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APPENDIX 4

SCINTILLATION DRTECTOR SYSTEN
General

The detector supplied with the Single Channel Analyzer Rurocard
System iz a 2" x 2" Wal(TC) crystal, coupled to a 2* photomultiplier and
built within a single contsiner (mfg. BICRON Corp., Mewburg USA, model no.
282/2-X). Aleo supplied a BICRON PM-tube base with Voltage Divider and
Preamplifier model PA-14. The description and ecircuit diagram of the
PA-14 is included as annex, also a data sheet of the photomultiplier. In
case of troubles together with the amplifier 102 of the single channel
analyzer system the PH-tube base with voltage divider and preamplifier
FA-14 has to be modified. A filter is inserted in the high voltage line
and/or the charge sensitivity of the preamplifier has to be reduced.

Modification ¢of the PH-tube base asgembly (see circuit diagrams)

Ripple Filter

- unscrew the two emall nuts from the gain pot. (R2) and focus pot. (Rl)
on the top of the PA-14 and remove carefully the metal can.

- remove {unwind) the insulation tape.

- remove (unsolder) Cl underneath the gain pot. R2.

- vemove the connection from R2 to the HV plug.

- ingert the reslstor R22 (220 kohms/0.3W) between HV-plug and pin 1 (pin
2) of R2 (use one lead of R22 to shorten pin 1 to pin 2).

- place the capacitor €10 {(0.C1uF/3kV) underneath R?. Solder one lead
to pin 1 of Rl (ground) as short asg possible, solder the other lead to
pin 3 of R2.

- wrap the thin plastic sheet or insulation tape around the assembly and
put it carefully back into the wetal can.

- screw on and tighten the two nuts to fix the can.

— plug the dynode chaln assembly onto the PMT.

The detector is now ready for use with an amplifier 102.

Charge sensitivity resp. decay time constant of the preamplifier

It is recommended to apply a HV-voltage of 600 - 800 Volts to the
photomultiplier. For higher Y-energies the min. gain of the Amplifier
102 is still too high, therefore the charge sengitivity of the
preamplifier should be reduced.

recomnended values:
charge sengitivity 20mV/pico coulomb
decay time constant 2 - 4 us

Note: Don't change the ratio of R4/R1S

shaping time of 102 1 -2 us

FOCUS

Modified circuit diagramm

of Ph-14

CATHODE
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BICRON CORPORATION
MODEL PA-14

SCINTILLATION VOLTAGE DIVIDER & PREAMPLIFIER

DESCRIPTION:

Socket:
Voltage Divider:

Controls:

Connectors:

POMER REQUIREMENTS:

Pre-amp:
PMT Tube Yoltage
Divider Bias:

PREAMP_SPECIFICATIONS:

Noise:
Input:

Conversion Gain:

Rise Time:
Decay Time:

Output Impedance: 92

Gain Stability:
Linearity: \

PHYSICAL DIMENSION
ze:
Welght:

Standard 14 contact Plug-on Cinch IM-14

10 Stage, directly compatible with all 2, 3, and 5 inch
diameter PM tubes used in standard Bicron detectors.
F_Focus, one turn potentiometer should be adjusted for
best pulse hefght resolution. Note: If PM tube has an
internal fixed focus, this adjustment will have no effect.
G Gain, one turn potentiometer, adjust for desired

signal output amp 11 tude.

HY High Voltage Input
K. WAV IN-?E-IE Bulkhead receptacle mates with

MHY plug KV-59-24 or equivalent.
or B. SHY Kings 1704-1 bulkhead receptacle. Mates
with SHY plug Kings 1705-6 or equivalent,
S Signal Output: Positive polarity, BNC KC-79-43
Bu'lliﬂeaa receptacle. Mates with BNC plug KC-59-296 or
equivalent.

OC Pre Power
A. EC KC-79-43 bulkhead receptacle. Center

conductor D.C. voltage, Coaxial braid common
mates with BNC plug KC-59-296 or equivalent.
or B. Amphenol min. rac 17-90090-15 plug. Pin 6
D.C. voltage, Pin 1 common mates with
amphenol min rack 17-80090-15 receptacle.

=12V or -24¥ at 10 milliiamps
(Positive voltage only) Typical +500 to +1000 Volts

at 150 micro-ampere. See PM tube data sheet for maximum ratings.

Less than 50 Microvolts RMS referred to input.

Direct connection from photomultiplier tube anode to charge
integrating preamplifier {nput circuit, negative charge.

5 x 10711 coulombs per volt with Nal{T1) or

faster scintillators. (Gain of approximately 20)

100 Nano seconds

4 ni;:'::seconds (internally adjustable)

o

0.25%/C from 0° to 509C,

0.25%

3% long x 2" diameter
6 ounces

BICRON CORPORATION
12345 Kinsman Road
Newbury Ohio 44065

(216) 564-225}
19478

GENERAL DESCRIPTION
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APPENDIX 2

The spectroscopy amplifier 102 is two IAEZA module wide unit,

designed on a printed circuit board according to Burocard format (160

x 100 mm) with the standard 64 pin connector DIN 416l2c.

