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Abstract

This project utilizes condenser microphone as heart sound sensor. The heart-sound
signal is detected and then sent to preamplifier for adjusting the amplitude before separating
into two paths. One is amplified for driving a lound speaker. The signal on the second paths is
differentiated and filtered to obtain different bandwidth which will be used for diagnosis and
record. An ADC converts the filtered signal to digital form and sent to a microcomputer for

recording, processing or monitoring.



1

fnAnssudssma
é’ [ 0o o ' Yy W Yo o ) 1 A
Tasanuieg awsadusegarsasldd T ldsudwuziduaganugiomaonn
o 1 dy aa a q’ 9q Y o =4 o 1 n:' 9
yanaasae 11Ul as.Aawa Faana N1aTHA S nmwusiwnlasnaon guwouazgausnla

1 a [~ o w o 9 o dyo a Y Y s A :fl P <
duasunaznoaduiaslavhldmuisai lnssnuiiduseaslddien annaieuqsaulaln

Ao 99 Yo o Y = as/’ P= 1< [ 9 td'dy
Neon ld1dAwuzihdeaulavnaes 15sdesnuiweveunauiluediagsly o hil

e



A
1393

UNAAYD

Abstract

Mgy

ARANIIUYTETAR

GRESILY

GAEAILTER]

ATUUAITI

7]

PN 1 unih

1.1
7
1.3

=
ANUTUMVD9IATINY
LUIAAYDYIATIY

Y
HBYIV0931891Y

d‘ a P [
Unn 2 ‘Vlf]‘Hf‘]‘U'ENLﬁENW’JVL%

2.1
200
23

YR o
v earinle

A =1 ad % =4 {23 ‘ﬂ' =
AT 0IUBLAZITAITUUNNTIILALAAUTNDS

d' ) LY ~ a 4‘( IS
sunaudealandnAuazadausnas

UNN 3 MIDBALLVUAZAITNINIUYBEIRS

3.1
3.2
33
34
3.5
3.6
3.7
3.8
39

=4 Jd
MsoenuUU99TA N3 lua

a a o
1500NUULNITAN N BIS UF DM DS

MseenUUDISHARINand
MyeRAUULININIATAIADS
ASOOAUULNITAS T YR IUUTRA
MIBBANLLINI AT ayey s
MIBBANLLIIIINIAVLILAT 1N
MIDBAUULINDINILANOATIVEIBYBINAVYIIET TWY

MIOBNUVUITLUN A TN

UNN4 vanmsuazmMsoantuy 1UsunsNUUINTBINE(PC)

11
I
v
VI

VIII

10
10
12
12
13

14
15



a15U(Av)

=t J
41 NQHHUOINDIAVUIY
411 Tnuan st uueInes avuIu
412  swazean1sniululnua SPP
a I'd I'd d o Jd
42 MIDUADTINAIITALITAUNDTAUUIU
43 wanmstazmMIesnuuy JUsunsy
44  vianmImnuvedldsunsy
YNN 5 WANITNABDS
P
unn 6 unagy
UITUIYNIY

MANUIN

15

15

16

17

17

17

19
35



JUn 2.1

N eeN  ead  ead  ean  ead el  ead  ead  ean  eah @A eah  ad @ @ el @l @A ead  ead  ean
. B2 B B BB B B B, B B B OB OB B B B OB B B Bl B
=b. Bb. B Sl =Sh. =Sh. SSh. =Sl SSh. sSSh. SSn. SSp. SSp. S SSn. SSp. SSh. S SSp. bl SSh. S
SR Y T T AL N A R N O NS S U UC ST OC SRR ¢ SR UC SR SC SR UC S OC SR OC R UCREY SR )
= o o N S i S TR S R S S

Vi

mavey3l

9 v 4 ) @
werasnennuduusvosnau Wi lany
phonocardiogram U pulse waves A N
‘i' o K 9 [ P=1 @
ATunansenanulunaufInuy
drog1naurialaluauilng

o 2
yaon laozunsuviavyalulnseay
34993017 Pre Microphone
2999 Differentiator
999 Multiplexer

P 4

1995MAN a5
2499 Generate Clock
7995ADC
993019 Power Amplifier
19930 IUAVOAINYIGYDIPower Amp
2995uUnasng v
NI ULaAINTMIHYBd Jlsunsy

o t; A Y

JUieraIANWAYDS Clock Pulse Arganiila
= ~
5Uuaan W@ Clock Pulse gagan
=} o
HaARUAUDIUDINDINALT Tud
a a o
NANDUAUDIUDINITNMAANINDIS UT DR DS
4
NARDUTUDIUDINITNIAN IS
I'4 ]
HAADUTUDIVDINITNIIDSLOND
R , 4
aaudeeiilalugie Aw020-40Hz
‘t'i =4 Y 1 ::‘
aaudoard laluyienun 30-40Hz

A a o z:;
Aaudserinlagnganu

aawdeaialandaldon lulas IMuneuiinmsvene

10
11
12
1)
13
14
14
17
19
19
23
24
24
25
25
26
26
27



&ean &ean &ean &ean ean
2 B, &2 B2
= =2 Sh =S Sh.
[V SV VRV
[ S S
— © v 0 =

ean
B
=n.
5
o
N}

Vil

CARNGIEHIGE))

Adneiala PCGD

Adnei11a PCG v

AdnFe11a PCG A

adwdoniala PCG A 1©1WYNUDINA Power Amp
youzda limpdnlng

aduEsiala PCGA 1019 WnYBIn1A Power Amp
YULADAT 1N

doyans SINE finnuasonzida duneneilinod
Fayaner SINE finaniii200Hz#a Iuntenetines
Yoyt SINE Famuasoorzisalduuseweiiines
Yoy SINE FamunsooHzna lduueweiined
Yy 10 SINE finmuasooHzA 3 lduuneueiines
Teya SINE i 1000Hz A @ veNRlne S

=Y o

A A 9 a I'd
ﬂaluﬁflﬂ'ﬁ'ﬂﬂ PCGV]'Jﬂllﬂ‘Uu‘t]ﬂiJ@um@'i

27
28
28

29

29
30
30
31
31
32
32
33



=
AT NN 4.1.

A13199 5.1

A13197 5.2

A13197 5.3

A15199 5.4

A15197 5.5

A13197 5.6

Vil

MIVYAII

o [ o
dnyuzvesdyuveswesauuiulu lvua SPP
A1319UAAIANNA clock NAINA cut off A199)
YINIT low pass filter
AN1WAAIANND clock NAINE cut off A1
¥093997 high pass filter
AT UAAINAN DY TUBIUBIIIDTNIA Power Amp
A a [~ 3
iiodlouduumily sine wave ¥R 1V,
AT AINAN DY AUBIVBI 903 1A Pre Amp
A a <] )
meﬂauauwmﬂu sine wave UYH1¢e IVp_p
AT 1UFAINANDUAUDIVDI9D5 A Filter
& a < 3
iiaflouBumniily sine wave YA 1V,
AT WAAINANDUAUBIVBII905NA Differentiator

4 a o3|
ilofloudunnitly sine wave ¥11@ 1V,

16

19

19

21

21

29

23



1.1 anudlusnvedlassau
:;l 1 a o A e oA @ A a o
AILANANAS ARAATIBA19 AMsAUNUINTssilanuInamIWenawsnhn
aa o a = a Jd
Adomayagiuveslsalunsisenlduaz lalinmsdseaugamlaalaylag Dr.Laennec
4 o a @ @ g ad aa o de o @
(1781-1826)unwndnlsasa  aufludvaiiladmailuitmsidenendingluilegiu 1ad
@ a v 1 [ z:'i ] a ] d' 9y
msvanszuumsiadonialieddeiion wu Imsweungduuuvesma laalative 14
= d'dcg Y a ad a d 9 A
AumnveudrInaIy aaeavuldiiuszuudannseindidi l)iNovrsuazdszulana
w c? Y o =Y [ = % A ) c.l
dyana  Iassemdl dWawszrumsiladesialaludnseduniia  Tavenuisariimsdsy
1 1 { o { ) a d 1 a J my o @ 1
udadenyennudvesiaIniztiindinsgiiunaouiunes  Iassnuilladinages

