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PAUL SCHERRER INSTITUT

SRl Physics focus

* EIGER is a single photon counting pixel detector for synchrotron applications
e aimed towards diffraction experiments
o Protein Crystallography
o Coherent Small Angle X-ray Scattering
o Coherent Diffractive Imaging
o X-ray Photon Correlation Spectroscopy

Detector

Coherent Small Angle
X-ray Scattering

Flight Tube

Slits
Monochromator G

- Sample Beam stop

PILATUS 2M
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«{m» Requirements for an ideal detector

EIGER, designed by PSI-SLS detector group, was optimized to
satisfy the main requirements for an ideal detector for
synchrotron radiation applications:

* Single photons sensitivity and no intrinsic noise
o single photon counting detector

*  Good spatial resolution
o  Small pixel size (75x75um?2)

*  Fast Frame Rate ~tens kHz
o Simultaneous exposure and readout
o Negligible dead time (™~ 3us)
o  Frame rate up to 22kHz in 4 bit mode

e  Detector that can be made as large as possible
o Modular detector system
o Data transfer parallel at half module level
o  Projects for EIGER 16M Pixel (~¥32x32 cm?)

*  High dynamic range
o  Count rates up to 1-2 million counts/pixel/second

*  No spatial distortion and uniform response
o for X-ray energy range few keV to 20 keV

Aberystwyth 12th - 16th V.Radicci
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Chip Size 19.3x20.1 mm?
Pixel Size 75x75 pm?
Pixel Array 256x256 = 65536

Technological process

UMC 0.25um; Rad tol. Design
>4MRad

Sim. Analog
Parameters

Gain: 44.6 pV/e-

30ns peaking time
Timing: 151ns (Ret.to 0@1%)
Noise: 135e-rms

Static Power:
8.8uW/pixel(0.6W/chip)

Count Rate

3.4x10° xray/mm?/s

Transistors Matrix
Periphery
Transistor density

28.44M
>120 000
430/pix

Nom. power supplies

1.1V(analog), 2V(digital),
1.8V(1/0)

Counter

binary, configurable
4,8,12bit, double buffered

Readout speed

~22kHz@4bit mode

Threshold adjustment

Yes 6 Trim Bits

Analog out for testing

Yes

Overflow counter

Yes
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N EIGER: Hybrid Detector

D) DI D XRay
:"—' ~9  Silicon sensor n++ A (A) Silicon Sensor:
333 Je |
> n-type silico
oo E 000 P Photon - Charge Conversion
¢cé¢e
p++
(B) Read Out Chip: Signal amplification and counting
= =
(C) Readout Electronics Digital Data Processing/
Temporary storage
X '\‘\,..M
_ Bump bonding:
b (D) Computer DAQ and
4 Readout Software
ReadOut chip l _—
ARARSRLEY AN
= 0, eld a gie D O 0,
oona d (O opiXe
Readout:
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SpE EIGER Pixel Cell

Analog Part Digital Part T N
Co || Global —— 6 Threshold Trimbits
G:in and T |44 hreshold
Shaping —— =f M. |- . settin :
time contro I\I VS\\“ ¢ | [° 12 bit counter
Bit 0
\) | 1 In ] (with buffered storage)
77Z7§T Prearr?sl Discriminator _‘ Overfl
Detector p verflow
Shaper Enable Bit 12 J
. y Overflow I_>
Test "-,..) Test /
(%) f (%) 1 ) Viod Reset
, ounter Mode oy
Calibrate  Analog . Trimbit ins/Counter Outs
/4 output (4,8;12 b|t5) Store

/ [ 25 /\§| mulation B

TEST PULSE | /Vrf=-0.\1\4 (low nojse)
Measured b / Vri=_0.04

YO i)

Analog out

Vr%s; -0.34 (stanaard)

/‘Vr <:0(44 (fast)

L (t=50ms/div)
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~pe EIGER Pixel on Silicon

ANALOG /Spm  DIGITAL :
STORE %D
i Gl oo | |Pixel output stage
8 Toggle flip-flops _ ; )
(MSBs of the counter) Fl ROW;EL
COLUMN v
DATA BUS
S
=1
Lr) | [ et Wl i 3
™~ 6 D latches &=t 1Toggle *  Bump bond connection

