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Summary and Features
Unique single-stage conversion, multiple-output, flyback architecture enabling:
e High efficiency across the universal line range
e High regulation accuracy - independently regulated 12 V / 2 A nominal and 4.5 A peak
CV output
e One CC (LED) output with wide string voltage range of 60 V to 75 V
e Configurable for
Analog dimming mode
Straight PWM dimming mode
Filtered PWM dimming mode
e Hybrid dimming mode
e Safety features
e Output overvoltage protection (OVP), eliminating the need for a fault protection
optocoupler
e Output power limit set independently for each output
e Accurate thermal protection with hysteretic shutdown
e Input voltage monitor with accurate brown-in/brown-out and overvoltage protection
e Audible noise is 24 dBA in operation mode, and 19 dBA in standby mode

InnoMux2-EP is the industry first single chip AC/DC with isolated, safety-rated integrated multiple
feedbacks. In addition, the pulse sharing significantly reduces the audible noise to enable use in
quiet appliances.

The control chip incorporates isolated feedback and communication channels, combining all the
benefits of secondary-side control with the simplicity of primary-side regulation.

The new architecture achieves accurate cross regulation across multiple outputs and high overall
efficiency while simplifying the overall system by obviating the need for post-regulation. The
single-stage converter reduces board size significantly and reduces the part count compared to
the equivalent conventional converter based on multiple conversion stage topology.

PATENT INFORMATION

The products and applications illustrated herein (including transformer construction and circuits external to the products) may
be covered by one or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications assigned
to Power Integrations. A complete list of Power Integrations' patents may be found at www.power.com. Power Integrations
grants its customers a license under certain patent rights as set forth at https://www.power.com/company/intellectual-property-

licensing/.
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1 Introduction

This engineering report describes a Switch Mode Power Supply (SMPS) intended for TV
applications. The SMPS utilizes the Power Integration’s InnoMux2-EP controller. The
controller implements a multiplexing power control algorithm. Energy stored in the primary
winding of the transformer during primary conduction interval is subsequently delivered
to only one of the converter’s main outputs (CV1 or LED). More specifically, this is achieved
by controlling the switch SW1 (Figure 1). Utilizing a single magnetic component
(transformer TX 1), the controller directs the energy flow as needed to all outputs based
on respective loading requirements, thus keeping each output accurately controlled. If the
energy pulse needs to be delivered to the CV1 output, SW1 is turned ON prior to the end
of the primary conduction interval. Otherwise, if SW1 is OFF, the energy is delivered to
the LED output via the rectification diode D1.

The SMPS has one Constant Voltage (CV) output, 12 V / 2 Axom / 4.5 Ark and a single
string Constant Current (CC) output, capable of delivering maximum of 0.38 A current into
an LED stack with voltage from 60 V to 75 V. The current through the LED stack is
controlled from zero to maximum by 2 PWM dimming signals (DIM1 and DIM2). The Power
Supply Unit (PSU) can deliver a total maximum continuous output power of 52 W and
peak output power of 82 W, with universal mains input (from 90 VAC to 265 VAC).

Figure 1 — PCB, Top View.

Power Integrations, Inc.
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Figure 2 — PCB, Bottom View.
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Figure 3 — DER-714 High Level Schematic.

The VCV1 and VLED pins continuously sense the output voltages. If the voltage of any of
the outputs drops below regulation level, the multi-output controller InnoMux2-EP sends
a request for pulse to primary-side controller. This type of pulse-by-pulse regulation results
in quick response and excellent cross regulation. For the described multiplexing algorithm
to work correctly, it is essential that the reflected voltage of each winding must be higher
than that of the preceding lower output voltage winding to effectively steer the power:

Veva ViED
Nci Ney + Npgp

Transformer with stacked or independent secondaries may be used as appropriate. The
document contains the power supply specification, schematic, bill of materials,
transformer documentation, printed circuit layout, and performance data.
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2 Power Supply Specification

The table below represents the minimum acceptable performance of the design. The
actual performance is illustrated in the results section.

Description Symbol | Min | Typ | Max | Units Comment
Input

Voltage Vin 90 265 VAC 2 / 3 Wire Input.
Frequency fLINE 47 |50/60 | 64 Hz

Output

Output Voltage 1 Vout1 11.4 12 12.6 \ +5%.
Output Ripple Voltage 1 VRipPLE1 120 mV 20 MHz Bandwidth.
Output Current 1 Iout1 0 2 A

Output Peak Current 1 Tout1_rk 4.5 A

LED Voltage Vour2 60 72 75 \

LED Current Iour2 0 0.38 | 0.38 A

Total Output Power

Continuous Output Power Pour 52 W

Efficiency

Measured at 115 / 230 VAC,

Full Load n 85 % POUT 25 °C.
Measured at 230 VAC 25 °C, 12
No-Load Input Power <0.3 W' |V 10 ma, STDBY Pin Pulled Low.
Environmental
Conducted EMI Meets CISPR22B / EN55022B
Safety
Surge Common Mode 2 kv C°mtéigﬁ1t,i‘3§nv¥f§§é,lz ?
Surge Differential Mode 1 kv C°rgi‘;‘f’;f§r‘,’t?alvv§§§'e_2 ¢
+2 +15 Air Discharge.
ESD kv
+2 +8 Contact Discharge.
Ambient Temperature Tams 0 40 oC Free Convection, Sea Level.

. Power Integrations, Inc.
WWW.power.com
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3 Schematic
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4 Circuit Description

4.1 Input Rectifier and EMI Filter

Fuse F1 isolates the circuit and provides protection from component failure, and the
common mode chokes L1 and L2 with capacitor C2 attenuation for EMI. Bridge rectifier
BR1 rectifies the AC line voltage and provides a full wave rectified DC voltage across the
filter capacitor C3. Varistor VDR1 provides protection against differential voltage surges.
Resistor RT2 (NTC) limits the inrush current. Capacitor C9 is used to mitigate the common
mode EML.

4.2 Primary-Side

4.2.1 Primary Switch Arrangements

The transformer primary is connected between the input DC bus (TXPRI+) and the drain
D of the integrated primary switch of InnoMux2-EP (U1 pin 24).

A Zener type primary clamp (R11, R29, R30, R31, VR2, C17, D4) is used to limit the peak
drain voltage of U1 at the instant of turn-off of the switch inside U1.

4.2.2  Primary-Side Controller Power Source and OVP Protection

The primary-side controller is part of the InnoMux2-EP IC (U1). It is self-starting, using
an internal high-voltage current source to charge the BPP capacitor C25, when AC voltage
is first applied to the converter input. During normal operation (steady-state) the primary-
side of the controller is powered from an auxiliary winding on the main transformer. The
voltage across this winding is rectified and filtered using diode D2 and capacitor C29, and
then connected to the BPP pin via a current limiting resistor R20.

4.2.3  Primary-Side OVP, Brown-In and Brown-Out Protection

A crude primary-side output overvoltage protection (OVP) is implemented by Zener diode
D5 and the series resistor R19. In the event of an uncontrolled overvoltage at the output,
the auxiliary winding voltage increases and causes breakdown of D5 which then causes a
current to flow into the BPP pin of IC U1. If this current exceeds Isp threshold, InnoMux2-
EP controller will latch off and prevent any further increase in output voltage.

Resistor R12 and R14 provide input voltage sense protection for undervoltage and
overvoltage conditions.

4.2.4 Primary Peak Current Limit

The value of capacitor C25 is used to set the maximum primary current to STANDARD or
to INCREASED level. In this case 4.7 uF capacitance sets the primary-side controller peak
current limit to its INCREASED level of 2.6 A.

Power Integrations, Inc.
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4.3 Secondary-Side

The secondary-side of the InnoMux2-EP IC (U1l) is powered from the 5 V BPS rail
generated internally. Capacitor C23 is a local decoupling capacitor.

4.3.1 Primary to Secondary-Side Communication

The secondary-side of the InnoMux2-EP IC (U1l) sends a request to the primary-side
controller to initiate a switching cycle, by sending a pulse via the internal FluxLink, a
galvanically isolated communication channel.

4.3.2 InnoMux2-EP Power Supply

During start-up the InnoMux2-EP secondary-side controller is powered from LED rail via
R10 or from FWD pin. There is a local decoupling capacitor C21 connected close to the
VLED pin of U1. R10 and C21 are optional. An internal regulator reduces the LED+ voltage
to 5 V and outputs it to the BPS bus (U1 pin 6).

In steady-state the voltage on VCV1 (U1 pin 10) exceeds VCV1um (7.4 V to 9.3 V). The
internal BPS regulator input is switched from VLED to VCV1 pin to reduce power dissipation
in the regulator. R6 and C20 are optional. They provide local decoupling as well as ESD
protection.

4.3.3 Selection MOSFET Drive

The gate drive amplitude for the selection MOSFET Q1 is approximately equal to the
voltage on the BPS rail (5 V). Consequently, logic level MOSFETs are used. Capacitor C18
is charged up to the level of the Vcvi from the CV1 via diode (D3) to the CDR1 pin. When
the selection MOSFET needs to be gated on, CDR1 pin voltage is raised from GND to BPS,
and the selection MOSFET gate voltage (the other terminal of the capacitor C18) is lifted
to Vevi+Vaps.

The secondary control circuit in InnoMux2-EP IC needs access to the idle ring waveform
in order to calculate the timing and facilitate valley switching. Such access is ensured
through the FW pin by keeping Q1 on after the secondary conduction time has expired.

4.3.4 Output Control

Output rectification for the CV1 output is provided by the diode (D8) and the CV1 selection
MOSFET (Q1). A I — type LC filter (C13, C14, C26, C15 and L3) ensures low output ripple
voltage. The first stage filter capacitors C13, C14, C26 have low ESR to minimize the
switching noise. A small multilayer ceramic (MLCC) capacitor C16 is connected across the
CV1 output terminals and provides low impedance bypass for any high frequency noise
components.

Output rectification for the LED output is provided by diodes (D8 and D1). Capacitors C5
and C6 are used to provide energy storage and filtering at the LED output.

Power Integrations, Inc.
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The RC snubber network R1, R2 and C1 damps high-frequency ringing across the rectifier
diode D1.

The RC snubber network R9 and C19 damps high-frequency ringing across the rectifier
diode D8.

Zener diode D6 is used as a voltage clamp for the transformer CV1 winding.

Zener diodes VR7, VR8 and R37 can be used to limit the maximum LED voltage which can
be predominantly caused by the leakage in the transformer. Zener diodes VR7, VR8 and
R37 are optional and not populated in this DER.

When the selection MOSFET (Q1) is turned off and the SR diode (D8) is conducting, the
voltage on the anode of D1 rises until it is forward biased. In this condition, all the
transformer energy is directed to the LED output.

When the selection MOSFET (Q1) is on, the transformer secondary windings are designed
such that the voltage on the anode of D1 is below the lowest working LED string voltage.
Therefore, D1 will remain reverse biased and all the transformer energy is directed to the
CV1 output via Q1.

The set point for the CV1 output is determined by the internal code settings, CV1 voltage
is monitored via a feedback signal to the VCV1 pin of InnoMux2-EP IC.

LED+ output maximum voltage is set by the internal code. In this design it has been set
to the default value 80 V. Note that the actual LED+ voltage is not set by the code and it
varies depending on the LED stack voltage and the drain voltage (VSENSE) on the LED
driver MOSFET (Q3).

4.3.5 LED Current Control and Dimming

The maximum LED current is set by the resistor values of R17 and R18. The application
is configured for 2-wire filtered PWM dimming mode. The maximum current through the
LED stack is 400 mA. It is achieved at 100% duty cycle on both DIM1 and DIM2.

Resistors R33, R34, R35, R36, R22, R27, VR5 and VR6 are DIM1 and DIM2 external
circuitries.

Other dimming options are available, such as PWM, Analog and 1-wire dimming. For
details, please see the latest data sheet for InnoMux2-EP IC on the Power Integrations
website.

4.3.6  Output Power Limiting

A power limit is implemented individually for each output using the internal trim code in
InnoMux2-EP IC (U1). The power delivered to any of the outputs is restricted by limiting

. Power Integrations, Inc.
WWW.power.com
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the maximum average frequency at which an output can receive. The frequency limit is
set by the trim code bits PLIM1 and PLIM2. Namely, PLIM1 bits set the frequency limit for
output CV1, and PLIM2 bits set the frequency limit for the LED output. If the frequency is
exceeded for a predetermined time interval, the InnoMux2-EP controller will execute auto-
restart.

4.3.7 Standby Mode

If the DIM2 input is held at 0 V the PSU enters “Standby Mode”. The LED current is
disabled and the internal LED driver circuit is powered down, reducing the controller’s
power consumption. Full rated power is still available at the CV1 output. The +V_LED
output is maintained at a level of at least 8 V. The DIM2 input is a logic level type. If it is
pulled up to above 3.3 V (5 Vwmax), the LED current will be enabled.

. Power Integrations, Inc.
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4.3.8 Start-Up Sequence
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Figure 5 — First 10 ms of Start-Up.

High(C4) 5.01 v
Trigger Edge CH1£ 410 ¥, Auto
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1. Secondary-side controllers are powered-down (asleep). The primary-side controller
operates open-loop at a fixed frequency of about 25 kHz. The peak current is set to
approximately 75% of its maximum level. If the secondary-side does not wake up
and respond, the primary-side will:

a. time out and shut down, or
b. the primary-side bias voltage will rise high enough to trigger a bias OVP
shutdown.

2. The LED output is the only output to rise significantly during interval 1. It provides
power to InnoMux2-EP (U1) internal secondary voltage regulator (BPS regulator),
which generates the internal supply bus BPS (+5 V). Eventually the internal voltage
regulator establishes 5 V at the BPS pin. IC U1 secondary-side controller then wakes
up from its power-on-reset and starts hand-shaking with the primary controller to
take over the control of InnoMux2-EP. Hand-shaking pulse and SEL signals to indicate
the handshake. Also need to point out what happens to secondary if handshake
failed.

3. After handshaking, the fixed 25 kHz switching frequency is ended, and InnoMux2-EP
IC (U1) switches according to the feedback and reference voltages on CV1 and LED.
The CV1 voltage is linearly raised, while the LED voltage is maintained at the stay-
alive voltage (Vstavaive, ~8.0 V) to provide input to the internal BPS regulator. While
the Vev1 is raised to the same reference percentage as the Viep, InnoMux2-EP IC (U1)
starts ramping up both two output voltages simultaneously (Vcvi and Viep) to their
references.

4. CV1 and LED output voltages can be seen to rise simultaneously. At some time during
interval 4, the CV1 will reach a sufficient level to power the internal BPS regulator via
the VCV1 pin (U1 pin 10). The input of the BPS regulator then switches automatically
to the VCV1 pin, thus reducing the power dissipation on the BPS regulator.

Power Integrations, Inc.
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YOKOGAWA 4 03 Nov 2023 16:06:45 NormHi-Res  Edge CH1 £ 485 ¥
Stopped 126M5/5 Auto
. 500 VAWEE ;: : ; :4 : 5.00 YAV Ei 500mVAlivER (6] 5.00 VAdvEE E ; ; S00mAAivER
(L) LOGICL. - (L) State(l (L) LOGICCAIB (L) State ﬂl;uﬂmg% IR ngwP:sls [2H3)([:H4“lI CH6-CHE (M4 CHS “E:HB “
L Main =25 M Ums./ di

'IH§_

Y1 3.060 ¥

55 —}gggg 3 High(C3) 75.30 ¥ High(C4) 5.21 V
Acquire 20ms/div, 125MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH1£ 485 V, Auto
CH1:DRAIN CH2:YCV CH3:¥LED CH4:BPS CHB:CDR1 CHT:ILED CH8:ICY
1001 10:1 10:1 101 10:1 10A1V 10A:1Y
500 V/dv 5.00 ¥/div 20.0 Wdiv 5.00 V/dv 5.00 Vdiv 100mA/div 500mA/ div
DGIMQ 200M | DCIMO 20M DC1MQ 20M DCIMG 20M DC1MS 20M DC1MG 20M DCIMQ 20M

Figure 6 — Complete Start-Up Cycle Over Approximately 180 ms.

5. The LED current is enabled. Its level depends on the dimming configuration and the
signal on the dimming input(s) (DIM1, DIM2). The LED current is controlled by the
internal regulator (U1 pins 1, 3 and 4) and the external LED driver MOSFET (Q3). To
reduce the power dissipation on the LED driver MOSFET (Q3), the InnoMux2-EP
controller (U1) maintains Viep at a level with some minimum headroom of above the
LED stack voltage. This keeps the voltage at the VSENSE pins to a minimum.

. Power Integrations, Inc.
WWW.power.com
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5 Connection Diagram

The connection diagram below shows a 2-wire filtered PWM dimming configuration. For
other dimming configurations, please refer to the product datasheets.

AC INPUT 90-265 VAC

PWM{ANALOG/PWM FILTER

Figure 7 — Connection Diagram

<z . Power Integrations, Inc.
WWW.power.com
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6 PCB Layout

The converter PCB layout is illustrated below in Figures 8, 9, 10. PCB copper thickness is
2 0z (2.8 mils / 70 um) was used for the PCB.

(1) FWD pin: FWD signal has large dv/dt, which can be one of the major noise sources
on the secondary circuit. Its PCB route should be kept away from the other signals.

(2) Ground plane: The impedance from InnoMux2-EP controller’s ground to ANODE
terminal of secondary rectifier diode (D1) should be minimized or separated from
the power return ground. Star connection ground can be used here, to prevent the
large secondary discharge current from affecting the ground level of the InnoMux2-
EP controller.

(3) Thermal: The primary switch in InnoMux2-EP IC (Ul) is cooled through the
exposed pad and SOURCE pin of the IC. Care should be taken that their thermal
impedance to the cooling copper of the PCB is kept to @ minimum.).

4)

Figure 8 — Printed Circuit Layout.

