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A photomultiplyer power supply producing output voltage from 0 to 1500 V at an output
current from 0 to 2 mA is described. A stabilization factor of more than 1500 at mains varia-
tion is provided. The variation of the output voltage by output current alteration from 0 to 2
mA is less than 0,06%. The long term instability is under 0,05 % and the output voltage ripple
less than 10 mVp-p. Two special protection circuits limit the output voltage and current either
at an accidental output short circuit or at an interruption of the stabilizer feedback.
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1. INTRODUCTION

Photomultiplyers have a very large field of application — photometry, optical and
nuclear researches, astronomy, cosmology etc. The main reasons are their high gain,
very low noises and high speed. The successful use of these features significantly de-
pends on the parameters of the high voltage power supply unit used. The device’s re-
quirements are rigorous:

¢ high stability of the output voltage;

e wide range of output voltage regulation;

e protection against output overload and internal failures;

e very low ripple voltage;

e compact construction, low weight and price.

A high voltage power supply unit satisfying many of these requirements is devel-
oped and will be described here.

2. DESCRIPTION OF THE CIRCUIT

The electric diagram of the device is shown in fig. 1. The output high voltage
(Up) is regulated by means of the potentiometer P,. The voltage from it (Up) is fed to
the noninverting input of the operational amplifier OA. There it is compared with the
voltage received at the OA inverting input from the stabilizer feedback (R,). The dif-
ference between these two voltages is amplified by OA4 and its output voltage Upy is
fed to the emitter circuit of the transistor 77.

The transistors 77, 75 and 75 convert this low direct voltage into high voltage by
using a timer 555 generator. The generator’s output pulses, with amplitude of 12 V,
control the transistor 77 — at an output pulse level of 0 V T is saturated and at 12 V it
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Fig. 1. Power supply unit electrical diagram.

is cut-off. For this reason the base current of the Darlington transistor 7,-75 flows
only during the zero-level at the timer output. As can be seen from the diagram this
current as well as the current through the 75 collector circuit (i.e. the current through
the transformer 7R primary winding) and the output voltage Uy will be proportional
to the OA output voltage, which is controlled by P;.

The protection against output overload is provided by means of the optocoupler
OC and the thyristor 7%: the load current flows through the OC LED and when it
value becomes over 2 mA the OC transistor opens; its current switches on the thyris-
tor and through it the 7 collector is connected to ground; as a results transistors 73
and 75 are cut-off and the output voltage drops to 0. When the overload disappears
the output voltage restores immediately because the current through the thyristor
ceases each time, when 7 is cut-off by the generator 555.

The same thyristor by means of Rj,, D, and Dj; circuit provides the protection
against a dangerous output voltage exceeding due to an interruption of the feedback
in the stabilizer (from the output to the OA input through R,). For that purpose the
break-down voltage of the Zener diode D, is chosen so (3,9 V), that for the normal
operating values of OA output voltage Up, it is cut-off. Only when does Uga rises
sharply D, breaks down and it’s current through the diode D; switches on the thyristor
Th. In such a case the thyristor controls the output voltage in the same way as at an
output overload.

3. OPERATION ANALYSIS

The relation between the output voltage Uy and the control voltage Up received
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from P, can be found taking into account that (for an ideal operational amplifier) the
circuit will be in balance when the voltages at the O4 inverting and noninverting in-
Table 1 Put are equal —
Uo, | Upexes| Uprn, (1) UP - UO R3/(R3+R4)'
V | mV | mV When the output voltage range is fixed the corresponding
100 | 41,0 | 439 | value of the control voltage can be calculated from this equa-
200 | 84.0 | 87.8 | tjon. The control voltage depends on the supply voltage E, and
288 iég? B;g the voltage divider formed by the resistor R, and P;. Normally
500 12135 | 2104 | the voltage £ as well as the resistance of the helipot P, can be
600 | 2554 | 2633 | chosen and then the resistance R, has to be calculated to provide
700 | 301.7 | 3072 | the maximal necessary value of the control voltage

800 | 344,0 | 351.1 | Upmax (produced at up position of P;) —

900 | 387.8 | 394.9 E

1000 | 432.1 | 438.9 (2) R =(——-DA.

