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A 75 GHz 13.92 dBm InP DHBT cascode power amplifier
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Abstract: A 75 GHz monolithic-microwave integrated-circuit { MMIC) four- fingers cascode power amplifier in InP
double heterojunction bipolar transistors ( DHBT) technology with an £, about 150 GHz was reported. The amplifier
has 15 x4 pm’ total emitter area and exhibits a power gain of 12.3 dB at 75 GHz with 13.92 dBm output saturated pow-
er. The amplifier achieves a peak output power of 14. 53 dBm with 2 dBm input power at 72.5 GHz. The MMIC adopts
coplanar waveguide ( CPW) slruclure as the (ransmission ling struclure with area of 1. 06 x 0. 75 mm”.
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Introduction

High frequency millimeter-wave bands offer ex-
citing opportunities for various applications such as
60 GHz short-range communication''? and 77 GHz
emerging automotive radar systems'**-. The other E-
band communications consists of frequency bands
from 71 ~ 76, 81 ~86 and 91 ~94 GHz *'. Milli-
meter-wave power amplifiers are key compounents for
mim-wave wircless data networks, In addition, pow-
cr amplificr is onc of the most challenging compo-
nents to design due to low power gain at W-band,
low breakdown voltages and large loss on-chip pas-
sives. All the above impose a strong limit on output
power at millimeter-wave bands. Therefore, the ac-
curacy of device process, modeling and circuit de-
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sign need to be considered carefully. Moreover, the
double heterojunction bipolar transistors { DHBT )
have the high efficiency and high linearity character-
istics relative to high-electron-mobility field-effect-
transistors { HEMT ).

This paper presents a symbolically neonlincar
large signal TnP DHBT model in symbolically defined
device (SDD)-* and power amplificr design with co-
planar waveguide ( CPW ) matching technique using 1
pm InGaAs/InP process. The amplifier adopts a four-
finger cascode combining structure and open stubs for
the matching network. The distributed effects of the
passive components, including capacitances, power
combiner and transmission lines, were considered by
momentum clectro- magnetic ( EM) simulator in Agi-
lents advanced design system { ADS).
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1 Device technology and modeling

The structure and material of the device is shown
in Fig. 1, which is an InGaAs/InP hcterostructure
grown by gas source molecular beam epitaxy
( GSMBE) on semi-insulating InP substrate!’!, The
values of f and f_, for a single finger HBT device
with an emitter size of 1.0 pm x 15 pm are 200
GHz and 150 GHz, respectively.

The improved InP DHBT model has been devel-
oped using SDD model in ADS platform -*
gignal model is based on charge-control reladon and
incorporates various physical mechanisms, including
self-heating, DC current blocking, velocity modula-
Fig. 2
shows the equivalent circuit diagram of the large-sig-

. The large

tion, Kirk effect and peripheral parasitic.

nal model topology without pad parasitics. The intrin-
sic model is shown inside the dashed box.

All the DC model parameters, including the ther-
mal resistor, arc dircetly extracted from measured cur-
rent-voltage (7-V) curves and Gummle plots at diffoer-
ent emperaturest™ . The parameters of junction ca-
pacitances and transit time are extracted from multi-bi-
as S-parameter measurements->-. The comparison of
device {-V curves between the measurements and the
simulation of the proposed model are illustrated in
Fig.3 (a). It is shown that good agreement between
measurement and model data is achieved in /.-Vg
curves, There is a direct relation between nonlingarity
and transistor f,. Therefore, a good fit of the cutoff
frequency versus bias voltage and collector current is
required in order to achieve accurate distortion simula-
tions. The transistor £, is shown in Fig. 6 (b} in com-
parison with SDD model. It is observed that the ex-
tracted model closely resembles the measured data.

2 Amplifier design

A single stage four-finger cascode amplifier is
designed through power combiner by open stub mate-
hing technique. The cascode amplifier architecture
could give high gain in a small chip area and high re-
verse isolation. The schematic of the power amplifier
is shown in Fig. 4 and the micrograph in Fig. 5 with
size of 1. 06 mm x 0.75 mm. The network comprises
of CPW matching stubs,
lines, metal insulator metal ( MIM } capacitances and
thin film resistor ( TFR),

the 50 () source impedance using a symmetrical open

quarter-wave transmission
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Fig.2 Large signal equivalent circuit diagram for modeling
InP DHBTs

2 InP DHBTs Ni5S-Samisdnih

stub network and the output matching network is de-
signed trade-off between the gain and power. A 200
£ AC grounded resistor is shunted at the end of the
quarter-wave stk on the output port to cnsure low
frequency stability. In addition, bypass capacitors
short-out these quarter-wave line in-band and isolate
the rest of the amplifier from the power supply. The
Rollett stability factor K for the amplifier was simula-
ted greater than 10 for all frequencics between DC and
110GHz.

