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 Background: The frequency divider is a critical element in ultra-high-speed 
applications of communication systems, which provides an important benchmark for 
the performance of high-speed technology.  These frequency divider designs are based 
on CMOS technology and contain many newer gate configurations and device 
functions, which achieved in terms of high speed, low power dissipation and reduced 
chip size, which is a negative element that should be lowered at all costs to maintain 
high speed technological requirements. Objective:  To design a 1/3 and 1/5 frequency 
divider circuit by using proposed JK flip-flop. To anaylse the power dissipation, 
maximum operating frequency and propagation delay.   Results: Compared with 
conventional techniques, the proposed JK Flip-Flop based frequency divider circuit has 
a maximum operating frequency of 59.38GHz with 0.192 mW of power utilisation.  
Conclusion: the proposed design outperformed a comparable CMOS circuit in term of 
power dissipation, propagation delay, layout area and operating frequency. The circuit 
is designed using digital schematic CAD tools, while a layout editor is used for the 
layout generation. Layout versus simulation (LVS) is performed by a BSIM 4 analyser. 
This paper also presents the result of parametric analysis, including measured power 
dissipation and leakage current through the load capacitance and supply voltages that 
gives better performance than existing circuits. 
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INTRODUCTION 

 
 The frequency divider is a critical element in ultra-high-speed applications of communication systems, 
which provides an important benchmark for the performance of high-speed technology. These frequency divider 
designs are based on CMOS technology and contain many newer gate configurations and device functions, 
which achieved in terms of high speed, low power dissipation and reduced chip size, which is a negative 
element that should be lowered at all costs to maintain high speed technological requirements Abid. Z (2008) et 
al. Most of the existing circuits are given high power dissipation, which can be minimized by using proper 
technique. In the proposed circuit, the power dissipation must be minimised, due to controlling access power 
drawn from the circuit when the voltage is supplied (Allen. D. H. 2000).  
 A sequential logic circuit is designed using by Flip-Flops, which act as memory elements. The circuit can 
perform such functions as storage, sequencing and counting. For a combinational logic circuit, the output is 
determined by the present state of the input (Bellaouar and M.I. Elmasry 1996). A sequential logic circuit’s 
output is determined by the previous state of the input. Thus, a clock signal requires components such as Flip-
Flops that provide a memory function. The input of an asychronisation circuit must be delayed until all of the 
outputs have transitioned into their new state. Therefore, the clock input frequency has a speed limitation. The 
synchronisation circuit has a small propagation delay and consumes less power. A Flip-Flop is a combination of 
logic gates that form a memory circuit and that is able to store binary information (Behrooz Parhami  2000).    
 Frequency divider circuits can be designed using by pass transistor logic (PTL), which can reduce transistor 
count of the circuit. Moreover, this frequency divider circuit is designed by Flip-Flop and basic logic gates 
(Athas. C, L. Swensson, J.G. Koller and E. Chou  1994). The Flip-Flop and logic gates are designed by using 
Boolean identities, PTL and sequential logic circuit design. The first step to design a sequential circuit is to 
calculate the number of states present in the circuits. The basic frequency can be taken as a reference to set the 
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number of states. The designed frequency divider is designed to meet the following requirements: high speed, 
by minimising the propagation delay of the frequency divider by reducing the length of the critical carry path; 
power consumption, by minimising the number of transistors, using smaller size transistors and optimising the 
layout area to decrease power consumption while performing high-speed operations; a small surface area, by 
optimizing the layout design; an accurate operating frequency; and a maximised input frequency. This paper 
designed two types of circuits a 1/3 frequency divider and a 1/5 frequency divider using the proposed circuit 
based on JK Flip-Flops. The expression of each input is derived using Karnaugh maps and transition equations.  
 
