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ABSTRACT

This project describes the method of design an electrocardiograph waveform by
mathematical equations. The actual electrocardiograph ( hereinafter called ECG ) signal is
modeled for an instantenous of ECG time. The normal cycle for one heartbeat consists
of a P wave, QRS complex and T wave. The representation of the read ECG
waveforms are derived by the use of the basic Gaussian function and Differential function.
Therefore this mathematical model is easily simulated and its has the waveshape close
to the actual ECG waveform. Herein, the experimental ECG waveform can be
observed by of digital signal processing board ( DSP).
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. 3 = Phases of repolarization ; 4 = Diastolic phases = MRP; MRP = Membrane Resting
Potential ; Apd = Duration of action potential ; TP = Threshold Potential ; ARP = Absolute

refractory period ; RRP =relative refractory period; SN = Supemormal period.
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ti i’ ti ti vi In vi tiln vi ti'ln vi
1] 1 1 1 1 48 | 3.871201011 | 3.871201011 | 3.87120101
2 | 2 4 8 16 48 | 3.871201011 | 7.742402021 | 15.4848040
303 9 27 81 48 | 3.871201011 | 11.61360303 | 34.8408091
4| 4 16 64 256 | 48 | 3.871201011 | 15.48480404 | 61.9392161
515 25 | 125 625 | 48 | 3.871201011 | 19.35600505 | 96.7800252
6 | 6 36 216 1296 | 48 | 3.871201011 | 23.22720606 | 139.363.364
717 49 343 2401 | 48 | 3.871201011 | 27.09840707 | 189.688849
8 | 8 64 512 4096 | 48 | 3.871201011 | 30.96960809 | 247.756864
9 |9 81 729 6561 | 48 | 3.871201011 | 34.8408091 | 313.567281
10 | 10 100 | 1000 | 10000 | 48 | 3.871201011 | 38.71201011 | 387.120101
1] 11 121 | 1331 | 14641 | 48 | 3.871201011 | 42.58321112 | 468.415322
12| 12 144 | 1728 | 20736 | 48 | 3.871201011 | 46.45441213 | 557.452945
13] 13 169 | 2197 | 28561 | 49 | 3.891820298 | 50.59366387 | 657.717630
14| 14 196 | 2744 | 38416 | 49 | 3.891820298 | 54.48548417 | 62.796778
15| 15 225 | 3375 | 50625 | 49 | 3.891820298 | 58.37730447 | 875.659567
16| 16 256 | 4096 | 65536 | 50 | 3.912023005 | 62.59236808 | 1001.47788
17 17 289 | 4913 | 83521 | 52 | 3951243719 | 67.17114321 | 1141.90943
18| 18 324 | 5832 | 104976 | 54 | 3.988984047 | 71.80171284 | 1292.43083
19 19 | 361 | 6859 | 130321 | 56 | 4.025351691 | 76.48168212 | 1453.15196
20| 20 | 400 | 8000 | 160000 | 58 | 4.06044301 | 81.20886021 | 1624.17720
21| 21 441 | 9261 | 194481 | 60 | 4.094344652 | 85.9812358 | 1805.60595
22 22 | 484 | 10648 | 234256 | 62 | 4.127134385 | 90.79695647 | 1997.53304
23| 23 529 12167 279841 64 4.158883083 | 95.65431091 | 2200.04915
24| 24 | 567 | 13824 | 331776 | 65 | 4.17438727 | 100.1852945 | 2404.44706
251 25 625 15625 390625 65 4.17438727 104.3593817 | 2608.99204
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261 26 676 17576 456976 66 4.1 89654742 108.9310233 | 2832.20665
27 27 729 19683 531441 66 4.189654742 | 113.120678 | 3054.25830
28| 28 784 21952 614656 65 4.17438727 | 116.8828436 | 3272.71961
291 29 841 24389 707281 65 4.17438727 | 121.0572308 | 3510.65969
30| 30 900 27000 | 810000 63 4.143134726 | 124.2040418 | 3728.82125
31| 31 961 29791 923521 62 4.127134385 | 127.9411659 | 3966.17614
32 32 1024 32768 | 1048576 61 4.110873864 | 131.5479637 | 4209.53483
33| 33 1089 | 35937 | 1185921 59 | 4.077537444 1;4.5587356 4440.43827
34| 34 1156 39304 | 1336336 | 58 4.06044301 | 138.0550624 | 4693.87212
351 35 1225 42875 1500625 | 56 4.025351691 | 140.8873092 | 4931.05582
36| 36 1296 46656 1679616 | S5 4.007333185 | 144.2639947 | 5193.50380
371 37 1369 50653 1874161 | 54 3.988984047 | 147.5924097 | 5460.91916
38| 38 1444 54872 2085136 | 53 3.970291914 | 150.8710927 | 5733.10152
39 39 1521 59319 2313441 | 52 3.951243719 | 154.098505 | 6009.84169
40 | 40 1600 64000 2560000 | 52 3.951243719 | 158.0497487 | 6321.98995
41 | 41 1681 68921 2825761 | 51 3.931825633 | 161.2048509 | 6609.39888
42 42 1764 74088 | 3111696 | 51 3.931825635 | 165.1366766 | 6935.74041
43| 43 1849 | 79507 | 3418801 50 3.912023005 | 168.2169892 | 7233.33053
4 4 1936 85184 | 3748096 | S0 3.912023005 | 172.1290122 | 7573.67653
45| 45 2025 91125 | 4100625 | 49 3.891820298 | 175.1319134 | 7880.93610
46 | 46 2116 97336 | 4477456 | 49 3.891820298 | 179.0237337 | 8235.09175
47 | 47 2209 | 103823 | 4879681 49 3.891820298 | 182915554 | 8597.03103
43 | 48 2304 | 110592 | 5308416 | 49 3.891820298 | 186.8073743 | 8966.75396
49 | 49 2401 117649 | 5764801 l 49 3.891820298 | 190.6991946 | 9344.26053
501 50 2500 125000 | 6250000 | 49 3.891820298 | 194.5910149 | 9729.55074
51 51 2601 132651 | 6765201 | 48 3.871201011 | 197.4312515 | 10068.9938
52 52 2704 | 140608 | 7311616 | 48 3.87120.101 1| 201.3024526 | 10467.7275
534 53 2809 148877 | 7890481 49 3.891820298 | 206.2664758 | 10932.1232
541 54 2916 157464 | 8503056 | 49 3.981820298 210.1582961 | 11348.5479
! 1485 | 53955 | 220522 r 96137019 | 2886 | 214.5033723 | 3904.809972 . 213624.491
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-(-p)?°

