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Adaptive Algorithm for a Single Sinusoidal Detection using IIR Notch Filter

By
Mr. Chaiyaporn Yathip

Mr. Nakorn Thaipitak
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Asst.Prof. Chawalit Benjangkaprasert

ABSTRACT

This paper presents a new adaptive algorithm for a single sinusoidal detection base on an
IIR Notch filter and a variable Q-factor is proposed. The procedure is as follow: First, Adaptive
IIR Notch filter with a fixed Q-factor is reviewed. Secondly, a new adaptive algorithm with a
variable Q-factor is realized. In order to reduce the amount of computational complexity and the
processing speed up. We propose a simplified adaptive algorithm. Finally, The computer
simulation results and the experiment on DSP TMS320C50 board are given to demonstrate the

convergence performance.
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1.2 Application in Digital Filter Design
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1.4 TYPE of Digital Filter
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3.1 sunsu

%%%%%%Plot 1 TIR Notch Filter A5 1uarafqaiauiiaued [H(w)] NOUAY w%%%%%%%%

cle
alpha0=-1;
while(alpha0<0 | alpha0>1) %A UAR Q-Factor ¥9429950589AND

alphaO=input('Q factor (0<alpha0<I) \n (alpha0=)");

end

omega=-1;

while (omega<0 | omega>180) %AMNUAA W 409995509713/
omega=input('W (0<w<pi) (degree) \n (W= )");

end

alphal=cos((pi/180)*omega);

bl=1;

b2=-(2*alphal);

b3=1;

al=1l;
a2=-(1+alpha0)*alphal;

a3=alphaO;

k=(1+(alpha0))/2;

n=[b1,b2,b3];

d=[al,a2,a3];

[Tz,ws]=freqz(n,d,200);

plot(ws,abs(Tz*k),'r'); : %A5IN [H(w)| MUY w

hold on
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%%%%%%%%%Plot2 ATIWUAAINMTHTAVDY [H(w)| INBUNY alphal %%%%%%%%%%
cle

alpa0=-1;

while(alpa0<0 | alpa0>1) %A1 UAA1 Q-Factor GUENNﬁJ’iﬂ'i?Nﬂ’Jma‘
alpa0=input('Q facter (0<alpa0<1) \n (alpa0= )'-);

end

omega=-1;

while (omega<0 | omega>180) %AIMUARNT W GU’eN’Jx‘ﬁ]Sﬂ‘i’t’Nﬂ’Jmé
omega=input('W (0<w<pi) (degree) \n (W=)");

end

alpal=linspace(0,1,100);%ﬁTﬁuﬂﬂ'm”Iilﬂalﬂml‘ﬂﬁxﬁl@\‘iﬂﬁ(ﬂ@ﬂﬁu’ﬂ\‘i‘l}@\‘] Transfer Function
H=zeros(size(alpal));
H=abs([cos(omega)-alpal]./[[cos(omega)-alpal]+j. *[sin(omega).*[[ 1-alpa0]./[ I+alpa0]]]]);
plot(alpal H); %n5IN alphal MoUN Magnitude H(w)
xlabel(‘alphal(k)',ylabel('IHI'))

hold on

%%%%%%Plot3 NS HUAAIMaNTATD4 alphal MeUAY k ATBINGS lana115%%%%%%
w=-1;
while (w<0 | w>180) %HUAAT wUBINIVINT DIANNA

w=input('W (0 to pi) \n (W=)";

end
1 v 1 Q’I’
n=10000; %I 1UIUNI FUAIDI1NIHUA
k=0:n-1; %ANUATIAUMIGUAIDI19VDIT QY15

data=cos((pi*w/180)*k+randn(1,1))+0.1*randn(1,n);

alp0=0.3; %ANUAAT Q-Factor YBIMIINTBIANIUD
u=0.0006; %Step Size Parameter
x=zeros(n+2,1); %MNUATAUMIGUUBITYRIWIUNT

x(3:n+2)=data;
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wl=zeros(n+2,1); %MUUATIAUMIFUVDIAIAND

alp 1=zeros(n+2,1); %A UATIAUNMTGUVDINTADUAUDIVDIT QYR 19
[ o w ! o Jd

y=zeros(n+2,1); %M UAMAUM T GUYBITY Y INBDINNN

for k=3:n+2;
y(k)=(1+a1p0)/2*(x(k)-(2*a1pl(k)*x(k-1))+x(k-2))+(1+a1p0)*alp1(k)*y(k-l)-alpo*y(k-Z);
wl(k)=(1+alp0)*y(k-1)-(1+alp0)*x(k-1)+(1+alp0)*alp1(k)*w1(k-1)-alp0*w1(k-2);
alpl(k+1)=alp1(k)-u*y(k)*wl(k);

end;

plot(alp1) %n31%n13 Converge Y09 alphal(k) HoUAY k

grid

xlabel('k");ylabel(‘alpal(k)");

title('FIG");

hold on

clear

%9%6%%%Plotd A3 wliidAdna AuTIAvDS alphal AoURD K ns@iySu s nd%96%%% %%
clear;

w=-1;

while(w<0 | w>180) %AMUART W D193 ATO9A D

w=input('W (0 to 180) \n (W=)");

end
o 1 (-3 1 QSJI
n=10000; %UIUIUMTGUAIDENIINUA
k=0:n-1; %ANUATIAUMIUAIDE19VDIT Y QY 10

data=cos((pi*w/180)*k+randn(1,1))+0.1*randn(1,n);

ul=0.0000; %Step Size Parameter

x=zeros(n+4,1); %ANUATIAUMTGUVDITYYIUDTUNN
x(5:nt+4)=data;

wl=zeros(n+4,1); %ﬁmuﬂﬁwﬁumsdmmmmmﬁ

w0 1=zeros(n+4,1); %ANUATIAUMIGUUBIAININD



56

alpl=zeros(n+4,1): %AMUATIAUNITFUVDINITADUTUBIVDIT QY QY0
alp0=0.3; %N UAA Q-Factor sll’é]\‘l’Ni]Sﬂ‘iENﬂ’Jma'
y=zeros(n+4,1);
for k=5:n+4;
y(k)=(1 +alp0)/2*(x_(k)—(2*alp 1(k)*x(k-1))+x(k-2))+(1 +_alp0)*alp 1(k)*y(k- 1.)-alp0*y(k—2);
wl(k)=[3+alp0]*al;1(k)*wl(k-1)-[1+alp0+2*(a1pl(k)AZ)*(1+alp0)]*Wl(k—2)+[3*alp0+1]*alp1
(k)*w1(k-3)-alp0*w1(k-4)+[alp0-1]*[y(k-1)-y(k-3)]:
alpl(k+1)=alpl(k)-ul*y(k)*w1(k);
end;
plot@alpl,™)  %n31¥ alphal MeUAV k ¥auL1i1n150en Taen13 1% Transfer Function 1137
grid
xlabel('k");ylabel('alpal(k)');
title('FIG");

hold on;

