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________________________________________________________________ Maxim Integrated Products 1

Rev 0; 2/08

PART TEMP RANGE
PIN-
PACKAGE

MAXQ3180-RAN+ -40°C to +85°C 28 TSSOP 
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2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

METERING SPECIFICATIONS
(AVDD = DVDD = VRST to 3.6V, Current Channel Dynamic Range 1000:1 at TA = +25°C, unless otherwise noted.) (Note 1)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

Voltage Range on DVDD Relative to DGND .........-0.3V to +4.0V
Voltage Range on AVDD Relative to AGND..........-0.3V to +4.0V
Voltage Range on AGND Relative to DGND ..........0.3V to +0.3V
Voltage Range on AVDD Relative to DVDD ..........-0.3V to +0.3V
Voltage Range on Any Pin Relative to 

GND or AGND...................................................-0.3V to +4.0V

Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature ......................................................+150°C
Storage Temperature Range .............................-65°C to +150°C
Lead Soldering Temperature .............................Refer to the IPC/

JEDEC J-STD-020 Specification.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Active Energy Error DR 1000:1  0.1  % 

Reactive Energy Error DR 1000:1  0.2  % 

Apparent Energy Error DR 1000:1  0.5  % 

RMS Voltage Error DR 20:1  0.5  % 

RMS Current Error DR 500:1  0.5  % 

Line Frequency Error   0.5  % 

Power Factor Error   0.5  % 

Active Energy Error with Harmonic 
Components  

(Note 2)  0.1  % 

ELECTRICAL CHARACTERISTICS
(AVDD = DVDD = VRST to 3.6V, TA = -40°C to +85°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

POWER-SUPPLY SPECIFICATIONS

Digital Supply Voltage DVDD  VRST  3.6 V 

Power-Fail Interrupt Trip Point VPFW Active mode, EPWRF = 1 2.84  3.13 V 

Power-Fail Reset Trip Point VRST Active mode 2.70  2.99 V 

Analog Supply Voltage AVDD  VRST  3.6 V 

Analog Supply Current IAVDD fCLK = 8MHz  1.1 1.8 mA 

Digital Supply Current IDVDD fCLK = 8MHz  9.0 14 mA 

Low-Power Measurement Mode 
Current 

ILPMM LOWPM = 1 (Note 1)  3  mA 
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ELECTRICAL CHARACTERISTICS (continued)
(AVDD = DVDD = VRST to 3.6V, TA = -40°C to +85°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DIGITAL I/O SPECIFICATIONS

Input High Voltage VIH
0.7 x 
DVDD

  V 

Input Low Voltage VIL    
0.3 x 
DVDD

V

Input Hysteresis VIHYS DVDD = 3.3V  550  mV 

Input Leakage IL VIN = GND or DVDD, pullup off  ±0.01 ±1 μA 

Input Low Current IIL VIN = 0.4V, weak pullup on -40   μA 

RESET Pullup Resistance RRESET  27 32 36 k

IOH = -4mA 
DVDD - 

0.4 Output High Voltage (Except 
RESET)

VOH

IOH = -6mA 
DVDD - 

0.5 

V

IOL = 4mA   0.4 
Output Low Voltage VOL

IOL = 6mA   0.5 
V

SYSTEM CLOCK SOURCES

External Clock Input Frequency   0  8.12 MHz 

External Clock Input Duty Cycle   45  55 % 

External HF Crystal Frequency  Fundamental mode 1.00  8.12 MHz 

XTAL1, XTAL2 Load 
Capacitance 

   30  pF 

Internal RC Oscillator Frequency   7.4 8.0 8.6 MHz 

Internal RC Oscillator Drift    250  ppm/°C

Internal RC Oscillator Current    50 120 μA 

ANALOG-TO-DIGITAL CONVERTER

Input Voltage Range   0  2 V 

Offset Error    ± 2  mV 

Offset Error Drift    ±8  μV/°C

Gain Error    0.025  % 

Total Harmonic Distortion THD Input sine wave f = 1kHz  80  dB 

Input Capacitance Differential  (Note 1)  32  pF 

Input Bandwidth (-3dB)  (Note 1)  7  kHz 

INTERNAL VOLTAGE REFERENCE

Temperature Coefficient  (Note 1)  30  ppm/°C

Output Voltage    2.048  V 

INTERNAL TEMPERATURE SENSOR

Temperature Error  (Note 1) -4  +4 °C
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ELECTRICAL CHARACTERISTICS (continued)
(AVDD = DVDD = VRST to 3.6V, TA = -40°C to +85°C, unless otherwise noted.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SPI SLAVE-MODE INTERFACE TIMING

SCLK Input Pulse-Width High tSCH
4 x 

tCLCL
  ns 

SCLK Input Pulse-Width Low tSCL
4 x 

tCLCL
  ns 

SSEL Low to First SCLK Edge 
(Slave Enable) 

tSE
4 x 

tCLCL
  ns 

Last SCLK Edge to SSEL High 
(Slave Disable) 

tSD
2 x 

tCLCL
  ns 

MOSI Valid to SCLK Sample 
Edge (MOSI Setup) 

tSIS
3 x 

tCLCL
  ns 

SCLK Sample Edge to MOSI 
Change (MOSI Hold) 

tSIH  tCLCL   ns 

SCLK Shift Edge to MISO Valid 
(MISO Hold) 

tSOV    
3 x 

tCLCL
ns 

Note 1: Specifications guaranteed by design but not production tested.
Note 2: Conditions abide to Section 5.6.2.1 per IEC 61036.
Note 3: Specifications to -40°C are guaranteed by design and are not production tested.

