NITRONEX

C ORFORATI OHRN

A 36mm GaN-on-Si HFET Producing
368W at 60V with 70% Drain Efficiency

Bob Therrien
btherrien@nitronex.com

S. Singhal, J.W. Johnson, W. Nagy, R. Borges, A. Chaudhari,
A.W. Hanson, A. Edwards, J. Marquart, P. Rajagopal,

C. Park, 1.C. Kizilyalli, K.J. Linthicum

IEDM 2005



Overview
©Technology Overview

o Epitaxial layers Elg =y
6= f
o Device Fabrication e 1 a
| =5 =%
mgm o -é .E.\‘¥‘/
o Process Capability i = = BN ©
- E = N
o Device Layout = )
— Sl

o Simulation

©Device Performance
o DC Characteristics

o Small Signal Characteristics

o Pulsed RF Characteristics

o Application Specific Performance
o Reliability

©@Summary

IEDM 2005



GaN HFET Device Structure

Source G:te Drain

1.5 nm Cap
18 nm, 26% Al, pseudomorphic

2DEG: p, = 1500 cm?/V-s
N, =8 x 102 cm-2

800 nm Semi-Insulating GaN

Stress-Mitigating (Al,Ga)N

High Resistivity Si (111)
p =10 kQ2-cm
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Cross-Sectional Schematic
SiN

» Design Dimensions
» 0.7um gate length
» 200 um unit gate width
» 3 um gate-drain spacing
» 1 um gate-source spacing
» 30um gate pitch
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Technology

©Die Description

» 2mm CPW devices for on wafer
testing

» 36mm periphery parts in
package

©Attached using a Au-Si
eutectic onto a Au-plated
CuW flange

@Two stage input match using
MOS capacitors

©No internal output matching
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DC and RF Process Control

Each box plot = 1 wafer
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Addition of the Source Field
MEY:

: Source Gate Drain

(1
MAS 3.0kV 4.2mm x15.0k SE(M) 3.00um

MAS 3.0kV 4.6mm x15.0k SE(V) 3.00um
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E-field Simulations
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DC Characteristics

©DC Performance
of the SFP and
non SFP designs
are very similar

©Typical 36mm
performance
>1__~23 A
>V, ~2.2V
> Jmax ~8 S
>R, ~2.2Qemm
» BV > 120V

Data Taken with a 300us pulse
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Small Signal Analysis
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Pulsed IV Comparison

2Data taken on
- Vg=2V adjacent zmm
: wi -0.5 steps CPW device

Z ©The devices
: were pulsed
‘E from
s V, =50V

Vg| = -5V

8 10 12 14 16 18 20

2200 ns pulse

Drain Voltage
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Pulsed RF Characteristics
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Comparlson of Pulsed RF Characterlstlcs
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RF Performance of SFP Device at 60V

©Psat - 368W
(10.2 W/mm)

—_— w1 D
,H_‘Q I(_'..:(;(small signal)1 7.5 dB
e & ©Bias Conditions
>V, =60V
>l = 1A
©Pulse conditions

» 300us pulse

e A width and a duty
Pout (dBm) cycle of 1% at
2.14GHz
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WCDMA Performance Comparison

----- A\ No-SFP - Drain Eff. : ©Measured
—A— SFP - Drain Eff. ! Under a 2
O No-SFP - Gain : .
& mEp. Gl il carrier WCDMA
o Waveform
: @Power back-off
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Output Power Backoff (dB)

36 mm chip, 2.14 GHz, I, = 1A, Vp = 40V
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WIMAX Performance Comparison

6
—m— SFP Gain(dB) —O— SFP EVM(%) O ©Performance at 2%
—m— No SFP Gain(dB) —O— No SFP EVM(%) / EVM
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° 11=14.5°/o

« Gain =11.1dB
» SFP

- 8.6W

° 1’]=31.2°/o
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Pout (dBm) @Twice as much
power and n
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Measurements performed under an
OFDM waveform at 3.5 GHz

|, = 900mA V= 28V
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Reliability

Median Degradation Extrapolation

Extrapolated 20yr
degradation <10%

1000 10000 100000

Time (Hrs)

oV, = 48V
oT; = 200°C

Time (Hrs)
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Summary

©Nitronex has developed a high performing
and repeatable baseline process using
GaN-on-Si

©The use of a source field plate enables

performance gains in operational voltage,
gain, power and efficiency

©These performance gains resulted in a
36mm device that produced 368W of pulsed
output power
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