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ELECTRONIC NOISE in LAr CALORIMETRY

C. de La Taille LAL ORSAY

1- Introduction

Due to the trade-off between pileup noise and electronics noise, the latter remains a
limitation, even for the next high luminosity colliders. The electronic noise is widely known
to depend on a large number of parameters, such as the detector capacitance, the shaping time,
the power allocated or the technology used for the preamplifiers. Some of these parameters
are frozen by the detector design (capacitance) or by external contraints (shaping time or power
dissipated). The others (circuit architecture, technology or transistors size) are left free for
optimization. We shall detail here the part that can be optimized, give numeric figures on the
noise performance that can be aimed at and compare with experimental results recently
achieved.

2. Signal

Before talking of the noise, we should always talk of the signal. The current waveform
created by an ionizing particle in a sampling calorimeter has already been described many
times. Here is a reminder of the most important formulas. The numeric figures given are
issued from the RD3 ("accordion") electro magnetic calorimeter.

a) Charge deposited in the ionization medium

An incoming particle yields part of its energy in the absorber and part in ionizing the
liquid noble gas, creating a 'straw' of electron-ion pairs that drift under the effect of the
external electric field applied to the gap. The total charge Q deposited in the liquid is related to

the sampling fraction 1 (ratio of the dE/dx of the different materials) multiplied by the
suppression factor for electromagnetic showersl ay,.

Q=-WE-i—ﬂsaM (1)

in which

Q is the charge deposited (Q electrons and Q ions)

E is the particle energy

W, =26 eV is the energy necessary to create one pair electron-ion in the argon?

T The suppression factor corrects for the fact that em showers give less signal than the corresponding energy in
MIPs : part of the shower is "suppressed”. This is due to the low energy photons at the end of the shower process that

lose their energy preferentially in the absorber through photoelectric effect (scaling as Z9). (1].

2 . In fact the number of charges collectable depends on the electric field as a fraction of electrons and ions can
recombine at low field. This is usually specified in terms of yield of free electrons for 100eV : G (E). The dependence

of Gy with the field is often described with Onsager's model [2]. For liquid argon, Gg; quickly saturates to its maximum
value cqual to IOO/Wi.



N, =0.23 is the sampling fraction3. It is directly proportionnal to the gap thickness.
2y = 0.7 is calculated on the basis of Montecarlo simulations.
For RD3 geometry these figures lead to :

Q = 6000 e"/MeV (2)

b) Current waveform

The motion of the electrons4 under an applied electric field creates a current in the
external circuit. The current waveform is given by [3]:

=2 (1 -L) 3)
_ o —— A —]
in which + HE iV
Q is the number of ionisation electrons, 2kV 1
given by eq (1) T
tgr = d/v, is the drift time that would take __-: Qe- LArgap
one electron to cross the gap. . d=19mm
For RD3:d = 1.9 mm, t; =400 ns __I
The initial current is then, using eq (2) : I
=2 =2.50A/MeV ©) A tdr
tar >
Integrating (4) during the drift time gives Q2
the collected charge, equal to
Q/2 = 3000 e-/MeV. Io

Fig. 1 : Current induced by an ionising particle in LAr

3 - Electronic chain

The front end electronic chain usually consists of a preamplifier and of a shaping
amplifier. The preamplifier gives some gain so that the noise from the following stages and the
pick-up on the output cables can be negligible.

{

. Details of the calculation for RD3 geometry :

Materiel dE/dx * density * thickness = total

1.8 mm lead 1.13 11.35 1.8 23.08
0.2 mm SS§ 1.48 7.80 0.2 2.31
0.6 mm Plastic 1.51 1.40 0.6 1.90
3.8 mm Argon 1.51 1.40 3.8 8.03
Total 35.32

Leads to a liquid argon fraction : s = 8.03/35.32 = 0.228

4 . The ioné also induce a current of the same sign (opposite charge and opposite drift direction), but their mobility
" being less than 1000 times that of the electrons, this current can be neglected. The space charge they constitute could,
in principle, modify the electric field, but the effect has been shown negligible [4].
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a) Charge preamps and Current preamps

Charge preamps have been used for decades on detectors where the total ionization

charge was to be read. Their advantages are :

- to deliver an output voltage directly proportionnal to the input charge

- to be a very low noise configuration5

- to exhibit a low, real, input impedance that minimizes crosstalk problems.

