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1. ~ DESCRIPTION

«  The ORTEC 934 Quad Constant Fraction 100 MHz Discriminatox °

»

is a single-width NIM module that includes. four independent

fast constant fraction discriminators. Each section of this

instrument accepts negative input pulses and generates three

simultaneous NIM-standard fast ﬁegative ldgic pulses‘for each

input pulse that exceeds the adjusted threshold level. The- '7 .

-

design of this instrument utilizes advanced ORTEC hybrid circuit

technology to achieve max imum performance and high reliability

in a high—density'pégkage.

The constant fraction technique permits optimum timing measurements

P

to be made Wlth photomuptlpller Lubes or fast 5011d state detectors.

.Each 1nput 51gna1 is Spllt so0 that a portxon of the 31gnal is
'-delayed and subtracted from a fractlon of the undelayed 51gnal
The resulping bipolar constant-fraction signal has'a basellna crossover
that is virtually independent of the.input.signal‘amplitude. The -
Zero crossing point is detected and used to'?rovide precisely
giﬁed 16giclpu1ses for a wide dynaﬁic range of inpﬁt signéls.

Each of the four channels includes an independently adjustable

threshold level to prevent output‘signals from being generated in

s

‘response to moise or small—amplitude input signals. The input éircuit

has an impedance of 50Q and is protected against overload. The
input signéls should be furnished through 500 coaxial cable to

ensure proper termination with minimum reflections -at the input

of the 934,
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Each channel of the 934 inoludes an vpdating one-shot and output

voltaoe drlver circuit. This circuit generates three simultaneous

negative NIM fast loglc 31gnale for each 1npuL signal thaL satisfies
the dlsqumlnator crlterla. ’
The constant fraction shaplng delay for each dlscrlmlnator

" channel is determlned by the 1ength of 500 coaxial cable that must

be added between two front panel LEMO connectors. The shaping delay

can be optmllzed for each specific appllcatlon. This optimization

IEQUlIES prlor knowledge of the rise tlme and nomlnal width of the

input 31gnals to the5934. -

A common gating cirooit cao be used to.control responses in
all four‘channele simuleaneously.: The_position of a rear panel
switch determineé whéether the gating signals fromvthe bin are

accepted or not. The bin must;be conetructed-with-a Gate dnput ..
‘coﬁnectorlon the fear panel en& oieﬁfiootion of the gating lioe
through pin 36 of each power connector in the bin.

The 934 operates in an ORTEC 401A/402D or M/&ODV NIMBINR
that 1nc1udes dlSLrlbuthn of dc power at +24 V +i2 V, and +6 V.
By using either of these recommended bins and power supplles, a

full complement 0f‘12_ORTEC g34 modules can be operated in the

bin, with a total capacity of 48 constant fraction discrimirator

channels.

o
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2. SPECIFICATIONS

2.1. PERFORMANCE

. Number of Channels Four, completel} independent except for gating.

Input/Output Rate >100 MHz (typically >110 MHz).

Pulse Palr Resolution <10 ns (Lyplcally <9 ns)

Walk <150 ps, 200:1 dynamic range (~50 .mV. to ~10 V) with t. <1 ns o

& 3 ns, threshold =30 mV. . T {

tow = 10 D8, £5006)

Time*slewigg_ <750 ps from half-fire, measured with ty = 1.8 ns, tf 2 0 ns,

toy = 3.1 ns at half—helght, td(T £) = 1.5 ns, threshold 30 mV.

) Propagatlon Delay l?‘ns typical from 1nput to output u31ng td 1 5 ns,

Operating Temperature Range 273 to 323 K (0 to 50 c).

Threshold Temperature Instabillty <0.1% per degree from 273 to 323 K

(0 to.50°C). Referenced to ~-12 V power supply_levelf‘

Propagation Delay Instability <15 ps per degree (typically <10 ps per ".

degree) from 273 to 323 X {0 to 50°C).

Output Widrh Temperature Instability <0.2% per degree from 273 to

323 X (0 to 50°C).
2.2, CONTROLS

: Threshold jT) 20~turn front panel screwdrlver adgustment for each

.discriminator channel; variable from =30 to -1000 mV. The adjusted

level can be measured on the adjacent test point, where a dc voltmeter
will indicate 10X threshold (~0.3 to -10 V).

Updating Width (W) 20-turn front panel screwdrivef adjustment for

each discriminator channel; variable range <6 ns to >150 ns.

Shaping Delay A pair of LEMO connectors for each discriminator
channel accepts 500 coaxial cable to adjust the required shaping’

© delay; total shaping delay is n0.7 ns plus delay of external cable.
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Walk (2) 20-turn screwdriver front panetr adjustment in each channel

for precise setting of the walk compensation network for each

* - . .
appllcatlon. “The zero—crossing reference can be measured at the

adgacent+front panel test point w1th a de voltmeter. Under most
j ccndltlons a level of 0 5 mV to -1. 5 mV should be set.
.Gate' Rear panel On/OfE toggle sw1tch to control use of a master

‘gate 51gnal that can be furnlshed to all four channels in the module.

2.3. INPUTS

InEut Front panel LEMO connector. for each dlscrlmlnator channel

Linear range 0 to —10 V Slgnal input mnpedance 50g, dc coupled

'Input protected. Input reflectlons <10/ for slgnals w1th rise-

time >2 ns.

