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A very fast monolithic charge sensitive preamplifier using HF2CMOS
technology featuring less than 45mW power dissipation for a 5V max-
imum output voltage swing, with a slew rate about 700V/psec
ford150pF input capacitance (~ 7nsec rise time), has been real-
ized.

A front-end set up for the read out of more detectors and the shap-
ing of the signal with a 20nsec RC-CR filter employing only monoli-
thic preamplifiers is described and tested. The measured value of ENC

(Electronic Noise Charge) for the arrangement with 150pF input ca-
pacitance is 17kegprs.

The preamplifier meets the requirements for silicon calorimetry appli-

cation for experiments at the hadron colliders SSC/LHC.

1. INTRODUCTION

New generation hadron colliders such as
the super conducting supercollider (SSC in
Texas) and the large hadron collider (LHC
at CERN), which will yield multi-TeV pro-
ton beams, are expected to be built in the
1990s. The calorimeter of the central detec-
tion system will have to withstand the se-
vere experimental conditions of those collid-
ers: very high luminosity and high multiplic-
ities. Therefore, it is required to have the fol-
lowing features: compact construction, fine
segmentation, flexibility, fast charge collec-
tion, good energy resolution, ability to sat-
isfy the conpensation condition (e/m = 1),
easy calibration, and good radiation hard-
ness.

A silicon calorimeter with silicon as active
medium?!~3 is able to fulfil the above men-
tioned requirements.

2. READOUT APPROCH

The new machines at SSC/LHC experi-
ments have as main features a very high num-
ber of channels and a high counting rate of
the incoming events. The design for the read-
out is in this respect more complicated, not
only speed and noise of the preamplifiers are
to be taken into account, but also power dis-
sipation and occupation area are as impor-
tant as the former two.

The parasitic capacitance shunting the de-
tector (capacitance in the range of 100 =+
200pF), has to be kept low, otherwise it
can affect the resolution considerably. For
this reason the preamplifiers have to be lo-
cated close to the detector. Since the num-
ber of channel is very large, every preampli-
fier must occupy a small area in order to sat-
isfy this constraint. With such an arrange-
ment, the total power dissipation has to be
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kept low enough to avoid excessive heat-
ing of the calorimeter. Since the noise and
the speed of the preamplifier improve with in-
creasing power dissipation, a compromise be-
tween those variables must be found in or-
der to get a suitable solution.

The counting rate of the incoming events
in a SSC/LHC collider experiment is about
50MHz, so that tue shaping time of the
preamplifier output signal must be very short.
Because of the very short shaping time, the se-
ries noise of the preamplifier is the main
source of noise which affect the resolution.
The source of the series noise can be reduced
by employing a bipolar devices as the input
stage of the preamplifier, since this transis-
tor has a large transconductance?. It also per-
mits the use of high speed monolithic tech-
nology, which enables a minimum occupa-
tion area, with high capacitive matching when
using bipolar transistor, like in our experi-
mental application. While, in the low de-
tector capacitance region and large shap-
ing time, the JFET-CMOS tecnhology gives
also good performances®.

The dynamic range of the preamplifier out-
put must be large, because of the range
of the energy deposited in the silicon de-
tector (0.1 to 500MeV), so that linearity
and speed characteristics have to be main-
tained for both small and large signals. A
new process of bipolar-CMOS mixed technol-
ogy, called HF2CMOS, developed by SGS-
THOMSON Microelectronics, is able to sat-
isfy the required specifications because of the
very small dimensions of the integrated tran-
sistors and the low parasitic capacitance in-
side the monolithic chip.

3. TECHNOLOGY

The availability of mixed technology com-
bining very high speed bipolar transistor with
2pm CMOS, allows to design a high speed,
very high slew rate monolithic charge sensi-

tive preamplifier.

By using this technology, named HF?2
CMOS, it is possible to implement on the
same silicon chip both bipolar transistor (npn,
lateral pnp, vertical pnp, isolated collector
vertical pnp) and CMOS devices well suited
for both analog and digital applications.

