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Summary et~
( AIT Instruments MDU40

B _EE
Application-specific MDU40 Modular DAQ for USB h: = owes L owmms 7140 9
e Accepts up to 10 4-channel I/O modules

e High-performance FPGA with concurrent I/O control
e High-speed USB sustains up to 40 Mbytes/sec

e LVDS/SYNC port for easy multi-unit synchronization

Enclosure Front

Customizable & Expandable
e Field-upgradeable FPGA firmware
e |/O modules and FPGA programming can be
reconfigured to adapt to application requirements
e Expansion Port extends FPGA signals off-board

32 simultaneous sampling gated integrators
e DC-coupled wideband signal path
e 100 ns analog delay per channel
e 12-bit ADC per channel
e Eight input offset DACs (one per MSGI4 1/0O module)
e Programmable gate width, 10ns resolution
32-bit event count, 48-bit 10ns time stamp

e 128KB event data FIFO
e Selectable trigger source
e Up to 600 kHz trigger rate acquiring all 32 channels Circuit Board
MDU40-GI32
Controls up to two AiT SiPMIM16 16-channel silicon p N —
photomultiplier (SiPM) Interface Modules MSGI4 (4 each)
e Receives SiPM signals and trigger 4 gated integrators + 1 offset DAC|~
. . X4
e Receives HV status and SiPM temperature L )
e Provides HV bias control with ramp rate control 1 )
> MSACDIO #1 PN
L ADC, DAC, Trigger, Digital I/O )‘ g
4 )
Software Support MSGl4 (4 each) FPGA
. s h21-36 [— <+
e Firmware updater and utilities 4 gated integrators + 1 offset DAC
. . . . x4
e  Microsoft Windows 32-bit .NET driver and API L J
e LabView Vis and precompiled applications
MSACDIO #2 PN
. . . h 37- <> <>
e CHexamples and precompiled applications | ADG, DAG, Trigger, Digital 1/0 |
((rostec Ja—»|  High-SpeedUsB2.0 [
\ J . J
Copyright © 2011-2012 Adaptive 1/0 Technologies, Inc. 1 of 26 www.ait-instruments.com

Specifications are not guaranteed and are subject to change without notice. They constitute confidential information of AiT Instruments.



AT MDU40-GI32 Datasheet

. i . (Preliminary)
Instruments 32 Simultaneous Gated Integrators with Dual SiPM Interface Module Control Rev. 12/12

ABL Series 16-Channel SiPM Readout System

/ 16¢ch SiPM Base \ / Interface Module \ 4 Data Acquisition )
ABL Series SiPMIM16 MDU20-GI16, MDU40-GI32
—
Status 1T oo | :' \
A Precision HV : ] g |
> < — > Power Supply ]
i [ Bias model HV80 < ! !
o [ Voltage ( ) ,> <« "L > DAC [¢—¥
1 1 Bias | 1
[ Control "
o ! Integrator
1 1 1 1
SiPM | r ; 16 SiPM Channels : 1
1 [ 1 1 =
> > ADC [ <
I | > N ] > 3
1 1 1 1 [
16 Channels [ Ll 16 Channels
L | '
L | P!
I 1 1 1
: : : : > > 0.5V | Trigger
1 1 1 1
L | '
L | P!
I 1 | 1 1
o | A -/
= DB25F 4
[ Assembly

N UsSB 2.0
\ / 26-Conductor \ j /
Micro IDC
Assembly v
+12V Power Supply Host PC

If

Summary
A 16-channel SiPM array readout system consists of an ABL series 16-channel SiPM Base, a SiPMIM16 (“IM16”)

Interface Module, and a 16/32-channel simultaneous sampling USB gated integrator model MDU20-GI16 or
MDU40-GI32.

SiPM Base and Interface Module

The ABL Base connects to the IM16 through a micro-pitch ribbon cable that permits versatile placement of the
Base. The IM16 powers the Base, buffers SiPM signals, and forms a trigger from the discriminated analog sum of
all SiPM signals.

MDU20-GI16 and MDU40-GI32

The MDU20-GI16 has 16 simultaneous gated integrators followed by 16 simultaneous sampling ADCs. Each
integrator is preceded by a 100ns analog delay to compensate for trigger latency. A 16-bit DAC controls SiPM bias
and a 16-bit ADC monitors SiPM temperature. The IM16 connects to the MDU20-GI16 through a DB25F cable
assembly. The MDU40-GI32 is a dual version of the MDU20-GI16 capable of controlling two IM16s.
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AB4 Series 4-Channel SiPM Readout System

/ 4ch SiPM Base \ ( Interface Module \ 4 Data Acquisition )
AB4 Series SiPMIM16 MDU20-GI16, MDU40-GI32
m Status IA\ o « TTL | N
~ ~ Precision HV : i “ | "
> < :: < :: >Bias Power Supply | :
i 1 1 model HV80 g |
Bias |: |: Voltage ( ) Biai 1 1 > DAC [«
] ] [
' ' Control 11
11 11 [ Integrator
11 11 | .
] 1l 16 SiPM Channels : :
1 1
" > oIy Ll ADC Je| <
1 1 U}
11 11 | &
4 Channels : : Cable : : : | 16 Channels
(X+, X-, Y+, Y-) 1 Adapter 1 '
11| ca4216| 11 (40N [
p 1 p 1 Trigger . : |
11 11 1 0.5V Trigger
1 1 » ——p >
1 1 T 1 : |
] ] !
] ] [
11 11 | T
(Temperature }—» > > > » ———> > ADC e
11 11 | A _
1 1 DB25F A
: : : : Assembly .
11 [} USB 2.0

N 2D SANEVAD SN J N J
16-Conductor 26-Conductor T ? v
Micro IDC Micro IDC

Assembly Assembly [ +12V Power Supply J [ +12V Power Supply J Host PC

Summary
A 4-channel SiPM array readout system consists of an AB4 series 4-channel SiPM Base, a SiPMIM16 (“IM16”)

Interface Module, and a 16/32-channel simultaneous sampling USB gated integrator model MDU20-GI16 or
MDUA40-GI32. A cable adapter is required to connect the AB4 to the IM16.

