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ABSTRACT

APEX (ATLAS Positron EXperiment), a collaborative effort of ANL,
FSU, MSU/NSCL, Princeton, Queen's, Rochester, Washington and Yale, i
is an experiment to study positron and electron production in very
heavy ion collisions. The electrons and positrons are detected with
two detector arrays, each consisting of 216 1 mm thick Si PIN
diodes, and their energy and time-of-flight are measured. The
number of detectors and limited space made it necessary to develop
a system that could efficiently process and transfer signals from
the detectors to the charge sensing ADC's and data readout
electronics as well as monitor the condition of the detectors. The

discussion will cover the electronics designed for the Si
detectors, including the charge amplifiers, "Mother board" for the
charge amplifiers, 8 channel Shaper, 16 channel Constant Fraction
Discriminator (CFD), 16 channel Peak-to-FERA (PTF) and the
integration of the CFD and PTF with Charge sensing ADC's. Function
and performance of the individual modules as well as the syste_ as
a whole will be discussed.
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INTRODUCTION

The ATLAS Positron EXperiment, APEX[I], is a collaboration[2]

of 8 institutions to build an experiment to study unexplained peaks

in the energy spectra of positrons produced in the collisions of

very heavy ions. In previous experiments at Gesellschaft f_r

Schwerionenforschung (GSI) sharp peaks have been observed in the

energy spectra of positrons and in the sum-energy spectra of

positron-electron coincidences. One shortcoming of these

experiments has been the low total data rate. APEX was designed
such that it could handle an order of magnitude increase in event

rate.

The improvement in event rate is due in part to an increase in

the number of PIN diode (Si) detectors used for measuring the

energy and time of flight of the electrons and positrons. Figure 1

shows a schematic diagram of the experiment. Positron detection in

APEX is performed using two(2) detector arrays of up to 216 Si

detectors, each surrounded by a cylinder of 24 NaI(TI) detectors

which detect the back-to-back 511 key gamma rays emitted by

positron annihilation in the Si detector.

The large number of detectors, 432 Si and 48 NaI(TI), number

of cables, limited space and money, placed certain physical and

monetary constraints on the design of the electronics. It was

decided early in the design to modularize the system in blocks of

8 or 16 channels where possible. Using the same modules for the

different types of detectors increased quantities and reduced the

cost per module.

The electronics scheme for the Si detectors is illustrated in

figure 2. The decision to keep the modules fixed at 8 or 16
channels allowed the use of twisted pair and coaxial ribbon cables
as well as the reduction of the total number of crates needed. Use

of the LeCroy FERA charge sensing ADC for data conversion fitted

into this scheme. The only problem was that the 8 channel shaper,

16 channel CFD with charge outputs and 16 channel track and hold

(PTF) modules did not exist.

Another potential problem was the location of the charge

amplifiers. To maintain a good signal to noise ratio, the

preamplifiers needed to be as close to the detectors as possible.

Many commercial charge amplifiers were physically too large to be

in close proximity to the detectors in such large numbers. Hybrid

devices were either too costly, because of the number of detectors,

or did not have a timing output. Additional problems were cabling

for the biasing _f the detectors, the signals from the detectors,

powering the charge amplifiers and monitoring the si _als. Again,

we decided to design our own charge amplifiers and a "Mother" board

to support the charge amplifiers, as well as monitor bias voltages

and signals of the detectors.

This paper will discuss the function and perfc ._Lance of the

"Mother" board, 16 channel Constant Fraction Discriminator (CFD),



8 channel Shaper and the 16 channel Peak to FERA Converter (PTF)
modules as well as the overall performance of the Si detector

system.

THE MOTHER BOARD SYSTEM

Illustrated in figure 3, the Mother board system comprises a

number of pieces. They are as follows:

i. The Mother board

2. Logic board

3. Analog board

4. Mother board controller (CAMAC module)

5. Power supply (raw)

6. Flange feed thru board
7. Readout lines

This system was basically designed to support the preamplifier

modules, as explained earlier. Each preamplifier module has 3

preamplifiers with energy and timing output signals, along with a
common test input. Figure 4 shows a block diagram of the

preamplifier card, detector and the supporting electronics. In

addition, there are 3 PIN diode detectors per substrate. As the

diagram depicts the 3 detectors on the substrate have a common bias

voltage and guard ring voltage. These voltages and the amount of

current drawn are monitored through the Mother board.

