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Performance of an InP DHBT Grown by M BE

Su Shubing* ", Liu Xinyu", Xu Anhua®, Yulinyong", Qi Ming’
Liu Xunchun' , and Wang Runmei*

(1 Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

(2 Shanghai Institute of Microsystem and Inf ormation Technology, Chinese Academy of Sciences, Shanghai 200050, China)

Abdtract : We report the perf ormance of the first self-aligned InP/ InGaAs double heterojunction bipolar transistor
(DHBT) produced in China. The device has a 21 m x 121 m U-shaped emitter area and demonstrates a peak com-
mon-emitter DC current gain of over 300,an offset voltage of 0. 16V ,a knee voltage of Q. 6V ,and an open-base

breakdown voltage of about 6V. The HBT exhibits good microwave performance with a current gain cutoff fre-
quency of 80GHz and a maximum oscillation frequency of 40GHz. These results indicate that this InP/ InGaAs

DHBT is suitable for low-voltage,low-power ,and high-frequency applications.
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1 Introduction

Aggressively scaled InP/ InGaAsbased single
heterojunction bipolar transistors (SHBTs) have
demonstrated good microwave characteristics, but
their high cutoff frequencies are achieved at the ex-
pense of breakdown voltage because of the narrow
gap of the InGaAs collector™ “'. Wide bandgap
Alo.asIno.s2Asor InP collector layersin double het-
erojunction bipolar trandstors (DHBTs) can inmr
prove the breakdown voltage ,while it is difficult to
desgn the collector structure because of current
blocking that results from the positive conduction
band discontinuity between the Ino.s3 Gao.a7 As and
Alo.aslno.s2 As or InP. For an InP collector ,a bloc-
king barrier of about 0. 25eV must be overcome be-
tween the base and the collector. Current blocking
raises the saturation voltage and increases carrier
storage and recombination in the base layer ,s0 ver
rious doping and/ or compositional grading schemes
have been implemented to alleviate blocking effects
at the B/ C heterojunction (Fig.1)!® *!.

In this paper ,we develop a novel structure for
an InP/ InGaAs DHBT with a 3nnrthick InP layer
doped with slicon to a concentration of 3 x 10%
cm”® to minimize the current blocking effect at the
base-collector interf ace. We have success ully fabri-
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Fg.1 Conduction band diagramsfor common approa
ches to overcoming the collector current blocking at the
B/ C heterojunction of DHBTs

cated a 21 m x 120 m self-aligned InP/ InGaA s D H-
BT and demonstrated its good device performance.

2 Device gructure and fabrication

The epitaxial layer materials of our lattice
matched InP/ INnGaAsDHBT are grown on a 50mm
semi-insulating InP (100) substrate by a V90 gas
source molecular beam epitaxy (GSMBE) system
at the Shanghai Institute of Microsystem and In-
formation Technology ,and the devices are fabricer
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ted at the Compound Semiconductor Device De
partment of the Institute of Microelectronics, Chi-
nese Academy of Sciences.

Group- arsenic and phosphorus beams are
obtained by the thermal cracking of arsine (AsHs)
and phosphine (PHs) at high temperatures. 7N-pu-
rity elemental gallium (Ga) and indium (In) are
used asthe group-  sources,while silicon (S) and
beryllium (Be) for the n- and p-type dopants,re-
spectively™ . The device structureis shownin Ta
ble 1. This is a novel structure for InP/InGaAs
DHBTs. In particular ,a 5nm undoped Gao.47 INo.s3
As layer between the emitter and base layers is
used to prevent the p-type Be-dopant from diffu-
snginto the emitter layer. A 3nmrthick InP layer
doped with silicon to 3 x10”cm™® is used to mini-
mize the barrier gpike between the base and the
collector. The highly berylliunrdoped Gao.a7 INo.ss
As base layer with a concentration of 3 x 10”cm"?
reduces the base res stance and improves the mi-
crowave performance.

