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Series Junction Array in Fluxonium

No superconducting islands,
No offset charges!

V. E. Manucharyan, J. Koch, M. H. Devoret, and L. |. Glazman, Science 326, 113 (2009)
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Capacitance to Ground

i—R CNi > N Cq
LJA : CJA
: R
X = x—']_"*- ....... N Nmaxz\/CJA/Cg ~+10°
LJ CJ
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2. Fluxonium Junction Array



Junction Array Geometry
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Dolan Bridge

Evaporation 1

Evaporation 2

Nicholas Masluk



Reality of Junction Array




Simulation



Simulation v. Theory
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Simulation v. Empirical Data
Junction Capacitance v. Junction Area

Island Width - Depth
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Dolan Bridge Geometry

Vary Island Separation by Varying
Island Width

d=10nm

d =100nm

d =200nm

d =300nm




Dolan Bridge Geometry
Vary Island Separation by Varying Island Width
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Robustness of Results
3 v.1 Middle Islands




Dolan Bridge Geometry
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Ground Capacitance { Junction Capacitance
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Other Geometrical Variations
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Dolan Bridge Conclusions

* To minimize parasitic capacitance to ground in
Josephson junction arrays use:
— Deeper junction (more rectangular, less square)
— Larger junctions
— Thicker second layer

— There is a lower bound on the parasitic
capacitance

— Capacitance to ground varies linearly with island
separation



Bridge Free
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Maximum Number of Junctions for Junction Width of 100nm .
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Junction Array Q



Junction Array Loss
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Resonator C Top Ground Bottom C-Pin Bottom Grnd
S L 10 20 30 10 20 30 10 20 30 10 20 30 L S

10 0.05 0.11 0.21 221 3.21 398 0.75 0.86 0.95 3.01 3.67 432 10
30 0.14 0.30 0.53 408 5.40 6.51 111 1.30 143 445 5.58 6.47 30
50 0.26 0.45 0.88 5.68 7.31 8.58 148 164 182 5.99 7.04 8.28 50

60 70 0.39 0.74 1.25 7.26 913 1056 1.78 2.01 217 7.30 878 1002 70 60
90 0.52 0.54 159 8.73 10.85 12.42 2.05 2.25 243 8.62 10.06 11.52 90
110 0.64 1.18 154 10.28 12.68 1445 2.27 2.54 272 9.83 11.80 13.35 110
120 0.69 128 2.15 11.01 13.66 15.63 2.34 2.63 2.85 10.33 12.55 1450 120
10 0.04 0.07 0.14 2.25 3.23 408 0.83 0.92 1.03 2.82 3.31 403 10
30 0.11 0.20 0.37 413 5.57 6.73 134 146 1.64 450 5.25 6.36 30
50 0.18 0.35 0.60 5.85 7.50 8.87 170 188 2.06 5.69 6.81 7.99 50

50 70 0.28 0.50 0.86 7.44 9.38 10.97 2.10 2.25 248 7.16 8.19 871 70 50
%0 0.37 0.67 1.12 894 1124 1303 2.43 2.65 2.89 8.46 996 1150 90
110 0.46 0.85 1.37 10.56 13.23 15.12 2.67 3.03 3.21 9.58 11.77 13.31 110
120 0.49 0.90 148 11.31 1410 16.17 2.75 3.09 3.35 10.03 12.27 1422 120
10 0.02 0.06 0.10 2.26 3.28 418 0.77 1.10 1.19 2.04 3.37 393 10
30 0.06 0.14 0.25 4.25 5.73 6.89 1.36 171 1.86 3.64 5.08 6.03 30
50 0.12 0.25 0.42 5.99 7.74 9.20 187 2.25 241 5.00 6.76 7.7%9 50

40 70 0.18 0.36 0.60 7.58 5.68 11.33 2.32 2.68 290 6.31 8.06 938 70 40
90 0.26 0.48 0.80 9.30 11.62 13.50 290 3.13 3.40 8.06 9.55 11.23 90
110 0.33 0.59 0.97 10.90 13.61 15.69 3.22 3.55 3.79 9.27 11.20 1253 110
120 0.36 0.65 1.07 11.74 1462 16.85 3.38 3.72 402 9.93 11.99 1406 120
10 0.01 0.c4 0.07 2.29 3.40 425 0.83 1.26 138 170 3.04 3.68 10
30 0.04 0.10 0.17 432 5.87 7.06 153 2.01 2.18 3.13 476 5.64 30
50 0.08 0.17 0.30 6.15 8.01 8.47 221 2.65 2.88 456 6.34 747 50

