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General Description:

The main parts of the PixelFed are the front FPGAs called “* NORTH *
“NORTH-CENTER ", * SOUTH-CENTER ", “ SOUTH ” housing the logic functionality for
the decoding state machines, with FIFO | plus FIFO Il buffers and

the * CENTER * FPGA containing the final FIFO Il and the S-Link connection.

An additional “ CONTROL “ CPLD for signal distribution and a“ VME “ FPGA for system
connection complete the module.

PREFACE

We tried to design as simple and compact as possible to increase system reliability and to facilitate
maintenance work.
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“VME “ FPGA LocalBus Connection:

Two interfaces for supporting the front FPGAs and the center FPGA are foreseen. Each with
32 Address/Data lines and four Control lines, all Clock synchronized.

Address spaces:

N ALTERA
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LOCALBUS_FRONT
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The fourth Control line LRES: 100ns clock synchronized pulse

VME - LocalBus address matching:
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Only A32 /D32 addressing is supported in either Single- or Block- Transfer mode !

* VME * FPGA TTCrx Reset:

RES_TTCr x ( FEDBASE+0xa00038)

A write cycle to this address triggers an external MonoFlop which generates a 50us reset pulse for the TTCrx chip. Since the VME Altera
needs the TTCrx Clock it is necessary that the next VME access has to have a minimum delay of 100us.
In practice, the TTCrx clock may take longer to recover. A 1ms minimum wait is recommended after a TTCrx reset.
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“VME “ FPGA JTAG Busses:

It is possible to program all ALTERA EEPROMSs ( of course except the one of the VME ALTERA ) on the
board over the VME Interface.

This is done with two independent JTAG Buses.
JTAG chain1: “ NORTH “
“ NORTH-CENTER “
“ SOUTH-CENTER “
“ SOUTH

JTAG chain 2: “ CENTER “
“ CONTROL *

The VME Addresses are as follows:

JTAGL WRI TE  ( FEDBASE+0xa00018) JTAGZ WRI TE  ( FEDBASE+0xa0001c)
D[1]  TMS D[1] TMS
D[2]  TDI D[2]  TDI

JTAG lor 2_READ ( FEDBASE+0xa00020) read with TDI =0 and TMS=0
( FEDBASE+0xa00024) read with TD =0 and TMS=1
( FEDBASE+0xa00028) read with TD =1 and TM5=0
( FEDBASE+0xa0002c) read with TDI =1 and TM5=1

Dataread: D[7] TDO

Jam Byte Code files are used with an adapted “JAM BYTE CODE PLAYER” from ALTERA.

Attention: The original ALTERA Software Version 2.1 doesn’t support EPC8 EEPROMS so
please use Version 2.2

Reprogramming an ALTERA EEPROM doesn’t immediately change the FPGAs behaviour.
You have to invoke a configuration cycle, this is done either by POWER off/on or with the
VME registered command:

nCONFI G ( FEDBASE+0xa00018)
D[0] =1 nCONFIG = Low ( due to external inverter )
D[0] =0 nCONFIG = High

NCONFIG — 40us min 1!

On V5 modules we have two separate configuration lines, one for the front chips ( served by
D[0] ) and one for the center chips ( served by D[1] ).

The reason for this modification was to ensure that varying configuration times have no
influence on the module startup behavior.
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* VME “ FPGA 12C MASTER:

The simple 12C Master implemented as a VHDL State machine is capable of writing and reading up to four
Bytes. “Bus Busy” and “I12C Acknowledge” Errors are reported.
Repeated Start is not supported !

In the PXLFED it provides an 12C interface to the TTCrx Chip.

SUE_RT
MO fepeated START !

ACH BY MASTER &

ACH BY SLAWE !

VME Addresses:

7 bit ADOR + AW
| 2C_RES ( FEDBASE+0xa00008)

Reset for the 12C State Machine

YES

SEND ST&RT

SEWD ADDR + R#

member 3f Oyigs

| 2C_LQAD ( FEDBASE+0xa0000c)
Payload : D[7..0] Byte1
D[15..8] Byte2
D[23..16] Byte3
D[31..24] Byte4

RELELEE BUS
SET &_ACK ERR

| 2C_ADDR RW ( FEDBASE+0xa00010)
Address : D[0] 1=R 0=W
D[7..1] 12C Addr.
D[9..8] Number of Bytes

| 2C_RD_DATA ( FEDBASE+0xa00010)
Read : D[7..0] Byte1
D[15..8] Byte2
D[23..16] Byte3
D[31..24] Byte4

SEHD
OATE BYTE

| 2C_ RD _STAT ( FEDBASE+0xa00014) GEH 3TOP
Error Register: Bit 0 =1 Bus Busy Error R L
Bit 1 =1 AddrAck Error
Bit 2 =1 WByteAck Error
Bit 3 =1 LastByteAck Error

SEMD STOS

Wait cycles have to be included before Status Register can be read because of the slow 12C Clock.
(12C SCL is adjusted to 40Mhz / 256 = 156.25kHz )



Schematic Details:

SDA |
ScL

15—

I20§AD[7..0]

IZCQAD[“S..B]

START_I2C
{CLOCK 120 .11 SDA OUT
Simpia]ide
SDA_OUT
CLOC Kot — allc_i sda_o acK
RESET_I2C i k
WSTR4 = RO ke SDADIR, SCL
= L sub_ize sdadir_o =
SDA_INmmm sda i selen_o rL_Fl
- -~ Gt PD[7..0
SCL_IN sal_i pd_o[F.0] EQ:7 ;l-)( \
addru_i[F..0] armor_aff..0] =
pIrT..01 Iprm_dffd data_i[F.0] readen_o f———
. [7.0] e —— niytes 7.0 test o |— SCL_OUT
—— clock ol next_b[1.0] =i
OFF
enahle 3 el insiT
> DI[15..5] ?Ipﬂ"]” i
[
70
——1>clack 7.0 lpm
——enakle o DOFF 7.0]
=k DATA[T.0] h — Bl al7.0]
I 3&2 | ensble g DOFF
.DI|31..2-I] (2] R o
N al7..0] =
WSTR3 clock lpm_gf2
ensble T DFF 7.0
Tnsth? Ipm_mux0 clack o070l
OFF
.D“za"“] ?IpDr]n erable T .
datal7
#——>clock Ipm_decodell lprm ﬁ?
o 7.0
Bk e —— shal) e
nibtel1. 0] eql |—
OFF
.DIHS..I] ?IF'D"]” 0.0 erable 3 i
7.1 dEE
#——r clock o lprm ﬁ?
enshle B DFF inst3E 7.0
[EGE] i) - :In;:k i o0
[ Ipm HﬂﬁZ _—1—\ enable P OFF
. [7..0] 7. —nzt1g =t
CLOCH - clack e CLOGKI2C="""" pesET I2¢
‘——enshle B DFF =9
insty0
aff
Gl =2-F . | RESET_I2Cq
0l
WSTR2 E
I2C MASTER

)‘ VHE_|

WME_D5_OUT[31..0]

STATE MACHINE DETAIL:

|zc3n§pn[z:..1s|

I20$D[31..2‘]

p_get _SDA: process (clk_i, reset_n_i)

begin

if (reset_n_i

el se s_sda_response <=

end if;
end if;

ack_o <= s_sda_response;

end process p_get _SDA;

hen

esponse <= '1';

then s_sda_response <= '0';

SDA is monitored on negative edge to have time enough for
acknowledge decision.
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* FRONT *

FPGASs
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Data Path Block Diagram :
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* FRONT “ FPGAs Decoding FSM :

The encoding of the ADC Data is done by a State Machine written in VHDL. Necessary
multipliers are implemented as ALTERA library blocks to ensure
proper synthesize results.

STATE DIAGRAM:

process TBM
— Header —

UltraBlack ErrorWord=1 ——

( not reported )

we Headerword

A

Black neither UltraBlack
nor

NO renorted in Trailer

ErrorWord=2

reported in Trailer
NO
~—

YES

— process TBM —

Trailer
process
- PXL —
Data
» »-
Ll .

