Ki in Continuous Conduction Mode (CCM)

®e
.
.
®e
.

.
.
.
.
.
.
.
.
.
.
®e
.

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

P POWER

Slide#t 79 INTEGRATIONS



Kr in Discontinuous Conduction Mode (DCM)

KP KDP (1 Dz xT

T=1/g

] e

D x T (1-D)xT

R T

Secondary \ x

(a) Discontinuous, Kp > 1

T = 1ffg———,

JUIGLY  1¥% (MIEPI e Spog, O

i \ \

(b) Boarderline Discontinuous/Continuous, Kp = 1

/

P1-2578-011800

« The power supply is in DCM if the MOSFET turns on after the secondary

= POWER
INTEGRATIONS

current has reduced to zero
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Step 3: Enter Data for Protection Features

Enter specific DC startup voltage if desired Calculated typical line UV
and OV voltages

PROTECTION FEATURES /
LINE SENSING
VYUY STARTUP 95 Volts DC Bus Voltage at which the power supply will start-up
VOV _SHUTDOWN 445 Volts DC Bus Voltage at which power supply will shut-down
RLS 4.0 M-ohms ||Use two standard, 2 M-Ohm, 5% resistors in series for line sense functionality.
OUTPUT OVERVOLTAGE
A" 27 Volts Zener Diode rated voltage for Output Overvoltage shutdown protection
RZ 5.1 k-ohms |Output OVP resistor. For latching shutdown use 20 ohm resistor instead
OVERLOAD POWER LIMITING

_ Enter the desired margin to current limit at VIMASK. A value of 1.2 indicates that
SlaLe s BILG L CLE L, oS L2 e current limit should be 20% higher than peak primary current at VIMAX

_ . ur margin to current limit at low line is high.
Owverload Current Ratio at VMIN Info 1.85 Raduce Kl to 0.65 (if possible).
ILIMIT_EXT VMIN 167 A Extyrnal Current limit at VIMIN
ILIMIT_EXT_WVMAX 1.16 A ExteNnal Current limit at VIMAX
RIL 8.91 k-chms | CurreNt limit/Power Limiting resistor.
RPL 6.71 M-ohms | Power\Limiting resistor

/

Override cell to change margin to operating-

peak-current ratio at high line. Value of 1.1 Recommended values of external
to 1.2 recommended. Used for power components for UV/OV, OVP and Power
limiting vs line resistor calculations. Limiting vs Line

P POWER
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Step 4: Confirm Transformer Core
& Bobbin Selection

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

ENTER TRANSFORMER C&!CDNSTRUC'I’IDN VARIABLES

Core Type EEL28 EEL28 Core Type
Core EELZ8 PiN: PC40EEZ28/33/11-Z
Bobbin EEL28 BOBBIN PIN: 219
AE 0.66 cm"2  Core Effective Cross Sectional Area
LE 7.34 cm Core Effective Path Length
AL 3060 nHMT*2 Ungapped Core Effective Inductance
BW 21.9 mm Bobbin Physical Winding Width
Safety Margin Width (Half the Primary to
M 310 mm Secondary Creepage Distance)
L 2.00 \ Mumber of Primary Layers
NS N Number of Secondary Turns
Custom core / / \ Enter half the Ng calculated to
parameters can  gygride cells to specify the total margin size ~ meet flux
be entered here .. ber of primary winding (3.1 typical) or density limits
layers and the number of zero for triple
secondary turns insulated design

P POWER
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Step 5: Iterate Design to Eliminate Warnings

