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Demo cases

1. Pure 1D Serial SQIF with user input magnetic flux

> Show how to simulate a 1D serial SQIF and how to obtain the DC voltage response of a SQIF
2. Pure 1D Parallel SQIF with user input magnetic flux

> Show how to simulate a 1D parallel SQIF and how to obtain the DC voltage response of a SQIF
3. Single loop dc SQUID with user input magnetic flux

> Show how to simulate a dc SQUID and how to obtain the DC voltage response of a SQUID
4. 1D Serial SQIF with plane wave incident

> Show how to co-simulate SQIF and a regular EM problem
5. 2D SQIF simulation with plane wave incident and dipole antenna

> Show how to co-simulate SQIF with antenna and other sources

Procedure of building a SQIF and simulation problem
> The example is “2D SQIF simulation with plane wave incident and dipole antenna”



Basic SQIF simulation scheme

Design a EM
project

Design a SQIF
device

Simulate the regular EM problem (the
SQIF is not considered. Only the H filed
on SQIF is recorded)

In this step, if SQIF solver finds that there is

After the EM problem is solved, prepare an external H field data file existing. It will
to simulate SQIF automatically load this data file and replace

the H field recorded in the EM solver.

Simulate SQIF and save result

Note: the external H field file must be in the same folder of project file, with a fixed
name “SQIF input.txt”.

This means that, if user want to use external H field file, each project should
have it’s own folder. There cannot be multiple “SQIF input.txt” existing for different
projects in one folder, except all projects will use the same H field. 3



Example of the External H Field File

A Case file: SQIF\demo\1D SQIF\serial\dc_voltage response\40-loop-gaussian-s\ SQIF input.txt

0 0 :
‘10e-12 -41.18e0!
1e-9  -41.18e0:

2 columns data

File format type is 1, means the data in this
file is H field. All loops in the array will use
the same H field.

The data will be represented by 2 columns.
The 15t column is time in second. The 2
column is the H field magnitude in A/m.

Here, we can see the H field is in the range of +/-41.18 A/m. Therefore,
the equivalent magnetic flux quantum through a 200 um? loop is:
ugHS/®,=4ne’*41.18*200e1%/2.0678e1°=5

As the flux plot in the case 1.




Simulation Time Step Control

There are two kinds of SQUID simulation setup. One is using text format
Spice circuit. Another is using WCT graphic circuit editor (GUI).

» Text format Spice circuituser can control the time step directly by Spice instruction, which
is in the line “.tran xxxx”, for example, “.tran 2p 61ns Os 2p uic”. Here, the 2p in red is the
maximum delta time (At) in the SQIF simulation. More detail information please refer to the
Spice manual in the following link:

http://newton.ex.ac.uk/teaching/CDHW/Electronics2/userguide/sec4.html
subsection “4.3.9 .TRAN: Transient Analysis”

» For GUI typeof simulation project, currently, there is not place to let user input time control
in the circuit. So, we use At of the project automatically. The setting page is in the Time Tab
of project design, as shown in the right-bottom figure of Page 36. In general, full wave EM
solver will use a much smaller At compared to the At requirement in a SQIF simulation.

1. Itissuggested to use “Text format Spice circuit” to simulate SQUID/SQIF.

2. According to our experience, it is suggested that the At in SQIF simulation will not larger than 6ps.
A smaller At will have better accuracy, but cause longer simulation time. We find that, for most cases,

2p second will bring a good balance for accuracy and shorter simulation time. :


http://newton.ex.ac.uk/teaching/CDHW/Electronics2/userguide/sec4.html

Case 1: Pure 1D Serial SQIF with user input magnetic flux

A cCase file: SQIF\demo\1D SQIF\serial\dc_voltage response\40-loop-gaussian-s\s40_|1_Im.wnt

A This case is used to show how to obtain the dc voltage responsen a 40 loops 1D serial dc SQIF

This case looks like using a plane wave incident.
However, we define a external H field data file for
SQIF. This data will be the actual H field input for
SQIF. Following figure is the equivalent flux on a

loop with 200 pum?.
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Full SQIF circuit Setting
(note: This case we use TEXT format circuit. However, WCT also support
graphic format circuit, it can be also used to build a SQIF circuit )

Modify Lumped Circuit k E
General Ezisting Subcircuits in Project
arne | | bvpe Marne pararmeker
o 1D SQIF  sqifl Loops=40
Circuik Texk
sauif

