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General Description

The MAX71617 is a low-power, single-phase energy mea-
surement system-on-chip (SoC), and the MAX71637 is a
low-power polyphase energy measurement SoC. Based
on an ARM Cortex®-M3 core, the devices can run modern
operating systems that monitor and report energy usage
and implement communications stacks. In addition to the
main administrative core, the devices include a MAXQ30
CPU core to perform metering functions and a discrete
compute engine for the DSP related tasks necessary for
accurate energy monitoring and measurement, last cycle
analysis, and FFT functions to compute the frequency
spectra of the selected channel.

The DSP core provides the following energy and power
measurement features in registers:

e Active energy and power per phase and sum

e Apparent energy and power per phase and sum
e Reactive energy and power per phase and sum
e Line voltage and current RMS

e Neutral current RMS

e Current vector sum, three-phase plus neutral

e Line frequency

e Fundamental frequency

e Total harmonics of active power, reactive power, volt-
age, and currents

e Security features

Benefts and Features

e SoC Integration and Unique Isolation Technique

Reduces BOM Cost Without Sacrificing Performance

e Watt-Hour Accuracy of 0.1% at Up to 5,000:1
Dynamic Range

» Sample Frequency Confgurable; ZA Sample Rate
Confgurable Up to 9.83MHz

* Flexible Analog Input Confguration Support Current
Transformers, Shunts, or Rogowski Coils

e 2.7V to 3.6V Operating Voltage

» Single 32.768kHz Crystal Provides All Operating Clocks

Cortex is a registered trademark of ARM Ltd.

Rev 2; 4/16

Smart Metering SoCs

e ARM Core M3 Application Processor Enables Rapid
System Development
e 1MB Flash
* 64KB Code RAM
* 64KB System RAM
* Six UART Channels
* Seven Timer Channels
* |12C Master/Slave Peripheral
* Three SPI Peripherals
* Smart Card Interface

o MAXQ30 Features
* 64KB Program RAM
» 8KB Data RAM
* 16KB Page RAM
» Four Meter Pulse Outputs (Configurable)
+ Two I2C Master/Slave Peripherals
» SPI Master/Slave Peripheral
» 50-Segment, 6-Common LCD Interface

e Security Features Reduce or Eliminate Common

Security Threats

* Built-In Cryptographic Modules Ensure
Communications Are Kept Secure

« Tamper Detect Inputs Ensure Attempts to Breach
the Case Are Recorded and Reported

» Two Independent Cores Ensures Compliance with
All Current and Future Security Requirements

e Analog Front-End
* Seven (MAX71637) or Four (MAX71617) 24-Bit A
A/D Converters
* Three (MAX71637) or Two (MAX71617) Voltage
Inputs
* Four (MAX71637) or Three (MAX71617)
Differential Current Inputs

Applications

e Smart and Secure Single-Phase Energy Meters
e Smart and Secure Polyphase Energy Meters
e MID/WELMEC-Compliant Meters

Ordering Information appears at end of data sheet.




MAX71617/MAX71637 Energy Measurement SoCs

Absolute Maximum Ratings

(Voltage on all pins with respect to GND.) XIN, XOUT .ottt -0.5V to +3.0V
RGND and AGND -0.2V to +0.2V SEG and SEGDIO, Configured as Digital Inputs......-0.3V to +3.6V
VDD reeeerereenerennnnes ...-0.5V to +3.6V Digital Pins, Configured as INputs.............cccceeeeen. -0.5V to Vpp
AVDD........... ...-0.5V to +3.6V ESD Stress on All PinS.........ccoiiiiiiiiiiiicieee +2kV, HBM
RVDD........... ...-0.5V to +3.6V Operating Temperature Range................ ... -40°C to +85°C
VBAT: VRTC teeerrreemiiie it -0.5V to +3.8V Storage Temperature Range...........cccoccuveeeenes -65°C to +150°C
ADCO-ADCI0 ..o -0.5V to (Vavpp + 0.5V)

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.

Package Thermal Characteristics (Note 1)
LQFP
Junction-to-Ambient Thermal Resistance (834) -......... 45°C/IW Junction-to-Case Thermal Resistance (83c)............... 16°C/W

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board.

Electrical Characteristics

(Limits are 100% production tested at Tp = +22°C. Limits over the operating temperature range and relevant supply voltage range
are guaranteed by design and characterization. Typical values are not guaranteed. Vpp = Vaypp = Vio = 3.0V to 3.6V, Tp = -40°C to
+85°C, unless otherwise specified.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX UNITS
POWER
Digital Supply Voltage Vpp VRsT 3.6 Y
Analog Supply Voltage VavDD 2.7 3.6 Y
Supply Voltage, Remote Interfaces VRVDD 2.7 3.6 Vv
Supply Voltage, Backup Battery VBAT 2.0 3.8 Y
Supply Voltage, RTC Battery VRTC 2.0 3.8 Y
Reset Threshold VRsT ;6%55 Y,
Power Fail Warning Threshold VpEwW 2:07 Y,
+0.05
Supply Current, Digital 'ob1 (Note 2) 5 mA
Ipbp2 (Note 3) 24 mA
Supply Current, Analog 'ob1 (Note 2) 19 mA
Ipp2 (Note 3) 19 mA
Stop Mode Current, Digital IsToP Vpp = Vavop = 3.3V 3 mA
Stop Mode Current, Analog IsToP Vpp = Vavop = 3.3V 210 A
Dynamic Current (Note 4) 0.98 mA/MHz
MSN mode (Note 5) +25 nA
Vear Current EAT BRN mode (Note 6) 7 mA
LCD_ONLY mode (Note 7) 6 HA
SLP mode, Vgat = 3.3V, VRTC = 0V 2 HA
Vire Current WRTC MSN mode (Note 5) +25 nA
SLP mode, VgaT = 0V, VRTC = 3.3V 16 HA
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MAX71617/MAX71637

Energy Measurement SoCs

Electrical Characteristics (continued)