%%%%%%%%%Plots NS INIAAINUANTAVBI H (g, ) MOV o %% %% %% %% %% %% %
cle

omega=-1;

while(omega<0 | omega>180) %A UARNT W ﬂlﬂdjdi}iﬂiax‘lﬂﬁmé
omega=input(' W 0 to pi\n (omega=)");

end

alphal=-2;

while(alphal<-1 | alphal>1) %M UAA alphal mamwsmmmmﬁ
alphal=input(' alphal -1 to 1 \n (alphal=)');

end

w=((pi/180)*omega);

alpha0=0:0.01:1; % muamnsiaounlasvesa Q-Factor ¥893995A584AA
HO=(-2).*((((1.-alphaO)./(l.+alpha0)).*sin(w)).’\2).*(l,r’(cos(w)-alphal)’\3);
H1=(((((sin(w)/(cos(w)-alphal)).*((1.-alpha0)./(1.+alpha0)) ).*2)+1).A2):
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H=HO./H1;

plot(alpha0,abs(H)) %311 alphaO Meuny Magnitude H(alpha0)
title("H(alpha0)")

xlabel('alpha0'),ylabel('|H(alpha0)|')

hold on;

%%%%%%Plot6 NTINIAAINUANTAYB |G(2)|, |GOL(2)| 1AZ [G02(2)| NBUNY w%%%%%%
cle

omega=-1;

while(omega<0 | omega>180) %ANUANT W ﬂjaqawﬁﬂsmmmé
omega=input(' W input 0 to pi\n (omega=)");

end

alpha0=-1;

while(alphal<0 | alphal>1) %AINUARINIIAOUTUDIUBY Transfer Function
alphaO=input(' alpha0 0 to 1 \n (alpha0=)");

end

alphal=cos(pi*omega/180);

%G(z)

c1=0;

c2=1;

c3=0;

c4=~.1;

c¢5=0;

d1=1;

d2=-2*(alpha0+3);

d3=(1+2*(1+alpha0)*alphal”2-+alpha0);

d4=-(alpha0*(1+3*alpha0));

d5=alpha0;

k=(alpha0-1);



v=[c1,c2,c3,c4,c5];
w=[d1,d2,d3,d4,d5];
[G,ws]=freqz(v,w,200);
plot(ws,abs(k*G));

hold on;

%G01(z)

bl=1;

b2=0;

b3=-1;

al=l;
a2=-(1+alpha0)*alphal;
a3=alpha0;
k=1/(1+(alpha0));
n=[b1,b2,b3];
d=[al,a2,a3];
[Tz,ws]=freqz(n,d,200);
plot(ws,abs(Tz*k),'r');
hold on; :
%G02(z)

b1=alpha0;

b2=-(1+alpha0)*alphal;

a2=-(1+alpha0)*alphal;
a3=alpha0;
k=2/((alpha0)"2-1);
n=[b1,b2,b3];
d=[al,a2,a3];
[Tz,ws]=freqz(n,d,200);

plot(ws,abs(Tz*k),'g");

%A w NeunY Magnitude [G(z)]

%n31 w INGUAL Magnitude [GO1(z)]

%031 w IN8UNY Magnitude [G02(z)]
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hold on;
title('G(Z2) , G01(Z) , G02(Z)")
xlabel("W"),ylabel("amplitude')

cle

%%%6%%%%%Plot7 A3 luansnaantiAves Hle/” ) oty a, %%%tsv%% %% % % %%
clc

omargar=-1; _

while(omega<0 | omega>180) %N UANT W ﬂlﬂi)d%iﬂ’i@ﬂﬂ’smé
omega=input(' W (0 to pi)\n (omega=)');

end

alphal=-2;

while(alphal<-1]alphal>1) %MUUANINIADUTUBIUD Transfer Function
alpha I=input(' alphal (-1 to 1) \n (alphal=)");

end

w=((pi/180)*omega);

alpha0=0:0.01:1; % muamn sl Aeunaue Q-Factor Y8333931309AA
HO=(cos(w)-alphal)*(1+alpha0);
H1=(1+alpha0)*cos(w)+j*sin(w)*(1-alpha0)-alphal*(1+alpha0);

H=HO./H1,

plot(alpha0,abs(H)) %0314 alpha0 Meuny Magnitude (alpha0)
title("H(alpha0)")

xlabel('alpha0"),ylabel('|H(alpha0)|")

hold on;

cle
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%%%%%%%%%Plot8 NI 1vianIRuauLidues |li(alpha0)| U alpha0 %%%%%%%%
cle

omega=-1;

while(omega<0 | omega>180) %ANUART W ﬂJE]\‘INi]ﬁﬂSENﬂ’JmS

omega=input(' W input 0 to pi\n (omega=)");

1

end

alphal=-2;

while(alphal<-1 | alphal>1) %ANMUARINITADUAUDIVD Transfer Function
alphal=input(' alphal -1 to 1 \n (alphal=)");

end

w=((pi/180)*omega);

alpha0=0:0.01:1; vetmuamsilasuntlase Q-Factor ¥9479930304A213/8
a0=((1.-alpha0)./(1.+alpha0))."4:

al=(sin(w))"4;

b0=(cos(w)-alphal)"2;

b1=(sin(w)*((1.—alphaO)./(1.+alpha0)))."2;

HO=a0.*al;

HI=(b0+b1).73;

H=H0./H1;

plot(alpha0,abs(H)) %N I INLTA alpha0 118N 1 Magnitude H(alpha0)
title('"H(alpha0)")

xlabel(’alphaO‘),ylabel(’IH(alphaO)!')

hold on;

cle
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% %% %% %% %Plot9 Adaptive Algorithm Aaaens Converge U4 alphal %%%%%%%

a=1;
if a==
clear;
WL
while (w<0 | w>180)

w=input('W (0 to 180) \n (W=)"):
end
n=10000;
knt=0:n-1;
data=cos(p1/180*w*knt)+0.1*randn(1,n);
ul=0.0003;
u0=0.0006;
x=zeros(n+4,1);
x(5:n+4)=data;
wl=zeros(n+4,1);
w01=zeros(n+4,1);
w02=zeros(n+4,1);
alp1=0.1*zeros(n+4,1);
alp0=0.12*zeros(n+4,1);
y=zeros(n+4,1);

for k=5:n+4;

y(k)=(1+alp0(k))/2*(x(k)-(2*alp 1 (k) *x (k-1))+x(k-2))+( 1+alp0(k))*alp1(k)*y(k-1)-alp0(k)*y

(k-2);

wl(k)=(1+alp0(k))*y(k-1)-(1+alp0(k))*x (k-1)+(1 +alp0(k))*alp1(k)*w1(k-1)-alp0O(k)*w1(k-2);

wOL(k)=1/2%(x(k)-2*alp1 (k) *x(k-1)+x(k-2))+alp1 (k) *y(k-1)-y(k-2)+(1+alp0(k))*alp 1 (k)*wO01