I
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Decoding FSM output data format “normal mode”:

Bit Pos: 35 34 33 32 (31 30 29 28 27 26|25 24 23 22 21|20 19 18 17 16 15 14 13 12 11 10 09 0807 06 05 04 03 02 01 00

Header: 1 0 0 O|< -CHANNEL #-- >[ 1 1 1 1 2| O--ommmmmmm i 0|< --TBM HEADER TRG#-- >
0x8 ox1f (31)
Header | D Header Marker

Bit Pos: 35 34 33 32 31 30 29 28 27 26|25 24 23 22 21|20 19 18 17 16 15 14 13 12 11 10 09 08|07 06 05 04 03 02 01 00

oxc
Last Dacl D

Bit Pos: 35 34 33 32|31 30 29 28 27 26|25 24 23 22 21|20 19 18 17 16|15 14 13 12 11 10 09 08|07 06 05 04 03 02 01 00

Dat a: 0 0 0 1| <-CHANNEL #-- > < --DCOL -- >|< ------- Pxl ------- >
Ox1

Dat al D

< --ROC #-- > < ----Pul seHei ght---- >

Bit Pos: 35 34 33 32 31 30 29 28 27 26|25 24 23 22 21|20 19 18 17 16 15 14 13 12 11 10 09 08|07 06 05 04 03 02 01 00

Trailer: 0 1 0 O] <-CHANNEL #-- > 1 1 1 1 O] O ------mmmmmmmmmmnnn- 0 e2 el e0 Of< --TBM Trailerword-- >
0x4 Ox1lc (30) e2 => jinvalid number of ROCs
Trailerl D Trailer Marker el e0 => FSM ErrorByte

An Error-Trailer is generated if there are more than 192 Pixels / Channel :

Bi t Pos: 35 34 33 32|31 30 29 28 27 26|25 24 23 22 21|20 19 18 17 16 15 14 13 12 11 10 09 08|07 06 05 04 03 02 01 00

ErrTri: 0 1 0 Of<-CHANNEL #-- > 1 1 1 1 Of O -----cmcmmmmmnnannnnn 0e2el el 1[0 -----mmmmmmmmnnnnn 0
0x4 Oxle (30)
Trailerl D Trailer Marker

When the Decoding Machine detects an“Almost Full” from FIFO | then only
“HEADER” , “LASTDAC” and “TRAILER” words are produced.
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Decoding FSM output data format “transparent mode”:

In “transparent mode” a block of 512 ADC Data , starting with a trigger Signal from the
Center chip, is stored in FIFO |

ADC Data:

Decoded Data:

0 COX(0 XX O 0 X0 X" 0o Xo

When Pixel decoding is finished, the result is stored in Bits 21..0 , otherwise these Bits are 0!

Bi t Pos: 35 34 33 32|31 30 29 28 27 26 25 24 23 222120 19 18 17 16|15 14 13 12 11 10 09 08|07 06 05 04 03 02 01 00
Transp: 0 0 0 1| <----- ADC[9..0] ---------- > % <--DCOL -- >|< ------- Pxl ------- >|< ----Pul seHei ght---- >
Ox1
Dat al D a
-

The 513" Data in transparent mode is marked with Oxff in Bits 7..0 !
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RESET possibilities:

Each Local Bus has its own Reset line called LRES and CLRES.
LRES (FEDBASE+0xa00000) D[31]=1 CLRES (FEDBASE+0xa00004) D[31] =1

Write Cycles to this addresses with D[31]=1 generate 100ns reset pulses common to the Front Alteras
(LRES) or the Center Altera ( CLRES).

LRES resets the PixelStateMachine, clears all pipeline registers and flushes FIFO I, FIFO Il, ErrorFIFO, and
TemperatureFIFO.

CLRES flushes the HEADER FIFO and FIFO lIlI.

One can selectively reset the Phase Locked Loop ( PLL) on the front AlteraFPGA’s with the following
LRES (FEDBASE+0x1c8000) D[29]=1

This LocalBus Address is used for special reset possibilities:

BROADCAST or CHP_ADDR + 0x1c8000 D[ 31..0]

Previously only D[31] was used in the FrontAlteras for flushing all SpyFIFOs and in the NORTH Chip for
resetting the Test DAC RAMCounter.

Pixel B-channel Commands:

BRCST[5..0] = 0x2 ( =reset EventCounter )
BRCST[5..0] = 0x14 ( = FullReset )

FullReset is distributed to the Front ALTERAS and has the same effect as sending LRES and CLRES !

OPTO-RECEIVER parameters:

The parameters for the opto receivers can be set as follows:

LocalBus Addr:

LAD S + 0x180000 OPTOPAR RECEI VERL D[ 7. . 0] Channels 1 to 12
LAD_ S + 0x188000 OPTOPAR RECEI VER2 D[ 7..0] Channels 13 to 24
LAD S + 0x190000 OPTOPAR RECEI VER3 D[ 7. . 0] Channels 25 to 36
Data word :

[D7]p6ps]p4lp3[p2p1jpo]
[c2]cilxs [xalx3]x2 x1 xo]
I
Matching DC-output DC-input
capacitor offset offset
adjust adjust adjust

10
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Setting thresholds for the 6 discrete levels :

I_ [LEVEL 4 < x |

LEVEL 4
IJ [CEVEL 3 < x < LEVEL 4]

LEVEL 3
IJ [CEVEL 2 < x < LEVEL 3]

LEVEL 2
J | [CEVEL L < x < LEVEL 2]

LEVEL 1
TEVEL BH [CEVELO < x< LEVEL 1]

LEVEL 0 -
— _d (0] | X < LEVEL 0|
[CEVEL BL < x< LEVEL BH]
LEVEL BL
LEVEL UB

x < LEVEL UB

One have to set threshold levels for every ROC on all channel.

Address space:

UB_B_THRESH : Al 20..17] =Channel _Addr : Al 16..14] =2 common for all ROCs !
L012_THRESH : Al 20. . 17] =Channel _Addr : A[16..14] =4 Al 6..2] =ROC Address
UB_B_THRESH : A[ 20. . 17] =Channel _Addr : Al 16..14] =5 Al 6..2] =ROC Address
Data words:

Bit Pos: 31 30(29 28 27 26 25 24 23 22 21 20|19 18 17 16 15 14 13 12 11 10|09 08 07 06 05 04 03 02 01 00

UB_B_THRESH < e BH  coceeeoo-- B BL  ------- B UB  -------- >

Bi tPos: 31 30|29 28 27 26 25 24 23 22 21 20|19 18 17 16 15 14 13 12 11 10|09 08 07 06 05 04 03 02 01 00

L012 < e LEVEL 2 «----en--- S . LEVEL 1 ------- S LEVEL O -------- >

BitPos: 31 30 29 28 27 26 25 24 23 22 21 20|19 18 17 16 15 14 13 12 11 10|09 08 07 06 05 04 03 02 01 00

L34 < e LEVEL 4 ------- > < aene- LEVEL 3 -------- >

ROC numbering starts with one! ROC address zero is intended to be used for
TBM HEADER levels and the address ( Number of ROCs used + 1) can be used for

TBM TRAILER levels since the internal ROC counter counts with each UB sequence and
the maximum number of Rocs used is 24 (5bit ROC address range ).

11



Individual channel offsets:
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There are three 12 Channel DACs ( AD8802 ) for channel offset control. The serial interface for these DACs

is located in the NORTH Chip.

Address:

LAD N + 0x190000

DataWord:

[D74]D13[D12] [DT1]D10] D9 [ D8 | [D7 | D6 | D5 | D4 |[D3 [D2 [ D1 [D0 |

[CS3[CS2[CST] [A3 [ A2 | AT A0|[D7 [ D6 | D5 [ D4 ][D3 [D2 [ D1 [D0 |

CHIP select

CS1: CH# 01..12
CS2: CH# 13..24
CS3: CH# 25..36

CHANNEL
address

Settling time due to external decoupling capacitor aprox. 1ms !

Analog Levels:

N
)]
[

[

Individual channel ADC gain factor:

FROM

OPTO RECEIVER

w

OPTO RECEIVER

[ Va =540 ADCcounts |

L
jo

o
o
—

TO
ANALOG
DOUGHTERCARD

[ Va—-0 ADCcounts |

Each individual bit controls one ADC chip = 2 ADC channels ! l.e. Bit 0 for the North FPGA controls
ADC channels 1 and 2, The ADC conversion can be changed from 1Vpp = 1024 counts ( bit=0) to
2 Vpp = 1024 counts ( bit=1).
Also don't forget to change the offset DAC: 0 ADC counts for 1Vpp(2Vpp) = -0.5V ( -1.0V)!

