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1 DIGITAL LINKS TESTS

1.1 SETUP DESCRIPTION

400.8MHz

HP8662A Generator

AB/RF CUSTOM CRATE

IVP110 IVTU
Crate (40.08
Iprocessor IMHz

lgenerator)
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Lecroy scope 7100

o
TTC CRATE |
I

T

\VP110 |[RF T RF_Rx
Crate
processor
A
10km fibre ¥
\_/

A BT
& Ui e

Various tests were made with different transmitters and receivers. The monitored parameters were skew
jitter, period jitter on 50 to 100 us, cycle-to-cycle jitter, and rising edge slope.

The tested transmitters were OCP-STX03 and OCP-STX24 for the digital modules and MITEQ LBL-3 for
the analogue modules.

On the receiver side, we tested the OCP-SRX03, OCP-SRX24 and the TRR-1B43-000 for the digital
boards, and the MITEQ LBL3 Rx for the analogue.

The tested signals were the 40MHz square clock, the 5ns orbit pulse and the 400MHz sine wave clock.

TX \ RX OCP03-SRX OCP24-SRX TRR LBL3
OCP03-STX 40MHz 40MHz 40MHz, Pulse -
OCP24-STX 40MHz 40MHz, 40MHz -
400MHz
LBL3- Tx - - - 40MHz, 400MHz
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1.2  40MHZ TRANSMISSION

10us per division).

BB

piss
EREEE

. |

=

B 1

Measure Pl:skew(C1,C2)  P2Zper@iv(C1) P3dper@i(C1)  Pd:dper@iviC2)
walue -6.767 ns 24540 n=z -13 ps -3ps
mean -6.76EE9 ns 2494987 ns 131s -48fs
min -6.788 n= 24922 ns -43ps -33ps
max -6.746 n= 24974 ns H ps 34 ps
soev E55ps 738 ps 1281 ps 9.35 ps
num 1 1855+3 1 1855+3 ?BD ?BEI
status

P5:per@hv(C2)
2494 n=
2495021 ns
248933ns

24 966 nz

241 ps

1 1853+3

PE:rise(C1) PPrise(C2)  PS:freq@iiCl)
921 ps 585 ps 40 086 MHz
934.26 ps S06.83ps 4008037 MHzZ
87ops SEBE ps 40.041 MHz
1.003 nz B26 ps 40,125 MHz
1955 ps 952ps 11.86 kHz

1 SSUe+3 1 SSUe+3 1 1853+3

histo 2 l ‘ ‘ ‘._ _‘_. J;*—‘—-;

TUATI2006 11:00:03 Al

Figure 1: Analog 40MHz versus VTU source

dper 1241
&
la
L, i, et LH_ e ol LW .J‘:k. ficr s AL Ve, 'y i

Measure Pliskew(C1 C2) P2Zper@iiC1) PIhdper@iviCl) Pddper@v(C2)  PSper@iviC2) PE:rize(C1) P7rize(C2)  PE:freg@lv(C1)
valug 11.049 ns 24948 ns -15ps 22 ps 24942 ns 943 ps 485 ps 40.087 MHz
mean 11.05718 n= 2495015 n= -35fs - fs 24.94999 nz 930.26 p= 47599 ps  40.07992 MHz
min 11.028 ns 24914 ns -52ps -41 ps 24925 ns 872 ps 451 ps 40.037 MHz
max 11.084 ns 244977 ns 60 ps 4 ps 24970 ns 986 ps 498 ps 40137 MHz
sley 953ps 756 ps 1314 ps 12.38 ps T32ps 18.10ps 692 ps 1214 kHz
LT 2121e+3 24 e+3 1.81 Be+3 181 Be+3 2121 e+3 2. 424a+3 2. 424e+3 212e+3
statuz v v

TIATI2006 10:46:19 AM

Figure 2: OCP03-STX & TRR link versus VTU source

Here are two plots obtained using the Lecroy wavepro 7100. All the results gathered in tables in the
following sections integrate more samples (between 30k and 100k) to ensure more reliable statistics. The
plots for these types of measurements are visually not interesting because of the bigger time scale (around
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1.2.1  Skew jitter (C1, C2),
1.2.1.1 Standard Deviation
TX \ RX OCP03-SRX OCP24-SRX TRR LBL3
OCP03-STX 9.55ps rms 8.78ps rms 9.28ps rms -
OCP24-STX 9.13ps rms 8.92ps rms 9.96ps rms -
LBL3- Tx - - - 6.75ps rms
1.2.1.2 Peak to peak jitter
TX \ RX OCP03-SRX OCP24-SRX TRR LBL3
OCPO03-STX 77ps pkpk 64ps pkpk 71ps pkpk -
OCP24-STX 70 ps pkpk 71ps pkpk 88ps pkpk -
LBL3- Tx - - - 90ps pkpk*

* Relatively high value which can be explained by the quantity of samples considered for this
measurement: 100ks instead of 30ks for the other configurations.

