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CAEN will repair or replace any product wilhin the guarantee period if the Guarantor

declares that the produèt is defeâtive due to workmanship or materials and has not been

caused by mishandling, negligence on behalf of the User, accident or any abnormal

conditions or oPerations.

CAEN declines all responsibility for damages or

injuries caused by an improper use of the Modutes

due to negligence on behalf of the User. lt is strongly
recommended to read thoroughly the CAEN User's

Manual before any kind of operation.

t.,

+

C€

,AEN reseues the right to change paftiatly or entirely the contents of this Manual at any

time and without giving anY notice.
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1.. MODEL OVERVIEW

C.A.E.N. Mod. N 145 is a double unit NIM module that includes four independent Û-digit

up-counters, plus a tifth 7-digit down-counter that can be used either as a preset counter or as

timer.

The counters can have different operating modes and can be variously interconnecled,

thereby making the module a llexible and powerfultool for several applications involving time,

lrequency and ratio measurements.

All counters can accept either TTL o;',NlM inputs. All control and output signals are standard NlM.

The maximum input lrequency is 80 MHzl and the minimum pulse width is 8 nsl for the up-

counters, and respectively 30 MHz and 15 ns forthe downcounter.

All input and output connectors as well as allthe control switches are located on the lront panel.

All input and output connectors are LEMO 00 type.

I minimum guaranteed performance data
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2. SPECIFICATIONS

SECTIONS 1 AND 3

INPUTS

GATE

SECTIONS 2 AND 4

INPUTS

GATE

CARRY

RESET

SECTION 5

INPUTS

LOAD

OUT

END MARKER

2, one NIM and one TTL, 50 O impedance.

2, NIM bridged input ports, high impedance, intemally

connected. Free port musl be terminated on 50 o.

2, one NIM and one TTL,50 O impedance.

one NIM input,50 O impedance.

one NIM output. Generates apulse when counter has

fully cycled (transition 99,999,999 to 0).

one NIM inpul, c/ears Sections / fo 4. Same effect is

.; -:ii.r! obtained, for each section, with the individualRESET

pushbuttons.

2, one NIM and one TTL,50 O impedance

one NIM input. Loads counter with value preset on the

thumb wheelswitch display (same eflect with LOAD

pushbutton).

2, NIM outputs, these are true2 as bng as counler

contenls are dilferent lrom zero. (see also Figure 1:

Tîming Diagrafi).

one NIM output, a pulse generated when the @unter

conlenls become zero. Pulse width is adjusted with

lrimmer between 50 ns and 1 ps. (see the Timing

Diagram)

t
t

t
t,
ll

2 NIlvI level 1 = -800 mV = TRUE
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3. PERFORMANCE DATA

3.L, POWF R..RFOITTREMFNT$

-f6V 2.5 A

-6 V 150 mA

. ,,.'All connecto$r are LEMO 00 q'pe.

I'NPUT MAX. FREQUENCY MIN. PULSE WIDTH

SECTIONS 1 to 4

SECUON 5

I'AD

RESET

80 MIIZ

30 MHz

t,
li

8ns

15 ns

10 ns

10 ns
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NIMINPUT

LOAD
40ns
min

t,

DISPLAY I0 rui
mrn

DATA Æ
I

I

-J

-t- - - - -

our 120 ns dead time

o35 ns ns

END MARKER

Trimmer adjustable t

Figure 1: Section 5 - Timing Diagram

t
r

t
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4. PRINCIPLES OF OPERATION

4.1 SECTIONS 1 TO 4

The counters can operate in three distinct modes, which are

NORMAL free running. The counter is incremented by the input pulses.

GATE The counter is incremented by input pulses only if the GATE input is

true.

t,

. GATE + CLEAR ' ' :'.. same as GhTE mode; however the teading edge of the GATE input

clears lhe counter.

The nrcdes are manually selectable, for each section; by the switches on the bottom row ol the

front panel. The up-counters are resel to zero, either manually (individually lor each seclion) by

acting on the RESET pushbuttons, or electrically (common to all sections) by means of a NIM

pulse on the COMM RESET input.

' ':''1'-''tr;::î.Êi; Sections: 1: and 3 have two NIM: high: impedance-GATR bridged inputs:which,:are. internally,,

.r'i: 
"1::,:. Sections 2 and 4 have one 50 O NIM GATE input and one GARRY output; The,CARRY output

- generates a NIM pulse when the counter has fully cycled (transition lrom max counter value to

zero). This can be used to extend the counters' range by cascading sections, as shown later.

