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AC LINE MONITORING USING THE Si890X FAMILY OF 
ISOLATED ADCS

1.  Introduction

Measurement and control applications commonly use analog-to-digital converters (ADCs) to make precise
measurements of key system parameters, such as voltage and current. For best noise performance, the analog
signal must be immediately digitized at the analog sensor output and conditioned (i.e. filtered) in the digital domain
by a DSP or MCU. In many cases, the end application can have some combination of local high voltage, floating
grounds, or problematic ground noise, all of which can be resolved by the use of galvanic isolation.

The Silicon Labs' Si890x Monitoring ADC family integrates a 10-bit SAR ADC (2 µs conversion time) with a

5 kVACRMS isolated UART (Si8900), I2C (Si8901) or SPI (Si8902) serial port, resulting in a single package, isolated
ADC solution. This application note discusses the Si890x in an isolated ac line monitor application that measures
110/240 VAC line voltage and current and uses isolation for both signal level shifting and safety.

2.  System Diagram

Figure 1 shows the ac line monitor system top-level block diagram, which is composed of three functional blocks:
the Si8902 isolated ADC (SPI serial port), an input-side ac line-derived power supply circuit (2.7 V to 3.6 V at
15 mA max), and an ac line interface circuit that transforms the ac line voltage/current input into a 3 Vp-p(max)
signal centered around a fixed offset voltage of 1.5 VDC.

Referring to Figure 2, The ac line neutral is used as the ground reference for the Si8902 input-side. AC line current
is sensed through the parallel shunt resistor combination of R16,R17 and R18. AC line voltage is sensed through a
voltage attenuator consisting of R5, R6, R7, R8, R9, and R10. The on-chip ADC digitizes these analog line signals
and transmits the converted data through the on-chip isolator to the on-chip serial port where it can be read by the
user's host processor (typically an MCU).

Figure 1. Top-Level AC Line Monitor Block Diagram
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Figure 2. AC Line Monitor Schematic
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3.  Design Considerations

For best results, the Si890x should be placed in a low-noise area of the board and powered from a clean, well-
bypassed VDD source. Care must be taken to avoid noise coupling into the RESET pin, and the ADC inputs must
have anti-aliasing capacitors installed from each ADC input to ground in close proximity to the Si890x. In addition,
the user must adhere to the hardware guidelines detailed in the following paragraphs below.

3.1.  Power-On Reset

While the Si890x internal power-on reset circuit eliminates the need for external reset circuits, the user may reset
the Si890x externally by momentarily grounding the RST input if so desired. If the Si890x is operated in an
electrically noisy environment, it is highly recommended that a 2 k resistor from RST to VDD be added to guard
against erroneous reset events due to noise coupling into the RST input.

3.2.  Supply Bypass

AC line-side circuits can be powered by the line-side Vdd supply shown at the top of Figure 2 or from a local
external supply. See the Si890x data sheet for details. All Vdd inputs must be bypassed with a 1.0 µF capacitor and
located as close as possible to the Si890x Vdd pins. When using the Si8902, the serial port side Vdd bypass
capacitor should be located as close to package pin 10 as possible.

3.3.  Serial Port Bit Rates

The Si8901 (I2C) and Si8902 (SPI) serial port bit rates are determined by master's clock signal. For example, a
200 kHz master clock signal on the Si8901 SCL input results in a communications bit rate of 200 kbps. The Si8900
(UART) automatically adapts to the bit rate used by the master. For more information, see “AN635: Si8900
Automatic Baud Rate Detection” available for download at www.silabs.com/isolation.

3.4.  Si8901 Bus Pullups

When using the Si8901, a 5 k pull-up resistor must be installed from the SDA pin to Vdd, as stated in the data
sheet. The slave address of Si8901 is set to “F0” and is not user-programmable. For more information about the

I2C address, contact Silicon Labs.

3.5.  Current Sense Resistor Value

The current sense resistor value must conform to the following equation:

where R0 is the current sensing shunt resistor value; IMax is the maximum measurable peak current; GV is the gain
of amplifier, and VADC is the ADC input range (0 ~ VRef) determined by the ADC reference voltage VRef. Si890x can
select VRef = Vdd or external VRef voltage connecting to the VRef pin.

3.6.  Voltage Sense Resistor Values

The voltage sense resistor values must conform to the following equation:

where VIMax is the maximum measurable peak voltage; GV is the gain of amplifier, and VADC is the ADC input
range determined by the ADC reference voltage (VRef = 2.7 V in this example).

