S/IERGY

SA59202

Multi Cell Battery Gas Gauge IC

General Description

The SA59202 is a gas gauge IC for multi-cell batteries
in handheld and portable equipment. It senses battery
terminal voltage, charging/discharging current by an
internal 12-bit ADC. The wide input voltage range
allows user with multi-cell batteries up to 25V. An
accurate coulomb counter integrates current through a
sense resistor between the battery’s positive terminal
and the load/charger. The test results are stored in
internal registers which is accessible via the 12C
Interface.

The SA59202 has programmable high and low
thresholds for all measured quantities. If a programmed

Features

® High Accuracy Coulomb Counter Measures
Accumulated Battery Charge and Discharge
® Operation Voltage Range: 3.6V to 25V
® 12-bit ADC Measures Voltage and Current
® 1% Voltage, Current and Charge Accuracy
» 64mV Sense Voltage Range for Current
ADC
» High Side Sense for Current ADC
» Low Value External Current Sense Resistor
® | ow Quiescent Current
® Configurable Alert Output/Charge Complete
Input

threshold is exceeded, the device will communicate an ® |°C Interface
alert using either the alert response procedure or by ® Compact DFN3>3-8 Package
setting a flag in the internal status register. ® AEC-Q100 Qualified for Automotive
T T Applications
Ordermg I nformatlon » Temperature Grade 2: -40<C to +105<C
SA59202 [1(O D)% . .
Temperature Code Appl Ications
Package Code
Optional Spec Code ® Power Tools
i ® Portable Equipment
Ordering Number | Package type | Note ® Electric and Hybrid Electric Vehicles
SA59202DAA DFN3>3-8 -- ® Backup Battery Systems
Typical Applications
Charge Discharge 3.3V
fadnta
CSP ALRT
Rsns % Host
1uF == CSN SDA )
Multi | SCL
cell | GND
) Figure 1. Typical Application Circuit
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Pinout (top view)
O
csp[ 1} immmmmm e .
ERE 118 _|csN
| |
Ep— D —
GND| 2 ! i1 7 lenp
Rl £p -
— -—d_
GND 3]: i|6 ALRT
Ay L2
N —
scL| 4 | 5 [soA
DFN3x3-8
Top Mark: BYQxyz, (Device code: BYQ, x=year code, y=week code, z= lot number code)
Name | Pin Number Description

Positive current sense input and power supply. Bypass with a 1uF capacitor to GND.
Connect to load/charger side of the sense resistor. CSP operating range is 3.6V to 25V.
CSP is also an input to the ADC during current measurement.

CSP

SCL Serial clock input. 2-wire clock line. Input only.

1

GND 2,3,7 Ground pin.
4
5

SDA Serial data input/output. 2-wire data line. Open drain output driver.

Alert indication or charge complete input. After power up,this pin defaults to operate as
an open drain logic output. It is used to indicate alert signal by pulling to GND when any
ALRT 6 threshold registers is exceeded.

When operating as a charge complete input, it connects to the charge complete output
from the battery charger circuit. A low level at ALRT sets the value of the accumulated
charge registers (registers C, D) to FFFFy.

Negative current sense input. Connect CSN to the positive battery terminal side of the

CSN 8 sense resistor. The voltage between CSN and CSP must remain within 250mV in normal
operation. CSN is also an input to the ADC during voltage and current measurement.
EP -- Exposed pad. Connect to GND.

Block Diagram

- . Power
csP Management

* Coulomb
Counter |
_ cC
Registers
MUX 12-Bit ADC J_ II
csn | ¢
ALRT
I’C
Interface SCL
SDA
GND
Figure 2. Block Diagram
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Absolute Maximum Ratings (Note 1)

CSP -0.3V to 36V
CSN (-0.3V+CSP) to (0.3V+CSP)
SDA, SCL, ALRT -0.3Vto 6V
Storage Temperature ---65C to +150CT
Maximum Junction Temperature (T,) 150C
Recommended Operating Conditions

CSP 3.6V to 25V
CSN (-50mV+CSP) to (50mV+CSP)
SDA, SCL, ALRT -0.3V to 3.3V
Operating Ambient Temperature Range (Ta) -40<C to +105<C
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Electrical Characteristics

(The A denotes the specifications which apply over the full operating temperature range (-40<C to +105<C),
otherwise specifications are at Ta = 25<C)

