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H I Attorney Docket No. 78986

3 LOW-NOISE WIDEBAND HETERQDYNE OPTICAL ARRAY RECEIVER

) STATEMENT OF THE GCVERNMENT INTEREST

- ' The invention described hers:in may be manuiactured and used
8 kv or Icor the Government of the United States of America f;:

9 CGovernmental purposes withcut the ravment of anv royaltiss

10 therecrn c¢cr therafore.

12 ELCKGROLNT ©

'y
¥

THE INVENTION

13 ‘21 Fizld of the Invention
14 Tre present invention rzlactes cenerally tc Zetecticn oFf

15 ocptical signals and, more stecif-czally, to apraratus and mec--=ds

6 for lecw-roise and wide bandwidth Zerection of _zht sizrals Zrom

19 Firer optic sensor Systems, zuch as fiber ~rtic passive

n

- 2 : 3 i !
2 acoustic senscr systems, may typically produce znd utilize :
2l infrared ~oherent lizht wave that s modulated £/ an accusti~
22 field for detestion ar a phstoresziver. The received ligh:

22 silqnal must be converred inro celecnrical signalz by a receiver




Vas

20

21

23

circuit whereupon the electrical signals can then be further
rrocessed by cther electron:ics.

A tyvpical optical detaction éystem for receiving light from
a fiker optic system utilizes a single photodetector icllowed by
an amplifier. The amplifier is usually an operational ampliiier
conficured in a high gain ::ansim?edance circuit for ccnverting
an electrical current signal intc an electrical voltage sicnzl.
The necsssary high gain maxss it Gifficult to cdesign a stabls
cpreraticnal amplifier circuwz. »Mcreover, the grior ar:t orcical

cetecticn systems have a bandwidch of a fsw mecgahertz dus o the

-imited frequency respense <I the cperaticnal amplifisr and ox
e prnctodiode As well, zrior art optical detscticrn svsteTs are

"
N
,l
o
N
M
LAY
o1
e}
7}
rr
1l
3
t
n
(@
T
f
(@)
K
o
-
I\l
!
{}]
(s
(6]
1
1o
n
T
(8]
g
'_l
0
b
)
£
0
(]
n
N
1}

U. 5. Patent Nc. 4,86%Z,236 issued Sep. 19, 1989 tz Jocacoim
fletzsch, discloses that surerhetzrodyne receivers for opticzal
signals ~an be composzd of zwo branches. The first branch
contains a superhetersdyne rsceiver in which the reception z.gnal
znd the signal of a lccal <scilla=scr are mixed in a traditicral
#ay; 1in rhe second receiver zrancrn, the signal =f the local
~szillator experiences a 90 phase rotation befsre the mixinz.

R

fkn optical triple coupler 1nventlively serves for dividing tn



| reception light and the light of the local laser onto both

> reception branches. This triple coupler can ke manufactured as a
3 triple fiber coupler or, con the cther hand, has an integrated-

4 optical triple coupler of lithium nicbate, glass or of a III-V

3 semicenductor.

) U. S. Patent Nec. 5,422,752 issued Jun. 6, 1285 tc Ian

" Eardcastle, discloses an optical transmission svstem utilizizg a
§ a transmitter continuous phase fresgquency shift xsved mcdulzazion
9 of a laser andéd a ccherent heterodime recelver :therefor, the

10 svstem including at the tranmsmitter means for Imocsing a lcow
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16 with rezspect to the extractsd low Ireguency sicnzl, mezans fcz

7 deriving from the de-modulated sizrnal an error signal and a

I8 <Zontrcl system responsive tc the srror signal < contrsl ths

19 r=zceiver local oscillator fresquency.

20 U. 5. Patent No. 5,462,461 issued Oct. 31, 2395 tc Horiuchi
2l and Ryu, discloses that a ccherent optical receiver is

22 characterized in that it comprise; a2 lcoccal osciilztor lighr,

.

23 zource, for amplifying a local ozcillater lighz, a lignt
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combining./dividing unit, a dual kalanced receiver'which comprises
two optical detectors, and an electvical amplifier. Therefore,
the ccherent op;ical receiver has the characteristic that the
length of the non-repeating sect-cn of an optical communication
system including the device and emrloying hetercdyne deteciion
can be increased, or the dvnamic range cf an cprtical measuring

svstem including this receiver ani emplcoying hecesrodvne detscticn

czn be widened.

