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Li-ion / Li-polymer Battery Management Analog Front-End IC

No.EA-531-220516

OVERVIEW

The R5602 is an analog front-end IC for 4-cell to 7-cell Li-ion / Li-polymer battery management. This IC
provides cell voltage monitor, bidirectional current monitor based-on monitoring the voltage across an
external sense resistor, two input pin for temperature monitoring by external NTC thermistors, Die
temperature monitor, overcurrent protection, high-side NMOSFET control, a voltage regulator, cell balancing
switches, switch for open-wire detection and I12C/SPI interface. The IC has a built-in A/D converter and an
MCU can read each monitor value as a digital value.

ey seneriTs S I I ———

® High accuracy voltage monitoring and low power consumption - for saving battery life.
® Control High-side NMOSFET - for ease of treatment and cost reduction of BOM.
® Cell connection sequence free - for cost reduction of battery pack assembling.

. KEY SPECIFICATIONS TYPICAL APPLICATION

® Absolute Maximum Rating: 40 V
® Power Consumption

7-cell Connection Diagram with 12C Interface

Active: Typ. 150 pA mﬁﬁ ®
Standby: Max. 1.0 yA [ S— T T
e Built-in 12-bit AID Converter I 9YFF59Y5
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® Monitoring Speed: less than 1ms/1monitor (Max
® Overcurrent Protection by Detectors: Overcharge, | mou
overdischarge, and short-circuit
® \/oltage Regulator Output: Typ.3.4 V

e High-side NMOSFET Control PACKAGE

e Built-in Cell Balancing Switch: Cell Balancing

Current depends on external resistor @
(up to 20mA)
® Built-in switch for Open-wire detection

® Cell connection sequence free when CE = Low
® |2C / SPI interface with/without CRC

APPLICATIONS

e Power Tool, Power Storage, Cordless/Robot Cleaner, Pedelec, E-bike, Drone

QFN0505-32C

5mm x 5mm x 0.8mm

(1) -20°C < Ta < 85°C, Vwein =3 V t0 4.2 V, Vop = 6.0 V. Cell voltages are balanced.
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R5602L

SELECTION GUIDE

Selection Guide

No.EA-531-220516

Product Name Package Quantity per Reel Pb Free Halogen Free
R5602L001AA-E2 QFN0505-32C 5,000 pcs Yes Yes
BLOCK DIAGRAM
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R5602L Block Diagram
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R5602L

No.EA-531-220516

PIN DESCRIPTION

Top View
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R5602L (QFN0505-32C) Pin Configuration
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R5602L

R5602L Pin Description

No.EA-531-220516

:ion. Pin Name 110 D/A Description

1 VC7 I A/P/G | Positive Pin for Cell 7

2 VC6 I A/P/G | Positive Pin for Cell 6

3 VC5 I A/P/G | Positive Pin for Cell 5

4 VC4 I A/P/G | Positive Pin for Cell 4

5 VC3 I A/P/G | Positive Pin for Cell 3

6 VC2 I A/P/G | Positive Pin for Cell 2

7 VC1 I A/P/G | Positive Pin for Cell 1

8 VCO I A/P/G | Negative Pin for Cell 1

9 VSS - G Ground Pin

10 CE I D Chip Enable Pin

11 RSNSN I A Rsens Negative Input Pin

12 RSNSP I A Rsens Positive Input Pin

13 CS I D SPI Chip Select Pin

14 SCK I D Clock Input Pin in Common to SPI and I12C

15 SDI 10 D Input Pin for SPI Data, Input / Output Pin for I2C Data
16 SDO 0] D Output Pin for SPI Data

17 IFSEL I D SPI / I2C Switching Pin (High: SPI, Low: I2C)

18 INTB 0] D Interrupt Output Pin (Nch Open-drain Output)

19 TEST I D Connect to GND

20 VR33 O A Capacitor and Clamp Diode Connecting Pin for Power Supply
21 THO I A Thermistor Connecting Pin 0

22 THA I A Thermistor Connecting Pin 1

23 VREF 0] A Reference Voltage Capacitor Pin for Internal Use Only
24 BOOSTC_2 I A Boost Voltage Input Pin

25 BOOSTB_2 I A Boost Reference Voltage Input Pin

26 NC - - Non-Connection

27 NC - - Non-Connection

28 CCONT O A FET Control Pin for Charger, High Potential SPI Chile Select Pin
29 DCONT 0] A FET Control Pin for Discharger

30 BOOSTC 0] A Boost Voltage Pin

31 BOOSTB - P Boost Reference Voltage Pin

32 VDD - P Power Supply Pin
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R5602L

ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings

No.EA-531-220516

(Ta = 25°C, Vss = 0 V)