Parameter Symbol Test Conditions Min Typ Max | Unit
Power Supply
Supply Voltage Vesp 3.6 25 \Y/
Under Voltage Lockout .
Threshold Vuvio Vesp falllng 3.0 3.3 3.6 Vv
lin_suppLY ADC on, coulomb counter on 450 600 pA
Input Current lin_suppLY ADC off, coulomb counter on 140 180 LA
lingsHon)_suppLy | Shutdown mode 15 30 pA
Current ADC
Current ADC Conversion time Teov 12 ms
Current ADC Resolution 12 bits
Current Register Resolution Vise 31.25 uv
Current Full Scale Magnitude Virs 164 mV
Current Offset Vios CSP=CSN=12.5V H +0 LSB
Current ADC Integral
Nonlinearity Vin == 4 LSB
. | %
Current Gain Error ViGerR
+.8 %
Voltage ADC
Voltage ADC Conversion Time Tcov v 12 ms
Voltage ADC Resolution 12 bits
Voltage Register Resolution Viss 6.1 mVv
Voltage Full Scale Magnitude Ves 25 \%
. H %
Voltage Total Unadjusted Error TUEv
+.8 %
Coulomb Counter
Differential Voltage Input Range | Voir in 450 mV
Differential Input Resistance Roir N 400 kQ
Charge LSB Ouss Prescale M=4096, Rsns=50m<Q 0.34 mAh
10mV < | VD||:_|N | <50mV DC +H %
10mV < | VDiE IN | <50mV DC
Total Charge Error Erc 40T ~85C 2.5 %
ImV < | VD||:_|N | <10mV DC 45 %

-40C ~85<

SA59202 Rev. 0.9
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Digital Inputs and Outputs
Input Logic Threshold High VitH A 2.2 V
Input Logic Threshold Low VirL A 0.8 V
Low Level Output Voltage,
— V Vesp> I=3mA A 4 V
ALRT, SDA oL csp> 5V, [=3m 0
Input Leakage Current, ALRT, -
S[)/\,SC:L hN \/”q—3.3\/ A 1 pj\
Input Capacitance, ALRT, SDA, Cin A 10 pF
SCL
Charge Complete Pulse Width trcc 2 us
I2C Timing Characteristics
Maximum SCL Clock Frequency | fscLimax) A 400 kHz
Bus Free Time between Stop/Start | tsur A 1.3 us
Repeated Start Set-up Time tsu,sta A 600 ns
Hold Time(Repeated) Start
Condition tho,sTA A 600 ns
Set-up Time for Stop Condition tsu,sto A 600 ns
Data Set-up Time Input tsu,paT A 100 ns
Data Hold Time Input tHp,pAT A 50 ns
Data Hold Time Input Output tHp, DATLO A 0.3 0.9 us
Data Output Fall Time tor (Note 3) A 20;2'1 300 ns

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are

stress ratings only. Functional operation of the device at these or any other conditions beyond those indicated in the

operational sections of the specification is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

Note 2: All currents into pins are positive. All voltages are referenced to GND unless otherwise specified.
Note 3: Cg is total capacitance of one bus line in pF (Cg<400pF).

Timing Diagram

SUA—\/X:/\/ﬁh\/\

BUF

—| |=—Isy(pan lHU[UA'U:' - 134(STA)
™ =~ HD(DATY) - f=—1H4D(sTA) - s— tsuisTo)
> e—THD(STA) ‘
A A A A
START REPEATED START STOP START
CONDITION CONDITION CONDITION CONDITION

Figure 3. I°C timing diagram
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Typical Performance Characteristics

TCE vs Differential Voltage
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Application information

The SA59202 is a gas gauge IC for multi-cell batteries in handheld and portable equipment. It senses battery
terminal voltage, charging/discharging current by an internal 12-bit ADC. The wide input voltage range allows user
with multi-cell batteries up to 25V. An accurate coulomb counter integrates current through a sense resistor between
the battery’s positive terminal and the load/charger. The test results are stored in internal registers which is
accessible via the 12C Interface.

