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3 W flyback loT off-line isolated power supply
reference board using 5" generation fixed
frequency CoolSET™ (ICE5AR4770AG)

REF_5AR4770AG_3W1

About this document

Scope and purpose

This document is a reference design for a 3 W loT off-line isolated power supply using the latest Infineon fifth-
generation Fixed Frequency (FF) CoolSET™ ICESAR4770AG. The power supply is designed with a universal input
compatible with most geographic regions, and isolated output (+5 V/0.6 A).

Highlights of the 3 W loT off-line isolated power supply:

e Very small form-factor design
o Simplified circuitry with good integration of power and protection features
e Auto-restart protection scheme to minimize interruption and enhance end-user experience

Intended audience

This document is intended for power supply design or application engineers, etc. who wish to design low-cost,
highly reliable off-line Switched Mode Power Supply (SMPS) systems for:

+ Applications related to the Internet of Things (loT)
1) Standby power supply
2) Power supply for microcontrollers
3) Power supply for standalone sensors operating on a wired/wireless interface bus
+  USB-power supply embedded in a wall plug
+ Intelligent wall plug switched by wireless (with relay)
+ Metering applications

+  General applications with small form factor in the power range 1 Wto 3 W

Application Note Please read the Important Notice and Warnings at the end of this document V1.0
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1 System introduction

The Internet of Things (IoT) is connecting up ever smarter devices and machines. The fast-growing market
around the loT covers a wide range of applications. All of them have one thing in common, namely the ability to
collect and exchange data with each other. The microcontrollers, sensors, actuators, etc. embedded in each of
the devices stay connected to the network at all times. They are supplied by an efficient low-power and low-
standby power supply, to which the Infineon fifth-generation FF CoolSET™ family of integrated off-line power
supply ICs is ideally suited.

>

Figure 1 loT applications

Table 1 lists the system requirements for the 10T, and the corresponding Infineon solution is shown in the right-
hand column.

Table1 System requirements and Infineon solutions
System requirement for loT Infineon solution - ICESAR4770AG
High efficiency under light-load conditions to meet .

1 ENERGY STAR requirements New FF control and Active Burst Mode (ABM)

5 Simplified circuitry with good integration of power Embedded 700 V MOSFET and controller in
and protection features DSO-12 package

3 Robust system and protection features Input Over Voltage Protection (OVP) and

brown-in features

4 .Auto-rest.art protection scheme to minimize All protections are in auto-restart
interruption and enhance end-user experience
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System introduction

1.1 High efficiency under light-load conditions to meet ENERGY STAR
requirements

During typical loT operation, the power requirement fluctuates according to various use cases. Therefore, the
efficiency should be optimized across the load range. It is crucial that the loT power supply operates as
efficiently as possible, because it will be in this particular state for most of the period. Under light-load
conditions, losses incurred with the power switch are usually dominated by the switching operation. The
choice of switching scheme and frequency play a crucial role in ensuring high conversion efficiency.

In this reference design, ICESAR4770AG was primarily chosen due to its frequency-reduction switching scheme.
Compared with a traditional FF flyback, the CoolSET™ reduces its switching frequency from medium to light
load, thereby minimizing switching losses. Therefore, an efficiency of more than 76 percent is achievable under
25 percent loading conditions.

1.2 Simplified circuitry with good integration of power and protection
features

To relieve the designer of the complexity of PCB layout and circuit design, the CoolSET™ is a highly integrated
device with both a controller and HV MOSFET integrated into a single, space-saving DSO-12 package. These
certainly help the designer to reduce component count as well as simplifying PCB layout for ease of
manufacturing and cost.

1.3 Robust system and protection features

Comprehensive protection features are integrated into the FF CoolSET™ ICE5AR4770AG, such as input line OVP,
Vce OV, Ve Under Voltage (UV), over-load/open-loop, over-temperature and Current Sense (CS) short-to-GND. It
also has limited charging current for Vcc short-to-GND and brown-in protection by utilizing Rerown-in (R16D in
Figure 3).

1.4 Auto-restart protection scheme to minimize interruption and enhance
end-user experience
For an loT power supply, it would be annoying for both the end user and the manufacturer if the system were to

halt and latch after protection. To minimize interruption, the CoolSET™implements auto-restart mode for all
abnormal protections.

Application Note 50f43 V1.0
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Reference design board

2 Reference design board

This document provides complete design details including specifications, schematics, Bill of Materials (BOM),
PCB layout, transformer design and construction information. This information includes performance results
pertaining to line/load regulation, efficiency, transient load, thermal conditions, conducted EMI scans, etc.
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Figure 2 REF_5AR4770AG_3W1
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Power supply specifications

3 Power supply specifications

The table below represents the minimum acceptance performance of the design. Actual performance is listed

in the measurements section.

Table 2 Specifications of REF_5AR4770AG_3W1

Description Symbol | Min. Typ. Max. Units | Comments

Input

Voltage Vin 85 - 264 VAC Two wires (no P.E.)

Frequency fune 47 50/60 |64 Hz

No-load input power Py ne | — - 35 mwW 230 VAC

Output

Output voltage Vour - 5 - v +3%

Output current lour 0.03 0.3 0.6 A

Output voltage ripple VrippLE - - 250 mV 20 MHz BW

Max. power output Pout max | - - 3 W

Efficiency

Max. load n - 80 - % 115V AC/230VAC

Average efficiency at 25%, 50%, | Nag 79 - - % 115VAC/230VAC

75% and 100% of Pour_max

Environmental

Conducted EMI 15 dB Margin, CISPR 22 class B

ESD +8 kV EN 61000-4-2

Surge immunity EN 61000-4-5
Differential Mode (DM) 2 kV See footnote 1at 11.19
Common Mode (CM) 4 kv See footnote 1 at 11.19

Ambient temperature Tamb 0 ‘ - ‘ 50 °C Free conviction, sea level

Form factor 50%24x 16 mm? LxWxH

Application Note 70f43 V1.0
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Circuit diagram

4 Circuit diagram
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Circuit description

5 Circuit description

In this section, the design circuit for the SMPS unit will be briefly described by the different functional blocks.
For details of the design procedure and component selection for the flyback circuitry please refer to the IC
design guide [2] and calculation tool [3].