Symbol ‘ Parameter Pin Rating | Unit
Power Supply Voltage
Ves1 Power Supply Voltage1 VDD ~0.31040 v
Vinie—0.3toVinis+ 6 \Y
Vps2 Power Supply Voltage2 BOOSTB -0.3t040 \%
Input Voltage Range
VIN1_n Input Voltage Range 1 VCn ViNt_n-1)— 0.3 to ViNt_n-1) + 6.0 \Y
Vin2 Input Voltage Range 2 VCO Vss—0.3to Vss +0.3 \%
Ving Input Voltage Range 3 RSENSN, RSNSP Vss— 0.3 to Vour1 + 0.3 \Y
ViNa Input Voltage Range 4 THO, TH1 Vss - 0.3 to Vourt + 0.3 \%
Vins Input Voltage Range 5 CE Vss—0.3t0 6.0 \Y
Vine Input Voltage Range 6 CS, TEST, IFSEL Vss— 0.3 to Vourt + 0.3 \%
Ving Input Voltage Range 7 SDI, SCK(SPI) Vss— 0.3 to Vourt + 0.3 \%
SDI(1/O), SCK(I2C) Vss—-0.3106.0 \Y
Ving Input Voltage Range 8 BOOSTB_2 Vps2 \%
Ving Input Voltage Range 9 BOOSTC_2 Vours \Y
Output Voltage Range
Vour1 Output Voltage Range 1 VR33 Vss-0.3106.0 \Y
Vourz Output Voltage Range 2 VREF Vss— 0.3 to Vourt + 0.3 \Y
Vours Output Voltage Range 3 INTB Vss— 0.3 to Vourt + 0.3 \%
Vours Output Voltage Range 4 SDO Vss— 0.3 to Vourt + 0.3 \Y
Vourts Output Voltage Range 5 BOOSTC Vps2—0.3to Vps2+ 6 \Y,
Vourts Output Voltage Range 6 CCONT, DCONT Vps2 — 0.3 to Vouts + 0.3 \Y
ESD
CDM ‘ Charged Device Model +05 kV
Power Dissipation
Po ‘ Power Dissipation Refer to Appendix “Power Dissipation”.
Temperature Range
Tj Junction Temperature Range -40to0 125 °C
Tstg Storage Temperature Range - 5510 125 °C
(n:1to7)

ABSOLUTE MAXIMUM RATINGS

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may cause permanent damage
and may degrade the lifetime and safety for both device and system using the device in the field. The functional
operation at or over these absolute maximum ratings is not assured.
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R5602L
No.EA-531-220516

RECOMMENDED OPERATING CONDITIONS

Recommended Operating Conditions

Symbol Parameter Rating Unit

Vob Power Supply Voltage 6.0t0 31.5 Vv

VBsT8 Boost Reference Supply Voltage 0 to Vop \%

VveIN Cell Voltage Input Range (Vcn —Ven-1) 1.5t04.5 Y

Veo Negative Pin for Cell 1 Voltage 0 \%

VRSNSN Rsens Negative Input Pin Voltage 0 Vv
" , -0.35/[IS_GAIN] ™M

VRsNspP Rsens Positive Input Pin Voltage \%
to 1.65/[IS_GAIN]

VTHERM THO and TH1 Input Pin Voltage 0.251t02.25 Vv

Ta Operating Temperature Range -20 to 85 °C

(n:1to07)

RECOMMENDED OPERATING CONDITIONS

All of electronic equipment should be designed that the mounted semiconductor devices operate within the
recommended operating conditions. The semiconductor devices cannot operate normally over the recommended
operating conditions, even if they are used over such conditions by momentary electronic noise or surge. And the
semiconductor devices may receive serious damage when they continue to operate over the recommended operating
conditions.

(M [IS_GAIN] is set to 2.5, 10, or 20 by register.
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R5602L
No.EA-531-220516

ELECTRICAL CHARACTERISTICS

DC Characteristics (Ta = 25°C)
Symbol Parameter Conditions | Min. ‘ Typ. | Max. ‘ Unit
Cell Balancing

lcen | Cell Balancing Current \1/88(_) ﬁcgll)r_e;s?o\r/ 20 mA
Ven — Ven-1y= 4.5V, CE: High,
lven (D 'm”%‘glfggge Current of | -o)l Balancing: OFF, 05 | pA
Cell Voltage Monitor: OFF
Cell Voltage Monitor (A/D Converter: ADC)
Vvein | Cell Voltage Input Range | Ven —Ven-1) 1.5 4.5 \%
Ta =25°C, Vven=4.0V,
Cell voltages are balanced. 15 15 mv
-20°C < Ta<85°C,
1.5V=Vwen<25YV, -40 40 mV
Cell voltages are balanced.
-20°C < Ta<85°C,
Vyen Monitoring Accuracy for 25V=Vven <3V, -35 35 mV
Cell Voltage Cell voltages are balanced.
-20°C < Ta<85°C,
3VsVvens42YV, -30 30 mV
Cell voltages are balanced.
-20°C < Ta<85°C,
4.2V <Vvweins45YV, -35 35 mV
Cell voltages are balanced.
Input Current Monitoring (ADC)
lour Monitoring Ranges for Rsns = 5mQ, [IS_GAIN] = 20 -3.5 16.5 A
Input Current Rsns = 1mQ, [IS_GAIN] = 2.5 -140 660 A
o Rsns = 5mQ, [IS_GAIN] = 20 -1 1 A
loua | Monitoring Accuracy for "o " 250 1S GAIN] = 10 14 14 | A
Input Current
Rsns = 5mQ, [IS_GAIN] = 2.5 24 24 A
(n:1t07)
(™ n: 1 to 6 for 7-cell
7

Nisshinbo Micro Devices Inc.