. Power Integrations, Inc.
WWW.power.com
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Figure 10 — Printed Circuit Layout, Top.

. Power Integrations, Inc.
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7 Bill of Materials
Item Qty Ref Des Description Mfg Part Number Mfg
1 1 BR1 RECT BRIDGE, GP, 800V, 4A, Z4-D Z4DGP408L-HF Comchip
2 1 c1 ifligFizdaSG%, 1000 V (1 kV), Ceramic Capacitor COG, C1206C560IDGAC7800 Kemet
3 1 C2 470 nF, 275 VAC, Film, X2 PX474K31D5 Carli Electronics
4 1 C3 150 pF, 400 V, Electrolytic, (18 x 45) UPT2G151MHD Nichicon
5 2 C5 C6 120 uF, 100 V, Electrolytic, Gen. Purpose, (12.5 x 20) UHE2A121MHD6 Nichicon
6 1 C8 100 nF, 200 V, Ceramic, X7R, 1206 C1206C104K2RACTU Kemet
; 1 9 2200 PF, £20%, 500 VAC (Y1), 760 VAC (X1), 440LD22-R Vishay
Ceramic, Y5U
8 1 C12 100 pF, 200 V, Ceramic, COG, 0805 08052A101JAT2A AVX
9 3 C13 Ci14 560 uF, 25V, £20%, Al Organic Polymer, Gen. A750MS567M1EAAEOLS KEMET
C26 Purpose
10 1 C15 1000 WF, 25 V, Electrolytic, Gen. Purpose, (10 x 20) EKMG250ELL102MI20S N'ppogoﬁhem"
11 1 C16 1 uF, 25V, Ceramic, X5R, 0805 C2012X5R1E105K TDK
12 1 C17 2.2 nF, 630 V, Ceramic, X7R, 1206 C3216X7R2J222K115AA TDK
13 1 C18 100 nF, 25V, Ceramic, X7R, 0805 08053C104KAT2A AVX
14 1 C19 220pF, £5%, 500V , Ceramic Capacitor, X7R, 0805 C0805C221JCRAC7800 Kemet
15 1 C21 0.1 uF, 250V, £10%, Ceramic, X7R, 1206 C3216X7R2E104K160AA TDK
= - -
16 1 3 (1)20;:;, +10%, 16 V, X7R, Ceramic Capacitor, MLCC CL21B106KOQNNNE Samsung
17 1 C25 4.7 uF, £10%, 16 V, Ceramic, X7R, 0805 GRM21BR71C475KE51L Murata
18 1 C29 22 uF, 50 V, Electrolytic, (5 x 11) UPW1H220MDD Nichicon
19 1 D1 Diode 600 V 3 A Surface Mount SMB STTH3LO6U ST Micro
20 1 D2 Diode, 150 V, 1 A, SMT DO-214AC, SMA STPS1150A ST Micro
21 1 D3 Diode, SCHOTKY, 100 V, 0.075A, SOD123 BAT46W-TP Micro Commercial
22 1 D4 Diode, Avalanche, 1000 V, 1.5A, (SMA) US1M-13-F Diode Inc.
23 1 D5 Diode ZENER 30 V 500 mW SOD123 MMSZ5256B-7-F Diodes, Inc.
24 1 D6 Zener Diode, 24 V,1 W, 5%, (SMA) SMAZ24-13-F Diodes, Inc.
25 1 D8 Diode 150 V 6 A DPak (2 Leads + Tab) DSS6-015AS-TRL IXYS
26 1 F1 2 A, 250V, Slow, TR5 37212000411 Wickman
6 Position (1 x 6) header, 5 mm (0.196) pitch, .
27 1 1 Vertical, Screw 1715190 Phoenix Contact
28 1 2 4 PQS|t|on (1 x 4) header, 5 mm (0.196) pitch, 1715048 Phoenix Contact
Vertical, Screw
29 1 13 3 Position Wire to Board Terminal Block0.300 282845-3 TE Connectivity
(7.62mm)
30 2 JP1 P2 Wire Jumper, Non-insulated, #20 AWG, 0.2 in 8020 000100 Belden
31 1 L1 CMC 10.3 mH 2.0 A 0.15 Q WIDE IMP SSR21NVS-M20103 KEMET
32 1 L2 200 uH @ 100 kHz, Common Mode Choke 30-00512-00 Power
Integrations
33 1 L3 FIXED IND, 3.3 uH, £20%, 5.2 A, 16 MQ, TH ELC10D3R3E PANASONIC
34 MTG—SHOLE Mounting Hole M 4
MOSFET, N-Channel, 40 V, 36 A (Tc), 3.5 W (Ta), S i
35 1 Q1 7.8W (TC), 8-50 SI4154DY-T1-GE3 Vishay
36 1 Q3 g'gTSZFZEBT » N-Channel, 100 V,1.8 A (Ta), 1.8 W (Ta), BSP372NH6327XTSAL Infineon
37 2 R1 R2 RES, 22 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ220V Panasonic
38 1 R4 RES, 10 Q, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF10R0OV Panasonic
39 3 R5 R12 R14 | RES, 2.00 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF2004V Panasonic
40 1 R6 RES, 3.3 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ3R3V Panasonic
41 1 R9 RES, 22.1 Q, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF22R1V Panasonic
42 1 R10 RES, 0 O, 5%, 1/8 W, Thick Film, 0805 RMCF0805ZTOR00 Stackpole
43 2 R11 R32 RES, 4.7 Q, 1%, 1/4 W, Thick Film, 1206 ERJ-8RQF4R7V Panasonic

5
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44 1 R13 RES, 47 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ470V Panasonic
45 1 R15 RES, 18 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ180V Panasonic
46 1 R16 RES, 100 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ104V Panasonic

[ i i _CEOC A )
47 2 R17 R18 ngéos 1%, V2 W, Thick Film, -55°C ~ 155°C, RL1206FR-7WOR5L YAGEO
48 1 R19 RES, 47 3, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ]470V Panasonic
49 1 R20 RES, 5.1 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEY]512V Panasonic
50 2 R22 R27 RES,100 kQ +1%, 1/10 W Chip Resistor 0603 RCO603FR-07100KL Yageo
51 3 R2§3Fi30 RES, 7.5 ko3, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF7501V Panasonic
R33 R34 . .
52 4 R35 R36 RES,100 Q+5%, 1/10 W Chip Resistor 0603 RC0603JR-07100RL Yageo
53 1 RT2 NTC Thermistor, 1.3 Q, 7 A MF72-001.3D13 Cantherm
54 1 Tl Bobbin, EQ27/14, 11 pins, 6pri, 5sec YT-2701 www.dgytdz.com
55 1 u1 InnoMux2-EP controller IC IMX2268C . Power
ntegrations
56 1 VDR1 275 VAC, 45 ], 10 mm, RADIAL V275LA10P Littelfuse
57 1 VR2 (ISC%;”;/J)CIamp, 4.4A Ipp, Unidirectional TVS Diode SMBISSA Littelfuse
58 2 VR5 VR6 Diode ZENER 5.6 V 500 mW SOD123 MMSZ5232B-7-F Diodes, Inc.

5
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8 Transformer (T1) and CMC (L2) Specification

8.1

Core Information
Core EQ27/14, Guangzhou Tongyang Electronics Part No. 066260270718044

sy’
bR

Tel:+86 020-81786686

[T TEE B AR A A

Guangzhou Tongyang Electronies Co.,Ltd

Hohk: hEFEET N A XA Dk X FERTE 567 1 FR

Add: 1st Building No.56Sheqian Road,Songbe Industrial Zone Baiyun District, Guangzhou,China

Web:http://www gztydz.com E-mail:ywb@gztydz.com

L
LL

]
aa————]

L

ol ]

il

|
]

Pl

i 8 Code 066260270718044
#H F Type EQ27/14
A 26.T0*0.40
A.85%0.20
B 18.1%0.30
c2 *
R tom) D *
Himension D1 23. 10min
D2 18. 80min
E 11.10*0.20
F 4.45%0.20
B-F 2.40%0.20
B drawing 1
AR
adjustable dimension
G ESHCL ()

Core Factor 0.4
B RE Le (no) —
Effective length Le )
HHE®EHT e ()

Effective Area fpea
BAER Ve (mm®) _—
Effective Volume

BB W igfzet)

Weight
T¥40
BERA AL (nH/N2)
+ o5 TVd4 5000
TY95
TT40

REE il

Core loss
TT95

We can open the mould or grind air gap for the ferrite core as per customer's requirement and size ,

R AT R P RGTITHE, ATRAIF AU

Figure 11 — EQ27/14 Core.
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8.2 Bobbin Information

RoHS

EQ27E RSB RBARSRMBIREIRERYT-2701

33.50®

R —
|—=.
[
| ——-

RENEE R TFTH RS A EQ27FEEEEEYT-2701
P A R T kX http://www.dgytdz.com/
PHENOLIC
TEL.HLi% | 0769-86309483 | TOLERANCE | MATERIAL
0<L<4 =+0.2|SCALE DRWA gk B
FAX {511 | 0769-89026473 |4<<L<16 +0.3 BY
16<L<63+0.4 |41 CHECK ik 2
E--mail wydz001@126.com |Pin pitch®0.2 | UNIT |mm | DATE 2014.03.2

Figure 12 — Guangzhou Tongyang Electronics - 11 Pin Bobbin — YT-2701.

N Power Integrations, Inc.
WWW.power.com

Page 23 of 114



DER-714 52 Wnom / 82 Wpk InnoMux2-EP 2-Output Supply 17-Oct-24

8.3 Electrical Diagram (T1)

o o[ 7
L
Primary -1: V_LED (6OV—T2V):
20T 19T
0.4omm ECW Gr2 0.32mm TEX-E
5 O 77
5
Primary -2:
21T
0.45mm ECW Gr2
5
1] © o 11
Pri.Blas:
7T CV1 (12V}
6T
0.15mm ECW Gr
5 . 2¢0 6mm TEX-E
2 O S

Bured

O
L ]
Screen 1: 12T
0. 15mm ECW Gr 2

L ]
Screen 2= 12T
0. 15mm ECW Gr 2

Buned

Figure 13 — Transformer Electrical Diagram.
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8.4 Winding Stack Diagram

Note:
Unless stated otherwise bobbin
tums anti-clock-wise looked from outer most layer of insulation

the pins’ end. Fold down last.

-

I Primary-1: 20T 0 45mmECW Gr 2

| CV1 (12V) 6T 2x0.6mm TEX-E

V_LED (60V-72V) 19T 0.35mmTEX-E

Screen1&2: 12T
2x0.15mm ECW Gr 2

Pri ,3‘..?5 i Scree*! '&2 ?

rl. Dias: = U Tamm r E

[ Primary-2: 21T 045mmECWGr2  |——3{ 6 |

| First layer of insulation |

Figure 14 — Transformer Build Diagram.

8.5 Transformer Electrical Specification

Parameter Condition Spec.
Electrical Strength | 1 second, 60 Hz from pins 1-6 to 7-13. 3000 VAC
Nominal Primary Measured at 1 Vek-rk, 100 kHz switching frequency, between 377 uH £3%
Inductance pin 5 and 6, with all other windings open. H
Resonant Between pin 5 and 6, other windings open. 1,100 kHz (Min.)
Frequency
Primary Leakage Between pin 5 and 6, with all secondary 7, 9, 11 and 13
Inductance shorted. 10 pH (Max.)

Power Integrations, Inc.
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8.6 Materials List

Item Description
[1] | Core: Ferroxcube Part No. EQ27/14 TY44.
[2] | Bobbin: EQ27 YT-2701
[3] | Magnet Wire: 0.45 mm ECW Gr 2.
[4] | Magnet Wire: 0.15 mm ECW Gr 2.
[5] | Magnet Wire: 0.35 mm, Triple Insulated Wire.
[6] | Magnet Wire: 0.6 mm, Triple Insulated Wire.
[8] | Barrier Tape: Polyester Film, 2.5+£0.5 mil Thickness, 6 mm Wide.

[9] Varnish: MR8008B - Varnish, Insulating, Polyurethane, Transparent/Amber
EMR8008B250ML Or BC-359

8.7 Transformer Construction

Layer 1&2 Start at pin 6, wind 21 turns of 1 wire Item [3] in 2 layers with tight tension.
Primary-1 Terminate at pin 5.
Insulation Place 1 layers of tape Item [8] for insulation.

Layer 3 Start at pin 2, wind 7 turns of wire Item [4] with tight tension and terminate

Primary Bias at pin 1.

Start at pin 4 for screen 1 and start from a dummy pin for screen2. #wind 12T
of wire Item [4] from end of bias wind with tight tension. Cut screenl winding
and bury, cut screen2 winding at the end and connect it to pin4.Take off the
winding from dummy pin and bury inside the layer. Cover the buried windings
with 1 layer of Item [8].

Place 1 layer of tape Item [8] for insulation. Cut end of screen wind to leave

Layer 3
Screen: 1&2

Insulation the end buried under the tape.
Layer 4&5 Start at pin 7, wind 19 turns of wire Item [5] in 2 layers with tight tension and
LED terminate at pin 11.
Insulation Place 1 layer of tape Item [8] for insulation.
Layer 6 Start at pin 9, wind 6 turns of Item [6] in 1 layer with tight tension. Cut to
(9] leave about 5cm and tape to mandrel bobbin
Layer 7 Start at pin 9, wind 6 turns of Item [6] in 1 layer with tight tension. Cut to
CvV leave about 5cm and tape to mandrel bobbin
Layer 8&9 Start at pin 5, wind 20 turns of 1 wire Item [3] in 2 layers with tight tension.
Primary-2 Terminate at pin 4.
Insulation Place 2 layers of tape Item [8] for insulation.

Gap core halves to 377 uH £3% inductance.

Insert cores and tape tightly together item [8].

Label "XXX.X pH"” (XXX.X = measured primary inductance value in pH)
Varnish — Item [11].

Finish Assembly

. Power Integrations, Inc.
WWW.power.com
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8.8 Transformer Test
The winding measured inductance of the individual windings as well as the primary

leakage inductance of the transformer are shown in the table below:

Between Pins

Pins Shorted
Lpri [uH] 376 4-6
LCV [uH] 8.6 11-9
LLED [uH] 82 11-7
Llaux [upH] 11.6 1-2
Likgl [uH] 9.4 5-6 7 and 11
LIkg2 [uH] 12.2 5-6 9and 11

Table 1— Winding Inductance. All Measurements are Done in 100 kHz at 1 Vrws.

5
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8.9 Winding Illustration

Place the bobbin on the mandrel with
the pin side to the right.

Winding direction is in the clockwise

| direction i.e. top side moving away from
| operator.

Wind 1 N Start at pin 6, wind 21 turns of 1 wire
Primary 1 Item [3] in 2 layers with tight tension.
12 Primary Terminate at pin 5.

Insulation layer Place 1 layers of tape Item [8] for

insulation.

Wind 2
Primary Bias

Start at pin 2, wind 7 turns of wire Item
[4] with tight tension and terminate at
pin 1.

N Power Integrations, Inc.
WWW.power.com
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Wind 3
Screen 1&2

| Start at pin 4 for screen 1 and start

\
/ from a dummy pin for screen2. #wind
’ ‘\ 12T of wire Item [4] from end of bias

wind with tight tension. Cut screenl
winding and bury, cut screen2 winding
at the end and connect it to pin4.Take
off the winding from dummy pin and
bury inside the layer. Cover the buried
windings with 1 layer of Item [8].

&

7
|

N
N N

Place 1 layer of tape Item [8] for
insulation. Cut end of screen wind to
leave the end buried under the tape.

Insulation layer

Wind 4 Start at pin 7, wind 19 turns of wire
LED Item [5] in 2 layers with tight tension
and terminate at pin 11.
Insulation Place 1 layer of tape Item [8] for

insulation.

N Power Integrations, Inc.
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Wind 5 Start at pin 9, wind 6 turns of Item [6]
Ccv in 1 layer with tight tension in
anticlockwise direction.
Cut to leave about 5cm and tape to
mandrel bobbin.
Wind 5 Start at pin 9. Wind 6 turns of Item [6]
Ccv in 1 layer with tight tension in
anticlockwise direction.
Cut to leave 5 cm of free wire and
secure it to the mandrel chuck with tape
Insulation Place 1 layer of tape Item [8] for
insulation.

N Power Integrations, Inc.
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Wind 6
Primary 2
12 Primary winding

Start at pin 5, wind 20 turns of 1 wire
Item [3] in 2 layers with tight tension.
Terminate at pin 4.

Insulation Place 1 layer of tape Item [8] for

insulation.

Terminate CV Bend wire end down and take through

winding the slot between pins 9 & 10 and
terminate to pin 11.
Insulation Place 1 layer of tape Item [8] for

insulation.

N Power Integrations, Inc.
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Insert core

Gap core to achieve 377 uH.
Tape core tightly together.

Cover with 1 layer of tape item [8].

Varnish dip and cure item [11]

N Power Integrations, Inc.
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8.10 CMC Specification (L1)

8.10.1 Electrical Diagram

1 2
a1
#23 AWG Triple aT
Insulated Wire #23 AWG
4 3

Figure 15 — Inductor Electrical Diagram.

8.10.2 Electrical Specifications

Inductance Pins 1-4 measured at 100 kHz, 0.4 RMS. 200 uH +£10%
Primary Leakage | p;0c 1 4 with 2-3 shorted. 1 uH
Inductance

8.10.3 List of Materials

Item Description

[1] | Core: GL50 T 12X6X4-C, PI Part # 32-00315-00 BIPOLAR ELECTRONIC CO., LTD.

[2] Magnet Wire: #23 AWG.

[3] Triple Insulated wire #23 AWG.

8.10.4 Illustration

N
[ —+-

\

1 2

Note: Add Teflon sleeving for terminations.

8.10.5 CMC Winding Illustration

Start as pin 1 for Item [3] and pin 2 for Item [2].
Wind together 9 turns on core Item [1].

