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Abstract: Battery-supplied systems demand fast, efficient and compact power converters. Pulse-width-modulated (PWM) switch mode 

power converters(SMPS) are considerably efficient, but also slower, limited by their low band width.An improved Hysteretic pulse 

frequency modulated (PFM)nonlinear control method for DC-DC converters is illustrated in this paper. The basic disadvantages of 

linear control methods and their solutionsare explained. The buck converter is taken as an example and Hysteretic voltage mode of 

control is implemented. The basics of hysteresis, working of hysteretic comparator, ease of implementation and working of control loop 

are explained and implemented using Texas Instruments Network Analyser (TINA). Advantages and disadvantages of Hysteretic control 

methods are discussed along with future scope 

 

1. Introduction 
 

With advancing fabrication technology and increasing power 

management demands development of improved control 

methods from DC-DC power conversion has created a huge 

demand in the market. The classical control methods of 

linear control systems are robust and have created a 

foundation for power management for the past two to three 

decades. However, the advanced nonlinear methods have 

slowly started to replace the traditional methods. Yet, the 

classical methods remain widely used. Apart from the 

classical control methods, we have hysteretic/non-linear 

methods, digital control methods, and time domain control 

methods and in the recent days we have also seen digital 

signal processing methods such as DFT etc., also can be 

implemented in DC-DC power management systems. 

 

The main purpose of these control systems/control scheme is 

to regulate the output voltage within the required limits with 

the specified input and output variations. Any of the 

methods mentioned above can be implemented to achieve 

the task. However each control method comes with its own 

set of liabilities. The figures of merit of any control method 

are decided by the following parameters: 

1) Output ripple 

2) Line regulation 

3) Load regulation 

4) Transient response 

5) Stability    

 

Each control methods can be implemented with sensing of 

output information using different sensing techniques and 

implementation of one or more control loops in the closed 

loop path. Depending on the sensing element and the 

controlled variable the control modes are classified into 

voltage mode, peak current mode, valley current mode, 

average current mode etc. This case steady deals with the 

analysis of Hysteretic voltage mode control of Buck DC-DC 

converters. Apart from the basic hysteretic control methods 

there are several modifications of hysteretic mode exist such 

as Dcap, Dcap2, Dcap+ and DCS architectures. All these 

architectures are developed by the company Texas 

Instruments. 

 

 

2. Block Diagram 
 

 
Figure 1: Block diagram if hysteretic voltage mode of 

control of buck converter 

 

3. Basic Operation 
 

Hysteretic mode of operation is a non-linear method of 

control loop implementation for DC-DC converter. The 

operation depends solely on the hysteresis of the 

comparator. The comparator has two thresholds. Whenever 

the rising edge of the feedback voltage reaches the upper 

threshold of the hysteretic comparator it turns the high side 

switch off. And when the falling edge of the feedback 

voltage hits the lower threshold of thehysteretic comparator, 

high side switch is turned on. Hence the Vout gets regulated 

such that feedback voltage is always within the bounds of 

comparator hysteresis. 

 

 
Figure 2: Feedback voltage regulation at 500mV with 

hysteresis of ±10mV 
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4. Previous Study 
 

Prior to studying the hysteretic mode control of DC-DC 

converters, it is necessary to understand the linear voltage 

mode control of PWM converters. PWM voltage mode 

control is the basic and fundamental control method for DC-

DC power supplies. It can be noticed how the output of the 

SMPS is regulated using the linear error amplifiers and 

PWM waveform for duty cycle generation is done using the 

comparison between fixed frequency oscillator and the error 

amplifier output. There is also a scope for understanding of 

different compensation techniques and feed forward 

techniques.  

 

5. Hysteretic Comparator and its Working 

Principle 
 

A comparator is device which compares 2 analog inputs 

signals and out puts a digital signal depending on input 

levels. Hence comparators are also called 1 bit ADC. 

Hysteretic system means a system in which the response 

lags behind the excitation. The best example of hysteresis is 

the inductor BH curve. Hysteresis is the inherent property of 

any comparator (non-ideal). This feature serves as an 

advantage because any noise on the reference voltage or in 

the input signal could trigger the output and cause a large 

number of bursts in the comparator output. This application 

deals with deliberately enhancing the hysteresis thresholds 

such that 500mV threshold voltage is split into 2 different 

thresholds of 450mV and 550mV low and high respectively. 