3

1 3 4 I @ = a a [
Faana PAidioe 1 wriuuamniudeduduuuy 13 lumswannldiidss@nsameely
4 1 - <] a @ a = ] = 4 o {1
iinsnndthoithoiulsanvanuanuralndvesrialanzinaudveialand1aan
a QS o o [ & et @ a Y
autnd  syuudadesalesiinsTanaudssveaiilavsnansisen Taole lulns Tnu
& A a o ad A\ ' Ly P ° V@
Fanaudvaralivesnuinadinawdegluas  20-1500 Hz  wazaaulandsdumiaiy
a a = A [ [ v A @ a 9 o 9
Usnamsennagliglnauany msiadesialavains 90 vsnunien: lnilutoya
aa o a a S/o’/’ o @
lumsIteneenisiadnd lanimsmauvesialatazdon
= a a o s @ =
Tumsl¥feyaveadesialouuu@y wlfmmwizanudwigvewmminlasunisen
[~ 1 = {a a 1 <4 @ v
duduodiedlunsueauszidssialinningd  edrglsnamaausonansgldygrmain
= @ d'cu Yy 9 [ v K 1 Q' [ aa o 9y
idoerialonda ldnwdeousutiufinuadszinanastianuzay amudngniwlunisidons 18

' a A ' Y
L‘]f‘Llﬂ"ISLLEJﬂLLEJ%ﬂ’J']?JNﬂﬂﬂ@ﬂﬁqmﬁWNﬁmLUﬂuﬂzVlﬂ

¥ t4 [
= XK

o wa A a o Y o Taq 9 a v 9 A o v
dnvazautifveunsoafladesinlan ldwawianlnuidlduulnadiedy Nl

1 1 '
A 4/ 1 =) A

ansofladsaiilanfoudummsonaasgladunionnsziiunmsiszuradiunioiloney

' '
Y o ] d (3 =

13 1 1 '
wioluAld daethuru musadenyieanudvesdyanuianlald laemsnses nounis
@ Pt A o 3 a [~ o aa A o &K o v a 9
fupenhyileniodrine nntundsuiudyguataoametunadimsuiuyse Tauazde

yalunsinunseddede lnvazidoase 1y

1.2 UHINAVDIIATIY

' v ' ]
Tulasenuniodiadoaiilesl duananaudssialandaldon lulas IWuSenn

o g

S

Phonocardiograms of Displacement (PCG D) wud WUIUUDY Complex Wave Taginnudnd
gsueiinguzivinauesdyyiad uaziiiosnnsennuivesniudonidleiiauludy

a 1 1 P 4 = o P o & = P
furrwoglugaenaud 1205008z Fuiludeesiale Foefinile (first sound) uaziveiiaes



[
o o =

' a a 4 4 i a
(second sound) Fedpatihdyann PCG D 71l lrurwsaniesudiomes eriuavsal

a

~

a o a @ 1 . 4
OIS UTDINDS NIALINILITUNTUUIUN dn Phonocardiograms of Velocity (PCG V) uaziiie

D]

[
IS

[l a a d ~ =) v N . .
HesarinesuemesnnfidesszSundaya i 1691 Phonocardiograms of Acceleration

[

A % ' a a 1 d’ IS
(PCG A) GavdsnnrnnsadmlosuFiowesudidyan PCG Tugnanuigeegiivuig

o o

¥
o

Y
Tnaduildaoaensnasanlurennudiug

v
[ =

o @ 1 Aaq v dy [l IS
mwsumammﬂﬂﬂﬂuimwmuumaamﬂu 4 ¥IIA9U

(]
Aadaa

1 = 2 g
1.‘If’Nﬂ’J'IiJiDO-lSOOHZVNL‘IJL!‘U@UL‘UG\‘UEN?]’NNQV]WWSQH

1 = £ g 1 = a @ = ~ Py
2. BINANUD 20-120Hz “I)’xiLﬂU‘D”NﬂﬂiJﬂ"U@QLETENﬁ’ﬂ% wygInauLne e

' = b g 1 = @ a ~ :
3. P¥I9ANNUD 120-500Hz cdﬁuﬂumammmm!,ﬁmm% Lﬁﬂﬂﬂﬁﬁﬂuﬁ&’ﬁ@d Lae

1 < é:i.] ' & Y =t 7
4. $29ANNA 500-1500Hz Fuitugrnnudveadouialelufiainsony laludie

1.3 (HOHIVDIT 1911

" o dyd =2 = 9 =2 1%
3189 IUQ‘U'UNHJUWa%’]ﬂﬂ1§ﬁﬂy']m-llllﬁ']ﬁif]ﬂﬂ'ﬂﬁhl?ﬁﬁ@@ﬁ@ﬁﬂjﬂﬂ’lﬁﬂﬂy1 HUN1IAA

1 o
a4 A

o Sy v 4 s £ Ul v o 4 4
‘VT]TIEN"IL!‘L!VLWJZJﬂWﬂﬂ'\ﬁTJU5'JiJﬁ'lfJﬁgL@ﬂﬂ&ﬂﬂﬂ]ﬂ‘ﬂ'ﬂf}‘lﬂ];]V]Lﬂﬂ?ﬂl@ﬂwaﬁﬂﬁlﬂ LW@‘V]%ZHJ“H
) 9y £ ﬁy o dy 1 [ dy
LLU'J'V]'Niuﬂ?ﬁTnﬂ'ﬂllﬁﬂclﬂ Gmmw1mtJ°lu§18Nmﬂuuu%umzﬂuuwmu
= o
Unyn 1 ynua
= = s o
Unn 2 ﬂﬂygﬂﬂﬂlﬁﬂﬁﬁjh
‘U‘Vlﬁ 3 A130DALLUULIAE MINNIUVDIDT
d' [ é’l A
Unn 4 ﬁﬁﬂﬂﬁlm?ﬁﬂﬁ@@ﬂllﬂﬂiﬂilmﬁuﬂumﬁ@ﬁ Wy (PC)
‘U‘V]ﬁ 5 NINAABALASHANMINANDI

uni 6 unagy



a
Unn 2

a A 0
Nqu @l

d’ = U
2.1 pauaeeTiale

¥
=2 a 1

mstuindeaialanunedemsiiufingesss q AReduluuSnans9enLensg
A v X A o < o A A
mevseluulomanatiuinlasass  laenaadesiuiinuuiialonsevasaiea lagnsg
Tagnunsestiunnuuilanionaoadonlasass ualassialUudamstiufindossindion
a ' ° a o 9 p=% [ <} @
AINeNYBIIMeluusufItumsiedromalnalayd  lunandedsusfaiuisos iy
=2 ] o A A 2 v e | Ao X o a v
namsiauvesialanieviaoaieadeduut fudess q Avuiinld Tagtndudayues
P v P f Yt A A Y1 - @
WypNnw huazmmsanendosadie q 1daniunsodie w91 murmur nazifeaialanaty
8L 1 = A‘ A d” 1 g d‘ =1 1 dy
Uszinnzansoveauaziuen ldognaziooa launsoaiion udluuensunseiomaiion
1 v K s 1 é Y9 ' = vd‘ P=1 d' n:y
“lummsauuwmammaamwammsaﬂq"lﬂmau Wy dsanuesinnudgevosau
Ja o I~ 9 9 A = v o Y a [
wopsanid uay lunuassdw gUadudssinihlfisiawnsauennamsifavouies
'3 @ o APVE, a o =1 EY [ 2 1
wazdsingmsslveaiulaefonaudwasntiuiinnsousu la T 9z yuyEd limnge
kY A LY 9 < A a a 9 1 v K =
ven laiiowinialudusmsords iy 14 Tavagduda anwsanuneroansiiufindes
v d‘ = a 1 =)
wilaasaduawasiiog 3 Usznis fie
PRl d & @ 2ol NS s ™ o Y Jar=y, N
I v'flumﬁaqmmwsuaauzmzdﬂﬁmmwmmzuaﬁﬂm‘lwummgaﬂ URENI9ATIN,
o @ A Sldal é’
MIAAT waznIsHe vesszuunialaznaenifonlingayy
Yy = @ A a & T v
2. Tideyadernunindasuudasmems lnadouds luawnsons 1w 1danmsasa
NIMYNN
I v &R A =1 o d o =} A =1
3. WhuuhniansveudesiilanazdsingmssivesilaazvosadoaionSoudiey

o
Aumstuiinlunsde q Tl

'

