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Summary and Features

91 Automotive graded BOM

1 750 V MOSFET rating for excellent surge withstand
9 Highly integrated solution

91 Lowest possible component count

91 No optocoupler required for regulation

9 <50 mW no-load consumption

91 >74% efficiency at full load

1 <+ 5% load regulation

11 85 °C ambient temperature operation
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Important Note:  Although this board is designed to satisfy safety isolation requirements, the engineering
prototype has not been agency approved.
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1 Introduction

This engineering report describes a buck converter designed to provide a non-isolated
nominal output voltage of 15 V at 300 mA load from a wide input voltage range of 60
VDC to 550 VDC for automotive application. This power supply utilizes the LNK3206@&Q
from the LinkSwitch-TN2 family for Automotive of ICs.

This document contains the complete power supply specifications, bill of materials,
transformer construction, circuit schematic and printed circuit board layout, along with
performance data and electrical waveforms.

Figure 17 Populated Circuit Board.

_p“‘ Power Integrations, Inc.
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2 Power Supply Specification

The table below represents the minimum acceptable performance of the design. Actual
performance is listed in the results section.

Description Symbol | Min | Typ | Max |Units Comment
Input
Voltage Vin 60 550 | vDC
No-load Input Power (400 VDC) 50 | mW
Output 1
Output Voltage Vour |14.25] 15 [15.75| V ° 5% @ 5% to 100% Load.
No Load Output Voltage Vour 16 \% Regulation at No-load.
Output Ripple Voltage VeippLE 150 | mV 20 MHz Bandwidth.
Output Current I out 300 | mA
Total Output Power
Continuous Output Power Pour 451 W
Transient Response
Output Voltage during transient | Vg, |13.8 16.2] VvV ° 8%
Efficiency
Full Load Efficiency h 74 % Measured at P, ;25 °C.
Environmental
Ambient Temperature T v 0 | | 85 | °c Free Convection, Sea Level.
Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 “~
Page 50f51 WWW.power.com p
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3  Schematic
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Figure 21 Schematic.
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Figure 37 Test Setup.
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4  Circuit Description

The schematic in Figure 2 shows a buck converter using LNK3206GQ The circuit
provides a non-isolated 15 V, 300 mA continuous output. In this design, automotive
battery will be the intended input source of the buck circuit. To simulate battery stiff
voltage source, bulk capacitors was added in the test setup during the test as shown in
Figure 3.

The Li nk-B\&ifamityloEICs for automotive power supplies provide significant
reduction in component count compared to traditional discrete solutions. Regulation is
achieved using a low cost resistor divider feedback network. The switching frequency
jitter feature of the LinkSwitch -TN2 family and the 66 kHz switching frequency of
operation helps reduce EMI. Each device incorporates a 750 V power MOSFEToscillator,
On/Off control, a high-voltage switched current source for self-biasing, frequency
jittering, fast (cycle -by-cycle) current limit, hysteretic thermal shutdown, and output and

overvoltage protection circuitry onto a monolithic IC. LinkSwitch -TN2 ICs consume very
little current in standby resulting in power supply designs that meet <50 mW no -load
input at 400 VDC input. A full suite of protection features enable safe and reliable power

supplies protecting the device and the system against input and output overvoltage
faults, device over-temperature faults, lost regulation, and power supply output overload

or short-circuit faults.

Due to automotive application, all component selected are AEC compliant.
4.1  Input Filter

Fuse F1 isolates the circuitand provides protection from component failure. A bypass
capacitor C1lis added to provide a local instantaneous charge and a stable DC busto the
buck converter.

4.2  Power Stage

The device is selfstarting from the DRAIN (D) pin with local supply decoupling p rovided by a
small 100 nF capacitor @ connected to the BYPASS (BP/M) pin when inputis first applied.

During normal operation the device is powered from output via a current limiting resis tor R3.
Here, the device LNK3206GQis used in a high side driven buck converter. The supply is
designed to operate in continuous conduction mode (CCM), with the peak L1 inductor current
set by the LNK3206GQinternal current limit. The control scheme used is similar to the

ON/OFF control used in TinySwitchTM. The ontime for each switching cycle is set by the

inductance value of L1, LinkSwitch-TN2 Auto current limit and the high -voltage DC input bus
across C1 Output regulation is accomplished by skipping switching cycles in response to an
ON/OFF feedback signal appliedto the FEEDBACK (FB) pin. This differs significantly from
traditional PWM schemes that control the duty factor (duty cycle) of each switching cycle.

Unlike TinySwitch, the logic of the FB pin has been inverted in LinkSwitch-TN. This allows a
very simple feedback scheme to be used when the device is used in the buck converter
configuration. Currentint o t he FB pi n A wilkiahtbiethe switcheng of thé

internal MOSFET, while current below this allows switching cycles to occur.

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 “~
Page 7 of 51 Www.power.com
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4.3  Output Rectificat  fon

During the ON time of U1, current ramps in L1 and is simultaneously delivered to the
load. During the OFF time, the inductor current ramps down via free -wheeling diode D1
and D2 into C4 and is delivered to the load. Diode D1 and D2 should be selected as an
ultrafast diode (t rg Of 35 ns or better is recommended) due to CCM and high ambient
temperature operation. High-voltage with low t gr diode are not common. To meet 80%
diode voltage derating requirement, two f reewheeling diode in series was implemented.

Capacitor C4 should be selected to have an adequate ripple current rating (very low ESR
type). Please see the spreadsheet output capacitor section.

4.4  Output Feedback

The voltage across L1 is rectified and smoothed by D3 and C3 during the off-time of U1.

