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WAFIFIANTY
All LRS instruments arc guaranteed to operatc withirl

their specifications for one year from the datc of purchase.
Under this warranty, any unit which fails to perform
within specifications, as a rcsult of defccts in workmanship
or materials, will be restored to specified opcrating condi_
tion free of charge except for shipping costs involved in
the return of the unit to the factory.

In order that this warranty be considerccl valid, it is
necessary that the LRS Warranty Carcl which accompanies
the unit on delivery be completed ancl returncd to the
factory within 30 days of receipt of cquipnrcnt.

All questions concerning rcpairs or replaccnrcnt parts
should be addressed directly to factory's euality Control
Manager. This procedurc will insurc the fastcst possiblc
service. Please include thc Mtldcl Typc. Scrial Nuntbcr,
and ECN (Engineering Changc Numbcr) with all rcqucsts
for parts or servicc.

ENGINEERING DEPARTMENT
LeCroy Res_earch Systems Corp.

Spring Valley, New yoik
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t\CITE T0 THE USER

LeCroy Research Systems is conmiÈted to providing unique're-
liable, state-of-the-art instrumentation in the field of

high-speed data acquisition and.processing' Because of this
commitment, and ir,'r."porrse to information received from the

users of our equipmentl the Engineering DepartmenÈ at LeCroy

is continuatty seàXing to refine an<l improve the performance

of our Products

Whiletheactualphysicalmodificationsorchangesnecessary
to improve a moaei'-s operation can be implemented quite rap-

idly, the corrected d-ocumentation associated with the unit
usually requires more time to produce' Consequently' this
manual may not agree in every detail with the accompanying

unit. There mJy Ue small ài="ttp"ttcies that were brought

about by customer]prompted engineeri'ng changes or by changes

determined during 
-calilration in our Test Department' These

àirr.t.r,..= ,r",r"iIy are changes in the values of components

for the purposes of pulse shape' timing' offset' etc' ' and

only rarely includ" *l,,ot logic changes' Where any such in-
consistencies exist, please be assured that the unit is cor-

rect and incorporates the most up-to-date circuitry' !'Ihen-

ever original discrepancies exist' fully updated documenta-

tion should be available upon your request wittr:in a month

after Your receiPt of the unit

If you have any questions about the performance or operation

of this unit, t"pia assistance may be obtained from our En-

gin.uti"g servi"às Department in Spring Valley' NY' telephone
gL4-425'2000, or from your local distributor in countries

other than the U.S.A.

LeCROY RESEARCH SYSTEMS
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See poeket ln back of manual for schematics,
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NIM Models 364AL and 365AL

Dual 4-Fold
Majority Logic U tsin
with Veto

The Models 364AL and 365AL offer an unmatched combination
of flexibility, compactness, and peformance at a reasonable
cost. Both modules provide the functions of fan-in, coincidence,
inhibil_and majority loglic with high fan-out capabitity atong
with 150 MHz operation. The two models differ in that thé 364At
has overlap or fixed ou'tpu! width, and the 365AL provides an up-
dating timing stage with front-panel width control. Each of the
two identical channels accepts standard NIM logic signals at
each of the four logic inputs and one veto input. Front-panel
selectors allow programming of one to four simultaneous
negative input signals required for an output and provide the
ability to disable the separate logic inputs without removing
cables. Separate veto inputs are provided for inhibiting the unit
regardless of the state of the other inputs. Except in the overlap
mode of the Model 364AL, the inhibit need only overlap the
leading edge of the coincidence. A single output pulse is pro-
duced regardless of input amplitude or duration (no multiple
pulsing). The output pulse duration of the Model 3ô4AL is front-
panel switch-selected to be either the time overlap of the input
signals or lo be a clipped 3.8 nsec duration. The output pulse
duration of the Model 365AL may be continuously set from 3.8
nsec to 50 nsec by a multiturn front-panel potentiometer. The
duration is independent of input overlap time, amplitude, and
rate. Because it is updating, it may be retriggered even before
the end of an output pulse that is already present. Both units
provide two sets of dual (32 mA) negative outputs and one set of
dual complementary outputs, each of which may be fanned out
to two later inputs or be used as a means of cable clipping or
reverse terminating.

