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AU LRS instruments are guaranteed to operate within

their specifications for one year from rhe date of purchase.
Under this warranty, any unic which fails to perform
within specifications, as a result of defects in workmanship
or materials, will be restored to specified operating condi-
tion free of charge except for shipping costs involved in
the return of the unit to the factory.

In order that rhis warrantv be considered valid, it is
necessary that the LRS Warranty Card rvhich accompanies
the unit on deiivery be completed and returned to rhe
factory within 30 days of receipt oi equipment.' All questions concerning repairs or replacement parts
should be addressed directly ro facrory's euaiity Control
iVlanager. This procedure will insure the fasrest possible
service. Please include the Model Type, Serial Number,
and ECN (Engineering Change Number) wirh all requesrs
for parts or service.
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NOTE TO THE USER

Lecroy Research systems is comrni-tÈed to providing unique,re-
1iable, state-of-Èhe-art instn:menration in the field of
high-speed data acgr:isition and processing. Because.of this
comitnent, and in response to information recej.ved frcm the
users of our equj.;xnent, Èhe Engi.neering Department at Lecroy
is continual.ly seeki.ng 'to refine and i.mprove the performance
of our products.

while tlre actual physical nodif,icaÈions or changes necessary
to i-nprove a model's operation can be implenented quiÈe rap-
id1y, the corrected documentation associaÈed. with the unit
usually requi-res more time Èo produce. consequently, this
manual may not, agree in every detail with the accompanying
uni-t. there may be small discrepancies that were brought
about by customer-prompted engineering changes or by changes
detarnulned d,uring calibration in our Test, Department,. These
differences usually are changes in tl:e values of components
for the purposes of pulse shape, timing, offset, etc., and
only rarely include ratnor logic changes. 'dhere any such i.n-
consistencies exlst, please be assured that Èhe unit is cor-rect and incorporates Èhe most up-Èo-date circuitry. when-
ever original discrepancies exist, fully updat,ed documenta-
tion shourd be available upon your request wit,hin a monthafter your receipt, of the unj-t.

rf you have any questions about the performance or operation
of tlris unit, rapid assistance may be obtained from our En-gineering services Departnent in spring valley, Ny, telephone
9l4'425-2aoo, or from your local distributor in countries
oÈher than the U.S.A.

LeCROY RESEARCI SYSTE!4S
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SHORT IORIvI MANUAL

Bgcnuse^oF THE srMpLIcrT-y oF THE crRcurr AND FUNcrroNs oF
THIS LECngy MODËLJ THE {.rucIuoeo; SCHEI4AIIc AND sPEc sHEET
SHOULD BE ALL THAT IS REOUIRED FOR OPERATION.

Ip vou NEED ANy ADDITIoNAL INFoRMATIoNT pLEAsE cor,rtRcr
LeCnoy EruerNEERrNe DgpIRTMENT,
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TECHruTGAL r}ÆTE

NIM Model 428F

Quad Linear Fan-l nlFan-Out
The LeOroy Model,428F Quad Linear Fan-ln/Fan-Out combines the functions of
two previously sepdratê LeOroy linear circuits in one compact unit. Each of the
Model 428F's four channels contains 4 direct-coupled linear bipolar inputs, a po-
larity inversion switch, and four direct-coupled linear outputs. The bipolar inputs,
together with the polarity switch, allow convenient summing of either anode or
dynode pulses. An output swing of +100 mV to -2 volts is compatible with all
normal analog inputs (e.9., discriminators, ADC's, etc.) and also accommodates
standard logic levels. Each of the Model 428F's inputs is provided LeOroy high-
risk input protection circuitry which gives immunity to transient signals up to t5 A
for 0.5 microsecond.

The incorporation of the polarity switch is particularly significant in that it enables
convenient, direct use of the fanned-out dynode signals for multiple fast logic deci-
sions, while the anode signal can be directly applied to a current-integrating ADC.