SiPM Base and Interface Module

The AB4 Base connects to the IM16 through a micro-pitch ribbon cable that permits versatile placement of the
Base. The IM16 powers the Base, buffers SiPM signals, and forms a trigger from the discriminated analog sum of
all SiPM signals.

MDU20-GI16 and MDU40-GI32

The MDU20-GI16 has 16 simultaneous gated integrators followed by 16 simultaneous sampling ADCs. Each
integrator is preceded by a 100ns analog delay to compensate for trigger latency. A 16-bit DAC controls SiPM bias
and a 16-bit ADC monitors SiPM temperature. The IM16 connects to the MDU20-GI16 through a DB25F cable
assembly. The MDU40-GI32 is a dual version of the MDU20-GI16 capable of controlling two IM16s.
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MSGI4 (4ea), MSACDIO Diagram
(Port A and Port B are identical)

r _______ a 4 \
1/O Ports
: / : MSGI4 (4 each)
I AandB | £250mV Offset 12-bit | g o
I |
I |
| | Analog Delay ;
| | 100 ns Integrator
I |
| | 0->-1v < >
I Channel 1 t > >
| : 100 Q
| .
I : Analog Delay l
: I 100 ns Integrator
|
I | 0->-1v < -
| | Channel 2 | 2 g >
I 100 Q
| ' [m——————— .
| [
: | Analog Delay 1 | LVDS/SYNC |
| 100 ns Integrator I | |
| | | Port |
[ I S NG () NN () N N D N s I A [ AU
I | P— | 0->-1v < >
anne >
| |
I | 100 Q
| I — r———-—— I
| I Analog Delay | EXpa nsion |
I : 100 ns Integrator <_»I Port :
| ___-->__1
| ! 0->-1v < >
| | Channel 4 T FPGA
| I 1000
I |
| )
: I USB Peripheral
I | Controller
I |
| | MSACDIO
| : I
0->2.5V _bi
: Channel 17 , :D—@ —> : USB Port |
|
I | 1000 V- == ] mm———————
I |
I |
I |
0->25V !
I <! 16-bit | g a
| Channel 18 >« [ oac. >
I |
I |
I |
I | 0 - 500mV |
I | Channel 19 t > >
| | 100 Q | Trigger Receiver
I | 250mV threshold comparator
I |
I |
I |
I |
|
: | | 5V TTL
Channel 20
: : ‘_[>_, I:l Components
b | - !~ " i connectors
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FPGA Function Diagram

A ' N\
T — AD
i 16-bit ADC ¢ > Filter >
Controller
-l
I+ e A e A
(o) DAC P Ramp P
=) Controller [ Controller [~
o J \
< )
(%) TTLI/O P >
= Controller "
) ' \
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Controller
. J
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R — . DAC Ram
O | 16-bit DAC -« " <
O re—— ; Controller Controller "
. 7 . :
= 2]
<  EEEEEE—
g TTLI/O P o ©
Controller v E
(]
-
£
EEEEE—
12-bit Offset i DAC Controllers |
DACs1-8 i 8 each -
Gat < q P ~ FPGA USB
! Integrator Gate i ate D 4 D "| Controller
Controller )
_“_z
00
- \ 4
R )
S USB Peripheral
Q
A Controller
S
I’- TTTTTT
Trigger |4 > I HostPC !
Generator - " 1 /'
\ ) e m———
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Controller — FIFO :
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 EEEEE—
P Event Count
- (32 bit)
I:l FPGA functions
 EEEE—
P Time Stamp I:l Components
(48 bit) : : : j Off-board devices
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Hardware Specifications

MDU40

FPGA
Core clocks
External clocks
Device ID
Design security
Firmware

1/O Ports Aand B
FPGA control
Module power supplies

Power supply monitor

Voltage reference
Initial accuracy
Temp. coefficient

USB Peripheral Controller
Data transfer rate
Reset functions
Firmware functions

Expansion Port
Logic level
Output impedance
Input impedance
+3.3V DC peripheral power

LVDS/SYNC Port
IN port
OUT port
LVDS input impedance
LVTTL Input impedance

Reset Pushbutton
Input Power Requirements

Mechanical
PCB dimensions
PCB mounting holes, 9 ea.
Enclosure dimensions

Altera EP3C55

Up to 100 MHz

Accepted from the Expansion Port and LVDS Port

Every MDU carrier board has a unique 32-bit Device IDs
FPGA firmware is keyed to the MDU Device ID

Fully customizable by AiT, and field-upgradeable

5 4-channel I/0O modules per port (10 total)

Each module has separate independent FPGA control signals

Each port provides +3.3V, +5.0V and +12.0V to every module.

Module power supplies are enabled according to application requirements.

All power supplies are continuously monitored every 2 seconds by a 16-bit ADC.
A 5% voltage error reports an internal fault.