1.2.2  Cycle-to-cycle jitter (C2)

1.2.2.1 Standard Deviation (source reference=13.14ps rm)

TX \ RX OCP03-SRX OCP24-SRX TRR LBL3
OCP03-STX 11ps rms 10.5ps rms 12.54ps rms -
OCP24-STX 10.97ps rms 10.63ps rms 14.6ps rms -
LBL3- Tx - - - 9.83ps rms
1.2.2.2 Peak to peak jitter (source reference=128ps pkp).
TX \ RX OCP03-SRX OCP24-SRX TRR LBL3
OCPO03-STX 109 ps pkpk 90ps pkpk 104ps pkpk -
OCP24-STX 93 ps pkpk 94ps pkpk 130 ps pkpk -
LBL3- Tx - - - 180ps pkpk
1.2.3  Period jitter over 100us
1.2.3.1 Standard Deviation (source reference=7.5ps rm)
TX \ RX OCP03-SRX OCP24-SRX TRR LBL3
OCP03-STX 6.42ps rms 6.07ps rms 7.29ps rms -
OCP24-STX 6.47ps rms 6.15ps rms 8.50ps rms -
LBL3- Tx - - - 5.68ps rms
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1.2.3.2 Peak to peak jitter (source reference=68ps pkp).

X \ RX OCP03-SRX OCP24-SRX TRR LBL3

OCP03-STX 64ps pkpk 51ps pkpk 62ps pkpk -
OCP24-STX 53ps pkpk 57ps pkpk 73ps pkpk -

LBL3- Tx - - - 116ps pkpk

Rising edge
Mean value (source reference = 935ps)

X \ RX OCP03-SRX OCP24-SRX TRR LBL3

OCP03-STX 474ps 470ps 475ps -
OCP24-STX 473ps 469ps 475ps -

LBL3- Tx - - - 597ps

1.2.5

1.2.6

Lecroy scope Jitter Noise Floor

According to Lecroy specifications for the Wavepro 7100 oscilloscope, the jitter noise floor is Gaussian,
and is the following for the skew jitter, period jitter and cycle-to-cycle jitter:

These values should be quadratically removed from the previous measurements.

For example,

Skew 4.5ps rms
Period 4.5ps rms
Cycle-to-cycle 7.5ps rms

o askew jitter of 9ps given by the scope is realskew = ,/skew” —4.5% = 7.8ps rms

e aperiod jitter of 7ps given by the scope is realperiod = \/period > —4.5% =5.4ps rms

e acycle-to-cycle of 11ps given by the scope is realcy2cy = {/cy2cy” —7.5% = 8ps rms

Real skew jitter generated by the link

The skew jitter measured between C1 and C2 using the setup was, in fact, measured between C1(t-t) and
C2(t), if t is the transmission time between the VTU and the scope via the TX, the 10km of fibre
(approximately 50us), and the Rx. In fact, 1 is of the order of 50us.
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VTU -
40MHz

A 4

s(t) [—| s(t)

v

Tx

A

s(t) s’(t-1)

The measurements given by the scope with this setup are the ‘skew jitter’ Ae’, and the period jitter of the
source upon more than 50us, A@’’:

s(t) I? .s’gt-t) s() I;' SL-1)
A’ A’

¢ ¢

The skew of the link only, Ag, is:

s(t-t I;I .S’!t-‘c!
A

¢

A@’ results from the quadratic sum of Ag and A@”’ (A@’* = A + Ap”?).

The resulting jitter skew of the link is thus recalculated in this table using Ap’’ = 7.5ps rms:

TX \ RX OCP03-SRX OCP24-SRX TRR LBL3
OCP03-STX 5.9 ps rms 4.6 ps rms 5.5 ps rms -
OCP24-STX 5.2 ps rms 4.8 ps rms 6.6 ps rms -
LBL3- Tx - - - Ops rms*

* A@’? — Ag”’? <0, but really close to 0.
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1.3.1

400MHz

Skew jitter (C1, C2),

1.3.1.1 Standard Deviation

1.3.1.2 Peak to peak jitter
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TX \ RX

OCPO03-SRX

OCP24-SRX

TRR

LBL3

OCPO03-STX

OCP24-STX

8.33 ps rms

LBL3- Tx

5.84ps rms

TX \ RX

OCPO03-SRX

OCP24-SRX

TRR

LBL3

OCPO03-STX

OCP24-STX

80ps pkpk

LBL3- Tx

76ps pkpk

1.3.2  Cycle-to-cycle jitter (C2)

1.3.2.1 Standard Deviation (source reference=8.67ps rm)

TX \ RX

OCPO03-SRX

OCP24-SRX

TRR

LBL3

OCPO03-STX

OCP24-STX

7.64ps rms

LBL3- Tx

8.92ps rms

1.3.2.2 Peak to peak jitter (source reference=90ps pkp).

133

TX \ RX

OCPO03-SRX

OCP24-SRX

TRR

LBL3

OCPO03-STX

OCP24-STX

120ps pkpk

LBL3- Tx

85ps pkpk

Period jitter over 100us

1.3.3.1 Standard Deviation (source reference=5.07ps rm)

TX \ RX

OCPO03-SRX

OCP24-SRX

TRR

LBL3

OCPO03-STX

OCP24-STX

4.41ps rms

LBL3- Tx

5.16ps rms
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1.3.3.2 Peak to peak jitter (source reference=52ps pkp).
TX \ RX OCP03-SRX OCP24-SRX TRR LBL3
OCP03-STX - - - -
OCP24-STX - 64ps pkpk - -
LBL3- Tx - - - 49ps pkpk
Rising edge
Mean value (source reference = 717ps)
X \ RX OCP03-SRX OCP24-SRX TRR LBL3
OCP03-STX - - - -
OCP24-STX - 427ps - -
LBL3- Tx - - - 657ps

1.4 5NS PULSE

1.4.1

Setup

As the OCP receiver was not able to work with not-DC balanced signals, only one type of link was tested
for the pulse transmission: OCP03-STX for the laser side, and TRR-1B43-000 for the receiver side.