= 4

Taolnauda @sananedimsduasiiion (vibration) YoIRAUEIIRHULNE A5

u q

v
& =

y 2 1 1 1 A T a =t o =t ) Ao ' dy
1A Feoglusendng 2020,000 FrRAUABTINT (Hertz) msduazifioufitinnuadiniii
nm ya = ! 5 5 _ % o A a dyzu v W 9 1 nm Ya 3
v 1 ldgunaziSond infrasonic vibration msduazieusiaiinduialdualyidsy &
U1 apical impulse FIUARUTOINTANWDGUAN 20,000 FrARuADIUIT Fond
. . . 4 d " ga 1 = o ™ ya a S &
ultrasonic vibration muwyﬂﬂx"ln"lﬂauwumaaﬂu Tﬂﬂm'lﬂijwytﬂﬂaummwumma
a 1 o ~ d 1 = Ao Ao 1 4
qaan1AunM Msyuyedvennu haedeshiinnuadmas ldudunnulvaie o
nnissilanzidsaialadnegluginnudid adfessndne 20-500 YasnausdeIud
[ :II v KX A Y =t L4 ) v v KR A Aa PR =i o
Anumstuiniesidleddilsy leminadmiviuiindeailanuddmwin « Ayuyudorn
Waldla  astuiindeaialalaeialuuddeserfansosdonseaudos ietufindeeiale
a

azieaiiinnuduana1eiy @y audd (20-120 FraduAsTAT), Thunans (120-500

U



FNAAUABINTN) MTOYI (400-1,200 FI9AAUADTUT) 1FHBIAIVAIN 9 1AL diastolic rumble
v Y [ v
vesa luasady marfleglunduanudiar daudeeylauoalndavesdudinInguaszifos
£ = o o ! 1 = v A o o o Yyt ¥
niwosdesdewosialedaegluginnuftiunas  mstiuiindoaialeesin1dades
o ¢ Ao o oA 4 A o R A Yo qv A& A 4 o =
oirvesRlsznouiichAy Ao inTeslotiufiniils msfinldinTesile msnunseaiuiinly

vinuee 9 ldmingay (duiufulvdennfuly) uazdeyaiil@ainmisasaesisne

Tasinwizmsnd1 uazmsiedaoyils

d' =) ad v XK = d' o
2.2 1A309NBLAZITMTVUNNITBAZAAHTNDS

xﬂ' V=] - @
1. |w5p9unnaImaseiale

v K =1 e Y @ J @ x:y
MIVUNANWTEIH 2197090 7809 ls e noURatl

Y v AR

Yy do K Y A & v g ay '
1.1 ¥B3UUNN W@QV]‘U‘H‘V]ﬂ%%ﬁGlﬂﬁlﬂﬂﬁﬂﬁﬁtﬂuﬁﬂﬂmﬂlﬁﬂﬁ QMWQNG]?N%J

a

< a ag o U ) o '
wuvsedowaull  gungiidudulUidddhenunady  dhidsuniudedoung pulse
Ao R < d 9 £} ) ! '
wave NN Twanmne1vdeslioueundusdiseou
Y1 o K ] A - A Y v K EY 1 9
12 msldvestiuiinnatoges  miesienldiuiinaisyseneudasodation
1 ~ I~{ (] [} o @ Y 4 @ 1 1 ) [
2 393 munzhganlsitlu 4 989 A yeedmSumsiiufinnau luiale 2 desreindmiy
v K = o Ao A = Py 1 @ 1 A4 o v @ K A A 2 2
TunndesialinlinTesnseudesiuandeiy  uazvesnadmsusuinadusnesgeenld
[l o ¥ ) o 4 { aa 4 a
soauuiiufinadn IndnialmSauuudonialefld  #lsmennadsiyldniesiiosiia 3
1 £ 1 9 Y v K T o un Ao = 9 9
¥04 FeImnendgaes IiHanstuined lunmuainimela amiitudinldlsznoudae
aau IWihiale (Fesale Bosluozadudnes
1 < @ 1 o Y
1.3 99AH oscilloscope 328 1A AT A BN AITUAHFADUABUTINTTUTN
° Yy 1y A N AL a ' P '
Wl lddewAoanamasaseaivinn uamsesdiefitinmzaiaiinaeso nuelvajuay
a 1 d' 9 1 Y] aa (P=1
NN FUATITUANALIIMQNEE N IF urueTsaiala Tsawetnans s laiiivenin
ad g s o R o 9! add
1.4 N3z I uazAEd mstiufinaunsaildlas 2 5540 (1) uuy
a A a s [ c{w = d’ v & addy
Aeulagasefe  WonesnuiuunszamnW  wuudssiTufianay Wil aoed
] { 1w | o aad @ & <
azan win i A TidamAuIEa ) uuunszaesagdedreldsang,
d d99%0 2 o qu g a = v
anusnldtunninldanusvesnsezaty 50,75 waz 100 w.Af WE
1 d'l A
LUALNTOIND)
1.5 Pick-up devices uazimailanmsiy lulasivu Ivatouuy viiafiideuld
OO o % = " o a [~ A Aa 1
Unutlu piezoelectric (crystal), 139 electromagnetic (dynamic) YUALLS A UHANTIULINAN
v R A  da o A o Yt 1 ya
mazmmatunndesniaudsazadudnes laani msndlulasidy  aa51918da

Aumdsenagtamzay Tuwdudu ldvSonaauiuly asldmesedasountien



2.3 sinaudessralofUnfuaznandwas

msfuingUaiudes, atulWfvialuesaduinesd o Tunavierfuezawise

v
4 ¥

LAAIANUTUNUTVRITIRT U el 14
a 2
1. 18919 (S1)
aa & 9 ' 1 IS A a0 A 9 a
luaudnaidesmilalsenoudae 4 dau dauusnidunduanuddiidloduiaoin
g = @ =1 o aa 1 { [~ 4 P a
ﬂé'mxﬁawmﬂuizazusﬂqmmmmummmumma aui 2 iWunauanudge haen
Qy v a 1 P [~ { a ] Qy EYRRP-N a = ! 1
aulunfatla daud 3 unnwdige Warennduludalayszinm 003 5ud EERIORY
a Qs‘ v ay 1 xﬂ' 1 a ] P=| d' S Y A T
nannauludgatla LAUNALFBIUNAINTIULIAVDIRBANYNAADEN ldinasaiionle)
1 = < A Ao & Y 4 a 4? a A [ EY [ A 1
aIun 4 uhmaummammﬂuaa%ammuiummzmaaﬂgmsam”lﬂﬂwaa@ma@img Tu
i v o | c; & g A o " e a v
neaadas e nvanlaamediui 2 wagh 3 yudupauanudguviniu  Taelnduds
a é v a 4? [ = sldd' a 3,
@O HUpI luAaTumUNEY Q wave TWECG waztiudinldan apex LAZUTNUVDUAN
9 a v v A [ ] v a
HYveenszgnen lasndai luasainiianuusen g lassatla
2. 1789894 (S2)
v v
a af a @ [} 1 Ja a 1
(NAIINMITUAYDIA semilunar Nea09 1 2 HIUfDAINVDUOBDIAR (A2) HARDY
v
dyialutia (P2) luszeenelasen A2 uay P2 Wnsaudy danlugremelotngs 2 5o