However, for LHC-SSC experiments, the huge dynamic range (whereas only 10% of the
charge is read cf § 3-c) combined with second stage noise emergence, seriously jeopardizes
their use [5].

There now seems to be a consensus on the use of current preamps6 for the
electro-magnetic calorimeter as they overcome these problems [5, 6]. But they present some
counterparts :

- the input impedance is partly inductive, which can lead to oscillations as the detector is
capacitive. This requires a very large bandwidth or ellaborate circuit design.

- the feedback resistor introduces parallel noise, which can be significant at long shaping or
small detector capacitance.

However, these little difficulties are negligable, compared to the benefits on the dynamic range,
the second stage noise and the shaper realisation?. It should be pointed out that the series noise
optimization carried out in §4 applies to both type of preamps (see note 10).

At this stage, any slackening of the signal before the fast shaping results in‘amplitude
loss at the output, known as ballistic deficit. Thus inductive leads to the preamps introduce a
time constant that decreases the signal amplitude resulting in an increased noise referred to the
input. This is the reason why preamplifiers are usually located as close as possible to the
detector, directly working at LAr temperature.

b) Zero transistor (QT)

The '0T' denomination comes from the absence of electronics inside the cryostat. The
preamplifiers, working at room temperature, are connected to the detector through a simple
cable. It has been shown [7] that at fast shaping, the transmission line should not be
considered as a simple capacitance adding to C, and spoiling the noise, but as its complex
impedance. Under some restrictive conditions (met by the accordion), this impedance is not
worse than the impedance formed by C; which determines the series noise, and the noise is
relatively independent of the line length8. Besides, the preamplifier location at room
temperature allows the use of bipolar transistors which display superior noise performance at
fast shaping. The weakness of this configuration is an increased sensitivity to pick-up noise,
but which can be overcome by care given not to violate the good Faraday cage formed by the
cryostat. This configuration has been tested in the frame of RD3 with comparable noise
performance than the preamps described in § 5-c [8].

5 By careful design, the noise can be reduced to the series noise of the input transistor (cf §4) which is unseparable from
the amplification process.

¢ - A current preamp (PAIl) is similar 10 a charge preamp (PAC) but with a resistor Ry in the feedback instead of a
capacitor Cy. The transfer function of an ideal PAL is simply V, /I ) =R (instead of 1/sCy). A real one includes at lcast
one pole to take into account its finite rise time and often is after more complicated as the second order poles are

seldom negligible.

7 A current preamp with 1.5kQ feedback resistor is linear on the whole dynamic range for LHC and as it is non
integrating, some gain can be added at the shaper level before the first differentiation, so that the shaper noise
requirement becomes less stringent [5].

8 The cable length comes into consideration only due to skin effect as it will slacken the signq! and generate thermal
noise. These effects are considerably diminished when the cable is located at low temperature, as the skin effect

resistance goes down by a factor of 3 at liquid argon temperature.
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c¢)_Pulse shaping

The shaper is used to optimize the signal to noise ratio, including the "physics" noise?
due to the pileup of low energy events. For high luminosity hadron colliders, this pileup
noise will necessitate the use of a very fast signal shaping such as represented on fig 2. To
avoid baseline variation with the mean energy deposited, a bipolar waveform is necessary, so
that the signal area is zero [9]. Practically, with a charge preamp 10, the shaper is a combination
of 2 differentiations (high pass) and n integrations (low pass) often noted CR2RCn. It has
been shown elesewhere [10] that the signal to noise ratio is very weakly dependent on the
number of integrations, provided n>2. In that case, the electronic chain can be characterized
by its response to a current impulse (8 response), and more precisely by the time between 5%

and the peak noted LP(S).
When this peaking time is shorter than the drift time, only part of the input current contributes
to the shaped output!l; when it is much shorter than t,, the input current can be assimilated to a

step and the amplitude is roughly 12 proportionnal to tp(ﬁ). Thus, the output signal is no longer
sensitive to the charge read Q/2 but to the initial current 1,