March 1980
Innovators in lnstrumentation

HIGH ENERGY PHYSICS DIVISION
LECROY RESEARCH SYSTEMS CORPORATION T 7OO SOUTH MAIN STREET. SPRING VALLEY, N.Y. 10977
TWX:710-577-2832 CABLE: LERESCO TELEPHONE:(914) 425-2000
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SPECIFICATIONS
NIM Models 36441 ond 365A1

DUAL 4.FOLD MAJORITY LOGIC UNITS WITH VETO

INPUT CHARACTERISTICS

Logic lnputs:

Veto lnput:

Bin Gate:

OI,TPUT CHARACTERISTICS

Outputs:

Fan-Out:

Duration:

Output Rise and FallTimes:

GENERAL

Functions:

Coincidence Width:

Rate:

lnput-Output Delay:

Double Pulse Resolution

Packaging:

Power Requirements:

4 LEMO-type connectors; 50 O impendance; NIM level input requirements;

each inpui can be separately enabled or disabled'

LEMO-type connector; 50 o impedance; NIM levelinput requirements.

Modet âô+nf- requireé 3 ns minimum prompt leading edge overlap in fixed

width position; complete overlap in overlap position'
ùJOef'SOSÀr- iequirbJg n! minimum widtÉ d'elayed 3 ns from leading edge of

input.

Via rear connector; clamp to ground from +4 volts inhibits; rise and fall times

<50 ns.

Three; two negative (quiescently 0 mA, -32 mA during output), one positive

(quiescently -32 mA, 0 mA during output)'

6 fold, if each output drives two 50 O loads. (Any used output pair should drive

.25 O for proper amplitude and shape.)

Model 364AL: switch-selected to be either fixed 3.8 + 0.3 ns with inputs > 5 ns

or equal to time overlap. Non-updating'
Model 365AL: continuously aOlu'stabte from less than 4 ns to greater than 50 ns

by means of f ront-panel s-crewdriver-adjustable potentiometer' u pdatin g.

1.2 ns typical. (Fall time of 365A1 is slightly longer except at minimum width')

AND; OR; Majority Logic; Leading Edge lnhibit; complement; Pulse standardi-

ràtioil wiinoui mùttipé pulsing; éoinc-idence level determined by front-panel

selector.

1 ns up, determined by input pulse durations.

150 MHz minimum.

Model 364A1: aPProximatelY 6 ns;
Model 365AL: aPProximatelY 10 ns'

Typical 5 ns; (6.5 ns for triple pulses).

NIM single-width module; LEMO-Vpe connectors used for all inputs and out-

puts.

Model 3644L Model 3654L

+12V at 55 mA.

-12V at 145 mA
115 V AC at 70 mA

+12V at 55 mA.
-12V at 165 mA

-24V al22 mA
115 V AC at 70 mA

*lncreases to 120 mA if both channels in 4-fold coincidence.

SPECI FICATIONS SUBJ ECT TO CHANGE.
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NIM Model 364AL
Dual 4-Fold
Majority Logic Unit

50 \Q input, ,NIM logic levels

eià-proEram$ine for disabling Lnputs

Width Select: Overlap time or 3.5 nsec

Storage location, progranuning pins

Coincidence level prograrmni4g

50 O input, NIM levels

2 pairs of bridgea oûtputs

I pair of bridged complementary outputs
(quiescently -32 rnA, O nA during output)

Standard AEC/NIM packaging,
No. I width module

ENGINEERING DEPARTMENT
LeCroy Research Systems Corp.

Spring Valley, New York
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NIM Model 365AL
Dual 4-Fold
Majority Logic Unit

SO \O input, ,NrM togic 1evets

eii- prograrnrhing for disabling inputs

Continuous width adjust, 4 ns - 50 ns

Storage location, programming pins

Coincidence level progranuning

50 Q input, NfM levels

2 pairs of bridged ogtputs

I pair of bridged complementary outputs
(quiescently -32 mA, O mA during output)

Standard AEC/NIM packaging,
No. I width mod,ule

I

i

lal

ENG INEERING DEPARTMENT
LeGroy Research Systems Corp.

Spring Valley, New York



GENERAL DESCRTPÎI ON

The Model 364 AI. and 365 Af, are dual- 4-fotd logic gates which offer thefunctiôns of fan-in, coincidence, leading edge inhibit, majority rogic,
and pulse standardization. Each of two identical channels accepts stand-ard NrM logic signals at each of the four rogic inputs and one vetoinput. All inputs are terminated in 50 fJ. Lemo-type connectors are used.

A front-panel selector allows programming the number of simul-taneous ne-gative inputs required for an output. !ilith its majority logic capability,the unit may be used to perform,voter coincidence such as 1 of r,2, 3, 4(logic fan-in), 2 of 3, 4, ot 3 of 4 as well as the standard coincidencesof 2 of 2,3 of 3, 4 of 4. Any of the input serves as an inhibit input
when driven with a complementary logic signar. A separate veto input isprovided for inhibiting the output regardress of the state of other
inputs.

