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ADuM7812

50MHz Isolated ADC with Sigma-Delta Modulated Bit Stream Output

FEATURES

» 5MHz to 50MHz main clock input frequency
» 16 bits, no missing codes
» Full-scale analog input voltage range: £64mV
» SNR: 82.4dB typical
» High isolation common-mode transient immunity: 200kV/us mini-
mum
» Offset drift vs. temperature: +0.70uV/°C maximum
» Gain error drift vs. temperature: +28ppm/°C maximum
» Integrated digital isolator
» Operating temperature range: -40°C to +125°C
» Wide-body SOIC
» 8-lead SOIC_IC
» Safety and regulatory approvals
» UL 1577
» Viso = 5700V RMS for 1minute
» |IEC/EN/CSA 62368-1 (pending)
» |IEC/CSA 60601-1 (pending)
» |IEC/CSA 61010-1 (pending)
» DIN EN IEC 60747-17 (VDE 0884-17) (pending)
> Viorm = 2121V peak

APPLICATIONS

» Shunt current monitoring

» AC motor controls

» Power and solar inverters

» Wind turbine inverters

» Analog-to-digital and opto-isolator replacement

GENERAL DESCRIPTION

The ADuM7812 is a high-performance isolated analog-to-digital
converter (ADC) with a second-order Z-A modulator that converts
an analog input signal into a high speed, single-bit data stream,
with on-chip digital isolation based on Analog Devices, Inc.,
iCoupler® technology. The device operates from a 4.0V to 5.5V
power supply range (high-side supply voltage, Vpp4) and accepts
a pseudodifferential input signal of £50mV (t64mV full-scale). The
pseudodifferential input is ideally suited for shunt-resistor current
monitoring in high voltage applications where galvanic isolation is
required.
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The analog input is continuously sampled by a high-performance
analog modulator and converted to a pulse density modulation
digital output stream with a data rate of up to 51MHz (for specified
performance limits, see the Electrical Specifications section). The
analog input can be reconstructed with an appropriate sinc3 digital
filter to achieve an 82.4dB signal-to-noise ratio (SNR) at 156.2kSPS
with a 256 decimation rate and a 40MHz input clock. The serial in-
put and output operate from a 3.0V to a 5.5V supply (controller-side
supply voltage, Vppo).

The serial interface is digitally isolated. High speed complementa-
ry metal-oxide semiconductor (CMOS) technology, combined with
monolithic transformer technology, results in the on-chip isolation
providing outstanding performance characteristics, superior to alter-
natives such as optocoupler devices.

The ADuM7812 device is available in a 8-lead SOIC_IC and has an
operating temperature range of -40°C to +125°C.

FUNCTIONAL BLOCK DIAGRAM

Vbp1 Vb2

ADuM7812

CLK CLK -
DECODER :? { ENCODER D MCLKIN

Vin+
; »| DATA DATA
Vine CAIN E-AADC ENCODER } { DECODER [ MDAT
GND, GND, 5

Figure 1. ADuM7812 Functional Block Diagram
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ADuM7812

SPECIFICATIONS
ELECTRICAL SPECIFICATIONS

Minimum/maximum specifications are applied and guaranteed over the recommended operation range of Vpps = 4.0V to 5.5V, Vpp, = 3.0V to
5.5V, Vs = =50mV to +50mV, V- = 0V, Ty = -40°C to +125°C, maximum MCLKIN frequency (fucikin) = 40MHz, tested with a sinc3 filter, and

a 256 decimation rate, unless otherwise noted.

Table 1. Electrical Characteristics

Parameter Symbol Min Typ Max Unit Test Conditions/Comments
STATIC PERFORMANCE!
Resolution 16 Bits Filter output truncated to 16 bits
Integral Nonlinearity INL 1 4 LSB
Differential Nonlinearity? DNL +0.99 LSB No missed codes to 16 bits
Offset Error? +15 50 pv Initial at Tp = 25°C
45 +120 pv
Offset Error Drift vs. Temperature? +0.30 +0.70 pvIrc
Gain Error? $0.13 $0.25 % FSR | Initial at Ty = 25°C
Gain Error Drift vs. Temperature? +14 128 ppm/°C
ANALOG INPUT
Input Voltage Range -64 +64 mV Full-scale range
-50 +50 mV For specified performance
Input Common-Mode Voltage Range -0.2to \
+0.8
Dynamic Input Current +0.15 0.5 pA Vin+ = £50mV, V- = 0V
Input Capacitance? Ci 20 pF
DYNAMIC SPECIFICATIONS' Fin = 1kHz
Signal-to-Noise-and-Distortion Ratio SINAD 79 82.3 dB
Signal-to-Noise Ratio SNR 80 82.4 dB
Total Harmonic Distortion THD -98 -85 dB
Peak Harmonic or Spurious-Free Dynamic Range Noise SFDR -100 dB
Effective Number of Bits ENOB 12.8 13.4 Bits For more details, see the Digital Filter
section
ISOLATION COMMON-MODE TRANSIENT IMMUNITY" CMTI 200 kV/us | Common-mode voltage (|Veu|) = 1kV
LOGIC INPUTS (MCLK) CMOS with Schmitt trigger
Input High Voltage V4 0.7 x Vppo v
Input Low Voltage ViL 03xVppy |V
Input Current I 0.6 pA
Input Capacitance? o 5 pF
LOGIC OUTPUTS (MDAT)
Output High Voltage Vou Vpp2 - 04 Vppp-0.2 v Output current (lgyt) = -4mA
Output Low Voltage VoL 0.2 04 v loyt = 4mA
POWER REQUIREMENTS
High-Side Supply Voltage? Vopt 40 55 Vv
Controller-Side Supply Voltage? Vo2 3.0 55 v
High-Side Supply Current Ipp1 17.5 21 mA Fuewk = 50MHz
Controller-Side Supply Current Iop2 6.3 8 mA Vppp = 4.5V 10 5.5V, C|oqq = 25pF
48 6 mA Voo = 3.0V 0 3.6V, C\ 4 = 25pF
Power Dissipation (Controller-Side + High-Side) 119 145 mW Vipp2 = 4.5V 10 5.5V, C\ g4 = 25pF
104 127 mW Vpp2 = 3.0V t0 3.6V, Cpoaq = 25pF

