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Product Category:
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PCN Type:
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Microchip has released a new Datasheet for the PAC195X Family Data Sheet of devices. If you are using one of these devices please read
the document located at PAC195X Family Data Sheet.

Notification Status: Final

Description of Change:

* Updated the VDD Active Current (IDD) parameter in the DC Electrical Characteristics table: IDD at 1024 SPS changed from 495 uA to 535
MA (max.) and IDD at 8 SPS changed from 25 pA to 130 pA (max.).

Impacts to Data Sheet: See above details.

Reason for Change: To improve Productivity

Change Implementation Status: Complete

Date Document Changes Effective: 01 Jul 2022

NOTE: Please be advised that this is a change to the document only the product has not been changed.

Markings to Distinguish Revised from Unrevised Devices::N/A
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Attachments:

PAC195X Family Data Sheet

Please contact your local Microchip sales office with questions or concerns regarding this notification.
Terms and Conditions:

If you wish to receive Microchip PCNs via email please register for our PCN email service at our PCN
home page select register then fill in the required fields. You will find instructions about registering for
Microchips PCN email service in the PCN FAQ section.

If you wish to change your PCN profile, including opt out, please go to the PCN home page select login
and sign into your myMicrochip account. Select a profile option from the left navigation bar and make

the applicable selections.




MICROCHIP

PAC195X

Single/Multi-Channel Power Monitor
with Accumulator, 32V Full-Scale Range

Features

High-Side/Low-Side Current Monitor with One,
Two, Three or Four Channels:

- 100 mV Full-Scale Range (FSR) for current
sense voltage

- Programmable FSR: -50 mv to +50 mv
- 16-bit resolution for current measurements

- External sense resistor sets the full-scale
current range

- Very low input current simplifies routing
Voltage Monitor with Wide Vg, Range

- OVto 32V FSR

- 16V programmable Vg5 option

- 16-bit resolution for voltage measurements
Vsource Can Be Applied before Vpp Is Applied

Real-Time Auto-Calibration of Offset Error for
Voltage and Current

1% Power Measurement Accuracy over a Wide
Dynamic Range

On-Chip Accumulation of 30-bit Power Results for
Energy Measurement

- User programmable sampling rates of 8, 64,
256 and 1024 SPS

- 5120 SPS for a single channel in Burst mode
2.7V to 5.5V Supply Operation

- 1.62-5.5V capable I°C/SMBus and digital 1/0
- SMBus 3.1 and I2C Fast Mode Plus, 1 Mbps
- High-Speed mode (3.4 Mbps)

SMBus Address — 16 Options, Set with Resistor
ALERT Features that Can Be Enabled:

- ALERT on conversion complete

- ALERT on Over/Undervoltage and Current or
Overpower conditions

Coulomb Counting: When Selected, the
Accumulator Accumulates Vgensg Values.

8X Averaging Mode for Single-Shot
Measurements to Reduce Noise and Offset

Two Independent ALERT/GPIO pins
AEC-Q100 Qualified (VQFN)

Available Packages:

- 3 x3 mm 16-Lead VQFN with wettable flanks
- 2.225x 2.17 mm 16-Lead WLCSP
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Applications

» Embedded Computing

* Networking

* FPGA Systems

+ Low-Voltage/High-Power — Al, GPU
* Industrial

« Linux® Applications

» Notebook and Tablet Computing

* Cloud, Linux and Server Computing
* Optical Networking Modules

» Automotive

Computing Platform Support

« Windows® 10 Driver
« Arduino Library

» Python™ Script

+ MCC Library

Description

The PAC195X products are one, two, three and
four-channel energy monitors, with bus voltage moni-
tors and current sense amplifiers that feed
high-resolution ADCs. There are two versions of the
PAC195X: the PAC195X-1 devices are for high-side
current sensing and the PAC195X-2 devices are for
low-side current sensing or floating VBUS applications.

Digital circuitry performs power calculations and
energy accumulation. This enables energy monitoring
with integration periods up to one year or longer. Bus
voltage, sense resistor voltage and accumulated pro-
portional power are stored in registers for retrieval by
the system host or embedded controller. The PAC195X
devices have a set of digital comparators that allow the
user to detect over/undervoltage, over/undercurrent
and overpower against user programmed limits for
each channel and generate an ALERT when the
threshold is exceeded.

The sampling rate and energy integration period can be
controlled over SMBus or I12C. Active channel selection,
single-shot measurements and other controls are also
configurable by the SMBus or I°C. The PAC195X
device family uses real-time calibration to minimize the
offset error. No input filters are required for this device.
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PAC195X

Package Types
PAC195X-1 PAC195X-1
3 x 3 mm VQFN* 2.225x2.17 mm WLCSP
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PAC195X

PAC195X-1 Functional Block Diagram
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PAC195X-2 Functional Block Diagram
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PAC195X

NOTES:
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PAC195X

1.0 ELECTRICAL CHARACTERISTICS
1.1 Electrical Specifications

Absolute Maximum Ratings(?)

