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Introduction

This document describes the functionality of the 3rd revision of the Muon Port Card [1]
mezzanine board for the CSC Upgrade at CMS. The mezzanine is based on Xilinx Spartan-
6 FPGA. While providing all the features of the old Virtex-E mezzanine [2], the new board
has an additional 12-channel optical link to allow higher data transmission to the upgraded
CSC Track Finder. Simplified block diagram of the MPC2004 board with the new
mezzanine as well as two pictures of the mezzanine itself (top and bottom views) are shown
on Figures 1 and 2 respectively.
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Figure 1: Block Diagram of the Muon Port Card
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Figure 2: Spartan-6 Mezzanine Board (top and bottom views)

1. FPGA and EPROM

Xilinx XC6SLX150T-3FGG900C FPGA and two Xilinx XCF32PFSG48C PROMSs reside
on the mezzanine board. They are accessible via the JTAG bus either from Xilinx cable
(MPC front panel) or from the VME using CSRO[8..5] bits. Switch S8-1 on the main
MPC2004 board defines which of these two options is activated (Xilinx cable if S8-1 is
“on” and CSRO[8..5] if S8-1 is “off”). Switch SW2 on the mezzanine board specifies the
FPGA configuration mode (Table 1).

Table 1
SW2-1 | Sw2-2 FPGA configuration mode | M[1:0] | Data Bus width CCLK direction
on on Master SelectMAP 00 8 Output

Two XCF32P PROMs are placed in a serial chain with the FPGA. The FPGA may be
bypassed (Table 2).

Table 2
SW1-1 SW1-2 FPGA chain
off off Do not use
on off PROM1 + PROM?2
off on FPGA + PROM1 + PROM2
on on Do not use

The default configuration mode is the Master SelectMAP with the configuration clock
provided by the FPGA. The BitGen startup clock setting is set to maximum (26MHz) in the
project settings. Spartan-6 FPGA also support the ability to dynamically switch to an
external clock source during master mode configuration, where faster and stable
configuration times are needed. This clock comes from an external oscillator (by default,
32MHz) to a USERCLK input of the FPGA (pin AG16). To enable the external clock
source during master mode configuration, the ExtMasterCclk_en option in BitGen must
be enabled. The total amount of configuration bits for the XC6SLX150T device is ~34
Mbits (non-compressed). The volume of compressed file is design dependent. Using the




compression feature the downloading file fits only one PROM. Typical FPGA configuration
times with and without compressions are listed in Table 3.

Table 3
Clock source Compression Configuration time, milliseconds
FPGA internal 26MHz No 153 ms (worst case 163 ms)
FPGA internal 26 MHz Yes 115 (worst case 163 ms)
External USERCLK 32MHz Yes 100 (worst case 132 ms)
External USERCLK 40MHz Yes 80 (worst case 106 ns)

All the communications between the FPGA and the main MPC2004 board are implemented
via the four Samtec MOLC-140-61-L-Q-LC 4-row 140-pin elongated connectors XP1-XP4.
Their pin assignment is given in the Appendix A and is backward compatible with the
previous Virtex-E mezzanine board.

2. Sorter Unit and Interface to Trigger Motherboard

The TMB can send to MPC2004 up to two Local Charged Tracks (LCT) every 25 ns. Each
LCT is represented by 32 bits that are transmitted in two frames at 80 MHz. The frame
format is shown in Table 1. LCTs from any TMB (or from any FIFO_A) can be masked out
(disabled) using the CSR7 register. This register is implemented in the discrete logic on the
2" revision mezzanine board; it can be read out via VME through the FPGA only. When
disabled (CSR7(i)=0, i=0..8), the selected TMB(i) is ignored by the sorting unit of the
Muon Port Card. By default (after power cycling) CSR7(15:0)="0", so all the TMBs are
enabled. In the present approach the MPC performs sorting at 80MHz, as described below
in this section.

The sorting unit accepts 18 4-bit patterns “Quality[3..0]” that represent the “quality” of
each incoming LCT. For compatibility with the original MPC2004 and CSC Track Finder
designs the new Spartan-6 FPGA performs sorting “3 best LCTs out of 18” and sends the
three best patterns in ranked order to the TLK2501 serializers residing on the main board.

LCTs with “Quality”=0 and “vpf’=0 are cancelled by the sorter unit. LCTs with
“quality=0" and “vpf=1" do participate in sorting. If several patterns happen to have the
same valid “Quality” value, then the pattern arriving from the TMB with the largest slot
number in the crate will have the precedence. If two LCT from the same TMB are selected
and both have the same “quality” value, then the LCTO will have the precedence over
LCT1. Selected 32-bit patterns are multiplexed into two 16-bit frames on the FPGA outputs
and sent directly to TLK2501 serializers in ranked order (see Section 3).

Table 1
TMB-to-MPC data Format (i=1..9)

First frame transmitted at 80Mhz | Second frame transmitted at 80Mhz

Line Old Name Signal LCT Signal LCT
TMBI[0] Lcti_vpf Wire Group 0 0 Yo-strip 0 0
TMBI[1] | Lcti_qual0 Wire Group_1 0 Yo-strip 1 0
TMBI[2] Lcti_quall Wire Group 2 0 Ya-strip 2 0
TMBI[3] Lcti_qual? Wire Group_3 0 Yo-strip_3 0
TMBI[4] Lcti_qual3 Wire Group 4 0 Yo-strip_4 0




TMBI[5] Lcti_qual4 Wire Group 5 0 Ya-strip_5 0
TMBI[6] Lcti_qual5 Wire Group_6 0 Y2-strip_6 0
TMBI[7] Lcti_qual6 CLCT Pattern_ID0 0 Ya-strip_7 0
TMBI[8] Lcti_qual7 CLCT Pattern_ID1 0 L/R Bend Angle 0
TMBI[9] | Lcti_qual8 CLCT Pattern_ID2 0 SYNC _ER 0
TMBI[10] Lcti_hsO CLCT Pattern_ID3 0 BXNI[0] 0
TMBI[11] Lcti_hsl Quality 0 0 BCO 0
TMBI[12] Lcti_hs2 Quality 1 0 CSC_ID0 0
TMBI[13] Lcti_hs3 Quality 2 0 CSC_ID1 0
TMBI[14] Lcti_hs4 Quality 3 0 CSC_1D2 0
TMBI[15] Lcti_hs5 Valid Pattern Flag 0 CSC _ID3 0
TMBI[16] Lcti_hs6 Wire Group 0 1 Ya-strip_0 1
TMBI[17] Lcti_hs7 Wire Group_1 1 Ya-strip_1 1
TMBI[18] Lcti_ wg0 Wire Group_2 1 Ya-strip_2 1
TMBI[19] Lcti wgl Wire Group_3 1 Ya-strip_3 1
TMBI[20] Lcti_ wg?2 Wire Group_4 1 Yo-strip_4 1
TMBI[21] Lcti_wg3 Wire Group 5 1 Ya-strip_5 1
TMBI[22] Lcti wg4 Wire Group_6 1 Y2-strip_6 1
TMBI[23] Lcti_wgh CLCT Pattern_ID0 1 Ya-strip_7 1
TMBI[24] Lcti_ wg6 CLCT Pattern_ID1 1 L/R Bend Angle 1
TMBI[25] | Lcti_ accmu CLCT Pattern_1D2 1 SYNC ER 1
TMBI[26] Lcti_bx0 CLCT Pattern_ID3 1 BXNI[0] 1
TMBI[27] Lcti_bx1 Quality 0 1 BCO 1
TMBI[28] | Lcti_rsv0 Quality 1 1 CSC_ID0 1
TMBI[29] | Lecti_rsvl Quality 2 1 CSC_ID1 1
TMBI[30] | Lcti_rsv2 Quality 3 1 CSC_1D2 1
TMBI[31] Lcti_rsv3 Valid Pattern Flag 1 CSC_ID3 1

If a particular LCT from the TMB has been accepted by MPC2004, then a “winner” bit is
sent from MPC2004 back to corresponding TMB. The total number of “winner” bits is 18,
and they are sent back to TMB’s in two 80Mhz frames. The “1” in the first frame indicates
that an LCTO from the particular TMB was accepted. The “1” in the second frame indicates.

In parallel all the 18 LCTs are multiplexed into 4 frames at 160MHz and send to eight
embedded GTP serializers inside the Spartan-6 FPGA. Multiplexing scheme is shown in
section 3.

3. Operation at 160MHz

At 160MHz all the incoming LCTs are transmitted to eight optical links without sorting.
The serial data rate is then 3.2Gbps, 8B/10B encoding/decoding included. The data format
is shown in Appendix B. Similar data format is applied to 8 FIFO_B_NEW buffers (see
Section 6 for more details). Three “old” links (residing on the main MPC board) always run
at 80MHz.

4. Clock Generation and Distribution
The Spartan-6 mezzanine receives the master 40.08MHz clock from the main MPC2004

board (line GCLKO). The low-jitter 160.32MHz clock for all MGT serial gigabit links is
obtained by the CERN designed QPLL [4] ASIC. QPLL is a quartz crystal based Phase-




Locked Loop. Its function is to act as a low-jitter filter for clock signals operating
synchronously with the LHC bunch-crossing clock. The QPLL1 with a 160.31744MHz
oscillator produces three clock signals of 160MHz, 80MHz and 40MHz (rounded values) in
LVDS levels. 160Mhz clocks are delivered to the MGTREFCLK inputs of every MGT bank
of the FPGA.

GCLKO is used by default in the firmware. On the main MPC2004 board the GCLKO must
be adjusted in respect to master CCB clock for reliable latching of 80Mhz data streams from
all nine TMB boards into the FPGA. CSR2[15..8] bits are used for this when CSR0[13]=0.
During initial tests of the Spartan-6 mezzanine FPGA in April 2012 it was found that for
nine TMB2005 boards residing in the peripheral EMU crate the “safe window” of data
latching is when the CSR2[15..8]=(29...45)h, or 6.75 ns. If CSR0[13]=1, then the clock will
be set to a predefined value precisely in the middle of the *“safe window” (which
corresponds to CSR2[15..8]=37h). In this case there is no need to program the CSR2.

5. Serialization and Optical Interface to the Sector Processor

The new Spartan-6 mezzanine supports both “old” 3-link and “new” 12-link optical
interfaces to the present and future Sector Processors. The three best patterns, or “muons”
(or two in case of Station 1) selected by sorting unit are sent at 80Mhz from the processing
FPGA to three 16-bit “old” TLK2501 serializers, residing on the main MPC2004 board, one
pattern per serializer. The serializer performs a parallel-to-serial data conversion with
8B/10B decoding. Serialized data is sent to Finisar FTRJ-8519-1-2.5 small form factor
(SFF) optical transmitters and further over ~100 m optical cables to SP located in the Track
Finder crate in the counting room.

The “new” interface allows to transmit all 18 LCTs via the eight embedded GTP links
available in the Spartan-6 FPGA. The LCTs are multiplexed at 160MHz and serial data rate
is 3.2Gbps per channel. The SNAP12 optical transmitter [4] is used for communication with
the SP. The other four channels are connected to regular LVDS outputs of the FPGA for
future use at lower speed. The SNAP12 transmitter resides a small plug-in board attached to
the mezzanine and facing the front panel of the MPC2004. A picture of the plug-in board
with the SPAN12 transmitter attached is shown on Figure 4. Pin assignment of the 38-pin
connector is given in Table 4. The connector is a receptacle soldered on the back side of the
mezzanine. It is available from several manufacturers, for example, Tyco 1611987-9 or
Molex 75586-0010. SNAP12 optical modules are pluggable devices. The host electrical
connector is a 100 (10 x 10) position Ball Grid Array (BGA) plug available from several
manufacturers; for example FCI 84512-101. Its pin assignment for the transmitter is given
in Table 5.
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Figure 4: SNAP12 plug-in optical transmitter

Table 4
Pin Signal Type (w.r.t. optomodule) Pin Signal Type (w.r.t. optomodule)
1 GND Power 20 GND Power
2 TR1+ Receiver 21 TR7+ Receiver
3 TRI1- Receiver 22 TR7- Receiver
4 +3.3V Power 23 TXEN® Input
5 TR2+ Receiver 24 TR8+ Receiver
6 TR2- Receiver 25 TR8- Receiver
7 /FAULT" Output 26 GND Power
8 TR3+ Receiver 27 TR9+ Receiver
9 TR3- Receiver 28 TRO- Receiver
10 +3.3V Power 29 +3.3V Power
11 TRA4+ Receiver 30 TR10+ Receiver
12 TRA4- Receiver 31 TR10- Receiver
13 GND Power 32 /RESET* Input
14 TR5+ Receiver 33 TR11+ Receiver
15 TR5- Receiver 34 TR11- Receiver
16 TXDIS® Input 35 +3.3V Power
17 TR6+ Receiver 36 TR12+ Receiver
18 TR6- Receiver 37 TR12- Receiver
19 GND Power 38 GND Power

! _ Transmitter fault; HIGH = normal operation if TXEN normal; LOW = transmitter in

fault condition. This output is provided to the FPGA.