P(ty=apexp ———— 2bp2

=p(t) +epi
WIS MWL P epi = vi- p(t)i

take In ; Inepi=Ilnvi-InP(ti) ; Inepi= 7pi
7pi= Ivi-lnP(ti)
NS InP(ti)
2
InP(ti) = nap - zpz)
2bp
tnp - (* —2rp+p?)
2bp?
2 ¢ t2
1nP(ti)=lnap-1p + 1P2_ >
2bp bp° 2bp
Mol ounnismae ap, 7 p, bp
2
¥ Ap=tnap- P
p p 2bp?
74
R
Bp= bp
1
C = -
T
nneums 1 Ansan 19 du
npi=lnvi- Ap - Bpti - Cpti’ ; I=1,..Npr

M1A1 Ap, Bp, Cp lawilszuim 7pi

Approximation

ud21933Ms Least Square

34 34
Sr= Y mpi*= > (invi - Ap-Bpti-Cpti*)’
=1

i=l

54
B 23 (invi—dp— Bpti ~Cpti®y?
aA i=l
oSr 272
— =2 ti‘(Invi— Ap— Bpti — Cpti
o5 Z; %( p - Bpti - Cpti*)
oSr

oCp i=l

54
——=-2) ti*(Invi— Ap- Bpti - Cpti*)’
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54
9 oSr aSr’aSr 0, uaz ZAP’—‘"AP
ddp’ dBp’ oCp poc

y )
favuaumsh 6 wld

54
> (nvi— Ap-Bpti~Cpti®) =0

i=1

> Invi-Y Ap-Y Bpti- ) Cpti* =0

fimualn

nAp + ZBpth‘- ZCptl = Zlnw

i=l i=l

p+BpZtt +Cpth = Zlnvz

i=1 i=l
54

nn 7 92ld ApZtl+BpZt12+CpZtl =Y tilnvi

I—l l=l =1 l=l

10 8 w2l ApZtl+sztl +Cp2tt —Z ti* Invi

i=1 i=l =1 i=1

S4Ap+1485Bp+53955Cp = 214.5033723
1485Ap + 53955Bp +2205225Cp = 5904.809972
53955Ap +2205225Bp + 96137019Cp = 213624.4912

54 1485 53955  Ap 214.5033723
1485 53955 2205225 Bp= 5904.809972
Cp 213624.4912

53955 2205225 96137019

54 1485 53955
A= 1485 53955 2205225
53955 2205225 96137019

= (2.801019344*10') + ( 1.766896286*10'*) + ( 1.766896286*10"*)

- (1.57070668*10™) - ( 2.626029342%10') - ( 2.120037577*10™)

= 1.8038317*10"2

214.5033723 1485 53955

5904.809972 53955 2205225

213624.4912 2205225 96137019
1.8038317*10"

10

11
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6.768851*10"
1.8038317*10"

Ap = 375248478

54 2145033723 53955

1485 5904.809972 2205225
53955 213624.4912 96137019
- 1.8038317*10"

Bp

_ 4.088311*10%
1.8038317*10"

Bp = 0.022664592

54 1485  214.5033723

1485 53955  5904.809972

213624.4912
53955 2205225

C
P 1.8038317*10"

728409700
1.8038317*10"

Cp = - 4.03812451*10~*

2— "'1 _ "1
2Cp  2(—4.03812451*107*)

bp

. bp* =1238.198572
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74
Bp = —4—
P bpz
Tp= prp2
= (.022664592)( 1238.198572)

Tp = 28.06326544
2

4
Ap = Ilnap-
p p 2
zpz
Inap = Ap+
P
(28.06326544)?
= 3.75248478 +

2(1238.198572)
3.75248478 + 31802123

il

Inap = 4.070506011
ap = exp(4.070506011)
ap = 58.58660053
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ti Al | AP Ai’ Al Bi AiBi

1 |55 |-19 |36l -6859 | 130321 | 3.384650424*107 -6.4308358*10 ™

2 |56 |-18 324 -5832 | 104976 9.720927286*10 -1.74976691*10

3|57 |-17 | 289 -4913 | 83521 2.637146961¥10 -4.48314983*10

4 {58 |-16 |256 -4096 | 65536 6.757619493*10 -0.01081219

5 |59 |-15 | 225 | -3375 | 50625 1.635633131¥10 -0.02453449

6 | 60 |-14 | 196 |-2744 | 38416 3.739476666*10 -0.05235267

7 | 61 |-13 | 169 |-2197 | 28561 8.075483232*10 -0.10498128

8 |62 |-12| 144 | -1728 | 20736 0.016472479 -0.19766975

9 |63 |-11 | 121 -1331 | 14641 0.031738192 -0.34912012

10 | 64 |-10 | 100 | -1000 | 10000 0.057761462 - 0.57761462

11 |65 |-9 |81 -729 | 6561 0.099294895 -0.89365406

12 |66 | -8 | 64 |-512 | 4096 0.161230957 -1.28984766

13 | 67 -7 | 49 -343 | 2401 0.247287809 -1.73101466

14 | 68 6| 36 261 | 1296 0358252924 -2.14951754

15 | 69 5| 25 -125 | 625 0.490240903 -2.45120451

16 | 70 -4 | 16 -64 256 0.633668485 -2.53467394

17 | 7 -3 9 -27 81 0.773655177 -2.32096553

18 | 72 -2 4 -3 16 0.892206796 -1.78441359

19 | 73 | -1 1 -1 1 0.971888362 -0.971888362

20|74 | o] o 0 0 0 0

21 | 75 1 1 1 1 0.971888362 0.971888362

2 | 76 2 4 8 16 0.892206796 1.784413593

23| 77 3 9 27 81 0.773655177 2.320965531
124 | 78 4| 16 64 256 0.633668485 2.53467394

25 | 79 51 25 125 625 0.490240903 2451204519
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TS e e

