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ABSTRACT 

A transistorized instrument prototype was designed and constructed 
to replace a vacuum-tube instrument in an alpha gauge, which measures 
the thickness density of gases. The instrument amplifies, shapes, dis­
criminates, and counts alpha pulses from a Au-Si surface-barrier de­
tector exposed to an alpha source in a gas-filled chamber. 

The circuit consists of a charge-sensitive preamplifier, a main 
amplifier with pulse clipping, a Schmitt trigger, a diode pump~ and a 
count rate meter. 

Preliminary tests gave results comparable to the vacuum-tube instru­
ment. Accuracy of counting was within plus and mings 10~ for 0;5- to 10-
Mev alpha particles emitted at a maximum rate of 10 per sec. The in­
strument was stable in a temperature range of 25 to 550 C, is small and 
portable, and costs less than $500. An infinitely thick, alpha source 
that ,..rill give a high count rate is being constructed f;)r final tests. 

* , , , 
AIEA Fellow from Comision Nacional de Energia Atomica, Buenos 

Aire;;, Argentina. 

NOTICE 

This document contains information of a preliminary nature and was prepare<! 
primarily for internal use at the Oak Ridge Notional Laboratory. It is subject 
to revi sian or correction and therefore does not represent a final report. The 
information is not to be abstracted, repri nted or otherwi se gi ven public di s­
semination without the approval of the ORNL patent branch, Legal ond Infor­
mation Control Department. 
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INTRODUCTION 

After Gardner and Rossl had developed an alpha gauge, which measures 
the thickness density of gases by counting output pulses from a Au-Si 
surface barrier detector exposed to an alpha source in a gas-filled 
chamber (and can also be used to measure the thickness of thin films such 
as Mylar), they requested that a transistorized instrument be designed 
and developed to replace the vacuum-tube instrument for this gauge. The 
criteria for the new instrument were that it should amplify and discrimi­
nate the pulses from the detector and give an integrated count of the 
pulses, that it should be small and portable, and that it should be less 
expensive (less than $500) than the vacuum-tube instrument. 

'me over-all objective was to study and test several electronic 
circuits applicable to this type of instrument and to select the best 
circuit for counting alpha particles being emitted at a maximum rate of 
5 x 105 per sec and having an energy range from 0.5 Mev (lowest level of 
the discriminator) to 10 Mev. The accuracy was to be within plus and 
minus 10%. The instrument was to be stable in a temperature range of 
25 to 55°C. A prototype instrument was to be designed and tested. 

GENERAL REQUIREMENTS AND DESCRIPTION OF THE CIRCUIT 

The detector was an ORTEC Series A, N-type Au-Si surface barrier 
detector having a resistivity of 300 ohms and a sensitive area of 1 cm2 . 
For this detector to stop alpha particles having a maximum energy of 
10 Mev, a barrier depth of 62 ~ and a bias voltage of 50 v were required. 
The detector capacitance was 170 pf (see riomograph2 , Fig. 1). 

Since an ionizing particle produces a hOle-electron pair for each 
305 ev of energy loss in the sens it,ive region of the detector, the maxi­
mum input charge per pulse for a 10-Mev alpha particle is 

~ax = 
(10 7 ev)( 1. 6 x 10 -19 coulomb) 

3.5 ev = 4.6 x 10-13 coulomb. 

The minimum charge per pulse to be discriminated for a 0.5-Mev alpha 
particle is 

~in = 
(0.5 x 106 )(1.6 x 10-19 coulomb) -14 

3.5 ev = 2.3 x 10 coulomb. 

lR.F, Gardner and H.H. Ross (Oak Ridge Institute of Nuclear Studies), 
An Alpha Gauge for the Measurement of Small Density Thicknesses (un­
published) . 

2 J . L• Blankenship and C.J. Borkowski (U.S. Atomic Energy CommiSSion, 
ORIrr.) , IRE Trans. on N'J.clear Sci. NS~7 (2-3), 190-95 (1960). 



VOLTAGE 
APPLIED 

V 
VOLTS 

400 

300 

200 

ISO 

100 
90 
80 
70 
~o 

50 

40 

30 

21) 

1.5 

10 
9 
8 
7 
6 

3 

4 

3 

3 

ORNL -LR Dwg. 72547 
Unclassified 

SILICON DIODE BARRIER EQUATION NOMOGRAPH 
J. L. 6dlNK[NSH'P 2-lo-eo 

BARRIER 
DEPTH CAPACITANCE IMPURITY RESISTIVITY 

X ClCM2 CONCENTRATION NTYPE P TYPE 
10-6 UEHRS 10-ll N/CM 3 ('N f,. 

