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COINCTDENCE. 5 IN . 7 OTIT, TTPE N62'4, IJTECIFICAIIOTS

Outputs are produced when coj-nciding signals are appl-iett to
the actlvated. i.nputs.

Logic pulses are requirecl for coincid.ence operationr conplementary
loglc puJ.ses for anti-coincidence operation,

INPUT

Nunber: 5

Inpejlance s 50j1

Reflections:

In rrOnrt State t 12Oy'", (capacitive)

In 'rOff' Statez 1L5%, (inductive)

VoLtage,: T,ogicr - 800 nV for coincid.ence.

Complenentary logic for anti-coincidence.

Vlldth: Minimurn wiitth or overlap (at minimun input r'ltr level = - 12 mA)

6-lîoauce outputs.

LIN: For singles
For !-foId.

( 2.0 ns.
( 2.0 ns.

0IIT ancl 0IIT: For singles ( 1.1 ns.

For !-foltl (1.21 ns.

Maximun Rate: Determined. by output specifications.

OUTPUT

Hr (Overlap 0utput)

Ngmbe]:.: 2 logic

Impedance: Highl current source, unused. outputs need. not be terninated.

ol ( 1.8 ns, tto ( 2.0 ns.Rise and fall tine: t

-1-
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\tilidthr Equal

Maximun rate:

N.B.

to input width or overlap at nin input rrlrr level
+ (L.O ns for singl-es,

<1.0 ns for 5-foltl

>2Oo Mcfs

Ve::wei j
Nanni

(- re nl)

Pronagation delaJz 6.2 ! Or75 ns (between nin. input and output "1"),
for singLes. For 5-fo}d it decreases by (0r! ns.

Feedthrpueh: for n-lr(l t5o mV

0IIT and ffir ( Stana:rdizetl output )

Ngglggr 4losic.
L conrplernentary.

Impedance: High, cument sourcer unused. outputs neecl not be terminated.

Rise and fa1l time: T,ogicr t'l < 1.5 nsr tr' (2.2 ns

Complenentaryr ttO <2.O t"r tOI (2.2 ns.

r Logic t 9.o I I rr" at rnin input rrlrr level (- rz nrl).
Complenentaryr g.0 11ns at max input ilOrt level" (- 4 tq).

Maxinu:n rate t
Up to a frequency of ) /O Mc/s the output consists of pulses,

i.€. the level between pulses comes down inside the output rr0rr bancl.

At a frequency of )z LOO Mc/s the output has becone D.C.,ïvhen exceeding

this rate it turns into pulses again but corrnts will be Lost.

Propagation delay', 9.5 ns 11.2 ns (between min. input and. outputttltt)r
for singLes. For 5-fol-d lt d.ecreases by -(0.) ns.

P.OTIMIR CO.NSUMPTTON

- 24V -<260 nA

+24Y <170mA

f-) Rise (tOf) and fall-tirnes (tfO) are measured between naximum

output 'rOtr (- fOO nV) and ninirnum output rtltr (- 7OO nV)

2) All parameters have been determined with input signals
having rise and fall tines of 0.J ns

H
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SUMMARY

A coincidence tpit, type N6234, is described rn'hidr will process up to five irrdependent

inputs. It has been desigrred to operate with standard t'tlMr) signal 1eve1s (-800 nrV = "1",
0 mV = "0"). A discrjminator is incorporated whidr provides four standardized logic out-

puts and one standandized conrplementary logic output. In addition, trvo time overlap out-

puts are available. The nini:run resolving time is -3 2.0 nsec. Proper fulctiorrirrg is
guaranteed for rates up to 100 llllz via the discrjninator, ancl trp to 200 MIz via the over-

1ap circuit. îhe unit is part of tJle CERN-NIIr,I conqratible nucleonic irstnrnent turrgut).

i#
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I NTRODUCTION

Cojncidence circuits3-6) or Altp-gates produce outputs when the activated inputs over-

lap in tirne' 
:en p.rblished in recent year5'-lu)'A variety of thesc circuits have been prlblished in res

In the present design, the input and ou@ut circuitry ltas beelr devised to o1:erate with

signals according to the AEC/NII,I/ESONE fast logic leve1 specificationsl). This inplies

that sigrrals frorn photomultipliers nmst pass via an anplitude standardizer (lirniter,
shaper, discrinjrrator, etc.) before being connected to the urit.

