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Lithium-lon/ Lithium Polymer Battery Management Analog Front-End

NO.EA-356-190910

OVERVIEW

The R5601T is a battery management IC designed for use with a microcontroller and features and analog front-end
with overcurrent protection for multi-cell Li-ion/ Li-polymer battery packs. The R5601T supports battery packs
consisting of up to 5 cells in series. The R5601T provides a cell selection switch, a decoder that selects the cell to be
monitored based on input signals from external devices, an amplifier that outputs the monitored battery voltage, an
additional amplifier that monitors charge and discharge currents based on the voltage at both ends of external
resistors and then converts the current values to voltage and outputs the voltage values, a low-current voltage
regulator that provides voltage to the MCU, a thermal shutdown circuit, an alert output pin that notifies external
devices of any errors, and various logic circuits. The R5601T is offered in a 16-pin TSSOP-16 package.

FEATURES
®  High-voltage Process -« -« o rereeeereiiiiiiinnss Absolute Maximum Rating: 32 V
® | ow Current CONSUMPLION =« +evveseeeeeeenennnns Normal Mode: Typ. 36 HA
Low Consumption Mode: Typ. 6.5 pA
(Only VR and wakeup function operating)
Standby Mode: Max. 2.0 pA
®  High-accuracy Voltage Monitor ««-«««--xxeeeenee Gain: 0.6 Input-referred Voltage Error: £9 mV
Output-referred Voltage Error: 5.4 mV
®  High-accuracy Current MONItor ««-«««--xxeeeense R5601TxxxAA Gain: 10 +1.0%, 40 +2.0%
R5601TxxxAC Gain: 5 £0.8%, 10 +1.0%
®  Short-circuit Current Detection -+« -+« -eveeeenss The detector threshold/ time are settable using I°C interface.
Detector Threshold: 0.10, 0.15, 0.20, 0.40 V
Delay Time: 50, 100, 200, 400, 800 ps
e External Reference Voltage Output:-------------- 3.0000 V £3.5 mV
Temp. Characteristics: £30 ppm/°C (0 < Ta < 50°C, Ta = Tj)
® \/oltage Regulator Output Voltage:---------+--++++- 3.3V, Output Voltage Accuracy: 1.5% (-20°C to 60°C)
Output Current Limit: Min. 30 mA
®  Thermal Shutdown -« vveveiiiiis can be enabled or disabled by using I°C interface
®  BUilt-in FET SWitCh -« veveveeeie FET Switch can be set with MCU using I°C interface
®  AlErt QUEPUL <« rrevrerrerrr e provides a notification to MCU when detecting an event
®  LOW-POWEr MO -« rrrerrreeieeieee disables some of the internal function by the MCU control
®  Standby MOde «-- - rerrrrrr sets the IC to standby mode by inputting an external signal
to reduce the consumption current.
®  Wake-up FUNCHON -+ e vreereeen sets the IC to normal mode when detecting a discharging current
to reduce the consumption current.
® 12C INterface -« ----ssssrrrrrrniniiiiiiiiiiiiiiii i using an 12C allows to control the IC with MCU
PaCKAQE - ++++++ o rrrrrrrreeeee e TSSOP-16 (0.65 mm pitch)




R5601T

APPLICATIONS

®  Power Tools
®  Power Storages

® Cordless Vacuum Cleaners/ Robot Vacuum Cleaners

SELECTION GUIDE

The I2C slave address and the IC functions are user-selectable options with the R5601T.

Selection Guide

NO.EA-356-190910

Product Name Package Quantity per Reel Pb Free Halogen Free
R5601TxxxYY-E2-FE TSSOP-16 2,500 pcs Yes Yes
xxx: Specify the I2C slave address from below.
XXX I°C Slave Address
047 2Fh
063 3Fh
YY: Specify the IC functions from below.
vy VROUT \oltage Current External Output
Output Voltage Monitoring Gain Monitoring Gain Reference Voltage
AA 3.3V 0.6 10/40 3.000V
AC 3.3V 0.6 5/10 3.000 V
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BLOCK DIAGRAM
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PIN DESCRIPTIONS

R5601T Pin Descriptions

AAOANAALN

TSSOP-16

O
I

R5601T (TSSOP-16) Pin Configuration

NO.EA-356-190910

Pin No. Pin Name Description
1 VROUT Voltage Regulator Output Pin
2 VCELL Cell Voltage Monitoring Output Pin
3 VREF External Reference Voltage Output Pin
4 VIOUT Current Monitoring Output Pin
5 ALT Alert I/O Pin
6 SDA Serial Data I/O Pin
7 SCL Serial Clock Input Pin
8 RSP Rsens Positive Input Pin
9 RSN Rsens Negative Input Pin
10 VSS IC Ground Pin
11 VC5 Positive Terminal of Cell 5
12 VC4 Positive Terminal of Cell 4
13 VC3 Positive Terminal of Cell 3
14 VC2 Positive Terminal of Cell 2
15 VC1 Positive Terminal of Cell 1
16 VBAT Power Supply Pin

RICOH



R5601T
NO.EA-356-190910

ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings (Ta=25°C,Vss=0V)
Symbol Description Rating Unit
Vear Power Supply Voltage -0.31t0 32 \