! For more details, see the Terminology section.

2 These specifications are guaranteed by design and characterization.

analog.com
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SPECIFICATIONS
TIMING SPECIFICATIONS

Vpp1 =4.0V t0 5.5V, Vpp, = 3.0V to 5.5V, and T = -40°C to +125°C, unless otherwise noted. Sample tested during initial release to ensure
compliance. It is recommended to read MDAT on the MCLKIN rising edge.

Table 2. ADuM7812, 8-Lead Standard Small Outline Package, with Increased Creepage [SOIC_IC] (RI-8-1) Timing Characteristics
Limit at TMIN! TMAX

Parameter Min Typ Max Unit Description

fMcLKIN 5 40 51 MHz Main clock input frequency

tvcLkiN 19.6 25 200 ns Main clock input period

! 10 ns Data access time after MCLKIN rising edge
ty' 3 ns Data hold time after MCLKIN rising edge

ts 0.4 X tyeLkin 0.6 % tyeLkin ns Main clock low time

ty 0.4 X tyeLkin 0.6 X tycLkin ns Main clock high time

Data Latency? 36 MCLKIN cycles | Internal Data Latency

! Defined as the time required from an 70% MCLKIN rising input level to when the MDAT output crosses 0.3 x Vpp or 0.7 x Vpp, transitioning to the next value as outlined in
Figure 2. Measured with a 25pF load capacitance.

2 This specification is guaranteed by design and characterization.

Timing Diagram

- tmeLkin -
-ty —>i
\ 1\ |
MCLKIN \ \ / 80%
| |
— ty—- — ty — lt—— 3 ——
MDAT X K ¥ 0.5 x Vppy!

002

1SEE NOTE 1 OF TABLE 2 FOR FURTHER DETAILS.

Figure 2. Data Timing Diagram

INSULATION SPECIFICATIONS

The ADuM7812 is suitable for safe electrical insulation only within the safety limiting ratings. Compliance with the safety limiting ratings is
ensured by means of suitable protective circuits.

Table 3. ADuM7812, 8-Lead Standard Small Outline Package [SOIC_IC] (RI-8-1) Insulation Characteristics

Parameter Symbol Value Unit Test Conditions/Comments
GENERAL
Minimum External Clearance Distance CLR 8.3 mm Measured from input terminals to output terminals, shortest
distance through air per IEC 60664-1
Minimum External Creepage Distance CRP 8.3 mm Measured from input terminals to output terminals, shortest
distance along body per I[EC 60664-1
Distance Through Insulation DTI 34 pm Minimum internal
Comparative Tracking Index CTl >600 V Per IEC 60112
Material Group | Per IEC 60664-1
Overvoltage Category per IEC 60664-1 [to IV Rated mains voltage < 600V RMS
[tolll Rated mains voltage < 1000V RMS
SAFETY LIMITING VALUES
Maximum Ambient Safety Temperature Ts 150 °C Maximum ambient temperature for isolation barrier safety
Maximum Junction Temperature, Safety Tivaxs 150 °C Maximum junction temperature for isolation barrier safety
Maximum Total Power Dissipation Prot 1.38 W Ta<25°C, Pror = Pg=Pso
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ADuM7812

SPECIFICATIONS

Table 3. ADuM7812, 8-Lead Standard Small Outline Package [SOIC_IC] (RI-8-1) Insulation Characteristics (Continued)

