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Module Reference Design
Introduction

Introduction
The reference design is an example of a 16-slice CT detector module, featuring the AS5950 CT
detector sensor chip. The AS5950 combines ADC and photodiodes side-by-side on a single CMOS
chip. Therefor there is no need of assembling ADCs on the bottom side of the board.
This two-side buttable module reference design has 2x2 pcs of AS5950 assembled on one substrate
to build a sensor area of 32 x 16 mm². The sensor is directly assembled using a wire bonding process
for manufacturing of a cost optimized CT module. It features a single standard flex connector on the
bottom side to connect the board to an FPGA.
The benefits of AS5950 are listed below:
●
●
●
●

1.1

Photodiodes and ADC combined on a single IC
Scalable detector length
Standard flex connector
Mounting holes

Kit Content
This kit contains following material listed in Figure 1. Additional content can be found on our website.
Figure 1:
Kit Content

1.2

No

Item

Description

Info

1

AS5950-RD_RB

AS5950 module

Reference design module

2

AS5950M adapter

Module adapter board

Adapter board to connect modules
with evaluation kit

Ordering Information
Ordering Code

Description

AS5950-RD_RB

AS5950 Module Reference Design

AS5950-EK

AS5950 evaluation kit

AS5950A-CSDF-1.00x1.00

AS5950 with 1 x 1 mm2 pixel size

AS5950B-CSDF-0.98x0.98

AS5950 with 0.98 x 0.98 mm2 pixel size
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Getting Started

Getting Started
The reference design for AS5950 modules is a standalone board featuring 2x2 sensors that can be
used to evaluate the performance of the chip in an application like form factor. All necessary external
components are already soldered on the PCB. More details on the external components can be found
on Page 13.
The board is designed to be used in a CT detector or in combination with the additionally available
evaluation kit.

2.1

AS5950 2x2 Reference Design Board
Figure 2:
Module Front Side

Figure 3:
Module Back Side
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Module Reference Design
Getting Started

Flex Connector
We do recommend a Molex Premo-Flex cable (0151660429) with a 0.5 mm pitch and 40 connectors.
Any other flex cable with the same mechanical dimensions will also work.

2.3

Pinout
Figure 4:
Flex Cable Pin Assignment
Connector Pin

Signal

Connector Pin

Signal

1

VSS

21

VDDA

2

VSS

22

VDDA

3

VSS

23

VDDD

4

VSS

24

VDDD

5

VSS

25

VDDD

6

VSS

26

VDDD

7

VREFP

27

RST_N

8

VREFN = VSS

28

SYNC_N

9

VSS

29

ACLK

10

VSS

30

CS_N

11

VSS

31

SCK

12

VSS

32

SDI

13

VSS

33

SDO1

14

VSS

34

SDO2

15

VDDA

35

SDO3

16

VDDA

36

SDO4

17

VDDA

37

SDO5

18

VDDA

38

SDO6

19

VDDA

39

SDO7

20

VDDA

40

SDO8
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Schematics
Figure 5:
Module Reference Board – 4x AS5950
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Figure 6:
Module Reference Board – Flex Connector
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Evaluation Kit Adapter Board

Evaluation Kit Adapter Board
To use the module with the evaluation kit, it requires an adapter to replace the one coming in the box
with the kit. The module adapter offers a flex connector to connect the reference design board, some
mounting holes to have a stable setup, and the option to select the active die.
Figure 7:
Evaluation Kit Module Adapter – Front Side

On the bottom side of the adapter is a rotary switch to select the readout of one of the four dies.
Figure 8:
Evaluation Kit Module Adapter – Back Side

In addition, the active die can also be selected from the 4-pin header connector.
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Evaluation Kit Adapter Board

Figure 9:
Evaluation Kit Module Adapter – Schematics
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Evaluation Kit Adapter Board

