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A High-Performance AllInAs/InGaAs/InP
DHBT K-Band Power Cell

Robinder S. Virk, Mary Y. Chen, Chanh Nguyen, Takyiu Liu, Mehran Matloubian, and David B. Rensch

Abstract—In this letter the device design and power per-
formance of several AllnAs/InGaAs/InP double heterojunction
bipolar transistors (DHBT's) are reported for 18 GHz. The

TABLE |
K-BAND DHBT EPITAXIAL LAYER STRUCTURE. NOTE
THAT CSL REPRESENTSCHIRPED SUPERLATTICE
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power (_:eII§ utilize a wet che_mical etching techniqL_Je to create a Tayer Material Thichnoss Doping (em™)
micro-airbridge base connection and to remove extrinsic collector (nm)
material from beneath the base which both contribute to a re- Contact Layer GalnAs 200 =107
duced base—collector capacitance and improvefl..x and power Emitter AllnAs 40 n+ = 10°
gain. For Class B operation, the eight-finger 2um x 30 pm Emitter AllnAs 60 n=28-10"
power cells achieved 1.17-W output power, which indicates 4.88- E-BSLGrade | 10x3.3nmCSL 22 n=410"
W/mm emitter length, with 54% power-added efficiency (PAE) AllnAs/GalnAs 99 p=210%
and 7.3-dB gain. This is believed to be the best combination of _E-B Spacer Layer GalnAs 5 p=210"
PAE and output power reported for this power density at K-Band Base GalnAs 60 p=310_
frequencies. B-C Spacer Layer GalnAs 5 p=2-10
C-B Grade 33x 1.5 nm CSL 255 p= 10"
GalnAs/AllnAs 255 n=310"
|. INTRODUCTION Deita Doping InP 2.0 n=2-10"%
Sheet
LID-STATE power amplifiers are rapidly replacing Collector InP 500 n-3-101‘96
raveling-wave tubes for satellite communication systems—Sub-Collector InP 100 nt =10
Sub-Collector InGaAs 700 n+ = 10

at C-, Ku-, andK-band frequencies because they are highly
reliable and offer the advantages of lower cost, smaller size,
and lighter weight. Heterojunction bipolar transistors (HBT's§imilar to that used in [1] except this device incorporates a
are ideal devices to use in these amplifiers because of thbinner collector of 50004, which is doped at 3x 10'
power density, operating voltage, linearity, and efficiency. cm~3, resulting in a base—collector breakdown voltage of
The development of InP-based double heterojunction HBTapproximately 15 V.
(or DHBT’s) for microwave power applications has gen- In order to achieve high performancekaband frequencies,
erated great interest due to the higher power density affig¢ X-band power cells also required several device modifi-
larger power-added efficiency (PAE) which DHBT’s offercations. The utilization of a selective wet chemical etching
in comparison to single HBT devices (SHBT’s). Recentljtechnique [3] reduces the parasitic base—collector capacitance,
excellentX-band power performance of AlinAs/InGaAs/InPwhich is significant for higherf,.. and power gain, by
DHBT'’s has been demonstrated where a linear-delta arsenigbowing the use of a micro-airbridge to connect the base
chirped superlattice base—collector grade was utilized to dfterial to the feeding structure, shown in Fig. 1. Although
the injection of electrons into the InP collector [1]. Thighis concept is not new in HBT's, previously reported results
unique bandgap engineering eliminated the conduction ba®i@ only for GaAs/AlGaAs HBT's [4] and InP/InGaAs single-
discontinuity between the GalnAs base and the InP collectagterojunction HBT's [5]. During this etching process, the
to achieve both speed and breakdown voltage advanta@&yinsic collector material can also be removed from under the
for the power cells [2]. In this letter, we report the higHbase material, reducing the capacitance further. The result is a
performance of various power cells at 18 GHz achievdatal reduction of the parasitic base—collector capacitance by
through device design modifications of the succeskfbland approximately 80%. By reducing the pitch of the emitter finger
devices, employed to reduce the base—collector capacitarggacing to 1Q:m, the inter-emitter phase shift of the muiltifin-
minimize interfinger phase shift, and increggeand f,,ax. ger power cells can be reduced to improve performance, since
distributed effects can limit the gain at higher frequencies. To
improve uniformity of the emitter—base junction temperature

