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1. Introduction

AvalanchePhoto DiodesAPD’s aresilicium diodesthat areusedwith a reverse

bias in excessof thebreakdownvoltage.Chargegeneratedin the depletionlayer e.g. by

photonsis acceleratedtowardsthe electrodesby the high electric field. During their

movement,the carrierscollide with thesilicium lattice and generateadditional charge,

which in turn goesthroughthesameprocessof accelerationandcollision. Theneteffect is

an avalanche.A recoveryfrom avalancheis only possibleif thevoltageacrossthediode is

loweredto a valuebelow thebreakdownvoltage,and this is where thequenchingcircuit

comesin. Figure 1 showsa block diagramof the quenchingcircuit that wasbuilt using

discretecomponents*. Thecircuit consistsof a tristatebuffer, a comparatorpreferably

with hystereMsanda delaycircuit. The operationis asis describednext. In avalanchethe

voltageacrosstheAPD increasesby 30 mV/ns. Whenthevoltage applied to thecomparator

inputexceedsthe referencevoltageappliedto the comparator,thelatterwill trip, bringing

the outputfrom a low to a high state.The ‘high’ signal enablesthe tristatedriver, takento

be invertingin thisexample,whichoutput is connectedto thediode.
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Fig. 1: Block-diagramfor thequenchingcircuit andtiming diagram.
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* T. Reganet al 1991
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At this time, the input to the tristate is still low becauseof the delayintroducedby the delay

circuit, which meansthat the tristateoutputwill go high, herebyquenchingtheAPD. When

the ‘high’ outputof thecomparatorhasrippledthroughthedelaycircuit, the outputof the

tristategoeslow and this resetsthe diode to its original voltage. As soonas the diode

voltage is low again, the comparatorwill recoverand disable the tristate. In order to

providesomenoise immunity thecomparatormusthavehysteresis.Thepulsewidth of the

quenchingsignal should be variable in the range between 20 and 50 ns. A further

requirementis TTL compatibility of theoutputsignalsof thecircuit.

2. Integratedversion

Figure2 displaysthe schematicfor the ASIC versionof the quenchingcircuit. The

comparatoris a very basictwo stagecomparatorwith hysteresis.Becausethe reference

voltageVmf is nearto zero,the supplyvoltagefor thecomparatorwaschosento be ±5 V.

Vref is appliedto the inverting input, the diode is connectedto the non-inverting input

terminal.Thehysteresisis obtainedasa differencein positive MS. M6 andnegativeM3,

M4 feedbackgain. Small hysteresisvaluesare obtainedby making M3, M5 and M4,

M6 almostequalin size.However,theexacthysteresisvaluethen becomesvery sensitive

to processvariation. In this design, a hysteresisvalue of approximately30 my was

chosen.This is shownin figure 3, giving theDC transfercharacteristicfor thecomparator.

To provide a full output voltage swing, thecomparatoris followed by an inverter with

Tristate’

Fig. 2: ASIC versionof thequenchingcircuit.
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thresholdvoltagearound0.6 V. This thresholdvalueallows a largespreadin DC output

voltage for thecomparator-5 V to 0.6 V without affecting thecorrectoperation. The

output of this inverter will go low in the caseof a positive input signal. The delay

introducedby thecomparatoris in between17 ns and 20 ns. No significant slewing was

found in the SPICEsimulations.The comparatorkeepsworking correctly for Vc values

larger than -2.3V.
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Fig. 3: DC transfercharacteristicfor thecomparatorshowingan hysteresisof 28 mV.

The delaycircuit consistsof an inverter, two RC elementsin seriesand a signal

recoverycircuit. Theresistorsare formed by nMOS transistorswith the gateconnectedto

the positive power supply. The back-gatecan be used to modify the resistance.The

capacitorsCl andC2 areboth 0.68 pF. In the singlepoly layer processthat is used,they

are both formed by an n-channeldeviceof 20x20 p.tm2 with thegatebeing one terminal,

and source,drain and p-well, all connectedto Ond 0 V, being the secondterminal.In

passinga high voltagethrough a n-channeldevice, a signal lossequal to the threshold

voltageof thedeviceoccurs.As a result,if, by the applicationof a non-zerobulk-to-source

voltage,Vbs, to increasethedelay, the thresholdvoltagebecomeslargerthan theswitching

thresholdof the tristate= 2.4 V, thequenchingwill neverhalt. For this reason,a signal

recoverycircuit is provided.When the output voltageof thedelaycircuit supersedesthe

thresholdvoltageof the inverterdriving M17, the latter is switchedon and recoversthe

signal. The thresholdfor this inverter is put at 2.3 V, assuch allowing for a maximum

0.00 0.01
[V]
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signal loss of 2.7 V. Figure 4 gives the pulse width of the tristate output signal as a

functionof thesubstratebiasfor the passtransistors.

