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Abstract— Storage of digital circuits are called consecutive 

circuits. The most essential consecutive circuit type that we 

will study is known as the Flip-Flop. It is contemplate four 

different assortments of these gadgets and their utilization in 

registers and register records, which can be considered as one 

type of on–CPU memory. The conventional memory, called 

RAM, is typically not on the CPU chip. Conventional RAM 

and its assortments, including RAM, ROM, SRAM, DRAM, 

and SDRAM. True single-phase clock (TSPC) method of 

reasoning has found wide use in digital structure. At first as a 

quick topology, the TSPC structure moreover eats up less 

power and includes less areas than different systems. In flip-

flop plan only a single transistor is being clocked by short 

heartbeat get ready which is known as True Single Phase 

Clocking (TSPC) flip-flop. 

 

Keywords — RAM,ROM,SRAM,DRAM, TSPC, VLSI, Flip-Flop, 

Clock. 

I. INTRODUCTION 

True Single Phase Clock (TSPC) is a general unique flip-flop 

that works at rapid and devours low power . The capacity of a 

clocked storage component is to catch the data at a specific 

minute in time and safeguard it as long as it is required by the 

digital framework. Having said as much, it is absurd to expect 

to characterize a storage component without characterizing its 

relationship to a clocking instrument in a digital framework, 

which is utilized to decide discrete time occasions. This 

definition is general and ought to incorporate different 

methods for actualizing a digital framework. All the more 

especially the component that decides time in a synchronous 

framework is the clock.  

 

A clock sign is delivered by a clock generator. Albeit 

progressively complex plans are utilized, the most well-known 

clock sign is as a square wave with a half obligation cycle, as 

a rule with a fixed, steady recurrence. Circuits utilizing the 

clock signal for synchronization may end up dynamic at either 

the rising edge, falling edge, or, on account of twofold 

information rate, both in the rising and in the falling edges of 

the clock cycle.  

 

Numerous cutting edge microcomputers utilize a "clock 

multiplier" which duplicates a lower recurrence outer clock to 

the fitting clock rate of the microchip. This allows the CPU to 

work at an a lot higher recurrence than the remainder of the 

PC, which affords execution gains in circumstances where the 

CPU does not have to look out for an outer factor (like 

memory or info/yield).  

 

The clock conveyance system (or clock tree, when this system 

shapes a tree) appropriates the clock signal(s) from a typical 

point to every one of the components that need it. Since this 

capacity is crucial to the task of a synchronous framework, 

much consideration has been given to the qualities of these 

clock signals and the electrical systems utilized in their 

conveyance. Clock sign are regularly viewed as basic control 

signals; be that as it may, these sign have some extremely 

unique qualities and traits.  

 

Clock sign are normally stacked with the best fanout and work 

at the most elevated paces of any sign inside the synchronous 

framework. Since the information sign are given a fleeting 

reference by the clock flag, the clock waveforms must be 

especially perfect and sharp. Besides, these clock sign are 

especially affected by innovation scaling (see Moore's law), in 

that long worldwide interconnect lines become fundamentally 

progressively resistive as line measurements are diminished. 

This expanded line opposition is one of the essential purposes 

behind the expanding importance of clock conveyance on 

synchronous execution. At long last, the control of any 

differences and vulnerability in the landing times of the clock 

sign can seriously restrict the most extreme exhibition of the 

whole framework and make cataclysmic race conditions in 

which an off base information sign may lock inside a register.  

 

Most synchronous digital frameworks comprise of fell banks 

of successive registers with combinational rationale between 

each arrangement of registers. The utilitarian necessities of the 

digital framework are fulfilled by the rationale stages. Every 

rationale stage presents postpone that affects timing execution, 

and the planning execution of the digital structure can be 

assessed with respect to the planning necessities by a planning 

examination. Regularly uncommon thought must be made to 

meet the planning prerequisites. For instance, the worldwide 

exhibition and nearby planning prerequisites might be fulfilled 

by the cautious inclusion of pipeline registers into similarly 

dispersed time windows to fulfill basic most pessimistic 

scenario timing limitations. The best possible structure of the 

clock dispersion system guarantees that basic planning 

prerequisites are fulfilled and that no race conditions exist.  

