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Figure 3 — Typical LCD Monitor Load Profile.
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Figure 5 — PCB Top Side.

Figure 6 — PCB Bottom Side.
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6 WIFFR(BOM)

Item Qty DR:; Description Mfg Part Number Mfg

1 1 BR1 600 V, 1 A, Bridge Rectifier, DFM package DFO6M Diodes, Inc.
2 1 C1 100 nF, 310 VAC, Film, X2 B32921C3104M Epcos
3 1 C2 47 uF, 400 V, Electrolytic, Low ESR, (12.5 x 30) | EPAG401ELL470MK30S Nippon Chemi-Con
4 1 C3 10 nF, 630 V, Ceramic, X7R, 1206 C1206C103KBRACTU Kemet
5 2 C4C8 100 pF 50 V, Ceramic, NPO, 0603 CC0603JRNPO9BN101 Yageo
6 1 C5 4.7 uF, 10 V, Ceramic, X7R, 0805 C0805C475K8PACTU Kemet
7 1 C6 22 uF, 25V, Ceramic, X5R, 1210 ECJ-4YB1E226M Panasonic
8 1 Cc7 100 nF, 25 V, Ceramic, X7R, 0603 VJ0603Y104KNXAO Vishay
9 1 C9 2.2 nF, Ceramic, Y1 440LD22-R Vishay
10 2 81(5) 470 pF, 200 V, Ceramic, X7R, 0603 06032C471KAT2A AVX

Cc11 220 pF, 35V, Electrolytic, Very Low ESR, 53 . -
11 2 c12 mQ, (10 x 12.5) EKZE350ELL221MJC5S Nippon Chemi-Con
12 2 g}i 820 uF, 6.3 V, Electrolytic, Low ESR, (8 x 11.5) UHNO0J821MPD Nichicon
13 1 C16 10 pF, 50 V, Ceramic, NPO, 0805 ECJ-2VC1H100D Panasonic
14 1 D1 ?83-)(1 )1 A, Rectifier, Fast Recovery, MELF DL4937-13-F Diodes, Inc.
15 1 D2 250V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
16 1 D3 100 V, 3 A, Schottky, SMC 30BQ100PBF Vishay
17 1 D4 40V, 3 A, Schottky, SMD, DO-214AA B340LB-13-F Diodes, Inc.
18 1 F1 Fuse, Pico, 2 A, 250 V, Fast, Axial 0263002.MXL Littlefuse Inc.
19 1 J1 CONN HEADER 3POS (1x3).156 VERT TIN 26-64-4030 Molex
20 1 J2 CONN HEADER 6POS (1x6).156 VERT TIN 26-60-4060 Molex
21 1 L1 22 mH, 0.4 A, Common Mode Choke ELF18D290C Panasonic
2 1 L2 3.5 mm x_4.45 mm, 68 Q at 100 MHz, #22 AWG 2743001112 Fair-Rite

hole, Ferrite Bead
23 1 R1 3 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ302V Panasonic
24 2 R2 R3 100 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ 101V Panasonic
25 1 R4 20 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ 200V Panasonic
26 1 R5 7.5k Q, 1%, 1/16 W, Thick Film, 0603 ERJ-3GEYJ 752V Panasonic
27 1 R6 23.2k Q, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF2322V Panasonic
28 1 R7 100 k Q, 5%, 1/16 W, Thick Film, 0603 ERJ-3GEYJ 104V Panasonic
29 1 R8 46.4 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF4642V Panasonic
30 1 R9 10.5 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1052V Panasonic
31 2 R19 | 102, 5%, 158 W, Thick Film, 0805 ERJ-6 GEYJ100V Panasonic
32 1 R11 36 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ363V Panasonic
33 1 RT1 NTC Thermistor, 5 Ohms, 4.7 A CL-150 Thermometrics
34 1 T Bobbin, EF25, Horizontal, 12 pins YC2504 Ying Chin
Transformer SNX-R1652 Santronics USA

35 1 U1 LinkSwitch-HP, eDIP-12P LNK6774V Power Integrations
36 1 VR1 120 V, 550 mW, 5%, SMB, 403A 1SMB59xxBT3G Semiconductor
37 1 VR2 OPEN OPEN
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7 TEREITRE

ACDC_LinkSwitch- ) _ _
22532;?.1255\;:}0'13; INPUT OUTPUT UNIT ‘I?_‘:lrlg\g::g:t-lP Flyback Transformer Design
Integrations 2012

ENTER APPLICATION VARIABLES

VACMIN 90 90 \Y Minimum AC Input Voltage

VACMAX 265 265 Vv Maximum AC Input Voltage

fL 50 50 Hz AC Mains Frequency

VO 5 5 \% Output Voltage (main)

PO 17 17 W Output Power

n 0.82 0.82 Efficiency Estimate

z 0.50 0.50 Loss Allocation Factor

VB 10 10 \% Bias Voltage

tC 3 3 ms Bridge Rectifier Conduction Time Estimate
CIN 47 47 uF Input Filter Capacitor

ENTER LINKSWITCH-HP VARIABLES

LinkSwitch-HP LNK6774V LNK6774V

ILIMITMIN 0.967 A Minimum Current limit

ILIMITMAX 1.113 A Maximum current limit

Ki 0.60 0.600 A Current limit reduction factor

ILIMITMIN_EXT 0.580 A

ILIMITMAX_EXT 0.668 A

fs 132000 Hz k::l;i\:]vg%hélzﬁ ZSwi’[ching Frequency: Choose between 132
fSmin 124000 Hz LinkSwitch-HP Minimum Switching Frequency
fSmax 140000 Hz LinkSwitch-HP Maximum Switching Frequency
KP 0.5 0.50 Ripple to Peak Current Ratio (0.4 < KP < 6.0)
VOR 110 110.00 \% Reflected Output Voltage

