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11 0000

O00000000000000O0O, LSI (Large Scale Integrated circuit, [ [0 00 0 0O O
HhoOoooooobooooboooboobobooobooboboobooobooobog
(1. 0000b0000boboooboo 22am0dgn,000o0oboooo 1000
ooooob.0bobooobooooboooo,LsIoboo0 -boooboobo.ooo
OoobooboobobobobOoboboooooooooooo,LsIcooooooo
ooobobooooooo.ooboooboboooboo,0boboboobobooooo
OLSIiodbogoooooobooo R.00o0o0oboobobooooobooobooo
ooodbobooboobobooobuooboboooboo,boooDbooobooo
Oooooo0.0boobooobooboobooboobooooboobooog
OO00,SRAMO0OO0O0O0O0O0O0O0O0O0O0O0OO0OLOODO.0000o0oooobooooon
OoobOoooo.0obogoobobobooobobooooboboo,booDooo
goobob R oooobobobobobobbooo,lSIigooooooobbbooogo
0@ bbb ooboobobobobboboboog.
goob2000000b0b000obbooobbooobbooobboo,bogoobo
gooooobobogo Lsigoboboooobobuooobobboobob 4l.obboo
OO000o0obobooobooooboboooboooooooboboooboooon
O, 000dggobobbooogo sjoobobobbooooo Lsigg,oooboog
O0000O0oooooobo0oboobo.odbooooboobooboooooboooo
goobobboooooobobbtooooobobbbooooobo elooobobobog
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gobbobbouooooooobbboobo,bbodgooooobbboobbbogd
obooboobo,0boobobuoobooboboobob.ooboboobooLLsIcogon
gboboboooobbooogboog.
gobobooboboooooooobbboobboodg,bbuggoaoooboboodad
gbobogoboodbbuoo.gobooobbooobooa,bogbboogbn
obooooo,Lsigbgoboboooboooboobooboo.coobooboon
oooLSigogoooogbobobouobooooobobobobooooobooDo.
gobobbodoogooboobooogo,bbbogo.boo,oooooboobod
gboooobooboboobobooboooob LwSiIcboobobooo,boobbooo
gbobboggilibboboogbbooogbooorobobuoooboboooobn
gbobuogobooggbboob,gbbuogobboobbuooobobooo.gooo
goboboogobbboooobbbooooobobooo.
gobobboobbooooooooobboobbbboooooooob,bboboboo
Ob0oooboboooob,SRAMOOODOOOODO ECC (Error Checking and Collection
000 Error Check Code) U O 0O 8. DO UODOODOOOOOOOOODOODLOODLODODO
gobo,bogggobobbodooogobobobooo.obob,ooooboboobog
goobbil1oooooboobbododoooooo,ooobbbobobbboo
.ECCOU0DU0gogonb sRAMOUOOOoooOoo,goobooooooobog
gboboboobobobooboo.boboobobobobooboboo,bogb
gboobbooboobbooboo,bboobboooboobbooboLLsIo
gbooboobbooboobooboob.bobboobooboobboob
gboobobobobgobobuooooboboboboboboooobobobo.
gbbogoboodgbo,obbuoobboobbooobboog,uoooo
gboboboboboooobobobobobooboe-11ooboooooob
gbbuogobo,0bboodbboodgbbuoobbooobbooo.obooobon
gobbbbooooobobbbbouooodoobbobb.bboooooobbbood
gobbbuooogobobbbbbooooobbobobbooooobobobob.bbobo
gbbogdgbbboooobbuoobbboobbbuooobboobbbooobb
go.
oboboboob,oboobobboboobooboa,Lsigobgoboobon
gobbobbbouogoooobbbbodu.goooobobboooooobboobo
gt bobbbb. oodoooooooogo,uguouaaaad
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gobobbougo.gobobobbuooooobbbouoooobobobood
goboo,bbugobbogboboodgbbog,buogobbooobbooboo
gbobogoboogobooobboo.gobobobboobbooobooa,d
goboboobbooooogobbbobbbooooooo,goobobbobbboodgo
gboobogboooggbb.buogbobooobboogobooobobo,bogoooo
gobobboooooobb.obbooogobbbouoooobobobood
gbooboodgobobodg,bbbdooooboooobbbooooobboan.
ooobobobooboo.120b0boooLsiboboooooo. 1300040 o
gobbobobboogoooob,obbobbbdgoooobbobboooooad
gobob.14000000000bbobbodoooo,bbbogooobobogad
oooboboooboobobooooo.sbgoooboboooobobuoobooon
obo.0boobgoobgo,oonooobrelbbbobbg.

1.2 0000 LSIoooognd

DoOoboLSIbgooooooo3g0oooogn u2].

OO0O00OD0O0OD0O0O00O (SEE : Single EventEffect) DO OO0 0O0ODOOO LSIOOO
ooo,b00b0o0oobooLSiIggbooboobooboob.obooog
gboooobodgbbuogbboogbboobbuoo.obobooobboon
gbobobbuoooooboboboooogb,bbuoooooboboog.obo
gbobooobodgbbuogboboogbboobbuoobobooob.booogn
Dooooboooob 3.ooobobgoboboooobobuoooon
gbobobobuogooob,buouogoobbbouooobboobbooog.bo
oboboooobooobooboobob ibgo.boobooboobooon
gbooboodgbbogbobooooboobo.bogbbobbooobooobbodon
gbooogdgboboggbbogbbodgbb.booobboogobooobboon
gobobbooogobobo,ggobbbbouoooobob.ooobobo
gbhogbogbogbadgboogbuogbugbuogboooboobobon
gboooggboggbboobbogbbo.ogobooobooobboon
gbobogobbooobboobobobo.ooubbuooobbooboboon
gboboobogobboggbbuoobbogooboo,buogboboodon
oboooboooo,boobgoLsSibgobooboooboon.
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gboboodgbboobboobbogbbuooboboooboo.boobbogon
gbooboboooboboboobobuobooobobuoooob 4. ocooob
oboooodLsSIo Sicogbouoooboooo,gbbooboobo.gogooon
oooboboooboob,booboboboobooboboobobon 2o
obobobooboooboobuoobuoobobbooboob 12000,

Ooboooboobbool1ooobooLsiggoooobooobuoooobo
godgdgd. guuuououououooouooooooooooooooooooon
g.0bogooobbobouooooboboboooga,bbobboooooobo
ooobobooooLrwSigoogobogbobooobobobooboobo.oon
gbobuogobobooboogbbuoobbuoobobooobo,bbboogon
oLSiocggogobooooobooon.

000000000 (TID : Total Ionizing Dose Effect) 0 0 O 0 LSIDOOOOOOO
OO0o00oo00oo0ooOOob,0000b0b0b0bOobobO.boboobooooo
O00O00DoOo0,0b00b00bObo0obO0o0ob00obOo0ooDOoooooDOooDOoon
O00. 0000000000000 DOO0DO0ODODbODODO0OO0DDbDODOoOoDbDObOO
[12].00000000000DODDO0O0ODOO0O0ODOO0O0ODO0O0DOO0O0O, DRAM
OOobO00obOOooOooOOo,LsIgobdooo0.0oop0booooobooooo,o
OO00DO0DOO0ODOO0OO0OLSID000oo0ooDooDooDoobOoboooooog.

obobobogbogLsibgbogobobgobooboboob,boboob
oobobooboboboogboooobo.boboobooboboobo,ob
obooboboboboogboboboboobobob.oboboboobooob
oboo,goboobooboobbobbobbo.boobooboobd
oboboooboobobooobooboobobo,ooboboobooLLsSIgon
oboboooboooboobgooobo.

