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ABSTRACT 

This paper develops a novel adaptive keeper 
local bit line (LBL) technique to achieve low power 
and high performance register files design. To 
avoid increasing the implementation hardware 
overhead, the proposed technique employs a 
clock-combined unit to generate the body voltage 
of keeper. We evaluate the effectiveness of the 
proposed technique in a two-cycle 64-entries×32b 
register file design for 8GHz operation in 1V, 32nm 
high-K Metal-Gate technology. HSPICE simulation 
results show that the delay time is reduced by 29% 
and the power consumption is reduced by 36.1%-
46.2% depending on the number of reading ports, 
as compared to the tradition register files design. 
Moreover, the proposed technique shows good 
robustness to noise and process variations. 
 
I. INTRODUCTION 

As a fundamental part in a microprocessor, 
register files are typically on the critical path and its 
access time limits the achievable maximum operat-
ing frequency. In addition to the access time, pow-
er consumption of register files is also an important 
parameter due to the highly frequent accesses and 
multiple ports. Therefore, low power and high per-
formance registers files design is an important is-
sue in modern microprocessors. In order to speed 
up the operation, wide fan-in domino circuits are 
forced in use for local (LBL) and global bit lines 
(GBL) in register files [4]. However, due to the pa-
rallel pull-down network in wide domino circuits, 
the robustness to noise, leakage current and 
process variations has become a great concern, 
especially, in the design of LBL which usually has 
larger fan-in number than GBL. A convention solu-
tion to improve the robustness is to upsize PMOS 
keeper transistor to get a strong keeper. However, 
a strong keeper increases bit-line contention cur-
rent during evaluate operation, thereby increasing 
the evaluation delay time and power consumption.  

To solve this problem, researchers have pro-
posed several adaptive keeper techniques. In [7], a 
variable threshold voltage keeper is designed to 
improve the evaluation speed, robustness, and 
reduce power consumption. In [8], a forward body 
bias keeper technique is introduced to enhance the 
robustness to noise with speed penalty. In [9], 
another adaptive keeper technique is presented to 
trade off among a high power/speed efficient oper-
ation and the robustness to noise and process var-
iation. However, all of these adaptive keeper tech-
niques require additional power supplies, depend-
ing on integration of DC-DC converters on die or 
adding extra pins to connect off-chip power sup-
plies. As a consequence, these techniques are 
realized with increased layout area and implemen-
tation overheads. 

In this paper, a novel adaptive keeper LBL 
technique is proposed to achieve low power and 
high performance without increasing hardware 
complexity. We applies it to a two-cycle 64-entries
×32b register file design for 8GHz operation in 1V, 
32nm high-K Metal-Gate technology. Our simula-
tion results show that the proposed technique 
achieves good characterizations of speed, power, 
noise immunity, design complexity, and uncertainty 
parameter of register file.  

 
II. PROPOSED ADAPTIVE KEEPER TECHNIQUE 

In this section, the working function and im-
plementation scheme of the proposed adaptive 
keeper technique is analyzed. 

 
A. Novel Adaptive Keeper LBL Technique 

Fig. 1 shows the proposed adaptive keeper 
LBL technique. It adopts a high Vt keeper with 
adaptive body bias voltage (Vb_keeper). The principle 
of the proposed technique is shown in Fig. 2. In 
traditional design with low Vt keeper, a strong kee-
per is applied in both pre-charge (CLK=0) and 
evaluation stages (CLK=1), as shown in Fig. 2 (a). 
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This helps LBL achieve good robustness but the 
evaluation speed is decreased due to the large 
contention current of keeper. As an alternative, a 
weak high Vt keeper is used to achieve high evalu-
ation speed with the cost of robustness, as shown 
in Fig. 2 (b).  Our proposed design is based on a 
high Vt keeper with adaptive body bias voltage and 
its working principle is shown in Fig.2 (c): in pre-
charge stage, PMOS pre-charger is ‘ON’ and the 
dynamic node is charged to Vdd. In this phase, the 
high-Vt keeper can be applied with zero body bias 
and works as a weak keeper. This does not de-
grade the robustness during pre-charge stage 
since the dynamic node voltage can be maintained 
by the “ON” pre-charger. When the clock signal 
becomes high, LBL enters its evaluation stage. At 
the beginning of evaluation, if there are conductive 
pull-down paths, the dynamic node will discharge 
to zero. During this short transition process, a 
weak keeper with zero body bias is applied to re-
duce the contention current, thereby achieving high 
speed and low short-circuit power consumption. 
After this transition process finishes, a strong kee-
per with forward body bias (FBB) voltage (Gndh) is 
applied to increase the keeper current and thereby 
improve the robustness to noise. Note that, the 
FBB voltage Gndh is limited, the keeper will strong-
ly forward bias and produce enough drain-to-body 

diode current to oppose the drain current, thereby 
lowering the voltage of the evaluation node and 
ending the enhancement of the noise immunity as 
well [8-9].   

