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Abstract-A novel polysilicon contacted subcollector (PCS) 
BJT was fabricated whose active device region was formed using 
selective epitaxial growth (SEG) of silicon. The fabrication of 
the PCS BJT is the first step in the development of a novel 
three-dimensional (3-D) BiCMOS process. To study the efficacy 
of the polysilicon collector contact, three types of BJT's were 
fabricated and their collector resistances were compared. These 
were the PCS BJT, a BJT fabricated in SEG silicon grown from 
a shallow trench incorporating a shallow collector contact with a 
buried layer, and a BJT fabricated in the silicon substrate with a 
shallow collector contact but no buried layer. The PCS BJT 
exhibited the smallest collector resistance in addition to showing 
excellent device characteristics, hence demonstrating the viabil- 
ity of the bipolar device for a 3-D BiCMOS process. Fig. 1 .  Final cross section of the 3-D BiCMOS cell showing the 3-D 

CMOS inherently merged with the base of the BJT. Note the polysilicon 
contacted subcollector in the BJT. 

I. INTRODUCTION 
CMOS, a suitable merger of bipolar and CMOS, has B received considerable attention in recent years for a 

variety of circuit applications, [ 1]-[3]. Simultaneously, 
there has been a trend to shrink device dimensions to 
obtain the maximum device performance. However, due 
to limitations in lithography and undesirable short-chan- 
ne1 effects, the drive towards aggressive scaling of device 
dimensions has met with diminishing returns. Three-di- 
mensional (3-D) integration provides a very viable solu- 
tion to increase integration in the future. Applications of 
selective epitaxial growth (SEG) and epitaxial lateral over- 
growth (ELO) to obtain novel 3-D and other advanced 
devices have been previously reported [4]-[6]. 

To address the two above-mentioned issues, a 3-D 
BiCMOS process incorporating a 3-D CMOS inverter and 
a polysilicon contacted subcollector BJT (PCS BJT) was 
proposed earlier 171, [SI. The basic 3-D BiCMOS cell is 
schematically illustrated in Fig. 1. The novel 3-D BiCMOS 
fabrication process uses SEG/ELO of silicon for the 3-D 
integration and the inherent merging of devices. Note that 
the 3-D CMOS has its output inherently merged with the 
base of the bipolar transistor. One of the novel features of 
the BJT is its polysilicon contacted subcollector which 
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helps reduce the active area and collector substrate capac- 
itance. Owing to the fact that the bipolar is fabricated 
from a trench and its buried is contacted with the polysili- 
con layer, the trench depth and, hence, the SV,,, can be 
tailored independently of the CMOS. 

In this letter, we report the successful fabrication of the 
PCS BJT, which forms an integral part of the 3-D BiC- 
MOS cell, and places more emphasize on the collector 
resistance and material quality issues. After the PCS BJT 
was fabricated, its collector resistance and other device 
parameters were measured and compared with BJT's in- 
corporating a shallow n +  collector contact. Simulations 
reported earlier showed that the collector resistance of 
the PCS BJT is comparable to that of a conventional BJT 
with a deep n +  collector plug [7], [SI. In addition to 
showing the viability of the 3-D BiCMOS process, the 
PCS BJT is also a good candidate for a new bipolar 
technology providing minimum collector-substrate capac- 
itance and the flexibility of speed and/or power applica- 
tions on the same chip. 

11. FABRICATION 
The fabrication process started with n-type, 1-5-R . cm, 

{loo] silicon wafers. Device structure patterns were ori- 
ented along the (100) direction on the (1001 plane to 
reduce growth defects and enhance the SEG material 
quality. After growing a field oxide, RIE using Freon 115 
was used to anisotropically etch through the oxide and 1 
p m  of silicon substrate. A conformal thermal oxide layer 
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Fig. 2. (a)-(f) Fabrication process of the three types of BJT's fabricated in this study. (g) Layout of the three types of BJT's 
with 12-pm x 10-pm emitter. 

was then formed on the sidewall and bottom of the 
trench. Next, anisotropic RIE was used again to etch out 
the oxide only in the bottom of the trench, hence exposing 
the silicon. Following surface cleaning, 0.5 p m  of amor- 
phous silicon layer was deposited and doped with phos- 
phorus using a POCl, source at 950°C for 15 min. The 
wafers were then oxidized to form 0.3 pm of poly-oxide. 

