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I. JITTER MEASUREMENT USING A DIGITAL SCOPE

A. Setup:

e One RF generator — 100kHz-2000MHz - HP 8648B for the 3 RF signals 10MHz, 40MHz,
400MHz.

e 1 tester board equipped with typical TTC components:

(0}

O O0OO0Oo

(0]

One ECL comparator (AD96685)

One PHOTON ECL laser (0-300MHz), type PT5343 (the input is AC coupled)
One optical fiber (single mode, ST/PC)

One 20dB attenuator

One Optical receiver type TRR-1B43-000 (0-115MHz)

One ECL coax cable driver type MC100ELS89 (the input is AC coupled)

e 1 Lecroy oscilloscope type Wavepro 7100 1GHz
e 1 Generator type Tektronics AFG3252 240MHz for the 5ns pulses

ECL

comparator  coupling

AC PT5343 Alt. TRR  AC Coax cable
6dB coupling driver

| taser L () Receiver |
5 Hb L 1
vy . . Lemo
|\D|fferentlal Probe coax
RF
generator
| | Matched
(10MHz- Tee
400MHz)
Cl1 ©26C3
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‘Digital’ Optical Transmission Tester Board

Differential o ECL comparator
Probe (C2) PHOTON | type AD96685
laser
P Optical
¥ connector with

- s ol 20dB attenuator
REinput | Nk il o o gaasas
signal (=C1) T
TRR (optical LT e L §
receiver) o v 1

Lemo coax cable,
output of the ECL
driver (C3)

ECL Coax
Cable Driver
tvoe 10FL 89
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B. Results

1. 10 MHz

File “erical Tim g Trigger Dis ure hath A Utilities  Healp 2| Setup...

c2
[E—— [ PO S P P— b - .
Fy
Measwure P1:skew(C1 C2) P2dper@iviC1)  P3per@iviC1)  Pddper@iviC2) PE:freqiC2) PEskew(C1,C3) P.dper@hiC3) PSskew(C3C2)
walue -3.763 ns -159 ps 99570 ns 2892 ps 9.95745 MHz 15782 ns -146 ps -19.509 n=
mean -375216 ns 267 1= 9999979 ns -318 s 9.959908 MHz 1579274 ns 482 {s -19.51070 ns
min -4.163 ns 923 ps 99.431 ns 472 ps 9.9745 MHz 15346 ns 425 ps -19.578 ns
s -3.411 ns 822 ps 100.503 n= 403 ps 10.0256 MHz 16149 ns M7 pz -19.441 ns
stley 8622 ps 203.03 ps 119.08 ps 11034 ps 6.331 kHz 85.81 ps 11628 ps 1839 ps
num 22779e+3 20128e+3 22 .500e+3 19.655e+3 23832e+3 21.393e+3 19.512e+3 21.735e+3
b b b

F1 FFT(C1)

212Ti2006 4:44:38 PM
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2. 40 MHz

e Trigger

Dis

Utilities

Help

[iWe
SRR AT R AT N A IR AN AR R R AT RN AT AR AT AV R,
R R L B e 5 Rt 9 10 A R 1 o By S R S
R L L o o L S R L
I L O OO T O O
e e R e e e e e
R L[ NI S Y I N VR 1Y) U\..U‘-u\‘ R S T L R L PRV 1}
] ) AL-F-A) ] A M -
N g A e g g g 0 i
RESNEERNEEDAREAAREOYREBRNREANREANEEANREA)
L W [ W SP L W Y R Y Y ) S
Measure P1:skew(C1 C2) P2dper@iviC1)  P3per@hiC1) P4:dper@jv(€2) PE:freg(C2) PEskew(C1 C3) PT.dper@hviC3) PSskew(C3C2)
walue -4.135ns Jps 24850 nz -16 ps 39968 MHz 4745 ns 97 ps 5.602 ns
mean -4.20306 ns G4 fs 2500018 ns -28fs  40.00020 MHz -9.76723ns 151z 560222 ns
min -4.352 ns 2T ps 24809 nz -192 ps 39530 MHz -9.960 ns i ps 5493 ns
s -4.085 ns 254 ps 25153 ns 151 pz 40.159 MHz -9.596 ns 201 ps 5712ns
i swers v amtes  2iwens  ames  2oes 2imes 2simes
status 4 v 4 v 4
F1 FFT(CT)