" dc bias current
las cuprent couwce

b 000 P00 0 00120 0.0 DN2e0 (1 200231 (a3 [ 200%e.5) |
%01 100 0 sqifl

fram 2p 60ns 0s 2p uic SQ' F
.end
<5 | ¥
Ports
Mode Pair Start Position End Positian ~ System Intrinsic Subcircuits

1 1,0 0,00 1,0,0 —

: &

3

4 Z 10 Sqif 20 Sqif CiZ-Siquid

< | ¥




Serial SQIF parameters

1D SQIF Editar

Marme |sqif1 |

Formula:

Paramters: S0 | | K | | & | ’%3

1.5 T = =

Loops area

Parameters For each loop

Loop Center  |User Input »

Loop Marmal [v]1dentical
Josephson Junckions [+] 1dentical

Self-inductance  (H) Proportional to area

Factar

Mutual-inductance (H) [ Edit ] Unit |CDUD|ingFactDr v|

Bias DvC current (A) I:l fagn. Flux Density (B)

Miscellaneous

[Z Bias H Field (Afm) l:l Startup Delay (s) CI

1=200 pm?

Normalized Loop Area
(IR

0.5 r r r
0 10 20 30

Loop index

The loops size is
imported from file:
my_area_40.txt

40



----- A Lumped Ports

----- &5 Wave Ports
- Circuits

/-4 0l Excitation Pulses
+-BE Materials

—dT Curves
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50 Voxels

+- [ Snapshats

----- .1 Far Fields

a0l Temp

gl Imported Result

=-alal Results

#-11l Excitation

#-10l Observers

=4l Circuits

=1/l SPICE Circuits

=1l ¥oltages
=10l Transient
: | N Bcircuitl w1000
a0l Currents

(]

Circuit voltage

0.007
wm— rjrcuitl W 1000
0,008
0,005
< 0,004
Y
[} —
] =
=
S 0003
0,00z
0,001
-0.000 !
-0 = 10 15 20 25 a0 = 40 45 50 = (=i}
Time (n=) B
< I | 3
— —

Transient output voltage of SQIF

Circuit voltage

= |E3




Circuit voltage

Right click mouse to export this voltage

data as “a_40.txt”

Circuit voltage

B

(>

Save in: |Lﬁ 40-loop-gaussian-z Vl " ? | '

_tes
_trmp

Exk
40,kxk

=) SQIF_input. bt e >

o0.0ar
wm rjrcuitl {1000
0,005
0,005
Waveform Setting
< 0.004
T Load Curves
E Export Data
= 0.003 Export &l Data
Inkerpol, cross sec,
0.00z
Zoorn Al Save text file
a.001 Prink
' Print: ko File — [C2)540_11_im
Mw Prink to Postscript W J @4|1|m
Recent =) a_+0.Cxk
-0.000 ! ' | = [ a_an_ref,
-0 5 10 15 20 s a0 i 40 45 F[? I?] iy _area_
Titne (I'IS) =] aut.kxk
Desktop < -
£
S

the external H field file

-
‘% File name:

tdy Metwark Save as lype:

| a_ 40tk “ |

[ Save ]

| test [ tat) “ |

[ Cancel ]
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Use matlab code to filter this data to obtain the dc voltage response of SQIF.
The matlab code is under the WCT project folder as:
SQIF\demo\1D SQIF\serial\dc_voltage response\40-loop-gaussian-s\ show res 2.m

External flux input

The processed results ]
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Case 2: Pure 1D Parallel SQIF with user input magnetic flux

A Case file: SQIF\demo\1D SQIF\serial\dc_voltage_response\40-loop-gaussian-p\s40_I1_Im.wnt

A This case is used to show how to obtain the dc voltage responsen a 40 loops 1D parallel dc SQIF

‘z

SQIF

Similar to case 1, this case looks like using a plane
wave incident. However, we define a external H
field data file for SQIF. This data will be the actual
H field input for SQIF. Following figure is the
equivalent flux on a loop with 200 pum?.
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Full SQIF circuit Setting

(note: This case we use TEXT format circuit. However, WCT also support

graphic format circuit, it can be also used to build a SQIF circuit )

Modify Lumped Circuit

General

Mame |

Circuikt Texk

sauif

Hhize mprenk corce

dc bias current

%01 100 0 sqifl

i OO0 DAL (OO0 00180 00 O0Ze-0 41 (dle.d | (a3 41 [d]ed)

(£

fram 2p 60ns 0s 2p uic SQ' F
.end
Ports
Mode Pair Start Position End Position e
1 1,0 0,00 1,0,0 =
2
3
4
&

| =

Existing Subcircuits in Project

tvpe narmne
o 1D SQIF  sqifl

[

patamneker

Loops=40

[

System Inkrinsic Subcircuits

3 H

1D Sqif 2D Sqif

=

[nZ-5quid
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Parallel SQIF parameters

1D SQIF Editor,

- Kor fpaaa )

ops Area Distribution Type  |User Defined  «

3

<

Q.

