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Abstract - In this paper, a micro-watt multi-port register file with
wide operating voltage range for micro-power applications is
presented. Multibank architecture for simultaneous access with
collision detecting technique is proposed. The architecture has
been analyzed under wide operating voltage range between 1V to
0.25V with varies process corner. Negative voltage write scheme
ensures successful write in deep sub-threshold region. Also, an
improved read buffer footer and controllable pre-charge in read
scheme are designed. A 4W/4R 16KB register file is implemented
in UMC 90nm CMOS technology. The simulation results show
that the maximum active power of multi-port register file can
achieve near 22.3-22.9uW at 485 KHz under 0.25V.

I. INTRODUCTION

Sub-threshold operation can achieve orders of magnitude low
power consumption compared to conventional super-threshold
operation. It can be used in applications such as medical devices,
portable device, sensor networks and wireless body area network
(WBAN) where performance is not constrained.

Register file is a key component of many processors or SoC
applications. Not only its access time dominates the application speed
but also its area and power occupies most part of chip in high
performance processor design. In order to achieve sufficient
bandwidth, designers increase the port number on bit-cell in
conventional register file design [1]. However, such approaches make
the bit-cell have larger area, worse noise margin, longer access time
and limited operation voltage. To address these issues, many
techniques were investigated to reduce the port number [2]. In this
paper, a low power multibank architecture for simultaneous access
with collision detecting technique is proposed. The port number can
also be reduced. The architecture has been analyzed under wide
operating voltage range between 1V to 0.25V. The proposed register
file can be applied to the Superscalar architecture or VLIW (Very
Long Instruction Word) DSP.

The rest of this paper is organized as follows: Section II describes
the architecture of low power multi-port register file. Section III
presents circuit techniques to improve register file performance under
wide voltage operating. Section IV shows simulation results, and
conclusions are given in Section V.

II. ARCHITECTURE OF LOwW POWER MULTI-
PORT REGISTER FILE

The proposed architecture of register file has 4 Read ports and 4
Write ports, and there are 4 banks, each bank capacity has 4KB with
bit-interleaving design, as shown in Fig.1. Instruction issue stage can
use simple control signal and address to determine each execution
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Fig. 1: Proposed register file in VLIW DSP.

unit to access the particular storage bank simultaneously. The main
function of the switch circuit is to authorize which execution unit can
access the corresponding bank. If address collision happens, switch
circuit still correctly selects an access with high priority and issue the
collision signal back to instruction issue stage. In this architecture,
each execution unit has a higher priority to access the corresponding
bank. For example, execute unit 0 has a higher priority to access the
bank 0. Consequently, each bank can simultaneously perform write
and read operation for the same or the different execution units
dependent on application. In other words, the register file can support
four different applications performing the access or support one
program for the simultaneous multi-access like VLIW DSP.

Switch circuit addresses the collision and ensures exact access
with high priority in this multibank structure. As a result, it is not
necessary to add more ports on bit-cell which increases area and
power consumption of register file. In addition, local decoder is
turned off while the switch circuit detects no access in this bank.

II1. DESIGN CONCEPT

A.DUAL VT 8T BIT-CELL WITH HIGH-VT PASSGATE

Fig. 2 shows the circuit diagram of dual Vt 8T bit-cell which is
adopted in proposed register file. In bit-interleaving architecture,
conventional 8T bit-cell has worse noise margin in write half select
mode [3]. Dual Vt 8T bit-cell with high-Vt passgate can increase
noise margin which is very important for sub-threshold region
operation and decrease the power in write half-select mode. If system
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Fig. 2: Circuit diagram of dual Vit 8T bit- cell.
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Fig. 3: Properties of dual Vt 8T bit-cell (a) Power consumption in
Write half select mode; (b) Write half select noise margin of dual Vt
8T bit-cell compared with conv. 8T bit-cell; (c) Write margin.

only operates at low voltage, such as 0.4V or 0.5V, bit-cell designed
with the same size in all gates also performs suitable noise margin, as
shown in Fig. 3. However, this sub-threshold bit-cell area is larger
than conventional 8T bit-cell which only works in high voltage
region. The reason is that capability of NMOS and PMOS driving
current in sub-threshold region is different from high voltage region
and the variations in Vt caused by random dopant fluctuations (RDF)
exhibits an inverse dependence on the square root of gate area [7]. As
a result, this dual Vt 8T bit-cell is almost 2X larger than that of a
standard 8T bit-cell in [8], to work successfully in sub-threshold
region across various corner. Similarly, the sub-threshold 6T bit-cell
of [7] is also ~2X larger than standard 6T bit-cell.

