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INTT readout system @ Test Bench

Input from FPHX 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 2 1 0 0 6 5 4 3 2 1 0 6 5 4 3 2 1 0 1

FPHX 
Full ADC

Word 
Mark ROW BCO

Data 
Mark

Output from 
Deserializer

25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 5 4 3 2 1 0 0 2 1 0 6 5 4 3 2 1 0 6 5 4 3 2 1 0 1

Data 
Line Chip ID

FPHX 
Full ADC ROW BCO

Data 
Mark

Output from ROC 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 0 0 0 0 6 5 4 3 2 1 0 2 1 0 1 1 0 5 4 3 2 1 0 6 5 4 3 2 1 0 1

Full Line Full BCO ADC
Allign
ment

CHIP 
ID ROW

not 
used
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Sensor module

Bus ExtenderFPHXFPHXFPHX FEM

PC

ROC

FEM-IBCLOCK
Distributor

BCO, START

BCO, START

BCO, CLK200M
DATA(20bit)

Fiber
DATA(32bit)

DATA(32bit)

SC(bit)

NI co-ax cable

USB
SC(bit)

NI-
DIO

Trigger
Counter

NIM
LOGIC

VME
BUS



Sensor module

Bus ExtenderFPHXFPHXFPHX FEMROC
BCO, CLK200M
DATA(20bit)

Fiber
DATA(32bit)

DATA(32bit)

SC(bit)

Data_Sta0_Wedge0_Side[0-1]_Chip[1-5][0:1] p/n
LVDS, 20 pairs

Data_Sta1_Wedge0_Side[0-1]_Chip[1-13][0:1]p/n
LVDS, 52 pairs

Data_Sta2_Wedge0_Side[0-1]_Chip[1-13][0:1]p/n
LVDS, 52 pairs

Data_Sta3_Wedge0_Side[0-1]_Chip[1-13][0:1]p/n
LVDS, 52 pairs

ROC
DATA

FPGA-A

B,C,D

Opt
connect

SERDE
SSERDES

125Mbps

p/n
4

CLK(125MHz)

Data_Out_A00[32]
Data_Out_A01[32]
Data_Out_A10[32]
Data_Out_A11[32]
TkMSB/LSB_A[00-11]

32
32
32
32
8

CLK_FPGA_Ap/n
CLK_SERDES_A[00-11]H/L

ENABLE_A[00-11]H/L

8

200Mbps

FEM

DATA
Handling

FPGA

Opt
Connect

SERDES MSB[0-3]_[0-3]
LSB[0-3]_[0-3]

DATA_FO_SD_[01,23]_ENABLE, DATA_FO_SD_[01,23]
DATA_SQUELCH_[01,23]_ENABLE, DATA_RX_[01,23]_ENABLE

EN[0-3]_[0-3]

Data_In_[0-3] [31:0]

CLK[0-3]_[0-3]

CLK125

p/n
4

8x

各チップから20bitデータ
4ラダー、26chip/ラダー

各ラダーから32ビットを
2本のファイバーで送る(16x2)

4ラダー分=8本のファイバー

受信後、32ビットx4ラダーの
データに復元

ポートに対応
Sta0 -> port0
Sta1 -> port1
Sta2 -> port2
Sta3 -> port3
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DATA_FPGAの中身
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ROC_
DCM

BCO(10M)
ROC_BLOCKCLK(200M)

CLK90(200M)

DATA_IN_0[71:0] (10+10+26+26)
DATA_IN_1[104:0] (26+26+26+26)

OUT_CLK(125M)

DATA_OUT_0[31:0]
DATA_OUT_1[31:0]
DATA_OUT_2[31:0]
DATA_OUT_3[31:0]

LSB[7:0]
MSB[7:0]

SHIFT_IN
SHIFT_EN
LATCH

SHIFT_OUT

RST(125Mに同期)

DESER
_ARRA

Y

OR_ 
AR 

RAY

OUT 
PUT_ 
ARBI 
TER

PF_AR
RAY

DECO
DER_A
RRAY

WR_EN_0
[71:0]
WR_EN_1
[71:0]

DATA_OUT_0_0[25:0]
.
.
.