2 _ Laser disable; LOW = normal operation if TXEN normal, HIGH = lasers off; internal
pull-down. Optionally connected to the FPGA if R123 (=0 Ohm) is installed.
® _ Laser enable; HIGH = normal operation if TXDIS normal, LOW = lasers off; internal
pull-up. Optionally connected to the FPGA if R124 (=0 Ohm) is installed.
* — Module reset upon fault; HIGH = normal operation; toggle LOW to clear fault. This
input is provided from the FPGA.




Table 5
SNAP12 Transmitter Pin Layout
(Toward MPO connector end of module)
K J H G F E D C B A

1 NIC NIC NIC GND GND GND GND GND GND NIC
2 NIC NIC NIC GND GND DINGp GND GND DINSp GND
3 NIC VCC VCC GMND DINGp DINEN GMND DINGp DINSn GND
4 NIC VCC VCC DINdp DINGn GND DINTp DIMNEN GND NIC
5 NIC VCC VCC DIN4n GMND DIN2p DIN7n GND DIN10n GND
6 NIC VCC VCC GND DIN2p DIN3n GND DINT1n DIN10p GND
7 NIC NIC NIC DIN1p DIM2n GND DIN12n DIN11p GND NIC
8 NIC -RESET | -FAULT DIN1n GND GND DIN12p GND GND NIC
9 MIC TXEN TXDIS GMND GND GND GMND GND GND MNIC
10 NIC Vendor Vendor Yendor Yendor Yendor Vendor Vendor Vendor Vendor

Specific | Specific | Specific | Specific | Specific Specific Specific Specific Specific

(Top view as looking down onto the host PWB)

As described above, each selected by MPC2004 pattern comprises 32 bit. At 80 MHz it is
transmitted to SP in two 16-bit frames. The frame format is shown in Table 6.

Table 6
MPC-to-SP Data Format (*OId” links)

Frame 1
15 14131211 ]J1w0] 9] s8] 7 6 | 5] 4] 3] 2]1]0
Vpf Quality[3..0] CLCT Pattern ID[3..0] Wire Group ID[6..0]

Frame 2
1514131211 ]10] 9 8 71 6] 5| 4]3]2]1]0

CSC ID[3..0] BcO | BxO | ER | L/IR CLCT Half-strip Pattern ID[7..0] *

CLCT Half-Strip Pattern ID is between 0 and 159

CLCT Pattern encodes the number of layers and whether the pattern consists of half-strips or di-strips

Wire Group ID is between 0 and 111 and indicates the position of the pattern within the chamber

L/R - Bend Angle Bit indicates whether the track is heading towards lower or higher strip number

VPF - Valid Pattern Flag indicates a valid LCT that has been found by TMB and being sent in the current
clock cycle

ER - Synchronization Error

BXO0 — The less significant bits of the Bunch Crossing Counter.

BCO0 — Bunch Crossing Zero Flag arriving from the TMB

Upon arrival of the L1Reset command, a 3.2 us (=128 bunch crossings) pulse of negative
polarity is generated on TX_EN pin of all TLK2501 serializers thus setting them into
“IDLE” mode required for the periodical synchronization. Immediately after the rising
edge of this pulse the unique pattern is sent on all SP links during four bunch crossings
(100 ns). The pattern is sent in both frames and comprises a 6-bit Board_IDI[5..0] and a
Link_ID. The Board_IDI[5..0] is programmable and available from the CSRO. Link_ID[1..0]
is fixed in firmware. For “old” optical links it is 2-bit wide and equal to “1” for Linkl
(“Muon_1"), “2” for Link2 (“Muon_2") and “3” for Link3 (“Muon_3"). For the 12 “new”
optical links the Link_ID is 4-bit wide. A timing diagram is shown on Fig. 5. Data formats
for the “old” and “new” links are shown in Table 5.

Note that the CSR0O[9] (when “0”) unconditionally sets all the serializers into “IDLE” mode.
For normal operation it should be set to “1”. The CSR2[0] (when *“0”) sets all serializers
into normal data transmission mode. If CSR2[0]=1, all serializers are in “IDLE” mode
unless there is a valid pattern or BCO signal from TMB’s.
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Figure 5: Timing diagram of the synchronization procedure for three “old” links

Table 5
Data formats in the “IDLE” mode

Three “old” links

Bit| 1514 |[1B8[12[1n]|w0]9][8]7][6]5]4]3]2]1]0
olof[o]Jo|lo]o]o]fo Board_ID Link_ID
8 “new” links
Bit| 5|14 |[183[12[1]|10]9][8]7]6]5]|4]3]2]1]0
oo o]o|o]o Board_ID Link_ID

6. FIFO Buffers

Two groups of FIFO Buffers (FIFO_A and FIFO_B) are implemented in the main FPGA in
order to test the MPC2004 internal functionality and its communications with the Trigger
Motherboards and Sector Processor. 3 FIFO_B_OLD keep the results of sorting for three
old optical links. 12 FIFO_B_NEW buffers keep the output patterns for the 12 new optical
links. All buffers are 511-word deep and available from VME for read and write. Since two
muon patterns are packed into FIFO_A in two frames at 80MHz, each FIFO effectively
comprises 255 patterns. Each buffer represents data corresponding to one TMB board, or
two muon patterns. FIFO_AL corresponds to TMB1, FIFO_A2 corresponds to TMB2 and
so on. Its format is shown in Table 6. In a “Test” mode the test patterns representing 18
muons are sent out simultaneously from all FIFO_A buffers at 80Mhz upon specific TTC or
VME commands. They pass through the sorting unit that selects the 3/12 best patterns and
transmits them to the SP and FIFO_B_OLD buffers. FIFO_B_OLD format is shown in
Table 7, same for “old” and “new” links at 80MHz. FIFO_B_NEW format is similar to
data format described in Appendix B.

One important feature of all FIFO_B buffers is that the data from FIFO_A (“Test” mode) or
TMB’s (*Trigger” mode) can be saved in FIFO_B_OLD only if there is at least one valid
muon pattern, or pattern with “vpf’=1. The “vpf” bit from the first best selected muon acts
as a “write enable” signal for all FIFO_B_OLD buffers. This means that if there is just one
valid pattern coming after sorting from FIFO_A or TMB, it will be stored in
FIFO_B1 OLD and “0” will be written into FIFO_B[2..3]_OLD. This mechanism assures




that all three FIFO_B_OLD buffers will contain an equal number of words inside. As for
VME access, any data can be loaded and read back out of any FIFO_B buffer
independently.

Eight FIFO_B_NEW hbuffers contain 18 LCTs packed in four frames. In the present
implementation the data patterns are loaded to FIFO_B on a dedicated 3.2 microsecond long
command (with the appropriate internal delay to prevent writing invalid “0” words into the
FIFO_B_NEW) from the CCB or VME that starts data injection from FIFO_A.

The FULL and EMPTY flags (common to all FIFO_A and FIFO_B_OLD buffers) are
available for read from CSR2. After an asynchronous FIFO reset all “EMPTY” flags are
active “1” and “FULL” flags are “0”.
Table 6
FIFO_A Data Format

FIFO_A Frame 1 (LCT1)

1514131211 ]10] 9] 8] 7]6]s5]4a]3[2][1]o0

vpf Quality[3..0] CLCT Pattern[3..0] Wire Group 1DJ6..0]

FIFO A Frame 1 (LCTO)

31|30 |29 2827|2625 24]23]22]21]20]19]18]17]16

vpf Quality[3..0] CLCT Pattern[3..0] Wire Group IDJ6..0]

FIFO A Frame 2 (LCT1)

151413121110 98] 7]6]s5]4a]3]2]1]o0

CSC_ID[3..0] BcO | BxO | ER | LIR CLCT Half-strip ID[7..0]

FIFO_A Frame 2 (LCTO)

3130|2928 27|26 25]24]23]22]21]20]19]18]17] 16

CSC 1D[3..0] BcO | BxO ] ER | L/IR CLCT Half-strip 1D[7..0]

Table 7
FIFO B OLD Data Format (80MHz)

FIFO B Frame 1

15]14]13l12]1afwo]lo]s8f7]le6e]s5a]3]2]1]o

Vpf Quality[3..0] CLCT Pattern ID[3..0] Wire Group ID[6..0]

FIFO_B Frame 2

1514131211 ]10] 9] 8] 7]6]s5]4a]3[2]1]o0

CSC 1D[3..0] BcO | BxO ] ER | L/IR CLCT Half-strip Pattern I1D[7..0]

7. VME Interface

The MPC2004 can be accessed in the VME crate using geographical addressing that
utilizes the address pins GA<4-0> available on the VMEG64x backplane. The MPC2004
resides on slot 12 of the peripheral EMU backplane, so its base geographical address is
600000(hex). The board responds to AM codes 39(hex), 3D(hex) and supports A24D16
slave operations. It does not respond to byte-addressing modes, so all valid addresses must
be even numbers. Decoded addresses and VME commands are listed in Table 8.
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The main part of the VME interface (data drivers, address latches, address comparators,
DACK response logic, CSRO) is implemented in discrete logic. This means that the board
IS accessible even without mezzanine card that carries the Xilinx FPGA. The addresses
marked in red are available for the new mezzanine only. The other VME functions are
compatible with the “old” Virtex-E FPGA.

Table 8
Address (hex) Access Function
600000 Read/Write | CSRO (implemented on the main MPC2004 board)
600002 Write Hard_Reset command to FPGA (decoded on the main MPC2004
board)
600004 Write Soft Reset command to FPGA (decoded on the main MPC2004 board)
600006 Write CSR7 (TMB mask register). Read through the FPGA, address 6000CA
600080 (0) Read/Write | FIFO_A1[15..0]. Corresponds to TMB1 LCT1
600082 (1) Read/Write | FIFO_A1[31..16]. Corresponds to TMB1 LCTO
600084 (2) Read/Write | FIFO_A2[15..0]. Corresponds to TMB2 LCT1
600086 (3) Read/Write | FIFO_A2[31..16]. Corresponds to TMB2 LCTO
600088 (4) Read/Write | FIFO_A3[15..0]. Corresponds to TMB3 LCT1
60008A (5) Read/Write | FIFO_A3[31..16]. Corresponds to TMB3 LCTO
60008C (6) Read/Write | FIFO_A4[15..0]. Corresponds to TMB4 LCT1
60008E (7) Read/Write | FIFO_A4[31..16]. Corresponds to TMB4 LCTO
600090 (8) Read/Write | FIFO_Ab5[15..0]. Corresponds to TMB5 LCT1
600092 (9) Read/Write | FIFO_Ab5[31..16]. Corresponds to TMB5 LCTO
600094 (10) Read/Write | FIFO_A6[15..0]. Corresponds to TMB6 LCT1
600096 (11) Read/Write | FIFO_A6[31..16]. Corresponds to TMB6 LCTO
600098 (12) Read/Write | FIFO_A7[15..0]. Corresponds to TMB7 LCT1
60009A (13) Read/Write | FIFO_A7[31..16]. Corresponds to TMB7 LCTO
60009C (14) Read/Write | FIFO_AB8[15..0]. Corresponds to TMB8 LCT1
60009E (15) Read/Write | FIFO_A8[31..16]. Corresponds to TMB8 LCTO
6000A0 (16) Read/Write | FIFO_A9[15..0]. Corresponds to TMB9 LCT1
6000A2 (17) Read/Write | FIFO_A9[31..16]. Corresponds to TMB9 LCTO
6000A4 (18) Read/Write | FIFO B1 OLD[15..0]. Corresponds to 1* best selected LCT
6000A6 (19) Read/Write | FIFO B2 _OLD[15..0]. Corresponds to 2™ best selected LCT
6000A8 (20) Read/Write | FIFO B3 OLD[15..0]. Corresponds to 3" best selected LCT
6000AA (21) Read/Write | CSR1 (date of the current firmware version)
6000AC (22) Read/Write | CSR2 (control)
6000AE (23) Read CSR3 (FIFO Status)
6000B0 (24) Read L1ACC Counter
6000B2 (25) Write Transmit 511 words of data from all FIFO_A buffers in “Test” mode
6000B2 (25) Read CSR9 (status)
6000B4 (26) Read/Write | CSR6 (pattern to be transmitted directly to GTPs when CSR2[1]=1
6000B6 (27) Write Send a 3.2 us TxEn “0” pulse to all three TLK2501 transmitters
6000B8 (28) Read/Write | CSR4 (GTP PRBS control register)
6000BA (29) Read/Write | CSR5 (GTP control register)
6000BC (30) Write Reset PRBS error counters in all GTP receivers
6000BC (30) Read Read PRBS error counter from GTP1 receiver
6000BE (31) Read Read PRBS error counter from GTP2 receiver
6000C0 (32) Write Reset GTP Receiver, all GTPs
6000C0 (32) Read Read PRBS error counter from GTP3 receiver
6000C2 (33) Write Reset GTP Transmitter, all GTPs
6000C2 (33) Read Read PRBS error counter from GTP4 receiver
6000C4 (34) Write Reset RXCOMMADET latches, all GTPs
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6000C4 (34) Read Read PRBS error counter from GTP5 receiver

