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BHEXITEC,,,,

HEXITEC ASIC

80 x 80 pixelated ASIC capable of Spectroscopic X-ray imaging with
CdZnTe or CdTe detectors
* Energy values histogrammed for each pixel across many frames

* Rolling Shutter
* Analogue Readout
* Digitisation in DAQ

* Delivered in 2014 on a 0.35um process
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Uses in: X-ray fluorescence, Transmission Imaging, Compton Imaging



MHEXITEC,,, HEXITEX,,ASIC

e ¢ The HEXITEC ASIC has been used in many applications such as
rrrrrrrrrrrrrrrrrrrrrrrirrrrrrrrrrrrrrrirrrrrrrrirrrrirrTnd EE Synchrotron based X_ray fluorescence imaging and Iaboratory
&= based spectroscopic imagin

Pixel Pitch (um) 250 e P P &Ing
. Array Size 80 x 80 ; = X-ray light sources are upgrading to have higher luminosity and
g Max Frame Rate (MHz) 1.0 H consequently higher data rates
§ | High Gain (keV) 2-100 H

e ] = [ i

2 Medium Gain (keV) p— i !_IEXITEFMHZ can meet this demand with a 1MHz frame rate
% H increasing the count rate by two orders of magnitude

Low Gain (keV) 2-300 -

FWHMg;gqiev (keV) <1 | = This will enable new applications in spectral transmission

imaging and high speed hard X-ray spectroscopy
=  On-chip digitisation

SPI'1/0 Sacket assemblore = 20 x 4.1Gbit/s serialisers for 12-bit data per pixel

SPI Interface + Control + Data Processing " Up to 1MHz continuous frame rate

= <lkeV FWHM @ 2-200 keV gain range
+2 Aurora + 2Aurora + 2 Aurora + 2 Aurora + 2 Aurora - 2—Side buttable
=  QOperate synchronously or asynchronously to a beam

= Presently under manufacture on a 180nm process

+ 4 Serialisers + 4 Serialisers + 4 Serialisers + 4 Serialisers + 4 Serialisers

CML CML CML CML CML



VCAL  80x80 Inputs TDC CLK (205MHz) PLL CLK (205MHz)

PLLs (1.64GHz) PLLs (2.05GHz)

TDC Logic

Comparators
Packet FIFOs

Calibration Circuit
Pixel Front Ends

Pixel Read Out Logic
Serialisers

CML Drivers

Data Packet Assemblers

Aurora Encoders

Ramp Generators

Signal Capture Data Conversion @ Data Transfer @ Buffer @ Data Serialisation

Front End Front End RAMP RAMP  TDC Readout Packet Serialiser  Serialiser

Mode Timing Slew control Timing Timing timing Timing Mode Timing

SCK  MOSI MISO SSB FRAME CLK (200MHz) RSTN SYNC

BMHEXITEC,,, Block Diagram

4.1 Gbit/s links (x20)
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BHEXITEC,,, Front End

CPREl
]
Cones ii Ceos * Preamplifier has selectable gain
11 11
[} | ||
preamplifier PRE2 e CDS amplifier output is offset with
P AN A C[I)?c AN respect to the RAMP generator to
S mplifier S - :
. PRE cource cs give some negative range
foll
detector ? o Ce * 2 Ranges -10keV , -20keV
11
.. - P
: o vDD ZF‘ Rost Voltage
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Col select /'/‘ é é é é é Rosa / Hold
= > T
Row select Calln=TL 221] 1] 21 a1, 81, | 5 0 comparator
A4 ) o
So [ S1 (51 31 E
Sere =
Pre = Preamp Reset RAMP To comparator
Scps = CDS amp Reset D
Ssy = SAMPLE }RR
Srwvp = (inverse) RAMP Enable

The RAMP generator is shared I
by two columns of pixels



BMHEXITEC,,., Front End Timing

Framel Frame2 Frame3
Reset at start of frame
Preamp Rst | | H/ M
CDS amp Rst :I = M M
Ramp En ] [«———— Enable Ramp | | L
Sample ]| | l \I |
e 1 ~Sample at end of Frame
Preamp so0.0 G —————
(mV) £00.0 Signals sweep between -20keV and 180keV
400.0 — s e
= ] CDS amp offset below RAMP baseline - *
DS ] to give a small negative range oy — r
amp 105 3 it S
(V) P 1 , ‘\\C_ Time comparator triggers
085 7 N proportional to voltage on S&H
. : |
0.65 : RAMP starts above baseline of CDS amp / /
S I - ik — j
&Hold . / N ——
1.0 = —~— —
+ RAMP ai B Comparator triggers when RAMP — = \\ '
(V) - crosses Sample & Hold voltage R
o
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

time (us)

Can sense small negative signals which can induced by charge in neighbouring pixels
This can be used to increase the spatial and spectroscopic resolution 6



BHEXITEC,,,,

voltage into a 12-bit digital value

Sample & Hold and RAMP outputs form the inputs to a

comparator

TDC Conversion

TDC (Time to Digital Convertor) converts the Sample & Hold

Comparator triggers when these voltages are equal

Generate a pulse that goes high at start of the RAMP and goes
low when comparator triggers

Pulse length is proportional to the voltage on the sample & hold

Pulse is used to generate a clock train which clocks a 12-bit ripple

counter

Data is latched into a shift register which moves it to the bottom
of the pixel array

TDC logic block diagram

Count Rst

SAMPLE
RAMP EN

Comparator

TDC CLK
Output En

Pulse ™ EIS:
>
Gen .

