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Abstract

Using the Si/SiGe layer grown by solid source molecular beam epitaxy(SSMBE) on the
LOCOS-patterned wafers, an emitter-base self-aligned heterojunction bipolar transistor (HBT)
with the polysilicon-emitter and the silicon germanium(SiGe) base has been fabricated. Trench
isolation process, planarization process using a chemical-mechanical polishing, and the
selectively implanted collector(SIC) process were performed. A titanium disilicide (7iSi;), as a
base electrode, was used to reduce an extrinsic base resistance. To prevent the strain
relaxation of the SiGe epitaxial layer, low temperature(820C) annealing process was applied
for the emitter-base junction formation and the dopant activation in the arsenic-implanted
polysilicon. For the self-aligned Si/SiGe HBT of 0.9x3.8um’ emitter size, a cut-off frequency
(fr) of 17GHz, a maximum oscillation frequency (fm,) of 10GHz, a current gain (4g) of 140,
and an emitter-collector breakdown voltage (BVey.) of 3.2V have been typically achieved.
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Fig. 1. Schematic cross section
self-aligned Si/SiGe HBT.
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Table 1. Device parameters of the self-

aligned Si/SiGe HBT of 0.9x3.8m’
emitter size.
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BF 140 CJE 5fF
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NF 1.17 MJE 0.43
VAF 12V cJc 20 fF
IKF 1.45x10° A vic 0.75
ISE 3.0x10™A MJC 0.35
NE 1.94 CJs 10 fF
RB 117 Q VJS 0.55
RE 110Q MJS 0.37
RC l 190 Q XCJC 0.18
TF 5.4 ps
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wlolx x3ke] 7= vjEA] wlo)a AT 4ol
2] geby Aglalel=sl p' SiGed] 284EF BAo)
F2) oL Zlow AZEY . wik dxz]A] LOCOS

(313)

EER

Aksbre)e] obdA pt SiGed Helg AlElale)ze
ule o oxlow Qlale] Elely AelAle]=e] g}
o] 715l Zloz wolch 23 78 w| A wlo]~ A
Fede-g HolFl= Tyl ARpEn]A Apzle|r). ¥,
Aee] 2jafe] 7} Qo2 »' sinker EHe] A
AAZE @ ol 7]Q13k= o2 Balr)

V.4 &

TA EaApd w4 AabEE o]4ste] ofAAA
2 CPEE AbgsheE A|AHE Si/SiGe ©1FAE
Azl edlx) A8 Al3Ekck AR Si/SiGe &

EAL ofv|e] Z7)7) 0.9x3.8m% 8l bl 3]

A Fo)E0] 140, 2ely o|vle]-ZHae 3FExgH
o] 3.2V, #wt Fubp 17GHz, 23w o AEF
5 10GHzZ viepdel £ a7e S8iE-7|A4A
oAnlE olg3to vy Edlx] ¥ F Pz o
£ $<pala, LOCOS Atslel A" 25 7k
[CAI=Fe] Bolgh 7| Fxoll 1AM F2M @A
AL o)4sld Si/SiGea ] AAF sAe &
218k Aol 297} ik & F Qo W, LAl u)
g4 do]A AgS Fo)arz} EHely AAlolnF o]
Ll ot o8 B4 oA ' SiGed Helw
Aglatol=re] 7 uhg FAlo gleir o] &
e},

Zned

o]
[

[1] H. Kroemer, "“Theory of a Wide-Gap Em-

itter for Transistors.” Proc. IRE. vol. 45,
pp. 1535-1537, 1957.

E. J. Prinz and J. C. Sturm. “Analytical
Modeling of Current Gain Early Voltage
Products in Si/Sil-xGex/Si Heterojunc-
tion Bipolar Transistors,” in IEDM Tech.
Dig.. pp.853-856, 1991.

J. M. C. Stork., G. L. Patton, E. F.
Crabb&, D. L. Harame, B. S. Meyer-
son, S. S. Iyer, and E. Ganin, “Design
Issues for SiGe Heterojunction Bipolar

BCTM -Tech. Dig..

[3]

Transistors,” in
pp.57-64. 1989.

E. Crabbé, B. Meyerson, D. Harame, J.
Stork. A. Megdanis, J. Cotte, J. Chu,

M. Gilbert, C. Stanis, J. Comfort. G.



[6]

[71]

(9]

1995% 28 #EFTEEHIH

Patton, and S. Subbanna, "113-GHz fr

graded-base SiGe HBTs.” in Device
Research Conference(DRC), 1993.

