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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonabl e care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systemsfor life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental metters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with al applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or 1osses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Notel) “RenesasElectronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Smart Battery Protection and Monitoring IC
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Description
The M61040FP is intended to be used as SB: Smart Battery.

All functions needed for SB are packed to this M61040FP. The combination use with microcomputer such as M37515
will give various functions such as a detection or calculation of SB remaining capacity. Over current detection circuit
dedicated in M61040FP will give safety FET on/off control independent from microcomputer control.

The amp gain of charge/discharge current detection circuit is controlled by microcomputer, therefore the accuracy of
SB's remaining capacity detection becomes better than before. The reset circuit and the linear regulator for Vcc/Vref of
microcomputer are dedicated in M61040FP. So thiswill help easy design of power circuit design of SB.

Features

e Built-in high gain op-amps for monitoring charge/discharge current
e Built-in over current detection circuit for FET protection

e All FETsare controlled by microcomputer

o Various powers saving function to reduce total power dissipation

¢ High input voltage device (absolute maximum rating: 33 V)

Application
Smart battery system

Block Diagram
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M61040FP

Pin Arrangement

M61040FP
Vee [1] O 20| Vreg
CFour [ 2| 19| Vref
PFour [ 3] 18| Reset
DFour [ 4] [17] DI
Vit [[5 ] 16| cK

Vino [ 6] 15]cs

Vins [[7] 14 | ANALOG OUT
Ving E EI Civ

Vini2 Iz E Vini

GND [10] 11 ] Vinso

(Top view)

Outline: 20P2X-A

Pin Description

Pin No. Pin Name Functions

5 VN1 Battery 1 + voltage input

6 ViNz Battery 1 — voltage and battery 2 + voltage input

7 Vinz Battery 2 — voltage and battery 3 + voltage input

8 Vina Battery 3 — voltage and battery 4 + voltage input

9 ViN12 Monitoring charger is connected or not

13 Cin Connect capacitor for over current detection delay

11 ViN10 Charge/discharge current monitor input and connects charge/discharge current sense
resistor

12 ViN11 Charge/discharge current monitor input and connects charge/discharge current sense
resistor

1 Vee Power source pin. Power from charger or battery

10 GND Ground

20 Vreg Linear-regulator output for microcomputer

19 Vref Vreg voltage output for Vreg of microcomputer, Max 200 pA/5 V

18 RESET Reset signal output to RESET of microcomputer

14 ANALOG OUT Various analog signal outputs to AD-input of microcomputer

4 DFour Discharge FET-drive output. The driver is turned off when over current detected.

2 CFour Charge FET-drive output. The driver is turned off by microcomputer.

17 DI Input of 6-bit length serial data from microcomputer

16 CK Input of shift clock from microcomputer. DI's input data is latched by low-to-high edge of
this CK

15 CS During low signal input to this CS, data input to DI is enabled.

3 PFout Pre-charge FET-drive output. The driver is turned off by microcomputer.

REJO3F0237-0200 Rev.2.00 Mar 18, 2008
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M61040FP

