Battery Protection IC for 2-Serial

SGMICRO to 4-Serial-Cell Pack (Secondary Protection)

GENERAL DESCRIPTION FEATURES

The SGM41002 is used for secondary protection of e High Accuracy Voltage Detection Circuit for Each Cell
lithium-lon rechargeable batteries, and incorporates a

Over-Charge Detection Voltage:

high-accuracy voltage detection circuit and a delay 4.35V, 4.45V, 4.5V
circuit. Short-circuits between cells accommodate e Over-Charge Hysteresis Voltage: -0.4V
series connection of two to four cells. e 2.8s Delay Time for Over-Charge Detection

e Qutput Control Function via CTL Pin
e Qutput Form and Logic
CMOS Output Active “H”

APPLICATIONS e High Withstand Voltage Devices

Absolute Maximum Rating: 26V
Lithium-lon Rechargeable Battery Packs e Wide Operating Voltage Range: 3.6V to 24V
(For Secondary Protection) ® | ow Current Consumption

® Operating Temperature Range: -40°C to +85°C
® Available in Green UTDFN-2x2.5-8L Package

OVER-CHARGE OVER-CHARGE OVER-CHARGE
MODEL DETECTION VOLTAGE | HYSTERESIS VOLTAGE | DETECTION DELAY TIME OUTPUT FORM
(Veu) (Vi) (tcu)
4.35V -0.4v 2.8s CMOS output active “H”
SGM41002 4.45V -0.4v 2.8s CMOS output active “H”
4.5V -0.4v 2.8s CMOS output active “H”
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SGM41002

Battery Protection IC for 2-Serial

to 4-Serial-Cell Pack (Secondary Protection)

PACKAGE/ORDERING INFORMATION

MODEL PACKAGE e ORDERING PACKAGE PACKING
DESCRIPTION NUMBER MARKING OPTION
RANGE
UTDFN-2x2.58L | -40°C to+85°C | SGMA41002-4.35YUDSBG/TR | 5> | Tape and Reel, 3000
SGMA41002 | UTDFN-2x2.5-8L | -40°C to +85°C | SGM41002-4.45YUDS8G/TR >(<3x’\;<(§< Tape and Reel, 3000
UTDFN-2x2.58L | -40°C to+85°C | SGMA41002-4.50YUDSBG/TR |  ONB | Tape and Reel, 3000

NOTE: XXXX = Date Code.

Green (RoHS & HSF): SG Micro Corp defines "Green" to mean Pb-Free (RoHS compatible) and free of halogen substances. If
you have additional comments or questions, please contact your SGMICRO representative directly.

ABSOLUTE MAXIMUM RATINGS

Input Voltage between VDD and VSS
.......................................................... Vss - 0.3V to Vss + 26V
Input Pin Voltage, VC1, VC2, VC3, VC4, CTL
......................................................... Vss - 0.3V to Vpp + 0.3V

CO Output Pin Voltage .........cc......... Vss - 0.3V to Vpp + 0.3V
JuNCtion TEMPETALUIE.....ccciivvieeeeiireeeiee e e +150°C
Storage Temperature Range.............cccee...... -65°C to +150°C
Lead Temperature (Soldering 10 s€C) ......ccccvvveeeeinnns +260°C
ESD Susceptibility

HBM. ..ottt 2000V
MIM e e 200V
[ 1000V

RECOMMENDED OPERATING CONDITIONS

OVERSTRESS CAUTION

Stresses beyond those listed may cause permanent damage
to the device. Functional operation of the device at these or
any otherconditions beyond those indicated in the operational
section of the specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
reliability.

ESD SENSITIVITY CAUTION

This integrated circuit can be damaged by ESD if you don't
pay attention to ESD protection. SGMICRO recommends that
all integrated circuits be handled with appropriate precautions.
Failure to observe proper handling and installation procedures
can cause damage. ESD damage can range from subtle
performance degradation to complete device failure. Precision
integrated circuits may be more susceptible to damage
because very small parametric changes could cause the
device not to meet its published specifications.

DISCLAIMER

SG Micro Corp reserves the right to make any change in
circuit design, specification or other related things if necessary
without notice at any time.

