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SQ52212

70V, Dual Channel, 16-Bit, Current, Voltage, Power, and Energy Monitor

S/IERGY

With an I2C Interface

General Description

The SQ52212 is a 2-channel, 16-bit digital current monitor
with an 1?C/SMBus-compatible interface, supporting
digital bus voltages from 1.2 V to 5.5 V. It measures the
voltage across an external sense resistor and reports
values for shunt voltage, bus voltage, current, power, and
energy on each channel.

The SQ52212 offers programmable ADC conversion
times and averaging, applied uniformly across all
channels. Each channel has a programmable calibration
value and an internal multiplier, enabling direct readout of
current in amperes, power in watts, and energy in joules.
It also monitors the bus voltage at the VBUS pin and can
trigger alerts for overcurrent, undercurrent, overvoltage,
undervoltage, and overpower conditions. With high input
impedance in current measurement mode, the device
supports the use of larger current sense resistors, which
are necessary for measuring low system currents.

The SQ52212 operates with common-mode bus voltages
ranging from OV to 70V, independent of supply voltage. It
runs on a single supply voltage of 2.7 V to 5.5 V, with a
typical supply current of 335uA during normal operation.
The device can be placed in a low-power standby mode,
reducing the typical operating current to 6 pA, and can be
fully disabled via the enable pin, resulting in a supply
current of less than 50 nA. The device is specified for an
operating temperature range of —40°C to 125°C and
supports up to 16 programmable addresses.

Features

e High-side or low-side current sensing
e  Operates from a 2.7 V to 5.5 V power supply
e Reports current, voltage, power, and energy
e  Programmable Vshunt full scale range: 20.48 mV
/81.92 mV
e  Programmable Vbus full scale range:52.42 V
178.64V
e Input common mode range: -0.3V to 70V
e  Current monitoring accuracy:
» 16-bit ADC resolution
» 0.25% gain error (maximum)
» 10 pV offset (maximum)
e  Power monitoring accuracy:
» 0.7% full scale (maximum)
e  Energy monitoring accuracy:
> 1.2% full scale (maximum)
e Low input bias currents: 5 nA (maximum)
e Low disable current: 50 nA (maximum)
e Configurable averaging options
e  Alert limits for over and under current events
e 1.2V compliant I12C, SMBus interface
e  16-pin selectable addresses
o CSP1.51x1.51-16

Applications

e  Notebook computers

e  Security cameras

e Retail automation

e Power management

e  Battery cell monitors and balancers
e Rack servers

e eFuse current and power monitoring
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Typical Application
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Figure 1. Typical Application Circuit
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Ordering Information

Pinout (Top view)

Ordering Number

Package Type

SQ52212XFS

CSP1.51x1.51-16

x=year code, y=week code, z=lot number code.

Pin Description

1 2 3 4
Top Mark
- - - -
Vi AN Vi AN / AN Vi AN
LFPxyz Alymne1 ) (vBust)  (ALERT) | vs )
Bltmnve) tone) (en ) renD)
// \\// \\// \\//
clomn2) tone ) voar ) g osa)
D|rint2 ) (vBus2) | Ao ) | spa )

CSP1.51x1.51-16

Pin Num. Pin Name I/O Pin Description
AQ D3 Digital input Address pin. Co_nnect to GND, SCL, SDA, or VS. Table 1 lists the pin settings
and corresponding addresses.
Al c3 Digital input Address pin. Co_nnect to GND, SCL, SDA, or VS. Table 1 lists the pin settings
and corresponding addresses.
ALERT A3 Digital output Mult|funct|onal_alert, open—c?ram output. This pin alerts tp report fault conditions
or can be configured to notify host when a conversion is complete.
EN B3 Digital input Engble pin. Alogic high level enables the device; a logic low level disables the
evice.
GND B4 Ground Ground for both analog and digital.
Channel 1 current sensing negative input. For high-side applications, connect
IN-1 B1 Analog input | to load side of sense resistor. For low-side applications, connect to ground
side of sense resistor.
Channel 1 current sensing positive input. For high-side applications, connect
IN+1 Al Analog input | to bus voltage side of sense resistor. For low-side applications, connect to load
side of sense resistor.
VBUS1 A2 Analog input | Channel 1 bus voltage input.
Channel 2 current sensing negative input. For high-side applications, connect
IN-2 C1 Analog input | to load side of sense resistor. For low-side applications, connect to ground
side of sense resistor.
Channel 2 current sensing positive input. For high-side applications, connect
IN+2 D1 Analog input | to bus voltage side of sense resistor. For low-side applications, connect to load
side of sense resistor.
VBUS2 D2 Analog input | Channel 2 bus voltage input.
SCL C4 Digital input | 12C serial bus clock line, open-drain input.
SDA D4 . Digital I°C serial bus data line, open-drain input/output.
input/output
VS A4 Power Supply | Power supply, 2.7V to 5.5V.
DNC B2/C2 -
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Absolute Maximum Ratings

SQ52212

Parameter (Note 1) Min Max Unit
VS -0.3 6
Differential Analog Input (VIN+ — VIN-) -40 40

Common Mode -0.3 72 Y
VBUS -0.3 72
VSDA/VSCL/VAO/VAL -0.3 6

Input Current into Any Pin -5 +5 mA
Open-Drain Digital Output Current -10 +10 mA
Junction Temperature, Operating -40 150 oc
Storage Temperature -65 150

ESD: HBM (Human Body Model) + 2000 \%
ESD: CDM (Charged Device Model) + 1000 \%

Thermal Information

Parameter (Note 2) Value Unit
0a Junction-to-Ambient Thermal Resistance 38

Bic-top Junction-to-Case (Top) Thermal Resistance 18

Bic-sotTom Junction-to-Case (Bottom) Thermal Resistance 2 oo
08 Junction-to-Case (Bottom) Thermal Resistance 3.4

wot Junction-to-Top Characterization Parameter 1.4

wie Junction-to- Board Characterization Parameter 2.8

Pp Power Dissipation Ta = 25°C 2.63 W

Recommended Operating Conditions

Parameter (Note 3) Min Max | Unit
VS 2.7 5.5 Vv
Common Mode Analog Input -0.3 70 \%
Operating Ambient Temperature Range -40 125 °C
DS_SQ52212 Rev.1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 4
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Electrical Characteristics
At Ta=25°C, Vs =3.3V, Vsense = Vine — Vin- =0V, Veus = Vin- = 12 V (unless otherwise noted). (Note 4)

