BESIII Detector


10.2  Calorimeter Electronics

10.2.1 Introduction

The main purpose of electromagnetic calorimeter read out electronics is the charge measurement to determine the energy deposited in the CsI crystals.

The traditional charge measurement method adopted in the read out electronics is to integrate the output current from the detector. The voltage peak of the signal waveform, after amplification and shaping of the integrated signal, is proportional to the detector output charge, which can then be measured through the peak voltage. 

Electromagnetic calorimeter electronics adopts digital pipeline method to hold the data in compliance with the 6.4s L1 trigger latency, so that no good events will be lost before the L1 trigger. Data read out follows the VME bus standard.

There are 3 operation modes, collision mode, calibration mode, all can be selected using VME commands.  

1. Collision Mode

This mode corresponds to the data acquisition of the spectrometer when the collider is in operation. A 20MHz clock and a L1 trigger signal are all provided by the trigger system, and synchronized with the collision time. 

2. Calibration Mode

We can check the electronics system and get the correction constants with this mode. The test controller provides the 20MHz clock, trigger signal, and a series of charge value with good linearity to test the linearity of each channel. The VME master calculates the linear correction constants from the data obtained in this mode. 

3. Gain Adjustment Mode

The analog “sum” of 8 channels is sent to the trigger system to reduce the number of cables between the calorimeter and the trigger system, and simplify the whole BES system. We must adjust the gain of each channel before they are added together to insure the gain uniformity of each channel, including the contributions from CsI crystals and PIN diodes. The test controller generates serial clock and serial data to adjust the gain according to the VME master commands. The serial decode circuit in the post amplifier module implements decode and gain adjustment task with the serial clock and data.
10.2.2 Operation Principal and System Configuration

1. System Operation Condition and Specification



System clock





20MHz



L1 trigger latency




6.4s



Single channel event rate



≤1KHz



Range of charge





0.5fc~1500fc



Equivalent noise charge (energy)

0.16fc (200KeV)



Number of channel




6272



Integral nonlinearity




1% (before correction)



Cross talk






0.3%



Dynamic range





15bit



Information to trigger




Analog  “sum” of 8 channels



Gain adjustable on line



≤20% non-uniformity
2. System Block Diagram


  Fig.10.2-1 Block diagram of the electronics electromagnetic calorimeter 
Fig. 10.2-1 shows the block diagram of the electronics of electromagnetic calorimeter, which is divided into 3 main parts: Preamplifier, Post amplifier, Q module and Test Controller.

(1) Preamplifier

There are 6272 CsI crystals in the electromagnetic calorimeter. Two S2744-08 photo diodes are mounted on each crystal. Two charge sensitive preamplifiers are mounted on the backs of the photo diodes respectively. They are fixed on the crystal with an aluminum shielding box. The low voltages of the preamplifier and the bias voltage of the photo-diode are all supplied by the post amplifier. The preamplifier and the post amplifier are connected via a 20 wire twisted cable.

(2) Post Amplifier

The post amplifier makes semi-gauss shaping to reduce the noise and pile up rate. A gain adjustment circuit is placed in the post amplifier to insure the precision of “analogue sum” for the trigger system. The post amplifier output signal is sent to the Q module with a 34 wire twisted cable.

(3) Q module and Test Controller

The digitization is implemented by a 10bit FADC of 20MHz. Multi-range digitization method is adopted to get 15bit dynamic range. The voltage signal to be measured is sent to three amplifiers A, B, and C simultaneously. The gain ratio of the three amplifiers is 1:8:32. The three outputs from A, B, and C are digitized at the same time. The unsaturated lowest range datum is chosen and a 2-bit range code is added to the datum. The digitization, pipeline, and peak finding are all implemented by hardware.

The Q module is a 9U VME module with 32 channels. The module has data processing and data transferring functions besides the digitization. 

The VME master may choose one of the 3 operation modes through the test controller and Q module. The clock and control signals required by the system are provided by the test controller, or through the test controller. Test controller is a VME module, one in each crate.

3. Operation Principal

(1) Preamplifier

There are 6272 CsI crystals in the electromagnetic calorimeter. 2 PIN photo diodes and 2 preamplifiers are mounted on each crystal. The preamplifier is a low noise charge sensitive amplifier. 

A calibration circuit is placed at each preamplifier input. One leg of the calibration capacitor is connected at the preamplifier input. Another leg can be connected to DAC output or to the ground by switch control. When the calibration capacitor is connected to the DAC, the capacitor is charged to the charge of Q=VC, where V is the output voltage of DAC, and C is the capacitance of the calibration capacitor. When the capacitor is connected to the ground the capacitor with the charge of Q=VC is discharged through the preamplifier and ground to calibrate the system. The calibration circuit can be used to check the electronics system, calibrate the gain, and correct the nonlinearity of each electronics channel.

