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Digital Electronics

Faster Processing
Reduced Power More FLOPS
Same performance, fewer batteries (== | D B ts»
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Advanced Architectures
Eliminate the requirement for a system clock
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Walden Chart

100000

10000

-
(=
(=
o

100

2AENOB * 2 * Fsignal (GHZ)

-
(=

1 S— ‘ : : —— ” ‘ ‘ T T T T

0.01 0.10 1.00 10.00 100.00
Power (w)



N
A=
c
o
-
it
Q
Q
LUl
LL.
Y




RF Electronics

Higher Throughput
for Hi_gher BPS

High Frequency -
for Spectral Dominance (GHz - THz) &
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Higher Dynamic Range 0
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RF Electronics
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Critical Electric Field
10x Si and GaAs
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RF components

Wide Band: S ami
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Power Electronics

High Power Solid-State Devices Integrated Solid-State Converters
for efficient, compact, agile, high for compact, efficient medium-power
power (MW-class) systems (~10kW) subsystems in harsh environments

o ROBUST
g INTEGRATED POWUER
== ELECTRONICS

10 kv DMOSFET 10 k¥ PIN Diode

10-20 kv IGBT

SiC Wafer
+ Epitaxy
Deavice
Technology

Paralleling &
Packaging

Silicon power devices

WBG power devices

I g s ~50 W/in3 500 W/in3
%ﬂg = ~85% efficient 97% efficient
| i sl i s, 150kHz frequency 100MHz frequency
3 IOV AC 2SRV DC OO0V OC 4160V AC

125C operation
Separate control electronics

250C operation
Integrated control electronics







3D Integration
For reduced interconnect lengths
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Clock Synchronization

Heterogeneous Integration of

Analog, Digital, and Mixed-Signal

For intelligent microsystems

RF Probe

- i —pa-8-
Adapjtable Adaptable
Networks Devnce Networks

Adaptive RF Components
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Electronic Integration

3D MMICs Integrated T/R Modules
For smaller, lower cost AESA arrays For extremely low power dissipation

Top View Bottom View

Seal Ring

Active\Devices —— & = =
» Impedance Match/ =t g
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Active Devices g

Intrzavity
nterconnects

Switches

InP HBT

Digital Processing (I',‘)(i)?]ittrgal

& Control

“Device-Scale” Integration of CMOS with Compound Semiconductors

To enable circuits to use the “best junction for the function”
COSMOS Vision

Flip-chip &

Chip size

Compound A0
~1mm Semiconductor (CS) “56\
200 uym pitch Chiplets ’“‘3

Si CMOS



Dﬁﬁ@ Some Unsolicited Pontifications Fiii <=~

 Think programs, not subject areas
— Subject areas live forever, but a program is mortal
« Program - technical challenges > metrics
— PMs live to make new programs
« Why does your YPA idea
— Go for the gray...

* or the white...
 but not the black

ne?

« What makes for a good program?

— Program - technical challenges - metrics

— Start with DARPA BIG...
 but focus on MTO small!




DARPA»

Areas of Interest, or...
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My Crazy Idea List

.

Technologies for Heat Removal at
the Device Scale (THREADS)

New methods to remove heat at length
scales < 10um to achieve fundamental
(“device-limited”) performance

COmpact Vacuum Electronics

Micromachined tube technology to
achieve HPA (~100W) in the upper MMW
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Rf Technology (COVERT)
«COSMOS II” Sub-dewce_ scale h_eterogeneous
Integration
*
Ultralinear Amplifiers Wide bandgap ampllfler§ to obtain
extremely high dynamic ranges
; Roolstic PHonons Phononic equwalents o_f photc_mlc_ band
i gap materials and their applications
Optical Phonons “Phonon laser” concepts & cooling
: ) ) |
| EHF Optoelectronics Merge_ op.tlcs Wlth. high frequenf:y
electronics; the optical gate transistor
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MTO Electronics
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