MICROCHIP

PAC1932/3/4

Multi-Channel DC Power/Energy Monitor with Accumulator

Features

+ High-Side Current Monitor with 2, 3 or 4 Channels

- 100 mV full scale range for current sense
voltage,16 bit resolution

- Selectable bidirectional current sense
capability, -100 mV to +100 mV range, 16 bit
two’s complement (signed) data format

- External sense resistor sets full scale current
range
- Very low input current simplifies routing
» Wide Bus Voltage Range for Voltage Monitor
- 0V to 32V input common-mode voltage

- 16 bit resolution for voltage measurements,
14 bits are used for power calculations

» Real Time Auto-Calibration of Offset and Gain
Errors for Voltage and Current, No User
Adjustment Required

* 1% Power Measurement Accuracy over a Wide
Dynamic Range

* On-Chip Accumulation of 28-bit Power Results for
Energy Measurement

- 48-bit power accumulator register for
recording accumulated power data

- 24 bit Accumulator Count

- User programmable sampling rates of 8, 64,
256 and 1024 samples per second

- 17 minutes of power data accumulation
minimum at 1024 S/s

- Over 36 hours of power data accumulation
minimum at 8 S/s

* 2.7V to 5.5V Supply Operation

- Separate Vpp I/O pin for digital I/O

- 1.62-5.5V capable SMBus and digital 1/0

- SMBus 3.0 and I2C Fast Mode Plus (1Mb/S)
* SMBus Address — 16 Options, set with Resistor
* No Input Filters Required
* ALERT Features that can be Enabled:

- ALERT on accumulator overflow

- ALERT on Conversion Complete
* 4x4x0.5 mm UQFN Package
* 2.225x2.17 mm WLCSP Package

- WLCSP available for PAC1934 only

- Contact Marketing for other options

Applications

* Embedded Computing

* Networking

* FPGA Systems

* Automotive

* Low voltage/High Power — Al, GPU
* Industrial

* Linux Applications

» Notebook and Tablet Computing

* Cloud, Linux and Server Computing

Computing Platform Support

«+ Windows® 10 Driver
¢ Linux Driver
» Python Script

Description

The PAC1932/3/4 are two, three and four-channel
power and energy monitoring devices. A high-voltage
multiplexer sequentially connects the inputs to a bus
voltage monitor and current sense amplifier that feed
high-resolution ADCs. Digital circuitry performs power
calculations and energy accumulation.

This enables energy monitoring with integration
periods from 1 ms up to 36 hours or longer. Bus
voltage, sense resistor voltage and accumulated
proportional power are stored in registers for retrieval
by the system master or Embedded Controller.

The sampling rate and energy integration period can be
controlled over SMBus or 12C. Active channel selection,
one-shot measurements and other controls are also
configurable by SMBus or I2C.

The PAC1932/3/4 device family uses real time
calibration to minimize offset and gain errors. No input
filters are required for this device.

© 2017-2018 Microchip Technology Inc.

DS20005850C-page 1



PAC1932/3/4

Package Types

PAC1932/3/4 — Top View
4x4x 0.5 mm UQFN*

PAC1934 — Top View
2.225x2.17 mm WLCSP

For PAC1933, channel 4 is inactive.
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PAC1932/3/4

1.0 ELECTRICAL CHARACTERISTICS
1.1 Electrical Specifications

Absolute Maximum Ratings(")