RANGE-
ENERGY (MEV) 40,000 

PROTON 4 

(HIM)1 000 _ 10 5 10,000 
30,000 

12 900 e 9000 
11 800 8000 20,000 
10 700 7 7000 

8 
6000 9 

XiO'2 
15,000 

5000 
8 

.. 000 10,000 
9000 -- 3000 8000 ------ 2 7000 
6000 

5 2000 
3 

5000 

---- 1500 4000 .. 4 
3000 

1000 
6 900 

800 2000 
700 
600 1500 
500 

400 1000 
900 

6 300 eoo 
700 

5 600 
200 

3 
500 

4 ISO 400 
4 

300 
3 10 5 100 

• 
x2 : v.{. 1.326 X 107

• CIA = 1.06\ X 10". t. f: ~IUf 
J.lN = 1200 CMZ/VOLT -SEC. J.lp = 4S0 CM"/VOLT-S[C 

Fig. 1. Nomograph Giving Detector Capacitance, Barrier Depth, and 
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4 

The circuit selected for pulse amplification, shaping, discrimination, 
and counting consisted of a charge-sensitive preamplifier, a main amplifier 
with pulse clipping, a Schmitt trigger, a diode pump, and a count-rate 
meter (Fig. 2). 

A charge-sensitive, cascode amplifier) which degenerates the detector 
capacitance and ca3ses nearly all of the input charge to appear across the 
feedback capacitor, was used as the preamplifier. This type of amplifier 
has a high input impedance; gives good) high frequency response, and low 
noise; and gives an output pulse whose amplitude is relatively independent 
of the detector capacitance. 

To degenerate the detector capacitance (CD. 170 pf), the feedback 
capacitance must be at least CF = 10(CD/A), where A is ~he open-loop gain 
of the preamplifier. The output pulse amplitude is then very close to 
b.V = LQ,in/ CF• 

'Iowa circuits4 ,5 developed for use with semiconductor detectors were 
tested, and the preamplifier developed by T. Emmer was incorporated in the 
design because of its better signal-to-noise ratio. The second stage of 
this preamplifier (Fig. 3) provides an additional gain of Ae ~ 25 and a 
low output impedance. 

To count random pulses at a rate of 5 x 105/sec , the maximum width 
of the output pulse has to te less than 200 nsec~ which gives a count rate 
10 times greater for equally spaced pulses. This shows the need for a 
clipping device to transform the step-like shape of the preamplifier 
output pulses into a short pulse of the required duration. Several co­
axial cables were tested. The type RG-17 4/u with a characterist ic imped­
ance of Ro = 100 ohms and a delay time of 1.8 nsec/ft gave a pulse rise 
time of 10 nsec. The pulse amplitude reduction by a factor of 4 for 
double del,ay-line clipping ani the bulkiness of two coaxial cables of 

feet each mage this clipping device not applicatle. Therefore" an RCL 
shaping network was tested. The underdamping factor was 0.6, and the 
amplitude reduction was only 0.6. Ber::ause it had an adRquate pulse shape, 
low cost, and small size, tl::is net,work was irv:::orporated in the final 
desigrl (Fig" 3). 

3E. Fairstein (Tennelec Instrument Co ... OakRidge), IRE Trans. on 
Nuclear Sci. Ns-8 (1)) 129-40 (1961). 

4R.L. Chase, W.A. Higinbotham, and G.L. Miller 
laboratory, Upton, N.Y.) IRE Trans. on Nuclear Sci. 

(Brookhaven National 
Ns-8 (1), p 147-50. 
===== (1961) • 

5ir. 
Controls 
p 6-11. 

Emmer (U. S. Atomic Energy COTl1"llission, ORNL), InstrJ.mentation and 
Div. Ann. Prog. Rep. for Period Ending July 1, 1961, ORNL-3191, 

6J . Millman and H. 'raub, Pulse and Digital Circuits, p 48-57, 
McGraW-Hill, New York, 1956. 
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Fig. 2. Block Diagram of the Alpha-Gauge Pulse Amplification 
and Counting Circuit. The input and output pulse shapes are shown 
for each component . 
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Since the voltage gain of the amplifier was required to be only 20, 
a voltage feedback amplifier was used, which had good stability, high 
input impedance, low output impedance, and good, high frequency response. 

Because the discriminator circuit was required to have a stable 
trigger level, fast rise time, and constant amplitude of the output pulse, 
a Schmitt trigger circuit was studied for incorporation into the total 
circuit. Two circuits were tested. 

The output pulse of the discriminator was fed through an impedance­
matching emitter-follower into a diode pump, giving an output current of 

10 = nq = n!::NCe , 

where 
n = the average number of pulses per unit time, 

6V = pulse amplitude, 

Ce = coupling capacity between emitter-follower and diodes. 

To make the transferred charge (q) independent of n, a bootstrapped 
emitter-follower was used as a count-rate meter. In order to stabilize 
the circuit for changes in ambient temperatures, a differential emitter­
follower stage was tested for linearity and temperature effect. 

RESULTS AND DISCUSSION 

Preamplifier Circuit 

The cascode circuit was connected to the input via an impedance­
matching emitter-follower. 'I'l:1e bias current was taken from the output 
through a 10-megohm resistor whic:::t) together with the feedback capacitor 
(CF = 10 pf), determined the integrating time constant of the preamplifier. 
The open-loop gain of the cascode circui.t was Ae ~ 1500. 