Absolute Maximum Ratings

Item Symbol Ratings Unit
Absolute maximum rating Vabs 33 \%
Supply voltage Vee 30 \%
Power dissipation Pd 750 mwW
Operating temperature range Toprl —20 to +85 °C
Storage temperature range Tstg —40 to +125 °C
Electrical Characteristics
(Ta=25°C, Ve = 14V, unless otherwise noted)
Item Symbol Min Typ Max Unit | Circuit Test Conditions
Total Supply voltage Vee — — 30 \%
Supply current 1 Isupl 105 200 280 A 7 Voltage monitor, V/R,
reset ON, current monitor ON
Supply current 2 Isup2 65 120 165 A 7 Voltage monitor, V/R,
reset ON, current monitor OFF
Supply current Ips 35 60 85 A i) Regulator ON, non-loading,
(at power save mode) reset circuit ON, others OFF
Supply current Ipd — — 0.5 pA 7 All operation stop,
(at power down Vin12 = GND
mode)
Regulator Output voltage Vreg 5.145 5.2 5.295 \% lout =20 mA
Input and output Vvdifo — 0.3 0.8 \% lout =20 mA
voltage difference
Linear regulation AVoutl0 — 100 200 mvV 3 Vec=6.2t024 V,
lout =20 mA
Load regulation AVout20 — 30 45 mvV 3 Vee=6.2V,
lout = 50 pA to 20 mA
Input voltage VinO — — 30 \% Vcc voltage
Reference Output voltage Vref 4.818 4.85 4917 \% lout = 200 pA
voltage Load stability AVout21 — 5 45 mv Vee=6.2V,
lout = 50 to 200 pA
Over current Over current inhibit Vel VCL - 0.02 0.2 VCL +0.02 \Y 8
detection detection voltage 1
Over current inhibit Vch Vcc Vcc Vcc \ 8 Load short detection
detection voltage 2 3 ©0¢6 3 R
Over current inhibit Tvel 7 10 15 ms 5 CICT =0.01 uF
detection delay time 1
Over current inhibit Tvch 150 250 350 us 8
detection delay time 2
Battery voltage | Input offset voltage Voffl 31 208 385 mv
detection Voltage gain 1 Gampl 0.99 1.0 1.01 —
Output source current | Isourcel 150 — — HA 10
Output sink current Isink1 150 — — A 10
Detection voltage of Vref-Voffl 4.45 — — \% 56
battery cell
REJO3F0237-0200 Rev.2.00 Mar 18, 2008 RENESAS

Page 3 of 24




M61040FP

Item Symbol Min Typ Max Unit | Circuit Test Conditions
Charge/ Input offset voltage Voff2 0.2 2 3.8 \% 5 Gain = 200 selected
discharge Voltage gain 21 Gain21 38.4 40 416 Y, 5
current Voltage gain 22 Gain22 96 100 104 v 5
detection Voltage gain 23 Gain23 192 200 208 Y 5
Output source current | Isource2 150 — — pA 9
Output sink current Isink2 150 — — uHA 9
Interface Dl input H voltage VDIH 35 — Vreg \% 1
Dl input L voltage VDIL 0 — 0.5 \% 1
CS input H voltage VCSH 35 — Vreg \% 1
CS input L voltage VCSL 0 — 0.5 \% 1
CK input H voltage VCKH 35 — Vreg \% 1
CK input L voltage VCKL 0 — 0.5 \% 1
Reset Detection voltagel Vdet— 3.045 3.25 3.475 \% 2
Release voltagel Vdet+ 4.16 4.2 4.27 \% 2
Conditioning VN1 resistor Rinvt 4.4 12 27 kQ 6
circuit V2 resistor Rinvz 4.4 12 27 kQ 6
V\n3 resistor Rinva 4.4 12 27 kQ 6
V\na resistor Rinva 4.4 12 27 kQ 6
Reference period
- T~

THCS!

L
h

Figure 1

Interface Timing
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M61040FP

Operation Description
M61040 is developed for intelligent Li-ion battery pack such as SB in SBS. M61040 is suitable for smart battery.

SBS. Smart Battery System introduced by Intel and Duracell
SB:  Smart Battery which contains 3 or 4 series Li-ion battery cells.

All analog circuits are included to M61040. Therefore pair using with microcomputer such as M37515 and small
additional parts will give various functions such as battery remaining capacity detection. All functions are described as
follows:

1

Voltage detection circuit of each Li-ion battery cells
M 61040 can output each battery cell's voltage of 3 or 4 series connection. Built-in buffer amplifier is monitoring
each battery voltage. Microcomputer can adjust the offset voltage.

2. Charge/discharge current detection circuit
In SBS, remaining capacity check function (Gas-gage function) is necessary. To calculate accurate remaining
capacity, microcomputer must get charge/discharge current periodically. Accurate charge/discharge current of
external sense register is monitored by built-in amp. The charge/discharge current is converted to voltage value
through the accurate sense resistor.
Output gain can be controlled by microcomputer. Off-set voltage can be set lower by external parts, therefore
dynamic range of microcomputer's A to D converter will widen.

3. Over current detection circuit
M61040 contains over current detection circuit. The discharging FET is turned off to stop discharging and it
continues for the over current detection delay time (tlOV 1) or longer, if the discharging current becomes equal to or
higher than a specified value. It is necessary for safety of Li-ion battery pack. Delay timeis set by external capacity
connected to CIN. Also the voltage of CIN shows detection or NOT detection of over current. Over current
detection is controlled independently by this M61040's built-in hardware NOT by microcomputer's software control.

