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1 General Description

The RT9441 device is a highly accurate and integrated,
2 to 4 series cell fuel gauge and protection solution. It
features autonomous cell balancing, protection, and
charger control.

The RT9441 integrates highly accurate analog
peripherals to measure and maintain an accurate
record of available capacity, voltage, current, and
temperature. It reports the battery pack parameters to
the system host controller via the SMBus interface.

The RT9441 is available in a WQFN-32L 4x4 package.
The recommended junction temperature range is
—40°C to 125°C, and the ambient temperature range
is —40°C to 85°C.

2 Ordering Information
RT9441 -
IiPacking
A: Standard
Customized Firmware Code AABBX'"
AA: Firmware Application Code

BB: Hardware Model Code
X: Firmware Version Code

Package Type(z)
N: WQFN-32L 4x4 (W-Type)
(Exposed Pad: Option 2)

Note 1.

o Marked with () indicates if the firmware code is empty,
this field will be removed.

e Marked with ) indicates compatible with the current
requirements of IPC/JEDEC J-STD-020.

3 Applications

o Notebooks

o Power Tools

o Drones

o Tablets

o UPS/Battery Backup Systems

o Medical Equipment

o Handheld Vacuum Cleaners and Vacuum Robots

4 Features

o State of Charge (SOC) Calculated by
VoltaicGauge with Current Sensing (VGCS)

o Voltage Measurement Accuracy: +3mV

e Current Measurement Accuracy: +0.35%
Battery Temperature Measurement Accuracy:
+1°C (TA = 0°C to 45°C)

o Autonomous Cell Balancing

o Configurable Protection Levels and Delay
Times for Voltage, Temperature, Current
Protection

e Support Both Voltage-Based and SOC-Based
Cell Balancing

¢ High-Side N-Channel MOSFET Drivers

e Low Power Consumption

o Normal Mode: 150uA
¢ Sleep Mode with DSG ON: 65uA
e Shutdown Mode: 0.5pA

e Low Value Sense Resistor: 1mQ to 10mQ

e SHA-1/SHA-256/Hardware ECC Authentication

e Support Intel Dynamic Battery Power
Technology (DBPT V2.0)

o Lifetime Data Log and Black Box Recorder

e FUSE Driver

e Support up to 1MHz SMBus Interface

o |IATA Support

¢ 32 Pin WQFN Package with 0.4mm Pitch

5 Marking Information

KG=: Product Code
YMDAN: Date Code

KG=YM
DAN
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7 Pin Configuration

(TOP VIEW)
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8 Functional Pin Description

Pin No. Pin Name Pin Function

1 SMBD SMBus data pin

2 SMBC SMBus clock pin
LED display segment drives external LEDs using an internal sink

3 LEDCNTLA or 104 | current. It can also be optionally function as a multi-function GPIO.
It should be left floating or connected to VSS if it is not used.
LED display segment drives external LEDs using an internal sink

4 LEDCNTLB or 105 | current. It can also be optionally function as a multi-function GPIO.
It should be left floating or connected to VSS if it is not used.

—_— The alert output pin, or multi-function GPIO.

5 ALERT or 107 It should be left floating if it is not used.

6 103 Multi-function GPIO.
It should be left floating if it is not used.
Host system presents input for removable battery pack or emergency

PRES or SHUTDN shutdqwn fc_)r non-_removable battery pack input pin. No external pull-

7 or 108 up resistor is required.
It can also be optionally function as multi-function GPIO.
It should be left floating or connected to VSS if it is not used.
LED display segment drives external LEDs using an internal sink

8 LEDCNTLC or 106 | current. It can also be optionally functioned as multi-function GPIO.
It should be left floating or connected to VSS if it is not used.

9 101 Multi-function GPIO.
It should be left floating if it is not used.

10 102 Multi-function GPIO.
It should be left floating if it is not used.

11 VSS Ground.
Fuse drive output pin.

12 FUSE It should be connected to VSS if it is not used.
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Pin No. Pin Name Pin Function
13 PCHG PMOS pre-charge MOSFET drive output pin.
It should be left floating if it is not used.
14 VCC Secondary power supply input pin.
15 PACK Pack sense input pin.
16 DSG N-Channel MOSFET driving output pin for discharge MOSFET control.
17 CHG N-Channel MOSFET driving output pin for charge MOSFET control.
18 BAT Primary power supply input pin.
Select a 1uF capacitor connected to VSS.
The voltage input pin is for the 4™ cell.
19 VC4 . . th
The balance current input is for the 4™ cell.
The voltage input pin is for the 3™ cell.
20 VC3 The balance current input is for the 3™ cell and return the balance
current for the 4t cell.
The voltage input pin is for the 2n9 cell.
21 VC2 The balance current input is for the 2"d cell and return the balance
current for the 3" cell.
The voltage input pin is for the 15t cell.
22 VC1 The balance current input is for the 15! cell and return the balance
current for the 2™ cell.
The voltage input pin for the negative terminal of the 15! cell. Return
23 VCO st
the balance current for the 1°* cell.
24 CSP Battery current sensing positive input.
25 CSN Battery current sensing negative input.
26 TS1 or 109 Temperature sensor 1 measurement input pin, or multi-function GPIO.
It should be left floating or connected to VSS if it is not used.
57 TS2 or 1010 Temperature sensor 2 measurement input pin, or multi-function GPIO.
It should be left floating or connected to VSS if it is not used.
Temperature sensor 3 measurement input pin, or multi-function GPIO.
8 TS3 or 1011 LED display segment that drives the external LEDs by an internal sink
current.
It should be left floating or connected to VSS if it is not used.
29 TS4 Temperature sensor 4 measurement input pin.
It should be left floating or connected to VSS if it is not used.
Internal regulator output.
30 VDD1P73 Select a 1uF capacitor connected to VSS.
Internal regulator output.
31 VDD1P2 Select a 1uF capacitor connected to VSS.
LED display segment drives external LEDs using an internal sink
32 DISP or 1012 current. It can also be optionally function as multi-function GPIO.
It should be left floating or connected to VSS if it is not used.
33 GND Ground. The exposed pad must be soldered to a large PCB and
(Exposed Pad) connected to GND for maximum power dissipation.
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9 Functional Block Diagram
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10 Pin Block Diagram
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11 Absolute Maximum Ratings

(Note 2)
e Supply Voltage on VCC to VSS 0.3V to 30V
¢ Input Voltage on PACK, BAT, PRES or SHUTDN or |08 to VSS 0.3V to 30V
¢ Input Voltage on SMB, SMBD to VSS 0.3V to 30V
¢ Input Voltage on ALERT or 107, 101, 102, 103 to VSS 0.3V to 3.63V
o Input Voltage on LEDCNTLA or 104, LEDCNTLB or 105, LEDCNTLC or 106,
DISP or 1012 to VSS 0.3V to 6V
¢ Input Voltage on CSP, CSN to VSS 0.3V to 2V
¢ Input Voltage on VC4 VC3 - 0.3V to VC3 + 8.5V
or VSS + 30V
¢ Input Voltage on VC3 VC2 - 0.3V to VC2 + 8.5V
or VSS + 30V
¢ Input Voltage on VC2 VC1-0.3VtoVC1 + 8.5V
or VSS + 30V
¢ Input Voltage on VC1 VSS - 0.3V to VSS + 8.5V
or VSS + 30V
¢ Input Voltage on VCO 0.3V to 6V
e Output on CHG, DSG to VSS 0.3V to 36V
e Output on PCHG, FUSE to VSS 0.3V to 30V
e Output on VDD1P73, VDD1P2 to VSS 0.3V to 2V
¢ Input Voltage on TS1 or 109, TS2 or 1010, TS3 or 1011, TS4 to VSS ------------—----- -0.3V to 6V
¢ Functional Temperature 40°C to 85°C
o Power Dissipation, PD @ TA = 25°C
WQFN-32L 4x4 3.59W
o Package Thermal Resistance  (Note 3)
WQFN-32L 4x4, 6JA 27.8°C/W
WQFN-32L 4x4, 6Jc 7°C/W
e Lead Temperature (Soldering, 10 sec.) 260°C
o Junction Temperature 150°C
o Storage Temperature Range 65°C to 150°C
o ESD Susceptibility  (Note 4)
HBM (Human Body Model) 2kV
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Note 2. Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated
in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may

Note 3.

affect device reliability.