Mark end of Item [3] as pin 4 and end of Item [2] as pin 3.

<z - Power Integrations, Inc.
WWW.power.com
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9 Performance

9.1 The Current Limit Characteristic

The Current Limit Characteristic curve is verified in specific load points by calculating
primary peak current at measured switching frequency points.

2.8

Primary Current Limit (A)
[y [ [ [ N N N N
MR DY DD D N R DO

=
o

10 20 30 40 50 60 70 80 90

Switching Frequency(kHz)

Figure 16 — Primary Current(A) vs. SW frequency at Room Temperature.
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9.2 Full Load Efficiency vs. Line

90%

89%

88%

Power Efficiency
o] o] [o.¢] g 0o
= N w 9y
S X X R K

S
S

84.1%

90VAC

Efficiency vs. Line
1CVICC 32" TV 52Wnm/82Wpk

86.2%

85.3%

115VAC 230VAC
Line Voltage [Vrms]

86.2%

265VAC

Figure 17 — Full Power Efficiency vs. Line Voltage at Room Temperature.

5
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9.3 Efficiency vs. Load
The efficiency vs. load measurements is shown below. These were obtained for all

combinations of:
e All (nominal)line voltages (90 VAC, 115 VAC, 230 VAC, 265 VAC);

e LED full current of 380 mA with 11 steps for each line voltage
e CV1 full current of 2 A with 11 steps for each line voltage

Efficiency vs. Load
1CV1CC 32" TV 52Wnm/82Wpk
92%

90%

88%

= * . &
Q LR A DL N R
< . $ o 8" 4e°° .8 AL R N
W ) ] ] - LY o . L] L]
.E 26% . . ; {. Y x. :.. .'0 .. . £.0 s... o.. ...... '..o .... .o Fhd [ ]
&Q ¢ T a8 : 4 : eo.. o ot .&’ s .o. o* o.. o o o
w e s & ¢ f & q’ & .'z s ;L 0 *
« £ . ‘ i’ e 2 Y 2’ e 0% o0
o 8 i L] - Y n ) P 1] *® oo
84% R R B I B Y I S S A L
8 e o . I I
. . .
* . " L I b o Line=90VAC e« Line=115VAC
82% . ¢ e | _ |
Line=230VAC e Line=265VAC
[ ] . .
80% °
0% 20% 40% 60% 80% 100% 120%
Po/Pomax

Figure 18 — Efficiency vs. Load for all line and Viep variations, Room Temperature.
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9.4 Output Load Regulation

The output-voltage regulation error was measured for both CV output. The current at the
CV output was increased from 1% to 100% of its rating in 10 steps. The current at the
LED output was increased from 5% to 100% of its rating in 10 steps.

e all (nominal) line voltages
The load regulation error for the CV output is shown on Figure 19.

Cross Regulation vs. Load
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Figure 19 — Vcv Output Error vs. Percentage Load, at Room Temperature.
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The load regulation error for the LED output is shown on Figure 20.

LED Regulation
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Figure 20 — I,ep Output Error vs. PWM Duty, at Room Temperature.

Power Integrations, Inc.

p WWW.power.com Page 38 of 114



DER-714 52 Wnom / 82 Wpk InnoMux2-EP 2-Output Supply 17-Oct-24

9.5 Standby Input Power (I.ep = 0 A)

The converter standby power was measured for all (nominal) line voltages; with the LED
output disabled, and for 0 mW ~ 300 mW load on the CV output. The results are shown
in Figure 21 below.
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Figure 21 — Standby Power Consumption vs. Line Voltage, Room Temperature.
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9.6 LED Dimming

The PSU was configured for filtered PWM dimming. The value of the LED current was
measured as the duty of the PWM was increased from 10% to 100% in 10 steps. The
measurements were taken at nominal LED stack voltage and repeated for:

e all line voltages
e no load or full load on CV output

The results are presented in Figure 22 and Figure 23.
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Figure 22 — Filtered PWM Dimming (CV = No-Load).
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Figure 23 — Filtered PWM Dimming (CV = Nominal Load).
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9.7 CV Load Transient Response

CV output voltage is measured at load transient from 0.5 A to 4.5 A. Measurement
has been done at 90 VAC and 265 VAC with full LED load and 10% duty on LED
load. In all cases less than 5% voltage drop observed on CV output.

Bandwidth of the channel is 20 MHz.

YOKOGAWA € 27 Nov 2023 17:02:29 NormHi-Res  Edge CHZ T -600mY
Preview 626MS /s Normal
47 20.0 VAIVEL

55; 5.00 VAIVER EB; 1.00 VAVER E?;ﬁ.oo V/AVER EB; 1.00 AAivER ;
CH3-CH2 IR LowPass CH6-CH8 CH5-CHE

Main = 12.5 M

2ms/ div

1
(1) 100 VAivER ;:2: 200mYAdIvEE )(3) 10.0 VAdiv
LOGICCL State(’y L) LOGIC{AIB.
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]' N R R S R S Ry R S O Oy ., ™= . N R N N
n}__.. IRSRRERES RN
Y1 -24.0mY P—PECZ% 548 .0mY AmplitudeECZi 517.5mY
Y2 -b62.0my Max(C8) 4.538 A Min(C8) 0.533 A
A 538.0my P-P(C2,42) 294.5mY Amplitude(C2,42) 262.5mY
Acquire 2ms/div, 625MS/s, 12 _5MPoints, Norm:Hi-Res Trigger Edze GH2% -600mV, Mormal
CH2:\CY CH8:IGY
10:1 10A:1Y
200mY/div 1.00 A/div
AGIMQ 20M DG1MQ 20M

Figure 24 — CV (12 V) Output - Load Transient under Nominal LED Load at 90 VAC.
Icv = 0.5 A - 4.5 A; Undershoot 548 mV, 4.56%; Overshoot = 294.5 mV, 2.45%
CH2: Vev, CH8: Icv
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Norm-Hi-Res Edge CH2 T -342m¥
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1] EIEEL; ; State(R) L) LOGICCAIB. &ﬁ CH3-CHZ %&5 TR LowPass %&5 CH6-CHB %&ﬁ CH5-CHG %
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i e
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=l
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A 346.0mY P-P(C2,82) 259.0mY Amplitude(C2,82) 180.5mY
Acquire 2ms/div, 625MS/s, 12 .5MPaints, Norm:Hi-Res Trigger Edge CH2t -342m¥, Normal
CH8:ICY

10:1 10A:1Y

1.00 A/div

100mv/div
DG1MQ 20M

AGIMQ 20M

Figure 25 — CV (12 V) Output - Load Transient Under 10% Duty on LED at 90 VAC.
Icv= 0.5 A - 4.5 A; Undershoot 366 mV, 3.05%; Overshoot = 259 mV, 2.16%
CH2: Vcv, CHS8: Icv
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& 27 Nov 21023 17:15:39
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L .............. I T ....................................................................
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A 524.0mY P-P(C2,42) 342.5mY Amplitude(C2,82) 314.5mY
Acquire 2ms/div, 625MS/s, 12 .5MPoints, Norm:Hi-Res Trigger Edge GH2YE -612mV, MNormal
CH8:ICV
10A:1Y
1.00 A/div
AC1MQ 20M DCAMG 20M
Figure 26 — CV (12 V) Output - Load Transient Under Nominal LED load at 265 VAC.
ICV = 0.5 A - 4.5 A; Undershoot 539 mV, 4.49%; Overshoot = 342 mV, 2.85%
CH2: Vcv, CH8: Icv
<z - Power Integrations, Inc.
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Edge CHZ T -323mV

YOKOGAWA € 27 Nov 2023 17:12:03 Norm:Hi-Res
[Preview | 3 626MS/s Normal
1@ 3 10.0 VAl 20.0 VAlivE 55;5.00 \r'fl:li'.'E ;EB; 1.00 \Mji'.'E 57;5.00 'Wdi'.'Eﬁ ; 8) 1.00 AAdiviim
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i i i Main 12,5 M I I I e/ div
IN
Bl
ki
IN
ICY
¥i 42.0mY P—PEC2§ 314.3mVY AmplitudeECZi 292 .5mVY
V2 -304.0mY Max(C8) 4.450 A Min(C3) 0.395 A
A 346.0mY P-P(C2,A2) 271.0mY Amplitude(C2,42) 161.0mY
Acquire 2ms/div, 625MS/s, 12 .5MPoints, Norm:Hi-Res Trigger Edge CH2YE -323mV, Normal
: GHS:ICV
10:1 10A:1Y
100my/div 1.00 A/div
ACIMQ 20M DCIMQ 20M
Figure 27 — CV (12 V) Output - Load Transient Under 10% Duty on LED Load at 265 VAC.

CH2: Vcv, CH8: Iev

ICV = 0.5 A- 4.5 A; Undershoot 314 mV, 2.61%; Overshoot = 271 mV, 2.25%
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WWW.power.com

5

Page 45 of 114



DER-714 52 Wnowm / 82 Wpk InnoMux2-EP 2-Output Supply 17-Oct-24

9.8 Switching Waveforms

9.8.1 Primary Switch Maximum Voltage

Voltages on the primary FET has been measured at 265 VAC and 90 VAC under nominal
and peak load.

YOKOGAWA @ 22 Nov 2023 16:14330 NormHi-Res  Edge CHT ¥ 576 V
625MS/'s Normal

9
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3% 3838 v MaxEC1g bh83.b v MeanG?} 382.802mA

A bEh.O Y Max(C8) 4.550 A Min(C8) 0.450 A
Acquire 2ms/div, 625MS/s, 12 .5MPaints, Norm:Hi-Res Trigger Edge CH1F 576 V, Normal
CH1:DRAIN CHY:ILED CH8:ICY
100:1 10A:1Y 10A:1Y
100 V/div 200mA/div 1.00 A/div
DC1MQ 200M DCIMQ 20M  |DCIMD 20M

Figure 28 — Primary Switch Voltage Under Peak Load at 265 VAC.
CH1: Voray, CH7: Iiep, CHS8: Icv

Maximum D-S voltage across the primary switch is 585V.
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YOKOGAWA @ 22 Nov 2023 16:42:03 NormHi-Res  Edge CH1 £ 571 ¥
Stopped 625MS5/s Normal
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Acquire 2ms/div, 625MS/s, 12.5MPoints, Norm:Hi-Res Trigger Edge CH1F 571 ¥, Normal
CH1:DRAIN CH7:ILED CH8:ICY
100:1 10A1V 10A1V
100 V/div 200mA/ div 1.00 A/div
DC1MQ 200M DC1MQ 20M  [DCIMQ 20M

Figure 29 — Primary Switch Voltage Under Nominal Load at 265 VAC.
CH1: Voray, CH7: Iiep, CH8: Icv

Maximum D-S voltage across the primary switch is 577 V.
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& 22 Nov 2023 16:47:28 Norm:Hi-Res  FEdge CH1 £339 V
Stopped 2 625MS5/s Normal

m 77 5.00 VAl 37 20.0 VAIVENY 20.0 VAlivEdy )(5)5.00 w-ji-m 5)5.00 W-:Iigm 87 1.00 AAIVELE
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A 3460 ¥ Max(C3) 4.555 A Min(G8) 0.450 A
Acquire 2ms/div, 625MS/s, 12.5MPoints, Norm:Hi-Res Trigger Edge CH1F 339 ¥, Mormal
CH7:ILED CH8:ICY
10A1V 10A1V
200mA/div 1.00 A/div
DC1MQ 20M  [DCIMQ 20M

Figure 30 — Primary Switch Voltage Under Peak Load at 90 VAC.
CH1: Voray, CH7: Iiep, CH8: Icv

Maximum D-S voltage across the primary switch is 344 V.
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YOKOGAWA @ 22 Nov 2023 16:48:36 Norm:Hi-Res  Edge CH1 £ 330 ¥
Stopped 625M5/s Normal
5.00 w-j . VD . VED VR % 5. 00 VAT, 87 1.00 AAliven
' LIJEI[:!L! 5 (L) State() :w L IR LuwPe;ss %Eﬁﬁ [:HB CHB %&j CH5-CHE - %

2ms/ div

Zoom1 =162.5 k ! : ] o 10us/div
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V2 0.0V MaXEC1] 3333y Meqn{(ﬂ] 383.10fmA

A 33BOY Max(C3) 2.093 A Min(C8) 1.910 A
Acquire 2ms/div, 625MS/s, 12.5MPoints, Norm:Hi-Res Trigger Edge CH1F 330 ¥, Normal
CH1:DRAIN CHT:ILED CH8:ICY
100:1 1041V 1041V
100 V/div 200mA/div 1.00 A/div
DGIMQ 200M DCIMQ 20M  [DCIMQ 20M

Figure 31 — Primary Switch Voltage Under Nominal Load at 90 VAC.
CH1: Vorav, CH7: Iiep, CH8: Icv

Maximum D-S voltage across the primary switch is 333 V.
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9.8.2 Primary Switching Frequency

The primary switching frequency of the converter varies depending on the line and load
conditions. It was measured under peak load at minimum line input of 90 VAC. The
maximum switching frequency occurs at the minimum DC input (110 kHz). LED channel
has its nominal current, 380 mA and CV channel has a peak current which is 4.5 A with a
40% duty and 100 Hz load step conditions.

YOKOGAWA €@ 25 Oct 2023 14:21:51 NormHi-Res  Edge CH4 £ 30.4 V
Stopped P 250MS/5 Auto
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Y1 90.50 ¥ AngrquGfi; 120.9621kHz AngrquG? 120.9701kHz
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&N -4.00 ¥ BveFreq(C4,42)  111.9196kHz BveFreq(Ch,42)  110.9936kHz
Acquire 10ms/div, 250MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH4F 30.4 ¥, Auto
CH1:VIN CH2:VCV CH3:VLED (CH4:FWD [CH5:CDR1 \ CH7:ICY
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DC1MQ 200M  (ACIMO 20M  [DCIMQ 2M DC1MQ 200M  [DCIMQ 20M DC1MO 10M

Figure 32 — Max Primary Switching Frequency (110 kHz).
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9.8.3 Transformer Current Waveforms

CH1 SR Current
CH5 | Primary Current
CH7 ICV1

CH8 ILED
Table 2 — Scope Channel Allocation (This Section).

Norm:Hi-Res Edge CHb £2.50 A

YOKOGAWA @ 15 Nov 2023 11:01:4

Preview 511 620MS/s Auto
00 AZNET T z Ty HEB%MO AAIVEY %E ) %Esgz.oo AAINET %
GIC(L L CH1-CH? IR | owPass CH6-CH8 CH5-CH6
INE : : : : :112.5 M ] Z L 2ms/div

(=]
i Zoom1 62.9 k 1 UUS/di‘u‘

3 89955 A Mean

Maxgci .13 A ' Rmsgmg %m} 5 43633 A

Max(Ch) 7.503 A Rm=(Ch) 902 099mA Moan(Ch) 517 423m

Max(C7) 12.29 A Rme(GT) 368141 A Moan(CT) 2.09266 A

Max(08) 5.305 A Rms(08) 1.00882 A Mean(C8) 399 .710mA

Acquire 2ms/div, 625MS/s, 12 .5MPoints, Norm:Hi-Res Trigger Edge CHHF 2.50 A, Auto

CHA:ISR CH5:IPR CHT:CV CHS:ILED
10A:1Y 10A:1Y 10A1Y 10A:1Y
5.00 A/div 1.00 A/dv 5.00 A/div 2.00 A/dv
DCIMG 20M DG1MG 20M DCIMQ 20M DCIMG 20M

Figure 33 — Transformer Winding Currents at Minimum Input Voltage.
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YOKOGAWA € 15 Nov 2023 11:03:18 Norm:Hi-Res Edge CHb £ 2.50 A
Stopped 28 625MS/s Auto

1) 5.00 AZTVER WG 2.00 AT, -0 V/dvER )(5) 7.00 AZIvEE )5 2,00 A H
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| I
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Max(Ch) 2.5250 A Rms(Ch) 910.326ma Mean(CH) 519.179mA

Max(C7) 12.334 A Rms(C7) 3.67761 A Mean(C7) 1.99130 A

Max(C8) b5.b1 A Rms(C8) 1.11567 A Mean(C8) 441.534mA
Acquire 2ms/div, 625MS/s, 12.5MPoints, Norm:Hi-Res Trigger Edge CH5F 2.50 A, Auto
GH1:ISR CH5:IPR CHY:IGY GHS:ILED
10A:1V 10A:1Y 10A:1Y 10A:1Y
5.00 A/div 2.00 A/div 5.00 A/dv  |5.00 A/div
DC1MO 20M DC1MQ 20M DC1MQ 20M  |DCIM2 20M

Figure 34 — Transformer Currents — Detailed View.
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9.9 Start-Up

9.9.1

CH1 | Drain voltage
CH2 | CV voltage
CH3 | LED voltage
CH4 | BPS voltage
CH5 | SEL GATE
CH7 | LED current
CH8 | CV current
Table 3 — Scope Channel Allocation (This Section).

Full Load Start-up

@ 06 Nov 2023 11:29:21 NormHi-Res  Edge CH1 £ 185 V
Stopped 1 25MS/s Auto
0. W (57 10.0 VAGIVER )(6J (8] S00mA/GIVER )
LI LOGIC(L State(l. WL LOGICGATB: I JCH5-CHE )

Figure 35 — Line input 90 VAC, Start-up Delay 105 ms, Start-Up Time 181 ms.