=

21LENBNIINAUDS 0.08 319 udlavdnfsniiseoznaueasidseins 0.03-0.04 Suli

[l v
A A

Y a a d? 9 s
mshidowenvazisladn @annmawa 2 Usems Usemsusn P2 Aadiudharnnisid
aa =1 a 1 a d' a A A d? aa T 9/
nuasmaynDuawunafidissninitsnadeanniulunuesifavnlugiemelash
Usgmshi 2 lusznemelududonss ldseglutlon wldiden lnastaledmdoonss
3 aa ) u’j g g a = T
inldnuasiadieiivdiduas a2 Selladatn  Taend A2 finawigennd 2 luyn
Y [ E v
AunussiishuTnaauialuin uazifos A2 sznseneliiansasen dau P2 Sasiudin
[ 4 v
mmziusnaduialufiasazdiiinans q vewondhonszqnen Tumsiiufinnmides
@ (<] a 1 a a 3 dy '
M219921MU A2 1iAfBY dicrotic notch B4 carotid pulse Use1a 0.01-0.05 WA adiud e
pulse-wave velocity ATNdURUTVouFaosdondnIvfiile fovzifamunds T wave
3. (683 (S3)
o 4 = Aa Ao 1 4 1 a Y N { a
dlundudssniinawdd (20-70 $2snAuUa W) Tn1sEneURY 1-2 vibration Tifa
d?‘ Qy . . . 1 L% 9 1T a
YUABUTUGA rapid ventricular filling Tugausnveslanealna Tulegifudhloindialuwne
= A =) 9 9y aa 9 o Y aa 9 A o a a
nieannemIsuEe InaduesifadouasildnuasiAadeiadieen Tasind s3 ifa
4
[ a a T a = v @ < v
Yuaunda A2 Uszana 0.15 0T (581319 0.10-0.24 Sundi) sinduiin1dluanuazauniiy
4 ]
a1 1@eeiliiudin 1881 apex luvmeunouasiusuazunsdne Fog 3 az8enilnaly
o @ d ! 1 o w qs;l
angifiden lnadiialuiindisssum Wy vazeenmidme, 11499 104 v1ensa s3 819

[l o = W I~d = 1 P g & n’:
1sznouda vibration nadawiiliTdnyneiludon] lauoaTnafifinnudddu



A A
4. 19 (S4)
I~ = Ao 4 a = @ = o Y ! v K 9
Wudesnnuddiifavnmsivdveuswsoy  nieldon  udansofuinlg
Y d‘ @ K = @ a [ a d' @
AWATOITUNATBINI1Y  1iANdIIngaITUIee P wave vosndulwiiallszina 0.14
' b v
MWW #@AATENIN 0.12:0.17 i) TaevalUuds s4 feneu Q wave iHushTURN QSR

a I~ a v v K Yt d a 1 9
UILIWU apex clmmﬂm S3ungS4 l!ﬂ‘Uu’V]ﬂllﬂﬂ‘VﬁJiLﬂmﬂJ@UﬁW\icﬁ?UﬂJ@ﬁﬂigﬂﬂ@ﬂ

& C v

W JUCUL AR
Y,
X

fe)

CAROTID

&
|
A
ACC
St
\I Q (3]
~
o 2
4 hj

_—/\’H——'\/—- PHONO

R

\_/P\/\,_/‘T\/\’\
LCG

sz mdnsdennuduiusvesnan Wi lady

phonocardiogram 1482 pulse waves A139 N URANS DL Aulunaniedf



f\-oos—— =y — =

|

A

L;._'L....A

{odecl

Tg

n' -
. S

fpees——t

A

®
o
o

400 mm/sec.
I

g2 Medendudosialoluauilad



s
UNnn 3

N199BNUVVLAZ NI TN N UUBIINDT

Y o c?/‘ kY Y o Y v dy
Yomvualumsoonuuylududu ldfvua 1Aaeil

da da o o @
LUDUAINTYDINDINNNINIZABINTOUANUUUAIATYDIT Yy I dBariale

o o 1 a o
2.ﬂ’13J'l§ﬂﬂ?ﬂﬂuﬂ?ﬁﬂ?ﬁ?uﬂ]@ﬂ?ﬁ‘ﬂﬁulélIﬂUﬁQQTUNWUﬂ@NW'JL@@i

9 Ja g a ( 4 4 v Y
3 Jdgdnsaimiannsetdnd lunmsadrelddooigaiolse ndadumnu

o <] (fll ‘:y o
i]’]ﬂ;j@ﬂ1wu@(1uﬂ‘lja@ﬂliUUﬁWﬂJWiﬂuﬁﬂ\‘]UﬁaﬂVLﬂﬂzlLﬂﬁuV]QﬁuﬂiuIﬂﬁﬁﬁ’]uuVlé}ﬂq

DIFFEREN
MIC Y PRE AMP el
MULTIPLEXER

]

FILTER

11

POWER
AMPLIFIER

SPEAKER

H

ADC N BUFFER
N—/] | MoNiTOR
CLOCK |
T ) — TT
SOFTWARE
DELPH 6

|A———— CONTROL
— | oaN

A g ! ¢ ¢
g‘l.l‘i’l 31 Uﬁ’t’)ﬂhlﬂ’ﬂzuﬂillﬁju"ll@ﬂ815@“’35

3.1 mseenuuusasnnvenadaanadulnsiviu@ilun: Pre Mic.)

vy
mads luntlazisenpudodiunsnieaens lusansumuaes lusoulsznov'ly

9 9 a 7L o Y [ o Jd 1w ~
ArwanuAIumY 10 Alalowidaimihn ludaneuawaes lunogawaalugdn 3.2

A A 4 qy Jq & . . . &L o
TIUNTDIAND N%wmwﬂ%aﬂuanﬂ ﬁﬂi‘uL‘ﬂu’N%i non inverting amplifier ¥IUINUNNIT

4
VY 2 111 ATUINDINGATA

GAIN=1+(RF/RI)

womvualdal RF=10k RI=10k 9214
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Hobp=Bandpass Gain=-(R3/R1)
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capacitor filter 1AM 3USUANWDVOITRYRIYU clock TAKAMUAITIN 5.11a2 5.2 HAT 1AN3
b
naaotii W ldlunsahenesilamesouds q lavdwana clock sudaainlulas
a s s o = o 1o =q
Ao IneIAIUAN laswanduls TugUi 5.1 uaz 5.2 namsdegedyaa cock NlFlunis

ay d
AIANIDTHAADS
M3197 5.1 A1519UAAIAINA clock NANUD cut off A199UD99995 low pass filter

LOW PASS FILTER
Freguency —Cutoff (Hz) Frequency Clock (Hz)
10 1.3k
20 2.3k
30 388K
40 4.27k
100 13k
300 32.8k
1k 103k
1.5k 152.7k
1.8k 183.3k
2k 203.4k

M990 5.2 1AAIANUD clock NANUD cut off @199 U997 high pass filter

HIGH PASS FILTER

Frequency Cutoff (Hz) Frequency Clock (Hz)
10 970
20 1.72k
30 2.73k
40 3.68k
100 9.74k
300 27.69k
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1k 97.33k

1.5k 147.26k

1.8k 177.4k

2k 197.1k

Tek HTJE 100kS/s 24 Acqs

.............. ch freg
675.7 Hz
Ch1 Ampl

5.04V

2V'\1 IMUMSEOOHS'E-C-h] E”"ggz'o’ni\'/

\ 9 Mar 2001

22:37:38

d’ = 4; A o Y
31]1’1 51 gﬂuﬁmmmmm clock pulse mqﬂ‘ﬂ‘ﬂﬂﬂ
Tek HTiiE 50MS/s 1674 Acgs
i I by 2t A |
U & 4

T D e D] chi Freq
603.5kH2z
ch1 Ampl

4.96 V

o 2v'\, TR P M 1sChlJ‘144v

a2 9 Mar 2001

22:35:44

U1 5.2 galiaasnaud clock pulse gegadivii 14
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4 { v @ 4 o o
Msnaaesil 2 nAaRUMIADUAWBIAAvRssEIURUF AU Tavsuadya
nagowlioglugig 20-500 Hz fenaaeuiTvnwIIITARD VT Ty PCG Tugas

