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ADE9103/ADE9112/ADE9113

FEATURES

» 2 (ADE9112) or 3 (ADE9113) channel isolated, simultaneously
sampling Z-A ADCs, with integrated isoPower, isolated dc-to-dc
converters

» 3 (ADE9103) channel nonisolated, simultaneously sampling Z-A
ADCs

» Synchronization of multiple ADE9103/ADE9112/ADE9113 devi-
ces

» 4-wire SPI with bidirectional CRC and daisy-chain functionality
» Unique SPI readable part ID registers

» Up to 4 ADE9103/ADE9112/ADE9113 devices clocked from a
single crystal or an external clock

» IRQ hardware pin and registers for fault detection and robust-
ness

» Sample rate up to 32 kSPS

» SNR up to 95 dB

» +31.25 mV peak analog input voltage range for current channel

» +500 mV peak single-ended analog input voltage range for
voltage channels

» Internal voltage reference temperature coefficient: <13 ppm/°C
typical

» ADC offset drift; <2 nV/°C typical

» Ideal for both AC and DC measurement systems

» Single 3.3 V supply for isolated and nonisolated measurements

» Compact 28-lead, wide-body with finer pitch SOIC package with
8.3 mm creepage

» Temperature range: -40°C to +125°C

» Passes CISPR 32 Class B RF Emissions

» ADE9112 and ADE9113 safety and regulatory approvals

» IEC 60747-17 certificate of conformity expected
» 5000 V RMS for 1 minute per UL 1577 expected
» IEC 61010-1 and IEC 62368-1 expected

APPLICATIONS

» Shunt-based polyphase meters

» Electric vehicle supply equipment
» DC meters

» Power quality monitoring

» Solar inverters

» Process monitoring

» Protective devices

» Isolated sensor interfaces

Isolated, Sigma-Delta ADCs with SPI

GENERAL DESCRIPTION

The ADE9103/ADE9112/ADE9113are precision simultaneously
sampling 2-A analog-to-digital converters (ADCs) for both DC

and polyphase shunt-based energy metering applications. The
ADE9113" integrates safety certified signal and power galvanic
isolation with three simultaneously sampling fully differential 24-bit
2-A ADC channels. The ADE9112 features two fully differential £-A
ADC channels for isolated applications where only a single voltage
channel is required. The ADE9103 is a nonisolated, 3-channel Z-A
ADC for use in applications where isolation is not required, such
as for neutral measurement. The ADE9103/ADE9112/ADE9113 all
include a high-gain, current channel best suited for use with a
shunt resistor as the current sensor. Multiple ADE9103/ADE9112/
ADE9113 devices can be synchronized to sample simultaneously
and provide coherent outputs.

The current channel ADC provides an 86 dBFS signal-to-noise
ratio (SNR), at a sample rate of 4 kSPS, over a 1.65 kHz signal
bandwidth and a typical gain drift of 13 ppm/°C, which enables
down to Class 0.2 accuracy. The voltage ADCs provide an SNR of
91 dBFS over the same sample rate and bandwidth. The high gain
on the current channel (IP and IM) aids the use of lower resistance
shunts for reduced losses due to heat. The low offset drift of 2
nV/°C offers the performance required for DC metering.

The ADE9103/ADE9112/ADE9113 delivers system cost savings
and increased robustness. The main ADE9103/ADE9112/ADE9113
can drive clocks of up to three additional ADE9103/ADE9112/
ADE9113 with a single crystal. The bidirectional, serial port inter-
face (SPI) supports a daisy-chain capability, allowing access to

all registers while reducing the required microcontroller pin count.
The 28-lead SOIC_W_FP allows more compact layouts. Valid data
transfers are ensured with bidirectional, cyclic redundancy check
(CRC) and IRQ pin alerts the system of critical faults. The ADE9112
and ADE9113 pass CISPR 32 Class B emissions on a 2-layer
printed circuit board (PCB) with the addition of a high voltage
capacitor and on a 4-layer PCB with an internal stitching capacitor.

Table 1. ADE9103/ADE9112/ADE9113 Product Comparison

24-Bit Current 24-Bit Voltage

Measurement Measurement  Integrated Safety
Model Channel Channel Isolation
ADE9103 Yes 2 No
ADE9112 Yes 1 Yes
ADE9113 Yes 2 Yes

1 Protected by U.S. Patents 5,952,849; 6,873,065; 7,075,329; 6,262,600; 7,489,526; 7,558,080; 8,892,933; and 11,533,027. Other patents are pending.
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TYPICAL APPLICATIONS CIRCUIT
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Figure 1. Typical Applications Circuit with isolation between Phase A, Phase B, Phase C and MCU Domains
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FUNCTIONAL BLOCK DIAGRAMS
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Figure 2. ADE9103 Functional Block Diagram
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Figure 3. ADE9112 Functional Block Diagram
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Figure 4. ADE9113 Functional Block Diagram
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SPECIFICATIONS

VDD = 3.3V £ 10%, AGND = 0V, DGND = 0 V, on-chip reference, XTALIN = 16.384 MHz, Ty to Tyax = -40°C to +125°C, and T, = 25°C

(typical), unless otherwise noted.

Table 2. Specifications

Parameter Min Typ Max Unit Test Conditions/Comments
POWER SUPPLY
ADE9112/ADE9113
Normal Operation 8 13 mA
Hold Reset Operation 95 125 pA RESET pin held low
ADE9103
Normal Operation 34 4.1 mA
Hold Reset Operation 1.0 1.3 mA RESET pin held low
VDDgp Pin for ADE9112/ADE9113 Only 2.05 v Referenced to the GNDysq pin
INTERNAL VOLTAGE REFERENCE
Voltage Reference (VREF) 1.25 v REFOUT pin
Temperature Coefficient Tpa=-40°Cto +125°C
ADE9112/ADE9113 12 23 ppm/°C
ADE9103 13 28 ppm/°C
LOW DROPOUT (LDO) REGULATOR Generated internally, and external decoupling only
Analog LDO 18 V +5%, ALDOOUT pin
Digital LDO 18 v +5%, VLDOOUT pin
ZERO-CROSSING OUTPUT
Latency 80 ys
Jitter 30 s
TEMPERATURE RANGE
Specified Performance -40 +125 °C
ANALOG INPUTS
Differential Voltage Range
IP and IM Pins -31.25 +31.25 mV
Differential Voltage Range
V1P and VIM Pins -1000 +1000 mV
V2P and V2M Pins -1000 +1000 mV
Single-Ended Voltage Range
V1P and V1M Pins -500 +500 mV
V2P and V2M Pins -500 +500 mV
Maximum Voltage with Reference to DGND' or AGND?
IP-and IM Pins -40.625 +40625 |mV
V1P, V2P, VIM, and V2M Pins -600 +600 mV
Crosstalk® Aggressor channels at full scale. See Crosstalk section
ViandV2tol -125 dB
V1and|ItoV2 -125 dB
V2and | to V1 -125 dB
Differential Input Impedance (DC)
IPand IM 2700 3900 kQ
V1P, VM, V2P, and V2M 300 370 kQ
ADC Offset See ADC Offset section
IPand IM 0.3 +10 pv
V1P, VM, V2P, and V2M -43 +160 pv
ADC Offset Drift See ADC Offset Drift over Temperature section
IPand IM 2 4 nv/°C

analog.com

Rev. 0 | 5 of 50


https://www.analog.com/ADE9103
https://www.analog.com/ADE9112
https://www.analog.com/ADE9113
http://www.analog.com/en/index.html

ADE9103/ADE9112/ADE9113

SPECIFICATIONS

Table 2. Specifications (Continued)

Parameter Min Typ Max Unit Test Conditions/Comments
V1P and VIM
ADE9112/ADE9113 87 212 nv/°C
ADE9103 100 268 nv/°C
V2P and V2M
ADE9112/ADE9113 115 245 nv/°C
ADE9103 121 290 nv/°C
Gain Error
All Channels 0.1 +0.5 % Not including anti-aliasing filter
Gain Drift (Gain Amplifier, ADC, and Internal Voltage See Gain Drift over Temperature section
Reference)
IP,-40°C to +125°C
ADE9112/ADE9113 12 24 ppm/°C
ADE9103 15 31 ppm/°C
V1P and V2P, -40°C to +125°C
ADE9112/ADE9113 13 24 ppm/°C
ADE9103 15 30 ppm/°C
POWER SUPPLY REJECTION (PSR)/COMMON-MODE See the Power Supply Rejection (PSR) section
REJECTION RATIO (CMRR)
AC PSR VDD =3.3V +120 mV RMS (100 Hz), IP = V1P = V2P =
AGND
IPand IM -120 dB
V1P, VIM, V2P, and V2M -105 dB
DC PSR VDD =3.3V 330 mVDC, IP =3.125 mV peak, V1P =
V2P =100 mV peak
IPand IM -120 dB
V1P, VIM, V2P, and V2M -105 dB
AC CMRR At 50 Hz and 60 Hz
IPand IM -114 dB
V1P, VIM, V2P, and V2M -111 dB
Pass-Band Flatness (-0.1 dB)
32 kSPS Output 15 kHz
2.86 kHz Compensation enabled, LPF_BW =0
243 kHz Compensation enabled, LPF_BW =1
8 kSPS Output 15 kHz
2.87 kHz Compensation enabled, LPF_BW =0
244 kHz Compensation enabled, LPF_BW =1
4 kSPS Output 0.77 kHz
2 kSPS Output 0.38 kHz
1 kSPS Output 0.20 kHz
Output Bandwidth (-3 dB) DATAPATH_CONFIG = 000 has no LPF and, therefore,
bandwidth is not specified
32 kSPS and 8 kSPS 33 kHz LPF BW=0
2.7 kHz LPF_BW =1
4 kSPS 1.65 kHz LPF BW=0
1.35 kHz LPF_ BW =1
2kSPS 0.825 kHz LPF_BW=0
0.675 kHz LPF_ BW =1
1kSPS 0.413 kHz LPF BW=0
0.338 kHz LPF_BW =1

analog.com
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SPECIFICATIONS

Table 2. Specifications (Continued)

