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These coupled aicrobridges .-xh - i - i t  a great 
.

~~~co of int•rsctions. as mar it’e~~ i by t!aC d i.tor—
tIes of their 1—V curves . Seine of our initial
kSTIOUOS. have been c~ese r tbe-u s1sewhsrs~~, hers w e ~ -1.- et,;a ? si
vIlli to focus upon our observation of voln,,~ s ~~~~~~~ 

o4
sin.. abet relates directly to the fabtica’ t o n  of
cabin et en~~s . M sxe~~le of vo ltage lock ing is ~
u~~~n 1.. Pig. 2*. The current chru brid le 2 is 1u sd
at • vales .lightly above it. critical current and

- ‘ siniet is swept in thu opposite direction thtu ma1

bridge I esd out the superconducting ped separating v I t• al - . _ 5___”_ 5,thu Iv. bridge.. V
~ 

and V2 are onttored as I i_ varies. - -

~~t. that the two vol tages are equal Iron I I u 13 to 
S - S 

_ _ __~~~

S7WA. vith 
~2 

be ing pulled in lock w ’,’h V1 over a
r~~$e of lmV . even though the or~~~c a  thru bridge 1 ~~ 

. .~~ ...50 lxi

1,~~A3ii held constant.

In a prac tical arrey b o t h  current, would be
swept toge th er. Thus the luV pulling observed with

12 fixed i~~~Lies th a t  the bu dge. would stay locked
over a wide voltage renge. Wp ‘av.’ ‘.n fact , observed 

Fig. 2. At ’ example of volrsge 1ock1~ g b.tv•.c two

continuous lock ing Iron 0 to 40- V when both currants 
microbridge.. a) I~ is f ixed and both V1 and 

~2 are

a~. swept toge ther .  Since the opposin~ a’i r~ tm r.t bia, 
shown as X

~ 
var ies. b) The total differential

is essentially a p ar a l l e l  DC C O I 1 O C Ct L D n  - the resistance of both P~~~~ i a i -  Note that dVt/dIi geea to

bridge, it would be simple to rti tam nesgrl” equal 
zero in the lock.ing t~(~~~”t1 ta( SVT I4I 1) is a asasurs

voltages across all bridges wi r i i  the , : t t~~r - : a l  bia* 
of ths locking ~~~~ .t ’i h

circui t , thus improving the lock t - -~ r an ge even
further. 0.98 T

~
. Lass c omplete locking iuf-srarUons are

observed down to • 0.90 T~, how.-,er •t thi, poin t th.

To check the completeness of the locking with s t a s c gtb of th, inte rac t ion  has leerea.sed considerab ly .

2 grester precision a 0.LtaA AC sigo..~ 1. added ~ 
The variation of locking strength with voltage at two

only and the voltag i mo n i t o r ed  w i t h  a lock-in d itfirent temp .raturea is shown in Fig. 3. At

saplirier. The result is UV ‘d1 1 ~r.mi dV 2 /d l~ , the T/T ~ 
— 0.992 fu l l  locking i. observed Ire. 13 to 2OuV ,

slop.. of the two curve s in ~lg. 2a. In additi on , th* peak of the interaction stresgth. At the lover

the total AC voltage (V may be t i c a l t  ~t:ed . This is temperature eh. peak at 30eV do.. not corr.apood to
shown in Pig. lb as dV 1Yd i 1.  D u r i n g  I~’m- k t n g  f u l l  locking . Note t o u t the .*in peal has cowed to a
dVi/dIl — dV2/d11; si r- ’-.. t i e  vo l t ages  era  I n  h ig h e r  voltage at the lowe r te~~.rature . Also note

opposi te directions this implies dV T/dIl 0. r’- i— the oscill ation in the lockin g strength . This

decr ease in dVmr Idli in the locking region can bs oscillation wa, particularly pronounced in this s~~~te,

- i used as one measure of the s tr - n g l h  of the Inter’- but ma. bewi, i’~’~~it i-ed ~u a iseset dagL es iu all .iiJast

action. Thus IVT/dtl — 0 indicatos complete locking, samples te sced . Howeve r , with co re stron g ly coupled
end the asasuremont of t t (dV .~/dI ) providss a gauge 1~~u u 1 1 at an appropriately chosen teaperatur s, coo—

of the strength of the interactLn , even thoug h tinuous full 1.-u-k:,g he. been observed from 0 to 40uV.
comple te locking may no t occur .  As a f u rt h a r  check I.. belisve that this behavior eny be relatsd to a
upon the locking strength we increased the emphit ude freq uency dsp*-’.’-o . phas. shift In the locking inter—

- 
, and frequency of the AC ~odula tton current and action. Investigatio n of this point is eo-’ticuing .

monitored dVT/dt  while sweeping lj through the lock— 
The locking interactioi , does persist to higher

irg region. We found that dV1I d t 1 — 0 for a modula— voltages than shown here , but a ped voltage develop.
ticn corresponding to a voltage r P t a  of change o~ 

ar the s~~~ timi .

3,V/ssc (or a frequency modulation of 1.5 x 10
CH.s/.ec). Higher modulation rates were not possible A microbri dge at a finite voltage supports a

~ due ti, circuit ilanitations. supercurrsnt end a n or.s.1 current , both oscillating eg
Ic Josephson frequency . The ob erwod babavior 01 the

- . Voltage locking is observed both when the current voltage locking interaction is c~~~ iateut with the
flown thru the two b r i d g e s  an d  out  -~~~~~~ ‘a j t r  sides of sssomption that pulses of the isi’enl current diffuse

the interconnecting pad , or out ‘ - c  a - c  stIu of the 5Ct O I l  the pad separating the bridges and interact with
pad . In th. latter case t l wr e  I, ,