0.358252824

26 | 80 6 | 36 216 | 1296 2.149517545
27 | 81 7| 49 343 | 2401 0.247287809 1.731014664
28 | 82 8 | 64 512 | 409 0.161230957 1.289847661
29 | 83 9 | 81 729 6561 0.099294895 0.89365406
30 | 84 | 10 | 100 1000 | 10000 0.057761462 0.57761462
31 | 85 11 | 121 1331 | 14641 0.031738192 0.349120121
3218 | 12| 144 | 1728 | 20736 0.016472479 0.197669753
33 |87 |13 | 169 2197 | 28561 8.075483232%10 0.104981282
34 | 88 | 14 | 196 2744 | 38416 3.739476666*10 0.052352673
35 | 89 | 15 | 225 | 3375 50625 1.635633131¥10 0.024534496
36 | 90 | 16 | 256 4096 | 65536 1.757619493*10 ™ 0.010812191
37 | 91 17 | 289 4913 | 83521 2.637146961*10 4.483149833%10
38192 |18 | 324 5832 | 104976 9.720927286*10 1.749766911*10 >
39193 |19 | 361 6859 | 130321 3.384650424%10 6.430835806*10 ~*
40 | 94 | 20 | 400 8000 | 160000 1.113147485%10° 2.22629497*10
41 | 95 | 21 | 441 9261 | 194481 3.457995009%10 ¢ 7.261789519%10
42 | 96 | 22 | 484 | 10648 | 234256 1.014679255*10 ¢ 2.232294362*10
43 | 97 | 23 | 529 | 12167 | 279841 2.812327918*10 6.468354211*10
44 | 98 | 24 | 576 | 13824 | 331776 7.362679596*10 1.767043103*10°
45 1 99 | 25 | 625 | 15625 | 390625 1.820700908*10 4.551752269*107
46 | 100 | 26 | 676 | 17565 | 456976 425279137710 1.105725758*10 7
47 [101 | 27 | 729 |19683 | 531441 | 9.383012889*107"° 2.53341348%10
48 | 102 | 28 | 784 | 21952 | 614656 | 1.955434667*107" 5.475217068*10
49 | 103 | 29 | 841 | 24389 | 707281 | 3.849258449*107" 1.11628495*10~°
50 | 104 | 30 | 900 | 27000 | 810000 7.1572073*10 7% 2.14716219*10 "
51 {105 | 31 | 961 29791 | 923521 1.257022016*10 ™2 3.896768249*10 "
s2 | 106 | 32 | 1024 | 32768 | 1048576 | 2.085330696*10" 6.673058228*10 "
53 | 107 | 33 | 1089 | 35937 | 1185921 | 3.267681741*107" 1.078334975%10 "2
s4 | 108 | 34 | 1156 | 39304 | 1336336 | 4.836568356*107" 1.644433241*10 7"
4401 | 405 | 16155 | 317925 | 10331019 | 10.49645511 3.265221872*10°
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i Ai*Bi AP’ Bi Ai*Bi vi
t 0.012218588 -0.23215317 4.410910279

b2 0.031495804 -0.56692447 10.20464063 48

3 0.076213547 -1.2956303 22.02571513 46

4 0.172995059 -2.76792094 44.28673511 42

5 0368017454 -5.52026181 82.80392726 38

6 0.732937426 -10.2611239 143.6557356 34

T 1364756666 -17.7418366 230.6438766 31

8 2.372037047 -28.4644445 341.5733348 29

9 3.840321334 -42.2435346 4646783814 27

10 5.776146203 -57.761462 577.6146203 28

11 8.042886546 ~72.3859789 651.4738103 31

12 10.31878129 -82.5502503 660.4020024 37

13 12.11710265 -84.8197185 593.7380297 48

14 12.89710527 -77.3826316 464.2957896 65

15 12.2560226 -61.2801129 306.4005649 88
16 10.13869576 -40.554783 162.2191322 108
17 6.962896592 -20.8886897 62.66606933 135
18 3.528827185 -7.13765437 14.27530874 146
19 0.971888362 -.971888362 0971888362 152
20 0 0 0 154
21 0.971888362 0.971888362 0.971888362 145
22 3.528827185 7.13765437 14.27530874 137
23 6.962896592 20.88868978 62.66606933 128
24 10.13869576 40.55478304 162.2191322 117
25 12.2560226 61.28011299 306.4005649 107

26 12.89710527 77.38263161 464.2957896 96
27 12.11710265 84.81971853 593.7390297 84
28 10.31878129 82.5502503 660.4020024 70




30

29 8.042886546 72.38597892 651.4738103 54
30 5.776146203 57.76146203 577.6146203 34
31 3.840321334 4224353467 4646783814 26
32 2.372037047 28.46444456 341.5733348 22
33 1.364756666 17.74183666 230.6438766 22
34 0.732937426 10.26112397 143.6557356 24
35 0.368017454 5520261817 82.80392726 26
36 0.172995059 2.767920944 4428673511 30
" 37 0.076213547 1295630302 22.02571513 33
38 0.031495804 0.566924479 10.20464063 36
39 0.012218588 0232153172 4.410910279 38
40 | 4.452589941*107 0.089051798 1.781035976 40
41 | 1.524975799*107 0.032024491 0.672514327 42
42 | 4.911047596*10 0.010804304 0.237694703 43
43 | 1.487721469*10 3.421759378%10 0.078700465 44
44 | 4.240903447%10°° 1.017816827*10 0.024427603 45
45 | 1.137938067*10°° 2.844845168%10 ~* 7.112112919*10° 46
46 | 2.874886971*107° 7.474706124*10 1.943423592%10 46
47 | 6.840216396*107 1.846858427*10 4.986517753*10 ™ 47
48 | 1.533060779*107 4.292570181*10~° 1.201919651*10 47
49 | 3.237226355*10°° 9.38795643*10 2.722507365*10 47
50 | 6.44148657%10°° 1.932445971¥10 7 5.797337913*10 ° 47
51 | 1.207998157*107° 3.744794287%10 % 1.160886229*10~° 47
52 | 2.135378633*107° | 6.833211625*10° 2.18662772%10 48
53 | 3.558505416*10 7" 1.174306787*10 3.875212398*10 48
54 | 5.591073019*10 1.900964827*10 " 6.46328041*10 48
184.049365 0.136704238 6.532909164*10™ 3249
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Ci Vi Ci VIAICi Vidi*Ci
1 | 5.817774853*10° 0.279253192 -5.30581066 100.8104026
2 | 9.859476299*10 0.473254862 -8.51858752 1533345754
3| 0.016239294 0.747007561 -12.6991285 215.8851853
4 | 0025995421 1.091807711 -17.4689233 279.5027741
5 0.040442961 1.536832535 -23.052488 345.7873204
6 0.06115126 2.079142859 -29.108 407.5120003
7 0.089863692 2.785774468 -36.215068 470.7958851
o 0.128345157 3.722009572 -44.6641148 535.9693784
9 0.178152162 4.810108375 -52.9111921 582.0231134
10 0.240336143 6.729412027 -67.2941202 672.9412027
b1l | 0315110925 9768438704 -87.9159483 791.0243535
12 |  0.401535748 14.85682271 -118.854581 950.8366535
13 | 0497280413 23.86945982 -167.086218 1169.603531
14 | 0598542332 38.90525163 -233.431509 1400.589059
) 15 0.700172053 61.61514067 -308.075703 1540.378517
i 16 0.796032967 85.97156047 -343.886241 1375.544967
L 17 0.879576703 11807428549 -356.228564 1068.685694
b 18 0.944566988 137.906804 -275.81356 5516271214
19 | 0985843984 149.8482857 -149.848285 149.8489285
20 1 154 0 0
21 0.985843984 142.9473778 142.9473778 142.9473778
2 0.944566988 129.4056775 258.8113549 517.6227098
€23 0.879576703 112.585818 3377574541 1013.272362
' 24 0.796032967 93.13585717 372.5434287 1490.173715
25 0.700172053 74.91840968 374.5920434 1872.960242
26 0.598542332 57.46006394 344.7603837 2068.562302