5.1 EMI filtering and line rectification

The input of the power supply unit is taken from the AC power grid, which is in the range of 85V AC ~ 264 V AC.
The fuse F1is directly connected to the input line to protect the system in case of excess current entering the
system circuit due to any fault. Following is the varistor VAR, which is connected across the input to absorb
excessive energy during line surge transient. The resistor NTC not only reduces the in-rush current during start-
up, but it also helps reduce the voltage increase on the bulk capacitors C13 and C13A during line surge
transients. The bridge rectifier BR11 rectifies the AC input into DC voltage, filtered by the bulk capacitors C13
and C13A. Inductor L11 and capacitors C13 and C13A form a m filter to attenuate EMI noise.

5.2 Flyback converter power stage

The flyback converter power stage consists of C13A, transformer TR1, a primary HV MOSFET (integrated into
ICE5AR4TT0AG), secondary rectification diodes D21, and secondary output capacitors and filtering C22, L21 and
C24.

When the primary HV MOSFET turns on, some energy is stored in the transformer. When it turns off, the stored
energy is released to the output capacitors and the output loading through the output diode D21.

The primary winding has two layers placed back to back for higher winding capacitance. This can reduce EMI by
slowing the MOSFET switching. However, this can reduce efficiency. Winding capacitance can be tuned by
adding a number of isolation tapes between the layers, depending on the EMI or efficiency need. If efficiency is
a priority, interlacing primary and secondary winding is recommended, as it has lower leakage inductance. TR1
has single output windings, the Vour (5 V). The output rectification of Vour is provided by the diode D21 through
filtering of C22, L21 and C24. All the secondary capacitors must be the low-ESR type, which can effectively
reduce the switching ripple. Together with the Y-capacitor C12 across the primary and secondary side, the EMI
noise can be further reduced to comply with CISPR 22 specifications.

5.3 Control of flyback converter through fifth-generation FF CoolSET™
ICE5AR4770AG
5.3.1 Integrated HV power MOSFET

The ICE5AR4770AG CoolSET™ s a 12-pin device in a DSO-12 package. It has been integrated with the new FF
PWM controller and all necessary features and protections, and most importantly the 700 V power MOSFET,
Infineon Superjunction (SJ) CoolIMOS™. Hence the schematic is much simplified and the circuit design is made
much easier.

5.3.2 Current Sensing (CS)

The ICESAR4TT0AG is a current mode controller. The peak current is controlled cycle-by-cycle through the CS
resistors R14 in the CS pin (pin 4) and so transformer saturation can be avoided and the system is more robust
and reliable.

Application Note 90f43 V1.0
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Circuit description

5.3.3 Feedback and compensation network

Resistor R25 is used to sense the Vour and feedback (FB) to the reference pin (pin 1) of error amplifier IC21 with
reference to the voltage at resistor R26. A type 2 compensation network C25, C26 and R24 is connected
between the output pin (pin 3) and the reference pin (pin 2) of the IC21 to stabilize the system. The IC21 further
connects to pin 2 of the optocoupler, and IC12 with a series resistor R22 to convert the control signal to the
primary side through the connection of pin 4 of the IC12 to the ICE5AR4770AG FB pin (pin 3) and complete the
control loop. Both the optocoupler IC12 and the error amplifier IC21 are biased by Voyr; IC12 is a direct
connection while IC21 is through an R23 resistor.

The FB pin of ICE5AR4770AG is a multi-function pin which is used to select the entry burst power level (there are
three levels available) through the resistor at the FB pin (R17) and also the burst-on/burst-off sense input
during ABM.

5.4 Unique features of the fifth-generation FF CoolSET™ ICE5AR4770AG to
support the requirements of loT power supply

5.4.1 Fast self-start-up and sustaining of Vcc

The IC uses a cascode structure to fast-charge the Vcc capacitor. Pull-up resistors R16, R16A, R16B and R16C
connected to the gate pin (pin 10) are used to initiate the start-up phase. At first, 0.2 mA is used to charge the
Vcc capacitor from 0 Vto 1.1 V. This is a protection which reduces the power dissipation of the IC during Vcc
short-to-GND condition. Thereafter, a much higher charging current of 3.2 mA will charge the Vcc capacitor until
the Vcc on is reached. Start-up time of less than 80 ms is achievable with a Vcc capacitor of 4.7 uF.

After start-up, the IC Vcc supply is sustained by the auxiliary winding of transformer TR1, which needs to support
the Vcc to be above Under Voltage Lockout (UVLO) voltage (10 V typ.) through the rectifier circuit D12, R12 and
Cle.

5.4.2 CCM, DCM operation with frequency reduction

ICESAR4TT0AG can be operated in either Discontinuous Conduction Mode (DCM) or Continuous Conduction
Mode (CCM) with frequency-reduction features. This reference board is designed to operate in DCM. When the
system is operating at maximum power, the controller will switch at the fixed frequency of 100 kHz. In order to
achieve a better efficiency between light load and medium load, frequency reduction is implemented, and the
reduction curve is shown in Figure 4. The V¢s is clamped by the current limitation threshold or by the PWM op-
amp while the switching frequency is reduced. After the maximum frequency reduction, the minimum
switching frequency is fosco win (43 kHz).

Application Note 10 of 43 V1.0
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Figure 4 Frequency-reduction curve
5.4.3 Frequency jittering with modulated gate drive

The ICE5AR47T0AG has a frequency jittering feature with modulated gate drive to reduce the EMI noise. The
jitter frequency is internally set at 100 kHz (+4 kHz), and the jitter period is 4 ms.

5.4.4

System robustness and reliability through protection features

Protection is one of the major factors in determining whether the system is safe and robust - therefore
sufficient protection is necessary. ICE5AR4770AG provides comprehensive protection to ensure the system is
operating safely. This includes Vi LOVP, brown-in, Vcc OV and UV, over-load, over-temperature (controller
junction), CS short-to-GND and Vcc short-to-GND. When those faults are found, the system will enter protection
mode. Once the fault is removed, the system resumes normal operation. A list of protections and failure

conditions is shown in the table below.

