International Journal of Engineering & Technology, 7 (2.12) (2018) 253-256

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET

SPC

Research Paper

STl

Implementation of data path components of ARM?7
microprocessor using sub threshold current
mode logic with sleep transistor
technique

K. A. Jyotsna *, P. Satish Kumar 2, B.K. Madhavi 3, Sana Bano 2

! Department of Electronics and Communication Engineering, CVR College of Engineering, Hyderabad, India
2 Department of Electronics and Communication Engineering, ACE Engineering College, Hyderabad, India
3 Department of Electronics and Communication Engineering, Sridevi Women'’s Engineering College, Hyderabad, India
4 PG Student, M. Tech VLSI System Design, CVR College of Engineering, Hyderabad, India
*Corresponding author E-mail: kajyotsna72@gmail.com

Abstract

The latest Very Large Scale Integration (VLSI) technology trends have been moving towards making devices cheaper and more powerful
for everyone to afford them. So the ultimate focus being reducing power consumption by the gadgets. With the added feature of transistors
to be structured in 3D, the Moore’s law is to be continued. Hence, Leakage currents are a major concern with the increasing number of
transistors per chip when the technology is scaled, static power dissipation needs to be monitored. Advanced RISC Machine (ARM) Pro-
cessors have been giving a new definition to smart phones, tablets and other embedded applications. This paper presents a novel technique
focusing on low power technology, developing an ARM7 microprocessor using Sleep transistor with Sub threshold Current Mode Logic
(STCML) technique in 45nm technology using Cadence Virtuoso Tool. The simulation results have been observed on Spectre simulator
and power has been calculated in Analog Design Environment (ADE L).
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1. Introduction

Now-a-days people look for devices that are portable, battery pow-
ered, smaller in size and have more functionality. In the recent
times, the goal of a designer has been to obtain lighter devices
whose battery lifetime is reasonable and packaging cost is low.
Also, for high performance portable devices and non-battery pow-
ered devices reducing the power dissipation has been the major ob-
jective to ensure device reliability. Power optimization entails re-
quirement for reduction of Voltage, Physical Capacitance and data
activity. Voltage scaling is an effective approach in reducing the
power dissipation for latest IC fabrication processes.

Abridging both the operating voltage and oxide thickness for main-
taining constant electric field helps in reducing power by 50% with
every new technology node but this in turn creates requirement for
reduction in the threshold voltage for meeting the performance
goals of a technology. So, optimizing both performance and leakage
at a time is practically not possible [1].

Also, if the circuit designed has devices which have multiple thresh-
old voltages, this also facilitates for control of Leakage power but,
this leads to increase in the gate delay [1]. It can also be annotated
that during Physical Design also, power can be brought down. This
can be done by employing multiple voltage domains where few
blocks use low voltage supplies compared to others or can be turned
completely off if not in use. The time for which the blocks are tem-
porarily shut down is called as ‘Inactive mode’ or ‘Low power
mode.’[1]

2. Sleep transistor technique

Diminution of Leakage power is the requisite to design Low power
circuits. Technology scaling has led to colossal increase in the func-
tionality, performance and power in IC’s. Static power dissipation
becomes influential with this scaling. It is defined as the power dis-
sipation when the device is in standby mode [2]. It is given in the
equation 1 as follows,

Pleak = lieak X Vpp 1)

Where I,.4x accounts to the leakage current which results when the
transistor is in OFF state, VVop represents the power supply. When
the transistor is in weak inversion region, the current due to carrier
diffusion between the source terminals to drain terminal is called as
Sub threshold leakage current. Out of all the techniques, Sleep tran-
sistor approach is found preserving the signal integrity while reduc-
ing the leakage power when the circuit is in inactive mode [3].
Sleep Transistor Technique also called as gated Vpp and gated
GND is an Ultra Low Power Technique where pull-up or pull-down
or both of them are disconnected from the power supply or ground
using Sleep transistors. This technique uses PMOS above the pull
up network as sleep transistor to control power supply (Vop) and
NMOS below the pull-down network as another sleep transistor to
control Vss supply [4].
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The Sleep transistors should have considerably high resistance in
Sleep mode to get a considerable voltage drop. But this technique
faces performance degradation if the transistors are not sized
properly.

The sleep transistors are of high threshold voltage and the logic to
be used between them should be a low V; logic. The input of PMOS
transistor is sleep and Sleep bar is the input to NMOS transistor.
Now, the low V; logic to be sand witched between these transistors
is to be chosen.

3. Current mode logic

Current Mode Logic (CML) is a logic family that is suitable for
mixed signal circuit designs. For implementing the logic, NMOS
differential pair transistors can be replaced with any number of
NMOS transistors to satisfy the appropriate logic [5].