4.2 SECTION 5

The lifth counter is a 7-digit counter that can operate as a PRESETTABLE DOWN-COUNTER or

as a TIMER. Either mode is selected by the manual SOURCE SELECT switch (labelled

couNTER/nMEn.

ln COUNTER mode the counler is decremented by lhe erternal (NlM or TTL) input pulses.

ln TIMER mode the counter is decremented by an internal precise quartz clock,

independently ol input pulses. The lrequency is selectable by acting on the TIMER switch and

can be set to 1 KHz (1 ms) orto 1 MHz (1 Us).

ln either mode, the counter must be initally preset to the desired value by acting on the Thumb

wheel switches and then by loading the datum either manually wilh the LOAD pushbutton or

electrically with a NIM pulse. At the leading edge of the first input pulse the OUT ports become
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lrue. The counter is then decremented by the input pulses unntil zero is reached. At the trailing

edge of the last input pulse;

. the OUT outputs are reset to FALSE (0 V), and

. the END MARKER output generates a NIM pulse the length of which can be adjusted

between 50 ns and 1 ps by acting on the trimmer next to the END MARKER connector.

Reter also to figure 1

This arrangement allows direct use,.of the OUT pons as GATE inputs to the counters of Section

1to4. {

CYCLING ol Section 5 is controlled"by the:SINGLE/REPEAT switch, whichr is labelled

SGURPT.

tn SINGLE mode, the selected function (PRESET COUNTER or TIMER) is performed only

once, until zero is reached lor the lirst lime; The counter must then be restarted by a new load

operation.

. -: :r ln REpEAT- mOde; a,:few.SecondS:.after zero islreached::the: counter"'re:triggers.itself

..:- ' : , iî automaticatly; by performing an automatic LOAD; and a new'cycle is.restarted:iThis procedure is

repeated indefinitely.

Note that by connecting the END MARKER output to the LOAD input the counter is cycled

without the time delay of the REPEAT rnode.

t

t

t

t

t

L

t

t
t
t

t
t
t

t

t

t

t
t"

t"
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5. APPLICATION NOTES

5.1 GATED UP.COUNTING

When in NORMAL MODE, the counters (sections 1 to 4) do not require a GATE input. However,

when in GATE (ol GATE+CLEAR) mode, a NIM signal must be supplied at the GATE input of

each counter used. NOTE: this signal musl be terminated with a 50O impedance at the other

GATE bridged input, on Sections 1 or 3.

A single GATE signal can be led in paralle!, to more than one channel by using iumper cables

'., between Sections 1 and 3, and Se,hions 2 and 4; if the last Section is either 2 or 4then this also

provides the correct 50O cable termination.: For example, Sections 1 and 2 can share a GATE

by feeding the external GATE signal to the GATE input of seclion 1 and then connecting a

jumper between the other GATE output ol Section 1 to the GATE input of Section 2, which has

a 50 O impedance. Similarly, it is possibte to connect up to three Sections (for instance #1 with

#3, and then #3 with f2 or #4\with a single external GATE input cable and two jumpers.

The OUT signal ol Section 5 can be used as the GATE input to the counters. The double OUT

connector permits parallel GATE leeding of all four sections, as described above.

Using a common GATE to more Sections allows direct ratio measurements among the inputs to

the various Channels.

5.2 16- or 24- Digit UP-COUNTING

It is possible to increase the up-counting range io 16 or 24 digits by using the CARRY outputs

of Sections 2 and 4.

For instance, 16-digit up-counting is obtained by connecting the CARRY output ol Section 2 to

the NIM input ol Section 1. When the counter of Section 2 has fully cycled (transition

99,999,999 to zero) the CARRY output supplies a NIM input pulse to Section 1, and so on.

Thus Section 1 will show the most significant digits, and Section 2 the least significant digits of

lhe counting operation.

Similarly, lor 24-digit up-counting, the CARRY output of, say, Section 2 may be connected to

the NtM input ol Section 4;the CARRY output of Section 4 may then be led to the NIM input of

Section 1 or 3.
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5.3 FREOUENCY MEASUREMENTS

The possibility of making ratio measurements has been described in Section 4.1. This is a way

of making relative frequency measurements.