OO0O0D000000 (DDD : Displacement Damage Dose Effect) D 00040 Qodno,
gooodbobooobooobboobbuooobooobbooobob.booo
goobooooobobboooobobbooooobobbooooooboooo.
MGyOOOOOOoooooOooooooooooo [12].

gbogobuogbbodgboooboobobuoobbooboooboooboan,
gobbobboooooobbobbodg.oggbobobbuooooobbobobogao



1.2. OJOOoOoLSIogoogn

heavy ion

ouT

ouT

Current

Time

p

Uln:oooboobgoobobbob.

secondary
neutron ouT ion

\ , 777
\ v/ o

nuclear
reaction

O12:.00000000000000000DOO0DO0ODO.

gboo,gbboodgbboobobbodgbbooobboobboobo.booboo
DbooboooobooLrwSiogoooooogobobooboboobooobon
oo M4,7. 0000000000000 0O00DbO0O0bO0O00bbOOoObD.00bOoOon

gboggbobobobobobobobbobbo,bogbooboboboboboboboon
gbbobuoooobbbuooobbod.
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1.3 U0odododogodooooon

gdoooooooooooboouoooono 975000000000 o00 LS
Ooo0oogs.oooooooooooodoobb0d -HeOOOOOOoOooooOn
odod.doooooooouooooooooouoooooooooooon
ooooodao.

doooooobooooobooooooooo 978 gooooooooo
dobodoooooooooboooobooboooobodo e, DRAMO OO
Od0oooooooooooooonel.toobobooooobooo,bbooo -oo
ooooooooooooooon,cdobooobooooooobooooa.

19900000 000000000000 DO0O0O00O0OOO. 199900000 IBM
godoudodooooudooobooouoooonooouooooooouot,
doddodobooobooboobooo 7. 0000000 ooooobooon
dodbodooooooooooodooo. ooooooog LsIooo sigooo
goddooobooooo,goobooboooo.m99subououooouoan
0000000 BPSG (borophosphosilicate glass) D0 D000 YBOO0 0000000
Ool00000000OO00OO0,0000000000O000O0000OA03 [18]. 20000 O
ogoooo,BpSGUOO0OO0O0O0OOOOOOOOOOOO, CMP (Chemical Mechanical
Polishing) 0 000 O00OO0O0O0O0OODODOOOOOOOOO0OoOobOOOoO.BpSGOUOO
gbdooouoo, oot oooooouoonooouo.oouoodgo
00 BO0O0O0O000,000000000000000O0000O0O00O0O00OO0 [19].

1.31 0JO0oddoooooood

gobobboboodoooooobbobbbboogooooobbooobo,bbobo
gobbobboooooobobobbooooooboobb.boooooobobobooa
gob SRAM 100o0oooooobobobobobbobobobobooboboon 2,31 000
0.18umUI OO0 OODODO,SRAMIDDOUOO0O0OODOOOO0ODLODOOOOU0boobODOn
gobooo[20]. SRAMOUOOgooooooooooooboooooboobogo
go.gooboobb sRAMUOO00ooobooobooogo,ggooboboobobood
goboboooooobooo.

gbooboobooboobbooobooboobbobo Euoboboobod
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ooboooooobooo. ob 2100 130nemd SOnmO0000ooooon
obooooooobo,SsRAMOO00D0Ogooooobuoobooboobobooobon.
SRAMUOOUOOOOoOOoooooooooooboboboobobuoboooboono
gboobodgg.

14 000000000 O0OOOg

OO000000O00O00bO0o0obO0obOO0o0obOoooobOOoooooo22000000
O0O. 0000000000000 SET(Single Event Transient) 1, SRAM O O 0O O U
OO000D0OD0ODO SEU(Single Event Upset) I O 0. 10000000000 0O0OODOO SET
OSEUD0O0O0O0O00O0OO. OO0 SETODODODOOOO SEMT(Single Event Multiple
Transient) OO ,000 SEUO OO OO OO MCUMultiple Cell Upset) U O [J .

000000000000 bOo0ooO,00b00b0b0o0ob0bOOoo0bOo0oDDbOon
gooooo.00o0oobobbbooooooobobobo0ooooo, SETO SEUO
gooooo,0bo0o00oboboooooooo.

14.1 SET

gboboodgbbog,buoggbbuoobbooobbuoobobbooboo,obbd
gbobodgbboo.ggobogdbbuooobooobbooo,oobbogooo
gboboboboooooobbbbbooooobbbobuog.goooobbobodao
gbobod,boggbbdoobboogbboobobo.ooobbuoobbooobb
OoOOooo0bDg SETOO00.SETOO0D000bOobOo0booobooboobooon
gbbobuoooobbobouodobobbooog,buoobobboooobbobogn.

SETOUOO0OD0O0O0DO0O0bOO0booboooobooobuooboobobooo.ogo
obhobobooboboobbooboob SEThhoobooboobobboboboo,ooon
ooOoboboobooo.ob SEThgobgooobobooboos3spoobooonooon
goo.

00000 (egicalmasking) SETOU 00D O0O0O0O0OOOOOOOO,0000000
D000 SETOO000000D000000b00b00b00. 00000000004
OoOogoSET0ogobgobobooo,SEThodooboo.oboooobgls
OO00200 NANDOOOODO.NANDODOOOOODoODOOOO,0000¢0
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ObOO0SETUDUOO0OODOOOoboooboobooobooo.

OO0000 (electricalmasking) OO0 SETOUO0O0ODOOO0O0OO0O0OO0OO0OOOODOO
oooooo,bobobgbob SEThooboooooooboobobobab
gbodg.ggoo,boobobudgbbodboobbuoobboo.oboob
b0 14000.0 140 NANDOOODOO SETUODOODDOO,000 SET
Oo0ogob,000NANDODODOODDOODD.DDOOSETODOOO0DOO
oooboboboooobobobuoboobo,d140000 NANDOOD
ooopooobobD.bOobO,SETUDDOODONANDDODOODODOOD
obo.0o00booobooboobooboooboo,SEThogboooooog
gooboo.

O0O0O0D00O00O0O (datching window maskinig) D00 00000000 0OOO0OOO
oboboooboooboobooboobobo.boobobobooboo son
Oo.01s500b0b0booboooooboboboooboon,200booooon
obobooboooooboo.olsoboooboobuooboboboobDoobnoon
000 SETO, 0000000000000 0DbO0O0b0O0On SETODbOoOonog
O0o0o0obo0oboobboooboob0.oobOo SEThoooboooobg
000 SETOOOOO v, 00000000 w, 000000011/ cO00D0OD00OO.
D000 SETOO000000000O0O0 (Soft Error Rate : SER) 0 O (1.1) I O
O [22].

SERsr = f AN(t)édt (1.1)

ANHDOUOGOGQ «O SETOOOO0OOODOOO.Oanpoboooog,obooo
gobobooognb SsEeTdgobooboooon.

oboobooboobo SETdoobgobobboboobooboo,ooob300
gobbobboooooobob.bogooobobobbouooooobbobbodao
obooboboboobo.0oobobobob LSIgobobobooogb. SETU D
oboobobobooboob,0obooboobobob SETooboobooobooo
gboob.00boSEThgboooooboboobobooooboboooobooobg,
gboobobboobbooboobo SETobOobobooobooobooobon.
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JL ATe

=D R NE
A
n iE

SETg} — o |,

0 1.3: 00000 (logical masking) U O .

P o~ ]|<

radiation

strike m U - B
e el =

IN

voltage

\/

N

| b ouT

time

\/

O 1.4: 00000 (electrical masking) [ [J .

14.2 SEU

SRAMUOOOOOOOOOOoDOoOOobDoOoOobooboobL.obooboobooon
gobboobbooooooobbobbboooooooobobo,bbbbogd
ooooooboobobg. b lebboobOoobooob QU “Iruubooon
OSEUD000O0000.00dboobogINvVIOaMOSOOODOODOODOooo
oboooboobooo,N2000 ‘1’00 or0gbboo.N20b00“1rgbogo
INV2OOOO0ODOO0oO,INV1IOO0ODoOoOgNIODOoooooogo. N20O “0°, N1 O
“"ooboo,0boobgbooQububb.oobuoboobobbooboobo
O, 0bo0buooboobobboobooboobooboobob SEuogo.
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latching
window

SET pulse

masked

captured E
pulses :

015000000000 (latching window masking).

