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PAGE OF

LCB SEQUENCER 
PAGE 8

POWER SUPPLY 
SERVICES

PAGE 2

CONFIGURATION SERVICES 
PAGE 3

AFE CONTROL 
INTERFACE

PAGE 7

AFE PIXEL DATA 
INTERFACE

PAGE 6

PIXEL DATA 
SERVICES
PAGES 5

DHE 
COMMUNICATION 

SERVICES
PAGE 4

AFE INTERFACE 
GATEWAY

PAGE 7

WISHBONE BUS 
MASTER BRIDGE

READ BUS DATA 
MULTIPLEXOR

PAGE 4

WISHBONE BUS 
SLAVE BRIDGE

“BOARD SELECT” 
= 0x0004h

WISHBONE BUS 
SLAVE BRIDGE 

“BOARD SELECT” 
= 0x0002h

WRITE BUS DATA MULTIPLEXOR
PAGE 3LCB POWER CONNECTOR

AFE 1 CONNECTORS

AFE 2 CONNECTORS

SFP CONNECTOR

SYNC IN/OUT CONNECTORS

UART CONNECTOR

WISHBONE BUS 
SLAVE BRIDGE 

“BOARD SELECT” 
= 0x0008h

WISHBONE BUS 
SLAVE BRIDGE

“BOARD SELECT” 
= 0x0001h

WISHBONE BUS SLAVE BRIDGE “BOARD SELECT” = 0x0010h

WISHBONE READ BUS

WISHBONE WRITE BUS

MODULE DATA FLOWS

PIXEL DATA PATH

REFERENCE WISHBONE BUS INTERCONNECTION SCHEME

LOGICAL NAME

LCB CONTROL

POWER SUPPLY SERVICES

CONFIGURATION SERVICES

PIXEL DATA SERVICES

AFE CONTROL

SPARE

SPARE

SPARE

BOARD ADDRESS

0 – 0x0001h

1 – 0x0002h

2 – 0x0004h

3 – 0x0008h

4 – ox0010h

5 – 0x0020h

6 – 0x0040h

7 – 0x0080h

WISHBONE BUS 
MASTER BRIDGE

WISHBONE BUS 
SYSCON

C
fg

Bu
sR

eq

C
fg

Bu
sA

ck

C
fg

B
us

R
eq

C
fg

B
us

A
ck

Sy
sR

es
et

See http://www.opencores.org/projects.cgi/web/wishbone/wishbone

CommChannelBusy

CHANGES FROM VERSION C1 to C2
1. Moved Sequencer logic from LCB control module to CFG Services 
module.

Significance

Normal Read / Write Bus Cycle

Broadcast Bus Cycle (Machine State)

TGD_I/O Code

‘0’

‘1’

Significance

Reset Bus Cycle

Read Bus Cycle

16-Bit Write Bus Cycle

32-Bit Write Bus Cycle

TGC_I/O Code

“00”

“01”

“10”

“11”

WISHBONE ‘USER DEFINED’ SIGNAL DEFINITIONS

CHANGES FROM VERSION C2 to C3
1. Corrected signal arrow on page 7 to point to page 2 rather than page 3..
2. Removed multiplexor from page 3
3. Renumbered pages
4. Colored blocks orange to indicate available firmware from MONSOON 
Orange
5. Aded extra level of heirarchy to I2C_Sequencer logic on page 3
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Pulse Width 
Modulator