The resolving tine is equal to the time overlap of the input pulses.

the input AND-gate is d.c. cor-rpled; therefore logic input pulses give coincidence

operation and complernentary logic input pulSes give anticoiacidence oï veto operation.

The urj.t will handle up to five inputs, rvh-ich can be sw-itdred "OIrf'or "OFF'indepen-

dently front the front pattel

Tho independent coinciclence overlap outputs of logic anplitude are provided ald, in
adclition, four independent logic outputs ancl one complernentary logic output of preset

width. this preset width output has a naxfurun pulse duty cycle of 1.00%.

A close-up of the unit is given in Fig. 1, whilst a fillctional block diagrarn is sJrown

in Fig. 2.

2. CiRCUIT DESCRIPTION

2.1 The input AND-gate

The gate consists of fivenratchecl-cLiode current switches (Do-Dr' etc., see Fig. 3),

which feed into a tuurel diode d.c. trigger (Dur) t"'o).

Assr'une that charurel A is in the "01'i'? state, r.t'hi1st all other channels aæ "0FF'.
Diodes D+ and Ds will be conductilg.,,4.0 rnA, r^rtrilst Dgr is in the 1o$/ state and conductiag

N 2.2 t\A (situation indicatecl in diagran, Fig. 3). A logic signal, applied to channel A,

r,rri11 trarnfer the cuïïent from Ds ilto Dr, and raise the current in the ti:rure1 d-iode D3 1 by

the same afitrmt (tu 4.0 nA). This causes D:r to go to the high state and a sigtal will be

delivered to the output cirsuits. Every additional charurel that is set to the "01.1" state

will bias Dgr fuïther down by'r, 4.0 nrAr and the diode will now only go to the high state

during the time rnrhen the input signals overlap.

fn the absence of a pu1se, a conplernentarF logic input holds the current frorn D5 in
Drr €md thus also holds the current irt the tturrel diocle D31 high. During the pu1se, these

currents are released and so the tunnel diode is biased down. If conplementary loglc pu1-

ses aïe applied to one or nore inputs, whilst to son'le others 1.ogic pulses are corulected,

then the tuffrel diode will be in the low state r,rtren there exists an overlap betrr'een the

logic input pulses and any of the corqtletnentary logic input pulses-

In Fig. 4 exanples are given of some input conclitions ancl resulti:rg lravefoms irr

various points of the circuit.

The diode pair stanclardizes the current that is srritched into the tururel diode,

whilst it also disconnects the i:put fron the circuit when siv-itchecl in the "OFF'' state.

f,{}
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The <liodes are hot carrier diodes with very short reverse recovery-tine

siderably inprove the fan-in properties of the gate.

2r) They con-

A npre detailed tmderstanding of the operation can be obtajned frorn Fig. 5' in whidt

the tr:nne1 diode characteristic of Dsr with a nurber of loarllines has been drann. These

loadlines are <leternined by calsulating the current that is absorbed by Rrz and the input

circriit(sJ as firnction of the voltage across tu-rrel ùiode Dsr. The equivalent circuit,
r^ùri-ch has been used for this calculation, is given in Fig. 6. (The sna1l difference be- 

:

tween t|e indicated diode currents in Fig. 3 a:rd Fig. 6 is caused by tlte fact that in
Fig. 3 nothing is connected to the input A, utrile in Fig. 6 a generator with 50 0'sor-rrce

inpedance is connected.) Pr, Pz, Pa, P+, P5 (Fig. 5) are steady-state operatingpoints or
jlterrnediate operatjag points ç'hen the input sigfral"s at the activated inputs do not coin-

cide. All loadlines converge in point Lor r*rich represents the theoretical case rtrere the

rroltage acrpss Dgr lus gone so far positive that the current in Ds and equivalent has been

cut. Ilhen cojncidi:rg logi-c input signals are present at the activated inputs, the operatiJtg

point is H, and all loadlines rsill rTDVe to the right (by 800 + 4 x 30 = 920 nVJ such that

the converging point is nov Lr.