J2TI2006 4:48:58 PM

A
Measwure P1:skew(C1,C2) P2dper@iviC1)  PIper@iviCl)  Pddper@hiC2) PE:freqiC2) PEskew(C1,C3) PT.dper@iviC3) PS:skew(C3C2)
walue -4.221 ns -109 p= 24954 ns -33 ps 40.063 MHz -9.780 n= 19 ps 5584 ns
mean -4.20031 n= -26fs 2500004 ns -15fs 3999999 MHz -9.76423 ns -1 1= 560287 n=
min -4.420 ns -422 ps 24782 ns -186 pz 39.795 MHz -9.990 n= 243 ps 5477 ns
s -4.039 ns 3596 ps 25257 ns 187 ps 40186 MHz -9.558 nz 223ps 5724 ns
stley 42 69 ps 97 85 ps 56.86 ps 5258 ps 4932 kHz 4590 ps B1.16 ps 3369 ps
num 231Te+3 23133e+3 23160e+3 2314243 231Te+3 231T1e+3 23142e+3 23171e+3
status 4 4 4 U 4 4 4 4

imebaze

2I2Ti2006 4:49:40 PM
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3. 100 MHz

e Verical Timebase Tringer Display Cursors Measure  Math  Analysis  Utilities Help
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Measure PliskewrCl C2) PZoper@ivicl)  PEper@ivicl)  Pddperdhic2) PSfreq(C2) PEskew(Cl C3 PT.dper@iv(CE)  Poskew(C3,02)
walue -4.056 ns S3ps 10024 nz 52ps 99 .86 MHz -4 768 ns 48 ps BEO p=
mean -4.06279 ns -281s 10.00044 n= -62fz  99.99947 MHz -4 78293 ns -165 f= E74.09 ps
min -4139ns -149 ps 9913 ns -66 ps 99 BES MHz -4 868 ns 147 ps B19ps
s -3.996 ns 151 ps 10095 nz B& pz 100.348 MHz -4.703 ns 128 ps 728 ps
stley 1883 ps 4431 ps 2544 ps 1862 ps 9521 kHz 2432 ps 3649 ps 15.86 ps
num 4 228e+3 AT e+3 4 228e+3 AT e+3 4 228e+3 4 228e+3 3AT1e+3 4 228e+3

status

4 v 4 v

J2TI2006 4:51:02 PM

File Vetical Timebase Trigger Display Cursors  Measure  hath  Analysis  Ulilities  Help
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A
Measure P1:skew(C1 C2) P2dper@iviC1)  PIper@hiC1)  P4dper@h(Cc2) PE:freg(C2) PEskew(C1 C3) PT.dper@hviC3) PSskew(C3C2)
walue -4.055 ns -62 ps 95965 ns 22pz 100.118 MHz 4810 ns 101 ps BSE p=
mean -4 06210 nz 26 fz 999995 nz -751s 99,9999 MHz -4 78188 nz 53fs E73.57 ps
min -4.13 ns -164 ps 9904 ns -69 ps 99 64 MHz -4.871 ns 137 ps BOS p=
s -3.991 ns 184 ps 10104 nz B& pz 100.38 MHz -4 686 n= 131 ps 738 ps
stley 1861 ps 4396 ps 2528 ps 1843 ps 965 kHz 2421 ps 3704 ps 16.26 ps