¥noce, describes a.device fcr cpticzl heterodyne detecticn, using
cnly twe adjusztable elements inilisncing the state ci
Ttclarization and having a limite< ccntrel rance (51, 32} in crder
Iz realize an sndless polarizaticn contrel In a fZirsc
embodiment a temporary loss of siznmal inctensicty of at mest : CEB
iz accepted. This signal lcss iz zvoided if a circuiz of nen-
adjustacie optical ccmponents (21 32, €3) 1s ircorpcrzted -n the
meterodyne detsction device.

~. S. Patent llc. 5,530,927 issuel Zor. Zj, i996 To .einholﬁ Nlce,

Z.sclcses novel structure and metrcds for tunirz the zcal

n

cccillatnr of an optical superhe-zrzodyne receiver. In a fifst
method, rhe wvalue of the lozal czzillator freguency at which the

mazimum ~f the chronclogica
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of the output siznal f£rom

tre demcriulator occurs is used tr, zet the local ~scil.ator

»
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frequency. An alternate methed

discriminators

1)

The seprarate

€

includes first

discriminator characteristics of

the first

and secend

used to receive the intermediate frequency signal.

anda

second frequency discriminatcrs are used in setting the local

cscillator freguency.
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UC. S. Patent No. 5,40cC,

£

discloses an autcmatic

coherent communicacion

fu

receiver 100 s swept to pull the
stable AFC pcint. The AFC-1s caus
intermedilate Irsguency in the AFC

_nterrurted Subsecuently while s
cscillztion licht 5 in a csrtain <
range, tTae outzut voltage ci frecu

Once the chance

Clscriminator 3 due tco the sweep

I h

tnreshcld value, the BFC resumes

sued

squency

1995 tc

21,
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cherent light communicazicn
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ermediate Irsguency

cr pulling tc

cpe s with an
tlon rances, anc
ng the ZIrsguenc,
icn in =z tredeter
clscriminator ¢ !
ut voltagces of fre

z staklie

to

ocf _czal
minsZ
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U. £. Patent No. 5,757,321 issued May 26, -398 Tomes=n et
al, diszclioses that an opticzl hetercdyne receiver converts 2
received modulated optical =zignal into an electrical IF signsl by
an IF ~onvertey which includes a .ocal laser, a ~<oupling elerment
204 an spro-clectrical converter. The IF signal is converted into

“n
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a demcdulated signal by a Jdemodulator having a guadratic transfer
characteristic. To permit & relatively low intermediate
frequency, the IF converter converts the received signal into two
quadrature IF signals and in the demodulator two sub-demcdulators
recover therefrom twe demecdulated signals which are then
combined. This eliminates unwanted quadratic components in the

combined signal.
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ummary, while the orior art shcws varicus optical signal
receivers, the above disclcsed pricr art does nct show an ccilical
signal rsceiver having a bandwilidtz greatsr than cne Gigaher:t:

which vzilizes matched phctcdicdes for suppressing incensic

intensity noise. Thecse skilled in the art will zopreciate iz

present invention that addrssses the abcove and cther problers.

ZUMMAFRY OF TZZ INVENTION

Ezcordingly, it is an object of the present inventicn ==z

provide zn improved cptical receiv

0
m
=
0
[

I~ 13 yet another objezt of the present invention to us=

matchesd photodiodes <cnnectzd in a differencing mode to supnzsess

f
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i It is another ckject of the present inventicon to provide a

-

>  stable amplifier for a detected light signal using a miniaturs

[

microwave integrated circui:.

4 These and other objects, features, and advantages of the
3 present invention will beccme apparent from the drawings, the

6 descriptions given herein, and the appended claims.