Y45 T LSOO RSP RTUURRN -0.3 to 6.0V
Voltage on SENSE- and SENSE+ PINS .....uiiiiiiiiiiiieiitie ettt ettt sttt e e nre e nnees -0.3 to 40V
Voltage on any other Pin t0 GND .........oooiiiiiiie et e e e e ere e e eneas GND -0.3 to +6.0V
Voltage between Sense pins (|[(SENSE+ — SENSE-)|)...ccoioiiiiiiiiiiiee e 500 mV
Input current 10 any PiN @XCEPT VDD «oeuvrriiiiie ittt s e e +100 mA
OUtPUL SHOM-CIrCUIT CUITENT. ...ttt ettt e Continuous
JUNCHON 10 AMDIENT (B 1_A) -+ et e e e e +78°C/W
Operating Ambient Temperature RANGE ..........oouiiiiiiiiiii et -40 to +150°C
Storage TEMPErature RANGE ........ooiiuiieiiiee et e et e et e e ea e e ettt e enaneeeanseeeesneesnneeeanneeean -55 to +150°C
ESD Rating — all PINS — HBIM......coiiiiiii ettt et eb et e sae et e s bt e e ne e e ssneeeareennee 4000V
ESD Rating — @ll PINS — CDIM .....ciiiiiiiiiie ettt ettt e et e et e e sn e e e et e e s ae e e e ameeeeeseeeesaneeeanseeeanneeeennneeeaneeeane 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)

sw_pATA Z§SMCLK Ao AERT Z; ApDRSEL Z; Voo 10 Z; Veo ZSGW ZX
X Z§® Z§® Z§® Z§® Z§® Z§® Z§® Swer

SENSE1+ SENSE2+ SENSE3+ SENSE4+

SENSE1- SENSE2- SENSES3- SENSE4-
(~40v breakdown)

This diagram represents the ESD protection circuitry
on the PAC1934. The SENSE pins are allowed to be at
32V if Vpp is at zero. The back-to-back diodes between
the Sense+ and Sense- pins have 1 kQ resistors in
series with them.

For PAC1932 and PAC1933, some of the SENSE pins
are not electrically connected inside. These uncon-
nected pins should be grounded.
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PAC1932/3/4

TABLE 1-1:

DC CHARACTERISTICS

Electrical Characteristics: Unless otherwise specified, maximum values are at Ty = -40°C to +85°C,
VDD =2.7Vto 5.5V, VDD /0= 1.62V to 5.5V, VBUS =0V to 32V; typlcal values are at TA =+25°C
VDD = VDD /o= 33V, VBUS = 32V, VSENSE = (SENSE+ - SENSE-) =0V

Full Scale Range

Characteristic Symbol | Min. | Typ. ‘ Max. ‘ Unit | Conditions

Power Supply

VDD Range VDD 2.7 —_ 55 V

VDD 110 Range VDD 110 1.62 — 55 \%

Vpp Pin Active Ibp — 585 675 pMA | 1024 Samples/s

Current All IDD specifications are the same
for PAC1932/3/4

Vpp Pin Active Ibp sLow — 16 — MA |4 channels enabled, 8 Samples/s

Current

Minimum Vpp Rise VDD RISE MIN — 0.05 — V/ms |0 to 5V in 100 ms

Rate o

Maximum Vpp Rise Vbp_RISE — 1000 — V/ims [0to5Vin5 s

Rate

Vpp Sleep Current Ibb sLEEP — 5 — MA | Sleep State

Vpp Power-Down Ibb PWRDN — 0.1 — MA | Power-Down State

Current B

VDD 110 Current IDD 110 — — 2 HA All States

Analog Input Characteristics

Vpgys Voltage Range VBus -0.2v — 32 V | Common mode range for SENSE+
and SENSE- pins, referenced to
ground (negative range not tested
in production)

VSENSE Differential VSENSE_D|F -100 —_ 100 mV

Input Voltage Range

SENSE+, SENSE-Pin ISENSE +, ISENSE- -7 0 7 HA VSENSE+ = VSENSE_ =32V

Input Current (Input current is the combined
current for the two pins)