By using Section 5 in TIMER MODE, it is possible to make an absolute frequency measurement,

with a variable integration time. For that purpose:

c-l
. Select the clock rate: t - i

with the 1;MER switch: (t = I Urpr I ms)

' Selecl a value N (for instance a power of 10) with the thuimb wheel switches. The integration

time is then: Ti = N . t

' Use lhe OUT signal as the GATE input to the selected Section 1 to 4 Gounter(s), operating in

GATE+CLEAR mode.

fi
Mc

=-
N.r,,.The external input frequency is then given by:

where M9, islhe number of pulses received by the Counter while GATE is active-

See Section 5.6lor the accuracy of the measurement.

5.4 DIVIDER

Seclion,S can also be used as a divider of an external input sequence. For that purpose:

. Connect the END MARKER output to the LOAD input.

. Select the input / output ratio Fby setting the thumb wheel switches.

' Connect the external input at the Section's input port and take the (decimated) NIM output at

the OUT ports. That is, a pulse is generated at the OUT port every R pulses at the input.

5.5 DELAY UNIT

Section 5 can also be used to generate a delayed pulse (at the END MARKER output) or

transition (at the OUT ports).

An absolute delay can be otained with Section 5 in TIMER Mode. The duration ol the delay is
T4 = N't *here N is the preset value on the Thumb wheet switch display, and x is the internal

--\

L
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clock period. The time delay is the elapsed time between the time ol the leading edge at the

LOAD input and leading edge either at the END MARKER output or at the OUT connectors.

See the next Section for accuracy. With the counter in COUNTER Mode, a relative delay (in

terms of number ol pulses) can be obtained between the NIM or TTL input and the END

MARKER or OUT @nnectors, after the preset number of input pulses have been counted.

5.6 MEASUREMENT ACCURACY

For the previous applications, it is important to remember that with any measurement made with

a counter on a periodic wavelorm there is always an intrinsic uncertainty ol one pulse. This is

due to the lact that, depending on lhe position of the start of the measurement window with

:;i respect to the period ol the wavelorm, one pulse may or may not be totally included, and thus

counled for. This also applies to the uncertainty of the selection ol the reference time.window.

1' :ii-r.,r:::r: wnere.4 fr is tne absolute lrequency uncertainty; The retative frequency. uncertainty is then:

The uncertainty ol the measurement of an absolute time delay is therelore equalto x; the clock

period.

For frequency measurements it is (with the notation ol Section 5.3):

À li = r^* - lmio= * - t=-t = +.lvf N" &

^f,=h
and since tor a given (constant) lrequency M"GNfr) is proportional to N, the percent accuracy

is increased by irrcreasing N.
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6. TEST PROCEDURES

6.1 INTRODUCTION

Mod. N 145, as all other CAEN producls, was designed by out engineers with particular

attention to reliability. lt was built with the utmost care and thoroughly tested to meet and

exceed the reliability standards lor this class of equipment. Proper handling ol the unit should

result in long-lasting trouble{ree operations.

The lollowing test procedures are,,given here essentially lor initial equipment check-out or

: ,'':. simpte troubleshooting should a mdlfunction be suspected. They provide the rationallor simple

-,. '. i, : ,,. yet consequential tests to single out the possible causes of problems. ll these tests do not help

,you out, or if a major mallunction is detected, please relerto C.A.E.N. TechnicalService.

The tests can be made with general-purpose equipment as indicated below; however they can

also be conveniently performed using CAEN modules. ln the lollowing, italic text is used to

describe equipment and procedures specifically applicable with CAEN products.

t

t

t

t

t

t

t
t
t
t
t
t
t

r one DualTrace Oscilloscope,

i.:",' : .:: t one Fan-out of lour device (4-way discriminator, Mod. N 84),

. one Wavelorm Generator (up to 100 MHz),

. two delayed Pulse Generators, (or three DualTimers, Mod. N 938)

6.3 SEOUENCE OF OPERATIONS

An overalltesting of the module involves three steps.

1. Test of Section 5,

2. Test of the Displays,

3. Test ol Complete Module. t
t
r
t-
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6.4 TEST OF' SECTION 5

Test N"1 (No External Connectlons)

For each digit, preset allvalues (0-9) and, by pressing LOAD, check that the value is correctly

loaded into the LED display.

Test No2 (TIMER mode - Cycle Swltch on SINGLE)

This test is meant to check in a compact way the proper operation of severalfunctions. These

are the operations of the internal quartz, the LOAD, the OUT and the END MARKER functions.