4?

Fig. 4: Width of theoutputsignal of the tristateasa function of the substratebias

for thepasstransistors.

An extraresettransistordriven by the comparatoroutputis

delayof the returnsignalof thecomparator,which would put

time that hasto elapsebeforethe comparatorcan react to a

outputsignal of the threepartsof the circuit is seenin Figure 5.

usedto avoid an unnecessary

a lower limit on the minimum

new signal.The shapeof the

3. Transistorparameters

Table 1 summarizesfor Vrer = 0.1 V the size, gate-to-sourcevoltage Vgs, drain-

to-source-voltageVdg, current‘ds’ transconductanceg andoutput impedancegds of the

various transistorsusedin the design.The total static powerdissipationof thecircuit is

12.2 mW for V = -2.3 V.

4. Thechip

Thechip that waslayedout Fig. 6 has8 channelson a pitch of 90 j.tm. The chip

sizeis 1.3 x 1.7 mm2. Thecomparatoroutputsignal is bufferedto TTL level and is made

availableoff chip. Thebuffering is doneusing a cascadeof fourCMOS invertersFig. 7.

0.0 1.0 2.0 3.0 4.0

Vb LV]
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Thewidth of then-channeldevicesin theseinvertersis respectively5 j.tm, 15 jim, 45 jim

and 150 p.m. Their length is 1.2 p.m. Thep-channeldevicesaretwice aswide. Thebuffer

shouldbeable to drive a 10 pF loadcapacitorat 50 MHz. Figure7 showsthe layout for

thequenchingcircuit.
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Fig. 5: Outputsignalsfrom the tristate,comparatoranddelaycircuit.

Table 1: DC-parametersfor thetransistorsusedin thedesign,Vref= 0.1 V.
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Device W/L 1ds [mA] V [V] Vds [VI gm [mS] gi [jiS]

Ml 40/1.5 0.63 1.65 4.71 1.28 2.78

M2 40/1.5 0.52 1.55 6.0 1.18 2.55

M3 46/1.2 0.63 -1.85 -1.85 1.12 26.39

M4 46/1.2 0.0 -0.53 -0.53 0.0 0.0

MS 50/1.2 0.52 -1.85 -0.53 0.63 0.77

M6 50/1.2 0.0 -0.53 -1.85 0.0 0.0

M7 20/1.5 1.15 2.70 3.45 1.08 2.34

M8 4/1.2 0.067 -1.85 -8.42 0.12 2.92

M9 4/1.2 0.067 1.58 1.58 0.15 0.80

Mid 4/1.2 0.0 -0.53 -1.0 0.0 0.0

Ml! 4/1.2 0.0 1.58 0.0 0.0 266.0

M12 8/1.2 0.0 -10.0 0.0 0.0 1,694.0

M13 4/2 0.0 0.0 10.0 0 0

M14 8/1.2 0.0 0.0 -5.0 0.0 0.0

MiS 4/1.2 0.0 5.0 0.0 0.0 1,332.0

M16 8/1.2 0.0 5.0 0.0 0.0 1,819.0

M17 8/1.2 0.0 5.0 0.0 0.0 1,819.0

M18 4/1.2 0.0 0.0 -5.0 0.0 0.0

MR 10/1.2 0.0 5.0 0.0 0.0 3,338.0

M19 100/1.2 0.0 0.0 -3.63 0.0 0.0

M20 100/1.2 0.0 -1.37 -1.37 3.5 p.S 0.0

M21 50/1.2 0.0 0.70 0.70 2.1 p.S 0.0

M22 50/1.2 0.0 0.0 -0.70 0.0 0.0

5. Potentialnroblems

A potentialproblemfor the correctoperationof the circuit couldbe the crosstalk

from the tristateenableto the comparatorinput. HSPICEsimulationsshow that whenthe

tristateis disabled,chargeis injected onto its outputcapacitor,herebyraisingit abovethe

comparatortrip voltage.This causesthecircuit to oscillateata frequencydeterminedby the

setting ofthedelaycircuit. For the minimumdelay,the oscillation frequencyis around25

MHz. Becauseit is a well knownfact that SPICEexaggeratesthe effectsof crosstalk,no
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specialmeasureswere taken to cancelit out. Prototypeswill be measuredto study this

effect.

