_The DARPA/Wide Band Gap Semiconductor
—for RE-Applications (WBGS-RF) Program:
Q Phase |l Results

))

q‘mlﬁo

-~
Wide Bandgap Semiconductor Technology ;

- Mark J. Rosker

. 2009 International Conference on Compound Semiconductor
Manufacturing Technology

Tampa, Florida, USA

19 May 2009

MICROSYSTEMS TECHNOLOGY OFFICE S
@ The views, opinions, and/or findings contained in this article/presentation are those
- of the author/presenter and should not be interpreted as representing the official

views or policies, either expressed or implied, of the Defense Advanced Research
Projects Agency or the Department of Defense.

Approved for Public Release, Distribution Unlimited


Presenter
Presentation Notes
Cleared by DARPA on 5/15/2009. DISTAR Case 13640. All copies should carry the Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). 



—~ HWHaN

DARPA’s Rolein AT

Scienceand Technology

T10B-

5B-

Services S&T

Fundamental Research,
Discovery, System
Concept Invention

NEAR MID FAR



DARPA Technical Offices —<ivi i<~

Acting Director, Bob Leheny

I I
Tactical Technology Strategic Technology

Dave Neyland Barbara McQuiston
Steve Walker Larry Stotts, Brian Pierce

Air/Space/Land/Sea Platforms
Unmanned Systems
Space Operations
Laser Systems
Precision Strike

Space Sensors/Structures
Strategic & Tactical Networks
Information Assurance

Underground Facility Detection
& Characterization

Chem/Bio Defense
Maritime Operations

Defense Sciences
Leo Christodoulou (Acting)
Ben Mann (Acting)

Physical Sciences
Materials
Biology
Mathematics
Neuroscience

Information Processing

Techniques
Chuck Morefield
Charlie Holland, Mark Luettgen

Cognitive Systems
Command & Control Systems
Computer Language Translation
High Productivity Computing

Microsystems Technology
Greg Kovacs
Dean Collins, Mark Rosker

Sensors & Pro_ce_ssjng .

Electronics
Photonics
MEMS
Algorithms
Integrated Microsystems



Presenter
Presentation Notes
Cleared by DARPA on 5/15/2009. DISTAR Case 13640. All copies should carry the Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). 



= T —————————

- WBGS-RF Program Overview
= ——



Presenter
Presentation Notes
Cleared by DARPA on 5/15/2009. DISTAR Case 13640. All copies should carry the Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). 



Critical Electric Field of GaN is
10x Si and GaAs

35 delebl P

GaN
3

2.5
2

15

Critical Field (MV/cm)

SiC substrate

Gallium Nitride HEMT on Silicon Carbide

Energy Gap (eV)

High voltage operation for analog Dramatlcally ngher
and RF components e QOutput power

» Efficiency
 Bandwidth

WBGS-RF GaN-on-SiC Program: The Next Generation of MMICs

Approved for Public Release, Distribution Unlimited



Presenter
Presentation Notes
Cleared by DARPA on 5/15/2009. DISTAR Case 13640. All copies should carry the Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). 



WBGS-RF Program Timeline-~1vi i<

3/05 4/08

Phase | Phase Il Phase lll

Wide Band Gap Wide Band Gap:Semiconducior
Semiconductor-Materials Device Technologies

WBGS-RE
MMIC TechnolO0GIES

Systems

Phase IV

= Subsystem

'Build commercial
__..Ccapability

Modules

Phase I/l

YMaterials

Science

Approved for Public Release, Distribution Unlimited 6


Presenter
Presentation Notes
Cleared by DARPA on 5/15/2009. DISTAR Case 13640. All copies should carry the Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). 



WBGS-RFE Program
Technical Challenge

MICROSYSTEMS TECHNOLOGY DFFICE

Phase |
Wide Band Gap
Semiconducior.

Materials

S#?: na "IEOII X-band
- - 1 h -ban
- . Microwave CREE(‘@

Field-plate approach

Phasell
Wide Band Gap: Semiconductor
Device Technologies

- Polarizer Image
3"+ SiC substrates

[ ] - ( .
ggf{/.-'g(l)JN’D’?}tCTO'R Wideband

Low
defect density.
substrates,
uniform epitaxy.