(trim bits) flip-flop *  Preamp (TWELL)/shaper
i »  Comparator

= Global threshold plus
pixel trimming (6 bits)

e 12 bit counter
= Counter logic
| : = Buffered storage
| it | AR Rl Giial Rl i = Trim latches
= Overflow logic

4 Toggle flip-flops
(LSBs of the counter)
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Spes EIGER readout architecture

Token In Sco Super columns, 32 bit buses Scs
0-7 247 - 255 ° Super column structure
Y
o 8 columns/super column
Row 255
3 o 32 super columns

o0 Current mode data buses
*  Token Shift Register

o Connects 4 bits of the counter
storage cells or trimbits of a row to the
bottom register

e Busreceivers
o Perform I/V conversion

Multipurpose register
Configurable serial/parallel I/O
e Super serializer

o Serialize data sent to the pad
e 32 Data pads

o 100 MHz DDR,TWELL

Row/ =
Counter bits

; ;Bus receivers ;

Serial IN —> * ;Multipurpose Register * — Serial OUT
Super Super Super
Serializer Serializer Serializer
10 Pads Data <0> Data <1> Data <31>
Aberystwyth 12th - 16th V.Radicci 7/22

September 2011



PAUL SCHERRER INSTITUT

o {m EIGER Single chip test Setup

First high quality
image 02.09.09

Chip count state

Standard Ethernet Data Link

|||||

cracial vas VRN

Silver behenate calibration image.

251671 loopacan 20 0,09995 0; burst_at_sach_point 100 566

EfER ial'.bri.t'on and | " o -MNNNIN. 15 11.2010 first
daracterization 0.4;7 e time at the SLS-
e cSAXS beam line
L S S S T I ‘12‘)(‘_;;;;‘8";3‘(;8;,1)3
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R Single chip calibration plan

ESRF

 The samples L1 Single Chip Calibration Plan

= several single chips tested with an XRay e Start with DACs settings from simulation
tube and Fluorescence samples for Trimming *  Optimize the DACs
and Calibration. *  Define a threshold trimming procedure

*  Measure different detector characteristic
= 1 chip tested at the PSI-Optics beam line in o  Energy calibration
two different periods (25-27/02/2011 and o Noise
17-21/03/2011). E=10-16KeV o Threshold dispersion

o Rate Capability
o  Minimum Energy
* Irradiation tests performed at the beam line:
o pixel region irradiated up to a dose of ~6MRad
o row and column periphery up to a dose of ~7Mrad

Identify three modes of operation
» Fast
» Standard
» Low Noise Following Results
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~pe Energy Calibration

U Energy Calibration: Monochromatic beam at the Optics Beam line: 10,12,14,16KeV
U Threshold scans: Number of counts in each pixel vs Threshold

(NUIA
TTOT60 80 20

X 4 Standard Mode B X 4 @ 12KeV
L - s s = : | : L ; : :
@ 35— + E=16KeV | | | | 1 835~ * LowNoise
g C + E=t4 KeV { § - Standard
g3 Et2KeV g3 M
C ¢ E=10KeV + C
2 _ T 2k
= AN
R e B e A B e A
0_ = l' - ? :‘:“E':'I;!'Ij-d--+ I-I | L1 1 ‘ |1 1 | |1 | 0_ - . .'..'..i_..'..'..'-:_!l_l l_l_‘ |- | 11 1 | 11 1
0 0.2 0.4 0.6 0.8 1 1.2 14 0 0.2 0.4 0.6 0.8 1 1.2 14
Threshold Vemp(V) Threshold Vemp(V)
Fitting Function: 1 Vemp — 8o a, inflection point; a; noise
Scurve-ChShar N(Vemp) _E[1+erf ( \/%31 )J(az +a,3chp) ag flux; a5 charge shf';lring param.
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Energy Calibration

ESRF

Threshold Vemp(V)

Energy Calibration plot

Operation
Mode

Slope
(mV/keV)

Offset (mV)

Minimum
Energy
Threshold (keV)

—
o
|

o
()
|

— + Fast
0-4 Standard
~ # Low Noise

L o Minimum Energy

—
F
El

Fast

-49.60+0.02

1514.210.3

7.5

Standard

-69.0210.04

1454.010.4

4.9

Low Noise

-91.7+0.1

141241

~4
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Data Analysis: Trimming

L Trimming: XRay tube and Fluorescence screens (Cu Screen 8KeV)