/1

AFE1_PWR_FAIL_V80

AFE1_PWR_FAIL_V180

AFE2_PWR_FAIL_V180

AFE2_PWR_FAIL_V80

AFE1_PWR_ENABLE_V80

AFE1_PWR_ENABLE_V180

AFE1_PWR_ENABLE_V300

AFE2_PWR_ENABLE_V300

AFE2_PWR_ENABLE_V180

AFE2_PWR_ENABLE_V80

V33D_SYNC V80A_SYNCVFAN_ADJ VP80A_ADJVN80A_ADJ

/PWR_INT

/PWR_KILL

V300A_SYNC

VHTR_ENABLE V80A_ENABLE

V300A_SLCT

/VHTR_SUSPEND

Pulse Width 
Modulator

/1

PSM Sync 
Driver

/1

V3
3S

yn
cC

lk

V
33

Sy
nc

C
lk

x1
28

V180A_SYNCVP180A_ADJVN180A_ADJ

PSM Sync 
Driver

/1

PSM Sync 
Generator

V33MaxSyncFreq 
V33MinSyncFreq
V33SyncPulseWidth
V33SyncDivider

PsmSyncClk

HtrServoPwmValue DheServoPwmValue

PsmV33SyncEnable

Pulse Width 
Modulator

/1

Vn80ServoPwmValue
Pulse Width 
Modulator

/1

PSM Sync 
Driver

/1

V8
0S

yn
cC

lk

V
80

Sy
nc

C
lk

x1
28

PSM Sync 
Generator

Vn80ModulationValue
Vn80ServoEnable

Vp80ServoPwmValue

PsmV80SyncEnable

Pulse Width 
Modulator

/1

Pulse Width 
Modulator

/1

PSM Sync 
Driver

/1

V1
80

Sy
nc

C
lk

V1
80

S
yn

cC
lk

x1
28

PSM Sync 
Generator

Vn180ServoPwmValue Vp180ServoPwmValue

PsmV180SyncEnable

V
30

0S
yn

cC
lk

PSM Sync 
Generator

PsmV300SyncEnable

Vp80ModulationValue
Vp80ServoEnable

Vn180ModulationValue
Vn180ServoEnable

Vp180ModulationValue
Vp180ServoEnable

DheModulationValue
DheServoEnable

HtrStbyPwmValue
HtrServoEnable

V80MaxSyncFreq 
V80MinSyncFreq
V80SyncPulseWidth
V80SyncDivider

V180MaxSyncFreq 
V180MinSyncFreq
V180SyncPulseWidth
V180SyncDivider

V300MaxSyncFreq 
V300MinSyncFreq
V300SyncPulseWidth
V300SyncDivider

PSM Sync 
Driver

/1

Lo
gi

cS
yn

cC
lk

PSM Sync 
Generator

LogicMaxSyncFreq 
LogicMinSyncFreq
LogicSyncPulseWidth
LogicSyncDivider

LOGIC_SYNC

PSM Pin 
Driver

/1

PSM Pin 
Driver

/1

VhtrEnable

SeqEnblReg_VhtrSuspend

V
ht

rE
na

bl
e

VFAN_ENABLE

PSM Pin 
Driver

/1

VfanEnable

Vf
an

En
ab

le

SeqEnblReg_PsmSyncPulseBit

PSM Pin 
Driver

/1

V80Enable

V8
0E

na
bl

e

V180A_ENABLE

PSM Pin 
Driver

/1

V180Enable

V
18

0E
na

bl
e

PSM Pin 
Driver

/1

V300PolaritySelect

VAUX[15]
VAUX[14]
VAUX[13]
VAUX[12]
VAUX[11]
VAUX[10]
VAUX[9]
VAUX[8]
VAUX[7]
VAUX[6]
VAUX[5]
VAUX[4]
VAUX[3]
VAUX[2]
VAUX[1]
VAUX[0]

VP

System 
Monitor Block

System 
Monitor 
Control

SmReset
SMConvStClk

SmDataIn[15:0]
SmDataOut[15:0]

SmConvSt
SmDAddr[6:0]

SmDWE
SmDEN
SmDClk

SmChan[4:0]

SmDRdy

SmOTAlarm
SmAlarm[2:0]

SmEOC
SmEOS
SmBusy

VirtexTempValue
VirtexVccIntValue
VirtexVccAuxValue
VirtexVRefPValue
VirtexVRefNValue
VirtexTempMaxValue
VirtexVccIntMaxValue
VirtexVccAuxMaxValue
VirtexTempMinValue
VirtexVccIntMinValue
VirtexAdcOffsetError
VirtexAdcGainError

Vp33VoltsValue
Vp33AmpsValue

Vp180VoltsValue
Afe1Vp180AmpsValue
Afe2Vp180AmpsValue
Vn180VoltsValue
Afe1Vn180AmpsValue
Afe2Vn180AmpsValue
Vp300VoltsValue
Afe1Vp300AmpsValue
Afe2Vp300AmpsValue
Vn300VoltsValue
Afe1Vn300AmpsValue
Afe2Vn300AmpsValue

PsmPrimaryShutdown Power Sequence and 
Protection Controller

ShutdownClocks

ShutdownBias[0:3]

/1

/1

/1

/1

/1

/1

/1

/1

/1

/1

/1

/1

V80TurnOnDelay
V80TurnOffDelay
V180TurnOnDelay
V180TurnOffDelay
V300TurnOnDelay
V300TurnOffDelay
Afe1GrpTurnOnDelay
Afe1GrpTurnOffDelay
Afe2GrpTurnOnDelay
Afe2GrpTurnOffDelay

ClockTurnOnDelay
BiasBnk0TurnOnDelay
BiasBnk1TurnOnDelay
BiasBnk2TurnOnDelay
BiasBnk3TurnOnDelay
ClockTurnOffDelay
BiasBnk0TurnOffDelay
BiasBnk1TurnOffDelay
BiasBnk2TurnOffDelay
BiasBnk3TurnOffDelay

PowerUpCmd
PowerDownCmd
PowerStndbyCmd

PsmShutdownHard

PsmShutdownEasy

PsmShutdownHard

PID 
FUNCTION

HtrProportionalGain
HtrIntegratorGain
HtrDerivativeGain
HtrProcessGain (-1) PID 

FUNCTION
HtrErrorSignal

DheProportionalGain
DheIntegratorGain
DheDerivativeGain
DheProcessGain (-1)

