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I. EVALUATION BOARD

Two prototype boards have been made to allow the following tests to be made. These are 6U VME
boards, each equipped with one laser and one receiver, some filtering and some front panel adaptors
for the E2000/APC optical connectors.

The optical transmitters and receivers are the MITEQ LBT-10K3G-13-23-P3.

Receiver

E2000/APC adaptors

This analog optical link will typically transmit RF signals (10MHz, 40MHz, 400MHz at 0dBm and
pulses 5ns width, 89us period, 1Vpk):
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180° Phase shift
=> the pulses are inverted!!!
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II. TEMPERATURE MEASUREMENTS

A. Setup

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

e VME 6U board with:

0 1 Tx—-MITEQ 3GHz LBL link transmitter (equipped with one pt100 glued on its
cover)

0 1 Rx—MITEQ 3GHz LBL link receiver (equipped with one pt100 glued on its cover)
o0 Filtering on the power supplies done by 47uF & 100nF

e 2 Ohmmeters (to measure the pt100 resistance)

RF Generator,
10MHz, 40MHz, O Pri00

400MHz. 6dB optical ATTENUATOR

LN
[\S}
<
——
—A

OHMMETER OHMMETER
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E2000/E2000
adaptor for front
panel (Tx)

PT100 sensors glued on
the optical components
and connected to
Ohmmeters for
temperature monitoring

MITEQ
Rx
module

E2000/E2000 adaptor for
front panel (Rx)

B. Results

Miteq TX/Rx Working Temperature (L0MHz, 40MHz, 400MHz)
Cooling done by VME fan (or not done for the 2 last series)

55.00
50.00 -
45.00
Rx No signal, cooled
£ 40.00 4 Tx No signal, cooled
(e} —e— Tx Signal, cooled
B .
g 35.00 —e— Rx Signal, cooled
—a— Tx Signal, no fan
30.00 - 7777777777777777777777777777777777inSigna|,nofan
B0
2020¢bH—o
0 10 20 30 40 50 60 70
Time

e First measurements without any input signal
e Then with input signal (the temperatures are the same for l0MHz, 40MHz and 400MHz)
¢ And finally with the air flow from the fan blocked, and the crate closed

The Tx and Rx have not been stopped and cooled down between the 3 measurement sequences.
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III. FREQUENCY SWEEP

A. Setup

e Network analyzers: Agilent E5S070B or HP8752A
® 10 km optical link

Agilent
E5070B/HP8752A
Network analyser

[ PT100

L Tx

—A—
—A

\ 12V
1 R

10 km of I

fibre (or
3dB or 6dB
optical
attenuator)

B. Results

1. Without cooling: (components temperature ~ 50 C)

1 Active ChiTrace Z Response 3 Stimulus 4 Mhrfanalysis S Inskr Skate

Power

Power
0 dBm

Powet Ranges

-30to 2 l

Auto Range
o)}

Port Couple
oy}

Pork Power |

Slope

0 dBJiaHz

Slope

OFF

W Freq

3.0000 GHz

RF Quk
ON

[1 Start 300 kHz

IFBW 70 kHz Stop 3 GHz

Return

Network analyzer
type ES070B
Measurement done
with 6dB optical
attenuator and 1m of
fibre only.

-10 dBm input.

5dB loss at nominal
frequencies.
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2. VWith cooling:

The previous setup (fibres + DUT) is installed in a climatic chamber, and the oven temperature is set
to 15°C, 8°C and 32°C.

e The Network analyzer is in this case the HP8752A.

e The RF input level is -10dBm.

e 10km of fibre and no optical attenuator

[ PTI100

Agilent
E5070B/HP8752A
Network analyser

The Tx and Rx case temperature is monitored, as well as the frequency sweep:

Oven 15°C Case Temperature
Tx 35°C
Rx 39°C
CHA TRN log MAG =2 db, REF O dB P - 4 .5129 dB
&El Q0 .000 OO0 MH=z
cer MABRKER A
400 MHz RE
b m sz 20 4 0 T N
START 300 000 MHz STOP 3 000.000 00O Mk

Figure 1: Frequency sweep at 15°C
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3. Gain drop with temperature

The frequency response is analysed at 2 different oven temperatures (8°C and 32°C). 6dB optical
attenuator and 1m of fibres are used instead of the 10km of fibres. The rest of the setup remains
identical to the previous one.

