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Abstract: For using enclosed-gate layout MOSFETs in rad-hard by design, because the annular structure is different from
ordinary rectangular gate essentially, so the conventional SPICE simulations is not-applicable to radiation-hardening design.
In this paper, analyzing the characteristic of enclosed-gate in deep submicron technology, this thesis establishs s an effec-
tive aspect ratio arithmetic and buildes SPICE model for enclosed-gate, at the same time, a method about how to extract
layout netlist availability is presented here , the three points mentioned above expound the simulation method of radiation-
hardening design in deep submicron technology, which resolved the unapplicability between SPICE and RHBD traditional-
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ly. Throuth effective simulation , the circuit performance is ensured and reliability in the design is increased.
Key words: enclosed-gate; SPICE smiulation ; radiation-hardening design; model; layout netlist

1 8l8

MTEBAR b WHOKFEABIET B, n 8
HEHEME W REE S X D% RE By = SHES]
R RS B R A . 3 Xt AL T
JER, BB B AT 20~ 50ns METE N, BEZ
REFDCHETW TR BN TEARLH . B,
TEXBURK TR BB, R B RE K
iAo 30 E NES -2

AT 7 B & T i A dr R BE CMOS
TZHTIBS MERIT(RHBD), kR LE %
RS ME T2 A, Wik A2 8 iR E s Bt

WRBHE: 2009-05-12; EEBH: 2009-07-12

THAE Ak AT ol 2 B 48 A O R B SR . 4R &
TRV LRI PRI 5 e 3T R SR PR [ A O s, BRI
WM (ELT) &5+, R M T A9 SN T HRRX
ZIE A A IR B, AT A B R B &5
KEAGRE M RE. X TREMETE, EF R
TEHA , SR AR AR &5 40 B 2R 4 ZE 2 7 30Mrad (Si) Y
BRIERBEMAERTF. HEEENEBRF
M EAR RN AN BT R D% RS 6
J1 4B TFRAX RN E AR E L, ok T 84
W ESEMEHRNESR, 5 R T —&FIK SPICE
B an )

i TR EOR T2 B AR TS



5 63

FF1, 5% BOERORTUR ST N E B89 SPICE f ELAE 7 i 81

RO, 4R 0 T N U5 S0 B8 1A R 1 BB IE
Fk B EEEEHANE w RS T 5T
Xt LB R P LB s 5 48 SPICE i A /Y
RS T 0 B 4548 5 B0 R 22 A B SPICE
FEVRE R TR, ot i B B IR JE M SPICE 5 B AR
;5 )5 2 1 RHBD MRE S5 W R R BUREE, A
TR T SR R A% 58 W E 5 EXT RHBD A&
A [

2 BEMEEETFRSTHBE

B FIIE MRk 1E , 15 Qi RS MEw 1Y
IEMAE S K Ly RHBD {F E kR 5 &
ZRME. M ELD fFFESRAFRMSH, A
B, \MBI, 4 45 8 (broken corners) K A TE . {H
76 0. 18pm HIHAK TERAR T By T 7T fll 15 M 5
29, BIEFHA 90° 2 e AR A R, IR E
2 B H R T 45 MBI, SO R T
MEFME 45° 50 2 REM SN RS R
FRREHOR T ECR , 2 Sk &8 E L
FREAERBRE AT, 2R T @ % eSS
HIHIIETE X 3R (neck) , ELARES A o — % BUE, 115
PR FEEEPAEKEMEEWHD M,
FRAE T — B FNES 14 B DG B

KRBT AR TR LEE AP, P4
20 (mid-line) F1 X 3R] 43 1 J7 25 . R A v &Rk Y,
TR LR EAE S, B Y 2 e p .
Hhil KA B , {EX R Bk BT ok B iR 25 A X
Bk B 2. 4pm BAE R SPGB, RSP LE
BAS BB RAT 5L PR R 2 EFE X 30% .
TSR A 55— PR X R 43 07 2% (I b 5 B R
Xof T IS TE IR AN N B 45 #4047 B9 434 ) A SEBR 4
WANET 7%, BT A SBBIRTE R ES M 5 1 X
BRI S H BT B R B BOR B A FE K 2.

