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Abstract: With modified necessary steps for 5iGe implementation, multifinger power 5iGe HBT devices are fabri-
cated in a CM OS process line with 125mm wafer. T he devices show quite high BVceo 23V. T he current gain is very
stable over a wide [c. The fris up to 7GHz at a DC bias of fc= 40mA and Vee= 8V, which show high current han-
dling capability. Under continuous conditions in B operation, the 31dBm output power, 10dB Gy, and 33. 3% of PAE

are obtained at 3GHz. Based on extensive tests, it has been demonstrated that the yield on a wafer is up to 85%,

which means that the research results are capable of commercialization.
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1 Introduction

Because of high current handling capability
per unit area along with high voltage operation,
bipolar transistors in particular have been investi-
gated. Although silicon bipolar transistors have
been demonstrated with high power levels at low
frequencies, the RF power, efficiency and gain of
the silicon BJTs deteriorate as the frequency in-
creases. Consequently, a new contender for Si-
based RF and microware circuit applications is
needed. GaAs HBTs have shown good efficiency
and power gain at high frequency, but cost and lev-
el-of-integration make GaAs HBTs less attractive
in widespread usage. SiGe HBT is comvetitive with
GaAs HBT with the processing maturity, integra—

tion levels, yield, and cost. With the mature Si pro-
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cess technology, the SiGe HBT microwave mono-
lithic integrated circuits (MMIC’s) have received
great attention as a potential candidate for wireless
communication market. Recent advances in the
growth of SiGe epitaxial layers have led to high
quality SiGe heterojunctions and consequently high
performance SiGe HBTs'""*". Nevertheless, such im-
pressive results are generally obtained at the ex-
pense of a considerable increase in process com-—
plexity. At the same time, the device with high fr
but low power is not useful enough for MMIC~s, in
which implement of high performance SiGe power
devices will be the key to the success of realizing a
microwave system on a chip using Si substrate. A

high collector-base breakdown voltage, BV o, is
generallv desired to achieve hich output power.

T his requirement leads to a much thicker collector

than for small-signal transistors, which in turn lim-
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its the operating frequency since the cut-off fre-
quency is now dominated by collector transit delay
time. T hus, it is challenging to achieve high BVeuo
and high fr simultaneously.

In this paper, we describe a quite simple tech—
nology to SiGe HBT fabrication, in which only 6
patterns are needed. Using the double-mesa tech-
nology, a multidfinger (30 fingers) power SiGe
HBT with high BVceo 23V and high f+ 7GHz is de-
veloped. For a 60finger SiGe HBT, under continu-
ous conditions, at 3GHz, the 31dBm output power,

10dB G., and 33. 3% of PAE are obtained.

2 SiGe HBT structure and process of
fabrication

The devices were fabricated in a normal
CMOS process line. Figure 1 shows a schematic

cross-section of the investigated SiGe HBT.
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Fig. 1
SiGe HBT

Schematic cross—section of the investigated

Arsenic doped n” (= 0.003Q * em) Si( 100)
wafers were used as the substrate. After an atmo-
spheric pressure epitaxial n” (P= 0.2Q * em) layer
was grown on the substrate, a self-made ultra-high
vacuum chemical vapor deposition ( UHVCVD)
setup in Tsinghua University was used for epitaxi-
al growth of SiGe base. The details of UHVCVD
system were described elsewhere' ™. The epitaxial
growth was carried out at 580°C. The base profile
consisted of four layers: 10nm undoped buffer Si
layer, 40nm B-doped (4 X 10%em™ ) Sio.s? Geo. 13,
10nm undoped Sio.s7 Geo.is, and 20nm undoped Si
cap layer. The detailed growth process was depict—

ed in Refs. [ 3, 6]. The fabrication started with

polySi deposition and P* implantation. After the
base mesa was formed by RIE technology, an oxi-
dation layer was formed by LPCVD, which served
as a hard mask for preventing B* dopants from en-
tering n-type emitter mesa. Except being used as a
mask, this oxidation layer also acts as a protecting
layer of the B-C junction. Noticeably, this oxidation
layer is crucial for preventing B-C leakage current,
which was deposed as soon as the B-C junction was
exposed. Then emitter mesas were formed by RIE
technology. To keep the emitter from directly con-
tacting the extrinsic base, sidewall SiO2 spacers
were formed. The thickness of sidewall was the
trade-off between Ri and B-E junction leakage cur-
rent. After extrinsic base contact implantation, the
oxidation on emitter mesas was etched. TEOS and
SisN4 were deposited, patterned, and opened by dry
etching and wet etching for contact hole formation
on top of the emitter mesas and base mesa. The
double dielectrics of the hole and the two-step
etching process were crucial for preventing B-E
leakage current and greatly improved the yield.
Rapid thermal annealing is then performed at
880°C for 20s for dopant diffusion and activation.
The metallization consisted of a thin layer of Ti/
TiN for low contact resistance, a sputtered Al-Si
and TiN layer, which was an anti-reflecting layer.
Following the passivation with PECVD SizNa and
Si0:2, the process was completed by a 30min of heat
treatment at 430°C in N2 ambient for alloying the

metal/semiconductor contact.

