active-semi

Solutions for Sustainability

5V/9V/12V Output USB Auto Detect+USB-PD Type-C

Application Report

e s

FEATURES

B Wide input voltage range from 6V to 32V
B Transparent input voltage surge up to 40V
B USB auto detect, support Apple, Samsung and BC 1.2
B Interface for USB-PD Type-C output voltage control 5V/9V/12V
B 2.4A output with Constant current regulation
B 125kHz switching frequency
B Standby input current <ImA
B Good EMC performance
B Under voltage protection at output short
B <6mA average output current at output short
B Output over voltage protection
B Output cord compensation
B Thermal shutdown protection
SPECIFICATION
DESCRIPTION CONDITION MIN TYP MAX UNITS
Output current limit range 2400 2650 2900 mA
Vin=12V,ouput 5V/2.4A 46
Vin=12V,ouput 9V/2.4A 27
, Vin=12V,ouput 11.6V/2.4A 19
Ripple Voltage . mVpp
Vin=24V ouput 5V/2.4A 59
Vin=24V,ouput 9V/2.4A 72
Vin=24V,ouput 12V/2.4A 80
Vin=12V,ouput 5V/2.4A 89.6
Vin=12V,ouput 9V/2.4A 94.9
. Vin=12V,ouput 12V/2.4A 96.7
Efficiency at full load : %
Vin=24V,ouput 5V/2.4A 87.7
Vin=24V,ouput 9V/2.4A 92.4
Vin=24V,ouput 12V/2.4A 93.9
ENVIRONMENTAL
Contact 8 kv
ESD -
Through air 15 kv
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1. DEMO BOARD PHOTO

2. PCB LAYOUT

PCB SIZE: 39.4mm*15.0mm
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3. SCHEMATIC

PDC is high,Vout=12V 12V 5V 9V
PDC is low,Vout=9V ®
PDC is float,Vout=5V J1 =
p c5 R2
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4. BILL OF MATERIALS

Iltem | Reference Description QTY Manuf.
1 L1 Choke Caoil, Dip, T9*5*4mm, phi=0.6mm, L=47uH 1
2 D1 Schottky Diode, SK54BL, 40V/5A, SMB 1 Panjit
3 C1 Electrolytic capacitor, 47uF/35V, 6.3x8mm 1 Koshin
4 Cc2 Ceramic capacitor, 10uF/35V, X7R, 1206 1 Murata/TDK
5 C3 Ceramic capacitor, 2.2uF/35V, X7R, 0805 1 Murata/TDK
6 C4 Ceramic capacitor, 2.2nF/25V, X7R, 0603(optional) 1 Murata/TDK
7 C5 Ceramic capacitor, 22nF/25V, X7R, 0603 1 Murata/TDK
8 C6 Electrolytic capacitor, 220uF/16V, 7x11.5mm 1 Koshin
9 C7 Ceramic capacitor, 10uF/16V, X7R, 0805 1 Murata/TDK
10 C9 Ceramic capacitor, 2.2uF/16V, X7R, 0603 1 Murata/TDK
1 Fl I(: lléseeﬁlsgdlﬁs(?)ﬂ 0805 chip resistor ) 1 Murata/TDK
12 R1 Chip Resistor, 5.1Q, 1/8W, 5%, 0805(optional) 1 Murata/TDK
13 R2 Chip Resistor, 0Q, 1/10W, 5%, 0603 1 Murata/TDK
14 R3/R4 Chip Resistor, 50mQ, 1/4W, 1%, 1206 2 Murata/TDK
15 R5 Chip Resistor, 470K, 1/10W, 5%, 0603 1 Murata/TDK
16 ZD1 Zener diode,MMSZ5226BS,3.3V,SOD-323 1 Panijit
17 Ul IC, ACT4527, SOP-8-EP 1 ACT
18 USB USB Rev: A 1
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5. FUNCTIONAL TEST

5.1. Output Regulation (on PCB board)

Vout=5V (With cord compensation)

Minimum Maximum .
VIN Output Voltage(V) | Output Voltage(V) Load Regulation lload
10V 5.09 5.22 2.5%
12v 5.09 5.22 2.5%

0A-2.4A
16V 5.09 5.22 2.5%
24V 5.09 5.022 2.5%
Vout=9V(With cord compensation)

