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Abstract

The partial product matrix (PPM) of a parallel squarer is symmetric. To reduce the depth of PPM, it can be folded,
shifted and rearranged. In this paper, we present an area—efficient squarer design method using new partial product
rearrangement. Also, a fixed-width squarer design method of the proposed squarer is presented. By simulations, it is
shown that the proposed squarers lead to up to 17% reduction in area, 10% reduction in propagation delay and 109
reduction in power consumption compared with previous squarers. By using the proposed fixed-width squarers, the area,
propagation delay and power consumption can be further reduced up to 30%, 16% and 28%, respectively.

Keywords : squarer, partial product reduction, fixed-width, error compensation
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XeXo XsXo XaXo X3Xo XpXo flﬁozxofo
XgXy X3Xy xgﬁ.—xﬁcl’ XoXi
xafpxzfz/xlxz XoX

XeX3 XsX3 ’E&»x’ﬂq/xzxz
XXy ’xﬁc‘u XX, NN, XX,

XeX1 XsXy

XeXy XsXy XX,

XXz XoXs

XoXy

XoXs —¥5X5 XyXs X3X5 XpXs X)Xs5 XoXs
=

X XsXg XyXe XX XpXs Xy

(a)

XeXo

XoXe

XeXs XgXy XgX3 XXy XgX XsXo XgXo X3Xy XXy X(X, Xy

X6 XsXy XXz XsXp XsXp XXy X3X) XX, X

X5 XgX3 XgXy X3X, X,

Xy

(b)

X3

XeXs XeXs XeXyq XXz XeXp XeXp XeXo XsXo XyXo X3Xo XpXo XiXo Xo

XsXy XsXg XsX; XsXp XsX| XgXp X3X; XX X Xp

XyXy XgXy XyXy XaXy XoX

X3X
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Unsigned M&712] &5 #ZH(NL7)
Partial product matrices of unsigned squarer.
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XsX3 XsX, XsX; X3X) XX, X

X4Xy
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(b)
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Table 2. Error compensation bias table.
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Q | xx xx cn | KotELS LDl | g | biasO | biasl
0 0 0 0 0.125 0 0 0
1 0 0 1 0.6875 1 1 0
2 0 1 0 0.7656 1 1 0
3 0 1 1 1.3281 1 1 0
4 1 0 0 0.8203 1 1 0
5 1 0 1 1.3823 1 1 0
6 1 1 0 1.4609 1 1 0
7 1 1 1 20234 2 1 1
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Table 3. Comparison of area for squarers.
w=r | wes | we9 | welo | mell | el
(P BE | 0a | 251 | 300 | 418 | 515 | 5%
Unsigned | (G ® 88| 167 | 225 | 204 | 310 | w6 | 5
pam ws 120 | 161 | 28 | 25 | 308 | 386
B L oo | o | 36 | a4 | 510 | 594
2o wa | AXE BB 075 | 20 | 300 | 384 | 40 | 566
et W8 131 | 166 | 210 | 249 | 310 | 300
E 4 HMFZ7IQ XAAIZ v
Table 4. Comparison of propagated delay time for
squarers.
W=7 | W= | we9 | welo0 | mElL | eI
&ﬂﬁwﬁg) 625 | 629 | 68 | 660 | 759 | 770
Unsigned | (0% 88| 56 | 626 | 640 | 692 | 702 | 767
et W8 | 4s8 | 531 | 548 | 587 | 606 | 65l
BB 624 | 628 | 701 | a4 | 73 | T2
2o ma | AT BE | 561 | 624 | 630 | 705 | 12 | 769
(ﬁ;;}fw‘%;ﬂj) 430 | 534 | 548 | 580 | 610 | 661
E b5 HF7|e MEAE Hlw
Table 5. Comparison of power consumption for squarers.
w=r | wes | we9 | wel0 | mell | el
A B 620 | 725 | a1 | 142 | 1203 | 1531
Unsigned | (1 B8 | 67 | 673 | 015 | 1089 | 128 | 1473
g e s | a3 | 601 | w1 | 5 | w7
e B eas | 78 | 97 | 1168 | 1300 | 1545
29 wa | AUHBE | 510 | 695 | o1 | 1002 | 1236 | 1481
(zf*j;e}fw’fﬁ) 407 | 521 | 675 | 809 | 925 | 1084
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Table 6. Comparison of maximum absolute error.

W=T =8 =9 W=10 =11 W=12
Post 121 249 505 1017 2041 4089
[5]constant 153 513 1105 3073 6433 | 168385
[5lvariable 111 311 535 1383 241 6279
Alra W 89 217 465 1017 2359 4809
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Table 7. Comparison of average absolute error.

W=T =8 =9 =10 A1 n=12
Post 121 249 505 1017 2041 4089
[5lconstant 153 513 1105 3073 6433 | 168385
[5]variable 111 311 535 1383 2471 6279
A kg W 89 217 465 1017 2359 4809
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