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This poster shows some of the work done at o AQ .
Cornell to develop pixel array detectors (PADs) PAD Tile Format 128 x 128 pixels Charge Charge Removal Trigger Mg Un%?r DOEf'BES SUsz?’ ¥;/e ar? addtrhe SSING tg?c "
that will meet and anticipate the needs of the x-ray Pixel Size 150 pm x 150 pm & Sl St S .V > 18-bit Counter E;(\)D SMms 0T Massive data TIows Trom these anc Tuture
science community. PADs allow for a highly - o outo s.The volume of data produced b.y advancing
flexible detector that is made by coupling Frame Rate Up to 1000 Hz _l Vi ”Qim l detector technology means two technical problems must
commercially fabricated CMOS with high-quality, Read Noise 0.3 x-rays/pixel N e Digital Readout be addressed. In simple terms, these are:
pixelated silicon diode sensors. Direct conversion (12 keV x-rays) " Mux. | |
of absorbed x-rays to charge carriers in silicon '"Well' Capacity 2.6 x 10’ x-rays/pixel \ Voup N * Getting the data off the detector and into
provides high-fidelity measurements of total (12 keV x-rays . ¥ I\ Charge Removal | | Data rate for 1k x 1k array: storage.
absorbed x-ray energy, and high-resolution spatial Data Rate foi 3.8 GB/s Ve / V. o+ Ve Controller _
data. Using commercial CMOS processes allows 1k x 1k array Integrator " 3.8 GB/s * Process_lng enormous amounts of data and Reactive foil measurements of chemical
for efficient and custom processing of x-ray extracting meaningful results. intermediaries using predecessor to the KECK PAD.
generated signal. Time resolution in microsecond [5].
The mixed-mode PAD (MMPAD) has an extremely high '~ Left: Phase-contrast imaging. Real-time processing of data with a low-level connection
dynamic range and imaging speeds up to 1000 frames | Below: Data from a ptychography petween the pixel array detector and programmable
Above: Wire bonds coming off one side of a pixel per second. These characteristics make it useful for scan collected with the MMPAD. ogic can address both of these.
array detector module. The top face is the crystallography and time-resolved studies (with
alumunized side of a silicon diode array. The temporal resolution down 1 ms).

wirebonds are connected to a CMOS ASIC that is
underneath and mated at the pixel level to the silicon
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diode. Below: High-dynamic range demonstrated with Al diffraction
¢ ¢ , . _
| S | Through Wafer vias Real-time measurements of carbon nanotube forest
KECK PAD ASIC Ball Grid Array (BGA)solder bumps nucleation, growth and termination. (LCLS PAD)
Frame rate: 100 Hz [6,7].
KECK PAD FPGA BGA solder bumps
— — Increasing intensity scale — —
Parameter Target Value
Noise <0.5 x-ray/pixel/accumulation S _ _ _
5 Above: Conceptual (and possible physical) connection
Minimum exposure time <150 ns for 12-bit imaging <! :
— = S LCLS PAD between Detector and Programmable logic.
Capacitor well-depth 2000-4000 x-rays o o ;@;ﬁ: 3
Nonlinearity (% of full well) <0.2% . N meeree—— n —
Diode conversion layer 500 pm thick S1 , E reset E : Supersonic diesel fuel jet imaged with
Rev. Bias : R L L b EL LR EEE Lt = | | | . S | d f the KECK PAD [8,9
Number of capacitor wells/pix 8 . : | In-pixel mem. : : » i = | w B predecessor or the [8,9].
X-rays I - : [P : : | |
) : | Ygain : : ADC Clock ~ Out - 7 / g

Full chip frame time 1 ms/frame 0.1 3 5 , 5 3 3 5- 5 5 : rramp
: 1 2 21 22 2 2400 2500 2600 2700 n 0
e.g. 8 ms for 8 capacitors N0 2000200 e Dé’]gg (ns) \ : CAP2 | pevencnncnannnnnns . ! —~Ddelay1 WD delay2 —D_delaﬁ , Dﬁ'ﬂ?ﬁi

