Dedicated Power Bank Solution

gctive semi ACT2801 Demo Board
Application Report

FEATURES

5V/1.5A input current limit

1.0A battery charge current

5V/1.2A boost output current

1.4A boost output constant current limit

5.0V+/- 100mV output voltage

Programmable 4.1V to 4.35V battery voltage

Single chip integration solution with minimal component count
Prioritized power path from input to output

92% charge efficiency and 94.5% efficiency for boost
Accommodation for 10mA-2100mA input source

Battery disconnected at output short to ground

1.1MHz switching frequencies allowing 2.2uH inductor

<10uA battery drain current in HZ mode

Boost shutsdown at no load and turns on by push button

4 LEDsindicating battery level and charge status with impedance compensation
Preconditioning, fast char ge, top off and end of charge in battery charge mode
Battery temperature monitoring and thermal protection

Low battery level alarm

4.6V battery over voltage protection

Chargecurrent foldback at 110°C dietemperature

IC over temperature protection

TQFN4x4-24 package

Rev 2.0, 05-Aug-2014

SPECIFICATION
Input Boost output Input current Battery charge Boost output
voltage voltage limit current current limit
4.7-55V 5.0V 1.5A 1A 1.4A
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3 BILL OF MATERIALS

Item Reference Description QTY | Manufacturer
1 L1 SWPA4020S1RONT 2.2uH 3.4A (4*4*2mm) 1 Sunlord
2 Q1 SI2333DDS, Rdson=28mQ at VGS =- 4.5V 1 Vishay
3 D1 SR22, Vf=0.5V, 20V Schottky 1 Panijit
4 D2 1N4148, Vf=0.7V, 75V Schottky 1 Vishay
5 c2,C5 Ceramic Capacitor, 22uF/10V, X7R, 1206 2 Murata/TDK
6 C3 Ceramic Capacitor, 4.7uF/10V, X7R, 1206 1 Murata/TDK
7 C4 Ceramic Capacitor, 0.1uF/10V, X7R, 0603 1 Murata/TDK
8 C6 Ceramic Capacitor, 10nF/10V, X7R, 0402 1 Murata/TDK
9 Cc7 Ceramic Capacitor, 4.7nF/10V, X7R, 0603 1 Murata/TDK
10 Ccs8 Ceramic Capacitor, 1uF/10V, X7R, 0603 1 Murata/TDK
11 C9,C10 Ceramic Capacitor, 39pF/10V, X7R, 0603, 2 Murata/TDK
12 C11,C12 Ceramic Capacitor, 2.2uF/10V, X7R, 0603 2 Murata/TDK
13 C13 Ceramic Capacitor, 4.7uF/10V, X7R, 0603 1 Murata/TDK
14 R1 Chip Resistor, 1.2kQ, 1/16W, 1%, 0402 1 Murata/TDK
15 R2 Chip Resistor, 50mQ, 1/4W, 1%, 1206 1 Murata/TDK
16 R3 Chip Resistor, 97.6kQ, 1/16W, 1%, 0402 1 Murata/TDK
17 R4 Chip Resistor, 60.4kQ, 1/16W, 1%, 0402 1 Murata/TDK
18 R5 Chip Resistor, 25kQ, 1/16W, 1%, 0402 1 Murata/TDK
19 R6 Chip Resistor, 10kQ, 1/16W, 1%, 0402 1 Murata/TDK
20 R7 Chip Resistor, 60kQ, 1/16W, 1%, 0402 1 Murata/TDK
21 R8 Chip Resistor, 100kQ, 1/16W, 1%, 0402 1 Murata/TDK
22 R9 Chip Resistor, 0.47Q, 1/8W, 5%, 0805 1 Murata/TDK
23 R10 Chip Resistor, 2.7Q, 1/4W, 5%, 1206 1 Murata/TDK
24 R11 Chip Resistor, 200kQ, 1/10W, 5%, 0603 1 Murata/TDK
25 R12,R13 Chip Resistor, 715kQ, 1/10W, 5%, 0603 2 Murata/TDK
26 R14 Chip Resistor, 100kQ, 1/10W, 5%, 0603 1 Murata/TDK
27 R15 Chip Resistor, 2.2Q, 1/10W, 5%, 0603 1 Murata/TDK
28 R16 Chip Resistor, 100Q, 1/10W, 5%, 0603 1 Murata/TDK
29 R18,R19 Chip Resistor, 22Q, 1/10W, 5%, 0603, Optional 2 Murata/TDK
30 LED1,LED?2, LED3,LED4 LED, 0603, Blue 4 LED Manu
31 PB Push Button Switch 1 Nikkai Omron
32 USB 10.2*14.6*7mm, 4P 1
33 Micro-USB MICRO USB 5P/F SMT B 1
34 Ul IC, ACT2801, T-QFN 44-24 1 ACT
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*C3 should be placed close to VIN and PGND; C2 must be placed across VOUT and PGND pins