6000C6 (35) Read Read PRBS error counter from GTP6 receiver

6000C8 (36) Read Read PRBS error counter from GTP7 receiver

6000CA (37) Read Read PRBS error counter from GTP8 receiver

6000CC (38) Read CSRY (readable through the FPGA only)

6000CE (39) Write Send IPROG sequence from ICAP FIFO

6000DO0 (40) Write/Read | ICAP data bus 1[15:0] FIFO

6000D2 (41) Write/Read | ICAP data bus 1[31:16] FIFO

6000D4 (42) Read FIFO_C1 NEW[15:0] (RX_DATA OUT{15:0] from GTP1

6000D6 (43) Read FIFO_C2 NEW[15:0] (RX_DATA_ OUT{15:0] from GTP2

6000D8 (44) Read FIFO C3 NEW[15:0] (RX_DATA OUT{15:0] from GTP3

6000DA (45) Read FIFO_C4 NEW[15:0] (RX_DATA OUT{15:0] from GTP4

6000DC (46) Read FIFO C5 NEW[15:0] (RX_DATA OUT{15:0] from GTP5

6000DE (47) Read FIFO C6 NEW[15:0] (RX_DATA OUT{15:0] from GTP6

6000E0 (48) Read FIFO C7 NEWJ[15:0] (RX_DATA OUT{15:0] from GTP7

6000E2 (49) Read FIFO C8 NEW[15:0] (RX_DATA OUT{15:0] from GTP8

6000E4 (50) Read/Write | FIFO B1 NEW][15..0]

6000E6 (51) Read/Write | FIFO B2 NEW][15..0]

6000E8 (52) Read/Write | FIFO_B3 NEW][15..0]

6000EA (53) Read/Write | FIFO B4 NEW][15..0]

6000EC (54) Read/Write | FIFO B5 NEW][15..0]

6000EE (55) Read/Write | FIFO B6 NEW][15..0]

6000F0 (56) Read/Write | FIFO B7 NEW][15..0]

6000F2 (57) Read/Write | FIFO_B8 NEW][15..0]

6000F4 (58) Write Reset DCM producing adjustable 160Mhz and 320MHz clocks for all
GTPs

6000F6 (59) Write PSEN input of the DCM producing an adjustable 160MHz and
320MHz clocks for all GTPs

6000F8 (60) Write Generate positive pulse on RXSLIDE pin of all GTPs

6000FA (61) Write Reset all GTPs

6000FC (62) Write Reset PRBS counters in all GTPs

6000FE (63) Write Reset QPLL2 ASICs (dataless)

6000FE (63) Read CSR8 (Byte alignment status of all GTPs)

8. Control and Status Registers

The 16-bit CSRO is implemented in a discrete logic on the main MPC2004 board and
available for write and read over VME even if the mezzanine card is not installed. Bit
assignment is shown in Table 9. The other registers are implemented inside the FPGA (see
Tables 10-16).

8.1. CSRO0 (600000h, discrete logic, main MPC2004 board)

Table 9

Bit and Function

access
0 (RIW) FPGA_Mode (Trigger mode if “0”, Test mode (FIFO_A is a source of data) if “1”)

1(R/W) Board_ID[0]
2 (RIW) Board_ID[1]
3 (RIW) Board_ID[2]
4 (R/W) Board_ID[3]
5 (R/IW) TDI (JTAG signal for FPGA/EPROM access)
6 (RIW) TMS (JTAG signal for FPGA/EPROM access)
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7 (RIW) TCK (JTAG signal for FPGA/EPROM access)
8 (R) TDO (JTAG signal for FPGA/EPROM access)
9 (R/W) | TxEn signal for TLK2501 transmitters (“1” for normal data transfer mode)
10 (R/W) | Board_ID[4]
11 (R/W) | Board_IDI[5]
12 (R) FPGA Configuration Done (read only, active “1”)
13 (R/W) | If“0”, the input FPGA clock should be adjusted with the CSR2[15..8]
If “1” the input FPGA clock is adjusted automatically in the middle of the “safe window”
14 (R/W) | Enable TLK2501 serializers when “1”. If “0”, all TLK2501 are in power-down mode
15 (R/W) | PRBSEN (Enable PRBS test mode for all TLK2501 serializers when “1”)
8.2. CSR1 (6000AAhN, FPGA, contains the date of the firmware version)
Table 10
Bit and Function
access
0(R) Day, LSB
1(R) Day
2(R) Day
3(R) Day
4 (R) Day, MSB
5(R) Month, LSB
6 (R) Month
7 (R) Month
8 (R) Month, MSB
9 (R) Year, LSB (*)
10 (R) Year
11 (R) Year
12 (R) Year, MSB (*)
13 (R) “0”
14 (R) “0”
15 (R) “0”

(*) The code at CSR1<11..9> should be added to 2000 to get an actual year. For example, CSR1=1507(hex)
corresponds to August 7, 2010.

8.3. CSR2 (6000ACh, FPGA, control register, by default set to *“0™)

Table 11
Bit and Function
access
0 (R/W) | When “0”, all TLK2501 transmitters are in “Normal data character” mode.
When “1”, all TLK2501 are in IDLE mode, unless there is a Valid Pattern or BCO from TMB
1(R/W) | When “1”, the pattern from CSR6 is directly transmitted to TX_DATAIN[15:0] lines of all
GTPs
2 (R/W) | Allows to increase (when “1”) and decrease (when “0”) the phase shift of the 160Mhz and
320Mhz clocks by writing any data “n” times to address 6000F6h.
3 (R/W) | Not used
4 (R/W) | Not used
5 (R/W) | Not used
6 (R/'W) | Not used
7 (R/IW) | Not used
8 (R/W) | Delay of the 40Mhz input clock for the FPGA, LSB (*)
9 (R/W) | Delay of the 40Mhz input clock for the FPGA (*)
10 (R/W) | Delay of the 40Mhz input clock for the FPGA (*)

11 (RIW)

Delay of the 40Mhz input clock for the FPGA (*)
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12 (RIW)

Delay of the 40Mhz input clock for the FPGA (*)

13 (RIW)

Delay of the 40Mhz input clock for the FPGA (*)

14 (RIW)

Delay of the 40Mhz input clock for the FPGA (*)

15 (RIW)

Delay of the 40Mhz input clock for the FPGA, MSB (*)

(*) - 1 step = 0.25 ns. Implemented using 3D7408-0.25 programmable delay chip from Data Delay Devices

8.4. CSR3 (6000AEh, FPGA, FIFO status register)

Table 12
Bit and Function
access
0(R) FIFO_A FULL. Active “1” if at least one out of nine FIFO_A buffers is full
1(R) FIFO A EMPTY. Active “1” if ALL nine FIFO_A buffers are empty. Also “1” after reset
2 (R) FIFO B OLD FULL. Active “1” if at least one out of three FIFO_B buffers is full
3(R) FIFO_B OLD EMPTY. Active “1” if ALL three FIFO_B buffers are empty. Also “1” after
reset
4 (R) “0”
5(R) “0”
6 (R) “0”
7(R) “0”
8 (R) “0”
9(R) “0”
10 (R) “0”
11 (R) “0”
12 (R) “0”
13 (R) “0”
14 (R) “0”
15 (R) “0”
8.5. CSR4 (6000B8h, GTP PRBS Control Register)
Table 13
Bit | Access Function
0 RIW
1 | R/W | RXENPRBSTSTO/1[0] IN, all GTPs
2 | R/IW | RXENPRBSTSTO/1[1] IN, all GTPs
3 | R/W | RXENPRBSTSTO/1[2] IN, all GTPs
4 | R/W | TXENPRBSTSTO/1[0] IN, all GTPs
5 | R/W | TXENPRBSTSTO/1[1] IN, all GTPs
6 | R/W | TXENPRBSTSTO0/1[2] IN, all GTPs
7 | RIW | RXEQMIXO0/1[0]_IN, all GTPs
8 | R/W | RXEQMIX0/1[1] IN, all GTPs
9 RIW
10 RIW
11 RIW
12 RIW
13 RIW
14 R/W | TXPRBSFORCEERO0/1 IN, all GTPs
15 RIW
8.6. CSR5 (6000Bah, GTP Control Register)
Table 14
Bit | Access Function
0 R/W | RXENMCOMMAALIGNEOQ/1, all GTPs
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1 R/W | RXENPCOMMAALIGNEOQ/1, all GTPs

2 R/W | RXENPMAPHASEALIGNO/1_IN, all GTPs (version with TX buffer disabled)
3 R/W | RXPMASETPHASEO/1_IN, all GTPs (version with TX buffer disabled)

4 R/W | TXENPMAPHASEALIGNO/1_IN, all GTPs (version with TX buffer disabled)
5 R/W | TXPMASETPHASEOQ/L_IN, all GTPs (version with TX buffer disabled)

6 R/W

7 R/W | TXCHARISKO/1[0]_IN, all GTPs

8 R/W | TXCHARISKO/1[1]_IN, all GTPs

9 R/W | LOOPBACKO/1[0]_IN, all GTPs

10 | R/W | LOOPBACKO/1[1]_IN, all GTPs

11 | R/W | LOOPBACKO/1[2]_IN, all GTPs

12 | RIW

13 | RIW

14 | RIW

15 | RIW

8.7. CSR6 (6000B4h, FPGA, pattern to be transmitted to GTP TX_DATAIN[15:0])

8.8. CSR7 (6000CCh, discrete logic; readable through the FPGA)

Table 15
Bit | Access Function
0 R/W | Enable (if « 1 ») or Disable (if « 0 ») TMBL, enabled by default
1 R/W | Enable (if « 1 ») or Disable (if « 0 ») TMB2, enabled by default
2 R/W | Enable (if « 1 ») or Disable (if « 0 ») TMB3, enabled by default
3 R/W | Enable (if « 1 ») or Disable (if « 0 ») TMB4, enabled by default
4 R/W | Enable (if « 1 ») or Disable (if « 0 ») TMB5, enabled by default
5 R/W | Enable (if « 1 ») or Disable (if « 0 ») TMBS6, enabled by default
6 R/W | Enable (if « 1 ») or Disable (if « 0 ») TMB?7, enabled by default
7 R/W | Enable (if « 1 ») or Disable (if « 0 ») TMBS, enabled by default
8 R/W | Enable (if « 1 ») or Disable (if « 0 ») TMB9, enabled by default
9 R/IW
10 | RIW
11 | RIW
12 | RIW
13 | RIW
14 | RIW
15 | RIW
8.9. CSR8 (6000FEh, FPGA, GTP status register, read only)
Table 16
Bit | Access Function
0 R RXBYTEISALIGNEDO OUT output of GTP1
1 R RXBYTEALIGNEO OUT output of GTP1
2 R RXCOMMADETO latched output of GTP1
3 R «0»
4 R RXBYTEISALIGNEDO OUT output of GTP2
5 R RXBYTEALIGNEO OUT output of GTP2
6 R RXCOMMADETO latched output of GTP2
7 R «0»
8 R RXBYTEISALIGNEDO OUT output of GTP3
9 R RXBYTEALIGNEO OUT output of GTP3
10 R RXCOMMADETO latched output of GTP3
11 R «0»
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12 R RXBYTEISALIGNEDO OUT output of GTP4
13 R RXBYTEALIGNEO OUT output of GTP4

14 R RXCOMMADETO latched output of GTP4

15 R «0»

8.10. CSR9 (6000B2h, FPGA, status register, read only)

Table 17
Bit | Access Function
0 R QPLL_LOCKED status (160MHz clock); “1” = locked
1 R FAULT signal from the SNAP12 transmitter (“1” — normal operation; “0” — laser fault
detected on at least one channel)
2 R SEU error status from the QPLL (“1” — error)
3 R All internal DCM blocks are locked (active « 1 »)
4 R RXBYTEISALIGNEDO OUT, GTP1
5 R RXBYTEREALIGNO OUT, GTP1
6 R RXCOMMADET0 OUT, GTP1
7 R «0»
8 R RESETDONE status output of DCM1
9 R RESETDONE status output of DCM2
10 R RESETDONE status output of DCM3
11 R RESETDONE status output of DCM4
12 R PLLKDET status output of DCM1
13 R PLLKDET status output of DCM2
14 R PLLKDET status output of DCM3
15 R PLLKDET status output of DCM4
9. Power distribution and power regulators
The sources of power for the mezzanine components are listed in Table 17 below.
Table 18
Voltage Source Load(s)
+3.3V Main MPC2004 board through 30 pins | FPGA: VCCAUX, VCCO; CMOS logic,
XP1...XP4 XCF32P PROMs, voltage regulators

+2.5VC Micrel MIC69502 voltage regulator (U5) QPLL

+1.2VGTP | Micrel MIC69502 voltage regulator (U11) | MGT power pins, 4 banks

+1.8V Main MPC2004 board through 20 pins | XCF32P PROMs
XP1...XP4

+1.2VINT | Micrel MIC69502 voltage regulator (U12) | FPGA core (31 VCCINT pins)

Power consumption of the main MPC2004 with the Spartan-6 mezzanine FPGA insta;;ed

and functional firmware is ~2A@5V and ~4.5A@3.3V.
10. Switches and Jumpers

6-position switch S1:

- S1-1*“on”: connect SELO of both QPLLs to +2.5V; S1-1 “off”: SELO has an internal

pull-down;

- S1-2 “on”: connect SEL1 of both QPLLs to +2.5V; S1-2 “off”: SEL1 has an internal

pull-down;
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S1-3 “on”: connect SEL2 of both QPLLs to +2.5V; S1-3 “off”: SEL2 has an internal

pull-down;

S1-4 “on”: connect SEL3 of both QPLLs to GND; S1-4 “off”: SEL3 has an internal

pull-up;

S1-5 “on”: connect SEL4/Restart of both QPLLs to GND; S1-5 “off”: SEL4/Restart

has an internal pull-up;

S1-6 “on”: 160MHz clock for GTPs comes from the FPGA; S1-6 “off”: 160MHz

clock for GTPs comes from the QPLL.

