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EA2804QJ-T and EA2804QJ-T0435 User’s Guide

5V/3.4A Dual Cell Backup Battery Power Manager

Description

This document supports both the EA2804QJ-T and the EA2804QJ-T0435 Evaluation Kits. These kits are a
proven application-circuit design for the ACT2804QJ-T and ACT2804QJ-T0435 dual cell chargers with power
path and single USB outputs. The EVKs contain a single micro-USB input and USB output. They provide two
outputs, one at 2.4A and one at 1A. They are configured to charge a 2S Lithium-ion battery with 1.0A. The EVKs
operate with very high charge efficiency of 91% and discharge efficiency of 92%. EVKs are identical except for
the IC. The ACT2804QJ-T EOC (end of charge voltage) is 4.2V per cell (8.4V total) while the ACT2804QJ-
T0435 EOC is 4.35V for each cell (8.7V total).

Features

The EVK contains a high efficiency Buck and Boost DC/DC converter that operates either in CV (Constant
Voltage) mode or CC (Constant Current) mode. The EVK provides up to 3.4A output current at 400 kHz
switching frequency. It operates from VIN=4.5V to 5.5V and provides an output voltage of 5V. Gerber files are
available to minimize time-to-market for applications that want to use the EVK as an end-product.

SIED?10Z O4WW08 OW30 #0BZLOW

|

l.‘.";"\t’ﬁ-lh'i.—'ll'l
05£00¢3
ESEGHTY

ZESN IANG

Figure 2 — EVK Picture - Bottom
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Setup

Required Equipment

EA2804QJ-T EVK

Power supply — 5V @ 4A for full power operation

Oscilloscope — >100MHz, >2 channels

Loads —Electronic/resistive load with 3.5A minimum current capability.
Digital Multimeter (DMM)

EVK Setup

Hardware Setup
1. Connect a DC power supply to the input USB connector.
2. Connect the EVK outputs to two electronic loads using the two USB connectors.
3. Connect batteries to the BATP, BATC, and BATN pins.

Table 1. Recommended Operating Conditions

Parameter Description Min | Typ | Max | Unit
VIN All buck input voltages 4.5 5 5.5 \%
I0UT Maximum load current 3.4 A
EVK Operation
Turn on

Apply 5V to the input USB connector.

Innovative Power™
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PCB Layout

Middle 2 Layer Bottom Layer
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Test Results

Power Path Function

(Test condition: Vin=5V, Vbat=7.0V, input current limit=3.8A, fast charge current=1.0A)

Input

Cur- 1467 | 1679 | 1977 | 2264 | 2481 | 2697 | 2991 | 3258 | 3450 | 3463 | 3455 | 3470 | 2743
rent(mA)

Output

Cur- 0 200 | 500 | 800 | 1000 | 1200 | 1500 | 1800 | 1950 | 2000 | 2200 | 2600 | 2728
rent(mA)
Charge

Cur- 1015 | 1012 | 1010 | 1009 | 1007 | 1006 | 1012 | 1009 | 1002 | 973 | 840 | 583 0
rent(mA)

PowerPath Management
4000
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3000 //
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= 2000
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(8] 1000 __\\ Output current ||
500 ™.
0
0 5 10 15 20 25 30
TestPoint

Charge Efficiency

(Vin=5V and charge current set at 1000mA)

Battery voltage (V) 6.0 6.5 7.0 7.5 8.0 8.2

Efficiency (%) 95.9 95.3 94.1 93.1 92.1 91.7
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Charge Efficiency
97
96 —
9 —
L o \~
) \
§ 93 \\
i o \\
91
90
5.8 6.2 6.6 7 7.4 7.8 8.2 8.6
Battery Voltage(V)
Buck Efficiency and Power Loss (Ta=25°C)
Vbat Efficiency (%)
[0=1000mA | 10=1500mA | 10=2000mA | 10=2400mA | 10=3400mA
6.0V 95.6 94.7 93.9 92.9 91.1
7.0V 94.6 941 93.2 92.5 90.8
8.4V 91.7 92 91.7 91.2 90.1
Buck Converter Power Loss
100
95 //’,—#—-—
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s o |/ /
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E 65 Vbat=6.0V
60 Vbat=7.0V
55 Vbat=8.4V
50 ‘
0 500 1000 1500 2000 2500
Output curent(mA)
Vbat Power Loss (W)
[0=1000mA | 10=1500mA | 10=2000mA | 10=2400mA | 10=3400mA
6.0V 0.23 0.42 0.65 0.91 1.67
7.0V 0.29 0.47 0.73 0.98 1.73
8.4V 0.46 0.65 0.91 1.16 1.88
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Buck Converter Power Loss
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Buck Constant Current and Constant Voltage Regulation (Ta=25C)