Table 3 Protection functions of ICE5AR4770AG

Protection function Failure condition Protection mode

Vec OV Vivcc greater than 25.5V 0dd-skip auto-restart
Vec UV Ve less than 10V Auto-restart

Vin LOVP Vuin greater than 2.85V Non-switch auto-restart
Over-load Vrs greater than 2.75 V and lasts for 54 0dd-skip auto-restart

ms

Over-temperature (junction
temperature of controller chip only)

T, greater than 140°C

Non-switch auto-restart

CS short-to-GND

Vs less than 0.1V, lasts for 0.4 ps and
three consecutive pulses

0Odd-skip auto-restart

Vee short-to-GND
(Vvee =0V, start-up = 50 MQ and Voran =
90V)

Vee less than 1.1V, lyec_charge1 = -0.2 mA

Cannot start up

Brown-in

Veare less than 20V

Cannot start up
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5.5 Clamper circuit

A clamper RCD network normally added in parallel to the primary inductance of the transformer (pins 1 and 2 of
TR1) is removed in this reference board to save on the BOM and increase efficiency. Without a clamper RCD,
maximum drain voltage of the CooIMOS™ is still less, and 650 V in worst-case conditions, which gives a 7
percent margin from maximum drain-source breakdown voltage of 700 V.

5.6 PCB design tips

For a good PCB design layout, there are several points to note.

e The power loop needs to be as small as possible (see Figure 5). There are two power loops in the demo
design; one from the primary side and one from the secondary side. For the primary side, it starts from the
bulk capacitor (C13A) positive to the bulk capacitor negative. The power loop components include C13, the
main primary transformer winding (pin 1 and pin 2 of TR1), the drain pin and the CS pin of the CoolSET™
IC11 and CS resistor. For the secondary side, the 5V output starts from the secondary transformer windings
(pin 9 of TR1), output diode D21 and output capacitors C22, L21 and C24.

e Star-ground concept should be used to avoid unexpected HF noise coupling affecting control. The ground of
the small-signal components, e.g. C17,C18 and C111, and the emitter of the optocoupler (pin 3 of IC12) etc.
should connect directly to the IC ground (pin 12 of IC11). Then it connects to the negative terminal of the
C13A capacitor directly.

o
i
=
e

Figure 5 PCB layout tips

e Separating the HV components and LV components, e.g. Veus and CoolSET™ drain at the top part of the PCB
(see Figure 5) and the other LV components at the lower part of the PCB, can reduce the spark-over chance
of the high-energy surge during ESD or a lightning surge test.

e Pourthe PCB copper on the drain pin of the CoolSET™ over as wide an area as possible to act as a heatsink.

5.7 EMI reduction tips

EMI compliance is always a challenge for the power supply designer. There are several critical points to

consider in order to achieve satisfactory EMI performance:

e Aproper transformer design can significantly reduce EMI. Low leakage inductance can incur a low switching
spike and HF noise. Interlaced winding technique is the most common practice to reduce leakage
inductance.! Winding shield, core shield and whole transformer shield are also some of the techniques that
can be used to reduce EMI.

! Not implemented with this reference design.
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Circuit description

e Input CMC and X-capacitor greatly reduces EMI but it is costly and impractical, especially for low-power
applications.

e Usingashort power loop design in the PCB (as described in section 5.6) and terminating to the low-ESR
capacitor such as C13A for primary-side loop and C22 for the secondary-side loop can help to reduce the
switching ripple which comes out to the input terminals Viv. In addition, adding a low-ESR ceramic capacitor
in parallel to the C13A/C22 can help to further reduce the switching ripple.

e TheY-capacitor C12 has a function to return the HF noise to the source (negative of C13A) and reduce the
overall HF noise going out to the input terminals. The larger capacitance is more effective. However, larger
values would introduce larger leakage current and may fail the safety requirements.

e Addingadrain to the CS pin capacitor for the MOSFET of the CoolSET™ can reduce the high switching noise.
However, it also reduces efficiency.!

e Adding a ferrite bead to the critical nodes of the circuit can help to reduce the HF noise, such as on the
connecting path between the transformer and the drain pin, output diode D21, Y-capacitor C12, etc.!

e Adding additional output CMC can also help to reduce the HF noise.*

! Not implemented with this reference design.
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PCB layout

6 PCB layout

6.1 Top side

Figure 6 Top-side copper and component legend
6.2 Bottom side

Figure 7 Bottom-side copper and component legend
6.3 Top and bottom side copper

Figure 8 Top and bottom side copper
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BOM
7 BOM
Table 4 BOM (V0.2)
No. Designator Description Part number Manufacturer Quantity
1 +5V KEY_PN5000 5000 1
2 BR11 D1UBA80-7062 D1UBA80-7062 Shindengen 1
3 C12 1nF,500V DE1E3RA102MA4BQO1F Murata 1
4 C13,C13A 4.7 uF, 400V 860021374008 Waurth Electronic 2
5 Cl6 4.7 uF,50V GRM31CR71H475KA12 Murata 1
6 C17,C25 100 nF, 50V 885012206095 Wurth Electronic 2
7 C18 1nF,50V 885012206083 Wurth Electronic 1
8 C22 820 uF,6.3V 875075155009 Waurth Electronic 1
9 C24 10 uF, 25V 885012208069 Waurth Electronic 1
10 C26 68 pF,50V 885012006056 Wurth Electronic 1
11 Cl11 22 nF,50V 885012206091 Wurth Electronic 1
12 Com, N KEY_PN5001 5001 2
13 D12 200V,0.8A RS1DL 1
14 D21 50V, 8A V8PAN50-M3/I 1
15 F1 0.5A,250V MCPMP 0.5A 250V 1
16 IC11 ICE5AR4T70AG ICE5AR4770AG Infineon Technologies 1
17 IC12 VOL618A-3X001T VOL618A-3X001T 1
18 IC21 TL431BQDBZR TL431BQDBZR 1
19 L KEY_PN5002 5002 1
20 L11 1000 pH 7447462102 Waurth Electronic 1
21 L21 2.2 uH DFE201610E-2R2M=P2 Murata 1
22 NTC 47R B57153S0479M0 Epcos 1
23 R12 27 R (0603) ACO0603FR-0727RL 1
24 R14 3.9R(1206) ERJ8RQF3R9V 1
25 212’(55’2’;168’ 15 MEGR/150 V (0805) RC0805JR-0715ML 5
26 R17 750 kR (0603) CRCW0603750KFK 1
27 R18, R18A 8.2 MEGR/400V (0805) WKO08V825 JTL 2
28 R19 121 kR (0603) ERJ3EKF1213V 1
29 R22 120 R (0603) RC0603FR-07120RL 1
30 R23 1.2 kR (0603) RCO603FR-071K2L 1
31 R24, R25, R26 10 k (0603) RC0603FR-0710KL 3
32 R25A 0 R(0603) RC0603JR-070RL 1
33 TR1 1.96 mH (126:10:28) (EE137 4) 750344058 (Rev. 02) Waurth Electronic 1
34 VAR 300V B72650M0301K072 Epcos 1
X X i
N PCB Elsoor;’mFR? mm (L x W), single layer, 1
Application Note 150f 43 V1.0
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Transformer specification