(Limits are 100% production tested at Ta = +22°C. Limits over the operating temperature range and relevant supply voltage range
are guaranteed by design and characterization. Typical values are not guaranteed. Vpp = Vaypp = Vio = 3.0V to 3.6V, Ta = -40°C to

+85°C, unless otherwise specified.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX UNITS
CRYSTAL OSCILLATOR
Oscillator Frequency frRTC 32768 Hz
Nom.lnal_ Operating Frequency, 108 MHz
Application Core
Nominal Operating Frequency,
DSP Core 3 MHz
Nominal Opergtlng Frequency, 36 MHz
Compute Engine
I . Ta =+25°C, Vpp = 0V,
+
Frequency Variation with Voltage VRTe = 2.0V 10 3.8V +1 ppm
Startup Time 900 ms
LOGIC LEVELS
Digital High Level ViH At temp corners 2.0 \%
Digital Low Level ViL At temp corners 0.8 \%
Digital High Level, RSTN 0.8V|po \%
Digital Low Level, RSTN 03Vio \%
Input Hysteresis, All GPIO Pins 50 mV
Input Leakage VIN =Vio -1 +1 HA
Input Pullup Current Pullup enabled, VN = OV -30.0 -1.5 HA
Digital High-Level Output Voltage VoH 6mMA Vio-0.4 \%
Digital Low-Level Output Voltage VoL 6mMA 0.4 \%
LCD
Vicp = 3.3V,
VL cp Current any multiplex mode, 7 HA
no output loading, LCD pins open
VREF
Nominal Reference Voltage VREF Ta=+22°C 1.195 \
Variation with Power Supply Vavpp = 3.0V to 3.6V +1.5 mvVv/V
Deviation from Predicted Variation +40 meC
with Temperature - PP
ADC
mV
Usable Input Range -250 +250
peak
Input Impedance 30 50 kQ
) FIR_LEN =11, 5.46kHz sample rate 92
LSB Size nV/LSB
FIR_LEN =15 118
. FIR_LEN = 11, 5.46kHz sample rate +3375000
Digital Full Scale LSB
FIR_LEN =15 +2621440
Input Offset -10 +10 mV

www.silergy.com
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MAX71617/MAX71637 Energy Measurement SoCs

Electrical Characteristics (continued)

(Limits are 100% production tested at Ta = +22°C. Limits over the operating temperature range and relevant supply voltage range
are guaranteed by design and characterization. Typical values are not guaranteed. Vpp = Vaypp = Vio = 3.0V to 3.6V, Ta = -40°C to
+85°C, unless otherwise specified.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
THD, Voltage Channel 250mVp_p -75 i
(Note 8) 20mVp_p -86
Preamp off, 250mVp_p -102 -90
THD, Current Channel
(Note 8) Preamp off, 20mVp_p -87 dB
Preamp on, 20mVp_p -84
Current Channel 0 Preamp Gain 8.90 VIV
Gain Variation with Supply Voltage Preamp on +0.18 %
Gain Variation with Temperature Preamp on -180 +180 | ppm/°C
Current Channel Phase Shift 0.03 m°
Phase Shift Variation -100 +100 m°
) All channels, preamp off 900
Input Noise nV/VHz
ADCO, preamp on 100
Crosstalk Tp=+22 C guaranteed by design, 108 .97 4B
not production tested
FLASH MEMORY (Note 9)
) tvE Mass erase 20 ms
Flash Erase Time
tpe Page erase 20 ms
Flash Programming Time tPROG Per long word 20 us
Endurance Number of write/erase cycles 10,000 Cycles
Data Retention Tp =+85°C 10 Years

Note 2: Application core operating at 108MHz, metering core operating at 36MHz, instruction cache on, AES operating in 128 bit
mode, one DMA channel actively copying data from application core code RAM to application core system RAM, all timers
active and running (timer 0/1, timer 1/2, timer 2/4, timer 3/8, timer 4/16, timer 5/32, timer 6/64), random number generator
running, application core running from flash and fetching data from flash, MAXQ30 runnning in tight loop, MAXQ30 timer
operating in timer mode, all LCD segments enabled but no load on LCD pins, all ADC channels operating, RTC watchdog
operating, CE running, Vpp = Vavpp = 3.3V.

Note 3: Application core operating at 27MHz, metering core operating at 36MHz, instruction cache on, AES operating in 128 bit
mode, one DMA channel actively copying data from application core code RAM to application core system RAM, all timers
active and running (timer 0/1, timer 1/2, timer 2/4, timer 3/8, timer 4/16, timer 5/32, timer 6/64), random number generator
running, application core running from flash and fetching data from flash, MAXQ30 running in tight loop, MAXQ30 timer
operating in timer mode, all LCD segments enabled but no load on LCD pins, all ADC channels operating, RTC watchdog
operating, CE running, Vpp = Vaypp = 3.3V.

Note 4: Vpp = Vaypp = 3.3V, ADC off, application core off, compute engine off, all peripherals off, computed at user core frequen-
cies of 108MHz and 13.5MHz.

Note 5: fAPPLlCATlON CORE = 108MHz; fDSP CORE = fCE = 36MHz; all peripherals and security engines disabled, all GPIO pins
configured for output and not externally connected. Vpp = Vaypp = 3.3V.

Note 6: Application core halted, metering core running at 36MHz reading data from RAM, LCD off, CE off, ADC off, peripherals off,
Vpp = Vavpp = 0V, VeaT = VRTC = 3.3V.

Note 7: All core regulators off, LCD operating without load, VgaT = 3.3V, VrTc = 0.0V.

Note 8: Computed using a 64k point Fast Fourier Transform, Blackman-Harris window, 65Hz input frequency.

