
1-2 N91-14381
SDIO Long Wavelength Infrared Detector Requirements

Dr. Dwight Duston
Director, Innovative Science and Technology

Strategic Defense Initiative Organization
Washington, DC

The Strategic Defense Initiative Organization has a significant
requirement for infrard sensors for surveillance, tracking and
discrimination of objects in space. Projected SDIO needs cover the range
from short wavelengths out to 30 urn. Large arrays are required, and

producibility and cost are major factors. The SDIO is pursuing several
approaches including innovative concepts based on semiconductors and
superconductors.
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BD\O INFRARED TECHNOLOGY EFFORTS

LT COL HILMER SWENSON
SENSORS AND INTERCEPTORS DIRECTORATE

MARCH 13,1990

AGENDA (U)
• UNCLASSIFIED

HBMB903O6-I

UNCLASSIFIED

SCOPE OF SDIO IR SENSOR TECHNOLOGY
DEVELOPMENT

TECHNOLOGY THRUSTS

— OPTICS TECHNOLOGY

— FOCAL PLANE TECHNOLOGY

— CRYO COOLERS

— SIGNAL PROCESSORS

— INTEGRATED SENSORS

SUMMARY
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SCOPE OF SDIO IR SENSOR TECHNOLOGY (U) (U)

UNCLASSIFIED UNCLASSIFIED
• UNCLASSIFIED

HBMB9030H

SDI MISSION AREAS
MDCOURSC PHASE

OSTS

POST
v-O PHASE BOOST

" / PHASE
PHASE

PROJECT 5 MISSION

DEVELOP IR TECHNOLOGY NECESSARY TO SUPPORT SDI
SURVEILLANCE AND WEAPON SYSTEM SENSORS FOR
PHASE I
ADVANCE THE STATE OF ART FOR IR SENSORS

AGENTS
SAT 9.1 USASDC DONALD PARKER (209)895-3758
SAT 18 AFSTC CAPT MICHAEL DEVINE (505)648-8964
SAT 19 AFSTC LT. JEFF DRUNING (508)640-4904

UNCLASSIFIED

CRYOCOOLERS (U)
• UNCLASSIFIED

HBM890306 10

UNCLASSIFIED

DRIVERS

HIGH RELIABILITY

EXTEND ON-ORBIT LIFETIME

HIGH EFFICIENCY

LOW WEIGHT

ACCUMULATE OPERATING HISTORY

REDUCE COST

UNCLASSIFIED

CURRENT APPROACH

TURBO-BRAYTON(3-STAGE)

ROTARY RECIPROCATING REFIGERATOR
(R -3 STAGE)

2-STAGE LIFE TESTING

DEVELOP THERMAL INTEGRATION
TECHNOLOGIES

(HEAT PIPE, THERMAL SWITCH)

UNCLASSIFIED UNCLASSIFIED

NEW TECHNOLOGY

MAGNETIC COOLING

SORPTION COMPRESSION

MIXED GAS QUICK COOLDOWN J-T

PULSE TUBES

ACOUSTIC DRIVERS
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NEEDS

HARDENED FLIGHT CONTROL ELECTRONICS

REDUCED WEIGHT HIGH EFFECTIVENESS
HEAT EXCHANGERS

MODULAR/SCALEABLE CRYOCOOLERS

SOLID STATE CONCEPTS

PAGE 13
OF POOR QUALITY



CRYOGENIC TECHNOLOGY PARAMETERS
ASSUME COOLING TEMPERATURE 6S-80K LNClASS/FfD

6 —
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4 -
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I
SORPTION PULSE TUBE TADOPTR

FLEXURE STANDARD SPACECRAFT
STIRLING COOLER TURBO COOLER

.