WX (DR (ARSHZE2]), B T A&t
5EA ML 25], PR % 254
TR, TR E L 3T T &N B
B, AR SR U7 B A B i S RE, #E ST SO BT R A
ELT 454 08 3 58 K L Ak A=

Wy __ 2a
(L)eff"_ dl

In dy — 2al g

l1-a (T,) +

\/a2+2(/1+5*ln*l
a

(Ty) +

KT
2

d-d,
4—2 (T +2—22  (TH+T, (1)
Leff In dZ 5 4
dz - 2aLeff

B 1 FiR AR ELT B R38R14), BT e 48R E
T XA RKERRA dy, K PBEEHKRF 4, L
AP L REHTM TV B R UREmEET
A, K B—1EHHEXHSE, AXER
ELTHREE T, WEE, ERTERTEN 6.
a(a = 0.05) B— M HIE S8, FkX 5B H &k
B T M T, 807 T, 85 AT FFEENZ &
B S &R N X, 8307 £ a0 HL R
57, REBAT & B MW 7 BB Bl , s
70.899 641 6. BIEARES G, WIRITH ELT 4
A B TE K AT IR E , InR 1 s, AR B
TSR RS RK L S BRI

D R
d &
d
----- = dl I BRETE

B1 RARESHSHZEELT HHEITER
F1 HEMRERHATHREEEREKE

LRI pm HEAREIKE  REGIRERL
0.18 61.1 60.8
0.18 12.2 12.3

1 10.1 10.1

3 (M ¥ SPICE (hERISE 4
ikl

3.1 HRs®oHm
3.1.1 #Hrdd Fed Rk

ML BT — MR EE N SRR AT
RIS HH LS, HLEn CMOS B 28 A 38 28 5t AR 8 T axX
PN HmHBE IR Q) MRER:

. D
Gow =DV "L - DL 2)
{ERX T ELT 454,38 LR Im7E TR Al

BR(Ga) TR (G o) A B L RME, KB ELT £




82 TS HE 2010 4F
B B SRR AR AR S, X TRFERE A L ZBAT. BT

B 2(a) LT S s B Y I X AE ST, B
Fob T R RE B4R B o 3T 23 1) B 77 <P 4R, I8 W AR
(pinch-off) HIR X Z [F M FEE AL B/NE XMIE
BT RIRE) Vs i3 8 318 I X M 0 0 1 I 2/
B SH MK Gy HHRRERNER(Gy)
FINB(Go) AR, Gk TF Goo, IBHEE 2(b) BT
RSB ERATURI, Gal G I AIFRYEFEH
HHE BB T , B e B E IR — AL X F
JAMFAER TR R B Gafll G ET T EhR,
m#E 2 .

@ALRER

100

—@— FIT Drain Inside
. -@-- ELTDrainOutside
Normal Transision

10} &

Output Conductance/ us

D X B W T N B
Gate Length/u m
(b)¥8 X 7E P3 A #E 4P BIELTLL & B i
RS RMS B S K TR

H2 TEHE
R2 TRAMKOFEHRBEEURDSEHESE

L/ym G4/ps, Gg/ps Difference/%
0.21 18.8

0.28 19

0.5 33

(M : Ga= HRERR R B RE, Gy, = NBIEAR KX
B E8 {H , Difference= (Gg— Ga) /Ga)

TRBEE TR B, XS R
MFETHREHCKMARBERN, BAFELSHWA
MHFFHTRREAMESN G FHEEER, M
HEABREHK BRI T2 A ZE, X
ERBH/D , B2 F U 1 i B ME

BamE R SESHERKEN AR REHX, Bk
BT R GHE—25 400 T TG M0 v B 18 SR 3500
3.1.2 ELT #9438 A4 8

& 3 fin A MR A EE, AR EH
SR E KRG A L. BT LUES
Xof T IR HTE BRI AR B 1 v 36 18 78 1l 3R B
g4 ok B R ET DA BA B SRR B 4 TR SR T
RTERTE A A B 2 AR 7R S0 e v 1 3 il B DL BB R
B, B AR B BR R M A5 A R X BRI R A
BSIM3 H i XA E K B A & B F PCLM #17
SHT, TR E R B B AR, Bk
PCLM BEFEHEEWM T Va cvoms, W HIEER T
SEIER N R E V,(Early Voltage, BSIM3
5| A FRE MOS S 7EMAN X i 4 i s BE
RIEBERIZE) , B (3) FiR:

Va= Va,st Va,compBL (3)

KW, Va compm I8 WERN B IE T

0.16

—— RSN
—— WMESNTMGEH
—u— R AR 41

e
-
IS

wW(1/V)

