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Solution Overview
Model 106 Cryostat + Quantum Control
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Superconducting and Spin Qubit Pre-Screening

Automated Characterization of

Qubit control system Labber Control SW _ !
Superconducting Qubits

Turn-key qubit

pre-screening
sl |
Labber I
> = o
Probe socket

gy |4 .
H ety g weke
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Reduced

Cooling time

ADR Cryostat
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Eld 50 mK ADR Cryostat

Chip-Scale and Component Test Solution Model 106 ADR
Cryostat

PQ500 Probe Socket

Use Cases
Developers

Qubit & Resonator Pre-characterization

Process Control

Materials Development

Vendors

Component Qualification &
Performance Validation | D
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ADR versus DR | Why use an ADR?

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Model 106 ADR
Qubit
= Qubit Pre-Screen S —
& Package FormFactor Advantage
= Are qubits alive?
= Basic characteristics
" WireBond | T TTTTTTTTTTTTTTTTTTTTTTTTTIoTTTTTmTTm T e
= Save time on the DR! Sfecige
P?:t;::st 52% Longer Development Cycle

Failed Device without Pre-Characterization

% ‘ = T:‘d *',.___ Warm-U
/ > |—t\k‘:_ | (B Wire Bond
A e ce & Package
Dilution Refrigerator ot~ i [ o) .
T 4 8 =

= Deploy known good die ! - i ‘

= Calibrate and fully
characterize qubits

NEW Solution Brochure: HPD Superconducting
and Spin Qubit Pre-Screening
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https://www.formfactor.com/download/hpd-superconducting-and-spin-qubit-pre-screening/?wpdmdl=54538&refresh=616efe10b09511634663952

Example Measurements in milli-Kelvin Test System

Qubit & Resonator Pre-characterization at 50mK

e Cavity resonance frequency
e Cavity dispersive shift

* Qubit transition frequency Data courtesy of
* Rabi oscillations

* Qubit relaxation time (T,) SeeQC
.

Reduce Device Sort by Days

Rabi oscillations Cavity resonance frequency Relaxation time
3.380 | 1
E —_
] g Q 3 0.8
> 3.375 {8 =
5 o + 0.6
g 2 8} T,=37.33us
& 3.370 S v 0.4 F
2 @
S ‘ 5_13 0.2 r
3 33651 ~ J
(e} CD 0 Py
: . : J -18 U 0 50 100 150 200 250
0 0.5 10 15 2.0 5.99 6.09 6.19 6.29 6.39

Qubit Drive Duration (ms)

Frequency (GHz) Readout Delay (ps)
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Large 1/O DUT Interface for mK Environments
PQ500 Probe Socket
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300mi PQ500 Probe Socket Detail
50mK

Flex circuit with bump bonds as the DUT interface
24 RF contacts, 10 GHz bandwidth
48 shielded twisted pairs

10 x 10 mm? singulated die

Chip loading Thermal clamp

— Temperature sensor
KEYSIGHT Q S FORMFACTOR™
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High Bandwidth Cryogenic Probe Head

Vertical Probe Head

* High bandwidth (>18 GHz) contact pins
* Customized to the desired layout Optical Micrograph
e 150um pitch; 75um? pad size

* Accommodates large device areas

PQ500 Probe Socket

Number of Min. Pad Size Pad Materials Max DC Max
Probes and Pitch Current Frequency

200 DC, 24 RF 250 um?/ 400 um Au, Cu 500 mA 8 GHz

Vertical* 200 DC, 28 RF 75um?/150um  Al, Au, Cu, Nb* 1.25A >18 GHz

KEYSIGHT @ FORMFACTOR™
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PQ500 Probe Head Detall

Probe Card Chip Nest Thermal Clamp

Probe Head |

Interface to
ADR coax interface

DUT Backside Thermal Contact

KEYSIGHT S FormEacTor-
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Active Probe Head Alignment

* Split optic system, BGA Aligners

« Witness Mark Alignment

 Top View Alignment with Fiducials

"

