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Abstract - Multipliers remain as a key computational element
in numerous high-performance digital systems determining the
overall performance of the system. In this paper, we introduce
a variable-precision reconfigurable multiplier by employing
vertical and horizontal control signals and compare the
performance against the conventional fixed-precision
multiplier in terms of power dissipation and propagation delay.
The proposed multiplier has enhanced performance in terms of
power reduction by 64%, area reduction by 48% and
furthermore 60% improvement in propagation delay. The
reconfigurable multiplier was implemented under Magnachip /
SK Hynix 0.35um process and a 3.3V supply voltage. Xilinx
FPGA Basys3(xc7a35tcpg-236L) board was used to verify the
function of parallel operation and the performance of the
implemented multiplier. As a result, the proposed multiplier
shows 22.5ns a worst-case propagation delay.
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1. INTRODUCTION

Multipliers are a major computational element in high-
performance digital systems such as FIR filters,
microprocessors, Digital Signal Processors (DSP), as well as
the emerging high-performance IoT architectures [1-2]. The
word-length of the multiplier must be at least equal to the
maximum word length of the application running in the
digital system. Thus, the word-length of the multiplier must
be greater than the data represented in the operand [3]. A
conventional multiplier has been suffered from relatively
high propagation delays, high power consumption, and
difficulty in fabrication to fit into a confined chip area.
Innovative solutions have emerged in attempts to address
high-speed operation, optimal power consumption, chip area
reduction [2-4]. In this paper, we focus to design an
enhanced architecture whereby the inclusion of a dynamic
word-length by augmenting the input with additional vertical
and horizontal control signals. In addition, we have adopted
hierarchical architecture to increase flexibility and to
enhance signal propagation. We compared the performance
of the proposed dynamic word-length binary multiplier with
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a conventional binary multiplier through the FIR filter
design.

1. DESIGN METHODOLOGY

A. Operation process and structure of the conventional
multiplier

Figure 1 shows the binary multiplication of operands A,
and By, that P, and that results in S, as product and sum
terms, respectively [5]. The multiplication is the shift
operation of binary data producing the output S,.
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Fig. 1. Processing of conventional multiplier operation

Figure 2 shows a block diagram of an 8-bit conventional
multiplier [6], that white box in the figure represents 1-bit
multiplier which is shown in Fig 3. The conventional a 1-bit
multiplier consists of a full adder and an AND-gate as its
basic element.
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Fig. 2. 8-bit conventional multiplier block diagram
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The conventional multipliers are used to compute fixed
word-length of data that is diminishing computational
precision. Moreover, lots of the sub-blocks of the multiplier
are idle state when performing smaller bit-width
multiplication rather than its maximum bit-width, which
consumes unnecessary power.
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Fig. 3. Conventional 1-bit multiplier block diagram

B. Structure and operation of the reconfigurable multiplier

In this paper, we proposed a reconfigurable multiplier
keeping the same resource as it of the conventional
multiplier. The basic processing element in the proposed
multiplier has data input signals (A and B), and vertical and
horizontal control signals (Vea and Hewn) through an
additional XOR gate as shown in Fig. 4 [7]. The output of
the three-input AND gate finally inputs to the full adder
along with the sum-in (Si,) signal.
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Fig. 4. 1-bit proposed multiplier block diagram

The control signals select the input signals A and B
through the XOR gate. The XOR gate outputs logic 1” while
the two inputs are different, which transfers the result of
AND operation of A and B to the full adder. Thus, by setting
V and H as ‘11110000’ and ‘00001111’ it enables grey
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colored logic blocks of grey colored logic blocks. It
separates the multiplier into two parts in Fig. 5. The
multiplier could perform two independent multiplications at
the same time.
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Fig. 5. Process of the control signals with XOR gate in the proposed 8-bit
multiplier

Figure 6 shows the process of reconfiguring the 8-bit
multiplier into 3-bit and 5-bit multipliers by a combination
of the vertical and horizontal control signals. The white-
colored blocks, disabled blocks, do not operate but bypass
the results (Si» and Cin) of the previous blocks to the
following blocks. The grey and black colored blocks carry
out the two independent multiplications in parallel. The Seo
to Sos are sum results of the 3-bit multiplication of [Ao: As]
and [Bo: B2].
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Fig. 6. Block diagram of the active and inactive area on the proposed 8-bit
multiplier; (a) Process of the 8-bit proposed multiplier with a control
signal, (b) Array of the 8-bit proposed multiplier
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C. Performance verification through FIR filter design

We designed an FIR filter, which is a well-known
application ~ among  heavily-multiplication-dependent
circuits, to verify the performance of the proposed
reconfigurable multiplier [4]. As shown in Fig. 7(a), the FIR
filter includes four coefficients, that follow by four times
multiplications for a cycle. Figure 7(b) shows a modified
FIR filter architecture executing two multiplications
concurrently which is redesigned with the proposed
multiplier. The reconfigurable multiplier has strengths in
terms of speed and power consumption because it would
reduce the number of required multiplication operations by
half. The modified FIR filter is implemented on Xilinx
FPGA (xc7a35tics-1L) platform to evaluate the proposed
structure.
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Fig. 7. Block diagram of 4-tap FIR filter; (a) Block diagram of 4-tap FIR
filter with the 16-bit conventional multiplier, (b) Block diagram of 4-tap
FIR filter with the 16-bit proposed multiplier