Table 1 Epitaxial structure of InP/ INnGBAsDHBT
L ayer Material Thickness/ nm | Doping/ cm- 3
Emitter contact | Ino.s3 Gan.47AS 200 g 1x10%
Emitter cap InP 50 g 3x10%
Emitter InP 70 S 3x10v
Soacer INo. 53 Gap. 47A S 5 -
Base Ino.53 Gao.47AS 50 Be 3x10%
Spacer Ino.s3 Gap.47As 5 -
Collector InP 3 S 3x10%
InP 300 S 2x10%
Subcollector Ino.s3 Gap. 47A S 500 S 1x10%

InP (100) SI substrate

The InP/ InGaAs DHBT devices are fabricated
with a standard triplemesa isolation process.
First ,the emitter metal Ti/ Auisformed by e beam
evaporation and lift off. The InGaAs emitter con-
tact layer and the InP emitter layer are etched by
H.0./ H; POs/ H.O and HCI Hs; POs solutions,
respectively. Second, Ti/ Pt/ Au layers are used for
the base ohmic contact metals. The base-collector
mesa etch and isolation etch are accomplished by
selective wet etching. Third,the collector contact
metal Ti/ Auisevaporated on the surface of the In-
GaAs subcollector ; and finally , coplanar pads are
connected to the emitter ,base ,and collector metals
by air-bridge technology.

3 Resultsand discussion

3.1 DC characteristics

The DC characteristics of the HBT are meas
ured with an HP4155A parameter analyzer. Figure
2 shows the common-emitter DC characteri stics of
the InP/ INnGaAsDHBT with ad m x 124 m emitter
area. The peak current gainP isover 300. The InP/
INnGaAs DHBT clearly shows a low off set voltage
Varet Of a@pproximately 0. 16V. The knee voltage
Ve iSabout 0. 6V at Ic =11mA and is affected by
the parastic collector resstance. The breakdown
voltage BV« is about 6V at a reverse current of
1M A (Fig. 3). These results indicate that these
InP/ InGaAs DHB Ts are suitable for low-voltage,
low-power applications. Calculated from the Gum-
mel plot of the InP/ InGaAs DHBT with a 21 m x
120 m emitter area (Fig.4) ,the ideality factorsfor
the base and collector current are o =1 17 and nc
=1 12, resectively. The near-ideal results show
good BE and BC junction characteristics for an
InP/ INnGaAsDHBT.
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Fg.2 Common-emitter |-V characteristics of InP/ In-
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Fig.3 Breakdown characteristics of InP/ InGaAs DH-
BT with 2l m x 121 m emitter area
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Fg.4 Gumme plot of InP/ INGBAs DHBT with 2 m
x 121 m emitter area

3.2 RF performance

The small sgnal S parameters of the InP/ In-
GaAs DHBT are measured onwafer with an
HP8510C network analyzer. The characteristics of
the current gain ha and maximum available gain
(MA G of the device are shownin Fig.5. The cur-
rent gain cutoff frequency f r and the maximum os
cillation frequency fmx can be extrapolated by ex-
tending the curves at the - 20dB/ decade line. From
Fig.5,fr and fmx of the INP/ INGaAs DHBT with
a2 mx12 m emitter area are found to be 80GHz
and 40GHz ,respectively ,at a measured point of Ve
=2 5V and I. = 18mA. Because the base contact
metal isfabricated on the 5nm undoped Geo.47 Ino.s3
As spacer layer instead of the 50nm Be-doped
Gao.«7 Ino.s3s As base layer surface,resulting in the
high base contact resstance. The value of the max-
imum oscillation frequency fma iS below the cur-
rent gain cutoff frequency f:.. Minimizing the base
red stance or base-collector junction capacitance Cic
can improve the high frequency performance. We
believe that scaling down the device or decreas ng
the thickness of the epilayers will greatly enhance
the performance of the DHB Ts.

f=80GHz

Jrax=40GHz

10° 10° 100 10"
fHz

Fig.5 Highfrequency performance of 21m X 12I m
INP/InGaAs DHBT at Vee =2 5V and |. =18mA

4 Conclusion

We have developed a novel InP/ InGaAs DH-
BT without current blocking effect between the
base and the collector for the first time in China.
The 21 m x 121 m self-aligned InP/ INnGaAs DHBT
device shows good DC characteristics of Vst =
0. 16V Vee= 0. 6V ,and BV== 6V. The fabricated
devices demonstrate good microwave performance
with ft =80GHz and fmx = 40GHz, regectively.
The above-mentioned results indicate that the de-
vices have great potential in low-voltage ,low-pow-
er ,and high-frequency applications. Optimizing the
material growth ,device structure ,and manufactur-
ing process of the InP/ INnGaAs DHBT could yield
much higher performance in the future.
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