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Abstract

In this paper, Analog/Digital BCDMOS technology that the bipolar devices for driver applications
CMOS devices for logic applications, and DMOS devices for high voltage applications is presented.

An optimized poly-gate p-well CMOS process is chosen to fabricate the BCDMOS, and the basic
concepts to design these devices are to improve the characteristics of bipolar, CMOS & DMOS with
simple process technology.

As the results, hFE value is 320 (Ib-10uA) for bipolar npn transistor, and there is no short channel
effects for CMOS devices which have Leff to 1.25um and 1.35um for n-channel and p-channel,
respectively. Finally, breakdown voltage is obtained higher than 115V for DMOS device.
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Fig. 1. Device structure of BCDMOS.

m HzE % dE

ohdz /oA e 52 FAA g2HEE FA3)
A e $RolE B BFTE 59 Bez 3

A 5=z wlolZel ealALEE FAT 43 A

zZsigict, vl o)A E whE Aolste] o] o] 0.8um
Ql ulo]E2} mpnE AL S AF-AY B4 FA
& 2329 2eon Ib=10pAdlAN AFol5o] 320
Ax =t (ollv]el 271 10X20um).

&l3l, SBC(standard buried collector) FAo 2
AYH npn EWA 28 FAE AE FAF7 o

slol, deepZ e vhra FAHE Frlske o
bent Tale] mofe] Edix2€E AFFACt (2
#3)

npn EQ"_X}_&EJ]B‘ ‘6‘01-%23_%} Bv}:so’t‘ 7. ZV, BVcso
£ 55Vol, BVerot 18VEA BVgor Hloj: 5%
oll ©}3t Zener B.VEA L, BVcgot epi FE9
o] Aol Wi B.VEAL, BVt BVeso
9} hegAloll BE ol 2l A ZAME HAE el
WA eE® (2&4(a), (b), (e))



FhEk opdz /vl e lg FAo| 2ol BCDMOSAAS] A|zfol HgF A7 65
Ic 10
(mA) CuAd
€.5.0700V , 3,221mA , > MARKER (_7.2000V , 9.501nA , >
15. 00 l 1 100.0
I B=GBuA
LT [oeua
g e 19:48
BOuA
1
Z0ua
10ua |
. 0000 . DOoO|
. 0000 T0. 00 . 000G 8. 000
VCE 1. 000/div «w VD . 8000/div [GA"2)
3% 2. Bipolar NPN Tr. 8] I -V &4 24 (@)
Fig. 2. I -V Charecteristics of Bipolar NPN Tr.
10
WA MARKER ¢ S4. 000V , 862.8nA ),
100.0 !
10. 00
/div
. 0000
. pocooc 60. 00
v 6.000/div < W
(b
)
(UAY
MARKER 18,800V , B14.8nA , >
333, Bent 288 F29 NPN Tr. 9 A3 100.0 !
Fig. 3. Photograph of NPN Tr. with bent
collector.
10. 00
/div
Fdel AFF 7kl G2 hee 54 AL olvjE}
d¥og Azo]Fe] golol wE high level injec-
tion effect AL Z A [ 7} 10mA o]Alo] x| =4
3 E4eo] vl g o 4 gk (27 5) - 0000L =2 00
wzba] o]2] g} high level injection effect A4S F vo 2.000/div - € V)
Ast7l A FE7 L p-well $ wlo]rzE A (e)
&34 Rotx, wlel¥et Ealzl2E 9 wo)ae ot J8l4. NPN TR. 8] g2Aq 54 24
2 FA43le Fgich (a) BVEBO
UEH R & WE 873 ¥ D (b) BVCBO
MOS 428 F43le Folewl Udb=al DMOS (9 BVCEO
Al E p-well §4 F n* 22 ion implant 3hod Fig. 4. '?reakdown Charecteristeristics of NPN
. r.
self alignd ©|§3 o|F &AL AX Aol=E YA (a) BVEBO.
sl Fz7l, € AYolME dubHd CMOS FA (b) BVCBO.
A2 Aol FAZFE n-2'd source-drain E Aol A (¢) BVCEO.

(65)



66 1989F
HFE
<
268 >
NS
30. 00 A\
7div
\
T : 2 o0s
Ic decade/div  ( A>
325, Collector currento =2 NPN Tr. &
HFE 5454
Fig. 5. HFE VS. Log IC Charecteristics of

NPN Tr.

