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« FEM-IB FPGA
« USBFZ A4 /N(FTD)DRDAFHS S L 512, FPGADE Y 7H 4 » % L72(A12)
e« USB-IFEY 2 —/LduE
« RD=Hin& =z, NZXDOAHAEZFPGA->USBIZL T, ReadBacklL T& /=T —X%HRd
« Receiver®y 2 —I/LDE
« ReadBackl T&7:7—4 %9 - £ {RTF., (RDReadBackT — X H'k 5% £ TRF)

« Nevis_gui _for _calib3.py
« Read registerB# % s

« READ(0) A >R +Z 0 avaERALTLY A EGART
EXALEZTEFEWRITE(DRSET2) £33 ETLYRRZIZEZTARADD, T—REGAHT,
READ(0) TIxEZRAF T, mAHLT—REFZERYVHT &N TE S,
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Swap_bit: T —&Z Dty FlEREET D,

o fphxtb.py
« Read bytes to USBE3# = E/N
« Async_bitbang®— K TTF—4 XX DIEHR%I0T 5,
o FEE (I Write_byte to USBDIFIF O —
- swap_bit BE#DENM

AHLTELShItT—XDE Y HLLE%&EET%Readbacker& Z 0
01234567 -> 76543210 : FPHXA S DT —X 10y FEMNEFEICHE >TWAED T, 7Y FEAEBIZHED LD ICANEZR S
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Data Receiver (DATA FPGA) D&

CLK(200M)

ROC_BLOCK

BCO(10M)

CLK90(200M) DATA_OUT 0 [31:0] DATA_OUT_0[31:0]
DATA_OU.T_O_O[ZS:O] T::O [31f] DATA_OUT_1[31:0] DATA_OUT 1[31:0] :
ATA 0 2 [31:0] 7 - » :
DATA_OUT_0_9[25:0] ﬂﬁ_g_g 518} g N DATA OUT 2 [31:0]
DATA_IN_0[71:0] (10+10+26+26) DATA-OUT 0_26(25:0] AT T PATA QUT 3 [31.0] > DATA OUT 3[31:0] >
DATA_IN_1[104:0] (26+26+26+26) _ i o > — b
DATA_OUT 0_51[25:0] 7 o5
SHIFT_IN
SHI FT—EN DATA_OUT_1_0[25:0]
LATCH '
D oo | LseLrol .
' “| MsBI7:0] -
DATA OUT 1 51[25:0] o -
OUT_CLK(125M) [
RST(125M (- RIHA)
SHIFT OUT
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Phase follower

e 26x2 LVDS are connected to Data FPGA

« No PLL (for each data line) and No clock recovery algorithm.

* Phase follower is implemented at 1st stage of receiving data
« Algorithm to latch the receiving data with appropriate timing.

| Co |
| | I
LVD'S buffers 20 bit parallel data, vald for 10 CLK periods DataJl N I
I I |
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Concern with bus-extender

|t the waveform of data is distorted
by bus-extender too much, the data
timing needs to be reconsidered.

* 90 degree should be better than 1807?

Data

2021/6/22

Readbacker & Z dfth

Eye-diagram w/o bus-extender
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Deserialized 20 bit Data Word is sampled on every clock for a Sync Word pattern

If Sync Word is found, ring counter to 10 is restarted

If there were no Sync Words detected in 1024 consecutive clocks, RST is issued to deserializer

+»| Deserializer Block ' >
— -+ 4
- — ' LATCH 20 bit
(= Parallel
o) SYNC_WORD_FLAG Data
=
g Sync Word Checker
A
o
[} RESTART CNT
F
10bit Ring ‘| Data Latch
Validity Counter Sequencer
Counter 10 10 jo—

Data Latch Sequencer sends Latch request whenever
 Sync Word is detected
* Counter reached threshold value (assume Data Word)

If Latch is sent for the Sync Word
If Latch is sent for the Data Word

=2 DATA_OUT =0 (remove Sync Words)
= DATA_OUT =DESERIALIZED_DATA

« Sync Word Checker

« VHDL : sync_block.vhd

« Sync word : 0000_0000_0000_0001 DK
SYNC_WORD=17%Z=H 7

» Deserializer FPHX

« SYNC FLAG: —ESync7—FAFEB L=
ITo&1, Uty a3 ESyncHh N

 BDIF

« CNT=00101(17> Z &)

e DF Y. F—XE20BHDIEIAA TR Y
T5(%79)

e Datan & > HDOHE
« Sync7— K (0000_0000_0000_0001)=Clock.
FNLUNET—"T—F

e Latch=WRITE EN
« W VRTIL—T9%
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ReadBacker D Bh{EREE?

