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HP 6253A Dual DC power supply

HP 3312A Function Generator

HP 11975A 2G-8G Amplifier for Spectrum Analyzer Local frequency
HP 1340A X-Y monitor for HP 8970A noise figure measurement display
HP 7470A X-Y Plotter for HP 8757A measurement result printing

HP 436A Microwave Power Meter

HP 8487A Power Sensor 50MHz-50GHz APC2.4

Anritsu MS710F modified version as same as MS710E(External mixer
ready to 140GHz)

ANRITSU MH680B Tracking Generator

HP 8757A Scalar Network Analyzer

HP 8350B Microwave Seep Generator 2GHz—26.5GHz
HP 11664E AC Detector 10MHz-26.5GHz

HP 11664A AC Detector 10MHz-18.0GHz

HP 85025B AC/DC Detector 10MHz-26.5GHz

HP 8510C Vector Network Analyzer

HP 8514A S—Parameter Test Set 500MHz-18GHz
JDSU JD724C Vector Network Analyzer SMHz-4GHz
HP 8970A Automatic Noise Figure Meter

HP 346C Noise Source 10MHz-26.5GHz

HP 8586A Signal Generator 100KHz—990MHz

HP 5351B Frequency Counter 10MHz—-26.5GHz
Tektronix TDS784D Oscilloscope 1GHz/4Gsps 4ch
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connectors
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laser diode

copper cage

cobper powder filters
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RC filters
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copper cage l{i
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Room temperature

BEEFIAE1A—3DER

Trig.

Computer with Spectrum M4i.44 digitizer card

Cho

¥

f

CH3 CH4 AWG Tektronix 5014C (master)

|

[CH1CH2
| | |
[-12d8[-12¢§ [[12d8 [-12dH = 1 l
+ + v L 4 v P ¢
T Q2 PM |[ 12 Q2 PM |[ Trg. Volt. Sourcel| | Gate  Trig.
MW vector source|| MW vector source|| AWG Tektronix | FPGA
Keysight E8267D || Keysight E8267D || 5014C (slave) Signal
MWA MW2 CH1 _ CHz|[ !so-Amp |
I I | SIM965
DC block DC block | [Cow pass |[LCow pass Ana. Filter
] T filter filter
15GHz high 15GHz high| |SBLP-467+| SBLP-467+
pass filter | pass filter urr. preamp
-20d [20d§ [20dH
I ]
‘-SdB : [(1odd [odg
Bias |
tee Bias
tee
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Bias
tee
I 9% TIBias
7% tee
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~ AWG5014C ©Tektronix
|« 14 bit resolution
* Upto1.2GSa/s

F 3

E8267D ©Keysight
* VSGuptodd GHz

M4i.44 ©Spectrum
* 14 bit resolution
 Upto 500 MSa/s
* 4GB memory

MW2 (v, = 19.7 GHz) MW1 (v, = 18.4 GHz)
Real time signal
‘»"‘»‘H, stk -‘}'«"‘h‘wi“r"" : Ll |
(TR | iflth "\l“‘
DC pulse on P2 \ DC pulse on P1 | ; | ‘
M 0 2 4 6 & 10 12 14
|'| £z .
Sequence time (ms)
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_ AWG5014C ©Tektronix
= 14 bit resolution
Up to 1.2 GSa/s

1

il

I(t) = A(t) cos(2mvyt +6)

Q(t) = A(t) sin(2rtv,,,t + 0)

E8267D ©Keysight

C’\P 11l * VSGuptodd GHz

90°

\ MW1 (v, = 18.4 GHz)

;

1(t) cos(2mvyot) — Q(t) sin(2mvigt) = A(t) cos[2m (v g + V)t + O]
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10 MHz clock fast flux drive measurement

dciflux

300K ADC
@ card
= = Spectrum ZOOMHZ
é 5] analyzer =56dB
= = =
£ 3 3
= = = G=40dB
= (0] ()]
4K g 204 H [] 20dB H z gA T,=2.5K
7 7
) DC-7.2
200 135 [R1[R] otz [ =
GHz =
23dB Ij
600mK 5 %
< =z
5 1.4-20 3 4-8
é GHz [\ A GHz
|
18mK Eccosorb AN @. 500
filter 20dB H
3 : @- 500
(@) (@]