Internal Registers

The SA59202 register map is shown in Table 1. The SA59202 integrates current through a sense resistor, measures
battery voltage, current and stores the results in internal 16-bit registers accessible via 1°C. High and low limits can
be programmed for each measured quantity. The SA59202 continuously monitors these limits and sets a flag in the

status register when a limit is exceeded. If the alert mode is enabled, the ALRT pin pulls low.
Table 1 Register Map

Address | Name | Register Description R/W | Default
00h A Status R See Table 2
01h B Control R/W | 3Ch
02h C Accumulated Charge MSB R/W | 7Fh
03h D Accumulated Charge LSB R/W | FFh
04h E Charge Threshold High MSB | R/W | FFh
05h F Charge Threshold High LSB | R/W | FFh
06h G Charge Threshold Low MSB | R/W | 00h
07h H Charge Threshold Low LSB R/W | 00h
08h I Voltage MSB R 00h
09h J Voltage LSB R 00h
0Ah K Voltage Threshold High MSB | R/W | FFh
0Bh L Voltage Threshold High LSB | R/W | FFh
0Ch M Voltage Threshold Low MSB | R/W | 00h
0Dh N Voltage Threshold Low LSB | R/W | 00h
0Eh 0] Current MSB R 00h
OFh P Current LSB R 00h
10h Q Current Threshold High MSB | R/W | FFh
11h R Current Threshold High LSB | R/W | FFh
12h S Current Threshold Low MSB | R/W | 00h
13h T Current Threshold Low LSB R/W | 00h

R = Read, W = Write
The status of the charge, voltage and current alerts is reported in the status register shown in Table 2.

Table 2 Status Register (A)

Bit Name Operation Default
A[7] Reserved

A[6] Current Alert Indicates one of the current limits was exceeded 0
A[5] gsgtrjfrrot\jllva;t&dn dg?la(l)r\?ve Indicates that the value of the ACR hit either top or bottom 0
A[4] Reserved 0
A[3] Charge Alert High Indicates that the ACR value exceeded the charge threshold high limit 0
Al2] Charge Alert Low Indicates that the ACR value exceeded the charge threshold low limit 0
A[1] \oltage Alert Indicates one of the voltage limits was exceeded 0
A[0] Under Voltage Indicates recovery from ur_]der voltage. If set to 1, a UVLO has occurred 1

Lockout Alert and the contents of the registers are uncertain
SA59202 Rev. 0.9 Silergy Corp. Confidential- Prepared for Customer Use Only -7-
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After each voltage and current conversion, the conversion result is compared to the respective threshold registers. If
a value in the threshold registers is exceeded, the corresponding bit A[6] or A[1] is set.

S/LERGY

The accumulated charge register (ACR) is compared to the charge thresholds every time the analog integrator
increments or decrements the prescaler. If the ACR value exceeds the threshold register values, the corresponding bit
A[3] or A[2] are set. Bit A[5] is set if the accumulated charge registers (ACR) overflows or underflows. At each
overflow or underflow, the ACR rolls over and resumes integration.

The under voltage lockout (UVLO) bit of the status register A[0] is set if, during operation, the voltage on the CSP
pin drops below 3.5V without reaching the POR level. The analog parts of the coulomb counter are switched off
while the digital register values are retained. After recovery of the supply voltage, the coulomb counter resumes
integrating with the stored value in the accumulated charge registers but it has missed any charge flowing while CSP
<3.5V.

All status register bits are cleared after being read by the host, but might be reasserted after the next voltage or
current conversion or charge integration, if the corresponding alert condition is still fulfilled. Note that read

operation for Status Register can not change the PIN ALRT ’s status.

Control Register (B)

The operation of the SA59202 is controlled by programming the control register. Table 3 shows the organization of
the 8-bit control register B[7:0].

Table 3 Control Register B

BIT NAME OPERATION DEFAULT

[11] Automatic Mode: continuously performing voltage and current conversions.
. [10] Scan Mode: performing voltage and current conversion every 10s

B[7:6] ADC Mode [01] Manual Mode: performing single conversions of voltage and current then sleep [00]
[00] Sleep
Sets coulomb counter pre-scaling factor M between 1 and 4096. Default is 4096.
Maximum value is limited to 4096
B[5:3] M
000 1
001

B[5:3] Prescaler M 010 16 [111]
011 64
100 256
101 1024
110 4096
111 4096
Configures the ALRT pin.
[10] Alert Mode. Alert functionality enabled. Pin becomes logic output.

B[2:1] ALRT [01] Charge Complete Mode. Pin becomes logic input and accepts charge complete [10]

' configure inverted signal (e.g., from a charger) to set accumulated charge register (C,D) to FFFF'h.

[00] ALRT pin disabled.
[11] Not allowed.