2.5V, individually buffered per module

+1mV

3 ppm/°C

High speed USB 2.0

Up to 40 MBytes/s sustained block read (system dependent)
FPGA reconfiguration, FPGA core reset, FPGA USB controller reset
FPGA firmware programming, USB firmware programming

LVTTL (3.3V)

100Q

10K

600mA current limit (typ.) with auto-restart and reverse current protection

3 LVDS inputs (10 MHz clock, reset, aux), 1 LVTTL status output
3 LVDS outputs (10 MHz clock, reset, aux), 1 LVTTL status input
100Q
10KQ

Main power status
FPGA status, I/0 power fault
Programmable, application-specific

Resets the USB peripheral controller and reconfigures the FPGA
+12V, 370mA typ. (Iq, no load)
7.000”(W) x 6.000"(L)

0.12” diameter, accepts #4 hardware (do not exceed 0.25” dia. mounting hardware)
7.29”(W), 6.45”(L), 1.52”(H)
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Enclosure material
Connectors
1/O Ports A and B
Expansion Port
LVDS/SYNC Port
usB
Power

FPGA flash programmer
Through FPGA
Program + verify time
Behavior
Through USB controller
Program + verify time
Behavior

USB controller programmer
Program + verify time

Aluminum base, vinyl-clad steel cover

25 pin male D-sub

25 pin male D-sub

Dual 8-conductor shielded modular jacks, compatible with CAT5 cabling
Type B receptacle

Circular barrel power jack, 2.1mm ID, 5.5mm OD, center positive

Screw terminal block, 0.2” pitch, accepts 14-26 AWG wire or ferrules

(timing is system-dependent)

High-speed programming through a configured FPGA

< 15 seconds

FPGA reconfigured after hardware reset or USB command
Low-speed programming through the USB peripheral controller
< 75 seconds

FPGA erased then reconfigured after programming

(timing is system-dependent)
< 5 seconds

Behavior

Firmware is loaded only after a hardware reset

MSGI4 (8 each) 4 Gated Integrators + 1 Offset DAC

Input Buffers
Input impedance
Bandwidth
Gain
Input voltage range
Max. input voltage

Analog Delay Lines
Total delay
Bandwidth

Integrators
Scale
Output voltage

ADCs
Resolution
Input voltage
Sample rate
Data format

Offset DAC
Resolution
Offset range
Data format
Power-up default

100Q

80 MHz

2

0 > -2V from high-Z source; 0 - -1V from 100 Q source
+ 3V (do not exceed)

Compensate for trigger latency
100ns (other delays possible)
20 MHz

Simultaneous integration of all channels
Vout = Vin * gate width (ns) / 10
0->3Vv

Triggerable SAR ADC per channel; Simultaneous sampling of all channels

12 bits

0->3Vv

Up to 2.5 MHz per channel native; Maximum rate depends on FPGA application
Straight binary

One DAC per MSGI4, shared by all integrators
12 bits

+250mV

Offset binary

Mid-scale (OmV)

Copyright © 2011-2012 Adaptive 1/0 Technologies, Inc.
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MSACDIO (2 each) ADC + DAC + Comparator + Digital I/0

16-Bit ADC
Sample rate
Bandwidth
Input impedance
Input voltage

16-Bit DAC
Settling time
Update rate
Bandwidth
Output voltage
Output current
Data format
Power-up default

Bidirectional TTL1/O
Logic level
Output current
Input impedance

Comparator
Input range
Input impedance
Threshold
Propagation delay
Hysteresis

IM16 Function: Receives SiPM temperature, 100 ksps sample rate, digital filter
250 ksps native; Max rate depends on FPGA application

1.5 MHz

100KQ

0 > 2.5V (do not exceed)

IM16 Function: Controls SiPM bias voltage

1uS to 16 bits

1.5 Msps native; Max rate depends on FPGA application
1.5 MHz

0-> 2.5V

5mA

Offset binary

ov

IM16 Function: Receives HV supply status
5V TTL (do not exceed)

30mA

10K

IM16 Function: Receives fixed 500mV trigger signal
0 > 5V (do not exceed)

100Q

250mV, fixed

<5ns

50mV
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Mechanical

Circuit Board
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'y Iy
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Enclosure Panels, Circuit Board

Front Panel
AiT Instruments MDU40
1/0 PORT A 1/0 PORT B
FPGA Status —| S A
~ao @ m @ @ seeeseseasone R Reset
: |_»o O«
Main Power On —| pfe\ e 20 A Pushbutton
Trigger  USB Activity 20 1/0 Channels 201/0 Channels
Back Panel
— SN D LVDS/SYNC PORT g\/-
wnsoees | mmmme L) @ e
USB 2.0
N 4 our =
20 LVTTL Channels from FPGA LVDS I/0
Circuit Board
+12V Input

LEDs ———>

MSGI4 #1 e,

| [CENOnrTi) g

/O Port A—>

..... T

MSGl4 #4

_— i

MSGl4 #6 &

I/O Port B——»

e
v

c -

£ ] MSGI4 #7
=

-

'Illllll:[l

!

« Power

LVDS/SYNC
Port

Expansion
Port

High Speed
USB 2.0
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Connectors
I/O Ports A & B Pin Function Pin Function
25 pin male D-sub
1 GI1 14 GI2
2 GI3 15 Gl4
3 GND 16 GI5
4 GI6 17 GI7
1 2 3 4 5 6 7 8 9 10 11 12 13 Zg:g 12 g:\llDo
[ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ] [ ) [ )
e © ¢ 0 ¢ 0 o 0 o 0 o o 7 Gl11 20 Gl12
14 15 16 17 18 19 20 21 22 23 24 25 8 GND 21 GI13
9 Gli4 22 Gl15
10 Gl16 23 GND
11 Bias DAC 24 Temp ADC
12 HV Status 25 Trigger
13 GND
Expansion Port Pin Function Pin Function
25 pin male D-sub
1 1/01 14 1/02
2 1/03 15 1/04
3 GND 16 1/05
4 /06 17 1/07
1 2 3 4 5 6 7 8 9 10 11 12 13 Z:;gg ig S(I\)lDlO
[ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ] [ ) [ )
e © ¢ 0 ¢ 0 0 0 0o 0 o o 7 1/011 20 1/012
14 15 16 17 18 19 20 21 22 23 24 25 8 GND 21 1/013
9 1/014 22 1/015
10 1/016 23 GND
11 1/017 24 1/0 18
12 1/019 25 1/020
13 +3.3V
LVDS/SYNC Port Pin Function Pin Function
Dual CAT5 modular jack IN
1 +ClockIn 5 -ResetIn
2 -ClockIn 6 GND
12345678 123456738 3 TTLOut 7 +Aux|n
4  +ResetIn 8 -AuxlIn
ouT
1 +Clock Out 5 -Reset Out
2 -Clock Out 6 GND
IN out 3 TTLIn 7  +AuxOut
4  +Reset Out 8 -Aux Out
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Instruments