>
- | 8
k :f processor (Aﬁ =
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a Right-angle Multiport Nano-D Straight Multiport

Device Board

. inisup
= e
-— . Samiple
s =250
T AR

Junctions

RF Interposer
(underneath device board)  RC Filters and Bias Tee Resistors Bias Tee Capacitors M,-’

i) Configuration A i) Configuration B iili) 1cm - - *i._ S
o W T e
: : - ity Source Drain
. Island

Guide Posts

Mounting Holes

6999
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a A : b
Xz Vg >
53 | | . . 83
=9 f Mini-Circuits S [] °[] =%
L% 4 1 ZFSC-2-10G & S Room
mig X Agilent 10 s} fem
E8D67C 221}, sSk——— UT-85-SS
E8267D =
| I %{-l %{-l 5 [-| - =__4K
R f sL] L] L L
X o - -
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So Q UT-85-SS/SS
CE: f
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90° pulse Evolve Readout

1 Detector
I\/Ieasurement Time  AMP
— '—|
Threshold

Analog readout signal

“g” or ‘@ - r—
Source
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NOT The outputis 1
when the input
is 0 and 0 when
the inputis 1.

Input Output
0 1
1 0

Input Output

AND The outputis 1

only when both 0 0 0
inputs are 1, 0 1 0
otherwise the 1 0 0
output is 0. 1 1 1

Input Output
OR Theoutputis 0

only when both 0 0 0
inputs are 0, 0 1 1
otherwise the 1 0 1
outputis 1. 1 1 1

Input Output

NAND The output is 0 0 0 1
only when both 0 1 1
inputs are 1,
otherwise the T 0 1
outputis 1. 1 1 0

Input Output

NOR The outputis 1

ly when both 0 0 !
only when ot 0 1 0
inputs are 0,

otherwise the T 0 0
output is 0. 1 1 0

Input Output

XOR The outputis 1

only when the two 0o 0 0
inputs have 0 1 1
different value, 1 0 1
otherwise the 1 : -

outputis 0.

| t Output
XNOR The outputis 1 _input | Butput

A A

only when the two 0 0 1
inputs have the 0 1 0
same vglue, 1 0 0
otherwise the 1
outputis 0. 1 1
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GATE

Identity-gate:
no rotation is
performed.

gate:

rotates the
qubit state by
1 radians
(180°) about
the x-axis.

gate:

rotates the
qubit state by
m radians
(180°) about
the y-axis.

gate:

rotates the
qubit state by
1 radians
(180°) about
the z-axis.

gate:

rotates the
qubit state by &
radians (90°)
about the
Z-axis.

gate:

rotates the
qubit state by &
radians (45°)
about the
z-axis.

gate:

rotates the
qubit state by

i radians (180°)
about an axis
diagonal in the
x-z plane. This is
equivalent to an
X-gate followed
bya 3 rotation

about the y-axis.

.

.

!

.

.

_( Q)
S7(0e'%

_(r o
U (0 e'%)

TRUTH
TABLE
Input  Output
[0) 10}
m 1
Input  Output
0 In
m 10
Input  Output
[0y il
M -ilo)
Input  Output
[0 [0)
m -
Input  Output
[0) o)
ey
Input  Output
1)
1) el4n
Input  Output
0) o)+
V2
-
V2
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Main Memory (instructions & data)

IO

Y I
Instruction Quantum Coprocessor Quantum Classical Interface
3] -
g Fetch Quantum . . Analog-Digital Interface
l Control Unit Physical Execution Layer
D
= Reo ‘ Timing Control Unit N 7
. Regiter (o aoee O] | VB 2
File Physi _ e
ysical ry ;
Microcode D . : O
St L e S
Instruction ™ = 5 = E
Cache § % code I 3
- P
1 L1,| Q Control = | £ 9 9 =
Host CPU Store g : 8 = LS = <
N Jioninid i c
| PEmiaee: Ol o ~i0p il —+[CTPG ©
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Grover algorithm State tomography
.R;r/Q_ _R;T/Q. RT H
cUo cUoo Readout
.R;/Q. .RQ/Q.RQ/Q.
MMW Non-superconducting leads

