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Abstract:The current power system design in electric automobiles has become increasingly 
complicated due to innumerable electronics which are required to be integrated for the effective 
functioning of the system. A DC/DC buck converter is primarily used in order to control and 
regulate the working of peripheral systems in an automotive, the voltage from the battery is 
stepped down in order to power systems like the USB ports and the dashboard interfaces. There 
are multiple regulators available but in order to assess the feasibility of the available IC’s to 
interface, the design characteristics and specifications requires stepping down the input voltage 
from a higher voltage to produce a requirement specific lower voltage and constant output 
current in amperes. A comprehensive parametric analysis of LM23625 and LM23630 is 
performed by simulating buck regulators operating at respective switching frequencies. 
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1. INTRODUCTION

A buck converter is used to enable step down DC-DC conversion of input voltage to a required 
lower output voltage in power supplies. The primary requirement of a buck converter is efficient 
conversion of power which results in stable output and hence reduces the electromagnetic 
interference with the other electrical circuits of the automobile, it should minimum footprint 
yielding it to be small and compact an thereby the power dissipation by heat is reduced to a 
minimum, another vital factor to be considered is the operating temperature range, since an 
automobile is subjected to erratic temperature situations, the converter must be able to sustain 
the same. Buck converter is primarily used in infotainment systems, telematics and chagrin 
modules. 

The converter is designed to supply power to the peripheral systems of an automotive vehicle 
where the input is given through the battery management system ranging from 8V-32V and the 
output is designed to be a constant voltage and maximum current measured in amperes. 

The specification of the converter is designed based on application requirements and adhering to 
the standard regulations. The design of the DC-DC Converter is simulated by using suitable 
design inputs on two different buck regulator topology IC's LM23625 and LM23630 and their 
performance parameters are measured and compared in order to determine the best fit. 

2. Methodology
The primary step is to  design the high level specifications of the power supply and perform the 
simulation and comparison based on the same.The design of the power converter is carried out 
by identifying the requirements of the automotive telematics control unit and designing the high 
level specifications adhering to it. Based on the specifications, the topology is selected and the 
converter is designed using LM23625 and LM23630 following which a suitable switching 
frequency is determined The simulation of the design basedon tradeoff is carried out by a power 
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designer tool,WEBENCH and the results are monitored and parametric comparison is performed 
inorder to conclude the best suited design for the requirement. 
 
 
 
 

 
Figure 1. Design Methodology of the Buck Converter 

 
 

2.1 IC Specifications 
 
The two buck converter regulator integrated circuits being used for simulation and comparison 
are Texas Instruments LM23625 and LM23630, the specifications are tabulated as follows: 
 

Table 1. Specifications of LM23625 and LM23630 
 

Parameters LM23625 LM23630 

Input Voltage Range 4V - 36V 4V - 36V 

Output DC Current  2.5A 3A 

Switching Frequency  200kHz - 
2.2MHz 

200kHz - 
2.2MHz 

Normal Operating 
Frequency  

2100 kHz 400kHz 

Mode of Operation  Continuous 
Current 
Mode 
(CCM) 

Continuous 
Current Mode 

(CCM) 

Control Unit Forced 
PWM 

Forced PWM 

Features  Under 
Voltage 
Lockout 
(UVLO), 
Precision 

Under Voltage 
Lockout 
(UVLO), 

Precision Enable 
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Enable 

3. Implementation

The LM23625 circuit is designed based on the required design inputs, 
thepassive.components are designed based on the input and output voltage requirement. 
The switching frequency is 1.38MHz and all the components are designed accordingly. 

LM23625 provides an additional feature to design an EMI filter based on the Line 
Impedance Stabilization Network(LISN) requirement in order to effectively reduce the 
output noise ripple and satisfy the criteria to adhere to CISPR 25 Class 3 standards. 

Whereas the LM23630 circuit is designed based on the required design inputs, the 
passive components are designed based on the input and output voltage requirement. 
The switching frequency is 400kHz and all the components are designed accordingly. 
The IC is internally compensated by a compact design and there is no separate provision 
to design an EMI Filter. 

The electrical simulation of the circuits is carried out using the WEBENCH tool and 
the flowchart for the implementation is given below: 

Figure 2. Circuit Design using WEBENCH 

4. Results and Comparisons
The graphical representation of electrical simulation of vital factors as described in Fig
2 and the parameters for comparison are elucidated in this section.

4.1 Parameters 

1. Switching Frequency : directly  affects  the  footprint,  as  the  frequency     increases, the size
of the passive components decreases which in turn directly affects the footprint. 

2. Efficiency:  is the main objective of using DC/DC converter as they deliver high efficiency

3. Footprint : of the circuit is very vital as the buck converter circuit only forms a small aspect
of a very large automobile system, hence the criteria is for it to be compact and lightweight. 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 23, Issue 6, June - 2021 Page -397



4. Duty Cycle : efficiency are interdependent as the duty cycle determines the high frequency
pulses which will be passed on to the PWM control unit based on which efficiency of the system 
can be estimated 

5. Ripple : of the output voltage disrupts the working of the system due to the inability to
provide a constant output. 

6. Noise Filter : curbs the external noise affecting the circuit and also the radio frequency noise
which may be generated by the input power sources from coupling with the circuit 

7. Variable Frequency: is required in order to perform versatile operation of the circuit under
varying load conditions. 

8. Device Temperature : plays a role when the design is imprinted on a PCB

4.2 Simulation Results 

TheLM23635 and LM23630 are simulated for 3 vital parameters, duty cycle, efficiency and 
output voltage ripple. 

4.2.1 LM23625 

1. EFFICIENCY

Figure 3.LM23625 Efficiency 
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Figure 4. LM23625 Output Ripple Voltage 

3. DUTY CYCLE

Figure 5.LM23625 Duty Cycle 

4.2.2 LM23630: 

1. EFFICIENCY

Figure 6.  LM23630 Efficiency 
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 2. OUTPUT RIPPLE VOLTAGE



2. OUTPUT VOLTAGE RIPPLE

Figure 7. LM23630 Output Voltage Ripple 

3. DUTY CYCLE

Figure 8. LM23630 Duty Cycle 

4.3 Parametric Analysis  

The parameters of simulation are compared and tabulated in the table below: 

Table 2 : Parametric Comparison 

Parameters LM23625 LM23630 

Switching Frequency 1.38MHz 400kHz 

Efficiency at 20V 83.7% 87.7% 

Footprint 232 mm² 448 mm² 

Duty cycle at 20V 18.5% 17.49% 
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5.

 

Conclusion

 

It can be inferred from the analysis of the design that ideally the switching frequency of the 
converter is the most vital parameter considered as it directly affects the footprint of the entire 
design and consequently the LM23625 has a footprint of 232 mm per square operating at 
1.38MHZ in comparison to the LM23630 which has a footprint of 448 mm per square operating 
at 400khz. Although the footprint of LM23635 serves a better purpose, the efficiency of the 
LM23630 is better by almost 4%. This narrows it down to the noise compensation factor, it can 
be noticed that the ripple in the output of the LM23630 is 900% more than that of LM23625 and 
this is due to the lack of an EMI filter and damping circuit. It can be concluded that for an 
automotive application, the LM2625 will be better suited since noise interference plays a major 
role in an automotive system. 
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Output Voltage Ripple 2.67mv 18mv 

Noise Filter EMI filter can be 
added 

Internal 
Compensation 

Variable Frequency Synchronized to 
External Clock  

RT Pin 
available 

Soft Start Time 200ms 200ms 

Device Temperature 111.64 ℃ 97.84 ℃ 
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