It can sccept Input pulses of the negative or the

positive

polarity, elther in the form of the exponential function with time

constant greater than &0

superimpoped to the cvamp voltage.

us, or In the

form of estep functions

The later is the typlcal mignal,

when the optically coupled charge sensitive presmplifier is used.

The adaptation to the “"normal™ or “opticasl™ coupled charge sensitive

preamplifier is made by using the front panel mode switch.
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The output pulies are unipolsr with presetable width. The pulse
forming is achieved through one differsntiation followed by four

approximate integrations with the same time constants.

there is & selection of 5 different time constants: 1,2,4,8 and
12 us. The width of the output pulses i¢ 2.2 x melected time

constants, messured at the half of the maximum.

The true unipolar output is achieved by using the pole/zero

cancellation control.

The maximum selectable gsin is 3000, the minimum is 12, It can
be set by division of 2 st B steps: 3000, 1500, 750, 375, 190, 95, A8
and 24 by the coacrse gain control. Among these valuss, snd down to
12 the gain can be varied continuously by using the fine gain control

knob.

In ocder to keep the output DC level as stable as possible an AC
coupling with a large time constant of 660 ms is introduced after the
main smplification has been done. To svold the shift problems of an
sc-coupled amplifier @ pase line restoration system (BLR} is
introduced. With the BLE active s constant current is injected into
the coupling capacitor rastoring the output voltage back to zero at

two different rates.

It should be pointed out that the cutput stage is sensitive to
capacitive loads. It might oscillate if too long cosxial cables are
used at the output. Try to avoid thesm.

2.

SPECIFICATIONS

Amplification

Coarse regulation

Fine regulation

Pulse shaping

Input pulse polarity

Input pulse shape

Output pulse

Bagte line restorer (BRL)

102-3

3000

Attenuated in B steps, by division
of 2 (reduced in powers of 2)

1 to 2 by ten turn potentiometar

1,2.4,8 and 12us time constants.
One active differentiation, four

active integrations.
Positive or negative

Bxponentisl: from s normal charge
sensitive presmplifier with a
decay time constant > 40 us

gaw tooth, with step functions
superispased; from sn opticslly
coupled charge sensitive
preamplifier

Unipolar, positive, saturation at
11 VYolts inte 1 kohms load

Modes: HIGH, OPF, LOW
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CIRCUIT DESCRIPTION & THEORY OF OPERATION
Block diagram

The amplifier consists from 8 main building blocks shown in Fig.
3.1. There are two options for the pulse processing depending on the
selaction of the charge sensitive preamplifier, which may by either
normal or optically coupled.

At First, the processing corresponding to the pulses from the
normal charge sensitive amplifier will be considered. In the first
stage the amplification A=3.0 is obtained. By ten-turn pot Pl the
amplification can be increased for an sdditional factor of 2.1.

Batween this stege and the next ons is an attenuater, dividing
the output signal by 2.4,8 or 16. The next stage is & differential
swplifier with gain A=5.7, providing the proper polarity of the
output pulses by the corresponding wselection of the sign of the
smplification.

In the third stage with IC3 and IC4 the differentiation together
with the approximate integrations is perfarmed. In some way aulso the
amplification A«3 can be described ta this stage. As amplification,
the ratio between the ocutput pulse height and the height of the input
step function is introduced.

In the next stage designed with IC5 the Ffurther variable
amplification togsther with the pole/zecc cancellation is performed.
The full amplification of 6.6 can be reduced by factors of 2, 4 or 8
by a rotary switch control.

The mnext stage tltled BLR is capscitively coupled to the
previcus one. The gsin of this stage is 2. The gated BLR amplifier
ingpects the output of the BLR stage and inject a constant current
charging the input cepacitor and moving the BLR output veltage toward
zero when the base line deviation from zero sxcesds the praset value.

102-5

The BLR output signal is applied to the nert stage IC11
performing double approximate integration. Due to the attenustion of
the signal in this stage the galn of the ocutput stage was selected as
1.85.

In the mode sdapted to the optically coupled preamplifier the
input wmignal enters through a capacitor providing an lppro:iut.
differentstion. The transfer function of this stage is nl. In
this way the saturation of the first and the second stage by the ramp
voltage with an amplitude of approx. 2 volts from the optlcally
coupled charge sensitive preamplifier is avoided. However, the step
function-like pulses arising from the detection of the nuclear
radiastion sre converted inte exponential tsil pulses with a decay
constant of 33 wus. Therefors & filter with the inverse trsnefer
function l"_l is introducaqd in the stage 4, following the pulse
sheaping stage. By this filter the unipolar pulse shape is restored.