R5602L

DC Characteristics (Continued)

No.EA-531-220516

(Ta = 25°C)

Symbol ‘

Parameter

‘ Conditions

| Min. | Typ. | Max. | Unit

Current Protection

Resistance Range for
Rsns SENSE Pin 1 5 mQ
| Setting of Short-circuit [SsHorT] = 2.4, Rsns = 5mQ 18 A
SHORT | Gurrent (1 [IS_GAIN] = 20
louas Short-qrcwt Current -10 +10 %
Detection Accuracy
| Setting of Discharge [Spoc] = 1.4, Rsns = 5mQ 8 A
P9¢ | Overcurrent (2 [IS_GAIN] = 20
louAD D|scha.rge Overcurrent 20 +20 %
Detection Accuracy
| Setting of Charge [Scoc] = 0.05, Rsns = 5mQ 55 A
“°¢ | Overcurrent (3 [IS_GAIN] = 20 '
louac Chargg Overcurrent 25 +25 %
Detection Accuracy
Voltage Regulator
-20°C £ Ta< 85°C, Vbp 2 6.0V
Vvr3s | Output Voltage lour < 10mMA 3.2 3.4 3.5 \%
lLim Output Current Limit 10 mA
Die Temperature Detection
Abnormal Detection
Tsob Temperature at Die High- 150 °C
temperature
Abnormal Release
Tsbr Temperature at Die High- 125 °C
temperature
NTC (Negative Temperature Coefficient) Thermistor for Monitoring
NTC Pulled-up
R | Resistance 10 kQ
Boost Voltage for BOOSTC Pin
Veste | VBsts
Vestc | Voltage Boost +4.3 +5 Vv
FET Controller for DCONT, CCONT Pin
FET (DCONT, CCONT) _
Veem | pin Output Voltage, High lour =0 Vesto v
FET (DCONT, CCONT) _
Ve | i Output Voltage, Low lour =0 Veste v
FET (DCONT, CCONT) _ -
IFETIL Pin Output Current, Low Veer = Vestc = Vasts + 6V, 2 mA
(1) [Sshort] = 2.1, 2.2, 2.3 or 2.4, IskorT = ([SsHorT] — 0.6) / [IS_GAIN] / Rsns
@) [Spoc] = 1.1, 1.2, 1.3 or 1.4, Ipoc = ([Spoc] — 0.6) / [IS_GAIN] / Rsns
) [Scoc] = 0.05, 0.1, 0.15 or 0.2, lcoc = ([Scoc] — 0.6) / [IS_GAIN] / Rsns
8
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R5602L
No.EA-531-220516

DC Characteristics (Continued) (Ta = 25°C)
Symbol Parameter Conditions Min. Typ. Max. Unit
Input Voltage for CS / CE / IFSEL Pin
VesH CS Pin Input Voltage, High Vvr33x0.8 \%
VesL CS Pin Input Voltage, Low Vvr33x0.2| V
VieseL | IFSEL Pin Input Voltage, High Vvr33%0.8 Y
VirseL | IFSEL Pin Input Voltage, Low Vvr33x0.2| V
Veen CE Pin Input Voltage, High 3.0 5.5 V
VcEL CE Pin Input Voltage, Low -0.3 0.3 \Y
Output Voltage for INTB Pin (Nch Open-drain Output)
VinteL | INTB Pin Output Voltage, Low | loL = 3 mA | | 04 Vv
Current Consumption
Active (1) 150 300 A
lcc Current Consumption Standby 1.0 EA
Serial Interface
SCK: CMOS Input Pin (Schmitt Input)
ViH Input Voltage, High VvRr33x0.7 Y
Vi Input Voltage, Low Vvr33x0.3 | V
Vuis | Schmitt Hysteresis Voltage Vvr33x0.05 \Y
SDI: CMOS Input Pin (Schmitt Input / Nch Open-drain Output)
ViH Input Voltage, High Vvr33x0.7 \%
Vi Input Voltage, Low Vvr33x0.3| V
Vuis | Schmitt Hysteresis Voltage Vvr33x0.05 \%
VoL Output Voltage, Low loo =3 mA 0.4 \%
SDO: CMOS Output Pin
Von Output Voltage, High lon =-3 mA Vvrss - 0.4 \%
VoL Output Voltage, Low lo.=3 mA 04 Vv