 

Notwithstanding combinatorial rationale some kind of storage 

is required for a digital circuit to keep its inward state. Static 

information storage is cultivated with bi-stable circuits. 

essential digital static storage components, the hook and the 

register or supposed D-flip-flop (the inverters to produce the 

supplement of the clk sign are not appeared). The hook is 

straightforward for the information D during the clock-high 

period, while the register really tests the information at the 

rising edge of the clk signal. Another case of a static storage 
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component is the RS (reset-set) flip-flop. The two hooks and 

registers are utilized to actualize synchronous digital.  

 

II.  LITERATURE SURVEY 

 

Y. Cai et al., [1] Flip-flops (FFs) are basic structure squares of 

consecutive digital circuits however commonly possess a 

considerable extent of chip zone and devour noteworthy 

measures of power. This work proposes 18-transistor single-

phase clocked (18TSPC), another topology of completely 

static conflict free single-phase clocked (SPC) FF with just 18 

transistors, the lowest number detailed for this sort. Executed 

in 65-nm CMOS, it accomplishes 20% cell zone decrease 

contrasted with the conventional transmission gate FF (TGFF). 

Reenactment results demonstrate the proposed 18TSPC is 

multiple times more efficient than TGFF in the vitality 

postpone space.  

 

W. Wang et al., [2] Two low voltage double modulus 

recurrence divider dependent on broadened true single-phase 

clock (E-TSPC) rationale are proposed. By decreasing the 

quantity of sequential transistors from VDD to GND, the 

proposed structures can effectively work at low voltage. 

Reproduction results in SMIC 40nm innovation demonstrate 

that the exhibited plan I has better power and speed execution 

with lower supply voltage. Contrasted with the referenced 

plans, the displayed structure II can work at the lowest supply 

voltage with little loss of execution.  

 

J. Shaikh et al., [3] Positron emanation tomography (PET) is 

an atomic practical imaging procedure that delivers a three-

dimensional picture of useful organs in the body. PET requires 

high goals, quick and low power multichannel analog to 

digital converter (ADC). A normal multichannel ADC for 

PET scanner engineering comprises of a few squares. A large 

portion of the squares can be planned by utilizing quick, low 

power D flip-flops. A preset-capable true single phase clocked 

(TSPC) D flip-flop demonstrates various glitches (commotion) 

at the yield because of superfluous toggling at the middle of 

the road hubs. Preset-capable modified TSPC (MTSPC) D 

flip-flop have been proposed as an elective answer for 

mitigate this issue. Be that as it may, the MTSPC D flip-flop 

requires one extra PMOS to suspend toggling of the middle of 

the road hubs. In this work, we planned a 7-bit preset-capable 

dim code counter by utilizing the proposed D flip-flop.  

 

P. Xu et al., [4] True Single Phase Clocked (TSPC) flip-flops 

(FF) are broadly utilized in high-recurrence dividers for their 

higher activity speed and lower power contrasted with Ace 

Slave owner FFs. In this work, we consider the enhancement 

of TSPC recurrence dividers for consistently on low-

recurrence clock division in ultra-low-power (ULP) SoCs. We 

investigate the engineering, activity standard and information 

misfortune issue in TSPC-based recurrence divider. A 

streamlining system dependent on particular gate length 

upsize is proposed to limit power utilization by adjusting 

exchanging and spillage power utilization. A 10-arrange 

recurrence divider was structured in 28 nm FDSOI CMOS and 

coordinated in a ULP SoC. Post-format reproductions with 32-

MHz input recurrence demonstrate a power utilization of 28.3 

nW with 0.8-V supply voltage.  

 

F. Stas et al., [5] In this work, we propose a 18-transistor (18T) 

True-Single-Phase-Clock (TSPC) Flip-Flop (FF) with static 

information maintenance dependent on two forward-

contingent input circles, without expanding the clock load, in 

contrast with the standard TSPC engineering. The proposed 

FF was actualized for ultra-low-voltage (ULV) activity in 

28nm FDSOI CMOS. The exhibitions of the proposed FF 

removed from estimations of clock dividers are contrasted 

with reference plans including the conventional M-S FF, the 

benchmark TSPC FF and an as of late proposed retentive 

TSPC FF.  

Table 1:Summery of Literature Review 

Sr. 

No. 

Author 

Name 

Publish 

Year 

Proposed Work Outcome 

1 W. 

Wang 

IEEE 

2018 

An Ultra-low-

power True 

Single-phase 

Clocking Flip-

flop  

TSMC 90-

nm CMOS 

technology

. Hold time 

performan

ce. 