11. Test Points

Test points on the mezzanine card are described below in the Table 18.

Table 19

TP1

CLK160 Clock output, LVDS positive, not terminated

TP2

CLK160 Clock output, LVDS negative, not terminated

TP3

CLK80 Clock 80MHz to the main MPC2004 board (10 _76)

TP4

QPLL_RESET signal from the FPGA

TPS

40MHz clock from the main MPC2004 board (GCLKO0)

TP6

TMS JTAG signal

TP7

TCK JTAG signal

TP8

TDO JTAG signal (output from PROM)

TP9

TDI JTAG signal (input to either FPGA or first PROM)

TP10

GND

TP11

PROGRAM B

TP12

CLK40 40MHz clock output to the main MPC2004 board (10 54)

TP13

CLK®80 80MHz clock output to the main MPC2004 board (10_22)

TP14

CLK160 160MHz clock output to the main MPC2004 board (10_46)

TP15

RUNTEST output to the main MPC2004 board (10_78)

TP16

CLK320 320MHz clock output of the FPGA

TP17

FPGA pin V7 (I0_L21IN_3)

TP18

FPGA pin V8 (I0_L21P_3)

TP19

FPGA pin AJ17 (10_L32P_GCLK29 2)

TP20

FPGA pin AA3 (I0_L41P GCLK27 M3DQ4 3)

TP21

FPGA pin AB1 (I0_L42N_GCLK24 M3LDM 3)

TP22

FPGA pin AK29 (10_L61IN_1)

TP23

FPGA pin AJ29 (10 61P 1)

References

[1] http://bonner-ntserver.rice.edu/cms/projects.html#mpc

[2] http://bonner-ntserver.rice.edu/cms/MC_AST .pdf

[4] http://bonner-ntserver.rice.edu/cms/gpliManual13.pdf

[5] http://bonner-ntserver.rice.edu/cms/snapl2msa_051202.pdf
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10_485
10_489
10_493
10_497
10_1
10_5
10_9
10_13
10_17
10_21
10_25
10_29
10_33
10_37
10_41
10_45
10_49

10_53
10_57
10_61
10_65
10_69
10_73
10_77
10_81
10_85
10_89
10_93
10_97
10_101
10_105
10_109
10_113
10_117

P1A
A
533V § AL
VME_ AN A3 2
2 A4 |3
VVE_AG A5 |4
S VNE_AID A6 |2
S VNE_ALZ A7 |8
VITE_AT8 A |7
VITE_A2Z A9 |8
DELAYI A0 | ¢
S VWE_TACK A ig
A
FPGA_OUTO A13 | 12
FPGA_OUT3 A4 | 13
BXNOFFSETL Al5 | 14
TUON3_LED Al6 | 19
TED3 A7 | 16
[ED7 At | 17
DELAYA ALo | 18
A20] 19
A21d 20
2 21
A22
o 22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
33V A3g ] 38
A40| 39
0
Samtec40x4
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Pin assignment of XP1 mezzanine connector (left)

10_486
10_490
10_494
10_498
10_2
10_6
10_10
10_14
10_18
10_22
10_26
10_30
10_34
10_38
10_42
10_46
10_50

10_54
10_58
10_62
10_66
10_70
10_74
10_78
10_82
10_86
10_90
10_94
10_98
10_102
10_106
10_110
10_114
10_118

Package = XP1

P18
B1
+3.3, g Bzg 1
VME_AML B3 2
3 4] 3
WNE_A7 4
S VNE_AIL 5
S VNE_AI5 6
¥ B8 ;
VIE_A23 B9
DELAYZ 9
AS 10
= 11
VIE TR 12
FPGA_OUTA 13
= 14
TED0 6 | 15
[ED4 7|16
5117
DELAYS 9|18
19
20
T—s21y
557 21
WATZ B23 | 22
VAS B24 | 23
WAL 825 | 24
B26
T FPATREN — Bar | 2
27
27
28
VBI2 29 | 28
—rs %01 29
S 31 | 30
—Eo 3o 3L
32
33
2] 33
WCTA 35 | 34
TICI0 36 | 3°
C6 37 | 36
Wc2 B38 gg
133 gig: -
5899 20
Samtec40x4

10_487
10_491
10_495
10_499
10_3
10_7
10_11
10_15
10_19
10_23
10_27
10_31
10_35
10_39
10_43
10_47
10_51

10_55
10_59
10_63
10_67
10_71
10_75
10_79
10_83
10_87
10_91
10_95
10_99
10_103
10_107
10_111
10_115
10_119

Package = XP1

XP1C
c
18y, § cod :
VHE_ANUO C

VVE_AZ cald
VVE_AS cs5 |4
S VIE_ALZ c6 | °
S VIE_ALG c7 |8
[ — N
GAEQ co |8
DELAY3 cio | ?
. DSO c11 |10
FPGA_DTACK ci |11
FPGA_OUTL c13 |12
= G 13
WUONT_LED C 14
TEDT ci6 | 15
TEDS ci7 |16
Cig |17
DELAY6 ci9 | 18
18 c20 12
+3.3€ ca1 20
WALS €229 2L
WALL c23 | 22
VAT C 23
WAS c25 | 2

Samtec40x4
Package = XP1
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Pin assignment of XP2 mezzanine connector (top)

P28
A B
P2 18V 1P |'> ey
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D D
hae  § ] MRITE WRITE
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AL6 WPC_RESERVEDD 9! 0-496 15 [B16 G ar——<510_455
AL CCB_CD3 $10_452 16 517 e ——<%10451
AL8 TCB DATAL ___55!0-448 17 [g1ig OO DATRZ 510447
AL9 CCB_DATAS 10_444 18 519 CCE DTG 10_443
A20 N 10_440 19 _5—250 oV 10_439
A2l 13,3V
A22 CCB_RESERVEDO /) o0 22 (0B RESERVEDL o 435
A23 005 RESERVEDE o 73 (B RESERVEDA S l0_438
A24 CCB_DATA_STR & TCB_OWD_STR 9910
10_430 10429
A25 TIBS_IN16
10_426 107425
A26 TNBS_IN20 o9 O- _
10_422 107421
A27 TUBE_I24 o 0% Io 2t
AZ8 TVBB_INZ8 0418\ 10417
A29 —ma TN lo_a1 WIEIVAN
A30 FADRSTR $$10_410 10_409
10_406 10_405
A3l ¢
A32
Pass
A34
A35
A36 G
A3 TIES_TN - TEETS
A38 :TMBB_INS 837‘3‘3; 5 T T 88’38%
A39 118V - 39 118V _
gA40 5 0 o 40—50
Samtecdox4

Samtec40x4
Package = XP2

Package = XP2

P
0¢ WEDIZ 5510474
1 10_470
C WE DI0 5510~
12 10_466
C WIE D6 9010~
13 [C14 WIE D2 $10_462
— 10_458
1417cs WPC_RESERVEDSS O-
15 10_454
Cl6 CCBODL__ Y,
16 10_450
c17 B OV5 551040
cis CCB DATAS9910-44
18119 TCB_DATA? =

C39
C40

Samtec40x4
Package = XP2

+3.3V

Appendix A

P1D
D.
1.8, < b2 !
VHE_AL D3 2
10_488 5 B3
10_492 TWE RO b5 4
10496 S VE_AT3 D6 | °
10500 $S—VjE_AT7 D7 |8
10_4 517
10.8 DELAYO po |8
10_12 VVE_AO 1o | 2
1016 $S—VE psT pi1 | 10
10_20 o Bz U
FPGA_OUT2 p13 | 12
1028 G BYNOFFSETO D14 | 1
10_32 WUONZ_LED D15 | 14
10_36 LED? D16 15
10_40 e Bio 16
10_44 Bis 17
10_48 DELAY7 b1y | 18
10_52 B20] 19
s
NA14 D
10_56 WAL Bas] 22
10_60 A Boa 23
10_64 VA2 D25 24
10_68 Dog | 25
1072 FPGA_CLK_TR p27 | 26
10_76 VB14 p2g | 27
10_80 VBI0 D29 | 28
1084 K55 bso | 29
10_88 B2 D3l 30
10_92 Baz 31
10_96 Bas 22
10_100 Dai] 33
10_104 WC12 D35 34
10_108 rCE Bae 35
10_112 rea Bav1 36
10_116 1ico Dag | 37
10_120 8% D39 | 38
<| D40 jg
Samtec40x4
Package = XP1
v R57 5.1K
DATA j—g ———— AA——0433V
NC [
NC 54)(
1 NC =X
GND  NC F—X
DS2401R
P2D
D
1Pp |I> 433V
g D FPGA_LOCK o 481
D FPGA_RES >§ -
4 g 0 10_477
i ; -
7 TCK Pr
7 3 TDO_Pr LSS
8 D TDO
9
D10 RH
015 WEDIZ — 50/0-473
11 = 10_469
D VHE_D9 »
12 = 10_465
D VIE_D5 S o=
13 10_461
D NE_DL Q07457
14 "D15 — WPC RESERVEDL o9 O-
15 10_453
D16 CCB_CMD2 »
16 =1 10_449
7 D: CCB_DATAO 10 445
18 ::; g CCB_DATAM4 > ‘0:441
19 Pa5;
20 g;g ggtﬁg GCLK2
14557 GCLKO
2
D23 CCB_BX0
23 "pog TCB_EVONTRES S 0431
24 10_427
D25 TMB8_IN19 10 423
gg D26 TVBE_TN2 o 0123
::; TMB8_IN27 ‘0:415
5 10_411
5 10_407
10_403
PROGR
35 [ INIT
36 P
37 [ 207399
38 [ 10_395
| m—
409
Samtec40x4

Package = XP2




10_121
10125
10_129
10_133
10_137
10_141
10_145
10_149
10_153
10_157
10_161
10_165
10_169
10_173
10_177
10_181

10_188
10_190

10_195
10_199
10_203
10_207
10_211
10_215
10219
10_223
10_227
10_231
10_235
10_239
10_243
10_247
10_251
10_255
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Pin assignment of XP3 mezzanine connector (bottom)