To provide a feedback signal, the voltage developed across C3 is divided by R1 and R2

and connected to Uldés FB pin. The values of
nominal output voltage, the voltage on the FB pinis 2 V. R1 and R2 can be optimized for

better output voltage regulation and efficiency. This voltage is specified for Ul at an FB

pin current of 49 mA. This allows simple feedback to meet the required overall output
tolerance of £5% at rated output current.

45 PCB

Printed Circuit Board (PCB) shouldbe rigid enough to survive the harsh environment of
automotive application. FR-4 High Tg PCB materialwas used in the design.

_p"‘ Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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5 PCB Layout

Figure 4 7 Printed Circuit Board, Top View.

Figure 571 Printed Circuit Board, Bottom View.
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6 Bill of Materials

Item Qty gg; Description Mfg Part Number Mfg

1 1 c1 2.12n512bi10%, 630 VDC, 200VAC,Fim, Stacked, 4030, -55°C LDEPF3100KAONOO KEMET

2 1 C2 0.1 nF £10% 50 V Ceramic X7R 0805 CL21B104KBC5PNL Samsung

3 1 C3 10 nf, 20%, 35 V, Electrolytic, (4.30mm x 4.30mm), SMD EEEFK1V100UR Panasonic

4 1 C4 220 nf, 20%, 25 V, Electrolytic, (8.30mm x 8.30mm), SMD 25TKV220M8X10.5 Rubycon

5 1 D1 Diode Standard 600V 1 A SMTSOD123W UF1JLW RVG Taiwan Semi

6 1 D2 Diode Standard 600V 1 A SMTSOD123W UF1JLW RVG Taiwan Semi
1000 V, 800 mA, General Pupose, Fast Recovery =<500 ns, . .

7 1 D3 | 2200 mA (10}, DO.219AB, b SMIA y RSIML R3G Taiwan Semi

8 1 F1 FUSE, 1.25 A, 600 VAC, SLOW2SMD SF3812TM125T-2 Bourns
Shielded 2 Coil Inductor Array, 4 mH (Series), 1 mH

9 1 L1 (Parallel), 1.992 WMax DC Resistance (DCR), Parallel 610 SRF1280A102M Bourns
mA, Automotive AEGQ200,

10 1 R1 RES, 2.49 RV, 1%, 1/16 W, Thick Film, 0603 ERJI3EKF2491V Panasonic

11 1 R2 RES, 16.5 WV, 1%, 1/16 W, Thick Film, 0603 ERJ3EKF1652V Panasonic

12 1 R3 RES, 35.7 RV, 1%, 1/8 W, Thick Film, 0805 ERJBGENF3572V Panasonic

13 1 R4 RES, 15Wk, 5%, 1/8 W, Thick Film, 0805 ERJ6GEYJ153V Panasonic

14 1 Ul LinkSwitch-TN2, SMD-8C LNK3206Q3) Power Integrations

Miscellaneous

Item Qty gg; Description Mfg Part Number Mfg
1 1 +V Test Point, RED, Miniature THRUHOLE MOUNT 5000 Keystone
2 1 GND | Test Point, BLK, Miniature THRUHOLE MOUNT 5001 Keystone
3 1 VIN+ Test Point, WHT, THRUHOLE MOUNT 5012 Keystone
4 1 VIN- Test Point, BLK, THRUHOLE MOUNT 5011 Keystone

5

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com
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7  Design Spreadsheet

ACDC_LinkSwitchTN2 -
218 (P A0p (M ek INPUT | INFO | OUTPUT | UNIT | ACDC_LinkSwitchTN2 Buck
Copyright Power
Integrations 2020
APPLICATION VARIABLES
LINE VOLTAGE RANGE Custom AC line voltage range
VACMIN 71.00 71.00 \Y Minimum AC line voltage
VACTYP 115.00 \ Typical AC line voltage
VACMAX 390.00 Info 390.00 \Y The maximum AC line voltage is too high
fL 60.00 Hz AC mains frequency
LINE RECTIFICATION TYPE = = Selggt 'F_‘uII wave rectification or 'H'alf wave
rectification
VOUT 15.00 15.00 V Output voltage
10UT 0.300 0.300 A Average output current
EFFICIENCY_ESTIMATED 0.80 Efficiency estimate at output terminals
EFFICIENCY CALCULATED 0.75 Calculgated efficiency based on real components and
operating point
POUT 4.50 W Continuous Output Power
CIN 10.00 uF Input capacitor
VMIN 60.1 V Valley of the rectified input voltage
VMAX 551.5 vV Peak of the rectified maximum input AC voltage
T _AMBIENT 85 85 degC Operating ambient temperature in degrees celcius
INPUT STAGE 10 Ohms Input stage _resi_stance in ohms (includes fuse,
RESISTANCE thermistor, filtering components)
PLOSS INPUTSTAGE 0.063 W Input stage losses estimate
LINKSWITCH -TN2 VARIABLES
OPERATION MODE MCM Mostly continuous mode of operation
Choose 'RED' for reduced current limit or 'STD' for
CURRENT LIMIT MODE STD STD standard current limit
PACKAGE DIP-8C DIP-8C Select the device package
DEVICE SERIES LNK32X6 LNK32X6 Generic LinkSwitch-TN2 device
DEVICE CODE LNK3206 Required LinkSwitch-TN2 device
ILIMITMIN 0.450 A Minimum current limit of the device
ILIMITTYP 0.482 A Typical current limit of the device
ILIMITMAX 0.515 A Maximum current limit of the device
MOSFET's on-time drain to source resistance at
RDSON 12.90 ohms 100degC
FSMIN 62000 Hz Minimum switching frequency
FSTYP 66000 Hz Typical switching frequency
FSMAX 70000 Hz Maximum switching frequency
VDSON 2.00 \ MOSFET on-time drain to source voltage estimate
DUTY 0.28 Maximum duty cycle
TIME ON 4.467 us MOSFET conduction time at the minimum line
- voltage
TIME ON MIN 0.833 us MOSFET conduction time at the maximum line
_ON_ voltage
KP_TRANSIENT Info 0.157 KP under condition of a transient
IRMS_MOSFET 0.164 A MOSFET RMS current
PLOSS MOSFET 0.727 W Primary MOSFET loss estimate
BUCK INDUCTOR PARAMETERS
INDUCTANCE MIN 900 uH Minimum design inductance required for power
— delivery
INDUCTANCE_TYP 1000 1000 uH ‘é’glpi)\i/%a:lydesign inductance required for power
INDUCTANCE MAX 1100 uH (I;/Ieall;\(/ig;m design inductance required for power
TOLERANCE_INDUCTANCE 10 % Tolerance of the design inductance
&%SE??&ANCE OF 2.0 ohms DC resistance of the buck inductor
Factor that accounts for "off-state” power loss to be
FACTOR_LOSS 0.900 supplied by inductor i
IRMS _INDUCTOR 0.312 A Inductor RMS current
Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 _p
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PLOSS INDUCTOR | | | 0195 | W | Inductor losses

