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Abstract: A novel SPIC(smart power IC) with a simple APFC(active power factor correction) circuit on one chip

is proposed. T he Viu(bus voltage) with high power factor falls from 600V to 400V by using a delay circuit in which

a long channel length NM OS is used to substitute a large biasing resistance to save chip area. T he lower Vi results

in a smaller Ron(on-—resistance) of power switcher. which reduces the power loss of the power devices. improves the

efficiency of the circuit, and reduces the cost of circuits. An integrated high voltage over voltage protect circuit is al—

so designed in the circuits. Theory and simulations both prove the correctness and availability of the design.
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1 Introduction

SPIC ( smart power IC), which merges the
high~voltage power devices into CMOS logic and/
or bipolar analog circuits on one chip, permits sig—
nificant improvement and better stability in perfor—
mance at a less loss'"". But conflict between perfor—
mance and cost restricts the SPIC to spread
abroad. Chen'” has invented a novel half-bridge
power drive devices which can be integrated in
SPIC and improves the performance of SPIC with
lower cost. The SPIC used in electric ballast has
very large market in the world, and many research-
es have been done in this aspect, such as IR'",
ST'". Since the power factor has become a very im—
portant parameter in ballast in order to improve
the power factor at the same time, these companies

have used specific APFC IC to correct the power
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factor. But the cost of the ballast is too high for the
ballast to be widely used ™. So IR has proposed a
simplified APFC circuit for ballast with very low
cost, the power factor (PF) could be over 0. 95171,
which is shown in Fig. 1. However, the line bus
voltage (Vi) of the design is up to 600V. Because
the Ron of switching device (MOSFET) is propor-
tional in 2.5 power of the breakdown voltage'®;
this high voltage brings on lower efficiency of cir—
cuit. To improve the efficiency of the circuit, a nov—
el method is proposed in this paper that keeps high
power factor with a lower Vi (the Vi drops to
about 400V). The R of the devices for 600V is
about 2.3 times than that of 400V, so the Vi
drops to 400V, the Ro is the 1/2.3 of the 600V.
T hat means the loss of the power devices decreases
a lot with the same devices area and the efficiency
of the circuit is higher. It is a good way that opti-

mizing in circuit to make the design of power de-
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vices easier.
Moreover, a high voltage over voltage protec—
tion circuit is designed at the same time:; this

method makes SPIC working more safely.

2 Theory and circuit design

The diagram of the simple APFC circuit is
shown in Fig. 1. The SPIC is designed to drive half-

bridge power devices that provide the signal of

Fig. 1

Diagram of simply APFC circuit

40kHz to light the fluorescent lamp. The low side
drive is a pulse with the duty cycle D of 0. 5 that is
commonly used in the APFC circuit. This circuit
achieves to correct power. The expressions of the
in-ine voltage and the bus voltage in critical mode
is shown as following'":

1
Vem - Vi

(D
where Viis indine voltage and V. is the bus volt-
age, the D is the duty cycle of the APFC switch. If
D is 0.5, then V. is 2Vi, which means the rectified
A C indine voltage is DC 300V, and the V. is 600V,
So, if D reduces to 0.25, Vo (Vi) is only about
400V. Since the D can not be too small, the Ref.
[ 8] has pointed out that if the V./Viis bigger than
1. 25 ( Vius is higher than 375V), the PF can be kept
higher than 0.95. So D = 0.25 is an acceptable
choice. This pulse of D= 0.25 need not to be gen-
erated by outside control IC, and could be designed
by a delay circuit. To save layout area, an improved
circuit, which uses a very small current mirror'” to
charge the capacitance, is employed. This circuit
has no large resistance and is shown in Fig. 2. T he
circuit includes pulse generating and pulse wave—

shaping circuits. The delay time is the time of

charging capacitance. M2 and M4 are in the same

Ve named current mirror, which offer current to
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Fig. 2 Pulse generator circuit

