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INTRODUCTION

The challenge? of building a detector for the Superconducting Super Collider have been talked about
for the last several yer.rs. Those challenges are proving to be real and in some cases tougher than expected as
prototype subsystem and component development continues within the different collaborations. Not to be
daunted, engineers and scientists are using ingenuity and novel designs to meet the challenges. One such area
has been in the development of the outer tracker readout electronics for the Solenoidal Detector Collaboration
(SDC) detector. The tracker has over 100,000 channels and is composed of strawtubes that are 4 mm in
diameter and 4 meters long. The sheer number of channels and small-diameter tubes require a very high
density packaging scheme with critical attendant concerns, including power consumption, cooling, and
crosstalk. This paper describes the novel approach taken to solve some of these challenges.

REQUIREMENTS

The strawtube outer tracker design consists of bundles, or modules, of straws arranged in a trapezoidal
pattern. There are two types of straw modules - stereo modules with 159 channels and trigger modules with
212 channels. Because of the large number of channels present in the straw tracker and several other systems
used in the Solenoidal Detector,1 space for front-end electronics is at a premium. A detailed description of the
strawtube tracker can be found in the SDC Modular Straw Outer Tracking System Conceptual Design Report.2

Many issues must be considered in the design of high-density, high-speed circuits. Among these are
crosstalk and system stability, packaging, and cooling. To get the best performance possible from the system,
minimum lead length between the detector and front-end electronics is desirable. Short lead lengths will reduce
the possibility of crosstalk and pickup of other noise sources and improve the system stability.

The straws also require a 2000-V anode bias voltage, which must be decoupled from the low-voltage
electronics Besides the obvious catastrophic effects of high voltage breakdown on a particular straw channel,
the high voltage could arc from one channel to another in a domino effect because of the close spacing of the
components.



Figure 1. Photograph of front-end electronics module designed at ORN1. for strnwwhe irncker.

DESCRIPTION OF MODULE

The trapezoidal cross-section of the electronics module, shown in Figure 1, matches that of the
strawiube siereo module. Connection to the strawtube module is made at the near end, and output signal
cabling is through the rear. This design utilizes the University of Pennsylvania designed Amplifier-Shaper-
Discriminator3 (ASD8) integrated circuit. Time constants for the shaping stages and tail cancellation circuit
and sensitivity of the charge-sensitive preamp stage were selected specifically for these strawtubes.

The three horizontal circuit boards hold surface-mounted components on both top and bottom surfaces.
One of the three boards is six layer, consisting of two ground planes, two high-voltage routes, and top and
bottom surfaces. The other two boards are four layer, with the ground plane and high-voltage routing merged
together. All three boards utilize blind vias for interconnection between layers.

High voltage (HV) is distributed to the straws for each circuit board in four banks. Figure 2 shows the
distribution of the high voltage. Any scheme to match the electronics density to the same footprint of the straw
module requires HV capacitors to block the dc voltage from the electronics while passing the charge signal on
to the ASD8 chip. No commercially available chip capacitors were identified that had a sufficiently small
cross-sectional area. Consequently, a custom chip capacitor was designed for this application by KD
Components Corporation located in Carson City, Nevada. The cross section was reduced to 2.5 x 2.5 mm, at
the expense of making the device longer (i.e., 7.6 mm).

A number of low-voltage control lines and power supply lines are required for proper operation of the
ASD chip. Although (hey are not shown in Figure 2, these lines provide threshold levels for the discriminator
function, programming for the output current amplitude, and power supply lines. A complete description of the
ASD chip requirements and specifications may be found in Reference 2.

Very conservative design rules, consistent with MIL-STD-275D,4 were used for one of the three
component-carrying boards. A minimum of 80-mil spacing was maintained between any trace carrying high
voltage and a low-voltage trace on a layer. This would provide for arc-free operation on a clean surface with
voltages well in excess of the maximum operating voltage of 2500 V. These relatively larpe spacings, along
with the desire for a continuous ground plane, forced the use of six layers with blind vias.

However, much of the high voltage was handled on traces that were in interior layers. Therefore, it
was felt that more aggressive spacing could be used on interior layers, and at the suggestion of the PC board
vendor, a four-layer design was used for the other two boards. This change was made at the expense of slicing
up the ground plane layer and inserting the high-voltage buses.



High Voltage

Figure 2. Simplified circuit schematic of strawtube readout electronics.

THERMAL ANALYSE \ND COOLING

Cooling the front-end electronics is necessary to ensure reliable operation and to maximize operating
lifetime. In addition, it is important to maintain a certain level of thermal stability for structural purposes to
maintain critical tracking alignment requirements. The cooling system should also be designed to mitigate the
potential fire hazard caused by supply voltages that are present.

A test was conducted for a 159-channel stereo module to determine the amount of flow needed to
maintain the electronics at 50°C or below. The cooling system consisted of a hose supplying air to an
aluminum cover that directed the flow of the air over the elecironics. This test used room temperature air
(23°C), but because of the potential lire hazard, the actual design will use nitrogen at a temperature of IO-I5°C.
Since air and nitrogen have similar properties, the results of this test are valid for nitrogen.

