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Abstract

Gouz Yu.P. et al. The LED Monitoring System for the STIC Calorimeter: IHEP
Preprint 95-108. - Protvino, 1995. - p. 7, figs. 8, refs.: 3.

A system and circuit diagrams of the LED monitoring system for the STIC calorimeter are
described. The system allows one to produce independent light pulses for 320 channels of the
detector and emulate signals from electrons from 0 to 30 GeV. Early experimental results of the
usage in DELPHI are shown.
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I'ys IO.II. u np. CBerommonnas cucTeMa MOHHTOPHPOBAHUA kanopuMerpa STIC: Ilpenpunt
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IpuBenensl onmMcanue M IPHHIMNHAILHEIE CXeMbl CBETOLMOLHON CHCTEMBI MOHHTOPUPOBA-
Hug KanopuMerpa STIC. CucreMa no3ponseT BHpabaTHIBATH He3aBUCUMEIE CBETOBBIE HMIYJIb-
CHl 1A 320 XaHa/IOB NeTeKTOPa H MMHTHPOBATH CUTHANE OT JJIEKTPOHOB C SHEPIUAMH OT 0

no 30 I'sB. Iloka’aHbl mepBble 5KCIHEpHMEHTaJbHBIE Pe3ylbTATH HCIONL3OBAHMS CHCTEMBI B
ycrasoBke DELPHI.
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Introduction

Early in 1994 the SAT detector was replaced by STIC [1], to improve the calorimetry in
the small angles region and to decrease a systematic error in the luminosity measurement
down to ~ 1072, The luminosity measurement with such an accuracy needs monitoring of
all the channels of STIC and trigger system [2]. For that purpose a LED-based system has
been developed for the STIC calorimeter. The system allows one to produce independent
light pulses for 320 channels of the detector, the intensity of the light pulses for each
channel being computer controlled in the dynamic range 0 — 28. The light pulses emulate
the response of the calorimeter to electrons with the energy from 0 to 30 GeV.

1. System description

The block diagram of the STIC monitoring system is shown on Fig.1.

Four driver boards are placed on each side of the STIC detector (A and C). Each
board generates electrical pulses for flashing up to 40 light diodes {LED). The blue light
diodes (type 102CR-ND by the CREE company) have been inserted into plexiglass tiles
which are arranged in a layer in front of the first converter plane of the calorimeter similar
to the regular STIC detector planes. The generated LED blue light propagates inside the
tile until absorbed by the fibers which stick-out of the calorimeter into the 2 mm holes
in the tiles. The reemitted green light propagates inside the fiber to the photocathode of
the tetrode. This design allows one to control the stability of the whole light detecting
chain.

Each driver board has an identification address from 0 to 3. This address is selected
with a switch placed on the printed circuit board. The driver board can drive any com-
bination of LED variable pulse amplitudes. These selections are made via a 8 bit control
bus. The data for the control bus, the power and the synchronization pulse are transferred
from the control room to the driver board number 0 via ~ 40 meter t/p cables. The driver
boards on each side of the detector are connected together through a serial data bus and



a serial coaxial chain, terminated by 50 §) at the end. The data bus signals are buffered
at each driver board.
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Fig. 1. The block diagram of the LED monitoring system.

The data are generated by FB I/O register (CAEN F687B), the synchronization pulses
by the STIC TCU module {3].

1.1. Driver board description

The block diagram of the driver board is shown on Fig.2.
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Fig. 2. The block diagram of the driver board.



The following functional parts are placed on the driver board:

balanced input receivers of ECL signals;

input address register;

decoder of board number and channel number;

five integrated circuits of 8-channels DAC, type ICAD7228;
forty drivers for flashing the LEDs;

switcher for adressing the driver board.

The control lines that come from the FB I/O register have the following meaning:

address/data - 8 bits;

control signal to select address or data (AD/DAT) - 1 bit;

trigger signal (Strobe) — 1 bit;

reset signal (Reset) — 1 bit;

control respond signals, the correspondent bit becomes logical ”1” when the board
with the selected number exists and is ’alive’ — 4 bits.