1100 | 477.5 | 482.7 Pmax

1200 | 522.2 | 526.6 For this unit the accepted range of the output high voltage is

1300 | 568.1 | 570.5 | Upmin=0, Uomax=1500 V. With the resistance values of R; and

1400 | 6163 | 6144 | B shown on fig. 1, a voltage Upnax=0,658 V is calculated from

1500 | 662,0 | 638.2 (1). Then at E;=12 V and P,=470 Q a resistance R;=8,1 kQ is
obtained from (2). In Table 1 the measured (Upgxp) and the calculated (Upry) from (1)
700 control voltage values for a series of
Up, mV output voltages (from 0 to 1500 V) are
given. In fig. 2 the theoretical relation is
shown by continuous line and the
measured values — by small triangles.
As can be seen the differences between
these two series of values are not con-
Uo, V siderable and most likely are due to the
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Fig. 2. Dependence between the control voltage.

voltage (Up) and the output voltage (Up). The transistors 73, 7 and 73 opera-
tion can be analyzed using the equiva-

lent circuit for the half period when T7; is saturated as shown in fig. 3. In it the diodes

Re A Rs Dg,, Dy, and Dg; represent the base-emitter PN-junctions

Uon of the transistors 77, 75 and 7. This figure shows that the
Der De: output current of OA4 (Ips) splits between the base (/)

R Des R, and the collector circuits of 77 (Ic; = Ipy). Applying the

first Kirhoff’s law to the point A of the circuit the follow-
- ing equation can be written —
Fig. 3. T\, T; and T3 3) Ton = Igy + I

equivalent circuit. or

Uy =U, _U, =AU, U, ~(AU, +AU,) _U, AU U, -2AU
R R R R R

(4)

9

6 7 8 7 8
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where U, is the voltage in point 4 and AU, = AU, = AU; = AU — the voltage drop at
the PN-junction of the corresponding transistor.
From the equations

-A —2A
(5) I, _Us—AU and I, _Uy=28U

7 8
it can be seen that an increasing of the R; resistance with respect to Rg will enhance
the current /g, i.e. the part of /o, controlling the output voltage Uy and will decrease
the necessary OA output voltage (see (6)). In the same time the saturation condition
of Ty is Ry/Rg << B, where PB; is the static current gain of 7). Taking into account
these conflicting requirements the values of R; and Rg shown in fig. 1 are chosen. The
R resistance (510 Q) stabilizes the 77 operation (due to the local negative feedback)
and limits the maximal output current of OA.
The voltage in point 4 can be calculate from equation (4) —
(42) UA:U0A+AUR6(1/R7+2/R8)_
1+R,(1/R, +1/Ry)

Replacing this value in equation (5) the following relations for the base currents
of Ty and T are received —

(5a) Iy =

Uorn —AU(—-R,/Ry)
R, +R(+R, /R’
(5b) [BZZUOA_AU(2+R6/R7)_
R, +R,(1+R;/R,)

If the value of the necessary 75 base current /g, is known, the equation (5b) allows
to calculate the operational amplifier O4 output voltage which is needed —

(6) Uor =15 [Ry +R(A+R,/R)+AUR2+R,/R,).

The relation between /g, and output current /o can be found by following reason-
ing. The mean value of 75 collector current is

(7) Ics = krrlo + Iow,
where kry is the transformer current ratio and /yrr — the open-circuit current through
the transformer primary winding. The corresponding base current is

(8) I3 = Ics/Bs = (ktrlo + Lotr)/Bs.