DheErrorSignal

VHTR_ADJ

PID 
FUNCTION

Vn80ProportionalGain
Vn80IntegratorGain
Vn80DerivativeGain
Vn80ProcessGain

Vn80ErrorSignal

PID 
FUNCTION

Vp80ProportionalGain
Vp80IntegratorGain
Vp80DerivativeGain
Vp80ProcessGain

Vp80ErrorSignal

PID 
FUNCTION

Vn180ProportionalGain
Vn180IntegratorGain
Vn180DerivativeGain
Vn180ProcessGain

Vn180ErrorSignal

PID 
FUNCTION

Vp180ProportionalGain
Vp180IntegratorGain
Vp180DerivativeGain
Vp180ProcessGain

Vp180ErrorSignal

FILTER 
FUNCTION

Vn80PowerValue

Vn80VoltageSetPoint
Vn80MarginSetPoint
Vn80FilterDepth
Vn80TimeConstant

FILTER 
FUNCTION

Vp80PowerValue

Vp80VoltageSetPoint
Vp80MarginSetPoint
Vp80FilterDepth
Vp80TimeConstant

FILTER 
FUNCTION

Afe1Vn180PowerValue
Afe2Vn180PowerValue

Vn180VoltageSetPoint
Vn180MarginSetPoint
Vn180FilterDepth
Vn180TimeConstant

FILTER 
FUNCTION

Afe1Vp180PowerValue
Afe2Vp180PowerValue

Vp180VoltageSetPoint
Vp180MarginSetPoint
Vp180FilterDepth
Vp180TimeConstant

FILTER 
FUNCTION

Afe1Vn300PowerValue
Afe2Vn300PowerValue

Vn300VoltageSetPoint
Vn300MarginSetPoint
Vn300FilterDepth
Vn300TimeConstant

FILTER 
FUNCTION

Afe1Vp300PowerValue
Afe2Vp300PowerValue

Vp300VoltageSetPoint
Vp300MarginSetPoint
Vp300FilterDepth
Vp300TimeConstant

Vn300ErrorSignal Vp300ErrorSignal

FILTER 
FUNCTION

DheTempSetPoint
DheMarginSetPoint
DheFilterDepth
DheTimeConstant

FILTER 
FUNCTION

HtrTempSetPoint
HtrMarginSetPoint
HtrFilterDepth
HtrTimeConstant

HtrPowerValue

FILTER 
FUNCTION

Vp33ErrorSignal
Vp33PowerValue

Vp33VoltageSetPoint
Vp33MarginSetPoint
Vp33FilterDepth
Vp33TimeConstant

PsmPidTimebaseClk

HtrTempSensorSlct

TEMP_2

TEMP_1

HTR_CURRENT

HTR_VOLTAGE

FREQ TO 
VALUE 
CONV

HtrTemp1CountPeriod
HtrTemp1SlopeValue
HtrTemp1OffsetValue

HtrTemp1Value

HtrTemp2CountPeriod
HtrTemp2SlopeValue
HtrTemp2OffsetValue

HtrTemp2Value

HtrVoltsSamplePeriod
HtrVoltsSlopeValue
HtrVoltsOffsetValue

HtrVoltsValue

HtrAmpsSamplePeriod
HtrAmpsSlopeValue
HtrAmpsOffsetValue

HtrAmpsValue

/1

FREQ TO 
VALUE 
CONV

/1

FREQ TO 
VALUE 
CONV

/1

FREQ TO 
VALUE 
CONV

/1

FreqConverterClk

LcbTemp1Value
LcbTemp2Value

DheTempMonSlct

Vp80VoltsValue
Vp80AmpsValue

Vn80VoltsValue
Vn80AmpsValue

SYSCLK

PsmShutdownEasy

POSSIBLE VERTICAL 
INTEGRATION OF 
FUNCTION (I.E. TIME 
MULTIPLEXED –
MULTICHANNEL 
FUNCTION BLOCKS)

LogicSyncEnable

FROM 
PAGE 3

TO 
PAGE 7

SmAverageConstant
SmAdcClkDivisor
SmAlarmValues[0:7]
SmSequencerMode
SmCalibrationMode

Afe1Temp1Value
Afe1Temp2Value
Afe2Temp1Value
Afe2Temp2Value
DheServoTuneTemp

HtrServoTuneTemp

ServoLockedStatusReg

MEM_PWR_ENABLE

LcbMemoryPwrEnable

PSM Pin 
Driver

/1

SYMBOL LEGEND

REGISTER NAME
(READ AND WRITE)

CONSTANT NAME

FIRMWARE CONTROL 
SIGNALS

HARDWARE SIGNALS

INTERNAL DATA & 
CLOCK FLOWS

FILTER 
FUNCTION

FIRMWARE 
PROCESS

PROGRAMATIC 
DATA 

DATA CONSTANTS

REGISTER NAME
(READ ONLY)

INTERNALLY 
GENERATED DATA

DATA REGISTER COLOUR CODES 

REGISTER BIT(S)SEQUENCER 
REGISTERS

FUNCTION NAMEFUNCTION 
TRIGGERS

SYSTEM READ / 
WRITE BUS. ACCESS 
TO ALL REGISTERS

ShutdownSystem
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I2C 
INTERFACE

/1

/1MON_SDA

MON_SCL

ReadAllParamStoreCmd
LcbReadParamStoreCmd
LcbWriteParamStoreCmd

LcbParamStore[0:4095]
PsmParamStore[0:4095]
TsnParamStore[0:4095]
Afe1ParamStore[0:4095]
Afe2ParamStore[0:4095]

LcbTemp1Value
LcbTemp2Value

/1

/1

/1

AFE_SDA_OUT[0]

AFE_SCL[0]

AFE_I2C_ENBL[0]

AFE_SDA_OUT[1]

AFE_SCL[1]

AFE_I2C_ENBL[1]

PSM_SDA_OUT

PSM_SCL

PSM_I2C_ENBL

PSM_SDA_SNS

TSM_SDA_SNS

TSM_SDA_OUT

TSM_SCL

TSM_I2C_ENBL

/1

/1

/1

/1

/1

/1

/1

/1

/1

/1

/1

/1

/1

AFE_SDA_IN[0]

AFE_SDA_IN[1]

I2CScl

I2CSda

I2C MANAGER

I2CDataIn

I2CDataOut

I2CDataRdy

I2CRead

I2CWrite

I2CBusy

I2CChannelAddr[0:2]

SYSCLK

PsmTemp1Value
PsmTemp2Value
TsnTemp1Value
TsnTemp2Value
Afe1Temp1Value
Afe1Temp2Value
Afe2Temp1Value
Afe2Temp2Value

PsmReadParamStoreCmd
PsmWriteParamStoreCmd
TsnReadParamStoreCmd
TsnWriteParamStoreCmd
Afe1ReadParamStoreCmd
Afe1WriteParamStoreCmd
Afe2ReadParamStoreCmd
Afe2WriteParamStoreCmd

WriteStoreEnable

SEE DOCUMENT 
LcbParameterStoreMap.xls

FOR ASSIGNMENTS

I2CTempScanFrequency
I2CTempScanEnable

I2CInterfaceBusy
LcbParamStorevalid
PsmParamStoreValid
TsnParamStoreValid
Afe1ParamStoreValid
Afe2ParamStoreValid

I2CSdaEnbl

CONFIGURATION 
SEQUENCER

AutoConfigurationMode

SystemRebootFlag

SystemReconfigureFlag

ConfigSeqLcbAddressScanTable
ConfigSeqPsmAddressScanTable
ConfigSeqAfe1AddressScanTable
ConfigSeqAfe2AddressScanTable
ConfigSeqTsnAddressScanTable

PART OF PARAMETER 
STORE ADDRESS SPACE

SYMBOL LEGEND

REGISTER NAME
(READ AND WRITE)

CONSTANT NAME

FIRMWARE CONTROL 
SIGNALS

HARDWARE SIGNALS

INTERNAL DATA & 
CLOCK FLOWS

FILTER 
FUNCTION

FIRMWARE 
PROCESS

PROGRAMATIC 
DATA 

DATA CONSTANTS

REGISTER NAME
(READ ONLY)