Note 9: Vpp must be greater than 1.8V to support flash write/erase operations.
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MAX71617/MAX71637 Energy Measurement SoCs

Typical Application Circuit (WYE Connected Load, Current Transformer Sensors)
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MAX71617/MAX71637 Energy Measurement SoCs

Typical Application Circuit (WYE Connected Load, Shunt Sensors)
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MAX71617/MAX71637 Energy Measurement SoCs

Pin Confguration

TOP VIEW o " "
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GND GND
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*FOR MAX71617 ONLY.
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MAX71617/MAX71637 Energy Measurement SoCs

Pin Description

oaaxio17) | (uaxiezr) | FONCTION | FUNCTION. DESCRIPTION
1 1 TMPDOUT1 Tamper Detect Output 1
2 2 TMPDOUTO Tamper Detect Output O
3 3 P1.3 SEG35/ISORST GPIO 1.3/LCD Segment 35/ISO UART Reset
4 4 P1.4 SEG36/ISoCLK GPIO 1.4/LCD Segment 36/ISO UART Clock
5 5 P1.5 SEG37/ISOIO GPIO 1.5/LCD Segment 37/ISO UART I/O
6 6 P1.6 SEG38/MISO1 GPIO 1.6/LCD Segment 38 SPI Port 1 MISO
7 7 P1.7 SEG39/MOSI1 GPIO 1.7/LCD Segment 39/SPI Port 1 MOSI
8 8 P1.8 SEG40/SCLK1 GPIO 1.8/LCD Segment 40/SPI Port 1 SCLK
9 9 P1.9 SEG41/SSEL1 GPIO 1.9/LCD Segment 41/SPI Port 1 SSEL
10 10 P1.10 SEG42/TXD3 GPIO 1.10/LCD Segment 42/UART 3 Transmit Data
11 11 P1.11 SEG43/RXD3 GPIO 1.11/LCD Segment 43/UART 3 Receive Data
12, 80, 101 12, 80, 101 Vio 1/0 Power
13, 22, 55, 13, 22, 55,
69, 81, 93, 69, 81, 93, GND Digital Ground
102, 115 102, 115
14 14 P1.13 SEG45 GPIO 1.13/LCD Segment 45
15 15 P1.14 SEG46 GPIO 1.14/LCD Segment 46
16 16 P1.15 SEG47 GPIO 1.15/LCD Segment 47
17 17 P1.16 SEGA48 GPIO 1.16/LCD Segment 48
18 18 P1.20 RXD2/TCLK1/MOSIO 323 1.20/UART 2 Receive Data/Timer 1 I1/O/SPI Port 0
19 19 P1.19 TXD2/TCLKO/MISOO E;Alrslg 1.19/UART 2 Transmit Data/Timer O I/O/SPI Port O
20 20 P1.22 RXDL/TCLK3/SSELOD CSBSPIIE?_ 1.22/UART 1 Receive Data/Timer 3 I/O/SPI Port 0
21 21 P121 TXDL/TCLK2/SCLKO SCP:_?( 1.21/UART 1 Transmit Data/Timer 2 I/O/SPI Port 0
23 23 COM2 LCD Common Pin 2
24 24 COMO LCD Common Pin 0
25 25 COM4 LCD Common Pin 4
26 26 VicD LCD Supply
27 27 RSTN Device Reset
28 28 TMPDINO Tamper Detect Input O
29 29 TMPDIN1 Tamper Detect Input 1
30 30 32KHZ IN Crystal In
31 31 32KHZ OUT Crystal Out
32, 36,41 32, 36,41 AGND Analog Ground
33 33 ADCO ADC“Input 0, Positive Input to Converter 0, typically Phase A
Positive Current Input
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MAX71617/MAX71637

Pin Description (continued)

Energy Measurement SoCs

PIN PIN PRIMARY SECONDARY
(MAX71617) | (MAX71637) | FUNCTION FUNCTION DESCRIPTION
34 34 ADC1 ADC Input 1, Negative Input to Converter 0, typically Phase
A Negative Current Input
35 35 VREF Reference Voltage
37 37 AVDD Analog Power
18 38 ADCS ADC Input 8, Single-Ended Input to Converter 4, typically
Phase A Voltage Input
39 39 ADCY ADC Input 9, Single-Ended Input to Converter 5, typically
Phase B Voltage Input
40, 50-53 — N.C. No Connection
. 40 ADC10 ADC Input 10, Single-Ended Input to Converter 6, typically
Phase C Voltage Input
42 42 VRTC RTC Battery Power
43 43 VBAT Primary Battery Voltage Input
44 44 V3p3p Bypass Point for Internal 3.3V Rail
45, 89 45, 89 V1ip2 1.2V Core Voltage Bypass
46 46 Vbbb Digital Power
a7 a7 RGND Remote Ground
ADC Input 3, Negative Input to Converter 1, typically Phase
48 48 ADC3 RMTON B Negative Current Input; Remote Interface 0 Negative
Input
ADC Input 2, Positive Input to Converter 1, typically Phase
49 49 ADC2 RMTOP B Positive Current Input; Remote Interface O Positive Input
ADC Input 5, Negative Input to Converter 2, typically Phase
— 50 ADC5 RMT1N C Negative Current Input; Remote Interface 1 Negative
Input
ADC Input 4, Positive Input to Converter 2, typically Phase
51 ADC4 RMTLP C Positive Current Input; Remote Interface 1 Positive Input
ADC Input 7, Negative Input to Converter 3, typically Neutral
52 ADC7 RMT2N Negative Current Input; Remote Interface 2 Negative Input
ADC Input 6, Positive Input to Converter 3, typically Neutral
53 ADC6 RMT2P Positive Current Input; Remote Interface 2 Positive Input
54 54 RVDD Remote Power
56 56 MGPIO7 PULSEV/MP3 MAXQ GPIO Bit 7/CE Pulse V/IMAXQ Meter Pulse 3
57 57 MGPIO6 PULSEW/MP2 MAXQ GPIO Bit 6/CE Pulse W/MAXQ Meter Pulse 2
58 58 MGPIO5 PULSEX/MP1 MAXQ GPIO Bit 5/CE Pulse XIMAXQ Meter Pulse 1
59 59 MGPIO4 PULSEY/MPO MAXQ GPIO Bit 4/CE Pulse Y/MAXQ Meter Pulse 0
60 60 MGPIO3 MSCL1 MAXQ GPIO Bit 3/MAXQ 12C SCL1
61 61 MGPIO2 MSDA1 MAXQ GPIO Bit 2/MAXQ 12C SDA1
62 62 MGPIO1 MSCLO MAXQ GPIO Bit 1/MAXQ 12C SCLO

www.silergy.com
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MAX71617/MAX71637

