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Abstract: One of the paramount issues in the field of VLSI design is the rapid increase in power consumption. When the input signal is
interfered and glitches occur, the power consumption of the double edge-triggered flip-flop (DETFF) will increase significantly. In order
to effectively reduce the power consumption, this paper proposed an anti-interference low-power double edge-triggered flip-flop based on
C-elements. The improved C-element is used in this DETFF. One side, it effectively blocks the glitches in the input signal, prevents
redundant transitions inside the DETFF, and reduces the charge and discharge frequency of the transistor. The C-element also adds pull-
up and pull-down paths, reducing its latency. Compared with other existing DETFFS, the DETFF proposed in this paper only flips once
on the clock edge, which effectively reduces power consumption. The HSPICE is used to simulate the proposed DETFF and the other 10
DETFFs, AILP-DET only increased the delay overhead by 7. 58%, the total power consumption is reduced by an average of 261. 28%
without input glitches, and the average power consumption is reduced by 46. 97% with input glitches. Detailed voltage and temperature
variations analysis indicate that the proposed DETFF features are less sensitive to voltage and temperature variations.
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Table 4 Relative cost comparison with glitches
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Table 5 Voltage variation power consumption

delay variance comparison

DETFF e 22 HEIR Jr 2%
LMI1 7.762 112. 386
LM2 297. 840 156. 512

TCRFF 2.366 1624. 472

LM_C 2.186 680. 241
LG_C 2.428 686. 438
P_C 1.229 141.672 3
FN_C 1. 096 477. 085
EP1 0.973 237. 406
EP2 6.301 85.526
SSPC 5.895 132. 008
AL 3.722 284. 053
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Table 6 Temperature variation power consumption

delay variance comparison

DETFF UikeJr 2 JEIR J5 %
LM1 0.011 37.333
LM2 6. 610 44. 425

TCRFF 0.003 292. 999

LM_C 0.001 210. 989

LG_C 0. 006 363. 001
IP_C 0. 006 319. 152
FN_C 0.003 209. 741
EPI 0. 029 14. 453

EP2 0.079 48.781

SSPC 0.001 42. 864
AL 0.003 122. 494

PR IIFE . TRl AT RO TR A R R TR
BEA | HE— 2D BRI T B R BRI DN FE . A O XGL T
fih A A% A LG, AR SCHE I B 2540 72 S T FE LI B R DI FE
PDP LKA e i 2 T ) 52 v 75 1 AR A7 AR R A4 4R
B, A WEAF LA TERE . RS R U g i &
A HCOE o T LR A I B S SO, AT B R AT
FEME,

&% ik

[ 1] KEATING M, FLYNN D, AITKEN R, et al. Low power
methodology manual; For system-on-chip design [ M ].
Newyork : Springer, 2007.
KA, BB, 5, S — RS U Costas
WL FPGA SZE [ J]. [ &bl 7 I & $ K, 2018,
37(12) :71-75.

ZHANG H D, WANG L M, ZHAO Y L, et al. Improved
digital Costas loop and FPGA implementation [ J ].
2018,

(2]

Foreign Electronic Measurement Technology,

37(12) .71-75.

[3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

WRBA—R W37 FE, % 8, 5%, 04 b W %% = g
EMS 245 7 ST T]. ANAR R F 4, 2018,39(5)
132-140.

OUYANG Y M, HU L ZH, AN X,

performance EMS fault tolerant scheme for wireless

et al. High

network on chip [ J]. Chinese Journal of Scientific
Instrument, 2018, 39(5) :132-140.
TR, B RS, S SRR AL TSV 4
Bt [J]. B IS AR o2 ik, 2018, 32 (7))
180-186.

ZHANG A M, WANG CH H, DU G M, et al. TSV
redundancy strategy considering thermal optimization [ J].
Journal of Electronic Measurement and Instrumentation,
2018, 32(7) .180-186.

XU, £, SCUH, A5 AIRDIAE R R it (0], i r
AR ,2017,40( 11) :197-200.

LIU Y, WANG M, WEN Y, et al. Design of low power
card reader [ J]. Electronic Measurement Technology,
2017,40( 11) ;197-200.
DAI Y, SHEN J.
triggered JK flip-flop[ C]. 2009 International Conference

An  explicit-pulsed double-edge

on Wireless Communications & Signal Processing, IEEE,
2009: 1-4.

ZHAO P, MCNEELY J, GOLCONDA P, et al
Low-power clock branch sharing double-edge triggered
flip-flop[ J]. TEEE Transactions on Very Large Scale
Integration ( VLSI) Systems, 2007, 15(3); 338-345.
YU C C. Low-power double edge-triggered flip-flop
circuit design[ C]. 2008 3rd International Conference on
Innovative Computing Information and Control, IEEE,
2008 566-566.