R0 IMax GV VADC=

VIMax

R10

R10 R5,6,7,8,9+
-------------------------------------- GV VADC=

http://www.silabs.com/isolation
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3.7.  Other Recommendations

Referring to Figure 2, care must be taken to ensure that the values of op-amp input resistors R11, R13, R19, and
R20 do not significantly load the voltage divider resistor R10 and the parallel combination of current shunt resistors
R16, R17, R18. The resistor value ratio must be selected based on the measurement accuracy needs of the end
application. The schematic in Figure 2 uses a ratio of 100x. Note that higher ratio values decrease loading effects
but increase noise, thereby lowering measurement accuracy. The user must choose the best compromise for the
application at hand. In addition, R11 and R13 must be in the range of hundreds of k since R10 and feedback
resistor R14 will both be in the k range. In some cases, the output of U2 Pin 7 may be subjected to high resistor
thermal noise, which is positively proportional to the resistance value. In the worst case, a large value resistor in
the op-amp feedback loop may cause oscillation, which is resolved by placing a 1.2 nF capacitor across R14. C9,
C10, R15, and R23 are anti-alliance filters, and their values depend on the frequency range of interest. Resistors
R15 and R23 are recommended to be 100 , and the values of C9 and C10 can be adjusted to meet the user's
frequency band requirement.

3.7.1. Layout Considerations

A low-cost, two-layer board may be used where open spaces are filled with ground and Vdd on each side of the
board for better signal grounding and heat dissipation. Separation between the high-voltage and low-voltage areas
of the board should follow the recommendations outlined in the Si890x data sheet. Discrete components should
use a larger package, such as the 1206, for better power dissipation whenever board space allows. Ensure that the
power, voltage, and current ratings of all components (including connectors) have the appropriate design margins.
If desired, multiple components, such as resistors and capacitors, can be used in series or in parallel to increase
their power rating. Current and voltage sensing components should be placed at the edge of the board and occupy
the minimal space in the board. In particular, avoid placing them deep inside the PCB to avoid noise coupling.
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4.  System Performance

The performance data shown in Figure 3 was generated using the Si890x EVB (part number Si890xPWR-EVB)
available from Silicon Labs and its affiliated distributors. This evaluation board demonstrates the operation of all
three members of the Si890x isolated ADC family. Referring to Figure 3, the top two traces show the ac voltage
waveform (blue trace) and the current waveform (yellow trace) at U3 Pin 4 and Pin 5 respectively (Figure 2). The
ac voltage (green trace) and current (purple trace) in the lower two traces were converted by the ADC in U3, then
converted back to analog by the D/A converter in the master controller.

Figure 3. Typical AC Line Voltage and Current Monitoring Waveforms

Figure 4 shows the ADC measurement accuracy of the Si8900 (UART serial port) and Si8902 (SPI serial port) as
measured on the Si890x EVB. In this measurement, the Si890x devices operate in Demand mode (on-demand
ADC conversion) measuring variable dc levels through ADC MUX Channel 2.
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Figure 4. Demand Mode Data Measurement Through Channel 2 of the Si8900 and Si8902
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CONTACT INFORMATION
Silicon Laboratories Inc.
400 West Cesar Chavez
Austin, TX 78701
Tel: 1+(512) 416-8500
Fax: 1+(512) 416-9669
Toll Free: 1+(877) 444-3032

Please visit the Silicon Labs Technical Support web page:
https://www.silabs.com/support/pages/contacttechnicalsupport.aspx
and register to submit a technical support request.

Silicon Laboratories and Silicon Labs are trademarks of Silicon Laboratories Inc.

Other products or brandnames mentioned herein are trademarks or registered trademarks of their respective holders.

The information in this document is believed to be accurate in all respects at the time of publication but is subject to change without notice. 
Silicon Laboratories assumes no responsibility for errors and omissions, and disclaims responsibility for any consequences resulting from 
the use of information included herein. Additionally, Silicon Laboratories assumes no responsibility for the functioning of undescribed features 
or parameters. Silicon Laboratories reserves the right to make changes without further notice. Silicon Laboratories makes no warranty, rep-
resentation or guarantee regarding the suitability of its products for any particular purpose, nor does Silicon Laboratories assume any liability 
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation conse-
quential or incidental damages. Silicon Laboratories products are not designed, intended, or authorized for use in applications intended to 
support or sustain life, or for any other application in which the failure of the Silicon Laboratories product could create a situation where per-
sonal injury or death may occur. Should Buyer purchase or use Silicon Laboratories products for any such unintended or unauthorized ap-
plication, Buyer shall indemnify and hold Silicon Laboratories harmless against all claims and damages. 

https://www.silabs.com/support/pages/contacttechnicalsupport.aspx
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