SSEL SHIFT EDGE SAMPLE EDGE

SCLK

DATA OUTPUT

DATA INPUT

tS

tS

tS

tM tM

tM
tS

tM
tS

tM
tS

tM
tS
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MAXQ3180

CFP, CFQ
COUNTERS I/O

BUFFERSI/O
REGISTERS

ADC

CFQ
CFP

V2P
I0P

V0P

VCOMM

RESET

VREF

V1P

I1P
I2P
INP

SPI
I/O

BUFFERSI/O
REGISTERS

WATCHDOG
TIMER

ADC CLOCK
PRESCALER

MISO
MOSI
SCLK
SSEL

XTAL1

SYSCLK

ADCCLK XTAL2

I/O
BUFFERS

I/O
REGISTERS

HF RC
OSC/8

HF
XTAL
OSC

POR/
BROWNOUT
MONITOR

16 x 16
HW MULTIPLY

48-BIT ACCUMULATE

IRQ

I2N
VN

I0N
I1N

TEMP
SENSE

REF

ADC CONTROL,

ELECTRICITY
METERING DSP,

COMMUNICATIONS
MANAGER
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1 VN 

2 INP 

3 I0P 

4 I0N 

5 I1P 

6 I1N 

7 I2P 

8 I2N 

9 AGND 

10 XTAL2 

11 XTAL1 

12 IRQ

13 SSEL 

14 SCLK 

15 MOSI 

16 MISO 

17, 22 DVDD 

18 DGND 

19 CFP 

20 CFQ 

21 RESET

23 VCOMM 

24 VREF 

25 AVDD 

26 V0P 

27 V1P 

28 V2P 

RESET RESET
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IRQ

•

•

•

•

•

•

•

•

•
IRQ

•

• RESET
RESET
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POWER-ON
RESET

CLEAR EXTCLK = 0

DRIVE RESET LOW

INITIALIZATION
MODE

SET NOINIT = 1,
DRIVE IRQ LOW

CLEAR ALL REGISTERS
TO DEFAULT STATES
CLEAR LOWPM = 0

HARDWARE
RESET

SOFTWARE
RESET

CLEAR NOINIT = 0

LPMM
(LOWPM = 1)

NORMAL
(LOWPM = 0)

POWER
MODE?

LOW-POWER
MEASUREMENT

MODE
RUN MODE

STOP MODE

CLEAR
LOWPM = 0

SET
LOWPM = 1

SET
STOPM = 1

MASTER DRIVES
SSEL LOW

SET
STOPM = 1

SET RST = 1 SET RST = 1

POWER-ON
RESET

EXTERNAL
RESET

INDICATES THAT COMMANDS FROM THE MASTER CAN BE RECEIVED IN THIS MODE.

• SSEL SSEL
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RESET

RESET
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CLOCK

RESET

RESET
SAMPLING

INTERNAL
RESET

BEGIN RUNNING IN INITIALIZATION MODE
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IRQ

RESET

IRQ

IRQ

10 ______________________________________________________________________________________

tPOR

VRST1

BROWNOUT DETECTION

BROWNOUT DETECTION (ALWAYS
ENABLED OUTSIDE OF STOP MODE)

FORCES RESET STATE. POR = 1

BROWNOUT DETECTION DISABLED
DURING STOP MODE.

NO RESET IS GENERATED.

BROWNOUT DETECTION DISABLED.
POR LEVEL CAUSES RESET.

VPOR

INTERNAL
RESET

STOP MODE
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XTAL IN
RING IN

SYSTEM CLOCK

EXTCLK
STOPM

POR
CLK
ENABLE WATCHDOG RESETRING COUNT

INT/EXT

CRYSTAL
STARTUP TIMER

WATCHDOG TIMER

1MHz
INTERNAL

OSCILLATOR

HF
CRYSTAL

GL
IT

CH
-F

RE
E

M
UX ENABLE

CLOCK
GENERATION
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SCLK CYCLE #
(FOR REFERENCE)

SCLK (CKPOL = 0)

SCLK (CKPOL = 1)

MOSI
(FROM MASTER)

MISO
(FROM SLAVE)

SSEL (TO SLAVE)

1

MSB 6 5 4 3 2 1 LSB

2 3 4 5 6 7 8

6MSB

*NOT DEFINED BUT NORMALLY MSB OF CHARACTER JUST RECEIVED.

5 4 3 2 1 LSB *

1

MSB 6 5 4 3 2 1 LSB

2 3 4 5 6 7 8

MSB*

*NOT DEFINED BUT NORMALLY LSB OF PREVIOUSLY TRANSMITTED CHARACTER.

