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Abstract T

An analog integrated circuit has been designed, in a
BiCMOS 0.8micron technology, for the feasability study of
the signal processing of the AMS RICH photdtiplier
tubes [1]. This low power, three channel gated integrator .
includes its own gate generator and no external analog delaypy
is required. It processes PMT pulses over a dynamic range of
100. An external RC network allows it to work with various
PMT gains. It provides a logic output that indicates whether =~ THRESHOLD @ MEMORY

the associated analog output has to be considered. This gated PEDESTAL RECORD  STROBE
integrator is used with a compaBXSP based acqui®n

system in a 132 channel RICH prototype. The chargg
calibration of each channel of the RICH is carried out usingg
the light of a LED. The pedestal measurement is performed
on activation of a dedicated input. The noise contributi
study of the input RC network and of the amplifier's is Stretched PMT pulse

presented. \/ >

|. INTRODUCTION '

Although the RICH for the AMS pject is not today Monostable
completely defined, it is reasonable to think that it wit
include between 3000 and 10000 PMTs. This large number |—|
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of detector cells and the low power consumption required by
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the spacial constraints lead to the integration of the analpg
|
|
|
|

' ANALOG
3 ouPUT

.T. .ﬁ*—é RESET
I

& LOGIC
T OUTPUT

urel : Block diagram of the PMT pulse processing
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processing part of the PMT signals. The simulation results
[2] show that the number of photons detected by each PMT
can reach 50 for heavy ions beyond oxygen in a 1xi cp
pixel. Thus the electronic dynamic range must be from 1 {o
about 100. At least two methods can deliver information dn
the number of photons detected by a PMT. The first one
based on the time over threshold measurement, after a pulse /
stretching, had been proposed for #S RICH [3]. The Analog output
main drawback of this method is that a small offset on the !
voltage comparator input produces a large error on the final

measurement. The offset has to be carefully adjusted and Logical output
controlled. As the number of channels is quite large, th|S >
adjustment can become onerous. The other method which we

retained is the PMT pulse charge integration. This self gated
integrator includes its own gate generator and no analog

delay is required. An external RC network performs the

stretching of the PMT pulse and minimizes the nafgure 2 : Circuit chronograms

integrated part of the input signal. The error introduced by

this processing method depends mainly on the comparatorThis integrated circuit is composed of five parts :
speed. The worst case is reached for the single photon,:

detection but even for this case the error is negligible. The high speed voltage comparator
block diagram of one channel of the integrated circuit is monostable

given in Figure 1. Some circuits performing a charge to charge to voltage converter
voIta_ge conversion have .aIready beer_1 designed, but theySample and hold
require an external gate signal and their power consumption™

is not compatible with thAMS constraints [4]. register
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When a pulse occurs at the output of a PMT (figure 2), The threshold is set at -10 mV which corresponds to one
the voltage comparator triggers on the monostable tlhird of the single photon mean amplitude. The inverting and
enables the charge to voltage converter to integrate the inpan inverting inputs (Figure 3) are accessible allowing the
charge during a period fixed by the monostable. The dynariritegrator to be enabled by an anode or a dynode pulse. This
range of the integrated charge is from 0.2 pC for the singl®ovides the possibility to integrate larger pulses without
photoelectron to 20 pC. If the STROBE signal occurs duriegabling the comparator above the power supply. The typical
the monostable pulse, the output of the charge to voltadggday is 3.5 ns and the time walk less than 4 ns over the
converter is transferred to the sample and hold circuit. Thibole dynamical range (Figure 4). The time walk is a critical
coincidence also sets a RS flipflop which indicates that theint for the linearity in small signals.
analog output has to be stored after digitalization. The
switches shown in Figure 1 are built with two complementary
MOS transistors to reduce the ON resistance and jbetéa
charges. The sample and hold circuit stores the result of the z%° |
integration until it is converted by an external ADC. The < 61
converter (AD9220 a 12-bit, 10 MSPS, 250mW ADC) uses a 255 1
pipelined architecture and processes 32 analog channels. It isg 5 -
located on the same printed board as the ASICs. The 24,5 1
STROBE signal provided by the RICH trigger enables the § 41
conversion of each analog channel and the storage of the data 3 -
depends on the state of the logical output [5]. 3 : : :
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[I. VOLTAGE COMPARATOR

The comparator must be of high speed and high gainfigure 4 : Measured comparator delay
order to enable the integrator with minimum delay to

minimize the non integrated part of the stretched PMT pulse. The comparator can also be triggered on by the READ

input (Figure 3) which allows the measurement of the analog
output pedestal.