Gate Haster gate 51gnal enabled by the rear panel Gated—Ungated

locklng toggle swltch, connected through pin 36 in the NIM - power

connectcr to a gate llne that is ecommon to pln 36 at all module

locations in the bin. When the sw1tch is set at Gated a clamp

to ground from +5 V inhibits operation of all four'discriminato:

channels.
2.4. OUTPUTS

Out Three brldged updated negatlve outputs are furnished through
rfront panel LEMO comnectors; each discriminator channel is 1ndependent

from the other. channels in the module. Amplitude at each connector,

~800 mV into 500; width adjustable from <6 ns to >150 ns; rise and

fall times typically <2 ns.
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Threshold Momitor Front panel test point for each discriminator

channel permitg monitoring the threshéld ievel adjustment with an
. s . ) . i

external de voltmeter; indications of ~0.3 to -10 V correspond to

adjusted’ threshold levels of -30 to ~1000 mV.

CF Monitor Front panel LEMO connector for each discriminator

channel permits observation of the constant fraction shaped signalj

500 cable required.

-

Walk Monitor Front panel test point permits monitoring.the actual
. de voltage 1evelfthat.is set for the zero—crossing reference, which

should normally be set in the range from -0.5 mV to -1.5 mV.

© 2.5. ELECTRICAL AND MECHANICAL

 Power Required 6 V, 150 mA; -6 V, 280 mA;

+12 V, 75 mA; ~12 V, 30 mA;

424 V, 0 mA; ;24 v, 80 mA; )

110 ¥ ac, 20 mA. |

Total dissipation, 8.0 W.
Dimensioné' NIM—staﬁdard siﬁgle.width module (1.35 x 8.714 in.'front
-'pahel) per TID-20893:(ReV;); | | . f
| 2.6, ACCESSORY |

A small screwdriver is included with_each 934 Quad CF Discriminator, -

»

and can be used for threshold, width, and walk adjustments.
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' 3. INSTALLATTON
3.1. GENERAL
The 934 powéé requirements nust be furpished from a nuclear-
standard*bin and’ power. supply that includes tﬂe;tG v powe;
distribution, such as the ORTIC &01A/4025 Bin and Power Supply.
-The ORTEC MAOO/N NIMBIN also prov1des the required power dlstrlbutlon

and, in addltlon, 1nc1udes the wiring and rear panel connector ’ K

necessary for the common gating line that can be used’ w1th the 934

The bln and power supply in which the 934 wxll normally be operated 7' 

\c

is de51gned for relay rack.mountlng. If the equlpment is rack mounted

‘bersure that there is adequate ventilation to prevent any locallzed
heating in the 934. The temperatere of equlpment rounted in racks
_can easxly exceed the maximum limit of 50° C (323 K) unless precautlons
‘are taken.. _
-13.2.. CONNFCTION TO POWER |

Turn off the Bin Power Supply before 1nsert1ng or remov1ng
any modules. ORTEC modules are d351gned S0 that a full complement
of these modules in the 12 bin p031t10ns w111 not overload an
ORTEC 402D Power Supply. However, this may not be true.when a
different power supply is used qr;when modules not designed by ORTEC
are included in the bin. To be sure oﬁ pr0per operation, check tﬁe
dc voltage levels of the ppﬁer supply after all modules have been
installed in the bie; ORTEC bins and power supplies include convenient

test points on the power supply comtrol panel to permit monitoring

these levels.
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3.3. 1INPUT CONNECTIbNS

Each discriminator channel includes an input connector on
the frﬁnt paﬁei’khat is terminated internally in 502. Connect
the sou?ge of negative input signals to this connector th;ough a
. 502 coaxial cable and a mating LEMO céﬁnégtof. Any of the four
channels can be brovided with'an input sigpal and wi11 ?perate.
in@ependeﬁtlf from'ali other channels. o . L i

v3.4. “OUTPUT CONNECTI'ONS- ’

Tﬁéﬁe‘ére threé output cbnpecﬁdfé for!éaEh théﬁnel. These
connectofs furni$h t§;eé identiﬁal, éimultaﬁebus; négativerNiM‘
logic signélg for each input pulse that éxéeeds the adjusted threshold
ievel. The updéting width of the output ?uiSes caﬁ be adjusted |
By the froﬁt panel W control as.sociated' with 'that channel .

‘Each outpﬁt connection shopld be furnished through a mating
LEMO connector énd a SOQlcoaxial cable;téyé 500 load impedance.
For best resﬁlts, terminate one.unused outﬁut conneéto; in‘each
active channel with 2 SOQ terminatqr'op the fronﬁ panel{. Terﬁination
. is not neéeésa:y for.ynused chénne}s;_‘_l. |

| | k 3.5.7 GATING-
' If tﬁe 934 is operated in an ORTEC MéOb/N NIMBIN or equivalent,
gating control can be'accepted simultaneously for all four discfiminééor
channels from tﬁe common gating.line that is wired through the rear

panel power connector. To accept gating control, set the rear panel

locking toggle switch at Gated. To inhibit this control for the

module, set the switch at Ungated. The switch is accessible when the

module is installed in the bin and can be changed at any time.
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3.6. CONSTANT'FRACTIOV DELAY CABLE SELECTION
The shaplng delay for each channel 15 adgusted by selectlng

an appropriate 1ength of 500 coax1al cable and addlng it between

‘the two Delay LEMO connectors on the front panel The 1ength of

cable determlnes the amount of external 51gnal delay that is added to

the ~0.7 ms internal delay to constitute the total constant_fraotlon.