All outputs are reverse-terminated and mutually isolated. The Model 428F utilizes a
direct-coupled feedback-stabilized circuit design that provides excellent linearity, long-
term stability, and uniformity of gain and pulse shape. The speed of the unit is suitable
for all common photomultiplier and logic signals, and there are no duty cycle limitations
or rate etfects in the Normal Mode.

fn the lnverting Mode, the Model 428F operates as a capacitively-coupled unit with a
400 psec time constant, recovering to the average non-inverted DC input level. ln
addition, the Model 428F exhibits duty-factor-related baseline shifts equal to twice that
of a normal AO-coupled circuit. Thus, although the lnverting Mode provides great
versatility and convenience in application, some care must be exercised when using
this mode with wide inputs or at high rates.

The Model428F is packaged in a standard NIM #1 width module and utilizes -+12Y,
-r24Y at little enough current to permit the use of 12 modules (48 channels) in a
standard NIM power bin.

October, 1977

I nnov ators in I nstrumentation

LeCROY RESEARCH SYSTEMS CORPORATION. 700 SOUTH MAIN STREET' SPRING VALLEY, NEW YORK 10977
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INPUT CHARACTERISTICS

Number of Channels:

lnputs:

Polarity:

Ref lection Coefficient:

lnput Protection:

OUTPUT CHARACTERISTI CS

Outputs:

I ntegral Non-Linearity

Linear Range:

Maximum Amplitude

Risetimes and Falltimes

Gain:

Duty Cycle Limitations:

DC Offset:

DC Offset Stability:

Output DC Level Voltage
Coefficient:

lnterchannel lsolation:

Noise:

Stage Delay:

Overload Recovery:

GENERAL

Polarity lnversion:

Packaging:

SPECIFICATIONS
Nllul Model 428t

QUAD LINEAR FAN-IN/FAN.OUT

Four.

4 per channel; 50 O; direct-coupled in non-inverting mode. ln inverting mode,
operates as a capacitively-coupled unit with a 400 g,sec time constant.

Positive or negative.

Less than 7"/o tor inputs of 2 nsec risetime.

lnputs protected against 0.5 psec transient overloads, up to -r 5 A.

4 per channel; reverse-terminated; direct-cou
three outputs must be terminated into 50 O.
outputs must be terminated on each channel

-r 1% up to -1 volt.

Normal Mode: +100 mV to > -2 volts.
lnverting Mode: +100 mV to > -1.5 volts.

Normal Mode: > -2.0 volts into 50 O.
lnverting Mode: > -1.5 volts into 50 O.

< 2.5 nsec, 10% to 90%, with outputs terminated in 50 O.

Normal Mode: 1.0 -+ 2o/o up to -2 volts.
lnverting Mode: Approximately 0.98 up to -1.5 volts.

None for direct-coupled outputs.

Adjustable with front-panel potentiometer. Care should be taken to readjust DC
level whenever the Normal/lnverting switch is used.

<60 pr.V/'C in normal and inverting modes.

<25 p.Vfi% variation of any voltage in normal and inverting modes.

40 dB.

<750 pr,V rms.

<6 nsec.

Approximately 2 nsec with four simultaneous NIM level (-800 mV) inputs)

A front-panel switch on each channel selects normal or inverting operation.

RF-shielded AEC/NIM #1 module; dimensions 1.375 x 8.75 x 10 inches deep.
Lemo-type connectors.

+24 V at 80 mA, - 24 V at 80 mA, +12 Y at '160 mA, - 12 V at 160 mA.

pled; for optimum output shape,
For proper operation, at least 2
used.

Current Requirements
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NIM Model 428 F

Quad Linear
Fan-ln/Fan-Out

e Select Switch

Selects mode of operation for ei_ther neg-
ative polarity inpuÈs (NOR!4 position) orpositive polarity inpuÈs (INV position).

Inputs

Four per channel; 50 0 impedanee; ground
potentj.al DC leveL.

Four per channeli reverse-terminated in
50 Ç; adjustable DC offset,.