12-bit ripple counter

12-bit

Data In

v

Data Out
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TDC Simulation

Preamplifier — =

Signal Sweep
= -20keV to 200keV

Sample & Hold

1 I T e T e K 1 N I I |

TDC Timing Pulse ||| H

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
time (us)



BHEXITEC,,. Noise due to reset timing

CDS amplifier output noise (mv RMS)

Noise at output of CDS measured against delay between CDS reset and preamplifier reset
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output
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Remove reset once
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time (us)

Require at least 60ns delay for minimum noise

10 20 30 40

Delay between preamp reset removal and CDS amp reset removal (ns)

50 60

80 90

All timing signals are programmable within the frame to 5ns resolution
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BMHEXITEC,,. Effect of Leakage Current [l =5,

Leakage current will have an effect on linearity above 1.5nA Noise increases with time with leakage current
yiE » DreamelifierOutput iif = PreamplifierQutput 10 superimposed simulations of preamplifier
’ with 200keV signal "7 4 Voltage for 200keV 1.9
H 109  signalat2ps : S % F Preamp reset "
1.05 ] =
10 107 0.1
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UAREENREEE LERD RN LN LR LN TPy _ﬁ; e —
0p 04 08 (12 16 20 24 30 00 04 08 12 16 20 24 30 260.0
time (us) Ileak (n)
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30
Reset Reset Reset time (us)




Facilities Council

MHEXITEC,,. Asynchronous Mode s

What happens if the signal forms near the end of the Frame?

~5% of events that could be partially formed at 1MHz
MATLAB Simulations (B &C) shifted down in energy on plot):

; x10* . ‘ . . ; x10%
s A =signal with normal distribution ] 6l A_= silgnail with normal A
1keV FWHM noise distribution 1keV C
. ol FWHM noise
B = signal with normal
4T distribution 1keV FWHM 1 41 C = signal with
Nl noise, uniformly | normal distribution
distributed within 85ns 31 1keV FWHM noise,
,| of the end of Frame ] ) distributed across the
B full 1000ns Frame
1t ] .1 length
0 . ,
0 50 100 150 200 % 50 100 150 200

O Minimal effect when signal occurrence is distributed across the whole 1000ns frame.

Q Slightly extended on the lower energy side but no significant affect on the noise
measured

O No mitigating circuitry or mode of operation required

O If this effect turns out to be more significant, can use ‘long integration’ mode 10
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Packetised Datal Packetised Data2
(64 bit) (64 bit)

v N

Aurora Aurora
Encoding Encoding

l l

Data
Serialisation

l

Shared Configuration (47 bit)

Line Driver 2 «—
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Pre-emphasis
Pre-emphasis

Serialised Data1l Serialised Data 2
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20 Serialisers at 4.1 Gb/s * Primary and pre-emphasis line

Aurora encoded 64b66b format drivers transmit data off-chip

e Configurable using 47-bit register

Data serialised using CML
circuitry

11



BHEXITEC,,, Segmentation e e
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 Global or local control of the ASIC

* 10 ASIC Segments

* Each segment can be individually controlled
e 2 serialiser outputs per segment

Pixel Array * Control done through the SPI interface
Segments

4 5 |6 7 |8 * Programmable Control Signal Timing

e Control signal timing can be programmed to 5ns
resolution through the SPI interface

W X g i i Yy E Sl R _,.--'-‘

SPI / control / data Processing

Aurora Aurora Aurora Aurora Aurora
Pads

12



BHEXITEC,,,,

Pixel Array (80x80)

Sector 19 = rows 76-79
Sector 18 = rows 72-75
Sector 17 = rows 68-71
Sector 16 = rows 64-67
Sector 15 = rows 60-63
Sector 14 = rows 56-59
Sector 13 = rows 52-55
Sector 12 = rows 48-51
Sector 11 = rows 44-47
Sector 10 = rows 40-43
Sector 9= rows 36-39
Sector 8 = rows 32-35
Sector 7 = rows 28-31
Sector 6 = rows 24-27
Sector 5 = rows 20-23
Sector 4 = rows 16-19
Sector 3 = rows 12-15
Sector 2 = rows 8-11
Sector 1 = rows 4-7
Sector 0 = rows 0-3