RV L g LIPSO SURPO -0.3t0 6.0V
Voltage on SENSE- and SENSE+ PiNS .......ooiiiiiiiiiii ettt bbbt nee s -0.3 to 40V
Voltage on Any Other Pin t0 GIND ......coo.iiiiiiiiieiiie ettt s b e b et b e e sae e e bb e s ebeenaeeenneas -0.3t0 6.0V
Voltage between Sense Pins ([(SENSE+ — SENSE-)]) ....coiiiiiiiiiiiieiiie ittt 500 mV
INput Current to ANY Pin EXCEPE VDD -vteteeittriieiiii ettt ettt ettt st sb et sbe e st sb e e ean e e nb e et eesbee st e e naeesaneas +100 mA
OUutpuUt ShOMt=CIrCUIT CUITENT ...ttt ettt b et e sb e e bt e sbe e saber e e nbe e snbeeneenaeeeaee Continuous
Operating Ambient Temperature RANGE..........c.coiiiiiiiiiiiiie et -40°C to +150°C
Storage TEMPErature RANGE ... ......oiii ittt bbbt e b e st sae e st e sbaeebeenteea -55°C to +150°C
ESD Rating — All PINS — HBM ...ttt bttt bbbt e he e ekt sae et e e s et e et e shbeebeesaneeeesanas 7500V
ESD RatiNg — All PINS — CDIM.......iiiiitii ettt ettt b et be e s bt e sbe e eab e e s b et eab e e sbe e et e e eaeeenbenneenee 2000V

T Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure above maximum rating conditions for
extended periods may affect device reliability.

ESD Protection Diagram

(floating ESD rail)

SLOW/ GPIO/ z ; ;
SDA SCL PWRDN ALERT1 ADDR ALERT2 Voo Vss
X— X X oL
CIRCUIT

SENSEO- SENSE1- SENSE2- SENSE3-

SENSEO+ SENSE1+ SENSE2+ SENSE3+

k k (~40V breakdown)

Note: = The SENSE+ and SENSE- pins may be at 32V (40V absolute maximum) when Vp is at zero.
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PAC195X

DC ELECTRICAL CHARACTERISTICS

Electrical Characteristics: Unless otherwise specified, T, =-40°C to +125°C,
VDD =27V to 55V, VBUS =0V to 32V, VSENSE = (SENSE+ - SENSE-) = OV,
Typical values are at Tp = +25°C, Vpp = 3.3V

Parameters Sym. | Min. | Typ. | Max. | Units | Conditions

Power Supply

VDD Range VDD 2.7 — 55 V

Vpp Active Current Ipb — 395 535 PA | 1024 SPS, 4 channels enabled
— 12 130 8 SPS, 4 channels enabled

VDD Sleep Current lDD SLEEP —_ 5 —_ }JA

VDD Power-Down lDD PWRDN 0 — 8 UA VDD =3.3V

Current -

Minimum Vpp Rise VDD _RISE_MIN — 0.05 — V/ms | OV to 5V in 100 ms

Rate

Maximum Vpp Rise VoD RISE MAX — 1000 — Vims |0Vto 5Vin5 ps

Rate o

POR Level Vpor — 1.35 — \Y

Analog Input Characteristics

Bus Voltage Range VBus -0.2v — 32 V | Common-mode voltage on

SENSE pins, referenced to
ground

VSENSE Differential VSENSE DIF -100 — 100 mV

Input Voltage Range -

SENSE+, SENSE-Pin lSENSE+, lSENSE- -6 0.6 6 UA VSENSE+ = VSENSE- = Full scale

Input Current All states include leakage current

and average value of the
capacitively coupled switching
current.

-1 0.4 1 VSENSE+ = 6V, VSENSE- =59V
All states include leakage current
and average value of the
capacitively coupled switching

current.

VBus: Vsensk Input Rrrace — 1 — k€2

Trace Resistance

(allowable trace

resistance without

measurement error)

Measurement Accuracy

VSENSE ADC Data VSENSE_RES — — 16 Bits

Resolution

VSENSE LSB Step VSENSE_LSB —_ 1.50 —_ }JV FSR =100 mV

Size — 3.05 — FSR = +100 mV

Vgus LSB Step Size VBus LsB — 488 — pV | FSR = 32V, 16-bit resolution

— 976 — FSR = +32V, 16V resolution

Vgus ADC Data VBUS RES — — 16 Bits | 14 bits are used for power

Resolution B calculations, 16 bits are reported
when the Vg measurement
result is read

VSENSE Gain VSENSE_ GAIN_ERR —_ +0.1 +0.5 % At +25°C

Accuracy +0.3 typical, -40°C to +125°C
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PAC195X

DC ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: Unless otherwise specified, Ty =-40°C to +125°C,
VDD =27V to 55V, VBUS =0V to 32V, VSENSE = (SENSE+ - SENSE-) = OV,
Typical values are at Tp = +25°C, Vpp = 3.3V

Parameters Sym. Min. Typ. Max. | Units Conditions
VSENSE Offset VSENSE_OFFSET_ERR — +25 +100 }JV 16-bit resolution
Accuracy, Referenced
to Input
VBUS Gain Accuracy VBUS_GAIN_ERR —_ +0.02 +0.25 % At +25°C

+0.2 typical, -40°C to +125°C

Power Accumulator Accuracy (1 Sigma Error Range with > 1000 Accu

mulations)