Both channers of the 364 AL and 365 AL may be gated off by means of the
NIM bin gate. The bin gate enters the module via Lhe rear multipin power
connector and a rear-panel on-off switch. Quiescently at +5 vol_ts, the
bin gate must be clamped to ground to inhibit the rogic unit. The bin
gaÈe is direct-coupled, and has rise and fall times of approximately
50 ns for the 365 AL and 20 nsec for the 364 AL.

A front-panel se]ector is provided for programming bhe participating
inputs. rnserting the programming pins in any of the d.esignated off po-
sitions di-sables that input and eliminates the necessity of removing
input cables. A separate storage location is provided for holding the
programming pins not in use.

Once the input coincidence conditions have been satj-sfied, the Model
364 AL and 365 AL generates three double-amplitude NIM fast logic out-
puts. nach oùtput is provided with two paralleled connector" io enable
the signar to be clipped, back-terminated, or fanned-out to two 50 e
loads. The positive output, or complement 6F) is quiescently at a
logical one state (-32 mA) and switches to 0 mA (or o volts) for the
duration of the output. The two negative outputs (OUT) are quiescently
at zero and switch to -32 mA (-goo mv if both connectors drive 50 f)
loads) during an output.

The output duration of each channel of the 364 AL is either the time
overlap of the signars satisfying the coincidence conditions, or a
fixed 3.5 ns.

The output duration of each channel of the 365 AL is adjustable by means
of a front-panel potentiometer from 3.5 ns to 50 ns.

September , 1"979 -1-
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LeCroy Research Systems Gorp.

Spring Valley, New York

The nr/nimum pulse pair separation of the Model 364 AL/365 ÀL ls under
6 ns for an equivalent CW rate of greater than 160 MHz.

The Moder 365 AL is a d.eadt,imeless circuit and will respond to input
signals evên when an oqtput is already present. The mininum putse pair
separation is under 6 ns for ap equivalent CW rate of greater than 150
MHz. rf a second coincidence [-s detected during the time the output
from a first coincidence if being produced, the unit will extend the
output duration to reflect thê"occurredce of the second signal. The
net output, pulse, being the loiicar sum'of two sùandard output pulses,
is of standard amplitude and retains the time information contained in
the input signals.

The Model 364 AL/365 AL offerg non-multipLe-pulsing operation to assure
unambiguous response to input pulses regardless of their amplitude or
duration. The 364 AL/365 AL wil-l not produce multiple pulses even with
input purses that substantiarty exceed the output purse in duration.

September, 1979 -2-
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SPECIFJCATTONS
%

ror ls: [wo, both identical.

Input Levels : NfM l-ogic levels: logical O, 0 tnA j.2 rnÀ; logical 1,
16 mA +2 mA.

Input Protect ton:
teristics are

less than 108 for

rnput-TJnrtedancgl 50 a a.5B; value of impedance is constant up to thel.imit of input prot,ection)for negat,ive inputs

t5 volt progection fpr pulses. DC overload charac-
determined by the 250 mVù dissipation limit of the

50 0 input terminating resistor.

Input_Cgupl*nq: Direct; coupling is independent of input risetime,
dqration and rate.

Input F.efJ-qctio,ns: Dependent upon input risetime;
input signal çf 2 ns risetime or greater.

Gate: Logic unit may be inhibited by application of NIM Bin Gate.gin Gate enters module via pin of rear multipin connector. Switch
located on. back panel disconnects Model 364 Ar./365 AL fron Bin
Gate trine. elarnpi.ng Bin Gate to ground from *5 votts inhibits.
cJ.a:rrping circuit must sink 3 mA per module. Bin Gate circuit is
direct,-eoupled. Rise and falI tirnes are <50 ns for 365 AL and
<2O nsec for 364 AL.

Negaç+v.ç outquçqt Two, both with paralleJ-ed connectors driven by
conmon high irnpedance current source. Quiescently, O mA,
cqrrent source $,ritches to -32 nA during output.

Positive Output:
-32 mA (-I.0v
ouÈput.'

One, complmentary, paralleled connecLors, quiescently
into 50 fl toad), switching to zero volts during an

Output Duration: Equal to time overlap of input signals or fixed 4.0 ns
lllâx. r (3.5 ns typical) switch selected for Model 364 AL.

4 ns F!ûIM to 50 ns, continuously adjustabre by meansof ftont-panel width control for Model 365 AI,.

September, L979 -3-
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Output Rise and Fall Times: 1.2 ns typical, lO% to 90%; fall time slightly
longer on wider widths.

