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Electrlc fielct dlstrlbutlon ln avalanche photodllodee (APn1 1s requirecl to
be optlnal-Iy ciesignett ln ord.er to obtaln low nolee and hlgh speect response

characteristlcs. This paper tllserlbes an optlnun cleslgn and experlnental

resuLts of slllcon APD|s at the wavelength corresponctlng to GaAlAs laser and

Ilght emittlng cliocle.

MultiplicatLon nolse ln elllcon .APDrs with
four types of inpurity proflLe shown ln F1g,1 is
numerlcally calculated. Results on effective
lonlzatlon coefflcient ratlo keff and clepletlon

layer wldth w in Fig.2 show that reach-through

types represented by C antl D are suitabLe to

obtaln both }ow mul-tlpllcatlon nolse and. wLcle

clepletion layer wldth at breakcloyn voltage

arounil 1OO V. 0n the other hanci, type A, uhose

lnpurity dlenslty ls unlforn, rloes not have a

wltle tlepl-etlou layer width, and the hyper-abrupt

Junctlon cllotle, type B, has a hlgh keff value.

High speetl response can be obtalnetl by

recluclng carriers whlch move by cliffuslon ln a

light absorption reglon. An lnpurity clensity

gratlient is provicletl ln the absorptlon region to
induce built-ln electric fleld whlch clrLfts

photocarrlers with higher speecl than that by

cllffuslon.

tbe impurity proflle has been deslgned as

shown ln Flg.3. The proflle at the avalanche

nultlplleation reglon has a low-hlgh-Iow

structure, whleh is fabrlcated by boron lon

inplantatlon and epitaxlal growth. .Anneallng at

1150 oC for t hours formetl the impurity gradient

by tlopant tllffuslon fron p+:substrate to
epitaxlal p-Iayer. Inpurlty denalty ls
? r 1614 s6-5 1a G, region and 1 x 1016 cn-5
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Fig,1 Four modeJ.s of
lnpurity densitY
proflle, lhe junctlons
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Fig.2 CalcuLatetl results
of effectlve lonl.zation
coefflcient ratLo keff
anrl tlepletlon layer
wlclth w.
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at the peak. lhc denslty ln ffl reglou ls ? x 1Ol 4 cr-1 for type C antt 3 x'1O15

"r-3 
fo" type D. Sreakclonn voltage ls ln the range of 90 to 110 Vr anct lts

temperature coefflclent is about 2 x 1O-7 /degree. Dark cunent ls less than

iO-11 A at Bj % of the breakclown voltage. The quantun efflciency ranges O.5 -
0.58 for yavelength 0.81 - O,85 )Im.

Measured excess nolse factor F versus mutlplication factor M ls shown in
3ig.4. The excess noige factor calculated by Mclntyrets equatton(1) 1" al"o

show:rl. llhe para,neter k j.s the ratlo of hole ionlzatlon coeffLclent to that of

electron, Experinental results corresponcl to k '. O,04 for type C and O.O5 for
t;lpe D. When k = O,O3r the excess noLse factor at M = 1OO le 7 tlB.

Typlcal resBonse waveform for mode-lockecl Nd:TAG Laser pulses ls shown tn
3i9.5. 0bgerved pulse full width at half maxlmum ranges in 250 - ,00 psec for
nultlpllcatLon factor of 2 - 200, Pulse wldth at 1O % of the pulse pea^k is
520 psee. GaLn-bantlwldth protlucts are 15O GHz and 5OO GHz at M = 100 and 4OO,

respectively.

The authors woulct Ilke to thank Drs, T, MlsugL, $. Yanaoka, I, Kaneda ancl

H, Matsumoto of Fujitsu traboratoriee for preparing samplee ancl useful

discusslons.
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ELg.1 InPurlty Proflle of
fabrl-catetl diocles'
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Flg,4 Dteagurecl excess nolse factor.

Fig.5 Response waveform
for node-loekecl Ntt:YAG

laser puLse.
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