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Abstract: This paper details the design of a 64 × 32 bit 4-read 2-
write register file in TSMC 65 nm LP process. The register file avoids
cell banking with pseudo-differential sensing scheme. Moreover, this
approach enables a fully shareable and completely symmetry cell lay-
out which shows competitive area results. Non-full-swing technique is
proposed to avoid over design and improve energy efficiency. As for
the timing control module, clocked pull-down circuit cuts off a possible
short-current path at high clock frequency. A prototype is implemented
in TSMC 65 nm LP technology. The measured results demonstrate
operation of 0.77 GHz, consuming 7.08 mW at 1.2 V, and occupying
0.018 mm2.
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1 Introduction

Register file consumes large part of processor’s power and occupies a signifi-
cant portion of the total area. Previous study [1] shows that register file can
be responsible for about 25% of total processor’s power consumption. And
the register file of Alpha 21464 occupies over five times the area of the 64 KB
primary data cache [2]. Thus, it is essential to design a low power and area
efficient multi-port register file.

To achieve a compact layout and a low power design, single-ended and
hierarchical bit-line structure is often used, and both dynamic and static
approaches have been reported before [3, 4, 5]. To compensate for the leakage
current and improve noise immunity of the bit-line, a keeper is indispensable
for the dynamic hierarchical bit-line scheme. However, the keeper introduces
contention, which degrades performance and increases short-circuit power [6].
Furthermore, it might decrease system’s reliability remarkably. As for the
static hierarchical bit-line scheme, although it doesn’t have the reliability
problem, larger cell area must be afforded to improve cells’ pull up ability.
Moreover, extra signal is also needed to multiplex the signal on local bit-
line [5]. Besides, the hierarchical bit-line structure means dividing the cell
into at least 4 banks for 64× 32 b 4-read 2-write register files. This structure
means much power and area overhead [5]. In addition, it seems that cell
banking reduces capacitance on the bit-line and reduces read delay; however,
due to banking, much additional wiring in the bit-line direction might make
layout worse (especially for multi-port register files).

In this paper, we present a 64×32 b 4-read 2-write register file that avoids
above plaguing problems. The pseudo-differential sensing scheme results in a
high-density array without cell banking. And the fully shareable cell layout
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proposed further improves design’s area efficiency. Non-full-swing approach
consumes less power on the bit-line. Careful tradeoff between power, area
and reliability avoids over design for register file. This paper is organized
as follows. Section 2 introduces the design in detail. Measured results are
presented in section 3. Section 4 concludes this paper.

2 Design details

Fig. 1 (a) shows the structure of the 64 × 32 b 4-read 2-write register file.
Module on the left is the decoder, which is a two-stage NAND type decoder.
Addresses entering the decoder are latched to avoid unpredictable changes.
Output of the decoder is driven by a clocked driver, whose output is the
word-line signal connecting to the cell. The cell’s discharge can be amplified
by the sense amplifier, which finally gives the output.

A Robust Cell Design
The proposed 4-read 2-write cell is shown in Fig. 1 (b). It consists of a

cross-coupled inverter pair (P0, P1, N0, N1, N2 and N3) for data retention.
Write pass-gates (N12, N13, N14 and N15) and Read pass-gates (N8, N9,
N10 and N11) connect the cell to write bit-line (WBL) and read bit-line
(RBL) respectively. While the read bit-line is single-ended, the write bit-line
remains differential in order to improve cell’s write ability. Isolating NMOS
(N4, N5, N6, and N7) in the figure eliminates the impact of read process on
cell stability.

Read static noise margin (SNMread) is often used to indicate cell’s stabil-
ity. Both the mean value μSNM and the standard deviation σSNM can be got
from the Monte Carlo simulation. Fig. 2 (a) shows the read margin at a given
failure rate (fr) of 10−7. Assume that cell’s SNMread follows a Gaussian dis-
tribution f(SNM, μ, σ), and the read process will fail when SNMread becomes
zero. A required μSNM can be got by calculating f(0, μ, σ) = 10−7. When
fr = 10−7, μSNM = 5.33 σSNM can be obtained correspondingly. Fig. 2 (a)
indicates that the margin is sufficient for reliable read over a wide operation
range. Thus, good robustness is achieved in cell’s design.

B Fully Shareable and Symmetry Cell Layout
The use of duplicate-pull-down (DPD) NMOS (N0, N1 and N2, N3) en-

ables a completely symmetry layout shown in Fig. 1 (b). Each of the middle
two polys in the figure is shared by five transistors and all the pass-gates
(N8-N15) are placed around the cell. The symmetry layout improves design’s
manufacturability. Furthermore, the proposed layout can share contacts with
all around cells, which makes the design area efficient. Table 1 gives the com-
parison of the cell area. According to the normalized cell area (ACN) defined
by formulation (1), this fully shareable layout obtains the smallest cell.