Forraula: 8
Loopsarea - . |

Pararters: S0 | | K | | & | | 8 1

N

t range to | | £ | | 1=200 umz g

o

Parameters for each loop Z
Loop Center |L|ser Input v| 0.5 . . . L
0 10 20 30 40

Loop index

Loop Marmal [+] Identical
Josephson Junctions [+] 1dentical

Self-inductance  (H) Proportional to area

Factor (0,015

Mutual-inductance (H) Unit |Cl:uup|ing factar v|

Bias DC current (A I:l Magn, Flux Density (B)

Miscellaneous

D Bias H Field {A/m) |:| Skartup Delay () l:l

The loops size is
imported from file:
my_area_40.txt
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Transient output voltage of SQIF

ﬁ Circuits T
1l Excitation Pulses Circuit voltage [

E?i E"j::;':'s Circuit voltage ~
L] Fas — circuit1_Y(100)
& Solids 1.2e-004
£ Woxels

B snapshats

. Far Figlds 1.0e-004

1hl Temp
il Imported Result
=-glal Results & Oe-005

11l Excitation =

1l Cbservers %

=gl Circuits = §,0e-005
=

=1l SPICE Circuits
=1l Yoltages
=-/al Transient 4 Ne-005
il circuitl _yo1o0)
1l Currents
2.0e-005

-0.0e+000

-0 = 10 15 20 25 30 35 40 45 S0 25 G0
Time (n=) w

Same as case 1, right click mouse to export this
voltage data as “a_40.txt”



v (mV)

Use matlab code to filter this data to obtain the dc voltage response of SQIF.

The matlab code is under the WCT project folder as:

SQIF\demo\1D SQIF\serial\dc_voltage response\40-loop-gaussian-p\ show_res 2.m

The processed results
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Case 3: Single loop dc SQUID with user input magnetic flux

A Case file: SQIF\demo\1D SQIF\single loop\dc_voltage response\sl 2.wnt

A This case is used to show how to obtain the dc voltage responsen a single loops dc SQUID

Due to a DC SQUID is a single loop SQIF. In this case, we use a
single loop serial SQIF to represent a dc SQUID.

Similar to case 1 & 2, this case looks like using a
plane wave incident. However, we define a
external H field data file for SQIF. This data will be
the actual H field input for SQIF. Following figure is
the equivalent flux on a loop with 200 pm?.
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Full SQIF circuit Setting
(note: This case we use TEXT format circuit. However, WCT also support

graphic format circuit, it can be also used to build a SQIF circuit )

Modify Lumped Circuit

General isting Subicircuits in Projeck
Marne | tvpe narne: pararmeter
& 1D SQIF  sqifl Loops=1
Circuit Texk
squif

dc bias current

*hizas current source
|| ib 0 100 PYWL0 0 0.001e-9 0 0.00Ze-9_0.2025-3 1.08-3 0,2025-3)

x01 100 0 sqifl

Eran 2p 60ns Os 2p uic SQ| F
.end
< | >

Parts

Mode Pair Skart Position End Pasition b System Intrinsic Subcircuits
1 1,0 0,0,0 1,0,0 .
2 35!
3
4 = 1D Sqif 2D Sqif DC-Squid
< N




Parallel SQIF parameters

1D 5QIF Editor

Formula:
Pararmters:
t range
Farameters for each loop
Loop Center |Llser Input w |

S=S50-+KH

Loop Mormal [+] 1dentical
Josephson Junctions Identical
Self-induckance  (H) [JProportional to area Factaor I:I

Mutual-inductance (H) [ Edit ] Unit |C0upling factar v|

Bias DC current (&) I:I

Miscellaneous

Magn. Flux Density (B)

DC Bias H Field (&/m) l:l Startup Delay () |:|
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+

