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APD Gain
dip,/dx = ai +Biy, dip/dx = - @i +Bi;)
with: i,(0) =1,,, i,(L)=1, i(L)=0

then c?i /dx2=(a—-B)di /dx,
| =[Cy(a-R)lexpa—p)x+C,,  Big=-[BC/(a-P)lexpa—-R)x-aC,.

(a-[) exga - B)L
M = L0

a - Bexpla-B)L

specialcasesfor << a: M = expal,
érp=a: M=1/(1-al)
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GAIN M

APD gainvsalL

2 3 4 5 6
number of multiplication lengths O L

\l
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M=a/Bis
the optimal
gain



Frequency response
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3-dB cutoff frequency
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f,q00.36 [y (M<<M), f,qM 1J0.36Q/B)/1,

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

M~=a/Bis
the optimal
gain

(M>M))
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noise

relativevarianceof outputcharge forl pairat x=0:
on(0)/MA0) = 1+ M(0)/(a—PB)-aM(L)/M [(0)(a—p)
= 1M (0){B/(a—P)-[a/(a—P)] exp2(a—B)L}

for moderategainsM..:
0,2(0)/M 2(0)= 1 or M_(0)<o/
=M (0)B/a  for M(0)>a/f

onceagain M _=a/f is theoptimal gain. Noise current

0= 2eBl,,(M*0y,?) = 2eBIl ,M*F
F = 1+0,,4/M?
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NOISE FIGURE - F
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Optimum gain and beyond

0:2= 2€B (,+1) M2F+4KTB/R
0,,2= 2€B (y+1,) F + 4KTB/RM?

but, S, N?= 0%, andF=Mp/a
(SINYe= 1,2/ [2eB(+1,) MB/a + 4KTB/RM?]

S/N is maximumat aM_... found as

max

M ma= [(Q/B)(4KT/E) IR( it )13

for instancefor R=50, | ,+l,=1nA anda/B=1: M,,,=125

practical limit for M: bandwidth deeasing by NB/a at M>a/[3

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

two regions desiralg) to separate

ephoton disgpationin L,(= 1/a) and thecarrier drit  (mediumg,)

« multiplicationin L of most eficient ionizing carrier (highE,)
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APD structures
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no bias

p- Gay Al As, variable x

\ medium field
L\/ (drift)

o -~ high field
inverse | __—~ (multiplication)
bias

low field







GAIN M

APD BiasingandUse Requiges
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SPAD

NLER INNIN N

I

In quiescent condition¥ >V, M=

a singlechargepair maked increaséast upto V=V, ,-RI <V ;
thenM returnsa a finite value

Max. photonrate: k,<t,..= R,C; dark rateF,=J,A/q
Dynamic rangefR,,/F,=10 typ.
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