SEUDO SETOO0O00O0,00b000bodbobooboboobo.obbooboon
gobobbobobbouoooooobobboobb.bbbbbbbuoooooobooo
gbobodgbboodbbooobo,gobbuooobbuooobbuooob,oboo
oo LSiggogoogoogoog.

gboodobbuogobboooboogbboobbooobooob.bbaa,o
ooooobogboboboboboboboboobobobobobOon SEvg o
O0.000000000000000000b0D000b0bL0O0b0ObDOl Qe (critical
charge) U OO [23]. DO OO0DOOO0OOOO0OoOO,0b0booboooboooog
oooo.obdb o 00000oood.SEUD SETOOO0O0O0O00OOoOg,gon
ooobobobooboobobog SRAMUOOO LSIooogoooogb.2008000
gbooobOSEgbgooooooooLsigbooonoaon [24].

143 SEMT [ MCU

MCUD 10000000000 0O0O0OOO SRAMOOOODODODODODODOOOOOO
00O000. MBE (Multiple Bit Error) 1 SEMU (Single Event Multiple Upset) [J [0 [0 [0 U
O0.000 SEMTO 1000000000000 0ooooooooobooooooa
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DATA E_ — E_
.
| B I
3% SEUNVE U & HikBhriisk
N1 rcJ| N2

4

INV1

O l6:SEUDO0ODOO0ODOO0OOO0OODOOnDO.

oo, 00b00dbouoooooocoobobooobo.MCud SEMTOOOOOOOO,00
0000000 (parasitic bipolar effect) J O 00 0 O (charge sharing), 0 00 O O (successive
hits) DO O O0OO0.000ooooooon.

O000000D0O0O0 (parasitic bipolareffect) D OO0 DD ODODO0OOO MCUDDO 1.7
(000. 0000000000000 O0DOODO0O0ODO, 0000000000
0000000000 00.000b000O000D00o0-00-00000D000bO0O0d
OO000000o0boooobobooboooboooNOUODb.Ooobuooooo
O0O000booooooboooooboo,MCUlO SEMTODOO [25]. 0O0O0DOO
OO0O0000ooO0o0oooobooobOoobooboobooooooda o).

0000 (chargesharing) D 0O OO0O0 MCUOD 1.7M0O000. 00000000
oboooob,0bo0booboobbobboboo.bobobooboobd
ooobob,bbodboboobobuobobooboboobobuoooab
oboooboobo.bogob,obuooboobboobbobbooboobd
Oo0O,MCUO SEMTUOOOOD. 00000 O0O0DOO0ODOO0.000000000
oboboobooboobooboobooboobg.

O0O0O0 (successive hits) J U DD OO0 MCUUD 1.7c)U00. 000b0O00OOoO
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gobbobooooobbbbooooobobob.ooooobobogo,on
gbooodbbogbboobbogbbuoobobooo.obbodobbogon
gobobooooon.

gbobooboobobooboo.booboooMcuboooobo,oobgooo
gobbbbbouooooobb,bbbbbbodudgoooobobbbbooogo
Uboobobooob [26]l. U0DDOODLOOODODODOODOOMCUD SEMTOOODODO
gbbogbob.bboobobooobbuoobobooobboobbooo,oooo
gbobobooMcubgopoooooboboooo.MCud SEMTUOOUOOOOD
gboooooboo,MCUld SEMTOOOOODODOODODOOoooOobOooooboboooon
go.

MCUO SRAMUOOOODO,SRAMUOODOOODOOOOOO0DOo0booooboooon
obobgooobod.MCUO SRAMOUOOOOOOOooooboooooobo,oboooon
ooooooboogooo o 11 Mcuooggoooo SRAMOOgogooono.
goobbbobobbbobouodooooooobobbbobboooog,uooobobooo
oMCcUbDOoooooooo.goboboboboboboboobooooboobooon
Mcudoog,2000booooooooooooboboooobo,obobuobobgoo
opbooboobooo.bbobboobooMcvbobogoooooboo,Mcuogdoo
gbobobobooooobooaod.

1.5 0000

gobbooboboboooooooobbboob,bbuogooooobbboobood
gbobogd.gobbuoogbboogbbooobbbooobbooob,onb
gbboboboggbbuogbobooobb.oo,bboooboboogbbooobn
gbooboogo.

151 OJdddooooooooobobbobobooboboood

gboboobobooboboobobobooboboobobuoobobod
obobooboobob200000.00000LSIo0b00booo0obo,00on
gobbbbbuooooobobbbbbouooo.oobbbbooooobbobobo
gobbbbboooooobbbbuooooobobbbbooooobbbob.bobo
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(a) parasitic bipolar effect

” |
tap-cell n n n n /
@ @ f
~WA WA @egﬁz
p-bulk particle hit

(b) charge sharing

| n | 4@n@$ne|n|
é@EB @
&®
x> %9

particle hit

(c) successive hits

- n | n | n
o3 08 o0 GRS

Ul7:000000000000D000DO00.

oo LSIbggoogooboo.bogboobooLnsigobogoboobboon
gobbbbbooooooobbbb,bbbboddgoooobobbbbbooodo
gbboboodgobbbooooon.
gbodgbdgudbudgbuodgbuodgbudgbog,gbbobbobbobbobb
Doobobobobobobooo,bobobobbooobobobgb [27-30].
OO0 @E1bobgbooobobobooobooboboboobobobooboobon
ooooboooo.0ore29]00gbugoogobooobooobog,oooogo
ooOoboOoOSETOUDOOODOO0OOO0bOOoobOoboobD.boboobooboon
obobobooboobooboo,goboobobbobboboob ssgoogo
gboobo,gbbbuogobbbuogbobobooooboboboooobobag.
OO0 R7100000000000DO0O00O0O0DbObLDOO0bO0ObOobLDOobObOObOn
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gobbobb.ooooobbobbouoooobbobboooooonoboboboogo
ooooo [30].
gboboggbobogobbuooobbooobboboobobbuooobbooon
b, 0b0b00bboobobobboobdf23,32,33]. 00 23,3210 00000000
googdgbbooboooobbooobbooobbuooobbooobboooboo
oboooob.00o @B3uuoboobogoboooobooooboboooboooo.
gbobogobbogobboogbbooobobbogobbooobboooobn
gobboobb.bdgogoobbooboooooooboboobbooooooboobooo
goobboobbood,ddgogooobbbbbuooooobboobobbooggo
go.0obbobogooobobbodgooobobobbooooobbooboog
gbobobbooogo,gguobbouggo Lnsiggoboooooobon.

152 ODOO0O0O0boooooboooobobooon

obobooboobooboboobo,oobgoob SsRAMOOOOoOooDOon
0o0d[1o,11,20,25,34-36]. U O [10] 000000000 SEUOD MCUDOOO,00
oMCcCUOUODOOOOOoooboobuooboobuoobuooboob. b 2510 SEU
oMcUOOoboboooobooboboooboboobo,ooboboMcugoogno
gboobooobobobobobobobobb.bonoboobooboobooon
MCUO SEUD0OO0O0OO0OO0OO,0bogooMcudonbDg MCU/SEU)Odon
Oboo0o.6SnmUO000 SRAMOOODOOOOMCUOUOODODOOODOOOOO 80%U
gbobog,0ogboboob220b0boobd.cogbooMcubbogoogn
obgRojooobgooobo,MCUd SRAMOOOODoooooooooooboo.