Supply Voltage Range .......ccccceveeeiviiiiieeece e, 4V to 24V
Battery Voltage Range...........cccccceeeieiiiiiiiine s 0V to 24V
Environmental Temperature Range................ -40°C to +85°C
@ SG Micro Corp
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SGM41002

Battery Protection IC for 2-Serial
to 4-Serial-Cell Pack (Secondary Protection)

PIN CONFIGURATION

(TOP VIEW)
VDD 1. ------------------- i
vei| 2 L7
[ EP L
vez |3 L 16
Vol [ S —— s

UTDFN-2x2.5-8L

PIN DESCRIPTION

(60]

CTL

VSS

VC4

PIN NAME FUNCTION
1 VDD Positive Power Input Pin.
2 VC1 Positive Voltage Connection Pin of Battery 1.
3 VC2 Positive Voltage Connection Pin of Battery 2.
Negative Voltage Connection Pin of Battery 1.
4 VC3 Positive Voltage Connection Pin of Battery 3.
Negative Voltage Connection Pin of Battery 2.
5 vCa Positive Voltage Connection Pin of Battery 4.
Negative Voltage Connection Pin of Battery 3.
6 VSS Negative Power Input Pin.
Negative Voltage Connection Pin of Battery 4.
7 CTL CO Output Control Pin.
8 CO FET Gate Connection Pin For Charge.
Exposed Ep Negative Power Input Pin.
Pad Negative Voltage Connection Pin of Battery 4.
€ Y sG Vicro Corp SEPTEMBER 2017
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SGM41002

Battery Protection IC for 2-Serial
to 4-Serial-Cell Pack (Secondary Protection)

ELECTRICAL CHARACTERISTICS

(Ta = +25°C, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS | mN [ Tve MAX | UNITS
DETECTION VOLTAGE
SGM41002-4.35 4.314 4.35 4.386 \
gvfri?gf‘;?i)DeteCtion Voltage n Vo | TestCondiion 1| seya1002-4.45 | 4.414 4.45 4.486 v
SGM41002-4.5 4.464 4.5 4.536 \%
et Gy ysterests Voliage n Vien | Test Condition 1, Test Circuit 1 0422 | -04 | -0378 v
INPUT VOLTAGE
Operating Voltage between VDD and VSS Vpsop 14 24 \%
CTL Pin Input High Voltage Vern | Test Condition 5, Test Circuit 2 Vpp % 0.95 \
CTL Pin Input Low Voltage Vet Test Condition 5, Test Circuit 2 Vpp x 0.4 \
INPUT CURRENT
Current Consumption During Operation lope }l./;; ggn:di\tﬁnze\,ﬂ}l'e:s?g}guit 3 2.4 35 MA
Current Consumption During Over-Discharge lopen }I'/(]e-si ggnz i\tﬁnzﬁ\,/‘}l'e:stz .C3i}’ﬁ:’uit 3 2.2 3 MA
VC1 Pin Current lvel 0.6 1 MA
VC2 Pin Current Ivca V1=V2=V3=V4=35V, -0.5 0.005 0.5 MA
VC3 Pin Current lves Test Condition 7, Test Circuit 4 05 0.005 05 A
VC4 Pin Current Ivca -0.5 0.005 0.5 MA
V1=V2=V3=V4=35V,
CTL Pin Input High Current leTLm Vet = Vpp, Test Condition 7, 0.8 1.2 14 MA
Test Circuit 4
V1=V2=V3=V4=35V,
CTL Pin Input Low Current leTie Vcr = 0V, Test Condition 7, -0.5 0.5 pA
Test Circuit 4
OUTPUT CURRENT
CO Pin Sink Current lcot \T’g‘;t‘c\ésns d;'tig'nS;/" Test Gircuit 5 0.06 0.1 mA
CO Pin Source Current lcon }I'/gcs)t_c\(/)%tai-ti(())'r? \é Test Circuit 5 22 30 WA
DELAY TIME
Over-Charge Detection Delay Time teu Test Condition 2, Test Circuit 1 15 2.8 4.1 S
Over-Charge Timer Reset Delay Time tr Test Condition 3, Test Circuit 1 1.6 9.8 19.2 ms
Over-Charge Release Delay Time teL Test Condition 2, Test Circuit 1 12.8 45.8 83.2 ms
CTL Pin Response Time tere Test Condition 4, Test Circuit 2 15 25 35 ms
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Battery Protection IC for 2-Serial
SGM41002 to 4-Serial-Cell Pack (Secondary Protection)

