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ABSTIRACT

Since Power Integrated Circuit(*PIC1) combines power devices with low
voltage CMOS logic circuits on the same_chip, it offers more intact function,
and cheaper cost. However, the cross-talk happens between the power device
and CMOS circuits or between one power device and the others. Therefore, the
development of the isolation technology is indispensable in the power
integrated circuit design. This thesis studies the junction isolation functions
held between the power devices and CMOS logic circuits. The N-type and
P-type guard ring are used to be the isolation structure. MEDICI, a 2-D device
simulator, is used to simulate the relation of the leakage current between the
layout parameters and the bias of the isolation structure when the power device
Is in forward bias and reverse bias, respectively. The design parameters of the
layout include the width of P-sink, the distance between devices, and the
changes of the widths of the N-type and P-type guard ring. We have simulated
and analyzed variety of isolation performance resulted in the changes of the
layout parameters and the bias of the isolation structure. Finally, we propose
the most proper isolation design for each combination of high and low power
devices.
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dx &, dx
2P g0 AR EQ)LTH p() LRATFHR - 7 o L5 BROT

BQRBEA > T REP AR T H o H hx<—x, PPAUFD T

dO BT R TR A R FI T IBR R E S R &R X=X leE=0
Fp T REPA TS T H

E:—eN

L(X+X,) -Xx, <x<0 (2.9)

S
Ffien, Aipe ¥ U x=+X kE=0 > £ENA®R? DT HF 5

E_ —eN,

(x, —X) 0<Xx<X, (2.10)

S

Bx=0>PN#& fHT 3 8- Bl F ko F(29)8(210) fx=0rk
S
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: (2.12)
Q1)#Ep - &P 7Y

et

CE S
B 210 7 Z ®2p e

=

B a3 B a PN &G

FE T A PR - BRI AR A THEF L EPN&EG o
TR TR PAFE NAT AL HLY ARG e
Ey
P N
_XP +Xn -
0

Rl 210 7 Z %% £hT 5

13 fx = —x, AR i

(x)— a(x+x )? X, <Xx<0 (2.12)

e BN TP R HEFHA T

FANA ®Y hT 2 0 d A

PN#d > x=0/ils g% » ¥ (%

2
B(X) = —2(x X X ZN X, 0<x<x,  (2.13)

‘i ﬁj/i%i}g] o

- pad s Tt A
eN

B 2.11 2 64 X e EA ) BN RS
wod (213) 0 7 ¥

(2.14)
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B211 PN#&® BB %L FHag =

PN o 7 2 % & RF 7 % 47 & & (space charge width) - ¥ :#-(2.11)

N, X, (2.15)

#(2.15) & » (2.14) ¥ ffrx 2F F

] e
e N, N+ N,

H e Xn{,’i_ﬁﬂét‘é"_‘@‘r v it WRERN N E ¢ ﬁjzﬂaf{jﬁ-%&o

i d (211~ » (2.14)7 7 &8

2¢V, [N, 1 :
{—H—NN}} &17)

1
2
\N:{&?%[Na+Ndﬂ. (2.18)
e N, N,
z

d bt 3 Vo, SRR NAR LSk R E i T

LT o PR R MRS RS
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$7 o d 01 PR AR 212 0T F i B Y LT EH o N R Y F
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Bl 212 “F.w /& PNA=s & 7+ B

Bt R LE b B T 5 Vg R ERIREE F

Vtotal =|¢Fn|+‘¢Fp‘+VR =Vbi +VR (2-19)
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p o R BBk ) (218) T U@ E DA

i

WZ{ZES(Vbi +VR)|:Na+Nd :|}2 (220)
e N, N,

dON X B X, GEFS r BBOTRA e d H e TR THRAS § R

*odm Bk T H RS A A PN G A #(2.16) (2.17)2 - B

Vi +Vg & B % (2.9)2(2.10) 5 BT B4 T

1
1
2
E_ = _{ze(vbi +VR)|: N, Ny :|} (2.21)
£, N, + N,
T AT A
£ mi2lu Vo) (2.22)
W
HYeWEZRTRFATA -
FHR- BEFOPINEG Bl THFEL
E_ - ek, (2.23)
gS
FLERRX T MTNG
1
2
X = {ngVR} (2.24)
eN,

BV B bk o BT RX ] o Bt sVP ;kffs&ugp\gszgivbi 0

FHRVRKELHFTRY, > BEx THE AR T L M aoRd

ZEl 7

THE,, o #(223)% (224) & & » ¥ 11 @ 3]
2
Es Ecrit (2 . 25)

® 2eN,

HY N, ZHFEG? MKBERFH AT ERBRER -
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233 "B HR

T~LeV
EFP_---_--—---—_--__-.:"_‘-(L ____________
E.