' b7
naulaldasy menaaeatisz lildnsiawesla q ldwamsaovaussluasg waznsivl

4 4 a <
M91971 5.3 M3 NUAAINANDLAUBIVDIINIT AN Power Amp ioTlondunnily sine wave

YHUIA le_p
Frequency (Hz) Voltage Output (V) dB
5 3.76 11.50
10 5.22 14.35
20 5.84 L N32
40 6.12 15.73
60 6.20 15.84
80 6.20 15.84
100 6.20 15.84
500 6.20 15.84
1k 6.20 15.84
10k 6.20 15.84
20k 6.20 15.84
100k 6.44 16.17
300k 6.96 16.85
500k 7 16.90
M 0.7 -3.09

[ 4 a [
M319H 5.4 M IUTAIHAADUAUBIVDII995 A Pre Amp tilodloudunmidiy sine wave

UYUIA le_p

Frequency (Hz) Voltage Output (V) dB
34 0.7 -3.09
10 1.89 592
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20 2.32 7.30
40 2.48 7.88
60 2:51 7.99
80 2.52 8.02
100 2.53 8.06
200 2.55 8.13
400 2.56 8.16
600 2.56 8.16
800 2.56 8.16
1k 2.56 8.16
1.2k 2.56 8.16
1.4k 2.56 8.16
1.6k 2.56 8.16
1.8k 2.56 8.16
2k 2.56 8.16
4k 2.59 8.26
10k 2.6 ' 8.29
3M 1.51 3.57

' . : X o
VniNﬁ 5.5 MINUAAIHNIADUTUDIVDINITNA Filter Lﬁ'aﬁauauwmﬂu sime wave VU119

IVp_p
Frequency (Hz) Voltage Output (V ") dB
10 0.46 -6.74
13 0.7 -3.09
20 0.84 -1.51
40 0.94 -0.53
60 ‘ 0.96 -0.35
80 0.97 -0.26
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100 0.97 -0.26
500 0.97 -0.26
1k 0.92 -0.72
1.5k 0.89 -1.01
2k 0.88 -1.11
2.5k 0.87 -1.20
3k 0.84 -1.51
3.5k 0.82 -1.72
4k 0.81 -1.83
4.5k 0.8 -1.93
5k 0.78 2.0
5.5k 0.74 -2.61
6k 0.7 -3.09

{ / 4 a S .
MT9N 5.6 AIINUAAIWARBLAHBIUBIININIAN Differentiator doflouduwniu sine

wave YU le_p

Frequency (Hz) Voltage Output (V) dB
20 1 0
40 14 2.92
60 2.6 8.29
80 4 12.04
100 4.8 13.62
120 5.6 14.96
140 6.4 16.12
160 7 16.90
180 7.6 17.61
200 8 18.06
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400 9.6 19.64
500 10 20
600 9.6 19.64
800 8 18.06
1k 7 16.90
1.2k 6 15.56
1.4k 5.4 14.64
1.6k 4.8 13.62
1.8k 4.4 12.86
2k 4 12.04
4k 24 7.60
6k 1.6 4.08
8k 1 0
10k 0.8 =1.93
dB

- T " T T T T
01 1 10 100 1,000 10,000 100,000 1,000,000

A = d
3153 manouauBIvBITAIRLS Tud
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041 1 10 100 1,000 10,000 100,000 1,000,000

Hz
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Tek HIdiE 500 S/s 3 Acgs
b + ]
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: 4 : : ‘ i No ref
e P Y 1 crossing
. : : ch1 Ampl
i Wb, U b AP DRI I o T P oV
i . X (\A : s
AVNUH“A //\ AWAV U vUﬁUl‘\\,f/\\jA\-'ﬂvAv
B SoomvA M100ms CRT 7 T20mV
6 Mar 2001
23:58:00

5107 5.7 adwdoeialalugie AwD20-40Hz
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Tek HIXE 500 S/s

20 Acgs

AL ..A./\ i

BYA R ALS

@I 200mvA

Ch1 Freq
38.96 Hz
Low res

Ch1 Ampl
48mv

7 Mar 2001

00:00:25

514 5.8 adwdeesiala Ty aen10d 30-40Hz2

I soomA——

~MT00ms ChT 7 120mV

d’ d‘ = £3 =
U7 5.9 Adudsalannganud

Ch1 Freq
31.69 Hz
Low res

Ch1 Ampl
640mV
Unstable
histogram

7 Mar 2001
00:03:39
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Tek e a—

Ch2 Pk-PK
S.68V

Ch2 lreq
444.4 Hz
Low signal
amplitude

T00 v T 7 L ch2

d’ A P Y o @ 11 o
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unit Unit1;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

Unit2, Unit3, Unit4, zAnimate, zPanel, ExtCtrls, Unit5, StdCtrls, Unit6;

type
TForm1 = class(TForm)
Frame21: TFrame?2;
Frame31: TFrame3;
Frame4!: TFrame4;
Scope: TzScope;
Frame: TzFrame;
Timerl: TTimer;
Frame51: TFrames;
Frame61: TFrame6;
Editl: TEdit;
procedure Timer 1 Timer(Sender: TObject);
procedure FormCreate(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }

end;

var

Form1: TForm1;

var

m: Integer;



implementation

{$R *.DFM}

procedure TForm1.Timer1 Timer(Sender: TObject);
begin
while onoff =1 do
begin
Editl.Text := IntToStr(n);
{if ((m <n) or (m = 8192)) then
begin
Scope.Chamnell := Plot{m];
ifm=28192thenm =1
elsem:=m+1;
end;}
Application.ProcessMessages;
end;
end;

procedure TForm1.FormCreate(Sender: TObject);

begin

mi=i;

end.



unit Unit2;

interface

uses
Windows, Messages, SysUTtils, Classes, Graphics, Controls, Forms, Dialogs,

Unit4, NpsPort, ExtCtrls;

type
TFrame?2 = class(TFrame)
Timerl: TTimer;
PortData: TNpsPortB;
procedure Timer1Timer(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
end;

var
WR: Integer;
Data: Integer;

implementation

{$R * DFM}

procedure TFrame?2.Timer1Timer(Sender: TObject);
begin
while onoff =1 do
begin
if WR =1 then

begin



Data = Data and $FE;
PortData.Value := Data;
Data = Data or $01;
PottData.Value := Data;
WR :=0;
end;
Application.ProcessMessages;
end;

end;

end.

unit Unit3;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
Unit4, Unit2, ExtCitrls, NpsPort;

type

TFrame3 = class(TFrame)

PortStatus: TNpsPortB;

Timer1: TTimer;

PortData: TNpsPortB;

procedure Timer1Timer(Sender: TObject);
private

{ Private declarations }
public

{ Public declarations }

end;



var
n: Integer;
SLow: Integer;
SHigh: Integer;
Status: Integer;
Plot: Array{1..8192] of Integer;

implementation

{$R *.DFM}

procedure TFrame3.Timer1Timer(Sender: TObject);
begin
while onoff =1 do
begin
if WR = 0 then
begin
//Data := Data and $EF;
/[PortData.Value := Data;
//SHigh := PortStatus.Value;
Data := Data or $10;
//PortData.Value := Data;
{//SLow := PortStatus.Value;
/IWR =1;
//SLow = SLow Shr 4;
//SHigh = SHigh and $F0;
//SLow := SLow and $0F;
//Status := SHigh or SLow;
//Plot[n] = Status;
ifn=8192thenn:=1
elsen=n+1;

end;



Application.ProcessMessages;
end;
end;

end.

unit Unit4;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
zLed, StdCtrls;

type
TFrame4 = class(TFrame)

GroupBox1: TGroupBox;

Ledl: TzLed;

Led2: Tzled;

procedure Led1Click(Sender: TObject);

procedure Led2Click(Sender: TObject);
private

{ Private declarations }
public

{ Public declarations }

end;

var

onoff: Integer;



implementation

{$R *.DFM}

procedure TFrame4.Led1Click(Sender: TObject);
begin

onoff == 1;

Ledl.Enabled = True;

Led?2.Enabled := False;
end;

procedure TFrame4.Led2Click(Sender: TObject);
begin

onoff = 0;

