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Abstract: Design and analysis of a driver chip for the three-phase DC brushless-motor by using a 0.6 µm 
CMOS process is investigated in this paper. In the CMOS process, a lot of components, i.e., control and power 
circuits are integrated in the same chip. Here, we will focus on the design of high-current driver part and present 
the results obtained from the motor operating at different situations. Eventually, an analysis of this circuitry 
system, it is found that the driving current can be up to 500 mA as in the three-phase DC motor operation. 
Moreover, in order to improve the operation accuracy of this DC brushless-motor over the entire speed control 
range, this paper develops a capacitor filter by using a Xilinx IC and Hall sensors feedback. By a capacitor filter 
adding, experimental data show a 280 % reduction of noise peak voltage in Hall sensors output and 60 % 
reduction of noise peak voltage (at low level) in the OP output have been achieved at rotation speed of  
2500 RPM. Copyright © 2013 IFSA.   
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1. Introduction 
 

Microminiaturized DC brushless motors are 
widely used in PC, NB, workstation and information 
appliances for DVD ROM rotation driving or air 
cooling due to the characteristics of simple 
mechanical construction, low cost, high efficiency, 
and maintenance free. Meanwhile, with rapidly 
development of semiconductor process, the 
integration of control and drive system of DC 
brushless motors has been widely implemented in a 
same IC. As compared with the BJT technology, the 
CMOS process can be achieved a high complexity at 
same area by using pMOS and nMOS devices to 
accomplish a driver chip [1-9]. The TSMC 0.6 µm 
CMOS process has been used to develop a high-
current driving chip in this work, and the supply 
voltage is a 5 V bias, meanwhile, this circuit will 
have an 8 ohm loading. Consequently, it's driving 

performance and high-current heat performance is 
necessary to be evaluated. Finally, this chip will be 
worked with an inductance loading, however, when 
the chip rotated in a very high speed the noise 
problem should be careful considered. The other 
circuit may be influenced by the noise coupling when 
a mix-mode IC designed. Therefore, how to avoid the 
power driver cross-talk with digital and analog 
circuits is an urgent need. 

 
 

2. Experimental Details 
 
A block diagram of three-phase DC brushless-

motor driving IC is shown in Fig. 1. And, it has three 
coil terminals, we define it as W, V, and U. In order 
to let the motor ran a suitable rotation, the electric 
current must execute the following phase-change-
order, i.e., for each time only changing & conducting 
one phase shown in Tables 1 and 2.  
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Fig. 1. Block diagram of a three-phase DC brushless-motor 
driving IC. 

 
 

Table 1. Phase-change-order table for a three-phase DC 
brushless-motor. 

 
Source Sink 

W V 
W U 
V U 
V W 
U W 
U V 

 
 

Table 2. Digital topology of Hall sensors and MOSTs 
conducting order. 

 
Forward 

or   
Reverse 

Hall-
1 

Hall
-2 

Hall
-3 Wp Wn Vp Vn Up Un 

Source 
→Sink

Fwd 1 1 0 0 1 1 0 1 1 W→V
Fwd 1 0 0 0 1 1 1 1 0 W→U
Fwd 1 0 1 1 1 0 1 1 0 V→U 
Fwd 0 0 1 1 0 0 1 1 1 V→W
Fwd 0 1 1 1 0 1 1 0 1 U→W
Fwd 0 1 0 1 1 1 0 0 1 U→V 
Rev. 1 1 0 1 0 0 1 1 1 V→W
Rev. 1 0 0 1 0 1 1 0 1 U→W
Rev. 1 0 1 1 1 1 0 0 1 U→V 
Rev. 0 0 1 0 1 1 0 1 1 W→V
Rev. 0 1 1 0 1 1 1 1 0 W→U
Rev. 0 1 0 1 1 0 1 1 0 V→U 

 
 

Moreover, this three-phase DC brushless-motor 
driver will have six MOSFETs, in which it is 
consisted of three pMOSTs (Wp, Vp, Up) and three 

nMOSTs (Wn, Vn, Un), and each MOSFET device 
has being with L= 0.75 µm and W=10,000 µm 
geometric dimension. During the motor driver 
working, the pMOS is to provide the driving current, 
in the following step this current fed into a coil and 
returned to the nMOS, the nMOS is to provide the 
current-sink port. When the DC brushless-motor 
works, two MOSFETs will be turned on at the same 
time. The realized IC and system framework and are 
shown in Figs. 2 and 3. 

 
 

 
 

Fig. 2. Realized IC of the driver part. 
 
 

 
 

Fig. 3. Realized IC of the driver part. 
 
 
As this chip driving, the heat-sink performance 

should be cared evaluated as a chip operated. The 
digital part of Fig. 1 will be emulated and used a 
Xilinx IC and the Hall device feeds back [10-20] by 
using an OP, where the Hall OP circuit and the 
simulation results are shown in Figs 4 and 5, 
respectively. A three-phase motor driver will have six 
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MOSFETs and the driver package is a 28 pins 
porcelain type. In order to measure the temperature 
behaviour of the driver devices, a temperature sensor 

is set under the driver chip. The I-V characteristics of 
the nMOS and pMOS are shown in Figs. 6 and 7. 

 

 
 

Fig. 4. Schematic circuit of a Hall OP. 
 
 

 
 

Fig. 5.  Output simulation results of a three-phase Hall OP. 
 