4. Seriesregulator, reference voltage
M61040 contains low drop out series regulator. Microcomputer in SB does not need any additional voltage regulator,
Max 20 mA/5 V. Also M61040 gives very accurate reference voltage as 4.85 V for Vref voltage for
microcomputer's A to D converter.

5. Reset circuit for microcomputer
Vreg output voltage is checked by reset circuit of M61040. Therefore, lower voltage of Vreg issues RESET signal to
stop mull-function of microcomputer. Also, lower voltage after long time's left issues RESET signal to stop mull-
function of microcomputer. Thisfunction is useful for safety of long time's left battery.
When charger is connected to SB, this circuit will check Vreg voltage, so if Vreg voltage is NOT enough high, this
circuit remainslow as for RESET signal to microcomputer.

6. Power save function
M®61040FP contains power save function to control several supply current.
The function and control method are shown astable 1.
The function of battery voltage detection circuit, charge/discharge detection circuit, over current detection circuit
can be stopped as the need arises.

Table 1

Battery Voltage Charge/Discharge Over Current
Control Method Detection Circuit Detection Circuit Detection Circuit
Software control O O O
(through serial I/F) Each function can be ON/OFF separately.

REJO3F0237-0200 Rev.2.00 Mar 18, 2008
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M61040FP

— Enter power down mode
Microcomputer issues shot-down command to M61040 after microcomputer detects that battery voltage is too
low. After this command, the DFOUT pin is set to "high" and the V,y12 pinis pulled down by internal resistor to
be set "low" and series regulator are turned off.
In the power down mode, the M61040 operation isimpossible. And CFOUT, DFOUT and PFOUT pins are set
to "high". (In this situation, both charging and discharging are forbidden.)
At thistime, supply current becomes Max 1.0 pA, so drops of battery voltage is prevented.

DK

T -_IDEJ |
TE

fl\VCC CFour  A\PFour

O S S

A

GND level Control signal
in discharging from I/F circuit ViNL CS)—«
Vreg (9 Series
Regulator
Vref 19 N
RESET <
RESET @ Regulator [e))
ON/OFF control S -
reset circuit 8
T
o

Serial to Parallel
conversion

circuit

Figure 2 Function after Detecting Over-discharge

— Resume from power down mode
After entering power down mode, the series regulator will begin operation when charger is connected (Vn12 pin
ishigh). The RESET will output low to high signal when Vreg is over reset level voltage. Microcomputer will
begin operation and send command to resume M61040 from power down mode.

7. Conditioning circuit
M61040 have a discharge circuit of each cells. It is available for drop of cell voltage for safety purpose. And to
shorten the difference voltage among the cells. It can extend the battery pack life.

REJO3F0237-0200 Rev.2.00 Mar 18, 2008 RENESAS
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M61040FP

Measurement Circuit

CFoutr  PFour  DFour
ViN12
Vee
14V Vint VREG 5v
VREF [—
—1 ViN2 7._}7
v, RESET [—
IN3
— IDI
y M61040FP oI O/O
IN4
<+— ICK
. cK O O
<+— ICS
csl———=0
ViNi0
ANALOG OUT [—
VIN11
TESTO  TEST1 CiN
Circuit 1
CFoutr  PFour  DFout
ViNi2
Vee
VREG
ViNL
VREF
ViN2
RESET
ViN3
M61040FP
DI
ViNa
GND %
Cs
ViNio
ANALOG OUT |—
ViNLL
TESTO  TEST1 Cin
Circuit 2
CFoutr  PFour  DFout
ViN12
Vee
Vini VREG l
VREF [—
Vinz 4.7 uF
RESET [—
ViN3
M61040FP
DI —
ViNa
GND CKI—
CS—
ViN1o
ANALOG OUT [—
ViNLL
TESTO  TEST1 CiN
Circuit 3
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M61040FP