32

27 0.497280413 41.77155469 292.4008828 2046.806180
28 0.401535748 28.10750242 2248600194 1798.880155
29 0.315110925 17.0159900 153.143910 1378.29519
30 0.240336143 8.17142889 81.7142889 817.142889
31 0.178152162 4.631956213 5095151835 560.4667018
32 0.128345157 2.823593469 33.88312162 406.5974595
13 0.089863692 1.977001235 25.70101606 334.1132088
34 0.06115126 1.467630253 20.54682354 287.6555296
35 0.040442961 1.051516998 15.77275497 236.5913245
36 0.025995421 0779862651 12.47780242 119.6448387
37 0.016239294 0.535896728 9.110244391 154.8741546
38 | 9.859476299*10 0354941146 6388940641 115.0009315
39 | 5.817774853*10° 0.221075444 4200433443 790.80823542
40 | 3.336386496%107 0.133455459 2669109196 5338218393
41 | 1.85956885*107 0.078101877 1.640139417 34.44292776
42 | 1.007312885%10° 0.043314454 0.952917988 20.96419576
43 | 530313861610 0.023333809 0.536677627 12.34358544
44 | 2.713425804*10 0.012210416 0.293049986 7.033199684
45 | 1.349333504*10* 6.20693412%10 > 0.155173353 3.87933825
46 | 6.521342942%107° 2.999817754*10 0.077995261 2.027876801
47 | 3.063170421*10° 1.439690098*10 > 0.038871632 1049534081
48 | 1.398368574*10°° 6.572332299*10 0.01840253 0.515270852
49 | 6.204239235*107° 2.915992441*10 ™ 8.456378077*10 0.245234964
50 | 2.675295742*107° 1.25738899*10 3.772166996*10 0.113165009
51 | 1.121169932*10°° 5.269498679%10 1.63354459*10 0.050639882
52 | 4.566542125*107 2.19194022*10 7.014208704*10 ™ 0.022445467
53 | 1.807673018*107 8.676830488*10 2.863354061*10™ | 9.449068402*10
54 | 6.954544098*10°° 3.338181167*10™ 1.134981597*10 3.858937429%10

14.8369913

1539.404575

430.5830665

284204176
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d d2 ~(1- n‘l)z
R(t) = (ag, tag dr +aR2&T')®¢P 28

(=)} ~(t=R)? 2 =)
R()= agexp % +ag, — &P W 4 ag, —7 &XP 208!

° 9 . . .
fmuald Xi=ti- 7R ~.d,, =d,
ii:. d -n’ —xit
R(t) = ag, exp?k +ag, dXexpm +ay, exp 2R
2
d - Xi - Xi d Xlz
NS - a,, —expR =qa, exp2R’ ——
R gy P R XD TobR?
-x? 2
— aRl 2le2 dXz = _aRl Xi
2%, ° dX b,
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34

X*\| 2
R(®) = }:aRO _ ZRI Xi— ZRz (1_ bl )}expzm
2 R2 2

R

-x?

a a a T

R(t) = [am - sz - b’“ Xi+ b’“ Xiz}expm’
2 2 R‘

R R

a
RI
al=-—
bRz
gy
a2 =—=
bR,,

-xit
R(Y) = ( @0+alXi+a2Xi*)exp®

Vi = R(t)+eRi
~Xxit
eRi = Vi-R(t) = Vi- ( a0+ alXi+a2xi*)exp ™™
108 108 .
St = ) eRi? =) (Vi—(a0+alXi+ a2 Xi*)exp® )?
i=55 i=55
108 -xt -1 —xit

Sr = Z ( Vi—0:0<:xp53“7—t,zlexpa’—’@—0:2){1'2 expﬁ?)z
=55

Sr 108 -xt =Xt -x? -Xii
0= 2;; Vi—a0exp?® — ¢1.Xiexp®' — a2 Xiexp &' %(—aOexpz"R )

&r - 108 -x G Gl
0= ~2exp2® Y |Vi— a0exp™® — q1Xiexp?® exp2¥’

i=35

o 3 5
fruali —% =0
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g~

35

108 -Xi* -Xi* -Xi* -x?
2 . I . . 2
= Y exp®* | Vi—aOexp®® — qlXiexp ~ g2 Xi® exp*
i=55
108 =X’ 108 =Xt 108 =Xt 108 -X?
2 . 2 . 2 . 2
> a0exp® + > alXiexp™ + ) a2Xi®exp® = ) Viexp™R
1=55 =55 i=55 =55
&S _x X i e

i 225; Vi— aOexp?® — gl Xiexp?F — a2 Xi® exp kK %(alXiexp;’;"—2

aDdr 108 -Xit 108 -xi? -xi? -xi?

- = =2 Z Xi expEQT Z Vi—onexpW—oleiepoTl"T—ozZXi2 exp”W
éhl =55 =35

. D
fmuald == =0

dxl

108 -X? 108 -x® 108 -Xi' 108 -Xxi?

> ViXiexp®® =Y a0Xiexp®® + . alXi® exp®® + ) a2 Xi’ exp?®’
i=55 i=55 i=55 i=55

108 -yt -xi -xit ~Xi

B - = - 2]
——=2) | Vi—a0exp®® — ] Xiexp2R' — a2 Xi’ exp %% | ——(~a2.Xi’ exp2®’)
a2 G2

Br 108 -Xi* 108 -x? -Xit -xi?

——=-2Y Xi exp® Y |Vi-alexp*® —alXiexp? — a2 Xi® exp?®
O‘bz 1255 =55

° ) ﬁr
fmuald —=0

o2
108 -x* 108 =Xi* 108 -Xi' 108 -xi’
D ViXiexp?® = Y a0Xi® exp® +Y . lXi’ exp® +) a2Xi* exp™®
i=55 i=55 {=55 1=55
108 -xit 108 -xit 108 -Xi¥ 108

> alexp® +Y, qlXiexp®® +Y, a2Xi®exp®F =) Vi

i=55 =55 =55 i=55
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108 -Xi* 108 -X 108 =X’ 108
a0Xi exp®® + 3 alXilexp™ +) a2Xi® exp®F =) ViXi
in55 =55 i=55 i=55
108 -Y* 108 -X¢ 108 -X 108
D, a0Xiexp® +) qlXiPexp®® +Y. a2Xi*exp™ =) VuXi’®

1=5§ =35 =55 =35

10.50381468 326442911*10™*  184.0493896
3.264429911*107 184.0493896  0.1367033936
184.0493896 0.1367033936  9679.486027

= 18712582.56 + 8.213363158 *10 ~+ 8.213363158 *10 - 6234521.749 -
0.1962933752 -1.031494684*10
= 12478060.63

154326547 3264429911*10™  184.0493836
4305830625 184.0493836 0.1367033936
2662042303 01367033936 9679.486027

= 2749332828 + 1.187959396 + 10833.5457 - 901744943 2 - 28.84026395 —

1360.556521
— 1847597330
_IBATITI0 ) (e 0676673
= 1247806063

1050381468 154326547  184.0493896
3264429911*10™* 4305830625 0.1367033936
184.0493896 2662042303 9679486027