CURRENT WAVEFORM SHAPE PARAMETERS
DMAX 0.57 Maximum Duty Cycle (calculated at PO_PEAK)
IAVG 0.44 Amps Average Primary Current {calculated at average output power)
I REDUCE Ip=1.61 Increase VOR, OR reduce KP, Increase Kl, Increase CIN (or VMIN) OR
IP Warning| 1.69 Amps use larger TOPSwitch-HX
IR 1.86 Amps Primary Ripple Current (calculated at average output power)
IRMS 0.59 Amps Primary RMS Current (calculated at average output power)
TRANSFORMER PRIMARY DESIGN PARAMETERS
LP 962 uHenries Primary Inductance
LP Tolerance 10 Tolerance of Primary Inductance
MNP 55 Primary Winding Number of Turns
MNB 9 Bias Winding Number of Turns
ALG 323 nH/T"2 Gapped Core Effective Inductance
BM Warning| 3457 Gauss Operating flux density should be below 3000 Gauss, Increase turns OR increase core size
BP Warning| 4326 Gauss I REDUCE BP=4200 (increase NS smaller TOPSwitch, larger Core.increase KP)
BAC 864 Gauss AC Flux Density for Core Loss Curves (0.5 X Peak to Peak)
ur 2069 Relative Permeability of Ungapped Core
LG 0.30/mm Gap Length (Lg = 0.1 mm)
BWE 15.7 mm Effective Bobbin Width
QD 0.29/mm Maximum Primary Wire Diameter including insulation
INS 0.05 mm Estimated Total Insulation Thickness (= 2 * film thickness)
DiA 0.24 mm Bare conductor diameter
AWG 31 AWG Primary Wire Gauge (Rounded to next smaller standard AWG value)
CM 81 Cmils Bare conductor effective area in circular mils
CMA 138 Cmils/Amp rlNCREASE CMA=200 (increase L{primary layers).decrease N3 larger Core)
Primary Current Density (J) 14.61 Amps/imm"2 !l Decrease current density Use larger wire diameter, increase L or increase core size.

Follow recommendations in the comments column to bring design within

acceptable limits .
Eﬂv rm%‘s’
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Design lteration Details

- The relationship between primary layers (L), secondary turns (Ng), core
size, flux density (B), core gap length (L;) and current density (CMA) is
described below :

B, CMA
L - |
N, ! |

size ~L T

Slide# 84

T= Value increases
= Value decreases
-=N/A
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Pl XiIs Spreadsheet Generates the Key Results

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP 962 uHenries Primary Inductance
LP Tolerance 10 Tolerance of Primary Inductance
MP 73 Primary Winding NMumber of Turns
MB 11 Bias Winding Number of Turns
ALG 182 nH/MT"2 Gapped Core Effective Inductance
BM 2593 Gauss Maximum Flux Density at PO, VMIN (BM=3000)
Peak Flux Density (BP=4200) at ILIMITMAX and LP_MAX. Note:
BF 3786 Gauss Recommended values for adapters and external power supplies
BAC 648 Gauss AC Flux Density for Core Loss Curves (0.5 X Peak to Peak)
ur 2069 Relative Permeability of Ungapped Core
LG 0.56 mm Gap Length (Lg = 0.1 mm)

VOLTAGE STRESS PARAMETERS
Maximum Drain Voltage Estimate (Includes Effect of Leakage

VDRAIM 575 Volts Inductance)
PIVS 26 Vaolts Output Rectifier Maximum Peak Inverse Voltage
PIVB 74 Volts Bias Rectifier Maximum Peak Inverse Voltage

TRANSFORMER SECONDARY DESIGN PARAMETERS (MULTIPLE OUTPUTS)

1st output

WO 500 5 Volts Output Voltage

101 _AVG 1.00 1 Amps Average DC QOutput Current

PO1_AVG 5.00 Watts Average Output Power

VD1 0.5 Vaolts Output Diode Forward Voltage Drop

MNS51 4.00 Output Winding Number of Turns

ISRMS1 1.540 Amps Output Winding RMS Current

IRIPFLE1 1.17 Amps Output Capacitor RMS Ripple Current

PIVS1 26 Volts QOutput Rectifier Maximum Peak Inverse Voltage

P POWER
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Pl Xls Helps Select Key Circuit Components

« Output capacitor(s)
— Ripple current (Igpp; ) TEqUIrement(s)
* Output diode(s)
— Reverse voltage rating(s) (PIVS)
— Forward current rating(s) (I, and I,)
— V;>125xPIVS
- I;>2x1,
« Bridge rectifier
— Forward current I, > I,
— V> 1.5x Vyax

P POWER
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Step 6: Use Pl Transformer Designer to Create
a Transformer Build Document

 Close design in Pl XlIs and re-open in Pl 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)

