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l.Introduction

HBT with non-selective SiGe has been promisingry demonstrated

for wireless communication. As the emitter window size and the

lateral extrinsic/intrinsic base shrink, the defects associated with the

extrinsic base implantation will increase extrinsic base resistance

(R*,,s) and base to collector capacitance (Cs6), both of which

degrade the device performance and uniformity. In this paper, we

used seed layer implantation prior to forming the epi-base with an

additional rapid thermal annealing to reduce extrinsic base damage

caused by the imptantation. In comparison with conventional

extrinsic base implant process, devices with a significant

improvement of uniformity and yield were achieved.

2. Device Fabrication

A conventional structure of a non-selective siGe HBT is shown

in Fig. l(a), where the graded Si1-*Gq (x:154%o) layer sandwiched

by Sie.s5Gee.15 spocsr and Si cap layer was epita,rially deposited in a

hot-wall UHV/CVD system at 5500C. The pure silane (SiH4),

germane (GerL) and diborane (BzFIe) diluted in He are introduced

as the gas source. The detail process can be obtained from our

previous teport [3]. Fig. 1(b) shows the TEM image of conventional

non.selective SiGe HBT. severe implantation-induced defects are

found between the poly emitter and seed layer region (EB). The new

approach shown in Fig. 2 has a seed layer implant prior to the siGe

base formation.

3. Device Characterization

Fig. 3 shows the Gummel plot of the transistors made by

conventional extrinsic base implantation and the new approach. The

transistots have an emitter of 0.6x10 pm2. An extremely low

base-recombination current (Is) of 0.3 fA and row 2KT curenr were

obtained from the new approach devices, indicating that few

damage-induced defects were created in the extrinsic base region.

Histograms of collector current (Is) under vsB of 0.66v for both

extrinsic base implantation and the new approach are shown in Fig.

4. This evaluation was carried out from 29 devices across the 4 inch

wafer. Functional devices can be defined for the Iq in the range of
1E-6 to lE-7 A. The results show that a more uniform Is

distribution and high-yield performance could be obtained with the

seed layer implanted samples. The device without the shielding of
emitter layer (EB>EO) would be severely damaged by extrinsic base

implant. Defects were presumably laterally diftrse into the epi

collector region, resulting in the deviation of collector current. Fig.

5 illustrates the current gain versus the rapid thermal annealing

temperature after seed layer implantation. RTP temperature at 9500C

was found to optimally recover the damage and achieve the highest

current gains.

4.Conclusion

We use seed layer implantation prior to forming the epi-base

with additional rapid thermal annealing to reduce exhinsic base

dam4ge caused by implantation. A significant uniformity

improvement of collector current and devices with high-yield

performance were achieved

Reference

l. R. Tang, J. Ford, B. Pryor, S. Anandakugil, P. Welch and C. Burt,

IEEE Trans. Electron Devices, vol.l8, p.426,1997.

2. K. Washio, E. Ohue, K. Oda, M. Tanabe, H. Shimamoto and T.

Onai, IEDM Tech. Dig.,p.83, 1997.

3. L.S. Lai, Y.T. Tseng, L.S. Lee, Y.S. Jean, Y.M. Hsu, H.p. Hwang,

S.C. Lu, and M.J. Tsai, The 9th IEEE Intl. Symposium on Electron

Devices for Microwave and Optoelectronic Applications, p.77,

2001.

632



I

Po$ Emitlerq',?lCtr*
!:
!l
l!

a*1

Tftt

1x 10'r

{x 1or

lx lO'

1x 1ot

1x10{

lx'lo'tt

lx {o'rl

lo'r'

' -. - - - exe.brse bplarc. b
t'

- 

urrlllrorch
,a 'fr-

,./.r
-1.

s
tlhl
IJ

Fig. I Schematic (a) and TEM (b) of the non-selective SiGe

HBT with e:rtrinsic base implantation

tr'2lnDLrt

0.6 0.8

vo fl)

3 Forward Gummel plot of SiGe HBT with emitter area
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Fig. 4 Histograms of Ig st VSB:0.66V for both extrinsic base

an{ new approach implantation devices
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Fig. 5 Current gain of the SiGe HBT versus seed layer RTP

annealing temperature
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Fig. 2 SiGe HBT with the seed

formation of epi-base

implant prior to the
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