= 43778037.65 + 3.8828.83107 + 1599.398493 - 14585647.31 - 38224.45544
- 4876.410805

= 29189717.7
291897177

al =m =2.339283208

10.50381468 3264429911*%10™ 154326547
3264429911*10™ 184.0493896 4305830625
184.0493896 01367033936 2662042303

= 51463152.32 + 25.87013365 + 0.068869556 - 52276848.94 - 618.277282
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- 2.836806084*10 >

= -814288.961
g SIA288IOL o cens7653
O =T1047806063 2

agy = @2%h, = -0.065257653%(3507008)’

= - 80.26107336
Gy =—al*h,, =~2339283208*35.07008
= - 82.03884925
a4y 802610733

gy = 00— 148067667 - (-

b, 35.07008

R
= 150.3562584
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$ a [ )
foyanlFlumsdummdulszansvesdyau T

ti ti’ ti ' vi In vi tiln vi ti'In vi
1 | 109 | 11881 |1295029  |141158161 48 | 3.87120101 | 421.960910 | 45993.73921
2 | 110 |12100 |1331000 | 146410000 48 | 3.87120101 | 425832111 | 4684153223
3|11 [12321 | 1367631 | 151807041 48 | 3.87120101 | 429.703312 | 47697.06765
; 4 | 112 | 12769 | 1404928 | 157351936 48 | 3.87120101 | 433.574513 | 494313657
5 | 113 | 12769 | 1442897 | 163047361 48 | 3.87120101 | 437.445714 | 49431.3657
6 | 114 |1299 | 1481544 | 168896016 48 | 3.87120101 | 441.316915 | 50310.12833
171115 | 13225 | 1520875 | 174900625 48 | 3.87120101 | 445.188116 | 51196.6337
8 | 116 | 13456 | 1560896 | 181063936 49 |3.89182029 | 451.451154 | 5236833393
9 {117 | 13689 | 1601613 | 187388721 49 | 3.98182029 | 455342974 | 53275.12806
10 {118 | 13924 | 1643032 | 193877776 49 | 3.98182029 | 459.234795 | 54189.70583
11 {119 | 14161 | 1685159 | 200533921 49 | 3.98182029 | 463.126615. | 55112.06724
12 | 120 | 14400 | 1728000 | 207360000 49 | 3.98182029 | 467.018435 | 56042.21229
13 | 121 | 14641 | 1771561 | 214358881 50 | 3.91202300 | 473.354783 | 57275.92882
14 | 122 | 14884 | 1815848 | 221533456 51 | 3.93182563 | 479.682727 | 58521.29271
15 |123 | 15376 | 1860867 | 228886641 52 |3.95124371 | 486.002977 | 59778.36622
N6 | 124 | 15376 | 1906624 | 236421376 53 |3.97029191 | 492316197 | 61047.20846
17 | 125 | 15625 | 1953125 | 244140625 55 | 4.00733318 | 500.916648 | 62614.58102
18 | 126 | 15876 | 2000376 | 252047376 57 | 4.04305126 | 509.244597 | 64187.48192
19 | 127 |16129 | 2048383 | 260144641 59 | 4.07753744 | 517.847254 | 65766.60143
20 | 128 | 16384 | 2097125 | 268435456 62 | 4.12713438 | 528273201 | 67618.96976
Ezl 129 | 16641 | 2146689 | 276922881 64 | 4.15888308 | 536.495917 | 69207.97338
2 | 130 | 16900 | 2197000 | 285610000 66 | 4.18965474 | 544.655116 | 70805.16514
23 | 131 | 17161 | 2248091 | 294499921 67 | 421950770 | 532.755509 | 7241097173
24 | 132 | 17424 | 2299968 | 303595776 71 | 4.26267987 | 562.673743 | 74272.93418
25 | 133 | 17689 | 2352637 | 312900721 73 | 429045944 | 570.631105 | 75893.93705
26 | 134 | 17956 | 2406104 | 322417936 75 | 431748811 | 578.543407 | 77524.81656
27 | 135 | 18225 | 2460375 | 332150625 77 | 434380542 | 586.413731 | 79165.85381
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28 | 136 18496 2515456 342102016 78 | 4.35670882 | 592.512400 | 80581.68645
29 | 137 18769 2571353 352275361 80 | 4.38202663 | 600.337648 | 82246.2579
30 | 138 19044 2628072 362673936 81 | 4.39444915 | 606.433983 | 83687.8897
31 | 139 19321 2685619 373301041 83 |4.418384060 | 614.218844 | 85376.41938
32 | 140 19600 2744000 384160000 84 | 443081679 | 620.314351 | 86844.00925
33 | 141 19881 2803221 395254161 84 | 443081679 | 624.745168 | 88089.06877
34 | 142 | 20164 2863288 406586896 84 | 443081679 | 629.175985 | 89342.98993
35 | 143 20449 2924207 418161601 83 | 4.41884060 | 631.894206 | 90360.87158
36 | 144 | 20736 2985984 429981696 81 4.39444915 | 632.800678 | 91123.29767
37 | 145 | 21025 3048625 442050625 78 | 4.35670882 | 631.722779 | 91599.80308
38 | 146 | 21316 3112136 454371856 75 | 431748811 | 630.353264 | 92031.57662
39 | 147 | 21609 3176523 466943881 72 | 4.27666611 | 628.669919 | 92414.47816
t 40 | 148 | 21904 3241792 479785216 69 | 4.23410650 | 626.647762 | 92743.86887
i 41 | 149 | 22201 3307949 492884401 65 | 4.17438727 | 621.983703 | 92675.57178
:42 | 150 | 22500 3375000 506250000 63 | 4.14313476 | 621.470209 | 93220.53134
: 43 | 151 22801 3442951 519885601 60 | 4.09434456 | 618.246028 | 93355.15036
44 | 152 | 23104 3511808 533794816 58 |4.06044301 | 617.187337 | 93812.47531
45 | 153 23409 3581577 547981281 55 | 4.00733315 | 613.121977 | 93807.66253
46 | 154 | 23716 3652264 562448656 53 ] 3.97029191 | 611.424954 | 94159.44302
. 47 | 155 24025 3723875 577200625 L 52 | 3.95124371 | 612.442776 | 94928.63034
' 43 | 156 | 24336 3796416 592240896 51 3.93182563 | 613.364798 | 95684.90859
49 | 157 | 24649 3869893 607573201 51 3.93182563 | 617.296624 | 96915.57002
50 | 158 | 24964 3944312 623201296 50 |} 3.91202300 | 618.099634 | 97659.7423
51 | 159 | 25281 4019679 639128961 50 | 3.91202300 | 622.011657 | 98899.8536
52 | 160 | 25600 4096000 655360000 50 ] 3.91202300 | 625.923680 | 100147.7889
53 | 161 25921 4173281 671898241 49 | 3.89182029 | 626.583068 | 100879.8739
54 1’162 | 26244 4251528 688747536 49 | 3.89182029 | 630.474888 | 102136.9319
55 | 163 26569 4330747 705911761 49 1 3.98182029 | 634.366708 | 103401.7735
. 56 | 164 | 26896 4410944 723394816 49 | 3.89182029 | 638.258528 | 104674.3987
57 | 165 27225 4492125 741200625 49 | 3.89182029 | 642.150349 | 105954.8076
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58 | 166 | 27556 4574296 759333136 49 |3.98182029 | 646.042169 | 107243.0001
59 | 167 27889 4657463 777796321 49 | 3.98182029 | 649.933989 | 108538.9763
60 | 168 28224 4741632 796594176 49 | 3.98182029 | 653.82581 109842.7361
;51 169 | 28561 4826809 815730721 49 | 3.98182029 | 657.717634 | 111154.2795
62 | 170 | 28900 4913000 835210000 49 | 3.98182029 | 661.609450 | 112473.6066
?3 171 29241 5000211 855036081 49 | 3.98182029 | 665.501271 41 13800.7173
'24 172 | 29584 5088448 875213056 49 | 3.98182029 | 669.393091 | 115135.6117
65 | 173 29929 5177717 895745041 49 | 3.98182029 | 673.284911 | 116478.2897
:56 174 | 30276 5268024 916636176 49 | 3.98182029 | 677.176731 | 117828.7513
F 9339 | 1345421 | 197155629 | 2.93519125*10 | 3890 | 267.689545 | 37859.9013 | 5448363.641
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(t-7;)*

