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Typical fluorescence EXAFS spectroscopy geometry

Sample

2 — 20 keV
Sensor
Detector
e Resolution : >200 S/N
<300 eV FWHM Electronics
¢ front-end

e Spectroscopy (energy windows)



Resolution vs Rate
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Rms Electrons
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Optimum pixellation




Rms Electrons
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Optimum Pixellation
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NSLES DETECTOR 12/2081 RHD

Pel t.m SRS SRS ULV 96-channel front-end
elier (3 x 32 channel ASICs)

Si n-type high resistivity wafer 250um thick,
N =384 p*~1mmx1mm pixels, C, ~ 700-1000fF
Versions with gaps of 10um, 20um, 50um



Beam through
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Interconnecting pixel to front-end electronics

sensor

+ interconnect parasitic

+ bond length

- fringe capacitance

- charge sharing and trapping

sensor

+ interconnect parasitic

- constraint on ASIC area and layout
- fluorescence from Pb (Sn/Pb/AQ)

- illumination from segmented side

sensor

+ bond length
- interconnect parasitic
- dielectric losses

6mmx10um, Si;N, (¢,=6.5,tan(o)~1m), 3um, 8C,=1.2pF
SFWHM, __=8.5/q-V(2kTC tan()) ~180eV

loss

sensor

+ dielectric losses
+ interconnect parasitic
- bond length



Sensor — ASIC photo
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one quadrant




Sensor — ASIC photo
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ASIC channel overview

continuous reset

||
@
|| ?
high-order baseline - 1
B ¢ -|:> shaper stabilizer discriminators ]
counters
DACS
HIGH ORDER SHAPER
INPUT p-MOSFET «amplifier with passive feedback
*optimized for operating region 5t order complex semigaussian DISCRIMINATORS
‘NIM A480, p.713 +2.6x better resolution vs 2" order «five comparators
CONTINUOUS RESET "TNS 47, p.1857 -1 threshold + 2 windows
four 6-bit DACs (1.6mV ste
feedback MOSFET BASELINE STABILIZER (BLH) -dispersion (adj) (< 2 Be- rmsp)
self adaptive sub-pA - nA *low-frequency feedback, BGR '
*low noise < 3.5e- rms @ 1ys *slew-rate limited follower COUNTERS
*highly linear < 0.2% FS *DC and high-rate stabilization three (one per discriminator)
*US patent 5,793,254 «dispersion < 3mV rms “24-bit each
*NIM A421, p.322 sstability <2mV rms @ rtxtp<0.1
*TNS 47, p.1458 *TNS 47, p.818
~ ~ ~ — — —



ASIC layout cells

DAC cell

<

3 x 24-bit COUNTERS - 690um



ASIC photo

charge preamplifier shaper with BLH dlscrlmlnators and DACs counters
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32 channels, 3.6 x 6.3 mm?




ASIC photo

32 channels
3.6 x6.3 mm?
0.35um CMOS




ASIC photo

charge preamplifier shaper with BLH discriminators and DACs  counters
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Rms Electrons

Electronic Resolution vs Peaking Time
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Pixel gap = 50pm

0.1

C, ~ 700fF, C,pong = 50-200fF, C

1

Peaking time [us]

i-pad

~ 220fF

10



Counts
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Energy Resolution - single channel
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Counts
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Energy Resolution vs Pixel Gap

pkbg
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Counts

Spectral Quality vs Pixel Gap
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Energy Resolution vs Mixed Signal
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Mn-Ka. FWHM [eV]
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Energy Resolution vs Pixel Rate
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Peak Shift [eV]
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ASIC overview

Technology CMOS 0.35um 3.3V 2P4M
Size ~ 3.6 x 6.3 mm?
# MOSFETs ~ 180,000
# Channels 32
power / channel ~ 8 mW

# Discriminators

three / channel (1 thr., 2 win.)

threshold adjustment

four 6-bit DACs (1.6mV step)

threshold dispersion (adj)

~ 2.5 electrons rms

# Counters three / channel
bits per counter 24

Gain (settable) 750, 1500 mV/fC

Peaking time (settable) 05,1,2,4us

ENC @ 1pus

~ 14 + 12/pF electrons rms

ENC @ 4us

~ 11 + 6/pF electrons rms

» self adaptive continuous reset
* high order shaper
» band-gap referenced output baseline
* output baseline stabilizer (BLH)
« test capacitors
 analog and pixel leakage monitors
* plug & play (fully self biasing)
« serial interface
* counters readout
* gain / peaking-time setting
* monitors & test enable
 channel masking
* DACs setting

» token or chip-select mode
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Readout interface
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Automatic threshold equalization
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New EXAFS detector

\

-.‘:-'"'-- 1 x
g o

o

~ 400 channels, < 300 eV, > 10MHz



Current EXAFS detector

head - preamplifiers

~ 100 channels, > 350 eV, < 1 MHz rack — shapers ...



Summary

New detector for EXAFS
* monolithic Si sensor, 384-mm?2 active area
» 384 1mm?2 pixels
» 32-channel ASICs

First results (single quadrant)
* ENC ~ 11 + 6/pF e rms @ 4us
* FWHM < 300eV @ rate < 100 kHz/pixel
» threshold dispersion < 2.5 e-rms
» 50um gap preferred

Future work
» one ASIC iteration
» four quadrant (12 ASICs) assembly / test
* on-field test at NSLS (BNL)

Acknowledgment
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Amplitude [V]
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Settable gain and peaking time

Peaking time : 0.5,
Gain : 750, 1500 mV/fC

Q, = 1fC

, 2,4 s

15u



Threshold dispersion [V]
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Input MOSFET optimization

reset
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JmsCq A, are functions of input MOSFET width W and power P
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Input MOSFET optimization
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Input MOSFET optimization
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Input MOSFET optimization
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Input MOSFET optimization

Vdd

current l load
source

Vgs ﬂﬁ j}, Vg
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Continuous reset

L/W>>1, strong inversion, saturation Vagr

N |
—_\|/ Mf NI, A /\RS/\ A |
Cooqpef L NXQ/: cs |
l . | NxMf 2 . i .
_T_ _|:>\ | H NxCf . _I__>\_H

v charge preamplifier

e current gain equal to N

o fully linear

¢ self-adapts to leakage current
e minimum noise contribution

1st stage of shaper



Continuous reset
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Channel integral linearity error [%]
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Continuous reset

1.~ 1us

Gain ~ 200mV/fC
Coaq ~ 200pF
Cp+Ci ~ 1.5pF
|~ 1nA
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output vs pixel leakage current

Cp+Ci ~ 3pF

Q~ 11fC

Gain ~ 200mV/fC
|p ~ 250pA + 70nA




Normalized Amplitude
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High order shaping
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Output baseline stabilizer
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Channel Gain [Q]

transfer function

Output baseline stabilizer
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Other ASIC features

@
o

Cp+Ci ~ 1.5pF
Q=~12fC

Gain ~ 200mV/fC
T ~-30°C to +50°C

N
(&)
T

* plug & play

N
o

* per-channel test capacitor
* programmable gain

 programmable peaking time

-
o

* high output drive capability

Channel output voltage [V]
3¢ o

* high stability vs temperature —»

o
o

o
N
N
w
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