Trigger
Sources
Sensitivity

Internal trigger generator
Timing resolution

Period counter
Burst counter

Gated integrators
Gate width
Timing resolution
Control

Time stamp
Timing resolution
Reset behavior

Event count
Reset behavior

FIFO
Depth
FIFO full behavior
Reset behavior

Offset DACs
Reset behavior

Temperature ADC
Update rate
Post-processing

Bias DAC
Ramp rate

Reset behavior

HV status bit

MDU40-GI32 Datasheet

(Preliminary)

32 Simultaneous Gated Integrators with Dual SiPM Interface Module Control Rev. 12/12

GI32 Application Firmware Specifications

Logical OR of trigger sources selected by CSR bits

Internal trigger generator, MSACDIO #1 trigger, MSACDIO #2 trigger
Leading edge

Continuous or burst

20 ns

32 bits

32 bits

Simultaneous operation for all channels

60 ns > 6.55 ps

10 ns

Asynchronous enable on trigger leading edge, synchronous disable

48-bit free-running counter latches during acquisition
10 ns
Cleared on ADC reset

32-bit counter latches and increments during acquisition
Cleared on ADC reset

65536 16-bit words
Suppress trigger on event boundary; no partial events stored
Cleared on ADC reset

Updates automatically after DAC register write operation
Output set to zero on FPGA reset, output unchanged on ADC reset

Updates automatically after each acquisition
100 kHz, fixed
Digital filter

Ramp target updates after DAC register write operation
Fixed linear rate of 12.5mV/ms (full-scale transition in 200ms)

Output set to zero on FPGA reset; output unchanged on ADC reset

CSR bit automatically updates
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Operation

Summary

The MDU40-GI32 is a 32 channel simultaneous sampling ADC that integrates fast negative-polarity pulses
within a programmable window, then digitizes the integrated signals. Each channel has a passive wideband
analog delay to compensate for internal and external trigger latencies. Input offset DACs can be used to
position the integrated signal within the ADC operating range.

During operation, an internal or external trigger is latched and transmitted asynchronously to all integrator
gates. The programmable gate width is controlled by a 16-bit 100 MHz counter. When the gate counter
expires, all ADCs simultaneously digitize the integrated signals. ADC conversion results are inserted into an
Event FIFO, followed by an optional 32-bit event count and an optional 48-bit trigger time stamp.

The trigger is disabled during acquisition or during a FIFO full condition. Only complete events are stored in
the FIFO. No partial events are stored regardless of the FIFO full status.

When controlling the IM16, the MSACDIO DAC sets SiPM bias voltage, the ADC monitors SiPM temperature,
the TTL input monitors HV power supply status, and the trigger receiver (fixed-threshold comparator) receives

the 500mV trigger from the IM16 discriminator.

Register Architecture

MDUA40-GI32 resources are accessed through internal 16-bit registers. Most registers perform control and
status operations. Some registers are FIFO endpoints. All registers can be accessed using single-mode or
block-mode methods in the MDU Manager API. Registers may be read/write, read-only, or write-only.

Single transactions are suitable for control/status registers. Block transactions perform high-speed
consecutive reads or writes to a single address, and are suitable for FIFO endpoints. Registers may block
subsequent transactions until previous read or write operations complete.

FIFO endpoint registers will block only when the FIFO is empty or full. An endpoint register has an
accompanying FIFO Used register containing the number of words stored in the FIFO. FIFO full and empty bits
are available in the CSR. For slow acquisitions, the FIFO Used register or FIFO empty bit can be polled to
determine if data is available.

USB Peripheral Controller

The USB peripheral controller is external to the FPGA. It transacts data with the FPGA’s internal USB
controller. It can trigger FPGA reconfiguration, reset the FPGA core, reset the FPGA USB controller, and
reprogram the FPGA configuration flash.

Device IDs

______________________________________________________________________________________________________________________________________________________|
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Every AiT MDU device has a unique non-volatile 32-bit Device ID. The MDU Manager requires this ID for all
device register transactions.

Firmware is compiled for each instrument and keyed to its unique Device ID. Firmware that does not identify
the target Device ID will not function and respond like an unprogrammed device.

An unprogrammed device is unable to retrieve the Device ID and will report a Device ID of 00000000. It can
only be addressed by its index in the Device List controlled by the MDU Manager. It can perform only those
functions available in the USB peripheral controller.

Every MDU I/O module has a unique non-volatile 32-bit ID which is currently used only for registration
purposes. All IDs can be read through the MDU Command register.

FPGA Firmware Updates

Firmware updates may range from simple revisions to complete functional changes. The FPGA configuration
flash can be programmed quickly using the internal flash programmer. The running FPGA configuration
remains unchanged during this program operation. The new configuration will be loaded on the next power-
up, a hardware reset, or reconfigure command from the USB peripheral controller.

An unprogrammed device can be programmed only by the USB peripheral controller. The FPGA configuration
is always cleared during programming. The new firmware is automatically loaded after programming.

If the FPGA firmware does not match the Device ID then the FPGA is held in reset. It will behave like an
unprogrammed device. It can only be reprogrammed through the USB peripheral controller.

