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Abstract

In this project describe analysis and design Sigma — Delta modulator with 1 — bit
quantizer for analog to digital conversion in audio signal application. Sigma — Delta ADC
consists two paths are analog and digital, analog path is Sigma — Delta modulation, in this
project is implemented modulator as a Third — order for decrease quantization noise and
increase SNR (signal to noise ratio) more than 70dB in baseband, second path is FIR
digital filter refer as window function which achieve more than 8 —resolution with
oversampling ratio is 320 and reduce sampling rate output, requiring a sampling frequency

4..8 MHz .In this path used VHDL language design digital low pass filter in FPGA
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Over sampling Conversion Quantization Noise Spectrum

SNR = (6.02N +1.76)dB + IOLog,o[ 2f'*' ]dB .............. (2.12)
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Note: Higher order Noise Shaper has less baseband noise
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Source Code Program
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-- deciFill
-- decimation filter 1 for delta-sigma AD converter
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-- add (with carry input) library
B L e L e L e T 2 s
library ieee;
use ieee.std_logic 1164.all;
package libAdc_deciFill is
function adc18Nco(aa,bb : std_logic_vector(17 downto 0);cc : std_logic) return
std_logic_vector;
end libAdc_deciFill;
package body IibAdc_deéiF ill is
function adc18Nco(aa,bb : std_logic_vector(17 downto 0);cc : std_logic) return
std_logic_vector is

variable interCarry : std logic;

variable temp : std_logic_vector(aa'high downto aa'low);

begin
interCarry := cc;
for j in aa'low to aa'high loop
temp(j) := aa(j) xor bb(j) xor interCarry;
interCarry := (aa(j) and bb(j)) or ( (aa(j) or bb(j)) and interCarry);
end loop;
return(temp);
end adc18Nco;

end libAdc_deciFill;

-- decimation filter 1

library ieee;

use icee.std_logic_1164.all;



use ieee.std_logic_unsigned.all;
use work.libAdc_deciFill.all;
entity deciFill is
port( deltaln : in std_logic; — delta-sigma modulate signal input
c :instd_logic; —- system clock
nr : in std_logic; — system reset
modClk : out std_logic; - clock output for delta-sigma modulator
deciOut : out std_logic_vector(11 downto 0); -- decimation data output
wtOut : out std_logic); -- output data write signal
end deciFill;
architecture rtl of deciFill is
component rom12x256f1
port( address : in std_logic_vector(7 downto 0);
q : out std_logic_vector(11 downto 0) );

end component;
signal countH : std_logic_vector(4 downto 0); -- control counter
signal countL : std_logic_vector(3 downto 0);
signal countHZero : std_logic; - decode signal of control counter
signal countH31 : std_logic;
signal countL8 : std_logic;
signal loadResult : std_logic; -- result Reg's data load signal
signal sampledData : std_logic; -- sampled delta-sigma modulate signal
signal invSampledData : std_logic; -~ inverted "sampledData"
signal romAddress : std_logic_vector(7 downto 0); -- address for constant ROM
signal romData : std_logic_vector(11 downto 0); - constant ROM data
signal expandedRomData : std_logic_vector(17 downto 0); -- expanded(12 -> 18bit) ROM data
signal compedRomData : std_logic_vector(17 downto 0); - complemented/non-complemented
ROM data
signal zerol8 : std_logic_vector(17 downto 0); -- 18bit zero data
signal seledData5 : std_logic_vector(17 downto 0); -- sum's source data
signal seledData4 : std_logic_vector(17 downto 0);
signal scledData3 : std_logic_vector(17 downto 0);



signal seledData2 : std_logic_vector(17 downto 0);

signal seledDatal : std_logic_vector(17 downto 0);

signal seledData0 : std_logic_vector(17 downto 0);

signal reg5In : std_logic_vector(17 downto 0); - sum Reg's source data

signal reg4In : std_logic_vector(17 downto 0);

signal reg3In : std_logic_vector(17 downto 0);

signal reg2In : std_logic_vector(17 downto 0);

signal reglIn : std_logic_vector(17 downto 0);

signal regOlIn : std_logic_vector(17 downto 0);

signal reg5 : std_logic_vector(17 downto 0); — sum Reg.

