
Wa lk in g  b a c kw a rd s  –
t h e  c o n t ro l s y s t e m  n e e d e d  t o  ru n  Sh o r’s  
a lg o rit h m  o n  a  fa u lt  t o le ra n t  c o m p u t e r

Ita m a r Siva n
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Ra c in g  t o  Qu a n t u m  Ad v a n t a g e



Proprietary & Confidential | All Rights Reserved   |  3

Super - polynomial advantage
estimated to require
> 10 3 q u b it s
> 10 8 o p e ra t io n s

error rate ~10 - 11

99.9999999999 %
FidelityError rate for the

best qubits to date

99.9 %
Fidelity ~10- 3

Quantum Error 
Correction
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Am o n g  th e  m o s t  we ll- fu n d e d  
q u a n tu m  c o m p a n ie s  wo rld wid e

ז$1 0M+
Avigdor Willenz

Am o n g  th e  b ig g e s t  q u a n tu m  c o m p u t in g  
c o m p a n ie s  g lo b a lly

160+ EMPLOYEES
in 12 COUNTRIES 

Global technology pioneer

65 + PATENTS

Industry - wide customer base

300 + Customers
in 20+ Countries

M&A

Startups

National

Academic

Enterprises

Establishing the Israeli 
Quantum Computing Center
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QFilter

Qcage.24 & .64

QBoard - II
No n - m a g n e tic  

a d va n c e d  s a m p le  h o ld e r

Co m p a c t m u lti- s ta g e  lo w-
p a ss  c ryo g e n ic  filte r 

MW c a vity s a m p le  
h o ld e rs

OPX1000

OPX+

Octave

QDAC- II

Hig h - d e n s ity, m o d u la r 
q u a n tu m  c o n tro lle r

Ultra - fa s t c o n tro lle r

Up / d o wn  c o n ve rte r 
u p  to  18 GHz

Ultra - lo w n o is e  
24  c h a n n e l DAC

QSwitch
Re m o te - c o n tro lle d

b re a ko u t b o x

QDAC- II Compact
Hig h - d e n s ity DAC

Room Temperature 
Quantum Control Solutions

Co n t ro l s o lu t io n s  t ru s t e d t o  e n a b le  g ro u n d b re a k in g  re s u lt s

Most complete platform for advanced 
quantum control:

Highest channel density with world - best synchronization
Unmatched analog specs and real - time compute 

capabilities

6x

8x

Cryogenic Sample Holders, 
Packaging and Filtering Solutions

World - best performance through the stack:
Optimized packaging enabling millisecond coherence

Best - in - class insertion losses, transmission and shielding

60+23x
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Tru s t e d  b y  b u ild e rs  o f t h e  w o rld ’s  la rg e s t ,
m o s t  a d v a n c e d  q u a n t u m  c o m p u t e rs

Un m a tc h e d  re a l- tim e  c o m p u te  a n d  
c o n tro l- flo w

Processor - based controller 

Ultra - fa s t fe e d b a c k: active reset < 120 ns

Effo rtle s s ly a d d  u n its  with  a n y to -
a n y d a ta - s h a rin g , e xc e p tio n a l 
p h a s e  s yn c h ro n iza tio n , a n d  n o  
s o ftwa re  re d e s ig n

Unrivaled scalability

Su p p o rts  10 0 0 s  c h a n n e ls  with  e xtre m e ly 
h ig h  d e n s ity o f 26.7 channels/U

In tu itive  p s e u d o - like  p ro g ra m m in g

Ease- of - use

Ou t- o f- th e - b o x wo rkflo ws  fo r u ltra - fa s t 
c a lib ra tio n  a n d  re a l- tim e  re tu n in g

Mo d u la r: Mix & m a tc h b a s e b a n d  & MW

Dire c t Syn th e s is  (DDS)  te c h n o lo g y u p  to  
10 .5  GHz

Cutting - edge
analog specs

2 GSa/s and 4 GSa/ s m o d e s

Outstanding purity and SFDR (cannot 
be achieved with m ixe rs / d o u b le  
h e te ro d yn e  c a lib ra tio n )