Pin Description (continued)

Energy Measurement SoCs

oaaxio17) | (uaxiezr) | FONCTION | FUNCTION. DESCRIPTION

63 63 MGPIO0 MSDAO MAXQ GPIO Bit 0/MAXQ I12C SDAO

64 64 P1.12 SEG44 GPIO 1.12/LCD Segment 44

65 65 COM1 LCD Common Pin 1

66 66 COM3 LCD Common Pin 3

67 67 COM5 LCD Common Pin 5

68 68 P1.17 SEG49/TXD0/ GPIO P1.17/LCD Segment 49/UART 0 Transmit Data/

SDAARM Cortex 12C SDA

70 70 P1.18 RXDO/ GPIO P1.18/UART 0 Receive Data/Cortex 12C SCL
SCLARM

71 71 P0.0 SEGO GPIO P0.0/LCD Segment 0

72 72 PO.1 SEG1 GPIO P0.1/LCD Segment 1

73 73 P0.2 SEG2 GPIO P0.2/LCD Segment 2

74 74 P0.3 SEG3 GPIO P0.3/LCD Segment 3

75 75 P0.4 SEG4 GPIO P0.4/LCD Segment 4

76 76 P0.5 SEG5 GPIO P0.5/LCD Segment 5

77 77 P0.6 SEG6 GPIO P0.6/LCD Segment 6

78 78 P0.7 SEG7 GPIO P0.7/LCD Segment 7

79 79 P0.8 SEGS8 GPIO P0.8/LCD Segment 8

82 82 P0.9 SEG9 GPIO P0.9/LCD Segment 9

83 83 P0.10 SEG10 GPIO P0.10/LCD Segment 10

84 84 P0.11 SEG11 GPIO P0.11/LCD Segment 11

85 85 P0.12 SEG12 GPIO P0.12/LCD Segment 12

86 86 P0.13 SEG13 GPIO P0.13/LCD Segment 13

87 87 P0.14 SEG14 GPIO P0.14/LCD Segment 14

88 88 Vipsg 1.8V Core Voltage Bypass

90 90 AMISOS P0.15/SEG15 ARM SPI Slave MISO/GPIO P0.15/LCD Segment 15

91 91 AMOSIS P0.16/SEG16 ARM SPI Slave MOSI/GPIO P0.16/LCD Segment 16

92 92 ASCKS P0.17/SEG17 ARM SPI Slave SCK/GPIO P0.17/LCD Segment 17

94 94 ASSELS P0.18/SEG18 ARM SPI Slave/SSEL GPIO P0.18/LCD Segment 18

95 95 P0.19 MlggGl\j-ii(Q GPIO P0.19/LCD Segment 19/MAXQ SPI MISO

96 96 P0.20 MOSéEIGNTX;(Q GPIO P0.20/LCD Segment 20/MAXQ SPI MOSI

97 97 P0.21 ssscien\i%(q GPIO P0.21/LCD Segment 21/MAXQ SPI Clock

98 98 P0.22 SSSEIIE_GN?E;(Q GPIO P0.22/LCD Segment 22/MAXQ SPI Select

99 99 P0.23 SEG23/TXD5/ GPIQ P0.23/LCD Segment 23/UART 5 Transmit Data/Test
TMUXO Multiplexer Output O

www.silergy.com
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MAX71617/MAX71637

Pin Description (continued)

Energy Measurement SoCs

oaaxio17) | (uaxiezr) | FONCTION | FUNCTION. DESCRIPTION
EG24/RXD P10 P0.24/LCD ment 24/UART 5 R ive Data/T
100 100 P0.24 > CT;ML/JX1 o f/lult(iialeger éu(t:putsleg ent 24l ® Recelve Data/Tes!
EG25/TXD4 P10 P0.25/LCD ment 25/UART 4 Transmit Dat
103 103 P0.25 > cT;MSLﬁXA : ,c:nagg (T)es?/MEItipIS:xger ent el " el
104 104 P0.26 SEG26/RXD4 GPIO P0.26/LCD Segment 26/UART 4 Receive Data
105 105 ATDI P0.27/SEG27 GPIO P0.27/LCD Segment 27/ARM Cortex-M3 TDI
106 106 ATDO P0.28/SEG28 GPIO P0.28/LCD Segment 28/ARM Cortex-M3 TDO
107 107 ATMS P0.29/SEG29 GPIO P0.29/LCD Segment 29/ARM Cortex-M3 TMS
108 108 ATCK P0.30/SEG30 GPIO P0.30/LCD Segment 30/ARM Cortex-M3 TCK
109 109 ATRST P0.31/SEG31 GPIO P0.31/LCD Segment 31/ARM Cortex-M3 TRST
MAXQ GPIO Bit 10/MAXQ Reset
110 110 MRST MGPIO10 (enatged when MAXQ JTgG active)
111 111 MTDI MGPIO11 MAXQ JTAG TDI/MAXQ GPIO Bit 11
112 112 MTDO MGPI012 MAXQ JTAG TDO/MAXQ GPIO Bit 12
113 113 MTMS MGPIO13 MAXQ JTAG TMS/MAXQ GPIO Bit 13
114 114 MTCK MGPI014 MAXQ JTAG TCK/MAXQ GPIO Bit 14
116 116 P1.0 SEG32 GPIO 1.0/LCD Segment 32
117 117 P1.1 SEG33 GPIO 1.1/LCD Segment 33
118 118 P1.2 SEG34 GPIO 1.2/LCD Segment 34
119 119 MGPIO8 TBA MAXQ GPIO Bit 8/Timer A Output
120 120 MGPIO9 TBB MAXQ GPIO Bit 9/Timer B Output

Pin Description (According to Function)

