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VLSI READ-OUT SYSTEM FOR KNIFE-EDGE DETECTORS

0. Vanstraelen,M. Abuzaidand 3. Dorenbosch

SSC Laboratory

1. System configuration

11/28/93

The read-outsystemconsistsof 4 basicblocks shownin Figure 1. The first block

is analog,and consistsof a preamp-comparatorcombination. Theprearnpis designedto

provide sufficient amplification for the incoming signals to trip the comparator. The

nominal input signal is 2x105r on a 5 pF strip capacitance.Tne rise and fall time of the

signal are 10 ns, its pulse width is 20 ns. This is equivalentto an input currentof

3.2xl014C!30 ns = 1.07 .tA. The comparatoris designedto be sensitiveto signalsthat

are twenty times smaller.

Fig. 1: Architectureof the read-outsystem.
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block consistsof a seriesoflatchesorganizedasa shift registerthat samplesthecomparator

andstoresthe resultduring the level I triggerdecisiontime, which is currentlyestimatedto

be around 4 p.s. The shifting is synchronouswith the SSCclock, running at 62.5 MHz.

Becausethe pulse width of the comparatoris longer than one clock period, a ‘1’-

suppressioncircuit is build into theshift register. This circuit will passonly the first ‘1’ in

a series. Upon arrival of a level I trigger signal, data from the shift registeris made

availableto the third block, an encodercircuit, whichencodesthe input dataof the parallel

channelsinto a centroidanda width code. Theencodershould be able to handlemultiple

hits, representedby more thanone groupof activatedchannels.Thefinal.block is an 8 bit

digital counter,which performsthe taskof local bunchcounterLEC. Its count is latched

into a buffereachtime the encoderacceptsnew input, and is madeavailabletogetherwith

the encodeddata. In this way, relativetiming informationis provided.

2. Preamp-comparatorcombination.

2a. Basics.

The large detectorcapacitancemakes a preampwith low input impedancea

necessity.This can be accomplishedby using a diode connectedMOSFETto receivethe

signal,or by using a currentsensitiveamplifier. Both methodsareexplainedbelow. To

obtain high speedandlow powerdissipation,a basicdilemmahas to be solved. This can

be illustrated for a generativevoltage sensitive amplifier characterizedby gm, the

transconductanceof the input transistor, r0, the output impedanceand CL, the load

capacitance.The gain for this amplifier is gr0, its bandwidthBW is given by lJr0Cjj.

Achieving a BW of 10 MHz and a gain of 200 requires for CL = 50 fF that

> 625 p5 and that r0 <320k2. If the input transistor is biased in strong

inversion, then gm = "12f3 ‘dsp with 3 = RCox. In thelatter formula,p.is the minority

carriersurfacemobility in cm2fVs, Co is theoxidecapacitancein F/cm2and Wit is the

width to length ratio of theMOS device. For a typical 1.2 p.m CMOS process,J3 47

p5, resulting in therequirement‘ds >4.2 mA. If for exampleW/L = 100, then ‘th

> 42 gA, whichcontradictswith the restrictionson powerdissipation.
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Fig. 2: prearnpwith diodeconnectedinput transistor.

The first method to achievelow imput impedanceis illustrated in Figure 2. The

diodeconnectedMOSFETMl takescareof resettingthe strip capacitance,M2 is the input

transistorfor thepreamp.The gain for this configurationis limited to approximately40. A

problemwith thecircuit is the recoveryof dc nodevoltagesafterapplying an input pulse.

The recoverytime can only be shortenedby increasingthebias current. This however

decreasesthegain. In order to havean input rangeof 0.05 to 1 pA. the preamphasto be

followed by an additional amplifier stage and a high gain comparator. A further

disadvantageof thecurrent-mirrorinput is an increasein input referrednoisedueto theuse

of a currentmirror.

2b. Folded cascode.

Thesecondsolutionis a currentsensitiveamplifier. Figure3 depictsthedesignin

the Westinghousen-well process.A ‘Half FoldedCascode’HFC configurationis used

aspreaxnp. Table 1 gives the transistordimensionscorrespondingto Figure 3. The

preamp-cornparatorcombinationuses± 1.5 V assupplyvoltage. Only one additionalbias

voltageVb = 0.5 V is needed.
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Fig. 3: Currentsensitiveamplifier combinedwith comparatorand outputbuffer.

and to be implementedin the 1.2 p.m n-well Westinghouseprocess.

Table 1: Transistorsizesand dc parametersfor the I-J.FC-comparatorcircuit

Transistor Wit ‘ds fl.tAI g [jiSJ gj5 [uS]

M1=M2 500/2 10.7 338.0 19.5

i’.13 20/1.2 10.7 133.6 0.1

M4 40/1.2 20.6 266.4 0.2

MS 10/2 21.4 59.0 4.2

M6 4/1.2 9.9 55.9 0.2

M7 4/1.2 9.9 36.2 1.1

M8 10/2 9.9 16.8 48.9

M9 3/40 0.0 0.0 0.93

M10=M11 40/1.2 8.75 11.3 3.4

M12=M13 5/1.2 8.75 59.1 0.15

M14 6/1.5 17.5 44.6 8.4

MIS 4/1.2 11.9 9.5 71.3

M16 8/1.2 11.9 90.3 0.19

Vdd

vss
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For stability reasonsa small compensationcapacitorCc of 50 iF is neededin parallelwith

the feedbackresistor. If this capacitoris eliminated,theac responseshowspeakingaround

10 MHz. The frequencyresponseof the preamp,Vouihin and the phaseshift, with and

withoutC are shownin Figure4. The total power dissipation for the circuit is 181 p.W.

Figure 5 illustrates the magnitudeof the signals for a 0.05 jiA input signal. Figure 6

shows the slewing, recoverytime, doublepulseresolution andwidth of theoutputpulse

for thecircuit. Thedoublepulse resolutionDPR is definedas the distanceof two input

pulsesthat appearastwo separatepulsesat the output. By increasingthe sizeof M13

increasingcurrentthe slewing for small input signals can be improved. However,this

would be at thecostof DPR. The recoverytime and slewing canbe changedby adapting

the switching thresholdvoltageof the output inverter. By lowering the thresholdvoltage

the slewing is decreasedand the recoverytime is increased.

4.Ox106T
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2.5xlO6

2.0xl06

1.5x106-

l.0x106
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Fig. 4: Transresistanceandphaseof the preamp with and without compensation.
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Fig. 5: Outputsignalof thepreamp,comparatorandbuffer in responseto a

0.05 p.A input signal. Theplot indicateshow tiny theactualinput signalis.
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Input signal # electrons]

Fig. 6: Slewing,doublepulseresolution,
a function of the input signal.

recovery time andoutputpulsewidth as

A version of the analogcircuit suitable for fabrication in the UTMC p-well processis

shown in Figure 7. The circuit dissipates100 jiW. Its speedis reflectedby Figure 8.

The transistorparametersaregiven in Table2. Notwithstandingthe body effect for the

input devices,thesamecomparatoris usedas for theWestinghousen-well process. The
reasonbeing the fact that this type providesa convenientdc outputvoltage, putting the

output inverterin a region of almostzerostand-bypower. A p-channeldevicewaschosen

over an n-channeldevice to implement the feedbackresistorbecauseof its higher
resistance.Cc had to be increasedto 150 IF in this circuit.
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Figure7: Analog circuitry for the 1.2 pm p-well UTMC process.
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Fig. 8: Slewing,doublepulseresolution,recoverytime and outputpulsewidth for

thecircuit of Figure 7.

Table2: Transistorsizesanddc parametersfor theUTMC HFC-comparatorcircuit
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Vss
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Transistor W/L ‘ds QIA] g [i.tS] 2ds EMS]
M1=M2 250/2 3.6 235.0 0.17

M3 4/2 3.6 18.4 0.03

M4 11.2/2 10.8 53.7 0.09

MS 4/8 7.2 18.8 136 pS

M6 15/1.2 7.2 77.3 1.15

M7 15/1.2 7.2 109.4 0.59

M8 4/8 7.2 18.8 l36pS

M9 4/25 0.0 0.0 1.29

M10=Mll 40/1.5 9.1 119.5 0.59

M12=M13 10/1.2 9.1 98.9 0.54

M14 6/2 18.2 38.0 15.7

M15 4/1.2 2.0 29.8 0.16

M16 4/1.2 2.0 1.35 170.9

2c. Noise performance.

Thenoisevoltage dueto the amplifier only andmeasuredatthe output,v, is givenby:

1

wherev is theequivalentinputnoise voltageof transistorM

v = [V2/Hz] i9

v2= 4 .ISL[V2/Hz] i=91 gd5I
In equation1 thenoisedueto the feedbackresistor,v, is dominant. For thepreampthe

transimpedanceis determinedby thefeedbackresistor:

2
fin gds9

As a resultthe input referrednoisecurrentis givenby:
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.2 2 2
‘N = vg059 3

This currentis equivalentto an inputnoise chargewith shapedescribedin the introduction

of this report. Themagnitudeof thenoise is:

ENC
=

= 56 e- rms for the Westinghousedesign 4

= 24 e rms for the UTMC design

An HSPICEsimulationindicatesa somewhatlower number.

Themain contributionto the total noiseis the kTC noiseof the input capacitance.ThekTC

inputnoisevoltageis:

I kT
5

which for Cd = 5 pF is equivalentto:

ENCc
= l.6x io C = 899 e rms 6

A comparisonbetween4 and 6 showsthat theamplifier noiseis negligible.

2d. Speed improvements.

i Recoveryfeedback.

Simulationsshowthat theOTA type comparatorreactsrapidly to an input signal,

but requiresa long recoverytime, during which its outputis high. Therecoverytime can

be improvedby increasingthecurrentthat dischargestheoutput nodeaslong asthis one is

high. A way to do this is shownin figure 9. This designis called ‘Comparatorwith

RecoveryFeedback’CRF. The resultingspeedimprovementcanbe seenfrom figures

loaandb.
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Fig. 9: OTA typecomparatorwith recoveryfeedback.
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Fig. lOa: Signalshapeof theoriginal andimproveddesign.
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Fig. lOb: Comparisonof slewing, recoverytime anddoublepulseresolutionof the

improvedHFC-CRFcombinationand the original design.

ii Latchedcomparator

An alternative is the use of a faster type of comparator,namely a latched

comparator,which is basicallyan OTA, extendedwith a latch function. The OTA itself,

without the latchFigure 11 is not very fast. For this circuit, the relationbetweeninput

voltageandoutputvoltage asa functionof time canbe describedas[1]:

= Vjn..it 7

In this formula, g is the transconductanceof the input transistorand CL is the load

capacitance.A tail current‘b of 10 MA and a gate-to-sourcevoltage minus threshold

voltage, Vgs - VT, of 0.2 V, result in g = IWVgs - VT = 50 M5 Taking a realistic

CL = 20 fF results for a 10 mV differential input signal in V013 = 3 V after a

At = 120 ns. This is howeveran optimistic value. As a result of the higherorder poles

anda clipping effectof theoutput voltageagainstthe powersupply lines,the responsetime

5.Oe÷4 l.Oe÷5 l.5e÷5 2.Oe+5
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increasesfurther. So, it canbe concludedthata simpleOTA is only suitablefor useat low
frequencies.

