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ABSTRACT 
Background/Objectives: This paper briefs about the datapath optimizations, with the establishment of nonexclusive distributed 

layers for IoT architectures7. Methods/Statistical analysis: One of the difficulties in acknowledgement of IoT applications is due to 

interoperability of the devices, which are addressed by the significance of datapath components to achieve the low power 

constraint. Here the datapath architectural optimizations are at the gate level implementation of processors used in IoT 

applications. The Arithmetic Logic unit (ALU) of the IoT processor was designed with the low power datapath components to 

reduce power consumption while still improving the design performance.  Findings: The proposed datapath architecture 

optimization for the ALU design has resulted in 15.01% less leakage power, with 4.1% better performance and 6.7% less area. 

Therefore the results indicate the datapath architecture optimization can be incorporated at any hierarchical level for any bit 

width. Applications/Improvements:Transistor level design optimizations using effective low power design can further the 

optimizations proposed. 
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INTRODUCTION 

 
 Nowadays the autonomous devices and objects are becoming connected between each other, to the internet 
and to both things. With the demand in the portability many device manufacturers are building components and 
providing solutions to the Internet of things (popularly called as IoT). Portable IoTdevice processors depend on 
the batteries for power supply and faces power challenges for special low power processors types 8. 
 Altogether larger data, more number of sensors, quick responses and along with more connectivity and 
smart interfaces makes IoT's of greater use. Such flexible and sophisticated features comes at pricelike for high 
performance processor requires more area, consumes large amount of power and also dissipates more heat. Even 
though the general purpose processors are designed to run applications in large feature embedded systems and 
subsystems, they have the limitation to run IoT applications as they are not optimized for dedicated tasks. This 
exceeds the power budget of the system while achieving the required processor performance. And it leads to 
bigger battery and package system. Main paradox at this stage of the discussion is the exceeded power 
requirement increases the battery and package specification. Hence a special kind of low power processor is 
required which is highly extensible and provides better configurability yielding efficient system4. 
 For example in wearable fitness bands processors are required to control, sense, process, store and interface 
with very little power consumption and less area.A standard processor having the CPU speed of 300 MHz and 
1.25 DMIPs/MHz consumes ~30 µW/MHz results in a larger fitness device which is likely to provide all sensors 
and run out of the power within a week. While the efficient, configurable and extendable CPU with speed up-to 
377MHz, 1.77 DMIPs/MHz and ~ 11 µW/MHz features in a sleeker and fit design accommodates more sensors 
than the standard processor and still giving a back-up for more than ten days.     
 Processor configurability is one essential aspect to achieve the greater balance among the design parameters 
(Area, Performance and Power consumption) in the IoT applications. Configurability can be achieved by 
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selecting/minimizing/reducing/adjusting the features as per the application requirements. As an example, 
number of registers can be reduced or optimized, multiplier can designed with different types enabling the 
reduced gate counts and area to suit to the application requirements to achieve low power consumption with less 
area. Additionally the communication bus types, widths of the program counters, divider types and code 
densities also enables further optimizations11. 
 Extensibility is another aspect that supports future generation IoT's. It facilitates to add the user defined 
hardware blocks liked ALU instructions, core registers, auxiliary registers, some condition codes and interface 
signals to the processors; to result in a new and efficient CPU. Further the energy can be saved by lowering the 
clock frequency for sub-micron technologies while maintaining the same performance. Similarly the vice versa 
(high performance for same power) can also be obtained. Functionally equivalent new hardware's are also 
supported and executed to perform real time processes in the more standard CPU's1. 
 In this brief, functional equivalent real time hardware are evaluated for the ALU unit of the standard 
processor suited to IoT applications (Typically Wireless Sensor Network). Here the datapath architecture of the 
ALU unit has been optimized for the low leakage power as is the dominant factor in the lower technological 
nodes. While the performance is not compromised in such a case and also implemented with lesser area. During 
the study it was observed that the proposed concept of datapath optimization can be extended to any abstract and 
for any bit-widths. Since the functionally equivalent architectural optimizations are provided, this concept 
enables the flexibility to design as per the application requirement without compromise among other design 
parameters or with some/acceptable compromise. 
 The paper7 proposes a novel scalable architecture which is based upon distributed concept. 
 The other sections of the paper are organized as follows. Section 2 briefs about the wireless Sensor 
Networks (WSN) its implementational blocks and power reduction related works. Architectural prototypes and 
implementations of the ALU unit are discussed in section 3 and Results are evaluated and discussed in section 4. 
Finally conclusion is made for this brief in section 5. References are provided in the last section.   
 