[Input Voltage]
Ve Positive Terminal Pin Voltage of CELL1 Vez2 —0.31t0 V2 +9.0, V2 -0.3 to Vss +32 \%
Ve Positive Terminal Pin Voltage of CELL2 Vez —0.31t0 Vez 9.0 \%
Ves Positive Terminal Pin Voltage of CELL3 Vcs —0.310 Vea +9.0, Vs —0.3 t0 Vss + 24 \%
Vea Positive Terminal Pin Voltage of CELL4 Ves —0.3 10 Ves +9.0 \%
Ves Positive Terminal Pin Voltage of CELL5 Vss —0.3 to Vss +9.0 \%
Vspa SDA Input Voltage Vss —0.3 to Vrour +0.3 \%
VscL SCL Input Voltage Vss —0.3 to Vrour +0.3 \%
VrsN RSN Pin Input Voltage Vrout —6.0 to Vrout +0.3 \%
VRrsp RSP Pin Input Voltage Vrout —6.0 to Vrout +0.3 \%
Vaur ALT Pin Input Voltage -0.3t0 32 \%
[Output Voltage]
Vel Cell Voltage Monitoring Output Voltage Vss —0.310 6.5 Y
Viout Current Monitoring Output Voltage Vss —0.310 6.5 \%
VRer External Reference Voltage Output Voltage Vss —0.310 6.5 \%
Vroutr | VR Output Voltage Vss —0.310 6.5 \%
[Output Current]
lceLL Cell Voltage Monitoring Output Current 1.0 mA
lout Current Monitoring Output Current 1.0 mA
Irer External Reference Voltage Output Current 1.0 mA
lout VR Output Current 80 mA
Pp Power Dissipation Refer to Appendix “Power Dissipation”.
Tj Junction Temperature Range -40t0 125 °C
Tstg Storage Temperature Range -551t0 125 °C

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.

RECOMMENDED OPERATING CONDITIONS

Recommended Operating Conditions

Symbol Item Rating Unit
VAt Input Voltage 4.0t022.5 \%
Ta Operating Temperature Range -40 to 85 °C

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.

RICOH



R5601T

ELECTRICAL CHARACTERISTICS

Electrical Characteristics

NO.EA-356-190910

(Ta = 25°C, unless otherwise noted)

Symbol ‘ Parameter Conditions | Min. | Typ. ‘ Max. ‘ Unit
Input Section
Rcen Built-in FET ON Resistance Ven=4.0V 10 Q
Ven=4.5V, Built-in FET: OFF
lven Cell Voltage Input Leakage L 0.3
e genp g Cell Voltage Monitoring: OFF HA
Voltage Regulator
Vrout Output Voltage lour =1 MA, Vear=4.0t0 22.5V 3.27 | 330 | 3.33 \%
Output Voltage Temperature -20°C £ Ta<60°C,
AV o -15 15 %
ROUT | Characteristics lout =1 mA® °
lLim Output Current Limit 30 mA
Isc Short Current Limit Vrour =0V 20 mA
lour =30 MA, Vi =33V
VoI I/O Voltage Difference ot m ROUT 0.7 V
Rear=10Q
Thermal Shutdown
Tspp Hiow @ 150 °C
Temperature
Thermal Shutdown Released
Tsor Hiow @ 125 °C
Temperature
Cell Voltage Monitoring / External Reference Voltage
Vvein Cell Voltage Input Range 15 45 \%
Cell Voltage Monitoring lvc =1 pA -5.4 5.4 mV
V) Accuracy® (Output- Referred
VA ¥ Outp -20°C<Ta<60°C, hc=1pA® | -7.8 78 | mv
Voltage Error)
Gvc Cell Voltage Monitoring Gain ve =1 pA 0.6
Cell Voltage Monitoring Pin
I Vear =18V 10
ve Output Current BAT WA
Cell Voltage Monitoring
tvcset i CceL=0.1 uF®@ 200 s
Output Delay Time B H 3
VREeF External Reference Voltage® | Irer = 1 A 2.9965 | 3.000 | 3.0035| V
AVrer | External Reference Voltage 0°C £ Ta<50°C, |rer = 1 pA® +30 ppm
/ ATa Temperature Characteristics -20°C < Ta<60°C, |rer = 1 pA® +60 /°C
External Reference Voltage
I 10
REF Output Current WA

(@ Measurements are performed in an environment in which Tj is nearly equal to Ta. High and low temperature tests are not
executed at the mass production line, therefore, this specification in the specified temperature range is guaranteed by design.

@ guaranteed by design

© The Input-referred voltage error can be calculated as Vivea / Gve. This is the after correction value.

@ This is the after correction value.
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R5601T
NO.EA-356-190910

Electrical Characteristics (Continued) (Ta = 25°C, unless otherwise noted)

Symbol Parameter ‘ Conditions ‘ Min. | Typ. ‘ Max. | Unit
Current Monitor /Short-Circuit Protection

Vcunio | Voltage Input Range (Gain 10) -25 225 mV
Vcuingo | Voltage Input Range (Gain 40) -6.25 56.25 | mV
Vcuns | Voltage Input Range (Gain 5) =50 450 mV
Geuwo | Current Monitoring Gain 10 @ 10
Geuso | Current Monitoring Gain 40 S12) 40
Gcus Current Monitoring Gain 5 0e 5
Current Monitoring Gain )
Gcualo When Gceuw is selected® -1.0 1.0 %
Accuracy 10
Current Monitoring Gain ]
Gcuago When Gcua is selected® -2.0 2.0 %
Accuracy 40
Current Monitoring Gain ,
Gceuas When Gcus is selected® -0.8 0.8 %
Accuracy 5
Vcuo Zero-Current Output Vrsp=0V 25 \%
Current Monitoring Output
lcu 10 UA
Current
Short-Circuit Detector four-steps variable settings via I°C:
VsHoRT . 0.1 0.4 V
Threshold Setting Range 0.10V,0.15V,0.20V,0.40V
Short-Circuit Detector
Vstacc -10 10 %
Threshold Accuracy
Short-Circuit Detect Output five-steps variable settings via I2C:
tsHoRT . ) 50 800 us
Delay Time Setting Range 50, 100, 200, 400, 800 ps
t Short-Circuit Detect Output Vrsp: OV -> 1V, | TsHorr =50 us 100 | ps
STACC . _
Delay Time Accuracy Vshort = 0.4V Tsrorr 2100 s | =50 50 %

(@ Settings depending on the preset product code.
@ Calculated from the minimum and maximum input voltage range at each gain.
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R5601T

Electrical Characteristics (Continued)

NO.EA-356-190910

(Ta = 25°C, unless otherwise noted)