JEPOWER

Slide# 87 INTEGRATIONS


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

Step 6: Pl Transformer Designer Outputs

« Electrical Diagram  Mechanical Diagram
EEL23 1z 7
1 * 6 11— |ﬁ Primary Winding (Section 2)
Pri-2, 37T 1200V, 4T =
1x #27 AWG 2 x #25 AWG ey = .,
2 * 8.9 ) “‘%—ﬁ
- - ? o 5y 7
Pri-1, 37T ——38,9
& 500V, 3T
1% 27 AWG Ep -
. W #25 AWG 1—=3 4% Bias Winding
3 7 S ® ]
KE"T" ¥ 5 %_%WW |ﬁ Primary Winiing {Section 1)
Pti-1 = Prirmary Winding (Section 1 Bias, 9T
r! = r!maw !n !ng{ ec!nn ] 1 X 295 AWG KEY - |
Fri-2 = Primary Winding (Section 2 @ Mechanical start ofwinding (also denotes electrical phagse)
4 4P Direction of winding (clockwise)

* Winding Instructions

v Winding Instruction

Use 3.10 mm margin {item [3]) on the left side. Use 3.10 rmm rmargin {itern [3]) on the right side.
Primary Winding {(Section 1)

Start on pin(s) 3 using itermn [5] at the start leads and wind 37 turns (x 1 filar) of itern [7] in 1 layer(s) from
left to right. On the final laver, spread the winding evenly across entire bobbin. Finish this winding on pinis) 2
using itern [5] at the finish leads.

add 1 layer of tape, itern [4], for insulation.
Bias Winding
Start on pinfs) 5 using item [5] at the start leads and wind 2 turns {x 1 filar) of item [§]. Wind in same

rotational direction as primary winding. Spread the winding evenly across entire bobbin. Finish this winding
on pin{s) 4 using itern [5] at the finish leads.

add 3 layers of tape, item [4], for insulation.
Secondary Winding

Start on pin{s) 8,9 using item [5] at the start leads and wind 3 turns (x 3 filar) of itern [3]. Spread the
winding evenly across entire bobbin, Wind in same rotational direction as primary winding. Finish this winding

an oninfeh 7 oinn itern [E1 at the finich lrads
EPO WER @

INTEGRATIONS

Slide# 88



Step 7a: Select Control Pin Components

Provides local decoupling for switching
_ noise, must be physically close to the
TOPSwitch-HX  CONTROL and SOURCE pins

" ./ Resistor adds a zero
/to help compensate
the loop

6.8 Q
Provides timing for auto-restart
-~ 47 uF (determines overload detection
delay time)

PI-4835-092107
Standard values are suitable for the most designs

JEPOWER
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Effect of Series Control Pin Capacitor Resistor

Additional Zero at ~400 Hz with 6.8 Q
resistor (6.8 Q + ESR, 47 pF)

5{] "—_mE-‘--.::-_._,__ I\\ ] 0
- ::l-..I|I|I . I
40 -+ /"-. - =10
30 4 Phase .‘.1 HHHHH -4 L .20
\.‘ I I
o J | - —_
) 20 o | 30 v
) : ! £
T I' . L
2 Pole at ~225 Hz ', | T
T 0- (C- pin 15 Q, 47 uF) ! e L 50 o
o) | . " ‘1 I " g
(1] — =11 l\, ]
S 104 6.8 ol‘lnjls [ b g - .60 E
- No Resistor | 1k
| 7kHz | |\ .
-20 1 I internal | | a1, - =70
I pole |
=30 4 1 f 1 | | l-_:_:-.., = -ED
TOPSwitch-HX transfer function I ":'-b:,,-nl
'4{] ] L - ] = Ll T -QU
1 10 100 1000 10000 100000

Frequency (Hz)

Additional control pin capacitor series resistor increases bandwidth

Slide# 90
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Step 7b: Select Bias Winding Components

o+ Typical bias winding diodes include
f D7 ZE o 1N4148, BAV19 & FR102.
A PIV value given by PI XIs (PIVB),
typically <100 V for Vg5 of 15 V.

——

Opto coupler CTR range of 80% to

/200% recommended e.g. LTV817A,
PC817X1, PC123Y6, CNY12F-2

S X |F 10 yF, 25 V bias
-~ winding capacitor
s ° recommended

P1-4510-100206

P POWER
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Step 8: Select Line Sense Components

* Line sense resistor should be rated for 2400 V
— One 0.5 W, two 0.25 W or three 1206 SMD resistors in series meet this requirement
— Values provided in PI Xls

R.s: Sets Line UV/OV

Rp. : Reduces current O——o-
limit with line voltage to + / 5% tolerance, 2400 V
limit overload power \ <