SPI out
lf—
(MISO)

SPlin
P
(MOsI)

Packet Assemblers

FIFO

Overwrite part of an image with data in the shift register

Capture part of an image and read out through the shift register

Test Feature

20 Sectors
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Image
-

80x80 Pixel

eSE..aEE= RN opSe

In addition the front end can be bypassed
and a DC voltage can be applied directly to
the TDC 13
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Comparators

- ASuper-Pixelisan = [/ | S TDC &
Readout

~ arrangementof2x4 / logic
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MHEXITEC,,. Full Chip Simulation

Full chip simulation

System Verilog

VerilogA

VerilogAMS

Synthesised digital circuitry with
full SDF back-annotated delays.

Apply current pulse
stimuli to all pixels

Decode data from all 20
serialisers

Original Image Decoded Serial Data Reassemble image
Black = OkeV Black = Decimal code O 8
White ~ 200keV White = Decimal code 4095 The frontend output dynamic

range does not fully cover the
input dynamic range of the TDC
hence there is less contrast

Signal = Current pulse

15
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BMHEXITEC,,,,. Status

* There were delays getting the ASIC into FAB
 Now being manufactured and is expected October 2021

DAQ firmware / software developments are almost done
Mechanics delivered and tested

e Ready to begin testing when the ASICs return

- TIEALIEE

Flrefly, PO \regul /
ASIC cooling »

16



BHEXITEC,,,.

email: lawrence.jones@stfc.ac.uk

HEXITEC,,,, Features

Pixel Pitch (um)

Array Size

Buttability (sides)

Max Frame Rate (MHz)

High Gain (keV)

Medium Gain (keV)

Low Gain (keV)

FWHM g 100y (keV)

Data rate / serialiser (Mbits/s)
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250

80 x 80
2

1.0
2-100
2-200
2-300
<1

4.1

HEXITEC,,,, Features
82

Total data rate (Mbits/s)

TDC resolution (bits) 12

ASIC Segmentation (regions) 10
Integration Time (frames) 1-255
Frame Length (us) 1.0-1.275
Control Timing Resolution(ns) 5

Power Supply (V) 1.8

Power Consumption (W) 12 -15

Power Density (mW / mm?) 23-29

17



BHEXITEC,,,.

Extra Slides

18



BHEXITEC,,. \Why 250um pitch?

» The amount of charge sharing gets worse with small pixels

= With 250um pixels we get ~40-50% of events sharing charge
(depending on energy and detector thickness)

* HEXITEC can handle this and get good spectra
» \We also have a bonding process for it and CdTe and CdZnTe

= \We will use 1mm CdTe and 2mm CdZnTe, some 0.5mm GaAs
and try out p-type Si on HEXITEC,,,,

19
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SPl out
(MISO)

Pixel Calibration Pattern

[y
(%))
©o

0,79

Pixel Array

Calibration Register (Rows)

(05}
o

0,0

2 |
79,79
0
Eb 1
=] 1
3
g 0
o N0
1
1
11 0 01 1 0 O
Column settings
79,0

(@)

s - Pixels receiving calibrate pulse
. . . Plin
79 Calibration Register (Columns) 0 (MOSI) |:| Pixels not receiving calibrate pulse

(b)

Test Pulse Circuit
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80x80 Pixel Image

Calibration Timing

J SYNC

Frame 1

@@ ]

V=VSS

Frame 2 Frame 3 Frame 4 Frame 5

V=VCAL V=VCAL

Calibrate Calibrate
Pulse V=VSs Pulse

Falling edge of calibrate pulse

No calibrate pulse

Rising edge of calibrate pulse

Positive image

Baseline image

Negative Image

20



BHEXITEC,,,.

2-side buttable

21



BMHEXITEC,,,  Cooling System

CdZnTe
PCB PCB
Copper Heat Sink
Dehumidifier Peltier Cooler
Water In

Water Out

22



BHEXITEC,,, DAQ hardware

ADM-PCIE-9V5
SAMTEC Firefly modules on board

Alpha Data: ADM-PCIE-9V5:

SimSAS x Host Interface
— PCl Express Gen3 x8 or OpenCAPI

x8 28Gbps

QSFP-DD Cage

e -

Communications Interfaces

S 4x QSFP-DD 8x28Gbps - User Configurable,
- B‘""’F‘g includes 10/25/40/100G Ethernet

1x Ultraport SIimSAS 8x25Gbps - OpenCAPI
1x Firefly 4x28Gbps - User Configurable

Input/Output Interfaces

PCI EXPRESS x8 Gen3 Edge Connector

Main Functions: Other Interfaces

Decode Aurora 64/66b USB (front and rear sockets) board management
(built-in JTAG)

Isolated PPS Timing Input

Assemble frames

Gear up data rate and output on 100 GbE )3



