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Abstract 
 

 
The world embraces the dawn of 5G implementation, and there is much work to be done. 

Companies, researchers, engineers, and many more posterities of people are pressing into high-

frequency ranges, which presents a plethora of challenges. In the Radio Frequency Integrated 

Circuit Design (RFIC) field, dividers have received widespread interest. A frequency divider is a 

pivotal component of a Phase Lock Loop (PLL). The frequency divider is the feedback portion 

of the PLL, which receives the open-loop output. Thus, frequency dividers are the point of 

interest in this thesis. A frequency divider takes the input signal and divides it for reduced 

frequency output. Bandwidth is expensive; therefore, being able to reduce the frequency 

channels is of significant importance. The frequency divider reduces the frequency channels 

distance of a PLL, which is a significant factor when trying to return the open-loops output 

signal into the original reference frequency of the oscillator. Finally, a tunable divider would 

make this even more ideal. Being able to divide input frequencies by integer or fractional values 

would enable more applications for the finished PLL product.   
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Chapter 1 

INTRODUCTION 

Digital logic is the manipulation of ones and zeros to receive the desired result, which is 

implemented by using metal-oxide-semiconductor field-effect transistors (MOSFETs). Analog 

quantities, voltages, and currents are used to operate transistors. MOSFETs are unipolar-transistors 

that act as a voltage-controlled current device. The analog and digital quantities are bridged 

together by their voltages and are assigned logic values. For example, voltages that fall to the 

ground (GND) become a logic value of 0; on the other hand, voltages that rise to the source (VDD) 

become a logic value of 1.  Thus, the manipulation of ones and zeros has made MOSFETS used 

in nearly all computing and electronic devices today. 

 The two typical MOSFET transistors are N-channel (NMOS) and p-channel (PMOS) 

transistors. NMOS and PMOS transistors have a gate, drain, and source terminals. Since 

MOSFETs are unipolar-transistors, the MOSFETs currents at the source and drain are controlled 

by the voltage of the gate. An important note is that there is no DC current going through the gate 

terminal. It usually takes approximately 0.2 V to turn “on” a MOSFET. There are two standard 

symbols—in textbooks—used for NMOS and PMOS transistors:  1) A PMOS has a circle or 

bubble tied to the gate terminal of the symbol; the NMOS does not have this circle or bubble tied 

to the gate terminal. 2) A PMOS has an arrow on the source side pointing towards the gate; the 

NMOS has an arrow on the source side pointing away from the gate.  

 MOSFET transistors can be placed into depletion and enhancement modes. A 

depletion-mode MOSFET transistor is typically “on.”  These MOSFET transistors are generally 

treated as closed switches when there is no bias voltage at the gate terminal. If the gate voltage 
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positively increases, then the channel width increases. [1] Consequently, the drain current ID 

decreases when the channel increases because there is more resistance. An enhancement-mode 

MOSFET transistor is typically “off.” The MOSFET transistor usually is treated as an open switch 

because it does not conduct when the gate voltage is zero. Enhancement mode MOSFET 

transistors, most of the time, are used as switches in electronic circuits. The reason is because of 

their low “on” resistance and high “off” resistance. These MOSFET transistors are a perfect recipe 

to make logic gates! 

MOSFET transistors are made using different semiconductor materials. The structure for 

an NMOS transistor is a heavily doped n-type semiconductor with a p-type substrate, and a PMOS 

transistor is a heavily doped p-type semiconductor with an n-well—shown in Figure 1.  

  

Figure 1: A basic CMOS inverter cross-sectional view. 

As stated earlier, a MOSFET transistor has no DC current at the gate terminal; therefore, a 

MOSFET transistor is defined by the Drain current ID vs. Drain to Source Voltage (VDS). NMOS 

and PMOS transistors both have three operating modes or regions. These operating regions are 

cutoff, triode, and saturation region(s). The cutoff region is where the gate-to-source voltage is not 

greater than the threshold voltage; resultantly, it causes the MOSFET to be “off.” The triode region 

is a linear region that takes advantage of using the MOSFET as a tunable resistor in applicable 
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applications. The triode region gate-to-source voltage (VGS) is high enough to allow current to 

flow from the drain to the source. The ID is influenced by both the VGS and the Drain-to-Source 

voltage (VDS). As the VDS increases, the triode region transitions into the saturation region. The 

saturation region is where the ID is flowing to the source of the transistor. At this point, the drain 

currents output is at its maximum for the provided voltage. Figure 2 shows that the transition to 

the saturation region where the channel between the source and drain is “pinched off.” 

 

Figure 2: A MOSFET in saturation region while depicting its pinch-off point. 
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NMOS and PMOS transistors have very similar I-V characteristics; these characteristics 

graphs are provided in figures 3 and 4 below. 

 

Figure 3: A NMOS I-V Output Characteristics Curve. 

 

Figure 4: A PMOS I-V Output Characteristics Curve. 
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Section 1.1: CMOS Inverter 

NMOS and PMOS transistors combine to create a complementary metal-oxide-

semiconductor (CMOS). A CMOS design advantage is the output is either always shorted to 

ground or VDD—but not at the same time. Furthermore, the CMOS design guarantees that VDD 

is not shorted to ground through the output. An easy example of this is a CMOS inverter or a NOT 

logic gate shown in Figure 5. The CMOS inverter has one input, which will be assigned logical 

input value ‘A.’ 

The PMOS ties to VDD, and the NMOS ties to ground. A logic input value of 0 is assigned 

to ‘A’; resultantly, it causes the PMOS to turn on and the NMOS to turn off. Therefore, the output 

value ‘Z’ equals 1. Now a logic input value of 1 is assigned to ‘A.’ In contrast to the previous 

conditions, the PMOS turns off, and the NMOS turns on. Consequently, the value ‘Z’ equals 0 

(ground). Table 1 is a CMOS inverter or NOT logic gate’s truth table. 

 

Figure 5:  A CMOS inverter schematic.  
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CMOS Inverter 

A Z 

0 1 

1 0 

Table 1: A CMOS inverter truth table. 
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Section 1.2: NAND Gate 

A NAND gate logic circuit has two logical inputs ‘A’ and ‘B’ (figure 6). The top layer 

consists of two PMOS transistors that are in parallel and is connecting VDD to ‘Z.’ While the bottom 

layer consists of two NMOS transistors that are in series and connecting ‘Z’ to ground. This 

configuration ensures that ‘Z’ is always shorted to ground or VDD, but not both at the same time. 