SRAMUOOOOOoDooooobooboooboboobooooboobo,bbooboo
goboboobobobooooooobobobobobobonbg21,37,38]. 00
oboMcuboogoooog22011obog B39ojoobooboboog,onogogo
gboogSRAMOO Mcudobodoooobobooobooo.oooobooboog,
gobooobooboobboooMcuboboooooboob.booooboogn Mcu
goobobobob,boboboobobooboobobooboboboMCcuooogo
gobo.oggobuogbbobobooobobooobbooobboooobooa,o
oboobobooboobooMcuboboonoooboooog.

obobooobbooobobooobbooob SETogooboooobobood
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[4044]. 00000 [45]00 SETULDOOODOO0O0OOOO0ODOobouoDooooon
gboobobobodgbuogbooboboo.gbugbobboboobogboon
oooubobooboooooo,SEThoouooooobobobobonog. SETO
oooboooooobogooob,SEThogboobobobooboooboobuoobon.
U0 el 200000000Db0O0DDbO0ObDOODbOObODbOObOObbDOOD
OoOooooobogob,100ps000 SETUHODODOODOODODOODODOODODOODOODO.
OOO00[M4ej00 100ps0 00 SETHODOOODDODDOOODOODOODOO.

153 ODOOOO0oDoood

gbbuogobbuogobbdoobbboobbooobbboobobobooboo
DoobO(@EcOUibgnuobon 47-501. 000000 SRAMOUO ECCOUOOO
ooobobog.ooobdb SRAMOO MCUDODOODOOooOoooo,MCU
oooboodSrRAMOOOO,MCUODOODOOooOOOOECCOOObDOODOoOon
O[g 5l 0obgbgbobobobobobboobooboboobobobobob
oboboboobooobo.ogp2jbooobog20bcoboobooobooboon
oooobo.0b @47,53]00DICED 00000 ooooooboboun.DICEDO
obobooboobooboboobooboobo2b00400b00DOOD
obobo,obbgbboobboobbo.bICEDb00bDoobooobooboonboon
(24]. 00,00 4]j00b0ooboboobobouoboboboobobooboobo
gbooboooobobooogoobo.

SRAMOO MCUDOOOOoooooooooobobobooo. oooooooobooboo
McCUOOoooooooooobobobooo z4,50,MCubogboobonogon
ooooobogoboooboooboob.oobooboooMMcuboooo
O, j0boobooboobooboobooboobooooboo.4onmonoogn
OoOOooODICEbdDboboooooobooobooboobooboos3pnogo
OoOooooooboogoss].od 4]0 DICEDDODDOObDOoobobooon
oooooilobobobobobda,blIcCEDdunoooooonoooonod 1.1 pymO
goboobbougo.gobobobuogooobbobboooooobobobood
gbo,ggdobbbooggbobobooogoboboooobobooon.



16 o110 OO0

1.6 UOogooood

goboboobobboooooooobboobotodgo,ggoooboboboboog
gobbobboooooobobobbodooo.ggobobobbuooooobobobobooo
goobobobboboooooooobobb,bbbbbodooooobbobbboooo
googogooboo ecoboobuooboobbobbooboobooboo,o
goooooooooooooooog.eobobobobobobobobobob
gboboboobobgDpICE0boboboobobooboboobobd [24].

gobgboboboboboooo,obobobobooooboboboood
oboobooboogb.SEu0 SETODOO0o0booboobog,bbobboon
oboboMcuobogbooobo.Mcubooogooboboooobobboboob
godddgooooobbbbbbooboo,ooooodod. goguoaaaadg
MCUO SETOOUOOO0OO0DOOO0ODODOOO0bOO0oO0bOo0b.0bboobooobg
gbbboooobbboduoda,buoooobbbuooobobboooobbobod.

161 ODO0O0O0OOOOOOO

02000,000000000000000O000O00O00O0O0O0O0O0O0O0O0O0O0
gobogoboodbbogob.boogbbuooobooobboooobooa,o
gobbobobboogoooobbobbooooobobobboooo.ooobobooobo
oobooobooboobooboobo,obboobooboMcubdoboobooon.
gboobooboobooMcuogbooooog,SEuD SETOO0DOoonooon
gobbobbod.gogbobbobodgooobobbooooooobobboogo
gobobooogo.

g3boou,buoggggooobbobodogoooooooboobobboood
goboooboo.Mcuobooooogo,bbboogobbobuoooooboboboon
gMcutlogoooooooogobboo.ggbboo SETddonbooob,oon
goboogdob Seudggobooogoooo,SeTodooboooobbooooon
g.gooMcubogouooooooooboobboboobboooboonoboobo
gooboogg.

4000, 000000000000 DOO00O0ODDbDOOOoOoLbDDO.bDbDO?2
gbo3bogobogbobooboooboobboobobooob,boobboon
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gbobogobobogobooo.gpboooobboobboobooob,oboo
cooboboboooboboobo.obobuoob,boboboboo oogon
gboobooogbobooggobo.






19

120

Jdotdddodddddtdddd
Jooobobon

gobobobobbodogooooobbobobboooooooooboobobo,bbboogd
oboboobobooboboobobobobooobobo.esnmbOOoobonoOon
gobbooooboboooobobbooooboboooooooboobog.

21 0O0OO0OO

gobogoboogobobooobobbooobboooboboboobobooon
gobbobbooooob2000ooboboboodo.odgoooooboooboa
gobobobboooooobobbobbodoooobobbobbooo 28).0ooog
gooboobobooooooobobobobboog, oo boobobboogo
oboobooboboobodo @l ooobbooboobooobooboobn
Dbooboboobo.0bobobobobobobbdbd GEANT40DODOOO0ODO
obooboboobooboobboobo,ooboobboobbooboonbn
OoOogooisel. obbooboobooboobbooboooboobboob
gbobbbbboooooobbbbbooo.ogobbbooooobbbbood
gboo,gbobbbooodgbbboooobbbood.

gbodbdooboobodgbogbogbodgbogbogobog,gboaobo
gbbobbouooog.gobbbbougoobbbbbbouoooobbbbood
godd,djddddudoddogodoooooooooooooo.bbbbooo
gbobobbbougooobobbbboduoooooooob,obbbobbbogd
gbobbobboooooobbbbuooood.gbbbobbouoooobbbbodgo
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gobobodg,bbobbuogobbodoooobbbuoooobobooooobn.

gboogbboooobdabogbogbboobuoobooobogobooo,uan
gbobodgbobbogobbooobbuooobbooobbooobbooaboo
gobobo.bugoobbooogbobuoooobboooobobooooobn,
gooooooboboooMcudbogooooooooouoboooooo.oboboo
Oo0eSnmUi000o0oobooboobobobobobobobobobobobo.o
oooboooboboo,0b0bbobo0b0obob0obo0obong SEU (Single Event
Upsey U, 00000000 0OOOOO MCU (Multiple Cell Upset) D 0 O OO 0O. SEUD
Mcuoooooooboboo,oobdbuoboobobobobooobobobooon
O.000000000D0000Db00b0boOoOgbO SET (Single Event Transient) [ [
gboboboooggobobooogboboood.

gboogobodgbbooobo.g220d0bbooboobboobooboboon
gbobogobogobogbboobbooobbo.g23p000obooboogn
gobodbbobbooboobboobboobboobbo SEubo Mcudoo
oboobobooboobo,022400000000 SETHODODODODOODOO.O2500
goobbobboogooobobobbbbodogooooobooobo,bbbood
goo.

22 UOoooooooougooouooouooao
good

gobbobbboooogooboboboooogobob.bboooooooboboobobo
goboboooobbbooooboboooobboao.

221 OUO00OODOOOOODOOOODObOO

O0O0O Sid0Doooooooobooboo,ooo0oboooboooboobon
0000000000000 000O000O0000.00000ODO0000O00OoO0gd
OO0o0bO0o0obOoooooobooboobooboooooooboobooo. o
O0,000000000000bO00O0o0oooog.

