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Optical Loop Back Test
for ODMB7 Preproduction
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Simple counting gives 17 tx and 17 rx, but not all of

BaSiC idea them go into the FPGA

» All TX ports sending PRBS signals g . . £ W - E— _.g - - o4
» All RX ports verify for errors f A C 2 ?ﬁ“ig:s '0 H B siess il 3
» Does not have to be 1-1 with TX ports =
i
» Data flow: ]
» FPGA — B04 — B04 — FPGA (4 1 e : :
e Hines HE % . 517, This test relies on
» Multiplier (12x) — T12 — R12 — FPGA é ? = = e o L i'l:.g,,u%]d PRBS generator and
» FPGA — Finisar — Finisar — FPAG (1 line) g § _ 3. el [ ] heck side th
i — cnecker Insiae ine
» All related pins are added to constraint = .
fle L . FPGA (GTH
E 7] transceliver)
g =
: '
BO4:4in,4out| —__ @ ?
T
T12: 12 out il % 16 PRBS
SR TN T ng generators/checkers
Finisar: 11in, 1 out| — = in this version

Firmware compatible with ODMBY7 is here:
https://github.com/wsicheng/ODMBDevelopment/tree/master/Single TestF\Ws/optical ibert _gth
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5 IBERT Test on ODMB7 UCSB

- Qverview for IBERT test

+ An automated Bit Error Rate test, simple to implement

MGTs

) R — -t O IRt v e
+ Same config need to be applied to each quad PRR M 1 denmnmAl
DA RX 2T Ae—IMGTHRXP2_224 2 MGTHTXP2_224|—AE2
I\ - - MGTHRXNZ2 224 MGTHTXNZ 224
gl s M i i G R e
m
0| wBEeCLE AT homerouor o
Firmware goals S e
2 | semtt—— 4 ponmon o 4 ommeezie
+ Test that all optical transmitter lines are working properly PR Menmees 5 el
. , gl . o 3 N Qe
+ All the ports need to be COIlflg to the same speed T SRt wommeazs 7 MoTimes A%
° - : T B REFCUCE N ABs NTREFOLICR 222
. COmplled IBERT firmware in 12.48 Gb/S and 4.0 Gb/S Z:l Yo MGTREFCLKP 225
» 4.0 Gb/s motivated as Finisar for the SPY channel only support up Logiat—vigommee 8 wenmom
to 4.0 Gb/s nominally i v WETRTAR O MR
' . . saacion T eReaE () MrmeRzrw  PC
» Both firmware versions have all TXs and RXs activated MRS 2 hommeizs 44 wommesa RS0 NG
» Can set SPY_TX_P/N to low power mode (effectively switch off) as £ .
° ° ° ° T5 1
a protection in the 12.48 Gb/s version, this need to be done by Tcl T o
. ® 5K PRS N i IMGTHRXPO_227 12 MGTHTXPO_227 — DAQ TX 1 N
o MGTHRXNO 227 MGTHTXNO 227
script/manual after firmware loaded to the FPGA T ey P VR LY
* AUt ted Eve S +BitE Rate test bv Tcl Ot L | B 14 wmrt SR
(2
utomated bye ocan -+ DIt LITOT Rate test by 1€ 5Chp lmpippmens 15 mema-e——ag
» runScan.tcl RS B e
& REFClC i s —omercur 2




= Auto IBERT Procedure UCSB

+ Step 1: Preparation
» Connect to board and load firmware *

IMPLEMENTATION
» Run Implementation

> Open Implemented Design ¢ 2

» Edit the constants at the top of runScans.tcl General | Froparie

PROGRAM AND DEBUG

o Tcl Console
}i Generate Bitstream

I B EE

v Open Hardware Manager

+ Step 2: Run script from the Tcl console *
» source r‘unSCanS .tC]. Program Device

Add Configuration Memory Device

<
source ./runScans.tcl

+ Step 3: Evaluate results from “Serial /0O Links”
» Verify that the Link status are good

» Verify that the Error count is stable at one

: Serial 1/O Links
: o T ¢ +
» Look at the IBERT scans plots (next slide) : |
Name TX RX Status Bits Errors BER BERT Reset TX Pattern
Ungrouped Links (&
Link O MGT_X0Y12/TX MGT_X0Y12/RX 10.000 Gbps 4,16E14 1EO § 2.404E-15 [ Reset } PRBS 7-bit v
Link 1 MGT_X0Y13/TX MGT_X0Y13/RX 10.000 Gbps | 4.16E14 1EQ | 2.404E-15 | Reset | PRBS 7-bit v
Link 2 MGT_XOY14/TX MGT_X0Y14/RX 10.000 Gbps | 4.16E14 1EO | 2.404E-15 [ Reset | PRBS 7-bit v
Link 3 MGT_X0Y15/TX MGT_X0Y15/RX 10.008 Gbps 4,16E14 1EO | 2.404E-15 [ Reset ] PRBS 7-bit v
Link 4 MGT_XO0Y16/TX MGT_X0Y16/RX 10.000 Gbps 4,16E14 1EO § 2.404E-15 [ Reset } PRBS 7-bit v
Link 5 MGT_XOY17/TX MGT_X0Y17/RX 9.995 Gbps | 4.16E14 1EQ | 2.404E-15 | Reset | PRBS 7-bit v