-
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Configuring the Cryostat for Pre-Screening
Model 106 Cryostat
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Tailored Cryostat Solutions
300mK From Concept to Delivery

Custom thermal intercept circuit elements

* Addin-line RF and DC elements
* High density feedthroughs Magnetic shielding around sample
* Magnetic shielding for sensitive measurements e

* Cooldown to 50mK in under 16 hours

ngh den5|ty wmng Example wiring dlagram

25-Pin Male

SMA
Hermetic
Female

,’}

0)

g'f‘/
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X

F =N

A
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Supercanductmg
Loom

\ / Flex Circuit

Chip
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Anatomy of an ADR Closed-Cycle Cryostat

1. Support stand

e Consider the facility and size of the cryostat

2. Vacuum enclosure

* Seals the system against atmosphere

3. Cryocooler

* Provides the refrigeration

4. Gas handling

* Functional valves and controls

5. System control and temperature monitors

* Diagnostic and operational controls

KEYSIGHT S FormEacTor-
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Peeling Back the Vacuum Enclosure

50K Radiation Shield

P=c-A-T*

.....

N
_ \ 4
iy :

\ ADR Stage < 50mK

KEYSIGHT @:onw:mmm
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Example Cryostat Setup in the Lab
ADR Cryostat with superconducting magnet

ADR closed-cycle system

5T magnet, optical ports, and
electrical feedthroughs

« Liquid N, provides rapid cooldown \“ .7

« Turbo vacuum pumping system ) h |
Cryostat with Magnet

 Support stand and facility integration and Optical Ports __ji§

\1\ lII\ \ ‘ ! A0 —
l“‘ > : . - L. A 4 ‘B e 12017 S0
! 5N Z K’ =2
- )
== = 2"::" 5 -

B Turbo Vacuum Pumpf

4
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°, 3K Bracket

3K Socket

Cable Routing

Magnetic Shieldin,
— g g

— 50 mK Socket

TECHNOLOGIES
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ADR Cryostat

L ! )

T 50 K

T % )

300-500 mK

]

)] Ut 50 mK
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Wiring Details — Setting Up the RF Chain

e (Cables are thermally anchored at
each intermediate temperature stage

 Attenuators at 50K, 3K, 1K, 50mK
thermalize electrons before
approaching the QPU

@ Circulator/Isolator
/\ HEMT Amplifier
D -20 dB Attenuator

BP Filter

Eccosorb Filter
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Cabling a Cryogenic Environment for Quantum Applications

300K feedthrough with
SMA connectors

Example Attenuator Setup

SOK t ture int . * 6dB at 50K
emperature intercep
with attenuators e 20dB at 3K
* 10dB at 1K
Serpentine shape of e 20dB at 50mK Coax routing from 3K to mK

semi-rigid coaxial cable

A (7L Types of Cables
Q — 1dT * 300K to 3K=BeCu
L T * 3K to mK=NbTi
0

b e

3K temperature intercept

mK temperature intercept with
RF filtering elements

50mK sample space with
chip carrier for DUT

KEYSIGHT
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Magnetic Shielding Configuration
Superconducting Qubits

Ensure minimal disturbance to qubit environment
Typically require 3:1 length to diameter ratio
Double-layer shielding

e 100X reduction in earth’s magnetic field

Passive mumetal is common

KEYSIGHT

TECHNOLOGIES

4” dia

3.5” dia
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somk. Applied Magnetic Field Configuration
Spin Qubits
* 5T solenoid superconducting magnet
 Compatible with ADR cryostats

* Provides out-of-plane magnetic field for
sample at < 50mK temperatures
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Keysight Quantum Control System

Scalable, flexible and user-friendly quantum control



Superconducting and Spin Qubit Pre-Screening

Automated Characterization of

Qubit control system Labber Control SW _ !
Superconducting Qubits

Turn-key qubit

pre-screening
sl |
Labber I
> = o
Probe socket

gy |4 .
H ety g weke
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D | .
N FORMFACTOR 'g),..m '

Reduced

Cooling time

ADR Cryostat

KEYSIGHT @:onw:mmm

TECHNOLOGIES




Part I: Qubit tune-up protocol

What measurements do we need to characterize a qubit?