Accumulator Error ACC_Err — 0.1 — % | Vsense = 97 mV
—_ 0.1 —_ VSENSE =10 mV
—_ 1 —_ VSENSE =1mV
— 2 — Vsense = 100 pv
— 4 — Vsense = 50 uV
Active Mode Timing
Time to First UNT T — — 50 ms | Time after Vpp is applied before it
Communications - is ready to begin communication
and measurement.
Transition from Sleep | tsLeep To ACTIVE — — 5 ms | Time from Sleep state exit
State to Start of T commanded by register write to
Conversion Cycle the beginning of the conversion
cycle.
Digital /0O Pins (SLOW/ALERT, SM_CLK, SM_DATA Pins)
Input High Voltage VIH 1.35 — — V
Input Low Voltage VL — — 0.8 Vv
Output Low Voltage VoL — — 0.4 V | Sinking 8 mA for the ALERT pins
and 20 mA for the CLK pin in all
modes. 4 mA for the SDA pin in
3.4 MHz mode.
Leakage Current I EAk -0.5 — +0.5 MA | Powered or unpowered
Digital /0O Pin (PWRDN)
Input High Voltage VIH 1.3 — — \%
Input Low Voltage VL — — 0.6 V

© 2021-2022 Microchip Technology Inc. and its subsidiaries
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PAC195X

AC ELECTRICAL CHARACTERISTICS - I’C/SMBUS TIMING

Electrical Characteristics: Unless otherwise specified, maximum values are at T, = -40°C to +125°C,
Vpp = 2.7V to 5.5V, V|,o = 1.62V to 5.5V, Vg5 = 0V to 32V,
Typlcal values are at TA = +25°C, VDD = 3.3V, VI/O = 3.3V, VBUS =32V, VSENSE = (SENSE+ - SENSE-) =0V
Parameters Sym. Min. Typ. Max. Units Conditions
Clock Frequency fsmB 0.010 — 1 MHz [ Fast Mode Plus. No minimum if
Time-out is not enabled.
0.010 — 3.4 High-Speed mode. No mini-
mum if Time-out is not enabled.
Spike Suppression tsp 0 — 50 ns Fast Mode Plus
0 — 10 High-Speed mode
Bus Free Time Stop to tgur 0.5 — — pus | Per SMBus 3.1
Start
Hold Time after tup-sTA 0.26 — — pus | Per SMBus 3.1, Fast Mode
Repeated Start Plus
Condition 0.16 — — Per SMBus 3.1, High-Speed
mode
Repeated Start tsu-sTa 0.26 — — pus | Per SMBus 3.1, Fast Mode
Condition Setup Time Plus
0.16 — — Per SMBus 3.1, High-Speed
mode
Setup Time: Stop tsu-sTo 0.26 — — pus | Per SMBus 3.1, Fast Mode
Plus
0.16 — — Per SMBus 3.1, High-Speed
mode
Setup Time: Start tsu-sTa 0.26 — — pus | Per SMBus 3.1, Fast Mode
Plus
0.16 — — Per SMBus 3.1, High-Speed
mode
Data Hold Time tHD:DAT 0 — — ns Per SMBus 3.1, Fast Mode
Plus
0 — 70 Per SMBus 3.1, High-Speed
mode
Data Setup Time tsu-DAT 50 — — ns [Per SMBus 3.1, Fast Mode
Plus
10 — — Per SMBus 3.1, High-Speed
mode
Clock Low Period tLow 0.5 — — pus | Per SMBus 3.1, Fast Mode
Plus
0.16 — — Per SMBus 3.1, High-Speed
mode
Clock High Period tHiGH 0.26 — 50 ps Fast Mode Plus
0.06 — 50 High-Speed mode
Clock/Data Fall Time traLL 12 — 120 ns |Fast Mode Plus
Clock/Data Rise Time trisE — — 120 ns |Fast Mode Plus
Clock Fall Time troL 10 — 40 ns [High-Speed mode
Clock Rise Time troL 10 — 40 ns |High-Speed mode
Data Fall Time toa 10 — 80 ns High-Speed mode
Data Rise Time toa 10 — 80 ns [High-Speed mode

DS20006539D-page 8 © 2021-2022 Microchip Technology Inc. and its subsidiaries



PAC195X

AC ELECTRICAL CHARACTERISTICS - I2C/SMBUS TIMING (CONTINUED)

Electrical Characteristics: Unless otherwise specified, maximum values are at Ty = -40°C to +125°C,
VDD =27V to 55V, VI/O =1.62V to 55V, VBUS =0Vto 32V,
Typical values are at Tp = +25°C, Vpp = 3.3V, V0 = 3.3V, Vgys = 32V, Vgense = (SENSE+ - SENSE-) = 0V

Parameters Sym. Min. Typ. Max. Units Conditions
Capacitive Load CLoaD — — 550 pF | Per bus line, Fast Mode Plus
— — 100 Per bus line, High-Speed mode
SLOW Pin Pulse Width [ SLOWpw 150 — — ps Pulses narrower than 150 uS
may not be detected

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise specified, all parameters apply for Tp = -40°C to +125°C,
VDD =27V to 55V, VBUS =0V to 32V, VSENSE+ - VSENSE- =0

Parameters | Sym. Min. | Typ. | Max. | Units | Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C
Storage Temperature Range Tste -55 — +150 °C
Thermal Package Resistance
Thermal Resistance, 16-Lead VQFN CETN — 39.9 — °C/W
0,c — 231 — °C/W
Thermal Resistance, 16-Ball WLCSP SITN — 51.16 — °C/IW
0,c — 4.85 — °C/W

© 2021-2022 Microchip Technology Inc. and its subsidiaries
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PAC195X

