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Abstract

The timing resolution of a VLPC /preamplifier system has
peen measured using a pulsed nitrogen laser light source.
Several fast, low-noise, transimpedance amplifiers have been
tested. To determine the timing resolution degradation due to
the preamplifier circuits, a high intensity light source was
employed to allow studies of signals from the VLPC with and
without amplification. The test apparatus is presented, and a
new setup which includes a radioactive source for use with a
scintillating-fibet/ VLPC is proposed.

[. INTRODUCTION

The Visible Light Photon Counter (VLPC) is a high-gain,
high quantum efficiency, solid-state photomuitiplier(1]
_(SSPM) developed by Rockwell International Science Cen-
ter{2]. This variant of the SSPM is optimized for sensitivity t0
visible light and is capable of single photon counting at high
rates when operated at temperatures of less than 10K. These
qualities make the VLPC an ideal device for scintillating fi-
ber (SciFi) readout in particle detectors(3]. The timing resolu-
tion measurements discussed here were motivated by ques-
tions about the applicability of VLPC/SciFi systems for longi-
tudinal position measurements of particle showers in a SciFi
detector where both ends of the fibers are instrumented. This
work stems from engineering studies of a proposed upgrade
to the DZero experiment at Fermi National Accelerator Labo-
ratory. The results reported here are for | mm? pixels and
correspond to an operating temperature of 6.5K with an ap-
plied bias voltage of 6.5V; this required a liquid helium
cryostat and an associated cryogenic control system. Quantum
efficiency of up to 85% and gain of up to 20,000 have been
observed under similar conditions when VLPCs are illumi-

nated with visible light[4]. The apparatus used for timing
resolution measurements is shown in Fig.1.
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Fig.l Test setup for timing resolution measurements

The light source was a disk of scintillator/wave-shifter
which produced visible light when illuminated with a pulsed
UV laser; this method was employed to ensure compatibility
with future studies involving scintillating fibers. The laser
produced pulsed UV light (A = 337.1nm) with a width of 3 ns
at a frequency of 10Hz. The scintillator/wave-shifter was
commercially manufactured from polystyrene doped with p-
terpheny! and 3-hidroxyflavone (3HF) and produced visible
light (A = 550nm) with a fluorescence decay time of 7.8
ns{5]. This light excited the VLPCs via a liquid light guide.
Neutral density optical filters were used to coatroi the light
intensity. Measurements were made with an average of 10
detected photons. This light intensity was determined by ad-
justing the filter so that the one, two, three, and four photon
peaks could be observed. The filters were then adjusted to
yield an average of 10 photons. A set of two Avalanche Photo
Diodes (APD) was used to provide the trigger reference and
to allow APD to APD timing resolution measurements. The
measurements were performed with a Tektronix Digital Sig-

1 Work supported by th U.S. Department of Energy under contract No. DE-AC02-76H03000



.al Analyzer, DSA602A[6), which provided various time
measurements and statistical functions with a2 measured in-
herent time resolution of 2 ps. Fig.2 shows the main compo-

nents of the system.

II. NOISE ISSUES AND SYSTEM TIMING RESOLUTION

In practical applications, timing resolution can be de-
graded by noise. Triggering a signal at approximately half
amplitude had the advantage of better noise immunity. When
possible common-mode noise was rejected by using differen-
tial signals. The pulsed nitrogen laser itself was a source of
both conductive and radiative noise. Various techniques were

“employed to reduce noise to acceptable levels including

shielding, extensive grounding, opto-isolation, and other
decoupling methods.

Two major effects other than noise degraded the timing
resolution of the system, particularly for low light intensities.
The wide variation in the VLPC output, due mainly to the
variation in the number of photons presented to the VLPC in
each event, had a negative effect on timing resolution since a
constant fraction discriminator was not used to eliminate
slewing effects; this will be remedied in the next round of
tests. The relatively long fluorescence decay-time clearly

" dominates the resolution at the light level of a few photons; a

different light source must be employed to eliminate this
problem. Considering the entire system, the best electronic
amplifiers appeared to have little effect on the overall timing
resolution.