 
B. Clock-combined FBB generator 

To implement our proposed technique, we 
propose a clock-combined unit to generate Vb_keeper 
to avoid increasing of hardware complexity, which 
is shown in Fig.3. The obtained Vb_keeper generated 
by the clock-based unit is shown in Fig. 2 (d). First, 
a signal is extracted from the delayed clock stage 
between ФLBL (clock signal of LBL) and ФGBL 
(clock signal of GBL) to meet the timing constraint. 
Next, a PMOS transistor (PMOS adjuster) is used 
to adjust the amplitude of Vb_keeper to avoid large 
drain-to-body diode current. Accordingly, the ampli-
tude of obtained Vb_keeper ranges from |Vthp| (the 
threshold voltage of adjuster) to Vdd. Such imple-
mentation scheme is based on the existing delayed 
clock stage between LBL and GBL in register files, 
and it does not need an extra body bias voltage 
generator in addition to a core supply voltage. Also, 
a clock-combined unit can be shared among mul-
tiple LBL, so the cost of adjuster is negligible. 
Therefore, our implementation scheme achieves a 
significant improvement in terms of system com-
plexity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Adaptive keeper LBL. based register files 
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Figure 2: Keepers in different design. 
 
 
 
 
 
 
 
Figure 3: Clock-combined unit based FBB generator 

 
Note that, the only difference between our im-

plementation scheme (Fig.2 (d)) and its working 
function (Fig.2 (c)) is that the obtained Vb_keeper 
from clock-combined unit has the same period as 
the clock signal, so the FBB voltage will be kept for 
a period of time (pre-charge transition time) when 
LBL enters in pre-charge stage. Accordingly, in the 
pre-charge transition process, a low-Vt strong kee-
per is used to generate large pull-up current and 
charge the dynamic node together with pre-charge, 
so the clock-combined implementation scheme 
further improves the charging speed in pre-charge 
stage.  
 
III. SIMULATION RESULTS AND DISCUSSIONS 

To evaluate the proposed adaptive keeper LBL 
technique, three 64-entries×32b register files with 
different techniques are designed: basic register 
files with low Vt keeper, register files with high-Vt 
keeper  and novel register files with the proposed 
adaptive keeper. All three register files are de-

signed for 8 GHz operation in 1V and they are si-
mulated based on 32 nm High k/Metal-gate tech-
nology [10] (Vt of low Vt transistors: Vtnlow = |Vtplow| = 
0.49V; Vt of high Vt transistors: Vtnhigh = 0.65V; VDD 
=1V) in this paper. In order to compare the speed, 
power consumption, and robustness to noise and 
process variations fairly, all of the transistors in 
three register files have the same size. 
 
A. Speed 

Fig.4 shows the LBL output waveform in three 
different register files with two read ports. We can 
see that the clock-combined unit works very well 
and it generates an effective Vb_keeper to implement 
our proposed technique: its amplitude ranges from 
0.49V to 1V and meets the timing requirement to 
adaptively adjust the keeper as shown in Fig.2 (d). 
Also, Fig.4 compares the delay time of LBL in three 
register files, which is calculated from 50% of sig-
nal swing applied at the clock signal to 50% of sig-
nal swing observed at the output of LBL. As ob-
served, our proposed adaptive keeper technique 
shows significant improvement in delay time. As 
compared to basic design with low Vt keeper, it 
achieves 29% reduction in evaluation delay time. 
This is because, at the beginning of evaluation 
stage, the weak keeper in our design decreases  
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Figure 4: Comparison of the rise time delay and fall time delay of the output of LBL with clock signal in three register files 

 
the contention current of the keeper, as shown in 
Fig. 5.  Therefore, the evaluation delay time is re-
duced. In addition, our design shows less delay 
time during pre-charge stage as compared to the 
design with high Vt keeper. This is due to the large 
pull-up current generated by the strong keeper is 
created in our design in the initial stage of pre-
charge stage. In a word, our design has superior 
speed characteristic both in rise time and fall time.    
 
B. Power Consumption 

Fig.6 shows the power consumption compari-
son of different register files. We can see that, due 
to the lower sub-threshold leakage current in high 
Vt keeper [11], the power consumption of the regis-
ter files with high-Vt keeper and our designed regis-
ter files decreases up to 51.2% and 40.2%, respec-
tively. Also, since more LBL are used if read ports 
increases, the power consumption savings are also 
increased accordingly.  

  
C. Noise Immunity 

In this paper, the unity noise gain (UNG) metric 
is used to characterize the immunity to noise, 
which captures the critical input noise strength [12]. 
UNG is defined as the amplitude of input noise 
Vnoise that causes an equal amplitude noise pulse 
at the output node. Accordingly, all the inputs of 
LBL are driven by noise pulses with the same dura-
tion of 100 ps and then the amplitude is varied to 
get the value of UNG. Since the noise immunity of 

LBL depends on the size of keeper strongly, so the 
keepers with different ratio (K) are considered: 

( )
( ) transistor_evaluation

transistor_keeper

LW
LW

K =  

where W and L are the width of length of transis-
tors, respectively. 