Ledl.Enabled := Falsc;

Led2.Enabled := True;

end;

end.

unit Unit5;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
zAnimate, Unit2, Unit4, StdCtrls, NpsPort, ExtCtrls, zLed;

type

TFrame5 = class(TFrame)

GroupBox1: TGroupBox;



Volup: TzShapeBtn;
Voldown: TzShapeBtn;
PortData: TNpsPortB;
Timer1: TTimer;
Timer2: TTimer;
Ledl: TzLed;
procedure VolupClick(Sender: TObject);
procedure VoldownClick(Sender: TObject);
procedure Timer1Timer(Sender: TObject);
procedure Timer2 Timer{Sender: TObject);
procedure Led1Click(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }

end;

var
vol: Integer;

implementation

{$R * DFM}

procedure TFrameS5.VolupClick(Sender: TObject);
begin
if onoff = 1 then
begin
Data := Data and $FD;
PortData.Value := Data;
Timerl.Enabled := True;
end;
end;



procedure TFrame5.VoldownClick(Sender: TObject);
begin
if onoff = 1 then
begin
Data := Data and $FB;
PortData.Value := Data;
Timer2.Enabled := True;
end;

end;

procedure TFrame5.Timer] Timer(Sender: TObject);
begin

Data := Data or $02;

PortData.Value := Data;

Timerl.Enabled := False;

end;

procedure TFrame5.Timer2Timer(Sender: TObject);
begin

Data := Data or $04;

PortData.Value := Data;

Timer2.Enabled := False;
end;

procedure TFrame5.Led1Click(Sender: TObject);
begin
if onoff = 1 then
begin
if vol = 1 then

begin
Led1.LEDColor := lctGreen;



Data := Data and $F7;
Data := Data or $08;
PortData.Value = Data;
vol = (;

end

else

begin
Ledl.LEDColor :=IctRed;
Data := Data and $F7;
PortData.Value := Data;
vol = 1;

end;

end;

end;

end.

unit Unit6;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

Unit2, Unit4, StdCtrls, ExtCtrls, NpsPort;

type
TFrame6 = class(TFrame)
Panell: TPanel;
Frl1: TRadioButton;
Fr2: TRadioButton;
Fr3: TRadioButton;



Fr4: TRadioButton;

Timerl: TTimer;

PortData: TNpsPortB;

procedure Timer1Timer(Sender: TObject);
private

{ Private declarations }
public

{ Public declarations }

end;

var
Fr: Integer;

implementation

{$R * DFM}

procedure TFrame6.Timer 1 Timer(Sender: TObject);
begin
if onoff = 1 then
begin
if ((Fr1.Checked = True) and (Fr <> 1)) then
begin
Data := Data and $1F;
PortData.Value := Data;
Fr:=1;
end;
if ((Fr2.Checked = True) and (Fr < 2)) then
begin
Data ;= Data and $1F;
Data := Data or $20;
PortData:Value = Data;
Fr:=2;



end;
if ((Fr3.Checked = True) and (Fr <> 3)) then
begin
Data := Data and $1F;
Data := Data or $40;
PortData.Value = Data;
Fr:=3;
end;
if ((Fr4.Checked = True) and (Fr <> 4)) then
begin
Data := Data and $1F;
Data := Data or $60;
PortData.Value := Data;
Fr=4,
end;
end;
end;

end.



NNational Semiconductor

MF10
Universal Monolithic Dual
Switched Capaci*or Filter

General Description

The MF10 consists of 2 independent and extremely easy to
use, general purpose CMOS active filter building blocks.
Each block, together with an external clock and 3 to 4 resis-
tors, can produce various 2nd order functions. Each building
block has 3 output pins. One of the outputs can be config-
ured to perform either an allpass, highpass or a notch func-
tion; the remaining 2 output pins perform lowpass and band-
pass functions. The center frequency of the lowpass and
bandpass 2nd order functions can be either directly depen-
dent on the clock frequency, or they can depend on both
clock frequency and external resistor ratios. The center fre-
quency of the notch and allpass functions is directly depen-
dent on the clock frequency, while the highpass center fre-
quency depends on both resistor ratio and clock. Up to 4th
order functions can be performed by cascading the two 2nd
order building blocks of the MF10; higher than 4th order
functions can be obtained by cascading MF10 packages.

Any of the classical.filter configurations (such as
worth, Bessel, Cauer and Chebyshsv) can bs formsc.
For pin-compatible device with improved periormance
to LMF100 datasheet.

SUReT-

Features

® Easy to use

m Clock to center frequency ratio accuracy =0.

m Filter cutoff frequency stability direczy cepercen:
external clock quality

h

® Separate highpass (or notch or allpass), barcoass. iow-

pass outputs
® fo X Q range up to 200 kHz
& Operation up to 30 kHz
8 20-pin 0.3” wide Dual-In-Line package
@ 20-pin Surface Mount (SO) wide-body packecs

System Block Diagram

v ViF H/APIHP S

Connection Diagram
Surface Mount and Dual-in-Line

i Package
R
tPy—{1 b= 6N
8P, —2 19—
N/AP/HP, —13 Bl n/af/F;
Y, —14 T
Si,—5 i
SV 15 =4
Va7 4p=V,-
Yot—i8 13 fvam
Lsh—{9 12}-5c/ 1/
C, =10 3Y ol t
TSt
Top View

\[] Vi N/AP/HPg ST

Order Number MF10AJ or MF10CCJ
See NS Package Number J20A

Order Number MF10ACWM or
MF10CCWM
See NS Package Number M20B

Order Number MF10ACN or
MF10CCN

TUH/10399-1 See NS Package Number N20A

H
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MF10

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Supply Voltage (V+ — V—) 14V
Voltage at Any Pin V+ + 0.3V
V- — 0.3V
Input Current at Any Pin (Note 2) 5mA
Package Input Current (Note 2) 20 mA
Power Dissipation (Note 3) 500 mW
Storage Temperature 150°C
ESD Susceptability (Note 11) 2000V
Electrical Characteristics v+ =

apply for TN to Tay; all other limits T = Ty = 25°C.

+5.00V and V— =

Soldering Information

N Package: 10 sec. 260°C
J Package: 10 sec. 300°C
SO Package: Vapor Phase (60 Sec.) 215°C

Infrared (15 Sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” (Appendix D) for other methods of
soldering surface mount devices.

Operating Ratings (Note 1)
Temperature Range
MF10ACN, MF10CCN
MF10CCWM, MF10ACWM
MF10CCJ