Parameter Symbol Value Unit Test Conditions/Comments
Derating Above Ambient (T,) 1.0 mW/°C Ta>25°C, see Figure 3
Junction-to-Air Thermal Impedance 0)a 90.6 °CIwW For more details, see the Thermal Characteristics section
IEC 60747-17 (REINFORCED INSULATION)
Maximum Repetitive Peak Isolation Voltage Vioru 2121 V peak
Maximum Isolation Working Voltage Viowm 1500 V RMS AC voltage, end of life test, f = 60Hz
2121 V peak DC voltage
Maximum Transient Isolation Voltage Viotm 8000 V peak Viest 2 1.2 X Vg, t = 15 (100% production)
Maximum Impulse Voltage Vivp 8000 V peak Surge voltage in air, waveform per I[EC 61000-4-5
Maximum Surge Isolation Voltage Viosm 12800 V peak Vst 2 1.3 % Vjyp minimum 10kV (type test), tested in oil,
waveform per IEC 61000-4-5
Apparent Charge Qpd <5 pC Method a (sample test), Vini = Viotus tini = 60s,
Vpd(m) =16x VlORM1 tm =10s
Method b1 (100% production), Vini 2 1.2 X Vigr, tini = 18,
Vpd(m) =1.875x VIORMv tm = 1s
Resistance (Input to Output)’ Rio >1012 0 Ta=25°C, Vgsr =500V DC, t = 60s
RIO_S >109 Q TA = TS: VTEST =500V DC, t = 60s
Capacitance (Input to Output)' Co 1.0 pF frest = IMHz
Climatic Category 40/125/21
Pollution Degree 2 Per IEC 60664-1
UL 1577
Maximum Withstanding Isolation Voltage Viso 5700 VRMS Vrest = 1.2 X Vig0, t = 15 (100% production)

! Device measured as a 2-terminal device with Pin 1 to Pin 4 connected and Pin 5 to Pin 8 connected.

SAFE LIMITING POWER (W)
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Figure 3. Thermal Derating Curve for 8-Lead Standard Small Outline Package [SOIC_IC] (RI-8-1), Dependence of Safety Limiting Power with Ambient Temperature
per IEC 60747-17
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SPECIFICATIONS
REGULATORY INFORMATION

The ADuM7812 RI-8-1 has been approved by the organizations listed in Table 4. Copies of the relevant certificates are available at Safety and

Regulatory Certifications for Digital Isolation.

Table 4. ADuM7812, 8-Lead Standard Small Outline Package [SOIC_IC] (RI-8-1) Package Certifications

Regulatory Agency Safety Standard/Rating

Certificate Number

uL UL 1577 component recognition program:
Single protection, 5700V RMS isolation voltage

E214100

CSA! CSA/EN/IEC 62368-1:
Basic insulation? at 1000V RMS
Reinforced insulation at 600V RMS
CSA/IEC 60601-1
1 MOPP at 519V RMS
2 MOPP at 261V RMS
CSA/IEC 61010-1:
Basic insulation at 1000V RMS
Reinforced insulation at 600V RMS

Pending

Pending

Pending

VDE |EC 60747-17:
Reinforced insulation at 2121V peak

Pending

! Working voltages are quoted for Pollution Degree 2, Material Group I, and Overvoltage Category Il except where otherwise specified. ADuM7812 case material has been

evaluated by CSA as Material Group |.

2 Working voltages are quoted for Pollution Degree 2, Material Group |, and Overvoltage Category |Il.

RECOMMENDED OPERATING CONDITIONS

Table 5. Recommended Operating Conditions

Parameter Rating
Ambient Operating Temperature (Tp) -40°C to +125°C
Supply Voltages
VDD1 to GND1 4.0Vt0 5.5V
VDD2 to GNDZ 3.0Vto 5.5V
Input/Output Signal Voltage
Vin+ Vin- to GND4 -64mV to +64mV
Vine to Vin- -64mV to +64mV
MCLKIN to GNDZ 0Vto VDD2
MDAT to GND2 0Vto VDD2

analog.com
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ADuM7812

ABSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise noted. All voltages are relative to their
respective GND.

Table 6. Absolute Maximum Ratings

Parameter Rating
Supply Voltages
Vpp1 to GND; -0.3V to +6V
Vpp2 to GND, -0.3V to +6V
Input/Output Voltage
Analog Input Voltage to GND; -1Vito +1.9V
Digital Input Voltage to GND, (MCLK) -0.3Vto Vppy + 0.3V
Digital Output Voltage to GND, (MDAT) -0.3V to Vppy + 0.3V

Input Current to Any Pin Except Supplies’ +10mA
Average Output Current from Any Pin Except | £10mA

Supplies
Temperature
Ambient Operating (Ta) -40°C to +125°C
Storage Range (Ts7) -65°C to +150°C
Junction (T, Maximum) 150°C
Pb-Free, Soldering
Reflow 260°C

! Transient currents of up to 100mA do not cause silicon controlled rectifier
(SCR) to latch up.

Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. These are stress
ratings 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
operating conditions for extended periods may affect product relia-
bility.

THERMAL CHARACTERISTICS

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

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

0, is the junction-to-board thermal resistance.

Thermal resistance and characterization parameter values specified
in Table 7 are defined and calculated based on the JEDEC JESD51
standards. For more details on their definition and usage, see
JEDEC JESD51-12 and the Thermal Analysis section.