(1) 7-cell (Vc time = 80ps) every 2ms. Alert and FET control OFF.
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R5602L

No.EA-531-220516

AC Characteristics (Ta =25°C)
Symbol Parameter Conditions Min. Typ. | Max. | Unit
Single/Sequential Read and Detection Delay Time

tac Time Accuracy -20 30 %
SPI Communication
tscve | SCK Clock Cycle Time 1 V&
fnc SQK Clock Cycle Time, 400 ns
High
fLc SCK Clock Cycle Time, 400 ns
Low
tsis Serial Data Set-up Time 100 ns
tsiH Serial Data Hold Time 100 ns
Setup Time for Transmission
tcsw . 3 Vi
and Reception
tcss Setup Time for Chip Enable 200 ns
tcsH Hold Time for Chip Enable 200 ns
tsio Delay Time for Serial Data 200 ns
cs k
» tess 1o tsovc cs
SCK VR33/2 /_
| twhe | twic o
X X
lsis, ¢t
SDO ><
fsi
SPI Bus Timing Diagram
10
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R5602L
No.EA-531-220516

AC Characteristics (Continued) (Ta = 25°C)
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
I2C Communication

fork SCK Clock Frequency 400 kHz
tscL SCK Clock Cycle 25 VK]
tscl | SCK Clock, Low 1.3 VE]
tsctn | SCK Clock, High 0.6 uS
tsusta | Start Condition Setup Time 0.6 uS
tsupar | Data Setup Time 200 ns
tsuisto | Stop Condition Setup Time 0.6 us
to:sta | Start Condition Hold Time 0.6 uS
tio:oar | Data Hold Time 0 ns
tr Rising Time for SDI and SCK 300 ns

tf Falling Time for SDI and SCK 300 ns
tpLoAT ES{L')’;? I_T;Tve required for SDI | after falling of SCK 09 | us
tpz-paT zift’;)”u% Lii';f required for SDI | atter falling of SCK 09 | us
tep 'Ij“etgwr(;val Spike Width by Input 50 ns
Ca ggiagﬂﬁirll_g:d for SDI and 50 oF

tscL

- =

| .
| |
| t t t I tf tr
| SCLH -SCLL SP |
| < > > > | hig |
— — v 0 —
SCK el ro P
| | |
1 N | { |
tup!sta |i th; DA tsu; DAT tsustall tsudro |l
rre >> < i i
L |1 Lo |
NI N\ ! A
SDI (IN) AN o\ | i/
| | |
| | ¥ S
! . : T |
: i) tpL;pAT tez;|par “r' : | : . |
[ Lor! [
SDI (OUT)
[g] Start Condition [E] Stop Condition [S:r] Repeat Start Condition

I12C Bus Timing Diagram
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R5602L
No.EA-531-220516

THEORY OF OPERATION

Internal 12-bit ADC

The R5602L has a 12-bit high-accuracy analog-digital converter (ADC), and it can measure cell voltages for
the VCn pins, the voltage between the RSNSP and the RSNSN pins generated by charge/discharge current,
a voltage divided by an external NTC and an internal resistor, and an internal voltage to monitor the die
temperature. While measuring one voltage, the R5602L is impossible to measure another voltage.

Cell Voltage Monitoring
After the analog-to-digital converting by order of the micro-controller unit (MCU), the data for cell voltages Vcn
—Ven-1y (n: 1 to 7) is stored into the internal registers. The MCU can read each cell voltage from the register.

Current Monitoring

The R5602L can read a current that flows via the RSENS resistor between the RSNSN and the RSNSP pins.
By following the MCU, the R5602L measures the difference voltage between the RSNSN pin and the RSNSP
pin to multiply it by a gain and stores it into the internal register.

The MCU can read the measured voltage from the internal register with the three-step selectable gain of 2.5/
10/ 20 times.

Temperature Monitoring

[Outside]

By connecting a 10 kQ NTC thermistor between VSS and THO / TH1 pin, the R5602L can supervise the
temperatures for external two points of the device. The THO and the TH1 pins are pulled-up to the reference
voltage 2.5 V with 10 kQ resistor connected internally to each pin.

[Inside]

By following the MCU’s supervising order, the R5602L can measure the voltage met the temperature sensed
in the internal temperature-monitoring circuit. The MCU can read the voltage from the register. When the
internal temperature is high, an alert signal can be output via the INTB pin.

Sequential Read
The R5602L can monitor the following data of items in sequence.
1. VC7 - VC6 — VC5 — VC4 — VC3 — VC2 — VC1
Current via Charger / Discharger path
Die Temperature
TH1 Temperature

ok wDd

ThO Temperature

When using six-cell or less, the connected cell only can be selected to monitor its voltage. The MCU can
control above items of 2 to 5 regardless of the cell voltage.

