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- tracks or other dark s1gna.1s on a.light background the output s1gnal one

" remove this dependency The c1rcu1t is both s1mp1e and trans1stor1zed R

Furthermore, 1t can adJust 1ts gam w1th1n m1croseconds to a large increase
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ABSTRACT

When usmg a photomu1t1p11er to .scan photographszdf bubble chamber

o obtains depends strongly'on-the intensity of the background. In this paper' '

g iwe descrxbe and analyze an automatm -gam-control c1rcu1t that helps to

i
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INTRO DUC TION

l\[ ‘

This paper descmbes a techmque for automatmally adJustlng the gam of;'

'a photomult1pl1er (PM) tube as a funct1on of background-hght level The S

method described 1nvolves generatmg a voltage related to badkground-lightvl.

level:and applying this voltage to the last dynode of the tube through a

negative -feedback ci;rcuit. When a PM tube is used to monitor dark lines on - |

- light background, the following advantages are gamed
a.. The ampl1tude of the output 31gnal tends to depend only on the opac1ty of
'v _the line and not on variations v1nv11ght background or PM supply voltage. |
.. b. | The circuit tends to establish a fixed dc reference for light background _ ‘

" as well as for absolute dark.

1
)

These advantages are demonstrated in F1g 1, which shows some scans.
o of hydrogen bubble chamber fllm (black bubble tracks on a light background)
Parts (a) and (b) of Fig. '1 were taken w1thout automatxc ga1n control (AGC),
¢ whereas parts (c) and (d) were taken with AGC, The 11ght level for the -
| ‘lower traces was 1/20 of that for the upper traces.. The c1rcu1t that performed

DRI
TS

" this gain con_trol is discussed below.

, PRINCIPLES OF OPERATION . ,
o The PM tube used in these stud1es was an RCA 6199. Figu.re.‘Zv_shows
: output anode Current as a functlon of light ﬂux‘at: the photocathode for such al
g tube In this f1gure, last dynode to anode voltage is the runmng parameter and

o __'.;the slope of each curve represents ‘the PM- tube gam for that part1cu1ar dynode

AR voltage. “The voltages on the other dynodes were set by a standard resistor . !
AR strmg Figure 3 shows the gain of the PM tube as a funct1on of dynode voltage. -

vMost of the gam control occurs W1th the dynode voltage between +1 25 and . 3{ _—

: volts w1th respect to the anode. s o

'



. set mdependent of anode current Res1stor R1 ad_;usts the loop gam and R'

“‘and R3 set the dc level Capac1tor CZ’ re31stor R4, and transxstor Tz
compnse a peak detector and d1scharge c1rcu1t 0 Capac1tor C can charge':

v _posu:wely very qu1ck1y, thus allowmg the gam to decrease qulckly w1th

I

r-:.s1gna1) the base-em1tter Junctlon of T reverse b1ases and C stores a voltage

related to the llght background SIf the s1gnal remams relatwely dark for a
' duratmn of many normal track w1dths

v' negatlve (1ncrea51ng the gam) through R4

: ,T

f‘-background var1at1ons._ ThlS presupposes that the 51gna1:“1nformat1on 1s'of

h1gher frequency than)the background var1at1on_'

Although the output of the AGC loop is v (F1g 4), performance’can be

-

i control voltage. . Th1s 1s accomphshed by the f1nal d1fferent1a1 ampl1f1er,




. circuit is illustrdted in Fig. 1. Figure 1(a) and (b) shows'ithe open-loop.
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output wmth a peak to-peak anode current of 34 pA and 1 7 |J.A, respectwely,

) - ~and a background current of 50 uA and 2. 5 pAL The closed—loop output for the .

:_,rsame 11ght levels is shown in Fig. 1(c) and (d)

~ ANALYSIS OF THE CIRGUIT

We used the model of F1g. 5 to help us analyze the C1rcu1t' ‘Some ofv the

' assumptmns mherent in the model are: . RV
i a.' 'There is'a smgle dommant pole, , ,‘Ti,‘ in the forward loop. :
b. ,The diode in the peak detector is an 1dea1 switch, _

c. The PM-tube gain is linearly related to dynode voltage.".
d.  When the light flux equals zero, i, = 0; when the light flux increases, ij . .

~ becomes more negative. ' Lo

L

In this model i1 corresponds to the current of the last dynode, iz'v to the

anode current, y to the multiplication'of -the 1ast.dynode; and v, i is 'thef_ | 3 L
L ‘last dynode voltage minus a constant The constant 15 due to the tube hav1ng . ~ IZ
~ zero gain when the dynode voltage equals 1. 25 V w1th respect to the anode.