0Ja is simulated under natural convection (still air) at Ta = 25°C with the component mounted on a high effective-

thermal-conductivity four-layer test board on a JEDEC 51-7 thermal measurement standard. 8¢ is simulated at the

bottom of the package.

Note 4. Devices are ESD sensitive. Handling precautions are recommended.

12 Recommended Operating Conditions
(Note 5)

Voltage on BAT, VCC Pin to VSS
Input Voltage Range, PACK, SMBC, SMBD to VSS

2.8V to 26V
0V to 26V

Input Voltage Range, LEDCNTLA or 104, LEDCNTLB or 105, LEDCNTLC or |06 to VSS---0V to 5.5V

Input Voltage Range, CSP, CSN to VSS

Input Voltage Range, VC4

Input Voltage Range, VC3

Input Voltage Range, VC2

Input Voltage Range, VC1

Input Voltage Range, VCO
Output Voltage Range, CHG, DSG to VSS
Output Voltage Range, PCHG to VSS
Output Voltage Range, FUSE to VSS
Input Voltage Range, TS1 or 109, TS2 or I010, TS3 or 1011, TS4 to VSS ----------------
Input Voltage Range, PRES or SHUTDN or |08, DISP or 012 t0 VSS ------mmmmmmmmmeemem
Input Voltage Range, ALERT or 107, 101, 102, 103 to VSS
Output Voltage Range, VDD1P73 to VSS
Output Voltage Range, VDD1P2 to VSS

Ambient Temperature Range

Junction Temperature Range

Note 5. The device is not guaranteed to function outside its operating conditions.

—-0.25V to 0.5V
Vvcs to Vves + 5V
Vvcz to Vvez + 5V
Vvc1 to Vvet + 5V
Vvco to Vvco + 5V
0V to 5V

VBAT to VBAT + 12V
Vvce — 9.7V to Vvce
0V to 26V

0V to 5V

0V to 5.5V

0V to VDD1P73
1.65V to 1.8V
1.16V to 1.24V
—40°C to 85°C
-40°C to 125°C
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13 Electrical Characteristics

(Typical values are at Ta= 25°C and Vear = 14.4 V, Min/Max values are at Ta = —40°C to 85°C and 2.8V < Vgar < 26V, unless

otherwise noted.)

Parameter Symbol Test Conditions ‘ Min Typ ‘ Max ‘ Unit
Supply Current
Normal Mode INORMAL \?vﬂtg’ on. DSG on, no Flash - 150 - WA
Sleep Mode IsLEEP CHG off, DSG on, no SBS - 65 - LA
communication
Shutdown Mode ISHDN -- 0.5 -- A
Power Supply Control
BA.T to VCC VSWITCHOVER- | VBAT < VSWITCHOVER- 2.55 2.65 2.75 \%
Switchovervoltage
VCC to BAT
Switchovervoltage VSWITCHOVER+ | VBAT > VSWITCHOVER- + VHYS 2.95 3.1 3.25 V
Switchovervoltage
Hysteresis VHYS VSWITCHOVER+ — VSWITCHOVER- -- 450 -- mV
BAT Pin Leakage | BAT pin, BAT = 0V, VCC = 25V, _ _ 1 A
Current LK_BAT PACK = 25V K
VCC Pin Leakage LK Vee VCC pin, BAT =25V, VCC = _ _ 1 A
Current - 0V, PACK = 0V a
. BAT and PACK terminals, BAT
Eﬁ‘;k:”: Eﬁ?r;:'” ILK_BAT PACK | = OV, VCC = 0V, PACK= 0V, - - 1 LA
9 PBI = 25V
Internal Pull-Down RPACK_PD 0.7V< VPACK < 2V 85 | 1333 | 19 | ko
Resistance
Battery Pack+ Start-Up
Voltage VSu+_PACK+ VPACK+ > VSU+ PACK+ 5.2 5.95 7.25 \Y
Fuel Gauge Start-Up
Voltage Vsu+ VPACK > Vsu+ 3.2 3.4 3.6 V
Fuel Gauge Shutdown
Voltage VSHDN- VPACK < VSHDN- 3 3.2 34 V
1.73V LDO
Cout = 0.47uF to 2.2uF, Typ.=
Output Voltage VREG1P73 14F +/- 20% 1.65 1.73 1.8 \Y
Temp. AVREG1P73TEM
RegulationAVREG1P73/V b IREG1P73 = 1mA -1 - 1 %
REG1P73
Line
RegulationAVREG1P73/V | AVREG1P73LINE | IREG1P73 = TmA -1 - 1 %
BAT
Load Regulation AVREG1P73LOA _ _ _ 0
AVREG1P73/NVREG1P73 5 IREG1P73 = 1 to SmA 2.5 2.5 %o
Load Regulation AVREG1P73LOA _ _ _ 0
AVREG1P73/NVREG1PT3 5 IREG1P73 = 1 to 19mA 10 10 %
Output Short Circuit _ _
Current Limit louT sc LIMIT | VREG1P73 = VSS, Cout = 1uF 7 -- 17 mA
1.2V LDO
CouTt = 0.47uF to 2.2uF,
Output Voltage VREG1P2 Typ.=1uF +/- 20% 1.16 1.2 1.24 \%

Copyright © 2026 Richtek Technology Corporation. All rights reserved.

RICHTEK

is a registered trademark of Richtek Technology Corporation.

RT9441_DS-00

May 2026

www.richtek.com
12



RICHTEK

RT9441

107,109, 1010, 1011, 1012

Parameter Symbol Test Conditions Min Typ Max | Unit
lf/r;géii%:fégrpz AVREG1P2TEMP | IREG1P2 = 1 mA -1 -- 1 %
ZS:;?E;}@E‘;? AVREG1P2LINE | IREG1P2 = 1 mA 1 - 1 %
k%ii;i%ﬁ;g; po AVREG1P2LOAD | IREG1P2 = 1 to SmA -2.5 -- 2.5 %
gzifeur:tsl_r:;ﬁ Cireuit lout_sc_LiMIT | VREG1P2 = VSS, Cout = 1uF 18 -- 36 mA
Current Wake Detector

