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FRMENT FOUoal PLanie ARRaY Inpuy

FREQUEN

{CIROUY

oy

FIELD OF THE INVENTION
(80811 The mventiop relates o g oircuit and method for maasering
the frequency of 3 bhetsvodyne laser radar (LADARY system signal an

the tnput coll of & focal plane array (FPA)L

RACKOROUND OF THE INVENTION

:_§,{?§¥§§3} LAser rallAR {LADAR) sombines laser-focused imaging with
radar's ability to onlenlate distances by measuring the fime for a signad
tooreturn, Sueh sensors are ussd for detection, idwniiflcation, and
procision messuwrement of the range o a targel. Dats generated by the
sensoy can be uyed for fargsting, command, snd control compuiers of
agtomated and semi-sutomated systoms. The data can be wsed fur
precision short and long-range targe! detection, idemtifivation, and
ranging measurements for commansd, sontral, and navigation systemy of
sutcpomous, semi-anionomeus, snd romotely operatsd panped and
unmanaad vehicles, In operstion, light reflected by backscattenng i
received at the detector. LADAR detection can be by direst spergy
detection {amplitude widasurement} of by coherent detection, TUohatent
gystemy generally vee optical hetorodyne detsotion, which, 3.}3::;'.{;;5 move
sonsitive fhan direct detection, allows them o operate al ¢ much lower
powsr but at the expense of wore complex fransceiver reguirsments.
EADANR gystems can smploy two types of pulse models: micropulse and
v, Micropuise systems use considerably less laser asergy,

typiaaiiv an the order of one microjoule, Commop wavelsngihs rangs
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SUMMARY OF THE INVENTION
{60831 An smbodiment provides z device for measuring 2 fregquency
nf & heterodyne laser radar {(LADARY system signal in an input cell of &

focal plane array {FPA) comprising a8 detector; an AU coupled

s

gmplifter tnput s counter; and & Jateh ouipotting a resd oui,  in
snrhodiments the counter amd the lateh comprize 14 1o 18 bits. I other
emhodiments, the detector is an svalanche photodisde {AFD).  in
subsequant ombodiments the AD coupled smplifier input comprises
gain and bandwidik adjustment. For addittional embodiments the gain
fa about S00 and handwidih from about 23 o 304 Mz In anothes
smbodinent, the AFD is a HeCdTe detector. A& following smbodiment
further comprises a LADAR range detector measuring 2 tme of arvival
of 2 return palse osing sn sxterna! reference clock as a sounter clogk,
and storing & counter value correxponding to the time of arrival of the
retyrn LADAR pulse.  Subsequent smbodiments further comprise 2

phaton counting foeal plane array, whars the gain of the APD and

& R o

amphifier i3 large enpough for individual photons 1o gensrate a stgnal

s+

farge snpugh fo operate the ooupter,  Addittons! embodiments farther
somprise 8 navrow laser oold fils

{#84]  Ancther ombodiment provides n method for measuring 8
frequensy {FM) of # betercdyne laser radar {LADAR) system signal in

¥

ar iaput oel of a focal plane array (FFAY comprising providing s
LADRAR FM FPA circuil; vounting o beat freguency, wherehy detection
and freguency messuroment are accomplished; comting photons duving
g period, whereby photons are passively counted; and clocking start or
stop times of couster, whereby ranging is directly detected.  In

2

inoluded smbodiments o fixed cownting period 35 an entive frame, In

5

vet further gmbodiments s fixed connting period {5 lexs than a frame.
tn related cmbodiments 8 fixed counting peniod is more than a frame

Further embodiments gompris in gasuing embodiments

pulses sre longer than Hwo fimes a rite. For ovey further
smbodiments, a mintmuum of count perivds is chaxen as g count peried

with lsast noise coums.  For mors smbodiments, passive and active

)
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counting are simultanconsly sccomplished,  Continusd embodiments

include a faster frame rate {s employed for sharter pulses.  Fer
additional embodiments, the svatem has single photon senzitivily,

whersin the LADAR FM FPA oircult comprises an  avalanche

shotodiods (APD} having & gain of about 100 fito a digital xignal fovel

2

at a 200 MHz2 rate with ¥4 gWL

188881 A yet Turther embodiment provides & systam for measunng &
frequency (FM} of a hotersdyne laser radar {LADAR) system stgnal i
an inpul cell of a foosl plane avay (FPA) comprising aw svalanche
photodiode {AFD) sn AC coupled awmplifiex comprising gain and
bandwidth adivstment inpuly @ counlern 8 fatoh outputiing & read ouy

counting Beat  frequency, whereby  detsotipn and  {reguessy

&

megsurement are accomplished: counting photons during a peniod,

wherehy phetons are passively counted) and clocking start or step

4D

times of coupler, whereby ranging te directly detected, wherein the

£y

Fra dimensions are 258 by 258, pixel dimensions ars aboul 30 gwm, and
an avelanche photo diode gain is shout 194, sdjustable per-pixel

