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Conventionally a MOSFET, with a voltage rating of 1500V or with a Half-Bridge connection using
two MOSFETs of 800-900V, would be used for SMPS applications requiring input voltages higher
than 380Vac. However, these methods have the disadvantages of a complicated circuit structure
and high cost. FSC developed a more effective solution: a power IGBT rated at 1500V-5A. This
technical note, describes the design of the 25W flyback power supply using a SGL5N150UF. The
major experimental operational characteristics of the IGBT are also explained.

Performance in High Input Voltage Flyback Converter

Figure 1 shows the design of a 25 watt flyback converter with an output at (+5V, 5A), operating at
a switching frequency of 50kHz and high input voltages of 380 - 500Vac. This type of switching
power supply is used for applications requiring high input voltages such as an inverter and other
instruments. This discontinuous mode flyback converter using a KA3844 current mode controller
features good voltage tracking by using the pulse by pulse current sensing on the primary side,
and an isolated secondary feedback loop. The KA3844 PWM IC directly drives the power IGBT.

Figure 1: 25W Flyback Converter Circuit Diagram
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Table 1: Power Supply Specifications

1. Operating mode

Flyback Discontinuous Mode

2. Input voltage (Vi)

380 Vac to 500 Vac (50Hz/60Hz)

3. Switching frequency (fg,) 50kHz
4. Output voltage (Vo) DC 5V * 5%, 5A
5. Efficiency (n) 80%

As the power IGBT sequentially turns on and off, energy is stored in the core of the transformer
during on time and is then transferred to the output capacitor during off time. When the power
IGBT turns off, energy stored in the leakage inductance causes a voltage spike across the collec-
tor-to-emitter terminal of the power IGBT which amounts to at least twice the input voltage (Vin +
nVo + leakage inductance voltage®). Most applications need clamp circuits to restrict this voltage
spike from exceeding the BVces rating of the IGBT. The power IGBT must have high voltage capa-
bility which can be adapted to a given system for higher efficiency.

Note

1: ‘n’indicates the turns ratio of the transformer windings. The voltage

Vin + nVo + leakage inductance voltage of the transformer appears on the primary side.

Ic[200mA/div]

Ves[500V/div]

T=[5 s/div]

Figure 2: Operating Waveforms at Rated Conditions (V;,=400Vac, Pq,;=0W)
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Figure 3: Operating Waveforms at Rated Conditions ( V;,=400Vac, Py,;=5W )

This flyback converter was tested at 400Vac input voltage, 48kHz switching frequency, and various
output powers (0 watt shown in Figure 2, 5 watts in Figure 3, 15 watts in Figure 4, and 25 watts in
Figure 5). These Figures show the graphs for operating conditions using an IGBT(SGL5N150UF)
as the switching device. The IGBT is fully driven by the gate-emitter voltage of 20V, and the volt-
age spike across the collector-emitter terminal is adequately clamped to about 1300V by the addi-
tion of a clamp circuit during the off-time.

Figure 4: Operating Waveforms at Rated Conditions (V;,=400Vac, Pq,;=15W)
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T=[5 s/div]

Figure 5: Operating Waveforms at Rated Conditions (V;,=400Vac, P,,;=25W)

Design of the High Input Voltage Flyback Converter

Predesign Considerations
Output Power (Py) = (5V)(5A) = 25 Watts

DC Input Voltages: Viy (min) = 1.414* Vin_ac (min)

=1.414 * 380Vac = 537 Vdc
Vinmax) = 1414 * Vipac (max)

=1.414 * 500Vac = 707 Vdc

Maximum Duty Cycle (8,ax) = 45%

Switching Frequency (f) = 50kHz

Efficiency (n) = 80%

Peak Transformer Current (Ipk) =2* (Po/n)/(Vin(min) * Omax)

= 2 * (25 W/0.8)/(537 Vdc * 0.45) = 0.25 Amps
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Designing the Transformer

After reviewing the core size data provided by various core manufactures, it was decided that a

PQ2625 core will adequately fit the winding and insulation needs of this application.