The power dissipation of the 159-channcl module was measured as 8 W (50 mW per channel). A
series of tests was conducted at various orientations with and without active cooling. The test without cooling
was made so that the characteristics of the powered boards could be studied and compared to the counterpart
cases when active cooling was applied. The various orientations were necessary to determine whether certain
geometries significantly affected the heating of the electronics.

Thermocouples were mounted on the electronics boards in 12 different locations. The locations were
chosen so that the maximum temperature and maximum gradient in a board could be measured. The
temperature of the electronics was allowed to stabilize for both the heating and cooling portions of each test
cycle to provide the time constants for the system. For the purposes of this test, the time constant is defined as
the time required to reach two-thirds of the maximum steady-state temperature.

Several conclusions can be drawn from these tests. First, active cooling is required since the
temperature of the electronics (70°C) exceeded the desired 5°C when no cooling was used. Secondly, the test
results indicate that a flow of 0.25 L/s (~0.5 cfm) is sufficient to maintain the electronics boards at the desired
temperature of 50°C or less with a maximum temperature gradient in the boards of approximately 10°C. At
this flow rate, the exit air temperatuie is 10 to 11°C warmer than the inlet air temperature. Finally, the
orientation of the electronics module does not appear to be a significant factor.

A thermal math model of the electronics was generated using the thermal analysis program
SINDA85.5 This model was correlated with the test results by increasing the published value of thermal
conductivity of the circuit board material, FR4. This change was necessary since the circuit board material
contained more copper than standard FR4 circuit board material.

A comparison of the model results and thermocouple number 10 from the test with cooling is shown in
Figure 3. The maximum error was 18.7% in the cooling phase of the cycle. However, the average error was
0.5%, indicating that the correlation is very good and that S1NDA85 will be a useful tool for designing the
cooling sysw.n of the straw tracker.

PERFORMANCE

All exposed high-voltage sections of the circuit boards are covered with a conformal coating. This
reduces the likelihood of any flashovers or arcing and improves long-term reliability by keeping dirt and
moisture from forming paths for leakage currents. Successful tests to 2500 V have been made; routine
operation is around 2000 V.



An output signal for an input signal of 0.5 I t is shown in Figure 4. The output load is 100!Ti driven
through 18 in. of 50-mil spaced ribbon cable. The differential output pair is shown as two separate traces on the
oscilloscope photograph. Vertical sensitivity is 50 mV/div; horizontal sensitivity is 50 ns/div.
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Figure 3. Comparison of measured temperature wilh
Thermal Math Model.

Figure 4. Differential output signals from electronics
module Input signal is 0 5 IC

FUTURE IMPROVEMENTS

Several improvements and additions are planned for this basic design. A test signal input for
diagnostics and calibration must be provided for the actual tracking system. Although most of the input
protection for the ASD chips is built into the monolithic chip, survivability in the case of a sudden short in a
straw can be improved by the addition of a small value resistor placed in series with the input line. When
chosen carefully, the resistor will have only a negligible effect on the equivalent input noise level. These
additions, among other changes, will be included in a unit designed to match a slrawtube module for the trigger
laver.

CONCLUSIONS

A compact and densely packed front-end electronics module has been designed and fabricated using
high-speed, high-gain integrated circuits for use in the strawtube tracker section of the SDC detector. Tests
have shown the electronics package to withstand operating voltages of 2000 V with a safety margin of at least
500 V. Stable operation of the ASD8 chips has been demonstrated. Long-term reliability can be enhanced
since low operating temperatures can be maintained with only 0.5 cfm of air How. This concept shows
considerable promise for use with the final strawtube tracker design.
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Strawtube Tracker System
Requirements

428 Trigger Modules, 292 Stereo Modules

- 137,164 Total Channels

Stereo Modules have 159 straws, each 4 mm in
diameter

Each straw requires 2 kV bias voltage

Only a small volume available for front-end
electronics
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Simplified Schematic of ASD8 Circuit
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End View of Straw Module
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Assembled Photo goes here
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Exploded photo goes here
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Design Strategy

Multilayer circuit boards with blind vias 4

Surface mount components

80 mil clearance from high-voltage traces

High-voltage capacitor with cross section to
fit 4 mm grid
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Custom High Voltage Capacitor

150 pF, NPO, 4 kV

2.6 mm
1

K M

2.6 mm
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Cooling Needs Have Been Determined
by Modeling and Measurements

Modeling performed with SINDA85

Measurements made on actual unit

- Module covered with shroud to control air flow

- Total input power, 8 W
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Location of Thermocouples
\
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Average Temperature With Cooling \
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Average Temperature Without Cooling
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Comparison of Measured Temperature
with Thermal Math Model
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f-1 Differential Output Signals from Electronics Module
(Input signal is 0.5 fC.)
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Conclusion

• Distributes high voltage without arcing

• Stable operation of ASD8 chips

• Cooling with 0.5 cfm forced air is feasible

• This concept is promising for the final design of
the strawtube tracker