2.Design and Implementation: 
 The design concepts utilize the simple methodology of complementary pass transistor logic and further 
simplify the design by using fewer transistors, while still maintaining high performance, functionality and 
reliability. The PTL can propagate signals simultaneously due to the complementary nature of data input and 
output, which yields higher performance in the critical path. Evaluation of the new design using VLSI CAD 
tools for functionality and reliability is essential to meet the specification requirement (Senthilpari 2012). The 
basic logic circuit of OR, AND, 2:1MUX, XOR and JK Flip-Flop are designed using 6T, 6T, 8T, 6T and 10T, 
respectively, which is shown in Figure 1(a)-(f). PTL uses pass transistors to select between possible inverted 
output values of the logic. The output node drives an inverter to generate the non-inverted output signal. Since 
inverted and non-inverted inputs are needed to drive the gates of the pass-transistors, the complement of the 
logic also needs to exist to select between the possible non-inverted output values and then to drive an inverter 
to generate an inverted version of the output (Ivan Siu-Chuang Lu, Neil Weste, and Sri Parameswaran 2007). 
The pass transistor logic gates are designed by using a reduction of Boolean identities and Multiplexing Control 
Input Techniques (MCIT). The two inputs (control input and actual input) of the pass transistor circuit could 
pass through the source and gate of the transistor terminals (Joseph M. C. Wong, Vincent S. L. Cheung, and 
Howard C. Luong 2003). The modified pass transistor logic (MPTL) could assume any input as a control signal. 
For the logical AND, the multiplexing technique assumes that input B is the control signal that is fed through 
the gate terminals. The actual input A is fed through the source terminal of the pass transistors. In a similar way, 
the OR gate Boolean identities are simplified, assuming B as a control signal for the MUX circuit and A as the 
input variable to the OR gate. The pass transistor logic gates are designed using reduction of Boolean identities 
and multiplexing control input techniques (MCIT). The two inputs (control input and actual input) are supplied 
to the pass transistor circuit through the source and gate of the transistor terminals. According to given Boolean 
identities, the inputs are activated. 
 

 
 

 
(e) 

 
Fig. 1: (a) OR logic, (b) AND logic, (c) proposed 2:1 MUX logic, (d) XOR  and (e) proposed JK Flip-Flop. 
 
 The proposed JK Flip-Flop circuit’s is shown in Fig. 1 (e). The circuit is designed using a 2:1 MUX circuit 
that is followed by 2 buffer gates. The 2:1 MUX circuit is used as a synchronization of a given input due to its 
control signal. The common clock signal givens to the circuit. If the control signal is ‘0’, the J input appears in 
the ‘Q’, and the signal is made constant through the OR gates. This design technique reduces 2 transistors per 
gate compared to other existing circuits. The proposed JK Flip-Flop circuit is designed by using a modified pass 
transistor technique, which is used to design a frequency divider (Arun Kumar Singh  et al). The frequency 
dividers were made using JK Flip-Flops with various 1/2n frequency dividers (K. Yamamoto and M. Fujishima 
2006).  According to circuit delay analysis, consider the delay time formula 
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tn = tn+1 + 1 
where t0 = 0. Using by previous value of t and using it to get the next one.  
t2 = t1 + 1 = (t0 + 1) + 1 = (0 + 1) + 1 = 2 
 We can do this sort of thing with circuits, too. When store and use the previous output of a circuit, which is 
called as a sequential circuit. A latch is a type of sequential circuit. If  enable=0, the latch's output (Q) is its 
previous output (Qprev).  If en=1, the latch's output (q) is its input J (Salman, E., Dasdan, A., Taraporevala, F., 
Kucukcakar, K., Friedman, E. 2006). The latch allows us to remember a value; it is a simple form of memory. 
According to the loops, the output circuit is designed to decide the duty cycle of the output signal. 
 