To overcomethe limited responsetime, latchedcomparatorsare often used. They

gettheir name from the latch that is incorporatedin the structure. Latchedcomparators
havetwo phases,the resetmodeandthecomparemode. In the resetmodethenodesof the

latch are shortenedto set it to an unstablehigh gain mode. In the comparemodethese

nodesarereleased.Dependingon the input voltage the latch will switch very fast to the

high or low statedue to the positive feedbackin thelatch. A version that is often usedin

high speedflashA/D convertersandhigh accuracyoversamplingA/D convertersis shown

in Figure12. It consistsof two invertersMS. M9 and M12, M13, assembledas a latch,

in combinationwith an OTA. By closing theswitch M14, the latch is set in its unstable

state. An importantadvantageof this structureover otherlatchedcomparatorsis the fact

that the input stage doesnot contain any switches,.This avoidsproblemswith clock

feedthroughinjected to the input nodes. Problemswith clock feedthroughare further

minimizedbecausea completesymmetricalstructureis used. It is alsoimportantthata two

inverterlatch structureis used. Theconnectedcircuit usuallyis an inverter to buffer the

outputsignalfurther. As a result, if identicalinvertersare used,theoutputvoltagein reset
mode is the thresholdvoltage of the connectedinverter. This resultsin almost equal
responsetimes for the high and low transitions. A disadvantageis thefact that the reset

mode correspondsto the biasingcondition wheretheinvertercurrentis maximum. This

hasits consequencesfor the powerdissipation. The only way to limit thestandbycurrent

is to give the invertersa small W/L ratio. For the technologybeing used,4 jim is the

minimum width. In order to limit thecurrentto around 10 MA, a lengthof at least 10 Mm

CL

V ss

Fig. 11: OTA type comparator.
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for then-channeldevicesis needed.Thecapacitancecorrespondingto thesedimensionsis

limiting the speedto reset frequenciesless than 40 MHz. For this reasona resetclock

running at half the SSC frequencyperiodof 32 ns is chosen. This meansthat the time

resolutionis limited to 32 ns. To obtain a 16 ns resolution,two readoutchannelscan be

used,offset by half a clock period.

Thecomparatorspeedcanbe approximatedby:

C2 2Voutm
in m

whereg is the transconductanceof the invertersassumedidenticalp-channeland

n-channel,Gm is the transconductanceof the amplifier and C, is the load

capacitanceof theamplifier.

Using gm = 30 jiS, Gm = 50 jis and C = 20 fF results in a responsetime of 2.6 ns,

which is considerablysmaller than that for the OTA comparator. The speedis mainly

determinedby gm/Cp which is the speedof a loadedinverter. The accuracyof the

comparatorcan be increasedby increasing the size of the latch transistors. This will

howeverincreaseCp and asa result will degradethe speed.

2d. Combination with a fast preamp

iSV

Fig. 12: Fastlatchedcomparator.
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The fast comparatordiscussedin the previoussectionshould be combinedwith a

fast preamp. Chosenwas "ICON" [2], a currentmode preamp,design and testedin

CERN for usein high-ratehadroncoiliders. Its schematicis shownin Figure 13. The

mostimportantcharacteristicsof this designfabricatedin the 1.5 p.m MIETEC processare

shownin Table3. Featuresthat were to be changedfor the knife-edgedetectorread-out

systeminclude noise,power andgain. The final characteristicsare shownin thesecond

columnof Table3. A comparisonwith the HFC in section2b showsa considerablyhigher

input noise. The main contributorsare the currentmirrors in the input stageand the

feedbackresistor.

In

Fig. 13: ICON, a fast currentmodepreamp.

Table3: Characteristicsof ICON.

Gain

Powerdissipation

Noise

Peakingtime

CERN design

14 mV/lU5 electrons

1mW
3000 e rms

<iOns

Altereddesign

100 mV/105electrons
85 MW
1300e-rms

65 ns

2e. Combination of ICON and a latched comparator.

Figure 14 shows the slewing, pulse width and double pulse resolution for the

combinationICON-latchedcomparator. An importantfeatureof the combinationof a
preampwith a latchedcomparatoris thefact that thedelayis not determinedby the preamp,

but it is setby theperiodof the resetclock. This is thereasonwhy thereis no slewing. If

the periodof the resetclock would be decreasedto 16 as,slewing would show up again.
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So, the absenceofslewingmeansthat thechangein delay over the rangeof input signals

is less thantheperiodofthe resetclock.

Signal [# electrons]

Fig. 14: Slewing, pulsewidth and doublepulseresolution.

- The outputsignalsof the comparatorare shownin Figure 15 for a 0.05 p.A input

current= 10,000 electronsand a 1.2 MA input current= 200,000 electrons. The

comparatoris resetwith a 31.25 MHz clock. Every 16 ns the output of thecomparatoris
latchedinto the FIFO. This meansthat alsothe resetstatewill be latchedif it is not filtered

out. This will causea problem with the 1-suppressionwhich will considereveryoutput

pulseof thecomparatorasa newinput signal,not asa continuationof the previoussignal.

To avoid this, the output signalsof the comparatorhave to be mergedbefore the 1-

suppressionis carriedout. Mergingcanbe accomplishedwith two D-flipflops David and

Goliath type, seebuffer, driven by the resetclock. Thefirst D-flipflop should readin data

during thecomparemodewhenthe resetclock is low.
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Signal # electrons]

Fig. 16: Slewing, doublepulseresolutionandpulsewidth for the combinationHFC-LC.

3. Buffer with ‘1’-suppression

3a. Buffer

The buffer is basicallya simple shiftregisterproviding storagefor the comparator

outputduring the level 1 trigger decisiontime. This time is currentlyestimatedto be 4 M
or 256 clock cycles,which is also thenumberof cells in the buffer. The buffer is built

with David and Goliath’ type latchesFigure 17a,whereGoliath is the largeinverter and

David is the small feedbackinverter. David restoresthe cell input, which is degradedby

the use of a singlepasstransistorand refreshesit during the hold time. The singlepass

transistorconfigurationis chosenbecauseit avoidsthe need for complementarypass

transistorsandtwo driving clocks. A drawbackis the lossin speed. An n-channeltransfer

gateis known to be badin passinga logic 11. The speedof the nDG canbe increasedby

giving G a low thresholdsuchthat it alreadyswitchesaftera slight increaseof the G input.

Speedcan be furtheroptimized by making D switch at a high input voltage. In the same

way thepDG latch, which is affectedby the badcharacteristicsof thep-channeldevice in

passing a ‘0’, is speededup by giving G a high and D a low thresholdvoltage. The

increasedspeedis illustratedin Figure 17b.
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Cick

Fig. 17a:D-latch, consistingof ‘David &

are given for the UTMC process.

Goliath’ type latches. Thedivice sizes

3
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Fig. 17b: Effect optimizedthresholdvoltageson thespeed.

The D andG transistorshaveto be dimensionedsuchthatthe driving capabilityof G is
enoughto forcea logic level to the input of G in thenextcell. This hasto be doneagainst

theactionof D in that cell, which tries to maintaintheold value. Table4 givesthe

parametersfor the latchesto be implementedin theUTMC process.In this table, t&H and

11/28/93
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t.jpj arethe delaytime for switchinglow to high, and high to low. The valuesare

measuredfrom the momentthe switch is opened. Thepowerconsumedby theclocking of

theshift registeronly is given by

pF
= v f = 0.56 mW/pF or 0.56x0.09pF/cell = 50 j.iW/cell

For a completechannelwith 256 cells,the total powerdissipationbecomesapproximately

13 mW.

Table4: Parametersfor theD&G cells.

nDG pDG

nMOST-G 8/1.2 12/1.2

pMOST-G 15/1.2 - 4/1.2

nMOST-D 4/12 4/5

pMOST-D 4/4 4/5

tdLH [as] 3.25 3.25

tj-p [as] 1.25 1.0

b. ‘1’-suppression

The ‘l’-suppressioncircuit is designedto filter out successive‘1’ valuesin the

buffer. Only a ‘1’ following a ‘0’ is passed.All succeeding‘1’ signalsarereplacedby a

‘0’. Figure 18 showsa circuit that realizesthis function. Table 5 reflectsits operation

basedon thevaluesof presentandpreviousinput valueto thecircuit.
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Table5: Operationof the ‘1’ -suppressioncircuit.

previous present out

0 0 0

0 1 1

1 0 0

1 1 0

3c. Addressable FIFO.

For someapplicationsit might be desirableto be ableto peekany locationof the

FIFO beforea level 1 for thecorrespondingdatahasbeenissued. In this casethe FIFO

shouldbe build as indicatedin Figure 19. For this casetheaddressof thecell that is to be

sampledis put into a ‘Time_Out’ register. A decoderdecodesthe 8 bit addressinto oneof

256 outputlines,which gatesthe contentsof thecorrespondingFIFO cell into a readout

register.

CIck

11/28/93

dcl

CIck

Fig. 18: ‘1’-suppressioncircuit.

lAs
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Fig. 19: Block diagramfor an addressableFIFO.
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A straightforwardapproachto implementa decoder,a so called tree-decoder,is shownin

figure 20. During thenegativeClck phasean addresssis readinto a ‘Time_Out’ register

TO. The contentsof this registerandits inverseareput onto the input lines of the decoder.

At thesametime the output lines of thedecoderareprechargedhigh. To avoid a

dischargingof theoutputlines by the inputtransistors,the latter aredisconnectedfrom V

by a switch alsodrivenby Cick. WhenClck goeshigh, theevaluationphasestarts.Ail
outputlinesarepulled low, excepttheactive one.

