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ABSTRACT

In this paper, we implement single cycle and multi cycle adders. We can compare area and time by using
the implemented adders. The size of adders is 64, 128, 256-bits. The architecture of hybrid adders is that the
carry-out of small adder groups can be interconnected by utilizing a carry propagate unit. The size of small
adder groups is selected in three formats - 4, 8, 16-bits. These adders were implemented with Verilog HDL
with top-down methodology, and they were verified by behavioral model. The verified models were
synthesized with a Samsung 0.35(um), 3.3(V) CMOS standard cell library while a using Synopsys Design
Compiler. All adders were synthesized with group or ungroup. The optimized adder for a Crypto-processor
included Smart Card IC is that a 64-bit RCA based on 16-bit CLA. All small adder groups in this optimized
adder were synthesized with group. This adder can operate at a clock speed of 198 MHz and has about 967

gates. All adders can execute operations in this worst case conditions of 2.7 V, 85 "C.
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= [ s 7R HAs A7

E | S ALO|E =] 7P| HIE (Group2E EHY)
Table 1. Single-cycle Adder Comparison by Group

adder base (bit) 64 (bit) 128 (bit) 256 (bit)
time (ns) |area (nand2)| time (ns) |area (nand2)| time (ns) |[area (nand2)
RCA 22.28 749 44.56 1551 88.46 2966
CLA 3.59 1091 4.56 1962 4.85 4401
‘+’ operator 3.47 1168 3.79 2625 2.97 5534
4 12.66 856 23.33 1708 50.55 3344
RCA_CLA 3 7.99 846 14.59 1744 26.49 3491
16 5.05 967 797 1782 13.76 3596
4 22.37 801 42.96 1483 50.09 2856
CLA_RCA 8 21.85 799 43.39 1466 86.24 2914
16 21.89 759 43.46 1471 86.45 2943
4 7.78 1983 14.49 3878 29.14 7933
CSA_CLA 8 4.96 1895 8.29 3989 15:51 8454
16 3.95 1976 555 3993 9.16 8250
4 8.38 1330 15.11 2657 29.62 5757
CSA_RCA 8 6.45 1507 9.98 2724 17.11 5533
16 9.07 1531 10.98 3188 14.97 5782
E 2. o AO|E F=E2| 71| H|ZRE (Ungroup®E )
Table 2. Single-cycle Adder Comparison by Ungroup
T base (bit) 64 (bit) 128 (bit) 256 (bit)
time (ns) |area (nand2)| time (ns) |area (nand2) | time (ns) |area (nand2)
RCA 3.34 1567 4.28 2251 6.19 5267
CLA 3.46 1403 4.26 2505 5.07 4557
‘+’ operator 3.47 1168 3.79 2625 2.97 5534
4 8.84 991 5.38 2192 6.82 4283
RCA_CLA 8 3.67 1387 5.16 2517 5.45 4985
16 3.38 1441 4.35 2576 5.64 4551
4 3.37 1506 4.79 2543 5.12 5147
CLA_RCA 8 3.58 1498 6.87 2198 7.78 4699
16 6.62 1193 9.23 2329 6.62 4936
4 352 1116 4.26 2057 4.88 4226
CSA_CLA 8 391 1101 4.54 2228 5.47 3989
16 3.68 1163 4.00 2489 6.58 5030
4 5.10 1158 8.01 2164 13.71 4335
CSA_RCA 8 6.34 1195 9.10 2266 15.30 4070
16 6.04 1371 6.76 2555 11.51 4054
RCA 2= 7}]@ 7]J;{7]
= 7
REALCLA 716l ol 71| 710 el el 744 1. B AlolZ TS| JHP| By AU
G AR 040 1 S e ok et 3
CSA RCA 2% 72| 7Rb7] 7]ute] sie] Alel 7R (HH 93.00% FA)AFIaL areas KA

Copyright (C) 2003 NuriMedia Co., Ltd.
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ctHH 93.00% 74 A 69.76% ).

a2y g Add 7MPZ|(CSA)E AR 7HE7]
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E 3. CES AIE =9 7P| H|Z (Group2E §H4)
Table 3. Multi-cycle Adder Comparison by Group

sl base 64 (bit) 128 (bit) 256 (bit)
(bit) | stage | time' | time’ | area |stage | time' | time’ | area [ stage | time' | time’ area
CSA |4 | 16 | 197 [ 3152 | 762 | 32 | 205 | 6560 | 1600 | 64 | 2.11 | 135.04 | 3136
-8 | 8 | 312 | 2496 | 745 | 16 | 330 | 5280 | 1415 | 32 | 328 | 10496 | 2867
RCA ™76 [ 4 | 612 | 2448 | 739 | 8 | 618 | 4944 | 1487 | 16 | 627 | 10032 | 2692
= 16 | 162 | 2592 | 915 | 32 | 160 | 5120 | 1786 | 64 | 1.65 | 105.60 | 3535