Radiation lifetime >5(0 Mrad at detector face

(8-keV x-rays) Single Synchron Bunch Imaging: X-rays at CHESS are : cap1 |+ P Counter/ | - I | :
Pl 150 pm x 150 pm generated by electrons and positrons circulating the CESR Bump Bond @ | : ¥ o shift register | Vil y Contact: Sol Gruner, Sm926@COme”-edu
128 x 128 pixels per IC ring in trains of 5 or 6 bunches. The train-to-train separation is : } : T :
Detector format 2x4 chips = 256x512 pixels 280 ns; bunches within a train are separated by 14 ns. The in- ; Vref A; : : delay1 N delv? ofy delays N deloys of Supported by the Department of Energy
Dot oot 2 x-rays/pix/sec pixel frame storage capacitors (Cg, - Cg, in the pixel ; ¥ P :
Data Rate for 256x512 PAD 0.25 GB/s schematic below) allqw capture of 8 successive fr_ames before : _____________________ : Above: Ca|Cu|ating the autocorrelation function of pierS in (DE'SCOOO4097) and the WM KECK
detector readout. This feature was used at G3 to isolate charge Front-end real-time is one possible application of programmable logic foundation.
Images from successive bL{nCh trains. In the plot of integrated injection : : coupled closely to pixel readout. It serves as a test
signal versus PAD delay with respect to the synchrotron test circuit Sample and Hold & . application with direct relevance to speckle experiments.
:‘c/m/ng, the 5- te;nd 6-bunch trains are clearly distinguishable Work of past and present members of the
rom one another. _
| Pixel Size 110 pm x 110 pm detector group is presented. Present group
ittt rontEne . ! Ir________________________S_qrp_p_ll_rlg_s_t_qgg_________________1' Array Size 185x194 piXGlS members include:
| Dy i ! PIXour ! _ . | Maximum DS ' .
5 i o Pourf, | Datarate for250x 512 PAD: Frame rate 120 11z . interfaces  UserIC Sol Gruner, Mark Tate, Hugh Philipp, Darol
i {1& CFI4 : i | 5 i Read-Noise 1000 e~ (LG) ; 350 e~ (HG) Virtex 4 (2004) 142,00 6 Mbits 512 0 960 24 Chmberlain. Prafull Purohit. Kate Green
[ | i i i 0.25 GB/s Full-well (X-rays) 2,500 (LG) 300 (HG) Virtex 5(2006) 330000  18Mbits 1056 4 (2 soft) 1000 48 | eriain, =ra U Uroni, | ale reen,
<0 o o Do ; Quantum Efficiency® | 0.97 (8 keV); 0.89 (12 keV): Virtex 6(2009) 549,888  38Mbits 2000 4 1200 48 Marianne Hromalik and Martin Novak
| : i I ‘[ ' I i 0.48 (18 keV) Virtex7 (2010) 1,954,560 56 Mbits 3900 4 1200 72
: D, Cpo : ! ! .
L LeT~ ! Vier2 Do = Dark C t 40 fA /pix (-14 C); 700 fA /pix (18 C . "
A L . S~ Voo | are LU 14 */fai(x_ra 2’/ 0 OO/ZPIXX-r(a y >S Above: The processing capability and I/O of FPGAs are We would also acknowledge past group
vl S | Co== Ceoo== Cy == Cy == Bums-Bond Yiaid SO 99891y HS, U Yo/ increasing at an astonishing rate. members: Lucas Koerner, Tom Caswell,
% ~ {1 Foa  Foew  Fen Fo —— Data rate for 1.5 k x 1.5 k array: Guiseppi Rossi, Sandor Barna, Bob Wixted, Eric
i N °_>oni‘ i i Table 1: A values in table assume 8 keV x-ray energy. ¢ Calculated values. 0.5 GB/s Eikenberry, Dan Schuette, Alper Ercan, Matt
b oo oo o e ! ® Median and mean bump-vyield of 16 assemblies tested. All but one module ' ey

ref. [1,2] (0.987) measured bump-yields of > 0.9987.
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