active-semi

Solutions for Sustainability

5V/I9V/12V Output QC2.0+USB Auto Detest+USB-PD Type-C
Application Report

ACT4529

FEATURES

B Wide input voltage range from 6V to 32V
B Transparent input voltage surge up to 40V
B QC2.0 decoding, 5V/9V/12V output voltage regulation
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 Qutput over voltage protection
B Qutput cord compensation
B Thermal shutdown protection
SPECIFICATION
DESCRIPTION CONDITION MIN TYP MAX UNITS
Output current limit range 2400 2650 2900 mA
Vin=12V,0uput 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
o 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=24Vouput 12V/2.4A 93.9
ENVIRONMENTAL
Contact 8 kv
ESD -
Through air 15 kv
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1. DEMO BOARD PHOTO
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2. PCB LAYOUT
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3. SCHEMATIC
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4. BILL OF MATERIALS

Item | 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/ T DK
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 Cc7 Ceramic capacitor, 10uF/16V, X7R, 0805 1 Murata/TDK
10 C9 Ceramic capacitor, 2.2uF/16V, X7R, 0603 1 Murata/TDK
1 i I(: llj?se(zlsgdlgse(s)() 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 Panjit
17 Ul IC, ACT4528, 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)

VIN Outpht/ljitn\i/rgll:ang]le(V) Outpl\flj?)ii/?ltjer\‘rg;e(V) Load Regulation lload
10v 5.09 5.22 2.5%

12v 5.09 5.22 2.5%

16V 5.09 5.22 2.5% N
24V 5.09 5.022 2.5%

Vout=9V(With cord compensation)

VIN Outpl\ﬂitn\i/rglltjz;ge(V) Outphfj?ﬂg}tj;z]e(V) Load Regulation lload
1o0v 9.21 9.34 1.4%

12v 9.21 9.21 1.4%

16V 9.21 9.34 1.4% OA2an
24V 9.21 9.34 1.4%

Vout=12V(With cord compensation)

VIN Outpl\ﬂitn\i/r(])qlttlz;j:;e(V) Outpl\ﬂl?)ii/gqltjzge(V) Load Regulation lload
1ov 9.61 10.05 4.5%

12v 11.56 11.91 3.0% OA-2 4A
16V 1249 12.32 1.1%

24V 12.19 12.32 1.1%
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5.2. Efficiency (Ta=25C)

VIN Vout=5V Efficiency (%)
10=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
' )
Efficiency (Vout=5V)
95.00
il
92.00 f“\ %
[———==
I 89.00
§ 86.00 4 —Vinz10V
2 —Vinz12V
£ —Vinz16V
w8300 7 Vinz24V
80.00 -
0 500 1000 1500 2000 2500
Lead Current(mA)
| J
VIN Vout=9V Efficiency (%)
10=100mA 10=1000mA l0=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
'd )
Efficiency (Vout=8V)
100.00
;\.‘:?
"2 90.00 -
? —Vinz10V
o ‘ —Vinz12V
L il P
e 85.00 + —Vins 16V
w Vinz24V
80.00
0 500 1000 1500 2000 2500
Load Current(mA)
\. J
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VIN Vout=12V Efficiency (%)
10=100mA 10=1000mA 10=1500mA 10=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
( ~\
Efficiency (Vout=12V)
100.00
\
-—\
’-'—_'—'—-_\—._._
95.00 ‘ | I—
g 90007 —VinE10V
% —\Vinz16V
= ' Ving24V
W 85.00 A
80.00 1
0 500 1000 1500 2000 2500
Load Current(mA)
\ J
5.3. Power Loss
Vi Vout=5V Power loss (W)
in
lo=0mA 10=100mA 10=1000mA 10=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 1.1 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
e ~
Ploss VS Load current(Vout=5V)
2.00
1.80
1.60
140 —Vin=10V 74
A0 T —vin=12v
120 1| —vin=tev 7
= Vin=24V //
go.so ;/
0.40 //
0.20 {— =
0.00
0 500 1000 1500 2000 2500
Load current(mA)
J
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Vi Vout=9V Power loss (W)
in
[0=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
e ~
Ploss VS Load current (Vout=9V)
2.00
1.80 S
1.60 _
140 J{—Vvin=1ov yd
100 L —\Vin=16V
= Vin=24V
%1-00 T —Vin=12Vv / -
0 //
0 060 = //
0.40 e =
0.20 —= —
0.00 V/—/—
0 500 1000 1500 2000 2500
Load current(mA)
\_ J
Vi Vout=12V Power loss (W)
in
l10=0mA 10=100mA 10=1000mA [0=1500mA | 10=2000mA | lo=2400mA
Vin=12V 0.04 0.03 0.20 041 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
(" N\
Ploss V8 Load current (Vout=12V)
2.50
2.00
—Vin=10V
~150 +— =—Vin=16V
=3 Vin=24v /
@
©1.00 -
o //
0.50 1
0 500 1000 1500 2000 2500
Load current(mA)
\. J
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5.4. Constant Current and Constant Voltage (Ta=25° )