- In. accordance with the present invention, z low-noise method
8 for detecting an optical sicnal is disclosed. The method

9 includes steps such as providinc a first photccdicde and a seccnd

10 photodicde for receiving the optical signal whersin the firsc
Il chotodiode and the second rhotcdiccde ma. be se_scted such tnat a

12 Zirst frequency respcnse ci the Zirst photodicds 1s within cne
i3 percent of a second ZIrequency resgcense cf the sscond chotcdlcce

14 c7er a selectsd bandwidth. 2Preferzply the phctcdiodes are

mcde sucn that, Zor
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6 instance, a cathode cf the Zirst zhotodiode is ccocnnectsed tc z2n

17 anode cf the sescond photodizde tc form a connection pcint. 7The

I8 cptical signal is ccocmbined with 3z reference signal such as =

19  local oscillator signal or ~ther signal to prcduce a combinec

20 zignal. The combined signal may te split intoc =wo preferably

21 egual pafts tc form z first combined signal and s second ccrzined

22 =zignal. The first ccmbined signal is applied t~ the first

23 phstodicrde and the second <ombhined signal is apgrlied to the

&
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second photodiode. The resulting signal is a reduced noise
signal formed at the connection point.

In cne preferred embodiment, the first p“CC“leGe andé zhe

second rhotodiode are both formed cn the same semiconductor

~wafer. The first photodicce and second photedicde mav alsc te

hand selected from a group cf phctocdiodes. The bandwidth Zor the
selected diodes is preferably grezter than at least one
Gigahertz. To reduce noise, the IZirst photodicde‘and the sscond
rhotcecdicode shculd each preisrably have a very lcw dark currsonz.

Especially fcor hand selection, the first photcdicde and ths

response and the seccnd fresguency respense Fcr hand seleczicon,
tne metncd further ccmprisses manuzlly selecting cthe first

rnotocicce and the second ctrhotodicde from a cgrcur of thotcdicdes

cased cn the Zirst frequenc, resccnse and the sscond fregusncy

Tre step <f amprifyins comprises utilizing at least crnz _ow-

)

roise miniaturs microwave integrazed circuits Zcr amplifyinz zhe
reduced noise =zignal. However a cresently prefszrred embodiment
comprizez utilizing at leas:t two 1ow-noise miniature microwzve

integrated circuits for amplifyinz the reduced ncise signa-:.

£ clasing netwcri is provided for the low-ncise miniat.ze

microwase intesrated circuits. FEreferably the zame biasing




| network is used to connect -wo low-noise minlature microwave

-

integrated circuits together. A band-reject network Ls

preferably provided as an integral part of the kiasing network.

[

4 .The ccmponents for the band-reject network are preferably chosen
3 based on the selected bandwidth. The kias netwocrk (inductcr and

6 resiszor) provide a DC bias to the miniature microwave circult

M

"~ while preventing the RF sicnal from “escaping” throuch the Input
8§ bias vort. It is desirable to utilize a highly filtered ccwar

9 suvpply to provide one or mcre biazs voltages fcr the klasinc

10 network In & preferred emzcdimenc, a fifty chm transmissocn

Il 1inme i1z utilized for connecting rstween the ccnnection pcint and
12 the agrliifier

13 I~ other words, =z mecncd is crovided for dstecting an

14  coptical signal that comprisss previding a first cthotodicde zaving
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igaherzz and providing a sscond znotodicde having a sesccrnd
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quency response cr7er the zandwidth. The first frecuency

x
i~

esporze and the seccnd frescuency response are greferaoly within

19  c<ne percent over the pandwi<th. Zn ancde of the first phci<iiode
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second phctcdiode
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icn point sucrh that the first phcoctodiode and second

22 photocdlode operate in a diffsrencing mede. The <ptical sisznzl is

(8%
(o)

applied to the first photcdiode and to the second photeodicds and
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the resulting signal is am llfléu creferably using a mlnla:ure
microwave integrated circuit.

Optical components are thereiore provided f or detecting an
crtical signal. The optical compe: nents comprise a combiner Zor

compining a reference optical 51c::l and a modulated cptical

n

icnal and a first photodicde anc a second phetcdiode. The

(]
O
rh

cathocde of the first rhotodiocde mav be connected to an anod
the second photodiode at a connection peint. The firsc

crncrtodiode and the second photodicie each may te operacle cvary a
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dwidth of over one Gigahertz
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inzegrated circuit mav be ccnnectsi to the conne

The first photcdiode and the second photcdicde are sach

creferably formed on the same mcnclithic semiccocnductcor slement.
Tre first phcoctcdiode and the seccni photcodiode ars preisratlys
zzch r-i-n photodicdes. A zransmission line conrects tetwesn the

cornrection point and the miniaturs micrcwave integrated Ccirolil

BRIEF}DESCRIPTION iF THE DRAWINGS
L more ccomplete understandirnz of the invention and many of
~Le attendant advantzges theréto w.11l be readily appreciatgi s
tne same beccmes better understoci by referénce o the follzwing

Zetailed description when <onsidersd in conjunction with the

z2roompanying figure wherein correszonding reference characnzrzrs
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indicate corresponding parcs throughout the view of the figure
and wherein:
The figure is a circui:t diacram of a low-noise optical

detector in accord with the present invention.

