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98-GHz InP/InGaAs HBT Amplifier with 26-dB Gain

Thomas Morf, Sonja Hbscher, Dieter Huber, Alex Huber, Volker Schwarz, and He#ukél

Abstract—In this letter the design and characterization of an extrapolated from Mason'’s unilateral gain, alllég =2 V,
InP/InGaAs single heterojunction bipolar transistor (HBT) W- 1. = ¢ mA).
Band amplifier is described. The amplifier achieves 26-dB gain
at 98 GHz with a bandwidth of 3.1 GHz. On-wafer S-parameter
and gain compression measurements are presented. The goal Ill. CIrRCUIT DESIGN
was to explore high gain HBT-amplifiers around 100 GHz. No ) .
comparable HBT amplifier at these frequencies could be found ~ The design of the amplifier is based on measured

in literature. parameters of the HBT described above. The devices operate at
i 2
Index Terms— Heterojunction bipolar transistor (HBT), aVCE, of 2 Vv and a collector Cur.rent d,e_”s'ty of 71;04 Alcm
InP/InGaAs, millimeter-wave amplifier. resulting infc = 5.9 mA per device. Initial simulation showed

that common emitter stages including matching losses (about
2 dB/stage) would not result in sufficient gain at 100 GHz.
On the other hand, a single cascode stage shows a maximum
HE mm-wave spectrum has become the focus of attentiamailable gain (MAG) of 16 dB at 100 GHz compared to 4 dB
in recent years because the lower frequency bands afea common emitter stage. However, cascode amplifier stages
filling up quickly. The 95-100-GHz band has been allocatednd to be unstable up to mm-wave frequencies. As a result,
for mobile and mobile-satellite communication, radio navigastability requires special attention. The four-stage amplifier
tion, and radio astronomy. New wide-band applications, e.gonsists of four cascode stages coupled by coplanar waveguide
wireless LAN, or mm-wave radar require large bandwidth&atching networks. A simplified schematic diagram of a single
which are readily available at mm-wave frequencies. cascode stage including matching and device stabilization is
In this letter a key component for such applications, a mmshown in Fig. 1. The common emitter stage of the cascode
wave amplifier, is presented. The circuit is implemented usitig stabilized by a lossy high impedance line (CPW2) at the
InP HBT's (heterojunction bipolar transistors). Similar perforbase and a quarter wave length transmission line terminated
mance of an HBT-amplifier was reported only at significantlwith a capacitor at the collector (CPW4, C2). Both lines serve
lower frequencies (30 GHz) [1], 50-70 GHz [2]. simultaneously as biasing networks. Bias is applied through
resistors (R1, R2). These resistors with the capacitors also
form a low-pass filter preventing signal feedback via the power
II. InP/InGaAs HBT FROCESSING supply network. The common base stage is stabilized by a

The InP/InGaAs single HBT (SHBT) used for the design hdgsistor (R4) at the c_ollector. Bias voltage is applied to the
an MOVPE-grown layer structure as described in [2]-[4]. Bag¥S€ through the resistor R3. CPW5, CPW6 and C3 act as
and collector thicknesses are 50 and 400 nm, respectively. WESING network and also form a matching network between
etching is used to define the mesa isolated transistors. A slidi WO transistors to maximize gain [5]. Input and output
under-etch of the emitter of about Quin enables self-aligned Matching to 50¢} is achieved by CPW1 and CPW11 with
emitter and base contacts which minimize the external basEW12 respectively. _
resistance. Device isolation is achieved by etching down to theSMall-signal simulations were performed using HP-ADS

semi-insulating InP substrate. Planarization and passivatiorgé All transmission lines are implemented as coplanar wave-
performed with polyimide. All devices in the circuit have thedUides. The capacitors are MIM structures with Tantalpentox-

same emitter area of 1.0 8 um? achieved with conventional '[d& (T&Os) as dielectric. These capacitors are modeled by
optical lithography. HEMT devices with comparable high&" equivalent circuit with lumped elements and transmission
frequency performance would require E-beam lithography fgpes. The |r_1d|V|duaI cascode stages are cascaded _V\_nth cou-
the gate exposure. pling capacitors to two, three, and four stage amplifiers. In

On-wafer small signal measurements of the transistors wérd: 2 @ chip photograph of the four-stage amplifier is shown.
performed from 45 MHz to 120 GHz. A de-embedding prOThIS (_:hlp measures 2.4% 0.92 mn?. The circuit requires
cedure eliminates the effects of the pad frame. The HBTO bias voltages/c = 6 V. and ¥, = 1.2 V. V; could be
have a measured dc current gain of 25 and an extraqua{edde”ved fromV¢ by avoltage_d|V|pIer to achieve a single supply
and f.,ax Of 140 GHz and 170 GHz, respectively .. was voltage. The dc power dissipation is 285 mW.

I. INTRODUCTION
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power supply network
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input matching matching and bias network output matching

Fig. 1. Simplified schematic of th& -band InP-HBT amplifier implemented with a cascode stage. The four-stage amplifier consists of four capacitively
coupled cascode stages.

Fig. 2. Photograph of the fabricated four-stdgeband InP-HBT amplifier. Input left, output right. Remaining pads are used for power supplies.

30¢ reflection is below—12 dB and the output reflection below

Ne— -3dB —6 dB. The one stage to three stage amplifiers show the
20 following measured gain: one stage: 6.2 dB (bandwidth 11
0l s21 GHz), two stages: 12.2 dB (BW 9 GHz), three stages: 20 dB

: (BW 5 GHZz) all at a center frequency of about 98 GHz.

In Fig. 4 the measured output power versus input power of
the four stage amplifier at 98 GHz is presented. The amplifier
exhibits a—1-dB gain compression point 6f10 dBm which
corresponds to an output voltage swing of 200 sp¥t 5012.
Saturated output power was measured to be abeutiBm
corresponding to (40QW) or 400 mVpp into 502. Noise
performance could not be measured due to lack of noise
Freq (GHz) measurement equipment at 98 GHz. Based on previous work

Fig. 3. Measured gain (S21), input reflection coefficient (S11), and outpdf 60 GHz [2] @ higher noise figure compared to HEMT's is
reflection coefficient (S22) of the four-stagjé-band HBT amplifier, 26.4 dB expected.
gain at 98 GHz—3 dB Freq. 96.2 GHz, and 99.3 GHz.
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Fig. 3 the measured gain (S21) of the four-stage amplifier V. CONCLUSION

is presented. A gain of more than 26 dB was achieved with|p this letter the design and characterization ofaband
—3-dB frequencies of 96.2 and 99.3 GHz. The amplifier i;mp HBT amplifier is presented. The amplifier achieves more
unconditionally stable for all terminations including short anchan 26 dB gain at 98 GHz. Envisioned applications are
open circuits. Also shown in Fig. 3 are the input and outpit wireless communication or radar. No comparable HBT
reflection coefficients (S11 and S22). In the passband the inpmbplifiers at these frequencies could be found in literature. We
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