-

shaping delay.

D(Tot) d(Ext) + 0.7 ns.:*.

The prlmary useage of the 934 is expected to be in fast tlmlng
or countlng experlments w1th sc1ntlllators and photomultlpller

tubes (PHT s). In these appllcatlons, the constant fraction shaplnv

‘delay, ), is selected so that the zero~cr0531ng of the bipolar

D(T t

t1m1ng signal occurs after Lhe attenuated undelayed portlon of the

constant.fraction signal has reached its maximum,ampiitude.  Thus
the zero-crossing occurs at the same fraction of the input pulse

height, regardless‘of the amplitude of the input signal.

Selectlon of the constant fraetlon shaping delay for best

tunlng performance w1th a glven sc1ntlllator and PMT 15 usually

accompllshed experimentally. The randomly generated 31gnals from

the anode of the PMT are applled to the input of one channel of the
discriminator. Each of the two CF. Delay connectors should be
terminated with a 50Q terminator. The CF Monitof signal can then

be observed on a fast oscilloscope (baﬁdwidth >300 MHz), which is

terminated in 507 and triggered internally. The Monitor signal

represents the attenuated, undelayed portion of the constant fraction

signal with no delayed signal subtracted from it. The addition of.
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the appro?riate external CF shaping delay, tD(Ext)’ causes the
resulting bipolar signal at the CF Monitor to cross the baseline

.

after the peak of the attenuated, undelayed 51gna1 and before
appromlmetely 0.9 times 1ts maximum amplltude. A useful emplrlcal
formula for the 1n1tlal trial selectlon of the external shaplng _
~delay is _l S _ ' o : _ |

| D(E%t) 1. 1;# 0.7 ns J

vhere t is the 10% to 90% risetime of the anode pulse.

ﬁalk
adjustment. can then be accompllshed while observ1ng the delayed CF
rMonltor signal on a fast osc1lloscope, whlch is trlggered externallyl‘
by the ocutput signallfrom the constant fraction dlscrlmlnator.
The walk potentiometef tZ) should be Adjusted.so that the Bipolaf
constaﬁt fraction signals for allhamplitudes cross through the
baseline at appro#imately the same time. |

Flgure 3 1(a) 1llustrates the anode 51gnals from an RCA 8850
PMT with a 1" x 1" KL236 scintillator and a GOCO source. The
() and (c) pertions of Fig. 3.1 show the resulting delayed CF
Monitor eignal seen on a sampiing oscilloscope, tfiggered by the

discriminator outputesignal. The CF delay and walk adjust have

-~ been set properly and the spread in'the zero—crossing time is

less than 100 ps.
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Fig. 3.1(a) RCA 8850 PMT anode signal with a 1" x 1 KL236
‘scintillator and 6000 source. (b) Constant fraction zero-
crossing monitor‘signal, triggered by the discriminator output
for the anode signal‘shown above. (c) Expanded view of the
constant fractiﬁn zero-crossing monitor signal. CF delay =

3 ns; threshold = 30 mV.
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4. QPERATING INSTRUCTIONS
Each channel has an input connection and up to three output
conneetions. The discriminator threehold, the updating oubtput

width, and the walk characteristics can be adjusted in each channel

independently as required by the appllcatlon.

To adjust the threshold 1eve1 measure the de voltage from the
front panel threshold monitor test.polnt to ground for the actlve §
channel. The nominal range of voltages at this test point is from

~300 WV to -10 V, correspondlng to Lhe actual Lhreshold whlch is

10% of the test p01nt voltave. Use the special accessory screwdrlver

that is furnished with the 934 to set the threshold level with the

-

control marked T.

To adjust the updatlng output w1dth, prov1de an input pulse
that exceeds the adJusted threshold at - a rate less than 5 MHz and

observe the width of an output pulse from any of the three output

connectors. Use the special accessory screwdriver that is furnished

with the 934 to set the control,marked‘w for the output width in
the active channel; the width can be adjested within the specified

fange from <6 ne through >150 ns.

To adjust the walk character13t1¢s, connect the signal source

=

to be used to the Input comnector in the active channel and connect

the signal from thevconstant fraction Monitor connector to a fast

oscilloscope through a SOR delay. The constant fraction shaped signal

can be observed on the oscilloscope, triggered by an undelayed output -

signal from the active discriminator channel. Select the constant

fraction shaping delay according to the information in Section 3.6.

Adjust the walk (Z) control, which sets the zero-crossing reference,
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so that the bipolar constant fraction signals for all imput amplitudes

eross through the baseline at approximately the same time. The

adjaéent test point can be used for resettability of the zero—crossing
. . N * / -
reference. Under most operating coanditions, the dc voltage level

at the test point should be in~the_rénge from ~0.5 mV to ~1.5 mV.

