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Abstract—Recent CMOS technology scaling has 
seriously eroded the bit-line noise immunity of 
register files due to the consequent increase in active 
bit-line leakage currents. To restore its noise immunity 
while maintaining performance, we propose and 
evaluate a 256×40-bit register file incorporating dual-Vt 
bit-lines with a boosted gate overdrive voltage in 65 
nm bulk CMOS technology. Simulation results show 
that the proposed bootsrapping scheme lowers 
leakage current by a factor of 450 without its perfor-
mance penalty. 

 
Index Terms—Leakage, sub-threshold, dual-threshold, 
register file, deep sub-micron 

 

I. INTRODUCTION 

Register files are performance-critical memory compo-
nents in general-purpose microprocessors. They usually 
require a multiple read/write port capability to enable 
simultaneous access to several execution units in a 
super-scalar architecture. This requirement, coupled with 
the demand for a large number of word entries per port, 
forces the use of wired-OR style dynamic circuits for 
their local and global bit-lines [1].  

As CMOS technology continues to scale, the supply 
voltage (VDD) falls with each generation and contributes 
the power consumption. However, the transistor 
threshold voltage (Vt) should be reduced at the same rate 
to maintain adequate gate overdrive, which in turn 

allows the enable circuit performance to improve by 
about 30% in each generation. However, lower Vt causes 
transistor sub-threshold leakage currents to increase 
exponentially; and hence the bit-line active leakage 
currents of register files also increase exponentially and 
the noise immunity of the bit-lines is dramatically 
reduced. Alternative bit-line circuit techniques are 
required to curtail this trend and combine good noise 
immunity with high performance [2]. 

 

II. REGISTER FILE ORGANIZATION 

Fig. 1 shows the architecture of 256 X 40-bit register 
file with four read-ports and two write-ports. A complete 
read operation is performed in two clock cycles. An 8-bit 
read/write address for each port is decoded in the first  

 
 

 
Fig. 1. Organization of a 256×40-bit register file with four 
read- and two write-ports. 
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cycle, while delivering the read/write select signals into 
the register file array. The decoder is not critical and it is 
therefore implemented in conventional static CMOS. In 
the next cycle, the actual bit-line read operation is 
conducted and this is performance-critical. 

Fig. 2 shows the four full-swing local bit-lines, which 
are totally independent of each other, sharing only the 
bit-cells. Each local bit-line (LBL) supports 16 bit-cells 
and a two-way merge via a static NMOS gate that drives 
a global bit-line (GBL). A bit-cell has four read-ports 
and two write-ports. Both reading and writing are single-
ended. 

LBL and GBL dynamic ORs are susceptible to noise 
because of the high active leakage, which occurs during 
evaluation when the precharged domino node stays high. 
LBL is more sensitive than GBL because less charge is 
stored in the domino node and it has a wider dynamic 
OR structure. The dual-Vt LBL uses high-Vt on the read-
selection transistor and low-Vt on the bit-cell data 
transistors. The high-Vt transistors limit the bit-line 
leakage, but at the cost of lower performance due to a 
reduction in the drive currents of high-Vt transistors. 

 

 
Fig. 2. Four full-swing local bit-lines. 

 

 
Fig. 3. Pseudo-static low-Vt LBL. 

Fig. 3 shows Intel’s pseudo-static leakage-tolerant 
LBL structures, which is the result of the following 
modifications to a conventional dynamic bit-line topology 
[3]. 1) Read-select input and bit-cell data locations on 
the bit-line stack are swapped. Read-select signals feed 
the lower (M2) transistors of the LBL. 2) Static-
precharge transistors (Px), actively driven by the read-
select signals are introduced. These transistors anchor 
the bit-line static nodes (Vs) at VDD when read-selects are 
at GND. 3) Static 2-input NOR gates are introduced, 
whose inputs are the stack node and bit-cell data. The 
NOR-gate outputs drive the upper (M1) transistors of the 
LBL. When the read-select inputs are at GND, the NOR-
gate outputs force the input of the leakage-limiting 
transistor M1 to GND. This effectively cuts off the bit-
line sub-threshold active leakage current path, since both 
the drain and source currents of the transistor M1 are 
maximized by source-body biasing to VDD, which further 
elevates their Vt. The result is an increase in bit-line 
noise immunity. However, the benefit of this pseudo-
static technique comes at the cost of reduced 
performance due to the requirement for an additional 
NOR-gate and increased sub-threshold leakage through 
Px and M2. 