If the FPGA flash programming cycle is interrupted then the FPGA may power up as an unprogrammed device.

USB Firmware Updates

The USB peripheral controller firmware can be updated through the MDU Manager. The USB firmware update
operation must not be interrupted. An update error may prevent the peripheral from being recognized as an
AiT device. In this case, it must be reprogrammed by AiT.

Power Supply Monitoring

The MDU40 has several core and I/0 module power supplies. A 5% voltage error reports a fault indicated by
an LED and a bit in the Main CSR. Individual error bits and individual voltages can be read through the MDU
Command register.

Voltage Location Monitored

+3.3V Main Yes

+2.5V Main Yes

+1.2V Main Yes

+3.3V Ports A&B Yes

-3.3V Port A Yes
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+5V Port A Yes
-5V Port A Yes
+12V Port A No
-12V Port A No
-3.3V Port B Yes
+5V Port B Yes
-5V Port B Yes
+12V Port B No
-12V PortB No

Note: The £12V power supplies are disabled in the GI32 application and are not monitored.
LEDs

Front-panel LEDs are bi-color and may be on, off, or blinking.

LED Colors MDU Function LED Activity Indication
P Red/Green Main power status Green Main power good
Off Main power off
S Red/Green FPGA status Green FPGA status good
Red FPGA reset or power fault
A Yellow/Green Programmable Green USB activity
Yellow FPGA reset
B  Yellow/Green Programmable Green blinking  Trigger received
Yellow FPGA reset or FIFO full

Yellow blinking  Trigger received during FIFO full

Expansion Port
The 20-channel LVTTL expansion port is connected directly to the FPGA. It may be used for future system
expansion including additional I/0, communications, or co-processors. Low-voltage (+3.3V) power is available

to power small electronic modules. Expansion modules would be accompanied by FPGA firmware.

The MDU40-GI32 firmware assigns the following Expansion Port signals:

Channel Function
1 Gate monitor

2 ADC busy

3 FIFO full

4-20 UNUSED

3.3V Disabled

Caution: The Expansion Port LVTTL signals have additional transient voltage and ESD protection for routine
handling, and connecting LVTTL-compatible electronic modules directly or through short-distance cables. It
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does not offer adequate protection for field wiring, long-distance signaling, or non-LVTTL signals.
Inappropriate use of the Expansion Port may damage the FPGA.

LVDS/SYNC Port

MDU40-GI32 ADC core timing can be synchronized to another MDU device. The timing master OUT port
would typically be connected to a timing slave IN port. The master provides 10 MHz clock and reset signals. If
the slave senses a valid external clock then it permits a user-controlled CSR bit to select the external timing
signals. The slave will notify the master that it is synchronized and operating in slave mode.

The OUT port is always active. The master OUT port clock is driven by an internal oscillator. The slave’s OUT
port clock may be driven by the slave’s internal oscillator or the slave’s IN port clock, selected by a Main CSR
bit. Re-transmitting the IN port signals to another slave permits daisy-chained synchronization to one master,
but with latency accumulating for each device added to the chain.

Offset DACs

One DAC per MSGI4 is shared by four input channels. The DAC output is bipolar with offset binary coding. It
can be used to adjust input DC offsets in order to position the integrated signal within the ADC operating
range. A positive setting will shift the integrator input to increase ADC signals, while a negative setting will
shift the integrator input to decrease the ADC signals. The DAC resets to mid-scale, an offset of OmV.

Trigger Sources

A trigger is formed from a logical OR of the internal trigger generator, external trigger 1, and external trigger
2. CSR bits determine which sources are included in the trigger. External triggers are provided by the
MSACDIO trigger receivers. The trigger is disabled during acquisition or during a FIFO full condition.

The programmable internal trigger generator can issue continuous or burst triggers. Operation is controlled
by the CSR, a 32-bit trigger period counter, and a 32-bit trigger burst counter. The trigger period has 20ns

timing resolution.

General-Purpose I/O (MSACDIO module)

Each MSACDIO has one +2.5V 16-bit DAC channel, one +2.5V 16-bit ADC channel, one 5V bidirectional TTL I/O
channel, and one trigger receiver (fixed-threshold comparator).

In the GI32 application firmware, The DAC is driven by a ramp controller that updates the DAC output at a
fixed linear ramp rate. The ADC is free running with the conversion result continuously filtered then stored in
a register. The bi-directional 5V TTL I/O bit is input only, and the TTL level is continuously stored in the CSR.
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System Assembly Guidelines

Enclosure & PCB Mounting

This device is intended to be incorporated into another system or product. The circuit board may be mounted
using standard #4 hardware. Mounting hardware should not exceed 0.25” diameter contact area with the
circuit board. The plated mounting hole closest to the +12V power receptacle is connected to the circuit

board ground through an RC circuit. All other mounting holes have no electrical contact. Allow for adequate
ventilation space around the circuit board.