Setting logic values 0 for ‘A’ and ‘B’ will cause an open circuit for the two NMOS transistors and 

a short circuit for the two PMOS transistors, resulting in an output ‘Z’ equaling 1. Setting logic 

values 0 for ‘A’ and 1 for ‘B’ will cause input ‘A’s’ PMOS transistor to be shorted and ‘A’s’ 

NMOS transistor to be open. Input ‘B’s’ PMOS and NMOS transistors will be open and shorted, 

respectively; consequently, resulting in output ‘Z’ equaling 1. Setting logic values 1 for ‘A’ and 0 

for ‘B’ will cause input ‘B’s’ PMOS transistor to be shorted and ‘B’s’ NMOS transistor to open. 

Input ‘A’s’ PMOS and NMOS transistors are open and shorted, respectively; consequently, 

resulting in output ‘Z’ equaling 1. Setting logic values 1 for ‘A’ and ‘B’ will cause the PMOS 

transistors to be open, and the NMOS transistors to short, resulting in tying output ‘Z’ to 0 

(ground). Table 2 shows a two-input NAND gate truth table. 
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Figure 6:  A two-input NAND gate schematic. 

Two-input NAND gate 

A B A_ B_ Z 

0 0 1 1 1 

0 1 1 0 1 

1 0 0 1 1 

1 1 0 0 0 

Table 2: A two-input NAND gate truth table 
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Section 1.3: NOR Gate 

A NOR gate has two inputs ‘A’ and ‘B’—Figure 7. The top layer consists of two PMOS 

transistors in series, while the bottom layer consists of two NMOS transistors in parallel. The top 

layer is connecting VDD to ‘Z,’ and the bottom layer is connecting ‘Z’ to the ground. Giving ‘A’ 

and ‘B’ input values of 0 will cause the top layer’s two PMOS transistors to turn on; while, the 

bottom layers two NMOS transistors to turn off. Resulting in an output ‘Z’ equaling 1. Applying 

‘A’ and ‘B’ with input logic values of 0 and 1, respectively, will cause the top layer’s ‘B’ input 

transistor to turn off. Thus, causing an open circuit for the top layer. The bottom layer’s ‘A’ and 

‘B’ input transistors will be turned off and on, respectively, resulting in an output ‘Z’ equaling 0. 

Applying ‘A’ and ‘B’ with input logic values of 1 and 0, respectively, will cause the top layer’s 

‘A’ input PMOS transistor to turn off. Thus, causing an open circuit for the top layer. The bottom 

layers ‘A’ input NMOS turns on, and the bottom layers ‘B’ input NMOS turn off. Resulting in an 

output ‘Z’ equaling 0. Giving ‘A’ an input value of 1 will cause the PMOS to turn off, making an 

open circuit. Furthermore, consequently, the NMOS turns on, resulting in an output ‘Z’ equaling 

0. Table 3 is the two-input NOR gate truth table. 
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Figure 7: A two-input NOR gate schematic. 

Two-input NOR gate truth table 

A B A_ B_ Z 

0 0 1 1 1 

0 1 1 0 0 

1 0 0 1 0 

1 1 0 0 0 

Table 3: A two-input NOR gate truth table. 
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Section 1.4: Two-Stage AND Gate 

A two-stage AND gate combine a NAND gate (stage 1) and an inverter (stage 2)—Figure 

8. Stage one’s ‘Y’ output is inverted for a resultant ‘Z.’ The NAND gate’s truth table has already 

been derived; therefore, there is no need to make it again. Applying the inverter to the NAND 

gate’s output ‘Y’ will result in an output ‘Z’ of 0,0,0 and 1. The AND gates truth table is placed 

below as table 4. 

 

Figure 8: A two-stage AND gate schematic. 
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Two-stage AND gate 

NAND Gate Inverter 

A B A_ B_ Y Z 

0 0 1 1 1 0 

0 1 1 0 1 0 

1 0 0 1 1 0 

1 1 0 0 0 1 

Table 4: A two-stage AND gate schematic. 
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Section 1.5: Two-Stage OR Gate 

A two-stage OR gate combines a NOR gate (stage 1) and an inverter (stage 2)—Figure 9. 

Stage one’s ‘Y’ output is inverted for a resultant ‘Z.’ The NOR gate’s truth table was derived 

earlier; therefore, applying the inverter to the NOR gate’s output ‘Y’ will result in an output ‘Z’ 

of 1,1,1 and 0. The OR gates truth table is placed below as table 5. 

 

 

Figure 9: A two-stage OR gate schematic. 
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Two-stage OR gate 

NOR Gate Inverter 

A B A_ B_ Y Z 

0 0 1 1 1 0 

0 1 1 0 0 1 

1 0 0 1 0 1 

1 1 0 0 0 1 

Table 5: A two-stage OR gate truth table. 

 

 

 

 

 

 

 

 

 

 

 



27 
 

Section 1.6: CMOS XOR Gate 

A CMOS XOR gate (Figure 10) has 8 total transistors consisting of 4 NMOS and PMOS 

transistors each. The 4 PMOS transistors make up the top layer of the schematic, while the 4 

NMOS transistors make up the bottom layer. For this XOR design, there are signal inputs A and 

B and their complementary A bar and B bar. A CMOS inverter can be used to invert inputs A and 

B into A bar and B bar, respectively. If the functionality is correct, the XOR gate’s truth table 

(Table 6) will be validated. Here is an example to help validate the XOR gates truth table: A=1, A 

bar=0, B oscillates from 0 to 1, and B bar oscillates from 1 to 0. The PMOS transistors ‘A’ input 

gate should turn off, while the PMOS transistor ‘A’ bar input gate should remain on. Furthermore, 

the NMOS transistor ‘A’ input gate should remain on, while the NMOS transistor ‘A’ bar gate 

should turn off. Under these conditions, the right-side branch of the XOR gate will be off. 

Meanwhile, the left-side branch will be on, and output Z will follow B bars signal. There are 

different combinations of conditions to verify the truth table. If A and B have the same input value 

0 or 1, the XOR gate is off; however, if A or B equals 1 while the other is 0 the XOR gate is on 

[2]. 
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Figure 10: A XOR gate schematic. 

Two-input XOR gate truth table 

A B A_ B_ Z 

0 0 1 1 0 

0 1 1 0 1 

1 0 0 1 1 

1 1 0 0 0 

Table 6: A two-input XOR gate truth table 
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Chapter 2 

SIMULATION OF LOGIC GATES 

These schematics and simulations were made using Cadence Virtuoso. The schematics use 

transistors from the 45RFSOI technology library. In order to maintain consistency throughout the 

logic gate simulations, the transistors were set to a minimum W/L ratio. The NMOS transistors 

were set to 200n/40n, while the PMOS transistors were set to 500n/40n. The simulations were 

performed in the Analog Design Environment (ADE), which checked the functionality of the logic 

gates. 