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Input Function
ViHDA SDA “High” Input Voltage Vrour = 3.3V \;Rg Lg \%
ViLba SDA “Low” Input Voltage Vrour =3.3V KRS UZT \%
ViHeL SCL “High” Input Voltage Vrour =3.3V zRng \%
ViLcL SCL “Low” Input Voltage Vrour =3.3V KRS UZT \%
ViHAL ALT “High” Input Voltage In standby mode 2.0 Vv
ViLaL ALT “Low” Input Voltage In standby mode 0.3 Vv
liHDA SDA “High” Input Current Vrour =3.3V -1 1 A
liHeL SCL “High” Input Current Vrour =3.3V -1 1 MA
liHAL ATL “High” Input Current Vear=225V -1 1 MA
Output Function
VoLpa SDA “Low” Output Voltage lo. =3 MA, Vrour =3.3V 0.4 \%
VouaL ALT “Low” Output Voltage loL =50 YA, Vrour = 3.3V 0.4 \%
Wakeup /Standby Function
Vror Power ON Reset Voltage 2.0 25 Vv
Wakeup Voltage Setting variable settings via I>°C: 10 mV,
Ve Range 20 mV, 40 mV, or 80 mV. 10 80 mv
Vwup =10 mV -3 3 mV
Vwueac | Wakeup Voltage Accuracy 20 MV £ Ve o5 o5 %
Wakeup Delay Time Setting variable settings via I°C: 2 ms,
twupd Range 4 ms, 8 ms, 16 ms, 32 ms, 64 ms 2 64 ms
) Twup £4 ms, -50 50 o
twupac | Wakeup Delay Time Accuracy 4ms < Tuop _30 30 %
Iss1 VBAT Supply Current 1 Normal mode, Vcx =3.7 V 36 48 PA
Cell Voltage Monitoring _
Iveer Operating Current Vex=3.7V 10 KA
Current Monitoring Operating _
Ivio Current Vex=3.7V 10 A
External Reference Voltage _
Ivrer Operating Current Vex=3.7V 10 WA
Low Power Mode (Only VR and
Iss2 VBAT Supply Current 2 wakeup function operating), 6.5 9.0 A
Vex=3.7V
Ist Standby Current Vex=3.7V 15 2.0 MA
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R5601T
NO.EA-356-190910

Electrical Characteristics (Continued) (Ta = 25°C, unless otherwise noted)
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Serial Interface AC Characteristics

felk SCL Clock Frequency 400 kHz
telk SCL Clock Cycle 25 us
tscll SCL Clock “Low” Time 13 us
tsclh SCL Clock “High” Time 0.6 us
tsu:sta | Start Condition Setup Time 0.6 us
tsu:dat | Data Setup Time 200 ns
tsu:sto | Stop Condition Setup Time 0.6 us
thd:sta | Start Condition Hold Time 0.6 us
thd:dat | Data Hold Time 0 ns
tr SDA and SCL Rise Time® 300 ns
tf SDA and SCL Fall Time® 300 ns
102t | T e he Faling of SCL 09 | us
Zdat | TC oor he Faling of SCL 09 | us
tsp Eiﬁggval Spike Width by Input 50 ns
o | St ond forSDAand 0 | o

tSCL
£SCLH | tSCLL tsp
scL /
tHD;DAT et Ie tSU;DAT
soAtm 'SR
tPL;DAT tPZDAT
SDA(OUT)

== - ===

| S 1 Start Condition i P 1 Stop Condition 1 Sr i1 Repeat-Start Condition

AC Specifications for the I’C Bus (Data Transfer Method)

@ The relationship between the 12C bus capacity (Cg) and the pull-up resistance values (Rp: 3.3 kQ is recommended).

RICOH




R5601T
NO.EA-356-190910

THEORY OF OPERATION

Cell Voltage Monitoring

The R5601T is an IC that monitors the voltage of each cell of lithium-ion and lithium polymer secondary batteries of
up to five cells. If a cell whose voltage is to be monitored is selected by controlling the IC from the MCU via the I12C
interface, the voltage of that cell will be multiplied by the gain and then output from the VCELL pin. Accordingly, the
following equation can be obtained by calculating the battery voltage from the output voltage:

VC, -vC, , = e
Gvc

1

Herein, the offset and the gain error are included in the output voltage, therefore values for adjustment are stored in
the registers of each IC. Adjustment can be done by the next formula.

Correction value for voltage monitoring offset: CVOS
Correction value for voltage monitoring gain: CGVC

VC,-VC, Vvex (14107 x CVOSC;\;CIO6 x CGVC xVC,,,)

Note: When you monitor the voltage between VCs and VSS, 0OV should be input VCy+1.

If there is no cell voltage output instruction from the external MCU, or if a cell voltage monitoring amplifier stop
instruction has been issued, or if the R5601T is in standby mode, the output will be pulled down to the VSS by an
internal resistor.

To ensure accurate monitoring of the cell voltage, make measurements with the built-in FET switch turned off. If you
do not do so, the input resistance and current will cause the voltage to drop when a current flows through the built-in
FET switch, thereby preventing the expected level of voltage from being output from the VCELL pin.

Internal FET Control

By controlling the internal FET by the external MCU via the I2C Interface, the R5601T can flow the discharge current
into the IC from each cell. The discharge current can be set by external resistor. When select external resistor, pay
attention to the power dissipation of the external resistor and the input current tolerance of the IC. The internal FET
must be controlled so that the adjacent internal FET is not also turned on at the same time. When selecting a cell for
voltage monitoring during the internal FET’s on, the internal FET capability is limited

10
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R5601T
NO.EA-356-190910

Current Monitoring

The R5601T outputs a current that flows through the RSENS resistor located between the RSN and RSP pins after
conversion to a voltage. The R5601T always outputs a positive voltage, but outputs Vcuo at zero current. Because
the voltage of the RSP pin is inversely amplified by the Gcu gain, the output will be smaller than Vcuo when a
discharge current flows, and will be larger than Vcuo when a charging current flows. Moreover, the built-in
multiplexer enables switching between RSP input and RSN input, in which case the following equation can be used
by the host to adjust the current value to the more accurate Isens value:

~ Vcu(RSP) —Vcu(RSN)
s =
Gcu x Rsens

Gcu can be switched via I°C communication. The following table shows the amplifier input and output ranges. The
Isens range in the table shows discharge current as positive values and charging current as negative values.