CRZAC? response to Impulse and Triangle Fig. 2 : Signal shaping

a) Current waveform from the
detector as given by eq (3).

b) Impulse response of the
clectronic chain  (dashed)

as anticipated for the barrel at
maximum luminosity. It can be
characterized by its peaking
time LP(E:) '
¢) Response to the triangle =
convolution of a) and b).

S, The hatched area represents the
-500n | b charge that contributes to the
maximum amplitude of curve c)
(see note 12).

500n }7

0 100 200 300 400 500
t (ns)

9 . The enormous rate of uninteresting events that arise from hadronic collisions leads to consider them as a noise.
They are mostly minimum bias events which present an energy spectrum exponentially decreasing, with a mean value
of 350 MeV. The variance of the output voltage they induce is given by Campbell's thcorem

o2=]l n(E)Ezvzou[dE,dl. As the variables are independent, the integrals can be separated in two terms : one from
physics ils 0(E2) and the other one from electronics is JVzom(l)dt known as pileup integral, is proportionnal to the

shaper peaking time, thus the need for a fast shaping to minimize this noise contribution.

10 _ With a current preamp (PAI) which is a non integrating circuit, the shaper is unipolar as one less differentiation is
nceded. Besides, it can be shown that PAC + CRZRCP is cquivalent to PAI + CR RC(n+1) as the global transfer
functions are identical.

. Analytical expressions for these signals in the time domain can be found in [10].

12 The charge Q,, that contributes (o the output signal allows to define an ‘effective integration time' : {; as Q =Iyu;
[9]). This cffective integration time is analogous lo the gate of a gated integrator. It is proportionnal to tp(S) although

not very preciscly (see Fig. 2). A betler invariant is lp(lrianglu) with l-l=0.7"lp(ll'iaﬂ81°) (11).
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4 - Electronic noise

The noise performance of the electronic chain is usually dominated by that of the
preamplifier since the following stages contributions are referred to the input divided by the
preamplifier gain. The widespread use of charge preamplifers has rendered the noise
spec;ﬁcanon in terms of Equivalent Noise Charge (ENC) [12] very popular, so we shall gwc
expressions stating ENC although they are not the most adapted to current sensitive
electronics!3.

a) General expression

Any noisy electronic system can be represented by the same noiseless system and two
noise generators on the input :
* a voltage one (e,) in series with the input, hence the term of series noise
* a current one (i ) in parallel with the input, known as parallel noise.
For a detector essentially capacitive, ENC is given byl4 [12] :

2
ENC2 = ¢2 C2 I? r2 (5)

in which

* e is the spectral density (in V/VHz) of the preamp series noise generator, the most
fundamental as it is related to the amplification mechanism. Itis related to the transconductance
(g,,) of the preamp input transistor by ~ e§ = 4kT % where o = 0,7 is the excess noise

factor!S and 4kT = 1.66 10207 at T = 300 K. "

* C, is the total capacitance at the preamp input, usually dominated by the detector capacitance
C, and the preamp input capacitance C,.

* I is the series noise integral, related to the shaper architecture16. The use of the peaking
time t_ (8) instead of the shaper time constant T renders [ / Vt (8) fairly independent of
the shaper design.

* 1 1is the spectral densny (in A/NHz) of the parallel noise generator. It is usually due
to the thermal noise of resistors on the input, such as feedback or calibration resistor :

i 2=4kT/R. Benefitis obtained from the location of these resistors in the cold.

