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ABSTRACT 

The Central Drift Chamber (CDC) of the SLAC Linear 
Col lid er Detector (SLD) uses 1280 front end electron ic 
hybrid modu l es . Each of these modules contains over 
450 components and performs numerous functions. This 
paper describes the four test stands for production and 
detailed circuit characterizations of these hybrids. 
Descript ion s and performance of some of the important 
functions of the test systems will be presented here. 

INTRODUCTION 

The hybr idized front end electronics of the Central 
Dr ift Chamber (CDC) in the Stanford Linear Collider De
tector (SLD) contains two high density substrates with 
numerous functions 1. Al l of these functions must be 
i nd ividually and collectively tested before the parts 
can be used for the detector system. The block diagram 
in Fig. 1 showing the CDC front end electronics system 
indicates the ma ny functions to be tested by the test 
stands. The hybridized package has dimensions of 
4.3 cm x 6.6 cm with an overa ll thickness of 0. 8 cm 
and a total of 50 input/output pins. 
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Fig. 1: System block diagram of the CDC front end 
hybrid. 

Figure 2 is a photograph showing the top view of 
the CDC front end hybrid. The eight well-defined sec
tions are the eight amplifiers on the upper substrate 
which will be referred t o as the amplifier substrate. 
The 50 pads on the top and lower edges are the input 
and output connections which are l ocated on the bottom 
substrate. This substrate will be referred to as the 
associated circu it s substrate. The rest of the cir
cuits are located on the bottom substrate underneath 
the upper substrate and hence are not visib le in the 
photograph. Connections between the two substrates 
are made v~ wire bondings. 

After the substrates have been made, the printed 
traces are tested for shorts and opens before compo-
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Fi g. 2: Photograph of the CDC front end hybrid. 

nents are mounted . After the amplifier and the asso
c iated c irc uit substrates have been loaded with compo
nents , they are individually tested before being con 
nected together. The tests of the two substrat es se rve 
to identify non-operational un its so they can be set 
as ide. Identification of bad parts enab les the defec
tive substrates to be reworked and eventu al ly used in 
a working hybrid. Tests on a comp l eted hybrid ensure 
that only good working un it s are used in the final de
tector system. 

Descriptions of the four test stand s are given be
low . The design and performance of some s ignificant 
components will be discussed . 

PR INTE D SUBSTRATE TEST STAND 

The main purpose of the first test stand is to find 
short or open printed traces on the substrates before 
components are mounted. This i s an important screen ing 
which eliminates defective substrates before they are 
used. Figure 3 shows the system block diagram of the 
te st stand which co ns ist s of the computer controller 
and a Substrate Conti nuity Check Module which conta i ns 
48 channels of drivers and receivers. A test voltage 
is se nt ou t to various traces on the substrate through 
a certain number of drivers (up to 48) from the Sub
strate Con tinuity Check Module. More channels can be 
provided by additional Substrate Con tinuity Check Mod
ules. The pattern obtai ned from the receivers is then 
compared to a predetermined pattern. If the two pat
terns do not match, the substrate under test is reject
ed. It is a simp le but an important test in the man u
facturing of a hybrid of thi s complexity. 

AMPLIFIER SUBSTRATE TEST STAND 

The eight amplifiers on the amplifier substrate 
have been partitioned into eight sections which are 
partially sh ielded from each ot her by their voltage 
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Fi g. 3: Block diagram of the printed susbstrate con
tinu ity check test stand. 

buses to reduce crossta l k. Input and output grounds 
are carefu ll y implemented to prov i de proper s i gnal 
ground returns. Eac h ampl i fier has a ca librati on and a 
signal input ; hence, threre are 16 input 1 ines, 8 i nput 
ground lines , 8 s ign al output l ines, 4 output ground 
lines and 2 power suppl y line s on this substrate . Th e 
four output ground li nes are shared by the e i ght amp li
fiers - one gro und lin e for two neighbo ring amp lifi ers . 
This is necessary t o mak e the number of input /outp ut 
pin s ma nageab l e . 

Figure 4 shows the bl ock diagram of the second test 
stand whic h i s used for te st ing this substrate. A s i g
na l generato r provides the s ign al s for both t he cali 
brat ion and s i gna l inputs for each ampl i fier. The am
pl ifer outputs are sampl ed by e i ght comparators whose 
thres hold levels are cont ro lled by the computer. The 
channe l select ion input switches are necessary for i so
lating shorted input line s as wel l as performing other 
tests . By us i ng a few i nput signal l evels the amplifi
er performance through the int ended operat i ng dynamic 
range can be eva lu at ed . Waveshape anal ys i s can also be 
performed here to provide a more deta iled eva luati on of 
the ampl ifi ers . 

Fig ure 5 is a photograph showing a partial proto
type test stand for thlS substrate . The amplifi er sub 
strate is situated at the center of the test stati on . 
Very fine pins are used to make connections with the 
20 x 30 mil pads along the two edges of the substrate 
for signal inputs and outputs. These pads are used for 
wire bond ing purposes. 

Fi g. 5: Photograph of a partial prototype test stand 
for the amplifier substrate . 

TEST STAND FOR THE ·ASSOCIATED CIRCUI TS SUBSTRATE 

Descriptions of the five c ircu it s res iding on the 
bottom substrate are given below : 

1. The calibration signal generator provides a vol t
age step which is used to provide a known charge 
to the input s of the amp lifiers. Design detai l s 
of this generator are given in Ref. 2. 