30 70 0.12 0.26 043 7.84 10.03 11.80 2.73 3.28 3.52 5.71 7.84 818 70 30
90 0.17 0.35 0.57 9.63 12.13 1413 3.34 3.86 413 7.17 9.36 1091 90
110 0.23 0.43 0.70 11.31 1409 16.46 3.87 432 465 8.58 16.75 1268 110
120 0.25 0.47 0.77 12.18 15.25 17.69 408 458 455 9.21 11.62 13.78 120
10 0.01 0.02 0.05 2.38 3.44 4437 101 1.37 174 151 2.39 3.65 10
30 0.03 0.06 0.13 452 6.07 7.37 191 2.36 275 2.85 411 5.58 30
50 0.05 0.12 0.22 6.45 8.40 9.95 2.70 3.29 3.67 4.05 5.80 7.41

2N » 0.08 0.17 0.31 829 1059 1246 3.45 406 447 5.25 7.18 ges 70 2N



Fluxonium and Beyond



From Scratch = Faster Diagonalization
A=E,.q* +E 3° - E,Cos|[d - d]

Turn analytic problem into algebraic problem
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Non-Commutative Algelra in
Mathematica




(*break up cosine x)
cosList[N ] := ExpandXPower @ (List @@ (Cos[x] // Series[#, {x, 0, N}] & // Normal))

cos = cosList[5] /. x> (aL + aR) // ExpandNCM
(xgive me taylor expanded cos up to 5th order and then x replaced by aL +

aR then fully power expanded by noncommutative algebrax)

1
{1, > (-alxxal-alxxaR-aRxxal-aR«xaR),

(al #x al xx aL xx al + al xx aL xx aL. xx aR + aLl. xx aL. xx aR xx al. + al. xx aL. xx aR xx aR +

1
24
alL*x aRxxalLxvalL+alxx aR+xal xx aR+al xx aR »% aR =% alLL + aLl xx aR xx aR % aR +
aRxxal xxalLLxxalL+aRxxal xxal xxaR+aRxxaL xx aRxx alL + aR #x al xx aR #x aR +

aR**aR**aL**aL+aR**aR**aL**aR+aR**aR**aR**aL+aR**aR**aR**aR)}



CL=5;

BL = 100;
14
B= ;'\/Ec/El /. {Bc» 2.5, E1 5 0.5};
oe = m;
T

cosList [N ]
cosList[CL] /. x= (aL+aR);
cos0 // ExpandNCH
(«COSelIJ[i_,3J ] := Plus@@(bra[i] »f&/@
COSelld[i , 7 ] :=Evaluate[
cos2 = (¥ axket[Jj] & /@ cosl) // ExpandNCM;
cos2 = (bra[i] »» # & /@ cos2) // ExpandNCM;
Plus @@ cos2
1;
sinList[¥ ]
sin0 = sinList[CL] /. x> (aL+aR):
sinl = sin0 // ExpandNCM;
SINelId[i , 7 ] :=Evaluate[
8in2 = (# »xket[Jj] & /@ sinl) // ExpandNQM;

cos0

cosl

sin2 = (bra[i] »» # & /@s3in2) // ExpandNCM;
Plus 8@ sin2
1z

(scan keep the numbers factored oui might run faster a)

HoMtrx = Table[Cos[¢e] COSelld[n, 1] - Sin[¢e] » SINelld([n, 3], {n, O, BL}, {3, 0, BL}]:

HoMtrx // MatrixForm // TraditionalForm

evals = Eigenvalues[HoMtrx];

((Faneket[j]&/@ cosl)/

Expandl

e T
M

\
)

"

:= ExpandXPower @ (List @@ (Cos[£x] // Series[#, {x, 0, N}] & // Normal))

:= BExpandXPower @ (List @@ (Sin[£x] // Series[#, {x, 0, N}] & // Normal))
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From Scratch = Faster Diagonalization
A=E,.q* +E 3° - E,Cos|[d - d]

e Turn analytic problem into algebraic problem
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