2.1 Frequency divider design Procedure: 
 The 1/3 frequency divider circuit is consist of two JK Flip-Flop, OR gate and 1 NOT gate, which is shown 
in Figure 2. The input of the first JK Flip-Flop and inputs for the other Flip-Flops in the circuit need to be 
determined from the previous output state of the each flip-flop (QA and QB) respectively . The input of each 
Flip-Flop should have the same function, which ensures the combinational output of each Flip-Flop is kept on 
the same cycle. The transition Table can be obtained, and we can determine the Jn and Kn settings at state n-1, 
which is shown in Table 1. A design a sequential circuit, Karnaugh map is used to obtain the input equation of 
each JK Flip-Flop (Hong-Yu Lin, Shawn S. H. Hsu, Chih-Yuan Chan, Jun-De Jin, and Yu-Syuan Lin 2007). 
The J terminal and K terminal of a Flip-Flop could be connected to make the design process easier. According 
to the transition Table (Table 1), two Flip-Flops are needed to obtain the final results. The normal count order of 
JK flip Flop inputs are J=0, K=0, J= 0, K=1, J= 1, K=0, as shown in Fig. 2. The 1/3 frequency divider circuit 
fills in the columns Next JA, Next KA, Next JB, and Next KB in Table 1. When observing a frequency cycle of 
QA and QB, the cycle of QA is 0 →1 → 0→ 0→  1→ 0’, and the cycle contains the unit ‘X → 0 → 0 → X’. 
Thus, the KA terminal can be connected to the HIGH signal directly. In the same situation, when the frequency 
cycle of QB does not contain ‘X → 1 → 1 → X’, the KB terminal may be connected with signal logic ‘1’ 
directly. According to the truth Table (Table 1) of the JK Flip-Flop, the values of JA and JB determined. Then, 
the values of KA and KB are fixed in the frequency divider, and the input equation of JA and JB can be 
determined as per equation (1) and (4). 
 
Table 1: 1/3 frequency divider transition Table. 

Current State Next 
JA 

Next 
KA 

Next 
QA 

Next 
JB 

Next 
KB 

Next 
QB QA QB 

0 0 0 1 0 1 1 1 
0 1 1 1 1 0 1 0 
1 0 1 1 0 0 1 0 

 
 
Fig. 2: 1/3 frequency divider. 
 
By using the Karnaugh map, we can solve equation (3). 
 

BAA QQJ +=                                                 (3) 
 

( )
____________

BAB QQJ +=   or   ,
AB JJ =                                   (4) 

         
 The 1/3 frequency divider circuit is developed using two JK Flip-Flops, an inverter and an OR gate. The 
proposed design using the PTL technique uses a reduced number of transistors compared to existing designs. 
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2.2. 1/5-frequency divider: 
 The 1/5 frequency divider circuit is designed using 3 JK Flip-Flops, an XNOR gate and an AND gate as 
shown in Fig. 3. The previous 1/3 frequency divider design technique has been implemented in the 1/5 
frequency divider circuits. The 1/5MPTL frequency divider circuit is shown in Fig. 3, and its transition detail is 
shown in Table 2. 
 
Table 2: 1/5 frequency divider transition Table. 

Current State Next 
QA 

Next 
QB 

Next 
QC 

Next 
JA 

Next 
KA 

Next 
JB 

Next 
KB 

Next 
JC 

Next 
KC QA QB QC 

0 0 0 0 0 1 0 1 1 1 1 1 
0 0 1 0 1 0 0 1 0 0 1 1 
0 1 0 0 1 1 0 1 0 0 1 1 
0 1 1 1 0 0 1 1 1 1 1 1 
1 0 0 0 0 0 0 1 1 1 0 1 

 
 
 The JB and KB values are estimated in logic ‘0’ and logic ‘1’, which yield ‘X → 0 → 0 → X’ and ‘X → 1 
→ 1 → X’, respectively. Once the output changes, both inputs should become ‘1’. Otherwise, both remain ‘0’. 
Then, we can derive the input equations as shown in equation (2), 
 

CBA QQJ .=    and HIGHK A =                                            (5) 
 

( ), XNOR CBBB QQKJ ==  
 

,
AC QJ =    and   HIGHKC =                                     (6) 

 

 
 
Fig. 3: 1/5 Frequency Divider. 
 