>
Re € Ris
5% tolerance, 2400 V T V.. =|.%R

uv = luy LS

Vov=lov xRs

DC
Input D
Voltage CONTROL

|_ C

R,.: Programs internal

S X current limit
RiL 1% tolerance
G . PI1-4817-091707

P POWER
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RCD/Zener Clamp

Step 9: Primary Clamp Component Selection

Zener Clamp

]

WER

RCD Clamp
CCL:’\MF _
VRCLAMP <
Reuarz
] DCL’RM )
D \ D Vv
CONTROL CONTROL CONTROL
J J J |
S b)( F S .X F 5 ‘_x F
PI1-4697-050307 P1-4812-091707 Pl-4811-091407
MOSFET Drain Clamp RCD Zener | RCD / Zener
Component cost Lowest | Higher Highest
No-load input power Highest | Lowest Low
Light-load efficiency Lowest | Highest High
EMI generation Lowest | Highest Low
EM\I TEGRATIONS
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Step 10: Select Output Rectifier(s)

Select voltage rating such that V, > 1.25 x PIV

Vy 1s the diode voltage rating and PIV 1s from PIXIs results

Select initial current rating such that I, > 2 x |,

— I 1s the diode rated DC current and I 1s the average output current

— Depending on measured diode temperature rise adjust current rating

Sample Schottky and
Ultrafast diodes for use in
TOPSwitch-HX designs

. VRevERSE Forward
Series Number Type Range (V) Cu{.;)ent Package Manf
SB120 - 1100 Schottky | 20-100 1 Axial Lead | Vishay
SB320 - 3100 Schottky | 20-100 3 Axial Lead | Vishay
SB520 - 5100 Schottky | 20-100 5 Axial Lead | Vishay
8TQ100 Schottky 100 8 TO-220AC IR
MBR10100 Schottky 100 10 TO-220AC | Vishay
MBR2045CT Schottky 45 20 TO-220AB | Vishay
UF4002 — 4006 | Ultrafast | 100-600 1 Axial Lead | Vishay
UF5401 — 5408 | Ultrafast | 100-800 3 Axial Lead | Vishay
MURG620 Ultrafast 200 6 TO-220AB | On Semi
MURS820 — 840 | Ultrafast | 200-400 8 TO-220AC | On Semi
ES2A - ES2D Ultrafast 50-200 2 SMD Vishay

Slide# 94
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Step 11: Output Capacitor Selection

- Capacitor voltage rating should be > 1.25 x V,

- Capacitor ripple current rating should be > ;o5 e

— Output capacitor I ,p;  ratings are inversely proportional to temperature

« Example: A 105 °C capacitor working at 85 °C has an Iz,pp g factor of 1.7

» Check manufacturer’'s datasheet for specific factors

typical 12 V, 20 W design

~— typical 19V, 40 W design

~— typical 30 V, 32 W design

IrippLE (A)

Voltage (V) | Value (uF) (at ﬁ]t;% :ife, UCC Series | Size (dxl mm)
16V 470 1.03 KZE 10x12.5
16V 1000 1.82 KZE 10x 20
25\ 470 1.25 KZE 8 x 20
25V 1000 2.36 KZE 12.5x 20
25V 1500 2.77 KZE 12.5x 25
35V 470 1.82 KZE 10x 20
35V 680 2.36 KZE 12.5x 20
35V 1000 2.77 KZE 12.5x 25
35V 1500 3.4 KZE 12.5%:35
50V 220 1.37 KZE 10x 16
50V 330 1.87 KZE 10x 25
63V 220 1.05 LXZ 10x 25
63V 330 1.29 LXZ 12.5x 20

Slide# 95
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Step 12: Feedback Selection — Zener Reference

\\

=~ Cour

Regq sets
loop gain

EE RFB1

;SZ U,

Urg, should havea—

CTR of 80 — 200%

Zg VReg =

Lor

—

RBIAS

VOUT

NY.\_._O

\ LPF and CPF lower

=~ Cpr

é/

RTN

Pl-4813-001707

O

switching ripple
Lt 1-3.3 uH and Iy 5,
Cpr: 100 - 330 uF low ESR

Rgias sets the bias
current through VRgg
470 Q to 1 k Q suitable
for Zener with 2 mA test
current.