AL

T
-‘U

FIFO64x256

__jTjiu-t

Clck
re2ister

inverting
TO0-fl

TO1C

Vr r r [J dd

. ‘13

ILj
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i2i
0 01000
0 10100

0 0 0 1 0
1 10001
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-if:
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Fig. 20: Dynamictreedecoder

A consequenceof this approachis thatall ouput lines excepttheonethat is active,dissipate

power. An estimatefor the dynamicpowerdissipationof oneouput line at an operating

frequencyf is givenby:

P = 1 pF Vdd - V552 f = 0.56 mW/pF

For an 8-bit decoder,thetotal powerconsumptionapproaches143 mW/pF!!! This is

untolerable. An alternativeapproachis the direct realizationof all minterms. Doing this

with a single gatewould requirean 8-inputNAND gate,which is impossiblewith a 3 V

supplyvoltage. The 8-inputNAND can howeverbe decomposedin multiple layersof 2-

inputNAND andNOR gates. Forexample,the mintermTO7TO6TO5TO4TO3TO2TO1TO0

canbe written as TO7TO5 ± TO5TO4 TO3TO2 + TO1TO0 . The hardware

implementationrequirestwo NANDs, a NOR andan inverter. The total delayof these

gatesis approximately4 as. Figure21 showsthe schematicfor the realizationof oneof the

256 minterms. Thetotal numberof gatesrequiredfor the 8-bit decoderis 256x8 = 2048.

The total numberof devicesin this approachis given by 256x30= 7680. Not includedin
thesenumbersarethegatesrequiredto accomplishthe inversebits TOj.

TO0
TO1

TO2 TO7TO5TO5TO4TO3TO,TO1TO0
TO3

TO4
TO5

TO5
TO7

Thepowerdissipationis in this casedueto only two outputlinesone deactivating

and anothergoing activeand the chargingof thegateinput capacitances,which is 75 IF

for a NOR or NAND. More specific, two TO valueswill changeeachinvolving 256

inputs,giving rise to Pj = 20.8 mW, two outputlines, P011= 0.56 mW/pF, four internal

Fig. 21: 4 level realizationof aminterm.
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gates,P = 0.16 mW. The total powerdissipationcanbe estimatedto be 20.96mW +

0.56 mW/pF, which is lower thanin thepreviouscase.A disadvantageis the largerinput

capacitancethat hasto be driven, namelyapproximatelyl28x75 IF = 9.6 pFU!

A secondproblemis gating thecontentsof a FIFO cell onto an outputbus. Onesolution is

theuseof a transmissiongateto gatethecontentsof a latch onto a bus,from whereit is

latchedin a register. An approachcompatiblewith the tree-decoderis shownin Figure22.

The useof a single transmissiongatewill resultin a voltage loss,anda weaksignalon the

largebuscapacitance,which canvery difficult be latchedagainby the typeof registerused

in theFIFO. It hasto be recoveredfirst by a buffer, preferablyonewith a low thresholdin

the caseof an n-channelastransmissiongateand onewith a high thresholdif a p-channel

deviceis used. The addressis availableduring thepositive half of theclock period. At this

time theFIFO cell contentsis put on the output bus,bufferedand latchedinto a register.

Becausethe bus wifi rememberits valuehigh impedancenodean extraresettransistoris

needed.The busis resetduring thenegativehalf ofthe clock period. An alternative

approachcompatiblewith the static decoderis shownin figure 23. In this casethe address
will enablean invertergating the contentsof theFIFO cell onto a bus. Thereit can be

latchedagain, If for thestaticdecoderTime_Outis latchedduring thenegativeclock

period,thenthe addresswill be becomeavailableduring this time, If latchingof Time_Out

and thegenerationof anaddressleavesenoughtime to readthecontentsof theFIFO, all

canbe doneduring thesamehalf of theclock period. Thecontentsof the buscould be

latchedduring the secondhalf.

Cick

Fig. 22: FIFO readout compatiblewith the tree-decoder.
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4. Encoder

Cick

Fig. 23: Static FIFO readout.

Eachtime a Level 1 trigger occursthe bit patternat theendof the buffersshould be

given out in an encodedform. This is accomplishedby the encoder,which puts out the

width andthe centroidof eachgroupof consecutiveactivatedchannels‘l’-value. From

two neighboringchannelstwo signalsare generated,a 01 signalindicating the leading

edgeof the group and a 10 signal indicating the trailing edge. Eachchannelhasits

addressregister. An addressactivatedby a 01 signal is put on the ‘leading address’bus.

A 10 signalcausesthe addressto be put on the ‘trailing address’bus. Thewidth of the

groupis obtainedby subtractingthecontentsof both buses.Problemsoccur if more than

onegroup is hit. This is solvedby scanningsuccessivechannelsuntil an active01 and

corresponding10 signalis found. Eachtime theaddressesare transferredandsubtracted.

This approachis shownin Figure24a. Becauseof the exponentialincreasein gatenumber

if carry look aheadis usedfor a fast subtraction. A pipelinedapproachis usedinstead.

Using a counterto scanall channelswould meanthata numberof clock cyclesequalto the

channelnumberis neededfor the scan. This doesnot takeinto accountthe time neededfor

addresstransferand subtraction.As a resultof that, an unacceptabledeadtime will result.

A muchfasterapproachis to ripple a signalthroughan inverterchainuntil it is stoppedby a

01 or 10 signaL Hereafterthe addressesare transferredand the scanningcontinues.

This is shown in Figure 24b. Thescanningis initiated by the clock going high. After the

addressesare transferred,the correspondinglatchesareclearedand the scan signalwill

ripple throughto thenext 01 edge. Thevalueof the lastcell is usedto initiate a resetof

-is
out
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the scancircuit and to storenew datain theencoderinput latch. Using this method an

unlimitednumberof activatedgroupscan be handled. Themaximumnumberof groupsis

intentionally limited to four, using a groupcounter. The deadtime to read one groupis

given by the ripple-throughtime addedto the time for the addresstransfer. Thelatter is

half a clock period.

Fig. 24a:Approachusedfor thewidth encoding.

centroid

width

buffer
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O1

01

01 -

Gnd

Ctck-.-4

Fig. 24b: Inverterchainusedfor the scanning.

5. Local Bunch Counter

An 8 bit counter operating at the 62.5 MHz SSC frequency gives timing

information for successiveoutputsof the encoder. To obtain high speedand avoid the

rippling throughofcarry information, thecountercaneithermakeuseof a carry look ahead

schemewith an exponentialincreasein the gatecount, or it can be realizedas a pipeline.

Themain disadvantageof existing binarycountersis thefact that theyare notmodular,or

an n bit countercannot be extendedto an m bit counterby just addingm-n identical

library cells. Here, a completemodularcounterwas designedby using a new counting

code,which is illustratedin Table6. In this codeall bit changesaredefinedor initiated by

a low-to-high transitionof the nextlower orderbit This causesall carriesto be knownone

clock periodin advanceof a bit change,herebyavoiding any carry delay. Becauseall bits

are treatedin thesameway, their structureis identicalandconsequentlyextendingacounter

to anynumberof bits becomesstraightforward.

reset

A01
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0
0
0
1
1
1
1
0
0

0
0

0
0
1

Table6: New counting code.

0
1

1 0
1 1

0
1
0

1 1
0 0

The hardwareimplementationof this counting schemeis easy. Only three functional

blocks are needed:a latch to retain thepreviousbit value,a ‘0’ to ‘1’ detectionblock which

outputsignal, Olout, to allow thenext bit to change,and finally, a circuit that generates

the nextbit valuebasedon a Olth signal and the presentbit value. Figure 25 shows a

possible implementation’. The counterdesignedfor a 1.2 .tm CMOS processhas a

simulatedspeedof 300 MHz with a supply voltage of 3 V. By using CMOS transmission

gatesand dynamiclogic the speedcaneasilybe increasedto 0.5 0Hz.

6. Interfaces.

To assemblethe individual blocks that weredescribedin theprevioussectionsinto

an integratedsystem,additionalinterfaceblocksareneeded.Theseblocksare desribed

next.

6a. OTA comparator-buffer.

Fig. 25: Possibleimplementationof a countercell.

1 Patent pending.
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In orderto avoidclock feedthroughfrom the latch on thecomparator,an extra

bufferhasto be used. The bufferat thesametime providesthe driving capabilityneededto

drive theDO latch. A CMOS inverter is usedasbuffer a. Its dimensionsare given in

Table7.

rsMOST 6/1.2

pMOST 12/1.2

td[ns] with CL=5OfF 0.5

Table7: Buffer.

6b. Buffer-Encoder

Eachtime a scancycle hasbeencompleted,datafrom the bufferis latchedinto the

encoderinputlatch. This latch is of theD&0 type. This devicekeepsthe dataavailable

during the full scancycle. The 01 and 10 transitionsignalsare derivedfrom its outputs.
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* ** ** ** * ** * ** * ** * ** * * ** * * ** * * ** * ** * * ** * ** * *

* HFC AS A PREAMP FOR KNIFE-EDGE DETECTOR *

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

* modeled f or UTMC
VDD1 0 1.5
VSS 10 0 -1.5
VBG 21 0 -0.0
VB7 7 0 0.0
VB9 9 0 -0.0
v2 22 0 0.0
II 4 0 PUIJSEO 0.075u iON iON iON 2014 2000N
*iN 4 0 ac 1
CIN4 0 5p
Cfb 6 4 150f
cut 6 0 SOt
*

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

*HFC CIRCUIT *

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

*

*

*

*

M9 6 10 4 1 tp W=4U L=25U AD=15P AS=1SP PD=15.5U PS=15.5U
*

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

* Comparator *

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

*

mlO 11 22 1 1 tp w=6u 1=2u ad=21.Gp as=21.6p pd=19.2u ps=19.2u
mu 15 6 11 1 tp w=40u 1=1.5u ad=144p as=144p pd=87.2u ps=87.2u
rnl2 14 0 11 1 tp w=40u 1=1.5u ad=144p as=144p pd=87.2u ps=87.2u
m13 15 15 10 10 tn w=lOu 1=1.2u AD=36P AS=36P PD=27.2U PS=27.2U
m14 14 15 10 10 tn w=lOu 1=1.2u AD=36P AS=36P PD=27.2U PS=27.2U
*

*

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

* An Output Inverter *

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

*

miS 16 14 1 1 tp w=4u 1=1.2u ad=15p as=lSp pd=15.Su ps=l5.Su
m16 16 14 10 10 tn w=4u 1=1.2u ad=lSp as=15p pd=1S.Su ps=1S.Su
*