1. Wireless Sensor Network:  
 WSNs were initiated very early (1980) but become popular only in the last decade due to the availability of 
the cost effective processors, sensors, radios and some low power miniature components integrated often on the 
single chip2. Parallel to WSNs the IoT idea was developed by Kevin Ashton3 referring the unique objects and 
their virtual representations as the internet-like structures. IoT doesn't have the specific communication 
technology, while the WSN's proliferates many applications and industries. Cost effective and low powered 
sensors brings the IoT'sto small objects working in any environment and at affordable prices. Integrating such 
devices into IoT has enabled major revolution in the field of WSN's4.  
 WSN typically described as the network of nodes which co-operatively sense and controls the environment, 
enables the interaction between the things, persons and the surrounding environments4. Random deployment of 
sensor nodes near the monitoring areas forms the self-organized networks. Sensor nodes collects the data and 
monitor them to transmit them to other nodes through hopping.While transmission the data's are hopped 
between the nodes through multihop routing and reaches the management node through satellite or through 
internet. Then the user configures and manages the WSN while publishing and connecting the monitored data. 
Due to scaled technology the WSN equipment has become cost effective and expanding its applications from 
defence areas to industrial and commercial applications2.  
 As briefed in introduction section, power consumption has become the major constraint in the IoT 
applications or in the realization of WSN devices.Several approaches were adopted in the past to reduce the 
power consumption of the systems6. 
 All these are saturated in the lower technological nodes and hence further low power realizations are 
required to meet the power consumption requirements of the WSN's and the IoT's. Hence in this brief functional 
equivalent real time datapath hardware's are evaluated and implemented to achieve the low power 
consumptions.  Some works related to such datapath optimizations discussed in the past are described as 
follows9. 
 The state of the art low power optimizations are Multi Voltage, Multi Vt, Power Gating, Back Biasing, 
Clock Gating, Functional Gating, Different Dielectric Materials etc6. 
 The typical IOTsystem is depicted in Figure 1.0. It consists of three subsystems: 
• Sensor: To collect the data from the device 
• Controller: To process the sensor data. 
• Communication: To transmit the processed data & to transmit4. 

•  The controller forms the major subsystem of the IOT device. The primary requirement of the 
IOT device is the Ultra Low power consumption since the device will be used in remote locations & 
may not have power source. Existing solutions use off the shelf controllers which are primarily 
designed for generic high performance applications. Ex: 32-bit processor2 as shown in figure 2. 
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Fig. 1.0: Block diagram of the IOT system
 

 
Fig. 2.0: Block Diagram of the ATmega1284P SOC 
 

Fig. 3.0:  Block Diagram of the AVR Architecture
 
 AVR stands for advanced virtual RISC,it is one of the microcontroller family of the RISC microcontrollers. 
The generic architecture for AVR is shown in Figure 3.Here AVR architecture is c
following advantages. 
(1) Scalable: Same Powerful AVR Core in All Devices
(2)Single Cycle Execution: One Instruction per External Clock.
(4)Low Power Consumption 
(5) 32 Working Registers: All Directly Connected To ALU.
(6) High code density. 
(7) Self programming: AVR reprograms itself.
 The primary limitations of existing systems are 
• It uses existing controller in which the available resources are significantly underutilized. It is estimated that 
only 25% of the existing bandwidth is used. 
• The existing architectures are optimized for performance corner. But the IOT applications requir
frequency of operations. Since the sensor data will be of low frequency.
• The Voltage Scaling [1] & multi voltage designs are used to reduce power consumption, which will 
increase the delay & complexity of the verification time.
 The stringent power requirement of the IOT device cannot be met by state of the art architectures.
 
Architecture Detail: 
 In the deep sub-micron technology nodes, the interconnect has a significant impact on design constraints 
such as area, performance & power. The interconnec
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consumed. In the proposed architectures the primary focus is reducing the interconnect impact. This is achieved 
by proposing complex gates which will consume minimal interconnect area & thus power consumed will also 
reduce10. 
 The leakage power consumed is directly proportional to the transistor stack length. Since the transistor ON 
resistance will increase & leakage current will reduce. In the proposed complex cells, the transistor stack length 
is increased due to which the leakage power is reduced5. 
 Thus the proposed datapath architectures have lesser number of gate counts in the critical path and requires 
lesser number of complex cells to implement required functionality with parallel output paths. This results in 
reduced area and minimum interconnects between the gates. Hence the low power consumption and this 
improve the efficiency of the system with no or minimum trade-offs. Figure 4.0 and Figure 5.0 shows the RTL 
schematic of the existing and proposed ALU architecture obtained during synthesis using cadence RTL 
compiler. 
 