V

P
3

§

1
MECHANICAL COOLERS

TACTICAL
STIRLING

2.0
OOaNGLOAD (WATTS)

i
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CRYOGENIC SYSTEM WEIGHT

TEMPERATURE 65-80K (JNCLASSiFfL

4 5 6 7
OOaWG LOAD (WATTS)

10
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FOCAL PLANE ARRAY TECHNOLOGY (U)

^^^^ HBM89Q30&-4
UNCLASSIFIED UNCLASSIFIED

DRIVERS DRIVING SYSTEM

• YIELD/COST/ KEW.GSTS
PRODUCIBILITY

• RADIATION HARDNESS KEW, SSTS
• OPERATING TEMPERATURE SSTS
• HYBRID PERFORMANCE SPIRIT III , SSTS,

GSTS
• D* SSTS, GSTS
• CUTOFF WAVELENGTH SSTS, GSTS
• UNIFORMITY SPIRIT III, GSTS,
• CROSSTALK SPIRIT III, SSTS,

GSTS

UNCLASSIFIED

NEW TECHNOLOGY

• INTRINSIC EVENT DISCRIMINATOR
• SOLID STATE PHOTOMULTIPLIER
• Ge CTIA
• GaAs MUX FOR HgCdTe
• HIGH OPERATING TEMPERATURE
DETECTORS

• HIGH TEMPERATURE SUPERCONDUCTORS
• STRAINED LAYER SUPERLATTICE
• VLWIR HgCdTe - HIT DETECTORS, SOFRADIR
• LWIR Hg CdTe TECHNOLOGY
• HgCdTe PASSIVATION TECHNOLOGY

CURRENT APPROACH

• MANTECH

- MWIR PILOT LINE DEMO FOR BOOST PHASE
APPLICATION

• HYWAYS

- IBC HYBRID DEVELOPMENT FOR SSTS. GSTS
- ADVANCED HYBRID DEVELOPMENT
- PILOT LINE DEMO

•SLIM

- LWIR HdCtfT. FOR KEW & SSTS BACKUP

• HARDENED INSB TECHNOLOGY
FOR SCANNERS

UNCLASSIFIED

NEEDS

• MODULES
• NOISE MODELS FOR HYBRID INTEGRATION
• LARGER SUBSTRATES
• AUTOMATED TESTING FACILITY
• TRAINING FOR TEST FACILITY PERSONNEL
• INTEGRATED FOCAL PLANE
TECHNOLOGY

IRFPA DESIGN DRIVERS (U)
•UNCLASSIFIED

UNCLASSIFIED

• LOW TEMPERATURE TARGETS

• LOW BACKGROUNDS

• HIGH TOTAL DOSE ENVIRONMENT

• 3 COLORS REQUIRED FOR DISCRIMINATION

• LARGE FOV - HIGH SCAN RATES

- SHORT INTEGRATION TIMES

- HIGH DATA RATES FOR ANALOG SIGNAL PROCESSOR

• LARGE NUMBERS OF TARGETS/DECOYS

• HIGH THROUGHPUT REQUIREMENTS FOR OBJECT DEPENDENT PROCESSORS
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RELATIVE HARDNESS

-UNCLASSIFIED
HBM890605B

NORMALIZED QAUMA FLUX

MATERIALS/APPLICATIONS MATCH-UPS (U)
. UNCLASSIFIED

WAVELENGTH 0-m)

DREFLECTED
SUNLIGHT

ATMOSPHERIC
TRANSMISSION °-4
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UNCLASSIFIED

80% COST REDUCTION DEMONSTRATED
WITH INTERMEDIATE RUN

40

30

20

10

ACTUALS
1089 PROPOSAL

OVERALL PROCESS
YIELD n 10.3%

BASELINE
JANUARY 1988

INTERMEDIATE
JULY 1980

PILOT
AUQ1990

MANTECH STATUS (U)
•UNCLASSIFIED

HBM8WS23K

• ORIGINAL

— ROCKWELL (HYBRIDS)

— SBRC (DETECTOR ARRAYS)

• BASELINE RESULTS

— ROCKWELL (HYBRIDS)

— SBRC (DETECTOR ARRAYS)

• INTERMEDIATE RESULTS

— ROCKWELL
• YIELD 2X BASELINE

— SBRC
• YIELD/PERFORMANCE

IMPROVEMENTS
• CdTe PASSIVATION

CONRGURATION YIELD YIELD GOAL COST/HYBRID COST GOAL

S) 32x8 0.2 — $100 K

RRAYS) 32x8 02 — $200 K —

S) 32x64 1.35% 0.4% $34 K $20/CHANNEL
(100% TEST)

1RAYS) 128x128 3.5% 0.4% $15 K $20/CHANNEL
(SAMPLE TEST)

rc

32x64 10.3% 1.5% $6.5 K

128x128 35% 1.5% $4.6 K
ICE WO- . (SAMPLE TEST)