6. Conclusions

An 8 channel APD quenchingcircuit was designed.The circuit consistsof a

comparatorwith hysteresis30 mV, a delaycircuit to tune the width of the quenching

pulse and a tristate buffer, which performs the actual quenching.The width of the

quenchingpulsecanbe changedupwardsfrom 8 ns.Thestandbypowerdissipationof the

circuit is 12.2 mW. The chip will be fabricated in the 1.2 jim, radhardp-well CMOS

processof UTMC.
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* APD quenching circuit - comparator with hysteresis *

******************************************************

*

vb 333 0 dc -5
* substrate bias for pass gate
vb2 334 0 dc -3.8
* substrate bias for recovery inverter
vb3 335 0 dc 0
* power supply
VDD200 S
VSS 19 0 -5
* Bias for anipli tail current source
vO 21 0 dc 0
vc 22222 0 dc -2.3
*

VinO 1 0 .1
*

*

* Comparator
*

.subckt cwh 5 6 17 19 20 21
* ml in2 out vss vdd vs
* 5 is negative input
miD 14 21 19 19 tn w=20u l=1.Su ad=36p as=36p pd=27.2u ps=27.2u
mll 12 5 14 14 tn w=40u l=1.Su ad=144p as=144p pd=87.2u ps=87.2u
m12 13 6 14 14 tn w=40u 1=1.Su ad=144p as=144p pd=87.2u ps=87.2u
m13 12 12 20 20 tp w=45.9u l=l.2u AD=180P AS=180P PD=107.2U PS=107.2U
m14 13 13 20 20 tp w=45.9u 1=1.2u AD=1SOP AS=180P PD=107.2U PS=107.2U
ml3b 13 12 20 20 tp w=SOu l=l.2u AD=lSOP AS=l80P PD=107.21J PS=107.2U
rnl4b 12 13 20 20 tp w=SOu 1=l.2u AD=180P AS=180P PD=107.2U PS=107.2U
rnlS 22 12 20 20 tp w=4u l=1.2u AD=14.4P AS=14.4P PD=15.2U PS=l5.2t1
mlG 23 13 20 20 tp w=4u 1=1.2u AD=14.4P AS=14.4? PD=15.2U PS=15.2U
m17 22 22 19 19 tn w=4u l=l.2u ad=l4.4p as=14.4p pd=15.2u ps=1S.2u
m18 23 22 19 19 tn w=4u l=l.2u ad=14.4p as=14.4p pd=15.2u ps=15.2u
xl 23 17 19 20 high_inverter
*x2 17 18 19 20 inverter
ends

*

* Delay circuits
*

.subckt delay 1 2 3 4 5
* in out vss vdd vb
xi 1 6 3 4 inverter
*ml 6 3 2 4 tp w=4U L=1.2U ad=57.Sp as=57.6p pd=39.2u ps=39.2u
m2 6 4 2 5 tn w=SU L=1.2U ad=57.6p as=57.6p pd=39.2u ps=39.2u

ends
.subckt delay2 1 2 3 4 5 9
* in out vss vdd vb vbi
xl 1 6 3 4 inverter
m2 6 4 8 5 tn w=81J b=1.2U ad=14.4p as=14.4p pd=15.2u ps=15.2u
cdl 8 0 O.Gp
m3 8 4 2 5 tn w=80 L=1.2tJ ad=14.4p as=14.4p pd=15.2u ps=15.2u
cd2 2 0 0.Gp
ml 2 7 4 4 tp w=4t3 L=1.2U ad=14.4p as=14.4p pd=15.2u ps=lS.2u
x2 2 7 3 4 9 binv
ends

.subckt delay3 1 2 3 4 5 9
* in out vss vdd vb vbi
xl 1 6 3 4 inverter
m2 6 4 8 5 tn w=8U L=1.2U ad=14.4p as=14.4p pd=l5.2u ps=15.2u
xcdl 8 3 cap
m3 8 4 2 5 tn w=SU L=1.2U ad=l4.4p as=14.4p pd=15.2u ps=1S.2u
xcd2 2 3 cap
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ml 2 7 4 4 tp w=4U L=l.2U aa=l4.4p as=14.4p pd=iS.2u ps=15.2u
x2 2 7 3 4 9 binv
ends