* 1, is the parallel noise integral also related to the shaper design. Iy Yt ( d) is also roughly
~ invariant (although a little less) than I_ to the shaper design.

* 1 is the shaper time constant it is related to the peaking time tp(ﬁ).

- As the electronic chain is sensitive to the initial current (cf. § 3-c), the noise should be referred to the input in terms
of Equivalent Noise Current (ENI) that can be easily converted in MeV witheq (3) : 100 nA rms -> 40 MeV.

- A very similar formula holds for the noise in terms of equivalent noise current (ENI) :
ENl=e C J 32 (+) inJy 1-1/2, With this formulation, there is no need to evaluate the effective integration time
(cf. note 12) to know what fraction of the signal is read, and have the noise converted into energy resolution.

- This excess noise factor should not to be mistaken with the 'excess noise' denomination for 1/f noise.

= 1/2 for bipolar transistors, o = 2/3 for JFETS, .7 < o < 2 for MOS transistors. It should be emphasized that o
varies widely with the temperature, as for example JFETS exhibit more noise atT =77K than at room temperature,
although g is higher.  This effect is usually attributed to hot electrons effects. -

6. [2,=127h2 J H(jwt)2 /( @t)2 do where H(jw) is the filter ransfer function. See ref. [10, 11, 12] for details.
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Usually, the series noise is dominant and we saw that it is related to the g_ of the input
trans. Therefore, rewriting (5) and neglecting the parallel noise term, leads to :

Cd+Ca

ENC=A
VEm

(6)

in which A2=4kTa 12 /1

C4 is usually fixed by the detector design, although (6) shows that for a same signal, C,
should be minimized to reduce the electronic noise. The only parameters left free to the
designer are g_ and C,, and we shall examine how they can be optimized.

b) Optimum noise and "capacitive matching”

It is widely known that the preamp noise can be minimized by matching the preamp
input capacitance to C; or to 1/3C; ! We shall detail here how to choose between these two
‘optima’ and how they can be conciliated. We suppose in this paragraph that the input device
is a FET (Si, MOS or GaAs)17, and try to determine the optimal transistor. A very good
model of these transistors in the saturation region!8 is the square law approximation, relating
‘the drain current to the input voltage [13] :

Vs |2 (7)
Iy = Idss( - i)
Vo

(mA)

in which 42.12 |
[, is the current flowing in the channel '
I, is the saturation current obtained | /‘[/
with V.= 0. This is the 4 208 r ;
|
I

dss

(b)

maximum current that can flow in 7div //
the channel before turning into Vi
conduction the gate-source
junctionl19 /
Vs s the input voltage as the source pd
is usually grounded to minimize
the noise 0437 ]

ID G

46 .82
E-03

4,586
/div

1.058

-1.500 . 0000

\.fp is the pinch-off voltage, for which VG .1800/div (V)
the channel is cut off.

(Vp < 0 for N channels )

; Fig.3:(a) I vs vgs and (b) g, vs Vgs

for a Ga As MESFET 3SK166 (cf. § 5-b)

7. It is interesting to notice that the transistor size oplimization done in the following applies to FETs, but not to
bipolar transistors. In effect, their ransconductance does not depend on their size, but only on the collector current :
gmzqicfkT. Therefore, for a given current, the series noise is minimized with the smallest transistor. In reality,
limits on the current density set a minimum size for the transistor so that it does not melt ! A bigger transistor also
allows to reduce the base spreading resistor Ry, the thermal noise of which is seldom negligible. When there is no
constraint on power dissipation, the minimum noise is achieved by choosing a collector current such as the series
noise and the parallel noise due to the base current be equal.

'® - The region where the channel is pinched so that [ varies marginally with Vo This is determined by V 4> Vp

which sets a minimum voltage for the static polarization of the transistors.

'? . In fact, the transistor could be opcrated at I >I, . provided the current flowing into the gate Ig remains
rcasonnable. This is determined by the amount of parallel noise i2n = qug that can be accepted. This leakage current

is very lemperature dependent as Ig = igss exp{qusfkT).