The bias current of Dgr (through R25,) passes via the ON/OFF switches. If all chan-

nels are "OFF, then Drr does not have any bias surrent, so that it will stay in the l-ow-

state and thus the outputs will stay at the steady-state level. (The logic outputs at rr0rt

leyel and the conplenentary logic output at rtlrr 1evel.)

The input inpedance consists of 75 O (Rr) in paralle1 with the diode èurrent switch 
.

(D+,Ds) and subseqrænt circuitry. This irnpedance is very non-linear but gives

50 O natching over the signal an'plitude range of interest. In the 'rOFFr state' a resist-

ance of 150 O (Rz) is switched in parallel to R1 so that good inpedance naEctdng is also

rnaintained in that sittration.

The diodes Dr, Dz, Ds and others in identical positio:rs are irrput protection diodes.

2.2 The overlaP outPut channel

The signal fron the A],{D-gate twurel diode (Dgr) is fed,'r-ia btrffer emltter follower

Tr, to the alrplifier Trs. fhe amplification of T15 is'v 2x. This anplified signal

(* t.O \I) is the input to t}Ie output fan-out"), rvltich consists of two transistor-diode

current switches (Trz-Dsz, Trg-Dos). These current switches procluce ou@uts of logié :

anplitude and of a width equal to the overlap t'ime.

The diodes Dsg, Dso, D6r, and Dog, D6+r D651 âTe output clanpilg (wtren r.rnloaded) and

protection diocles.

2.3 The discriminator output channel

The signal fron emitter follower Tr also clrives the differentiator T, "). This

differentiator shortens the effective drive to the followirrg discriminator, so that no

nmltiple pulsing occurs for long overlap times.

The ùiscrirninator is a rpitified version of the trigger ciicuit as used in the pulse-

shaper describecl in Ref. 23. The difference lies in the way tlle reset signal is derived

a:rd also tfie naxi-nnun output pulse duty qgcle has been nade 100% (a trigger circuit with

.this ou@ug pïoperty is sometimes erroneously said to be dead-tinreless)

ff
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The signal from the differentiator T2 drives turrrel cliode Dg,* to the high state' Ds"

switches current jnto trrurel diode Dgs via back diode D33 so that also this diode goes

to the h:igh state. The cunent jl back diode Dzz is transferred to transistor Tg, Pro-

ducing a positive excursion at the collector of Tgr the base of T5, and the collectoÏ

of To.

The positive signal at the base of T5 tremsfers the current from D:7 itrto T5 causing

a negative excursion at the collectoï of T5. This information is sent to the base of T'',

via the l nscc timing cable, where it turns on Ta nhich resets Drs and Dr,*. Ta and Ts

are then cut off, whilst the first positive excursion at the collector of Te' ends'

The reset signal on the base of Ta is tÏansnritted, via 1.! nsec de1ay, to the base

of T7. This will tu1ï on this transistor, aird a positive curlent pulse is added to the

disappearing origilal positive excursion at'.the collector of T5, [D35 has been reset)' the

duration of this second pulse covers tire deacl-ti:ne (= reset loop propagation delay) of tlle

trigger circuit, thus covering tJre period during which Ta holds down D35, rvhich nreans t[at
tle maxjrm-un obtailable pulse duty cycle in the collector of Tc has beconte 100% (see Fig' 4);

the resolving time of the trigger circuit has not, hottever, been affectecl.

The sig,nal at the collector of the T5 drives the output frrt-orrttt), consisting of

buffer snitter follorver Te arid three transistor-diode-current saitches (Tro-Duz, Trr-Dqe,

Trz-Dso), and one transistor-diode-transistor current srr'itch (Tr3-DsB-Tt4). The dj'odes

Dgg, D+0, D+r (and others i:r identical positions) are output plotection and clarping ôiodes'

3. PERFORMNCE

The performance of the instrwnent is sunnarized by.the spe:llications as outlined in

Fig.7.