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

* output buffer *

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

*xl 16 17 1 10 but
*

*

*

*subckt but 1 2 3 4
*ml 2 1 3 3 tp w=12u 1=1.2u ad=25.Bp as=25.Sp pd=28.3u ps=28.3u
*m2 2 1 4 4 tn w=6u 1=1.2u ad=12.9p as=12.9p pd=16.3u ps=16.3u

Ml 3 4 12 12
M2 5 0 12 12
M3 3 5 1 1
M4 5 5 1 1
MS 12 9 10 10
*

tn W=250U L=2U AD=900P AS=900P PD=507U Ps=507U
tn W=250U L=2U AD=900P As=900P PD=507U PS=507U
tp W=i1.2U L=2U AD=39.6P AS=39.6P PD29.2U PSr29.2U
tp W=4U L=2U AD=14.4P AS=14.4P PD=15.2U PS=15.2U
tn W=4U L=8U AD=14.4P AS=14.4P PD=15.2U P5=15.21.1

M6 6 21 3 1 tp W=15U L=1.2U AD=54P AS=54P PD=37.2U PS=37.2U
M7 6 7 8 8 tn W=1SU L=1.2U AD=54P AS=54P PD=37.2U PS=37.2U
MS 8 9 10 10 tn W=4U L=8U AD=14.4P AS=14.4P PD=1S.2U PS=15.2U
*

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

* FEEDBACK TRANSISTOR
* ** * * *** * ** ** * * ** * * ** *

*
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*

. ends
*

.inciude ‘/home/siug/vstraeu/models/utmc.m’

.OPTI0N post nomod

.temp 27

.TRAN iN 700N
.PRINT TRAN v6 vi4 v16
OP

*AC DEC iO 1 100MEGHZ
END
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** ** ** ** * ** * ** *** * *** * *** * *** * ** * ** * * * * ** * *

* HFC AS A PREAMP FOR KNIFE-EDGE DETECTOR *

* FAST COMPARATOR
*** ** ** ** ***** **** ** * ** * * ** * * *** *** * ** * ** * *

* modeled for UTMC
VDD1 0 1.5
vSS 10 0 -1.5
VEG 21 0 -0.0
VB7 7 0 0.0
VB9 9 0 -0.0
v2 22 0 0.0
II 4 444 PULSE0 lOOu iON ON ON iN SOON
Vmeas 444 0 dc 0
CIN4 0 Sp
Cfb 6 4 i5Of
Cout 17 0 lp

*HFC CIRCUIT
** * * ** * * *

*

ml 3 4 12 12
m2 5 0 12 12
m3 3 5 1 1
m4 5 5 1 1
itS 12 9 10 10

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

* FEEDBACK TRANSISTOR *

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

L=i.2U AD=54P AS=54P PD=37.2U PS=37.2U
L=i.2U AD=54P AS=54P PD=37.2U PS=37.2U
L=8U AD=14P AS=14P PD=i5.2U PS=15.2U

m9 6 10 4 1 tp W=4U L=25U AD=1SP AS=iSP PD=15.5U PS=15.5U

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

* FAST Comparator
* ** * * ** ** * * * * *

*

*m13 15 15 10 10 tn w=lSu l=2u AD=36P
*m14 14 iS 10 10 tn w=15u l=2u AD=36P

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

* An Output Inverter
* * ** ** * * * *** * ** * ** * * *

*

AS=36P PD=27.2U PS=27.2U
AS=36P PD=27.2U PS=27.2U

miS 16 14 1 1 tp w=4u l=1.2u ad=lSp as=lSp pd=15.Su ps=15.5u
m16 16 14 10 10 tn w=8u i=1.2u ad=28.8p as=28.8p pd=23.Su ps=23.Su
*

* second inverter
*

tn W=250U L=2U AD=900P AS=900P PD=507U PS5O7U
tn W=2SOU L=2U AD=900P AS=900P PD=507U PS=5O7U
tp W=11.2U L=2U AD=39.6P AS=39.6P PD=29.2U PS=29.2U
tp W=4U L=2U AD=14.4P AS=14.4P PD=15.2U PS=lS.2U
tn W=4t1 L=SU AD=i4.4P AS=14.4P PD=1S.2U PS=lS.2U

m6 6 21 3 1 tp
m7 6 7 8 8 tn
m8 8 9 10 10 tn

W= 1 5U
W= 1 SU
W=4U

mlO 11 22 1 1 tp w=6u 1=2u ad=57.6p as=57.6p pd=39.2u ps=39.2u
nil 15 6 ii 1 tp w=SOu l=i.2u ad=252p as=252p pd=147.2u ps=147.2u
m12 14 0 11 1 tp w=SOu l=1.2u ad=252p as=252p pd=147.2u ps=147.2u

m13 15 iS 99 99 tn w=lOu 1=2u AD=36P AS=36P PD=27.2U P527.2U
ml3b 99 15 10 10 tn w=lOu 1=1.2u AD=36P AS=36P PD=27.2U PS=27.2U
rnl4 14 15 98 98 tn w=lOu 1=2u AD=36P AS=36P PD=27.2U PS=27.2U
ml4b 98 14 10 10 tn w=lOu 1=i.2u AD=36P AS=36P PD=27.2U PS=27.2U

m17 66 16 1 1 tp w=16u 1=1.2u ad=57.6p as=57.68p pd=39.2u ps=39.2u
miS 66 16 10 10 tn w=4u 1=1.2u ad=14.4P A5=14.4P PD=15.2U PS=15.2U
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* ** * * * * * * * * ***

* output buffer *

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

*

xl 66 17 1 10 but
*

*

*

.subckt buf 1 2 3 4
ml 2 1 3 3 tp w=16u 1=l.2u ad=57.6p as=57.68p pd=39.2u ps=39.2u
m2 2 1 4 4 tn w=32u i=l.2u AD=1i5.2P AS=1i5.2P PD=71.6U PS=71.6U
ends

*

.include ‘/home/siug/vstrael/modeis/utmc.m’

.OPTION post nomod spice tnom=27

.tenp 27

.tran in 300n

.print tran v6 ivmeas vi7
op
end



lcnx

* LATCHED COMPARATOR FOR KNIFE-EDGE DETECTOR *

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

*

VDD 20
VSSi9
VB 12
vd aM 0 0.0
itt 18 0 pulse1.S -1.5 On in in 15n 32n
*vf 88 0 pulse1.5 -i.S tin in in 4n 32n
*

vital 0 1.5
VS alO 0 -1.5
ibb bi 0 2ua
icc ci 0 6.Sua
II 4 0 PULSE0
cd 4 0 Sp
ci 13 0 40ff
*

mr a7 aIM 4 ad tp wr4u 1=i8u ad=14.4p as=14.4p pd=l5.2u ps=15.2p
*

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

*ICON CIRCUIT *

** * * ** * **

*

Mal 2 2 at al
Ma2 a7 2 ad ai
Ma32 b24 4
Ma46 cl4 al
MaS 6 6 aiO aiO
Ma6 a7 6 aiO adO
*

*

m14 10 18 11 19 tn w=8u l=1.2u ad28.8P
*

AS=28.8P PD=23.2U PS=23.2U

* Output butter
*

0 1.5
0 -1.5
O 0.0

ins

0.075ua 20n iOn lOn 2On 140n

tp w=SU L=2U ad=18p
tp w=5U L=2U ad=18p
tn w=47U L=2U ad=169p
tp w=55U L=2U ad=198p
tn w=5U L=2U ad=18p
tn w=5U L=2U ad=18p

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

* LATCHED COMPARATOR CIRCUIT *

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

*

1=1 .2u
1=l.2u
1 = 5U
1 = SU
1 = 8U

l=5U
1 = 1 6U
i=SU
1=l6U

ml 8 a7 7 7 tn w=33u
m2 9 aO 7 7 tn w=33u
1438 8 20 20 tpw=4U
M49 9 2020 tpw=4U
MS 7 12 19 19 tn w=4U
*

M6 10 8 20 20 tp w=4U
M7 10 12 19 19 tn w=4U
MS 11 9 20 20 tp w=4U
M9 ii 12 19 19 tn w=4U
*

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

* Output Inverters *

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

*

ad=i44p
ad=i44p
AD=14 .4?
AD=14 .4?
AD=28 .8?

AD=14 .4?
AD=14 .4?
AD=l4 .4?
AD=14 . 4p

as=i8p
as=18p
as=169p
as=l98p
as= lSp
as=18p

as= 144p
as=i44p
AS=i4 . 4P
AS=i4 .4?
AS=28 . 8P

AS = 14 . 4?
AS=14 .4?
AS = 14 . 4 p
AS = 14 . 4 p

AS=21 .6?
AS=2i .6P
AS=2i . 6P
AS=21 .6?

pd=i7 .2u
pd=i7 .2u
pd=iOiu
pd=il7u
pd=17 .2u
pd=i7 .2u

pd=87.2u
pd=87 . 2u
PD=15 . 2U
PD=1S. 2U
PD=23 . 2U

PD=i5 . 2U
PD=15 . 2U
PD=l5 .2U
PD=15 . 213

PD=19 .213
PD=19 . 2U
PD=19 . 2U
PD=19 . 2U

ps=17 .2u
ps=17 .2u
ps=1O1 .2u
ps=il7u
ps=17. 2u
ps=l7 .2u

ps=S7. 2u
ps=87. 2u
P5=15.2U
P=1. 213
P5=23.213

PS=15.213
P5=15. 2U
P5=15.213
P5=15.213

PS=19.2U
P5=19.213
P5=19.213
PS=i9 .2U

mlO 11 10 20 20 tp w=6u l=Su ad=21.6P
mli 11 10 19 19 tn w=6u l=l.2u AD=21.6P
n12 10 11 20 20 tp w=6u 1=8.5u ad=21.6P
n13 10 11 19 19 tn w=6u i=2u AD=21.6P
*

* Reset switch

miS 13 10 20 20
m16 13 10 19 19

tp w=Su 1=1.2u ad=28.8P AS=28.8P PD=23.2U PS=23.2U
tn w=4u i=1.2u ad=i4.4P AS=14.4P PD=15.2U PS=i5.2U



* OUTPUT LATCH
*

*m11 12 ii 20 20 tp w=12u 1=1.2u ad=43.2p as=43.2p pd=31.2u ps=31.2u
*m12 12 11 19 19 tn w=4u l=1.2u ad=14.4p as=i4.4p pd=15.2u ps=15.2u
*