6 5 4 3 2 1 LSB

SCLK CYCLE #
(FOR REFERENCE)

SCLK (CKPOL = 0)

SCLK (CKPOL = 1)

MOSI
(FROM MASTER)

MISO
(FROM SLAVE)

SSEL (TO SLAVE)

SSEL

SSEL
SSEL

SSEL
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7:6 

5:4 

3:0 

7:0 

7:0 

7:0 

... ... ... ... 

7:0 

7:0 

7:6 

5:4 

3:0 

7:0 

7:0 

... ... ... ... 

7:0 

7:0 

7:0 
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CS

SCLK

MOSI

MISO

READING DATA FROM MAXQ3180 THROUGH SPI INTERFACE

00 01 ADDRESS DUMMY DUMMY DUMMY DUMMY

0xC1 0xC2 NACK (0x4E) DATA LSB DATA MSBACK (0x41)

CS

SCLK

MOSI

MISO

10 01 ADDRESS DUMMY DUMMY

0xC1 0xC2 ACK (0x41) NACK (0x4E) ACK (0x41)ACK (0x41)

WRITING DATA TO MAXQ3180 THROUGH SPI INTERFACE

DATA LSB DATA MSB
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x0h x1h x2h x3h x4h x5h x6h x7h x8h x9h xAh xBh xCh xDh xEh xFh

0xh STATUS0 OPMODE STATUS1 INT_MASK STATUS2 CONNCT 

1xh SCAN_0 SCAN_1 SCAN_2 SCAN_3 SCAN_4 SCAN_5 SCAN_6 SCAN_7 

2xh TIME_FS VOLT_FS AMP_FS PWR_FS KWHT KAHT 

3xh CYCNT PLSCFG THR1 THR2 PLS1_WD PLS2_WD 

4xh

5xh  AVC0 AVC1 LPF_B0FZC LPF_B0FNS LPF_B0FSM HPF_B0F 

6xh BPF_B0F BPF_A1F  PKCYC SAGCYC 

7xh OCLVL OVLVL SAGLVL IUBLVL VUBLVL NZC_TIMO REV_TIMO ACC_TIMO 

8xh COM_TIMO R_ACFG R_ADCRATE R_ADCACQ R_SPICF NOLOAD NS 

9xh RAW_TEMP 

Axh

Bxh

Cxh         

Dxh

Exh
PHASE_A_ 

KWHAP 
PHASE_A_ 

KWHAN 
PHASE_A_ 

KWHR1 
PHASE_A_ 

KWHR2 
PHASE_A_ 

KWHR3 
PHASE_A_ 

KWHR4 
PHASE_A_ 

KWHAP 
PHASE_A_ 

KWHIH 

Fxh
PHASE_A_ 

I_GAIN 
PHASE_A_ 

V_GAIN 
PHASE_A_ 
E_GAIN_HI 

PHASE_A_ 
EOFF_HI 

PHASE_A_ 
E_GAIN_LO 

PHASE_A_ 
EOFF_LO 

PHASE_A_ 
PA_0 

PHASE_A_ 
PA_1 

10xh
PHASE_A_ 

PA_2 
PHASE_A_ 

PA_3 
PHASE_A_ 

FLAGS 
PHASE_A_ 

EOVFL 
PHASE_A_ 

IPK 
PHASE_A_ 

VPK 

11xh

12xh

13xh

14xh

15xh

16xh

17xh

18xh

19xh  PHASE_A_IRMS PHASE_A_VRMS PHASE_A_IH 
PHASE_A_ 

ACT 

1Axh
PHASE_A_ 

ACT 
PHASE_A_REA PHASE_A_APP 

1Bxh

1Cxh

1Dxh
PHASE_B_ 

KWHAP 
PHASE_B_ 

KWHAN 
PHASE_B_ 

KWHR1 
PHASE_B_ 

KWHR2 
PHASE_B_ 

KWHR3 
PHASE_B_ 

KWHR4 
PHASE_B_ 

KWHAP 
PHASE_B_ 

KWHIH 

1Exh
PHASE_B_ 

I_GAIN 
PHASE_B_ 

V_GAIN 
PHASE_B_ 
E_GAIN_HI 

PHASE_B_ 
EOFF_HI 

PHASE_B_ 
E_GAIN_LO 

PHASE_B_ 
EOFF_LO 

PHASE_B_ 
PA_0 

PHASE_B_ 
PA_1 

1Fxh
PHASE_B_ 

PA_2 
PHASE_B_ 

PA_3 
PHASE_B_ 

FLAGS 
PHASE_B_ 

EOVFL 
PHASE_B_ 

IPK 
PHASE_B_ 

VPK 

20xh

电子工程师之家http://www.eehome.cn

项目开发 芯片解密 零件配单 TEL:15013652265 QQ:38537442



18 ______________________________________________________________________________________