o ’ Gate
* Junctions

S S N

B W R

MNWVWMN Source Is1and Drain

20 40 60 80 100 120 : o o
fime (ns) 3939 15KU 433,000 1¥m WD25

SIProp Project, 2006-2017 31




®°
SIProp™e

O@=F77—L")x7 EGNURadio




SDRFH O _\\ “°'3'l)l/ %1_\/7|"—71§Pr0p-

® GNURadio
O A —TUY—RDYTIITIEENE
@ 70— FANYT S LIZEAEEITRE

@ TAURIAEBEITIHODIIb01T

@ RIRDEBEEZ R OERADY I+ 7 ESNER
* MATLAB® Simulink
* LabVIEWOVI FREERT rererion ssimaress

|I.I.IJ

i

0 E{FIRIR
@® Windows and Linux
® https://www.gnuradio.org/ —
® GRC(GNURadio—companion) = -
OIN—FANISLITAR =
®Jovy
@ EBNMEFITHOEAL
@ JA—
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SDR&EIFIRITH ? SIProp s

® Software Defined Radio
=) Jr )T T7 CEZINT-FEIEHE

W RX/TX
J _§%m§1t L/T:*%iﬁ ADC/DAGC PG
. ;:% Jﬁ tl:% W RX/TX
. 7?/7_-7_ ADC/DAC (Digi’zISI;ignal
. ADC/DAC Processor)

@ A8 25 (DSP=Digital Signal Processor)
@ VIL I 7 CUIEBEFZERZTE=HEFTNE(CF ELI-70EyY
® PCTH AHIAE !

@ B TUIELTLNAEDXDSPTUIELTLSEIT !
@ ERHDSPTCIBTESHIZT HEHZE=SDR
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1qubit_simulator_simple 3¢ | 1qubit_simulator_complier 3¢ I 1qubit_simulator_SDR 32 | 2qubit_simulator_simple 3¢ 2qubit_simulator_fullfunc 3¢

Options
ID: two_qubit...Itor_fullfunc
Title: 2Qubit ...l Function
Author: Noritsu...siprop.org)
Generate Options: QT GUI 1

GUI G 1l
QT GUI Frequency Sink Number of Points: 1.024k
FFT Size: 1.024k Autoscale: No

Center Frequency (Hz): 0 Line 1 Label:

Bandwidth (Hz): 32k Line 1 Width: 1

Line 1 Color: Blue

Line 1 Style: None

Line 1 Marker: Circle
Line 1 Alpha: 1

Float To Complex

QT GUI Frequency Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 32k

Variable
ID: samp_rate
Value: 32k

QT GUI Frequency Sink

FFy Seezao2ee | 11 laccee==z=- = .[
Center Frequency (Hz): 0
Bandwidth (Hz): 32k |: Message Debug
i i
' :
' '
' 1
' h
' H
' '
h h
i i
' '
' Initializer '
i Qubit ID: 1 X readout i
[ F" ) o Frequency: 1k (5" Tttt ooooosmmmmmsssms-oo- Frequency: 1k - =
I b3 | Amplitude: 1 | Amplitude: 1 i - [
I 1 Amplitude: 1 3 : . N ' Quantum Coprocessor
2 3 Q Amplitude: 1 CTRL Junction Point Q Amplitude: 1 i
v Q Amplitude: 1 e }} 3 | s -b[ Sample Rate: 32k
[N |: Bt Wait Time(ns): 0 | Bandwidth: 1 ! Fhne Scale Rate: 1
! » e i Q Bandwidth: 1 Q Bandwidth: 1 Ll ’
H andwidth: Processing Time(ns): 10k ] Processing Time(ns): 10k o
! Processing Time(ns): 10k Sunle Retar 2k ! Sale Mate: S35 1o
' Sample Rate: 32k e : : P : e T
,
i | i !
E E E h Qubit Simulator
! ' ' L b[ Center Frequency: 1k
! ! ! Sync Qubit Sample Rate: 32k
' ' ' r--}[ Time Scale Rate: 1
| i i !
| i i
| Initializer | Eacout ' :
! Qubit ID: 2 CNOT ! Frequency: 1k D pmsccesssensresssems s sserssene A— | —
' . i iy Frequency: 1k : | Amplitude: 1 e i
' : :‘“";ﬁ"‘;‘ < 1 Amplitude: 1 i Q Amphitude: 1 L :
mplitude: SR .
i N 1= ) Q Amplitude: 1 | Bandwidth: 1 I+ i (] i
{J Q Amplitude: 1 :l»-bl: & % [ Quantum Coprocessor
' 3 1 Bandwidth: 1 Q Bandwidth: 1 " [
© - -] 1 Bandwidth: 1 ° ]--- e 1 t--pm[| sample Rate: 22k
. Q Bandwidth: 1 Processing Time(ns): 10k ' -
Q Bandwidth: 1 S ' Time Scale Rate: 1
. Processing Time(ns): 10k Sample Rate: 32k '
Processing Time(ns): 10k e e N b[
mple Rate:
Sample Rate: 32k soeatnlies e 20909090900 | e
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P (no module specified)