M1 and M3, respectively. M3 is the active load of
M4.M 1 and the 4V voltage source replace the large
biasing resistance. M6 is the active load of M5. T he
input pulse in point A is applied to M3. M 3 works
in two cases: (1) When the input is at high level,
M3 turns on. Its gate width is 32um. The discharge
current is large enough to make voltage of point B
drop to zero in very short time. T he current of M4
flowes to GND at the same time. Point C is at high
level. (2) When the point A changes to low level,

the current of M4 charges the capacitance C, till
the voltage of the point B rises to over the thresh-
old voltage of M3(1V), M35 turns on, the point C
changes to low level. So the charge time is delayed
by capacitance C, and the charge time is delay
time. In the case that the C is constant, the charge
time can be decided by gate width of M4 and gate
length of M 1. The next three stage inverters are
waveshaping circuits, which made the pulse good
square wave. The output is at point D with D=

0.25 in this design. If the APFC circuit works in
discontinuous-mode, the delay time is smaller and
can be designed in this circuit by changing the
channel length of M 1 or the value of C.

The APFC circuit only changes the D, the oth—
er circuits need not be changed except a pin needs
to be added to drive the APFC switcher, which the
APDC drive signal can not be in common use with
low side driving.

The high voltage over voltage protection is de—
signed in the same chip according to the reference

that reports a novel integrated high voltage detec—
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tor'"”. The design is: the high voltage over—voltage
protection mainly aims at the V.. The Vi is de-
cided by the BOOST raising voltage performance of
the APFC circuit. The BOOST circuit is in the con-
trol of the switch M1 in Fig. 1. So if M 1 turns off,
the Vius will never rise up. If the Vi rises up over
the protection value, a high voltage detector can de-
tect this signal and transmit it to a comparator.
The comparator outputs a signal to APFC driver
circuit, which can turn off the M1. When M1 is
turned off, the Vi will keep at about 300V (DC)
and never rises up to 600V (DC). The SPIC and
power devices could be protected efficiently. The
diagram of all the added circuits is shown in Fig. 3.
The output signal of the pulse generator and the
signal of the comparator are transmitted to an
AND gate, then the AND gate outputs a signal to
amplifier then to drive APFC switching M 1. T he
protect bus voltage is chosen at 470V . T he detail of

the design refers to Ref.[ 10].
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Fig. 3 Diagram of the added circuit

3 Simulation results and layout area
estimate

The circuits were simulated using SPICE4.
The devices” models are compatible with 2um pro-
cess. The circuit is shown in Fig. 2. For a 40kHz
pulse with the duty cycle D= 0.5, the pulse with D
= 0.25 is generated shown in Fig. 4. The results
are shown in Fig. 4. The waveforms of key points
named A, B, C and D.The waveform of point A is
input pulse by the original cireuit, point B is the

charge voltage of capacitance, point C is the de-

layed pulse and point D is the shaped wave pulse
with D= 0.25. The results prove the circuit to be

effective.
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Fig. 4 Simple waveforms of simulation

The layout area is the cost of the SPIC. The
added circuits with the drive circuit increase the
area by about 12% of normal SPIC (without inte-
grated power drive devices) . On the other hand, the
bus voltage drops to 400V. The layout of the volt-
age sustaining area of high-side tub and high-voelt-

4

age shift circuits'™" would decrease by 4% at

least. For the power devices integrated in SPIC'”,
the saved area is about 8% . So the total added area
is about 4% ~ 8%, and this circuit would not in-

crease the cost too much.

4 Conclusion

A novel SPIC with a simple APFC was pro-
posed in this paper. The delay circuit, which em-
ploys a long channel length NM OS in place of large
resistance to save layout area, can affords a pulse of
duty cycle D= 0.25 to control the APFC switch,
the bus voltage drop to 400V.The Ro of the power
devices could be smaller with higher circuit effec—
tivity; the power loss of the R decreases a lot.
This is a good way to release the difficult in device
design and save the cost of the power devices.
Moreover, an integrated high voltage over voltage
protect circuit is designed at the same time. All of

the added circuits can be integrated in SPIC with-
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