TEST CIRCUITS

e Test Condition 1 (Test Circuit 1)

Set V1, V2, V3, and V4 to 3.5V. Over-charge detection voltage 1 (Vcys) is the V1 voltage when CO is “H” after the
voltage of V1 has been gradually increased. The over-charge hysteresis voltage (Vuc1) is the difference between V1
and Vcy1 when CO is “L” after the voltage of V1 has been gradually decreased.

Over-charge detection voltage Vcyn (N = 2 to 4) and over-charge hysteresis Vycn (N = 2 to 4) can be determined in
the same way as whenn = 1.

e Test Condition 2 (Test Circuit 1)

Set V1, V2, V3, and V4 to 3.5V and in a moment of time (within 10us) increase V1 up to 5.0V. The over-charge
detection delay time (tcy) is the period from when V1 reached 5.0V to when CO becomes “H". After that, in a
moment of time (within 10us) decrease V1 down to 3.5V. The over-charge release delay time (tc.) is the period from
when V1 has reached 3.5V to when CO becomes “L".

e Test Condition 3 (Test Circuit 1)

Set V1, V2, V3, and V4 to 3.5V and in a moment of time (within 10us) increase V1 up to 5.0V. This is defined as the
first rise. Within tcy - 19.2ms after the first rise, in a moment of time (within 10us) decrease V1 down to 3.5V and
then in a moment of time (within 10us) restore up to 5.0V. This is defined as the second rise. When the period from
when V1 was fallen to the second rise is short, CO becomes “H" after tcy has elapsed since the first rise. If the
period from when V1 falls to the second rise is gradually made longer, CO becomes “H” when tcy has elapsed since
the second rise.

The over-charge timer reset delay time (t;r) is the period from V1 fall till the second rise at that time.

SGM41002 SGM41002
11 vop co 11vop co
v T 2 VC1 CTL v L 2 VC1 CTL
v }_—3 vez ES " H ve2 VsS
4] yes vea 41ves vca
V3 —.[— v3 _-['
Test Circuit 1 Test Circuit 2

e Test Condition 4 (Test Circuit 2)
In the SGM41002, set V1, V2, V3, and V4 to 3.5V and V5 to 14V. The CTL pin response time (tcr.) is the period from
when V5 reaches 0V after V5 is in a moment of time (within 10ps) decreased down to OV to when CO becomes “H".

In the SGM41002, set V1, V2, V3, and V4 to 3.5V and V5 to 14V after an over-voltage is detected and CO becomes
“H”. In a moment of time (within 10ps) raise V5 from OV to 14V. The CTL pin response time (tc.) is the period from
when V5 becomes 14V to when CO becomes “L”".

e Test Condition 5 (Test Circuit 2)

Set V1, V2, V3, and V4 to 3.5V and V5 to OV. The CTL input “H” voltage (Vcr1y) is the maximum voltage of V5 when
CO is “L” after V5 has been gradually increased. Next, set V5 to 14V. The CTL input “L” voltage (VcriL) is the
minimum voltage of V5 when CO is “H” after V5 has been gradually decreased.

O" SG Micro Corp SEPTEMBER 2017
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Battery Protection IC for 2-Serial
SGM41002 to 4-Serial-Cell Pack (Secondary Protection)

TEST CIRCUITS (continued)

e Test Condition 6 (Test Circuit 3)
The current consumption during operation (lopg) is the total of the currents that flow in the VDD pin and VCL1 pin
when V1, V2, V3, and V4 are set to 3.5V.

The current consumption during over-discharge (lopep) is the total of the currents that flow in the VDD pin and VC1
pin when V1, V2, V3, and V4 are set to 2.3V.

