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Abstract - We report a 75 GHz MMIC power 
ampliIler in InF’AnGaAs/InP DHBT transferred- 
substrate technology. The amplifier has 256 pm’ total 
emitter mea and exhibits a power gain of 5.5 dB at 75 
GHz and a saturated output power of 19 dBm (80mW) 
under 1-dB gain compression. Tbe DHBT employed by 
the amplifier has a lightly doped InF’ emitter epitaxlal 
layer between the emitter and the emitter cap layer as a 
distributed ballast resistance to improve thermal stability. 
To our lmowledge, this is the highest reported output 
power for a W-band HBT power amplifier. 

I. 1NTR0DUCT10N 

Millimeter-wave power amplifiers are. key 
components for future mm-wave wireless data 
networks, automotive and military radars. To date, 
hetero-junction bipolar transistor (HBT) power 
amplifiers exhibit lower power levels than their HEMT 
counterparts [l] [Z] [3] [4]. Addressing this 
discrepancy, we had earlier reported multi-linger IfiP 
DHBTs with 330 GHz f,, when biased at lOOmA and 
3.6 V [5], and had reported power amplifiers using this 
device exhibiting 40 mW saturated output power at 85 
GHz [6]. Here we report a DHBT amplifier with record 
power output at W-band (75 GHz -110 GHz). The 
amplifier produced 80 mW output power at 15 GHz 
with 1-dB gain compression. The amplifier utilizes a 
modiiied DHBT layer structure incorporating a lightly 
doped InP epitaxial layer (LDE) in the emitter to 
increase the emitter access resistance, thereby 
improving thermal Stability and preventing current 
tilamentation within the individual HBT fingers. 

II. DEVICE TECHNOIBGY AND CIRCUIT DESIGN 

We had earlier reported wide bandwidth power 
beterejunction bipolar transistors (HBTs) fabricated in 
a transferred-substrate technology which exhibited 330 
GHz power gain cut-off frequency at lOOmA collect& 
current and 3.6V collector-emitter voltage [5]. These 
power HBTs were realized in a multi-finger topology.’ 

Thermal stability of HBTs plays an importance role 
in power DHBT design [7], often producing a more 
serious limit on applied V, than the device breakdown 

voltage. Addition of external emitter ballast resistances 
forces an equal partition of current between HBT 
fingers in a multi-finger device, but current 
tilamentation can still arise within each individual 
HBT finger [8]. The latter effect can be suppressed by 
adding emitter resistance within the epitaxial layer 
structure [9] in the form of a lightly doped emitter layer 
(LDE). In this work, the layer structure, similar to [51, 
incorporates a 1000 A InP layer with doping density of 
NdemE=5 x lOI cn? between the emitter and the 
emitter cap layer. 

Figure 1 4-finger power DHBT in transferred 
substrate technology with LDE InP epitaxy layer 

Fig. 1 shows the diagram of the architecture of the 
multi-finger transferred-substrate DHBT (TS DHBT) 
with the LDE expitaxial layer. The dimension of the 
emitter linger is I pm x 16 km and is 2 l&n x 20 pm 
for the collector finger. To avoid electron velocity 
saturation effects, the LDE doping density is selected to 
satisfy qN~e~~vl.,>Jmar, where Jmnr is the maximum 
desired current density, ImA/pm* in this design. For 
each emitter finger, the LDE layer provides 3.75 
R resistance, while the emitter ohmic contact 
provides 1.25 0 A further 2.5 R external NiCr 
resistance is provided for each finger to force equal 
currents between fingers. The device measurement 
shows f,, of 320 GHz at collector current of 60 mA 
and collector voltage of 3.2 V. 
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Fig. 2 shows the schematic of the MMIC power 
amplifier that employs the LDE TS DHBTs. The power 
amplifier is composed of four 4-finger common-base 
devices interconnected with T-section microstrip 
combiners. The combiners pre-match the low input and 
output impedances of the DHBTs, therefore easing the 
matching network design of the amplifier. The 
optimum admittance for saturated output power was 
obtained from the device DC I-V measurement by 
plotting a loadline with extrema of (V,=I.5 Volts, 
I,=260 mA) and (V,,=7 Volts, I,=0 mA). A n network 
followed by an impedance transformer reactively 
matches the output to the optimum load admittance. 
The long-arm input T-section with large‘ bypass 
capacitors was designed to synthesize low Q value LC 
network. The input is then matched to 5Og by an 
impedance transformer. The circuit was designed based 
on harmonic balanced simulation, using an in-house 
large signal model for multi-finger DHBTs. The model 
provides accurate simulations of both electrical and 
thermal characteristics. A full-wave electromagnetic 
(EM) simulation of passive circuits ensures the 
accuracy of the physical matching networks. 

Figure 2 DHBT MMIC power amplifier in 
transferred-substrate technology 

Fig. 3 shows the die photograph of the MMIC DHBT 
power amplifier. The die area of the amplifier is 0.38 
mm x 0.89 mm. 

III. TESTING 

Amplifier small-signal gains and return losses were 
measuied on-wafer using GGB wafer probes and a W- 
band Agilent 8510 network analyzer calibrated with a 
commercial LRM substrate. For power measurements, 
the amplifiers were driven by either a W-band 
frequency multiplier and power amplifier or a W-hand 
IMPA’IT, and the output power measured directly with 
a power meter without additional off-wafer load 
impedance tuning. The data is corrected for the 
measured attenuation of wave guides and wafer probes. 

Figure 3 Die photograph of MMIC power amplifia 
in transferred-substrate technology 

IV. RESULTS AND DISCUSSION 

Fig.4 shows the measured small signal S-parameters 
of the amplifier in W-band frequencies. The data was 
taken at a collector current of 130 mA and collector- 
emitter voltage of 4.2 V of Vcs. The maximum power 
gain is 5.5 dB and the input return loss is less than 10 
dB at 75 GHz. As with all power amplifiers, the low 
power gain is a result of tuning the output for 
maximum saturated output power, rather than 
maximum small-signal gain. For the same reason, S22 
is nonzero at the operating frequency. 

Fig.5 shows the power measurement results of the 
amplifier at 75GHz. The power amplifier exhibits 19 
dBm (80 mW) output power with 1-dB gain 
compression, which is the highest output power 
reported for HBT amplifiers operating at this 
frequency. The peak PAE of 8% occurs at the output 
power of I8 dBm (63 mW). 

The LDE epitaxial layer forces a uniform the current 
density within each DHBT finger, preventing 
premature ~ccnrrence of the Kirk effect [3] and 
associated bandwidth collapse under high power 
density bias conditions. 
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Figure 4 Small signal S-parameter mea&ements in 
W-band frequencies 
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Figure 5 Power measurements at 75 GHz 

v. CONCLUSION 

We have demonstrated a monolithic W-band power 
amplitier based on a I pm InPAnGaAslInP transferred- 
substrate DHEiT. The amplifier produced 80 mW 
output power at 75 GHz with 1-dEZ gain compression, 
which is the record power level for DHBTs in W-band. 
By using an effective distributed emitter ballasting 
scheme with a lightly doped emitter epitaxial layer, a 
transistor emitter junction areas can be increased to 
directly achieve high output power in W-band 
frequencies. 
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