Table 7. Thermal Resistance

Package Type I 08 Y Y Unit

RI-1' (906 |89 58 61 [CTW

! Thermal impedance simulated values are based on JEDEC 2S2P thermal test
board with no vias and still air.

analog.com

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.

Field-induced charged device model (FICDM) per ANSI/ESDA/JE-
DEC JS-002.

ESD Ratings for ADuM7812
Table 8. ADuM7812, 8-Lead SOIC_IC (RI-8-1)

ESD Model Withstand Threshold (V) Class
HBM +4000 3A
FICDM +1250 v

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Charged
devices and circuit boards can discharge without detection.

A Although this product features patented or proprietary protec-

‘ % \ tion 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 CONFIGURATION AND FUNCTION DESCRIPTIONS

Vbb1 m Vbb2

ADuM7812
Vine L2 ) S [ MCLKIN

VIN- @ (Not to Scale) E] MDAT

GND, [4] [5]6ND, |

Figure 4. ADuM7812, Pin Configuration

Table 9. ADuM7812, Pin Function Descriptions

Pin Number Mnemonic Description

1 Vo1 High-Side Supply Voltage, 4V to 5.5V. This pin is the supply voltage for the high-side of the ADuM7812 and is relative to GND;. For
device operation, connect the supply voltage to Pin 1. Decouple the supply pin to GND4 with a 10uF capacitor in parallel with a 100nF
capacitor.

2 Vine Positive Analog Input channel.

3 Vin- Negative Analog Input channel.

4 GND;4 Ground 1. This pin is the ground reference point for all circuitry on the high side.

5 GND, Ground 2. This pin is the ground reference point for all circuitry on the controller side.

6 MDAT Serial Data Output. The single-bit modulator output is supplied to this pin as a serial data stream. The bits are clocked out on the rising
edge of the MCLKIN input and are valid on the following MCLKIN rising edge.

7 MCLKIN Main Clock Logic Input. 5MHz to 50MHz frequency range. The bit stream from the modulator is propagated on the rising edge of the
MCLKIN.

8 ) Controller-Side Supply Voltage, 3V to 5.5V. This pin is the supply voltage for the controller side and is relative to GND,. Decouple this
supply to GND, with a 10uF capacitor in parallel with a 100nF capacitor as close to the pin as possible.

analog.com
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ADuM7812

TYPICAL

PERFORMANCE CHARACTERISTICS

Ta=25°C, Vppy =5V, Vppp = 8V, Vins = =50mV to +50mV, Vin- = 0V, and fyckin = 40MHz, using a sinc3 filter with a 256 oversampling ratio

(OSR), unless otherwise noted.
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Figure 7. Typical Fast Fourier Transform (FFT)
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TYPICAL PERFORMANCE CHARACTERISTICS
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ADuM7812

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 25. Vi, Current (Iiy) vs. Viy+ DC Input
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ADuM7812

TERMINOLOGY
Differential Nonlinearity (DNL)

DNL is the difference between the measured and the ideal 1 LSB
change between any two adjacent codes in the ADC.

Integral Nonlinearity (INL)

INL is the maximum deviation from a straight line passing through
the endpoints of the ADC transfer function. The endpoints of the
transfer function are specified negative full scale, -50mV (Vjy: =
V|x-), Code 7168 for the 16-bit level, and specified positive full
scale, +50mV (Viy+ = V)n-), Code 58,368 for the 16-bit level.

Offset Error

Offset error is the deviation of the midscale code (32,768 for
the 16-bit level) from the ideal Vg = V- (that is, OV).

Offset Drift vs. Temperature

The offset drift is calculated using the box method, as shown in
Equation 1:

Offset Drift = ((Voltageyax — Voltageyn) Ts) 1

where:

Voltageyay is the maximum offset error point recorded.

Voltageyy is the minimum offset error point recorded.

T, is the difference in temperature between the maximum and mini-
mum operating range.

Gain Error

The gain error includes both positive full-scale gain error and
negative full-scale gain error. Positive full-scale gain error is the
deviation of the specified positive full-scale code (58,368 for the
16-bit level) from the ideal Viy+ = Vin- (50mV) after the offset error
is adjusted out. Negative full-scale gain error is the deviation of the
specified negative full-scale code (7168 for the 16-bit level) from the
ideal Vin+ = Vin- (-50mV) after the offset error is adjusted out.

Gain Error Drift vs. Temperature

The gain error drift (GED) is calculated using the box method, as
shown in Equation 2:

GED (ppm) = ((Voltageyax — Voltageyn)/(VoltageFS x
Ty) x 108

where:

Voltageyax is the maximum gain error point recorded.

Voltageyy is the minimum gain error point recorded.

VoltageFsS is the analog input range full scale.

T, is the difference in temperature between the maximum and mini-
mum operating range.

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

SINAD is the measured ratio of signal-to-noise and distortion at the
output of the ADC. The signal is the RMS value of the sine wave,
and noise is the RMS sum of all nonfundamental signals up to half

analog.com

the sampling frequency (fs/2), including harmonics, but excluding

Signal-to-Noise Ratio (SNR)

SNR is the measured ratio of signal-to-noise at the output of the
ADC. The signal is the RMS amplitude of the fundamental. Noise
is the sum of all nonfundamental signals up to half the sampling
frequency (fs/2), excluding DC.