NOTES:
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PAC195X

2.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note:  Unless otherwise indicated, maximum values are at T = -40°C to +125°C, Vpp = 2.7V to 5.5V, Vgyg = 0V
to 32V. Typical values are at T = +25°C, Vpp = 3.3V, Vgyg = 3.3V, Vgense = (SENSE+ — SENSE-) = 0V.
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PAC195X

Note:  Unless otherwise indicated, maximum values are at Ty = -40°C to +125°C, Vpp = 2.7V to 5.5V, Vgyg = OV
to 32V. Typical values are at Ty = +25°C, Vpp = 3.3V, Vgyg = 3.3V, Vgense = (SENSE+ — SENSE-) = 0V.
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PAC195X

Note:

Unless otherwise indicated, maximum values are at Ty = -40°C to +125°C, Vpp = 2.7V to 5.5V, Vgyg = 0V
to 32V. Typical values are at T = +25°C, Vpp = 3.3V, Vgyg = 3.3V, Vgense = (SENSE+ — SENSE-) = 0V.
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Note:  Unless otherwise indicated, maximum values are at Ty = -40°C to +125°C, Vpp = 2.7V to 5.5V, Vgyg = OV
to 32V. Typical values are at Ty = +25°C, Vpp = 3.3V, Vgyg = 3.3V, Vgense = (SENSE+ — SENSE-) = 0V.
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Note:  Unless otherwise indicated, maximum values are at Ty = -40°C to +125°C, Vpp = 2.7V to 5.5V, Vgys = OV
to 32V. Typical values are at T = +25°C, Vpp = 3.3V, Vgyg = 3.3V, Vgense = (SENSE+ — SENSE-) = 0V.
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Note:  Unless otherwise indicated, maximum values are at Ty = -40°C to +125°C, Vpp = 2.7V to 5.5V, Vgyg = OV
to 32V. Typical values are at Ty = +25°C, Vpp = 3.3V, Vgyg = 3.3V, Vgense = (SENSE+ — SENSE-) = 0V.
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in the two tables
below.

TABLE 3-1: PAC195X-1 PIN FUNCTION TABLE

VQFN WLCSP Symbol Pin Type Description

1 C3 SLOW/ALERT1 Digital I/0 Pin Default: SLOW Input pin. When high, all channels
sample at 8 SPS. The pin may be programmed to
function as the ALERT1 pin or GPIO (open-drain)

A4 Vop Power for IC Positive power supply voltage
B4 GND Ground Pin Ground for the IC
4 C4 SCL SMBus Clock | Clock Input pin
Input

5 D4 SDA SMBus Data I/O | Open-drain requires a pull-up resistor to Host Vpp

6 C2 ADDRSEL Analog I/O Pin | Address selection for the SMBus client address

7 c1@ SENSE3-(1) Analog Input Pin | 0-FSR, connect to the load side of the sense resistor

8 D1 SENSE3+(") Analog Input Pin | 0-FSR, connect to the supply side of the sense
resistor

9 D2 SENSE4-(1) Analog Input Pin | 0-FSR, connect to the load side of the sense resistor

10 D3®@) SENSE4+(1) Analog Input Pin | 0-FSR, connect to the supply side of the sense
resistor

11 A3 SENSE1+ Analog Input Pin | 0-FSR, connect to the supply side of the sense
resistor

12 A2 SENSE1- Analog Input Pin | 0-FSR, connect to the load side of the sense resistor

13 A1) SENSE2+(1) Analog Input Pin | 0-FSR, connect to the supply side of the sense
resistor

14 B1(2 SENSE2-(1) Analog Input Pin | 0-FSR, connect to the load side of the sense resistor

15 B2 GPIO/ALERT2 Digital I/O Pin Default: GPIO, Input mode. May be programmed to
be the ALERT2 pin indicator (open-drain) or GPIO
(open-drain)

16 B3 PWRDN Digital Input Pin | Active-low puts the device in a Power-Down state (all
circuitry is powered down, including SMBus)

17 — EP N/C The Exposed Pad is not electrically connected

Note 1: VQFN Package: for PAC1951-1, pins 7, 8, 9, 10, 13 and 14 are not connected inside and must be
grounded. For PAC1952-1, pins 7, 8, 9 and 10 are not connected inside and must be grounded. For
PAC1953-1, pins 9 and 10 are not connected inside and must be grounded.

2: WLCSP Package: for PAC1951-1, pins A1, B1, C1, D1, D2 and D3 are inactive and must be grounded.
For PAC1952-1, pins C1,D1, D2, D3 are inactive and must be grounded. For PAC1953-1, pins D2 and D3

are inactive and must be grounded.

3: Analog Input pins: for any unused channels, connect the SENSE+ and SENSE- pins to ground. Voltage
may be applied to the analog input pins before or after Vo is applied to the device.
4: For the analog input pins, the safe operating voltage range is up to 32V.
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TABLE 3-2: PAC195X-2 PIN FUNCTION TABLE
VQFN WLCSP Symbol Pin Type Description

1 C3 SLOW/ALERT1 | Digital I/O Pin | Default: SLOW input pin. When high, all channels
sample at 8 SPS. The pin may be programmed to
function as the ALERT1 pin or GPIO (open-drain)

2 A4 Vop Power for IC Positive power supply voltage

B4 GND Ground Pin Ground for the IC
4 C4 SCL SMBus Clock | Clock Input pin requires a pull-up resistor Vpp voltage
Input for the digital controller