The power supply provides raw power to the Mother board

system. The module supplies +18 V, -18 V and +i0 V. Six of the

Mother board assemblies are supplied from one power supply. Linear

supplies were used to keep noise to a minimum.

The Mother board controller is a CAMAC module that

communicates between the Mother board system and the computer. The
module takes the CAMAC NAF commands and reduces them for

transmission to the Logic board. The module also buffers the

signals to transmit and receive them over twisted pair cable.

The Flange feed thru board and the readout lines are simply a

mechanism to get the signals and voltages between the Mother board
and the detectors in the vacuum chamber.

The Mother board, logic board, analog board and 12

preamplifiers mounted, as one unit, on the atmosphere side of the

vacuum vessel flange opposite the detectors. Each setup holds 12

preamplifier boards for a total of 36 channels, ix sets are

connected together on each end of the experimental chamber giving

support for 216 channels of detectors. The mechanical structure

that holds the six systems to the flange is also designed to be

utilized as the electrical ground shield for the system.

The Logic board has two functions. First it takes the raw

power coming from the power supply and generates the +-15 V, +-12



V, +-5 V and VCC. VCC is used to power the logic on the three

boards while all remaining voltages are used for the analog

circuitry.

Secondly, the Logic board contains all the controlling logic

and communication logic. The controlling logic is a micro sequencer

made up of I0 22VI0 PALs. The sequencer is clocked only when the
CAMAC controller module sends a command to the logic board, keeping

noise at a minimum by not running the clock constantly.

The Analog and Mother boards work together to perform the

bias/guard ring voltage and current readout, multiplex the time and

energy signal of any channel and multiplexing of a pulser into any

preamplifier card. The Mother board also contains all the "wiring"

for the input from the detectors, the bias/guard ring voltage and

bias networks, energy and time output signals and power for the

preamplifiers.

CFD[3,4]

The CFD is a 16 channel unit designed around the Analog

Devices AD891 Rigid Disk Qualifer[5] chip. The device incorporates

2 comparators and 2 monostables. Using the AD891 minimized the

component count, which therefore minimized space, allowing 16 CFD

channels to be fit into a single width CAMAC module.

Figure 5 shows the basic CFD circuit. The input signal is fed

to a 5 tap delay line, a constant fraction divider and then to a
second (threshold) comparator. The individually set reference

threshold level is adjustable from -50 mV to -I V in 4 mY steps.

Signals sent to the constant fraction and delay circuits are

input to the first (constant fraction) comparator. The delay line

is a SIP from Data Delay Devices, model 1505-xxB. The signal from

the delay circuit is selected from one of the taps allowing a delay

of 2 - 20 ns per step depending on which delay device is used. The

constant fraction is adjusted by changing the resistor values of

the plug-in adapter.

Signals from the threshold and constant fraction discriminator

comparators are then fed into one of the AD891 monostables to

generate a dead time signal, which is then sent into the second

monostable to generate the output signal pulse width. Both dead

time and pulse width are controlled by CAMAC commands. Each is
selectable from 25 to 250 ns.

Figure 6 shows the outputs of the CFD, which include an ECL

and TQC current sink for each channel, an ECL and NIM OR output,

and a Multiplicity output. The TQC output current is CAMAC

controllable from 0 to -i0 mA in 255 steps. At -I0 mA this signal

may be used as a NIM level signal. The Multiplicity output produces

40 mV per hit into 50 ohms.



Also included in the CFD design is an input over voltage

protection and an on board test input that is CAMAC controlled. I
There is an external Veto input and an internal Mask register where
individual channels can be turned on or off.

A timing diagram for using the TQC output with a QDC is shown

in figure 7. Diagram a) shows the QDC being used as common stop,

while b) shows the VETO being used as the common stop. The shaded

areas of the TQC output show how much of the signal is integrated

into the QDC.

Finally, figure 8 shows a graph of the time variation of the

signal with respect to amplitude. The measured variation is less

than +-i00 ps. The dashed line shows the variation after delaying

the signal by approximately 120 ns. The variation is still within
+250 ps and -150 ps.

SHAPER

For energy signal processing it was decided that the available

shapers were either too costly or required too much space and

cabling. We decided to design our own shaper with the criteria that

its performance be comparable to the EG&G Ortec 571 single channel

shaper. The APEX shaper is an octal unit which has unipolar outputs

and a fixed shaping time of approximately 2.5 _s. The unit was
designed to produce a 2 V output terminated into 50 ohms, but is

capable of producing 8 V outputs terminated into IK ohms while

using +-12 V supplies. Supplies are selectable between +-12 and +-6

V. The shaper board also has a daughter board connector so that

other boards, such as level discriminators, unipolar circuitry,

etc. can be plugged onto the main board for further processing.