-

Use the special accessory screwdriver that is furnished with the 934

i

. s -

to adjust the Z control.

Each unused chapnel can be disregarded without affecting operation
_in any of the active channels. -
. N . ~ .‘:\ . -



1100 MHz Discriminator is included at the back of

'to the leadlng edoe discriminator (LLED) c1rcu1try

. resistive network ensures proper impedance matching.

of the CFA. Note that eccess for monitoring the bipolar signal is’

934~-13
5. THEORY OF OPERATION

A complete schematic of the ORTEC 934 Quad Constant Fraction

*
this manual.

gram of the instrument that

-

. _
Figure 5.1 is a simplified block dia
can be used as a reference to descrlbe how it operates.

An 1nput of 0 to ~10 V amplltude starts at tyme zZero and is

applled 31multaneously to the constant fractlon (CF) c1rcu1try and

-

an adgustable threshold ra

the minimum 1nput 51gna1 amplltude ‘that is requlred to produce an

output pulse from the 1nstrument. 1f the input 51gnal exceeds the
LLED threshold, that comparator produces an output pulse that arms

zero cr0551ng gate Gl.

A clfferentlal transformer technique is used to pa531ve1y form

the constant fraction bipolar signal. An associated thick film

The CF circuit

sets a constant fraction attenuatlon factor of £ = 0 2. The related

SOQshaplng delay must be provided externally Walk adjustment is

eccompllshed by varying the voltage applled to one input terminal

-

provided through buffer ampllfler Al.

to gate Gl, which must have been armed by the LLED output to permlt

a response to be generated.

The passively formed constant fraction bipolar timing signal is

amplified by CFA and crosses the logic threshold at the zero crossing

=

gate at time th' Time tCF is determined by the selection of the

-

The LLED has °

nging from ~30 mV to -1 V, that determines

The CFA output is furnished . .
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Fig. 5.1.. Slmpllfled Block Dlagram of One Channel 1n the 934

external constaﬁt-fraction shaping delay, tD(Ext)’ subject to the

rise times and pulse sﬁapes of the input signals. A fixed interﬁai

delay of 0.6 ns to 0.7 ns must be added to tD(Ext) to obtain the

tota1 constant fract;?n shaping delay, tD(Tot)'

D(Tot) D(E £) + 0.65 ns.

The timing‘loglc sxgnal from gate Gl triggers a fast one- shot

comprised of an ECL type D master—slave flip flop, FFL, and ampllfler
A2. FFl produces a reshaped logic pulse with a fixed 2 ns width for

‘each signal from gate Gi. The reshapéd signal drives a hybridized *

updating one-shot and output circuit that includes a capacitor and

amplifiers'AB throuéﬁ A5. The updating capacitor is charged to its

maximum capacity at each signal through A3. At the end of the 2 ns

charging interval, the updating capacitor begins to discharge through

the series resistance that includes the wldth adJustment. A4 and

A5 amplify and shape the signal on the updating capacitor to a fast
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less thah 6 ns to greater than 150 ns.

width.

93415
voltage-oqtput signal that is capable of driving three 500 loads
simultaneously with NIM standard negative fast logic pulses. The

output width of the updating one—shot is continuously'variable from

Each reshaped logic signal

L

that occurs at the 1nput of the updatlng hybnld durlng the w1dth of

an output'pulse extends that output pulse by one full p;eset updatlng

A common gatlng circuit can be used to 51mu1taneously enable ox

1nh1b1t the output responses of all four channels in the 934. The

.

,\_.

position of the rear panel Bin Gate switch determlnes whether gatlng

signals from the bin are accepted-or not. Gating control is

established at the D input of the ECL type D master—slave flip flop

in each channel.

The dc poﬁer requirements are shown in schematic 934-0201-S1.

The power levels at +6, ﬂ6,-+12, -12, and -24 V are all obtained

directly from the bin power supply. The ORTEC Hybrid packages algp'

requ1re de power at ~-3.0 V, ~5.2 V, and +6.0 v each of these 1e§elsl

is obtained from a regulator and is adgustable on the prlnted circuit

board. Monitor points are provided on the board for each of the

adjustable dc power levels.
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6. MAINTENANCE
, '6.1. CALIBRATIONS
Four precise dc voltage levels are generated in the 934 to provide
“. : .
oPeratiﬁg power for the integrated circuit packages and the OREEC
Hybrids. There are test p01nts on the printed circuit at which the
: voltage leVels|can be monitcred while they are adgusted. £ any of
‘the levels needs. adjustment, uée the following procédure: 7
1.. Adjust R6 for a reading of 5.2 V‘at both fPl aﬁd TP2.
2. ‘Adjﬁst R1l4 fox a readiﬁg of ~3.0 ﬁ at TP3.
3. Adjust R27 for a reading of +6.0.V'§t'TP&.‘
6.2. TYPICAL'ﬁC VOLTAGES
Tabie 6.1 lists typical Qalues for'vqlfages at various points
in the printed circuit when thg instrumént is_ppefating properly.
The ieadings are not.absoiute;'but are fﬁrnished as é guide to
check any portlon of the system that is suspected of malfunction.
All voltages were measured w1th respect to ground, w1th the T and
_W controls sef at mininum, and the Zrcontrol set for -5 mV.