CFoutr  PFour  DFout ;
Vee ViN12
— Vina VREG Cﬁ)jiv
VREF
1 Vin2
RESET|— 7_—L7
— VIN3
M61040FP oil—
— Vina \Y
GND CKI—
CS|—
ViNto
ANALOG OUT [—
ViNL1
TESTO  TEST1 Cin
Circuit 4
CFoutr  PFour  DFout
ViN12
Vee
Vi V™ VRESIT gl “NlB
v VREF [—
l IN2
A v RESET[— g
va + IN3 M61040FP B
T
va " ekl L _rLrrL patainput
E GND 05Ve35V
(CS| e
ViNi0
ANALOG OUT
ViN11
l TESTO TEST1 Cin
Circuit 5
11 T( i )
CFoutr  PFour  DFout 7-_l7
Vi ViN12
Vee
v VREF [—
IN2
V2 v RESET|[— ;nr
IN3 M61040FP ol
Ving
13 T ckl— L L Datainput
o— GND 0.5 V&35V
V3 csl—
ViNi0
ANALOG OUT [—
14 ViN11
TESTO TEST1 Cin
YT
Circuit 6
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M61040FP

Measuring Ipd: ~ ON
Except above : OFF

o

Ipd, Ips, Isup2, Isupl ‘ Measuring Ipd:  ON

Except above : OFF

- CFour  PFour  DFourt

ViN12

VREG [— ’J’
ViNg G
VREF —
—1 ViN2
RESET

Vce

— V
N3 M61040FP ol
—1 ViNa
cKl— § T Datalnput
GND 0Ve5V
CS|—
ViNi0
ANALOG OUT [—
ViN11

TESTO TEST1 CiN

Circuit 7

mOt

CFour  PFour  DFout

ViNL2
Vee
14V Vini VREG [—
| VREF
Vin2
RESET[—

A

3+
|

V]
IN3 M61040FP orl— 4.7 yF
—1 Vina 1,;
GND oK
cst—
ViN10o
ANALOG OUT |—
ViN11

TESTO  TEST1 Cin
X' -

Circuit 8

CFoutr  PFoutr  DFour

ViNL2

VREG
ViNL

VREF [— 47wk

Vin2

H

RESET|[—
ViN3

SEN
\
1

M61040FP

—1 Vina o }
cKl— I Data Input
GND 0.5V&3.5V
cS|— ) +—Isink
7J/; [ ViN1o
Vit ANALOG OUT ﬁ
L ~/
; TESTO  TEST1 Cin Isource ;
\ \ \
Circuit 9
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CFoutr  PFour  DFout J
Vee VIN12
J_ L v VREG
vi VREF 47 uF
LT e T
RESET
V3 ] v M61040FP o
- ] v okl L o vatamput
GND 0.5 V3.5V
LE vV Cs <4— Isink
IN10
ANALOG om—@l
ViN11
TESTO  TEST1 Cin |S$:e 7-_L7
\ \
Circuit 10
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M61040FP

Block Diagram Description

(1) Battery voltage detection circuit
The M61040 battery voltage detection circuit is shown in figure 3.
Thiscircuit is composed of switch, buffer amplifier, reference voltage section and logic circuit.
Microcomputer selects detecting voltage before logic circuit controls the connection of switches. This connection
decides which cell voltage (Vbatl, Vbat2, Vbat3, Vbat4) should be output from analog out pin. Besides offset
voltage can be output.
In power down mode, supply current in this block is close to zero because al switches are off.

Note: Regard 50 us as the standard of settling time by voltage change in this block.

72N 5
5 s11
vatl
Ving | S22
s @ O
D o0
. S21
Vat2 !

Switch Control
From Serial to Parallel

Ving | $32 4—‘
conversion circuit

Logic Circuit <

ﬁ

Vat3

<
£
O
0w
N
N
I ‘

Vat4 ' S41
To Multiplexer circuit

Figure 3 Battery Voltage Detection Circuit
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M61040FP

(2) Charge/discharge current detection circuit
The charge/discharge current detection circuit is shown in figure 4. This circuit is composed of offset voltage
adjustment circuit, buffer amplifier and resistor network.
The pre-amplifier amplifies the voltage of sense resistance to the voltage based on GND. The voltage gain can be
selected by microcomputer commands.
Buffer amplifier does an impedance translation between input and output.

‘ Vreg =52V From Serial to Parallel 1
| ’ AMP2 Charge current conversion circuit ,
' To Multiplexer AMP3 Monitor '
' circuit !
: R :
: R : E
, Discharge current O—9 '
' R Monitor '
' RD3 '
| AMP4 From Serial to Parallel 1
: conversion circuit :
' Offset voltage !
; Adjustment circuit Vinii Vinto GND!
PRI IPIDID IR IRIPIIPIDIDIIRIRIGIRIRIRE S  _ ' () PR E e — -- @ '
Rsence

Figure 4 Charge/Discharge Current Detection Circuit

The offset voltage can be compensated by adjustment circuit.