+0.25 +0.5 | £0.75
+0.75 11 +1.25
+1.25 1.5 | £1.75
+1.75 12 +2.25
1+2.25 25 | +2.75
+2.75 13 +3.25
+3.25 3.5 | £3.75
yakeup Voltage VWAKE VCsP — VCsN £3.75 | 4 | 425| mV
+4.25 4.5 | +4.75
+4.75 15 1+5.25
15.25 55 | £5.75
+5.75 16 16.25
16.25 6.5 6.75
16.75 17 +7.25
17.25 7.5 | £7.75
Wakeup Delay Time tWAKE 2 -- 9 ms
Wakeup Detection
Delay Time Program AtWAKE -- 1 -- ms
Step
Cell Balancing
IFrg:rig;:nCCgll Balancing RcB S’(D:?\(/ZN\)/E)sr Et.aSr{w/al FET switch 50 100 180 0
SMBD, SMBC
High-Level Input VIH 1.3 -- -- V
Low-Level Input VIL -- -- 0.8 V
Output Voltage Low VoL loL =-3mA -- -- 0.4 V
Pull-Down Resistance RPD 0.6 1 1.5 MQ
101,102, 103, 104, 105, 106, 107, 109, 1010, 1011, 1012
_ VDD = VDD1P73 07 x
High-Level Input VIH 101, 102, 103, 104, 105, 106, VDD - -- Y
107, 109, 1010, 1011, 1012
VDD = VDD1P73 0.3x
Low-Level Input VIL 101, 102, 103, 104, 105, 106, - - VDD Y
107, 109, 1010, 1011, 1012
_ VDD = VDD1P73, loH = -1mA VDD
Output Voltage High VOH 101, 102, 103, 104, 105, 106, _02 - -- Y
107, 109, 1010, 1011, 1012
VDD = VDD1P73, loL = 3 mA
Output Voltage Low VoL 101, 102, 103, 104, 105, 106, -- -- 0.4 Y
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Parameter Symbol Test Conditions Min Typ Max | Unit
Input Leakage Current | ILK 1 uA
/IPRES or 108
. VBAT > 5.5V, loH = —0pA 3.5 -- 5
Output Voltage High VOH \Y
P ge Ha VBAT > 5.5V, IoH = —10uA 18 - 5
Output Voltage Low VoL loL = 1.5mA -- -- 04 V
Input Leakage Current | ILK 1 uA
LEDCNTLA, LEDCNTLB, LEDCNTLC, TS3
2.1 3 3.9
LED Sink Current Ics 2.8 4 5.2 mA
3.5 5 6.5
Input Leakage Current | ILK -- -- 1 uA
Current Measurement
Input Voltage Range Vcsp - VCsN -200 -- 200 mV
|Vcs(|’D -VcsN| = 0mV, Ta=-25°C 35 125 35
Offset Error Icc1_OERR to 657°C uVv
- [Vcsp - VesN| = 0mV, Ta =-40°C
. -4 +2.5 4
to 85°C
[Vese - Vesn| = 200mV, -0.15 | 0.1 | 0.15
. Ta=-25°C to 65°C
Gain Error Icc1_GERR — %
[VcsP - Vesn| =200mV, 0.2 +0.1 0.2
Ta=-40°C to 85°C ) T '
Effective Input .
Resistance RADC_IN_CURR | When measuring 2.5 -- -- MQ
Conversion Time tcc1_COoNv Single conversion in normal -- 250 -- ms
mode
Voltage Measurement
Input Voltage Range
(Differential Cell Input VADC_IN_CELLS 0 -- 5 \%
Mode)
Input Voltage Range Applicable to d|V|d.er
L measurements using the BAT,
(Divider Measurement | VADC_IN_DIV ; . 0 -- 25 Vv
VC4 and PACK, pins relative to
Mode)
VSS.
Vvca — Vves, Vves - Vvez, Vvez
—Vvc1, Vve1 — Vveo, Ta=-25°C -3 +0.5 3
Cell Voltage VCELL ACC to 65°C mV
Measurement Accuracy = Vvc4 — Vves, Vves — Vvez, Vwez
—Vvc1, Vve1 — Vveo, Ta =—-40°C -8 +0.5 8
to 85°C
Stack Voltage VSTACK ACC VBAT — Vvss, TA=-25°C to 65°C -25 +10 25 iy
Measurement Accuracy - VBAT — VvsSs, TA = -40°C to 85°C -30 +10 30
PACK Pin Voltage VPACK — VVSS,TA =-25°Ct0 65°C | —-25 +10 25
Measurement VPACK_ACC e . mV
Accuracy VPACK — VVvSS, TA=-40°Cto 85°C | -30 +10 30
TS1,TS2, TS3, TS4 Pin VTs < 5V, TA = -25°C to 65°C -3 0.5 3
Voltage Measurement | VTs_AcC . . mV
Accuracy VTs <5V, TA =-40°C to 85°C -8 +0.5 8
Effective Input .
Resistance RADC _IN_CELL | When measuring 1 -- -- MQ
Cell Voltage Conversion {CELL CONV _ 8 _ ms
Time -
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to 90% VPCHGON)

between PCHG and CL, a
10MQ between PCHG and VCC

Parameter Symbol Test Conditions Min Typ Max | Unit
BAT, PACK, Voltage
Conversion Time tLVMUX_CONV - 4 - ms
TS1,TS2, TS3, TS4
Conversion Time trs_conv B 2 B ms
High-Side FET Drivers
2.8V < VBAT < 5V, VPACK < VDSG
Connect a 10MQ between
VFETON_LOBAT | pACK and DSG, connect a 3.95 - 12
10MQ between BAT and CHG
Output Voltage CHG VDSG(ON) = VDSG — VBAT, VBAT v
and DSG On > 5V, Connect a 10MQ between
PACK and DSG
VFETON VCHG(ON) = VCHG — VBAT, VBAT 8.5 10 12
> 5V, Connect a 10MQ between
BAT and CHG
VDSGOFF = VDSG — VPACK, CL =
DSG MOSFET Turn-Off VDSGOFF 10nF, _ _ 04 Vv
Voltage Connect a 10MQ between '
PACK and DSG
VCHGOFF = VCHG — VBAT,
\C/;ggl\gOSFET Turn-Off VCHGOFF connect a 10MQ between BAT - - 0.7 \Y;
and CHG
Connect a CL = 10nF between
. . DSG and PACK,
([())‘f'/oGt?';;,/I'{}‘sSGON) tR_DSG a 5.1kQ between DSG and CL, - 90 | 200 | s
a 10MQ between PACK and
DSG
Connect a CL = 10nF between
CHG Rise Time {R CHG CHG and BAT, _ 920 200 s
(0% to 35% VCHGON) - a 5.1kQ between CHG and CL, H
a 10MQ between BAT and CHG
Connect a CL = 10nF between
. DSG and PACK,
(DVSDCS;GF(;\"' tTol n1n\e/) tF_DsG a 5.1kQ between DSG and CL, -- 40 100 us
a 10MQ between PACK and
DSG
Connect a CL = 10nF between
CHG Fall Time tF CHG CHG and BAT, _ 40 100 s
(VDSGON to 1V) - a 5.1kQ between CHG and CL, H
a 10MQ between BAT and CHG
PCHG FET Drivers
VPCHG(ON) = VCC — VPCHG, 71 8.4 97
PCHG MOSFET Turn- VPCHGON VCC 2 8V, VBAT 2 5V ' ' ' Vv
On Voltage VPCHG(ON) = VCC— VPCHG, 5V < | VPACK _ VPACK
VCC < 8V, VCC > VBAT -1.4
Current Sink Capability | IPULLDOWN PCHG enable, VBAT = 14.4V -- 50 -- A
Vvce = 8V, CL = 1nF between
PCHG Rise Time (10% PCHG and VCC, a 5.1kQ
trR -- 30 100 us
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Parameter Symbol Test Conditions Min Typ Max | Unit

Vvce > 8V, CL = 1nF between

PCHG Fall Time (90% tF PCHG and VCC, a 5.1kQ _ 60 200 s

to 10% VPCHGON) between PCHG and CL, a H
10MQ between PCHG and VCC

Fuse Driver
?éi? 2 7.5V, CL = 10nF, 5kQ 6 68 75

Output Voltage High | VOH 28V <VBAT<75V,CL= 100F, |VeaT—| _ | v
5KQ load. 1.5V BAT

High-Level Input VIH Maximum current limitation 2mA 2 -- -- Vv

Low-Level Input VIL -- -- 0.6 \%
VBaT 2 7.5V, CL = 10nF, Rseres

Fuse Output Rise Time | trise =100Q, Rroap = 51kQ, Von = -- 9 -- us
10% to 90% of final voltage