12
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R5602L
No.EA-531-220516

Overcurrent Detection

Overcurrent Detection is a function to detect overcurrent by the current monitoring. After detection, this function
is reset by the external MCU. The overcurrent detection voltage and the overcurrent detection delay time are
settable for each of charge and discharge.

High-side NMOSFET Control

By following the MCU'’s order, the R5602L can control outputs of the CCONT and the DCONT pins that control
High-side NMOSFETSs. Outputs of the CCONT and the DCONT pins become a CMOS output with the BOOSTC
voltage that was risen up as reference to the BOOSTB voltage. Setting the pin to Low can turn off the FET,
setting it to High can turn on the FET. When the MCU enable current protection, the CCONT pin becomes Low
if detected charge overcurrent, the DCONT pin becomes Low if detected discharge overcurrent or detected
short. When the MCU disable current protection, the MCU should turn NMOSFET off at the overcurrent.

Cell Balancing

When the MCU controls the cell balancing switch, the R5602L can flow the discharge current for each cell into
the IC. The discharge current value is set with the external resistor. Select external components with due
consideration for the power dissipation of the device and external components.

Open-wire Detection
By flowing the discharge current for each cell into the internal resistor of the device, the R5602L monitors the
cell voltage and the MCU can detect an open-wire.

INTB Pin Output

When the R5602L detects an event such as the followings, the INTB pin outputs Low. As the output type of
the INTB pin is NMOSFET open-drain, pull up it with external resistors.
* Abnormal detection at die high-temperature

» Completion of start-up

* Low-voltage detection VR33 pin output

* CRC error detection

+ Completion of ADC read

+ Discharge overcurrent detection

» Charge overcurrent detection

« Short-circuit detection

Standby Mode
When the CE pin is Low, the R5602L is in the Standby state and registers become initial settings. Usually,
setting the CE pin to High goes to the Normal state.

13
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R5602L
No.EA-531-220516

Serial Communication Interfaces
As for communication method to the MCU, the R5602L can select either of two kinds of serial interfaces, SPI
or 12C.

Method Control Pin Pin Name
CS (Chip Select) Cs
SPI SCK (Serial Clock) SCK
(IFSEL: High) MISO (Master In Slave Out) SDO
MOSI (Master Out Slave In) SDI
[°C SCL (Serial Clock) SCK
(IFSEL: Low) SDA (Serial Data) SDI

When using the I2C interface, set the CS pin to VSS.

B SPI Communication

Setting the IFSEL pin to High enables the communication with the SPI interface. This interface has four pins
of serial clock (SCK), serial data input pin (SDI), serial data output pin (SDO), and chip-select input pin (CS).
The following Write / Read processing is shown as viewed from the master. On the data transferring, Master
must transfer from the most significant bit (MSB) of the byte data, first. Likewise, on the data receiving, Slave
(R5602L) must transfer from MSB of the byte data first.

[Write Processing]
1. The data is loaded into the internal shift-register at rising edge of SCK (SCK Frequency: Max.1MHz).

2. During the CS pin of High, the data receiving becomes enabled (Active-High). However, the write
processing does not work if fixing to High.

3. The loaded data is transferred from the SDI pin, in order of 8-bit address data, one bit for Low data, and
8-bit control command data in the control register.

SCK 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17

SDI AT [ne [As [m[as[a]mJa | [o7]ps]ps[os[ps[p2]nt]0o

SDO Always "Hi-Z"

cs

Write Timing (No CRC)

14
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R5602L
No.EA-531-220516

4. Setting the CRC_EN register to “1” enables to transfer the data including CRC data (Initial value of
[CRC_EN]is "0"). In the case of the data including CRC, 8-bit packet error code (PEC) is transferred after
the above transferring. The CRC is calculated over the 8-bit address data, one bit for Low data, and 8-bit
control command data. The CRC data is given by the following polynomial.

Cx) =X +X2+X +1

SCK 1] f2] f3] fa] fs| fe] f7] fs| fo| fio] fu| fi2] fis] fea] fis] fie] fi7 18] f1o] fao| fa1] f22] fas] fas]| f2s
SDI A7 [ A [ s [ m [ as [ a2 ]ar[ao ] [or[pe]os[p4[os[o2][pt[oo] [cr]cee]os[caJaa]ca[el]oo
Always "Hi-Z"

Sbo

cs

Write Timing (Including CRC)

[Read Processing]
1. The data is loaded into the internal shift-register at rising edge of SCK (SCK Frequency: Max.1MHz).

2. During the CS pin of High, the data receiving and transferring becomes enabled (Active-High). However,

the read processing does not work if fixing to High.

3. After 8-bit address data and one bit for High data is transferred from the SDI pin, 8-bit control register
specified is transferred from the SDO pin.