Minimum Maximum .
VIN Output Voltage(V) | Output Voltage(V) Load Regulation lload
10v 9.21 9.34 1.4%
12v 9.21 9.21 1.4%

0A-2.4A
16V 9.21 9.34 1.4%
24V 9.21 9.34 1.4%
Vout=12V(With cord compensation)

Minimum Maximum .
VIN Output Voltage(V) | Output Voltage(V) Load Regulation lload
10v 9.61 10.05 4.5%
12v 11.56 11.91 3.0% OA-2.4A
16V 12.19 12.32 1.1% '
24V 12.19 12.32 1.1%
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5.2. Efficiency (Ta=257C)

VIN Vout=5V Efficiency (%)
lo=100mA 10=1000mA 10=1500mA 10=2000mA 10=2400mA
10v 88.94 93.12 92.14 91.15 90.04
12v 86.30 92.11 91.46 90.43 89.55
16V 83.16 90.69 90.43 89.44 88.96
24V 75.49 88.72 88.70 88.44 87.73
4 ™
Efficiency (Vout=5V}
95.00
92.00 K\
—
/\\
;\? 89.00 r / —
§ 2500 / —Vinz10V
z —Vinz12V
] ]
5 e300 - Lo
m VinFzZ4v
20.00
s} 507 1002 1500 2000 2500
L Load Current(mA}
VIN Vout=9V Efficiency (%)
l10=100mA 10=1000mA l0o=1500mA 10=2000mA 10=2400mA
10V 94.72 97.48 96.83 96.25 95.39
12v 93.70 96.68 96.15 95.43 94,91
16V 89.93 94.88 94.55 93.89 93.56
24V 89.23 92.80 92.89 92.68 92.39

Efficiency (Vout=8V})

106000
e —— e —

ac.00
=23
2 —Vinz10V
g | —Ving12V
£ 5200 +f — V18V
1T}

Ving24V
5C.00 -
0 £00 1003 1500 2000 2500
Load Current(mA)
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VIN Vout=12V Efficiency (%)
[0=100mA 10=1000mA 10=1500mA [0=2000mA 10=2400mA
12v 97.94 98.31 97.73 97.11 96.66
16V 92.91 96.72 96.34 95.97 95.60
24V 90.74 94.33 94.52 94.30 93.90
s N
Efficiency {Vout=12V)
160.50
-__--_---_'_'—'—-—
e m——
%
o
£ Vin=24V
W 6500 -
50.50 -
0 500 1000 1500 2000 2500
Load Current{mA}
. A

5.3. Power Loss

Vi Vout=5V Power loss (W)
in
l0=0mA 10=100mA 10=1000mA [0=1500mA | 10=2000mA | 10=2400mA
Vin=10V 0.01 0.06 0.38 0.66 1.01 1.39
Vin=12V 0.01 0.08 0.44 0.72 11 1.46
Vin=16V 0.02 0.10 0.53 0.82 1.23 1.56
Vin=24V 0.02 0.17 0.65 0.99 1.36 1.75
Ploss VS Load current(Vout=5V)

2.00

1.80

1.60 >

—Vin=10V
1.40 'r\’:gﬂw | o
& 0.60 '//7

0.40

0.20 +— ,/

0.00

0 500 1000 1500 2000 2500
Load current(mA)
. /
Vin Vout=9V Power loss (W)
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—Vin=10V

l0=0mA 10=100mA 10=1000mA 10=1500mA 10=2000mA 10=2400mA
Vin=10V 0.05 0.05 0.24 0.46 0.73 1.08
Vin=12V 0.02 0.06 0.32 0.56 0.89 1.2
Vin=16V 0.03 0.10 0.50 0.80 1.21 1.54
Vin=24V 0.02 0.11 0.72 1.07 1.47 1.85
2.00
1.80 s |
1.60
~
~
P
=
0 500 1000 1500 2000 2500
Load current(mA)
N A
vi Vout=12V Power loss (W)
in
lo=0mA l0=100mA 10=1000mA [0=1500mA | 10=2000mA | 10=2400mA
Vin=12V 0.04 0.03 0.20 0.41 0.69 0.96
Vin=16V 0.05 0.09 0.42 0.70 1.03 1.36
Vin=24V 0.05 0.12 0.74 1.07 1.49 1.92
g ™
2.00