XP3B P3C P3D

—Bd 4 Cly \g} DLy,
33 Sg: ! +1.8§ g x5 418 02,
TIE9_INTS Ba |3 10_123 TVE9_INTZ ce |3 10_124 TIE9_INT3 D4 |3
TVB9_INLL B5 | 4 10_127 TVB_INTO c5 |4 10_128 TIB9_ IN9 D5 | 4
TIBY_ IN7 B6 | ° 10_131 TVB9_ING c6|° 10_132 TB9_ING D6 | °
THB9_IN3 B7 | § 10_135 TVB9_INZ c7 |8 10_136 THB9_INL p7 |8
VB9 TN3L B8 |/ 10_139 TIB9_ N30 cs |’/ 10_140 VB9 IN29 D8 |/
THB9_IN27 B |8 10_143 TVB9_IN26 co |8 10_144 THBY_IN25 Do |8
THBY_IN23 B10 | ¢ 10_147 TIB9_ IN22 c10|° 10_148 THB9_INZL p10 | *
TIBY_INT B11 | 10 10_151 TVB9_INTS ciL |0 10_152 TWBS_INL7 pit | 10
THBLINT B2 | 1L 10_155 TVBL_IN14 ciz |1 10_156 TVBL_INI3 D12 | 11
TIBL INL 2 10_159 TIBL_INL0 ci3 |12 10_160 TBL_ING b3 | 12
TIBL_IN7 3 10_163 TVBL_ING cia |18 10_164 TUBL_IN D14 | 13
TWBL 1N 14 10_167 TVBL_INZ Cci5 | 14 10_168 TWBL_INL D15 | 14
TVBL TN3L B16 | 1° 10_171 TIBL_IN30 ci6 | 19 10_172 TBL_IN29 D16 | 15
S TWBL_IN27 B17 | 16 10_175 TVB1_IN26 ci7 |16 10_176 TWBL_IN25 D17 | 16
S TWBL_IN23 B1g | 7 10_179 TVBL_IN22 cis |17 10_180 THBL_IN21 D18 | 17
" TWBLIN0 | 1o |8 10_183 TV INT9 cig |18 10_184 TVE1_INIS D19 | 18
S TWBL_INIG B20 | 19 10_186 L8V ca0 | 19 10187 D20 | 19
TE7 N4 51 20 +33V ca1d 0 D219 20
TIB7_INI3 22 | 2L THB7_INDZ c229 2 THB7_INLL D22 2
THB7_IN9 23 | 22 10_193 TVB7_ING ca3 | 2 10_194 TBT_IN7 D23 | 22
S TIB7 15 24 | 23 10_197 TVB7_IN co4 | 3 10_198 THB7_ING D24 | 23
TWB7 INL B25 | 24 10_201 TVB7_INO c25 | 2 10_202 TWB7 a1 D25 | 2
S TWB7_IN20 B26 | 2 10_205 TVB7_IN28 co6 | 10_206 THB7_IN27 D26 | 2
s TWB7 N5 | 827 | 20 10_209 TVB7_IN24 car | %8 10_210 THB7_1N23 D27 | 26
s TWB7 N2l | B2s |2/ 10_213 TVB7_IN20 cas | 27 10_214 B _INT D28 | 27
S TWB7_INIT B29 | 28 10_217 TVB7_INI6 o9 | 28 10_218 THES. INT D29 | 28
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" TWes N9 | 3L |30 10_225 TIE3_ING car | ¥ 10_226 TS IN7 p31 | 30
S TWB3_ING B32 | 31 10_229 TVB3_ING c32 |3t 10_230 THB3_ING D32 | 31
" TEs L | B33 |2 10233 SS—Tygg o —c33 | 2 10234 TVE3_IN3L D33 | 32
S TWB3_IN20 B34 | 33 10_237 TVE3_IN28 cas |3 10_238 THB3_IN27 D34 | 33
S TWB3_IN25 B35 | 10_241 TVE3_IN24 a5 |34 10_242 THB3_IN23 D35 | 34
s TWB3_N21 | B3 | D 10_245 TVE3_IN20 c36 | 3 10_246 TIES_ INT D36 | 3°
s TWB3INI7 | B3r | 10_249 TVE3_INI6 car |36 10_250 TS INT p37 | 36
S TWE5 N3 B38 333 :8‘523 TVB5_INLZ Ca8 g; }g-ggg TB5_INT D38 g;
133 gzg: ® 18 gig b 18 %0 =
—( 40 40 — 40

Samtec40x4 Samtec40x4 Samtec40x4
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Package = XP3

Package = XP3

Pin assignment of XP4 mezzanine connector (right)

Package = XP4

P3A
A
—5d 1
+3.3\§ : 2
a3 10122
TVB9_INIZ A5 |4 10_125
TVB9_ING A6 | ° 10_130
THB9_INA A7 | 10_134
> TWE9_IND Ag |’ 10138
TVB9_INZB A9 | 8 10142
TVBD_IN24 A10 |9 10_145
TVB_IN20 11|10 10_150
TVB9_INT6 A2 |11 10_154
TVBL_INIZ A13 | 12 10_158
TVBL_ING Al4 | 13 10_162
TVBL_ING Al5 | 14 10_166
THBL_INO Al6 | 15 10170
TVBL_INZB At7 | 16 10 174
TVBL_IN24 18 | 17 10178
o8 10182
TNBL_INL7 A0 19 10_185
gg TVB7_INT5 a1 | 20 10_189
— 1] 2 10191
TVB7_INLO 23 22 10_192
THB7_ING A | 23 10196
THB7_ N2 A% | 24 10_200
TVB7_IN30 A% | 25 10_204
s TWB7_IN26 A7 | % 10_208
TVB7_IN22 A28 | 27 10_212
S TWB7_INIS A29 | 28 10216
BNt | A0 |2 10220
TVB3_INLO A3 | 30 10224
THB3_ING A3 | 31 10228
s T3 INZ A3z | 32 10,232
TIB3_IN30 A3 | 3 10,235
TVB3_IN26 A% | 3 10_240
TVE3_IN22 A%6 | 35 10_244
TVE3_INI8 37 | 36 10_248
TIiE5. INT4 A38 g; :g—ggé
mp—ds |
—
Samtec40x4
A\V4 Package = XP3
XP4A
1 3‘:'2 118V
2 P73
A THBE_TNE2
3 10_394
A TiiB2_INI6
2 10_390
A5 THBZ_IN20 1030
5 a6 TWB2_IN24 =
6 [ 10_382
A THB2_INZ8
7 10_378
A TVB2_INO
8 10_374
A TVBZ TN o
9[AL0 ___TWBZ2_INB =
10 10_366
A THB2_INLZ
1 10_362
A TiB6_INI6
12 10_358
A TiB6_IN20
13 10_354
A TB6_IN24
14 10_350
A TB6_INZ8
1514 TVBG_TNO 10_346
16 ["A17 TWB6_INA 10_342
17 10_338
A1§ ___TWB6_INB
18 10_334
AL9 ___ TWB6_INIZ
19 |hs 10_330
52 gAZl ) >
A PA2 0 326
A23 WG
23 10_322
A24___WIND 10322
24 "A36  TWBA_INIY 1031
25 "A26 __TWBA_INZ3 103
26 "pA37 — TWBA_IN2Y o350
2711 A28 TWB4_INGL =
2 10_302
A29  TWBA_IN3
29 "A30TWBA_IN7 10_298
= 10_294
30 "A3T —TWBA_INIT 1029
311"A3p  TWBA_INI5 19290
32"A33  TWB5_INIO 1028
33"A34 _ TWB5_IN23 o6z
341"A35  TWB5_IN27 oo
35"A36 __TWB5_IN3L =
36 A7 TWB5_IN3 10_270
37 A3 ___TWB5_INT 10_266
10_262
38 "A39 +18V -
39 PAz0
40
Samtec40x4

XP4B
BL
% B2 +1.8V
B3 TWES_INL3
384 TWB2_INL7 :8@23
41885 THB2_IN2L -
5 10385
6 THBZ_INZ5 1058
6 g7 TWB2_IN29 S
7 10377
TVB2_INL
8 10373
TVB2_ING o
9 B10 TWB2_IN9 =
10 5 = 10_365
B TWBZ_TNI3
1 10361
THB6_INL? &
12 10357
THB6_INZ21 &
13 10353
THiB6_INZ5
14 10_349
TB6_INZ0
15 10345
TVB6_INL o
16 [B17 THBG6_INS 10537
1718 THBG_IN9 -
18 10333
B19 THiB6_INL3 1033
;g B20 +18V -
20 Beat +3.3V
2 Pe2 WINZ 0 505
B23 WING o
23 "B TWB4_TNIG =
24 = 10317
B25 TWB4_TNZ0
2 10313
B26 THiB4_IN24 &
% 10309
B27 TiiB4_INZ8 &
27 10305
B28 TViB4_INO
2 10301
B29 TVB4_INA
29 10297
B30 TVB4_ING
30 10293
B3L TWB4_TNIZ
31 = 10289
B32 M
32 10285
B33 TIB5_IN20 .
33 10_281
B34 THB5_IN24 .
34 10277
B35 THB5_INZ8
35 10273
B36 TVB5_INO
36 10269
B37 TVB5_INA
37B38 TWB5_IN 10_265
[ _ 10261
38 'B39 +1.8V -
39 Pgao
40 P
Samtecdoxd

Package = XP4

<
o
=
O

©ONDUAWN

c

oc2 2 g3

(¢ TWES_INL4

C4 TWB2_INIB 50 10392
C TWB2 22 50 10388
C TWB2_IN26 ‘8—223
C TWB2_IN30 ! 038
C TNB2_IN2 } 0—3;2
C TVB2_ING o5
C10 TWBZ_TNIO =

C VB2 INIE 550364
C THB6_INIB 50 0260
c TNB6_IN22 }8—222
C TiBS 25 o9 032
g TiE_180_5,0-575
s 10_340
ci8 TWB6_INIO 18*213;2
C19 B in1a 51027

TNMB4_INI3
TMB5_INI7
TMB5_IN21
TMB5_IN25
TMB5_IN29

TWB5_TN9

Samtec40x4
Package = XP4

10_324
10_320
10_316
10312
10_308
10_304
10300
10_296
10_292
10_288
10_284
10_280
10_276
10_272
10_268
10_264
10_260

Package = XP3

P4D

oD
D. 3.3V
2Pp EERLT
3 b4 THiB2_INLO
4105 TWB2_IN23
51 D6 TNB2_IN27
67 TWB2_IN31
b TNB2_IN3
8 TNB2_IN7
9"B10  TWBZ_INIL
) TWB2_INI5
1rp TWB6_INIO
1217 TNB6_IN23
13 P TWB6 TN27
14 15 TNB6_IN3L
15 D6 TNB6_ING
16 /D17 TWB6_INT
17 "D1g —_TWB6_INIL
18 "p19 — TWB6_INI5
19 550
S poa T
D2z WIN4

22 "pp3  WINg
23 b2 TWB4_TNIS
24 B35 TWBA_IN22
2526 TWBA_IN26
26 D7 TWBA_ING0
27 p2g ___TWBA_IN2
28 "D2g ___TWBA_ING
29 "pgp ___TWB4_INIO
30 P31 TWB4_INI4
31 532 TWB5_INI8
321"p33 _ TWBS IN22
331"D34 __ TWBS IN26
34 "D35 — TWB5_IN30
35 'b3s___TiB5_IN2
36 "p37___TWB5_ING
37 "53g __TWB5_INIO
38 ['3g 133V
39 Do
40 P

Samtecaoxd

Package = XP4

10_391
10_387
10_383
10_379
10375
10_371
10_367
10_363
10_359
10_355
10_351
10_347
10_343
10_339
10335
10_331
10_327

10323
10_319
10_315
10311
10_307
10_303
10_299
10_295
10_291
10_287
10_283
10_279
10_275
10_271
10_267
10_263
10_259
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Appendix B

Data Format for the 8 new MPC-to-SP links running at 160MHz (ME1 chambers)

GTP1 (MGTTX0 101)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB3 LCTO VPF

TMB3 LCTO HS[1]

TMB3 LCT1 CPAT[3]

TMB3_LCTO BCO

D(0)

TMB3 LCTO QUAL[O]

TMB3 LCTO HS[?]

TMB3 LCT1 WG[0]

TMB3 LCTO BX0

D(1)

TMB3 LCTO QUALJ1]

TMB3_LCTO HS[3]

TMB3_LCTL WG[1]

TMB3_LCTO SYER

D(2)

TMB3_LCT0 QUAL[?]

TMB3_LCTO HS[4]

TMB3_LCTL WG[?]

TMB6 LCTO VPF

D(3)

TMB3 LCTO QUALJ3]

TMB3 LCTO HS[5]

TMB3 LCTL WG[3]

TMB6_LCTO QUALI0]

D(4)

TMB3 LCTO CPAT[0]

TMB3 LCTO HS[6]

TMB3_LCTL WG[4]

TMB6_LCTO QUALJ1]

D(5)

TMB3 LCTO CPATI1]

TMB3 _LCTO HS[7]

TMB3 LCT1 WGJ5]

TMB6 LCTO QUALJ2]

D(6)

TMB3 LCTO CPAT[?]

TMB3 LCTO L/IR

TMB3 LCT1 HS[0]

TMB6_LCTO QUALJ3]

D(7)

TMB3 LCTO CPATI3]

TMB3 LCT1 VPF

TMB3 LCTL HS[1]

TMB6 LCTO CPATIO0]

D(8)

TMB3_LCTO WG[0]

TMB3_LCTL QUALJ0]

TMB3 LCTL HS[2]

TMB6 LCTO CPAT[1]

D(9)

TMB3_LCTO0 WGJ1]

TMB3 LCTL QUAL[1]

TMB3 LCT1 HS[3]

TMB6 _LCTO CPATI2]

D(10)

TMB3_LCTO0 WG[?]

