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KP in Continuous Conduction Mode (CCM)

•

 

The supply is in CCM if the MOSFET turns on before the 
secondary current has reduced to zero

IS

IS
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KP

 

in Discontinuous Conduction Mode (DCM)

•

 

The power supply is in DCM if the MOSFET turns on after the secondary 
current has reduced to zero
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Step 3: Enter Data for Protection Features
Enter specific DC startup voltage if desired

Recommended values of external 
components for UV/OV, OVP and Power 
Limiting vs

 

Line

Calculated typical line UV 
and OV voltages

Override cell to change margin to operating-

 
peak-current ratio at high line.  Value of 1.1 
to 1.2 recommended.  Used for power 
limiting vs

 

line resistor calculations.
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Step 4: Confirm Transformer Core
 & Bobbin Selection

Enter core size selection or Auto.  When Auto is entered PI Xls estimates the 
smallest core size that will deliver output power without overheating or saturating.

Override cells to specify the 
number of primary winding 
layers and the number of 
secondary turns

Custom core 
parameters can 
be entered here

Enter half the 
total margin size 
(3.1 typical) or 
zero for triple 
insulated design

NS

 

calculated to 
meet flux 
density limits
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Step 5: Iterate Design to Eliminate Warnings

•

 

Follow recommendations in the

 

comments column to bring design within 
acceptable limits
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Design Iteration Details
•

 

The relationship between primary layers (L), secondary turns (NS

 

), core 
size, flux density (BM

 

), core gap length (Lg

 

) and current density (CMA) is 
described below :

↑= Value increases

↓= Value decreases

- = N/A
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PI Xls Spreadsheet Generates the Key Results
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PI Xls Helps Select Key Circuit Components

•

 

Output capacitor(s)
–

 

Ripple current (IRIPPLE

 

) requirement(s)
•

 

Output diode(s)
–

 

Reverse voltage rating(s) (PIVS)
–

 

Forward current rating(s) (ISP

 

and IO

 

)
–

 

VR

 

> 1.25 x PIVS
–

 

ID

 

> 2 x IO

•

 

Bridge rectifier
–

 

Forward current IF

 

> IAVG

–

 

VR

 

> 1.5 ×

 

VMAX
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Step 6: Use PI Transformer Designer to Create       
a Transformer Build Document

•

 

Close design in PI Xls and re-open in PI Transformer Designer to 
provide detailed transformer winding instructions 
–

 

Verify bobbin pin-out assignment
•

 

Can be modified as required

–

 

These winding instructions can also be used to order samples via

 

PI’s Rapid 
Transformer Sample Service (RTSS)

•

 

See http://www.powerint.com/componentsuppliers.htm

 

for more information

–

 

Software features enable additional options including

•

 

Use of Z windings

•

 

Tape between layers

•

 

Split primary construction

•

 

Optional shield windings

•

 

Wire type and number of strands

•

 

Add specific construction notes (e.g. varnish)

http://www.powerint.com/componentsuppliers.htm
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Step 6: PI Transformer Designer Outputs
•

 

Electrical Diagram

•

 

Winding Instructions

•

 

Mechanical Diagram
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Step 7a: Select Control Pin Components 

Standard values are suitable for the most designs

Provides timing for auto-restart 
(determines overload detection 
delay time)

Resistor adds a zero 
to help compensate 
the loop

Provides local decoupling for switching 
noise, must be physically close to the 
CONTROL and SOURCE pins
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Effect of Series Control Pin Capacitor Resistor 

Additional control pin capacitor series resistor increases bandwidth

Phase

Gain

7 kHz  
internal 

pole

Additional Zero at ~400 Hz with 6.8 Ω

 
resistor (6.8 Ω

 

+ ESR, 47 µF)

Pole at ~225 Hz

 

(C-

 

pin 15 Ω, 47 uF)

TOPSwitch-HX transfer function
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Step 7b: Select Bias Winding Components 

Typical bias winding diodes include 
1N4148, BAV19 & FR102.  
PIV value given by PI Xls (PIVB),  
typically <100 V for VBIAS

 

of 15 V.