Voltage Sense

VUVON 100 100.00

VUVOFF 42.55 \

VOV 446.26 \

FMAX_FULL_LOAD 132885 Hz Maximum switching frequency at full load
FMIN_FULL_LOAD 117698 Hz Minimum switching frequency at full load
TSAMPLE_FULL_LOAD

TSAMPLE_LIGHT LOAD 177 us gArjgileu?eaquaei;atlglretggfﬁozguction time at light load. This

Power Integrations
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RDR-321: i&H TLCDE /R 23917 WXL Hr i S F iR

Rpd 23.20 k-ohm Program delay Resistor

Cpd 10 10.00 nF Program delay Capacitor

Total programmed delay 0.06 sec Total program delay

VDS 4.1 Vv LinkSwitch-HP on-state Drain to Source Voltage

VD

VDB 0.70 \Y

ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

Core Type EF25

Core EF25 Selected Core

Custom Core Enter name of custom core is applicable

AE 0.5180 0.518 cm”2 Core Effective Cross Sectional Area

LE 5.7800 5.78 cm Core Effective Path Length

AL 2000.0 2000 nH/TA2 Ungapped Core Effective Inductance

BW 15.6 15.6 mm Bobbin Physical Winding Width

M 0.00 0.00 mm Safety Marg!n Width (Half the Primary to Secondary
Creepage Distance)

L 4.00 4

NS 3.00 3 Number of Secondary Turns

DC INPUT VOLTAGE PARAMETERS

VMIN 85 85 \% Minmum DC Input Voltage

VMAX 375 375 \% Maximum DC Input Voltage

CURRENT WAVEFORM SHAPE PARAMETERS

DMAX 0.58 Maximum Duty Cycle

IAVG 0.24 A

IP 0.56 A Peak Primary Current

IR

IRMS 0.33 A Primary RMS Current

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP_TYP 1436 uH Typical Primary Inductance

LP_TOL 7 7 % Primary inductance Tolerance

NP 60 Primary Winding Number of Turns

NB 6 Bias Winding Number of Turns

ALG 399 nH/TA2 Gapped Core Effective Inductance

BM 2607 Gauss Maximum Flux Density at PO, VMIN (BM<3000)

BP 3301 Gauss Peak Flux Density (BP<3700)

BAC 652 Gauss AC Flux Density for Core Loss Curves (0.5 X Peak to Peak)

H137 (35671
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ur 1776 Relative Permeability of Ungapped Core

LG 0.13 mm Gap Length (Lg > 0.1 mm)

BWE 62.4 mm Effective Bobbin Width

oD 0.32 0.32 mm Maximum Primary Wire Diameter including insulation
INS 0.05 mm Estimated Total Insulation Thickness (= 2 * film thickness)
DIA 0.27 mm Bare conductor diameter

AWG 30 AWG 'I:\r/ivnge;}ll:/ei)r)e Gauge (Rounded to next smaller standard
CM

CMA 310 Cmils/Amp | Primary Winding Current Capacity (200 < CMA < 500)
FEEDBACK SENSING SECTION

RFB1 37.40 k-ohms Feedback divider upper resistor

RFB2

TRANSFORMER SECONDARY DESIGN PARAMETERS (SINGLE OUTPUT EQUIVALENT)

Lumped parameters

ISP 11.29 A Peak Secondary Current

ISRMS 5.61 A Secondary RMS Current

10 3.40 A Power Supply Output Current

IRIPPLE 4.46 A Output Capacitor RMS Ripple Current

CMS 1122 Cmils Secondary Bare Conductor minimum circular mils
AWGS 19 AWG 3Z$]%r;?2rxv\<lvc|;rigﬁgge (Rounded up to next larger
DIAS 0.91 mm Secondary Minimum Bare Conductor Diameter
oDbs 5.20

INSS 2.14 mm Maximum Secondary Insulation Wall Thickness
VOLTAGE STRESS PARAMETERS

VDRAIN 626 Vv Peak voltage acoss drain to source of Linkswitch-HP
PIVS 24 \% Output Rectifier Maximum Peak Inverse Voltage

PIVB

TRANSFORMER SECONDARY DESIGN PARAMETERS (MULTIPLE OUTPUTS)

1st output

VO1 5.00 5 \% Output Voltage

101 1.00 1.00 A Output DC Current

PO1 5.00 w Output Power

VD1 0.35 0.35 V Output Diode Forward Voltage Drop
NS1 2.92 Output Winding Number of Turns
ISRMS1 1.651 A Output Winding RMS Current

g Power Integrations
Hiifi: +1408414 9200 fki1: +1408 414 9201 ne
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IRIPPLE1 1.31 A Output Capacitor RMS Ripple Current

PIVS1 23 Vv Output Rectifier Maximum Peak Inverse Voltage

CMS1 330 Cmils Output Winding Bare Conductor minimum circular mils

AWGS1 24 AWG Wire Gauge (Rounded up to next larger standard AWG
value)