+

BE Materials
T Curves 3
[ Faces .
g solids
£ Yoxels 1.5e-004
[l Snapshots
Face Snapshat 1.6e-004
(@‘I Body Snapshok
Far Fields 1 4e-004
1l Temp
il Imported Resul: 20004
11l Results .
+-1gl Excitation _
+-1l Cbservers < 1.0e-004
=1l Circuits &
=-1lal SPICE Circuits T 8.0s-005
=l Voltages
=gl Transient 6. 0e-005
WY Ncircuit1 v
+-1l Currents 4.08-005
2.0e-005
-0, 08+000
L

Transient output voltage of SQIF

-

1

Circuit voltage

e circuitl _WE100)

10

15

20

25 30 35 40 45 S0 o5 G0
Time (n=) w

Same as case 1, right click mouse to export this

voltage data as “a_1.txt”
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Use matlab code to filter this data to obtain the dc voltage response of SQIF.
The matlab code is under the WCT project folder as:
SQIF\demo\1D SQIF\single loop\dc_voltage response\show_res 2.m

External flux input

The processed results

e
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Case 4. 1D Serial SQIF with plane wave incident

A cCase file: SQIF\demo\1D SQIF\serial\plane_wave_incident\10_loops\case2_10loop.wnt

A This case is used to show how to use a 10 loops 1D serial dc SQIF to receive a incoming plane wave

‘ Z
SQIF This case use a plane wave incident. The
SQIF device will convert received transient

H field and export a transient voltage.

After filtered by a low-pass filter, the
incoming wave can be re-constructed
correctly.

Incoming plane wave

& Sources
@ Observers x 10
A Lumped Ports
&5 Wave Ports
=¥ Circuits
=0 SPICE Circuits

/ [:}Q
. - IfF Internal Resistors
SQlF circuitin % Internal Induckors

WCT project Inkernal Capacitors
* Inkernal Diodes
:{( Josephson Junctions
1l Excitation Pulses . ] . ]
@ Materials 0 20 40 60 22
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Magnetic Field Density (A/m)

Time (ns)




Full SQIF circuit Setting
(note: This case we use TEXT format circuit. However, WCT also support
graphic format circuit, it can be also used to build a SQIF circuit )

Modify Lumped Circuit b__(|
eneral Existiga Subcircuits in Project
e — g
Marne | | bvpe narme parareker
2 1D SOIF  sqifl Loops=10
Circuik Texk
sqif

" dc bias current
jas current SIIIL_II’IZE

| | ib 0100 PWL(0 0 0.0012-3 0 0.002e-3 0.22e-31.08-3 0.22e-3)
%01 100 0 sgif1

fran 1p 80ns 0s 1p uic SQ| F
.end
< | >

Parts

Mode Pair Stark Position End Pasitian = System Intrinsic Subcircuits
1 1,0 0,0,0 1,0,0 .
2 35!
3
4 = 10 Sqif 2D Sqif DC-Squid
< I




SQIF parameters

1D SQIF Editor

Marne |

Loops Infomation

3D Points Editor X

A X

v z)
Jp.os, 0,0 |
0.0314643, 0, 0
0.0328634, 0, 0
0,0342053, 0, 0
0,0354965, 0, 0
0.0367423, 0,0
0.0379473, 0,0
0.0391152, 0,0
0.0402492, 0, 0
0.0413521, 0,0

oops area

[T -T - - B - LB B R

/

Loop centers

—-
=

[ Clear ] [Copy from 1sk item ] [ Load ]

[ Help ] [ (0] 4 ] [ Cancel ]

Loop Mormal [+] Identical

Josephson Junctionjparameters

JosephsoNJunctions [#] 1dentical
Self-inductance  (H) []Proportional to area

Squids in Sqif R

DiC-Squids in the Sgif

Fackar I:I Junction 1 Junction 2 e

Mukual-inductance (H) [ Edit l Lnit |.ﬁ.bsulute induckance v|

Magn. Flux Density (B) |:|

Bias DC current (A) |:|

(7= - B B - B, BT SN P R M)

Ic=0,0001;R=0.2;C=0
Ic=0.0001;R=0.2;C=0
Ic=0.0001;R=0.2;C=0
Ie=0.0001;R=0.2;C=0
Ic=0.0001;R=0.2;C=0
1c=0.0001;R=0.2;C=0
Ic=0,0001;R=0.2;C=0
Ic=0.0001;R=0.2;C=0