*m13 ii 12 20 20 tp w=4u l=Su ad=i4.4p as=i4.4p pd=iS.2u ps=1S.2u
*ml4 ii 12 19 19 tn w=4u 1=Su ad=i4.4p as=14.4p pd=15.2u ps=iS.2u
*

*mls 13 88 11 20 tp w=30u 1=1.2u ad=108p as=lOSp pd=67.2u ps=67.2u
*

* BIASING CIRCUIT
*

*

nbi b2 bi ad ai tp w=4u 1=20u
nb2 bi bi al ai tp w=4u 1=20u
nb3 b2 b2 b3 b3 tn w=6u 1=43u
mb4 b3 b3 alO ai0 tn w=7u 1=2u
*

mci c2 ci ai al tp w=4u 1=2Ou
mc2 ci ci al al tp w=4u 1=20u
nc3 c2 c2 c3 c3 tn w=6u 1=43u
mc4 c3 c3 alO ai0 tn w=7u 1=2u
*

*

*

.include ‘/home/slug/vstraei/modeis/utrnc.rn’

.option post nomod spice dcon=i
*icv12i5 v11=-1.5
.temp 27
.0?
.tran in 2SOn
.print tran v13
end



a counterd2.sp
Fast modular counter
.include ‘/home/slug/vstrael/modeis/schot.m’
*

*

.subckt nand 1 2 3 4
* inoutvdd
ml 3 1 4 4 tp w=Su 1=i.2u ad=8.6p as=8.6p pd=i2.3u ps=12.3u
m2 3 2 4 4 tp w=Su 1=i.2u ad=8.6p as=8.6p pd=12.3u ps=12.3u
m3 3 1 5 0 tn w=4u 1=1.2u ad=6.45p as=6.45p pd=1O.3u ps=iO.3u
m4 5 2 0 0 tn w=4u i=l.2u ad=6.45p as=6.45p pd=10.3u ps=lO.3u
ends

.subckt nor 1 2 3 4
ml 5 2 4 4 tp w=12u 1=i.2u ad=25.8p as=25.8p pd=28.3u ps=28.3u
m2 3 1 5 5 tp w=8u 1=1.2u ad=17.2p as=i7.2p pd=20.3u ps=20.3u

m3 3 1 0 0 tn w=4u l=1.2u ad=8.6p as=8.6p pd=i2.3u ps=l2.3u
m4 3 2 0 0 tn w=4u l=1.2u ad=8.6p as=8.6p pd=i2.3u ps=l2.3u

* ends
.subckt inverter 1 2 3
ml 2 1 3 3 tp w=Su i=1.2u ad=iO.75p as=iO.75p pd=i4.3u ps=l4.3u
m2 2 1 0 0 tn w=2.5u 1=i.2u ad=3.3p as=3.3p pd=9.3u ps=9.3u

* ends
.subckt big_inverter 1 2 3
mi 2 1 3 3 tp w=8u i=i.2u ad=17.2p as=i7.2p pd=20.3u ps=20.3u
m2 2 1 0 0 tn w=4u 1=i.2u ad=8.6p as=8.6p pd=i4.3u ps=14.3u

* ends
.subckt driver 1 2 3
ml 2 1 3 3 tp w=iOOu 1=l.2u ad=2i5p as=215p pd=2iOu ps=2iOu
m2 2 1 0 0 tn w=50u i=i.2u ad=108p as=iOSp pd=1O6.3u ps=106.3u

ends
.subckt driver2 1 2 3
ml 2 1 3 3 tp w=300u 1=l.2u ad=645p as=645p pd=307u ps=307u
m2 2 1 0 0 tn w=150u i=l.2u ad=32Op as=32Op pd=l56.3u ps=i56.3u

ends
.subckt exor 1 2 7 8
* ml in2 out vdd
xl 1 3 8 inverter
x2 2 4 8 inverter
x3 2 3 5 8 nand
x4 4 1 6 8 nand
xS 5 6 7 8 nand
ends

*

*subckt nexor 1 2 6 11
xi 1 3 11 inverter
x2 2 4 ii inverter
x3 5 6 11 big_inverter
ml 7 2 ii ii tp w=16u l=1.2u ad=34.4p as=34.4p pd=36.3u ps=36.3u
m2 8 1 ii ii tp w=lGu i=1.2u ad=34.4p as=34.4p pd=36.3u ps=36.3u
m3 5 3 7 7 tp w=16u l=i.2u ad=34.4p as=34.4p pd=36.3u ps=36.3u
m4 5 4 8 8 tp w=16u 1=i.2u ad=34.4p as=34.4p pd=36.3u ps=36.3u
mS 5 4 9 0 tn w=8u l=1.2u ad=i7.2p as=17.2p pd=20.3u ps=20.3u
m6 9 3 0 0 tn w=8u i=1.2u ad=17.2p as=i7.2p pd=20.3u ps=20.3u
m7 5 2 iO 0 tn w=8u l=i.2u ad=17.2p as=17.2p pd=20.3u ps=2O.3u
m8 10 1 0 0 tn w=8u l=1.2u ad=i7.2p as=i7.2p pd=20.3u ps=20.3u

ends
*

.subckt david i 2 3
ml 2 1 3 3 tp w=Su 1=Su ad=iO.75p as=iO.75p pd=14.3u ps=i4.3u
m2 2 1 0 0 tn w=2.Su l=5u ad=5.4p as=5.4p pd=9.3u ps=9.3u

ends
.subckt high_david 1 2 3
ml 2 1 3 3 tp w=2.5u i=i.2u ad=S.3p as=5.3p pd=ll.3u ps=ll.3u
m2 2 1 0 0 tn w=2.5u l=5u ad=5.3p as=5.3p pd=ll.3u ps=li.3u

ends



* subckt
ml 2 i
m2 2 i

ends
* subckt

* ml 2 1
m2 2 1

ends
subckt

ml 2 1
m2 2 1

* ends
subckt

ml 2 1
m2 2 1

ends
* subckt
*

ml 6 1
m2 6 4
m3 5 1
rn4 2 6
itS 2 6

counterd2.sp
low_david 1 2 3
3 3 tp w=2.Su 1=2.Su ad=5.3p as=5.3p pd=ll.3u ps=ii.3u
O 0 tn w=2.5u l=2.Su ad=5.3p as=5.3p pd=li.3u ps=ii.3u

but 1 2 3
3 3 tp w=i5u l=i.2u ad=30.8p as=30.8p pd=34.3u ps=34.3u
0 0 tn w=6u 1=i.2u ad=i2.9p as=12.9p pd=16.3u ps=l6.3u

low_but 1 2 3
3 3 tp w=i2u 1=1.2u ad=25.8p as=25.8p pd=28.3u ps=28.3u
0 0 tn w=i2u i=i.2u ad=25.8p as=25.8p pd=28.3u ps=28.3u

high_but i 2 3
3 3 tp w=i8u l=1.2u ad=37p as=37p pd=40.3u ps=40.3u
0 0 tn w=6u l=l.2u ad=12.9p as=i2.9p pd=16.3u ps=16.3u

reset 1 4 2 3
in reset out vdd

3 3 tp w=lOu l=i.2u ad=21.Sp as=21.Sp pd=24.3u ps=24.3u
5 0 tn w=Su i=i.2u ad=lO.75p as=iO.75p pd=12.3u ps=12.3u
0 0 tn w=Su l=l*2u ad=lO.75p as=lO.75p pd=i2.3u ps=12.3u
3 3 tp w=3Ou l=i.2u ad=6O.8p as=6O.8p pd=64.3u ps=64.3u
O 0 tn w=iSu l=1.2u ad=30.Sp as=30.8p pd=34.3u ps=34.3u

ends
.subckt dlatch_p 1 2 3 4 5
* in out in_cl ci vdd
xi 3 2 S high_but
x2 2 3 5 low_david
msp 1 4 3 5 tp w=30u l=l.2u ad=64p as=64p pd=64.3u ps=64.3u

ends
*subckt dlatch_n 1 2 3 4 5
* in out in_cl ci vdd
xi 3 2 5 low_but
x2 2 3 5 high_david
msn 1 4 3 0 tn w=15u l=i.2u ad=32p as=32p pd=34.3u ps=34.3u

ends
.subckt diatch 1 2 8 6 3 4 5
* in out in_cl in_cl_bar reset clock vdd
xl 1 6 8 4
x2 6 2 7 4
mreseti 8
mreset2 5

ends
.subckt dlatchl 1 2 8 6 3 4 S
* in out in_cl in_cl_bar reset clock vdd

4 5 dlatch_n
4 5 dlatch_p
8 3 5 0 tn w=lSu l=l.2u ad=32p as=32p pd=34*3u ps=34.3u
7 3 0 0 tn w=Su i=i.2u ad=17.2p as=17.2p pd=20.3u ps=2O.3u

*

.subckt countl 1 3 6 7 5
* out Olout reset clock vdd
xl 1 2 12 13 6 7 5 dlatchi
x2 2 4 3 5 nor
x3 i3 10 5 but
x4 iO 1 4 7 5 dlatch_p
mreset 4 6 0 0 tn w=Su l=i.2u ad=l7.2p as=i7.2p pd=20.3u ps=20.3u

* ends
*subckt count 1 9 3 6 7 5
* out Olin Olout reset clock vdd
xi 1 2 12 13 6 7 5 diatch
x2 2 4 3 S nor
x3 8 12 10 5 nexor

xi 1 6 8
x2 6 2 7
mresetl
mreset2

ends

S dlatch_n
5 dlatch_p

3 0 0 tn w=8u l=i.2u ad=17.2p as=17.2p pd=20.3u ps=20.3u
3 7 0 tn w=lSu l=l.2u ad=32p as=32p pd=34.3u ps=34.3u

a



as fl1
counterd2sp

x4 10 1 4 7 5 dlatch_p
mresetl S 6 4 0 tn w=i5u l=i.2u ad=32p as=32p pd=34.3u ps=34.3u
mreset2 8 6 0 0 tn w=8u l=1.2u ad=l7.2p as=17.2p pd=20.3u ps=20.3u
ms 9 7 8 0 tn w=8u l=l.2u ad=17.2p as=17*2p pd=20.3u ps=20.3u