B 2.13 g /AR PN & o w4 B
B e G R DR T o N FURERARE LT 0 Aol 213 AT o
T ERREAI R EREN R DT HREBRTFETF A
P NAYAREPIY®R - THFBEd PA®Y e NAF S L3R4 NI

Bone P A% BTt A BT B RG hTE  DA R A

N Js[exp(el:/_lf‘j—l} (2.26)

HeY J Zm@EFR r‘,,ég:ﬂfrﬂ‘,,, B VA i?l‘-é‘:)llé_lﬁ’gi[ioF}(226)’74—r,11|§

S

VTR B (4 [18]4e

B R T R TR i e i -

2.4 PIN = &%

9 % PN = B il A eni R RARE § L T AR R AR e
R R PN S R0 G AR T s i R A A

He h@m214¢ F 3t P-i-N = =52 PN - &4 s /R 4~ &) &
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i AV7} (2.27)

_EW’
2

FOW,SSW, 0 FptE P-i-N = tE8 2 PN - a8 fdp e cHE, T HT 0 P-i-N

Vy'

(2.28)

SRR R R A 0 PN R o WEF ROE A SRR BR GOR 4 o T R 4
P-i-N = fa Al chmt B » FI R AT G R e R ROE R B
& o

P-i-N Diode PN Diode
| Wa |
P+ N- N+ — P+ N+
Vv V ‘
—I| 1| = —| =
E E
El
X RV VI X
W, W,

B 214 P-i-N - &% 2 PN - M7 L %2 7 5B

BEAR P-I-N Z &M 7] 5 MERe kB % 7 MORK ok andf /B > s Fpt
TR BB B o YA o ¢ A4 e TR (forward voltage
overshoot) > 4] 2.15 #775 o iz H d > Fid 4B > KERFHRET 5 F i
Tl R L S~ fEHE 1S 0 F1 5 B i3~ (high injection) R 4 0 1 Mk
RHERTTETRADE R Ui d R LHBEFTE o 5 - > ik
FRL o Fdp RERPRFHETFCLLF - FHPFPF FE2F R

s (reverse current) k#5243 0 B Se b F i 4L 0 4@ 2.16 Ao o
T
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A VOLTAGE
‘ /™ oversHooT

DIODE _ [\
VOLTAGE | N\,
o N v
: -t
B 2.15 P-i-N = &85 » i 43
! ‘ TURN-OFF
F | S -
i \ " dl/dt
DIODE | P
CURRENT t
Y t
\ ta B -

0.251 RP | .\\ /

\ .
| \~W—___ REVERSE RECOVERY

HP* = dl/dt

B 2.16 P-N/= jB80 5 % vk T ik

25 HEwET LT

Bl 2.17 57 — 1 NPN @& T St s g it e f e b o4 f
- f@;a;@w;rsfw PHrepFakin o d B 2.17(b)7 4vo BHR L F &~
PR oM RRAIE G B B RRER o
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B 2.17 NPN &+ 7 & 12 8 1 35 52 8k 5

4rB 2.18(@) %77 0 Al ¥ him/RELET o Aik-5iR(B-E)PN 5 2
v B @ - HR(B-C)PN 6 R EF v HER - o e AR F 8w
# (forward active) srd (5% o o 5 B-E 32 a 08 BB » Fpt T 5 ¢
d BHE S~ B o AL PT S ¢ & LRARP i R ent ;u:, ER o
A B-Ciewm 5 F ok Flt t BCRERREG s+ kRS % 4
B 2.18(b)* 77 o AAEY R RRLF A AOH R R4 MR D
THFRERFIBLARFTLFELBCReFTL®HY 2L ®Y DRH
EHTIFF B doB 218(C)¥ T c APF X EF R NITIIEE
A g AER TR T AR R T iR R
Sﬁ'-% ,J‘ °
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dn(x) ng(0)—0| —eD, A Ve
A —2 _aD A = n —BE 2.29
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g
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L
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4y
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SRR B e b B BT e L X
boodedk N g <] 0 (229)F B &

ic =l exp[\(/ﬁj (2.30)
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d (230)7 > Eimw o Ad A iEE SHEF iR k2o