Qubit tune-up protocol: Readout calibration using VNA

G Readout resonator frequencies: g ;| [ @ |49 | e | Or
e S, measurement using VNA El & o loolg | ©
e Scan frequency for low power £l
. N @ ! ©) e
(2] |
« Extract: Readout resonator fregs. L IO Labber
5.99 6.09 6.19 6.29 6.39 g 1 i il E

Frequency (GHz)

e Resonator shift vs. power: - ' ‘g f %
e S, measurement using VNA € « N T é &
o E 45 s 4 T 300-500 mK
e Sweep from low to high power g, 2%
e Extract: Readout frequency bias s B z; ;r :
6159 6160 6161 6162 6163 %%%%%%
Frequency (GHz)

KEYSIGHT
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Qubit tune-up protocol: Calibrate qubit drive using AWG/Digitizer

e Qubit spectroscopy: g ? °1 °
e Fix resonator drive frequency |
e Sweep qubit-drive frequency ! x o
e  Measure resonator using digitizer "ol MWW‘ j =
e Extract: Qubit-drive frequency o el o i ‘ T 5
° Calibrate pi-pulse: s 0 -
e Fix qubit drive frequency T é
« Sweep qubit-drive pulse duration
e Measure resonator response & W ar

« Extract: Pulse duration needed for pi-pulse °  @scomebmionimi %%%%%%

KEYSIGHT S FormEacTor-
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Qubit tune-up protocol: Extract Coherence Times

e Qubit relaxation time, T,: o = '
e  Fix qubit-pulse duration at t_pi . zj : T\= 37,338 RN
e  Sweep readout delay 02 | i |
e  Extract: Qubit relaxation time, T, 0 s 1;; o 20 250  Labber ? ;
Readout Delay (ps) |

ADR CRYOSTAT
I T 50K
I? é )
300-500 mK
N out 50mK
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TECHNOLOGIES



Qubit tune-up: Spin Qubit example
G Device Viability

DC leakage current of all electrostatic gates and ohmic
contacts

Threshold voltage for enhancement mode devices, pinch point
depletion point and charge sensors

SMU

SMU
w Ch1
= l l T
8 8
N =
& &
@Doﬁ % &0&\ @» u'_:D
% & »
harge Sensa
rain

@

J
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e e
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Qubit tune-up: Spin Qubit example

a Qubit regime via charge-stability diagram:
e Sweep VG1 and VG2 voltages
e Stimulate SET source with small AC signal measure

Signal
Demodulator

i

ANG AWG Digitizer
chl ch2 chi

VsETS Vsere A
@) Single quantum dot transport (b) Double quantum dot charge sensing (¢) Single quantum dot charge sensing 1 T

% ¥ S

SET

“
o

5 " .
(N4+1,Ny+1) !
I K { (N4+2, No+1)
|

@e

Legend

QET
hardware
AWG AWG Virtual
ch3 ch4 Instrument

<
—9 —
N
8
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Qubit tune-up: Spin Qubit example

Energy Landscape via DC Spectroscopy

» Determine the relative energy separation between ground and
excited states

87 Log Viewer - Application note - Quantum dots\STMS2_Dev8_SG_28

Signal
- o x Demodulater

f

File Edit Views Tools Help

[B oven Erebad (B Ewort vew[Bports  ~| W soveview [AfTraces [afimage| kO 4 0L - K X Iy @ Im-

Plot config
1ds

- = Digitizer
Operaiors| [ ~| smooth: ch1
Traces: Show individual ¥
Third dimension
Vds -
Operation: | Nor Smooth: AWG
[ show trace list Ch‘]
Equations
v = [log(abs(y)) ]
Parameters (use p# in equations):
Channels #pts. Step list
1 G2 501 -15V--1V
2 Vds 301 -30mV-30mV J/\\ n’m\ J/\\
3 Bg 1 10ov f \ [ A f \
4 lds (0] [0)] [0
Qo =3 Qo
g S &
Vg1 Vao Vaa Legend
Comment
o i | | QET
AWG AWG AWG hardware
ch2 ch3 ch4
Virtual
Instrument

KEYSIGHT
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Part I1I: Labber Control Software

How can we automate the measurements using Labber?