B[0] Shutdown Shut down analog section to reduce lsyppLy- [0]

Power Down B[0]

Setting B[0] to 1 shuts down the analog parts of the SA59202, reducing the current consumption to less than 15pA
(typical). The circuitry managing 12C communication remains operating and the values in the registers are retained.
Note that any charge flowing while B[0] is 1 is not measured and any charge information below 1LSB of the
accumulated charge register is lost.

SA59202 Rev. 0.9 Silergy Corp. Confidential- Prepared for Customer Use Only -8-
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Alert/Charge Complete Configuration B[2:1]

The ALRT pin is a dual function pin configured by the control register. By setting bits B[2:1] to [10](default),

the ALRT pin is configured as an alert pin following the SMBus protocol. In this configuration, the ALRT is
pulled low if one of the measured quantities(charge, voltage, current) exceeds its high or low threshold or if the
value of the accumulated charge register overflows or underflows. An alert response procedure started by the

master resets the alert at the ALRT pin. For further information see the Alert Response Protocol section.

Setting the control bits B[2:1] to [01] configures the ALRT pin as a digital input. In this mode, a low input on

the ALRT pin indicates to the SA59202 that the battery is full and the accumulated charge register is set to its
maximum, value FFFFh.

If neither the alert nor the charge complete functionality is desired, bits B[2:1] should be set to [00]. The
ALRT pin is then disabled and should be tied to the supply of the 12C bus with a 10k resistor.

Avoid setting B[2:1] to [11] as it enables the alert and the charge complete modes simultaneously.
Choosing Rsns

To achieve the specified precision of the coulomb counter, the differential voltage between CSP and CSN must
stay within 250mV. With input signals up to 300mV the SA59202 will remain functional but the precision of
the coulomb counter is not guaranteed.

The required value of the external sense resistor, Rsns, is determined by the maximum input range of Vsns and
the maximum current of the system:

< 50mVv

RSNS -

IMAX
The choice of the external sense resistor value influences the gain of the coulomb counter. A larger sense
resistor gives a larger differential voltage between CSP and CSN for the same current resulting in more precise
coulomb counting. The amount of charge represented by the least significant bit (q.sg) of the accumulated
charge (registers C, D) is equal to:

50me M
X

=0.34mAh x —
Ohss Ry 4096

Note that ImAh = 3.6C =3.6 A xs (coulomb).

Choosing Rsns= 50mV / 1,,,, is not sufficient in applications where the battery capacity (Qgar) is very large
compared to the maximum current (Imax):

Qaar > lyax x22Hours

For such low current applications with a large battery, choosing Rsns according to Rsns = 50mV/luax can lead
to a quse smaller than Qear/26 and the 16-bit accumulated charge register may underflow before the battery is
exhausted or overflow during charge. Choose, in this case, a maximum Rsns of:

< 0.34mAh x 2*°

SNS —
Q BAT

In an example application where the maximum current is Iuax = 100mA, calculating Rsns = 50mV/Imax would
lead to a sense resistor of 500mQ. This gives a qise Of 34uAh and the accumulated charge register can
represent a maximum battery capacity of Qgar = 34pAh65535 = 2228 mANh. If the battery capacity is larger,
Rsns must be lowered. For example, Rsns should be reduced to 150mQ if a battery with a capacity of
7200mAh is used.

R x50me

SA59202 Rev. 0.9 Silergy Corp. Confidential- Prepared for Customer Use Only -9-
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Choosing Coulomb Prescaler M Config[5:3]

In these applications with a small battery but a high maximum current, qLse can get quite large with respect to
the battery capacity. For example, if the battery capacity is 100mAh and the maximum current is 1A, the
standard equation leads to choosing a sense resistor value of 50mg, resulting in:

0,5z =0.34mAh

The battery capacity then corresponds to only 294 q.sg and less than 0.5% of the accumulated charge register is
utilized.

To preserve digital resolution in this case, the SA59202 includes a programmable prescaler. Lowering the prescaler
factor M reduces q.ss to better match the accumulated charge register to the capacity of the battery. The prescaling
factor M can be chosen between 1 and 4096. The charge LSB then becomes:

50me M

X

Rye 4096

To use as much of the range of the accumulated charge register as possible the prescaler factor M should be chosen
for a given battery capacity Qgar and a sense resistor Rsns as:

QBAT x RSNS
2'° x0.34mAh  50ma
M can be setto 1, 4, 16 ... 4096 by programming Config[5:3]of the control register. The default value is 4096.
In the above example of a 100mAh battery and an Rsns of 50mQ, the prescaler should be programmed to M = 64.
The quse is then 5.3125pAh and the battery capacity corresponds to roughly 18823 qsgs.
Figure 4 illustrates the best choice for prescaler value M and the sense resistor as function of the ratio between
battery capacity (Qear) and maximum current (Imax). It can be seen, that for high current applications with low
battery capacity the prescaler value should be reduced, whereas in low current applications with a large battery the
sense resistor should be reduced with respect to its default value of 50mV/lvax.
For example, A battery with 3500mAh capacity, Imax=2A, Qmax/Imax = 1.75h, set M=1024, Rsns=25 mQ the qiss
= 0.17mAh, the full accumulated charge number is 20588LSB.