The dual-Vt local bit-line required for the proposed 
boosting technique is shown in Fig. 4. In this scheme, 
the leakage current was reduced by using M10, which has 
a high threshold voltage. The current supply perfor-
mance of M10 is improved by setting the voltage of RWL 
to VDD +ΔV, which is above the supply voltage.  

When a bit-cell is not selected by the decoder, the 
value of RS will become ‘0’ as well as the value of RWL. 
The element M5 is powered on by the value of RWL, and 
the MOS capacitor M6 forms a channel at the gate to 
store charge. When RS is selected by the decoder and its 
voltage is pulled up, the RWL is directly routed from the 

 

 
Fig. 4. Dual-Vt LBL driven by a CMOS bootstrapped circuit. 
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supply voltage via M5, and M7. As a result, the voltage at 
RWL begin to increase. However, if the voltage at RWL 
is raised to higher than the threshold voltages of the 
buffer Bx, and the outputs of this buffer becomes ‘1’ 
after the delay τ , M5 is turned off. Then, M6 is turned off 
and the charge stored at M6 causes a rapid increase in the 
current through M7. This movement of charge causes the 
voltage at RWL to grow faster than it would if RWL 
were only connected through general CMOS circuits. 
This continues until the voltage reaches a stable value of 
VDD +ΔV. This approach improve the overdrive voltage 
of M10, effectively compensating for the reduction in 
performance caused by the high threshold voltage of the 
transistor M10.  

The value of ΔV after the flow of charge is complete 
can be expressed as a function of the parasitic 
capacitance CB of the element M6, the capacitance C0 
loaded on to RWL, delay of buffer Bx, the threshold voltage  
Vt,Bx of the buffer, and the average current IM7 through 
M7, when it is on. The charge stored in CO before M5 is 
turned off by the buffer is (Vt,Bx·CO + τ·IM7), the charge 
stored at the drain-source node of M5 is CB·VDD, and the 
charge supplied to RWL as the buffer is opened is 
CB·VDD. As these charges has been re-distributed, the 
increased voltage at RWL is  
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From this equation, it can be seen that desired value of 

ΔV can be obtained by fine-tuning VRWL, because ΔV = 
VRWL - VDD. However, the maximum value of ΔV cannot 
exceed the threshold voltage of M5, which is Vt,M5, 
because discharge occurs as soon as ΔV exceeds Vt,M5 
and M5 has been opened. This characteristics has the 
effect of compensating for the weakness of this design, 
which is the frequent changes to CO, tp,B1 and IM7 In other 
words, we can expect to achieve of ΔV= Vt,M5 in stable 
fashion regardless of the changes in CO, tp,B1 and IM7 if 
the value of CB is higher than a certain level. It is also 
possible to raise the voltage to a certain level regardless 
of changes in process, supply voltage, and temperature. 
This prevents the possibility of the transistor M10 being 
damaged by an excessively high gate voltage. 

 
 

III. SIMULATION RESULTS 

Fig. 5 shows how voltage VRWL changes when the RS 
signal is applied. ΔV is intended to rise to its maximum 
value of Vt,M5 (0.5V). 

Fig. 6 (a) illustrates the voltage change in the local bit-
line. In boosting scheme, the position where element is 
opened is similar to that for a high threshold voltage 
element, but subsequently the voltage drops level similar 
to that low threshold voltage elements as the current 
increases rapidly. Fig. 6 (b) indicates that, in comparison 

 

 
Fig. 5. RWL boosted during a READ operation. 

 

 
(a) 

 
(b) 

Fig. 6. (a) LBL and (b) N0~N7. 
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with a general in which all the threshold voltage 
elements are of low, a boost-up construction are used, 
the difference in delay time is sufficiently small to be 
ignored. This boosting scheme reduces the current 
leakage in the entire bit-line about 450 times compared 
to a conventional one. 

 

IV. CONCLUSIONS 

By combining read signal boosting with charge-
injection and dual-Vth local bit-line, it is possible to 
implement a 256×40-bit register file without any 
performance penalty while reducing the current leakage 
by a factor of 450. 
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