The readings showﬁ fqr AlOl, IClOl, Ql01, and AlOZ were taken

" in the components in channel 1. They are typlcal for readlngs that

'should also be present at the equlvaleqt Cerult p01nts in channels .

2 through 8.
Table 6.1. Typical DC Voltages

Il  pinl -12.0 S 1C2  pinl  -12.0
2 -5.2 2 ~5.2
3 ~5.2 3 -5.2
4 ~12.0 4 -12.0
5 -12.0 5  -12.0
6  -5.84 6 ~5.86
7 +12.0 7 -12.0
8 0 ' 8 0
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IC3 pin 1l -22.0

Table 6.1. (Continued)

* 2 -0.89
3 <0.89
& -12.0
T s -12.0
6 ?3.48_
7 #12.0°
8 0
‘Q1  E -5.2 . .Q2 E
B -5.82 '
-8.4¢4 -
Q4 E  46.0 Q5 E
+6.62 ‘
C +12.0

CA20L pinl 0.0

2. 0.0
'3 -0.73
5 0.0
5 45.92

6 0

7 -1.15
8 ~5.2

9 +0.18
10 -1.77
11 0
12 ~5.09
13 +0.11
14 -1.81
15 0
16 -13.8
17 0.0
18 0.0
19 0.0
20 0.0

~-5.20
—-50 87
~6.02

~0.68

' .-0.08

C .

IC4 pin 1
. _ ,
. 3
-4
-.. . 5
6
.7
8
Q3 E
c
A102 pin
10
Q01 E
B

~12.0

~12.0

- -12.0
 46.61
L H2.0,

- 3.0
—3.45
-12.0

~1.81
5.2
~3.0
0.0
+0.43
+0.43
+6.0
- -3.0

~1.77
—-2.50
"S . 20



- and repalr at a nomlnal cost.

for a new instrument,

'*Shlpplng instructions a

Number can be a531gned to the unit.

934-18 - .
' Table 6.1. (Continued)

ICL0L pin 1 0.0 y

»

2 -1.81
3 ' ;0.06 P
s 4 ~1.74 o A
5 -4.87 iR L
6 0.0 L B )
7 -l.81 | E
T
s oo e
10 ~0.68 .
11 0.0
12 0.0.
13 0.0
14 0.0
15 . 0.0
16 0.0

6.3. TFACTORY SERVICE
This 1nstrument can be returned to the ORTEC factory for service

" The ORTEC standard procedure for o

- repair ensures the same quallty control and checkout that are used

© Always contact Customer Serv1ces at’ ORIEC

f

(615) 482-4411, before sending in an instrument for_repalr to obtalnf
nd S0 that‘the'required Return Authorization'; .

This number should be written_

on the address label ‘and on the package.
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A VERSATILE CONSTANT FRACTION 100 Mz DISCRIMINATOR

M.0. Bedwell and T.J.

Introduction

A new constant fraction discriminator having excel-
lent timing characteristics over a wide dynamic

range of signals has been designed and tested. Ta
achieve maximum timing performance, the most critical
block of circuitry has been implemented using hybrid
microcircuit technology. This bleck includes the
leading edge arming discriminator, the congtant frac-
tion shaping circuitry and the zero-crossing pickoff.
The basie constant fraction building element indica-
ted above operates to a minimum threshold of ~30 mV
and can accept input signals to ~10 V without overload.
amplitude-dependent time walk is less than *150 ps

for a 200:1 dynamic range of input signals (t_ = L as).
The count rate capability of this constant fraction
hybrid exceeds 100 MHz.

A four-channel, 100 MHz constant fraction updating
discriminator that uses the hybrid element has been
daveloped and extensively tested. The primary design
goal in this discriminator was the l00 MHz count rate
capability with significantly improved timing per-
formance over fast leading edge discriminators. A
block diagram and the various functions of this instru-
ment are described. Typical performance data and
timing resolution data are presented.

Constant Fraction Discriminator Implementation

" A functional representation of a constant fraction
trigger is shown in Fig. 1. In the constant fraction
method the input signal to the circuit is delayed and
a fraction of the undelayed pulse is subtracted from
jt. A bipolar pulse is generated and itz zero-cross-
ing is detected and used to produce an output logic

pulse.

Saveral circuit techniques have been used to perform
the functions of deriving the constant fraction bi-
polar timing signal and of detecting its zero-cross~
ing. Initial usage of the constant fraction method
was reported by Gedcke and McDonald! in 1967. These
first generation discriminators contained a pulsé
transformer to invert the delayed input signal. The
\ Al %
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Fig. L. functiocnal representation of a constant
fraction trigger.
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_Kaxlsson.“

Paulus*

delayed, inverted pulse and the resistively attenuated
input signal were then current-summed in a limiter
circuit and tunnel diode. The tuannel dicde was ena-
bled by an arming discriminator tg detect the zero-
crossing of the bipolar viming signal. A sxmllar
tachnique was employed and reported by Chasae® in
1968 and again by Cho and Chase” in 1972. A varia-
tion on this technique was described in 1372 by

who used a bipolar common-base amplifier
to accomplish the current sum of the delayed, in-
verted pulse and the resistively attanuated input
signal.  After further amplification of the bipolar
sigral using cascaded ECL line receivers, the
leading edge enabling and zero-crossing functions
were performed at an ECL NAND gate.