SGM41002
11 vop co |8
’_@_E Vel ctL £
H3 ve2 vss |8
V2 I V4

VC3 VC4

Test Circuit 3

e Test Condition 7 (Test Circuit 4)
The VC1 pin current (lycy) is Iy, the VC2 pin current (lyc») is o, the VC3 pin current (lycs) is I3, the VC4 pin current
(lyca) is 14, and the CTL pin “H” current (Ictoh) is Is when V1, V2, V3, and V4 are set to 3.5V, and V5 to 14V.

The CTL pin “L” current (Ict) is Is when V1, V2, V3, and V4 are set to 3.5V and V5 to 0V.

SGM41002
11 vbp col®
Iy Is
| —="2 T
" __—CIA)— VC1 CcTL _@_—I—vs
6

2
> 3
vC2 VSS
V2 — I

4 5 < ls V4
+——(®—=] vcs vca
V3 —I—

Test Circuit 4 -

e Test Condition 8 (Test Circuit 5)
Set SW1 to OFF and SW2 to ON. The CO pin sink current (Ico) is I, when V1, V2, V3, and V4 are set to 3.5V and
V6 to 0.5V.

Set SW1 and SW2 to OFF. Set V1 to V5, set V2, V3, and V4 to 3.0V, and set V5 to 0.5V. After tcy has elapsed, set
SW1 to ON and SW2 to OFF. |, is the CO pin source current (Icon).

vs
.
SGM41002 g swi

-

VDD co
sw2
21 ve1 cTL -
I I
Vil 2
H VC2 vss |6 C)
I
V2 = va =
41 ves vea |2 ve

V3 = T
[ 1

Test Circuit 5
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SGM41002

Battery Protection IC for 2-Serial

to 4-Serial-Cell Pack (Secondary Protection)

OPERATION

Over-Charge Detection

When the voltage of one of the batteries exceeds the
over-charge detection voltage (Vcy) during charging
under normal conditions and the state is retained for
the over-charge detection delay time (tcy) or longer, CO
becomes “H". This state is called over-charge.
Attaching FET to the CO pin provides charge control
and a second protection.

In the SGM41002, if the voltage of all the batteries
decreases below the total of the over-charge detection
voltage (Vcy) and the over-charge hysteresis voltage
(Vuc) and the state is retained for the over-charge
release delay time (tc) or longer, CO becomes “L".

Over-Charge Timer Reset

When an over-charge release noise that forces the
voltage of the battery temporarily below the
over-charge detection voltage (Vcy) is input during the
over-charge detection delay time (tcy) from when V¢y is
exceeded to when charging is stopped, tcy is
continuously counted if the time the over-charge

release noise persists is shorter than the over-charge
timer reset delay time (tyr). Under the same conditions,
if the time the over-charge release noise persists is tig
or longer, counting of tcy is reset once. After that, when
Vcy has been exceeded, counting tcy resumes.

CTL Pin

The CTL pin is used to control the output voltage of the
CO pin. In the SGM41002, the CTL pin takes
precedence over the over-charge detection circuit.

Table 1. Control via CTL Pin

CTL PIN CO PIN
High Normal State @
Open “H”

Low “H”
Low to High -
High to Low -

NOTE: 1. The state is controlled by the over-charge detection
circuit.
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Battery Protection IC for 2-Serial
SGM41002 to 4-Serial-Cell Pack (Secondary Protection)

OPERATION (continued)
Timing Charts

\

A
y Vic
Veu
Battery Voltage /- v
A
CTL Pin
trr O ! i
. Longer : ;
CO Pin '« I =tg OF Shorter / /—

s - —:

tcy Of Shiorter teu | Doy |

Figure 1. Over-Charge Detection Operation
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\
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Timer Reset

Figure 2. Over-Charge Timer Reset Operation
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Battery Protection IC for 2-Serial

SGM41002 to 4-Serial-Cell Pack (Secondary Protection)

TYPICAL APPLICATION CIRCUITS

Battery Protection IC Connection Example

e 4-Serial Cell
SC PROTECTOR
T T | EB+
! :
1 |
! |
! |
H 1
- 1 H 1
— W\ ' VDD L i
RVDD T CVDD
2
— A vel
BATL — R L (o
H ] cH [ 8
BAT2 Ra L C. =
H - ve iy
BAT3 Rs Cs B
H ] 5 vea o
BAT4 Ry L Cs N
- T ]
VSS
External Input —l_ - Ccn7
O—'\/\/\,—l— cTL
Rere
EB-
O

Table 2. Constants for External Components

Figure 3. SGM41002 4-Serial Cell Application Circuit

PART MIN TYP MAX UNITS
R1to R4 0.1 1 10 kQ
C1to C4, Cvop 0.01 0.1 1 uF
Rvbp 50 100 500 Q
RetL 0 100 500 Q

NOTES:
1. The above constants are subject to change without prior notice.