O000000o0o0oboobobobooooooooo?20000. 00 [32,57,58]
000 2.1)0o0odbodgon (double exponentail model), U O [22,23,59,60] 0 0 O (2.2)



22, JboOoboobOooboboboboboobooboobOooDbo 21

OO0O0O00000 (single exponentail model) D O OO OO OO.

10 = 0-"2 (exp(~ar) - exp (1) @.1)
B—a
20 [T
1 = FoFee 22)

O@RHO«00DOO00ODO0O0ODOO0ODOO,p0000D000DO00O00DOO0O0.O R2OT
O0O000000bO00bO0O000DbO00,0b000b000o0bO0o0ooDbOOoOobOooOoon
O00000 [23].0 2.1),0 22)0r=000r=0o0000000 @OODO.0O00O
000000000000 DOO0OD0DDLOODDOODOOO0.0b0O00oDOOoOobOOoOooDOoOoo
O0000DO0000O00O0000DOo0o0oo0bOO0oOooDDOo0oD,D @n,0000 2.2)
O0O000000Db00bOOO0O0bOO00bDoO,00b0b0o0bO0o0DbOOoo0boOoOooDO
OO00000.000SEUDO00DO0OD00O0DOODO0O0ODOO0O0DO0ODOO0DbOoDoOOn
oooobobo,0oboobuooboobuo oo,
ooboboboboobobib owbO00b0ob0oob0obnoO @3)00000 [23].
chit)
QOs
Oe3)ubobooogooboboo.KkbObooooo,bo 3jcoboooooob
00000022x10°000.FOOOOO (NewronFlux) D00, 000000000
000 10MeVOOOODODOOODODO0OOODO0D0OO0O0O0O0OO0OD 0.00565cm™2s™! 0
OO0 R3l.A0D00D00OD00O0DOOO0O0bO0ObOObDOoobOoooooMoOSOUbDoon
DDDDDDDDDDDDDD,DDDcmZDDD.QSDDDDDDD(chargecollection
efficency) U0 U0, 000 QOO COOO. QUO000OODO0O0OOOODOOO0O
O, 0000000000000 00b000b0o0oboobg [23].
OO0O0b0ooboboboobouooboobD21b0b000.0oobgonbo o, 00n 2310
O00oodb o0035umd 00000000 35CH,0.1ymO0000O000O0O0O 13fC
DoOoboooooeSsnmUib00d00ooboOooO0.Oob0 [3joboboooboog,gooon
o000 osO0nMOSOODOOOOOpMOSOODOOODDOOO,0lwmOODOO0OO
nMOSODOOOOoooo 13fc,pMOSO0Dngooooefcood. pMmOSOOonog
OO0 o0nMOSOOOD0O0ODOODOOODO12000000,pMOSOODOOODOOOO
Ooobobooobo.0o0oboboobobobobooooboog,pMOSOO
OO0o0oooooboooboobo0oboob0ooDbooboooooobooooo.

Nspu(Quit) = FXAXK Xexp (— (2.3)
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021:000000000000000 2300000000,

ooooo | O |
0000 K 2.2 %107
ooo0ag F 0.00565 cm 25!
000000 o, 10 fC

222 JO00OOOOOOOOOOOO0O0OO0OOOOn

ooooo enob e2ooobooobooo,0oboooboboboboooobooon
ooooooooooooooobooooobooooooooboobooooo.ooDoo
goboboooboooooboooobooogoobobooooobooooboboobog
oobooooob,0b00booobooobobobooobooboobooboooboo.obo
000D O0000ddn Synopsys U O Sentaurus U OO O. OO O0OOO (twin-well) O
OOp0O0O0 (p-welhO 2000000 nMOSOODODOOOODOODOOOOODOODOO
0000, LET(Linear Energy Transfer) J 20MeV-cm/mg U 0 000000000000
Ooboooooooel.0coooboboboaMOSOOOOOOODOODODODOO
ogobooooooooo.0obobooboooooo,000bDooboobooboon,
oobooboobooooooobooboboboooooon.

Oobooboooooooobooooooobo 2, 0enhooboooo 21000,
ooboobooooboooooooo,0 eyoooobooooboobobooboo
oooobo.ooooobobooboooobob,0eyoo ehoboboooog
oboooboobbgoboogo.spsobooobooogoboob. bbb
oboobob SETODO0bOoobobobooboo, 0 2yuboboboobobon
oboooSEThoooobobobooboobooboooboonDo.

Ooboobobobobooooobooooboboo,oboroboooDo 22000 22
ooooobo eeybobobobooooon.

20 t —t
I(r) = 0.55 —exp(—
® 5ps+/r \ Sps P (Sps)
2 t -t
+0.45 Q exp (=—) (2.4)

70ps v/ \ 70ps 70ps

gbobboooobbbuoooobbobuo,bbboooobbboooobbod.
gbbogdgbbboooobbuooobbbooobbooobboobbbooobb
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'! double exp. model =--—-- -
] .
i single exp. model =----
1.6 fii
_ i
2
L2
c : \
o i b
—_ : "“
=]
O o8¢ :‘“
l-‘
\|
o
L
04f G
>,
NN
‘\:_x\
0 ~SNftt————,—————ee—meemee—e———ee————————r———
0 100 200 300

Time [ps]

g21:g0bbogobooobbdooboboobbobbbooobbuogbooon
gooboooon.

ooo.0e4yboobobooboobobuobbobooboboo22b00.
goodgbooboobogbogboobb,buogboobbobobodgooooon
O 120ps 00 140ps D OO0, 000000000000 0O0 400D O0ODOODO
gbo.0bobodooogobobodoooobobobbooooobobobboooon
gboogbboboobudg,ggbogbbogboobbooboobbooobon
Dooobog.ogbb,120ps00 140psU 000D O0ODO0ODODO0ODOODOOODO
cooboboooboooobob.beeoybobbobooboboobobooo
obhodbobooboobobooboob2300b0.0 240 O 3sfcod, 100ps
ooooobobgobobooobooobuoobbooboo.b230b0booon
Oohooboboobooobbooobobuooboboooboog. 2s0psboogn
obooopMOSOOOODOOODOOOLDOOODOODOODDOODDODDbDODOO,On
Doobooobobooboboooboboo.gobg2s0psooob,ooboon
gboobuoooobooda,bbobuogggooboad.
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F Circuit sim.

1.2 j‘ Device sim. —— 1
<
é 0.8
—
c
[¢D)
=
>
@)

04+t ‘

0
0 200 400

Time [ps]

0220000000000 00b0b0oo0boobooboobo ey o
goboo.
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gbbogdgbboodobbooobboodobbooobbboobboobbb
gobb,bbbuoooooooobbbobbbuodoooooobobbbbboodgn
gbbogbboodbbuogbbo.oodbbuoobbooobboobo,obo
gbobbbuoogobbb.bbouooooobbobbbouoooooobbbobod
gobbobbooooobobbbbouoooobbob.bbooooobobbbodao
gobbbobbouooooobbbbbbuoooooobb,obbbbbodad
gbobbooogbbbuooogbbbuoooobbbuoooobbboooooboobn.

gobbbobbbouooooooob,obbbbbbbupbbbbOOd
gb.ggggbbobtooggbbbboooobobb,ntbogdpudgbbbopbO
(psub) 0O OOODO.0O0,0000000000000D0DO0O0aMOSODOOOOO
gbobbooogbbobuooobbbuoooboobob.bobod,pbboooobboo
oboo.gboogobpbobbOo0bb0o0ob24000000.02umx02um0O0O0O
obopUbbUOd,400000000DOO0DODO400000000.0D0n000
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25 25
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0 100 200 300 400 500
Time [ps]