FUNCTION | PIN DESCRIPTION
POWER
Primary Digital Power for the SoC. This pin provides power for the LCD DAC control logic and the
VpbD 46 main clock PLL, and indirectly through voltage regulators for all logic, memory and fash, other than
nonvolatile segments.
AVDD 37 Primary Analog Power for the SoC. This pin provides power for the ADC channels, the bandgap
voltage reference and voltage comparators.
RVDD 54 Power for the Remote Interface Drivers
Vio 12, 80, 101 | Power for Output Drivers for All Digital Pins
Bypass Point for the Internally Selected 3.3V Source. A switch in the SoC selects either Vgat or
Vv 44 Vpp to provide power to internal logic and regulators. Attach an appropriate capacitor to ground to
3P3D this point. This pin also typically connects to the Vg pins to provide nonvolatile power for the digital
I/O section.

www.silergy.com
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MAX71617/MAX71637

Energy Measurement SoCs

Pin Description (According to Function) (continued)

FUNCTION PIN DESCRIPTION
v 43 Primary Backup Battery Power. An internal switch selects this input to provide power to the digital
BAT logic section and main voltage regulators when Vpp is unavailable.
Backup Power for Nonvolatile Section. This battery is selected to provide power to the RTC, LCD
RAM and the tamper detection subsystem should both Vpp and Vgar fail.
Bypass Point for the Internal 1.2V Core Regulator. Connect a good quality 0.1uF capacitor to each
V1p2 45, 89 . SO
of these pins. Do not connect any load to this point.
v 88 Bypass Point for the Internal 1.8V Regulator for the Flash Memory Array. Connect a good quality
1P8 0.1pF capacitor to this pin. Do not connect any load to this point.
Bypass Point for Internal LCD Voltage (if the Internal LCD DAC is Selected). If external power is
VicDp 26 selected, this pin is the input point for power to the LCD waveform generators. The voltage applied
to this pin should be no greater than V3p3p, and in any event, no greater than 3.6V.
13, 22, 55,
GND 69, 81, 93, Digital Ground. Return point for all digital I/O.
102, 115
AGND 32, 36,41 Analog Ground. Reference point for all analog inputs.
RGND 47 Remote Ground. Return point for remote drivers.
CLOCK
32KHZ OUT 31 Oscillator Output. Connect a 32.768kHz tuning fork crystal between this pin and the 32KHZ IN pin.
32KHZ IN 30 Oscillator Input. Connect a 32.768kHz tuning fork crystal between this pin and the 32KHZ OUT pin.
ANALOG
ADCO 33 ADC Input 0, Positive Input to Converter 0, typically Phase A Positive Current Input. When using
remote sensors, typically Neutral Positive Current Input.
ADC1 34 ADC Input 1, Negative Input to Converter 0, typically Phase A Negative Current Input. When using
remote sensors, typically Neutral Positive Current Input.
ADC2 49 ADC Input 2, Positive Input to Converter 1, typically Phase B Positive Current Input
ADC3 48 ADC Input 3, Negative Input to Converter 1, typically Phase B Negative Current Input
ADC4 51 ADC Input 4, Positive Input to Converter 2, typically Phase C Positive Current Input
ADC5 50 ADC Input 5, Negative Input to Converter 2, typically Phase C Negative Current Input
ADC6 53 ADC Input 6, Positive Input to Converter 3, typically Neutral Positive Current Input
ADC7 52 ADC Input 7, Negative Input to Converter 3, typically Neutral Negative Current Input
ADCS8 38 ADC Input 8, Single-Ended Input to Converter 4, typically Phase A Voltage Input
ADC9 39 ADC Input 9, Single-Ended Input to Converter 5, typically Phase B Voltage Input
ADC10 40 ADC Input 10, Single-Ended Input to Converter 6, typically Phase C Voltage Input
Remote Interface 0 Positive Input. The RMTOP and RMTON pins connect to the primary side of a
RMTOP 49 pulse transformer to couple power and data to a 71M6xxx-type remote interface device. These pins
typically connect to a current sensor on phase A of a polyphase system.
Remote Interface 0 Negative Input. The RMTOP and RMTON pins connect to the primary side of a
RMTON 48 pulse transformer to couple power and data to a 71M6xxx-type remote interface device. These pins
typically connect to a current sensor on phase A of a polyphase system.
Remote Interface 1 Positive Input. The RMT1P and RMT1N pins connect to the primary side of a
RMT1P 51 pulse transformer to couple power and data to a 71M6xxx-type remote interface device. These pins
typically connect to a current sensor on phase B of a polyphase system.
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MAX71617/MAX71637 Energy Measurement SoCs

Pin Description (According to Function) (continued)

FUNCTION PIN DESCRIPTION
Remote Interface 1 Negative Input. The RMT1P and RMT1N pins connect to the primary side of a
RMT1N 50 pulse transformer to couple power and data to a 71M6xxx-type remote interface device. These pins
typically connect to a current sensor on phase B of a polyphase system.
Remote Interface 2 Positive Input. The RMT2P and RMT2N pins connect to the primary side of a
RMT2P 53 pulse transformer to couple power and data to a 71M6xxx-type remote interface device. These pins
typically connect to a current sensor on phase C of a polyphase system.
Remote Interface 2 Negative Input. The RMT2P and RMT2N pins connect to the primary side of a
RMT2N 52 pulse transformer to couple power and data to a 71M6xxx-type remote interface device. These pins
typically connect to a current sensor on phase C of a polyphase system.
Bypass Point for Internal Voltage Regulator. This pin should be connected only to a good quality
VREF 35 0.1uF capacitor and to no other node. In particular, it is recommended that this pin not be used to
supply reference voltage to other devices.
SYSTEM
Active-Low System Reset. Asserting a low level on this pin resets the entire SoC. Connect this pin
RSTN 27 to a reset controller if one is used in the system; otherwise, connect the pin to V3p3p. Note that no
external reset is required; the device has an internal reset controller.
ATRST 109 JTAG TAP Controller Reset for the ARM Cortex-M3 core.
ATCK 108 JTAG Test Clock for the ARM Cortex-M3 core.
ATMS 107 JTAG Test Mode Select for the ARM Cortex-M3 core.
ATDO 106 JTAG Test Data Out for the ARM Cortex-M3 core.
ATDI 105 JTAG Test Data In for the ARM Cortex-M3 core.
MTCK 114 JTAG Test Clock for the MAXQ30 core.
MTMS 113 JTAG Test Mode Select for the MAXQ30 core.
MTDO 112 JTAG Test Data Out for the MAXQ30 core.
MTDI 111 JTAG Test Data In for the MAXQ30 core.
MAXQ30 Core Reset. This input is active only if the JTAG interface is enabled (TAP bit in the SC
MRST 110 register). When asserted, program execution is forced to restart at 0x80 0000 in the utility RAM
space.
GPIO
P0.0 71 ARM Cortex-M3 GPIO Port 0 Bit 0
PO.1 72 ARM Cortex-M3 GPIO Port 0 Bit 1
P0.2 73 ARM Cortex-M3 GPIO Port 0 Bit 2
P0.3 74 ARM Cortex-M3 GPIO Port 0 Bit 3
P0.4 75 ARM Cortex-M3 GPIO Port 0 Bit 4
P0.5 76 ARM Cortex-M3 GPIO Port 0 Bit 5
P0.6 77 ARM Cortex-M3 GPIO Port 0 Bit 6
P0.7 78 ARM Cortex-M3 GPIO Port 0 Bit 7
P0.8 79 ARM Cortex-M3 GPIO Port 0 Bit 8
P0.9 82 ARM Cortex-M3 GPIO Port 0 Bit 9
P0.10 83 ARM Cortex-M3 GPIO Port 0 Bit 10
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MAX71617/MAX71637 Energy Measurement SoCs