[EFS|
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g
) T 76.50ms

T2 -105.00ms Mﬂx?}?i 12.40 ¥ HighEG?g 1ns1y

AT -181.50ms Max(G3) 81.00 V High(C7) 405.8mA

1/4T -5.50964 Hz High(C8) 1973mA

Acquire 50ms/div, 25MS/s, 12 .5MPoints, Norm:Hi-Res Trigger Edge CH1+ 185 ¥, Auto
CH1:DRAIN CH2:vCY CH3:VLED CH4:BPS CH5:CDR1 CH{7:ILED CH8:ICY
100:1 101 10:1 - 10:1 10A:1Y 10A:1Y
500 V/div 5.00 ¥dv 20.0 V/div  |5.00 Wdiv  [10.0 V/div 100mA/div 500mA/div
DG1MQ 200M  |DG1MQ 20M  |DGIMQ 20M  |DC1MQ 20M  |DCIMQ 20M DGIMQ 5M DG1MQ 5M
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9.9.2

Figure 36 — Line Input 265 VAC, Start-up Delay 105 ms, Start-up Time 180 ms.

No-Load Start-up

4 06 Nov 2023 11:27:38 Norm:Hi-Res  Edge CH1 £ 185 V
Stopped 1 26MS/s Auto
(17 500 VAIWEE ) Bm ) i
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T2 -3.00ms Maxi(}?i 12.39 ¥ HighECZ} 11.84 V

AT -180.00ms Max(C3) 81.10 V High(CT) 407 .5mA

1/4T -5.55506 Hz High(C8) 1978mA

Acquire 50ms/div, 25MS/s, 12 5MPaints, Norm:Hi-Res Trigger Edge CH1F 185 ¥, Auto
CH1:DRAIN |CH2:vov GH3:VLED CH5:CDR1 CH7:ILED CH8:ICY
100:1 10:1 10:1 10:1 10A:1Y 10A:1Y
500 V/div 5.00 V/dv  20.0 V/div .00 Vv [10.0 V/div 100mA/div 500mA/ div
DGIMQ 200M  |DCIMQ 20M  |DCIMQ 20M  DCIMQ 20M  |DGIMQ 20M DC1M2 5M DC1MQ 5M

4 06 Nov 2023 113221
Stopped F4

HE

Norm:Hi-Res
HMS,

Edge CH1 £ 185 V
/s Auto

=

o

T1 76.50ms
T2 -105.00ms

AT -181 50ms
1/4T -5.50964 Hz

Figure 37 — Line Input 90 VAC, Start-up Delay 105 ms, Start-up Time 181 ms.
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4 06 Nov 2023 11:33:43 NormHiRes ~ Edge CH1 £ 185 ¥
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T . Main : 12,5 1 “lm i
1 1 1
JORAN
| IS0 r
&,7
/
i
/
i
ks = /
f'//‘ A
,;/I;/
i
may
&
e
L
|
- T 175.50ms
T2 i3.00m5 Maxgczé 12.36 ¥ HighE(}Z} 12.01 ¥
AT -178.50ms Max(C3) 81.05 ¥ High(CT) 10.7mA
1/4T -5.60224 Hz High(C8) 24mA
Acquire 50ms/div, 25MS/s, 12 .5MPoints, Norm:Hi-Res Trigger Edge CH1£ 185 V, Auto
CH1:DRAIN |CHo:vev |CH3:VLED GH4:BPS CH5:GDR1 CH7:ILED CH8:IcY
100:1 10:1 1041 10:1 101 10A:1Y 10A:1Y
500 V/div 5.00 ¥/dv |20.0 Wdiv |5.00 ¥/dv [10.0 V/div 100mA/div 500mA/ div
DGIMQ 200M  |DC1MQ 20M | DG1MQ 20M  [DC1MQ 20M  |DGIMQ 20M DCIMQ 5M DG1MQ 5M

Figure 38 — Line Input 265 VAC, Start-up Delay 105 ms, Start-up Time 178 ms.
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9.9.3 Start-up Under CV and LED Fault Conditions

CH2 | vcv

CH3 | VLED

CH4 | FWD

CH5 | CDR1

CH8 | ILED
Table 4 — Scope Channel Allocation (This Section).

The converter was tested for start-up under two types of single fault conditions, namely:

e Short-circuit to GND at CV output;
e Short-circuit to Vled- at Vled+ output;
e Open circuit of feedbacks;

In all cases, the converter protection prevented any permanent damage to its
components. The line fuse F1 remained intact. The converter went into auto restart for
the duration of the fault condition. It resumed normal operation after the fault condition
was removed.

Details of the start-up behavior under those fault conditions are shown in Figure 39 to
Figure 54.

CV=0A Faults Before Start-up
LED=0A | CV short to GND VLED+ short to VLED- CV FB open LED FB open
265 20 265
90 VAC VAC 90 VAC 265 VAC 90 VAC | 265 VAC vac | vac
PLIM/ PLIM/
Protect. | Request | Request LED Fault LED Fault Rzlc_unl\g/s ¢ RZ:IUI\Z/S ¢ LED LED
Def. Not Not (LED=380mA) | LED=380mA) Not Clear | Not Clear Fault | Fault
Clear Clear
CV=2A Faults Before Start-up
LED=380mA | CV short to GND VLEDV"I'_EII;?“ E2 CV FB open LED FB open
90 VAC i 90 VAC | 265 VAC | 90 VAC | 265 VAC e 265 VAC
VAC VAC
PLIM/ PLIM/ PLIM/
Prg:c:ct. Request ovp LED Fault | LED Fault | Request Request Ilfu?t Il_aEuDIt
’ Not Clear Not Clear | Not Clear
Table 5 — Protection Definitions Under Fault Conditions.
<z . Power Integrations, Inc.
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DER-714 52 Wnowm / 82 Wpk InnoMux2-EP 2-Output Supply

17-Oct-24

9.9.3.1 Start-up Under CV Fault Conditions

Norm:Hi-Res

4 20 Nov 2023 16:1457
260MS/s

Edge CH3 £ 10.0 ¥
Normal

: : 2.00 VAlivii® ;E % ;m
atf]’Y (L) LI]EIE AlB. (L) State(AlB (M1 CH1-CHZ

5.00 Wn:ll_@ﬁ?% 5.00 VATV ;
IR LowPass [ZHli CHE

500mAAiVER
(M4 CH3-CHE

Main = 25 M ! 10ms/div
"""""""" e e
N lmanEmms=anmeaAE [ B Samass
’”_ED P —— L s s i i s o e AN (N N N N N (N N N NN N Y N N N N N N N N N N N N N Y (N N N N N N N N N N N N N N N N N
T R T = R A
Zoom1 = 129 k 50us/div

Max(C2) 0.815 ¥
Acquire 10ms/div, 250MS/s, 25MPoints, Norm:Hi-Res
CH4:FWD

Max(C3) 70.45b ¥

Trigger Edge CH3F 10.0 ¥, Normal
CH5:CDR1

10:1 10:1

20.0 V/div 5.00 V/div

DCIMQ 200M  |DG1MQ 20M

CH3:VLED
10:1

20.0 V/div
DC1MQ 20M

DGIMQ 10M

Figure 39 — Start-up With CV1 Shorted to GND. Line Input 90 VAC, CV and LED No-Load.
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Stopped

YOKOGANA @ 20 Nov 2023 16:18:58

Norm-Hi-Res Edge CH3 £ 10.0 V
250MS/s Normal

-
m
!

T
| ;

=
I

200 YAivE

20.0 VAliveR

2
: 2 : 2.00‘]73!-:“0@5 ;E % ;
Statedql LOGICCAIR

4 ] 16 5,00 Vﬁi@g?; 5.00 VAIVERY )(8) S00mA/MivER
State(AlB (M1 CH1-CHZ JHMZ IR LowPass CH6-CH8 (M4 CHo-CHG

Main =25 M

10ms/div

Zoom1 = 125 k f : i o 50us/div

Max(C2) 0.706 ¥
Acquire 10ms/div, 250MS/s, 25MPoints, Norm:Hi-Res

CH4:FWD

CH3:WLED
10:1

20.0 ¥/div
DC1M@ 20M

Max(C3) 44.55 V Mean(C8) -53.6968mA

10:1
20.0 V¥/div

Trigger Edge CH3F 10.0 ¥, Normal
CH5:CDR1 CHS:ILED

10:1 10A:1Y
.00 V/div 500mA/ div

DC1MQ 200M  |DC1MQ 20M DC1MQ 1M

Figure 40 — Start-up With CV1 Shorted to GND. Line Input 265 VAC, CV and LED No-Load.
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YOKOGAWNA € 20 Nov 2023 16:15:36 NormHi-Res  Edge CH3 F10.0 ¥
Stopped 2h0MS/s Normal
1) 200 VAdivey E EZ .00 _VAdivig E : ;m .00 VAIVER ; 5. 00 VAIVER ; Vg
OGIC{L Mk at‘]’h’ - (L] LI][-iI[: AlB (L State(AlB M1 CH1-CHZ IR LoulPellSS &JHB—CHS 5 J CH3-CH6

Main =25 5 ; o 10ms/div

Max(C2) 0.795 V¥ Max(C3) 68.80 V¥
Acquire 10ms/div, 250MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH3F 10.0 ¥, Normal
CH3:YLED CH4-FWD CH5:CDR1
1011 1011 10:1
. 20.0 V/div 20.0 V/div 5.00 V/div
DCIMQ 10M  [DCIMQ 20M  |DCIMQ 200M  |DCIMQ 20M

Figure 41 — Start-up With CV1 Shorted to GND. Line Input 90 VAC, CV and LED Nominal Load.
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17-Oct-24

& 20 Nov 2023 16:17:18

Fdge CH3 £ 10.0 ¥
Normal

Norm:Hi-Res
250MS/s

=20 M

4
212,00 VAINER (A7 20.0 VAT )(5) 675,00 Wdim 775.00 VANER (81 500mAZNEE
8— Stat‘yYD—ﬂg—w LOGICABY (L) StateAlB (i) CHI-CHZ YHMZ IR LowPass Hﬁﬂﬁ-ﬁﬂg (M4 CH5-CHG
i 1 1 Hain ] ] 10ms/div

Foom1

T 125 k i ] i © Blus/div

Max(C3)

Max(C2) 0.820 V
Acquire 10ms/div, 250MS/s, 25MPoints, Norm:Hi-Res
CH4:FWD

CH3:¥LED
10:1

20.0 V/div
DGIMQ 20M

10:1
20.0 V/dv
DG1MQ 200M

94.36 ¥ Mean(C8) -54.5591m4

Trigger Edge CH3F 10.0 ¥, Normal

CH5:CDR1 CGHS:ILED
10:1 10A:1Y
5.00 V/div 500mA/div
DGCIMQ 20M DC1M2 1M

Figure 42 — Start-up With CV1 Shorted to GND. Line Input 265 VAC, CV and LED Nominal Load.
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17-Oct-24

Stopped

& 21 Nov 23023 14:32:27

NormHi-Res  Edge CH2 £ 1.68 V

12.5MS/s Normal

6)5.00 VAivENg ) 10.0 YAivENY
MA IR LowPass M3 CHE-CHE

M4 CHO-CHE )
L 200ms/div

ll|“i|'i|i | _________ _________ _________ = ________ ________ ________ ________

W e e e e st st

Max(C2) 2.245 ¥ Mean(C8) 9.02843ma
Acquire 200ms/div, 12 .5MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH2F 1.68 ¥, Mormal

CH2:Cv1 CH3:VLED CH4:FWD CH5:CDR1 CHS:ILED
10:1 10:1 10:1 10:1 10A:1Y
2.00 ¥/div 20.0 ¥/div 50.0 V/div 5.00 ¥/div 100mA/ div
DC1MQ 10M DC1MQ 20M DG1MQ 200M |DCIMQ 20M DC1MQ 20M

Figure 43 — Start-up With CV FB Open. Line Input 90 VAC, CV and LED No-Load.
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4 21 Nov 2023 15:57:01 NormHiRes  Edge CH2 £ 1.70 ¥
1 1.2MS/s Normal

; (27 50.0 VAdiver 5.00 VAdiveE (6 ) 5.00 VA, 77 10.0 V70V
State(ly) 8 LOGICCAIB) ; State(AlB CH1-CH2 &5 IR LowPass ;t(ﬁﬁ CHG6-CHB ;&ﬁ CH5-CHB ;
I I I M I I I I

| | | ! Main = 525 95/ div
I I I | I L I

COR I

Zoom1 = £25.000;

i : i i.. ] ..r EEE. : d
[i" HHHE

Max(C3) 93.75 V

Acquire 25/div, 1.25MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH2F 1.70 V¥, Normal
CH2:CY1 CH3:VLED CH4:FWD CH5:CDR1 CH8:ILED
10:1 10:1 10:1 10:1 10A:1V
5.00 Widiv 20.0 VWdiv  |50.0 VWdiv |5.00 V/div 100mA/ div

DCIMQ 10M  |DGIMQ 20M  |DGIMQ 200M | DGTMQ 20M DG1MQ 20M

Figure 44 — Start-up With CV FB Open. Line Input 265 VAC, CV and LED No-Load.
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Norm:Hi-Res Edge CH2 £ 1.68 V
12.6MS/s Normal

0.0 V!-:Iw‘"ﬂ 5; 5.00 V!-:IH.""B EB ; 5.00 V/divER ;E ; 10.0 VAvER ;E ; ;
ate CH1-Cl IR LowPass CH6-CH8 CH5-CHB

5t
Ma'" 225 M 1 200m5/dw
- I
LR 1
s e = == = e e ——— —
o - an L
e N =
LR R e e e e e e e e e e
e =58 S Tt
4D : =
Zoom1 = 112.5 k 100us/div
..... P A A A A A A A A A
1IN l SR
I e e
ll '_r. .................................................................................................
W0 '.l.iil.l.ii'.l.ih'.l.ll“.i.ll .............................................................................
Tl e e e e
|
"-.-’LEP
Max(C2) 2.13/ ¥ Mean(C8) 10.4558mA
Acquire 200ms/div, 12.5MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH2F 1.68 V, Normal
CH2:Cv1 CH3:YLED CH4:FWD CH5:GDR1 CH8:ILED
10:1 10:1 10:1 10:1 10A:1Y
2.00 V/div 20.0 V/div 50.0 V/div 5.00 ¥/div 100mA/div
DCIMQ 10M  |DCIMQ 20M  |DCIMO 200M  |DGIMO 20M DC1MOQ 20M
Figure 45 — Start-up With CV FB Open. Line Input 90 VAC, CV and LED Nominal Load.
<z . Power Integrations, Inc.
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Norm-Hi-Res Edge CH2 £ 1.68 ¥
12 .5MS/s Normal

500 vm.m 77 10,0 V/dv
IR LowPass &5 CHo-CHe %&ﬁ CH5—CHb %

VI E : ;: (4750.0 VJ’EII'-'E@ 5 5. 00 VATVED ;
L Statelly LOGICCAIB State M1 CH1-CHZ

Mam =25 M 200ms/dlv
e mm e I e e e e e e e e e e e e e e
O G REREdi A cRARH [ASEAA MR AL RRA R SRR AR E AL SRR A SRR f[-}-}-}--}-}}.;_
LR | |
e ) S i B B I PR P PR 4 P PR 1 PRV PSR P P TP TP e
] : Zoom1 =112.5 k 100us/ div
Iwgi i»;‘% i _|l:;.“ I\!'é'.-fi'les‘ .:;!-J_-,E:.;'. ................................................................
et 1111111 HIIIHH!,IIII;IIIl'_I.|||| ||||‘|l||||lt_..!_|_H ___________________________________________________
ILELI!LLlI[ ||| ||| ll|‘ I.‘IL[IILHI:F[L|I|1LI ..........................................................
t 0 e e e o R
o 1] IH _________ I,IH_I_II_H_I,I,H_HI l,\lli\_l,l_s» ________________________________________________________
T.
Pttt it e
"-fl_E|D
Max(C2) 13.115 ¥ Max(C3) 56.80 ¥ Mean(C3) 10.9514mA

Acquire 200ms/div, 12.5MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH2F 1.68 V, Normal

CH2:CV1 CH3:VLED CH4:FWD CH5:CDR1 CHE:ILED

10:1 10:1 10:1 10:1 10A1Y

2.00 v/dv  |20.0 ¥/div  |50.0 VWdiv |5.00 V/div 100mA/ div

DCIMOQ 10M  |DCIMQ 20M  |DCIMQ 200M  |DC1MQ 20M DG1MQ 20M

Figure 46 — Start-up With CV FB Open. Line Input 265 VAC, CV and LED Nominal Load.
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9.9.3.2 Start-up Under LED Fault Conditions

€ 21 Nov 2023 10:59:68 Norm:Hi-Res Edge CH3 £ 19.8 ¥
250MS/s Normal __
(L) gtan’?evlfd — H_IJEJREIE)_gm CH1-CHZ ) ERUEJQEW%%
I Main : 25 M : i 10ms/div
e B0 S B Rt 5 “——- s e e bt NN
F‘}‘[QT,_EILHIUIIhIIIhIIIM::::_‘“,’ ; : :._J.;--* .........
: Zoom1 = 125 k i 50us/ div

................. i
Rl } :

................. o e L L e L L L L e e
e e e EERic e s RS SiSEEsnaRREsRanaticEes
& useumamnngall.aunes £ oot et | et muEaNSsESSSSaNSSsEENEEEmERaEES
LED i

........................................................... et
e = e = e e P H

T 60.07T5ms '

T2 60.0520ms

AT -0.0255ms MaxEC2g 12.206 ¥ Max(C3) 81.30 ¥

1/4T -39.2157kHz Mean(C8) 2.10180mA
Acquire 10ms/div, 250MS/s, 25MPoints, Norm:Hi—Res Trigger Edge CH3F 19.8 V, Normal
CH3:¥LED CH4:FWD CH5:CDR1 CHS:ILED
10:1 10:1 10:1 10A1Y
20.0 V/div 50.0 V/div 5.00 V/div 100mA/ div
DCIMR 10M  |DCIM2 20M  |DCIMQ 200M  [DC1MQ 20M DC1MQ 20M