SHAPING

WIS CRC1G

BLR

AMPL,

[ I} 163 ° 0y [ (] H IC17
N o] A, =i | PiZ. A 1 s QUT
Far 1A, LN YO Fia BLR T+t ouT
I VAR [ain ]

Fig. 3.1 Amplifier; block diagram
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3.2 bDalailed Scheme

The detailed scheme is given in Fig. 6.3, The first stage is
the inverting amplifier when operating in the “NORMAL" mode. The
gain 1is determined by the (R2+P1)/R1l ratlc. By the ten turn
potentiometer Pl the fine gain can ba set. The ultra low noize
operational amplifisr OF 37 is used In this stage; its replacement by
the standard version like TL 071 would incrsase the noise by a factor
of 2.

A fraction of the output signal is applied to tha input of the
next stage, which is a differential amplifier. The 8 position rotary
switch SWis is used for the attenuation of the output signal. The
gain of this stage is determined by the ratio of R4/R10 = R9/R11. By
the capacitor C2 soms frequency compensation is introduced. By the
toggle switch SW3 the signal is applied either to the inverting or to
the noninverting input providing the positive output pulse. As
operstional amplifier IC2 also the ultralow noise OPF 37 is used.

The stage with IC3 (LM 318) performs differentiation together
with two spproximate integrations. Tha input signal is connected to
the inverting input through R12 whila ths noninverting input is
grounded.

These types of the feedback are employed in this stage. The
first fesdback is wmade through resistor R1) and trimmer P2. The
second fesdback is introduced through capscitor C3. The degres of
this feedback is sslected by the rotary switch EWib, spplying the
reduced voltage to the C3. In order to reduce the impedance of the
resistor dividing network (R22 to R2¢) s source follower T1 (FET
2W3819) is used. The third contribution to the feesdback ia the
signal taken from the output of the IC3, then imtegrated by using the
noninverting active integrator designed with ICA (LF 35) and
returned to the inverting input of IC3 through the changesbls
resistor network R15 to R19. The overall transfer function of this
stage T (p) is:

2
T T /(1 + 1)
" p P

(r)

102-7

For the satisfactory operation of the noninverting integrator
the time constants R21C5 and (P)+R20)C4 should be exsctly balanced.
This is reslised by P3,

The shaped and smocthed signsl from the output of IC3 is applied
to the inverting amplifier IC5 (LF 357). A part of the signal
determined by PA is added from the output of the operational
applifier ICA when the toggle switch SW5S is in the "NORMAL" operating
mode . Through the combination of both signals the pole/zers
cancellation is achieved with respect to the properties of the
sslected chacge sensitive amplifiar. P4 can be adjusted through a
hole in tha front psnel (PZ). In ihe "OPTICAL" mode of the operation
the same combination of both smignals is reslised, but the sdmixture
of the signal from ICA is controlled through the trimpot P9 on the
PCB. This setting for the compensation of the lnput differentiation
depends on the ClR1l product; it does not depend on the cholce of the
optically coupled charge sensitive preamplifier.

The amplification of this stage can be changed by the rotary
switch SW1b by taking only a fraction of ths output signal to supply
the Cfeedback resistor R29. At the lower gain rangss LFIS7 could
oscillste. This tendency is reduced by the capscitor Cé.

By P5 zero voltage at TPA 1s set in the abssnce of the input
signsl. With the ICé (LF 357) a noninverting ssplifier with a gain
of 2 is sade. The fesdbuck resistor R3¢ is bypassed by C? to achiave
stable operation. The output voltage of the ICé is inspected by the
base line restoration system and a corresponding current is Llajected
into CB. However, by the toggle switch SW4 the BLR system can be
Bade inactive, and then iz no current into C8.

Additionsl filtering of the provided signal is obtained by using
a second order active filter with the transfer function R(p):

.(P) = 3/{1+ 1"
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Such filtering provides the stage ICll if the time constants
RSOXCI0 and R55xCll are equal. Different resistor pairs matched to
the resistor sets R15 to R19 and R22 to R26 are selected by SWlc snd
sw2d running in parallel with SW2a and SW2b.

Az the gain in this stage is lower than 1, the output smignal
from IC1l is amplified by a factor of 1.85 (R61/R60) by the output
stage 1C12 (LF357). The fesdback resistor R61 is bypassed by

capacitor C12 to ensure a stable oparation.

The DC offset from IC6, ICll and IC12 is compensated by PB.

The base line restorstion system (BLR) is composed from the
clamping amplifier IC? (TLO?1), single channel analyser IC8, IC9;
(LF357 both) mnd the gated current source IC10 (CA3080).

The signal from ICé is applied through R3I? to the inverting
input of the IC7. For small signals there is the (R38/R3?) = 2.7
amplification. For signals exceeding the diode threshold voltage of
0.6 V approx. at the output of IC7, the output voltsgs depends
logarithmically on the input voltage. Thersfore small deviatlions of
input signal from rerc ars well observed, while pulgas are clagped.
However, in the midposition of the toggle switch SWs Lthis stage is
inasctive due to the -15V superimposed to the noniaverting input of
IC? through the resistec R 39.