,..To perform the test; generate with the Delayed Pulse Generator a NIM pulse triggered by, but

I not to be overlapped to, the END MARKER pulse, with a variable delay lrom the leading edge of

' the END MARKER and a minimum pulse width ol 10 ns.,This pulse is used to drive the LOAD

input.

To generate this pulse with CAEN hardware connect the END MARKER output to the input ol

one section of a Dual Timer, which acts as a variable delay;the end marker of this section is

--:: -i.',',:',:'{::is,,n connected to the-input:of therother section: Use the end;marker oL,this last.sectiôn;as the LOAD .

',-:: ,::: ,-.",'rî..inputotmoduleN,145:Thedelaymustbe,suchthatlheLOAD,pulse.musttake.placewhenthe

END MARKER pulse is finished.

Now preset the value ol 1 ps and press LOAD. Model N 145 must cycle;the LED displays must

go to zero and the OUT signal, checked with a scope, must be equalto 1 ps + the transit time ol

the counter's chain (about 80 to 100 ns).

Check also that the END MARKER output can be made to vary between 50 ns and 1 ps.

Preset any time value, both in ps and in ms, and check with the scope that the Out signal has

the preset tengrth. Perlorm this test with the cycle switch also in REPEAT mode; the correct

value should appear about every lwo seconds.

Test N'3 (COUNTER Mode - Cycle swltch on SINGLE)

This test is similar to the previous one, the only ditference being that the source of the test clock

is this time external. This is to test that the COUNTER mode operates properly.

Drive the counter at its NIM input with an oscillator with a variable lrequency up lo 30 MHz. The

set-up is just as described for Test No2. Preset on lhe thumb wheel switch a value N. Check on

lhe scope that the OUT signal has a time length of Nrwhere ? is the extemal clock period.
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Check also the TTL input in the same manner.

6.5 TEST OF THE DISPLAYS (SECTION I. TO 4)

Test No 4

With an oscillator, send pulses, at a variable clock rate, at the NIM input of each Section and

check that the LED displays are conectly showing all digits and that the CARRY be generated at

the 9-0 transition.

Test NoS

: Purpose of this test is to check that the counter does not accept an input pulse before the

leading edge of the GATE signal (within 2 ns).

For that, use two Delayed Pulse Generators to obtain two pulses with variable mutual delay. Wth'

CAEN hardware, use a Dual Timer configured as oscillator and take two outputs and send them

to two different delay chains;then drive the two sections ol a second Dual Ïmer.

. ar::ij;'j.?r:.iF.q:i:Preset:the,widths:of:lhe:output'pulses:to:,100.'nsiandi4o:ns:respectively*,send,tha 100 ns .

',i ji;:: ,. ";:-r signalto the. GATE input and the 40 ns signal to the NlM:input of the N 145: (Provide matching

., . :, ,: ,..:::: 50r O impedance if. required). Select;GATE{" CLEARi;mode;:and;'acting on lhe, delay chains, "

-':r,.:,'i..'.;rvêrifythatthedisplaycounts'one'pulseiuntilthe.leadingredge:.of:the-input.iswithin.2nsorless,.

from the leading edge of the GATE.

6.6 TEST OF THE COMPLETE MODULE

These tests are performance checks on the operation ol the counters.

Test No6

With an oscillator and a fan-out of 4 make lour 8 ns pulses. (Use cables ol equal length). Drive

the lour NIM inputs of Sections 1 to 4. Set GATE+CLEAR mode and use Section 5 (set lo

TIMER mode and REPEAT mode) to generate the GATE signal. At every cycle the counters

must show the same value. Repeat the test using the TTL inputs.

Test No7 (check of CARRY)

Manually RESET Section 1 to 4 and set NORMAL mode. Use as input to Section 2 and 4 the

same as described at point 1. For sections 1 and 3 use the CARRY output of Sections 2 and 4.

Start the clock and alter some time stop it. The values ol Sections 1 and 3 must be identical, so

as the values ol Sections 2 and 4. Repeat this operation several times.
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Test NoB (chock ol RESET)

Let Section 1 to 4 oount tor some limo, then send a 10 ne pulse at the COMM RESET. The

sections musl reset to zero. Repeat this operation severaltimes.