The optional enclosure is provided to simplify bench testing and may be mounted in 19” rack panels.
Unassembled enclosure components may have sharp edges. Observe appropriate handling precautions.
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Gated Integrator Timing
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| | | I
| | | |
100 ns Analog Delay I
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0 | l Integration I
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Delayed I | | I
Pulse | | | |
I | I I
| | | |
| I |
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| External Trigger | | |
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Trigger ﬂ—» |<—>| Gate Margin |
I |
: | | |
I | | I
: I |
| | | I ADC Trigger
Internal Trigger | ¢ ;I | |
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Integrator | P ! Gate Width P ADC Conversion + FIFO Transfer k|
Gate I N i N "l
! | !
T | |
T | |
| |
Trigger P Trigger Enable LI‘ Trigger Disable LI‘ Trigger Enable o~
Enable h I g v
Parameter Value Description
Gate width 60 ns > 6.55 ps 16-bit gate width counter with 10ns timing resolution.
Trigger synchronization produces 10ns pulse width jitter.
Analog delay 100 ns Passive analog delay line
Internal trigger latency 20 ns Time from external trigger to gate enable
External trigger budget 30 ns Maximum time to form an external trigger before the signal
arrives at the integrator (zero Gate Margin)
Gate Margin Should be >0 Signal arrival time at the integrator after gate enable.
A negative Gate Margin may result in integrated signal loss.
Trigger pulse width 10 ns min. Minimum hold time needed to trigger the integrator gate
Conversion + transfer 370 ns

Example using IM6 internal constant-fraction discriminator with 12ns analog delay:

Gate Margin = 100 ns analog delay — 25ns IM16 trigger latency — 20ns MDU trigger latency = +55ns
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Event Data Block

A trigger adds an Event Block to the Event FIFO. The Event Block contains at least 32 16-bit words, one word for
each gated integrator channel. The optional channel ID occupies bits 15:12 of the channel data word followed by
a 12-bit ADC data in bits 11:0. If the channel ID is not included then bits 15:12 are zero.

An optional 32-bit event count and an optional 48-bit trigger time stamp are added after the ADC data. If only the
event count is selected then it occupies words 33-34. If only the time stamp is selected then it occupies words 33-
35. If both are selected then the event count occupies words 33-34 and the time stamp occupies words 35-37.

One event is always stored in the ADC. The ADC controller attaches time stamps and event counts to the correct
ADC data. The first event stored after an ADC reset will have an event count of zero, a time stamp of zero, and
unrelated ADC data. This “event zero” may serve as a zero-time reference for subsequent events and the ADC
data should be discarded.

Word# Bits 15:12 Bits 11:0 Word# Bits 15:12 Bits 11:0
1 0x0 Channel 1 ADC data 17 0x0 Channel 17 ADC data
2 Oox1 Channel 2 ADC data 18 Ox1 Channel 18 ADC data
3 0x2 Channel 3 ADC data 19 0x2 Channel 19 ADC data
4 0x3 Channel 4 ADC data 20 0x3 Channel 20 ADC data
5 0x4 Channel 5 ADC data 21 0x4 Channel 21 ADC data
6 0x5 Channel 6 ADC data 22 0x5 Channel 22 ADC data
7 0x6 Channel 7 ADC data 23 0x6 Channel 23 ADC data
8 0x7 Channel 8 ADC data 24 0x7 Channel 24 ADC data
9 0x8 Channel 9 ADC data 25 0x8 Channel 25 ADC data
10 0x9 Channel 10 ADC data 26 0x9 Channel 26 ADC data
11 OxA Channel 11 ADC data 27 OxA Channel 27 ADC data
12 0xB Channel 12 ADC data 28 0xB Channel 28 ADC data
13 0xC Channel 13 ADC data 29 0xC Channel 29 ADC data
14 0xD Channel 14 ADC data 30 0xD Channel 30 ADC data
15 OxE Channel 15 ADC data 31 OxE Channel 31 ADC data
16 OxF Channel 16 ADC data 32 OxF Channel 32 ADC data
Optional Bits 15:0
(33)/(XX) Event count (31:16)
(34)/(XX) Event count (15:0)
(35)/(33) Time stamp (47:32)
(36)/(34) Time stamp (31:16)
(37)/(35) Time stamp (15:0)
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Registers
Address Name Description
0 MDU command MDU command register
1 MDU command parameter Parameter for the MDU Command register
2 Main CSR #1 Main control/status register #1
3 Main CSR #2 Main control/status register #2
4-31 RESERVED DO NOT ACCESS
32 Command Command register
33 Parameter Parameter for the Command register (RESERVED)
34 CSR Control/status register
35 Trigger generator period (high)  Upper half of the 32-bit internal trigger period
36 Trigger generator period (low) Lower half of the 32-bit internal trigger period
37 Trigger generator count (high) Upper half of the 32-bit internal trigger burst count
38 Trigger generator count (low) Lower half of the 32-bit internal trigger burst count
39 Trigger count (high) Upper half of the 32-bit trigger counter
40 Trigger count (low) Lower half of the 32-bit trigger counter
41 Trigger rate (high) Upper half of the 32-bit trigger rate counter
42 Trigger rate (low) Lower half of the 32-bit trigger rate counter
43 Integrator gate width Integrator gate width
44 Offset DAC 1 12-bit offset DAC on MSGI4 #1
45 Offset DAC 2 12-bit offset DAC on MSGI4 #2
46 Offset DAC 3 12-bit offset DAC on MSGI4 #3
47 Offset DAC 4 12-bit offset DAC on MSGI4 #4
48 Offset DAC 5 12-bit offset DAC on MSGI4 #5
49 Offset DAC 6 12-bit offset DAC on MSGI4 #6
50 Offset DAC 7 12-bit offset DAC on MSGI4 #7
51 Offset DAC 8 12-bit offset DAC on MSGI4 #8
52 Bias voltage DAC #1 16-bit DAC on MSACDIO #1
53 Bias voltage DAC #2 16-bit DAC on MSACDIO #2
54 SiPM temperature ADC #1 16-bit ADC on MSACDIO #1
55 SiPM temperature ADC #2 16-bit ADC on MSACDIO #2
56 Event FIFO Event FIFO read endpoint
57 Event FIFO Used Number of 16-bit words stored in the Event FIFO
Address: 0 ‘ Type: Register ‘ Used: 15:0 | R/W: Both Default: 0x0000
Name: MDU command
Description: Accesses Device ID, module IDs, and device voltages
Address: 1 ‘ Type: Register ‘ Used: 15:0 | R/W: Both ‘ Default:  0x0000

Name:

MDU command parameter

Description:

Data for the MDU Command register

______________________________________________________________________________________________________________________________________________________|
Copyright © 2011-2012 Adaptive 1/0 Technologies, Inc.

www.ait-instruments.com

20 of 26

Specifications are not guaranteed and are subject to change without notice. They constitute confidential information of AiT Instruments.