[Il. CHARGE TO VOLTAGE CONVERTER

The gated integrator, or charge to voltage converter, is
built using a charge preamplifier structure. In the absence of
an enable signal from the monostable, the MOBchws on,
so the loop gain is about —1. When a pulse occurs, the
monostable opens the MOS itk which allows the
integration of the PMT charge by the amplifier and its

- feedback capacitor. The resistive part of the input network
=TT w:zﬁj performs a current division in order to avoid the saturation of
L{ |_¢ A L{H the integrator. Only one half of the PMT charge is integrated

ﬂ 1 j s The feedback capacitor is the critical component that gives
the accuracy of the analog processing. As integrated
_ i structures have generally a poor precision (typical5%),
Figure 3 : Comparator schematics this capacitor is external to the chip. This configuration

allows the adjustment of the integrator gain to various PMT

A passive network performs the shaping of the PMT pulgains. The two gain stage structure provides an open loop
(Figure 1). The pulse amplitude depends mainly on the valyen of about 2500. The effect of the open loop gain of the
of the capacitor. This capacitance of about 15 pF stands danplifier on the noise and the feedback capacitor discharge
the 10 cm coaxial cable and the printed circuit boatis been studied and is summed up below.
capacitance. The comparator must have a dynamical range of
100 and the pulse amplitude, limited by the negative pow&r Noise analysis
supply, must be lower than -3V. The single photon amplitude o -
has to be set at a value of -30mV to meet these conditionfsThe circuit shown in figure 5 was used to study the effect

The PMT gain can be directly deduced from the expressiorf the amplifier open loop gain. This gain is supposed to be
of the first order :

- A
A=
300° 1+1p

%

R4
10k

_ Clv _1510%[B000° _
1.6010™ 1.6010™




& €,

Figure 5 : Noise analysis schematics
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assuming T >>RC andT = A,
vz =9 oM
4 RC+p

A2. Amplifier Flicker noise

The input of charge to voltage converter is AC coupled
to the external RC network. This 100 nF serial capacitor is

The equivalent output noise can be calculated Iyt shown on Figure 1. The purpose of this capacitor is :

summing the contribution of the resistor and that of the

amplifier itself.

Al. Amplifier white noise contribution
For a voltage source the transfer function is :

\Y
N RCp +1

e, (A+1)RCp +1
ﬁ_pb RCp+1
e, RCmp? + p[r + (A, +)RC] +1

A=[(A, +)RC+1]* -4RCr >0
sinceA > 0 the previous expression can be written as

Vo = A

A p+a
& T (p+b)(p+o)

_1
R

E:): (A, +DRC+1 +/A

with:
0 2RCr
0 (A +DRC+T++/A
il 2RCr
The noise spectral density is :
2 2 2
Vn2 = i; D w + a .

e
¢ (w?+b*)(w?+c?) "

a
with €7 = o dw
s

And the square of the rms noise is :

V2 _A\)Z

nrms — __2

T

© 2+ 2
Ga_q 2 wZ a.2 2 dw
2 4 (w° +b%)(w” +c7)

) :ﬁﬁ a?+bc
4 (b+c)bc

nrms 2
T

To avoid a leakage current due to the amplifier offset and
due also to the comparator biasing input current.

To limit the contribution of the amplifier Flicker noise.

A3. Resistor noise contribution
The noise spectral density is :

A 1 o
R R2C2T2 (w2+b2)(w2+cz) R
4kTR

with €3 = Z—dw
s

Al 4KTR 1

VR’ZrmS_ 22 2D q 2 2 2 2 dw
R°C-r 2t (w* +b%)(w” +c°)

, _ AKTR 1

"M R2C?r? he(b+0)

v _ AKTR
"M (A, +)RC+T
» _ AKTR
Rrms RC+B
Vrrzns = Vnzrms +VR’2rms = i (g + kTR)

RC+p 4

The total rms noise is :

Vrms = i (g + kTR)
RC+p3 4

The rms noise depends on the square root of the open
loop gain.

The simulated value of the amplifier white noise is :
e, =45nV/JHz

Fora R =1 R and C =10 pF, the total rms noise is :
V... =ImVwith Q. =CV,, =0.01pC

This value corresponds to 0.05 photoelectron.