B. NEGATIVE VOLTAGE WRITE SCHEME

Dual Vt 8T bit-cell improves the noise margin but decreases
write margin, as shown in Fig. 3 (c). Therefore, negative voltage
write strategy in this paper replaces conventional write scheme. Fig. 4
(a) shows the write scheme and the proposed negative voltage
generator. In addition, the negative voltage generator with MOS
capacitance is on-chip design for reducing influence of process
variation and the cost. However, capacity of MOS capacitance
degrades in sub-threshold region especially in SS corner, as shown in
Fig. 5 (a). That means more area required in MOS capacitance for
successful operation while the supply voltage scaling down. In order
to decrease the area overhead, a negative voltage generator with local
BL sensing logic is proposed. Fig. 4 (b) shows the improved write
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Fig. 4: Negative voltage generator with local BL sensing logic. (a) Circuit
diagram; (b) Bit-line write voltage vs. VDD.
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Fig. 5: (a) Capacity of MOS capacitance degraded in sub-threshold
region; (b) Write scheme with local BL sensing logic reduces required
area of MOS capacitance in deep sub-threshold region with PVT
variation.

margin and the appropriate disturbance margin which ensures the
stability of unselected cell in the same column.

When a write operation begins, negative voltage generator pulls
bit-line voltage down. The device generates the negative voltage for
bit-line after the sensing device detects voltage zero on bit-line. This
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Fig. 6: Read architecture and IREAD tracing replica circuit

similar works also reported in [4]. However, timing of generating
negative voltage in [4] is not a suitable design for sub-threshold
operating. Required time of discharging bit-line fluctuates a lot in
sub-threshold region due to the significant influence caused by PVT
variation and bit-line leakage with data dependence. By using the
local BL sensing logic, required area of negative voltage generator
for successful operation in sub-threshold region can be reduced
significantly, as shown in Fig. 5 (b).

C. IMPROVED READ BUFFER FOOTER, CONTROLLABLE PRE-
CHARGE SCHEME AND READ REPLICA CIRCUIT

In contrast with super-threshold region, leakage is an important
issue in sub-threshold region. The ratio of ION and IOFF declines from
10e+5 to less than 100 [S5]. As the process scaled down, the large gate
and junction leakage degrade circuit design. Unfortunately, this
impact also makes 8T bit-cell work fail while performing read
operation under ultra low voltage. The charge of read bit-line is
discharged by the read port of other unselect 8T cells. Many
researches provide new 10T or 11T bit-cell to address leakage issue.
However, the new bit-cell increases area, power consumption and
cost of chip. One of methods to address read fail of conventional 8T
bit-cell can be found in [6]. Adding the read buffer footer for
eliminating leakage path makes 8T bit-cell perform read operation
successfully. In original design, the read buffer footer is driven by
boosting voltage instead of increase transistor size due to the cost
consideration and sizing transistor has little help for current driving in
sub-threshold region. Besides, capability of driving current of read
buffer footer determines the read access time