Understanding &

eliminating degradation

w-ray diffraction data summary of wafer g288arac x0d

MMW NORTHROP GRUMMAN Q-band
No field-plate

Distance from the center [mm)

8 835 o 3 8

-20 ] 0
Distance from the center [mm]

Uniform Al composition

Approved for Public Release, Distribution Unlimited 7


Presenter
Presentation Notes
Cleared by DARPA on 5/15/2009. DISTAR Case 13640. All copies should carry the Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). 


http://www.cree.com/index.asp

Phase Il Achievement

=l A 4 I :

M ROSYSTEMS TECHNO

igh Performance Without Degradationi

> 10° improvement in lifetime achieved

over 3 years
o e _GaAs . GaN +00 e
106 | “‘ .......... T ?.(.j.a.)./. 38.5 _Examp|eofRFStabi“ty_
AN g oy PhasellGoal |§ .| [
= 108 4 ™ 0| [
E 10! 4 R . 5s _
% 100 - ::.A.... e 15i_oo Trn b cen oo
(ne 101 | — e A,_ Time (hrs)
10_2 | G N ----------
103 - == S
. Prior to Phase |I 01 , =Y
z\\\ T — . . . , ' > |2 N ailures
‘@6 1.0 2.0 3.0 4.0 5.0 6.0 7.0 _
‘Q .\0'0 0.4 g-o.s
Qo &%\. _ g-0s Early Phase I
O RF Performance — Power Density (W/mm)
\Q\' o> Prior to Phase
Prior to Phase Il device failure mechanisms not understood M e

Approved for Public Release, Distribution Unlimited 8


Presenter
Presentation Notes
Cleared by DARPA on 5/15/2009. DISTAR Case 13640. All copies should carry the Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). 



Phase'll Device

l'll

MICROSYSTEMS TECHNOLOGY DFFICE

GNG Milestones (April 08)

Track (Band)

Number of Devices

Number of Wafers
Drain Bias

Cell Size

Operating Frequency

Output Power*

Power Added Efficiency

Gain at Power

RF Yield*

Output Power Uniformity?
PAE Uniformity®

Small Signal Gain Uniformity*

Long Term Performance**

um

GHz

%

dB

%

dB
% pts
dB

hrs

Integration Level:

Raytheon/Cree
(X-band)

High Efficiency

GNG Achieved
.
o

60
12
50

* Measured at compression corresponding to maximum PAE
Uniformity defined as the standard deviation in measured values from 100 devices/MMICs on all validation wafers

¥ The fraction of devices from all validation wafers meeting or exceeding all relevant GNG requirements

** Failure is defined as a 1 dB decrease in output power compared with its level at the time that testing commences
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Raytheon RE Yield

Wafer ID #dev Pout Gy PAE #pass  Yield
[dBm] [dB] [%0]
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Cree.RF Yield

MICROSYSTEMS TECHNOLOGY DFFICE

Wafer ID #dev Pout G- PAE # pass  Yield
dBm dB % :
[dBm] [dB] [%0] 48V bi
1128E070926-2 74 39.0+0.1 12.0+0.1 62.0+1.1 57 17%
1128E070926-4 74 39.0+04 12.0+0.4 61.9+ 3.8 59 80%
112B12-1 74 39.2+0.1 122 +0.1 61.8+1.2 70 95%
112B12-2 74 39.2+0.1 122 +0.1 61.6+1.3 65 88%
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R o 4 8 milzm 72 Sites s 4 8 12 2 omzlamd éé 1om1lzm14 72 Sites
% Average = 39.04 +/- 0.14 dBm Average = 62.0 +- 1.1 % Average =12.0 - 0.1 dB
o Power (dBm) Power-Added Efficiency (%) Gain (dB)
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Summary

« WBGS-RF Phase Il achieved > 10° increase in GaN
HEMT lifetime over 3 years

« WBGS-RF advancing understanding of physics of
reliability and trade-offs with performance

e 2 year Phase Ill program underway to develop high
performance, long lifetime GaN-on-SiC MMICs

Anticipate Continued Rapid Advances for GaN MMIC
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