
Large Area, High Speed  
Photo-detectors Readout

Jean-Francois Genat+

On behalf   and with the help  of

Herve

 

Grabas+, Samuel Meehan+, Eric Oberla+, Fukun Tang+, Gary Varner

 

++, 
and

Henry Frisch+

+University of Chicago
++University of Hawaii

ANT Workshop, 
Aug 13-15th 2009

University of Hawaii at Manoa 1



Large Area Photo-detectors Readout

•

 

Fast photo-detectors with delay lines readout  
can provide:

-

 

Pico-second timing 
-

 

2D Position 

•

 

Significant reduction of electronics channels needed for large area detectors
and consequently less  power, room.

Accurate time (few ps) and position (~100m) measurements using GHz bandwidth electronics
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Micro-Channel Plates signals
•

 

left:            25 m pores MCP tests at Argonne      
Bandwidth 1 GHz

•

 

right: 6 m pores MCP from Photek
Bandwidth 3 GHz
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Picosecond
 

timing
Fast sampling allows reconstructing the time of arrival to a few

 

picoseconds
knowing the waveform.
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Transmission lines read at the ends

- Burle-Photonis

 

Micro-channel plates,

- 50 Ohms matched transmission lines,

- Waveform sampling (presently fast digital oscilloscope) 

- Waveform analysis (fit to waveform template)
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Fast photo-detectors signals

Left:    Micro-channel plate signals: two ends of a transmission line (12 cm length)
Right:  Template obtained after averaging timed and scaled signals 
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Pulse Sampling

Pulse sampling allows: 

•

 

Reconstructing charge and time accurately knowing the detector 
waveform using digital signal processing such as:

–

 

leading edge reconstruction (for timing),  
–

 

optimum filtering (for charge).

Depending on the context and sampling rate

-

 

Digitize on the fly for sampling rates below 1 GS/s
-

 

Store (analog) and digitize upon trigger above 1 GS/s

ANT Workshop Aug. 13-15th

 

2009 UHM

7



Position resolution using fast timing
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Position  Resolution at  158PEs
158 PEs

HV = 2.3 kV                     2.4 kV                 2.5 kV   2.6 kV
Std   12.8ps                     2.8ps                  2.2 ps 1.95 ps

640m                   140m                110m                  97m

03/10/09
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Fast Sampling Electronics Requirements

•

 

Sampling rates of a few GS/s (analog memories)
•

 

Integration in custom ASIC for large scale detectors ~ 104-6

 

channels,
•

 

Measure time, position and charge,
•

 

Dynamic range,
•

 

Full digital (serial) interface,
•

 

Self or external trigger,
•

 

Low power, 
•

 

High reliability and availability,
•

 

Low cost.
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Sampling Chips
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Sampling chips, this proposal
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Prototype Sampling ASIC 
Minimum specifications.

•

 

Sampling rate             10 -

 

15 GS/s
•

 

Analog Bandwidth       2 GHz
•

 

Dynamic range            0.7 V
•

 

Sampling window        adjustable 500 ps

 

-

 

2 ns
•

 

Sampling jitter             10 ps
•

 

Crosstalk                     1%
•

 

DC Input impedance    50 

 

internal
•

 

Maximum read clock   40 MHz
•

 

Conversion clock         Adjustable 1-2 GHz internal ring oscillator. Minimum 
conversion time 2us.

•

 

Readout time               4 x 256 x 25 ns=25.6 s
•

 

Power                          40 mW

 

/ channel
•

 

Power supply               1.2 V
•

 

Process                        IBM 8RF-DM (130nm CMOS)
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Block diagram

Timing Generator

Channel # 0 (256 sampling caps + 12-b ADC)

Sampling Window

Channel # 3

Channel #4  (Sampling window)

Clock

Ch 0

Ch 1

Ch 2

Ch 3 Read
control

Digital
out

Analog in

Read
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Modes
-1   Write:    The timing generator runs continuously, outputs 256 phases 100ps

 

spaced.
Each phase (sampling window) controls a write switch.
The sampling window’s width is programmable (250ps-2ns) 

-2   A/D   Conversion  takes place upon a trigger that opens all the write switches
and starts 256 A/D conversions in parallel (common single ramp). 
Data are available at after 2 s   (2GHz counters)

-3   Read

 

occurs after conversion at 150 MHz  (4 channels need 6 s)

Mux
Digital
output

Analog
input

A/D converters

40 MHz Clk

100ps
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More details
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Functions

The chip includes

-

 

4 channels of  full sampling (256 cells)
-

 

1 channel of sampling cell to observe the sampling window

Test structures:

-

 

Sampling cell,
-

 

ADC Comparator,
-

 

Ring Oscillator
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²²

Input switchInput switch

Current

 
source

 

Current

 
source

Storage 
capacitance & 
Nfet

 

Storage 
capacitance & 
Nfet

Output switchOutput switch

MultiplexerMultiplexer

Sampling
 cell

LayoutLayout

Transient responseTransient response

SchematicSchematic

Capacitance 
value: 33,2fF

Switch resistance: 
1k

1-cell bandwidth: 
1/2RC = 10GHz

256 cells 
post-layout

bandwidth = 
3GHz
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Delay generator (1 / 256 cells)

75-100ps/cell
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Sampling window (1/256)

500ps-2ns
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1st

 
Test Board for Sampling Chip

Test Board Schematic

●

 

DC tests using packaged chip from        
MOSIS (~1x1 in2)

●

 

Board layout under development 

●

 

24 pins –

 

19 inputs, 5 outputs

●

 

Determine DC power of chip 
test structures

●

 

Observe functionality of:
Token
Ramp
Ring Oscillator
Comparator
Sampling Cell
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Chip layout
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1st

 
Test Board for Sampling Chip

Test Board Schematic

●

 

DC tests using packaged chip from        
MOSIS (~1x1 in2)

●

 

Board layout under development 

●

 

24 pins –

 

19 inputs, 5 outputs

●

 

Determine DC power of chip 
test structures

●

 

Observe functionality of:
Token
Ramp
Ring Oscillator
Comparator
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Full test board for Sampling Chip

●

 

4 bare chips wire bonded to PCB

●

 

control FPGA

●

 

VME and/or USB interface

●

 

IEEE 488 interface to:
●

 

Fast arbitrary waveform generator  Tek 7102
●

 

Oscilloscope Tek 6154
●

 

LeCroy 9210 pulser

●

 

LabView test software

●

 

Full chip characterization
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Next chip

●

 

16 channels
●

 

Input discriminators
●

 

Faster clock ( > 100 MHz )
●

 

Larger sampling rate (20-30 GS/s)
●

 

Phase lock on clock
●

 

Digital zero suppression
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Conclusion

●

 

First 130nm CMOS analog memory ASIC sent to MOSIS July 28th

Expect 15 GS/s max sampling rate

2 GHz analog bandwidth

A few ps timing resolution with MCP signals

●

 

Next chip:

●

 

16 channels, Phase-lock, Zero suppression
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