FREEWHEELING DIODE PARAMETERS

VF_FREEWHEELING 1.50 1.50 V Forward voltage drop of the freewheeling diode

PIV Warning 689 V Peak inverse voltage of the freewheeling diode

IRMS_DIODE 0.266 A Diode RMS current

TRR 30 ns (Ij?iigtejired reverse recovery time of the selected

PLOSS DIODE 0.535 W Freewheeling diode losses

RECOMMENDED DIODE BYV26C W Recommended freewheeling diode

BIAS/FEEDBACK PARAMETERS

VF_BIAS 0.70 V Forward voltage drop of the bias diode

RBIAS 2490 Ohms Bias resistor

CBP 0.1 uF BP pin capacitor

RFB 16200 Ohms Feedback resistor

CFB 10 uF Feedback capacitor
If the output voltage is greater than 12 V or total
output and system capacitance is greater than 100

C_SOFTSTART 1-10 uF uF, a soft start capacitor between 1uF and 10 uF is
recommended

PLOSS FEEDBACK 0.012 W Feedback section losses

OUTPUT CAPACITOR

OUTPUT VOLTAGE RIPPLE 300 mV Desired output voltage ripple

IRIPPLE_COUT 0.300 A Qutput capacitor ripple current

ESR COUT 1000 mOhms [ Maximum ESR of the output capacitor

Note: Freewheeling diode PIV warning was addressed by using two diodes in series. The design requires
a low tgg diode but high-voltage with low t gg diode is not common. To meet the d i o d e dard lowItRY
requirement, two freewheeling diodes in series was implemented.

_p"‘ Power Integrations, Inc.
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8 Performance Data
8.1  Efficiency

8.1.1 Line Efficiency

Test Condition: Soak for 10 minutes for each line and 2 minutes integration time .
81

80

Efficiency (%)
~ ~
e} ©

\l
~

76 1

75 - - - - - - - - - -
50 100 150 200 250 300 350 400 450 500 550 600
Input Voltage (VDC)

Figure 6 i Efficiency vs. Input Voltage.
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Tel: +1 408 414 9200 Fax: +1 408 414 9201 “~
Page 13 of 51 Www.power.com



DER844Q 60 VDCi 550 VDC Input, 15 V 300 mA Output 29-May-20

8.1.2 Load Efficiency

Test Condition: Soak for 10 minutes, 5 minutes delay per each line, 10 sec. delay for

each load, and 2 minutes integration time.
83

82
81

80

79

~
(o]

\‘

NN
g o

Efficiency (%)

=60 /DC  =#=100 VDC
«#=200 VDC =%=300 VDC | |
«=#=400 VDC  =#=500 VDC |
«+=550 VDC

0 10 20 30 40 50 60 70 80 90 100
Load (%)

Figure 7 1 Efficiency vs. Percentage Load.
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8.2  No-Load Input Power

Test Condition: Soak for 15 minutes each line and 1 minute integration time .
60

55 4

al
o

N
ol

%

Input Power (mW)
w
(&)

w
o

25 1

20 - - - - - - - - - - -
0 50 100 150 200 250 300 350 400 450 500 550 600
Input Voltage (VDC)

Figure 8 T No-Load Input Power vs. Line at Room Temperature.
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8.3

Line Regulation

Test Condition: Soak for 10 minutes for each line and 2 minutes integration time.

Output Voltage (V)
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Figure 91 Output Voltage vs. Line Voltage.
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8.4 Load Regulation

Test Condition: Soak for 10 minutes, 5 minutes delay per each line, 10 sec. delay for
each load, and 2 minutes integration time.

16.0
15.5
150
2
)
%
=145 ]
>
5
s
3 14.0 ;
==50 VDC ===100 VDC
==200 VDC =>=300 VDC
13.5 =¥=400 VDC =0=500 VDC
550 VDC
13-0 - - - - - - - - -
0 10 20 3 40 50 60 70 80 90 100

Load (%)

Figure 10 i Output Voltage vs. Percent Load
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9 Waveforms
9.1 Load Transient Response

Test Condition: Dynamic load frequency = 100 Hz, Duty cycle = 50 %

Slew Rate =0.5A/ ns

9.1.1 15 V Transient 0% - 100% Load Change
=‘;§",3",:°®

2020-04-28
02:23:37

Qutput Voltage

Qutput Current 7

\ r

LJF

Peasi, e,
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Qutput Voltage

Qutput Current

—
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=
— 18 Ere w0 00 g 0 509 12 m 18 2m
Max. x

Min

Peak to peak t peak

Figure 11 i 60 VDC Input.
CHL: Vour 1 V/div., 400 s/ div.
CH2: Ioyr, 100 mA / div., 400 ns/ div.

