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Abstract— This paper presents a low power digital multiplier the partial product of a row is zero. [3] revealed another
design by taking advantage of a 2-dimensional bypassing power-saving strategy by grouping the operands with the
method in cell-based design flow. The proposed bypassing k=l same sign and then computing them separately to avoid

constituting the multiplier skip redundant signal transit ions when ¢ it All of th . thods d d
the horizontally partial product or the vertically operand is zero. unnecessary transitions. 0 €se prior methods depen

Thorough cell-based design flow post-layout simulations sw ON certain decision logic given that a partial product isozer
that the power delay product of the proposed &8 multiplier to either skip or shut down adding cells in a row-based
design is reduced by more than 13.8% compared to prior desigh  manner. In other words, all of these prior works utilized
a one-dimensional bypassing approach basically. We, thus,
propose a 2-dimensional bypassing approach which detects
the nullity of the partial products as well as the multiptida

I. INTRODUCTION at the same time to determine whether the adding cells on the

] ) corresponding row and those on the corresponding column are
Low power design has become a great concern in VLSkinped or not, respectively [9]. A8 digital multiplier using

design in recent years. Booming of battery-operated Multhe proposed 2-dimensional bypassing design is carried out
media devices requires energy-efficient circuits, pality py TSMC 0.18m 1P6M CMOS cell-based design process.
digital multipliers which are building blocks of digitalgnal The post-layout simulations show that the power delay peodu

processors (DSP). Though many efforts have been focused@fyction compared to the prior multipliers is at least 8.8
the improvement of adder and multiplier designs [1], theanaj

trade-off of these high speed logic circuits are the high grow Il. 2-DIMENSIONAL BYPASSING MULTIPLIER
consumption and high temperature which are not a tolerable A basic guideline to reduce the power dissipation of

price to pay in recent mobile technologies [2]. Besides EEjdea digital multiplier is to reduce its unnecessary switching

digital multipliers are the most critical arithmetic furanal activities. Hence, we proposed to detect the bitwise yutiit
unit in many DSP applications, e.g., Fourier _Trgnsform, DClhe multiplicand in the vertical direction and the partiedguct
digital filtering, etc. Array and parallel multipliers areeny

in the horizontal direction in an array multiplier to remove

WeI(_:ome_d dge to their _high execution SPeed ar_1d th_r_oughQHé unnecessary operations taken place in the corresgpndin
besides its high regularity. However, the increasing ciipac adding cells

wire load and operands’ bit length result in very large power

dissipation, [3], [4], [5], [6], [7]. Despite all of theseftii A. Prior 1-dimensional bypassing algorithm
culties, we still manage to reduce the power dissipation by
an observation that the energy consumption of CMOS |°g[j8||
is proportional to the number of transitions, i.62;ss
f-C-V? wheref is the frequency of switcheg, is the
load, andV denotes the voltage swing. P = Py, 1...PF
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A representative array multiplication is based upon the
owing equation.

Many prior digital multipliers were aimed at transition noln-l o
or switch reductions to reduce power dissipation as well. A Z Z(Xi - Y;)2 @)
leapfrog multiplier was proposed in [7] by using a hardware =0 =0
bypassing approach to avoid the redundant computationsvllgereP is the productX = X,, ;... X1 X, is the multiplier,
disabling the adder units whose partial product becomes zeandY = Y,,_;...Y1Y; is the multiplicand.Py, k = 2n —
Another power saving approach is to skip the computatidy. .., 0, denote the partial product¥;,i =n—1,...,0, and
caused by the sign extension bits which are located at thg j =n—1,...,0, are respectively the bit representations of
left side of operands, e.g., [4]. What [6] proposed was clogliee multiplier and the multiplicand, and is the bit length of
to a “bypassing” multiplier which skips the addition wherthe operands. A typical implementation of such a multiplier



is the Braun’s design shown in Fig. 1. Every adding unit
consists of an AND to carry out the multiplication and an
FA (full adder) to accumulate the partial product. Anx n
multiplication, thus, requires a total ef(n — 1) FAs andn?
AND gates.

Y= Y3 Yz Yl Yo
X= X3 X2 X]_ Xo

Y3Xo Y2Xo YaXo YoXo
YaXs YoXo YiXy YoXy
YaXo YoXo YiXo YoX,
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Fig. 2. Prior 1-dimensional bypassing multiplier desigh [7

(a)

Yix. when one adding celldC;;, encounters a scenario thai =
Y; =0.