Vout=5V Vin=12V Vin=16V Vin=24V
Vout (V) | lout(mA) | Vout (V) | lout (mA) | Vout (V) | lout (mA)
5.09 0 5.09 0 5.09 0
cc 5.12 500 5.12 100 5.12 100
Load 5.14 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
4.8 2537 4.75 2536 4.75 2533
4.5 2537 4.5 2536 4.5 2533
4 2537 4 2536 4 2533
e 35 2537 35 2537 35 2533
3 2538 3 2537 3 2533
2.8 2538 25 2537 25 2533
2.6 2212 24 2240 2.4 2340
25 0 25 0 25 0
. ™
CVICGC Profile(Vout=5V)
N
>
8 11—
Vin=12V
Vin=18Y
Vin=24V
700 900 1100 1300 1500 1700 1900 2100 2300 2500 2700
Output current(mA)
\ J
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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
cvV 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
g ™
CVICC Profile(Vout=9V)
10
- B — B ——
8 —
7 Vin=12Vv ||
6
25 Vin=16V
§ 4 Vin=24V |
sl T 1 1 )
, —T—T
1
0
o 300 600 900 1200 1500 1800 2100 2400 2700
Output current(mA)
\_ /
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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 504 1000 | 1224 | 1000 | 12.24 1000
12.3 1500 12.3 1500 12.3 1500
12.32 2400 12.32 2400 12.32 2400
11 2538 11.5 2533 12 2530
10 2538 10 2533 10 2530
9 2539 9 2534 9 2530
8 2539 8 2534 8 2530
7 2540 7 2534 7 2545
CV Load
6 2541 6 2535 6 2545
5 2540 5 2557 5 2540
4 2541 4 2625 4 2642
3 2540 3 2530 3 2521
2.5 0 2.5 0 2.5 0
s ™
CVICC Profile(Vout=12V)
) [ [ [
12 == ’-\—
10
<8 Vin=12V
33‘6 Vin=16V !7
= Vin=24V I\
4 1l v,
] J N R N
2
4]
0 300 600 800 1200 1500 1800 2100 2400 2700
Output current{mA)
A J
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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 39.4
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

Active-Semi, Inc. - 13 - www.active-semi.com
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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
.OUtPUt lout=0A | lout=1A | lout=2.4A | lout=0A | lout=1A | lout=2.4A | lout=0A | lout=1A | lout=2.4A
Ripple(mV)
Vin=10V 20 30 39 16 11 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-0A Vin=24V, load step 0.5A-1A-0.5A

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

Active-Semi, Inc. - 15 - www.active-semi.com
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Vout=12V
Vin=24V, load step 0A-0.5A -0A Vin=24V, load step 0.5A-1A-0. 5A

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

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

Active-Semi, Inc. - 16 - www.active-semi.com
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Vin=12V,lout=2.4A,Vout 5V—>9V

u L'}

u

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 % _ Vin=40V-12V
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5.10.Key Components Temperature Test ( burning for 2 hours)

Vout=5V
Vin/lout Ambient PCB IC Schottky Inductor
() (<) () () ()
12Vv/2.4A 33 92 95 97 95
16V/2.4A 33 97 99 104 101
24V/[2.AA 33 101 104 109 106
Vout=9V
Vin/lout Ambient PCB IC Schottky Induetor
() (€) (©) (©) (©)
12V/I2A 33 74 75 73 72
16V/I2A 33 84 85 88 83
24V/[2A 33 92 93 96 91
Vout=12V
Vin/lout Amobient POCB I°C Schoottky Indyctor
(€) (©) (9 (<) (<)
12VI2A 37 72 75 66 72
16V/2A 38 81 85 78 83
24V/[2A 39 92 96 90 95
Active-Semi, Inc. - 18 - www.active-semi.com
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6. EMITEST