Buck V/I Profile (Output1)

Vbat=6.0V Vbat=7.0V Vbat=8.0V
Vout(V) | lout (mA) | Vout (V) | lout(mA) | Vout(V) | lout (mA)
5.23 0 5.23 0 5.23 0
5.24 12 5.08 12 5.08 12
5.07 200 5.07 200 5.07 200
CCLoad 06 500 5.06 500 5.06 500
5.04 800 5.04 800 5.04 800
5.04 1000 5.04 1000 5.04 1000
5 1281 5 1281 5 1278
4.9 1281 4.9 1280 4.9 1277
4.8 1280 4.8 1280 4.8 1277
4.6 1280 4.6 1280 4.6 1277
4.4 1280 4.4 1280 4.4 1276
oV Load |42 1280 4.2 1280 4.2 1276
4 1280 4 1280 4 1276
3.9 1280 3.9 1280 3.9 1276
3.8 1280 3.8 1280 3.8 1276
3.7 1280 3.7 1280 3.7 1276
3.6 1280 3.6 1280 3.6 1276
3.5 0 35 0 3.5 0
Buck V/I Profile
6
5 | —— -
b
;.f, 4
S 3
3 2 .
g Vbat=6.0V
o, Vbat=7.0V
Vbat=8.4V
0 |
0 300 600 900 1200 1500
Output curent(mA)
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Buck V/I Profile (Output2)

Vbat=6.0V Vbat=7.0V Vbat=8.0V
Vout(V) lout(mA) | Vout (V) | lout(mA) | Vout(V) lout(mA)
5.23 0 5.23 0 5.23 0
5.08 12 5.08 10 5.08 10
5.02 1000 5.02 1000 5.01 1000
CC Load = 5 1500 4.99 1500 4.98 1500
4.96 2000 497 2000 4.96 2000
4.94 2400 4.95 2400 4.94 2240
4.92 2682 4.92 2692 4.92 2630
49 2681 49 2687 49 2675
4.8 2677 4.8 2685 4.8 2680
4.6 2676 4.6 2683 4.6 2678
4.4 2675 4.4 2681 4.4 2677
4.2 2674 4.2 2679 4.2 2676
CV Load 4 2673 4 2677 4 2675
3.9 2672 3.9 2676 3.9 2674
3.8 2672 3.8 2675 3.8 2672
3.7 2671 3.7 2674 3.7 2671
3.6 2671 3.6 2674 3.6 2670
3.5 2671 3.5 2673 35 2668
34 0 3.4 0 34 0
Buck V/I Profile
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Battery Leakage Current in HZ Mode

Test Conditions Battery I(n ::; Current Power Loss (W)
Vbat=6V 2.5 15
Vbat=7V 2.6 18.2
Vbat=8V 2.8 22.4

Vbat=8.4V 3.1 26

Ripple and Noise

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

Test Conditions Output Ripple at 2.4A Load (mV) | Output Ripple at 3.4A Load (mV)
Vbat=6.0V 45 50
Vbat=7.0V 40 50
Vbat=8.4V 40 45

Load Dynamic Response Load Step

(Output2=80mA-1A-80mA load step Ouput1=0A)
Vbat=8.0V Vbat=6.6V

(Output2=1A-2.4A-1A load step Ouput1=0A)
Vbat=8.0V Vbat=6.6V

Innovative Power™
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(Output2=80mA-1A-80mA load step Ouput1=1A)

Vbat=8V

1.01

(Output2=1A-2.4A-1A |

Vbat=8V

LED Indication
Conventional LED indication

Vbat=6.6V

VLED1=sVBAT< VLED2

VLED2<VBAT< VLED3

VLED3<VBAT< VLED4

VBAT2VLED4

PB time>40ms (HZ Mode) LED1 LED2 LED3 LED4
VBAT<Vcut-off Off Off Off Off
Vcut-off SVBAT<VLED1 Flash Off Off Off

Charge Mode

LED1

LED2

LED3

LED4

VBAT<VLED1

Flash

Off

Off

Off

VLED1=sVBAT< VLED2

Flash

VLED2<VBAT< VLED3

VLED3<VBAT <VLED4

VLED4<VBAT < EOC Mode

LED4 <VBAT(EOC Mode)

Off

Off

Off
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ACT2804 is designed with a simple ADC to convert 5 levels of PT pin voltage into 5 application patterns.