SQ52212

Parameter | Symbol | Conditions | Min | Typ | Max | Units
Input
Common-Mode Input Vew | Ta=-40°C to +125°C 0.3 70 v
Range
Bus Voltage Input Range VBus -0.3 70 V
I 0V <Vem <70V,
Common-Mode Rejection CMRR Ta = -40°C to +125°C 130 150 dB
Shunt Voltage Inout Ranae Vshunt ADCRANGE =0 -81.9175 81.92 mV
genp 9 Vshunt ADCRANGE = 1 -20.4794 2048 | mV
Bus Voltage Inout Ranae Vbus ADCRANGE =0 0 52.4 \Y
genp 9 Vbus ADCRANGE = 1 0 70 Vv
Shunt Offset Voltage Vos Vom =12V 12 +10 W\
Shunt Offset Voltage Drift dVos/dT | Ta=-40°C to +125°C +20 +100 nV/°C
Shunt Offset Voltage vs _
Power Supply PSRRsH | Vs =2.7V to 5.5V +0.5 A%
Veus Offset Voltage Vos_Bus +1 +20 mV
Vpus Offset Voltage Drift dVos/dT | Ta=-40°C to +125°C +10 40 pVv/°C
Veus Offset Voltage vs _
Power Supply PSRRsus | Vs=2.7V to 5.5V +1 mV/V
Input Bias Current Is :&H’ IN-, Current Measurement 0.1 5 nA
ode
VBUS Pin Input Impedance Zvsus I\B/Il:)Sde Voltage  Measurement 1 MQ
Input differential impedance Roirr Vin+ - Vin- < 82mV 140 kQ
DC Accuracy
Shunt Voltage Gain Error Gserr +0.02 +0.25 %
g?i?tm Voltage Gain Error Gsorer | Ta = -40°C to +125°C 40 2o /
Vsus Voltage Gain Error GBERR +0.02 +0.35 %
Vius Voltage Gain Error Drift | Ges_orer | Ta = -40°C to +125°C 40 popg"
Power Total Measurement o
Error (TME) Prve At full scale voltage and current +0.04 0.7 Yo
Energy Total Measurement 0
Error (TME) Etme At full scale voltage and current 0.3 1.2 Yo
ADC Resolution 16 Bits
Shunt Voltage,
Vshunt ADCRANGE = 0 25 b
Shunt Voltage,
. Vshunt ADCRANGE = 1 625 nv
1 LSB Step Size
Bus Voltage, 16 mv
Vbus ADCRANGE =0 ]
Bus Voltage,
Vbus ADCRANGE = 1 2.4 mv
CT bit =000 140 us
CT bit = 001 204 us
CT bit=010 332 us
. , CT bit=011 588 Js
ADC Conversion Time ter CT bit= 100 1.100 ms
CT bit =101 2.116 ms
CT bit=110 4.156 ms
CT bit = 111 8.244 ms
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Integral Non-Linearity INL ngtu;;tt ADCRANGE =0, Linear 12 +10 m%
Differential Non-Linearity DNL +0.2 LSB
Clock Source
Internal Oscillator
Frequency fosc 500 kHz
Internal Oscillator Ta=25°C 0.5 %
Frequency fosc_ToL — o o o
Tolerance Ta=-40°C to +125°C 11 Yo
Enable
Input leakage current [EN OV<=VensVs 1 50 nA
Logic input level, high Vin | Va2 TVIOSSVTAZADCIo g 5.5 v
Logic input level, low Vi | (Sn2TVIe05V Tz 407C o 0 0.4 v
Hysteresis Vhys 250 mV
Power Supply
Operating Supply Range 2.7 5.5 V
335 370 pA

Quiescent Current la la vs temperature, TA = -40°C

to +125°C 500 HA
Quiescent Current,
Shutdown lasp Shutdown mode 6 10 MA
Quiescent current disabled la Ven = OV 5 50 nA
Power-on reset threshold Veon Vs falling 2.2 V
Digital Input / Output
Logic Input Level, High Vi Yj;;g Vo 5.5V, Ta=-40"Cto 0.9 55 Vv
Logic Input Level, Low Vi Y$2=5%C7V t05.5V, Ta=-40°Cto 0 0.4 \Y

. loo=3mA,Vs=2.7Vt0 5.5V, Ta
Logic Output Level, Low VoL = _40°C to +125°C 0 0.3 \Y
Hysteresis voltage Vhys 130 mV
8{?::::11‘63“96 Input lio_LEAK 0V<VscL=Vs,0V<VspasVs 0.1 1 MA
Address Pin Input Current laddr Vao = Vs, Va1 = Vs 15 MA
I°C BUS (Fast Mode)
I2C clock frequency Fscy 1 400 kHz
Bus-free time between
STOP and START teur) 600 ns
conditions
Hold time following a
repeated START condition. t 100 ns
After this time, the first clock (HDSTA)
pulse is generated.
Repeated START condition t 100 ns
setup time (SUSTA)
STOP condition setup time t(susTo) 100 ns
Data hold time t(HDDAT) 10 900 ns
Data setup time t(supam) 100 ns
SCL clock low period tow) 1300 ns
SCL clock high period t(HiGH) 600 ns
Data fall time te 300 ns
Clock fall time te 300 ns
Clock rise time tr 300 ns
12C BUS (High-Speed Mode)
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S/LERGY
I2C clock frequency Fscy 1 3400 kHz
Bus-free time between
STOP and START tUF) 160 ns
conditions
Hold time following a
repeated START condition. t 100
After this time, the first clock (HDSTA) ns
is generated.
zaetﬁzelt:emde START condition tsusTa) 100 ns
STOP condition setup time t(susTo) 100 ns
Data hold time t(HDDAT) 10 125 ns
Data setup time t(supbar) 20 ns
SCL clock low period tiLow) 200 ns
SCL clock high period t(HiGH) 60 ns
Data fall time te 80 ns
Clock fall time te 40 ns
Clock rise time tr 40 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: 0,4 is measured under still air and chip mounted on high effective four layer test board with thermal via in accordance
with JESD51-2,7,-14.

Note 3: The device is not guaranteed to function outside its recommended operating conditions.

Note 4: Unless otherwise stated, limits are 100% production tested under pulsed load conditions such that Ta =Ty = 25°C.
Limits over the operating temperature range (see recommended operating conditions) and relevant voltage range(s) are
guaranteed by design, test, or statistical correlation.

Timing Diagram

;- B : i- —| Low) i-_: ! tHpsTa) i- o
sc. 1] : : ! Vi
| 1cC L == |
tich) | fsusTa [ t

: | : |<—t(HDDAT) _’TIGH Lo | : L | | (SusTo)
T A G S\ e
I Leup) T o L Lo
lpy s L3 L7

Figure 2. I°C Timing Diagram
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Detailed Description

SQ52212

Overview

The SQ52212 is a 2-channel digital current-sense amplifier featuring an 12C- and SMBus-compatible interface. It provides
real-time measurements of current, voltage, power, and energy for each channel. The device includes programmable out-
of-range limits, enabling alert notifications when monitored parameters exceed the predefined operational thresholds. The
integrated analog-to-digital converter (ADC) offers multiple averaging modes and can be configured for either continuous
or triggered operation. Comprehensive register information for the SQ52212 is available in the Register Maps section.