o ] o and the current flow among the emitter fingers of the power
The epitaxial device structure was grown on 3-in-diametgg)is 4 gold-plated airbridge is used to thermally connect

semi-insulating InP substrates using a gas-source Varian M9fl ot the emitter fingers and shunt the heat to the §60-
Gen Il MBE machine. The material layer structure for thﬁmthinned) substrate.

18-GHz power cells is shown in Table I. This structure is

Il. DEVICE DESIGN AND FABRICATION
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The common-emitter/.—V,. characteristics of a 2um
x 20 pm HBT cell exhibited a dc current gain of 75 when
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Fig. 1. SEM photograph of DHBT micro-airbridge base connection. The 10 15 20 25 30
extrinsic collector material has been selectively etched to reduce the Output Power (dBm)

base—collector capacitance.
Fig. 3. Measured PAE of four different power cell designs at 18 GHz. The

collector—emitter voltage is 4.5 V.
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Fig. 2. Measured small-signal performance of a:@& x 30 yum DHBT 0 ‘ 1K6 — 26 I 2‘4 — 2J8 ‘
power cell with micro-airbridge. The measurgdand fmax are 99 and 102 Output Power (dBm)

GHz, respectively.

Fig. 4. Measured PAE at 18 GHz for the eight-fingex Z0 um power cell
with micro-airbridge for collector—emitter bias voltages ranging from 4.5 to

_ 4 2 _ ;
Je = 6.5 x 10° Alem® and V.. = 2 V. The resulting 6.5 V. A sketch of the device layout is also shown.

small-signal performance has also been measured fon/a 2
x 30 um emitter DHBT, as shown in Fig. 2, and the typigal (~27 dBm). The PAE for the 8& 2 x 30 um? device with
and f.,.x was measured to be 99 and 102 GHz, respectiveBirbridge is shown, as a function of output power, for a variety
where J. = 6.7 x 10* Alcm? and V.. = 2.5 V. The f; and of collector—emitter bias voltages in Fig. 4 with a sketch of the
fmax Of the typical eight-finger Zzm x 30 pm DHBT power device layout. The power sweepldt = 6.5 V passes through
cell were also measured and found to be around 60 GHz the condition where the output power is 1.0 W with 53% PAE
J. = 3.5 x 10* Alcm? andV,, = 2 V. and 6.9-dB gain. With additional tuning of the load, the power
The power performance was measured at 18 GHz using @il achieved a maximum output power of 1.17 W, which
on-wafer active load-pull system provided by Hewlett-Packaiddicates 4.88-W/mm emitter length, with 54% PAE and 7.3-
[6]. Various devices were measured for CW output power awi gain. Note that the power sweeps have been limited at the
efficiency in Class B mode operation with both fundamentédrger bias voltages due to thermal stability issues. Previous ex-
and second harmonic load tuning. Fig. 3 shows the PAE of therience with emitter—ballast resistors suggests that the thermal
various devices tested whelé, = 4.5 V. All of the power stability of these power cells could be substantially improved
cells exhibit a very repeatable PAE of 50% or above whileesulting in higher collector biases and higher output power
providing 500—-600-mW output power at around 10-dB gaitevels as demonstrated in [7]. The results compare favorably
The figure also illustrates the improvement in performande previously published reports; although comparable output
attained using the micro-airbridge technique where the PABwer has been reported by Texas Instruments [8] at 20 GHz
is increased from 51% to 56% for the eight-fingerx230 with a 57% PAE, the power cell's power density is only 3.93
pum? device for comparable gain@.5 dB) and output power W/mm with 6.6-dB gain.
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