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Abstract

Medipix4 is the latest member of the Medipix family of pixel detector readout chips aimed at high rate spectroscopic X-ray imaging. Unlike its predecessors it will be possible to tile the
chip on all 4 sides permitting seamless large area coverage. This presentation focuses on the development of a new architecture for the front-end of Medipix4 capable of event-by-
event data processing allowing photon energy reconstruction with charge sharing correction at an increased rate compared with Medipix3. The architecture is particularly well adapted
to high-Z detector materials allowing accurate energy binning of incoming hits at a fine pixel pitch.
A novel front-end architecture has been implemented to improve the energy dynamic range (150 KeV), the count-rate capability (Vip Z prt NG 1 for 10% dead time loss), and
the energy resolution (< 2.2 KeV). As the chip can be tiled on 4 sides it is necessary to have a readout pixel pitch which is slightly smaller in one dimension than the sensor pixel pitch.
The fan-in required from sensor to readout imposes further constraints on the front-end. Moreover, the architecture is tuned to contact a sensor with either 70 um or 140 um pitch.

Design approach

'b4-side buttability: Through Silicon Via(TSV) technology is used for the IO pads to obtain a
sensor with no dead area. The on-chip periphery is ‘hidden’ underneath the bump bonding
pads to the sensor. On-chip Redistribution Lines (RDL) are used to connect the pair readout
nixel and sensor pad with equalized input capacitance.
"HDynamic range: Use of passive components to set the gain of the front-end.
"HhCount-rate capability: Tail cancellation using a dynamic pole-zero cancellation circuitry,
thus extending the rate capability of the system.
HEnergy resolution: The gain mismatch between pixels is corrected using gain calibration
circuitry.
[HhlLeakage current compensation: A baseline holder implemented in the pre-amplifier
compensates the DC leakage current coming from the sensor.
[HCharge sharing correction:

- An arbitration circuit determines the pixel with the largest charge deposition in a local
area.
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Design trade-offs
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e O istheinput capacitance of the front-end

* Y Isthe feedback resistance in the first stage

T Isthe shaping time constant
« Q Isthe input transconductance

RDL layerTh 0 H (twice larger than Medipix3)
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— Increase rate capability (f @), but
- Avoid ballistic deficit

— |Increase the feedback resistance(Y ), but
- Pile-up In first stage, worsen the overall rate

For Medipix4 priority has been given to count rate
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- A summing circuit to reconstruct the charge in a cluster of 2x2 pixels. capability.
Operation modes Pixel size Area of collection Thresholds
Fine Pitch Mode - Single Pixel 70 X 70 pm? 70 X 70 pm? 3 .
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BASELINE HOLDER - T Fine Pitch Mode - Charge 70 X 70 pm? 140 x 140 pm? Local: 1 )
| v P 5-bit DAC Summing Mode (FPM-CSM) Sum: 2
rY | _EI— RC filter % _! ,Lestonse o /', o iz)sgt;rt()sslc\:;l)ggzl\%ode —Single Pixel | 140 x 140 pm? 140 x 140 pm? 12 g
< S~ 1° Loca) DIsC Spectroscopic Mode — Charge 140 x 140 pmz2 280 x 280 um2 Local: 4 2
~~n“Tfl | |shg;aer> \\\ Summing Mode (SM-CSM) Sum: 8 )/ ™
. e _ " Spread of the cloud of Fluorescence photons /'
l\ ~ T v OKIMES My Rél20e2y 27 release its energy far from /
.. : T e 1 \\ the energy spectrum the original impact point! J
in Cdet N
T\ \ R — S N D S Master T Sy —
N0 o e : g =
\ (3 e > : 3 E
\, : | < 5 5
O 1] a1 e 25 SSSSS ﬁ*} EEEEEE
<H <H
N ——— o s R P ——
5-hit DAC C“ i E.leé_l E.leé—l i ! g: i g:
1 i < - <K | ﬁ} SSSSS | ﬁ‘} SSSSSS
| 1] < < < ; |
e e —— D | e
FPM-SPM FPM-CSM SM-SPM 132pm
Linearity Count rate capability . Energy resolution
_ ] Medipix3
’ Shaper output response versus inpyt charge - ro nt_e n d C]al n m Od eS o e o) Ere 000KV oS- s

0 0.2 0.4 0.6 0.8 1

- Linearity up to 35 ke- with an error less than 5%.
- Robust to DC leakage current of the sensor!

_Ow gain mode: large linear range
High gain mode: high count rate
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A R Tunable shaping time for all stages:
e ['H high rate by increasing the power.
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U Offset mismatch: corrected by calibration DAC.
U Gain mismatch: we need a calibration circuitry!

Using 3 bits, the gain dispersion of 3% r.m.s (Medipix3) could
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be reduced to less than 1% r.m.s I'h energy resolution

Charge sharing arbitration summary
0 0 (0) (0) 0 Medipix3 Medipix4
How to find the largest charge Technology CMOS 130nm —9 metal
. | f . | n Pixel matrix 256 x 256 / 128 x 128 400 x 400 /200 x 200
In a cluster of 2x2 PIXEIS: Y, \2) | VAN 9 Pixel size 55 x 55 um?2/ 110 x 110 um2 70 X 70 um?2 / 140 x 140 um2
@ — @ — Matrix arrangement 3-sides buttable 4-sides buttable (TSV)
CO\ 3 /19) = /@ Sensitive area 1.98 cm? 6.94 cm? rb 3 . 5X
~/ P \J\ [ - Acquisition mode Single Pixel Mode
@ . @ — Charge Summing Mode
Analog threshold = == == = = = =~ B - N PN RN g Polarity Both Negative
<O/ P > { &) \O> Dynamic range 25 ke (SLGM) 35 ke~ (150 keV with CdTe) |'b40%
Maximumcountrate (~  FPM — SPM: JiC Z pT& FPM — SPM:; uip z pT® )
(10% dead time loss) FPM — CSM: ptx¢ z pt¥ FPM — CSM: pbop z prt
(o) (o) (o) | (o) _ (o) _ | TORCICTT Y SM — SPM: clpwz pTiX SM — SPM: picpz pr¥ MboX
i A - Large spread on the arbitration using falling \___SM_CsM:tio= pri? SM_CSM:cvzpr )
. . . . 1] | f - I Energy resolution 4.4KeV (FWHM, CdTe, CSM, 60keV) < 2.2KeV (FWHM, CdTe, CSM, 60keV) 2X
Two choices? First rising edge edge (like Medipix3). o e = b
or latest falli ng edge. L - The ris| ng Slgnal Is much less affected by Thresholds CSM 1(SPM)+1(CSM) / 4(SPM)+4(CSM) 1(SPM)+2(CSM) / 4(SPM)+8(CSM)
- : ' ion! Power densit FPM — SPM: 0.27 W/cm?2 FPM — SPM: 0.45 W/cm?2
Mismatch and noise affects Ly S/ mismatch T better resolution? _ e e oo e s
the accuracy of the arbitration! Aok - 2 arbitration circuits per pixel to find SM — SPM: 0.27 W/cm2 SM — SPM: 0.23 W/cm?
] : : : : hori I d iallv the | h SM — CSM: 0.51 W/cm? SM — CSM: 0.28 W/cm?
Arbitration circuit orizontally and vertically the largest charge. Minimum charge 006, 6006
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