10 µF, 25 V bias 
winding capacitor 
recommended

Opto

 

coupler CTR range of 80% to 
200% recommended e.g. LTV817A, 
PC817X1, PC123Y6, CNY12F-2
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Step 8: Select Line Sense Components 
•

 

Line sense resistor should be rated for ≥400 V
–

 

One 0.5 W, two 0.25 W or three 1206 SMD resistors in series meet

 

this requirement

–

 

Values provided in PI Xls

RLS

 

: Sets Line UV/OV
5% tolerance, ≥400 V

RPL

 

: Reduces current 
limit with line voltage to 
limit overload power
5% tolerance, ≥400 V

RIL

 

: Programs internal 
current limit 
1% tolerance
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Step 9: Primary Clamp Component Selection
RCD Clamp Zener Clamp RCD/Zener Clamp
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Step 10: Select Output Rectifier(s)
•

 

Select voltage rating such that VR

 

≥

 

1.25 x PIVS

–

 

VR

 

is the diode voltage rating and PIVS is from PIXls results

•

 

Select initial current rating such that ID

 

≥

 

2 x IO
–

 

ID

 

is the diode rated DC current and IO

 

is the average output current 

–

 

Depending on measured diode temperature rise adjust current rating

Sample Schottky

 

and 
Ultrafast

 

diodes for use in 
TOPSwitch-HX designs
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Step 11:
 

Output Capacitor Selection
•

 

Capacitor voltage rating should be > 1.25 x VO

•

 

Capacitor ripple current rating should be > IRIPPLE

–

 

Output capacitor IRIPPLE ratings are inversely proportional to temperature
•

 

Example: A 105 °C capacitor working at 85 °C has an IRIPPLE

 

factor of 1.7 
•

 

Check manufacturer’s datasheet for specific factors

typical 30 V, 32 W design

typical 12 V, 20 W design

typical 19 V, 40 W design
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Step 12: Feedback Selection –
 

Zener
 

Reference

VRFB

 

= VOUT

 

– (VRFB1

 

+ VF(UFB1)

 

)
VRFB1

 

= 5 mA ×

 

RFB1

RFB1

 

sets 
loop gain LPF

 

and CPF

 

lower 
switching ripple
LPF

 

: 1 –

 

3.3 µH and IO(AVE)
CPF

 

: 100 -

 

330 µF

 

low ESR

RBIAS

 

sets the bias 
current through VRFB.
470 Ω

 

to 1 k

 

Ω

 

suitable 
for Zener

 

with 2 mA test 
current.

UFB1

 

should have a 
CTR of 80 –

 

200%
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Zener
 

Feedback Common Component Values

•

 

Voltage across RFB1

 

is determined by opto

 

CTR and CONTROL pin current
–

 

Values assume average control pin current of 4 mA and CTR of 100%
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Step 12: Feedback Circuit –
 

IC Reference

Practical tolerance ±

 

3%, with 2%, TL431 reference IC

RFB1

 

sets the DC gain of 
UFB2

 

and limits UFB1

 

LED 
current during load 
transients

Resistor divider RS1

 

and RS2

 

sets VOUT

 

.