DIAS1 0.51 mm Minimum Bare Conductor Diameter

ODSH1 5.35 mm Maximum Outside Diameter for Triple Insulated Wire

2nd output

V02 18.00 Vv Output Voltage

102 0.67 A Output DC Current

PO2 12.06 w Output Power

VD2 0.50 0.5 \% Output Diode Forward Voltage Drop

NS2 10.09 Output Winding Number of Turns

ISRMS2 1.106 A Output Winding RMS Current

IRIPPLE2 0.88 A Output Capacitor RMS Ripple Current

PIVS2 81 \% Output Rectifier Maximum Peak Inverse Voltage

CMS2 221 Cmils Output Winding Bare Conductor minimum circular mils

AWGS2 26 AWG x\;ilzee?auge (Rounded up to next larger standard AWG

DIAS2 0.41 mm Minimum Bare Conductor Diameter

ODS2 1.55 mm Maximum Outside Diameter for Triple Insulated Wire

Power Integrations E
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8 TEEHIE
8.1 HBSRZEH

12

WD5 (2™ half Primary): 30T -#32AWG WD4: (2 nd Secondary): 7T — 2 x #28AWG

8.7

WD1 (1% half Primary): 30T -#32AWG WD3 (1 * Secondary): 3T — 4 x #27AWG

o 10,9

° 3

WD2 (VBias+Vsense): 6T —4 x #32AWG

1

Figure 7 — Transformer Electrical Diagram.

8.2 HBSHE

Electrical Strength 1 second, 60 Hz, from pins 1-6 and pins 7-12. 3000 VAC

Pins 5-6, all other windings open, measured at o
100 kHz, 0.4 VRMS. 1436 uH £7%

Primary Inductance

Resonant Frequency Pins 5-6, all other windings open. 1500 kHz (Min.)
. Pins 5-6, with pins 7-12 shorted, measured at
Primary Leakage Inductance 100 kHz. 0.4 VRMS. 15 uH (Max.)
8.3 #M#
Iltem Description

[1] Core: EF25, TDK PC44-EF25Z, and gapped ALG 398.9 nH/T*.

[2] Bobbin: EF25-Horizontal, 12 pins (6/6), Ying Chin, P/N: YC-2504.

[3] Magnet wire: #32 AWG Solderable, double coated.

[4] Magnet wire: #27 AWG Solderable, double coated.

[5] Magnet wire: #28 AWG Solderable, double coated.

[6] Teflon tube: Alpha Wire, TFT, or equivalent.

[7] Tape: 3M 44 Margin tape (cream), 3.5 mm wide, or equivalent.

[8] Tape: 3M 1298 Polyester Film, 8.6 mm wide, 2.0 mils thick, or equivalent.
[9] Tape: 3M 1298 Polyester Film, 15.6 mm wide, 2.0 mils thick, or equivalent.
[10] Varnish: Dolph BC-359, or equivalent.

g Power Integrations
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8.4 ZEZHELEHE:

Teflon tubes

WD5 (2" half Primary): 30T -#32AWG
12 WD4: (2 nd Secondary): 7T — 2 x #28AWG

10,9 .
8.7 WD3 (1 * Secondary): 3T — 4 x #27AWG

WD2 (VBias+Vsense): 6T —4 x #32AWG

WD1 (1 half Primary): 30T -#32AWG

3.5mm margin tape

8.5 ZEZELEH-

Figure 8 — Transformer Build Diagram.

Winding
preparation

Place the bobbin item [2] on the mandrel with the primary side is on the left side.
Winding direction is clockwise direction. Margin tape item [7] should be applied for
all windings.

Note:

Teflon tubes item [6] should be inserted into all wire ends and reach to inside edge
of margin tapes. Return wires should be inside the winding section and not overlap
on the margin tape. (See pictures below).

2" Half Primary

WD1 Start at pin 5, wind 30 turns of wire item [3] from left to right with tight tension, at the
1% Half Primary | last turn bring the wire back to the left, and terminate at pin 4.
Insulation Place 1 layer of tape item [8].
WD2 Start at pin 3, wind 6 quad-filar turns of wire item [3] from left to right with tight
VBias+VSense | tension, at the last turn bring the wire back to the left, and terminate at pin 1.
Insulation Place 3 layers of tape item [9].
WD3 Start _at pins 8,7, wind 3 quad—filgr turns c_:f wire item [4] from right to I.eft, spree}d
1% Seconda the wire evenly, at the last turn bring the wire back to the right, and terminate at pin
Y 11009
Insulation Place 1 layer of tape item [8].
wD4 Start at pins 12, wind 7 bi-filar turns of wire item [5] from right to left, spread the wire
2™ Secondary | evenly, at the last turn bring the wire back to the right, and terminate at pin 8.
Insulation Place 3 layers of tape item [9].
WD5 Start at pin 4, wind 30 turns of wire item [3] from left to right with tight tension, at the

last turn bring the wire back to the left, and terminate at pin 6.

Final Assembly

Grind and secure core halves with tape.
Vanish item [10].

HATT (L5671

Power Integrations
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8.6 FEZHELZHET:

Winding
Preparation

WD1
1% Half
Primary

Place the bobbin
item [2] on the
mandrel with the
primary-side is on
the left side.
Winding direction
is clockwise
direction.

Start at pin 5, wind
30 turns of wire
item [3] from left to
right with tight
tension, at the last
turn bring the wire
back to the left,
and terminate at
pin 4.

Power Integrations
FiE: +1408 414 9200 fLH: +1408 414 9201
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Place 1 layer of

Insulation tape item [8].
Start at pin 3, wind
6 quad-filar turns
wD2 of wire item [3]
VBias+VSense from left to
right with tight
tension,
Power Integrations g
Hif: +1408 414 9200 fLH: +1408 414 9201
%1 gﬁ (:/H\:56ﬁ ) www.powerint.com
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At the last turn
bring the wire
back to the left,
and terminate at
pin 1.

Place 3 layers of
tape item [9].