Ba s e b a n d  m o d u le  with  u p  to  16  
m u ltip le xe d to n e s  & Mic ro wa ve  m o d u le  
with  8 tones 2 carriers per channel

OPX10 0 0

QM’s  Pro c e s s o r- Ba s e d  Co n t ro lle r
NVIDIA - QM : Na tive  GPU- q u a n tu m  HW 
in te g ra tio n , roundtrip delay < 4 µs

En a b le s  th e  m o s t a d va n c e d  d yn a m ic  
s e q u e n c e s  rig h t o u t o f th e  b o xSim p le  to  s e t u p : m u lti- q u b it c a lib ra tio n  

& RB in 48 hours fro m  u n b o xin g
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Un m a tc h e d  
c o n tro l- flo w

Processor -   

Ultra - fa s t fe e  

  n its  with  a n y to -
 e xc e p tio n a l 

 tio n , a n d  n o  
 

 calability

 a n n e ls  with  e xtre m e ly 
7 channels/U

 e  GPU- q u a n tu m  HW 
rip delay < 4 µs

ke  p ro g ra m m in g

of - use

 o rkflo ws  fo r u ltra - fa s t 
  a l- tim e  re tu n in g

B in 48 hours fro m  
   

  W m o d u le s  a s  n e e d e d

Cutt
ana  

OPX10 0 0

WHY?

En a b le s  th e  m    
s e q u e n c e s  ju     

Dire c t Syn th e      
10 .5  GHz

2 GSa/s and  

Outstanding p     
be achieved w  
h e te ro d yn e  c

Ba s e b a n d  m     
m u ltip le xe d t  
with  8 tones  
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Factoring the number 21 with QEC

X        Y21    =  .

H H H

H H H

H

H

 5 computational superconducting - qubits

 Surface - code 

d= 5 ( ‘distance 5’)
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X        Y21    =  .

H H H

H H H

H

H

Unrivaled 
Scalability

Ease of use

Classical
Processing

Quantum
Processing

Processor - based 
Controller

Cutting - edge
Analog Specs

Co n t ro lle r

QPU



Orig in a l lo g ic a l c irc u it

Su rfa c e - c o d e  c o m p a t ib le  c irc u it

1

5Q
4 X 2- Q Cliffo rd

2X 3- Q n o n - Cliffo rd
1 s in g le - Q n o n - Cliffo rd

5 Q
14 X CNOT g a te s  ; 6  p i/ 2 g a te s

4 X T s ta te  in itia liza tio n s  ; 10 X T g a te s

1.5



Orig in a l lo g ic a l c irc u it

Su rfa c e - c o d e  c o m p a t ib le  c irc u it

1

5Q
4 X 2- Q Cliffo rd

2X 3- Q n o n - Cliffo rd
1 s in g le - Q n o n - Cliffo rd

5 Q
14 X CNOT g a te s  ; 6  p i/ 2 g a te s

4 X T s ta te  in itia liza tio n s  ; 10 X T g a te s
Su rfa c e - le ve l c irc u it 2

T=29

T=29
T=18

(3,
1)

(3,
0)

Su rfa c e - le ve l t o p - v ie w Ph y s ic a l- le ve l t o p - v ie w

Ph y s ic a l- le ve l c irc u it  ( p a rt ia l) 3

1.5

18  Su rfa c e s
30 0 X fa u lt- to le ra n t g a te s

14 X n o n - fa u lt- to le ra n t m a g ic - s ta te  p re p a ra tio n
4 0  lo g ic a l t ic ks  (d - s ta b ilize r ro u n d s  e a c h )

13 d e c o d in g - b a s e d  fe e d - fo rwa rd  o p e ra tio n s



T=29

T=29
T=18

(3,
1)

(3,
0)

Su rfa c e - le ve l t o p - v ie w Ph y s ic a l- le ve l t o p - v ie w

Ph y s ic a l- le ve l c irc u it  ( p a rt ia l) 4

18 Surfaces
300 X fault - tolerant gates

14X non - fault - tolerant magic - state preparation
40 logical ticks (d - stabilizer rounds in each)
13 decoding - based feed - forward operations

for d= 5:
1015Q

650 max. alive qubits
339 max. Parallel 2-Q gates & meas.