5 D4 SDA SMBus Data I/0O | Open-drain requires a pull-up resistor Vpp voltage for
the digital controller

6 C2 ADDRSEL Analog I/O Pin | Address selection for the SMBus client address

7 c1@ Vgusz " Analog Input Pin | 0-FSR, connect to the ground sense point for Vgg,

8 D1 VBU52+(1) Analog Input Pin | 0-FSR, connect to Vgygo+

9 D2 SENSE2-(1) Analog Input Pin | 0-FSR, connect to the low side of the sense resistor

10 D3®@) SENSE2+(") Analog Input Pin | 0-FSR, connect to the low side of the sense resistor

11 A3 SENSE1+ Analog Input Pin | 0-FSR, connect to the low side of the sense resistor

12 A2 SENSE1- Analog Input Pin | 0-FSR, connect to the low side of the sense resistor

13 A1 VBusi+ Analog Input Pin | 0-FSR, connect to Vgyg1+

14 B1 VBusi1- Analog Input Pin | 0-FSR, connect to the ground sense point for Vgg1

15 B2 GPIO/ALERT2 Digital I/O Pin Default: GPIO, Input mode. May be programmed to
be the ALERT?2 pin indicator (open-drain) or the GPIO
function (open-drain)

16 B3 PWRDN Digital Input Pin | Active-low puts the device in a Power-Down state (all
circuitry is powered down, including SMBus)

17 — EP N/C The Exposed Pad is not electrically connected

Note 1: VQFN Package: for PAC1951-2, pins 7, 8, 9 and 10 are not connected inside and must be grounded.

3.1

WLCSP: for PAC1952-2, pins C1, D1, D2 and D3 are inactive and must be grounded

Analog Input pins: for any unused channels, connect the SENSE+ and SENSE- pins to ground. Voltage
may be applied to the analog input pins before or after Vpp is applied to the device. For the PAC195X-2
devices, the SENSE+ and SENSE- pins have a Common-mode range from 0V to 32V.

For the analog input pins, the safe operating voltage range is up to 32V.

SENSE[N]+/- (N =1, 2, 3, 4)

These two pins form the differential input for measuring
voltage across a sense resistor in the application. The
positive input (SENSE[N]+) also acts as the input pin
for bus voltage.

3.2 Ground (GND)

System ground.

3.3  SMBus Data (SM_DATA)

This is the bidirectional SMBus data pin. This pin is
open-drain and requires a pull-up resistor to Vpp.

34  SMBus Clock (SM_CLK)

This is the SMBus clock input pin and requires an
external pull-up resistor, except if used in High-Speed
mode, which requires a CMOS driver from the host.

3.5 Positive Power Supply Voltage

(Vbp)

Power supply input pin for the device. 2.7V-5.5V range,
bypass with 100 nF ceramic capacitor to ground near
the IC.

3.6  Address Selection (ADDRSEL)

Connect a resistor from this pin to ground to select the
SMBus address.

DS20006539D-page 18
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3.7  Enable Pin (PWRDN)

Power-down input pin for the device, active-low.

3.8 SLOW/ALERT1

In default mode, if this pin is forced high, the sampling
rate is forced to 8 SPS. When it is forced low, the
sampling rate is 1024 SPS, unless a different sample
rate has been programmed. This pin may be
programmed to act as the ALERT1 pin. In ALERT
mode, the pin needs a pull-up resistor to Vpp. In GPIO
mode, the default is an input but it can be configured as
an output (open-drain).

3.9 GPIO/ALERT2

In default mode, this pin is a GPIO input pin. It can be
configured to be an output pin, as well as the ALERT2
function. This pin is an open-drain configuration and
needs a pull-up resistor to Vpp.

3.10 Exposed Thermal Pad Pin (EP)

The Exposed Pad is not electrically connected. It is
recommended that you connect it to ground.

© 2021-2022 Microchip Technology Inc. and its subsidiaries
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NOTES:
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PAC195X

4.0 GENERAL DESCRIPTION

The PAC195X is an up to four-channel, bidirectional,
high-side/low-side current-sensing device with preci-
sion voltage measurement capabilities, DSP for power
calculation and a power accumulator. PAC1951,
PAC1952 and PAC1953 are one, two and three-chan-
nel versions of the PAC1954. These devices measure
the voltage developed across an external sense resis-
tor (Vsense) to represent the current of a battery or
voltage regulator.

The PAC195X also measures the SENSE+ pin
voltages (Vgys). Both Vgys and Vgengg are converted
to digital results by a 16-bit ADC and the digital results
are multiplied to give Vpower- The Vpower results are
accumulated on-chip, which enables energy measure-
ment over the accumulation period.

The PAC195X has an I°C/SMBus interface for digital
control and reading results. A system diagram is shown
in the figure below.

Sense
Resistors

[ 1 oad  —
Vsource ov - 32v ANV Load
VSOURCE oV -32v ‘E——_
Vsource ov - 32v @
VSoURGE ov - 32v I'\/\/\/ l Load |—
+ R 4 % yo* 4
TR TR womoow o o 1.62V to 5.5V
%] Q o 2 o () (%] -
Z 5 Z 5 Z 5 Z 5 Digital Supply
b " H H G oG 0
2.7V to 5.5V
J B
PAC1954 SMCLK System
ADDRSEL Host
SMDATA
GND SLOW/ALERT1
= PWRDWN
GND
GPIO/ALERT2
FIGURE 4-1: PAC195X-1 Typical Application Diagram.
Sense
Resistor
VsourcE ov - >>40v Sonse Resistor Load
VsouRcE ov - 32v 1
* I ! & & & &
2 2 W T} 3 3 o w| 1.62Vto5.5v
> = % % > = % t/z) Digital Supply
w w w w
] %] %) ]
2.7V to 5.5V
.,
o System
ADDRSEL PAC1952-2 SMCLK imst
SMDATA
GND ALERT1
= PWRDWN
ALERT2
Note:  The application depicts a low-side configuration for Channel 2 and a high-side configuration for Channel 1.