—Vin=16V
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5.4. Constant Current and Constant Voltage (Ta=25C)

Vout=5V Vin=12V Vin=16V Vin=24V
Vout (V) | lout(mA) | Vout (V) | lout (mA) | Vout (V) | lout (mA)
5.00 0 5.09 0 5.00 0
e 5.12 500 5.12 100 5.12 100
Load | 5.4 1000 5.14 1000 5.14 1000
5.17 2000 5.17 2000 5.17 2000
5.22 2400 5.22 2400 5.22 2400
4.95 2537 4.85 2536 4.85 2533
48 2537 4.75 2536 4.75 2533
45 2537 45 2536 45 2533
4 2537 4 2536 4 2533
e 3.5 2537 35 2537 35 2533
3 2538 3 2537 3 2533
2.8 2538 25 2537 25 2533
2.6 2212 2.4 2240 2.4 2340
25 0 25 0 25 0
4]
5 — — — : i

Vin=12V

T00

Output current(mA)

900 1100 1300 1500 1700 1900 2100 2300 2500 2700
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Vout=9V Vin=12V Vin=16V Vin=24V
Vout (V) | lout(mA) | Vout (V) | lout (mA) | Vout (V) | lout (mA)
9.21 0 9.21 0 9.21 0
cc 9.24 500 9.24 500 9.24 500
Load 9.27 1000 9.27 1000 9.27 1000
9.3 2000 9.3 2000 9.3 2000
9.34 2400 9.34 2400 9.34 2400
9 2542 9 2535 9 2529
8 2543 8 2535 8 2529
7 2543 7 2535 7 2529
cV 6 2544 6 2535 6 2555
Load 5 2544 5 2535 5 2548
4 2544 4 2547 4 2610
3 2543 3 2535 3 2525
2.5 0 2.5 0 2.5 0
4 ™
CVICC Profile(Vout=9V)
10 I I I —
9 — — S— — N
8
7 Vin=12Vv
;5 Vin=18V
o4 Vin=24V -
s — DN

L o 300 600 900

Output current(mA)

1200 1500 1800 2100 2400 2700 J
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Vout=12V Vin=12V Vin=16V Vin=24v
Vout (V) | lout(mA) | Vout (V) | lout (mA) | Vout (V) | lout (mA)
12.19 0 12.19 0 12.19 0
12.22 500 12.22 500 12.22 500
CCload 71594 1000 | 1224 | 1000 | 12.24 1000
123 1500 123 1500 123 1500
12.32 2400 | 1232 | 2400 | 12.32 2400
1 2538 15 2533 12 2530
10 2538 10 2533 10 2530
9 2539 9 2534 9 2530
8 2539 8 2534 8 2530
v Lond 7 2540 7 2534 7 2545
6 2541 6 2535 6 2545
5 2540 5 2557 5 2540
4 2541 4 2625 4 2642
3 2540 3 2530 3 2521
25 0 25 0 25 0

CVICC Profile(Vout=12V)

) L
12 \\

10

Vim=d4 2/

- B - ‘ B - 1T 77777);

0 300 600 900 1200 1500 1800 2100 2400 2700
Output current(mA})
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5.5. Standby Input Current

Vout=5V
Test Input Current Power Loss at No Load
Conditions (mA) (mW)
Vin=10V 0.75 7.5
Vin=12V 0.7 8.4
Vin=16V 0.84 134
Vin=24V 0.69 16.6
Vout=9V
Test Input Current Power Loss at No Load
Conditions (mA) (mW)
Vin=10V 3.94 394
Vin=12V 1.69 20.3
Vin=16V 1.35 21.6
Vin=24V 1.06 254
Vout=12V
Test Input Current Power Loss at No Load
Conditions (mA) (mW)
Vin=12V 2.13 25.6
Vin=16V 2.13 34.1
Vin=24V 1.56 37.4
Active-Semi, Inc. - 12 - www.active-semi.com
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5.6. Ripple and Noise
CH1:Vsw, CH2:Vout2

