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ABSTRACT

A time-to-height conversion system has been developed which.is useful
for measuring time intervals from 10 ps to 200 ps. When driven by a mercury-:. .
relay pulse generator through appropriate fixed delays, the resolution of the
system, FWHM, is 6 ps, the apparent time shift with temperature is less th?.n
2 ps/OC, and the integral. linearity is within £ 1%. The apparevnt time dis-~
tribution through a type 58 AVP photomultiplier tube driven by a mercury-
relay light pulser was less than 0.3 ns at a fixed light level equivalent to 103

photoelectrons per pulse. The apparent time shift was less than 0.5 ns for -

variations from lO2 to 104 photoelectrons per pulse.
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1. Ihtroduction

Nuclear particles can often be identified and thei.r energy distributi.o.ns
analyzed by us.e of time-of-flight tech.niquesl’ 2). Time-of-flight ins.t.rlumentation
is usually the iirﬁiting factor in the resolution and reproducibility of the timing
‘measurements. This equipment must make a prelcise, ac;’:curate decisioﬁ as to
when a nuclear event occurs and . translate that decision with maximurrvl-f.idel—
ity and svtability into a meaningful record.

This report describes a time-to-height conversion system, whichvils pres-

ently being used at this Laboratory (see Fig. 1). The system is useful for
measuring time intervals from 10 ps to 200 ps. Driven by mercury-relay- 7

- formed fast-rising test pulses through appropriate fixed delays, with the setup

of Fig. 2, the full width at half-maximum amplitude (FWHM) on the pulse-height
analyzer is two channels (6 ps). The apparent time shift with temperature is
less than 2 ps/oC, "The integral linearity is £ 1%, as shown in Fig. 3. Ina
test using a type-58AVP.photomultiplier tube, the apparent time shift was less

2 -
than 0.5 ns for a variation in light level equivalent to from 10 to 10 photo-

electrons per pulse. The FWHM at a fixed level of .103 photoélectroris per pul.seA
was less than 0.3 ”ns‘. : | |

i Signais used to iﬁdiééte the time of occﬁrence of a nuclear event vary in
amplitude.; A deci:‘srion, no't influenced by signal amplitude, must be made as . :

to the a.r'rivalvltir'ri.é of the signal, and this information presented as a standardized,

fast-rising pulse. The triggering level and the circuit delay must be as stable

as possible.



-2~ UCRL-10425

For a pulse of fixed shape and size whose leading edgeé is related through
a constant delay to the time of interest, a coivncijdence circuit or a time-to-height
converter may be used to measure thattime with respect to some reference
time. Usually, many such events are recorded and eventually presented as a
time -distribution histogram. |

In the coincidence method, one may use a single coincidence circuitl’ 2,3)

R ' ‘ )
with a variable reference input delay, or there may be many parallel coincidence

4, 5)

circuits , distributed at varied or equal time increments, which sort and
route the signals with respect to their arrival time. Recently, tuhnel'-diode
cdinciderice cii'.cuits have been developed“a.t this laboratory which ‘ha.ve ceiﬁ-‘
cidence cufve Qidths of 150 ps with edges as steep.as 10 psc.c per dercade.. 3)
Although the ceincidehce method is fnore straightforward and promises the

best ultimate system resolution and repetition rate, acquisition of a time-dis-

tribution hi"strogram with 'a single coincidence circuit is tedious. The multi-

coincidence or "chronotron" system overcomes this disadvantage, but its use-
fulness is'limited by system complexity.and its ultimate resolution is limited,

to first order, by the coincidence curve width. The information out of a chrono- -
tron isrpf such form as fo be best fed directly into a memory unit. rI.‘his requires
either a special memory system or the modification of a pulse-height analyzer
to provide direct access to its xhemory. -

Therefore, work contihues on .the; developmeﬁt of time-to-height conversion
syster;'xsé’ 7). Sﬁeh a ‘system tra.ns:lates the time information. into a pulse.‘
height which is readily analyzed by'c'onventional pﬁlse—height analyzers. .Time—
to-height conversion is essentially a simple process involving a minimum of
circuit complexityv. To coevert a time interval to a related pulse height, the
shaped timing pulses are used to switch a constant current, I, into a fixed

capacitor, C, during the time interval, 7, to be measured. In such a circuit :
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the voltage~ac17,o.ss.;th§ .capacitor, __VC,,;i_,s a linear function of the.time interval,

VC = 1/C't, where:I/C. is constant.. The converted output is not quantized and. .

