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Abstract 

The NA48 transceiver consists of a pole-zero compensation from 150 ns down to 
10 ns ami a differential line driver which delivers up to ± 1.5 V into 50 f2. A circuit, 
using surface mounted components, has been realized and has equipped the 15,000 
channels of the liquid Krypton calorimeter since summer 1996 ; it is described along 
with its performances. 



1 Introduction 

The NA48 liquid krypton calorimeter is designed to achieve high precision measurements 
for kaons decaying into 7foS (neutral channel), for which the noise performance of the 
front end electronics is an important issue [1]. Therefore, low noise charge preamplifiers, 
optimized for operation at low temperature, are mounted directly on the electrodes to 
amplify the ionization current from the detector. However, its long feedback time constant. 
is incompatible with the early gain selection in the Calorimeter Pipelined Digitizer (CPO) 
used in the readout to fit the 14 bits dynamic range in the 10 bit FADCs. Moreover, 
the large number of towers (121) summed to reconstruct a shower requires a very low 
coherent noise, which advocates for a differential connection between the cryostat and the 
readout in the barracks. These functions are performed by circuits located right on t.he 
feedthroughs and referred to as transceivers. 

In the first part, we will analyse the various elements of the front end electronics, with 
an emphasis on t.he preamplifiers as they set the noise requirements for the transceivers. 
In t.he second part, we will describe the architecture of the transceiver circuit. Then, we 
will present the measurement results of the final version, which has equipped the 15,000 
channels of t.he calorimeter since summer 1996. 

2 Front End electronics 
Cf 1 5 P 

5 0 

10 C. 0 

D ETEC TO R PR EAM P LIfIER 

TRANSCEIVER 

Figure 1: Schematic diagram of the front end electronics 

2.1 Detector and Signal 

The detector has already been largely described [2J. It is an almost homogeneous liquid 
krypton calorimet.er, aimed at high precision energy measurements of photons below.100 
GeV. It is segmented in around 15,000 towers 2 x 2 cm2 area and 1.25 m long, to achieve 
27 Xo depth and minimize longitudinal leakage. . . 

The motion of the ionization electrons with the electnc field applIed (E = 10 
kVcm- l ) induces a triangular current, whose initial value is typic~lly .10 = ~.5 ttA/GeV 
and which decays in the drift time tdr = 3 MS. Ideally, the decay IS linear If the charge 
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is uniformly distributed across the gap, but here the shower develops almost parallel to 
the electrons, with only a small accordion shape to smooth t.he ionization across the gap. 
Therefore, the signal shape depeuds on t.he shower profile, and to get a good timing ill­
formation inclqwc\ently of the impinging position, a fast shaping is used (tp(~) = 40 ns) 

to be sensit.ive only t.o the initial current. 
The elect.ronic modelization of the detector is traditionally done by a current source 

in parallel wit.h a capacitance t.o ground Cd ~ 200 pF (cf. fig.l), although here the length 
of the detector makes it more similar to a transmission line of 70 D impedance and 6 TIS 

delay. The large gap, which gives a small detector capacitance to ground and a good noise 
performance, has a counterpart in a relatively large crosstalk between adjacent cells, with 
a coupling capacitance of the same order than the capacitance to ground. 

2.2 Preamplifier LIQUID KRYPTON ROOM TEMPERATURE 

H.V 
QJ 

50 

+ 2 

50 OHHS CABLE 

LEVE L 

SHIfTER 

i 
RF 

Cl 

Cf I 
DETE CTOR PREAMPLIFIER 

POLE-ZERO 

Figure 2: Schematic diagram of the preamplifier followed by the pole-zero compensation of the 
transceiver 

Each detector tower is read out by a preamplifier, located directly at the back of the 
calorimeter inside the LKr in order to minimize the electronics noise l

. The preamplifer 
follows the classical transimpedance architecture, as shown in fig.2 , with a common source 
FET (Q1) followed by a cascode (Q2) and a source follower (Q3) [4J. The transistors arc 
silicon junction FETs, optimized for low temperature operation2 

. As a matter of fact, the 
optimum noise performance3 is achieved at around 120 oK, which nicely corresponds to 
liquid krypton. 

J The use of warm preamps (0T) [3] would deteriorate the noise performance as the detector capacit.ance 
is relatively small and the shaping not very fast. 

2These t.ransist.ors are manufactured by Interfet Corporation . Their doping levels are set to minimize 
carrier freezout. which otherwise leads to the collapse of the transconductance gm at low temperature. 