H. -U. Schreiber, J. N. Albers. and B.
G. Bosch, “Self-Aligned Double Mesa
Si/SiGe Heterojunction Bipolar Transi-
stor Used for 16Gbit/s IC Realization,”
Proc. Int. Semiconductor Device Resear—
ch Symposium, vol.1, pp. 457-460, 1993.
M. Soda, H. Tezuka, F. Sato, T. Hashi-
moto, S. Nakamura, T. Tatsumi, T.
Suzaki, and T. Tashiro, "Si-Analog ICs
for 20Gb/s Optical Receiver,” in ISSCC
Tech. Dig., pp.170-171, 1994.

G. L. Patton, J. H. Comfort, B. S. Mey-
erson, E. F. Crabbé, G. J. Scilla, E. de
Fresart., J. M. C. Stork, J. Y.-C. Sun,
D. L. Harame, and J. N. Burghartz.
“75-GHz fr SiGe Heterojunction Bipolar

Transistors,” [EEE Electron Device

Lett., vol. 11, no. 4, pp. 171-173, Apr.
1990.

M. Hong, E. de Fresart, J. Steele, A.
Zlotnicka, C. Stein, G. Tam, M.
Racanelli, L. Knoch, Y.-C See., and K.
Evans, "High-Performance SiGe
Epitaxial Base Bipolar Transistors
Produced by a Reduced-Pressure CVD
Reactor.,” IEEE Electron Device Lett.,

vol. 14, no. 9, pp. 450-452, 1993.
F. Sato, H. Takemura, T. Tashiro, H.
Hyrayama, M. Hiroi,

K. Koyama. and

% 32 %

(101

[11]

[12]

(131

[14]

(314)

A% % 2 % 71
M. Nakamae, "A Self-Aligned Selective
MBE Technology for High-Performance
Bipolar Transistors,” in IEDM Tech.
Dig.. pp. 607-610, 1990.

A. Gruhle, H. Kibbel, U. Erben, and E.
Kasper, "91GHz HBTs Grown by MBE~
Elect. Lett., 29, no. 4, pp.
415-417, 1993.

M. Ugsgjin, Y. Kunii, M. Kuwagaki, and
S. Konaka, “SiGe Drift Base Bipolar
Technology Using Si-GeH4 MBE for
Sub-40GHz fmax Operation.” in BCTM
Tech. Dig., pp. 26-29, 1992.

E. F. Crabbé&, J. H. Comfort, J. D.
Cressler, J. Y.-C. Sun, and J. M. C.
Stork, “High-Low Polysilicon-Emitter
SiGe-Base Bipolar Transistors,” /EEE
Electron Device Lett., vol.14, no.10,
pp.478-480, 1993,

S. I. Kim, B. R. Ryum, S. W. Kang,
and W. C. Kim. "The Effect of a
Parasitic Potential on the
Neutral Base Recombination Current of
Si/SiGe/Si DHBTSs,” Solid-St. Electron.,
vol. 37. no. 3. pp. 517-519, 1994,

S. Lee, B. R. Ryum, and S. W. Kang,
“"A New Parameter Extraction Tech-
nique for Small-Signal Equivalent
Circuit of Polysilicon Emitter Bipolar
Transistors,” IEEE Trans.
Devices, vol. 41,
1994,

vol.

Barrier

FElectron

no. 2, pp. 233-238,



72

v

F % B(ERR)

1987 29 ReroiEta 271
B3 &3P 1990 2
4 d=Eslried Angss
44D 19904 39 ~ #=A)
FAHAFA G TAE A7 F
Al Bok= uwkeAl AF2FR/E
ZAA A7} SiGe HBT 44K,

.

# % AGERR) % 31% AW % 115t 3=
WA FITAATARTL b
A7 A1gled 7

£ 0 K(ERR) % 31% AR B 118 3=
A GFHAENRTE A
AT HYATY

= 8 TOERA)

§ 1978 39 ~ 19944 24 @
| AAEAd T kAT
A9, 1994 39 ~ A
IR AR
Zug, TRk e A
v 8 3, clolammAl Bo}

2R AYE o1 8F ddF AL duE, ANFE d2

X XF A7

(315)

EFER M

™ 1 ZUGERR) % 31% AR % 119t
WA BRI
e AT

ol
-}
U

A o

® % GOERR) % 315 AW $ 119 AT
A YFTANENRTE A
T AT

F R Z(EMR) % 31% AR 2 o9 2z
A FFAAEAIGTFE e o
T ATl