The operation is illustrated by ttre r,raveforms shown in Fig. 8. Tivo charrnels are

switc.hed on. The i:rputs to the two chamrels have a slightly different freq-uenc.v' so that

periodically an overlaP occurs.

Iretails of the stanrlarclized output signal (OUI and ilU) at a 1ow frequency are shor'rn

in Fig. 9. The width of tlr:is signal has been chosen to be 9.0 nsec in the design. Other

widths can be obtailecl by in-serting different lengths of the "tiaring" and "delqg" cables

(see Fig. S), The signal is indepenclent of the m.unber of activated inputs and their over-

1ap. The output signal at the naxintlln "pulse tate" (see Fig. 7) is given in Fig' 10a

(77 Mlz for this unit). In Fig. 10b the unit is operating at a frequency corresponding to

the rnaxirnrn duty cycle (110 I'f{z for this wiit; the baselile of the oscilloscope is at oue

division fr.om the top for Fig. 10b).

The overlap ou@ut (LIN) is shown il Fig. 11 for a single input and for a double coin-

cidence. The widttr, basically equal to the input width or overlap time, decreases some-

v,hat with the m.unber of inputs (see Specs. Fig. 7). The rise-tine, the fall-tjme' and the

arplitude (provided the overlap is > 2.0 nsec) are independent bf the mnrbe1. of inputs'

The operation at the naximr.un repetition rate (2 200 lvfllz) is shqçn in Fig' 12'

The uli:rijnun resolving-ti:ne for a double cojncidence via tlle overlap output is denpn-

strated by Fig. 13, which j-s 1.25 nsec for this r.mit (specifie < 2.0 nsec)'

,$



Tirning cuïves obtained in a recent experi:rent2a), usirg tJre set-rp of Fig. !4, are

shorm in Fig. 15. The curves e>dribit flat tops and steep skirt slopes. The slopes change

very little r,tith the nuurber of coincident irrputs, thr-rs proving the good operation of tlre
systen. fte steepness of these slopes is determined by the sci:rtillator and photorn-rltiplier
tirne dispersion, the time sleuing in the shapers, and the noise in the photonnrltiplier, the
shaper, ærd the cojlcidence Lndt.

The instrunent has been designed to operate over the arnbient tenpeïature range 0-60oC.

The results of an e).tËnsive series of tests on two randomly selected production units
are dessribed elsewhere2 5J 

.
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lù-nrber:

Sd""cg:
Rgflections:

l/o1æ:

width:

l.laxim.un Rate:

l.ltmber:

_@..l"nce:
Rise-time:
end--
Fall--time:
Itlidtlr

I'hxilruu Rate

13

INPUT

5-
50n
In "On" State: < 20â (capacitive)

In I'Off" state: < 151 (inductive)

togic, -800 mV for coincidence.

Conplernentary logic for anticoincidence.

À{irri:m.uu width ôr overlap (at ninjrlun input i'1" 1evel = -12 mA) to

produce outputs"

LIN: For si:rgles < 2.0 nsec

For 5-fo1d < 2"0 nsec

ûJT and ffiT: For sirrgles < 1.5 nsec

For 5-fo1d < 1.25 nsec

Deternined by output specifications.