INTERNALLY 
GENERATED DATA

DATA REGISTER COLOUR CODES 

REGISTER BIT(S)SEQUENCER 
REGISTERS

FUNCTION NAMEFUNCTION 
TRIGGERS

SYSTEM READ / 
WRITE BUS. ACCESS 
TO ALL REGISTERS

Afe1Detected

Afe2Detected

TsnDetected

SYSCLK

LCLK

PCLK

DCLK

TCLK

MCLK

125 MHz

80MHz

160 MHz

80MHz

40 MHz

125 MHz

125 MHz

SYSTEM LOGIC CLOCK

DATA LINK CLOCK

MEMORY BLOCK CLOCK

I/O DATA CLOCK

ADC DATA CLOCK

SYNC PORT DATA CLOCK 

SYNC_OUT_CLK

PREFLASH

SHUTTER

/SHUTTER_OPEN

/SHUTTER_CLOSED

PSM Pin 
Driver

PSM Pin 
Driver

/1

/1 Shutter Enable
PreflashEnable
ShutterOpenStatusForce
ShutterClosedStatusEnable

SHUTTER LOGIC

PSM Pin
Receiver

PSM Pin 
Receiver

/1

/1

SeqEnblReg_ShutterOpenCmdBit

ShutterOpenCmd
ShutterCloseCmd
IntegrationPauseCmd

SeqCntrlReg_ShutterOkayStatusBit
SeqCntrlReg_ShutterFailStatusBit

ShutterOpenTime
ShutterCloseTime
ShutterStatus

SYSCLK

RESET 
CONTROL 

LOGIC

LCB_RESET

/REBOOT

/WATCHDOG
WATCHDOG 
COUNTER

/1

SYSCLK

WDCntrEnable

WDCntrDelayValue
WatchDogCounterEnable

/1

/1

LcbResetCmd
LcbRebootCmd

RebootDebounceTime

CommsRstStrobe

AfeRstStrobe

SfpdpPio_0

SfpdpPio_1

WDCntrFreeze
SysReset

CLOCK 
CONTROL 

LOGIC

CLK_CTRL_CLK

CLK_CTRL_DATA

/CLK_CTRL_CS

CLK_CTRL_GOE

CLK_CTRL_SYNC

MCLK_SENSE

CLOCK 
CONTROL 

SERIALIZER

/1

SyncCntrlClocksCmd
SetMasterModeCmd
SetSlaveModeCmd

/1

SYSCLK

EXPANDED FROM 
LCB PARAMETER 

STORE

ClkCntrlOutputsEnable
ClkCntrlAutoSlaveModeEnable
ClkCntrlExternalMasterClkEnable

ClkCntrlPhaseLoopLocked
ClkCntrlSynced
ClkCntrlMasterClkAvailable
DheActiveMode

/1

/1

/1

ClkDataOut

ClkDataWrt

ClkMasterModeReg_00
ClkMasterModeReg_01
ClkMasterModeReg_02
ClkMasterModeReg_03
ClkMasterModeReg_04
ClkMasterModeReg_05
ClkMasterModeReg_06
ClkMasterModeReg_07
ClkMasterModeReg_08
ClkMasterModeReg_09
ClkMasterModeReg_10
ClkMasterModeReg_11
ClkMasterModeReg_12
ClkMasterModeReg_13
ClkMasterModeReg_14
ClkMasterModeReg_15

ClkSlaveModeReg_00
ClkSlaveModeReg_01
ClkSlaveModeReg_02
ClkSlaveModeReg_03
ClkSlaveModeReg_04
ClkSlaveModeReg_05
ClkSlaveModeReg_06
ClkSlaveModeReg_07
ClkSlaveModeReg_08
ClkSlaveModeReg_09
ClkSlaveModeReg_10
ClkSlaveModeReg_11
ClkSlaveModeReg_12
ClkSlaveModeReg_13
ClkSlaveModeReg_14
ClkSlaveModeReg_15