2 Jin-Fa IEEE 

2017 

True single phase 

clocking based 

flip-flop design 

using different 

foundries 

less power 

consumpti

on, TSPC 

D flip-flop 

are 

simulated 

for 90nm, 

3 X. Ji IEEE 

2017 

Low-Power 19-

Transistor True 

Single-Phase 

Clocking Flip-

Flop Design  

Outperfor

me other 

designs 

under 

different 

voltage 

and 

switching 

activity 

settings 

4 F. Stas IEEE 

2011 

True Single Phase 

Clocking Flip-

Flop Design using 

Multi Threshold 

CMOS Technique 

power 

consumpti

on as they 

saves 

50.23%. 

5 H. 

Ashwini 

IEEE 

2010 

Design Of Low 

Power Cmos High 

Performance True 

Single Phase 

Clock Dual 

Modulus 

Prescaler 

Proposed 

3/4 and 

15/16 

prescalers 

shows a 

46% 

power 

reduction  
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III. TYPES OF STORAGE SYSTEM 

 

        A.  Latch based clocked storage elements 

 

A most straightforward storage component comprises of an 

inverter followed by another inverter giving a positive 

input as appeared in Figure. 1 (a). The data bit at the 

information is accordingly bolted because of the positive 

input circle and it very well may be just changed "by 

power", (for example by constraining the yield of the input 

inverter to take another rationale esteem). This design is all 

around every now and again utilized and is otherwise 

called the"keeper", – a circuit that keeps (saves) the data 

on a specific hub.  

If we somehow happened to maintain a strategic distance 

from the power dispersal related with overpowering 

(constraining), the attendant to change its worth, we should 

present hubs that will help us in changing the rationale 

worth stored in the input circle. For that reason we are 

allowed to utilize rationale NAND or NOR gates, as 

appeared in Fig.1. Especially fascinating is a 

straightforward alteration of the diagram, which features 

the Total of-Items nature of this rationale topology. We 

begin with a straightforward cross-coupled inverter pair 

which is unrolled to more readily outline the positive 

criticism that exists. In the second step we supplant the 

inverters with NAND gates which empowers us to control 

the variable inside the circle and to specifically set it to "1" 

or "0" utilizing the information which controls the gate S 

and R for this situation (as appeared in Fig. 1.b). At long 

last we apply De Morgan rules which allows us to change 

this structure into Or potentially topology. It is notable in 

digital plan that this topology speaks to Entirety of-Items 

(SOP), in this way a general articulation for any Boolean 

capacity. 

D Q

(a)

D
0.9

0.5

(b)

Q

R S

Sum-Of-Products

(c)

R S

D

Q

 

Figure 1: Latch structure: (a) keeper (b) S-R latch (c) SOP latch 

A latch can be worked in a Total of-Item topology (Fig. 1 (c). 

This discloses to us that it is conceivable to consolidate 

rationale into the latch, given that the Aggregate of-Items is 

one of the essential acknowledge of the rationale work.  

 

It is anything but difficult to determine a Boolean condition 

speaking to a conduct of the exhibited S-R latch. The 

following yield Qn+1 is a component of Qn, S and R signals. 

Later in this book we will abuse those straightforward 

conditions so as to configuration improved clocked storage 

components. Displayed S-R latch can change the yield Q 

anytime.   

 

(a) (b)

D

Clk

Q

D

Q

Clk

Fig. 2: (a) Clocked D-Latch (b) timing diagram of clocked D-Latch 
So as to make it good with the synchronous structure we will 

confine when Q can be affected by presenting the clock signal 

which gates S and R inputs. In the event that the information 

input D is associated with S, and the property of S-R latch, 

which makes S and R totally unrelated is connected, the 

subsequent D latch is appeared in Fig.2 (a). The related 

planning diagram of a D-Latch is appeared in Fig. 2 (b). The 

latch is straightforward during the timeframe in which clock is 

dynamic, – for example accepting rationale 1 value. 

 

B.  True-Single-Phase-Clock (TSPC) latch 

 

This latch was built by combining two sections comprising of 

CMOS Domino and CMOS NORA rationale. During the 

dynamic clock (Clk=1), CMOS Domino assesses the 

contribution to a monotonic design (just a progress from 

rationale 0 to 1 is conceivable), while NORA rationale is pre-

charging. Then again, during idle clock (Clk=0) Domino is 

being pre-charged (subsequently is non-straightforward) while 

NORA is assessing its information. The blend of NORA and 

Domino rationale stages results in a non-straightforward Ace 

Slave Latch that requires just a single clock. Thus the name 

given to it was True-Single Phase Clock latch (TSPC).   