                 
x0h x1h x2h x3h x4h x5h x6h x7h x8h x9h xAh xBh xCh xDh xEh xFh

21xh

22xh

23xh

24xh

25xh

26xh

27xh

28xh  PHASE_B_IRMS PHASE_B_VRMS PHASE_B_IH 
PHASE_B_ 

ACT 

29xh
PHASE_B_ 

ACT 
PHASE_B_REA PHASE_B_APP 

2Axh

2Bxh

2Cxh
PHASE_C_ 

KWHAP 
PHASE_C_ 

KWHAN 
PHASE_C_ 

KWHR1 
PHASE_C_ 

KWHR2 
PHASE_C_ 

KWHR3 
PHASE_C_ 

KWHR4 
PHASE_C_ 

KWHAP 
PHASE_C_ 

KWHIH 

2Dxh
PHASE_C_ 

I_GAIN 
PHASE_C_ 

V_GAIN 
PHASE_C_ 
E_GAIN_HI 

PHASE_C_ 
EOFF_HI 

PHASE_C_ 
E_GAIN_LO 

PHASE_C_ 
EOFF_LO 

PHASE_C_ 
PA_0 

PHASE_C_ 
PA_1 

2Exh
PHASE_C_ 

PA_2 
PHASE_C_ 

PA_3 
PHASE_C_ 

FLAGS 
PHASE_C_ 

EOVFL 
PHASE_C_ 

IPK 
PHASE_C_ 

VPK 

2Fxh

30xh

31xh

32xh

33xh

34xh

35xh

36xh

37xh  PHASE_C_IRMS PHASE_C_VRMS PHASE_C_IH 
PHASE_C_ 

ACT 

38xh
PHASE_C_ 

ACT 
PHASE_C_REA PHASE_C_APP 

39xh

3Axh

3Bxh NEUTRAL_KWHIH NEUTRAL_I_GAIN NEUTRAL_EOVFL 

3Cxh

3Dxh

3Exh  NEUTRAL_IRMS NEUTRAL_IH 

3Fxh

电子工程师之家http://www.eehome.cn

项目开发 芯片解密 零件配单 TEL:15013652265 QQ:38537442



______________________________________________________________________________________ 19

15:7, 0 — 

6 EXTCLK 

5 ACCEN 

4 RST 

3 CRCEN 

2 LOWPM 

STATUS0 
0

0x000 
R/W 0x0000 

1 STOPM 

15:10, 
7:6, 2:0 

— 

9 TMPC1 

8 TMPC0 

5:4 HRM OPMODE 
2

0x002 
R/W 0x0000 

3 APPSEL 

15 SEQERR 

14 VUNBF 

13 IUNBF 

12 MISV 

11 NOZC 

10 SAG 

9 OV 

8 OC 

7:6 — 

5 DCH_Q 

4 DCH_P 

3 EOVF 

2 TMRD 

1 PWRF 

STATUS1 
4

0x004 
R/W 0x0001 

0 NOINIT 

INT_MASK 
6

0x006 
R/W 0x0001 

IRQ

IRQSTATUS1
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15:8, 6, 3, 
1:0 

— 

7 PORF 

5 REV_Q 

4 REV_P 

STATUS2 
8

0x008 
R/W 0x0000 

2 WTRF 

15:8 — 

7 INTGN 

6 INTGC 

5 INTGB 

4 INTGA 

3 — 

2 INEN CONNCT 
10

0x00A 
R/W 0x0000 

1:0 
CONNCT 

[1:0] 

RESERVED 12–15 — — — — — —

15:12 — 

11:8 MUX 

  
  
  
  
  
  
  

7 NOCONV 

SCAN_0 16 R/W 0x0301 

6:4 PGA 

  
  
  
  
  
  

–
–
–
–
–
–
–
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3:1 EXCON 
SCAN_0 16 R/W 0x0301 

0 — 

SCAN_1 
18

0x012 
R/W 0x0003 

SCAN_2 
20

0x014 
R/W 0x0505 

SCAN_3 
22

0x016 
R/W 0x0207 

SCAN_4 
24

0x018 
R/W 0x0409 

SCAN_5 
26

0x01A 
R/W 0x010B 

SCAN_6 
28

0x01C 
R/W 0x068D 

SCAN_7 
30

0x01E 
R/W 0x08AF 

TIME_FS 
32

0x020 
R/W 0x07D0 15:0 

VOLT_FS 
34

0x022 
R/W 0x81F0 15:0 

AMP_FS 
36

0x024 
R/W 0x17D8 15:0 

μ
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PWR_FS 
38

0x026 
R/W 0x3539 15:0 

KWHT 
40

0x028 
R/W 

0x0084 
1C2F 

31:0 

KAHT 
44

0x02C 
R/W 

0x1194 
0000 

31:0 

CYCNT 
48

0x030 
R/W 0x0001 15:0 

 

15:11 PLS2SEL 

10:8 PLS2TRM 

7:3 PLS1SEL 

PLSCFG 
50

0x032 
R/W 0x1707 

2:0 PLS1TRM 

THR1 
52

0x34 
R/W 

0x019C 
D813 

31:0 

THR2 
56

0x38 
R/W 

0x019C 
D813 

31:0 

PLS1_WD 
60

0x3C 
R/W 0x186A 15:0 

PLS2_WD 
62

0x3E 
R/W 0x186A 15:0 

RESERVED 64–83 — — — — — 

AVC0 
84

0x054 
R/W 0x3000 15:0 — 

AVC1 
86

0x056 
R/W 0x5000 15:0 — 

LPF_B0FZC 
88

0x058  
R/W 0x1000 15:0 — 
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LPF_B0FNS 
90