JECTED

| * OF PIXELS WORKING MADE UNDER MANTECH = >3M

| * OF PIXELS REQUIRED BY END OF CONTRACT n -2M

$5/CHANNEL
($3.18 ACHIEVED)

$5/CHANNEL
($0.28 PROJECTED

WITH SAMPLE
TESTING)
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ISSUES REMAINING AFTER
MWIR HgCdTe MANTECH (U)

ISSUE

HARDNESS

PRODUCIBILITY OF NUCLEAR HARD ARRAYS

INTERGRATION OF ARRAYS

UNIFORMITY

SUSTAINING MARKET PLACE

TRUE HANDOFF TO PRODUCTION WITH
LESS TOUCH LABOR

THIRST FOR HIGHER PERFORMANCE AT
LOWER COST

RADIOMETRY PERFORMANCE

READOUTS

.UNCLASSIFIED
HBMB81116-66

NEED TO BE
ADDRESSED BY

TECHNOLOGY PROGRAM
MANTECH REVISITED

TECHNOLOGY OR PRIMES

TECHNOLOGY DEVELOPMENT

TATICAL?

DPESO/DSTAR

TECHNOLOGY MATERIALS/
DSTAR LABOR

TECHNOLOGY

TECHNOLOGY

BENEFITS OF IBC DETECTORS (U)

UNCLASSIFIED
28890*2IV

• RADIATION HARDNESS

• RESPONSE LINEARITY

• FREQUENCY OF RESPONSE

• UNIFORMITY OF RESPONSE

• PREDICTABLE BEHAVIOR

• HIGH RESPONSIVITY

• RELATIVELY HIGH PIXEL YIELD
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IBC FOCAL PLANE DEVELOPMENT (U)
UNCLASSIFIED

2689062 IF

1977 I 197» | 1979 | 1980 | 19S1 | 1862 | 1983 | 1984 | 1985 | 1988 | 1887 | 1888 | 1888 | 1990 | 1991 | 1997 | 1993

FPA WTE£RAT1ONJECHNOLOOV

HYWAYS , HYWAY3 U

n } »** •
.BACK ILLUMINATED

BLOCKING LAYER
\-IR SIGNAL READOUT

XIR ACTIVE REGION
X8UBSTRA

VLWIR TECHNOLOGY NEARS PILOT PRODUCTION (U)

1U

100K

10K

1K

100

10

1

.1
79

SUPPORTS SSTS & GSTS

UNCLASSIFIRD

FOCAL PLANE
MODULE ASSEMBLY

HUGHES PATHS PROGRAM:
COST:$1.33/PIXEL
YIELD: 27%

HUNDREDS
OF PIXELS

THOUSANDS
OF PIXELS HUNDREDS OF

THOUSANDS OF PIXELS

•80 •81 •82 •83 '84 '85 •88 '87 '88 •89 •90

CONCERT
DEVELOPMENT

TECHNOLOGY
DEMONSTRATION

TECHNOLOOY FPROOUCBUTY
TRANSFER

OY I P

VERVE

ENOMEERtNO
PILOT IPROOUCIBIJTY

PROOUCTWNllMPROVEMENTS

PROOF OF PARTS TO VERVCD
PRtKtPLI A GOAL PROCESS

DOCUMENTATION

PRODUCTION
PROCESS

_ A Zi
PARTS HI RATE

TO SPEC PRODUCTION
LOW RATE

PRODUCT SPEC PRODUCTION
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IR SENSOR COMPONENTS STATUS ON TECHNOLOGY
CYCLE MODEL(U)

PV HqCdT* IfiBOB.

DETECTORS
SUBSTRATE FAB

EPI GROWTH

ARRAY FAB
HYBRIDIZATION

TESTING :

WARM

COLO(CRYO PROBE

HYBRID

READOUTS
SUBSTRATES

EPIGROWTH

DEVICE FAB
TESTING WARM

ASSEMBLY
MODULE ASSY

FPA ASSY

HBMB90104C

TECHNOLOGY 1 TECHNOLOGY 1 TECHNOLOGY 1 PRODUCIBIUTY 1 PILOT 1 PflODUCIBILITV
DEVELOPMENT 1 DEMONSTRATION | TRANSFER | ENGINEERING | PRODUCTION | IMPROVEMENTS