36687 total measurements
387584 physical gates

Orig in a l lo g ic a l c irc u it

Su rfa c e - c o d e  c o m p a t ib le  c irc u it

1

2

5 Q
4 X 2- Q Cliffo rd

2X 3- Q n o n - Cliffo rd
1 s in g le - Q n o n - Cliffo rd

5 Q
14 X CNOT g a te s  ; 6  p i/ 2 g a te s

4 X T s ta te  in itia liza tio n s  ; 10 X T g a te s
Su rfa c e - le ve l c irc u it 3



Non - d e te rm in is tic  p ro to c o ls

Re a l- t im e  fe e d - fo rwa rd s

Th o u s a n d s  o f c o n tro l c h a n n e ls

Re a l- tim e  d e c o d in g  o f th o u s a n d s  o f b its

Ultra - h ig h  g a te  fid e lity

Extre m e  p h a s e  s ta b ility a t s c a le

Fa s t a n d  e a s y d e ve lo p m e n t

Hig h - le ve l c o n tro lle r re q u ire m e n ts

Fa c to rin g  21 ( with  9 0 % s u c c e s s  ra te )

Logical 
level

1

Surface 
level

2

Physical 
level

3

1015  q u b its

Co d e  d is ta n c e  =  5

16 00  p h ys ic a l t im e  s te p s

36 6 8 7 m e a s u re m e n ts

38 758 4  p h ys ic a l g a te s

(e rro r ra te  o f 0 .1% p e r g a te )

18  s u rfa c e s

300X fa u lt- to le ra n t g a te s (with  e rro r ra te  o f 10 - 4)

14 x n o n - FT m a g ic - s ta te  p re p  (with  9 9 .7% fid e lity)

13 d e c o d in g - b a s e d  fe e d - fo rwa rd s

5  p e rfe c t q u b its

4 X 2- Q Cliffo rd

2X 3- Q n o n - Cliffo rd

1 s in g le - Q n o n - Cliffo rd

Cu tt in g - e d g e
An a lo g  s p e c s

Un riva le d
Sc a la b ility

Cla s s ic a l 
c o m p u tin g
in te g ra tio n

Ea s e  o f u s e
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Un riva le d  Sc a la b ility

10 15  Qu b its  re q u ire
10 0 0 - 4 0 0 0  c h a n n e ls !

1,000 channels in 
a single rack

Unrivaled scalability

OPX1000
Unrivaled scalability

QSyn c te c h n o lo g y s u p p o rts  c lo c k 
d is trib u tio n  a c ro s s  m a s s ive  c lu s te rs  
with  m in im a l s ke w 

Su p p o rts  10 0 0 s  c h a n n e ls  with  e xtre m e ly 
h ig h  d e n s ity o f 26.7 channels/U

Pro g ra m  1 a n d  N OPX10 0 0 s  in  th e  e xa c t 
s a m e wa y

Su p p o rts d a ta  b ro a d c a s tin g  in  10 0 s  o f 
n a n o s e c o n d s  a c ro s s  m o d u le s
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Un riva le d  Sc a la b ility

10 15  Qu b its  re q u ire
10 0 0 - 4 0 0 0  c h a n n e ls !

