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Agenda

» Superconducting Quantum Systems
* Major Components

 Design Challenges

« EDA Solutions for Superconducting Quantum Chips

* Quantum Layout
« QuantumPro
e Quantum Circuit Simulation

» Takeaways

Objective: Explore and address key design challenges of superconducting
qubits and quantum amplifiers

‘w KEYSIGHT Quantum EDA Solutions



Superconducting Quantum Systems

Major components
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Design Challenges for Superconducting Quantum Systems
The bottlenecks

* Long, costly development cycles of superconducting quantum chips.
* Design complexity rapidly increases with the number of qubits / junctions in quantum chips.
* Problems with prototypes meeting design requirements.
* Repeated testing to get a working prototype.

- Steep knowledge barrier for microwave engineers to jump into the quantum field.
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EDA Solutions for Superconducting Quantum Systems

What is under the hood?

( Control/Meas. |

Input Input 300K Pump Output

| EDA 1
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Components of a Superconducting
Quantum Computer
1. Quantum Processing Unit (QPU)
2. Quantum Amoplifier (QA)
3. Cryogenic Microwave System

Under the hood

Design

Supercond.

Qubits

Quantum
Amplifiers

Nonlinear parametric microwave circuits

Coplanar waveguide resonance circuits

Adjust frequencies, coupling etc.

Adjust gain, noise with a pump etc.

Theme Quantum EM for Quantum Quantum
Layout Quantum Circuit System
Needs Versatile and Faster design cycle Gaining insights Gaining insights
robust quantum for quantum chips into complex into quantum
layout quantum amplifiers | experimental setup
Specifics » Wide range of » Multiple solvers * Robust nonlinear | « Noise analysis
quantum (MoM, FEM) analysis that can | « Pulsed system
components * Multiple analysis handle 1000s response
+ Single and (freq domain and JJs * What if
multilayers eigenmode) * Flux quantization troubleshooting
+ Easy circuit * Automated
buildup quantum
extraction
Product ADS Layout QuantumPro Quantum Ckt Sim In the Roadmap!




Great News

 Keysight provides best in-call Quantum EDA solutions

« Unlike the next best alternatives, Keysight has an integrated workflow

 Keysight is providing an integrated solution of great value for the design of superconducting
Qubits and Quantum amplifiers

Quantum Layout QuantumPro Quantum Circuit Simulation

AN KEYSIGHT Quantum EDA Solutions



The Value of an Integrated Solutions

Faster development while saving money and time

Collection of
point tools
$$5$
+ the hassle of
integration and
maintenance

-
* Layout (Solution1)

* EM tool (Solution2)
* Quasistatic (Solution3)

* Quantum Parameter Extraction (Solution4)

* Quantum Circuit Analysis (Solution5)
* Kinetic Inductance (Solution6)

-

o

W3706B

QuantumPro
(EM+Quasistatic)

Quantum
Quantum
Ckt Sim Parameter
Extraction
Supercond.

Quantum
Layout

Kinetic
Inductance

~

Integrated solution
of a great value

e

« Unlike the competition or homegrown solutions, we are putting together an integrated workflow
« W3706B is an attractive alternative to six different solutions saving you money and time

AN KEYSIGHT
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Workflow for Superconducting Quantum Chips

Faster design cycle for Quantum chips with an integrated solution

Qi Q2 Q3 Q4 R1 R2 R3 R4 o
L N5nH | 1nH 105 nH 10nH LPad CPWL
Fres 5.95GHz 6.1 GHz 6.3 GHz 6.44 GHz 8.65 GHz 8.92 GHz 9.41 GHz 9.67 GHz
[Fre| =
Qi 311 MHz 1.22 MHz 0.865 MHz ) ) L CPWT CPWLSC
@ 313MHz 1,49 MHz 1,01 MHz = :
= € - g <
Q3 319 MHz 1.62 MHz 1.21 MHz Q t — 7
o3 | uantum . el chwe
Q4 317 MH: 2.12 MH; 127 MHz C L] - t » " us
Ri 1.49 MHz 212 MHz 106 kHz I rc u I
R 1.2MHz 1,62 MHz 648KkHz duncl || dunch
R3 121 MHz 127 MHz 484kHz ==l | Br =
R4 0.865 MHz 1.01 MHz 283 kHz CplTC CplfT
q
Qb Arhemoncly ColTM || CPYM
Quantum B | oo
CapHint Cap