SENSE+, SENSE-Pin ISENSE +, ISENSE- -1 0 1 HA VSENSE+ = 6V, VSENSE_ =5.9v

Input current

Vsense Measurement Accuracy

VSENSE Gain VSENSE_ — +0.2 +0.9 % At +25°C

Accuracy GAIN ERR 1 % |typical, -40 to +85°C

VSENSE Offset VBUS_ — +0.02 +0.1 mV At +25C°

Accuracy, referenced OFFSET ERR 0.2 mV | typical, -40 to +85°C

to input B

Vsense — Unidirectional Currents

VseNsSE VSENSE_RES — — 16 Bits | Straight Binary for unidirectional

ADC Resolution currents

VseNsE VSENSE_FSR 0 — 100 mV | Unidirectional currents

Full Scale Range

Vsense LSB Step VSENSE LSB — 1.5 — pV | Unidirectional currents

Size B

Vsense — Bidirectional Currents

VsENSE VSENSE RES — — 16 bits | 16-bit two’s complement (signed)

ADC Resolution

VSENSE VSENSE_FSR -100 — 100 mV Bidirectional currents

DS20005850C-page 4
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PAC1932/3/4

TABLE 1-1:

DC CHARACTERISTICS (CONTINUED)

Electrical Characteristics: Unless otherwise specified, maximum values are at Ty = -40°C to +85°C,
Vpp = 2.7V to 5.5V, Vpp 0= 1.62V to 5.5V, Vgyg = 0V to 32V; typical values are at Ty = +25°C
VDD = VDD /o= 33V, VBUS = 32V, VSENSE = (SENSE+ - SENSE-) =0V

Characteristic Symbol Min. Typ. Max. Unit Conditions

Vsense LSB Step VSENSE_LSB — 3 — MV | Bidirectional currents

Size

Vguys Measurement Accuracy

VBUS Gain Accuracy VBUS_GAIN_ERR — +0.02 +0.5 % At +25°C

0.2 % |typical, -40 to +85°C

Vpys Offset Accuracy, VBus_ — * — LSB |At+25°C

referenced to input OFFSET ERR * LSB |typical, -40 to +85°C

Vgus — Unipolar Voltages

Vgus VBUS_RES — — 16 bits | Straight Binary for unidirectional

ADC Resolution currents

Vgus Unipolar Vgyus FSR 0 — 32 V | Unipolar voltage

Full-Scale Range

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

Vgus — Bipolar Voltages

Vgus ADC Resolution VBUS_RES — — 16 bits | 16-bit two's complement (signed)
numbers are reported for Vgg
measurement result

Vpgys Bipolar Vgus FSR -32 — 32 V | Mathematical scaling.

Full-Scale Range Physics limits the negative input
voltage to -0.2V

Vgus LSB Step Size Vgys LSB — 976 — pV | Bipolar voltages

© 2017-2018 Microchip Technology Inc.
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PAC1932/3/4

TABLE 1-1: DC CHARACTERISTICS (CONTINUED)

Electrical Characteristics: Unless otherwise specified, maximum values are at Ty = -40°C to +85°C,
Vpp = 2.7V to 5.5V, Vpp 0= 1.62V to 5.5V, Vgyg = 0V to 32V; typical values are at Ty = +25°C
VDD = VDD /o= 33V, VBUS = 32V, VSENSE = (SENSE+ - SENSE-) =0V

Characteristic Symbol Min. | Typ. ‘ Max. ‘ Unit | Conditions
Power Accumulator Accuracy
Accumulator Error ACC_Err — 0.2 — % | Vsense = 97 mV
Accumulator Error ACC Err — 0.2 — % | Vsense = 10 mV
Accumulator Error ACC Err — 1 — % |Vgense = 1mV
Accumulator Error ACC_Err — 3 — % | Vsense = 100 pVv
Accumulator Error ACC Err — 5 — % | Vsense = 50 pv
Active Mode Timing
Pull-Up Voltage VpuLLuP 1.62 — 5.5 V | Pull-up voltage for I?°C/SMBus pins
Range and digital I/O pins. Set by Vpp I/O.
Time to First UNT T — 14.25 — ms
Communications -
Transition From Sleep | ts gep To AcTive — 3 — ms
State to Start of o
Conversion Cycle
Digital I/0O Pins (SM_CLK, SM_DATA, SLOW/ALERT, PWRDN)
Input High Voltage ViH Vpp /0 — — \
x 0.7
Input Low Voltage VL — — |VppllO| V
x 0.3
Output Low Voltage VoL — — 0.4 V | Sinking 8 mA for the ALERT pin
and 20 mA for the SMCLK pin
Leakage Current ILEAK -1 — +1 MA