1. BREEDZAHE DT R B
@ LVDSEMICMEZHTE L Writers & > &1
@ Read’h & > L. BREEH ZGH LT D HHEER

2. Uty MMEDT 7 I MEDNFEAHESD AT X b
@O FFRARZ AL T, Fv7&2/ "—FU+tv b
2 Readh& v =L, XTEN A HEE D HHEED

- HEREOWEAEN, ? HERIFLVDSERMEIZLI67Z 7z EIHRE LRI
* Register I5OFHMENLIRE L& D B/ > 7,

+ WriterR 2 > DRRENE & 3 5 A T
—--mmm-mm
&t B 1 112 144 176 70

FIER{E 1 1 3 16 32 48 80 112 144 176 416 O|4 4|O 4|2 O|5 16
70 4 64 34 5
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Address Name Bits Default Notes
1 Mask N/A N/A  Set Command = Mask Channel
Reset Command = Unmask Channel
Data bits D6-D0 = Channel Address
Data bit D7 = Global Command (i.e. Mask all channels or Unmask all channels)
2 Digital Control 7:0 1 Bit 0 = Active Serial Lines (1=Two, 0=0ne)
Bit 1 = Accept (1=Accept Hits, 0=Reject)
Bit 2 = Global Inject Enable
Bit 3 = Serial Output Order
3 Vref 1:0 1
4 Threshold DAC 0 7:0 8
5 Threshold DAC 1 7:0 16
6 Threshold DAC 2 7:0 32
7 Threshold DAC 3 7:0 48
8 Threshold DAC 4 7:0 80
9 Threshold DAC 5 7:0 112
10 Threshold DAC 6 7:0 144
11 Threshold DAC 7 7:0 176
12 N1Sel 3:0 6
12 N2Sel 7:4 4
13 FB1Sel 3:0 4
13 LeakSel 7:4 0
14 P3Sel 1:0 0
14 P2Sel 7:4 4
15 GSel 2:0 2 Gain Select
15 BWSel 7:3 4 Bandwidth Select
16 P1Sel 2:0 5
16 InjSel 5:3 0
17 LVDS Current 7:0 16 1mA LVDS drive current for each active bit
18 Programmable N/A N/A Reset1 - Set Command - core Reset

Resets
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Reset 2 - Reset Command - time Reset
Reset 3 — Default Command - unus
Reset 4 — Write Command - Fﬁﬁﬁg@éCker &X Dt
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ReadbackerzEA7=-DICEZFEL7-C &

- FPGA

« FEM-IB :
« USBRZ A NRX(FTDI)DRD#ZDH B & 512, FPGAO K Y T7H A4 v & L7-(A12)

e USB-IFEY 2 — /LS

« RD=Hin& &, NXDOAMAZFPGA->USBIZ L T, ReadBacklL T&7/T—4X%7Rd

e Receiver®y 2 —I/LDOYIE

« ReadBacklL TZ7:7—% %9 - L 1R&F., (RDReadBackT — X HE 3 x THRTF)

e TRXIEVOHAN

« FEM-SlowControl
e TXIEYOHAN
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15
14
13
12
11

ROC_DATA
DATA_TO_SERIAL_OUTPUT
DATA_OUT_SC_int
SC_DATA_IN(9)
WE_SC_VME_int

Readbacker & Z Mt

1

O N W N

DI_SC VME
DATA TO USB(0)
DATA_TMP(7)
READ_USB
DATA_STRB(WR)
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GUIV 7 b7

 Nevis_gui_for_calib3.py
« Read registerf8%# % BusE
« READO) A v R +Z v avaERLTILY R ZHAET
o EIALEZIEWRITE(D)RSET(2) ETBZETLYRRICEESAADD, T—XEHAHT,
READ(0) TlEEZXAZT, mAHLT X7 IFaRMYHIT A TE S,
« TV X
Write_bytes_to_targetB8# CREAD I~ >~ FZFPHXF v 712%(E .  [EEABitBang Tix(E
« Read_bytes to USBEI#{ CFEM_IBIZ/R > T Z 7-ReadBack7— % %#Hx Y 3 : FERHEABItBang
« Swap bit: T—4DEy riEKREET B,

e 77 AIILFDONAF Y FT—XAHUSBICERZET HR KV ICRead R & > & BN
. EERH,

« fphxtb.py
« Read bytes to USBES# % &/
« Async bitbang®E— K TT =4 NNXDIFR*107 %,
« FPGAA 5D F — % (ReadbackT— %) &Y HY
o EZ(IWrite_byte to USBDI|ZIFaE —
« swap_bit B D&M

o SMAHLTEALSbItT—XDE Y MIBEZKET 5,
2021/6/2 01234567 -> 76543210 : FPHXA D F — %@é@%%&ﬁzﬂéﬁ%ﬁﬁﬂ@?fbé@f\ Ty FEMELEICERS LD CC]\Q%LEE?L%



Algorithm of phase follower

« Data is latched with 4 different phases
of the clock(200MHz).

« 0,90, 180, 270 degree shifted respectively

e |f data is found at CLK first, data at
CLK180 is received.

« Algorithm is explained in

e https://www.phenix.bnl.sov/WWW/publish/
brooks/silicon/reviews/Nov08/FVTX%20Re
adout%20Electronics%20Details.pdf

2021/6/22 Readbacker & Z dfth
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https://www.phenix.bnl.gov/WWW/publish/brooks/silicon/reviews/Nov08/FVTX%20Readout%20Electronics%20Details.pdf
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