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design is now open

Our vision is to develop a community-driven universal

o o
toolkit capable of orchestrating quantum chip
PY development from concept to fabrication in a simple,

scalable, and open framework.

A first-of-its-kind, open-source project for engineers
and scientists to design superconducting quantum
devices with ease: Qiskit Metal.
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http://qiskit.org/metal

Designing Quantum Circuits (pre metal age)

1. Have an idea of what you would like to make:
d. Qubit(s)? What kind of qubit(s)?
b. How to readout qubit?

C. Is fabrication of device practical?
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1. Have an idea of what you would like to make:
d. Qubit(s)? What kind of qubit(s)?
b. How to readout qubit?
C. Is fabrication of device practical?

2. Designing the circuit

d.Drawing out every individual component (Josephson junctions, CPW
resonators, ports, etc) and connection (laying out all wiring in reasonable way)
in design software with estimates of correct parameters for desired device

functionality (a)q, ®,, & ¥, K, etc)

b. Exporting design to simulation software to test functionality/if it matches
desired parameters/regime

C. Run all required tests in said software and analyze result
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b. How to readout qubit?
C. Is fabrication of device practical?

2. Designing the circuit

d.Drawing out every individual component (Josephson junctions, CPW resonators, ports,
etc) and connection (laying out all wiring in reasonable way) in design software with

estimates of correct parameters for desired device functionality (a)q, w,, & Y, K, etc)

b. Exporting design to simulation software to test functionality/if it matches desired
parameters/regime

C. Run all required tests in said software and analyze result
3. Go back and make necessary edits in design software

4. Reconfigure design in simulation software and run simulations
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1. Have an idea of what you would like to make:
d. Qubit(s)? What kind of qubit(s)?
b. How to readout qubit?
C. |Is fabrication of device practical?

2. Designing the circuit

d.Drawing out every individual component (Josephson junctions, CPW resonators, ports, etc) and
connection (laying out all wiring in reasonable way) in design software with estimates of correct

parameters for desired device functionality (a)q, w,, & Y, K, etc)

b. Exporting design to simulation software to test functionality/if it matches desired parameters/
regime

C. Run all required tests in said software and analyze result
3. Go back and make necessary edits in design software
4. Reconfigure design in simulation software and run simulations

5. Go back and forth between the two — rinse, repeat — until desired circuit achieved
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1. Have an idea of what you would like to make:
d. Qubit(s)? What kind of qubit(s)?
b. How to readout qubit?
C. Is fabrication of device practical?

2. Designing the circuit in python notebook with giskit-metal import using the
metal components libraries which include all common component geometries
built in with edit-ability.
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1. Have an idea of what you would like to make:
d. Qubit(s)? What kind of qubit(s)?
b. How to readout qubit?
C. Is fabrication of device practical?

2. Designing the circuit in python notebook with giskit-metal import using the
metal components libraries which include all common component geometries
built in with edit-ability.

3. Import simulation library in current component and run necessary
simulations to see where editing needed

4. Go back within python notebook and make edits, rinse, repeat



Designing Quantum Circuits (metal age)

1. Have an idea of what you would like to make:
d. Qubit(s)? Whg

b. How to reac

?

] |
<IN (D1 (111

C. |s fabricatio

2. Designing the EVERYTHING ‘IN VITRO, rt using the

metal compone geometries
built in with edi

3. ImpOrt SimUI v Jrary v v Ju o v ary
simulations to see where editing needed

4. Go back within python notebook and make edits, rinse, repeat



Ex: Designing Quantum Circuits (pre metal age)

(@] Autodesk AutoCAD 2022 Drawing1l.dwg

0 Camille Mik...

B B B « ~» ; - B & K I L ¥ <

Drafting Modeling B8 -+ CPWR_ROUND..._04142022_A* Drawing1*

. | | + | Top | 2D Wireframe f
— Calculations have already o

© dN..* ® @

been done -

— Open design software and
begin making each individual A A

w Dimension
RARNON N
com OIIEIIt el A m <
) 4 Properties
w Leader .