Figure 10:
Evaluation Kit Module Adapter – Top
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Figure 11:
Evaluation Kit Module Adapter – Bottom
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Hardware Description
The AS5950 supports the adaptive array concept that features the adjustment of optimum scan speed,
longitudinal resolution and image noise adaption for each CT application. The sensor area and the
pixel resolution can be adjusted by the bit <mode_sel> in the Configuration Register (Address 0x01)
between the following two modes:
High Resolution Mode: Set bit <mode_sel> to 0. Only the lower sensor area of 8 mm in Z-direction
of the AS5950 is enabled. The pixel size is 1 x 1 mm² and the active sensor area of one chip is
8 x8 mm², see yellow area of Figure 12. The AS5950 converts the 8x8 pixel array into a digital output
stream by the 64-channel ADC. A maximum detector width of 16 mm in Z-direction can be achieved
with two AS5950.
Large Z-Coverage Mode: Set bit <mode_sel> to 1. The full sensor area of 16 mm in Z-direction is
used by the AS5950, see yellow area of Figure 13. Two adjacent pixel of 1 x 1 mm² are combined to
one 1 x 2 mm² pixel. The 64 channel ADC of the AS5950 converts again the 8x8 pixel array into digital
due to the merged pixel size of 1 x 2 mm². A maximum detector width of 32 mm in Z-direction can be
achieved with two AS5950.

Figure 12:
High Resolution Mode
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The AS5950 is designed to be assembled on a substrate for a CT module. The device layout is done
in such a way that ADC and bond pads are placed on the outside of the die. Standard wire bond
technology can be used to connect the pads of the AS5950 to the substrate as shown in Figure 14.
Between the ADC and the photo diode array is a gap of 250 μm without active circuitry. X-ray
exposure of that area is therefore acceptable and no shielding in this gap is required. The other areas
of the die should be shielded against X-ray either by the scintillator or some shielding materials. Photo
diodes are shielded by the scintillator assembled on top. The ADC requires some additional shielding
e.g. with tungsten in order to avoid performance drift due to the X-ray exposure.
Figure 14:
Cross Section of Module

4.1

External Components
The AS5950 requires only a few external components that need to be assembled on the CT module.
All analog supply pads (4 pads for VDDA and VSSA) of the silicon are bonded to one common copper
trace on the substrate of the module.
LDOs for analog, auxiliary and digital supply with low output noise are recommended to guarantee the
noise performance of the device. Digital and auxiliary supply can be connected to one LDO of 1.8 V
output voltage in order to reduce the bill of materials; however, a decoupling capacitor of 1 μF should
be applied on analog and an additional 100 nF capacitor on the auxiliary supply pin. The analog
blocks are typically supplied with a separate 2.7 V LDO with a decoupling capacitance of minimum
100 nF. The decoupling capacitors should be placed as close as possible to the device.
The use of buck or boost converters for the supply generation is not recommended as the switching
frequency can be coupled into the analog-to-digital converter that can significantly reduce the noise
performance.
The reference input pads (2 pads for VREFP and VREFN) should be bonded to one common copper
trace on the substrate of the CT module. An external reference voltage of 1.25 V is required with a
maximum temperature coefficient of 5 ppm/K. The total filtered noise of the reference voltage at the
input pin of VREFP must be smaller than 2 μVRMS for a frequency range of 0.03 Hz to 2 MHz. As the
noise of the reference directly influences the noise performance of the AS5950, a low pass filter with a
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Hardware Description

resistor of 10 kΩ and a capacitor of 100 μF is recommended that should be directly placed on the
module.
The internal bias current is defined by the external RBIAS resistor. To guarantee the specified
performance 18.7 kΩ ± 2% should be applied on the RBIAS pin.
The FPGA is connected via a flex cable using a standard connector. Figure 15 shows the
recommended bill of material including the standard connector for the flex cable.
Figure 15:
Recommended BOM(1)
Component

Description

Value

Temp. Range

Note

RBIAS

Bias resistor

18.7 kΩ 100 mW
±2% 0603

-55°C to 155°C

E48 series or better

CREF

Reference
capacitance

10 μF 6.3 V ±10%

X5R

Filter of 10 kΩ and 100 μF
is recommended

CVDDA

Decoupling
capacitance

1 μF 6.3 V ±10%

X5R

CVDDD,VDD_AUX

Decoupling
capacitance

100 nF 6.3 V ±10%

X5R

CFILTER

Filter
capacitance

100 μF 6.3 V ±10%

X5R

Connector

Flex cable
connector

0.5 mm pitch

(1)

