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ABSTRACT

A dual-mode multiplier (DMM) that performs single- and double-precision multiplications has been designed

using a 0.25-ym S5-metal CMOS technology. An algorithm for efficiently implementing double-precision

multiplication with a single-precision multiplier was proposed, which is based on partitioning double-precision

multiplication into four single-precision sub-multiplications and computing them with sequential accumulations.

When compared with conventional double-precision multipliers, our approach reduces the hardware complexity

by about one third resulting in small silicon area and low-power dissipation at the expense of increased latency

and throughput cycles. The DMM consists of a 28-bXx28-b single-precision multiplier designed using radix-4

Booth recoding and redundant binary (RB) arithmetic, an accumulator and a simple control logic for mode
selection. It contains about 25,000 transistors on the area of about 0.77 X0.40mr. The HSPICE simulation results
show that the DMM core can safely operate with 200-Mk clock at 2.5-V, and its estimated power dissipation is

about 130-nW at double-precision mode.
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Fig. 5. Architecture of the designed DMM
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Fig. 8. Critical path delay of the designed DMM
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Table 1. Summary of the DMM

Technology 0.25-um 5-metal CMOS
Transistor count 25,300
Active area 0.77 x 0.40 mm?

Operating clock

200-MHz @2.5-V
frequency

Power dissipation 130mW @2.5V, 200MHz

Layout density 82.2k Transistors/mm 2

Supply voltage Core : 2.5-V, {/0 : 3.3~V

Input : 28 , Output : 28
clock, reset, mode : 3
Power : 5

I/O pins

#olole AAlE Cadence Hlojo}s B A
£3}e] full custom HMAl o2 S3Psiel o, AA
37 A} (Design Rule Checking : DRC) @ LVS
(Layout Versus Schematic) 74} 5-& E3lo] AA
2] AYAGE AFssich AAR 32+ of 25,000
e ERA2E R FAHE, 2| F-E9 WAL
oF 0.77%0.40 mre]td. 23 9+ 0.25-um 5-metal
CMOS 2402 AT A Hehabolth MS
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Fig. 10. Schmoo plot of the chip
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Table 2. Comparison of double-precision multipliers

(6] (71 [8] DMM*

Function D D D D, S

Tr. count '{ 100,200 | 78,800 | 60,797 25,300

Delay 44-ns | 8.8-ns | 4.1-ns 4.2-ns

Area 12.86-mt'| 9.39—m { 1.32-mi | 0.31—m

Latency 1 1 1 4(D), 1(S)

Throughput 1 1 1 4(D), 1(S)

0.25-pum | 0.5-pm §0.25-um| 0.25-um
Technology| 3—-metal | 3-metal | 3-metal | 5-metal
2.5~V 3.3-v 2.5-v 2.5-V

+ D=Double-precision multiplication

S=Single-precision multiplication

Ard WS A g3t AR o|F e H4t
7IE o 25000709 Bl ~El2 FAEH, 44
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FPU7} WAl 14%_1 A wlolz g E 2 A4, vlo]z
2 ZEEY % DSP ZEAAY Fdo 4 7}
¢ AeE U ‘4’-
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