VOUT(MAX): 14.702 V, VOUT(MIN) = 14.385 V.

2020-04-28
0z:20:32

Qutput Voltage

7777

Output Current

Figure 13 7 400 VDC Input.
CH1: Vour, 1 V / div., 400 s / div.

CH2: loyr, 100 mA / div., 400 ns/ div.

VOUT(MAX): 14.623 V, VOUT(MIN) = 14.267 V.

Figure 12 i 200 VDC Input.

CHL: Vour 1V / div., 400 ns / div.
CH2: Iour 100 mA / div., 400 ns / div .
VOUT(MAX): 14.662 V, VOUT(MIN) = 14.306 V.

2020-04-28
0z:29:02
uuuuuuu

h S
2 fhd e
i

Qutput Voltage

Tri jorme
s B Fona
[vl: 228 mi a

LL

Figure 14 7 550 VDC Input.

CH1: Vour, 1 V / div., 400 ns/ div.
CH2: loyt, 100 mA / div., 400 ns/ div.
VOUT(MAX): 14.623 V, VOUT(MIN) = 14.267 V.
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9.1.2
wnoen

Farizontal
a3 i200 04 /5 GSaE]
AL 20 s ar

A4

Qutput Voltage

-----

77777

Output Current

Figure 15 7 60 VDC Input.
CH1: Vour, 1 V / div., 400 s / div.
CH2: loyr, 100 mA / div., 400 ns/ div.
VOUT(MAX): 14.662 V, VOUT(MIN) = 14.346 V.

2020-04-28
02:30:15
o5

Qutput Voltage

77777

-----

Output Current

Figure 17 7 400 VDC Input.
CH1: Vour 1 V/ div., 400 ns / div.
CH2: lour 100 mA / div., 400 ns / div.
VOUT(MAX): 14.623 V, VOUT(MIN) =14.306 V.

15 V Transient 10% - 100% Load Change

2020-04-28
02:29:34

Qutput Voltage

Figure 16 i 200 VDC Input.
CH1: Vour, 1 V / div., 400 ns/ div.
CH2: loyt, 100 mA / div., 400 ns/ div.
VOUT(MAX): 14.662 V, VOUT(MIN) = 14.346 V.

2020-04-28
02:31:55
o

Qutput Voltage

Output Current

v ! !

=] 1 4
. =m == =m . . “s —_—
ax x

Min

Peak to peak 0 peak

Figure 18 i 550 VDC Input.
CH1: Vour, 1 V / div., 400 ns / div.
CH2: 1our, 100 mA / div., 400 s/ div.
VOUT('MAX): 14.623 V, VOUT(MIN) = 14.306 V.
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2020-04-28
0z:34:21
Farizontal
a3 i200 04 /5 GSaE]
AL 20 s ar
Scl: 400 ps/div

A4

Qutput Voltage

-----

77777

Output Current
| i \
—

sy 1
= 1 4
— 18 m Azm o 00 s 0 00 i2me i8me 2m
ax. x
Min
Peak to peak. to peak

Figure 19 i 60 VDC Input.
CH1: Vour, 1 V / div., 400 s / div.
CH2: loyr, 100 mA / div., 400 ns/ div.
VOUT(MAX): 14.623 V, VOUT(MIN) = 14.425 V.

e
I
L

2020-04-28
02:33:23
T
o i

Qutput Voltage

77777

-----

Output Current i

—/

wsv 1
fezsv 1 4
. == == == =m & . “s o  m
ax ]
Min
Peak to peak 0 peak

Figure 21 7 400 VDC Input.
CH1: Vour 1 V/ div., 400 ns / div.
CH2: lour 100 mA / div., 400 s / div.
VOUT(MAX): 14.583 V, VOUT(MIN) = 14.346 V.

15 V Transient 50% - 100% Load Change

2020-04-28
02:39:57
5

Qutput Voltage

77777

Output Current i

I SN Y A R
\ J \ J \

Figure 20 i 200 VDC Input.
CH1: Vour, 1 V / div., 400 ns/ div.

CH2: loyt, 100 mA / div., 400 ns/ div.
VOUT(MAX): 14.583 V, VOUT(MIN) = 14.385 V.

2020-04-28
02:32:36

Tiorizontal

Qutput Voltage

Output Current

=1 1 1
- 1o Azm o 000 de 004 009 12 1nm m
ax i
Min
Prak to peak. o peak

Figure 22 7 550 VDC Input.
CH1: Vour, 1 V/ div., 400 s/ div.

CH2: Iour. 100 mA / div., 400 ns / div .
VOUT('MAX): 14.543 V, VOUT(MIN) = 14.346 V.

7 f
!
\ f \ /
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9.2

9.2.1

Switching Waveforms

Primary MOSFET DrairSource Voltage and Current at Normal Operation

9.2.1.1 100% Load CC

2020-04-04
03:16:14

Horizontal

T

| sy Drain Voltage

Fosi2.5 s /10 GSa/i
AL 40 MEa m
pssdiv

Figure 231

60 VDC Input.
CH2: Vps, 50 V/ div., 10 ns/ div.

CH3 Ips, 200 mA / div., 10 ns/ div.
VDSGVlAX) = 71.146 V, IDS(MA)Q = 633.99 mA.

| ... Drain Voltage

Figure 25 7 400 VDC Input.