*

* Tristate buffers
*

.subckt tn 1 2 3 4 5
in out c vss vdd

4 5 small_iriverter
5 5 tp w=32U L=l.2U ad=1lS.2p as=115.2p pd=71.2u ps=7l.2u
6 5 tp w=32U L=l.2U ad=115.2p as=1l5.2p pd=71.2u ps=71.2u
7 7 tn w=16U L=l.2U ad=57.6p as=57.6p pd=39.2u ps=39.2u
4 4 tn w=16U L=1.2U ad=57.6p as=57.6p pd=39.2u ps=39.2u

ends
.subckt tnib 1 2 3 4 5 10
* in out c vss vdd vb
xl 3 8 4 5 small_inverter
ml 6 3 5 5 tp w=100U L=1.20 ad=360p as=360p pd=207.2u ps=207.2u
m2 2 1 6 5 tp w=100TJ L=1.2t1 ad=360p as=360p pd=207.2u ps=207.2u
m3 2 1. 7 7 tn w=50U L=i.2U ad=180p asriSOp pd=l07.2u ps=107.2u
m4 7 8 4 10 tn w=SOU L=i.2U ad=180p as=180p pd=107.2u ps=107.2u

ends
.subckt tric 1 2 3 4 5 10
* in out c vss vdd vb

tn w=16U L=1.2U ad=57.6p as=57.6p pd=39.2u ps=39.2u
tp w=32U L=l.21J ad=llS.2p as=llS.2p pd=71.2u ps=71.2u
tn w=16U L=l.2U ad=57.6p as=57.6p pd=39.2u ps=39.2u
tn w=16U L=1.2U ad=57.6p as=57.6p pd=39.2u ps=39.2u

binv 1 2 3 4 5
in out vss vdd vb

4 4 tp w=4U L=2U ad=l4.4p as=14.4p pd=15.2u ps=lS.2u
3 5 tn w=4U L=3.SU ad=14.4p as=14.4p pd=1S.2u ps=l5.2u

high_inverter 1 2 3 4
in out vss vdd

ml 2 1 4 4 tp w=8tJ L=l.21J ad=28.8p as=28.8p pd=23.2u ps=23.2u
m2 2 1 3 3 tn w=4U L=2U ad=14.4p as=14.4p pd=iS.2u ps=iS.2u

ends
.subckt small_inverter 1 2 3 4

in out yes vdd
4 4 tp w=4U L=2U ad=l4.4p as=l4.4p pd=15.2u ps=15.2u
3 3 tn w=4U L=4tJ ad=14.4p as=l4.4p pd=15.2u ps=15.2u

big_inverter 1 2 3 4
in out vss vdd

4 4 tp w=12U L=1.2U ad=32.4p as=32.4p pd=33.2u ps=33.2u
3 3 tn w=6U L=1.2U ad=16.2p as=16.2p pd=21.2u ps=21.2u

inverter 1 2 3 4
* in out vss vdd
ml 2 1 4 4 tp w=8tJ L=1.2U ad=28.8p as=28.Bp pd=23.2u ps=23.2u
m2 2 1 3 3 tn w=4U L=l.20 ad=14.4p as=14.4p pd=15.2u ps=lS.2u

low_mv 1 2 3 4
in out vss vdd

ml 2 1 4 4 tp w=4U L=2.3U ad=14.4p as=i4.4p pd=iS.2u
m2 2 1 3 3 tn w=4U L=1.2t3 ad=14.4p as=14.4p pd=15.2u

cap 1 2
2 2 tn w=2OtJ L=20U ad=72p as=72p pd=47.2u ps=47.2u

*

xl 3 8
ml 6 3
m2 2 1
m3 2 1
m4 7 8

xl 3 8 4 5 inverter
ml 6 8 5 10
m2 2 1 6 5
m3 2 1 7 7
ni4 7 8 4 10

ends
subckt

*

ml 2 1
m3 2 1

ends
subckt

*

*

ml 2 1
m2 2 1
ends
subckt

*

ml 2 1
m2 2 1

ends
subckt

ends
subckt

*

ends
subckt

mc 2 1

ps=1S . 2u
ps=15 . 2u

ends
*



cwh6 IIEI
* Circuit
*

dl 2 3333 diode
rl 2 0 lOOk
vd 4444 0 199.5
via 3333 4444 pulse0 0.6 lns i7ns ins Ons 4Ons
xl 1 2 3 19 20 22222 cwh
x2 5 2 3 21 20 333 trib
x3 3 5 21 20 334 335 delay3
mr 5 3 21 21 tn w=1OU L=l.2U ad=14.4p as=14.4p pd=15.2u ps=i5.2u
*Cd 5 0 O.3p
cout 2 0 2p
*

.model diode d vj=iv yb=200v
*

.inciude ‘/home/slug/ystrael/models/utmc.m’

.option post nomod spice tnom=27

.temp 27
op

.tran in 150n

.pnint tran v2 v3 v5
*dc yin 0.05 -0.05 0.005
* print dc v3
*dc yin -0.05 0.05 0.005
* print dc v3
end