Address:

LAD N(NC, SC, S) + 0x1b8000

DataWord:

[D5[D4][D3[D2[DTD0]
NORTH Ha| i
SouTH ont T
souT B

12
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Automatic baseline correction:

If this feature is enabled the FED uses the time between TBM_TRAILER and
TBM_HEADER to correct the “black level” to a programmable value by digitally adding or

subtracting.
We suggest the following procedure:

.) Disable the auto correction

.) Add offset to get black Level approximately correct

.) Determine UB and B levels in transparent mode ( necessary to recognise header and trailer ! )
.) Program desired black level and enable auto correction

.) Perform additional transparent run to determine the other levels

Schematic detail:

o
s
Dafa..on AddrSUB with overflowy protection

' g i
”"f“ll:>—‘“w——:[data[9m e G8.01 ST
Cm inst3? — Daft1 0] gldff‘]D
RO 03¢ Db(T.0] ﬁlﬂ-f‘ [ Gate(s. 0] orr n]‘—-uw—D" i ]
| AddZubg

|
I
% OES E gi twed times court dovwn st the beginning to compensate those two
L] Eg; UtraBlacks which Inhibit comes to late I
| &; i
mm =l WEfpm
& :CLDCK _AJétEI»
o | — - 4 Wsﬂs
Affom END3 e () _/'_.:’— L I CLOCK
=1 Dnm G SRS > = - FA T =
crt_en | — = | s o'"—:lﬂ -
[ T e S 9.0) é dlock {—i— “ampiefe 2R chm J]
) sclr bl ik e
PedCorrCounter —
{IGIEAE L e S| CLOCK :
HEADER
T e ST : CLOCK
“TRAILER
Addresses:
write:
CHP_ADDR+0x1d0000 D[ 24..16] enabl eAutoCorr CH#[9..1] [O9..0] Common value for channels 1- 9
read:
CHP_ADDR+0x1d0000 D[29..0] Correction Value CH# 3 2 1 ( each 10 bit signed )
CHP_ADDR+0x1d8000 D 29..0] Correction Value CH# 6 5 4
CHP_ADDR+0x1e0000 D[ 29..0] Correction Value CH# 9 8 7

13
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CLOCK PHASE ADJUSTE

MENT:

It is possible to adjust the ADC clock in 16 steps of about 1.5ns

Since the ADC clock is shifted relative to the ALTERA system clock it is necessary to
implement a negative edge clocked register for some delay positions to ensure proper
setup and hold times for the ADC data path.

Clock phase scheme:

ADCdata I—
Phase 1
P I— I— Phase 2

sel

LTERA I

ADCdata F
CLOCK

@— [PLLE=

ALT

ERA NG

36 ADC Clocks

CONTROL %

ADCdata I—
CLOCK

ALTE SG

ADCdata F

sel

ALT

Phase 7
@_ P I— I— Phase 8

ERA §

CONTROL BUS
CH##sel[9..4] DELAYsel [3..0]

14
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Clock phase setting is done as follows:

First: One have to set the clock phase for the selected channel.

Address:
LAD C + 0x198000

DataWord:

[DT1[D0] D9 [ D8 |[D7 | D6 | D5 | D4 |[D3 [ D2 [ DT [ D0 |

[E [ X [AS[A4]|[A3[A2[AT]A0][D3 [D2 [DT D0 |

Enable Bit CHANNEL Delay value
to distinguish between delay

number
settings and other data in the
CONTROL chip

Second: Don't forget to select the appropriate clock edge for the first register in the ADC data path !

Address:
LAD CHI Pnr + 0x1b0000

DataWord:

[D8][D7 D6 D5[D4][D3 D2 DI[D0]
IS [ A NN [ I A

ChannelClockPhaseSelect
Bit set => use neg. clock phase

To save address space there is only one 9bit wide register for all input channels
of a chip (N, NC, SC, S), therefore it is necessary to restore phase information from
the other channels.

The window for positive and negative clock phase depends on the phase relationship between
system clock and delayed clocks.

For version 3 modules :

il I U S

ADCout Clockdel 0

ADCout Clockdel 15 ).

this gives the window: [PeTOelT[Der2[DeT3) [DeT4[DeT S]DeT G[Del 7| [DeT 8DeT IDeDelT] PeTTZpeTTIPerTAPelTy

[NIN[N[NJ[NINTPJPJ[P]P]P]P][PINTNIN]

| CLOCK PHASE |

15
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TEST DAC PULSE SCAN:

To understand the basic mechanism of clock phase adjustment, please have a look on
following example.

We send sixteen times a 25ns pulse over our TEST DAC system and scan it each time
with a different clock phase.

Al

\

_— ] e L
_— ] T
_— ] e L

_— e L
_— ] e
()
()
()

When you have found the position n of the pulse in FIFO | it is necessary to realign all
sixteen samples to get the correct pulse shape.

Time window for
FIFO | positionn

L1
gl
"l ‘

Y
Ny

e ——

?

EEENEEEEEEEEEE

16
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1
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ClockDelay
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delay value 4 decoding works
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Filtered input signal:

00~

When we shift the sampling clock and build the difference of two consecutive samples, we will get a minimum
1023

when we sample at the time when the data is changing.
In the figure above one can see that the red differences are always smaller than the blue ones.

An idea how to find the best sampling point:

o

20—
&0
500~
400
200~
200~
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TestDAC Loading:

The built in Test system is based on the following scheme and is used for the generation of “Pixel look a like
Data” to test the entire module.

R

VIDEO DAC

G

ADV7123

B

ALTERA NORTR

CH#1
CH#2
CH#3
CH#4

CH#5
CH#6
CH#7
CH#8

Every third channel gets the same test pattern !

Address:
LAD N + 0x180000

DataWord:

[D31] [D28 [D28 | [D27 [D26 [DZ5 [D24 | [D23[D22[ D21 [D20] [D19 [ D18 D17 [ D16 | [DT5[ D14 DT3[ D12] [DTT[DT0 DI [ D8 | [D7 [D6 [ D5 [D4 |[D3 D2 [ DI [ D0
[DI [D8 | [D7 [ D6 [D5 [D4 |[D3 [ DZ[ DT [D0|[DI[ D8 D7 [os | [D5] DA D3 [D2][D7 [D0 [ D9 [ D8 |[D7 [D6 [D5 [ D4 |[D3 [D2[ DI [ D7]

Test pattern should start at the beginning of the transparent gate, since we wait now only 64 clocks after L1A
for the first header word, and should be a maximum of 256 DataWords long.

The gate can be shortened by setting bit[31] = 1 at the end of the test pattern!

18



NORTH_V3 LocalBus Addressmap:

RlED wsrowane

A20 Al19 A18 Al7 Al6 Al5 Al4
CHP_ADDR + 0x20000 Channel #1 0 0 0 1 0 0 0 Nunmber of estimated ROCs D[ 4..0]
CHP_ADDR + 0x28000 Channel #1 0 0 0 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x30000 Channel #1 0 0 0 1 1 0 0 Threshol d_012 D 29..0]
CHP_ADDR + 0x34000 Channel #1 0 0 0 1 1 0 1 Threshol d_34 D[ 19..0]
CHP_ADDR + 0x38000 Channel #1 0 0 0 1 1 1 0 READ FI FO1 Df 31..0]
CHP_ADDR + Ux40000 Channel #2 0 0 T 19} 0 19} 19} Nunmber of estinmated ROCS D[ 4. . 0]
CHP_ADDR + 0x48000 Channel #2 0 0 1 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x50000 Channel #2 0 0 1 0 1 0 0 Threshol d_012 D[ 29..0]
CHP_ADDR + 0x54000 Channel #2 0 0 1 0 1 0 1 Threshol d_34 D[ 19..0]
CHP_ADDR + 0x58000 Channel #2 0 0 1 0 1 1 0 READ FI FOL DOf 31..0]
CHP_ADDR + 0x60000 Channel #3 0 0 T T 0 0 0 Nunber of estirmated ROCs DO 4.. 0]
CHP_ADDR + 0x68000 Channel #3 0 0 1 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x70000 Channel #3 0 0 1 1 1 0 0 Threshol d_012 D[ 29..0]
CHP_ADDR + 0x74000 Channel #3 0 0 1 1 1 0 1 Threshol d_34 D[ 19..0]
CHP_ADDR + 0x78000 Channel #3 0 0 1 1 1 1 0 READ FI FO1L Df 31..0]
CHP_ADDR + Ux80000 Channel #4 0 T 9} 0 0 0 0 Nunber of estrnmated ROCs D[ 4. . 0]
CHP_ADDR + 0x88000 Channel #4 0 1 0 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x90000 Channel #4 0 1 0 0 1 0 0 Threshol d_012 D[ 29..0]
CHP_ADDR + 0x94000 Channel #4 0 1 0 0 1 0 1 Threshol d_34 D[ 19..0]
CHP_ADDR + 0x98000 Channel #4 0 1 0 0 1 1 0 READ FI FOL Df 31..0]
CHP_ADDR + 0Uxa0000 Channel #5 0 I 0 1 0 0 0 Nunber of estimated ROCs DO 4.. 0]
CHP_ADDR + 0xa8000 Channel #5 0 1 0 1 0 1 0 U traBl ack Threshol d D[ 29.. 0]
CHP_ADDR + 0xb0000 Channel #5 0 1 0 1 1 0 0 Threshol d_012 D[ 29..0]
CHP_ADDR + 0xb4000 Channel #5 0 1 0 1 1 0 1 Threshol d_34 D[ 19..0]
CHP_ADDR + 0xb8000 Channel #5 0 1 0 1 1 1 0 READ FI FO1L D 31..0]
CHP_ADDR + 0UxcO0000 ChanneTl #6 0 T T 0 0 0 0 Nunber of estimated ROCs D[ 4..0]
CHP_ADDR + 0xc8000 Channel #6 0 1 1 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0xd0000 Channel #6 0 1 1 0 1 0 0 Threshol d_012 D[ 29.. 0]
CHP_ADDR + 0xd4000 Channel #6 0 1 1 0 1 0 1 Threshol d_34 D[ 19..0]
CHP_ADDR + 0xd8000 Channel #6 0 1 1 0 1 1 0 READ FI FO1L D[ 31..0]
CHP_ADDR + 0xe0000 Channel #7 0 1 1 1 0 0 0 Nunber of estimated ROCs D 4..0]
CHP_ADDR + 0xe8000 Channel #7 0 1 1 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0xf 0000 Channel #7 0 1 1 1 1 0 0 Threshol d_012 D 29..0]
CHP_ADDR + 0xf 4000 Channel #7 0 1 1 1 1 0 1 Threshol d_34 D[ 19..0]
CHP_ADDR + 0xf 8000 Channel #7 0 1 1 1 1 1 0 READ FIFOL D 31..0]
CHP_ADDR + 0x100000 Channel #8 1 0 0 0 0 0 0 Nunber of estimated ROCs D 4..0]
CHP_ADDR + 0x108000 Channel #8 1 0 0 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x110000 Channel #8 1 0 0 0 1 0 0 Threshol d_012 D[ 29..0]
CHP_ADDR + 0x114000 Channel #8 1 0 0 0 1 0 1 Threshol d_34 D[ 19..0]
CHP_ADDR + 0x118000 Channel #8 1 0 0 0 1 1 0 READ FIFOL D 31..0]
CHP_ADDR + 0x120000 Channel #9 1 0 0 1 0 0 0 Nunber of estimated ROCs D 4..0]
CHP_ADDR + 0x128000 Channel #9 1 0 0 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x130000 Channel #9 1 0 0 1 1 0 0 Threshol d_012 D[ 29..0]
CHP_ADDR + 0x134000 Channel #9 1 0 0 1 1 0 1 Threshol d_34 D[ 19..0]
CHP_ADDR + 0x138000 Channel #9 1 0 0 1 1 1 0 READ FI FOL D 31..0]
CHP_ADDR + 0x140000 1 0 1 0 0 0 READ_ERROR_FI FOup D[ 31. . 0]
CHP_ADDR + 0x148000 1 0 1 0 0 1 READ TEMP_FI FQup D[ 31..0]
CHP_ADDR + 0x150000 1 0 1 0 1 0 READ SPY- FI FQ2up D[ 31..0]
CHP_ADDR + 0x158000 1 0 1 0 1 1 READ SPY-1-up D[ 31..0]
CHP_ADDR + 0x160000 1 0 1 1 0 0 READ_ERROR_FI FOdown D[ 31.. 0]
CHP_ADDR + 0x168000 1 0 1 1 0 1 READ TEMP_FI FOdown Df 31.. 0]
CHP_ADDR + 0x170000 1 0 1 1 1 0 READ SPY- FI FO2down Df 31.. 0]
CHP_ADDR + 0x178000 1 0 1 1 1 1 READ SPY-1-down D[ 31..0]
CHP_ADDR + 0x180000 1 1 0 0 0 0 Wite DAC_MEM D 29..0]
CHP_ADDR + 0x188000 1 1 0 0 0 1 Wite Ovfl Val. D[7..0]+192 not
CHP_ADDR + 0x190000 1 1 0 0 1 0 W Of f set DAC D15, D14, D13, D12, D[ 11. . 0]
CHP_ADDR + 0x190000 1 1 0 0 1 1 R StateM Errors[D26..0]
CHP_ADDR + 0x1a0000 1 1 0 1 0 0 W ite/ Read Control Reg D[ 31..0]
CHP_ADDR + 0x1a8000 1 1 0 1 0 1 Wite/ Read TestReg D[ 31..0]
CHP_ADDR + 0x1a0000 1 1 0 1 1 0 Wite CLK_Reg D[8..0]
CHP_ADDR + 0x1a8000 1 1 0 1 1 1 Wite GAIN_Reg D[ 3..0]
BROADCAST or CHP_ADDR + 0x1c0000 1 1 1 0 0 0 Wite MddeReg D[ 31..0]
BROADCAST or CHP_ADDR + 0x1c8000 1 1 1 0 0 1 Wite ResetPuls D[ 31..0]
CHP_ADDR + 0x1d0000 1 1 1 0 1 0 Aut oBasel En[ D24. . 16] Val ueD [9..0]
CHP_ADDR + 0x1d0000 1 1 1 0 1 0 Read CorrVal ch# 3 2 1 [D29..0]
CHP_ADDR + 0x1d8000 1 1 1 0 1 1 Read CorrVal ch# 6 5 4 [D29..0]
CHP_ADDR + 0x1e0000 1 1 1 1 0 0 Read CorrVal ch# 9 8 7 [D29..0]
CHP_ADDR + 0x1f 0000 1 1 1 1 1 0 ReadFi r mwvar eVer si on

inmpl.
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NORTH_CENTERV2 , SOUTH_CENTERV2 LocalBus Addressmap:

A20 Al19 Al8 Al7 Al6 Al5

B

CHP_ADDR + 0x20000 Channel #1 0 0 0 1 0 0 0 Nunber of estimated ROCs D 4..0]
CHP_ADDR + 0x28000 Channel #1 0 0 0 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x30000 Channel #1 0 0 0 1 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x34000 Channel #1 0 0 0 1 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x38000 Channel #1 0 0 0 1 1 1 0 READ FI FOL Df 31..0]

CHP_ADDR + 0x40000 Channel #2 0 0 T 0 0 0 0 Nunber of estirmated ROCs DO 4.. 0]
CHP_ADDR + 0x48000 Channel #2 0 0 1 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x50000 Channel #2 0 0 1 0 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x54000 Channel #2 0 0 1 0 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x58000 Channel #2 0 0 1 0 1 1 0 READ FI FO1L Df 31..0]

CHP_ADDR + UX60000 Channel #3 0 0 T T 0 0 0 Nunber of estrnmated ROCs D[ 4. . 0]
CHP_ADDR + 0x68000 Channel #3 0 0 1 1 0 1 0 Ul traBl ack Threshol d D[ 29.. 0]
CHP_ADDR + 0x70000 Channel #3 0 0 1 1 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x74000 Channel #3 0 0 1 1 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x78000 Channel #3 0 0 1 1 1 1 0 READ FI FOL D[ 31..0]

CHP_ADDR + 0x80000 Channel #4 0 I 0 0 0 0 0 Nunber of estimated ROCs DO 4.. 0]
CHP_ADDR + 0x88000 Channel #4 0 1 0 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x90000 Channel #4 0 1 0 0 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x94000 Channel #4 0 1 0 0 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x98000 Channel #4 0 1 0 0 1 1 0 READ FI FOL Df 31..0]

CHP_ADDR + 0UxaO0000 ChanneTl #5 0 T 0 T 0 0 0 Nunber of estimated ROCs D[ 4..0]
CHP_ADDR + 0xa8000 Channel #5 0 1 0 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0xb0000 Channel #5 0 1 0 1 1 0 0 Threshol d_012 D[ 29.. 0]

CHP_ADDR + 0xb4000 Channel #5 0 1 0 1 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0xb8000 Channel #5 0 1 0 1 1 1 0 READ FI FO1L Df 31..0]

CHP_ADDR + UxcU00O0 Channel #6 0 T T 0 0 0 19} Nunmber of estl mated ROCs D[ 4. . 0]
CHP_ADDR + 0xc8000 Channel #6 0 1 1 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0xd0000 Channel #6 0 1 1 0 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0xd4000 Channel #6 0 1 1 0 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0xd8000 Channel #6 0 1 1 0 1 1 0 READ FIFOL D 31..0]

CHP_ADDR + 0xe0000 Channel #7 0 1 1 1 0 0 0 Nunmber of estimted ROCs D[ 4..0]
CHP_ADDR + 0xe8000 Channel #7 0 1 1 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0xf 0000 Channel #7 0 1 1 1 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0xf 4000 Channel #7 0 1 1 1 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0xf 8000 Channel #7 0 1 1 1 1 1 0 READ FIFOL D 31..0]

CHP_ADDR + 0x100000 Channel #8 1 0 0 0 0 0 0 Nunber of estimated ROCs D 4..0]
CHP_ADDR + 0x108000 Channel #8 1 0 0 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x110000 Channel #8 1 0 0 0 1 0 0 Threshol d_012 D 29..0]

CHP_ADDR + 0x114000 Channel #8 1 0 0 0 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x118000 Channel #8 1 0 0 0 1 1 0 READ FIFOL Df 31..0]

CHP_ADDR + 0x120000 Channel #9 1 0 0 1 0 0 0 Nunber of estimated ROCs D 4..0]
CHP_ADDR + 0x128000 Channel #9 1 0 0 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x130000 Channel #9 1 0 0 1 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x134000 Channel #9 1 0 0 1 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x138000 Channel #9 1 0 0 1 1 1 0 READ FIFOL D 31..0]

