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This work has been carried out within the framework of the Medipix2 Collaboration.

TheMedipix2 readoutASICis an exampleof the hybrid singlephoton countingimagingchip. It consistsof a semiconductorsensor
chip bump-bonded to a CMOSreadout chip. This hybrid approachallows to combine the same readout chip with different
semiconductorsensors(Si,GaAs,CdTe,HgI,etc.) whichconvert the ionizingparticledirectly into detectableelectricsignals. It can
count singleX-ray photons,without any noiseor dark current, at high fluxes(severalGigaphotonsper cm2 per second). It also
offersanexcellentradiationresistance.

Specifications:

Ç Pixelarray: 256x 256
Ç Pixelsize: 55x 55ҡm2

Ç Totalsensitivearea: 1.982ŎƳч(87%of entire chiparea)
Ç Electronicsin eachpixelcell:

o amplifierandtwo discriminators(energywindowsetting)
o 13-bit counter(dynamicrangeof 8001counts)
o 8-bit register(masking,individualthresholdadjustment)

Ç Framereadoutspeedat 100MHz:
o serialreadout- 9 ms
o parallelreadout- 266ҡǎ
o currentlylimited by the readoutinterfacecapabilities

Ç Technology: 6-metal0.25ҡƳCMOStechnology
Ç Designedasthree-sidetilable

Figure 1: Current Medipix2 Quad assembly - four 
Medipix2 readout chips bump-bonded to a common 

silicon sensor chip mounted on the PCB carrier board.

Medipix2 pixel detector

Figure 3: Medipix2 chip and its functional diagram (top). 
Medipix2 pixel cell and its functional diagram (bottom).

Edgeless tiling of Medipix2 chips - Eureka project RELAXd

Figure 10: Design of the redistribution of the necessary Medipix2 I/O signals at 
the back-side of the chip.

Figure 3: Array composed of 9 RELAXd edgeless modules each 
with 4 Medipix2 chips forms an 2.3 Megapixel digital X-ray 
camera with dimensions of about 10x 10cm2  (artist view).

Figure 2: Profile of the current Medipix Quad assembly - device 
is connected by the standard wire-bond technology.

Figure 4: Profile of the RELAXd module - device is connected by 
the solder ball grid array (BGA) on the back-side of the 

Medipix2 chips.

Used technologies:

Ç 3D Integrated Electronic Microsystem
Ç Edgeless sensor technology
Ç 2D Pitch adaptation between sensor and readout ASIC
Ç CMOS ASIC  200 mm wafer thinning
Ç Through silicon vias made by deep reactive ion etching
Ç BGA bumping instead of wire-bonding
Ç High density Indium bump-bonding
Ç Multi-Gbit/s data transmission to the PC

High density Indium bump-bonding

Highdensitybumpingof the current 300ҡm silicondetector
chip (with guard ring and non-uniform pixel size) on the
Medipix2 ROICconsistsof followingprocesssteps:

Ç Under bump metallization (UBM) deposition and 
patterning at detector and Medipix2 substrate

Ç In material deposition and patterning at detector and 
Medipix substrate

Ç Flip-chip integration and reflow

Through silicon via etching

We are usingnewly developedtechnologyof through silicon
via (TSV)to interconnectthe front side and backside of the
Medipix2 chip. Compared to other TSV approaches this
techniqueis not applicationspecificand canbe performedat
low temperature(<250ϲC)on standardCMOSwafers.

Varioussizesof slopedthrough wafer vias(50 - 150ҡm) and
different lengthsof daisychainshavebeenfabricatedwith this
processon test wafers. Via resistanceswere measuredin the
range of 20 - 30 m (resistanceof conventionalwire-bond
connectionisabout60m /mm for 25ҡm wire).

Back-side signal redistribution

At the endof the throughsiliconviaetchingprocess,viasare isolatedby the Parylenedielectriclayer(with openingsat the bottom
of the via) and than filled by the copperlayer. In the sameprocessstep the copperlayer is usedto redistributeall necessaryI/O
signalsof the Medipix2 chip uniformly on the back-side of eachdie, forming ball grid array (BGA)of 8 x 17 balls with pitch of
850˃ƳΣrespectively1700˃Ƴ.