_therefore more susceptible to noise than the coincidence systems. ‘ In general,

‘more switching energy is required for present time-to-height converters than

3)

for a tunnel-diode coincidence circuit™’. This energy is usually gained at the. .-
expense of bandwidth and stability. The output of the time-to-height ;-
converter should be of the size and shape required by a pulse-height _a:,_rlal-yz_er_._
At present, this is roughly 1 ps in width and a few Vinamplitude.

In general a time-to-height conversion system requires:

2. a pulse-shaping circuit that indicates the time of arrival of a par-

ticle and presents this information, with maximum fidelity, as a standardized,

fast rising pulse,

", ‘an é;nalogue’trime—to—'height converter that presents a sha';-;éc'i:'iéﬁtp‘iﬁf
Whoé'é;arr{filitude is a linear, stable function of the time interval between the i
leading edges of two shaped input pulses,

‘c. - minimum noise and maximum stability-in all elements. . R Y A

‘2. Discriminator-Shapers

“Scintillation counters mounted on photomultiplier tubes: remain the most

_ popular and successful means of detecting nuclear events for time-of-flight ..

analysis. The photomultipliér tube has gain-bandwidth and signal-to-noise
figures which are as yet unattainable by other conventional means. Most fast
timing work at this laboratory has been done with photomultipliers, and it is
this work to which we will refer. In particular, Bjerke et al. have developed
"zero-crossing'-timing techniques which, when used with discriminators and
coincidence circuits‘using high-current tunnel. diodes,give timing resolutions
8)

that are to first order lirnited only by photomultiplier. time spread3'.’ . Time

spreads calculated from this data are shown in Table Iwith corresponding data .

‘measured independently with out time-to-height conversion system. The ex-

periments show substantial agreement.
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"As shown by Bjerke et al, zero-crossing techniques provide a way of using
most of the timing ‘informatién in a phototube pulse by inspecting most of the ¢ -
pulse,thereby .minimiziﬁg time-shift as a function of pulse ’height-'8-). The photo-
multiplier signal, Fig. 4a, is "differentiated" to cause the signal to cross back over c
ze:ro as in Fig. 4b. A discriminator :is set to trigger just after the zero-cross-
ing point, above the noise level. This method is most effective if -t‘he discrim-
inator triggers quickly on very little differential charge. A 5-mA tunnel diodé
~can be stably biased to within 0.5 mA of its peak current.and can bg’ ’swit-ched ,

9). This implies a required trigger charge of only.5 pC.

in about 1 ns
Because the negative conductance increases almost as_a direct function of
peak current, and sincé higﬁer switc'}.lin\g:'c‘urrents charge _s’tr'ay c'apa'(':ita;n'c.es".
more_lqgicvkly, best short-term timing results can be obtained by psing high—
c“urrvejr_:ljc _‘c}qnnel»diodes?’). However,v the. nominal peak-current drif'vt_wit_hltem_
peraturé is also a direct function of peak current. That i.s_;v a 50-mA tunn»el. TS,
diode might be expected to shbw 50 times more peak _curréht drift with tem-

9.

perature than would a 1-mA type Because the threshold of our tunnell—di’ode
diSC'riminators is determined by the difference between the tunnel-diode peak
c:urrent and an adjustable bias current, peak current drift with temperature..
shows up'directly as a shift in 'th'reshold. The tunnel diode selected for the’
time-to-height converters was a compromise, having a nominal peak current:
of 5 mA.

- The charge-sensitivity of the discriminator is reflected directly in the
curve of Fig. 5. The shape of."this‘curve‘is* common to all simplelre'g.ene.ratilve' ,
circuits and.is of the general form of the curve, XY = K, intersecting a straight |
line; Y = K', where K' is’ the nominal minimum circuit delay. This curve shows

that, as the input voltage is decreased toward the threshold value, a longer

time i's required to accumulaté the necessary trigger charge. From 'this, it is
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apparent that the high charge sensitivity of the tunnel-diode minimizes time
shift at'low input signal levels.

