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Abstract
Consumption of power and the thermal wall have become the 
major factors that are limiting the speed of Very-Large-Scale 
Integration (VLSI) circuits, while interconnect is becoming a 
primary power consumer. These factors bring new demands on 
the communication architecture of Ssystem-on-Chips (SoCs). 
With expertise in low power tools and techniques, Synopsys 
consultants can help you manage the chip dynamic and leakage 
power consumption. The paper will help to understand the 
inherent tradeoffs in using power-related technologies such as 
voltage islands, power and clock gating, multi-voltage design, 
dynamic voltage scaling, multiple threshold voltages,. With 
project requirements in mind, our consultants can then assist to 
deploying the latest low-power techniques throughout the entire 
design flow, from synthesis, to functional verification and clock 
tree synthesis, through implementation and post-route in this paper 
optimization of Low power logic synthesis show 10% power 
saving for synthesis block. System power management is used 
to monitor the system activity and enforce the movement of the 
system components between different power states.Software based 
power reduction this is CPU power consumption is dominated by 
a large cost factor (clock, caches, etc.) that for the most part, does 
not vary much from one cycle to the other.
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I. Introduction
As per the advancement in technology, AS THE FEATURE size 
of process technology scales down, system-on-chips (SoCs) 
are capable of integrating more components and gaining higher 
complexity. Since clock frequency on single components is reaching 
a limit due to power and thermal limitations, better performance 
will be mostly exploited through parallelism As a result, two 
Factors determine that on-chip communication architectures 
are becoming a critical aspect in future systems. First, the 
communication latency and bandwidth among system components 
may become a bottleneck of performance. Second, the percentage 
of power consumed on inter-component communications in the 
whole system power has scaled up to a significant level.
A system on a chip or system on chip (soc or soc) is an integrated 
circuit (that integrates all components of a computer or other 
electronic system into a single chip. It may contain digital, analog, 
mixed-signal, and often radio-frequency functions—all on a single 
chip substrate. A typical application is in the area of embedded 
systems.
To increasing chip integration to reduce manufacturing costs and to 
enable smaller systems. Many interesting systems are too complex 
to fit on just one chip built with a process optimized for just one 
of the system’s tasks.

A. Design Flow
A soc consists of both the hardware described above, and the 
software controlling the microcontroller, microprocessor or DSP 
cores, peripherals and interfaces. The design flow for a soc aims 
to develop this hardware and software in parallel. Most socs are 
developed from pre-qualified hardware blocks for the hardware 
elements described above, together with the software drivers that 
control their operation. Of particular importance are the protocol 
stacks that drive industry-standard interfaces like USB. 
The hardware blocks are put together using CAD tools; the software 
modules are integrated using a environment. Chips are verified 
for logical correctness before being sent to foundry. This process 
is called functional verification and it accounts for a significant 
portion of the time and energy expended in the chip design life 
cycle (although the often quoted figure of 70% is probably an 
exaggeration).[2] With the growing complexity of chips, hardware 
verification languages like systemverilog, system, e, and openvera 
are being used. Bugs found in the verification stage are reported to 
the designer. Often, one step in the verification flow is emulation: 
The hardware is mapped onto an emulation platform based on a 
field-programmable gate array (FPGA) that mimics the behavior of 
the soc, and the software modules are loaded into the memory of 
the emulation platform. Once programmed, the emulation platform 
enables the hardware and software of the soc to be tested and 
debugged at close to its full operational speed.
Emulation is generally preceded by extensive software simulation. 
In fact, sometimes the FPGAS are used primarily to speed up 
some parts of the simulation work. After emulation the hardware 
of the soc follows the place-and-route phase of the design of an 
integrated circuit before it is fabricated.