VReg = Vour — (Vres1 *+ VEurs1)
Vrre1 = 9 MA x Rep;

P POWER
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Zener Feedback Common Component Values

Vourt (V) Reg1 (€2) VREes (V)
5 i 3.9
12 220 i
o | w0 | B
24 470 22
48 1000 43

Voltage across Ry, is determined by opto CTR and CONTROL pin current
— Values assume average control pin current of 4 mA and CTR of 100%

Slide# 97

JEPOWER

INTEGRATIONS



Step 12: Feedback Circuit — IC Reference

+Vour
¢ O

R;g, sets the DC gain of
Uqg, and limits Ugg, LED — ——_|

current during load
transients

Urg, should have a /
CTR of 80 — 200%

Rgias Provides /

supply current for

|:{BIAS

Ueg,- 1 k Q typical _> == Cpp;
Ceg1, decreases the high Urps
TL431

frequency gain of Ugg,,
100 nF typical

\ L. and C_. lower
switching ripple

Lpp: 1—3.3 pH and gy,
/ Cpe: 100 - 330 uF low ESR

Rsq g \:'\ Cer

< Resistor divider Rq,

and Ry, sets V.
/ Rs,: 10k Q, 1%

RSE
RTN
o o

P1-4814-091707

Practical tolerance * 3%, with 2%, TL431 reference IC

B POWER
INTEGRATIONS
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Common TL431 Feedback Component Values

Vout (V) | Rs1(kQ), 1% | Rs2(kQ), 1% | Ree1(Q), 5%
) 10 180
12 38.3 790
15 499 10 1300
20 69.8 2400
24 86.6 3300

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

B POWER
INTEGRATIONS
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Steps 13-14: Test Prototype & Refine Design

« Measure peak drain voltage at maximum input voltage, the
minimum DC bus voltage (V,,,) and efficiency at low line

« Verify that V,,,, 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 Pl Xl|s
spreadsheet
— Efficiency (1)
— Measured value of V
— Input bridge rectifier conduction time (t)
— Loss allocation factor (Z)

JEPOWER
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Reference Design Kit (RDK-142)

For latest design examples visit

TOPSwitch-HX Design Tools

Built and tested 35 W power supply

Engineering report (RDR-142)
Blank PCB and IC samples

Pl Expert Suite power supply design
software

TOPSwitch-HX Datasheet
Application Note AN-43

www.powerint.com/appcircuits.htm

DI-143: 20 W /80 W 32V Inkjet Printer Supply
DI-144: 50 W /770 Wy, 24 V Boiler Supply

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

P=POWER
INTEGRATIONS
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DI-144: 24 V, 50 W / 70 W, Supply

D8-D11
1N4007

C1
100 nF
275 VAC

RT1
10

F1
3.15A

185 - 265
VAC

o

22nF
250I\IfAC
C34 -
T1 D14 24V,
2125er , EER28 UG4D 2.08A
11,12
FhE - VR1 3
100 kQ< P6KE170A
oW Y 4 Jl|e7.8 c‘? ™
B8
5
10 Q2 0—)'—1
05W C13
10 uF
D2 50 V
c4
68 WF== ==22nF 1N4937
400 V 630 V TOPSwitch-HX
U4 ,
TOP258PN VN
D M PC817A; j 7  pcsi7A|
CONTROL 1T
:||-| II ¢ b Yy I C36
U3 1%1&1 L
Y
) 6. s Q TL431 25 1— %0 .
2% S
100 nF R11 L §
e 47uF ke |a
or 4 Q
16V 1% ¥
&

No-load input power:
» Average efficiency:
« Component count:

38

<260 mW @ 230 VAC
> 88%

Slide# 103
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DI-143: 32 V, 20 / 80 Wy, Supply

CEC
LLEG R1S C26
\F 68 0 100 pF
250 VAC 0.5W 1kV
11 c20 Cc31
1l 330 uF 23 iF e
50V L2 “5ov L3 625 mA, 2.5 A,
33uH e
D6-D7
D8 VR7 Ro2s STPS3150 T T P RTN
'iNa007 - BZY97C150 -~ *
£ Q 47 uH
T &
R1 R11 B 220 nF
D11 ame3 seMad R17 cs S T ThF sov
1N4007 1kQ 10 nF L [2s0vac
05 W 1KV o !
T
EF25 LLa148 5%13 |
< RB
L1 <
S e R2 § R4 < 1N4007GP c28 7o
o/ll\ e D13 2MeS 3EMoS 30 nFl )\
¥ 1naco7 S0V
R23  RA24 -
"“" ‘V"“'
1TM2 1 MQ 1 (H -—a A‘A'A'\ U2A
Il VRS l R20 PCB17D
11 L st'?%na R22 1C?F 1Boke [T
c1 - p__|v 2 M0 100V
220 nF I:ms A controL |\ ) 4 9
| > e "7
o H v
- PI-4793-100907
vac 8 i
Fast AC reset 1 ar | s.Rz || TOPSWchHX o 68 Timed output
ua 4 - .
p ¢ c30 2N3904 Ty | Topzssmn  100F== overload detection
and separate S praiing
OVt P o a00 v W2, & and overvoltage
=tnresno 47 uF
Ris S 16V shutdown
/KD S
* Sleep:  >2.3 Wg for 3 W,