BRIEF DESCRIPTION OF THZ PREFERRED EMSCDIMENTS

eferrinc now tc the drawings and, more gparcicularly, 2 the

ingle figure there is shcwn a lcw-noise optical signal detector

n

circuiz 10 in accord with the present inventicn. The rresen:
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or rsducing noise, such zs laser internsizy ncise, znd tc

Tro7icde a very sensitive, widé rzndwidth, optizzal signal

Zstectcr. In a preferred empodiment, circuit 15 is & _ow-ncise

i
»

netercoyne optical resceiver for a Ziber optic scnar array. In

tne preferred embodiment, tze purzose of the circuit iz to
rzceive modulated infrared ~oherernt light from z fiber cptis
$asslve zonar system, such as optical array 12, and convert zhe

nat <z be

o

zignalsz carried by the ligr~- i
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t~ 2lectrical s:ignals
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lectrinics (not shownj .
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invention may. detect the‘heterodyne signal from a high cohersnce
light such as from an interferometer.

Preferably reference signal 14 1s combined with the crtical
signal from optical array 1I to produce a signal that may ke

referred to as a combined signal. Reference sicnal 14 mav e cof

(b

several tipes including a lccal cscillater sigcnal. Referen
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y o

signal 14 is cenerally unmcculated laser light acting as a
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~al 14 could also be proa*:
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cart of the crtical array signal znd may alreads be combinec with

the optical s:icnal. Combiner/spl-tter 15 divides the signa-
creferaklyv inzo two egual carts such that the same cptical

Thotodetectors 18 and 20.
In & prefsrred smbodimsnc, tns photodetectcrs 1€ and zl are

p-i-n chctodicdes connected TO cperate L &
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cde to suppress, by common mode rs-ecticn, ths
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intensity noise of the laser. AIznough other Zzser light
Zrequencies cculd be used, ﬁﬁ an =mpodiment c¢f tne present
inventicn the laser had a wavelenzzh of 1319 nm. By at least 1%
matched it 1s meant that tre sensizivity of the photodiodeg’:ver
the selecred bandwidth is within % of each other in terms <f
cnverzion between watts ir light power to electrical currernt in

amps. The betzer the match between the photcdicies, the betzer
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can subtract the laser noise by commen

i3 as a ncminal number, i

matched 1s given

understood that some variation wizh this number

with the understanding that improving the match

circuit operatlon.

In a preferred embcdiment, ti

mode rejection.
T will be
could ke 'se

will improve

he phctodicdss

would re produced on the same semiconductor material element or
wafer 22 which will tvpically be 2 monclithic semiconductcr chip
or element. In this way, the manuiacturing would enhan
sensitzivity matching by using the same material, same groducticn

ccndéicticns, avallabili fcr laser trimming, and
Hcwever, even without such ccmponsnts availarle,
chotecdiodes can still be sensitivizy matched tv
cI dicces and nand testing them. zlternatively,
can be contacted for nand matching the diodes e

discussed her=zin.

The structure cf the g-i-n

c.zde prcvides a

responze plus a very wide tandwi<:tz that extends

Zrsquency to the GHz ranges. In preferred emko

~. phctodindes have a frequency rezzonse up to 2

requency bandwidth.

D

e chcren to have a v7ery low dark ~urrent, i.e.,

#hen the phortcdiode is thecretics’ly nct ~onduct

The zelecte< p-i-n photod:l

other mearns

the cair c:
cptaininc a zZatch
the manuifzcourer
taking

Tilng Trnem I tne
Texry sh-szeed

from very Zzu

dimernt, the g-i-
GHz wide_rad;c-
odes shoul<Z zlso
the ~urrern- flow

ing. kA
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1 dark current results in a lower L1se contributicn to the
A recelver noise.

