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1.Introduction

'With the development of laser t=chnalogy and high-power lasers, the width of laser
ulse is becoming narrower, while the pesk power is growing, so that the range of
harrow laser application is becoming larger, and now the [aser with the pulse width in
bicosecond level have been applied to the physics, chemistry, biclegy, quantum
communication and other fields for a long ime, and playing an increasingly important
role. Especisiy. in the Quantum Key Distribution (QKD) experiment, the pulse width of
the laser in transmitter is less than 1ns.

Flg 1. Optics struchue of the transmitter

n the Q¥D system bassd on the da:w—slzl&BBM protocol, a series of laser pulses
" random ization states and i bry the
re fourd™arizations: H, W, P, N and the slgnal state pulse has an intensity three nmes uf
e decoy state pulse while the vacuum state pulse doesn't emit photons. The
nsmitter also fransmits syn&l:ght pulses which have much higher intensitiss to make
re the information ion between the and the receiver. The sync-
ight and =ignal light are coupled into one optical fiber by the WOM technology. In arder
debug the system and test the stability of the I3357%. the signal light is divided into two
= befors coupling and one of the two is connected to the test port of the transmitier
shown in Fig.1. The stability of the lasers and whether the system is working properhy
n be known by measuring the energy of laser pulses from the test port as shown in
ig. 1.
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2.System Architecture Design

The designed system consists of two parts: signal conditioning board and a main
processing board with 3 high speed pipeline ADC, which is shown in Fig.2..
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Fig.2 Structure of the energy measurament systam

21.  Signal conditioning

An optical pulse with an about 200ps FWHWW from the test part can be converted 1o 3
lectrical signal with an about 1ns rising edge and 2nz falling edge by a photon diode. Thy
lectrical signal is too narmow to be sampled directly so a signal conditioning circuit is
developed to amplify and brosden the electrical signal.

The circuit is mainly made of three parts besides 3 high speed photon diode (PIN),
including 3 non-inverting amplificstion part, an active filker broadening part and an

werting amglfication part as =hown in Fig 3.
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Flg.3 Signal condtioning cireult
2.2, Main processing beard with ADC

The structurs of the data processing board including the ADC is shown in Fig.2. The
FPGA configures the clock generator via 3 SPI interface fo generate 3 200MHz 300MHz
VDS clock to the ADC. As the outputs of the ADC are high speed differential signals,
thozs signal traces should keep the same long length. The length of the two traces insidg
one differential signal pair should 10mils 35 @ margin of emor while 50 mils for
different pairs. The single-ended Clock trace and data traces of the Gigabit Ethernet
Transceiver should be as same long as possible too.

A 10-bit h»gh speed plpellne ADC—ADS211 is selected to sample the analog signal
clock. The ADC's sample clock is provided by &
high duck DCEB2005. Digital data by ADG211 are
processed inside 3 high pednrmance FPGA chip—EP3SE100F115213 rnanufacmred by
Altera Corporation. A Gigabit Ethemnet i B3E1111 is used for
processed data fo 3 computer.

3. Data Processmg

lituds isition and data

The primary functions of the data
They are all i inside the FPG\A.

3.1. Signal amplitude acquisition

The data comne from the ADC are ata 1G-h¢|@I§DDMHz rate mat are hardly o be
processed directly. So they are i by an on-chip then an
acquisition module will receive data from the deserializer and do the associated
processing to obtain the amplitude. The deserialization factor is setto 10. So ten parallel
data will be cutputied with a synchronous clock at 20MHz. Each parallel dats has a ten-bit
width. The relationship is shown in Fig.5.
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Flg. 5 The r2iationship of the data before and after tesanzlized

Flg & Fiowchart of the signal smaliude cquisiion module

There are 15 sample points per analog signal period. The current pesk’s position will be:
the position that previous pesk's position (last_max_addr) plus 15 ideslly. Suppose the
last_rnax_addr is @ (the highest bit of last paralial data), the current theoretical peak's
position will b2 4 in the cumrent parallel dsta as the red numbers shown in Fig 8.

32 Data fransmission

Ciata will be reduced to about 200Mbps after dsta processing and will be uploaded by the
Gigahit Ethemnet interface based on the media-access-control (MAC) protocol. Altera
Corporation offers the Intellectual Proparty (IF)-The Altera Triple-Speed Ethemst
MepgaCore Function (TSE) that can supports communication on MAC laysr. The TSE

rts 10/100/1000-Mbos Ethernet applications and is easy for use.

4. Test

Fig.2 choose: R1=1000. ..Z-ZDDQ R2= ZUUQ C1=100pF. C2=5gF, then the
proadenina will be p . Fig.7 shows, th before and after conditioning.

FlgT. Waveforme before and 3 iy
mpitud (Right)

The signal conditioning circuit presents fine linearity within a certain rangs of peak
bower. When the peak power is under 350V, the slope of the line fit curve is about 8.24.

betwen the peak power and e

" Short Fuise of Laser Z-5can Eased on
Tecnnigus, 2008, 290(3105-107, 110{chinese)

The relationship between the peak power of the optical pulse and the amplitude of the:
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