RESULT AND DISCUSSION 
 
 The 1/3 and 1/5 frequency divider circuits are designed using the proposed logic gates and logic transitions. 
The designs are verified using a digital schematic, and its layouts are generated through the layout editor. The 
simulated results are verified by BSIM4. In timing verification, the individual delays are aggregated into the 
circuit’s overall speed. Computer analysis of VLSI circuits could be time consuming depending on the design 
and the conscientiousness required for the analysis (Tang-Nian Luo and Yi-Jan Emery Chen  2008). The logic 
gates (AND, OR, XOR), and MUX circuits are designed by using MPTL circuits. The MPTL logic gates and 
2:1 MUX circuits contain four transistors (including inverter) each, and 2:1 MUX use six transistors, 
respectively. Basically, MPTL uses two less transistors than the conventional circuit. The power dissipation, 
propagation delay and area are found from the simulated results, which is lesser than conventional circuit. The 
proposed MPTL logic gates show lower values than the conventional logic gates. The simulated results of 
MPTL AND and OR gates are compared with existing techniques that follow one of two methods. In the first 
method, the author used a similar CAD tool, so their results are compared directly. In the second method, the 
author did not use a similar CAD tool and designed their circuit using the DSCH 2 CAD tool and simulated 
their layout using Microwind before comparing with MPTL circuit results. The MCIT AND and OR gates are 
constructed using the multiplexing method, which gives a shorter critical path (Etiene Sicard 2002). Due to 
regular arrangement of the transistor and shorter critical path in the circuit, the circuits give better performance 
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than existing circuits. According to previous method, the simulation result of the proposed 1/3 and 1/5 
frequency dividers yield better performance than existing circuits.  
 Frequency dividers circuits are primarily used in Phase Locked Loop (PLL) frequency generators at a 
higher frequency than available frequency references  (Salman, E., Dasdan, A., Taraporevala, F., Kucukcakar, 
K., Friedman, E. 2006). The frequency dividers are used to transform the output signal of the generator to a 
frequency where a reference exists. Frequency division could be obtained by using a digital or an analogue 
approach  (Thomas L. Floyd et al). The digital frequency dividers could be either static frequency divider or 
dynamic frequency divider. A static frequency divider is usually a D-latch with the complementary output 
feedback to the input (Etiene Sicard et al 2002). The dynamic frequency divider could be useful in a ring  
oscillator, which has a large bandwidth. The 1/3 and 1/5 frequency divider circuits are designed using the 
proposed logic gates and logic transitions. The designs are verified using a digital schematic, and its layouts are 
generated through the layout editor. The simulated results are verified by BSIM4. In timing verification, the 
individual delays are aggregated into the circuit’s overall speed. Computer analysis of VLSI circuits can be time 
consuming depending on the design and the thoroughness required for the analysis. The simulation result of the 
proposed 1/3 and 1/5 frequency dividers yield better performance than existing circuits. 
 Frequency dividers circuits are primarily used in Phase Locked Loop (PLL) frequency generators at a 
higher frequency than available frequency references (B. Vaquie S. Tiran P. Maurine 2012) . The frequency 
dividers are used to transform output signal of the generator to a frequency where a reference exists. Frequency 
division could be obtained by using a digital or an analogue approach. The digital frequency dividers could be 
either static frequency divider or dynamic frequency divider. A static frequency divider is usually a D-latch 
with the complementary output feedback to the input. A static frequency divider has a large bandwidth from 
almost the DC level. The dynamic frequency divider could be useful in a ring oscillator with one inverter and 
one transmission gate. This paper describes two frequency dividers designed using a deep sub-micron process. 
The dividers are meant to be used in a 54.25 GHz phase-locked frequency source and operate at 1/3 and 1/5 of 
the generator frequency. 
 
Table 3: Simulation results of 1/3f and 1/5 f Digital Frequency divider circuit for feature size of 65 nm. 

