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Figure: Calculation of the TIE, from SDA6000A manual, LeCroy

Dmytro Levit (TUM)
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Previous GCK Measurements

A r'y

StdHor Plrise(C3) P2fal(C3)  P3period(C3)  Pafreq(C3)  PSiwith(C3)  PBduty(C3)  Pridelay(C3)  Panpoints(C3)
value 285ps 309 ps 13117 ns  76.238674 MHz 6591 ns 5025%  -47.398902 ps 2.000000e+6
status v v v v v
SDA Eye EyeHeight ~ EyeOne EyeAmpl EyeWidth EyeCross  EyeBER
value 1853V 1081V 2427V 626ns 581 % 4.08e120
status v v v v v v
SDA Jitter  Tile-15)  Ring)  Din@)  BitRate B =] DCD DD}
value 8274ps  46Bps  1398ps 153Mutl. 846212  00ps  B2ps  62ps
status a a a v v v v v

470 micliv

1.08 nsidiv Z MS

68.722 kit X1= 523ps A=

X2= 523ps 14BX= -

Figure: GCK after 15 m Cameralink cable with clock buffer
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Previous GCK Measurements
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ry ry
StdHor Plirise(C3) P2al(C3)  PIperiod(C3)  Pafreq(C3)  PSwilthC3)  PEAWy(C3)  PTdelay(C3)  PEnpoints(C3)
value 1.006 ns 1.008 ns 13104ns  76.312914 MHz 6522ns 50.00%  -47.399174 ps 2.000000e+6
Status v v v v v v v v
SDAEye  EyeHeight EyeOne EyeAmpl EyeWidth EyeCross  EyeBER
value 2559V 1445V 2855V 627ns 4950% 531e-186
Status v v v v v
SDA Jitter Ti(1e-15) Ri(ney) Dj(np) BitRate Pi (=] DCD DDj
value 8389ps  S10ps  868ps 153Mbt.. 3506ps  00ps  59ps  59ps

v v v v v v

XK1= 523ps QK=
X2= 523ps 14DX= -

Figure: GCK after 1m infiniband cable




GCK Generation, Initial
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GCK Generation, for Lab setups, since Dec 2015
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« Why? We didn’t have enough 127.21 MHz oscillatiors
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First GCK Measurements
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Figure: GCK after synthesis in FPGA (from 2012)
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Improved GCK

ry A
Measure Pliperiod(C3)  P2frea(C3)  PIfwhm(F1)  Pdifren(C2) P5i- PEi-- -
value 13.092ns 76.382 MHz 270ps
mean 1310110ns  76.32950 MHz 27035 ps
min 13081 ns  76.074 MHz 270ps
max 13.145ns 76.561 MHz 270ps
sdev 837ps 48.75 kHz
fum 68.667e+3 68.687e+3 1
status v v R
histo ‘ A
SDA Jitter Ti(1e-15) Ri(sp) Di(sp) BitRate Pi (=] DCD DD}
value 158.00ps  592ps  6390ps 153Mbt. 2524ps  00ps  538ps  538ps

status

v v v v v v

Xi= 523ps X
X2= 523ps 1/8X= -

Figure: GCK after 15 m CameraLink cable with the clock buffer
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Improved GCK
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i

Measure Pliperiod(C3)  P2freq(C3)  P3fwhm(F1)  Pd:freq(C2) PS- [
value 13116ns 76244 MHz 155ps

mean 1310110ns 7632968 MHz 15.487 ps

min 12943ns 75270 MHz 155ps

max 13286ns  77.262MHz 155ps

sdev 2077ps 12098 kHz

num 53424843 53.424e+3 1

status & a R

histo 'y A

SDA Jitter  Tile-15)  Risp)  Di(sp)  BitRate P [E] DCD DDj
value §733ps  340ps  331ps 153Mutl.  S004ps  0O0ps  256ps  256ps
status [ & & & &

470 mvidiv

Figure: GCK after 15 m CameraLink cable without the clock buffer

XK1= 523ps QK=
X2= 523ps 14DX=
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Improved GCK
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i
Measure Plperiod(C3)  P2freq(C3)  Pafwhm(F1)  Pd:frea(C2) PSi--- PE-- - [ [
value 13108ns  7B.302MHz 148ps
mean 1310108ns 7632952 MHz 14803 ps
min 13073ns  7BATTMHz 148ps
max 13127ns  76492MHz 148ps
sdev S74ps 3342kHz
num 65.688e+3 65.688e+3 1
status v v kS
histo F A
SDAJitter  Tj(1e-15)  Ri(sr)  Di(sp)  BitRate i} sl [ole] 0Dj
value 7435ps  385ps  1343ps 153Mbt.. 2085ps  00ps  3Bps  36ps
status v v v v v v v v

0
K= 523ps  OX=
2= 523ps 1iAX=

Figure: GCK after 1m infiniband cable
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Data Link
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Signal Eye Diagrams

i

SDA Jitter  Tile-15)  Risp)  Di(sp)  BitRate Fj =] DCD oD}

value 41918ps  21.01ps  87.92ps 20btfsec 10890ps  897ps  SBps  897ps

status & & a v a a a

SDA Eye EyeBER EyeHeight EyeWidth EyeCross EyeOne EyeZero EyeAmpl  EyeER EyefwvgPwr  MaskOut  MaskHits

value 1611224 1065V 416ps  528%  7E2mV  T4dmyY 1526V - 19mY 11719e+6 1772446
& a a a a a a a a &