Maxi.mr.tm Amplitude:

Normal Mode: >-Z.O V into 50 e
Inverting Mode: >-1.5 V into 50 e

Output. Zero Àdiust

Controls variable DC output level. When
adjusÈed to ground potential,faciu-tates
cascading of units.

January, L971
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4. OPERATIO$T

4a. Generâl

fhe LeCroy Model 428À anC l"lodel 428F are four-channel lineat îan-L:t/fan outs

-cackaged 
j-n a single-width NM rnodule. Each chan:rel conslsts cf a 4-ioid

bipolar fan-in and, a 4-fold negative-only fan-ouc fcr nanosecond anai'og
: ignals

Each of the four channe.Ls operates independently of i:he other three. There are
four 50 Q !-nputs and fcur 5C il voi'tagfe source outputs per channel. A single
front-panel swiich j-n each channel selects the mode of operation for input
siEnals of either positive cr negative polarity. t-hus allowi-ng both models to be
used rvith eieher anode cr dynooe phot,omultiplier pulses.

The DC levels of the inputs cf the MoCels 428e and 428F are at gror:nd potential
and the output DC levels rnay oe adjusted to ground, thereby facilitating
cascading of uni.-s.

The amplir,ude of the cutputs of both models is equal to the algrebraic srrm of
,;he inputs to the respective chanriel, wiÈh the polaritl'of Lhe output detennined
by the tiode Select switch.

3:rause of their excel-.l ent iinearity, noise characterisr-ics (75C UV RMS) and
--::etirne. the l'Iod,el-: +l:-+ r::c = 

j:l "=e -.,;er -' s'i:re.J -'a.c ;ere:=i utilits-y -oro-:;:sing of fast analog anC logical signals.

4b. OutpuËs

ihe l4oi,e1 428A has three DC-coupled outputs a-^d one ÀC-coupled output per channel
.l;r c::iticai. applications where substantial t.emperature fluctuations cause
i;rr--cl-erable DC drj-f ts, ic is recomrnended t,hat the AC-coupled outæut be used
',vrier.ever input rates are .'ow enough tc - revent pileup from occurring. fhe AC
coupling is achieved through the use of a 0.1 ';F capacitor.

tls t4ode1 428F has four DC-coupled outputs per channel, reflecting the fact
--::a; the temperature stabilitT cf the Mooel 4iEF is so far superior to that
:: c.::e 428A that AC coupling is most always unnecessaqf. The achievement of
--:ijs superior stability has 1ed to compromises in the Inverting Mode, which
ârÊ not of concern at low rates and for pulse widths less than 10 usec.
leraiLs of these effects in the In'rerting Mode are discussed in Section 4e.

ENG I NEERI NG DEPARiM E}JT
LeCroy Research Sirslstïts Ccrp.

Spring Valley, New Ycrk

Se-ccenrber, L9j9 4-L
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OPERAlTON

4c. Termination of Outputs

The Models '428A and 428F ha.re been Cesigned Èo give optimum output pulse shape
with t'hree outputsterminated in 50 Q loads. Operation with fewer than tjrree
outputs terminated will result in increased overshooi. Cperation with a]1
four outputs terninated will be at the expense of sJ-ightly increased risetime.
Operation with a single 50 Q load is not recommend.ed.

4d. Linearitv

-l:irpical integraL linearity plot for the llodels 4284 and428F is shown in
l'gr:re l. The output of the unit under invescigat,ion was sampled uniformly
:-;er the range indicated. Four ideni.ical in;lucs and four 50 Q loads were
':seC. The data representing input voltage vs. output volt,age were fit to
;::-- best straight line using a least-squares ii-tting procedure. The dif-
::r:nce between the output voltage and best fit was plotted against input
',.:;:age. As is evident from the data present.ed, the linearicy of the
ll:'i-:l-s 4284 and 428F is e:<cell-ent Lo -1.5 li and remains quit--e good to -2.O V.