When Rsens is 1 mQ and a 10-bit ADC is used

RSP Input Voltage | Viour Output Voltage Isens Range [A] Isens Resolution [mA]
Geu | Vew V] Range [mV] Range [V] (Rsens = 1 mQ) (When 10-bit ADC
Min. Max. Min. Max. Min. Max. used)
5 25 -50 450 0.25 2.75 -50 450 586
10 25 -25 225 0.25 2.75 -25 225 293
40 25 -6.25 56.25 0.25 2.75 -6.25 56.25 73
When Rsens is 0.5 mQ and a 10-bit ADC is used
RSP Input Voltage | Viour Output Voltage Isens Range [A] Isens Resolution [mA]
Geu | Vew [V] Range [mV] Range [V] (Rsens = 0.5 mQ) (When 10-bit ADC
Min. Max. Min. Max. Min. Max. used)
5 25 -50 450 0.25 2.75 -100 900 1172
10 25 -25 225 0.25 2.75 -50 450 586
40 25 -6.25 56.25 0.25 2.75 -125 1125 146
When Rsens is 0.5 mQ and a 12-bit ADC is used
RSP Input Voltage | Viour Output Voltage Isens Range [A] Isens Resolution [mA]
Geu | Vew V] Range [mV] Range [V] (Rsens = 0.5 mQ) (When 12-bit ADC
Min. Max. Min. Max. Min. Max. used)
5 25 -50 450 0.25 2.75 -100 900 293
10 25 -25 225 0.25 2.75 -50 450 146
40 25 -6.25 56.25 0.25 2.75 -125 1125 37

If the stop command is set for the external voltage reference output or the current monitoring amplifier by the MCU,

or if the R5601T is in standby mode, the output will be pulled down to the Vss by an internal resistor.

RICOH
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R5601T
NO.EA-356-190910

External Reference Voltage Output

The R5601T outputs the reference voltage that is used by the external A/D converters and for current monitoring. If
an external reference voltage output stop instruction is received from the external MCU or if the R5601T is in standby
mode, the output will be pulled down to the VSS by the internal resistor. The externally output reference voltage has
an offset against the preset value. This offset value is stored in the register.

Short-circuit Current Detection

The R5601T contains a function that detects a short-circuit current through the discharge path and makes the output
of the ALT pin to "Low" by monitoring the RSP pin voltage as both ends of the resistor located on the discharge path.
If the load is removed and identified opening the load, the output of the ALT pin can be changed into "Hi-Z" by a reset
command from the external MCU. Not only the short detector threshold and delay time can be changed, but also the
short-circuit detection function can be invalid by the external MCU command.

Voltage Regulator

The R5601T contains a 30-mA voltage regulator for operation of the external MCU. The voltage regulator operates
when the voltage of the VBAT pin is between 4.0 and 22.5 V. When the R5601T is in standby mode, the output will
be pulled down to the VSS by the internal resistor. The R5601T also contains a thermal shutdown function to protect
itself from overheating. If the heat generated by the voltage regulator causes the junction temperature (Tj) to exceed
150°C (Typ.), the output driver will turn off to protect the IC, thereby causing the output of the voltage regulator to turn
off. If the junction temperature (Tj) drops below 125°C (Typ.), the output driver will turn on and the output of the voltage
regulator will turn on. Operation of the thermal shutdown function can be stopped from the external MCU.

ALT pin Output Function

The R5601T can drive the output of the ALT (normally Hi-Z) low to prevent the reporting of an event that the R5601T
itself has detected to external devices. The output format of the ALT pin is N-channel Open Drain.

Because information on an event that has been detected is stored in an internal register, the MCU can identify the
event by reading the event information in the register via the 1°C interface. To return the ALT pin’s output from "Low"
to "Hi-Z", write “0” to all EVT registers while R5601T is not detecting an event.

Wakeup Function

The R5601T has a wakeup function. When detected the increase of the voltage of the RSP pin by the action of the
discharge current and the sense resistance (Rsens), the R5601T's action varies with modes. In the case of the
standby mode, the R5601T is restored after a preprogrammed delay time.

Also, in the case of the other modes except the standby mode, after the delay time, the R5601T sets the ALT pin to
"Low" and provides notification of this event to the MCU.

The RSP pin voltage and delay time for this event and the enabled / disabled of the wakeup circuit can be set by the
MCU via the 1°C interface.

12
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R5601T
NO.EA-356-190910

Standby Function

The R5601T has a standby function. The MCU provides an instruction to switch to standby mode to the R5601T via
the 1°C interface. The R5601T can restore from the standby mode by the wakeup function, or else by the ALT pin's
pulled-up.

[’C SERIAL COMMUNICATIONS
Overview: The I2C interface for the R5601T chip is used in slave mode.

[2C Interface Pins

Signal Name IO Polarity Description Remarks
SDA I/O - Serial Data Input/ Output Open Drain
SCL I - Serial Clock Input CMOS Input
[Slave Address]

The slave address consists of seven bits and is fixed as “Xxxxxxx : yyh”.
(For details about the settings of the slave address, see the Selection Guide.)

[Read / Write Processing]

The following are the specifications of the read/write processing as viewed from the MCU:
0: Write processing (Inputs the data transferred from the MCU at the rising edge of SCL)
1: Read processing (Outputs data at the falling edge of SCL)

Data Transfer Method

(1) Start and stop conditions

Basically, the I2C bus must remain in a constant state while the SCL signal level is high during data transfers, as
shown in Figure A.