0x05A 

 
R/W 0x0800 15:0 — 

LPF_B0FSM 
92

0x05C 

 
R/W 0x1000 15:0 — 

HPF_B0F 
94

0x05E 
R/W 0x0200 15:0 — 

BPF_B0F 
96

0x060 
R/W 0x1000 15:0 — 

BPF_A1F 
98

0x062 
R/W 0x301A 15:0 — 

RESERVED 100–107 — — — — — 

PKCYC 
108 

0x06C 

 
 R/W 0x0032 15:0 — 

SAGCYC 
110 

0x06E 

 
R/W 0x0005 15:0 — 

OCLVL 
112 

0x070 
R/W 0x7FFF 15:0 — 

OVLVL 
114 

0x072 
R/W 0x7FFF 15:0 — 

SAGLVL 
116 

0x074 
R/W 0x0000 15:0 — 

IUBLVL 
118 

0x076 
R/W 0xFFFF 15:0 — 

VUBLVL 
120 

0x078 
R/W 0xFFFF 15:0 — 

NZC_TIMO 
122 

0x07A 
R/W 0x0640 15:0 
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REV_TIMO 
124 

0x07C 
R/W 0x000B 15:0 

ACC_TIMO 
126 

0x07E 
R/W 0x0032 15:0 

COM_TIMO 
128 

0x080 
R/W 0x03E8 15:0 

15:8 — 

7 ADCASD 

6 ADCRY 

5:4 
ADCCD 

[1:0] 

3 ADCBY 

2 ADCIE 

1 ARBE 

R_ACFG 
130 

0x082 
R/W 0x0007 

0 ADCE 

15:9 — 

R_ADCRATE 
132 

0x084 
R/W 0x00C7 

8:0 
R_ADCRATE 

[8:0] 

15:7 — 

R_ADCACQ 
134 

0x086 
R/W 0x002F 

6:0 
R_ADCACQ 

[6:0] 

 

15:8, 5:3 — 

7 ESPII 

6 SAS 

5:3 — 

2 CHR 

1 CKPHA 

R_SPICF 
136 

0x088 
R/W 0x0080 

0 CKPOL 

SSEL
SSEL
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NOLOAD 
138 

0x08A 
R/W 0x00F0 15:0 

NS 
140 

0x08C 
 

R/W 0x00640000 31:0 

15:4 
RAW_TEMP 

[15:4] RAW_TEMP 
144 

0x090 
RO — 

3:0 — 

RESERVED 146–223 — — — — — — 

PHASE_A_ 
KWHAP 

224 
0x0E0 

 
RO — 15:0 

PHASE_A_ 
KWHAN 

226 
0x0E2 

 
RO — 15:0 

PHASE_A_ 
KWHR1 

228 
0x0E4 

RO — 15:0 

PHASE_A_ 
KWHR2 

230 
0x0E6 

RO — 15:0 

PHASE_A_ 
KWHR3 

232 
0x0E8 

RO — 15:0 

PHASE_A_ 
KWHR4 

234 
0x0EA 

RO — 15:0 

PHASE_A_ 
KWHAP 

236 
0x0EC 

 RO — 15:0 

PHASE_A_ 
KWHIH 

238 
0x0EE 

RO — 15:0 

PHASE_A_I
_GAIN 

240 
0x0F0 

R/W 0x0000 15:0 

PHASE_A_V
_GAIN 

242 
0x0F2 

R/W 0x0000 15:0 

PHASE_A_E
_GAIN_HI 

244 
0x0F4 

R/W 0x0000 15:0 
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PHASE_A_ 
EOFF_HI 