CHP_ADDR + 0x140000 1 0 1 0 0 0 READ_ERROR_FI FQup D[ 31. . 0]
CHP_ADDR + 0x148000 1 0 1 0 0 1 READ TEMP_FI FQup D[ 31..0]
CHP_ADDR + 0x150000 1 0 1 0 1 0 READ SPY- FI FQ2up D[ 31..0]
CHP_ADDR + 0x158000 1 0 1 0 1 1

CHP_ADDR + 0x160000 1 0 1 1 0 0 READ_ERROR_FI FOdown Df 31.. 0]
CHP_ADDR + 0x168000 1 0 1 1 0 1 READ TEMP_FI FGdown Df 31..0]
CHP_ADDR + 0x170000 1 0 1 1 1 0 READ SPY- FI FQ2down Df 31.. 0]
CHP_ADDR + 0x178000 1 0 1 1 1 1

CHP_ADDR + 0x180000
CHP_ADDR + 0x188000

S
Ll o
oo
oo
oo
= o

CHP_ADDR + 0x190000 1 1 0 0 1 0

CHP_ADDR + 0x1a0000 1 1 0 1 0 0 W ite/Read Control Reg D[ 31..0]
CHP_ADDR + 0x1a8000 1 1 0 1 0 1 Wite/ Read TestReg D[ 31..0]
CHP_ADDR + 0x1a0000 1 1 0 1 1 0 Wite CLK Reg D[8..0]
CHP_ADDR + 0x1a8000 1 1 0 1 1 1 Wite GAIN_Reg D[3..0]

BROADCAST or CHP_ADDR + 0x1c0000

=
-
=
o
o
o

Wite MdeReg D[ 31..0]

BROADCAST or CHP_ADDR + 0x1c8000 1 1 1 0 0 1 Wite ResetPuls DOf31..0]

CHP_ADDR + 0x1d0000 1 1 1 0 1 0 Aut oBasel En[ D24. . 16] Val ueD [9.. 0]
CHP_ADDR + 0x1d0000 1 1 1 0 1 0 Read CorrVal ch# 3 2 1 [D29..0]
CHP_ADDR + 0x1d8000 1 1 1 0 1 1 Read CorrVal ch# 6 5 4 [D29..0]
CHP_ADDR + 0x1e0000 1 1 1 1 0 0 Read CorrVal ch# 9 8 7 [D29..0]
CHP_ADDR + 0x1f 0000 1 1 1 1 1 0 ReadFi r mwar eVer si on
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SOUTH_V2 LocalBus Addressmap:

A20 Al19 A18

>
=
~

Al6

>
[
4]

Al4

CHP_ADDR + 0x20000 Channel #1 0 0 0 1 0 0 0 Nunmber of estimated ROCs D[ 4..0]
CHP_ADDR + 0x28000 Channel #1 0 0 0 1 0 1 0 U traBlack Threshol d D[ 29..0]
CHP_ADDR + 0x30000 Channel #1 0 0 0 1 1 0 0 Threshol d_012 D 29..0]

CHP_ADDR + 0x34000 Channel #1 0 0 0 1 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x38000 Channel #1 0 0 0 1 1 1 0 READ FI FO1L Df 31..0]

CHP_ADDR + Ux40000 Channel #2 0 0 T 19} 0 19} 19} Nunmber of estinmated ROCS D[ 4. . 0]
CHP_ADDR + 0x48000 Channel #2 0 0 1 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x50000 Channel #2 0 0 1 0 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x54000 Channel #2 0 0 1 0 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x58000 Channel #2 0 0 1 0 1 1 0 READ FI FOL DOf 31..0]

CHP_ADDR + 0x60000 Channel #3 0 0 T T 0 0 0 Nunber of estirmated ROCs DO 4.. 0]
CHP_ADDR + 0x68000 Channel #3 0 0 1 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x70000 Channel #3 0 0 1 1 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x74000 Channel #3 0 0 1 1 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x78000 Channel #3 0 0 1 1 1 1 0 READ FI FO1L Df 31..0]

CHP_ADDR + Ux80000 Channel #4 0 T 9} 0 0 0 0 Nunber of estrnmated ROCs D[ 4. . 0]
CHP_ADDR + 0x88000 Channel #4 0 1 0 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x90000 Channel #4 0 1 0 0 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x94000 Channel #4 0 1 0 0 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x98000 Channel #4 0 1 0 0 1 1 0 READ FI FOL Df 31..0]

CHP_ADDR + 0Uxa0000 Channel #5 0 I 0 1 0 0 0 Nunber of estimated ROCs DO 4.. 0]
CHP_ADDR + 0xa8000 Channel #5 0 1 0 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0xb0000 Channel #5 0 1 0 1 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0xb4000 Channel #5 0 1 0 1 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0xb8000 Channel #5 0 1 0 1 1 1 0 READ FI FOL Df 31..0]

CHP_ADDR + 0UxcO0000 ChanneTl #6 0 T T 0 0 0 0 Nunber of estimated ROCs D[ 4..0]
CHP_ADDR + 0xc8000 Channel #6 0 1 1 0 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0xd0000 Channel #6 0 1 1 0 1 0 0 Threshol d_012 D[ 29.. 0]

CHP_ADDR + 0xd4000 Channel #6 0 1 1 0 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0xd8000 Channel #6 0 1 1 0 1 1 0 READ FIFOL Df 31..0]

CHP_ADDR + 0xe0000 Channel #7 0 1 1 1 0 0 0 Nunber of estimated ROCs D 4..0]
CHP_ADDR + 0xe8000 Channel #7 0 1 1 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0xf 0000 Channel #7 0 1 1 1 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0xf 4000 Channel #7 0 1 1 1 1 0 1 Threshol d_34 D[ 19.. 0]

CHP_ADDR + 0xf 8000 Channel #7 0 1 1 1 1 1 0 READ FIFOL D 31..0]

CHP_ADDR + 0x100000 Channel #8 1 0 0 0 0 0 0 Nunber of estimated ROCs D 4..0]
CHP_ADDR + 0x108000 Channel #8 1 0 0 0 0 1 0 U traBl ack Threshol d D[ 29.. 0]
CHP_ADDR + 0x110000 Channel #8 1 0 0 0 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x114000 Channel #8 1 0 0 0 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x118000 Channel #8 1 0 0 0 1 1 0 READ FIFOL D[ 31..0]

CHP_ADDR + 0x120000 Channel #9 1 0 0 1 0 0 0 Nunber of estimated ROCs D 4..0]
CHP_ADDR + 0x128000 Channel #9 1 0 0 1 0 1 0 U traBl ack Threshol d D[ 29..0]
CHP_ADDR + 0x130000 Channel #9 1 0 0 1 1 0 0 Threshol d_012 D[ 29..0]

CHP_ADDR + 0x134000 Channel #9 1 0 0 1 1 0 1 Threshol d_34 D[ 19..0]

CHP_ADDR + 0x138000 Channel #9 1 0 0 1 1 1 0 READ FI FOL D 31..0]

CHP_ADDR + 0x140000 1 0 1 0 0 0 READ_ERROR_FI FOup D[ 31. . 0]
CHP_ADDR + 0x148000 1 0 1 0 0 1 READ TEMP_FI FQup D[ 31..0]
CHP_ADDR + 0x150000 1 0 1 0 1 0 READ SPY- FI FQ2up D[ 31..0]
CHP_ADDR + 0x158000 1 0 1 0 1 1 READ SPY-1-up D[31..0]

CHP_ADDR + 0x160000 1 0 1 1 0 0 READ_ERROR_FI FOdown D[ 31.. 0]
CHP_ADDR + 0x168000 1 0 1 1 0 1 READ TEMP_FI FOdown Df 31.. 0]
CHP_ADDR + 0x170000 1 0 1 1 1 0 READ SPY- FI FO2down Df 31.. 0]
CHP_ADDR + 0x178000 1 0 1 1 1 1 READ SPY-1-down D[ 31..0]
CHP_ADDR + 0x180000 1 1 0 0 0 0 OPTOPAR RECEI VER1 D[ 7..0]
CHP_ADDR + 0x188000 1 1 0 0 0 1 OPTOPAR RECEI VER2 D[ 7. . 0]
CHP_ADDR + 0x190000 1 1 0 0 1 0 OPTOPAR RECEI VER3 D[ 7. . 0]
CHP_ADDR + 0x1a0000 1 1 0 1 0 0 Wite/ Read Control Reg D[ 31..0]
CHP_ADDR + 0x1a8000 1 1 0 1 0 1 Wite/ Read TestReg D[ 31..0]
CHP_ADDR + 0x1a0000 1 1 0 1 1 0 Wite CLK_Reg D[8..0]

CHP_ADDR + 0x1a8000 1 1 0 1 1 1 Wite GAIN_Reg D[3..0]

BROADCAST or CHP_ADDR + 0x1c0000 1 1 1 0 0 0 Wite MdeReg D[ 31..0]

BROADCAST or CHP_ADDR + 0x1c8000 1 1 1 0 0 1 Wite ResetPuls DOf31..0]
CHP_ADDR + 0x1d0000 1 1 1 0 1 0 Aut oBasel En[ D24. . 16] Val ueD [9..0]
CHP_ADDR + 0x1d0000 1 1 1 0 1 0 Read CorrVal ch# 3 2 1 [D29..0]
CHP_ADDR + 0x1d8000 1 1 1 0 1 1 Read CorrVal ch# 6 5 4 [D29..0]
CHP_ADDR + 0x1e0000 1 1 1 1 0 0 Read CorrVal ch# 9 8 7 [D29..0]
CHP_ADDR + 0x1f 0000 1 1 1 1 1 0 ReadFi r mvar eVer si on
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ERROR FIFOs:

Data path from FIFO | to FIFO Il :
The EnableBit decides if the data is a normal Pixeldata or if the data is type of error data or LastDac(temp) data.
We have eight Error FIFOs ( two per FrontAltera ) each responsible for four or five input channels !

