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PROPERTIES OF DIGITIZING CURRENT INTEGRATORS
BUILT BY THE NAL RADIATION PHYSICS GROUP
R. Shafer

September 7, 1972

In conjunction with the construction of radiation
monitoring equipment utilizing low current outputs of ion
chambers and photomultipliers, we have designed and built a
variety of current digitizers utilizing MOSfet and Jfet

operational amplifiers with large dynamic range.

We have recently packaged one of these in a standard
single width NIM module for general use, such as beam
intensity monitoring using SEM's (secondary electron monitors)
and I.C.'s (ion chambers). This unit was specifically
designed to interface low current devices to scalers. The
use of récently developed Jfets with low leakage has allowed
the design of a unit with at least 2 decades higher
digitizing rate than the commercially available units using

MOSfets.
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Briefly the specifications are:
Polarity negative current input
Leakage current <10 'Zamps
Digitizing calibration 10 '%Coul/pulse
Max digitizing rate >10°Hz
Linearity; 10 !%amps <I <10 Samps +1%
Duty cycle limitations none for <10 °Coul
in 1 second

Digital outputs a) +5V pulse lu sec long

into 50Q

b) TTL 1y sec long into
1008 pullup

c) NIM fast 50n sec long
into 50Q

Estimated unit cost (parts & labor) ~$150.

In addition we have built MOSfet digitizers with leakage

currents below 10 !

“*amps and a current range of 10 !'2? to 10 %amps
with a digitizing rate of ~10 '2Coul/pulse and ~+3% linearity.
However, no effort has been made to package this in a NIM

module.
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CIRCUIT DESCRIPTION OF NIM CURRENT INTEGRATOR-DIGITIZER
R. Shafer

November 14, 1972

A circuit schematic of the digitizer described in TM-391
is shown in Fig. 1. An Analog Device #41J JFET op-amp is used
in the summing Jjunction mode as a current integrator. Inte-
gration is performed across a 1000 picofarad polystyrene
capacitor. Thevcircuitry connected to the (-) input has
several functions. The 51 ohm series resistor acts as a
termination for fast signals. The 1 uF capacitor and 100 k
resistor act as a passive integrator to limit fast transients
which may exceed the digitizing capability of the circuit.
(Normally instantaneous current at summing junction should
not exceed -10"° amps.) These components may be changed as
specific needs require. It should be noted that at large
currents there is a voltage drop across the series resistor,
which will affect the linearity if the input current source
(sink‘actually) has an output impedance less than 107 ohms.
The test button injects 1 nanocamp into the circuit for ascer-
taining the proper operation of the circuit. This circuit
has a second function - balancing the input bias current
offset: the 10'° ohm resistor allows the input voltage offset

adjustment to vary the current through it in order to balance
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the total offset currents to zero. If the effective output
impedance of the input current source is less than 10!° ohms,
then this adjustment should be made with the input current
source connected, but turned off. The adjustment is made by
- varying the 20 k pot and setting the dv/dt at the test point

to less than 1 mv/sec.

A uA 734 precision voltage comparator is used with a
small amount of hysteresis as a Schmitt trigger to detect
the output voltage of the integrator. The comparator output
is TTL compatible and drives a gated oscillator composed of
two TTL integrated circuits. The output pulse widths of this
circuit are determined by RC time constants in the multivibra-
tors, and the circuit is sbecifically designed to put out
square wave pulse trains in the event that the input current

limitations of the integrator are exceeded.

Charge is pumped back into the summing junction via a
pnp transistor circuit and a 2N4117A JFET. The JFET is used
here rather than a regular diode as it has superior current
leakage properties than available diodes, and is similar to

the JFETS used on the 41J inputs.

Three output circuits are provided; a standard NIM fast
signal (-1V into 500, 30 nsec wide); a standard +5 volt signal
(+5V into 50 ohms or greater, 1 usec wide); and a TTL compatible

signal (0 volts into a 50 ohm or greater pullup, 1 usec wide).
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No gating was included in the circuit, as it is extremely
difficult to gate picoamp currents properly, and gating of

digital signals is easily done at the scaler.

The entire circuit runs off of the *12V supply of a
NIM bin. The exact calibration of the circuit depends on
the actual voltages so these should be measured and adjusted
if necessary (use a DVM). It would have been more accurate
to obtain a'regulated t15V by regulating the #24V NIM supplies.
In this case the only circuits which should be operated from the
15 volt supplies are the 41J op-amp, the 734 comparator, and the

pnp charge pump transistor.

A typical calibraﬁion is shown in Fig. 2. The major d4iffi-
culty in calibrating the digitizer is locating accurate current
supplies in the region of interest, as high-meg resistors have
voltage and temperature coefficients, and change with age. (It
should be noted that the calibration measurement was made with
the 1 UF capacitor and the 100 k resistor removed from the input
circuit for reasons already discussed.) The expected maximum
leakage current is 1 picoamp, and since no attempt is made
to measure the actual voltage on the integrator, the lower
limit to a total charge measurement over an interval of At
seconds is

AQ = (1 + .01 At) x 10™!° Coulombs.
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We have made this circuit operate at 107'! Coul/pulse
by changing the 240 k resistor in the feedback loop to
2.4 Meg, but this increases the time constant of the charge
pump circuit and further limits the frequency at which the
circuit can accurately digitiie (to about 5 x 10* Hz or

5 x 1077 amps).