Parameter Min Typ Max Unit Test Conditions/Comments
CURRENT CHANNEL
Signal-to-Noise Ratio (SNR) At full-scale input, and see the Signal-to-Noise Ratio (SNR)
section
All 32 kSPS and 8 kSPS Outputs 83 dBFS
4 kSPS Output 86 dBFS
2 kSPS Output 89 dBFS
1 kSPS Output 91 dBFS
Signal-to-Noise-and-Distortion Ratio (SINAD) At full-scale input, and see the Signal-to-Noise-and-
Distortion (SINAD) Ratio section
All 32 kSPS and 8 kSPS Outputs 83 dBFS
4 kSPS Output 86 dBFS
2 kSPS Output 89 dBFS
1 kSPS Output 90 dBFS
Total Harmonic Distortion (THD) At full-scale input, and see the Total Harmonic Distortion
(THD) section
All Outputs -96 dBFS
Spurious-Free Dynamic Range (SFDR) At full-scale input, and see the Spurious-Free Dynamic
Range (SFDR) section
All Outputs -96 dBFS
VOLTAGE CHANNEL
Signal-to-Noise Ratio (SNR) At full-scale input, and see the Signal-to-Noise Ratio (SNR)
section
All 32 kSPS and 8 kSPS Outputs 91 dBFS
4 kSPS Output 93 dBFS
2 kSPS Output 94 dBFS
1 kSPS Output 95 dBFS
Signal-to-Noise-and-Distortion Ratio (SINAD) At full-scale input, and see the Signal-to-Noise-and-
Distortion (SINAD) Ratio section
All 32 kSPS and 8 kSPS Outputs 88 dBFS
4 kSPS Output 90 dBFS
2 kSPS Output 91 dBFS
1 kSPS Output 91 dBFS
Total Harmonic Distortion (THD) At full-scale input, and see the Total Harmonic Distortion
(THD) section
+0.5 Vpeak Differential -101 dBFS
+1.0 Vpgak Differential -92 dBFS
Spurious-Free Dynamic Range (SFDR) At full-scale input, and see the Spurious-Free Dynamic
Range (SFDR) section
+0.5 Vpeak Differential 100 dBFS
+1.0 Vpeak Differential 9% dBFS
XTALIN
Input Clock Frequency, XTALIN 15.84 16.384  16.547 MHz
XTALIN Duty Cycle 45 55 %
Using XTALOUT to Other Devices 475 52.5 %
XTALIN Logic Inputs
Input High Voltage, VINH 1.2 v
Input Low Voltage, VINL 05 \
Internal Capacitance on XTALIN and XTALOUT 4 pF
Internal Feedback Resistance Between XTALIN and 2.7 MQ

XTALOUT

analog.com
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SPECIFICATIONS

Table 2. Specifications (Continued)

Parameter Min Typ Max Unit Test Conditions/Comments
Transconductance (gp) 6 10 mAN
CLKOUT Delay 15 ns
LOGIC INPUTS—MOSI, SCLK, and CS
Input High Voltage, Viny 20 V
Input Low Voltage, Viy. 0.8 v
Input Current, iy 8.5 pA
Input Capacitance, Cy 10 pF
LOGIC OUTPUTS—CLKOUT/DREADY AND MISO
Output High Voltage, Vou 24 v Source current (Isource) = 3.5 mA
Output Low Voltage, Vg, 0.4 v Sink current (Igpg) = 3.5 mA

! For the ADE9103 only.
2 For the ADE9112/ADE9113 only.

3 /1 refers to V1 voltage channel (V1P and V1M pins), V2 refers to V2 voltage channel (V2P and V2M pins), and | refers to current channel (IP and IM pins).

analog.com
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SPECIFICATIONS

TIMING CHARACTERISTICS

VDD =3.3V £10%, AGND =0V, DGND =0V, on-chip reference, XTALIN = 16.384 MHz, and Ty to Tyax = —40°C to +125°C, unless
otherwise noted.

Table 3. SPI Interface Timing Parameters

Parameter Symbol Min Max Unit
CS to SCLK Positive Edge tss 10 ns
SCLK Frequency’ fscLk 40 20,000 kHz
SCLK Low Pulse Width tsL 20 ns
SCLK High Pulse Width tsH 20 ns
Data Output Valid After CS Edge toavre 20 ns
Subsequent Data Output Valid After SCLK Edge toavse 20 ns
Data Input Setup Time Before SCLK Edge tosu 10 ns
Data Input Hold Time After SCLK Edge torp 10 ns
Data Output Fall Time tor 10 ns
Data Output Rise Time tor 10 ns
SCLK Rise Time tsr 5 ns
SCLK Fall Time tsF 5 ns
MISO Disable After CS Rising Edge tois 20 ns
CS High After SCLK Edge tses 10 ns
CS High Time Between SP! Transactions ten

Nonisolated (NONISO) Side 400 ns

Isolated (ISO) Side 10,000 ns

! Minimum and maximum specifications are guaranteed by design.

Timing Diagrams

tss le—tey ——>
cs \
\ » / \
| tses
SCLK T 7
—— t5, — -ty —>
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<—>‘ toavrs toavss —>|
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L »
T
—| ‘«tpp A {-a— tpr j—| tpis
Mosi mMsB INX, { INTERMEDIATE BITS ) { LSBIN )
—| |=—tpgy
— ‘*tnuu 8

Figure 5. SPI Timing

TO OUTPUT

006

Figure 6. Load Circuit for Timing Specifications
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SPECIFICATIONS

INSULATION CHARACTERISTICS

The ADE9112 and ADE9113 are suitable for reinforced electrical insulation only within the safety limit data. Maintenance of the safety data is

ensured by the protective circuits.

Table 4. ADE9112 and ADE9113 Isolation Characteristics

Parameter Symbol  Conditions Value Unit
CLASSIFICATIONS
Overvoltage Category per IEC 60664-1 For Rated Mains Voltage < 150 Vrys [to IV
For Rated Mains Voltage < 300 Vrys [to IV
For Rated Mains Voltage < 424 Vgys [to Il
Climatic Classification 40/125/21
Pollution Degree Per DIN VDE 0110, Table 1 2
IEC 60747-17 HIGH VOLTAGE RATINGS
Maximum Working Isolation Voltage Viowm Continuous RMS voltage 424 Vs
Maximum Repetitive Isolation Voltage Viorm Repetitive peak voltage 600 Veeak
Maximum Transient Isolation Voltage Viotm Nonrepetitive transient voltages 7071 Veeak
Maximum Withstanding Isolation Voltage Viso Maximum isolation withstanding AC RMS voltage for one minute 5000 VRrus
Maximum Surge Isolation Voltage, Viosm Tested in oil, 1.2 us/50 s waveform per IEC 61000-4-5, Vrgst = 1.3 | 8000 VpEaK
Reinforced x Viosm = 10,400 Vpeak
Maximum Impulse Voltage Vive Tested in air, 1.2 us/50 us waveform per IEC 61000-4-5 7071 Veeak
Input to Output Test Voltage Ver 1125 Vpeak
Apparent Charge Opd Test method B1, Vpg = 1.875 X Vigry, t = 1 seC 5 pC
PACKAGE CHARACTERISITICS
External Clearance CLR Measured from input terminals to output terminals, shortest distance | 8.3 mm
through air
External Creepage CPG Measured from input terminals to output terminals, shortest distance | 8.3 mm
along body
Internal Clearance DTI Distance through thin film insulation 215 gm
Comparative Tracking Index CTI >400 %
Material Group Il
Resistance (Input to Qutput)’ Rio Vip =500V, Ty =25°C 10" Q
RIOfS VIO =500 V, TA = TS 109 Q
Capacitance (Input to Output)' Cio frest = 1 MHz 1.3 pF
SAFETY LIMITING VALUES
Maximum Ambient Safety Temperature Ts 150 °C
Maximum Input Power Dissipation Ps Total Power Dissipation at 25°C 1.90 W

! Device is measured as a 2-terminal device.

SAFE LIMITING POWER (W)

2.0

N
AN

0 50 100 150 200
AMBIENT TEMPERATURE (°C) H

Figure 7. Thermal Derating Curve, Dependence of Safety Limiting Values, per IEC 60747-17
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SPECIFICATIONS

REGULATORY APPROVALS

The ADE9112 and ADE9113 are approved by the organizations listed in Table 5. Certifications available on the Safety and Regulatory
Certification for Digital Isolation web page.