NEDOVIC N, OKLOBDZIJA V G. Dual-edge triggered
storage elements and clocking strategy for low-power
systems[ J ]. IEEE Transactions on Very Large Scale
Integration ( VLSI) Systems, 2005, 13(5): 577-590.
TIWARI S C, SINGH K, GUPTA M. A low power high
density double edge triggered flip flop for low voltage
systems[ C]. 2010 International Conference on Advances

Technologies in  Communication and

Computing, [EEE, 2010, 377-380.
LEE Y, SHIN G, LEE Y. A fully static true-single-

in  Recent

phase-clocked dual-edge-triggered flip-flop for near-
threshold voltage operation in IoT applications[ J]. TEEE
Access, 2020(8) : 40232-40245.

LAPSHEV S, HASAN S M R. New low glitch and low
power DET flip-flops using multiple C-elements [ J ].
IEEE Transactions on Circuits and Systems 1. Regular

Papers, 2016, 63(10) : 1673-1681.



12 3

[13]

[14]

[15]

[16]

[17]

[18]

[19]

SABU A N, BATRI K. Design and analysis of power
efficient TG based dual edge triggered flip-flops with
stacking technique[ J]. Journal of Circuits, Systems and
Computers, 2020, 29(8) . 37.

TSCHANZ J, NARENDRA S, CHEN Z, et al
Comparative delay and energy of single edge-triggered &
dual edge-triggered pulsed flip-flops for high-performance
2001
International Symposium on Low Power Electronics and
Design, 2001 147-152.

LEE Y, LEE Y. A PVT variation-tolerant static single-
phase clocked dual-edge triggered flip-flop for aggressive

microprocessors | C ]. Proceedings of the

voltage scaling[ J]. IEICE Electronics Express, 2019,
16(20) : 20190528-20190528.

WEY I C, WU B C, PENG C C, et al. Robust C-element
design for soft-error mitigation [ J ]. TEICE Electronics
Express, 2015, 12(10) : 20150268-20150268.

ZHANG Y, KHAYATZADEH M, YANG K, et al
Irazor:
scheme for PVT
processor [ J |. IEEE Journal of Solid-State Circuits,
2017, 53(2) . 619-631.

KHAN I A, SHAIKH D, BEG M T. 2 GHz low power
65nm  CMOS
technology[ C]. 2012 IEEE International Conference on

Current-based error detection and correction

variation in 40-nm arm cortex-r4

double edge triggered flip-flop in
Signal Processing, Computing and Control, IEEE, 2012.
1-5.

SHANDILAY R, SHARMA R K. High speed low power
dual-edge triggered D flip-flop[ C]. 2017 International
Conference on and  Control

(12C2), IEEE, 2017 1-5.

Intelligent Computing

BT C RITRIPT T IRIFERUGA I fith e 2 - 93 -
[20] DEVARAPALLI SV, ZARKESH-HA P, SUDDARTH S
C. A robust and low power dual data rate (DDR) flip-
flop using C-elements [ C]. 2010 1Ith International
Symposium on Quality Electronic Design ( ISQED ) ,
IEEE, 2010. 147-150.
EEE T

& IE &, 43 5 7E 2000 4, 2004 4F FI
2009 4 T 5 AL Tolk K2 AR A 2 2 B
LA AN AL, O A I Dl R 2=
£, EEEFETT 1) G R R A AR Bl P %15
TR, 24K CMOS 45 i b BB
[ BE45
E-mail : huangzhengfeng@ 139. com

Huang Zhengfeng received his B. Sc. degree, M. Sc.
degree and Ph. D. degree all from Hefei University of Technology
in 2000, 2004 and 2009, respectively. Now he is a professor at
Hefei University of Technology. His main research interests
include VLSI design and test, radiation hardening by design for
the nano-scale CMOS integrated circuits and so on.

HECHFEH) 2012 48 T LR
AR FE AL, 2018 AF T E R E AR K
T gL G, B A Tl K,

{ ;) FERRSE DT 0 R ER T A 3 3D 4
Y» SR B AT RE R BT
E-mail ; xuqi@ hfut. edu. cn

Xu Qi ( Corresponding author) received his B. Sc. degree
from Anhui University in 2012, Ph. D. degree from University of
Science and Technology of China in 2018. Now he is a lecturer at
Hefei University of Technology. His main research interests
include physical design automation and design for reliability for

3D integrated circuits.