(k-1)-alp0(k)*w01(k-2);

w02(k)=y(k-1)-x(k-1)+alp1(k)*w1(k-1)-w1(k-2)+(1 +alp0(k))*w01(k-1)+(1+alp0(k))*alp1

(k)*w02(k-1)-alp0(k)*w02(k-2);
alpl(k+1)=alpl(k)-ul*y(k)*w1(k):



alpO(k+1)=alpO(k)+u0*y(k)*w1(k)*(w1(k)*w01(k)+w02 (k) *y(k));

if alp0(k+1)>=0.7
alp0(k+1)=0.7:
end;
end;
disp(alp1(n+4))
plot(alpl)
xlabel('k");ylabel(‘alpal(k)");
title('FIG");
-hold on;
cos(pi/180%*w)

-end;

62

%%%%% %Plot10 Simplify Adaptive Algorithm ASINUAAINIT Converge U993 alphal%%%%%

a=1;
ifa==

=1
while (w<0 | w>180)
w=input('W (0 to 180)\n (W=)"):
end
n=10000;
knt=0:n-1;
data=cos(pi/180*w*knt)+0.1*randn(1,n);
ul=0.0003;
u0=0.0006;
x=zeros(n+4,1);
x(5:n+4)=data;
wl=zeros(n+4,1);

w0l=zeros(n+4,1);
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w02=zeros(n+4,1);
alp1=0.1*zeros(n+4,1);
alp0=0.12*zeros(n+4.1);
y=zeros(n+4,1);
for k=5:n+4; i
y(k)=(1+alp0(k))/2*(x(k)-(2*alp 1 (k) *x(k-1))+x(k-2))+(1+alp0(k)) *alp 1 (k) *y(k-1)-alp0(k)*y ]
(k-2);
wl(k)=[3+alp0(k)]*alp1(k)*w1(k-1)-[ 1+alpO(k)+2*(alpl (k)*2)*(1+alp0(k))]*w1(k-2)+[3 *alp0
(k)+1]*alp1(k)*w1(k-3)-alpO(k)*w1(k-4)+[alp0(k)-1]1*[y(k-1)-y(k-3)];
w002=[alp0(k)*w1(k)-alp1(k)*(1+alp0(k))*w1(k-1)+wl(k-2)];
w02 (k)=[(1+alp0(k))*alp1(k)*w02(k-1)-alp0(k) *w02 (k-2)]+[2/((alp0(k)"2)-1)]*w002;
alp1(k+1)=alp1(k)-ul*y(k)*wl1(k);
alp0(k+1)=alp0(k)+u0*w1(k)*w02(k);
if alp0(k+1)>=0.7
alp0(k+1)=0.7;
© end;
end;
disp(alp1(n+4))
plot(alpl,'r)
grid
xlabel('k");ylabel(‘alpal(k)");
title('FIG");
hold on;
cos(pi/180*w)

end
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6. I luaraInuaNiAved G(z),G01(2),G02(z) MeUAY Amplitude
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9. AIWLAAINS Convergence U84 (k)‘U?N Adaptive IIR Notch Filter (1) AU Simplify

Adaptive [IR Notch Filter (2)
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10. n51M11A@AINTS Convergence UDY a, (k) v®3 Adaptive IIR Notch Filter (1) AU Simplify

Adaptive IIR Notch Filter 2)
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11. n5wlieraan1s Convergence Y03 «, (k) v@4 Adaptive IIR Notch Filter (1) AU Simplify

Adaptive IIR Notch Filter )
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12, p5lLEAans Convergence U9 o, (k) 494 Simplify Adaptive IR Notch Filter (1) A

Simplify Adaptive IIR Band Pass Filter )
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13. n3191@AIN1T Convergence Y03 &, (k) 09 Simplify Adaptive IIR Notch Filter (1) f11J

Simplify Adaptive IIR Band Pass Filter (2)
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14. A3 luaaIng Convergence Y84 «, (k) VY89 Simplify Adaptive [IR Notch Filter
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m3veullsunsuuy Chip DSP

' Y Y
1NAUNITNRING  Simulation 11 TUsuAsy MATLAB luduasuilazviimsveu

Tdsunsuasludn DSP iogMsABUdLBIRBT YR IMTIY
4.1 Frequency Response of Interface Chip

Aeufiagims Tsunsuuudn ieldvihanuiiu Filter nazyimsinszinisaey
auaslugtivua 9 91deamsuhifinagateludiuued Digital to Analog 11 IC Analog
Interface (TLC32040CNF) 93] Low Pass Filter (Reconstruction Filter) ag’ﬁﬂﬁ’mﬁmﬂzﬁms
ABUAUBIANDYDY Filier 157192 T1/51ATUAUU Chip DSP RanisAananldngiiudouiy
T T T LTSRS SRTEy - ST TSIVURED (Y BN oY P

wndnihmsaseen linalas lsidewimssiuinlagme TasTdsunsvauisanaasld

=3

Al

(4

=,

N

sk sk e s st ok e s sk s sk ok e st s ok o ok sk st sk s sk st s oot ok ko s ok ok s sk s sk ok sk s ok sk s sk o sk st sk sk s ok s ok st sk ok st sk sk s ok sk s sk ok sk sk ok sk ok ok
b

; SAMPLING FREQUENCY = 39.0625 kHz to test response of low pass Filter in digital
; | analog output in analog interface
;******************************************************************************
MMREGS
.ds 0f00h
TA  .word 16
RA .word 16 ; This set up of AIC registers give
; a sampling frequency of 39.0625 kHz
TB  .word 16
RB  .word 16

AIC_CTR .word 08h

.ps 0080ah



rint: B RECEIVE
xint: B TRANSMIT

.ps 0a00h

.entry

k]

SETC INTM

LDP #0

OPL #0834h,PMST
LACC #0

SAMM CWSR
SAMM PDWSR
SETC SXM
SPLK #022h,IMR
CALL AICINIT
SPLK #12h,JMR
CLRC OVM

SPM 0

CLRC INTM

WAIT:

B WAIT

RECEIVE:
LDP #TEMP
CLRC INTM
LAMM DRR
SAMM DXR

RETE

; SXM MUST BE SET

; This turns on receive interrupt only

; This turns on receive interrupt only

; a main program would go here

; EANABLE INTERRUPTS FOR DEBUGGING DSK PURPOSES
; load accumulator with word received from AIC

; write output word to transmit register

79
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TRANSMIT:

RETE

+ sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skok sk sk sk sk sk sk skosk sk ok skosk sk stk skosk skosk sk sk sk sk sk skosk sk sk sk sk skosk sk kokok sk skokokoskoskok sk skok sk
k]

: DESCRIPTION: This routine initializes the TMS320C50 serial port and the TLC320C40's