Lecroy scope 7100

~

HP8662A Generator
400.8MHz
AB/RF CUSTOM CRATE
IVP110 IVTU VTU
Crate (Pulse (40.08
[processor generator) | (MHz
generator)
|
[—
\
TTC CRATE
]
IVP110 RF_Tx RF_Rx
Crate (OCP03) | ((TRR)
[processor
T
10km fibre ¥
—_
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1.4.2 Results
The results are all gathered in the following table:
Width Skew jitter Rising edge Falling Edge

Mean of the reference 5.5ns 8.5ps 905ps 661ps

(VTU pulse)

Mean value 5.66ns 319ps 339ps

Standard Dev 13.9ps rms 24 .9ps rms Sps rms 5.96ps rms

pkpk 79ps pkpk 136 ps pkpk 30ps pkpk 30ps pkpk

W Hardeopy Complets

Figure 3: VTU 40.08MHz and 5ns Pulse reference

! «

car I S ]\

Measure Pliwicth(C2) P2iskew(C1C2)  PIper@i(C1)  Phfreg@iviC1) PSrise20800C2)  PEfreq@lv(C2) PTfreq@viC1) P fal@lvic2)
walue 2.572ns 8588 ns 24948 ns 40.083 MHz 945 ps 40.083 MHz 781 ps
IEsEn 553721 ns 559786 n=s 2495168 n= 4007744 MHz 04 87 ps 4007742 MHz 66108 ps
min 5451 ns §582ns 24938 ns 40.053 MHz 549 p= 40053 MHz 316 p=
MK 5.603 ns BE13ns 24967 ns 40.098 MHz 965 ps 40.095 MHz 1.396 ng
soey 40.05 ps 848 ps .94 ps 11.13 kHz TV ps 11.07 kHz 22003 ps
AL 26 38 39 348 26 a 38 39
status R ' v ' R

e T I TR | T _Llullul_._ _uily _HL_A_ull_

[y
PIper@iv(Cl)  Pdifreg@iviCl) Porize2080(C2)  PEfreq@h(C2)  PTfreq@E@ivicl)

PE:tall@hv(C2)

333 ps
33896 ps
325 ps
357 ps
5.96 ps
242

Measure Powicth(C2) P2iskew(C1 C2)

valug 5.653ns 4.352ns 24818 ns 40131 MHz 324 ps 40131 MHz
mean 566435 ns 434738 ns 2495032 nz 0GHZ 31935 ps 0GHz
min 5.620 ns 4.280 ns 24855 ns 0THz 303 ps 0THz
miax 5699 ns 4416 ns 25018 ns 0THz 335 ps 0THz
soiey 1390 ps 2483 ps 2825 ps 0GHZ S19ps - 0GHZ
num 242 242 242 242 242 o 242
status s v v v v EY v
histo ‘ “i sihkl u 5 h

Figure 4: Transmitted Pulse versus reference clock
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RF2TTC TESTS

Two types of clock generators were used to measure the jitter of the BC outputs: The TTC Clock
Generator module, to deliver 4 identical copies of the same clock, or the VTU from AB/RF, with a clock
source of 400MHz generated by the HP8662A. This last setup is closer to the real setup which will be used
by AB/RF for the BC generation, except in term of signal amplitude.

The results obtained were sensitively different from one generator to another. Each setup is thus described
with an analysis of the intrinsic jitter values of the generator itself.

40MHz TESTS - TTC CLOCK GENERATOR

Setup

TTC Clk Gen 40.08MHz ECL

A 4

BC

000 |

A 4

BCrefout
BC2out
BClout

i
@ep

)
o3l
[
>
3
a

OO
T

The 4 outputs of the TTC clock Generator used for this test were previously analysed to ensure that they do
not add any extra jitter. C1, C2, C3 and C4 are all direct outputs of the TTC Clock Generator module.

The standard deviation of the skew jitter between the 4 outputs of the generator is always around 8ps rms,
and for the Cycle-to-cycle jitter, it is always of the order of 14ps rms.

The signal amplitude is about 700mV, AC-coupled.

Measwre P1sken(C1 221 P2iskew(C1,C3) P3skew(C1 C4) Pdidperi@iviCl) Podper@lv(C2) PEdper@lv(C3) P dper@i(C4)  PEperi@h(Cl)

value 156 p= 162 p= 256 p= -20ps 10 ps Sps -5 ps 24846 ns
mean 15153 ps 166.04 p= 256 45 ps -1 1= -1 1= 1fts 11tz 2495113 ns
mir M7 ps 136 p= 227 p= -58 ps -54 ps -55 ps =50 ps 24918 ns
max 182 p= 195 p= 2587 p=s G4 ps B0 ps B0 ps 57 ps 24 932 nz
Sclew 823 p= 785 ps 787 p= 14.80 ps 14.03 ps 14.40 ps 1268 p= 858 p=
num 16.024e+3 16.024e+3 16.024e+3 16.020e+3 16.020e+3 16.0208+3 16.020e+3 16.024e+3
status v v W 4 4 v v v

Mormal 940 gy

Edge Paositive

Sophie BARON — PH/ESS 07/12/06
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2.1.2  Results