0,5z =0.34mAhx

M > 4096 x

< 50mV

IMAX

RSNS

M=1 M=4 M=16 M=64 M=256

0.005h 0.02h 0.08h 0.34h 1.4h 5.5h 22h Qear / Tuax
Figure 4. Choice of Sense Resistor and Prescaler as Function of Battery Capacity and Maximum Current
ADC Mode B[7:6]

The SA59202 features an ADC which measures voltage on CSN (battery voltage), voltage difference between
CSP and CSN(battery current). The reference voltage and clock for the ADC are generated internally.

The ADC has four different modes of operation as shown in Table 3. These modes are controlled by bits B[7:6]
of the control register. At power-up, bits B[7:6] are set to [00] and the ADC is in sleep mode.

®  Manual Mode:
A single conversion of the three measured quantities is initiated by setting the bit B[7:6] to [01]. After two
conversions (voltage and current), the ADC resets B[7:6] to [00] and goes back to sleep.

®  Scan Mode:

The SA59202 is set to scan mode by setting B[7:6] to [10]. In scan mode the ADC converts voltage, current,
and then sleeps for approximately ten seconds. It then reawakens automatically and repeats the two
conversions. The chip remains in scan mode until reprogrammed by the host.

SA59202 Rev. 0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 10
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®  Automatic Mode:
Programming B[7:6] to [11] sets the chip into automatic mode where the ADC continuously performs voltage
and current conversions. The chip stays in automatic mode until reprogrammed by the host.

®  Sleep Mode:
Programming B[7:6] to [00] puts the ADC to sleep. If control bits B[7:6] change within a conversion, the ADC
will complete the running cycle of conversions before entering the newly selected mode.

SA59202

At the end of each conversion, the corresponding registers are updated. If the converted quantity exceeds the

values programmed in the threshold registers, a flag is set in the status register and the ALRT pin is pulled low
(if alert mode is enabled).

The ADC conversion result can be read in Accumulated Charge Register (C, D), Voltage Registers (1,J) and
Current Registers (O,P)

Alert Thresholds Reqisters

For each of the measured quantities (battery charge, voltage and current), the SA59202 features high and low
threshold registers. At power-up, the high thresholds are set to FFFFh while the low thresholds are set to 0000h,
with the effect of disabling them. All thresholds can be programmed to a desired value via 1°C. As soon as a
measured quantity exceeds the high threshold or falls below the low threshold, the SA59202 sets the

corresponding flag in the status register and pulls the ALRT pin low if alert mode is enabled via bits B[2:1]

®  Charge Threshold Register(E, F, G, H)

The accumulated charge register (ACR) is compared to the charge thresholds every time the analog integrator
increments or decrements the prescaler. If the ACR value exceeds the threshold register values, the
corresponding bit A[3] or A[2] are set.

® \/lltage Threshold Register (K, L, M, N)

The result of the 12-bit ADC conversion of the voltage at CSN is stored in the voltage registers (1, J). As the
ADC resolution is 12 bits in voltage mode, the lowest four bits of the combined voltage registers are always
zero. From the result of the 12-bit voltage registers I1[7:0]J[7:0], the measured voltage can be calculated as:

RESULT, _ ., , RESULTy
FFFF, 65535
The voltage high and low threshold values are stored in Register (K, L, M, N).

Vesn =29V x

Example 1: In an application, the user wants to get an alert if the CSN voltage exceeds 20V or the CSN voltage
is less than 10V. This is achieved by setting the upper threshold Vwien in register [K, L] to 20V and the lower
threshold Vow in register [M, N] to 10V as following shows.

Vi = 2 65535 = 52428 = CCCC,
25V

1ov
V, on = ——x65535 = 26214 = 6666
tow = Sy X h
®  Current Threshold Register (Q,R,S,T)
The result of the current conversion is stored in the current registers (O, P).