CH2: \ps, 150 V / div., 10 ns / div.
CH3: Ipg, 200 mA / div., 10 ns/ div.
VDS(MAX): 409.09 V, IDS(MA)Q = 618.18 mA.

2020-04-04
3:15:00
5 T T T T T sarizantal i
e A ko325 1 /10 GSali
AL/ 40 MEs "
: ] "
| .. Drain Voltage . - )
v
6oy

I : o
L _ DrainCarrent F————— | M SR S S = 5
- .
‘ | =
w

Figure 24 i 200 VDC Input.

CH2: \ps, 50 V / div., 10 ns / div.
CH3: Ipg, 200 mA / div., 10 ns/ div.
VDS(MAX): 207.51 V, IDS(MAX) = 705.14 mA.

2020-04-04
012150
uuuuuu i
Y Res:2 S ps / 10 GSald
| 55 1 b
: i : 30 ysidiv
| .. Drain Voltage i Posin s
T Trigger
[Eoma v v
e L ST TET ST TAI T ST PITT) PR STPIey Lo
+ T oA
Drain Current Y Y2 S75.51mAl
i &7 5Sima
00 ;I f 1
; L |
= —_—
— w0 mw =

Figure 26 i 550 VDC Input.

CH2: Vs, 150 V / div., 10 ns/ div.
CH3: Ipg, 200 mA / div., 10 ns/ div.
VDS(MAX): 557.31 V, IDS(MAX) = 705.14 mA.
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9.2.1.2 100% Load CR
I 2020—04—04®

na:19:20

Drain Voltage .

T

| 4o Drain Voltage

; }

v 1! }
v
Drain Current 1

Figure 28 i 200 VDC Input.
CH2: \jps, 50 V / div., 10 ns/ div.

Figure 27 7 60 VDC Input.
CH2: Vs, 50 V / div., 10 ns/ div.
CH3: Ips, 200 mA / div., 10 ns / div. CH8: Ips, 200 mA / div., 10 ns / div.
VDS(MAX): 207.51 V, | DS(MAY) — 713.04 mA.

VDS(MAX): 71.146 V, | DS(MAY) — 649.8 mA.
@

2020-04-04
03:25:49
)
5125 ps

| ., Drain Voltage

£

| g0y Drain Voltage

Figure 30 i 550 VDC Input.
CH2: \ps, 150 V / div., 10 ns/ div.

Figure 29 i 400 VDC Input.
CH2: \ps, 150 V / div., 10 ns / div.
CH3: lps, 200 mA / div., 10 ns/ div. CH3: Ipg, 200 mA / div., 10 ns/ div.
VDS(MAX)= 557.31V, | DSMMAX — 720.95 mA.

VDS(MAX)= 409.09V, | DSMAX — 602.37 mA.
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9.2.1.3 0% Load CC

T

| 4o Drain Voltage

Figure 31 7 60 VDC Input.
CH2: Vs, 50 V / div., 10 ns/ div.

CH3: Ips, 200 mA / div., 10 ns / div.
VDS(MAX): 69.17 V, IDS(MA)Q = 452.17 mA.

| ., Drain Voltage

Figure 33 7 400 VDC Input.
CH2: \ps, 150 V / div., 10 ns/ div.
CH3: lps, 200 mA / div., 10 ns/ div.
VDS(MAX)= 403.16 V, IDS(MA)Q = 547.04 mA.

2020-04-04
03:15:24

TV

| s, Drain Voltage

Figure 32 i 200 VDC Input.

CH2: Vps, 50 V / div., 10 s/ div.
CH8: Ips, 200 mA / div., 10 ns / div.
VDS(MAX): 207.51 V, | DS(MAY) — 515.42 mA.

2020-04-04
03:26:46
)

|0, Drain Voltage

Loy oo o

Figure 34 i 550 VDC Input.

CH2: Vs, 150 V / div., 10 ns/ div.
CH3: Ipg, 200 mA / div., 10 ns/ div.
VDS(MAX)= 551.38 V, IDS(MA)() = 602.37 mA.
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9.214

0% Load CR

2020-04-04
03:19:59
= Z

T

| 4o Drain Voltage

Figure 351

60 VDC Input.
CH2: Vs, 50 V / div., 10 ns/ div.

CH3: Ips, 200 mA / div., 10 ns / div.
VDS(MAX): 69.17 V, IDSGVlA)Q = 444.27 mA.

TV

| s, Drain Voltage

Figure 36 i

200 VDC Input.

CH2: Vps, 50 V / div., 10 s/ div.

CH8: Ips, 200 mA / div., 10 ns / div.
VDS(MAX): 207.51 V, | DS(MAY) — 515.42 mA.

zn2n-n4-n4®
03:27:53
o Y =5V Y Horizants =
| g0y Drain Voltage 1 |0, Drain Voltage 1 o
. | Mo
0y _—
-y ] -y ]
S e S . -
+ et s DESSNESS SIS
A P 113 V1 o -1 ) s e It e Drain Current i
. ’ .
- J - {
I\ - i -
F,; - " aw 0w om @ - - a0, 2w " aw 30 o @

Figure 37 i 400 VDC Input.

CH2: Vs, 150 V / div., 10 s/ div.
CH3: lps, 200 mA / div., 10 ns/ div.
VDS(MAX)= 403.16 V, IDS(MA)Q = 554.94 mA.

Figure 38 i 550 VDC Input.