The ratio is dependent on the number of quantization levels in the
digitization process, that is, the greater the number of levels, the
smaller the quantization noise. The theoretical SNR for an ideal
N-bit converter with a sine wave input is given by the Equation 3:

SNR = (6.02N + 1.76)dB (3)
Therefore, for a 12-bit converter, the SNR is 74dB.

Isolation Common-Mode Transient Immunity
(CMTI)

The isolation CMTI specifies the rate of the rise and fall of a
transient pulse applied across the isolation boundary, beyond which
clock or data is corrupted. Both the rate of change and the absolute
common-mode voltage of the pulse are recorded. The ADuM7812
is tested under both static and dynamic CMTI conditions. CMT is
tested for static and dynamic inputs while monitoring the filtered
data output for variations in response to a randomized application
of the CMTI pulse.

Total Harmonic Distortion (THD)

THD is the ratio of the RMS sum of the harmonics to the fundamen-
tal. It is defined, as shown in Equation 4:

2 2.2
THD(dB) = Zolog\/V22+ v+ 1% +V5“4V6 n

where:

V1 is the RMS amplitude of the fundamental.

V2, V3, V4, V5, and V6 are the RMS amplitudes of the second
through the sixth harmonics.

Peak Harmonic or Spurious-Free Dynamic
Range (SFDR) Noise

Peak harmonic or SFDR noise is defined as the ratio of the RMS
value of the next largest component in the ADC output spectrum
(up to fg/2, excluding DC) to the RMS value of the fundamental.
Normally, the value of this specification is determined by the largest
harmonic in the spectrum, but for ADCs where the harmonics are
buried in the noise floor, it is a noise peak.

Effective Number of Bits (ENOB)
The Effective Number of Bits (ENOB) is defined by Equation 5:
ENOB = (SINAD - 1.76)/6.02 bits (5)
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TERMINOLOGY

Common-Mode Rejection Ratio (CMRR) Power-Supply Rejection Ratio (PSRR)

CMRR is the ratio of the power in the ADC output at £50mV Variations in power supply affect the full-scale transition but not
frequency, f, to the power of a +50mV p-p sine wave applied to the the linearity of the converter. PSRR is the maximum change in
common-mode voltage of Viy+ and V|y- of frequency, fs, as shown the specified full-scale (t50mV) transition point due to a change in
in Equation 6; power supply voltage from the nominal value.

CMRR (dB) = 10 log(Pf/Pfs) (6)

where:

Pfis the power at frequency, f, in the ADC output.
Pfs is the power at frequency, fs, in the ADC output.

analog.com Rev. 0 | 14 of 20


https://www.analog.com/ADuM7812
http://www.analog.com/en/index.html

ADuM7812

THEORY OF OPERATION
CIRCUIT INFORMATION

The ADuM7812 isolated ADC with £-A modulator converts an
analog input signal to a high speed single-bit data stream. The time
average single-bit data from the modulator is directly proportional to
the input signal. Figure 28 shows a typical application circuit where
the ADuM7812 is used to provide isolation between the analog
input, a current sensing resistor or shunt, and the digital output,
which is then processed by a digital filter to provide an N-bit word.

ANALOG INPUT

The pseudodifferential analog input of the ADuM7812 is implement-
ed with a sampled switched capacitor circuit. The analog input is
processed through a high bandwidth SAR ADC on the sensing side,
which preserves linearity and signal-to-noise robustness. The SAR
information is taken at a lower sampling frequency than the Z-A
modulator output but contains more bandwidth information with less
samples. Through an ADI proprietary method, the SAR information
is encoded into a second-order modulator stage that digitizes the
processed input signal into a single-bit output stream available on
the controller side of the IC. The sample clock (MCLKIN) provides
the clock signal for the conversion process as well as the output
data framing clock. Due to the fact that the exact time of sampling
occurs less frequently than the 2-A clock frequency, the exact
moment of sampling can vary within the window of samples that are
processed by the decimation filter into an output result. The effect
on the sampled data shows up as a time shift of 36 MCLK cycles

in the output, thus the effect decreases as the decimation rate of
the Z-A output increases. This clock source is externally supplied

to the ADuM7812. The analog input signal is continuously sampled
by the modulator and compared to an internal voltage reference. A
digital stream that accurately represents the analog input over time
appears at the output of the converter (see Figure 29).

FLOATING
POWER SUPPLY

A differential signal of OV ideally results in a stream of alternating
1s and Os at the MDAT output pin that is high 50% of the time and
low 50% of the time. A differential input of 50mV produces a stream
of 1s and Os that are high 89.06% of the time. A differential input of
-50mV produces a stream of 1s and Os that are high 10.94% of the
time.

A differential input of 64mV ideally results in a stream of all 1s
interrupted with a 0 every 128 MCLKIN cycles. A differential input of
-64mV ideally results in a stream of all Os interrupted with a 1 every
128 MCLKIN cycles. The ADuM7812 absolute full-scale range is
+64mV, and the specified full-scale performance range is £50mV,
as shown in Table 10.