TMB3 LCTL QUALJ[?]

TMB3 LCT1 HS[4]

TMB6 LCTO CPAT[3]

D(11)

TMB3_LCTO0 WGI3]

TMB3 LCTL QUALJ3]

TMB3 LCT1 HS[5]

TMB6 LCTO WG[0]

D(12)

TMB3 LCTO WG[4]

TMB3 LCT1 CPATIO0]

TMB3 LCTL HS[6]

TMB6 _LCTO WGJ[1]

D(13)

TMB3 LCTO0 WGI5]

TMB3 LCT1 CPAT[1]

TMB3 LCT1 HS[7]

TMB6 LCTO WG[2]

D(14)

TMB3_LCTO0 HS[0]

TMB3 LCT1 CPAT[2]

TMB3 LCT1 L/R

TMB6_LCTO0 WG[3]

D(15)

GTP2 (MGTTX1 101)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB6 LCTO WG[4]

TMB6 LCT1 CPAT[0]

TMB6 LCTL HS[6]

TMB9 LCTO WGI[1]

D(0)

TMB6 _LCTO WG[5]

TMB6 LCT1 CPATI1]

TMB6 LCTL HS[7]

TMB9 LCTO WG[2]

D(1)

TMB6 LCTO HS[0]

TMB6 LCT1 CPAT[?]

TMB6 LCTL L/IR

TMB9 LCTO WGI[3]

D(2)

TMB6 LCTO HS[1]

TMB6 _LCT1 CPAT[3]

TMB6 LCTO BCO

TMB9 LCTO0 WG[4]

D(3)

TMB6 LCTO HS[?2]

TMB6_LCTL WG[0]

TMB6_LCTO BX0

TMB9 LCTO HS[0]

D(4)

TMB6_LCTO HS[3]

TMB6 LCTL WGJ[1]

TMB6 LCTO SYER

TMB9 LCTO HS[1]

D(5)

TMB6 _LCTO HS[4]

TMB6 LCT1 WG[2]

TMB9 LCTO VPF

TMB9 LCTO HS[?]

D(6)

TMB6 LCTO HS[5]

TMB6 LCTL WGI3]

TMB9 LCTO QUALJ0]

TMB9 LCTO HS[3]

D(7)

TMB6 _LCTO HS[6]

TMB6 LCT1 WG[4]

TMB9 LCTO QUAL]JL]

TMB9 LCTO HS[4]

D(8)

TMB6 LCTO HS[7]

TMB6 LCTL WGI5]

TMB9 LCTO QUAL[?]

TMB9 LCTO HS[5]

D(9)

TMB6 LCTO L/R

TMB6 LCTL HS[0]

TMB9 LCTO0 QUALJ3]

TMB9_LCTO HS[6]

D(10)

TMB6 LCTL VPF

TMB6 LCTL HS[1]

TMB9 LCTO CPAT[0]

TMB9 LCTO HS[7]

D(11)

TMB6 LCT1 QUALJ0]

TMB6 LCTL HS[2]

TMB9 LCTO CPAT[1]

TMB9 LCTO L/R

D(12)

TMB6 LCT1 QUAL[1]

TMB6 _LCTL HS[3]

TMB9 LCTO CPATI[2]

TMB9 LCT1 VPF

D(13)

TMB6 LCT1 QUALI?]

TMB6 LCTL HS[4]

TMB9 LCTO CPAT[3]

TMB9 LCTL QUALJ0]

D(14)

TMB6 LCT1 QUAL[3]

TMB6 _LCTL HS[5]

TMB9 LCTO WG[0]

TMB9 LCT1 QUAL[1]

D(15)

GTP3 (MGTTX0 123)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB9 LCTL QUAL[?]

TMB9 LCTL HS[5]

“0” (RESERVED)

“0” (RESERVED)

D(0)

TMB9 LCT1 QUAL[3]

TMB9 LCTL HS[6]

“0” (RESERVED)

“0” (RESERVED)

D(1)

TMB9 LCT1 CPAT[0]

TMB9 LCTL HS[7]

“0” (RESERVED)

“0” (RESERVED)

D(2)

TMB9 LCT1 CPATI1]

TMB9 LCT1 L/R

“0” (RESERVED)

“0” (RESERVED)

D(3)

TMB9 LCT1 CPAT[?]

TMB9 LCTO BCO

“0” (RESERVED)

“0” (RESERVED)

D(4)

TMB9 LCT1 CPAT[3]

TMB9 LCTO BXO0

“0” (RESERVED)

“0” (RESERVED)

D(5)

TMB9 LCT1 WG[0]

TMB9 LCTO SYER

“0” (RESERVED)

“0” (RESERVED)

D(6)

TMB9 LCT1 WG[1]

“0” (RESERVED)

“0” (RESERVED)

“0” (RESERVED)

D(7)

TMB9 LCTL WG[2]

“0” (RESERVED)

“0” (RESERVED)

“0” (RESERVED)

D(8)

TMB9 LCT1 WG[3]

“0” (RESERVED)

“0” (RESERVED)

“0” (RESERVED)

D(9)

TMB9 LCT1 WG[4]

“0” (RESERVED)

“0” (RESERVED)

“0” (RESERVED)

D(10)

TMB9 LCT1 HS[0]

“0” (RESERVED)

“0” (RESERVED)

“0” (RESERVED)

D(11)

TMB9_LCT1 HS[1]

“0” (RESERVED)

“0” (RESERVED)

“0” (RESERVED)

D(12)

TMB9 LCTL HS[?2]

“0” (RESERVED)

“0” (RESERVED)

“0” (RESERVED)

D(13)

TMB9 LCT1 HS[3]

“0” (RESERVED)

“0” (RESERVED)

“0” (RESERVED)

D(14)

TMB9 LCTL HS[4]

“0” (RESERVED)

“0” (RESERVED)

“0” (RESERVED)

D(15)
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Frame 1 Frame 2 Frame 3 Frame 4 GTP Data line
TMB2 LCTO VPF TMB2 LCTO HS[1] TMB2 LCT1 CPATI3] TMB2 LCTO BCO D(0)
TMB2 LCTO0 QUALJO] TMB2 LCTO HS[2] TMB2 LCT1 WG|O0] TMB2 LCTO BX0 D(1)
TMB2 LCTO QUAL[1] TMB2 LCTO HS[3] TMB2 LCT1 WG[1] TMB2 LCTO0 SYER D(2)
TMB2 LCT0 QUALJ[2] TMB2 LCTO HS[4] TMB2 LCT1 WG[2] TMB5 LCTO VPF D(3)
TMB2 LCTO QUAL[3] TMB2 LCTO HSJ[5] TMB2 LCT1 WG[3] TMB5 LCTO QUAL[O] D(4)
TMB2 LCTO CPATI[0] TMB2 LCTO HS[6] TMB2 LCT1 WG[4] TMB5 LCTO0 QUALJ1] D(5)
TMB2 LCTO CPATI1] TMB2 LCTO HS[7] TMB2 LCT1 WG[5] TMB5 LCTO QUAL[2] D(6)
TMB2 LCTO CPATI?] TMB2 LCTO L/R TMB2 LCT1 HS[0] TMB5 LCTO QUAL[3] D(7)
TMB2 LCTO CPATI3] TMB2 LCT1 VPF TMB2 LCT1 HS[1] TMB5 LCTO CPATI[0] D(8)
TMB2 LCTO WG[0] TMB2 LCT1 QUAL[O0] TMB2 LCT1 HS[2] TMB5 LCTO CPATI1] D(9)
TMB2 LCT0 WG[1] TMB2 LCT1 QUALJ1] TMB2 LCT1 HS[3] TMB5 LCTO CPATI[2] D(10)
TMB2 LCTO WG[2] TMB2 LCT1 QUAL[2] TMB2 LCT1 HS[4] TMB5 LCTO CPATI3] D(11)
TMB2 LCT0 WG[3] TMB2 LCT1 QUAL]J3] TMB2 LCT1 HS[5] TMB5 LCT0 WGIO0] D(12)
TMB2 LCTO WG[4] TMB2 LCT1 CPATIO0] TMB2 LCT1 HS[6] TMB5 LCTO0 WGI1] D(13)
TMB2 LCTO WG[5] TMB2 LCT1 CPATI[1] TMB2 LCT1 HS[7] TMB5 LCTO0 WGI2] D(14)
TMB2 LCTO HS[0] TMB2 LCT1 CPAT[2] TMB2 LCT1 L/R TMB5 LCT0 WGJ3] D(15)

GTP5 (MGTTX0 267)

Frame 1 Frame 2 Frame 3 Frame 4 GTP Data line
TMB5 LCT0 WG[4] TMB5 LCT1 CPATI0] TMB5 LCT1 HS[6] TMB8 LCT0 WGJ1] D(0)
TMB5 LCTO WG[5] TMB5 LCT1 CPATI1] TMB5 LCT1 HS[7] TMB8 LCT0 WGI2] D(1)
TMB5 LCTO HSJ[0] TMB5 LCT1 CPATI[?] TMB5 LCT1 L/R TMB8 LCTO0 WGI3] D(2)
TMB5 LCTO HS[1] TMB5 LCT1 CPATI3] TMB5 LCTO BCO TMB8 LCTO0 WGJ4] D(3)
TMB5 LCTO HS[2] TMB5 LCT1 WGIO0] TMB5 LCTO BX0 TMB8 LCTO HSJ[0] D(4)
TMB5 LCTO HS[3] TMB5 LCT1 WGJ1] TMB5 LCTO SYER TMB8 LCTO HS[1] D(5)
TMB5 LCTO HS[4] TMB5 LCT1 WG|[2] TMB8 LCTO VPF TMB8 LCTO HS[2] D(6)
TMB5 LCTO HS[5] TMB5 LCT1 WGJ3] TMB8 LCT0 QUALJ[0] TMB8 LCTO HS[3] D(7)
TMB5 LCTO HS[6] TMB5 LCT1 WGJ4] TMB8 LCTO0 QUALJ[1] TMB8 LCTO HS[4] D(8)
TMB5 LCTO HS[7] TMB5 LCT1 WG[5] TMB8 LCTO QUAL]J2] TMB8 LCTO HS[5] D(9)
TMB5 LCTO L/R TMB5 LCT1 HS[0] TMB8 LCTO0 QUALJ3] TMB8 LCTO HS[6] D(10)
TMB5 LCT1 VPF TMB5 LCT1 HS[1] TMB8 LCTO CPATIO0] TMB8 LCTO HS[7] D(11)
TMB5 LCT1 QUALJO] TMB5 LCT1 HS[2] TMB8 LCTO0 CPAT[1] TMB8 LCTO L/R D(12)
TMB5 LCT1 QUAL[1] TMB5 LCT1 HS[3] TMB8 LCTO CPATI[2] TMB8 LCT1 VPF D(13)
TMB5 LCT1 QUAL[2] TMB5 LCT1 HS[4] TMB8 LCTO CPATI[3] | TMB8 LCT1 QUAL[0] D(14)
TMB5 LCT1 QUAL]J3] TMB5 LCT1 HS[5] TMB8 LCT0 WGJO0] TMB8 LCT1 QUALJ1] D(15)

GTP6 (MGTTXL1 267)

Frame 1 Frame 2 Frame 3 Frame 4 GTP Data line
TMB8 LCT1 QUALJ?] TMB8 LCT1 HS[5] TMB1 LCT0 WGJO0] TMB1 LCT1 QUALJ[0] D(0)
TMB8 LCT1 QUAL[3] TMB8 LCT1 HS[6] TMB1 LCTO WG[1] TMB1 LCT1 QUALJ1] D(1)
TMB8 LCT1 CPAT[0] TMB8 LCT1 HS[7] TMB1 LCT0 WGJ2] TMB1 LCT1 QUALJ[2] D(2)
TMB8 LCT1 CPAT[1] TMB8 LCT1 L/R TMB1 LCT0 WGJ3] TMB1 LCT1 QUAL]J3] D(3)
TMB8 LCT1 CPATI?] TMB8 LCTO BCO TMB1 LCTO WG[4] TMB1 LCT1 CPATIO0] D(4)
TMB8 LCT1 CPAT[3] TMB8 LCTO BX0 TMB1 LCT0 WGJ5] TMB1 LCT1 CPATI[1] D(5)
TMB8 LCT1 WGIO0] TMB8 LCTO0 SYER TMB1 LCTO HSJ[O0] TMB1 LCT1 CPATI[2] D(6)
TMB8 LCT1 WGJ1] TMB1 LCTO VPF TMB1 LCTO HS[1] TMB1 LCT1 CPATI3] D(7)
TMB8 LCT1 WG|2] TMB1 LCTO QUALJO] TMB1 LCTO HS[2] TMB1 LCT1 WG[O0] D(8)
TMB8 LCT1 WG[3] TMB1 LCTO QUALJ1] TMB1 LCTO HS[3] TMB1 LCT1 WG[1] D(9)
TMB8 LCT1 WGJ4] TMB1 LCTO QUALJ[2] TMB1 LCTO HS[4] TMB1 LCT1 WG[2] D(10)
TMB8 LCT1 HS[0] TMB1 LCTO QUALJ[3] TMB1 LCTO HS[5] TMB1 LCT1 WG[3] D(11)
TMB8 LCT1 HS[1] TMB1 LCTO CPATI[0] TMB1 LCTO HS[6] TMB1 LCT1 WG[4] D(12)
TMB8 LCT1 HS[2] TMB1 LCTO CPATI1] TMB1 LCTO HS[7] TMB1 LCT1 WG[5] D(13)
TMB8 LCT1 HS[3] TMB1 LCTO CPATI[2] TMB1 LCTO L/R TMB1 LCT1 HS[0] D(14)
TMB8 LCT1 HS[4] TMB1 LCTO CPATI[3] TMB1 LCT1 VPE TMB1 LCT1 HS[1] D(15)
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GTP7 (MGTTX0 245)