Parameters Automation
enablement
____________ through Python
"""""" APIls
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Spacer Loop
VIA BUMP
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CPWLLE  DistRes
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Quantum Layout

The layout solution for Quantum design

“‘Build your Quantum Chip with Ease” with

* An extended library of quantum layout components
including:
1. Resonators and qubits — to enable building Quantum
Processing Units (QPUs)

2. Common Coplanar Waveguide CPW components —
to allow building peripheral circuits

3. Distributed Loaded CPW components — to facilitate
building Quantum Amplifiers (QAs)

* Preset Quantum technology to jump-start development

» Automatic airbridges are added o save you the hassle of
dealing with unwanted modes of the CPW line

* Multilayer technology to scale up the number of Qubits

AN KEYSIGHT




Build your Quantum Chip Easily in ADS

Saving time in building the layout of Quantum chips Quantum Layout

Palette

An extended library of quantum layout components including: s

1. Resonators and qubits — to enable building Quantum Processing Units (QPUs)
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Build your Quantum Chip Easily in ADS Cont.

Jump-starting development with the preset Quantum technology

* Preset Quantum technology to jump-start development

» Automatic airbridges are added to the CPW lines, including meander-lines, to save you the hassle of
dealing with unwanted modes of the CPW lines

* Quantum technology is added to the layout technology wizard for new workspaces

R
758 f’"?‘a/mge / AIR
via_airbridge /8 micron
250 f}*?/ W M Wﬂ"/ M " SiliconLowTemp (11.5)
750 micron
0 micron /AIR
Automated Airbridges Preset Quantum Technology

AN KEYSIGHT



Driving Layout from Schematic
Abstracting the chip complexity

Schematic Generate Layout > Layout

AN KEYSIGHT Quantum EDA Solutions 12



JTWPA Artwork

Building complex Quantum amplifiers

Quantum artwork

includes distributed

loaded coplanar

waveguide artworks !
that can be utilized in

the development of
traveling wave

quantum structures
such as the

Josephson Traveling
Wave Parametric

Amplifiers (JTWPAS)

AN KEYSIGHT
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QuantumPro

The EM solution for Quantum design

We selected

 First to the quantum market with an integrated because it provides a complete workflow

solution from design entry through layout,
. s analysis, and extraction. The tool is easy
* "Faster development cycle of quantum chips to use and gives us everything we need to

with five different key features in one platform: develop our forthcoming chips.”

1. Quantum Layout: Library of commonly used quantum
artwork -- fully parametrized

Albert Solana, Chief Business Officer, Qilimanjaro Quantum Tech

2. Electromagnetic: Full EM solution in both frequency
domain and eigenmode (with kinetic inductance)

3. Quantum Parameters: Automatic extraction using the
three standard methods, black box quantization, EPR,
and quasi-static.

4. Nonlinear Circuit: Market-leading harmonic balance

5. Nonlinear Co-Sim: Ability to inspect the power-
dependent response of the quantum chip by combining
the EM and nonlinear circuit flows

AN KEYSIGHT



Solving the Superconducting Qubits Problem in QPro

Cross-checking Quantum parameter extraction using multiple methods

Analysis Full EM Analysis Energy Participation
Analysis
Solution Domain Quasi-Static Frequency Frequency Domain Frequency Domain Eigenmode
Domain
Solver Momentum RF Momentum Microwave FEM FEM

Quantum Parameter Quasi-Static Blackbox  Blackbox Quantization  Blackbox Quantization Energy Participation

Extraction Method Quantization Ratio (EPR)
Computational Low Medium High Medium
Complexity

QuantumPro provides access to various EM methods in one interface

AN KEYSIGHT



Automated Quantum Parameter Extraction

Lowering the Knowledge Barrier for Microwave Engineers

Extracted Parameters

al Q2 a3 4 R1 R2 R3 R4
L 1.3nH 11 nH 105nH 10nH
Freq 5.95 GHz 6.1GHz 63 GHz 6.44 GHz 8.65 GHz 802 GHz 9.41 GHz 9.67 GHz
1 311 MHz 1.22 MHz 0.865 MHz
Q2 313 MHz 1.49 MHz 1.01 MHz
o) 319 MHz 1.62 MHz 1.21 MHz
o4 317 MHz 212 MHz 1.27 MHz
R1 1.48 MHz 212 MHz 10.6 kHz
R2 1.22 MHz 1.62 MHz 648 kHz
R3 1.21 MHz 1.27 MHz 4.84 kHz
R4 0.865 MHz 1.01 MHz 2.83 kHz
‘ Qubit Anharmanicity ‘ Resonator Anharmenicity | Cross-Kerr

