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A Study on the Small Signal Modeling of Smart Power IC
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Abstract - A method of modeling the Smart Power IC is presented in this
paper, which is based on the IC's typical operation characteristics and
small signal frequency response data. Using the least square identification,
the IC's dynamic mathematical model, which is expressed as transfer
function, can be synthesized from the experimentally obtained gain and
phase data. The practicability and effectiveness of the method are verified
by means of experiments.

1. Introduction

A major trend in today's Power Integrated Circuit (IC) development is
to create Smart Power ICs [1]. Considering the large application potential
of Power ICs [2], an enormous growth is expected in high-density
consumer applications of monolithic Smart Power ICs' solutions. With
more needs of flexibility and model predictive control to Smart Power
ICs, there are more demands for the correct parameters and dynamic
response of a single Smart Power IC. Therefore, it is important to identify
the IC's dynamic mathematic model.

A typical switch-mode power supply (SMPS) with a Smart Power IC is
shown in Fig. 1. The switching converter can be a Flyback or a Forward
converter. The control circuit can be a feedback or a forward control
circuit. The three most popular pins of the Smart Power IC shown in Fig.1
are Drain pin, Control pin and Source pin (or power ground pin). The IC,
as a pulse-width modulation (PWM) controller, converts a voltage or a
current at the Control input to a duty cycle at the Drain output of the
power MOSFET.

A main problem of obtaining the Smart Power IC's transfer function in
a direct way is due to the high voltage of the Drain output. Even though
the analog signal through Control input is a continuous function of time,
there can be only one discrete value of the duty cycle during every
switching period, and the voltage amplitude of Drain also varies greatly.
So it is difficult to measure the duty cycle directly.

The purpose of this paper is to obtain the Smart Power IC's frequency
response indirectly and to model its transfer function via a set of small
signal experimental frequency response data.
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Fig. 1. Simplified SMPS circuit diagram with a Smart Power IC.

2. Small Signal Modeling

To analyze the SMPS frequency response, let us perturb and linearize
the average signals about the quiescent operation points [3]. The small

signal block diagram shown in Fig.2 contains: G, :dA//{Jcm -Smart

Power IC transfer function, G, =w,,,/d -converter control-to-output

g out

transfer function, G, =w,,,/v;, -converter line-to-output transfer

v,

function, Z,,, =v,,,/1,,,4 -converter output impedance. The transfer

[
function from the Control input v 1 to the power supply output ﬂm , in
the open-loop converter becomes:
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Fig. 2. Small signal block diagram of the SMPS with a Smart Power IC.

Then the Smart Power IC is replaced by a traditional PWM and power
MOSFET circuit at the same quiescent operation points, as shown in
Fig.3, and the corresponding small signal block diagram is shown in

Fig.4, containing G:,*r =d/ 'lﬂ)(m, -PWM IC transfer function which is

%

O
known beforehand, G,, =v,,,/d -converter control-to-output transfer

. * ~¥ ~¥ . .
function, G:,g:Um‘,/Um -converter line-to-output transfer function,

#

Z

ot = zA;U,ut/ i waa -converter output impedance. Considering about
~ ~%k
d" =—d for the power MOSFET, the transfer function from the Control

input 130“‘1 to the power supply output 1301” in the open-loop converter
becomes:
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As the same converter is operated at the same quiescent operation points,
thus

Gy(s)=G,(s) . (3)

With the known Gjﬁ(s) and the measured G, (s) and G:c(s),

substitution of Eq.(2) and Eq.(3) into Eq.(1) leads to the following
expression for the measured Smart Power IC transfer function:
. L G(s)
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The experimental data will be suffered from many kinds of noise.
Based on Central Limit Theorem, the sum of all the independent and
identically-distributed random noise will tend to be approximately
normally distributed. So the experimental frequency response data are
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then processed by using Monte Carlo method. And the polynomial
coefficients for this Single-Input Single-Output (SISO) transfer function
are identified with the least square technique [4].
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Fig. 3. Simplified SMPS circuit diagram with a traditional PWM and
power MOSFET circuit replacing the Smart Power IC for the
same switching converter.
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Fig. 4. Small signal block diagram corresponding to SMPS with the
traditional PWM circuit.

100

a0

Magnitude(dB)

10 10°
Fregquence(Hz)

200

100

Phase(deq)

-100 s
10 10 10 10
Fregquence(Hz)

Fig. 5. Experiment data of the Smart Power IC's frequency response
and the traditional PWM circuit's frequency response.

3. Experimental Results

To verify the above principle, a 200V/12V, 2A, 100 kHz Flyback
power supply is used as an experimental prototype. A device TOP224 [5]
is used as the Smart Power IC in Fig.l, and a circuit including a
PWM-control IC TL494 and a MOSFET FQP6N60 works as the
traditional PWM and power MOSFET circuit in Fig.3.

The frequency responses, G,.(s) in Eq.(1) and G, (s) in Eq.(3), are
measured 50 times respectively. Then we get the average results of the
measured frequency responses, as shown in Fig.5. The line curve in Fig.5

indicates GM(S), the transfer function from the Control input of the Smart
Power IC TOP224 to the power supply output, and the dashed line curve
indicates G (s), the transfer function from the Control input of the

PWM-control IC TL494 to the power supply output.

Based on the well-known PWM-control IC TL494's transfer function
G,L(s), we can get the Smart Power IC's frequency response Gd/(‘(s)

through Eq.(4), with the measured G, (s) and Gf((é) Using the least
square technique [4], we can identify the Smart Power IC TOP224's
model G, (s), as Eq.(5). It shows that the measured TOP224's DC gain is
153 (43.7dB) and the dominant pole in the transfer function is 7.37 kHz.
~ 7085000 153
Crelo) = g0~ s o )
21« 7370

According to TOP224 data sheet [5], its DC gain for reference is 160
(44.0dB) and its transfer function pole is 7 kHz. The comparison between
the experimental results and the reference characters has been made in
Fig.6, which shows the identified model's transfer function curves (line)
are well accorded with the reference model's curves (dashed line). When
the signal frequency was higher than 10 kHz, there was some difference
between the experimental phase-frequency response (dot line) from the
identified model transfer function (line) and the reference transfer
function (dashed line). This was because the 100 kHz switching frequency
caused much noise to the measured phase-frequency response data [3].
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Fig. 6. Comparison of the frequency responses of experimental data,
identified model and reference model.

4, Conclusion

This paper demonstrated an indirect modeling method to obtain a
Smart Power IC's transfer function via experimental frequency response
data. The whole process is as follow: first measuring the control-to-output
transfer functions of the power supply with the Smart Power IC and those
with the PWM and MOSFET circuit respectively, then calculating the
Smart Power IC's frequency responses, and at last identifying the IC's
model. The experimental results were presented to show that the small
signal modeling method to identify the Smart Power IC dynamic
mathematic model is feasible. Although the results of the given case were
shown for one simple first order device, it does not seem to have any
restriction to other higher order ones.
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