From which we can extract the transconductance g_.

ol 2
Em = - =_~\1/dss(I_Y\;}S)=_vLm (8)
dVacs p P P

g, 1s maximum for [ =l ., and this value is often noted g_,= 214/

(8) 1s valid only for [, <, On the other side, at small currents the transconductance does

not always scale with \/Id as the ratio g /I, cannot be better than g/kT.
The breakpoint is given by :

o[BI

9)

Below this point, g scales linearly with [ and the device is very similar to a blpolar transistor,
which presents the best g_/I, ratio obtamablc (q/KT). (See note 17).

In these expressions, most parameters are frozen by the technology used, and only the
operating current (I ;) and the transistor width (W) can be varied.
v, does not depend20 on W
4 is directly proportionnal2l to W.

bigs 8, W (10)

and replacing (10) in (9) gives :
gm =Yk W Ig wirhk'1=%k1 (11)
v
p
The amplifier input capacitance depends directly on the transistor size and very weakly on the

operating current 22

C,=k,W (12)

At this moment, it can be noticed that the ratio g_,/C, does not depend on W or [ but only
on the tcchnology (This is however not the case for g_/C, that scales as \/I and INW) It
is a factor of merit for the rapidity of the transistor : g _ M but also for the noise as it
can be seen from eq (6). 'T2rC,

2 .V _ is relatively technology independent. It depends only on doping concentrations and on channel depth. It is not
a very well stabilized quantity, usually specified within a factor of 2.

G F lyss is proportionnal to the electron mobility and to the ratio W/L where L is the transistor length (a few
microns) set by technological state of the art. As the capacitance is proportionnal to W*L, the speed (and the noise)
of the technology benefits as L2 of channel length improvements. However some parameters ‘suffer with short

channels such as 1/f noise, oulpul conductance or excess noise factor. (Sce § 5-c).
22 . The (ransistor capacitance is dominaled by the gate-source junction capacitance, which varies with the gate

voliage approximately as C, =C, /(1 +Vgsf'¢0)l/3. The gate voltage in tumn varies with ‘“d cfeq (7).

gs~gs
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Replacing (11) and (12) in (6) gives

Cd +k2W (13)
Vkllw Id

For a given technology (k'; and k,) we can optimize23 this function of two variables W and 1.

ENC=A

a) For a given transistor size, ENC scales as Id-1/4, and is then minimum when [ ; = Idss . Thus
doubling the current decreases the noise by = 20%.

b) For a given current I ; the optimum size is given by

EN
L koW1 L Cy + kW) WS4 =0
oW 4
<=>W=Cy/3k, (14)
(14) can be rewritten as : Ca=Cd/3 (independent of technology) (14 bis)

This optimization is valid for a drain current I ; smaller than the saturation current I,
corresponding to the optimum transistor size W=C,/3k,. Itis represented in fig 4 as the line
(AB). At point B, the current cannot be further increased to reduce the noise, without also
increasing the transistor size, as I; would be greater than [, The noise still goes down, but
following the frontier I ;= Iy (line BC). Itreaches an absolute minimum when C_ = C, (point
C), known as 'capacitive matching', which can be attained only with small detectors or at high
dissipation24.  For liquid argon detectors, this is usually not the case, and the optimum
matching is at Ca = Cd/3. It can be difficult to reach with transistors presenting a high g_/C
_ ratio (such as AsGa), as it requires very large transistors (cf § 5).

To summarize, the optimum matching is :

C, = 1/3 C; when the power is constrained
C, =C, and [, = I, where there is no limit on power.

23 . The optimization with respect to W is usually treated by paralleling n 'elementary’ transistors. Although valid,
this formulation is sometimes misleading on the concept of elementary transistor, on its operating point and whether
this paralleling increases or not the total current. We prefer here to separate completely the variables : size and

current.