The compactness due to the reduced space
occupied by the basic structures and to a
triple interconnecting level permits the imple-
mentation of extremelly complex systems in-
cluding high precision analog circuits and a
large number of logic functions (3000 MOS
transistor/mm?).

The CMOS is a p-well on an n epitaxial
layer, with silicon gate and a minimum chan-
nel length of 2um, as represented in fig.1,
where a p-channel and an n-channel transistor
can be seen. The p-channel is grown directly
on the epitaxial layer, while the n-channel de-
vice is realized on a p-well layer which is com-
mon to the top-bottom isolation zone. In the
same picture, the classical npn bipolar tran-
sistor, is also presented. In fig.1, the deep nt
collector diffusion, the p base and nt emit-
ter steps are shown.

P~ SUBSTRATE

Fig.1

Cross section of transistors in the process
HF2CMOS.

In the design of the charge preamplifier
a p-type element is necessary for level shift-
ing purpose. In this application, were a high
slew rate is needed, his choice has the con-
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straint of a low output capacitance. This lim-
its the use of a p-MOS transistor rather than
a pnp bipolar transistor due to the relatively
high collector parasitic capacitance of the lat-

ter oneS.

The main features of the basic components
used to realize the charge sensitive preampli-
fier, are a current gain, hpp = 100 and a tran-
sition frequency, fr > 4GHz (fig.2), for the
npn transistor and S5um channel length for
the p-MOS transistor (in order to have suit-
able current capability).
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Fig.2
fr — Ic plot of the HF2CMOS npn transis-
tor with 356um? area.

To design a radiation hard device for new
collider experiments bipolar npn, p-channel
and n-channel MOS transistor were irradi-
ated, with a dose of 1.2 102 neutr/cm?.

The characterisics of such devices (avail-
able as individual structures), performed be-
fore and after irradiation, show that no sig-
nificant change occured in the performance
of npn and MOS transistors, since the dam-
age in bipolar transistors is proportional to
the inverse of the transition frequency wr,
which is very large in the mpn transistors
of HF2CMOS process. MOS devices, espe-

cially p-MOS, are neutron radiation hard de-
vices for their intrinsic structure?.

4. CIRCUITS DESCRIPTION

A fast and high slew rate amplifier has
low power consumption, if the transistors em-
ployed reach large values of their transition
angular frequency wr at low standing cur-
rent, and very low input and output capac-
itances. This occurs because wr is propor-
tional to the biasing current and inversely pro-
portional to the input capacitance, and the
slew rate creases with the decrease of the ca-
pacitance shunting the high impedance nodes.

Fig.3 shows the used configuration. Q;
is the input transistor whose dimensions de-
pend upon the matching with the detector ca-
pacitance. @2 is the p-MOS transistor that
cascodes Q;, and is loaded with the cur-
rent generator Q4. Finally Q3 is the out-
put buffer, where the capacitive feedback is
closed.

Al

Fig.3
Charge sensitive preamplifier using a bipo-
lar npn input transistor and a p-MOS cas-
code transistor.

The high speed in this amplifier is ob-
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tained, since Q; has a very high transition fre-
quency at low standing current (fig.2) and Q2
has a little gate length. The high slew rate
stems from the low value of the capacitance
shunting the high impedance node at the Q2
drain, as Q2 and Q4 have very small di-
mensions with, consequently, a negligible out-
put parasitic capacitance.

In fig.3 the biauing network of the pream-
plifier is also shown. The resistor Rp, exter-
nal to the chip, sets the biasing current Ip for
Qs. Since Q4, @5 and Qe are equal, the ra-
tios of resistors B3 and R; to R4 estab-
lish the biasing current of Q2 and Q7. By set-
ting @7 = Q2 it is easy to show that cur-
rent I, is given by the ratio of resistors Rz and
Rl. For R3 = Rs = R4/10 and Rz = 30R1,
the biasing current of Q2 and Q4 is only 4% of
the biasing current of Q;. In this way, by set-
ting a very little reference current through
Rp, it is possible to set up the working points
of the whole circuit. All the components, ex-
cept Rp, are on the same chip. A high ac-
curacy is obtained with this arrangement,
since ratios of the components on the monoli-
thic chip, have a precision of better than 1%.