Internal Temperature Sensor

Internal Temperature °

Measurement Error INTGERR B +3 B C

TS1,TS2, TS3, TS4

Input Voltage Range VIN -0.3 -- 5 V
Pullup resistance -- 15 -- kQ

Int | Resist R

niernalmesistance TS Pulldown resistance -- 30 -- kQ

Program Flash

Data Retention 10 -- -- Years

Flash Programming

Write Cycles 100k B - | Cycles

yl_\(ord Programming tPROGWORD _ _ 10 us

ime

Mass-Erase Time tMASSERASE -- -- 100 ms

Page-Erase Time tPAGEERASE -- -- 6 ms

Flash-Read Current IFLASHREAD -- 3.37 4 mA

Flash-Write Current IFLASHWRITE -- -- 2.7 mA

Flash-Erase Current IFLASHERASE -- -- 1.2 mA

Data Flash

Data Retention 10 -- -- Years

Flash Programming _ _

Write Cycles 100k Cycles

Word Programming

Time tPROGWORD -- -- 10 us

Mass-Erase Time tMASSERASE -- -- 40 ms

Page-Erase Time tPAGEERASE -- -- 6 ms

Flash-Read Current IFLASHREAD -- -- 4 mA

Flash-Write Current IFLASHWRITE -- -- 2.7 mA

Flash-Erase Current IFLASHERASE -- -- 1.2 mA

Data Retention 10 -- -- Years
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Parameter Symbol Test Conditions Min Typ Max | Unit
OCD1, OCD2, SCD, OCC Current Protection Thresholds
OCD1 Detection
Threshold Voltage VocD1 Vcsp — VesN -2 -- -254 mvV
Range
OCD1 Detection
Threshold AVocD1 Vcsp — VesN -- -2 -- mV
Voltage Program Step
OCD2 Detection
Threshold Voltage Vocb2 Vcsp — VesN -2 -- -254 mV
Range
OCD2 Detection
Threshold AVocD2 Vcsp — VesN -- -2 -- mV
Voltage Program Step
SCD Detection
Threshold Voltage VscD Vcsp — VesN -2 -- -254 mV
Range
SCD Detection
Threshold AVscD Vcsp — VesN -- -2.5 -- mV
Voltage Program Step
OCC Detection
Threshold Voltage Vocc Vcsp — VesN 2 -- 254 mV
Range
OCC Detection
Threshold AVocc Vcsp — VesN - 2 -- mV
Voltage Program Step
OCD1, OCD2, SCD, OCC Current Protection Timing
O.CD1 Detection Delay tocD1 Vcsp — VesN 1 -- 32 ms
Time
.(I?i:qu?oz[reacrtr']ogtg;lay AtocD1 Vcsp — VesN -- 1 -- ms
QCD2 Detection Delay tocD2 Vcsp — VesN y _ 32 ms
Time
QCDZ Detection Delay AtocD?2 Vcsp — VCsN _ y _ ms
Time Program Step
?CD Detection Delay tscp VesP — VEsN 61 _ 3873. us
ime 5
'Sl'i(r:nz g?;:f:;nsegéay AtscD Vcsp — VesN -- 30.5 -- us
O.CC Detection Delay tscc Vcsp — VCsN 1 -- 32 ms
Time
?CC Detection Delay Atscc Vcsp — VesN -- 1 -- ms
ime Program Step
Vcsp — VesN = VT = 3 mV for
OCD1, OCD2 _ _ 176 us
Current Fault Detect {DETECT Vcsp — VesN = VT + 3 mV for
Time Accuracy OCC
Vesp — VesN = VT = 3 mV for _ _ 51 s
SCD, H
Delav Time A ¢ Delay time < 1ms -10 -- 10 %
elay Time Accuracy ACC Delay time > 1ms 5 . 5 %
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Parameter Symbol Test Conditions Min Typ Max | Unit
OCD1, OCD2, SCD, OCC Current Protection Accuracy
OCD1, OCD2, SCD, VACC_OFFSET -1.5 -- 1.5 mV
giirggiechon Voltage VAGC_ GAIN [Vcsp — VesN| = 2mV to 254mV 35 ~ 35 %
Low Frequency Oscillator
Operating Frequency | ¢ 0| o ~ | 26214 | - | kHz
Low
Operating Accuracy Low | fERR_LOW -2.5 +0.25 2.5 %
SMBus, 100kHz
Clock Operating fSMB Slave mode, SMBC duty cycle = 10 _ 100 KHz
Frequency 50%
Clock Operating fmMAs Master mode -- 51.2 -- kHz
Frequency
Bus Free Time STOP to {BUF 4.7 _ _ us
START
START Condition Hold
Time tHD:STA 4.0 -- -- us
Setup Repeated START | tsu:STA 4.7 -- -- us
Data Hold Time tHD:DAT 0 -- -- ns
Data Setup Time tSU:DAT 250 -- -- ns
'IE'irrrr?; Signal Detect tTIMEOUT 25 -- 35 ms
Low Period of the tLow 47 _ _ us
SMBC Clock
High Period of the
SMBC Clock tHIGH 4.0 - - us
Clock Rise Time trR 10% to 90% -- -- 1000 ns
Clock Fall Time tF 90% to 10% -- -- 300 ns
Cumulative Clo_ck Low {LOW(SEXT) _ _ o5 ms
Slave Extend Time
Cumulative Cloc_k Low {LOW(MEXT) _ _ 10 ms
Master Extend Time
SMBus, 400kHz
Clock Operating fSMB Slave mode, SMBC duty cycle = _ _ 400 KkHz
Frequency 50%
Bus Free Time STOP to {BUF 13 _ _ us
START
START Condition Hold
Time tHD:STA 0.6 -- -- us
Setup Repeated START | tsU:STA 0.6 -- -- us
Data Hold Time tHD:DAT 0 -- -- ns
Data Setup Time tSU:DAT 100 -- -- ns
Error Signal Detect Time | tTIMEOUT 25 -- 35 ms
Low Period of the SMBC tLow 13 _ _ us
Clock
High Period of the
SMBC Olock tHIGH 0.6 - - us
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Parameter Symbol Test Conditions Min Typ Max | Unit
Clock Rise Time tr 10% to 90% 20 -- 300 ns
Clock Fall Time tF 90% to 10% 20 -- 300 ns
Cumulative Clo_ck Low tLow SEXT _ _ o5 ms
Slave Extend Time -
Cumulative Cloc!< Low HLOW MEXT _ _ 10 ms
Master Extend Time -
SMBus, 1MHz
Clock Operating fSMB Slave mode, SMBC duty cycle = _ _ 1 MHz
Frequency 50%
Bus Free Time STOP to {BUF 05 _ _ us
START '
_SrTART Condition Hold tHD:STA 0.26 _ _ us

ime
Setup Repeated START | tsu:STA 0.26 -- -~ us
Setup Time STOP tsu:sTO 026 | -~ | -~ | ps
Data Hold Time tHD:DAT 0 -- - ns
Data Setup Time tSU:DAT 50 -- -- ns
'IE'irrrr?é Signal Detect tTIMEOUT 25 -- 35 ms
Low Period of the tLow 05 _ _ us
SMBC Clock
g;\%g CP %r:ggkof the tHIGH 0.26 -- - us
Clock Rise Time tR 10% to 90% -- -- 120 ns
Clock Fall Time tF 90% to 10% 20 -- 120 ns
Cumulative Clo_ck Low tLow SEXT _ _ o5 ms
Slave Extend Time -
Cumulative Clock Low
tLow_MEXT -- -- 10 ms

Master Extend Time
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14 Typical Application Circuit