Q] Extracted Parameters

fe1] Q2 3 4 R1 R2 R3 R4

L 11.5nH 11nH 105 nH 10nH
Freq 5.75 GHz 5.86 GHz 6.01 GHz 6.13 GHz 843 GHz 8.67 GHz 9.14 GHz 9.46 GHz
1 287 MHz 118 MHz 0333 MHz 0.000831 MHz 0.00191 MHz 1.55 MHz 0.00111 MHz 1.05 MHz
Q2 1.18 MHz 285 MHz 0.001 MHz 0.402 MHz 1.78 MHz 0.00189 MHz 0.000773 MHz 1.16 MHz
Q3 0.333 MHz 0.001 MHz 286 MHz 1.48 MHz 0.00315 MHz 1.85 MHz 138 MHz 0.000602 MHz
Q4 0.000831 MHz 0.402 MHz 1.48 MHz 283 MHz 234 MHz 0.00316 MHz 148 MHz 0.000618 MHz
R1 0.00191 MHz 1.78 MHz 0.00315 MHz 234 MHz 7.6 kHz 4.67e-06 MHz 0.0061 MHz 0.00362 MHz
R2 1.55 MHz 0.00189 MHz 1.85 MHz 000316 MHz 4.67e-06 MHz 5.08 kHz 0.00445 MHz 0.00285 MHz
R3 0.00111 MHz 0.000773 MHz 1.38 MHz 1.48 MHz 0.0061 MHz 0.00445 MHz 3.39 kHz 3.05e-06 MHz
R4 1.05 MHz 116 MHz 0.000602 MHz 0.000618 MHz 0.00362 MHz 0.00283 MHz 3.05e-06 MHz 214 kHz

Q Factor 1.0%e+06 1.09e+06 1.09e+06 1.0%e+06 1.09e+06 1.09e+06 1.00e+06 1.09e+06
m 30.1 us 295 us 238 282 us 206 20us 1Qus 183 us

‘ Qubit Anharmonici ity ‘ Resonator Anharmonici ity | Cross-Kerr

Freq-Domain Extraction
«  Will show the coupling
terms only between
neighboring qubits and

resonators

Eigenmode Extraction

*  Will show the
coupling terms even
between distant
qubits and resonators

Quantum Parameter Extraction with a “Double Click” — No need to manually program the extraction

AV KEYSIGHT
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Tune the Parameters of your Quantum Chip Effortlessly