FIGURE 4-2:

PAC195X-2 Low-Side Typical Application Diagram.
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41 Layout Considerations

It is important to optimize the layout of the Rggnsg to
ensure the most accurate measurements. When
Rsense Vvalues are very low, resistor connections and
solder joint variation can play a large role in the accu-
racy of the system. The figure below shows the recom-
mended PCB pattern for a sense resistor (highlighted
in red) with wide metal trace for the high-current path.
The drawing shows metal, solder paste openings and
the resistor outline. Vgoyrce connects to the +terminal
of the high-current path and the load connects to the
-terminal of the high-current path. SENSE+ and
SENSE- have a Kelvin connection to the current sense
resistor to ensure that no metal with high current is
included in the Vgense measurement path. SENSE+
and SENSE- must be routed as a differential pair to the
SENSE inputs at the chip. The input pins allow for a
typical Vgense trace resistance of 1 k<2, which allows
the routing flexibility far from the chip itself on the
board.

High Current Path

A

Sense Resistor

ISNIS
+3SN3IS

Kelvin Connections

FIGURE 4-3: PCB Pattern for Sense
Resistor.
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5.0 DEVICE OVERVIEW

A high-voltage multiplexer connects the input pins to
the Vgys and Vgense amplifiers. The amplifier outputs
are sampled simultaneously for each channel, con-
verted by 16-bit ADCs and processed for gain and off-
set error correction. After each conversion, Vgyg and
Vsense are multiplied together to give Vpower.

An internal oscillator and digital control signals control
the two ADCs and the MUX. The MUX sequentially
connects each channel’s amplifiers to the ADC inputs.

The PAC1951-1, PAC1952-1, PAC1953-1 and
PAC1954-1 devices share a pin for the Vgyg measure-
ment and the source-side voltage Vggnse+ across an
external current sense resistor, Rgense. This enables
four input channels with eight pins. For PAC1951-2
and PAC1952-2, the chip allows Vgys+ and Vgys. to
go to separate pins for two channels, unconnected
from the Vggnse+ and Vsense. pins. This enables the
low-side current measurement.

5.1 Initial Operation

After Power-on Reset and a start-up sequence, the
device is in the Active state and begins sampling the
inputs sequentially. Voltage and current are sampled
for all active channels and power is calculated and
accumulated. All active channels are sampled at
1024 SPS by default. Sample rates of 256, 64 or
8 SPS may be programmed over the I°C or SMBus. If
the SLOW pin is asserted, the sample rate is 8 SPS.
For sampling rates lower than 1024 SPS, the device is
in Sleep mode for a portion of the conversion cycle,
which results in lower power dissipation. If fewer than
four channels are active, power is also reduced.

To read accumulator data and reset the accumulators,
the REFRESH command is used. To read the voltage,
current, power and accumulator data without resetting
the accumulators, the REFRESH_V command is
used. Changes to the Control register (01h) are acti-
vated by sending any REFRESH command. When a
new value is written to the Control register (01h), the
new values take effect after the current round robin
cycle (actively sampling) or before the next round
robin sampling cycle following any REFRESH
command.

5.2 REFRESH Command

The host sends the REFRESH command after
changing the Control register and/or before reading
accumulator data from the device. The host controls
the accumulation period in this manner.

The readable registers for the Vs, Vsense, Power,
accumulator outputs and accumulator count are
updated by the REFRESH command and the values
are static until the next REFRESH command.

These readable registers will be stable within 1 ms
from sending the REFRESH command and may be
read by the host at any time up until the next
REFRESH command is sent.

Note: In Burst/Fast modes with one or more
channels disabled, the 1 ms REFRESH
delay will be 200 s per channel, with an
additional 200 ps delay in Fast mode for
the calibration channel. The internal
accumulator values and accumulator
count are reset by the REFRESH
command, but the sampling of the inputs,
data conversion and power integration are
not interrupted and continue as
determined by the settings in the Control
register.

Changes written to the Control and Configuration
registers take effect within 1 ms after a REFRESH
command is sent. Any new commands written within
this 1 ms window will be ignored and NACKed to indi-
cate that they are ignored.

The values for Vgg and Vgense measurement results
and Power calculation results respond to the
REFRESH command in the same fashion as the
accumulators and accumulator count. The readable
registers will be stable within 1 ms from sending the
REFRESH command and may be read by the host at
any time. The internal values continue to be updated
according to the sampling plan determined by the
settings in the Control register. The results that are
sent to the readable registers for Vgys, Vsense and
Power are the values from the most recent complete
conversion cycle. See Register 7-1.