Frame 1 Frame 2 Frame 3 Frame 4 GTP Data line
TMB1 LCT1 HS[2] TMB4 LCTO CPATI[1] TMB4 LCTO0 HS[7] TMB4 LCT1 WGI5] D(0)
TMB1 LCT1 HS[3] TMB4 LCTO CPATI[2] TMB4 LCTO L/R TMB4 LCT1 HS[0] D(1)
TMB1 LCT1 HS[4] TMB4 LCTO CPATI3] TMB4 LCT1 VPF TMB4 LCT1 HS[1] D(2)
TMB1 LCT1 HS[5] TMB4 LCT0 WGJO0] TMB4 LCT1 QUALJ[0] TMB4 LCT1 HS[2] D(3)
TMB1 LCT1 HS[6] TMB4 LCTO WG[1] TMB4 LCT1 QUALJ1] TMB4 LCT1 HS[3] D(4)
TMB1 LCT1 HS[7] TMB4 LCT0 WGJ2] TMB4 LCT1 QUALJ[2] TMB4 LCT1 HS[4] D(5)
TMB1 LCT1 L/R TMB4 LCTO WG[3] TMB4 LCT1 QUALJ3] TMB4 LCT1 HS[5] D(6)
TMB1 LCTO BCO TMB4 LCTO WG[4] TMB4 LCT1 CPATIO0] TMB4 LCT1 HS[6] D(7)
TMB1 LCTO BX0 TMB4 LCT0 WGJ5] TMB4 LCT1 CPAT[1] TMB4 LCT1 HS[7] D(8)
TMB1 LCTO0 SYER TMB4 LCTO HS[O0] TMB4 LCT1 CPATI[2] TMB4 LCT1 L/R D(9)
TMB4 LCTO VPF TMB4 LCTO HS[1] TMB4 LCT1 CPATI[3] TMB4 LCTO BCO D(10)
TMB4 LCTO QUAL[O] TMB4 LCTO HS[2] TMB4 LCT1 WG|O0] TMB4 LCT0 BX0 D(11)
TMB4 LCT0 QUALJ1] TMB4 LCTO HS[3] TMB4 LCT1 WG[1] TMB4 LCTO0 SYER D(12)
TMB4 LCTO QUAL[2] TMB4 LCTO HS[4] TMB4 LCT1 WG[2] TMB7 LCTO VPF D(13)
TMB4 LCTO QUAL[3] TMB4 LCTO HS[5] TMB4 LCT1 WG[3] TMB7 LCTO QUAL[O] D(14)
TMB4 LCTO CPATI0] TMB4 LCTO HS[6] TMB4 LCT1 WG[4] TMB7 LCTO QUALJ1] D(15)
GTP8 (MGTTX1 245)
Frame 1 Frame 2 Frame 3 Frame 4 GTP Data line
TMB7 LCTO0 QUALJ2] TMB7 LCTO HS[5] TMB7 LCT1 WGJ3] “0” (RESERVED) D(0)
TMB7 LCTO QUAL[3] TMB7 LCTO HS[6] TMB7 LCT1 WG[4] “0” (RESERVED) D(1)
TMB7 LCTO CPATIO0] TMB7 LCTO HS[7] TMB7 LCT1 HS[0] “0” (RESERVED) D(2)
TMB7 LCTO CPATI[1] TMB7 LCTO L/R TMB7 LCT1 HS[1] “0” (RESERVED) D(3)
TMB7 LCTO CPATI[?] TMB7 LCT1 VPF TMB7 LCT1 HS[2] “0” (RESERVED) D(4)
TMB7 LCTO CPATI[3] | TMB7 LCT1 QUAL[O] TMB7 LCT1 HS[3] “0” (RESERVED) D(5)
TMB7 LCTO WGIO0] TMB7 LCT1 QUALJ1] TMB7 LCT1 HS[4] “0” (RESERVED) D(6)
TMB7 LCT0 WGJ1] TMB7 LCT1 QUALJ[2] TMB7 LCT1 HS[5] “0” (RESERVED) D(7)
TMB7 LCT0 WGJ2] TMB7 LCT1 QUAL]J3] TMB7 LCT1 HS[6] “0” (RESERVED) D(8)
TMB7 LCTO WG[3] TMB7 LCT1 CPATIO0] TMB7 LCT1 HS[7] “0” (RESERVED) D(9)
TMB7 LCT0 WGJ4] TMB7 LCT1 CPATI[1] TMB7 LCT1 L/R “0” (RESERVED) D(10)
TMB7 LCTO HSJ[O0] TMB7 LCT1 CPATI[2] TMB7 LCTO BCO “0” (RESERVED) D(11)
TMB7 LCTO HS[1] TMB7 LCT1 CPATI[3] TMB7 LCTO BX0 “0” (RESERVED) D(12)
TMB7 LCTO HS[2] TMB7 LCT1 WG[0] TMB7 LCTO SYER “0” (RESERVED) D(13)
TMB7 LCTO HS[3] TMB7 LCT1 WG[1] “0” (RESERVED) “0” (RESERVED) D(14)
TMB7 LCTO HS[4] TMB7 LCT1 WG[2] “0” (RESERVED) “0” (RESERVED) D(15)
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Data Format for the 8 new MPC-to-SP links running at 160MHz (ME2/3/4 chambers)

GTP1 (MGTTX0 101)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB3 LCTO VPF

TMB3 LCTO HS[0]

TMB3 LCT1 CPAT[3]

TMB3_LCTL HS[7]

D(0)

TMB3 LCTO QUAL[O]

TMB3 LCTO HS[1]

TMB3 LCT1 WG[0]

TMB3 LCT1 L/R

D(1)

TMB3 LCTO QUALJ1]

TMB3_LCTO HS[2]

TMB3_LCTL WG[1]

TMB3 LCTO BCO

D(2)

TMB3_LCT0 QUAL[?]

TMB3 LCTO HS[3]

TMB3_LCTL WG[?]

TMB3 LCTO BX0

D(3)

TMB3 LCTO QUALJ3]

TMB3 LCTO HS[4]

TMB3 LCTL WG[3]

TMB3_LCTO SYER

D(4)

TMB3 LCTO CPAT[0]

TMB3 LCTO HS[5]

TMB3_LCTL WG[4]

TMB9 LCTO VPF

D(5)

TMB3 LCTO CPATI1]

TMB3 _LCTO HS[6]

TMB3 LCT1 WGJ5]

TMB9 LCTO QUALJO]

D(6)

TMB3 LCTO CPAT[?]

TMB3 LCTO HS[7]

TMB3_LCTL WG[6]

TMB9 LCTO0 QUALJ1]

D(7)

TMB3 LCTO CPATI3]

TMB3 LCTO L/R

TMB3 LCTL HS[0]

TMB9 LCTO QUALJ2]

D(8)

TMB3_LCTO WG[0]

TMB3 LCT1 VPF

TMB3 LCT1 HS[1]

TMB9 LCTO QUALI3]

D(9)

TMB3_LCTO0 WGJ1]

TMB3_LCTL1 QUALJ0]

TMB3 LCT1 HS[?]

TMB9 LCTO0 CPATIO]

D(10)

TMB3_LCTO0 WG[?]

TMB3 LCTL QUALJ1]

TMB3 LCT1 HS[3]

TMB9 LCTO CPAT[1]

D(11)

TMB3_LCTO0 WGI3]

TMB3 LCTL QUALJ[?]

TMB3 LCT1 HS[4]

TMB9 LCTO CPAT[?]

D(12)

TMB3 LCTO WG[4]

TMB3 LCT1 QUAL[3]

TMB3 LCTL HS[5]

TMB9 LCTO CPATI3]

D(13)

TMB3 LCTO0 WGI5]

TMB3 LCT1 CPAT[0]

TMB3 LCT1 HS[6]

TMB9 LCTO0 WG[0]

D(14)

TMB3 LCTO WG[6]

TMB3 LCT1 CPAT[1]

TMB3 LCT1 HS[7]

TMB9 LCT0 WGJ1]

D(15)

GTP2 (MGTTX1 101)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB9 LCTO WG[2]

TMB9 LCT1 QUALI[2]

TMB9 LCTL HS[4]

“0” (RESERVED)

D(0)

TMB9 LCTO WG[3]

TMB9 LCT1 QUAL[3]

TMB9 LCTL HS[5]

“0” (RESERVED)

D(1)

TMB9 LCTO WG[4]

TMB9 LCTL CPAT[0]

TMB9 LCTL HS[6]

“0” (RESERVED)

D(2)

TMB9 LCT0 WG[5]

TMB9 LCT1 CPATI1]

TMB9 LCTL HS[7]

“0” (RESERVED)

D(3)

TMB9 LCTO HS[0]

TMB9 LCTL CPAT[2]

TMB9 LCTL L/IR

“0” (RESERVED)

D(4)

TMB9 LCTO HS[1]

TMB9 LCT1 CPATI3]

TMB9 LCTO BCO

“0” (RESERVED)

D(5)

TMB9 LCTO HS[?]

TMB9 LCT1 WG[0]

TMB9 LCTO BXO0

“0” (RESERVED)

D(6)

TMB9 LCTO HS[3]

TMB9 LCTL WG[1]

TMB9 LCTO SYER

“0” (RESERVED)

D(7)

TMB9 LCTO HS[4]

TMB9 LCTL WG[2]

“0” (RESERVED)

“0” (RESERVED)

D(8)

TMB9 LCTO HS[5]

TMB9 LCTL WGI3]

“0” (RESERVED)

“0” (RESERVED)

D(9)

TMB9_LCTO HS[6]

TMB9 LCTL WG[4]

“0” (RESERVED)

“0” (RESERVED)

D(10)

TMB9 LCTO HS[7]

TMB9 LCTL WGI5]

“0” (RESERVED)

“0” (RESERVED)

D(11)

TMB9 LCTO L/R

TMB9 LCTL HS[0]

“0” (RESERVED)

“0” (RESERVED)

D(12)

TMB9 LCT1 VPF

TMB9 LCTL HS[1]

“0” (RESERVED)

“0” (RESERVED)

D(13)

TMB9 LCT1 QUALJ0]

TMB9 LCTL HS[2]

“0” (RESERVED)

“0” (RESERVED)

D(14)

TMB9 LCT1 QUAL[1]

TMB9 LCTL HS[3]

“0” (RESERVED)

“0” (RESERVED)

D(15)

GTP3 (MGTTX0 123)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB8 LCTO VPF

TMB8 LCTO HS[1]

TMB8_LCT1 CPAT[3]

TMB8_LCTO0_BCO

D(0)

TMB8 LCTO QUAL[O]

TMB8 LCTO HS[?]

TMB8 LCT1 WG[0]

TMB8 LCTO BX0

D(1)

TMB8 LCTO QUALJ1]

TMB8 LCTO HS[3]

TMBS LCTL WG[1]

TMB8 LCTO SYER

D(2)

TMB8 LCTO QUAL[2]

TMB8 LCTO HS[4]

TMB8 LCT1 WG[2]

TMB2 LCTO VPF

D(3)

TMB8 LCTO QUALJ3]

TMB8_LCTO HS[5]

TMBS LCTL WG[3]

TMB2 LCTO QUALJ0]

D(4)

TMB8 LCTO0 CPAT[0]

TMB8 LCTO HS[6]

TMB8_LCTL WG[4]

TMB2 LCTO0 QUALJ1]

D(5)

TMB8 LCTO CPAT[1]

TMB8 LCTO HS[7]

TMB8 LCTL WG[5]

TMB2 LCT0 QUAL[?]

D(6)

TMB8 LCTO CPAT[?]