PH — ESS — ## — ## Rev.No| 1
a
Measwre P1:skew(C1,C2) PZskew(C1,C3) P3skew(C1,C4) Pddper@iviCl) PSdperi@iviC2) PEdperi@iv(C3) PT.dper@iv(C4) POper@lv(Cl)
value -S617 ns -8755ns -3744 n= Sps 4 ps 3ps -Bps 24 954 ns
mean -9.60525 ns -9.74468 ns -9.76754 ns Ofs O0fs Ofs -0fs 2495113 ns
min 9670 ns -9819ns -9833 ns -63 ps -32ps -28ps -27 ps 24913ns
max -3 7060 76 ps 27 ps 27 ps 26 ps 24992 ns
sdev é 16,69 ps 1464 ps 6.27 ps 617 ps £.05 ps 8.45 ps
num 1638 .294e+3 165 294e+3 165 .294e+3 165.210e+3 165.252e+3 168.252e+3 168.252e+3 168.252e+3
status v v v v v v

histo Y S T N _.‘.__‘._

ehase 0.0 ps| [Trigger
86 mWidiv 10.0 psidiv |Normal ~ -970 |.|V
-1.0 m¥ offset 1.00 MS 10 GSfs |Edge Positive

33EmY |--—-  3226mv
------ -324 amv
s777mv|ay B4 Emv

With the TTC Clock Generator, the three outputs BC1, BC2 and BCref have similar results in term of skew
compared to the first TTC clock output. It is not the case for the VTU generator (see next section).

2.2 40MHz TESTS - VTU GENERATOR

221

Setup

VTU 40MHz

Test output
RF output

RF2TTC

The “test output” of the VTU board is used as a reference clock for the skew measurement. Its amplitude is
150mV.

The “RF output” is the main output of the module, which can be configured with various frequencies, or as
a pulse. Its amplitude is 1.6V.

The jitter between the 2 signals has been evaluated (C1 being the “test output” and C2 the “RF output”),
and the results are the following:

The standard deviation of the skew between the 2 outputs is about 5ps rms, the Cycle-to-cycle of each
output around 10ps rms, and the period jitter is about 6ps rms.

Sophie BARON — PH/ESS 07/12/06




Measwre
vallie
mEsn

min

T

sdey
num
status

histo

P1:skew(C1 C21 P2 dper@hiCl)

122Nz M ps
121189 ns Ofs
1193 nz -47 pz
123 nz 47 ps

4 BE ps 1090 ps
44.077e+3 44 055e+3

v o w w
_a A A A

2.2.2  Results

2221 BC1

Measure
value
mean

min

max
sdey
num
status

2222

P3:per@hiC1)
24938 ns
2495011 ns
248923 ns
24978 ns

6.31 ps

44 0BBe+3

PH/ESS Document. No. Page 14 of 27
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Pdrize(C1) PSdper@iv(C2)  PEper@lviC2) PTrize(C21  PE:freqihiCX)
M5 ps -0psz 24954 nz 876 ps 40,074 pMHZ
91178 ps -1 fs 2495011 ns 87426 ps 40007933 MHz
841 ps= -44 p= 24 927 nz 04 p= 40.042 hiHz
993 ps 4 pz 24974 nz 938 ps 40416 MHZ
1760 ps 986 ps 5.7 ps 1516 ps 917 kHz
44.07Te+3 44 OEGe+3 44 077e+3 44 088e+3 44 07Te+3
v v v v

P1:skew(C1,C2) P2skew(C1,C3) P3:skew(C1,.C4) Pddper@iv(Cl) PSdper@liv(C2) PEdper@iv(C3)

-9.606 ns
-959913ns
-9639ns

16.028e+3 0
4

84 mi il
-9.0 mV offeet
2my

-309.4 mY

P1:skew(C1,C2) P2skew(C1,C3)
-9.529ns
951377 ns
-9.536 ns

20.035e+3 0
v

-Ops 3ps

-Ofs -1fs

-53 ps -25 ps

47 ps 23ps
1114 ps 6.34 ps
16.020e+3 16.024e+3
v v

P3:skew(C1,C4) Pddper@iviC1) PSdper@lv(C2)

13 ps 7ps

11s 11s

-48 ps -26 ps

46 ps 24 ps
1120 ps 681 ps
20.025e+3 20.030e+3
v v

_ A

_

P7:per@lviC1)
24 946 ns
2495011 ne
24920 ns
24975 ns

6.40 ps
16.024e+3

P8:per@Iv(C2)
24850 ns
2495011 ns
24 937 ns

24 964 ns
373ps
16.028e+3

PE: dperi@lv(C3)

B84 m idiv

-9.0 m¥ offset

PT:per@MviC1)
24 956 ns

24 95011 ns
24922 ns
24881 ns
6.44 ps
20.030e+3

-1.0mY
Positive

P8 per@lv(C2)
248954 ns
2495011 ns
24 936 ns

24 8965 ns

399 ps
20.035e+3

-1.0my
s (]
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2.2.2.3 BCref

Measwre
value
mean

min

max

sdev

2224

2.2.25

20.0 mvidiv

-9.466 ns

-8.43301 ns

-9.569 ns

T2126e+3
v
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- 6 ps -4 ps
- -0ts -Ofs
- -4 ps -28 ps
- 47 ps 26 ps
- 1110ps 631 ps
0 72.090e+3 72108e+3
v v

84 mvidiv

-9.0 m¥ offset
3232my

BCmain as BC1

For this measurement, BCmain is

Measure P1:skew(C1,C2) P2skew(C1,C3)
value -89183ns -
mean -9.17835ns -
min -9.222ns -
max S.430-a -
sdev ---
Aum 40.070e+3 0
status v

histo ‘

configured to be the same as the BC1 output.