U Threshold scans: Standard Mode of operation

Before Trimming
x 3
2 L : : : : :
L L : : i F o
%25—_% + pixrowcoi=2020  (All TrimBits=32)
é C Pix rowlcol = 90190 5
# )L +  Pix rowlcol = 1601160
L *  Pix rowlcol = 2301230
(R
05
s | o |||i||||i||||‘\\||i|||\
H 5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

Threshold Vemp(V)
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2.5

#Hcounts/Flux

1.5

05
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After Trimming

L 5 é : 5 |
L , _ E 1 ch —
C Pix rowlcol = 20/20 NVenp) = E(1+ erf ( \/pfai )](a2 + asvcmp)
L Pix rowfcol = 90/30 : :
o Pix rowlcol = 160/160
L Pixt rowlcol = 230(230
s i T 111 ‘ 1111 | 1111 | L1 11 | 1111
.5 0.7 0.8 0.9 1 11 1.2 1.3

Threshold Vemp(V)
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~pe Threshold dispersion

U Threshold distribution: Standard Mode of operation

V
n(VCmp) = %[1+erf ( CT/[JE )(az + a3\/cmp)

Threshold dispersion Threshold disp. (LogY)

| | a(eV)
10° ¥4 Untrimmed 479

i
1
Trimmed =67 eV : : : b
i N H [
!

‘1‘ Trimmed 67

Pixel
Pixel

1400 - —— Untrimmed o=479 eV

1200

00— 10¢

800

600

400

Ll | | j I | Ll i V—— | | I | il L UL
6 65 7 15 & 85 9 95 10 ) 7 15 8 85 9 95 10
Threshold (keV) Threshold (keV)
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o » Noise

[ Noise distributions: monochromatic beam at the Beam line

@14KeV Operation Noise(e-) Sigma (e-)
= : : : Mode
45'] ,_, .................................... ., ................................

| | Lwnass] LOWNOIse | 121.1£0.07 10.7+0.06
4“"_ """""" S standard | Standard 160.1+0.08 13.9+0.07
- 5 | 185.0+0.1 18.7+0.09

Pixel

350

300 ............. . .................................... .
250 | .................................... 1 ch —-a

- h n(vcmp) = E[l-'_erf (p—o)}(az + a3chp)
200 TR (I .............. | ' SRR u . .................................... . \@
RS Y L . W
oA

B ............................ ) ........... ! '_ ...................
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Noise (e-)
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SRl Rate Capability

(] Rate Capability: monochromatic beam 14KeV

O Scattering of direct unfocused beam on carbon

O Al filters to reduce the flux

O In each mode of operations Vcmp set @ half energy

~

Amplification [mV]

o0 ........T........

b

Threshold

+1 +1 +1 +1 Time
#counts/pix(KHz) Rate.Correction: _
1800 190 #counts/pix(KHz) / Incident
N : &M IR Op. Mode | T(ns)
51500; % Fast 1= 238ns E 1.1; : « Fast Fast 238.2+0.2
42 - Standard ©=262ns E 1:_ P Standard —
5 1400 : [ ] Low Noise 1 = 30dns 'E E : 1 !.DW Nﬂisle Sta nda rd 251-6i0.3
o [ : : : = 09F : 5 .
§1200 g 0'95 | LowNoise | 304.210.8
& o0, "
9 .F _ —N;
C 0 0.7F Ndet - I\Iinc €
800F $ ok
B a ﬂ.ﬁ: 1 i“‘
600 -
Y A 056
w-s 04
QO 03
0/||||||| S B R R I
0 500 1000 1500 2000 2500 3000 3500 4000 ’ 10 1 3
Incident Rate (KHz) Inclr?ent Rate (KHz)
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Low energy operation

ESRF

Threshold Vemp(V)

U Energy Calibration: XRay tube and Fluorescence samples: from Ag (22KeV) to Ti (4.5KeV) and Cl (2.6KeV)
L) One new mode operation (Fuchsia): “Very Low Noise” i.e. “Very High Gain of the Preamp.”