(9866]  The features amdl sdvanirges sdeseribed bhervein are not ail
inclasive and, in partioular, many addifional features arval sdvaniages
wili be spparemt fo oo of ordivary skill du the art in view af the
drawinge, specification, and claims, Moreover, it shouid b note 3 that
the language used in the specilication bas besn principally 8 elevted for
readatility and .iﬁsxtms:tix:ma.i purposes, and nol o Hadt the scopu of the

mventive vubieot matier

BRIEF DESCRIFTION OF THE DRAWINGS

8871 Figore 1 ts a depintion of 8 LADAR systom ERviromnen

configured in accordance with one smbodiment af the taveniton,
198881 Figure ¥ t8 & LADAR system block diagram configursd tn

aersrdancs with one smbodiment of the inventisn.

Led
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3’.‘?;‘ Figure X is a freguency measurswment (FM) focal plane arvay

A) inpet cirvenil block sﬁ:éagram configured in accordance with wae

P
=

IBHI8T Figoers ¢ #5 2 frsnsient  analyals graph configured
accordande with one embodiment of the nvention.

BRI Figure § i o2 wmethods of operation diagrawm configured ip
accordancs with ong smbodinwent of the invention,

(0013 Figure & iv an operation flow chart configdred o acvordsnce

with one embodimant of the fnvention.

DETAILED DESCRIPTION

FOR131T The invention measures the foaguency of & heterodyne laser

X

radar (LADARY system signal in the inpwt coll of a foeal plane array

{FPA  Bwmbodiments smplify the return sigeal, and dove 1 inte 3

A
counter for s fixed period of tims. The frequency is the wumber of

counts divided by the count time, An amphifier s designed to amplidy

the retarn of 8 s.mg;?e photon response of an svalanche photodiode with

a 100 tnto g Qigital signal lovel at o 200 MU rate with ondy ¥4

wW

{B814]  FHG. Y depiots @ LADAR system enviroament 108 Platform
148 {not necessarily atrhome) incorporsfes GFY joecating information
114, sad sapports lnsor scanngt systeom 188 {0 scan tapget avey 134
H618] FIG. 2 15 o LADAR system block dragram 388, Cowmponents
comprisg laser 36%5; besm expander 218 ramamitting optiey 21§
receiving felescope 228; target 238 photodetector 23€; ACD converter

238 sigoal and dags procosyor 248; and sutput device 148

§iﬁ§{‘3§§§§ Embodimemts of the invention suppant Yool pleve arrays with

ap o 288 x 35460 This FFA architecturs can alsn support

alternate FPA oporsting wodes, slfowing it o do direct detect ranging
LADAR ar passive photon cousting. The oirouwit ¢an alse coant
plurtons for very low flux gpplications or perfnrm divest detent ranging

by coanting veference ook eyeles watil return pudse 13 detevted,
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HOEITE FEGL 3 depicts g freguepey messurement

input oirewit 388 for hoterodyne LADAR BSyatems,
finear avalanche photediode (APDY 388 with DCOM 10V mput; SG0X
ALY coupled amplifier 318, gain and bandwidih adjustment wmpot 31X
14 - 16 it counter 324; optional MUK in for ranging 338; 14 - 16 by
tatch 338: and read ony 335, LADAR Freguency Meazsurement FFA
spibhadiments cownt fast polaes for muliiple functions., They measurg
weterodvoe LADAR presence aad frequency by ecounling cyeles o8
known peried. The frequency 15 egual 1o the number of opunls pey
apunt peried, assunung the stgnal is present for the eotive ¢ount period.
Embodiments count passi erated photons for tow flax lovels. in

&8

emboadiments, this may reguire deisctors operating at T=<30K. When
thers is sufficient gain to count photons, pulse counting functionaiity
is no differsnt for FPAs, Direct range deteciion can be ;w*iwm «d by
punting exiernal reforenee elock oyeles for the return tme
IRBIRY For additionsl funciionality, detection siarts or stops the
ourd of an externally supplied referenee clock. For embodimentsy, the
counter has 34 to 16 bits. A 10 KHg frame rete v cmploved with all
digiial toput and outpat for smbodiments,  HEmbodiments vye HegldTe
Hinwar avalanche phote diede (ARQ) detsotors, nommally st 80X
operation  They alse have toput fuse high veltage protection go the
read out integrated oireuit (KON} for shorted detectors. Embodunents
are fabricated fn 30 am UMOB progesses. The high speed amplifisr

s
b

hay prograummablde gain sad bandwidth controll iy gadn ts hagh

&

enough o count individual photons at 200 MHz (Gagp = 100}, and gain
contrel s progranumable by pixel Usiny nonbinesr gain allows the
counting of very lsrge signals at high gain with no saturation.  Arvay

o o 256 x 2386 ¢gn operate at less than 8W of po cond
¥ > 2

cryo cooters are adeguate for 6W of cooling. la embodiments, pixel
sive 13 nomiasily 3 gm