DS20005850C-page 6
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PAC1932/3/4

TABLE 1-2:

SMBUS MODULE SPECIFICATIONS

Electrical Characteristics: Unless otherwise specified, maximum values are at Ty = -40°C to +85°C,
Vpp = 2.7V to 5.5V, Vg = 0V to 32V; Typical values are at T = +25°C, Vpp = 3.3V, Vgyg = 32V,
Vsense = (SENSE+ - SENSE-) = 0V, Vpp I/0 = 1.62V to 5.5V

Characteristic ‘ Sym. ‘ Min. | Typ. ‘ Max. ‘ Units ‘ Conditions

SMBus Interface

Input Capacitance ‘ CiN ‘ — | 4 ‘ 10 ‘ pF ‘ Not tested in production

SMBus Timing

Clock Frequency fsme .010 — 1 MHz | No minimum if Time-Out is not
enabled.

Spike Suppression tsp 0 — 50 ns

Bus Free Time Stop to tsur 0.5 — — pgs | Per SMBus 3.0

Start

Hold Time after tup:sTA 0.26 — — us Per SMBus 3.0

Repeated Start

Condition

Repeated Start tsu-sTa 0.26 — — s | Per SMBus 3.0

Condition Setup Time

Setup Time: Stop tsu:sTo 0.26 — — s | Per SMBus 3.0

Setup Time: Start tsu:sTA 0.26 — — Ms

Data Hold Time tHD:DAT 0 — — us

Data Setup Time tsu:paT 50 — — ns | Per SMBus 3.0 (Note)

Clock Low Period tLow 0.5 — — pgs | Per SMBus 3.0

Clock High Period thicH 0.26 — 50 us

Clock/Data Fall Time tFALL — — 120 ns Not tested in production

Clock/Data Rise Time tRISE — — 120 ns | Not tested in production

Capacitive Load CLoaD — — 550 pF | Perbus line,
C|oap not tested in production

SLOW Pin Pulse Width | SLOWpw — 100 — us Pulses narrower than 100 uS
may not be detected

Note: A device must internally provide a hold time of at least 300 ns for the SM_DATA signal (with respect to the
ViH(min) of the SM_CLK signal) to bridge the undefined region of the falling edge of SM_CLK.
********** T T 7771 Tho:
Low Hﬂ ‘F N LJD.STA Tsusto 4 .
SMCLK 4 ’«T—FALL
FTHD:STATHD:WLH LF Tsuoa “F* Tsu:sta
T S e e L
SMDATA
Teur
et
P 1S S - Start Condition 'S P - Stop Condition | P |
FIGURE 1-1: SMBus Timing.
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NOTES:
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PAC1932/3/4

2.0

TYPICAL OPERATING 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 Ty = -40°C to +85°C, Vpp = 2.7V to 5.5V, Vgyg = 0V to 32V;
typical values are at Ty = +25°C, Vpp = 3.3V, Vgyg = 3.3V, Vgense = (SENSE+ - SENSE-) =0V, Vpp /10 =1.62 10 5.5V.
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PAC1932/3/4

Note: Unless otherwise indicated, maximum values are at Ty = -40°C to +85°C, Vpp = 2.7V to 5.5V, Vgyg = 0V to 32V;
typical values are at T = +25°C, Vpp = 3.3V, Vgys = 3.3V, Vgense = (SENSE+ - SENSE-) =0V, Vpp /0 =1.62t0 5.5V.
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PAC1932/3/4

Note: Unless otherwise indicated, maximum values are at Ty = -40°C to +85°C, Vpp = 2.7V to 5.5V, Vgyg = 0V to 32V;
typical values are at T = +25°C, Vpp = 3.3V, Vgys = 3.3V, Vgense = (SENSE+ - SENSE-) =0V, Vpp /0 =1.62 10 5.5V.
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FIGURE 2-13: Vpuys Error vs. Vgyg Input
Voltage vs. Temperature.
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FIGURE 2-14: Zero Input Histogram for
Vgus (LSBs, 8X Average Results, Total
Population 5,000 devices).