* No-load input power: <260 mW @ 230 VAC

>85% « Standby: >0.6 Wq,; for 1 W,

» Average efficiency:
* No-load input power: <275 mW

* Full load efficiency: >87 %
§E=PO POWER
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Selecting Components for Primary Sensed OVP

Optional filter

(1N4148 and 100 nF) —_|

D

0to 20 Q: Latching
/5.1 k Q: Non Latching

/RB,AS: 0to 47 Q
R

ovP BIAS

]
1
Y|
/

VBIAS

"""""" PI-4821-091707

* Measure Vg 5 5ax) at overload (prior to auto-restart)

— Select value of VR jp 20-30% above Vy, AS(MAX)

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

* Rgas can be added to provide additional filtering

— Optional filter improves reliability of latching shutdown

« |deal for high voltage and/or high output capacitance designs

» Isolates V pin from noise coupling via OVP components or layout

P POWER

Slide# 106 INTEGRATIONS



Selecting Components for Secondary Sensed OVP

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

% O+
3 = I ZE DC
ouT
R, $ :: T o O-
-« 3
o
1N4148 or any 3 § N VR,
small signal diode J
- g

Covp: Select to deliver
OVP trigger current
>100 ps (100 nF typical)

Ry: 100 k O

Prevents false OVP
triggering due to U,
leakage currents

P1-4688-050807

+ Select value of VR, for desired OV shutdown voltage

P POWER
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OVP Function for Timed Over Power Protection

Time constant of R, and C., determines trigger time. Start
with 1 = overload trigger time and adjust based on measurement

Ropp, Prevents false

triggering during repetitive

discharge path for C.,,
Typically 100k Q-2 M Q

peak loading by providing —__| >t \_T_ WV——¢ _T_ <
Copp1 1 T 10 uF §

VROPP

\\ Rope: 1N4148

T~
Ropp2

CONTROL

F
T 50“\/ VBIAS

Y, TOPSwitch-HX (R

;&___2_
A\

- ey

100 nF ==

T47uF

P1-4831-091907

* Rise in Vg5 during output overload used to trigger OVP

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

JEPOWER
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Timed Over Power Protection Example

VOUT
10 V/ div

IOUT :

1 A/l div

"CHI=10mY
DC 1:1

CHz=10v
DC 10:1

50 ms I div

* Measured on TOP258M 20 W / 80 W design
— Coppii 1 UF, Rppy: 130 k Q Rppy: 2M Q, Vi a6t 15V, VR pp: 20 V

Slide# 109

Output over power
shutdown triggered
180 ms after

/overload applied
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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

P POWER
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High Efficiency Zener Clamp Circuit

R :
CLAMP3 HCLAMPS

Optional to reduce — ——
zener dissipation and ®
EMI but increases no- T

load input power.
47 kQ to 330 kQ, 1 W

__R¢_ awp2: Optional
00Qt0220,05W

VR¢ L awp:

1.4 x Vo < VR ayp <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

Dciawp: 600V, 1A
FR107, 1N4937 or UF4005
Diodes with t > 500 ns

,} not recommended

& ®
P1-4696-050307

« Suitable for <~30 W, applications, limited by temperature of VR aup

— Gives lowest no-load consumption and highest light load efficiency

P POWER

INTEGRATIONS

Slide# 111



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 R;  sup2

—  Vpsek) increases as I, py) increases giving a larger voltage across Rep sy

— Adjust the value of R ,\p, to keep the peak drain voltage below 650 V

*  R¢amp2 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)

*  Rc_amp; reduces EMI and decreases zener dissipation
— Reduces conduction time of VR svp
— Softens VR 4p 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

CeLawp:
VR¢Lawp: 330 pF to 22 nF, > 400 V ceramic or film
1.1 x Vo < VR pyp < 200 V,