Ic=0.0001;R=0,2;C=0
Ic=0.0001;R=0,2;C=0
Ic=0.0001;R=0,2;C=0
Ie=0.0001;R=0,2;C=0
1e=0.0001;R=0,2;C=0
1c=0.0001;R=0,2;C=0
Ic=0.0001;R=0,2;C=0
Ic=0.0001;R=0,2;C=0

10 |Ic=0.0001;R=0.2;C=0 Ic=0.0001;R=0,2;C=0 i
Miscellaneous b
<5 | -
S o ] —
[ Reset ][Copyfrom lstitem][ Load ]
e R .
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Transient output voltage of S

™ |

Circuit vullag%

QIF

4.0e-004

3.5e-004

3.0e-004

2.5e-004

2.0e-004

Yolkage (%)

1.5e-004

1.0e-004

5.0e-005

-0.0e+000

e Circbitl {100}

-0 10 20 30 40 50 &0
Time (n=]

70 a0

Same as case 1, right click mouse to export this
voltage data as “v_out.txt”
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v (mV)

Use matlab code to filter this data to reconstruct the received signal.
The matlab code is under the WCT project folder as:
SQIF\ demo\1D SQlF\serial\plane_wave_incident\10_loops\show_res_2.m

Incoming
plane wave
x 10 Incident Hz
3
E
<
Al
g) 1
Transient SQIF output SQIF output after filtered g
g
Transient Voltage Output on SQIF Aweraged Voltage Output on SQIF 15 20 0 60 80
0.5 T T v 0.102F F v E F Time (ns)
0.4 . 0.1r
0.3 ““ S 0.098 -
' 1 £
““ ~ 0.096 |-
0.2 - eé
““ V' 0.094 -
0.1 M ” 0.092 |
0 ’ ’ ’ 0.09 & ; : : -
0 20 40 60 80 0 20 40 60 80
Time (ns) Time (ns)
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Case 5: 2D SQIF simulation with plane wave incident and

dipole antenna

A Case file: SQIF\demo\2D SQIF\SQIF+PW+Dipole\system_sqif 10x10.wnt
A This case is used to show how to use a 10x10 loops 2D dc SQIF to pickup a incoming plane wave from the strong interference from nearby dipole
antenna
A note:
A 1. the simulation time for this case is about 3 minutes on x32 version
A 2. the 2D SQIF array has not been verified with experimental data yet
This case has two signal source: an
Plane incident plane wave and a dipole antenna.
Wave The SQIF device will receive the transient
H field from the plane wave only.
ipole After filtered by a low-pass filter, the
///' : \}\_\antenna incoming wave can be re-constructed
5y
= correctly. | .
< = ncoming plane wave
Incident Hz
= / _ -
Iy, (5000,5000,5000) \\\ / g
f <
SQIF | Dipole £
Plane 5
antenna o
w wave Z
i
! e o
: 2
& Lk E Y VH g
-0.2°¢ £ j - ;
0 20 40 60 80 27

Time (ns)




Full SQIF circuit Setting
(note: This case we use TEXT format circuit. However, WCT also support
graphic format circuit, it can be also used to build a SQIF circuit )

Modify Lumped Circuit E
General Ezisting Subcircuits in Projeks
Mame | | tvpe narmne patamneker
%2[) Rec... sgif2 11x11 array
Circuik Texk
sqif

" dc bias current
las cuprent couwce

b0 100 B 000 001 000 00Zed 11 11ed ] e 31l 11a.d)
=01 100 0 sqif2

fram 2p 80ns 0s 2p uic SQ' F
.end
<5 | ¥
Paorts

Mode Pair Stark Position End Positian ~ Swskem Inkrinsic Subcircuits
1 1,0 o,0,0 1,0,0 .
: i3]
3
4 Z 10 Sqif 2D Saif DiZ-Squid
< | ¥




SQIF parameters

x)

2D Rectangular SQIF Array

Mame | Z8[s
Grid Posikion in %0 Plane
¥ {dnits m) ¥ {Lnit: m) [12 branch]
A A
1 1 1 1e-005
2 1.00001 2 3e-005
3 1.00002 3 Se-005
4 1.00003 4 Fe-005 Loops grid
5 1.00004 5 9e-005
b 1.00005 b 0.00011
T 1.00008 T 0.00013
8 1.00007 i 0.0001%5
9 1.00008 aq 0.00017
10 1.00005 10 0.00019
11 1.0001 11 0.00021
12 bt 12 s
< | > < | >
[ Load ] [ Sork l [ Clear ] [ Load l [ Sork ] [ Clear l
Josephson Junctions on ¥ Edges
() Indentical Critical Current (&) 00001 Resistance {Chm) Capacitance (F) D
Josephson Junction parameters
Function Distribution ¥ Direckion % Direckion