3It, has been widely observed that below 200 oK, the thermal noise of the FET does not follow the uSllal 

equation : e~ = 4kTo:!.fJrn(T) where Om. is the transconductance of the FET (and varies with temperat.ure) 
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T he transfer function of the preamplifier, shown in fig. 3(a), is giVf~n by1 

H (8) = Vout(S) 
pa l in (8) (2) 

with t,he notations of fig .2, TJ = RJCJ and s = jw the complex frequency. III 1995 
H t(~st. bcrun, two values have been used TJ = 500 ns (RJ = 33 H2, CJ = 15 pF) and 

TJ = y:>O ns (fir = 10 kD, CJ = 15 pF). The higher value of RJ gives a larger Ollt-put 
amp~lt.ude af~N a longer t.ime, but has absolutely no influence on the amplitud(~ an.m 
shrlpmg 

5
. This charge sensi tive configuration 6 exhibits a low real input impedance7 R;n, 

oft~n referred /.() as an "eJectronically cooled" resistor [5], ~n C7 (l/gm)(Co/C ) in which
J

.Qm IS the t ransconductance of the input transistor and Co is the dominant pole capacit.anc<' 
(on the drain of Q2). It. can be set t.o terminate the detector "transmission line" in i t.s 
cha rrtcteristic impedance [6] and t.hereby minimize reflections which can dcteriorat.(~ t.h(~ 
ene rgy resolution and crosstalk . This requires a minimal value for C j around 10 pFR. 

T his rather large value for a detector of 200 pF leads to a small "noise gain" given by'l 
Cd/CJ . At the shaper central frequency, the dominant noise is the series term en given 
by Ql (en ~ (J.SS nV/ jBz at 120 OK). As shown in fig. 3(b), the noise at the preamp 
ouLput, obt.ained by mult.iplying en by t.he "noise gain", is 7.7 n V / VHz, further decreased 
by a 6 dB loss due to t.he cable termination at hoth ends lO . Thus, the second stage noise 
hecomes an important consideration. 

The signal at. the preamplifier output is obtained by convoluting the detector trian­
gular current. with the preamp transfer function. It looks like a rising exponential with a 

and rr ;::::: 0.67. The> noise p-ven soars below 100 OK, to higher levels than at room temperat.ure, which is 
oftp-fl at.tributerl t.o hot electrons and non equi librium with the lattice. 

-I A more arcmat.e formula would be : 

(1) 

in which We is t.hc unity gain frequency of the preamplifier. The stability of this second order system 
requirrs the 2 poles to be suffic iently separated; the quality factor being: Q = (l/Cf )jCrt /w r 'Rf 
Q < 0. 5 ensures st.ability. 

5With a shaper performing a differentiation and several integrations giving a shaping time of 40 ns 
(d. 2.4), what matters is only the signal slope, which is determined by Cf' This can also be seell in fi g. 
3 (a), where t.he gain at the central frequency of the filter (;::::: 4 MHz) is right on the slope l /.iwCf . R f 
determines only t.h e low frequency gain, which is anyway strongly attenuated by the shaper. 

6The t.ransirnpedance configuration is called "charge sensitive" when Tf > tp where tp is thp- shapin)!; 
tirm~ and "currrnt srnsitive" otherwise. This simply refers to the fact that the transimpedance is constallt. 
(Rf ) or decreasillg with frequency (l/.iwCf) at the central frequency of the shaper 

7 Conversely, t.he current sensitive configuration exh ibits an inductive input impedance: L = Rr/wc 
RWith a la rge N.T450 Si .lFET transistors from Interfet, gm ;::::: 25 rnA/Vat. I D = 4 rnA and T = 120 

OK. Co ;::::: 25 pF , which leads to Cf = 15 pF to ach ieve 70 !1 input. impedance. It can be easily measured 
by plotting t.he ri se t.ime to the impulse response as a function of the detector capacitance. 

91'he precise Formula would be : (Cd + Co + Cf )/ Cf 
IO T bere have been many attempts tu remove this loss, by terminating the cable on one side only: 
• wl1loving t.he r('sist.or in series at the sending end makes a too heavy loan for the preamp, excee>oin)!; 

the I DSS of Q3 . 
• mising the resist.or to ground at the receiv ing end makes a -100 % reflection which canllot be absor\)('d 

by the preal1lplifi(~r without. perturbating the feeoback and creating oscillations. 
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Figure 3: T'l·ansfer function (a) and output noise (h) of the preamplifier shown in fig. 2 a.s a 
function of fTE~<lllency, with Rf = 10 H2, Cf = 15 pF and Cd = 200 pF. 

time constant Tf decaying in t.he typical drift time (3 p,s) (cf. fig. 4(b) input signal of 
the transceiver). 