The second stage added a voltage gain of 25 and gave a low output 
impedance to drive the clipping device. 

The preamplifier equivalent input noise at full width, half-maximum 
was 20 kev at zero input capacitance and 100 kev at 200 pf input capaci­
tance (see Fig. 4). The signal output was 67 mV/Mev input, the pulse rise 
time was 30 nsec, and the fall time was 2 f1sec. 

Clipping Device and Amplifier 

The undamped period of the BCL circuit is 
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where 
L = inductance in henrys, 

C = total capacitance in parallel with the inductance in farads. 

To obtain To :: 200 nsec with an inductance of L = 10 ~h, 

C :: :: :: 100. pf. 

The selected damping factor was 

K 

where 
R = 

= 
llL 
2R V C = 0.6, 

the total resistance in series with the LC circuit. It is the 
sum of the Thevenin generator resistance and the series 
resistor. 

In this circuit 

R :: 260 ohms. 

The output impedance of the preamplifier (Bel) was ~ 150 ohms; the series 
resistor (Rs) was adjusted to 120 ohms. 

The clipped pulse was fed into a two-transistor, series-feedback 
amplifier. The signal was amplified in the first stage and direct­
coupled to the complementary second stage. The collector current from 
the second stage flows through an unbypassed part of the emitter-resistor 
(Rr) of the first stage and provides the negative-voltage feedback. The 
voltage gain of this amplifier was 

:: 
2200 + 100 

100 23, 

where RC2 = collector resistor of the second stage, the input impedance 
(Ri ) was ~ 200 kilohms, and the output impedance (Ra ) was ~ 500 ohms. 
The pulse rise time (tr ) was ~ 30 nsec, and the pulS~ width (td) was 
~ 120 nsec. 

Discriminator 

This circuit7 consists of a conventional Schmitt trigger, with special 

7G.T. Webb (Master's Thesis, University of Tennessee), A Transistor 
Crossover Pickoff Circuit for Use in Fast-Slow Coincidence Systems, 
University of Tennessee, Department of Electrical Engineering, Scientific 
Report No.1, ORNL Subcontract No. 2075, Sept. 11, 1961. 
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care taken to minimize temperature effects on the trigger level and pulse 
height. Therefore, the bias circuits had very low impedances, the circuit 
was driven from a low-input emitter-follower, and the value of the common 
emitter-resistor was relatively high. 

Temperature tests (between 250 C and 65°C) showed a change of 5 mV/IOoC 
for the upper trigger point, 0.3 mV/IOoC for the lower trigger point, and 
5.3 mV/10oC for the hysteresis. The resistor between the two emitters 
affects the hysteresis, which was adjusted to be 50 mv. The output pulse 
amplitude was 2.5 v,with a rise time and fall time of 25 nsec each. 

Diode Pump and Count-Rate Meter 

The output impedance (Ro~) of the emitter-follower connected between 
the discriminator and diode pump was approximately 20 ohms. 

The coupling capacitor (ce ) between these two circuits has to be 
charged up in less time than the pulse duration. Therefore, the time 
constant (Ra

3
Ce ) has to be 

td 
Ro3Ce < s' 

where td is the pulse duration. 

In this circuit 

120 x 10--9 
5 x 20 = = 1200 pf. 

Either of two ranges of 106 counts/sec and 105 counts/sec can be selected 
by connecting the proper capacitor to the circuit with the switch 81 
(Fig. 3). For both ranges the full-scale current output of the diode 
pump was 

where 
n • average number of counts per second, 

6V = pulse amplitude, v, 

Ce = value of the connected coupling capacitor in farads. 

This current flows into a bootstrapped emitter-follower, which makes the 
voltage in the cathode of the IN67 diode equal to the anode voltage of the 
IN914 diode, and therefore, the transferred charge per pulse is almost 
independent of the count rate . 
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The emitter-follower was connected in a differential mode, and the 
output voltage (eo), which appeared between the two emitt,ers, was 

eo ~ 600 mv for a count rate of 106 counts/sec with Ce = 50 pf, 

eo = 600 mv for 105 counts/sec with Ce = 500 pf (see Fig, 5). 

The voltage drift with temperature was ~oT Q 0.3 mv/oC between 25°C and 
70oC. The nonlinearity was less than 3% of full-scale deflection (Fig. 5). 
The voltage drift over a long time for a relatively ~onstant ambient temp­
erature was 2.5 mv during the first 20 min after the circuit was connected 
and then within 5 mv per 24 hr over a period of 8 days. These results were 
obtained with unmatched transistors (hfe

l 
= 26 and hfe2 = 35). 

Since the count rate as a function of gas pressure, density, or film 
thickness is an experimental curve, a final calibration has to be made 
when an alpha source of high activity is available. Preliminary tests 
with a weak. alpha-particle emitter gave results that were in accordance 
with test results obtained with a vacuum-tube amplifier and count-rate 
meter. 
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