Faster iteration on the Quantum design with parametric analysis

RFPro Setup - Design Parameters

X
Instance:Parameter Formula Value Notes £
hip_Demo_lib:SingleQubit:layout/TL1 | Filter
[QuantumChip_Demo_lib:Singl...
=3 (8] Lib/Cell/View  ads_quantum/...
BridgeGap 0.0001 0.0001 ads_quantum/Q_CpwM...
BridgeGroundBuffer Se-06 Se-06 ads_quantum/Q_CpwM...
BridgeViaWidth 7.5¢-06 7.5¢-06 ads_quantum/Q_CpwM...
CondAirbridgelayer ads_quantum/Q_CpwM...
CondLayer ads_quantum/Q_CpwM...
DrawBridges yes yes ads_quantum/Q_CpwM... |
Gap le-05 1e-05 ads_quantum/Q_CpwM...
KeepoutLayer ads_quantum/Q_CpwM...
L Lr 0.007 ads_quantum/Q_Cpw...
LayerGroupPrefix ads_quantum/Q_CpwM...
LeadLength Se-05 Se-05 ads_quantum/Q_CpwM...
Pin10ri hori hori ads_q /Q_CpwM...
Pin20 h h ads_q /Q_CpwM... %
Radius 0,0001 0,0001 ads guantum/Q CowM.. =)
= Done Cancel
7] RFPro Setup - Setup Full EM Extraction x —
Qi retons 04 rewm RFPro Design Parameter Setup
[Ty oy ———— Comparison of Readout Resonances
D setup Purumater Suwvep P20 e Refined EM Amalysis Lra0 0065, 15(1.2) | = |S(2 . P0) |
T e T T F e R AR BT YT Resonator frequency
R Packorm parumater seves .30/ " ® Refined EM Analysis: Lra0 0075 |S(1.2) | = |S(R2 N|7
8) (@) (M) [D)[C) smtaem > et e 007 : ! moves lower upon
A Sequence 1 (Simulations3) Sovo Wou (Comem Spusind 2 .40 | 7.6 GHz 5\8 7 GHz . .
© L (3 Values): 00065 -> 00075 s Vekes _ ! s / |ncreaS|ng Lr
Evehsted vebm | o o065, 0.007, 00075 \ @© "
© ‘ ——
G 50| . s ?
™ 24 : »
s '\ A
+ 69| i ATX
£ \ AN
. » )
E | % prl ‘c
& -70 ! ‘ v
EL o et bR
o0 n Pore n e e = b8
e Fy 480‘.,-.-"""(‘:" e TN e S
b £ e ! S
B recrcm .90 ¥ % \ )
/o '\ '
C_S ] -100/ -y,
4 45 5 55 6 6.5 7 7.5 8 8.5 9 9:5

Frequency (GHz)

AN KEYSIGHT Quantum EDA Solutions
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Model the Effect of Kinetic Inductance

Predicting the Shift in Frequency Due to Kinetic Inductance in Superconductors

Create Modify Boolean View

S-Parameters [000005]

File View Marker

Superconductors in ADS |(Bxe- % G N" O BOOBL: P 8 Ay vem o e - o o
[ Material Definitions Q r"’?" timsy) Pt : e =
View Technology for this Liary: | ] tor_Kinetic_Inductance i ~ | ] =i:r:‘mnd:mr Lm: o Dai‘a:.‘:ﬁ* Filter Filt
Conductors  Dielectrics i tors  Surface O Line style: | Solid M| .312 :;
Material Loss Parameters Superconductivity % WEILE QI ’
Material Name  Library Parameter Type Real London Depth (0K)  Critical Temp mag(S-parameters) v. Frequency
NbN - :‘:‘” ; p—— -10 s—s—s Supercondcutor l
- I Easily model
i [ superconductors
; ¢ -
g o B Kinetic InductanAe in ADS
o ,E Matrix Selector @@
= E Effect T
@@ % A R
@% £ -50
Surface Resistance [ Square: |0 Ohm ﬂ
Mo
Thickness: | 40 nm ! : ? Frequency (GHz)
P1P1)
Revert -m Cancsl Apply (7] . .
| | « 7mm resonator, London depth=400nm, film thickness 40nm
fres (PEC)=8.26 GHz, fres (superconductor)=5.10 GHz
* Kinetic Inductance Effect=-38.3%
AN KEYSIGHT Quantum EDA Solutions 18



Multi-Layer Quantum Technology

Scaling-up the number Of QUbitS Choose Layout Technology X

Choose Technology for library: MylLibrary4_lib
You may cancel. If you do, you will be prompted again when you create a
layout or substrate.

Add library/PDK... ~
Create PCB Technology

Quantum Technology

Quantum Multi-Layer Technology

Standard ADS Layers, 0.0001 mil layout resolution
Standard ADS Layers, 0.0001 millimeter layout resolution
Standard ADS Layers, 0.007 micron layout resolution
Custom (opens new Technology dialog) v
Dan's cahin lavenit tachnalame nan franzalt
echnology into new library instead of refi cing it
< Back Cancel Help

Enables building
chips consisting of
a large # of qubits

Choose Layout Technology X Choose Layout Technology X
Set Up Quantum Technology -- Multi-layer Set Up Quantum Technology -- Layer Set 3 of 3

Number of layer sets:

] m
Main Substrate Materials:

Metal: PERFECT_CONDUCTOR | ... Thickness:

Dielectric:| AR ~ | /... Height: m\cron ~

Via Metal:| PERFECT_CONDUCTOR | ...