 
RS2

 

: 10 k

 

Ω, 1%

RBIAS

 

provides 
supply current for 
UFB2

 

. 1 k

 

Ω

 

typical

CFB1

 

, decreases the high 
frequency gain of UFB2

 

, 
100 nF typical

LPF

 

and CPF

 

lower 
switching ripple
LPF

 

: 1 –

 

3.3 µH and IO(AVE)
CPF

 

: 100 -

 

330 µF

 

low ESRUFB1

 

should have a 
CTR of 80 –

 

200%
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Common TL431 Feedback Component Values

Assumes CTR of 100% e.g. LTV-817A (80-160%)

*

*
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Steps 13–14: Test Prototype & Refine Design

•

 

Measure peak drain voltage at maximum input voltage, the 
minimum DC bus voltage (VMIN

 

) and efficiency at low line

•

 

Verify that VMIN

 

is ≥80 V at low line, full load
–

 

Increase input capacitance value if necessary

•

 

Verify peak drain voltage <650 V at maximum line voltage and 
overload (prior to auto-restart)

•

 

Refine design by entering measured parameters into the PI Xls 
spreadsheet 
–

 

Efficiency (η)
–

 

Measured value of VMIN

–

 

Input bridge rectifier conduction time (tC

 

)
–

 

Loss allocation factor (Z)
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TOPSwitch-HX Design Tools
•

 

Reference Design Kit (RDK-142)

–

 

Built and tested 35 W power supply

–

 

Engineering report (RDR-142)

–

 

Blank PCB and IC samples

–

 

PI Expert Suite power supply design 
software

–

 

TOPSwitch-HX Datasheet

–

 

Application  Note AN-43

•

 

For latest design examples visit

 www.powerint.com/appcircuits.htm

–

 

DI-143: 20 W / 80 WPK , 32 V Inkjet Printer Supply

–

 

DI-144: 50 W / 70 WPK, 24 V Boiler Supply

–

 

DI-146: 35 W, 5 V, 15 V LCD Monitor Supply



TOPSwitch-HX 
Design Examples
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•

 

No-load input power:

 

<260 mW @ 230 VAC
•

 

Average efficiency:

 

> 88%
•

 

Component count:

 

38

DI-144: 24 V, 50 W / 70 WPK

 

Supply

2008
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•

 

No-load input power:

 

<260 mW @ 230 VAC
•

 

Average efficiency:

 

>85%
•

 

Full load efficiency:

 

>87 %

DI-143: 32 V, 20 / 80 WPK

 

Supply
2008

Fast AC reset 
and separate 
UV-

 

threshold

•

 

Sleep:      >2.3 WOUT

 

for 3 WIN

•

 

Standby: >0.6 WOUT

 

for 1 WIN

•

 

No-load input power: <275 mW

Timed output 
overload detection 
and overvoltage

 
shutdown



TOPSwitch-HX 
Hints and Tips
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•

 

Measure VBIAS(MAX)

 

at overload (prior to auto-restart)
–

 

Select value of VROVP

 

20-30% above VBIAS(MAX)

–

 

Avoids false triggering due to variation in bias voltage over load range
•

 

RBIAS

 

can be added to provide additional filtering

–

 

Optional filter improves reliability of latching shutdown
•

 

Ideal for high voltage and/or high output capacitance designs
•

 

Isolates V pin from noise coupling via OVP components or layout 

Selecting Components for Primary Sensed OVP

Optional filter

 
(1N4148 and 100 nF)

VBIAS

0 to 20 Ω: Latching
5.1 k  Ω: Non Latching

RBIAS

 

: 0 to 47 Ω



Slide# 107

Selecting Components for Secondary Sensed OVP

•

 

Select value of VROVP

 

for desired OV shutdown voltage 

0 to 20 Ω: Latching
5.1 k Ω: Non Latching

1N4148 or any 
small signal diode

COVP

 

: Select to deliver 
OVP trigger current

 
>100 µs (100 nF typical)

RX

 

: 100 k Ω
Prevents false OVP 
triggering due to UOVP 
leakage currents
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OVP Function for Timed Over Power Protection

ROPP2

 

prevents false 
triggering during repetitive 
peak loading by providing 
discharge path for COPP1.  
Typically 100 k

 

Ω

 

- 2 M Ω

•

 

Rise in VBIAS

 

during output overload used to trigger OVP

–

 