Output Dura tion Stabilitv: Less than 0.1% loc rrom 2ooc to 6ooc.

Coincidence V'Iidth: I ns up, determined by input pulse duration.

Double Pulse Resolution: Minimum separation to resolve two pulses is
typically under 6 ns.

Maximum Rate: 160 MHz typical, input and output; defined for input
signals of -600 mV, 3 ns F!ùHM.

FuncÈions: ANDing, ORing, Majority, Inhibit and Complementary logic.
<20 ps rms.

Multiple Pulsing: None, one and only one output pulse is produced for
each input pulse regardless of input pulse amplitude or duration.

Power Reguirements: +12 volts at 115 mA, -12 volts at 150 mA, 120 VAC

at 33 mA for ModéI 364 AL.

8.8 watts total , +L2 volts at <l-20 7ç117, -I2 volts
at 165 mA' -24 volts aE 22 rnA, L2O VAC 33 mA; voltages must be
regulated to 10.1g" for Model 365 AL.

Coun Efficien : Deadtimel-ess operationi recovery time is less Lhan

output pulse duration; there is no deadtime following output pulse
at output durations greater than 8 ns; output duration will update
to reflect new input if retriggered whil-e output pulse is present.
(Model 365 AL onlY)

Packaging: The Model 364 AL/365 AL are packaged in.conformance with AEC
. standard for nuclear modules (AEC Report TID 20893 Rev. ) Completely

ôompatible physically and electrically with LRs Po\^rer Chassis Model
108P, and with any other AEC standard power bin of any marrufacturer.
Model 364 AL/365 AL is a single-width modul-e using Lemo-type conn-
ectors and Model 364 N./365 AL is a double-width module usJ-ng BNC-
type connectors.

-4-
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CIRCUIT DESCRIPTTON

The Mode1 364 AL DuaI 4-Fold Logic Gate is composed of five basic sections
as indicated on the block diagram: a current switch for each input, a set
3f-:glu"table current sources to set coincidence level, a current summing
buffer, a pulse oR ing section, and the output buffers. The Mode] 365 AL
employs a tunneL-diode based trigger stage to provide standardized pulses
to the timing stage.
The current switch at each input provides input buffering with proper
termination and On-Off control, and causes an 8.6 mA current to be sub-
tracted from the coincidence level- current for the duration of the input
pulse. The current switch is composed of a MC 1664 non-inverting AND
gate. The input may be disabled by shdrting the second input of the gate
to ground causing the signar input to be ig4ored. euiescently, the ouL-
put of the 1664 gate is "high" (0 votts) and is supplying the current to
the 523 0 resistor which serves as the 8.6 mA current source. An input
signal leve1 (' 600 mV or greater) causes the open emitter, of the output
of the 1664 gate to go low, allowing the MBD-101 diorie to conduct the
8.6 mA. Since the anodes of the four MBD-101's are connected as a cur-
rent sumning point, each input signal causes 8.6 mA to be subtracted
from the coincidence leve1 current source.

The coincidence levei current source supplies from 14.3 nA to 4o.l mA
depending upon the coincidence level selected. In the "singles" posi-
tion, the current source supplies 10 mA for the currenÈ source buffer,
plus 4.3 mA, or L/2 of an input current switch unit. Each additional
level selected over a singles requirement increases the available cur-
rent by 8.6 mA. The amount of a current available is supplied by the
col-lectors of two transistors connected in a Darlington configuration.
The emitters are held at a constant voltage equal to the reference
voltage generated by the coincidence leveL sefector." The actual cur-
rent is determined by the voltage across the two paralleled 432 Q

resistors at the transistor emitters. Any difference between the
emitter voltage and the reference voltage is detected by Llne 74I opera-
ional amplifier which adjusts the Darlington input to provide the cor-
rect output. This circuit provides stabLe currents independent of
temperature and transistor characteristics.

The current summing buffer section of the 364 AL provides the impedance
matching and level shifting required to drive both an inverter and the
OR ing stage. It. is composed of an emitter follower to decouple the
MC1660 input capacitance from the summing point, a 47 Q resistor to
provide -Èhe proper DC level, and several current source resistors to
provide proper current, bLasLng. the emitter fôllower directly drives
the OR ing section, and drives a MC 1660 inverter.

September, J-979 -5-
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The inverter can be turned off by switching the front panel switch to
overlap. !{hen switched to clipped, the inverter supplies a complemented

prrtsg'iith 1.5 ns inherent delay, which is further delayed by a 2 ns print-
ed circuit delay line which is also supplied to the oR ing section.