The signal from IC7 is sttached to inputs of ICE and IC9 as
discriminstors. By using the resistor dividing network RAD, RAl, Re2
and R43 sttached to the +15 V and to -15 V the threshclds of (-250 m¥
and +250 mV) sre defined when potentiomster P7 has its full value.
Therefore at the output of ICB the high state appesars when the input
signal iz eme 'er than -250 mV. Alsoc the output of IC9 goes high
whan the input signal is grester than 4250 mV. Howsver, these limits
can be reduced practically down to zere by changing the setting of
P]. Becsuse of dicdes D3 and D4 forming OR-gate the signal at TP? is
high if either IC8 output or IC% output goes high.

102-9

The high state at TP? allows the current to entsr into the

control pin of the transconductance amplifier IC10 (CA3080) through
the zener diode VRl and serially connected R46 or R47.

The curcent released by IC10 is proportional to the current into
the control pin, and to the signal at its noninverting input. The
clamped signal from IC 7 is taken after being attenuated to few tens
of m¥ by the reslstor dividing network R&a, R4S.

The output resistor R49 of IC10 has no influence; it helps to convert

the current signal into & voltags signal for the possible inspection.

By two different resistors R46 and R47 two different output currents

from IC10 can be prograsmad.
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301-1

1.1 GENERAL DESCRIPTION

The timing single channe! analyser TSCA 301 is an 8 unit width
module of a Muclear Instrument KIT System, using Eurocard format (160
x 100 mm).

The TSCA 301 analyzes the amplitude of pulses from a
spectroscopy amplifier (e.g. 102) by generating s logic output pulse
with a walk less than 20 ns for the specified dynamic renge. It

accepts either unipolar or bipolar input pulses.

Fig.1.1 Front Panel

2.

PECIFICATIONS

Input

Signa! input

Dynamic range
Pulse width

Controls

Lower level (LLD)

Upper level (ULD/AE)

Qutput

Time shift versus
pulse height (walk)

Power requiremants

Size

301-2

0 to +10 volts, unipolar or bipolar
{positive portion leading), input
impadance AkOhms, dc-coupled

50 : 1
» 500 ns, st half amplitude

0.2 to 10 volts (positive}, front
panal 10-turn potentiometer
0 to 10 volts (positive) front

pansl 10-turn potentionmeter

positive TIL pulse, 500 ns width

less than 20 ns for the specified

dynamic renge

+15V -15V +5v
SOmA 35mA 30mA

8 unit of IAEA Eurocard modul
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CIRCUIT DESCRIFTION AND THEORY OF OPERATION

Theory of opecation

The aim of the timing single channel snalyser TSCA is to release
TIL compatible output pulses as a3 response to the input pulse of the
preselected height interval that is between E and E+AE. The time
relations betwean the ouput pulses follow the time relations between

the input pulses assuming that the input pulses are of the same

shape. In thiz type of SCA, the output pulse is delivered at the

moment when the top of the input pulse is reached (Fig. 3.1).

vt n i

NN I,
| ¢

Fig.3.1 Input-output celations in TSCA

U

By setting AE to its maximum wvalue {which is 10V in this case) the

unit can be used also as the timing discriminator with the

discriminator level at the voltage K. The operation of the

presented TSCA can be followed by wusing the block diagram

represented in Fig.3.2 a5 well as the signal forms given in Fig.3.3
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! h
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Fig.3.2 Block diagram

The positive input pulses (Fig.3.3a) are ghifted in the negative
direction For the amount of E/2 and amplified by & factor of 0.5,
when passing through the BIASED AMPLIFIER. The obtained signal
(Fig.3.3b) is connected in parallel to the Input of the TIME PICKOFF
DISCRIMINATOR, UPPER LEVEL DISCRIMIMATOR and LOWER LEVEL
DISCRIMINATOR. In the TIME PICKOFF D1SCRIMINATOR the signal is time
differentiated; for bi-polar pulses = pole-zero cancellation network
is asdded (jumper B) to cancel the third pole (Fig.3.3c). The
produced output signal exhibits the 1-0 transition st the momant
when the input pulse has reached the top (Fig.3.3d). By this
transition the ONE SHOT 1 is fired and the Q pulse (rig.3.35) is
inverted in the output stage to give the positive output pulse
{(Fig.3.3k). However, the firing of the ONE SHOT 1 is allowed only
when the input pulse height is within the height interval between E
end E+AE. This single channel operstion is realised if the Q output
of the D flip-flop is set to the high state. Such high state
(Fig.3.3i) is achleved if D £lip-flop has besn set by OME SHOT 2
pulse (Fig.3.3g) followed tha LOWER LEVEL DISCRIMINATOR pulse
(Fig.3.3e) and not yet reset by the UPPER LEVEL DISCRIMINATOR pulse
(Fig.3.3f) which is inverted by nand gate 1/4 1aLS3? (Fig.3.3h)
indicating that the pulse being analysed is bigger than E+AE.
However, in the absence of the UPPER LEVEL DISCRININATOR pulse
(Fig.3.%h) the D flip-flop would cemain in the high state
(Fig.3.3i}. Therefore, the corresponding reset is assured through
the clock input of the D flip-flop by the 0-1 teangition of the ONE
SHOT 1 pulse (Fig.3.33).
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Circuit descriptijon (refer to page 301-13, Fig.7.1)