The function in detecting discharge current is shown in figure 5. The differential voltage of sense resistor isinput to
+ (plus) terminal of AMP 1 when discharge current is flowing in sense resistor. Selecting high voltage gain by
microcomputer's command is capable of monitoring very little discharge current accurately.

The differential voltage of sense resistor isinput to — (minus) terminal of AMP 2 when charge current isflowing in
sense resistor. The methods of detecting in charging are the same as in discharging except that AMP2 reverses input
voltage before outputting.

Note: Regard 500 us as the standard of settling time by voltage change in this block.

[| Vb = Idis  Rsens ¢ Gain | E VF circuit
rom I/F circui

—o—<AMP1 RD2 RD3
\ N

| Va = Idis e Rsens e Gain |

@

Vina  Rsence Vo

«+—— Charge current Icha Discharge current Idis ——»

Figure 5 Charge/Discharge Current Detection
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M61040FP

(3) Over current detection circuit

The over current detection circuit is shown in figure 6. This circuit is composed of comparator, reference voltage

and delay circuit.

It can be got high accuracy over current detection by adjusting detection voltage with sense resistor. Microcomputer

can detect the over current status through monitoring "Ci\" pin.

Besides this block contains load-short detection circuit. This circuit detects load-short with Vyy2 pin and protects

faster than over current detection.

Delay

To Microcomputer circuit

Battery

Figure 6 Over Current Detection Circuit

(4) Voltage regulator and reference voltage

Voltage regulator and reference circuit are shown in figure 7. Pch MOS transistor is used for output driver.

The output voltage can be adjusted by M61040 itself. So the external resistor is not required.

Note: Thereisadiode put between Vc and Vreg terminal to prevent the invert current from damaging this IC when
Vcc voltage is higher than Vreg voltage. So please always keep Vreg voltage lower than Ve + 0.3 V.

Set a condenser on output to suppress input changes or load changes.

ON/OFF

! Rz +

\ON/OFF

T

Serial to Parallel conversion circuit

Figure 7 Voltage Regulator Circuit
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Page 13 of 24




M61040FP

(5) Reset circuit
The M61040 reset circuit is shown in figure 8. This circuit is composed of comparator, reference voltage section and
breeder resistor.
The reset output is Nch open drain structure so the reset delay time depends on external CR value.
The reset circuit monitors Vreg output to prevent microcomputer abnormal operation when V¢ voltage goes down
abnormally.

Vreg

R1Z

+ s
[ L=
" bl g L

7;7 GND

Figure 8 Reset Circuit
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(6) Conditioning circuit
The M 61040 conditioning circuit is shown in figure 9. This circuit is composed of switch, resistor and logic circuit.
According to the serial data from microcomputer, the logic circuit can individually control the switches (S60, S61 ...
etc.) to do individual cell discharge to a select voltage.
Thiscircuit is capable of making all sells discharge at the same time.

N e e
5
S60
: «
\l '
, R60
Vinz!
6
1 S61
H <+«
V2 '
' R61 Switch Control
Ving! b
——7)
H S62 Logic circuit
l <—
V3 ! I
Serial to Parallel conversion

circuit

Figure 9 Conditioning Circuit
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M61040FP

Digital Data Format

First
MSB Last LSB
DI ——> 6-bit shift resister
CK —>
D5 D4 D3 D2 D1 DO
CS ————>| Address Decoder

x

v vy vy vy vy vy

Latch Latch Latch Latch Latch Latch
MPX MPX MPX MPX MPX MPX

Offset Vreg, Vref | Multiplexer| FET, VR - .
adjustment| control control control

Notes: *1 Charge, discharge current detection
*2 Battery voltage output

Figure 10 Serial to Parallel Conversion Circuit

Data Timing Example

LSB MSB
DI X DO X D1 X D2 X D3 X D4 X D5 X
CK

cs | [

Figure 11 Serial to Parallel Timing Chart
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Data Timing
Table 2
Address Data

