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ABSTRACT 
This paper presents the literature review on the various timing error analysis techniques involved in attaining power reduction in 
several computing applications, specifically for digital signal processing. It is important to develop a high-performance FIR filter to 
meet the requirements of real-time, low power, low cost and small area in different applications. Razor Flip-flop based voltage 
scaling is a clever technique to eliminate the supply voltage margin. Dynamic Voltage Scaling (DVS) technique combines with 
Razor is used to detect the timing errors on Critical Path. In DSP based applications, image compression and video compression are 
based on error tolerant; if there are errors in the intermediate outputs it will not form substantial reduction in final output quality. 
In this paper various Razor approach to Dynamic voltage scaling and Razor Flip-flops in filtering applications are discussed and 
extensive survey on features of FIR Filter design was reported. 
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INTRODUCTION 

 

 In high performance systems, Low power and smaller area are most important criteria for the fabrication of 

DSP systems. Optimizing the speed and area of the multiplier and filter is a very important constraint in VLSI. 

However, area and speed are usually incompatible constraints so that improving speed results mostly in larger 

areas. Multipliers are key components of many high performance systems such as Microprocessors, Filters and 

digital signal processors, etc. A system’s performance is generally determined by the performance of the 

multiplier because the multiplier is generally the slowest element in the system. FIR filters are widely used 

because they have linear phase characteristics, guarantee stability and are easy to implement with multipliers, 

adders and delay elements.Energy-efficient very large scale integrated (VLSI) circuit design is of great interest 

given the proliferation of mobile computing devices, which aims to reduce the packaging cost, to improve 

reliability in VLSI systems. There are different types of power consumption the major types that affect CMOS 

circuits are dynamic power and leakage power [1]. Dynamic power which is consumed by a device when it is 

actively switching from one state to another [2],[3]. Dynamic power consists of switching power consumed 

while charging and discharging the loads on a device, and internal power referred as short circuit power, 

consumed internal to the device while it is changing state [4]. Leakage power which is consumed by a device 

not related to state changes [2]. Leakage power is actually consumed when a device is both static and switching, 

but when the device is in its inactive state the leakage power, as all the power consumed in this state is 

considered “wasted” power [3]. To minimize this power, scaling technology is used. Supply voltage is scaled 
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down with technology which is the most effective way to reduce power consumption. The timing error is a type 

of error which causes the unnecessary delays in the execution of the program. The timing error causes because 

of scaling in CMOS technology, increase of process variations, due to power supply minimization and due to 

increasing complexity of modern ICs. There are many number of error detection and correction techniques used 

for an error detection and correction. Various error detection techniques have been proposed.  

 

Razor based design: 

 Razor flip-flop which is mainly used to detect and correct the timing errors on critical path and to purposely 

operate the circuit at sub-critical voltage and tune the operating voltage by monitoring the error rate. This 

eliminates the need for conservative voltage margins. It consists of main flip-flop and shadow flip-flop which is 

controlled by a delayed clock is shown in Fig 1.Timing errors can be detected by comparing the data from the 

main flip-flop with shadow flip-flop. If an error is detected, it is corrected by restoring the data from the shadow 

latch to the main flip-flop. It allows the timing guard band to be eliminated or to be reduced. Timing errors are 

detected and corrected by on-chip circuits when they occur. If any flip-flop in a stage receives a signal with 

critical path delay, then all the flip-flops in that stage must be replaced by RFFs [4]. 

 

 
 

Fig. 1: Razor flip-flop 

 

Survey on timing error detection and correction: 

 A. Rajamohana Hegde et al. (2001) Proposed soft DSP for reduction in energy dissipation, where the 

supply voltage is reduced beyond that limit by the critical path delay of a given DSP architecture. Algorithmic 

noise-tolerance (ANT) schemes compensated the deliberate introduction of input-dependent errors leads to 

degradation in the algorithmic performance. The ANT scheme is applicable to frequency selective finite impulse 

response (FIR) a digital filter is shown in Fig 2. A prediction-based error-control scheme is proposed to enhance 

the performance of the filtering algorithm in the presence of errors due to soft computations. For a frequency 

selective filter, this method provides 60–81% reduction in energy dissipation for filter bandwidths up to 0.5π, 

where 2π corresponds to the sampling frequency, which is achieved via low-energy digital signal processing 

[12].  