The operational emplifier IC1 LM31B is used as input amplifier.
The signal connected to the non-inverting input is attenuated Lo
0.25 of the initial value by the passive network Rl, R2 to be later
amplified twice. Dus to the equal valuas of resistors R} and R4,
the voltage from the slider of the Pl gives equal voltage of the
veversed polarity at the cutput of ICL. Therefore, by setting the
upper end of this potentiometer to 5V, the output voltage of ICl can
be shifted to -5V. In parsllel with the feedback resistor R4, two
capacitances Cl and C* are connected in order to optimise the
frequency response of this stage. For this purpose the rectangular
positive pulses of Few us connected to the input are observed while
searching for the optimal output signal of ICl, by adjusting the

capacitance Cl (see assembling instructions, para 5.4)

In the voltage reference stage the operational amplifier LF356
is used as IC2Z. This stage is a voltage follower with adjustable
gain (set by P3 from 1 to 1.18) to get a reference voltage of Sv¥
from the Zener reference source of 4.7V, The output current
capability of the reference voltage source is increased by using
transistor T1. Some integration is introduced through capacitors Cé
and C? to make the operation of this stage stable. Ten turn
potentiometers P1 and P2, connected in parallel are decoupled by
using RC filters (R7+P1)CA and R9CS, respactively. By the resitor
R8 the minimal threshold E is limited to 200mV. R13 is normally
bypassed by & jumper to give a zero window width. For R13 = 10
ohms the minimum window width igs 100mV with respect to input signal

if P2 is in zero pesition.

As comparatore IC3 and IC4 the dusl comparators TL 820CH ace
amployed instead of the popular 710 due to their higher gain.
Through this choice an adequate gensitivity of the time pickoff
discriminator is sssured. To the input of the comparstor the time
differentiated signal is applied through the passive network C8,R16,
with the time constant T = 0.26 us.
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1f the input pulse is bi-polar a pole zero cancellation network P5
RI0 (€21) is added (by jumper B) to cancel the third pole. The
sotted line in Fig.3.3e sghows misadjustment of the pole-zero

potentiometer.

Mote: Input pulses coming from a spectroscopy amplifier which is
connected to a photomultiplier system are bipolar for
decay time constants less than 40us. To avoid double
pulses at output of IC3, it is necessary to cancel the
third pole. In case of troubles change R10,

Py the resistor combination R16,R23 and PA a variable reference
voltage (0 - &0mV¥)} is introduced to inverting input of IC3 in order
to set the optimal condition for the timing pulse (see para 5.5y, In
general, it should be set to get the output 1 - & transition when the
differentiated signal is crossing zero. By resistors R17 and R18
connected to the non inverting input of the comparster, 20mv of
hysteresis 1is introduced. Resistors R24 snd R25 as well as
capacitors C9 and Cl0 placed close to the IC3 to form the usual
detoupling filters.

The ocutput pulses from IC3 are inverted in the 1/4 of SN7ALS3}
(1c6) and spplied across €19 snd the voltage divider R20, R21 to the
teigger input of the dual one shot SN74LS123 (IC5). The width of the
output pulses (500 ns} is determined by R3S and Cl6. The Q pulses
are finally inverted into the positive pulses by NAND gate IC6.

The upper and lower level discriminator (I1C4) are of the same
construction: standard decoupling fllters, and 20mv of hysteresis
assured through the resistor divider network R30,R31 and R26,R27,
respectively. While pulses from the upper level discriminator are
inverted in 1/4 of SN7ALS00 pulses from the lower level discriminator
are used for triggering one of the two one shots of ICS (SN74LS123)
to give output pulses of 100 ng duration. In the place of 1C? one D
flip- flop SN7ALS74 is used while the second one is not employed.

The negative voltage source for comparators operation is an
emitter follower made from transistor T2 with the resistor dividing

network R36 and R37 defining the output voltage at about &.8V.
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APPENDIX 4a

a7 - 1
1. GENERAL DESCRIPTION \

The 402 Scaler Timer with RS232 printer interface 1a a 16 unit width IARA
Burocard nuclear instrumentatlon module. It counts and diasplays input pulses
up to & predetermined iime and aends data out to a printer. The scaler-timer
board (PCB #02-1)} conaista of two 6 decsds cascaded counters. One ls used for
counting positive TTL pulsea up to a count rate of 1 Miz with 250 ns pulse
pair resclution. The other one works as a timer on a 1 Hz time base. Reset
for timer and counter is genersted automatically each time the START switch is
presssd and at power up. During count operation np reset is possible except
1f counting is stopped first. Interface board (PCB X802-2) 1ls designed to
interface scaler-timer (PCB 402-1) to s printer with RS232 interface
standard. It converts the parallel BCD dats from the scaler to serial one and
traneswlits 1t to the connected printer. Selection of data per line can be
predetermined. All functlons are controlled by switches on the front panel.