Table 10. Analog Input Range

Analog Input Voltage Input (mV)
Positive Full-Scale (+FS) Value +64

Positive Specified Performance +50

Zero 0

Negative Specified Performance -50

Negative Full-Scale (-FS) Value -64

To reconstruct the original information, this output must be digitally
filtered and decimated. A sinc3 filter is recommended because this
filter is one order higher than that of the ADuM7812 modulator,
which is a second-order modulator. When a 256 decimation rate

is used, the resulting 16-bit word rate is 156.25kSPS, assuming a
50MHz external clock frequency. For more details on the sinc filter
implementation, see the Digital Filter section. Figure 30 shows the
transfer function of the ADuM7812 relative to the 16-bit output.
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—400v 5V/3.3V
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DRIVE v u i v v,
CIRCUIT l l DD1 lI’I DD2 DD
sonr TeT I SINC3 FILTER*
n |—
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220 5000 Y W MCLKIN | MCLK
Vine endopr "\ | DECODER
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77 J_ """" U 2 [— SDAT
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Figure 28. Typical Application Circuit
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Figure 29. Analog Input vs. Modulator Output
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Figure 30. Filtered and Decimated 16-Bit Transfer Function

OPERATING STATES

The ADuM7812 operates in the following distinct modes based on
the status of the supply voltages and the analog input signal:

» Power-Off Mode: When the controller-side supply voltage, VDD2,
drops below the undervoltage threshold, the device disables its
operations and places the digital output in a high-impedance
state. The internal ESD protection structure clamps MDAT to
the VDD2/GND2 rails. Under this condition, the device does not
support the normal converter operation.

» High-Side Supply Fault Mode: When VDD2 is within the specified
operating range and VDD1 drops below its undervoltage thresh-
old, the device stops the conversion and the output transitions
to a continuous stream of logic-low bits, providing a diagnostic
indication of high-side power loss.

» Positive Overrange Condition: With VDD1 and VDD2 within their
specified operating ranges, the modulator enters an overrange
condition when the differential input voltage Vin+ — Vin- exceeds
the positive threshold of +63.5mV. In this state, the output re-
mains saturated and periodically inserts a logic-low pulse once

analog.com

every 128 clock cycles, providing a recognizable indication of
positive full-scale overload. An example of the MDAT fault re-
sponse is shown in Figure 31.
» Negative Overrange Condition; With VDD1 and VDD2 within
their specified operating ranges, the modulator enters an over-
range condition when the differential input voltage Vin+ = Vin-
exceeding the negative threshold of -63.5mV. In this state, the
output pattern contains a single logic-high pulse once every
128 clock cycles, providing a recognizable indication of negative
full-scale overload.
» Normal Operation: When both supply voltages and the differen-
tial input remain within the recommended operating limits, the
device operates normally and generates a modulator bit stream
with an average density proportional to the applied input signal.

128 MCLK

{

127 MCLK J

Figure 31. Overrange Response MDAT Pattern

The operating states of the ADuM7812 are summarized in Table 11.
Table 11. ADuM7812 Operating States

Supplies
Operating Conditions Input Voltage
States (vDD1,VDD2) (Vijn+=Viv-)  ADuM7812 Response
Power-Off Mode | VDD2 < UVLO | Do not care MDAT is Hi-Z state

threshold and clamped to VDD2

and GND2 through ESD
protection diodes.

High-Side VDD1 < UVLO | Do not care MDAT output is a
Supply Fault threshold continuous stream of logic-
Mode low bits.
Positive VDD1,VDD2 | Vi = ViN-> | MDAT pattern is a logic-low
Overrange within the +63.5mV pulse once every 128 clock
Condition recommended cycles.

operating limits
Negative VDD1,VDD2 | Vin+ = Vin-< | MDAT pattern is a logic-high
Overrange within the -63.5mV pulse once every 128 clock
Condition recommended cycles.

operating limits
Normal VDD1,VDD2 | Viys - Vin- Normal operation.
Operation within the within the

recommended | recommended

operating limits | operating limits
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APPLICATIONS INFORMATION
CURRENT SENSING APPLICATIONS

The ADuM7812 is ideally suited for current sensing applications
where the voltage across a shunt resistor (Rspynr) is monitored.
The load current flowing through an external shunt resistor pro-
duces a voltage at the input terminals of the ADuM7812. The
ADuM7812 provides isolation between the analog input from the
current sensing resistor and the digital outputs. By selecting the
appropriate shunt resistor value, a variety of current ranges can be
monitored.

Choosing RSHUNT

The shunt resistor (Rspynt) values used in conjunction with the AD-
uM7812 are determined by the specific application requirements

in terms of voltage, current, and power. Small resistors minimize
power dissipation, whereas low inductance resistors prevent any
induced voltage spikes, and high tolerance devices reduce current
variations. The final values chosen are a compromise between low
power dissipation and accuracy. Higher value resistors use the full
performance input range of the ADC, thus achieving maximum SNR
performance. Low value resistors dissipate less power but do not
use the full performance input range. The ADuM7812, however,
delivers excellent performance, even with lower input signal levels,
which allows low value shunt resistors to be used while maintaining
system performance.