P1:skew(C1,C2) P2skew(C1,C3) P3skew(C1,C4) Pddper@iv(iC1) PSdper@iv(C2) PEdper@iv(C3)

PT per@lv(C1)
24851 ns
2485011 ns
24922 ns
24977 ns
6.40 ps
72108e+3

P& per@Iv(C2)
24 848 ns
2485011 ns
24 936 ns

24 968 ns
369ps
72.126e+3

P3skew(C1,C4) Pddper@iv(C1) PSdperi@iviC2) PE dper@lv(C3)

84 mYidiv

BCmain as BCref

For this measurement, BCmain is

Measuwure P1:skew(C1,C2) P2skew(C1,C3)
value -8.663 ns -
mean -6.69098 ns -
min -8.759ns -
max -6.8 S -
sdev -
num 88.154e+3 0
status v

histo -

Sps -7 ps

-1 fs -0fs

-S54 ps -29 p=

47 ps 24 ps
11.20 ps 610 ps
40.050e+3 40.060e+3
v v

P7.peri@iv(C1)
24953 ns
2495011 ns
24920 ns
24976 ns
6.44 ps
40.060e+3

-1.0mY
Pozitive

P& per@lv(C2)
24 948 ns
2485011 ns
24 936 ns

24 967 ns
357 ps
40.070e+3

div | Mormal
is | Eclge

configured to be the same as the BCref output.

P3:skew(C1,C4) Pddper@iv(C1) PSdper@lv(C2) PEdper@lv(C3)

-Sps 3ps

11s Ots
-59ps -26 ps

S0 ps 25ps
1115 ps 612 ps
88.110e+3 88.132e+3
v v

Y Y S

P7:per@iviC1)
24940 ns
2495011 ns
24921 ns
249682 ns
6.42 ps
88.132e+3

-1.0mv
Positive

P&:per@lv(C2)
24950 ns
24895011 ns
24935 ns
24966 ns
357 ps
88.154e+3
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2.3  ORBIT TESTS

2.3.1 Setup

O |BC
o

o

PH/ESS Document. No.

PH — ESS — ## — ##

Page

16 of 27

Rev. No.

1

s (H—> @

ORBout |27 > @
RE2TTC

2TT

Q. [ IO

The orbits tested here were internally generated. External orbits are treated in the section “system tests”,
because the use of 2 VTU modules were necessary to get the 5Sns external pulse synchronised to the

40.08MHz Bunch Clock.

Two sizes of orbit outputs are treated here: 75ns (3 BC long), or 1us (40 BC long).

One point needs to be looked at for the output of the negative orbit: the amplitude of the signal is reduced
to less than 600mV, whereas the positive orbit is more than 700mV high.

2.3.2  Positive Orbit

File “edical Timehase Trigger Display

Cursors  Measure Math  An . Utilities  Help

f: | Setup...

e J—--:—:—:—:—:— :‘:‘:‘:;‘:‘:‘:‘ll&mmmw“—
&
‘G,.-‘:.mnﬁl— —--Ilﬁ—,:.a-ni—'— I”c...-u:-.—-— lf—t_,-:-—] ----- t_,x.:-u-\— —-]'—h;.-m-&l—'— f’b.,,.,—:th-:— —-'Ift;—:w«ﬁ— s
o f i |' . A |' R i f . |'
Cc2
| i g R | i _— s

—— e e e e e e
Measure P1:skene (1 220 P2wvicthiC1 ) Parise(Cl) P&:fall(C1)  Poiper@iviCl)  PEdper@iv(C1)  PTpen@ivi(C2)  PSper@iviCa)
value 10024 ns 75297 ns 4455 ps 568 ps - -—-
mean 1003285 ns 7530241 ns 454 50 ps 564.81 ps
min 10022 ns 75288 ns 436 p=s 524 ps
i 1010435 ns 72318 ns 473 p=s B42 p=s
stley 4.74 p= 552ps 747 ps 2027 ps — -
MU 162 162 162 162 a a
status v v v v iy ity
histo _.uﬁ.___..mk‘__.aﬁ‘.__..l.ﬂl__u_

Figure 5: 3BC long positive orbit

=368 nz| [ Trigger

Pos

12/6r2006 9:26:43 AM

Hlormal -1 mi

-]
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1

Math

L=

C2

F Y

Measure P1skew(C1,C2) P2wicdiE@lviC1) P3rize(C1) Pd:fall(C1)  PSper@iv(Cl1)  PEdper@h(C1)  PTalS0200C1)  PErise20800C1)
value 10.064 n= 985528 ns 471 ps B42 p= B 437357 ps 19 ps 362 p= T ps
mean 10068100 ns 995 52637 Nz 47591 ps E24 .27 pz  BA43741855 ps 119 ps 36958 ps 31339 ps
tmin 10,050 ns 993512 ns 454 ps 575 ps E437373ps -Tps 348 ps 301 ps
M 10074 n= 955.546 ns 205 ps 709 p= B 437461 ps Bd ps 390 ps 326 ps
soey 2.19ps 786 ps MA3ps 2483 ps 2565 ps 3940 ps 7B ps 206 ps
ILm 63 63 63 63 a4 45 63 63
status U g W U 4 W W 4
histo TR T AT P PR R PV | TR P SR || R | W

[C1]

00 kS

Pracessing ..