E (n) B (p) C (n)
VBE
=— ng(0) = nggexp (—)
= 1 Vi
e \‘
Y E-4
Y N FE AR (i)
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\ .
. TR
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ig / Jl\\
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.
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g2 =l exp((/i] (2.31)
t

Rl e g ity o et R S SRR T N e B

\ﬁ [ 2,0
A g_m:;g_;fr' ’

g:ﬂm+gzzk+4az|ﬁem{%?] (2.32)
t

t

dﬁesaéwﬁmmaﬂﬁwgm( )ﬂmﬁ”ﬂ“ Hi o BB T

BE e B - BEE VB

LR (2.33)
IE

B agfii £ AT 8 F (common-base current gain)

FL Y e T e F BC B aEE i /REE > B ERT S A iR
AT R Mo om 2 AR R e
- RRT

ho@] 2.9 #1770 SRR oA R, £- B B-E & T h s Flt i
Fomd Bl - BRABE AR - CBABT A B I T expVy /V,) & 1
WL o

Z A PEXR ARG tHF T8 ;ﬁs:ﬁ—r T AL ARG R
i e Rt o AR BRG REAE o AR PIEP I TG
WA FI Rl AR R AT L o 2 B RN B 219 P A
P 5igy o PR 2 AR & DT EP 2 AR D0 BT P L

?m\b
W
E=t

\\

BARAPRE o TPt o FoNig 4 T exp(Vee V) o AR T R iy, ¥y,
8 fe s @ E_E AT exp(Vee 1V,) ©

0t R AR T R AR T IR ERALE At exp(vee /V) 0 FI FHRT IR EA
BT EE - BE BTG

‘W&

22



k_g, (2.34)

Ig

B P BH G £ BRT I E (common-emitter current gain) o
25.2 FiTH;N

Bl 220 %7 - B ETE? HNPN T &8 - iz TRY » ¢
2R A gwﬁ%@,;_,_;fﬁi&x?ﬁ_’\ﬂ - f@ odr% B-E e o7 BRIE N
AF o B PISHEGS S et T+ @2~ A7 o L B-CHd -~

LR o R F RS BET N0 R o B L B 1 (cuteoff) -

B 220 A“xisiET e - B NPN BB &%

v Lo

F BEFe 3w BEE EEG HETIAL 0 AL TR
BT BRMEIED iR Bk KVL 7 B )

SIS S !
Vee = leRe Ve +Vge =Vi Vo +Vee (2.39)

Yo%V KA @ PV ) o BV, <0 &7 B-C g £F % &

E

% Be ’%_g«f& TaEe 3 & %k o
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FUEe HRB-EXG TERB AR BTN E Ve BFH A oV
FH R FF v HBACB G T N[ € F RTINS
SO RVREV el ¢ BCReAZFT R FERBRTIE B AV,
4Hide o I B-CRd K o 24k (FHCS A S 4 fo(saturation) o fde fr
C T TR BES B-CHa 3 e BE A FETINI LRI
B-E 4o TRpd]

#% C-Eirpaiz KVL 7 8 )

Ve =Vee — IcRe (2.36)
(2.36)85 7 B 1B R i B1E-S11E T M2 5 - BAEM 4 o B BRIM 4
s - 0% f fs(load line) > 4 B] 2.21 #75% o Mitde BT HAEME L hf $5
TR KRBT S W0 BT B TR o

I

“\.‘@ﬁa EX7) I, 5
S~ [-l e

~
~
~
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N\%f—ﬁ_‘h

V('(" V(.'J.

F221 FEET HWOE BT RELE | 0

N~

BT LS FHN 5 F w4 #s(inverse active) > T B3 4
B-E#d 5 F & & B-Cia 2 s H/AERF - LE@FRT > T Hhil
RALEF S (T @ SR BHaend & T3 o d 2T LHWT 2 A RS

B FME AR R BEMT AR o
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