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Abstract 
A preamplifier having 500 electrons noise (ram) haa been 

developed for the detection and location of tingle electrons in a 
CRID detector at the SLD. A tingle channel contain* preamp, 
RC-CR ahaptr, gain adjustment, driver, and calibration cir
cuitry. Noise and linearity measurements are presented. 

1. Introduction 

This paper wilt describe the low noise electronics and to 
detect single photoeleetfona in a Cerenkov Ring Imaging De
tector (CRID}1 being built for the SLD spectrometer* at the 
SLAC Linear Collider. The principle of operation of a CRID 
reliea on optically focussing the Cerenkov light produced by 
relativistic charged particles pasting through gaseous or liquid 
ndiators onto a photon detector. The radius of the circle of 
Cerenkov light it a measure of the Cerenkov angle, which in 
turn is a measure of the velocity of the particle. The relation
ship between the velocity and the momentum of the particle 
permits an estimate of the particle'* mala. 

In our geometry,3'*6 the Cerenkov photons pats from the 
radiator through a thin quartz window into our detector, where 
they are converted to single pboiosEectrona by the photo-
ionization of tetrakis dimethylamlnoethylene (TMAE); a 0.1% 
component of our detector gas. Within this detector, the elec
trons drift at constant velocity to a proportional tense wire 
plane where they are detected. 

For optimum performance, a CRID must reconstruct the 
petition of the converted plioton mall three dimensions This 
will result in optimising the spatial resolution of the isolated 
photoelettron. Many of the errors inherent to Cerenkov an
gle measurement have already seen reduced by careful choke 
of geometry and detector segmentation. There are, however, 
source! of error such as diffusion, chromatic aberrations, and 
momentum smearing which contribute an irreducible total er
ror of approximately 1 nun to thi» measurement. Thus, there 
ia little to be gained by reducing other sources of error t 
ctntfy below this value 

• Work supported in part by the Department of Energy, con-
tracts D&-AC03-76SF00515and DE-AT03-79ER70023, and 
by the National Science Foundation, Grants PBY8S-12MS 
and PHY85-13B08. 

Two coordinates of the point of origin of the photoelec-
tron are recorded at the wire address at which the electron 
is counted and its drift time. The proportional chamber em
ployed at the detector for the CRID" hat a win spacing of 3.175 
mm, corresponding to a top hat* resolution (a) of 0.92 mm. 
The maximum drift distance of our barrel CRID is 128B mm. 
If the time meaturament corresponding to tab distance it seg
mented into SIS intervals, this corresponds to a 2,8 nun equiv
alent segmentation, essentially the same at in the wire spacing 
dimension when a 10% scale offset for ft possible decrease in 
drift velocity is allowed. 

The third coordinate measurement, that corresponding to 
the conversion depth of the photon within the drift volume, ia 
measured by the use of charge division along the resistive anode 
sense wire of the proportional chamber.7 It is this measurement 
which makes the meat severe demands on the electronics, as 
here too, we require 1-2 mm raolutio -. Our wires, resistive 
carbon filamenta 7 |tm in diameter, are 10 cm long, resulting 
fat a requirement of lSE spatial resolution for the measurement 
along the wire. 

The signal to noise ratio is the crucial criterion in the de
sign of the charge division electronics. We intend to ran the 
gas gain of the proportional chamber to that an average pho-
toelectron signal will produce 2 x 10s electrons, This choice is 
not completely arbitrary, as with more conventional chambers, 
in that • CRID using TMAE as its photoloniting gas must 
consider m^mfatng photon feedback in letting the gas gam. 
To achieve 155 spatial resolution requires a signal to noise ra
tio of at least 100:1, which then implies that the maximum 
acceptable noise level be held below 2000 electrons (rms). 

3. the Circuit 

The circuit shows In Fig. 1 hat been measured to have a 
noise figure of BOO electrons (rms), predominantly due to our 
choice of the front end BFQ92 MOSFET, our circuit RC-CR 
shaping time, r, of 65 nsec, and an intrinsic capacitance of 10 
pF.In our application, an amplifier will be attached at each end 
of the resistive anode wire, thus, an additional parallel noise 
source vis. the thermal or Johnson noise of the resistive wire 
must be added in quadrature to the amplifier noise. At a r; 

65 nsec, the 40 Kit wire has approximately 080 electrons (i 
noise for a total noise figure of about 1100 electrons (rms) 

Using the dual gate BF9B2, the input of our amplifier it 
standard caacode configuration, wherein the vnltage excursions 
of the first transistor drain are limited by the second transistor. 
The total open loop gain of the preamp is about 600. 
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Fig. 1. Schematic diagram of the MOSFET preamplifier. 