% . Or with a transformer



C4 = Loo P‘;

ENC (<)
Hro——iy

.
24000 5
d
20000 —
&
q
18000 q
i 2000 —
80C0 3
]
4000 4
|
B

0 =
0

Fig. 4 : Noise versus drain current [ ; and transistor capacitance C,, as given by eq. (13). We take C; =400 pF
and the Si JFET from § 5-a. The transistor size (proportionnal to C_) determines the. maximum allowable
current L., with eq (10).  This delimits the [ronticr beyond which the noise is not defined.

We can see that at fixed current, the noise is minimal at C, = C /3 and decreases as [;-1/4. When 1 reaches the
frontier I the noise still decreases by raising C (line BC). The absolute minimum is at C,=C, (point C)

Ell'ld Id = IdSS.
Capacitance matching
2 '
1.8 \\\\
1.6 Fig. 5
\ Detail of the mismatch penalty
1.4 \ at fixed current.
- N
12 \\\
\\'\ //
L1
l \\L 1A
0.8 .
0.04 0.1 L
Ca/Cd



5 - Numeric examples

We first give some figures for quick noise evaluation (exact with a CR2RC? filter) [10, 11]

ENC =213 -5 @ 168i,7/t]3) 5

Vils)

ENC in electrons rms
e,innVAHz (60 Q -> InV/VHz at 300K)
C,=C, + C, is the total capacitance on the input, in pF
tP(S) is the peaking time (5-100%) to an impulse, in ns
i in pA/NHz (1kQ -> 4pA/NHz at 300k)
We use a peaking time tp(d) = 20ns (40ns to triangle) which leads to A =4.7 in (6) with

ENC in electrons, g, in A/V and capacitors in pF.

The figures below are calculated for _Cd = 400pF and Id = SmA, which correspond to the
accordion cells and preamplifiers used in RD3 tests (cf.§ 5-c).

a)_Interfet NJ 450 (Si JEET L=5 pm)

These are the transistors used on the preamp developped by the Brookhaven group for RD3.
W =4500 um

Iy, =20 mA-
C, = 60 pF Cq = hoOpF
V_ =-1V
from which we deduce
F, = 100 MHz
k, =4.44 A/m ENC (e)
k', = 17.8 AV-2m-! 45000 3
k, = 13.3 nF/m 40000 5 Bl
| —— 0""";"/’”’”]/[[
35000 = ggo,:,,;z,,g{/,‘,’,. 7
i) one transistor 30000 5 ’W%
W =4500 pm 25000 3 S
.C,= 60 pF E SESSA
a —- £ < ':':l
£ =20 mA/V 20000 T Z
ENC =4.7%415/.02 15000
= 15280 e- 10000 3
‘i) optimum matching 20 —é
C,= 133 pF | 8= e
W =10 000 pm . .
s =44 mA ™
gm =29.7mA/V : )
ENC = 14540 e- |
%50 10 9 Id m ﬁ)
500

Fig. 6: ENC (e-) vs Id (mA) and Ca (pF) of the
Si JFET NJ5450
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b) SONY 3SK166 (GaAs MESFET L=1.2 um)
These transistors equipped the preamplifiers described in § 5-b,developped by the Milano
group They are very similar to the Triquint process proposed by the Munich group.

W = 1200 pm
=30 mA Cg = 400 ,F

C, =15pF
Vo=-13¥
from which we deduce ENC (¢)
F =42 GHz - e
k, =25 A/m 20000
k'| = 44.4 AV-2m-1 18000 4
k, = 1.25 nF/m 16000
i) one transistor 14000 3
W = 1200 um
C =15 pE 12000
g, =163 mA/V 10000 34
ENC = 14778 e-
8000
i) ten transistors in parallel 5 I
W=12000 pm => 000
C,=15pF .
g. =333 mA/V
ENC =9000 e-
ill) optimum matching ay
C, = 133 pF => 400 9 T, (mR)
W = 106400 pm ! S0t 8 (
[4s= L78 A
g, = 126m A/V Fig. 7: ENC (e-) vs Id (mA) and Ca (pF) of the
ENC =7070 e- GaAs MESFET 3SK166