num 12127e+3 11 .556e+3 12.198e+3 11 .456e+3 11 .556e+3 12.198e+3 11.556e+3 12120e+3
4 v 4
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Measure P1:skew(C1 C2) P2dper@iviC1)  PIper@hiC1)  P4dper@h(Cc2) PE:freg(C2) PEskew(C1 C3) PT.dper@hviC3) PSskew(C3C2)
walue -4.0582 ns -24 ps 959581 ns 35 ps 99.509 MHz -4.782ns -Tips B97 p=
mean -4.06249 ns -Ofs 10.00002 ns -1fs 9999997 MHz -4 78168 ns -4 fz E73.47 p=
min -4.153 ns 192 ps 9904 ns -T7 ps 99 560 MHz -4.893 ns 157 ps B0S p=
s -3877 ns 196 ps 10118 ns 84 pz 100.449 MHz -4 673 ns 148 ps 736 ps
stley 1865 ps 4421 ps 2540 ps 1834 ps 10501 kHz 2432 ps 37T ps 1618 ps
num 59 .958e+3 59 .964e+3 59 976e+3 29 .976e+3 59 .958e+3 59 .955e+3 29 876e+3 59.955e+3
status 4 v 4 v 4

F1 FFT(C1)

0.0m om

-310 m -681 my

J2TI2006 4:52:39 PM
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4. 200MHz

e Vedical Timehase

Trigger Display

Cursors  Measure  Math

Analys

is  Utilities Help

cz

i
!
_\,
A

f f f

s minimbakwimmi g r

! L VLo iR AL A ] AL

Y Y B \f MY ViV WY \J
Measwure P1:skew(C1 C2) P2dper@iviC1)  P3per@iviC1)  Pddper@iviC2) PE:freqiC2) PEskew(C1,C3) P.dper@hiC3) PSskew(C3C2)
walue B30 ps B ps 5.000 ns 25 ps 199 64 MHz -82 ps -19 ps Tdps
mean E36.91 ps 5fs 499993 nz -13fs  199.9995 MHz -106.57 ps 27 s 73655 ps
tmin 589 ps -T2 ps 4956 ns -58 p=s 1958.71 MHz -163 p= -139 ps BES p=
s E7Sps 31 ps 5.046 ns 58 ps 201 .37 MHz -46 ps 151 pz 79 ps
stley 1012 ps 1925 ps 11.10 ps 15.00 ps 349.0 kHz 16.74 ps 3 35ps 1560 ps
num 12787e+3 11.520e+3 11 6E66e+3 10.512e+3 16.834e+3 7 6159e+3 5.910e+3 5.379e+3
status 4 4 4 4 v 4
imebaze 4.0 nz| [Trigger [C1]

Measure Math Al

212Ti2006 4:54:28 PM

Measwure P1:skew(C1,C2) P2dper@iviCl)  P3per@iviC1)  Pddper@hiC2) PE:freqiC2) PEskew(C1 C3) PY:dper@ivi(C3) PS:skew(C3,C2)
walue B39 ps -7 ps 5.001 ns 23ps 199.50 MHz -2 ps -83ps 7E9 ps
mean B36.07 ps 11fs 5.00001 ns 1 fs 2000003 MHz -108 .86 ps 0fs 73824 ps
min 596 ps -82 ps 4957 ns B3 ps 195.49 MHz -176 ps -146 pz E7Sps
s BE0 ps 88 ps 5051 ns BS ps 201 .33 MHz -42 ps 149 ps 799 ps
stley 1019 ps 19.45 ps 1125 ps 15.04 ps 349.4 kHz 1715 ps 3679 ps 1562 ps
num 39.996e+3 39.955e+3 39.992e+3 39.992e+3 39.996e+3 39.992e+3 39.955e+3 39.996e+3
status 4 4 4 4 4

F1 FFT(CT)

Bl:essing
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5. 300 MHz

Dis

e Trigger

Setup..