F D Com Vout (V) Pd (µW) td (ps) Operating 
Frequency 

(GHz) 

Layout Area 
W (µm) H (µm) 

1/3 CMOS 0.67 7.470 89 23.9 84 10 
CPL 0.66 5.389 87 54.25 87 10 

1/5 CMOS 0.66 6.980 177 26.4 144 10 
CPL 0.68 2.341 177 59.38 100 10 

 
 The 1/3 f and 1/5 f PTL-based frequency divider circuits are designed by using various feature sizes, and 
their results are compared with existing author circuits. For low-power and high speed operation, the frequency 
divider operates at 0.7 V and consumes 0.192 mW of power. The measured locking range of the frequency 
divider circuit is 0.2 GHz. According to theoretical calculation, the operation ranges for the low-frequency band 
and high-frequency band are 56.25–59.25 GHz. Our proposed PTL based circuit gives a better frequency range; 
the difference between the measured and theoretical values is approximately 11%. The measured low-band and 
high-band free-running frequency ranges of the oscillator are from 53.25 to 56.25 GHz. The characteristics and 
a comparison with existing frequency divider circuits are summarised in Table 4. 
 
Table 4: Comparison Table of different Frequency Dividers. 

Reference This work Ref. [8] Ref. [9] Ref. [10] 
Process 65 nm 90 nm 90 nm 90 nm 180 nm 

Supply voltage 0.7 1V 0.5 0.8 1.8 
Frequency GHz 56.25 53.95 62.9~71.6 50.1~52.9 23.2 

Power (mW) 0.192 0.233 2.8 0.8  
 
3.1 Parasitic Analysis of Logic Gates: 
 The parasitic component analyses were performed on the basic gates, JK Flip-Flops and frequency divider 
circuits. This paper has discussed two design methods for frequency dividers: the CMOS technique and the PTL 
technique. Interconnect power is dynamic power dissipation due to the switching of interconnection 
capacitances. This paper describes the characterisation of interconnect power in a state-of-the-art, high-
performance circuit designed for power efficiency. The analysis shows that the interconnect power is over 50% 
of the dynamic power. Over 90% of the interconnect power is consumed by only 10% of the interconnections. It 
is important to examine the relationship of interconnect power to wire length distribution and the hierarchy level 
of the nets. According to the router’s algorithms, the modified circuits used larger wire spacing and minimal 
length routing for higher power consuming interconnects etinne (Sicard et al 2002). The power-aware router 
algorithm was tested on synthesised blocks, demonstrating an average saving of 14% in dynamic power 
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consumption without timing degradation or circuit area increase. According to interconnect analysis, the 
dynamic dissipation versus load capacitance may be calculated by equation (3), 
 

fVCP DDLdynamic
2α=        (3) 

 
where ‘α’ is the switching activity (the average number of high-to-low transitions per cycle), CL is the load 
capacitance, which is derived from layout analysis, VDD is the supply voltage and ‘f’ is the operating frequency. 
The obtainable benefits of tuning the physical design algorithms to save power are demonstrated through the 
results. The 1/3 frequency divider circuit capacitance versus power dissipation for a 65 nm feature size is shown 
in Fig. 4 (a). According to Equation (3), the power dissipation values increased with the load capacitance, while 
supply voltage and operating frequency were kept constant.  
 

 
 
Fig. 4: (a) Capacitance versus power dissipation for CMOS and CPL frequency divider circuit for 65 nm feature 

size. 
 
 The transistor leakage currents and inter-metal parasitic capacitance are increasing in advanced IC 
geometry designs (etinne sicard 2002). The capacitance affects the control of transistor gate leakage current.  
Leakage current flows through the gate dielectric and into the channel, without reducing the source/drain 
current. For the 1/3 frequency divider circuit, the capacitance versus leakage current has been plotted for the 65 
nm feature size as shown in Fig.4 (b). When the frequency divider circuit is operating at or near saturation, the 
leakage current can be expressed by equation (4) due to interconnect capacitance level,  
 

a
TGSSSAT VVkI )( −=                                                                (4) 

 
where ks is the transconductances, a is the velocity saturation index, VGS is the gain-to-source voltage, VDS is the 
drain-to-source voltage and VTN is the threshold voltage.  According to the length modulation effect, the leakage 
current may be defined by equation (5). 
 