]

Layer Set 2

micron ~

nanometer

]

Layer Set 1

Metal: PERFECT_CONDUCTOR » ||... Thickness: nanometer

[1 Flip the layer set upside down

¥— Flip Chip Option

AN KEYSIGHT Quantum EDA Solutions

SiliconlowTemp (11.5)
250 micron

E o AR
5% E : 10 micron
o

SiliconlowTemp (11.5)
250 micron

SiliconlowTemp (11.5)
250 micran

0 micron /PIR

Multilayer Qubit Chip built with ADS!




Quantum Circuit Simulation

The circuit solution for Quantum design

* The industry's most capable and accurate analysis
with flux quantization for large, highly nonlinear
quantum circuits.

» “Faster development of large, highly nonlinear
parametric quantum circuits” with:
1. Alibrary of quantum devices encompassing RF/DC
SQUIDs, SNAILs, FLUXONIUMs, and SNAKEs.

2. A comprehensive circuit design environment with
Harmonic balance, Transient / convolution, Circuit
envelope, and X-parameters.

3. Ability to drive superconducting circuits with external
flux.

4. Simplified workflow for the design of parametric
quantum circuits including quantum amplifiers

Ofer Naaman, Ted White, Mohamed Awida Hassan, Derek Slater, Sean
CILLET R 108 Mcilvane, Edwin Yeung, and Philip Krantz. "Modeling flux-quantizing Josephson
junction circuits in Keysight ADS." arXiv preprint arXiv:2408.07861 (2024).
AN KEYSIGHT

Using , It is now possible
to enforce flux quantization conditions in
ADS frequency-domain simulations of
superconducting devices. This is a critical
capability whose absence thus far limited
the usability of modern EDA tools in
microwave superconducting circuit
design.”

Ofer Naaman
Research Scientist, Google Quantum Al




Build your Quantum Circuit Easily in ADS

Saving time in building Quantum circuits

« Extended library of Quantum devices including SQUIDs, SNAIL, and Snake, |QUan|J.1m Devices

which can be utilized in the development of parametric quantum circuits * *4_
2 3

S N SO 1S [ 1 ol w4

T3 N_JJ4 L_Flu Mutual_L_Flux
12 Ja L L2
I le=10uA N=10 L=1.0nH L1=200 pH

i
lc=10uA lc=10 uA
=10 uA L2-100 pH
M=50 pH ? ‘!]

L FLLE MUT L

A8 8¢ se TRt VoS T =

8
gamma
E o RFSQ | DCSQ
2 1 alpha N: — .__e__.
S 02 shu Asyminetic DC_SQUID T apta @1 D
Ic=10uA squip2 SQuID3 ? ! Three_JJs_SQUID kS 1
1c=10 uA 1c1=10uA SQUIDS DCSOA DCSaL

L=1.0nH 1c2=10uA Asymmetric DC_SQUIDL  |c=10 uA F\U'xcmum&
squDt alpha-0.07 Fluxonium
Ic1= =
162-10 uA gamma-t ¥ N-10 e =y
L1=0nH SNAIL lc=10 uA
L2=01H SNAILT alpha=0.07
lc=10uA
alpha=0.07 IS0 ZMEIL
e
3
1] M :I:'
o Cl .
FLUR SHRKE
. -
L2 Snake_EndCell
Snake_2Stage SNAKE3
SNAKEZ L=2pH ) ENDCELL
lc=10uA
L1=2 pH
L2-8 pH
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Flux Quantization in Superconducting Loops Cont.

Faster analysis using frequency-domain solvers

» Capturing flux quantization in the time domain (transient
analysis) is straightforward because it is inherently
represented in the behavioral model of the components

* However, in frequency domain analysis, we must enforce the
flux quantization condition by another mean

» We came up the idea of mapping the flux quantization condition
into auxiliary voltage loops that can be recognized with circuit
solvers

» This became possible with the inclusion of Josephson junction
and inductance models featuring flux nodes (JJ4, N_JJ4,
L _Flux, and Mutual _L_Flux) in the library of Quantum devices

* Here is an example of how the flux quantization condition is
implemented for a DC SQUID circuit

AN KEYSIGHT

TermG : - i
TermG1 V_DC
Num=1 SRC3
Z=50 Ohm Vde=Vphi_ext
Vphi2 1 '|I| +  Vphi1
T
+ = -9 .
L_Flux 5 : : L Flux
L2 (,:'5 i / (\5;3 L1
L=L2 i i L=L1
- - / _
1 1
1 1
1 1
1 1
1 1 +
Ja ¥ ¥ g s
za K[ 1 1K
le=lc2 1 i le=lel
- | I— _
an
'/ = . I_Probe
! .[7_!'9 I_Probel

Flux Quantization with
auxiliary flux loop!