DATA_OUT_0_9[25:0]
DATA_OUT_0_26[25:0]

.

.

.
DATA_OUT_0_51[25:0]

DATA_OUT_1_0[25:0]
.
.
.

DATA_OUT_1_25[25:0]
DATA_OUT_1_26[25:0]

.

.

.
DATA_OUT_1_51[25:0]

DATA_0_0 [31:0]    9
DATA_0_1 [31:0]    6
DATA_0_2 [31:0]    7
DATA_0_3 [31:0]    8
DATA_1_0 [31:0]    0
DATA_1_1 [31:0]    1
DATA_1_2 [31:0]    2
DATA_1_3 [31:0]    3
DATA_1_4 [31:0]    4
DATA_1_5 [31:0]    5

SYNC_
BLOCK
_LOGIC

DATA_OUT_0 [31:0]

DATA_OUT_1[31:0]

DATA_OUT_2 [31:0]

DATA_OUT_3 [31:0]

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 0 0 0 0 6 5 4 3 2 1 0 2 1 0 1 1 0 5 4 3 2 1 0 6 5 4 3 2 1 0 1

ROC
Full Line

FPHX
Full BCO ADC

Align
ment CHIP ID ROW

not 
used

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 2 1 0 0 6 5 4 3 2 1 0 6 5 4 3 2 1 0 1

FPHX
Full ADC

Word 
Mark ROW BCO

Data 
Mark

Input from FPHX (20bit)

25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 5 4 3 2 1 0 0 2 1 0 6 5 4 3 2 1 0 6 5 4 3 2 1 0 1

Data 
Line Chip ID

FPHX
Full ADC ROW BCO

Data 
Mark

Output from Deserializer (26bit) = FPHX+chipID

Output from ROC (32bit) = Deser+Alignment (port)

Data_Sta0_Chip[0-1][1-5][0-1]
Data_Sta1_Chip[0-1][1-13][0-1]
Data_Sta2_Chip[0-1][1-13][0-1]
Data_Sta3_Chip[0-1][1-13][0-1]

ポートに対応



ROC：データ加工と圧縮の流れ
DESER_ARRAYPF_ARRAY

DESER_FPHX
1x20 -> 20

DESER_FPHX
1x20 -> 20

DESER_FPHX
1x20 -> 20

DESER_FPHX
1x20 -> 20

FFPhase
Follower

Phase
Follower FF

FF

FF

Phase
Follower

Phase
Follower

DECODER_ARR
AY

1

2

3

0

OR_ AR RAY

OR

OUTPUT_ARBITER

FIFO

FIFO

OR

FIFO

SYNC_BLOC
K_LOGIC

26(ライン＝チップ) → 3ライン → 1ライン
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ROC FEM

FPGA ROC FEM

ポート番号 Deserialize  -> OR_ARRAY Output_Arbiter Sync_block_logic ROC SERDES HFBR-772 HFBRT-782_R1 回路図