CH2: Vs, 150 V / div., 10 ns/ div.
CH3: Ipg, 200 mA / div., 10 ns/ div.
VDS(MAX)= 551.38 V, IDS(MA)() = 586.56 mA.
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9.2.2 Primary MOSFET DrairSource Voltage and Current at Start-up Operation

9.2.2.1 100% Load CC

o 0rain Voltage

o Prain Voltage
oy

QOutput Voltage
sov

Drain Current

QOutput Voltage
v
Drain Current

Figure 40 i 200 VDC Input.

Figure 39 i 60 VDC Input.
CHZL Vour 5V / div., 20 ms / div. CHZ Vour 5 V/ div., 20 ms / div.
CH2: \ps, 50 V / div., 20 m s / div. CH2: Vs, 50 V / div., 20 m s / div.
CH3: Ipg, 500 mA / div., 20 ms/ div. CH3: Ipg, 500 mA / div., 20 m s/ div.
VDS(MAX): 71.146 V, | DS(MAY) — 1.0316 A. VDS(MAX): 207.51 V, IDS(MAX) = 1.1897 A.
VOUT(MAX) = 14.664 V. VOUT(MAX) =14.664 V.
, a0 0s 0 £

2020-04-03 @)
wsalk

1]

ETg
wuDrain Voltage

oy Drain Voltage

Output Voltage
o
Drain Current

Output Voltage
v
Drain Current

Figure 42 i 550 VDC Input.

Figure 41 7 400 VDC Input.
CHZL Vour 5V / div., 20 ms/ div. CHZL Vour 5V / div., 20 ms/ div.
CH2: \ps, 150 V / div., 20 m s / div. CH2: Vs, 150 V / div., 20 ms / div.
CH3: lpg, 500 mA / div., 20 m s/ div. CH3: Ipg, 500 mA / div., 20 m s/ div.
VDS(MAX): 409.09 V, IDS(MA)Q =1.3874 A. VDS(MAX): 551.38 V, IDS(MAX) = 1.9012 A.
VOUT(MAX) =14.664 V.

VOUT(MAX) =14.664 V.
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9.2.2.2 100% Load CR

2020-04-04

T v

o Prain Voltage

Output Voltage
v

Drain Current

Figure 43 7 60 VDC Input.
CHZI Vour 5V /div., 20 ms/ div.

CH2: Vs, 50 V / div., 20 m s / div.

CH3: Ips, 500 mA / div., 20 m s/ div.
VDS(MAX): 71.146 V, IDS(MA)Q = 1.0514 A.
VOUT(MAX) =14.664 V.

T v

uDrain Voltage

QOutput Voltage
e

Drain Current

Figure 45 7 400 VDC Input.
CHZI Vour 5V / div., 20 ms/ div.

CH2: \ps, 150 V / div., 20 m s / div.
CH3: lpg, 500 mA / div., 20 m s/ div.
VDS(MAX): 409.09 V, IDS(MA)Q = 1.3874 A.
VOUT(MAX): 14.664 V.

2020-04-04 @)
1

o 0rain Voltage

Output Voltage
sov

Drain Current

Figure 44 7 200 VDC Input.
CHZI Vour 5 V / div., 20 ms/ div.

CH2: Vs, 50 V / div., 20 m s / div.

CH3: Ipg, 500 mA / div., 20 m s/ div.
VDS(MAX): 207.51 V, | DS(MAY) — 1.1897 A.
VOUT(MAX) =14.664 V.

2020-04-03
09:51:21
HSals

£

«uDrain Voltage

QOutput Voltage
e

Drain Current

Figure 46 7 550 VDC Input.
CHZI Vour 5V /div., 20 ms/ div.

CH2: \ps, 150 V / div., 20 m s / div.
CH3: Ipg, 500 mA / div., 20 m s/ div.
VDS(MAX): 551.38 V, IDS(MAX) = 1.9407 A.
VOUT(MAX) =14.664 V.
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9.2.2.3 0% Load CC

T

| s0.Drain Voltage

Output Voltage X
sov

Drain Current i
i
00w o
e

T L L _ £ s AL ROV UK. - .. . DU L.

Figure 47 i 60 VDC Input.
CHZI Vour 5V /div., 20 ms/ div.
CH2: \ps, 50 V / div., 20 m s / div.
CH3: Ips, 500 mA / div., 20 m s/ div.
VDS(MAX): 71.146 V, IDS(MA)Q = 1.0514 A.
VOUT(MAX) = 15.652 V.

2020-04-03
09:32:29
T
i
(1
chs
v 2
I T T TN RN C TR
I | | | s
| o
I | 1 | =
o
e

= T v

| Drain Voltage l

"'m“ m e time

Figure 49 7 400 VDC Input.
CHZI Vour 5V / div., 20 ms/ div.
CH2: \ps, 150 V / div., 20 m s / div.
CH3: Ipg, 500 mA / div., 20 m s/ div.
VDS(MAX)= 403.16 V, IDS(MA)Q = 1.3874 A.
VOUT(MAX): 15.652 V.

. sm 5  s= a5 w5 BE _ mm =

TV

| o Prain Voltage

Figure 48 i 200 VDC Input.
CHZI Vour 5 V/div., 20 ms/ div.
CH2: Vps, 50 V / div., 20 m s / div.
CH8: Ips, 500 mA / div., 20 m s/ div.
VDS(MAX): 207.51 V, | DS(MAY) — 1.1897 A.
VOUT(MAX) = 15.652 V.

E

G A
Cot: 0T 1D
Cee:ss  Ta:
lBw: 200 ez
0 e 120 me i

v
| o Drain Voltage l

QOutput Voltage
e
Drain Current

|

.