Block Diagram

VBUS1
0 7oV i
= Vs(Supply
e VBUS1 Voltage)
gl [ 2o ]«
| LOAD1 IN+1 Powers 1-2
| SO i IN-1 v | SDA -
Low-side > B -
shunt Energy 1-2 :SCL
--------------- IZC_
1 and Alert >
Bus »| SMBus-
VBUS2 Voltages 1-2 Clzrpe??atgze
070V i
VBUS2 Shunt 20
i Voltages 1-2 d Al
High-side i < ©
shunt [] ‘ . v
y ; Currents 1-2 >
TTTINY2 Cy
| LOAD2 H +—o0:
H EN
i IN-2 o <
) GND
Low—side[]
shunt =

Figure 3. Functional Block Diagram
Feature Description

Integrated Analog-to-Digital Converter (ADC)

The SQ52212 integrates a low-offset, 16-bit delta-sigma (AZ) ADC, which is multiplexed for each channel to measure both
shunt and bus voltages. Bus voltage measurements are referenced to the BUS and GND, while the shunt voltage is
measured differentially across the IN+ and IN— pins for each channel, capturing the voltage developed by the load current
flowing through a shunt resistor. The shunt voltage measurement offers a maximum offset voltage of just 10pV and a
maximum gain error of 0.25%. The low offset voltage enhances measurement accuracy under light load conditions for a
given shunt resistor value. This also enables the accurate sensing of lower voltage drops across the sense resistor, allowing
the use of lower-value shunt resistors. These lower-value shunt resistors help minimize power loss in the current-sensing
circuit, thereby improving the overall power efficiency of the end application.

No special power-supply sequencing is required, as the common-mode voltage at the IN+ and IN- pins and the power-
supply voltage at the VS pin are independent. As a result, the bus common-mode voltage can be present even when the
supply voltage is off.

Internal Measurement and Calculation Engine

The internal round-robin measurement scheme for the SQ52212 is illustrated in Figure 4. For each channel, the current,
power, and energy registers are calculated based on the shunt and bus voltage measurements, and these calculations are
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not directly influenced by ADC conversion times. Register values are updated for each channel before proceeding to the
next one. When averaging is enabled, the register updates occur once the specified number of averages is completed. Fault
conditions are evaluated immediately after conversions or calculations, based on the ADC conversion time, and are
independent of the averaging settings.

Reducing conversion times leads to faster alert responses, but at the cost of lower effective resolution due to increased
noise. Longer conversion times result in slower alert responses but provide greater immunity to noise. Channels or
measurements that are disabled are skipped in the round-robin cycle. The conversion-ready flag is set once the conversions
are complete and the selected number of averages has been reached.

( Start )

»
\4
Channel 1 Channel 2
Shunt Voltage/Current Shunt Voltage/Current
Bus Voltage/Power/Energy Bus Voltage/Power/Energy

Bold registers are calculated values that do not depend
on conversion times and occur in the background. No Number of

A Averages Met?2

Registers are updated independently for each channel once number of
averages s met. YES¢ Conversion Ready Flag set.

Fault threshold comparisons are done immidiately on a per result basis.

Average values do not trigger alerts.
Yes Continuous No~_ No _ /" Conversions
Conversions? 4 complete

Figure 4. Internal Measurement and Calculation Scheme

The current is determined from the shunt voltage measurements and the value stored in the corresponding calibration
register. Power is then calculated based on the previously determined current and the most recent bus voltage measurement.
Energy is accumulated by multiplying the previously calculated power by the current time-base interval and adding this
value to the total energy. If the value in the corresponding calibration register is zero, the reported current, power, and
energy values will also be zero. When averaging is enabled, register values are updated once the specified number of
averages has been reached. These calculations are performed in the background and do not impact the overall conversion
time.

Low Bias Current

The SQ52212 offers several advantages due to its very low input bias current when performing current measurements. One
key benefit is the reduction in current consumption by the device, both in active and shutdown states. Additionally, the low
input bias current enables the use of input filters that can effectively reject high-frequency noise before the signal is
converted to digital data. In traditional digital current-sense monitors, adding input filters typically compromises accuracy.
However, with the SQ52212’s low bias current, the impact on accuracy from the use of these filters is minimized. Another
advantage is the ability to use a larger shunt resistor, which allows for accurate measurement of smaller currents. This
makes it possible for the device to monitor currents in the sub-milliampere range with high precision. The bias current in the
SQ52212 is at its lowest when the sensed current is zero. As the current increases, the voltage drop across the shunt
resistor also rises, which leads to an increase in the bias current.

Low Voltage Supply and Wide Common-Mode Voltage Range

The SQ52212 operates within a supply voltage range of 2.7V to 5.5V. Despite a minimum supply voltage of 2.7V, the device
is capable of monitoring currents on voltage rails as high as 70V. This wide common-mode voltage range enables the
SQ52212 to be used in a variety of applications where the common-mode voltage exceeds the supply voltage.

DS_SQ52212 Rev.1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 9
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ALERT Pin

The SQ52212 features two Alert Configuration Registers, each of which can be assigned to one of the two channels as
needed. Each register includes a channel assignment field and an alert mask field. The alert mask field allows users to
select one of five available functions for the alert response. Depending on the monitored function, a corresponding value
can be set in the Alert Limit Registers to define the threshold that triggers the ALERT pin.

The ALERT pin is used to monitor one of several alert functions and detect when a user-defined threshold is exceeded. The
five available alert functions are:
* Shunt voltage overlimit (SOL)

* Shunt voltage underlimit (SUL)
* Bus voltage overlimit (BOL)

* Bus voltage underlimit (BUL)

* Power overlimit (POL)

The ALERT pin is an open-drain output that is asserted when the alert function selected in the Alert Configuration registers
exceeds the threshold programmed in the Alert Limit register. Up to two alert functions can be enabled and monitored
simultaneously.

In addition to monitoring alert functions, the ALERT pin can also signal the device’s conversion-ready state, indicating when
the previous conversion is complete and the device is ready for a new conversion. The Conversion Ready Flag (CVRF) bit
can be monitored on the ALERT pin, alongside one of the alert functions.

If no alert function is in use, the ALERT pin can be left floating without affecting the operation of the device.

The alert function compares the programmed alert limit to the result of each corresponding conversion. As a result, an alert
can be triggered during a conversion cycle, even if the averaged signal value does not exceed the alert limit. By issuing an
alert based on this intermediate conversion, out-of-range events can be detected more quickly than the averaged output
data registers are updated. This fast detection enables the creation of alert limits for rapidly changing conditions using the
alert function, while also allowing for limits on longer-duration conditions through software monitoring of the averaged output
values.

Device Functional Modes

SQ52212

Continuous Versus Triggered Operation

The SQ52212 operates in three modes: continuous and triggered. These modes determine how the ADC functions after
completing conversions.

In continuous mode, which is the default operating mode (when the MODE bits of the CONFIG1 register are set to '"111"),
the device continuously converts a shunt voltage reading followed by a bus voltage reading for each channel.