INDICATION PATTERN PT Resistor
Conventional
R15=3.3K
Always On In Discharge 5=3.3
Conventional R15=12K
5s Indication in Discharge
Breathing _
5s Indication in Discharge R15=24K
Bottom Charging
R15=42K
5s Indication in Discharge
Circulating R15=68K
5s Indication in Discharge

Conventional Bottom Charging Circulating Breathing
vearviet QOO0 O0O00 0000 @000
VLED1<sVBAT<VLED2 OOOO OOOO OOOO OOOO
vienzsveatviens @OOO0 OO0 @000 0000
viessveatvied @@OO0 0000 0000 0000
wenasvea<iocc @@OO O000 0000 0000
LepssvBATEOC Mode) OO0 O000 0000 0000

O Flash (O circulating on © Awayson

O Breathing on/off O Off

System Management

PB is pressed for >5s or Discharge load is <10mA for 12.5s, Discharge mode is go into HZ mode
PB is pressed for 40ms, Discharge mode is turned on

PB is pressed for 40ms, LED indication is on for 5.0 seconds

2 seconds transition time between Charge Mode and Boost Mode

Key Components Temperature Test (Ta=25C, burning for 2 hours)

Charge mode, 1.0A charge current

Vin(V) IC(C) Inductor(C) | Vbat(V)
5 36.5 34.3 6
5 45.4 41.8 7.5
5 51.6 46.6 8.2
Discharge mode, 3.4A output current
Vbat(V) IC(C) Inductor(C) | Vout(V)
6 69.3 62 5
7.5 76.6 65.8 5
8.2 78.5 67.1 5

Innovative Power™
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EMI Test
Vbat=7.8V, Output: 5.07V/3.4A Horizontal

BDLG\'BI (dBuvim}

o

&0

50 EH 65022 CLASS B

30 100, 200, 300, 400. 500, 600, oo, ana., 00, 1000
Frequency (MHz}
51ite : chamber
Condition : EN 55822 CLASS B 3m VULBS168 HORIZONTAL
ELT :
Model Mame : case 22
Temp / Humi : 22 T 51 &
Power Rating: 5V 3.4A
Mode z
Memao
Readfntenna Cable Preams Limit  Ower

Freq Lewvel Factor Loss Factor Level Line Limit Remark

MHz  dBuV  dB/m dB di dBuV/m dBuv/m dB
1 117.38 18.88 11.84 1.44 B@.9@¢ 32.16 48.88 -7.84 Peak
2pp 265.71 26,93 12.33 2.2 0.8 41.46 47.88 -5.54 Peak
3 324,88 20.28 13.78 2.58 @.88 36.48 47.88 -18.52 Peak
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Vbat=7.8V, Output: 5.07V/3.4A Vertical

B0 Lavel (dBuvim|

o

&0

50 EH 55022 CLASS B

40;

2
30
4
20
10
30 100, 200, 30, 400, s00, 6040, oo, ana, a0a, 1004
Frequency (MHz}
5ite : chamber
Condition : EN 55822 CLASS B 3m VULBES168 VERTICAL
EUT -
Model Mame @ case 14
Temp / Humi : 22 T 51 &
Power Rating: 5V 3.4A
Mode z
Memao
Readinterna (able Preamp Limit Ower
Freg Lewvel Factor Loss Factor Level Line Limit Remark
MHz  dBuY  dB/m dB dd dBuV/m dBuV/m dB
1 131.85 6.87 12,78 1.61 ©.08 21.26 48.88 -18.74 Peak

2 pp 253.92 16,26 12.@9 2.18 ©.88 38.53 47.80 -15.47 Peak
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Schematic
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Bill of Materials