* ends
*

* circuit description
*

xi 1 5 8 9 10 countl
x2 2 5 6 8 9 10 count
x3 3 6 7 8 9 10 count
x4 4 7 15 8 9 10 count
x5 16 15 17 8 9 10 count
x6 19 17 18 8 9 10 count
x8 20 18 22 8 9 10 count
x9 2i 22 23 8 9 10 count
xi0 xi6 23 x17 8 9 10 count
xii xIS xi7 x18 8 9 10 count
xi2 x20 xiS x22 8 9 10 count
xi3 x2i x22 x23 8 9 10 count
x14 ylG x23 y17 8 9 10 count
xiS y19 y17 y18 8 9 10 count
x16 y2O yi8 y22 8 9 10 count
x17 y2i y22 y23 8 9 10 count
*

vdd 10 0 dc 3
vcl 998 0 pulse0 3 4n ln in 63n 128n
x99 998 9 10 driver2
vreset ii 0 pulseO 3 On in in 4n 1Gm
x7 11 9 8 10 reset
*

*

.tran in 8388.612u

.option tnom=27 limpts=S0000 itlS=100000

.temp 27
*.print tran power
.meas tran avgval avg power from=4n to=8388.612u
.meas tran rmsval rms power from=4n to=8388.6l2u
*meas tran maxval max power trom=4n to=8388.6i2u
end



counteru2d IIIIJUIII
counter
.include ‘/home/slug/vstrael/models/utmc.m’
* optimized size for latches
*

*

* subckt nand 1 2 3 4
* in out
ml 3 1 4 4 tp w=5u l=i.2u ad=18p as=l8p pd=17.2u ps=l7.2u
m2 3 2 4 4 tp w=Su l=l.2u ad=18p as=lSp pd=17.2u ps=17.2u
m3 3 1 5 5 tn w=4u l=i.2u ad=i4.4p as=i4.4p pd=iS.2u ps=1S.2u
m4 5 2 0 0 tn w=4u l=i.2u ad=l4.4p as=i4.4p pd=l5.2u ps=1S.2u

* ends
*subckt nor 1 2 3 4
ml 5 2 4 4 tp w=12u l=l.2u ad=43.2p as=43.2p pd=3l.2u ps=31.2u
m2 3 1 5 5 tp w=8u i=l.2u ad=28.8p as=28*8p pd=23.2u ps=23.2u
m3 3 1 0 0 tn w=4u i=l.2u ad=14.4p as=14.4p pd=15.2u ps=l5.2u
m4 3 2 0 0 tn w=4u i=l.2u ad=14.4p as=14.4p pd=15.2u ps=lS.2u

ends
.subckt inverter 1 2 3
nil 2 1 3 3 tp w=4u i=2.4u ad=14.4p as=14*4p pd=l5.2u ps=15.2u
m2 2 1 0 0 tn w=4u l=1.2u ad=i4.4p as=14.4p pd=lS.2u ps=15.2u

* ends
.subckt big_inverter 1 2 3
ml 2 1 3 3 tp w=8u l=1*2u ad=28.8p as=28.8p pd=23.2u ps=23.2u
m2 2 1 0 0 tn w=4u l=l.2u ad=14.4p as=i4.4p pd=iS.2u ps=lS.2u

* ends
*subckt driver2 1 2 3

ml 2 1 3 3 tp w=300u l=1.2u ad=1080p as=lO8Op pd=607.2u ps=607*2u
m2 2 1 0 0 tn w=lSOu i=1.2u ad=540p as=540p pd=307.2u ps=307.2u

* ends
.subckt exor 1 2 7 8
* ml in2 out vdd
xl 1 3 8 inverter
x2 2 4 8 inverter
x3 2 3 5 8 nand
x4 4 1 6 8 nand
xS 5 6 7 8 nand

* ends
*

.subckt nexor 1 2 6 11
xl 1 3 11 inverter
x2 2 4 11 inverter
x3 5 6 11 big_inverter
ml 7 2 11 11 tp w=l6u l=i.2u ad=57*6p as=57*6p pd=39.2u ps=39.2u
m2 8 1 11 11 tp w=lGu l=i.2u ad=S7*6p as=S7.6p pd=39.2u ps=39.2u
m3 5 3 7 ii tp w=l6u l=i.2u ad=S7.6p as=S7.6p pd=39*2u ps=39.2u
m4 5 4 8 11 tp w=16u l=i*2u ad=57.6p as=S7.6p pd=39.2u ps=39.2u
itS S 4 9 9 tn w=8u l=1.2u ad=28.8p as=28.8p pd=23.2u ps=23*2u
m6 9 3 0 0 tn w=8u l=l.2u ad=28.8p as=28.8p pd=23.2u ps=23.2u
m7 5 2 10 10 tn w=8u l=l.2u ad=28.8p as=28.8p pd=23.2u ps=23.2u
m8 10 1 0 0 tn w=8u l=i.2u ad=28.8p as=28*8p pd=23.2u ps=23.2u

* ends
*

.subckt david 1 2 3
ml 2 1 3 3 tp w=4u l=Su ad=14.4p as=14.4p pd=iS.2u ps=iS.2u
m2 2 1 0 0 tn w=4u l=lOu ad=14.4p as=i4.4p pd=15.2u ps=iS*2u

ends
.subckt low_david 1 2 3
ml 2 1 3 3 tp w=4u l=Su ad=14.4p as=14.4p pd=iS.2u ps=l5.2u
m2 2 1 0 0 tn w=4u l=Su ad=14.4p as=14.4p pd=iS.2u ps=15.2u

* ends
.subckt but 1 2 3
ml 2 1 3 3 tp w=8u l=i.2u ad=28*8p as=28.8p pd=23*2u ps=23.2u
m2 2 1 0 0 tn w=4u 1=l.2u ad=14.4p as=14.4p pd=15.2u ps=15.2u



* ends
.subckt dlatch_n 1 2 3 4 5
* in out in_cl ci vdd
xl 3 2 5 low_but
x2 2 3 5 high_david
msn 1 4 3 0 tn w=lSu i=l.2u ad=54p as=54p pd=37.2u ps=37*2u

* ends
.subckt diatch 1 2 8 6 3 4 5
* in out in_cl in_cl_bar reset clock vdd
xl 1 6 8 4 5 dlatch_n
x2 6 2 7 4 5 diatch_p
mreseti 8 3 0 0 tn w=8u l=1.2u ad=28.8p as=28.8p pd=23*2u ps=23*2u
mreset2 5 3 7 0 tn w=i5u i=l.2u ad=54p as=54p pd=37.2u ps=37*2u

* ends
.subckt diatchi 1 2 8 6 3 4 S
* in out in_cl in_cl_bar reset clock vdd

*

S dlatch_n
S dlatch_p

3 5 0 tn w=l5u 1=l.2u ad=S4p as=54p pd=37.2u ps=37.2u
3 0 0 tn w=8u l=l.2u ad=28.8p as=28.8p pd=23.2u ps=23.2u

*subckt counti 1 3 6 7
out Olout reset clock vdd

xl 1 2 12 13 6 7 5 diatchi
x2 2 4 3 S nor

* x3 13 10 5 but
x4 10 1 4 7 5 dlatch_p
mreset 4 6 0 0 tn w=Su l=l*2u ad=28.8p as=28.8p pd=23.2u ps=23.2u

ends
*subckt count 1 9 3 6 7 S
* out Olin Olout reset clock vdd
xl 1 2 12 13 6 7 5 dlatch
x2 2 4 3 5 nor
x3 8 12 10 5 nexor
x4 10 1 4 7 S diatch_p
mresetl 5 6 4 0 tn w=iSu 1=l.2u ad=54p as=54p pd=37*2u ps=37*2u
mreset2 8 6 0 0 tn w=8u l=i.2u ad=28.8p as=28.8p pd=23.2u ps=23.2u

*.4:j

counteru2d
* ends
*subckt high_but 1 2 3
ml 2 1 3 3 tp w=25u 1=l.2u ad=90p as=90p pd=57.2u ps=57.2u
m2 2 1 0 0 tn w=4u l=l.2u ad=l4.4p as=i4.4p pd=15.2u ps=i5.2u

* ends
*

. subckt high_david 1 2 3
ml 2 1 3 3 tp w=4u l=4u ad=14.4p as=14.4p pd=1S.2u ps=1S.2u
m2 2 1 0 0 tn w=4u 1=12u ad=14.4p as=14.4p pd=l5.2u ps=15.2u

* . ends
*subckt low_but 1 2 3

ml 2 1 3 3 tp w=8u i=l.2u ad=28*8p as=28.8p pd=23.2u ps=23.2u
m2 2 1 0 0 tn w=2Su l=l*2u ad=90p as=90p pd=57.2u ps=57.2u

ends
*subckt reset 1 4 2 3
* in reset out vdd
ml 6 1 3 3 tp w=lOu l=l*2u ad=36p as=36p pd=27.2u ps=27.2u
m2 6 4 5 5 tn w=Su l=1.2u ad=18p as=18p pd=17.2u ps=17.2u
m3 5 1 0 0 tn w=5u l=i.2u ad=18p as=18p pd=l7.2u ps=i7.2u
m4 2 6 3 3 tp w=30u i=l.2u ad=108p as=lO8p pd=67.2u ps=67*2u
itS 2 6 0 0 tn w=lSu l=l*2u ad=54p as=54p pd=37:2u ps=37.2u

* ends
.subckt dlatch_p 1 2 3 4 5
* in out in_cl ci vdd
xl 3 2 5 high_but
x2 2 3 5 low_david
msp 1 4 3 S tp w=30u l=l.2u ad=lO8p as=lO8p pd=67.2u ps=67.2u

xi 1 6 8
x2 6 2 7
mresetl
mreset2

ends

4
4
8
7



counteru2d P1111
ms 9 7 8 0 tn w=8u l=l.2u ad=28.8p as=28.8p pd=23.2u ps=23.2u

* ends
*

* circuit description
*

* xl 1 5 8 9 10 counti
x2 2 5 6 8 9 10 count
x3 3 6 7 8 9 10 count
x4 4 7 15 89 10 count
xS 16 15 17 8 9 10 count
x6 19 17 18 8 9 10 count
x8 20 18 22 8 9 10 count
x9 21 22 23 8 9 10 count
*

vdd 10 0 dc 3v
vci 999 0 puise0 3 4n in in 4n iOn
xci 999 9 10 driver2
vreset ii 0 pulseO 3 On ln in 3n S0000n
x7 ii 9 8 10 reset
*