C104uF C201uF
m m
it 1t
R1 >t (o]}
R2 10MQ
MV
F1 i e PACK+
o\ o
JEIRY) FERETE Q4 L cs01ur
R3 R4 T R9 — :
5.1}«)3 10MQ %WMQ {j 4 SPARK-GAP T C6 0:1uF
{—c, > R6 = =
R8
f R10
P i et 100Q 100KQ 10KQ
R1151KQ RS R7
VWV 5.1KQ 5.1KQ =
V' cr0AuF 17 14 16 External LDO
b CHG vce DSG 15 3.3V
R12 ; R13 13| penG PACK 5
R14 1000 51KQ 5.1KQ .
A FUSE
R15 1KQ
AV 2lvs  voD ‘Y /¥ /¥
= 1 c3 o LeD1” “[LED2” [LED3
R16 1K 0-1“’:1 3lys FO1uF 51| /PO1P73 LEDCNTLA or 104>
co VDD1P2
8
RI71KQ  0AuF T 4 v2 ouT ?1}3 (1312 LEDCNTLB or 105 |4
ul ul
c10 E REG g g 8
RIBIKQ OMWFT 5| R19 LEDCNTLC or 106
cn 510
0.1uF | 6 c4 0 _| swiDIsP
VSS IO.47UF /DISP or 1012 o—
RT9441
D1 BATS4HTIG 18| g 101—x
c14 L 10
WL 10210
R20 1000 19 6
A vca 103}2—x
Celld —— c15 _L
T szon 0.1uFT 20|,c
L c16 J_ R28 1000 R29 100Q
Celld T R22 100Q o_1u|=-|- 21 sMBC |2 AN ’ AN o
AM ve2
ZD1 BZT52C5V6T G1 SPARK-GAP
L o7 |
Cell2 OAuF 1 L
o Bl Vet smep |- R RERR X J
Cellt J__— cis | i
R24 100Q 0.1uFT 2 ZD2 BZT52C5V6T iGZ SPARK-GAP
AV vco
7 R321000 -  R331000 =
29 1o4 IPRES or /SHUTDN or 108 ANV ’ AV i o
281753 0r 1011 fzm BZT52C5V6T iea SPARK-GAP
27 R341000 = RS351000 =
TS20rl010 JALERT or 107 -2 AM——1——AA, i o
TS10rl09 fzm BZT52C5V6T G4 SPARK-GAP
vss L ;

MOL/OLN v1d
MOL/OLN €1

MOL/OLN Z1Y

MOL/OLN L1

CsP

CSN

24

R25
100Q

25
C19 0.1uF

100Q

R26 0.001Q

PACK- °
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15 Timing Diagram

— [ A ] I

SMBD / x X / x A \
{ {
tr [k 2y g _\|tsupar = |+t — |<— tHD;STA “tgp tr 2
p N
SMBC \ \
—> | 4= tiD.;sTA —> A tsussTA ) tsussTo [
S tHD;DAT tHIGH S, p s

Figure 1. SMBus Timing Diagram

SMBD

tTiIMEOUT

SMBC \ /

Figure 2. SMBus Timeout Condition
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16 Typical Operating Characteristics

Cell Voltage Error vs. Cell Voltage BAT-VSS Voltage Error vs. BAT-VSS Voltage
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17 Operation

17.1  Cell Voltage Measurement Circuit

Place an input RC filter between VCx pins for ESD protection and filter unwanted voltage transients.

Select 100Q resistors for R20, R21, R22, R23, and R24. The resistors can be adjusted based on cell balancing
current requirements. Select 0.1uF capacitors for C15, C16, C17, and C18.

The impedance of VC4, VC3, VC2, VC1, and VCO must be minimized. Use Kelvin sense connections to each
cell’s positive and negative terminals to reduce IR drop and improve voltage measurement accuracy.

The BAT input is isolated and decoupled from the cells by diode D1 to protect against transient voltage dips
caused by short circuits.

D1 BAT54HT1G 18
N BAT
»f c14 L
1UF
R20 1000 G 10
ANV VC4
Celld —— C15 :L
R21 1000 0.1uF 20
AN VC3
1 c16
Cell3 =
T R22 100Q 0.1uF o1
[ AN VC2
Cell2 OC11JF =
T R23 100Q : 2
] ANV Ve
Cellt 0011 8F——
R24 100Q Au
T AN 1 23lvco

Figure 3. Cell Voltage Measurement Circuit

17.2 Current Measurement Circuit

The CSP and CSN pins monitor the voltage of current sensing resistor R26, with a recommended resistor value
range from 1mQ to 10mQ, depending on the current protection and thermal requirements. Minimize the
impedance between CSP and VSS to ensure that the voltages of VCSP - VSS and VCSN — VSS remain within
the ROC requirement during a short circuit event.

The current sensing resistor must have a low temperature coefficient (<50ppm) to minimize the current drift
due to temperature variations.

Place a low-pass filter to reduce input noise. Select 100Q resistors for R25 and R27, and 0.1uF for C19. 0.1uF
capacitors C20 and C21 can be used as a Y-filter to reduce specific interferences or noise sources, further
improving the accuracy of current measurements.

The CSN and CSP paths must use Kelvin sense connections to R26 to avoid the IR drop effects and maintain
current measurement accuracy.

| csp CsN |
24 H 25
C19 0.1uF
R25§ ? R27
1000 1000
I AN )
R260.0010Q

Figure 4. Current Measurement Circuit
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17.3 External Temperature Measurement Circuit

e TS1,TS2, TS3, and TS4 pins are used to measure external NTC thermistors.

e Each pin can be enabled with an integrated pull-up resistor (typical 15kQ) and a pull-down resistor (typical
30kQ) to support the use of a 10kQ2 NTC thermistor at 25°C (B = 3435k) for RT1 to RT4. Also, place an NTC
thermistor to monitor the temperature of the high-side MOSFET.

29154

281133 0r 1011

2

~

TS20rl010

261 151 or 109

11

VSS

MO L/%V_LH
MO L/%SJ_H
MO L/%ZJ_H
MO L/%LJ_H

Figure 5. External Temperature Measurement Circuit

17.4 PACK Detection Circuit

e The VCC pin provides power to the RT9441 when the PACK pin detects a charger plug-in. The device
integrates a PACK detection circuit to monitor the charger status.
e Itis recommended to use a 10kQ resistor for R10.

r“—ll T A T PACK+
Q3 ly l
Lyl Ro _?4 G5 T C50.4uF
10MQ ¥ ™ iSPARK-GAP T Co0uF
R6 -_ —_
100Q R8 R10
100KQ 10KQ
§ R7 1
5.1KQ =
14 16
VCC DSG 15
PACK

Figure 6. PACK Detection Circuit

17.5 High-Side N-MOSFETs and P-MOSFET Control Circuit

e N-MOSFETs (Q2 and Q3) are used as switches for charge and discharge current paths. The MOSFETs should
be 30V devices with low RDs(oN) to address thermal concerns. The gate driver voltage and AMR should be
selected according to the RT9441 VCHGON or VDSGON design voltage.

e The P-MOSFET (Q1) is used for pre-charge operation, with R1 limiting the pre-charge current.

¢ R3, R5, and R7 are used for gate protection and to reduce noise in the Q1/Q2/Q3 MOSFETs. A 5.1kQ resistor
is recommended to provide a microsecond switching time constant.
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e R2,R4,and R9 are used to fix Q1/Q2/Q3 MOSFETSs gate voltage to keep them in a stable off state when turned
off. A 10MQ resistor is recommended to prevent voltage drop.

e Q4 is placed between the gate and source of Q3 to turn off Q3 when the charger is reversely connected.

e C1 and C2 provide ESD protection for the MOSFETs. Use two capacitors to ensure normal operation if one
fails short.