Section 2.1: NAND Gate Simulation  

 The NAND gate (figure 11) was designed and simulated using Cadence Tool. The 

simulation below makes it easy to see the truth table implemented (figure 12).  Looking at the 

figure below, when input B is high, then output Z is low. When input B is low, then output Z is 

high.  

 

Figure 11: A NAND gate schematic. 
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Figure 12: A NAND gate simulation. 
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Section 2.2: NOR Gate Simulation: 

For simulations of the NOR gate (figure 13), inputs A and B oscillate between 1V and 0V. 

When inputs A and B are high, then output Z is low; however, in contrast, when inputs A and B 

are low, then output Z is high—this is shown in Figure 14. There are other combinations of inputs 

that will give other combinations of outputs, but this thesis will not cover them. Very similar to 

the NAND gate, the NOR gate's highest operating frequency is 36 GHz too. 

 

 

Figure 13: A NOR gate schematic. 
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Figure 14: A NOR gate simulation. 
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Section 2.3: AND Gate Simulation: 

The AND gate (figure 15) consists of a NAND gate followed by a CMOS inverter. The 

AND gate’s simulation (figure 16) aids in seeing the AND gate’s truth table. By looking at the 

simulations results, input A is set to 1V, while input B oscillates between 1V and 0V. When input 

B is high, then output Z is high; alternatively, when input B is low, then output Z is low. This 

particular AND gate operates up to 36 GHz without heavy-distortion.  

 

Figure 15: An AND gate schematic. 
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Figure 16: An AND gate simulation. 

 

 

 

 

 

 

 



35 
 

Section 2.4: OR Gate Simulation: 

The OR gate (figure 17) consists of a NOR gate followed by a CMOS inverter. Input A is 

set to 0V, while input B oscillates between 0V and 1V. Figure 18 shows that when input B is high, 

then output Z is high; additionally, when input B is low, then output z is low. There are other 

combinations of inputs that will give other combinations of outputs, but this thesis will not cover 

them. This OR gate has a max operating frequency of 45 GHz. 

 

Figure 17: An OR gate schematic. 

 



36 
 

 

Figure 18: An OR gate simulation. 
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Section 2.5: XOR Gate Simulation: 

The XOR gate is made with 4 NMOS and 4 PMOS transistors configured in the schematic 

below (Figure 19). Figure 20 shows A and A bar’s values are set at 1V and 0V, respectively. While 

B and B bar has complimentary oscillating voltages between 0V and 1V. When input A is 1, and 

input B is 0, then output Z is 1; however, in contrast, when input A is 1, and input B is 1, then 

output Z is 0. There are other combinations of inputs—complementary inputs— that will give 

other combinations of outputs, but this thesis will not cover them. To make these other 

combinations, a person can give different combinations of values and conditions for A, A bar, B, 

and B bar that will result in different output Zs. Each combination will derive the XOR gate’s truth 

table. The highest operating frequency of the XOR Gate is 36 GHz. 

 

Figure 19: A XOR gate schematic. 
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Figure 20: A XOR gate simulation. 
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Section 2.6: A Comparison of Basic Logic Gates’ Power Consumption V.S. 

Frequency: 

A subject to bring attention to is the design of the basic logic gates. Basic logic gates can 

be made in many different ways and can have better or worse power consumption values; however, 

the figures below are the power consumption at specific points from the logic gates designs 

discussed earlier. Upon inspection, the higher frequencies required more power consumption. 

Figures 21 and Table 7 shows that as the frequency goes up, so does the power consumption. For 

these logic gates, the two points that were measure were at 20 GHz and 36Ghz because these were 

the points where some of the respective logic gates would become heavily-distorted. 

 

Figure 21: A comparison of basic logic gates’ power consumption v.s. frequency graph. 
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Basic Logic Gates’ Power Consumption V.S. Frequency 

Logic Gate Type NAND AND NOR OR XOR 

Power Consumption 

@20 GHz 

90.30uW 107.07uW 101.15uW 85.75uW 52.31uW 

Power Consumption 

@36 GHz 

124.06uW 146.73uW 138.96uW 118.67uW 72.00uW 

      

Table 7: The basic logic gate power consumption v.s. frequency chart. 
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Chapter 3 

 

FREQUENCY DIVIDERS 

 

Frequency dividers take an input frequency and divide it into the desired output frequency. 

The main application for a divider is the feedback path of a Phase-Locked Loop (PLL) frequency 

synthesizer. Once the frequency leaves the oscillator's output, the divider will reduce the frequency 

down to the reference frequency. Divider designs must overcome VCO’s high-speed outputs, 

which can be challenging while having low power dissipation. Another important feature a divider 

can have is tunability. The divider needs to be adjustable in real-time.  

Divider circuits consist—generally— of logic gates and latches. In basic divider designs, 

a clock will drive the first latch, while anti-clock will drive the second latch. Latches have three 

possible states: One, zero, and transparent.  In a divider, when the clock is high, the first latch will 

determine the state; however, when the clock is low, the second latch will determine the state. [3] 

When building divider circuits, the second latch typically feeds back into the first latch.  

Section 3.1: Current Mode Logic (CML) 

CMOS logic circuits have two common logic types. CMOS rail-to-rail logic is used 

predominately in low-speed applications compared to the other commonly used logic type CMOS 

Current Mode Logic (CML). This thesis will focus on CMOS CML and its applications.  CMOS 

CML has good noise performance and power-supply rejection, while additionally giving high 

maximum speeds; its power dissipation is high at low frequency but low at high frequency.[4]  

CML has a constant DC current that correspondingly leads to less switching noise. These 

circuits are naturally differential, which makes interfaces with analog parts of a synthesizer easier. 
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The critical point is that a large enough differential voltage is applied to the input of the CML 

circuit. Thus, in return, it will switch the differential pair in digital applications. One side of a 

differential pair is entirely switched on while the other side is off. Thus, the switch “on” side has 

all the current running through it, while the other side has no current. The voltage swing must be 

large enough to switch on the stage that is being driven, but too much swing is a waste of power. 

Generally, CMOS transistors require 200-400mV peak voltage. Figure 22 shown below is a 

differential pair in CMOS technology.  

 

Figure 22: A CMOS differential pair schematic. 

 An expression for the tail current can be derived as provided in Equation 1. 

𝐼𝐸𝐸 = 𝑖𝑑1 + 𝑖𝑑2 (eq.1) 

Input voltages equation is Equation 2. 
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𝑣1 = 𝑣𝑔𝑠1 − 𝑣𝑔𝑠2 (eq.2) 

Equation 3 shows an expression for drain current as a function of the input voltage.  