Specifications of preamplifier:


Gain






1mV/fc


Equivalent input noise charge

0.16fc (when input capacitance is 80pf)


Dynamic range




0.5fc to 1500fc


Output decay time



50s 


Maximum linear output


2V 
The falling edge of the charge sensitive amplifier decays slowly. The signals may pile up at certain counting rate. Suppose the counting rate of the input signal is
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, the input charge is Q, the average output voltage of the piled up signal is, we have:
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Take:
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=103, Cf = 1pf, f = 50s, Qmax = 1500fc (the worst case) 

We get:
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V

 = 0.08V

The effects of the 0.08V pile up voltage to the dynamic range of the amplifier can be ignored.

Since the decay time constant of CsI crystals is 1s, much smaller than the decay time constant of the charge sensitive amplifier f, the “ballistic deficit” effect is negligible, and it cannot affect the energy resolution. The outputs of the 2 preamplifier which is differential, the low power supply voltage, the PIN diode bias voltage and calibration signals are all connected to the post amplifier with a 20 wire twisted cable.

(2) Post Amplifier

Fig.10.2-2 shows the block diagram of the post amplifier:


Fig.10.2-2 Block diagram of post amplifier

The shaping circuit of CR-(RC)2 with pole-zero cancellation is adopted to increase the signal to noise ratio and reduce the pile up rate. The time constant of the shaping circuit is 1s.

Since the charge is proportional to the peak voltage of the signal and the ADC sampling rate is 20MHz, it is required that the peak width of the signal should be wide enough to insure that the ADC sampling can “catch” the peak. If we define the “peak” as the part of the signal waveform near peak, where the voltage difference should not exceeds 0.1%, the peak width is 126ns. Hence for the time constant of the shaping circuit of 1s, two or three ADC samples can be obtained at the signal peak for the 20MHz sampling rate.

The main functions of the post amplifier are:

A: Receives the differential signal from the preamplifiers. The differential receivers with high common mode rejection ratio are adopted for the signals from the two preamplifiers A and B. Three choices can be made by the post amplifier with jumpers: A, B, or the average of A and B. The signal to noise ratio can be improved if the average of A and B is chosen. Choice A or B can be selected, and the gain is almost the same, if one of them fails and the other still works.

B: Further amplifies the signal, makes CR-(RC)2 shaping to increase the signal to noise ratio and insure the peak sampling precision.

C: provides the preamplifier power supply voltage, PIN diode bias voltage and online calibration signals.

D: Adjusts the gain of each channel to the trigger, including gain of CsI crystal and PIN diodes, with a three lines serial bus to guarantee the gain uniformity. The serial data has 17 bits, the first 5 bits are the module address, the middle 4 bits are the channel address and the final 8 bits are the data for the channel gain. The gain adjustment is implemented with the digital potentiometer MAX5400. The VME master must set the gain and check the gain, every time the system is powered up, since there is no data storage function inside MAX5400. The fast signals after CR stage of 8 channels are gain adjusted, amplified, summed and converted to a pare of differential signal for trigger system.
E: The signal after CR-(RC)2 shaping, amplifying and base line restoring is sent to Q module with single end to differential signal converter.
(3) Charge Measurement
A. Multi Range Digitization

The electromagnetic calorimeter requires that the maximum energy to be measured for a single crystal is 2GeV, while the minimum energy is 0.6MeV. The digitization range must not be less than 15 bits to ensure enough dynamic range and accuracy. We use three 10-bit FADC to digitize the post amplifier output signal with 3 different ranges as shown in Fig. 10.2-3, since 15-bit 20MHz FADC is not available. The unsaturated lowest range datum is chosen as the final result.

	Range
	Gain
	Full Scale
	Min. Energy
	Digital Res. 
	CsI Res.
	Res. Increa.

	High
	×0.25
	2.5GeV
	0.625GeV
	1.4×10-3
	2.1×10-2
	0.2%

	Middle
	×1
	0.625GeV
	0.078GeV
	2.3×10-3
	2.9×10-2
	0.3%

	Low
	×8
	0.078GeV
	20MeV
	1.1×10-3
	3.7×10-2
	0.04%

	
	
	
	0.6MeV
	3.5×10-2
	7.3×10-2
	11%


 Table 10.2-1

The digitization resolution and the CsI crystal resolution in the above table are for the minimal energy of each range. They are the worst case in the range. It indicates that the 3 different ranges can cover the dynamic range required by physics. The digital resolution is much less than the CsI crystal resolution itself when the energy is higher than 20MeV. The effect to the total resolution can be ignored. The total resolution is only increased by 11% if the energy falls to 0.6MeV.

B. Obtain the Charge Value


Fig.10.2-3 Schematic of 3 ranges digitization

The detector output signal is shaped to a semi-gauss waveform after preamplifier and post amplifier. The peak is proportional to the energy deposit in the detector. Three different gain amplifiers with 3 different ranges amplify the output signal of the post amplifier. They are sampled by three 10-bit FADC with 20 MHz sampling rate. The lowest range unsaturated value among the 3 sampled data is selected and a 2-bit range code is added to the datum. The 12-bit data are passed through a digital pipeline to obtain proper delay time. The total delay time of the pipeline is chosen as 4.9s, which is 1.5s less than the 6.4s trigger latency. The time interval between the waveform peak and the L1 trigger signal is 1.5s since the peaking time of the shaping circuit for a 1s decay time input current signal is 3s. The waveform peak is in the middle of the 3s peak finding time window to guarantee the correct peak finding procedure. The peak value should be compared with the threshold stored in the threshold register. The signal is too small and should not be kept if the low range peak is smaller than the threshold. The 10-bit peak value, its 2-bit range code and additional 6-bit peaking time are stored in the buffer to be read out.