Pin Description (According to Function) (continued)

FUNCTION PIN DESCRIPTION
P0.11 84 ARM Cortex-M3 GPIO Port 0 Bit 11
P0.12 85 ARM Cortex-M3 GPIO Port 0 Bit 12
P0.13 86 ARM Cortex-M3 GPIO Port 0 Bit 13
P0.14 87 ARM Cortex-M3 GPIO Port 0 Bit 14
P0.15 90 ARM Cortex-M3 GPIO Port 0 Bit 15
P0.16 91 ARM Cortex-M3 GPIO Port 0 Bit 16
PO0.17 92 ARM Cortex-M3 GPIO Port 0 Bit 17
P0.18 94 ARM Cortex-M3 GPIO Port 0 Bit 18
P0.19 95 ARM Cortex-M3 GPIO Port 0 Bit 19
P0.20 96 ARM Cortex-M3 GPIO Port 0 Bit 20
P0.21 97 ARM Cortex-M3 GPIO Port 0 Bit 21
P0.22 98 ARM Cortex-M3 GPIO Port 0 Bit 22
P0.23 99 ARM Cortex-M3 GPIO Port 0 Bit 23
P0.24 100 ARM Cortex-M3 GPIO Port 0 Bit 24
P0.25 103 ARM Cortex-M3 GPIO Port 0 Bit 25
P0.26 104 ARM Cortex-M3 GPIO Port 0 Bit 26
P0.27 105 ARM Cortex-M3 GPIO Port 0 Bit 27
P0.28 106 ARM Cortex-M3 GPIO Port 0 Bit 28
P0.29 107 ARM Cortex-M3 GPIO Port 0 Bit 29
P0.30 108 ARM Cortex-M3 GPIO Port 0 Bit 30
P0.31 109 ARM Cortex-M3 GPIO Port 0 Bit 31
P1.0 116 ARM Cortex-M3 GPIO Port 1 Bit 0
P1.1 117 ARM Cortex-M3 GPIO Port 1 Bit 1
P1.2 118 ARM Cortex-M3 GPIO Port 1 Bit 2

P1.3 3 ARM Cortex-M3 GPIO Port 1 Bit 3
P1.4 4 ARM Cortex-M3 GPIO Port 1 Bit 4
P1.5 5 ARM Cortex-M3 GPIO Port 1 Bit 5
P1.6 6 ARM Cortex-M3 GPIO Port 1 Bit 6
P1.7 7 ARM Cortex-M3 GPIO Port 1 Bit 7
P1.8 8 ARM Cortex-M3 GPIO Port 1 Bit 8
P1.9 9 ARM Cortex-M3 GPIO Port 1 Bit 9
P1.10 10 ARM Cortex-M3 GPIO Port 1 Bit 10
P1.11 11 ARM Cortex-M3 GPIO Port 1 Bit 11
P1.12 64 ARM Cortex-M3 GPIO Port 1 Bit 12
P1.13 14 ARM Cortex-M3 GPIO Port 1 Bit 13
P1.14 15 ARM Cortex-M3 GPIO Port 1 Bit 14
P1.15 16 ARM Cortex-M3 GPIO Port 1 Bit 15
P1.16 17 ARM Cortex-M3 GPIO Port 1 Bit 16
P1.17 68 ARM Cortex-M3 GPIO Port 1 Bit 17
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MAX71617/MAX71637 Energy Measurement SoCs

Pin Description (According to Function) (continued)

FUNCTION PIN DESCRIPTION
P1.18 70 ARM Cortex-M3 GPIO Port 1 Bit 18
P1.19 19 ARM Cortex-M3 GPIO Port 1 Bit 19
P1.20 18 ARM Cortex-M3 GPIO Port 1 Bit 20
P1.21 21 ARM Cortex-M3 GPIO Port 1 Bit 21
P1.22 20 ARM Cortex-M3 GPIO Port 1 Bit 22

MGPIOO0 63 MAXQ30 GPIO Bit 0
MGPIO1 62 MAXQ30 GPIO Bit 1
MGPIO2 61 MAXQ30 GPIO Bit 2
MGPIO3 60 MAXQ30 GPIO Bit 3
MGPIO4 59 MAXQ30 GPIO Bit 4
MGPIO5 58 MAXQ30 GPIO Bit 5
MGPIO6 57 MAXQ30 GPIO Bit 6
MGPIO7 56 MAXQ30 GPIO Bit 7
MGPIO8 119 MAXQ30 GPIO Bit 8
MGPIO9 120 MAXQ30 GPIO Bit 9
MGPIO10 110 MAXQ30 GPIO Bit 10
MGPIO11 111 MAXQ30 GPIO Bit 11
MGPIO12 112 MAXQ30 GPIO Bit 12
MGPIO13 113 MAXQ30 GPIO Bit 13
MGPIO14 114 MAXQ30 GPIO Bit 14