 

D

Clk

Q

 

 Figure. 3: True Single Phase Clock (TSPC) Latch  

 
The activity of TSPC Latch is delineated in Fig. 3. 

Whenever Clk=0, the primary reversal arrange L1, is 

straightforward and the second half L2 of TSPC is pre-

charged. Therefore, toward the finish of the half-cycle 

during which Clk=0, the information D is available at the 

contribution of the Domino obstruct as its supplement . At 

the point when the clock changes to rationale 1 (Clk=1), 

Domino rationale assesses and the yield either remains at 

rationale 0 or makes progress from 0 to 1 contingent upon 

the tested info esteem . This change can't be turned around 

until the following clock cycle. In effect the main inverter 

associated with the information goes about as an Ace 



2nd International Conference on  

 Contemporary Technological Solutions towards fulfillment of Social Needs 

ISSN No. – 2581-5806                                                                                                                          Page 54 

     

       

Latch, while the second (Domino) arrange goes about as a 

Slave Latch. The exchange from the Ace Latch to the 

Slave Latch happens while the clock changes its incentive 

from rationale 0 to rationale 1. Along these lines, TSPC 

carries on as a "main edge" triggered Flip-Flop. It is 

additionally regularly called a Flip-Flop, however by the 

idea of TSPC task this order is inaccurate. . 

 

Clk

Clk

Clk

D Q

Clk=0; D

Clk=1; X

Clk=1; D

Clk=0; 1

Clk=1; D
n

Clk=0; D
n-1

transparent

transparent

transfer of data

between L
1
 and L

2

L
1

L
2

Clk

Domino

Stage

Figure 4: TSPC Latch operation 

Because of its straightforwardness and speed TSPC was a well 

known method for executing clocked storage component. In 

any case, TSPC displayed affectability to glitches made by the 

clock edges. This glitch is displayed on the yield holding a 

rationale estimation of "1", while the info is accepting D=0. 

 

C.  Flip-Flop 

 

The fundamental element of the Flip-Flop is that the way 

toward catching information is identified with the change of 

the clock (from 0–to-1 or from 1-to-0), in this manner the 

Flip-Flop isn't straightforward. Consequently Flip-Flop based 

frameworks are simpler to show and the planning tools 

discover Flip-Flop based frameworks less difficult and less 

risky to break down. The exact point in time when information 

is caught is dictated by the clock occasion assigned as either 

driving or trailing edge of the clock. In different words, the 

progress of the clock from rationale 0-to-1 makes information 

be caught (it is the 1-to-0 change in the trailing edge triggered 

Flip-Flop). All in all, Flip-Flop isn't straightforward since it is 

expected that the clock change is practically instantaneous.  

V
DD V

DD

-V
SS

Trigger

(a) (b)

Q Q

-3V

+10V

-15V
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QQ

 

Figure.5: (a) Early version of a Flip-Flop (b) PDP-8 direct Set-Reset 

sequential element 

 

To expand in further comprehension of the Flip-Flop it is 

useful to begin drawing the refinement between the Flip-Flop 

and the Latch based CSE. The Flip-Flop and the Latch work 

on different standards. While the Latch is "level-delicate" 

which means it is responding on the level (legitimate worth) 

of the clock signal, Flip-Flop is "edge touchy", implying that 

the component of catching the information esteem on its 

information is identified with the progressions of the clock 

signal.   

IV. CONCLUSION 

 

Clocking is one of the most critical parts of every processor, 

frequently deciding its exhibition and to a great extent 

affecting its power utilization. The clocking subsystem and 

clocked storage components specifically are in charge of an 

undeniably considerable segment of the circuit plan upgrades 

expected to oblige the keeping scaling patterns with every 

processor age. In this paper a diagram of clocking and 

structure of clocked storage components is introduced. It 

demonstrates how different clocked storage components 

neutralize one another. TSPC is one of the storage frameworks 

which is utilizing the greater part of digital circuit system. 

 

REFERENCE 

 
1. Y. Cai, A. Savanth, P. Prabhat, J. Myers, A. S. Weddell 

and T. J. Kazmierski, "Ultra-Low Power 18-Transistor 

Fully Static Contention-Free Single-Phase Clocked Flip-

Flop in 65-nm CMOS," in IEEE Journal of Solid-State 

Circuits, vol. 54, no. 2, pp. 550-559, Feb. 2019. 