Refer to Table 5 for more information about the recommended maximum working voltages for specific cross-isolation waveforms and insulation
levels.

Table 5. ADE9112 and ADE9113 Regulatory Approvals

Regulatory Agency Standard Certification/Approval File

VDE Certified according to DIN EN IEC 60747-17 (VDE 0884-17):2021-10 and EN IEC 60747-17:2020+AC:2021 (Pending)
Reinforced insulation, see Table 4 for characteristics

uL Recognized under the UL1577 Component Recognition Program (Pending)
Single protection, 5000 V RMS isolation voltage

CSA Approved under CSA component acceptance (Pending)

CSA 62368-1-19, EN 62368-1:2020, and IEC 62368-1:2018 third edition:
Basic insulation at 830 V RMS
Reinforced insulation at 415 V RMS
CSA 61010-1-12 + A1 and IEC 61010-1 third edition + A1:
Basic insulation at 600 V RMS mains
Reinforced insulation at 300 V RMS mains
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ABSOLUTE MAXIMUM RATINGS

Tp = 25°C, unless otherwise noted.
Table 6. ADE9103 Absolute Maximum Ratings

Parameter Rating
VDD to DGND -0.3Vto+3.7V
Analog Input Voltage
IP-and IM to DGND -14Vio+14V
V1P and V1M, to DGND -20Vto+2.0V
V2P and V2M to DGND -1Vto+1V
Digital Input Voltage to DGND
MISO, SCLK, CS, RESET, and XTALIN to -0.3VtoVDD +0.3V
DGND
Digital Output Voltage to DGND
IRQ, ZX, CLKOUT, MOSI, SCLK, and XTAL- | -0.3Vto VDD +0.3V
OUT to DGND
Temperature
Operating -40°C to +125°C
Storage Range -65°C to +150°C
Lead (Soldering, 10 sec)’ 260°C
Moisture Sensitivity Level MSL3

! Analog Devices recommends that reflow profiles used in soldering RoHS-com-

pliant devices conform to J-STD-020D.1 from JEDEC. Refer to JEDEC for the

latest revision of this standard.

Table 7. ADE9112/ADE9113 Absolute Maximum Ratings

Parameter Rating
VDD to DGND and AVDD to AGND -0.3Vto+3.7V
Analog Input Voltage
IPand IM to AGND -14Vto+1.4V
V1P and VIM to AGND -20Vto+20V
V2P and V2M to AGND -1Vto+1V
Digital Input Voltage to DGND
MISO, SCLK, CS, RESET, and XTALIN to -0.3Vto VDD +0.3V
DGND
Digital Output Voltage to DGND
IRQ, ZX, CLKOUT, MOSI, SCLK, and -0.3VtoVDD +0.3V
XTALOUT to DGND
Common-Mode Transients' =150 kV/us to +150 kV/us
Temperature
Operating Range -40°C to +125°C
Storage Range -65°C to +150°C
Lead (Soldering, 10 sec)? 260°C
Moisture Sensitivity Level MSL3

! Refers to common-mode transients across the insulation barrier. Common-
mode transients exceeding the absolute maximum ratings may cause latch-up

or permanent damage.

2 Analog Devices recommends that reflow profiles used in soldering RoHS-com-

pliant devices conform to J-STD-020D.1 from JEDEC. Refer to JEDEC for the

latest revision of this standard.

analog.com

Stresses at or above those listed under Absolute Maximum Ratings
may cause permanent damage to the product. This is a stress
rating only; functional operation of the product at these or any other
conditions above those indicated in the operational section of this
specification is not implied. Operation beyond the maximum operat-
ing conditions for extended periods may affect product reliability.

THERMAL RESISTANCE

Thermal performance is directly linked to printed circuit board
(PCB) design and operating environment. Careful attention to PCB
thermal design is required.

0, is the natural convection junction-to-ambient thermal resistance
measured in a one cubic foot sealed enclosure, and 6, is the
junction-to-case thermal resistance.

Table 8. Thermal Resistance

Package Type 0 0yc Unit
RN-28-1 6569 (3619 | °CW

ELECTROSTATIC DISCHARGE (ESD) RATINGS

The following ESD information is provided for handling of ESD-sen-
sitive devices in an ESD protected area only.

Human body model (HBM) per ANSI/ESDA/JEDEC JS-001.
Charged device model (CDM) per ANSI/ESDA/JEDEC JS-002.

ESD Ratings for ADE9103
Table 9. ADE9103, 28-Lead SOIC_W _FP

ESD Model Withstand Threshold (V) Class
HEM +4000 3A
CDM +1250 c3

ESD Ratings for ADE9112 and ADE9113
Table 10. ADE9112 and ADE9113, 28-Lead SOIC_W_FP

ESD Model' Withstand Threshold (V) Class
HBM +4000 3A
CDM +1250 C3

! With respect to local VDD and AGND, and DGND and GND g pins.
ESD CAUTION

ESD (electrostatic discharge) sensitive device. Charged devi-
ces and circuit boards can discharge without detection. Although
A this product features patented or proprietary protection circuitry,
‘ % \ damage may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to avoid
performance degradation or loss of functionality.
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

Table 11. ADE9103 Pin Function Descriptions

Ne [1] [2s] RESET
Nic [2] [27] xTALIN
ne [3] [26] xTALOUT
voD [¢] [5] benD

oeno [5] ADE9103 |[2] vop
ALDoouT [6]| TOPVIEW [23] vipOOUT

Not to Scals —
VZPE (Not to Scale) ECS

vam [s] [21] scLk
V1P o] [20] miso
VAM [ [19] mosi
DGND [11] DGND
REFOUT [12] [17] cLKOUT/DREADY
™ [13] [1e] 2x
1P [14] [15] iR@

NC = NO CONNECT 8

Figure 8. ADE9103 Pin Configuration

Pin No. Mnemonic Description

1,3 NC No Connect. Pin 1 and Pin 3 are connected together internally. These NC pins have no internal connection.

2 NIC Not Connected Internally. The NIC pin has no internal connection.

4,24 VDD Primary Supply Voltage. The VDD pins provide the supply voltage for the ADE9103. Maintain the supply voltage at 3.3 V +
10% for the specified operation. Decouple the VDD pins to the closest DGND pin with a 4.7 uF capacitor in parallel with a
ceramic 100 nF capacitor.

5,11,18,25 DGND Ground Reference.

6 ALDOOUT 1.8 V Output of Analog LDO Regulator. Decouple the ALDOOUT pin with a 4.7 uF capacitor in parallel with a ceramic 100
nF capacitor to DGND, Pin 5. Do not connect the external load circuitry to the ALDOOUT pin.

7 V2P Positive Analog Input for the V2 Voltage Channel. V2P and V2M are differential voltage inputs with a maximum single-ended
signal level of £500 mV with respect to the VxM pins for specified operation. Use the V2P and V1P pins with the related
input circuitry, as shown in Figure 27. If the V2 voltage channel is not used, connect the V2P pin to the V2M pin.

8 VM Negative Analog Input for the V2 Voltage Channel.

9 V1P Positive Analog Inputs for the V1 Voltage Channel. The voltage channels are used with the voltage transducers. V1P and
V1M are differential voltage inputs with a maximum single-ended signal level of 500 mV with respect to the VxM pins for
specified operation. Use the V1P and V2P pins with the related input circuitry, as shown in Figure 27. If the V1 voltage
channel is not used, connect the V1P pin to the VIM pin.

10 VM Negative Analog Input for the V1 Voltage Channel.

12 REFOUT Voltage Reference Output. The REFOUT pin provides access to the on-chip voltage reference. The on-chip reference has a
nominal value of 1.25 V. Decouple the REFOUT pin to DGND, Pin 11, with a 4.7 uF capacitor in parallel with a ceramic 100
nF capacitor. Do not connect the external load circuitry to the REFOUT pin.

13 M Negative Analog Input for the Current Channel. The current channel is used with shunts. IM and IP are pseudo differential
voltage inputs with a maximum differential level of +31.25 mV. Use the IM and IP pins with the related input circuitry, as
shown in Figure 27.

14 IP Positive Analog Input for the Current Channel.

15 IRQ Interrupt Request Output. The IRQ pin is an active low logic output.

16 ZX Zero-Crossing Output Pin.

17 CLKOUT/DREADY Clock Output (CLKOUT). When CLKOUT functionality is selected (see the Synchronizing Multiple ADE9103/ADE9112/
ADE9113 Devices section for details), the ADE9103 generates a digital signal synchronous to the main clock at the XTALIN
pin. Use CLKOUT to provide a clock to other ADE9103/ADE9112/ADE9113 devices. Data Ready, Active Low (DREADY).
When DREADY functionality is selected (see the Synchronizing Multiple ADE9103/ADE9112/ADE9113 Devices section for
details), the ADE9103 generates an active low signal synchronous to the ADC output frequency. Use this signal to start
reading the ADC outputs of the ADE9103.

19 MOSI Data Input for the SPI Port.

20 MISO Data Output for the SPI Port. Attach a 10 kQ pull-up resistor to the VDD supply voltage for increased electromagnetic
compatibility (EMC) robustness (see the SPI Compatible section for details).