𝑖𝐷1 = 1 ± √2 − 1 = (1 ± 1) = 0 (eq.3) 

Equation 4 shows the peak input voltage is V1, max. 

𝑉1, 𝑚𝑎𝑥 = √
∗

∗ ∗( )
 (eq.4) 

 Inspecting Equation 4, the switching voltage (V1, max) requires a large current (IEE). 

Contrastly, larger W/L ratios cause the switching voltage to decrease. The load capacitance 

determines the slew rate of each stage. The slew rate is the rate of change of the output voltage. In 

equation 5, the rate-of-change of voltage for a given capacitance is where the charge q is on the 

capacitor.  

= ∗     (eq.5.) 

 Continuing the assumption that a load capacitance CL is attached to each side of the differential 

pair, the slew rate is given by equation 6 

𝑆𝑙𝑒𝑤 𝑟𝑎𝑡𝑒 =  = ∗ 𝐼𝑐𝑎𝑝 (eq.6) 

where Icap is the current flowing through the capacitor. In order to keep a triangular shape wave 

from being produced, the time required for the output to entirely switch should be a small 

percentage of the period of the square wave. [4]  

A CML inverter estimate time to switch logic levels is Equation 7. 

Time to switch= 5*Rl*Cl  (eq.7) 

The maximum frequency equation the circuit operates in is Equation 8. 
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𝑓𝑚𝑎𝑥 =
∗ ∗

 (eq.8) 

In CML circuits, adding more current results in faster operation, which is the case for a 

fundamental trade-off between current, load resistance, and capacitance. Adjusting the CMOS bias 

current is complicated because the size of the transistor needs to change to meet the desired voltage 

swing. Equation 9 is an expression that gives the desired output voltage swing. This equation helps 

to understand the trade-offs for a CMOS CML inverter. Upon inspecting Equation 9, the switching 

voltage is constant, and if the current is double, then the transistor's W/L ratio would have to be 

doubled too. Doubling the transistor size would cause the capacitance to double, which will keep 

the slew rate roughly the same. Thus, CMOS transistors with higher currents generally make for 

faster circuits.[4] 

𝑣0 = √
∗

∗ ∗( )
  (eq.9) 

A CML circuit design has a trade-off between power consumption and speed. Therefore, 

optimizing a CML circuit’s performance in terms of power consumption and speed is a must. The 

transistor's peak ft current is optimizing the biasing current for minimum delay. Increasing the 

biasing current eventually does not improve the speed much. A simulation was made to help 

support this claim. In the simulation, the NMOS transistor is set to a minimum 200n/40n W/L ratio 

for the ft simulation in figure 23. The max ft frequency is 293.88 GHz, which is achieved at 1.745 

1/V.  
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Figure 23: A ft simulation for NMOS transistor set at 200n/40n W/L ratio.  
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Section 3.2: Fractional Dividers 

 

How can a divider divide in anything but integers?  A fractional-N synthesizer gives the 

PLL the ability to divide in fractions. The fractional-N synthesizer's goal is to operate with a high 

reference frequency while achieving a fine step size. To achieve a fine step size, the loop division 

ratio continuously switches between integer numbers.[5] Thus causing the average division ratio 

to be a fractional number.  An average division ratio is when a dynamic control signal changes the 

divider between two integers. Furthermore, a fractional division ratio is achieved by toggling 

between the two integer division ratios and time-averaging the divider’s output—used in 

prescalers. An example of the average division ratio is if the control changes the division ratio 

between 6 and 7, and the divider divides by 6 for 7 cycles and by 7 for 3 cycles. Then the process 

would repeat itself to achieve the average division ratio.  

𝑁𝑏𝑎𝑟 =
( ∗ ) ( ∗ )

= 6.3  (Eq. 16) 

 If the divider is set to only divide-by-6, then it would produce 10 output pulses for 60 input 

pulse; however, now it would take 63 input pulses to produce 10 output pulses. Basically, the 

device uses 3 extra input pulses to produce every 10 output pulses.  

 A divider ratio is the input frequency divided by the output frequency. For example, the 

input frequency of the divider, k, is 40 GHz, and the divider’s output frequency, m, is 16 GHz. 

What is the divider ratio? The divider ratio will 2.5. 

𝐷𝑖𝑣𝑖𝑑𝑒𝑟 𝑅𝑎𝑡𝑖𝑜 =   (Eq.17) 
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Section 3.3: Frequency Dividers in Phase-Locked Loops 

 

A phase-locked loop (PLL) traditionally has a phase-frequency detector (PFD), low pass 

or loop filter, voltage-controlled oscillator (VCO), and frequency divider (figure 24). Generally, 

an off-chip oscillator will provide low-frequency precision and stability that feeds into the phase-

locked loop (PLL); therefore, by locking onto the off-chip oscillator’s signal, the PLL will acquire 

its performance, while producing a higher frequency. The PFD compares the clock of the off-chip 

oscillator and the clock of the divider. Its output feeds through a low pass or loop filter. The low 

pass filter will remove any high-frequency components from the signal and feeds the resultant to 

the VCO. The VCO produces a much higher frequency compared to the lower reference frequency 

of the off-chip oscillator; hence, a frequency divider is used to bridge the gap.     

Figure 24: A general PLL block diagram. 

Making a frequency divider is not trivial because it has to overcome the VCO’s high-speed 

outputs, which can be challenging while having low power consumption. A frequency divider 

operating at high-frequencies implements the channel selection in a PLL frequency synthesizer. 

The most trivial implementation is a divide-by-two frequency divider, which will be discussed in 
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greater detail later. PLL’s can use a prescaler, integer-N, fractional-N, or a ring oscillator based 

tunable frequency dividers to help channel selection. 
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Section 3.4: NORA-CMOS Divide-by-Two Frequency Divider 

Figure 25 uses C2MOS latches and an inverter to create a D flip-flop. [6] There are 3 

branches to this implantation, which plays a crucial role in how the circuit behaves. There are 

complementary clocks that feed into N0, P5, N7, and P8 in the circuit below. When the CLK is 1 

then D bar leaves the first stages inverter and is fed into the second stage’s inverter. The second 

stage’s inverter inverts D bar back to D, which would make output Q=D. Now when CLK is 0, 

output Q holds until the clocks next positive-edge. 

 

Figure 25: A NORA-CMOS divide-by-two divider schematic. 
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Figure 26: A NORA-CMOS divide-by-two frequency divider simulation. 

A divide-by-two circuit using the NORA-CMOS topology is great because it is easy to 

implement; however, there some drawbacks to using it. The main one being its operating 

frequency. Figure 26 is a simulation of figure 25 at 12GHz. 12GHz in 45nm feature size is where 

this particular topology tops out, which is relatively low compared to the other topologies.  