Conclusion: to avoid too much gain drop, the Rx and Tx should be equipped with appropriate
heatsinks. The objective would be to keep their case temperature below 35°C-40°C.
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IV. POWER SWEEP

A. Setup
Agilent E5070B Network O Ppri00
analyser 6dB optical ATTENUATOR
Power sweep input
10n§RE cable Tx
\%Q’—
10ns\RF cable
12V
— | 11
I'm fibre 12V TT
1 rxd
L

e No cooling => case temperature of Tx and Rx ~ 50°C

B. Results

1. 40MHz

Measured input power 1 dB compression at 6.2dBm.
(cable loss negligible at 40MHz)

1 Active ChiTrace 2 Response 3 Stimulus 4 MkrjAnalysis 5 Instr State

Log Mag S00.0mdE/ Ref -5.0004E

Stimulus

Sweep Setup |

Trigger |

Marker |

Marker Search |

Marker Function |

Analysis |

Macro Setup |

-10.00

-10.50

[1 Start -10 dBm CIW 40 MHz Stop 10 dBrn BT
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2. 400MHz

e Measured input power 1 dB compression at 7 dBm.
e Cableloss 0.5 dB

Input power 1dB compression at 6.5 dBm

1 Active ChyTrace 2 Response 3 Stimulus 4 Mirfanalysis 5 Instr State

futo Scale

_____ Auto Scale Al

Dirvisions
ISR S S 10

_____ ScalefDiv

500,00 mdEdiv

Reference Position
5 Div

Marker -=
Reference

Electrical Delay
0,0000 5

Phase Offset
0,0000 =

Return

CIA 400 MHz Stop 10 dBr

3. 1GHz

e Measured input power 1 dB compression at 7.9 dBm.
e Cableloss 1 dB

Input power 1dB compression at 6.9 dBm

1 Active ChyTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State

Stimulus

Sweep Setup |

Trigger |

Marker |

Marker Search |

-10.50

Marker Function |

-11.00
analysis |

Macro Setup |

-1z.00

[1 Start -10 dBm Stop 10 dérn [T
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4. 3GHz

e Measured input power 1 dB compression at 10 dBm.
e C(Cableloss 1.5 dB

Input power 1dB compression at 8.5 dBm

1 Active ChyTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Inskr State

Marker

f -11.00dE

Bl Marker 2

» 2t Marker 3

-10.00 Marker 4

=10.50

Mare Markers |

-11.00

Ref Marker
-11.50
Clear Marker |
Menu
-12.00
Marker -=
Ref Marker
-1l2.t0
Ref Marker Mode
=1z2.00 OFF

Return

5. Summary

Frequency | Input power 1dB
compression point

40MHz 6.2 dBm

400MHz 6.5 dBm

1GHz 6.9 dBm

3GHz 8.5 dBm
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V. PHASE NOISE

A. Setup

AT BRE Miteq

HP RF attenuator oard
Generator
HP8662A

+11dBm

Phase Delay
“trombone”

RF Splitt
pHHer 6dB optical attenuptor or 10 km fibre

~0dBm
Frequency Mixer (Mini-circuits ZLW-1W)
DC output = a[phase between Lo and RF signals]

oise = a[phase noise]

Step 2: Scope for Phasei
Noise measurement

Step 1: Voltmeter for
measurement calibration
(DC level)

Scope Tektronix
5MHz Low Pass Filter (SLP-5)

e RF generator type HP8662A

e Oscilloscope Tektronix type 7613 with modules 7B92A for triggering and 7A22 for very high
vertical resolution (10uV/division). Max bandwidth 1MHz.

e RF splitter, attenuators and LPF (type SLP-5) from mini-circuits
Frequency mixer type ZLW-1W
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B. Results

First remarks:

e During our measurements, we faced a S0Hz noise which was independent from the link itself
and that we did not really manage to remove, except by adding an extra 100Hz filter at the
input of the scope. This implies that the real phase noise of the link is far smaller than the
actually measured values.