The data write cycle has two phases. In the first phase -- address phase — a connection
with a selected board is established. The format of the address is:

e 3 bits (LSB) to select one of the eight DACs of IC AD7223;
o 3 bits to select one of the five IC AD7228;
e 2 bits (MSB) to select one of the four driver boards.

A logical level ”1” on the control line AD/DAT defines an address phase. Fig.3 shows the
timing diagrams for the signals.
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Fig. 3. The timing diagram.

In the second phase the value of the pulse amplitude for the LED selected befcre is
written. At this time the control line AD/DAT has a logical level ”0”.

The logical level ”1” on the Reset line clears the address register and disables the data
writing.



The LED begins to flash when an external synchronization pulse (Flash Pulse) comes
to the driver board.

The circuit diagram of one LED driver is shown on Fig.4.
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Fig. 4. The circuit diagram of the LED driver.

It consists of the following parts: a fast switcher - transistor T1, a discharge capacitor
C4 and an amplifier based on the operational amplifier OA and transistor T2.

The capacitor C4 is charged up to a voltage Uc=Udac*K, Udac being the DAC IC
output voltage, K — the amplifier gain. The voltage Uc can be set in the range from 0
to 120 V. When the NIM Flash Pulse appears, the transistor T1 becomes switched on
and the capacitor C4 is discharged through T1, diodes D1 and D2, resistor R8 and LED.
The LED current and hence the light intensity iv proportional to the value of Uc. The
minimum width of the Fiash Pulse should be ~ 300 nsec to provide the full discharge
of the C4. This is important if high LED pulse stability is required. The transistor
T1 works in the avalanche operating mode. In tkis particular application we use the
avalanche transistor not because of its extremely hizh speed but just because it is a cheap
and compact high-voltage switch. The diodes D1 and D2 have a break-through voltage
of more than 200 V. They isolate the amplifier output from the switch T1.

Four power supplies are used. The power consumptions for each driver board are as
follows: 400 mA (+6 V), 110 mA (-6 V), 65 mA (+15 V), 20 mA (4150 V).

The temperature stability of the electronics system is better than 0.03% per °C , the
variation of the charge injected intc LED is (RMS) < .1% for the maximum signal.

2. Some results of the sysiem operation

The dependence of the flash amplitude (for some channels), versus the DAC code is
shown in Fig.5.

The measurements were done in DELPHI vsader working conditions with 1.2 T mag-
netic field. It is seen that the dependence is linear above some 'pedestal’ value of the code



(~ 50). The dynamic range of the signal is 0 — 30 GeV. The relative width of the signal
line rms/E~ versus the amplitude for the same channels is shown in Fig.6.
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Fig. 5. Amplitude in 4 selected channels versus DAC code.
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Fig. 6. Relative width of the signals versus the amplitude.

The dependence follows E~/2 law giving an evidence that the line width is determined
by the photoelectron statistics and tetrode peculiarities and not by the noise or instability
of the monitoring system itself.
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Fig. 7. The long term stability of the LED monitoring system.

The long-term stability of the system is illustrated by Fig.7, where the response of one
channel, averaged over 5 min period is monitored during 7 hour period - a typical LEP
fill lifetime. The variation cof the response is within the band +.15%. As an example of
the LED-system application for the tests of the STIC trigger Fig.8 shows the dependence
of the trigger efficiency versus a signal averaged over 320 channels.
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Fig. 8. The efficiency of the STIC trigger versus energy (in GeV) as determined by the LED
monitoring system. (The curves for sides A and C are superimposed).

Conclusions

A new type of multichannel LED monitoring system has been developed for the Delphi
STIC detector. The system allows to produce light pulses emulating response of the
calorimeter to electrons in the range 0 — 30 GeV independently for 320 STIC channels.
This feature gives a unique possibility for testing the trigger system. The high stability
(at the level of 0.1%) allows one to monitor the long-term behaviour of the detector. The



system was installed in 1994 and has been in full operation since the beginning of 1995
LEP run.
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