SCALER/INTERFACE

402
RECYCLE an
' ) OFF
_ @ é
- VMANUAL S k'/smn'sl.e
o -
TIME PRESET :
s
T
A
n
T
O
*

©
5
L O
O

2

Fig. 1.1: Pront Panel

2. SPECIPICATIONS

Presetable scaler-timer 302-1

1.

2.

Input

Count Input

Controla

Start

Stop

Preset time

Manual /Recycle

. Performance

Count capacity

Indicator

. Power

Consumption

. Physlcal

Size

. Option

Printer Interface

02 - 2

t

front panel BNC connector insulated
Impendance: 50 Ohm (if Rl s
insertad), DC coupled
Polarity: poeitive
Amplitude: TTL logic level
(low<+0.8Y/high>+2V),
+ S0V maxioum
Width: 2250ns

front panel pushbutton to begin
count asccusulation. Counter wand
timer sutomstically resested st same
time.

front panel pushbutton to terminate
accumuletion.

tron; panel thumbwheel switch

X.10" [s] 13%59 03Y35

front panel two-position toggle
switch wselects single or recycle

wode of operation upon reaching
time preset condition.

six decades allowing a count of
1051 (999,999)

six digit LED display

+15¥, max. 80mA (without optlon)

16 units width REurocard module

front panel 25 pin connector R3232
asynchropous serisl, unidirectional



Optlon printer interface 402-2

1. Input
Data Input
2. Output

R3232 Interface

3. Controls

Print mode select

Printing format

Reset

4. Power

Consumption

RS232 driving capability

#02 - 3

8 bit BCD parallel, digit serial,
internal connected

front panel 25 pin connector
operation wode: asynchronous serial

unidirectional
Baud rate: 4800 bpa
word lenght: stert blt 1 bit
data bit T bit
parity bit none
stop bit >1 bit

handshaking: none

front panel thres position toggle
switch selects aingle, continous
{on) or no printing (off)

froat panel thumdwheel switch
4electe 1 to 9 readinge per line.
Rach reading conslsts of a 6 diglt
number, 2 or 3 aspaces and one
carriage return

internal by power on

+12V, max. TOmA
-15V, max. S0mA

Mark = legic "1™ (-15V to -3V) can
sink AOwA

Space = logic ™0™ (+3V to +10V) can
source G0wmA

3.

802 - &
CIRCUIT DESCRIPTION
3.1 PCB 302-1
As shown 1in the block disgram, Pig. 3.1 the module has aix main

functional blocke; & time base generator, control logie, timer, counter,
input shaper and s six digit display.

Xtyl?
N
START §
\ h l x .10
TCLK
$oror L rime mase TiMER [
\i_r—— GENERATOA EQuaL
[ #eee LOAD #EG rr -
bmrcvcee 4 ]
MANUAL T TIME PRESET
s1
21X DIGIT DISRLAY
H —
CONTROL LOGIC COUNTER LU O I
t_ VI v
1223524028 1] f
LN sET
2CaN PRINTER
SHAPER skl
™ PRINT “02-2

Pig. 3.1: Block diagram

Quartz crystal driven Z1 is an oscillator and a frequency divider.
The oscillator frequency of 32,768 kHz is divided to 2 Hz and output at
21/3. 23-b works as divider by 2 to obtaln 1 Hsz (TCLK).

Control logle consleta of & nequencer, s poser up reset circuit and
flip-flops to control the process. Sequencer 1s based on the Z2 (AO1T,
decade counter) and generates the operatlon sequences. The control logic

elrcuit 22, Z3-a and 284 (flip-flops) 1la reset by either power-up or
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pressing the STOP button. The sequencer is preparesd to start. If START 3.2 PCh a02-2

button is preased, 23-a changees the state and enables 22. 27 atarts

control sequence triggered by the time base generstor 21/1. 22/2 sends » As shown in the block diagraa, Pig 3.2 thls module consists of eix
pulse to reset the timer and the counter. As next it sends a pulse tc the main functional blocks; & clock §enerator, control loglc, resdings per
timer Z7 to losd the reglsters with the preset time interval from the line counter, latch, serislizer and output driver.

thumbwheel switches on the front panel. The output 22/7 activates
Zh-a/11. OQutput ZA-a/12 goes low and dissbles Z2. At the same time 1t
prepares Z&-b to be set with TCLK pulese to synchronize. Poaltive lesading
edge of TCLK sets output Z8-b/1 high. This enables (INH) timer ZT7 and r
counter Z6 aftar a ahort delay (by R19 and CB) and inversion of I5-s.