Hm D

"'m m e time

Figure 50 i 550 VDC Input.
CHZI Vour 5 V/div., 20 ms/ div.
CH2: \ps, 150 V / div., 20 m s / div.
CH3: Ipg, 500 mA / div., 20 m s/ div.
VDS(MAX): 551.38 'V, IDS(MAX) = 1.8814 A.
VOUT{MAX): 15.652 V.
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9.2.2.4 0% Load CR

T

| s0.Drain Voltage

!
|

A

Figure 51 7 60 VDC Input.

CHZI Vour 5V /div., 20 ms/ div.

CH2: Vs, 50 V / div., 20 m s / div.

CH3: Ips, 500 mA / div., 20 m s/ div.
VDS(MAX): 71.146 V, IDS(MA)Q = 1.0711 A.
VOUT(MAX) = 15.652 V.

= T v

i

| Drain Voltage

QOutput Voltage
wu
Drain Current

Pzt s

OF: 0 4

lGel: 0C Mg

[Gac: 5 Ta: oft

lEw: 200 sz g
- m . Hme e . 0 00 me 120 ms 140 m

Max
se time

Figure 53 7 400 VDC Input.

CHZI Vour 5V / div., 20 ms/ div.

CH2: \ps, 150 V / div., 20 m s / div.
CH3: lps, 500 mA / div., 20 m s / div.
VDS(MAX)= 409.09 V, IDS(MA)Q = 1.3874 A.
VOUT(MAX): 15.652 V.

TV

| o Prain Voltage

Figure 52 i 200 VDC Input.

CHZI Vour 5 V/div., 20 ms/ div.

CH2: Vps, 50 V / div., 20 m s / div.

CH8: Ips, 500 mA / div., 20 m s/ div.
VDS(MAX): 207.51 V, | DS(MAY) — 1.2095 A.
VOUT(MAX) = 15.652 V.

i
Ml L L ke
m 0 e 120 me .-m..l

Figure 54 7 550 VDC Input.
CHZI Vour 5 V/div., 20 ms/ div.
CH2: \ps, 150 V / div., 20 m s / div.
CH3: Ipg, 500 mA / div., 20 m s/ div.
VDS(MAX): 551.38 'V, IDS(MAX) = 1.9407 A.
VOUT{MAX): 15.652 V.

v
| o Drain Voltage l

D
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9.2.3

9.2.3.1 100% Load CC

2020-04-04
06:27:56
H =

| e VR DIODE 1

oy VR DIODE 2

Figure 55 7 60 VDC Input.
CHL: Vrpiopes, 20 V / div., 10 ns/ div.
CH2 VR piobe, 20 V / div., 10 ns/ div.
PIVy= 44,98 V, PIV,= 22.846 V.

2020-04-04
06:31:39

| eoov
| s VR DIODE 1

w0V

VR DIODE 2

Figure 57 7 400 VDClInput.
CH1: Vk pioper, 100 V / div., 10 ns / div.
CH2: VR,DIODEZv 100 V / div., 10 ns/ div.
PIV,= 311.86 V, PIV,= 130.04 V.

Free Wheeling Diode Voltage at Normal Operation

znzn-n«-n4®
06:20:35

& v i =
1y b

M 1

v |
| gy VR DIODE 1

wy

- N

wy VR DIODE 2

.y B
- !

a0y [ { [

oy o 2 o s o W i o 50

Figure 56 i 200 VDClInput.
CH1: Vrpiopes, 20 V / div., 10 ns/ div.
CH2: VR,DIODEZ! 20V /div., 10 s/ div.
PIV,= 152.49 V, PI\V,= 77.391 V.

znzn-n«-n4®
te:03:35
Wi v i =
v B
|- 6on v +
Leam VR DIODE 1
v
v
sy VR DIODE 2
103w P |
[
I | f
00w {
v, W o 2 o [ 0 w b aw s
Max m !l m

Figure 58 i 550 VDClInput.
CH1: Vk piopes, 100 V / div., 10 s / div.
CH2: VR'D|ODE2, 100 V / div., 10 ns/ div.
PIV,= 426.48 V, PIV, = 165.61 V.
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9.2.3.2 0% Load CC

2020-04-04
06:27:19

av

VR DIODE 1

VR DIODE 2

Figure 59 i 60 VDC Input.

CHL: Vi mooes, 20 V / div., 10 s / div.
CH2: VR,DIODEZ; 20V /div., 10 ns/ div.
PIV, = 42.609 V, PIV, = 20.474 V.

-eo0v

so0v

w0V

VR DIODE 1

VR DIODE 2

AAAAA

Figure 61 i 400 VDClInput.

CH1: Vk pioper, 100 V / div., 10 s/ div.
CH2: VR,DIODEZv 100 V / div., 10 ns/ div.
PIV;=311.86V, PIV,= 122.13 V.

2020-04-04
06:29:43
i
= z

F1my

v

VR DIODE 1

VR DIODE 2

Figure 60 i 200 VDC Input.

CH1: Vk piopez, 20 V / div., 10 ns/ div.
CH2: VR,DIODEZ! 20V /div., 10 s/ div.
PIV, = 157.23 V, PIV, = 62.372 V.

Fomy

Fsmy

any

VR DIODE 1

VR DIODE 2

2020-04-04
06:33:10
[ Horizontal
325 ps 5

AAAAA

Figure 62 i 550 VDClInput.

CH1: Vk piopes, 100 V / div., 10 s/ div.
CH2: VR,DIODEZ: 100 V / div., 10 ns/ div.
PIV;= 430.43 V, PIV,= 161.66 V.
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9.3 Fault Conditions

9.3.1 15 V Output Short-Circuit

2020-04-04
07:43:94

v

Qutput Voltage

Output Cyrrent

Drain Cufrent

Figure 63 i 60 VDC Input. Output Short.
CHZL Vour 5V /div., 1s/div.
CH2: loyr 30 mA / div., 1 s/ div.
CH3 Ips, 500 mA / div., 1 s/ div.
VOUT(MA)Q = 217.39 mV.
IOUT(MAX) =113.83 mA.
lpgmax = 498.02 mA.

