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A gate-level placement and routing algorithm design for QCA circuits

KUANG Rui, PENG Fei, ZHANG Yongqgiang, XIE Guangjun
(School of Electronic Science and Applied Physics, Hefei University of Technology, Hefei 230009, China)

Abstract: Quantum-Dot Cellular Automata (QCA) is considered asa promising solution to overcome the limitations
ofconventional CMOS. Recently, the development of automated design tools for QCA circuits has attracted more and
more attention from researchers, where the placement and routing algorithm is a critical step. The key issue of an
algorithm design is the constraints of a clock scheme and clock synchronization. Agate-level placement and routing
algorithm is proposed. The path information is pre-calculated and cached within the layout region constrained by the
clock scheme, and the depth-first search strategy is applied to search for the correct circuit placement routing

results. The algorithm is implemented in C+ -+ programming language, and simulation results verify the correctness

of the proposed algorithm.
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Algorithm]l Paths Computing Algorithm in the Clocked Lay-
out Surface

Input: Two Point pl and p2 in Layout Grid

Output: Routings Between pl and p2

1:position_queue<—¢

2:routing_queue<—¢

3: push pl into position_queue

4. push (pl) into route_queue

5: mark all the grid to be not visited

6: while position_queue is not empty do

7. current_position<—position_queue. front and pop queue

8. current_route<—route_queue. front and pop queue
9. if current_position is p2 then
10: mark current_route as possible routing between pl and

p2

11: endif

12: for direction D& {left.right,up,down}do

13. if the D direction point of current point has not been
visited and there exists a proper data flow in clock
zone then

14. push in into position_queue

15: add it to the current_route

16 push current_route int route_queue

17, mark the point to be visited

18. end if

19: end for

20: end while
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Algorithm2 P&.R Algorithm Based on Depth— First Search

Input: a logic network N and a clocked layout surface
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Output: positions of logic gates and routings between them
1. current_level<-0

2. setup a stack to save candidate positions

3. while current_level < depth of graph do

4 if current_level has not been initialized then

5 if current level is primary inputs then

6. initialize the primary inputs

7 else

8 compute candidate positions for the nodes of cur-
rent level

9. end if

10: mark current level as initialized

11: place the nodes of current level

12 if all placement compositions are invalid then

13: clear placements of current level

14. current_level=current_level—1

15 end if

16: end if

17. if exists a possible placement composition then

18. if exists routing solutions for them then

19: current_level=current_level +1

20 end if

21: else

22 if current level = 0 then

23 return false

24, else

25 clear placements and routings in layout

26 current_level=current_level—1

27 end if

28: end if

29. return true

30: end while
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this work

Roppert10]
circuit
total time

area pr time total time area  pr time

C17 72 0.95ms 2.92s 80 275.53ms 16.83 s

Mux21 35 0.17ms 2.67s 30 153.83ms 16.34 s

1bitadder 16 0.11 ms 2.683s 16 275.53 ms 16.36 s

B3 Cl7TEHEGRRHEZE

5 #FRIE

ASSCE SRS T QCA FL I B A o A 4R 50
7 T IRTELRIR  ES T AEAR R AT 2 h /5 %5 JE i LA
H D 38 S T — AT SR A LA
LA LB P g A L A R R AR (S BT RS
GAT IR R R L e R E I RS R
(A R A 2 B A it i . R O LA R R
TR GAE PRI RN A Joy A 2 500 i A &k, BRI
ST IR R AL ol e A B e LBy i . %) T
RIS % PR A SRy A AR BA PR A E NS 2E A
B A RS TR A T — AR AT SR A
O 1) RS L BEBE 37 1) 2 i L2 — 20 i v A Ja A1
LRCRAAT T 1 2.

S 30k

[1] LENT CS, TOUGAW P D. A device architecture for
computing with quantum dots[J]. Proceedings of the
IEEE, 1997, 85 (4): 541-557. DOI:. 10. 1109/
5. 573740.

