
AN1215: SINC3 Filter for DSM
Applications

A second-order Delta-Sigma Modulator (DSM) ADC is typically
followed by a SINC3 filter to reduce signal noise and reduce
(decimate) data to a more usable rate. This document discuss-
es the essentials of SINC3 filter implementation for use with
Skyworks Si894x and Si8935/36/37 isolated current and voltage
sensors with DSM output.
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1.  SINC3 Filter Function

A second-order Delta-Sigma Modulator (DSM) ADC is typically followed by a SINC3 filter to reduce signal noise and reduce (decimate)
the data to a more usable rate. A typical DSM output data clock rate is 20 MHz, which is provided either by the device itself or by an
external clock source. The application will dictate an oversampling ratio (OSR), which is a multiple of the signal bandwidth of interest
and which obeys the following equation.

OSR = DSM_clock_rate
Filter_sample_rate

OSR = 2n

Equation 1. Oversampling Ratio

The filter sample rate is two times the signal bandwidth of interest. For example, If the DSM clock rate is 20 MHz and the OSR is 256,
then the filter sample rate is 78.125 kHz and the signal bandwidth is 39.0625 kHz.
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2.  Additional Implementation Requirements

The VHDL code for the basic core of the SINC3 filter is included in this document. Additional functions are required:
• Word clock generator. This takes the DSM clock and OSR as inputs and generates the Filter Sample Rate clock. It is used as the

decimation clock. WORD_CLK will be MOD_CLK divided by the OSR.
• Filter output register. This can be a single register with a parallel output, a single register with a serial output, or perhaps a FIFO that

accumulates filter output for periodic serial export to a host MCU. If the filter output is not required in real time, a larger RAM can
receive the filter data, and the loading and unloading of the RAM can be controlled by an additional finite-state machine.

• Input D-flip-flops to align the data and word clock with the DUT clock (DSM clock).
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3.  Implementation Example

The following figure shows an implementation example. Also shown is the finite state machine that controls loading and unloading of
the output register. Note that the output register function may be something other than a DPRAM, depending on system requirements.
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Figure 3.1.  Implementation Example
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4.  VHDL Code

The following source code is for the sinc3 block only. It is provided “AS IS”, with no warranties, and may be copied, compiled into binary
form, and distributed in source and binary forms.

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.std_logic_unsigned.all;
use ieee.numeric_std.all;

entity sinc3 is
port(RESET, DUT_DOUT, DUT_CLKOUT, WORD_CLK : in std_logic;
SAMPLE : out std_logic_vector(23 downto 0));
end sinc3;
architecture RTL of sinc3 is
signal DIF0, DIF1, DIF3, DIF5 : std_logic_vector(24 downto 0);
signal INT1, INT2, INT3, INT4 : std_logic_vector(24 downto 0);
signal UNSHIFTED_SAMPLE : std_logic_vector(24 downto 0);
signal UNSIGNED_SAMPLE : unsigned(24 downto 0);
signal SHIFTED_SAMPLE : std_logic_vector(24 downto 0);
signal DEL1 : std_logic_vector(24 downto 0);

begin

process(DUT_CLKOUT, RESET)
begin
if RESET = '1' then
DEL1 <= (others => '0');
elsif DUT_CLKOUT'event and DUT_CLKOUT = '1' then
if DUT_DOUT = '1' then
DEL1 <= DEL1 + 1;
end if;
end if;
end process;

process(RESET, DUT_CLKOUT)
begin
if RESET = '1' then
INT1 <= (others => '0');
INT2 <= (others => '0');
elsif DUT_CLKOUT'event and DUT_CLKOUT = '1' then
INT1 <= INT1 + DEL1;
INT2 <= INT2 + INT1;
end if;
end process;

process(RESET, WORD_CLK)
begin
if RESET = '1' then
DIF0 <= (others => '0');
DIF1 <= (others => '0');
DIF3 <= (others => '0');
DIF5 <= (others => '0');
elsif WORD_CLK'event and WORD_CLK = '1' then
DIF0 <= INT2;
DIF1 <= DIF0;
DIF3 <= INT3;
DIF5 <= INT4;
end if;
end process;

INT3 <= DIF0 - DIF1;
INT4 <= INT3 - DIF3;
UNSHIFTED_SAMPLE <= INT4 - DIF5;
UNSIGNED_SAMPLE <= unsigned(UNSHIFTED_SAMPLE);
SHIFTED_SAMPLE <= std_logic_vector(UNSIGNED_SAMPLE srl 1);

SAMPLE <= SHIFTED_SAMPLE(23 downto 0);

end RTL;
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• https://en.wikipedia.org/wiki/Delta-sigma_modulation
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