21 SCLK Serial Clock Input for the SPI Port. All serial data transfers are synchronized to this clock (see the Clock section).

22 CS Chip Select for the SPI Port (Active Low).

23 VLDOOUT 1.8 V Output of Digital LDO Regulator. Decouple the VLDOOUT pin with a 4.7 uF capacitor in parallel with a ceramic 100 nF

capacitor to DGND, Pin 25. Do not connect the external load circuitry to the VLDOOUT pin.

analog.com
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

Table 11. ADE9103 Pin Function Descriptions (Continued)

Pin No. Mnemonic Description

26 XTALOUT Crystal Output. A crystal must be chosen based on the transconductance (gy,) in Table 2. The crystal is connected across
the XTALIN and XTALOUT pins to provide a clock source for the ADE9103.

27 XTALIN Main Clock Input. An external clock can be provided at this logic input. The CLKOUT/DREADY signal of another

appropriately configured ADE9103/ADE9112/ADE9113 (see the Synchronizing Multiple ADE9103/ADE9112/ADE9113
Devices section for details) can be provided at the XTALIN pin. Alternatively, a crystal can be connected across XTALIN and
XTALOUT to provide a clock source for the ADE9103. The clock frequency for specified operation is 16.384 MHz, but lower
frequencies down to 16 MHz can be used. See the Clock section for more details.

28 RESET Active Low Reset Input. To initiate a hardware reset, this pin must be brought low for a minimum of 1.5 ps.
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

GNDyso [1]
VDDyso [2]

GNDyso [3]
AVDD [4]

AGND [5]
ALDOOUT [
Ne [7]

Ne [&]

viP [9]

VM [19]

AGND [11]
REFOUT [12]

im [13]

P [14]

NC = NO CONNECT

ADE9112
TOP VIEW
(Not to Scale)

RESET
XTALIN
XTALOUT
DGND
VDD
VLDOOUT
cs

SCLK
MISO
MosI
DGND
CLKOUT/DREADY

009

Figure 9. ADE9112 Pin Configuration
Table 12. ADE9112 and ADE9113 Pin Function Descriptions

(——
GNDyso [1] 2] RESET
VDDso [2] [27] XTALIN
GNDyso [3] 26] xTALOUT
AVDD [4] 25] DGND
AcND [5]| ADE9113 |[2¢] voD
ALDOOUT [6]| TOPVIEW |[23] viLDOOUT
—i| (Notto Scale) |[F/ —
vap [7] 22] Cs
vam [&] 21] scLk
viP 9] [20] Miso
VM [10) 1] MOsI
AGND [11 8] DGND
REFOUT [12] 17] CLKOUT/DREADY
™ [13] [16] zx
1P [14] 15] iRQ R
——. 5

Figure 10. ADE9113 Pin Configuration

Pin No.

ADE9112 ADE9113 Mnemonic Description

1,3 1,3 GNDyso Ground for the Isolated DC-to-DC Converter, Connected to the GND,go Paddle. Connect GNDgq
to AGND through a ferrite filter network.

2 2 VDDyso DC-to-DC Converter Voltage Output. VDDsq requires a low ESR 100 nF bypass capacitor
connected to GNDgo. Connect VDD,gq to AVDD through a ferrite filter network.

4 4 AVDD Power Supply for the Isolated Side. AVDD requires 4.7 pF and 100 nF bypass capacitor to
AGND.

511 511 AGND Ground Reference.

6 6 ALDOOUT 1.8 V Output of Analog LDO Regulator. Decouple the ALDOOUT pin with a 4.7 uF capacitor
in parallel with a ceramic 100 nF capacitor to AGND, Pin 5. Do not connect the external load
circuitry to the ALDOOUT pin.

7 NC No Connect. The NC pin has an internal connection. Leave the NC pin floating or tie it to Pin 8.

8 NC No Connect. The NC pin has an internal connection. Leave the NC pin floating or tie it to Pin 7.

7 V2P Positive Analog Input for the V2 Voltage Channel. The voltage channels are used with the voltage
transducers. V2Pand V2M are differential voltage inputs with a maximum single-ended signal
level of 500 mV with respect to the VxM pins for specified operation. Use the V2P and V1P
pins with the related input circuitry, as shown in Figure 27. If the V2 voltage channel is not used,
connect the V2P pin to the V2M pin.

V2M Negative Analog Input for the V2 Voltage Channel.

9 V1P Positive Analog Inputs for the V1 Voltage Channel. V1P and VAM are differential voltage inputs
with a maximum single-ended signal level of £500 mV with respect to the VxM pins for specified
operation. Use the V1P and V2P pins with the related input circuitry, as shown in Figure 27. If the
V1 voltage channel is not used, connect the V1P pin to the V1M pin.

10 10 VIM Negative Analog Input for the V2 Voltage Channel.

12 12 REFOUT Voltage Reference Output. The REFOUT pin provides access to the on-chip voltage reference.
The on-chip reference has a nominal value of 1.25 V. Decouple the REFOUT pin to AGND,

Pin 11, with a 4.7 yF capacitor in parallel with a ceramic 100 nF capacitor. Do not connect the
external load circuitry to the REFOUT pin.

13 13 M Negative Analog Input for the Current Channel. The current channel is used with shunts. IM and
IP are pseudo differential voltage inputs with a maximum differential level of £31.25 mV. Use the
IMand IP pins with the related input circuitry, as shown in Figure 27.

14 14 IP Positive Analog Input for the Current Channel.

15 15 IRQ Interrupt Request Output. The IRQ pin is an active low logic output.

16 16 ZX Zero-Crossing Output Pin.

analog.com
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

Table 12. ADE9112 and ADE9113 Pin Function Descriptions (Continued)
Pin No.
ADE9112 ADE9113 Mnemonic Description

17 17 CLKOUT/DREADY Clock Output (CLKOUT). When CLKOUT functionality is selected (see the Synchronizing Multiple
ADE9103/ADE9112/ADE9113 Devices section for details), the ADE9112 and ADE9113 generate
a digital signal synchronous to the main clock at the XTALIN pin. Use CLKOUT to provide

a clock to the other ADE9112 and ADE9113 devices on the board. Data Ready, Active Low
(DREADY). When DREADY functionality is selected (see the Synchronizing Multiple ADE9103/
ADE9112/ADE9113 Devices section for details), the ADE9112 and ADE9113 generate an active
low signal synchronous to the ADC output frequency. Use this signal to start reading the ADC
outputs of the ADE9112 and ADE9113.

18,25 18,25 DGND Ground Reference.

19 19 MOSI Data Input for the SPI Port.

20 20 MISO Data Output for the SPI Port. Attach a 10 kQ pull-up resistor to the VDD supply voltage for
increased EMC robustness (see the SPI Compatible section for details)

21 21 SCLK Serial Clock Input for the SPI Port. All serial data transfers are synchronized to this clock (see the
Clock section).

22 22 Cs Chip Select for SPI Port (Active Low).

23 23 VLDOOUT 1.8 V Output of Digital LDO Regulator. Decouple the VLDOOUT pin with a 4.7 uF capacitor in
parallel with a ceramic 100 nF capacitor to DGND, Pin 25. Do not connect the external load
circuitry to the VLDOOUT pin.

24 24 VDD Primary Supply Voltage. The VDD pin provides the supply voltage for the and ADE9113. Maintain
the supply voltage at 3.3 V + 10% for specified operation. Decouple the VDD pin to DGND, Pin
25, with a 4.7 yF capacitor in parallel with a ceramic 100 nF capacitor.

26 26 XTALOUT Crystal Output. A crystal must be chosen based on the transconductance (gy,) in Table 2.The
crystal is connected across the XTALIN and XTALOUT pins to provide a clock source for the
ADE9112 and ADE9113.

27 27 XTALIN Main Clock Input. An external clock can be provided at this logic input. The CLKOUT/DREADY
signal of another appropriately configured ADE9112/ADE9113 (see the Synchronizing Multiple
ADE9103/ADE9112/ADE9113 Devices section for details) can be provided at the XTALIN pin.
Alternatively, a crystal can be connected across the XTALIN and XTALOUT pins to provide a
clock source for the ADE9112 and ADE9113. The clock frequency for specified operation is
16.384 MHz, but lower frequencies down to 16 MHz can be used. See the Clock section for more
details.