In triggered mode, selecting any of the triggered conversion modes (i.e., setting the MODE bits of the CONFIG1 register to
'001', '010', or '011") initiates a single-shot conversion of the chosen parameters. This results in one set of measurements.
To trigger another single-shot conversion, the Configuration register must be written to again, even if the mode remains
unchanged.

Although the SQ52212 can be read at any time, and data from the last conversion remains available, the Conversion Ready
Flag (CVREF bit) in the FLAGS register helps coordinate single-shot or triggered conversions. The CVRF bit is set after all
conversions, averaging, and multiplication operations are completed for a single round-robin cycle.

The CVREF bit is cleared under the following conditions:
*  Writing to the CONFIG1 register, unless the MODE bits are configured for power-down mode;
¢ Reading the FLAGS register.

Device Low Power Modes

In addition to the two operating modes (continuous and triggered), the SQ52212 also has two low power modes. In shutdown
the device reduces the quiescent current and input bias current but is able to process I2C bus communications. In this state
the quiescent current is reduced to less than 4uA. Full recovery from shut-down mode requires 40us. The device remains
in shut-down mode until one of the active modes settings are written into the Configuration register. An even lower power
mode is the disabled mode, which is initiated by forcing a logic low on the enable pin. In this mode the quiescent current is
the lowest, with the device only drawing 50nA (max) of supply current, but the device does not recognize any I2C bus
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communications in this state. Also the device configuration gets reset when in the disabled state and needs to be
reprogrammed when enabled. Recovery from the disabled state requires 100us.

Power-On Reset

The Power-On Reset (POR) is asserted when the supply voltage (VS) drops below 2.2V (typical). At this point, all registers
are reset to their default values. The default power-up values for each register are listed in the reset column of the register
descriptions.

Averaging and Conversion Time Considerations

The SQ52212 offers programmable conversion times for both shunt voltage and bus voltage measurements, applicable
across all channels. These conversion times can be selected from as fast as 140ps to as long as 8.244ms. With these
configurable conversion times, along with the programmable averaging mode, the SQ52212 can be tailored to meet the
timing requirements of specific applications. Additionally, the SQ52212 allows for different conversion time settings for shunt
and bus voltage measurements, which is particularly useful in applications where the bus voltage is relatively stable. In such
cases, the measurement time for the bus voltage can be reduced compared to the shunt voltage measurement.

There are trade-offs to consider when configuring the conversion times and averaging mode. The averaging feature
significantly enhances measurement accuracy by filtering out noise, improving the quality of the signal. A higher number of
averages further reduces noise, resulting in more accurate measurements.

The selected conversion times also impact measurement accuracy. For the highest possible accuracy, it is recommended
to use the longest allowable conversion times combined with the maximum number of averages, depending on the system's
timing requirements.

Programming

I12C Serial Interface

The SQ52212 offers compatibility with both 12°C and SMBus interfaces. The 12C and SMBus protocols are essentially
compatible with one another.

The I2C interface is used throughout this data sheet as the primary example, with the SMBus protocol specified only when
a difference between the two systems is discussed. Two I/O lines, the serial clock (SCL) and data signal line (SDA), connect
the SQ52212 to the bus. Both SCL and SDA are open-drain connections.

The device that initiates a data transfer is called a master, and the devices controlled by the master are slaves. The bus
must be controlled by the master device that generates the SCL, controls the bus access, and generates start and stop
conditions.

To address a specific device, the master initiates a start condition by pulling SDA from a high to a low logic level while SCL
is high. All slaves on the bus shift in the slave address byte on the SCL rising edge, with the last bit indicating whether a
read or write operation is intended. During the ninth clock pulse, the slave being addressed responds to the master by
generating an acknowledge bit and pulling SDA low.

Data transfer is then initiated and eight bits of data are sent, followed by an acknowledge bit. During data transfer, SDA
must remain stable while SCL is high. Any change in SDA while SCL is high is interpreted as a start or stop condition.

After all data are transferred, the master generates a stop condition by pulling SDA from low to high while SCL is high. The
SQ52212 includes a 28-ms timeout on the interface to prevent locking up the bus.

Serial Bus Address
To communicate with the SQ52212, the master must first address slave devices with a slave address byte. This byte consists
of seven address bits and a direction bit to indicate whether the intended action is a read or write operation.

The SQ52212 has two address pins, A0 and A1. Table 1 describes the pin logic levels for each of the four possible addresses.
The state of the A0 and A1 pin is sampled on every bus communication and must be set before any activity on the interface
occurs.

Table 1 Address Pins and Secondary Device Addresses

A1 A0 TARGET ADDRESS
GND GND 1000000
GND VS 1000001
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GND SDA 1000010
GND scL 1000011

VS GND 1000100
VS VS 1000101
VS SDA 1000110
VS scL 1000111
SDA GND 1001000
SDA VS 1001001
SDA SDA 1001010
SDA SCL 1001011
ScL GND 1001100
SCL VS 1001101
SCL SDA 1001110
SCL SCL 1001111

Serial Interface

The SQ52212 only operates as a slave device on the I2C bus and SMBus. Bus connections are made using the open-drain
I/0 lines, SDA and SCL. The SDA and SCL pins feature integrated spike-suppression filters and Schmitt triggers to minimize
the effects of input spikes and bus noise. While there is spike suppression integrated into the digital 1/O lines, use proper
layout to minimize the amount of coupling into the communication lines. Noise introduction occurs from capacitively coupling
signal edges between the two communication lines themselves, or from other switching noise sources present in the system.
Routing traces in parallel with ground between layers on a printed circuit board (PCB) typically reduces the effects of
coupling between the communication lines. Shield communication lines to reduce the possibility of unintended noise
coupling into the digital 1/O lines that could be incorrectly interpreted as start or stop commands.

The SQ52212 supports a transmission protocol for Fast (1 kHz to 400 kHz) and High-speed (1 kHz to 3.4 MHz) modes. All
data bytes are transmitted MSB first.

Writing To and Reading From the SQ52212

To access a specific SQ52212 register, write the appropriate value to the register pointer. See Table 1 for a complete list of
registers and corresponding addresses. The value for the register pointer, as shown in Figure 5 is the first byte transferred
after the slave address byte with the R/W bit low. Every write operation to the SQ52212 requires a register pointer value.

SDA \_/1\0_0/aadXaipo\w  /PrXeoXeeXCPAPHPIPN  /stop by

Start by ACK by ACK by controller
Controller Target Target
i »ld Ll
Frame 1 2-wire slave address byte @ Frame 2 Register pointer byte

Figure 5. Typical Register Pointer Set

Register writes begin with the first byte transmitted by the master. This byte is the slave address, with the R/W bit low. The
SQ52212 then acknowledges receipt of a valid address. The next byte transmitted by the master is the register address that
data are written to. This register address value updates the register pointer to the desired register. The next two bytes are
written to the register addressed by the register pointer. The SQ52212 acknowledges receipt of each data byte. The master
terminates data transfer by generating a start or stop condition.