PROC
PRBK

\ I
f OF PAR1
3PLE AG

l==

rs TO VEH
OAL PRO

DOCUUE

FIED PRODUCTION ' ' ft
CESS PROCESS TO

PRODUCTSPEC

!

a A /
RTS HI R>
SPEC PRODU

LOW RATE
PRODUCTION

i
kTE
CTION

MANTECH OBJECTIVES

PHASE I

PHASE II I

PV HqCtfT*
LWIR DETECTORS

SUBSTRATE FAB

EPI GROWTH

ARRAY FAB

HYBRIDIZATION

TESTING :

WARM

COLD CRYO PROBE

HYBRID

BEAQQUIS
SUBSTRATE (SI)

EPI GROWTH

DEVICE FAB

TESTING WARM

GRYOPROBE

ASSEMBLY

MODULE ASSY
FPA ASSY

TECHNOLOGY 1 TECHNOLOGY I TECHNOLOGY 1 PHODUCIBILITY 1 PILOT I PRODUCIBIUTY
DEVELOPMENT 1 DEMONSTRATION | TRANSFER | ENGINEERING | PRODUCTION | IMPROVEMENTS

PROC
PRINC

\ I
f OF PAR1
1PLE AO

1 OaAs

\ I
S TO VER
OAL PRO

DOCUME

HqCdT*

I— son
1 Hgrfl

FIED PRODUCTION ' ft
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IR SENSOR COMPONENTS STATUS ON TECHNOLOGY
CYCLE MODEL(U)

• TIME •

• UNCLASSIFIED
H8MB90KXB

SI:A»

SUBSTRATE FAB
EPI GROWTH
ARRAY FAB
HYBRIDIZATION

TESTING : WARM

COLO
HYBRID

READOUTS

SUBSTRATES
EPI GROWTH
DEVICE FAB
TESTING WARM

CRYOPROBE

ASSEMBLY

MODULE ASSY
FPA ASSY

TECHNOLOGY
DEVELOPMENT

TECHNOLOGY
DEMONSTRATION

A I
PROOF OF PARI
PRINCIPLE A C

BORON FREE SI, SEER, PATH

TECHNOLOGY 1 PRODUCtBILJTY 1 PILOT I PRODUCtBIUTY
TRANSFER | ENGINEERING | PRODUCTION | IMPROVEMENTS

^ tSTO VER
OAL PRO

DOCUME

•» £• j i
FIED PRODUCTION PA
CESS PROCESS TO

NIAIION PRODUCT SPEC |

f STANDAR
XXNVNXNX^vx'.

IAX SENSITIVITY

— :̂ rz — n rrr̂ :::"":::::: r: •;

==>

SEER PATHS

AOA

' 1 x

' kV.V.VS

\ A t
RTS HI M
SPEC PROOU

LOW RATE
PRODUCTION

>

kTE
CTION

:MOS

o*

! REMAINING HYWAYS EFFORT

FUTURE PLANS (U)
• UNCLASSIFIED

26890621L

•NEAR TERM
HYWAYS • ADVANCED HYBRIDS FOR ENHANCED RADIATION TOLERANCE,

HIGHER SENSITIVITY, LOWER NOISE
HYWAYS - ENHANCED PRODUCTION RATES
DECISION ON CONTINUATION OF SI:Ga

•MID-TERM
IED PERFORMANCE IMPROVEMENTS
EXTENDED WAVELENGTH RESPONSE
MICROLENSES
APPLICATION OF IBC TECHNOLOGY TO INTERCEPTOR REQUIREMENTS
HIGHER OPERATING TEMPERATURE

•FAR TERM
EXPLORE IBC CONCEPT IN OTHER MATERIALS AND DEVICES
ADDRESS IED/SSPM PRODUCIBILITY
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CONCLUSION
—^^——————————-— UNCLASSIFIED

• TECHNOLOGY PROGRAMS ARE PLANNED TO ENCOMPASS
SYSTEM NEEDS FOR DETECTOR/READOUT PERFORMANCE
AND AVAILABILITY

• TECHNOLOGY PROGRAMS OR SYSTEM PROGRAMS MUST
ADDRESS FPA INTEGRATION ISSUES

• HARDNESS IS THE LAGGING TECHNOLOGY

• HARDNESS IS SUFFICIENT FOR SPACE DEMO PROGRAM
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