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Abstract
This paper describes a 256x64b 2-read, 1-write ported static
register file for 6.5GHz operation in 1.2V, 90nm CMOS.
Read/write select drivers and decoder use 0.9V lower supply
to reduce total energy by 23%. Local/global bitlines use a
leakage-tolerant split-decoder scheme with conditional
precharge to achigve 65% (90%) higher DC robustness
compared to conventional static {dynamic) bittine scheme.
Introduction
Wide bit-width register files are performance-critical
components of processor integer/FPU execution cluster and
demand single cycle read/write latency and dense
organization. Aggressive V, scaling has resulted in poor
bitline robustness scaling, requiring alternate leakage-tolerant
bitline schemes. Static pass-transistor bitline techniques have
been proposed to improve active leakage and noise tolerance
[1]. However, deselected static bitlines (when all read-select
signals are “low”) still suffer from degraded robustness due to
bitlines being held weakly via static keepers. A 256x64b static
register file in 1.2V, 90nm CMOS [2] is described for 6.5GHz
operation. Lower supply (V,=0.9V) is used on the address
decoder and read/wnite select drivers to reduce active leakage
energy without explicit level converter stage or sacrificing
bitcell stability. A split-decoder with conditional precharge
scheme is used to enable 8 bitcells/bitline with improved
leakage tolerance and full-swing noise recovery. Single-ended
read/write-select and bit-line signaling is used throughout,
enabling dense layout occupying 1000umx800um (Fig. 8).
RF organization
Fig. 1 shows organization of the 2-read, 1-write ported 256-
wordx64-bits/word register file. 8-bit read/write address per
port is decoded via a two-level split-decoder in previous cycle
and fed as read/write-select {RS/WS) signals into two
segmented 256x32b arrays. Fig. 2 shows the register file
bitcell, with symmetric loading of 1 read port on each side of
storage cell for optimal cell stability. Matched pass transistors
on each side of the storage cell enable single-ended write [1].
Fig. 3(a) shows the split-decoder, which uses a first level 3:8
decoder to generate 8 unique bank-enable signals BE<7:0> for
8 second level 5:32 address decoders [3]. Each 256x32-bit
array is partitioned into 8 banks of 32-words/bank, triggered
by a one-hot 5:32 decoder. Fig. 3(b)-{c) shows the local and
global bitline (LBL/GBL) scheme. Each LBL (1 per port)
supports single-ended read on 8 bitcells with 4-way merge via
C"MOS column-mux. Data from storage cell is read by single-
ended pass transistors followed by full-swing restoring PMOS
keeper gain-stage. GBL merges the 8 column-mux outputs via
two static mux stages to deliver a 64b word per read-port.
Dual Supply Operation

Fig. 4(a) shows the total energy breakup at 1.2V, 110°C for
the register file during read operation, which dominates power
consumption. Active leakage cnergy contribution is 83% of
total energy due to most of the entries being inactive during
normal operation, and address decoder and RS/WS drivers
energy contribution is 43%. To reduce active leakage, address
decoder and RS/WS drivers are operated at lower V,=0.9V.
Rest of the register file operates at nominal 1.2V so that bitcell
stability is unaffected. Low- and high-V,, layout domains are
well partitioned (Fig. 8), avoiding low-swing coupling noise
issues. DC power at the low/high-V . interface is avoided
since the low-V, . RS/WS signals drive only gates of NMOS
pass-transistors. No explicit level converter is required since
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LBL restores full-swing outputs. Fig.4(b) shows device-level
100nm, 80°C measurements of total leakage current
(subthreshold + gate) with lowering V.., showing exponential
trend: 46% lower leakage for 1.2—0.9V.,
DC Noise Robustness and Energy-Delay Results
LBL and GBL stages are susceptible to noise due to high
active leakage of pass-transistors when they are deselected
(RS=0) during normal read operation. Upsizing the swing-
restoring keeper offers limited robustness benefit, which
diminishes with scaling [4]. To improve leakage tolerance,
full-swing conditional precharge signals (LCP<31:0> for LBL
and BE<7:0> for GBL) are generated from the split-decoder,
which trigger PMOS sustainers that statically anchor
deselected LBLs/GBLs strongly to V.. (Fig. 5). BE<7:0> and
the column-select signals are locally level-converted before
feeding the conditional precharge circuit to avoid DC power.
Register file’s timing plan ensures carly arrival of the split-
decoder signals before RS/WS signals to minimize contention
short-circuit power. Performance penalty of additional
diffusion capacitance of the PMOS sustainers is <1%, since
bitline capacitance is dominated by pass-transistor diffusion
and interconnects. PMOS sustainers layout is folded into
swing-restoring keeper and GBL static stage layout templates
to minimize area penalty. LCP and BE signal wires are routed
on upper metal layers in-plane with RS/WS signals to avoid
array area growth and reduce coupling. Tablel shows DC
robustness comparisons of proposed design vs. conventional
static pass-transistor and dynamic bitline schemes optimized
for high-performance. Worst-case leakage and input DC noise
conditions are setup for each, and DC robustness is evaluated
as unity-gain noise margin at LBL/GBL outputs. For the
desclected bitline case, the proposed scheme achieves 65%
(90%]) higher robustness than conventional static {dynamic)
bitline schemes. With one RS entry enabled and AC noise on
remaining RS signals, the proposed scheme fully recovers
(Ts00=23ps) when noise is damped, due to actively being
driven by bitcell drivers via pass-transistors, Fig. 6 shows
90nm, 110°C worst-case read cycle-time and total energy
behavior of the proposed design. Complete register file
operates at 7.3GHz at nominal 1.2V. At V_=0.9V on decoder
and RS/WS drivers, the register file achieves 6.5GHz
operation (14% read delay increase) with 550mW total power.
Decoder and RS/WS drivers active leakage energy is 67%
lower, resulting in a total register file energy reduction of
23%. Simulations include layout-extracted parasitics, with
maximum LBL and GBL lengths of 500pum and 280um.
Fig. 7 shows performance-robustness scaling of proposed vs.
conventional static and dynamic schemes to 65nm and 45nm,
projected from [2] using scaling models described in [4). The
proposed scheme sustains both performance and robustness
benefits, showing geod scaling trend to sub-90nm generations.
Conclusion
A 90nm 6.5GHz 256x64b dual supply register file with a
leakage-tolerant split-decoder scheme offers 23% total energy
and 65% robustness benefit,and good sub-90nm scaling trend.
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100nm, 80°C Measurements
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Fig. 4(a) Energy breakup, (b) leakage vs. Vo measurements (100nm, 80°C).

LBL/GBL DC robustness DC robustness Noise recovery
Scheme (Deselected BL) | (One entry enabled) time
Conventional
static 220mvV 3M0mv 23ps
Conventional 192mv 196mv Non-recoverable
dynamic
This work - 365mV 312mv 23ps

Table 1. 90nm DC robustness comparisons (1.2V, 110°C),
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Fig. 3 (a) Split-decoder, {b) LBL scheme, (c) GBL scheme. Fig. 8. Register file layout.
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