The time-to-height converter start and stop discriminators are identical..

: : e
The start and stop shapers are nearly compldments of each other. In the

following discussion, we will refer to the "start" discriminator—sha'p'e’r," ‘Figs.
6 and 7. Transistor Q1 is introduced, at the expense of discriminator speed,
to allow a matched input impedance of 125Q. The common-base configuratien
was choeen.for maximum bandwidth, minimum reflection .at the input due to
tunnel-diode ‘switching, and maximum driving impedance for the tunnel diode.

The common-base input stage is also conveniently adapted to the use of the
(Fig.10)

'delay'—shift compensating capacitor, CX. This capaci.th shifts the zero-

“crossing time, which tends to compensate for the normal discriminator delay

shift near theresold, as shown in Fig. 8. An example of a first-order calcu-
lation of C}; is 'given in the Appendix. Capacitor CX is useful when ti’mirig in-
formation must be derived from zero-crossing signals with amplitudes near

threshold. This is in preference to amplification of the phbtomultiplier signal,

which destorts pulse shapes and introduces further timing errors for la'rge

signal variations. Although the use of C will be helpful in some cases, it is
only a means of cornpensatlon for, not elimination of, delay shift with arnphtude.
Diodes CR1. CR ; and CR3 Wlth transistor Q form a gate Wthh with

switch S1 closed, raises the dlscrlmlnator threshold to5V. A p051t1ve 2— to
4-V gat-e—--signal opens the gate. With S open, the gate is normally open.

The tunnel dlode, CR4, is bJased and loaded 80 that 1t operates 1n a mono-

stable manner. The forward b1as current is det ermlned by the settlng of R14

With a dlscrlmlnator input impedance of IZSQ the threshold as referred to
the input can be varied from 10 to 600 mV. The threshold is nearly constant
for repetition rates up to 10 Mc at maximum sensitivity and 5 Mc at minimum

sensitivity. The input pulse width should be kept below 100 ns to avoid double
pulsing. )
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Trz—msis-tors.,Q4 .a.nd..Q5 form-a complementary,. emitter-coupled, oné-shot
multivibrator.. Both transistors are biased in their acitve regions. The feed-
back loop.is:-held open by C.R6 which is normally nonconducting. The tunnel-

.diode signal appearing at the base of 'Q4 lowers»the.-inpedé.nce of CR()’ causing .

the circuit to regene}ra‘t’é. - Since bothtransistors are in their active regions
during trigger and pulse rise, the trigger delay is less than 1 ns. The rise
time at the emitter of‘Q6 is a]eoout 3 ns; the pulse height is about 5 V. Maximum du-
tY cycle isabout40.. The temperature dependence of dc transistor pvararheters
causes the one-shot trigger threshold to be slightly temperature-dependent. .
Because .of the éh_arp leading edge of the trigger, the threshold variation re- ..
sults in a trigger delay shift of less than 5 ps/oC. The time'shift in the 'stop o
channel tends to be the same, reducing the composite effect at'the converter.
By selection of Cl7, the one-shot pulse width can be varied from 0.5 bs

to over 1 ms with negligible deterioration of pulse shape. The required-pulse
width is determined by the sum of the .rna,;:cimum tim¢ intérval to be measured
and the minimum pulse width required by the pulse-height analyzer. During

the pulse, ..Q5. is saturated much harder than'-Q4. The pulse will not end until
.Q5 turns off. Therefore, the time required to Apull.QS.out of lsatur.ation will

effect the total output 'pulse-width._ Q5 is ‘'a 2N834 which has a turn-off time in

. this circuit of less than 50 ns. The equivalent tra.nsistorf.Q5 in the stop circuit:

is a 2N1143 (Figs. 9 and 10). The turn-off time of an epitaxial 2N1143 in this

circuit is about 100 ns. - A non epitaxial 2N1143 may require as long as 500 ps.
Consequently, with equal values of the feedback capacitor, C7( of Figs. 9 and
10) = C17 (of Figs. 6 and 7), the stop pulse will always be longer than the start

pulse. This is a requirement. of the analogue conversion.circuit.

