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UAV SYNTHETIC APERTURE RADAR MODE

STATIONARYTARGET DETECTION

STRIPMAP SAR
CROSS-RANGE RESOLUTION - 1-m
RANGE RESOLUTION - 1 m

RANGE SWATH - 2 km
NOMINAL RANGE - 10 km

UAV SPEED - 60 m/s ‘
UAV ALTITUDE - 3 km T —
| PAYLOAD WEIGHT - 50 kg (110 Ib |
| 1 kw




UAV - DIGITAL PROCESSING OPTIONS

Assumptions: 10 i sec PULSEWIDTH
PRF = 4000
2 K RANGE SWATH
3K ALTITUDE
60 M/SEC VELOCITY

10 |

GOPS

0.1}

0.01

BANDWIDTH ( MHz)



SIGNAL PROCESSING ALTERNATIVES

CONTINUOUS

AMPLITUDE

DISCRETE

TIME
CONTINUOUS DISCRETE
CMOS /Pccn — -

PURE ANALOG | SAMPLED ANALOG
AMPLIFIERS, FILTER, . CHARGED TRANSFER DEVICES
BEAMFORMER ' HIGH THROUGHPUT ,
MATCHED FILTERS ( SAWS ) HIGH SPEED MEMORY

g - BEAMFORMING
HIGH THROUGHPUT
LIMITED PROCESSING ';S;g:.‘ :::gzssmc
PURE DRIGITAL
' LOGIC, MEMORY

( NOT USED )

LMI’TED THROUGHPUT
.VERSATILE PROCESSING

cMOS/CcCD —



CCD SIGNAL PROCESSING

STRENGTHS:

LIMITATIONS:

CHARACTERISTICS

- HIGH THROUGHPUT

HIGH DENSITY ( SAMPLED ANALOG)
LOW POWER AND WEIGHT

INTEGRATED TECHNOLOGY ( CMOS/CCD)
CONVENTIONAL SILICON PROCESSES
COMMERCIALLY DRIVEN TECHNOLOGY

LOW DYNAMIC RANGE AND LINEARITY
SHORT SIGNAL STORAGE TIMES
LIMITED MATHEMATICAL VERSATILITY
MASK PROGRAMMABLE



TECHNOLOGY EVOLUTION

DIGITAL CCD
BIPOLAR
S Y
SMALL
SENSORS bcco
TRANSVERSAL FILTERS
MSI COMB FILTERS
TRANSIENT RECORDERS
MOS .
LARGE .
BIPHASE CORRELATORS (LL)
BICMOS DCT (LL)
VLSI
FULL COMPLEX DFT (LL)
HIGH SPEED MEMORY (LL)
LOW VOLTAGE (LL)
VHSIC IMPROVED LINEARITY (LL)

LARGE MEMORY SIZE (LL)
CcCO

MONOLITHIC DEVICES
MEMORY
BEAMFORMER
MATCH FILTER

* WAFER SCALE INTEGRATION



-

HIGH SPEED MEMORY

SERIAL PARALLEL SERIAL
SHIFT REGISTER

e 150-200 MHz INPUT

¢ 64-K SAMPLE STORAGE

e > 55dB DYNAMIC RANGE

o LINEARITY > 8 BITS (Full Diff)
e > 1-SECOND DWELL

MATCHED FILTER

TRANSVERSAL FILTER

e BI-PHASE CORRELATOR

e CHIP LENGTH 512/1024

e 10-20 MHz/10-20 BOPS

e LINEARITY>7BITS ©

¢ CMOS CIRCUIT INTEGRATION

CCD SIGNAL PROCESSING TECHNOLOGY

" DFT/BEAMFORMER

P—

R PN 2 RSN R R AR IAE R LS

LA £Y R

VECTOR MATRIX PRODUCT |

o FULL DIFFERENTIAL DFT

¢ 10-20 MHz/10-20 BOPS
¢ >50-dB DYNAMIC RANGE
‘o LINEARITY > 8 BITS (Full Diff)




SPS MEMORY REQUIREMENTS

® LARGE STORAGE SIZE (>128K)
® 150-200MSPS INPUT RATE

® 10MSPS OUTPUT RATE

® >100mS DWELL-TIME (<1% FILL)
® > 50dB LINEAR RANGE

® LOW POWER |

® SELF CONTAINED/MONOLITHIC



SER|AL PARALLEL SEF“AL MEMORY
| MADIO128 DEVlCE DEVELOPMENT
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| SERIAL PARALLEL SERIAL MEMORY DEVICES

 MAD20128

- SPS

}5,‘ MADZM 28

. 64K GAPACITY
» 2POLY "
o SINGLE METAL

. BOHONIPHOSPHORUS E

'« ON CHIP NMOS

SPS m

e , 16K CAPACITY
! ; e 3POLY
"o SINGLE METAL
e ALL PHOSPHORUS

-« STEPPED DOPING g
| cLack nnwens i |

e ON CHIP NMOS
CLOCK DRIVERS

M720A

*

M720

2 X 32K CAPACITY

2 POLY |
SINGLE METAL

ALL PHOSPHORUS
FULL DIFFERENTIAL




HIGH-SPEED SPS BUFFER MEMORY
MULITPHASE-PINNED MODE OF OPERATION

DYNAMIC RANGE IMPROVEMENT
120 ‘ '