;. (AIC) TA,RA,TB,RB and control registers

s

sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk Sk sk sk ok sk sk sk sk sk sk sk sk sk sk stk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk ki sk sk skl skl sk sk skoskokok skok ok skok skokoskokokok

k)

AICINIT: SPLK #20h,TCR ; To generate 10 MHz from Tout

SPLK #01h,PRD . for AIC master clock

MAR *ARO

LACC #0008h ; Non continuous mode

SACL SPC ; FSX as input

LACC #00c8h ; 16 bit words

SACL SPC

LACC #080h : Pulse AIC reset by setting it low
SACH DXR

SACL GREG

LAR ARO#OFFFFh
RPT  #10000 “and taking it high after 10000 cycles
LACC *,0,AR0 - (0.5ms at 50ms)

SACH GREG

LDP #TA

SETC SXM

LACC TA9 ; Initialize TA and RA register
ADD RA2

CALL AIC_2ND

LDP #TB
LACC TB,9 ; Initialize TB and RB register

ADD RB,2



ADD #02h

CALL AIC _2ND

81

LDP #AIC _CTR

LACC AIC_CTR,2

ADD #03h

CALL AIC 2ND

; Initialize control register

RET

AIC 2ND:

LDP #0 ; Data page point is (MM reg.)

SACH DXR ; send ACC hi 00

CLRC INTM ; enable interrupt

IDLE ; wait for interrupt

ADD #6h.15 ; 0000 0000 0000 0011 XXXX XXXX XXXX XXXX b
SACH DXR 7 send ACC Hi to initiate secondary protocol
IDLE ; wait for interrupt

SACL DXR ; send the T register data

IDLE ; wait for interrupt

LACL #0 ; clear ACC low

SACL DXR ; send another to make sure Ist word got sent
IDLE ; wait for interrupt

SETC INTM

RET

.END

4 . o o ry e g .
Tagaud Sampling Aszyldoundaslumsnanesiios lulinany Low pass Filter
o a ' . = 1t o
mazieiinsasuudasnmealy Register TB, RB @evg lulinanumsaouaues

v I Y
AN1UAVBY Low pass Filter (Switch Capacitor) W312 Clock 1% luaiuiiazinainmsms
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Master Clock fiua1lu Register TA. TB (931802108AN13M1UYBIFN Analog Interface 911

DSK Starter Kit User Guide)

n,./’ o @ Y < 1 = A o dy
i]Wﬂuummﬁuiﬂﬂm‘m%ﬁmummimﬂ‘ummiﬂﬂuﬁuawmmnmm ‘lﬁjmu

Frequency Volt Output
500 Hz © 560 mV
1.00 kHz 560 mV
2.00 kHz 560 mV
3.00 kHz 560 mV
3.40 kHz 544 mV
3.60 kHz 440 mV
3.82 kHz 395 mV
3.85 kHz 320 mV
3.90 kHz 232 mV
4.00 kHz 120 mV
“4.50 kHz 16 mV

ﬂﬁNﬁ 4.1 ﬂﬁﬂ@ﬂﬁu'ﬁ]ﬁﬂ’ﬂua

' v
Fae13139 Plot n319'1Adail

Amplitude(mV)

600
500
400
300
200

100

0 051152253 354 45 Vfrequency(kHz)

A

4 5
U 4.1 naliaaanmsneUAUBIANUD
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< ' = . = 4
21N LA UNA1ND Cutoff UBS Low Pass Filter 920YN 3.82 kHz %Q!Tﬁ?‘lﬂﬂﬂﬂ\‘l

v Y
= 1 A

wwdesaglugae liifuanudil Bnedufenisaouaueady Phase Faausauandlagglues

]
1

MIADVAUDIAINDAIINDAIIY

CH1
2V

"SVAVAVAVAV
" \ﬁ \/ T \/

// \q
o

TRIGZER on CH2

CURSORS on CH4 L 47T 2491mV DC e
Cursor Trace CHi MEASUREMENTS
is not on. pkpk 1.121Y per N 999 . 3us
Max 774 min -397nmY
freq Ul 1 001kHz dutyfin 49,47

517 4.2 uaasdya s Input 1AL Output NANA 500 Hz

o
S00us \ /\ //\ /\
CH 1y / !
iz, .\ \ (EAEs/
S0muU \
S00wus \ \/ \/
/ \
‘/'\\ f‘\
/ lL
CH% \ f 'l'\ \ 4
\\./ \w/ "v‘/ \“/ \'
T
TRIGGER on CH2 ‘-
CURSORS on CH4 —+F -9ty OC
Cursor Trace CH1{ MEASUREMENTS
is not on. pkpk 1,171y per NN 999 3us
max 274mV nmin -397mV
freqn 1.001kHz dutyin 49 4%

517 4.3 aasdryy 19! Input 11ag Output NANNA 1 kHz
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[~ 1
a1n31liidAsdaN1sADDALBINIG Amplitude 1132 Phase 951713113 Shift Phase Y0
usagn ourput 11 Tasnnnsnaasalasudinnudnyieziims shift Phase Tllszana 90
= =
permnANNDYIzINYA9 600 Hz
nndeyadiaduaziliaunsadinsizinisaeuaueaudeves Filer N30z

¥ Y
m3naas 1dgnAvaiuman1a Amplitude 1A Phase
4.2 TIR Notch Filter

Y E4 i
Tuduneuiivgine1aun sves IR Notch Filter 1vimsieuTilsunsuitogransy
183989 Transfer Function M13191M3 Simulate 14 MATLAB TAggWansnouausiinee

WiouRTins Simulate 50 13 91A@UA13909 1R Notch Filter A0
1(8) 2202 =) -2 X =)=l -2)

TagsnMuanYAMS Sampling (MY 15,625 Hz (f11uA1A 1 TA, RA, TB, RB Tu

Tdsunsy)

9
mldnngas

23 Jucik 4.1
2xTAXxTB

Tasf £, AWDlUNS Sampling
fucix (AIC Master Clock) 31711 10.368 MHz
AIC Shift Clock {11 2.592 MHz %30 Instruction Cycles 7.72 MHz

Master Clock ¥£11 20 MHz %30 Instruction Cycles 20 MHz

]
aAa

A o < '
TA A9 UIUANNUAL (4<TA<31)

A o g Aa
TB A9 NUIUIANNUAT (2<TB<63)

Mmsunual

f - fMCLK
* " 2xTAxTB
_ 10MH,

T 2x16%20
- f, =15,625H,
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2 Iy ¥ = . . ny
M1l anuana1e 11 Time Domain #1313911 IAINTUAITIN @ =——