To find the corresponding 7, emitter current, the current through the resistor Ry
has to be added —

)] Iy = Ig3 + Iro = (krrlo + Iotr)/B3 + AU/Ry
(AU as in (5)). Finally
(10) 1132: IEZ/(BZ + 1) = [(kTRIO + IOTR)/B3 + AU/Rg]/(Bz + 1)

To calculate a concrete I, value B, and ; has to be taken for the real operating
conditions of the corresponding transistors. For example, at Up=1500 V and maximal
output current Iom.x =2 mA the mean 73 collector current is about 142 mA (krr=56
and /yrr=30 ma) at a voltage pulse amplitude of 32 V (in order to avoid 75 saturation).
Under these conditions the used 73 transistor BUS08 [2] has B5=15. Respectively T,
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(type BD 139) has B,=35. Then for /g, mean value from (10) can be received /I, =
0,285 mA (AU= 0,8 V).

Now the necessary OA output voltage providing this current can be calculated
from equation (6). The result is Upp=2,145 V which is in good correspondence with
the measured value of 2,17 V.

4. EXPERIMENTAL RESULTS

The basic parameters of the device were investigated in details by means of a pro-
totype. The instability of the output voltage

Table 2 a5 a function of the mains voltage and load

Uonoms | 1o, Uo, V at Uy current is shown in Table 2. As can be seen
\Y% mA | 198V [ 220V | 242V | variation in the mains voltage from 198 to

500 0 | 500,7 | 500,7 | 500,7
500 | 0,5 | 500,7 | 500,7 | 500,7
500 1 | 5006 | 500,6 | 500,6
500 | 1,5 | 5005 | 500,5 | 500,5
500 2 | 5004 | 5004 | 5004
1000 | 0 | 1000,8 | 1000,9 | 1000,9
1000 | 0,5 | 1000,7 | 1000,8 | 1000,8
1000 | 1 | 1000,7 | 1000,7 | 1000,8
1000 | 1,5 | 1000,6 | 1000,7 | 1000,7 lo, mA
1000 | 2 | 1000,6 | 1000,6 | 1000,6 500.3 ' ' ' '

1500 | 0 | 15004 | 15004 | 15005 0 0.5 1 15 2 25
1500 | 0,5 | 1500,3 | 15004 | 1500,5 Fig. 4. Load characteristic at Up= 500 V.
1500 | 1 | 1500,2 | 15003 | 1500,4
1500 | 1,5 | 1500,2 | 1500,2 | 15003 | 242 V (£10% of the nominal value Uy.

1500 1 2 1500,1 | 1500,1 1 1500,3 | '~ =220 V) and at constant load current
causes a maximal output voltage deviation
of 0,0133% (from 1500,2 V to 1500,4 V at Io=1 mA and from 1500,1 to 1500,3 V at
1o=2 mA). The corresponding minimal stabilization factor is

(11) Ky =2 W 20 _ 54

AU. /U, 00133

Omax Onom

The load characteristics of the device (Table 2) show that the full variation of the
load current (from 0 to 2 mA) provokes a 0,3 V absolute decrease of the output volt-
age, independently of the output volt-

1000.8

word¥:V age rate. The maximum relative devia-
100064 -\ - - - tion is at Up=500 V — 0,06% (from
100054 - - Q- - K- 500,7 to 500,4 V, fig. 4).

1000.4 - The long term stability investigation
1000.3 - during a period of 15 hours (fig. 5)
1000.2 - T h shows a deviation of 0,05% for the
1000.1 —rr T whole period and only 0,02% during

oz 4 & 8 M 2 W thelast 10 hours.

Fig. 5. Long term stability at Up=1000 V The maximal ripple voltage, meas-
ured at the heaviest operating conditions — Uo=1500 V, Ip=2 mA, is less than 10
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mVp-p.
5. CONCLUSIONS

The described high voltage power supply unit, designed mainly for supplying
photomultiplyers, satisfies most of the requirements indicated in the introduction: the
output voltage can be regulated from 0 to 1500 V; it has very high stability at mains
voltage variation and load current alteration, good long term stability and low output
ripple; the unit contains very effective protection against a short circuit in the output
or a break in the stabilizer feedback circuit; the high performance of the unit is
achieved by a relatively simple and cheap original circuit design.
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