Data from FIFO |

Data to FIFO Il

(" Fremermom

|Data to ErrorFIFO or TempFIFO |

Error Coding and Temp FIFO:

ST
=31, 26 := {Error FIFO[31..2] rror FIFO[31..C 1o oFF ol fifo32x256
’?'P_L-h . L
=[25. 21 P NS ErrorFIFO[RS, 2 Broew: polok g aBl.0) Br.o] - apt = ===t el 1L LTl
ol decodesh MODE TS q full—;
eqzs —% et TTE.0) e Error FIFO[O,1 —{rdreq
=25 21 eqzs [-MMEQLEL i'-n' L= CLOCK ErrorFIFO
= o Y TRAILER. LT i A pa clock
eqll Chanmeader =[12. 0] i ErrorFIFO[12 LRES
egil [ == EitoiData iinzess! - JELUSH FIFOS Y o It 3ol 256 wordk
inetdE instlid
s
. ¥ e imﬂ.n:CE
- - | ore ! TIMEDYF L | Hi e :
Decoding of bits[25..21] | N e %—D : L | ldfEen [
v
T lin ETE..... Wenn FIFO full wird automatisch
GI.OTG ms
q Channgl Headed " EnableErrorData
=7
[7.0] .
b S
T Foo Giomefar. 8 115 Signals
instlil
5
Iwalid #of ROCs G511
FSM ErrorByte [1] Q510
FSM ErrorByte [0] Q53
TBM_Trailer bits can be TB:;'?:_T..'“'I'E'I gg? " I N i - S
disabled for the error TBM Trailer[6] 236 T . . 5100 Bio]  OFF ol fitoipose
memories by setting bits TBM_Trailer[5] 255 R [ Motk clock & q[31..0f [31..0] qL..0o TenpFR[21. 0]
. il 4 S4 e .
- | wmeq Tull—
31..24] in the MODEREG Lol ) o T
( Chi pAddr +0x1c0000) asz g
051 clack
TBM_Trailer[0] @50 TempFIFO
|3 &= Ir 32 b ¥ 255 words
instl05
Error Word: e T
ol_decodedbdfe — I ._CE
LastDac, CLOCK mem—
Channel[31..26] : Channel ( not every error has a a—icx ﬁ : =
corresponding channel information ) hitio Wenn FIFO full wird automatisch
ins Leere ausgelesen !
Code[25..21] : ErrorCode:  0x1f EventnumberError _
Oxle Trailer Error hen FIFOs are full they will be
0x1d TimeOut utomatically exhausted !
Oxlc NF MEM
Ox1b Dummy

TTCrxEvent#[20..13]: 8 LSBs of TTCrx Eventnumber

ErrorData[12..0]: ErrorType dependend !

[ Channel# | EVnrERROR | 8LSBs of TTCrx Eventnumber | [ Data word = Channel event # |
[Cs]cafcaJca][ciJcoa [1 [ 2o ET|[E6JESE4JE3|[E2]EIE0] X J[X [ X [X [ X |[E7 [E6JE5 [E4|[E3]E2[ET[E0]
[ TIMEOUT [ 8 LSBs of TTCrx Eventnumber | [Data word (Bit = channel with error )]

(X X X[ [XJzlzx[1]o ]z E7|[F6[E5[EAE3|[E2[ET[E0] X |[X [BII[BII[BION [ X ] X | X _[CH5][CRA]CH3[CH2]CHI|

|BIOckNr: ( Block of 4 or 5 Input Channels )

[ Channel# | TrailerERROR | 8LSBs of TTCrx Eventnumber | [ 8bit TBM trailer ]
(G e[ [ (e[t [ ][]0l e[ 5] [ e e] % |[R [Sr[soove] [T [T6 16 [74 ][ T3 T2 [T1]70]
[ invalid #of ROCs  [[ FSM Errors || data stream to long |

[ | 8 LSBs ofTTCrx Eventnumber | [ |

Nearly FULL has only limited value of information ! NF error is only stored [ | | |
when FIFO Il is emptying and this is not the time when NF occurs !!!!
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Error words in normal data stream:

ROC numbers 26 to 31 are reserved for error type or special word recognition.

.) Error words are only transmitted when error information is found.
.) Dummy data ( 27 )have to be included when there are too less data!
.) When combining two 32bit data streams, gaps are marked with 26

ROC# 1 ..24 Gap 26 DummyData 27 NearlyFull 28 Timeout 29 TrailerErr 30  EvnrErr 31

ErrorWord Bit Meaning:
D31 D30[D29] D28 | [ D27 | D26 | D25] D24 ] [D23 | D22 D21] D20 | [D19 [D18 [D17 [ D16 | [D15 [D14 [D13 [D12 |[D11]D10] D9 [ D8 |[D7 [ D6 | D5] D4 |[ D3 | D2 | D1 | DO

[ Channel# [EVNnrERROR 0x1f | [ Dataword = Channel event # |

[csfcafcsfea[erfeo] s Ja[aJaJa [ XXX X [XJ[X X [X[XJ[X]X[X[X|[E7[E6[ES]E4|[ES[E2][ET]E0]

[ Channel# [TrailerERROROx1e] [ 8bit TBM trailer ]

[C5[CATC3C2 eI 1 [ o J[a [a [o [ XX X [X X JX [X [X [ X J[RFSHI[SOIOVF|[T7[T6 [T5[T4|[T3[T2[TT1[10]
[ invalid#of ROCs || Fswm Err(IJrs |I data stream to long |

[ TIMEOUT 0x1d ] [Data word (Bit = channel with error )]

O aTaja fo 1 ) XX D] DT X BB Bfe]) [ X T X T X TCHs] [CHa CH3 CHz] CH1]

| BlockNr: ( Block of 4 or 5 Input Channels )

Nearly FULL has only limited value of information ! NF error is only stored [ ] ]
when FIFO Il is emptying and this is not the time when NF occurs !!!!

[ DUMMY Oxib__]

DT I I xTaTa ol a Ta [ XX XXX [ XXX X[ XX X]X][PT]P6]PSTPa][PS]P2]PT]PO
[ GAP 0xla |

O T T oo T o T T T T O T T T X T X T X [P [ Pe [ PS [ PA [P TPZTPTT PO

Private Eventnumber written with MODEREG[23..16]
( Chi pAddr +0x1c0000)

These data are transferred via the Center Chip to the S-link.
Only the EVNnrERROR information generates a TTS event under following conditions:

two consecutive event blocks have to have at least 64 Out of Sync Errors to generate

or consecutive event blocks have 64 Out of Sync Errors ! ( a healthy event in between will clear the Out
of Sync Error Counter)
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FIFO DEPTHS:
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* CENTER " FPGA

Data from NORTH and
NORTHCENTER

Data Path Block Diagram :