When reading from the SQ52212, the last value stored in the register pointer by a write operation determines which register
is read during a read operation. To change the register pointer for a read operation, write a new value to the register pointer.
This write is accomplished by issuing a slave address byte with the R/W bit low, followed by the register pointer byte. No
additional data are required. The master then generates a start condition and sends the slave address byte with the R/W
bit high to initiate the read command. The next byte is transmitted by the slave and is the most significant byte of the register
indicated by the register pointer. This byte is followed by an acknowledge from the master; then the slave transmits the least
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significant byte. The master acknowledges receipt of the data byte. The master terminates data transfer by generating a
not-acknowledge after receiving any data byte, or generating a start or stop condition. If repeated reads from the same
register are desired, it is not necessary to continually send the register pointer bytes; the SQ52212 retains the register
pointer value until it is changed by the next write operation.

Figure 6 and Figure 7 show the write and read operation timing diagrams, respectively. Note that register bytes are sent
most-significant byte first, followed by the least significant byte.

1 9 1 9 1 9 1 9
SCL
SDA\_/\o_o/poXeaXefeo\r__ orCaXeapeaXeoXeae e\ @@ X /oXeaeXeaeoXedeN_ /sop by
Start by ACK by ACK by ACK by ACK by Cortroller
Controller Target Target Target Target
|F‘rame 1 2-wire slave address byter|< Frame 2 Regster pointer byte * Frame 3 Data MSByte * Frame 4 Data LSByte )|

1. The value of the Secondary Device Address byte is determined by the settings of the A0 and A1 pins. Refer to Table 1.

Figure 6 Timing Diagram for Write Word Format

Startby ACK by ACK by Nack  controller
Controller Target Target by Controller®
Frame 1 2-wire slave address byte® Frame 2 Data MSByte® Frame 3 Data LSByte®

1. The value of the Secondary Device Address byte is determined by the settings of the A0 and A1 pins. Refer to Table 1.

2. Read data is from the last register pointer location. If a new register is desired, the register pointer must be updated. See
Table 1

3. ACK by the main device can also be sent.

Figure 7 Timing Diagram for Read Word Format

sDA \_/1\0_o0 /ap)aixpo\w rYEEPaCIEaePd\  sonny

Start by ACK by ACK by
Controller Target Target
Frame 1 2-wire slave address byte ® Frame 2 Register pointer byte

Figure 8 Typical Register Pointer Set
High-Speed I2C Mode

When the bus is idle, the SDA and SCL lines are pulled high by the pull-up resistors. The master generates a start condition
followed by a valid serial byte with the high-speed (HS) master code 00001XXX. This transmission is made in fast (400 kHz)
or standard (100 kHz) (F/S) mode at no more than 400 kHz. The SQ52212 does not acknowledge the Hs master code, but
does recognize it and switches its internal filters to support 3.4-MHz operation.

The master then generates a repeated start condition (a repeated start condition has the same timing as the start condition).
After this repeated start condition, the protocol is the same as F/S mode, except that transmission speeds up to 3.4 MHz
are allowed. Instead of using a stop condition, the master uses a repeated start conditions to secure the bus in Hs mode. A
stop condition ends the HS mode, and switches all internal SQ52212 filters to support F/S mode.
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A general call reset for multiple devices is triggered by addressing the general call address (0000 000) with the last R/W bit
set to 0, followed by the data byte 0000 0110 (06h).

Upon receiving this 2-byte sequence, all devices configured to respond to the general call address are reset. All SQ52212
devices on the bus will perform a soft reset and return to their default power-up conditions.

SMBus Alert Response

The SQ52212 is designed to respond to the SMBus Alert Response address, which provides quick fault identification for
simple targets. When an Alert occurs, the controller broadcasts the Alert Response target address (0001 100) with the
Read/Write bit set high. After this Alert Response, any target that generates an alert acknowledges the response and sends
its address on the bus.

The Alert Response can activate multiple target devices simultaneously, similar to the 12C General Call. If more than one
target attempts to respond, bus arbitration rules are applied. The device that is not prioritized during arbitration will not
generate an acknowledge. It will continue to hold the Alert line low until it is prioritized through the arbitration process.

Register Map

Device Registers

Table 2 lists the SQ52212 registers. All register locations not listed in the table are considered as reserved locations and
the register contents must not be modified.

Table 2 Registers Map

Address Register Name Reset Value Size (bits) Register Type
0x10 CONFIG1 3127h 16 R/W
0x11 CONFIG2 0000h 16 RW

0x05, 0x0D CALIBRATION (CH1 - CH2) 0000h 16 RW
0x07, OxOF ALERT_CONFIG (1 - 2) 0000h 16 RW
0x06, OxOE ALERT_LIMIT (1 -2) 0000h 16 R/W
0x00, 0x08 SHUNT_VOLTAGE_(CH1 - CH2) 0000h 16 R
0x01, 0x09 BUS_VOLTAGE_(CH1 - CH2) 0000h 16 R
0x02, Ox0A CURRENT_(CH1 - CH2) 0000h 16 R
0x03, 0x0B POWER_(CH1 - Ch2) 0000h 16 R
0x04, 0x0C ENERGY_(CH1 - CH2) 0000h 32 R
0x12 FLAGS 0000h 16 R
0x20 CONFIG3 0000h 16 RW
Ox7E MANUFACTURER_ID 190Fh 16 R
Ox7F DEVICE_ID 2120h 16 R

CONFIG1 Register (Address = 10h) [reset = 3127h]
The configuration register is shown in Table 3.
Table 3. CONFIG1 Register Field Descriptions

Bit Field Type Reset Description
15-14 | Reserved R 00b Reserved
13-12 | ACTIVE_CHANNEL R/W 11b These 2 bits determine which channels are active. Set this bit to "1
to enable each channel. Disabled channels are skipped in the

round robin cycle.
Bit13 = Channel 2 measurement enable/disable.
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Bit12 = Channel 1 measurement enable/disable.
Power up default: 11b = All channels active.

11-9

AVG2-0

RW

000b

Averaging mode. These bits set the number of samples that are
collected and averaged together.

000 = 1 (default)

001 =4

010 =16

011 =64

100 =128

101 = 256

110 =512

111 = 1024

8-6

VBUSCT2-0

R/W

100b

Bus-voltage conversion time. These bits set the conversion time
for the bus-voltage measurement.

000 =140 us

001 =204 us

010 =332 us

011 =588 ps

100 = 1.1 ms (default)

101 =2.116 ms

110 =4.156 ms

111 = 8.244 ms

5-3

VSHCT2-0

R/W

100b

Sets the conversion time of the SHUNT measurement.
000b = 140us

001b = 204pus

010b = 332us

011b = 588us

100 = 1.1 ms (default)

101b = 2116us

110b = 4156us

111b = 8244ps

MODE3-1

R/W

111b

Operating mode. These bits select continuous, single-shot
(triggered), power-down mode or low power mode of operation.
These bits default to continuous shunt and bus mode.

