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EA2813QY-T User’s Guide

5VI2.4A Power Bank Solution

Description

This document supports the EA2813QY-T Evaluation Kit. This kit is a proven application-circuit design for the
ACT2813QY-T charger with power path and single USB outputs. The EVK contains a single micro-USB input
and USB output. It provides a 2.4A output. It is configured to charge a battery with 2.4A. The EVK operates
with very high charge efficiency of 91% and discharge efficiency of 95% (Vbat=4.1V). This EVK demonstrates
the ACT2813QY-T charger, but other ACT2813xxx options can be evaluated on this EVK by replacing the IC
and any other necessary components. The following table shows the differences between these ICs.

PART NUMBER OUTPuréﬁgggﬁ; sggfgé FlA%?HGHT PB;B@;PFF PACKAGE

ACT2813QY-T | 5V/2.4A | 24A 42V TH Yes FCQFN 4x4-20
ACT2813QY-T0435 | 5V/2.4A | 2.4A 4.35V TH Yes FCQFN 4x4-20

ACT2813CQY-T | 5VI2.4A | 2.4A 42V Flashlight No FCQFN 4x4-20
ACT2813CQY-T0435| 5V/2.4A |  2.4A 435V Flashlight No FCQFN 4x4-20
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 to5V/2.1A output at 550 kHz switching
frequency. It operates from VIN=4.5V to 5.5V to charge a 1S Li-lon battery. Gerber files are available to mi-
nimize time-to-market for applications that want to use the EVK as an end product.

Figure 2 — EVK Picture — Bottom
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Setup

Required Equipment

EA2813QY-T EVK

Power supply — 5V @ 3A for full power operation

Oscilloscope — >100MHz

Loads —Electronic/resistive load with 3A minimum current capability.
Digital Multimeters (DMM)

Figure 3 — EVK Setup

Hardware Setup
1. Connect a DC power supply to the input USB connector.
2. Connect the EVK output to an electronic load using the USB connector.
3. Connect battery across C9 terminals as shown in Figure 3. Pay close attention to the battery polarity.

Table1. Recommended Operating Conditions

Parameter Description Min | Typ | Max | Unit
VIN All buck input voltages 4.5 5 5.5 \Y,
IOUT Maximum load current 2.4 A
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EVK Operation

Boost Mode (Discharge Mode)

With the battery connected and a load connected, press the pushbutton to force the IC from the HIZ Mode to
Discharge Mode. In Discharge Mode, the IC boosts the battery to a 5V output.

Note if no load is applied for 16s, the IC enters HIZ Mode due to light load cutoff. Press the pushbutton to exit
HIZ mode.

Charge Operation

With the battery connected, apply 5V to the input USB connector. The IC automatically transitions from HIZ
Mode to Charge Mode

PCB Layout

Bottom Layer
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Test Results
Battery Charge Feature

Vbat (V) 0 1.0 20 24 2.5 2.8 29 3.4 3.8 4.0 4.21 4.22

Icharge (mA) | 380 | 331 290 | 260 228 227 | 2381 | 2372 | 2367 | 2356 | 2235 0

Battery Charge V/I Profile
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(Vin=5V and charge current set at 2400mA)
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Boost Efficiency and Power Loss (Ta=25C)

Efficiency (%)
Vbat 10=100mA | 10=500mA | 1o=1000mA | l1o=1500mA | 10=2000mA | 10=2400mA
3.2V 81.3 92.5 92.7 90.9 88.7 86.2
3.7V 85.5 93.2 94.0 92.8 91.0 89.5
4.1V 88.1 94.0 95.1 94.4 93.0 91.8
Boost Efficiency
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Power Loss (W)
Vbat 10=100mA | 10=500mA | 1o=1000mA | 10o=1500mA | 10=2000mA | 10=2400mA
3.2V 0.12 0.21 0.39 0.75 1.29 1.93
3.7V 0.09 0.18 0.32 0.58 0.99 1.41
4.1V 0.07 0.16 0.26 0.45 0.76 1.08
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Boost Constant Current and Constant Voltage Regulation (Ta=25°C)

