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A Placement Algorithm for Single-Flux-Quantum Circuits
Considering Timing Constraints

Abstract: In this paper, we propose a cell placement algorithm in layout design of superconducting single
flux quantum (SFQ) circuit. In the proposed algorithm, mixed wiring using Josephson transmission lines
(JTLs) for short distance and passive transmission lines (PTLs) for long distance is performed. Wiring delay
is minimized by using the both appropriately. First, a set of directly connected gates is regarded as one
block, and the layout inside the block is determined. After that, all the blocks are arranged in a lattice,
and the blocks are wired with PTLs. Comparing performance of a circuit with the proposed method and
a circuit wired only with PTLs, we confirmed that the circuit area is reduced by more than 10% and the
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latency is reduced.
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1. EL®IC

PERDPEIREFE & 0 EE N OKIHEE S CEIfES 5
—MEHREET (SFQ; Single Flux Quantum) [AE&I3EEE Y
VIHOER T EY a7 VST X > THIBEIL, K
BT OAT & 5 THEME 1 KO0 2FBT 5 [1))2). SFQ
FEE T, FEMED 0 &L ZADRBE KT
ETOTr—MZr7uy 724469 2 068h3H b, CMOS [[
LR, XA IV ORI L V. D7D, KEIH
72 SFQ [A13#& D EHE 2> DGR 72 8 G HT IS EHE R IT & 2 a%ET
% (CAD) RBERTRTHS. — 5T, SFQ EEKIL,
FEXFEITIED CMOS [ & IIARBHIZE R 2720,
CMOS [H# D CAD ¥ —)v% SFQ [z Z D F F#AH 9

TOREERY KRR
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B5IEINTEY, VAT U MKIHIEIZAFTIHOATY
B5LWVSDHBRTH .

N ETIT SFQ KD EFHFHE L U T, JTL (Josephson
Transmission Lines) 72 & OREEIFE T-% W 2Bl Fik»,
PTL (Passive Transmission Lines) % F\ 7z BRfR T LA R
FINTWS [3][4][5]6]. JTL 1&%E L T SFQ %2547 %
ZEeMaBEAcrE, RIEMRAROBICIE, EEBO JTL
WRETH LD, HEEENKEL LS. —HT, PTL
FHEEEY A 70X M)y I VEAWDS & TR
BT EREICE#BL, SR THS. L,
BoRk O M (B IERF SR E W R T4 N (DRV) & Ly —
N (REC) i d 2 BEMH 0, EFEMERCKR T IZ M5 72
W[7]. D7z, EEEMEARIC X ITL %2, EEMRRRIC I
PTL 2\ % Z & CEUHUEBIEAVN S MK 2 BT E 5.

Z ZTAMETIE, JTL & PTL ORARMZ ATt & ¢
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tl'j < Tij — hOldj (3)
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7 N — N REFEECECE U, BoAREREE O R R BN &
nHESIIvru7oy JNTEILVORERE Y OH DY
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3.3.2 JOv/smwsav oV —&amK
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Ty 7N CHEY — b OlidkR%E JTL T 5. 74
TZVITIE, BR2 BRIIR L AZHGEIER O JTL BHE I N
ThY, Tha2REALELI L TRMMEZFERT S, i
BMOMALEHLEIRERTH B, BHENZ-VIERERS N
578, x7u7nuy IHNHMOLAT I MNRX—=V%2FDH
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34 v/070vJEE

Xr7u7uy 7 NROEEBEEZREL-HE, £@Thovon
Jay JOREERRET S, £ETHI /ATy s EKT
WICHEL, ANMEYRSOBBAFE LY Z7a 78y 7k

© 2018 Information Processing Society of Japan

DAS2018
2018/8/29

Algorithm 1 Macro Block Placer

Input: RiElE~Y 2707092 B = {b,bs,...,bn}
Output: Y7070y 7 OREIEY P = (p1,p2, -, Pn)