Figure 47 — Start-up With LED Output Shorted to LED Return. Line Input 90 VAC, CV 0 A, LED = 380 mA.
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4 21 Nov 2023 11:23:46 Norm:Hi-Res Edge CH3 £19.9 ¥
1 _ __ 250MS/ 5 Nt_)rmal _
BT T T A I T e o T e
Main =25 M 10ms/div
i I | S
l .‘:’::-_('4,-:—&7?'?‘: T s
L = |H||||||nmumun_|_n_u_-!.m-—__-l_w__"______—uw il
o MG L0
x LU P I -
LD " T E
S
i
Y ———
= T i
i
Zoom1 = 125 k i 50us/ div
b
1
COF :
L e e Pt A A A
1
1
1
L e e e o e
1 i i 1
ILED | i i i :
ﬁ | ii! | ESHRREEEMEEeasEREEEEESEREEEESRRSEEEEEH
Fiio| s | e
= i
/LED i
L e e e o e
1
(] : ........
pt i
i
T1 59.4515ms
12 59.388bms
AT —0.0630ms MaxECZ} 12.260 ¥ Max(C3) 81.00 V
1/4T -15.8730kHz Mean(C8) 5.02300mh
Acquire 10ms/div, 250MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH3F 19.8 ¥, Normal
CH3:VLED CH4:FAD CH5:CDR1 CH8:ILED
10:1 10:1 10:1 10A:1Y
20.0 V/div  |50.0 V/div  |5.00 V/div 100mA/div
DCIMQ 20M  |DCIMQ 200M  |DGIMO 20M DC1MQ 20M

Figure 48 — Start-up With LED Output Shorted to LED Return. Line Input 265 VAC, CV 0 A, LED = 380
mA.
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& 21 Nov 2023 11:44:35 NormHiRes EdseCH3 £ 19.8 ¥

125MS/s Normal
:2; 00 w.juumm ; ;’ 50,0 VAW ; 5.00 wm_EgE?% 10,0 Ve ;Esg 100mAZTVETE ;
State L 8_01“[: AlB (L] State AlB (M1 CH1-CHZ IR LowPass CHB CH8 CH5-CHB

20ms/div

Main : 25 M

Zoom1 ' 25 k I I 20us/div

CDF” ............................................................................................
ILED
O e v o s O
"LED ............................................................................................
552 A A A
=

T 118.90ms

T2 118.78ms

AT -0.13ms MaxEC2g 12100 ¥ Max(C3) 80.70 V

1/4T —7.93651kHz Mean(C8) 7.29476mA

Acquire 20ms/div, 125MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH3F 19.8 ¥, Normal

CH3:YLED CH4:FWD CH5:CDR1 CHS:ILED
10:1 10:1 10:1 10A1Y
20.0 V/dv 50.0 VY/dv 5.00 V/div 100mA/div
DCIMQ 20M  |DCIMQ 200M |DC1MQ 20M DC1MQ 20M

Figure 49 — Start-up With LED Output Shorted to LED Return. Line Input 90 VAC, CV 2A, LED = 380 mA.
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4 21 Nov 2023 11:43:49 NormHi-Res  Edge CH3 £ 19.8 ¥
3 12bMS/s Normal
00 VAL (27 50.0 V/diveme 5.00 VAl 77 10.0 Vadi 8 100mAIVEE
tate D - Q_UE'JE(RIB) ;' State(nh;u) %m CH1-CHZ IR LuwPe;ss %&5 CHG-CHE - %&ﬁ CH5- rEHB - %

Main = 25 M 20ms/ div

CDHI .............................................................................................
"—E[ ..............................................................................................
P e e et S e
}LED .............................................................................................
e et e e A
1 118.90ms
T2 118.78ms
AT -0.13ms MaxECZ} 12.150 v Max(C3) 80.80 V
1/4T —7.93651kHz Mean(C8) 7.30544mA
Acquire 20ms/div, 125M5/s, 25MPoints, Norm:Hi-Res Trigger Edge CH3F 19.8 V, Normal
CH3:VLED CH4:FWD CH5:CDR1 CH8:ILED
10:1 10:1 10:1 10A:1Y
20.0 V/div 50.0 V/div 5.00 V/div 100mA/div
DCIMQ 10M  DCIMQ 20M  [DC1MQ 900M  |DC1MQ 20M DC1MQ 20M

Figure 50 — Start-up With LED Output Shorted to LED Return. Line Input 265 VAC, CV 2 A, LED = 380
mA.
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& 21 Nov 2023 12:09:48 Norm:Hi-Res Edge CH3 £19.8 ¥
2.5MS/s Normal
%ﬂﬂ"ﬁ‘%ﬁl%m CHI-CI? &“&iﬂsﬁmﬁw%
Main : 25 M T 15/dw
COF
JILEL | | I I | LU L T A A
: ' - Com ™ "™
o : L - s - . E -~
DFI_ ............ il ___—/ ........ - 77 ...................
PLED ! s ] ] ] ] ]
Zoom1 :51.25 k BOUS/dIV
i ?1[ ',1i‘||"|,| ....... | R R e o o e e e
R e e o o R o O T ol T e S S NI IS
IlLEL ............................................................................................
SR I E—— bl Lrnmind liiasd i o et o o o e e e e e e e e e e e e
O o A
"-fl_ElD
Max(C2) 2.275 ¥ Mean(C8) 7.89822mA
Acquire 1s/div, 2.5MS/s, 25MPoints, Norm:Hi—Res Trigger Edge CH3F 19.8 ¥, Normal
CH2:C\1 CH3:VLED CH4:FWD CH5:CDR1 CHS:ILED
10:1 10:1 10:1 10:1 10A:1Y
2.00 V/dv 20.0 V/dv 50.0 V/dv 5.00 V/div 100mA/div
DCIMQ 10M  [DCIMQ 20M  |DC1MQ 200M  |DCIMO 20M DC1MQ 20M

Figure 51 — Start-up With LED FB Open. Line Input 90 VAC, CV 0 A, LED = 0 mA.
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YOKOGAWA € 21 Nov 2023 14:23:11 Norm:Hi—Res Edge GH3 F198Y
Stopped 1 2.5MS/s Normal
200 VAIIVER (7] (47 50.0 VAIVER 5 00 wm@ 7710, u vmwmm
OGIC(L (L) State(L) )L) Lmu['(n (L) State(AlB cm) CH1-CHZ IR LowPass &5 %&ﬁ CH5-CHG %
i Main ::25 M T 1c/div

ILED

i
-
eh r
JLED R T T T T E
EZuom1 :51.25 k 50U5/dl\f EZoomE ' 2.5 k 100U5/d|\l'
e L L e e e e e e B e e e e e
el 1AL 1386 5 8 A SESRA SRR e AR aEa
"”i_ SR {8E| SEARSseHESSEEiSERaSsLeERmASS ! *|'1 ______________________________
|
P, e e N i!,ﬂ ] A ii_!!!._l,! ____________________________
'HJL ........................................................................................
o e o B o e i e
HLED
Max(C2) 2.065 ¥ Max(C7) 36.58 ¥ Mean(C8) 8.96686mA
Acquire 1s/div, 2.5MS/s, 25MPoints, Norm-Hi-Res Trigger Edge CH3F 19.8 ¥, Normal
CH2:C\WH CH3:VLED CH4:-FAD CH5:CDR1 CHY-VCG CHS:ILED
10:1 10:1 10:1 10:1 10:1 10A:1V
2.00 V/div 20.0 Widiv 50.0 V/div 5.00 V/div 10.0 V/div 100mA/ div
DC1MQ 10M DGC1MO 20M DCIMQ 200M | DCIMQ 20M DC1MO 20M DC1MQ 20M

Figure 52 — Start-up With LED FB Open. Line Input 265 VAC, CV 0 A, LED = 0 mA.
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€ 21 Nov 2023 12:11:38 Norm:Hi-Res Edge CH3 £ 19.8 ¥
1 2.0MS/s Normal
(7] )37 20,0 V/NNER (4] 50.0 V/dvEE (5] 5.00 Y/ E}%M@@—%
State(L) JLILORCAB (L) StateCAlB {7 CH1-CHZ IR LowPass CHG-CHS CH5-CHG
: : Main =125 M : i 1s/div
: T ....... ......... ........ ......... T T ........ NI .m_._. T _ T " ._.. ..
EORI — S pere .-_; o i S Essocssias SEESSESSmSSsEnsi |ESSESSSSSSSESS E_‘__.ﬁ_ﬁ
[ IS S ___ T _.E,.,_d ul = T T EENEENNEE
I : ™ ™ - ™ -
.l EHERE | ! - . C
c:-zr'\_____ﬂ..____._,__g_____ e \z____ L S SmmssSsssaseasst
YLED L] : !
! E : Zooniie 2.5tk 100us/div
iiiiiri}||irilil |[|[|lii|lf il[iiliiir1 ........................................
e [ UL W e
ILEL ................................................................................................
P T e T e e e M e M S e
et e e e et e B B e . e B e e e e e
"-.v‘LEl[J
Max(C2) 0.465 VY Mean(C8) 8.23420mA
Acquire 1s/div, 2.5MS/s, 25MPoints, Norm-Hi-Res Trigger Edge CH3£ 19.8 ¥, Normal
CH2:C\1 CH3:VLED CH4:FWD CH5:CDR1 CHS:ILED
10:1 10:1 10:1 101 10A11Y
2.00 Wdv |20.0 ¥/div |50.0 W/div |5.00 V/div 100mA/ div
DCIMB 10M DC1ME 20M DM 200M  [DC1MQ 20M DCIME 20M
Figure 53 — Start-up With LED FB Open. Line Input 90 VAC, CV 2 A, LED = 380 mA.
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€ 21 Nov 2023 14:09:51

Norm:Hi-Res Edge CH3 £19.8 ¥
2.5M5/s

Normal
5,00 YAy,

: : ;: : ﬁ VAdivER ;' 50.0 VAdivgR ;
(LT State(l CCAIB (L] State(AlB M1 CH1-CHZ

Main =

Eg 77 10,0 V/di
IR LowPass &ﬁ CHe-CHE %&ﬁ CHo-CHG %

25 M 1s/div

e o — S e AP = v —
L Zoom1 : 2.5 k 100U5/dl\|’ ! Zoom2 2 5 k 100U5/dl\|’
CET e ' RERERE I T
‘U i 'u } | lul* by | u!.g; ________________ 1 | !J.l I u 1 u I u I !j I 1! | AL
LED el i | e ..................... ]| .;.'...|.| .................................
RS S e SRR LA 1=_|_ fy_ BB AR A R
e o e o et B o e e e s e e
L

Max(C2) 0.435 ¥
Acaquire 1s/div, 2.5MS/s, 25MPoints, Norm:Hi-Res
CH4:FWD

Mean(C3)

CH2:C¥1
10:1

2.00 V/div
DGIMQ 10M

GH3:VLED
10:1

20.0 VY/div
DG1MQ 20M

10:1
50.0 V/div
DGIMQ 200M

Figure 54 — Start-up With LED FB Open. Li

9.19323mA

Trigger Edge CH3F 19.8 ¥V, Normal
CH5:CDR1

10:1

5.00 V/div

DGIMQ 20M

CHS:ILED
10A:1Y
100mA/ div
DC1MQ 20M

ne Input 265 VAC, CV 2 A, LED = 380 mA.
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9.10 Component Peak Voltages

9.10.1 SR Diode Reverse Voltage

Figure 55 — SR (D8) Reverse Voltage Under Peak Load at 265 VAC.
Ch4: Vsg, Ch7: Iep, Ch8: Icv

Maximum reverse voltage across the SR Diode is 133 V.

Norm:Hi-Res Edge CH4 £ 127 8 ¥
iVEg (5 5.00 VA 5.00 VM?ZSMS/S Normal 8 1.00 AAlivi
M CH1-CHZ m IR LuwPaggigﬁW% CH5-CHE
R R AR AR AR ARl AEaARREREARE RS SR RS A SR A s Ak SRR Ld R RR A RR A RE SRR SR SR A EE ARR AER AR SR RR RS _500us/div
................
.............
__u _w g R __x_ L
i } | .
T
x._ﬂ-rm A i ---_-““ ;;_-‘.-:-_.1*_-!‘_-',-_- | "'
; ____ 205/
| —— _______________________________ MW ik,
......... | A A | A A A A
ILED i i
....... | I
hd L e Emasmamzcoacmmoanitocoas: RS EE e e e s E R aaRsEE HH
l:f: f h '
Vi 132.80 V
V2 0.6(-) Y MaxECfig 1?2.90 v MeanCT} g?gig2gmh
A 132.20 ¥ Max(C8) 4.563 A Min(C8
Acquire 500us/div, 625MS/s, 3.125MPoints, Norm:Hi-Res Trigger Edge CH4 £ 127 .8 ¥, Normal
CH4:FWD CHY:ILED CH8:ICY
10:1 10A:1V 10A1Y
20.0 ¥/div 200mA/ div 1.00 A/div
DCIMG 200M DCIMQ 20M  |DC1MQ 20M
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yomeAWA ¢ 22 Nov 2023 17:12:00 NormHi-Res  Fdge CH4 £ 84.6 V
eeeee 625MS /s Normal
n 1 775.00 v VB 515.00 VAdi 6 5.00 V/di 81 1.00 AATVER
LOGI ( 5 38 State i[J: % > Eﬁﬁ EH-CHE. % iR LowPass &5 CH6-CH8 % CiB-CHE
:13.125 M : ; ; 500us/div

4?'

| | I [ e
Ll _Lu[ i 1_11_11 ll de{ L_.; LILLL_HI l_LlL_LLIILiI 1,_ | 11;,,11_1_‘_1”“41‘411_111411;11 1{1 “_ul}_tl ul;_g‘ J_L Jl‘ 1,_1[Lu_;n_u ‘jdu il 1\ 111

Zoom1 =1 12.5 k I I | 2us/div

| N St el i mini sl =itz ai il miztei sl aimizi =il st mimieiml sl i minteimi i eimtzi =i ' ..................................................
............................................ | I'E,ﬁ
........................................... R A o A A e
1 |
: ; Rae
|
ol S A N N N e T ', .......................................
g_ ___________________________________________________________________________________________________
Vi 89.00 V
V2 0.60 Y MaxEG‘ig 88.25 ¥ MeanEG?} 382.602mA
A 83.40 ¥ Max(C8) 2.105 A Min(C8) 1.930 A
Acquire 500us/div, 625MS/s, 3.125MPoints, Norm:-Hi-Res Trigger Edge CH4F 84.6 ¥, Normal
CH4:FWD CHT:ILED CHS:ICV
10:1 10A:1V 10A:1Y
20.0 V¥/div 200mA/ div 1.00 A/div
DC1MQ 200M DCIMQ 20M  |DGIMQ 20M

Figure 56 — SR (D8) Reverse Voltage Under Nominal Load at 265 VAC.
Ch4: Vsr, Ch7: Iep, Ch8: Icv

Maximum reverse voltage across the SR Diode is 89 V.
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Norm:Hi-Res Edge CH4 £ 1186 V
6256MS/s Normal

||II

U 0.0 VATVEE (5] 5.00 VAl 65 00 VAliv H
8—(T)_%L (L7 State(AlB Hcm CHZ IR LowPass ﬁ—%cnﬁ CHg CH5-CHB
12.5H i C 9ms/div

}H M IH\HH\HM“HHH I HI\HH\ F

R | | II\II  ILRLEL |I|||||l||||||||||||||||||H||

l _JIHIIN WLV EVIE

Seeeneennueny ||| | .
e ]
= ! Zoom1 : 31.25 k bus/div
L """""""""""""""" ;"""'"""""" """""" i S ) ) BB B M B S By S S
____________
E b
............ P e A e e
| | 1
............ Iii
| i
i i |
Py - - o |I ............. [ ! ...................................................
e . .
Vi 12540 v
¥2 060V MaxECfl} 124.80 ¥ MeanEG?} -1.23315ma
AN 12480 ¥ Max(C8) 0.135 A Min(C8) -0.043 A
Acquire 2ms/div, 625MS/s, 12 _5MPoints, Norm:Hi-Res Trigger Edge CH4F 118.6 ¥, Normal
CH4:FWD GHY:LED GHS:ICY
10:1 10A:1Y 10A:1Y
20.0 V/div 200mA/div 1.00 A/div
DC1MQ 200M DCIMQ 20M  [DCIMO 20M

Figure 57 — SR (D8) Reverse Voltage at Start-up at 265 VAC.
Ch4: Vsr, Ch7: ILep, Ch8: Icv

Maximum reverse voltage across the SR

Diode is 125 V.
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Norm:Hi-Res Edge CH4 £56.4 ¥

6256MS/s Normal
5 gzo -0 V/divam %65% 5.00 wmuﬁ %EB% 5.00 V/divEly %E % %H
(L) State{AlB IR LuwPass CHB CH8 CH5-CHB
Main = 12 ] M T Qms/dw

R TR Ry L] Ll el .' |l|| L1 ‘:I H".I'\‘.lll'l'.:
o v e —n S o = e

e S S A e s

Zoom1 = 12.5 k ; i ] us/div

T T E I R P b b i .........
@ !
Vi 60.60 V
V2 0.60 Y MaxEGfig 60.25 ¥ MeanG?} 382.245mA
A 6000 Y Max(C8) 4.550 A Min(C8) 0.455 A
Acquire 2ms/div, 625MS/s, 12 .5MPoints, Norm:Hi-Res Trigger Edge CH4f 56.4 V, Normal
CHY:ILED CH3:ICY
10A:1Y 10A:1Y
200mA/ div 1.00 A/div
DC1MQ 20M  |DGIMQ 20M

Figure 58 — SR (D8) Reverse Voltage under Peak Load at 90 VAC.
Ch4: Vsr, Ch7: ILep, Ch8: Icv

Maximum reverse voltage across the SR Diode is 60 V.
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NormHi-Res  Edge CHY £ 45.6 ¥

625MS /s Normal
70.0 V/0UEE )(5) 5.00 Vdv 67 5.00 Y/ _
8 State(ﬁlBi %&f CHT-CHZ %&5 IR LowPass %&ﬁ CHG6-CHS % CH5-CHG
Main = 12 5 M T Qms/dw

11 TR g

Zoom1 : 51.25 k Sus/div
@[“.'.'.'.'.'.'.'.'.':’.'.'.'.'.'.'.'.'.':".'.'.'.'.'.'.'.'.':".'.'.'.'.'.'.'.'.':’.“.'".".'.'.'.’.'.'.'.'.'.'.'.'.'.’.'.'.'.'.'.'.'.'.'.’.'.'.'.'.'.'.'.'.'.’.'.'.'.'.'.'.'.'.'.’.'.'.'.'.'.'.'.'.'
;
R aREEy fe s eEE Ry EessoEE e ‘[ ........... - T e ——
| } | !
BWOl - A I .............. 1 ........... ! ..................................... [
7|
Vi 5100V
V2 0.60 V¥ MaxECfig 49,80 ¥ Mean(CT) 330.580mA
A 50,40 Y Mean(C8) 2.01436 A
Acquire 2ms/div, 625MS/s, 12 _5MPoints, Norm:Hi-Res Trigger Edge CH4F¥ 45.6 ¥, Normal
CH7:ILED CH8:ICY
10A1Y 10A:1Y
200mA/ div 1.00 A/div
DC1MQ 200M DC1MQ 20M  |DGC1MQ 20M

Figure 59 — SR (D8) Reverse Voltage under Nominal Load at 90 VAC.
Ch4: Vsg, Ch7: Iep, Ch8: Icv

Maximum reverse voltage across the SR Diode is 50 V.