Unrivaled scalability

OPX1000  
c h a s s is

OPX1000  
c h a s s is

OPX1000  
c h a s s is

OPX1000  
c h a s s is

Ma in  OPX1000  
c h a s s is

OPX1000  
c h a s s is

OPX1000  
c h a s s is

OPX1000  
c h a s s is

OPX1000  
c h a s s is

Clo c k   s o u rc e

OPX1000  
c h a s s is

OPX1000
Unrivaled scalability

QSyn c te c h n o lo g y s u p p o rts  c lo c k 
d is trib u tio n  a c ro s s  m a s s ive  c lu s te rs  
with  m in im a l s ke w 

Su p p o rts  10 0 0 s  c h a n n e ls  with  e xtre m e ly 
h ig h  d e n s ity o f 26.7 channels/U

Pro g ra m  1 a n d  N OPX10 0 0 s  in  th e  e xa c t 
s a m e wa y

Su p p o rts d a ta  b ro a d c a s tin g  in  10 0 s  o f 
n a n o s e c o n d s  a c ro s s  m o d u le s
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De p lo ye d  la rg e  s c a le  s ys te m s

Unrivaled scalability

OPX1000
Unrivaled scalability
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De p lo ye d  la rg e  s c a le  s ys te m s

Unrivaled scalability
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Ph a s e  s ta b ility: th e  n e e d  fo r c u tt in g - e d g e  s p e c s
Cutting - edge analog specs

Experiment time

Threshold

Ph
as

e 
di

ffe
re

nc
e

Ultra - h ig h  g a te  fid e lity: iSWAP g a te  e rro r le s s  th a n  10 - 4GOAL

Experiment time

Si
gn

al
 a

m
pl

itu
de

= 14 mrad

noise

Ph a s e  s ta b le  with in  14  m ra d

q 1

c o u p le r

q 2 iS
W

A
P 𝜙𝜙1

𝜙𝜙2
𝜙𝜙𝜙𝜙

𝜂𝜂 = 𝜙𝜙𝜙𝜙 − (𝜙𝜙1− 𝜙𝜙2)

Derivation in: Ganzhorn, Marc, et al. Physical 
Review Research 2.3 (2020): 033447.

From phase stability to fidelity
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Ph a s e  s ta b ility: th e  n e e d  fo r c u tt in g - e d g e  s p e c s
Cutting - edge analog specs

Experiment time

Threshold

Ph
as

e 
di

ffe
re

nc
e

Ultra - h ig h  g a te  fid e lity: iSWAP g a te  e rro r le s s  th a n  10 - 4GOAL

Experiment time

Si
gn

al
 a

m
pl

itu
de

= 14 mrad

Ph a s e  s ta b le  with in  14  m ra d

OPX 1000
Designed for high - fidelity

- 10

- 30

- 50

- 70

- 9 0

- 110

- 150

- 170

- 19 0

- 130

1Hz 10 Hz 100 Hz 1kHz 10 kHz 100 kHz 1MHz 10 MHz 100 MHz

d Bc / Hz

Fre q u e n c y o ffs e t

Le s s  th a n  5  m ra d RMS jitte r 

PHASE NOISE

PHASE DRIFT

Le s s  th a n  6  m ra d in  1 h o u r

allows
Fs t a t e > 0 .9999
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Ph a s e  s ta b ility: th e  n e e d  fo r c u tt in g - e d g e  s p e c s
Cutting - edge analog specs

Experiment time

Threshold

Ph
as

e 
di

ffe
re

nc
e

Ultra - h ig h  g a te  fid e lity: iSWAP g a te  e rro r le s s  th a n  10 - 4GOAL

Experiment time

Si
gn

al
 a

m
pl

itu
de

= 14 mrad

Ph a s e  s ta b le  with in  14  m ra d

OPX 1000

Real- time
calibration

In situ embedded calibration

e.g. via Ramsey swap
- sensitivity higher than iSWAP

Real - time Calibrations 

of Circuit Parameters and Phase Reset
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Cutting - edge 
analog specs