Flux Quantization in the Frequency Domain — More Examples

Handling complex circuits with ease

¥
TermG ¥
TermG1 \s/ﬁ%%
Num=1
TermG ng'(') Ohm Vde=Norm_Ext_Flux
TermG1 Vphi2 | 1+, Vphil
% Num=1 —P—||||—-..— ‘
+| Z=50 Ohm | * a4
[ Q J3
RF SQUID SNAIL Y| I\ leste
+ T+
. JJ4 — JJ4
Vphl Ja >/ |:QS Q < Jz2
lc=alpha*lc 3] le=lc
L1 - -
‘S_R[’)((331 Mutual_L_Flux *|o o * * Jua R L
Ide=idc L1 ¢ Q NV a1 (‘SP a
L1=200 pH L1 L2 le=le 1| le=lc
L2=L _ _ _ -
=  M=M J_
1 |_Probe — '@
= Y@ |_Probe1
=
L -
z S N o N N N e pd e
TermG1
SRC1 Snake_EndCell
e[S [N J] W[ o |elo |3 o |s[e | o |o[o ]| ] o |m]o ]| o |m]e |im
= = S~ yd v e v NS v NS P N,
1 N L2 AN L2 AN L2 AN L2 AN =
snake_ 29 Snake_25ta Snake_2Stage Snake_2Staoe Snake_2°
SMAKET SMAKEZ SMAKES SMAKEA SMAKES
le=lc lc=le le=Ic k=l le=le
Snake L1=L1 L1=L1 L1=L1 L1=L1 L1=L1
L2=L2 L2=L2 L2=L2 212 L2=12

AV KEYSIGHT
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Flux Quantization in the Frequency Domain — More Examples Cont.

Handling complex circuits with ease

(P i
L2 L2 L2 L2 L2 L2 L2 L2 2 L2
Sy " Sy Sy S vy Sy
%u[ [ ] %L- @ lfl.: I ul @ u i | | Jo %Ll [ l%ul & vl @ v | @ | f:‘f‘;; [» ul |4L|| [ri I.| @ v | @ %u @ 4“' & vl @ u | @ l |.1| %] %u & | EL "
w E: w it £ = it s th il
beloLuk le=lc_uA le=le_ua le=lc ud le=k_uA f‘hl‘ cale_ud le=le_uA Ie=le_uA Te=le_u,
L1eL1_pH L1=L15H L1=L1pH L1=L1gH Li=LlgH i L1=L1pH Li=L1 pH L=l pH =Ll pH
L2sL2_pH L2:=L2 pH La=L2pH L2=L2 pH Li=LipH Llebl sl L2 pH L2=L2 pH Li=L2pH L=L2 pH
L2:L2
- ADS
(a) ) ] -==- uniform
snake_squid_JJ4 800 T
t X2
T lc_uA=16 =
L1_pH=26 e
= 3 600 Flus ’
()f) 31 FUII Snake L2_pH=8.0 8 ;':- @
L5 pH Lb_pH=60 c L=5pH
M_pH=50 .g _
=5
2 400
TermG |_DC £
TermG2 SRC1
Num=1 =i
Ide=idc A
=50 Ohm C* 200
(b) = 0 10 20 30 40
Norm_Ext_Flux
L2 L2 L2 12 L2 L2 L2 L2 L2 L2
‘aan Faa s ‘aas el aas ‘aan rans e an
s o3[ it s o3[ o b o ]eg[ o b [ o[ m [ o ][ w } g\&“[ b (s ]eg[ s Jof ooy s ok (o3[ ot (s ][ m )
| . . o e -
l L2 L2 L2 Lz Lz - : = S Lz Lz dthe Lz Lz
Snake_En Sna tage 5 25t Snake_2Stage Srake_2Stage . n S — Snake_EndCell Snske 2Stage Snake_25tage Snake_2Stage Snake_25tage e e
x39 x40 3 x42 x81 Snate.25tage Stan = 4= xm: X34 %35 x37 %38 e
LaL1 oM le=le uA lenlc_uh lewlc_ud lemle_ui i s tual LF tual LF LeLl _oH le=le_uA lemlc_uk leslo_uh lesk_uh :‘3‘ A
L1=L1 pH Liall_oM LisL1gH sl _oH :_f_=_|t1""-H 4 2 SR Li=L1 ok LisLipH Lisll_ph LiaLi g Lc:-.T._‘uDH
LZ=L2 pH L2=L2 pH L2=L2pH L:L:__:H t.ft::.?: uft:ﬁ L2=L2_pH L2=L2pH L2sL2_pH L2=L2 pH L2elZ pH
M0 5 MoK a0, 5M_p