Item Designator Description QTY MFR

1 L1 SWPA8040S4R7NT, 4.7uH 5.9A EA2804QJ-T EA2804QJ-T0435 Sunlord

2 D1 MBR1020VL, 20V/1A Schottky 0 0 Panijit

3 D2 MBR1020VL, 20V/1A Schottky 0 0 Panijit

4 C2 Ceramic capacitor, 4.7uF/10V, 0805 1 1 Murata/TDK
5 | ©> 101 | Ceramic capacitor, 10uF/10V, 1206 4 4 Murata/TDK
6 C8, C21,C22 Ceramic capacitor, 22uF/16V, 1206 3 3 Murata/TDK
7 C5, C9 Ceramic capacitor, 47nF/16V, 0603 2 2 Murata/TDK
8 C6, C13 Ceramic capacitor, 0.1uF/16V, 0603 2 2 Murata/TDK
9 C14 Ceramic capacitor, 2.2nF/16V 1 1 Murata/TDK
10 C15 Ceramic capacitor, 1uF/10V 1 1 Murata/TDK
11 Cc16 Ceramic capacitor, 2.2uF/10V 1 1 Murata/TDK
12 C17,C18 Ceramic capacitor, 0.22uF/10V 0 0 Murata/TDK
13 C19, C26 Ceramic capacitor, 3.3uF/10V 2 2 Murata/TDK
14 C20 Ceramic capacitor, 100nF/10V 1 1 Murata/TDK
15 R1 Chip Resistor, 2.7Q, 1/8W, 5%, 0805 1 1 Murata/TDK
16 R2, R3, R4 Chip Resistor, 25mQ, 1/2W, 1%, 1206 3 3 Sart

17 R5 Chip Resistor, 8kQ, 1/10W, 1%, 0603 1 1 Murata/TDK
18 R6 Chip Resistor, 83kQ, 1/10W, 1%, 0603 1 1 Murata/TDK
19 R7 Chip Resistor, 63.5kQ, 1/10W, 1%, 0603 1 1 Murata/TDK
20 R8 Chip Resistor, 51.4kQ, 1/10W, 1% 1 1 Murata/TDK
21 R9 Chip Resistor, 41.5kQ, 1/10W, 1% 1 1 Murata/TDK
22 R10, R11 Chip Resistor, 540kQ, 1/10W, 1% 1 1 Murata/TDK
23 R12 Chip Resistor, 0.47Q, 1/8W, 1%, 0805 1 1 Murata/TDK
24 R13 Chip Resistor, 200Q, 1/10W, 1%, 0603 1 1 Murata/TDK
25 R14, R26 Chip Resistor, 715K, 1/10W, 5%, 0603 2 2 Murata/TDK
26 R15 Chip Resistor, 12K, 1/10W, 1%, 0603 1 1 Murata/TDK
27 R16 Chip Resistor, 4.7Q, 1/8W, 1%, 0805 0 0 Murata/TDK
28 R17 Chip Resistor, 10Q, 1/10W, 5%, 0603 1 1 Murata/TDK
29 R18 Chip Resistor, 47Q, 1/8W, 5%, 0805 0 0 Murata/TDK
30 R20, R21 Chip Resistor, 510Q, 1/10W, 5%, 0603 0 0 Murata/TDK
31 R22 Chip Resistor, 1K, 1/10W, 5%, 0603 0 0 Murata/TDK
32 R24 Chip Resistor, 47Q, 1/4W, 1%, 1206 1 1 Murata/TDK
33 R27 Chip Resistor, 100Q, 1/10W, 1%, 0603 1 1 Murata/TDK
34 R30, R31 Chip Resistor, 510Q, 1/10W, 5%, 0603 2 2 Murata/TDK
35 R32 Chip Resistor, 10K, 1/10W, 5%, 0603 1 1 Murata/TDK
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36 R33 Chip Resistor, 0Q, 1/10W, 5%, 0603 1 1 Murata/TDK
LED1, LED2,
37 LED3, LED4 LED, blue 4 4 LED Manu
38 Q1 20V/6.5A N MOSFET, SSF318 0 0 Silikron
39 Q2 2S Battery protection IC, S825 0 0 Seiko
20V Dual N-Channel Power MOSFET,
40 Q3 8205A 0 0 Fortune
41 PB Push button 1 1 Shouhan
Output USB1,
42 Output USB2 614104190121 2 2 Wurth
43 Micro-USB 629105150921 1 1 Wurth
IC, ACT2804QJ-T, QFN55-40 1 0
44 U1 Active Semi
IC, ACT2804QJ-T0435, QFN55-40 0 1
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