Figure 6: 40 BC long positive orbit
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2.3.3 Negative Orbit
FIZE.
el
e - ]
&
- = i TR — = - —'P'—}.a-r'rj—jv-*' Loy "l — e - -~ i T T T
c2
Fy
Measure P1l:skew(C1 C2)  P2owidi@iviC1) P3rize(C1) Pa:fallC1)  PEper@iviCl) PEdper@@viCl) PP per@hviCz)  PSperi@iviC3)
walle 9873ns 74620 nz 518 ps HN2ps - -
mean 956295 ns 7462460 Nz 216.52 ps 930 66 ps -—- -
min 9550 n= 74.609 nz 494 ps 853 ps - -
=3 9879 ns 74638 ns 240 ps 975 ps - -
sdew 4 46 ps 503 ps 8.54 p= 1342 ps - -
rilm 449 449 449 449 i} 0
status v v v v iy iy
it I N Y T Y
121602006 9:34:38 AM
Ci i ] it £ EREEEE B e b B B e R i & S £ B R sy
. rize
=
&
c2
i ot ettt e e o e ettt e e oty
Measure P1:skew(C1 C2) P2owidi@iviC1) Parize(C1) Pa:falliC1)  Poper@iviC1)  PEdper@iv(C1)  PEAaIS0200C1)  PSrise20800C1)
walle 9566 ns 997524 nz 207 ps 905 ps 5437351 ps -2ips 401 ps 331 ps
mean 988234 ns 997 81409 n= 493,52 ps 024 ps BAITH T ps A3 s 407 26 ps 33034 ps
in 9869 ns 997791 nz 465 ps 550 ps E.437365 ps -9 ps 380 ps 3 ps
[=Fs 9896 ns 997 837 ns 522 ps 937 ps B 437460 ps 7 ps 43 ps 343 ps
sdey 412 ps 726 ps 9.40 ps 1451 ps 2708 ps 41 56 ps 544 ps 494 pz
num 180 1a0 180 1a0 165 156 180 1a0
status 4 W 4 s 4 s w 4
iso P TR TE ' B Y R T
[C1]
120612006 10:01:58 Aw
Figure 8: 40 BC long negative orbit
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3  FANOUT TEST

3.1 40MHZz TRANSMISSION

3.1.1  Setup

TTC Clk Gen 40.08MHz ECL

;': INPUT
(o)
OUTPUTS % >
TEST1: C1=TTC S§—*
clock Gen output raout M
TEST?2: all the Cx are

Fanout outputs T

3.1.2 Results

3.1.21 Testl

Measure P1:skew(C1,C2) P2skew(C1,C3) P3dperi@ivi(C1) Pddper@lv(C2) PSdper@v(C3) PEperi@h(C1) P7per@iv(C2) PSS per@lv(C3)
value 6.276 ns 6.206 ns -32ps 3ps -G ps 24931 ns 24953 n=s 24 948 ns
mean 6.26450 ns 620140 ns -11s Dfs Ofs 2495112 ns 24895112ns 2495112 ns
min 6.234 ns 6173ns -64 ps -28 ps -32ps 24918 ns 24934 ns 24933 ns
max 6.297 ns 6.235ns 61 ps 29 ps 30 ps 24 9835 ns 24970 ns 24969 ns
sdev 742 ps 739ps 1539 ps 719ps 7.61 ps 903 ps 430 ps 4 48 p=
num 36.063e+3 36.063e+3 36.045e+3 36.054e+3 36.054e+3 36.054e+3 36.063e+3 36.063e+3
status v v v v v v v v
hista i i, £ o gl ‘ ‘ ‘

&b tigger =

Mormal -970 pv
Ecige Positive

a7 mseliv 116 m feliv 120 m¥idliv
14.0 m¥ ofst -10.0mY ofst 0. s 1.00 MS
/ 444 my/

—————— 381 6 -430 mv
873 mv

3.1.2.2 Test2
Measure P1:skew(C1,C2) P2skew(C2,C3) P3:skew(C1,C3) Pd:skew(C1,C4) PS:skew(C3,C4) PEskew(C2,C4) PT.per@iv(C2) P8 per@iviC3)
value 45 ps -40 p= 1 ps 50 ps S0 ps 9ps
mean 44 20 p=s -41.99 p=s 3.38 ps 5203 p= 43.34 p= 11.04 ps
min 30ps -60 ps -12ps 37 ps 31 ps -7 ps
max S9ps -26 ps 18 ps 67 ps 65 ps 29ps
sdev 350 ps 4.06 p=s 3.60 ps 3.67 ps 416 ps 412 ps
num 56.084e+3 56.064e+3 56.064e+3 56.084e+3 56.084e+3 56.084e+3
status
histo

116 m'idiv 120 mViclive Tl -970 pv
-10.0 mY ofst .0 mY offset 0.0mY offset i 3 - Positive

444 mv 443 mv 434 my
-430 m¥ 5 -455 m¥ |- -440 my
-304 mY 873 my
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3.2 PULSE TRANSMISSION