~~~I y~a
5 
vol t age ‘he other bridge. In tb.. oppns.4 currant situation the

in the pad , and at cuifficiently h i gh current levels nor.s1 curren t would tend to increase the inatentaseoco

* p*d volt.’ge app ears in tb~ fc”-yr i’r ~~~~~ . supercuirent in the affected bridge, and could trigger

appearenc. of a re s istance  in the pad doca not pr.- e’ inpending phase slip. Consistent with thi, idea is
elude observation o vol tage  lo c k in g  b a t-we..o ~~~ 

___ -la s fac t  that locking is never observed with currents

bridges. Howeve r , the pad -. 1 1 - mg.. ‘ - - a  add f lowing through the bridges in ..rias. This is because,
considerably to  the complex ity of r t i .  intprilrttoits it. the •eries case , the toreni ~~rr. t diffusing fro
obs erved, and in t’rdor to understand the I - i- k i n g 

the -‘that brid ge delay s the ~~~~~~t of a phase slip by

- - interact ion we have confined rn - st  of our ec n r  reducing the eupercurr en t , ebith ~~ves to coupansate
observations to situation . in w h l -  - - ac pad remains 

(Or th, diffusion of the quasipartitlas end aaintaia’
superconducting. The’s the dsta I :  FI gs. 2 antI ~ we re 

ateady curtant flow. Thu ~~~s1 1.. aspported by the

th. pad resist s ncs is hi~~ sr, sine, th is reeults in ataken with no pad voltage, fact that stronger voltage locking is observed whes

We have found the voltage locking t o  be both larger frac t ion of the norna l v i - iSut flowing thr-u the
voltage and tslWerature -Jer.r i e - t .  rv ; i a l l y  tuii other bridge . We •rs presently v.rti~~ on a dyu~~~e
locking (dVT/dIl — 0) is r u I - 5 , ’ -~.d ~ l~~~~1n ~~~~~ ~~~~~~~~ 

uaodel of the nt.rsctfoe between the bridges due ~~
range In. temperatures ranging f riim 10 to shout the norvel cu r ran ts.

.

~

. _ _ _ _ _ _ _  _ _
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Pig. 3. Variat Ion of the locking strength with a
voltage at fixed temper.ture . This Figure illustrates
the oscillatory nature of the locking with vo l t age ,
and the ovement of the maximum locking strength peak
to higher voltages a. the temperature is rt’dured.

IV. CONCLUSI(~4S

Ve have observed an interaction between two
aicrobridgee that acts to lock the voltages of tate
bridge, to a single coenon value . Lockin g j 5

observed only when the DC current f low s in oppos i te  
.- -

directions tl,cu the two bridges and out the conn.lcting
superconduct ing pat5 . Continuous lull locking has been
observed in excess of 4OuV under a ppr o p rt ;  rn
cosditfons. No locking is observed when current f l~vs
in the s~~~ dIrection thru the two bridges (ser ies
biasing); in fac t the interaction tends to force the
anleag.a S~~5VP 4 ,~ P)

~j~ 
u.. ~~•‘~~~~~~ 1 

~
- i - uy e  i~~’ ‘-1-’r’—

bridges can be forcibly synchronized with the
appUcaeion of aufficien t microwave power, but: for
close separations ( Sun) the locking interactirn works
agains t this synchronization; however when current is

~~ fl thru the two bridges in opposing directions
(~aii1iel biasing) perfect voltage locking can be
aaintaloed wi thout any external microwave radiation. -..--~—--——-•—~1 /
It reasina to be deaonstr.ted that the Josephson -~ 

‘
~~~~ 

_ .t - -—-—----——Ii’
oscillation s are in phase before full coherence may - 

- 
- - ‘

be cla iasd. We are presently working on ascertaining — . - a ~
the exact nature of the locking interaction. I , ~~

,, ~~.t!Ci C

- 
~~~-
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