Color m BylLayer
Layer O
Linetype —— BylLayer
Linetype sc... 1.0000
Lineweight ByLayer
] u T
ransparency
— v ﬂ . Text style  Standard
- a-® al Wl e Dimension s... Standard
Multileader...  Standard

Table style  Standard

Annotatinn < 1:1

Model + Layout1® Layout2 23.5878, 33.0874, 0.0000 [ 1 | & e == B [S\ 2 0] R AF A1~ Do £F

>_v Type a command «




Ex: Designing Quantum Circuits (pre metal age)

000 Autodesk AutoCAD 2022 Drawingl.dwg 0 camille Mik... ~
=B w B B « ~» 4 a BE & K [ ¥ <

Drafting Modeling « H® | CPWR_ROUND..._04142022_A* Drawing1*

v Draw # + | Top | 2D Wireframe f
/o0 U

- ]
4

A= A e MmN A

— Calculations ha |

v Hide Layer List

© MdN.. % & i £

been done R

— Open design so

begin making e: 2 Days Later

component

2

Color m BylLayer
Layer O
Linetype —— Bylayer
Linetype sc... 1.0000
Lineweight ByLayer
- -
— Adjust layout a -
Text style  Standard
'J y ! [<@ [ | HM | [7g[Te
“ : Dimension s... Standard
Multileader...  Standard

Table style  Standard

>_~ Type acommand i Annatation « T8

® .out2 23.5878, 33.0874, 0.0000 [ i |, & e = |l 5\ 2 1 A8 K¢ A 11

-+ Layoutl



L

Drafting Modeling  «
w Draw %

/S o
-I-’.A _I.\-i‘ _:_4 K-,A (E:.A {:31 >./4 J\/_
N

w Hatch -3

774

w Block *

wlier W
PELOFTY X
v Modify *
(o) — " mm
oD |
A\ Ex ET
D%l X--m3 1

w Text *
ABC

AAsgess
I, (3

w Dimension %

RARIOS N
e Y m s

w Leader *

/9

Autodesk AutoCAD 2022 Drawing1.dwg
- B &
+ CPWR_ROUND..._04142022_A*

| Top | 2D Wireframe

s

Insert Design Here

Type a command
23.5878, 33.0874, 0.0000 HE ::: | & H=

Ex: Designing Quantum Circuits (pre metal age)

' Camille Mik.. ~

m 0

Unsaved Layer State
v Hide Layer List

© [dN..* & @&

Properties

Color m BylLayer
Layer O
Linetype —— BylLayer
Linetype sc... 1.0000
Lineweight ByLayer
Transparency |
Text style  Standard
Dimension s... Standard
Multileader... = Standard
Table style  Standard

Annntation & G |

i 5 LR X A~




— Open simulation software

— Import design into software

— Adjust all components such
that they are being calculate

appropriately

— Run simulations necessary

(i.e. wait 10 hours)
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b= Dy

import numpy as np

import geopandas as gpd

from scipy.optimize import curve_fit
import scipy.optimize as spopt

import matplotlib.pyplot as plt

import matplotlib.gridspec as gridspec

smatplotlib inline
%sconfig InlineBackend.figure_format='retina’

— Open a Jupyter notebook and
import simulation data

def lorentzian(x,gam,a,x0):
return ax(1/np.pi)*(0.5%gam/((x—x0)**2 + 0.25kgamxx2))

def fit_circle(z_data, refine_results=False):
def calc_moments( )iz
xi = real
xdEsqE = X
yi = im
yi_sqr = yixyi
zi = xi_sqr+yi_sqr

— Analyze data and figure out S

yi_sum = yi.sum()

what needs to be adjusted i

xizi_sum (xi*zi).sum()

yizi_sum = (yixzi).sum()
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Baalraal Sy, cal Sales sG], salval S, sl Sy N
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M = calc_moments(z_data)

a0 = ((M[2] [@]xM[3] [2]-M[2] [2]«M[3][@])xM[1] [11-M[1][2]+M[2] [@]+M[3] [1]-M[1][@]+M[2] [1]xM[3] [2]+M[1] [@]1xM[2] [2]«M[3] [1]+M[1] [2]*M[2] ]

al = (((M[3]1[@0]-2.xM[2] [2])«M[1][1]-M[1][@]1«M[3] [11+M[2] [2]«M[3][@]+2.«M[1] [2]«M[2] [1]-M[2] [@]*M[3][2])«xM[0Q] [3]1+(2.xM[2] [@]1«M[3] [2]-N
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D0 A 2 & Jupyter
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—Open simulation software
“again™

— Import design into software

“again™

— Adjust all components such
that they are being calculated
appropriately *again*

— Run simulations necessary
(i.e. wait 10 hours) *again*
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b= Dy

import numpy as np

import geopandas as gpd

from scipy.optimize import curve_fit
import scipy.optimize as spopt

import matplotlib.pyplot as plt

import matplotlib.gridspec as gridspec

smatplotlib inline
%sconfig InlineBackend.figure_format='retina’