3.2.1 Setup
#IZ INPUT
ORB OUT § 8
8 OUTPUTS g >
BC OUT 8 G-:t
RF2TTC FANOUT
OO @

40 MHz

3.2.2 Results

3.2.2.1 Positive orbit

rtical  Tim igger I hath Litilities  Help
rize
Cil .
FY
th ¥ b ki b b B ks bk b R R T j r--?}ﬂ-'lv‘r l"r‘r'r‘}‘ UL, ,}-— Tk W
CE
PR R ¥ NYNN Y [L N y MAVNNYY N 5 N N PR N
&
Measure P1:skew(C1 C2) P2wvickh(C1) P3rise(C1) P4:fallC1]  PSper@iiC1) PEdper@iaiCl)  PTper@viC?)  POper@@ivics)
valie 4995 ns 79926 ns 516 ps 12 ps 545,343 ns 10ps
mesn 499915 ns 7592334 ns 21542 ps 496 .41 ps 54534236 ns 1.42ps
min 4936 nz 75.911 ns 491 ps 474 ps 845,322 ns -20ps
lt=F 2012 ns 75937 ns 540 ps S20 ps 545,363 ns 20ps
stlew 505 ps 5OV ps 961 ps 933 ps TG ps 919ps
MILIm 153 159 159 159 106 53
status v

v v v v v
histo _L_M___ﬂ.____ﬂh.____.l.___.lm._

200k

1262006 3:29:52 AW

Figure 9: 3BC long positive orbit via fanout
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Math

C2

&
Measwure P1iskew (01 C20 P2RowidiEhiC1) P3rize(C1) Pa:falllC1)  PSper@hiC1)  PEdperi@h(C1)  PT:{al30200C1)  PSrise20800C1)
valle 4997 ns 993.843 ns T ps 268 ps 643743 ps -1aps W2ps 413 ps
mean 5.00462 nz 995 85457 ns 796.589 p= 57542 ps  B43741661 p= 154 f= 37603 ps T pz
min 4994 ng 995532 nz B84 ps 54 ps B.437371 p= 74 pz 358 ps 396 ps
s 5019 ns 993.5874 ns 907 ps E11 ps 6437465 p= B9 ps 392 ps 443 ps
sdey 564 ps 922 ps 50.56 ps 11.88 p=s 2689 ps 4066 p=s G.8E ps 923 ps
num a1 a1 a1 a1 7 G3 a1 a1

Bocessing
Figure 10: 40 BC long positive orbit via fanout
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3.2.2.2  Negative orbit
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1

&
Measure P1iskesw(C1,C2)  P2widi@lv(c1) P3irige(C1) P4:1all(C1)  Poper@iv(C1)  PEdper@iviCl)  PYTalS0200C1)  PErise20S00C1)
value 4549 ns 74819 Nz 07 ps 573ps 545,304 ns -f2ps 485 ps 7 ps
mesn 455544 ns 7478567 nz FTE.02 ps 595,31 ps 54534234 ns 25 1= 435.55 ps 44023 ps
tmin 4504 ns T4 723Nz 00 ps 721 ps 545285 ns -103 ps 396 p= 387 ps
i 4597 ns 74847 nz 862 ps 1.094 ns 545 396 n= 111 ps 483 p= 506 ps
ey 2086 ps 31.89ps 3314 ps 7422 ps 2702 p= 51.76 ps 17 BB ps 2003 ps
num 1.00Me+3 1.00e+3 1.001e+3 1.00e+3 10 149 1.001e+3 1.00e+3

1206/2006 9:41:11 AM

Figure 11: 3BC long negative orbit via fanout

Measwure P1:zkew(C1,C2)
walue 4673 ns
Mesan 4 G347 Nz
min 4630 n=
M 4 695 nz
sidey 1992 ps
num -x]

status

P2 wici@lv(C1) Parize(C1)

997 905 ns 747 ps
99759210 n= 72392 ps
997 836 ns BEY ps
997 940 ns 549 ps
2906 ps 3228 ps

63 B3

Pd:tall(C1)
T22ps
F75.20ps
GE9 ps
9435 ps
095 ps
B3

w v v v

Papen@iviC1) PEdper@lviC1)  PTfalld020001)  Parise20800C1)
6437369 ps -10ps 447 ps 388 ps
543742217 ps 06 1= 430.76 p= 42532 ps
B 437350 p= 139 ps 395 ps 387 ps
E.437500 ps 135 ps 472 p= 465 ps
3946 ps E7Y 82 ps 16.80 ps 2067 ps

o4 45 63 63

' ' W '

