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Abstract: This paper focuses on designing an 80 bit 160 entry Register File for uncore applications like Cache controller, 
DRAM controller, Hard disk controller and Integrated graphics controller rather than the core instructions or data. The main 
objective is to develop a methodology to optimize the LSA in area, performance, power, robust to noise and be able to 
perform in low voltage conditions. This is done by determining the characterization results of Read and Write word line 
drivers and Bit line drivers. The characterization results are obtained using Cadence RTL Compiler . 
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I. INTRODUCTION 

 
In computer architecture, a Processor Register is a 
small amount of storage available on Central 
Processing Unit (CPU) whose contents can be 
accessed faster than accessing the stored data from 
elsewhere.  
Registers are now usually implemented as a Register 
File. A Register File is an array of processor registers 
in a CPU which is used for temporary storage of data, 
address, status etc. Data could be address bits or 
status bits or it can be results from a computation or 
sources for computations or it can be a source data for 
other Processing units [1]. 
Register Files are usually implemented using fast 
static RAMs with multiple ports and these RAMs are 
distinguished by having dedicated read and write 
ports, whereas ordinary multi-ported SRAMs will 
usually read and write through the same ports[2]. 
95% of the Register Files used in a multi-core 
processor have one read and one write port, as 
Register Files with multiple read and write ports 
require larger cell area, adds to capacitance, leakage 
and power consumption. 
In a multi-core microprocessor design, cache 
memories are placed close to core, whereas the data 
accessibility by any other processing units to the 
cache memories may increase latency. Hence 
Register Files are used to bridge this gap by locating 
close to the processing units especially in the uncore 
region of the microprocessor.  
As Register Files play an important role in reducing 
latency for data accessibility by any processing unit 
in a microprocessor, they are considered to be the 
fastest of all forms of computer data storage[2].  
Unlike cache memory that uses sense amplifiers to 
detect differential signal transitions, Register Files 
develop a full signal swing on their bit lines to detect 
transition. Using Register File with fewer wires and 
getting rid of the sense amplifier is a benefit.  Cache 
memories are larger in size and hence convergence 
time is more.  

 
Register Files can do read/write operations in back-
to-back high/low or low/high phases of a single clock 
cycle. Multiple processing units share the same 
Register File which is used with multiple read and 
write ports. Designers prefer to choose high density 
and high speed Register Files to optimize their design 
for speed, power and area.  
Figure.1 shows the basic Register File Architecture. 
 

 
Fig. 1: Basic Register File Architecture [3] 

 
II. CIRCUIT DESIGN OF MEMORY CELL 
 
Memory cell/Bit cell is the core component of the 
Register File. The 80x160 bit Register File uses the 
Dual ended bit cell, since the single ended cell does 
not have read/write stability in the Vccmin condition 
or low voltages. Thus the write happens through bit 
line (BIT) and bit line bar (BITX) nodes. Figure.2 
shows the schematic topology of an 8T Memory cell. 
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Figure 2: Schematic topology of a Memory cell [4] 

 
Key Requirements are: 
 

 Back-to-back inverters are supposed to be 
sized with same device dimensions i.e. 
NA=NB and PA=PB. 

 PB/NX ratio should be chosen carefully so 
that there is no contention during the write 
operation. 
 

Figure.3 shows the Read and Write Timing Response 
of a 1-bit Memory cell. 
 

 
Figure 3: Read and Write Timing Response of a 1-bit Memory 

cell 

 
Register File consists of a separate Read and Write 
port. Read or Write operations are performed in one 
phase of clock cycle to separate entries. When Write 
Word Line(WRWL) is active, both bit line pass 
transistors are ON and depending on the bits available 
on Write Bit Line(WRBL) and Write Bit Line 
Bar(WRBL#), the bits are stored in back-to-back 
inverters. So, in this case when the clock cycle is 
high, WRWL is high, and the data bits available in 
WRIN are stored in back-to-back inverters. When 
Read Word Line is active and if the data BIT stored is 
1, the data is inverted and is read out as 1 from read 
port. When the Read Word Line is active and if the 
data BIT stored is 0, the output data is inverted and is 
read out as 0 on read port. 
Table.1 gives the device dimensions used in the 
memory cell along with the device sizes used in the 
bit line and word line drivers. It also gives the 
calculations of the device sizes. The sizes used in the 
back-to-back inverters should not be of minimum 
sized because the memory cell is a large cell and 
should allow the output to swing to VDD and VSS. 
 

Table 1: Device dimensions used in Memory cell 
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III. WRITE WORD LINE DRIVER 
 
The Word Line driver which is 2x the driving 
strength than the standard inverter has been used to 
drive the load of 10, 20, 30, 40, 50, 60, 70 and 80 bit 
cells. Schematics of Write Word Line driver driving a 
load of upto 80 number of bit cells have been 
constructed and their respective delay and power 
dissipations have been calculated. The number of  bit 
cells tested are 10, 20, 30, 40, 50, 60, 70 and 80. For 
160x80 bit Register 
File, each word line has to drive 80 bit cells and 
hence stop characterization with 80 bit cells 
connected [5].  
 
IV. READ WORD LINE DRIVER 
 
The Word Line driver which is 2x the driving 
strength than the standard inverter has been used to 
drive the load of 10, 20, 30, 40, 50, 60, 70 and 80 bit 
cells. Schematics of Write Word Line driver driving a 
load of upto 80 number of bit cells have been 
constructed and their respective delay and power 
dissipations have been calculated. 
 