246 
0x0F6 

R/W 0x0000 15:0 

PHASE_A_E
_GAIN_LO 

248 
0x0F8 

R/W 0x0000 15:0 

PHASE_A_ 
EOFF_LO 

250 
0x0FA 

R/W 0x0000 15:0 

PHASE_A_ 
PA_0 

252 
0x0FC 

R/W 0x0000 15:0 

PHASE_A_ 
PA_1 

254 
0x0FE 

R/W 0x0000 15:0 

PHASE_A_ 
PA_2 

256 
0x100 

R/W 0x0000 15:0 

PHASE_A_ 
PA_3 

258 
0x102 

R/W 0x0000 15:0 

15:13, 7:5 — 

12:8 4:0 

4 MISVF 

3 NOZCF 

2 VSAGF 

1 OVF 

PHASE_A_ 
FLAGS 

260 
0x104 

R/W 0x0000 

0 OCF 

7 IHOF 

6 APOF 

5 R4OF 

4 R3OF 

3 R2OF 

2 R1OF 

1 ANOF 

PHASE_A_ 
EOVFL 

262 
0x106 

 
R/W 0x0000 

0 APOF 
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PHASE_A_ 
IPK 

264 
0x108 

RO — 15:0 — 

PHASE_A_ 
VPK 

266 
0x10A 

RO — 15:0 — 

RESERVED 268–401 — — — — — — 

PHASE_A_ 
IRMS 

402 
0x192 

RO — 31:0 

PHASE_A_ 
VRMS 

406 
0x196 

RO — 31:0 

PHASE_A_ 
IH

410 
0x19A 

RO — 31:0 

PHASE_A_ 
ACT 

414 
0x19E 

RO — 31:0 

PHASE_A_ 
REA 

418 
0x1A2 

RO — 31:0 

PHASE_A_ 
APP 

422 
0x1A6 

RO — 31:0 

RESERVED 426–463 — — — — — — 

PHASE_B_ 
KWHAP 

464 
0x1D0 

RO — 15:0 

PHASE_B_ 
KWHAN 

466 
0x1D2 

 
RO — 15:0 

PHASE_B_ 
KWHR1 

468 
0x1D4 

RO — 15:0 

PHASE_B_ 
KWHR2 

470 
0x1D6 

RO — 15:0 

PHASE_B_ 
KWHR3 

472 
0x1D8 

RO — 15:0 

PHASE_B_ 
KWHR4 

474 
0x1DA 

RO — 15:0 

PHASE_B_ 
KWHAP 

476 
0x1DC 

 RO — 15:0 
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PHASE_B_ 
KWHIH 

478 
0x1DE 

RO — 15:0 

PHASE_B_ 
I_GAIN 

480 
0x1E0 

R/W 0x0000 15:0 

PHASE_B_ 
V_GAIN 

482 
0x1E2 

R/W 0x0000 15:0 

PHASE_B_ 
E_GAIN_HI 

484 
0x1E4 

R/W 0x0000 15:0 

PHASE_B_ 
EOFF_HI 

486 
0x1E6 

R/W 0x0000 15:0 

PHASE_B_ 
E_GAIN_LO 

488 
0x1E8 

R/W 0x0000 15:0 

PHASE_B_ 
EOFF_LO 

490 
0x1EA 

R/W 0x0000 15:0 

PHASE_B_ 
PA_0 

492 R/W 0x0000 15:0 

PHASE_B_ 
PA_1 

494 R/W 0x0000 15:0 

PHASE_B_ 
PA_2 

496 R/W 0x0000 15:0 

PHASE_B_ 
PA_3 

498 R/W 0x0000 15:0 
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15:13, 7:5 — 

12:8 4:0 

4 MISVF 

3 NOZCF 

2 VSAGF 

1 OVF 

PHASE_B_ 
FLAGS 

500 R/W 0x0000 

0 OCF 

7 IHOF 

6 APOF 

5 R4OF 

4 R3OF 

3 R2OF 

2 R1OF 

1 ANOF 

PHASE_B_ 
EOVFL 

502 
 

R/W 0x0000 

0 APOF 

PHASE_B_ 
IPK 

504 RO — 15:0 — 

PHASE_B_ 
VPK 

506 RO — 15:0 — 

RESERVED 508–641 — — — — — — 

PHASE_B_ 
IRMS 

642 RO — 31:0 

PHASE_B_ 
VRMS 

646 RO — 31:0 

PHASE_B_ 
IH

650 RO — 31:0 

PHASE_B_ 
ACT 

654 RO — 31:0 

PHASE_B_ 
REA 

658 RO — 31:0 

PHASE_B_ 
APP 

662 RO — 31:0 

RESERVED 666–703 — — — — — — 

PHASE_C_ 
KWHAP 

704 RO — 15:0 

PHASE_C_ 
KWHAN 

706 
 

RO — 15:0 
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PHASE_C_ 
KWHR1 

708 RO — 15:0 

PHASE_C_ 
KWHR2 

710 RO — 15:0 

PHASE_C_ 
KWHR3 

712 RO — 15:0 

PHASE_C_ 
KWHR4 

714 RO — 15:0 

PHASE_C_ 
KWHAP 

716 RO — 15:0 

PHASE_C_ 
KWHIH 

718 RO — 15:0 

PHASE_C_ 
I_GAIN 

720 R/W 0x0000 15:0 

PHASE_C_ 
V_GAIN 

722 R/W 0x0000 15:0 

PHASE_C_ 
E_GAIN_HI 

724 R/W 0x0000 15:0 

PHASE_C_ 
EOFF_HI 

726 R/W 0x0000 15:0 

PHASE_C_ 
E_GAIN_LO 

728 R/W 0x0000 15:0 

PHASE_C_ 
EOFF_LO 

730 R/W 0x0000 15:0 
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PHASE_C_ 
PA_0 

732 R/W 0x0000 15:0 

PHASE_C_ 
PA_1 

734 R/W 0x0000 15:0 

PHASE_C_ 
PA_2 

736 R/W 0x0000 15:0 

PHASE_C_ 
PA_3 

738 R/W 0x0000 15:0 

15:13, 7:5 — 

12:8  

4 MISVF 

3 NOZCF 

2 VSAGF 

1 OVF 

PHASE_C_ 
FLAGS 

740 R/W 0x0000 

0 OCF 

7 IHOF 

6 APOF 

5 R4OF 

4 R3OF 

3 R2OF 

2 R1OF 

1 ANOF 

PHASE_C_ 
EOVFL 

742 R/W 0x0000 

0 APOF 

PHASE_C_ 
IPK 

744 RO — 15:0 — 

PHASE_C_ 