C10.AuF C2 0.1uF
[ [
1 1
R1 Q1
A%
11]
T R2 10MQ
¢ AV
Lyl @2 a3 lyl o
R3 R4 RO o
5.1KQ 10MQ 10MQ {j
§1§go R8 R10
100KQ 10KQ
R5 R7 L
5.1KQ 5.1KQ -
17 14 16
CHG vCC DSG
13 pcHG PACK 12

Figure 7. High-Side N-MOSFETs and P-MOSFET Control Circuit

17.6  Fuse Pin Control Circuit

e The FUSE pin is designed to ignite the chemical fuse in the event of a safety incident and also monitors the
2nd protection IC. The fuse will blow when either the FUSE pin or the OUT pin of the 2nd protection IC is high,
causing Q5 to turn on.

e R11, R12 and R13 need to ensure that the divided voltage from the OUT pin or the FUSE pin is sufficient to
provide the gate driver voltage to turn on Q5.

e Itis recommended to use 5.1kQ resistors for R12 and R13, and a 51kQ resistor for R11.

e Connect the FUSE pin to VSS if not used.
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F1
o\ o
L
>
st
R11 51KQ
AN
|
V' C70.4uF
R12 § R13
R14100Q 5.1KQ 5.1KQ
AW 12| Fuse
R15 1KQ 5 1
AN V4 VDD
cs | c3
R161KQ 0.1uF 0.1uF
co
R17 1KQ  0.1uF 4 ouT

8
REGH.
V1 R19
510
c4
Vss $0.47UF

Figure 8. FUSE Pin Control Circuit

17.7 LEDs Control Circuit

o Select an external LDO to provide the required voltage and drive current for the external LEDs
e The LEDCNTLA, LEDCNTLB, and LEDCNTLC pins can provide sink current for external LEDs.
e If necessary, the TS3 pin and DISP pin can also be configured as LED control pins.

e Letthe LEDCNTL pins floating if not used, and connect the DISP pin to GND if not used.

External LDO
3.3V
o

NN

Z 2 A
LED1~ [LED2” |LED3

LEDCNTLA or 104

LEDCNTLB or 105

LEDCNTLC or 1068

Figure 9. LEDs Control Circuit

17.8 SMBus Circuit

e For robust ESD protection, the ESD protection diodes (ZD1, ZD2) and resistor (R28, R29, R30, R31) are
recommended.
e Use 100Q resistors for R28, R29, R30, and R31.
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9 R2g 1000 R29 1000
SMBC ' o
ZD1 BZT52C5V6T G1 SPARK-GAP
1 R3{ 1000
SMBD

O

G2 SPARK-GAP

> 4—t > €

fZDZ BZT52C5V6T

Figure 10. SMBus Circuit

17.9 System Present Circuit

e For aremovable system host, the PRES pin can be used to detect the system connection status.

e The PRES pin is pulled up every 250ms and its status is recorded. If the device continuously detects four low
states, the system is considered present.

e Avresistor can be used to pull the pin low and a 20kQ or lower resistor is recommended.

e Forrobust ESD protection, it is recommended to use an ESD protection diodes (ZD3) and resistors (R32, R33).
¢ Use 100Q resistors for R32 and R33.

7 R32 100Q R33 100Q
/PRES or /SHUTDN or |08 MV A%A'A l o
fZDS BZT52C5V6T iG3 SPARK-GAP

Figure 11. System Present Circuit
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18 Application Information
(Note 6)

The RT9441 device provides a complete fuel gauging solution for 2-to-4 series cell battery pack applications. It

also fully integrates cell balancing, protection, charger control, and authentication for 2-to-4 series cell battery
packs.

18.1 Fuel Gauge

The RT9441 uses the VGCS algorithm to calculate the state of charge in battery cells. The VGCS algorithm is a
hybrid fuel gauge algorithm with voltage-based core (VoltaicGauge), iterating battery voltage and dynamic
difference of battery voltage. Then it is optimized with current information to adjust the delta SOC and integrate it
into the overall SOC. The VGCS algorithm also includes temperature and load compensation, and aging
compensation functions, providing both short-term accurate and long-term stability in SOC results.

18.2 Power Mode

The RT9441 supports three power modes to decrease power usage.

« In normal mode, the RT9441 performs measurements, calculations, protection decisions, and data updates at
250ms intervals. Between these intervals, the RT9441 is in idle status to reduce power consumption.

¢ In sleep mode, the RT9441 performs measurements, calculations, protection decisions, and data updates at
adjustable intervals (default 5 seconds). Between these intervals, the RT9441 is in idle status to decrease

power usage. The RT9441 has a wake function that enables exit from sleep mode when current flow or failure
is detected.

¢ In shutdown mode, the RT9441 is completely disabled.

Normal Mode

Enter shutdown by any shutdown event.
» Low voltage shutdown event
» Command shutdown event
» 10 pin shutdown event
» IATA shutdown event
|Current| < Threshold and
Any sleep event trigger

» Bus idle event

Exit sleep by any condition
» Communication

» Current| > Threshold

» Current wake comparator active

Vpack > 3.3V » Command sleep event

Shutdown Mode

Sleep Mode

Auto ship event
(long time bus idle)

Figure 12. Power Mode State Machine
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18.3 Measurement

The RT9441 supports voltage, current, and temperature measurements.

The RT9441 uses internal ADC to measure voltage and updates the voltage every 0.25 seconds in the normal
mode. This data is also used to calculate the VGCS gas gauging.

e Up to 4 cell voltage measurement
e Stack cell voltage

e Pack pin voltage

e VCC pin voltage

The RT9441 uses the CSP and CSN input pins to measure and calculate the battery charge and discharge current.
e Supports current measurement with 1mQ to 10mQ current sense resistance.
The RT9441 has an internal temperature sensor and inputs for up to 4 external temperature sensors.

e Supports up to 4 channels of external NTC temperature measurement.

e TS1, TS2, TS3, and TS4 can be optionally configured for general ADC measurement, with a measurement
range of OV to 5V.

o Internal temperature measurement.

TS1, TS2, TS3, and TS4 can be individually enabled and configured for cell or MOSFET temperature usage and
use a different thermistor profile.

18.4 Primary (15! Level) Safety Features

The RT9441 supports a full coverage of battery and system protection features that can be easily configured. For
detailed descriptions of each protection function, refer to the RT9441 Technical Reference Manual.

It includes two types of protection: hardware protection and software protection.

o Hardware protection

e Overcurrent in discharge protection with 2 levels
¢ Overcurrent in charge protection

o Short circuit in discharge protection

o Software protection

o Cell overvoltage protection

¢ Cell undervoltage protection

o Overcurrent in charge protection in 2 levels
¢ Overcurrent in discharge protection in 2 levels
e Over-temperature in charge protection

o Over-temperature in discharge protection

¢ Under-temperature in charge protection

¢ Under-temperature in discharge protection
e Over-temperature MOSFET protection

e Pre-charge timeout protection

o Host watchdog timeout protection

o Fast charge timeout protection

o Overcharge protection

¢ Overcharging voltage protection

o Overcharging current protection

e Over pre-charge current protection
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18.5 Secondary (2'""| Level) Safety Features

The secondary safety features of the RT9441 can be used to indicate more serious faults via the FUSE pin. This
pin is used to blow an in-line fuse and permanently disable the battery pack.