ARM CORTEX-M3 PERIPHERALS

UART
TxDO 68 UART Channel 0 Transmit Data
RxDO 70 UART Channel 0 Receive Data
TxD1 21 UART Channel 1 Transmit Data
RxD1 20 UART Channel 1 Receive Data
TxD2 19 UART Channel 2 Transmit Data
RxD2 18 UART Channel 2 Receive Data
TxD3 10 UART Channel 3 Transmit Data
RxD3 11 UART Channel 3 Receive Data
TxD4 103 UART Channel 4 Transmit Data
RxD4 104 UART Channel 4 Receive Data
TxD5 99 UART Channel 5 Transmit Data
RxD5 100 UART Channel 5 Receive Data

SMART CARD INTERFACE
SCIO 5 Smart Card I/O

SCCLK 4 Smart Card Data Clock
SCRST 3 Smart Card Reset
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MAX71617/MAX71637 Energy Measurement SoCs

Pin Description (According to Function) (continued)

FUNCTION |  PIN | DESCRIPTION
I12C PORT
ASDA 68 ARM Cortex-M3 I2C Serial Data Circuit
ASCL 70 ARM Cortex-M3 I°C Serial Clock Circuit
SPI PORTS
AMOSIO 18 ARM Cortex-M3 SPI port 0—Master Out Slave In
AMISOO0 19 ARM Cortex-M3 SPI port 0—Master In Slave Out
ASSELO 20 ARM Cortex-M3 SPI port 0—Slave Select
ASCLKO 21 ARM Cortex-M3 SPI port 0—Serial Clock
AMOSI1 7 ARM Cortex-M3 SPI port 1—Master Out Slave In
AMISO1 6 ARM Cortex-M3 SPI port 1—Master In Slave Out
ASSEL1 9 ARM Cortex-M3 SPI port 1—Slave Select
ASCLK1 8 ARM Cortex-M3 SPI port 1—Serial Clock
AMOSIS 91 ARM Cortex-M3 SPI port 2—Master Out Slave In
AMISOS 90 ARM Cortex-M3 SPI port 2—Master In Slave Out
ASSELS 94 ARM Cortex-M3 SPI port 2—Slave Select
ASCLKS 92 ARM Cortex-M3 SPI port 2—Serial Clock
TIMERS
ATCLKO 19 ARM Cortex-M3 Timer 0 1/O Pin
ATCLK1 18 ARM Cortex-M3 Timer 1 1/0 Pin
ATCLK2 21 ARM Cortex-M3 Timer 2 1/O Pin
ATCLK3 20 ARM Cortex-M3 Timer 3 1/O Pin
MAXQ30 PERIPHERALS
LCD
COMO o4 LCD Common Output 0. If the LCD is enabled in any mode, this pin forms one of the common
element drivers.
CoM1 65 LCD Common Outpl_Jt 1. If the LCD is enabled in /2 mode or greater, this pin forms one of the
common element drivers.
COM2 23 LCD Common Outpgt 2. If the LCD is enabled in /3 mode or greater, this pin forms one of the
common element drivers.
COM3 66 LCD Common Outpgt 3. If the LCD is enabled in /4 mode or greater, this pin forms one of the
common element drivers.
coma o5 LCD Common Output 4. If the LCD is enabled in /6 mode, this pin forms one of the common
element drivers.
COMS 67 LCD Common Output 5. If the LCD is enabled in /6 mode, this pin forms one of the common
element drivers.
SEGO 71 LCD Segment Driver 0
SEG1 72 LCD Segment Driver 1
SEG2 73 LCD Segment Driver 2
SEG3 74 LCD Segment Driver 3
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MAX71617/MAX71637 Energy Measurement SoCs

Pin Description (According to Function) (continued)

FUNCTION PIN DESCRIPTION
SEG4 75 LCD Segment Driver 4
SEG5 76 LCD Segment Driver 5
SEG6 77 LCD Segment Driver 6
SEG7 78 LCD Segment Driver 7
SEGS8 79 LCD Segment Driver 8
SEG9 82 LCD Segment Driver 9

SEG10 83 LCD Segment Driver 10
SEG11 84 LCD Segment Driver 11
SEG12 85 LCD Segment Driver 12
SEG13 86 LCD Segment Driver 13
SEG14 87 LCD Segment Driver 14
SEG15 90 LCD Segment Driver 15
SEG16 91 LCD Segment Driver 16
SEG17 92 LCD Segment Driver 17
SEG18 94 LCD Segment Driver 18
SEG19 95 LCD Segment Driver 19
SEG20 96 LCD Segment Driver 20
SEG21 97 LCD Segment Driver 21
SEG22 98 LCD Segment Driver 22
SEG23 99 LCD Segment Driver 23
SEG24 100 LCD Segment Driver 24
SEG25 103 LCD Segment Driver 25
SEG26 104 LCD Segment Driver 26
SEG27 105 LCD Segment Driver 27
SEG28 106 LCD Segment Driver 28
SEG29 107 LCD Segment Driver 29
SEG30 108 LCD Segment Driver 30
SEG31 109 LCD Segment Driver 31
SEG32 116 LCD Segment Driver 32
SEG33 117 LCD Segment Driver 33
SEG34 118 LCD Segment Driver 34
SEG35 3 LCD Segment Driver 35
SEG36 4 LCD Segment Driver 36
SEG37 5 LCD Segment Driver 37
SEG38 6 LCD Segment Driver 38
SEG39 7 LCD Segment Driver 39
SEG40 8 LCD Segment Driver 40
SEG41 9 LCD Segment Driver 41
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MAX71617/MAX71637

Energy Measurement SoCs

Pin Description (According to Function) (continued)

