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PURPOSE

This dowmentdescribe®peration of thdNew Gerral DetectorController REV1 hardwarelt gives an
understanding of the basic operation, tells alto@iimplemented firmwarand isalsointended as a
programmers guide for software evaluation.

ReferenceDocuments

NGC Infrared Detector Control Software 1 User Manual Jorg Stegmeier
Document Number: VLT-MAN -ESO-136634085

NGC Optical DCS - User Manual Andrea Balestra
Document Number: VLT-MAN -ESO-136634086 Claudio Cumani
NGC Base Software Design Description Jorg Stegmeier
Doc.No. VLT-SPEESO-136603836

Next Generation detector Controller Requirements D. Baade
ESO-Doc. No. VLT-SPEESO-1366633207

Links

FPGA http://www xilinx.com

ADC, DAC http://www .analog.com

Printed Board http://www.andus.de

List of Abbreviations/Acronyms

ADC Analog to Digital Converter

AQ Data Acquisition

DAC Digital to Analog Converter
DFE Detector FronEnd Electronics
DBE DetectorBack-End Electronics
DMA Direct Memory Access

FPGA Field Programmable Gate Array
FIFO First in First out Memory
IRACE Infrared Array Control Electronics
IRQ Interrupt request

NGC New GenerkController

RTC Reattime Computer

Rx Link Receiver

RXTx Link Transceiver

TX Link Transmitter



mailto:dbaade@eso.org

Doc: VLT -TRE-ES0O-136603900

ESO | ESO General Detector Controller |Issue: 1.1
(NGC) Date: 08/03/2006
Page: 6 of 90

USER MANUAL

1 INTRODUCTION

NGC is amodular system consisting of tBack-Endmodule with PCI based connection to the data
acquisition computer and tigontEnd module(s) generéing and receiving detector signals. Data and
control signals betweeBack-EndandFrontEndmodules ar®n fiberoptic link(s) with transmission
rates of 2.5 GBIt. The modularity of the system allows many combinations as muBgd&Ends or
multiple FrontEnds or combinations as desired.

Emphasiss given to low power dissipation, what is mainly impott@r theFrontEndunit to allow
operation without cooling unit3he Basic Board, a complefigur channel system on obeardof
standard VME 6U size&onsumes less than 10 Waltee AQ32boardwith 32video channaon a
board of the same sites ~15 Watts of power consumption.

No processor on thErontEndsideis implementedThe data acquisition computer can address all
FrontEndfunctions over the fiber linkResultisa quiet system without difficult to control processor
bus activity during dat acquisition.

There is no parallalideo or communicatiodata bus on thErontEnd All data and communation
transferruns over high speed serial links with transmission rates of 2.5/&RBisultis minimum
disturbance for the anticipated low noggeeration on the low level detector signals.

All voltages for clocks and biasof the detector are remotely programmable also during readout of the
detector to allow maximum comfofor evaluation and test.

Digital galvanicisolated aitputs forshutter, vebbling mirror and markers are providaddthe system
can accept a trigger input for synchronizing the detectoroatdo external events.

Monitors for video and clocks are on frgméinel connectors for evaluation and maintenance

All detector bias vahges and currents can be measured with the implemehtetetry system

A minimum number of different components are used, glue lsgiot needed due thefact that all
digital logic is implemented in high densM/RTEX-1 | Pro FPGAs.All this makes maintenance easy
and reliability high.
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2 OVERVIEW
2.1 Block

There arewo main groups of modulg§igurel) connected by fiber duplex connection :

e TheDetector BackeEnd Electronics
TheDetectorFrontEnd Electronicsconsistof the Basic Modulgs) and if needed additional
AQ modules. Theeare interconnected by high spempperserial links orthe backplanéor
command and data transfer.

The basic link configuration is the linear connection of modules. Commands are faugs faBom the
Back-End to the first Detector Froiiind Electronics module. Additional DFE modules are addressed by
wormhole routing from previous modules. The same happens for answers or video data from DFE
modules to DBE modules.

If more bandwidth is reded two links in parallel can be used (needs different IP on FPGA).

Additional functionality can be provided if frames of video data are routed directly out of AQ modules
to additional receivers, e.g. PCI based DBEOG6s.
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2.2Minimum DFE Systemi Basic Boardwith Backplane and Transition Board

A completeDFE consists of thenainboard(s), the backplane and fhansition Boars) (Figure?2).
The backplane establishes the indeardmoduleconnections.

TheTransition Boardsets up the connection to external functions like clocks, biases, video inputs and
fiber links. In addition th@ ransition Bard can hold special functionality not implemented in the main
board.

Figure 2 Minimum NGC System with Basic Board, Backplane and Transition Board
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3 FUNCTIONAL DESCRIP TION

3.1 High Speed Links

Data transfer and communication work purely on serial limke. bandwidth of one link is ~200MB/s
and scales welWith 33MHz PCI 64 The link architecture is determined by the connections on the
backplangFigure3 andFigure38), the use othe Transition Board back parféder opticlinks and the
firmware in theFPGA.

Terminology : Upstream link is a link in direction towards the Baald, Downstream link is a link in direction away from
the Backend.Sidestream link ishe link to thefiber interfaceof the Transition Board.

On slot 1 the upstream link is redt by backplane connection always to the fiber interface on the
Transition board. The Downstream link connemtsr the backplan® theUpstream link of theext
board in the chairBucceeding boards connect serially to each other over the backplane.
Morebandwidth and computing poweill be availablewhenon a board the Upstream link is closed,
the Sidestream link is openadd theSidestreamlink is routedout ofthe Fiber interfaceon the
Transition Boardo anadditionalPCl interfaceThis PCI inteface hathen full control on the chain
downstream (see also 3.5.1 Fréamtd Configuration Register).

Upstream Link

Upstream link Fiber = RX/TX First Slot
(first slot only) Interfacg™

to PCI Back-end Downstream Link

Upstream Link

Sidestream link ) Sidestream Link_
Fiber » RX/TX Second Slot

Interface™®

Downstream Link

Transition Board fiber

links to additional PCI Backplane 'I
Back-ends (origin
Sidestream links) to
increase bandwidth or
for special applications

A

Copper Links O

Fiber Interface = Sixth Slot

Figure 3 High Speed Links
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3.2 Link Transmission and Function Addressing

The communicatiobetweenall system modules is based on packet transmission over serial links. The

principle of communication is the same for all modifggure4). A packet structure is defined to
address a functiofe.g a register or memory in a freahd modulejor read or write Upstreanof

modulel is th&ack-End module. Iffrom therea write to a function in modulel has to be executed, the
packetheadel(#2) addresses first RX COMhen the address of the function (#ADDR). The next word

determineghat a WRITE has to be executed. The datarite are in the next word@ATA).

LINK TRANSMISSION
PRINCIPLE
Module 1 Module 2

FUNCTION FUNCTION

# ADDR # ADDR

RX COM RX COM
HEADER #2 HEADER #2
NEXT LINK NEXT LINK

HEADER > Rx HEADER

45 45

PACKET STRUCTURE

WRITE
DATA TO e | DATA | DATA | WRITE | ADDR
ADDRESS
OPTIONAL
READ n
WORDS READ n WORDS
FROM
ADDRESS OPTIONAL

Figure 4 Link Transmission
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If more data statements follow, RX COM automatically increments #ADDR, and the wrigsided
to consecutive locations.

A write to #ADDR in module2 has as first waitte header foNEXT LINK (#5), the next word
addresses RX COM (#2), next word is WR|Tien the DATA words follow.
Any wordin thepacket is 32 Bits wide.

Example

Write dat word conten(Sequencer start 1) to Sequencer Command register #6000 in modulel :
Packet must be filled with : #2 #6000 #0 #1

If the sequencer would be in modul@2 downstream link
Packet must be filled with 5##2 #6000 #0 #1

Reading datardm a module has a similar structure. The function is addressed as before only the
WRITE (#0) has to be replaced with a REAR80000000 andthenthe number of words to read
(#Number of Words ). The read words are then automatically transmittedodekreceivemodule
(RX COM )in theBackEnd

Example

Read 10 words from sequencer memory in mody@déquencer RAM #4000:)
Packet must be filled with : #2 #4000 #8000D0A

If the sequencer would be in modul@2 downstream1l link
Packetmust be filled with : #5 #2 #4000 #8000Q0€A
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3.3 Back-End

BackEnd PCI is a module with connection to a 64 Bit PCI bus.
Function is based on the XILINX Virtex Pro FPGA XC2VP7 FF 672 .
A PCI master/slave interface with scatter/gabBfA is implemented.
The slave IF is used for communication.