To choose a suitable shunt resistor, first determine the current
through the shunt. Calculated the shunt current for a 3-phase
induction motor as:

Irys = PWI(1.73 x V x EF x PF) 7)

where:

Irus is the motor phase current (A RMS).
PW s the motor power (W).

Vis the motor supply voltage (V AC).

EF is the motor efficiency (%).

PF is the power efficiency (%).

To determine the shunt peak sense current (Isgnsg), consider the
motor phase current and any overload that may be possible in the
system. When the peak sense current is known, divide the voltage
range of the ADuM7812 (£50mV/) by the peak sense current to yield
a maximum shunt value.

If the power dissipation in the shunt resistor is too large, the shunt
resistor can be reduced, and less of the ADC input range can

be used. Figure 32 shows the SINAD performance characteristics
and the ENOB of resolution for the ADuM7812 for different input
signal amplitudes. The performance of the ADuM7812 at lower
input signal ranges allows smaller shunt values to be used while
still maintaining a high level of performance and overall system
efficiency.
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Figure 32. SINAD vs. Viy. AC Input Signal Amplitude

Rgrunt Must dissipate the current? x resistance (I2R) power losses.
If the power dissipation rating of the resistor is exceeded, the value
may drift, or the resistor may be damaged, resulting in an open
circuit. This open circuit may result in a differential voltage across
the terminals of the ADuM7812, in excess of the absolute maximum
ratings. If Isensg has a large high frequency component, choose a
resistor with low inductance.

VOLTAGE SENSING APPLICATIONS

The ADuM7812 can also be used for isolated voltage monitoring.
For example, in motor control applications, the device can be
used to sense the bus voltage. In applications where the voltage
being monitored exceeds the specified analog input range of the
ADuM7812, a voltage divider network can be used to reduce the
voltage being monitored to the required range.

INPUT FILTER

In a typical use case for directly measuring the voltage across a
shunt resistor, the ADuM7812 can be connected directly across the
shunt resistor with a simple RC low-pass filter on each input.

The recommended circuit configuration for driving the differential
inputs to achieve best performance is shown in Figure 33. An

RC low-pass filter is placed on both the analog input pins. Recom-
mended values for the resistors and capacitors are 22Q and 22nF,
respectively. If possible, equalize the source impedance on each
analog input to minimize offset. Downstream of the RC filter, to
optimize performance, the use of R2 series resistors is suggested.
Recommended value for the resistors R2 are 500Q.
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Figure 33. RC Low-Pass Filter Input Network
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DIGITAL FILTER

The output of the ADuM7812 is a continuous digital bit stream.

To reconstruct the original input signal information, this output

bit stream must be digitally filtered and decimated. A sinc filter

is recommended due to simplicity of the filter. A sinc3 filter is
recommended because the filter is one order higher than that of
the ADuM7812 modulator, which is a second-order modulator. The
type of filter selected, the decimation rate, and the modulator clock
used determines the overall system resolution and throughput rate.
The higher the decimation rate, the greater the system accuracy.
However, there is a trade-off between accuracy and throughput rate
and, therefore, higher decimation rates result in lower throughput
solutions. Note that for a given bandwidth requirement, a higher
MCLKIN frequency can allow higher decimation rates to be used,
resulting in higher SNR performance.

A sinc3 filter is recommended for the ADuM7812. This filter can
be implemented on a field programmable gate array (FPGA) or a
digital signal processor (DSP). Equation 8 describes the transfer
function of a sinc filter.

where:

Zis the sample.

DR is the decimation rate.
N is the sinc filter order.

The throughput rate of the sinc filter is determined by the modulator
clock and the decimation rate selected.

Throughput = MCLKIDR (9)
where MCLK is the modulator clock frequency.

As the decimation rate increases, the data output size from the sinc
filter increases. The output data size is expressed in Equation 10.
The 16 most significant bits are used to return a 16-bit result.
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Data Size = N x log, DR (10)

For a sinc? filter, the -3dB filter response point can be derived
from the filter transfer function, Equation 8, and is 0.262 times the
throughput rate.

Another widespread parameter used to compare the accuracy of
ADCs and 2-A modulators is the ENOB. Figure 34 shows the
ENOB of the ADuM7812 with different decimation rate. In this
document, this number is calculated from the SINAD by using
Equation 11:

_ SINAD —1.76dB
ENOB = 6.02dB (11)
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Figure 34. ENOB vs. Decimation Rate of Sinc3 Filter Order

GROUNDING AND LAYOUT

It is recommended to decouple the Vpps supply with a 10uF (C2)
capacitor in parallel with a 100nF (C1) capacitor to GND+. Decouple
the Vppo supply with a 10uF capacitor in parallel with a 100nF
capacitor to GND,. In applications involving high common-mode
transients, ensure that board coupling across the isolation barrier
is minimized. Furthermore, design the board layout so that any
coupling that occurs equally affects all pins on a given component
side. Failure to ensure equal coupling can cause voltage differen-
tials between pins to exceed the absolute maximum ratings of the
device, thereby leading to latch-up or permanent damage. Place
any decoupling used as close to the supply pins as possible.

