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Abstract
This paper describes a static 16x16-bit 2’s complement
wireless baseband multiplier testchip in 1.2V, 90nm dual-Vt
CMOS technology. One-hot Booth encoding, sum/delay
difference optimized 3:2 compressor tree, and signal-profile
optimized final adder schemes are employed to achieve 1GHz,
22mW operation at 1.2V, scalable to 5S00MHz, 3mW at 0.8V.
Introduction
Short bit-width (<16-bit) radix-2 2’s complement multipliers
are performance and power-critical components for wireless
baseband  signal processing. Clusters of parallel
multiplier/multiply-add units are required for complex filter
operations with single-cycle latency and throughput demand,
while consuming low switching energy and active/standby
leakage. A 16x16-bit 2’s complement static wireless baseband
multiplier testchip is described in 90nm dual-V, 7-metal
CMOS process [1]. 1GHz operation is achieved at 1.2V,
scaling to 500MHz at 0.8V. One-hot Booth encoding,
sum/carry output delay-difference optimized 3:2 compressor
tree, and signal-profile optimized final adder schemes are
proposed to achieve low wiring complexity and ultra low
power dissipation of 22mW/3mW at 1.2V/0.8V. Power cut-
off sleep-transistor on the V. rail enables standby mode
leakage reduction. Single-rail wiring is used throughout,
resulting in a dense layout occupying 215umx130um (Fig. 9).
Multiplier Organization

Fig. 1 shows the multiplier organization, which is partitioned
into 3 stages. The first stage generates 2’s complement partial
products, which is conventionally performed using Booth
encoding with sign-extension. However, sign extension
requires 30% extra transistors along boundary of the partial
product tree and longer wire-loading on the Booth
multiplexors, resulting in uneven layout topology (Fig. 2(a))
[2]. Fig. 2(b) shows the optimized one-hot Booth encoding
scheme and selection table, which reduces the partial product
selection circuit to a single 6:1 multiplexor with minimized
contention (Fig. 3). Total partial product bits are reduced from
208 to 160 (23% reduction), resulting in 15% total energy
(switching + active leakage) savings.

In the second stage, a partial-product reduction tree (PPRT)
compresses the Booth-encoded partial products via 3:2
compressors to produce two 32-bit carry-save format inputs
for the final output adder. To improve performance, delay
difference between sum and carry outputs of 3:2 static
compressor are exploited to reoptimize the PPRT to minimize
total horizontal and vertical tree propagation delays [3]. Fig.
4(a) shows the 3:2 compressor and sum vs. carry output
worst-case 90nm delay comparisons at 0.8V, 110°C. Fast-
arriving carry_out of each PPRT stage (31% earlier arrival
time) are connected to slow upper-stack (A, B) inputs of the
next PPRT stage (Fig. 4(b)), resulting in an overall 8%
reduction in total PPRT critical-path delay compared to
conventional Wallace-tree approach.

The third stage adds the two PPRT outputs via a fast 32-bit
carry-propagate adder to produce final 32-bit result.
Conventional implementations use the fastest binary adder
scheme, assuming simultaneous arrival of all PPRT outputs.
Fig. 5 shows the actual PPRT signal arrival profile, showing
8x difference between earliest and latest arriving final adder
inputs. To exploit this delay profile, a multi-architecture
signal-profile optimized final addition scheme is used: low
area/power consuming ripple carry adder (RCA) topology for
the early arriving sections while a variable block adder (VBA)
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[4] and conditional sum adder are used for the late arriving
sections. Arrival of PPRT output bits <7:0> is less than the
delay of an 8-bit RCA, and thus an optimized RCA with fast
carry-propagate delays (Fig. 6) is used for these bits. Bits
<23:8> arrive at approximately the same time, and a 16-bit
VBA that achieves the performance of a 16-bit carry look-
ahead scheme is used. Upper order bits <31:24>, which also
arrive early, are computed using a conditional sum adder
based on two 8-bit RCAs. This results in a single pass-gate
mux delay contribution to the critical path for the final 8-bits,
further improving critical-path performance. Total final adder
energy reduction due to proposed scheme is 20%.

Write-port based latches are used at the input and output clock
boundaries [5], resulting in 36% lower latch energy and 14%
reduction in total clock energy (including clock drivers).
Latch transistors use minimum permissible device sizes and
output drivers are gained-up to drive the large Booth encoder
and select-mux loads. . The multiplier layout is surrounded by
a 200um (equivalent device width) power-switch sleep
transistor on the V, rail (Fig. 9) to enable standby leakage
reduction. This is especially important in the context of
wireless DSP tasks to reduce leakage of unused multipliers in
large filter banks.
90nm Energy-Delay Results and Scaling Performance

Complete multiplier operates at 1GHz (1.2V, 110°C
simulation), and consumes 22mW total power with worst-case
input vector conditions. Active leakage power consumption is
778uW. Table 1 shows the energy benefit achieved by each
scheme, resulting in a cumulative 12% total energy reduction
for proposed multiplier. To reduce total active leakage and
switching power, minimum permissible device sizes are used
throughout this implementation, with selective upsizing only
on the Booth encoder and final adder critical path devices.
Since the energy contribution of Booth encoder and final
adder is 23% of total worst-case energy (Fig. 7), this selective
upsizing resulted in a good energy-delay trade-off: total
critical-path delay improvement of 41% with only 8% penalty
in total energy. Fig. 8 shows energy-delay behavior of the
multiplier with lowering V.. At 0.8V, the multiplier operates
at 5S00MHz with 3mW total worst-case power and 192uW
active leakage power. The dense Booth encoding, PPRT, and
final adder schemes result in low average transistor sizes and
consequently low active leakage energy component (<6%),
minimizing the impact of higher leakage in future
technologies. Further, the associated decrease in Booth
encoder and PPRT interconnect reduces the effect of increased
wire delay in future technologies. In a 65nm technology,
where device leakage is expected to increase by 3-5x [6], we
project 28% delay improvement and 50% energy reduction,
with a low (10%) active leakage energy component.

Conclusion
A 90nm wireless baseband 16x16-bit 2’s complement
multiplier testchip is described that achieves 1GHz, 22mW
operation at 1.2V, scaling to 500MHz, 3mW at 0.8V.
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Table 1. Energy benefit summary  Fig. 9. 90nm multiplier testchip layout
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