Time delay can be set to prevent false triggering during normal load transients

Time constant of ROPP1

 

and COPP1

 

determines trigger time.  Start 
with τ

 

= overload trigger time and adjust based on measurement

VBIAS
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Timed Over Power Protection Example

Output over power 
shutdown triggered 
180 ms after 
overload applied

•

 

Measured on TOP258M 20 W / 80 WPK

 

design

–

 

COPP1

 

: 1 µF, ROPP1

 

: 130 k

 

Ω, ROPP2

 

: 2 M

 

Ω, VBIAS

 

: 15 V, VROPP

 

: 20 V

VOUT
10 V / div

IOUT
1 A / div

50 ms / div

180 ms
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Testing OVP

•

 

Test that OVP is not triggered falsely

–

 

Startup under maximum peak load at both low and high line

–

 

Startup at no-load at both low and high line

–

 

Normal operation applying zero to peak load transient at both low and high line

–

 

Output short-circuit at high line
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High Efficiency Zener Clamp Circuit

DCLAMP

 

: 600 V, 1 A

 
FR107, 1N4937 or UF4005
Diodes with trr

 

> 500 ns 
not recommended

VRCLAMP

 

:
1.4 ×

 

VOR

 

≤

 

VRCLAMP

 

≤

 

200 V
0.5 W to 6.5 W rating
Part number series P6KExxx, 
BZY97Cxxx, 1.5KExx
Two series devices of equal 
voltage can be used to increase 
power rating

RCLAMP2

 

: Optional
0

 

Ω

 

to 22 Ω, 0.5 W

•

 

Suitable for <~30 WAVE

 

applications, limited by temperature of VRCLAMP

–

 

Gives lowest no-load consumption and highest light load efficiency

RCLAMP3

 

:
Optional to reduce 
zener dissipation and 
EMI but increases no-

 
load input power.
47 kΩ

 

to 330 kΩ, 1 W
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High Efficiency Zener Clamp Design Guidelines

•

 

Highest efficiency across load range, very low no-load consumption

•

 

As larger TOPSwitch-HX devices are used reduce value of RCLAMP2

–

 

VDS(PK)

 

increases as ID(PK) increases giving a larger voltage across RCLAMP2

–

 

Adjust the value of RCLAMP2

 

to keep the peak drain voltage below 650 V

•

 

RCLAMP2

 

dampens ringing (when fast recovery diodes, such as a 
1N4937 or FR107 are used)

–

 

Improves EMI in 500 kHz to 2 MHz region (leakage inductance resonant 
frequency)

•

 

RCLAMP3

 

reduces EMI and decreases zener dissipation

–

 

Reduces conduction time of VRCLAMP

–

 

Softens VRCLAMP

 

turn on and off event and helps damp ringing

–

 

However increases no-load consumption and reduces light load efficiency 
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Efficient RCDZ Clamp Circuit
VRCLAMP

 

:
1.1 ×

 

VOR

 

≤

 

VRCLAMP

 

≤

 

200 V,

 
0.5 W to 6.5 W rating
Part number series 
P6KExxx, BZY97Cxxx, 
1.5KExx

RCLAMP2

 

: Optional
0  Ω

 

to 47  Ω, 0.5 W -

 

1 W

•

 

VRCLAMP

 

prevents CCLAMP

 

discharging during low or no-load conditions

•

 

Suitable for <~50 WAVE

 

applications limited by temperature of VRCLAMP

–

 

Higher power possible with two series Zeners

 

in place of VRCLAMP

RCLAMP

 

:
1 / (3 ×

 

fOSC

 

×

 

CCLAMP

 

)
½ W - 2 W

CCLAMP

 

:
330 pF to 22 nF, ≥

 

400 V ceramic or film

DCLAMP

 

: 600 V, 1 A

 
FR107, 1N4937 or UF4005
Diodes with trr

 

> 500 ns not 
recommended
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Efficient RCDZ Clamp Design Guidelines