As the ADC resolution is 12 bits in current mode, the lowest four bits of the combined current registers are
always zero.

The ADC measures battery current by converting the voltage, Vsns, across the sense resistor Rsns. Depending
whether the battery is being charged or discharged the measured voltage drop on Rsns is positive or negative.
Current Registers = FFFOh corresponds to the full scale positive voltage 64mV. While Current Registers =

SA59202 Rev. 0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 11
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0x0000 corresponds to the full scale negative voltage —-64mV. The battery current can be obtained from the
Current Registers O[7:0]P[7:0] and the value of the chosen sense resistor Rsns:

| Vo _64mV (RESULTh —7FFF, j _ 64mV (RESULTDEC —32767j
T Ras R 7FFF, Res 32767

Positive current is measured when the battery is charging and the current is from CSP to CSN and negative

current is measured when the battery is discharging.

Example 3: a register value of Current Registers = 0xA800 together with a sense resistor Rsns= 50mQ
corresponds to a battery current:

Lo Vg _ 64mV ( ABOO, —-7FFF, | 64mV (43008 —32767
AT Ry 50me2 7FFF, 50m42 32767
The values in the threshold register for the current mode Q, R, S, T are also expressed in the same manner as

the current conversion result. The alert after a current measurement is set if the result is higher than the value
stored in the high threshold registers Q, R or lower than the value stored in the low value registers S,T.

j ~ 400mA

Example 4: In an application, the user wants to get an alert if the absolute current through the sense resistor,
Rsns, of 50mQ exceeds 0.5A. This is achieved by setting the upper threshold lnicH in register [Q, R] to 0.5A
and the lower threshold I ow in register [S,T] to —0.5A. The formula for Igar leads to:

0.5Ax50m

IHIGH(DEC) :( 64mvV

X 32767) +32767 = 45566 = B1FE,

—-0.5Ax50mQ
HIGH(DEC) — W
Accumulated Charge Register

| X 32767} +32767 =19967 = 4DFF,

The coulomb counting circuitry in the SA59202 integrates current through the sense resistor. The result of this
charge integration is stored in the 16-bit accumulated charge register (registers C, D). As the SA59202 does not
know the actual battery status at power-up, the accumulated charge register (ACR) is set to mid-scale (7FFFh).
If the host knows the status of the battery, the accumulated charge (C[7:0]D[7:0]) can be either programmed to

the correct value via 12C or it can be set after charging to FFFFh(full) by pulling the ALRT pin low if charge
complete mode is enabled via bits B[2:1].

Note that before writing to the accumulated charge registers, the analog section should be temporarily shut
down by setting B[0] to 1. In order to avoid a change in the accumulated charge registers between reading
MSBs C[7:0] and LSBs D[7:0], it is recommended to read them sequentially as shown in Figure 5.

S ADDRESS w | A REGISTER A | Sr ADDRESS R A | DATA | A | DATA

>|
o

1100100 0 0 02h 0 1100100 1 0 80h 0 00h 1

Figure 5. Reading the SA59202 Accumulated Charge Registers
12C/SMBus Interface

The SA59202 communicates with a bus master using a 2-wire interface compatible with 1°C and SMBus. The
7-bit hard coded 12C address of the SA59202 is 1100100. The SA59202 is a slave only device. The serial clock
line (SCL) is input only while the serial data line (SDA) is bidirectional. The device supports I°C standard and
fast mode. For more details refer to the 12C Protocol section.

1°C Protocol

SA59202 Rev. 0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 12
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The SA59202 uses an 1°C /SMBus-compatible 2-wire interface supporting multiple devices on a single bus.
Connected devices can only pull the bus lines low and must never drive the bus high. The bus wires are
externally connected to a positive supply voltage via current sources or pull-up resistors. When the bus is idle,
all bus lines are high. Data on the 12C bus can be transferred at rates of up to 100kbit/s in standard mode and up
to 400kbit/s in fast mode.

Each device on the 1°C /SMbus is recognized by a unique address stored in that device and can operate as
either a transmitter or receiver, depending on the function of the device. In addition to transmitters and
receivers, devices can also be classified as masters or slaves when performing data transfers. A master is the
device which initiates a data transfer on the bus and generates the clock signals to permit that transfer. At the
same time any device addressed is considered a slave. The SA59202 always acts as a slave.