8 | 8 | 217 | 1736 | 1188 | 16 | 229 | 3664 | 1993 | 32 | 227 | 7264 | 3943
CLA ™16 | 4 | 282 | 1128 | 1148 | 8 | 306 | 2448 | 2197 | 16 | 322 | 5152 | 4233
— 16 | 570 | 9120 | 1395 | 32 | 824 | 26368 | 2847 | 64 | 1591 |101824| 5419
=78 | 8 | 601 | 4808 | 1275 | 16 | 696 | 11136 | 2433 | 32 | 987 | 31584 | 4722

RCA ™6 [ 4 | 758 | 3032 | 1118 | 8 | 853 | 6824 | 2236 | 16 | 1041 | 166.56 | 4102
DMX |+ | 16 | 643 | 10288 | 1444 | 32 | 013 [292.16 | 2833 | 64 | 1679 |1074.56] 5872
=78 | 8 | 500 | 4000 | 1288 | 16 | 630 | 100.80 | 2322 | 32 | 7.59 | 242.88 | 4664

CLA 716 | 4 | 498 | 1992 | 1175 | 8 | 563 | 4504 | 2251 | 16 | 6.65 | 10640 | 4546
4 | 16 | 477 | 7632 | 1206 | 32 | 523 | 16736 | 2059 | 64 | 551 | 35264 | 3980

SFT

- 8 8 5.81 46.48 974 16 6.10 97.60 | 2073 32 6.39 204.48 | 3686
RCA 16 4 7.66 30.64 1065 8 8.24 65.92 1937 16 8.57 137.12 | 3376
SET 4 16 4.92 78.72 1222 32 5.32 170.24 | 2151 64 5.64 360.96 [ 3922

= [78 | 8 | 515 | 4120 | 1205 | 16 | 544 | 87.04 | 1910 | 32 | 568 | 18176 | 3768
CLA ™6 [ 4 | 527 | 2108 | 1144 | 8 | 601 | 4808 | 2065 | 16 | 585 | 93.60 | 3611

E 4 CFE AWIZ TZ°| JH| HIZ (UngroupS2 BHA)
Table 4. Multi-cycle Adder Comparison by Ungroup

adder base 64 (bit) 128 (bit) 256 (bit)
(bit) | stage | time' time’ area | stage | time' time area | stage | time' time’ area
CSA 4 16 1.77 28.32 1054 32 1.73 55.36 2089 64 1.78 113.92 4175

8 | 8 | 234 | 1872 | 1240 | 16 | 235 | 37.60 | 2147 | 32 | 250 | 8000 | 4602
RCA ™6 "4 | 271 | 1084 | 1304 | 8 | 301 | 2408 | 2437 | 16 | 3.19 | 51.04 | 4982
- 16 | 145 | 2320 | 1107 | 32 | 160 | 5120 | 2193 | 64 | 16l | 10304 | 4475

-8 | 8 | 190 | 1520 | 974 | 16 | 2.44 | 39.04 | 2070 | 32 | 252 | 8064 | 4224
CLA ™6 | 4 | 266 | 1064 | 1021 | 8 | 273 | 21.88 | 2227 | 16 | 278 | 4448 | 4404
16 | 591 | 9456 | 1401 | 32 | 733 | 23456 | 2899 | 64 | 1740 | 11360 | 5432

DMX_

8 | 8 | 524 | 4192 | 1451 | 16 | 751 | 12006 | 2377 | 32 | 7.54 | 24128 | 4711
RCA ™64 | 530 | 2120 | 1351 | 8 | 586 | 4688 | 2348 | 16 | 678 | 10848 | 4327
TALE 16 | 572 | 9152 | 1367 | 32 | 1043 | 33376 | 2576 | 64 | 1469 | 940.16 | 5767

8 | 8 | 508 | 4064 | 1239 | 16 | 565 | 9040 | 2621 | 32 | 765 | 244.80 | 4508
CLA ™76 |4 | 489 | 1956 | 1377 | 8 | 556 | 4448 | 2405 | 16 | 608 | 97.28 | 4643
— 16 | 433 | 6928 | 1225 | 32 | 427 | 13664 | 1808 | 64 | 506 | 32384 | 4334

-8 | 8 | 527 | 4216 | 1217 | 16 | 584 | 9344 | 2192 | 32 | 562 | 17984 | 3838
RCA ™62 | 516 | 2064 | 1276 | 8 | 908 | 7268 | 2178 | 16 | 561 | 89.76 | 4176
SFT |4 | 16 | 406 | 6496 | 1423 | 32 | 422 | 13504 | 1947 | 64 | 490 | 31360 | 4334

-8 | 8 | 444 | 3552 | 1274 | 16 | 473 | 7568 | 2188 | 32 | 5.6 | 16512 | 3716
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