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113 beamline at Diamond
EXCALIBUR project
EXCALIBUR module

" design

= fabrication

* characterisation

" integration
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113 beamline at Diamond
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113 beamline at Diamond

Detector for coherent X-ray diffraction:

= High spatial resolution
—> Large detector to sample distance
—> Small pixels + direct X-ray detection

= High dynamic range

'\ Robot used to mount
= [ ow noise

the detector on 113

| MAXIPIX detector

S (from ESRF) based
on MEDIPIX2

installed on 113
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EXCALIBUR

Enhanced X-ray CAmera for Live Imaging and BURst mode operation

Mode Counting
Pixels 55 um

Read-out time 500 ps

Sensor Silicon (300 um) 4
Area 11 cm x 10 cm (3M pixels)

ASIC MEDIPIX3 S
Frame rate in 100 images/s @ 12bit/pixel =
continuous mode  ~0.6 GBytes/s

Frame rate in 1000 images/s @ 12bit/pixel v

« Burst » mode ~ 6 GBytes/s towards RAM

p-lype
silicon layer

B N flip chip

bonding with
\ \ solder bumps
N
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EXCALIBUR

3 modules

3M pixels (11 x 10 cm)

8x2 MPX3/module

1 FPGA card / row of 8 MPX3s

DLS/STFC Project
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Front-End Module (FEM) FPGA card Readout backend: 6 Linux nodes
— > » Buffering, local storage & processing of image data
* Interface to EPICS for DAQ & control
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EXCALIBUR module design

Flexi-Rigid
Adaptor board

P - Silicon sensor bump-
», bonded to 8 x2
MEDIPIX3 chips
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Objectives:

= Interfacing of MEDIPIX3 LVDS lines to FEM
FPGA boards

* Interfacing of MEDIPIX3 ANALOGUE IN and
OUT signals with 12C bus of FEM FPGA boards

* Power & Ground connections to MEDIPIX3
= Sensor HV bias supply

= Hybrid temperature control and minimum
thermal stress at hybrid/cold finger interface

*Interfacing of Front-End temperature and
humidity sensors with 12C bus of FEM FPGA
boards

= Modular design

* Minimum dead space between modules
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EXCALIBUR module design

Flexi-rigid adapter board

—> Fan out signals to match FEM
300Way connectors (x2) FPGA card profile

Hybrid carrier PCB
880 x 2 wire bonds

Direct bonding of :
MPX3 onto cold-finger A e L

- Good thermal transfer

240 Way connectors (x4)

Cold finger:
== Material: Mo (CTE close to Si)
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EXCALIBUR module fabrication — MEDIPIX3 ASICS

* Chip version used : MEDIPIX3.1
* Designed at CERN
* Manufactured at IBM on 8’ wafers

» Wafer-tested using CERN probe-station

—>Class A chips with no dead-columns
identified
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EXCALIBUR module fabrication — Silicon sensors

* Silicon sensors produced by CANBERRA
* 2 large 8x2 sensors per 6°° wafer

* 300 um thick wafers

» Wafer bow/wrap measured at VI'T

* Bump deposition at VT T

* Dicing at VTT

Wafer number Direction Bow/Warp (pm)
103355 X 11.0
Y 16.5
103356 X 8.2
Y 3.5
T y: direction
4 x 1 chips
—_— > . . e Hum=
x: direction 4x1 Chlps
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Deposition of solder bumps on

sensor wafers and MEDIPIX3,
dicing and flip-chip bonding
performed at VTT

Alignment . . .
T Tack bonding Soldering begins Self-alignment! . 444 ddddddddddddddddds dg
* Court. VIT

EXCALIBUR hybrid: 16 MPX3 chips bump-bonded to the Si sensor
diamond
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EXCALIBUR module fabrication — Hybrid probe-testing

* A probe-card is used at Diamond to test hybrids before wire-bonding

» Threshold scans are performed with and without X-rays to evaluate bump-bond quality
» Each of the 16 MPX3 chips is tested individually

Map of insensitive pixels (in red)
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EXCALIBUR module fabrication — Electronics boards

Hybrid Carrier PCB
* 1 mm thick board

* 4 layers for tracking
* 6 GND/Power planes
* High density tracking
* High quality etching
* Precision routing
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EXCALIBUR module fabrication — Electronics boards

e

. Rigid part:
m._‘}-.‘,,‘;‘;muml‘l o4 |ayers for routing
v « 4 GND/Power planes

Flexi-rigid adapter PCB
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Flexible part:
« 2 layers for LVDS signals
» 2 GND/Power Planes
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EXCALIBUR module fabrication — hybrid bonding

Hybrid Carrier PCB

Silicon sensor

MEDIPIX3 8x2
Molybdenum cold-finger

lignment of hybrid onto .
cold finger before bonding
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EXCALIBUR module fabrication — wire-bonding

e Ultrasonic wire-bonding performed at STFC

* 1.7 mm height difference between chip pad and PCB pad

* 2 rows of wire-bond pads on PCB
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EXCALIBUR module fabrication — wire-bonding

EXCALIBUR module under inspection
after wire-bonding
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EXCALIBUR module characterisation

MERLIN (MEdipix3 Read-out with Labview Interface):

Single MEDIPIX3 chip readout system developed at Diamond used for :
O probe-testing individual chips of EXCALIBUR hybrid before wire bonding
U characterisation of single chip of EXCALBUR hybrid after wire-bonding

MERLIN based on NI FLEXRIO
FPGA development board
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Adapter board interfacing
1 chip to MERLIN
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EXCALIBUR module characterisation

= X-images of various masks and objects
obtained with 1 chip of an EXCALIBUR
module

" ~ 20 keV X-rays from Molybdenum

X-ray tube
= Flat-field correction applied

= Threshold equalization on noise edge
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ERCALIBUR Module? MPX3 ASIC M1

ERCALIBUR Module? MPX3 ASIC M1
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EXCALIBUR module characterisation

Exposure period: 1 ms , A 1 kHz frame-rate tested on 1 chip
Exposure time: 100 ps

MERLIN read-out system

Parallel read-out of 8 Data lines
(CLK freq. 120 MHz)

Rotating chopper
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EXCALIBUR module integration

Multi-chip Firmware/software under development

using a test assembly made of 1 single hybrid
(MEDIPIX3+Si sensor) and 6 naked MEDIPIX3 chips

i A | |Test -module /’

YCALIBUR
6-PC server rack

—— Image obtained by sending a pattern of test
3 pulses to individual pixels of the test-module
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EXCALIBUR module integration

EXCALIBUR detector enclosure
under assembly:

» Water-cooled heat sink

* Front-end mechanics

* N2 circulation

* Temp & RH sensors

* FEM cards support

* FEM cards air-cooling set-up

= Power distribution cards and cabling
" Trigger interface cards
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Summary

M EXCALIBUR hybrids produced
M Capability for hybrid probe testing developed at DIAMOND
[ Hybrid assembly and bonding procedures developed at DIAMOND

M Successful partial testing of EXCALIBUR module using single-chip read-out
system (MERLIN)

M Control of multi-MEDIPIX3 chip test assemblies demonstrated via the full data-
acquisition chain

M Final detector enclosure under assembly in order to allow full integration and
test of EXCALIBUR modules
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