000 = Power-down

001 = Shunt voltage, single-shot (triggered)

010 = Bus voltage, single-shot (triggered)

011 = Shunt and bus, single-shot (triggered)

100 = Power-down

101 = Shunt voltage, continuous

110 = Bus voltage, continuous

111 = Shunt and bus, continuous (default)

CONFIG2 Register (address = 11h) [reset = 0000h]
The configuration register is shown in Table 4.
Table 4 CONFIG2 Register Field Descriptions

Bit Field Type Reset Description

15 RST R/W 0b Set this bit to '1' to generate a system reset that is the same as
power- on reset.
Resets all registers to default values and then self-clears.

14-10 Reserved R 000b | These bits always read 0.

9-8 ACC _RST R/W 0000b | Writing a one to these bits resets the energy registers and clears
any overflow flags.
Bit9 = Channel 2 energy reset, overflow clear.
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Bit8 = Channel 1 energy reset, overflow clear.

Power up default: 00b = All channels active.

Bits are reset back to 0 after write.

7 CNVR_MASK R/W 0b Setting this bit high configures the ALERT pin to be asserted when
conversions are complete.

0b = Disable conversion ready flag on ALERT pin.

1b = Enables conversion ready flag on ALERT pin.

ALERT remains asserted until the CVRF field in the flags register is

read.

6 ENOF_MASK R/W Ob When set to 1, the Alert pin toggles when an energy overflow
condition occurs on any of the enabled channels.

5 ALERT_LATCH R/W 0b When set to 1 the state of the Alert pin latches during fault

conditions. To clear the alert the alert flags register must be read
and the fault condition removed.

4 ALERT_POL R/W 0b When this bit is set to 1, the alert pin toggles from low to high during
a fault condition. When set to 0 (default), the alert pin toggles from
high to low during faults.

3-2 Reserved R 00b These bits always read 0.
1-0 Vshunt RANGE R/W 00b Enables the selection of the shunt full scale input range for each
channel.

Bit1 = Channel 2 range selection.

Bit0 = Channel 1 range selection.

range selection bit = 0 selects £81.92mV.
range selection bit = 1 selects +20.48mV.
00b = all channels set to +81.92mV range.

CALIBRATION Registers (address = 05h, 0Dh) [reset = 0000h]

The calibration registers shown in Table 5 must be programmed to receive valid current, power, and energy results after
initial power up, power cycle events, or on device enable.

Table 5 Calibration Registers

Address Register Name Register Type Register Size (bits)
0x05 CALIBRATION_CH1 R/W 16
0x0D CALIBRATION_CH2 R/W 16

This register provides the device with the value of the shunt resistor that are present to create the measured differential
voltage. This register also sets the resolution of the Current Register. Programming this register sets the Current_LSB and
the Power_LSB.

Table 6 Calibration Register Field Descriptions

Bit Field Type Reset Description
15 Reserved R Oh
14-0 SHUNT_CAL R/W 0000h Programmed value needed for doing the shunt voltage
to current conversion.

Alert Configuration Registers (address = 07h, OFh) [reset = 0000h]

The alert configuration registers are shown in Table 7.
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Table 7 ALERT_CONFIG Registers

Address Register Name Register Type Register Size (bits)
0x07 ALERT1 R/W 16
OxOF ALERT2 R/W 16

The format of each alert configuration register is shown in Table 8.

These registers configure what triggers an alert for each of the channels. The alert mask field sets the active alert. Up to 2
alerts can be assigned to a given channel or spread equally across all channels depending on the needs of the application.

Table 8 Alert Configuration Register Field Descriptions

Bit Field Type Reset Description
15-4 Reserved R 000000000000b | Reserved
3 CHANNEL R/W Ob Selects
Ob = Channel 1
1b = Channel 2
2-0 | ALERT_MASK | R/W 000b Sets the active alert for the assigned channel

000b = reserved, no effect

001b = Shunt Voltage over limit (SOL)

010b = Shunt Voltage under limit (SUL)

011b = Bus Voltage over limit (BOL)

100b = Bus Voltage under limit (BUL)

101b = Power over limit (POL)

110b = reserved, no effect 111b = reserved, no effect

The alert configuration registers set what triggers an alert for each of the channels. The alert mask field sets the active alert.
Up to 2 alerts can be assigned to a given channel or spread as required across all channels depending on the application.

Alert Limit Registers (address = 06h, 0Eh) [reset = 0000h]
The alert configuration registers are shown in Table 9.
Table 9 ALERT LIMIT Registers

Address Register Name Register Type Reset Register Size (bits)
0x06 LIMIT1 RIW 0000h 16
0x0E LIMIT2 RIW 0000h 16

The format of the alert limit register follows the format of the corresponding result register.

Shunt voltage limits are represented as signed 16 bit, bus voltage limits are unsigned 15 bit, and power limits are unsigned
16 bit values.

Shunt Voltage Registers (address = 00h, 08h) [reset = 0000h]

The Shunt Voltage Registers store the current shunt voltage reading, VSHUNT. The shunt voltage measurement for each
channel has a unique address as shown in Table 10.

Table 10 SHUNT_VOLTAGE Registers

Address Register Name Register Type Register Size (bits)
0x00 SHUNT_VOLTAGE_CH1 R 16
0x08 SHUNT_VOLTAGE_CH2 R 16

The format of each shunt voltage register is shown in Table 11.
If averaging is enabled, these registers contain the averaged shunt voltage value.

Table 11 Shunt Voltage Register Field Description

Bit Field Type Reset Description
15-0 VSHUNT R 0000h | Differential voltage measured across the shunt
output. 2's complement value.
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Negative numbers are represented in two's complement format. Generate the two's complement of a negative number by
complementing the absolute value binary number and adding 1. An MSB = '1' denotes a negative number.

Example: For a value of VSHUNT = -80mV:

1. Take the absolute value: 80mV

2. Translate this number to a whole decimal number (80mV + 2.5uV ) = 32000

3. Convert this number to binary = 0111 1101 0000 0000

4. Complement the binary result = 1000 0010 1111 1111

5. Add '1' to the complement to create the two's complement result = 1000 0011 0000 0000 = 8300h
Return to the Summary Table.

Bus Voltage Registers (address = 01h, 09h) [reset = 0000h]

The bus voltage registers store the voltage measured at the bus pin for each of the channels. Bus voltage measurements
are stored in an unique register addresses as shown in Table 12.

Table 12 BUS _VOLTAGE Registers

Address Register Name Register Type Register Size (bits)
0x01 BUS_VOLTAGE_CH1 R 16
0x09 BUS_VOLTAGE_CH2 R 16

The format of each bus voltage register is shown in Table 13.
The bus voltage registers only return positive values. If averaging is enabled, this register displays the averaged value.