CML has been a choice over CMOS for single core processors that
are operating at high frequencies. This logic was initially introduced
as a high speed, low noise and analog friendly logic family and is
being extensively used in serial-link transmitters, optical communi-
cation transceivers high speed ring oscillators and phase interpola-
tors [5]. If energy efficiency is to be maintained in a current mode
processor, complicacy-effective design that operates at high fre-
quency is required so that the implementation time and static energy
can be dwindled [6].

It can be observed that the current ‘Iss’ can be regulated by altering
biasing voltage Ven or the W/L ratio or by the threshold voltage of
NMOS tail transistor. The current is steered to one of the two
branches of the circuit depending upon the logic levels of inputs.
The output swing should be increased amply to switch the differen-
tial switches pair of the consecutive stage [7].

c
Tser, = Ry X Cp = Vsw X @

It can be observed from the equation (2) that, the time constant at
the output node limits the operating speed of CML gate where Vsw
represents voltage swing at the output node.

A Load-device notion

The Load device used in the CML plays a major role in determining
the required output swing.

\

Ry ==* ®)
From equation (3) it can be observed that the load impedance is
inversely proportional to the tail bias current. Hence, this load re-
sistance RL should be in MQ range [7]. This arrangement gives rise
to a new concept of Sub threshold Current Mode Logic (STCML)
[8].

The Fig.1 shows a low Vt logic and now this logic can be incorpo-
rated in Sleep transistor technique which has high Vt sleep transis-
tors [1] as shown in Fig.2.
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Fig. 1: Schematic of Sub Threshold Current Mode Logic Inverter.

This paper presents a novel methodology for incorporating Sub
threshold Current Mode Logic (STCML) with Sleep Transistor
Technique. The sleep transistors used are Low threshold voltage
(Ivt) transistors. This technique has been adopted to achieve low
power consumption.
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Fig. 2: Circuit of Sleep Transistor with STCML Low Vi Logic.

4. ARM7 composition

ARM microprocessors are one of the most extensively used
microprocessor cores in everyday embedded accessories. ARM7 is
a 32-bit Microprocessor which means all the blocks associated with
it are of 32-bit and the instructions operate on 32-bit data. The Data
path of ARM?7 is typically comprised of Address Register, Data-In
Register, Write Data Register, ALU, Register Bank, Barrel Shifter
and Multiplier [9]. The Fig.3 shows the architecture of ARM?7.
The Register Bank of ARM7 consists of 31, 32-bit registers which
are organized as General purpose and Special Function Registers.
ARMY can be operated in 6 modes. The General purpose registers
are common for all the 6 modes and depending upon the type of
mode special function registers is accessible.

The six modes of ARM7 are User Mode, Fast Interrupt (FIQ) mode,
Interrupt Request (IRQ) mode, Supervisor mode, undefined mode
and Abort mode. User mode is an unprivileged mode in which most
of the tasks are run and user has access to all the registers. ARM7
enters into FIQ mode when an interrupt with high priority is raised.
ARMY7 is enters into IRQ mode when a low priority interrupt is
raised. ARMY enters into Supervisor mode when it is reset suddenly
or when a software interrupt is executed. The Abort mode and
Undefined mode occur when there are memory violations and
undefined instructions respectively.[9] Fig.4. shows the Register
Bank of ARM7 microprocessor.
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Fig. 3: Architecture of ARM7 Microprocessor.
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Fig. 4: Register Bank of ARM7 Microprocessor.

5. Implementation of data path components of
arm7 microprocessor

This paper has implementation of Data path components of ARM7
microprocessor using Cadence Virtuoso Tool in 45nm technology.
All the components have been implemented in Sleep Transistor
technique using Sub threshold Current Mode Logic (STCML) with
a power supply of 0.24V. The 32-bit barrel shifter can be designed
using 32 multiplexers. The function of Barrel Shifter is to shift and
rotate the input bits coming from Data-In Register of ARM7.
The output of this block is given to ALU for performing the Arith-
metic and Logical operations [10]. Vedic Multiplier is one of the
fastest and simplest multipliers in terms of its architecture which
performs multiplication based on a sutra called Urdhva Tiryak-
bhyam. The 32x32 Vedic Multiplier has been designed using four
16x16 Vedic Multipliers, two 32-bit Ripple Carry Adders and Half
Adders [11].

a) 32-bit Arithmetic and Logic Unit
The presented 32-bit Arithmetic and Logic Unit is capable of per-
forming 14 Arithmetic and Logic Operations as shown in Table 1
There are 7 multiplexers used in the design for selecting at a time 7
out of 14 operations for each logic low or high of select The entire
schematic has been implemented using only basic logic gates, Half
Adders and multiplexers.