NTC-T107K6.3TRB
FH40-40S-0.5SV

All in this specification defined tolerances and absolute values for external components must be guaranteed over the
whole temperature and supply conditions and also over lifetime.
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Software Description
Information
Please refer to the user manual of the AS5950 evaluation kit for details on available software.
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Revision Information
Changes from previous version to current revision v1-00

Page

Initial version

●
●

Page and figure numbers for the previous version may differ from page and figure numbers in the current revision.
Correction of typographical errors is not explicitly mentioned.
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Legal Information
Copyrights & Disclaimer
Copyright ams AG, Tobelbader Strasse 30, 8141 Premstaetten, Austria-Europe. Trademarks Registered. All rights reserved.
The material herein may not be reproduced, adapted, merged, translated, stored, or used without the prior written consent of the
copyright owner.
Demo Kits, Evaluation Kits and Reference Designs are provided to recipient on an “as is” basis for demonstration and
evaluation purposes only and are not considered to be finished end-products intended and fit for general consumer use,
commercial applications and applications with special requirements such as but not limited to medical equipment or automotive
applications. Demo Kits, Evaluation Kits and Reference Designs have not been tested for compliance with electromagnetic
compatibility (EMC) standards and directives, unless otherwise specified. Demo Kits, Evaluation Kits and Reference Designs
shall be used by qualified personnel only.
ams AG reserves the right to change functionality and price of Demo Kits, Evaluation Kits and Reference Designs at any time
and without notice.
Any express or implied warranties, including, but not limited to the implied warranties of merchantability and fitness for a
particular purpose are disclaimed. Any claims and demands and any direct, indirect, incidental, special, exemplary or
consequential damages arising from the inadequacy of the provided Demo Kits, Evaluation Kits and Reference Designs or
incurred losses of any kind (e.g. loss of use, data or profits or business interruption however caused) as a consequence of their
use are excluded.
ams AG shall not be liable to recipient or any third party for any damages, including but not limited to personal injury, property
damage, loss of profits, loss of use, interruption of business or indirect, special, incidental or consequential damages, of any
kind, in connection with or arising out of the furnishing, performance or use of the technical data herein. No obligation or liability
to recipient or any third party shall arise or flow out of ams AG rendering of technical or other services.

RoHS Compliant & ams Green Statement
RoHS Compliant: The term RoHS compliant means that ams AG products fully comply with current RoHS directives. Our
semiconductor products do not contain any chemicals for all 6 substance categories plus additional 4 substance categories (per
amendment EU 2015/863), including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where
designed to be soldered at high temperatures, RoHS compliant products are suitable for use in specified lead-free processes.
ams Green (RoHS compliant and no Sb/Br/Cl): ams Green defines that in addition to RoHS compliance, our products are free
of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)
and do not contain Chlorine (Cl not exceed 0.1% by weight in homogeneous material).
Important Information: The information provided in this statement represents ams AG knowledge and belief as of the date that
it is provided. ams AG bases its knowledge and belief on information provided by third parties, and makes no representation or
warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. ams AG
has taken and continues to take reasonable steps to provide representative and accurate information but may not have
conducted destructive testing or chemical analysis on incoming materials and chemicals. ams AG and ams AG suppliers
consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for
release.

Headquarters

Please visit our website at www.ams.com

ams AG

Buy our products or get free samples online at www.ams.com/Products

Tobelbader Strasse 30

Technical Support is available at www.ams.com/Technical-Support

8141 Premstaetten

Provide feedback about this document at www.ams.com/Document-Feedback

Austria, Europe

For sales offices, distributors and representatives go to www.ams.com/Contact

Tel: +43 (0) 3136 500 0

For further information and requests, e-mail us at ams_sales@ams.com
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