The master IF is used for video data DMA transfers to PCI.

RocketlO transceivers ( 2.5 GBit each) are used for communication and data transfers

DS2 DS3 DS4DSS
GHE-z-@ Ay

W @ @ §Kath
@ A @ E

IR
R7 R8 R23R24

THS | g X
I T O

(a0 O I WL BOR R

L2 R10 c41
i
814

(el %
862 ] 89

Figure 5 PCI Back-End
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Back-End VIDEO FIFO
DMA
Header #01 Rx
Tx
RX COM
#10
PCI BUS Header #02
Interface
TX COM
#10
PCI REGISTERS
SLAVE IF
MASTER IF STATUS REG
#14

COMMAND REG
#1C

Figure 6 Back-End Structure

TheBackEndmodule(Figure5 andFigure6) connects to the data acquisition computer via a 64 bit PCI
bus interface &sed on a XILINX IRcore The PCI bus interface has master and slave capabilities. The
slave forms the communication interface toEnentEnd the master is responsible for DMA transfers
of the FrontEndvideo datao theacquisitioncomputers memoryCommands and data transfers can run
concurrently. The communication betwdgack-Endand anyFrontEndmodule is based on packet
transmission over high speed serial links. Data packets for communication have to be written to TX
COM, read data packets frometRx link are routed into RXCOM. The COMMAND REGSTER

initiates actions like fifo clear or transmission start. The STATUS IBEER holds status information

like fifo status otthe transfeacknowledge bit. Video data from the link are automatically rouatede
VIDEO FIFO.

A transfer handshake protocol must always be followed for communication operations.

e The packet has to be written from PCI to theBack-End transmitter fifo ( address #10)

e Then the transmission has to be initiated by writing from PCI b the command register
( Write h10 to address #4).

e Then the Acknowledge register ( address #14) has to be polled till acknowledge is received
( Bit 7 set).
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e Acknowledge register Bit O declares &nished operation, Bit 1 successful operatioron a valid

address.

e Acknowledge registeris deared by reading the receiver fifo ( address #10)

Addresses

Table 1 Configuration Space

Relative Function

address[Hex]

Config Space

C W DMA Control Register

10 R/W Read Rx FiFo/ Write Tx Fifo

14 R COMmunication Status Register
1CW COMmunication Command Register
68 R/W PCI_Descr Pointer #90 ADI

84 RIW PCI_Addr_Reg

8C R/W PCI_DMA_Counter Reg

90 R/W PCI_Descr Pointer

A0 R PCI_Board Revisionand Date

Hint : Read from NGC Panel with fiior localO x <r el addr > #

Table 2 DMA Space

Relative Function
address[Hex]

DMA Space

o | e

8 R DMA Status Register
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Registers

Table 3 DMA Status Registeri Read (Addr #8)

Bit 5 Data FiFo Empty

Bit 6 Data FiFo Full

Bit 7 Data FiFo Full T Write
(Cleared by ClIr Data
FiFo)

Table 4 Read Rx FiFo / Write Tx FiFo  ( Addr #10)

| Bit 0..31 | Com Data

Table 5 Communication Commandi Write (Addr #1C)
BITO Clear Com FiFos

Bit 1 Clear Video FiFo

Bit 4 Transfer Enable TX

Bit 7 Test Box Enable
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Table 6 Communication Statusi Read (Addr #14)
BIT O Ack Received
Bit 1 Valid Address accessed
Bit 5 Video FiFo Empty
BIT 6 Video FiFo Full
Bit 7 Overflow Error Flag
(Write on Video FiFo Full -
Cleared by Clr Video FiFo)
Bit 8 RX FIFO Empty
Bit 9 RX FIFO Full
Bit 10 TX FIFO Empty
Bit 11 TX FIFO Full
Bit 12 Link Channel Up
Bit 13 Link Hard Error
Bit 14 Link Soft Error
Bit 15 Link Framing Error
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Table 7 Interrupt_Ctr_Reg ( Addr #68 )

| Bit 21 | Interrupt Flag
Table 8 PCI_Addr_Reg ( Addr #84 )
| Bit 0..31 | DMA Address

Table 9 PCI_DMA_Counter (Addr #8C)

| Bit 2..12 | DMA Count

Table 10 PCI_Descr_Pointer  ( Addr #90)

| Bit 4..31 | Initial DMA Descriptor |
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Table 11 PCI Backend Board ID Register(Addr #A0)

PCI Backend HW Revision 2
Firmware Revision 1.1)

Bit ( 3 .. 0) Board Type

Value =1 A Basic Board
2A AQ32
8 A PCI Backend

BITO

Bit 1

Bit 2

BIT 3

Bit ( 7 .. 4) Board Subtype

0
0
0
1
Vi

alue=1 33MHz Latency disabled

Bit 4

Bit 5

Bit 6

Bit 7

o000

Bit (11 .. 8) HW Revision

Bit 8

Bit 9

Bit 10

Bit 11

O|0 | |O

Bit (15 .. 12) Firmware Revision

Bit 12

Bit 13

Bit 14

Bit 15

OO0 |0

Bit (19 .. 16) Firmware SubRevision

Bit 16

Bit 17

Bit 18

Bit 19

O|0|O|F

Bit 31..20

reserved
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Table 12 DMA Command Registeri Write only ( Addr #A8 )

BIT 1 Start DMA
Bit 2 Abort DMA
Bit 3 Clear Interrupt
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34 Front-End

TheFrontEndis connectedo theBack-Endwith anUpstream link. ADownstream link on thérst
FrontEndmodule connestto a downstream module like AQ®2 other basic modulempre clocks
andbiasesor multiple detectors)From there again a link connects downstream to the next module.

Before any addressing of functions BrontEnd modules the link structure of tii@ontEndsystem
must be defined. This happens by writtoghe CONFIG register of each module.

RX_COM together with TX_COM form the communication interfacal@mrontEnd The upstream
link send all setip and command information for the onboard functions to RX_Q@iMreaddress
and data are extracted and senth&individual on board moduleseplies from theddressedhodules
enter TX_COMfor uplink transmission

The module structure is the same forFatbntEnd modules ( FEB shown iRigure8, AQ32 inFigure
34), only the set of registers differs slightly between FEB and AQ32.
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3.4.1 Front-End-Basic Board (FEB)

The FrontEnd Basic Modul€Figure?) is based on the XILINX Virtex Pro FPGA XC2VP7 FF 672.
Main functions of this modulare

Communication

Video data transfer

Sequencer

DAC voltage generator for clock and bias

Clock drivers ( 18 clocks )

Bias drivers (18biases)

Four data acquisition channels can be installed withe i t her 16 or 18 Bit
Telemetry

Clock monitoring

Video monitoring

U Communication and data transfertotheBeck d i s handl ed with the
transceivers.

U The sequencer is completely contained within the FPGA. The digital clock driver lines of the
sequencer connect without glue logic te thock driver switches.

U The ADC outputs of the four acquisition channels connect without glue logic to the FPGA due to
the high pin count available there. Used ADC

preamplifier input is fully differentia{seeTable39 on next page).

0 Connection to additional multi channel AQ modules is over the backplane by copper with the
high speed links of the FPGA.

0 Telemetry of biases and clocks.

Two independent Monitors for clocks.

0 Monitor forvideo signals.

H e
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Telemetry
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Monitors

Video
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Figure 7 Front-End Basic Module
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The module structure of thgontEnd-Basic Boards shown belowKigure8 FrontEnd
Basic Module Structuje The corresponding module bks are described in the following sections.

Q ADCs
AQ FIFO 1

X

COM

STATUS CLOCK TELEMETRY
IF SHUTTER
CONTROL
NexT o |
LINK IF TX

CONFIG
REGISTER

Figure 8 Front-End Basic Module Structure

LINK CONFIG
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3.4.1.1Configuration Register

Each NGCFrontEndboard has a Configuration RegistBefore any addressing hfnctionson Front
Endmodules the link structure of tl@ontEndsystem must be defined. This is accomplished in the
FrontEndLink Config Registefs) [Bit 3..0]. It is the only register on tiferontEndwhere no
handshake signals ageneratedjust becauswithout structure definition no reply is possible. These
registergfor each boardare the first ones to set in any systemugetThe registers are addressed
directly by header addressing in@mler thathe modules next to tigack-Endhave to be pragmmed
first.

A general module reset [Bit 15] similar to power up can also be executed by this register.

Remark on link direction : Uplink on a NG&@ontEndboard has the direction from module towards
Back_EndDownlink direction correspondingly awayfn Back_ End.