AT MDU40-GI32 Datasheet
Instruments 32 Simultaneous Gated Integrators with Dual SiPM Interface Module Control (P;e!\:_n;nz?rlyz)
Address: 2 Type: Register ‘ Used: 15:0 | R/W: Both ‘ Default:  0x0000
Name: Main CSR #1
Description: Bit0 = Power supply fault

0=no, 1=yes (read only)
(

Bitl = Slave connected 0=no, 1=yes (read only)
Bit2 =LVDSIN clock valid 0=no, 1=yes (read only)
Bit3  =LVDS OUT clock source 0= internal, 1=LVDS IN clock
Bit 4:15=0
Address: 3 Type: Register | Used: 1500 | R/W: N/A | Default: 0x0000
Name: Main CSR #2
Description: RESERVED
Address: 4-31 Type: Register | Used: 1500 | R/W: N/A | Default: 0x0000
Name: RESERVED
Description: RESERVED — DO NOT ACCESS
Address: 32 Type: Register Used: 15:0 | R/W: Both ‘ Default: 0x0000
Name: Command

Description:

Writing 0x0001 triggers an ADC reset operation which resets the ADC controller and clears the
time stamp, event count, and trigger counters

Address: 33 Type: Register ‘ Used: 15:0 | R/W: Both Default: 0x0000
Name: Command parameter
Description: RESERVED
Address: 34 Type: Register ‘ Used: 15:0 | R/W: Both ‘ Default: 0x0000
Name: CSR
Description: Bit0 =Internal continuous trigger 0 =off, 1=o0n
Bit1 =Internal burst trigger 0 = off, 0 > 1 transition = trigger burst
Bit2 = External trigger #1 0=off,1=o0n
Bit3 = External trigger #2 0=off, 1=0n
Bit4 = Add event count 0=no, 1=yes
Bit5 =Addtime stamp 0=no,1=yes
Bit6 = Addchannel ID 0=no,1=yes
Bit7  =FIFO full 0=no, 1 =yes (read only)
Bit8 =FIFO empty 0=no, 1 =yes (read only)
Bit9 =HV#lon 0=no, 1 =yes (read only)
Bit 10 =HV#2on 0=no, 1 =yes (read only)
Bit 11 = External clock valid 0=no, 1 =vyes (read only)
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Bit 12 = Use external clock 0=no, 1 =yes, if valid
Bit 13:15=0
Address: 35 Type: Register ‘ Used: 15:0 | R/W: Both ’ Default: 0x0000
Name: Trigger generator period (high)

Description:

Upper half of a 32-bit internal trigger generator period (20ns per LSB). Cleared on ADC reset.

Address:

36 Type: Register | Used: 150 | R/W: Both | Default: 0x0000

Name:

Trigger generator period (low)

Description:

Lower half of a 32-bit internal trigger generator period (20ns per LSB ). Cleared on ADC reset.

Address: 37 ‘ Type: Register ‘ Used: 15:0 | R/W: Both ‘ Default: 0x0000
Name: Trigger generator count (high)
Description: Upper half of a 32-bit internal trigger generator burst counter. Cleared on ADC reset.
Address: 38 ‘ Type: Register ‘ Used: 15:0 | R/W: Both ’ Default: 0x0000
Name: Trigger generator count (low)
Description: Lower half of a 32-bit internal trigger generator burst counter. Cleared on ADC reset.
Address: 39 ‘ Type: Register ‘ Used: 15:0 | R/W: Both ‘ Default:  0x0000
Name: Trigger count (high)
Description: Upper half of a 32-bit trigger counter.
A write operation latches trigger and rate counters. Cleared on ADC reset.
Address: 40 ‘ Type: Register ‘ Used: 15:0 | R/W: Both Default: 0x0000
Name: Trigger count (low)
Description: Lower half of a 32-bit trigger counter.
A write operation latches trigger and rate counters. Cleared on ADC reset.
Address: 41 | Type: Register | Used: 150 | R/W: Both | Default: 0x0000
Name: Trigger rate (high)
Description: Upper half of a 32-bit trigger rate counter, updated once per second.
A write operation latches trigger and rate counters. Cleared on ADC reset.
Address: 42 ‘ Type: Register ‘ Used: 15:0 | R/W: Both ‘ Default:  0x0000
Name: Trigger rate (low)
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Description: Lower half of a 32-bit trigger rate counter, updated once per second.
A write operation latches trigger and rate counters. Cleared on ADC reset.
Address: 43 Type: Register ‘ Used: 15:0 | R/W: Both Default: 0x0000
Name: Integrator gate width
Description: 16-bit integrator gate width at 10ns per LSB and a range of 60ns > 655350ns.
Settings under 60ns are set to 60ns.
Address: 44-51 | Type: Register | Used: 15:4 | R/W: Both Default: 0x0800
Function: Offset DAC 1-8
Description: Data written is automatically sent to the MSGI4 offset DAC.
Returns the setting from the last write operation.
Data format = offset binary, resets to mid-scale (OmV offset).
Address: 52-53 ‘ Type: Register ‘ Used: 15:0 | R/W: Both ‘ Default:  0x0000
Name: Bias voltage DAC 1-2
Description: Data written is automatically sent to the MSACDIO DAC ramp controller target.
Returns the setting from the last write operation.
Data format = straight binary, resets to zero.
Address: 54-55 ‘ Type: Register ‘ Used: 15:0 | R/W: Read ‘ Default: 0x0000
Name: SiPM temperature ADC 1-2
Description: Returns the latest filtered continuous conversion result of the MSACDIO ADC.
Data format = straight binary.
Address: 56 | Type: FIFO | Used: 150 | R/W: Read | Default: 0x0000
Name: EventFIFO
Description: Removes and returns the oldest value from the Event FIFO
Address: 57 ‘ Type: Register ‘ Used: 13:0 | R/W: Read ‘ Default: 0x0000
Name: Event FIFO Used