)1()( DS
a

TNGSSSAT VVVkI λ+−=                                                    (5) 
 
where λ is the length modulation factor. Operating the device at weak inversion results in low power 
dissipation, but the dynamic range is degraded due to the varying supply voltage. The optimum balance between 
power dissipation and dynamic range occurs once the MOS transistors are operated at moderate inversion.  
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Fig. 4: (b) Capacitance versus leakage current for CMOS and CPL frequency divider circuit for 65 nm feature 

size. 
 
 Power is again minimised by applying an input dependent bias current. This is achieved by using feedback 
loops in the input transistors of the differential pair with two current subtractors. In comparison with the 
reported low power, low voltage circuit for nanotechnology, this circuit has low standby power consumption 
with a high driving capability and operates at low voltage (K.-Y. Kim Y.-J. Min S.-W. Kim J. Park  2011). 
When lower power dissipation is achieved, the area required by the circuit is large and the speed is too slow. A 
better solution is to operate the device in moderate inversion. Additionally, operating the device in the sub-
threshold region not only allows lower power dissipation, but the device also achieves a lower operating 
voltage. The 1/3 frequency divider circuit supply voltage versus power dissipation for 65 nm feature size is 
shown Fig. 4 (c).  

 
Fig. 4: (c) Supply voltage versus power dissipation for CMOS and CPL frequency divider circuit for 65 nm 

feature size. 
 
 As the chip manufacturing process progresses towards smaller and finer chip circuitry, leakage currents of 
different types increase. Some types of leakage currents include sub-threshold leakage current, gate tunnelling 
leakage current and GIDL (Gate-Induced Drain Leakage) current. These leakage currents increase the electrical 
current consumption of the chip (Rangakrishnan Srinivasan, Didem Zeliha Türker, Sang Wook Park, Edgar 
Sánchez-Sinencio  2007). The 1/3 frequency divider circuit supply voltage versus leakage current for 65 nm 
feature size is shown in Fig.4 (d).  
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Fig. 4: (d) Supply voltage versus leakage current for CMOS and CPL frequency divider circuit for 65 nm 

Feature size. 
 
 This paper describes the design of two frequency divider circuit for high-speed, low-power communication 
circuits, which  fabricated at a partially scaled level and designed using the Pass Transistor Logic (PTL). 
Serving as test vehicles to demonstrate the technology’s potential, these circuits also find wide application in 
optical data links, clock recovery, and frequency synthesis. The design style for both circuits has been heavily 
influenced by the device characteristics and layout rules of the process (A.Y. Dogan1 J. Constantin2 D. Atienza1 
A. Burg2 L. Benini  2012). The simulation result of the PTL frequency divider circuit is analysed. Reducing 
operating voltage is one of the most promising techniques for reducing dynamic power consumption. According 
to our design method for a logic cell, the design specific constant ‘k’ is 3.12 for six metal layers and α is 2 using 
the pass transistor technique. According to the body bias condition, Vth can be modified. As per CMOS design 
rules, for feature size 65 nm, if the supply voltage is 0.7 V and the corresponding Vth is 0.021 V, our JK Flip-
Flop based frequency divider circuit should show better power dissipation than other existing circuits due to the 
design-specific ratio.  
 
4.  Conclusions: 
 The proposed PTL logic gates have superior performance as a component of frequency divider architecture. 
The PTL logic gate circuit improves on CMOS circuits in terms of power dissipation, propagation delay, area 
and operating frequency. The simulation results show that the proposed PTL logic gates perform better at low 
power dissipation and high speed. In this paper, we described the 1/3 and 1/5 frequency divider circuit designs 
with an analysis of power dissipation and leakage current for different capacitance and voltages. The 1/3 and 
1/5 frequency dividers were logically verified using the CMOS design feature size of 65 nm.  
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