K‘l
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3. Time-To-Height Converter

The time, T, between the leading edge of the start pulse and the leading
edge of the stop pulse is converted into a related pulse height by means of a
constant current, I, chér’ging a capaditor, .:CZ, for the time, 'r Referring to
Fig. 11, transistors 'Ql and,QZ, with diodes CR4, CRé,' and CR6, form a wide-
bandwidth (':onstaj.n.t—current source. Diodes CRS"and CR6 serve.to compensate
for the temperature drift of the Ql and Q2 erriit’te’;-base junctions. The current

I through R, varies less than O.OZ%/OC. To maximize the signal-to-noise ratio,

3

I/C should be as large as possible. The minimum value of C2 is usua_liy fixed

)

at some value much larger than parallel stray capacities, typically 100 pF7 .
Some compromise must be reached between maximizing I and concern for the

high-current high-frequency characteristics of the current switches. The

current-switching elements were chosen on the basis of quickest recovery
time and least change in the charge in analogue capacitor C, due to stored charge .

in the switches and direct feedthrough from the driving signals. Either a sat-
urated transistor or a forward-conducting diode stores some quantity of minority
carriers which must be swept out or recombiﬁed before the device can be
switched off. In each case the amount of stored charge is a significant function
of the driving sighal and temperature. This has been the limiting favctor in the
stahility of some previous solid-state circuits—().. A Hughes diode, HD5000,

was found to recover in less than 1 ns in our time-to-height converter circuit.
The change in charge ét C2 due to diffusion and depletion capacities was nearly
negligible. This, in addition to attendant circuit s'implicity, led to the choice

of HD5000 diodes as converter current-switching elements.
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These diodes, CR2 and CR3, conduct the constant current I at quiescence.
They are arranged In the circuit so than any feedthrough from one tends to be
compensated at CZ by feedthrough frorri the other. The arrival of a negative

start pulée at the anode of CR2 causes it to become nonconducting, forcing the

5

current I to charge CZ"’ The voltage across C2 then rises linearly at a rate de-
termined by I/C2 until either CR2 or CRl begins to conduct. In the absence of

a stop pulse, the maximum voltage to which C2 can rise is limited by the n'eg-'
ative bias voltage at the anode of CR1 or the negative signal voltage at the anode

of CRZ" Therefore the maximum linear range is limited by the smaller of

these two inverse diode voltages and the capacitor voltage rate of AVé/AT
=VI/C . The maximum time interval that can be converted is T =V ‘
2 . : ‘"max "¢ max ¢

- For integral linearity of within # 1%, 7 (ns) =300 C, (uF).

max

Arrival of a positive stop voltage at the anode of CRI causes that diode to
conduct, shunting the current I around CZ and causing CR3 to become noncon-
ducting.

While both start and stop pulses remain, C2 can discharge only into the

input impedance of the White emitter follower, which is approximately 42 k.

As previously pointed out, the start pulse ends before the stop pulse ends.
The end of the start pulse allows CR2 to conduct, discharging C2 through the
low impedance of the start-circuit output emitter follower. The end of the

stop pulse leaves the circuit in its quiescent condition. The pulse width out

of the converter is then controlled by the width of the start pulse. Since the

cutput is usually fed to a pulse-height analyzer, thepulse width for fast time-
of-flight analysis is usually fixed at about 1 ps. Note that in any case the

start and stop pulse widths must be at least as long as the time interval to be
measured. The duty cycle of the system to this point is limited only by the
maximum duty cycle of the driving circuits, which is approximately 40%. For. -

our experiments, the repetition rate has been limited to about 50kc by the pulse-

height analyzer.

Cc /L

x
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For large values, of C‘Z" the rise time of the converter output may well be

slow enough to confuse the pulse-height analyzer. For tliese time ranges, Qé

and the circuit included within the dashed box of Fig. 11 may be added ,Q() is
normally saturated shunting the output 31gnal to ground The stop pulse is
applled to the base of Qé’ cutting Q off. ThlS allows the output ,voltage to

rise to that of»capac1t0r7C2 in less than 0.1 ps. The pedestal at the converter
output _caused by this gated operation is' le_s:‘s. than 50 mV (2% of rna.x1mum s_ignalﬂ).