ACN =
Area cell ∗ 652

L2
process ∗ Nport

(1)

C Non-full-swing Pseudo-differential Sensing Scheme

c© IEICE 2012
DOI: 10.1587/elex.9.1355
Received June 12, 2012
Accepted August 01, 2012
Published August 29, 2012

1357



IEICE Electronics Express, Vol.9, No.16, 1355–1361

Fig. 1. (a) Structure of the register file. (b) Schematic
and layout of the 4-read 2-write cell. (c)
Schematic of the sense amplifier [8]. (d) Circuit
of the timing control module.
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Pseudo-differential sensing scheme avoids cell banking and enables an
area-efficient cell design. However, much more attention must be paid on
reliable sensing. To ensure design’s robustness, some previous work adopts
a full-swing technique [9]. That means voltages on the bit-line will be dis-
charged completely, in other words, the input dc voltage (VINDC) for the
sense amplifier is 0.5 VDD. This scheme does work, but it is over designed
for register file. Bit-lines in the register file are much shorter than those of
SRAM. Considering less influence of noises on the bit-line of register file, a
non-full-swing technique is adopted in this design. Apparently non-full-swing
signals consume less power. And low requirement of cell’s discharge ability,
in turn, reduces cell’s area.

Fig. 1 (c) shows the schematic of the sense amplifier. Compared to con-
ventional latch-type sense amplifiers, this one has a high-impedance input
differential stage [8]. An input dc voltage of about 0.85 VDD is chosen
here considering the tradeoff between power, area and system’s reliability.
Fig. 2 (b) illustrates how the sensing margin changes versus VDD. ΔVmin

is the minimum voltage difference between SA’s inputs for a reliable sensing
yield of 99.8%. The voltage difference decreases with decreasing VDD while
the required ΔVmin changes oppositely. For VDD < 0.8 V, the sensing mar-
gin becomes 0. And for VDD > 0.9 V, there is sufficient margin for reliable
sensing.

D High-speed Timing Control Organization
Fig. 1 (d) depicts the circuit of the timing control module. This circuit

is applicable for generating long pulse signals, which ensures cell’s discharge
and the sensing process.

This circuit works as follows: when clk is “0”, it charges node L1 through
T0. When it changes to the high level abruptly, charges on L1 won’t disap-
pear immediately, the NAND outputs “0”. After the propagation delay of
several inverters, rd en outputs “1”. Both clk and rd en will turn on the pull-
down path at this time to generate a signal pulse. This clocked pull-down
scheme in Fig. 1 (d) cuts off a possible short-current path. Without clocked
T1, short current arises when “clk” goes low and “rd en” stays high.

3 Prototype and measured results

A prototype of the register file, including the test-circuit and PLL, is imple-
mented in TSMC 65 nm LP technology. A die photograph of the prototype
is shown in Fig. 2 (d). The test-circuit occupies a large part of the chip. And
it is specially designed to measure the performance of the register file. PLL
acts as the clock source of the total system. Besides, the voltage supply of
register file is independent in order to measure the power consumption.

The measured results are shown in Fig. 2 (c). Both the performance and
the power consumption versus VDD are presented. At the nominal voltage of
1.2 V, the prototype can work well at 768 MHz, consuming 7.08 mW. Besides,
for VDD = 1.2 V, T = 25◦C, the leakage current of the register file is 2.6 uA.

Tab. I gives the comparison of this design with some previous work. To
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Fig. 2. (a) Cells read margin at a given failure rate of 10-
7. (b) Sensing margin versus VDD (Δ Vmin is got
for the yield of 99.8%). (c) Measured results of the
prototype. (d) Die photograph of the prototype.

Table I. Comparison of the register file with some pub-
lished work.

make the comparison more explicit, PN and AN defined by formulation (2)
and (3) are listed in the table.

PN =
Power ∗ 1.22

Nport ∗ Capacity ∗ Freq ∗ VDD2 . (2)

AN =
Area ∗ 652

L2
process ∗ Nport ∗ Capacity

(3)

The comparison manifests that this design is the most area efficient one.
As for the power efficiency, it shows competitive results with state-of-the-art
design for now in [11].c© IEICE 2012
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4 Conclusion

This paper details the design of a 64×32 bit 4-read 2-write register file using
pseudo-differential scheme. The pseudo-differential sensing scheme results
in a high-density array without cell banking. And the fully shareable cell
layout proposed further improves design’s area efficiency. Non-full-swing ap-
proach consumes less power on the bit-line. As for the timing control module,
clocked pull-down circuit cuts off a possible short-current path at high clock
frequency. A prototype is implemented in TSMC 65 nm LP technology; the
measured results demonstrate operation of 0.77 GHz, with power consump-
tion of 7.08 mW at 1.2 V.
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