= radian /sample
N
27 .
o Q, =27, =T— radian /sec
0

T=—
Q

4.2
e g i Y
Taoft T Wusranawesms Sampling UAASATI

N s Sample
[~ o v
o 11UI1UIU Sample ABIDU

Q Wuswruseudentenm

unuaaandsluaunsez 14

fvuald N =40 unua lugumsazla

foz”']%‘

15625

40

oo fg =390.625H,
Tulu Time Domain HAUMAY 390.625H.,

audsneeud Tavilszanam ldangas

[

AU

g oo G 1 s,
288kH,  2xT4

audsnesniugelaslszinamldningas

43

o = Tuax®H) 1 300k
288kH,  2xTA

4.4
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MmsunuaanudanoondIud
_fMCLI\"(kHZ)X 1
¢ 288kH.,  2xTA
_10.000kH, 1
288kH,  2x16

x 3.6kH .

x 3.6kH ,

- f, =3906H,
Wmsunuanudaneeriuga
_f‘MCLI\’(k[—[z)>< 1

_ % 300H
Jew = gsktr, “axza o
_10000KH, 1 o
288kH.  2x16
chP = 326H:

v
v

Futunnuadmesiiidn 326439065, ualumlfifanuianooraisozgn
Sampling otheToud9A N Sampling 52110 2 m'wmmmﬁqaqﬂﬁwmxﬁmﬁﬂizma
navzv1 1400 (f, 224)

Tagiidmual a = cos(r/20) = 0.999996

dy =0.92

[

v b
NATUM IRV LI IIMTUNAIAINA1ee Taasdl

(k) =0.96x(k ) - 1.896x(k — 1)+ 0.96x(k — 2)+1.896y(k = 1)- 0.96 y(k - 2)
42.1 maudasmriammaissninss s TugUinoudy

Anafiae luudazmondomimsuaspeuiivsims@ouasuudn WSz
fum fieglugiuosinunsiion (Floating-Point) dauludin aszqa C50 szaunsafuIm
Tugimauidn  (Fixed-Point) RinfuTasmsd e dosimsihamdfingims
aaufumii AD udasndezegluglvesimufumuiuudssduussiuly Domain ves
Analog unzdummeiiousudy cﬁﬂumsamﬁmfuwaaaﬂmi}z"lxigﬂs?fmmummﬁq
mszmsguamatsunuiula dusrinlismoufisideras mszaziumsiins
LﬁUﬂ'1ﬁmammmsﬂmﬁ¥ué’mﬁ1mi Scale A1vBIMIMUIN U3l Binary fim 113911013 Shift
fuealaons shitt v1 1wl bic manedsmsnsaeslugiio daums Shie $1olUnils vit

A v . v A . A ' o
ﬂama@mmaﬁaﬂugm 10 Tﬂfﬂuﬂﬁ Shift 518 mamsmiuuﬂzgﬂumw bit LSB Vliﬂﬂiﬂ
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Y v Vv
AAINS12A15 Shift F101iuIZAa LSB 114 H300192109 140n0819ABMIMITAI8AT Shift WL
VoA Yy da A o . P 2 vy g "o o LA .
1dmngnAvsnAoIiie 314U bit N19ATM LSB HiuazAvuily 0 1M1AUIIUIY bit N1AT Shift
& . o k4 ~ 3 a o Y ' d v o9 A 3 &
43Ty Chip DSP Taena9 ldiuazil Shifter At ludiutioguar seaamunnaginludu
d 1
ADUVBINITINVLAE JHaan
4 G o 4 o a o
Taolumsudasmdudszansues Filter lunilaziimsudaslagsredafumsuilas
19 1 : ~ ° ° [~ 1 1 9]
usauves A/D weglugy Binary fvzimsdiramaizaziumsdielums Scale Avds
° Y a o v 9 a 1 & daA [
mMsf1ua Tagazs199af s anus19ae lunsuilasaives A/D #anae 2 Volt ualumsuiag
:,’ =1 3 ] 1 [ ' I . L o Yy ¥
Ve insduvesuanazau lasmsudasludivssunazanzity 14 bit Fai 1 1ase
' v
azBuAIAY 2' =16384 52AY FIA1HLMNY 1 14 Domain VBT IAYU
£ o Y] o ' - ) o d/ A
Falfansaduiuainshaian laasdl
0.96 x 16384 = 15728
-1.896 x 16384 =-31064
0.96 x 16384 = 15728
1.896 x 16384 = 31054
-0.92 x 16384 = -15073
a o 1 =1 1 1 d' o Y Y o dy
AWITTEUANNIAUAIAIN JUHHIBUBIAINTINS Scale 1d7 1Anat]
y(k)=15728x(k) - 31064x(k —1)+15728x(k — 2) +131064x(k ~1)-15073(k - 2)
Tagenanso@eu TuUsunsuiiea 1 Chip DSP H1MsMUIBMITIAU Output LABZVMY
A = S 3 )8 o
naniedsoen’liil Digital to Analog toviimsutasnduidlu Analog TdsinsuanIonang

Y
Yo A

AU

« ok 3k sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok Sk sk sk sk sk sk sk sk sk sk skosk skok sk sk sk sk sk sk sk sk sk sk sk sk ok kok ok okosk ok skokokok
s

; IIR Notch Filter

; This program uses an order2 IIR Notch filter to implement a filter

; The center frequency is 390 Hz
;******************************************************************************

.MMREGS
.ds 0f00h



TA .word 16
RA .word 16 ; This set up of AIC registers give
; a sampling frequency of 15,625 Hz
TB .word 20
RB .word 20

W

AIC CTR .word 08h

OUTPUT .word 0

b

; Coefficient Generator Notch Filter

bl

a2 .word 15728 :0.96 X(n-2)
al .word -31064 ;1.896 X(n-1)
a0 .word 15728 :0.96 X(n)

b2 word -15073 ;1.896 Y(n-2)

bl .word 31064 :0.92  Y(n-1)

’

; Storage delay line Y(n-1),....,Y(1n-N),X(n),...,X(n-N)

YN .word 0,0
XN .word 0,0

XNL .word 0

.ps 0080ah ; Program initial Address for interrupt

rint: B RECEIVE

xint: B TRANSMIT

.ps 0a00h ; Program initial Address

.entry
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SETC INTM ; Disable All interrupt to modify internal register
LDP #0 ; Data Page Pointer point to memory map register
OPL  #0834h,PMST ; Write to PMST register

LACC #0 ; Assign to value to software wait state generate

7

SAMM CWSR

SAMM PDWSR

SETC SXM ; Enable sign extension mode (SXM bit=1)
SPLK  #022h,IMR

CALL AICINIT

SPLK #12h,IMR : This turns on receive interrupt only
CLRC OVM
SPM 0
CLRC INTM

WAIT: ; a main program
B WAIT

RECEIVE:
LDP #XN
CLRC INTM ; Enable interrupts for debugging DSK purposes
LAMM DRR ; load accumulator with word received from AIC
SACL XN : Next line should be commented out if the store
LAR ARO#XNL ; store value of received word to a variable
ZAP ; zero ACC & Product registers
MAR * ARO ; ARO is the current AR register.
RPT #4 ; Repeat the next instruction 5 times through
MACD #a2,*- ; the complete coefficiest table