28 28 RESET Active Low Reset Input. To initiate a hardware reset, the RESET pin must be brought low for a
minimum of 1.5 ps.
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TYPICAL PERFORMANCE CHARACTERISTICS

20 T 50 T
SNR = 84.9dB SNR = 84.7dB
0 THD = -96.6dB | THD = -96.6dB
20 SINAD = 84.6dB | SINAD = 84.4dB
SFDR =97.3dB 0 SFDR =97.2dB ]
-40
g 3 s
E _100 E
- -
< & _100
-120 =
< < /\
-140
160 -150 u
-180
-200 —200
0.1 1 10 100 1K 10k 100k 0.1 1 10 100 1k 10k
FREQUENCY (Hz) 5 FREQUENCY (Hz) g

Figure 11. Current Channel Fast Fourier Transform (FFT), 32 kSPS Sinc3
Output (Register CONFIG_FILT, DATAPATH_CONFIG Bits = 000b)

Figure 14. Current Channel FFT, 8 kSPS Sinc3 + Compensation + LPF Output
(Register CONFIG_FILT, DATAPATH_CONFIG Bits = 100b)

0

SNR = 82.1dB

SNR = 81.6dB

-20 THD = -103.4dB -20 THD =-102.9dB |
SINAD = 82.1dB SINAD = 81.5dB
-40 SFDR = 101.4dB ] -40 SFDR = 101.6dB
_ 60 -60
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T 80 S 80
w w
=] a
2 100 2 —100
r a
£ 120 g 120
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—1a0 | —=—"A4M 140 [ZNA
-160 . -160 T || I
-180 T -180
-200 -200
0.1 1 10 100 1k 10k 100k 0.1 1 10 100 1k 10k
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Figure 12. Voltage Channel V1 FFT, 32 kSPS Sinc3 Output (Register

Figure 15. Voltage Channel V1 FFT, 8 kSPS Sinc3 + Compensation + LPF
CONFIG_FILT, DATAPATH_CONFIG Bits = 000b)

Output (Register CONFIG_FILT, DATAPATH_CONFIG Bits = 100b)

SNR = 82.1dB

0

" - | SNR = 81.5dB
. THD = -103.1dB THD =-102.7dB
SINAD = 82.1dB SINAD = 81.4dB
—40 SFDR = 101.1dB 50 SFDR = 101.9dB ]
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3 g0 3
2 3 _100
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< . A
140 ) <
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~160 AR —200
_180 i
-200
250
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Figure 13. Voltage Channel V2 FFT, 32 kSPS Sinc3 Output (Register

: Figure 16. Voltage Channel V2 FFT, 8 kSPS Sinc3 + Compensation + LPF
CONFIG_FILT, DATAPATH_CONFIG Bits = 000b)

Output (Register CONFIG_FILT, DATAPATH_CONFIG Bits = 100b)
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 17. ADE9112 and ADE9113 Current Channel Gain Temperature Figure 20. ADE9103 Voltage Channel V1 and V2 Gain Temperature
Coefficient Histogram, 8 kSPS Sinc3 + LPF Output (Register CONFIG_FILT, Coefficient Histogram, 8 kSPS Sinc3 + LPF Output (Register CONFIG_FILT,
DATAPATH_CONFIG Bits = 011b) DATAPATH_CONFIG Bits = 011b)
42 38
40 — AVERAGE = 12.6029 36 AVERAGE = -0.5886
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Figure 18. ADE9112 and ADE9113 Voltage Channel V1 and V2 Gain Figure 21. ADE9112 and ADE9113 Current Channel Offset Drift Histogram, 8
Temperature Coefficient Histogram, 8 kSPS Sinc3 + LPF Output (Register kSPS Sinc3 + LPF Output (Register CONFIG_FILT, DATAPATH_CONFIG Bits =
CONFIG_FILT, DATAPATH_CONFIG Bits = 011b) 011b)
28 20
2 AVERAGE = 13.9249 _| 19 | AVERAGE = 86.6399 —
STANDARD =3.1719 18 | STANDARD = 24.2194 —
24 17
22 16
15
20 14
. 18 . :g
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Figure 19. ADE9103 Current Channel Gain Temperature Coefficient Figure 22. ADE9112 and ADE9113 Voltage Channel V1 Offset Drift Histogram,
Histogram, 8 kSPS Sinc3 + LPF Output(Register CONFIG_FILT, 8 kSPS Sinc3 + LPF Output (Register CONFIG_FILT, DATAPATH_CONFIG Bits
DATAPATH_CONFIG Bits = 011b) =011b)
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 23. ADE9112 and ADE9113 Voltage Channel V2 Offset Drift Histogram, Figure 26. ADE9103 Voltage Channel V2 Offset Drift Histogram, 8 kSPS Sinc3
8 kSPS Sinc3 + LPF Output (Register CONFIG_FILT, DATAPATH_CONFIG Bits + LPF Output (Register CONFIG_FILT, DATAPATH_CONFIG Bits = 011b)
=011b)
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Figure 24. ADE9103 Current Channel Offset Drift Histogram, 8 kSPS Sinc3 +
LPF Output (Register CONFIG_FILT, DATAPATH_CONFIG Bits = 011b)
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Figure 25. ADE9103 Voltage Channel V1 Offset Drift Histogram, 8 kSPS Sinc3
+ LPF Output (Register CONFIG_FILT, DATAPATH_CONFIG Bits = 011b)
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TEST CIRCUIT
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Figure 27. Test Circuit
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Signal Voltage Range Between the IP and IM,
V1P and V1M, and V2P and V2M Pins

The ADE9103 and ADE9113 contain three fully-differential ADCs,
while the ADE9112 has two fully-differential ADCs, allowing flexibil-
ity in terms of the measurement and how the ADCs are used.

The application typically uses a shunt sensor for the current and

a potential divider for the voltage, which means that the signal
applied at the input can be seen as pseudo differential. The input
range on the current channel represents the peak-to-peak pseudo
differential voltage that must be applied to the ADC to generate

a full-scale response when the IM pin is connected to AGND, Pin
11. The input range on the voltage channel is represented in two
ways: differential, where a signal is applied to both VxP and VxM to
generate a full-scale response, and pseudo differential, where the
signal is only applied to the VxP pin to generated a '; of full-scale
response when the VxM pin is connected to AGND. When psuedo
differential, the IM and VxM pins are connected to AGND using
antialiasing filters. Figure 28 illustrates the input voltage range
between IP and IM, and Figure 29 illustrates the input voltage range
between V1P and VIM and between V2P and V2M.

+31.25mV

&Z_u 25mV

IP-1IM +31.25mV

ov \ T
-31.25mV g

5}

P

ov

Figure 28. Pseudo Differential Input Voltage Range Between the IP and IM
Pins
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+500mV
V1P, V2P

ov \ T
-500mV

ViM, V2M oV

VIP - VM,
V2P - V2l +500mv

ov \ T
-500mV g

Figure 29. Pseudo Differential Input Voltage Range Between the V1P and VIM
Pins and Between the V2P and V2M Pins

Maximum VxM and IM Voltage Range

This range represents the maximum allowed voltage at the V1P,
VM, V2P, IP, and IM pins relative to AGND, Pin 11 on the
ADE9112 and ADE9113, or DGND, Pin 11 on the ADE9103.

Crosstalk

Crosstalk represents the leakage of signals, usually via the capac-
itance between circuits. Crosstalk is measured in the current chan-
nel by setting the IP and IM pins to the local ground reference, Pin
11, supplying a full-scale differential voltage between the V1P and
V1M voltage channel pins and between the V2P and V2M voltage
channel pins, and measuring the output of the current channel. It is
measured in the V1 voltage channel by setting the V1P and V1M
pins to the local ground reference, Pin 11, supplying a full-scale
differential voltage between the IP and IM pins and between the
V2P and V2M pins, and measuring the output of the V1 voltage
channel. Crosstalk is measured in the V2 voltage channel by setting
the V2P and V2M pins to the local ground reference, Pin 11,
supplying a full-scale differential voltage between the IP and IM pins
and between the V1P and V1M pins, and measuring the output of
the V2 voltage channel. Crosstalk is equal to the ratio between the
grounded ADC output value and the ADC full-scale output value.
The ADC outputs are acquired for 2 sec. Crosstalk is expressed in
decibels.

Input Impedance to Ground (DC)

The input impedance to ground represents the impedance meas-
ured at each ADC input pin (IP, IM, V1P, V2P, VM, and V2M)
with respect to AGND, Pin 11 on the ADE9112 and ADE9103, and
DGND, Pin 11 on the ADE9103.

ADC Offset

The ADC offset error is the average measured ADC output code
with both inputs connected to AGND of the ADE9112 and ADE9113
and DGND of the ADE9103.
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ADC Offset Drift over Temperature

The ADC offset drift is the change in offset over temperature. It
is measured at -40°C, +25°C, and +125°C. The offset drift over
temperature is computed as follows:

Offset(—40) — Offset(+125)
(=40 — 125)

Drift 4010 +125 =

Offset drift is expressed in nV/°C.
Gain Error

The gain error in the ADCs represents the difference between

the measured ADC output code (minus the offset) and the ideal
output code when the internal voltage reference is used (see the
Analog-to-Digital Conversion section). The difference is expressed
as a percentage of the ideal code. It represents the overall gain
error of one of the current or one of the voltage channels.

Gain Drift over Temperature

This temperature coefficient includes the temperature variation of
the ADC gain and of the internal voltage reference. It represents the
overall temperature coefficient of one current or one of the voltage
channels. With the internal voltage reference in use, the ADC

gain is measured at -40°C, +25°C, and +125°C. The temperature
coefficient is computed as follows:

Gain(—40) — Gain(+125)

Gain(+25) x (—40 — 125)

Drift 40 t0 +125 =

Gain drift is measured in ppm/°C.
Power Supply Rejection (PSR)

PSR quantifies the measurement error as a percentage of reading
when the power supplies are varied. For the AC PSR measure-
ment, a reading at nominal supplies (3.3 V) is taken when the
voltage at the input pins is 0 V. A second reading is obtained with
the same input signal levels when an AC signal (120 mV RMS at 50
Hz or 100 Hz) is introduced onto the supplies. Any error introduced
by this AC signal is expressed as a percentage of the reading
(PSRR). PSR =20 log¢q (PSRR).

