

consiclcra{~ly  lnorc than  bul~  wal L.I \ 1) II III  II; ll~cit ust. lil,it:lxi:il silt)sll[itcs always

improve lalul)Llp  charactc.ristics,  111.11  II, (1’(~ \ ,Ily \’?’J(lcly  rot (Ilff(’1”(’1)(  ploccsscs)  as
(Iiscussccl  it} t h e  next figurt’.
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Weak Correlatior~  clf L atc:hup Thresholci and Epitaxial
Thickness for Differ(?nt  Device Technologies

o

‘ . . ,

‘ \
f“eatLirc size s h o w n  ‘
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‘A(lnl IIcd 1’1011)  ‘1’, C}lal)ilis,  11, ( ‘t~rl.1:,](~  I It It< :IIILi t [<,J/ic.1,  1} ,];1 ‘1 I: III\. h[[lcl. Sci,,  YOI. INS

37, J). 1839 (1990).
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Simple Concept:

Complications;

Detect lnctt-:iscc~ Current and Stiut Down Power

Different Latchup  PallIs  (;~II”I Produce Different Current Signatures

Some Circuits May Exhitjil  OIII)F Small Current Increases after Latchup

Temperature Can Affect  I ::lcti~ll~ Characteristics

Metal lization  Failure May CIccui in Vet y Short 1 ime Pericjds

Power Supply Shutdc]wtl Is Ncd Straightforward

[’N(’I ,4ss11’11{1)

Latchup De~cx~ickn and Power Shutdown

(1)

(?)

(3)

(4)

(5)
circuits  are affected. ‘1’lIt 1:11} ,. ,Ij Il I.’ IIOIS (tl:ll al(’  [) IL’s[’JI[ i l l  JIIOS[  pO\VCr Sll}>p]y

liIlcs tnake.s i t  difficul( 10 IIU( ‘IIL  vtla{T,L it) \cry slIOIl Iilllc l,climls.

(’lear]y  a IluJllbcr of fac(ot. } LIIILI III IJI, lICItf  cfl’cc[ii~  tlli~ ;I~)I)ItI;ILII wil l  he.. Its success
also (Icpcnds  on the, likclihoo (i” tlIi II liII.  1111]) ‘, ,11 a(t It211y  take  ])la(<  (lutill~ the titnc t h a t  a

systcm  IS (Ieployecl, l;or ex:IIjI]}l(:, i i  ( ’ n ]\ ’  ():1(’ 01” t\~’(1 ]:lt Ctl Up C\ ’( ’Jlt S 211(’ t’XpCCtd Chl J’i[l~

t h e  rnissiol)  durat ion,  the r isk  of tti{ l~t( iltll Lircl)lli}’(]ltiOJl suhL.IIlc  J]o[  \\foJkit)g  may hc

low’ t’lmgl I to bc  accept able.

.1 -1(>

( h’(’l ~\SSl[{l113)
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Histc~gralI~ of Holciing Voltages
for SEU-lndUCHcl I (dchup in 7187 SRAM
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F}cnrver  !Supply Current vs.
Dose Rate for ;i 64k CMC)S SRAM
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Cross ScclioIIal  View clf “Trench  Isc]latiori
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1

Io _.
1.8

.
3* “.._ll!cy II CMOS. - .— . .._. . .,..

w-”-”

[ILJIL  (.; MOS
<>-- ,/ ..-. _ ---- -.’

*

<>

I
:3.(1 :{.:

‘1’tlis fi~arc+  shows how tliL h,,l[lirl, ~ri)l[ IjIL dcjl~IIcls  0 1 1  :IIIt)(lL’-c:I(lILIclr  spacins ( a

fllll(l~llllClll~ll l~lyt)tl[  p[tl~iIllL’lCI  iol lill(”l Il]t)  lI;  dc\i(e\ will) (Iifjctclll  tccllllo]ogies. I t  is a

use.lul w a y  t o  look at lalchll~I, tx::ill.1  ii [tit I oldie]::!,  i’o]t:ipc  c; III  tk raisc(l  a b o v e  t h e
p o w e r  Sllp})ly  vc)lta~c,  latchlll)  ( :Illllol  1:’.  Ill 1’l)C  1(’s[llts :Irc [“(]r :1 I]ip,tlly  scaled pmccss
with very sh; lllow cliffasior]s.