The configuration of the White emitter follower was chosen after unsuccess -

5,

ful 1nvest1gat10ns of complementary and other feedback ty’pe emltter followers

) o
WY OIIY ]

In general de51gn of fast feedback- type emltter followers is complicated by

Vs
i . - ‘_ALl'.a\,/'i,

thelr tendency to present a loop gain of greater than unity at some frequenc1es,

o R "

cau51ng osc1llatlon and unstable gain. This ,problem is the result of phase

shift in the feedback loop and is generally avoided by slowing the response of

(S RN

the circuit. A loop gain of greater than unlty tends to turn one of the base-'
em1tter diiodes off, especially in the case of a capacitive load. This leads to
furtherinstability and some no:nlinearity.' ln 't;he,.c‘ircui_t of Fr‘ig.» l.l,' the ne__g‘_'y
ative going signal presented to the base of Q3 tends to reduce its current.

However, the amplified signal at the base Q4 tends to turnrQ4 on, and the .
feedback signal arriving at the emitter of .Q3 tends to drive that transistor,

too, }further_ into conduction. Therefore, if the loop gain tends to become

greater than unity, both tran51stors are driven into higher conduction and the

output voltage is referred even more closely to the input.

4. Amplifier-Output Stages

The maximum output voltage of the converter is about 2.5 V. Most solid- |
state pulse-height analyzers require 6 to 8 V full scale. Also, it is convenient
to be able to vary the overall conversion ratio without changing the fast converter
circuitry. . The refo.re, a -linear;,,. v'arﬁi:_a_ble -gain amplifier is u-seful,‘ although

not always necessary, between the converter and the pulse-height analyzer. For
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the tests included in this report, amplifier stages shown in Figs. 12 and 13

were used. They are described briefly in the Appendix.

5. Test and Results

’I;he'test.'setup shown in Fig. 2 was uéed to determine noise, stability,. aﬁd
linearity of the time -to -height conversion system, ihcluding.the..liﬁeér.é.rhplifier-s.
A mefcury pulsevr provides twé simultaneous outputs with rise times of Zless
than 1 ns. These were fed thfoug.h appropriate delays to the start and.s-tép |
discrim'inatox;.—s.hapers. The analogue capacitor CZ of Fig. 11, was éetﬁat '

l»50 pF. Convei‘sion gain at the output of the cohverter, AVC/T = I/CZ = .67 £nV/ns.

The fé.sAolution ove‘r 1-h period at room temperature was two channels (6ps)
FWHM w1th Tnax = 300 CZ = 45 ns. The resolution may be expressed as.the

_12) = 7500 to 1. About 90% of this spreéd .

. ' ~ -9 ,
ratio ._-rmax/A-r = (45X10°7)/(6X10
_.is due to trigger jitter; about 10% is introduced after'the converter. Therefore,

at high values of CZ’ Tmax/ AT was observed to increase almost in direct pro-

potrtion to C2 until the resolution was less than one channel.

The apparent time shift with temperature is less than 2 ps/(.)C from 20 to
55°C and is a negligible function of CZ' The integral linearity is £1% to 50 ns
as shown in Fig. 3. For higher values 6f CZ the linearity remains 1% to Tmax’
there 7 max {(ps).= 300 CZ(HF). :

The time resolution o‘f the time-to-height conversion system with a type-
‘58AVP photomultipliér was studied by using the setup:shown in Fig. 14. The
mercury light pulses 10) was adjusted to provide a known number of photoelec-

trons per pulse from the photocathode of the 58AVP and a synchronized electrical
pulse for use as a start signal for the time-to-height:converter. Table I shows
the timing resolution, FWHM, and therpeak-time shift as a function of light

level and photomultiplier gain. The absolute delay through the tube is given
parenthetically in the 5000 photoelectron-level row of Table I for each gain

setting.
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N

T1me spread of the phOtOmultlpller as a functlon of l1ght 1eve1 follows

Poisson statlstlcs3). To flrst order, for the llght levels conSJdered here the
.phOtOmultlpller time spread w1ll decrease as the square root of the light level
Study of the time spread of type—5'8AVP photomultipliers .preformed.,previously

by Bjerke et al3), using fast tunnel-diode coincidence techniques, indicated

resolutions as given in the last column of Table I.. The descrepancy.in results
for light levels of greater than 100 equivalent photoelectrons per pulse can be-

attributed. to-differences in individual tubes, and possible errors in determining. .