For the DC PSR measurement, a reading at nominal supplies
(3.3 V) is taken when the voltage between the IP and IM pins

is 3.125 mV peak, and the voltages between the V1P and VIM
pins and between the V2P and V2M pins are 100 mV peak. A
second reading is obtained with the same input signal levels when
the power supplies are varied by £10%. Any error introduced is
expressed as a percentage of the reading (PSRR). Then, PSR =
20 log¢q (PSRR).
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Common-Mode Rejection Ratio (CMRR)

CMRR is defined as the differential gain of the channel divided by
the common-mode gain.

IP - 1M = 31.25 mV peak differential is applied, and an FFT is used
to measure the fundamental in dB.

IP = IM = 31.25 mV peak to the local ground reference, Pin 11,
common-mode is applied, and an FFT is used to measure the
fundamental in dB.

VxP - VxM = 100 mV peak differential is applied, and an FFT is
used to measure the fundamental in dB.

VxP = VxM =100 mV peak to the local ground reference, Pin
11, common-mode is applied, and an FFT is used to measure the
fundamental in dB.

Signal-to-Noise Ratio (SNR)

SNR is the ratio of the RMS value of the actual input signal to the
RMS sum of all other spectral components within the bandwidth,
excluding harmonics and DC. The waveform samples are coherent-
ly sampled over approximately 8 sec to avoid using a window
function. The value for SNR is expressed in decibels relative to
full-scale (dBFS).

Signal-to-Noise-and-Distortion (SINAD) Ratio

SINAD is the ratio of the RMS value of the actual input signal to the
RMS sum of all other spectral components within the bandwidth,
including harmonics but excluding DC. The waveform samples are
coherently sampled over approximately 8 sec to avoid using a
window function. The value for SINAD is expressed in decibels
relative to full-scale (dBFS).

Total Harmonic Distortion (THD)

THD is the ratio of the RMS sum of all harmonics (excluding

the noise components) to the RMS value of the fundamental.

The waveform samples are coherently sampled over approximately
8 sec to avoid using a window function. The value for SNR is
expressed in decibels relative to full-scale (dBFS).

Spurious-Free Dynamic Range (SFDR)

SFDR is the ratio of the RMS value of the actual input signal to the
RMS value of the peak spurious component over the measurement
bandwidth of the waveform samples. The waveform samples are
coherently sampled over approximately 8 sec to avoid using a
window function. The value of SFDR is expressed in decibels
relative to full scale (dBFS).
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ANALOG INPUTS

The ADE9113 has three analog inputs: one current channel and
two voltage channels. The ADE9112 does not include the second
voltage channel. The current channel has two fully differential
voltage input pins, IP and IM, that accept a maximum differential
signal of £31.25 mV.

The maximum IP voltage (Vp) signal level is also +31.25 mV. The
maximum IM voltage (V) signal level allowed at the IM input is
+25 mV. Figure 30 shows a schematic of the input for the current
channel and the relation to the maximum IM pin voltage.

Vip Vjp = £31.25mV MAXIMUM PEAK
Vi = £25mV MAXIMUM
+31.25mV
ov
-31.25mV

030

Figure 30. Maximum Input Level, Current Channel

Note that the current channel senses the voltage across a shunt.
In this case, one pole of the shunt becomes the ground of the
meter (see Figure 35) and, therefore, the current channel is used
in a pseudo differential configuration, similar to the voltage channel
configuration (see Figure 31).

The V1 and V2 voltage channels are fully differential, but most typi-
cally used in a pseudo differential setup. These differential voltage
inputs have a maximum input voltage of £1000 mV. If setup pseudo
differentially, the voltage inputs have a maximum input voltage of
+500 mV with respect to VAM or V2M. The maximum signal allowed
on the VxP or VxM pins is £600 mV. Figure 31 shows a schematic
of the voltage channel inputs and their relation to the maximum
VxM voltage.

Vp =1500mV PEAK

Ve Vp = 100mV MAXIMUM

+500mV

ov

-500mV

031

Figure 31. Maximum Input Level, Voltage Channels
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ANALOG-TO-DIGITAL CONVERSION

The ADE9103/ADE9112/ADE9113 have three, second-order, multi-
bit Z-A ADCs. For simplicity, the block diagram in Figure 32 shows
a first-order £-A ADC. The converter is composed of the 2-A
modulator and the digital low-pass filter (LPF), separated by the
digital isolation block.

ANALOG XTALIN/16 ISOLATION
LOW-PASS Q | DIGITAL
FILTER INTEGRATOR |

| LOW-PASS
LATCHED FILTER

N COMPARATOR .
DIGITAL D\_
ISOLATION 24
|

R
oW

A cL
v

032

Figure 32. First-Order 2-A ADC

A Z-A modulator converts the input signal into a continuous serial
stream of 1s and Os at a rate determined by the sampling clock.

In the ADE9103/ADE9112/ADE9113, the sampling clock is equal
to XTALIN/16 (1.024 MHz when XTALIN = 16.384 MHz). The 1-bit
DAC in the feedback loop is driven by the serial stream. The DAC
output is subtracted from the input signal. If the loop gain is high
enough, the average value of the DAC output (and, therefore, the
bit stream) can approach that of the input signal level. For any
given input value in a single sampling interval, the data from the
1-bit ADC is virtually meaningless. A meaningful result is obtained
only when a large number of samples is averaged. This averaging
is completed in the second part of the ADC, the digital LPF, after
the data passes through the digital isolators. By averaging a large
number of bits from the modulator, the LPF can produce 24-bit
data-words that are proportional to the input signal level.

The Z-A converter uses two techniques to achieve high resolution
from what is essentially a 1-bit conversion technique. The first
technique is oversampling. Oversampling means that the signal
is sampled at a rate (frequency) that is many times higher than
the bandwidth of interest. For example, when XTALIN = 16.384
MHz, the sampling rate in the ADE9103/ADE9112/ADE9113 is
1.024 MHz, and the bandwidth of interest is 40 Hz to 3.3 kHz.
Oversampling has the effect of spreading the quantization noise
(noise due to sampling) over a wider bandwidth. With the noise
spread more thinly over a wider bandwidth, the quantization noise
in the bandwidth of interest is lowered, as shown in Figure 33.

However, oversampling alone is not sufficient to improve the SNR
in the band of interest. For example, an oversampling factor of

4 is required to increase the SNR by a mere 6 dB (1 bit). To

keep the oversampling ratio at a reasonable level, it is possible to
shape the quantization noise so that the majority of the noise lies
at the higher frequencies. Noise shaping is the second technique
that achieves high resolution. In the Z-A modulator, the noise is
shaped by the integrator, which has a high-pass type response for
the quantization noise. The result is that most of the noise is at the
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higher frequencies where it can be removed by the digital LPF. This
noise shaping is shown in Figure 33.

ANTIALIAS FILTER
)
DIGITAL FILTER
SIGNAL | SHAPED NOISE
/ ! SAMPLING
FREQUENCY
| |
NOISE |
) I
v . !
* 0 334 512 1024
FREQUENCY (kHz)
HIGH RESOLUTION
OUTPUT FROM
DIGITAL LPF
SIGNAL |
A |
|
|
| |
NOISE |
| |
|
| 1
* 0 334 512 1024

FREQUENCY (kHz) 3

Figure 33. Noise Reduction due to Oversampling and Noise Shaping in the
Analog Modulator

The bandwidth of interest is a function of the input clock frequency
and the ADC output frequency (selectable by the CONFIG_FILT
register, see the ADC Output Values section for details).

Antialiasing Filter

Figure 32 shows an analog LPF (RC) on the input to the ADC. This
filter is placed outside of the ADE9103/ADE9112/ADE9113, and its
role is to prevent aliasing. Aliasing is an artifact of all sampled
systems, as shown in Figure 34. Aliasing refers to the frequency
components in the input signal to the ADC that are higher than
half the sampling rate of the ADC and appear in the sampled
signal at a frequency less than half the sampling rate. Frequency
components more than half the sampling frequency (also known
as the Nyquist frequency, that is, 512 kHz) are imaged or folded
back down to less than 512 kHz, which happens with all ADCs,
regardless of the architecture. In Figure 34, only frequencies near
the sampling frequency of 1.024 MHz move into the bandwidth

of interest for metering, that is, 40 Hz to 3.3 kHz, or 40 Hz to

2 kHz. To attenuate the high frequency noise (near 1.024 MHz)
and prevent the distortion of the bandwidth of interest, a LPF must
be introduced. It is recommended that one RC filter with a corner
frequency of 7 kHz be used for the attenuation to be sufficiently
high at the sampling frequency of 1.024 MHz. The 20 dB per
decade attenuation of this filter is usually sufficient to eliminate the
effects of aliasing.
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Figure 34. Aliasing Effects

ADC Transfer Function

All ADCs in the ADE9103/ADE9112/ADE9113 produce 24-bit sign-
ed output codes. With a full-scale input signal of +t31.25 mV on

the current channel and £1000 mV on the voltage channels, and
with an internal reference of 1.25 V, the ADC output code is
nominally 6,710,886 and based on the gain error, varies for each
ADE9103/ADE9112/ADE9113 around this value. Do not exceed the
nominal range of £31.25 mV for the current channel and £1000

mV differentially (+t500 mV pseudo differentially) for the voltage
channels; ADC performance is guaranteed only for input signals
within these limits.

