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The analog processing system for the Liquid Argun f'alnr 
•meter for the SI.I) project a; 5i .AC is described Amp!:!i 
cation. s torage of the analog information, and mullinlrxuip is 
realized on specially developed hvbrids, whirh wil! he mounted 
dirvrtly on th r detector Tins leads to a substant ial redaction 
of the cahle plant Test results for (lit1 amplifier and for il.e 
sampling and m u l t i p l e ,ng li> bnd (ODl ' hi brid) are present*-i 
The laitef Vuhnd rnlU.nri« .1 c u^lotl". montdllhn dr\ i< ( 
:-,.• r a l o n r - e w v Data ID: : ;<IU"! 

1 lVTKOlH'C 'TION 

In High Knergv Physics Ins! rumen! nl uos the tr'-nd (Ait 
*r \cra! dr-cadpf. ha.s been toward 1- the mfiiniulrttiou o( mon 
and more inrnplelr information about events of stead.I> m 
rreasing m m p l e \ i t \ Mori* r n r n l h this trend h.Ls ftrt rl'Tiil r <! 
to such an extent that vwti the gre.tl impr'nerne?'!*- in R< nrr.il 
purpose electronic d c ires do no; suflu e an> more, and dv. i<-e--
rued In be Custom develnpi-c: In *ahsf> l k e hug*- da;* hai:d, (ig 
requirements of the firid 

This paper describes the analog procej-Mr.g s \ s t r m for i!n-
l.:quid Argor. Calorimeter (I At"' fur the SLAC Linear ( <«• 
lidrr Deter ten fSl, |V r ' . The a r d ^ i ; signals are amplified, sam­
pled, and m 'Uiplexed in custom made hybrids and integrated 
rirc mis mounted direct Iv on the detector- For the required 
11,0'K) channel^ for the SLI) detector , this means a significant 
red'irtiiin in the number of analog signals, whirl) have to be 
rr-utr.! lc> the outs ide For f,his p u r p l e three hybrids ar.d two 
•r.tegrated circuits were developed These are .1 sixtern-rharmel 

I'Tiii 1:: f •, h\ hr i,l. a:, cight-chanm-l preamplifier, and a sixleen-
* hiiT.i.rl s.n:i;.;jiig and multiplexing i<.TM"-} hybrid The latter 
iir I:.iics ,1 c.i-'.om integrated n r c u i i , the ("aidnmeter Data I 'nit 
[ C l U 1 , 1 The circuit* are integrated and h^ tmdized because of 
*l^i i' mns t i , nu t s «.n the detector and also for improved rolia-
:• 1 i. 1 •, The ,its;tlog da ta , piped optically- 1 out of the deieclnr, is 
• ligiV/rd and then corrected for offset, gain, and nonlinearity 
1. ,i MMui I *-;teri1ilK d« Hoped integrated circuit, the Digital 
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I :ie -̂ f the e!e: 
I n h u l l , a n i p h l . 
ult iple\ing are 
teen-channel p* 

miics for the i,.\C is shown in 
ion, pulse-shaping, analog stor-
sjied on three ruMnm-made hy-

ixlinn hybrid, an eight-cliannel 
prt a'n[>[;lii , h> lirid. and a sivleen-f hannel CPU hybrid. 

J he i b t e r to r elements are connected via (do protrc(ion hy-
hr.d u. [he preainiililier hybrid The pfeamplifier input h i s to 
he (iTi-teried From destructive energy burs ts caused by high 
vnilage breakdown of eitlier thf 
r^par .tor>< A maximum of D -1 
'.ig: i!i< arnly degrading the noi^* 

A two 5tAgc circuit is r^quir 
lo safe liimls The first s tage h 
several microseconds, absorbing 
requires a very low grouiitf resist 
mils) e ight-ampere fast-recovery 
a^ i mi-led on A sjjerial hvbrid 
rh." 

nw-er slack or the decoupling 
.es must be ahsorbed without 
•erfnrniancc of the amplifier 
• to reduce the fault energy 

