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Coherentgain

In coherendete&tion, signal andlocal oscilator fields are:
E = Eexpi(wt+d), E,= E, expi(wyt+d,)
thus J= (0A/2Z,) [IECPCHOOE,[RPCH 2 RelE, E*[] =
= OA/2Z,) {E® + Ey*+ 2 EE, [0S [ -6y)t+¢-ol L}
or, ly=1+Iy+2uv(l Iy
compared td of direct deteimon, wefind a

coherentgain Ggy= /1= 1+2u V(I /1)

lis thecoherencéactor When w=w,detetion is called
homodynewhile If wzw,we haveheterodynedetection.

from:”’Photodetetors”, by S.Donati, Rrentice Hal 2000



Coherence factor

u=CLlcos p-¢,)Liranges fomp= 0 (uncorrelated phases signaland
local oscillator) , t0 U= 1 (completecorrelatior).

Now onsider honodynedeteabn (w=w,) andwrite$ asthesum
of ameanplland arandom parp,: ¢ = Lip[H,

Developing, W =_0Ucos(CplH, -¢p)0]
= cos(Up[+¢,) Licoso,. L1 —sin(LipLFd,) Lsin ¢, L1
As [p [0, alsolsin ¢, [0 andif ¢, hasa regulaistatistics So:
U = cos [Jo[+¢,] Licosd, L= cosA g,

Beating signal is multiplied by factor cos\¢, thatis, homodyne
detedbn is sensitve to thein-phase componenimth pL=¢; the
In-quadrature component wh Lip[ = ¢,+T172 givesa zero oydut.
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Phase fluctuations

Therandom part cosp [ =, describeselative phasefluctuations
For ¢, small (<<1rad), cosineis close tounity andits mean is= 1;
for larged, (over 2m), cosinespansgrom -1 to+1 andmean wl be
= 0. For small ¢, <<1, developingcosine inseriesof ¢,:

Ue=Lcose [O=[1 -¢ /2! + ¢ 44! +...0= 1- 04?2
we see that is connected to phasersacea,,.

+TT +TT

<cos ¢;>=1 <cos ¢r>=0
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Coherent S/N ratio

In direct déection, (S/N?%,, = 1%/ [2e(1+],)B + 4kTB/R]
and quantuntimitis (S/N)yy,,=1/2eB for I>>+4kT/R.

In homodynesignalis (cA/2Z,)2LEE,, noise Iis simof local
oscillatorandsignal shomoises plusJohnson nosof load

Of/2Z,)2LEE,?

INYom=
(S/NYhom 26l\/2Z,)(E2+E2)+1 ] B+4KTB/R

LWl
2elf+l,)B +4kTB/R
dividing byl andletting Iz=2kT/eR

P4
[2e(1+ (I )/l ] B

(S/ |\I)Zhom =
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Quantum limited S/N
for lg>>lg =+ 14t g, the quanim limit is always reachd:
(S/NDomig= 4%l 12eB

In coherentdetetion the Q-L condition is on local oscillator
amplitude not on signal amplitude asin direct detectionMaking
local oscillator | >>1+1 4+ large enoughQ-L Is reachedevenat
weak signal évels

Heterodynedetetion follows the samearguments but beating
signal is nowat thefrequencyw-w,, sothat

Jh=2V(1 1) cos [E-oy)t+ 00 -] Ccosh,]
(S/NFre= 21,2 | o/ [2€(+5+14)B + 4KTB/R]

l.e., It hasamodespenalty - afacor of 2 (or 3dB)respect to
homodyne but does not requthes phase adjustment
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Condition for coherent detection
Requirements

1 phase matchingf signalandlocal oscilator (for homodynég
or beating Wl be reduce by afactor cos{pLF¢,)

I

phase coherencer signal will be reduced bylcosp, [==,

+ superposition ok and E on the PDwith spatial coheence
orbeating W be reduce by afactor

Msp STAE(X.Y) - Eg* (x.y)dxdy /[[,CE(x,y)(Pdxdy [, [(Eq(x,y) CFxdy J2

4 superposition oE and E with polarizationmatchingor signal
IS reduced hy
EEY[ETEFU,,  (E E,=Jones matrixgs

All previous expressioraregenerihzed by usingt, — H, Ky Hpol
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S/N, BER and photong/bit

n
|
N II1II

N |
N/2 - NX- — — - threshold S
1 s~ threshold S
0 = p(n) 0 "0"
p(001)
ideal direct deNtetioni ideal coherentletedbn:
BER=¢€ thresholdat N/2
for BER=10% N=10 p/b and P(01)=P(1D)

(S/IN¥Y=10
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Photonsper bit and modulation

 homodynealetetion of amplitude modulatedASK) signat
BER =erfc N/20, (N=numberof photonsper bif)
N=2(1'1,)¥2T/e=2(NNy)*? o\=(2el/2T)¥?T/e=N,'
then BER =erfc VN,

andor BER=1¢ weget N=36 p/b
homodynaletetion of a phasemodulatedPSK signal
BER =rfc 2N, and N=9 p/b
*heterodynedet&tion of a PSKmodulated signal
BERerfcy 2N, andN=18
homodynealeteton of a 4b—PSK modulated signal
BER erfc 2V2N,, andN=4.5
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RECEIVER SENSITIVITY (dBm)

State-of-the-art recaver sensitivity
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Balanceddetector

N 1
- S

Eq
N
E —- VAN P
= =
SIGNAL ~ / .
o |
0
LOCAL
OSCILLATOR

= (1/2)(IO+I)+\/(I o) sin@-9,), |, = (1/2)(I;+1)-V(l ) sin(®-¢,)
= ly-1, = 2/(1l) sin ($-)
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Beamsplitter phaseshift

At a beamsplitter, the continuity condition of electric fields at the separation boundary requires that
the incident E;j is always the sum of reflected E; and transmitted E; fields:

Ei=Et+ E, U

where the underlines indicate rotating vectors. Also, in al ossless beamsplitter power P is
unchanged upon splitting and, as P is proportional to E2, we have:

EZ =Ef +E Q)

To have both equations satisfied, the three vectors must lie on a right-angle triangle, as shown in
the figure below. Then, the angle - or phaseshift - between reflected E, and transmitted E; vectors

is T/2 irrespective of the actual splitting ratio, while the angle  between incident and transmitted
fields increases from O to 172 as E; decreases from E; to 0 (or, R goes from 0 to 1). We can then
write, for the lossless beamsplitter:

Et = V(1-R) Ej el¥, E; = VR E;j el(b-172)

For a lossy beamsplitter, Eq.(l) still applies, while (II) holds with the > sign; then point P in
the figure shifts internal to the circle and the E, E; phaseshift becomes larger than /2 (of an angle

p/2V[R(1-R)] where p is the loss).
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Balanced detectors withinput subtraction
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Coherent recever with polarization diversity
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