For detailed descriptions of each protection function, refer to the RT9441 Technical Reference Manual.

o Safety cell overvoltage permanent failure

o Safety cell undervoltage permanent failure

o Safety overcurrent in charge permanent failure

o Safety overcurrent in discharge permanent failure
o Safety overtemperature cell permanent failure

o Safety overtemperature MOSFET permanent failure
e Cell balancing permanent failure

e Qmax imbalance permanent failure

o Capacity degradation permanent failure

« Voltage imbalance at rest permanent failure

¢ \oltage imbalance active permanent failure

e Charge MOSFET permanent failure

o Discharge MOSFET permanent failure

o Fuse failure permanent failure

o AFE register permanent failure

e 2nd protection permanent failure

e Open thermistor permanent failure

e Program memory checksum permanent failure

o Data memory permanent failure

e AFE communication permanent failure

The RT9441 charge control features include:

e Supports JEITA temperature ranges and reports the charging voltage and the charging current according to
the active temperature and voltage range

e 7-stage programmable temperature range

e 3-stage programmable voltage range

o Bidirectional hysteresis for temperature and voltage
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18.6 Charge Control
Cell Voltage
JTA_UT JTALT JTA_STL JTA_RT JTA_STH JTA_HT JTA_OT
z 0 0
|
< | wma_uT co) JTA_CC3 JTA_CC8 JTA_CC13 JTA_CC18 JTACC23 | o o7 G
E
JTA_VOLT3
3 0 0
|<_(| UTA_UT o) | JTA-CC2 JTA_CC7 JTA_CC12 JTA_CC17 JTACC2 | 1 o7 oo
E
JTA_VOLT2
3 0 0
|
<[ utA_UT co) JTA_CC1 JTA_CCB JTA_CC11 JTA_CC16 JTACC21 | 1 o7 co)
E
JTA_VOLT1
>
& 0 JTA_PCHG_CURR 0
<| JTA_UT_CC) - - (JTA_OT_CC)
E
PCHG_Start_TH .
CHG . : CHG CHG
SUSP cHe N?RMAL T INHIBIT SUSP
CHG
INHIBIT
0 0
JTA_CV_ JTA_CV_ JTACV_ | JTA_CV_ JTA_CV_ JTA_CV_ JTA_CV_
VOL T VOLT2 VOLT3 | VOLT4 VOLT5 VOLT6 VOLT7
JTA_T1 JTA_T2 JTA_T3 JTA_T4 JTA_T5 JTA_T6
Figure 13. JEITA Temperature and Voltage Range
WTA_UT]=1 WTA LTI =1 WTA_STL] =1 WTA_RT]=1 [JTA_STH] =1 UTA_HT]=1

Temperature() > JTA_T1
+JTA_T1_UPHYS

Temperature() > JTA_T2
+JTA_T2_UPHYS

»

Temperature() > JTA_T3
+JTA_T3_UPHYS

»

Temperature() > JTA_T4
+JTA_T4_UPHYS

»

Temperature() > JTA_T5
+JTA_T5_UPHYS

»

Temperature() > JTA_T6
+JTA_T6_UPHYS

»

Temperature() < JTA_T1
-JTA_T1_DNHYS

Temperature() < JTA T2 -
JTA_T2 DNHYS

Temperature() < JTA_T3 -
JTA_T3_DNHYS

Temperature() < JTA_T4 -
JTA_T4_DNHYS

Temperature() < JTA_T5 -
JTA_T5_DNHYS

Temperature

[JTA_OT] =1

Temperature() < JTA_T6 -

JTA_T6_DNHYS

»

JTA_T

JTA T2

JTA_T3

JTA_T4

Figure 14. Bidirectional Hysteresis

JTA_T5

JTA_T6

Temperature
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18.7

Report the charging current and charging voltage after compensation to a smart charger using SMBus
broadcasts.

Report the compensated charging voltage for voltage drop of MOSFET.

Report the compensated charging voltage due to degradation by temperature and voltage to prevent cell
swelling.

Report the compensated charging voltage and charging current due to degradation by cycle, SOH or
runtime.

Supports pre-charging and zero-voltage charging.
Supports charge inhibit and charge suspend if battery pack temperature is out of temperature range.

Reports charging fault and also indicates charge status via charge and discharge alarms.

Cell Balancing Control

The RT9441 supports passive cell balancing with embedded bypass switches and can balance multiple cells
simultaneously during charging or rest. The cell balancing algorithm determines the capacity needed to be
bypassed to balance of all cells. The RT9441 also supports voltage-based cell balancing. It can achieve higher
cell balance current by using an external cell balancing circuit.

18.8

18.9

Black Box Recorder

Record the last three safety statuses to black box when permanent failure occurs.
Update the lifetime log when a permanent failure occurs.

Record additional three permanent failure statuses to black box after the first permanent failure occurs.

Lifetime Data Log

The RT9441 supports lifetime logging of important battery data. The following data are updated every 10 hours if
a difference is detected between values in RAM and data flash:

Maximum and minimum cell voltages

Maximum delta cell voltage

Maximum charge current

Maximum discharge current

Maximum average discharge current

Maximum average discharge power

Maximum and minimum cell temperature

Maximum delta cell temperature

Maximum and minimum internal sensor temperature

Maximum MOSFET temperature

Number of safety events occurrences and the last cycle of the occurrence
Number of valid charge termination and the last cycle of the valid charge termination
Number of Qmax updates and the last cycle of the Qmax updates
Number of shutdown events

Cell balancing time for each cell

Total FW runtime and time spent in each temperature range.
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18.10 Intel Dynamic Battery Power Technology (DBPT V2.0)

The RT9441 supports DBPT V2.0 by providing the available max power and max current to prevent system reset
or trigger termination voltage under peak loading.

18.11 IATA Support

The RT9441 supports several commands and procedures to satisfy the IATA criteria when the battery pack is in
shipping.

18.12 LED Display

The RT9441 can drive up to 4-segment LED display for remaining capacity indication and/or a permanent failure
code indication.

18.13 FUSE Driver

The RT9441 can use FUSE driver to blow an in-line fuse and permanently disable the battery pack.

18.14 Emergency Shutdown

The emergency shutdown feature enables a push button action that connects the SHUTDN pin to shut down the
battery pack system before removing the battery. A high-to-low signal on the SHUTDN pin turns off the CHG and
DSG MOSFETSs, disconnecting the power from the system to safely remove the battery pack. The CHG and DSG
MOSFETSs can be turned on again by another high-to-low signal detected by the SHUTDN pin or when a data
flash configurable timeout is reached.

18.15 System Present Operation

The RT9441 checks PRES periodically (every 1 second). If PRES input is pulled to ground by the external system,
the RT9441 detects this as the system being present.

18.16 2-Series, 3-Series, or 4-Series Cell Configuration
¢ In a 2-series cell configuration, VC4 is shorted to VC3, and VC3 is shorted to VC2.

e In a 3-series cell configuration, VC4 is shorted to VC3.

18.17 Communication

The RT9441 uses SMBus in MASTER mode with packet error checking (PEC) options, in accordance with the
SBS specification.

18.18 SMBus On and Off State

The RT9441 detects an SMBus off state when both SMBC and SMBD are low for two or more seconds, then
enters sleep mode. Clearing this state requires either SMBC or SMBD to transition high, which will cause and
device to enter normal mode from sleep mode.

18.19 SBS Commands

Refer to the RT9441 Technical Reference Manual for detailed description.

18.20 Authentication

The RT9441 supports three authentications.
e HMAC SHA1 authentication
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. Key 16 bytes and challenge 20 bytes

. Execution time 1ms

e HMAC SHA256 authentication
. Key 32 bytes and challenge 32 bytes
. Execution time 2ms

e ECC authentication

. ECC algorithm with ECDSA 256 bits, and signature execution time is within 100ms.

18.21 Thermal Considerations

The junction temperature should never exceed the absolute maximum junction temperature TJMAX), listed under
Absolute Maximum Ratings, to avoid permanent damage to the device. The maximum allowable power dissipation
depends on the thermal resistance of the IC package, the PCB layout, the rate of surrounding airflow, and the
difference between the junction and ambient temperatures. The maximum power dissipation can be calculated
using the following formula:

Pomax) = (Tumaxy — Ta) / 6ua

where TyMAX) is the maximum junction temperature; TA is the ambient temperature; and 6JA is the junction-to-
ambient thermal resistance.