Table 13 Bus Voltage Register Field Description

Bit Field Type Reset Description

15-0 VBUS R 0000h | Bus voltage output. 2's complement value, however always
positive.

CURRENT Registers (address = 02h, 0Ah) [reset = 0000h]

The current registers store the calculated current value for each of the channels. Current measurements are stored in an
unique register addresses as shown in Table 14.

Table 14 Current Registers

Address Register Name Register Type Register Size (bits)
0x02 CURRENT_CH1 R 16
Ox0A CURRENT_CH2 R 16

The format of each current register is shown in Table 15.

If averaging is enabled, this register displays the averaged value. The value of the Current Register is calculated by
multiplying the decimal value in the Shunt Voltage Register with the decimal value of the Calibration Register.

Table 15 Current Register Field Description

Bit Field Type Reset Description

15-0 CURRENT R 0000h | Calculated current output in Amperes. 2's
complement value.

POWER Registers (address = 03h, 0Bh) [reset = 0000h]

The power registers store the multiplied value of the bus voltage and current for each of the channels. Power measurements
are stored in an unique register addresses as shown in Table 16

Table 16 Power Registers

Address Register Name Register Type Register Size (bits)
0x03 POWER_CH1 R 16
0x0B POWER_CH2 R 16

The format of each power register is shown in Table 17.
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If averaging is enabled, this register displays the averaged value. The Power Register records power in Watts by multiplying
the decimal values of the Current Register with the decimal value of the Bus Voltage Register. This is an unsigned result.

Table 17 Power Register Field Description

Bit Field Type Reset Description

15-0 POWER R 0000h | This bit returns a calculated value of power in the
system. This is an unsigned result.

Energy Registers (address = 09h) [reset = 0000h]

The energy registers accumulate data from the power registers and with the internal precision timebase calculate and store
the energy for each of the channels. Energy measurements are stored in an unique register addresses as shown in Table
18.

Table 18 Energy Registers

Address Register Name Register Type Register Size (bits)
0x04 ENERGY_CH1 R 32
0x0C ENERGY_CH2 R 32

The format of each energy register is shown in Table 19.
The Energy register records energy in Joules and utilizes the precision oscillator as a timebase. This is an unsigned result.

Table 19 Energy Register Field Description

Bit Field Type Reset Description

31-0 ENERGY R 00000000h | This bit returns a calculated value of energy in the
system. This is an unsigned result.

Flags Register (address = 12h) [reset = 0000h]
The Flags Register is shown in Table 20.

Table 20 Flags Register Field Descriptions

Bit Field Type Reset Description
15-14 | Reserved R 00b Reserved, will return 0.
13 LIMIT2_ALERT R ob Indicate_s the second alert limit has been exceeded. This
alert is independent of channel.
12 LIMIT1_ALERT R ob Indicate_s the first alert limit has been exceeded. This
alert is independent of channel.
11-10 | Reserved R 00b Reserved, will return 0.
9 ENERGYOF_ Indicates an the energy register has overflowed for
R Ob
CH2 channel 2
8 ENERGYOF_ R Ob Indicates an the energy register has overflowed for
CH1 channel 1
7 CVRF Although the device can be read at any time, and the
(Conversion data from the last conversion is available, the Conversion
Ready Flag) Ready Flag bit is provided to help coordinate one-shot or
triggered conversions.
The Conversion Ready Flag bit is set after all
R ob conversions, averaging, and multiplications are
complete.
Conversion Ready Flag bit clears under the following
conditions:
1.) Writing to the Configuration Register (except for
Power-Down selection)
2.) Reading the Flags Register
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6 OVF (Math This bit is set to '1' if an arithmetic operation results in an
Over-flow) R 0b overflow error. This bit indicates that current and power
data can be invalid.
5-0 Reserved - 000000b | Reserved

CONFIG3 Register (address = 20h) [reset = 0000h]
The configuration register is shown in Table 21.
Table 21 CONFIG3 Register Field Descriptions

Bit Field Type Reset Description

15-14 Vbus RANGE R/W 00b Enables the selection of the bus full scale input range
for each channel.

Bit15 = Channel 2 range selection.

Bit14 = Channel 1 range selection.

range selection bit = 0 selects 52.4V

range selection bit = 1 selects 78.6V

00b = all channels set to 52.4V range

13-0 Reserved R 000b These bits always read 0.

Manufacturer ID Register (address = 7Eh) [reset = 190Fh]

The manufacturer ID register is shown in Table 22.

Table 22 Manufacturer ID Register Field Descriptions

Bit Field Type Reset Description
15-0 MANUFACTURE ID R 190Fh

Die ID Register (address = 7Fh) [reset = 2120h]
The DEVICE_ID register is shown in Table 23.
Table 23 Die ID Register Field Descriptions

Bit Field Type Reset Description
15-4 DIE ID R 0x212 | Stores the device identification bits
3-0 REV ID R Oh Device revision identification.

Application and Implementation

The SQ52212 is a multi-channel current shunt monitor with an 12C- and SMBus-compatible interface. The device monitors
a shunt voltage drop to calculate the current and bus voltage at IN- pin to determine power and energy for up to two
measurement channels. Programmable calibration value, conversion times, and averaging (combined with an internal
multiplier) enable direct readouts of current in amperes, power in watts, and energy in joules.

Device Measurement Range and Resolution

The SQ52212 device supports two input ranges for the shunt voltage measurements for each channel. The supported full
scale differential input across the IN+ and IN- pins can be either £81.92mV or £20.48mV depending on the Vshunt RANGE
field in the CONFIG2 Register (address = 11h) [reset = 0000h]. The range for the bus voltage measurement at the VBUS
pins is from OV to 52.42V or OV to 78.64V depending on the Vbus RANGE field in the CONFIG2 Register (address = 11h)
[reset = 0000h], but is limited by process ratings to the maximum operating voltage.

Table 24 provides a description of full scale voltage on shunt and bus voltage measurements, along with the associated
resolution.

Table 24 ADC Full Scale Values

Parameter Full Scale Value Resolution
Shunt voltage +81.92mV (Vshunt ADCRANGE = 0) 2.5uV/LSB
9 +20.48mV (Vshunt ADCRANGE = 1) 625nV/LSB
Bus voltage 0V to 52.4V (Vbus ADCRANGE =0) 1.6mV/LSB
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0V-78.6V(Limit usable range to
recommended operating voltage) (Vbus 2.4mVI/LSB
ADCRANGE = 1)

The device shunt voltage and bus voltage measurements are read through the Shunt Voltage registers and Bus Voltage
registers, respectively. The digital output in shunt voltage and bus voltage registers is 16 bits. The shunt voltage
measurement can be positive or negative due to bidirectional currents in the system; therefore the data value in shunt
voltage register can be positive or negative. The bus voltage register data value is always positive. The output data can be
directly converted into voltage by multiplying the digital value by the respective resolution size.