Table 13 Configuration Register (Header 0X8)

BIT 3..0 Number of UpStream links till
Back-End ( Minimum is 1)

BIT 5.4 Not used

BIT 6 SidelinkNotUplink

Closesthe Uplink and switches
to the Sidelink on the
Transition Board for
communication and data
transfer (1)

BIT 7 Downlink_Powerdown
Unpowers the Downlink of this
module

BIT 14..8 Not used

Bit 15 Global Reset (pulsed)

Resets module to power up
condition and puts global reset
to backplane what resets all
boards connected to the
backplane.

(Not affected are sequencer
memories and bias/clock
voltage setting$
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(1) The sidelink option can also be set by a hardware jumpeFige®e22). When the jumper is set,
BIT6oftheconfiggr at i on register i s a Adondt careo.

Example :

Modulel (e.g.Basic Module) connected toBack-End
= 1 upstream link on Modulel
Module2 ( e.g.first AQ32) connected to Basic module
= 2 upstream links for Module2
Module3 ( e.g. second AQ8) connectedto Module2
= 3 upstream links for Module3
Module4 (e.g. second Basic Module) connected Module3
= 4 upstream links for Module4

Packet Datafor the Front-End Configuration Register :

0X8 0x1 ( Basic module )
0x5 0x8 0x2 (first AQ32 module)
0x5 0x5 0x8 0x3 (second AQ2 module)

0x5 0x5 0x5 0x8 0x4 (second Basic module)
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3.4.1.2 Statusand ID Register

FrontEndstatus contains two reaxhly registers. The status register contaiesmodule status
information.The ID registedescrils module seup.

Table 14 Status Registefi Read only ADDR #1000

BITO | UPSTREAM_CHANNEL_UP

Bit 1 | SIDESTREAM_CHANNEL_UP

Bit 2 | DOWNSTREAM1 CHANNEL_UP

BIT3 | UPSTREAM_HARD_ERROR

Bit 4 | SIDESTREAM HARD_ERROR

Bit 5 | DOWNSTREAM1 HARD_ ERROR
Bit 6 | UPSTREAM_SOFT_ERROR

Bit 7 | SIDESTREAM _SOFT_ERROR
Bit 8 | DOWNSTREAM1_SOFT_ERROR

Bit 9 | UPSTREAM_FRAME_ERROR

Bit 10 | SIDESTREAM _ FRAME_ERROR

Bit 11 | DOWNSTREAM1_FRAME_ERROR

Bit 12| Not used

Bit 13| Not used

Bit 14 | Not used

Bit 15| Not used

Bit 16 | Not used

Bit 17| Not used

Bit 18| Not used

Bit 19| Not used

Bit 20| RX_COM _FIFO_EM PTY

Bit 21| RX_COM_FIFO_FULL

Bit 22| TX AQ FIFO1 EMPTY

Bit 23| TX_AQ FIFO2 EMPTY

Bit 24| TX AQ FIFO1 FULL

Bit 25| TX_AQ FIFO2 FULL

Bit 26| TX COM FIFO FULL

Bit 27| TX_COM _FIFO_EMPTY

Bit 28 | NEXT_LINK_FIFO_FULL

Bit 29| NEXT LINK FIFO EM PTY

Bit 30 | OUTPUT ENABLED

Bit 31| SEQUENCER RUNNING
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Table 15 ID Registeri Read only

ADDR #1002 (Below exampleBasic Board:
18Bit ADC HW Revision 3

Firmware Revision 4.1)

Bit (3 .. 0) Board Type

2A AQ32

Value =1 A Basic Board

BITO

Bit 1

Bit 2

BIT 3

Bit ( 7 .. 4) Board Subtype

<|O|O0|O0(F

alue=1to4 A 16Bit ADC/1MHz Type 1..4
5t0 8 A 16Bit ADC /1MHz Type 1..4
9to 12A 16Bit ADC /3MHz Type 1..4
13to 5 A 18Bit ADC /AMHz Type 1.4

Bit 4 Set by external Jumpers
Bit 5 Set by external Jumpers
Bit 6 Set by external Jumpers
Bit 7 Set by external Jumpers

Bit (11 .. 8) HW Revision

Bit 8

Bit 9

Bit 10

Bit 11

OO0k |k

Bit ( 15 .. 12) Firmware Revision

Bit 12

Bit 13

Bit 14

Bit 15

o)l Jllelle]

Bit (19 .. 16) Firmware Sub-Revision

Bit 16

Bit 17

Bit 18

Bit 19

OO0 |O|F

Bit 31..20

reserved
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The software reads¢hD register, to determine that the correct board is installed in the system. The
Board Type tells about what board is installed, Basic Board, AQ32 or other TBD.

The Board Sultype is set by external jumpers to accomplish the different boatgpsabdedor the
specific boardsee alsd-igure22). The values in ID Register Bit 7..4 determine:

Table 16 ID Register - Board Sub-Type

Board Sub-Type Setup
Value Bit (7 .. 4)
0 Not used

1 CCD (Optral) Application
Standard Setting

16 Bit ADC/ 1MHz

Clock Low/Hi Range -10V/ 10V
Bias t 16 Range : 0Y6 28V
Bias 17 20 Range : 106 -10V

2 CCD Application

16 Bit ADC/ 1MHz

Clock Low/Hi Range -10V/ 10V
Bias + 8 Range :0V to 28V
Bias 9 16 Range-5V to 28V
Bias 17 20 Range : 10Y6 10V

3 CCD Application

16 Bit ADC/ 1MHz

Clock Low/Hi Range -10V/ 10V
Bias + 8 Range 0V to 10V
Bias 9 16 Range-10V to 10V
Bias 17 20 Range-10V to 10V

16 Bit ADC/ 1MHz
TBD

5 CMOS (IR) Application

16 Bit ADC/ 1MHz
Clock Low/Hi Range -6V / 6V

6,7,8

Bias + 8 RangeQV to 6V
Bias 9 16 RangeQV to 6V
Bias 17 20 RangeOQV to 6V
16 Bit ADC/ 1MHz

TBD

9 CCD (Optical) Application

16 Bit ADC/ 3MHz
Clock Low/Hi Range :10V/ 10V
Bias t 16 Range : OV to 28V
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Bias 17 20 Range : 10V td. 0V

10 CCD Application

16 Bit ADC/ 3MHz

Clock Low/Hi Range :10V/ 10V
Bias + 8 Range : OV to 28V
Bias 9 16 Range-5V to 28V
Bias 17 20 Range : 10V to 10V

11 CCD Application

16 Bit ADC/ 3MHz

Clock Low/Hi Range :10V/ 10V

Bias + 8 Range : OV to 10V
Bias 9 16 Range-10V to 10V
Bias 17 20 Range-10V to 10V

12

16 Bit ADC/ 3MHz
TBD

13 CCD Application

18 Bit ADC/ 1MHz

Clock Low/Hi Range :10V/ 10V
Bias t 16 Range : OV to 28V
Bias 17 20 Range : 10V to 10V

14 CCD Application

18 Bit ADC/ 1MHz

Clock Low/Hi Range :10V/ 10V
Bias + 8 Range : OV to 28V
Bias 9 16 Range-5V to 28V
Bias 17 20 Range : 10V to 10V

15 CCD Application

18 Bit ADC/ 1MHz

Clock Low/Hi Range :10V/ 10V
Bias + 8 Range : OV tbOV
Bias 9 16 Range-10V to 10V
Bias 17 20 Range-10V to 10V

TheHW Revisionin Bit ( 11 .. 8)determine the board hardware revision. Firemware Revisiorand
the Firmware SuliRevision are in Bit 15 to 12 and Bit 20 to16.
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3.4.1.3Monitor

The Monitor module sets the clock and the video monitors to the channels chosen in the corresponding
registers and routes the signals to the front panel Lemo connectors.

There is one register for the video channel and two registetise clocks.

Remark:
Clock 17 and 18 can only be monitored via the onboard test points

Table 17 Video Monitor Register i Write ADDR #B000

BIT1..0 Video Channell to 4

Table 18 Clock Monitorl Registeri Write ADDR #B001
|BIT3..0 | Clock Channel 1to 16

Table 19 Clock Monitor2 Registeri Write ADDR #B002

IBIT3..0 | Clock Channel 1 to 16
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3.4.1.4Detector Bias Generation

DetectorBias Generation is responsible for programmingvitieagesof clocksand biasesThe module
containstwo registes. The lower 14 Bits of th8ias Registesetthe biasvalue, he next five Bitghe
DAC channehumber Bit 21 selects the DAC chip

Physically there are two 32channel DACBAE f or th
chipland channel 1 and 2 of DAC2 are for the 18 clqdB&C chip2channeb to 24 for the20 biases.