~From these figures, it can be seen that for the same power, a GaAs preamplifier should
exhibit Aalf the noise of its Si counterpart. Both technologies have been tested in the frame of
RD3 collaboration but showed comparable noise levels with respect to the test beam energy

Bl s
¢ - E%g:éﬁgiéhtal results

-"l;lié'.promising noise improvements that could be achieved with GaAs have long been

pointed out by the Milano group, and charge preamps have been realized for RD3 tests.
Two types of charge preamps have been tested : ;

i) A SiJFET one developped by Brookhaven based on the transistors described in § 5-a. The
schematic is given in fig 8. Q1 is the input transistor followed by the classical cascode
configuration with Q2; Q3-R3 from a current source and Q4 the output follower, to drive a

50Q terminated line. A level shifter (R9-R10) at the output allows the DC polarization in

closed loop. The feedback network is F_= 33 pF and F = 10 k€2 - Q5 acts as a protecting
diode against discharges.
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RS-100ohm

-j_‘!..l.&\/ _AAA +12V vee
ca +12/+18Y
a3
R1
535V
2Meg § R3 c3
470
ohm
- | j R8-50chn
350K bl . DUTPUT
R9
E,E’-Kohn
DETECTOR RETURN
R10 <L
Qs 1.1Kohm
4
JiI e
| Frasa
R11-1000hnm
-337v -asv
RETURN A { VEE
J? i C4 -3.5/-5V
Fig. 8 : Charge preamp using Si JFETs developped by BNL (14]
+Vee
e

Qs _|—
Q4
Ity

Qs

L]

v
IN s
C,
TEST m
"

Fig. 9 : Charge preamp using GaAs MESFETSs developped by Milano (15]
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ii) a GaAs one, developped by Milano, using the transistors described in § 5-b. It follows the
same global architecture (fig 9), although a little more complicated as each transistor is replaced
by a bootstrapped pair (as Q4-Q5) to raise the output impedance, very low on GaAs. This is
necessary to make an efficient charge preamp, as a high open loop gain G is necessary to
trunsfer the charges from the detector into the feedback capacitor (GC;>> C,). The transistors
are dual gate devices, in which the gates were shorted together to reduce the 1/f noise by a
factor of 100 and raise the output impedance [14]. This results in a longer transistor (sce note
21) which penalizes both g and C, by a factor close to 2, leading to a noise penalty from the
figures given in § 5-b. 10 transistors were mounted in parallel to improve the capacitive
matching - 100 would have been necessary ! - which gives a noise penalty of 40%.

Measurements on workbench at room temperatures, using the same variable filter, are
plotted in fig 10. They display similar ENC values, not far from the calculation, especially for
the Si preamp in which the series noise is really the dominant contributor. For GaAs, some

1/f* is visible at low frequency, but the series noise is dominant at fast shaping and similar to
Si. At room temperature, the Silicium preamp is much slower than the GaAs, which renders
the comparisons not so straightforward. This is even worse when measuring the noise in
MeV (or in ENI) as the different preamp rise times lead to different effective integration time
(sce note 12). At liquid Argon temperature (87 K) the noise from GaAs improves by 30% (and
more for 1/f), while the speed is merely affected. The silicon is much faster, comparable with
GaAs, but the noise is similar to the levels at room temperature.

CRB 3.2 25 Apr 93 10:10:23
PAC + CR RC?  Cd=400pF - T=300K
25k 0 : HL Si
-~
él 0 : H2 AsGa
v
3 ]
Lzu 20k -
\",
N
B
B 15k ]\
10k [,
\\
“'\
\‘
k
. 10n 100n
tpld)

Fig. 10 : ENC vs LP(S) measurements of Si and AsGa charge preamps with C; =400 pF. At room temperature,
the series noise are similar.
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The noise penalty due to capacitive mismatch, unavoidable with discrete GaAs transistors
(not at all designed for particle physics!) should be overcome by the realisation of a GaAs
preamplifier in VLSI, presently under development by both the Milano and Munich groups (using
Triquint Foundry). The noise deterioration due to short channels (such as 1/f noise, excess noise
factor or output conductance) should be evaluated in details, especially in the current preamp
configuration which is less demanding on open loop gain?3. Besides, irradiation tests carried out at
CERN showed higher noise deteriorations on GaAs preamps than on Silicium [16]. This might be

worse with short channel transistors, as the 1/f noise is already higher and deserves further
investigation.