The dividers covered in this thesis chronologically produce high-operating frequencies at 

the expense of power consumption. However, how steep are the trade-offs for using a higher-

operating frequency topology? With that being said, the focus will shift to the power consumption 

of the NORA-CMOS divider. The NORA-CMOS divide-by-two divider is the easiest to 
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implement but tops-off at a relatively low operating frequency. Depending on the application, the 

low-operating frequency could be undesirable, but it does feature a low power consumption. Figure 

27 shows that the power consumption tops-off at an RMS (Root Mean Square) current of 117uA 

at 12GHz. 

 

Figure 27: A NORA-CMOS divide-by-two power consumption v.s. frequency. 
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Section 3.5: TSPC and Divide-by-Two Simulations  

True Single-Phase Clock (TSPC) is a technology used in many frequency dividers. Figure 

28 shows a standard TSPC positive-edge triggered flip-flop (FF). [7] This TSPC FF has three 

branches that are driven by a single clock, which is phi for the schematic below. Since this is a 

positive edge-triggered flip-flop, the positive-edge of the clock will result in a change of state. 

Figure 29 is the simulation for the TSPC FF. Upon inspection, when phi is going from 0 to 1, the 

output Q bar transitions to a state where the output signal holds a new low or high value. Output 

Q bar holds its state causing the circuit to divide-by-two. The next time phi goes from 0 to 1, Q 

bar will transition to a new state. 

 

Figure 28: A TSPC positive edge-triggered flip-flop schematic. 
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Figure 29: A TSPC positive edge-triggered flip-flop simulation. 

An example of some analysis can help further the understanding of a TSPC positive-edge 

triggered flip-flop. In Figure 28, when phi is 0, the first branches’ output is D bar, because the 

PMOS (P0) is on and creates an inverter which feeds into the second stage of the TSPC FF. Since 

phi is 0, the second stage’s NMOS (N1) is turned off, and the PMOS (P2) of the second stage is 

charging node Y to Vdd. The third stage’s inverter is in a hold state because the NMOS (N3 and 

N4) are off. Consequently, when the phi is low the output of the third stage is holding. When phi 

is on a rising edge, the second stage’s N1, N5, and P2 evaluate. If Node X is high on the rising 

edge, then node Y discharges. The third inverter N3 and N4 are on when phi is 1, which sends 

node value Y to output Q bar. By looking at Figure 28, node X transitions to low when the input 

phi transitions high; therefore, the value on node X must remain stable until phi has a rising edge 
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that propagates to Y. Thus, showing that the hold time and propagation delay is essential such that 

node X propagates to output Q bar. 

Just like everything else in IC design or engineering, in general, there are trade-offs. TSPC 

operates with a rail-to-rail swing but does not provide differential or quadrature outputs. This 

particular issue is solved by using the dynamic latch in the divide-by-four topology later in this 

thesis. TSPC operates in pretty high-speeds with low power dissipations; however, unlike CML 

dividers, it requires rail-to-rail swings to operate. 

Unlike the NORA-CMOS divide-by-two divider, the TSPC divide-by-two divider is much 

better at operating at higher-frequencies. The TSPC divide-by-two divider functions properly up 

to about 30 GHz, which is two-and-a-half times better than the NORA-CMOS divide-by-two 

divider. The cool part about the TSPC divide-by-two divider is the power consumption is better 

than the NORA-CMOS divide-by-two divider. At 12 GHz—high-end operating frequency of 

NORA-CMOS divide-by-two divider —the power consumption is at 102 uW, which is better than 

the NORA-CMOS divide-by-two divider’s power consumption of 117 uW at 12 GHz (Figure 30). 

The complexity of the TSPC divider is marginally harder to make than the NORA-CMOS divide-

by-two divider, but if the desired goal were to use a topology that uses lower power consumption, 

the TSPC divider would be the winner. 



55 
 

 

Figure 30: The TSPC divide-by-two power consumption v.s. frequency. 
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Section 3.6: TSPC Prescaler Divide-by-2/3 Frequency Divider 

A prescaler divider can divide by N and N+1. The TSPC divide-by-2/3 prescaler (figure 

31) has a modulus control signal (MC).  When MC is low, the prescaler will be in divide-by-3 

mode; when MC is high, the prescaler will be in divide-by-two mode. In figure 31, when the clock 

is going from low to high, the second stage DFF samples the input data and charges the node X2. 

[8] Now that the clock is high, Y2 discharges and the DFF2’s output Q2 toggles from low to high. 

With Q2 toggling from low to high, DFF1’s Q1 turns from low to high. When DFF1’s Q1 is high, 

the transistor P10 from figure 31 turns off, which stops the second stage DFF from precharging. 

Since the precharging to the second stage’s DFF stopped, Y2 will remain low. At the clocks next 

rising edge, Q1 turns low and Y2 charges to high, which will remain until the following rising 

edge of the clock that will turn Q2 low and complete the divide-by-3 operation. A divide-by-two 

operation is achieved by setting MC high. Figure 32 has the divide-by-2’s simulation results, and 

figure 33 has the divide-by-3 simulation results. 
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Figure 31: A TSPC divide-by-2/3 prescaler. 

 

Figure 32: The TSPC divide-by-2/3 prescaler simulation—divide-by-2 mode. 

 

Figure 33: The TSPC divide-by-2/3 prescaler simulation—divide-by-3 mode. 
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The TSPC divide-by-2/3 prescaler uses more current at 10 GHz than the TSPC divider-by-

two, which is expected due to it having two stages. TSPC is still the way to go for low frequency, 

low power consumption circuits designs; however, the prescaler topology still follows the trend, 

operating at higher frequencies uses more power consumption. The divide-by-3 mode (figure 34) 

uses slightly more power than the divide-by-two mode (figure 35). 

 

Figure 34: A TSPC divide-by-2/3 prescaler—divide-by-2 power consumption v.s. frequency 

graph. 
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Figure 35: A TSPC divide-by-2/3 prescaler—divide-by-3 power consumption v.s. frequency 

graph. 
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 Section 3.7: CML Divide-by-Two Frequency Divider: 

Figure 36 is a CML latch that is tied to another CML latch to make a CML divide-by-two 

frequency divider (Figure 37). [9] The CML latch is explained in greater detail in the CML latch 

chapter. The CML divide-by-two divider has complementary clocks with the positive-edge and 

negative-edge CLK and CLK bar, respectively. When CLK=0 and Q=0, then Y is low; 

alternatively, when CLK=1 and Q=1, then Y is high. When the clock is on a positive-edge and 

Q=0, Y will discharge and become low; in contrast, when the clock is on a positive-edge and Q=1, 

Y will charge and become high. The negative-edge conditions are applied the same way. Figure 

38 shows the CML divide-by-two graphs. Delay must be considered when reading these plots. 