V. BIT LINE DRIVER 
 
The Bit Line driver which is 3x the driving strength 
than the standard inverter has been used to drive the 
load of 16, 32, 64, 128 and 256 bit cells. Bit line 
driver characterization with 16, 32, 64,128 and 256 
bit cells is carried out because the total number of 
possible outputs from the decoder will be with 2n 
combinations, where n is the number of inputs to the 
decoder. In this setup, there are scan logics used to 
check the Design for Testability (DFT); there are 
decoders and Word Line drivers used in order to 
create a real scenario, where the parameters and 
impact of all circuits come to influence the bit line 
driver.  
Table.2 gives the specifications of Bit Line drivers 
used. 
 

Table 2: Size of the driver inverter 
 

 
 

VI. RESULTS AND DISCUSSIONS 
 
 The Register Files with 8T dual ended bit cells 

are more efficient in providing both Read and 
Write operations at the same phase of the 
clock. 

 In uncore applications, Register File is faster 
memory when compared to that of Cache 
memories to reduce latency in accessing data 

by a processing unit that is present in the 
uncore region. 

 
A. Characterization Results of Write Word Line 
driver 
 
Table.3 gives the delay values calculated for the word 
line signal driven by the Write Word Line driver at 
different number of bit cells.  

Table 3: Delay values for Write Word Line 

 
 
The number of bit cells that the Word Line driver can 
drive is chosen carefully so as to drive optimal 
number of bit cells in a particular entry, and each bit 
gets enough time to store the Write data [5]. 
From Table.2 we note that, with increasing number of 
bit cells, the number of fan-outs of the inverter 
increases, as a result of which the load on the inverter 
increases, and thus the delay. 
In this case, as the Word line had to drive a huge load 
of 80 bit cells, the Word Line driver is split into two 
so that they drive 40 and 40 bit cells each with 2x 
driving strength. Thus the load and hence the delay 
on the word line driver gets reduced.  
 
  
B. Characterization Results of Read Word Line driver 
 
Table.4 gives the delay values calculated for the word 
line signal driven by the Read Word Line driver at 
different number of bit cells.  
 

Table 4: Delay values for Read Word Line 
 

 
 
We note that with increasing number of bit cells, the 
number of fan-outs of the inverter increases, as a 
result of which the load on the inverter increases, and 
thus the delay. 
In this case, as the Word line had to drive a huge load 
of 80 bit cells, the Word Line driver is split into two 
so that they drive 40 and 40 bit cells each with 2x 
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driving strength. Thus the load and hence the delay 
on the word line driver gets reduced. 
 
C. Power calculations of Read and Write Word Line 
drivers 
 
In CMOS circuits, power dissipation can be 
categorized into two components- Static power 
dissipation and Dynamic power dissipation. Dynamic 
dissipation occurs mainly due to charging and 
discharging of load capacitances, and short circuit 
current. Whereas, Static dissipation is due to the 
leakage currents drawn continuously from Vdd. 
Depending upon the phase of operation , the leakage 
current in SRAMs vary within a single phase of 
clock[4]. Table.5 gives the power calculated for Read 
and Write Word Line drivers. 
 
Table 5: Power calculations of Read and Write Word 

Line 

 
     
D. Bit Line driver 
Table.6 gives the delay values for the bit line signal 
driven by the bit line driver at different number of bit 
cells connected.  
 

Table 6: Delay calculation for Wrbl (Write bit line) 
and Wrbl# (Write bit line bar) 

 
 

Table 7: Power calculations of Bit line driver 

 
 
Table.7 gives the power calculated for the bit line 
signal driven by the bit line driver at different number 
of bit cells connected. 
During the write operation the functional unit sends 
an 8 bit address and 80 bit data to the Register File. 
The 8 bit address gets decoded into 256 outputs out of 

which only 160 are used and remaining are 
unconnected.  
From Table.6, it can be seen that as the load increases 
in the bit line driver signal, the delay also increases. 
The number of cells that the bit line driver can drive 
is chosen carefully so as to drive the optimal number 
of cells so that there is enough time that each memory 
cell can get to store the Write data. 
For the bit line since the number is 160, a single 
driver is able to drive this load with 3x drive strength. 
 
CONCLUSION 
 
It is very important to characterize the drivers as they 
have to drive huge loads. The optimum bit cell size is 
chosen to drive the right number of bits so that they 
don’t consume huge area or power. Thus, the Read 
Word line, Write word line and the Bit line 
characterizations have been done by calculating the 
Delay and Power of all the bit cells one by one. Thus 
an 80 bit 160 entry Register File will be designed by 
finalizing the decoder, memory cell and the read 
architecture. The 80 bit 160 entry register file will be 
designed in schematics and verified for its 
functionality. The validated design will be verified 
for the critical design parameters like area, power, 
timing and noise.  
Although the primary focus of this paper is on 
Register File designs, it should be noted that the 
general methodologies and principals are applicable 
to SRAM and sequential designs as well.  The 
intention of this work is to provide the best known 
methods and methodologies in a coherent manner that 
can be applied not only to the current process 
technologies, but will serve as a basis for future 
process technologies [6]. 
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