The shaper block diagram appears in figure 9. At the input is

a differential amplifier with a gain of i0. This circuit is

followed by an adjustable pole zero. DC offset and gain adjustments

precede two Sallen-Key bandpass filters. The filter output is then

summed with a baseline correction circuit at the buffered output
circuit. Threshold levels for the baseline restoration, DC offset

and gain circuits are all adjustable. Also, included in the module

is the ability to invert the output signal.

The signal to noise ratio of the shaper is 2000:1 into 50

ohms. Figure i0 shows a spectrum taken with a Germanium detector

using a 243Am source. The spectr_a shows the peaks at 74.6 keV, 99.5
key, 103.7 keY and 106.1 key. The standard deviation for these

peaks are 1.2, 3.5, 1.4 and 1.4 channels respectively. Figure ii

shows the same setup with an Ortec 571 shaper. The resulting
standard deviations for the peaks are i.I, 1.3, 1.4 and 1.2

channels respectively. In each spectrum the dispersion is .34 keY

per channel. The shaper module has proven to be stable with respect
to rate and temperature and is linear with respect to amplitude.



PEAK TO FERA CONVERTER

The Peak to FERA (PTF) is a module designed by PRW Consulting.

The PTF is essentially a 16 channel track and hold circuit designed

specifically for use with the LeCroy FERA ADC.

Figure 12 shows a block diagram of the PTF. The input of the

PTF is a unity gain differential amplifier. The differential

amplifier output is followed by the "Gate" analog switch. Output of

the Gate switch is buffered by a circuit that allows positive input

signals to be inverted. Inversion of the signal is accomplished

with a pair of jumpers provided for each channel. The track and

hold (TH) circuit tracks only negative pulses. Internal to the TH

circuit is a fast Reset signal. Output of the TH circuit is

amplified to correct for any loss in the Gate analog switch. This
circuit has a gain of 3 and may be used for amplitude alignment as

well. The amplification is followed by a i0:I attenuator to better

suit the inputs of the FERA. The attenuation is jumper selectable.

This signal is buffered and then applied to the output.

The PTF is controlled by 2 signals, Gate and Reset, which are

both front panel inputs controlled by an ECL or NIM level. The

Reset may also be controlled by a CAMAC command (F9). The PTF can

be used in 2 different modes. With mode i, the input signal is

gated into an armed TH. After the signal has been read into the

FERA the TH is then reset and ready for another pulse. In Mode 2

the Gate is constantly on with TH tracking and holding. Immediately

before the peak the TH circuit is reset. Timing diagrams for both

modes are shown in figure 13. Figure 13a shows the use of the PTF

in a Gate/TH/Reset mode (mode i). While 13b, shows the timing for
the Reset/TH mode (mode 2).

Figure 14 is a spectrum showing a "picket fence" of pulser

inputs. The spectrum was created using an Ortec 448 pulser, Ortec

571 shaper at 2 _s shaping, PTF and a FERA. The spectrum shows

peaks that are approximately 10K counts per peak and <1.5 channel

FWHM wide. At the same time the shaper signal was split and sent to

an Ortec AD811 peak sensing ADC. Figure 15 shows the signal

digitized by an Ortec AD811 plotted versus the PTF signal digitized

by the LeCroy FERA. This plot demonstrates the relative linearity
of the two conversion schemes.

Other specifications about the PTF are as follows- input is +-

2 V. The maximum output is 2 V into 50 ohms; Droop rate is <.i

channels per i0 _s; The PTF will track pulses with >200 ns

rise/fall times; The PTF operates on +-6 V and +-12 V (+-12 V is

not supplied in _ii CAMAC crates).



CONCLUSION

In conclusion, APEX required electronics for 432 PIN diode

channels capable of delivering a time resolution of <2 ns and an

energy resolution of 7 keV. Figure 16 shows an electron spectrum
for 2°7Bi. The APEX electronics was used with a PIN diode detector

at room temperature. The spec%rum shows a standard deviation of 3.6

and 3.2 with background for peaks at 481.7 keV and 975.6 keY. With

background subtracted the peak widths are 2.6 and 2.7 standard
deviations. This width is equivalent to 5 keV energy resolution

with the warm detector.
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