Insulation

E Power Integrations
FiE: +1408 414 9200 fLH: +1408 414 9201
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WD3
1* Secondary

Start at pins 8,

7, wind 3 quad-
filar turns of wire
item [4] from right
to left, spread
the wire evenly,

At the last turn
bring the wire
back to the right,
and terminate at
pin 10, 9.

#
N
=
>E
&
=

Power Integrations
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Insulation

WD4
2" Secondary

Place 1 layer of
tape item [8].

Start at pins

12, wind 7 bi-filar
turns of wire item
[5] from right to
left, spread

the wire evenly,

At the last turn
bring the wire
back to the right,
and terminate at
pin 8.

E

Power Integrations
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Insulation

WD5
2" Half
Primary

Place 3 layers of
tape item [9].

Start at pin 4, wind
30 turns of wire
item [3] from left to
right with tight
tension,

At the last turn
bring the wire
back to the left,
and terminate at
pin 6.

Power Integrations
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Grind and secure

Core .
Assembly ;:ore halves with
ape.
Varnish
Transformer Varnish item [10].
and Finish
E Power Integrations
Fiifi: +1408 4149200 f:#.: +1408 414 9201
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9 tEHERIE
All measurements performed at room temperature and 50 Hz line frequency,

except where otherwise stated. For all tests, the full load is 1000 mA for the 5 V output
and 670 mA for the 18 V output (17 W total output power).

9.1 FHEANFE

87

| =8=00 =115 <230 =e=265|
86
85 + =

(o]
i
2

Efficiency (%)
&

82 =
81
80 | | | | L | | L | | L
20 30 40 50 60 70 80 90 100

18 V Load (%)

Figure 9 - Efficiency vs. LCD brightness, Room Temperature.

Power Integrations E
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88

87

\
)

/

Efficiency (%)
o
N

(o]
w

81

80
70 90 110 130 150 170 190 210 230 250 270 290

Input Voltage (VAC)

Figure 10 — Full Load Efficiency vs. Input Voltage, Room Temperature.
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9.2 FHMBXHADERFINE
Standby power and efficiency is measured using a 10 mA load on the 5 V output. The
18 V output is unloaded.

0.12

0.11 =

0.10 =

o

o

©
z

Input Power (W)

0.08

0.07

0-06 L] | ] | L] L] ] | | | | ] ]
70 90 10 130 150 170 190 210 230 250 270 290

Input Voltage (VAC)

Figure 11 — Standby Input Power vs. Input Line Voltage, Room Temperature.
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(o]
w

(o2
N

/

[o2]
o

[&)]
o

[6)]
oo

(o)
o]

(o)}
()]

Standby Efficiency (%)
O
N

()]
SN
4

AN

(o))
w

)]
N

a
A

70 90 110 130 150 170 190 210 230 250 270 290
Input Voltage (VAC)

Figure 12 — Standby Efficiency vs. Input Voltage, Room Temperature.
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9.3 18V 0.67 A DCHI&FI5 V 1 AFLyL53 8¢ T HIZE B FE V58

5.30

5.25

5 V Output Voltage (V)

5.00 o

4.95

4.90

o o o o
o = - [N
a o o o
'] L L ]

70

90 110 130 150 170 190 210 230 250 270 290
Input Voltage (VAC)

Figure 13 — 5V Line Regulation under Full Load.
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20.0

19.5

19.0

-
o
O

N
®
o

-
N
a

18 V Output Voltage (V)
~
o
L 4
$

16.5

16.0

15.5
70 90 110 130 150 170 190 210 230 250 270 290

Input Voltage (VAC)
Figure 14 — 18 V Line Regulation under Full Load.
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9.4 EEHZHEHIEETHIHLEE (BISUEE. RMEFFLE)
9.4.1 AR fe /N Hh RIS RO ik

Figure 15 shows how the peak value and minimum value were collected. The power
supply was loaded with the specified load profile in Figure 3. 18 V output load (LCD
brightness) is always a pulsed load from 0 to 0.67 A with different duty cycle and 5V
load is always transient from 0.5 A to 1.5 A. Scope were used to record the peak value
and minimum value for both output voltage, and the mean value is recorded with
multimeter.

File  “ertical Timehaze Trigger Display  Cursors Measure  Math Analysis WMilities Help

Cl

&

Measure F1:maxiC1) FZ:minic1y  P3:meaniC1) Fd:min{C1) F5:max(C1) PE--- PY--- F&---
value 527 496 51214
mean 52832V 49528Y 5.12438Y
rmin 527 494 51214
ra 530 5130

sdev 5.4 my 205 my
nurmm a7 a7
status W

500 mAidiy

-1.4900 Al

Figure 15 — Test Method for Peak and Minimum Output Voltage.
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9.4.2 FRE A T HIS Vi F s
Figures below shows mean regulation (measured with multimeter), peak and minimum
output voltage (measured with scope) under specified dynamic load profile.