In order to get the best compromise be-
tween speed, noise and power dissipation
in the actual experimental setup, the bias-
ing of the preamplifier can be thus modi-
fied (by means of Rp).

As will seen later, it is advantageous to
have more amplifiers on a single integrated
circuit. In this respect only one biasing net-
work consisting of Qs, Qs, Q7, Rz, Ra,
Rs and Rp is needed for every chip, sav-
ing in occupation area and current consump-
tion.

A first integrated circuit version of the
preamplifier has been realized®. With 3mA
standing current for Q; the measured slew
rate is larger than 700V /usec. In fig.4, a 5V
preamplifier output voltage swing is shown,
as a response to a simulated 312.5Me in-

put charge corresponding to 1.125GeV par-
ticle energy. The feedback capacitance is
10pF, the preamplifier input capacitance is
150pF, simulating the detector impedance.
The high speed required by the high rate of
the incoming events is, therefore, well sat-
isfied. With this bias condition and out-

put range the power dissipation is less than
45mW.

1.00 V/div 10.0 ns/div

Fig.4
5V output voltage swing for the monoli-

thic preamplifier. The slew rate is about
700V / usec.

5. FRONT-END SET UP

The realized integrated preamplifier satis-
fies the dynamic requirements imposed by the
future experiments at SSC/LHC machines.
In the new version we are going to develop
the matching with the detector impedance
and the shaping of the signal will be imple-
mented on a single chip.

In® the analysis of the matching condi-
tion has shown that with an input transistor
50 times larger than that now used it is pos-
sible to meet the typical actual detector ca-
pacitance of 150pF mantaining the same dy-
namic and static characteristic.

The calorimeter cell is composed of stacks
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of 4 detectors having about 150pF capaci-
tance each as proposed in the silicon calorime-
ter conceptual design for SSC2. Only one sig-
nal from every stack is necessary to recon-
struct the electromagnetic or hadronic sho-
wer. Two solutions are available: to con-
nect in parallel the detectors (600pF of to-
tal capacitance) and then to read the sig-
nal with a preamplifier or to read the sig-
nal from every detector with a preampli-
fier making the sum of all preamplifier out-
puts.

The two solutions can be implemented as
indicated in fig.5.
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Fig.5
Front-end set up for the read out: the de-
tectors signal in the stack are added and fil-
tered by a RC-CR shaper at 20nsec peak-
ing time. Every preamplifier is monolithic.

Suppose the stack is split into N detec-
tors (N > 1); every detector signal is read by
a preamplifier, whose output voltage is con-
verted in a current by the Q4’s transis-
tors and then added to each other. The re-
sultant current is converted again to a volt-
age with the same polarity of the input pream-
plifier, by the output amplifier, where a loop
network acts as a RC-CR shaper. All the am-
plifiers employed are of the same kind as in

fig.3, the output amplifier, having as a fi-
nal stage a Darlington, in order to drive a
coaxial cable terminated at its ending point.
By putting 7a¢s = RgCp = RcCc the out-
put voltage of the shaper is given by®:

Vo(S) = (1+er)2230, (1)

The whole arrangement is to be monolithi-
cally integrated. A printed board has been re-
alized (fig.6 shows the output signal of the
whole circuit when 7ps = 20nsec).

40.0 av/div 20.0 ns/div

F Tp R 2nsec

Fig.6
Output signal of the network of fig.5. The
peaking time is at 20nsec.