/1CLK_LOCK_DETECT

/2

ClkSerializerBusy

/MCLK_SEL /1

SYNC_IN_STB

SYNC_OUT_STB

SYNC PULSE 
CONTROL 

LOGIC

/1

/1

SeqEnblReg_DheSyncBit

SeqCntrlReg_DheSyncBit

MCLK

DheSyncState

CHAN 0 

CHAN 1

CHAN 2

CHAN 3

CHAN 4

CHAN 5

ShutdownSystem

M
AS

TE
R

 B
U

S 
BR

ID
G

E

BU
S

 M
U

LT
IP

LE
XO

R

CfgWrtDataRdy

CfgWrtData

CfgWrtAddr

CfgWrtMode

CfgWrtAck

BusWrtDataRdy

BusWrtData

BusWrtAddr

BusWrtMode
TEMPERATURE 

VALUE 
SEQUENCER

TmpWrtDataRdy

TmpWrtData

TmpWrtAddr

TmpWrtMode

TmpWrtAck BusWrtAck

CfgBusReq

CfgBusAck

WishBone Bus

SeqWrtDataRdy

SeqWrtData

SeqWrtAddr

SeqWrtMode

SeqWrtAck FROM PAGE 8

BU
S

 M
U

LT
IP

LE
XO

R

LocWrtDataRdy

LocWrtData

LocWrtAddr

LocWrtMode

LocWrtAck
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SNK_SYNC_IN

SNK_SYNC_OUT

SRC_SYNC_IN

SRC_SYNC_OUT

SERIALIZER / 
DESERIALIZER

FUNCTION

/2

/2

SERIALIZER / 
DESERIALIZER

FUNCTION

/2

/2

SrcDataOut

SnkDataOut

SnkDataIn

MUX

SrcOut

WrtSrcData

SrcDataRdy

MUX

SnkOut

SnkWrt

SrcWrt

SrcSlct

SnkSlct

SnkDataRdy

WrtSnkData

SrcDataIn

SYNC COMMS 
CONTROL LOGIC

SyncComDataOut

FPDP LOGIC 
CORE

FpdpDataIn

FpdpDataOut

Pio1In

Pio2In

Pio1Out

Pio2Out

/DirIn

/DirOut

/DataInValid

/SyncIn

/NRdyOut

/SuspendOut

d_i

n_dvalid_i

n_sync_i

pio1_i

pio2_i

n_dir_i

n_nrdy_o

n_suspend_o

d_o

pio1_o

pio2_o

n_dir_o

strobe_i

n_sync_o

n_suspend_i

n_nrdy_i

n_dvalid_o/DataOutValid

/SyncOut

/NRdyIn

/SuspendIn

TXData

RXData

TXPolarity

tx_o

rx_i

tx_polarity_i

RXPolarity

MGTPowerDown

rx_polarity_i

powerdown_i

TXInhibit Tx_inhibit_i

LoopBackMode loopback_i

reset_iCommsRstStrobe

LinkUp rx_sync_o

/2

/2

SFP_TD

SFP_RD

SFP_LOS

/SFP_TX_EN

SFP_TXFAULT

SFP_MOD_DEF1

SFP_MOD_DEF2

SFP_MOD_DEF0

SFP_RATE_SLCT

/1

/1

/1

/1

/1

/1

/1

SyncComDataWrt

FPDP COMMS 
CONTROL LOGIC

FpdpDataOut

FpdpDataWrt

LcbCommsState

SPI INTERFACE

UartDataIn

UartDataOut

UartDataRdy

UartWrite

UART_CLK

/UART_RST

/UART_CS

UART_SCL

UART_SDI

UART_SDO

/UART_IRQ

UART_ACP

/1

/1

/1

UartInterfaceClk

UART COMMS 
CONTROL LOGIC

/1

/1

/1

/1

UartCmdDataIn

UartDataOut

UartCmdDataRdy

UartDataWrt

/1

UART COMMAND 
DECODER

LCLK

SYSCLK

UartComDisablePort
UartComDisableCmdProcess

SyncComDisablePort
SyncComDisableCmdProcess

FpdpComDisablePort
FpdpComDisableCmdProcess

COMMAND SEPERATOR, COMMAND FIFO & 
MULTIPLEXOR

COMMAND DECODER

COMM CHANNEL DEMUX & BUFFER

FpdpSyncOutSyncComDataOut

FpdpComEnableCmdCopy
SyncComEnableCmdCopy
UartComEnableCmdCopy

P
ix

el
D

at
aR

dy

Pi
xe

lD
at

a

Bu
sR

dD
at

aR
dy

Bu
sR

dD
at

a

UART MESSAGE 
ENCODER UartMsgDataOut

UartMsgDataWrt

FpdpDataIn

FpdpDataRdy

UartDataIn

UartDataRdy

SyncComDataIn

SyncComDataRdy

Ec
ho

D
at

aR
dy

E
ch

oD
at

a

E
ch

oD
at

aD
es

t

FpdpSyncInSyncComSyncIn

C
m

dD
at

a

C
m

dD
at

aR
dy

C
m

dD
at

aA
ck

MASTER BUS BRIDGE

P
an

W
rtD

at
aR

dy

Pa
nW

rtD
at

a

C
m

dD
at

aS
rc

SYSCLK

C
om

m
sR

st
S

tro
be

C
om

m
sR

st
S

tro
be

SYMBOL LEGEND

REGISTER NAME
(READ AND WRITE)

CONSTANT NAME

FIRMWARE CONTROL 
SIGNALS

HARDWARE SIGNALS

INTERNAL DATA & 
CLOCK FLOWS

FILTER 
FUNCTION

FIRMWARE 
PROCESS

PROGRAMATIC 
DATA 

DATA CONSTANTS

REGISTER NAME
(READ ONLY)

INTERNALLY 
GENERATED DATA

DATA REGISTER COLOUR CODES 

REGISTER BIT(S)SEQUENCER 
REGISTERS

FUNCTION NAMEFUNCTION 
TRIGGERS

SYSTEM READ / 
WRITE BUS. ACCESS 
TO ALL REGISTERS

Pi
xD

at
a

Pi
xD

at
aR

dy

P
ix

D
at

aS
rc

FUTURE USE

P
ix

el
D

at
aD

es
t

TO/FROM PAGE 5

C
om

m
D

ev
ic

eB
us

y

/3

P
an

W
rtA

dd
r

P
an

W
rtM

od
e

P
an

W
rtA

ck

C
trl

Bu
sR

eq

C
trl

Bu
sA

ck

W
is

hB
on

e 
B

us

SYSCLK

MCLK

P
an

R
dD

at
aD

es
t



DUAL PORT MEMORY 
EMULATOR

VIIRTEX CORE DDR2 PHY 
INTERFACE

/1

/8

/2

/1

/3

/1

/16

/1

/1

/1

/1

/2

/1

/8

/2

/1

/1
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NAME

DWG NO

RELEASED

SIZE REF REV

PAGE OF

SYMBOL LEGEND

REGISTER NAME
(READ AND WRITE)

CONSTANT NAME

FIRMWARE CONTROL 
SIGNALS

HARDWARE SIGNALS

INTERNAL DATA & 
CLOCK FLOWS

FILTER 
FUNCTION

FIRMWARE 
PROCESS

PROGRAMATIC 
DATA 

DATA CONSTANTS

REGISTER NAME
(READ ONLY)

INTERNALLY 
GENERATED DATA

DATA REGISTER COLOUR CODES 

REGISTER BIT(S)SEQUENCER 
REGISTERS

FUNCTION NAMEFUNCTION 
TRIGGERS

SYSTEM READ / 
WRITE BUS. ACCESS 
TO ALL REGISTERS

/SR1_CS

SR0_DATA[7:0]