1400

Mean: -0.322 LSB
| StDev: 1.480 LSB
1200 Vbus: 3.3vDC

1000|

Num Hits

%0 5 0 5 10

FIGURE 2-15: Zero Input Histogram for
Vsense (LSBs, 8X Average Results, Total
Population 5,000 Devices).

DC Offset (LSB's 15b+sign)

°
[N}

©
N

o
o)

o
©

|

|

L
-40 0 25 55 85 125
Temperature (°C)

FIGURE 2-17:

Input Offset for Vgense

Measurements vs. Temperature.

SMBUS Drive Current (IOL) mA

| |
L [ _
| | |
| |
- -
| | | | T
| | | | |
30 i i | | I I
| | i T | |
e = B
| | | |
| | | |

1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
SMBUS Output Voltage (VOL)

FIGURE 2-18:

I2C/SMBus Drive Current

VS. VOL'

© 2017-2018 Microchip Technology Inc.

DS20005850C-page 11



PAC1932/3/4

Note: Unless otherwise indicated, maximum values are at Ty = -40°C to +85°C, Vpp = 2.7V to 5.5V, Vgyg = 0V to 32V;
typical values are at T = +25°C, Vpp = 3.3V, Vgys = 3.3V, Vgense = (SENSE+ - SENSE-) =0V, Vpp /0 =1.62t0 5.5V.
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PAC1932/3/4

Note: Unless otherwise indicated, maximum values are at Ty =-40°C to +85°C, Vpp = 2.7V to 5.5V, Vgyg = 0V to 32V,
typical values are at T = +25°C, Vpp = 3.3V, Vgys = 3.3V, Vgense = (SENSE+ - SENSE-) =0V, Vpp /0 =1.62 10 5.5V.
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25 55 85 125
Temperature (°C)

FIGURE 2-25:

Vsense Input Current —

Active Mode, 1024 Samples/Second.
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FIGURE 2-26:

Vgys Input Leakage Current

vs. Vpp and Temperature.
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FIGURE 2-28:

Vsense Input Leakage

Current vs. Vpp and Temperature.
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FIGURE 2-29: Clock Frequency Error

-40°C to +85°C. Total Population 200 Devices.

FIGURE 2-27:

Vgus Input Current — Active

Mode, 1024 Samples/Second.
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FIGURE 2-30: Clock Frequency Error at

30°C. Total Population 11,189 Devices.
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Figure 2-31 shows the equivalent circuitry for the input
channels of the PAC193X devices. ESD protection
diodes include two 40V breakdown diodes. Input
leakage current is very low (no DC bias current). The
switched capacitor sampling circuits shown as a switch
with equivalent series resistance and sampling
capacitor. The switches work at 1024 samples per
second (SPS) maximum, independent of sampling rate
(at 8 SPS, the device is sleeping in between samples).
Input impedance for each input is about 32 MQ.

6 kQ

VSENSE-
§ 1kQ

A

1kQ

t
T

6 kQ
—— 30 pF

— 30 pF

v A A v

VSENSE+ D ’\/\/\’

—L 12pF

Vss/GND D

FIGURE 2-31: Equivalent Input Circuits for PAC193X Devices.
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3.0

PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN DESCRIPTIONS
QFN WLCSP16 Symbol Pin Type Description

1 C3 SLOW/ALERT | Digital I/O pin Voltage range is set by Vpp I/O pin. Default function is
SLOW, may be programmed to function as ALERT pin
(Open Collector when functioning as ALERT, requires pull-up
resistor to Vpp I/0).