ADC Output Values

The signed 24-bit ADC output values are each stored in three
subsequent registers. The current channel ADC outputs are stored
in the |_WAV bits, Bits[23:0], the V1 voltage channel ADC outputs in
the V1_WAV bits, Bits[23:0], and the V2 voltage channel outputs in
the V2_WAVbits, Bits[23:0], see Table 19. The output frequency is
32 kHz (XTALIN/512), 8 kHz (XTALIN/2048), 4 kHz (XTALIN/4096),
2 kHz (XTALIN/8192), or 1 kHz (XTALIN/16384), and XTALIN is
16.384 MHz.

The microcontroller reads the ADC output registers one at a time

in a short transaction or all at once in a long transaction. See the
SPI Long Operation section and the SPI Short Operation section for
more information.

REFERENCE VOLTAGE

The nominal reference voltage at the REFOUT pin is 1.25 V. This
reference voltage is used for the ADCs in the ADE9103/ADE9112/
ADE9113. Because the on-chip dc-to-dc converter cannot supply
external loads, the REFOUT pin of the ADE9112 and ADE9113
cannot be overdriven by a standalone external voltage reference.

The voltage of the ADE9103/ADE9112/ADE9113 reference drifts
slightly with temperature. Table 2 lists the gain drift over tempera-
ture specification of each ADC channel. This value includes the
temperature variation of the ADC gain, together with the tempera-
ture variation of the internal voltage reference.
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PROTECTING THE INTEGRITY OF
CONFIGURATION REGISTERS

The configuration lock feature protects the ADE9103/ADE9112/
ADE9113 configuration registers from unwanted changes. To ena-
ble this feature, write the Lock Key 0xD4 to the WR_LOCK register
(Address 0x01F). To disable this feature, write the Unlock Key
Ox5E.

To determine whether the feature is enabled or disabled read back
the WR_LOCK register. This register reads back as the lock or
unlock key corresponding to the state it is in.

When this feature is enabled, it prevents writing from Address
0x001 to Address 0x018.

CRC OF CONFIGURATION REGISTERS

A 16-bit CRC is calculated over the configuration registers approx-
imately every 8 ms . The result is stored in CRC_RESULT bits,
which is split into a high and low byte, CRC_RESULT _HI and
CRC_RESULT_LO. The default value in the CRC_RESULT bits is
the CRC result of the default configuration registers. If there is a
change in the CRC result, the CRC_CHG bit inside of STATUSO is
set. The configuration registers, Address 0x001 to Address 0x01F,
as well as other critical reserved registers are covered by this CRC.

The CRC calculation of the configuration registers can also be per-
formed on command, bypassing the scheduled calculation every 8

ms by writing to the CRC_FORCE bit in the CONFIG_CRC register.

The CRC_FORCE bit automatically clears once the calculation is
complete and the CRC_DONE bit is set once the calculation is
complete. See Table 20 for more details.

STATUS REGISTERS

The bits in the STATUSO, STATUS1, and STATUS2 registers of the
ADE9103/ADE9112/ADE9113 characterize the state of the device.

At power-up, or after a hardware or software reset, the ADE9103/
ADE9112/ADE9113 signal the end of the reset period by setting

Bit 5 (RESET_DONE) to 1 in the STATUSO register, indicating that
the IC is ready for SPI transactions. Then, Bit 4 (COM_UP) of
STATUSO gets set to 1 to indicate that the entire IC is up and ready
to transmit the ADC waveform data.

The COMFLT_ERR bit (Bit 0) in the STATUSO register indicates
when there was a communications failure across the isolation barri-
er. This status bit is used together with the COM_FLT _TYPE and
COM_FLT_COUNT registers. COM_FLT_TYPE gives more detail
as to the type of error that was detected across the isolation barrier,
and then, COM_FLT_COUNT keeps track of the number of error
correction codes (ECC) or physical layer (PHY) errors from the ISO
side to the NONISO side. ECC across the isolation barrier allows
1-bit detect and 1-bit correct and increases the communication
robustness across the barrier. Even though the ADE9103 does not
have isolation, the ECC function of the internal communication is
still present.
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The STATUSO and STATUS1 registers can be read by executing an
SPI register read. STATUSO and STATUS1 can also be read as part
of the long SPI read operation. See the SPI Long Operation and the
SPI Short Operation sections for more information.

The STATUS? register provides insight into internal errors that have
been detected and corrected. No additional actions are required
outside of acknowledging the change through a write 1 command. If
a bitin STATUS2 is continuously being set, this could indicate that
the ADE9103/ADE9112/ADE9113 is in an unrecoverable state.

For more information on individual bits in the STATUSX registers, go
to the bit field descriptions in the Table 20 section.

INTERRUPTS

The interrupt pin (IRQ), connected to the STATUSX registers
through the MASKx registers, helps detect any critical faults to cre-
ate a reliable and robust system. The ADE9103/ADE9112/ADE9113
have two methods for indicating an event has occurred: the STA-
TUSO, STATUS1, and STATUS? registers and the IRQ pin. Details
for the STATUSO, STATUS1, and STATUS? registers can be found
in Status Registers and Table 20.

The MASKO registers configures what events within the STATUSO
register trigger the IRQ pin. The MASK1 register configures what
events within the STATUS1 register trigger the STATUS1X bit in the
STATUSO register. Similarly, the MASK2 register configures which
events in STATUS2 trigger the STATUS2X bit in the STATUSO
register, which means that with the combination of MASKO, MASK1
and MASK2, any bit from the STATUSO, STATUS1, and STATUS?2
registers can trigger the IRQ pin.

The RESET_DONE interrupt is nonmaskable and always triggers
the IRQ pin. The EFUSE_MEM_ERR bit within the STATUSO reg-
ister is another example of a nonmaskable bit. The bits within
STATUS2 can be masked with the MASK2 register because all of
those faults cause action on the ISO side such as reset.
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POLYPHASE ENERGY METERS

The ADE9103/ADE9112/ADE9113 are designed for use in 3-phase
energy metering systems in which two, three, or four ADE9103/
ADE9112/ADE9113 devices are managed by a main device con-
taining a SPI, usually a microcontroller. The integrated signal and
power isolation of the ADE9112 and ADE9113 is required for phase
current and voltage sensing often referred to as high-side sensing.
Isolation provides both a safety barrier against high voltages for
personnel and enables SPI communication across the high voltage
offset between the ADC connected to each phase and a shared mi-
crocontroller. The ADE9103 can be used for neutral measurements
where safety isolation is not required.

NEUTRAL PHASE A

PHASE A
ADE9113
~a
V1P
W oW viM
hd
V2Mm
AGND

L
b3
S

Yia

>

b3

S

3 (\
0
3
3

Figure 35. Phase A Current and Voltage Sensing

V2P
IP

Figure 35 shows Phase A of a 3-phase energy meter. The Phase
A current, |5, is sensed with a shunt. A terminal of the shunt

is connected to the IM pin of the ADE9112 and ADE9113 and
becomes the ground reference of the isolated side of the ADE9112
and ADE9113. Phase A to the neutral voltage, Vay, is sensed with
a resistor divider. The V1M, IM, and AGND pins are connected

as a single node. Note that the voltages measured by the ADCs
of the ADE9112 and ADE9113 are opposite to Vay and |5, a
classic approach in single-phase metering. The other ADE9112
and ADE9113 devices that monitor Phase B and Phase C are
connected in a similar way.

The V2 voltage channel (V2P and V2M pins) is intended for a
secondary voltage measurement, and it is available only on the
ADE9103 and ADE9113. In Figure 35, the V2 voltage channel is
used to measure the voltage across a relay to verify the state of
the relay. If the V2 voltage channel is not used on the ADE9103
and ADE9113 devices, connect the V2P pin to the V2M pin. For the
ADE9112, Pin 7 and Pin 8 are no connect, and these pins must be
left floating or tied together.
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Figure 36. Neutral Line and Neutral to Earth Voltage Monitoring

Figure 36 shows how the ADE9103/ADE9112/ADE9113 inputs are
connected when the neutral line of a 3-phase system is monitored.
The neutral current is sensed using a shunt and the voltage across
the shunt is measured at the fully differential inputs, IP and IM.
The earth to neutral voltage is sensed with a voltage divider at the
single-ended inputs, V1P and VM.

Figure 37 shows a block diagram of a 3-phase energy meter that
uses four ADE9103/ADE9112/ADE9113 devices and a microcon-
troller. One 16.384 MHz crystal provides the clock to the ADE9112
and ADE9113 that senses the Phase A current and voltage. The
ADE9103/ADE9112/ADE9113 devices that sense the Phase B,
Phase C, and neutral currents and voltages are clocked by a signal
generated at the CLKOUT/ DREADY pin of the ADE9112 and
ADE9113 that is placed to sense the Phase A current and voltage.
As an alternative configuration, the microcontroller can generate a
16.384 MHz clock to all ADE9103/ADE9112/ADE9113 devices at
the XTALIN pin. Note that the XTALIN pin can receive a clock with a
frequency within the 15.84 MHz to 16.547 MHz range, as specified
in Table 2.