Furthermore, the device provides the flexibility to report calculated current in Amperes, power in Watts, energy in Joules, as
described in Current, Power and Energy Calculations.

Current, Power and Energy Calculations

In order to report the current and power values properly, several registers should be configured as the steps followed. The
following is an example of channel 1. Vshunt ADCRANGE = 0 and Vbus ADCRANGE = 0.

For the SQ52212 to report current values in Amperes, a constant conversion value must be written in each of the calibration
registers that is dependent on the selected CURRENT_LSB and the shunt resistance used in the application for each
channel. The value of the calibration register is calculated based on Equation 1. The term CURRENT _LSB is the chosen
LSB step size for the CURRENT register where the current is stored. Equation 2 shows the minimum value of
CURRENT _LSB is based on the maximum expected current, and the equation directly defines the maximum resolution of
the CURRENT register. While the smallest CURRENT_LSB value yields highest resolution, this value is common for
selecting a higher round-number (no higher than 8x) value for the CURRENT_LSB to simplify the conversion of the
CURRENT.

The RSHUNT term is the resistance value of the external shunt used to develop the differential voltage across the IN+ and
IN- pins.

2048 x Shunt _LSB
Current _LSB xRg;,

CAL[R] = (1)

where
2048 is an internal fixed value used to verify that scaling is maintained properly.

* CURRENT_LSB is a selected value for the current step size in amperes. Must be greater than or equal to
CURRENT_LSB (minimum), but less than 8 x CURRENT_LSB(minimum) to reduce resolution loss.

* The value of Shunt_LSB is 2.5uA for Vshunt ADCRANGE = 0 and the value of Shunt_LSB is 625nA for Vshunt
ADCRANGE = 1.

Maximum Expected Current )

Current_LSB = =
- 2

Note that the current is calculated following a shunt voltage measurement based on the value set in the SHUNT_CAL field.
If the value loaded into the SHUNT_CAL field is zero, the current value reported through the CURRENT register is also zero.

After programming the SHUNT_CAL field with the calculated value, the measured current in Amperes can be read from the
CURRENT register. Use Equation 3 to calculate the final value scaled by the CURRENT_LSB:

Current [A] = CURRENT_LSB x CURRENT ©)

Where
* CURRENT is the value read from the CURRENT register
The power value can be read from the POWER register as an unsigned 16-bit value. Use Equation 4 to convert the power
to Watts:
Power [W] =32 X CURRENT_LSB X POWER, Vbus ADCRANGE =0

Power [W] = 48 X CURRENT_LSB X POWER, Vbus ADCRANGE =1 (4)

Where
* POWER is the value read from the POWER register.
* CURRENT_LSB is chosen Isb size for the selected channel.
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The energy values can be read from the each ENERGY register as a 32-bit unsigned value. Use Equation 5 to convert the
energy to Joules:

Energy [J] = 32 X CURRENT_LSB X ENERGY, Vbus ADCRANGE = 0
Energy [J] = 48 X CURRENT_LSB X ENERGY, Vbus ADCRANGE = 1 (5)

Where
*  ENERGY is the value read from the each ENERGY register.
* CURRENT_LSB is chosen Isb size for the selected channel.

Configuration Example

When Load = 10 A, RSHUNT=2mQ, and VBUS=12V, a nominal 10A load that creates a differential voltage of 20mV across
2mQ shunt resistor. The bus voltage for The SQ52212 is measured at the VBUS pin, which in this example is connected to
the VBUS pin to measure the voltage level delivered to the load. The configuration is as follows: Vshunt ADCRANGE =0,
and Vbus ADCRANGE = 0.

For this example, assuming a maximum expected current of 15 A, the Current_LSB is calculated to be 457.7uA/bit using
Equation (2). Using a value for the Current_LSB of 500uA/Bit or TmA/Bit would significantly simplify the conversion from
the Current Register (02h) and Power Register (03h) to amperes and watts. For this example, a value of 1mA/bit was chosen
for the Current_LSB. Using this value for the Current_LSB does trade a small amount of resolution for having a simpler
conversion process on the user side. Using Equation (1) in this example with a Current_LSB value of 1mA/bit and a shunt
resistor of 2mQ results in a Calibration Register value of 2560 or AOOh.

The Current Register (02h) is then calculated through the Shunt Voltage Register (01h) and Calibration Register(05h). For
this example, the Shunt Voltage Register contains a value of 1F40h (representing 20mV), and Current Register (02h)
contains a value of 2710h, or a decimal equivalent of 10000. Multiplying this value by 1mA/bit results in the original 10A
level stated in the example.

The LSB for the Bus Voltage Register (01h) is a fixed 1.6mV/bit, which means that the 12V present at the VBUS pin results
in a register value of 1D4Ch, or a decimal equivalent of 7500. Note that the MSB of the Bus Voltage Register (01h) is always
zero because the VBUS pin is only able to measure positive voltages.

For this example, the result for the Power Register (03h) is 0EAOh, or a decimal equivalent of 3750. Multiplying this result
by the power LSB (32 times Current_LSB) results in a power calculation of (3750 x 32mW(/bit), or 120W. The power LSB
has a fixed ratio to the Current_LSB of 32. For this example, 1mA/bit Current_LSB results in a power LSB of 32mW/bit. This
ratio is internally programmed to ensure that the scaling of the power calculation is within an acceptable range. A manual
calculation for the power being delivered to the load would use a bus voltage of 12V multiplied by the load current of 10 A
to give a result of 120W.

The following table lists the results of configuring, measuring, and calculating the values for current and power for The
SQ52212.

Register Name Address Contents DEC LSB Value
Configuration Register 10h 3127h

Shunt Register 00h 1F40h 8000 2.5pV 20mV
Bus Voltage Register 01h 1D4Ch 7500 1.6mV 12v

Calibration Register 05h 0A00h 2560
Current Register 02h 2710h 10000 1ImA 10A
Power Register 03h OEAOQh 3750 32mwW 120W
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CSP1.51x1.51-16 Package Outline Drawing
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Note: All dimension in millimeter and exclude mold flash & metal burr.
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Taping & Reel Specification

1. Taping Orientation
CSP1.51x1.51
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o d A ]
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' 0.45/0.65

Feeding Direction  —
2. Carrier Tape & Reel specification for packages

Tape : _ Qty per
Package , Pocket Reel size Trailer * Leader *
width : reel
types pitch(mm) (Inch) length(mm) length (mm)
(mm) (pcs)
CSP1.51x1.51 8 4 7 400 400 3000
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The revision history provided is for informational purposes only and is believed to be accurate, however, not warranted.
Please make sure that you have the latest revision.

Date Revision Change
Mar. 25, 2026 Revision 1.0 Initial Release.
DS_SQ52212 Rev.1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 25

© 2026 Silergy Corp. All Rights Reserved.



SQ52212

S/IERGY

IMPORTANT NOTICE

1. Rightto 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
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