0.5 W to 6.5 W rating

[ ]

Part number series VRe e l i TI
P6KExxx, BZY97Cxxx, 3
1.5KExx ::.—DI—

[ ]
ReLawe: AR
117(3 x fosc X Cepamp)
-W-2W

RcLamp2: Optional
0 Qto47 Q,0.5W-1W

|_

Dciawp: 600V, 1A
FR107, 1N4937 or UF4005

Diodes with t_> 500 ns not
recommended

P1-4815-091707

VR awp Prevents C. ,up discharging during low or no-load conditions
« Suitable for <~50 W, applications limited by temperature of VR sup

— Higher power possible with two series Zeners in place of VR oyp
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Efficient RCDZ Clamp Design Guidelines

« Select C. ,up to limit peak drain voltage to 650 V

— Maximum recommended Cc; 4\ peak voltage Vecp ampei 18 1.65 X Vor

« Select R Ayp Value to discharge C., ,up Y ripple voltage

— Ripple voltage: Vicp avpek) = VReramp

— 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 Ry xnpo

* Increase in Vpgpk) due to Re avpz % Ipek)
s Start Wlth RCLAMP2 = 50 / (08 X ID(PK))
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High Power RCD/Zener Clamp Circuit

ReLawp: —o o >
10kQto100kQ, — e’ T
2W-5W RCLAMP < T

4 ]
CcLamp: C Y|¢ce VRcpawmp:
330 pF to 47 nF, > 400 OLAMP > 1.4 x Ve < VR ayp < 200 V,
V ceramic or film ReLaves 0—)|—' 0.5 W to 6.5 W rating.
R ] / DCLAMP A Two devices can be placed
CLAMP2- in series for increased
0 Qto10 Q,0.5W p dissipation
. C P / Part number series
De amp: 600V, 1A |_ P6KExxx, BZY97Cxxx,
FR107, 1N4937 or UF4005 1.5KExx

Diodes with trr > 500 ns not
recommended

\l
/1

@
Pl-4816-091707

* During normal operation R ,yp @and C. ,yp limit peak drain voltage, VR sup
only active during startup, overload or transient load conditions

B POWER
INTEGRATIONS
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High Power RCD/Zener Design Guidelines

Suitable for any power level but ideal for high power (>50 W)

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 C, ,p to limit peak drain voltage to 1.4 to 1.6 x V

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

Select R, ,yp Value to discharge C., ,yp PY 20 V - 50 V every switching

cycle at low line and full load
R amp2 dampens ringing and limits diode reverse recovery current

As larger TOPSwitch-HX devices are used, reduce value of R, aoup2

— Increase in Viygpy) due to Rep avpo X Iy

— Start with Ry qypy =20/ (0.8 x Ippy))
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Undervoltage Lockout (UVLO) Guidelines

T F{U‘\.H

CLAMP

NETWORK

P1-4698-050307

AN

Ruyv= (Vuv-Vivorm) / 25 pA
— Vyow =28 Vatly  \,=25pA

— Vyy 18 typically 100 VDC for universal
input, 200 VDC for 230 VAC input

Ryy voltage rating of > 400 V required
— A % W resistor or 2 series ¥4 W parts

recommended

 Actual dissipation ~35 m\W at high
line for a typical 4 M Q line sense

resistor
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Use of Larger Device for Reduced Dissipation
and Higher Efficiency

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

PL-ATEE-(00T
1.1 \ rT T T T T T T T T T T T T TT] 11
Motes:
1 E 1. Maximum and Minimum levels are 1
\ based on characterizalion,
09 A 2 T,=0°Cto 125 °C. 09
A \1 \ 3 Includes the vadation of X or M pin

0.8 A N '.."I:I-'":EQ.E 0.8
= \ Y Maeinmurm
E L\
5 0.7 \ - - 0.7
b % \ I
206 - : 06 |
5 N O \\ Tﬂl:u:al E
© AN RLY s D
L o MU TN 0 £ CONTROL
g ™ ~ ‘\"""--.. T~ E :“_ g .
203 > . e e 03 2

™ [ —— T —
0.2 l"‘!u.l-..‘“‘. | ""i-"l-.._._ 0.2 S x "
Minirmunm T Pt IL
0.1 . 01 -
| | | T'—T T+~ L O— %
0 Y 'D Pl1-4701-051007
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