SR0_DQS

SR0_DM

SR_BA[2:0]

SR0_CKE

SR_ADDR[13:0]

SR0_ODT

/SR_RAS

/SR_CAS

/SR_WE

SR0_CLK

/SR0_CS

SR1_DATA[7:0]

SR1_DQS

SR1_DM

SR1_CKE

ddr_cs_n[1]

ddr_dq[0:7]

ddr_dqs[0]

ddr_dqs[1]

ddr_dm[0]

ddr_dm[1]

ddr_ba[0:2]

ddr_cke[0]

ddr_addr
[0:13]

ddr_odt[0]

ddr_ras_n

ddr_cas_n

ddr_we_n

ddr_ck[0]

ddr_cs_n[0]

ddr_dq[8:15]

ddr_cke[1]

VIRTEX CORE DDR2 
CONTROLLER

clk0

clk90

clkdiv0

rst0

rst90

rstdiv0

ctrl_addr

ctrl_ba

ctrl_ras_n

ctrl_cas_n

ctrl_cs_n

ctrl_wren

ctrl_rden_n

ctrl_ref_
flag

wdf_rden

wdf_data

wdf_mask
_data

phy_init_
done

phy_calib
_rden

phy_calib
_rden_sel

rd_data_
rise

rd_data_
fall

VIRTEX CORE DDR2 USER 
INTERFACE

app_af_addr /32

app_af_cmd

app_af_wren

app_wdf_data

app_wdf_mask_
data

app_wdf_wren

app_af_afull

app_wdf_afull

rd_data_fifo_out

rd_data_valid

/3

/1

/1

/32

/1

/1

/1

/1

/32

rd_data_out

rd_data_valid /1

/32

rd_data_addr /27

wrt_data_in

wrt_data_wren /1

/32

wrt_data_addr /27

/1SR1_ODT ddr_odt[1]

/2SR1_CLK ddr_ck[1]

ImageBufferOrigin
ImageBufferLength
ImageBufferIncValue

IMAGE BUFFER 
READ LOGIC

ImageBufferRead

LCLK

VIRTEX CORE DDR2 
INFRASTRUCTURE

PCLK

/1

/1

/1

phy_init_done

clk0_tb

rst0_tb

Clk200

SysReset

rd_data_clk /1

PIX DATA 
PRECISION 
SELECTOR

ScDataPackingSelect
ScDataPrecisionSelect
ScDataDestination

PreDataRdy

PreData

PreDataDest

PAGE 4
PIX DATA 

MULTIPLEXOR

BuffrDataRdy

BuffrData

BuffDataAck

FROM PAGE 2

LcbMemoryPwrEnable

MuxDataRdy

MuxData

MuxDataAck

STREAM DATA 
ERROR 

DETECTOR

StreamDataAck

StreamErrorCount

QlDataPackingSelect
QlDataPrecisionSelect
QlDataDestination

QuickLookModeSelect

PIXEL THROTTLE 
& QUICK LOOK 
PROCESSOR

PixelDataRdy

PixelData

PixelDataDest

StreamModeSelect

wrt_data_clk /1 StreamDataRdy

StreamData

StreamDataAddress

StreamDataClk

PAGE 6

PixDataMaximum
PixDataMinimum
PixDataCount

PreDataAck

COMM CHANNEL 
BUSY 

ARBITRATOR

ComBusy CommDeviceBusy/3

AcquisitionMode

ImageColumns
ImageRows
PixelsPerColumn
PixelsPerRow

QlColumnBinValue
QlRowBinValue

PIXEL DATA STATISTICS
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NAME

DWG NO

RELEASED

SIZE REF REV

PAGE OF

StreamDataRdy

StreamData

StreamDataAddress

StreamDataClk

PAGE 5

2 x 18 x 8 
DEEP
 FIFO

ChanBaseAddress[2]
ChanCol_IncVal[2]
ChanRowIncVal[2]
ChanPixelPerRow[2]

CCD PIXEL 
DATA SELECTOR

Chan2DataOutACQ 
CONTROL

WrtFifo

RdFifo

Chan2DataIn

FifoRdSlct

Chan2FifoRdReq

Chan2FifoRdAck

PING-PONG FIFO MATCHES THE 
PIXEL DATA RATE TO THE IMAGE 
BUFFER MEMORY BURST SIZE

2 x 18 x 8 
DEEP
 FIFO

ChanBaseAddress[0]
ChanCol_IncVal[0]
ChanRowIncVal[0]
ChanPixelPerRow[0]

ACQ 
CONTROL

WrtFifo

RdFifo

Chan0DataIn

FifoRdSlct

Chan0FifoRdReq

Chan0FifoRdAck
2 x 18 x 8 

DEEP
 FIFO

ChanBaseAddress[1]
ChanCol_IncVal[1]
ChanRowIncVal[1]
ChanPixelPerRow[1]

ACQ 
CONTROL

WrtFifo

RdFifo

Chan1DataIn

FifoRdSlct

Chan1FifoRdReq

Chan1FifoRdAck

Chan0DataOut

Chan1DataOut

2 x 18 x 8 
DEEP
 FIFO

ChanBaseAddress[3]
ChanCol_IncVal[3]
ChanRowIncVal[3]
ChanPixelPerRow[3]

ACQ 
CONTROL

WrtFifo

RdFifo

Chan3DataIn

FifoRdSlct

Chan3FifoRdReq

Chan3FifoRdAck

Chan3DataOut

TCLK

2 x 18 x 8 
DEEP
 FIFO

ChanBaseAddress[6]
ChanCol_IncVal[6]
ChanRowIncVal[6]
ChanPixelPerRow[6]

Chan6DataOutACQ 
CONTROL

WrtFifo

RdFifo

Chan6DataIn

FifoRdSlct

Chan6FifoRdReq

Chan6FifoRdAck

2 x 18 x 8 
DEEP
 FIFO

ChanBaseAddress[4]
ChanCol_IncVal[4]
ChanRowIncVal[4]
ChanPixelPerRow[4]