5.45
| e¢=|\lin =E=Mean e=t=Max
5.35 =
<52
S 525 \k —r— S|
()
8
= 5.15 =
(]
> \k - |
- Y
=] |
£505
=
(@) —>
i —
1 495 =
4.85
4-75 L | L L | L | L L | L L | L
0 10 20 30 40 50 60 70 80 90 100
LED Brightness (%)
Figure 16 — 5 V Output Voltage under Specified Load Profile at 90 VAC.
E Power Integrations
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5.45
| | |

| ap=|\lin =E=Mean *Max‘

5.35

o
N
o

)]
—
a

4.
P—-d

o
o
a

5 V Output Votlage (V)

77
*

B
©
a

4.85

4.75
0 10 20 30 40 50 60 70 80 90 100

LED Brightness (%)
Figure 17 — 5 V Output Voltage under Specified Load Profile at 115 VAC.
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5.45
| I |
| ap=|\in =E=Mean e=NMax ‘

5.35

o
N
o

)]
—
a

o
o
(&) ]
z

K
\\

7
\
\
\

5 V Output Votlage (V)

4.85

4.75
0 10 20 30 40 50 60 70 80 90 100

LED Brightness (%)
Figure 18 — 5 V Output Voltage under Specified Load Profile at 230 VAC.
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5.45 T T T
| ap=|\lin =m=Mean ==Max ‘

5.35
55.25 4‘.’—( 1
Q
% v
= 5.15
O
'5' /
(@) s
> \ /
© 4.95 A

\_ S
4.85
475
0 10 20 30 40 50 60 70 80 a0 100

LED Brightness (%)
Figure 19 — 5 V Output Voltage under Specified Load Profile at 265 VAC.
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9.4.3 fi7E TEkEA T HI18 Vit B K

26 1 1 1
ap=|\lin =EW=Mean ew=Max

25

N
N

N
w

N
N

N
-
»

N
o

18 V Output Votlage (V)

N
©

18

|
—

— =
—— I ===

17

16
0 10 20 30 40 50 60 70 80 90 100

LED Brightness (%)
Figure 20 — 18 V Output Voltage under Specified Load Profile at 90 VAC
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26 | | |
a=p=|\lin =E=Mean ==Max

25
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S 23
@
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©°
>
w 21
=}
o
S 20
(@)
> —
© 19 o —

18 —é

T
17
16
0 10 30 40 50 60 70 80 a0 100
LED Brightness (%)
Figure 21 — 18 V Output Voltage under Specified Load Profile at 115 VAC.
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26 1 1 1
ap=|\lin =W=Mean ewe=Max

25

24

18 V Output Votlage (V)

.l
|
|
|

|

18

S — ———

17

16
0 10 20 30 40 50 60 70 80 90 100

LED Brightness (%)
Figure 22 — 18 V Output Voltage under Specified Load Profile at 230 VAC.
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N
»

1 1 1
ap=|\lin =W=Mean =w=Max

N
()]

N
N

N
w
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—

18 V Output Votlage (V)
N N
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LED Brightness (%)
Figure 23 — 18 Output Voltage under Specified Load Profile at 265 VAC.
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10 FvigE

The unit was allowed to reach thermal equilibrium prior to the measurement. Figure 24 is
the temperature profile of the board at room temperature.

Figure 24 — Top (Right) and Bottom (left) Side Thermal Images at 265 VAC, Full Load,
Room Temperature.

Table below shows the temperature of key components at 40 °C .The power supply was
sealed into a box first, and the box was placed into a thermal chamber with 40 °C
ambient. Temperatures of LinkSwitch-HP SOURCE pin and cathode pin of the output
diode were measured at system full load (18 V/0.67 A, 5 V/1 A average).
Temperature was recorded after the thermal reading was stable.

Temperature measurements of key components were taken using T-type (Copper-
Constantan) thermocouples. The thermocouples were soldered directly to a SOURCE pin
of the LNK6774V device and to the cathode of the output rectifier. The
thermocouples were glued to the external core and to winding surfaces of the transformer.

The unit was sealed inside a large box to eliminate any air currents. The ambient
temperature outside the box was raised to 40 °C. The unit was then operated at full load
(5V,1Aand 18 V 0.67 A) and the temperature measurements were taken after they
stabilized for 1 hour at 40 °C.
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Temperature (°C)

Item 90 VAC | 265 VAC
LN6774V (U1) 76 79
5V Output Diode 63 63
18 V Output Diode 61 61
Transformer 61 68

These results show that the IC has an acceptable rise in temperature.
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11 R
11.1 GREEFE . [T

----- Math Ana

Witles  Help

value
status o v

0.0V offse 0kS
LeCroy TU201252226 PM

Figure 25 — 90 VAC, Full Load.
Upper: Vpran, 100V / div.
Lower: Iprain, 0.2 A, 5 us / div.

11.2 JFRE EFHE 7B 50 1F

i
Measure Pimean(C4  PZmax(C3) PIpkpk(CH  PamaxCe)  PEmin(C4) PB:-- PT:- P8:---
294V 485 mA

i

L L 1
Measure Pimean(C4) PZman(C3) FIpkPK(CH) P4maxG4)  PSmING4) PE--- PT--- Pg---
value 564V 560 mA

U v v
LeCroy TA2012521:55PM

Figure 26 — 265 VAC, Full Load.
Upper: Vpran, 200 V / div.
Lower: lpra, 0.2 A, 5 us / div.

Drain and current profile during startup was tested with 5 V average 1 A load and 18 V
no-load, since the power supply always start up into 18 V no load based on the
specification. 5 V was tested with the dynamic load specified in the specification.

value
stalus v v

Figure 27 — 90 VAC, 5 V Dynamic, 18 V No-Load.
Upper: VDRAIN: 100 V / div.
Lower: Iprain, 0.2 A, 2 ms / div.

[}
Measure Plmean(C4) PZmax(C3) PIpkpk(CH  Pa&maxC4)  PEmin(C4) PEi-- PTae- P8:--
294V 625 mA

Measure i PBi--- [ Po---
value
status

et} -4 10.0

Figure 28 — 265 VAC 5 V Dynamic, 18 VV No-Load.
Upper: VDRAIN1 200 V / div.
Lower: Iprain, 0.5 A, 2 ms / div.
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11.3 B B ESHIFIE (13 FHAEE)

Math A fitles Help

ical

T
i Measure Plmean(C8)  P2max(C3) PIpkpk(C4)  Pamax(C4)  PSmin(C4) P -~ PRe [
Measure Pimean(Cd)  P2max(C3) PIpkpk(Cd)  PémaxiC®)  PEmin(C4) PB PT P il E58y 740 mi
value ELRY 548 mA v v
v

stalus

LeCroy Waiting for Trigger

Figure 29 — Start-up Profile, 90 VAC, Standby Load.