In 1975 Laskovar and Lo’ published timing results
using a discriminator that contained a pulsa trans-
former to derive the difference between the
attenuated and delayed input signals, The bipolar
timing signal was then amplified and a tunnel diode
was armed to detect the zero-crossing.

In the discriminator reportad by Arbel et al,‘ in
1974, the input signal was first amplified and then
split into attenuated and delayed components, The
subtraction of the delayed signal tfrom the attenuated
signal was accomplished at the base~emitter junction
of a transistor. After amplification of the hipolaxr
timing signal, the zero-crossing of the timing pulse
was detacted with a snap-off dicde.’

Maier and Sperr® reported on a discriminator using
cascaded ECL differential line receivers to form the
constant fraction bipolar signal. The delayed and
attenuated input signals were applied to the two in-
put- terminals of the resulting differential amplifier.

"The leading edge enabling and zero-crossing functions

ware performed at an ECL NAND gate, Bedwell and
Paulus and several other authors have reported similar
implementations employing MECL II, MECL 10,000 and
fast- ECL comparagog technologies in a variety of logic

confiqurations.g

Figure 2 is a simplified block diagram of the hybrid-
ized constant fraction element used in the iastrument
reported in this paper. A differential transformer
technique is used to passively form the constant
fraction bipolar signal. Particular attention hag
been given to the design of the associated thick film
resistive network to sasure proper impedance matching.
This nebtwork sets a constant fraction attenuation
factor of £ = 0.2. The related 508 shaping délay must
pe provided externally. The passively derived bipolar
timing signal is amplified by the fast differential
constant fraction amplifier, CFA, and applied to the
input of gate Gl, which detects the zero-crossing.
Walk adjustment is accomplished by varying che voltage
applied to one input terminal of the CFA. Note that
accass for monitoring the bipeolar timing signal is
provided through buffer amplifier Al. Tha fast lead~
ing adge discriminator, LIED, provides the leading
edge arming signal to che zero~crossing gare, Gl.

The various logic signals available from the hybrid
are indicated in Fig. 2.
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cigure 2. Simplified block diagram of the constant
fraction hybrid.

The technique of passively forming the constant
fraction bipolar signal has three primary advantages
over most active tachniques., First, the bipolar
pulse is formed without the noise at zero-crossing

. that is normally intrsduced by active components.
Second, the upper bandwidth limitation of the differ-
ential transformmer in the pulse-forming network
exceeds 350 MHz. Most active methods intxoduce
slewing of the zero-crossing for signals with rise-
times containing these frequency components. Thizd, .
the dynamic range limitation of the passive pulse
shaping network far ekceeds that of most active
davices.

The passive gonstant fraction pulse shaping technique
has one primary disadvantage comparsd to active
methods. A low frequency limitation is imposed by
the differential transformer. Thus, timing applica-
tions using this passive shaping circuitry should be
limited to input signals with risetimes less than
approximately 100 n3, Note, however, that this range
of risetimes includes most applications with photo-
‘pultiplier tubes and with fast seolid state detectors.

THRESHOLD
(1 mVw~-1v

CONSTANT
FRACTION HYBRID

—————

\

A four-channel, 100 MHz timing discriminator that
incorporates the constant fracticn hybrid is described
in the succeeding secticns. Typical timing and per-~
formance data for this instrument are included.

Pigqure 3 is a simplified bleock diagram of cone channel
of the four-channel, 100 MHz constant fraction up-
dating discriminator. The circuit operates ag
follows. A O V to ~-10 Vv amplitude input signal starcs
at time zero and is applied simultaneously to the
constant fraction (CF} circuitry and to the leading
edge discriminator (LLED) circuitry. The LIED has an
adjustable threshiold; tanging from <30 wV to -1 ¥,
which determines the minimum input signal amplitude
required to produce an output pulse from the instru-
ment. IF the input signal exceeds the LLED thresg-
hold, that comparator produces an cutput pulse which
arms the zero-crossing gate, Gl, at time trp. The
passively formed constant fraction bipolar timing
signal is amplified by the constant fraction ampli-
fier, CFA, and crosses the logic thresheld at the
zero-crossing gate at time t.,. The time b.p. is
Aetermined by the selection of the external constant
fraction shaping delay, tpo(gxe)« subject to the rise-
times and pulse shapes of the input signals. Se17 4
fixed internal delay of 0.6 n3 to 0.7 ns must be added
to to obtain the total constant fracticn

shaplng Eelay

= tD(Ext) + 0.65 ns.