2. W. Wang, S. Jia, Z. Wang, T. Pan and Y. Wang, "Low 

Voltage Dual-Modulus Frequency Divider Based on 

Extended True Single-Phase Clock Logic," 2018 IEEE 

International Conference on Electron Devices and Solid 

State Circuits (EDSSC), Shenzhen, 2018, pp. 1-2. 

3. J. Shaikh and H. Rahaman, "High speed and low power 

preset-able modified TSPC D flip-flop design and 

performance comparison with TSPC D flip-flop," 2018 

International Symposium on Devices, Circuits and Systems 

(ISDCS), Howrah, 2018, pp. 1-4. 

4. P. Xu, C. Gimeno and D. Bol, "Optimizing TSPC 

frequency dividers for always-on low-frequency 

applications in 28nm FDSOI CMOS," 2017 IEEE SOI-3D-

Subthreshold Microelectronics Technology Unified 

Conference (S3S), Burlingame, CA, 2017, pp. 1-2. 

5. F. Stas and D. Bol, "A 0.4V 0.08fJ/cycle retentive True-

Single-Phase-Clock 18T Flip-Flop in 28nm FDSOI 

CMOS," 2017 IEEE International Symposium on Circuits 

and Systems (ISCAS), Baltimore, MD, 2017, pp. 1-4. 

6. J. Lin, M. Sheu, Y. Hwang, C. Wong and M. Tsai, "Low-

Power 19-Transistor True Single-Phase Clocking Flip-Flop 

Design Based on Logic Structure Reduction Schemes," 

in IEEE Transactions on Very Large Scale Integration 

(VLSI) Systems, vol. 25, no. 11, pp. 3033-3044, Nov. 2017. 

7. H. Ashwini, S. Rohith and K. A. Sunitha, "Implementation 

of high speed and low power 5T-TSPC D flip-flop and its 

application," 2016 International Conference on 

Communication and Signal Processing (ICCSP), 

Melmaruvathur, 2016, pp. 0275-0279. 

8. S. Jia, Z. Wang, Z. Li and Y. Wang, "A novel low-power 

and high-speed dual-modulus prescaler based on extended 



2nd International Conference on  

 Contemporary Technological Solutions towards fulfillment of Social Needs 

ISSN No. – 2581-5806                                                                                                                          Page 55 

     

       

true single-phase clock logic," 2016 IEEE International 

Symposium on Circuits and Systems (ISCAS), Montreal, 

QC, 2016, pp. 2751-2754. 

9. S. S. Varma, A. Sharma and B. Anand, "An efficient 

methodology to characterize the TSPC flip flop setup time 

for static timing analysis," 2016 13th International 

Conference on Synthesis, Modeling, Analysis and 

Simulation Methods and Applications to Circuit Design 

(SMACD), Lisbon, 2016, pp. 1-4. 

10. S. Jia, S. Yan, Y. Wang and G. Zhang, "Design of low-

power high-speed divide-by-2/3 prescalers with improved 

true single-phase clock scheme," 2014 Asia-Pacific 

Microwave Conference, Sendai, Japan, 2014, pp. 241-243. 

11. X. Tang, J. Zhang, P. Gaillardon and G. De Micheli, 

"TSPC Flip-Flop circuit design with three-independent-

gate silicon nanowire FETs," 2014 IEEE International 

Symposium on Circuits and Systems (ISCAS), Melbourne 

VIC, 2014, pp. 1660-1663. 

12. M. Jung, J. Fuhrmann, A. Ferizi, G. Fischer, R. Weigel and 

T. Ussmueller, "A 10 GHz low-power multi-modulus 

frequency divider using Extended True Single-Phase Clock 

(E-TSPC) Logic," 2012 7th European Microwave 

Integrated Circuit Conference, Amsterdam, 2012, pp. 508-

511. 

13. F. Stas and D. Bol, "A 0.4-V 0.66-fJ/Cycle Retentive True-

Single-Phase-Clock 18T Flip-Flop in 28-nm Fully-

Depleted SOI CMOS," in IEEE Transactions on Circuits 

and Systems I: Regular Papers, vol. 65, no. 3, pp. 935-945, 

March 2018. 

14. J. Lin, M. Sheu, Y. Hwang, C. Wong and M. Tsai, "Low-

Power 19-Transistor True Single-Phase Clocking Flip-Flop 

Design Based on Logic Structure Reduction Schemes," 

in IEEE Transactions on Very Large Scale Integration 

(VLSI) Systems, vol. 25, no. 11, pp. 3033-3044, Nov. 2017. 


