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Abstract:

The 3D integrated circuit is emerged as a promising solution to integrate very large-
scale circuits on electronics chips. In such chips, several layers of silicon substrates
are stacked which are separated by insulator interfaces. Interconnection between
two layers is realized using Through Silicon Via (TSV). Fabrication of TSVs is
challenging due to their large size and complex process. Consequently, the number
of TSVs should be minimized in the circuit’s implementation. The 3D
implementation consists of three main steps: Partitioning, Placement, and Routing.
In this paper, the first two steps are accomplished using the Simulated Annealing-
based optimization approach wherein minimization of the number of TSVs and
total wire length are considered the main objectives. In this paper, an improved
version of the pathfinder method has been developed which would efficiently
generate the necessary interconnections among circuit modules. The results of
simulations on MCNC benchmark circuits show that the proposed method
outperforms the previous state-of-the-art methods in all aspects. In comparison with
FSA, the number of TSVs is reduced by 6.15%, and the algorithm’s runtime is
decreased by 27.79%. Moreover, in comparison with the hMETIS method, the
number of TSVs is reduced by 9.78%, and the algorithm’s runtime is decreased by
31.73% .

Keywords: 3D IC, Evolutionary algorithms, SA algorithm, Partitioning, Placement,
and Routing.
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Input: G (V, E)
Ensure: Optimized partitioned Graph to | tiers

1: Randomly_partitioning()

2: Setup()

3: Setting parameters (T, Tpin)

4. S+— Syt

5: Costcyrrent +— Cost(S)

6: while T > Ty,

7: Setting local parameters (alpha, N)
8: fori=0:N

9: Selection(S”)

10: Costpew— CoStcyrent

11: ACost = Costpey - COSteyrrent
12: if (ACost < 0)

13: Se—§’ // updating
14 COStCurrent - COStnew

15: else

16: r<— Rand (0, 1)

17: if (r < exp(-ACost/T))
18: S— S’ //updating
19: Costeyrrentt™ COStiew
20: end if

21: end if

22: end for

23: if (stall)

24: break;

25 else

26: T=axT

27 endif

28: end while

Local minima

Global minima

Execution time

QLA} J-.\f PEENE cu ‘Si J.;:u.a )" ;;E.L‘”. :(0) JS.&

Setup 36 :(Y-¥) r:.l,_,fll

Input: G (V, E)

Ensure: Extract the required data
1: Vertice_Gain()

2: Adjacency_matrix( )

3: Connectivity( )
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Circuit FSA Proposed Improvement (%)
TSV#  Time (MS) TSV# Time (MS) TSV# Time
ex5p 139 457 134 381 3.59 16.63
des 182 1673 177 1375 2.74 17.81
alu4 268 1718 256 1197 4.47 30.32
tseng 162 1648 169 973 -4.32 40.95
diffeq 189 1861 177 1498 6.34 19.50
seq 257 1807 246 1307 4.28 27.67
apex2 152 1592 134 1201 11.84 24.56
bigkey 227 2173 215 1564 5.28 28.02
ex1010 365 4951 341 3750 6.57 24.25
elliptic 458 5432 429 4002 6.33 26.32
s38417 319 8724 280 6825 12.22 21.76
$38584.1 486 8640 455 6638 6.37 23.17
clma 897 9347 863 7309 3.79 21.80
Avg 5.49 23.99

TSV >|.L13‘9|f'_»| C)Laj #4.!42.1 j‘ ;(K=6) ‘55‘9)‘9-\ ;)U.'.l:.w‘l..»‘_g;% ui‘g)_gFSA U:'J) :ﬁ...e_u.c (i)J}.\:’-

Circuit FSA Propgsed Improvement (_%)

TSV#  Time (MS) TSV# Time (MS) TSV# Time
ex5p 44 401 42 247 4.54 38.40
des 91 635 86 413 5.49 34.96
alu4 109 1230 102 927 6.42 24.63
tseng 218 1185 209 862 4.12 27.25
diffeq 157 1602 144 1086 8.28 32.21
seq 206 1417 202 958 1.94 32.39
apex2 153 1792 151 1201 1.30 32.97
bigkey 219 1342 208 944 5.02 29.65
ex1010 324 3524 305 2413 5.86 3152
elliptic 458 3786 427 2897 6.76 23.48
$38417 207 4937 185 3815 10.62 22.72
$38584.1 258 5761 239 4239 7.36 26.41
clma 758 9173 705 6558 6.99 28.51
Avg 6.15 27.79
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FSA Proposed Improvement (%)
Circuit
TSV#  Time (MS) TSV#  Time (MS) TSV# Time
ex5p 32 165 35 89 -9.37 46.06
des 110 438 103 354 6.36 19.17
alud 97 1095 81 836 16.49 23.65
tseng 248 1136 235 718 5.24 36.79
diffeq 234 1307 213 891 8.97 31.82
seq 226 1183 209 872 7.52 26.28
apex2 91 1376 88 1008 3.29 26.74
bigkey 199 1270 186 982 1.50 22.67
ex1010 294 1073 279 814 5.10 24.13
elliptic 463 4157 478 3016 -3.24 27.44
$38417 215 5032 197 4211 8.37 16.31
$38584.1 321 5268 298 3957 7.16 24.88
clma 1106 8241 997 5218 +9.85 36.68
Avg 6.24 27.64
TSV slaws 5 12l Ol ik 5 hMetis o5 581 fy s :(1) J st
hMetis Proposed Improvement (%)
Circuit
TSV#  Time (MS) TSV# Time (MS) TSV# Time
ex5p 53 462 42 247 20.75 46.53
des 98 670 86 413 12.24 38.35
alu4 117 1403 102 927 12.82 33.92
tseng 234 1109 209 862 10.68 22.27
diffeq 163 1761 144 1086 11.65 38.33
seq 213 1502 202 958 5.16 36.21
apex2 169 1863 151 1201 10.65 35.53
bigkey 228 1417 208 944 8.77 33.38
ex1010 337 3623 305 2416 9.49 33.39
elliptic 456 3679 427 2897 6.35 21.25
s38417 216 5135 185 3815 14.35 25.70
$38584.1 271 6034 239 4239 11.80 29.74
clma 776 10248 705 6558 9.14 36.01
Avg 9.78 31.73
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