-
H
H

3
—

lnco-mu trom SCALER/TIMER 407 -1

CLOCK GENERATOR LATEHW

If timer I7 1o equal to preseit value, it generates an EGUAL slignal to » 2u1
clear Z4 and to enable the sequencer Z2. Z2/10 sends a PRINT pulme to to PRINTER
printer interface (PCB #02-2). If RRC-MAN switch 351 18 closed {(MAN),
reset 1s generated. Via 25-d and 2Z5-c 22, 2}, and ZA goes back to initisl SEY
state to be resdy for next START. ’:f:‘::'{-—;?;?—ET— CONTROL LOGIC SEMALIZER GUTAUT ORIVER

T -
QFF I Invazmin 2810 Ta.TH

If 31 1s open (RECYCLE), 22 advances till step "9", returns to atep SINGLE
"0" and repeats the above-mentioned cycle. Tj

Preset time value 13z transfered Lo internsl comparision registar of "':::::‘:""
27 st beglnning of every cycle., Decimal thusbwheel switch selects the e
power (03¥55), BCD thumbwheel selects the multiplication factor (0SX39).

Z7 mccumulstes TCLK pulses {1 Hz) =snd generates RQUAL wsignal when
preset tlme 1s reached. Fig 3.2: Block disgras

Counter 26 recelves puleses from IN-BNC via T1 (pulse shaper) and
diaplays the current count. T2 to T7 are digit driver transistors. 26 If 34 iz at ON (PRINT ON}, Z2/10 generstes a print command at the end
also provides output to the printer interface. of the preset acqusition time. Plip-flop Z13-a/1 starts the sequence of

serializing. The A4-bit BCD data is serialized and sent to the printer.

When output 213-s/1 goes high, sequencer Z16 and scaler Z6 are
triggered by clock pulses coming from 29/3 via Z10-b and 210-c. High at
output Z10/11 loada the data to the shift registers 28 and Zll. \When
210/11 goes low, data 1s shifted with the positive going clock pulses om

inputs Z8/10 and Z11/10. The parsllel BCD data ia serialized and sent vis
T8, T9 to the printer.



02 - 7 A2 - 8
Sequencer Z16 controls the dats tranafer from 26 to Z12 digit by
POWER
digit. The sequencer Z16 sends at the beginning u SET pulse to the scaler on svut.::t.:o.msn
Z6 to output 6th digit flrst to Z12. The following clock pulses are sent
to 26 as scan pulses and the next lower digit is latched Into Z12 until

Isig

6th clock pulse is finlehed. Then 216 triggers Z13-b and generates a

space by resstting Z12 and pulling 211/6 to low. As Z1i/7 is at high,
three spaces (ASCII code 20H) are sent out. The next atep of 216 —’

increments resdings per line counter Z14 by one. At the same time 213 and Rowr 2300

216 are reset and prepared for the next print signal from Z2. When the

——F — .- g -

presst number of resdings per line ls reached, Z15/11 goes low and after

Rasdy

two spaces s Carriage Return (ASCII code ODH) 1s generated st Z11 and sent o, 1

count

out.

CountAre

second at Z9/13 a frequency of MNBOOD Hz 1ia continuously available. '

29 1s an oscillator (2.3576 MH2) end a divider. For 4800 bits per 217 _'

Whenever S5A 1s pressed to SINGLE the momentary resding 1¢ tranaferred to !

the printer. If Si 1s at OPF no printing takes place. romarars 1214 F

Ac cumyiste
Ty

3.3 Typical wave forwe are shown in the following drawings on page 307-8 and
402-9.

Prnt Tzr10

[LLIT TN S TEY Vimericauninr snabted

T

Equsi Tr2

s hahhhhhhhihh

Fig 3.3: Timing seguence on PCBAO2-]
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APPENDIX 4b

501 - 1
1. GENERAL DESCRIPTION

The Lin-Log Ratemeter 501 is a module of the TIAEA Burocard Nuclear

Instrumentation System. The unit secves for measuring the rate of input

pulses passing discriminators. It consists of two separate measuring
circuits: a linear and a logarithmic one. Both outputs - full scale of
10v

switch.

LIN-LOG RATEMETER
501

Fig. 1.1 Front-Panel of LIN-LOGC Ratemeter

cah be cohnected to the front panel meter by means of the mode

LS
L5

501 2
SPECIFICATIONS
Linear ratemeter
Measuring ranges Time constant Accuracy at Linearity
10 Vv full scale 25*C
10 pps 10 & 5% better
e i e T ST Uy than
100 pps 10 s 5% i
1 kpps 5% n
e S e oo a4 .o.. —-.-<-  better
10 kpps 1s 2% than
C e e e e e e e e e e e 1%
100 kpps 0.1 s n
Stability at full scale output voltage
Range/ppt %/"C % day
at 25°C
1 0.2 0.1
100 0.2 0.1
1k 0.1 0.05
10 k 0.1 0.05
100 k 0.1 0.05
Loparithmic ratemeter
L3
Heasuring range: 1 pps to 107 pps
5
Voltage output: 0 V/1pps to 10V/10 pps
5
Time constant: 158/1pps to 2mse/10 pps
Stability:
Between 1lOpps and lospps range: 0.2%/*C (of full scale
0.1%/day output voltage)
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2.3 General {for both ratemeters}

Input pulse - polarity

- amplitude
- width
Input resistance:
Discriminater threshold level
Pulse output
fan out
Voltage output
voltage range
Voltage outputs short-circuit proof

Power Requiremants

Supply voltage ranges

Operating temperature range

Suggested temperature range

pogitive
OV to +5V max. (linear
digcrimination range)

0.2 us min.