5.3 REFRESH_G Command

The REFRESH_G command is identical in every
respect to the REFRESH command, but it is used with
the 1°C General Call address (0000 000). This allows
the system to issue a REFRESH command to all of the
PAC195X devices in the system with a single com-
mand. After the REFRESH_G command, the data may
be read device by device to capture a snapshot of the
system power and energy for all devices (see
Register 7-12). Note that the REFRESH_G command
can also be used with a valid client address, but in this
case, only the device with this client address will
receive the command. In other words, it has the same
properties as the REFRESH command with the possi-
bility of being compatible with the 1°C General Call
address.
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54 REFRESH_V Command

If the user wants to read Vggnse and Vgys results, the
most recent Power calculation and/or the accumulator
values and count without resetting the accumulators,
the REFRESH_V command may be sent. Sending the
REFRESH_V command and waiting 1 ms ensure that
the Vgense: Veus, Power, accumulator and accumula-
tor count values will be stable when read by the host.

Note: In Burst/Fast modes with one more
channels disabled, the 1 ms REFRESH
delay will be 200 us per channel, with an
additional 200 s delay in Fast mode for
the calibration channel. The internal
accumulator values and accumulator
count are reset by the REFRESH
command, but the sampling of the inputs,
data conversion and power integration are
not interrupted and continue as
determined by the settings in the Control
register.

The sampling of the inputs, data conversion and
power integration are not interrupted and will continue
as determined by the settings in the Control register.
The data in these readable registers will remain stable
until the next REFRESH or REFRESH_V/G command.
The internal accumulator values and accumulator
count are unaffected by the REFRESH_V command.

Note that the REFRESH_V command may also be
used to activate changes to the Control register, just
like the REFRESH command, except with the
REFRESH_V command, changes to the Control regis-
ter will be enacted without resetting the accumulators
or accumulator count (see Register 7-13).

5.5 Sleep State

The Sleep state is a lower power state than the Active
state. While in this state, the device will draw a supply
current of Ig ggp from the Vpp pin. The device
automatically goes to this state between conversion
cycles when sampling rates lower than 1,024 SPS are
selected or if fewer than four channels are active. All
digital states and data are retained in Sleep state. The
device can be put in Sleep state by writing to
Register 7-2, followed by a REFRESH or
REFRESH_V command, and sampling will resume
when a sampling mode is selected in this register,
followed by a REFRESH of REFRESH_V command.
The device does not go into Sleep state based on any
other condition such as static conditions on the SMBus
pins. If the SMBus time-out is enabled, it is supported
in Sleep mode or Active mode.

5.6 Power-Down State

The Power-Down state is entered only by pulling the
PWRDN pin low. In this state, all circuits on the chip
including the SMBus pins are inactive and the device
is in a state of minimum power dissipation.

In the Power-Down state, no data are retained in the
chip (neither register_configuration nor measurement
data). When the PWRDN pin is pulled high,
integration, measurement and accumulation will
resume using the default register settings. The first
measurement data may be requested by a REFRESH
or REFRESH_V command 50 mSec after the PWRDN
pin is pulled high.

There is a bit called POR in Register 7-10 that is set to
‘1’ on POR. This bit may be used to detect that a POR
has occurred as follows:

1. After the initial POR, clear this bit.
2. Poll the register to see if the bit is still cleared.

3. Ifthe bitis set when polled, a POR has occurred
and the device needs to be reprogrammed
(unless operating it with the default
programming for all registers).

5.7  Slow Sampling State and ALERT1

If the SLOW/ALERT1 pin is pulled high, the device will
sample at 8 SPS. No matter the programmed sample
rate, this new SLOW sample rate takes effect on the
next conversion cycle (if a round robin conversion
cycle is in process when the SLOW pin goes high, that
conversion cycle will complete before the SLOW
sample rate takes effect).

The SLOW pin can function as the ALERT1 pin
instead of the conversion rate control described
above. See Section 5.16, "ALERT Functionality” for
a complete discussion on the ALERT functionality,
including the ALERT?2 pin. If this ALERT1 functionality
for the SLOW pin is enabled, the pin can no longer be
used to control the conversion rate. If a pull-up resistor
is attached to the SLOW/ALERT1 pin for ALERT1
functionality, the device will power-up in Slow mode
because of being pulled up at power-up. Once the
ALERT1 functionality is assigned to the pin (see
Register 7-2), conversion will proceed at the default or
programmed rate.

The SLOW pin functionality and the ALERT1
functionality cannot be used at the same time on this
pin.

If the SLOW pin is configured to serve as an ALERT
pin, the slower sampling rate of 8 SPS is available by
programming Register 7-2.

If the device is programmed for Single-Shot mode and
the SLOW pin is asserted, the first sampling will begin
approximately 1ms after the SLOW pin is asserted to
allow for the analog circuitry to power up. If the device
is in the Sleep state, asserting the SLOW pin will not
cause sampling to start.
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Whenever the SLOW pin changes the state, a limited
REFRESH or REFRESH_V command may be exe-
cuted by the chip hardware (default is REFRESH).
Like any other REFRESH command, this resets the
accumulators and accumulator count for a REFRESH
command and updates the readable registers for
either REFRESH or REFRESH_V. These are limited
REFRESH commands because no programmed
changes to the Control or Status registers take effect
(Control and Status registers are registers 01h, 1Ch,
1Dh and 20h-26h). The readable registers are stable
with the new values within 1 ms of the SLOW pin
transition.

The Slow register allows a selection of REFRESH or
REFRESH_V commands on the SLOW pin transitions,
allows this function to be disabled for either edge and
also tracks both the state of the SLOW pin and the
transitions on the SLOW pin (see Register 7-14).