signal reg4 : std_logic_vector(17 downto 0);

signal reg3 : std_logic_vector(17 downto 0);

signal reg2 : std_logic_vector(17 downto 0);

signal regl : std_logic_vector(17 downto 0);

signal regQ : std_logic_vector(17 downto 0);

signal resultReg : sftd_logic_vector(l’l downto 0); — filter calculation's result Reg.
signal wtFlag : std_logic_vector(1 downto 0); - delay for generate "wtOut" signal
signal roundedData : std_logic_vector(12 downto 0); — rounded data of result Reg.
signal plusOver : std_logic; —- roundedData’s puls overflow

signal minusOver : std_logic; - roundedData's minus overflow

begin

— ### register discription ###

process(nr,c)
begin
if (nr ='0") then

countL <= (others =>'0");

countH <= (others =>'0');
sampledData <='0';

reg5 <= (others => '0");

reg4 <= (others =>'0');

reg3 <= (others =>'0');



signal seledData2 : std_logic_vector(17 downto 0);

signal seledDatal : std_logic_vector(17 downto 0);

signal seledData0 : std_logic_vector(17 downto 0);

signal regSIn : std_logic_vector(17 downto 0); -- sum Reg's source data

signal regdIn : std_logic_vector(17 downto 0);

signal reg3In : std_logic_vector(17 downto 0);

signal reg2In : std_logic_vector(17 downto 0);

signal reglIn : std_logic_vector(17 downto 0);

signal reg0In : std_logic_vector(17 downto 0); -

signal reg$ : std_logic_vector(17 downto 0); —-sum Reg.

signal reg4 : std_logic_vector(17 downto 0);

signal reg3 : std_logic_vector(17 downto 0);

signal reg? : std_logic_vector(17 downto 0);

signal regl : std_logic_vector(17 downto 0);

signal reg0 : std_logic_vector(17 downto 0);

signal resultReg : std_logic_vector(17 downto 0); - filter calculation's result Reg.
signal wtFlag : std_logic_vector(1 downto 0); - delay for generate "wtOut" signal
signal roundedData : std_logic_vector(12 downto 0); — rounded data of result Reg.
signal plusOver : std_logic; -- roundedData's puls overflow

signal minusOver : std_logic; -- roundedData’s minus overflow

begin

-~ ### register discription ###

process(nr,c)
begin
if (nr ="'0") then

countL, <= (others =>'0");

countH <= (others =>'0');
sampledData <="0';

reg5 <= (others =>'0");

regd <= (others =>'0");

reg3 <= (others =>'0");



reg2 <= (others =>'0");

regl <= (others =>"'0");

reg0 <= (others =>'0");
resultReg <= (others =>'0');
wtFlag <= (others =>'0');

modClk <="0";

elsif (c'event and ¢ ='1') then

-- control counter
if (countL = "1001") then
countL <= "0000";

else
countL <= countL + '1%
end if;

if (countL = "1001") then

countH <= countH + '1";

end if}

-- clock for delta-sigma modulator
if (countL = "1001") then
modClk <="1
elsif (countL = "0100") then
modClk <="'0";
end if;

-- input data sampling

if (countL = "1000") then

sampledData <= deltaln;

end if;

-- calc. register
if (countL = "0101") then
reg5 <=regSlIn;
end if;

if (countL = "blOO") then



regd <=reg4ln;

end if;

if (countL = "0011") then

reg3 <= reg3In;

end if;
if (countL = "0010") then
reg2 <=reg2ln;
end if;

if (countL = "0001") then

regl <=reglln;

end if;
if (countL = "0000") then
reg0 <=reg0OIn;
end if;
-- result register

if (loadResult = '1') then
resultReg <=reg0;

end if;

-- generate output data write signal

wtFlag <= wtFlag(0) & loadResult;

end if;
end process;

-- ### logic discription ###

-- counter decord

countH31 <="1"' when (countH ="11111") else '0';
countL8 <= '1' when (countL = "1000") else '0;
loadResult <= countH31 and countL8;

countHZero <="'1' when (countH = "00000") else '0";
-- constant rom

romAddress <= countL(2 downto 0) & countH;



rom : rom12x256f1 port map(

address => romAddress,

q=>romData);