Vbat=3.2V Vbat=3.7V Vbat=4.1V
Vout(V) lout(mA) | Vout (V) | lout(mA) | Vout(V) lout(mA)
5.05 0 5.05 0 5.05 0
5.03 1000 5.03 1000 5.03 1000
CC Load 5.02 2000 5.01 2000 5.01 2000
5.01 2400 5.01 2400 5 2400
5.01 2600 5.01 2600 5 2600
5 2636 5 2670 5 2696
4.85 2643 4.85 2681 4.85 2696
4.75 2650 4.75 2686 4.75 2705
oV Load 4.65 2653 46 2694 4.6 2707
4.5 2658 4.5 2698 4.5 2714
4.3 2668 4.3 2705 4.3 2720
4.27 2673 4.27 2708 4.27 2726
4.25 0 4.25 0 4.25 0
Boost Qutput V/I Profile
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Battery Leakage Current in HZ Mode
Test Conditions Batterzlul'_b\e;akage POVZL?\'.NL)OSS
Vbat=2.8V 5.3 14.8
Vbat=3.2V 5.8 18.6
Vbat=3.7V 6.6 24.4
Vbat=4.1V 7.4 30.3
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Ripple and Noise

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

Test Conditions Output Rip(ﬂ?/)at 1A Load Output Ripr(J:;z\z/a)t 2.4A Load
Vbat=3.2V 32 76
Vbat=3.7V 31 59
Vbat=4.1V 27 54

Load Dynamic Response Load Step(Vbat=3.7V)

CH1: output voltage CH4:output current

LED Indication

A

80mA-1000mA-80mA load step1000mA-

Conventional LED indication

2400mA-1000mA load step

PB time>30ms (HZ Mode) LED1 LED2 LED3 LED4
VBAT<VLED1 Off Off Off Off
VLED1<VBAT<VLED2 On Off Off Off
VLED2<VBAT< VLED3 On On Off Off
VLED3<VBAT< VLED4 On On On Off
VBAT=VLED4 On On On On

Charge Mode LED1 LED2 LED3 LED4
VBAT<VLED1 Flash Off Off Off
VLED1<VBAT< VLED2 Flash Off Off Off
VLED2<VBAT< VLED3 On Flash Off Off
VLED3<VBAT <VLED4 On On Flash Off

VLED4<VBAT < EOC Mode On On On Flash
LED4 <VBAT(EOC Mode) On On On On
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System Management

ACT2813/ACT2813B System Operation Flow Chart

Vi Invalid and HZ=0

LED Charge Status and
Battery Level Indication

Taking 2s

Charge Mode
(4.5V<V|y<5.5V)

Viy Valid

Discharge Mode
(Vour=5V)

PB is pressed for 30ms

LED Battery Level
Indication Tums on for 5s

ACT2813:
HZ: 0—>1 or HZ=0
with: Vbat < 2.9V or
PB is pressed for 1.5s
or lout <40mA for 16s

HZ Mode (Ibat<10pA)

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

Charge mode, 2.4A charge current

Vbat(V) IC(C) Diode(C) | Inductor(C) PCB(V)
3.2V 56.8 48.6 52.6 49.7
3.7V 59.0 50.1 52.3 51.5
4.1V 63.1 53.2 54.0 54.9

Boost mode, 2.4A output current
Vbat(V) IC(C) Diode(C) Inductor(C) PCB(C)

3.2 94 .4 80.6 82.0 77.4

3.7 76.6 65.7 67.2 64.2

4.1 68.3 59.9 60.0 58.7
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EMI Test
Vbat=4.1V, Output; 5V/2.4A Horizontal
g LEed (B m)
o
50 CISPRCLASE R
40 2
1 / cibree
30 | 1 M“ﬂw
1 w M
20
‘-..-lu-dmjr
10
"m0, 200, 3 4. 500, 600, T B0, B, 1000
Fraquancy {MHzp
Site ¢ chamber
Condition : CISPR CLASS-BE 3m VULE91E68 HORIZONTAL
EUT :
Model Mame - ACT2ELS MS-818 #2
Temp/Humi @ 23 T ¢ 51 %
Power Rating: BAT=4V
Mode s DISCHARGE 2. 44
Memao : WITH 1N41438
Readdntenna {Cable Preamp Limit  Ower
Freq Lewvel Factor Loss Factor Lewel Lime Limit Hemark
MHz  dgBuY  d8Sm ] dB dBu S dBulSm a8
1pp B5.29 1%.83 B.3% 1.89 @88 20,81 42.82 -18.19 Peak
2 I A4 1968 1388 2,37 B84 35.85 4780 -11.95 Paak
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Vbat=4.1V, Output: 5V/2.4A Vertical