Mes up Lo 200 amperes fnr 
t of the energy. Since this 
, the fairly l&rge (SO x 80 

nottky barrier diodes are 
t a r n channel of the sixteen-

prtJirctiori hybrid eonsisis if two diodes connected 
• J-bark, which are bonded lu the subs t ra te by 15 mil 
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wire bonds. The physical sizr of the h>hrid is 2 f ' * 0.©". The 
second protection stage reduces the remaining energy to less 
than 0.01 joules and is realized hy a four-ohm resistor and two 
back-to-back high conductance signal diodes Tor each channel, 
which are placed dirrrily on the preamplifier hybrid. Overall 
the protection circuit degrades the noise performance of the 
system by approximately lOT 

Since a liquid argon calorimeter has no gain in the sen­
sitive medium and therefore produce* very small signals low 
noise amplifiers must be provide! The smalfcst direct sig­
nal expected is that due to a mint mum iortiamg particle in the 
first electromagnetic section, which produces M * 10 s collected 
electrons. The largest sipna), 1 2 * 10* electrons, corresponds 
to the charge deposited by fc 50 GeV electromagnetic show-tr 
in the serond calorimeter section The signals are amplified by 
charge-sensitive preamplifiers, with a gain of about 0.1 V/pC 
for the electromagnetic II. and 0,3 V pC" for the electromag­
netic 1 and the h&dronic section Table 1 show? the lower 
capai Uan,*e& and the electronic noise values measured for the 
preamplifier Fight amplifier channels are integrated on a rus-
tom jwrrampltSer hybrid together with (irtt>ta for shaping and 
post-amplification of the signal* (Fig I) Since the primary 
event rate for the SLAC Linear Collider (SIX) is only ISO H*. 
unipolar semi-Gaussian shaping is reahtrd for good perfor­
mance and for economical reason* The signal-to-noise raii» 
is optimized for the second electromagnetic section where the 
intrinsic resolution is best The optimal shaping time is A user, 
determined by the average tower capacitance of 1.3 nF. Degra­
dation of the noise performance of the other, nonoptimized 
section* from the optimum for their capacitance is less than 
30*1 \ E . This degradation is insignificant in the hadronir 
lowers where the intrinsic resolution is leas than 50°? \'E 

Tiie high-pass first stage pulse-shaping circuit is followed 
by a times-eight amplifier for the first electromagnet.!: and the 
hadronic sections, or a times-three amplifier for the second elec­
tromagnetic section. As illustrated In Fig. 1 the preamplifier 
hybrid also includes a calibration system consisting of calibra­
tion capacitors, calibration pulse shaping, and channel select 
logic as we/.'as a power switching circuit, Since the preamplifier 
requires 150 mW per channel (7 kW for the entire calorimeter), 
the i owe? will be switched off between beam crossings to limit 
heating, increase reliability, and to save power. The thermal 
lime constants are long enough thai the electronics are not 
subject to thermal cycling stress when pulsed at 180 Hi. The 
preamplifier requires approximately i ms to stabilize, which 
forces a duty factor of no lets than 20$t. The electric energy 
to operate the preamplifiers in this pulsed mode is stored lo­
cally on capacitors, a technique which also reduces the required 
current capacity of the power supplies and cables. The pream­
plifier hybrid is manufactured on two separate substrates. The 
amplifier and the calibration seel ion are shown in Fig. 2a and 
Fig. 2b, respectively. Both substrates are assembled bark>io-
back. The 40-pin surface-mount device measures 2" x 1.6". 

The amplifier hybrid is followed by a 16-channel CDU-
hybrid (Fig. l). The device consists of post-amplifier stages 
Tor duai range operation (unity and times-eight gain to pre­
serve the full dynamic range of the front-end electronics), final 
lew-pass RC fil <:rs( and a custom monolithic device for storing 

r 

Fig. 2. Photograph of the eight-channel amplifier (Fig. 2a) 
and the calibration section (Fig. 2b) of the preamplifier hybrid. 

and multiplexing of the analog information, the CD I"2. This 
integrated circuit is organized as 32 input channels, each con­
sisting of four storage cells to tata samples of the 32 analog 
signals at four separate Limes. For the SLD project at SLAC 
only two cells of each channel are used to sample the baseline 

"£* '<* Table 1: Tower capacitances and electronic noise values. 

