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The silicon chip is mounted on a ceramic substrate and connected to the preamplifiers via kapton foils. A test bench is 
constructed, which enables measurement of reverse current and capacitance of all strips simultaneously. 

1. Introduction 

For an experiment aiming at the detection of heavy 
quark decays [1] in" the Omega ([2') spectrometer at 
CERN,  ten silicon microstrip detectors with 512 sensi- 
tive elements have been constructed, using the technol- 
ogy described by Kemmer  [2]. To obtain a light and 
very compact construction of the detector telescope, a 
new design for the mounting has been made, using thin 
film ceramic plates with kapton connections. In order to 
check the large number of elements, a computerized 
detector test facility has been developed. 

It has been possible to reduce both the size and the 
cost of the front-end amplifiers, so that they fit very 
well to the concept of the multi-element microstrip 
detector. These amplifiers are elsewhere described in 
detail by Jarron and Goyot  [3]. The read-out of the 
channels is performed with an upgraded version of the 
existing I2' wire chamber electronics, which employs 
signal discrimination, followed by digital storage and 
multiplexing [4]. 

2. The detector mounting 

The silicon microstrip detector, manufactured by 
Enertec (France), consists of 512 50 # m  wide and 26 
mm long strips. Above and below there are four "guard"  
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strips and bonding pads are staggered with 100 # m  
pitch, alternatively at the left (odd strips) and the right 
(even strips). The overall size of the silicon chip is 30 
m m x  30 mm X 0.3 mm. It is glued with conductive 
silver epoxy in a hole in the ceramic substrate. Ultra- 
sonic wedge bonding with 25 #m thick aluminium wire 
connects each detector strip to a thin film lead on the 
ceramic. 

The ceramic substrate, supplied by Balzers (Liech- 
tenstein), has dimensions 101.6 × 101.6 x 0.6 mm 3 and 
is covered on both sides with the usual sputtered thin 
resistive and conductive films. The conductive Au layer 
is electrolytically increased in thickness to 3 #m. A 
fan-out pattern is then etched, which ends in strips of 
100 # m  width with a pitch of 320 #m, along the edge of 
the ceramic substrate. 

A kapton foil of 50 # m  thickness, with a 17 # m  thick 
copper layer, carries the next stage of fan-out, and 
provides a flexible connection to the boxes with the 
preamplifiers, as is shown in fig. 1. Leads on the kapton 
foil make contact with the leads on the ceramic via a 
dot of conductive silver epoxy paste, which is deposited 
on the ceramic through " thick film" screen printing. 
The precise positioning of kapton and ceramic is carried 
out on a special x - y  table and once the patterns coin- 
cide, the kapton is clamped to the ceramic. The epoxy is 
then polymerized in an oven, at 90 o C. 

Two detectors are mounted perpendicular to each 
other in a sandwich, as is shown in fig. 2. The overall 
width of such a sandwich is only 40 ram, including the 
1024 preamplifiers. Thanks to the kapton and the thin 
ceramic, the "open"  area around the beam has a 13 cm 
diameter. The flat cables, which transmit the signals 
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Fig. 1. Picture of the silicon chip, glued on a 4 inch × 4 inch ceramic, with kapton foils connecting to one of the four amplifier boxes. 
The connector to the box requires only low insertion force. It has 128 pins for the signals and additional pins for ground and high 
voltage. The bias high voltage is carried to the rear side of the detector via bridges at the edge of the ceramic. 

f rom the preamplif iers  to the read-out  system, con- 
st i tute the largest f ract ion of the weight of the two-de- 
tector module. 

3. Detector test facility 

It is awkward to test a 512 strip detector  by hand.  
An  automat ic  system should provide the reverse diode 
currents  of each strip, the capaci tance of each strip to 
ground and the capaci tance between strips. Of course it 
should enable  the f inding of unconnec ted  strips and 
short  circuits between adjacent  strips. 

Such a measurement  system has been bui l t  using the 
LF 355 operat ional  amplifier  as a current  to voltage 
converter.  The  strips are grounded via the input  imped- 
ance Z of the amplifiers and  the reverse current  I r in 
each strip is measured as a voltage Vr, propor t ional  to 
the feedback resistance R f. A schematic of the layout is 
given in fig. 3 and  a picture of the test bench  is shown 

in fig. 4. The output  voltages are multiplexed, converted 
to digital and  read via C A M A C  into a C A V I A R  com- 
puter.  A computer  program stores the values and pro- 
duces various displays of the measurement  results. The 
full current  range is 1 /~A for a single strip with 0.5 nA 
precision. An  offset measurement  at 0 V detector bias 
should precede this current  measurement .  