TMBS LCTO L/IR

TMB8 LCT1 HS[0]

TMB2 LCTO0 QUALJ3]

D(7)

TMB8 LCTO CPATI3]

TMB8 LCT1 VPF

TMB8 LCTL HS[1]

TMB2 LCTO CPATIO0]

D(8)

TMBS_LCTO WG[0]

TMBS_LCTL QUALJ0]

TMB8 LCT1 HS[2]

TMB2 LCTO CPAT[1]

D(9)

TMBS_LCTO0 WGJ1]

TMB8 LCTL QUAL[]

TMB8 LCT1 HS[3]

TMB2 LCTO0 CPATI2]

D(10)

TMBS LCTO WG[2]

TMBS LCTL QUAL[?]

TMB8 LCT1 HS[4]

TMB2 LCTO CPAT[3]

D(11)

TMB8_LCTO0 WG[3]

TMB8_LCT1 QUAL[3]

TMB8 LCT1 HS[5]

TMB2 LCT0 WG[0]

D(12)

TMB8 LCTO WG[4]

TMB8 LCT1 CPATIO0]

TMB8 LCTL HS[6]

TMB2 LCTO WGJ[1]

D(13)

TMBS_LCTO WGI5]

TMB8 LCT1 CPAT[1]

TMB8 LCT1 HS[7]

TMB2 LCTO0 WG[2]

D(14)

TMB8 _LCTO HS[0]

TMB8 LCT1 CPATI2]

TMB8 LCT1 L/R

TMB2 LCTO WGJ[3]

D(15)
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GTP3 (MGTTX1 123)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB2 LCTO WG[4]

TMB2 LCTL QUALJ3]

TMB2 LCT1 HS[4]

TMB7 LCTO CPAT[3]

D(0)

TMB2 LCTO0 WGI5]

TMB2 LCT1 CPATIO0]

TMB2 LCT1 HS[5]

TMB7_LCTO0 WG[0]

D(1)

TMB2_LCT0 WG[6]

TMB2 LCT1 CPAT[1]

TMB2_LCT1 HS[6]

TMB7_LCT0 WG[1]

D(2)

TMB2_LCTO_HS[0]

TMB2 LCTL CPAT[?]

TMB2_LCTL HS[7]

TMB7 LCTO0 WG[2]

D(3)

TMB2_LCTO HS[1]

TMB2 LCT1 CPATI3]

TMB2 LCT1 L/R

TMB7_LCT0 WG[3]

D(4)

TMB2 _LCTO HS[2]

TMB2 LCTL WGI0]

TMB2 LCTO BCO

TMB7 LCTO WG[4]

D(5)

TMB2_LCTO HSJ[3]

TMB2_LCTL WG[1]

TMB2 LCTO BX0

TMB7_LCT0 WG[5]

D(6)

TMB2_LCTO HS[4]

TMB2_LCTL WG[2]

TMB2 LCTO SYER

TMB7_LCTO _HS[0]

D(7)

TMB2 LCTO HS[5]

TMB2 LCT1 WG[3]

TMB7 LCTO VPF

TMB7_LCTO HS[1]

D(8)

TMB2_LCTO _HSJ6]

TMB2_LCT1 WG[4]

TMB7 LCTO QUALI0]

TMB7_LCTO _HS[2]

D(9)

TMB2_LCTO0_HS[7]

TMB2 LCT1 WGI5]

TMB7 LCTO QUALJ1]

TMB7 _LCTO _HS[3]

D(10)

TMB2 LCTO L/R

TMB2_LCTL WG[6]

TMB7 LCTO QUAL[2]

TMB7_LCTO HS[4]

D(11)

TMB2 LCT1 VPF

TMB2 LCTL HS[0]

TMB7 LCTO QUALJ3]

TMB7 LCTO HS[5]

D(12)

TMB2 LCT1 QUAL[O]

TMB2 LCTL HS[1]

TMB7 LCTO CPATIO0]

TMB7_LCTO _HS[6]

D(13)

TMB2 LCT1 QUAL[1]

TMB2 LCTL HS[?]

TMB7 LCTO CPAT[1]

TMB7_LCTO _HS[7]

D(14)

TMB2 LCT1 QUALJ[2]

TMB2 _LCTL HS[3]

TMB7 _LCTO CPATI2]

TMB7 LCTO L/R

D(15)

GTP5 (MGTTXO0 267)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB7 LCTL VPF

TMB7 LCT1 HS[1]

TMB6 LCTO CPAT[0]

TMB6_LCTO HS[6]

D(0)

TMB7 LCT1 QUAL[O]

TMB7_LCTL HS[2]

TMB6 LCTO CPATI1]

TMB6_LCTO HS[7]

D(1)

TMB7 LCTL QUALJ[1]

TMB7_LCT1 HS[3]

TMB6 LCTO CPAT[?]

TMB6 LCTO L/IR

D(2)

TMB7 LCT1 QUALJ[2]

TMB7_LCT1 HS[4]

TMB6 _LCTO0 CPAT[3]

TMB6 LCT1 VPF

D(3)

TMB7 LCTL QUALJ3]

TMB7_LCT1 HSJ[5]

TMB6_LCTO WG[0]

TMB6_LCTL QUALI0]

D(4)

TMB7 LCT1 CPAT[0]

TMB7 LCT1 HS[6]

TMB6_LCTO WG[1]

TMB6 LCT1 QUAL[1]

D(5)

TMB7 LCT1 CPATI1]

TMB7_LCT1 HS[7]

TMB6_LCT0 WG[2]

TMB6 LCT1 QUAL[2]

D(6)

TMB7 LCT1 CPAT[?]

TMB7 LCT1 L/IR

TMB6 LCTO WGI3]

TMB6 LCTL QUALJ3]

D(7)

TMB7 LCT1 CPAT[3]

TMB7 LCTO BCO

TMB6_LCTO0 WG[4]

TMB6 _LCT1 CPATIO0]

D(8)

TMB7_LCT1 WG[0]

TMB7 LCTO BX0

TMB6_LCT0 WG[5)

TMB6 LCTL CPAT[1]

D(9)

TMB7 LCT1 WG[1]

TMB7 LCTO SYER

TMB6 LCTO HS[0]

TMB6 _LCT1 CPAT[2]

D(10)

TMB7_LCTL WG[2]

TMB6 LCTO VPF

TMB6_LCTO HS[1]

TMB6 LCT1 CPATI3]

D(11)

TMB7 LCTL WG[3]

TMB6 LCTO QUALI0]

TMB6_LCTO HS[?]

TMB6_LCT1 WGI0]

D(12)

TMB7_LCTL WG[4]

TMB6 LCTO QUAL[1]

TMB6_LCTO HS[3]

TMB6_LCTL WG[1]

D(13)

TMB7_LCT1 WG[5]

TMB6 LCTO QUAL[2]

TMB6_LCTO _HS[4]

TMB6_LCTL WG[2]

D(14)

TMB7 _LCTL HS[0]

TMB6 LCTO QUALJ3]

TMB6 LCTO HS[5]

TMB6 LCT1 WGJ3]

D(15)

GTP6 (MGTTX1 267)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB6 LCT1 WG[4]

TMB1 LCTO QUALJ1]

TMBL LCTO HS[?]

TMB1 LCT1 WG[0]

D(0)

TMB6_LCTL WG[5]

TMB1 LCTO QUAL[2]

TMB1 LCTO HS[3]

TMBL LCT1 WG[1]

D(1)

TMB6_LCT1 HS[0]

TMB1 LCTO QUALJ3]

TMBL LCTO HS[4]

TMB1 LCT1 WG[2]

D(2)

TMB6 _LCT1 HS[1]

TMB1 LCTO CPATIO0]

TMBL LCTO HS[5]

TMB1 LCT1 WGI3]

D(3)

TMB6_LCTL HS[2]

TMB1 LCTO CPAT[1]

TMB1 LCTO HS[6]

TMB1 LCT1 WG[4]

D(4)

TMB6 _LCT1 HS[3]

TMB1 LCTO CPAT[2]

TMBL LCTO HS[7]

TMB1 LCT1 WGI5]

D(5)

TMB6_LCTL HS[4]

TMB1 LCTO CPATI3]

TMB1 LCTO L/R

TMB1 LCT1 WG[6]

D(6)

TMB6_LCT1 HS[5]

TMBL LCTO WGI0]

TMB1 LCT1 VPE

TMBL LCTL HS[0]

D(7)

TMB6_LCTL HS[6]

TMB1 LCTO WG[1]

TMB1 LCT1 QUAL[O]

TMB1 LCTL HS[1]

D(8)

TMB6_LCTL HS[7]

TMB1 LCTO WG[?]

TMB1 LCTL QUAL[1]

TMB1 LCTL HS[2]

D(9)

TMB6 LCT1 L/R

TMB1 LCTO WGJ3]

TMB1 LCT1 QUALJ[2]

TMBL LCTL HS[3]

D(10)

TMB6_LCTO BCO

TMB1 LCT0 WG[4]

TMB1 LCTL QUALJ3]

TMB1_LCTL HS[4]

D(11)

TMB6 LCTO BX0

TMB1 LCTO WGJ5]

TMB1 LCT1 CPAT[0]

TMBL LCTL HS[5]

D(12)

TMB6 LCTO SYER

TMB1 LCT0 WG[6]

TMB1 LCT1 CPATI1]

TMB1 LCTL HS[6]

D(13)

TMB1 LCTO VPF

TMBL LCTO HS[0]

TMB1 LCT1 CPAT[?2]

TMB1 LCT1 HS[7]

D(14)

TMB1 LCTO QUALJ0]

TMBL LCTO HS[1]

TMB1 LCT1 CPAT[3]

TMB1 LCT1 L/R

D(15)
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GTP7 (MGTTXO0 245)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB1 LCTO BCO

TMB5 LCTO WG[4]

TMB5 LCT1 CPAT[0]

TMB5 _LCTL HS[6]

D(0)

TMB1 LCTO BXO0

TMB5 LCT0 WGJ5]

TMB5 LCT1 CPAT[1]

TMB5 _LCTL HS[7]

D(1)

TMB1 LCTO SYER

TMB5_LCTO_HS[0]

TMB5 LCT1 CPAT[?]

TMB5 LCTL LIR

D(2)

TMB5 LCTO VPFE

TMB5 LCTO HS[1]

TMB5 _LCT1 CPAT[3]

TMB5_LCTO0 _BCO

D(3)

TMB5 LCTO QUAL[O]

TMB5_LCTO HS[2]

TMB5_LCT1 WG[0]

TMB5 LCTO BX0

D(4)

TMB5 LCTO QUALJ1]

TMB5_LCTO HS[3]

TMB5 LCT1 WG[1]

TMB5 LCTO SYER

D(5)

TMB5 LCTO QUAL[2]

TMB5_LCTO HS[4]

TMB5_LCTL WG[2]

TMB4 LCTO VPE

D(6)

TMB5 LCTO QUALJ3]

TMB5_LCTO HSJ[5]

TMB5_LCT1 WG[3]

TMB4 LCTO QUALJ0]

D(7)

TMB5 LCTO0 CPAT[0]

TMB5 LCTO HS[6]

TMB5 LCT1 WG[4]

TMB4 LCTO0 QUALJ1]

D(8)

TMB5 LCTO CPAT[1]

TMB5_LCTO HS[7]

TMB5_LCT1 WG[5)

TMB4 LCTO QUAL[?]

D(9)

TMB5 LCTO CPAT[?]

TMB5 LCTO L/R

TMB5_LCTL HS[0]

TMB4_LCTO QUAL][3]

D(10)

TMB5 LCTO CPATI3]

TMB5 LCT1 VPF

TMB5_LCTL HS[1]

TMB4 LCTO CPATIO0]

D(11)

TMB5_LCT0 WG[0]

TMB5 LCT1 QUALI0]

TMB5 _LCTL HS[?]

TMB4 LCTO CPAT[1]

D(12)

TMB5_LCT0 WG[1]

TMB5 LCT1 QUAL[1]

TMB5_LCTL HS[3]

TMB4 LCTO CPATI2]

D(13)

TMB5_LCT0 WG[2]

TMB5 LCT1 QUAL[2]

TMB5_LCTL HS[4]

TMB4 LCTO CPAT[3]

D(14)

TMB5 LCT0 WG[3]

TMB5 LCT1 QUALJ[3]

TMB5_LCTL HS[5]

TMB4 LCTO WGJ0]

D(15)

GTP8 (MGTTX1 245)

Frame 1

Frame 2

Frame 3

Frame 4

GTP Data line

TMB4 LCTO WG[1]

TMB4 LCTL QUALJ1]

TMB4 LCTL HS[3]

“0” (RESERVED)

D(0)

TMB4_LCT0 WG[2]

TMB4 LCT1 QUAL[2]

TMB4_LCTL HS[4]
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