B0 STA0_Side0_p/n[5:1][1:0] DATA_IN_0_p/n[18:0] 1つ飛び DATA_0_0[25:0] DATA_IN_9[31:0] DATA_OUT_3[31:0] DATA_OUT_0_1[31:0] DATA_OUT_0_1[15:0] Data_Out_B01[15:0] B01_L_P/N DIN2+/- DOUT2+/- Data_in_0_1[15:0] DATA_IN_0_1[15:0]
B0 STA0_Side1_p/n[5:1][1:0] DATA_IN_0_p/n[19:1] 1つ飛び DATA_OUT_0_1[31:16] Data_Out_B01[31:16] B01_H_P/N DIN3+/- DOUT3+/- Data_in_0_1[31:16] DATA_IN_0_1[31:16]
B1 STA1_Side0_p/n[13:1][1:0] DATA_IN_0_p/n[70:20] 1つ飛び DATA_0_1,2,3[25:0] DATA_IN_6,7,8[31:0] DATA_OUT_2[31:0] DATA_OUT_0_0[31:0] DATA_OUT_0_0[15:0] Data_Out_B00[15:0] B00_L_P/N DIN0+/- DOUT0+/- Data_in_0_0[15:0] DATA_IN_0_0[15:0]
B1 STA1_Side1_p/n[13:1][1:0] DATA_IN_0_p/n[71:21] 1つ飛び DATA_OUT_0_0[31:16] Data_Out_B00[31:16] B00_H_P/N DIN1+/- DOUT1+/- Data_in_0_0[31:16] DATA_IN_0_0[31:16]
B2 STA2_Side0_p/n[13:1][1:0] DATA_IN_1_p/n[50:0] 1つ飛び DATA_1_0,1,2[25:0] DATA_IN_0,1,2[31:0] DATA_OUT_0[31:0] DATA_OUT_1_0[31:0] DATA_OUT_1_0[31:16] Data_Out_B10[15:0] B10_L_P/N DIN8+/- DOUT8+/- Data_in_1_0[31:16] DATA_IN_1_0[31:16]
B2 STA2_Side1_p/n[13:1][1:0] DATA_IN_1_p/n[51:1] 1つ飛び DATA_OUT_1_0[15:0] Data_Out_B10[31:16] B10_H_P/N DIN9+/- DOUT9+/- Data_in_1_0[15:0] DATA_IN_1_0[15:0]
B3 STA3_Side0_p/n[13:1][1:0] DATA_IN_1_p/n[102:52] 1つ飛び DATA_1_3,4,5[25:0] DATA_IN_3,4,5[31:0] DATA_OUT_1[31:0] DATA_OUT_1_1[31:0] DATA_OUT_1_1[31:16] Data_Out_B11[15:0] B11_L_P/N DIN10+/- DOUT10+/- Data_in_1_1[31:16] DATA_IN_1_1[31:16]
B3 STA3_Side1_p/n[13:1][1:0] DATA_IN_1_p/n[103:53] 1つ飛び DATA_OUT_1_1[15:0] Data_Out_B11[31:16] B11_H_P/N DIN11+/- DOUT11+/- Data_in_1_1[15:0] DATA_IN_1_1[15:0]

A/B/C/Dのどれでも同じ（はず) この変換で、Sideの情報は無くなり、
26チップを1グループとして扱う

ここから1グループに
している

A, Cでは、ファイバー
の間違いがあり、入れ
替えが起こっている。

FEMのファイバー
がフリップしている
ので、ROCで直し
ている。

FEMの上下のどち
らのコネクタにファ
イバーを付けている
かによって変わる。
今の場合は上。
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SlowCtrl
FPGA

DATA-A
FPGA

Same for 
B,C,D

Opt
connectSERDES

TXp/n
RXp/n

1.68Gbps

SC_TX_DATA[16]
SC_RX_DATA[16]
SC_FO_TX_Flt/LOS

105Mbps

TP circuit
mux

Opt
connectSERDESSERDES

Data_Out_A00[32]
Data_Out_A01[32]
Data_Out_A10[32]
Data_Out_A11[32]
TkMSB/LSB_A[00-11]

125Mbps32
32
32
32
8

p/n
8

JTAG
FPGA

TCK_A
TDI_A
TMS_A
TRST_A
TDO_A

TC
K_

SC
TD

I_
SC

TM
S_

SC
TR

ST
_S

C
TD

O_
SCconn

co
n n

TCK
TDI
TMS
TRST
TDO

co
nn

SC_IN_A
SC_OUT_A
SC_ENA_A
LATCH_A[2]
RESET
Send_Data_A[2]
BCO_CLK_IN_Ap/n

Data_Sta0_Wedge0_Side[0-1]_Chip[1-5]_Out[0-1]p/n
LVDS, 20 pairs

Data_Sta1_Wedge0_Side[0-1]_Chip[1-13]_Out[0-1]p/n
LVDS, 52 pairs

Data_Sta2_Wedge0_Side[0-1]_Chip[1-13]_Out[0-1]p/n
LVDS, 52 pairs

Data_Sta3_Wedge0_Side[0-1]_Chip[1-13]_Out[0-1]p/n
LVDS, 52 pairs

CLK(125MHz)

CLK(105MHz)