T(t) = ar exp -
2b,*

W31 8w P(t)=> Ine,, = Vi-T(f)

take In  ; Ine, =Invi-InT(¢);Inl, =n,
N =Ivi—-InT(f)

WS In T(H)

oy (t"TT)z
In7()=mna, -—
nT(t) ar 2% .

T

(* =27, +7.°)

=Ina, -
r 2b,°

2
Tttty

In7(ti)=1na, — + -
(1i) S

Wedy uAmsma  a,, 7, b,

2

W 4 =Ina, -2
T Toop?
T.
1
Tt

naums 1 Ansan ladiu
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N = Invi— (4, + Bpti + Cpti)?
= Invi— 4, - Bpti—Cpti*;i=1..Np

men 4Ar Br,Cy 3815 Least Square Approximation

6 2 6
Sr=Yny, =) (Invi- A4, - B ti-Cpti*)*

i=| 1=l

66
§§f— = —22 (Invi— A, — Bpti— C,#i%)
aAr I=]
66
95r = —22 ti(lnvi— A._Bpti— Cypti®)
aBT 1=t
66
o _ =2 ti*(Invi— A, — Bti— Cpti®)
aCr 1=l
oSr aSr oSr

66
fimuald =0 uz Y A =n4;

=]

84, " 0B, aC,

¥ 66
Ay 6 = ) (Invi— 4, ~ Bti~Cyti*) =0
i=l
66 66 66
ndp + Y Brti+y Cpti* =y Invi
I=1 =] Im}

66 ) 66 66
nd. + B> ti+C.> ti* = Invi
T T T
I=i I=t i=]

66 66 66 66
nn 7wl 4 Y By P+ Cr Y b =) dilni
I=1 I=1 I=l i=i

10
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66 66 66 66
vn g wld 4> P +B Y 6 +Cr Yy ti* =) ' lnvi
I=1 i=l i=]

i=1

664, +9339B; +1345421C, = 267.6895453
93394, +1345421B, +197155629C; = 37859.90132
13454214, +197155629B; +2.935191252*10'°C, = 5448363.641

66 9339 1345421 A4y 267.6895453
9339 1345421 197155629 B, = 37859.90132
1345421 197155629 2.935191252*10° C, 5448363.641

66 9339 1345421
A= 9339 1345421 197155629
1345421 197155629 2.935191252*10"

=(2.606384847*10'%) +(2.477238144 *10'*) + (2.477238144 *10'%)
-(2.435424139*10'®) — (2.565442575*10' ) — (2.559983435*10'%)

=1.9086*10"
267.6895453 9339 1345421
37859.90132 1345421 197155629

_5448363.641 197155629 2.935191252*10"
T 1.0986 *10"
_ —5.9639*10"
1.0986 *10"
= -5.42863644

A, = -5.42863644 : #

11



66 267.6895453 1345421
9339  37859.90132 197155629
1345421 5448363.641 2.935191252*10"

; B,

1.0986*10"
_ 1.5085*10"
. 1.0986*10"
B; = 0.137311123
66 9339  267.6895453

933 1345421  37859.90132
_ 1345421 197155629 5448363.641

C
d 1.0986*10"

-5.3599*10°
1.0986*10"

C, =—4.8788458*%10™

: T w2
I
26,

- =L

T2,

by = -1 -
. 2*(—4.8788458*10™)
b, =32.013006

b.’ =1024.832553
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B, =7,/b’
7, = Bpb,? =0.137311123*1024.832553

7, =140.7209088

2

T
A =1na T
T
T 2
lna, = + T
P 2b,}
2
- 542863644 + (140:7209088)
2*(1024.832553)
= - 5.42863644+9.661273012

Ina, = 4232636572

a, = exp(4.232636572)

a, = 68.89764718
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P
unn3

misnesfanunaniniiiledwllsunsy MATLAB

lumsassdyauaau i luseeldldsunsy MATLAB  Taseziiueraunis
4 X o é 1 r o 4 o
voadggnaunan Tivihle  Sedimsunusdulsedns luauasvesniuliivihlaaS S oy

L] . 1 4
foouda Tauldsunsu MATLAB #il¥lumssasedyanunau i ladyduuudsiiuag e

] 1 4
adyanandulidiiileamudas Tsunsudsdl

3.1 Tdsunsudrassndulnihizlefildonmsgu

clear ;

tl = 0.02:1/2000:0.325

t= t1*1800

p= 48.58660053*exp(-(t-28.06326544)./2./1238.1985);

r=(150*exp(-0.0016752*(t-200.02395)./2))+(2.238*...
(t-200.02395)).*exp(-0.0016752*(t-200.02395).72)...
+(2.28-0.256489791*(t-200.02395).42).*exp(-0.0016752...
*(t-203.2252395).72);

u=58.89647*exp(-(t-500).%2./2524.8325);

Np=length(p);

Nr=length(r);

Nu=length(u);

