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Soft X-ray Detector Development at ALS
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Soft X-ray Detector Development at ALS
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Soft X-ray Detector Development at ALS
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Soft X-ray Detector Development at ALS
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H. Graafsma
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Charge Coupled Devices

Channel
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LBNL high-resistivity CCD process
Originally developed for astronomy (S. Holland)
Thick (up to 650 μm) high-resistivity Si

Fully depleted
Thick for good red QE
Thin window for good blue QE

n-type (p-channel) for enhanced radiation resistance 
(space application)
 Direct X-ray detection
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FastCCD – 200 Mpix/s
Conventional STXM

Soft X-ray Ptychography

FastCCD
Prototype

Compact
FastCCD

For APS, ALS
Collaborative
Development

2006 - …

For LCLS

ALS

APS NSLS-II

LCLS

EuXFEL

Frame-store FastCCDFunds: LDRD, ALS/APS, ARRA
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SXR Ptychography

Wavelength-limited (few nm) 
SXR ptychography

Spectro-ptychography
Spectro-tomo-ptychography

Rodenburg, PRL 98 (2007)

𝜓𝜓 𝒓𝒓,𝑹𝑹 = 𝑂𝑂𝑛𝑛 𝒓𝒓 𝑃𝑃(𝒓𝒓 − 𝑹𝑹)
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VeryFastCCD

φ1 φ2 φ3 φ1 φ2 φ3 φOUT φBarrier

Serial Pixel Serial Pixel

VeryFast CCD

φ1 φ2 φ3 φ1 φ2 φ3 φOUT φBarrier

Serial Pixel Serial Pixel

RG

Conventional CCD

FastCCD VeryFastCCD

200 Mpix/s 10,000 Mpix/s

(almost) Column Parallel (fully) Column Parallel

Voltage output Charge output
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VeryFastCCD – 10,000 Mpix/s
Collaborative development with LCLS
Initial funding from BES-ADR
“t=0” LCLS-II detector
(+upgrade of FastCCD)

In “proof-of-concept” phase
• Have a variety of CCDs 

(different sizes/flavors)

• Have v1 of readout 
ASIC (“VASE”)

• Test on COSMIC BL this summer
• “forget to take back” if it works

• Designs for LCLS-II in evolution
LCLS production systems funded by LCLS

So far, so good:
• CCDs work
• VASE works
Prototype will use FCCD 
mechanics, (but fiber-optic 
readout)
• ~50 Gb/s
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RIXS
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𝜎𝜎𝑥𝑥
𝐿𝐿

detector spatial resolution

beamline length

SpectroCCD for qRIXS

A. Goldschmidt
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SpectroCCD

Intrinsic spatial resolution, rather than centroiding
No rate limitation
Centroiding also possible, of course

Comparison

HOPG@285 eV – BL 8.0

Funds: BES-ADR, ALS, SBIR

5 μm x 45 μm pixel

Prototype 2496 5 μm x 750 45 μm pixel

Production 6000 5 μm x 1450 45 μm pixel

Multiple detectors for qRIXS@ALS

Plan to try on SIX@NSLS-II



P. Denes✤ 5-Way Lightsource Meeting ✤ Apr-18✤ slide  12

QERLIN (2D RIXS)
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CMOS Detector for QERLIN

On QERLIN ES ~1 yr
Test at ALS this fall
(re-use FCCD mechanics)

8 Mpix
5 x 5 μm2 pixels
Thinned, back-illuminated, ultra-thin contact

55Fe spectrum in lab
showing good Kα-Kβ separation

Funds: ALS

QERLIN

SpectroCCDs
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Thin Contact Development

“Pizza” process
100 nm
≥500 eV
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Quantum Efficiency measurements 
at ALS metrology beamline 6.3.2

T

t

C. Tindall Funds: BES-ADR, LBNL



P. Denes✤ 5-Way Lightsource Meeting ✤ Apr-18✤ slide  15

Other Activities

Electron detection (a group activity)
PEEM

1st attempt (proof-of-concept)
Try again, both with CCD
and CMOS
Leverage CMOS activity
for UED@SLAC based on
TEAM detector

CCD

Electrostatic
dodecapole

Electrostatic
Quadrupole

hv

Sample

Electrostatic
mirror

Dipole
separator

1-1/2 ft stainless steel 
pipe without shielding

(regular SI camera uses 
a 1/2 ft transition)

(Aberration-corrected) PEEM
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Other Activities

Node 1

Node 2

Node 3

Node 4

Node n

Node 5

L3 routers
L2 switchL3 NAT

Gateway

400 Gb/s
FPGA 

module
(scheduler)

FPGA 
module
FPGA 

module
FPGA 

module

1 km

Data
100,000 fps STEM
EM Data  NERSC

How to move it
Analysis/pre-analysis

93 eV – detectors for EUV
CoriNCEM
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Summary

Monolithic silicon detectors for soft X-rays
CCDs – benefit from efforts for cosmology
CMOS – benefit from efforts for electron microscopy

Enabling technologies
Ultrathin contacts
Device thinning and processing

Heterogeneous funding model
Highly leveraged

~14 people directly involved, others peripherally – ∑ $ ≪ 14

Commercialization always a challenge
Small market
SBIR – can be helpful, but not particularly fast
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