the absolot_e light level. Below 100 photoelectrons per pulse the sensitivity of
the time—to—height converter discriminator beginsvto impair the resolution.
This is ver1f1ed by the“shift in peak time at these light levels. The average
delay. 1n _the photomp._ltiplier should not bev a function of the light level. At high
light levels some apparent time shift with.light level may occllr because of
tubje,—ng.airl nonllnearities. At low light levels, however, this should be negligible,
and any shift in delay with light level suggests signal levels near the threshold
of the discriminator. As the discriminator input voltages approach threshold,
statistical amplitude variations cause depreciation of-system resolution. Im-
provement in system resolution with increase in photomultiplier g.ain at these
low light levels is further corroborative evidence. ’

Note too, from Table I, the reduction in pealc—time shift as a function of
light level when CX (as calculated in the Appendix) is added. Study of the time
spread in various photomul.tipliers is heing continued.

6. Conclusion

A solid-state time-to-height converter has been developed which is usable
over time r""angevs from 10 ps to 200 ps. With mercury-relay-formed, fast-
rising test pulses applied to the discriminator inputs, the system measures a

fixed delay with a resolution of 6 ps, or less than one part in 7500. The



-12- UCRL-10425

observed drift with temperature is less than 2 ps/‘OC. Preliminary results .of
timing experimenf.s Witi’l ga«tyi)e.—58AV.P”1:>h;)tora1-’nl.11.1A:.ipli'erb show firrie shifts of less
than 05 ns for light—levél V.aria“tio‘h‘s equi\;alent to from 1(50 to 10,000 photo-
electrons pér pulse. o | o
7. Apéen(vii.x' | ¢
?.’1 CALCULATION OF COMPENSATING CAPACITOR, CX

As noted in the text, the action of Cx is to cause a shift in zero-crossing -
time which tends to compensate for the normal discriminator delay shift near.
threshold,- as shown in Fig. 8. The data for Fig. 8 are calculated using.-the' '
peak—timé shift as a functionx of"li'gfit;levél.

The 6ptimum’valﬁ’e ‘for Cx is a function of input pulse shape; however,_: by
using se'veral‘,c'r.udé approximatiéns, a nominal valﬁe may be calculated. For
example; ‘note that most of the dbe'lay' shift shown in.F:ig. 8a occurs when 'V+ is
near 0.5V, Referring to the circuit of Fig. 10, we bias Q.l so that it will turn

off at +0.5 V input. This requires a standby emitter current, IE’ of

g 7 Tzs T AmA
~ 2% 4
and R.36'— _4_ = 6k = 5,6k..

When V+ remains below 0.5V, CX i§ shunted by the input impedance of Ql’
which is about 52 at quiescence. Fof VJr greater than 0.5V, CX is shunted by
a nonconducting diode and the voltage across Cx’ Vc’ rises with a time constant
Ty = 120 C.x' If we assume a T much shorter than the input pulse width, VC“

will reach V+._ Furthermore, we shall assume that the peak negative excursion,
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V , is one-half V, . Then if the input voltage were to fall much faster than V

and since zero voltage is about 66% of the peak -to- peak sw1ng, zero- cr0551ng

would be delayed by about the time 1nterval 'rl Inspect1ng Flg. Ta we choose
afT y of l ns. Then we have C 10 9/120 lO pF The effect of add1ng
CX 10 pF can be seen .in F1g 8b and Table I It should be obv1ous that the e

calculations shown above are approx1mate and only glve a nom1nal value for C .