Table 1: The Operations Performed by 32-Bit ALU of ARM7

:

Fig. 5: Schematic of Register Bank.

c) Integration of Data path unit of ARM7
Integration of Data path unit of ARM7 microprocessor is as shown
in the Fig.6. All the blocks have been implemented in Sleep Tran-
sistor Technique incorporating Sub threshold Current Mode Logic.
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Fig. 6: Schematic of Complete Data path Unit of ARM?7.

6. Simulation results

The Simulation Results of Data path components of ARM7 have
been observed in Spectre simulator in the Analog Design Environ-
ment at 0.24V supply voltage.
a) A Simulation results of 32-bit Arithmetic and Logic unit and
Register Bank
The simulation results of Register Bank are as shown in Fig.9.
These results of register bank represent ARM7 in user mode. The
register bank has a group of general purpose registers from r0-r7.
The simulation results of 32-bit ALU are as shown in the Fig.7 and
Fig 8. Fig.7 shows the simulation results of out1<31:0> add/sub-
tract operation, out2<31:0> Logical AND operation, out3<31:0>
Bit Clear, out4<31:0> Bit Invert, out5<31:0> Bit Increment, out6
Shift Left operation, out7 Rotate Left operation. Fig.8 shows the
simulation results of outl<31:0> Logical EXOR operation,
out2<31:0> carry/borrow from add/subtract operation, out3<31:0>
Logical OR operation, out4<31:0> equality comparison,
out5<31:0> passes a<31:0>, out6 Shift right operation and out7 Ro-
tate right operation.

Wo<dil> @ 1000000 00010000101 0000001 000000000001 0070000101

Sl. No. Select lines Output Operation

1 outl<31:0> Add/Subtract
2 out2<31:0> Logical AND
3 1 out3<31:0> Bit Clear

4 out4<31:0> Bit Invert

5) out5<31:0> Increment

6 out6 Shift Left

7 out? Rotate Left

8 out1<31:0> Logical EXOR
9 out2<31:0> carry_borrow
10 out3<31:0> Logical OR

11 0 out4<31:0> Compare if equal
12 out5<31:0> Pass A input
13 out6 Shift Right

14 out? Rotate Right

b) Register Bank and 32-bit Data-In Register
The schematic of Register Bank in User Mode is as shown in the
Fig.5. The user mode has all the registers including the General Pur-
pose and Special Function registers. The registers used for the de-
sign are Parallel-In Parallel out (PIPO). The 32-bit Address Regis-
ter consists of 32-bit D-Flip flops. The 32-bit Data-Out Register has
also been designed in the same fashion.
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Fig. 7: Output Results of ALU when Sel="0’.
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Fig. 8: Output Results of ALU when Sel="1".
b) Comparison of Power and Delay for Datapath Blocks
The Data path blocks of ARM7 microprocessor has also been im-
plemented in CML logic at 0.5V and 0.24V power supply. Hence,
the Table 2 gives the Power and Delay comparison between the
three types of design techniques.
Table 2: Power and Delay Comparison at Different Power Supplies
N o D i g&‘m;mns'swr 3 STCML at 0.24V Power Supply ~ CML at 0.5V Power Supply
Delay Power Delay Power Delay Power
32-bit Barrel Shifter 1.211us 17.41nW 20.82us 18.46nW 20.17us 1.505uW
32-bit ALU 1.29us 153.5nW 25.68us 172.5nW 9.79us 14.72uW
Register Bank 18.57us 479nW 439.1ns 525nW 173.4ns 763.7nW
32-bit Data-In Register 750.6us 9.56nW 890us 10.79nW 465.2ns 942.8nW
32-bit Data-Out Register 748.9us 9.5nW 887.5us 10.68nW 459.8ns 940.2nW
32-bit Address Register 19.57us 26.4nW 27.9us 23.56nW 347.7ns 680.4nW
32-bit Address Incrementer 78.6us 3.6nW 89.2us 5.39nW 25.04us 575.4nW
32x32 Vedic Multiplier 520.9us 350.4nW 658.4us 386.4nW 19.29us 78.02uW
[6] Yuxin Bai, Yanwei Song, Mahdi Nazm Bojnordi, Alexander

7. Conclusion

The design of power efficient Data path components of 32-bit
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dence Virtuoso Tool. The objectives discussed in the introduction 2008.

of the paper have been given justification with the design parts con- 8]

suming less power as desired. This design is suitable for the prod-

ucts if the specifications suggest only for power efficiency as the
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