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Abstract

The noiseand gain for an InP HEMT were
investigated as a function of D@bwer consumption.
A special chip carrier in mixed coplanar
waveguide/microstrip technology wadeveloped for
easy handling of the chimnd to minimize the
mounting parasitics. A complete S parameter and noise
parameter moddbr the transistomndthe carier have
been extracted. Measurements of the transimstamted
on the caier gave an associateghin of 10 dB and
noise figure lower than 0.7 dB at a D@wer level of
200 yW at 10 GHz. An X band one-stage amplifier
with low DC consumption based on this transistor was
built. The amplifier had again of 8-10 dB for the
frequency range 8-12 GHz at V, =035V,
l=39mA. The noise figure of thecomplete
amplifier wasmeasured tol1.6 dB at 10 GHz. The
HEMT was manufactured inour own laboratory
process.

Introduction

Low DC-power consumption is an important
parameter irmany amplifier applications for example
in satellite receiversand mdile telephony. It is
desirable tominimize the power consumption to the
lowest possible levednd simultaneously maintaining
high gain and low noise performance.

InP HEMT

The suitable transistor for lowower consumption
is a HEMT based on InP, known for its excellent noise
characteristiceand high gain. Theperspective view of
the transistors layers is shown in Fig. 1.

This InP based tansistor wagdeveloped aiChalmers
University of Technology, [1].
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Fig. 1. InP based HEMT.

The dimensions of the chip are 225x400x126 and
it has a gate length d3.15 um and agate width of
2x50 pm.

Chip carrier

Packaging the chip in standardpackagewill increase
the parasiticsand lower the performance of the
transistor. A special coplanar waveguide/métrip

fixture with very low parasitics wadevelopedFig. 2.

The fixture was manufactured in alumina.
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Fig. 2. Top view of the chip carrier
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Fig. 3. Side view of the chip carrier.

The transistor was mounted on a fixturgth non-

conductive epoxy. The overall substrate size is

2600x2255um with a via holediameter of254 pm.
All lines are 50Q. The substrate is 254m thick
alumina wither=9.9and all lines,pads andhe ground
plane consist of 300 A thick TiW with 3.54fm thick
Au layer. The chipcarrierhas footprints at the input
and output for probing with ctgnarprobes. The chip
carrier was then permanentlfixed on a removable
brass carrier, Fig. 4.

Fig. 4. Chip carrier mounted on a brass carrier.

The carier in Fig. 2 was usedfor S parameter and
noise characterization in a probstation. Thechip

carrier in Fig. 4 has only microstrip lines. It wased

in the design of the LNA. The simulations in
Momentum, from HP,showed that the differences
between the two carriers were negligible.

Modeling of InP HEMT

The transistors equivalent circuit was extracted from the
measured S parameters. The extraction was done by an
in house developed parameter extractor, [2]. The
equivalent circuit of the transistor is shown in Fig. 5.
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Fig. 5. Equivalent circuit for a HEMT.

The equivalent circuit is not dquency dependent but
bias dependent, thereforesat of model parameters has
been extractedfor every bias point. The socalled
intrinsic parameters insidéhe dashedsquare change
when the bias point ialtered.The otherparameters of
the equivalent circuit arealled parasiticsand they are
bias independent.

We have obtained an excellent agreement between the
simulated and measured S parameters.

In order to have a complete model of the transistor also
the noiseparametersi.e. R, Fwn andl"0 have to be
measured andimulated. The Pospieszalski [3] noise
model has beenused i.e. all the resistors in the
equivalent circuit except for Rand Rs have an
equivalent noisetemperatureequal to the ambient
temperature, in thisase T=300 K. Ty and T is the
equivalent noise temperature of Bnd Rsrespectively.

Tg and T have then been changed until the norsmlel

fits the measuredhoise parameters, byusing optimi-
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zation in the MDS Fig. 6 below shows thextracted
values of § and Ta for different bias points at
T-=300K.
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Fig. 6. Extracted Td and Tg versus Ids and Vds.

The measured andimulated noiseparametershowed
good agreement for the frequency range of 2-26 GHz.

Carrier modeling

The chip mounted in the carrier was simulated in
MDS. Using theavailable models for via holes and
bonding wires we have obtained a very gagdeement
betweenthe measurementand simulations. Typical
measured andgimulated results forS; and S, are
shown in Fig. 7 a-b.

The egivalentcircuit for the arrier mounted chip is
shown in Fig. 8.

Also the noise parameters were measargdisimulated
with good agreement.

All modeling was done at the bias points%0.35 V,
Vgs=-0.4 V, bs=3.9 mA. The TRL calibratioprocedure
was used in the measurements.

Amplifier design
An LNA was designed with the InP14 HEMTig.

9 shows the noise figure and gain as a function of DC

power level at 300 K.
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Fig. 7 a.S;; measured and simulated on the carrier.
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Fig. 7 b. S,; measured and simulated on the carrier.

Fig. 8. Equivalent circuit for the carrier mounted chip

including bonding wires and via holes.
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Fig. 9. Measured~,;,, and G, as a function of DC

power for InP14 at 10 GHz and 300K.

The bias point oV, =0.35V and | ,, =3.9mA offers
a good compromise for lownoise, high gain and
stability of the amplifier.

The measured andimulated results for the LNA are
shown in Figs. 10-13.
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Fig. 10. Measured and simulatsg).
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Fig. 11. Measured and simulated noise factor.

Conclusions
We have successfullynodeled aninP HEMT at

ultra low power bias and used it in a single stage LNA.

The amplifierhad again of 8-10 dB for thdrequency
range 8-12 GHz at V,,=0.35V,1,=39mA. The

noise figure was measured to 1.6 dB at 10 GHz.
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Fig 12. Measured and simulat&g .
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Fig. 13. Measured and simulatsg), .

The alumina carrier and brass fixture were very practical
in handling fragile chips with excellent RF
performanceThe investigatednP14 HEMT is a very
interesting alternative for LNA when ultra low DC
power levels are required.
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