1. AGET: Front end Asic for GET
This circuit must perform the amplification, the detection and the analog storage of the shaped detector signal before its external digitization. The architecture is based on the one of the AFTER chip with significant new features and changes to match the different detectors (gain and drift time), to detect the signal (trigger & hit channel address), to support the different kind of particles (charge) and also the different kind of nuclear reaction (ion implantation + 2p radioactivity).

1.1. Architecture: 

The AGET asic (fig. 1) has 64 channels handling each one detector pad. A channel integrates mainly: a charge sensitive preamplifier, an analogue filter (shaper), a discriminator and a 512-sample analog memory. 
The charge sensitive preamplifier (CSA) has variable gain to support the dynamic range of: 120 fC, 1 pC and 10 pC. This gain is adjusted per channel, by selecting one of the three CSA feedback capacitors (Slow Control). It is optimized for an input capacitor of 25 pF to 30 pF and presents a rise time faster than 25 ns.

The analog filter is formed by Pole Zero Cancellation stage followed by a 2-complex pole Sallen-Key low pass filter. The peaking time of the global filter is selectable among several values (16 values) in the range of 50 ns to 1 µs. The filtered signal is send to the analog memory and discriminator inputs.
The memory is based on a Switched Capacitor Array structure (SCA), used as a 512 cell-depth circular buffer in which the analog signal coming out from the shaper is continuously sampled and stored. The sampling frequency can be set from 1 MHz to 100 MHz to match with the various drift velocity of the chambers. The sampler is stopped on an external trigger decision. In the read out phase, the analogue data will be in time domain multiplexed toward a single output and send to the external 12-bit ADC at the readout frequency range of 25 MHz. There are three different modes for the read out of the SCA channels: all the channels, hit channels or specific channels. In conjunction with this channel readout mode, it will be possible to read the SCA according to a predefined number of analog cells: 512, 256 or 128.

The filtered signal through a differential gain stage is compared at the discriminator level to a programmable threshold value. This voltage is set by 2 internal programmable DACs. The first is common to the 64 channels and has 3 bits plus 1 bit of polarity. The second DAC is attached to the channel and has 4 bits. If the signal cross the threshold, the discriminator output signal set the hit channel register to an active level and form with the 63 others discriminator signals a multiplicity signal (analogical sum) with a fixed value equal to twice of the SCA clock readout period (80 ns). During the SCA writing phase, this signal is continuously digitizing by the same external 12-bit ADC and analyzed on line to build a trigger signal. 
The hit-channel register is set to “1” by the output signal of the discriminator and reset to “0” the second time the SCA write address pointer crosses the cell “0”. This gives a length of memory time between 1 and 2 SCA write cycles. This hit-channel register could be read after the SCA writing phase by using the slow control link (with a specific protocol), and it will be clear during the SCA readout phase. If a second event arrives, the time of memory will be increase by one complete SCA writing phase. 
To process two consecutive events (implantation & decay event) in a time window less than 1 or 2 ms, it will be possible by slow control to split the SCA memory in two separate blocks. Each block will be dedicated to sample and store its event until the readout phase where the two memories will be read. 
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Fig. 1: Block diagram of the AGET asic.

A serial link allows to set the configuration parameters of the chip (e.g. gain, peaking time, test, readout mode) compatible with the SPI protocol. Two chip inputs permit to calibrate or to test the channels. A “spy” mode is available to control some internal test points (CSA & PZC outputs and SCA & discriminator inputs) of the first analogue channel.
The resolution of the charge measurement must be better than 1/210. As the resolution depends on different parameter values, we consider that the noise will be less than 850 e- rms for the following configuration: charge range: 120 fC, Peaking Time: 200 ns, channel input capacitor: 30 pF.
To cope with the various detector configurations, this asic must operate with the both signal polarities according to the adjustment of d.c voltages inside the asic. It will also possible to bypass the internal CSA of the channel and to enter directly to the filter or SCA inputs. 

The chip must operate with a maximum counting rate of 1 kHz for a power consumption less than 10 mW per channel (Vdd = 3.3V).

1.2. Specifications: 

This is the detailed list of the specifications asked for the AGET circuit. 

	Parameter
	Value

	Polarity of detector signal
	Negative or Positive

	Number of channels
	64 

	External Preamplifier
	Yes; access to the filter or SCA input

	Charge measurement
	

	Input dynamic range
	120 fC; 1 pC; 10 pC

	Gain
	Adjustable/(channel) 

	Output dynamic range
	2V p-p

	I.N.L
	< 2% 

	Resolution
	<     850 e- 

(Charge range: 120fC; Peaking Time: 200ns; Cinchannel. < 30pF)

	Sampling
	

	Peaking time value
	50 ns to 1 µs (16 values)

	Number of SCA Time bins
	512

	Sampling Frequency
	1 MHz to 100 MHz 

	Time resolution
	

	Jitter
	60 ps rms

	Skew
	< 700 ps rms

	Trigger
	

	Discriminator solution
	L.E.D

	Trigger Output/Multiplicity
	OR of the 64 hit channel registers; Width = 2xTSCAckread

	Dynamic range
	5% of input charge range

	I.N.L
	<  5%

	Threshold value
	4-bit DAC/channel + (3-bit + polarity bit) common DAC

	Minimum threshold value
	≥ noise

	Readout
	

	Readout frequency
	20 MHz to 25 MHz

	Channel Readout mode
	Hit channel; specific channels; all channels

	SCA Readout mode
	512 cells; 256 cells; 128 cells

	Test
	

	calibration
	1 channel / 64; external test capacitor

	test
	1 channel / 64; internal test capacitor (1/charge range)

	functional
	1, few or 64 channels; internal test capacitor/channel

	Counting rate
	

	ASIC level
	< 1 kHz

	Power consumption
	

	Channel | Asic
	< 10 mW / channel

	Packaging
	LQFP 160-pin

	Temperature
	ambient