b CCSDS

» Core

¥ Quantum

¥ controllers
Initializer
Quantum Coprocessor
Qubit Simulator
Sync Qubit
Wait
readout

¥ gates
CNOT
CTRL Junction Point

< X = »n T

Z
¥ measurements
GUI Bloch Measurement
GUI Constellation Measurement
Qubit Detector
b satellites
b habets
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§° 1qubit_simulator_simple.grc - /home/noritsuna/gr-quantum/gr-quantum/examples - GNU Radio Companion

Fle Edit View Run Tools Help

= ) . T (
E v E X P2 6 © Q 3 ¢ @ og | 8 «= ] & & e
1qubit_simulator_simple 3¢ |lqubit_simulator_complierx |1qubit_simulator_SDRx |2qubit_simulator_ imple 3¢ Izqubit_ lator_fullfunc 3¢

Options
1D: one_qubit_simultor_simple
Title: Simple 1Qubit Simultor
Author: Noritsu...siprop.org)
Generate Options: QT GUI

Variable
ID: samp_rate
Value: 32k

Initializer
Qubit ID: 1
Frequency: 1k
1| Amplitude: 1
Q Amplitude: 1
1 Bandwidth: 1
Q Bandwidth: 1
Processing Time(ns): 10k
Sample Rate: 32k

—

X
Frequency: 1k
| Amplitude: 1
Q Amplitude: 1
1 Bandwidth: 1
Q Bandwidth: 1
Processing Time(ns): 10k
Sample Rate: 32k

readout
Frequency: 1k
1 Amplitude: 1
Q Amplitude: 1
I Bandwidth: 1
Q Bandwidth: 1
Processing Time(ns): 10k
Sample Rate: 32k

bl

Quantum Coprocessor
Sample Rate: 32k
Time Scale Rate: 1

Qubit Simulator
Center Frequency: 1k

Sample Rate: 32k
Time Scale Rate: 1

Yyvy

Qubit Detector

_’[

-

Message Debug
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§° 1qubit_simulator_SDR.grc - /home/noritsuna/gr-quantum/gr-quantum/examples - GNU Radio Companion

Fle Edit View Run Tools Help

O-5- @X/ 78 4508/ 9¢/0%>0 ¢dld<n[0/adw

1qubit_simulator_simple 3¢ | 1qubit_simulator_complier 3 1qubit_simulator_SDR 3¢ | 2qubit_simulator_simple 3¢ | 2qubit_simulator_fullfunc 3¢

Options
1D: one_qubit_simultor_SDR
Title: Simple 1._.or with SDR
Author: Noritsu...siprop.org)
Generate Options: QT GUI

Variable
ID: samp_rate

Value: 32k

Initializer
X readout
bit ID: 1 UHD: USRP Sink
:" - Frwpamncy 15 ey (15 e )-I:Zk
|::q“|eit"c:;- 1 L Amuitade: ] Udmpitusiel L i ch:pc:te Fps (hz): 0
Q :'P li:ude 1 » LS . Wl Quantum Coprocessor cho: Gan :" h:f‘o .
G igm gl | Bandwidth: 1 i ol | Bandwidth: 1 P e
1 Bandwidth: 1 : : Sample Rate: 32k TSB tag name:
. Q Bandwidth: 1 Q Bandwidth: 1 N
Q Bandwidth: 1 e e |: Time Scale Rate: 1
o S ey Processing Time(ns): 10k Processing Time(ns): 10k
T Sample Rate: 32k Sample Rate: 32k
Sample Rate: 32k