II. Fabrication
SoCs can be fabricated by several technologies, including:

Full custo• m
Standard cel• l
FPG• A

SoC designs usually consume less power and have a lower cost 
and higher reliability than the multi-chip systems that they replace. 
And with fewer packages in the system, assembly costs are reduced 
as well.
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Fig. 1: System-on-a-Chip Design Flow

However, like most VLSI designs, the total cost is higher for one 
large chip than for the same functionality distributed over several 
smaller chips, because of lower yields and higher NRE costs.

A. Power Management
P total = p static +p dynamic 
In general, there are two groups of power minimization Techniques, 
static and dynamic. The former Is applied during the design time and 
the latter manages To save the power consumption by scheduling 
the Runtime behavior. As the policy dynamically changes The 
system’s states, we call them Dynamic power management 
Approaches, (DPM). The basic assumption of DPM is, though 
the systems Are designed to be able to work at peak state, Most 
of the time they are not working at their full capacity. As a result, 
DPM could save the power consumption By selectively placing 
components into low Power consumption states such as idle or 
sleep .
Prediction accuracy and power savings are the two criteria Used 
to assess if the policy is appropriate or not. The heart of DPM is 
power manager (PM) which does
Not have a fixed shape. PM is an abstract idea exists In the system; 
it can be implemented in either software Or hardware. In software, 
it can be applied on Operating System (OS) or written in hardware 
description Language; in hardware, it can be applied to a circuit 
Module or a chip.

B. DPM Techniques
The basic idea of DPM is that, since the workload of a system is 
usually not constant, therefore, if we can predict its status then we 
can reduce the power dissipation by some means. Though leave 

the device”ON” when there is no workload wastes power, simply 
shutting off components as soon as they are not used might be 
counterproductive . This occurs when the system needs the idled 
components again within very short time. It is due to the fact 
that it takes time to recover their states and sometimes the power 
saved is less than the power consumed during states transitions 
concept of break-even time, i.e. the minimum length of idle time 
to achieve power saving , plays an important role here. If we do 
not consider the drawback of wake-up delay but only see from 
the energy point of view, the system should shutdown only when 
idle period t is longer than Tbe.

C. Heuristic Policies
”When to shutdown” is the concern of heuristic policies which 
can be classified into time-out and predictive approaches.

D. Timeout Techniques
The time-out policies can be either adaptive or no adaptive. In 
general, both policies change the system into idle state after the 
system is not performing any task for a period of time Tpre. In 
non-adaptive technique, Tpre is fixed, so it is also called fixed 
timeout policy. It is the simplest DPM policy that uses a time 
out value and assumes the system will continue to be idle for 
at least the break-even time after idle for the time out period In 
the adaptive Approach, Tpre can be adjusted by using the recent 
computation history to predict if the idle time will be longer than 
the break-even time or not.
Both adaptive and non-adaptive time-out techniques have two 
main disadvantages, one is the prediction must be accurate or it 
will lose rather than save power, and the other one is that there 
is still some power continuously dissipated during the waiting 
period . This method works when the idle time is long in average 
but does not perform very well on the other way round 

E. Stochastic Techniques
In order to guarantee optimal result, there are some policies using 
stochastic process to model the the system and workload, i.e. the 
arrival of requests and Device power-state changes The current 
approaches are mostly based on Markov processes, including 
stationary and non-stationary Markov models, discrete time and 
continuous-time Markov models, semi- Markov models and 
time-indexed semi-Markov models. Comparing to the stationary 
stochastic policy, the non-stationary stochastic policy generally 
has better power saving abilities when deal with the no stationary 
wokloads due to its adaptive schemes .
The Discrete time Markov models evaluate the system at periodic 
time points, so it is not suitable for event driven cases. Continuous 
time Markov models do not have the periodic limitation of the 
discrete time models but they require all the stochastic processes 
to be exponential. In order to relax the exponential distributions 
requirements, semi-Markov models are proposed, in which one of 
the stochastic process needs not to be of exponential distribution. 
Time-indexed semi-Markov Models can have multiple non-
exponential processes but it becomes even more complex.
Power Flow in SOC 
The Power Flow-1 uses three Cadence tools: (1). RTL Compiler, 
(2). PKS, (3). SoC Encounter-GPS. Once the data is set, the RTL 
synthesis and logic optimization will be performed using RTL 
Compiler using Low Vt only. Then once the delay is met, the 
leakage power optimization using RTL Compiler will be ran with 
target slack of zero. The RTL Compiler does a very good job of 
reducing the leakage power from 6.5 mW to 2.8 mW for the 130 
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nm test case without violating the timing slack. Also the design 
area is recovered in this step to almost 15% to 16%. Then the netlist 
is ready for the place and route. Once the physical optimization is 
over, the PKS will be used in this flow to reduce the leakage power 
further. PKS runs the concurrent power and timing optimization 
to reduce the leakage power by applying transforms such as gate 
resizing, swapping the cells etc. It could reduce the power by 1 
mw but the timing gets worse. Using this flow, there are many 
drawbacks.