Vin=10V Vout=5V lout=0A Vin=10V Vout=5V lout=1A Vin=10V Vout=5V lout=2.4A

— ) = =,

Toms

Vin=24V Vout=5V lout=0A Vin=24V Vout=5V lout=1A Vin=24V Vout=5V lout=2.4A

Vin=10V Vout=9V lout=0A Vin=10V Vout=9V lout=1A Vin=10V Vout=9V lout=2.4A

Vin=24V Vout=9V lout=0A Vin=24V Vout=9V lout=1A Vin=24V Vout=9V lout=2.4A
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Vin=12V Vout=12V lout=0A Vin=12V Vout=12V lout=1A Vin=12V Vout=12V lout=2.4A

Ripple & noise are measured by using 20MHz bandwidth limited oscilloscope

Test Conditions Vout=5V Vout=9V Vout=12V
Risp‘fgz“mtv) lout=0A | lout=1A | lout=2.4A | lout=0A | lout=1A | lout=2.4A | lout=0A | lout=1A | lout=2.4A
Vin=10V 20 30 39 16 1 14 13 14 17
Vin=12V 25 34 46 15 21 27 11 15 18
Vin=16V 34 38 52 22 38 51 21 30 38
Vin=24V 36 43 59 44 54 73 46 60 80

Active-Semi, Inc. - 14 - www.active-semi.com
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5.7. Load Dynamic Response

CH2:Vout ripple, CH4:lout

Vout=5V
Vin=24V, load step 0A-0.5A- OA Vin=24V, load step 0.5A-1A-0. 5A

Vout=9V
Vin=24V, load step 0A-0.5A- OA Vin=24V, load step 0.5A-1A-0. 5A

Vout=12V

Active-Semi, Inc. - 15 - www.active-semi.com
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Vin=24V, load step 0A-0.5A -0A Vin=24V, load step 0.5A-1A-0.5A

Vin=24V, load step 1A-1.5A-1A Vin=24V, load step 1.5A-2.4A-1.5A

I e, e I . e T

5.8. Output Voltage Transient
CH2:Vout,CH3:Vsw,CH4:IL

Vin=12V,lout= OA Vout 5V—>9V Vin=12V,lout= OA Vout 9V—>5V

@ 50V & 125MS/ 7 H "6 Jul_2015) 2015 @ 500V &
13:25:53

H 50.0MS/s K
> vzoo 000us 5M points _ 7.10V )

HII v200 000us _5M points _ 7.10 V. le 27:31

Vin=12V,lout=0A,Vout 9V—>12V Vin=12V,lout=0A,Vout 12V—>5V

5.00V & H-t.oo H
B+v0.000005 1M points  11.0V  [14:05:09

25.0MS/s T 13 Jul 2015
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Vin=12V,lout=2.4A,Vout 5V—>9V Vin=12V,lout=2.4A,Vout 9V—>5V

" H-l 00ms; 125MS/s @ T ‘l 6 Jul 2015 5.00V & H-l.ooms 25.0MS/s T leJul 2015
+v200.000ps 5M points  7.10V. 3:26:25 @+v0.00000s 1M points _ 11.0V. 14:03:49

5.00V &

500V & H-l_noms 25.0MS/s 7 ‘13 Jul 2015‘ 500V & H-noo;xs 250MS/S 1 Hn Jul_2015
©5v0.00000s 1M points 1.0V J14:03:49 W+~-20.0000us 1M points _ 8.60 v J14:00:59

5.9. Line Dynamic Response(Vin change from 12V to 40V, 0.1V/us)

CHZ1:Vin, CH2:Vout ripple , output 5V/2.4A
Vin=12V-40V 7 Vin=40V-12V

Active-Semi, Inc. - 17 - www.active-semi.com
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5.10.Key Components Temperature Test ( burning for 2 hours)

Vout=5V
Vinflout | AAmbient PCB IC Schottky | Inductor
() (C) (C) (C) ('C)
12V/2.4A 33 92 95 97 o5
16V/2.4A 33 97 99 104 101
24V/2.4A 33 101 104 109 106
Vout=9V
Vinflout | Ambient PCB IC Schottky | Inductor
() (€) (C) (C) (C)
12V/2A 33 74 75 73 72
16V/2A 33 84 85 88 83
24V/2A 33 92 93 9% o1
Vout=12V
Vinflout | Ambient PCB IC Schottky Inductor
©) (©) () () ()
12V/2A 37 72 75 66 —
16V/2A 38 81 85 78 83
24V/[2A 39 92 96 90 95