FUNCTION PIN DESCRIPTION
SEGA42 10 LCD Segment Driver 42
SEGA43 11 LCD Segment Driver 43
SEG44 64 LCD Segment Driver 44
SEG45 14 LCD Segment Driver 45
SEG46 15 LCD Segment Driver 46
SEGA47 16 LCD Segment Driver 47
SEG48 17 LCD Segment Driver 48
SEG49 68 LCD Segment Driver 49
I2C PORTS
MSDAO 63 MAXQ30 I12C Channel 0 Serial Data Circuit
MSCLO 62 MAXQ30 I12C Channel 0 Serial Clock Circuit
MSDA1 61 MAXQ30 I2C Channel 1 Serial Data Circuit
MSCL1 60 MAXQ30 I2C Channel 1 Serial Clock Circuit
SPI PORT
MMOSI 96 MAXQ30 SPI Master Out Slave In
MMISO 95 MAXQ30 SPI Master In Slave Out
MSSEL 98 MAXQ30 SPI Slave Select
MSCLK 97 MAXQ30 SPI Serial Clock

METER PULSE OUTPUTS

Meter Pulse W Output. Typically used for real energy output (Watts). Can be directly generated from

WPULSE 7 .
ULS 5 compute engine or by the MAXQ30 core.
Meter Pulse V Output. Typically used for reactive energy output (VARS). Can be directly generated
VPULSE 56 .
from compute engine or by the MAXQ30 core.
Meter Pulse X Output. Typically used to indicate a zero-crossing event on a voltage input. Can be
XPULSE 58 . .
directly generated from compute engine or by the MAXQ30 core.
YPULSE 59 Meter Pulse Y Output. Typically used to indicate voltage sag on one of the voltage inputs. Can be

directly generated from compute engine or by the MAXQ30 core.

TAMPER DETECTION

TMPDOUTO 2 Tamper Detect Channel 0 Output
TMPDINO 28 Tamper Detect Channel O Input
TMPDOUTL1 1 Tamper Detect Channel 1 Output
TMPDIN1 29 Tamper Detect Channel 1 Input
TIMER
MAXQ30 Timer I/O Pin A. When confgured as an input, this pin provides a clock that can be used to
TBA 119 increment the counter on each selected clock edge. When confgured as an output, this pin can be
used to generate a square wave that toggles on each timer match.
MAXQ30 Timer I/O Pin B. This pin is an input to the timer module used for multiple purposes,
TBB 120 depending on the timer confguration. It can be used to reload the counter, to reverse the direction of

count or to trigger an interrupt. In PWM modes, this pin outputs the PWM signal.
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MAX71617/MAX71637

Functional Diagram

Energy Measurement SoCs
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MAX71617/MAX71637

Detailed Description

Description

The MAX71617/MAX71637 are systems-on-chip (SoCs)
for next-generation electricity meters placed on the smart
grid. The MAX71617/MAX71637 provide three high-
performance computing cores: an industry-standard ARM
Cortex-M3 core for handling communication and other
supervisory functions, a 32-bit MAXQ30 core for general
metering functions, and a programmable compute engine
(CE) to handle signal processing tasks.

The use of multiple cores in this way makes it easy
to separate metering and billing functions that can be
regulated by local or national authorities from the admin-
istrative and communications functions that typically are
unregulated. The MAXQ30 core receives data from the
compute engine and manages the energy accumulation
process, the LCD and the meter pulse outputs, while the
ARM core handles bulk storage and communications over
the various UART channels.

ARM Core Overview

The ARM Cortex-M3 core is a low-power 32-bit RISC
core, widely used for embedded applications. In the
MAX71617/MAX71637, the application core is coupled
to 1MB of flash memory, 128KB of static RAM (two 64KB
blocks), and a number of peripherals for communication
and external device control.

The ARM Cortex-M3 core provides services such as
communication management and usage reporting. The
MAX71617/MAX71637 are designed to allow this core
(the application core) to manage relatively risky opera-
tions such as communication over an insecure link, while
permitting the more sensitive operations, such as energy
measurement and accumulation, to proceed on a more
secure microcontroller (the metering core).

The ARM Cortex-M3 core controls the following
peripherals:

e Up to 55 GPIO pins
e Up to six full-duplex UARTs

e Seven configurable general-purpose timers, four with
optional output pins

e One I2C port, configurable as a master or slave

e Three SPI ports: two configurable as a master or
slave, and one permanently configured as a slave

e One smart card interface
e A block of cryptographic peripherals

www.silergy.com
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The ARM Cortex-M3 core communicates with the
MAXQ30 metering core by means of a mailbox scheme
by which it can leave messages for and retrieve data from
the metering core. Additionally, the cores can exchange
bulk data by means of a 4KB shared RAM block.

Note that there is no direct hardware control of the
MAXQ30 metering core by the ARM Cortex-M3 applica-
tion core. The application core can only request services
from the metering core, and service requests are rejected
unless they are properly formatted. This reduces the likeli-
hood of rogue code running in the ARM Cortex-M3, cor-
rupting the operation of critical metering functions being
performed in the MAXQ30 core.

MAXQ30 Core

The 32-bit MAXQ30 core is a Harvard architecture micro-
controller core well-suited for low-power signal process-
ing. Because the instruction bus is separate from the data
bus, most instructions execute in one cycle.

The MAXQ30 core is coupled to a single-cycle 32-bit mul-
tiply/accumulate unit. Because of the transfer-triggered
nature of the MAXQ30 core, the DSP core is completely
static and only the active modules of the core consume
power when operating. When the core is idle, it can be
unclocked and draws only leakage current.

The MAXQ30 core contains no ROM or flash memory.
Instead, the program store is implemented as fast static
RAM. This means that the MAXQ30 core cannot begin
running code before the ARM core has loaded its pro-
gram store. See the Security section for details on this
mechanism.

The purpose of the MAXQ30 core is to isolate criti-
cal metering functions into a separate core that does
not directly communicate over potentially unsecured
communication channels. Since programs running on
the MAXQ30 core can choose how to respond (or not
respond) to messages arriving from the ARM Cortex-M3
application core