2. The input shift register prov ides se l ection of 
channel s through e i ght sets of sw i tches for ca li
bration. Any combination of amplifers can be 
turned off or on by inputting the proper data to 
the input register. 
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Fig. 4: Block di agr am of t he amp li fier substrate test stand. 
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3. The switched power supplies have three transistor 
switches for supplying +8V, +5V and -5V to the var
ious circuits to reduce average power consumption. 
Output lines are provided for monitoring the volt
ages after the switches. 

4. The eight discriminators have a common threshold 
setting. These discriminators provide hit informa
tion to an output register. 

5. The output register contains CMOS gates and shift 
registers which have been implemented in the form 
of a gate array. The hit information is read out 
for decision making purposes. 

The functions of these five circuits are individ
ually tested with the third test stand whose block dia
gram is given in Fig. 6. Practically all functions on 
this substrate can be exercised directly from the com
puter-controlled interface with the exceptions of the 
triggering signal for the discriminators and the cali
bration generator output monitoring. Hence a fast com
parator used for monitoring the calibration output and 
a trigger pulse generator whose amplitude and trigger 
are controlled by the computer are part of this system. 
The three test stands just described are used mainly 
for the purpose of screening substrates before they are 
used to make CDC hybrids. 

Fig. 6: 
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COMPLETE HYBRID TEST STAND 

Figure 7 shows a block diagram of the fourth test 
stand for testing the complete front end hybrid. Per
formance evalu~tions s~ch a~ crosstalk, linearity, I/O 
transfer functlon, callbratlon, input register opera
tion, hit register operation, power-up settling char
acterization and many other tests must be carried out 
by this test stand. Many of the test routines from the 
last two previously described test stands will be in
cluded in this test system. 

The level sensing comparator system is included in 
this test stand. A set of input signals at different 
levels can be used as described in the Amplifier Test 
Stand section to evaluate the operating dynamic range 
of the amp lifiers. Linearity can also be meas ured by 
using the comparator trigger threshold to construct an 
input/output transfer function of the amplifier under 
test. The waveshape analyzer can be used to look at 
the entire output pulse which can then be compared to 
an acceptable pulse shape used as a standard. A 50-ohm 
output port is provided at the output of the output 
channel selection switch for monitoring purposes . 
Crosstalk can be measured by applying input signals to 
a number of channels while observing the output of the 
channel with no input signal. In this case the thres
hold setting of the comparator is used to measure the 
crosstalk level. 

PROGRAMMABLE POWER SOURCE MODULE 

The programmable power supplies are common to all 
test stands. Provisions have been made to allow the 
computer to read the load current and voltage of the 
device under test. This procedure performs a first or
der test on all substrates and is an important step in 
screening the substrates. A schematic diagram of such 
a power supply is given in Fig. 8 to illustrate this 
simple yet effective function of the test system. The 
D/A converter accepts a set of data from the computer 
and converts it to a voltage level. An operational am
plifier with a power transistor inserted in the feed
back loop serves as the power source which in this case 
can handle an output current of 1 ampere. The load 
current is sensed by the 1 ohm resistor. The voltage 
across this resistor is amplified by the instrumenta-
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Fig. 7: Block diagram of the complete hybrid test stand. 
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Fig. 8: Schematic diagram of a typical programmable 
power source. 

tion amplifier and read out in mA/volt. The output 
voltage of the supply is read out directly as the de
vice terminal voltage. Output current limiting is car
ried out by sensing the output level of the instrumen
tation amplifier and shutdown is done by shunting the 
ou tput signal path of the D/A converter to ground. Ad
justable current limiting level can be implemented by 
programmable switches or other similar means. 

INPUT SIGNAL CHANNEL SELECTION SWITCHES 

The input channel selection switches have been de
signed in such a way that the isolation between them
selves are better than the crosstalk or feedthrough 
the test stand is used to measure. Sets of two CMOS 
sw itches are connected in a series - shunt fashion, and 
each set is isolated from its adjacent sets by being 
housed in individual shielded metallic chambers. This 
configuration provides isolation between switches on 
the order of less than one half of one percent. Dis
cussion of the switch design is given in Ref. 2. 

TEST FACILITIES - ANALOG INTERFACE MODULE 

A block diagram showing the Computer, Computer In
terface, Digital Bus, Analog Bus, Analog Interface Mod
ule (AIM), Dedicated Drivers, Programmable Power Source 
Module and a Substrate Continuity Check Module is given 
in Fig. 9. This presents an overall picture of the 
test facilities for the CDC front end hybrid. Since 
AIM is going to be used by other hybrid test stands as 
well, it has been designed to be flexible and able to 
accommodate a wide variety of testing functions. It 
consists of a dedicated Programmable Array Logic chip 
for interfacing, three 16 bit D/A converters, one 8 bit 
D/A converter, one sample and hold unit in conjunction 
with a 12 bit A/D converter, 32K of random access mem
ory and one analog data acquisition unit. Self-diag
nostic capability has been designed into the system. 
The combination of these components provides a flexible 
and powerful test system for a wide variety of needs. 
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Fig. 9: System block diagram of the CDC front end 
hybrid test facilities. 

CONCLUSION 

Four test stands and their test facilities have 
been presented. Designs on important sections of the 
system have been comp'leted and discussed . Partial pro
totype test stands have been used for testing the first 
version of Central Drift Chammber front end hybrid . 
Initial test results indicate that the concepts and de
signs are on course. 
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