Measwure P1:skew(C1 C2) P2dper@iviC1)  P3per@iviC1)  Pddper@iviC2) PE:freqiC2) PEskew(C1,C3) P.dper@hiC3) PSskew(C3C2)
walue 1114 ns 17 ps 3.339ns -1 ps 300.71 MHz 1.245ns Jps 963 ps
mean -1.11655 ns 152 fs 333328 ns 188 f= 2999959 MHz 1.23249 nz 2490 15 958072 ps
tmin 1147 ns -46 p= 3303 ns -48 p= 297 91 MHz 1185 ns 115 ps 934 p=
s -1.093 ns 2 ops 3358 ns 50 ps 30262 MHz 1.285ns 138 p= 1.025ns
stley 5.81 ps 1517 ps 5.47 ps 1458 ps 7E5.2 kHz 1520 ps 3534 ps 1512 ps
num 1.155e+3 924 1.160e+3 928 1.160e+3 1.160e+3 928 1.160e+3
status 4 4 4 4 4 4 v 4

& FFT(CT)

imebaze 4.00 nz| [Trigger

212Ti2006 4:55:38 PM

A

Measure P1:skew(C1,C2) P2dper@hiC1)  P3per@hiC1)  Pddper@ha(C2) PSifreqiC2) PEskew(C1 C3) PT.dper@iviC3) PSskew(C3C2)
walue -1.093 nz 22 ps 3347 ns -2 ps 301.21 MHz 1233 ns -57 ps 989 ps
mean -1.09613 ns -1 s 333334 ns -1fz 30000014 MHz 1.23382 ns 0fs 99535 ps
min -1136 ns 62 ps 3.296 ns -BE ps 289675 MHz 1.166 ns 132 ps 939 ps
s -1.058 nz 56 ps 3.370ns 62 ps 303.23 MHz 1.295ns 158 ps 1.067 ns
stley 567 ps 14.03 ps 815ps 1470 ps 7E9.5 kHz 1475 ps 33.25ps 14 B8 ps
num 74.950e+3 74.850e+3 TE.3595e+3 T6.3958e+3 7E.449e+3 TE.449e+3 76.398e+3 76 .445e+3
status 4 4 U 4 4 4 4

F1 FFT(CT)

imebaze

202772006 4:56:31 PM
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6. 360 MHz

&

Measwure P1:skew(C1 C2) P2dper@iviC1)  P3per@iviC1)  Pddper@iviC2) PE:freqiC2) PEskew(C1,C3) P.dper@hiC3) PSskew(C3C2)
walue 1.261 ns -G ps 2775 ns 19 ps 358.3 MHz 934 ps 1ps 33 ps
mean 1.25452 ns -307 f= 277752 ns 727 fs 360.009 MHz 936.52 p= -108 f= F2542ps
min 1.229ns -32ps 2761 ns -30 ps 357 .4 MHz 894 ps =70 ps 283ps
s 1274 ns 28 ps 2797 ns 38 ps 362.9 MHz 971 ps T2ps 358 ps
588 ps 1261 ps 943 kHz 1370 ps HFT2ps 1335 ps

552 194 358 358 194 355

4 4 4

F1 FFT(C1)

-406 m?
202712006 4:57:38 PM

Measuwre P1iskew(C1 020 P2idper@iv(C1)  PIperd@@iviCl)  Pddper@h(C2) P& freq(C2) PEskew(C1,C3) PTdper@ivi(C3) PSskew(C3C2)

walue 1.253ns 2ps 2778 ns -1 ps 360.4 MHz 940 ps 18 ps H9ps
mean 1.25613 ns 0fs 277 8 ns 0fs 360.002 MHz 937.80 ps -0tz 32579ps
tmin 1.226 nz -45 ps 2753 ns -57 ps 355.8 MHz 580 ps -1ME ps 268 ps
ma 1.286 ns 46 ps 2.804 ns 21 ps 364.1 MHz 1.005 ns M5 ps 383 ps
sey 6.88 ps 1060 ps 6.09 ps 1289 ps 965 kHz 1389 ps 2787 ps 1361 ps
num 140.322e+3 140.166e+3 140.244e+3 140.244e+3 140.322e+3 140.322e+3 140.2442+3 140.322e+3
4 4 v
F1 FFT(CT)

-406 m'

212Ti2006 4:58:19 P

AB/RF and PH-ESS groups 11/19



Digital optical link evaluation 15/03/2006 Sophie BARON
Philippe BAUDRENGHIEN
Angel MONERA

7. 400 MHz

Verical Timebase Trigger Display Cursors Measure  Math  Analysis  Utilities  Help '8 | Setup...