2.3 Transceiver 

T he transceivers are located directly on the feedthroughs and share the Faraday cage 
formed by the cryostat. They terminate the coaxial cables from the preamplifiers into 50 
n. pole-zero compensation stage (cf. fig. 1 ) turns the preamp time constant Tf int.o a 
fafiter value T1 of 10 ns, in order to enable a fast gain selection in the readout (cf. 2.4). 
The t ra nsfer function of this circuit is : 

_ 1 + s(R t + R2 )C1H pz ( ) s - -------	 (3)
1 + sR1C1 

By let ting (RI + R2 )C1 = RfCf , the signal has a faster pole Tl = Rl Ct. The price paid 
for accelerating t.he fiignal is a loss of amplitude of typically TdTl' which is compensated 
for hy a similar amplification in the pole-zero amplifier. This is shown in fig.4(a) which 
plots the transfer function as a function of frequency. Thus, going from 150 ns to 10 ns 
requires a gain of 15. 

Both, the long distance bet.ween the cryostat and the readout (10 meters) and t.he 
need of precision which requires a very low coherent noise, advocates for a different.ial 
transmission. The output stage is a differential line driver to transmit the signals on a 
shielded twisted pair in order to minimize crosstalk and electromagnetic interferences. It 
includes an extra amplification to match the input voltage requirement from the readollt, 
and compensate for the 6 dB attenuation due to the cable termination at both ends. 

T he transfer function of the preamplifier plus t.he transceiver becomes: 

- VOlLttX(S) _ -Rf R3 + R4
H pa+tx ( .'3 ) - -	 (1)

Iinpa(s) 1 + STl R3 

T he signal at. thr: transceiver output is obtained by convoluting the detector trian­
gular current. with this t.ransfer function. It looks like a rising exponential wit.h <1 time 
cons tant TI = RICl decaying in t.he typical drift time (3 fJs) as shown in fig. 4(b). 
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Figure 4: Transfer function of the transceiver as a function of frequency (a) and input and 
outpn t. signals as a function of time (b). 

T wo circuits have been studied for this purpose: an ASIC [7] and a discrete ver­
sion. T he integrated circuit arrived too late to be chosen. Therefore, only the discrete 
f.ranscei ver, mass prod uced, is presented in this paper. 

2.4 Calorimeter Pipelined Digitizer (CPD) 

T he signal readout consists of a differential receiver for analog signals, with 14 hit.s dy­
na.mic range, followed by a fast shaper. During the shaping, a gain selection syst.em on 
t.he input signal induces a gain switching, after the shaper , at the input of a 10 bit Flash 
ADC. T hen, this converted signal is stored in a digi tal pipeline. This system is known 
a,q CPD [8]. A simplified schematic of the input stage and filter of the CPO is shown in 
fi g. G. The CPO boards are located in the electronics racks, 10 meters away from Ul(' 
detector. 

n· 

trJ · 

Figure 5: Schematic diagram of the input stage a nd filter of the CPD 
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3 Thansceiver design 

3.1 Requirements 

From sections 2.1, 2.2, 2.3 and 2.4, the requirements for the transceiver can be summarized 

as follows: 
eInput impedance: 50 D, to terminate properly the coaxial cables coming from 

the prea mplifiers inside the cryostat. 
eInput noise : < 2 n V / JHz, in order not to deteriorate the noise performance 

of the) preamplifers , given the small noise gain in the preamps (cf. fig. 3(b)). 
eOutput rise time: < 25 ns (10-90%) to allow proper gain selection in the CPO. 

It corrcsponcls t.o a rise time constant around 10 ns. 
eTra n sceiver gain: ± 1 V at the output of the transceiver after the twisted pair 

for a 125 f.J, A (50 GeV) signal at the preamplifier input in order to match the dynamic 
ra nge in the C PO. 

eLinearity: < 0.1 % to be able to measure accurately a signal on top of an 

accidental. 
eArea : 110 x 220 mm2 for 32 channels to fit right on the feedthroughs . 
• Power dissipation and cost: as low as possible because of the large numb(~r 

of channels (15,000) . 

