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ABSTRACT 
In this paper, a novel start-up circuit with a simple topology and 
low stand-by power during under voltage lockout (UVLO) mode 
is proposed for SMPS (switching mode power supplies) 
application. The proposed start-up circuit is designed using only a 
few MOSFETs, LDMOSs, and one JFET based on the analysis of 
the existing start-up circuits to address the power consumption 
and input voltage range issues of the conventional start-up. 
Simulated results using 0.35um BCDMOS process demonstrate 
that the leakage current of the proposed circuit is less than 1uA 
after UVLO signal turns on. Setting time is less than 1ms when 
the load current changes from 10mA to 20mA and vice versa. 
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B.7.0 [Integrated Circuits]: General 

General Terms 
Performance, Design, Economics, 
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1. INTRODUCTION 
The flyback topology is one of the popular choices as SMPS 
(switching mode power supplies) for low power applications such 
as adapter for mobile devices and auxiliary power supplies of the 
personal computer [1] and electrical home appliances [2]. Due to 
its insulating properties and simplicity, the flyback can be 
implemented using one switching component and one 
transformer. The switching component can be implemented using 
discrete or integrated power MOSFET, and control circuits are 
required to turn it on or off.  

Most of the control integrated circuits for SMPS using the flyback 
topology require their starting current to charge a capacitance of 
the self-supply circuit in the integrated circuit to a certain level [3]. 
Such current comes from the starting circuit known as the 
bootstrap circuit (start-up), which is constituted in the simplest 
case by a resistance connected to the supply line [4]. 

When the voltage on the capacitance achieves a preset voltage 

value called start-up voltage, the self-supply circuit supplies the 
control circuit. The self-supply circuit is generally constituted by 
an additional winding performed on the main transformer of the 
switching power supply to which a suitable rectification and 
filtration circuit is connected. 

Since there are ever increasing demand for the reduction of the 
supply consumption lately, the simple aforementioned resistance 
is replaced by the circuits that are active during the starting phase 
and inactive during the normal operation.  

Lately there are also demands for monolithic devices for the 
SMPS that are comprised of both control circuit and the active 
starting circuit. However, the technologies used for these 
integrated circuits have limitation regarding the maximum 
sustainable voltage because the start-up circuits are hard to be 
integrated due to its high and wide input voltage range such as 
80~275 VAC for universal operation. Therefore, there is a need 
for a bootstrap start-up circuit that has lower power consumption 
and accommodates a wide bias voltage range. To address these 
problems, 700V DMOS or BiCMOS process technology is often 
used for products.  

This paper proposes a novel start-up circuit using only a few 
MOSFETs, LDMOSs, and one JFET based on the analysis of the 
existing start-up circuits to address the power consumption and 
input voltage range problems of the conventional start-up circuits.  

The remainder of this paper is organized as follows. Section II 
introduces the basic concept of the start-up circuit by showing the 
conventional topologies as well as the state-of-the-art topologies. 
Section III describes the proposed start-up circuit, and the 
simulated results are discussed in Section IV to prove the 
proposed design, followed by the conclusion in Section V. 

2. CONVENTIONAL SART-UP CIRCUITS 
2.1 Prior Arts 
Figure 1(a) shows a prior art SMPS using flyback topology that 
includes a full-wave bridge rectifier, a transformer, and control 
circuit using pulse width modulation (PWM) mode. 

M୔  (Power MOSFET) controls the power switching of the 
primary winding of the transformer, and high input voltage is 
applied to the transistor during initial power-up. 

The power to operate the control circuit is produced by the 
secondary winding side and is referred to as Vbias in Figure 1(a). 
However, at power start-up, controller will be without power 
because primary winding will be open and no voltage will be 
induced into the secondary winding because the controller is not 
switching during this time. To initiate such switching, node A 
with high DC voltage is tapped on bridge rectifier by the resistor, 
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and the current is filtered by the capacitor. This tap supplies just 
enough current through the resistor to start chip because 
significant amounts of power can be dissipated in the process of 
dropping the high voltage of the line to the low voltage required 
by chip. This waste of power is continuous, even after Vbias is 
available. This problem is severe particularly after Vbias is 
available, which makes the resistor dissipate all the more power at 
the highest expected voltage. Therefore, high wattage resistor type 
is inevitable and it requires extra space and air circulation. 

 

Figure 1 Conventional start-up circuits 
 
Figure 1(b) shows an evolved SMPS that is similar to the circuit 
shown in Figure 1(a), where the resistor R1 has been eliminated 
and several components have been included. 
A voltage regulator inside the chip (dashed line in Figure 1(b)) 
allows the elimination of the high watts resistor and includes a 
high voltage pre-regulator transistor and supply power to PWM. A 
voltage is developed across the primary winding and induces a 
voltage in the secondary winding that supplies Vbias. With Vbias 
being supplied, the comparator operates to maintain the transistor 
off and no further high voltage power is required. Turning off 
high voltage pre-regulator saves power after start up, but such a 
function is more expensive to implement as it requires a high 
voltage transistor and extra pin with high voltage safety spacing. 
The high voltage transistor used in the pre-regulator of SMPS 
chips is usually relatively small device. The transistor’s immunity 
to line transients is therefore limited. Thus, the pin associated with 
the transistor becomes a limiting factor for electrical static 
discharge (ESD) and safe operating area (SOA) rating of the 
switching regulator chip. 

2.2 The-State-of-the-arts 
Figure 2 shows SMPS that includes a start-up circuit, which is 
very similar to Figure 1(b) but uses one JFET. The voltage of the 
drain node of the transistor M୔ is lower than the voltage at the 
output of the primary winding (drain node of JFET) because the 
voltage at the output of the primary winding is dropped through 
the JFET, and the JFET supplies a regulator with power either 
temporarily or continuously to operate a PWM in the chip. 

Advantages of the circuit are that the circuits not only save power 
but also reduce the number of pins of the chip while ESD and 
SOA concerns are reduced by using JFET [5]. 

 

Figure 2 Schematic of the start-up circuits that uses JFET 
 
When a line voltage is applied to the drain of the JFET, the 
JFET’s body is fully depleted with a typical source to substrate 
pinch-off voltage of 50V wherein the body of the JFET is often 
referred to as the drift region of	the	M୔. The JFET is operated in 
the saturation region. Since the source voltage of the JFET is 
limited to approximately 50V, most of the line voltage applied at a 
terminal of the transformer is dropped across the body of the 
JFET thereby providing a buffer from the line voltage. This 
protects M୚ and the resister connected to this node. 

 
Figure 3 Schematic of the start-up circuit using clamping 
diode 
 
Figure 3 is the schematic of another conventional start-up circuit. 
Clamping circuit limits the voltage appearing at the control 
electrode of M୚  thereby limiting the current flowing between a 
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