MF10AJ

Twin £ Ta < Tuax
0°C < T4 < 70°C
0*C < Tao<70°C

—40°C < Ty < 85C
—55°C < Tx < 125°C

—5.00V unless otherwise specified. Boldface limits

MF10ACN, MF10CCN,
MF10ACWM, MF1ocewm| MP10CCY, MF10AJ
. t .
Symbol Parameter Conditions Typical Tested| Design T Tostgd, Design |Units
(Note 8) Limit Limit (N‘olte: ai » Limit | Limit
(Note 9)(Note 10) (Note 9)(Note 10X
V+ — V—|Supply Voltage  |Min 9 I 9 v
Max 14 14 \4
Is Maximum Supply Clock Applied to Pins 10 & 11
Current No Input Signal 4 = 12 4 = mA
fo Center [Frequency |Min  |fo X Q <200 kHz 0.1 0.2 0.1 i 02 | H
Range Max 30 20 30 20 |kHz
foik Clock Frequency - |Min f 5.0 10 5.0 10 | Hz
'~ [Range. Max 15 1.0 | 15 1.0 |MHz
fouk/fo  |50:1 Clock to MF10AlQ = 10 Voimz =5V | 02 | +06 | 0.6 | z02 | =1.0 %
Center Frequency [y r1ociMode 1 foLk = 250 kHz
Ratio Deviation + 025} & 125 = - =02 | =4.3 %
fok/fo [100:1 Clockto  |[MF10AlQ = 10 Voiniz=0V | 02 | 206 | 0.6 | =02 | =1.0 %
Center Frequency [y e1ociMode 1 fouk = 500 kHZ
Ratio Deviation FO2 Tks¥5 *1.5 =Qf =15 %
Clock Feedthrough Q= 10
Mode 1 10 10 my
Q Error (MAX) Q=10 Vpini2 = 5V ~ T _
(Note 4) Mode 1 Wi 250 kHz{ T2 _| o il Bk b %
Vi = QV
pin12 o -
o2 sookrg T2 | %6 | 6 | =2 | 210 %
Hop DC Lowpass Gain Mode 1 R1 = R2 = 10k 0 +0.2 | 0.2 0 +0.2 dB
Vosi  |DC Offset Voltage (Note 5) +50 | 20 | 20 | =50 | =20 mv |
Vosz  |DCOffsetVoltage [Min  [Vpiniz = +5V [Sasg = V* —150 | —185 | —185 | —150 | —185
(Note 5) (foLx/to = 50) o
Max CLK/TO -85 -85 -85
Min Vi = +5V |S = iy
pin12 A/B ~70 - \V]
M lfcwdto = 50) 9 m
Vos3 DC Offset Voltage |[Min . Vp;,-ng = +5V |All Modes -70 —-100 | —100 -70 | —100 v
Note 5) (fcx/fo = 50) m
( Max |(fcux/fo -20 | —20 —20
Vosz  |DC Ofiset Voltage Vpiniz = OV [Sag = V+ = N
(Note 5) (foLk/fo = 100) 300 300 mV
Vi = oV S =V-
pin12 A/B — -
(Note 5) (foLk/fo = 100), 140 140 Y
Vossa DC Offset Voltage Vpini2 = OV All Modes _ _
(Note 5) (oLxc/fo = 100) 140 140 mV




Electrical Characteristics (continued) v+ = +5.00v and v— = —5.00V unless otherwise specified.
Boldface limits apply for Ty to Tyayx; all other limits Tp = T, J = 25°C.

MF10ACN, MF10CCN,
MF10ACWM, MF1ocCwM|  MF10CCJ, MF10AJ
Symbol Parameter Conditions Typleal Tested | Design Typleal Tested | Design |Units
(Note 8) Limit Limit (Note 8) Limit Limit
(Note 9)|(Note 10) (Note 9){(Note 10),
Vout |Minimum Output BP, LP Pins |R_ = 5k +425| +3.8 +3.8 | *425| =3.8 \4
Voltage Swing N/AP/HP Pin|R_ = 3.5k +425| +38 | +3.8 | =425| -3.6 v
GBW |Op Amp Gain BW Product A 25 MHz
SR |Op Amp Slew Rate 7 7 i Vs
Dynamic Range Vpin12 = +5V | &,
(Note 6) (oLk/fo = 50) F? . ! €3
Vpint2 = OV i : i
pin12 i 3
(feux/fo = 100) % N ! |2
Isc Maximum Output Short|Source 20 20 | ! | mA
Circuit Current (Note 7) Sink 3.0 3.0 ' i e

Logic Input Characteristics soldtace limits apply for Ty to Tmax; all other limits Ty = 7, = 25°C

METOACWM, MEtoaawy | MFIOCCI HF1oA)
Parameter : Conditions Typleat Tested | Design Typical Te.st:ed : Design Units
(Note 8) Limit Limit (Note 8) Limit | LUmit
) (Note 9) | (Note 10) (Note 9) | (Note 10)
'CMOS Clock | Min Logical “1"" |V+ = 45V, V- = —5V, +3.0 +3.0 3.0l I v
Input Voltage | pay | ogisal o~ | Yish = OV -30 | -3.0 -3.0} v
Min Logical “1"* |V+ = +10V,V- = oV, | +80 | +8.0 -8.0 | v
Max Logical “0"t | YLsh = +5V +20 | +2.0 2.0 v
TTLClock | Min Logical “1" |V+ = +5V, V- = =5V, +20 +2.0 +2.0 v
Input Voltage (1. 1 ogical “o” | VLsh = OV +08 | +o.8 +0.8 v
Min Logical “1” |V+ = +10V, V= = 0V, ‘420 +2.0 +2.0 v
Max Logical 0" | YLSh +08 | +o0.8 ~0.8 v

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 6o nct 2008y wnen operating
the device beyond its specified operating conditions.

Note 2:Whenmeinpmvoltqge(vm) atany pin exceeds the power supply rails (Viy < V-~ or Viy > V +) the absolute value of curent at mat pn shousd be Emitec
losonrless.The20mApackageinpu(cwenllimitsmnumberofpimﬂ\a(csnexceedthepowersupplyboundarieswnh 2 5 mA currert kit 1o four.
Note 3: The maximum power dissipation must be derated at ek d temp and is di by Tymax, 6a. and the ambient temperatire, Ta. The maxmum
allowable power dissipation at any temperature is Pp = (Tamax = Ta)/ 6,4 or the number given in the Absolute Maximum Ratings. whicnever is jower. For this
device, Tymax = 125°C, and the typical junction-to-ambient thermal resistance of the MF10ACN/CCN when board mounted is 55°C/W. For the 1= 10AJ/CCY, s
number increases to 95°C/W and for the MF10ACWM/CCWM this number is 66°C/W. ’

Note 4: The accuracy of the Q value is a function of the center frequency (fo). This is illustrated in the curves under the heading ‘Typcal Performance
Characteristics".

Note 5: Vos1. Vosa. and Vpoggj refer to the internal offsets as di: in the Applications Infc ion Section 3.4.

Note 6: For +5V supplies the dynamic range is referenced to 2.82V rms (4V peak) where the wideband noise over a 20 kHz bandwicth is typrcally 200 uV rms for
the MF10 with & 50:1 CLK ratio and 280 uV rms for the MF10 with a 100:1 CLK ratio.

Note 7: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then snorting that output to
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting
that output to the positive supply. These are the worst case conditions.

Note 8: Typicals are at 25°C and represent most likely parametric norm.

Note 9: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 10: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels.

Note 11: Human body model, 100 pF discharged through a 1.5 k2 resistor.
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MF10

Typical Performance Characteristics
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Typical Performance Characteristics (continueq)
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Pin Descriptions

LP(1,20), BP(2,19), The second order lowpass, bandpass
N/AP/HP(3,18) - and notch/allpass/highpass outputs.

INV(4,17)

$1(5,16)

These outputs can typically sink 1.5 mA
and source 3 mA. Each output typically
swings to within 1V of each supply.
The inverting input of the summing op-
amp of each filter. These are high im-
pedance inputs, but the non-inverting in-
put is internally tied to AGND, making
INVA and INVg behave like summing
junctions (low impedance, current in-
puts).

St is a signal input pin used in the all-
pass filter configurations (see modes 4
and 5). The pin should be driven with a
source impedance of less than 1 kQ. If
St is not driven with a signal it should be
tied to AGND (mid-supply).

Sass(6)

Va*(7).Vpt(8)

f
Deviation of -S=K
vs Nominal Q '0

-

TL/H/10398-3

This pin activates a switch that connects
one of the inputs of each filter's second
summer to either AGND (Sp,g tied to
V=) or to the lowpass (LP) output (Sa/s
tied to V*). This offers the flexibility
needed for configuring the filter in its
various modes of operation.

Anaiog positive supply and digital posi-
tive supply. These pins are internally
connected through the IC substrate and
therefore Vo~ and Vp~* should be de-
rived from the same power supply
source. They have been brought out
separately so they can be bypassed by
separate capacitors, if desired. They
can be extemally tied together and by-
passed by a single capacitor.

Va~(14), Vp—(13) Analog and digital negétive supplies.

