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1.Introduction

Quancum key distribuion o s ion
carble amn hey dsbution (CUGHD) & an parit o o, Compaed o =
QD vt s phee, s 4 CY QKD i baed . B dee miodts
random pumber into the amplirude and phssa of the pulsed Lases in quatm lovel af ancmir and

‘exracts rendom ubar through a balanced dstector 3 recsivar{T). The detection method of CUGKD
i based 0 the interference betuween weak siznal light and a strons light with the same frequency and
sachcnizd hase, usaly clled ol acillstn et This matiod e ot he backgod Lkt

y rates over

also Wmmm pamm Pyt e
dus

e oy ton e of CVQRD xpesmeet - soricd b ommon ot o . For 3

nypical CVQKD empemmaemtal system. raquirsment of CMRR is grestr than 43aB[3], however

although the existing commercial balancad detactors are wall estblished, they are mot suitable for

QD bacause their CMER,is usually lass than S00E and the gain is low. Therefore w devaloped 3

daticatd balanced cetcia for our CUQKD expasiments, f2e0 s very o ise 3 gan of 255

VA fo sxac nformation o wesk quantun el signal lsht in a high siznabto-noise raio. Thia
i test for the

2. Principle of Homodyne Detection

According to (4], if 3 signal light imerferes with local oscillator light, the ouyus has following
relztonstip
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A, 9, P are the carier amplinade, Sequency, phase, power of signal and local oscilster light
respactively. Afier the photocuen: decrament tzough belanced datectoy, the DC componset P, PL
is eliminaed f -

[0}

siznal and local oscillator, and lock the phase of ocal oscilltor o the siznal lsht,this means that the
ek outpat of balanced detectar i
RO @

‘Where G is the eleciical gain of balanced detector and (V) is the responsivity of photodiodes. For
our plictodiods, the (7. is trpically LAW at 5V bias voltage. Commercial detectors typically use
‘oise equivalent power density(NEP) to Teprsent zoize lavals, the value i 2 fllow based on aary.
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3. Design and Structure

Tae balnced descer wad n ety CUQKD smperimams comvers ghtons 0 ez gk

I photo diode and oltage by his metiod
coser 3 g sigal i Wi s o osger sppopine 1 e pn.lls mp!mml ey =

£MHz sz trans-
impadamce amplifier nstead.

From (3)(3) wa can sea that the higher the 2ain of detacior s, he lowsr the NEP s while mainizining
bandwidih wad low poiss, which shio meas 3 higher sensitiviy(o]. Therefore 3 fwo-stage
amplification <ircut swucnra was wsed i detector 1o make i possibls schisving an ulthigh
sensitivity, so that weak quantum siznals can be detected. Towo operational amplifiers GPASAT fom
TL e oad il G il i, Ul il 20t OESgH dniy o 0052V e In
order 1o ensure suSicient sansitiviy, e gain of gapsimpedance smplifier fs set 1o SK and the Coliage
oplifiaion o 40 i, sk .3 11 A oF SR T speciay eeced 3038 P
Sbototiodes(FGADIEC, Thalebs worked i 1550mm) are sealy comected for photocumest

2pF yanction Alow noise
JFET BFESL is comentad benwsen photodiodss and Jasimpadance smplifier 1o suppress the
‘amplifier leakage current, reducing elecirical noisa[4]. Ths &atire bilatad detector is fbricated 0n &
S0mnmm % 75mm four-layer privted circnit bosrd 42d powsrd by 6V with $0mA nomal operating

Detsiled s shown in Figure 1

‘Due to s diference in Sequens
slecirical signals ourpat by thess PDs will ot b exacty the same. Thrs 3 5 ns pulse laser was used
10 compare the difference in response berween PDs in order 1 achieve  higher CMRR.
level o the closest v of e wers selctd 2 npus ot e dtectes, Rl of the
comparsan are sh 2, normalized Euclidean distamecss ars usad s

e oo o s ‘Sequency Tesponse is the ifference m;mﬂnup:(lunce

emeen PDs(6 whichcubesgely copemated by e offi volge appled bt

4 Test Results

We we the system shows o Figwe 3 fo test our
valanced detecta. Sinca e ol Tt the perdomnance of
detecior for CUQKD expermens, 3o anly te local
oacillstor beam injectes to BS and the signal ight was set
to none(vacumm). Beceuse of the respomsiviry. of two
shsiodiodes is aot aclly LAW and the spiical path i
shightly differant vo Shers from ES 10 balanced
detecior, we must use variable optical atem )
and optical delay line (ODL) to precisely control te delay
and anenvation of two opticel paths for achieving @ hizh
balanced test system. g’ Daszor st
Benefit fom the JFET berween photodiodes md Tansimpedmee amplifir tae RMS of noise
voltage s about 6, and the fvo-stage amplification CiIcut swucture makes e gzin reached 3255
WV while keeping e effecive bandwidth of 70MHz. Figure 4 shows the lectronic noie of detector,
subaitue the resultinto () and the NEP i about 2.2 Wiz,
Figare § i the CMRR test results, which based on AOM repatiten rate pulse Lasr with 7 Suw sverage
power, mé the resuts shows faat CMRR evemmally teaches 53, sbou 138
commercial detectars. This will be helpful to suppress exea noise due to dstector imbalance and
increase the key rate of QKD systeml5]

For 2 CVQKD system, tae shot noise to elacwonic
noise natio of detector & 4n importm: factor
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contixuens wave laser i diffrent power. Dus to the ulra-sensitive, low noise design, we can find an
averags rasi greater than 1002 2 1.6miW axd  marimun 16,345 Can be olbtained at 6.8 ovar the
0-70 Mz bandwidts range, (ki result is betiar than most C¥QED detectors and will be Belpfl to
furthex improve the key distibution rae.

Due to the inflvence of pulse trailing, the key rate will decrease when the palse repetition rate of

emperiant increases a3 spproaches e bandwidis of balanced detector, and the opsimal repaution.

Sy i gl i of CndvIAL(), it mes o deecor <A sppar 3 230
Ieperiion rate CUQKD experiment. Comparing with e existing slow CVQKD
performed in 3 stable fbes, our sensitive il o heiphl v ke s
CVQHD in complex channel

5.Conclusion

A ks s baaneed daecrbasd o snsedance sl i Lo o CQKD
s mplecmnted o v lowass TFET 221 tncage ampiiir catilt The NEP of deacior
220V nd the i 3185 VAV, which lead 10 & s 16,808 in shot noise teleconic
e ot s s o e e s s s s o 3 24
v 2 soppen CUQHD s
e repeon s of R
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