 

 

Figure 36: A CML latch schematic. 
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Figure 37: A CML divide-by-two frequency divider schematic. 
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Figure 38: A CML divide-by-two frequency divider simulation. 

 Figure 38 is running at an operating frequency of 60 GHz, which is about the highest the 

CML divider can go before the signal becomes too distorted. CML dividers are better at running 

at higher operating frequencies compared to a relatively low CMOS divider operating frequency. 

The CML divide-by-two divider has a lot higher operating frequency compared to the 

previous two dividers. With operating frequencies to about 60 GHz, the CML divide-by-two 

divider doubles the TSPC divider in operating frequency; however, the trade-off for this design 

is the power consumption. This CML divide-by-two design has current sources for tail currents, 
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which is biased at 300 mA (figure 39). The CML divide-by-two topology has a power dissipation 

600 uW.  

 

Figure 39: The CML divide-by-two power consumption v.s. frequency graph. 
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Section 3.8: A Comparison of Different Divide-by-Two Topologies Power 

Consumption Simulation: 

Figure 40 shows the different divide-by-two topologies: NORA-CMOS, TSPC, and CML. 

The NORA-CMOS divide-by-two topology had the lowest operating region of 12GHz, which was 

beat out virtually in every way by the TSPC divide-by-two topology. The TSPC divide-by-two 

topologies power consumption was lower than the NORA-CMOS except between the approximate 

frequency ranges of 0 to 500 MHz. Additionally, the TSPC topology operates up to 30GHz, which 

is significantly higher than the NORA-CMOS topology; however, the CML divide-by-two highest 

operating frequency beat both of them. The CML divide-by-two topology topped out around 60 

GHz but had the highest power consumption. The power consumption of the CML topology was 

600 uW, which was the highest of the three topologies.  

 

Figure 40: A comparison of the divide-by-two topologies power consumption v.s. 

frequency plot. 
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Divide-by-Two Topologies Power Consumption V.S. Frequency 

Topology NORA-CMOS TSPC CML 

12 GHz 108.27 uW 99.65 uW 600.23 uW 

30 GHz 148.69 uW 164.05 uW 600.32 uW 

60 GHz 179.67 uW 254.30 uW 600.21 uW 

Table 8: The divide-by-two topologies power consumption v.s. frequency table. 
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Chapter 4 

 

RING OSCILLATOR BASED FREQUENCY DIVIDERS 

 

An oscillator circuit generates a periodic waveform, which has an abundance of 

applications; however, the most important application for this thesis is the use of the central 

component in a frequency synthesizer. A few critical design considerations are tunability, spectral 

purity (low phase noise), and low power.  

Section 4.1: VCO Injection-Locked 

A major characteristic of an oscillator is phase noise. Ideally, oscillators have accurate 

periodicity with all signal power concentrated in one discrete oscillator; however, realistically, 

oscillators do not have perfect spectral purity. This phase noise is an undesirable frequency 

component around the desired frequency; thus, intuitively, it is desired to minimize the extra 

frequency components [10]. Like many components in a frequency synthesizer, oscillator phase 

noise majorly affects performance. 

Injecting a signal into an oscillator can result in a phenomenon called injection-locking. If 

a large signal is injected into the oscillator, then the oscillator’s frequency will pull up to the 

respective injected signal. Two metronomes—more metronomes can be used, but this adds more 

complexity to this analogy—can demonstrate an intuitive way of thinking about the 

synchronization of the two signals. Imagine starting one metronome then starting the other. The 

metronomes are tick-tocking back and forth, but not in synch—not the 90’s boy band. As the 

metronomes tick-tock, they gradually start to mimic each other's motions. Eventually, after some 

time, the two metronomes tick-tocks are in synchronization with each other.  
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Section 4.2: Ring Oscillators 

A Ring Oscillators typically comprise of an odd amount of CMOS inverters or NOT logic 

gates. The output of each inverter ties to the input of the next inverter. The final inverter’s output 

feeds back into the input of the first inverter (figure 41). The delay time for each stage starts an 

oscillation at a particular frequency; however, most of the time, the desired frequency has to be 

used in order to meet a project specification. Equation 10 is used to find the desired frequency for 

a CMOS inverter ring oscillator. The frequency (f) depends on the number of stages (n) and the 

number of delay time intervals (Tau, t). 

𝑓 =
∗ ∗

   (eq.10) 

 

Figure 41: A three-stage CMOS inverter ring oscillator. 

Ring oscillators potentially provide wider tuning ranges and are typically not too hard to 

design. In integrated circuit design, varactors and inductors take precious space; however, most 
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ring oscillators do not require them. Ironically, the tunable frequency divider used for the project 

of this thesis uses varactors to manipulate the time constant; this is discussed in more detail later. 

Ring oscillators can be designed to have quadrature outputs. A crucial component for ring 

oscillators is that it must satisfy the Barkhausen criteria for oscillation. A ring oscillator’s start-up 

test is by biasing all the circuits at their switching points. The results from the test should be that 

the loop gain must be bigger than the one at the frequency of interest. [10] The hard part is to make 

sure the ring oscillators phase shift is correct. Under initial inspection, a simple three-stage 

oscillator might be unstable and not oscillate. The ring oscillator’s phase shift may be at 180 

degrees when it needs to be 360 degrees. Ring oscillators become more advanced than the basic 

three-stage CMOS ring oscillator. For example, putting several CML latches together can create a 

ring oscillator.  
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Section 4.3: A Tunable Divide-by-Four Frequency Divider 

A tunable divide-by-four frequency divider takes an input frequency from an oscillator and 

results in a divided by four output frequency. The design for this chapter is taking four latches and 

tying them together. [11] Each latch consists of two inputs, two outputs, and two clock inputs: 

D,D_bar; Q, Q_bar; and Clock, Anti-clock. The divider circuit has two DC biasing voltage inputs 

and an AC voltage input. Additionally, the divider has DC blocking capacitors. Capacitors, 

fundamentally, behave like open circuits in the presence of DC voltage; while behaving like shorts 

in the presence of AC voltage. The tunable divide-by-four frequency divider design is figure 42. 

 

Figure 42: A tunable divide-by-four frequency divider schematic. 

This tunable divide-by-four frequency divider has a wide-locking range. While designing 

the divider, an assumed initial reference frequency of the phase-locked loop system—phase 

detector—was 10 GHz. In order to achieve this, the latch design—Figure 43 and Figure 44—takes 

first-priority.  



70 
 

 

Figure 43: A D latch schematic. 
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Figure 44: A D latch schematic in Cadence Virtuoso. 