N Power Integrations, Inc.
WWW.power.com

Page 77 of 114



DER-714 52 Wnom / 82 Wpk InnoMux2-EP 2-Output Supply 17-Oct-24

€ 22 Nov 2023 17:20:30 NormHi-Res  Edge CH4 £ 46.2 V
1 625MS/ 5 Normal
g 20,0 VAliviE® 5 5. 00 VAV iV
. . h'af { M4 CHh-CHE )
Main :; 12 H M T Qms/div

' H HHJ MHH th‘l |||I||1WH|}IIIU‘I‘Ii‘ WIHmmmwwmwwm

=0
i

i ﬁﬁ{g

Ay iy iy iy Sy oy iy gy gy Sy gy g g g Sy gy g g g gy Sy gy g g oy g g Sy g g gy gy g g g gy gy g g gy g g Sy gy gy iy ey g g gy gy sy g g g g gy g gy

IED
] _ s
WO e e e , .........
e : -
Vi H1.00 ¥
v? 060V MaxECfI} 50.20 ¥ Mea_nEC?; -1.55140mA
A 5040 ¥ Max(C8) 0.133 A Min(C3) -0.045 A
Acquire 2ms/div, 625MS/s, 12.5MPoints, Norm:Hi-Res Trigger Edge CH4F 46.2 ¥, Normal
CH4:FWD CHT7:ILED CH8:ICV
10:1 10A1V 10A:1Y
20.0 V/div 200mA/ div 1.00 A/div
DC1MQ 20M  |DCIMQ 20M

DCAMQ 200M
Figure 60 — SR (D8) Reverse Voltage at Start-up at 90 VAC.
Ch4: Vsg, Ch7: Iep, Ch8: Icv

Maximum reverse voltage across the SR Diode is 51 V.
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9.10.2 CV1 Selection FET Maximum Voltage

YOKOGAWA 0 23 Nov 2023 11:08:31 Norm:Hi—Res Edge CH3 £ 6.1 V
Stopped 620MS/s Normal
1

E %5 .00 V Vi ;ﬁ 3% 10.0 VAliviiE ;(_) 20.0 VAV (575.00 VNIE% 5.00 VMI@E ; E ; 1.00 RMIU‘"B ;
(LT State( (L T LOGICCAIB L State{AlE m CH3-CH2 IR LowPass CH6-CH8 CH5-CHB

... Ims/diy

II\HHH

Ny Hl‘l fi HII

Zoom1 =:12.5 k 1 I I 1 2us/div

.]_ .
R e R e R R R EEEa R R R EE R a s
(2
Vi 18.20 ¥
V2 010y MeanEC?} 385.783mA Max{CS} 4505 A
A 1810 ¥ Min(C3) 0.398 A Max(M1) 18.60 V
Acquire 1ms/div, 625MS/s, 6.25MPoints, Norm:Hi-Res Trigger Edge CH3% 6.1 V, Normal
: CH3:VCvw CH7:ILED CHS:ICY
10:1 10A:1Y 10A:1V
) 10.0 V/div 200mA/ div 1.00 A/div
DG1MQ 200M | DGIMQ 200M DCIMQ 20M  |DG1MQ 20M

Figure 61 — CV1 Selection FET (Q1) D-S Voltage Under Peak Load at 265 VAC.
Ch2: Vcv, Ch3: Vovwmoing, Ch7: Iiep, Ch8: Icv

The maximum D-S voltage across the selection FET of CV1 is 18.6 V.
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YOKOGAWA @ 23 Nov 22023 1056:13 NormHRes  Edge CH3 £ 30.1 V

Running 62OMS/s Normal
1 37 10.0 VAdiverg 20.0 VAIVED Eﬁ;ﬁ.oo VATV ;EB 5.00 VAVED %5 % % 87 1.00 AAVETL
LOGICCA]B. AlB CH3-CHZ IR LowPass CH6-CH8 CH5-CHG
| o Rases .. ms/diy,

N e T e e P P P P e e e e A e e e
T e e e e e e
ILEL o s
Y1 18.70 ¥
¥2 0,10 ¥ MeanC]’] 384.583mA MaX{CS] 2.060 A
A 18.60 ¥ Min(C3) 1.888 A Max(M1) 18.83 ¥
Acquire 1ms/div, 625MS/s, 6.25MPoints, Norm:Hi-Res Trigger Edge CH3F 30.1 ¥, Normal
CH3:VCVw CHT:ILED CH8:ICY
10:1 1041V 1041V
] 10.0 V/div 200mA/ div 1.00 A/div
DC1MQ 200M  DCAMQ 200M DC1MQ 20M  [DCIMQ 20M

Figure 62 — CV1 Selection FET (Q1) D-S Voltage Under Nominal Load at 265 VAC.
Ch2: Vcv, Ch3: Vovwinoing, Ch7: Iiep, Ch8: Iev

The maximum D-S voltage across the selection FET of CV1 is 18.9 V.
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YOKOGAWA 4 23 Nov 2()23 11:04:35 Norm:Hi-Res  Edge CH3 £ 16.9 ¥
Stop ed 126M5/5 Normal
100 VAl (77500 v T )(3) 10,0 VAl (4] 20.0 VAl (5] 5.00 VAT (6 5.00 VAl 6] )Es [I:Hgoc%div@m ;

L LOGICCL) (L7 State(k) (L LOGICCAIB 'L} State(AlB: (M1 CH3-CHZ (M2 IR LowPass (M3 CH6-CHB )

Main = 25 M e 20mS/ i,

T T T T T T | T T T
LEL i i i i i i ) i i E
'::.E; e e ————— +H It #/ ...................... -
V1 3000 ¥
MeanEC?} 4.06725mA MaxéCS} 0.08 A
Min(C8) -0.110 A Max(M1) 29.68 ¥
Acquire QOmsldw 125M3/s, 26MPoints, Norm:Hi-Res Trigger Edge CH3F 16.9 V, Normal
CH3:¥Cw CHT:ILED CH8:ICY
10:1 10A:1Y 10A:1Y
: 10.0 V/div 200mA/ div 1.00 A/div
DC1MQ 200M  DCIMQ 200M DGIMR 20M  |DGIMQ 20M

Figure 63 — CV1 Selection FET (Q1) D-S Voltage at Start-up at 265 VAC.
Ch2: Vcv, Ch3: Vovwmoing, Ch7: Iiep, Ch8: Icv

The maximum D-S voltage across the selection FET of CV1 is 30 V.
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4 23 Nov 2023 11:10:04 Norm:Hi-Res EdgeCH3 £ 8.3 ¥
626MS/s Normal
i 275,00 Vi (3] 10,0 VAW 500 VATV 8) 1.00 AW
5 gstate(ﬂaw - 3 LOGIC M;U = TR LowPe;ss %&5 CHE-CHB %&ﬁ CH5-CHB — %

e S/

I

Zoom1 = 12.5 k _ | | 2us/div

v2 0.0 ¥ MeanC?} 386.191mA Max{CSg 4513 A
AN 1750 ¥ Min(C8) 0.403 A Max(M1) 17.15 V
Acquire 1ms/div, 62bMS/s, 6.25MPoints, Norm:Hi-Res Trigger Edge CH3Y 8.3 ¥, Normal
: CH3:VCvw CH7:ILED CH8:ICY
101 10A1Y 10A:1Y
10.0 V/div 200mA/ div 1.00 A/div
DCIMQ 200M  DCIMQ 200M DCIM2 20M  [DGIMQ 20M

Figure 64 — CV1 Selection FET (Q1) D-S Voltage Under Peak Load at 90 VAC.
Ch2: Vcv, Ch3: Vovwmoing, Ch7: Iiep, Ch8: Icv

The maximum D-S voltage across the selection FET of CV1 is 17.2 V.
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Norm:Hi-Res Edge CH3 £ 28.2 V

62bMS/s Normal
65% 5.00 VAIVE %EB% 5,00 VAIIVELY % 87 1.00 AMdiveE
CH3-CHZ IR LowPass &5 CHE6-CHE %&ﬁ CH5-CHG %
Main :'6.25 M - C o Ams/div

= Zoom1 = 12.5 k 5 5 i ; 2us/div
e SSEemaitEe:
et ) ==
L e 0 B o B 0 o o e e e o o
ILEL
¥i 18.00 ¥
¥2 010 Y MeanECT} 385.58TmA MaxéCS} 2.060 A
AN 1790V Min(C8) 1.88b A Max(M1) 17.50 ¥
Acquire 1Tms/div, 625MS/s, 6.25MPoints, Norm:Hi-Res Trigger Edge CH3F 28.2 ¥, Normal
: CH3:VCvw CHY:ILED CHS:ICY
10:1 10A:1Y 10A1Y
) 10.0 Y/div 200mA/div 1.00 A/div
DC1MQ 200M | DGIMO 200M DCIMR 20M  |DCIMO 20M

Figure 65 — CV1 Selection FET (Q1) D-S Voltage Under Nominal Load at 90 VAC.
Ch2: Vev, Ch3: Vovwwinoing, Ch7: Itep, Ch8: Iev

The maximum D-S voltage across the selection FET of CV1 is 17.5 V.
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Norm:Hi-Res Edge CH3 £ 16.9 ¥
125MS/s Normal

E5 5.00 V/AdivER ; 6) 5.00 V/divERy ; ; 8) 1.00 AAivER ;
CH3-CHZ IR LowPass CHE-CHS8 CH5-CHG
Main = 25 M T Qﬂms/_dw

Zoom1 = 12.5 k : : £ 10us/div

3
=
J———

¥2 0.0 ¥ MeanGTg 4.0627TmA Max{GS} 0.088 A
A 26.00 V Min(C3) -0.105 A Max(M1) 26.15 ¥
Acquire 20ms/div, 125MS/s, 25MPoints, Norm:Hi-Res Trigger Edge GH3F 16.9 ¥, Normal
CH3:VCVw CHT:ILED CH8-ICY
101 10A:1Y 1071V
10.0 ¥Y/div 200mA/ div 1.00 A/div
DCIMQ 200M | DCIMR 200M DC1MQ 20M  [DGIMQ 20M

Figure 66 — CV1 Selection FET (Q1) D-S Voltage at Start-up at 90 VAC.
Ch2: Vcv, Ch3: Vovwmoing, Ch7: Iiep, Ch8: Icv

The maximum D-S voltage across the selection FET of CV1 is 26.2 V.
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9.10.3 LED Rectifier Diode Maximum Reverse Voltage

YONDGAWA € 23 Nov 525023 10:33:05 Iélggmsl-l/ Res Edge CH2 & -256.0 ¥
5 ormal
--Eam. Sts ' W@WW QHQSS%M ”/":
_________ i i ___3_______ 1 LS/ iy
Il lllllll = [ il ."I‘ T 'i’ I ) ll | H H H_H_ H_l l \_H_HH_I_ l_\ I _Hl' ! HIII H) HIH_-I\
_____ e \ | L
||m|u|mlf|mu I tmnﬁ! mwmuuwuu|||u1m||||||Wnn||||m|lnunuw il Il||lllitil'lll|| \mmu\ \|||||u|uuum,__|||_m\_ L
"-jll\h B AT R R AR i
._,55||mnunm||||||||m|m|m||mwm‘m““m ”m” HMHN” ||I||wu||||\|||”\|\||||\|mU||||m|||H||||uunmnwu|uL|m\| | |||\||\|||||||||||||HH|||HHHIIIIIIIIIHHIIIIIIIIHIIII\HHIIIIIIIHIIIIIIIHIIIIIIIIIHIIIIIIHH
NiSRe st i B R TR R PR PP E 2!%@!
A ‘ i
w:_Em’T‘ll ...........................
okt i o
L= BENEN I
j | |
&l
_ ¥ o 3H0v
L4 —1.0-‘." Me:—::nECTg 35.33.91TmA Maxgﬁ% 243323
AN 320V Min(C8) 0.415 4 Man
Acquire 500us/div, 625MS/s, 3.12bMPoints, Norm:Hi-Res Trigger Edge CH2Y -256.0 V, Normal
CH2:VLEDw  CH3:VLED CHT:LED CHE:ICV
10:1 10:1 10A:1V 10A:1V
50.0 V/div 100 V/div 200mAZdiv  |1.00 A/div
DC1MQ 200M  DCIMQ 200M DC1M2 20M  |DCIMQ 20M
M1:¥rrm
GH3-CH2
100.0 V/div
Figure 67 — Reverse Voltage on LED Diode Under Peak Load at 265 VAC.
Ch2: Vieowinoing, Ch3: Viep, Ch7: Iep, Ch8: Icv, ChM1: Vrrm
The worst-case peak reverse voltage across the LED rectifier diode (D3) is 340 V.
N Power Integrations, Inc.
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00 AAdiving

_
-~ 500us/div

Hi uﬂﬂﬂ)h'r [HW r [} uh; i llﬁu L W W W W W W{W{ﬂl{ﬂﬂﬂm o nh ﬂ lﬂ” . hﬂﬂu )’u '[iiﬂ'thW i [h

S H\ 1 UH' i HUH i UHW Tl HHHHH | HHHIHHWHHHH\ it
;;:5uwwmwmwuwm\u A

:_'.—-—-:

ILED
|': .................................................................................................
SLED
=]
Meané(}?; 392 .68bmA Mean(C3) 1.95900 A
M 3070V Max(M1) 3043 ¥
Acquire 500us/div, B25MS/s, 3.125MPoints, Norm:Hi-Res Trigger Edge CH2Y -219.5 V, Normal
CH2:¥LEDw CH3:VLED CHT:ILED CHS:ICY
10:1 10:1 10A:1Y 10A:1Y
50.0 V/div 100 V/div 200mA/ div 1.00 A/div
DCIMQ 200M | DCIMQ 200M DCAMG 20M DCIMR 20M
M1:¥rrm
CH3-CH2
100.0 V/div

Figure 68 — Reverse Voltage on LED Diode Under Nominal Load at 265 VAC.
Ch2: Vieowmoing, Ch3: Viep, Ch7: Iep, Ch8: Icy, ChM1: Vrem

The worst-case peak reverse voltage across the LED rectifier diode (D3) is 304 V.
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4 23 Nov 2023 10:37:H3 NormHi-Res  Edge CH2 ¥ -141 ¥
Stped _ i _ 125M3/s Normal

Eﬁ ; 5.00 VAIVER ; B; 5.00 VATivEE ;E ; 8) 1.00 AAJIVER
CH3-CHZ IR LuwPass CHB CHE CH5-CHB
Main = 25 M L 20ms/div

M3

ILEL

I
11

i1 2

"LED .............................................................................................
ICY

Vi 315.0¥%

V2 -1.0¥ MeanGT} 2.46134mA Max((CS} 0.093 A

M 360V Min(C8) -0.085 A Max(M1) 317.3 ¥
Acquire 20ms/div, 125MS/s, 25MPoints, Norm:Hi-Res Trigger Edge CH2t -141 ¥, Normal

CH2:VLEDw CH3:VLED CH7:ILED

10:1 10:1 10811V
100 V/div 50.0 V/div 200mA/ div

CHs:IcV
10A:1V
1.00 A/div
DG1MQ 20M

DGIMRQ 200M | DGIMQ 200M DG1MQ 20M

M1:Mrrm
CH3-CH2

100.0 V/div

Figure 69 — Reverse Voltage on LED Diode at Start-up at 265 VAC.
Ch2: Vieowmoing, Ch3: Viep, Ch7: Iep, Ch8: Icy, ChM1: Vrem

The worst-case peak reverse voltage across the LED rectifier diode (D3) is 317 V.
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4 23 Nov 25023 10:34:27

Norm:Hi-Res Edge CH2 £ -91.5 ¥
Stopped 626M3/s Normal
(1] B 23000 VAR 03] 60,0 VANEE 04T 20,0 VAT, 75 ) 5. 00 VAVER 5 00 VAIVER ; ; ;E ; 1.00 ﬁ!l:ll'.“"ﬂ ;
Ly State(u (L) LOGICAIB (L) State{AlB (M1 CH3-CHZ IR LowPass CHB CH8 CH5-CHG