(\)

e
=
[

gth Modulati
=3
o
o0

5 0.06

0.5 1.0 o éfengtw 3;(31 75 3.0
B3 V=09V, 88K ERHEMHCRI TR
VB B AR A S R e B B P B e
DR ERLE, I H B T 5HFE BRI PEKsIH
RHTHE v, EUAX, AR ERBHBENERS
PR BT THEEASHK PCLM B FHE
ES e ERAR(4), TR

PCLMa= PCLMO(%;/"‘—O) (4)

KA, Vo AR TEBERIET PCLMO X i ) 5 HH 8
JE, Vo Rl i A48 B ) B 340 8 I8, # FH PCLM
S5 R W )56 B Ok #E4T PCLM 23
R REEAMIRBEE T — P AR, 58
B B R B AU IE .
3.2 XRBYHW

WS, B85 EMEEHTI T, X3
BT SPICE (i A i EB %W E B R RERT
TE M4+ g 3k SRR A L



% 6 33

EFY, 4% WK TUR SN B4 SPICE 45 BB 7 83

3.2.1 ZaRRHHK _

T BSIM3 B AL 07 B X 45 s A AR
ETH. BX KK, TRHSIATELEBREDN
BSIM3 B S $ e i R RIS AT E R
CJ.CJSW .CJSWG FE 2[Rl , Jidm 4 i A% TR iR
A MR MR R XA S5 &MAE AR RN K
B, V8 X A B L 25 5 R X AN AH ], B UR X A
XAHFIME S A B SR TEM R E R ITE50. 4
XX —BR , KRBT [ B ) 35k mi 72 A0 A 00 5% F,
BOEPE RS EET AR SL M BRI,
WA 4 FEIR,RARA Cy, NSRBI :

Cg =CI(D|CISW - CJSWG]) (5)
3.2.2 WM S AR AR A R e A

(gate capacitance) #34 £

FKEL ELT MR E SR LG , e AT 05 R R
EZBAGE TR SR 2 e R (WL) R
I FRE , 1T A 3R A5 A M S 5 40 B8 A S FR 2 EE S B
FIME RN, PA— AT 4pm /0. 18pm S &
&, PR AR A 1. 204 97pm®, T WL
0.72pm? R ZEEIE 40 % , X & FEAEN E T IRfE
HLZ. 7 RHBD FEMME R H 5| A ZEHEBE C,, 7
A 4, - R NMOS F8, M5 &
B/ MOSFET #i% , SR A= (6) R #2 % NMOS #
Rt '

W = L = ./ A(realgate) - WL (6)
A, WL HBIE ELT B4 % T K bl (1) 3648,
7 A (realgate) R F PR 2 BEEM E AR, HAE P LITR
BB FESPARR T ARG
3.2.3 M5 R.BEKRXEEE R

MR MR XA BRA SIEXEEZAREX
HIB KR e, B B T ERE MM AT FR, AN E
KIHAHE, At ELT WR S BBR A SRR &
HAF AL, (HE % BSIM3 #8 d CGSO
CGDO %t 2 AR 15! b DA B4y #r, I % BSIM3
HH CGSO #1 CGDO B3, & {8 AWM A A K
HIE e , 358 e AR B CGSD, AT :

CGSDZCGSO(P(inn; - gatez) 7

A H, P(inner _ gate)fAFE ELT WA K, HERE
S S HIBM T AR, BIE BSIM3 HE S
CGS0 F1 CGDO J& , ¥ 5 A K AR X T B K R
SRS A TS ELT BRIP, B A Cpo®
~,HX(8)EE

Cg = CGSD(P (outer _ gate) — P(inner _ gate)) (8)

He ELT WA KW EEESSHRRTE
w5,
HEHERME MR ERENINTEEES
HE—E, BRO)FR, WG HNEA AC, R
FEIP M4 S A Y T R R AR (1B 4) .

DC,=Cy+Cg (9)
3.3 IRFEHFERRERARE

A 4 BRSO FTAS 8 BN [ 454 1 H i
Rl
Cy NBIAMMEMERE,AC, KR T AR
WE MR BB AN RBEE, He £ MOSFET
FR S SeilE g e TS R (DHE  RE A
WA E TR B 438 3 1R W E 1R S B F PCLM
SH TR B ERE ELT AMR . BEEESA
KERTEHR, 5 T RHBD SR M4 SPICE
MRS, e R RS R TR T AR I
UEBLRY A HERR .