/
| [ |
N e o e e e o S e
\/ / v v/ \/ V) v

&

Measure P1:skewe(C1 C21 P2idper@iviCl)  PIper@iviC1)  Pddper@hiC2) P&:freq(C2) PE:skew(C1,C3) PT.dper@hviC3) PSskew(C3 C2)
walue BE1 p= Ops 2495 ns Tps 395.3 MHz -552 ps 32ps 1472 ns
mean E49.96 ps 47 f= 250005 nz 45 = 399995 MHz -527 89 ps 103 f= 1.15497 n=
min B26 ps -44 ps 2477 ns -45 ps 396.0 MHz -G08 p= -107 ps 1.082 ns
ma B8 ps 38 ps 2522ns 33ps 404 .2 MHz -464 p= 106 ps 1.227 ns
sey 692 ps 114 ps 6.44 ps 11.04 ps 1.047 MHz 21 46 ps 3407 ps 2099 ps
num 3108e+3 2.436e+3 2.555e+3 1.878e+3 5.759e+3 1 694e+3 1.242e+3 935
status 4 4 L 4 v 4 4 '

F1 FFT(CT)

File ‘“erical Timebase Trigger Display Cursors Measure Math  Analysis  Utilities

Measure P1:skew(C1 C2) P2dper@iviC1)  PIper@hiC1)  P4dper@h(Cc2) PE:freg(C2) PEskew(C1 C3) PT.dper@hviC3) PSskew(C3C2)
walue B46 p= -12 ps 2494 ns Sps 400.0 MHz -543 ps 18 ps 1.130ns
mean E49.58 ps 47 i 250002 nz 119 i3 399.993 MHz -53225ps -86 = 1.15951 nz
min 623 ps -44 pg 2475 ns -46 ps 395.5 MHz -603 ps M0 ps 1.082 ns
s EYE ps 43 ps 2524 nz 45 pe 404.5 MHz -458 ps 130 ps 1.232ns
stley B.96 ps 11.06 ps B.44 ps 11.06 ps 1.041 MHz 2066 ps 32897 ps 20001 ps
num 14 651e+3 12.330e+3 14.098e+3 11.772e+3 17.332e+3 13.237e+3 11.136e+3 12.481e+3
4 v 4
FET(CT)

22712006 5:00:36 P
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Measwure P1:skew(C1,C2) P2dper@iviC1)  PIper@iviCl)  Pddper@hiC2) PE:freqiC2) PEskew(C1,C3) PT.dper@iviC3) PS:skew(C3C2)
walue B52 ps 1ps 2505 ns Gps 400.1 MHz -499 ps 2ps 1129 ns
mean B46.54 ps 0fs 250000 ns -11fs 400.002 MHz -536 65 ps -1 s 116082 nz
min E13ps -47 ps 2472 ns -52 ps 3959 MHz -619 ps 135 ps 1.078 ns
s 77 ps 45 ps 2530 ns 45 ps 404 6 MHz -44E ps 122 ps 1.236 ns
stley 6.84 ps 1085 ps 633 ps 1110 ps 1.033 MHz 2062 ps 3296 ps 19958 ps

num 57.971e+3 57.913e+3 57.942e+3 57.942e+3 57.971e+3 S7.A71e+3 57.942e+3 57 97T1e+3
4 U 4 4 4
F1 FFT(C1) imehaze 0.00 p=| [ Trigger