N=Np+Nr+Nu;

ecgn=p+r+u;

plot(tl,ecgn);

grid;
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32 hlsunsudensdyanuadu v wialei Idnnpuumeadamaad

clear;
t1=-0.01:1/20000:0.2;
t=t1*20000
p=58 58660053 *exp(-(t-28.06326544).42./1238.1985);
=(150.3562584*exp(-0.01425716736320*(t-
200.02395).42))+(2.33928320807937* (t-74)).*exp(-0.01425716736320%(1-74).%2)
+(2.28859111128346-0.0652576529*(t-74)./2).*exp(-
0.01425716736320*(1-74).~2);
1u=68.89864718*exp(-(t-140.7209088).72./1024.832553);
Np= length(p);
Nr= length(r);
Nu=length(u);
N=Np+Nr-+Nu;
ecgn=p+rty;
plot(tl,ecgn);
grid;
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ecgn=ecgn/max{ecgn);
y=round(2"15*ecgn);
N=length(y);
fprinti' TAB .WORD ")
fprintf('%3.0f \n',y(1));
forti =2:N
forimf' .WORD );
fprintf{*%3.0f \n',y(ti));
end;
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AIC_CTR et %h

;  LOOK UP TABLE OF sine;;;;:;
.ps 2B00h
TAB .WORD 0
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.ps  0080ah

B RINT  ;branchtoenable interrupts
.ps 0a00h  ;progam starts at 0xa00
enry ;S€t entry point

LDP #0

LAR AR0,#300h

MAR *,AR0

LACC #TAB

SAMM BMAR

RPT #255

BLPD BMAR,*+

LACC #0

CALL AICINIT
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LDP DXR
LAMM [MR
OR  #I0h
SAMM [MR
LACC #300h
SAMM CBSRI
SAMM AR7
ADD #255
SAMM CBERI
SPLK #0Fh,CBCR

LOOP: SETC SXM
LDP #0
MAR * AR7
LACC *+
SFL
SFL
SFL
SAMM DXR
IDLE
B LOOP
RINT: LAMM DRR
RETE ;return and enable interrupts INTM=0
* AIC and Serial Porr initialization data
x
AICINIT:
SPLK  #012h, IMR ;0001.0010 set Interrupt Mask Reg (RINT. INT2)
SPLK #20h. TCR ;reload timer period {TRB bit =1)
SPLK  #0Lh.PRD :set Timer Control Reg (PRD=1) for TINT=10Mhz
MAR *ARO  :load Aux Reg Pointer with 0

LACC #0008h  :Set Scrial Port Control Reg for noncontinuous
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SACL SPC :mode (frame sync) and 16 bit data. RRST.XRST=0
LACC #00c8h  :load ACC to write RRST=1 and XRST=1

SACL SPC :and ioad SPC to take scrial port out of reset.

LACC #080h  :Load ACC to initalize the GREG value

SACH DXR

SACL GREG  :nit GREG to 32K global memory.

LAR  ARO#0FFFFh ;Access global mem and RPT (BR goes low for .5ms)
RPT #10000 ;BR pin connects to AIC RESET.

LACC *0,AR0 ;load data at FFFF into ACC (0000h)

SACH GREG ;Reset GREG for 65K local memory

B T T ——

LACC AIC_CTR,2 ; Initialized control register

SACH DXR
CLRC INTM

ADD  #6h,15 ;0000 0000 0000 007 1 XXX XXXX X3COCX XXX b
SACH DXR ;

SACL DXR

LACL #0

SACL DXR . make sure the word got sent



SETC INTM
RET

.end
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.mmregs

fmnmenres e s ———

AIC_CTR .set %h

; LOOK UP TABLE OF sine;;;;;;
.ps 2B0G0h
TAB .WORD 17
.WORD 22
.WORD 29
WORD 37
.WORD 47
WORD 58
.WORD 71
.WORD 387
.WORD 105
' WORD 125
.WORD 148
.WORD 172
.WORD 199
.WORD 227
.WORD 257
.WORD 287
.WORD 317
WORD 347
.WORD 376
.WORD 403
.WORD 427
.WORD 447
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0
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.WORD

12
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.WORD
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.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
WORD

WORD

N W A UL A W WO

.ps  0080ah
B RINT
.ps  0a00Oh

entry

LDP #0

79

;branch to enable interrupts

,progam starts at 0xa00

;Set entry point

LAR ARO#300h

MAR *.,ARO

LACC #TAB

SAMM BMAR

RPT #255

BLPD BMAR,*+

LACC #0
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CALL AICINIT
LDP DXR
LAMM IMR
OR  #l0h
SAMM IMR
LACC #300h
SAMM CBSR!1
SAMM AR7
ADD #255
SAMM CBERI
SPLK #0Fh,CBCR

LOOP: SETC SXM
LDP #0
MAR *,AR7
LACC *+
SFL
SFL
SFL
SAMM DXR
IDLE
B LoOP
RINT: LAMM DRR
RETE ;return and enable interrupts INTM=0
* AIC and Serial Port initialization data
AICINIT:
SPLK  #012h. IMR :0001.0010 set Interrupr Mask Reg (RINT, INT2)
SPLK  #2fh, TCR :reload timer period (TRB bit =1)
SPLK  #04h.PRD :set Timer Control Reg (PRD=1) for TINT=10Mhz

MAR  * ARO  :load Aux Reg Pointer with 0



LACC #0008h  :Set Serial Port Control Reg tor noncontinuous
SACL SPC :mode (frame sync) and 16 bit data. RRST,XRST=0
LACC #00c8h :load ACC to write RRST=1 and XRST=|

SACL SPC ;and load SPC to take serial port out of reset.
LACC #080h  ;Load ACC to initalize the GREG value

SACH DXR

SACL GREG ;Init GREG to 32K global memory.

LAR  AROX#0FFFFh ;Access global mem and RPT (BR goes low for .5ms)
RPT #10000 ;BR pin connects to AIC RESET.

LACC *0,AR0 ;load data at FFFF into ACC (0000h)

SACH GREG ;Reset GREG for 65K local memory

LDP #AIC CTR

LACC AIC_CTR?2 ; Initialized control register

ADD #13h

CALL AIC2ND ;

CLRC INTM

RET ;

AIé_END:
LDP #0
SACH DXR ;
CLRC INTM
IDLE
ADD  #6h,15 ;0000 0000 0000 0011 XCXXX XOOCX XXXX XXXX b
SACH DXR - ;
[DLE
SACL DXR ;
IDLE
LACL #0

SACL DXR : make sure the word got sent



IDLE
SETC INTM
RET

.end
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Figure A—1. TMS320C5x DSP Starter Kit (DSK) Circuit Board Dimensions
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TLC32040C, TLC320401, TLC32041C, TLC32041]
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0120 - D2963, SEPTEMBER 1987 - AEVISED MAY 1991

Advanced LinCMOS™ Silicon-Gate Process
Technology

14-8it Dynamic Range ADC and DAC
Variable ADC and DAC Sampling Rate Up
to 19,200 Samples per Second
Switched-Capacitor Antialiasing Input Filter
and Qutput-Reconstruction Filter -

Serial Port for Direct Intertace to TMS32011,
TMS320C17, TMS32020, and TMS320C25
Digitai Signal Process

Synchronous or Asynchronous ADC and
DAC Conversion Rate With Programmable
incremental ADC and DAC Conversion
Timing Adjustments

Serial Port interface to SN74299
Serial-to-Parallel Shift Register for Parallel
interface to TMS32010, TMS320C15, or
Other Digital Processors

- 600-Mil Wide N Package (C to Cy)

PART

NUMBER DESCRIPTION

Analog intertace circuit with intemal reference.