S an WA NV an N
% 'S

tSUDAT tHDDAT

Figure A. SCL and SDA Signals

Both the SCL and SDA signals are high when no data is being transferred. If the SDA signal changes from high to
low while both the SCL and SDA signals are high, a start condition is generated and access processing starts.
However, if the SDA signal changes from low to high while the SCL signal is high, a stop condition is generated and
access processing ends. (See Figure B.) Start and stop conditions are always generated by the master.

13
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R5601T
NO.EA-356-190910

Start Condition Stop Condition

o N/ .
o\ |/ \ |

tHD;STA tsu;STO

Figure B. Start and Stop Conditions

(2) Data transfer and acknowledgment (ACK)

After a start condition is generated, data is transferred one byte (eight bits) at a time. Any number of bytes of data
can be transferred in succession. An ACK signal is sent from the receiver to the sender to acknowledge that eight
bits of data has been received.

As soon as the clock pulse of the eighth bit of the SCL signal in the transfer data goes low, an ACK signal is generated
that causes the sender that has been asserting the bus up to that point to release the SDA pin and the receiver to
drive the SDA signal low. If there is another byte of transfer data to be received after the receiver has sent an ACK
signal, the sender will transfer the data. If the master is the receiver, the master will not generate an ACK signal after
the last byte of data has been sent from the slave in order to notify the sender device that the data transfer is complete.
In this case, the slave, which is the sender, will leave the SDA pin in the released state so that the master can generate
a stop condition.

Start Condition

scLfrom T \Ni /—\ /—\ /O
SDA from \ / X X: :X /

Transmitting

SDA from \_/_

Receiving ... ACK Signal

Figure C. Data Transfer and ACK Signal

Basically, the I2C bus must remain in a constant state while the SCL signal is high during data transfers, as shown
in Figure A.

14
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R5601T
NO.EA-356-190910

Data Write Method
Figure D shows the data write format.

1st byte: Slave address + Write instruction.

2nd byte: Address of the internal register to which the data is to be written.

3rd byte: Data to be written to the address specified in the second byte.

4th and subsequent bytes: Data to be written to the automatically incremented address.

The master issues a start condition, and the slave receives the first byte of data that follows the start condition and
returns an ACK signal to the master.

If the slave address that the slave receives matches its own address, the slave receives the second and subsequent
bytes of data in order and returns an ACK signal to the master each time a byte is received.

After all necessary data has been written, the master will issue a stop condition to end the write operation.

If, however, the slave address that the slave receives does not match its own address, the slave will not return an
ACK signal to the master.

s 1st byte 2nd byte 3rd byte 4th byte p
AR AV AV AR AR AN A AT AV AN AU R AV ARV AN AVANAVR ARV ARV AVAVANAVRA VD
aw el T T T T ool /7ol T T T T T Too[forl T T T T T Toolff[orl T T T T T Too[/}/
Slave address w Resister address n Address n Data Address n+1 Data
SDA
oun -~ T T T T T H-Z —==—==—= . """ """ " """ . ———"—""""""/"/"/"/"7: /U /////T00— I
lave lave Slave Slave
ACK ACK ACK ACK
D I:I D D Write data of master (MSB 1st tranfer)
S : Start condition (from Master) P : Stop condition (from Master)

Figure D. Data Write Method

15
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R5601T
NO.EA-356-190910

Data Read Method
Figure E shows the data read format.

1st byte: Slave address + Write instruction.

2nd byte: Address of the internal register from which the data is to be read.

3rd byte: Slave address + Read instruction.

4th byte: Data to be read from the address specified in the second byte.

5th and subsequent bytes: Data to be read from the automatically incremented address.

The master issues a start condition, and the slave receives the first byte of data that follows the start condition and
returns an ACK signal to the master. If the slave address that the slave receives matches its own address, the slave
receives the second byte of data and returns an ACK signal to the master. Next, the master issues a repeated start
condition, sends the slave address and a read instruction with the third byte of data, and then switches the serial
access direction.

The data with the address specified as the second byte of data is read as the fourth byte of data, and the master
issues an ACK signal.

The fifth and subsequent bytes of data are read sequentially by automatically incrementing the address. When all
necessary data has been read, the master does not return an ACK signal to notify the slave that the read processing
has completed. Instead, the master issues a stop condition to end the read operation.

1st byte 2nd byte Sr 3rd byte 4th byte

st TWHWRHWHWH
it D7| N O N 57/ 2 O I I 237 //4 \D7| L LT el

ACK
Slave address w Resister address n Slave address R Address n Data

~

e e o o] T [ [ To--

Slave ACK Slave ACK Slave ACK
5th byte 6th byte

VUVUVUYYUUUUUVUULLST
T IOTETY IO, \

Master ACK Master-'
Address n+1 Data Address n+2 Data NACK

D7| | | | | | |D°“D7| | | | | | |D0-—-————

|:| |:| Write data from master (MSB 1st transfer)
|:| |:| Read data from slave (MSB 1st transfer)

S:Start condition (from Master) P:Stop condition (from Master)
Sr: Repeat start condition(from Master)

Figure E. Data Read Method
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R5601T

Repeated Start Condition

NO.EA-356-190910

Figure F shows the format of a repeated start condition. The master issues a repeated start condition, and the slave

receives the first byte of data that follows the repeated start condition and returns an ACK signal to the master. After

a repeated start condition is issued, the write instruction writes data by using the same procedure that is used for a

normal start condition. This is shown in the seventh to the tenth bytes of data in Figure F. After a repeated start

condition is issued, the read instruction starts to read from the addresses specified as the second and eighth bytes

of data in Figure F. Each time an ACK signal is returned from the master, the address is automatically incremented

and the data at that address is read.