[2] KIM K, WU K J, KARRI R. Quantum-dot cellular
automata design guideline[ J]. IEICE Transactions on

Fundamentals of Electronics, Communications and



%9 4 JB B R QCA MUK TS A R A RS 83
Computer Sciences, 2006, E89-A (6). 1607-1614. 32nd Symposium on Integrated Circuits and Systems
DOI.10. 1093 /ietfec/e89-a. 6. 1607. Design. Sao Paulo:IEEE, 2019 1-6. DOI. 10. 1145/

[3] ANTONELLI D A, CHEN D Z, DYSART T J, et al. 3338852. 3339838.
Quantunrdot cellular automata (QCA) circuit partitioning; [11] HENNESSY K, LENT C S. Clocking of molecular
problemmodeling and solutions] C ]/ /Proceedings of the 41st quantum-dot cellular automatal J |. Journal of Vacuum
annual Design Automation Conference. San Diego: ACM, Science &. Technology B: Microelectronics and Nano-
2004 363-368. DOI: 10. 1145/996566. 996671. meter Structures, 2001, 19(5). 1752-1755. DOI. 10.
[4] RAVICHANDRAN R, LADIWALA N, NGUYEN ], 1116/1. 1394729.
et al. Automaticcell placement for quantum-dot cellular [12] CAMPOSC A T, MARCIANO A L, NETOO PV,
automata [ C]//Proceedings of the 14th ACM Great et al. USE: a universal, scalable, and efficient clock-
Lakes symposium on VLSI. Boston: ACM, 2004 . 332- ing scheme for QCA[J]. IEEE Transactions on Com-
337. DOI: 10. 1145/988952. 989033. puter-Aided Design of Integrated Circuits and Sys-
[5] CHUNG W J, SMITH B, LIM S K. Node duplication tems, 2016, 35(3): 513-517. DOI; 10. 1109/ TCAD.
and routing algorithms for quantum-dot cellular autom- 2015. 2471996.
ata circuits [ J ]. IEEE Proceedings-Circuits, Devices [13] VANKAMAMIDI V, OTTAVI M, LOMBARDI F.
and Systems, 2006, 153(5): 497-505. DOI. 10. 1049/ Two-dimensional schemes for clocking/timing of QCA
ip-cds: 20050278. circuits[ J . IEEE Transactions on Computer-Aided
[6] BUBNA M, ROY S, SHENOY N, et al. A layout-a- Design of Integrated Circuits and Systems, 2008, 27
ware physical design method for constructing feasible (1) 34-44. DOI; 10. 1109/TCAD. 2007. 907020.
QCA circuits[ C]//Proceedings of the 18th ACM Great [14] NIEMIER M T, KOGGE P M. Problems in designing
Lakes symposium on VLSI Orlando: ACM, 2008 with QCAs: Layout= timing[ ]J]. International Jour-
243-248. DOI. 10. 1145/1366110. 1366170. nal of Circuit Theory and Applications, 2001, 29(1).
[7] JANEZ M, PECAR P, MRAZ M. Layout design of 49-62. DOI. 10. 1002/1097-007X(200101/02)29 ;1<
manufacturable quantum-dot cellular automatal J]. Mi- 49, . AID-CTA132>>3. 0. CO;2-1.
croelectronics Journal, 2012, 43(7).: 501-513. DOI: [15] SOEKEN M, RIENER H, HAASWIJK W, et al.
10. 1016/j. mejo. 2012. 03. 007. The EPFL logic synthesis libraries[ J]. arXiv preprint
[8] WALTER M, WILLE R, GROBE D, et al. An exact arXiv: 1805. 05121, 2018.
method for design exploration of quantum-dot cellular
automata[ C|//Proceedings of 2018 Design, Automa- EEGA .
tion & Test in Europe Conference & Exhibition B8 B, 19940 T RFSY A BFSY T I e re R
(DATE). Dresden: IEEE, 2018: 503-508. DOI. 10. SR E TR
23919/DATE. 2018. 8342060. g £ 50985 WABg . BT O L A
[9] WALTER M, WILLE R, TORRESF S, et al. Scala- bR T EIF % fre it
ble design for field-coupled nanocomputing circuits KB B, (1991 [t PRI B 2E S0, BFSE 7 T N
[C]//Proceedings of the 24th Asia and South Pacific gl S RS B
Design Automation Conference. Tokyo: ACM, 2019. MBRECGBHIEE) T, (19702, 1. 282 {14 S i,
197-202. DOI; 10. 1145/3287624. 3287705. WF5E 7 1) R A o o B 5 2R 55 48 R B
[10] FORMIGONI R E, FERREIRA R S, NACIF J A M. E-mail : gjxie8005@hfut. edu. cn.

Ropper: a placement and routing framework for field-

coupled nanotechnologies [ C]//Proceedings of 2019