However, this scheme limits the performance especially in high
voltage region. Although the proposed wide operating voltage range
register file is mainly applied to low power product which usually
operates under low voltage to sub-threshold voltage region, it is still
necessary to improve the performance at high voltage operating since
system might increases supply voltage for requiring higher
throughput in a short time. Fig. 6 shows the read architecture of the
proposed register file. Only using NMOS in read buffer footer is
enough due to the stack effect almost eliminates the leakage. Read
buffer footers without PMOS can provide shorter read access time
with some pattern due to eliminating leakage toward the IREAD, as
shown in Fig. 7. Longer read access time increases the leakage power
consumption. Relative simulation in Fig. 8 shows the comparison in
varies voltage and bit-cell number/bit-line. A large improvement
provided by improved read buffer footer presents except 0.3V-0.25V
because capacity of MOS capacitance in deep sub-threshold region
degrades, and the voltage issue is not the key influence on current
driving at high voltage region.
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Fig. 7: PMOS of read buffer foot in [6] generates leakage to increase
access time in worst pattern.
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The read replica circuit traces the selected row’s IREAD and
leakage to generate the most appropriate width of RWL pulse since
IREAD determines read access time. The quantity of IREAD and
leakage is dependent on stored data, variation and operation in the
corresponding row. Appropriate RWL pulse width each time is
important for sub-threshold operating since the fluctuation of RWL
pulse width from simulation is more than 30% while reading different
column but same row.

Besides, a controllable pre-charge circuit is important to this
read architecture. In bit-interleaving architecture, not all columns
need to perform read operation. Therefore, controllable scheme not
only reduces lots of power consumption in array, but also decreases
IREAD which reduces overhead of current driving of read buffer
footer especially in high voltage operating. With 4-bit bit-interleaving
architecture, the IREAD can be reduced to 1/4 in the worst pattern.
Access time in array reduces to 42-63% and array power reduces to
82% in the proposed scheme, as shown in Fig.9.



Proposed improved read buffer footer and controllable pre-
charge scheme decrease the read access time and power, in addition,
read replica circuit also generates the shortest and the most
appropriate RWL pulse width by tracing IREAD for successful read
operation each time.

IV. SIMULATION RESULTS

The proposed 4W/4R 16KB low power multi-port register file
with wide operating voltage range is implemented in UMC 90um
CMOS technology. It can operate at 433MHz at 1V, 48MHz at 0.5V
and 485 KHz at 0.25V, respectively. While the register file works
under 433MHz for 4 simultaneous accesses, it consumes 4.97mW
and 2.53mW during write and read operations respectively. When it
works under 485 KHz for 4 simultaneous accesses, it consumes
22.3uW and 22.9uW during write and read operations respectively. In
most of the time, operating voltage of low power application is under
0.5V or below. High voltage operating for performance is only in a
short period of time. This proposed register file can achieve the
requirement.

Fig. 10 shows the layout micrograph of the main array in this
proposed register file (4x32x32bits, due to the available shuttle of
UMC, 2009). Furthermore, by increasing more area of MOS
capacitance of boosting and negative voltage generator in proposed
design, operating voltage of this proposed register file can scale down
to 0.18V. In 0.18V, proposed register file works successfully across
varies process and temperature corner. However, it works fail at
0.17V or below due to the large gate leakage and sub-threshold
leakage in worst corner. Fig. 12 shows the access time in FF 75°C
corner is 254X times in SS -15°C corner while operating in deep sub-
threshold region, 0.18V.

V. CONCLUSIONS

A low power multibank architecture for simultaneous access
with collision detecting technique is presented. For the case the
performance is non-critical, the supply voltage can operate at sub-
threshold region (<0.5V). A new dual Vt 8T bit-cell, negative voltage
write scheme with local BL sensing logic, and read scheme with read
footer improvement, controllable pre-charge scheme and read replica
circuit are proposed. A 4W/4R 16KB register file under wide
operating voltage range between 1V to 0.25V has been designed and
implemented in UMC 90nm CMOS technology. The results show
that register file is operated properly at ultra low voltage. The power
consumption and operating frequency are 823uW, 48MHz at 0.5V
and 22.9uW, 485 KHz at 0.25V, respectively. The proposed register
file will be useful for the future micro-power applications.
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Configuration 4W/4R 4x128x32bits
Technology UMC 90nm CMOS
Operating Voltage 1V 0.5V 0.25V
Max. Frequency 433MHz | 48MHz 485KHz
Max. Read Power 2.53mW | 443uW 22.3uW
Max. Write Power 4.97mW 823uW 22.9uW

Fig. 11: The simulation results (worst corner).
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