Main =:3.125 M

_________ T M S M e T S O0E iy

e — Ii o1

o — »mi"""H"j'iHi‘l“iHIH‘“‘"‘Mﬂ‘r' Al aiuie

Zoomi ::12.5 k

32: —(1)72053 N MeanGT] 384.583mA Max((GS] 4533 A
A 173.00 ¥ Min(C3) 0.40 A Max(M1) 1731V
Acquire 500us/div, 625MS/s, 3.125MPoints, Norm:Hi-Res Trigger Edge CH2Y -91.5 ¥, Normal
CH2:¥LEDw CH3:VLED GHY:ILED CH8:ICY
10:1 10:1 10A:1Y 10A:1Y
50.0 V/div 50.0 V/div 200mA/ div 1.00 A/div
DC1MQ 200M  |DGIMQ 200M DCIMQ 20M  [DGIMQ 20M
M1:Mrrm
CH3-CH2
50.00 V/div

Figure 70 — Reverse Voltage on LED Diode Under Peak Load at 90 VAC.
Ch2: Vieowinoing, Ch3: Viep, Ch7: Iep, Ch8: Icv, ChM1: Vrrm

The worst-case peak reverse voltage across the LED rectifier diode (D3) is 173 V.
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o orm:Hi-Res ge -91.
23N 2023 10:06:24 Norm:Hi-R Edge CH2 £ -91.5 ¥
626MS/s Normal

iz ’ 50.0 'h' R ;' 50.0 YAdivim ; 4)20.0 VAlivER 55; 5.00 V/divER ; 6)5.00 YA E ; ; 8) 1.00 AAMivi[
(L) State ) (L) LOGICCAIB ate CH3-CHZ IR LuwPass CHB CHE CH5-CHG6
I | I

::3.125 M : - 500us/div

A M ﬂ il

Stopped
(17

W

=k
B . PR
v i i i
= : : Zoom1 = 12.5 k 2us/div
wﬁ]&.ﬂnﬂﬂ*ﬂﬂﬂ(y —————————————————————— — ----- —-—-E— --------------------------- | S e —
s EEESEERESEL, H-H
:i .Ei. .- ................................................. i e e ke 1 s e e Al o it 0 i
AlEr
o
Vi 1711.50 ¥
V2 -0.50 ¥ Mean{CTg 384 .880mA Mean(C8) 1.95454 A
M 17200 ¥ Max(M1) 171.8 ¥
Acquire 500us/div, 625MS/s, 3.125MPoints, Norm:Hi-Res Trigger Edge CH21 -91.5 ¥V, Normal
CH2:VLEDw CH3:VLED CHY:ILED CH8:ICY
101 101 10A:1Y 10A:1Y
50.0 ¥/div  |50.0 V/div 200mA/ div 1.00 A/div
DC1MQ 200M  |DCIMQ 200M DCIMQ 20M  [DCIMQ 20M
M1:¥rrm
CH3-CH2
50.00 ¥/div

Figure 71 — Reverse Voltage on LED Diode Under Nominal Load at 90 VAC.
Ch2: Vieowmbing, Ch3: Viep, Ch7: Iep, Ch8: Icy, ChM1: Vrerm

The worst-case peak reverse voltage across the LED rectifier diode (D3) is 171 V.
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€ 23 Nov 2023 10:36:07 NormHi-Res  Edse CH2 & -34.5 ¥

Stopped 125MS/s Normal
(17 50.0 v Wals (37 50,0 VAdivar . fViE (5 5.00 Vidw 5.00 V/div; 1.00 Mdi-.mm
' Statet EJ: ; LOGICCAIB. AlB M1 EH3 CHZ ; IR LowPass ;&ﬁ CHG-CH8 ; CH5-CHB
' 1 in-= 125 o 20ms/div

A IHH | NI RTE
R

3; —(1)52058 Y MeanCTg 1.32122ma Max{CS} 0.100 A
A 160.00 ¥ Min(C8) -0.093 A Max(M1) 160.8 ¥
Acquire 20ms/div, 125MS/s, 25MPaints, Norm:Hi-Res Trigger Edge CH2Y -34.5 ¥V, Normal
CH2:VLEDw CH3:YLED CHY7:ILED CH&:ICY
10:1 10:1 10A:1V 10A:1V
50.0 V/div 50.0 V/div 200mA/ div 1.00 A/div
DC1MQ 200M  |DGIMQ 200M DCIMQ 20M  |DGIMQ 20M

M1:Vrrm
CH3-CH2

50.00 ¥/div

Figure 72 — Reverse Voltage on LED Diode at Start-up at 90 VAC.
Ch2: Vieowinoing, Ch3: Viep, Ch7: Iep, Ch8: Icv, ChM1: Vrrm

The worst-case peak reverse voltage across the LED rectifier diode (D3) is 161 V.
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9.10.4 BPP Rectifier Diode Reverse Voltage

YOKOGAWNA € 22 Nov 2023 17:42:03 NormHi-Res  Edge CH4 £ 112.0 ¥
Stopped i 620M3/s Normal
1

WER (275,00 Y/ .0 VATV .00 V/dv 5 oo VY 87 1.00 AZIVETE
8—(14 State(l) ate THZ M2 IR LowPas E% s ﬁ—% CHG-CHE CH5-CHG
' 1 ain © Ams/div

B hlJI,llIllIlrll IIIIIIlllllll|l|||I||||||||'|I|I|Il||| I IIIHI|||||||'|||||I||||||||'|II||||l||||I||||"|'|||'||I|||||"I|'|'|'|||'|||||||||I||'M'|'Il|
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|'uum T i ullhllll i

GG \IH l

MM L
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%
: e

R _|,l,-! IH J | J
I 1 —— il i lHlllhll i uu
; | oy |
- Zoom1 : 3.125 k 500ns/div
L ____________________________________________________________________________________________________
I iI
.
A i ..............................................
Pt A et e et e o e 5 '%: ..............................................
c¥| |
Vi 117.00 ¥
V2 0.00Y¥ MaxECfl] 116.95 ¥ MeanGT] 381.145mA
A 117.00 ¥ Max(C8) 4.558 A Min(C3) 0.453 A
Acquire 1ms/div, 625MS/s, 6.25MPoints, Norm:Hi-Res Trigger Edge CH4F 112.0 V, Normal
CH4:BPP CH7:ILED CHS:ICV
10:1 1041V 1041V
20.0 V/div 200mA/ div 1.00 A/dv
DCG1MQ 200M DCIMQ 20M  |DCIMQ 20M

Figure 73 — Auxiliary Diode Reverse Voltage Under Peak Load at 265 VAC.
Ch4: Veppwiong, Ch7: Itep, Ch8: Icv

Maximum reverse voltage across the Auxiliary winding diode is 117 V.
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Norm-Hi-Res Edge CH4 £89.0 V
62bMS/s Normal
mﬁ %5 00 wu.-.-E %EB% 5.00 V/dvEg %E % % 1. oo Md.-.-wm
(L) State{AlB. CH1-ClI IR LowPass CH6-CHE
Main = B 25 M T 1m5/dw

I|| m ||'|'|||ll||l|||||ﬂ'ﬂ||'I|| I |H|||'IHIIII i

|

|||||||||||| T |||||||n||| ifimmmnmm W'HHITIIIHIIWWIIHH mﬂmﬂ% \iﬂlﬂjﬂrﬁmm i ||W||ﬂﬂliﬂ1umu|u Jim

A A

F

.............................................................. i
ILEL f '
g if - .
Y1 92.80 ¥
Y2 0.00Y MaxECfig 92.90 ¥ Mean(C7) 381.431mA
Ay 9280V Mean(C8) 1.99342 A
Acquire 1ms/div, 625MS/s, 6.25MPoints, Norm:Hi-Res Trigger Edge CH4F 89.0 ¥, Normal
GH4:BPP CH7:ILED CH8:ICV
10:1 10A1Y 10A:1V
20.0 V/div 200mA/div 1.00 A/dv
DC1MQ 200M DC1MQ 20M  |DCIMO 20M

Figure 74 — Auxiliary Diode Reverse Voltage Under Nominal Load at 265 VAC.
Ch4: Verpwrong, Ch7: Iiep, Ch8: Icv

Maximum reverse voltage across the auxiliary winding diode is 93 V.
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YOKOGAWA @ 22 Nov 2023 17:44:11 NormHi-Res  Edge CH4 £ 110.0 ¥
Preview 625M3 /s Normal
(1] 100 VAdvER % 2)5.00 w-jw 37 20.0 VAIVED masg 5.00 VAIVER %EB% 5.00 V/divER % 8) 1.00 AAvEa
LOGIC{L (L State(ld) (L] State(AlB CHI-CHZ 3] LowPass &ﬁ [:Hﬁ CHE % CH5-CHG
Main = 12 5 M T Qms/div
L '
......... I | RSt I S RS S I ] || L LL L HI (SR |IJH||H RIS \IIIIIHIIIHIIII IR |||I||I||l||IJ||I
Zoom1 : 31.25 k i : : : Sus/div
L ..............................................................................................
......................................... I AN EaEEEEEeamEEssEmaamEss=maaaEs
......................................... i
L IARERREENARRRSENNERRRSRNNAARRRANNNARERNRENAN B S s S S T e s T s e T AT
F i}
FP ............................................ | P NS S W S S
& ?

Y1 123.00 v
v2

0.00 ¥ MaxECfi] 122.45 ¥ Mean(C7) -1.07046ma
A 12300 ¥ Mean(C8) 26.686bmA
Acquire 2ms/div, 625MS/s, 12_5MPaints, Norm:Hi-Res Trigger Edge CH4F 110.0 V¥, Normal
CHY:ILED CH8:ICY
10A:1Y 10A:1Y

200mA/ div 1.00 A/div
DGCIMQ 20M  |DGIMQ 20M

Figure 75 — Auxiliary Diode Reverse Voltage at Start-up at 265 VAC.
Ch4: Veprpwnong, Ch7: Itep, Ch8: Icv

Maximum reverse voltage across the Auxiliary winding diode is 123 V.
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YOKOGAWA @ 22 Nov 2023 17:38:50 Norm:Hi-Res FEdge CH4 £64.3 ¥
Stopped 3 625MS/s Normal

100 V/ATVE 52: 5.00 VAl 37 20.0 VAIVE .

T DRIEEL IV [1E A

500 Wdilgm ) 1.00 AAiivEd
Statetly) IR LowPass &ﬁ CHB-CH3 3 CHa-CHB

1us/div

I1H

Zoom1 :;6.25 k

[l

ILED

PP
7|
Vi 66.40 ¥
V2 000V MaxEC‘Ig 66.35 ¥ MeanEC?} 381.406mA
AN 66.40 ¥ Max(C8) 4.550 A Min(C8) 0.440 A
Acquire 2ms/div, 625MS/s, 12 .5MPaints, Norm:Hi-Res Trigger Edge CH4F 64_3 V¥, Normal
CH7:ILED CH8:ICY
10A:1Y 1041V

200mA/ div 1.00 A/div
DCIMQ 20M | DG1MQ 20M

Figure 76 — Auxiliary Diode Reverse Voltage under Peak Load at 90 VAC.

DCIMQ 200M

Ch4: Veppwiong, Ch7: Itep, Ch8: Icv

Maximum reverse voltage across the Auxiliary winding diode is 66 V.
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Norm-Hi-Res Edge CH4 £ 58.6 ¥
Normal

YOKOGAWA € 22 Nov 2023 17:39:54
vie y 1 62OMS/s
100 VA% 275,00 Y7k .00 Vi 5)5.00 VAl 87 1.00 AMET
3|[:(L5“'l ;8 State(ly >Iu i H1-CH2 » ; IR LowF:;s ;&ﬁ CHG6-CHa ;&ﬁ CH5-CHb - ;
T ' ' ' C 2ms/div

e e e e e e e et e et e e e e e
Bl
Y1 60.70 ¥
¥2 0.00 ¥ MaxECfi} 60.53 ¥ MeanCT} 381.605mA
A 6070 ¥ Max(C8) 2.080 A Min(C8) 1.900 A
Acquire 2ms/div, 625MS/s, 12 .5MPoints, Norm:Hi-Res Trigger Edge CH4F 58.6 V, Normal
CH4:BPP CH7:ILED CH8:ICY
101 10A1Y 10A1Y
10.0 V/div 200mA/ div 1.00 A/div
DCIM2 20M  [DG1MQ 20M

DG1MQ 200M

Figure 77 — Auxiliary Diode Reverse Voltage under Nominal Load at 90 VAC.
Ch4: Veppwiong, Ch7: Itep, Ch8: Icv

Maximum reverse voltage across the Auxiliary winding diode is 61 V.
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Norm:Hi-Res Edge CHY £ 40.8 V

626MS/s Normal
275.00 wmu 3] 20,0 V/dVENG mu 5.00 wmg@ 5.00 wmm 1.00 demm
H State(l) LOGICCAIB: State(AlE (M1 CH1—CHZ IR LowPass &ﬁ CHE-CHB %&ﬁ CH5-CHb %
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L .................................
LED El
.................................................. e e
||Zs. :
T e e e e et e e e o o e e i e H H tvismoseereseeir e st et
| und
:E
¥i H 10V
¥2 0.00 ¥ MaXEC‘l] 4445 ¥ MeanECT} -427 . 812uh
A By Max(C8) 0.115 A Min(C8) -0.0556 A

Trigger Edge CH4.£ 40.8 ¥V, Normal

CHT:ILED CH8:I0Y

10A1Y 10A1Y

200mA/ div 1.00 A/div
DC1MQ 200M DCIMQ 20M | DCIMQ 20M

Figure 78 — Auxiliary Diode Reverse Voltage at Start-up at 90 VAC.
Ch4: VBPPWNDNG, Ch7: Iiep, Ch8: Iy

Maximum reverse voltage across the Auxiliary winding diode is 45 V.
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9.11 Brown-Out and Brown-In

The brown-in and brown-out results were measured at full load on all outputs. The results
are shown in the table below. Screenshots illustrating the tests are shown in Figures 79
and 80.

Brown-Out Threshold | Brown-In Threshold

[Vrus] [Vrms]
63.5 73.3
Table 6 — Brown-In and Brown-Out Thresholds at Full power.
YOKOGAWA € 07 Nov 2023 15:33:28 Norm Hi-Res  Edge CHZ £ 6.30 V
Preview 1 2.5MS/s Normal
(1) 100 VATVER (77 5.00 V/dvell )(3) 20.0 VAIVEE j(4) 50,0 VAl (57 10.0 YAl (5 5.00 VAIVE ; ; H00mAAdiving
(_) LOGIC{L} (L) State{L)y LINLOGICCAIE (L State(AlB M1} CH3-CH4 (M2 CH3xCH4 CH6-CH8 (M4 CH5-CHG
T _ I Main = 25 M _ . 15/div|
i i i i i i
e
T
1
L i .......................................................................
1
1
A
[#e 1 |
- ! il T
e [P oo
1
LD 1
1
R e e
1
LED) |
:E

L ...........................................................................
e e e s e e e e
] A B == 1 0 A A A A A A
YILED
Lt |
RmsECI} 63.5b898 ¥ MaxEG2g 12.01 Y HighEGZ} 11,80 ¥
Max(C3) 74.36 ¥ High(C7) 2.065 A High(C8) 381m#A
Acquire 1s/div, 2.5M3/s, 25MPoints, Norm:Hi-Res Trigger Edge CH2Y 6.80 V, Normal
CH1:AC |CHo:vCY |CH3:VLED CHT:lcv
100:1 10:1 1041 10A:1Y
100 V/div 5.00 ¥Y/div 20.0 Y/div 2.00 A/div
DGIMQ 200M |DGIMQ 20M  \DGIMQ 20M DG1MQ &M

Figure 79 — Brown-Out Response at Full Power.
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YOKOGAWA € 07 Nov 2023 15:3458
Running Waiting for trig.

Norm:Hi-Res
2.5MS/s

Edge CHZ £6.80 V

Normal

747 50.0 VAdiv (5] 10.0 YAdW; 6] 5.00 VAT

(1) 100 YAGVER )(2]5.00 VAIVEE )(3) 20.0 VAlvEE

QI) LOGICCLY L) State(Ly LINL OGIC{AIB. (M2 CH3xCH4

)8 500mAMVER
JM4 CH5-CHG

(L State(AlB (M1 CH3-CH4
1 T T T Main : 25 M
I 1 1 1

LA

)]
(W3 CHG-CHB

1s/div

=

13 3

=
=
E'
I
|
i
i

1| E

Zoom1 = 500 k

20ms/div

T
W e e
] .= = — .m0 A A A A A A A A A
WLED
ILED

Rmsgmg 13.3278 ¥ MaxEGZ} 1219 ¥ HighEGE} 11.81 Y

Max(C3) 80.6b ¥ High(G7) 2.060 A High(C8) 3%1ma
Acquire 1s/div, 2.5M5/s, 25MPoints, Norm:Hi-Res Trigger Edge CH2£ 6.80 ¥, Normal
[CH1:AC [CH2:vCy |CH3:VLED CH7:lev CHS:ILED
100:1 10:1 10:1 10A:1Y 10A:1Y
100 V/div 5.00 ¥/div  20.0 Vdiv 2.00 Afdiv | 500mA/div
DC1MQ 200M [DCIMQ 20M DCIMQ 20M DC1MQ 5M DC1MQ 5M

Figure 80 — Brown-In Response at Full Power.
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9.12 Output Protections

9.12.1 CV Output Overvoltage Protection

The overvoltage protection threshold of the CV output was tested. Additional charge was
injected into the output filter capacitor of the output under test until the converter went
into a restart. The test was carried out at line voltages 115 VAC with full LED current.

In all cases of LED no-load and full load and CV no-load and full-load, OV protection
disables the system at 13.48 V - 13.52 V which is around 112% of nominal CV voltage.