Charge to voltage conversion ii effected by the parallel com
bination or the O.S pF capacitor C6 and the emilver-bue ca
pacitance of translator Q5 which collectively act aa a feedback 
capacitance of about 1.6 pF. In production, C6 will be laier 
trimmed to provide gain uniformity, Translator Q5 is neces
sary to limit the voltage excursion of C6 at the detection of a 
minimum ionising particle, which might have as much u 1000 
times the charge of our normal single electron signal. The 
CRID preamplifier must have a fast recovery from such signals 
and to this end, the bass emitter junction of this small geom
etry n-p-n transistor is placed between the first stage output 
and input. The first stage ia biased so that when the output ex
ceeds 1.4 volts in response to a large input signal, Qs turns on 
and cancels the input signal. The non-linear transistor junc
tion capacitance contribution to the feedback capacitance is 
minimized by being back biased by one diode drop and by the 
collector tie to the positive tail. 

There are two shaping circuits which affect the performance 
of the amplifier. The first, the pole aero network (C9 at R12), 
cancels toe exponential decay of the step function preamplifier 
output. This is followed by RC-CR shaping (Co k R12[|R21; 
R26 <t ]2x C17 + Stray Capacitance]). To understand the pulse 
shape characteristics of our amplifier, Its theoretical response 
to an input impulse has been compared to data taken using a 
number of our MOSFET prototypes. We have modelled our 
preamplifier's transfer function with four-time constants, corre
sponding to input stage integration, pole scro, RC-CR integra
tion and RC-CR differentiation. We have also investigated the 
simplification of this transfer function when only the RC-CR 
integration and differentiation time constants are considered. 
The MOSFET data were then fit to both of the above response 
functions. The results of the fit are shown in Figs. 2(c) and 
2(d). The full expression fit* the data quite well, while the 
simplified expression Is reasonable except for the pulse tail, 
where contributions from the long time constants, ignored in 
the approximation, make a significant contribution to the over-
*B pulse shape. 

Computer simulation of out circuit using SPICE' revealed 
that following the passage of a minimum ionizing particle hav
ing 33 pC of charge, or about 1000 times the normal single 
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Fig. 2. (a) MOSFET preamp pulse shape for 2 x 10' electrons. 
(b) MOSFET preamp pulse shape for S x 10 s electrons, (c) Fit 
of the data to the form AW'1', (d) Fit of the data to a four 
time constant expression. 

photoelectron signal, the pulse returned to the base line in 
about 300 nsec, allowing the detection of a second pulse on a 
slowly varying base line. Figure 3 illustrates this SPICE sim
ulation of the amplifier recovery. The signal collection time is 
100 nsec. Preliminary measurements of this recovery time are 
in progress, and are not inconsistent with the SPICE simula
tion. 

Input protection for the circuit is provided by the BAVgg 
diodes, and by Zener diodes within the BFQB2. Tests made 
in the laboratory have shown that the circuit is not destroyed 
by the pulse produced when 5 kV stored on a 10 nF capaci
tor it repeatedly shortened to ground and input to the circuit 
through 200 (1. 
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toted, alto increases reliability. Under present investigation i* 
the use of a semi-custom monolithic chip incorporating meet 
of the circuit elemenU discussed above. This chip, packaged LB 
a surface mount device would further reduce the complexity of 
the hybrid and increase reliability. 

Circuitry for the calibration of the electronics, necessary 
to achieve 1% charge division naolution, U provided. A digi
tally pulled voltage atep created by a DAC aettlea in 10 naec 
and is presented to the amplifier input. The elrcuit is shown 
schematically in Fig. S and reside* on each of the p»*mplifier 
hybridi. During the fabrication process an active Iw trim of 
R43 provides an accurate trim of the charge injected. 
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Fig. 3. SPICE simulation of the amplifier recovery for 32 pC 
of input charge. 