FIFO Il NORTH

FIFO Il SOUTH

XIl1E

'"HARDWARE

MEM

SPY

S

— Link

INTERFACE

TTCrx CONTROL
C t- CHIP
Data from SOUTH and
A20 A19 Al18 Al17 Al6 Al5
CHP_ADDR + 0x20000 0 0 0 1 0 0 CLEAR_HI ST (needs 12.8us )
CHP_ADDR + 0x28000 0 0 0 1 0 1 EnHi st ogrammi ng D[ 0]
CHP_ADDR + 0x30000 0 0 0 1 1 0 TRI PPLE select UP D[2..0]
CHP_ADDR + 0x38000 0 0 0 1 1 1 TRI PPLE sel ect DOWN D[ 2..0]
CHP_ADDR + 0x40000 0 0 1 0 0 0 ROC_READ_UP A[ 6. . 2]
CHP_ADDR + 0x48000 0 0 1 0 0 1 ROC_READ_DOWN A[ 6. . 2]
CHP_ADDR + 0x60000 0 0 1 1 0 0 READ TTS-FI FO D[ 31..0]
CHP_ADDR + 0xe0000 0 1 1 1 0 0 Wite SourcelD D[5..0]
CHP_ADDR + 0xf 0000 0 1 1 1 1 0 WR TTS_Linet. D[31],[3..0]
CHP_ADDR + 0x140000 1 0 1 0 0 0 READ SPY-FI FOup D[ 31..0]
CHP_ADDR + 0x160000 1 0 1 1 0 0 READ SPY-FI FOdown D[ 31..0]
CHP_ADDR + 0x180000 1 1 0 0 0 0 WR Event#, D[8]=1 + D[7..0]
CHP_ADDR + 0x180000 1 1 0 0 0 0 StartTrp D[9]=1
CHP_ADDR + 0x188000 1 1 0 0 0 1 RD BUNCH Counter D[31..0]
CHP_ADDR + 0x190000 1 1 0 0 1 0 RD EVENT Counter D[31..0]
CHP_ADDR + 0x198000 1 1 0 0 1 1 RD L1A Counter D[31..0]
CHP_ADDR + 0x1a0000 1 1 0 1 0 0 W R Control Reg D[ 31..0]
CHP_ADDR + 0x1a8000 1 1 0 1 0 1 W R TestReg D[31..0]
BROADCAST or CHP_ADDR + 0x1c0000 1 1 1 0 0 0 WRI TE ModeReg D[ 31..0]
BROADCAST or CHP_ADDR + 0x1c8000 1 1 1 0 0 1 WRI TE ResetPuls D[31..0]
CHP_ADDR + 0x1f 0000 1 1 1 1 1 0 ReadFi r mwvar eVer si on
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Gontrol and ModeReg Meaning:

Ctrl Reg[0]=0/1 ==> Disabl e/ Enabl e Transparent Mode

Ctrl Reg[ 1] =0/1 ==> TranspGateStart by L1A / TranspGateStart by VME or EFT(OPTO Modul e)
Ctrl Reg[ 2] =0/1 ==> Disabl e/ Enabl e DAC Data for Transparent Mode

Ctrl Reg[3]=0/1 ==> TTC Event# / VME Event#

Ctrl Reg[ 4] =0/1 ==> Disabl e/ Enable L1A from TTCrx

Ctrl Reg[5]=0/1 ==> Di sabl e/ Enabl e EFT Signal from OPTO Modul e

Ctrl Reg[16] =0/1 ==> TTSReady di s/ en

Ctrl Reg[17]=0/1 ==> TTSError dis/en

Ctrl Reg[ 18] =0/ 1 ==> OUTof SYN di s/ en

ModeReg[ ==> S- Li nk disable

0] =1

11=1 ==> Wite Disable SPY MEM
ModeReg[ 2] =1 ==> URESET ( S Link Reset )

3]=1 ==> lgnore Slink LFF

ModeReg[ 31] =1 ==> Sel ect Slink Test Pattern

Special Test Pattern DAC Mode:

Note: A special mode should be used when random triggers are anticipated
and the testDAC test Pattern is desired. In this case set:

Ctrl Reg[2]=0 in the CENTER Control Register (Disables normal DAC data node)

And
ModeReg[ 0] =1 in the NORTH Mode Regi ster (Enables Special DAC data node)

COLUMN COUNTER:

The ColumnCounter implemented in the CENTER CHIP needs 36 x 8k Bits of memory and
runs with 80Mhz to handle both coordinates in one 64 bit wide word.

BLOCK SCHEMATICS:

8bit-Counter
Const=1
g A=B LoadEnabl e + Old Datz ——
same Column Count Enabl e +
Last Data A?B T Counter
—’/ diff. Column DualPort RAM

Compare
last two L .

columns 10bit Addr.

Until now there is no stop mechanism implemented to prevent the ColumnCounter from
overrunning.
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The readout scheme is as follows:

CHANNEL TRIPPLET

CH# 1,4,7,10,13,16 _) Q[7..0]
CH# 2,5,8,11,14,17 _) Q[15..8] |]|||LocalBus>

CH# 3,6,9,12,15,18 ) Q[23..16]

10bit Addr.
5bit ROCAddrf5bit COLAddr
[

5bit-Counter|

ME ROCAddr

Count En
VME Readreq. f

32 consecutive
read requests

One must do 32 consecutive read requests on a ROC address to properly position the 5-bit column address counter
to 0 so that the DOUBLE COLUMN address for the next ROC begins at DOUBLE COLUMN address 0!

CLEAR H ST ( CHP_ADDR+0x20000)

Resets the Column_Hist Dual Port Memory. In fact each memory address is set to zero. (1024 x 12.5ns = 12.8us)

EnH st ogranm ng ( CHP_ADDR+0x28000) DO 0]

Until now the histogramming is done as long as this bit is set, regardless of any possible counter overflows !
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TTS System:

XIIE

[AlmostFull_FI FC 1 ___at 900 Words]
NORTH
TTC Ready S
[NORTH CENTER] [ Busy | g
[ SOUTH CENTER] u TTS BUSY 0100
[ = TIS Qut_of Sync 0010
m TTS OvflWarning 0001
[AlmostFull FIFC 11 at 7936 Words |
3 TTS ERROR 1100
. TTS READY 1000

[NORTH CENTER]

[[SOUTH CENTER]

SOUTH

OverflowWarning

[ Eventnumber

TBM HEADER
1

TTOrx Event#

[NORTH CENTER]|

[ SOUTH CENTER]

NORTH

Error

Channel w thout Data

TBM Trailer * 0 or
Error_Trailer

[NORTH CENTER

[[SOUTH CENTER

SOUTH

TTS FIFO read address:

Error

LAD_C + 0x60000

10r1

Pr

TTS FIFO

'"HARDWARE

TTCrx Event#

Each change of TTS bits is
stored in the TTS FIFO with the
actual TTCrx Eventnumber !

TTCReady, Out of Sync and Error line
are maskable !

CHP_ADDR + 0x1a0000
Ctrl Reg[16] =0/

1 ==
Ctrl Reg[17]=0/1 ==
Ctrl Reg[ 18] =0/1 ==

TTSReady dis/en
TTSError dis/en

> OUTof SYN di s/ en

>
>

For connectivity tests aregister is foreseen to set all TTS lines by VME command:

LAD_C+0xe0000

D[ 31]

D[ 3]
D[ 2]
D[ 1]
D[ 0]

enable TTS |line test

ready pi ns
busy pi ns
out of synch pi ns
overfl ow warni ng pi ns

NP W

AOONO
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Slink Header and Trailer words:

[ox5] [0x0] [ EventCounter CENTER |[[BxCounter TTCrx | [0xO] SerNr[13..8] | [0xO][ 0x0 ]
63 6059 5655 3231 2019 87 43210
E‘Boe_i Evt ty LV1_id (24) BX id (12) | Source id(12) Fovnx|$$|
K |poE 2 Hx $%
§3 60 59 1 ]
@ Sub- detector payload
E Sub- detector payload
o
2
o
K | |ECE_2 Tx %%
63 60 59 3231 2
E ‘Eoe_l 000X Evt Igth (24) CRC (16) xxex | evies ITTS(8) | T ns#
63 60 59 5655 32 31 1615 1211 &7 43 21 0
[oxa] [0x0] | 0x0 [ EventLenath[45.32] || CRC16D64 [ oxo0 | rTsbits] [ 0x0 ]
[ EventCounter CENTER |
24bit event counter incremented by L1Accept .
Reset possibilities: LocalBus Reset or B-channel Command BRCST[5..0] = 0x2 ( = reset EventCounter ) or

B-channel Command BRCSTI[5..0] = 0x14 ( = FullReset )

[ BxCounter TTCrx |
BxCounter information from TTCrx chip. \9
icgr2 i L} ieger o000
ety P! ) i aooon
SerNI13.8 _ooo 34 i || acoea
shep00o I E)) LR coooo
FED Serial Number set by dipswitch SW5. Switch ON(OFF) * EI’IINS%QW . % o ooe gg
Means bit = 0(1). Switch #1 (or closest to front of board) B 560 oo cOooO0
Corresponds to bit position 0 of bits 0-5in the Serial Number N o R VME1 g;ma EE.‘ [+ Nu¥ Fuy!
Register. ] L ‘3 gral—F ggggg

This Serial Number can be read with: FedBase+0xa00000
( D[5..0] ) and has to be written to the CENTER Chip
register LAD_C+0xe0000 at module initialisation time.

.

[ EventLength[45..32] |

Our EvenLengthCounter is only 14 bit wide ! (two times 8192 words FIFO Ill depth )

O, o020
FELS sococd
Apetey [+ ReReNule]
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Small events:

The next picture shows a Slink data dump for a small event ( every third channel has

one hit)

The gray marked fillwords originate from our ambition to avoid too short blocks in our data
path.