ACQ 
CONTROL

WrtFifo

RdFifo

Chan4DataIn

FifoRdSlct

Chan4FifoRdReq

Chan4FifoRdAck
2 x 18 x 8 

DEEP
 FIFO

ChanBaseAddress[5]
ChanCol_IncVal[5]
ChanRowIncVal[5]
ChanPixelPerRow[5]

ACQ 
CONTROL

WrtFifo

RdFifo

Chan5DataIn

FifoRdSlct

Chan5FifoRdReq

Chan5FifoRdAck

Chan4DataOut

Chan5DataOut

2 x 18 x 8 
DEEP
 FIFO

ChanBaseAddress[7]
ChanCol_IncVal[7]
ChanRowIncVal[7]
ChanPixelPerRow[7]

ACQ 
CONTROL

WrtFifo

RdFifo

Chan7DataIn

Fifo7RdSlct

Chan7FifoRdReq

Chan7FifoRdAck

Chan7DataOut

ChanXferCount

TCLK

SERIAL => 
PARALLEL 

CONVERTER

REDIRECTION 
MUX

ChanAdcSourceSlct[2]

REDIRECTION 
MUX

ChanAdcSourceSlct[0]

REDIRECTION 
MUX

ChanAdcSourceSlct[1]

REDIRECTION 
MUX

ChanAdcSourceSlct[3]

REDIRECTION 
MUX

ChanAdcSourceSlct[6]

REDIRECTION 
MUX

ChanAdcSourceSlct[4]

REDIRECTION 
MUX

ChanAdcSourceSlct[5]

REDIRECTION 
MUX

ChanAdcSourceSlct[7]

SERIAL => 
PARALLEL 

CONVERTER

SERIAL => 
PARALLEL 

CONVERTER

SERIAL => 
PARALLEL 

CONVERTER

SERIAL => 
PARALLEL 

CONVERTER

SERIAL => 
PARALLEL 

CONVERTER

SERIAL => 
PARALLEL 

CONVERTER

SERIAL => 
PARALLEL 

CONVERTER

Wrt

Wrt

Wrt

Wrt

Wrt

Wrt

Wrt

Wrt

TCLK

TCLK

TCLK

TCLK

TCLK

TCLK

TCLK

ChanIdent[7]

ChanIdent[5]

ChanIdent[3]

ChanIdent[1]

ChanIdent[6]

ChanIdent[4]

ChanIdent[2]

ChanIdent[0]

ADC BUSY DETECTION

SYNTHETIC PIXEL GENERATOR

SerialDataGate

ChanSynthDataType

AFE_DATA[0]

AFE_DATA[1]

AFE_DATA[2]

AFE_DATA[3]

AFE_DATA[18]

AFE_DATA[19]

AFE_DATA[20]

AFE_DATA[21]

ADC CLOCK GENERATOR

TCLK

CTC DETECTOR

/8

CDS_DATA FROM PAGE 7

/1

/1

TCLK

AdcAcqDataRequest

AdcAcqDataEnable

AFE BUS ARBITRATION LOGIC -
FROM PAGE ??

AFE_CDS[0:7]

AFE_CDS_STB[1]

AFE_CDS_STB[0]

Sy
nt

hD
at

aG
at

e

C
tc

D
et

ec
t

Chan2BufferAddr

Chan0BufferAddr

Chan1BufferAddr

Chan3BufferAddr

Chan6BufferAddr

Chan4BufferAddr

Chan5BufferAddr

Chan7BufferAddr

AdcDataClockEnable

TO PAGE 7

AFE1_ADC_STB AFE_PWRDATA[60]

AFE_PWRDATA[62]AFE1_ADC_STB

AFE_PWRDATA[0]

AFE_PWRDATA[1]

AFE_PWRDATA[2]

AFE_PWRDATA[3]

AFE_PWRDATA[18]

AFE_PWRDATA[19]

AFE_PWRDATA[20]

AFE_PWRDATA[21]

CCD AFE INTERFACE SIGNALS



CCD SERIAL 
INTERFACE (SPI) 
CONTROL LOGIC 

AFE INTERFACE 
GATEWAY
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NAME

DWG NO

RELEASED

SIZE REF REV

PAGE OF

CCD CDS MICRO 
SEQUENCER

AFE_CDSBUS[0:7] /8

CDS_DATA TO PAGE 6

AFE2_WRT_CDS /1

/1AFE1_WRT_CDS

/4

/4

CdsSeqPgmStore[0:63]

CdsSeqStatus

/24

/16

AFE1_WRT_CLK

AFE1_CTRL_ENABLE

AFE_BIASAUX[0:15]

AFE_BIASCTRL[0:29]

AFE2_CTRL_ENABLE

AFE2_WRT_CLK

/30

/1

/1

/1

/1

AfeClkPortConfig
AfeCdsPortConfig

CCD CLOCK 
CONTROL LOGIC 

ClkPortRegMask[0:3]
/32 ClkPortData

/8

/8

CdsPortData

CdsChanSlct

/1 CdsCtrlDataRdy

/1 ClkPortCtrlDataRdy

CdsSeqCommandRegister
CdsSetupReg

ClkPortReg[0:3]
ClkPortEnableReg

CdsOutputReg[0:7]

AfeInterfaceEnable

CCD DAC 
CONTROL LOGIC 

BiasVoltageReg[0:23]
ClkLowVoltageReg[0:31]
ClkHighVoltageReg[0:31]
BiasEnableReg
AdcOffsetVoltageReg[0:7]

/14

/1

DacData

SerialCtrlDataRdy

/6 DacAddress

/2 DacReset

/2 DacClear

/8 DacPwrDown

BiasEnables/8

AFE1_DATA_STB

AFE2_DATA_STB

/TCLK

AFE DATA 
 CLOCK 

GENERATOR
FROM PAGE 6

AFE2_DATA_ENABLE
AFE1_DATA_ENABLE

DCLK

/1

/1

/1

/1

AFE_CLKBUS[0:23]