No mixers/double heterodyne –
o u ts ta n d in g  SFDR & m in im a l s p u rs

2 GSa/s and 4 GSa/ s m o d e s

Lo w fre q u e n c y (b a s e - b a n d )  m o d u le  
with  u p  to  16 tones per channel

Mic ro wa ve  fre q u e n c y m o d u le  with  u p  to
8 tones around 2 carriers per channel

No phase - drifting PLLs a n d exceptional 
phase noise (<- 125  d Bc / Hz, 6 GHz @10 kHz o ffs e t)

Direct - digital synthesis up to 10.5 GHz

Cutting - edge analog specs

Ph a s e  s ta b ility

OFF ON

Park J. et al, a rXiv: 2403.026 6 6  (2024 )

Processor - based controller

RT c a lib ra tio n s

- 10

- 30

- 5 0

- 70

- 9 0

- 110

- 15 0

- 170

- 19 0

- 130

1Hz 10 Hz 10 0 Hz 1kHz 10 kHz 10 0 kHz 1MHz 10 MHz 10 0 MHz

d Bc / Hz

Fre q u e n c y o ffs e t

QEC-ready top-notch specs:
Le s s  t h a n  10  m ra d rm s  jit t e r allows

Fs t a t e > 0 .9999

“OPX+ & Oc ta ve : Perfect, all - in -
one measurement system for 
SNU’s silicon 5 qubit device! ”

Prof. Dohun Kim

Unparalleled classical computing integration
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Cutting - edge analog specs

Cro s s - re s o n a n c e  g a te  c a lib ra tio n

Courtesy of:
Prof. Yonuk Chong

Pro fe s s o r a n d  Dire c to r o f Qc e n te r, 
Su n g Kyu n Kwa n Un ive rs ity

Cutting - edge analog specs Processor - based controller

Fast and precise 
cross - resonance 

calibration

Phase calibration of correction gate for 
cross - resonance gates, enabled by OPX
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Scaling

Task dependencies. Width: decoding volume; inset number: req. latency [d]

Classical processing integrationClassical processing integration

Pe rfo rm in g  FT s u rfa c e - le ve l c irc u its
Classical processing integration

Using repeat-until-success for T 
state prep

Run magic state prep circuit but 
discard the result and “start-over” 
based on real-time measurements

Increased fidelities from 98% to 
99.7%
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Data qubits

Ancilla qubits

Classical processing integration

Cla s s ic a l c o n tro lle r

En ta n g le
An c illa s E E

Qu a n tu m  
c h ip

Ph ys ic a l- le ve l g a te s  a n d  m e a s u re m e n t
Classical processing integration

Processor - based controller

Un m a tc h e d  re a l- tim e  c o m p u te  p o we r

Ultra - fa s t fe e d b a c k: active reset < 120 ns

36 6 8 7 to ta l m e a s u re m e n ts

38 75 8 4 p h ys ic a l g a te s

14 X n o n - FT m a g ic - s ta te  p re p a ra tio n (9 9 .7%)

Fu lly p a ra m e tric  re a l- tim e  s ig n a l 
g e n e ra tio n

Co m p re h e n s ive  c o n tro l- flo w
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Classical processing integration

Qu a n tu m  
c h ip

FT s u rfa c e - le ve l g a te s
Classical processing integration

Cla s s ic a l c o n tro lle r

30 0 X fa u lt- to le ra n t g a te s (10 - 4)

13 d e c o d in g - b a s e d  fe e d - fo rwa rd  g a te s

En ta n g le
An c illa s E E

E E E

Z

Z

X

C
on

d
iti

on
a

l 
g

a
te

Data qubits

Ancilla qubits

Cla s s ic a l d e c o d e r ( c la s s ic a l p ro c e s s o r)

Fo r e a c h  s ta b ilize r ro u n d : 
s u rfa c e  d ^ 2 b its / u s

Fa s t fe e d - fo rwa rd  is  
n e c e s sa ry!