For continuous operation, the maximum operating junction temperature indicated under Recommended Operating
Conditions is 125°C. The junction-to-ambient thermal resistance, 6Ja, is highly package dependent. For a WQFN-
32L 4x4 package, the thermal resistance, 0JA, is 27.8°C/W on a standard JEDEC 51-7 high effective-thermal-
conductivity four-layer test board. The maximum power dissipation at TA = 25°C can be calculated as below:
Ppmax) = (125°C — 25°C) / (27.8°C/W) = 3.59W for a WQFN-32L 4x4 package.

The maximum power dissipation depends on the operating ambient temperature for the fixed TyMmAX) and the
thermal resistance, 6JA. The derating curve in Figure 15 allows the user to estimate the effect of rising ambient
temperature on the maximum power dissipation.

4.0 T
< Four-Layer PCB
=
§ 92
g
3 24 AN
o \
)
2 16 AN
o
£ \
I 0.8 >
<
®©
=

0.0

0 25 50 75 100 125

Ambient Temperature (°C)

Figure 15. Derating Curve of Maximum Power Dissipation
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18.22 Layout Considerations

1. The capacitor for the BAT pin must be placed as close as possible to the pin.

2. The capacitors for the VDD1P73 and VDD1P2 pins must be placed as close as possible to the pin.

7 R LT

\lDL“ P2 Cap.

L
T

L
AT

VDD1P73 Cap:

Figure 16. BAT, VDD1P73 & VDD1P2 Capacitors

3. The VC4, VC3, VC2, VC1 and VCO paths must make Kelvin sense connections to each cell's positive and
negative terminals to minimize the IR drop effect on voltage measurement accuracy.

e The Input filter should be placed as close as possible to the IC.

R —

. Kelvin Sense connections

V to cell's connector directly

Figure 17. Cell Voltage Sense Circuit

4. The CSN and CSP paths must make Kelvin sense connections to RS to avoid the IR drop effect on current
measurement accuracy.

e Layout traces should be symmetrical for minimum current offset and noise pickup.

e The Input filter should be placed as close as possible to the IC.
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Figure 18. Current Sense Circuit
5. Place a spark gap at the communication connector to protect SMBC and SMBD from the system ESD.
e ltis suggested that the spacing between the points be 0.2mm.

e The spark gap must be placed on outer layer of the PCB and cannot be coated with any protective covering.

PACK- SMBD SMBC

Figure 19. ESD Protection for Communication Interface

6. Use wide copper and short traces to minimize inductance in the CHG/DSG MOSFET bypass and pack
terminal bypass capacitor connections.

Figure 20. CHG/DSG MOSFET Circuit
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7. The impedance (RPCB) between CSP and VSS must be minimized.

Figure 21. Impedance Minimization between VSS to CSP
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Layout example
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Figure 23. 2" Layer
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Figure 25. Bottom Layer

Note 6. The information provided in this section is for reference only. The customer is solely responsible for designing,
validating, and testing any applications incorporating Richtek’s product(s). The customer is also responsible for
applicable standards and any safety, security, or other requirements.
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19 Outline Dimension

D

|

|

A

- D2 .
L}_ L‘LI T SEE DETAL A
~ fan
T:l |_i/|: '
- ]
g E E2
- ]
E S | 0] D0
s R -

[0}

b

DETAIL A

Pin #1 ID and Tie Bar Mark Options

Note: The configuration of the Pin #1 identifier is optional.

but must be located within the zone indicated.

Dimensions In Millimeters Dimensions In Inches

Symbol Min Max Min Max

A 0.700 0.800 0.028 0.031

A1 0.000 0.050 0.000 0.002

A3 0.175 0.250 0.007 0.010

b 0.150 0.250 0.006 0.010

D 3.900 4.100 0.154 0.161

Option 1 2.650 2.750 0.104 0.108

P2 Option 2 2.750 2.850 0.108 0.112

E 3.900 4.100 0.154 0.161

Option 1 2.650 2.750 0.104 0.108

=2 Option 2 2.750 2.850 0.108 0.112
e 0.400 0.016

L 0.300 0.400 0.012 0.016

W-Type 32L QFN 4x4 Package

Note 7. The package of the RT9441 uses Option 2.
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20 Footprint Information

C1

A

A 4

)

>

° [ |
»
[ |

By | Ay

Number of Footprint Dimension (mm)
Package Tolerance
Pins P | Ax| Ay | Bx | By |C*32|C1*8| D | Sx | Sy
Option1
VIW/U/XQFN4*4-32 Ootion? 32 0.40(4.80/4.80(3.20| 3.20 | 0.80 | 0.75 |0.20| 2.80 |2.80| +0.05
ption

Note 8. The package of the RT9441 uses Option 2.
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21 Packing Information

Tape and Reel Data

211
lt— P ] PIN 1 / \
’ \ / Voo
- - . y | S e | -
/ olo olo o o\o O] | LA =
I\ - 5 - Ill |. * ’.-"' .'I
\. ‘ . H ‘ . . ‘ . \ i \ o / ]
/ fi ] .
Feed Direction > _A_L'_M
arrier Tape
END Round Sprocket Holes START
R R R R A Al il
- - I—T‘l = r
T ,_T Tl | T i T —]ﬁ | i
: - e {-—e ' e—EL =—a—lf
L..J..J I._L_.u I__L_l L_L,l .L Lr_L_.a [
Trailer Leader
=—160 mm minimum, ——=~—Components ——=——=600 mm Minimum, —
Tape Size | Pocket Pitch | Reel Size (A) | ynits | Trailer | Leader | Reel Width (W2)
Package Type ;
(W1) (mm) (P) (mm) (mm) (in) per Reel (mm) (mm) Min/Max (mm)
(V, W)
QFN/DFN 12 8 180 7 1,500 160 600 12.4/14.4
4x4
- > 2 C, D, and K are determined by component size.
T W~ o T o o SO o L - -
f ¥ v v oo _$£$ a The clearance between the components and
W1 } N o~ N s the cavity is as follows:
G U {J &, 1, O
‘ - For 12mm carrier tape: 0.5mm max.
Fi | |
- 3
W1 P B F aJ H
Tape Size
Max Min Max Min Max Min Max Min Max Min Max Max
12mm 12.3mm|7.9mm|8.1mm|1.65mm |1.85mm [3.9mm 4. 1Tmm|{1.5mm|1.6mm| 1.0mm | 1.3mm |0.6mm
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21.2 Tape and Reel Packing
Step Photo/Description Step Photo/Description

AT .

(RRRn

ey g

Reel 77 3 reels per inner box Box A
§ -
i \ e A3
e | . =
i W, TN
A AL
2 Aed = i
2 5 i - -~ |
% W e !1‘ =
i
e %
. =
3 - , 6
-»
Caution label is on backside of Al bag Outer box Carton A
Container Reel Box Carton
Package Size | Units Item Reels Units Item Boxes Unit
(V, W) QFN/DFN Box A 3 4,500 Carton A 12 54,000
77 1,500
4x4 Box E 1 1,500 For Combined or Partial Reel.
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21.3 Packing Material Anti-ESD Property

Su_rface R Reel Cover tape SN Tube Protection Band
Resistance Bag tape
Q/cm? 10* to 10" 10*to 10" | 10%to 10" | 10%to 10" | 10*to 10" 10* to 10"

Richtek Technology Corporation

14F, No. 8, Taiyuan 1st St., Zhubei City,

Hsinchu County 302082, Taiwan (R.O.C.)

Tel: 886-3-5526-789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and

reliable. However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.
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22 Datasheet Revision History

Version

Date

Description

00 2026/5/14

First Edition
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