5.8 Voltage Measurement

The Vpyg voltage for each channel is measured by the
SENSE+ pin for each channel. A high-voltage
multiplexer is connected to each SENSE+ pin and the
multiplexer sequentially connects each SENSE+ pin to
an ADC input for conversion. The result is stored in a
16-bit Vgyg results register and the 14 MSBs are
multiplied by the Vgense number for the Vpower
results value. The VpoweRr results are accumulated in
the accumulator.

For the PAC195X, the default FSR is 32V. The device
may be programmed for bipolar Vgyg measurements.
In this Bipolar mode, the mathematical range for Vg5
numbers is +32V, the actual range is limited to about
-200 mV due to the impact of the ESD structures. This
bipolar capability for Vgyg enables accurate offset
measurement and correction. For bipolar operation,
the 16-bit Vgyg result is a two’s complement (signed)
number.

The measured voltage at SENSE+ can be calculated
using the following equation. The FSR value stays the
same but the maximum range is divided in half.

EQUATION 5-1: BUS VOLTAGE
V
_ BUS
Vsource = 32V XDenominator
Where:
Vsource = The measured voltage on the
SENSE+ pin
Vgys = The value read from the Vg
results registers
Denominator = 216 for unipolar measurements

216 for FSR/2 measurements

215 for bipolar measurements

5.9 Current Measurement

The PAC195X device family includes high-side current
sensing circuits. These circuits measure the voltage
(Vsense) induced across a fixed external current sense
resistor (Rgense) and store the voltage as a 16-bit
number in the Vggnsg results registers.

The PAC195X current sensing operates with a FSR of
100 mV in Unidirectional mode (default).

When sensing unidirectional currents (the default
mode), the ADC results are presented in unsigned
binary format. For bidirectional current sensing, the
ADC results are in two’s complement (signed) format.
For bipolar current measurements, the range is
+100 mV, but use FSR = 100 mV in the equations that
follow. For best accuracy on current values near zero,
it is recommended to use the bidirectional current
mode and 8X average current results.

5.10 Selecting Rggnsg Values

Rsense can easily be calculated if the maximum
current sensed is known, as shown in the following
equation. Consider the need to select a value for ly54
that includes current peaks well beyond your nominal
current.

EQUATION 5-2: CALCULATING RggnsE
Repnse = IFﬂ
Max
Where:
FSR = Full-scale Vggnsg voltage input
Rsense = External Rgensg resistor value
Iyax = Maximum current to measure

Full-Scale Current (FSC) can be calculated with the fol-
lowing equation.

EQUATION 5-3: FULL-SCALE CURRENT
FSC = R]OO mV
SENSE
Where:
FSC = Full-Scale Current
Rsense = External sense resistor value

The actual current through Rggnge can then be
calculated using the following equation.
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EQUATION 5-4: SENSE CURRENT 511 FSR/2 RANGES
It — FSC x VSENSE The PAC195X has a new mode called FSR/2. In this
SENSE Denominator mode, the FSR may be reduced by a factor of two for
Vsense and/or Vgys. This mode is programmable on a
Where: channel by channel basis, for Vggnsg and/or Vgyg for
Isense = Actual bus current each channel. Because of the way the ADC’s 17-bit
_ bipolar results are manipulated, in Bipolar/Bidirectional
FSC = Full-Scale Current value (from ; AN N :
Equation 5-3) modes, the 16-bit resolution is maintained in FSR/2
and the graphs provided are valid for this mode.
% = Th | dfi th
SENSE v © value read from the The modes can be enabled for Vggnse and/or Vgyg by
SENSE results registers i N :
. 16 ] setting bits in Register 7-19.
Denominator = 2'° for unipolar measurements
= 2'® for FSR/2 measurements
= 25 for bipolar measurements

TABLE 5-1:  FSR/2 RANGES - Vgys

Vgys Range PAC195X, FSR = 32V, FSR/2 = 16V Denominator for Equation 5-1
Unipolar 0-FSR 0.48 mV/LSB 216

Bipolar +/-FSR 0.976 mV/LSB 215
Bipolar +/- FSR/2 0.48 mV/LSB 216

TABLE 5-2:  FSR/2 RANGES - Vgpyse

Vsense Range PAC13§§;2FSF;O=;30 mv, Denominator for Equation 5-4
Unipolar 0-FSR 1.5 uV/LSB 216
Bipolar +/-FSR 3.05 pV/LSB 215

Bipolar +/- FSR/2 1.5 uV/LSB 216
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5.12 ADC Measurements, Offset and 8X
Averaging

The PAC195X devices are primarily designed for
energy measurements where many power readings
are accumulated. This is inherently an averaging
process. Individual voltage and current measurements
can also benefit from averaging to reduce noise and
offset. Averaged values are internally calculated for
Vgus and Vgense, With a rolling average of the most
recent eight values present in Register 7-7 and
Register 7-8. The average is updated internally after
every conversion cycle. The readable registers are
updated with REFRESH, REFRESH_V or
REFRESH_G commands like all the other readable
results registers. These averaged results may be used
for the most accurate, lowest noise and lowest offset
measurements.

The ADC channels use a special offset canceling
technique. If users observe the unaveraged results for
near-zero values of Vgys and Vggnse, they may
observe a cyclical pattern of offset variation. The user
may think this is noise, but in fact it is due to internal
circuitry switching through different permutations of
offset cancellation circuitry. This small variation in
unaveraged offset is canceled in the 8X averaged
result and minimized in single-sample results via the
offset calibration channel. It is also canceled in the
Power A