The p^stampiifieT will include a provision for gain adjust
ment. Gun control U achieved simply by building two possible 
pathways for the signal on each preamp, each having a differ
ent electronic gain. We can choose to send the signal through 
either path, or both, for three possible final gain choices. 

The CRTD preamplifiers will be subject to a very wide 
range of input charge; a variation of almost four orders of 
magnitude. To minimise neighboring channel crosstalk over 
this wide dynamic range, the Individual amplifier* will be pack
aged as single channel hybrids. The PC board prototype of this 
circuit is shown in Fig. 4. In dimensions are about S.S cm x 
5 mm. This will eliminate ou«board crosstalk and allow for the 
interposing of conductive screens to reduce radiative crosstalk. 
We have found that the mairimnm effect of a large inpnt signal 
of about 10* electrons an it* nearest neighbor is equivalent to 
a signal of about 16 x ID1 electrons. It can, however, be re
duced by an additional factor of IS with interposed grounded 
metallic screens for a total crosstalk rejection ratio of about 
60 dB. The measured crosstalk b non linear; tram signals less 
than 10' electrons it is negligible. 

Fig. 4. Photograph of the MOSFET preamp PC board proto
type. 

The hybrids will use surface mount technology. Space con
siderations permit this technique and the cost iapHeitioni 
are extremely favorable, as the fabrication yield will be high. 
The use of surface mount components, hermetically sealed and 

Fig. t . The calibration circuit for the MOSFET preamp. 

One channel of readout electronics is comprised of a pream
plifier, ihaper, gain stage, driver, and an analog memory unit. 
Figure a is a schematic representation of the readout channel 
In which the essential features are highlighted. The analog 
sampling of the waveforms relies on the use of the SLAC Mi
crostore chip (AMU}. S' , S This chip is an array of 256 sampling 
cells, all of whose inputs are tied together through a series gate 
in each. Sixteen AMU chip* are combined into an eight chan
nel hybrid (HAMU V , with each channel serviced by two AMU 
chips. This provides a total of SIZ sampling celts per channel. 
The multiplexed HAMU output signals, stilt analog voltages, 
are transmitted via an optical fiber link to 13 bit ADCs outside 
of the spectrometer iron. Provision for a DC calibration of the 
HAMU system is included in the system. Monte Carlo simu
lation studies have shown" that, for optimum system perfor
mance, the preamplifier shaping time should approximate the 
time between aamples in the AMU. Thus, the maximum elec
tron drift time divided by 512 samples determines the pream
plifier shaping time r, and, therefore, the thermal noise in and 
the maximum pulse pair resolution of our system. 

A mother board containing IBS amplifiers mate* with the 
atrip line inputs from the detector via aero insertion force sock-
eta. Pulsed power is generated on the mother board for deliv
ery to the hybrids, local energy storage in the form of large 
capacitors is provided nearby. Surface mount components are 
used where available for the calibration circuitry on the mother 
board. 

As the signal to noise ratio ki of primary importance in 
the design of this system, the elimination of noise sources does 
not end with the design of the preamplifier. The mechanical 
design of the detector must be coordinated with the layout of 
the pc board mounting of die amplifiers to provide a separate, 
isolated clean signal ground to surround the sensitive low noise 
electronics. 

a 
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ruige, the total system charge-to-voltage gain is typical of 
that expected in CRID operation. Figures 2(a) and 2(b) 
show ICA digitizing? of preamplifier output pulses correspond
ing to 200.000 and 800,000 electrons respectively. Figure 8 
•hows histograms of the variation of preamplifier output volt
age with input charge for the three selectable gain settings of 
the BF992 MOSFET prototype. These characteristics were 
obtained automatically by applying the CAMAC DAC voltage 
to the charge injection capacitor in series with the input. The 
•lope ol each line gives the charge to voltage conversion gain. 
In the sample of eight MOSFET prototypes, the variation of 
gain at the same setting is leas than 235. ID fact, the range of 
linear amplification extends considerably beyond that shown in 
Fig. 8, with preamplifier output saturation occurring only for 
charges in excess of i 0 T electrons, even, with the highest gain 
setting. This range is far beyond that expected in the single 
photoeiectran pulse height spectrum.7 

Fig. 6. A block diagram of the CRID analog readout channel. 

