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CORE1la (2003) COREla LV (2013) CORE100 (2015) CORE e2 v5h (2016)
4999 JJs, 15 GHz 3869 JJs, 35 GHz 3073 JJs, 100 GHz 10603 JJs, 50 GHz
167 MIPS, 1.6 mW 400 MIPS, 0.23 mW 800 MIPS, 1.0 mW 333 MIPS, 2.5 mW
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8-bit Bit-Parallel ALU
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Number of pipeline stages: 9

>

v’ Target frequency: 50 GHz

v’ Gate-level pipelining

v Functions: ADD, SUB,AND
OR, XOR, NOR, etc.

v’ Data length: 8 bits

Based on Brent-Kung adder

* Minimum number of logic
gates (w/o D flip-flops)

* Sparse wiring tracks

* Small fanouts (Max. 3)

* Maximum logic depth

R. Brent and H. Kung, IEEE Trans. Comput. G31 (1982) 260
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It Works!

ISLPED’17 Design Contest
Honorable Mentions

140

.6 mWV, 56 GHz 8-bit ALU
~35 TOPS/W

130
120
110

100

—Next design achieved
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90
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Normalized bias margin [%]

——Arith
3:{:;&-0- Logic
——
——0—0— 00
10 20 30 40 50 60

Clock Frequency [GHz]
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Our Approach & Outcome

Architectural
Optimization

Device/Circuit
Optimization

i
L | = ml 1 e : .
56GHz |.6mW ALU 48GHz 5.6mW Multiplier 32GHz 6.2mW Processor 50GHz Al Accelerator
ISLPED’17 Design Contest ISSCC’19 VLS| Symposium’20 MICRO’20
SilkRoad Award Selected as a featured paper
20
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IEEE TCCA |Blog

How did the road to new adventure in Superconductor Neural Network Accelerator happen?

1: What is Superconductor SFQ?

Moore’s Law, doubling the number of tr.

evolution of computer systems. Unforty 2020 53rd Annual IEEE/ACM International Symposium on Microarchitecture (MICRO)

& iy,

marking the beginning of the so-called p GUEST EDITOR’S INTRODUCTIVON

emerging devices, and superconductor 4 ’
reing cev - ) Top Picks From the 2020 Computer
environment is a promising candidate. A

cemenisinsralogicocomposeaswn  OUPETINPU: An Extremely Fast Neural Processing S re Conforances

single magnetic flux quantum. It fundar

possbl o achieveextremelylowaten Unit Using Superconducting Logic Devices

Koki Ishidal*, Tlkwon Byunz*, Ikki Nagaoka3, Kosuke Fukumitsu!, Masamitsu Tanaka®, Satoshi Kawakami?,
Teruo Tanimoto!, Takatsugu Ono!, Jangwoo Kim?, and Koji Inoue!t

Mag

Superconductor

Insulator

Superconductor
Computing for

) Behind MLPerf:
ding Al Inference

Leaking Secrets

!Graduate School and Faculty of Information Science and Electrical Engineering, Kyushu University rough Compressed

{koki.ishida, kosuke.fukumitsu, satoshi.kawakami, teruo.tanimoto, takatsugu.ono, koji.inoue}@cpc.ait.kyushu-u.ac.jp

Superconductor

l 9 K . . . - : Performance Neural Networks Caches
Josephson 7 ) Department of Electrical and Computer Engineering, Seoul National University pa Reddi, Christine Cheng, Koki Ishida, llkwon Byun, PR Teal, AfidFes Saichaz,
juncti ] 4 i 3 3 avid Kanter, Peter Mattson, i i i 5
junction (1) |, Superconductor ring {lk.byun, Jangw9o}@snu.ac.kr - . e\ﬂing,a:nera?o?;-J:ans\(;vnu ki NagaOka'ﬂiﬁ:ﬁtzuuk#'ﬂ;i: Chnsmpherv[\;ailsgﬁcsh::czr;i

(a) SFQring 3Department of Electronics, Nagoya University Satoshi Kawakami,

eruo Tanimoto, Takatsugu Ono,

Figure 1: Supercond nagaoka@super.nuee.nagoya—u.ac.jp, masami_t@nagoya-u.jp Jangwoo Kim, and Koji Inoue
Abstract—Superconductor single-flux-quantum (SFQ) logic Among several candidates, superconductor SFQ logic fam-
family has been recognized as a highly promising solution for the jly [3], [4] is a highly promising solution thanks to its ultra- 22

post-Moore’s era, thanks to its ultra-fast and low-power switching ¢,y cn0d and 1ow nowar concumntion at 4 ¥ Tha QEO tach
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Fabricated Chip Purpose Fre[c(|3u:2n]cy F[’r?qvx\?]r gggg?% #of s Year
1: 8-bit ALU First demo. of gate-level pipeline 56 1.6 40 4,846 2017
2: 8-bit array-type multiplier large-scale circuit design 48 5.6 8.5 20,251 | 2018
3: low voltage 8-bit ALU 0.5mV low-voltage operation 30 0.276 109 7,451 2019
4: low-voltage 4-bit multiplier | large-scale low-voltage operation 51 0.134 381 4,498 2019
5: 4-bit microprocessor large-scale datapath 32 6.5 2.5 25,403 | 2019
6: low-voltage 4-bit MAC basic function for Al acceleration 38 0.366 104 9,739 2020
7: 2x2 systolic PE array prototype of SuperNPU 34 0.711 382 9,263 2021

r

1 2 3 4




State-of-the-art Designs

Junhyuk Choi et al.,“SuperCore: An Ultra-Fast Superconducting Processor
For Cryogenic Applications,” MICRO 2024. (to appear)
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llkwon Byun, et al., "XQsim: Modeling Cross-Technology Control Processors for 10+K Qubit Quantum Computers," ISCA, June 2022.

XQsim: Research Overview
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llkwon Byun, et al., "XQsim: Modeling Cross-Technology Control Processors for 10+K Qubit Quantum Computers," ISCA, June 2022.
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