Labber — Lab Control and Automation Software

M3202A TCP/IP
AWG

M3102A

Digitizer <_> Set outputs

M9615A ‘ ’
SMU

M9347A Read values

LO DDS ¢ > INSTRUMENT SERVER MEASUREMENT EDITOR LOG BROWSER

M9804A CONTROL HARDWARE RUN EXPERIMENTS ORGANIZE & ANALYZE
VINA E ’

Pulse Generator A
Labber virtual driver Save data Visualize

Data Fitter data
Labber virtual driver

FormFactor HPD <
Model 106 ADR cryostat

PYTHON API DATABASE
ALLOWS SCRIPTING < ORGANIZED STORAGE

Labber \ s

KEYSIGHT @:om:mmm
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Instrument Server — Connect Instruments

& Instrument Server - 0 X

File Edit Tools Server Scheduler Log Window Help

¢ -Server ha nd IeS . . * Config whdd ﬁRemove Eb Set Value -El Get value D Start Instrument ostop Instrument  # phys. instrs: 0/co
instrument communication

Instrument Value Address Active Name
DataFitter DataFitter
« Supports communication via Keysight PX| ANG P 3 AWG 1
- - Keysight PXI Digitizer PXI: 5 Digitizer
mu It| ple | nte rfa ces.: e. g . TC P/I P, Keysight PXI Network Analyzer PXI: 8 PXI VNA

Keysight PXI PathWave Test Sync Executive Trigger HVI Trigger

USB, Ser|a|, GPIB Multi-Qubit Pulse Generator ® wmorG

- Independent processes
a”OW parallel execution @ Network server is running

0 - t t d Multi-Qubit Pulse Generator - MQPG - 0 X
[ ] - .
pen sou rce I n s ru men a n Trace: |All ~ -8 Get trace T‘ | Save trace ) CQ —f’ -"i_}: } = u Start ostnp
virtual drivers in our GitHub — SR
. . Communication Sample rate [Hz]: 169 |2 0.75 4
repOSItO rYI SEGUE”CE 1 Adjust waveform to sequence length Qu bit Readout
. ‘\Waveform e 0.5 4
www.github.com/labber-software = drive
1-QB gates XY First pulse delay [s]: 100E-9 (5 = 025
1-QB gates 7 Qubit 1 XY Delay [s]: [i= E
Global Z offset Qubit 1 Z Delay [<]: = :Z 0+ —_— T 1
g_gués;?:;mg readout Qubit 2 XY Delay [s]: 0 i g 0.25
QB spectra Qubit 2 Z Delay [s]: 05
Tomography Qubit 3 XY Delay [s]: ()= 05+
Predistortion Qubit 3 Z Delay [s]: 03 0.75 -
Cross-talk Qubit 4 XY Delay [s]: (=
Readout Qubit 4 Z Delay [s]: 05 -1 i T T T T T
Output Qubit 5 XY Delay [s]: o[z 0 02 04 0.6 0.8 1
(Legacy) ... ~ Time [us]

Send/receive @ Active

KEYSIGHT @:onw:mmm
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http://www.github.com/labber-software