The latch is designed using two PMOS and 3 NMOS transistors. Clock bar controls the 

two tied together PMOS transistors; while, D, D bar, and Clock control the remaining NMOS 

transistors. The two outputs, Q and Q_bar, fall between the PMOS and NMOS MOSFET 

transistors.  

In review, the MOSFETs act as switches, and the schematic is asynchronous. If Vgs < Vt, 

then the MOSFET is off; if Vds < Vgs -Vt, then the MOSFET is linear; If Vds > Vgs -Vt, then the 

MOSFET is in saturation. Now averting attention back to the latch design, hypothetically, the 

PMOS bias voltages are 0.65 volts. The assumed threshold voltage for all MOSFETs is 0.3 volts. 

The PMOS operating region equations below: 

|𝑉𝑔𝑠| = |𝑉𝑔| − |𝑉𝑠| = |0.65 − 𝑉𝑑𝑑| [𝑉𝑜𝑙𝑡𝑠] (eq. 11) 

|𝑉𝑔𝑠| = |0.65 − 1| = |−0.35| [𝑉𝑜𝑙𝑡𝑠] 

𝑉𝑔𝑠 = 0.35 [𝑉𝑜𝑙𝑡𝑠] 
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𝑉𝑔𝑠 ≥ 𝑉𝑡𝑛 , 𝑃𝑀𝑂𝑆 𝑖𝑠 𝑂𝑁 (eq. 12) 

Time to focus on the NMOS transistor’s operating region. The NMOS transistors biasing 

voltage is 0.35 volts, and their operating region equations are below: 

|𝑉𝑔𝑠| = |𝑉𝑔| − |𝑉𝑠| = |0.35 − 𝐺𝑁𝐷| [𝑉𝑜𝑙𝑡𝑠] (eq. 13) 

𝑉𝑔𝑠 = 0.35 [𝑉𝑜𝑙𝑡𝑠] 

𝑉𝑔𝑠 ≥ 𝑉𝑡𝑛 , 𝑁𝑀𝑂𝑆 𝑖𝑠 𝑂𝑁 (eq. 14) 

 Since the divider has to turn on and off to make an oscillator, a swing voltage must be 

present. A  simplistic Equation 15 can help mock-up the swing voltage. 

𝑉𝑑𝑐 + 𝐴𝑠𝑖𝑛(𝜃) (eq.15) 

In Equation 15, Vdc is the bias voltage being used by the latch; while, the amplitude A is 0.4 volts. 

The swing voltage will ensure that the MOSFET transistors are either on or off. Clock and clock 

bar MOSFET transistors have to be ALL ON or ALL OFF. Trivially, the clocks will all be on. If 

D is open, then D_bar is short-circuited. These assumed conditions will make Q_bar pull up to 

VDD (high), and Q go to ground (low). If D_bar is open, then D is short-circuited.  These assumed 

conditions will make Q pull to VDD (high), and Q_bar pull to the ground (low). The output 

frequencies are complimentary. 

Figures 45-49 were done using Cadence Virtuoso. A tunable divide-by-four schematic, 

buffer circuit schematic, frequency divider with buffer circuit test bench schematic, the input wave 

period measurement, and output wave period measurement are shown in Figures 45-49, 

respectively. 
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Figure 45: A tunable divider-by-four frequency divider schematic in Cadence Virtuoso. 

 

Figure 46: A buffer schematic in Cadence Virtuoso. 
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Figure 47: A tunable divide-by-four frequency divider and buffer test bench in Cadence 

Virtuoso. 

 

Figure 48: The tunable divide-by-four frequency divider’s input wave with period 

measurement. 
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Figure 49: The tunable divide-by-four frequency divider buffer’s output wave with period 

measurement. 

The period of the input signal is 24.82ps, which is equivalent to 40.29 GHz. The period of 

the output frequency is 99.26ps, which is equivalent to a frequency of 10.04 GHz. The input 

frequency divided by the output frequency results in a value of 4, which is the goal of a divide-by-

four frequency divider. 

The dynamic latch divide-by-four divider’s power consumption is significantly higher 

than the divide-by-two dividers’. Figure 50 shows the power consumption up to 40 GHz, and 

follows the same trend of the other dividers—higher frequency means higher power 

consumption. 
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Figure 50: The dynamic divide-by-four divider’s power consumption v.s. frequency 

graph. 
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Section 4.4: Three-Stage Varactor Divider 

The three-stage varactor divider consists of three varactor latches that are tied together to 

create a ring oscillator based tunable frequency divider. The varactor latch works about the same 

as the tunable latch—reference the tunable divide-by-four section—but has two extra varactors to 

give the divider its tunable functionality. Varactors are a voltage-controlled capacitance, which 

will help determine the RC time constant—Equation 18. 

𝜏 = 𝑅 ∗ 𝐶  (eq. 18) 

Before using the RC time constant, the parasitic capacitances and resistances must be taken into 

account. The output resistance Ro and the gate to source capacitance Cgs is not very easy to change 

beneficially. In Equation 19, Ro is defined by the early voltage (VA) divided by the drain current 

(ID), or 1 divided by the channel length modulation parameter (𝜆) times the ID. 

Ro =
∗

=    (eq. 19) 

 Now averting attention to the varactors and its bias voltage in varactor divider latch (Figure 

51). 
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Figure 51: A dynamic varactor latch schematic. 

 Two varactors are placed in the middle of the latch in figure 51, which is controlled by a 

bias voltage and is ac grounded by the capacitor connected to VDD. This bias voltage will help 

achieve the desired divider ratio. In figure 52, CGS and Ro are set, which leaves only CVAR to be 

changed.  
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Figure 52: A circuit for understanding parasitics in the RC time constant. 

In Equation 20, CVAR controls the RC time constant. 

𝜏 = 𝑅 ∗ 𝐶𝑣𝑎𝑟  (eq. 20) 

Thus, if the frequency f is low, the time constant τ is high; however, if the frequency f is high, the 

time constant τ is low. 

The three-stage varactor divider (figure 53) ties three dynamic varactor latches together 

and is controlled by the positive and negative bias voltages (Vbp and Vbn)—same as the divide-by-

four divider—along with the varactor’s bias voltage.  Figure 54 shows the three-stage varactor 

divider’s layout. 
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Figure 53: A three-stage varactor divider schematic. 
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Figure 54: The three-stage varactor divider’s layout. 