SCK 1 2| f3] fa| fs| fe] f7] fs] fo| fio] | fi2| i3] fia] fis] fie] f7
SDI AT e [as [m[amm]a]a]w]
SDO "Hi-z" {o7 [ o6 [ p5s [p4a [ b3 [ D2 [ D1 [D0 b—

cs

Read Timing (No CRC)

4. Setting the CRC_EN register to “1” enables to transfer the data including CRC data (Initial value of
[CRC_EN] is "0"). In the case of the data including CRC, 8-bit packet error code (PEC) is transferred after
the above transferring. The CRC is calculated over the 8-bit address data, one bit for High data, and 8-bit
read data. The CRC data is given by the following polynomial.

Cx)=X+X + X +1

SCK 1] f2] f3] fa] fs| fe] f7] fs| fo| fo] fu| fi2] fis] fea] f1s] fie] fi7 18] f1o] fao| fa1] f22] fas] faa] f2s
SDI AT [ a6 [ s [ aa[as [ m2]ar[ao]w]

SDO THi-Z" {o7 [oe Jos [pa[os[o2 ot [oop{cr[es[os[caJas][eca[ct[o |—
cs

Read Timing (Including CRC)

15
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R5602L
No.EA-531-220516

B I2C Interface Communication
Setting the IFSEL pin to Low enables the communication with the I2C interface. Each of the SCK and the SDI

pins equates to the SCL and the SDA pins in the SPI interface.

Availability of Data

During the SCK pin of High for the data transferring duration, the SDI data of [2C-bus must be maintained
constant. The SDI can change between High and Low states only when the SCK pin is Low except Start and
Stop conditions.

ST X X X_

SDI Timing Chart

Start and Stop Conditions

The SCK and the SDI pins are pulled up to High except for the data transferring duration. The start condition
is met when being pulled the SDI pin down from High to Low, and the start and the stop conditions are
generated by master only.

soK 7)) L]

| (L
o ]| 5\ I
Start Condition Stop Condition

Start and Stop Conditions

Data Transfer Method

After the start condition is generated, the data transferring is done every one-byte from the MSB of a byte. An
acknowledge signal is sent from the receiver to the sender at the end of transferring one-byte data.

After transferring a byte data, the master as sender makes the SDI signal Open (= High) and the slave
(R5602L) makes the SDI signal Low as acknowledge signal. On the other hand, the slave as sender makes
the SDI signal Open (= High). If maintaining to receive the acknowledge signal without interruption, the master
makes the SDI signal Low. The master can indicate the end of the data transferring to the slave by making the
SDI signal Open (= High).

16
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R5602L
No.EA-531-220516

SCK 1 2 3 4 5 6 7 8 9
(from Master)

oo [ N N N N N I N B i

(from TX)

Acknowledge

SDI |_| _____

(from RX)  g¢art Condition Stop Condition

Data Transfer when Master is Sender

Format for Data Transfer

The format to transfer data via the I2C bus is as follows. Be sure to begin with start condition and finish with
stop condition. On the data transferring, Master must transfer from the most significant bit (MSB) of the byte
data, first. Likewise, on the data receiving, Slave (R5602L) must transfer from MSB of the byte data first.

[Write Processing]

The format for write processing after the start condition consists as shown in the following figure.
1st byte: Slave address (32h = 0110010b) + Write instruction

2nd byte: Address for internal register to write the data.

3 byte: Data to write in the second byte.

4t pyte: Packet error code (PEC) if including the Cyclic Redundancy Check (CRC) data.

The PEC is an 8-bit data to indicate the result of the CRC error detection. The CRC data is given by the

following polynomial.

Cx) =X +X + X + 1

The CRC is calculated for the slave address, register address, and data. When burst write transaction, the
CRC for subsequent data bytes is calculated for the data byte only.

17
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R5602L

An example of the burst write format is as follows:

Slave Address (7bit)

No.EA-531-220516

Address “n” (8bit)

[ start

sa6 | sas | sa4 [ sas [ saz [ sat [ sao

rRwB | ACK

A1 | ae [ as [ ae [ A a2 ] Al ] a

0x32

Data of Address “n” (8bit)

PEC “n” (8bit)

D7 [ be [ ps [ pa [ b3 [ b2 bt [ po

ACK

67 [ o6 [ o5 [ ca [ o3 [ o2 ] oot | oo

Data of Address “n+1” (8bit)

PEC “n+1” (8bit)

p7 [ o6 | ps [ p4a [ b3 [ b2 | b1 [ po c7 | c6 [ o5 [ o4 [ ca]o2]ct] oo

Data of Address “n+x” (8bit) PEC “n+x” (8bit)

------ D7 | D6 | D5 | D4 | D3 | D2 | D1 | D0 | ACK | ©7 | c6 | c5 | c4 | c3 | c2 | c1 | co | Ack | Stopl
_>. ......
""" o rrr+r+r 1t 1+ ¢ 1+ & [ [ [ [ [ 7] [

|:| : Output from Master

Write Timing Chart (with CRC, Continuous writing)

[Read Processing]
The format for read processing after the start condition consists as shown in the following figure.

1st byte: Slave address (32h = 0110010b) + Write instruction

2nd byte: Address for the internal register to read the data.