0utPUr

LIN: (Overlap Output)

2 logic
lligh, current sourcer'w[rsed outputs need not be tcmjnated'

tor < 1.8 nsec

t16 < 2.0 nsec

Equal to input width or overlap ât nin input r'1" level (-12 nA)

+ < 1"0 nsec for shgles
- S 1"0 nsec for 5-fo1d

: 200 I'Hz

6"2 t 0.75 nsec Oetween nrin. irput and output't1rr), for singles' For

5-fo1d it decreases bY < 0.5 nsec.

for n-1, < ltsol rnv

AJT AI.ID djT: (Standardized output)

4 logic
1 conpLenEntary

ttigh, current source, tmtrsed outputs need not be temi'nated.

togic: tor 5 1.5 nsec Conplenentaryl tro < 2.0 nsec

tro < 2.2 nsec te1 < 2'2 nsec

logic, 9.0 I 1 rlsec at min input "I" level (-12 mA)

C,orq)lementary, 9.0 I 1 nsec at nnx input't0'r leve1 (-4 nA)'

Up to a frequency of 2 70 l-tiz the output consists of pulses, i'e' the

leve1 betyeen pulses cones down inside the output "0" band. At a freqtæncy

of > 100 lr[tz the output has becone d.c.; when exceeding this rate it tums

into pulses agairr but counts will be 1ost.

9.5 nsec i 1.2 nsec (betl,Jeen njn input and output "}r), for singles' For

5-fo1d it decreases bY < 0"5 nsec.

PCI,IER COÀStt'FTICh.l

-24 V: 260 nA

+24V<170n4

1) Riser(tor) and fall-times (tro) al'e neastu'eâ betr+een naxinnrn

otrtput "0'r (-100 nrv) and ninintrn output "1" (-?00 nV).

2) All paraneters have been determined witJr input si.gnals having

tise- atrd fall-times of 0"7 nsec.

Fig. 7 : Specifications

@

Feedthrough:

}lunber:

Inpedance:

Rise-time:
ffi--
:[âIl_-ti.ne:

width:

I'hxinLm Rate:

ProDasation
drlgl,

ProDasation
delay:

N.B.
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Coincidence operatioû: . .

a) Input to one channel
b) Input to ânother channel
c) OverLap ouËput (tIN)
d) DiscriminaÈor, logic otlËput (OUT)
e) Discrininacor, cornplemen-eary 

-logic 
output (m)
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Fig.9 Discrioinator autput:
a) Logic (oUT)
b) ComplementarY logic (OUI)

scale: tlor. 2 nsec/div. Vert. 200 nv/div'3
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Fig. l0 Operation of the discrininator channel at high repetition
rsrtesi

a) Output (0lIT) at naxinum pulse rate
b) Output (OtT) at maxlmtrq duty cycte
$cale: Hor. 5 neec/div. VerÈ. 20O raV/div.
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Fig. ll Overlap output

a) Single input
b) Output (LIN)
c) Tbo overlapping itPuts
d) Output (LIN)

Scale: Eor. 2 nsecy'div. Vert and c 400 nv/div.
and d 200 rnV/div.
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Operation of the overlap channel at high repetit.ion rates:
a) Lnput
b) output (LIN) et maximro repeÈirion rato (1 200 MIlz)

scare: rlor. 2 nsec/div. vert. il 133 ,'Ti:i;.
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Mininurn double coincidence resolvinftine:
a) 1}lo inptits with rnininuro overlap
b) Output (LIN)

Scale: Hor. 2 nsec/dlv. Vert. a) 400 nV/div.
b) 200 nV/div.
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SCINTILLATORS:
S2,S3.54: Ql=22em

THICK lcm
SS.56 iP=lOcm

THICK lcm
St :22r13xlcm
PHOlOI{ULTIPLI ER5:
56'f FFiïTi-ÉTl-5, Ûp p r-v,
TYPE:1023

AÏrcNUAÎORS:
lYPE: N 9300

DE LAYS:
ÎYPE:N 9053

SJ4PERS:
lYPË: N 2618 ond N 2620

co!NcrpENcEs
TYPE: N 6234

HT:1980 Y 22EO Y rg50 v 2250V 2r30Y 2t00Y

widlh=15 ns tSns l5ns l5ns 7.5ns 7.5 ns

@

@

ry 2800 COUNTS / BURST

Counter arrangement as used in a recent CERN experinent
(infornation kindly provided by J.V. Allaby et al.)
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Fig. 15 : Tirning curves measured with the exPeriæntal seL-up as
shown in Fig. 14.
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