6.1. Output 5V

Vin=12V Output 5V2.4A Horizontal

Data: 23
o Leovel (dBuV/m)
70)
60)
50 EN 55022 CLASS B
407 "2’77 | l
1 idi e
30 WW e
2 \J’/w
10
30 100, 200. 300. 400. 500. 600. 700. 800. 900. 1000
Frequency {MHz)
Site : chamber
Condition : EN 55022 CLASS B 3m VULB3160 HORIZONTAL
EUT >
Model Name : 5
Temp/Humi : 25 [ 53 %
Power Rating: AC 230V/50Hz
Mode 2
Memo
ReadAntenne Cable Preamp 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 55.22 16.32 12.4¢ 1.9 0.80 29.72 40.00 -16.28 Pesk 13.40
2pp 124.09 21.86 12.27 1.51 ©0.99 35.64 40.00 -4.36 Peak 13.78
Vin=12V_Output 5V2.4A Vertical
Data: 22
80 Level (dBuV!m|
70
60)
50 EN 55022 CLASS B
40 ||
1 MMWWWM
& i et Mm
| b
204 )¢ VMW’
10
30 100, 200. 300. 400. 500. 600. 700. 800. 900. 1000
Frequency (MHz)
Site : chamber
Condition : EN 55022 CLASS B 3m VULB9160 VERTICAL
EUT :
Model Neme : 5
Temp/Humi s 5% F 5% %
Power Rating: AC 230V/50Hz
Mode 3
Memo 3
ReadAntenne Cable Preamp Limit Over
Freq Level Factor Loss Factor Level Line Limit Remark Factor
MHz  dBuV  dB/m ds d8 dBuV/m dBuV/m dB dB/m
1 pp 55.22 17.71 12.46 1.89 0.89 31.11 40.00 -8.89 Peak 13.40
2 123.12 15.33 12.27 1.580 0.99 29.19 40.09 -10.90 Peak 13.77
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6.2. Output=9V

Vin=12V Output 9V2.4A Horizontal

Data: 24
onLevel (dBuVim|
70)
60
50) EN 55022 CLASSE
4o—~7J
" AN SR e
30) 2 M
I
20 MW
10
30 100 200. 300. 400. 500. 600. 700. 800. 900. 1000
Frequency {MHz)
Site : chamber
Condition : EN 55022 CLASS B 3m VULB9160 HORIZONTAL
EUT 2
Model Name : 7
Temp/Humi :25"C / 53 %
Power Rating: AC 230V/50Hz
Mode 8
Memo
ReadAntenne Cable Preamp Limit  Over
Freq Level Factor Loss Factor Level Line Limit Remark Factor
MHz  dBuwW  dB/m dB d8 dBuV/m dBuV/m dB dB3/m
1pp 73.65 19.13 9.87 1.12 0.80 30.12 40.860 -9.88 Peak 10.99
2 133.79 12.29 12.92 1.61 ©0.99 26.82 40.89 -13.18 Peak 14.53
Vin=12V Output9V2.4A Vertical
Data: 25
o Level (dBuV.!m|
70
60)
50 EN 55022 CLASS B
40 ]
o bk
g ;
30—+——2 - dapprontsd
2 M
10)
30 100. 200. 300. 400. 500. 600. 700. 800. 900. 1000
Frequency {MHz)
Site : chamber
Condition : EN 55022 CLASS B 3m VULB9160 VERTICAL
EUT 2
Model Name : 7
Temp/Humi : 25C / 53 %
Power Rating: AC 230V/50Hz
Mode 2
Memo
ReadAntenne Cable Preamp Limit OQOver
Freq Level Factor Loss Factor Level Line Limit Remark Factor
MHz  dBuV  dB/m ds d8 dBuV/m cBuV/m dB dB/m
1 73.65 16.69 9.87 1.12 0.90 27.68 40.00 -12.32 Peak 10.99
2:pp: 133:79 13.50 12.92 1.61 ©0.99 28.83 46.89 -11.97 Peazk 14.53
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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
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