—

0.4

0.2

0 2 4 6 8
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#  Low Noise

¥  Very Low Noise

* Cl@ Very Low Noise

16 20

18
x-R‘Fy Energy “?‘sz

Mo Ag
(17.5) (22.2)keV

F 12 14

P IrT

Cl Ti Cr Fe Cu
(2.6) (4.5)(5.4) (6.4) (8)

Ge
(9.9)
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good performance of the chip at
low energy:

o comparator is linear down to
low energies

o minimum threshold Vthr ~1.1V;
safe operation of the
comparator @ 1V

o threshold energy as low as
2.5keV can set in the highest
gain mode

o a further higher gain could also
be investigated

o0 rate capability of “lower noise-
higher gain” operation mode to
be measured (good feedback
from simulation )
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o I{m From Single Chip to Module

EIGER Module:

e 2x4chips, 500k pixel

e 38X 77 mm? Sensitive area

e Full Module flex high density interconnect board
e  Front and Backend Boards

e  Parallel readout on half module base

* 8 GB on module data storage

Steps towards the module read out:

» Boards have been produced and tested
e Firmware and software are ~ready
* Flex PCB; received May2011; first test OK

o first Half module connected to the final readout
system in May 2011

o two chips read out simultaneously in May 2011
o first half module pictures on the 8t Sep. 2011

Aberystwyth 12th - 16th
September 2011
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«{jm First Images (Flat field corrected)

First 1 Chip image; First 2 Chips image;
02.09.09 Size™~2x2 cm? 10.05.11 Size~2x4 cm?

250
280000

240000 200

200000
150

160000
120000 100 1
5

80000

50
40000

0 0

First 4 Chips image; 08.09.1 Size~2x8 cm?

250 [ 450
= 400
200 —— { 350
E 5 300
150 ——
= 250
B 200
100 —
= 150
5o [HE= 100
m 500
0o_ 200 = ' ' 200 ' = ' 600 ' ' ' 800 ' ' ' 1000
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RS EIGER 4M

EIGER 4M pixels:

8 EIGER modules assembled together for a 4 million pixel detector:
o 8x8 chips
0 2x4 modules
o ~16x16 cm?

Detector Specification Data Size

Modules Chips |Pixels Bit |Byte
Chip 1 657536 h24°288 65536 6.3 750
Half-Module 0.5 4 262144 2097152 2627144 25.2 3000
Module 1 8 5247288 471947304 524°288 50.3 G000
4M Detector 8 64 471947304 330547432 41947304 402.7 48000
9M Detector 18 144 9437184 75497472 9437184 906.0 108000
16M Detector 32 256 16777216 134° 217 T28|16TT7 216 1610.6 201000
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SREIS Conclusions

* The Eiger chip is operational since the end of 2009 |
* First x-ray images achieved a 22 kHz frame rate N
* Detailed calibration in 2011 on several single EIGER chips e i
* Very good performance of the chip
* Inflection point dispersion of ~70 eV
* Noise sigma ~580 eV or 160 e-
e  Minimum Energy threshold ~2.5 keV

e Irradiated chip, up to a dose of “7Mrad, can be calibrated and works at full speed.
* Chips tested up to now are out of foundry specifications
e the same chip design has been produced a second time and are within the foundry specifications
e itis currently being prepared for wafer testing and bump bonding
e from simulation we expect to have improved performances: lower noise and faster speed!
*  First experiments at SLS beam line
* Time resolved experiments on proteins
* X-ray Photon Correlation Spectroscopy
* We are working towards modules
* Front and Backend Boards produced
* Firmware and software ready
e First 2 chips XRay images May 2011
* First 4 chips XRay images 8t Sep. 2011

* Larger Detector Systems are coming soon
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RS Backup Slides
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R Further considerations

U Distribution of la*for a nominal Va* settings
(1.14V) measured on the chips in one wafer

Wafer test setu —
(Wof P) Distribution of Iva+ Ran1-oone
Mean 0.00725
O For the chip under test: @5 RUS 0004888
la*~ 8mA; lash*~ 91mA .E
la*/pixel ~ 122nA,; lash*/pixel ~ 1.40pA *,

U Ia* and lash* are lower then expected
from sim. nom. ~ 182mA
/pixel ~ 2.78 A

O Simulation: Lower analogue currents:
O LOW power chip Y
U BUT higher noise 0 0.01 0.02 0.03 004 0.05
[ Slower preamp.! Ia* (A)

The present configuration can be defined as “LOW POWER” chip!
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