Establishment Data D5 D4 D3 D2 D1 DO Contents
Reset 0 0 0 — — —
Battery voltage output 0 0 1 — — — Refer to table 3
Offset adjustment 0 1 0 — — — Refer to table 4
Charge/discharge current detection 0 1 1 — — — Refer to table 5
FET control 1 0 0 — — — Refer to table 6
Multiplexer select 1 0 1 — — — Refer to table 7
Conditioning circuit 1 1 0 — — — Refer to table 8
Regulator over current control 1 1 1 — — — Refer to table 9

Table 3 Battery Voltage Output

D2 D1 DO Output Voltage Detail
0 0 0 \l
0 0 1 V2
0 1 0 V3
0 1 1 V4
1 0 0 Connect to Vin2 Offset voltage output
1 0 1 Connect to Vinz Offset voltage output
1 1 0 Connect to Vina Offset voltage output
1 1 1 Connect to Vinio Offset voltage output

Note:

V1 battery voltage output when system reset

Table 4 Offset Voltage Control Section of Discharge Current Monitor Amplifier

Output
D2 D1 DO Offset Voltage Value
0 0 0 No offset (0 V)
0 0 1 1V
0 1 0 21V
0 1 1 3.1V
1 0 0 3.7V
1 0 1 1V
1 1 0 1V
1 1 1 1V

Note:

No offset voltage when system reset

Table 5 Charge and Discharge Current Detection

D2 D1 DO Mode Output

0 0 0 AMP stop, resistor open AMP operation stop, current save
0 0 1 Gain x 40 output

0 1 0 Gain x 100 output

0 1 1 Gain x 200 output

1 0 0 AMP stop, resistor open AMP operation stop, current save
1 0 1 Offset output (x 40)

1 1 0 Offset output (x 100)

1 1 1 Offset output (x 200)

Note:

Amplifier operation is stopped when system reset
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Table 6 FET Regulator Control

FET Connection Terminal
D2 D1 DO CFout Terminal DFout Terminal PFour Terminal
0 0 0 High High High
0 0 1 High High Low
0 1 0 High Low High
0 1 1 High Low Low
1 0 0 Low High High
1 0 1 Low High Low
1 1 0 Low Low High
1 1 1 Low Low Low
Note: CFour, DFout and PFout are high when system reset. (Over current detection is disable when DFoyr is high.)

Table 7 Multiplexer Control

D2 D1 DO Output
0 0 0 Open output (floating) select
0 0 1 Open output (floating) select
0 1 0 Open output (floating) select
0 1 1 Open output (floating) select
1 0 0 Charge current output select
1 0 1 Discharge current output select
1 1 0 Battery voltage output select
1 1 1 GND output select
Note: Multiplexer output is floating when system reset
Table 8 Conditioning Circuit
D2 D1 DO Output
0 0 0 Open
0 0 1 V1 conditioning (short Vin: and Ving)
0 1 0 V2 conditioning (short Vinz and Vn3)
0 1 1 V3 conditioning (short Vinz and Ving)
1 0 0 V4 conditioning (short Vina and GND)
1 0 1 V1 to V4 conditioning (discharge all cells)
1 1 0 Open
1 1 1 Open
Note: Conditioning circuit is floating when system reset
Table 9 Regulator, Over Current Detection Control
Output
D2 D1 DO Regulator Over Current Detection Circuit
0 0 0 ON ON
0 0 1 OFF (GND output) ** *1
0 1 0 ON Capacity delay terminal L fix
0 1 1 ON Capacity delay terminal H fix
1 0 0 Don't care Don't care
1 0 1 Don't care Don't care
1 1 0 Don't care Don't care
1 1 1 Don't care Don't care

Note:

The regulator output is enable when system reset.
1. All functions of M61040 are stooped. But if the charger is connected then M61040 will not enter power down

mode.
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Timing Chart

Discharge Sequence

S

o i ! ! Vbat4 reaches the over charge voltage

o Y B ——
o] | I

o 3 ”””””””’E’From LoV ¢= o [ ey

FU Y SEEEEETETRRTS - (Vbatl, Vbat2, Vbat3, Vbat4)

]

<

o0

Vini1 (V)

CFourt (V)