0230 4H00000000000O00O0O00OO0O0OOO0OOOODODOOODbO0ODbOd
oooo.

gbbudnb0O0O00ooobbDpubooobooobb.n00bbO0O0o0On
OpUlbOobooboo,40000000000DO0ODO400000,n0000 p0OO
gbbobogoobbooogobobi1bbbooogboboooobn.
gboodbpbbuodbobobobboobuogbooboboobogbo.g
oooboobobooboboo240b0b.pdb00boboboooboooon
ooovoooooooo,00boooboboobooboboobpboboboon
ooooobogoboobo. 02400000000 0O0O0ODO0ODLDDOODDOODOD
g,0ggdgbpbbbiooobbbooogobobogd.
gobobobouoggoobobo-gg-bbuoogobobbogooobobobogon
gbo,dggobboboogobobooggbooboooobobooooboobog.
gobobboggooboobbodoooobobboooooooboobo.oog
gooboooobobdogobbooooobobo,be4ybbooobbboonooboobg
gobobobobooooobboobboooooobobbooo.goooboboboog
goog200goboog,bgoboboobuodbbupbbboobboobn
Ooooo22500b0.0000b0aMOSOO0D0OOO 300 p0O0OODOOO
oooooooo,oeum0d0000O002000000000000O0O0OO0O
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022:.0000000000000000000DOO0OO0DOO0O0OODODODOOOODO
gbpdd.00RO0O24002umUO0 p00O0OO0O0O0O00OROOOODO.

DDDDD\ D\
00 R 1300 Q
ooooo g 50

0000.00000p00000000000000C0O0000C0O00000000
000000.00000000000000000000000000000000
000000 LWOOOO0OOOODO,0000000000000000000000
00000000.000000000000000000000000000000
000 p0O0O0D0OOOCOOOCOLMOOOD,0000000000000000OO
0. LOO0LMOO240000000000.

00000000000 000000000000000000000000003Z8
0000000000 22000.00000000000000000000000
00000000000000 12v0 65nmO000000000.000 65nmO0
0000000000000.0000000000000000000 800000
0000000000 0000000.pMOSOOOOOCOOOOOCOOOD OV, 000
0000 12v000000,0000007v0008Vv000000000AOODOO
00000000000000000.00000n0000 p000O00000O0O
spice 00000000000.

224 OJO0OODODDOOOODOOOOOO

gbbogbbooobbuooobbooobbuooobbbooobbooobn
gbbogbbog,buoubboodgbb.buooobboobbooobboann
gobbobbooooobobbbbuoooobbobbooooobob.obbbod
goobboobob,bbbouoogobbbbbodouooooobbbbbbodoogo
gboooogd.

g0 LSigoogoooooboobooobobooboboboboobooboo. LSy
gbooboboobooobboobboooboob,boobooLLsIgoboooon
gbboodbogbodbuobodobboobboobboobboobboobn.
gobobbobobbouoooooobbbo,bbbbbuoooobbobobboogo



22, JboOoboobOooboboboboboobooboobOooDbo 27

0.2um
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S p-well
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>
< n-well
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1 5
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I p-well 3
o =
y ()
< =
0.8um

O24:p00000000.02um0O0 pO00D00O4000000,00000000O
gobobobbopbbb0O000ooUb.ndbb0b0ODLOO0O0,n000nDb0ODbOOn0
pUO00400000,n0000p000000O01000O00DO0O0ODO.

gbobbobbbouoooobbbbb.ooooubbbbooooobbbobobod
oboboobooboobooLnsibogogoobg.

gbbogbbooobbuooobboodobbuooobbboobobbooobb
gbobbbboooooobbbbooooobbb.bbbuooooobbbbodao
gobbobbo,bugoogobbbobbbodogoooobbbobboooooon
gbobodg.ugob,gbbuoobobbodobbuoobbooobbogbbooobo
obooboobooooo,Mcubuogobooobooobooboobo,bboobogn
gb.ggobbbbbbtboddoooooobbbbbbouooooooobbobooo
gbboboogobbooooon.
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gobobbboooooooooobb,bbbbboooooobbobbbood
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ooOoooO00ooOoooooog.
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000000000000 nMOSOOOOCOOOCOODOONDO,000000000
000000000 (40000000000000.0000000000000C0
00000 Qg0 0000000000000000000 QuewDO0000.00,0
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O000000000000000000.0000,000000000000000
ooooooooooooo.
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gbooggbogooogoo SETbudbobodboogbbogboogoogn
goood.gbooobib N U 1400, bbogobogobboogon
U0 (Ngo)DOUODOOOO0.0b000boobbodgbbdg,Weer oo o
go.

Wser = Nro X 14+ (N — 1) (3.6)

obooboo3nRoouooooboboog SETbgogobobooobooboon,d
gbogbogbogbugbuogbogubooboboobooboobbobo.g
Doobobgs37goooboboobooooooo1gboooobobuoobooon
obO.03.18000000,0000000L000b000b0O00DOODL SETODO0On
gooo.

O3170bdbobooooobobobobobooooobobobDoobOoDo
obo.0312000000000b0oboooboon.

ooboboooobooboooboboooobo 3. uoo.cobooboooobooo
OOs5000 16000,NORONANDOODODOODODOODOODOOD.OO([7ojoOon
DoOobOoboosoboboobob.NANDODOOONORODOODOOOO SETODO
Obhoboooooobogosoooboo.gbo@sjooboobosoammbonooonogon
DoobobobOobobooogboilpsdb.obobobobooo,soonoobogon
OSopsCOOD0DOOO0OOOO,0D0O0DODO.
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7-stage ring oscillator reset
Target Cir. 8-bit
(INV.chain)y [ | 2N~ o1 M| T ~~ " ""~"""°°° — Counter
latch latch latch latch
1 2 6 7
ouT ’[\ °<} lclk lclk N lclk [oik

g3.17:.000000000b0o0b0o00 SErTggogoooboo.ggooooooboog
googodooboo.gboogbuoboboob@wohoob)oobooboooboo
goboboooobbod. (©2012 IEEE)
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Circuit Area[unt ]
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0 200 400 600 800 1000 1200
Measurable Range of SET Pulse Width[ps]

0318:000000000000000000SETO000O00O0 (03.17)000
00 (03.12)000000. (©2012 IEEE)

34 JO0O0OO0OO0DOOOOOOOODOOOOOOOoObDOO
[]

Obooobog200 SETOOOOO0DOOO0ODOO0O SETU0DOOoOoooDoon
gobbobbbo.ggooooboboodoooboboobbouooooooboobod
goo.

03.15000000000000 SETOOO0DOOODOOODOOObDOODDbDOn
goboodg,b317ougoobogoobobogob SErToboougooooooon
gobbooo.gggbooboooobbbuooooboboaod.
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O35 00b000b0oooboobooboboobobob.obooboboasl7o
obooboboo.obboobboobooobooboooboob.1sobboob

gooog.

goodd googo
1[2]3]4]5]6]7
coooy|f1r1jofrjoj1yo0j1
2 0/,0/1]0]1T /0|1
3 0/1/1]0]|1 |01
4 0/1/0[{0]|1]0|1
5 0|1/0[{1]1/0]1
6 0/1/0[{1]00]1
7 0/1/0[1]0|1]|1
8 0|1/0{1/0/1]0
9 1{1/0{1]01]0
10 1{0(0[1]0|1]0
11 1/{0(1]1]0|1/|0
12 110{1{0]|0[1]0
13 1010|110
14 1/0(1]0]|1/0/0
50 inverters

16 inverter chains

7777

YYYYY
Y

YYYYY

NOR NAND...

o

0319 00000000000000000.160000000000000 NAND,
NORODOOD 100000000.000000 SETO0000000000,000
000 0. (©2012 IEEE)
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7
; 84,000 buffers
Proposed Circuit
tap-cell
iverval = 28um

77,000 buffers
Proposed Circuit}
tap-cell
iverval = 5um|

0320: 0000000000000 SETO00OOO0OOONOOOONOOONOOONOO
0 0. (©2011 IEEE)

341 0J00O0ODODOOOOOOOOOOOO0OOOOOn

Oobooboobooooboo,essnmUibdogooooobobooooooooon
gbogbboboobooboobo.obboboobos2000321000.

goboboboboooob2b0b0b0o0oboobooooboobobo.og
obobgs320000.0320000000000000000000000000O
OObD2emI00000000,0000000S5ymO0000000.0000000
oboboboobobo SEThbgbooboboboobobobo.bobgsa7o
O3.190100000000000000DO0 3210000000300 0000.0
OO0 Ix,2x,4x, l6x00 000000 720000 000000.0000000000
gbogb3e0boobuod.booboobbo SETd0nooooboooboon
obogo,0ggbggboobobbobooboobosoemboonbgn.