 

 
 

Fig. 2: Algorithmic noise-tolerant digital filtering. (a) The proposed scheme. (b) Difference-based ANT scheme 

for LPF. 
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 B. Dan Ernst et al (2004) analysed the effective and widely used razor methods for circuit level correction 

of timing errors in pipeline stages. Razor approach to DVS is based on dynamic detection and correction of 

speed path failures in digital designs. It is a key idea to tune the supply voltage by monitoring the error rate 

during operation. DVS approach that uses dynamic detection and correction of timing errors to tune the supply 

voltage and eliminate the need for voltage margins. Statically reducing voltage to the energy optimal fixed 

voltage point will certainly improve the energy characteristics of a system that employs Razor. The potential 

value of dynamically adjusting supply voltage to workload characteristics. They simulated the three design 

variants as global DVS, global DVS with retiming and local DVS. For each design, they measured the energy 

savings over the baseline and the performance impact resulting from Razor timing-error recovery. The pipeline 

based design is the Razor prototype design without Razor support running with a fixed supply voltage of 1.8 V. 

All energy measurements are based on circuit-level analyses, which include the cost of Razor error recovery and 

clock-delay elements. Global DVS with retiming shows good gains as well as this approach achieved a 28 

percent energy savings over the baseline, and it rendered a 12 percent improvement in energy savings, compared 

with original Razor global DVS [5]. 

 Rajamohana Hegde et al (2004) presented an integrated circuit implementation of a low-power digital filter 

in 0.35- m 3.3-V CMOS process. This low-power technique combines voltage over scaling and ANT approach 

(Algorithmic Noise Tolerance) is shown in Fig 3, to drive the limits of energy efficiency beyond that achievable 

by voltage scaling alone. Voltage over scaling refers to scaling the supply voltage beyond the limit forced by the 

throughput constraints. ANT is employed to restore the algorithmic performance degradation in terms of output 

signal-to-noise ratio (SNR) caused by VOS and which is algorithmic level error-control technique. This low-

power technique method provides up to 67% additional energy savings over an optimally voltage-scaled 

present-day system, i.e., a system that operates with a supply voltage equal to Vdd-crit [9].  

 

 
 

Fig. 3: Principle of voltage over scaling. 

 

 D. Siddhartha Das et al (2009) presented a new technique for error detection and correction called Razor II 

which provides energy efficiency as well as SER tolerance is shown in Fig 4. Razor II performs only detection 

in the flip-flop, while correction is performed through architectural replay. Razor II Flip flop uses a positive 

level sensitive latch and operation is enforced by flagging any transition on the input data in the positive clock 

pulse as a timing error. Error detection is based on flagging spurious transitions in the state-holding latch node. 

The Razor II flip-flop naturally detects logic and register SER. The method is implemented in a 64-bit processor 

in 0.13 m technology which uses Razor II for SER tolerance and dynamic supply adaptation and an average, 

33% energy savings over the worst-case. Razor II based DVS allows elimination of safety margins and 

operation at the point of first failure of the processor [13]. 

 

 
 

Fig .4: Razor II Flip-flop. 

 

 E. M. Fojtik et al (2012) this paper describes the implementation of Bubble razor, which uses two-phase 

clocking with the transparent latches, where a pipeline stage can absorb the incoming data while holding the 

previous data when a timing error is detected. Razor-style systems replace critical flip-flops with ones that 

detect late arriving signals, and use architectural replay to correct errors, which introduces significant hold time 
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constraints that are difficult to meet given worsening timing variability. To overcome this issues Bubble Razor 

(B-Razor) was proposed. There is a single flip-flop per stage in the edge-triggered flip-flop based pipeline, and 

hence a pipeline stage cannot receive the incoming data while holding the previous data. Fig.5 shows the flow of 

clock gating signal during the error Correction. The clock gating signal is propagated to the next latch every half 

cycle so that each stage halts for one cycle only until the error correction is finished [8]. 