 When simulating the varactor divider, the varactor bias voltage (Var_bias) is set, followed 

by sweeping the positive bias voltage (Vbp). An observation was that the higher the bias voltage, 

the divider ratio would not change until further into the Vbp parametric voltage sweep; however, 

the lower the bias voltage, the divider ratio would change earlier into the Vbp parametric voltage 

sweep. Furthermore, when the varactor bias voltage is at higher voltages, the divider ratio range is 

lowered. Figures 55-60 have a different combination of input frequencies, Vbp parametric voltage 
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sweep ranges, and varactor bias voltages; which, provides a visual aid for different combinations 

and their divider ratios! 

In figure 55, the initial input frequency is 40 GHz with a 300 mV varactor bias voltage. 

The Vbp voltage is swept between a large range of 300 mV to 800 mV. Upon inspection between 

the 300 mV and 400 mV, the divider ratio is 2; between 450 mV and 475 mV the divider ratio is 

3; between 510 mV and 580 mV the divider ratio is 4, and the Vbp sweep ends at 800 mV where 

the divider ratio is approximately 8.25. 

 

Figure 55: A three-stage varactor divider simulation results for Var_bias= 300 mV, while 

sweeping Vbp between 300mV and 800 mV at 40 GHz. 
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In figure 56, the initial input frequency is 40 GHz with a 300 mV varactor bias voltage. The Vbp 

voltage is swept between a finer range of 500 mV to 700 mV. This sweep shows that between 515 

mV and 615 mV, the divider ratio is consistently 4. Furthermore, the divider ratio increases at 

varying ranges above 615 mV as expected. 

 

Figure 56: A three-stage varactor divider simulation results for Var_bias= 300 mV, while 

sweeping Vbp between 500mV and 800 mV at 40 GHz. 
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In figure 57, the initial input frequency is 40 GHz with a 350 mV varactor bias voltage. 

The Vbp voltage is swept between a minimal range of 660 mV to 690 mV. Furthermore, when 

looking between the Vbp range of 668 mV and 679 mV, the divider ratio is  5. Another observation 

can be made since the varactor voltage has been increased by 50 mV, the divider ratio in figure 56 

at 670 mV is approximately 5.23, which is above the resulting divider ratio 5 that figure 57 depicts. 

This shows that the higher varactor bias voltage helps achieve a lower divider ratio at a lower Vbp 

voltage. 

 

Figure 57: A three-stage varactor divider simulation results Var_bias= 350 mV, while sweeping 

Vbp between 660mV and 690 mV at 40 GHz. 
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In figure 58, the initial input frequency is 50 GHz with a 300 mV varactor bias voltage. 

The Vbp voltage is swept between a broad range of 300 mV to 700 mV. Upon inspection, Vbn is 

set at 414.285 mV, and the divider ratio is 3.5, which graphically shows the divider can divide by 

decimal numbers. The 3.5 divider ratio was selected for simplistic visual aid, but the varactor 

divider’s tunability allows it to divide at many ratios between 2 and 8. 

 

Figure 58: A three-stage varactor divider simulation results for Var_bias= 300 mV, while 

sweeping Vbp between 300 mV and 700 mV at 50 GHz. 
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In figure 59, the initial input frequency is 40 GHz with a 600 mV varactor bias voltage. 

The Vbp voltage is swept between a minimal range of 778 mV to 784 mV. Upon inspection, Vbn is 

set at 780 mV, and the divider ratio is 5.5. Comparing Figure 59 to Figure 55, the 5.515 divider 

ratio when Vbn is set at 780 mV for figure 59 is a lot smaller than the approximate 8.25 divider 

ratio of figure 55. 

 

Figure 59: A three-stage varactor simulation results for Var_bias= 600 mV, while 

sweeping Vbp between 778mV and 784 mV at 40 GHz. 
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Figure 60 initial input frequency is 50 GHz with a 600 mV varactor bias voltage. The Vbp 

voltage is swept between a large range of 300 mV to 700 mV. Upon inspection, Vbn is set at 

585.71 mV, and the divider ratio is 4.  

 

Figure 60: A three-stage varactor divider results for Var_bias= 600 mV, while sweeping 

Vbp between 300mV and 700 mV at 50 GHz. 
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The varactors divider’s power consumption is—as expected—very high. The power 

consumption barely changes when adjusting the bias voltage from 300 mV (figure 61) to 600mV 

(figure 62); however, the change is still taxing in an already high-power consumption device at 

different frequencies. The varactor divider provides a great way to achieve multiple divider ratios, 

but should not be used in simplistic situations where a CMOS or TSPC divider would suffice. 

 

Figure 61: A varactor divider power consumption v.s. frequency graph—varartor 

bias=300mV. 
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Figure 62: A varactor divider’s power consumption v.s. frequency graph—varactor bias= 

600mV. 
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Chapter 5 

 

CONCLUSION 

 

Section 5.1: Conclusion of this Work 

 

In conclusion of this thesis, the knowledge, design, and simulations have demonstrated 

how frequency dividers are made for a PPL. First, understanding how logic gates work is a 

significant component of how a latch works, which is a major component of how dividers work. 

NMOS and PMOS transistors make logic gates, which tie together to make a CMOS inverter. 

Tying 3 CMOS inverters together makes a ring oscillator. Afterward, an overview of many 

different latch topologies is introduced, along with each of their unique advantages and 

disadvantages. CMOS and TSPC dividers have small power consumptions but struggle to 

achieve high-operating frequencies, which is the opposite of the tunable frequency divider’s 

topology. The dividers, in general,  come in distinct topologies for different applications. A 

TSPC divide-by-2/3 prescaler can divide by 2 or 3, which is more advantageous than dividing by 

a single integer value; however, the trade-off is power consumption. The TSPC divide-by-2/3 

prescaler consumes more power than a TSPC divide-by-2 topology. CML and the tunable 

dividers can achieve high-frequencies but consume a considerable amount of power. The higher 

the frequency these two dividers go, the more distorted the output waveform becomes, but a 

buffer circuit can help smooth off the edges—literally and figuratively. Finally, a varactor 

divider gives a wide range of divider ratios at the cost of power consumption. The tunable 

varactor divider’s topology would be good to divide the initial VCO’s output frequency and then 

further divide that output frequency by a CMOS or TSPC divider; however, it depends on the 
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design restraints and desired outcome. Everything in circuit design has trade-offs, just like 

everything in life. 

 

Section 5.2: Future Work 

 

In the future, making a frequency multiplier would be a nice addition to different topologies 

for a PLL. A frequency multiplier for specific applications at millimeter-wave frequencies would 

be more desirable. VCOs suffer from high phase noise and varactor’s low-quality factors, which 

make frequency multiplication applicable. A frequency multiplier does as its name states; it 

multiplies the input frequency. Another future project is to complete and tape-out a full PLL. That 

would bring some schematics made in this thesis to life, and the opportunity to continue learning. 
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