Bit 31 programs an offset common to all DACs be selected DAC chip (Bit 21). For the offset no
DAC channel number is required.

To make three voltages independent of the offset setting a special scheme is used Tdrdludfeet of

the video amplifier is set with the difference of DAC chip2 chi8ideand DAC chip2 channelB

Detector preamplifier bias is set with the difference of DAC chip2 channel 29 and DAC chip2 channel
30. A detector diode bias is set with the difference of DAC chip2 channel 31 and DAC chip2 channel
32.
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Table 20 Bias Setup Registeri Write

ADDR #8000

BIT13..0

Data Value

Bit 21..16

DAC Channel Number

Clocks

Clock_ 1 low=0
Clock 1 high=1
Clock 2 low=2
Clock 2 high=3

Clock_16 _low =1E
Clock 16 high = 1F
Clock 17 low =20
Clock_17 high =21

Clock 18 low =22
Clock_18 high =23

Biases

DC Bias 1 24

DC_Bias 7 =2A
DC_Bias 2 =30
DC_Bias 20 =38

Video Offset P = &
Video Offset N =B

Preamp Bias P =&
Preamp Bias N =8B

Diode Bias P
Diode BiasN

= 3E
= 3F

Bit 31

Offset Select
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The binary value in BIT 13 .. ¥_DATA_VALUE orV_OFFSET_VALUE ) is converted to a DAC output
voltage corresponding to the formddalow :

V_OUT =0.001259 * V_DATA_VALUE i 0.001076 * V_OFFSET_VALUE + Individual OFFSET

Individual OFFSET is the offset introduced by DAC and Buffer Amplifier (~ 100mV ) on each channel individually
i can be masked out by software for eabhnnel ortheboard individually

The Control register enables the clock and bias outputs to the detector,dsetball Biases to Zero
Volts.

Table 21 Bias Control Registeri Write ADDR #8001

BIT O Enable Bias ard Clock Outputs

Bit 15 Reset all Biases to Zero Volts




Doc: VLT -TRE-ES0O-136603900

ESO | ESO General Detector Controller |Issue: 1.1
(NGC) Date: 08/03/2006
Page: 350f 90

USER MANUAL

3.4.1.5Telemetry

Telemetry reads the voltage of cldekelsand biases and digitizes with 16 Bit accuradye user has
to write the channel address, this issues automatically after a delay thesmomeemmand and writes
the telemetry adc data to a registiter the delay (~1msthe dataare ready for read:his is
accomplished by a read the telemetry register

Channel 0 t@5read the clock leveldow, high)after a series resistor of 27 Ohms
Channel36to 55read the Bias leveBftera series resistor of 100 Ohms.

Clockand Biascurrent measurements can be carried out by reading a voliageane with output

enable on and the other measure with enable@fiirent can be calculated Bividing the voltage
difference by the series resistor.

Table 22 Telemetry Registeri Write ADDR #A000

BIT5..0 Channel addresgHex)
Clock 1 low=0
Clock 1 high=1

Clock 2 low=2
Clock_2 high =3

. Clock_16 low = 1E
Clock 16 high = 1F

Clock 17 low =20
Clock_17 high =21

Clock 18 low =22
Clock_18 high =23

DC Bias 1 =2

' DC_Bias 16 = 2F

' DC_Bias 20 =30
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Table 23 Telemetry Registeri Read ADDR #A000

BIT15..0 Telemetry data
(305.2 uVv/ADU)

To accommodate the range of the telemetry ADE 18V on 16Bi) the bias voltageare subdivided by
a factor of 3.
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3.4.1.6Sequencer

The Sequencd(see principle irFigure9) generates the clock patterns for the readout of the detector
They are transformed to analogue clocks with the voltage settings of the Clock and Bias module.

3.4.1.6.1 Principle

The Pattern Rarq2048 x 64 )is loaded with the clock patterrsny pattern length between 1 and 2048
Is possible Pattern Ram Low holds Bit 31 downto O, Pattern Ram High holds Bit 63 downto 32. The
dwell time of a pattern word is included in the word as well as speciaidarits ( see pattern ram
description).

The Sequencer Rafr2048 x 32 holds the Seq Code Bits, the pattern address and the pattern repetition
count. The Se@ode Bits( seeSeqRam descriptionjeed the Seq Code Interpreter. He decides if a
pattern adcess is written into the Pattern Address Fifo and with the repetition €aérbit) how often

it is executed

The Pattern Address Fifontains the start address of the pattern supplied by the Sequencdrieam
time countefoaded from théattern Randetermines th®well Timein steps of 10n§16 biti one bit

= 10ns minimum dwell time value =)af a pattern. Theatternaddress counter is incrementedtie

time the time count is reached/henthe End of Pattern is present (bit 31) in the patterrdytbe next
word with the start address of the next pattis read from théiFo.

The sequencer starts with the Sequencer Start Comf@antdmand Register Bit OYhe first pattern is
output after the code interpreter has written eight words into therpaitidreskiFo. The sequencer
stopsafter the dwell time of a pattemhen

1. thepattern addressiFo is empty(No sequence loaded or Empy Read happened)

2. a breakpoint in a pattefbit 29 high word) is detected and the Sequencer Stop
CommandCommand Reister Bit 1 )was executed beforéprogrammed end of
sequencé option 1)

3. the Program End Bibit 30 high word)in a pattern is detectégprogrammed end of
sequencé option 2 )

4. Sequencer Reset Commaf@dommand Register Bit 159 exeaited( immediate stop)

In case 1,2,3 the statugyunters, controlare as at stop time, so to start a new sequence or to restart the
old one a Sequencer Reset Command has to be executed before.

If in a pattern word the Wait for Trigger (bit 28yh wad) is set, the sequencer stops after the dwell
time of this pattern and waits for a trigger signal, which may be setdréennal input®r software

(Bit 7 Command Reagter).

See in detail Chapt&:4.1.7 NGC Trigger andhutter Contral
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There are two trigger modes. In the direct mode the trigger signals are routed from the Transition board
directly to the sequencer state machine ( see chapter 3.4.1.6). In shutter mode the shutter state machine
sends the trigger signals to the sequencer state machine. The trigger madsf (Baquencer

Command Registedetermines the trigger mode.

The Sequencer Status register ( see Sequencer Status register description) contains status information
about codenterpretation and sequence termination. This information is cleared with the Sequencer
Reset command. Fo status is always available.

SEQUENCER
STATUS REG
#6000
COMMAND REG
#6000
PATTERN RAM HIGH
#5000
SEQ RAM PATTERN SEQUENCER
CLOCKS
#4000 ADDR FIFO OATTERN RAM LOW
#4800
REPETITION -
COUNTER
SEQ CODE COUNTER
INTERPRETER
ADDRESS
COUNTER

Figure 9 Sequencer Block



Doc: VLT -TRE-ESO-136603900
ESO | ESO General Detector Controller |Issue: 11
(N G C) Date: 08/03/2006
Page: 390f 90
USER MANUAL
Table 24 SequencerCommand Registeri Write ADDR = #600
BIT O Sequencer Run( Pulsed)
BIT1 Sequencer Run Disable
(used if more than one SEQ are
installed in a backplane- only one
can be activg
BIT 2 Reserved
BIT 3 DemandExit at next Breakpant
BIT 6 Enable Trigger Mode
BIT 7 Software Trigger (Pulsed)
BIT 8.14 Reserved
BIT 15 Sequencer Stop and Reset
( Exit immediate )
BIT 16..31 Reserved
Table 25 Status Registeri Read ADDR = #60®
BIT O Codelnterpretation Running
BIT 1 Sequencer Running
BIT 2 Sequencer Waiting for Trigger
BIT 3 Acquisition Paused
BIT 4 End of Program Signal(cleared
after Sequencer Run
BIT 5 End at Breakpoint Signal (cleared
after Status Read)
BIT 6 Fifo Empty
BIT 7 Fifo Empty Read (cleared after
Sequencer Run
BIT 8 Fifo Full
BIT 9..15 Reserved
BIT 26..16 Pattern Ram Address
BIT 17.31 Reserved
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Table 26 SeqRAM

ADDR = #4000 till #47FF

BIT 0..10 Pattern Start Address

BIT 11..26 Pattern Repetition Count

BIT 27 reserved

BIT 28..30 Sequence Code

BIT 31 reserved

Table 27 Pattern RAM L ow ADDR = #4800 till #4FFF

|BIT 0..31 | Clock 1.32 ( presently 18 Clocks used )|

Table 28 Pattern RAM High ADDR = #5000till #57FF

BIT 0 Convert 1 (Sequencer Clock 3)

BIT 1 Convert 2 (Sequencer Clock 3)