•

 

Select CCLAMP

 

to limit peak drain voltage to 650 V
–

 

Maximum recommended CCLAMP

 

peak voltage VCCLAMP(PK)

 

is 1.65 ×

 

VOR

•

 

Select RCLAMP

 

value to discharge CCLAMP

 

by ripple voltage
–

 

Ripple voltage: VCCLAMP(PK)

 

- VRCLAMP
–

 

Measure at maximum line, maximum output or overload output power

•

 

RCLAMP2

 

dampens ringing and limits diode reverse recovery current
–

 

As larger TOPSwitch-HX devices are used reduce value of RCLAMP2

•

 

Increase in VDS(PK)

 

due to RCLAMP2

 

×

 

ID(PK)

•

 

Start with RCLAMP2

 

= 50 / (0.8 ×

 

ID(PK)

 

)
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High Power RCD/Zener
 

Clamp Circuit

VRCLAMP

 

:
1.4 ×

 

VOR

 

≤

 

VRCLAMP

 

≤

 

200 V, 
0.5 W to 6.5 W rating.

Two devices can be placed 
in series for increased 
dissipation

Part number series 
P6KExxx, BZY97Cxxx, 
1.5KExx

RCLAMP2

 

:
0  Ω

 

to 10  Ω, 0.5 W

•

 

During normal operation RCLAMP

 

and CCLAMP

 

limit peak drain voltage, VRCLAMP

 
only active during startup, overload or transient load conditions

RCLAMP

 

: 
10 k

 

Ω

 

to 100 k

 

Ω,

 
½ W - 5 W

CCLAMP

 

:
330 pF to 47 nF, ≥

 

400 
V ceramic or film

DCLAMP

 

: 600 V, 1 A

 
FR107, 1N4937 or UF4005
Diodes with trr

 

> 500 ns not 
recommended
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High Power RCD/Zener
 

Design Guidelines

•

 

Suitable for any power level but ideal for high power (>50 WAVE

 

)

•

 

Zener

 

provides defined maximum clamping voltage
–

 

Allows RC to be selected for normal operation for improved light

 

load and

 
no-load efficiency

–

 

Zener

 

conducts only during overload, startup and transient load conditions
•

 

Select CCLAMP

 

to limit peak drain voltage to 1.4 to 1.6 ×

 

VOR

–

 

Measure at maximum line voltage and maximum output or overload output 
power and also at start-up into an output short circuit

•

 

Select RCLAMP

 

value to discharge CCLAMP

 

by 20 V -

 

50 V every switching 
cycle at low line and full load

•

 

RCLAMP2

 

dampens ringing and limits diode reverse recovery current

•

 

As larger TOPSwitch-HX devices are used, reduce value of RCLAMP2

–

 

Increase in VDS(PK)

 

due to RCLAMP2 ×

 

ID(PK)

–

 

Start with RCLAMP2

 

= 20 / (0.8 ×

 

ID(PK)

 

)
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•

 

RUV = (VUV

 

-V(V or M)

 

) / 25 µA
–

 

V(V or M)

 

= 2.8 V at I(V or M)

 

= 25 µA
–

 

VUV

 

is typically 100 VDC for universal 
input, 200 VDC for 230 VAC input

•

 

RUV

 

voltage rating of > 400 V required
–

 

A ½

 

W resistor or 2 series ¼

 

W parts 
recommended

•

 

Actual dissipation ~35 mW at high 
line for a typical 4 M

 

Ω

 

line sense 
resistor

Undervoltage Lockout (UVLO) Guidelines

IUV
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•

 

Reduce current limit of larger device to match original smaller device

–

 

Prevents excessive output overload power, core saturation and excessive drain voltage

–

 

Maintains operation in multi-mode control as expected

•

 

X-pin resistor value can be found using curve in datasheet

Use of Larger Device for Reduced Dissipation 
and Higher Efficiency




