A High-Efficiency 120-mW InP HBT Power Amplifier with 37% - 46%
Peak PAE at Q-band

Abstract— A high-efficiency 250-nm InP HBT power amplifier
(PA) that demonstrates record collector efficiency (54%) and PAE
(46%0) at 47 GHz is presented. The reported PA delivers up to ~120
mW at 47 GHz, and it is reactively tuned for high PAE using a
multi-section hybrid distributed-lumped matching network. The
results in this work constitute the highest PAE reported at 47 GHz
for a PA while operating from a 2.75 V power supply.

Keywords— millimeter-wave, power amplifier, SSPA, Q-band
PA, InP, HBT, PAE, MMIC

I. INTRODUCTION

I11-V semiconductors offer unmatched mm-Wave power
amplier performance in terms of power density, efficiency and
bandwidth [1-6]. For applications above 60 GHz, InP has
demonstrated relatively high output power density and high
gain [7-8] as well as high efficiency [9]. However, most prior
work uses single characteristic impedance transformation
networks and combiners that generally occupy most of the chip
area [10-13]. Additionally, the electro-thermal response and
associated reliability of multi-finger InP HBT devices is not
easily predicted and depends heavily on the fabrication process
and epitaxy parameters. We note that prior artwork has
generally not included high emitter periphery InP HBT devices
for power amplifier designs [14].

In this work, a power amplifier (PA) cell design is presented,
demonstrating 57% PAE at 30 GHz from load pull
measurements, excellent current handling (0.16 A) and safe
operating area (SOA). Utilizing the power cell designed, a high
efficiency PA is demonstrated operating at 45-47 GHz. The
amplifier exhibits 16 dB of small signal gain and peak PAE of
37% - 46% across 45-47 GHz. The maximum power delivered
by the amplifier is 119.7 mW at 47 GHz.

Il. DESIGN METHODOLOGY

A. 250nm InP HBT Power Cell

The HBT device used to fabricate the amplifier [15] was
chosen to have a total emitter periphery of 15 um? in order to
deliver ~100 mW. The unit cell design supports excellent SOA
a shown in Fig. 1, where the multi-finger device output curves
are presented. In order to find the device SOA, the devices were
swept to destruction. The I¢ vs. Vce curves shown in Fig. 1
correspond to sweeps that were ended prior to destruction. The
power cell is configured in common emitter, and the individual

HBT emitters are connected using a stack of 3 metal layers (3
pum of total height plus inter layer vias) for thermal management.
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Fig. 1. Output IVs and image of fabricated power cell. The cell is 15 um?.

The power cell was load-pulled on-wafer after microstrip
device launcher fabrication. The load-pull system utilizes
Focus Delta tuners (67200), and it is vector-based, hence both
the input power and the reflected power at the DUT input were
measured. The power cell was biased at 2.8 V and 58 mA (3.87
mA/ um?). Figure 2 shows the power sweep results at optimum
gamma where ~57% PAE and ~60mW are demonstrated.
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Fig. 2. Load pull measurements of designed power cell, demonstrating >57%
PAE at 30GHz while delivering 59mW.



B. Amplifier Design

The device model used for the desigs is Teledyne 250nm
InP proprietary’s Agilent HBT model. The amplifier (Fig. 3)
was designed after determining its optimum load impedance
through load-pull simulations at 45-47 GHz using Keysight
ADS.

Fig. 3. Micrograph of fabricated InP HBT PA.

The fundamental load impedance of the power cell is ~32-
Q. The optimum load impedance found from the load pull
simulations was transformed to the 50-Q load using 3
transmission line sections. The capacitors were implemented
as Metal-Insulator-Metal (MIM) structures, while the inductive
lines were implemented as microstrip lines, absorbing some of
the capacitance in order to avoid lossy thin lines. Each section
transforms the same impedance ratio, at both input and output.
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Fig. 4. Simulated optimum input and output impedance transformations,
including impedances at intermediate nodes.

Figure 4 shows the optimum and intermediate design
impedance at each node. A schematic showing the PA is
included in Fig. 5, where the circuit location of the nodes shown
in the SC (Fig. 4) is also indicated.
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Fig. 5. Schematic of the fabricated power amplifier.

The transmission lines were meandered in the layout [16],
since the ground plane is 5 pm below the signal lines, yielding

a very compact design having only 276 x 600 um? of inner area

(without including RF pads).

I1l. MEASUREMENT RESULTS

C. Small Signal Measurements

Figure 6 shows the amplifier small signal response,
measured after performing probe-tip LRRM calibration using
an impedance standard substrate. The S-parameter
measurement was performed using a Keysight PNA-X N5242.
Reasonably good agreement between the simulated parameters
and the measurement can be seen from Fig. 6.
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Fig. 6. PA small signal response at Vcc=2.75 V, Vgg=2.35 V (Icq = 47 mA).
The solid lines correspond to simulated performance while the symbols
correspond to the measured response.

D. Power Measurement

The power performance was measured at 45, 46 and 47 GHz,
after the MMIC wafers were thinned to 3mils and singulated.
For the power measurement, a HP 83650A synthesizer sweeper,
a Quinstar pre-driver, and a Keysight 8487A power sensor were
used. The power reported below corresponds to the results after
de-embedding the cable and probe losses. At 47 GHz, an output
power of 119.7 mW was achieved at an associated PAE of 46%,
which constitutes state-of-the-art (Table 1).
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Fig. 7. Measured power sweep at 47 GHz, at Vcc= 2.75 V and Vgg= 2.35 V
(lcyQ: a7 mA)
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Fig. 8. Measured power sweep at 46 GHz, at Vcc= 2.75 V and Vgg= 2.35 V
(IC‘Q: a7 mA)

1V.CONCLUSION

We have reported a high efficiency 250nm InP HBT 45 —

47 GHz power amplifier IC. The PA reported delivers record
PAE (46%) and collector efficiency (54%) at 47 GHz, which is
state of the art for a moderate power PA from a 2.75 V supply.

Table 1. Comparison of the results obtained in this work to prior art.

[

[2]

(3]

[4]

[5]

(6]

Comparison with Prior Art
Ref. Freq. Gain Psat  |PAE  |Process
(GHz) |(dB) (dBm) |(%0)
[17] 47 155 22.7 40 GaAs
[18] 45 6 114 18 SiGe
[19] 47 13 17.6 346 |CMOS
[20] 60 10.5 23.5 43 InP HEMT
[21] 59 8 25.5 41 GaN HEMT
This Work |47 16 20.78 |46 InP HBT
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