6 - Detector segmentation

Subdivising the detector in depth looks attractive to reduce the noise at constant

dissipaton per tower (dn d¢ dz) [6]. In effect, the smaller dynamic range allows to reduce the
supply voltage and operate preamplifiers at a relatively higher current.

We shall assume in the following calculation that a detector tower is subdivided in depth inn

clements, each having a capacitance Cy/n. We make the simplist (and not very realistic)

assumption that the total signal I extends uniformly in depth, leading to I /n in each litle

preamp. The preamp output voltage, in the case of a current preamp, is simiply :
V.=R;[;/n.

This detesrminfasot/he preamps supply voltage, taking into account a fix voltage for static

polarization Vp: (see note 18)

Vaim = Vp +Rly/n . (16)
Neglecting the current in the output stage, the drain current of the input transistor is :
. P |
Lj = - j&;l_o (17)

in which P is the total power allocated. "y
The series noise for a preamp, at the optimum matching is then :

k,Cq | |
Inkolg (18)

The total series noise is the quadratic sum of the n preamps :

-1/4

ENCs(n) = 44 %

: -1/4 - 8
2 5 k R
ENC =y ENC(n)=4A Y4 (2L —B__ (19)
3 3k, v, + R¢lp
n

which is a (slowly) decreasing function of n.

5 . The open loop gain' G determines the low frequency input resistance R, _ Rg/G which must be low er.loug,h 50 Lhzfl
the rise time R; C; be small. However, the inductive part of the input impedance, set by the dominant pole, is

usually the main limitation to the rise time.



A few figures to illustrate this point :

Subdivision 1 10
Detector capacitance 400 pF 40 pF
Power per preamp 60 mW 6 mW
Signal max per preamp 1.5 TeV 150 GeV
Signal input current I 4 mA 0.4 mA
Feedback value 1.5 kQ 3kQ
Preamp output swing 6V 1.2V
Polarization voltage 5V 5V
Technology26 AsGa AsGa
Current in input transistor2? 5 mA 0.6 mA
Transistor width 106 mm 10.6 mm
Preamp capacitance 133 pF 13.3pF
Transconductance 126 mA/V 16.8 mA/V
Series noise per preamp 7070 e- 1930e-
Total 5erle¢; noise 7070 e- 6110e-
Parallel noise'per preamp28 1370 e- 970 e-
Total parallel noise 1370 e- 3060e-
TOTAL NOISE 7200 e- 6830¢e-.,.,

These figures show that the benefit on noise is very moderate, all the more since
second stage noise will be more penalizing at small detector capacitance. Thus, concerning
the electronic noise, detector subdivision seems rather irrelevant. The noise penalty of a -
larger detector capacitance (13) is therefore not significantly improved by detector
segmentation.

7 - Conclusion

At limited power dissipation, the preamp series noise is minimal when the input
capacitange is matched to one third of the detector capacitance.

GaAs transistors could in principle improve by a factor 2 or 50 the noise levels
obtained so far by RD3. They will require specially designed transistors to achieve the
precited capacitive matching, and the short channel effects should be carefully investigated
including sensitivity to radiations.

Detector subdivision seems to have negligible effect on noise performance.

% . We usc the paramelers described in § 5-b. i - Sy piar

HLy=PINV keeping 0.3 mA for the output branch.

alim’

% _ Noise due to the fecdback resistor, which is at liquid argon temperature. -
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