Te,st N"19

Set GATE mode and use a 5 MHz Oscillator. With Section, (set to TIMER rnode wlth I MHz

clock, and ln repeat mode) generate the GATE slgnal. Preset the value 1000 with the thumb

wheel switehes. The dlsplay of the tested Seaion nnrst incremenl by 5000 every cycle. Repeat

lhlB operation severaltimes. I
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A.1 MOTHER BOARD

ITEM TYPE QTY.
ICl; IC3, IC5

lc2,rc4,Icg, Icll
rc6, rclz
IC7, IC8, IC13

IC10, IC32

IC14, IC15

rct6, tc22
rc23,1C35
rc24, tc33
rc25,rc27,IC2g, IC30

rc26
rc29
IC31

tc34

MC10125

74502 or74F02

74574 or74Fl4
74500 or 74F00

74L504

74LSr23

74LSt92

74t28

74LS390

74L5244

74L574

74574

74L547

74L5145

3

4

2

3

2

2

7

2

2

4

1

1

1

1

RESISTORS (1 or SVo, Ll4 Watt)
RL, R4, R8, R11., RL4, Rl5, Rlg, R21,

R24, R2g, R31, R34, R35, R3g, R46, R54,

R57, R67

R3, R7, R13, R17, R23, R27, R33, R37,

R48, R56, R6g, R70

R44, R52, R5g, R66, R7g

R10, R20, R30, R40

R9, R19, R2g, R3g

R71, R72

R83, R84

R41, R4g, R61, R63, Rgl
R42, R50, R62, R64, RgO

R43, R51, R5g, R65, R7g

R45, R53, R60, R77

R73, R75

R74

R76

51 cl

lKQ
220 A
2.2KfJ
180 (r

3.3 KO

10c)

178 c)

21.5 Q

560 Q

6.8 Kei

4.7 KO

lOO KQ

470 Q

18

t2
5

4

4
,,

2

5

5

5

4

)
1

1



iJ

i-l

rl

l
l
l
l
l
l
l
l
l
l
l
_l

l
l
l
I
1

16

ITEM TYPE OTY.
CAPACITORS

cl, c2, c4, c6, c7, c9, cll, cl2, c19 to

c38
c3, c5, c8, c10

c15
ct4
c13, Cl6
c54 ,

c52, C53 '

C17, CL8, C19 to C52

10 kpF

39 pF

100pF

471tFlt6 v (EL)

10 pF

2.7 pF

100pr/te v GL)
6.8 pF/16 v (EL)

27

4

1

1

2

1

2

16

TRANSISTORS

Tl to T10

T1]., T13, T15, T17, T20,T2r
Tl2,Tl4, T16, T18, T19

2N918(P}D or BFY90

2N2369

2N3546

10

6

5

QUARTZ CRYSTALS

o1 IMIIZ 1

RESISTOR:,NETWORKS

RP1

RP2 to RP8

470 O (10 pin)

2-ZK() (8 pin)
1

7

PUSHBUTTONS

Pl to P5 APR 9633N / CeK

8531

5

SWITCHES

SWl to SW4

SW5 to SW6

sv/7

APR 5639 / CeK 7103

APR 5636 / CeK 710r

APR 5646 lCeK720r

4

2

1

THUMB WHEEL SWITCHES

TS1 to TS7 PICO-13l-AK-1
(Harrnan)

7

DIODES

D1

D2

1N5401

1N4001

1

1

COILS

L7,L2 VK 2OO )

.t
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A.2 DISPLAY CARD

ITEM TYPE QTY.
section I to 4

INTEGRATED CIRCUITS

ICl, IC9

rc2
IC3, IC4

IC5, IC6, IC7

IC8

IClO

ICl1 to IC14

t-
rl

74128

745240 I 74F240

74Ft60

74LS390

74LSL45

74L547

74LS2M

2

1

2

3

1

1

4

RESISTORS

Rl, R2

R3, R4

R5 to Rll

110 Q

10o
470 0

2

2

7

RESISTOR NETWORKS

RP1

RP2

2.2KO (8 pin)

2.2Kç2 (10 pin)

1

1

DISPLAYS

DI,D2 w 5082-74t4 2

CAPACITORS

c1
c2
C3 to CY

C8 to C17

33pF

15pF

6.8pF/16V EL
1OkpF

1

1

5

10

section 5

DISPLAYS
DI,D2 rp 5082-7414 2

RESISTORS

Rl to R7 220 I 7
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