APAC ; Accumulate last product
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SACH OUTPUT,I ; ACC->OUTPUT. Get rid of extra sign bit.
LACC OUTPUT

SFL : left shift

SACL YN

AND #0fffch ; Two LSB's must be zero fo_r AIC

SAMM DXR ; write output word to transmit register

RETE

TRANSMIT:

RETE
; DISCRIPTION: This routine initializes the TMS320C50 serial port and the TLC320C40's (AIC)
; TA,RA,TB,RB and control registers

>

AICINIT: SPLK #20h,TCR  ; To generate 10 MHz from Tout (TCR=timer control register)

SPLK #01h,PRD ; for AIC master clock

MAR * ARO0

LACC #0008h ; Non continuous mode

SACL SPC ; FSX as input (SPC=serial port control register)

LACC #00c8h

SACL SpC

LACC #080h ; Pulse AIC reset by setting it low

SACH DXR

SACL GREG ; generate reset signal with access to external memory

LAR ARO#0FFFFh

RPT  #10000

LACC *,0,AR0 ; (0.5ms at 50ns)
SACH GREG

LDP #TA



SETC SXM
LACC TA9 ; initialize TA and RA register
ADD RA2

CALL AIC 2ND

k)

1

LDP #TB

LACC TB,9

ADD RB,2 ; initialize TB and RB register
ADD #02h

CALL AIC 2ND

k]

LDP #AIC_CTR
LACC AIC_CTR,2 ; Initialize control register
ADD #03h

CALL AIC 2ND

RET
AIC 2ND:
LDP #0 : Data page point is 0 (MM reg.)
SACH DXR ; send ACC Hi 00
CLRC INTM ; enable interrupts
IDLE ; wait for interrupt
ADD  #6h,15 ; 0000 0000 0000 0011 XXXX XXXX XXXX XXXX b
SACH DXR ; send ACC high to initiate secondary protocol
IDLE ; wait for interrupt
SACL DXR : ; send the T register data
IDLE ; wait for interrupt
LACL #0 ; clear ACC low
SACL DXR ; send another to make sure 1st word got sent
IDLE ; wait for interrupt

SETC INTM



RET

.END

92

nnmssuTsunsudedundahastloudaana mput Anudaeg udainsiamnsaoy

AUBINN Amplitude NANVAAE) AIA1T1

Frequency Volt Output(mV)
50 Hz 200
100 Hz 200
200 Hz 200
250 Hz 190
300 Hz 160
330 Hz 140
360 Hz 130
390 Hz 0
420 Hz 40
450 Hz 44
515 Hz 50
600 Hz 54
650 Hz 60
700 Hz 62
800 Hz 67
900 Hz 70
1 kHz 74
2 kHz 80
3 kHz 90
4 kHz 100
S kHz 110

A131490 4.2 MIADUVAUDIAUDVDY [IR Notch Filter
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Y
=1

aansanasani 1 1aaail

4 Vout(mv)
200

150 |

100

50
— Frequency(Hz)

I I T I T T I I I I T
400 1200 2000 2800 3600 4400
800 1600 2400 3200 4000

31/ 4.4 n31nIsRaUALBY Y8 TIR Notch Filter

\ < P A g
2105 IMATABUAUBIVDY IR Notch Filter aIHu 191 nsaoUauasaudiiuly
aufid 1w e Amplitude 192150 390 Hz Himtiesiga uagimaddyanadiuanuig

o o ' { s a o
A NuFUIIANIUNTIZADBTA DSP #1U Input 118z Output 9217995 Low Pass Filter 397111%

[

=) [ ~ é ny a a d‘ d’
wyaNanyuzagli 44 delyldnannnnutanaiavesmsdszuiana Taggladud

v ' v 9
A71UDAANUAZANND Cutoff FIIABIAUTNINT OUAAIAIL

& % G S
cH2 /\“ /\/\ /
N5, 9

CHZ

<

T

TRIGGER on CHZ
CURSORS on CH4 & -491nv OC @
Cursar Trace CH1 MEASUREMENTS
is not on. pkpk 1.158Y per 1N 2.5590ns
Max °62mY  nmin -397mY

freqm 390.8Hz  dutyn 50.1%

317 4.5 M3AvUANBINANUANA1YBI TR Notch Filter
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CH1 ;
w2 ,f“ % L~
ims \\\ /// N\ /// \\\
DH2 / L / / ‘\ /’
S0mu / \\ 4 \ // \\
tns S \\u// el AN,
CH2
> a’
+
TRIGGER on CH2
CL3SORS on CH4 I -491mY OC ;1@
Cursor Trace CHi MEASUREMENTS
.s not on. pkpk 1.146Y per M 3.0665ns
mnax 768mY - min -378m\
freql 326, 1Hz  dutymn 49 .47
= ~ = Y
31]7] 4.6 NINBUTUDINANUN Cutoff ﬂ'luq\?
CH1
.2V

100w SH1 Y //\

CH2 \/
E0mu

100us

AL A RV
Vs L

T
TRIGGER on CH2
CUSSORS on CH4 4 =491y OC 7o,
Cursor Trace CHI MEASUREMENTS
.s not on. pkpk 1.,178Y per M0 255.75us
Max 794MY  min -384mV

freqll 3.910kHz  dutyln 48 .6¥%

51l 4.7 MsaeuaUBINAMND Cutoff AU

A A Y o oA a A v e d' d'
%mgﬂﬂaum!ﬁm‘lwmuammmmmd 390 Hz 92UMUTIAUAIGEA 0 V HATNANUD

a o { B o a o [~}
Cutoff A13A UL TUTINU 200 mV 1AZANNWA Cutoff A 1uM19zTiusadn 100 mv aziiinld

T s Y Y 1 . & 1 [ =
M ldaui 1deenuun] udnsaeuauean1a Phase ¥4 Filter Tz luasanunianguy



95

512315 HARBLEUBY YD Low Pass Filter INATAT0UDY D/A WUN8IT0IAIE $99399 7

v vy Y
AuaNa1e a2 11iANUITHEUNIA Phase AAUY
4.3 Adaptive IIR Notch Filter

dauweans 1sunsuazimileufuved Adaptive IR Notch Filter 9291msivay

@

Tdsunsuiegramsnouausidensi/asunlasnnudvesdyaia mput (Mawldsuuias

o g

a a(k)) ﬂmzﬁmmﬁmmm Input aﬂ'w"himﬁammaﬂﬁmummmwﬁ fifluanuandnesn
NNAYYIWITUNIY
43.1 73 llsunsy

drmveanslusunsuazmiloufuues IR Notch Filter Tuaauusn uaaziadinuyes
M3 Update MA211@na19v84 Filter Tunsdifidayant Input Sosnlaoumnlaen it
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; ADAPTIVE IIR NOTCH FILTER