Active-Semi, Inc.
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6. EMITEST

6.1. Output 5V
Vin=12V Output 5V2.4A Horizontal

Data: 23
BOL‘WQI {dBuVIm|
70)
&)
50| EN 55022 CLASSE
q0———
p 1 LW
20)
1)
Y30 100. 200, 300. 400, 500. 00, T00. 800, g00. 1000
Frequency (MHz}
Site : chamber
Condition : EN 55822 CLASS B 3m VULBS9168 HORIZONTAL
EUT %
Model Mame : 5
Temp/Humi = 5% f 53 %
Power Rating: AC 23@V/58Hz
Mode 4
Memo
ReadAntenne Cable Preamp Limit  Over
Freq Level Factor Loss Factor Level Line Limit Remark Factor
MHz  dBuV  dB/m dB d8 dBuV/m dBuV/m dB dB/m
1 55.22 16.32 12.40 1.80 0.88 29.72 40.00 -18.28 Peak 13.48
2pp 12489 21.86 12.27 1.51 @.8@ 35.64 48.08 -4.36 Peak 13.78
Vin=12V Output 5V2.4A Vertical
Data: 22
0 Level (dBuVim}
70
1]
i) T T T I | EN 55022 CLASSH
40
20
20
10
30 100, 200, 300, 400. 500, 600, T00. 800, 00, 1000
Frequency (MHz}
Site : chamber
Condition : EM 55822 CLASS B 3m VULBO160 VERTICAL
EUT %
Model Mame : &
Temp/Humi : IC f 53 %
Power Rating: AC 230V/58Hz
Mode 3
Memo H
ReadAntenna Cable Preamo Limit Over
Freq Level Factor Loss Factor Level Line Limit Remark Factor
MHz  dBuwW  dB/m dB d8 dBuV/m dBuV/m dB dB/m
1 pp 55.22 17.71 12.48 1.88 0.88 31.11 40.88 -39.89 Peak 13.48
2 123.12 15.33 12.27 1.5 0.9 29.18 40.68 -16.90 Peak 13.77
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6.2. Output=9V

Vin=12V Output 9V2.4A Horizontal

Data: 24
o Level (dBuVim}

70|

&0

50)

EN 55022 CLASSE

- —

L afmediha b iy
3611 z W

20
10
30 100, 200. 300, 400. 500, 00, 700, B00. S00, 1000
Frequency (MHz}
Site : chamber
Condition EN 55822 CLASS B 3m VULBS160 HORIZONTAL
EUT :
Model Name : 7
Temp,/Humi 25°C f 53 %
Power Rating: AC 23@V/58Hz
Mode :
Memo
ReadAntenne Cable Preamp Limit  Over
Freq Lewvel Factor Loss Factor Level Line Limit Remark Factor
MHz  dBuVW  dB/m dB d8 dBuV/m dBuV/m dB dB/m
1pp 72.65 19.13 9.87 1.12 0.80 30.12 406.00 -9.88 Peak 16.99
2 133.79 12.29 12.32 1.61 ©.89 26.82 48.88 -13.18 Peak 14.53

Vin=12V Output 9V2.4A Vertical

Data: 25
a0, Level (dBuVim|
70)
B0
50 EM 55022 CLASSE
a0
. by
ag|—
20)
10)
Y30 100, 200, 300, 400. 500, 600, T00. &00. 800, 1000
Frequency (MHz}
Site : chamber
Condition EN 55022 CLASS B 3m VULB316@ VERTICAL
EUT :
Model MName : 7
Temp/Humi + 25°C f 53 %
Power Rating: AC 23@V/58Hz
Mode -
Memo
Readintenna Cable Preamp Limit Over
Freq Level Factor Loss Factor Level Line Limit Remark Factor
MHz  dBuwW  dB/m ds dB8 dBuV/m cBuV/m dB dB/m
73.65 16.69 9.87 1.12 @.80 27.68 40.80 -12.32 Peak 18.99
2 pp 133.79 13.5@ 12.92 1.61 ©.88 28.83 48.08 -11.97 Peak 14.53
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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