3 . The Measurements 

Substantial progress has been made in determining the 
gain, linearity, noise levels, crosstalk and overdrive perfor
mance of the CRID preamplifier through a study of nine pro
totype preamplifiers. 

Eight of the prototype amplifiers are variations of the cir
cuit shown in Fig. I using the Phillips BF992 dual gate MOS
FET, together with other surface-mount components in a lay
out suitable for hybridisation, The ninth prototype utilises a 
J3D9 JFET in the circuit configuration shown in Fig. 7. It has 
been used principally for noise comparison purposes, although 
a hybrid preamplifier using a JFET input transistor is under 
active consideration. Note also that the shaping time or the 
JFET prototype is SO nsec. 

Fig. 1. Schematic diagram of the JFET preamplifier proto
type. 

A largely automated preamplifier test system has been con
structed for measurements of amplifier charge gain and noise 
levels. A LeCroy 2261 Image Chamber Analyser (ICA), oper
ating at 50 MHz, with unity gals, 11 bit resolution and 320 
time slices, provides high-speed sampling of the preamplifier 
output pulses, while the combination of the CAMAC packaged 
DAC and a charge injection circuit allow the preamplifier to 
be studied over the full range of input charge expected in op
eration: 

In these tests, the outputs of the preampliSers have been 
apprcodmately matched, using • 50 ft driver, to the 2 V dy
namic range of the ICA. Since the HAMXJ also has a 2 V 
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Fig. fl. Histogram of preamp output voltage vs. input charge 
for the three amplifier gain settings. 

To measure the input noise characteristics of the MOSFET 
and JFET preamplifiers under various conditions of input load
ing, the charge injection capacitor ia removed, and parallel ca
pacitance, resistance, or CR combinations are added between 
the amplifier input and ground. The amplified input noise is 
meunred with the ICA, using a software-defined "gate width". 
The gate width is chosen to be six times the amplifier shap
ing time, as measured from an independent fit to the output 
pulse shape using a single time constant. This interval contains 
about 9855 of the pulse output charge. For the MOSFET and 
JFET prototypes, T ia measured to be 65 usee [Fig. 2(c)] and 
47 nsec, and the gate widths are set to 390 nsec and 300 nsec 
respectively. The equivalent noise charge (ENC) in electrons 
is given by 

{ESC) = [Py(AMP)-gy(fCA)]3 
C e 

where try {AMP) and av[ICA) respectively are the standard 
deviations (mV) of the pedestal distributions seen in the ICA 
with and without the amplifier connected, based on comparable 
samples of at least 1,000 measurements; G is the charge gain of 
the amplifier (in mV/fC under the appropriate input loading 
conditions) and e is the electron charge in femtocoulomhs. 

Figures 9 and 10 show the variation of ENC with added 
capacitance and/or resistance far the M05FET and JFET 
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Fig. 9. Variation of (£JVC) with added input capacitance 
for: (a) The MOSFET preamplifier with 40 Kfl resiatance to 
ground, (b) The JFET preamplifier with 40 Kfl reaiatance 
to ground, (c) The MOSFET preamplifier with no additional 
resistance, (d) The JFET preamplifier with no additional re
sistance. 
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Fig. 10. Variation of {BNC) with added input resiatance for: 
(a) The MOSFET preamp- (b) The JFET preamp. 

preamplifier prototypes. Our measurements confirm that ei
ther input transistor would give acceptable noise performance 
for our application. Both amplifiers have about 500 elec
trons (rms) noise with no added resistance or capacitance and 
1100 and 950 electrons (rms) respectively for 10 pF of as
sumed chamber capacitance, and an input resistance of 40kfl— 
characteristic of a 10 cm long T pm diameter carbon aenae wire. 
In Figs. 9(c) and 9(d) the noise measurement waa made with
out the 40 kfl input resistance. In the sample of eight MOS
FET prototypes, the variation of ENC under identical load 
conditions between amplifiers was found to be about 10%. Ap
proximately half of the measured ENC difference between the 
MOSFET and JFET preempt is a result of the slight difference 
in shaping times of the two prototypes. The measurements (a) 
and (b) of Fig. 9 have bam fit to a general FET amplifier noise 
model 1 9 using the MINUIT" fitting program 