Figure 37. 3-Phase Energy Meter Using Four Devices

The microcontroller uses the SPI port to communicate with the
ADE9103/ADE9112/ADE9113 devices. Four of the input and output
pins, CS_A, CS_B, CS_C, and CS_N, generate the SPI CS sig-
nals. The SCLK, MOSI, and MISO pins of the microcontroller are
directly connected to the corresponding SCLK, MOSI, and MISO
pins of each ADE9103/ADE9112/ADE9113 device corresponding
to the SPI configuration (see Figure 38 and Figure 39 ). In the

case of the SPI daisy-chain configuration, the CS signals from all
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ADE9103/ADE9112/ADE9113 are connected, which helps to free
up microcontroller pins for other purposes.

In Figure 37, the CLKOUT/DREADY pin of the ADE9103/ADE9112/
ADE9113 that senses the Phase C current and voltage is connect-
ed to the input and output pin of the microcontroller. CLKOUT/
DREADY provides an active low pulse for 256 CLKIN cycles
(15.625 ps at CLKIN = 16.384 MHz) when the ADC conversion
data is available. It signals when the ADC outputs of all ADE9103/
ADE9112/ADE9113 devices become available and when the mi-
crocontroller starts to read them. See the Synchronizing Multiple
ADE9103/ADE9112/ADE9113 Devices section for more informa-
tion about synchronizing multiple ADE9103/ADE9112/ADE9113 de-
vices.

At power-up, or after a hardware or software reset, follow the
procedure described in the Power-Up Procedure for Systems with
Multiple Devices That Use a Single Crystal section or the Power-Up
Procedure for Systems with Multiple Devices That Use a Clock
Signal Generated from a Microcontroller section to ensure that the
ADE9103/ADE9112/ADE9113 devices function appropriately.

cs
ADE9112/ SCLK [<—

ADE9113 wmosI
PHASEA miso }—

cs cs
ADE9112/ SCLK SCLK
ADE9113 MOSI |[=— L__{mosi
M

PHASEB Miso — miso
ICROCONTROLLER
cs
ADE9112/ SCX [~
ADE9113 MOs| [<—
PHASEC wmiso

Figure 38. SPI Connection Between Three ADE9103/ADE9112/ADE9113
Devices in a Daisy Chain and a Microcontroller
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cs csB
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ADE9113 MOs! mosi
PHASEB wmiso miso

csc
MICROCONTROLLER
cs

ADE9112/ SCHK [
ADE9113 MOSI [=—
PHASEC miso

Figure 39. SPI Connections Between Three ADE9103/ADE9112/ADE9113
Devices and a Microcontroller
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DC METERING

The ADE9103/ADE9112/ADE9113 can also be used in DC metering
applications.

-DC +DC

PHASE A
ADE9112/
‘ch/ ADE9113
J. V1P
AA-S-AWA ViM
N AGND

s
3

Y Ioc

IP

o
3
3

Figure 40. DC Current and Voltage Sensing

Figure 40 shows the ADE9112 and ADE9113 as a DC voltage and
current sensor. The DC current, Ipg, is sensed with a shunt. A
terminal of the shunt is connected to the IM pin of the ADE9112 and
ADE9113 and becomes the ground, AGND (Pin 11), of the isolated
side of the ADE9112 and ADE9113. The DC+ to DC- voltage, Vpc,
is sensed with a resistor divider, and the V1M pin is also connected
to the IM and AGND pins. Note that the voltages measured by the
ADCs of the ADE9112 and ADE9113 are opposite to Vpc and Ipg, a
classic approach in single-phase metering.

The V2P and V2M voltage channel is intended for a secondary
voltage measurement, and it is available only on the ADE9113. If
V2P is not used, as is the case of the ADE9112, connect V2P to
V2M.

DC applications requiring working voltage capabilities beyond the
ADE9112 and ADE9113 can use the ADE9103 in series with dis-
crete signal and power isolation.

DC Offset Mode

The ADE9103/ADE9112/ADE9113 has a mode where the inputs of
the current channel (IP and IM) can be internally shorted together,
while disconnecting the external pin, to perform an offset measure-
ment without the influence of circuits outside of the IC. This shorting
can happen at any time while powered.

To use DC offset mode, take the following steps:

1. Setthe ISO_WR_ACC_EN bit (Bit 0) within the CON-
FIG_ISO_ACC register (Address 0x005) to 1.

2. Wait at least 200 ps.

3. Setthe DC_OFFSET_MODE register (Address 0x0CC) to 1.

4. Wait for appropriate settling time for the system and capture
waveform data to perform the offset measurement.

5. Setthe DC_OFFSET_MODE register (Address 0x0CC) to 0.

6. Clear the ISO_WR_ACC_EN bit (Bit 0) within the CON-
FIG_ISO_ACC register (Address 0x005) to 0.
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When using this feature, there could be a discontinuity in the
waveform when going through the previous steps to enable and to
disable the input shorting. The appropriate amount of settling time
based on the speed and accuracy required for the measurement
must be allowed.

MAGNETIC FIELD IMMUNITY OF ISOLATION

The ADE9112 and ADE9113 are immune to DC magnetic fields
because these devices use air core transformers. The limitation

on the ADE9112 and ADE9113 AC magnetic field immunity is set
by the condition in which the induced voltage in the transformer
receiving coil is sufficiently large to either falsely set or reset the
decoder. The following analysis defines the conditions under which
this can occur. The 3.3 V operating condition is examined because
it is the nominal supply of the ADE9112 and ADE9113.

The pulses at the transformer output have an amplitude greater
than 1.0 V. The decoder has a sensing threshold at approximately
0.5V, thus establishing a 0.5 V margin in which induced voltages
are tolerated. The voltage induced across the receiving coil is given
by the following:

where:

Bis the AC magnetic field: B(f) = B x sin(wt).
N'is the number of turns in the receiving coil.

r, is the radius of the nt" turn in the receiving coil.

Given the geometry of the receiving coil in the ADE9112/ADE9113
and an imposed requirement that the induced voltage, Vg, be at
most 50% of the 0.5 V margin at the decoder, a maximum allowable
external magnetic field, B, is calculated (see the following equation
and Figure 41).

V
B = THR
2nf X Z nr,zl
n=1
where;

fis the frequency of the magnetic field.
B is the amplitude of the AC magnetic field.
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Figure 41. Maximum Allowable External Magnetic Field

For example, at a magnetic field frequency of 10 kHz, the maximum
allowable magnetic field of 2.8 T induces a voltage of 0.25 V at the
receiving coil. This voltage is about 50% of the sensing threshold
and does not cause a faulty output transition. Similarly, if such an
event occurs during a transmitted pulse and is of the worst-case
polarity, it reduces the received pulse from more than 1.0 V t0 0.75
V, still well more than the 0.5 V sensing threshold of the decoder.

The preceding magnetic field values correspond to specific current
magnitudes at given distances from the ADE9112 and ADE9113
transformers.

- B —_  Vxd
1—p0><27fd— N

po X f x Z nrrzl

n=1
where g is 411 x 107" H/m, the magnetic permeability of the air.

Figure 42 expresses these allowable current magnitudes as a
function of frequency for selected distances. As shown in Figure 50,
the ADE9112/ADE9113 are extremely immune and can be affected
only by extremely large currents operating at high frequency close
to the component. For the 10 kHz example previously noted, a
current with an amplitude of 69 kA placed 5 mm from the ADE9112/
ADE9113 is required to affect component operation.

Note that at combinations of strong magnetic field and high fre-
quency, any loops formed by PCB traces can induce error voltages
large enough to trigger the thresholds of succeeding circuitry. Take
care in the layout of such traces to avoid this possibility (see the
Layout Guidelines section).
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Figure 42. Maximum Allowable Current for Various Current to ADE9112 and
ADE9113 Spacings

CLOCK

Provide a digital clock signal at the XTALIN pin to clock the
ADE9103/ADE9112/ADE9113. The ADE9103/ADE9112/ADE9113
are specified for XTALIN = 16.384 MHz, but frequencies between
15.84 MHz and 16.547 MHz are acceptable.

Alternatively, a 16.384 MHz crystal with a critical transconductance
5 times smaller than the minimum transconductance in Table 2 can
be connected across the XTALIN and XTALOUT pins to provide a

clock source for the ADE9103/ADE9112/ADE9113 (see Figure 43).

The total capacitance (TC) at the XTALIN and XTALOUT pins is
TC=C 1+ Cp1=C 2+ Cp2

where:

C;1and C, 2 are the ceramic capacitors between XTALIN and
DGND and between XTALOUT and DGND, respectively.

Cp1 and Cp2 are the parasitic capacitors of the wires connecting
the crystal to the ADE9103/ADE9112/ADE9113 and any internal
capacitance in the ADE9103/ADE9112/ADE9113.

The value of the C1 and C2 capacitors as a function of the load
capacitance of the crystal is as follows:

Ci1=C2=2xC -Cp1=2xC_-Cp2
If a required load capacitance (C, ) for a crystal is 18 pF,
TC=18x2=36pF

Cp1=Cp2 = 4 pF from Table 2 XTALIN and XTALOUT 