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Abstract

In this paper, we propose a new architecture of multiplier-and-accumulator (MAC) for high speed multiplication and
accumulation arithmetic. By combining multiplication with accumulation and devising a hybrid type of carry save adder
(CSA), the performance was improved. Since the accumulator which has the largest delay in MAC was removed and its
function was included into CSA, the overall performance becomes to be elevated The proposed CSA tree uses 1's
complement-based radix-2 modified booth algorithm (MBA) and has the modified array for the sign extension in order to
increase the bit density of operands. The CSA propagates the carries by the least significant bits of the partial products
and generates the least significant bits in advance for decreasing the number of the input bits of the final adder. Also,
the proposed MAC accumulates the intermediate results in the type of sum and carry bits not the output of the final
adder for mmproving the performance by optimizing the efficiency of pipeline scheme. The proposed architecture was
synthesized with 250pm, 180um, 130um, and 90nm standard CMOS library after designing it. We analyzed the results such
as hardware resource, delay, and pipeline which are based on the theoretical and experimental estimation. We used
Sakurai's alpha power low for the delay modeling. The proposed MAC has the superior properties to the standard design
in many ways and its performance i1s twice as much than the previous research in the similar clock frequency.

Keywords : Multiplier- Accumulator, Booth Multiplier, Digital Signal Processing, CSA Tree,
Computer Arithmetic
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Fig. 1. General arithmetic operation of multiplication and
accumulation.
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Fig. 2. Hardware architecture of general MAC.
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Fig. 3. Proposed arithmetic operation of multiplication
and accumulation.
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ACC (2”&1‘21”3 214 - -
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Total 1375.8 1250.6 1141
T 3 3B e2° HolE F
Table 3. Gate size of logic circuit element.
Element Gate Size
Inverter 0.8
2/3/4-NAND 1/15/25
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Full Adder 6.7
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4x] MUX 6
3x1 MUX 142
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4bits CLA 205
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Table 4. Estimation of gate size by synthesis.
CSA Booth | Final Adder Total (C/L)
, Encoder . ) -
nm |Elguibaly | Seo Elguibaly | Seo |Elguibaly| Seo
90 1,067 | 1,009 713 104 97 1,884 1819
1301 1,216 | 1,158 864 118 110 2198 | 2,131
130 1381 | 144 803 120 114 2510 | 2407
2001 2027 (2001 1,129 141 131 3297 3261
E 5 HolE #2| H|1n
Table 5. Comparison of gate size.
Calculated Expertmental
nm Elguibaly Seo Elguibaly Seo
90 1,250.6 1,141.0 1,171.0 1,106.1
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Table 6. Normalized capacitance and gate delay.
(n=2, ¢=C/C,, t=01XT/v)

Gate Comment C T,
Inverter 3 t+c
8x1 MUX 4-level logic 4 3h.2+t+c

D-E/F Slave delay 4 16.1+t+c
1bit FA mmput-to-sum 12 39.6+t+c
1bit FA input~to—carry 12 3R 7+t+c
Zhits CLA input-to—sum 12 64.9+t+c
Zbits CLA input-to-carry 16 53.9+t+c
4dhits CLA input-to—sum 12 96.8+t+c
4bits CLA input-to—carry 24 83+t+c
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Table 7. Delay time analysis and comparison.

==Xl H 45 # SD H

Standard Design | Elguibaly’s Design| Seo’'s Design
General |16bits| General [16bits| General |[16bits
Stepl Booth Encoding Booth Enchjng Booth Encoding
92.8n+59.9 | 904.7 | 10.6n+81.1 | 250.7 | 10.6n+81.1|250.7
Step? CSA Hybrid CSA Hybrid CSA
25.95n— 51.9) 363.3 |33.55n—67.1) 469.7 33.5on  1b36.3
Sten3 Final Addition Final Addition Final Addition
57.2n 9152 | 28.6n+57.2|5148| 28.6n |4576
Accumulation - -
Step4
57.2n 915.2 - - - -
Criticall ~ Accumulation Final Addition Hybrid CSA
Path | 5720|9152 |28.6n+57.2|5148| 33550 |5368
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Table 8. Pipeline stage.
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