CLK_FPGA_Ap/n
CLK_SERDES_A[00-11]H/L

ENABLE_A[00-11]H/L
8

FOTX_A_RESETn, FOTX_A_Fltn

Tk
M

SB
/L

SB
_S

C 
Rk

M
SB

/L
SB

_S
C

SC_TX_CLK_OUT

CL
K_

RC
VR

_J
_p

/n
CL

K_
TX

_J
_p

/n

CL_TX_SC_p/n

SC_RX_CLK_IN
SC_ENABLE

Clk_Read_Outp/n
CLK_BCO_Outp/nBuf/SplitOut_Clk_Sta[0-3]_Wedge[0-3]_Side[0,1]p/n

BCO_Clk_Sta[0-3]_Wedge[0-3]_Side[0,1]p/n

R RST_Sta[0-3]_Wedge[0-3]_side[0,1]p/n
SCO_Sta[0-3]_Wedge[0-3]_Side[0,1]p/n

Reset_Sta[0-3]_Wedge[0-3]_side[0,1]p/n
SC_Out_Sta[0-3]_Wedge[0-3]_Side[0,1]p/n

Clk_Start_SCp/n
Clk_BCO_SCp/n

co
nn

SC_In_Sta[0-3]_Wedge[0-3]_Side[0,1]p/n

Din_Plsr_A
Sclk_Plsr_A
CS_DAQ_Plsr_A
ON_OFF_Plsr_A
Enable_Plsr_A
A[0-2]_Plsr_A

Cal_Inject_Sta[0-3]_Wedge0_Side[0,1]
Need B,C,D for Wedge1,2,3

200Mbps

200MHz CLK

10MHz CLK

10Mbps
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DATA
Handling

FPGA

Slow
Control
FPGA

Da
ta

_A
ux

_s
c[

15
:0

]

Am
pl

[7
:0

]

Opt

SERDE
S

MSB[0-3]_[0-3]
LSB[0-3]_[0-3]

DATA_FO_SD_[01,23]_ENABLE, DATA_FO_SD_[01,23]
DATA_SQUELCH_[01,23]_ENABLE, DATA_RX_[01,23]_ENABLE

EN[0-3]_[0-3]

Data_In_[0-3]_[0-3][31:0]

DIO-IF conn (J1) for NI

Da
ta

_T
es

t[3
1:

0]

Da
ta

_t
es

t_
cl

k

LED conn LED[23:0], SC_LED[7:0]
J4 (Test Pin)

DATA_TEST_HEADER[7:0]

St
ar

t_
BC

O_
Co

un
t, 

FE
M

_D
I, 

FE
M

_D
O,

 
LV

L1
_A

cc
ep

t, 
FE

M
_C

S,
FE

M
_F

PG
A_

RE
SE

T

CLK[0-3]_[0-3]

CLK125

SERDE
S

ENABLE_DCM
TxEnDCM, TxErrDCM

Data_Out[31:0]

Opt
DCM_FO_TX_FLT BCOBCO

CLK80

Test_Clk[1:0]

J2 (JTAG)

PROM

TDI, TDO, TMS, TCK

VME
Conn
P1, P2

Buf
LVL1_Accept_VME, MODE_ENABLE

DCM_TXp/n

SERDE
S

RxMsb_SC, RxLsb_SC
TxMsb_SC, TxLsb_SC

SC_Data_Out[15:0]Opt
SC_OUTp/n

SC_Data_In[15:0]SC_INp/n

CLK105

FPGA_Addr_VME[3:0]
TCK_VME, TDI_VME, TMS_VME, TRST_VME, ENABLE_JTAG, TDO_VME, ENABLE_SC 

J3
SC_Test_Out[15:0]

SC_CS_VME, SC_DI_VME, SC_DO_VME, SClk_VME

FEM_Switch[3:0]
FEM_Addr_VME[3:0], Command_VME[7:0], Mode_Bits_VME[7:0], Addr_VME[3:0]

Switch
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ROC内の接続バグ修正
B/D

A
C
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FEM
Data_0_0[31:16] Data_0_0[15:0]

Data_0_1[31:16] Data_0_1[15:0]

Data_1_0[31:16] Data_1_0[15:0]

Data_1_1[31:16] Data_1_1[15:0]

これが正しいはず
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