UHD: USRP Sink
Samp Rate (Sps): 32k
ChO: Center Freq (Hz): 0
Cho: Gain Value: 0

TSB tag name:

UHD: USRP Source
Samp Rate (Sps): 32k
[ ChO: Center Freq (Hz): 0

Socket PDU
ChO: Gain Value: 0 Type: TCP Server
Qubit Simulator ____‘-----..[ Host: 127.0.0.1 :]
Center Frequency: 1k = Port: 52001
UHD: USRP Source Sampls Rate: 3z|<y RSTEELSIY MTU: 10k
[ Samp Rate (Sps): 32k n [ Time Scale Rate: 1
ChO: Center Freq (Hz): 0 =

Cho: Gain Value: 0

OIFTUY IMTYJouL, cuuu—2017 39
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§° 2qubit_simulator_simple.grc - /home/noritsuna/gr-quantum/gr-quantum/examples - GNU Radio Companion

Fle Edit View Run Tools Help

\'7"E'Ex TA% v§

0S8

e 0%

>0 €%

=~ €|

‘\ ""\@ﬁsﬁ?f

1qubit_simulator_simple 3¢ | 1qubit_simulator_complier 3¢ I 1qubit_simulator_SDR 3¢ 2qubit_simulator_simple 3¢ | 2qubit_simulator_fullfunc 3¢

Options
1D: two_qubit_simultor_simple
Title: Simple 2Qubit Simultor
Author: Noritsu...siprop.org)
Generate Options: QT GUI

Variable
ID: samp_rate
Value: 32k

Initializer
Qubit ID: 1
Frequency: 1k
[ 1 Amplitude: 1
Q Amplitude: 1
1 Bandwidth: 1
Q Bandwidth: 1
Processing Time(ns): 10k
Sample Rate: 32k

—

Initializer
Qubit ID: 2
Frequency: 1k
[ 1 Amplitude: 1
Q Amplitude: 1
| Bandwidth: 1
Q Bandwidth: 1
Processing Time(ns): 10k
Sample Rate: 32k

X
Frequency: 1k
| Amplitude: 1

]‘""[ Q Amplitude: 1

| Bandwidth: 1

Q Bandwidth: 1
Processing Time(ns): 10k
Sample Rate: 32k

-1

CNOT
Frequency: 1k
1 Amplitude: 1
Q Amplitude: 1
| Bandwidth: 1
Q Bandwidth: 1
Processing Time(ns): 10k
Sample Rate: 32k

R =

-

:|..J

:I, =i .[ CTRL Junction Point }rﬂ‘.[

Wait Time(ns): 0

--»[

readout
Frequency: 1k
| Amplitude: 1
Q Amplitude: 1
| Bandwidth: 1
Q Bandwidth: 1

Pre ing Time(ns): 10k

Sample Rate: 32k

ool
i

------------------------ >l

readout
Frequency: 1k
| Amplitude: 1
Q Amplitude: 1
| Bandwidth: 1
Q Bandwidth: 1
Processing Time(ns): 10k
Sample Rate: 32k

Quantum Coprocessor
Sample Rate: 32k
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@® Demonstration of Two—Qubit Algorithms with a Superconducting
Quantum Processor
® https://arxiv.org/abs/0903.2030

@® A Quantum Engineer’'s Guide to Superconducting Qubits
® https://arxiv.org/abs/1904.06560

@® An Experimental Microarchitecture for a Superconducting Quantum
Processor
® https://arxiv.org/abs/1708.07677

@® Engineering the quantum—classical interface of solid—state qubits
@ https://tel.archives—ouvertes.fr/tel-00857654/file/thesis Dewes web.pdf

@® Demonstrating Quantum Speed-Up with a Two—Transmon Quantum
Processor
@ https://tel.archives—ouvertes.fr/tel-00857654
@ =FitEEEREM

@® https://www.appi.keio.ac.jp/Itoh group/abe/pdf/nquic.pdf
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