S St Ofer Naaman, Ted White, Mohamed Awida Hassan, Derek Slater, Sean Mcilvane, Edwin Yeung, and Philip Krantz. "Modeling flux -quantizing
HEEESSIRIONY Josephson junction circuits in Keysight ADS." arXiv preprint arXiv:2408.07861 (2024).
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Design and Optimize your Quantum Amplifier with ADS

Tackling the Design of Complex Quantum Amplifiers

Gain versus signal frequency (dB)

: : i 40
Uniform Design Floquet Design hos
|_1Tone i
SRC1 20—
| 1Tone I=polar(Ilpump,90)
SRoA Freq=Fpump 4
I=polar(Ipump,90)
Freq=Fpump 0—
£
o 4
O]
-20—
- P_1Tone flogamp Term
nil ZORT} X1 "I\"ermz2 -
p— um= um=.
P_1Tone uniformamp Term Z=50 Ohm 7=50 Ohm 40—
PORT1 X1 Term2 P=dbmtow(Psig)
P=dbmtow(Psig) - HARMONIC BALANCE
Freqznl-lsowgv * \V/§§1 |®| I -60 T T T T T T T T T T T T T
|@| HARMONIC BALANGE | Fsig=6.0 GHz e = 0.0 20E9 4.0E9 6.0E9 8.0E9 1.0E10 1.2E10 1.4E10
\\;/A\E1 HarmonicBalance Eztjgrg?:;og e l;req{;}:Epymp Fsi
Fsig=6.0 GHz HB1 — Ipump=2.145 uA red :_Slg Options sig
=712 G - OPTIONS Order[1]=15 - e . .
ol Frealt]-Fpump B opmions | OerZl=t SR s Floquet amplifier gain versus signal frequency (dB)
lpump=3.681 UA Order[1]=15 Options Sw pPl _"SIQ Plant® 30
Order{2]=1 Options1 - - weepPlan="SwpPlan ADS
_ ="Fsig" NumThreads=4 weepPlan -
w §£§§§¥T;;=f§b%pp.amuu - s?wﬁpia?,h 9 Stop=8.311e9 Step=0.1e9 L |
— - tart=7. e lop=8.. e ep=0.1e9 Lin= 1
SweepPlan Other=SSNA=yes SHart=0. 1169 Stopot3 9969 Stepo0. 160 Line 2
wpPlan =
Start=6.501e9 Stop=7.801e9 Step=0.01e9 Lin= g;eese\gsleaf‘:lan b
Start=0.1e9 Stop=14e9 Step=0.1€9 Lin= Reverse=no 10—
UseSweepPlan=
SweepPlan= .
Reverse=no c
T o
L - - - , - Ll (D i
Get insights on the amplifier’s gain ripples and .
q y o]
Success Peng, Kaidong, et al. "X-parameter based design and simulation of Josephson traveling-wave B
parametric amplifiers for quantum computing applications." 2022 IEEE International Conference on 0.0  20E9 40E9 60ES BOE9 1.0E10 12E10 1.4E10

Story

Quantum Computing and Engineering (QCE). IEEE, 2022. Fsig

AN KEYSIGHT



Leverage Co-Sim to Inspect the Power Dependence of your Quantum Chip

Unmatched Insights on the Response of your Quantum Chips
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Scripting and Automation for Quantum