F. Power Reduction Techniques

1. Dynamic Voltage Scaling 
The most basic way to reduce power is to reduce supply voltage. 
Power usage is proportional to the square of the supply voltage. As 
shown in fig. 3(a), 50 percent reduction in supply voltage results 
in 50 2. Dynamic Voltage and Frequency : 
The principle of multivoltage operation can be extended to allow 
the voltage to be changed during operation of the chip to match 
the current workload. For example, a math processor chip in 
a laptop computer might operate at a lower voltage and lower 
percent reduction in current and 75 percent reduction in power 
As illustrated in fig. 4. The figure shows the power, feature size, 
voltage, frequency, and relative die size of some recent CPUs. 
Starting from a 5V part, there was an initial decrease in power 
when moving to a smaller technology at 3.3V. However, the power 
came back to original levels when the frequency was increased. 
The Pentium® Pro with its aggressive microarchitecture, saw 
an additional increase in power, even at 3.3V and a smaller 
technology.

Fig. 2: Power Versus Supply Voltage Example

Fig. 3: Power and Vcc of some recent CPU

2. Dynamic Voltage and Frequency 
The principle of multivoltage operation can be extended to allow 
the voltage to be changed during operation of the chip to match 
the current workload. For example, a math processor chip in a 
laptop computer might operate at a lower voltage and lower clock 

frequency during simple spreadsheet computations, thereby saving 
power; and then at a higher voltage and higher clock frequency 
during 3-D image rendering when the highest performance is 
needed. The changing of supply voltage and operating frequency 
during operation to meet workload requirements is called dynamic 
voltage and frequency scaling. The chip and voltage supply can 
be designed to use a number of established levels, or even a 
continuous range. Dynamic voltage scaling requires a multilevel 
power supply and a logic block to determine the best voltage 
level to use for a given task. Design, implementation, verification, 
and testing of the device can be especially challenging because 
of the ranges and combinations of voltage levels and operating 
frequencies that must be analyzed and accommodated.

3. Clock Gating 
The clock is the largest contributor to the CPU power. Clock gating 
is a dynamic power reduction method in which the clock signals 
are stopped for selected register banks during times when the 
stored logic values are not changing. One possible implementation 
of clock gating is shown in figure. Clock gating is particularly 
useful for registers that need to maintain the same logic values 
over many clock cycles. Shutting off the clocks eliminates 
unnecessary switching activity that would otherwise occur to 
reload the registers on each clock cycle. The main challenges of 
clock gating are finding the best places to use it and creating the 
logic to shut off and turn on the clock at the proper times. Clock 
gating is a well-established power-saving technique that has been 
used for years. Synthesis tools such as Power Compiler can detect 
low-throughput datapaths where clock gating can be used with the 
greatest benefit, and can automatically insert clock-gating cells 
in the clock paths at the appropriate locations. Clock gating is 
relatively simple to implement because it only requires a change 
in the netlist. No additional power supplies or power infrastructure 
changes are required.