Acknowledgment.
The author would like to thank L. Grumboski for his
contribution in setting up and testing the prototype module,

and laying out the art work for and fabricating the pro-

duction units.



ENGINEERING NOTE | &P ™

HATIONAL ACCELERATOR LARORATORY SECTION PROJRCT

3917

BERIAL-CATEGORY | PAGK

l

BUBJECT

/V / /"7 /"/ ad'u/e. Cﬁm«,f -Z;ﬂ/&]ra'lél- ‘p/t]l I%PI-

NAME

Slm‘/t“f'

gl'uhb IPJ;:-: 77111714‘ '

— {2y

St o 22
(F8)

. 1L
oy

HITA {0
STET 240K

CTR S
polydyrena e
Inrf\' locopf
{ R.R) N
10k
{ Ny ' e
Curren] (}‘F oV- ok
chh‘) Zok
TR
+zV +12
L -
k 33
2u0 g '{}af
AN
Suw qf —’T 7 +§
= 47/.F
Ca
‘“‘;{ —» Coim
= ‘I}dF
2y —> -1

6. Calibvalin depevds s enadd vettage of 2120 svpply . far betler
S'U-‘-\;ﬁ’ reglaR to £15v Frow %24y svp i

7. for turrends ex(eodivng bwitation of Jv:]'lfc%crl o qded o3¢,
credd witt pt ot a Squate wal sigral % Sooknz,

2
45v : 3o nike
| % e e
SopF lk ~
e Y KM (FP)
-1V =
j”‘. ( SOJ-o
R <
-
L ]
')u:
v’
/L s
N £ i B
. * @ +Svolt (FR)
a) © O™ ot tutent st
~Juses £
P
tgap®  tok+ okpst I msec.
3> <
Ju S
N L °' T¥e (FF)
CW “I?H*.S h O Moﬂ\f ﬂ‘hh
A Ahulot Devices wiodel 41T op awmp to €5y )
8: Ew'chﬂdjuﬁ 734 cnmfatifa— or epuiv ¢ %
Ct $N740eN Quad 2 impdl KoR ate el

D: SN7HIIIN Dl puoitivibralor
F: SN74o7N Hex boffer

Nvif w:i \.Oh

——

Conwe diun leauiwi pe board .

—otp st pondt

4
R
e

Rsihwe edqe. triqqering
frad ganel
Reov panel

{eert )

. W wa \LpuTJ adyast thtethw asT‘wT o vriripiowa dvir u::m“
ipd vettaqe offset adf ([ pA feakage coneat &> SYhre 1604ec)
2. B conred ca(\.‘o\mfw\«' ad‘)'uSt lok Pn'{' N 10\1!& o,
3. Ghlbratia. cwless other wie specfied is
He ot = -0 T wpal 2 1% for iﬁ"oé'lil‘f:cw'u

4. Tor beitre B, oll connechions to i\de-]mfat- &) !‘hpd shoudd e

qu:kd ow both ¢ides of p<. board witl quard ting altacked 1o
%) IMP\:" . Guard viw{ shouts e taduded i pe avlwoe k.

8. IuPuT Sl 104- 7‘0:1 s;qu ~,9;~o'|r\;vna‘/[;0'|. .Thf-:f Re (l-b)qf arJ /ﬂg) hﬂm, be

vai;e.{ prt‘ndliai ok chamc"/?k;lfiii c/ couenf !-n/.wT s/'fnal.




DATE

REVISION

SERIAL-CATEGORY | PAGE

NAMES ,‘{_I fi.

. ——

BATE

TH 394

PROJECT

SECTION . .

.EN’GlNEERlN"G NOTE |

NATIONAL ACCELERATOR LABORATORY

g

BUBJECT -

.wm«“% - x U 1h2 \m\ﬁN

w3

01X
. , _ . ‘ .
W s N Lol o9 9! o os3
/s T ¢ s z 1 s T /I s T I s 2 .. s t s_ s ® “
- . ] — ® 1 ] — [ [ ] — [ 13 — .
oob®
o 91
M\N&‘\\s mm%wﬁw\ ) 7 osh’
/
.wm mp oS WiIXrp/ ,
// e
\\.\ — _ ¢ Oslﬁ\x -
e 1 oo
| 2 A D N B | ~1 _
i <
- —v . e // . a\...o\x
| | \ L 0507
, ,, — 5P S > | u_r |
e Posp 5 — ) g
- ) : : . ) ) . : . Wm\ - I.OQ\.\ \Nw\s
: 42d
T | o
o 91X
L. 951+

o sy

1 MM Madub Qg}md ﬁﬁéw/;» 9193*75?&‘/- - @//5