10 kOhm up to 5V, only

Adjustable by front panel
potentiometer from 0.2 to +5.0V

positive TTL pulse
10 TTL

0V ioloV

RLOAD. 1kOhm

+15v 90 wA max
-15V 60 mA max
+ 5v 60 RA max

+13V to +17v
-13V to -17¥
+4.75¥ to +5.25v

0°C to +50°C
15°C to +35°C

3.

.1

2

501-4

CIRCUIT PESCRIPTION

Linear Ratemeter {(refer to Fig. 3.1 and circult diagram of linear
ratemeter, page 501-17)

Pogitive input pulses from the BMC-connector (J2) are fed through the
resistor R30, passing R1,¥1 as 8 limiting circult directly into the
inverting input of the comparstor Al. The comparator threshold can be set
by the front panel potentiometer R2. The positive output pulse of Al
triggers the monostable multivibrator A2 (SN?74121). The monoflop provide
negative output pulses (TTL) with stable duration. The pulio width ig
S us for the lowest range only (10 pulses/sec) and 0.5 us for all
other ranges from 100p/s to 100kp/s. The 5 us pulss is sslacted by S1
in connection with the relay K ; width adjustment by R10. The 0.5 us
pulse duration can bs sadjusted with the trimpot R11 (X1 is activated, when
switch 14-8 is closed). Tha output pulse from A2 is fed through R13,C5
and changes transistor V2 Ffrom saturation Into the non-conducting
condltion. bDuring this period a very stable current of 2 mA is flouin;
through R15, V3, V4 R16 into the 1linear amplifier A3 (LF356). Mean
current (pulgewidth x pulse curcent x countrata) multiplisd by the
selected feedback vesistor (R1? to R20) gives the output voltage on A3 (1V
by full cange); so the output voltege is proportional to tha rate of the

input pulses.

The feedback condensors (C? to Cl0) give the suitable time
constents. R22 is for szero-offset adjustment of A3, Operational
amplifier A4 ipverts the output voltage of A3 with an smplification factor
of 10 (10V positive, full range). The sutput voltage of this linear
ratemeter is spplied to the panel meter M1 through ewitch Sé.

Logarithmic rytemster (refer to Fig. 3.1 snd clrcuit diagram of log.
ratemeter, page 501-15)

Positive input pulses from the BNC-connector (J1) are fed through the
resistor R36, passing R1,V1l as a limiting cirecuit directly into tha
inverting input of the comparator Al. The comparstor threshold can be st
by the front panel potentiomster Pl The positive output pulse of Al
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triggers the monostable multivibrator A2 (SN74121). This monof lop
provides a § pulse with stable duration. The pulse width is 0.5 us;
adjustable with potentiometer R9. The output pulse from A2 is fed
through R13,C5 and changes transistor vi from saturation into the
non-conducting condition. During this pericd a very stable current
of 2mA is flowing through R15,V4,V5 R20 into the amplifier A3 (LF356).
This amplifier gives the output signal to the resistor chain R24,R2%,
R26,R27,R28. An adjustable part (R27) of this signal is fed into the
logarithmic current generator consisting of: ¢ (a temperature
compensated emitter coupled trahsistor pair) in connection with the
operational amplifier A4 (LFi5s) and the reference voltage generated
by v2 (2PD 5.8). This logarithmic ecurrent gsnerator feeds the signal
back to the inverting input of the amplifier A). Thig arcangement
forms & logarithmic output signal depending on the applied input
current to A) over a range of § decade .
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L_; A Putee sub
L A . —e
1. Discriminator 4. Linear feedback
2. One shot and current generator 5. Logaritimic feedhack
3. Amplifier 6. Voltage source
7. Output amplifier

Fig. 3.1 Block Diagram 501

501-6

Your

|‘ (M8 Mz

112

Fig. 3.2 Logarithmic converter (stages 1, 5 and 7)

- Y S
Oynamic ranges: 107%4¢5.10" Tac107%a

5 dacades

tVOlﬂ'I = 2¥/decade

¥ = ~Klog(I /1 l-‘)
ot woRe K = scaling factor

= sVersge curcent
Yiw &

The amplifier A5 (LF 356) inverts the input signal to a positive
resistor chein R3Z,R3I3 R34 together with the referencs

outpuk. The ‘
is for the zaro voltage adjustment (R34). The diode V8

voltage (V7)
no
avoids an overload of the panelmeter in the opposite directlon if

input pulses are applied. The output voltage of this logarithaic

ratemeter is applied to the panelmeter Ml through switch 86.
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