Fig. 4: Clock Gating Example

4. Multiple Clock Domain 
Multiple Clock Domain (MCD) processor in which the chip is 
divided into several clock domains, within which independent 
voltage and frequency scaling can be performed [4-5]. An average 
energy-delay product improvement of 20% with MCD can be 
achieved compared to a modest 3% savings from frequency 
and voltage scaling in a single clock system. In an MCD 
microprocessor each functional block operates with a separately 
generated clock and synchronizing circuits ensure reliable inter 
domain communication. Thus, fully synchronous design practices 
are used in the design of each domain. An MCD microprocessor 
offers a number of potential advantages over a singly clocked 
design:
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The global clock distribution network is greatly simplified, 
requiring only the distribution of the externally generated clock 

The designers of each domain are no longer constrained by • 
the critical paths in the other domains. 
Using separate voltage inputs, external voltage regulators and • 
controllable clock frequency circuits in each domain allows 
finer grained dynamic voltage and frequency scaling. 
A multiple clock domain (MCD) microarchitecture, uses • 
a globally-asynchronous, locally-synchronous (GALS) 
clocking style.

G. AMBA on Chip Bus
The Advanced Microcontroller Bus Architecture (AMBA) is used 
as the on-chip bus in system-on-a-chip (soc) designs. Since its 
inception, the scope of AMBA has gone far beyond microcontroller 
devices, and is now widely used on a range of ASIC and soc parts 
including applications processors used in modern portable mobile 
devices like smart phones.
The AMBA protocol is an open standard, on-chip interconnect 
specification for the connection and management of functional 
blocks in a System-on-Chip (soc). It facilitates right-first-time 
development of multi-processor designs with large numbers of 
controllers and peripherals
For our studies, we used an implementation of the AMBA onchip 
bus that is available in the Synopsys Designware library Complete 
details of AMBA functionality may be obtained from AMBA 
architectures that we consider.
The AMBA architecture is based on a hierarchy of buses. 
The AHB (Advanced High Performance Bus) integrates high 
performance components (e.g., processors, DMA controllers). It 
is a pipelined bus, implying that address and data belonging to 
different transactions may overlap in time. The bus can support 
upto 16 masters (components that can initiate bus transactions) 
and upto 16 slaves (components that only respond to transactions 
initiated by a master). All the slaves are memory mapped. For 
each transfer, the decoder generates slave select signals to notify 
the correct slave. Multiplexers properly route address, write data, 
and control parameters from the masters to the slaves, as well 
as slave responses and read data, from the slaves back to the 
masters. The arbiter regulates access to the shared bus using a 
configurable arbitration scheme. Burst transactions enable a master 
to perform a sequence of transfers without requiring arbitration 
for each transfer. The AHB is connected to the APB (Advanced 
Peripheral Bus) via the AHB-APB Bridge. The bridge behaves 
as a slave to the AHB, and as a master to the APB. The APB 
supports only one master, is not pipelined, a can integrate upto 
16 peripherals (e.g., GPIO interface, UART). Any master/slave 
that communicates over the AMBA architecture is enhanced with 
AHB and/or APB interfaces. Finally, the physical connectivity 
between components is achieved using global interconnect wires, 
that carry address, data and control values between masters and 
slaves. This is used for connectivity in soc .

III. Conclusion
This paper describes While many studies focused on the high 
performance requirement, low-power system design now gets 
more and more attention because of the growing demands from 
portable computing and communication devices The short 
discussion of resources of average power dissipation offers the 
overview of the concerns of power management. For systems 
with different characteristics we could apply either shutdown or 
scheduling techniques which are based on the consideration of 

supply voltage Vdd and clock frequency f. To efficiently apply 
shutdown, scheduling, and state transition, it is not trivial but 
complicated. The existing approaches are numerous and can be 
generally classified by the natures of the methods as heuristic 
and stochastic approaches. There is no known ideal solution yet, 
many of the methods are data or system dependent and some are 
too complex though their dependency is superior than the others. 
This survey only discusses the optimization aspect but not the 
other important element, power analysis
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