VPK 

746 RO — 15:0 — 

RESERVED 748–881 — — — — — — 

PHASE_C_ 
IRMS 

882 RO — 31:0 

PHASE_C_ 
VRMS 

886 RO — 31:0 

PHASE_C_ 
IH

890 RO — 31:0 
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PHASE_C_ 
ACT 

894 RO — 31:0 

PHASE_C_ 
REA 

898 RO — 31:0 

PHASE_C_ 
APP 

902 RO — 31:0 

906–943 — — — — — — 

NEUTRAL_ 
KWHIH 

944 RO — 15:0 

NEUTRAL_I
_GAIN 

946 R/W 0x0000 15:0 

NEUTRAL_ 
EOVFL 

948 
 

R/W 0x0000 0 IHOF 

950–995 — — — — — — 

NEUTRAL_ 
IRMS 

996 RO — 31:0 

NEUTRAL_ 
IH

1000 RO — 31:0 

1004–1023 — — — — — — 

PWRP.A 0x801 4 

PWRP.B 0x802 4 

PWRP.C 0x804 4 

PWRP.T 0x807 4 

PWRQ.A 0x811 4 

PWRQ.B 0x812 4 

PWRQ.C 0x814 4 

PWRQ.T 0x817 4 

PWRS.A 0x821 4 

PWRS.B 0x822 4 
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PWRS.C 0x824 4 

PWRS.T 0x827 4 

V.A 0x831 4 

V.B 0x832 4 

V.C 0x834 4 

I.A 0x841 4 

I.B 0x842 4 

I.C 0x844 4 

LINEFREQ 0x851 4 

VBPH 0x852 4 

VCPH 0x854 4 

PF.A 0x861 4 

PF.B 0x862 4 

PF.C 0x864 4 

PF.T 0x867 4 

UPD_SFR 0x900 1

UPD_MIR 0xA00 1

• —

• —

• —

• —

• —

• —

• — —

• — —

°
°
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μ

μ
μ

•

•

•

•

•

•

•

•

•

•

Yn = Yp + (Xn - Yp) x LPF_B0FZC/216

34 ______________________________________________________________________________________

ADCCD1 ADCCD0
0 0 1/fCLK x (R_ADCRATE[8:0] + 1) 

0 1 2/fCLK x (R_ADCRATE[8:0] + 1) 

1 0 4/fCLK x (R_ADCRATE[8:0] + 1) 
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Yn = Yn-1 + (lpf_b0fns/65,536) x (Xn - Yn-1)

IRQ

IRQ

•

•

•

(VA + VC)n = (AVCO/216)(VCn + VAn-1) +
(AVC1/216)(VCn-1 + VAn)

______________________________________________________________________________________ 35

CONNCT[1:0]

00b (VB x IB) 
 

01b -IB x (VA + VC) 

10b, 11b -IB x VA 

Δ

Δ
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Yn = (1 - hpf_b0f/216) x (Yn-1 + Xn - Xn-1)

Yn = (1 - hpf_b0f/216) x (Yn-1 + Xn)

π
μ

• —

• —

• —

Yn = 2Yn-1 - Yn-2 + (bpf_b0f/220) x (2Yn-2 + Xn - Xn-2) -
(bpf_a1f/220) x Yn-1

Yn = 2Yn-1 - Yn-2 + Xn - 2Xn-1 - Xn-2 + (bpf_b0f/220) x
(2Yn-2 - Xn - Xn-2) + (bpf_a1f/220) x (Xn-1 - Yn-1)

36 ______________________________________________________________________________________

INTEGRATOR
+ HPF

PHASE ANGLE COMPENSATION
GAIN, OFFSET, AND 

LINEARITY CALIBRATION

SI2 I2_RMS

V2_RMS P.V2

ACTIVE

REACTIVE

HPF

HPF
I

SV2

S

HPF
V

BPF

BSF

P.R

P.A

P.I2
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—

PA x 216 = PA_0 + (PA_1 x X) + (PA_2 x X2) + (PA_3 x X3)

Pwr_S = sqrt (Pwr_A2 + Pwr_R2)

Pwr_S = VRMS x IRMS x NS,

Pwr_S_corr = Pwr_S - Eoff_hi x K

Pwr_S_corr = (1 + Gain_lo/216) x (Pwr_S - Eoff_lo x K)

K = [NS/216] x [VRMS/216]/216

Pwr_A_corr = (1 + E_gain/216) x Pwr_A x
Pwr_S_corr/Pwr_S,

Pwr_R_corr = (1 + E_gain/216) x Pwr_R x
Pwr_S_corr/Pwr_S,

Pwr_S_corr = (1 + E_gain/216) x Pwr_S_corr
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000 0 000 0 

001 E1 001 E1 

010 E2 010 E2 

011 E1 + E2 011 E1 + E2 

100 E3 100 E3 

101 E1 + E3 101 E1 + E3 

110 E2 + E3 110 E2 + E3 

111 E1 + E2 + E3 111 E1 + E2 + E3 

00000 AP - AN 

00001 AP + AN 

00010 R1 + R2 - R3 - R4 

00011 R1 + R2 + R3 + R4 

00100 VA

00101 IH 

00110 IRMS 

00111 VRMS 

01000 AP 

01001 AN 
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01010 R1

01011 R2

01100 R3

01101 R4

01110 R1 + R3 

01111 R2 + R4 

— 

IRMS_1

IRMS_2

CONTENT OF IPK[15:0] ... ... IRMS_1 IRMS_1 IRMS_1IRMS_2

CURRENT WAVEFORM
CURRENT RMS

NO. OF
ACC CYCLES
SPECIFIED BY
PKCYC[15:0]