A fillword can be identified by:
CH=0; ROC=0x1b; DC=0; PXL=0; PH=private event type

On the way from FIFO | to FIFO Il short blocks are filled up until they have at least six
words.

Smal | Event Test:

[ 000] 50000008 00700 BOE 1 LVI ID Source_I D
9 56 af 1 7 9 56 a
[002] ©01b O O 1 01b 0 0 1 [N six 32bit words !
0 1 01b 0 0 S
[004] O01b O O 1 7 7 9 56 bO
[005] 01b O 0 1 01 0 0 1
[006] 01b O O 1 01b 0 0 1
[007] 13 7 9 56 ae 10 7 9 56 af
[008] 01b 0 O 1 01b 0 0 1 Fi | | wor ds
[ 009] 01b 0O 0 1 01b 0O 0 1 (PrivEvTyp=1)
[010] O01b O O 1 16 7 9 56 ae
[011] ©01b 0O O 1 01 0 0 1 [NC ]
[012] 01b O O 1 01b 0 o0 1 —
[013] 22 7 9 56 ae 19 7 9 56 bl
[014] ©01b 0O O 1 01 0 0 1 [scuw |
[015] ©01b O O 1 01b 0 0 1
[016] O01b 0O O 1 25 7 9 56 bO
[0177 ©01b O O 1 01b 0 0 1 [SCdow)
[018] 01b O O 1 01lb 0 0 1
[019] 31 7 9 56 bO 28 7 9 56 af
[020] 0'@b 0 0 1 01 0 0 1
[021] ©01b O O 1 01lb 0 0 1
[022] ©01b 0 O 1 34 7 9 56 ae
[023] ©01b O O 1 01b 0 0 1 [Sdown]
[024] ©01b O O 1 01lb 0 0 1 [ down |
[ 025] a000001a 0000 EOCE 1 Evtlength
recei ved : 6 -> data_size = 2
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Slink Test Pattern:

Setting ModeReg[31] (LAp_c + oxico000) sends the following test pattern

over the Slink cable:

Ox
Ox
Ox
Ox
Ox
Ox
0x
0x
Ox
Ox
Ox
Ox
Ox
Ox
Ox
0x
0x
Ox

SO##
aaaa
5555
0000
frff
0000
frff
of Of
fOof0
Cccc
3333
frff
0000
aaaa
5555
0000
frff
a000

EV##
aaaa
5555
0000
frff
0000
frff
of Of
fOof0
Cccc
3333
frff
0000
aaaa
5555
0000
frff
0012

0000
aaaa
5555
0000
frff
0000
frff
of Of
fOof0
Cccc
3333
0000
frff
aaaa
5555
0000
frff
- CRC

0000
aaaa
5555
0000
frff
0000
frff
of Of
fOof0
Cccc
3333
0000
frff
aaaa
5555
0000
frff
0000

Eventnumber starts with one after LocalBus Reset !

Length of Event = 0x12
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ALTERA PLL and reset TTCrx:

Phase relationships between PLL output clocks need to be maintained after a loss of

lock condition !

~4us

PLL locked

TTCrx reset

| >50us
PLL areset n

[Phase not ok!] [Phase ok 1]

In V4 firmware a PLL areset is done with each LocalBusReset or individually with
CHIPaddr+0x1c8000 D[29]=1

A LocalBusReset doesn't influence the PLL for the 80MHz clock ( Slink ) in the
Center Chip, a PLL resync can only be done with the individual
Reset 0x1c8000 D[29]=1

A PLL areset is also recommended after power up !
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Timeout mechanism:

Trigger n
transfered to FIFO Il

1 Transfer datafrom
FIFOla to FIFO Il
wca+=1

Header &

&
Trigger n+1 written
in TriggerFIFO

C+=1 Transfer datafrom
FIFOIb to FIFO Il
1‘ wc b+=1
StopBlt
Transfer datafrom
‘ FIFOIc to FIFO Il
wcce+=1

StopBit
Transfer datafrom

{
- FIFOld to FIFO I

0 wcd+=1

B
ISet timeout dl—' If wc(a+b+C+d)<6

Create dummy data

means that an error word with error code 0x6 is written in the corresponding error FIFO !
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Firmware Versions:

Each FRONT ALTERA and the CENTER ALTERA has a read only version date register

BaseAddr + ChipAddr + 0x1f0000

The VME ALTERA has its version date register at BaseAddr + 0xa0003c

[ day [ month Il year |l year

[hex] coded

(for example: Ox 16 08 14 07 means 22.8.2007)

Fifo Status:

It is possible to check the status of the fifos I, Il & Il by reading the Control Register.
LAD_C + 0x1a0000

Bit Meaning

[0] .. AlnpostFull FIFO I North ( all 9 Input Channels or — ed )
[1] .. NearlyFull FIFO Il North ( or of both FIFOII )
[2] .. AlnostFull FIFO I Nor t hCent er

[3] .. NearlyFull FIFO Il NorthCenter

[4] .. AlnpostFull FIFO I Sout hCent er

[5] .. NearlyFull FIFO 1l SouthCenter

[6] .. AlnpstFull FIFO I Sout h

[7] .. NearlyFull FIFO 1l South

[8] .. AlnostFull FIFO Il UP

[9] .. AlnobstFull FIFO 1l DOW

Itis possible to check whether SpyFifo3 has an entire event in its buffer.
LAD_C + 0x190000

Bit Meaning
[ 31] = 1 (Wole event in SpyFifo3)
[ 31] = 0 (No or partial event in SpyFifo3)

Caution: To ensure a whole event, the SpyFifo3 loads one event after the SpyFifo3 disable
is received. One should read the event after disable is set. Otherwise another event can try
to fill the SpyFifo3 even when the SpyFifo3 disable is received.
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TTCrxSwitches:

It is possible to set TTCrx pins Dout[7..0] high or low using SW3 and TTCrx pins

SubAddr[7..0] high or low using SWA4.
These switches can therefore be used to set an ID and Master Mode for the TTCrx chip.

The bits for the Master Mode should be let in the lower position. This means
MasterMode[1..0] = 0 ( See the TTCrx manual for more Information. )

sw4 SW3
[/ ‘subAddr[7.0] ] | Doutr[7..0] |
(ID=7)
= R aREERR NERRERER
Sl IEl2 2] 2l8ls SIS EEs
HEREEEEE Elelelelele]ElE
=1 D=t ol B B o B B o B B, e e B B B
= AR EEEE o|olo|alelalola

-

Base Address Switches:

There are 2 rotary switches located below the VME FPGA. These switches provide the
VME Base Address (A31-A24) for the board. For example, the Base Address used during
the testing of the boards was typically set to 0x1c000000. This looks like

SW1 SW2
0 0
CHEEC
> >

Other Switches/Jumpers:

L1 CK_RDY_EN: Switch to “open”. Signal is used in conjunction with a special test board.

(Open in this context means pin 12 of IC # H3 should be pulled “high”.)

VME_64X: Not Implemented. Can be left Closed (Jumpered).
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Firmware Programming:

The FRONT ALTERA FPGA's (N, NC, SC & S) and the CENTER ALTERA FPGA's

(CENTER & CLOCK) are re-programmable either using a JTAG programmer, like the USB

Blaster, with the proper cable and connector, or through the internal VME interface
(mentioned earlier).

One just needs to set switches to indicate which mode (Cable or VME) is to be used.

Note 1: The physical switches for the Front FPGA's are arranged so that the positions look the same without
having to refer to the switch label (use caution!).

Note 2: Prior to V4, switches IC4_OE and IC9_OE need to be switched ON(OFF) for
VME(CABLE) programming .

NORTH

CABLE

SW1_LD1 || Swi_LD1

VME

TMS: ON || TMs: OFF
TDl: OFF||TDi: OFF
TDO ON (| TDO ON
TCK: CFF[| TCK: ON

NORTH
CENTER

CABLE

SW2_LD1 || sw2 Lb1

VME

TMS: ON || TMB: OFF
TDl: OFF||TDi: OFF
TDO ON (| TDO ON
TCK: OFF|| TCK: ON

SOUTH
CENTER

VME

Cable VME
SW1 LD2 || Swi1_LD2

CK1: OFF||CK1: ON
OL : ON[|OL : ON
I OFF[[l : OFF
TMS: ON || TMB: OFF

CABLE VME
SW2_LD2 (| SW2_LD2
1. OFF 1. ON
CLOCK 2: ON 2: ON
3. OFF 3. OFF
4. ON 4. ON
Cable VME

SW3_LD1 || Sw3_LD1

TCK: OFF|| TCK: ON
TDO ON [[TDO ON
TDI: OFF|[TDI: OFF
TMS: ON [[TMB: OFF

SOUTH

Cable

SW4_LD1 || sw4 LD1

VME

TCK: OFF|| TCK: ON
TDO ON (| TDO ON
TDl: OFF||TDi: OFF
TMS: ON || TMB: OFF

CENTER
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NOTES:
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