 

 
 

Fig. 5: Error correction flow in the Bubble Razor scheme. 

 

 F. C. Insup Shin, Jae-Joon Kim et al (2013) analysed a new timing error correction scheme which allows 

each pipeline stage to halt for one cycle only. The small timing penalty for the error correction operation in the 

proposed scheme makes it possible to eliminate the extra timing guard band that was needed to accommodate 

timing uncertainty due to process variations. As a result, lower supply voltage can be used with the new timing 

error correction scheme for low power operations. Compared to the 1-cycle error correction scheme which uses 

two-phase transparent latch based pipeline, this method can be applied to the pipeline based on clocking 

elements such as pulsed latch and flip-flops. This method which reduces the energy 14%-24% lower power than 

the previous error correction schemes with a 5-state pipeline and a 10-stage pipeline [7]. 

 G. Paul N. Whatmough et al (2013) proposed a error mitigation technique for circuit-level timing which 

allows DSP systems to be operated in a razor DVS loop shown in Fig 6 without an explicit replay mechanism, 

which aims to increase energy-efficiency of digital signal processing data paths without loss of robustness. In 

critical path timing errors are detected using razor flip-flops and error-rate feedback is used to control a dynamic 

voltage scaling control loop. This approach was investigated in High-performance programmable digital filter 

accelerator and a 2-D DCT accelerator in a 32-nm CMOS process technology. Simulation results showed a 

reduction in power consumption of 21%–23% through DVS, with a negligible degradation in algorithmic 

performance in both cases, as compared to a fully margined conventional implementation at nominal supply 

voltage [10]. 

 

 
 

Fig .6: Closed loop DVS using timing error rate feed back. 

 

 H. Insup Shin et al (2014) implemented a new 1-cycle timing error correction method is shown in Fig 7, 

which enables aggressive voltage scaling in a pipelined architecture. This method implemented in pipeline stage 

where the timing error occurs can continue to receive input data without uncertain to avoid data collision. This 

method include a simplified logic to propagate clock gating signal and the reduction of timing penalty when 
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large number of errors occur at critical operation point voltage. Compared to a state-of-the-art method, the new 

1-cycle timing error correction method which reduce the energy 2-6% for 5-stage pipeline and 7-11% for a 10- 

stage pipeline. In addition, the proposed logic to propagate clock gating signal is much simpler than that of the 

previous method by eliminating reverse propagation path of clock gating signal [6]. 

 

 
(a) (b) 

  

Fig. 7: (a) conventional Razor latch (b) modified Razor latch for 1-cycle timing error correction method 

 

 I. Yuejian Wu et al (2015) proposed a novel voltage scaling Low-power design methodology for large 

system-on-chip (SoC) Designs. It scales the supply voltage to a SoC based on operating conditions and bit error 

rate in a system. It allows sporadic timing errors in the circuit and relies on a forward error correction that 

already exists in the system to correct the errors. The basic idea of this technique is to scale supply voltage to a 

minimum for the best power savings and to allow sporadic timing failures in a circuit. The sporadic timing 

errors are left for the Forward Error Correction (FEC) to correct as if they were the errors caused by channel 

noise and other impairment. As long as the bit error rate (BER) due to these occasional timing errors is 

sufficiently low, it should not impose any meaningful system performance degradation is shown in Fig 8.This 

technique was implemented in a complex telecom SoC design, and silicon measurements show power savings 

up to 50% for free[11]. 

 

 
 

Fig. 8: Free razor DVS. 

 

Cconclusion: 

 As the previous works are considered it can be found that reduced power saving is important criteria for the 

portable devices. By taking this into consideration it is necessary to consider the design techniques for 

multipliers and filters which form the basic building blocks of these devices.  In this paper various types of 

timing error detection and correction method is discussed to achieve low power consumption, less area, high 

speed and reduced computation time. Razor based voltage scaling can be implemented for filter application. 
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