IHF
Pulsed Mtrogen Laser Scintil slarfWave Shifter Neutrai Density
A = 337nm 1 = 550nm Filters
T ' Licusd Light -
] o ! Cear Fiber| Wave Guide
Suids \Diffumer VLPE Junction
Light
Signal 1
______ Scintillaler/ | _ __ | Scintillalers | _ . _ _ - — —~ VLPC
T - APD Jurctien) APD Junclion| l l
Micro
IAFDW!J [APdeu-‘iJ Cable
l I Edge Cormectar |
BNC BNC I
Connecior Connector
Amplifier
Test Boardt
Eloctss Shislded Shicided _{>_
Signel Cable Cabie I
SMA
Connectar
Shisided Coble |
%

Fig. 2 System Components in the Time Resolution Measurements

III. DEVICES

Several devices were tested; the results presented here are
from the Fermilab-QPAO2, Philips-NES211, Harris-
HFA1100, and a differential amplifier using discrete high
frequency (HF) transistors. Timing measurements for the
VLPC signal without amplification was possible only for
high light intensity. The circuit used for direct VLPC readout

is shown in Fig. 3.
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Fig.3 VLPC test circuit

A. QPAO2

The QPAO2 is a high gain, 4 channel, two stage amplifier
with differential output. The first stage is a transimpedance
pre-amplifier that converts a charge input to a voltage output.
The second stage is a differential voltage amplifier. It was
developed at Fermilab using Tektronix Quickchip 2S linear
arrays(7](8].

B.NE5211

The NES211 is a fast, low-noise transimpedance amplifier
with differential outputs developed by Philips Semiconduc-
tors[9]. It was designed primarily for fiber optic receivers.
The gain is mainly determined by the first stage internal
feedback resistance.



C. HFA1100

‘The HFA1100 is a high-speed, wideband current feedback
amplifier developed by Harris Semiconductor({10}]. As its tran-
simpedance gain decreases quickly with frequency, it has
been used as a second stage amplifier with the NE5211 as a
pre-amplifier. This configuration allowed high output voltage
levels with good time resolution. Fig. 4 shows this test circuit.
Table [ depicts the main characteristics of the commercial
devices tested.

Fig. 4 NE5211 + HFA1100

Table I
Amplifiers Characteristics

Device Input Gain Bandwidth
Impedance
QPAO02 20002 17mV/fC 100MHz
NES211 200Q Rr=28KQ 180MHz
HFA1100 | 10Q(input-) | Rr=S500KQ 850Mhz
S0KQ (input+) { (open loop)

D. Discrete Transistor Differential Amplifier

A differential amplifier was implemented to increase the
output voltage of the NE5211 and increase the common mode
noise rejection; this circuit was based on the Hitachi[ll]
2SC4995, a high frequency transistor{12]. To obtain better
performance during the tests, the circuit gain and bias were
adjusted. Fig. 5 depicts the high-frequency transistor circuit
where +Vin represent the differential outputs from the
NES211 using S0Q2 termination.
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Fig. 5 Discrete HF transistor differential amplifier

LY. NLCOUL1D

Timing measurements were made using the APD as a
trigger source; the measured time difference was given by the
VLPC or amplifier output crossing a reference voltage chosen
to be approximately the half amplitude of the signal. The
reported resolution was one standard deviation of the time
difference measurement distribution as determined by the
DSAG602A. This distribution was Gaussian to a good
approximation. To reduce the effects of random noise, we
required that the VLPC output crossing be found within a
narrow window which covered the full leading edge of a
typical pulse; crossings before or after this time were ignored
by the instrument. The effects of the trigger circuit on timing
resolution was studied as shown in Fig.2. Using one APD as a
trigger and a second identical APD as the second time
reference yielded a combined resolution of 68 ns; this
indicated that the trigger conditions were a negligible
contribution to the overall resolution.