If possible, equalize the source impedance on each analog input to
minimize offset. Check for mismatch and thermocouple effects on
the analog input PCB tracks to reduce offset drift.

For best performance, a recommended layout showing an opti-
mized placement and connection of the decoupling capacitors C1
and C2 for a 4-layer board is shown in Figure 35. The connection
between the Vpp¢ and GND; pins to the decoupling caps C1

and C2 is made via the inner layer 1 (in gray). Via in pads are
suggested in Vpps and GND4 pin connections when possible.
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Figure 35. Recommended Layout of the ADuM7812

THERMAL ANALYSIS The temperature measurement point for 6,5 and ¥ jg is on the
PCB Pin 2 on the outer edge of the pin footprint. The temperature
measurement point for W is at the center of the package's top
side.

The ADuM7812 consists of three internal die attached to a split lead
frame with two die attach pads. For the purposes of thermal analy-
sis, the die are treated as a thermal unit, with the highest junction
temperature reflected in the thermal parameter values from Table

7. The thermal parameter values are based on thermal simulations
with the devices mounted on a JEDEC standard, 4-layer board with
fine width traces on outer layers, planes on inner layers, no thermal
vias and still air. Under normal operating conditions, the ADuM7812
can operate at full load across the full temperature range without
derating the output current.

0,1 and 8 are mainly used to compare the thermal performance of
the package of the device with other semiconductor packages when
all test conditions listed are similar. 6,4 and 6,5 can be used for

first order approximation of the junction temperature in the system
environment.

If an accurate thermal measurement of the board temperature
near the device under test or directly on the package top surface
operating in the system environment is available along with the
corresponding device power dissipation, then using ¥ g or Wy

is @ more appropriate way to estimate the worst-case junction
temperature in the system environment. Use W 5 when the temper-
ature measurement point is on the board or W, when it is on

the package top. The junction temperature is estimated using the
Equation 12:

T]=l/)]x><Pd +Tx (12)

where: Py is the dissipated power. T, is the measured temperature
at location x and x is either B for the PCB or T for the package top.
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OUTLINE DIMENSIONS

Package Drawing (Option) Package Type Package Description
RI-8-1 ' soic_Ic

8-Lead Standard Small Outline Package, with Increased Creepage Wide Body

For the latest package outline information and land patterns (footprints), go to Package Index.

o
(=3
(3]

l
|

L | ]
Fo o
— (4]

] | =}

—

7.6

.5

4

o

~
o

~
o

TOP VIEW
- 1.27 BSC

0.75
> 0.50 * 45°
2.65 :i, ‘ "0.25
2_50 SIDE VIEW _rz—;: END VIEW 80
NG ————\1 2,
2.35 00
tL = .J:“j ¥ 0.30 0.75 | *i 0
SEATING _/ o5t 1 g3 058~ I~ 0.33 1 4
PLANE 041 0.10 0.40 0.27
031 copLANARITY 0.20
0.10

09-17-2014-B

Figure 36. 8-Lead Standard Small Outline Package, with Increased Creepage [SOIC_IC]
Wide Body
(RI-8-1)
Dimensions shown in millimeters

Updated: July 30, 2026
ORDERING GUIDE

Model' Temperature Range  Package Description Packing Quantity Package Option
ADuM7812-8BRIZ -40°C to +125°C 8-Lead Standard Small Outline Package, with Increased Creepage [SOIC_IC] | Tube, 80 RI-8-1
ADuM7812-8BRIZ-RL | -40°C to +125°C 8-Lead Standard Small Outline Package, with Increased Creepage [SOIC_IC] | Reel, 1500 RI-8-1

1 Z=RoHS Compliant Part.

Legal Terms and Conditions

Analog Devices, Inc. (“ADI”) believes the information in this data sheet is accurate and reliable as of its date of publication and provides it “as is” without any representation or warranty
of any kind. ADI reserves the right to make changes, corrections, modifications, enhancements, improvements, and other updates to the information described in this data sheet, with use
of the product subject to ADI's Terms and Conditions of Sale, available on Analog.com. ANALOG DEVICES word mark and logo, AD, and ADI are registered trademarks and trademarks
owned by ADI. This data sheet, trademarks, and its content are owned by ADI and may not be reproduced, distributed, or used except with ADI’s prior written authorization. TO THE
MAXIMUM EXTENT PERMITTED BY LAW, IN NO EVENT SHALL ADI BE LIABLE FOR ANY DAMAGES WHATSOEVER, WHETHER DIRECT OR INDIRECT, ARISING OUT OF OR IN
CONNECTION WITH THE USE OF, INABILITY TO USE, OR RELIANCE UPON THIS DATA SHEET OR THE INFORMATION CONTAINED HEREIN.
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