Upper: Vour, 5V, 1V /div.
Lower: Vout, 18 V,5V, 5 ms/ div.

Figure 30 — Start-up Profile, 265 VAC, Standby
Load.
Upper: Vour, 5V, 1V / div.

Lower: Vour, 18 V,5V, 5 ms / div.

[ o ror Trigger

5.00 S

LeCroy
Figure 32 — Start-up Profile, 265 VAC, Full CC
Load.
Upper: Vour, 5V, 1V /div.
Lower: Vour, 18 V, 5V, 5 ms / div.

e O o+ Trigoer
Figure 31 — Start-up Profile, 90 VAC, Full CC Load.
Upper: Vour,5V,1V / div.
Lower: Vout, 18 V, 5V, 5 ms / div.

LeCroy
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11.4 5 VLI EE 52506 7

11.4.1 X H5 V. 500 mAZ 1500 mART R 72 A1 [E 2 1118 V, 0.67 A DCH# 3t 175 VIS
ME7N

rical  Timeb

L
i Measure PIPKDK(CT)  PZMaX(C1)  PIPIOK(CA)  PAmMa(Cd)  PSmIn(Cd) Phieee PTae- PE---
Measure PIPKDHCT)  PZMax(C1l) PIpKOK(C4)  PAMax(CE)  PSmMIn(Cd) PB--- PToee Pg.-- i 281 mv 186 mv 161 A
value £Hamy 21 mv 1654 v v
status v v v

1Y20125:5552 P

202.0 !
LeCroy

Figure 33 — 90 VAC, 18 V 0.67 A. Figure 34 - 115 VAC, 18 V 0.67 A.
Upper: Vout, 5V, 200 mV / div. Upper: Vour, 5V, 200 mV / div.
Lower: lout, 5V, 1 A, 50 ms / div. Lower: lout, 5V, 1 A, 50 ms / div.

fities He

0
i PIPKOK(CT)  PZMax(C1)  PIPKpK(CA)  Pmax(Cd)  PSmIn(C4 PE PTae- PE---
Measure PIpkpk(C1)  PZmax(C1)  PIpKpK(CH)  PAmax(Ce)  PSMIN(C4) “;‘;3‘ mj 1 5;(",\3 ) ,yés,z 2
value FHEmy 145 mv 1614 v £
status v v v

122012 5:56:27 PM

202.0 !
LeCroy

Figure 35 - 230 VAC, 18 V 0.67 A. Figure 36 — 265 VAC, 18 V 0.67 A.
Upper: Vout, 5V, 200 mV / div. Upper: Vour, 5V, 200 mV / div.
Lower: lout, 5V, 1 A, 50 ms / div. Lower: lout, 5V, 1 A, 50 ms / div.
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11.4.2 R P45 € 7O R BEATS VIBRS T

i

15lll|O}aHHlA'Al “
f'«vvvvﬂv?wﬁmﬁ\'\/\/\/

| pm— ol
m W
o =l
[ i
4 PI:max(C1)  PZmin(C1) P3Ipkpk(C1) Pamin(C1)  PSmax(C1) PB--- PTx-- [
P1max(C1) PZmin{C1)  P3:pkpk(C1) Pamin{C1) PSmax(C1) P W T0my 145 my
80 mv my 135 my

...........

ssssss

g omd i 435Ack]  -050 mAoic] £
Figure 38 — 115 VAC, 5V 1 A Dynamic Load and
18 V 0 to 0.67 A Step Load. 18 V 0 to 0.67 A Step Load.

Upper: Vour, 5V, 100 mV / div. Upper: Vour, 5V, 100 mV / div.

£06.0m

LeCroy

Figure 37 — 90 VAC, 5 V 1 A Dynamic Load and

Lower: lout, 18 V, 0.5 A, 5 ms / div. Lower: loyr, 18 V, 0.5 A, 5 ms / div.

Measure

ssssss

506.0 ' 1.495 A ofst| 390 mA ofst|
LeCro!

LeCroy 5328 PM Y #5335 FM
Figure 39 — 230 VAC, 5V 1 A Dynamic Load and Figure 40 — 265 VAC, 5 V 1 A Dynamic Load and
18 V 0to 0.67 A Step Load. 18 V 0to 0.6 A Step Load.

Upper: Vout, 5V, 100 mV / div. Upper: Vour, 5V, 100 mV / div.
Lower: lout, 18 V, 0.5 A, 5 ms / div. Lower: lout, 18 V, 0.5 A, 5 ms / div.
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11.4.3 R A48 € R R 34T 18 VIR AT

Measure

ssssss

Ll 455 Aot 230 mA ofs 4 1S m ).‘""D'E[ e EE— 71302012 25726 PM
Figure 41 — 90 VAC, 5V 1 A Average Load. Figure 42 — 115 VAC, 5V 1 A Average Load.
Upper: Vour, 18 V, 1V / div. Upper: Vour, 18 V, 1V / div.

Lower: loyt, 18 V, 0.5 A, 5 ms / div. Lower: lout, 18 V, 0.5 A, 5 ms / div.