Description:

Returns the number of words in the Event FIFO
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MDU Command Register

The MDU Command register accesses several 32-bit MDU hardware status registers. A special read operation
returns the 32-bit register in the MDU Command register and MDU Parameter register. Hardware status is
read using the following procedure:

1. Write a command to the MDU Command register
2. Optional: Wait 10 ms if required (see table)
3. Optional: Read the upper 16 bits from the MDU Command register as required (see table)
4. Read the lower 16 bits from the MDU Parameter register
Command Wait MDU Command MDU Parameter Function
0 yes ID 31:16 ID 15:0 Read Device ID
1 no Hardware Type Module Variant 31:28 = Carrier type
27:24 = Carrier Slots
23:16 = Carrier version
2 no Firmware Type/Version Firmware Variant 31:24 =Firmware type
23:16 =Firmware version
3 no Power Supply Enabled Power Supply Fault See Power Supply Status table
4 no 0x0000 0x0000 RESERVED 1
5 no 0x0000 0x0000 RESERVED 2
6 yes ID 31:16 ID 15:0 Read module 1 ID
7 yes ID 31:16 ID 15:0 Read module 2 ID
8 yes ID 31:16 ID 15:0 Read module 3 ID
9 yes ID 31:16 ID 15:0 Read module 4 ID
10 yes ID 31:16 ID 15:0 Read module 5 ID
11 yes ID 31:16 ID 15:0 Read module 6 ID
12 yes ID 31:16 ID 15:0 Read module 7 ID
13 yes ID 31:16 ID 15:0 Read module 8 ID
14 yes ID 31:16 ID 15:0 Read module 9 ID
15 yes ID 31:16 ID 15:0 Read module 10 ID
16 no 0x0000 ADC value Main +3.3V
17 no 0x0000 ADC value Main +2.5V
18 no 0x0000 ADC value Main +1.2V
19 no 0x0000 ADC value 1/O Ports A&B +3.3V
20 no 0x0000 ADC value 1/O Port B -3.3V
21 no 0x0000 ADC value 1/O Port B +5V
22 no 0x0000 ADC value I/O Port B -5V
23 no 0x0000 ADC value 1/O Port B +12V
24 no 0x0000 ADC value I/O Port B -12V
25 no 0x0000 ADC value I/O Port A -3.3V
26 no 0x0000 ADC value I/O Port A +5V
27 no 0x0000 ADC value I/O Port A -5V
28 no 0x0000 ADC value I/O Port A +12V
29 no 0x0000 ADC value I/O Port A -12V
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Power Supply Status

The Power Supply Enabled register indicates which on-board power supplies are enabled by the firmware. The
power supplies are enabled at power-up. This register may be used to mask the Power Supply Status register.

A 16-bit ADC periodically scans all power supplies. Voltages are reported in the power supply ADC registers.
Formulas in the following table may be used to convert the ADC register values to voltages.

The Power Supply Fault register indicates when a power supply voltage exceeds a preset tolerance. A fault
summary is reported in the Main CSR and indicated by a front-panel LED. No additional action is taken. The
ADC update rate determines the fault response time.

The following table lists the power supply bit positions in the Enabled and Fault registers along with their
corresponding voltage conversion formulas.

Location Power Supply Bit Voltage Conversion Formula
Main +3.3V 0 173012.4 / ADC
Main +2.5V 1 131070.0 / ADC
Main +1.2Vv 2 62913.60 / ADC
I/O Ports A&B +3.3V 3 173012.4 / ADC
I/0O Port B -3.3V 4 (ADC/ 13592.44) — 7.14290
I/0 Port B +5.0V 5 262140.0 / ADC
I/0O Port B -5.0vV 6 (ADC / 10485.60) — 10.0000
I/0O Port B +12.0V 7 629136.0 / ADC
I/0 Port B -12.0V 8 (ADC/5423.181) - 21.6685
I/0 Port A -3.3V 9 (ADC/ 13592.44) — 7.14290
I/0 Port A +5.0V 10 262140.0 / ADC
I/0 Port A -5.0v 11 (ADC/ 10485.60) — 10.0000
I/O Port A +12.0V 12 629136.0 / ADC
I/O Port A -12.0V 13 (ADC/5423.181) - 21.6685
UNUSED UNUSED 14 UNUSED
UNUSED UNUSED 15 UNUSED

Note: The 12V Port A/B power supplies are disabled in the GI32 firmware.
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AT MDU40-GI32 Datasheet

Safety Information

A
Az CAUTION - Electrostatic Discharge (ESD) Sensitivity

The circuit board can be damaged by electrostatic discharge. Observe precautions for handling electrostatic
sensitive devices. Handle only at static-safe workstations.

Handling and Disassembly

This product may be provided with or without a protective enclosure. Disassembled enclosure components
and circuit boards may contain sharp edges. Take appropriate safety precautions while assembling or
disassembling the enclosure and handling disassembled components.

Indoor Use Only

Do not operate this product in a wet/damp environment. Do not operate in an explosive atmosphere.

Use of this product, and AiT Instruments’ liability related to use of this product, is further governed by AiT Instruments’ standard terms and conditions of
sale, which were provided upon purchase of this product.
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