C. Data Buffer

A dual port RAM is used for data buffer. The writing address of the dual port RAM is the same as the writing pointer of the trigger number FIFO, and the reading address of the dual port RAM is the same as the reading pointer of the trigger number FIFO, to ensure that the reading and writing of every event is exactly synchronized with the reading and writing of the trigger number. The data below the threshold are still stored in the dual port buffer, but there is a flag bit with each datum, “0” means the datum is below threshold, “1” means the datum is no less than threshold.  

D. VME Interface

Power PC reads out the data through VME crates. There are 32 channels on each module for a 9U VME module.

The token method is implemented to read out the data from the 32 channel buffers. The data are read out if the channel receives token and the data are above the threshold. The token is passed to the next channel if the data are below the threshold.

The CBLT protocol is adopted to read out the data in a VME crate.

(4) Test Controller

The main functions of the test controller are:

A: Fans out the 20MHz clock, L1 and L1 reset signal from trigger system in the collision operation mode.

B: Generates 20MHz clock and L1 signals required by the charge measurement in the calibration mode. Sets 16bit DAC data and generates test pulses for injecting charge according to VME commands.

C: Generates the necessary gain adjustment signals: serial clock and serial data, in the gain adjustment mode. The serial datum is 17bit wide. The first 9 bits are the address codes, and the following 8 bits are the gain codes. The number of the clock pulses sent by the test controller to adjust the gain is 17 and the baud rate is 500Hz. When it is not in the gain adjust mode, the test controller does not generate the serial clock and serial data, so there is no interferences to the post amplifier.

D: A flag signal can be obtained from each Q module to indicate if the unread event number is greater than a preset value “N”. These signals of a crate are wire-ORed to form a single flag signal, sent to the test controller. The test controller requests interrupt for a N-event CBLT read out procedure if this flag signal is active.

Fig. 10.2-4 shows the block diagram of the test controller.


(5) Fan Out

The trigger system only gives one 20MHz signal, one L1 signal and one L1 reset signal to each sub-system. These signals should be fanned out to all the readout channels. There are 3 levels of fan out. The first level is system fan out, the signals from the trigger system are fanned out to 16 test controllers in their respective VME crates via a special VME module. The second level fan out happens in the crate, implemented by the test controller of the crate. It fans out and sends theses signals to the 16 Q modules via user defined bus in the same crate. The fan out inside the Q module for the 32 channels is implemented by the module itself. 
4. System Configuration
The charge sensitive amplifier converts the output charge of the detector to voltage signal. It is amplified, semi-gauss shaped by the post amplifier, and sent to Q module for digitization. The VME standard is used for digitization parts. There are one master (Power PC), 16 Q modules (512 channels altogether) and one test controller in a crate. The VME master sends out the results of digitization. 

The VME master can make gain adjustment, electronics calibration besides the normal data acquisition. 

The electronics of the electromagnetic calorimeter are divided into 3 main parts: preamplifier, post amplifier and charge measurement. Two preamplifiers are mounted on a crystal, and connected with the post amplifier by a 20 wire shielded cable. The post amplifier is built in a single width NIM module, with 16 post amplifiers in one module. The NIM crates with the post amplifier modules and the VME crates with 

Fig.10.2-5 Schematic arrangements of crates and EMC blocks 
the charge measurement modules are assembled in the 19” racks. The charge measurement circuit is assembled on a single width 9U VME module, which covers a total of 32 channels. One rack with charge measurement modules (including 3 VME crates, 1536 channels at most) and 2 racks with post amplifier modules (4 NIM crates in each rack, 786 channels each rack at most) form an “EMC Block”, as shown in Fig. 10.2-5. There are 6 “EMC Block” around the spectrometer.

The charge-energy conversion ratio is 0.8fc/MeV. Fig.10.2-6 shows that the dynamic range of digitization is larger than that required by physics, so that required physics precision and range is guaranteed. The noise level is between the lowest physics interest and the smallest digitization bit. Therefore, The digital resolution will be affect the noise measurement, and the noise will not affect the charge measurement precision seriously. 


Fig.10.2-6 Dynamic range of charge measurement
 Power dissipation is a design concern, particularly for preamplifiers. Table 10.2-2 lists the power dissipation of each channel. 

      Table 10.2-2 Power dissipation of each channel

	Single channel power dissipation   4000 mw

	Preamplifier
	Post amplifier
	Charge measurement

	120 mw
	2000 mw
	1870 mw
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Fig.10.2-4 Block diagram of the test controller
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