De c o d e r
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DecoderController

Ph ys ic a l m e a s u re m e n ts

QEC p ro c e s s in g  a n d  c o n tro l flo w re q u ire m e n ts

Lo g ic a l fra m e s  a n d  
lo g ic a l m e a s u re m e n ts

Processor - based controller

Yaniv Kurman et al. “Control Requirements and Benchmarks for 
Quantum Error Correction”, arXiv: 2311.07121 (2024), under review
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QPU- Decoder roundtrip <10 us

Parallelize decoders
Full control flow in 

controller and 
decoder

Hig h  p e rfo rm in g  
d e c o d e rs

Lo w- la te n c y 
c o m m u n ic a tio n

Ultra - low latency
QPU- controller 

( 100s ns)

QEC p ro c e s s in g  a n d  c o n tro l flo w re q u ire m e n ts

Ph ys ic a l m e a s u re m e n ts

Lo g ic a l fra m e s  a n d  
lo g ic a l m e a s u re m e n ts

Controller

1. Ma p p in g  m e a s u re m e n ts  - d e c o d e rs

2. Wa it fo r d e c o d in g  wh ile  p la yin g

3. Fe e d - fo rwa rd  o p .s a fte r d e c o d in g

Processor - based controller



PID stabilization example

As  q u b it  a rra ys  s c a le , h ig h e r te m p e ra tu re s  
a re  re q u ire d  to  g e t s u ffic ie n t c o o lin g  p o we r.

Diraq ’s OPX- enabled algorithmic qubit 
initialization b rin g  SiMOS s p in  q u b its  a b o ve  
1K in to  th e  re a lm  o f fa u lt- to le ra n c e . “Dira q is  d e lig h te d  to  p a rtn e r with  

Qu a n tu m  Ma c h in e s , a n d  c re d its  th e ir 
OPX c o n tro l s ys te m , with  its  re a l- tim e  

c a p a b ilitie s , a s  in s tru m e n ta l in  a c h ie vin g  
th e  re s u lts  o u tlin e d  in  o u r re s e a rc h .  Th e  
e a s e  o f p ro g ra m m in g  s e q u e n c e s  in  QUA 

s ig n ific a n tly s tre a m lin e d  th e  
e xp e rim e n ta l p ro c e s s .”

Prof. Andrew Dzurak
Sc ie n tia  Pro fe s s o r in  Qu a n tu m  En g in e e rin g , 

Un ive rs ity o f Ne w So u th  Wa le s
CEO, Dira q

Source: Huang, J.Y., Su, R.Y., Lim, W.H. et al. High-fidelity spin qubit 
operation and algorithmic initialization above 1 K. Nature, 627, 772 (2024)

k BT >> hf qubit

Real - time decision - making
b a s e d  o n  re a d o u t, with  u ltra - lo w la te n c y

Real - time corrections and loops

1q and 2q RB made simple

Ease of programming
e ve n  fo r re p e a t- u n til- s u c c e s s  lo o p s

Alg o rith m ic in it ia liza t io n  fo r 
h o t  s p in  q u b its

Drive  s ig n a ls  g e n e ra te d
parametrically

Processor - based controller

https://www.nature.com/articles/s41586-024-07160-2


Proprietary & Confidential | All Rights Reserved   |  45
Yaniv Kurman et al. “Control Requirements and Benchmarks for 
Quantum Error Correction”, arXiv: 2311.07121 (2024), under review

Controller

1. Ma p p in g  m e a s u re m e n ts  - d e c o d e rs

2. Wa it fo r d e c o d in g  wh ile  p la yin g

3. Fe e d - fo rwa rd  o p .s a fte r d e c o d in g

QEC p ro c e s s in g  a n d  c o n tro l flo w re q u ire m e n ts

Ph ys ic a l m e a s u re m e n ts

Lo g ic a l fra m e s  a n d  
lo g ic a l m e a s u re m e n ts

QPU- Decoder roundtrip <10 us

Parallelize decoders
Full control flow in 

controller and 
decoder

Hig h  p e rfo rm in g  
d e c o d e rs

Lo w- la te n c y 
c o m m u n ic a tio n

Ultra - low latency
QPU- controller 

( 100s ns)