BIT 2 Sequencer Clock 3 ( Output on Marker Lemo 1)

BIT 3 Sequencer Clock 8 ( Output on Marker Lemo 2)

BIT 4 Utility Signal 1 ( Routed to Opto Outputs )

BIT 5 Utility Signal 2 ( Routed to Opto Outputs )

BIT 6 reserved

BIT 7 SequenceBIT (7 ..0) Write Disable

BIT 8 SequenceBIT (15..8) Write Disable

BIT 9 SequenceBIT (23 .. 16) Write Disable

BIT 10 SequenceBIT (31 ..24) Write Disable

BIT 11 reserved

BIT 12..27 Pattern Dwell Time ( Value x 1s)
Minimum Dwell Time Value = 2

BIT 28 Wait for Trigger ( causes Sequencer Wait for
Trigger)

BIT 29 Breakpoint ( causes Sequencer to stop at this
pattern after SEQ STOP command Routed to
Status )

BIT 30 End of Program ( Routed to Status Register for
inspection of Sequence Termination )

BIT 31 End of Pattern ( causes fetch of next Pattern after
Dwell Time of Pattern )
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Table24 lists the sequencer codes and theéecimterpretation times. Because the sequencer code is
continuously interpreted and pattern start addresses are written to the pattern fifo, care must be taken tha
the fifo does not empties, when code interpretation time is longer than code executsotetiensined

by the read speed vectors.

Table 29 Sequencer Codesand Interpretation Time

Code Function Codelnterpret ation
Time
[Clock Cycles]

000 Stop Pattern Interpretation -

001 EXEC Pattern ( Number of 2 + 2 *number of
Pattern, Number of repetitions
Repetitions)

010 LOOP ( Number of 6
Repetitions )

011 LOOP END 8

100 LOOP INFINITE 6

101 JUMP SUBROUTINE 3
(Address)

110 RETURN SUBROUTINE 2

111 Stop Pattern Interpretation
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3.4.1.7NGC Trigger and Shutter Control

(SeealsoNGC. Shutter and TIM Interfacg

A NGC system carunin triggered modeand is also able to control a shutfEine operation for IR and
optical systems (Shutter control) are slightly different, but run witlsainge Sequencer State Machine.
To enable triggered mode Bit 6 of tBequencer Command Regigtéddress #6000) must be set. The
walit for trigger time point is determined with th&IT FOR TRIGGERBIT (PATTERN RAM HIGH Bit 28.

3.4.1.7.1 NGC Trigger i IR Operation

Figure10shows the connections on NGi@geredoperation in IR

inside FPGA
SEQUENCER MODULE

fm

|
R

\J

o O
o

\

Transition Board

Connector
(Only IR
relevant Signals shown)

Figure 10 Connection Diagram NGC triggered operation in IR

For wobbling secondary mirror applicatioN&C trigges on the signal3riggerPhaseA andTrigger
PhaseB. They might be deriveftom the standard ESDIM module to trigger at an absolute time
These two inputs are located the Transition BoardHD-15 connectof see chapter 3.4.2nd are
routedgalvanically isolatedo the FPGA on the BasiBoard.Figurell shows the typical trigger signals
of TriggerPhaseA andTriggerPhaseB.
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Absolute time
to start events H Chopping period
T
Phase-A signal (on-sky) [ ; [ [ ’—L
Phase-B signal (off-sky) [ ] [ ] ]
Pulse ignored
by NGC
Figure 11 Connection of NGC to TIM and TIM clock signals

In the event that a pulse on phd3és generated beforedlone on phasé, thefirmware on NGC will

ignore the pulse on pha&e Therefore, the first event executed will always be upon the reception of the
pulse on phas@.

When only one trigger signal iseded or available, the two trigger inputs might be connected together.
Then the sequencer is triggered on each event.

A state machine controls the operation of the sequencer. A state diagram is shguneih2. After
RESETthesequencer is IBTATE 1, thelDLE state.

After aRUN SEQUENCERCOMmMandSTATE 2is entered and leads to the execution of the loaded sequence
and running of the corresponding clock patterns. In the most simple case, free run, code is executed till
STOP @NDITION is valid and the state machine returnic.

For triggered operation thHeRIGGER ENABLE[Command register, Bit 6] must be set.

The state machine enters STATE 3, and waits for a trifggwAIT FOR TRIGGER [PATTERN RAM

HIGH, Bit 28] is en@untered . The trigger signal 8TATE 3can be a software trigger [Command

Register, Bit 7] or th@RIGGER PHASE Asignal from the Basic Board Utility connector on the Transition
Board.

After the trigger, the machine ent&yBATE 4and continues pattemxecution. Code is executed till
eitheraSTOP CONDITIONIs valid and the state machine returnsdice state or avAIT FOR TRIGGER
[PATTERN RAM HIGH, Bit 28]is found. Then the state machine ensfaTE 5and waits for a trigger

signal. The trigger sitpl inSTATE 5can be a software trigger [Command Register, Bit 7] or the

TRIGGER PHASE Hrigger signal from the Transition Board of the Basic Board Utility connector.

Comment: Two different triggers are needed for IR operation with wobbling seconolatgrt the measurement always in
the same mirror position. If mirror position is not an issue the two triggersinpatbe wired together.

After the trigger the machine ente3BATE 6and continues pattern execution. Code is executed till either
aSTOPCONDITION is valid and the state machine returngdice or awAIT FOR TRIGGER (PATTERN

RAM HIGH Bit 28) is found. Then the state machine en&f®aTE 3and waits for a trigger signal. The
trigger signal irSTATE 3can be a software trigger [Command Régi, Bit 7] or the'RIGGER PHASE B

signal from the Transition Board of the Basic Board Utility connector.
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RESET

%

' RUN SEQUENCER

WAIT FOR TRIGGER

Y

WAIT

L d
TRIGGER PHASE A

WAIT FOR TRIGGER

Y

WAIT

TRIGGER PHASE B

WAIT FOR TRIGGER

Figure 12

SequencerState Diagram- IR
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A BREAKPOINT [PATTERN RAM HIGH Bit 29]can be set anywhere in the clock patseand returns the
state machine tLE state, when thBEMAND EXIT AT NEXT BREAKPOINT [Command Register, Bit 7]
is set.

STOP CONDITIONs

RESET (stops immediately)
GLOBAL RESET [ FrontEnd Config Register ( Header 0X8) ]
SEQUENCER RESET [ Command Register [ADDR = #6000], Bit 7 ]

END OF PROGRAM FLAG [ PATTERN RAM HIGH Bit 30 ]
BREAKPOINT [ PATTERN RAM HIGH Bit 29 ]
SEQ FIFO EMPTY [ error conditioni could also mean that user did not terminaseldust executed pattern

correctly with END OF PROGRAM FLAG ]
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3.4.1.7.2 NGC Trigger i Shutter Operation

The Shutter ModuléFigure13) is acompaniomrmodule to the Sequencer Module, what means, that
commanddave to beavrittento both modules for Shutter Operation of NGThe Sequencer isnly

used to execute the pattern sequences needed for CCD operation and trigger the different operational
modegWIPE, INTEGRATE, READOUT pf the acquisitionThe shutter module is respsible for
ExposureTime , ShutterOpen and Shutter Close signaledthe monitoiing of shutterclose/open status

and fail conditionThe exact exposure timesgstin theShutter Exposure Time Register (# 7004) and

the shutter satip is done withthe Shuter Control/Status Register.

inside FPGA
SEQUENCER MODULE SHUTTER MODULE

y

|
I

o O O O O

[oX e}

—1—o0

O

[oX e}

/’

Transition Board

Connector
(Only Chopper/Trigger

relevant Signals shown)

Figure 13 NGC Trigger Connections Shutter Operation

Figurel4is the most general timing we can encounter in the interface to a shutter. This figure is
fundamental to uretstand the firmware module. The sigaaltterOpenCommand is an output that
commands the opening and the olgof the shutter blades. An ideal shutter remains open whenever the
ShutterOpenCommand  signal is asserted and close otherwise. The time tmalsgasserted is the

desired exposure time. The sigsalitterCloseStatus is an input to NGC and is asserted as long as

the shutter is fully closed. The sigrsalutterOpenStatus IS also an input and it becomes asserted as
soon as the shutter is fully apeTheshutterFail  signal reports a failure on the shutter.
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l<
ShutterOpenCommand |‘

ShutterCloseStatus

Exposure time

Event 1

£t

Event 4

Fi

ShutterOpenStatus

Event 2

1

Event 3

1

ShutterFail

Figure 14
Due to the programmable shutter interface, different shutter configurations can be implemented. The

Shutter Signals

programmabilityof the interface allows for different signal polarstend for the measurement of the

delays of the shutter mechanics with respect to the exact time, at which a start or end of an exposure is

commanded.