*

.tran ln 2564n
*option post tnom=27 limpts=S0000 itlS=100000
.temp 27
.print tran power
*meas tran avgval avg power trom=4n to=2564n
*meas tran rmsvai rms power trom=4n to=2564n
.meas tran maxval max power from=4n to=2564n
* end



eounteru2d 11III
Fast modular counter
.include ‘/home/slug/vstraei/modeis/utmc.m’
* optimized size for latches
*

*

*subckt nand 1 2 3 4
* in out
ml 3 1 4 4 tp w=Su 1=l.2u ad=l8p as=18p pd=l7*2u ps=l7*2u
m2 3 2 4 4 tp w=Su i=l.2u ad=i8p as=l8p pd=17*2u ps=i7.2u
m3 3 1 5 5 tn w=4u l=l.2u ad=i4.4p as=14.4p pd=iS.2u ps=iS.2u
m4 S 2 0 0 tn w=4u i=l.2u ad=i4.4p as=14.4p pd=15.2u ps=lS.2u

* ends
.subckt nor 1 2 3 4

ml S 2 4 4 tp w=12u l=i.2u ad=43.2p as=43.2p pd=31.2u ps=31.2u
m2 3 1 5 5 tp w=8u l=l*2u ad=28.8p as=28.8p pd=23.2u ps=23.2u
m3 3 1 0 0 tn w=4u i=i.2u ad=14.4p as=l4.4p pd=iS.2u ps=lS.2u
m4 3 2 0 0 tn w=4u i=i.2u ad=14.4p as=l4.4p pd=1S.2u ps=l5.2u

* ends
.subckt inverter 1 2 3
ml 2 1 3 3 tp w=4u 1=2.4u ad=14.4p as=l4.4p pd=lS.2u ps=1S.2u
rn2 2 1 0 0 tn w=4u l=l.2u ad=i4.4p as=l4.4p pd=lS.2u ps=lS*2u

* ends
.subckt big_inverter 1 2 3
ml 2 1 3 3 tp w=8u i=1.2u ad=28.8p as=28*8p pd=23.2u ps=23*2u
m2 2 1 0 0 tn w=4u i=l.2u ad=i4.4p as=14.4p pd=15*2u ps=l5.2u

* ends
.subckt driver2 1 2 3
ml 2 1 3 3 tp w=300u l=l.2u ad=1080p as=lOSOp pd=607.2u ps=607.2u
m2 2 1 0 0 tn w=lSOu i=i.2u ad=540p as=540p pd=307.2u ps=3O7*2u

* ends
.subckt exor 1 2 7 8
* ml in2 out
xl 1 3 8 inverter
x2 2 4 8 inverter
x3 2 3 5 8 nand
x44l68nand
x5 5 6 7 8 nand

* ends
*

*subckt nexor 1 2 6 11
xi 1 3 11 inverter
x2 2 4 11 inverter
x3 5 6 11 big_inverter
ml 7 2. ii 11 tp w=16u l=1.2u ad=57.6p as=57.6p pd=39.2u ps=39.2u
m2 8 1 ii 11 tp w=16u i=i.2u ad=57.6p as=57.6p pd=39.2u ps=39.2u
m3 5 3 7 11 tp w=i6u i=l.2u ad=57.6p as=57*6p pd=39.2u ps=39*2u
m4 5 4 8 11 tp w=16u i=i.2u ad=S7*6p as=57.6p pd=39.2u ps=39.2u
mS 5 4 9 9 tn w=8u i=l.2u ad=28.8p as=28.8p pd=23.2u ps=23.2u
itS 9 3 0 0 tn w=8u l=i.2u ad=28.8p as=28.8p pd=23.2u ps=23.2u
m7 5 2 10 10 tn w=8u l=i.2u ad=28.8p as=28*8p pd=23.2u ps=23.2u
itS 10 1 0 0 tn w=Su l=i.2u ad=28.8p as=28.8p pd=23.2u ps=23.2u

* ends
*

*subckt david 1 2 3
ml 2 1 3 3 tp w=4u l=Su ad=14.4p as=14.4p pd=l5.2u ps=l5.2u
m2 2 1 0 0 tn w=4u l=lOu ad=14.4p as=i4.4p pd=i5.2u ps=15.2u

* ends
.subckt low_david 1 2 3
ml 2 1 3 3 tp w=4u i=5u ad=14.4p as=14.4p pd=15*2u ps=iS.2u
m2 2 1 0 0 tn w=4u i=5u ad=14.4p as=l4.4p pd=l5.2u ps=lS.2u

* ends
*subckt but 1 2 3

ml 2 1 3 3 tp w=8u l=i.2u ad=28.8p as=28.8p pd=23*2u ps=23.2u
m2 2 1 0 0 tn w=4u l=l.2u ad=i4.4p as=14.4p pd=15.2u ps=15*2u



eounteru2d

high_but 1 2 3
3 3 tp w=25u l=l.2u ad=90p as=90p pd=57.2u ps=57.2u
0 0 tn w=4u i=l.2u ad=14.4p as=14.4p pd=15.2u ps=i5.2u

high_david 1 2 3
3 3 tp w=4u l=4u ad=14.4p as=14.4p pd=l5.2u ps=l5.2u
O 0 tn w=4u i=l2u ad=l4.4p as=i4.4p pd=iS.2u ps=l5.2u

low_but 1 2 3
3 3 tp w=8u ii.2u ad=28*8p as=28.8p pd=23.2u ps=23.2u
0 0 tn w=25u l=1.2u ad=9Op as=90p pd=57.2u ps=57.2u

reset 1 4 2 3
* in reset out vdd

3 3 tp w=lOu l=i.2u ad=36p as=36p pd=27.2u ps=27.2u
S S tn w=5u l=i*2u ad=l8p as=18p pd=l7.2u ps=l7.2u
O 0 tn w=Su l=l.2u ad=i8p as=18p pd=17.2u ps=i7.2u
3 3 tp w=30u l=l*2u ad=lOSp as=iO8p pd=67.2u ps=67.2u
0 0 tn w=lSu 1=l.2u ad=54p as=54p pd=37.2u ps=37.2u

ends
* subckt
*

xl 3 2 5 high_but
x2 2 3 5 low_david
msp 1 4 3 S tp w=30u l=l.2u ad=lO8p as=108p pd=67.2u ps=67.2u

* ends
.subckt dlatch_n 1 2 3 4 S
* in out in_cl ci vdd
xi 3 2 5 low_but
x2 2 3 5 high_david
msn 1 4 3 0 tn w=i5u l=l.2u ad=54p as=54p pd=37*2u ps=37.2u

* ends
*subckt dlatch 1 2 8 6 3 4 5
* in out in_cl in_cl_bar reset clock vdd
xl 1 6 8 4 5 dlatch_n
x2 6 2 7 4 5 dlatch_p
mresetl 8
mreset2 S

* ends
.subckt diatchi 1 2 8 6 3 4 S
* in out in_cl in_cl_bar reset clock vdd

4 5 diatch_n
4 5 diatch_p
8 3 S 0 tn w=i5u i=l.2u ad=54p as=54p pd=37.2u ps=37.2u
7 3 0 0 tn w=8u i=l.2u ad=28.8p as=28.Sp pd=23.2u ps=23.2u

*

.subckt countl 1 3 6 7 5
* out Olout reset ciock vdd
xl 1 2 12 13 6 7 5 diatchi
x2 2 4 3 5 nor
x3 13 10 5 but
x4 10 1 4 7 5 dlatch_p
mreset 4 6 0 0 tn w=8u l=l.2u ad=28.8p as=28.Sp pd=23.2u ps=23.2u

* ends
*subckt count 1 9 3 6 7 5
* out Olin Olout reset clock vdd
xl 1 2 12 13 6 7 5 dlatch
x2 2 4 3 5 nor
x3 8 12 10 5 nexor
x4 10 1 4 7 5 dlatch_p
mresetl 5 6 4 0 tn w=15u i=l.2u ad=54p as=54p pd=37.2u ps=37.2u
mreset2 8 6 0 0 tn w=8u l=l.2u ad=28.8p as=28.8p pd=23*2u ps=23.2u

* ends
* subckt

ml 2 1
m2 2 1

* ends
* . subckt

ml 2 1
m2 2 1

* . ends
* subckt
ml 2 1
m2 2 1

* ends
* subckt

ml 6 1
m2 6 4
m3 S 1
m4 2 6
mS 2 6

dlatch_p 1 2 3 4 5
in out in_cl ci vdd

3 0 0 tn w=8u i=1*2u ad=28.Sp as=28.8p pd=23.2u ps=23.2u
3 7 0 tn w=l5u l=1.2u ad=54p as=54p pd=37.2u ps=37.2u

xi 1 6 8
x2 6 2 7
mreseti
mreset2

ends



counteru2d
ms 9 7 8 0 tn w=8u l=l.2u ad=28.8p as=28.8p pd=23*2u ps=23.2u

* ends
*

* circuit description
*

xl 1 5 8 9 10 countl
x2 2 S 6 8 9 10 count
x3 3 6 7 8 9 10 count
x4 4 7 15 8 9 10 count
xS 16 15 17 8 9 10 count
x6 19 17 18 8 9 10 count
x8 20 18 22 8 9 10 count
x9 21 22 23 8 9 10 count
*

vdd 10 0 dc 3v
vci 999 0 pulse0 3 4n in in 4n iOn
xci 999 9 10 driver2
vreset 11 0 pulseO 3 On in in 3n S0000n
x7 11 9 8 10 reset
*

*

*tran in 2564n
.option post tnoxn=27 iimpts=50000 itl5=100000
.temp 27
*print tran power
*meas tran avgval avg power from=4n to=2564n
*meas tran rmsvai rms power trom=4n to=2564n
.meas tran maxval max power trom=4n to=2564n
*end
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0. Introduction

In order to avoid stability problemsdue to temperaturevariations,a new circuit

with local feedbackwas designed. The readoutcircuit consistsof five amplifier stages,

followed by a comparator.In a first stage,the input currentis transformedinto a voltage

by meansof a resistive feedback*In the secondstage,the voltage is again transformed

into a current.This processis again repeatedin the third and fourth stage.In the fifth

stagethe final output voltage is createdby the transformationI-to-V. An advantageof

using five stagesis that the whole chain can be consideredas a pipeline. While a first

signal is still propagating,a secondinput signal can be applied to the recoveredinput

stage.