Charge Start | Charge Stop
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0 : \Command from M|crocomputer
20 : : :
I L i femm Il
il | | |
3 0F----------- T T e i T e ¥ T ot REEEE T
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5 ,,,,,,,,,,,,,, e e e oo L ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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20 : : : : : :
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- | | | | | |
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L 10~ | | ‘ | | |
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5 ””””””” f""""""’T”’”"”’”"”""""""""””””’F””””””’T ”””””””
! ! ;\ Command from Mlcrocomputer !
0
S 20 ‘ ‘ ‘ ‘ ‘
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o T T B A P R i R R
= | | | | - |
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) . ‘RESET 1 1 1 1
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E'i") Charger | ,'\ Microcomputer starts 1 1 l
> 0 connected ! operations. ! ! ! !
S : ‘ , ;
Pt [ tommmmmooooe *Gain 200------ ! Gain 40 ------------4-------oo---on s
8 | | |
i Pre-charge current: Bat4
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- | : i |
< 1 Batl  Monitor Monitor !
< 0 : Monitor i |

Note: Testing in constant voltage
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Discharge Sequence

Vini1 (V) Battery Voltage (V)

CFout (V)

From h‘igh voltage
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0 ! ! ! ! Microcomputer
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= Gain 200 ! Gain 40 ! 1 1 |
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Over Current Detection Sequence
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Application Circuit

DK

D1

CFET

<

+ terminal
CVCC RCF1 RCF2
RI7\112§

N4 A\
Vee CFour PFout
Vini2
VREG
<
(o)}
S
RESET =
o
T1
v
ANALOG OUT
DGND AGND Vinie  Vinio
O O e
R|N11
TC\NM
— terminal 7;7' 7J/7 RSENCE
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Table 10 Fixed Number

Symbol Components Purpose Recommend Min Max N.B.
D1 Diode Supply voltage — — — Please take care the
maximum power dissipation.
D2 Diode Supply voltage — — — Please take care the
maximum power dissipation.
DFET Pch MOSFET Discharge control — — — —
CFET Pch MOSFET Charge control — — — —
PFET Nch MOSFET Precharge control — — — —
RCF1 Resistor Pull down resistor 1MQ 100 kQ 3 MQ —
RCF2 Resistor Current limit 100 kQ — 1 MQ —
RPF1 Resistor Pull down resistor 1 MQ 100 kQ 3 MQ —
RPF2 Resistor Precharge current control 1 kQ — — —
RPF3 Resistor Current limit 100 kQ — 1 MQ —
Rint Resistor Measure for ESD 100 — 1 kQ —
Ciny Capacitor Measure for ripples of 0.22 pF — 1.0 uF
power supply
Rinz Resistor Measure for ESD 1kQ — 10 kQ —
Cinz Capacitor Measure for ripples of 0.22 uF — 1.0 uF
power supply
Ring Resistor Measure for ESD 1kQ — 10 kQ Please set up same value as
Cina Capacitor Measure for ripples of 0.22 pF — 1.0 pF RIN2, CIN2
power supply
Rina Resistor Measure for ESD 1kQ — 10 kQ Please set up same value as
Cing Capacitor Measure for ripples of 0.22 uF — 1.0 uF RIN2, CIN2
power supply
CICT Capacitor Set up delay time 0.01 uF — 0.47 pF —
Rini2 Resistor Measure for ESD 10 kQ 300 Q 200 kQ —
CVcc Capacitor Measure for ripples of 0.22 pF — — —
power supply
RSENCE | Sensing Charge/discharge current 20 mQ — — —
resistor monitor
Rint1 Resistor Measure for ripples of 100 — 1kQ —
power supply
Cinu1 Capacitor Measure for ripples of 0.1 uF — 1.0 uF
power supply
CREG Capacitor Eliminate the voltage 4.7 uF 0.47 pF — —
noise
CREF Capacitor Eliminate the voltage 4.7 uF — — —
noise
RRESET | Resistor Set up delay time 47 kQ 10 kQ 3 MQ It is necessary that you adjust
CRSET | Capacitor Set up delay time 0.1 pF — — a delay time for MCU.
RCK Resistor Pull down resistor — 100 kQ — —
RCS Resistor Pull down resistor — 100 kQ — —
RDI Resistor Pull down resistor — 100 kQ — —
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Package Dimensions

20P2X-A

Note: Please contact Renesas Technology Corp. for further details.
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