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Simulation Resucllgck
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High-Speed Test of RNG
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AIST-ADP

Data storage loop
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Statistical Test Result

Statistical Test p-value Result
Frequency: Monobit 0.122325 OK
Block Frequency 0.739918 OK
Cumulative Sums-Forward 0.035174 OK
Cumulative Sums-Reverse 0.122325 OK
Runs 0.17912 OK
Spectral DFT 0911413 OK
Non-Overlapping 0.066882 OK
Templates
Overlapping Templates 0.035174 OK
Universal ---
Approximate Entropy 0.739918 OK
Random Excursions ---
Random Excursions .
Variant
Linear Complexity 0.213309 OK
Serial 0.739918 OK
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FFT

Discrete Fourier Trg_rﬂsform (DFT)

X (k) = Zx(n)exp(— ] 2’;’\[’#‘ ) k=01, N-1

(N=4)"

2:mk 27mk 27mk
W”k=ex —]——)=cos(—7 + jsin(—j ——
N p(JN) (JN)J(JN)

Re Twiddle
factor

2 0 3 1
Wi =-Wg| [Wa=-W4 FFT

Twiddle factor in

z-plane NYUTILRT7— ) IEBDEE S
DFT: O(N?)

FFT: O(NlogN) @ YNU
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Butterfly operation
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m Estimated calculation time of 32-bit SFQ FFT
processors for 1024-point FFT: 6.2 ps at 50 GHz
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FPGA: 62.95 us \!}YNU
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Process:
AIST 10 kA/cm? Nb
Advanced Process

Number of JJs: 8349

Bias Current: 1.06 A

Target Frequency:
50 GHz
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Data pattern 1

Re[x(0)] = 0111, Im[x(0)] = 1101,
Re[x(1)] = 1011, Im[x(1)] = 1111,

Re[W] = 1101, Im[W] = 1001

Re[X(0)] = 100100,
Re[X(1)] = 010100

_________

Clock Out
i 001001 i
Re[X(0)] I I
; 001 fl 0 i
Rexmy L

Data pattern 2

Re[x(0)] = 0110, Im[x(0)] = 1010,
Re[x(1)] = 1011, Im[x(1)] = 1100,
Re[W] = 1001, Im[W] = 1011,

_________

111001
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Data Shuffling Circuit
ASSS R R RSN
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Process: AIST 10 kA/cm?2 Nb
Advanced Process

Number of JJs: 1028

Bias Current: 109.7 mA

0.90 mm

B For 4-bit 8-point FFT

B Bias Margin: 80%~125%
@50 GHz

B 51.5 GHzEI{EEET
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CMOS FFT Processor&MDLLER”

Tech- Bit-width | Power Clock Energy per

nology [mMW] Frequency | operation

[GHZ] (x10-12J)

[4] 0.11um| 16 217 | 0.100 21.70
. 1 um Nb

STtSéS (Jo=10| 16 | 486 | 156 3.115
y kA/cm?)

g
ITARILEF—NETIHOEBAE
({EE AASFQ[al iz A [£2-3HTB L)

[4] M. Fonsenca et al., “Design of Pipelined Butterflies from
Radix-2 FFT with Decimation in Time Algorithm Using

Efficient Adder Compressors”, IEEE Latin American
Symposium on Circuit and Systems (LASCAS) 2011.
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Front-end chip ; i
e L};LL]I:HH]:] « 128 channel |/ QF?F?FFFFFFFEEFF
] n— — Autocorrelator : ’
SIS mixer =8 Amplifier _"ni;:_inl.i.:r §
T
Local oscillator ' A EE 'S 8 4.
- A 1 :F S l/
Vernik et al., IEEE TAS 15 (2005) 67 *”4" /
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Clock signal interval : T

1Ev BB 2s )

Data_in—

A/D

Data out <

4-ch Autocorrelator

W
out 4

(87)

out 3

(67)

out 2 out 1

(47) (27)

D : Delay Flip-Flop
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- 1-bit A/D converter

- 2-bit A/D Conve(ter
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B CHBZR D ERET

- The Karnaugh map of C; - The Karnaugh map of C,

Y1Vo Y1)Vo
\OO 0111110 \OO O1 |11 10
X, X, X1Xg

00 0O[0]1]1 00 o1 ,1]0
01 0O[0|110 01 110,01
11 11 1,0]0 11 110,01
10 110]00 10 O(1,1]0

Ci =X Vo + X, V1Yo + XX,V + X, X, ),

=X (xo +y0)+xl yl(x_0+y0)
C,=x,DYy,

¢, YNU



2-bit AD3>/ “—am 43

B S tHESsF D ERET .,

Y1
Xor | 1V
C\ =X, Yo +X V1V + XX V) + X Xy % {ka,ﬁilliﬁ}%? = [
—( ) ( ) L] S Ll
=XV X ) JT X X + SN EINNG: 1
_ TTEE e
CO = X, @ Vo _,,_____E_g: J _ﬁ%ggt—lj
. I sizaaoe
: The calculation part of C, (L3 e
_ S R e B
[ ]: The calculation part of C, SIS O
] [ [
JJ%: 527 b-’f{aaﬁgéﬁfi
5: 0. 4 Lo
mfa: 0.60 mmx0.45 mm —J/L@ E Etf—
74_|:/ {“J77‘d:L/ C1 C,

— BEYMEIZEBEEETHEL @ YNU




FEIT AR REED "’

FFTZ

Tyt

o T—RIXEBHE . 4Ev(16 LSB)
® /\3T7541=vyr50 GHzEN{EZEEL

® SIIFFTT

3 2 fERERR

Y E{RDEIEAN

® 50 GHzZ B A SENMEN AT HE
® ZEVRAAICEHRIET]

R (F kR

- LA

¢, YNU



EXNBEHEA~DEE °

LT DEEETE1000E

=y AS

1000 F v RILZTHEZR HEZTDLY

o] FRAE LD

T RADFEF

V]

> (B AT

=IR1ES)

NbN [=] % 0 B 5

3 Bl

;o B B & D BL 4R ZUHI IR

15 (%10 Gbps/channeli2[E
ﬁﬂ‘ﬁ o R D S EE1L
&b Txt It

FEnE|ZE

¢, YNU



0955C

L

R AT [D

EARFELED

B’ ILSFQE

15E

1 ARIOT—270—
HEhBO R

® HBIRE

(ELE#A

A

IO

T —hD1

g D

3N A

IR Z R BEEHT

H

E AR

FFTT Oty

5 CHHE S

® fiiR(%. REMERE

TR CI-BER

i 151

EX&T TR

J\LJjJIFlatnE?:EéL,b\EL\

46

¢, YNU



47

¢, YNU



HInE ?

2BF X (U—/\—xF) TR
Boson&L TR 55

HBInE:
H—i\—xf D Bose-Einstein &g
E1t Et

QOO0

k- Ak

¢, YNU



ERMEFHE "
S A RIZE T,

/\/\/\/\/\/\/ REHN1 DD REEHT
ECk Al e

[6’, n]= —1

A HBIGE) T ORR:
D=ndy (R EF | DBMEIZHS

<C>> @, = h/2e = 2.07x1015 Wb

¢, YNU




a7V ES (JJ)

> ]
\
fEFEIR
I =171,.smd0
v h do
2e dt

o0

1962, B.D.
Josephson

HBIEMUMENERES
EERZALSRF

SUE S THIFED HlfE
@, YNU