 
 
Fig. 4.0: The existing ALU architecture. 
 

 
 
Fig. 5.0: The proposed ALU architecture. 
 

RESULTS AND OBSERVATIONS 
 
 The low power Arithmetic Logic Unit for IOT processor has been designed with low power architecturesto 
achieve minimal power consumption. Critical datapath components were identified in the processor and low 
power datapath optimizations were applied to datapath blocks rather than the entire system. The proposed 
architectures were implemented using VLSI Frontend based on Top-Down design methodology. The Design 
was modelled using Verilog, Functionally verified using Modelsim& mapped to TSMC 65-nm Technology 
library using Synthesis tool. The proposed architectural optimizations were demonstrated using the cadence 
RTL compiler.    
 The ALU block with conventional and proposed architectures was modeled using Verilog HDL and their 
functionality was verified using model-sim simulator’s waveform editor. Designs were synthesized with 
standard ASIC methodology using Cadence RTL compiler by targeting the CMOS 65nm technological library. 
Proposed architecture was applied to all possible parts of the ALU architecture and the importance of datapath 
architectural optimizations are observed. The results of the conventional and proposed architectures are 
tabulated in Table I.   
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Table I: Benchmarked ALU results. 
Parameter existing Proposed %change 

area (square microns) 779.04 726.84 6.7 
delay (nano seconds) 1.638 1.571 4.1 

Dp (micro watt) 24.053 21.479 10.7 
Lp  (micro watt) 4.369 3.713 15.01 
Tp  (micro watt) 28.422 25.192 11.36 

Note: Dp is Dynamic Power. 
 
Lp is Leakage Power: 
Dp is Dynamic Power: 
 Table I gives the results of the ALU with conventional and proposed compressor architectures. It shows that 
the proposed architecture has outperformed the conventional architectures in all the design parameters. As 
mentioned in the previous that the proposed architecture was built with prime consideration of leakage power 
reduction and the Table I displays the exact outplay of the proposed architecture. It has reduced 15.01 % of 
leakage power than the counterpart existing architecture. It has also utilized6.7% less area and process 4.1% 
faster than the conventional ALU architecture. The multiplier required in this set-up was of only 8-bit and hence 
only 14 compressor cells were optimized in single multiplier. For larger bit-width multipliers the number of 
compressors will be more and the optimizations will also be more. 
 The proposed concept was applied to the full adders of the ALU architecture.The proposed concept was 
applied tothe full adders of multiplier architecture in ALU architecture. 
 The proposed concept of leakage power reduction importance hold good (higher than other parameters) 
even at this level and this proves that the proposed technique behave similarly at any hierarchical level of the 
design cycle. 
 The results of the Table I show that the datapath optimizations impacts significantly for all design 
parameters. The proposed architecture has reduced 15.01% of leakage power with 6.7% less area and 
provides4.1% more processing speed to the architecture. 
 Results from the Table suggest that the datapath architectural optimizations are unique. Hence can be 
applied to any hierarchical level in the design cycle and for any bit width. 
 
Conclusion: 
 In this paper, a low power processor architecture for IOT applications has been illustrated using industry 
standard ASIC design methodology. The leakage power improved datapath architectural optimizations were 
proposed for IOT processor especially for battery powered devices running with lower technological node cells 
where leakage power is one of the primary design constraint.  The proposed architecture has reduced 15.01% of 
leakage power with 6.7% less area and provided 4.1% more processing speed to the architecture.  
Furtheranalysis of the proposed architectures will result in different blocks of IOT processor architecture 
suggests that the proposed datapath architectural optimizations are unique & generalized since they can be 
applied to any abstraction level in the design cycle and for any bit width.  
 
2. Future Work: 
 Additional optimizations can be done at the transistor level designs by exploring the low power design 
methodologies effectively. The transistor level optimizations will further improve the power optimizations since 
there is scope to further optimize by using proposed architectures.  
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