 

In the following step, we will analysis heat sink 
performances of the driver chip. As the device 
loading current being 500 mA and the temperature 
versus time recorded every three second, the 
measurement diagram was shown in Fig. 8. 
Eventually, the final stability temperature of this chip 
was reached 67.7 °C. 

 
 

Fig. 6. The I-V characteristics of an nMOSFET  
in this driver. 

 
 

 
 

Fig. 7. The I-V characteristics of a pMOSFET  
in this driver. 
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Fig. 8. Diagram of temperature vs. operation time. 

 
 
In the theoretical driving-ability calculation, the 

driver current can be up to 450 mA as a loading is  
8 ohm by using the HSpice simulator. However, in 
fact the motor involves an inductance loading, every 
phase loading is about 2.7 ohm, so we add a 3 ohm 
cement resistance in every phase connected point. As 
the waveform of chip to cement resistance and 
cement resistance to motor is compared, it is found 
that, in real measurement, the motor forward current 

will be with 0.18 A, meanwhile, the reverse current 
be with 0.41 A. Figs. 9-12 show the waveform of this 
driver chip driven a DC brushless-motor. 

When a motor being operated, it can result in a lot 
of noise signals, these noises will influence the other 
circuits operation, so we add a capacitor filter to 
ground for every motor phase node. Fig. 13 shows 
the comparison of waveforms as removing the 
capacitor filter and motor operated for driver-out-
node to cement resistance and cement resistance to 
motor node. Similarly, Fig. 14 shows that the 
comparison of waveforms as the capacitor filter 
removing and motor braked for driver-out-node to 
cement resistance and cement resistance to motor 
node. Figs. 15 and 16 show that the waveforms of 
Hall sensor to OP node as adding a capacitor filter 
and removing this filter, respectively. In the same 
manner, Figs. 17 and 18 show the waveforms 
comparison of OP output port as adding a capacitor 
filter and removing this filter, respectively. From  
Figs. 15-18, a 280 % reduction of noise peak current 
in Hall sensors output and 60 % reduction of RMS 
current (at low level) in the OP output have been 
achieved at rotation speed of 2500 RPM. 

 
 

  
 

Fig. 9. The waveform of driver to resistance  
in any two ports. 

 
 

 
Fig. 10. The waveform of resistance to motor node  

in any two ports. 
 

  
 

Fig. 11. The waveform comparison of driver to resistance 
and resistance to motor node. 

 
Fig. 12. The waveform comparison of driver to resistance 

and resistance to motor node as motor braked. 
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Fig. 13. Waveforms comparison of chip output-node  

to cement resistance and cement resistance to motor node as 
a capacitor filter removed and motor operated. 

 
 

 
Fig. 14. Waveforms comparison of chip output-node  

to cement resistance and cement resistance to motor node as 
a capacitor filter removed and motor braked. 

 

  
 

Fig. 15. Waveforms of Hall-sensor to OP as a capacitor  
filter added. 

 
 

 
Fig. 16. Waveform of Hall-sensor to OP as a capacitor  

filter removed. 
 

  
 

Fig. 17. Waveform of an OP output node as a capacitor  
filter added. 

 
Fig. 18. Waveform of an OP output node as a capacitor  

filter removed. 
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3. Results and Discussions 
 

Because this driver chip provides a high current 
driving ability, therefore, the chip temperature will be 
risen suddenly see Fig. 8. If the chip heat-sink ability 
is not so good, the chip reliability will be influenced. 
The package type of this driver is ceramics, the heat 
sink is to be competent enough if we pay attention to 
the temperature rising time. 

Driving performance of this driver chip is very 
good when a long-time (1 hr) and a high-current  
(500 mA) conditions operated. Eventually, even 
current up to (900 mA), only the bonding wire was 
fused in this test-chip. A double guard-ring was also 
used in this driver chip for a high current situation, 
the latch-up phenomena can be avoided in these 
power pMOS and nMOS transistors. 

As a DC brushless-motor operated in a very high 
rotation speed, it will create lots of noise coupling as 
shown in Figs. 13, 14, 16, and 18. However, if the 
signal-to-noise ratio is too low such that an OP can’t 
compare the correct waveform, therefore, motor will 
be not correctly operated. And, the delivery current 
can be from 0.18 A up to 0.5 A. Why this current 
rose up so high, which is due to the Xilinx IC can’t 
receive a correct signal such that its output will be 
not correct. In the same time was added some noise 
levels, therefore, this chip switched to an unknown 
state (the current maybe up to so high). Nevertheless, 
it can be conclusion that the designer must be paid 
much attention to the noise problems as in a three-
phase DC brushless-motor driver chip design. 

 
 

4. Conclusions 
 
This work has been implemented by a 0.6 µm 

CMOS process for the three-phase DC brushless-
motor applications. After above measurement tests, it 
is known that this CMOS process can be used for a 
high-current driver design. But, it is necessary to pay 
attention to some questions, such as the heat-sink 
influence by a chip package (the chip temperature is 
not suitable too high), and the power device must be 
obeyed the latch-up design rules especially in the 
high temperature situation. Nevertheless, as the 
power driver devices used in the switching purpose, 
the noise coupling and EMI issues should be avoided. 
How to avoid the noise problem, a capacitor filter 
adding in the IC application end is very important. 
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