........

easure

) IVI”‘:I"EL s a— 711312012 2:58:09 PM
, . Figure 44 — 265 VAC, 5V 1 A Average Load.
Upper: Vour, 18 V, 1V / div. Upper: Vour, 18 V, 1V / div.
Lower: loyt, 18 V, 0.5 A, 5 ms / div. Lower: loyt, 18 V, 0.5 A, 5 ms / div.
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11.5 B R FEE N E
11.5.1 g =+ 15

For DC output ripple measurements, a modified oscilloscope test probe must be utilized
in order to reduce spurious signals due to pick-up. Details of the probe modification are
provided in the figures below.

The 5125BA probe adapter is affixed with two capacitors tied in parallel across the probe
tip. The capacitors include one (1) 0.1 uF / 50 V ceramic type and one (1) 1.0 uF / 50 V
aluminum electrolytic. The aluminum electrolytic type capacitor is polarized, so
proper polarity across DC outputs must be maintained (see below).

Probe Ground

/

e

ol

Probe Tip

LN

Figure 45 — Oscilloscope Probe Prepared for Ripple Measurement.
(End Cap and Ground Lead Removed).

Figure 46 — Oscilloscope Probe with Probe Master 5125BA BNC Adapter. (Modified with wires for probe
ground for ripple measurement, and two parallel decoupling capacitors added).
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hase  Trigger Display  Cursors

Y’

. j e jn-. j‘»\_ I, ‘J\l I»\‘ by 1\ e b ‘Jn.\h\qf[k%‘-\ b JI.PJ‘.\N

Measure PIPkpkiCl)  P2max(Cly  PIpkpkC4)  P&maxCd)  PSmin(C4) PB- - PTees (-2
value 174 my a3my Tama
status v v v

Flgure 47 — 18 V Ripple, 90 VAC, Full Load.
Upper: 18 VrippLe, 5 ms, 50 mV / div.
Lower: 18 VgrippLe, 20 s, 50 mV / div.

e Trgger Display CUrsors Meastre Math Analysis  Utfities

0 N O W P N O A W N A O
o e e e et ey

Measure PIpkpk(C1)  PZmax(C) PIpkpK(C)  PémaxCé)  PEmIn(Ce) P PT:-- PB---
value 134 v LI 4mA

status o v v

LeCroy

72201265811 PM

Figure 48 — 18 V Ripple, 115 VAC, Full Load.
Upper: 18 VrippLe, 5 ms, 50 mV / div.
Lower: 18 VrippLe, 20 us, 50 mV / div.

ebase Trigger Display Cursors

) . ‘A.
| ) [ | Jr £ “L o N Nt j \JK ! '\_,"\.l,\h"xh ‘Ll..‘\‘__r ‘J" ZJ"}L‘ -
Measure Plpkpk(C1)  PZma(C1) PIpkpk(C4)  Pdmax(C4)y PSmin(C4) PB::-- P7-- PB-- -
value 139 my 66 mv T4ma
v v

LeCroy

Flgure 49 - 18 VR|pp|_E, 230 VAC Full Load.
Upper: 18 VgrippLe, 5 ms, 50 mV / div.
Lower: 18 VrippLe, 20 s, 50 mV / div.

TIN20126:68:22 PM

1 N N e, ‘.K \* I‘a\ h"&""\l.“\,j\ Li lv\ I s

[ !
-l . de
N ™A~ ™ ™ B B A R i < < TS A \“ ’a‘VL“-,.

PSInC4) P PTa-- [P

Measure PUpkpkiCT) P21 mal(c‘\) PIPKPKICE) P4 mal(Cl)
value 138 MV
status. v v «

Figure 50-18 VRIPPLE, 265 VAC, Full Load.
Upper: 18 VrippLe, 5 ms, 50 mV / div.
Lower: 18 VgrippLe, 20 ps, 50 mV / div.
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+ B g g .\1,-'\”,_4,1.,1,‘\.-IL_J—N..'\.*h f‘\_"k“}‘;»’j\*""x g \ﬁ\,«&_‘ PR
RS R R PR R _‘l"l.,‘r/ R RITRF Y NN o N PN o R ™Y g NN g NV

Measure PIpkpk(C1)  PZmax(Cl) PIpkpK(C)  PémaxCé)  PEmIn(Ce) P PT:-- PB---
value 621V 218my 4mA
v v

Measure PIpkpkiCl)  PZmax(Cly  PIpkpk(C4)  Pdmax(C4)  PSmin(C4) PG~ PTae- PE.- -
value 602 my 205 my T4mA
v v

500

C
LeCroy

722012 7:01:19 PM

Figure 51 — Output Ripple, 90 VAC, Full Load. Figure 52 — Output Ripple, 115 VAC, Full Load.
Upper: 5 VrippLe, 5 ms, 20 mV / div. Upper: 5 VrippLe, 5 ms, 20 mV / div.
Lower: 5 Vrippie, 20 us, 20 mV / div. Lower: 5 VrppLe, 20 us, 20 mV / div.

2| ISR PUVEOUE JONNIRUPUN SRR SUNDUIN PP SUSRIE AU AR A
I B ™1™~ T~ A o A i M VIR ARV ¥ VAR T ¥ v Vi v
TN

W

e e e e e T ,,J,».N,m-}‘)Aﬁ\.il_l,..h"_._-.“ T [,,‘.”MV..«.“,,..‘k‘hn\,‘.