19818 LADAR FM FFA embodimenty provide fowr functivnw:
detection, frequency measuvement, photos cousting, and direct vange

gategiion
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Detection and Froguoney Medsuremewnd

180281 Detection  and  freguency measursment  fusctions  for
heterodyne LADAR gystems omunt the beat frequency oyeies per fixed
perind to measurs the fregquency and indicate detsation. & fixed perisd

iy nominally an entivs frame, but could abse omploy muoltiple andior

954

o

shorter periods, with g faster frame rate for shorier pulses. A fixed

poriod could be less than a frawme time with @ range gate.  Multiple

&

period ¢ frame capsbility comprisgs g register and digital comparatoy,

VX logic. For puises shorter than the frame Ume, the maximum

sount periods is chosen, where the sount periosd 18 <= pulse/2. For

ot
ey
L)
s

pulses fonger than twice the frame thme, the punimum of st perinds
it chosen ag the vownt poriod with the least mudse gounta. For cases
where noise dark counts are with photon counts, the higher sotput will

adicate detection of the signal and the fregueney iy recoversd with

Frrs

stgnal provessing

k-;:-j

aasive Photon Coanting
J88281  For passive photon counting, 16 the APD FP4 bas single

photon sensitivily {gain > thresheld} then it cap also count photoas

{and dark electroms) for very high seasifivity passive applicalinns.
However, this 3 anly accurate i the probability of "simuebancows”

phatons s dow. 3 the dark count rate is low, thew passive and asive

v

functions can be sccomplished at the same time {8 smeall number of

sointe wre passive photens plus soise, and high sumber of < 1% are

vy

active frequancy measurémenis) A narrow laser cold filter would let

fow passive phodons through, bat suffisient for operation.

Prirect Detesy Ranging

{0221 For direct detect ranging, if the svuntey is supplied with an
axternal refersnee clook and some stmple logis, this inpul cireuit gan
alse  do  divect detect LADAR rasging with g digital guoips
Embodunsnis stop or stard the count using sn oxternal reference clock
on deteotion of o pulse. "Start wminimizes counting during detection.

A read out referenve coanter starte at the beginning of the rangs gate,

&
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and stops with the sil the other slay calonlation.  In

A

mbndiments, there are a Tow test pixely in the corners of the FPAL

(823 FIQG. 4 1¢ & transisnt analyais graph 488 demeonstyating the

i,
7
g

a3ibility of reasonsble performance with circuits that could fit i an

$0ns, The f{ive

o

FPA. 44 depiois § 1o 50 ng, and 48 deprets &0
traces are: outl 488, out! 34 owi? 415 outd 4238 and O P 4238, High
Speed Detection in FPA pixels provides full seale ouipul with inpul
sguivalent 1o single photons inte the APD at 200 MHz, FIG, § depicts
this wansient snalysis fov a Cup of spproximately 30 4F, £ = I0{MHz,

and 100 clectrons.  Embodimants include 84 gW pinel powsr that i
compatible with FPA glzes vp 1o 256 5 2356 with 6W wotal FPA powern

Giadn ix preoater than 300, and the bandwidth iz from 2§ o 200MHR

Gain and handwidth are selectable with hias and conwrol gignal

chang Pixel fevel propgramming controls the ovevall thresheld and

covmpensites for nomeeniformity.  In embodiments, the overall pixed

i
oo
o
-
o
o
O
pers
g
s
s

g owithiee g 3¢ wm pivel

fH8241 TIG 5 g5 a methods of operation disgram 388 FM FPA

X

LADAR symie funciions gomprising detection 8§11

i,

froguency measurament $18; direot range detection 538 mnd photon
connting 838,

98281 FIG § s an operation flow chart 888, BEwmbodimenis comprise
the steps of providing & LADAR FPM FPA oirenit 88 counting & beat
frogueney,  wherehy  detectton asd freguessy  wmessursment  ave

svcomplished 818 sovating photons during & peniod, wherebhy photons

are passively counted 618: and clooking start ov stop times of oounter,
whereby ranging ¢ divectdy detected 628, Sieps can be performsd in
alternaty svders.