AFE1_CHANSLCT[0:3]

AFE2_CHANSLCT[0:3]

AFE_CLKBIAS[0:23]

AFE_CLKBIAS[80]

AFE_CLKBIAS[32:47]

AFE_CLKBIAS[48:67]

AFE_CLKBIAS[82]

AFE_CLKBIAS[83]

AFE_CLKBIAS[81]

AFE_PWRDATA[68]

AFE_PWRDATA[36:43]

AFE_PWRDATA[72]

AFE_PWRDATA[44:47]

AFE_PWRDATA[70]

AFE_PWRDATA[73]

AFE_PWRDATA[52:55]

AFE_PWRDATA[64]

AFE_PWRDATA[66]

CCD AFE INTERFACE SIGNALS

/8 ClockEnables

/2 SerialDataOut

/2 SerialDataClk

/10 DacSync

/10 DacLoad

/1 DacCtrlDataRdy

/1 DacCtrlDataAck

/12 SerialDataIn

AFE1_DAC_SDOUT[0:3]

AFE1_/DAC_BUSY[0:3]

AFE_PWRDATA[4:7]

AFE_PWRDATA[22:55]

CCD TELEMETRY 
CONTROL LOGIC 

/14 TelData

/6 TelAddress

/1 TelCtrlDataRdy

/1 TelCtrlDataAck

/2 DacRegisterSlct

/2 TelRegisterSlct

/3 TelSync

/12 BTelSelectAFE2_DAC_SDOUT[0:3]

AFE_PWRDATA[28:31]AFE2_/DAC_BUSY[0:3]

AFE_PWRDATA[10:13]

AFE_PWRDATA[16]AFE1_/TELADC_DOUT

AFE1_/TELMON_DOUT AFE_PWRDATA[17]

AFE_PWRDATA[34]AFE2_/TELADC_DOUT

AFE2_/TELMON_DOUT AFE_PWRDATA[35]

/4

/4

/1

/1

/4

/4

/1

/1

Te
lD

at
aC

lo
ck

En
ab

le

AdcDataClockEnable

AFE1_DacClearCodeReg[0:3]
AFE1_DacCntrlRegValue[0:3]
AFE1_DacMRegValue[0:63]
AFE1_DacCRegValue[0:63]

FROM PAGE 3. PART OF PARAMETER 
STORE ADDRESS SPACE

AFE2_DacClearCodeReg[0:3]
AFE2_DacCntrlRegValue[0:3]
AFE2_DacMRegValue[0:63]
AFE2_DacCRegValue[0:63]

InitializeDacs

TelemetryValueReg[0:223]
DACReadBackValues[0:127]

Afe1Detected

Afe2Detected

Afe1Detected

Afe2Detected

FROM PAGE 3

UNUSED PIN 
INITIALIZER

AFE_PWRDATA[48:50]

AFE_PWRDATA[56:59]

AFE_PWRDATA[61]

AFE_PWRDATA[63]

AFE_PWRDATA[65]

AFE_PWRDATA[67]

AFE_PWRDATA[69]

AFE_PWRDATA[71]

AFE_CLKBIAS[24:31]

AFE_CLKBIAS[78:79]

AFE_CLKBIAS[85]

AFE_CLKBIAS[89]

AFE_CLKBIAS[91]

AfeReset

SysReset

SYMBOL LEGEND

REGISTER NAME
(READ AND WRITE)

CONSTANT NAME

FIRMWARE CONTROL 
SIGNALS

HARDWARE SIGNALS

INTERNAL DATA & 
CLOCK FLOWS

FILTER 
FUNCTION

FIRMWARE 
PROCESS

PROGRAMATIC 
DATA 

DATA CONSTANTS

REGISTER NAME
(READ ONLY)

INTERNALLY 
GENERATED DATA

DATA REGISTER COLOUR CODES 

REGISTER BIT(S)SEQUENCER 
REGISTERS

FUNCTION NAMEFUNCTION 
TRIGGERS

SYSTEM READ / 
WRITE BUS. ACCESS 
TO ALL REGISTERS

ShutdownClocks

ShutdownBias[0:3]

FROM 
PAGE 2

FROM 
PAGE 2

DCLK

DCLK
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NAME
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RELEASED

SIZE REF REV

PAGE OF

SeqStartExposureCmd

SeqPatternSegment[0:1023]
SeqProgramSegment[0:1023]
SeqClkDivisorReg
SeqRunEnableReg
DHEMaster
SeqSyncDelay
SeqUserBitsReg
SeqPauseReg
SeqIntegrationTimeReg
SeqLoopRegisters[0:15]
SeqCommandReg

SeqIntegrationTimeCntr
SeqBusyStatusReg
SeqEfrRegister

LCB SEQUENCER

SeqWrtDataRdy

SeqWrtData

SeqWrtAddr

SeqWrtMode

SeqWrtAck

TO PAGE 3

SYMBOL LEGEND

REGISTER NAME
(READ AND WRITE)

CONSTANT NAME

FIRMWARE CONTROL 
SIGNALS

HARDWARE SIGNALS

INTERNAL DATA & 
CLOCK FLOWS

FILTER 
FUNCTION

FIRMWARE 
PROCESS

PROGRAMATIC 
DATA 

DATA CONSTANTS

REGISTER NAME
(READ ONLY)

INTERNALLY 
GENERATED DATA

DATA REGISTER COLOUR CODES 

REGISTER BIT(S)SEQUENCER 
REGISTERS

FUNCTION NAMEFUNCTION 
TRIGGERS

SYSTEM READ / 
WRITE BUS. ACCESS 
TO ALL REGISTERS

SeqEnblReg (EFR)
SeqWriteModeReg (LMR)
SeqAddressReg (LDA)
SeqBoardSelectReg (LSR)
SeqPatternPointerReg (LPP)

LCB SEQUENCER 
BUS INTERFACE

ShutdownSystem

SYSCLK