The exposure time is controlled by the FPGA onNBC Basic board. The timing control is based on
the board local 100.000 MHz clock and hence accurate to withitD+#s. However, this fast clock is

divided down to 1ms and this slow clock is then used for the exposure time counting. The resolution of
the exposure time setting is therefore 1ms and the maximum exposure time is 280 minutes (4.6 hours)
because the exposure time register ibi24

Signal Type Function

/ShutterOpenCommand | Output Shutter opens when signal is active (active low or hig
progranmable)

/ShutterCloseStatus Input Pulses inactive, when shutter leaves and enters fully
closed status (acc. to configuration of BIgKX)

/ShutterOpenStatus Input Pulses inactive, when shutter leaves and enters fully
open statugacc. to configuration dfig. XXX)

ShutterFail Input Shutter failed

Table 30 Shutter Signals

The control of the shutter is done via a set of 6 registers detailabla31.
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Address Register Access | length
type
0x7000| Shuter Control/Status Register r/w 16-bit
0x7004] Shutter Exposure Time Register riw 24-bit
0x7008] Eventl counter ro 16-bit
0x700C] Event2 counter ro 16-bit
0x7010] Event3 counter ro 16-bit
0x7014] Event4 counter ro 16-bit

Table 31: Shutter interface registers.

bit write access read access

15 StartExposure not used

14 AbortExposure not used

13 PauseExposure not used

12 ContinueExposure EndofExposure

11 DarkExposure

10 OpenCommandActiv Hi
9 not used Reserved
8 not used ShuterFail Line
7 Event4 is a rising edge Event4 counter overrun
6 Event3 is a rising edge Event3 counter overrun
5 Event2 is a rising edge Event2 counter overrun
4 Eventl is a rising edge Eventl counter overrun
3 not used Event4 encountered
2 not used Event3 encountered
1 Shutter mode bit 1 Event2 encountered
0 Shutter mode bit 0 Eventl encountered

Table 32: Shutter Control/Status register

A state diagram for shutter operation is showRigurel5 and described below.

The operation of the sequencer and associated shutter is controlled by the same sequencer state machin
as for IR acquisition. ie TRIGGER ENABLE[Command register, Bit 6] must be set.

After RESETthe sequencer is BITATE 1, thelDLE state.Then the complete sequence and the patterns
consisting of Wipe(s), Integrate and Readt and the voltages for Wipe are loadédter aRUN
SEQUENCERcommandCommand register, Bll] STATE 2is entered and leads to the execution of the
Wipe sequenewith the corresponding clock patteraisdvoltagesThe last pattern of Wipe contains the
WAIT FOR TRIGGERBIt [PATTERN RAM HIGH, Bit 28]. The state machine ent&8TATE 3, a wait stateThe
softwarerecognizes this state by reaglithe Sequencer Waig for Trigger Bit in the Sttus Register
(#6000,Bit 2). Now theoftware sets theoltages for Integrat&he trigger signaltto exitSTATE 3will

then bea software trigger [Command Register, Bit The software writes now a Start Exposure to the
Shuter module(Shutter Control/Status Registewhat opens the Shutter and starts exposure time
measurementn STATE 4 the Integrate patterns are execuidte last pattern of Integrate contains the
WAIT FOR TRIGGERBIt [PATTERN RAM HIGH, Bit 28] and themachine entersTATE5 a Wait stat€The
Integrate Pattern is hold, because the Wait State always holds the last pattern whiere ko
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TRIGGERBIt was set) The softwareecognizes this state by readithe Sequencer Waiting for Trigger
Bit in the Satus Register (#6000,Bit ZJhe software also checks the Exposure Timthe Shutter
Exposure Time Regist¢set with Shutter module sap) anddetermines finished exposuiehe Shutter
module itself is responsible folosng the shutterNow the voltges for Readut are loaded and Read
Out starts iIrsTATE 6 after a software triggas issuedThe last pattern of Reddut contains theEND OF
PROGRAM FLAG[ PATTERN RAM HIGH Bit 30 Jand the state machine entsT&TE 1,the|IDLE state.The
END OF PRGERAM Bit (Sequencer Status Bit &) set.

An exposure can be paused by writthgto the Shutter modulghutter Control/Status Register
the PAUSE EXPOSURBIgnal. ACONTINUE EXPOSUREcOmmando theShutter Control/Status Register
clears theeAUSE EXPOSRRE signal and thacquisitioncontinues.

Remark : The Trigger Phase signals are in shutter mode still enabled, this opens the possibility to synchronize shutter
operation with the time reference signal.
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RUN SEQUENCER

WAIT FOR TRIGGER

BIT

Y

SOFTWARE TRIGGER

PAUSE ACQUISIT ION

INTEGRATE

WAIT FOR TRIGGER

BIT

V

SOFTWARE

Figure 15 SequencerState Diagram - Shutter
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3.4.1.8 AQ Manager

Each board contains o®&) Manager Heis responsible for organizing the video data transfemnd
through this board. The AQ Managsmtains in addition a programmable video data simulator.
After conversiorand packeformationas defined in th&Q Manager Command Registéne data are
written automatically to th& Q F | &n@téassferredrhen AQ manager looks in the Transfer
Counter if additional packets should arrive from the downstream link. Hrygsirrivedthese data
packetsare also writtentothAQ FI1 FO6s and transferred

In simulation mode the video data are generated inside the FPGA.

In simulation modd. thevideodata are derived by a counter incremeriitgdhe conversion strobe.
In simulation mode #he video data reflect the video channel number.

Table 33 AQ Manager Command Registef Write ( Addr #3000)
BIT 5.0 NADC
= Number of ADCsto read on this board
BIT 5 reserved
BIT 6 Clamp/Filter Selection (OA Filter)
(Clamp is Sequencer Bit 35%ee
BIT 7 Filter Time Constant
OA 5Sus
1A 5us see
BIT 15.8 PACKETSIZE

=Number of data words (32Bit) per Data
Packet( must be multiple of NADC)

BIT 19..16 Transfer Counter
( Number of packets arriving from
Downlink A 1 means 1 packet from

Downlink )
BIT 20 Enable Conversion by Convertl
(Convertl isSequencer Bit 33)
BIT 21 Enable Conversion by Convert2

(Convert2 is Sequencer Bit 34)

BIT 23..22 reserved

BIT 24 Declare Module as First in Chain
( module needs no transfer permission )
BIT 27..25 reserved
BIT 28 Simulation Mode/Acquisition Mode
BIT 29 Simulation Mode : 0 =Numbers
1 =Counter

(not consicered in Acquisition Mode
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[ BIT 31..30 | reserved |
Table 34 AQ Manager Status Register Read ( Addr #3000 )
BIT O AQ State A | DLE o
BIT 1 AQ State A CONVERTIONg
BIT 2 AQ State A Waiting
BIT 3 Error Condition :

Data Overrun AQ FIFO
BIT 4 Conversion Error Bit
BIT 5.6 Reserved
BIT 7 Bandwidth Switch GA High Bandwidth
BIT 11..8 Number of ADCs

(Replica of Setup)

BIT 19..12 Packet Size

(Replica of Setup)

BIT 23..20 Upstream_Count

(Replica of Setup)

BIT 27.24 Transfer_Counter (Initial )
(Replica of Setup)

BIT 31.28 Transfer_Counter (Actual State)

An ADC Error register and ADC Error BiseeTable34) have been implaented for test and

mai ntenance. The Error Regi ster shows mighthHangal | A
up the data transmission (the communication would still wark¢mporary missing ADC scramble the

image A read of the AQ Manager Stest Register will then show the ADC Error Bit set, in the ADC

Error register the not working AD®@ill have the bit of the corresponding ADC set. The Error signals

once set, are only cleared by wriaraftergReseto t he AL
Table 35 ADC Error Register ( Addr #3002)

BIT O ADC 0 Error Bit

BIT 1 ADC 1 Error Bit

BIT 2 ADC 2 Error Bit

BIT 3 ADC 3 Error Bit

BIT 31.4 606006

The ADC numbering seeFigure22) corresponds to the values in the real time display in simulation
mode and readut mode ADC.
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Two conversion signals are available
Table 36 Convert Signals

Convertl Sequencer Clock 32
(starting with clock 0)

Convert2 SequencerClock 33
(starting with clock 0)

The AQ Manager Delay Registere | ays t he conversion strobe to t
generated clocks ) by max 2.56 us.