3 Results and discussion

In order to obtain big current handling capa-
bility, multiple finger design for emitters and base-
contacts was chosen. Figure 2 shows a SEM of a
completed transistor, demonstrating good control
of the overall manufacture process. T he DC charac-
teristics of the devices have been measured with
Kathley4200 semiconductor parameter analyzer.
Hard breakdown at 23V with very low leakage cur—

rent fceo< 10nA at Ves= 20V was obtained for the
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reverse biased B-C junction with an open emitter
configuration, which was governed by the doping
concentration 2X 10em™ " and the thickness 2um
of the n” epidayer. This is an indication for a good
quality of epiHayer growth, i. e. no dislocations
were generated at the substrate-epiHayer interface
and in the SiGe layer during the thermal process—
ing. The IV characteristic of a 30-finger device is
shown in Fig. 3 and the current gain is very stable
over a wide /c. The Gummel plot of the same HBT
is shown in Fig. 4. The collector current /¢ exhibits

an almost ideal behavior over a big Vue.
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Fig. 3 IV characteristics for a 30X 1. 6pm X 30um
SiGe HBT

It is well known that the major advantage of
using heterojunction as the E-B junction of a SiGe
HBT is to enhance the current gain () of the tran-
sistor for fixed bias. For identical constructed de-
vices, the ratio of g between SiGe HBT and Si BJT
can be given by'”

}Fl. % aE&,u..(grade] X by, el /AT
kT )

Bsi

o Jsice ~
l'“}-_ Jfl',.?‘i

{ grade) /AT

- Ak,
: - L Ge
Var 1 e B

(1)

T 25 %
107
104}
10‘5|-
=
3 104
R
107r Ay =30x1.6pmx3.0pm
luwﬁ.
] i PR | i P L A R Y L A i A
052 ""04 06 08 10 12
p'I'IF."“ll
Fig. 4 Gummel plot for a 30X 1. 6pm X 30um SiGe
HBT

Associated with Ref. | 8], for SiGe HBT with
polysilicon emitter, the current gain is given to a

good approximation by

_ nm o, Dw, we DpLy wi
B = P ok X Dy X (wn wnD.utanh Lm}
X exp(AE/kT) (2)

Using expression (2).,the g versus Nsis simu-
lated. The boron doping level in SiGe base layer
varies from 4 X 10%em™ " to 10”em™ . And in the
simulations, the SiGe is modeled using AE,;= 0. 74x
(x is the Ge composition). Figure 5 shows the B
comparison between simulation results and mea-
sured values. The simulation fits well for all 5 de-
vices. The incremental change in the boron doping

level of different wafer is clearly reflected in the

120
S ——Simulated result
—=&— Expriment result
m.
£=§
6ol
r
b
solg————g ; is
Np/10"em™

Fig.5 B comparison between simulated values and

measured values for N from 4 X 10%em™? to 10"

-3
cm



10 4]

Xiong Xiaoyi et al. :

A 30 Finger Microwave Power SiGe HBT with +- 1241

mean current gain value. These results demonstrate
good control of the concentration of epitaxial base.
It provides the possibility for optimizing maximum
oscillation frequency f ma and B by changing N&.
S-parameter measurements have been per—
formed, using HP8510 network analyzer, to evalu-
ate the high frequency performances of this SiGe
HBT process. For high current handling capability,
30 fingers are designed. Although emitter area is
quite big as 30X 1, 6um X30um, the device still has
a high cutoff frequency 7GHz at a DC bias Ic=
40mA and Vee= 8V, and the B-C junction break-
down voltage is up to 23V with collector thickness
being designed as 2um. For higher BVcso, thicker
collector thickness 3um is designed and its BV o is
up to 40V. Figure 6 illustrates f 1 characteristics of
the device with 3um collector. It can be seen that

the transistor maintains a 4. 2GHz /'t at Tc= 40mA

5
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Fig. 6 fr versus Ic, for a 30 X 1. 6pgm X 30um SiGe
HBT at Vee= 8V

and Vce= 8V. The following expression can explain
the reason of f1 decrease'”.

z_nh = T+ % + % + Curt L ; L + RcCuc
(3)
where X ¢ is the collector depletion width and Rc is
the series resistance of the collector. For higher
BVeno, lower collector doping Nc and thicker col-
lector are often designed, which increase X ¢ and Rc
respectively. fr thus decreases. With consideration
of the dopant outdiffusion in the collector during

and BV[:I-‘.U

should be higher if n” epi-dayer was grown by low

atmospheric pressure epitaxy, BVcno

pressure epitaxy with the same thickness. Al-

though it is difficult in achieving high fr and high
BVceo simultaneously, high frBVeo value of
120GHz * V is still obtained.

For the power RF testing, a 60finger SiGe
HBT was connected in a common-base configura—
tion with an external matching network. T he device
was tested in class B operation under continuous
conditions. The DC bias on the output (collector)
was 20V, and the RF input power was 21dBm. At
3GHz, the 31dBm output power, 10dB G, and
33.3% of PAE were obtained.

4 Conclusion

We have developed a 125mm 0. 8um SiGe HBT
technology. This technology is characterized by
simplicity and producibility. Despite the process is
quite simple, excellent static and dynamic charac-
teristics have been obtained, with BVeso 23V and
f1 7GHz. For a 60finger SiGe HBT, at 3GHz, the
31dBm output power, 10dB Gy, and 33. 3% of PAE
were obtained.
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BVeso i 23V B fr & 7GHz 30 XK TN Z SiGe HBT'
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(IR RFER T AERE T, JERD 100084)
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