Processor - based controller
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 Allo ws  th e  c o n tro lle r a n d  th e  CPU/ GPU to  d e live r u n p re c e d e n te d  p e rfo rm a n c e  in  q u a n tu m - c la s s ic a l 
p ro c e s s in g  with  a n  ultra - low latency interface QPU - GPU/CPU of less than 4 µs

 Allo ws  fo r re a l- tim e  d e c o d e rs  to  b e  p ro g ra m e d  in  SW, ye t a c h ie ve  b e s t HW p e rfo rm a n c e  a t s c a le

 Allo ws  th e  d e c o d e r to  d e te rm in e  th e  c o n tro l flo w

 Su p p o rts  a n y d e c o d e r a lg o rith m  a n d  QEC c o d e

DGX- Qu a n tu m  to  fu lfill QEC re q u ire m e n ts
Processor - based controllerProcessor - based controller
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DGX- Qu a n tu m  to  fu lfill QEC re q u ire m e n ts
Ease of use

Controller

1. Ma p p in g  m e a s u re m e n ts  - d e c o d e rs

2. Wa it fo r d e c o d in g  wh ile  p la yin g

3. Fe e d - fo rwa rd  o p .s a fte r d e c o d in g

Ph ys ic a l m e a s u re m e n ts

Lo g ic a l fra m e s  a n d  
lo g ic a l m e a s u re m e n ts

Processor - based controller
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Ea s e  o f u s e  a n d  fle xib le  p ro g ra m m in g
Ease of use

Need Syndrome 
detection

Implement Decoder

Change scheme or 
realize presence of 
other error sources

Study error source

The quantum error 
correction cycle

Lo w le ve l (FPGA) : ~6  m o n th s Hig h  le ve l (QUA/ CUDA): ~6  we e ks



PID stabilization example

Re a l- t im e  Ba ye s ia n  e s t im a tio n  
a n d  two - a xis  c o n tro l o f s p in s

Ease of use

“Th e  OPX’s  fa s t fe e d b a c k a n d  u n iq u e  
re a l- tim e  p ro c e s s in g  c a p a b ilitie s  we re  

c ritic a l fo r o u r e xp e rim e n t. 
Co m b in in g  th e s e  with  th e  OPX’s  

intuitive programming a n d  QM’s  
s ta te - o f- th e - a rt c ryo g e n ic  e le c tro n ic s  

a llo we d  u s  to  d o  s o m e th in g  th a t we  
h a ve  d re a m t o f d o in g  fo r ye a rs .”

Prof. Ferdinand Kuemmeth
Ce n te r fo r Qu a n tu m  De vic e s ,

Nie ls  Bo h r In s titu te , 
Un ive rs ity o f Co p e n h a g e n , De n m a rkSources: Berritta, F., et al. Real-time two-axis 

control of a spin qubit. Nat Commun 15, 1676 (2024)

Berritta, F., et al. Physics-informed tracking of qubit 
fluctuations. arXiv preprint arXiv:2404.09212 (2024).

∆B
Z

[M
H

z]
   

  

𝜏𝜏 [ns]  0 40 80

0.0                            0.4Pf

Ea c h  n e w s in g le  s h o t o u tc o m e  is  u s e d  to  u p d a te  
a n d  n a rro w d o wn  th e  e s tim a te d  p ro b a b ility 
d is trib u tio n  via  re a l- tim e  Ba ye s ia n  e s tim a tio n .