2. It has not been confirmed whether the operation is normal or not in circuits other than the above example of connection. In
addition, the example of connection shown above and the constant will not guarantee successful operation. Perform
thorough evaluation using the actual application to set the constant.

Set the same constants to R1 to R4 and to C; to C4 and Cvpp.

Set Rvop, C1 to Cs, and Cypp S0 that the condition (Rvop) x (C1 to Ca, Cyvop) 2 5 x 10°° is satisfied.

Set R; t0 R4, C1 to C4, and Cypp so that the condition (R1 to R4) x (C1 to C4, Cypp) = 1 X 10* is satisfied.
In the SGM41002, normally input “H” to the external input, and input “L” when setting CO to “H".

N o o~ w

Since “H” may be output at CO transiently when the battery is being connected, connect the positive terminal of BAT1 last in
order to prevent the three terminal protection fuse from cutoff.

@ SG Micro Corp SEPTEMBER 2017
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SGM41002

Battery Protection IC for 2-Serial
to 4-Serial-Cell Pack (Secondary Protection)

TYPICAL APPLICATION CIRCUITS (continued)

e 3-Serial Cell

SC PROTECTOR

: I EB+
i i
1 1
i i
i i
1 ! '
— W I VDD :_ _____________ i
RVDD CVDD
4+ A—d 2] veu
BATL —— R L c
1
3 0p)
vc2 o)
R
BAT2 2 C
T 4 <
vC3 N
BAT3 Rs _—T—_ Cs =
T 51 vea 8
N
61 vss
External Input — —— Ccn_7
o—'\/\/\,; CTL
RCTL
EB-
O

Figure 4. SGM41002 3-Serial Cell Application Circuit

Table 3. Constants for External Components

PART MIN TYP MAX UNITS
Rito Rs 0.1 1 10 kQ
Cyto C3, Cvop 0.01 0.1 1 uF
Rvbp 50 100 500 Q
RetL 0 100 500 Q
NOTES:

1. The above constants are subject to change without prior notice.

2. It has not been confirmed whether the operation is normal or not in circuits other than the above example of connection. In
addition, the example of connection shown above and the constant will not guarantee successful operation. Perform
thorough evaluation using the actual application to set the constant.

N o o b w

Set the same constants to R; to Rz and to C; to C3 and Cypp.

Set Rypp, C; to Cs, and Cypp so that the condition (Rypp) X (C1 to Cs, Cypp) = 5 % 107 is satisfied.
Set R; to R3, C1 to C3, and Cypp so that the condition (R1 to R3) x (C1 to Cs, Cypp) = 1 X 10* is satisfied.
In the SGM41002, normally input “H” to the external input, and input “L” when setting CO to “H".

Since “H” may be output at CO transiently when the battery is being connected, connect the positive terminal of BAT1 last in
order to prevent the three terminal protection fuse from cutoff.
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Battery Protection IC for 2-Serial

SGM41002 to 4-Serial-Cell Pack (Secondary Protection)

TYPICAL APPLICATION CIRCUITS (continued)

® 2-Serial Cell
SC PROTECTOR
T T Tttt T T 1
| I EB+
| i
1 1
| |
: !
1 1
— W I VDD ! E
RVDD l CVDD
— N\ 21 ver
BATL — R —Lc1
H 3 vez 8
BAT2 Ra :T:c2 =
T 41 ves N
=
5 o
vC4 8
61 vss
External Input — —— Ccn_7
o———&+ "len
RCTL
EB-
O

Figure 5. SGM41002 2-Serial Cell Application Circuit

Table 4. Constants for External Components

PART MIN TYP MAX UNITS
R1 to Rz 0.1 1 10 kQ
C1to C,, Cvobp 0.01 0.1 1 uF
Rvpp 50 100 500 Q
RecrL 0 100 500 Q
NOTES:

1. The above constants are subject to change without prior notice.

2. It has not been confirmed whether the operation is normal or not in circuits other than the above example of connection. In
addition, the example of connection shown above and the constant will not guarantee successful operation. Perform
thorough evaluation using the actual application to set the constant.