3 byte: Slave address + Read instruction

4t byte: Data read out from the address specified in the second byte.
5t byte: Packet error code (PEC) only when including the CRC data

The PEC is an 8-bit data to indicate the result of the CRC error detection. The CRC is calculated after the
second start and uses the slave address and data byte. When burst write transaction, the CRC for subsequent

data bytes is calculated over the data byte only.

Cx) =X +X2+ X + 1

18
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R5602L

An example of the burst read format is as follows:

Slave Address (7bit)

No.EA-531-220516

Address “n” (8bit)

| Start

sa6 | sas | sae | sas | sa2 | sat [ sao

rRwB | ACK

A7 [ as [ as [ ae [ a3 | a2 Al ] a

ACK Sr

0x32

Slave Address (7bit)

sa6 | sas | sae | sas | sa2 | sat [ sao

R/WB | ACK

S R R

T LU

0x32

L

Data of Address “n” (8bit)

PEC “n” (8bit)

D7|D6|D5|D4|D3|DZ|D1|D0

ACK

07 | o6 [ s [ ca [ o3| oc2] [ oo

ACK |

Data of Address “n+1” (8bit)

PEC “n+1” (8bit)

D7|D6|D5|D4|D3|D2|D1|D0

c7|ce|05|c4|cs|cz|c1|co

Data of Address “n+x” (8bit)

PEC “n+x” (8bit)

D7|D6|D5|D4|D3|D2|D1|D0

c7|06|05|c4|03|cz|c1|co

|:| : Output from Master

Read Timing Chart (with CRC, Continuous reading)

Nisshinbo Micro Devices Inc.

19



R5602L
No.EA-531-220516

Power on Sequence

— > Standby

CE=L

CE=H

<POWER_MODE> 0x07,

<POWER_MODE> 0x06

Power Mode Transition Diagram
The 5602L enters in Standby state by the CE pin being Low when connecting with a battery. Even if having
connected with the battery, the R5602L enters in Standby state by the CE pin being Low. The Standby state
goes to the Normal state by the CE pin being High.

In the Normal state, setting the register enables a sequential reading for voltage, current, and temperature.
In addition, the Cell Balancing, and the open-wire detection registers can be set individually.

The sequence is shown below.

State | Standby Power on Idle Normal

<POWER_MODE> <POWER_MODE>
0x06 write 0x07 write

VDD

VR33
INTB
| <WAKECMP>
|
|
12C / SPI disable | enable

20
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R5602L
No.EA-531-220516

Single and Sequential Read Status

Single monitor

Start INTB
Y Y
Waiting start up Sampling Conversion| Waiting
< v >
Sequential monitor (for 11 inputs)
THO
Start Temp. INTB
il VCT #1 VC6 #1 #1
Waiting start up Sampling Conversion| Sampling Conversion Sampling Conversion| Waiting

>

t2

Monitoring Timing Diagram

The ADC monitors in fixed order as shown in above timing charts. The sequential read setting is possible to
skip monitoring unassigned VCn pins. The start-up time is 60us, the conversion time is 30us. t1 and t2 are is
specified by the sampling time set registers and the averaged read time set registers.
Minimum sampling time settings are 80us for VCn at 3 V < Vvcin<4.5V, 400us for VCnat 1.5V < Vvein <3V,

40us for the others, respectively. (n: 1 to 7)

Nisshinbo Micro Devices Inc.
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R5602L
No.EA-531-220516

Battery Connection

The R5602L can support from four- to seven-cell. When using six-cell or less as shown the below diagram,
contiguous lower input pins (VCO to VC4) must be connected with a battery in order of lower voltage, and
contiguous upper input pins (VC5 to VC7) must be shorted to VC4 that is a highest potential input pin of used

input pins.
RS ®
mwr— R T T
T HRERERERERERERN
jvc7 8Boosm_z -

j VC6 VREF [
j VC5 TH1 [
¢ jvc4 THo [

—_- R5602L

Mj ves VRs3|
Mj ve2 Test[ |
Mj vor s
prvd— veo FseL | ]

—
vss
" oe

;{j RSNSN

4 Jrsnsp
s
~Jsox
sl
~Jsoo

MCU

4-cell Connection with SPI Interface Diagram

() A clamp diode is required for VR33 pin. Recommended Vr < 0.4V@100mA
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R5602L
No.EA-531-220516

TECHNICAL NOTES

A peripheral component or the device mounted on PCB should not exceed a rated voltage, a rated current or
a rated power. When designing a peripheral circuit, please be fully aware of the following points.

. Please evaluate the product at the PCB level before use, as some symptoms may remain that cannot be
confirmed by the evaluation at the IC level.

*  When using any coating or underfill to improve moisture resistance or joining strength, evaluate them
adequately before using. In certain materials or coating conditions, corrosion by contained constituents,
current leakage by moisture absorption, crack and delamination by physical stress can happen. If the
curing temperature of the coating material or underfill material exceeds the absolute maximum rating, the
electrical characteristics of this product may change.

