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Photon (and Electron) Detector Development

Yi-Di Chuang et al. P. Ercius, C. Ophuls et al.

800 eV ! at LCLS Au and FeO nanoparticles on Graphene at TEAM
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Detector Types
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New - High QE

Old - Simple to make
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“Sensor” ! = E required per
secondary quanta

Mechanism

Gas 30 eV e!/ion pairs

Scintillator 10 – 1000 eV optical excitation

Semiconductor 1 – 5 eV e!/hole pairs

Superconductor ~meV breakup of Cooper pairs

Superconducting 
calorimeters

~meV phonons
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Direct Detection: Statistics - Fano Factor
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Solid State Detectors
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Solid State Detectors

Moderate energy X-ray:
Photoconversion at depth d
NQ = E! / "

High energy electron
Passes through detector of 
thickness D
NQ = D [dE/dx] / "

Low energy electron
All energy deposited in detector
NQ = Ee / "
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X-ray Detection in Silicon

High efficiency up to ~8 keV X-rays
Readout noise limited for soft X-rays
“Window”-limited for soft electrons
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(almost) Column-Parallel CCD (200 Mpix/s)

Constant
Area
Taper

Mini-shift reg.

Output stage

~300 µm pitch
bond pads

(wire-bondable)

02.2007 Metal strapping

Readout IC 0.25 #m CMOS

06.2006

LD
RD fu

nd
ed

15 mm
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1K Frame Store FastCCD Systems

10 GbE Network
1 GbE Network
Custom Interface
Custom

RAID Array 
Node

User
Client

Camera
Head

Shelf
Manager

Timing
Module

Data Capture
Module Fabric

Switch
Hub

Sys. Config.
Module

GUI Interface
Module

Processor Node

Camera Interface
Node

Digital
PSU

ATCA Chassis Network Connections

~dozen systems for ALS and APS (LCLS/SSRL and NSLS-I/II)

60 mm
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Prototype ! “ARRA” System 

CCD
480 x 480

Analog
fCRIC

Digital

Vacuum Air

Event
Builder

Control
Power

Analog

CameraLink (copper)

Visualization and storage

CCD
1920 x 960

Analog

fCRIC2

Digital

Vacuum Air

Event
Builder

Control
Power

Buffer
Chip

Switch

6 Tb local
RAID array

10 GbE
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Next:  Very FastCCD

Conventional CCD FastCCD Very FastCCD

4-port (almost)Column Parallel Column Parallel

Commercial readout fCRIC (custom 0.25 #m CMOS 
readout IC)

HIPPO (custom 65 nm CMOS 
readout IC)

100 fps 102 fps >103.5 fps
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Almost Parallel ! Fully Parallel

Still a CCD
Limit will be 103 – 104 Mpix/s

Limited by clock rates
2 developments required:
Prototype CCD – in fabrication now
Prototype readout IC - in test now

4::1

Preamp (multi-slope)

Mux

80 MHz
10-bit ADC

Serializer

HIPPO 65 nm CMOS
High-Speed Image Pre-Processor with 

Oversampling

4::1
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HIPPO - June 2011
1st 65 nm CMOS chip in “our profession”

Shared - BES / HEP / LDRD

HEP Pixel Readout
Active
Pixel 

Sensor

HIPPO

Quantum
Computing

R&D

HIPPO
80 MHz / 12 bit
200 "m pitch

C. Grace et al.
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Future

100,000 MPix/s soft X-ray detector
65 nm APS with on-chip processing

High QE to ~1 keV
Low energy performance will depend on entrance window
Will work well for soft-ish electrons

Active
Pixel 

Sensor

Processing / data challenge discussed 
at yesterday’s  Computing workshop
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Electron Detection
~decade of work on CMOS APS for TEM

Optimized for 300 keV
Next generation optimized for ~20 keV

Overlaps (completely) soft X-rays

Gold Nanobridge on TEAM I

TEAM 1k
TEAM 2k K2 (4k)

Commercialized

400 MPix/s 400 MPix/s 6,400 MPix/s
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Thinned, Back-Illuminated CMOS APS

=

Back end
~10 "m

Low ND

High ND

50
 "

m
Few "m

Window thickness
10 - 100 nm
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Contact Thickness and QE (electrons)
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Thin Contact Process Developments

LBNL Low Temperature Process

Back-illumination test with 850 nm 
laser on 50 µm thin SOI prototype

C. Tindall
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Additional Process R&D
Thinning (for # 1 keV detectors)
Laser machining

MBE development
Seeded by BES ADRD
Completed by LBNL GPE

FastCCD with
central hole
(prototype shown, 
also “ARRA” version)
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Detector Topologies (on Thick Silicon)

CCD on thick,
high-$ Si

SOI on thick,
high-$ Si

3D on thick,
high-$ Si

Hybrid on thick,
high-$ Si

Size /
Area

$10 – <50 #m
102 – 103 #m2

$10 – 20 #m
102 – 103 #m2

50 – 100 #m
103 – 104 #m2

$10 – 20 #m
102 #m2

/pix 0 102 – 103101 – 102 101 – 102

ENC 100 – 101 e! 101 e! 102 e! ?

FastCCD FemtoPix Pilatus Experimental

All about interconnect
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Detector Topologies (on Thin Silicon)

APS on thinned, 
bulk Si

Size /
Area

$5 – <10 #m
102  #m2

/pix 101 101 – 102

ENC 101 e! 101 e!

TEAM / K2 HipPix, Various

105 eV e! 103.5 eV e! 102-3 eV !

$5 – <10 #m
102  #m2

APS on thinned, 
back-

illuminated Si
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Summary

Very simple:
X-rays:  E⬆ " T⬆
e!: E⬆ " T⬇
X-rays:  E⬇ " t⬇
e!: E⬇ " t⬇

T ⬆" ND⬇

Readout speed:
dynamics
single ! / e!

T

t

ND
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Questions?

An Office of Science User Facility

With the assistance of:
ALS Experimental Systems Group
ALS Scientific Support Group
APS Beamline Technical Support Group
LCLS DAQ Group
National Center for Electron Microscopy

Engineering Division
 Electronic Systems Group
 Integrated Circuit Design Group
 Microsystems Laboratory
Physics Division