Figs. 6 and 7 show the timing performance of the tested
devices. All timing resolution data was measured using at
least 5000 samples, in continuos mode. All output amplitudes
were measured in average mode. Fig. 8 shows the VLPC out-
putsignal for R = 100K.
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Fig. 6 Time Resolution vs. Light Intensity
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Fig. 7 Output Amplitude vs. Light Intensity



Fig. 8 VLPC signal for R = 100K:
b)100 photons

a) 4000 photons;

The NES5211 amplifier, as a single device, had better
timing resolution than the others but had relatively low gain.
For a light intensity of about 10 detected photons, the output
voltage signal was less than the threshold level of many
commercial discriminators. The QPA02 had much higher
gain but its resolution was not competitive. The NE5211 used
as a front-end amplifier with a differential amplifier as a sec-
ond stage gave the best result. Two options were tested for
this application: the HFA 1100 because of its high bandwidth,
and the differential amplifier using the HF transistors. The
first option produced better results; overall gain was high and
the timing resolution was still much better than the QPAQ2.
The second option produced results close to the first in terms
of timing resolution. The resuits from this amplifier are pre-
liminary and optimization is still in progress. The new
Philips NES223 has a higher tansimpedance gain
(RT=100K) and low input noise. It should improve the front-
end performance.

The best electronic amplifiers had litde effect on the
overall timing resolution of the system as suggested in studies
of the raw VLPC output signal using only the internal ampli-
fier of the DSA602A. Fig. 9 shows the timing resolution of
the VLPC output as a function of light intensity.

500 —

400 —
3
s
|,
300 E \
200 .

100 £ 5

-
b

Sigma (ps)

s i e

0 P
10 100

Fig. 9 Timing Resolution vs. Light Intensity for VLPC output

The logarithmic functional form is evident in the figure.
Extrapolaung the fit to a detected light intensity of 10
photons yields a predicted resolution of 450 ps without the
influence of additional amplification.

V. FURTHER DEVELOPMENTS

These results are from preliminary studies to determine
the efficacy of using timing measurements of scintillating
fibers instrumented with VLPCs to determine the position
along the fiber from which detected photons originated. With
a refractive index of approximately 1.6 in a fiber, a 500 ps
time resolution corresponds to a position resolution of 10 cmn.
This resolution is acceptable for many applications: and with
about ten detected photons produced by minimum ionizing
particles in a scintillating fiber, such performance seems
possible based on these measurements. This goal together
with experience gained in the tests reported here suggests
new measurements that will clarify these results.

There are two different timing measurements that are of
interest: the inherent resolution of the VLPC as a function of
light intensity, and the VLPC/SciFi system as a whole for
particle detection.

The inherent timing resolution of the VLPC device was
not addressed for low light intensities. Aside from complica-
tions arising from light and signal dispersion, both the pulse
length of the laser and the decay time of the wave-shifter ad-
versely affected the measured resolution due to the photon
statstics. This will be addressed by utilizing a faster visible
light laser diode and injecting the photons directly into the
light guide; this may also have the benefit of reducing the
shock noise associated with the spark-gap trigger in the cur-
rent laser. Slewing effects will be reduced with the use of a
constant fraction discriminator. For the highest light intensi-
ties discussed, these effects are not an issue suggesting that
the results reported here are applicable.

The timing resolution of a working SciFi system can be
most easily studied by using a collimated radioactive source
to irradiate a scintillating fiber instrumented at both ends. In
this case the two ends of the fiber are sources of both the
rigger and the stop-time reference; the distribution of time
differences can be used to infer the resolution of a single
VLPC assuming that the two devices have identical timing
characteristics. A laser with a separate trigger pickoff can be
used to illuminate the fiber for comparison with results ob-
tained with the source.

Aside from better measurement techniques, developmeats
of new amplifiers and VLPCs suggest even better system
performance. Most promising among the amplifiers is the
new Philips-NES223 device which has bernter reported per-
formance (gain, bandwidth and noise) than the Philips-
NES211 which was considered here. The development of a
new version of the VLPC with a factor of five higher gain
also points toward potentially better resolution for low light
intensities. Tests are planned for each of these improve-
ments.
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