3.2 Architecture 

The schematic of one channel of the transceiver is shown in fig. 6. The first sta.ge of 
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Figure 6: Schematic diagram of one channel of the transceiver 
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the t [allsceiV<'f is built around a low noise operational amplifier l1 (opamp). The larg(~ 
bandwid th prodllct of this opamp allows to perform in the same stage the polc-Z(~ro 
cancella t ion and the additional gain without sacrificing speed and linearity. 

T hf' transfer function of this first stage is given by : 

Htx(s) = Vout(.s) = R3 + R4 1 + s(RJ + R2 + R3 II R 4 )C] (G)
Vir,(s) R3 1 + S/] 

The time const.ant I] = RI C j is chosen to be less than 10 ns to have the right rise t.i m(' 
for the ou t.pu t signal. RI must not. be too small (> 20 n ), in order to avoid oscillations 
dllf' to parasitic ind uctance, but. not. too high for low noise; taking RI = 38.3 n, the vahl(' 
of t.lw ca pacitance becomes: C j = 220 pF . R3 and R4 are chosen to set the extra gaill 
given by (R1 + R~)/ R3 . A gain of l.6 is expected so t.he resistors are set to : Rl = 6;~.4 
nand R4 = 38.3 n. The value of R2 is measured to perform the pole-zero cancellat.ioll 
wi Lli preamplifiers working at liquid krypton temperature, such t.hat : 

(6) 


giving R 2 = 6:14 n. 
A liffereut.ial driver can be done by using the voltage and current outputs of the 

output transistor (cf fig. 1 ) . This method gives an excellent. symmet.ry on t.he ontput 
signals provided the impedances on emitter and collector are equal. Unfortunately, the 
wjcct.i on of noise pick up on t.he cable is poor as any current on t.he direct out.P1lt is 
mirrored on the inverting output. With discrete components, it is thus preferable t.o IISC 

a e1as,'lcal difi'ercut ial driver obt.ained with two buffers built. around a dual opampl2. The 
output , ignals a re series terminated by 5l.1 n resistors; the gain of the buffers is t.wo l :} 
to compensate the loss of signal due to the termination of the cable at both ends. 

A large resistor (100 KD) has been inserted between the direct input and the inV(~rted 
ou t. put to know the output DC voltage of the preamplifier (when the power supplies of the 
t.ransceivers a[(~ off) in order t.o be able to localize the breakdown in case of bad channel. 

3.3 Summation circuit 

At the beginning of the experiment, it was necessary to provide the sum of various channels 
accura t.ely chosen. The transceiver board was also designed t.o do t.hese summations. 16 
signals coming from the preamplifiers are summed toget.her and then , 32 sums go through 
a dedicated transceiver board, which perform t.he pole-zero cancellation, to the CPD 
system. To provide a fast. signal to the PD, the summation circuit must not. add a new 
dominallt pole t.o the transfer function of t.he transceiver. 

T he schematic of the summation circuit is shown in fig. 7. It consists of a fast. 
pnp t.ransistor , llsed in common base configuration to sum t.he 16 channels, followed by 

11 T he opamp used is a CLC425 distributed by Comlinear Corporation which exhibits very good per­
fo rmances such as an input. noise of 1 n V / y'Hz and a gain bandwidth product of 1.7 GHz. 

12 T his dual opamp is a CLC412 di stributed also by Comlinear Corporation and has a bandwit.h of 250 
MHz. 

l:J The gain of t.hf'se buffers is given by (Rs + R 6 )/Rs for the positive output and by -RR/R7 for t.he 
invert.ed output. 
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Figure 7: Schemat.ic diagram of the summation circuit 
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F igme 8: Out.pnt. sir;nal of the transceiver after t.he summation circuit compared t.o t.he din'('t. 
output. 

a W hite follmwr out.put stage which drives a 2 meter long coaxial cable to the dedica,t.f'd 
transceiver hoard. As the maximum energy in the 16 summed channels is 65 CeV , to fit. 
t.he dy namic range of t.he preamplifier outPllt, the summation circuit mllst divide hy 2 
the signal obt.ained after the 50 n series termination. The gain of the sum is given hy : 

Vout(S) _ 1 Rc( )( (3)----'--'- - - - 1 - 0:' 1- (7)
Iin(s ) 2 Hi 

where i = ] to 16, a and (3 represent the loss of signal due respectively t.o the Whit,(' 
follower and the finite input impedance. Rc and fl-i are chosen to compensat.e tJwsc 
losses . The rtf'f'd of speed sets the choice of the t.ransistors. For t.h e White follower. 
t.he DFR.92A gives a 01 Kn input impedance in parallel with R c : t.hen, the risct.imc is 
around 14 ns for 10% signal loss. Each channel of the sum sees in parallel with its iTt[1111, 

impcuance a Go n resistor to ground due to t.he 15 other input.s. A significant. part of 
signal can be lost in this resistor if the input impedance of t.he circuit is not small (' !lo1lgh. 