REGISTER
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•

•

•
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tFR

NS 

VFS 

IFS 

μ

μ
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402, 642, 882, 
996 

IFS/230 93.13nA 400A 

406, 646, 886 VFS/230 0.5076μV 2180V 

410, 650, 890, 
1000 

IFS x tFR/214 0.3391nAh 1.456Ah 

414, 418, 422, 
654, 658, 662, 
894, 898, 902 

IFS x VFS x tFR/218 11.55nWh 

414, 418, 422, 
654, 658, 662, 
894, 898, 902 

IFS x VFS/(NS x 218) 2.079mW 

IFS x VFS x tFR/218 11.55nWh 49.61Wh 

IFS x tFR/214 0.3391nAh 1.456Ah 

40 IFS x VFS x tFR/218 11.55nWh 49.61Wh 

44 IFS x tFR/214 0.3391nAh 1.456Ah 

 
52, 56 IFS x VFS x tFR/218 11.55nWh 49.61Wh 

52, 56 IFS x tFR/214 0.3391nAh 1.456Ah 

52, 56 IFS/230 93.13nA 400A 

52, 56 VFS/230 0.5076 V 2180V 

IPK 264, 504, 744 IFS/214 6.104mA 400A 

VPK 266, 506, 746 VFS/214 33.26mV 2180V 

OCLVL 112 IFS/214 6.104mA 400A 

OVLVL 114 VFS/214 33.26mV 2180V 

SAGLVL 116 VFS/214 33.26mV 2180V 

IUBLVL 118 IFS/214 6.104mA 400A 

VUBLVL 120 VFS/214 33.26mV 2180V 

NZC_TIMO 122 tFR 200μs 13.12s 

REV_TIMO 124 tFR x NS 0.02s 

ACC_TIMO 126 tFR x NS 0.02s 

COM_TIMO 128 tFR 200μs 13.12s 

NOLOAD 138  

μ
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E_res = IFS x 
VFS/218 P_res 

PWR_FS = 216 x 
E_res/P_res 

1W PWR_FS = 0x3539 

Vrms_res = VFS/230 V_res 
VOLT_FS = 216 x 
V_res/Vrms_res 

1μV VOLT_FS = 0x81F0 

Irms_res = IFS/230 I_res 
AMP_FS = 216 x 
I_res/Irms_res 

1μA AMP_FS = 0x17D8 

μ μ

μ μ
μ μ

°

•

•

•

•

•

–

–

–
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Ω
Ω

I_gain = [Expected_raw_rms/
Measured_raw_rms) - 1] x 216

V_gain = [(Expected_raw_rms/
Measured_raw_rms) - 1] x 216

______________________________________________________________________________________ 43
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tFR = (ADCRATE + 1) x 8/fSYS

μ

E_gain = [(Expected_raw_pwr/
Measured_raw_pwr) - 1] x 216

E_gain = (216) x (-Measured_Error%)/
(100% +Measured_Error%)

44 ______________________________________________________________________________________
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Eoff_hi = [(P2 x I1 - P1 x I2)/(I1 - I2)]/K

Eoff_lo = [(P4 x I3 - P3 x I4)/(I3 - I4)]/K

Gain_lo = ({(I3/I1) x (P1 + K x Eoff_hi)/
(P3 + K x Eoff_lo)} – 1) x 216

compensation_phase_angle =
PA_0 + (PA_1 x X) + (PA_2 x X2) + (PA_3 x X3)

output_PA = atan(Reactive_raw_pwr/
Active_raw_pwr)

output_PA_error = output_PA - input_PA

°

°

output_PA_error = atan{(1/sqrt(3)) x
(Err00 – Err60)/(100% + Err00)}

x1 = (ln(I1_raw/216) - 6.0625)/16
y1 = (-PAerr1) x 216

______________________________________________________________________________________ 45
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(x1,y1), (x2,y2), . . . (xN,yN)

PA_0 = average(y1,y2, . . . yN)
PA_1 = PA_2 = PA_3 = 0

PA_1 = {∑ (xi-x_avg)(yi-y_avg)}/{∑ (xi-x_avg)2}
PA_0 = y_avg - PA_1 x x_avg

PA_2 = PA_3 = 0

®
®
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MAXQ3180

V0P

SS
EL

SC
LK

M
OS

I

M
IS

O

R1

R2

V1P
R1

R2

V2P

VN

VCOMM

R1

R2

I0P

I0N

R3

R3

I1P

I1N
I2P

I2N

VOLTAGE SENSE

VA

VB

VC

N

CURRENT TRANSFORMER

LCLBLA

R3

R3

R3

R3

MASTER
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TOP VIEW

MAXQ3180

TSSOP

254 AVDDI0N

263 V0PI0P

272 V1PINP

281 V2PVN

227 DVDDI2P

236 VCOMMI1N

218 RESETI2N

209 CFQAGND

1910 CFPXTAL2

1811 DGNDXTAL1

1712 DVDDIRQ

1613 MISOSSEL

245 VREFI1P

1514 MOSISCLK
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