The oxidation was also used to drive in the phosphorus 
through the polysilicon and into the substrate to form a 
buried layer. The polysilicon contact was then defined by 
etching the poly-oxide and polysilicon using a photoresist 
mask. All of the oxide and polysilicon was removed from 
the trench BJT regions while the contacts were defined in 
the PCS BJT's. Next, 0.12-pm oxide was formed on the 
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Emitter Size 
( w 2 )  

- 

36 X 36 
Collector Resistance 24 X 24 

R, ( C l )  12 X 12 

Jcso (A/cm2) 36 X 36 
Collector-Base Leakage 

Substrate Trench PCS 
BJT BJT BJT 

190.4 63.3 35.9 
191.9 73.1 44.4 
202.7 95.0 65.5 

1.4 X IO-' 2.3 x 12.1 x IO-' 

1.06 1.4 
Ideality Factor 7 E-B/36 X 36 1.04 1.1 

C-B/36 X 36 

Collector-Emitter 
Breakdown BVCEo (V) 36 X 36 

P 36 X 36 

57.4 12.3 12.7 

50 50 50 

3,835 A maskless anisotropic RIE was then used again to etch 
the oxide from the silicon substrate and open the seed- 

growing a wet oxide for 15 min at 1000°C. The emitter was 
then implanted at an energy of 25 keV and a dose of 
5 x 1015 cm-'. The emitter was activated by a wet oxida- 
tion for 15 min at 1000°C. Contacts were opened and 
approximately 0.25 p m  of A - l %  silicon alloy was sputter 
deposited and defined using lift-off on the three types of 
devices. The wafers were finally annealed at 415°C in dry 
N, for 20 min. The cross section of the three types of 
BJT's at different steps is shown in Fig. 2(a)-(f). Fig. 2(g) 
shows the layout for 12-pm X 12-pm emitter devices. 

111. EXPERIMENTAL RESULTS / DISCUSSION 
The PCS BJT fabricated herein was designed to be 

non-self-aligned, yet it maintained all the novel features 
of the BiCMOS BJT. All three types of BJT's were 
fabricated on the same die and designed to have identical 
profiles and geometries. The three types of BJT's showed 
typical I ,  versus V,, curves. Fig. 3 shows the output 
characteristics of a typical PCS BJT. Table I lists some of 
the measured electrical parameters for the three types of 
devices which were averaged over 20 devices. The trench 
BJT's have a lower collector resistance than the substrate 
BJT's due to the presence of the buried layer formed by 
the diffusion of phosphorus from the polysilicon into the 
substrate at the bottom of the trench. The PCS BJT's 
have the least collector resistance because of the fact that 
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they have a buried layer and their collector is contacted 
by the doped polysilicon layer, not by a shallow emitter 
contact. The polysilicon sheet resistivity was measured by 
four-contact resistors to be 10.2 fl/sq. The collector- 
emitter breakdown voltage SV,,, for the PCS BJT's was 
approximately 12 V. It is important to note that this value 
of SV,,, could be changed by changing the trench depth. 
The collector-base diode reverse leakage currents were 
also measured at - 3  V to examine the material quality. 
As expected, the substrate devices exhibited the smallest 
leakage while the PCS BJT had the highest. The slight 
increase in the leakage current in the trench BJT's over 
the substrate BJT's could be attributed to the fact that the 
SEG/ELO was grown out of a surface which was exposed 
to RIE damage four times prior to the selective growth, 
and the damage might not be removed completely in the 
subsequent oxidations and anneals. The increase of al- 
most an order of magnitude in the leakage current in the 
PCS BJT over the trench BJT's could be attributed to the 
difference in the two structures. These differences include 
SEG/ELO growth over the poly-contact step and the 
growth along a rough poly-oxide surface in the PCS BJT. 
Preliminary work has shown that the use of arsenic as a 
dopant from implant or from spin-on-dopant diffusion 
results in a smoother poly surface. Work is currently 
underway to fabricate transistors with arsenic as the 
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dopant for the polysilicon contact. The SEG/ELO could 
be planarized using a chemical-mechanical polishing 
scheme which would make the top surface planar and 
remove facets and end effects [5] ,  [61. 

IV. CONCLUSIONS 
The purpose of this letter was to report the results of 

the fabrication of a novel polysilicon contacted subcollec- 
tor (PCS) BJT which would be used in a 3-D BiCMOS 
process. The polysilicon used to make the collector con- 
tact was doped with phosphorus using gaseous phase 
doping. The PCS BJT exhibited the smallest collector 
resistance when compared to a substrate BJT and a 
trench SEG BJT, exhibited excellent device characteris- 
tics, and hence demonstrated the viability of its use in a 
3-D BiCMOS process. 
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