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

1. 400MHz with 6dB optical attenuator

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

Which gives us, using the relation 1cm = 33ps in vacuum,
\ 4ps \ ImV \

140 uV pkpk
= 0.7 ps Phase Noise

Results:

Total Phase Noise = 0.7 ps pkpk
Phase Noise without the 50Hz = 0.2 ps pkpk
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2. 400MHz with 10km long fibre
Calibration of the measurement, using the Voltmeter:
\ 5cm \ 84mV swing |
Which gives us, using the relation 1cm = 33ps in vacuum,
‘ 2ps ‘ ImV ‘
200 uV pkpk
= 0.4 ps Phase Noise

Results:

Total Phase Noise = 0.4 ps pkpk
Phase Noise without the 50Hz = 0.2 ps pkpk
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3. 40MHz with 10km long fibre
Calibration of the measurement, using the Voltmeter:
| 5cm | 6.75mV swing |
Which gives us, using the relation 1cm = 33ps in vacuum,
| 25ps | ImV |
200 uV pkpk
=5 ps Phase Noise

Results:

Total Phase Noise =5 ps pkpk
Phase Noise without the 50Hz = 2.5 ps pkpk
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4. 10MHz with 10km long fibre
Calibration of the measurement, using the Voltmeter:
|20cm | 5mV swing |
Which gives us, using the relation 1cm = 33ps in vacuum,
[ 132ps | ImV |
Without the 100Hz high-pass filter
150 uV pkpk
= 20 ps Phase Noise

With the 100Hz high-pass filter

pe— 100 uV
EnT— ] 220 s o

Results:

Total Phase Noise = 20 ps pkpk
Phase Noise without the 50Hz = 13 ps pkpk
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S. Summary
Setup Total Phase Noise (pkpk) | Phase Noise without the S0Hz (pkpk)
in DC-1 MHz band in 1 MHz band
400MHz — 6dB optical att | 0.7 ps 0.2 ps
400 MHz — 10km fibre 0.4 ps 0.2 ps
40 MHz — 10km fibre Sps 2.5 ps
10 MHz — 10km fibre 20 ps 13 ps
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VI. NOISE FLOOR MEASUREMENT

A. Setup
Generator O prioo
HP8662A
\-22dBm CW @ 1GHZ Tx
O
10km fibre 12V
Broadband 1 11
ampliﬁegrB -2v| TT
ZHL-1042 R
10MHz-4GHz

/ .

+5dB gain

Spectrum analyser
HP8566B

B. Results

e Measured Noise Power = -55 dBm in 300 kHz band @ 1GHz, (300kHz is the spectrum
analyzer resolution).
e Normalised Noise Power = NPnorm = -55dBm — 10 log (300kHz) = -110dBm/Hz.
e The Spectrum analyzer measures a PSD of kToFpurGpurGe.
e NF = NPnorm — 1010gGampl - IOIOgGlink + Canalyser - 1010g(kT0)
0 10logGampi = Gain of the ZHL-1042 amplifier in dB = 29dB
0 10logGiink = Gain of the link in dB = 5dB
O Canalyser = Correction factor for the logarithmic amplifier of the spectrum analyzer =

2dB
0 10logkTo = 10 log (290*1.3810*10%) = -174 dBm/Hz

‘ Noise Figure = +32 dB/Hz @ 1GHz

hp FEF 18.0 8= ATTEN 20 @

T

[Miteq specification was 22dB/Hz]
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