%o (zot)
The timing logic signal from gate Gl triggers a fast
one-ghot, comprised of an ECL type D mastex-slave
£lip-£flop, PFl, and amplifier A2. This one-shot pro-
ducaes a reshaped logic pulse with a fixed 2 ns width
for each signal from gate Gl. The reshaped signal
drives a hybridized, updating ona=-shot and output
circuit, comprised of a capacitor and amplifiers A3
through AS. Each 2 ns wide signal from FFl causes
A3 to charge the updating capacitor to its maximum
amplitude. At the end of the 2 ns interval, the
updat1ng capacitor begins to discharge through the
series resistor and update width potentiometer toward .
its quiescent voltage level. Elements A4 and a5
amplify and shape the signal on the updating capaci-
tor to a fast voltage output signal, capable of
simultaneocusly driving three 50{t loads with negative
NIM standaxd fast logic pulses. The cutput width
of the updating one-shot is continuously variable
from less than 6 ns to greater than 150 ns. Each
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Fig. 3. Simplified block diagram of one channel

of the four-channel 100 MHz updating constant
fraction discriminator.



reshaped logilc signal that occurs at the input of the
updating hybrid during the width of an output pulse
extends rhat output pulse by one full, preset up-
dating width,

A common gating circuit can be used to simultan-
eously enable or inhibit the output responses of all
four channels of the discriminator. The position of
the Bin Gate.switch determines whether gating signals
from the bin are accepted or not. Gating control is
established at the D input of the ECL type D master-
slave flip~flop in each channel.

Experimental Results

The primary usage of the discriminator reported here
is expected to be in fast timing or counting experi-
ments with seintillators and photomultiplier tubes
(PMTs). In these applications, the anode of the PMY
is usually connected directly to the input of the
constant fraction discriminator. The ancde signals
 from fast PMTs may contain a wide range of amplitudes,
but they usually have a relatively narrow range of
risetimes and pulse widths. These signal conditions
lend themselves to the use of the true constant frac-
tion (TCF) timing technique.’ In the TCF method, the
constant fraction shaping delay, tp(rot), is selected
so that the zero-crossing of the bipolar timing signal
occurs after the attenvated, undelayed portion of the
congtant fraction signal has reached its maximum
amplitude. Thus, the zero~crossing occurs at the same
racgtion of the input pulse hei?hc, regardless of the
amplitude of the input signal.' :

Saveral Four-channel, 100 MHz constant fraction dis-
criminators have been built and tested, The following
data represent typical results obtained with these

units. :

One figure of merit for a constant fraction discri~
minator is the effective time walk of the constant
fraction zero-crossing as a function of input signal
amplitude. The results of one time walk test axre
shown in Fig. 4. This data was obtained using a ‘
10 ns wide input signal, with approximately 1 ns rise
and fall times, and a 2.9 ns total constant fraction
shaping delay. The discriminator threshold was set
at -3¢ mV, and the walk data was gbtained for a 200:1
dynamic range of input signals from -48 wV to ~9.6 V.
The range of input signal amplitudes and the shaping
delay were chosen so that charge sensitivity would
introduce minimal additicnal error in the time walk
curve. The time walk shown in Fig. 4 ranged from
+30 ps to ~95 pg, around the zero walk reference
selected at the 10:1 dynamic range point.

Figure 5S{a} shows a photograph of the input signal
shape used to measure the time walk of the constant
fraction discriminator for signals near threshold.
This signal is 3.1 ns wide; it has a 10% to 90% rise-
rime of 1.8 ns and a 90% to L0% fall time of 2.0 ns.
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Fig. 4. Time walk of the constant fraction discri-

minator as a funetion of input signal dynamic range,
for a wide gignal significantly over thresheld.

()

The signal shown in #£ig. 3(a)} ls representacive of a
smoothly rounded, symmetrical signal from a very fast
PMT. Figure 5(b) shows a photograph of the CF Monitor
signal for the input signal in Fig. 5(a} and for a

total constant fraction shaping delay, tp{tor) = 1.5 ns.

1 Vidiv

100 mV/div

1 nsidiv ) .
Input signal shape for time walk measureg-
{b) Constant fraction monitor

Fig. 5ta)
ments near threshoild.
signal for the input signal shown above (CT delay =

1.5 ns total}).

Figqure 6 is a plot of the time walk of the constant
fraction discriminator as a function of input signal
amplitude near threshold. The discriminator was set
to half-fire for a -40 nV smoothly rounded input
signal, such as the pulse shown in Fig. 5(a). The
zero walk reference was chosen for an input signal at
100 times threshold. HNote that the total time walk
shown in Fig. 6 is 480 ps and occurs within the first
factor of 10 increase in signal amplitude over the
discriminator threshold. This effective time walk

¢can be attributed to charge sensitivity and to leading

edge walk near threshold.

A similar time walk test near threshold was performed
for a fast, tunnel diode leading edge discriminater.!®
Figure 7 is a plot of the time walk of the leading
adge discriminator as a function of input signal
amplitude over threshold, The discriminator was set
to half-fire for a -45 mv smoothly rounded input
signal, such as the pulse shown in Fig. 5(a). The
zero walk reference was chosen for an input signal at
100 times threshold. The total time walk of the
leading edge discriminator was 4.2 ns. Nore thar this
figure for time walk near cshreshoid is aporoximately
an order of magnitude greater than the time walk for
the constant fraction discriminator. The gonstant
fraction unit should provide an even greater improve-
ment in time walk near threshold for slower signals

that are similarly shaped.
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Fig. 6. Time walk of the constant fraction discri-
minator near threshold for the smoothly rounded
signal shape shown in Pig. 5(a).
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Fig. 7. Time walk of a fast, tunnel diode leading
edge digcriminator near threshold for the smoothly
rounded signal shape shown in Flg. 5{al.