DMOQS #=+7} A #=lA stelck. DMOS
o] AF - 54 FAL 13‘6*‘4' Zow ON
A gghL 138mQ—em? 0] L, FEAHFL 16VEAN (2
H7), epitEo W}E o]EAHq) "?}5"7‘40\:} e
3= 2419 Bo] Folrps

P-well CMOS 34 2.2 o]folAl n-A¥ MOS,
p- ¥ MOS, Eaixl 28l o] FHA}L 72t +1.0
V7t EA Alzpsiedend, ztzbe] Ediz A2 AHE
A B4 AL a8, 99 ok

FE A Hololl wE FEAte] Hahe AdA o

E gz A

7} NMOS = 1.25um, PMOS+ 1.35um7} 2 w7t
A& Aolo] utZ EEAqte] W3rt ¢l el
Ak (z#10, 11) ol+= Ad A7} golalol we}
D
(mA)
5. 000 l ]
VGS=10V
. 5000/ av
/div
LT
(=3
SV
/ av
/ 2V {——
. 0000
. oopo 10. 00

vD 1.000/div (V)

azle. DMOS TR. 9 I -V &4 F4
Fig. 6. I —V Charecteristics of DMOS Tr.

(66)

15 BYIEAHRGE B 265 8 1%

a8 7. DMOS Tr. 94
Fig. 7. Breakdown voltage Charecteristics of

aw_;q °J EQ A

L= B N

DMOS Tr.
10
tmA)
1
5. 000 ! i
VGS=7V, //
V
yd sv
S/
yull ad
// 4V }
av| A
rd /
2v)—
- coook
- 0oog 20. 00
vo 2.000/div ¢ V)
328. N-CH MOSFETY 1 -V &4 54
Fig. 8. I -V Charecteristics of N-CH

MOSFET.,

10
(mA>

-3.000 ] I T

. 3000
/div

gy
. 0000 ~
. 0000 -25. 00
VD 2.500/div « V)
129, P-CH MOSFETY [ -VEA4 34
Fig. 9. I -V Charecteristics of P-CH

MOSFET.



i & opdg a/cjAlek 8|8 FAo| oli= BCDMOS 4 A9 Al ztoll #3F oI 67
,—— S F
1.24 ] 1.2} 1
-~ 10 . 1.0- o— Ko
= . o —ff-¢ =
2 o. / ) L o8 / .
-
> 0.1 . + o.ef J
§ 0. 4+ p g 0.4} -
z 0.2r 4 o o2k 4
ol L 1 it o 1 1 eyl
0.25 1,25 2,25 5 24 035 1,35 235 5 24
L m
effn  (pm) Leffy | pm)
NMOS TR PMOS TR
3210 N-CHMOSFETY] xdZolo] w2 T 211, P-CHMOSFETS #d7olo) wE F-8
A8k 3} A9k w3t
Fig.10. Threshold voltage roll off with effective Fig.11. Threshold voltage roll off with effective
channel length for N-CH MOSFET. channel length for P-CH MOSFET.
YEbtE short channel effect 4% =93 S E 2. BCDMOS 4£x A4 A"z
243 AolE 24 & side wall BAlo] WE Az Table2. BCDMOS device charecteristics.
2 Atesrh DEVICE | PARAMETER| = & X
ol5 4=x}9 d&Agte 18V, 25V AHx = = T0uA
=104A,
upo]Z e} E A 2B BVegrt 19Velmz Alx hre 150~330 VCE=-5V
W 44 CMOS, whelE2d £21% medium power Bipolar BVCBO 53~60V | IC=100xA
Gefold obdE B4 WS 2 ek NPN T T e
ol4te] Eolol 4 AE BCDMOS A& F4ol | EMITI0% —
AHg8 upo]Eel, CMOS, DMOS E#AAE 2 & 2042m) BVEBO 7.0~7.3V{ 1C=100#A
4¢ aokshd E29 Rk FAol A Fue 24
KEITHLEY S350, TEKTRONIX 576 curve tracer DMOS VIN 0.8~1.0V| Vae=0.1V
HP4145A #d]& o|-8-3}ich N-CH BVDSS 15~120V | V=0V
(W/L: 25/12) LU Ve =10v,
N. 2 g RON B8m@-en® |y g1V
ohdzastelx e 7)ol Al Y2 Azl 2 [cmMos VIN | 0810V} Ve,n00¥
oll, g Folt TF interfaced] -2 violE N-CH BVDSS | 1~aW | Ve OV
2k el AE 7l =2 Wt 23k ool DMOS | (W/L: 25/6) SFACTOR HmV AVe/ALogID
228 a8y sz FAdE ¥ YH=9 : VIP | 08~10V) Vee=—0.1V
CMOS 4715 o83 328 74T 4 & BC- P-CH BVDSS | ~4~26V | Ve =0V
DMOS ZA 7152 Au shgich (W/L25/6) I"SFACTOR | 7omy | AVe/ALogID