F1gure 5 shows that t‘hls C1rcu1t has two modes of operatmn. When

‘}0 > v3 the c1rcu1t operates in a closed-—loop mode, but when v3ﬁ>/v0 the loop

U is opened Do
- Case L ¥grvy sy
TN TR IREI e e
o T"i dt ! 0 +A12 ;?(‘,.1’) i
“and . :
T tvaTe v LR )
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der1vat1ves, 1t cannot ‘be solved for a genera,l 1nput The solutlon for a spec1f1ed

f'mIf ‘we. assume that Ry_ is: much greater than RDL and that o,




" and K =1 volt

B e T 2 BT e A T -
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v0=.-.{l_i AKA-fao.-r .11<0. . | _.:_(6)

Figure 6 shows vy as a function of i1A for a PM tuhe that ha’s.aaa =4

1. This £1gure shows how well the C1rcu1t regulates the output

- current of the PM tube as a functmn of background-hght level (1 is pro-

- portional to;light: flux). The percent dc regulation is precisjely-the same as the .

i .-5 percent gain control. If we make T, =T, = 0, then Fig. 6]" shows the time . '. |
"revs‘ponse to a negative ramp (the i1A a_.;cis‘b'eing replaced hy a time axis).

We. now dtscuss the qualitative effects of T, and T‘2 not eclualtng:. zero.-,,{'
- If TZ i's not 'equal to. zero and there is a negative step at the input ‘then &4 -
o disturbance will appear at the output and the ga:m adJustment will be delayed

,l'_-v:jAfter several tlme constants have passed the }

. output w111 decay to its proper value If T, is ot equal to zero,' the effect is" |

' ,.more comphcated A negat1ve step mput would tend to cause an exponent1a1

- .%. output. . Th1s output however, is contmually readJustmg the gam and the output

,w111 therefore be somethlng less than exponentlal

o .Case 2, V3 > Vo

S T

}

L

If v3 is greater than vo, the loop is opened In analyzmg th1s mode, we N
assumed that { 11:15 a dark —gomg (p051t1ve) ramp S L
CohThre o
and tha't ‘v3. is also a ramp _‘ ‘ RS
B The v3 ramp is generated by the current source (E~V§VRq] chargmg
rthe capac1tor C ‘ ,‘ B ';:’f S i [



Subst1tut1ng (7) and (8) in (9), B _'e;o:btain.

- max - ZKb (hKA '1) " Zg

- '-T'.'T('i,i)'
Smce h isa negatwe number, tmax w1ll typ1cally be a negat1ve number

lprov1ded that the slope of the ramp 1s not too small We w1ll see later that for

.-
<

o It 1s of 1nterest to knowﬂf’ot wh1ch -elas‘suof lnputs the loop ls olosed and |
'for. wh1ch class 1t 1s open.‘ In th1s d1scus51on we con51der a ramp\mput only and
“we. estabhsh cond1t10ns for the loop bemg closed as a functlon of thef slope of the
ﬁrampand value of the ramp at t .0 If the loop is; closed when the dark gomg

ramp beg1ns then the output volta.ge, : 0, W1ll be negatlve go1ng and w1ll tend to

make the loop open In contrast the ramp generated by the -E. volt source




-7- ©° t. .. - UCRL-11450

(assuming the loop. is opened) is less than the slope of the ramp generated by

the -E volt supply, S - S

Solvmg thrs equatlon, : we f1nd that the'condition for the loop being o.pened' )

© - is

i

g

"This a parabola in' the g-h plane (Fig 8). For pract1cal apphcatlons,- when L

o “h> 1/AK the loop w1ll stay closed for dc 1nputs and even for pos:Lt1ve -going -

ramps of moderate slope.

EXPERIMENTAL RESULTS .
" In order to see how well our theory agreed with pract1ce we observed the

' regulation of 12

_as a function of- . The exper1mental and calculated [Eq (6)]
‘results are shown in Fig., 9. In these calculatmns we measured A= Zv/p.A

- and assumed K =1 voltn1 and a = 2.‘3. The results seem to support the theory.’
f

When we made the dynode more than 1.25 volts pos1t1ve 'with respect to’ the o

g anode, the anode current reversed phase and the c1rcu1t of course, fa1led, to S

' function properly. We do not know the cause of th1s, but we speculate that

e

| perhaps ‘the anode becomes a secondary em1tter the electrons em1tted from 1t

.CONCLUSION.

"We have descrlbed a simple method of controllmg the gam of a

photomu1t1pl1er tube as a function- of background—hght level The method used e

is. much simpler thancontrollmg the h1gh-voltage supply and this method does ‘

&



controlled rate of d1scharge. One could use a second photomult1p11er to sense

the background but thlS techmque is not dlscussed or analyzed
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FOOTNOTES

.Work jointly sponsored by the U. S. Atomic Energy Commission and

. - ~ . 3
Commissariat a 1'Energie Atomique, France,

T Visiting from C. E. N., Saclay, France.



F 1g 1 Amp11f1er output w1th and w1thout AGC for two dlffergent llght

as a runnlng pa.rameter.

: F1g 3 PM gam as a functmn of 1ast dynode to. anode volta.ge._ The da.shed

'11ne 1nd1cates the 11near gam relat1onsh1p used in the model
i) 4 S1gna.1 amp11f1er w1th automatm gam control

JEEN

‘. F1g 5. Model for AGC C1rcu1t 1 represents last dynode Current and 12

represents anode current Except for a. dc sh1ft C a.nd v3 represent the
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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