Further for the control loop implementation of Buck 

converter, this hysteresis is reduced to ±10mV from ±50mV.    

 

 
Figure 3: Schematic of Hysteretic comparator 

 

From the simulations below it is clear that the comparator 

sets to high when the input voltage crosses/hits the lower 

hysteretic threshold level of 450 mV. And the output sets to 

low when the input crosses/hits the higher hysteretic 

threshold level of 550mV. 

 

 
Figure 4: Transient simulations of hysteretic comparator 

6. Schematic of Hysteretic Voltage control 

loop 
 

 
Figure 5: Schematic of Hysteretic control mode Buck 

converter 

 

Table 1: Design elements of Hysteretic Buck converter 
Parameter Value 

Lout 6.8uH 

Cout 2*47uF 

Ripple Injection resistor 300mΩ 

Feedback resistances 1.3MΩ + 500kΩ 

 

7. Simulation Results 
 

 
Figure 6: Steady state simulation results of hysteretic 

voltage mode buck converter in CCM 

 

Table 2: Steady state results 
Parameter Value 

Vin 3.3V 

Vout 1.8V 

Iout 500mA 

Duty Cycle 54.55% 

IL peak to peak 258mA 

Vout peak to peak 80mV 

Switching Frequency 833.3kHz 

 

The speciality of hysteretic control method is error 

correction can be done almost instantaneously within one 

switching cycle. This feature cannot be implemented using 

liner control methods since the UGB of linear control 

systems is set at least to 1/10
th

 of the switching frequency. 

This is done to avoid switching noise in the control loop. But 

this disadvantage is aggressively overcome in hysteretic 

control methods. 
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Inductor selection: Generally ∆ILis assumed to be 30% of 

load current for wide range of applications. Minimum 

inductance needed, can be calculated keeping frequency 

fixed. 

𝐷 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
 

𝐿_𝑚𝑖𝑛 =  
𝑉𝑖𝑛 − 𝑉𝑜𝑢𝑡

𝐹𝑆𝑊 ∗ ∆𝐼𝐿
 

 

 
Figure 5: Input (line) voltage transient (3.3V to 5V) 

response and illustration of cycle by cycle error correction 

 

 
Figure 6: Load current transient response (500mA to 1A) 

and illustration of cycle by cycle error correction 

 

Advantages and disadvantages of Hysteretic voltage 

mode control 

 

A. Advantages 

1) Fast transient response. Error correction can be done as 

quickly as within one switching cycle. 

2) Easy and cost efficient implementation. Elimination of 

components like error amplifier, compensation etc., 

reduces cost and transient delays. 

3) No compensation requirements. Due to nonlinear method 

of implementation the need for the phase boost part is 

eliminated. 

4) The bandwidth is limited only by the bandwidth of the 

comparator and its slew rate. 

 

B. Disadvantages 

1) Varying switching frequency. Any transient in the input 

voltage leads to variation in switching frequency. Hence 

this control technique cannot be synchronised with 

external clock circuits. 

2) High ripple at the output voltage. Since minimum and 

maximum threshold must be hit at every switching cycle 

for Vout to regulate, Hysteretic mode craves for high 

ripple at the output.  

3) Vulnerable to switching noise. Due to high bandwidth 

compared to linear application these hysteretic 

controllers are susceptible to Switching noise and exhibit 

low PSRR. 

 

8. Conclusion 
 

The hysteretic voltage mode of control has been 

implemented on buck DC-DC converter. The basic working 

principle and operation of the voltage correction loop have 

been explained. Transient and steady state simulations have 

been run. Feedback voltage regulation has been successfully 

illustrated at a small range up to ±10mV. Advantages and 

disadvantages of Hysteretic control technique have been 

discussed. 

 

9. Future Scope  
 

Hysteretic mode of SMPS regulation has developed from the 

basic Voltage mode hysteretic regulation to advanced 

architectures such as constant on time (COT) method. Future 

scope lies in understanding and implementation of 

currentmode architecture for the hysteretic control. Apart 

from the conventional linear methods enhanced hysteretic 

control methods and time domain control methods need to 

be explored. 
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