Figure 6 shows an overview of the data transmission on the 12C bus.

s ! | |1 1 1| | X
Wi ADDRESS RAW ACK DATA ACK DATA ACK S
START S5TOP

CONDITION CONDITION

Figure 6. Data Transfer Over 12C or SMBus
Start and Stop Conditions

When the bus is idle, both SCL and SDA must be high. A bus master signals the beginning of a transmission
with a START condition by transitioning SDA from high to low while SCL is high. When the master has
finished communicating with the slave, it issues a STOP condition by transitioning SDA from low to high
while SCL is high. The bus is then free for another transmission. When the bus is in use, it stays busy if a
repeated START (Sr) is generated instead of a STOP condition. The repeated START (Sr) conditions are
functionally identical to the START(S).

Write Protocol

The master begins a write operation with a START condition followed by the seven bit slave address 1100100
and the R/W bit set to zero, as shown in Figure 7. The SA59202 acknowledges this by pulling SDA low and the
master sends a command byte which indicates which internal register the master is to write. The SA59202
acknowledges and latches the command byte into its internal register address pointer. The master delivers the
data byte, the SA59202 acknowledges once more and latches the data into the desired register. The
transmission is ended when the master sends a STOP condition. If the master continues by sending a second
data byte instead of a stop, the SA59202 acknowledges again, increments its address pointer and latches the
second data byte in the following register, as shown in Figure 8.
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S ADDRESS w | A REGISTER A | DATA | A P
1100100 0 0 01h 0 FCh 0
From Mater to Slave A: Acknowledge(Low)

A: Not Acknowledge(High)
S: Start Condition
P: Stop Condition
R: Read Bit(High)
W: Write Bit(Low)
Figure 7. Writing FCh to the SA59202 Control Register (B)

From Slave to Master

S ADDRESS w | A REGISTER A | DATA | A | DATA | A P

1100100 0 0 02h 0 FOh 0 00h 0

Figure 8. Writing FOO1h to the SA59202 Accumulated Charge Register (C, D)
Read Protocol

The master begins a read operation with a START condition followed by the seven bit slave address 1100100
and the R/W bit set to zero, as shown in Figure 9. The SA59202 acknowledges and the master sends a
command byte which indicates which internal register the master is to read. The SA59202 acknowledges and
then latches the command byte into its internal register address pointer. The master then sends a repeated
START condition followed by the same seven bit address with the R/W bit now set to one. The SA59202
acknowledges and sends the contents of the requested register. The transmission is ended when the master
sends a STOP condition. If the master acknowledges the transmitted data byte, the SA59202 increments its
address pointer and sends the contents of the following register as depicted in Figure 10.

S ADDRESS w A REGISTER A Sr ADDRESS R A DATA A P
1100100 0 0 00h 0 1100100 1 0 01h 1
Figure 9. Reading the SA59202 Status Register (A)
S | ADDRESS | W | A | REGISTER | A | sr| ADDRESS | R | A | DATA | A [ DATA [ A | P
1100100 0o 08h 0 1100100 110 7Fh 0 FFh 1

Figure 10. Reading the SA59202 \oltage Register (I, J)

Alert Response Protocol

In a system where several slaves share a common interrupt line, the master can use the alert response address
(ARA) to determine which device initiated the interrupt (Figure 11).

The master initiates the ARA procedure with a START condition and the special 7-bit ARA bus address

(0001100) followed by the read bit(R)=1. If the SA59202 is asserting the ALRT pin in alert mode, it
acknowledges and responds by sending its 7-bit bus address (1100100) and a 0. While it is sending its address,
it monitors the SDA pin to see if another device is sending an address at the same time using standard 12C bus
arbitration. If the SA59202 is sending a 1 and reads a 0 on the SDA pin on the rising edge of SCL, it assumes
another device with a lower address is sending and the SA59202 immediately aborts its transfer and waits for

SA59202 Rev. 0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 14
© 2020 Silergy Corp. All Rights Reserved.



&

S/LERGY

SA59202

the next ARA cycle to try again. If transfer is successfully completed, the SA59202 will stop pulling down the
ALRT pin and will not respond to further ARA requests until a new Alert event occurs.