Source Source
(a) TEF LS SR (b) w5 s AL B A Fg P B 1
FHa R R FER AR R

H4 MBESHTFHREER
4 IFRHARE S8 MR IREUR B

FSE RN RSB R ERITE
I BRI E TR R S, (BB H R
RESHMERR T ANBEHEETEMEWN
B, B BT R P AR PR Y e B B T L 5 T i
MR AER AR, TR ENARAEERNA T E, —
77 T 2 7 A S 4R B T 2SR A A9 R AR B I SC
3T TR REAE AR . ST XRARE P
18 5 R P AR R B B S 3518 5 (10 calibreXRC BT R
FIK) SVRF & &) X 2 BU N SCEF 317 7 A T8
W RIRAHRERNE. B— T ERERASERNT
BRI RZ 0B . B ASEIRE T R RHBD
BHIF RIS, {H 353 0 R X R ORE A v AL Xt



84 BB TSN

2010 4

ELT #8844 & , H ik 7e## 7 RHBD #y3 M SPICE
BRSNS BER T A TR ST R
K ELT 09 B & T (Black-box) #b B8, 24 SR R B
Bl& X FTRASEERT AN OBERBIE, A
AT LA T B R AR SRA R, X B &
HITTUENGERIE, FE#— 5578 0 5
HISCHRE.

WAMEBEBER R, ELT S8 A FRIg I T
RERAS RN E M, BB SH,ELT
RREShSR B LA B B TP R B T4
BUHER , R T RS EBSEAE , B IRAS i E M
R, FRAREN S ERE RHBD Wit M5F
A, B ELT BB R E, B Hnibgw, 2
B T — SRR B A IE L, TR R K 2 B R R
XERBRTASETEENE. R THBEMrE
M2, X F I FERARBIE S, iRt ERTFELE
M.HEBRIIAT AL T, EE LA, 3
B3 FIAE Rk AR RN ERE FIES.

5 WAER

BRI C £ RN A B TR H
oS XTEIPTEM A BT T 0. 18um T2 #
B F, Z R 45 TR S bR R R B SR
mIRE RT, 5 BB BRI E ST R THRKN
Rt , BRI TAEE & 58 5L, I Fl B FT 45 R %t
BSIM3 BRI XS HOHAT T 1B 1, 83 Wi B
SRR SHEATEVE L, E4L7 3] T RHBD 3P
WS B AR R, IE 76 BEAT A U SZ I 3R 20 1Y
AT

6 SRiE
T 0058 5 0 [ AR B R IR TE M 45+ A R

MR, # % T EAM SPICE {F E®IEXT RHBD BIAE
Fi . SCH I X AT MG ¢ AT A BB 3T AR R
BLREIRA T, BB T RS HMNE T,
T —FhEEXHER) SPICE 5 E I E 5 8:, B AR
BEHIE /> T SPICE 17 B R MR 2 , N T R D% 48
SPICE 1/ B3 UE X3 P18 55 0 B R+ A8 K R &,
iR BEVERE RS AT R

S Tk :

[1] Martin M N, Strohbehn K. Analog rad — hard by design
issues[ C]//Proceedings of the 11th Annual NASA Sympo-
sium on VLSI Design Conference. Coeurd’ Alene, ID,
2003. :

[2] Giovanni Maria ANELLI. Design and characterization of
radiation tolerant integrated circuits in deep submicron
CMOS technologies for the LHC[J]. Nuclear Physis,
2000,524(3):295 — 305.

[3] Li Chen. Radiation — tolerant design with 0. 18um CMOS
technology{ C]//A thesis submitted to the Faculty of Grad-
uate Studies and Research in partial fulfillment of the re-
quirements for the degree of Doctor of Philosophy. Univer-
sity of Alberta, 2004.

[4] Li Chen, Douglas M Gingrich. Study of n — channel MOS-
FETs with an enclosed ~ gate layout in a 0. 18 micron
CMOS technology[J]. TEEE,2004,52(4):1344 —1348.

[5] Kim Strohbehn, Mark N Martin. Spice macro models for
annular mosfets [ C]// IEEE Aerospace Conference Pro-
ceedings. USA: Laurel, 2004:2370 —2377.

EE®T:

E A #&,(1980-), TG BrR T 150G Ry,
BEE L&,(1968-) ,BrR R . PR eyt nEmsAR .
ik %, (1976 ), TREIW. BIR T M APLE ST BT E

it.