TLC32040 Also a plug-in replacement for TLC32041.

Analog interface dircuit without intemal

TLC32041 reference

TLC32042 Identical to TLC32040, but has a slightly wider

bandpass filter bandwidth

description

The TLC32040, TLC32041, and TLC32042 are
complete analog-to-digital and digital-to-analog
input/output systems, each on a single monafithic
CMOS chip. This device integrates a bandpass
switched-capacitor  antiafiasing 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
fitter. The device offers numerous combinations
of master clock input frequencies and
conversion/sampling rates, which can be changed
via digital processor control.
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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. industnial process
control, biomedical instrumentation, acoustical signal processing, spectral analysis, data acquisition, and
instrumentation recorders. Four serial modes, which ailow direct interface to the TMS32011, TMS320C17,
TMS32020, and TMS320C25 digital signal processors, are provided. Also, when the transmit and receive
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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, TMS320C15, other digital signal processors, or external FIFQ circuitry. Output data pulses are

emitted to inform the processor that data transmission is complete or to aliow the DSP to differentiate between

two transmitted bytes. A flexible 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 intemal 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 out to 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 analog circuit
path contains only differential circuitry to keep noise to an absolute minimum. The only exception is the DAC
sample and hold, which utifizes 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) and is implemented in switched-capacitor technology. This filter is followed
by a continuous-time filter to eliminate images of the digitaily encoded signal.

The TLC32040C, TLC32041C, and TLC32042C are characterized for operation from 0°C to 70°C, and the
TLC320401, TLC32041! and TLC32042! are characterized for operation from -40°C to 85°C.
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tunctionai block diagram
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Two sets of analog inputs are provided. Normally, the IN+ and IN—input set is used; however, the auxiliary input
set, AUX IN+ and AUX IN—, can be used if a second input is required. Each input set can be operated in either
differential or single-ended modes, since sufficient common-mode range and rejection are provided. The gain
for the IN+, IN—, AUX IN+, and AUX IN- inputs can be programmed to be either 1, 2, or 4 (see Table 2). Either
input circuit can be selected via software control. It is important to note that a wide dynamic range is assured
by the differentiat internal analog architecture and by the separate analog and digital voitage supplies and
grounds.

A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing

The A/D bandpass filter can be selected or bypassed via software control. The frequency response of this filter
is presented in the following pages. This response results when the switched-capacitor filter clock frequency
is 288 kHz. Several possible options can be used to attain a 288-kMz switched-capacitor filter clock. When the
filter clock frequency is not 288 kHz, the filter transfer function is frequency scaled by the ratio of the actuai clock
frequency to 288 kHz. The low-frequency roli-off of the high-pass section is 300 Hz. However, the high-pass
section low-frequency roli-off is less steep Tor the TLC32042 than for the TLC32040 and TLC32041.

The intemal timing configuration and AIC DX data word format sections of this data sheet indicate the many
options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate that the RX
Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock for several master
clock input frequencies.

The A/D conversion rate is then attained by frequency dividing the 288-kHz bandpass switched-capacitor filter
clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate is an
integral submuitiple of the bandpass switched-capacitor filter sampling rate, and the two rates are
synchronously locked.




TLC32040C, TLC320401, TLC32041C, TLC32041
TLC32042C, TLC32042I
ANALOG INTERFACE CIRCUITS

SLAS0140 - D2964, SEPTEMBER 1987 — REVISED MAY 1991

A/D converter performance specifications

Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with
switched-capacitor techniques provides an inherent sample-and-hold.

analog output

The analog output circuitry is an analog output power ampiifier. Both noninverting and inverting ampiifier outputs
are brought out of this integrated circuit. This amplifier can drive transformer hybrids or low-impedance foads
directly in either a differential or single-ended configuration. )

D/A low-pass filter, D/A low-pass filter clocking, and D/A conversion timing

The trequency response of this filter is presented in the following pages. This response results when the
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function of this filter
is frequency scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided on the output
on the output of the D/A low-pass filter to greatly attenuate any switched-capacitor clock feedthrough.

The D/A conversion rate is then attained by frequency dividing the 288-kHz switched-capacitor filter clock with
TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral submultipie
of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronousty locked.
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- PRINCIPILES OF OPERATION

asynchronous versus synchronous operation

If the transmit section of the AIC (low-pass fiiter and DAC) and receiva section {bandpass fiter and ADC) are
operated asynchronously, the low-pass and band-pass filter clocks are independently generated from the
master clock signal. Also, the D/A and A/D conversion rates are independently determined. If the transmit and
receive sections are operated synchronously, the low-pass filter clock drives both low-pass and bandpass filters.
In synchronous operation, the A/D conversion timing is derived from, and is equal to, the D/A conversion timing.
(See description of the WORD/BYTE pin in the Terminal Functions table.)

D/A converter performance specifications

Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter

operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized
with a switched-capacitor ladder.

- system frequency response correction

The sin x/x correction circuitry is performed in the digital processor software, The system frequency response
can be corrected via DSP software to +0.1-dB accuracy to band edge of 3000 Hz for all sampling rates. This
correction is accomplished with a first-order digital correction filter, which requires only seven TMS320
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factorofonly 1.1%
and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the sin x/x correction section for more details).

serial port

The serial port has four possible modes that are described in detail in the Terminal Functions table. These modes
are briefly described beiow and in the description for pin 13, WORD/BYTE,

1. The transmit and receive sections are operated asynchronously, and the serial port interfaces directly
with the TMS32011 and TMS320C17.

2. The transmit and receive sections are operated asynchronously, and the serial port interfaces directly
with the TMS32020 and the TMS320C25.

3. The transmit and receive sections are operated synchronously, and the seral port interfaces directly
with the TMS32011 and TMS320C17.

4. The transmit and receive sections are operated synchronously, and the serial port interfaces directty
with the TMS32020, TMS320C25, or two SN74299 serial-to-parallel shift registers, which can then
interface in parallel to the TMS320C10, TMS3201 5, to any other digital signal processor, or to external
FIFQ circuitry.

operation of TLC32040 or TLC32042 with internal voltage reference

The intemal reterence of the TLC32040 and TLC32042 eliminates the need for an external voltage reference
and provides overall circuit cost reduction. Thus, the interal reference eases the design task and provides
complete control over the performance ot this integrated circuit. The internal reference is brought out to a pin
and is available to the designer. To keep the amount of noise on the reference signal to a minimum, an external
capacitor may be connected between REF and ANLG GND.