s Ist byte 2nd byte Sr 3rd byte 4th byte
AR TR AV A AR R AT R ARV A YAV AN ATAN AR R AVANAVANAVANAAVAI
sw ot T T T T T Joo] [or T T T T T Too] [\ fer T T T feo| [or[ T T T ] Teo
Slave ACK Slave {\CK"‘ Slave ACK
Slave address P Resister address n P Slave address R Address n Data
2SR R R S U U U U R U U U write - — —i—m i ———— < ——— — read -—————-

5th byte

6th byte

7th byte

8th byte

TARAVARAVANAVAAVRAVAVAVAVAVAVARAL

ﬂﬂmﬂﬂmﬂ

o T T T T [ feof [or TT T T T Jeof [Afer T T T T T oo [or[ TTTTT oo
Master ACK Master Ack - Slave ACK Slave 60K
Address n+1 Data : g Address n+2 Data § Slave address w g g Resister address m :
_________________________ read — i B i WP R
9th byte 10th byte Sr 11th byte 12th byte

TARAVARAVANAVAAVRAVAVAVAVAVAVARAL

N AN U UL

o[ [T Toe] [l T T T T ool [\l TT T T T feo] [ TTT T oo
Slave ACK Slave ACK ™ Slqve ACK
Address m data Address m+1 Data Slave address w g Address m+1 data
¢y Write —m PSR — read — —-—-—- -

[::] [::] Write data from master (MSB 1st transfer)

l:’ l:’ Read data from slave (MSB 1st transfer)

P:Stop condition (from Master)

S:Start condition (from Master)

Sr:Repeat start condition (from Master)

Figure F. Repeated Start Condition
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R5601T

NO.EA-356-190910

Error Processing

If an ACK signal is not returned from the slave during data write processing, temporarily terminate the write
processing, issue a stop condition or repeated start condition, and the restart the write processing.

If, for some reason, a data transfer either has been stopped or has stopped during communication, issue another
start condition and then restart the data transfer from scratch according to the specified procedure.

If the master issues a condition instruction while the slave has control of the bus, the slave will not accept the
instruction. Accordingly, avoid this kind of usage.

If the master device is turned off and then on again when the slave is active, communication might not be possible,
depending on the slave status when the maser device is turned off (for example, when the slave is in read mode).
In such cases, continue to send clock signals from the master, and either issue a condition when the slave receives
an ACK signal from the master, or reset the R5601T as described later.

If the action just described does not resolve the problem, reset the R5601T by turning the power off and then on
again.
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R5601T

APPLICATION INFORMATION

e TYPICAL APPLICATIONS ( 5 Cells /4 Cells / 3 Cells)

NO.EA-356-190910

fang
s
VROUT
ReAT L é
L VBAT VROUT
CeaT j; ; CvRr
Ryt
[ L B VC1 VREF b i B4
CREF
— Cvor — ;
Rvcz
[  d B VC2 WVCELLER i £
CCEL
— Cvez — ;
Rvea
——\\—e—wvcs VIOUT B2 * &
Cio
_ Cves —= ;
Ruos R5601x MCU
—\\—e—xvce
VROUT
1 Cvos —
RaLT
Rvcs
L BJ VC5H ALT B £d
VROUT
T Cvos ——
Rsoa
% £ VSS SDA B B4
VROUT
RscL
SCL i)
RSN RSP
CRsM
Jf"\
=

RsENS

R5601T Typical Application for 5 Cells
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R5601T

NO.EA-356-190910

———1——}—o—|

&)
VROUT
RBAT é
AN * VBAT VROUTES sa
CBAT ;I/; ; CVR
Rvci
L X VC1 VREFD& i Y
CREF
Cvet —— ;
Rvc2
@ XVC2 VCEL B¢ l DY
CCEL
Cvc2 — ;
Rvcs
® X VC3 VIOUT i X
Cio
Cves —— ;
Rvoe R5601x MCU
AN ® 2VC4
VROUT
Cvcs —
RALT
Rvcs
® X VC5 ALTR oY
VROUT
RsbA
7; X VSS SDAD £
VROUT
RscL
SCLIX oY
RSN RSP
CRSN CRSP
RRSN RRsSP
S)
RSENS

R5601T Typical Application for 4 Cells
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R5601T

NO.EA-356-190910

&)
VROUT
RBAT é L é
AN *+ VBAT VROUT
CBAT ;I/; ; CVvRr
Rvci
@ X VCH VREFX l &
CREF
Cvect — ;
Rvc2
L 4 X VC2 VCEL X l &
CcCEL
Cvcz — ;
Rvcs
L4 5 VC3 VIOUTR 1 5
Cio
Cves — ;
Rvoa R5601x MCU
@ X VC4
VROUT
? RALT
———XVC5 ALTRX &
VROUT
RsbA
777 5 VSS SDAX oY
VROUT
RscL
SCL X 5
RSN RSP
CRSN CRsP
RRSN RRsP
RSENS

R5601T Typical Application for 3 Cells
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R5601T

External Components List

NO.EA-356-190910

Symbol | Typ. | Unit Setting Range Remarks
Rear 10 Q 10 or more Pay careful attention to the power dissipation for Rear.
Rvei 100 Q 100 to 1000 @
Rvez 100 Q 100 to 1000 @
Rves 100 Q 100 to 1000 ®
Rvea 100 Q 100 to 1000 ®
Rves 100 Q 100 to 1000 @
Rspa 3.3 kQ 3.3 or more
RscL 33 kQ 3.3 or more
RaLt 1 MQ 1 or more
Rsens 1 mQ 0.5 or more @
Rrsn 1 kQ 0.1to 10
Rrsp 1 kQ 0.1t0 10 ®
Cear 4.7 MF 1.0 or more
Cva 0.47 UF 0.1 or more
Cvc2 0.47 UF 0.1 or more
Cvcs 0.47 UF 0.1 or more
Cvca 0.47 UF 0.1 or more
Cvcs 0.47 UF 0.1 or more
Cwr 1 uF 1.0t0 4.7
Crer 0.1 UF 0.1lto1l
CerL 0.1 UF 0.1lto1l

Cio 0.1 uF 01tol
CrsN 0.1 uF
Crsp 0.1 MF @

() This value affects internal FET current
@ Rsens affects the range and resolution of current monitoring. For detailed information, see tables in Current Monitoring section
of THEORY OF OPERATION chapter.
@ This value affects short detector delay time and wake-up detector delay time.