1. DynamicRan!eFi. In. b

All simulationswere donewith a 5-pulse currentsignal with zero rise and fall

time and a pulsewidth of 1 ns. A S-pulseof 1 MA correspondsto thedepositionof 1 fC of

chargeon the input capacitorof 5 pF.

In order to be sensitiveto small signals,thegain hasto be largeenough.However,

sincetheoutput voltageswing is limited by thesupply voltage to roughly 3 V. carehasto

be taken that the preampoutput stagedoesnot saturate.The dynamicrangeover which

the amplifier behavesnormal is [Q1j, Qmjn + 3 V/gain [V/fC]], whereQmjn is the

minimuminput signal to which thepreampmoreparticularthe comparatoris sensitive,

which is for this first design. 0.7 fC. The worst casedynamicrange,correspondingto

the maximumgain of 450 mV/fC, becomes[0.7 fC, 7.4 fC]. From the simulationresults

it can be seen that the amplifier saturatesfor input signals in excessof 7.4 fC. The

dynamic rangecan only be improvedby using a largersupply voltage.This will however

increasethe powerdissipation.Forfurtheroptimizationthemost importantrangeof input

signals hasto beknown.

2. BandwidthFig, 2. 3a. 3h

Thecompletetransimpedanceamplifier hasa bandwidtharound20 MHz Fig. 2,

with a DC transresistanceV0/I = 3 MI. The transfercharacteristicsof the individual



stagesFig. 3a. b, this is V/I for the fist, third and fifth stageand IN for the secondand

fourth stagearegiven in Table 1.

Table 1: Characteristicsof the 5 amplifier stages.

First stage V/I = 65 kE2

Secondstage I/V = 144 sS

Third stage V/I =62kI

I/V = 10 j.iS

V/I=30k0

Fourthstage

Fifthstage

3. Powerdissipation

The circuit works on a ± 2.5 V power supply. The total power dissipation is

6.4 mW and consists of 4.85 mW for the five gain stages* *and 2.65 mW for the

comparator.

4. S1ewinFig4

Themaximumslewingis 16 ns, measuredat the zero crossingof the comparator

output.This valuecan howeverbe optimized by shifting the thresholdof thecomparator.

From the simulationresults it canbe seenthat the comparatoris the main causeof the

slewing. For small input signals,the force pulling this circuit out of its equilibrium is very

small.

5. Noise

Thefollowing is partof the HSPICEoutputfile:

frepuencv=100Mhz

‘‘‘ total outputnoisevoltage = 307.09571sq V/Hz
= 554.1622nV/rt Hz

transferfunctionvalue:
v17/in = 684.3476Id

equivalentinput noiseat un = 809.7671 IA/a Hz

**** total outputnoisevoltage = 13.3485mV volts
**** total equivalentinput noise= 4.9135nA

-2-



This is the total noise integratedover the frequencyrange [1 Hz, 100 MHz]. It

correspondsto an ENC = 31 e- rms /ns integrationtime. The noise thresholdof 1000c

rms is reachedafter = 33 ns integration.

6.Stahilitv with temperature

The DC output voltage changesby 29 mV/°C. The circuit is still working

correctlyat 0 and 100 °C.

-3-
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ImprovedGasMicrostrip DetectorReadoutv2.O
Guy Vanstraelen

SSCLaboratory- PhysicsResearchDivision

A VLSI readoutsystemwas designedfor GMDs [0]. A drawbackof this design

was thehigh powerdissipationand slewing. In this optimized design,it wastried to bring

the powerdissipationdown to 1 mW. while at the sametime reducingthe slewing to a

value less than 8 ns. Sincethe electrondrift time varies from 0 to 7 ns [1], the slewing

must be less than 9 ns in order to have a total time uncertaintyless than the bunch

crossingtime. Furthermore,the circuit was optimized for an input dynamicrange 4 - 40

fC. In the readoutcircuit thenumberof stageswasreducedto 3, being an I-to-V, a V-to-I

and again an I-to-V stage.The amplifier stagesare followed by a comparatorwith

recoveryfeedback[2]. This readoutsystemis shown in Figure 1.

dd

‘in

vs5

Fig. 1: I-to-V, V-to-I andI-to-V stage,followed by a comparator.

1. DynamicRange

As before,all simulationswere done with a S-pulsecurrentsignal with zero rise

and fall time and a pulsewidth of 1 ns. A S-pulseof 1 jiA correspondsto the deposition

of 1 fC of chargeon the detectorcapacitorCd of 5 pF. Figure2 gives thetotal gain asa

function of the input signal. It can be seenthat the circuit behaveslinearly for input

signals smaller than 10 fC. For largersignals the gain decreases.This is howevernot

causedby ‘saturation in the meaningof a clipping of the internal signal againstthe power

rails, but by the load of the third stagebeing driven into the linear regionof operation.
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Sincethis effect doesnot deterioratethe recoverytime, 40 fC is a valid input signal and

thedynamic rangecan be definedas [0.2 fC, 40 IC].

I
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Signal [IC]

Figure2: Total gainas a functionof the input signal
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2. Bandwidth

Thecompletetransimpedanceamplifierhasa bandwidtharound70 MHz Fig. 3,

with a DC transresistanceVout/lin = 1 MCi The compensationcapacitors,which were

requiredin the 5-stagedesign,could be eliminatedherebecauseof the decreasedgain.

3. Powerdissipation

The circuit works on a ± 2.5 V power supply. The total power dissipation is

1.6 mW andconsistsof 0.7 mW for the threegainstagesand 0.9 mW for thecomparator,

the largestpartof which is takenby the output inverter. The reasonfor this high value is

explainedmore in detail in the next section.

4. S1esvin

The maximum siewing is 8 ns. measuredat the zero crossingof the comparator

output.This value dependsfor a given referencevoltage Vref strongly on the threshold

voltageof the outputinverter of thecomparator.Figure 4a shows the maximumslewing

occurring for small input signals as a function of rjjrn = Wp/Lp/’vVJLn. When the

width of the p-channeldevice is increased,the inverter thresholdis shiftedupwards.This

is seen in Figure 4b, giving the inverter thresholdvoltage as a function of rp/rn. The

thresholdvoltageis very sensitive to the exactdevicesizes aroundVth = 0. In this region

theoptimizationfor minimumslewing is difficult. For this reason,V1i is setsuchthat the

DC output voltage of the comparatoris located in the less critical areaabove0.2 V

Vrer= -0.2 V, VDC = 0.277 V. In practiceVref will haveto be changeduntil a minimum

value for the slewing is obtained.It can be seenthat the bestresult is obtainedfor the

maximuminverterthresholdthat is still beiosv the DC output voltageof thecomparator,

or in other words, such that the DC output voltage of the comparatoris consideredasa

‘high’ signal. When a signal is applied, the comparatoroutput voltage goes down and

crossesthe inverterthresholdvoltage, causingthe latter to trip. The explanationfor this

behavioris that in this casethe DC outputvoltage of the comparatoris in the steephigh

gain and high currentregion of the DC transfercharacteristicof the inverter. A small

changein input voltagewill move the output voltageof the inverterto oneof thesupply

voltages.From Figure 4b, it can be noticed that the price to be paidfor a small valueof

the slewing is power.The valuesgiven dependhoweverstrongly on the load of output

inverter. In thesimulations,the loadcapacitancewas takento be 200 IF, and for this case

-3-
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a devicelength of 2 gm was necessaryfor both the n-channeland p-channeldevice.If the

load capacitanceallows the device length to be increased,then a considerablereduction

in powerdissipation is possible. A length of 4 .tm already reducesthe dissipation to

0.6 mW. Thereis no way to avoid this effect.

Finally, Figure5 gives thedelay for the optimumcaseas a function of the input signal.

z
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1.620.0
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Figure 4a: Slewing asa functionof rp/rn = Wp/Lp/Wn/Ln.
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Figure5: Delay for the optimum caseas a function of the input signal.

5. Noise

Thefollowing is partof the HSPICEoutputfile:

f= 100MHz

"""" total outputnoisevoltage = 1.9055 f sq v/hz
= 43.6524nV/rthz

transferfunction value:
v7/in = 878.2854

equivalentinput noise at in = 49.7019 pAlrt hz

total outputnoisevoltage = 4.6904mV
**** total equivalentinputnoise = 259.8150nA

This is the total noise integratedover the frequency range [1 Hz, 100 MHz]. It
correspondsto an ENC = 1700 e- rms /ns integrationtime. The reasonfor the increased
input referrednoisecomparedwith the first design,is the lower gain 27.5 mV/IC instead

of 650 mV/IC. An apparentquestionis: "Why not increasingthe gain by a factor of two,

0 5 10 15 20 25 30 35 40
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such that the input referredis reducedby the samefactor?".This is very easyin words,
but in practicereducingthe gain meanschangingdevicesizesby fractionsof a micron.
This is something to be avoidedin an only 1.2 jnn CMOS process.Even with the high
noiseof 1700 e, the Signalto Noiseratio S/R is still = 15 for theminimum input signal
of 4 IC.

6.Stahilitv with temnerature

The DC output voltage of the preampschangesat a ratec 11 mV/°C. To keepthe

circuit working correctly at different temperatures,the comparatorreferencevoltage,

Vref, hasto be changed.This can be seenfrom Table 1.

Table 1: DC outputvoltage at the preampoutput and Vç to be used.

DC voltage @ output prearn,

Vrer to be used

7. Conclusion

The circuit that was demonstratedfulfills all requirementsexcept power

dissipation. It is possible to reducethe powerdissipationfurther by increasingthe bias

voltage Vb1 Fig. 1. However,becausethe thresholdvoltage, VT, of the p-channel

deviceswill increaseafter radiation,it is better to keep small safetymargindd - Vb1 -

VT. The largestpart of the power dissipation is taken by the output inverter of the

comparator.In orderto havea fast response,which dependslittle on the amplitudeof an

incommingsignal, the inverter hasto be biased in its high gain and also high current

mode.Themaximumcurrentthat is neededto obtain a certainspeeddependson the load

capacitance.In order to be able to make a more accurateestimateof the dissipation,it is

importantto know what follows the comparator.In the best caseit is an output buffer

Cm .c 30 IF, which would allow to bring the dissipationwithin the specificationof

1mW.

Becausethe requirementsfor this circuit really stretchthe limits of what is possiblein

termsof slewing and powerdissipation,the characteristicsof prototypeswill probablybe

-6-



very sensitive to processvariation, but this is somethingthat can not be taken in
considerationbeforeprototypeshavebeenmadeand havebeentested.
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