The RF ground conneetion at the base werminal of
the common-base stage of cascode need carefully de-
sign due to the parasitic series inductance at millime-
ter- wave frequencics-'® . The influence of the para-
stability and
matching propertics of the cascode amplifier. The lay-

sitic inductance is evident on the gain,

out parasitics of cascode power cell is accurately de-
termined by momentum full-wave -electromagnetic
(EM) analysis using ADS. The size of the bypass

capacitances at the base of the common base stage is
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Fig.3 The simulation results of HBT model in the size of 1
i x 15 pm, €a) the {-¥ curves, and (b) the f; versus col-
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Fig.4 Schematic of 75GHz cascode power amplifier
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75 pm x75 pm with 2 pF at 75 GHz.

Another important design issue is the thermal sta-
bility. The fingers are spaced 16 pm apart to prevent
excessive increase in the thermal Iesistance:”], the
self-heating effects, and associated performance deg-
radation.

Fig.5 Die micrograph of the 735GHz power amplifier,
chip size: 1. 06mm x (). 75mm

BEs 715G Hz S HEK, SHEHY 1 06mm x
{). 73mm

3 Measurements and discussion

The small signal characteristics of the amplifier
was measured with HP8510C and W-band system
made by the 41* Institute of China Electronics Tech-
nology Group Corporation on SUSS scmi-automatic
probe station. The power was measured using Farran
Tech frequency doubler source and W-band power
meter. Generally the W-band wavegnide measurement
setup is used for 75 ~ 110 GHz band, but the TE1Q)
mode cuteff frequency for this waveguide is 59 GHz
and will not affect the power measurement results be-
tween 70 ~75 GHz significantly!'!

A full 2-port Thru-Reflect Line ( TRL) calibra-
tion is performed to define the reference plancs o the
probe tips before measuring the circuit. The ampli-
fier is designed to operate in class A with bias point
of 4.5 V and 60 mA. This corresponds to 15 mA
per cascode finger, Measured and simulated S-pa-
rameters of the amplifier are shown in Fig. 6. It is
seen from the small signal measurement results that
the center frequency is 75 GHz with 12, 3 dB gain,
The proposed model agrees qualitatively with the
measurement results, except that there are some vari-
ations §,, and §,, due to the thermal coupling among
the fingers. In our DHBT model, the thermal cou-

pling is not considered. Although the thermal cou-
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pling between fingers is reduced by large finger space
of 16 pum, the finger space may also affect the char-
acteristic of DHBT, especially the common-base-
stage of the cascode, where the collecter-emitter
voltage is high and the thermal effect may be seri-
ous.
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Fig. 6 Measured (dot) and simovlated ( line’} S-pa-
rameters
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The loss of the connection components including
probes and waveguides, need to be considered when
measuring the large-signal parameters. The loss could
be compensated by calibrating the Thru. The meas-
ured cutput power versus input power of power ampli-
fier at 75 GHz is shown in Fig. 7 (a). The amplifier
delivers output P, ;, 12. 2 dBm and saturated output
power 13,92 dBm with 9. 2 dB gain at room tempera-
ture. Fig. 7(b) shows the output power as a function
of frequency. The input power of the amplifier is be-
tween 2 ~4 dBm from 70 to 80 GHz duc w the non-
linear frequency doubler. The maximum cutput power
is greater than 10 dBm in the frequency range of 70 ~
77 GHz. The amplifier achieves a peak output power
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Fig.7 {a) Measured oulpul power at 75 GHz, and
{b)} output power from 70 ~ 80 GHz,
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of 14.53 dBm with 2 dBm input power at 72. 5 GHz.
4 Conclusions

We have demonstrated a monolithic ' W-band
four-finger cascode power amplifier based on a 1pm
InP/InGaAs/InP DHBT process. The power amplifier
exhibits power gain 12.3 dB at 75 GHz with 13. 92
dBm output saturated power. The peak output power
achieves 14. 53 dBm with 2 dBm input power at 72.5
GHz. The performance of the power amplifier was
successfully predicted by our proposed model. Accu-
rate device modeling enables the power amplificr de-

sign and predicts accurate performance in simulation.
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