5 FUNCTIONAL TEST

5.1 Battery Charge V/I profile

Battery Charge VIl Profile
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5.2 Power Path Function
Input
792 895 | 993 | 1092 | 1287 | 1312 | 1325 | 1330 | 1334 | 1343 | 1347 | 1355 | 1359
current(mA)
Output
0 100 | 200 | 300 | 500 | 600 | 800 | 900 | 1000 | 1100 | 1200 | 1300 | 1360
current(mA)
Charge
1021 | 1020 | 1021 | 1020 | 1017 | 923 | 680 | 551 | 430 | 312 | 194 78 0
current(mA)
(Test condition: Vin=5V, Vbat=3.5V, input current limit=1.5A, fast charge current=1.0A)
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5.3 Charge Efficiency
(Vin=5V and charge current set at 1000mA)
Battery voltage (V) 3.0 35 3.8 4.1
Efficiency (%) 89.6 91.3 92.0 92.2
Charge Efficiency
92. 5
s2.0 —
: —
= S1. 5
g 91.0 /
5;:3 90. 5
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90. 0 //
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89. 0
3.0 3.2 3.4 3.6 3.8 4.0 4.2
Vbat(V)
5.4 Boost Output Regulation (Measured at USB port)
Battery Output Voltage Output Voltage at Load
Voltage at 1A Output No Load Regulation
M) ) ) (%)
3.2 4.955 5.008 1.06
3.7 4.95 5.016 131
4.2 4.946 5.028 1.63
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5.5 Boost Efficiency and Power Loss (Ta=25C)

Efficiency (%)
Vbat
10=100mA [0=200mA 10=500mA 10=800mA 10=1000mA
3.2v 94.1 93.7 94.2 92.5 90.5
3.7V 95.3 94.8 95.5 94.0 92.7
4.2V 96.5 95.8 96.6 95.4 94.3

(Note: bigger inductor size can improve efficiency further)
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5.6 Boost Standby Power (Ta=25°C)

Battery Voltage(V) 3.2 3.7 4.2
Boost Standby Current(mA) 0.54 0.52 0.52
Boost Standby Power(mWw) 1.73 1.92 2.18

5.7 Boost Constant Current and Constant Voltage Regulation (Ta=257C)

Vbat=3.2V Vbat=3.7V Vbat=4.2V
Vout(V) | lout(mA) | Vout (V) | lout(mA) | Vout(V) | lout(mA)
5.008 0 5.017 0 5.024 0
5.004 100 4.944 100 4.999 100
4.988 200 4.987 200 4.997 200
CC Load 4.975 500 4.972 500 4.96 500
4.95 1000 4.95 1000 4.946 1000
4.944 1200 4.936 1200 4.932 1200
4.937 1300 4.929 1300 4.924 1300
4.9 1363 4.9 1381 4.9 1376
4.85 1357 4.85 1376 4.85 1375
4.8 1358 4.8 1373 4.8 1375
4.75 1357 4.75 1372 4.75 1375
4.7 1357 4.7 1370 4.7 1375
4.65 1356 4.65 1368 4.65 1376
4.6 1356 4.6 1369 4.6 1376
CV Load 4.55 1355 4.55 1368 4.55 1376
4.5 1356 4.5 1368 4.5 1376
4.35 1357 4.35 1368 4.35 1378
4.3 1357 4.3 1369 4.3 1378
4.25 1358 4.25 1369 4.25 1379
4.2 1358 4.2 1369 4.2 1380
4.15 1359 4.15 370 4.15 1380
41 0 4.1 0 4.1 0
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Boost Output V/i Profiie
s E
s i
0 150 150 800 750 900 1050 1200 1350 1500
5.8 Battery Leakage Current in HZ Mode
o Power Loss
Test Conditions Battery Input Current (MA)
(W)
Vbat=2.8V 5.1 14.3
Vbat=3.2V 5.8 18.6
Vbat=3.7V 6.4 23.7
Vbat=4.2V 7.2 30.2

5.9 Ripple and Noise

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

Test Output Ripple at 0.5A Load Output Ripple at 1A Load
Conditions (mV) (mV)
Vbat=3.2V 18.0 25.2
Vbat=3.7V 18.4 25.2
Vbat=4.2V 18.5 24.9
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5.10 Load Dynamic Response Load Step
(80mA-1000mA-80mA load step)

Vbat=3.7V

Chi I — I (]
396my

B L N

M 400ps A Chl S~ 104mV

Chl_ 200mV &

15 —40.0000us

5.11 LED Indication

Vbat=4.2V

T ]