Measure PUPkpk(CT)  PImax(Cl) PIPKpKICE)  Pemax(Cdy  PSTMIn(CE) Ph- PTa-- [P

s walue 41,0mv EXT TAMA
Measure P1:pkpk(C1)  PZmax(C1) P3Ipkpk(C4) Pemax(C4)  PSmin(C4) PB--- Plocn PB--- stalus. v v v
value 78my Tomy 74mA
status v v v

IIA S
LeCroy 712/20127:0135 PM
;

Figure 53 — Output Ripple, 230 VAC, Full Load. Figure 54 — Output Ripple, 265VAC, Full Load.
Upper: 5 VrippLe, 5 ms, 20 mV / div. Upper: 5 VrippLe, 5 ms, 20 mV / div.
Lower: 5 Vrippg, 20 us, 20 mV / div. Lower: 5 VrppLe, 20 us, 20 mV / div.
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12 RIPIIEE
12.1 fZBF 4+ FHIE S ERS )

fle Verical Timehase Trigger Display Utlities ™ Helo

Pin=0.26 W .|+ | | oW

== ——————————— |

B e e e ————————

i
Measure PlLpkpkiC1)  PZmaxiC1) P3pknk(C4)  P4max(C4)  PSmin(C4) PE-- PTase Pg:--
v 4114

LeCroy
FEure 55 — Short-Circuit, 90 VAC. Figure 56 — Short-Circuit, 265 VAC.
Upper: Vps, 100 V / div. Upper: Vps, 200 V / div.
Lower: 5 Vi oap, 500 ms, 2 A/ div. Lower: 5 Vi oap, 500 ms, 2 A/ div.

12.2 T ERF
Output OVP was tested by connecting a 100 kQ resistor between CP pin and BP pin
output.

@
Measure PimayC1)  PIminiCTy PIpkpk(C1)  PAMINGCT)  PSmax(C1) PBes PTaes PBae
I 662V 64 my
Measure Pima(Cl)  PZmin(C1) P3Ipkpk(C1)  PAmIn(C1)  PSmax(C1) PE PT. Pg. v v v
value 7 9. 579
status v v v

/312012 8:50.45 PM

832012 4:49:21 PM

Figure 57 — Output OVP, 265 VAC, Standby Load. Figure 58 — Output OVP, 265 VAC, Full Load.

Vour, 5V, 1V, 500 ms/ div. Vour, 5V, 1V, 50 ms/ div.
g Power Integrations
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12.3 BEEZEHASEEZLENT

At full load, AC input was transient from 0 VAC to 120 VAC for brown-in test and from
120 VAC to 0 VAC for brown-out test. Slew rate of input voltage is 12 VAC/S for brown-in
and brown-out test.

PImax(C1)  PZmMIN(C1)  P3Ipkpk(C1)  PAMIN(C1)  PSmax(C1)
o 528V 44
status v

value
a PB- - PTaes -

4y

v v

i
LeCroy T

LeCroy

Figure 59 — Brown-In Test, Full Load.
Upper: VAC, 200 V / div.
Lower: 5 Vour, 2V, 100 ms / div.

ativel
8/2/2012 5:44:45 PM

Figure 60 — Brown-In Test, Full Load.
Upper: VAC, 200 V / div.
Lower: 5 Vour, 2V, 200 ms / div.
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13 WAIRE
Differential input line 1.2/50 us surge testing was conducted on a single test unit to

IEC61000-4-5. Input voltage was set at 230 VAC. Resistor loads were used for both
outputs (5 V/1 A and 18 VV/0.67 A). Output regulation was verified after the test.

Surggl)Level Inplgl)l\%l)tage Injection Location Injectic(>:1) PrEED T‘(e;:\?sils:::lts
# Strikes)

D.M. (2U source) 10 Strikes each Level
+1000 230 L1toL2 90 Pass

—-1000 230 L1toL2 270 Pass

C.M. (12U source)

+2000 230 L1, L2 to PE 90 Pass

-2000 230 L1,L2to PE 270 Pass

14 ESD

ESD passes at 8 KV for contact discharge and 15kV for air discharge, no output glitch
and latch off was found during the test.

. # of
Device Discharge Type Tcs’zgta:;%e Voltage Events Remarks
(1/sec)
. +8 kV 10 PASS
Contact + Output Terminal B kY 10 PASS
. +8 kV 10 PASS
NKeT7ay - Output Terminal B KY 10 PASS
+ Output Terminal H15kV 10 PASS
Air -15 kV 10 PASS
- Output Terminal H1SkV 10 PASS
-15 kV 10 PASS

g Power Integrations
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15 & THIEMI

At 115 VAC and 230 VAC, conducted emissions tests were performed at full load
(0.67A DC load for 18 V and 1 A DC load for 5 V). Composite EN55022B / CISPR22B
conducted limits are shown. All the tests show excellent EMI performance.

gg”" ———— EN_V_QP ————— EN_V_AV

70

60

.

50
A M

A Pl LA sera AL

20 i W

10

0

-10

-20

0.15 1.0 10.0 30.0
MHz

Figure 61 — Conducted EMI at 115 VAC 60 Hz, Full Load, Output Return Connected to Ground.

20 | | iiiiiii | : iiiiiii

0.15 1.0 10.0 30.0
MHz

Figure 62 — Conducted EMI at 115 VAC 60 Hz, Full Load, Output Return Connected to Artificial Hand.
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dBpv —— ENV.QP — EN VAV

20 | ' ::1“‘i ' | “;

0.15 1.0 10.0 30.0
MHz

Figure 63 — Conducted EMI at 230 VAC 60 Hz, Full Load, Output Return Connected to Ground.

EN_V_AV

=
10.0 30.0
MHz

Figure 64 — Conducted EMI at 230 VAC 60 Hz, Full Load, Output Return Connected to Artificial Hand.
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