The OR ing section of the 364 AL is used to drive the output stage or to
completely ittftiUit the output signals if either veto or bin gate signals
are present. The overlap of the normal and delayed complementary signals
cause the 1660 gate to provide a clipped, 3.5 ns wide pulse which is inde-
pendent of the duration of input signal overlap as long as the overlap is
greater than 3.5 ns. If either a vetq input signal or a bin gate leve1 is
present during the overlap, the 1660 will ignore the overlap and no output
witl be generated. (In Ctipped mode, the veto or bin gate need only be

present during the first 3.5 ns.) Both the veto input and the bin gate

input use MC I01o NAND gates as inverter/buffers. The outputs of these
gates use source terminated printed circuit busses to provide fast r tê-
flection-free connections from the MC 1O1O outputs t<l the MC 1660 inputs'

The tunnel diode section of the 365 AL provides a fast-rise, fixed anpli-
tude pulse anytime the inputs equal or exceed the coincidence ]evel sele-
cted. Quiescently,. the tunnel diode is in its low voltage state, being
supplied with approximately 8..4 mA from the 510 S2 resistor to the -5 volt
suppry. when the currenÈ from the input current switch exceeds that which

is available fron coincidence level curnent source, the voltage at the
current summing'junction drops. This is transmitted through the differ-
entiar stage (43; A4) to the 10 mA tunnel dioder causing the tunnel diode

to switch to its high voltage state. This in turn allows I'C. AB pin 14

to switch to its positive state. This transition is passed onto the next
section of .I.c. AB through the 43 ohm resistor, in addition to driving a

2 ns prinÈed circuit delay line. After the 2 nsec delay the emitter of
Q5 is swj-tched from approximately -1.5 volts to -.8 V thereby back biasing
trr. r'pzzz diode allowing the current in the tunnel diode to drop to a

1evel just sufficient to keep the diode in its high voltage state' when

the input coincidence condition is removed the differential stage switches

back to its quiescent state and allows the T.D' to switch back to it's
low level state.

The output of the delay line also drives one input of the veto gate I'c'
AB (pins 12, 13 & 15), which provides a delayed signal at its output. The

or.rf.p of the normal and delayed signals cause I.C. AB-3 to provide a

2 nsec wide current pulse which is independent of Èhe duration of input
signal overlap. If either a veËo input signal or a bin gate leve1 is
pràsent during Èhe 2 nsec overlap the overlap will be ignored and no out-
put, wilt be generated. The 2 nsec current pulse is supplied to the
putse forming section which generates the desired width output pulse'

September, 1979 -6-
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The puJ-se-forming section of t,he 365 AL, each time a current pulse is re-
ceived' generates a standardized pulse with a width that is set by the
front-Pane1 2 KQ width potentiometer. The actual width is determined by
a ramp and a comparator. The ramp is generated by raising a capacitor
to a fixed vortage using the output of I.c. AB pin 3, and discharging it
with an adjustable current source. The comparator is composed of the
Iast section of I.C. AB which generates an output signal whose width is
egual to the amqunt of time the ramp is above an adjustable threshold.
The t'hreshold and the adjust.Ul" current source are both determined by
the front-panel-mounted width potentiomejter. Coupling the threshold and
ramp slope in this manner permit,s stablç contror of Èhe output width
over a 4.0 - 50 ns range. Deadtimeless,operation is inherent in this
design beÇause anytime a pulse is received at r-c. AB pin 3, the capa-
citor is again raised to the initial rundown voltage. The resulting
output thus reflect,s the receipt of the additional coincidence by ex-
tending the output. vridth.

The output buffers provide 32 mA current source output pulses with widths
deternined by ttre previous stage. The differential outputs of the OR ing
stage drive tl^to separate differential current switching stages. Quies-
centlYr gach stêge iç balanced with one transistor "on" and one transistor
"off", The "ont' transistor of one stage is connected to the complementary
output, which is quiescently at 32 mA, switching to o mA during an output.
The "offrtransistors tied to the normal (OUT) connectors quiescently supply
0 mA and switch to 32 rrA during an output. Each output drives two paral-
leled connectors. All outputs are limited by the MBD 101 clamp diodes,
and the -1.5 volt supply (Q9 & Q10) 0, to -2 volts.

In addition to using the standard +L2 volts from the power connector,
the Model 364 AL/365 AL also requiles +0.8 and -5.O volts. This is sup-
plied by an internal 5.8 volt supply using 120 VAC from the rear po$rer
connector. The posit,ive side of the supply is referenced to +0.8 volts
by an enitter follower operating from a 741 operational amplifier. The
reference for the op-amp is derived from a resistor divider connected
between +12 volts and ground.

Septernber I 1979 -7-
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