Tower Capacitance 
Cnin (pF) Cm„ ( P F) 

Electronic Noise 
C m „ (e") Ctrtax ( c ) 

Minimum 
loniimg Signal 

(e ) 

Signal-to Noise Ratio 
Minimum Ionizing 

c_,„ c„„ 

Electromagnetic 
Section 1 
Section 2 

Hadronic 
Section 2 
Section 2 

£50 
1000 

1200 
4400 

4S0 
1800 

4900 
6300 

3000 
3900 

3200 
5400 

8500 12500 
11300 16000 

150000 
450000 

300000 
300000 

SO 
117 

35 
27 

4R 
84 

19 
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Fig. 3. Photograph of the sixtccncSanr.fi CDU hybrid 

such 'daughter'-boards, handling 197 detector channels, are 
bussed together and connected via a differential output s;agr 
tc an optical transmitter.. The analog information is then piped 
through an optica) fiber to the outside of the detector, where 
digitizing, storage, and correction late place. The cable plant 
from the detector is therefore cut by a substantial amount 
through the multiplexing factor and ly the ratio of the size of 
an optical fiber to that of a pair of wires. Furthermore the sig­
nals on optical fibers are immune to noise pick-up and ground 
loop currents. In a companion paper presented at this confer­
ence the analog data transmission via fiber optics is discussed3. 

Since the output lines of four -daughter'-boards are bussed 
together, one optical fiber carries the information of 192 de­
tector channels or 768 storage cells (dual range, baseline and 
signal peas). 

3. REPORT ON 1 ESTS AND MEASUREMENTS 
Figure 6 shows three modes of operation for the LAC ana­

log processing system: write mode for calibration (Fig. Oa), 
write made for signal acquisition (Fig. 6h), and read mode 
(Fig. 6c], In the calibration and signal acquisition modes two 
write strobes are provided. The first strobe samples the base­
lines, whereas the second records the amplified and shaped 
signal peaks caused by the calibration strobe or Lhe detector 
signal. The baseline and peak signal level of earh channel are 
stored on the CDl' devices. The sequence of control pulses 

Fig 4 Eech LAC 'daiighter'-board provides amplifi­
cation, analog storage, and output multiplexing for 48 
calorimeter towers. Thi» board mounts directly on the 
liquid argon vacuum dewar, 

Fig. 5. Photograph of LAC 'daughter'-board 
serving 48 calorimeter towers. 

during read-out is illustrated in Fig. 6:. All CDU devices are 
reset by coincident read clock I and read clock 2 pulses. Ini-
tiatr-t by a START HEAD strobe the analog information is 
read out serially by a nonnvorlapping two-phase clock. The 
1.5 i:sec-clock is applied simultaneously to all CDU devices, 
F.acl. device generates a carry-out when its la*t cell is selected, 
serving as the START HKA1> for the next device2. Figure 7 
show- a typical output sigtml measured at the differential out­
put driver which serves |!)2 detector channels. A 7 pC charge 
«as injected by applying a 121) mV voltage step to a 60 pF 
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Fig f> TLiiung diagram or the mos'. essentia! 
cor.lrol signals fnr the LAC electronics. 

Fig 7- Typical raw ou tpu t da t a , repeated on an 
expanded t ime scale (2 /js/div) in the lower half 
of the figure. Vertical scale is 1 V/d iv . The read­
out sequence is: Two signal channels at gain 1, 
ea<h in the order signal and baseline. This is 
followed by the same channels at gain 8. The 
pat tern is then repeated for all channels. 

capacitor at the input of the preamplifier. In this test only 6-1 
read pulse-pairs are sent to a loaded Maughter ' -board , reading 
out the equivalent of sixteen detector channels. 