(infineon

8 Transformer specification

(Refer to Appendix A for transformer design and Appendix B for WE transformer specification.)

e Core and materials: EE13/7/4, TP4A (TDG)

e Bobbin: 070-6258 (9-terminal, SMD, horizontal version)

e Primary inductance: L, =1.96 mH (+10 percent), measured between pin 1 and pin 2
e Manufacturer and part number: Wurth Electronics Midcom (750344058) Rev. 02

e e o ———————= . PinG
L( 10 Turns (1 x AWG#26 TIW) Sec.) F—F—=<—rino
Pin5 e e T
Pind —»—F— 28 Turns (1 x AWG#35)Vec.) \J
Pin 1 < |
[1 42 Turns (1 x AWG#35) Prim. [
[ 42 Tums (1xAwGH3S) Prim.___ ':j' -
_ 35 Pin2 > | 42 Turns (1 x AWG#35) Prim.- T
) .
g Core centre limb
A
o[ T
TT — Start Stop Turns Wire size Layer
= N 2 1 126 1 x AWGH35 Primary
: 4 5 28 1 x AWG#35 Vee
) Bottom view 9 6 10 1 x AWG#26 TIW Secondary
LE' H 2 mm horizontal external copper shield is added and tied to pin 5
i a
—
= ]
= 0
= H
Side view
Figure 9 Transformer structure
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Measurement data and graphs

(infineon

9 Measurement data and graphs
Table 5 Measurement data
:C:L::t/uz) Description :’\;\’;) 2’\7::) :(XJ)T m; ?%) ?%)g f‘;\",‘)“" lout ove (A)
No load 0.019 | 5.01 | 0.000
Min. load 0.22 5.00 | 0.030 | 0.15 68.18
1/10 load 0.39 5.00 | 0.059 | 0.30 75.64
85/60 1/4 load 0.93 |4.99 [0.150 |0.75 |80.48 4.89 0.79
Typ. load 1.83 498 | 0.300 | 1.49 81.64 81.94
3/4 load 2.74 496 | 0.451 |2.24 81.64
Max. load 3.65 494 | 0.600 | 2.96 81.21
No load 0.020 | 5.01 | 0.000
Min. load 0.21 5.00 | 0.030 | 0.15 71.43
1/10 load 0.40 5.00 | 0.061 |0.31 76.25
115/60 1/4 load 0.93 |4.97 [0.150 |0.75 |80.16 4.93 0.81
Typ. load 1.82 498 |0.300 | 1.49 82.09 81.50
3/4 load 2.72 496 | 0.451 |2.24 82.24
Max. load 3.62 494 | 0.600 |2.96 81.88
No load 0.029 | 5.01 | 0.000
Min. load 0.23 5.00 | 0.030 | 0.15 65.22
1/10 load 0.43 5.00 | 0.061 | 0.31 70.93
230/50 1/4 load 0.96 499 | 0.150 | 0.75 17.97 5.30 0.87
Typ. load 1.86 498 | 0.300 | 1.49 80.32 29,88
3/4 load 2.78 496 | 0.451 |2.24 80.47
Max. load 3.67 494 | 0.600 | 2.96 80.76
No load 0.032 | 5.01 | 0.000
Min. load 0.24 5.00 | 0.030 | 0.15 62.50
1/10 load 0.45 5.00 | 0.061 | 0.31 67.78
264/50 1/4 load 0.98 499 | 0.150 | 0.75 76.38 5.50 0.90
Typ. load 1.89 498 | 0.300 | 1.49 79.05 28.86
3/4 load 2.80 496 | 0.451 |2.24 79.89
Max. load 3.70 494 | 0.600 | 2.96 80.11
e No-load condition (no load) :5VatoA
e Minimum load condition (min. load) :5Vat30mA
e 1/10 load condition (1/10 load) :5Vat60 mA
e 1/4load condition (1/4 load) :5Vat0.15A
e Typical load condition (typ. load) :5Vat0.3A
e 3/4load condition (3/4 load) :5Vat0.45A
e Maximum load condition (max. load) :5Vat0.6A
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Measurement data and graphs

9.1 Load regulation
Load Regulation: Output voltage vs output power @ 115V, and 230 V¢
6.00
— 5.00 4.99 498 4.96 4.94
> > > e =4 K
— _ 4.97 . 4.94
© 400 5.00 4.98 4.96
£
S
2 200
5
(o]
0.00
0 20 40 60 80 100
Output Power [%]
VOUT @ 115V ==VOUT @ 230V
Figure 10 Load regulation Voyr vs output power
9.2 Line regulation
Line Regulation: Output voltage vs AC line input voltage @ minimum, typical and
maximum load
- 80T 5.00 500 15,00 5.00
2 ﬁ'm&& — W..4.‘98........ e —— ————————— 108 x 4.98
Q
g A0 594 TR 494 494
o
>
5 20 4—
2
5
o
0.0
50 100 150 200 250 300
AC Line Input Voltage [V, ]
==\/OUT @ min.load ==pé==VOUT @ max. l0ad === VOUT @ typ. load
Figure 11 Line regulation: Vour vs AC-line input voltage
Application Note 18 of 43 V1.0