2 A4 Vbp Power for IC Positive power supply voltage.

3 B4 GND Ground pin Ground for the IC.

4 C4 SM_CLK SMBus clock input Clock Input pin.

5 D4 SM_DATA SMBus data I/O Open drain requires pull-up resistor to Vpp /0.

6 Cc2 ADDRSEL Analog I/O pin Address selection for the SMBus Slave address.

7 C1 senses-(" 32V analog pin 0-32V range, connect to load side of sense resistor.

8 D1 seNse3+(" 32V analog pin 0-32V range, connect to supply side of sense resistor.

9 D2 SeNse4-() 32V analog pin 0-32V range, connect to load side of sense resistor.

10 D3 SENSE4+(1) 32V analog pin 0-32V range, connect to supply side of sense resistor.

11 A3 SENSE1+ 32V analog pin 0-32V range, connect to supply side of sense resistor.

12 A2 SENSE1- 32V analog pin 0-32V range, connect to load side of sense resistor.

13 A1 SENSE2+ 32V analog pin 0-32V range, connect to supply side of sense resistor.

14 B1 SENSE2- 32V analog pin 0-32V range, connect to load side of sense resistor.

15 B2 Vpp /0 Sets V| Digital power reference level for digital 1/0.

reference for digital
110

16 B3 PWRDN Digital input pin Voltage range is set by Vpp I/0 pin. Active low puts the
device in power-down state (all circuitry is powered down
including SMBus).

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

Note 1: For PAC1932, pins 7,8,9,10 are not connected inside and should be grounded.

For PAC1933, pins 9 and 10 are not connected inside and should be grounded.

3.1 SenseN+/SenseN- (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 (SenseN+) also acts as the input pin for
bus voltage.

3.2 Ground (GND)

System ground.

3.3 SMBus Data (SM_DATA)

This is the bi-directional SMBus data pin. This pin is
open drain, and requires a pull-up resistor to Vpp I/O.

34  SMBus Clock (SM_CLK)
This is the SMBus clock input pin.

3.5 Positive Power Supply Voltage
(Vop)

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

3.6 Digital Power Reference Voltage
(Vbb 110)

Connect this pin to the power supply voltage for the
digital controller driving the SMBus pins and digital
input pins for the device, 1.62V-5.5V. Bypass with
100 nF ceramic capacitor to ground near the IC. This
pin does not supply power, instead it acts as the V|y
reference.

3.7 Address Selection (ADDR_SEL)

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

© 2017-2018 Microchip Technology Inc.
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3.8 Enable Pin (PWRDN)

Power down input pin for the device, active low.

3.9 SLOW/ALERT

In default mode, if this pin is forced high, sampling rate
is forced to eight samples/second. When it is forced
low, the sampling rate is 1024 samples/second unless
a different sample rate has been programmed.This pin
may be programmed to act as the ALERT pin, in
ALERT mode the pin needs a pull-up resistor to Vpp
I/0.

3.10 Exposed Thermal Pad Pin (EP)

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

DS20005850C-page 16
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4.0 GENERAL DESCRIPTION

The PAC1934 is a four-channel, bidirectional, high-side
current-sensing device with precision voltage
measurement capabilities, DSP for power calculation
and a power accumulator. PAC1932 and PAC1933 are
two and three channel versions of the PAC1934. These
devices measure the voltage developed across an
external sense resistor (Vgensg) to represent the
high-side current of a battery or voltage regulator. The
PAC1932/3/4 also measures the SENSE+ pin voltages
(Vgus)- Both Vgys and Vgense are converted to digital

results by a 16-bit ADC, and the digital results are
mU|tIp|Ied to give VPOWER' The VPOWER results are
accumulated on-chip, which enables energy
measurement over the accumulation period.