, LTREC{CINT + CQH)* Aj[CtNT + CcH? \ * 
2r 2 ) 

where e is the electron charge (1.602 X 1 0 _ I B C) and k is the 
Boltzmann constant (1.381 x I 0 ~ u JK - 1 ) . RCH ">d CCH 

represent the chamber resistance and capacitance respectively; 
in the amplifier teats these are simulated by added resistance 
and capacitance—the data points for the fit. T is the absolute 
temperature (— 298 ± Bif) while r is the measured amplifier 
shaping time. The free parameters in the fit are C/jvr and 
RlNT II RCH representing the intrinsic capacitance of the am
plifier and the resistance in parallel with its input (in operation 
the parallel sum of the amplifier intrinsic resistance and the 40 
kfi sense wire), 7 C and RBC. the FET gate current and equiv
alent noise resistance; and A/, the 1 / / noise (Volt1). For each 
amplifier, a good fit (x' /DF of - 1) was obtained with final 
parameter values within the ranges expected. JCJJYT II RCH 
was fit to within 10% of the 40 Kfl resistance used to simulate 
the carbon sense wire, while the intrinsic capacitance of the 
amplifiers was found to be between S and 10 pF. The tran
sistor parameters were also found to be within their expected 
ranges.15 Rett for the JFET and MOSFET were found to be 
about 50 n. This was confirmed for the BF892 by an indepen
dent measurement of its tTanacenductance (22 mS) at 1 MHz 
with a drain current of 6 mA. Similarly, the fit values for Aj 
and Ic were found to be in the ranges 10~ 1 3 - 1 0 ~ " Volt1 and 
2 x 10-" - 10~» A respectively. 

The final amplifier configuration under investigation is one 
which will eventually allow the OH of a semi-custom monolithic 
integrated circuit array containing about 70% of the circuit 
elements described above. Schematically then, thi amplifier 
hybrid will be comprised of the low noise input transistor, the 
calibration circuit, and the semi-custom element. To imple
ment this idea, the preamplifier circuit using the JFET input 
was found to be superior to that using the MOSFET, as the 
dual gate of the MOSFET does not perform as well as a single 
transistor when designing solely with NPN transistors. 

4 . Conclusion 

A preamplifier using a low noise dual gate MOSFET front 
end has been designed, built and tested. It performs well, 
having a noise level of about 500 electrons nns at a shaping 
time of 65 nsec. It is linear over its entire range to better 
than l!£. It has been used on our most recent CR1D detector 
for the measurement of single photoelectron spectra. These 
results are being presented in a separate contribution to this 
symposium.9 A second preamplifier using a JFET front end has 
been designed, built and tested and has been found to perform 
as well as the first. 

5. MOSFET Preamp Specifications 

Fust Stage: 
1. Input Signal (single p.e.) 
2. Feedback Capacitor 
3. Equivalent Input Noise 
4. Signal Dynamic Range 
5. Input Connection 
6. Input Capacitance 
7. Input impedance 

Post Amplifier/Shaper: 
1. Gain (nominal Q gain = 1) 
2. Alternative Gain Settings 
3. Pole Zero Cancellation 
4. RC • CR Shaping 
5. Gain Degradation 

: 32 rC (! x l&t-) 
-. about 1.6 pF 
= 500 e - (rms) O 65 ns T 
= lOMO* electrons 
= Strip Line on G10 
= < 10 pF 
= 600 fl (measured) 

= 4.5 Differential 
= Xl, X2, x3 
- e - i /r . j r , = 560 ns 
= fDitl = f « l = 6° »• 
= 1/s (RC-CR) 



System Considerations: 
1. Packaging 
2. Pins 
3. Power 

4. Power Duty Cycle 
5. Pulse Pair Resolution 

6. Calibration Accuracy 
7. Linearity 
8. Crosstalk 
9. Calibrate Modes 

10. Gun Sensitivity to PS Voltage = 
11. Strobe Power Recovery 

12. Environment 

Single in Line Hybrid 
14 
+8 V -32 mA DC; 
-T V -20 mA DC 
10% 
400 ns after Min I; 
200 ns after 1 e~ 
< 1% 
< 0.S% corrected 
< 2% (electronics only) 
Either end or both ends 
of wire via shift register 
1/500 
S4 dB onset from base 
line after 400 )i* 
40°C 
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