-- calculation

zero18 <= "000000000000000000";

seledData5 <= zerol8 when (countHZero = '1') else reg5;
seledDatad <= reg5 when (countHZero ='1") else reg4;

seledData3 <= reg4 when (countHZero = '1") else reg3;

seledData2 <= reg3 when (countHZero = '1') else reg2;

seledDatal <= reg2 when (countHZero = '1") else regl;

seledData0 <= regl when (countHZero ='1') else reg0;
expandedRomData <= romData(11) & romData(11) & romData(1 1) & romData(11) &
romData(11) &

romData(11) & romData;

compedRomData <= expandedRomData when (sampledData = '1") else (not expandedRomData);
invSampledData <= not sampledData;

reg5In <= adc18Nco(seledData5 ,compedRomData,invSampledData);
regdln <= adcl 8Nco(seledData4,compedRomData,invSampledData);
reg3In <= adc18Nco(seledData3 ,compedRomData,invSampledData);
reg2In <= adcl 8Nco(seledData2,compedRomData,invSampledData);
reglIn <= adc18Nco(seledDatal ,compedRomData,invSampledData);
regOIn <= adcl 8Nco(seledData0,compedRomData,invSampledData);
-- round output data

roundedData <= (resultReg(17 downto 5) + '1') when (resultReg(4) ='1') else resultReg(17
downto

5);

plusOver <="1" when (roundedData(12 downto 11) ="01") else '0';
minusOver <='1' when (roundedData(12 downto 11)="10") else '0";
deciOut <="011111111111" when (plusOver = "1 else
"100000000000" when (minusOver = '1') else

roundedData(11 downto 0);

-- output assign



wtOut <= wtFlag(1);

end rtl;
“**********************************************************************
-- deciFil2

-- decimation filter 2 for delta-sigma AD converter

_***********************************************t**********************

-- add (with carry input) library

library ieee;
use ieee.std logic 1164.all;
package libAdc_deciFil2 is
function adc8Nco(aa,bb : std_logic_vector(7 downto 0);cc : std_logic) return std_logic_vector;
end libAdc_deciFil2;
package body libAdc_deciFil2 is
function adc8Nco(aa,bb : std_logic_vector(7 downto 0);cc : std_logic) return std_logic_vector
is
variable interCarry : std_logic;
variable temp : std_logic_vector(aa'high downto aa'low);
begin
interCarry = cc;
for j in aa'low to aa'high loop
temp(j) := aa(j) xor bb(j) xor interCarry;
interCarry := (aa(j) and bb(j)) or ( (aa(j) or bb(j)) and interCarry);
end loop;
return(temp);
end adc8Nco;
end libAdc_deciFil2;

-- 15-bit x 13-bit (signed data) multiplier

library ieee;



use ieee.std_logic_1164.all;
use icee.std_logic_unsigned.all;
entity mulS15x13 is
port(x : in std_logic_vector(14 downto 0);

y : in std_logic_vector(12 downto 0);

z - out std_logic_vector(27 downto 0) );
end mulS15x13;
architecture rtl of mulS15x13 is
signal m1l : std_logic_vector(26 downto 14);
signal m2 : std_logic_vector(26 downto 12);
signal sumPlus : std_logic_vector(27 downto 0);
signal sumMinus : std_logic_vector(26 downto 12);
begin
sumPlus(27) <="'0';
sumPlus(26) <= x(14) and y(12);
sumPlus(25 downto 0) <= x(13 downto 0) * y(11 downto 0);
ml <= ('0' & y(11 downto 0) ) when (x(14) ="'1") else "0000000000000";
m2 <= ('0' & x(13 downto 0) ) when (y(12) = '1") else "000000000000000";
sumMinus(26 downto 14) <= m1 + m2(26 downto 14);
sumMinus(13 downto 12) <= m2(13 downto 12);
7(27 downto 12) <= sumPlus(27 downto 12) - sumMinus;
z(11 downto 0) <= sumPlus(11 downto 0);

end rtl;