RICOH
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R5601T

REGISTER DESCRIPTION

Address Map

NO.EA-356-190910

The table below shows the register address map. The data width of each internal register is eight bits, and data is

accessed one byte at a time.

Address Map of Internal Registers

Address (hex) Settings R/W Remarks
00 Operation Mode Selection R/W
01 Cell Selection RW
02 Built-in FET Control R/W
03 Current Monitoring, Short-Circuit Operation Settings R/W
04 Event Storage Register R/W
05 Wakeup Settings R/W
06 Short-Circuit Detection Settings R/W
07 External Output VREF Offset Correction Value R
08 Voltage Monitoring Offset Correction Value R
09 Voltage Monitoring Gain Correction Value R

Details of Register Map
Note: A hyphen (-) indicates an unused bit. It is not possible to write to register bits that are not used. Reading these

register bits results in a “0” value.

Operation Mode Selection Register (Read/Write)
This register is used to set the operation mode.

Address Name D7 D6 | Ds | pa | D3 | D2 DI | DO
00 STB - STB [6:0]
Initial Value 0 o | o | o | o | o o | o
1. STB [6:0]
Setting a bit to “1” stops the corresponding internal circuit.
The correspondence between each bit and its internal circuit is as follows:
STB[0] (= DQ) «rerevrrmermrrerenenannss Stops the cell voltage monitoring amplifier.
STBL] (= D1)-revreeremreineinenn Stops the current monitoring amplifier.
STB[2] (2 D2) :evevreeeereeneninnnnns Stops the external reference voltage output.®
STB[3] (ZD3) rrrerrmrrmrrereenenennss Stops the thermal shutdown function.
STB[4] (=D4) «vevveeeemrenreenennnnss Stops the short-circuit detection circuit.
STB[5] (ZD5)-+vsvverveervrsvrsinene Stops the wakeup function.
STB[6] (FDB) :evveeerrreensreennnennn Moves to the standby mode.
(@ Stopping the external reference voltage output automatically stops the current monitoring ampilifier.
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Cell Selection Register (Read/Write)

This register selects a monitoring cell.

Address Name D7 D6 D5 D4 D3 D2 | D1 | Do
01 SEL - - - - - SEL [2:0]
Initial Value 0 0 0 0 0 o | o | o

SEL [2:0]

Entering the values shown in the table below in the register decodes the values internally and multiplies each cell
voltage by the gain before output from the VCELL pin. If the voltage monitoring amplifier has been stopped by
setting the operation mode, no cell voltage will be output even though values have been entered in register SEL [x].

Combination of Cell Selection and SEL Register Input

D2 D1 DO VCELL
0 0 0 Pull-Down
0 0 1 Cell 1 Voltage Monitoring
0 1 0 Cell 2 Voltage Monitoring
0 1 1 Cell 3 Voltage Monitoring
1 0 0 Cell 4 Voltage Monitoring
1 0 1 Cell 5 Voltage Monitoring
1 1 0 Pull-Down
1 1 1 Pull-Down
Built-in FET Switch Control Register (Read/Write)
This register selects the cell whose built-in FET is to be turned on.
Address Name D7 D6 D5 D4 | D3 | D2 | D1 | DO
02 CB - - - CB [4:0]
Initial Value 0 0 0 o | o | o | o | o

The built-in FET is turned on by writing a “1” to the bit corresponding to the cell whose built-in FET is to be turned
on. The correspondence of bit and cell is as follows:

CB [0] (= DO0): Turns on the built-in FET switch for the first cell.

CB [1] (= D1): Turns on the built-in FET switch for the second cell.

CB [2] (= D2): Turns on the built-in FET switch for the third cell.

CB [3] (= D3): Turns on the built-in FET switch for the fourth cell.

CB [4] (= D4): Turns on the built-in FET switch for the fifth cell.

Built-in FETs must be controlled so that two adjacent FETs do not turn on simultaneously. When two adjacent FETs
turn on, the status before writing is maintained.
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Current Monitoring Settings Register (Read/Write)

This register sets up current monitoring.

Address

Name

D7

D6

D5 D4 D3 D2 DI | DO

03

RS

- - - - RS [1:0]

Initial Value

RS [0] (= DO): Conversion from a VSS-RSP voltage when this bit is “0".

Conversion from a VSS-RSN voltage when this bit is “1”.

RS [1] (= D1): Output gain is Low® when this bit is “0".

Event Storage Register (Read/Write)

Output gain is High® when this bit is “1”.

This register stores events detected by the R5601T.

Address Name D7 D6 D5 D4 p3 | b2 | b1 | Do
04 EVT - - - - EV [3:0]
Initial Value 0 0 0 0 o | o | o | o

The correspondence of bit and event is as follows:

EVT [0] (= DO): Detected a short-circuit.

EVT [1] (= D1): Detected a momentary voltage drop.

EVT [2] (= D2): Detected a wakeup.
EVT [3] (= D3): Detected an error in the IC.

When at least one of the above-mentioned registers becomes “1”, the output of ALT pin becomes "Low".

To return the ALT pin’s output from "Low" to "Hi-Z", write “0” to all EVT registers while R5601T is not detecting an

event.

@ The value is different by the product code option.
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Wakeup Settings Register (Read/Write)

This register sets the voltage and the delay time of RSP that detects wakeup.

NO.EA-356-190910

Address Name D7 b6 | pDs | pa | D3 | D2 DI | DO
05 wu - WUD [4:0] WUV [1:0]
Initial Value 0 o | o | o | o | o o | o

Entering the values shown in the following table in the register decodes the values internally and sets the

corresponding detection thresholds.