YOKOGAWA @ 20 Nov 2023 11:26:22

Norm:Hi-Res Edge CHZ2 £13.16 ¥
2bMS/s

(1]

: m ; 4)20.0 VAivER 5.00 V/AdivE ;E? ; 5.00 VJ’I:IIUE ;E ;
(L) State(l 8_'@[2 AlB. (L] State Al m CH1-CHZ R LowPass CHB CHB CH5 CHB

i ey g gy gy g g gy g g g g g g Mam..JZ.E_M.._.__... i

V1 13.480 ¥
V2 0.000 ¥
A 13.480 ¥ Mean(C3) 73.9653 ¥ Mean(C8) 2.31064 A
Acquire b0ms/div, 25MS/s, 12_5MPoints, Norm:Hi-Res Trigger Edge CH2F 13.16 V, Auto
CH2:CY1 CH3:VLED CH4:FWD CH5:CDR1 CH8:INJ
10:1 10:1 10:1 10:1 10A:1Y
200 V/div 20.0 V/div 20.0 V/div 5.00 V¥/div 500mA/div
DCAMO 10M DCIMD 1M DC1MQ 200M  |DGIMD 20M DCIMR 1M
Figure 81 — CV OVP at Full LED Load.
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€ 20 Nov 923023 14:20:20 gg{dné}-h Res Edge CH3 J‘E 90.8 v
(27 2,00 VAlivHE (_) 20.0 YAdiY: (5] 5 [1[1] V!ﬂlm??% 5.00 V!l:ll'.'ﬁﬁ ; H00mAAIVEDR
(L) State{lL) L) LOIRCCAIE L) State{AlB (M1 CH1-CHZ IR LowPass CH6-CHB (M4 CH5-CHB
gy g g ey e g =_..____,_7____........r.1.._,..i:;_—_____Mam.:—..12.5...&___';'_;?_T;—_____m.---------....----;—.—:i.—..{;@mg,ﬁdiu
-]— .................................. A 11
LED
e e e A e A ) e A B
il ® : i
e e e e e = i e e e ;____.meL:;2&k ______________________________________ 100usLdiv
s e e e e mm—
”_ED .....................................................................................
sl D e e
SER i P l !
Vi 13520 ¥
¥2 0.000 Y
AN 13520 ¥ Max(C2) 13.825 V Max(C3) 83.10 V¥
Acquire 50ms/div, 25MS/s, 12 .5MPoints, Norm:Hi-Res Trigger Edge CH3F 90.8 ¥, Auto
CH2:C\H1 CH3:YLED CH5:CDR1
10:1 10:1 10:1
2_00 V/div 20.0 V/div 5.00 V/div
DCIMQ 10M | DCIMQ 20M DC1MQ 20M

Figure 82 — CV OVP No LED Load.
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9.12.2 LED Output Overvoltage Protection
The overvoltage protection thresholds of the LED output were tested at full power on CV
output. CDR1 gate opens at steady-state to charge the LED capacitors for triggering LED

overvoltage protection.

LED OVP has been triggered at 93.4 V which is 116% of LED voltage.

4@ 20 Nov 2023 13:42:57 Norm:Hi-Res  Edge CH2 £90.8 ¥
1 2MS/s Normal

: : ;:3;2 VAdivER ;:4;200VMWME ; 5.00 W‘dlmg?;ﬁ .00 V!-:IH.'E ;
Statell LI]ILD AlB (L7 State(AIE (M1 CHT-CHZ IR LowPass CH6-CH8

Main = 12 |

500mA iV
(M4 CH5-CHE

50ms/div

Moy R ELELEC . .

gl bt ol wal ek el i nb g edh nbe ool sl et e !

Woﬂwﬁ-«ﬁpﬂ- e e L e I

sy IR (AT = “‘_‘ : ‘ Sessssmii:

v2 020V
Max(C3) 93.85 V

Acquire 50ms/dw 25MS/s, 12 .5MPoints, Norm:Hi-Res Trigger Edge CH3F 90.8 ¥, Normal
CH2:C¥1 CH3:YLED CH4:FWD CH5:CDR1
10:1 10:1 10:1 10:1
2.00 V/div 20.0 V/div 20.0 V/div 5.00 V/div
DCIMQ 10M  |DC1MQ 20M  |DC1MQ 200M |DGIMQ 20M

Figure 83 — LED OVP.
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9.13 Output Ripple Measurements

9.13.1 Ripple Measurement Technique

For DC output ripple measurements, a modified oscilloscope test probe was utilized in
order to reduce noise pick-up. Details of the probe modification were provided in Figure
84.

The probe adapter is shown in Figure 84. It includes a coaxial cable with two parallel
capacitors connected to the points of measurement. The capacitors include a 0.1 uF /
100 V ceramic type and a 10 puF / 50 V aluminum electrolytic type. The aluminum
electrolytic type capacitor is polarized, so proper polarity across DC outputs must be
ensured.

S ——

f] | Probe Ground

Capacitors

Coaxil Cable| --:. ..

Probe ip ..__ .

Figure 84 — Oscilloscope Probe Used in Ripple Measurement.
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9.13.2 CV Output Ripple
e 90 VAC - 265 VAC
e QOutput1l2V@?24WandLED_ 72V @ 27.36 W
e 200 MHz bandwidth in the scope, 100 nF ceramic capacitor and 10 uF @ 50 V
electrolytic capacitor with sniffing connected to output pin

4 27 Nov 2023 17:28:40 Norm:Hi-Res Edge CH2 £ 49.0mY
Stopped 6 625MS/s Normal
(1] m E; 1UDVME;E% %Eg1uunfdmm;
(L) State 1 I3 anP;ss CH6-CHE CH5-CHB e

2ms/ div

E‘fﬂ
V1 45.00mY
V2 -32.00mY P—PEC?} T AmyY AmplitudeEGZ} 22 9myY
AN T7.00mY Mean(G7) 388.204mA Mean(C8) 1.99413 A
Acquire 2ms/div, 625MS/s, 12.5MPoints, Norm:Hi-Res Trigger Edge CH2F 49.0mY, Normal
CH7:ILED CHS:ICY
10A:1Y 10A:1Y
] 200mA/ div 1.00 A/div
ACIMQ 200M DGIMQ 20M  |DGIMQ 20M

Figure 85 — VCV Ripple and Noise under nominal load at 90 VAC.
CH2: Vcv, CH7: Iiep, CHS8: Icv
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YOKOGAWA € 27 Nov 2023 17:27:10 Norm:Hi-Res  Edge CH2 £ 49.0mY
Stped _ 218 _ _ 626MS/s Normal

3 1(515.00 W-:Iilm 1.00 de_m 87 1.00 Addivas
M1 CH3-CHZ IR LowPass &ﬁ CiiG-CH8 % TH5-CHB

Main : 12.5 M - T Ims/div

EEL[
Y1 45.00mY
V2 -36.00mY P—PECZ} 83 .6mY Amplitude%CZ} 27.5my
A 81.00mY Mean(C7) 383.787mA Mean(C8) 1.98966 A
Acquire 2ms/div, 625MS/s, 12.5MPoints, Norm:Hi-Res Trigger Edge CH2F 49.0mY, Normal
CH2:yCY CH7:ILED CH8:ICY
10:1 10A:1Y 10A:1Y
50.0mY/div 200mA/ div 1.00 A/div
AGIMQ 200M DCIM2 20M  [DG1MQ 20M

Figure 86 — VCV Ripple and Noise under nominal load at 265 VAC.
CH2: Vcv, CH7: Iep, CHS8: Icv

The worst-case ripple and noise at the CV output of the converter was measured as 84
mVp-p at 200 MHz bandwidth at the connector output.
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10 Conducted EMI

The EMI scans were carried out at full power. PE connection was not considered in the

test to simulate a TV system.

The conducted emissions were more than 8 dB below the limits set by CISPR22B /

EN55022B.

10.1 Line Input 115 VAC

80T
70T
EO‘\ EN:55022 Voltage on Mains OF
\'.
_1---\::‘_\&
3 5oy M e .EN 55022 Voltage on Mains AY
a | T [
E 1 A o U I O S S R S _ I;f
E -‘"‘Il-'thl‘.l oMy
3 401 L HE
\ AN )
O U b, A
WAl ‘w.,“ ) 'W u
0T ll. |'. I'v'l U I'I, P‘~ ﬁ I {l‘ﬂ }‘\M
1 W ‘\J ‘1, J nJ‘n""l ﬂ"L-i'r,l-.r‘r'f[JmIlL"‘\Jﬂ ,IJ‘}LE
/ ’”v
NV
10 t t 1+ t f t t F—t—t—t— f |
150k 300 400 500 800 1M 2M M 4M 5M 6 & 10M 200 30M
Frequency in Hz
Final Result
Frequency QuasiPeak | Average | Limit | Margin | Bandwidth | Line | Filter | Com.
{MHz) (dBpv) (dBpV) [ (dBpV) | (dB) (kHz) (dB)
0.150000 — 36.56 | 56.00 19.44 10.000 | N ON 20.3
0.150000 52.13 — | 66.00 13.87 10.000 | N ON 20.3

Figure 87 — EMI Test Results at 115 VAC.
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10.2 Line Input 230 VAC

80

70

EM: 55022 Voltage on Mains QP

60T,

. EN:55022 Voltage on Mains A\

Level in dBuW

=
=
—=

| ;
otV M

™ .'l '. .l - *L 1|E fr,,L"JP 11" rr Agh ) e ,;" | ')f
1 | Iw ﬂl;v’t‘ Il' v} [ “H'U:I‘ 'm“: Ww ﬂ"/\’"w fﬂ
Hl ’

207 "\,ﬁ P"..' W
10+— A i t——t—t—t—t—t— i |
150k 300 400500 800 1M 2M  3M 4M5M 6 8 10M 20M  30M

Frequency in Hz

Final Result

Frequency QuasiPeak | Average | Limit | Margin | Bandwidth | Line | Filter | Corr.
{MHz) (dBuV) {dBuV) [ (dBuV) | (dB) {kHz) (dB)
0.150000 — 4312 56.00 12.88 10.000 | N ON 20.3
0.150000 56.83 —| 66.00 9.17 10.000 | N ON 20.3
29.935000 — 41.54| 50.00 B.46 10.000 | N ON 20.4
29.935000 46.57 — | 60.00 13.43 10.000 | N ON 20.4
29.965000 - 4159 | 50.00 8.41 10.000 | N ON 20.4
29.965000 46.44 — 1 60.00 13.56 10.000 | N ON 20.4

Figure 88 — EMI Test Results at 230 VAC.
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11 Thermal Performance

There are no heat sinks in cooling arrangements of the assembly. Copper pours are used
for the cooling of the control IC. No forced air-cooling was deployed during the test. The
temperatures of the hottest components in the assembly are shown in the table.
Ambient temperature is 23 £2°C.

Relative Time (Seconds)

&R 2 peb. w2 cl. wi. c2. blk. 3. w1 X|

s Temporal Plot: peb, w2, cf, wi, c2, bk, c3, wi

1847

0 03] 15[ WA
j0.0)836|880)S10]  N/A|

552101840k, g7 514]  WAp.
| 59833, 89 865]  WAE
S s 0

Figure 89 — Line = 90 VAC Nominal Power - Thermal Image — Bottom and Top Views.

vt | Bre | YR2 [ gnus [ PL | Q1 | D8 fopel tRre
PART! 1c |BripGe| SNYB | Res | LEP | SEL | SR lcorewInDING
VS DIODE | FET | DIODE '

[OTC] 42| 778 | 852 | 803 | 758 | 648 | 872 [s59| o1

[ﬁz] 632| 568 | 642 | 593 | s48 | 438 | 662 |e49| 70

Table 7 — Line = 90 VAC Full Power — Component Case Temperatures.
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L e 1. m b
[ Stats x
710 677] sa7| 739] is|  WA| 830 T2
02| 01| 05 2] 01 04
0712 |20/678 [70) 548 |57.0) 749 P70 781 /A g6 0)893| 2060783
[7571.2 [ 91)678 pa) 55.3 | 187) 750 [107) 781 T/A | 86895 6. 205 786
[74/ 706 [53)675 pag) 533 [ 168 712 [106) 77| 1A | Bngsas 207776
5 5 0 5] S
W Al WAl WAl WAl TA|
Al WA WAl WAl W A
AL WAl WA|  WA[T WA
-
0 AE e g 2
-2 pob, w2, c1. wl. c2. blk. c3, wl X
00 Stats X|
e 8739 aBa| 87| 941 WA|  ese
s 05 i [X] ) 3 WA [} 37
530 [ [1050 484 po0je8 7| 80557 /A [68.0) 064 [115.0) 357
02) 856 P 104925 b 106485 [101)89 10 871963 A 8360
10)87.1 P 104483 99)8820, 89916 18847
s ) 5; 5 5
WA WA WA WA| WA WA,
WA WA WA WA] WA
WA WA| WA WA ) WA,
T 1
[l [ [} [

Figure 90 — Line = 265 VAC Nominal Power - Thermal Image — Bottom and Top Views.

Ul | BR1 VR2 SNUB D1 Q1 e TRF TRF
— IC |[BRIDGE =L L) RES LED REL PR |CORE/WINDING
TVS DIODE | FET | DIODE '

[01;:] 71 54.7 78.2 73.9 77.9 67.7 89.5 924 94.1

[ﬁg] 50 | 33.7 57.2 52.9 56.9 46.7 69.5 71.4 73.1

Table 8 — Line = 265 VAC Full Power — Component Case Temperatures.
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12 Audible Noise Performance

Acoustic Noise
1CVICC 22" TV CV=12V/2Anm/. 4.5Apk LED=60~72 V/0.38A

38
36 * Vin=115VAC
* Vin=230VAC
34
* Background
32

w
[=]

b
[#2]

Acoustic Noise [dBA]
P =]
& o

b
o%]

20
18 '
16
14
0 4 8 12 16 20 24 28 32 36 40 a4 48 52
Output Power [W]
Figure 91 — Audible Noise at Normal Operation Mode.
Acoustic Noise
1CVICC 32"TV CV=12V/2Anm/4.5Apk LED=60~72V/0.38A
38
* Vin=115VAC
36
* Vin=230VAC
34
» Background
32

o) [55]
(=] =]

Acoustic Noise [dBA]
]
[=3]
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Output Power [mW]

Figure 92 — Audible Noise at Standby Mode.
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13 Combination Wave Surge Test

The unit was subjected to £1000 V differential mode and £2000 V common mode
combination wave surge at several line phase angles with 5 strikes for each

condition.

A test failure was defined as an output latch-off that needs operator intervention to

recover, or a complete loss of function that is not recoverable.

13.1 Differential Mode Surge (L1 to L2), 230 VAC Input

Surge Injection Injection
Level Location Phase | Test Result
V) (&)

+1000 | LltolL2 0 Pass
-1000 | L1to L2 0 Pass
+1000 | LltolL2 90 Pass
-1000 | L1tolL2 90 Pass
+1000 | LltolL2 180 Pass
-1000 | L1to L2 180 Pass
+1000 | LltolL2 270 Pass
-1000 | L1tolL2 270 Pass

Table 9 — Differential Mode Surge Test Result.

13.2 Common Mode Surge (L1 to PE), 230 VAC Input

Surge Injection Injection
Level Location Phase | Test Result
V) (&)

+2000 | L1to PE 0 Pass
-2000 | L1to PE 0 Pass
+2000 | L1toPE 90 Pass
-2000 | L1to PE 90 Pass
+2000 | L1toPE 180 Pass
-2000 | L1toPE 180 Pass
+2000 | L1toPE 270 Pass
-2000 | L1to PE 270 Pass

Table 10 — Common Mode Surge Test Result — L1 to PE.
PE is connected to secondary GND to perform common mode test.
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13.3 Common Mode Surge (L2 to PE), 230 VAC Input

Surge Injection Injection
Level Location Phase | Test Result
V) (&)

+2000 | L2 to PE 0 Pass
-2000 | L2to PE 0 Pass
+2000 | L2to PE 90 Pass
-2000 | L2to PE 90 Pass
+2000 | L2to PE 180 Pass
-2000 | L2to PE 180 Pass
+2000 | L2to PE 270 Pass
-2000 | L2to PE 270 Pass

Table 11 — Common Mode Surge Test Result — L2 to PE.
PE is connected to secondary GND to perform common mode test.

13.4 Common Mode Surge (L1+L2+PE), 230 VAC Input

Surge Injection Injection
Level Location Phase | Test Result
V) (&)

+2000 | L2 to PE 0 Pass
-2000 | L2 to PE 0 Pass
+2000 | L2 to PE 90 Pass
-2000 | L2 to PE 90 Pass
+2000 | L2 to PE 180 Pass
-2000 | L2 to PE 180 Pass
+2000 | L2 to PE 270 Pass
-2000 | L2 to PE 270 Pass

Table 12 — Common Mode Surge Test Result — L1, L2 and PE.

PE [s connected to secondary GND to perform common mode test.
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14 ESD Test

The unit was tested with £15 kV air discharge and £8 kV contact discharge with 10
strikes for each condition at the following locations at 230 VAC and 115 VAC:

e VCV+
o VCV-

A test failure was defined as an output latch-off that needs operator intervention to
recover, or a complete loss of function that is not recoverable.

Dci::cl:lt::gte ESI? Input Voltage | Test
(kV) Location (VAC) Result

+8 VCV+ 115 Pass

-8 VCV+ 230 Pass

+8 VCV- 115 Pass

-8 VCV- 230 Pass

Table 13 — Contact Discharge Test Result.

Discﬁli;rge ESD Input Voltage | Test
(kV) Location (VAC) Result
+15 VCV+ 115 Pass
-15 VCV+ 230 Pass
+15 VCV- 115 Pass”
-15 VCV- 230 Pass

“power supply might initiate AR
Table 14 — Air Discharge Test Result.
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15 Revision History

Date Author | Revision | Description & Changes Reviewed
26-Feb-24 YL A Initial Release. Apps & Mktg
Updates on schematic and
17-Oct-24 YL B sections 9.2-9.6, 9.9.3, and | Apps & Mktg
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