A3 A 2A, holEe} npn EMANLE S hyy S4
& 320(1b=104A) AEo]lx CMOS aAlollH £ n-
A} p-sjdo] 27 1.25um, 1. 35um7HA] & short

channel effect dAbe]l eItz ¢k, DMOS £
Zoll A= 8- qto] 115V o]Ake] AL A& 4 9)

et

(67)

o|21gt BCDMOS technology+ °bd 2z 19} tj=|&t
715 % FEAANE V1ERA 1 SR Hel wa} 2

A, 343, nAH 3"
44 4 & Helch

E4g59) [CAl7o

o]



68 1989 1A BT ILRBEAGE F26% ¥ 1%
2 £ X & speed BICMOS VLSI technology with twin

[1} M.D. Pocha, J.D. Plummer, J.D. Meindl,
“Tradeoff between threshold  voltage
double diffused MOS transistors,” [EEE
Transations on Electron Devices,” vol. 25,
no. 11pp.1325-1327 Nov., 1978,

[2] Gunter Zimmer, Bernd Hoefflinger, “A

[8]

(91

well structure,” IEDM, pp.423-426, 1985.
Bernald Cornad Cole, “Mixed process chips
are about to hit the big time,” Electronics,
pp.27-31, 1986.

Sameul Weber, “TI soups lin CMOS pro-
cess with 20V bipolar transistors,” Electr-

fully implanted NMOS, CMOS, bipolar onics, pp. 59-60, 1988.
technology for VLSI of analog digital [10] A.R. Alvarez, R.M. Roop, “Laterai DMOS
systems,” IEEE Transations on Electron transistor  optimized for high voltage

Devices, vol. 26, no. 4 pp. 390-395 Apr.
1979.

{3] Fred Walczyk, Jorge Rubinstein, “A merged
CMOS/bipolar technology,” IEDM, pp.59-

[11]

BICMOS applications,” IEDM, pp.420-423,
1983.

Masaharu Kubo, Ikuro Masuda, Kenji
Miyata,  “Prespective on BICMOS VLSIs,”

62, 1983. IEEE Journal of Solid State Circuits, pp.5-
[4] S.C. Sun, “Physics and technology of 10, Feb. 1988,

power MOSFET,” Technical Report No. {12} Hitachi, “Bipolar®} CMOS & 7] =gj3l 2l

IDEE 696-1 Stanford University, 1982. 23] 14 9 HavidHe) LSIE 79

[5]1 A.S. Grove, Physics and technology of
Semiconductor Devices, Chapter 6,7, Wiley,
1967.

3k}’ P Nikei Electronics, pp. 209-229, Aug.
1985.

_ e [13] Hitachi, “xz& 38 o2 2jof oF k= BIC-
(6] Jeffery D. Morse, David H. Navon, “Optimi- MOS RAM,” Nikei Electronics, pp. 199-217,
zed design of a merged Bipolar MOSFET
device,” IEEE Transations on Electron Mar. 1986.
devices, vol. 32, no. 11 pp.2277-2281 Nov. (14] Bernard C. Cole, Samuel Weber, “BICMOS
1985. LSI Aol o]F& d7joll a3lch” Neikei
[7]1 A. Wanatabe, T. Nagano, N. Nishio, ‘““High Electronics, pp. 227-241, Mar. 1988, *x.
xE #E 8N
H ¥ F(EEA)

M.

=4

1958 1A 1584, 1981 2AH
ek etm A ggetet 911983
£ 28 Uy AU 2
o. 1983 38 A=A Y4t
19835 3 A ~1985F 7H 244
Bipolar A ¥&7]=3%

)=
<.

1985% 7H ~dA S4dEA A74 ZF. 19865
TA~8A olFdista Axgats} uhalasy Yz,
Z9 Al R-ol= Advanced Bipolar A=A, Power 4

2+ 2, BICMOS Technology #°F5-<,

(68)



