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Introduction

Resistive Plate Chambers will be the active elements in a 50 kTon neutrino detector which is proposed to be built by the India-based Neutrino Observatory (INO) collaboration[1].  RPC produces a  positive polarity signal at the anode and a negative polarity signal at the cathode. Typical pulse height and rise time of these signals across a 50 load are 2-4mV and 1nS respectively. Thus we need a fast preamplifier with a preferable rise time of less than 2nS to process these signals faithfully. We have designed and developed four, following  types of  fast amplifiers to meet the above requirement:

1. Negative Input Negative Output Fast Preamplifier (NINO)

2. Positive Input Positive Output Fast Preamplifier(PIPO)

3. Negative Input Dual Output Fast Preamplifier(NIDO)

4. Positive Input Dual Output Fast Preamplifier(PIDO)

While the first two preamplifiers have only  single polarity output,  the last two types have dual polarity outputs, which can be used according to the need of experiment. All of them are simulated using P-Spice and were optimized for power consumption. The chips were fabricated at BEL, Bangalore as Hybrid Micro Circuits (HMCs) the  part numbers being BMC1595, BMC1596, BMC1597 and BMC1598. Prototypes has been designed as per the following specifications, fabricated and tested successfully.

Design Specifications

Parameter            NINO                   PIPO

	Power dissipation
	140mW
	108mW

	Rise-time
	Less than 2nS
	Less than 2nS

	Input dynamic range
	100mV

(negative)
	400mV(positive)

	Gain
	10
	10

	Output dynamic range
	1V 
	4V 

	Input is termination
	50 Ohm
	50 Ohm

	Power Supply Required
	 +6V and –6V
	 +6V and –6V

	Bandwidth
	350MHz
	350MHz


Parameter           NIDO                     PIDO

	Power dissipation
	122mW
	139mW

	Rise-time
	Less than 2nS
	Less than 2nS

	Input dynamic range
	200mV

(negative)
	100mV(negative)

	Gain
	10
	10

	Output dynamic range
	2V (for positive output and negative output)
	1V (for  positive output  and negative output)

	Input is termination
	50 Ohm
	50 Ohm

	Power Supply Required
	 +6V and –6V
	 +6V and –6V

	Bandwith
	350MHz
	350MHz


Design details of the preamplifier

As shown in the block and circuit diagrams below, two Pi filters are implemented at the two power supplies by  using C5,L2,C11 and C3,L1,C6. These filters help in rejecting the supply noise and spikes when switching. The transistor Q3 performs a dual role of a  buffer as well as a wide band amplifier. Transistor Q27 is a source follower driving the cable.

Block Diagram of the preamplifier



Circuit Diagram of  PIPO type




Equivalent circuit of Core amplifier

The ac equivalent of  core amplifier is shown  below. 




Transistor Q1 feed backs the current to the emitter of Transistor Q2. The 1pF capacitor,  C1 provides the necessary compensation to limit the bandwidth and in turn protects the circuit from oscillation. The transistor used has a unity gain bandwidth (UGB) of  5GHz.

So the DC gain is determined by the feedback elements.

It can be shown that 

DC Gain   R2/R1

  (1)

Three dB Bandwidth = 0.5*C1R2        (2)

Since fT >> bandwidth of the amplifier,  dominant pole approximation can be applied to get an approximate solution. So, the circuit can be considered to  be first order low pass filter with pole at  1/ C1R2  rad/S. 

So the rise time and the bandwidth can be related by the equation

Rise time  = 0.35/bandwidth (3dB)   (3),

For rise time of 1nS, the bandwidth turns out to be 350MHz.

Substituting (2) in (3), we get

Rise time = 2.2 C1R2  

Simulated results

We have simulated an input of 30 mV with rise time of 1 nS. The  rise time of  a PIPO type preamplifier output was  about1.2 nS. The simulated results from Pspice A/D is shown below.




Conclusion

All the four preamplifier prototypes have been fabricated in Hybrid facility at BEL. The chips have been tested and characterized on the actual detectors and found to  meet the specifications. We are now ready to go into production run soon.
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