Ob0Ooogb SEu,MCUODOOOoobOOooboo3eb0d 70000 DUTHLOOODO
ob2800000000000b0.00o0bobooooobobobooboob,son
gboooboobooobooboobo.

342 SETUOUO0O0O0OOOODODOOOOOO

obobobobbooboooboob,0bobo SEThogboobooboobon
goboboooooboboooobobooon.
O0O00ooobOds3150 CLKINO 4nsO0d9ns00 000000, 0obooon
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Proposed Cir.
Twin Well

N
o
(7))

=
=
3

)

O

™M

0 321:00000000000000 SETOOO0OODO0bOObDOo0obOobooon
O00. (©2012 IEEE)

obooboobooboobg.bgobogbogs32200323000.0000
obooobooobuooobobboobboobboobobo,o0boboboob
Dbhoobobooboobbooboooboobbooboo.obbg 1psti
oboboooboo,boobbooobbboobo. obboobbooobboon
pMOSOUODOOOOOnMOSODOOOOOODOODOODOODOOOOOODLODOOD
ooOo.0booboobboobooboobooboobob,0@Gs)bAawdon
Dbooboo37g0b0.AWOOooooooooon,=-3.0psd0 L1lpsODUOODOODO.
obooboobooboobboobuooboobboob.ooboboobboob
oboobooboobooboboobooobooboboboobobooboob,bo
ooobobgo.boboboboboobobooobooboboobobobooob,o
obooboobooooobo.obooboobuoobbobboobooboobo
obob,0bgoboobobboboobo.



72 030 ODbgboboobooboobuoobooboobo

g3e:000boobooboob.bobbobb xoboobo1obooo.

goon gbob |bbbobdd aw] | 0D00O0O0O0OOOO
0 3.15 Ix O 0.5x 0501 28 ym
goboboooobobobog j(@wooo) 5 um
0 3.17 Ix 1 50 ym
gboooooon 2x 1.1
4x 2.2
16x 6
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40

201 /

# of FFs shifted by input pulse[kFF]

well-contact distance = 5um

well-contact distance = 28um |

0 10 20

30

50 60 70 80 90

Input pulse width[ns]
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Oobooobooobooobooboo324p000.0gbo@eeooooooon
gbob.boodbbuoooboodobbuooobooobbooob,bboodobb
gbbogbboodbbogbbo.ooobboobbooobbooboboo,bo
215ps0 0 00O. 0000000 O0DOODOO0ODOOOO, 0000000000000

gbobboooobbboood

gboboobooboobobooboobg lpsboobobooboobon
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oboob2200b00,b00b00b0obbobboobooobgn.
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I 28 }.lmI —

well-contact interval
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Chip ID

. (©2011 IEEE)
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400
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o o o
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S)insal Juswalnseawl

Input Pulse Width[ps]

. (©2012 IEEE)

032400000000 o0boooog

343 UU00ODOOOOODOOO

gboogob,0buogbbuodgbobobogbooboboobboobboban
OoOO00 SETODOODOOO0DOODOO,SETUDOO00ooooooobobooobobgn.

obobbooboobooboobuoobo,bobboboboobo0obg SETuon
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O037.00000000000 3.5 0AwWO000. (©2011 IEEE)
OO000 | SS(slow) | TT(typical) | FF(fast) SF FS

AW -1.2 ps -0.60ps | —0.89ps | -3.0ps | 1.1 ps

goboood.

gbobbooogbbbuoooobbboo

ooboboooooboboboooboobobobo SETODOUDO0Oobon 3.25
oboo.SETOO0000gooooobooobooboobobooon,0 3230000
oboboobooobooboob SETODOOO0booobooboobo.obooon
obooboobo“1rroboobobo,J0bd0 xgboboooboob <1»ooon
goooogd.

oboooboob SETOhO00nDogog,SETO 80000 200psd 0o
O.0bobodboboobobog dejbboobboo,SETOOboooboooo
gooboboobo.oob,b0ob0b0ob0obobobuob SETODOO0DODO [4e]
goboboogobobbuogoon.

OoobooobobooobooSsymObDOonoOonoOsSopstd 0D SETHODOODOO
ooo,00b00boobbooboobooboboboSsmbbbobobonDon 0.5ps
goobboobb.ogobboobob,bbbbuoddoooooobboboobooboag.
goboggb SETgbooogbobogdbo,ogbbuooobooobboooon.
obobooobooobooboboo,boboobooboobobD Ssyem0obgoon
gobogobodg SETudoboogd,400pstdd SETUODOO 22000 2000
gobobo.boggobob SEToboboggobboboooobbbooonoon
go,0bbbobbudogooobboobbboooooooobboobobboogo
goo.

O325000000000000O0000DO0O00b0OoDOoO326000. 000000
oo Ssemdogoooooo,SET000ooooboboooooooog, SETH
gbogobogbooboob.obbobbobboob2embgoboobon,
400ps DO 0ODOOO0ODOOO0O0DLOO0OOOODOOO.0DL000O00O000O SET0DOO000O0
gboboooboobgogn.
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N
6]

well-contact interval = 28 ym =
well-contact interval = 5 um

N N w W B
o a1 o a1 o

Number of SETs (Linear)

10

/ Z 1 | |
00 400 600 800 1000 1200

SET Pulse Width [ps]

0325: 00000000000 SETOOOOODOOODO. (©2011IEEE)

OOooOooobOooSETOO0DoOooDOonDn

Doobobobobooboobobob4000b0bOobOo SETOODOODO0
Oboogoogs3270b0.0bgogboogoo324a00b000oo,21s5psbdgn
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OoOoobDognD200ps00og,80ps0dboonoobo.bdd IxOooo
OoOOoobogoz2200ps00dboonbD 100 SETHODOODOOOD.ODO0ODOOOO
OO0 SETOOOO0DOO0OD0OOO0OD,1lexd00Db00onbon0 SETO0ODOOD.DOOn
OO0 IxOOoooooo e, lexodbooooooobooooboo,0ooon
oooboboog,SETiboboooooooboboboobo.boboboooooo
OO1lexODOOOOO0O SETOOOOOO,0000o0bobooOo SETbonooon
gb.002x0000004x000000 SETUOOUOOODDOO,00bDoogon
4xOD0O0O0O0ooooobobobobodd.2xbbbbbd 4dggooooobood
gobobobobobobooooooobbobobbbodgoooooobobo,bbbbbood
gboboboooobbbogoboobu. 4xgobbbooobboboooobobog
gobobobbodogoo,obbobbboddgd 2xggoboobo20b0b00b.00d
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a1
o

well-contact interval = 28 ym m—
well-contact interval = 5 pm

Number of SETs (Log)

‘\ | | | | -
600 800

400 1000 1200

SET Pulse Width [ps]

0326 00000000000 SETO000O0O00O0OD.000000000000
00. (©2011 IEEE)

g, 0boobogobgoobg2000,SETU0O000OO00bO0o0buoobgoon.