The optimum value should be emperically determlned for a particular pulse

shape, with the nominal value of Cx used as a starting point.
7.2'CHARACTERISTICS OF AMPLIFIER STAGES -

A "'Variable-Gain Lineat Amplifier (Fig. 12)

The amplifier consists of two feedback-pair stages designed for optimum

linearity,and: stability.- The.gain is controlled by means of feedback resistors_
from _l;;.,,to.!él,:‘:i.vnr increments of 0.5 and from 4 to-16 in increments of 2. . .-
The nominal input impedance of 1k is divided between 5118 on the arnplifier
board and 464 Q on the converter board. An alternate front panel input is pro-
vided which has an inte_rvnal input impedance_ of 1k. The amplifier acceptsv'pos-
itive or negative input, and is designed to drive an impedan_ce of 1k with £1%

integral linearity from-0 to £4 V.

B. Output Stage

The output stage consists of a feedback—pair stage with.a fixed gain of 4
driving a White emitter follower Components R3, R4, ‘and C form an inte-
gratlng network to 1rnprove the 51gnal to -noise ratio. Th1s stage accepts neg-

ative 1nputs and is also des1gned to drlve a dc 1mpedance of le but w1ll drive

very long cables with 1% integral ‘11near1ty from 0 to +8 V.

T S L B I . . s n b ¢
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Table I. Time resolution of 58 AVP photomultiplier tube
Light level Time-to'Q'Hei'ght converter - Coincidence
(photoelectrons - . b A0 6 9 6 6
per pulse) Pm gain= 10 2X10 5X10°, 10 5X10 10
C (pF)=" 10 10 10 0o 0 —
5000 Peak™ 0 0 0 0o o —
shift (00ns) B5ns) (86.5ns) (8.5ns)(85.1ns) -
. 5000 Resol.™ % 0.1 015 016 0.2 0.2 0.18
Peak '
‘2500 Shift - 0.1 0.1 . —Ofl_ 03 0,,3,177 ‘ —_
2500 Rgsol. 0.17 0.18 0.15 0.2 0.2 - 0.21
o Peak o
1000 et -01 03 0l 06 01 —
1000 . Resol. 0.26 0.28 0.29 0.4 0.3 0.32
Peak o ' ' »
500 it -0.5 0 0.3 0.8 0.5 -
500 -Resol. 0.36 0.35 0.43 0.6 0.5 0.37
- Peak . '
100 it 0.3 0 -0.2 1.9 0.9 —
100 . Resol. 0.82 0.85 0.81 1.0 0.9 0.67
Peak
50 - —
shift 0.7 0.2 1.5 2.4 1.1
50 » Resol. 2.1 1.07 1.0 2.1 1.0 0.81

%5ee Fig. 8 and thé text.

converted from number of channels to time in nanosecands

“peak shift is the deviation from peak values with the llghf level at 5000

photoele ctrons per pulse

dresolu‘cion is the full width at half maximum
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FIGURE LEGENDS

1. Block diagram of time-to-height conversion system.

. 2. Block diagram of the test setup for the time-to-height conversion.

3. Linearity of the time-to-height conversion systerh, C3 = 150 pF

(see Fig. 11).

. 4. Type~58AVP photomultiplier output waveforms. Each division rep-

resents 1 ns or 0.3 V. The input light pulses resulted in about 500 photo-
6

cathode electrons per pulse. The phototube gain was about 10°.
(a) Dynode 14 voltage; (b) anode voltage through differentiating transformer.
5. . Delay shift of discriminator-shaper as a function of input pulse

amplitude for a step input. The threshold voltage is 30 mV; CX = 0.
6. Block diagram of the start discriminator-shaper.

7. Schematic diagram of the start discriminator-shaper; C17 (LF)

= Totart (rs)/1470.
8. Delay shift of discriminator-shaper as a functién of photocathode
light level. At low light levels, a pulse of 250 photocathode electrons
produces a V, of 1 V. (a) C_= 0 pF; (b) C_= 10 pF. |
9. Block diagram of the stop discrifninator—shaper.

10. Schematic diagram of the stop discriminator-shaper;

(ns)/1470; T o + 0.2 s, ..

C? (P'F)é T stop " Tstart

start
11. Schematic diagram of the time-to-height converter.
12. Schematic diagram of variable-gain linear amplifier.

13. Schematic diagram of linear amplifier output.

14. Block diagram of photomultiplier time-distribution experiment.
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