For  the capaci tance measurement ,  a radio frequency 
(RF)  sinusoidal signal V a- of 0.5 V, with a frequency 
f =  100 kHz, is applied at the rear side of the detector  
via a bias capacitor  C B. This modula t ion  of the reverse 
bias voltage creates a signal current  I c in the strip 
diodes, 

I c = V T / (  Z + 1 / j 2 ~ r f C s )  = V T j 2 r r f C  s . 

For  small values of the diode strip capaci tance Cs, the 
input  impedance  Z of the amplifier  can be neglected 
(e.g. Z - 500 I2 for a feedback capaci tance CF = 30 p F  
and  the second term - 106 f2 for C S = 1 pF). The signal 
current  I c is amplified and it is found experimental ly 
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Fig. 2. Detec tors  are precisely moun ted  on stainless  steel rings, such tha t  the si l icon chip is paral le l  to the ring. A hor izonta l  and  a 
ver t ical  detector  are moun ted  back to back with 8 m m  interspace  in a sandwich.  Eight  e lectronics  boxes wi th  a total  of 1024 
preampl i f ie rs  can sur round the detectors.  
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Fig. 3. Schemat ic  of the tes t ing sys tem for si l icon mic ros tn  ) detectors  wi th  512 strips.  The reverse de tec tor  bias  V a is appl ied  at  the 
rear side of the detector.  Each str ip is connected  to an opera t iona l  amplif ier ,  which operates  as a cur rent  to vol tage converter.  If  switch 
a is closed, the reverse current  is measured,  if i t  is open,  the RF  signal  V v is appl ied  to the de tec tor  and  an  add i t iona l  cur rent  is 
measured  as a funct ion of the s t r ip  d iode  capaci tance.  Wi th  switch b, the R F  signal  can  be appl ied  to the odd  (or even) strips and  in 

this case the in ters t r ip  capac i tance  can be measured.  
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Fig. 4. Picture of the test bench. The detector is placed in the middle and connection is made by pressing the kapton foil on a 
corresponding printed circuit. The amplifiers are placed left (odd) and right (even strips). Each vertical card contains eight channels, 
with the submultiplexer and the RF detector. The CAMAC ADC (32 channels) and the CAVIAR computer are not shown. 

tha t  0.18 V / p F  is added to the reverse current  signal V~. 
To determine the capaci tance of the strip, one therefore 
has to first measure the current-related par t  of the 
signal, at a given reverse bias voltage. 

Any parasit ic capaci tance will appear  in parallel  to 
the input  impedance  Z and  can be neglected, as long as 
one measures a small capacitance. This const i tutes an 
advantage  of  this method  over a bridge-type measure- 
ment .  

For  the measurement  of the interstr ip capacitance,  
the RF  signal VT is applied on all even or all odd strips. 
The  signal is then seen by the amplifiers on  the other  set 
of strips through the interstr ip capacitances.  Of course 
the capacitances to the strips above and  below the 
measured strip are measured together at the same time. 
The  precision of the capaci tance measurements  is 0.02 
pF.  

In this test set-up, the unconnected  strips can be 
found only in the capaci tance measurement ,  because the 
reverse currents  are often very low, so that  the apparen t  

absence of current  should not  be in terpreted as a b roken  
contact .  A short  circuit between adjacent  strips gives 
rise to a large offset current  I 0 at the inputs  of bo th  
amplifiers, due to the offset voltage V 0. For  example, 
for Z = 500 ~2, one finds I 0 = 10 t~A for V 0 = 5 mV. 

Finally, the test bench  is not  only used to test 
detectors,  bu t  also to check the substrates  of ceramic 
and  kap ton  before mount ing  and  bonding  of the detec- 
tor. In this check, the RF  signal is applied via a uni- 
formly metallized kap ton  foil, which is pressed against 
the open ends of the metal  leads on the ceramic. The 
coupl ing capaci tances obta ined  in this way are - 0 . 3  
pF.  

4. Conclusion 

The size of silicon microstr ip  detectors and their 
n u m b e r  of elements are steadily increasing. Apar t  from 
the need for well-adapted electronics, the need for test- 
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ing facilities and practical interconnection structures is 
also felt. With kapton foils, the risk of cabling errors is 
practically reduced to zero. A high density of connec- 
tions is achieved (256 on 80 mm) in a single layer 
construction. However, a special bench is needed to 
align the silicon chip and the kapton with respect to the 
ceramic substrate. The cost of the finished substrate is 
relatively high ( -  800 SF), though still only a fraction 
of the total detector cost. It becomes desirable, there- 
fore, to also test the detector chip before mounting, so 
that the substrate cost and also the cost of the bonding 
can be saved if the chip presents some flaws. 

Many people have made essential contributions to 
this project, at CERN, in Utrecht and in Lingolsheim. 

Their efforts are greatly appreciated. It is fair to men- 
tion especially R. Pegaitaz, who forgot to take his 
holidays, G. Reiss who retired after this project and A. 
Menetrey, who made his come-back with this project. 
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