A measure of the charge sensitivity of the constant
fraction discriminator can be obtained from Fig, 8.
This plot represents the changs in the effactive
thraeshold level for discriminator half-fire as a
function of input pulse width., The data was obtained
for a ~30 aV discriminator threshold satting and for
a total constant fraction shaping delay of 1.5 ns. '
Inppt signals were provided at a 10 kHz rate and had
approximately 1 ns rise and £all times. The plot in
-rig. 8 shows that the effactive threshold level is
relatively constant for pulse widths greater than

10 ns.

An indication of the pulse pair response capability
of the constant fracticn discriminator can be obtain-
ed from Fig. 9, This plot represents the apparent
sensitivity of the discriminator to a second input
signai, closely following che first input signal.
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Fig. 8. Thresheld sensitivity of the constant
fraction discriminator as a function of input signal

width.
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Fig. 9. Second pulse threshold sensitivity of the
constant fraction discriminator as a function of
input signal separatioa.

. Both the first and second pulses were 4 ns wide (FWHM)

and had 1 ns rige and fall times. This signal width
approximates a 50% inpput duty cycle at the minimum
expected ‘separation of the leading edges of the inpuk
signals. The amplitude of the first pulse was set at
19 mV, or approximately 110% of threshold. For each
data point, the second pulse amplitude was varied
until the discriminator produced a half-fire for the
second output pulse. The plot in Pig. 9 shows a
characteristic perturbation for an input pulse lesad-
ing edge separation of aporoximately 13 ns. This
separation is equal to the propagation delay of the
instrument for the selected total shaping delay
to(rory 1.5 ns. These discriminators typically
respond te 4 ns wide input signals with leading

edges separated by less than @ ns.

In Tig. 10 is a set of photographs depicting the
response of the canstant fraction discriminator to a
burst of five pulses less than 10 ns apart. Figqure
10(a) shows the five input pulses, each 3 ns in
width and 800 @V in amplitude. The (b} photograph in
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Fig. l0{a) Input signal burst of 5 pulses to the
congtant fraction discriminator. (b} Constant
fraction zero-crosgsing moanitor signal for the
burst input. {c)} Constant fraction discriminator
output burst response. (CF delay = 1.5 ns;
thrashold = 10 nV.)

+he figure shows the burst response at the CF Monitor.
Figure 10{c) depicts the discriminator output response.

Many timing experiments involve relatively low count
rates and require long runs to accumulate sufficient
data, Such experiments reguire exceptional tempera-
ture stability from the timing discriminators.

Figure 1} shows plets of changes in propagation delay
as a function of temperature for four channels of the
100 MHz discriminator, each set for a different up-~
dating output width, Note that the changa in propaga-~
tion delay Zor sach channel is less than 10 ps/°C for

" scintillators and PMI's.

" axperiment.
‘the discriminator used with this tube was selected

_excess of 100 MHz.
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Fig. 11. Change in the propagation delay of the
constant fraction discriminater as a function of
temperature for four output width settings,

the range of temperatures from 0°C to 50°C. The up-

‘dating output pulse widths are specified to change

less than 0.2%/°C over the same range of temparatures,

The constant fraction discriminator described in this
paper was also tested in a gamma-gamma timing coinci-
dence experiment, wusing 1" x 1" KL236 plastic

Figure 12(a} is a photograph
af the anode signal from the RCA 8850 PMT used in the
The constant fraction shaping delay for

using the criteria described earlier in this paper.
Figure 12(b} and Figure l2(c) are photographs of the

"corresponding delayed OF Monitor signal, as seen on

a sampling oscilloscope triggered by the discrimina-
tor output signal. The time spread in the zero-
crossing region in these photographs is less than

100 ps. A typical gamma-gamma timing coincidence
system is shown in Fig. 13. Timing resolution data
was accumulated for this system using two adjacent
channels of the 100 MHz constant fraction diserimina~
tor. The resulting timing resolution as a function
of dynamic range is shown in Fig., 14, The FWHM tim-
ing resolution varies from 193 ps for a 1.1:1 dynamic
range of signals to 333 ps for a 100:1 dynamic range
of signals. The upper energy limit used in this
experiment was 1.6 MeV, corresponding to anode
pulses approximately 4 V in amplitude.

Conclusions

The four-channel constant fraction updating discri-
minator described in this paper has several impore
tant features. The discriminator uses a passzive
means for shaping the constant fractien signal.
This technique results in excellent time walk
charactsristics. The instrument contains four
digériminators and is capabhle of count rates in
the intent in designing these
features inte the instrument is to extend the high
resolution constant fraction timing technique to
applications in high energy physics. The excep-

tional temperature stability of the unit also

allows it to be nsed in long-term timing exerpiments.



500 mV/div

100 mV/div

20 mVidiv

0.5 ns/div

Fig. 12{a)’ RCA 8850 PMT anode signal with a

1" x 1° KL236 scintillator and °°Co. (b) Constant
fraction zero-crossing monitor signal, triggered
by the discriminator output for the anode signal
shown above. {c) Expanded view of ths constant
fraction zero-crossing monitor signal.

{CF delay = 3 ns; threshald = 30 mv.)
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