Table I shows the performance evaluation of the FIR filter
design introduced in Fig. 7. The FIR filter is implemented on
the Xilinx FPGA with the 16-bit reconfigurable multiplier. It
reduces power consumption by 64% compared to the design
with the conventional one. Also, the total occupied area
decreases by 48% for LUTs, FFs, and 1Os. Finally, the
proposed design improves computation time by 60%
compared to it the conventional structure. The
reconfigurable  multiplier =~ would provide variable
multiplication precision with design flexibility and improves
power consumption, operation speed, and area occupation
for multiplication-dependent digital system applications.
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TABLE I.  Performance comparison of the proposed multiplier and
conventional multiplier
4-tap FIR with the 4-tap FIR with the
conventional design proposed design
Area(LUT) 239 162
Power(/V) 348.1 212.4
Delay(ns) 12.414 7.750
clock(kHz) 200 400
I1l. SIMULATION

The proposed reconfigurable multiplier is fabricated in
full custom methodology. We designed a 16-bit
reconfigurable multiplier using AND, XOR, and full adder
as the basic elements under SK Hynix 0.35um CMOS
technology. Figure 8 shows the top-level layout of the 16-bit
reconfigurable multiplier with a very regular array structure.
Table II shows the core size and the number of utilized
transistors. We designed and evaluated two different
multipliers on a chip: the first one is a conventional fixed bit-
width circuit and the second one is the proposed
reconfigurable bit-width multiplier.

Fig. 8. Layout of the 16-bit reconfigurable multiplier

We configured two 4-bit multipliers on the 16-bit multiplier
to see the reconfigurability. Figure 9 shows an overall
concept of chip performance evaluation.

TABLE II. Design information
Number of
Core size transistor Circuit tvpe
(except pad) (full-custom P
design)
Smm x 4mm 18432 Digital

In Fig. 9, the test input vectors are generated by using the
Basys3 FPGA board. To check the operation logics carefully,
we utilized a reduced clock by 8 times. The input Ao, the
fastest signal, is about 97.5 kHz. Figure 10 shows a board
generating input signals for the chip. Ao to As signals are
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logic ‘1°, shown as their LEDs are ON, and By to Bz are ‘0’
represented by their LEDs are in OFF state.
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Fig. 9. Chip verification method

Fig. 10. Input data with FPGA Basys3

Figure 11(a) shows chip test results of the logical
operation of multiplier with the fixed bit-width: The input A
[3:0] is gradually decreasing from 15 to 9 while B [3:0] is set
to 9. Thus, the output would be an A [3:0] *9, the chip works
properly as shown in the highlighted data bus (My Bus 3).
Figure 11(b) shows computation with the variable bit-width
multiplier. The 4-bit input A [3:0] value of 10 (1010,) and
input B [3:0] value of 7 (0111,) are divided into two of 2-bit
data. It performs two of 2*2-bit multiplications as ‘10’
by ’01’ and ‘10’ by ‘117, the results are ‘0010° and ‘0110°.
Connecting the two outputs makes ‘00100110, i.e., 381o.
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Fig. 11. Simulation result of proposed multiplier; (a) Simulation of fixed
bit width in 16-bit proposed multiplier, (b) Simulation of variable bit width
16-bit proposed multiplier

The chip propagation delay is decided by the critical data
path of the circuits. The dark red arrows in Fig. 12 classify
the critical path on the circuit. The propagation delay for the
multiplication operation is the time at which the input value
reaches to the last sub-blocks through each cell. The
maximum time to reach the last sub-block is represented by
the critical path in Fig. 12. The carry propagation mostly
occurs at last thus it would be a reference signal for
determining maximum operating clock frequency.
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Fig. 12. Critical path within a 4-bit multiplier

Figure 13 shows the worst case of the propagation delay by
22.5ns that is the input data, 1111, and 1111,.

Fig. 13. Worst-case propagation delay of the 16-bit proposed multiplier

V. CONCLUSION

In this paper, we proposed a reconfigurable multiplier
enabling variable precision operation. The proposed
architecture performs multiple multiplications on a chip
depending on the input data bit-width. For example, the 16-
bit reconfigurable architecture could provide many types of
multiplications such as two of 8-bit by 8-bit, 4 by 4 and 10
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by 4, one of 16 by 16 and so on. The reconfigurable structure
has the advantage of being flexible in bit-width, so it
performs parallel calculations. Thus, it could reduce
propagation delay, power consumption, and area by 64%,
48%, and 60%, respectively. The performance
reconfigurable multiplier is verified on an FPGA board their
functionalities and implemented by a chip under
Magnachip/SK Hynix 0.35um CMOS process. A 4-taps FIR
filter is configured with the fabricated chip that shows a
propagation delay of 22.5ns and reduces power consumption
by 50% compared to the conventional multiplier.
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