Table 37 AQ Manager ADC Delay Registeri Write ( Addr #3001)

BIT 7..0 Delay of Conversion Strobe=
(value * 10ns + 10n9
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3.4.1.9Basic Board Front Panel

The Basic Board Front Panel green L&EBdicatke :
e System Reset
e Convert
e Sequencer Running
[ ]

Bias and Clock output enable
The red LEDOGs show
e Link Lock Status of Uphk and Downlink
e Tx and Rx transfers
LEMO connectors carry :
e Thebufferedconversion signalSequencer Clock3or 34)
Two digital markergSequencer ClocR5, 36)

[ ]
e A software selectableuffereddifferential video channel signal
[ ]

Two independently selectalieiffereddetectorclock signals

RESET
CONVERT
SEQ_RUN
OUTPUT_EN

Figure 16 Front-End Basic LED Indicators

RX

TX

DOWNLINK LOCKED
UPLINK LOCKED
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Clock Monitor Video Mar ker s Convert LEDOC
2 1 differential 2 1

Figure 17 Front-End BasicBoard - Front Panel
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3.4.1.10 Video Chain

The video chain consists of the video aifigrl and the ADC connected to the FPGle gain of the
video amplifier is 1The video amplifier has a differential input, offset control (Eakle38) and
selectable bandwidth (s@able40).

Table 38 Bias Setup Register(Extract Offset Control) i Write ADDR #8000

BIT13..0 Data Value

Bit 21..16 Video Offset P = 3A
Video_Offset N =3B

Different ADC types can be installed

Table 39 Possible ADC Types on Basic Board

ADC Type Video Input Range ADC Range
AD 7677 0 to 4 Volt +/- 2.5 Volt
1MHz/16Bit
AD 7621 0 to 2.5 Volt +/- 2.5 Volt
3MHz/16Bit
AD 7677 0 to 4 Volt +/- 4 Volt
1MHz/16Bit
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The digital out ptdghtbiodrynatahoe ADCO6s i s i n
A
o 111111 —
g 111..110— |
@ 111..101 — |
S | [
2 ] N
5 ~ [
: — N
t — [
o — [
o [
Q — |
= ] [
000...010— |
000...001 — I I
000...000 22 T -
-FS “-FSHLSB | 14FS—1LSB
|
-FS+051LsSB +FS - 1.5 LSB
ANALOG INPUT

Figure 18 ADC Code against Analog Input

The video amplifier can be used in two modes selected iAGhBlanager Command Register
The normal mode selects a switchable filter ( Bit 6 =0 ). The time cdrudttre filter ischoserwith

Bit7.

Clamp/Sample mode requires a hardware change. The Filter resistor is exchanged to a sampling
capacitor and the filter capacitisrtaken out and a low value Resistor (100 Ohm) inserted instead.

Bit 6 of theAQ Manager @mmand Registéds set to 1. Then sequencer clock 35 is the clamp/sample

control. Bit 7 has no function in clamp/sample mode.

Table 40 AQ Manager Command Register(Clamp/Filter Selection Bits)i Write ( Addr #3000 )

BIT 6 Clamp/Filter Selection (0OA Filter)
(Clamp is Sequencer Bit 355ee
BIT 7 Filter Time Constant

OA 5Sus
1A 5Sus see
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3.4.1.11 Clock and Bias Rails and Settings

To accommodate different detectors, the rails for clocks andstessgumper selectablEigure19).
The drawing also reflects the kayt on the Basic Board for the clock and bias modules.

CLOCK 13,14

Power Regulator

o ? Positiv 28V o
¢}

-12V

Power Regulator o
o Negativ
-5V

Bottom Layer of Board

Top Layer of Board

O ——

+13V

Power Regulator
Positiv

+8V

O ——

-13V

Power Regulator

Negativ

-8V

Figure 19 Clocks and Biase$ Rails and Jumper Settings
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3.4.1.12 Basic Board Jumpers

There are different jumper fields for the configurations of the Basic board:

e ADC Selection configures the chosen ADC and the corresponding operation mode

e Digital Base Power connects the main digital 3.3 Volt supply to the digital circuits and to the

FPGA regulators (see schematic)

e |D Setting tells the ID register about the board type 8s¢4..2)

e FPGA Power connects the 3.3 Volt derived FPGA supplies to the FPGA
¢ Bias and Clock Settings selects the Bias and Clock ragd-{gare19)

Video Channel

Figure 20 Basic Board Jumper Fields
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Figure 21 Digital Base Power Field

The Digital Base Power Field jumper connects the main 3.3Volt bagifaly to the board.
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LSB

(Example

D Setting 1110)

Settings

MSB
Sidelink
Hardware
Setting

1.5 Vol Asglll | 2-p
FPGA : §\olfy, VoIt

Core FPGA  Link
Power

Figure 22 ID Setting, FPGA Power Field and Sidelink Selection

The FPGA Power Field jumpers separate the FPGA supplies from the FPGA.

The ID Field jumpers provide a readable board code ttithegister.

The Sidelink jumpe(see chapteB.4.1.1) , when set, switches the uplink to the Sidelink transceiver
(and then to the Transition board fiber optic transceiver) without software intervention.
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‘
. .q LU B BN B A A A A I T

e L XS TRIIITIT

s1Q};

Figure 23 Bias and Clock Setting Field
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SJ;SJ S/
7. &8 . s>

(ol Kl
— -

-
Figure 24 ADC Selection Field (Configuration AD 7677)

o

>

Figure 25 Jumpers for ADC Selection
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3.4.2 Transition Board of Front-End BasicBoard

The Transition Board of th€rontEndBasicBoard establishes the interfacennections to the external
world on different connectors :

Clocksand Basesoutputs

Video signainputs

.Shutter Control I/O

Fiber Optic transceivers of high speed links

HE
- =3
=
b=
L
mE
W E

3 1
| = . |

il y By s
[ TR T T
OISR e g

§ R g

. Utilities: Clock and Bias
Fiber Shutter
Optic Trigger

Figure 26 Transition Board of the Front-End BasicBoard
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The video connectguin-out is shown irFigure27

)

o[fO0]O0]O]|O
O O O O

Il
L

O 0O 0O 0O 0O O O

00000002)

\

Figure 27

Video Connector

POWER_MINUS_PREAMP
POWER PLUS PREAMP

Power Lines (+/6V) for Video Amplifier

PREAMP_BIAS_OUT

Analog Output (+/5V) i can be used for Video
Amplifier Offset

DIODE_BIAS_OUT

Analog Output (+/5V) i can be used for Detectc
Bias

12C_CLK I12C Bus
I2C_SDA
GPIO_EXT_8..9 General Purposgalvanically decoupled digital

lines

PREAMP_BIAS OUT

Video Amplifier Bias Voltage [ +/5V]

DIODE_BIAS_OUT

DetectorBias Voltage [ +/5V]

VIDEO_NEGX Differential Video Inputs
VIDEO_POS x
q Analog GND

Table 41 Video Connecto
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The utilities connectoffFigure28) carries signal for shutter control on optical systems and trigger inputs
for IR applications.

1] T
o) hY
O o >
O o AN |
O
O o
Se—t—O
1] o o
O
O (o]
° ==
Figure 28 Utilities Connector
12C_SDA _EXT 12C BUS
I2C_SCL_EXT
Shutter Signals ShutterControl Signals
TIM_PHASE_A Trigger Inputs
TIM_PHASE B
V_IN_DIG Digital Power Supply (5V)
(only used for test purpo$eR24 is removed in
production boards)
i Digital Ground
VCC_EXTERNAL External Power Supply Input fésolators
GND_EXTERNAL External Power Supply GND

Table 42 Utilities Connector
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The Clock and Bias Connect@figure29) provides clocks and biases to the deteatat power supply

pins for speal applications like clock buffers for mosaics

O 0
0 O
O 0
) [o]
I
| o
o o
O O
o o
O O
1}
J
J

Figure 29 Clock and Bias Connector
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BIAS 1..8 Unipolar Biases
(O toPowerPlusHigh
BIAS 9..16 ConfigurableBiases
(PoweMinusHigh to PowerPlusHigh
BIAS 17..20 Bipolar Biases(Range of Clock Rails :
PowerMinusVariabléo PowePlus/ariable
CLOCK 1..18 Detector Clocks (Range of Clock Rails :
PowerMinusVariabléo PowePlus/ariable
CLOCK 19.. 24 Switch generated Detector Clocks

( seechapter 3.4.2)1

OUTPUT_ENABLE_EXT

Output Enable Signal for Clock and Bias

PowerMinusVariableBP
PowePlusvariable BP

Clock Power Supply

PowerMinusHigh_BP
PowerMinusHigh BP

BiasPower Supply

4

Analog GND

Table 43 Clock and Bias Connector
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3.4.2.1Flexible Readout of Multi -output CCDs with Switches on the Transition Board