2018-08-28



o _.
3 W flyback loT off-line isolated power supply reference board using |n f| neon
5t generation fixed frequency CoolSET™ (ICE5AR4770AG)

Measurement data and graphs

9.3 Efficiency vs AC-line input voltage
Maximum Load and Average Load Efficiency vs AC Line Input Voltage
81.88
83 BIZq YT || T e
'}: ...-—'4: EEL 80.11
< 81.59 = ~——
> 81.21 T~
o
_lu'g __________________________________________________ M
g 79.88 =
= 78.86
E
w
75
50 100 150 200 250 300
AC Line Input Voltage [V, ]
—#— Max. load Efficiency == Average efficiency(25%,50%,75%),100%)
Medium to Maximum Load Efficiency vs AC Line Input Voltage
82.24
83 8164 .00 80.76 -
- 8164 I
5 b o188 | 8047 | 8011
= 8121 | T = 79.89
- 80.43 —— 80.32
K] B 79.05
é 80.16
= 7797 M o3h
75
50 100 150 200 250 300
AC Line Input Voltage [V, ]
=t Max. Load ==ll=3/4Load Typ. Load  ===1/4 Load
Light Load Efficiency vs AC Line Input Voltage
85 f—
81 4 80.48 80.16
”y - ed EhT 77.97 1
£ 73 4— \ ...................
2
£ 6 {— \m;>
b - e T8
65
50 100 150 200 250 300
AC Line Input Voltage [V, ]
== 1/4 Load ==f=1/10 Load
Figure 12 Efficiency vs AC-line input voltage
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Measurement data and graphs

9.4 Standby power

o _.
3 W flyback loT off-line isolated power supply reference board using ‘ |n f| neon

Standby Power vs AC Line Input Voltage

= e —

= B s 2
— 200 +——t—— - aon 40.__ _______
g 23U
E 220 710
™
1]
3
T (1 S e e B R e M e E
]
2 32.49
£ 19.04 20.23 28.72

* —————

0
50 100 150 200 250 300

AC Line Input Voltage [ VAC]

=g Mo load el POUT=150mW

Figure 13 Standby power at no load (Ps,y n) and 150 mW load vs AC-line input voltage (measured by
Yokogawa WT210 power meter - integration mode)

9.5 Maximum output current
Maximum output current (OLP) vs AC line voltage

T lout oLp=0.85%6.51% A

— 1.5 =

=

o

3

g 1O 079 o081 T 0.87 T— Bt

g

= ot

o

Y30 SN N N N O O N A N N e

E

>

o

=

0.0
50 100 150 200 250 300
AC Line Input Voltage [ Ve ]

Figure 14 Maximum output current (before over-load protection) vs AC-line input voltage
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Thermal measurement

10 Thermal measurement

The thermal testing of the demo board was done in the open air without forced ventilation at an ambient
temperature of 25°C. An infrared thermography camera (FLIR-T62101) was used to capture the thermal reading
of particular components. The measurements were taken at the maximum load running for one hour. The
tested input voltage was 85V AC and 264 V AC.

Table6 Component temperature at full load (5 V, 0.6 A) under T,mp =25°C
Circuit code | Major component 85VAC (°C) 264 VAC (°C)
IC11 ICE5AR47T70AG 39.3 46.6
TR1 Transformer 42.0 446
BR1 Bridge diode 34.9 313
D21 +5Voutput diode 47.8 48.1
Ambient 25.0 25.0
85V AC maximum load and 25°C ambient 264 V AC maximum load and 25°C ambient

Top side Top side

Bottom side Bottom side

Figure 15 Infrared thermal image of REF_5AR4770AG_3W1
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Waveforms

11 Waveforms

All waveforms and scope plots were recorded with a Teledyne LeCroy 606Zi oscilloscope.

11.1

Start-up at low/high AC-line input voltage with maximum load

R TELEDYNE cROr
Evbryhereyndoon

[‘-\\ - e o
[ \ !

MA NN

C1 (yellow): V AC; C2 (purple): Vvee; C3 (blue): Vour (5 V)

C1 (yellow): VAC; C2 (purple): Vvee; C3 (blue): Vour (5 V)

\Vin =85V AC, max. load; start-up time: * 71 ms

'n =264V AC, max. load; start-up time: = 62 ms

Figure 16 Start-up

Soft-start

C1 (yellow): Vbrain; C2 (purple): Vcs; C3 (blue): Ves; C4 (green): Voa

C1 (yellow): Vorain; C2 (purple): Vcs; C3 (blue): Ves; C4 (green): Voa

\Vin =85V AC, max. load; soft-start time: = 12 ms

\Vin =264V AC, max. load; soft-start time: = 12 ms

Figure 17 Soft-start
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Waveforms
11.3 Switching waveform at maximum load
P e : R [Tt e mze
— =1‘-‘ o I y | )
- = 4 —— = Pa—
v = — w\
e e E— e
: e
C1 (yellow): Vbrain; C2 (purple): Vcs; C3 (blue): Ves; C4 (green): Vo C1 (yellow): Vorain; C2 (purple): Vcs; C3 (blue): Ves; C4 (green): Vo
Vin = 85V AC, max. load; Vorain_max: 375V DC and Vp21_max: 24 V DC n =264V AC, max. load; Vorain_max: 637 V DC and Voa1_max: 48 V DC
Figure 18 Drain and CS voltage at maximum load
11.4 Frequency jittering and modulated gate drive
A \ i\ A \
i |
]

C1 (yellow): Vbrain; F1 (orange): Frequency track of Vorain C1 (yellow): Veare; Z1 (orange): Zoom of Veare

\Vin =85V AC, 100 percent load; jittering frequency = 95 kHz ~ 103 kHz and \Vin =85V AC, 100 percent load; modulated gate drive rising-up time =
117 ns

period * 4 ms

Figure 19 Frequency jittering and modulated gate drive
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Waveforms
11.5 Output ripple voltage at maximum load

e Probe terminal end with decoupling capacitor of 0.1 pF (ceramic) and 1 uF (electrolytic), 20 MHz BW