S Alert Response Address R A | Device Address | A P

0001100 1 0 11001000 1

Figure 11. SA59202 Serial Bus SDA Alert Response Protocol
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DFN3x>3-8 Package Outline Drawing
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Front view Recommended PCB layout
(Reference only)
Notes: All dimension in millimeter and exclude mold flash & metal burr.
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Taping & Reel Specification
1. DFN3x3 taping orientation
—1.65/1.65 |——3.&-‘4.1—-—| 1,45/1,55
- /"w AT -~ j/ = N
J "/ \_/ \_/ . [_J \_/
iy 3,753 45— ==
J 780, AT 0,851,251
Feeding direction —_—

2. Carrier Tape & Reel specification for packages

Reel
Size

&

Package Tape width Pocket Reel size Trailer Leader length | Qty per reel
type (mm) pitch(mm) (Inch) length(mm) (mm) (pcs)
DFN3x3 12 8 13" 400 400 5000
3. Others: NA
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IMPORTANT NOTICE
1. Right to make changes. Silergy and its subsidiaries (hereafter Silergy) reserve the right to change any information
published in this document, including but not limited to circuitry, specification and/or product design, manufacturing or
descriptions, at any time and without notice. This document supersedes and replaces all information supplied prior to the
publication hereof. Buyers should obtain the latest relevant information before placing orders and should verify that such
information is current and complete. All semiconductor products are sold subject to Silergy’s standard terms and conditions of
sale.

2. Applications. Application examples that are described herein for any of these products are for illustrative purposes only.
Silergy makes no representation or warranty that such applications will be suitable for the specified use without further testing or
modification. Buyers are responsible for the design and operation of their applications and products using Silergy products.
Silergy or its subsidiaries assume no liability for any application assistance or designs of customer products. It is customer’s sole
responsibility to determine whether the Silergy product is suitable and fit for the customer’s applications and products planned.
To minimize the risks associated with customer’s products and applications, customer should provide adequate design and
operating safeguards. Customer represents and agrees that it has all the necessary expertise to create and implement safeguards
which anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures
that might cause harm and take appropriate remedial actions. Silergy assumes no liability related to any default, damage, costs or
problem in the customer’s applications or products, or the application or use by customer’s third-party buyers. Customer will
fully indemnify Silergy, its subsidiaries, and their representatives against any damages arising out of the use of any Silergy
components in safety-critical applications. It is also buyers’ sole responsibility to warrant and guarantee that any intellectual
property rights of a third party are not infringed upon when integrating Silergy products into any application. Silergy assumes no
responsibility for any said applications or for any use of any circuitry other than circuitry entirely embodied in a Silergy product.

3. Limited warranty and liability. Information furnished by Silergy in this document is believed to be accurate and reliable.
However, Silergy makes no representation or warranty, expressed or implied, as to the accuracy or completeness of such
information and shall have no liability for the consequences of use of such information. In no event shall Silergy be liable for
any indirect, incidental, punitive, special or consequential damages, including but not limited to lost profits, lost savings, business
interruption, costs related to the removal or replacement of any products or rework charges, whether or not such damages are
based on tort or negligence, warranty, breach of contract or any other legal theory. Notwithstanding any damages that customer
might incur for any reason whatsoever, Silergy’ aggregate and cumulative liability towards customer for the products described
herein shall be limited in accordance with the Standard Terms and Conditions of Sale of Silergy.

4. Suitability for use. Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory
and safety-related requirements concerning its products, and any use of Silergy components in its applications, notwithstanding
any applications-related information or support that may be provided by Silergy. Silergy products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical systems or equipment, nor in applications where
failure or malfunction of an Silergy product can reasonably be expected to result in personal injury, death or severe property or
environmental damage. Silergy assumes no liability for inclusion and/or use of Silergy products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own risk.

5. Terms and conditions of commercial sale. Silergy products are sold subject to the standard terms and conditions of
commercial sale, as published at http://www.silergy.com/stdterms, unless otherwise agreed in a valid written individual
agreement specifically agreed to in writing by an authorized officer of Silergy. In case an individual agreement is concluded only
the terms and conditions of the respective agreement shall apply. Silergy hereby expressly objects to and denies the application
of any customer’s general terms and conditions with regard to the purchase of Silergy products by the customer.

6. No offer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is
open for acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or
intellectual property rights. Silergy makes no representation or warranty that any license, either express or implied, is granted
under any patent right, copyright, mask work right, or other intellectual property right. Information published by Silergy
regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Silergy under the patents or other intellectual property of Silergy.

For more information, please visit: www.silergy.com
© 2020 Silergy Corp. All Rights Reserved.
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	The SA59202 is a gas gauge IC for multi-cell batteries in handheld and portable equipment. It senses battery terminal voltage, charging/discharging current by an internal 12-bit ADC. The wide input voltage range allows user with multi-cell batteries u...
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