Th e n , c o n tin u o u s  
s u rve illa n c e  o f 
flu c tu a tin g  fie ld s  
is  u s e d  fo r q u b it  
c o n tro l

measure("meas_pulse", "RF-QPC", None, demod.full("integW1", I))
assign(state[i-1], I > 0)
assign(ri, Cast.to_fixed(state[i-1])-0.5)

with for_(fB, fB_min, fB < fB_max, fB + dfB):
assign(C, Mat.cos2pi(Cast.mul_fixed_by_int(fB, t_samp *i)))
assign(Pf[index], (0.5 + ri *(alpha + beta * C)) * Pf[ind1])
assign(index, index + 1)

assign(norm, 1 / Mat.sum(Pf))
with for_(index, 0, index < Pf.length(), index + 1): 

assign(Pf[index], Pf[index] * norm )

QUA CODE

https://arxiv.org/abs/2404.09212
https://arxiv.org/abs/2404.09212
https://arxiv.org/abs/2404.09212
https://arxiv.org/abs/2404.09212
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Un m a tc h e d  
c o n tro l- flo w

Processor -   

Ultra - fa s t fe e  

  n its  with  a n y to -
 e xc e p tio n a l 

 tio n , a n d  n o  
 

 calability

 a n n e ls  with  e xtre m e ly 
7 channels/U

 e  GPU- q u a n tu m  HW 
rip delay < 4 µs

ke  p ro g ra m m in g

of - use

 o rkflo ws  fo r u ltra - fa s t 
  a l- tim e  re tu n in g

B in 48 hours fro m  
   

  W m o d u le s  a s  n e e d e d

Cutt
anal  

OPX10 0 0

WHY?

En a b le s  th e  m    
s e q u e n c e s  ju     

Dire c t Syn th e      
10 .5  GHz

2 GSa/s and 4 

Outstanding p     
be achieved w  
h e te ro d yn e  c

Ba s e b a n d  m     
m u ltip le xe d t  
with  8 tones  
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Un m a tc h e d  re a l- tim e  c o m p u te  a n d  
c o n tro l- flo w

Processor - based controller

Ultra - fa s t fe e d b a c k: active reset < 120 ns

Effo rtle s s ly a d d  u n its  with  a n y to -
a n y d a ta - s h a rin g , e xc e p tio n a l 
p h a s e  s yn c h ro n iza tio n , a n d  n o  
s o ftwa re  re d e s ig n

Unrivaled scalability

Su p p o rts  10 0 0 s  c h a n n e ls  with  e xtre m e ly 
h ig h  d e n s ity o f 26.7 channels/U

In tu itive  p s e u d o - like  p ro g ra m m in g

Ease- of - use

Ou t- o f- th e - b o x wo rkflo ws  fo r u ltra - fa s t 
c a lib ra tio n  a n d  re a l- tim e  re tu n in g

Mo d u la r: Mix LF/ MW m o d u le s  a s  n e e d e d

Cutting - edge 
analog specs

OPX10 0 0

NVIDIA - QM : Na tive  GPU- q u a n tu m  HW 
in te g ra tio n , roundtrip delay < 4 µs

En a b le s  th e  m o s t a d va n c e d  d yn a m ic  
s e q u e n c e s  ju s t o u t o f th e  b o xSim p le  to  s e t u p : RB in 48 hours fro m  

u n b o xin g  is  typ ic a l 

Factoring 21 in QEC: can we do it?

Dire c t Syn th e s is  (DDS)  te c h n o lo g y u p  to  
10 .5  GHz

2 GSa/s and 4 GSa/ s m o d e s

Outstanding purity and SFDR (cannot 
be achieved with m ixe rs / d o u b le  
h e te ro d yn e  c a lib ra tio n )

Ba s e b a n d  m o d u le  with  u p  to  16  
m u ltip le xe d to n e s  & Mic ro wa ve  m o d u le  
with  8 tones 2 carriers per channel



Proprietary & Confidential | All Rights Reserved   |  54

Yes, we can!   

QPU

Co n tro lle r X        Y21    =  .3        7
Ready?

321
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16 큐비트캘리브레이션및양자
텔레포테이션의라이브데모를보러오세요.

Thank you
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