Therefore, t.his impedance Zin = 26/IE +R8 /(3, must he as low as possihle; Rn is t.akclI 

at the minimum value to avoid oscillat.ions, I l': is drt.ermined by Rp; at. a maximum val Ill' 
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t. o avoid saturat.ion on t.he collector of t.he first transistor and fJ = 30 is given by t.he choicc 
of a fa..c;t. inp tl L pIIp transist.or (BFT92), which gives Zin = 8.4 n. The loss of signal dlle 
t.o t h is input. impedance is around 12%. The signals at the OULpllt of the transccivrr wit.h 
and without smmnation are compared in fig. 8. 

('his circuit. has been improved for speed but at thl~ expense of noise (Cf. sectioTl 
4 .2) . 

3.4 Transceiver board 

Using surface rnounted component.s, 32 channels plus 2 summation circuits have 1)(,(~I1 laid 
ont on a 105 mm wide by 210 mm long card . The width of the card is fixed by t1w Ollt.put 
COlll]cctors \viIich must accommodate 32 cliff rential signals and their ground: it. is dOllc 

by two 3 row connectors where the first row is for the positive output the second row for 
t he llcgativc Otlt.put and the last one for the ground. On t.he opposit.e side, the 32 signals 
COIlH' into t.hc card through also a 3 row connector but the ground is in the cpnt.raJ row 
as the signals arrive by coaxial cables; the widt.h of this side is limited by the diamct,cr 
of t.tH' feed through. A photograph of t h is board is shown in fig. 9 . 

On t.he hoard, the power supplies and ground are provided by layers. Moreovn, t.!Jp 
input. a nd out.put. tracks are controlled impedance lines; which leads t.o a 6 layers hoa.rd. 

T he 2 summation circuits are located near the input connector. 

Figure 9: Photography of a transceiver card 
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4 Measurement results 

4.1 Output signal 

Fig. 10(a) shows t.he differential signals at the transceiver output for 25 GeV (65 /I.A) 
at the preamplifi(~r input. The signal is measured at. the end of a 10 met.er long cahle to 
t.ake into accollnt the skin effect. The output rise time (10 - 90 %) is 24.4 ns rtnd t.he 
amplit.ude is ±450 m V, which matches the gain requirement.s before cable. 

The pol('-zero effect is shown in fig. lO(b) where t.he output signal, before cable and 
with a fast rise t.ime constant (10 ns), is compared to the input signal of the transcciv( ~ r 

coming from the preamplifier with a rise time constant of 150 ns. 

2: 
1.6~ . 

:output2:. 
1.4 ~(f) 

:J 
:J 0.. 

~ 12 
:J 

.J 0 
0 

"D 
c 
0 0.8.' 6 

r: ~ 

:JQl 
<­ 0.. 0 .6 OJ ~ 

C, O.~ 

0.2 

0 
0 1.5 2 

time (us) 
(b) 

Figure 10: DiH·erential signals at the transceiver output after 10m long cable (a) and posit.ive 
output. compared to t.he transceiver input (b) 

4.2 Noise 

The out.put. noise spectral density of the transceiver alone was measured as a funct.ioJl 
of frequency. The division of this measure by the gain of the transceiver at the frequency 
of the maximllm gives the input noise spectral density. This spectrum is shown in fig. 
l1(a) and gives a maximum value of 1.8 nV at 7 MHz. 

On th(·~ H4 test beam at CERN [9], the total noise was 7 MeV for the complete 
elect.ronic chain with a 75 ns shaping t.ime. It can be split among the various element.s as 
follows: 4.5 I'vkV for the preamplifier, 2.4 MeV for the transceiver and 4.5 MeV for t.11(: 
CPD. The fig. L1(b) shows the noise in MeV for the complete chain OIl t.he detector and 
for t.he t.ransceiver alone, as a function of the peaking time at the shaper output. 