The interaction between the CDU hybrid and the pream­
plifier, when mounted adjacently on the l daughter ' -board> is 
investigated. T h c C D L ' requires strobe pulses of approximately 
•J Volt ampl i tude coincident with the accumulation of the very 
small signal charge at the preamplifier input . Minimum signal 
charges resulting from the passage of a minimum ionizing par­
ticle are 2A f C The maximum expected charges at the input of 
the preamplifier are 7 pC and 20 pC for the hadronic and the 
electromagnetic calorimeter, respectively. Two different ver­
sions of the preamplifier hybrid with a post-amplifier gain of 
three and eight give in both sections an output voltage rangr 
From D to 2 Volts. For the following results the ' d a u g h t e r ­
board was loaded with the low gain amplifiers. 

The noise a: the ou tpu t of the CLH" device (referred to the 
i::pu; of the preamplifier) is determined for different capacilivc 
loads at the amplifier input. The peak value of the amplified 
and shaped signal at the ou tpu t of the times-eight gain stage 
on the C U f hybrid (FIR 1) is measured to be 0 1R V for a 
signal charge of 0.22 pC. This serves as a calibration for the 
noise measurements , The ou tpu t signal read out from the CD!" 
device i* further amplified and then digitized. T h e equivalent 
noist charges at the input of the amplifier are obtained through 
repeated measurements and are listed in Table 2 These noise 
values are identical (within errors) with the results obtained 
for the amplifier alone (Table \), showing no degradation for 
the full system 

Table 2 F.quivalent noise charges at the input 
of the preamplifier as a function of capaci'.ive 
5oad iU the input 

Inpul Cap.iriLancc (nV) RMS Noisr (c" ) 

a 2.500 

i 3,200 

2,2 4,500 

4 7 12,500 

At low capacitance the dynamic range is thus bet ter than 
15 bits for a channel with 20 pC full scale sensitivity. 

T h e dynamic range of the CDU chip itself is determined 
by short ing the inputs of the integrated circuit to ground by 
the clamp t ransis tors on the CDU hybrid, A noise voltage of 
0.2 mV is measured a t the input , which yields a dynamic range 
of more than 13 biLs for the 2 Volt input r ange 2 . 

The cross-talk of the system is measured by applying 
a max imum signal and then no signal to all inpul channels 
except one, The change in a single channel is approximately 
0.5% of full scale. The cross-talk measured by applying a maxi­
mum signal to a single channel while leaving the others floating 
is less than 0 .3%. 

4. SUMMARY 

The analog processing of signals from the Liquid Argn-
Calorimeter system for the SLD detector at SLAC is described. 
The analog signals are amplified, sampled, and multiplexed on 
cus tom-made hybrids mounted on 'daughter ' -boards directly 
on Lhe detector . 

Test results of a loaded 'daughter ' -board with the pream­
plifier and the adjacently mounted CDU hybrid are presented. 

Relating the measured noise charge of t.g., 3200 electrons 
at L n F detector capaci tance to the full scale sensitivity of the 
channel (20 pC) , a dynamic Tange of bet ter than IS bits is 
determined. This signal-to-noise ratio is adequate for muon 
calibration and is more than adequate to provide the required 
energy resolution, position resolution, and pa t te rn recognition 
capability. 

The ou tpu t voltage range is from 0 to 2 Volls. The cross­
talk of the system, measured by applying a max imum signal 
and then no signal to all input channels except one, is — 05% 
of full scale. The baseline shift is eliminated by sampling before 
beam crossings and at signal peaks. The power consumption 
is 30 mW per channel for a 20% duty cycle. 

Overall very good results are obtained for the performance 
of the system. It is shown that mount ing the hybridized pream-
plifers and analog storage and multiplexing circuits directly on 
the detector does not cause a deteriorat ion in performance. 
Crosstalk and noise performance are optimized through a 
careful layout of the hybr ids . 
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