*  When performing X-ray inspection in mass production process and evaluation build stage such as the
product functions and characteristics confirmation, please confirm X-ray irradiation does not exceed
1.5Gy (absorbed dose for air).
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POWER DISSIPATION QFN0505-32C

PD-QFN0505-32-(85125)-JE-A

The power dissipation of the package is dependent on PCB material, layout, and environmental conditions.
The following measurement conditions are based on JEDEC STD. 51.
Measurement Conditions

Item

Measurement Conditions

Environment

Mounting on Board (Wind Velocity = 0 m/s)

Board Material

Glass Cloth Epoxy Plastic (Four-Layer Board)

Board Dimensions 76.2 mm x 114.3 mm % 1.6 mm

Copper Ratio

Outer Layer (First Layer): Less than 10%
Inner Layers (Second and Third Layers): Approx. 100% of 74.2 mm Square
Outer Layer (Fourth Layer): Less than 10%

Through-holes

¢ 0.3 mm x 9pcs

Measurement Result (Ta = 25°C, Tjmax = 125°C)
Item Measurement Result
Power Dissipation 2300mw
Thermal Resistance (6ja) bja = 43°C/W
Thermal Characterization Parameter (yjt) Yjt = 16°C/W

0ja: Junction-to-Ambient Thermal Resistance

yijt: Junction—to-top of package thermal characterization parameter
y 76.2 S
< 74.2 o
= = |
h - B
3000 r [ ]'
z B
8 2000
5 ™~
Ei 1500 2 =
7] —
@ =
o
5 1000 W
E
o]
o
500
0 | | | 1 | S
0 25 50 75 85 100 125
Ambient Temperature (°C)
Power Dissipation vs. Ambient Temperature Measurement Board Pattern
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PACKAGE DIMENSIONS QFN0505-32C
DM-QFN0505-32C-JE-A
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QFNO0505-32C Package Dimensions (Unit: mm)
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PART MARKINGS R5602L
Ver. A

D2OR@B®D®Q@@: Product Code -+ Refer to Part Marking List
MA2B1: Lot Number --- Alphanumeric Serial Number

DORBD®®
®D®OW

WIRIGIDI
O

R5602L (QFN0505-32C) Part Markings

There can be variation in the marking when different AOI (Automated Optical Inspection) equipment is used.
In the case of recognizing the marking characteristic with AOI, please contact our sales or distributor before

attempting to use AOL.

R5602L Part Marking List
Product Name 000060600000

R5602L001AA R5602001AA

Nisshinbo Micro Devices Inc.



10.

11.

. The products and the product specifications described in this document are subject to change or discontinuation of

production without notice for reasons such as improvement. Therefore, before deciding to use the products, please refer
to our sales representatives for the latest information thereon.

. The materials in this document may not be copied or otherwise reproduced in whole or in part without prior written

consent of our company.

. Please be sure to take any necessary formalities under relevant laws or regulations before exporting or otherwise

taking out of your country the products or the technical information described herein.

. The technical information described in this document shows typical characteristics of and example application circuits

for the products. The release of such information is not to be construed as a warranty of or a grant of license under
our company's or any third party's intellectual property rights or any other rights.

. The products listed in this document are intended and designed for use as general electronic components in standard

applications (office equipment, telecommunication equipment, measuring instruments, consumer electronic products,
amusement equipment etc.). Those customers intending to use a product in an application requiring extreme quality and
reliability, for example, in a highly specific application where the failure or misoperation of the product could result in
human injury or death (aircraft, spacevehicle, nuclear reactor control system, traffic control system, automotive and
transportation equipment, combustion equipment, safety devices, life support system etc.) should first contact us.

. We are making our continuous effort to improve the quality and reliability of our products, but semiconductor products

are likely to fail with certain probability. In order to prevent any injury to persons or damages to property resulting from
such failure, customers should be careful enough to incorporate safety measures in their design, such as redundancy
feature, fire containment feature and fail-safe feature. We do not assume any liability or responsibility for any loss or
damage arising from misuse or inappropriate use of the products.

. Anti-radiation design is not implemented in the products described in this document.
. The X-ray exposure can influence functions and characteristics of the products. Confirm the product functions and

characteristics in the evaluation stage.

. WLCSP products should be used in light shielded environments. The light exposure can influence functions and

characteristics of the products under operation or storage.

There can be variation in the marking when different AOI (Automated Optical Inspection) equipment is used. In the case
of recognizing the marking characteristic with AOIl, please contact our sales or our distributor before attempting to use
AOL

Please contact our sales representatives should you have any questions or comments concerning the products or
the technical information.

(1] (1)
NSSHINBO
Nisshinbo Micro Devices Inc.

Official website
https://www.nisshinbo-microdevices.co.jp/en/

Purchase information
https://www.nisshinbo-microdevices.co.jp/en/buy/
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