YR TELEDYNE chor
Firrpaoryensoon

AR TELEDTNELECROY
Fnpavryauioon

PE T2
e
-

C2 (purple): VriepLe (5 V)
n =264V AC, max. load; VrippLe: (5 V): 17 mV

C2 (purple): VrirpLe (5 V)
\Vin =85V AC, max. load; Vrippie1 (12 V): 16 mV

Figure 20 Output ripple voltage at maximum load

11.6 Output ripple voltage in ABM 50 mW load
e Probe terminal end with decoupling capacitor of 0.1 puF (ceramic) and 1 puF (electrolytic), 20 MHz BW
e Load:50 mW (5V, 10 mA)

C2 (purple): VrippLe (5 V)
Vin =85V AC, 50 mW load; Vripeie (5 V): 24 mV

Figure 21 Output ripple voltage in ABM 50 mW load

C2 (purple): VriepLe (5 V)
'n =264V AC, 50 mW load; VripeLer (12 V): 30 mV

24 of 43 V1.0
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Waveforms
11.7 Load transient response (dynamic load from 10 percent to 100 percent)

e Probe terminal end with decoupling capacitor of 0.1 uF (ceramic) and 1 pF (electrolytic), 20 MHz BW
e 5Vload change from 10 percent to 100 percent, 100 Hz, 0.4 A/us slew rate

e e e

C2 (purple): VrirpLe (5 V) C2 (purple): VrippLe (5 V)

\Vin =85V AC, 10 percent to 100 percent load; Vriepe (5 V): 236 mV Vin =264V AC, 10 percent to 100 percent load; Vriepie (5 V): 237 mV
Figure 22 Load transient response

11.8 Entering ABM

e Loadchangefrom3W (5V,0.6A)to 0.1 W (5V,0.02 A)

,,,,,,,,, o i 5
S 2 3 == ¥
¢ i
=® 1 P AAAMAMAAMAAMMAAAAMMAMAMARAAN l AAAARARARAAARAARAARNARNRAN AR LSS
Rt e ;,\ WAWMAVWAWAVAMMAMAANY —— f‘:‘qﬁf WA
- = 3 r i [

_Munuunumumuunm -lm_lﬂllmﬂHl|l|||||H|l||l|]W

C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Vrs; C4 (green): Ves C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Vs
\Vin =85 V AC; system enters burst mode option 2: Vs less than 0.93 V and in =264V AC; system enters burst mode option 2: Vesless than 0.93 Vand
[tblanking = 36 MS [thlanking = 36 Ms

Figure 23 Entering ABM
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Waveforms

11.9 During ABM
e Load:0.11W (5V,0.022 A)

J
|
|

= 5 TAnn = o | L,
- * = | i = — = et — ¥
= e = T |
| |
= = = = ¥
1] 1
L | | n
3 ) k y
& ¥ +
| |
C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Vrs; C4 (green): Ves C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Vrs; C4 (green): Ves
\Vin =85V AC; burst mode option 2: Vrs_son = 2.35 V, Vs_sof = 2.0 V, Vesse = 0.22 Vin = 264 V AC; burst mode option 2: Vrs_son =2.35 V, Vre_poff = 2.0 V, Vessre =
\V, fosca_asm = 83 kHz 0.22V, fosca_asm = 83 kHz

Figure 24 During ABM

11.10 Leaving ABM
e Loadchange from 0.1 W (5V, 0.02 A) to full load

|
|
%
|
<

.
i
i |
1]
pE
e
1
i
1
|
|
]
]
|
|
1
|
|
|
\
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{
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| |
)
(
1
i
1
| comsons |

Lg—-

¥
I

C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Vrs; C4 (green): Ves C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Ves; C4 (green): Vs
\Vin = 85 V AC; system leaves burst mode: Ves greater than 2.73 V v =264V AC; system leaves burst mode: Vesgreater than 2.73V

Figure25 Leaving ABM
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Waveforms

11.11 Line OVP (non-switch auto-restart)

e Increase AC-line voltage gradually at maximum load until line OVP is detected and then decrease the AC-line
until line OVP reset is detected

; | e
|
|
| |
% . 1
T ———
f |
. ; |
2 \
: o

I
|
|

X1= 12 5653134 5
X2= 4391620 s 1AX= 17669303 mHz

C1 (yellow): Veus; C2 (purple): Vvee; C3 (blue): Vvin; C4 (green): Ves
Max. load; line OVP triggered: Veus greater than 398 V DC or Vv greater than 2.85 V; line OVP reset: Vsus less than 398 V DC or Vv less than 2.85 V

Figure 26 Line OVP

11.12 Brown-in protection by utilizing Rerown-in (R16D in Figure 3)

e Increase AC-line voltage gradually at full load until the system starts up

* TELEDYNE LECROY
Evarywhereyoulook

C1 (yellow): Vaus; C2 (purple): Vvee; C4 (green): Ves
Full load; brown-in: 73V AC (Vsus greater than 102 V DC)

Figure 27 Brown-in protection
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Waveforms
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11.13 Output OVP by utilizing Vcc OVP (odd-skip auto-restart)
e Short R26 resistor during system operation at no load
q? TELEDYNE ltLHU!
e e L I
:IIIIIIIIIIIIIIIIIIIIIIIIi
e L
W! L ™
I 0 . RV I I A0 IR OV O [V I I IV ~ ~
VAU LU AL AV T L
v v v
;easnre P1:mean(C4) P2 max(C€ P3: mgx;;):} ;ﬂ 'max(C3) P5:max(C2) P6:min(C2) PT:pkpk(C21 P8---

value 259
status v

100 Vidiv] 5.00Vidiv| 500 mVidiy
2935 V| 19.95V 1.9800 V|

C1 (yellow): Vbrain; C2 (purple): Vvee; C3 (blue): Vs (12 V); C4 (green): Vour

\Vin = 85 V AC; system enters output OVP by using Vcc OVP: Vour greater than 8 V (Vcc greater than 25.5V)