TYPICAL GOOD

1003 , 7 IMAGER QUALITY

' DWELL-TIME = 64mS
80 a
]
60
40 - k : - =
: ® A o
o]

''''''''

Dynamic Range (dB)

Temperature ( °C)

® SUBSTRATE TEMP RANGE INCREASE FROM 40 TO 100°C
e LOW'STANDBY POWER VIA CMOS MPP CLOCK DRIVERS
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SHORT-GATE CCDs: L = 7 ym

UNIFORM ~ STEP-DOPED
$,=5V T b,=5V T
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ELECTRONS

6x105

4x10% |

2x10% |

v

INPUT #2

2x10% } (INPUT#1)-(INPUT #2) |

-4x10% |

-6x10% A : R J
1 12 13 14

INPUT VOLTAGE

- DIFFERENTIAL OPERATION LINEARITY ANALYSIS
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CMOS MPP DIFFERENTIAL CLOCK DRIVER

VOUT - VouT
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CMOS HIGH SPEED
DIFFERENTIAL CLOCK DRIVER
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UNCLASSIFIED

HIGH-SPEED SPS MONOLITHIC MEMORY
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MATCHED FILTER REQUIREMENTS

LARGE TIME-BANDWIDTH PRODUCT (>1024)
e >50dB PEAK/SIDELOBE |

® > 25dB INTEGRATED SIDELOBE
LINEAR-FM/BIPHASE

" 10MSPS INPUT RATE
LOW POWER |

SELF CONTAINED/MONOLITHIC



- MATCHED FILTER DEVELOPMENT OVERVIEW

RESISTANCE AVERAGING '\ LOW POWER MONOLITHIC

LIMITED TIME-BANDWIDTH PRODUCTS f
'BIPHASE / PROGRAMMABLE / - 2-um CmOS/CCO \
| MONOLITHIC MF
CAPACITANCE AVERAGING \ MASK PROGRAMMABLE
LINEAR-FM (CHIRP)
LIMITED ACHIEVABLE GAIN (CHIRP) . BIPHASE/LFM
ARBITRARY CODE / MASK PROGRAMMABLE / SPLIT-GATE ~ LARGE TBWs (>2048)
LOW ISL (< -25dB)

LOW POWER ( <2W)

, CURRENT INTEGRATION \ LARGE TBW PRODUCTS /
LARGE TIME-BANDWIDTH PRODUCTS o
. BIPHASE / MASK PROGRAMMABLE CURRENT |NTEGRAT|ON ‘
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CCD TRANSVERSAL FILTER IMPLEMENTATIONS

Limited
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Limited
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CMOS INSTRUMENTATION AMPLIFIER
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CMOS FOLDED- CASCODE OPAMP
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UNCLASSIFIED

MONOLITHIC MATCHED FILTER

CMOS CLOCK DRIVERS
& N=2048 CCD TAPPED DELAY LINE
CODE 2
A -
|
LT N=2048 CCD TAPPED DELAY LINE
!
| CMOS CLOCK DRIVERS
1
N=2048 CCD TAPPED DELAY LINE

N=2048 CCD TAPPED DELAY LINE

CMOS CLOCK DRIVERS

CMOS ANALOG - - -0 '
__________ CALIBRATION CIRCUITRY

UNCLASSIFIED
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MATCHED FILTER IMPLEMENTATION

(4]
" (Sff.l, o.gm (sﬁ‘u_) 1 -20
0— ¢
8PF2 21 Delay MF1 =40
(51 pt.) Decimator [T (800 pt) T™ (600 pt)
-60 ’,j".": I".‘\«.l‘- ‘
PARALLEL ARCHITECTURE o l; (1TSS 'l" "
. nt . "..“ | , b “
| -80 Wh‘lu "' ‘ 4 Jl '
-10 -5 0 5 10’,,
MATCHED FILTER RESPONSE
(N=3200 LFM)

« REQUIRED TIME-BANDWIDTH PRODUCT ACHIEVED
- USING AVAILABLE CMOS/CCD TECHNOLOGY

.  APPLICABLE TO BI-PHASE/LINEAR (NON-LINEAR) FM

« INPUT BANDPASS FILTER CHOSEN TO MAXIMIZE PULSE
COMPRESSION GAIN



DFT/BEAMFORMER REQUIREMENTS

® 16-32 POINT COMPLEX |

® 550dB NULL DEPTH/1% ACCURACY
e >50dB LINEAR RANGE

e >60dB INSTANTANEOUS RANGE

® 10MSPS INPUT RATE

® LOW POWER

® SELF CONTAINED/MONOLITHIC




COMPLEX VECTOR
INPUT MATRIX
- — PRODUCT

OUTPUT
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CCD DFT IMPLEMENTATION

2ank
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