T2/6/2006 35741 AM

Figure 12: 40 BC long negative orbit via fanout
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4  SYSTEM TEST
4.1 40MHZ TRANSMISSION TESTS
4.1.1 Concurrent 40MHz transmission
4111 Setup
TTC Clk Gen 40.08MHz ECL
f
v
X X X
OCP03-STX OCP03-STX OCP03-STX
10dB att 10dB att 10dB att
) . Total att:
ng at 10km ~ 3dB ng e 10km~3dB  jeqp 10km ~ 348
RX RX RX
TRR-1B43 TRR-1B43 TRR-1B43
L———— | O|BC
S
o«
BCrefout ot+—>
BC2out g:‘
BClout
0006
4.1.1.2 Results
B WT 1 TM’* Gl e T O
Measwre P1:skew(C1 C2) P2iskew(C1,C3) P3:skew(C1,C4) Pddper@iv(C1) PSdper@iv(iC2) PEdper@h(C3) PTdper@lviCd) PO per@l(C1)
walug 9447 nz 8946 ns -12.306 n= -0ps -2ps -1ps 24848 ns
mean 943745 ns 680318 ns -12.32085 ns 146 = 40 f= I5fs 24 85108 ns
min 9382ns 8839 ns -12.378 ns -51 ps -23ps -22ps 24821 ns
max 9494 ns B885ns -12.256 ns 48 ps 26 ps 22ps 24884 ns
sdey 1514 ps 21.04 ps 1748 ps 1458 ps 66D ps 613 ps 834 ps
riLm T2 De+3 B 937&+3 B 8435+3 621 BE+3 a4 Be+3 a 1TEe+3 [ 433&+3
status
o __A____L__.L__L_L___L__A___L_
=] 0.0 ns| rlgger
Cry 11242006 11:35:28 AM
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Skew jitter vs Cycle-to-Cycle jitter
C1
TTC Clock Gen (C1) - 14.6 ps rms
BC1 (C2) 15.1ps rms 6.6 ps rms
BC2 (C3) 21 ps rms 6.4 ps rms
BCref (C4) 17.5 ps rms 6.1 ps rms
An analysis of many parameters on the BC1 output of the RF2TTC was done, giving:
Cy2Cy Frequency Period Duty Cycle TIE Ampl
Mean value 40.078MHz 24.95ns 49.9% -1.3ps 733mV
Standard Dev 6.70 ps rms 6.24kHz rms 3.89ps rms 0.012% 4.0ps rms 1.62mV rms
pkpk 61ps pkpk 55kHz pkpk 34ps pkpk 0.11% 34ps pkpk 8mV pkpk
pkpk
4.1.2 Individual Clock transmission
4121 Setup
HP8662A
VTU
l’ 40MHz
TX
OCPO03-STX
10dB att
o att 10km ~ 3dB
RX
TRR-1B43
BC
BCout t
wme | O@
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4.1.2.2 Results
e BCl
Skew versus Cy2Cy Frequency Period Duty Cycle
ref
Ref Std Dev 11ps rms 10.27kHz rms 6.40ps rms
Mean value 40.0799MHz 24.95ns 49.9%
Standard Dev 16.6ps rms 6.25ps rms 5.87kHz rms 3.65ps rms 0.014%
pkpk 110ps pkpk 42ps pkpk 50kHz pkpk 34ps pkpk 0.11% pkpk
e BC2
Skew  versus Cy2Cy Frequency Period Duty Cycle
ref
Ref Std Dev 11ps rms 10.27kHz rms 6.40ps rms
Mean value 40.0799MHz 24.95ns 49.8%
Standard Dev 21.7ps rms 6.07ps rms 5.65kHz rms 3.51ps rms 0.013%
pkpk 120ps pkpk 62ps pkpk 50kHz pkpk 32ps pkpk 0.11% pkpk
e BCref
Skew versus Cy2Cy Frequency Period Duty Cycle
ref
Ref Std Dev 11ps rms 10.27kHz rms 6.40ps rms
Mean value 40.0799MHz 24.95ns 49.9%
Standard Dev 36ps rms 6.28ps rms 5.88kHz rms 3.66ps rms 0.012%
pkpk 154ps pkpk 57ps pkpk 50kHz pkpk 33ps pkpk 0.12% pkpk
e BCmain on BC1
Skew  versus Cy2Cy Frequency Period Duty Cycle
ref
Ref Std Dev 11ps rms 10.27kHz rms 6.40ps rms
Mean value 40.0799MHz 24.95ns 49.8%
Standard Dev 17.9ps rms 5.99ps rms 5.61kHz rms 3.49ps rms 0.013%
pkpk 104ps pkpk 50ps pkpk 50kHz pkpk 32ps pkpk 0.11% pkpk
e BCmain on BCref
Skew  versus Cy2Cy Frequency Period Duty Cycle
ref
Ref Std Dev 11ps rms 10.27kHz rms 6.40ps rms
Mean value 40.0799MHz 24.95ns 49.8%
Standard Dev 40.7ps rms 6.23ps rms 5.83kHz rms 3.63ps rms 0.012%
pkpk 198ps pkpk 50ps pkpk 49kHz pkpk 33ps pkpk 0.10% pkpk
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4.2 40MHz AND PULSE TRANSMISSION TESTS

4.2.1 Setup

HP8662A
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VTU VTU
40MHz PULSE
X TX
OCP03-STX OCP03-STX
10dB att 10dB att
o at 10km ~ 3dB Lo 10km ~ 3dB
RX RX
TRR-1B43 TRR-1B43
ORBIT |o
BCout -
ORBout E @

4.2.2 Results

RF2TTC

Here, the orbit output was configured to be a positive pulse of 5 BC long.

P1Lwidth(C2) P2 skew(C1,C2)  P3:perg@h(C1)
12523 ns 10040 s 24858 ns
12521263 ns 1003286 ns 24 85016 n=
125186 ns 10055 ns 24837 ns
125.231 ns -9.885ns 24.964 ns
546 ps 13 ps 385ps

514 514 3.590e+3

4 L v

Pa:freq@iv(C1) PS:rise2080(C2)

40 068 MHz 31 p=
4007981 MHz 31461 ps
40058 MHz 299 ps
40100 MHz 33 ps
6.34 kHz 454 ps
3.595e+3 514

v v

]
PEireq@i+(C2) PTfalB020(C1)  PE:fal@h(C2)
= G ps M3ps
404 93 ps 34420 ps
381 ps 33 ps
430 ps F97 ps
- Ta43ps 4.30ps
) 4.112e+3 514
& L v

1212006 9:26:41 AW
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The results are gathered in the following table:

Output Skew of the Orbit rising Orbit falling
Pulse width Orbit_out edge edge
versus BCout
Mean 125.2ns 312ps 405ps
Standard 5.43ps rms 9ps rms 4.73ps rms 7.45ps rms
Deviation
Pkpk 30ps pkpk 60ps rms 50ps pkpk 42ps pkpk
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