In a preferred embodiment, the ancde of phcotodiede 18 :.s

4

tas

4+ connected to the cathode oI photcdiode 20 to form a juncticn 24.

i The oprosite ends of the phctodicdes are preferzarply connectsd to

—ad

6 the plus and minus voltage supplles 34. In this difference

-  configuration, the photodicdes act to reject ccmmon mcde ncise at

the frequencies found for laser intensity noise and tc pass the

“id

[#2¢]

9 remaining combined signal a: other freguencies. The reduced
10 ncise signal croduced at juncticn 24 is applied o an ampliiiier
L such as ampliZier 2¢
12 In a preisrred embodimsnt, & Low-nclise miniature micrcuwave
I3 integrazted circuit 26 (MMIC is grcocvided to funciicn as a
4 ctransizpedance amplifier a=< prcwide signal gain. Lcw nciss
I amplifier'26 minimizes frcnz-snc ncise An acZiticna. caln
6 stage s preferably pfovided oy arncther miniaturs micrcwave
17 Integrated circuit 26 which has the effect‘of improﬁing the
I8 =zicnal o noiss ratic at cuzzut 22
19 L siasing netwprk comzzised I network elements such zs
20 zlements 28, 34, and 22 is uzed t- provide a bizs voltzage ;z
21 miniature microwave integratzd circuit 26. Elements 28/ 20, and

referasly groups cf zlements generally ~<cocnfigured as
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23 zhown and selected based on the handpass selected. Thus,

14
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generally one or more capacitive elements as indicated by

a-c couple the signal to the

9]
194
Ui
("
0
cr
s

effective capacitor 37 ar
next stage, if used. Generally, one or more inductive elements
as indicated by effective inductor 30 are used to provide DC bias

current but prevent high freguency signal feedkack through

’

resistive elements such as elemenz 28 into the zi

) as voltage zs
indicated at 34. Likewise. biasinc netwecrk of elsments such zs

nd

fn

elements 40, 42, and 44 are used O provide biasing voltace

stabilize amplifier cperaticn by tassing the a-c¢ signa: and
ovreventing fesdback throucgh the zcwer supplies. Again the

components are chosen basecd cn ths selected bandwidth cf
cperaticn and may include cns or more resistcrs, capaclitors. and

inductors effectively arranced as Indicated.
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The freguency response of crzical signal receiver circuit 17 Is

-imited by the. frequency respcnss <f photodiodes 18 and 20,

amplifiers 26 and 36, as we.l as tne biasing circuit comporznts.

In the preferred embcdiment <f circuit 10, it has beer four< that

i

reterodyned optical signals are detectakle belcw -50 dBu. 7Tre

cassband is also flat withiz 1.0 4B, with a freguency respcrnzs up

as

< 2 GHz. The output 38 itc preferably processed by other

clectronics (not shown). Trnus, roe present invention may provide

O
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a verv wideband optical receilver with a frequency resconse
100 kilohertz to 2 GHz.

Biasing voltage 34 hay be provided by a voltage rgfer
network. The biasing netwcrk, e.g., elements such as 28,

or 40, 42, and 44 cculd be comprised of active nertw

{).

32 an

elements as well as passive netwcrX elements tc further cp

other amr
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Transistors, cr integrated amplifier mcdules. Cther I.ves
cnotocicdes cculd be used Zcr lichc wavelengths other chan
cm ~s well, much higher ZIrsgquency resvonse rhctodicdss ¢
ised sc that the fre#uency rzspcnss could be zs nich zs 8
It will ke understoccd that many additional changes in
cetails, materials, steps zand arrzangement of parts, which
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~ature of the invention, may be mzde by those sk

withir the principle and scspe of zhe invention,
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Attorneyv Docket No. 7898

LOW-NOISE WIDEBAND HETERCLCYNE OPTICAL ARRAY RECTIVER

ABSTRACT CF T=XZ DISCLOSURE

A system and mecthod is disclcsed for detecting ccrtical
signals that is especially suitable for use with a fikter crzic

sonar transducer array. Ths system preferably uses tw
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C.oselv identical prcoertiss as ccssible In crns preisrrsc
gmpodiment, two low-nolse miniaturs microwave integratsd circuits

Zlases and couples the miniaturse :niegrated circuits Togethser.
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