Bummdauwm}
L]
&0
50 CItPRCLASER
40 g
il a M”M“WM
oty e g
i et
\”M
10
l:'ﬁl 100, 200, 0, i), S00, B0, T, 80D, Bin, 1000
Frequancy {MHz)
Site Chamber
Condition CISPR CLASS-E 3m VULE91E68 VERTICAL

EUT

Model Mame
Temp,/Humi
Power Rating

Mode
Mama

1pp 48.67 11.38 12.71

2

ACT2ELS M5-218 #2
IZOT S 51 %
BAT=4Y
DISCHARGE 2,44
WITH 1N414%
Readdntenna Cable Preamp Limit  Ower
Freq Level Factor  Loss Factor Lewel Lime Limit Remark

Mz gPBuY dBSm dd dB dBuv e dEum ig

83 898 Z24.34 48.88 -15.16 Peak

a8l 9.59 1311 48 8.8 2518 4708 -21.99 Paak
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Schematic
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EA2813QY-T Bill of Materials

ITEM | REFERENCE DESCRIPTION QTY |MANUFACTURER

y L1 Core, 6.5*3*3 Dip, 2.2uH, 6A, 1
Rdson=5mQ

2 Q1 AO4453, Rdson=19mQ at VGS =-4.5V 1 AOS
3 Q2 MMBT3906 1 Vishay
4 D1 SBR3U20SA, 20V/3A Schottky 1 Diodes
5 D2 1N4148, Vf=0.7V, 75V Schottky 1 Vishay
6 C1 Ceramic capacitor, 4.7uF/10V, X7R, 0805 1 Murata/TDK
7 |C2,C3,C4,C9 | Ceramic capacitor, 22uF/10V, X7R, 1206 4 Murata/TDK
8 C5,C6 Ceramic capacitor, 2.2uF/10V, X7R, 0603 2 Murata/TDK
9 c7 Ceramic capacitor, 10nF/10V, X7R, 0603 1 Murata/TDK
10 C8 Ceramic capacitor, 0.1uF/10V, X7R, 0603 1 Murata/TDK
11 C10 Ceramic capacitor, 10uF/10V, X7R, 0805 1 Murata/TDK
12 Cc1 Ceramic capacitor, 4.7nF/10V, X7R, 0603 1 Murata/TDK
13 R1,R2 Chip Resistor, 50mQ, 1/4W, 1%, 1206 2 Sart
14 R3,R10 Chip Resistor, 100kQ, 1/10W, 1%, 0603 2 Murata/TDK
15 R4 Chip Resistor, 48kQ, 1/10W, 1%, 0603 1 Murata/TDK
16 R5 Chip Resistor, 68kQ, 1/10W, 5%, 0603 1 Murata/TDK
17 R6 Chip Resistor, 60.4kQ, 1/10W, 1%, 0603 1 Murata/TDK
18 R9 Chip Resistor, 2.7Q, 1/8W, 1%, 0805 1 Murata/TDK
19 R11 Chip Resistor, 51Q, 1/8W, 1%, 0805 0 Murata/TDK
20 R12 Chip Resistor, 0Q, 1/10W, 5%, 0603 1 Murata/TDK
21 R13 Chip Resistor, 100Q, 1/10W, 1%, 0603 1 Murata/TDK
22 R15 Chip Resistor, 715kQ, 1/10W, 5%, 0603 1 Murata/TDK
23 R16,R19 | Chip Resistor, 200kQ, 1/10W, 5%, 0603 2 Murata/TDK
24 R17 Chip Resistor, 10kQ, 1/10W, 5%, 0603 1 Murata/TDK
25 R18 Chip Resistor, 0.47Q, 1/4W, 1%, 1206 1 Murata/TDK
26 R20,R22 | Chip Resistor, 43.2kQ, 1/10W, 1%, 0603 2 Murata/TDK
27 R21,R23 | Chip Resistor, 49.9kQ, 1/10W, 1%, 0603 2 Murata/TDK
28 '[EB;:'[Egi LED, 0603, Blue 4 LED Manu
29 LED5 Flashlight 0 LED Manu
30 PB Push Button 1
31 USB 10.2*14.6*7mm, 4P, DIP 1
32 Micro-USB |MICRO USB 5P/F SMT B 1
33 U1 IC, ACT2813QY-T 1 Active-Semi
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