The input. noise density of the summation circuit followed by the transceiver P[(~SCllt.S 
a maximum value of 25 n V / JHz at 7 MHz. This value , similar than four t.irnes t.he 
preamp outPlIt. (the circuit sums 16 preamplifiers), multiplies by J2 t.he tot.al nois(' : t.his 
is dll<' t.o the opt.imisat.ion of speed for the summation circuit at t.he expense of t.ll(' Ilois(' 
performance (Cf. s0-et.ion 3.3). 
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Figure 11: Input noise spectral density of the transceiver as a function of frequency (a) and 
noise on the detector as a function of the signal peaking time for the complete chain and the 
tran.'wC'i ver alone (b) 

4.3 Linearity 

T he linearit.y is measured for a chain including an injection system, a preamplifi~r, a 
transceiver and a CRRC2 shaping at 50 ns. The integral Ilon-linearity14 is around 0.1 % 
for a maximum output signal of ± 1.5 V (75 GeV at the input). 

The detec tor signal decays linearly in around 3 p,s (triangular shape) : so, the 
differential Iineari tyl .~ must be good enough to allow a precise measurement of a photon 
which piles up on an accidental. This non-linearity presents a very little slope which is 
not critical. 

The integral and differential non-linearity of the transceiver as a function of the 
inpll t signal in GeV are shown in fig.12. 
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Figure 12: Integral (a) and differential (b) non-linearity of the transceiver 

H T he integra l !lon-linearity is the res iduals to bes t line fit divided by the maximum amplitude. 
15The differenti a l linearity is the linearity of the derivative. 
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4.4 Uniformity 

Il ifonnity bd,wc(~n cards but also within one board is an important issue to obt.aill high 
precision mcasnrements. A small amplitude variation is achieved by good precision on 
the discrete component.s (1 % for resist.ors and 2 % for capacitors). The propagation tirrw 
uniformity is ohtained by llsing same length cable for all cards and careful routing of t.he 
signals on the card. The peaking time was measured at the output of a chain includillg 
;.t preamplifier , ;.t t.ransceiver and a CRRC2 shaper at 50 ns with and without a 10 mct.N 
long cable bd,wcen t.ransceiver and shaper. The scattering of this peaking time is drawn 
in fig. 13 as a function of the transceiver channel number. These curves show that the 
time dispersioll measurement is more important in the cable (± 0.5 %) than in the hoard 
(± 0.2 %) : t1w channels 1 to 8 and 17 to 24 are in the same cable. 
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Scattering of the peaking time, with (a) and without (b) 10 meter long cable, as a 
function of the transceiver channel number. 
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Figure 14: Scattering of the peaking time (a) and the amplitude (b) of t.he summation cirC1lit 
as a function of the input channel number. 

For the summation circuit, the fig. 14 shows the scattering of the peaking t.ime and 
the amplit.1lde for a chain including a preamplifier, the summator, t.he tra.nsceiver and a 
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CR RC2 shaper at 50 ns. This dispersion inside one sum is very low but the non-uniformity 
between vario1ls sums is more important because it depends on the behaviour of the input 
transistor. Channels 1 to 8 and 17 to 24 are summed together in a first sum and the other 
channels are summed in another one: the variation of the peaking time is 0.07 % for the 
two sums and t.h e variation of the maximum is 0.4 % for the first sum and 1.2 % for the 
second sum. 

4.5 Output common mode and power supply rejection ratios 

T he output common mode rejection ratio (CMRR) is measured by putting a source on 
an output and looking the result on the other output. The CMRR, presented in fig.15 for 
the two outputs , is obtained by simulation: it is better than 50 dB all over the frequency 
range. 
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Figure 15: Output. common mode rejection ratio. 

The power supply rejection ratio is similar for the positive and negative supplies. It. 
is larger than 50 dB at low frequency and goes up to 20 dB at 10 MHz. 

4.6 Power dissipation and cost 

To insure a good linearity over the whole dynamic range, the power supplies of the oper­
ationa l amplifiers are set at. ± 6 V. This gives a dissipation of 310 mW per channel. The 
dissipation of the complete card is around 10 Watts (310 m W for each of the 32 channels 
plus the two summation circuits). 

One channel cost.s around 12 CHF including board, components and connectors but 
not the power supplies and the cables going to the CPO. 
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5 Conclusion 

A low noise circlIit. has been designed which fulfils the NA18 requirements and has hC(~11 
used for data t.aking since August. 1996. 
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