Stop 760 MY
Edge  Negative
X1= 830ps  AX=  -306ps
X2= 525ps /b= -327 GHz

Figure: DHPTO link with all DHPTs in phase

GCK phase (to trigger) = 78
ref clk dly=0

pll_cml_dly =2
idac_cml_txbias = 58

« idac_cml_txbiasd = 255
Dmytro Levit (TUM)



Signal Eye Diagrams

SDA Jitter  Ti(1e-15)  Ri(sp) Di(sk)
value 41400ps  2033ps  9299ps
status & & a
SDA Eye EyeBER EyeHeight EyeWidth
value 5636e24 1072V 428ps
status o & Y

DDj

69.2ps
a

EyeER EyeAvgPwr  MaskOut  MaskHits

19mY 10383e+6 157.04e+6
a [y a

760 MY
Negative

X2= 525ps 1/hX= -3.27 GHz

Figure: DHPTO link with long reset

GCK phase (to trigger) = 78
ref_clk_dly = 11
pll_cml_dly =2
idac_cml_txbias = 58

« idac_cml_txbiasd = 255
Dmytro Levit (TUM)
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Signal Eye Diagrams

ref_clk_dly = 11
pll_cml_dly =2

idac_cml_txbias = 58

« idac_cml_txbiasd = 255
Dmytro Levit (TUM)

GCK phase (to trigger) =

SDA Jitter  Tj(1e-15) Ri(sp) Di(sp)

BitRate

value 396.22ps  2105ps 6523ps 2Ghitisec
status & & & v
SDA Eye EyeBER EyeHeight EyeWidth EyeCross

value 9.168e-24 1070V 460 ps
& & &

526 %

Fj
81.70ps

EyeOne
783 my

=]
925ps
&

EyeZero
746 my
&

DCD
72ps

EyeAmpl
1530V
&

DDj
925ps
a

EyeER EyeA:

&

wgPwr  MaskOut  MaskHits
19mY 117.33e+6 177 45e+6
& a H

X2= 525ps 1BX= -327 GHz

Figure: DHPTO link without long reset

78
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Signal Eye Diagrams

e ref clk_dly = 11

e pll_cml_dly =2

« idac_cml_txbias = 58

« idac_cml_txbiasd = 255

Dmytro Levit (TUM)

i i
SDA Jitter  Tile-15)  Risp)  Di(sp)  BitRate Fj sl DCD oD}
value 4681ps  216ps  1316ps 20btisec 14110ps  1006ps  1dps  1028ps
status & & a v a a a a

SDA Eye EyeBER EyeHeight EyeWidth EyeCross EyeOne EyeZero EyeAmpl  EyeER EyefvgPwr  MaskOut  MaskHits
value 308924 1084V 367ps  490%  78BmV  742mV 1529V - 23mY 13040e+6 197 23e46
& & a a a a a a a &

X2= 525ps 1/hX= -3.27 GHz

Figure: DHPTO link without ground connection

GCK phase (to trigger) = 78
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Signal Eye Diagrams

i
SDA Jitter  Ti(1e-15)  Ri(sp) BitRate Fj =] DCD oD}
value 46690ps  2443ps  8343ps 20btisec 87.25ps  1817ps  1M9ps  1882ps
status & & a v a a a
SDA Eye EyeBER EyeHeight EyeWidth EyeCross EyeOne EyeZero EyeAmpl  EyeER EyefwvgPwr  MaskOut  MaskHits
value 32916e-9  293my  393ps  S15%  326my  281mV 607 mY - 23mY 11784es6 17704846
& & a a a a a a a a

1= 830 ps 6 ps
X2= 525ps 1iAX= -3.27 GHz

Figure: DHPTO link after 1Tm Infiniband

GCK phase (to trigger) = 78
ref clk dly=0

pll_cml_dly =2
idac_cml_txbias = 100

« idac_cml_txbiasd = 255
Dmytro Levit (TUM)



Summary

« We found a bug in the lab firmware, which caused high clock jitter
« Software programming of the Si5338 cleaned up
— precize frequency generation (e.g. 62.5 MHz in EPICS generates 62.5 MHz)

« Ground connection between PXD9 and DHE improves jitter
« All four links work for hours, then fail simultaneously

— high deterministic jitter on the data line
— FFT of the jitter show peak at 9.54 MHz (GCK/8)
— with or without CameralLink cable

« Observed the influence of the phase of different modules on the jitter shape
— changed parameter ref clk_dev_dly

« If you change GCK phase, do not use long_reset with DHPT 1.2b: it will re-calibrate the phase
— it would be nice to have some information about the mechanism of the phase calibration

« DHPT temperature sensor returns unphysical results
— Temperatures: DHP1-135.29 DHP2-138.72 DHP3-202.47 DHP4—-200.01

Dmytro Levit (TUM)

19



	GCK Jitter
	Data Link