When the dynamic node is hold in a fixed high 
state as all pull-down paths are turned ‘OFF’ in 
evaluation stage, adaptive keeper technique 
creates a low-Vt strong keeper to increase the kee-
per current and heighten the noise immunity. 
Therefore, as shown in Fig. 7, UNG of our design 
is larger than that of high-Vt design, but is slightly 
smaller than that of basic design. What’s more, K 
determines the strength of holding effect of keeper. 
As K increases, the noise immunity will enhance, 
which agrees with the simulation results in Fig. 7. 
Note that, even when K=1, the UNG of our design 
equals 453 mV, which is sufficient to fight against 
most of noise disturbance in practice. 

  
D. Robustness to variations  

As the CMOS process advances continually, 
scaling has resulted in significant increase in the 
variations of the process parameters, including 
gate length (Lgate), threshold voltage (Vt), and gate 
oxide thickness (tox) [13]. Also, the environment 
variations Therefore, it is necessary to evaluate the 
effectiveness of our proposed technique under 
process variations. According to the latest Interna-
tional Technology Roadmap for Semiconductors 
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(ITRS) [14], Lgate, Vt, and tox are assumed to have 
normal Gaussian statistical distributions with a 
three sigma (3σ) fluctuation of 12%, 40%, 5%, and 
10%, respectively. 1000 Monte Carlo simulations 
are performed to analyze the Power-Delay-
Produce (PDP) of three register files under process 
variations. 

 

 
Figure 5: Currents of keeper in three register files 

 
 
Figure 6: Comparison of power consumption in three register 
files with different ports 

 
Figure 7: UNG in three register files with different K 

The PDP distribution curves of the three regis-
ter files under process variation are shown in Fig. 8 
and the average value (A), standard deviation (SD), 
and uncertainty parameter (SD/A) of PDP of LBL in 
different register files are listed in Table 1. We can 
see that, under process variations, our design re-
duces the average PDP by up to 42.54% and 
61.69%, respectively, as compared to that of basic 
design and high Vt keeper design. This is nearly 
similar to the PDP reduction at the nominal design 
corner. As also observed, our proposed technique 
shows the best robustness to parameter variations 
and the uncertainty parameter of our design is de-
creased up to 53.29 % and 81.49% as compared 
to another two designs. This is because the adap-
tive keeper technique uses FBB to decrease drain-
to-body voltage; this decreases the drain-to-
channel junction depletion width and hence reduc-
es DIBL. Smaller DIBL essentially decreases the 
sensitivity of Vt to channel length, thereby improv-
ing the robustness to process variation.  
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Figure 8: PDP distribution under process variations 
 

Table 1 Average value (A), standard deviation (SD), and ro-
bustness parameter of PDP in three register files 

Register 
Files 

PDP under process variation 

Basic High Vt Our Reduction
vs. Basic 

Reduction
vs. High Vt

A 1 1.4997 0.5746 42.54% 61.69% 
SD 1 3.7341 0.2648 73.52% 92.91% 

SD/A 1 2.4900 0.4608 53.92% 81.49% 
 

E.   Overall Electrical quality  
To this point, we can see that different tech-

niques rank differently depending on different de-
sign metrics, which is listed in Table 2. In this sub-
section, a comprehensive design metric is evalu- 

Transition 
process 
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Table 2 Performance comparison of different register files  
Register 

Files 
Performance Comparison 

Delay time Power PDP Noise Immunity Uncertainty Parameter OEQ 
Basic Worst Worst Medium Best Medium Worst 

Our design Best Medium Best Medium Best Best 
High Vt Best Best Worst Worst Worst Medium 

 
 
ated to characterize the overall electrical quality 
(OEQ) of the different register files.  
 

ParameteyUncertainlnConsumptioPower
SpeedmunityNoise

__
Im_OEQ

×
×=       

 
Based on this quality metric,  the OEQ value of  

our design is 7.5× and 13× as that of basic de-
sign and design with high-Vt keeper.  Therefore, 
our design has the highest overall electrical quality. 

 
IV. CONCLUSION 

This paper proposes a novel adaptive keeper 
LBL technique and applies it to 64-entries×32b 
register file design for 8 GHz operation in 1V, 32 
nm high-K Metal-Gate technology. Unlike the exist-
ing work, our proposed technique employs the 
clock signal to create FBB voltage of keeper, 
achieving a low power and high performance LBL 
design without any hardware and layout area pe-
nalty from complex FBB generator. As compared to 
the basic design, our design reduces 29% and 
40.2% of the evaluation delay time and power con-
sumption. Also, under process variations, our pro-
posed technique reduce PDP of register files by up 
to 42.54% and 61.69%, while reducing the uncer-
tainty parameter by up to 53.29 % and 81.49%, as 
compared to that of basic design and high-Vt kee-
per design. Additionally, our analysis shows that 
the proposed design results in slightly reducing the 
noise immunity of LBL. But, even with the smallest 
keeper (K=1), the UNG of our design equals 453 
mV, which is sufficient to fight against most of 
noise disturbance in practice. Finally, the register 
files with our proposed technique shows the high-
est overall electrical quality. 
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