<3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk 3k 3k K K Sk Ok KOk KOk R oROR R
bl

-MMREGS
.ds  0f00h
TA .word 16
RA  .word 16 ; This set up of AIC registers give
; a sampling freq of 15,625 Hz
TB word 20
RB .word 20
AIC CTR .word 08h
OUTPUT  .word 0

templ .word O

k]

; Coefficient Generator Notch Filter

3

mue .word -3
alplk .word 0

a2 .word  -13926
al .word 0

a0 .word 13926
b2 .word  -11469
bl .word 0

d4 .word -11459
d3 .word 0

d2 .word 27853

dl .word 0



2 .word 60620
fl .word 50790
: Storage delay line
YNI1 word 0
YN2 .word O
XN .word 0,0
XNL .word O
BUF .word O
YNx .word O
PHI1 .word O
PHI2 .word O

.ps  0080ah
rint: B RECEIVE

xint:

B TRANSMIT

.ps  0a00h

.entry

SETC INTM

LDP  #0

OPL  #0834h,PMST

LACC #0

SAMM CWSR

SAMM PDWSR

SETC SXM ; SXM MUST BE SET

SPLK #022h,IMR ; This turns on receive interrupt only
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CALL AICINIT
SPLK  #12h,IMR
CLRC OVM
SPM 0
CLRC INTM

WAIT: ; amain program would go here

B WAIT

RECEIVE:
LDP #XN
CLRC INTM ; ENABLE INTERRUPTS FOR DEBUGGING DSK PURPOSES
LAMM DRR ; load accumulator with word received from AIC

SACL XN ; store the value of received word to a variable

EXAR

LAR  ARO#XNL ;load ARO with address of last delay element

ZAP ; ZERO ACC AND PRODUCT REGISTERS
MAR  */ARO ; ARQ is the current AR register.

RPT e ; Repeat the next instruction 5 times through
MACD  #a2,*- ; the complete coeff table.

APAC ; Accumulate last product

SACH OUTPUT,l ;ACC ->OUTPUT. Getrid of extra sign bit.
LACC OUTPUT

SFL

SACL  YNI

AND #0fffch ; Two LSB's must be zero for AIC
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SAMM DXR

LACC YN2
SACL YNx

LAR AR1#PHI2

MAR *ARI
ZAP

RPT #6
MACD  #d4,*-
APAC

SACH PHII

LAR  AR2#YNI
MAR  * AR2

ZAP

MAC  #PHIL*AR3
APAC

SACH templ

LAR AR3 #mue
ZAP

LACC alplk,16

MAC #templ,* AR4

APAC

SACH alplk
LAR  AR4#alplk
ZAP

MAC  #d2,*
APAC

SACH bl,2

LACC bl

. write output word to transmit register

:Adaptation section

:AR1 point to add off PHI2

;AR1 is current auxiliary ‘register
;Zero ACC &Product register
:Repeat next instruction 7 time

;calculate PHI1
;store PHI1
:calculate alp1(k+1)

;AR2 is current AR register

;yn*PHIL

:Calculate Alp1(k)

:(yn*PHI1)*mue + alplk

;calculate new cefficient for next time (b2)

; alplk(1+alp0)
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ADDC  *ffff ;alplk(1+alp0)
SACL al2
LACC alplk
MAR  * AR6
MAC #2* : alplk(3+alp0)
APAC ‘

SACH dl1,2

LACC alplk
MAR  *AR7 ; alplk(1+3alp0)
MAC  #f1,*

APAC

SACL d3,2

LACC -bl

MAC  #alplk,* ; (2*alplk*alp1k(1+alp0))+1+alp0
SFL

ADD  *6cce

SACH d2,2

RETE

TRANSMIT:

RETE

-*************************************************************************
H

; DESCRIPTION: This routine initializes the 'C50 serial port and the TLC320C40's (AIC)

; TA,RA, TB, RB and control registers

-*************************************************************************
>

AICINIT: SPLK  #20h,TCR ; To generate 10 MHz from Tout



SPLK
MAR
LACC
SACL
LACC
SACL
LACC
SACH
SACL
" LAR

RPT

. LACC
SACH

#01h,PRD
*,ARO
#0008h
SPC
#00c8h
SPC
#080h
DXR
GREG
ARO,#0FFFFh
#10000
*,0,AR0

GREG

; for AIC master clock
: Non continuous mode
; FSX as input

; 16 bit words

; Pulse AIC reset by setting it low

;-and taking it high after 10000 cycles

; (0.5ms at 50ns)

LDP
SETC
LACC
ADD

CALL

#TA

SXM
TA9
RA,2

AIC 2ND

; Initialize TA and RA register

LDP
LACC
ADD
ADD
CALL

#TB
TB,9
RB,2
#02h
AIC 2ND

; Initialize TB and RB register

LDP
LACC
ADD

CALL

#AIC_CTR
AIC_CTR,2
#03h

AIC 2ND

; Initialize control register

102
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RET
AIC 2ND:
LDP #0 ; Data page point is 0 (MM reg.)
SACH DXR ; send ACC high 00
CLRC INTM ; enabi_e interrupts
IDLE ; wait for interrupt
ADD  #6h,15 ; 0000 0000 0000 0011 XXXX XXXX XXXX XXXX b
SACH DXR ; send ACC high to initiate secondary protocol
IDLE ; wait for interrupt
SACL DXR ; send the T register data
IDLE ; wait for interrupt
LACL #0 ; clear ACC low
SACL DXR ; send another to make sure 1st word got sent
IDLE ; wait for interrupt
SETC INTM
RET

.END



CH1
.5U
ims

CH2
2V

ims

EVAVAVAVAVE

TRIGG;;: on CH2 @
~ 47 -190my OC &
CHi MEASUREMENTS
pkpk 2.7°0Y per M 1.9970ms
Mmax 1.574 min -1.14Y
freqll 500.8Hz  cucl 19.5

5114.8 19100 Input 500 Hz dayay 10431 38 kHz
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200
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200us
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4
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_f -ty oc
CH1 MEASUREMENTS
pkpk 2.72y per 1N 396 .8us
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CH1

E R My i
o e W %w%(! M'f AW M
FAVAVAVAVAVAY

oo
TRIGGER on CH2
CH1 MEASUREMENTS
pkpk 2.°0y per N 329 .8us
Max 1,55V min -1.15¢
freqn 3.032kHz  cucl iy )

31714.10 A710D Toput 3,032 Hz dayaNasunIv 38 kHz
CH1

10T A
a MWMM Y
VAN < VAN

T

TRIGGER on CH2 1
_ & -19z2mv DC
CH1 MEASUREMENTS
pkpk 2.69Y per Ml 255.50us
Max 1,57V min -1.12y
freq il 3.914kHz  cucl 3.5

511714 11 A0 Input 3,914 Hz & TYINIUNIU 38 kHz
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f‘m\ /\\ /ﬁ\ & \
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TRIGGER on CH1