Figure 28 V¢c OVP

11.14 Vcc UVP (auto-restart)
e Short R17 while the system is operating at full load

qP TELEDYNE LECROY
Everywheroyoulook

C1 (yellow): Vbrain; C2 (purple): Vvee; C3 (blue): Ves

\Vin = 85 V AC; system enters Vcc UVP: Ve less than 10V

Figure 29 Vcc UVP
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Waveforms

11.15 Over-load protection (odd-skip auto-restart)

e Vour(5V) short-to-GND at 264 V AC

Measure P1:frea@h(C2) PZmax(C1) P3:maxiC4) P4:maxiC3) PS:maxiC2) PE:min(C2) PT-pkpkiC2) Pa--
647V 4v

62095V 475675V

s Heg
55.72083 ms
-17.846609 He

Xi= 77 54 us
X2= -56.49838 ms

C1 (yellow): Vbrain; C2 (purple): Vvee; C3 (blue): Vrs; C4 (green): Voa

\Vin = 264 V AC; system enters over-load protection: Vrs greater than 2.73 V and lasts for = 52 ms blanking time: Vprain_max: 647 V DC and Vp21_max: 49 V DC
Figure 30 Over-load protection and max. voltage stress for MOSFET and output diode (D21)

11.16 Vcc short-to-GND protection

e Short Vcc pin-to-GND with current meter before system start-up

q? TELEDYNE LECROY
Evarywhereyouiook

] 500 mVidi|
-1.9850 V|

C1 (yellow): Vorain; C2 (purple): Vvee; C3 (blue): Vre
Vin = 264 V AC; system enters Vcc short-to-GND: Ve less than Vuce scp = Ivec =430 pA (input power = 140 mW)
Figure 31 Vcc short-to-GND protection

11.17 Conducted emissions (EN 55022 class B)

Equipment: Schaffner SMR4503 (receiver); standard: EN 55022 (CISPR 22) class B; test conditions: Viy =115V AC
and 230V AC;load:3W (5V,8.3Q).

e Pass conducted emissions EN 55022 (CISPR 22) class B with greater than 16 dB margin for quasi-peak
measurement.
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Waveforms
Transducer NNB41.trd
Limit Line EN 55022 class B CE
PK AV QP
dBpv
80—
- \\

T T g pep———T T T T TTTT T
02 05 1 2 5 10 20
0.15MHz 30 MHz

Frequency  Level Pk Level AV  Level QP Limit AV  Limit QP

8.4928 L 42.4 L 28.8 L 37.5 16.1 56.1
8.e128 L 13.3 L 23.8 L 38.6 16.8 56.8
8.9128 L 13.9 L 28.9 L 37.2 16,8 56.8
2.96048 L 38.1 L 17.8 L 32.3 16,8 56.8

Figure 32 Conducted emissions at 115 V AC-line and 3 W load - greater than 17 dB margin

Transducer NNB41.rd
Limit Line EN 55022 class B CE
PK AV QP
dBpV 80
60—

\/ W\JL |

-20

T T —TTTTT7T T T T T T T T
02 05 1 2 5 10 20
0.15MHz 30 MHz

Freguency  Level Pk Level AV  Level QP Limit AV  Limit QP
g.7148 N 42.8 N
8.9868 N 39.6 N

Figure 33 Conducted emissions at 115 V AC-neutral and 3 W load - greater than 21 dB margin
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Waveforms
Transducer NNB41.vd
Limit Line EN 55022 class B CE
PK AV QP
dBvV 80

60—

40—

ATAY,
{ldy

N

k rﬁ G

20
-2

T T T—T—T—T"TT T —TTTTT T
02 05 1 2 5 10 20
0.15MHz 30 MHz

Frequency Level Pk Level AV Level QP Limit AV Limit QP

B.4860 L a1.2 L 22.4 L 38.4 A6.2 56.2
8.576@ L 415 L 21.9 L 38.5 16.8 56.8
1.2660 L 4.3 L 18.6 L 38.2 46.8 56.8
2.9648 L 42.5 L 28.6 L 3.1 16.8 56.8

Figure 34 Conducted emissions at 230 V AC-line and 3 W load - greater than 16 dB margin

Transducer NNB41.trd
Limit Line EN 55022 class B CE
PK AV QP
dBuvV 80
60
—t
S
S

-20 T T e s o T T L e o o T
02 05 1 2 5 10 20
0.15MHz 30 MHz

Frequency  Level Pk Level AV Level QP Limit AV Limit QP

g.474a N 43.1 N 16.6 N 33.5 46.4 56.4
@.5768 N 43.2 N 28.8 N 35.8 46.8 56.8
1.8928 N 44.5 N 19.9 N 35.1 46.8 56.8
2.8948 N 42.8 N 22.8 N 35.8 46.8 56.8

Figure 35 Conducted emissions at 230 V AC-neutral and 3 W load - greater than 20 dB margin
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Waveforms

11.18 ESD immunity (EN 61000-4-2)

This system was subjected to a +8 kV ESD test according to EN 61000-4-2 for both contact and air discharge. A
test failure was defined as non-recoverable.

e Airdischarge: pass 8 kV; contact discharge: pass + 8 kV.

Table 7 System ESD test result
Lo ESD Number of strikes
Description Level Test result
test +Vour -Vour
Contact +8 kV 10 10 Pass
115VAC,3W -8 kV 10 10 Pass
(5V,8.30Q) Air +8 kV 10 10 Pass
-8 kV 10 10 Pass
Contact +8 kV 10 10 Pass
230VAC,3W -8 kV 10 10 Pass
(5V,8.30) Air +8 kV 10 10 Pass
-8 kV 10 10 Pass
11.19 Surge immunity (EN 61000-4-5)

This system was subjected to a surge immunity test (+2 kV DM and +4 kV CM) according to EN 61000-4-5. A test
failure was defined as a non-recoverable.

e DM: pass +2 kV*; CM: pass +4 kV*.