{68381  The forspoing of  the smbodimenty of  the

inventien bas beoen presenied for the purposes of itlustration and
deseription, It 3 poy intendsd to be exbhawmtive or o Hmit the

invenstion 1o the pregiss form dosclosed. Many moedificstives aand

variations sre possible in light of this disclesure 1 18 0 be undersiood

that oiher sinitlar smbodimenis may be wsed or modifications or
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additinne may by mads 1o the desoribed embodiment for porforming

W

vithout deviating thevefrom, 1t

is intended that the scops of the invenliow be lumited oot by this

detailed deseription, but rather by the claims appended hersto,
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CLAIMS

What is viaimed is:

i A devive for weasuring 2 frequeney of a heterodyne laser radar
{LADAR) system signal in an input cell of 3 focal plane array {(FPA)

COMPrIsing:

a detegtor

an AL enupled ampiific

& counter? and

a lateh cutputting a read out,

2, The device of wn 1, whereln satd counter and said latehk

comprive 14 o 16 bty

3

3. The devige of ¢latm 1, wherein said detector is an avalanche

shoiodiode (AP
4, The device of claim §, wherein said AC coupled amphifier
inpul comprises patn and bandwidth adjustment.

A The devive of olatm 1, wherein said gain {s about 508 and

o

bandwidth from ahout 2% o 200 MM,

5. The device of ¢ladm 1, whetsin said APD is &

detector.

s
[
e
(‘)

The devies of claim 1, further comprising a LADAR rangs
detector measuring & ume of arrival of & return pulse wsing an oxigrsal

reference  oloek as & gounter clock, and storing 8 counder  waius

corresponding 1o said ttme of arvival of said relurn LADAR pulse.

o
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8. The device of claim 3, further comprising & ph(‘iﬂ,).ﬁ, countin
focal plane array, wherein o gain of sadd APD and amplifier is large envugh
for individual photpns to generate a sigeal large enough to uperate
gounier.
Q. The devics
filter.

oo

satd
of clatm 1, Yurther comprising 8 narrow &
1o

R S
1aBL

vorrs
£+>]

ol
A wethod |

(N

or measuring 8 frequency {??\
ger raday {LADARY system signal in s
{FFA} comprising:

“

(FM} of a heter

{\b\a\ REE

¥ >3
\'v\ \

ﬂi"ﬂi‘ L8

a focal p

plane array
providing a LADAR FM FP

cirguit;
nting

bs
%
boec
e

{are

g best frequency, whereby d
are aecomplished;

eotion and
anting photons doaring 2 perind, where
counted) and

by photons ars passive

{7, SN LAY TR
Troguenoy

R

tart of stop times of ©
tegted,

ounter, whereby 1

ranging iz divectly
method of olagim |

180 wherei

oa fixed counting peried is ax
12, The methed of claim 10 wherein @ fined sounting perind is less
thaw g frame
13, The methed of claim 18 wi
more than a frame

wirers

redn o fixed counting pen
14, The wmethad of

s1d

i

o

glarm 12 oo

SR isin 8§ & ragge

gate.
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v”;
[
=

¥
it
o
H
ot
[

e
i

PS5, The method of clavm 10 wherein pulses ave

times g Trame rate.

16, The method of eluim 18 wherein a nuimimum of count periods

chosen as @ count porind with least notse gounts.

7. The method of clatm 18 wherein passive and sctive counting

are simteltangousty sccomplished.

{8, The methed of claim 10, wheretn a {aster frame raie s

employved for shorter pulses,

19 The method of olatm 10 whergin said systom has single photon
senanivity, whersin satd LTADAR FM PPRA circutt comprises an svalanche

photodiode (APD) having & gain of aboul 100 into 8 digiial sigpal level at 2

280 MHz rate with 84 pW.

A syatew for measaring @ frequency (FMY of ¢ hetorndyne lasegy
radar {LADAR) system signal in an faput cell of & focal plane arvay (FEA)

comprising:
an avalanche photodiode (APDY

an AT coupled amplifier compristng gain and bandwidth adjustment

R

wput;
# countern;
a lateh outpotting 8 vesd oyl

b

counting & beat {requency, whereby  detection and  frequency

measursment ave aveomplishedy

counling photens during a period, whereby photons are passively

connted; and

i1
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whereby ranging s divectly

P o ey N NP - .

ciooxing stavt or siop times
dotegied, whersin sand FPA dimensions are G, pixed dimensions
hote dinde gain is about 104,

are about 38 um, and an savalanche phote

adiustable per-pinel
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