2127i2006 5:00:57 PM

8. Summary
Skew Jitter
100
— 80 ‘
(2]
R
5 60 - —e—skew(C1,C2)
2 0 —=— skew(C1,C3)
(2]
S skew(C3,C2)
L -  —
T,
0 T T T T
0 100 200 300 400 500
Frequency (MHz)

skew(C1,C2) skew(C1,C3) skew(C3,C2)
10 86 89 18
40 43 49 34
100 19 24 16
200 10 17 16
300 9 15 15
360 7 14 14
400 7 21 20
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Cycle to Cycle jitter (DeltaPeriod)
250
__ 200
=3
— 150 dper@Iv(C1)
_g % —x— dper@IvV(C2)
g 100 —e— dper@I(C3)
T 50 —
® —o—__o ©
0 X A——
0 100 200 300 400 500
frequency (MHz)
dper@Iv(C1) dper@Iv(C2) dper@Iv(C3)
10 203 110 116
40 98 53 61

100 44 18 38

200 19 15 37

300 14 15 33

360 11 13 28

400 11 11 33

AB/RF and PH-ESS groups 14/19
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I1. PHASE NOISE MEASUREMENT USING AN ANALOG SCOPE

A. Setup
6dB RF
HP RF attenuator
Generator

I+1 1dBm
Phase Delay (]
trombone A Splitter

-2dBm

[m——————mm - ——

Step 1: Voltmeter for
measurement calibration
(DC level)

1

-
1
1
I
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
I
1
1

e RF generator type 8662A
e Oscilloscope Tektronix type 7613 with modules 7B92A for triggering and 7A22 for very

high vertical resolution (10uV/division)
e RF splitter, attenuators and LPF (type SLP-5) from mini-circuits
e Frequency mixer type ZLW-1W

Digital

Tx

Rx

oard

20dB optical attenuator

Frequency Mixer

5MHz Low Pass Filter

DC output = a[phase between Lo and RF signals]
oise = a[phase noise]

Step 2: Scope for Phasei
Noise measurement;

Scope Tektronix

______________________________________

AB/RF and PH-ESS groups
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B. Results

First remarks:

e Contrary to the measurements done with the MITEQ link, we did not see a huge 50Hz
noise. The measured phase noise is thus the real phase noise induced by the digital optical
link.

e As the oscilloscope input has only 1IMHz bandwidth, the phase noise measurement is
limited to the DC-1MHz band.

1. 10MHz

Calibration of the measurement, using the VVoltmeter:
[10cm | 3mVswing |

Which gives us, using the relation 1cm = 33ps in vacuum,

| 110ps [ 1mV |

400 uV pkpk
= 44 ps Phase Noise

Results:

Total Phase Noise = 44 ps pkpk

AB/RF and PH-ESS groups 16/19
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2. 40MHz

Calibration of the measurement, using the Voltmeter:
|5cm | 5mVswing |

Which gives us, using the relation 1cm = 33ps in vacuum,

133ps | 1mV |

e 1mV pkpk

= 33 ps Phase Noise
e 140uV rms

=5ps rms

Results:

Total Phase Noise = 33 ps pkpk or Sps rms

AB/RF and PH-ESS groups 17/19
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3. 160MHz

Calibration of the measurement, using the Voltmeter:
|5cm | 40mV swing |

Which gives us, using the relation 1cm = 33ps in vacuum,

| 4 ps | 1mV |

1.5mV pkpk
= 6 ps Phase Noise

Results:

Total Phase Noise = 6 ps pkpk

AB/RF and PH-ESS groups 18/19
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4. Summary
Phase Noise
Frequency Phase Noise (ps pkpk) in the DC-1MHz band
10 MHz 44 ps
40 MHz 33 ps
160 MHz 6 ps

Phase Noise Vs Jitter

Phase Noise in the DC-1MHz band,

Skew jitter (rms),

Frequency Analog measurement setup Digital measurement setup
10 44 ps pkpk 89 ps rms
40 33 ps pkpk 49 ps rms
100 24 ps rms
160 6 ps pkpk
200 17 ps rms
300 15 ps rms
360 14 ps rms
400 21 psrms
AB/RF and PH-ESS groups 19/19
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