For instance, assume = 2,57 = 1 and X, = Y; =
0 in Fig. 3 which shows a 2-dimensional bypassing44
multiplier design. Then, we expect the row 2 and the column
1 are bypassed if we directly apply the prior 1-dimensional
bypassing method. If the carry out of the adding céll is
“1”, it should be propagated to the carry in 4”3, and then
its carry out. However, the carry bit will be lost #C5; is
bypassed due t&; = 0. Consequently, an error is occurred,
since the carry out ofAC3; will be zero. Another instance

3 occurs conflict wherXy = Yy = 0, the adding cellAC5q will
miss the carry in because the column 0 is bypassed. We, thus,
(b) propose to include a bypass logic (BL) in certain addingscell
Fig. 1. Generic array multiplier (Braun's) Cmum:/ COMV o /
A simple thought to improve the power efficiency was V V
proposed by [7]. As soon aX; was found to be zero, the Rowl _ Yidac,, l«ko ;x 0

corresponding partial product (row direction) is autormety
reset and bypassed to avoid triggering those adding units in
the row. Hence, two MUXs (multiplexer) are required in the
adding unit to realize the bypassing operation. Meanwhile,
there is a possibility that bypassing operations will regul

the truncation of the carry from the corresponding previous =
stages. A total of2(n — 1)2 MUXs must be included to —
resolve this problem. A %44 multiplier example using such

an implementation is shown in Fig. 2. ¥

B. 2-dimensional bypassing design

. . . Fig. 3. Proposed 2-dimensional bypassing multipliex
Besides the power saving by row-based bypassing, we 9 P P 9 pliex ¢}

propose a 2-dimensional bypassing which detects the laitwis
nullity of the multiplicand bitsY;'s, in addition to the state of
the multiplier, X;’s. In other words, as soon as thgis found
to be zero, the results from the adding units residing in the According to the illustrative example, a simple rule is
previous column are automatically passed to the correspgndintroduced :If and only if X; is not equal to “0” and
adding units in the next column. However, a conflict appeatise carry in is “1”, then the adding cell, AC;;, can not

C. Adding cell with bypass logic



be bypassedHence, an adding cell with the bypass logic ishe bypass logic. Ifx = 5, then the5 x 5 multiplier has a
proposed in Fig. 4. It is also represented by a gray box in Figtal of (5 — 3) x (5 — 3) = 4 adding cells with bypass logic.
3. OthersAC;;s are shown in Fig. 5. If n =38, a total of (8 — 3) x (8 — 3) = 25 adding cells with

In order to save more bypass logic area, the adding cbilpass logic are required, as shown in Fig. 6. In short, the
AC3p can be further simplified such that a single NAND gataumber of the required adding cells with bypass logic is as
(gray one shown in Fig. 3) is used to replace the adding cédllows.
with bypass logic. It still provides a correct operation whe
X5 =Yy =0 and carry out ofACy; is “1".

= (4-3)x (4-3),
Cl-l,ﬁl S\-l‘ﬁl 4 = (5 - 3) X (5 -3 )
Y. X = (6-3)x(6—-3), n=6
é- -T-7- X =
| AGTL@CMJ . .
+ i—i— C,; W_or Y, Therefore, the following rule is concluded.
e ﬁ'- X; Theorem 1 : A total of (n — 3)? adding cells with bypass
: logic are required to constitute a 2-dimensional bypassing
multiplier, vn > 3.
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Fig. 4. Adding cell with bypass logic ‘, kk ; V
LTS T

3

y j Fig. 6. A8 x 8 multiplier using 2-dimensional bypassing

Notably, if an earlier adding cell with the bypass logic is

Cy Si set to be activated, all of the following adding cells in theng
column must be activated, too. Otherwise, a carry generated
Fig. 5. Adding cell without bypass logic in the earlier adding cell will be lost in the bypassing chain

For instance, if the adding cellC3, is activated, then the
. . . following adding cell, AC42, must be activated to ensure a
D. Domino effect in large multipliers carry (=1) is propagated correctly from the carry in4f's2
It is obvious that not every adding cell needs the bypat the carry out ofAC4, and even further. Namely, it is a
logic. For instance, those adding cells in charge of theugalc'domino” effect of activation of adding cells in the same
lation of LSBs of X and Y. It will be very area-efficient if column.
we can identify which adding cells require the bypass logic t
produce a correct multiplication result. Given= 4, it can be
easily concluded thatlCs; is the only unit with the necessity TSMC (Taiwan Semiconductor Manufacturing Company)
of a bypass logic. lin = 5 and the identical array structure0.18 um 1P6M CMOS cell-based design flow process was
is used, therdC3q, AC32, AC41, AC4o need the bypass logic adopted to carry out the proposed design. Fig. 7 is the
to attain correct results. By a similar induction, for amx n  layout of the propose@ x 8 multiplier using 2-dimensional
multipliers, wheren > 4, all of the adding cellsAC;;, where bypassing. The core of the chip are our design and column-
n—1>4>3andn —3 > j > 1, must contain the bypassbypassing design proposed by [8]. Therefore, we can compare
logic to execute the correct multiplication. In other wardghe power dissipation between these two designs using the
whenn = 4, there is only one adding cell which must contaisame technology.

Ill. SIMULATION AND IMPLEMENTATION
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Fig. 8. Area comparison in different designs after softwapémization

advantage of cell-based design flow which can extend any
length of the operator and easily to integrate with otheitalig
blocks. We justify the advantage in terms of power delay
product after the software optimization. In this work, weénga
more than 13.8% power saving compared to the prior designs.

Fig. 7. Layout of the8 x 8 multiplier using 2-dimensional bypassing
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power dissipation will be much less than 7.00 mW.
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