Table 8 System surge immunity test result
.. Number of strikes
Description Test Level o° | 90° | 180° | 270° Test result
+2 kV L>N 3 3 3 3 Pass?
DM
-2 kv L>N 3 3 3 3 Pass!
115VAC,3W +4 kV L>G 3 3 3 3 Pass!
(5V,8.30Q) M +4 kV N->G 3 3 3 3 Pass!
-4 kV L>G 3 3 3 3 Pass?
-4 kV N->G 3 3 3 3 Pass!
DM +2 kV L>N 3 3 3 3 Pass!
-2 kv L>N 3 3 3 3 Pass?
230VAC,3W +4 kV L>G 3 3 3 3 Pass?
(5V,8.30Q) M +4 kV N->G 3 3 3 3 Pass?
-4 kV L>G 3 3 3 3 Pass’
-4 kV N->G 3 3 3 3 Pass’
1 1. Change F1to0 36911600000 (300 V, 1.6 A time-lag fuse).
2. Change VAR to B7220752301K101 (300 V, 0.25 W varistor).
3. Disable line OVP by clamping Vin pin voltage less than 2.75V (add 2.4 V Zener diode at Vin pin to GND pin).
Application Note 32 0f43 V1.0
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12 Appendix A: Transformer design and spreadsheet [3]
Project ICESAR4770AG
Application 85~264VACand 3W (5V, 0.6 A) single-output, isolated flyback
CoolSET™ ICE5AR4770AG
Date 18 June 2018
Revision 0.2

Equation numbers are according to the Design Guide.
Select component values based on standard values available.
Voltage/current rating does not include design margin, voltage spikes and transient currents.
In “Output regulation”, only fill in either isolated or non-isolated, whichever is applicable.
| Description Eq. # Parameter Unit Value
Input, output, CoolSET™ specs
Line input

Output 1 specs

Auxiliary

Power

Controller/CoolSET™

Diode bridge and input capacitor
Diode bridge

Input capacitor
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Transformer design
Drain voltage and current waveform

A —
a A
= — E
_ E
£ =
£ =
2 5
& =
= : : v -
0 < ton bl‘ toff bl t
|p ‘ KRF=AI/2|AV |p ‘ KRFAVZ'AV
>
0 t

Primary inductance and winding currents

Select core type

Winding calculation

Application Note 340f43 V1.0
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Post calculation

Transformer winding design

Primary winding

Secondary 1 winding

RCD clamper and CS resistor
RCD clamper circuit

CS resistor

Ouput rectifier
Secondary 1 output rectifier

Application Note 350f43 V1.0
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Vcc diode and capacitor

Calculation of losses
Input diode bridge

Transformer copper

Output rectifier diode

RCD clamper circuit

CS resistor

MOSFET

Application Note 36 0f 43 V1.0
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Controller

Effi uency after losses

CoolSET""/ MOSFET temperature

Line OVP

Output regulation (isolated using TL431 and optocoupler)
Isolated FB circuit

Voun

semennriiasd

- ]

TL431 R26

Output regulation

Optocoupler and TL431 bias
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Regulation loop

Output regulation (non-isolated)
Final design
Electrical

Transformer
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Components

Regulation components (isolated using TL431 and optocoupler)
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Appendix B: WE transformer specification

CUSTOMER TERMINAL]JRoHS JLEAD(Pb)-FREE] Ll
Sn 96%, Ag 4% | Yes | Yes |
We—-
Z
— DOT LDCATES TERM. g1 — . —
. Vo " . WLIRTH ELEKTRONIK
TERW. KOs FOR REF. ONLY o 133 e k oy S ELECTRICAL SPECIFICATIONS @ 25° C unless otherwise noted:
— — . . \
- ' : PARAMETER TEST CONDITIONS VALUE
L5 mas . = s [E D.C. RESISTANCE 2-1 @20°C 3.52 ohms_max.
T Dmed TR 344038 D.C. RESISTANCE 45] @20°C 0.883 ohms_max
- = — ) L. D.C. RESISTANCE 96 @20°C 0.053 ohms_max.
_ = ! £ I INDUCTANCE 241 100kHz, 1000mVY, Ls 1.96mH +10%
LOT CODE & DaTE CODE LEAKAGE INDUCTANCE 2-1| tie(4+5+6+9),100kHz, 100mV, Ls 44pH max
DIELECTRIC 1-8]  tie(2+4), 5000¥DC, 1 second
TURNS RATIO (2-1):(4-5) 451, +2%
- TURNS RATIO (2-1):(9-6) 12.6:1, £2%
- 125(3)
- 28]
- - — -
[} - 048 RCF.[8)
-l L [1.21]
100(4) F g AN ¥
1254
REFERENCE LAKD SIZE . '"‘L"‘J’;" (3)
STOMER TO DETERMINE LAND LAYOUT
N L] Ld
PRI — — e
85-265Vac — SEC
100KHz 5V=0.6A GENERAL SPECIFICATIONS:
| ~ ( ~ ‘7' OPERATING TEMPERATURE RANGE: -40°C to +125°C including temp rise.
e - Designed to comply with the following requirements as defined by IECE0950-1,
{ ENB0950-1, ULB0950-1/CSABDS50-1 and ASINZSE0950.1-
R . - Reinforced insulation for a primary circuit at a working voltage of 265Vrms, 400V/peak, Overvoltage Category |1,
AlX Polution Degree 2.
15V=0.054A
|
Wire insulation & RoHS status not affected by wire color. Wire insulation color may vary depending on availability.
il Packaging Specifications _'_/J\ - |Tolerances unless otherwise specitied DRAWING TITLE ART NO.
DATE Method: Tape & Reel Loy Angles: £1° Decimals: +.005 [.13]
P (@ oo : £005 113 TRANSFORMER
ENG HJH |PKG-1043 Fractions: £1/64 Foofprint: £+ 005 [13] 750344058
REV 02 convenTion PLaceMeNT]  This drawing is dual dimensioned. Dimensions in
DATE [2018-08-21 www wa-snine.camlmiacam brackets are in millimeters. ISPECIFICATION SHEET 1 OF 1
Figure 36 WE transformer specification
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331

\_

J



mailto:sales@st-electron.ru