2020-04-04
07:48.20
TE T v —

Qutput Voltage

Output Current

Drain Current

Figure 65 i 400 VDC Input. Output Short.
CH1: Vour, 5V / div,, 1 s/ div.
CH2: loyr, 50 mA / div., 1 s/ div.
CH3: Ipg, 600 mA / div., 1 s/ div.
VOUT(MAX): 217.39 mV.
lOUT(MAX): 114.62 mA.
|DS(MAX)= 1.8308 A.

2020-04-04
07:26:92

v

QOutput Voltage

Output Cyrrent

Drain Cufrent

Figure 64 i 200 VDC Input. Output Short.
CH1: Vour, 5 V / div., 1 s/ div.
CH2: Ioyt, 30 mA / div., 1 s/ div.
CH3: Ips, 500 mA / div., 1 s/ div.
VOUT(MAX)= 217.39 mV.
IOUT(MAX): 115.02 mA.
Ipsmaxy = 1.17 A.

2020-04-04
07:49:51
i 7
5 = .

BT T v

Qutput Voltage

Output Current

Drain Current

Figure 66 7 550 VDC Input. Output Short.
CH1: Vour, 5 V / div., 1 s/ div.
CH2: Ioyr, 50 mA / div., 1 s/ div.
CH3: Ipg, 600 mA / div., 1 s/ div.
VOUT(MAX)= 217.39 mV.
IOUT(MAX)= 112.65 mA.
IDS(MAX)z 2.068 A.
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9.4  Output Voltage Ripple

94.1 Ripple Measurement Technique

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 4987BA probe adapter is affixed with two capacitors tied in parallel across the probe
tip. The capacitors include one (1) 0.1 nF/ 50 V ceramic type and one (1) 47 nF/ 50 V
aluminum electrolytic. The aluminum electrolytic type capacitor is polarized, so proper
polarity across DC outputs must be maintained (see below).

Probe Ground

Probe Tip

Figure 68 i Oscilloscope Probe with Probe Master (vww.probemaster.com ) 4987A BNC Adapter.
(Modified with wires for ripple measurement, and two parallel decoupling capacitors added.)

_p"‘ Power Integrations, Inc.
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942 Measurement Results

Note: All ripple measurements were taken at PCBend.

9.4.2.1 100% Load Condition

xxxxx

QUTPUT VOLTAGE

L 500 me 200 ma “iooma e 50 ms 300 ma 00 m

QUTPUT VOLTAGE

- o ]
kA U A L AR e A

o copis oot s e & 0 w0 sogi won

Figure 69 i 60 VDC Input.
CH1: Voyt, 20 mV / div., 100 ms/ div.
Zoom: 200 ns / div.
15 V Output Ripple = 75.889 mV.

QUTPUT VOLTAGE

OUTPUT VOLTAGE

ST

N T iy oy @ s e i e m

Figure 71 7 400 VDC Input.
CH1: Voyt, 20 mV / div., 100 ms/ div.
Zoom: 200 s / div.
15 V Output Ripple = 67.194 mV.

QUTPUT VOLTAGE

QUTPUT VOLTAGE
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Figure 70 i 200 VDC Input.
CHZ1: Vour, 20 mV / div., 100 ms / div.
Zoom: 200 ns / div.
15 V Output Ripple = 68.775 mV.
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Figure 72 i 550 VDC Input.
CH1: Vour, 20 mV / div., 100 ms / div.
Zoom: 200 s / div.
15 V Output Ripple = 88.538 mV.
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DER844Q 60 VDCi 550 VDC Input, 15V 300 mA Output

29-May-20

9.4.2.2 90% Load Condition
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Figure 73 7 60 VDC Input.
CH1: Voyt, 20 mV / div., 100 ms / div.
Zoom: 200 ns / div.
15 V Output Ripple = 75.099 mV.
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Figure 75 7 400 VDC Input.
CH1: Voyt, 20 mV / div., 100 ms / div.
Zoom: 200 s / div.
15 V Output Ripple = 81.423 mV.

QUTPUT VOLTAGE

“te0 e b 100 ma

R A

Figure 74 7 200 VDC Input.
CH1: Vour, 20 mV / div., 100 ms / div.
Zoom: 200 ns / div.
15 V Output Ripple = 60.079 mV.
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Figure 76 7 550 VDC Input.
CH1: Vour, 20 mV / div., 100 ms / div.
Zoom: 200 s / div.
15 V Output Ripple = 87.747 mV.
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DER -844Q 60 VDCi 550 VDC Input, 15 V 300 mA Output

9.4.2.3 80% Load Condition
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Figure 77 7 60 VDC Input.
CH1: Voyt, 20 mV / div., 100 ms / div.
Zoom: 200 ns / div.
15 V Output Ripple = 86.166 mV.
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Figure 79 i 400 VDC Input.
CH1: Vour, 20 mV / div., 100 ms / div.
Zoom: 200 s / div.
15 V Output Ripple = 80.632 mV.
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Figure 78 7 200 VDC Input.
CH1: Vour, 20 mV / div., 100 ms / div.
Zoom: 200 ns / div.
15 V Output Ripple = 68.775 mV.

Figure 80 i 550 VDC Input.
CHZ1: Vour, 20 mV / div., 100 ms / div.
Zoom: 200 ns / div.
15 V Output Ripple = 89.328 mV.
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