UL 360my OC

PR + Holdoff 40ns CH1

CHL MEASUREMENTS
widp UL 210,5us  per N 443 Sus
sdeu 2038y min i -310my
freq il 2.256kHz  pkpk fi 717my

5U#14.12 A0 Input 2,252 Hz Ayg @5 UAIMULLINT S/N 20dB

CH2
10my
200ws CHI

5 w « MN. ) MW« gl

w”\/“ yave

TRIGGER on CH1
UL 3600 0C Y
B + Holdoff 40ns CH1

CH1 MEASUREMENTS
widp N 96.0us per M 181 .5us
sdeu {1 216.0m¥  min 1 -323mY
freqn 5.913kHz  pkpk 11 730mY

sﬂm 13 A7NA Tnput 2,252 Hz A sUAIMILUINE S/N 10dB
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TLC32040C, TLC320401, TLC32041C, TLC32041l
TLC32042C, TLC32042I
ANALOG INTERFACE CIRCUITS

SLAS014D - D2964, SEPTEMBER 1987 — REVISED MAY 1991

e Advanced LinCMOS™ Silicon-Gate Process N PACKAGE
Technology (TOP VIEW)
e 14-Bit Dynamic Range ADC and DAC
) yna 9 . NU(] 1 Y 28[] NU
e Variable ADC and DAC Sampling Rate Up RESET( 2 271 NU
to 19,200 Samples per Sevcond EODA( 3 26[] IN+
e Switched-Capacitor Antialiasing Input Filter FSR[| 4 25(] IN-
and Output-Reconstruction Filter DR[| s 24[] AUX IN+
e Serial Port for Direct Interface to TMS32011, MSTR CLK[] 6 23[] AUX IN-
TMS320C17, TMS32020, and TMS320C25 Vpoll 7 22[] OUT+
Digital Signal Process : REF[] & 21[] OUT-
e Synchronous or Asynchronous ADC and OGTL CLK[] ¢ 20{] Vee s
DAC Conversion Rate With Programmable SHIFTCLK[] 10 19[] veeo
Incremental ADC and DAC Conversion EODX[| 11 18[] ANLG GND
Timing Adjustments px[] 12  17[] ANLG GND
e Serial Port Interface to SN74299 WORDBYTE[ 13 16{INU
Serial-to-Parallel Shift Register for Parallel Fsx(] 1« 15 NU
Interface to TMS32010, TMS320C15, or
Other Digital Processors FN PACKAGE
e 600-Mil Wide N Package (Cy to Cy) (TOP VIEW)
PART o 5 ‘3%
DESCRIPTION | =
Siiccs PR 22322
Analog interface circuit with iniernal reference. 1 U0 WD G ) s e
TLC32040 | Aiso a plug-in replaczment for TLC32041. N e
TLC32041 Analog interface circuit winout internal MSTR GLK j s 24[ AUX IN +
reference
Identicalto TLC320-0. but has 2 slightly wider Voo J 7 23[} AUX IN~
TLC32042 |- ndpass filter bar 2 idth REF(] 8 22[] OUT +
— DGTLGND ] g 21[} OUT -
description SHIFT CLK [] 10 20[] Voe -
The TLC32040, TLC32041. and TLC32042 are 2 107 || Vg NG 10Vee-
complete analog-to-digital’ and digital-to-analog : AL | S, e
input/output systems, each on a single monolithic X2 2 0
CMOS chip. This device integrates a bandpass >l = =

switched-capacitor  antialiasing input - filter,
a 14-bit-resolution A/D  converter,  four
microprocessor-compatible serial port modes, a
14-bit-resolution D/A converter, and a low-
pass switched-capacitor output-reconstruction
filter. The device offers numerous combinations
of master clock .input frequencies and
conversion/sampling rates. which can be changed
via digital processor control.

ANLG G
ANLG GND

NU - Nonusabie; no external connection should be made to
these pins.

Typical applications for this integrated circuit include modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate),
analog interface for digital signal processors (DSPs), speech recognition/storage systems, industrial process
control, biomedical instrumentation, acoustical signal processing, spectral analysis, data acquisition, and
instrumentation recorders. Four serial modes, which allow direct interface to the TMS32011, TMS320C17,
TMS32020, and TMS320C25 digital signal processors, are provided. Also, when the transmit and receive

Advanced LInCMOS™ is a trademark of Texas Instruments Incorporated

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

lsel::::;r:(:ﬁv;r:;&:‘re}ods\-mlion processing does not necessanty include Tms %
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLS. TEXAS 75233 B-3

Copyright © 1991, Texas Instruments Incorporated



TLC32040C, TLC320401, TLC32041 C, TLC320411
TLC32042C, TLC32042
ANALOG INTERFACE CIRCUITS

SLAS014D - D2964. SEPTEMBER 19€7 - REVISED MAY 1821

description (continued)

sections of the analog interface circuit (AIC) are operating synchronously, it will interface to two SN74299
serial-to-parallel shift registers. These serial-to-parallel shift registers can then interface in parallel to the
TMS32010, TMB320C 15, other digital signal processors; of external FIFO circuitry. Output data pulses are
emitted to inform the processor that data transmission is complete or to allow the DSP to differentiate between
two transmitted bytes. A fiexible control scheme is provided so that the functions of this integrated circuit can

be selected and adjusted coincidentally with signal processing via software control.

The antialiasing input filter comprises seventh-order and fourth-order CC-type (Chebyshev/elliptic transitional)
low-pass and high-pass filters, respectively and a fourth-order equalizer. The input filter is implemented in
switched-capacitor technology and is preceded by a continuous time filter to eliminate any possibility of aliasing;. .
caused by sampled data filtering. When no filtering is desired, the entire composite filter can be switched out
of the signal path. A selectable, auxiliary, differential analog input is provided for applications where more than

one analog input is required.

The A/D and D/A converters each have 14 bits of resolution. The A/D and D/A architectures ensure no missing
codes and monotonic operation. An internal voltage reference is provided on the TLC32040 and TLC32042 to
ease the design task and to provide complete control over the performance of this integrated circuit. The internal
voltage reference is brought outto a pin and is available to the designer. Separate analog and digital voltage

supplies and grounds are provided to minimize noise and ensure a wide dynamic range. Also, the an

path contains only differential circuitry to keep noise to an absolute minimum. The only exception is the DAC

sample and hold, which utilizes pseudo-differential circuitry.

The output-reconstruction filter is a seventh-order CC-type (Chebyshev/elliptic transitional low-pass filter
followed by a fourth-order equalizer)andis implemented in switched-capacitor technology. This filter is followed

by a continuous-time filter 10 eliminate images of the digitally encoded signal.

The TLC32040C, TLC32041C, and TLC32042C are characterized for operation from 0°C to 70°C, and the

TLC32040!, TLC320411 and TLG32042! are characterized for operation from —40°C to 85°C.
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