The resolution in ENC (Electronic Noise
Charge) of the above acquisition chain is given
by (in RMS electron):

ezp(l) /v {
2q

(8BT +Cs + Cg)%e + (5=
27‘M

1/2
™ 3

ENC(CRMs) =

+ Cf)2e%Bl

(2)
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Here, Cp is the preamplifier input capaci-
tance, while Cpr is the stack detector ca-
pacitance, N is the number parts in which
the stack is divided. €2 = 4KT0.5/gm and

eT;.— = 4KTRgpg are, respectively, the col-
lector and the base spreading resistance ther-
mal series noise of the input device; the par-
allel noise is contributed by the shot noise
of the detector an. of the input current of
the preamplifier (¢2,(3%) = 2¢Ip(m)), am_l_the
thermal noise of the feedback resistor (1% =
4KT/Ry). ta is the shaping time of the fil-
ter.

By varying the input capacitance Cpr
when N =1 it is possible to evaluate the se-
ries input noise from the slope of ENC ver-
sus Cpr plot of fig.7. Taking into account
that g = 115mA/V, if the input device
standing current is 3mA and 7ps = 20nsec,
one can extract for Rgg: a value less than
37012 for the realized preamplifier.
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Fig.7

Measured ENC(egps) as a function of the in-
put capacitance Cpr with the RC-CR fil-
ter of fig.5 at 20nsec.

This corresponds to a resolution of 17kegpss
at Cp = 150pF: Future version will ob-
tain Rgp ~ 70 which means 4kegprg res-

olution with the same condition.

It can be seen in eq.(2) that the split
of the stack has an optimum value Nopr
since for N > 0 or N — 0 the resolu-
tion gets larger and larger values. By differ-
entiating eq.(2) in respect to N the result-
ing Nopr is:

Nopr =
— —— 1/2
[ s (eh + €5, )Chr ]

(Cs4+Cp)?e2+Clet -
d I e (4 )

27M

(3)

independent of the detector leakage current
Ip.

Eq.(3) has an interesting physical interpre-
tation: Nopr fulfill the condition in which
the whole preamplifier noise, asymptotic to
N in eq.(2), equals the series noise, asymp-
totic to 1/N in eq.(2).

For the new version of the preamplifier
eq.(3) gives a Nopr so that the stack must be
split into 4 detectors having 150pF each one
(CB = 19pF, Ip = 30pA and R; = 100k(2).
These were found for a design which must take
into account mathing with 150pF. The reso-
lution is 44% better than the read out with
a single preamplifier with the same features,
namely ENC = 8kegrps for the whole stack.
If an evaluation of the matching of a sin-
gle preamplifier to a detector of 600pF capac-
itance be made, the result should be very sim-
ilar (less than 4% difference) to that ob-
tained above both for the resolution and
power dissipation. This is important because
the above arrangement which we intend to de-
velop is easier to realize from the technologi-
cal point of view.

For the actual version of the preampli-
fier ENC ~ 32keRMs.

Finally, we observe that the use of a small
shaping time is advantageous for the paral-
lel noise of the detector leakage current. In
fact, the contribution to ENC given only by
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Ip, rises only at large values of current if 7ps
is as low as 20nsec. As an example a contri-
bution to ENC of 15keg s is given by a leak-
age current of 1mA, which is out of the range
of the detectors employed.

6. CONCLUSIONS

A very fast monolithic charge sensitive
preamplifier, using HF2CMOS technology,
has been realized.

The overall power consumption is less than
45 mW for a 5V maximum output voltage
swing, with a slew rate of about 700V /usec for
150pF input capacitance (=~ Tnsec rise time
for 5V output swing).

A new acquisition chain where signal, de-
livered from several detectors, are summed
and an RC-CR shaping of 20nsec is used is
realized, employing monolithic preamplifier
only. It was succesfully tested in view of fu-
ture experimental application. This way, the
measured value of ENC for a 150pF detec-
tor capacitance is 17kepprs.

In the next monolithic version the whole
network will be integrated, and the input de-
vice will have an area of 50 times larger than
the present one in order to reduce the ENC to
about 4kepprs under the same static and dy-
namic conditions.

The preamplifier meets the requirements
for silicon calorimetry applications for exper-
iments at the hadron colliders SSC/LHC.
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