User Inpuk Edit

Additional Transform (Seguenciallv) Init Length Inductance (H/m)

0,01 | |1e-|:||38 |

(1) Translation {Unit: m)

21 Rotations (unit:degres 21 S0TF Plane Mormal (x,y,z
@@ ¢ gee) O(2)5Q ber2) [including Mutual Coupling

Tositie [E | ||| Carandom 13 varison 3D position translation of SQIF

around ¥ axis D
around Z axis IC'

(33 Translation (Unik: m) |D, 0,0 |

Miscellansous

D Bias H Field (aim) I:l Skartup Delay () I:l
| | Helr Ok areel | |




v (MmV)

Use matlab code to filter this data to reconstruct the received signal.

The matlab code is under the WCT project folder as:
SQIF\ demo\ 2D SQIF\SQIF+PW+Dipole \show_res 2.m

Transient SQIF output SQIF output after filtered

Transient Voltage Output on SQIF Averaged Voltage Output on SQIF

0.8+ 0.12¢
0.6 0.1
0.4 S 0.08f
9\8/
N
|
0.2 ”“ S 006
0 0.04 -
0.2° i ;i i i 0.02°* ; i i ;
0 2 4 6 8 0 10 20 30 40

Time (ns) x 10° Time (ns)

Magnetic Field Density (A/m)

0.8

0.6

0.4

0.2

-0.2

Incoming
plane wave

Incident Hz

20 40
Time (ns)

60

30

80



Set up a SQIF and EM Simulation
using case 5
1. Start a default WCT EM case.

2. Build the dipole antenna

2.1 Top pin (use WCT CONE shape)

0 4
J
[JuseLcs i
Bottom Center 0,0, 20 | BottomRa dius
Axis Radius
Height | /L._"\
Pz - N
| e b ah
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2.2 Bottom pin (use WCT CONE shape)

Cone Creation

Mame |pinz Material |PEC w Mesh ]
Transparency
0 0 100

y

[ JuseLcs
Baottom Center ||:|J a, -20 | Bottom Radius |5|:| |
7 fxis ||:|, 0,1 | Top Radius |5|:| |

Height |-1nn|:|| |
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2.3 add a lumped port source which can excite the dipole antenna.
This lumped port has an excitation voltage of 100 V.

Lumped Port Editor k f'>_<|

General

Mame |1 |

Twpe

> Rarameter Port |S|:|ur|:e & Obser | » | [1Plus AC Resistance Plat Tatal

Resistance
| Edit &C Resistance (R=Rdc+Rac)

[Z Resistance |5III

Excitation Pulse

() Use project pulse Plat pulse Delay [ns] |EI

() Use individual pulse Edit pulse Arnplitude | 100]
Positions
Megative (Skart) Terminal Pasitive (End) Terminal

||:|J 0, -20 | ||:|J 0, 20 | Reverse

|
|




Lumped Port Editor

General

Mame |1

Twpe

5 Parameter Pork

|S|:|ur|:e & Ohser | [ IPlus AC Resistance

[Z Resistance |5III

Excitation Pulse

) Use project pulse

(%) Use individual pulse

Plat pulse Delay [rE] ||:|
Edit pulse Arplitude |1|:||:|

Positions

Megative (Skart) Terminal

Pasitive (End) Terminal

||:|J 0, -20

||:|J 0, 20 |

Reverse

|
|

x]

We will let the dipole antenna
sending single freq. signal.

So, we change the lumped
port excitation waveform to a
infinite sinusoid wave.

Source Pulse and Freguency

]

) Frequency Range [GHz]

{*) Source Pulse

Pulse Type
Freq. (f,[GHz])

Period ()

[T -

]

(InfF = Infinity)

[ Mote: f = Frnax = Frin )

Ok l [ Apply l [ Cancel l

34




3. Addanincoming plane wave.
This plane is a z polarized H plane wave with a magnitude of 0.8 A/m.
This plane wave use project pulse.