(1)

rms



. . . constant current. The capacitor voltage is compared to a
B. Feedback capacitor discharge analysis reference voltage then, when the discharge reaches this
The circuit shown in Figure 6 was used to study ttoltage the output of the monostable returns to zero.
capacitor discharge. In order to simplify the calculation the
signal of PMT is supposed to be,atiration square pulse.

[
1
R, c l;

I(t) R, ”r + A

Figure 7: Monostable principle

Figure 6 : Schematic of the capacitor discharge analysis
The monostable duration is fixed by the capacitor

In this case the open loop gain of the amplifier is the D(ascharge current. This one can be adjusted by a ;m_gle

) A= ) external resistor for the three channels. In order to minimize
gain so A= A,;. The output voltage as a function of thgne delay of the charge to voltage converter the leading edge
input current is: of the monostable output is directly driven by the

. differentiated comparator output.
V. = - AR

L=
(A +1)(R +R,)Cp+1 IV. SAMPLE AND HOLD
The Laplace transform of the input current is given by: The sample and hold circuit stores the voltage value of
| the integrator until this value is transfered to the ADC. The
|(p):_0(1_e‘mo) amplifier of the sample and hold circuit has a MOS
p transistor input in order to reduce the leakage current of the
This leads to- hold capacitor. The storing time required for the sample and
IS leads to: hold circuit is determined by the speed of the ADC. With a
_ A ‘(t‘toy 3pF hold capacitor, a storing time larger than 160 is
Ve = ARl (e -e ") achieved without significant voltage loss at the output. The
with T=(A +1)(R +R,)C and t=t, ADC is multiplexed with 32 analog channels. Its pipelined

architecture leads to convert each channel and the digital
Assuming t and ,t are small compared tar an outputs of the integrator indicate which analog output has to

approximation of the previous expression is : be stored after digitalization.
-t, tt, t2
Vs= AbRilo(T"'_z_F) V. MAIN FEATURES OF THE CIRCUIT
T T

] ] o The main charateristics of the circuit are :
The discharge slope of the capacitor is given by :

dvs _ ARIt, _ RIt,
d 1 A(R+R)C?
The discharge slope depends on the inverse of the DC
open loop gain. Expressions (1) and (2) show the necessity ofS

choosing a compromise value for the amplifier open loop €xternal integration capacitor
gain. power consumption : 6 mW / channel

power supplies : +3.3V and -2V

lll. MONOSTABLE 0.8 micron BICMOSechnology

The monostable provides a pulse with a fixed duration pLcc28 package
from the output of the comparator (Figure 7). This signal The int | i i d usi |
directly controls the integration duration. The leading edge of et integra .(;‘.On |near|| y W.as.l metaSLtJrr]e ;Js'tn% % FILUMS_?
the comparator output is differentiated by the capacitor @gnerator, providing a puise simiiar o the stretche
and used to charge the capacitor C2 through the M(Bglse, and a precision attenuator. Figure 8 shows the INL
transistor M1. Then this capacitor is discharged under®%" @ dynamical range of 100 (from 0.2 pC to 20 pC).

dynamical range : 100 photoelectrons

(2) integral non linearity : < 0.5%
sample and hold leakage =5 pV/us
elf gated integrator



photoelectron pic position ara the single photoelectron pic

----- —F Non linearit : X .
Channel £ % of full scale width. It should be pointed out that such a method is not very
10010 3 ra]”ge sensitive to the input parameters.
X o ) ) ) 1
35010 3 E Integral linearity .
s0010 3 E 06 VI. LAYOUT
25010 3 3 The circuit has been integrated using the Austria Mikro
LB 02 Systeme AMS) 0.8 micron BiCMOStechnology. The chip
20010 = F integrates three identical channels on an 2xZ area
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Figure 8 : Integral linearity over a dynamical range of 100

The charge calibration of each channel may be carried out
using the light of a LED. If the PMT has a good single
photon response it is easy to locate the position of the first
and the second photoelectrons. Figure 9 shows the spectrum
and the Gaussian fits of a XP2802 PMT response.
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Figure 10 : Layout

35000 |- Photoelectron spectrum and fitted function
- Single phatoslectron pic channel = 259.9
== Single zhotoelectron :\'dlh =427 VI I . CONCLUSION
2s000 |- This integrated circuit, with its low power consumption

and its good linearity presents characteristics compatible with
the AMS RICH prgect. The circuit is already in use, with the
DSP based acqui®n system, on a reduced scale prototype
of the RICH (132 PMT channels) on which the whole system
is going to be validated.
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