Measurement Editor — Run Experiments

9Drag & drop settings

42 show e ot [a] show Imege Map Mrese @ sr
Name and :
- H
° M t . Channa 2pts. Value Progress 140 i
easuremen Scenarlos to Conflgu re Step Seq CIICk Sta rt Smulator- Drveampitude. 100 Lz @ &% | 120 |
- . . Pulse Generator - Plateau®l 1 100ns @0 H
H
configured via drag-and-drop o | .~ :
. &" Measurement Editor Pl Genertor - Trace-Q ot é 80 E
| nte rfa ce File Edit View Tools Window Help V| e e @ Eol ]
¢ Show Settings mhdd from Server o(: Signal Connections °  show Tags Log Name: Rabi_measurement |x of | a0 i
= - - Channels Step ¥enca Show all races from selected item 20 E
° P rOV I d eS syn Ch ro n Izatlo n Instrument Name/Address  Instr. value Phys. value Server ~ Channel #pts.  Steplist off Freo== o i
DataFitter DataFitter localhost MQPG - Plateau 201 Os-Tus 05| r-l ¢ o ]m o 406 408 5 500 504 I
- Keysight PXI AWG AWG localhost HVI Trigger - Trig period 1 1ms (0| P T
° ACCOm m Odates m u Itl ple ~ iKeysight PXI Digitizer Digitizer localhost
Numb f |
. Numberof rcorcs
servers and virtual Number of averages
Ch1 - Range
H ch2-R
instruments B e
Ch4 - R
Set log
H Ch3 - si |
° Fu I Iy prog ra m ma ble usl n g v Keysight P)I(?;.:thWave Test Syn... HVI Trigger localhost Arm/trig mode: | HVI Trigger - Output - Edit... | Remove C h a n n e I
Output Log channels
Pyth O n API g:gigj:ro:alay Channel Instrument Address l I
~  Multi-Qubit Pulse Generator MQPG A localhost Voltage, QB1 Multi-Qubit Pulse Generator
. . . . Sequence Single-shot, QB1 Multi-Qubit Pulse Generator
* Real-time visualization of Pse pacs v B [ = (v =
Show cfg... Set value... Get value| Add... Edit... Remove [paization =] vs.[prve frequency '][E Q, 4 A A~ CrizEy; Quantty: porzation _v] Q 4 X+ -E

Database

progress and acquired data | swow ol

Ch1 - Waveform MQPG Trace - 11 Comment —

"

_ _ 2

Ch2 - Waveform MQPG Trace - Q1 This is o test ran for s
Ch3 - Waveform MQPG Trace - Readout I1 g
Ch4 - Waveform MQPG Trace - Readout Q1 5 E‘

4 ‘ﬁ @

DiataCitts = g
] Show scalar-valued signals Edtt... | | Remove - H
3

£

&

Add instruments
from server
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Log Browser — Organize & Analyze data