The primary inductance needed for this application is calculated below:
I-p = Vin(min) * 6max/(lpk *f)
= (537 Vdc) * 0.45/((0.25Amps) * (50kHz)) = 20mH

The maximum operating flux density at the low input voltage of:
Bmax = Bsar(80°C)/2 = 3400 G/2 = 1700 G

The minimum length of the airgap for the core is then:
g =0.41% Ly * 1,2 * 108/(Ae * Byax?)

= 0.411* (20mH) * (0.25Apms)? * 108/((1.19cm?) * (1700 G)?) = 0.043 cm
The number of turns needed to produce the required primary inductance is:
Np =Lp* Ik * 10%/(Ae * Brnay)

= (20mH) * (0.25Apms) * 108/((1.19cm?) * (1700 G))

= 247.15 turns, rounded to 247 turns

The number of turns needed by the +5 V secondary inductance assuming the use of a fast recov-

ery rectifier is:
Ns = (Vout + Vd) * (1- dpay) * Np/(Vin(min) * Omax)
=((5V)+ (1V)) * (1 — 0.45) * 247/((537Vdc) * 0.45)

= 3.37 turns, rounded to 3 turns
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DC & AC Characteristics of SGL5N150UF
Table 2: Electrical Characteristics of SGL5N150UF

Symbol Characteristics Test Conditions Min. | Typ. | Max. | Units
BVces C-E Breakdown Voltage Vge=0V, Ic=250pA | 1500 - - V
AVces/ATj | Temperature Coeff. of Vge=0V, Ic=1mA - 0.6 - Vv/°C

Breakdown Voltage
Vge(th) G-E Threshold Voltage Vce=Vge, Ic=5mA 20 | 31 | 4.0 \%
Ices Collector cutoff Current Vce=Vces, Vge=0V - - 250 | pA
Iges G-E leakage Current Vge=Vges, Vce=0V - - 100 | nA
Vce (sat) Collector to Emitter Saturation | Vge=10V, Ic=5A - 47 | 55 \%

Voltage Vge=10V, Ic=10A - ez | - Vv
Cies Input Capacitance 780 - pF

: Vge=0V, f = 1MHz
Coes Output Capacitance Vee=10V - 132 - pF
Cres Reverse transfer Capacitance - 68 - pF
td(ON) Turn on delay time - 7 - ns
tr Turn on rise time - 15 - ns
- Vce = 600V
td(off) Turn off delay time Ic = BA - 30 42 ns
tf Turn off fall time Vge =10V - 65 | 120 ns
Eon Turn on Switching loss Rg = 10Q - 190 | - ud
—— Inductive Load

Eoff Turn off Switching loss - 100 - pJd
Ets Total Switching loss - 290 | 580 pJd
Qg Total Gate Charge Vee=600V - 30 - nC
Qge Gate-Emitter Charge Vge=10V - 3 - nC
Qgc Gate-Collector Charge Ic=5A - 15 - nC
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The Printed Circuit Board Layout
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Parts List

Component Value Component Value Component Value
C1,C2 47uF R4 1.8kQ R17 5.6 kQ

C3 10uF R5 100 kQ R18 470 kQ
C4 2200pF R6 200 kQ D1 FE1D
C5 3300pF R7 12 kQ D2 FR107
C6 100uF R8 8.2 kQ D3 FE6D
C7 2200pF R9 1 kQ L1 15pH
Ccs8 4700uF R10 10Q IC1 KA3844
C9 470pF R11 12 kQ OPT1 PC817
C10 4700pF R12 4Q IGBT SGL5N150UF
Cc11 1000pF R13 470 kQ
R1 220 kQ R14 180 Q
R2 220 kQ R15 5.6 kQ
R3 200 kQ R16 2.7 kQ
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not

intended to be an exhaustive list of all such trademarks.

ACEx™ HiSeC™ SuperSOT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ pPoOp™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT™-6
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LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR INTERNATIONAL.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, or (c) whose failure to perform when
properly used in accordance with instructions for use provided
in the labeling, can be reasonably expected to result in
significant injury to the user.

2. A critical component is any component of a life support

device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Formative or In
Design

Advance Information

This datasheet contains the design specifications for product
development. Specifications may change in any manner without
notice.

Preliminary First Production

This datasheet contains preliminary data, and supplementary
data will be published at a later date.

Fairchild Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild Semicon-
ductor reserves the right to make changes at any time without
notice in order to improve design.
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This datasheet contains specifications on a product that has
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