— Back to the Jupyter notebook
and import simulation data

def lorentzian(x,gam,a,x0):
return ax(1/np.pi)*(0.5%gam/((x—x0)**2 + 0.25kgamxx2))

def fit_circle(z_data, refine_results=False):
def calc_moments( )iz
xi = real
xdEsqE = X
yi = im
yi_sqr = yixyi
zi = xi_sqr+yi_sqr

— Analyze data and figure out S

yi_sum = yi.sum()

what needs to be adjusted i

xizi_sum (xi*zi).sum()

yizi_sum = (yixzi).sum()
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M = calc_moments(z_data)

a0 = ((M[2] [@]xM[3] [2]-M[2] [2]«M[3][@])xM[1] [11-M[1][2]+M[2] [@]+M[3] [1]-M[1][@]+M[2] [1]xM[3] [2]+M[1] [@]1xM[2] [2]«M[3] [1]+M[1] [2]*M[2] ]

al = (((M[3]1[@0]-2.xM[2] [2])«M[1][1]-M[1][@]1«M[3] [11+M[2] [2]«M[3][@]+2.«M[1] [2]«M[2] [1]-M[2] [@]*M[3][2])«xM[0Q] [3]1+(2.xM[2] [@]1«M[3] [2]-N
22 = ((2 «MT11T11-MI21 12142 «MI21 21V 4M A1 [Tl «MTVTAT-4 <M1 121V 4MI11 1112 «MI21TAT«MIR] 12122 «MT21[21<MI1 AT MIAT TAT<M 2] 214/
D0 A 2 & Jupyter



— Open simula

— Import desig

— Adjust all co
that they are
appropriatel

— Run simulations Tie
(i.e. wait 10 hours)
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Untitled.mph

— Open simula

— Import desig MaYbe y0u
— Adjust all co ﬁﬂally gOt lt -

eeeee

that they are

appropriatel fab time!

— Run simulatiort
(i.e. wait 10 hours)
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— Calculations have already
been done

— Open a Jupyter notebook

— Add all pre-existing
components needed

®J File Edit Selection View Go Run Terminal Help

D& 08 —

camels_giskit_metal_quic.ipynb - 1_Overview - Visual Studic Code

W camels_giskit_metal_quic.ipynb U X B camels_giskit_metal_qubits.ipynb U
B camels_giskit_metal_quic.ipynb > msQiskit Meta ® 9%load_ext autoreload<%autoreload 2

-+ Code -+ Markdown [2 Run All == Clear Outputs of All Cells 'O Restart

Qiskit Metal

[=] Variables

Outline

o= Dy Dy B -
P %load_ext autoreload
%autoreload 2
0.9s
The autoreload extension is already loaded. To reload it, use:
#reload_ext autoreload
import giskit _metal as metal
from gqiskit_metal import designs, draw
from gqiskit_metal import MetalGUI, Dict, open_docs
import pyEPR as epr
from qiskit_metal.renderers.renderer_gds.gds_renderer import QGDSRenderer
Here, we import the folders designs, draw, MetalGUI, Dict, and open_docs from the qiskit_metal code.
First we need to import all the appropriate components we will need for our quantum circuit from the qlibrary. This device will be a 2D
transmon so we will need a transmon, some readout and coupling resonators, some ports, etc.
#In this device, we will have 1 qubit:
# a crossmon with a flux line, or a cross transmon (which can have up to 3 connectors on its remaining ports)
from qiskit_metal.qlibrary.qubits.transmon_cross_fl import TransmonCrossFL
#Importing the three different transmission lines we might be using: a meandering CPW, a straight CPW, and a
# pathfinding CPW (which just draws a CPW in a non-meandering way but finds the best path to the next port)
Pmaint & ®3A0

& T

ht
Python
J

ot
Python
)

& Jupyter Server: local Cell20f37 & 0
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— Calculations
been done

— Open a Jupyt

— Add all pre-e¢
components
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transmon so we will need a transmon, some readout and coupling resonators, some ports, etc.

#In this device, we will have 1 qubit:
# a crossmon with a flux line, or a cross transmon (which can have up to 3 connectors on its remaining ports)
from qiskit_metal.qlibrary.qubits.transmon_cross_fl import TransmonCrossFL

= #Importing the three different transmission lines we might be using: a meandering CPW, a straight CPW, and a
# pathfinding CPW (which just draws a CPW in a non-meandering way but finds the best path to the next port)
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