SETOO00D00O0D0O0O0DOODOOOnOO

gbbbuoooobobbbobodooooobobbboboooooobb.bbbbo
g, 0b0o00bodboobd xbgoboobobb SETud (b 327)0,0000
obooboobuoobooboobuoobod SETUD (U 32500 3280000
gbg.g32500000000000000000,000 SETUODLOO120040.

200000000000 SETULOOOLOUOOOOOLODODO0O200ps000 SETO
obobDbOO0. goobbboooobbboSErTgguobobbood 200ps00
SETOUOUODO0OD0O0.0D00000000000 (pulse quenching) OO0 OOOOO
g.ggobogdbbuoooboodobbooobooobboo,gobboodobn
gobobbobboudg.ugogogbbbuoooooobbobbbooooboboboobo
oobooboboboo,0obooboo0 SemdbodbDO0.00boooooogn
ooooSEThUoobogobobooboobooboo,ob SETOonoogogd.
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1x
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4x
16x
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ﬁ.l. il . |

100 200 300 400 500 600 700 800

SET pulse width [ps]

g327:0000000000000 SETOOOOOODOOO.

SETOUO0OD0O00O0O00O

0327000000 SETOOOOOO0O0OO0OO,SETODDOOOODOOODOOOOg
gogdgg380b0b. SETnoonboddugogooooo,ggoogoogg
gooboodnooooobooo.bbbdodobwh 40ps, 0bbooogl
GHzUOUOODOOOO.O0bbuooooboobobooboooob Seugboooooooo
gubb.SEudoonogooooooosordgubbooobbd (b SEudd
gooboo.Seuggooboggoboboogoobo,oobbobooog.

gbhobodbbooobboobbooboboobooboooboboa SEToooo
OO0O00,000000100ps000000.000000000O00O0 pulse quenching UJ
oobobobobobob.SETULOO0DLO0DbO0O0O SEudbood 0.14%00 2.5%0
oboo.gbbl1oobobobobooboobbooboobbooboobboon
oooboboboboo,SEThboboooooboboboboobobobob.n
DooboboboboboSErTogooboboo.boboboboodg Seuogn
Ooood,SETO000Db0bobooboboboobo.oblextgbobgooogn
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12

pulse shrink s

RO ==3 A
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o
T
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[e0)
T
1

SET rate [FIT/Minv.]

. Mw -

0 200 400 600 800 1000 1200

SET pulse width [ps]

0328: 0000000000 SETODO0OOOO0ODOOODO.

oboboboboboobooboobuooboobobbo SETubooogoob,on
oboobob SETUOU00ooobobooo0.0ooboboboobobg SETO
gobobooooobooo.

obhoobooboobooboobboobb3200b.0boboobon,4xd
lexODOOooooooobooooooobooo.oobuooobooobooobg
oboogboo0,4x016ex00 SETUODOOODO.O0DOO0bOO0O0boOoboOoobDooon
gbogbooboboobooboobbooobuoob,0obbooboobono SET
goobobooogoobooo.

344 J00O0OO0ODDDOOOOODODOOOOOOOOOOOOOO

2000 SETO0O00DO0bO0b0O0bOg SEThgbooboobobgbooooogn
gbooooboo.

e SETHOUOUODOUODOODOODLDODDO,200ps0 0D 0O0DODODOO.
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038 SETOO000O00O0OO.

ooo 000000 |[SETO0O00O00O
0DooQ [FIT/Minv.] [ps] [FIT/Minv.]

1x 19 135 2.4
2x 5.0 91 0.5
4x 11 99 1.0
16x 3.3 180 0.6
0000 (28um) 50 180 8.8
0000 (5um) 46 130 5.0
SEU 344 [FIT/Mbi] N/A N/A

40

Measuement

w
o
T

SET rate [FIT / Minv.]
3

10

7 7
1x 2Xx 4x 16x

Drive Strength

0329 0000000000000 SETODOODOO0

e HJUU0OOOOOUODLDLDDDODODOOOOO400ps OO OOOOOY
oo.

e 2xUUUDOUODOUODO4UDUOODODOSETOUODLOOODO,SETHLOODOODO
Doodoboobbooobooobo.boobboobo SEThogong
gboooboooon.

e I6xOUDODOOO SETOOOOOD, xOODODOO 160 0D00O00OO0O0O.
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oboooooooSETonooooogog.

e JOOUOD 1IGHzOUDOUODO,SETOOOOODOO SEUOODO 0.14%0 0O 3.2%0
obo.0bogbgoboobobbo SETobgooboboo.

35 Oog

gobbbbbotodoooooobbbbo,bbbuogooooobobbbobood
gobbbbbooooobobbbbuodoo.ooobbbbuooooobbbbobod
gbooobod,400000000000000000O SEUg MCuObooDoogo
ooo.00boooobdgb SRAMOOO MCudoogooo,MCU/SEUDODOODO
023% 0000.0000000000000O00O0000000O0DbODbDODbOOO,
gbogobobooobooMcubogobooobobooobooobboobb. oo
obooobogoobooMcuobogooboooboo.goobooboboooo
gboboobobobboobgobobooboMcud 9% 000o0o0o0gno
gboooboboo.gboobboobesnmUiibbogoboooooobdg,MCcul
gboboboboooobobobobooobobobobooboob.obgMcu
gobbobbouoooobbbobbboodoooooobobobob,bbbbood
gobbooogbobuoooobbbooooboobuooooboog.

obobobobooboobooboob SEThoboon,200 SETUODOO
gboboobooboo.gob SETU0ogbooobuooboobooboboobogn
gpoogobogo.oobooobooobooboboooboob.oobno SET
obobooboobob SETo0nooboobooobg.SEToogboonooon
gbooboooo,0oobobobgo SETbdboobooooooboobobob.bobo
oboobooobooboobogoboo,200ps000 SETUOODO 9%00000
obooooobo.ogobbgoob SETogooboooobbooobobooon.
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Jooooobobobbod

goboobobbodogooooobbobob,bbddooooobobooboobboog
goo.

41 0O0O0OUO

O20003000b000b00,6sSnamU0000oooooooobooMcubnog
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gbboodgbboodgbboodgbboodobbooobbbooobbooooo
oboob.0200030000000,000000000MCULDODOOODOO0
O,000000SETOOOOODOO0OO.0DO00MCUODOOOODOOOODO0n
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42 OU00O0OU0O0oooood

gbobogobogobuogobuoobbuoobboobobbuonobooboooo,
goobogod.

42,1 0O00O0OOOOODOO
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oboboboboobooboobuoetennooooooooboob.bOoOoD
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goobo.bogoobooboooobobboooobobbooooono 3poboboon.
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Comb. | Latch Latch ouT
cir.

ir | "o | 5o voter

IN2 Latch | [[ | Latch
oML [ s1

delay
element
a

ns | | Latch | J['] Latch
o M2 o 82

CLK
Do

O41:200000000000000000000040 [72].

Condition 1 IN1 fe—] Only one FF captures SET Pulse.
p
p<t+w N2 _s “ of 1
IN3 T 1
Condition 2 IN1_] /ﬁ Two FFs capture SET Pulse
T+w<p<2t IN2 | Z 7
IN3 | Z
p-7 p-7
Two or three FFs capture SET Pulse
Condition 3 IN1J /[7
27 < p IN2 | %—
IN3 7Y 7z
P

042: 0000000 SETUOODO.

DICEU O[O

DICE (Dual Interlocked strage CEIl) U0 O OO OO0 43000 [47]. DICEQD O OO
00000000000 200000000000000040000000000A0.
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[J 4.3: DICE (Dual Interlocked Storage Cell) [0 1 O [47].
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