Stores both data and configuration

.
* Sort measurements usin
& Log Browser — [m] X
File Edit View Tools Window Help
] .
p roj e cts ta S u S e rs a n d g Open Database @ Reload Database Star | [ ] Search | E Plot Traces E.::] Flot Image = show config
4 ) )
Project Log name Date created Sweep dim. ~ 83 Quantity Y Value ~
t - All entries - MeasureEcho 2015-08-07, 17:41 49*30 Agilent PSG'Signal Gen..
a e [ C-shunt MeasureT1 2015-08-07, 17:39 49%30 v Single-Qubit Pulse Gen...
[ Diode FindZeroFlux 2015-08-07, 17:38 301%31 829 Sequence Rabi
[ TWPA PulseTrain_PosNeg_vsDrag_3 2015-08-06, 22:48 27%100 N Sample rate 1.2E9
PulseTrain_vsAmp 2015-08-06, 17:51 101*6 Number of points 240E3
° H QubitSPec_vsPower 2015-08-06, 16:28 101#11#10 Amplitude #1 v
rev‘ew O a a T1_Repeat 2015-08-06, 14:28 101*100 o Width #1 10 ns
RamseyEcho_4 2015-08-06, 02:32 101*2*100 6 ) Plateau #1 Os
FindZeroFlux_repeat_2 2015-08-06, 01:50 151%1000 E Readout delay Os
RamseyEcho 2015-08-05, 23:15 86%2 s Trace -1 i}
° H FindZeroFlux_repeat 2015-08-05, 22:22 1511000 Za27 Trace - Q i
® o n Ig u ratl o n s Sto re O r Tags SingleShot_vsPower_fpump_8p6GHz 2015-07-31, 14:50 2421 i Trace - Gate i}
- All entries - SingleShot_vsPower_fpump_9GHz 2015-07-31,14:31  2*21 ‘5 Trace - Readout n
. . Diode SingleShot_vsAcgTime_fpump_9GHz 2015-07-31, 14:30 2+20 k] v Stanford Delay Generat...
re Ca I | I n g S Ce n a rl O S Qubit SingleShot_vsAcqTime 2015-07-31, 1407 221 3 826 Trigger Internal
N Trig rate 50 kHz
& Log Viewer - Data_0730\MeasResonator_vsFlux [m] X © Tektronix AWG - AWG
File Edit Views Tools Help Sampling rate 1.2 GHz
i . = ) 2l x ) |- —_ Run mode Triggered
[ J Expo rt p I Ots a n d d ata % open 22 Reload C Bport | View: |View 2 [, saveview ﬁ‘rraces []mege B O ;7 [EAY RY @ - = Show Config Trioger Extomal
(i ey 83 83 Ch1 Trace - |
DAQ - Signal - Magnitude - Ch 1 - Marker 1 Trace - Gate
vs. |Readout - Frequency - 1- Marker 2 U
- 0 200 400 Ch2 Trace - Q
Rotationsc UGy 8.29 8.29 1 Bobbin - Voltage [mV] Ch2 - Marker 1 Trace - Reador
Eoaditacn ucy nels Ch 2 - Marker 2 Trace - Readol
[] Plotin dB Unwrap angle Auto-rotate ~] |~ Yokogawa 7651 DC Sou.. v
= #pts. Step list iz =
Operation: | None +| Smooth N
T 828 828 — F
= 5] reguency 121 824 GHz - 83 GHz [] show al quantities
Traces: | Show individual = oltage 61 200my- 1y
Third dimension 2 Power 1 3508m Project: [C-shunt/B19
Babbin - Voltage - E-; a27 s27 M, anty o : §§$HG Hz Tz LY
Operation: | None ~| Smooth: = utatmn requency ; S0k g v 20 Qubit +
- rate iz -
[] show trace list Ignore x-data 3
o Database folder: D:/Marketing/March meeting/Demo-2019/Data
Equations g 826 826 -
[] Enable equations =
Y=l 8.25 8.25
Parameters (use p# in equations): .
# Channels # pts. Step list ~ L | I
. og viewer allows
1 Readout - Frequency 121 824 GHz-.. 824 824 4= . ; .
2 Bobbin - Voltage 261 -300mV - .. 0 250 500 750 f d I Q
EY L n. a 2c an. DAQ - Signal [uV] ast ata a na ySIS

KEYSIGHT
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Labber Python API — For Measurement Automation

numpy as np
matplotlib.pyplot as

* Import the Labber API toolkit \Deno\Labber!Scenario\0C_Spectroscopy_.Json

# Retreive the i

AWG = s. ('AWG")

* Define a scenario file

# Edit the values of the Channels sectio

AWG.values[ '/

* Configure measurement steps |
and relations )

3 /g2
step = s. AWG - Vg2', index=2)
step. (€1
use_relations’:

* Save the measurement template and caation s gL - 5
run the experiment

MEASUREMENT EDITOR
RUN EXPERIMENTS

* Easy access to the hdf5 log file
for e.g. plotting or data analysis AR o Retriove
# Run the experiment Fit

st Labber.ScriptTools. (scenario_file, scenario_file)

st. 0

# Open the log fi
filename en enario\DC_Spectroscopy_@.hdf5

# Retreive

Vds = f.

vgl = f. ('AWG - vgl')[:,0]
lock_in = np. (FS 0)

# Plot the data
fig, ax = plt. O
(vds, Vgl, lock_in)

KEYSIGHT S FormEacTor-
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Qubit tune-up protocol: Summary

< < &) < &)