Create New Source E|

X
(Ptrr?gt'a?i;i-l,:geg} |9':'J o | Palarization |IIIJ b, 1 |

Mame |Su:uuru:el | Tvpe |F‘Iane Weave (HPal.) vl

Excitation Pulse

(¥) Use project pulse Plat pulse Pulse bype | |

) Use individual pulse Edit pulse Delay [ns] |III |

Amplitude |III.EE| |




4.  Change project setting.

Project Design

Unit Background | Boundary |Frequency and Pulse M

% Boundary {mm)
“rnin |Open ak input position vl Position
Hmax |O|:-en at input position vl Position | S000

Y Boundary ()

fmin |O|:|enat input position vl Position  [-5000

Yrnax |Open ak input position vl Position

Z Boundary {mm}

Zrmin |O|:lenat input position vl Position  |-5000

Zmax |Openatinputposition vl Position  |S000

v
o
=
=
=

X]

Project Design

Unik Background | Boundary || Frequency and Pulse| Mesh |Tirne

() Autamatic Advance
. 7 .
Painks Per Wavelength (PPW) Synchronize PPYWs [ additional

PEYW-Y pewy [0 | eewz [l | cantral paints
minfmax ratio |0.001 max adjacent ratio Edit

) Manual Clear

Murnber of cells Synchronize nummber s
Additional ctrl
S o I Y

) User defined
Load Edit Clear

Minimum angle of solid surface angle (Deqg)

Cancel

Include project size, meshing density and simulation time.

Project Design

Unit | Background Boundaryl Frequency and Pulse |Mesh Time

) Frequency Range [GHz)

T
S

Flak Pulse

Mazx. F_enegy [GHz]

CEZ.

order CHE— foornars |
Char, Freq. (fc,[GHz]) I:I

{ Mote: Fc = Fmaxf3.0855 )

(%) Project Pulse

Pulse Type

X

Project Design

ik Background | Boundary | Frequency and Pulse | Mesh |Time |

Time Wwindow [ns]

(%) User defined

O Aukomatic

Delta Time [ns]

) User defined I:I

Receiver Recordings

@ Autamatic

Snapshaot Recardings

Recordings times per -
petiod of max F_energy m

Recording Interval
{Unit: # time steps) I:I

Recordings times per -
petiod of max F_energy -

Recording Interval
{Unit: # time steps) I:I

|

QK

R [ concel |

X
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5. Setup 2D SQIF.

In this demo, we use TEXT format circuit. We will show how to use Graphic

format circuit in the other cases.

A dc SQIF circuit has
following structure.

Dc bias 1 SQIF sub-
current circuit

source

Because we use a 10x10 2D SQIF. It has 11 parallel Josephson
Junctions. The I, of Josephson Junction is 0.1 mA. Our setup use
1.011, for each Josephson Junction. So the total 1,=1.111 mA.

Write a basic SPICE circuit
with left structure.

Create a new circuit by bexk

Create a new circuit by GUI

T -

Create Lumped Circuit

General Existing Subcircuits in Project

sqif

*bias current source
ib 0 100 PWL(0 0 0.001e-9 0 0.002e-9 11.11e-41.0e-3 11.11e-4)

x01 100 0 sjif2

.tran 2p 80ns Os 2p uic

.end \

\ Set SQIF solver simulation time window
as EM simulation time window.

Mame | Circuitl bype name pararneter
Circuib Text
sqif
*bias current source
ib 0100 PWL(D 00.0018-9 0 0,002e-9 11.11e-4 1.08-3 11, 11e-4)
x01 100 0 sqif2
.tran 2p 80ns 05 2p uic
.end]
é L1
< | >
Faorts
Mode Pair Start Position End Pasition ~ System Intrinsic Subcircuits
1 =
2 B
3
4 w 10 5qif 2D sqf DC-5quid
< 3
-




After the main circuit is built, we need to let the main circuit connect to SQIF.

1.11e-4 1.0e-3 11.11e-4)

End Position

|»

I

| £

| #

Syskem Inkrinsic Subcircuits

Double click this 2D SQIF
sub-circuit to popup a
2D SQIF editor.

=)

2D Rectangular SQIF Array E

Grid Position in %% Plane
% {Unit: ) ¥ {Unit: m) [1}ranch]

(0=
B[

1 1

2 2

3 3

4 4

5 5

b B

T 7

[i] L]

a9 a9

10 10

11 11

12 s 12 b
< I > < I >
[ Load ] [ Sort ] [ Clear ] [ Load ] [ Sort ] [ Clear ]

Josephson Junctions on ¥ Edges

() Indentical Crikical Current (a3 (0.0001 Resiskance (Ohm) Capacitance (F) l:l
Function Distribution ¥ Direction ' Direction

User Input Edit

Additional TransForm (Sequencially) Unik Length Inductance (Hfm)