Set the same constants to R1 to Rz and to C; to C and Cypp.

Set Rypp, C; to C,, and Cypp so that the condition (Ryvpp) % (C1 to C2, Cypp) = 5 % 107 is satisfied.

Set R; to Ry, C1 to C,, and Cypp so that the condition (R1 to R2) x (C1 to Cz, Cypp) = 1 % 10 is satisfied.
In the SGM41002, normally input “H” to the external input, and input “L” when setting CO to “H".

N o o b w

Since “H” may be output at CO transiently when the battery is being connected, connect the positive terminal of BAT1 last in
order to prevent the three terminal protection fuse from cutoff.

REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Original (SEPTEMBER 2017) to REV.A

Changed from product Preview t0 PrOQUCTION GALA. .........ciiuuiiiiiiee ettt ettt ettt e e bt e e s et e e bb et e e bt et e e b et e e asbn e e e sabe e e e anbeeeanneeen All
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

UTDFN-2x2.5-8L
‘ D1
] o oo
A
E + E1
[ J
o S0 m 00
N
b
TOP VIEW BOTTOM VIEW
¢ 1.60
L
%u N
T B B Y o
ﬁ\ 1.56 2.56
-
A1
A2— ’—‘ ’—‘ m m
SIDE VIEW (T T 10
020+ ‘ | [0.50]
RECOMMENDED LAND PATTERN (Unit: mm)
Dimensions Dimensions
Symbol In Millimeters In Inches
MIN MAX MIN MAX
A 0.500 0.600 0.020 0.024
A1 0.000 0.050 0.000 0.002
A2 0.152 REF 0.006 REF
D 1.900 2.100 0.075 0.083
D1 1.500 1.700 0.059 0.067
E 2.400 2.600 0.094 0.102
E1 1.460 1.660 0.057 0.065
b 0.150 0.250 0.006 0.010
b1 0.150 REF 0.006 REF
e 0.500 BSC 0.020 BSC
k 0.220 REF 0.009 REF
0.174 0.326 0.007 0.013
€ PP G Nicro Corp TX00117.000
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

Reel Diameter

Reel Width (W1) -

P2+

TAPE DIMENSIONS

) - s
\
Q1 Q2 Q1K\02 Q1 Q2
Q3 /04 Q3 Q4 Q3 /Q4

i

P1

m=mmp- DIRECTION OF FEED

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF TAPE AND REEL

A0 —

s

Reel Width

Package Type Reel W1 A0 B0 KO PO P1 P2 w Pin1
ge 1y Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
UTDFN-2x2.5-8L 7" 9.0 2.25 2.75 0.70 4.0 4.0 2.0 8.0 Q2

@ SG Micro Corp
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PACKAGE INFORMATION

CARTON BOX DIMENSIONS

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF CARTON BOX

Reel Type L(enr:rg:]t)h ‘?TITI‘(::")] '}Iri:?nr;t Pizza/Carton
7" (Option) 368 227 224 8
(=]
=]
7" 442 410 224 18 g
€ Y 56 Micro Corp TX20000.000

sGmicRO WWW.sg-micro.com



	GENERAL DESCRIPTION
	APPLICATIONS
	FEATURES
	PACKAGE/ORDERING INFORMATION
	ABSOLUTE MAXIMUM RATINGS
	RECOMMENDED OPERATING CONDITIONS
	PIN CONFIGURATION
	PIN DESCRIPTION
	ELECTRICAL CHARACTERISTICS
	TEST CIRCUITS
	OPERATION
	Over-Charge Detection
	Over-Charge Timer Reset
	CTL Pin
	Timing Charts

	TYPICAL APPLICATION CIRCUITS
	Battery Protection IC Connection Example

	REVISION HISTORY

