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ASIC purpose in TRACE 

 Located at front-end, receives signals from 

detector + preamplifiers (low activity) 

 Must generate trigger 

 Must sample valid pulses (incl. pre-trigger) 

 Must perform zero suppression and 

serialization 

 Must minimize deadtime 

 Strong restrictions on area and power 

 

 Possible solutions: 

 Free-running ADCs? Power and area too high 

 COTS analog memory? Deadtime too high 

 Custom analog memory design 
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ASIC specifications 

 Pulse capture: 

 64 inputs with independent trigger                    
(122 needed per detector  2x ASIC) 

 Sample pulses @ 200 MHz (100 MHz DDR clock) 

 32+192 samples from each pulse 

 Generate Trigger Request signal 

 No deadtime (limited by readout rate) 

 Pulse readout: 

 Single output (analog) 

 Analog readout @ 50 MHz 

 External ADC 

 Low noise (11.5 ENOB spec) 

 Other specs: 

 Pulse timestamping, synchronizable              
(between ASICs and with GTS) 

 Max 10 mW/channel 

 0.18 μm CMOS technology, 1.8 V power supply 
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ASIC architecture 
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ASIC architecture 
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64 independent 

channels with SCA 

2-stage pipelined asymmetric 

Switched Capacitor Array (SCA) 

(32 pre-trigger + 192 post-trigger) Configuration interface 

Analog output 

towards ADC 

Readout interface 

Trigger for GTS 



PLAS: Pipelined Asymmetric SCA 
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Pre-trigger memory 

64 channels, dedicated. 

32 samples each. 

Circular buffer logic. 

Post-trigger memory 

8 channels, shared. 

192  samples. 

Registers for event ID 

(timestamp, channel). 

Storage buffer 

Used to store contents 

of pre-trigger memory. 



Principle of operation 
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Pre-trigger memory samples 

continuously as a circular buffer. 
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On pulse detection, the 

channel is locked… 

programmable 

threshold 
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On pulse detection, the 

channel is locked… 

… and a free slot in the second SCA is 

assigned, where pulse capture continues. 
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On pulse detection, the 

channel is locked… 

… and a free slot in the second SCA is 

assigned, where pulse capture continues. 
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Simultaneous capture of channels is of course possible. 

programmable 

threshold 
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During pulse capture, the contents of the pre-trigger memory are 

transferred sequentially to a buffer in the assigned channel. 
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When pulse capture ends, the input channel is immediately 

ready to start sampling again. No deadtime. 
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The captured pulse and information can 

be read out later at a slower rate. 
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The captured pulse and information can 

be read out later at a slower rate. 



Pipelined Asymmetric SCA: Summary 
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Benefits: 

 Large reduction in number of memory cells 

 Standard SCA: 64x224 = 14436 cells 

 PLAS: 64x32 + 8x224 = 3840 cells (27% of standard SCA) 

 Zero deadtime per channel 

 Write and read operations completely separate 

 

Disadvantages: 

 Parameters need to be fixed beforehand: 

 Fixed size of pre-trigger window (= length of 1st stage) 

 Max amount of simultaneous pulses (= height of 2nd stage) 

 Different response for pre-trigger and post-trigger samples (pre-trigger is noisier) 

 Calibration is more complex (need to calibrate 1st and 2nd stages separately) 



Implementation details 
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 Internal voltage range: 0.3V to 1.5V 

 Estimated power consumption: Slightly over 10 mW/channel at the moment 

 For every channel: input amplifier + pre-trigger SCA (est. 8 mW/channel) 

 Output slots: post-trigger SCA + storage buffer (est. 7 mW/slot) 

 Single output, differential mode (est. 12 mW/output) 

 Additional external line driver in PCB (est. 60 mW/driver) 

SCA 1st stage (x64) SCA 2nd stage (x8) 

Storage buffer 

Output buffer (x1) 
Input buffer (x64) 



Input buffer stages 
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 External resistor R1 to set gain and isolate voltage range (1 per channel) 

 Programmable reference voltage Vref to select input polarity (common, 2 per ASIC) 

 Programmable trigger threshold (2 per channel, est. 0.25 mW per DAC) 

 Programmable trigger conditions: pos. edge, neg. edge, global trigger, dedicated trigger input 

 Will include dedicated pins for test of external shapers, but pin count greatly increased 

 Standard power supply (+1.8V / 0V) – this adds some bias current (est. 0.5 mW per channel) 



Switched capacitor arrays 
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 Shared amplifiers for reduced power consumption (est. 3.5 mW per amp) 

 Split into two phases working at half frequency (100 MHz, DDR clock) in order to increase 

tracking window for each cell (from (5 – d) ns to (10 – d) ns) 

 Additional storage buffer in stage 2 

WR CLK (100 MHz) 

C1 on 

C2 on 

C3 on 

C4 on 

d 



Progress status 

Roadmap: 

 Design of analog blocks  

 Input buffer, SCA amplifiers, output buffer, trigger generator, memory cell (incl. switches), clock receiver 

 System level simulation  

 Tuning of analog blocks (finishing) 

 Design of digital blocks (in progress) 

 I2C controller, local channel controllers, FIFO and matrix controller, readout controller, timestamp reference 

 Layout 

 Integration and fabrication 

 

Foundry tape-in date: 31 Aug 2015 

Samples out 20 Nov 2015 

Test and characterization expected Q1 2016 
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