In the following processstep the back-sideof the wafer is coveredby the BCB(Benzocyclobutene)layer,passivatingthe copper
linesand planarizingthe wafer surface. BCBlayer is left openat the placesof BGAcontactsto perform under bump metallization
(UBM)depositionof the array.

Figure 5: Medipix2 wafer after UBM and Indium deposition.

Figure 7: Sensor wafer after UBM depositionςdetail of the 
Quad sensor chip with the non-uniform pixel size in the center 

which is required for the safe tiling.

TheMedipix2 chipwasdesignedasthree-sidetilable to enable
the possibilityof buildingdetectorswith largersensitivearea.
Size of the I/O periphery and commonly used wire-bond
techniquefor signalconnectionlimits the tiling possibilitiesof
the deviceto 2 row stripes. To overcomethis limitation it is
necessaryto:

Ç Increasethe sizeof the sensorchipto coverI/O area
o use non-square pixels or use square pixels with size of  

about 65x 65ҡm2 and contacts redistribution
o useguardring-lesssensorchip

Ç Use another technology for connection of the I/O signals

Large area detector array

Sizeof the activeareaand relatively low framerateare limiting factors for more widespreadusageof thesedevicesespeciallyin
bio-medicalapplications(i.e. mammography,smallanimalimaging). Theaim of the Relaxdproject (highREsolutionLargeAreaX-
ray Detector)is to developa high frame-rate 3D microsystem,consistingof four readout chipsbump-bondedto one sensorchip.
Theseso called"RELAXdmodules"shouldbe four-sidetilable with minimaldeadspaces,to constructmatricesof thesemodules
coveringa largearea.

Highspeedreadout interfacewill be the integral part of eachRELAXdmodule. EachMedipix2 chip will be read out seriallyand
thesefour datastreamswill beconvertedby the interfaceinto onemulti-Gbit/sserialline andsentto the PC.

Design description:

Ç �ô�Æ�í�ó�����'�����ñ�ì�ì���R�u�������o�o�•
o ҭ мтллҡƳ ǇƛǘŎƘ
o Ү  урлҡƳ ǇƛǘŎƘ

Ç Trace thickness: 40-�ï�î�ì���R�u
o Insulation gaps: 40ҡƳ
o Signal lines width: 80ҡƳ
o Power lines width: 160ҡƳ
o 2x lower resistance than wire-bonds

Ç Colormap
o Green - substrate (GND, thermal)
o Blue - digital signals
o Violet - analog signals
o Red - power lines

Figure 9: Process flow of the through silicon via fabrication:
a) Thinned silicon device wafer (100ҡm) is mounted face down 

on a glass carrier using wax as a glue layer.
b) The sloped via profile is achieved by reactive ion etching.

c) Maskless dry etch step is applied to remove negative angles 
near the via top and sidewall roughness.

d) Silicon oxide layer is etched away to expose aluminum 
landing pad for electrical connection. 

e) Parylene dielectric layer is deposited and opened at the 
bottom of the via by dry etching to reach buried aluminium 

contact.
f) Seed layer sputtering and consecutive electroplating of the 

5 - 20˃Ƴ ǘƘƛŎƪ ŎƻǇǇŜǊ ƭŀȅŜǊ ǿƘƛŎƘ ǎŜǊǾŜǎ ŀǎ ǘƘŜ Ƴŀƛƴ 
conductive path between the silicon wafer front and back.

(D.S. Tezcan, et al., "Sloped Through Wafer Vias for 3D Wafer 
Level Packaging," ECTC 2007) 

Figure 8: SEM picture of a via where the top diameter size is 
~140ҡm and the bottom diameter is ~100ҡm (left).

SEM picture of the via bottom and  FIB crossection of the same 
area showing the uniform copper plating (right).

Figure 6: Sample SEM picture of the single bump-bond ball 
(VTT Helsinki, Finland).
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