Ch1  200mV "By M 400us A Chil £ 104mV

[+ —40.0000us

PB time>100ms (HZ Mode) LED1 LED2 LED3 LED4
2.9V<VBAT<3.32V off Off Off Off
3.32V<VBAT<3.66V On Off Off Off
3.66V<VBAT<3.81V On On Off Off
3.81V<VBAT<4.06V On On On Off
VBAT =4.06V On On On On
Charge Mode LED1 LED2 LED3 LED4
VBAT<3.58V Flash Off Off Off
3.58V<VBAT<3.82V On Flash Off Off
3.82V<VBAT<3.96V On On Flash Off
3.96V<VBAT<4.06V On On On Flash
VBAT =4.06V On On On Flash
VBAT=4.15V (End of Charge ) On On On On

o
1 Ch I — L& (B IE|
332mv
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5.12 System Management
ACT2801 System Operation Flow Chart

Vi Invalid and HZ=0

Taking 2s
Charge Mode Vi Valid
(4.5V<Vy<5.5V) Taking 2s

Boost Mode
(Vour=5V)

LED Charge Status and
Battery Level Indication

LED Battery Level
Indication Turns on
for 5s

HZ: 0—>1 or HZ=0
with: Vbat < 2.9V or
PB is Pressed for 1.5s
or lout < 40mA for 45s

HZ Mode
(Ibat<10pA)

5.13 Key Components Temperature Test (Ta=40C, burning for 2 hours)

Charge mode, 1.0A charge current

Vin(V) IC(C) Inductor(C) PCB(C) Vbat(V)
5.0 67.4 62.3 58.8 3.2
5.0 65.6 60.6 57.3 3.7
5.0 63.7 59.3 56.0 4.2

Boost mode, 1.2A output current

Vbat(V) IC('C) | Inductor('C) | PCB(C) Vout(V)
3.2 80.4 84.2 72.9 5.0
3.7 70.0 72.4 65.2 5.0
4.2 63.3 64.9 60.1 5.0
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6 PCB LAYOUT GUIDANCE

The following guideline is base on the schematic in Section 2.

1) Arrange the power components to reduce the AC loop size that consists of C2, VOUT, SW and
PGND. C2 (1206 size) must be placed close to the IC and across the VOUT and PGND traces
and SW trace goes under the C2 as shown in the following layout figure.

2) Use copper plane for PGND for best heat dissipation and noise immunity. AGND and PGND
are connected under the IC thermal pad with 4x4 vias matrix.

3) SW copper area should be limited due to EMI consideration.

o

Use Kevin sense from sense resistor R2 to CSP and CSN pins as shown in the layout figure.

1l

6
7

)
)
) Aseparate trace is from VBAT input to BAT pin for battery voltage sense accuracy.
) RC snubber is recommended to add across SW to PGND to reduce EMI noise.

)

A 10V/1A schottky is added from inductor terminal to VOUT to reduce EMI noise.

Top Layer

......
.

'''''''
;;;;;;;;;;;;
;;;;;;;;;;;;

Bottom Layer

444444

TEEE
e

;;;;;;;;;;
............
;;;;;;;;;;
............
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7 EMITEST
Vbat=4.1V, Output : 5V/1A Horizontal
Data: 24 Fibe: Delcustomenr201 383201 J0809.EME (24)
EELM{dBu‘H‘-’mJ
To
&0
50 CISPRCLASS-B
l 48
40— 3
30
20
10
30 100. Fal L8 300. 0. 500. 0. 700, BO0. 900. 1000
Frequency (MHZ)
Site : chamber
Condition : CISPR CLASS-B 3m VULBE916© HORIZONTAL
EUT :
Model Mame : ACT2881 BOOST LOAD 1A VBAT=4.1V
Temp/Humi : 24 'C /58%
Power Rating: dc
Mode
Memao :
T #2
ReadAntenna Cable Preamp Limit Owver
Freq Level Factor Loss Factor Lewel Line Limit Remark
MH: dBuV  dB/m dB dB dBuV/m dBuV/m db
1pp TE8.58 25.87 9.14 1.69 0.80 35.10 48.09 -3.99 Peak
r 16%.68 26.84 13,33 1.84 @.88 35.21 48.08 -4.79 Peak
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Vbat=4.1V, Output : 5V/1A Vertical

Data: 23 File: Doicustomer201 3dd $520130809.EMG (24)
- Level ([dBuVim)
|l
CISPRCLASS B
4R
1 4 PRy I O
1
T30 100, 200, 300, 400, 500, GO0, oo, aoa. 1000
Frequency (MHz)
Site : chamber
Condition : CISPR CLAS5-B 3m VULB9168 VERTICAL
EUT :
Model Mame : ACT28€1 BOOST LOAD 1A VBAT=4.1V
Temp,/Humi : 24 C f5BE
Power Rating: dc
Mode ]
Memo H
: #2
Readéntenna Cable Preamp Limit  Over

Freq Level Factor Loss Factor Level Line Limit Remark

MHz dBuV dB/m dg dB dBuV/m dBuV/m dB

1pp 78.58 18.98 S.14 1.89 @8.08 329.13 49.90 -18.87 Peak
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