* Firmware and the automated script can be found at:
http://hep.ucsb.edu/cms/odmb_noCVS/firmware/odmb7/preproduction/optical_loopback_ibert/
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IBERT Eye Scan
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» The scans will pop up one by one during the script running
» The Open area should be the main indicator on link quality

Running eye scan will create errors to the link, so
it's normal to see error count increase during running
of the eye scan, and the link shall be reset afterward

HARDWARE MANAGER - localhost/xilinx_tcf/Digilent/210308ABOEGE ?
Hardware ? 00X hw vios Scan Plots - Scan 0 Scan Plots - Scan 1 Scan Plots - Scan 2 Scan Plots - Scan 3 Scan Plots - Scan 4 Scan Plots - Scan 5 200
Q| = | & & i ® 6 I C ©® | Contour (Filled v
Name Status Unit Interval

f localhost (1 Connecte(™ BER
B xilinx_tcf/Digilent/210308AB0f Open 0.5 0.4 0.3 0.2 . 0.1 0.2 0.3 0.4
{8} xcku040_0 (2 Programm
SysMon (System Monitor
Y : 80
IBERT (u_ibert_gth _core
N = — = 1.0e-02
% Quad_227 (= "g 5.0e-03
COMMON_X0Y3 Qpllo Lock T 30 1.0e-03
L MGT_X0Y12 10.002 Gk & 5.0e-04
[y MGT_X0Y13 10.000 Gk % - B 1.0e-04
[ MAT YNV A 10 nnn ~kY = ) 5.0e-05
£ g 1.0e-05
5.0e-06
Link Properties ? 00 X -70 1.0e-06
Link 7 <= & S5.0e-07
1.0e-07
-120
Name: localhost: 3121 /xilinx_tcf/Digilent/210:
Description:  Link 7 Summary Metrics Settings
Status: 10.000 Gbps Name: SCAN_O Open area: 6144 Link settings: N/A
Description: Scan 0 Open Ul %: 66.67 Horizontal increment: 8
Started: 2020-Nov-05 15:07:03 Horizontal range: -0.500 Ul to 0.500 UI
Ended: 2020-Nov-05 15:07:09 Vertical increment: 8

< 2 Vertical range: 100%

General FProperties

Tcl Console | Messages | Serial I/O Links | Serial IO Scans ? 00

Q = = (&

Name Link Link Settings Reset RX Scan Type Status Progress Open Area Open Ul % Horz Incr Horz Range Vert Incr Vert Range Dwell Dw
Scanl Linkl 2d_full_eye Done s 100% 8448 77.78 8 ~ -0.500UIto 0.500UI ~» 8 v 100% v~ BER v le-a
Scan 2 ‘Link 2 2d_full_eye Done s 100% 6400 77.78 8 v -0.500Ulto 0.500Ul ~» 8 v 100% +v BER v le-
Scan 3 Link 3 2d_full_eye Done P 100% 5568 55.56 8 v -0.500UlIto 0.500 Ul ~» 8 v 100% v BER v le-
Scan4 Link 4 2d_full_eye Done P 100% 7360 66.67 8 v -0.500UlIto 0.500 Ul ~» 8 v 100% v BER v le-
Scan5 Link 5 2d_full_eye Done P 100% 7168 66.67 8 v -0.500Ulto 0.500 Ul ~» 8 v 100% v BER v le-
Scan6 Link 6 2d_full_eye Done P 100% 3648 55.56 8 v -0.500Ulto 0.500Ul ~» 8 v 100% v BER v le-
Scan7 Link7 2d_full_eye Done P 100% 5824 66.67 8 v -0.500Ulto 0.500Ul ~» 8 v 100% v BER v le-,

< >
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> More Details on the Script ~ UCSB
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+ Configurable constants set DEVICE_NAME {xcku@4e_o}

» FPGA name set PRBS_PATTERN {PRBS 31-bit}
» The PRBS pattern sent and checked by TX/RX set progranfpga @
» Auto load firmware with the script (need to specify filename) set bitfilename {}
» Disable the SPY TX P/N channels set disable_spy_tx ©
- Setto 1 for the 12.48 Gb/s version, O for the 4.0 Gb/s version set tag "test2"

» Tag: suffix to the log file

+ Steps performed by the script
» Make a link between each available txs and rxs
» Reset all good links and inject 1 error

» Config and run Eye Scans on each good link

+ The open area, open percentage, horizontal percentage and vertical
percentage will be written to a log file

» Reset again and inject 1 error

» Loop to fetch the BER values in certain time period

- Write total bits received, error count, bit error rate (BER), RX pattern
each turn into file for later plotting/analysis

* https://github.com/wsicheng/ODMBDevelopment/blob/master/SingleTestFWs/optical_ibert_gth/scripts/runScans.tcl



