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Ultra High-Speed InP-InGaAs SHBTs
With fiax of 478 GHz
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Abstract—nP-based single heterojunction bipolar transistors rier widening meal
(SHBTSs) for high-speed circuit applications were developed. Typ- [ ]
ical common emitter dc current gain(3) and BV ¢cgo were about Polyimide [;l
17 and 10V, respectively. Maximum extrapolatedf,,,.x of 478 GHz ——N\ /—mw— ( ) i )

with fr of 154 GHz was achieved for 0.5¢ 10 um? emitter size de-
vices at 300 kA/cn? collector current density and 1.5 V collector ToP eioh-stop Tayer
bias. This is the highestf,...x ever reported for any nontransferred @ (b)
substrate HBTS, as far as the authors know. This paper highlights

the optimized conventional process, and the authors have great SiN
hopes for the process that offers inherent advantages for the di-
rect implementation to high-speed electronic circuit fabrication.
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Index Terms—Base-collector capacitance, base resistance, het-
erojunction bipolar transistors (HBTSs), high-speed devices.

NE OF the merits of InP-based HBTSs is high speed armib. 1. Process flow (a) self-aligned base metal, (b) emitter metal widening,
the HBTs have been used extensively for applicatio® SiN deposition, and (d) emitter air bridge.
in fiber optical and wireless communication systems. We have
developed the single HBT (SHBTSs) for the purpose of higlt i

¥

speed. Much effort has been made to reduce the base colled¢
capacitanceC},. and base resistancR, of the HBT since
fmax >/ fr/87RyCh,.. Several process techniques to reducies
R, and Ci,., such as isolation implantation of the extrinSice
base and collector region [1], laterally etched undercut [2], e
regrowth for the thick base layer [3], L-shaped base electroqess
[4], horseshoe-shaped layout [5], and transferred-substra=3
technique [6] have contributed to a remarkable improvement ™~ = = = =

device performance. Eaeels & N X ik }

of conventional processes. The base resistaRge was mini-
mized by optimizing the base contact resistivity. To redtige,
a base-pad-isolation structure was utilized, which can elimina;
the capacitance at the base-pad area. Additionally, the emit's
parasitic resistance and inductance were minimized by usitfgg.,‘_
emitter metal widening and air-bridge structures. These opt; = -
mized conventional processes delivered extremely high-spe}':-';

InP SHBTSs. &
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Fig. 3. Common emittef-—Vr characteristics of the fabricated HBT with
a 0.5x 10 #m? emitter area. Fig. 4. Dependence ofr and fmax On collector current density of the
fabricated HBT with a 0.5 10 gm? emitter area.

layer structure includes, from the top, an InGaAs emitte” 44
contact layer, InGaAlAs graded layers, InP emitter (700 L
Si-doped ta7.0 x 10'7 cm—3), InGaAs base (408, C-doped < . leSllG/MAG
to 6.0 x 10* cm~* with 20 A spacer), InGaAs collector > . -a-- Mason's gain, U
layer (4000A, Si-doped ta2.0 x 106 cm™2), and an INGaAs 307 . . « « Theustumnssiog, .

emitter contact metal having a width of 0/8m. Emitter £ 20 .

etch, which is one of the most delicate steps, was carri g
out by the selective etch of citric-based and subsequent |5 -

drochloric-based wet processes, and the emitter was sligt . L

undercut, resulting in an effective 0;6w size. After the emitter 107 N N ~478 [GHzI

etch, a self-aligned Pt-Ti—Pt—Au base metal with a width « £ =153{GHz] ™
=154{GHz]

1 um was evaporated [Fig. 1(a)]. The emitter was protecte ] N
by photo-resist using a base contact mask and the base e -

collector layers were then etched with a citric-based etcha 1 e 00 1000
Next, Polyimide was coated and then flatly etched without _. Frequency [GHz]
mask using an @ RIE until the emitter metal was exposed. . _ 2 o
Next, a Ti—Au emitter widening metal was evaporated [Fig?dg's' Frequency dependenciegbf, |, MSG/MAG, and Mason’s gain (no

subcollector. ] "
Fabrication started with the evaporation of the Ti—Pt—A ..,

N,
.,

LS yad-deembedding).
1(b)], and second, the polyimide etch was performed until

the epilayer was exposed. Next, SiN was deposited. The S™' C. =433 fF
was mask etched and the residual polyimide was removed o 1€
ashering [Fig. 1(c)] [7]. The subcollector was etched for devic r,. = 23.05 k2

isolation. In this etching process, the active base area and
base pad area for interconnection were isolated. Next, Ti—Pt— -

collector metal and pad metal were evaporated. Lastly, AB‘?c r"g.l?‘mn Cons 0{(8 S Co:"mor
air-bridge formation followed [Fig. 1(d)]. SEM pictures of

the fabricated HBTs are shown in Fig. 2. For high-speed Ir Cyy =057 pF7
HBTSs, the emitter and base metal widths were 0.8 (effective
0.5pm) and 1um. The base-to-emitter spacing measured frol
the SEM picture was about 0.}5n. gu =1/V;=05878 r,=3.680

4

gr, =2589Q ) gr,=2.79x10" Q

lIl. DEVICE MEASUREMENT RESULTS Emitter

I-V curves of the fabricated HBTs with 0510 um? Fig. 6. Small-signal equivalent circuit model Bt = 15.2 mA andVeg =
emitter area are measured and are depicted in Fig. 3. As sholvh):
the common-emitter dc current gdifi) of the fabricated HBTs
is about 17 at a collector current density Iofx 10> Alcm?. 2.5 x 10~7 Q.cn? are measured using Transmission Line
Breakdown voltages of the fabricated HBTs at an open baséeasurement (TLM). The transfer lengthr, expressed as
BVceo is very high, about 10 V. Base sheet resistanti@Bc/RSB)l/z’, is 0.21m and the base contact resistance is
(Rsp) of 560 2/00 and specific contact resistivitjppc) of maintained low.
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The microwave performance of the fabricated HBTs is chafy = 154 GHz and f,,.x = 478 GHz is obtained from the
acterized by on-wafef-parameter measurements from 0.5 teiBT with a 0.5x 10 zm? emitter area. This is the highest
40 GHz using a Agilent 8510C network analyzer calibratef],.. ever reported for any nontransferred substrate HBTS.
by thru-reflect-line (TRL) methodfr and fn.x are estimated This conventional process can be a practical technique for
assuming a-20 dB/decade frequency dependence of the cymplementation to high-speed electronic circuits. Also, as the

rent gain and Mason’s unilateral gain, respectively. Fig. device is scaled down, the device RF performance will be
shows the dependence ¢f and fmax ON collector current fyrther improved.

density at 1.5 V collector bias. Frequency dependencies of the
current gain, Mason’s unilateral gain, and maximum stable

gain/maximum available gain are shown in Fig. /& and ACKNOWLEDGMENT
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