1: Bay + 21 Bl

2: U(i,7) « b; % jITHICEET 2BOEMEIZA L (1 <i,5<n)
3: for ¢ < 1 to |B| do

4 Vi Bay OEFEEN i ORE

5 for each: V € V; do

6: cy 4 00

7 for each: b; € V do

8 W« V\{b;}

9: if ew +1(4,j) < cy then
10: cy — cw +U(4,7)
11: pj @

12: end if
13: end for
14: end for

15: end for

FHUAICRET 5. T0%, &FlchitHIZY a7y
IEREBETLINERETS. TOK, v Zu7oy 2o
EAR R RN 725 KD ICiET 5. AfiTlk, v o/w
Tay JOEET NI X LEBHHTS.
ETOHNIHLT, BETEZY27070y 7DF2RY
7O TRODDIIHEEV K TH 57 OBENTIER
W, ZDD, AMEVIGEWIOxZa7ay 2hs)E
2, MO~ szuray 7 OMOEMENEL RS LS
ZBEBEOY a7y ZORERRET 5.
BB O EIEF L, BRNEFHEEIZE IS TV TY XL
THRETS. v7u70y 78 n it L, FHHERMIX
o™ Thd. H2HHIWET I3 780y 7DEL
B = {b1,by,...by} BASELTEZR SN, ¥ 27070y
DELENERE P = (p1,p2, ..., pn) 2T 5. p; ik, 7w
b ZMET 217H S TH 5. HIAILX, AJID B = {by, b, b3}
T, HAW P =(2,3,1) THBEE, HIH5DO—F7HIZ bs
Z, ZfTHIZ b &, ZHTHIZ b 2HET 5. BRI A L
cy B, xo/u7uy 7RV ERELUZEO, i< s
o7y 2 OOREMREE L, 1(i,j) Exr7a 70y
7 b % jATHICEEBET A0, fiko~xrsaoray sy
OMOREMEL T, UTIZ7 VIV XL%ERT. ¥
o7uy sk AiET A, vsuevaysEki—1
fEBE U 72 BROBLAR I A S OFERE V5. TR, R
DA MDBRE/NIL BB LA MNOHERITS. Hlx
WX, V={b1,b2,b3} ZILET ZEDOEMI A MK, UFD
3DODH/ED DL, AAMDERNE D OBENE % B
AL, VORI AN ¢y £T 5.
o W ={b, by} & LZMDOEIEI A e &, by %
Bli&E 9 2 BRORLHE I A + DA

o W ={by,bs} &L ZMDEIEI A ey &, by %
Bli&E 9 2 BEORLHE T A + DA

o W ={bs,b} ELZIDOEIEI A e &, by %
Bli&E 9 2 BEORLHE T A + DA
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3.5 vOv oYY —EK

INFETIZZUy 7YY —=FEROT LTV XLHBNL D
PEREINT WS [8][9][10]. [8][9] TlEABIZA H YV —
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V—i2&378y 7 AFa—DENKEL, ZJuvy [
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A X BT RORIBMERED HEE 2175 72.
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ATEHMTBEE L HART 7Oy 2V ) —DEX TN L
w5,

AFETE, avALbrybhza— - ZayxFrIEHAN
TEY, EBEEEPNSLTS4 VEfET 5. D72, b
OB En T2, n+1 YA I7NBIIT—XPHA
ING. BAEDOLA T Ui, Npee DREWIEENXL
BB EMHRLUEZ. UL, Npw ZRETLTES L,
vorvuavay 2HO7ay 27 hr— N OERRIEEEA A & <
BoTLES D, v27u7uv D Ao HETD
BIERMAAELL R->TUES Z DM NG,

EITRRIL, Java 70275 AOEFE-MTH Y, Nows
MREWVFEEFEMDHNZ D305, ZHUE, N
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(c)

9 8bit Ripple Carry Adder DLV 1 77 b ((a)Npmaz = 1 DEIFE (b) Nppar = 4 DOFIEE

(¢) Nmaz = 8 D[AIE)

R 1 NI A—REZT MO EERMERED L
Noaz  FIESEHRE [mm?]  JIJE VA 7> [ps]  EEABE [GHz]  SEATIRHE [s]

1 5.2483 5106 330 + 20 * 10 50 1865

4 4.5261 5104 280 + 20 * 10 50 246

8 4.4298 4968 275 + 20 * 10 50 26
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