(1) Translation {Unit: m) 0,0,0 | [1e-012 |

(%) {23 Rotations {unit:degree) () (21 SOIF Plane Mormal (v, 21

[ 1neluding Mutusl Caupling

Rlouadies |D | | | [Irandam 17 variation

cta
Around 2 axis l:l

(3) Translation {Unik: m) |D, 0,0

Miscellaneous

DC Bias H Field (afm) l:l Startup Delay (s) I:I
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Setup 2D SQIF parameters

2D Rectangular SQIF Array

Marme

Grid Position in 20% P
® Unit: m)

¥ (Unit: ) [13 %anch]

1113

1 1

2 1.00001

3 1.00002

4 1.00003

5 1.00004

b 1.00005

7 1,00006

i} 1.00007 0.00015

9 1.00005 0.00017

10 1.00009 10 0.00019

11 1.0001 11 0.000z1

12 A 12
< I > < I >
[ Load ] [ Siork ] [ Clear ] [ Load ] [ Sort ] [ Clear ]

Josephson Junctions on ¥ Edges

X

(%) Indentical Critical Current (43| 0,0001 Resistance {Ohm) Capacitance: (F)l:l

Additional Transform {Sequencially ) Unit Length Inductance (H/m})

£1) Translation (Unit: m) oo, 1 | [1e-008

() (23 Rotations {unic:degree) () (2) SQIF Plane Mormal (x,¥,2)

[ 1ncluding Mutual Caupling
Around X axis |D | | |

[Jrandom 11 Wariation

¥ I:I
Around Y axis Beta 5
Around Z axis I:I

{3} Translation {Unit: m} |D, 0,0 |

Miscellansous

DC Bias H Field (afm) l:l Startup Delay (s) l:l

Note: make sure the 2D SQIF sub-
circuit name is the same as the
one used in main circuit.

sqif
*Bias current source

ib01 WL(0 0 0.001e-9 00.002e-9 11.11e-4 1.0e-3 11.11e-4)
x01 100 0 sqif2

.tran 2p 80ns Os 2p uic
.end

39




After SQIF parameter is done.

Create Lumped Circuit

General Existing Subcircuits in Project
Mame | Circuitl type name patameter
sqif2 11:x11 array
Circuit Text
saif
*hias current source
b0 100 PWLIO 0 0.001e-9 0 0.002e-9 11.11e-4 1.0e-3 11.112-4)
x01 100 0 sqif2
.tran 2p 80ns 05 2p uic
.end
< I >
Need to add some other input to let
M ) - - System Inkrinsic Subcircuits thls CIrCUIt can be fUIly Support by
ode Pair Stark Position End Position 1 . .
1 : 3 EB >E:>|< WCT circuit solver.
3
4 3z 1D 5qif 2D 5qif DC-Squid . .
= | 2 Actually, for a SQIF simulation, we

don’t need this information in SQIF

solver. However, in current WCT
version, user need to add this

information to make circuit definition
compatible with whole system.
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Ports

Mode Pair Skart Position End Position

3
4
< | =

Double click this item

W

| Delete | |Reverse Position

Port Editor,

Mode Pair |1J 1]

Start Position ||:|, 0, 0 |

End Position |0, 0l 1 |

[ Help ] [ (0] 4 ] [ Zancel ]

Type in this information

Porks
Mode Pair Skart Position Eru:l Position
l_
3
4 W
45 |

|

Reverse Position




5.

+

og

Simulate to get result.

[ = 1R = g e [ )
A7 Curves
D Faces
g Solids
ﬂ, pirl
ﬂ, pire
(=1 Woxels
[ snapshots
Face Snapshok
(@j Body Snapshok
Far Fields
1hl Temp
il Imported Resul:
1l Results
+-glgl Excitation
+-1lgl Lurmped Paorts
=gl Circuits
—-gl4l SPICE Circuits
=-qlgl vaoltages
—-4l4l Transien
1l | circuitl _vi100
+-1lal Currents %
>

........ Eeqin bo geners
........ end of snapsho
Damains: 1x1x1, O

—

Tirne Skepping...

0.0010

0.0009

0.0003

0.0007

0.0006

0.0005

Valtage (W)

0.0004

0.0003

0,000z

0.0001

-0.0000

e

Circuit voltage

>
3 | b

 circuitl _WE100)

-Oe-+000

Ze-005

4e-005
Time =]

Ae-003 die-C
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