Support of multiple workflow automation using ADS/QPro

* What's more, ADS2025 includes a release for a Python console that enables users to control workflow, modify
workspaces, automate tasks, and customize the user interface to suit their needs.
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Market Segmentation and Solutions

po

Quantum
Amplifiers
Cold Atoms

Superconducting

Qubits
/

Photonics

N
4

® Quantum
Amplification

No Quantum
Amplification

Trapped lons
Spin Qubits

https://www.bcg.com/publications/2021/building-quantum-advantage
‘* QPro <X Quantum Layout (JK Quantum Ckt Sim

AV KEYSIGHT & ALFNA

Keysight Quantum
EDA Solutions

Superc. Quantum
Qubits Amplifiers

W3704B: W3703B: W3706B:
ADS Core, EM ADS Core, ADS Core,
Design, Layout, Q Ckt EM Design,

Layout, QPro Sim Layout, QPro,
Q Ckt Sim

Keysight’s Flicker Noise

Solutions

E4727B: A-LFNA for 1/f noise characterization in
cryogenic electronics for quantum systems
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Takeaways

« EDA tools are well-positioned to streamline the design of superconducting quantum
systems (for both qubits and amplifiers) and help microwave engineers venture into
quantum design overcoming the steep quantum knowledge barrier

 Unlike the competition or homegrown solutions, Keysight offers an integrated workflow

 Keysight provides an integrated solution of great value for the design of
superconducting Qubits and Quantum amplifiers

Quantum Layout QuantumPro Quantum Circuit Simulation
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Take the next step with Keysight
Quantum EDA Solutions

* For more information or to request a free
trial of Keysight Quantum EDA solutions,
visit

https://www.keysight.com/find/quantum-eda

 Early access is available for specific
existing customers

AN KEYSIGHT

About Keysight EDA Software

Quantum Electronics Design
Software

Faster design cycles of superconducting chips.
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Request a Free Trial

Lo e o Introducing Quantum Circuit
8. = . Simulation

Quantum circuit simulation offers a comprehensive circuit design
environment that accelerates the development of complex
quantum circuits. Transform your quantum workflow with flux
quantization in the frequency domain. You can feel confident with
the industry's most capable and accurate analysis for large, highly
nonlinear quantum circuits.

Explore the W3703B Bundle
W3703B Quantum Ckt Sim

Google “Quantum EDA” and our
web page floats to the top!


https://www.keysight.com/find/quantum-eda
https://www.keysight.com/find/quantum-eda
https://www.keysight.com/find/quantum-eda

KKKKKKKK

Thank you



	Slide 1: Navigating the Design Challenges of Superconducting Quantum Chips
	Slide 2: Agenda
	Slide 3: Superconducting Quantum Systems
	Slide 4: Design Challenges for Superconducting Quantum Systems 
	Slide 5: EDA Solutions for Superconducting Quantum Systems
	Slide 6: Great News
	Slide 7: The Value of an Integrated Solutions
	Slide 8: Workflow for Superconducting Quantum Chips
	Slide 9: Quantum Layout
	Slide 10: Build your Quantum Chip Easily in ADS 
	Slide 11: Build your Quantum Chip Easily in ADS Cont. 
	Slide 12: Driving Layout from Schematic 
	Slide 13: JTWPA Artwork
	Slide 14: QuantumPro
	Slide 15: Solving the Superconducting Qubits Problem in QPro
	Slide 16: Automated Quantum Parameter Extraction
	Slide 17: Tune the Parameters of your Quantum Chip Effortlessly
	Slide 18: Model the Effect of Kinetic Inductance 
	Slide 19: Multi-Layer Quantum Technology
	Slide 20: Quantum Circuit Simulation
	Slide 21: Build your Quantum Circuit Easily in ADS 
	Slide 22: Flux Quantization in Superconducting Loops Cont.
	Slide 23: Flux Quantization in the Frequency Domain – More Examples
	Slide 24: Flux Quantization in the Frequency Domain – More Examples Cont.
	Slide 25: Design and Optimize your Quantum Amplifier with ADS
	Slide 26: Leverage Co-Sim to Inspect the Power Dependence of your Quantum Chip
	Slide 27: Scripting and Automation for Quantum
	Slide 28: Market Segmentation and Solutions
	Slide 29: Takeaways 
	Slide 30: Take the next step with Keysight Quantum EDA Solutions
	Slide 31