10I convcl~tiona]  bulk (IvI(  ) S  tlI;  I II IIr II 1 1 1 1  tli~~rlin~ [~lli(tit ir]ctc:lsrs o n l y  slightly

\vi(ll itlcrcascd  Spacino~, an(l Ill,.’it i< IIrllj ii $II; I1l c(l’c, t olI holtiirl~  volli  I:,c.  ];or epitaxial
dcviccs,  holding  vollagc.  illclL,,r\t,s  IIILI  Ii 111( ~ Stl”t)tlpl!  will} illcl(:liccl  :lflc)cl~-c:ltll[)(]e.
spacil~g,,  A  v e r y  dif[crcIlt  ICSLIlt  {~~  ,111 I, III [I CIIC.11 isol:l[]()[l. II) [tli~  c;tse t h e  holding
vol(; l:)c actually (I(jcr’e(i.$f?.s  W’1111  111([ (’,) 1.! I ill I. I.l C- CLIll  It 1(1  C s]l:~rirl[,. ‘1’t]i\  Ilol)intaitivc
rc. slllt occurs  because tllc ttrtl~tl citl)lt~ 1~, Iill II II])(IIla  IIl p:lrzilll(tcl joi lllis Icchtlo]ogy.

‘j’tlis fi~,ule  illustrates tllc ~iij]l{(ll[y  (II (i< l,rt]~illirlj topolo~,  iL:ll cot)(litiotls t h a t  w i l l
Wducc  latcllul) susccp[ibili[y, ‘1’his  i\ i):ill< 111’1)’  (ilf!lcult f(,l il(l\’i(llUC(l  pl”occsms,  paltly

b e c a u s e .  tllc a n o d e - c a t h o d e  sj,(luiti: Ill 1 11 icdllc((l 10 [lIc j)(litlt !!tIt’re suhstarltial

Iatcltll  IImnsistor  gain  i s  prlscr,l ill (JILI  I 10  i ’  llic~r tll~  rtq~li)~’(1 lldtl~is(ot d e n s i t y .  Olclcr

Icclll]ologics used mLIcl] wi(lL’t ;iII(klf.  L ,;(:I1.),~ s])alitl~. kvhil.]1  l!:I> Illort” cff~’ctivc  in

altclills  lalcl Iup c o n d i t i o n s ,
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Commercia

Wide Ranges in Radiatiort  I lcsp~ll~se May Occur

- Lot Variations

- Unit-to-Unit Vari:diorls

- Technology Charigc!s  ll[twc!cII Initial [ valuation arIci F’rocurement

Uncertainties in Eivalui]tit~(j 11[’vi[:c Rc;sponscs

- Complex Circuit R~Sjj(~rlS(’S

- Testing Complicatiorls

Commercial Technologic’s  In(re;:se Performance and F3c!duce  Part Cost

- Higher Risk Because Pr(lc[:ssiilg  and Device Designs  Are Unknown

- Higher Cost for ~acli:ttic~ll  “Icsting arlcl Hardness Assurance

- Higher Risk of Prc>blcllls ttIat Affect Cc]st  and SC-hf)dllle

1 51
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~ Total Dose Degraclatic)n of Cclmmercia
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This Section t{as CovC’Ic;Ij a W’icfe  Range of lo~,ics

- Device Structures

- ionization Danla{~c

- Transient loni?atioll  E lf(.ct$.

- SEE Effects

Much of the Prcsent;>tion is li[vi~w Material

New Phenomena ancl F If{cts of Device Scaling t{ave Eleen Emphasized

L.atchup from ‘f rarisi(r~t  Iorilzaticm  atlcl Heavy  Ions

Catastrophic Hnr{{ I rtt~rs ill Advanced Dcwices