-- decimation filter 2

library ieec;

use ieee.std_logic 1164.all;
use ieee.std_logic_unsigned.all;
use work.libAdc_deciFil2.all;
entity deciFil2 is

port( deciln : in std_logic_vector(11 downto 0); -- data input



wt : in std_logic; - data write signal
c :instd_logic; -- system clock
nr: in std_logic; -- system reset
deciOut : out std_logic_vector(15 downto 0); -- decimation data output
wtOut : out std_logic); -- data output write signal
end deciFil2;
architecture rtl of deciFil2 is
component ram12x256f
port( address : in std_logic_vector(7 downto 0);
inclock : in std_logic;
we : in std_logic :="'1";
data : in std_logic_vector(11 downto 0);
q : out std_logic_vector(11 downto 0) );
énd component;
component rom15x128{2
port( address : in std_logic_vector (6 downto 0);
q : out std_logic_vector (14 downto 0) );
end component;
component mulS15x13
port(x :in std_logic_vector(14 downto 0);
y :instd_logic_vector(12 downto 0);
z : out std_logic_vector(27 downto 0));
end component;
signal inBuf : std_logic_vector(11 downto 0); -- data input buffer
signal flagInBuf : std_logic; -- data input flag
signal enableShift : std_logic; - data shift-in signal
signal inReg0 : std_logic_vector(11 downto 0); -- data input Reg.(4-stage)
signal inReg] : std_logic_vector(11 downto 0);
signal countInCtrl : std_logic_vector(1 downto 0); -- input control counter
std_logic_vector(2 downto 0)
signal st0 : std_logic; -- one-hot sequencer's state

signal stl : std_logic;



signal st2 : std_logic;

signal st3 : std_logic;

signal st4 : std_logic;

signal st5 : std_logic;

signal nonState : std_logic; - all state zero signal

signal startSq : std_logic; -- sequencer start signal

signal incPointer : std_logic; -- pointer increment signal

signal writeRam : std_logic; — synchronouse write signal for RAM

signal countSubSequence : std_logic_vector(7 dowﬁto 0); -- sub-sequence counter
signal countSubSequence02H : std_logic; - decode signal of sub-sequence counter
signal endSubSequence : std_logic; - decode signal of sub-sequence counter

signal delayedEndSubSequence : std_logic; — decode signal of sub-sequence counter
(1-cycle delayed)

signal pointer : std_logic_vector(7 downto 0); - pointer for center data of RAM
signal offsetNum : std_logic_vector(6 downto 0); -- offset number from center data
signal doComp : std_logic; — calculate minus value of "offsetNum" signal

signal compedOffset : std_logic_vector(7 downto 0); - complemented/non-complemented data of
offsetNum

signal ramAddress : std_logic_vector(7 downto 0); - RAM address

signal ramData : std_logic_vector(11 downto 0); - RAM's read data

signal dataBuf : std_logic_vector(11 downto 0); - RAM's read data buffer

signal dataBuf2 : std_logic_vector(12 downto 0); — buffer of symmetrical data's sum
signal romAddress : std_logic_vector(6 downto 0); — address for constant ROM
signal romAddress2 : std_logic_vector(6 downto 0); — address for constant ROM (1-cycle
delayed)

signal romAddress3 : std_logic_vector(6 downto 0); -- address for constant ROM (2-cycle
delayed)

signal romData : std_logic_vector(14 downto 0); -- constant ROM data

signal product : std_logic_vector(27 downto 0); -- multiply result

signal sumReg : std_logic_vector(28 downto 0); -- sum Reg.

signal roundedSum : std_logic_vector(16 downto 0); - rounded data of sum Reg.

signal overSum : std_logic; - rounded sum Reg's overflow



signal underSum : std_logic; -- rounded sum Reg's underflow
signal resultReg : std_logic_vector(15 downto 0); -- result Reg.
signal resultln : std_logic_vector(15 downto 0); -- result Reg's source data

begin

-- ##H# register discription ###

process(nr,c)
begin
if (nr = 'O') then
inBuf <= (other<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>