To read oumulti-output CCDs like the CCD favIUSE (e2vCCD 231)in a flexible manner
(1,2,4 port readout) withminimumnumber clockshe following system is implemented on the
Transition Board

See below the Chip Schematice#fvCCD 231

TOP

H3 H2 H1 G1 G2 G3
/ DOSH DOSG
//‘, > 0SH OSG \
I
Ao )
TGD — = TGD
D4 — L D4
D3 — —— D3
D2 — —— D2
D1 — — D1
c4 — L c4
C3 — — C3
c2 — — C2
Cl1 — — C1
B1 —— —— Bi1
B2 — —— B2
B3 —— —— B3
B4 — —— B4
Al — — Al
A2 — L A2
A3 — — A3
A Y}
TGA —— — TGA
e -« > N
| . nanan |
\‘j > OSE E2vMKZIIZRE OSF — —_/
_>—DOSE DOSF
E3 E2 E1 F1 F2 F3

BOTTOM

Figure 30 Chip Schematic ofe2v CCD 231
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Line clocks organization for Reaalt through 4 outputs

101 | 102 | 103 | 124
A section transfer towards E-F reqgister Al A2 A3 Ad | TGA =104
B section transfer towards E-F register B1 B2 B3 B4
C section transfer towards G-H register C1 Cc2 C3 C4
D section transfer towards G-H register D1 D2 D3 D4 | TGD =121
Table 44

Line clocks organization for Reawlt through 1 or 2 outputs

191 | 102 | 103 | 194
A section transfer towards E-F register Al A2 A3 Ad | TGA =104
B section transfer towards E-F register B1 B2 B3 B4
C section transfer towards E-F register C4 C3 C2 C1
D section transfer towards E-F register D4 D3 D2 D1 | TGD = “low”
Table 45

The difference between the readouts is the ordering of the C andidhseith respect to A and B.

This reordering can be accomplished by analog switches
(MAX4666, SO16, Ron <5 Ohm)

L=
m > <Hisl e
CoM1 E—o/a [‘t‘—o—ﬂ COM2
Not [3] 4] Nz

- [ mmanm f3] v
ao 5] Masss  [z] v,

Noa (6 ,J 1] nea
coma [7 g/:kr
[_O\r\ : 0] coms

s (8> <o ms

SO/DIP
MAX4666
LOGIC SWI1TC4HES SWITCaHES

0 OFF oM
1 ON OFF

Figure 31 MAX 4666 Analogue Switch
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Figure 32 Switch SetUp
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Table 46 Control Clock Settings

Vertical Horizontal CCD Readout Mode

Control Bit Control Bit

0 0 1 Channel Readout

0 1 2 Channel Right and Left Amplifier Readout
1 0 2 Channel Top and Down Amplifier Readout
1 1 4 Channel Readout

In this waya CCDcan be readn 1 or 2 or 4 port&/ith only oneclock patternThis is a lot of
simplification and createsymmetricalpatterns automatically. Using a scheme with individual clocks
would require 4 different patteriswith the possibility of aors in symmetry and elsewhere.

With two clock subpattern changeiscan be set by two variables in the software@nauping : e.g. 4

to1, 1to 4, 2to 3, 3to 2 on image clocks) even the selection of the output amplifier(s) (up, down, right,
left) can be accomplished. Using a scheme with individual clocks would require 9 different patterns

with the possibility of errors as stated

Archiving of onlyoneclock patternfor a given CCD is needed.
The control bits aralwaysneeded to tell the softwarif readout of 1,2 or 4 channels is done.

Finally the multiplexer scheme helps in archiving and creation of the CCD read out clock designs. The
logical signals of the clock multiplexers can be derived either from a register or out of the sequencer
clocks (must be hold throughout all patterns). The system file will contain the setting of the control bits,
this information is anyway needed when the number of outputs is changed. Therefore preference is
given to the register approach.
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3.4.3 AQ32 Board

The AQModule (Figure33) is based on the XILINX Virtex Pro FPGA XC2VP20 FF10Zhe
addressing and function of this board is exactly as for the Basic Beigtad34). Main feature of this
module are

Communication

Video data transfer

Sequencer( used only for standalone tests of the board )

32 data acquisition channels €an be installed withe i t her 16 or 18 Bit AD
Video monitoring

0 ADC outputs of the acquisition channels connect with little ghgéclon a bus structure to the
FPGA.

U ADCbs are the AD7677 types from Anal og Devic
high speed 16Bit/3MHz ADCs type AD7621.

U The preamplifier is fully differential, input range is- 2/5V. There is no clamp/sate
implemented in the analog chain.

The Video Channels on the board are organized in four groups of eight channels in each group. The
firmware reads always four channels at the same time, video channel 1 of all groups followed by video
channel2ofar oups then video channel 3 of all group
The Video Connector layoig described ir8.4.4 Transition Board othe AQ32 Board
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ADCs of Group 1 ADCs of Group 3

2 Top Layer
Group-4+Channel4 ., 8-, _1_

‘ottom Layer ’
K\. -

Connect for
Sldestream

-
=y

o
Group/1, Channel'1 55, 9 ;=
Top'Layer £
p2 Channel2 , 6, 1
Bottom Layer‘

el e
0a e

Figure 33 AQ32 Module
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The addressing of functiomsd the structure of the AQ32 boasddentical to the Basic Boaiidthe
same addresses are used ( see chayptd).

Before any addressing of functions BrontEnd modules the link structarof theFrontEndsystem
must be defined. This happens by writing the CONFIG redisémalso3.4.1.]) of themodule.

The status register holds system information for control and debugging. The ID register contains a
uniqueidentification of the board (se#s03.4.1.9.
The Monitor modulgseealso3.4.1.3 sets the video monitors to the channels chosen and routes the

signals to the front panel Lemo connectors.

ADC data from th&2 onboard video channels or the downstream links are written to the AQ fifos. The
AQ Manager(see3.4.1.9 organizes the video data transfer to the downstream link.

There is no module for Telemetoy this bard

The Bias Register has only four channels and provides the offset for the video asnplifier

3.4.3.1Configuration Register

Description identical t8.4.1.1 (Configuration RegisteBasic Board)

3.4.3.2Status Register

Description identical t8.4.1.2

3.4.3.3Monitor

The Monitor module sets the clock and the video monitors to the channels chosen in the corresponding
registers and routes the signals to the front panel Lemo connectors.
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Table 47 Video Monitor Registeri Write ADDR #B000
BIT2..0 Video ChannelNumber
( 0 corresponds to Channel 1)
BIT4..3 Video Channel Group Number
( 0 corresponds to Group 1)

3.4.3.4ConversionError Register

At address 0x3002 there is aBi2 registercalled Conversion Error Registierdetermine in case of a
conversion errofwhat leads to no transmitted datahichADC(s) did not respond to the convert

signal Each individual ADC has one bitonthiegister a A 10 me ans. TH2oegistegis Si on
cleared &er writing to the AQ3Zrrorregister or a board reset.

The Conversion ErroBit in the AQ32 Status registéeeTable34) is cleared in the same action.

Table 48 ConversionError Register - Read

BIT 31..0 (1) Video ChannelNumber

(1) Bit Number = ( Group Numberstarting with 1)* Channel Numbegtarting with 1) - 1

3.4.3.5Sequencer

The Sequencer (see function in Chapter 3.4dn6je board isnly used for basic tests in board stand
alone operation. Only a conversion strobe signal is generated. No clocks are fed out to the backplane.
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3.4.3.6Video Offset Register

Table 49 Video OffsetRegisteri Write ADDR #8000
BIT13..0 Data Value
Bit 21..16 DAC Channel Number

3.4.3.7AQ Manager
Description identical t8.4.1.8
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On Board
AQ FIFO ADCs

AQ FIFO 1

SEQUENCER AQ MANAGER MONITOR
For Stand-alone
Tests only

STATUS REG OFFSET DAC
REGISTER
COM

“ NEXT LINK
IF

SYSTEM RESET

CONFIG
REGISTER

Figure 34 AQ32 Module Structure
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3.4.4 Transition Board of the AQ32 Board
The Transition Boar@Figure35) of the AQ32 Board establishes thexternalinterface connections.

Ik [FErTr s TTTy

Figure 35 Transition Board of the AQ32 Board

The Jdeo sgnals are fed in frontwo connectorgFigure37). The channels of theorrespondinghQ32
Board are organized fiour groups. Readut and transmission order is channef fyroup 1, followed