MEASUREMENT EDITOR
RUN EXPERIMENTS

MEASUREMENT EDITOR
RUN EXPERIMENTS RUN EXPERIMENTS

Fit Fit Fit Fit

PYTHON API PYTHON API PYTHON AP| PYTHON AP| PYTHON API
ALLOWS SCRIPTING ALLOWS SCRIPTING ALLOWS SCRIPTING ALLOWS SCRIPTING ALLOWS SCRIPTING

> @ O >

Resonator Frequency Resonator Power Qubit Frequency Qubit Power Coherence

MEASUREMENT EDITOR
RUN EXPERIMENTS

MEASUREMENT EDITOR
RUN EXPERIMENTS

MEASUREMENT EDITOR

30 ¢ e 3.380
) 48 S ) 4wt
o 3+ - 358 { 8 A E ) & g E % ok T o .
had - Q u 4 | h f b g2 Vi v
p £ T %12 g 3375 ! g Y s Tl
° T -40. { 12 © = [} 1 i . I
E = 8 S 11 | 3 - T,=37.33us
= = 68 3 g K
) g 45 J £ 2, | & 3370 F 4
20 © = > : P :
= -13 & -50. ] 0 3 B 09 =) " = . -
~ 24 2 £ = . ra. 08 ke ot et a4 P 2
5 2 B | § e | R T |t .
= 28 € S
-18 : . : : : - . ‘ < 07} 1 0 50 100 150 200 250
-32 y
5.99 6.09 6.19 6.29 6.39 6.159 6.160 6.161 6.162 6.163 34 3.5 3.6 37 38 3.9 4.0 0 0.5 1.0 115) 2.0
Frequency (GHz) Frequency (GHz) Qubit Drive Frequency (GHz) Qubit Drive Duration (ms) Readout DE|a\/ (|J.5)
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What We Hope That You Have Learned Today...

Reduce development cycle times with qubit pre-screening system

 Eliminate wasted cooldowns on the dilution refrigerator

DUT interface for high density RF and DC testing
* Test qubits without packaging, wire bonding

Configure a rapid cooldown ADR cryostat for your program

PXI Based Quantum Control + Labber to streamline qubit characterization
* Qubit tune-up protocol

e Labber control and automation software

TECHNOLOGIES
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Part I1I: Quantum Control System

How can we improve our quality of measurement?



Superheterodyne Control Architecture

B — A a

+ Easier to remove image and no LO feedthrough

- Requires many filter banks

- Multi-channel phase coordination is complex

- Mixer loss can lead to elevated generator temperature

KEYSIGHT @:onw:mmm
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Achieving System Phase Coherence

 Achieving phase coherence for
analog architectures is complex

Phase stability comparison

» Full digital architecture eliminates |
issues caused by PLL and "] V/«./ N
synthesizer drift 1] f/«//\ \

» Coordinated phase updates across _r
an entire system can be easily | d—— \
achieved -

0 100 200 300 400 500 600
Elapsed time (minutes)

Phase drift (deg
8
/

KEYSIGHT @:om:mmm
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Unveiling Keysight’'s hew control system - Hardware

Based on PXle, a well- .
Baseband, RF and uW Control @—4— proof Industry Standard
—\\—

and Readout

Fully Digital Up
to 16 GHz
Low-latency
World-class Inter-module

Communication
for Fast Feedback

Phase Noise

—W— PCle Gen3 x8 for Ultra-short — _
Experimental Deadtimes ——

Off-the-shelf

Industry-grade for R&D and for Synchronization, Phase
Commercial Quantum Coherence and Time-
Computers based Execution

KEYSIGHT @ FORMFFACTOR™
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Direct digital signal generation provides cleaner signals

Digital Analog Digital
Traditional baseband architecture Baseband with DUC architecture
Baseband I/Q modulator Baseband + DUC
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| Memory | Memory
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Q Memory Q Memory
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generation does not
have LO or image,
and it does not
require any
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Digital Up-Conversion Example
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Questions?
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