Setting W%\i g WLIJD\S 2] Detector Threshold (mV)
1 0 0 10
2 0 1 20
3 1 0 40
4 1 1 80

Entering the values shown in the following table in the register decodes the values internally and sets the

corresponding delay times at wakeup detection.

Setting WUD [4] WUD [3] WUD [2] WUD [1] WUD [0] Delay Time

D6 D5 D4 D3 D2 (ms)

1 0 0 0 0 0 2

2 0 0 0 0 1 4

3 0 0 0 1 0 8

4 0 0 1 0 0 16

5 0 1 0 0 0 32

6 1 0 0 0 0 64

Any operations are not guaranteed other than the settings shown in the table above.
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Short-circuit Detection Settings Register (Read/Write)

The short-circuit detection voltage and the delay time are set to this register.

NO.EA-356-190910

Address

Name

D7

D6 | D5

D4

p3 | D2 | b1 | DO

06

SC

SCD [3:0]

SCV [3:0]

Initial Value

0|

o | o

o | o | o | o

The short-circuit detector threshold is set as shown in the next table according to the registers SCV [3:0]. Any

operations are not guaranteed other than the settings showing in the next table.

Setting SC|;/3[3] SCS/Z[Z] SC[;/ 1[1] SC[;/ O[O] Short-Circuit Detector Threshold (V)
1 0 0 0 0 0.400
2 0 0 0 1 0.200
3 0 1 0 1 0.150
4 0 0 1 1 0.100

The short-circuit detector output delay time is set as shown in the next table according to the registers SCD [3:0]. If

"1" is set to two or more registers, the shorter delay time is set.

Setting SCD [3] SCD [2] SCD [1] SCD [0] Short-Circuit Detect Output Delay
D7 D6 D5 D4 Time (us)
1 0 0 0 0 50
2 0 0 0 1 100
3 0 0 1 0 200
4 0 1 0 0 400
5 1 0 0 0 800

RICOH
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Offset Correction Value for External Output VREF Register (Read)

This register stores the offset correction value for the R5601T external output VREF.

Address Name D7 D6 D5 p4 | b3 | D2 D1 DO
07 RF RF [7] RF [6:0]
Initial Value Correction Value of Individual IC

RF [0 to 6] (= DO to D6): Expresses the absolute value of a VREF offset as 0 to 12.7 mV in 0.1 mV increments.
RF [7] (= D7): Expresses the sign of a VREF offset. “0” indicates plus, and “1” indicates minus.

For example, in our test environment, if the output is 2.9980 V when the external output VREF is set to 3.0000 V,
—-2.0 mV is stored in this register.

Correction Value for Cell Voltage Monitoring Offset Register (Read)

This register stores the offset correction value of the Cell voltage monitoring.

Address Name D7 D6 D5 p4 | D3 | D2 D1 DO
08 VOS VOS [7] VOS [6:0]
Initial Value Correction Value of Individual IC

VOS [0 to 6] (= DO to 6): Reflects the absolute value of the correction value for cell voltage monitoring offset as 0 to
127.
VOS [7] (= D7): Reflects the plus or minus sign of the cell voltage monitoring offset. "0": plus, “1”: minus.

Correction Value for Cell Voltage Monitoring Gain Register (Read)

This register stores the gain correction value of the Cell voltage monitoring.

Address Name D7 D6 D5 D4 | D3 | D2 D1 DO
09 VCG VCG [7] VCG [6:0]
Initial Value Correction Value of Individual IC

VCG [0 to 6] (= DO to 6): Reflects the absolute value of the correction value for cell voltage monitoring gain as 0 to
127.

VCG [7] (= D7): Reflects the plus or minus sign of the gain correction value for cell voltage monitoring. “0”: plus, “1":
minus.
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POWER DISSIPATION TSSOP-16

Ver. B

The power dissipation of the package is dependent on PCB material, layout, and environmental conditions.
The following measurement conditions are based on JEDEC STD. 51-7.

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 x 1.6 mm

Copper Ratio

Outer Layers (First and Fourth Layers): Approx. 10%, 60 mm square
Inner Layers (Second and Third Layers): Approx. 100%, 74.2 mm square

Through-holes

¢ 0.85 mm x 44 pcs

Measurement Result

(Ta = 25°C, Tjmax = 125°C)

Item Measurement Result
Power Dissipation 850 mW
Thermal Resistance (6ja) 0ja = 118 °C/W
Thermal Characterization Parameter (yjt) yjt = 35 °C/W
6ja: Junction-to-Ambient Thermal Resistance
yijt: Junction-to-Top Thermal Characterization Parameter
3 76.2 .
1000 B |
A /
000 | 850
800 o
<
g 700
E
E 600 9
E 500
2 400 g v
g 300
[e] \
& 200
100
0 ! ™
0 25 50 75 85 100 125 150 !
Ambient Temperature (°C)
Power Dissipation vs. Ambient Temperature Measurement Board Pattern
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PACKAGE DIMENSIONS TSSOP-16

Ver. A

5.0+£0.2
TRARAART

6.4+0.2

1.2 max

0.9+0.1

0.15+0.05

' e
I EIHEW—, A e :;:

0.60+0.15

TSCACIE

0.15£0.10

H-:23£0.05(5 15 775 AB]

UNIT: mm

TSSOP-16 Package Dimensions
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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 Ricoh 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 Ricoh.

. 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
Ricoh'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 AOI, please contact Ricoh sales or our distributor before attempting
to use AOL.

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

@) Ro

Halogen

Compliant

HS Ricoh is committed to reducing the environmental loading materials in electrical devices
with a view to contributing to the protection of human health and the environment.

Ricoh has been providing RoHS compliant products since April 1, 2006 and Halogen-free products since

Free  April 1, 2012.

RICOMH RICOH ELECTRONIC DEVICES CO., LTD.

Official website
https://www.e-devices.ricoh.co.jp/en/

Contact us

https://www.e-devices.ricoh.co.jp/en/support/
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