4e. Stability

For the Vrodel 4284, the instabil-ity fj.gures for temperature and suppli,r voltage
changes as noted on the specifications sheet, nalz linit the use of the DC-
coupled output in critical ADC applications. For rhese appl-ications, an ÀC-'
ccupled oritput is prorrided..

The l'lodei- 4281 , when used in the llcrmal l4oc,e (uozu,l position of the i"icde Select
switch), is Jirec-'-coupied Crroughout and exhibits extrenely high DC stability,
i.nclepencient of reasonablÉJ pcwer supply voltagc changes, temperature variations,
rate effects or differences rn input widths an,3 arnplitudes. 'lnihen the }lodel 428F
is used in the Inverting i.lode (Ii'iV position of the ryod,e Select switch), the
\,-oli:age and iernperature siabilii,i-es a.re :qualLy good. in ihis mode, however,
caution nust be taken when high raÈes, large input amplitudes or wiCe input
pulses are e:<pected. The slow,high-gain j:eedj:ack useC .'c provj-de the high
lrC stability in the Norr,r.aL flode wil.L, in the In.rerting i"Icde, cause t,he outpuÈ
to seek the average non-inl'erted DC Level of the input, ryich a time constant
of a"pproxrrnaiely 40C usec. For the first 2 psec of output d.urat,ion. this
ef.r:ect will be less than !È. Simitarly, if the input duty r-actor (ratio of
on-cine to off-tir,re) is high, baseline shiftinçr wi.ll result. In a normal
capacit,i'rely-coupled cj-rcuit, the baseline shifts by lt of the input amplitude
for each 1% of duty factor. For che Inverting llode of the llcdel 428T, this
shift is 2ee for each I? of duty factor. For example, assurne there are two
pulses that are 2 usec apert. Each pulse is I00 mV in amplit,ude, and has a
width of 20 nsec F',,tuM (fuII rçtdth hali--maxirn'u,n) . The duty factor is lt (20 nsec
divi-cled by 2 tsec). The secono pulse rvi1l encou.nter a baseline shift of +2 mV
(22 of the ii:i-)ut, amptitude) r.:,+-her than a +1 nV shift which woulC exi.st in a

September, L979 4-2
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OPERATION

normal AC-coutrlJ.ed circuit. 'lhuE, fox either high rates or large input widths'
the fnvertgng Modê of the Model 428F should not, be used f,or very critical
applJ.catlons.

4f. Output AdjuEt

Care muEt be taken when adJusting dhe output DC levels of the Models 4284 and
428î'. lhe levels should be checked regularly and rnay require readjustment when
the posltion of the Mode Select
that, the output DC level not, be
w111 result.

**I"
moÈe

h is changed. It is partlcularly i:nportant
posiÈive than +100 mV or poor llnearity

January, L971 4-4
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5. FUI{CTTONAL DESCRIPTION

For the purposes of the followinq circuit operation sunmary, refer to Figure 2.

5a. Circuit Operation

Input signals are linearly added by sumrning resistors at the emrtter of a grounded-
base transistor amplifi-er. The collector of this transistor drives one side of a
differential stage, which is linearized by means of emitter degenerati.on. the dif-
ferential stage produces slmultaneous inverted and non-inverted output currents
which are received by PNP groundeo-base level-shifting trans:Lstors. The outputs or-
these transistors are paralleled and one or the other is enabled by DC-switching of
biasing circuj.try, thus effecting: polarity selection without the need for switches
in signal paths. The selected current signal then drives the output stage, an in-
verting amplifier with a virtual ground input. the outputs are driven via 50Q re-
sistors which provide reverse Èermin;rtion and a measure of output, isolation. Fo::
the Model 429A, one of the outputs is AC-coupled through a O.IUF capacitor. The
input and output, levels of the i'4odel 428F are continuously compared by a Cifferen
amplifier with a very slow (400usec) time consiant to provide DC stability.

À11 voltages are internal-iy regulated (with appropriate Èracking between regulators)
t-o minlnize effects due to noise or Fluctuations of the external power supplies.

January, 1977 5-r
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