The PAC1932/3/4 has an I°C/SMBus interface for
digital control and reading results. It also has digital
supply reference Vpp I/O that is to be connected to the
same supply as the digital master for the I2C/SMBUS,
enabling digital 1/0O voltages as low as 1.62V.

A system diagram is shown in Figure 4-1.

Sense
Resistors
VsouRrce ov - 32v AMN Load
VsouRrce ov - 32v NN Load
VsouRce ov - 32v A 4{ Load
VsouRcEe ov - 32v AN Load

+ 1 + 1 + 1 + !

~ ~ N N ™ ™ < <t

weoyow mou gw g 1.62V to 5.5V

P E 5 5 E 5 E 5 Digital Supply

% %] %) »w o »w n @)

2.7V 5V
to 5.5 Vg 110 |
|, g
PAC193X
< System
ADDRSEL SM_CLK Master
SM_DATA |« >
GND SLOW [«
= PWRDN [«
Note:  Vpp and Vpp I/O may be connected together.
FIGURE 4-1: PAC1932/3/4 System Diagram.
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Vpp  GND
Il Il
SENSE 1+ Vaust
Vaus V,
) —» BUS
Sensel+ S.Uf.fjr/ L%bg Registers
SENSE 1- . ivider
Senset Calculation —1 Vo 110
P : and Vsense
SENSE 2+ Veus2 Differential N . | N
Veense 16:bit Calibration Registers
[_ Sense2+ Amplifier ADC s
SENSE 2- Sense2- | Vrouer %)
Registers =
SENSE 3+ Veus3 # g M smcLk
Accumulator -
Sense3+ Accumlator  —— Registers —11 SM DATA
SENSE 3- Sense3- ——
I ——1 SLOW/ALERT
SENSE 4+ Vause ADC/MUX Clocking & Control M R
Control Registers PWRDN
Sense4+
SENSE 4- Sense4-
High
Voltage
MUX _
Resistor 1 ADDRSEL
Decoder
FIGURE 4-2: PAC1932/3/4 Functional Block Diagram.

High Current Path

-3SN3S
+3SN3S

FIGURE 4-3: PCB Pattern for Sense
Resistor.

Figure 4-3 shows the recommended PCB pattern for
sense resistor with wide metal for the high-current path.
The drawing shows metal, solder paste openings and
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- are shown as a
differential pair, route them as a differential pair to the
Sense inputs at the chip.
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4.1 Detailed Description

A high-voltage multiplexer connects the input pins to
the Vgyg and Vgense amplifiers. The amplifier outputs
are sampled simultaneously for each channel,
converted by 16 bit ADCs and processed for gain and
offset error correction. After each conversion, Vgyg
and Vgense 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 PAC1932/3/4 measures the source-side voltage,
Vgys, and the voltage Vgpnse across an external
current sense resistor, Rggnsg-

411 INITIAL OPERATION AND ACTIVE
STATE

After POR 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
samples/second by default. Sample rates of 256, 64 or
eight samples/second may be programmed over 12c
or SMBus. If the SLOW pin is asserted the sample rate
is eight samples per second. For sampling rates lower
than 1024 samples/second, 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
activated by sending either REFRESH or
REFRESH_V. When a new value is written to the
Control register (01h), the new values take effect at
the end of the next round-robin sampling cycle
following the next REFRESH or REFRESH_V
command.

41.2 REFRESH COMMAND

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

The readable registers for the Vgyg, Vsense, Power,
accumulator outputs and accumulator count are
updated by the REFRESH command and the values
will be 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 master at any time up until the next
REFRESH command is sent. The internal accumulator
values and accumulator count will be reset by the
REFRESH command, but the sampling of the inputs,

data conversion and power integration is not
interrupted and will continue as determined by the
settings in the Control register.

Changes written to the control and configuration
registers take effect 1 mS after a REFRESH command
is sent. Any new commands written within this 1 mS
window will be ignored and NACKed to indicate that
they are ignored.

The values for Vg5 and Vggnge 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 comm