The same comments as for V.~ and
Vo™ apply here.
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MF10

Pin Descriptions (continued)

LSh($) Level shift pin; it accommodates various
clock levels with dual or single supply
operation. With dual +5V supplies, the
MF10 can be driven with CMOS clock
levels (£ 5V) and the LSh pin should be
tied to the system ground. If the same
supplies as above are used but only TTL
clock levels, derived from OV to +5V
supply, are available, the LSh pin should
be tied to the system ground. For single
supply operation (OV and +10V) the
VA~, Vp~ pins should be connected to
the system ground, the AGND pin
should be biased at +5V and the LSh
pin should also be tied to the system
ground for TTL clcck levels. LSh should
be biased at +5V for CMOS clock lev-
els in 10V single-supply applications.
Clock inputs for each switched capaci-
tor filter building block. They should both
be of the same fevel (TTL or CMOS).
The level shift (LSh) pin description dis-
cusses how to accommodate their lev-
els. The duty cycle of the clock should
be close to 50% especially when clock
frequencies above 200 kHz are used.
This allows the maximum time for the
internal op-amps to settle, which yields
optimum filter operation.

By tying this pin high a 50:1 clock-to-fil-
ter-center-frequency ratio is obtained.
Tying this pin at mid-supplies (i.e, analog
ground with dual supplies) allows the fil-
ter to operate at a 100:1 clock-to-cen-
ter-frequency ratio. When the pin is tied
low (i.e., negative supply with dual sup-
plies), a simple current limiting circuit is
triggered to limit the overall supply cur-
rent down to about 2.5 mA. The filtering
action is then aborted.

This is the analog ground pin. This pin
should be connected to the system
ground for dual supply operation or bi-
ased to mid-supply for single supply op-
eration. For a further discussion of mid-
supply biasing techniques see the Appli-
cations Information (Section 3.2). For
optimum filter performance a “clean”
ground must be provided.

CLKA(10),
CLKB(11)

50/100/CL(12)

AGND(15)

1.0 Definition of Terms

fcLk: the frequency of the external clock signal applied to
pin 10 or 11.

fo: center frequency of the second order function complex
pole pair. fg is measured at the bandpass outputs of the
MF10, and is the frequency of maximum bandpass gain.
(Figure 1)

froteh: the frequency of minimum (ideally zero) gain at the
notch ou.puts.

fz: the center frequency of the second order complex zero
pair, if any. If ; is different from fg and if Qz is high, it can be
observed as the frequency of a notch at the allpass output.
(Figure 10)

Q: “quality factor” of the 2nd order fiiter. Q is measured at
the bandpass outputs of the MF10 and is equal to fg divided
by the —3 dB bandwidth of the 2nd order bandpass filter
(Figure 1). The value of Q determines the shape of the 2nd
order filter responses as shown in Figure 6.

Qg: the quality factor of the second order complex zero pair,
if any. Qz is related to the allpass characteristic, which is
written:

s&o

HOAP(52 it woz)

Hap(s) = e
s2 + ——Q(—D e (uoz

where Qz = Q for an all-pass response.

Hogp: the gain (in V/V) of the bandpass output at f = 1,

HoLp: the gain (in V/V) of the lowpass outputas f — 0 Hz
(Figure 2).

Hopp: the gain (in V/V) of the highpass output as f —>

foLk/2 (Figure 3).

Hon: the gain (in V/V) of the notch output as f — 0 Hz
and as f —> fc k/2, when the notch fitter has equal gain
above and below the center frequency (Figure 4). When the
low-frequency gain differs from the high-frequency gain, as
in modes 2 and 3a (Figures 71 and &), the two quantities
below are used in place of Hoy.

Hon1: the gain (in V/V) of the notch output as f — 0 Hz.
Honz: the gain (in V/V) of the notch output as f — fowk/2.




1.0 Definition of Terms (Continued)
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MF10

1.0 Definitions of Terms (continued)
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FIGURE 6. Response of various 2nd-order filters as a function of Q.
Gains and center frequencies are normalized to unity.




2.0 Modes of Operation

The MF10'is a switched capacitor (sampled data) fitter. To
fully describe its transfer functions, a time domain approach
is appropriate. Since this is cumbersome, and since the
MF10 closely approximates continuous filters, the following
discussion is based on the well know frequency domain.
Each MF10 can produce a full 2nd order function. See Ta-
ble | for a summary of the characteristics of the various
modes.

MODE 1: Notch 1, Bandpass, Lowpass Outputs:
frotch = fo (See Figure 7)

fo = center frequency of the complex pole pair
_ fek  fok
~ 00 ¥ 50
frotch = center frequency of the imaginary zero pair = fg.
R2
HoLp = Lowpass gain (asf — 0) = -
4 R3
Hogp = Bandpass gain (at f = fo) = —ﬁ
H = Notch outputgainas | —> 0 %
= V f— fow/2 Rq
R2 Na

Vin

fo R3
Q == =_=
BW R2
= quality factor of the complex pole pair
BW = the —3 dB bandwidth of the bandpass output.

Circuit dynamics:
Hose

HoLp = orHogp = Hoie % Q

= Hon X Q.
HoLp(peak) = Q X Hoyp (for high Q's)
MODE 1a: Non-Inverting BP, LP (See Figure 8)
f i
ok o fok

f
9 100~ 50
~R3
R2
Howp = —1; HoLp(peax) = Q x Hovp (for high Q's}
R3
Hosp,= Rz

Hosps= 1 (Non-Inverting)
Circuit Dynamics: Hogpy = Q
Note: V) should be driven from a low impadance (<1 k) sorzs

Sta BPa Py

[E( 19) 1(20)

TU/H/10899-15

TL/H/10399-17

FIGURE 8. MODE 1a
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2.0 Modes of Operation (continued)

MODE 3a:HP, BP, LP and Notch with External Op Amp

(See Figure 11)

i fcu< / fcu< [
100 < VRa ©

R2
@ “Vri ¥Rz
Howp = —g
Hosp = —g—?
Hop = —%

fouk [ i fcu< /
f = notch fre =
n no quency = o

Hon = gain of notch at

R R
lQ (*—9 Horp — 24 HOHP)“

f=1f=
° R Rn

R
Hn1 = gainof notch (ast — 0) = Eg X Houp
1
f
Hpo = gain of notch (asf — -%5)

R
= —=% x Howp
Rn

MODE 4: Allpass, Bandpass, Lowpass Outputs
(See Figure 12)

fo = center frequency
f
= o fcu<:
100 50
f;* = center frequency of the complex zero = fo
fo R3
Q =2 - =
BW R2

R3
Qz = quality {zcter cf compiex zere pair =F
1

For AP output make R1 = R2
fo_,() _ _R2

—= =1
4

Hopap* = Allpass gain (a G<¢d =

HoLp = Lowpass gain(es ¥ — ©)

ST R

R1 ’
Hogp = Bandpass gain (gt f = fg)
__Fta(1 r-z) A(RG‘\
R2 /1 2\7z)

Circuit Dynamics: Hozp = (Hoo) # Q = (Fops — 1)Q
“Duse to the sampled caz retrs of & Siser. 2 sigx msman ¢ anc i
occurs causing a 0.4 ¢S paa«rg &osC ‘= of T 2lcsss Sler 2roings
response (which theorescaly S"QuC D2 2 STagr inel. f s & uracoect-
able, Mode 5 is recommencac.

1(28)
ke A
AA—4
L
AAA— WGTCH
ouT
— EXTERMAL
- 0P AM?P
TUH/I0395-20
FIGURE 11. MODE 3a
Py
it-v)
TL/H/10389-21

FIGURE 12. MODE 4
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MF10

2.0 Modes of Operation (continuedq)

MODE 5: Numerator Complex Zeros, BP,LP
(See Figure 13)

[ x o / R2 fcu<
Ra 100 ° Fi
/ fcu< / R1 ‘CLK
Ra 700 © R4 <
R3
Q =/T+R2/R4 x e

HS
Qz 1 — R1/R4

Hoz1 = gain at C.Z. output (asf — 0 Hz)
~R2(R4 — R1)
R1(R2 + R4)

. fCLK) —R2
H, = gainatC.Z.output [ asf — —== | = <
0,0 gain utp s >

R1

R2 R3
Hogpr = — R_1+1 Xﬁ
H _ _(R2+H1) XH4
oLp Rz + R4/ A1

MODE 6a: Single Pole, HP, LP Filter (See Figure 14)
fe = cutoff frequency of LP or HP output
= R2 foc B2 foik
R3 100 R3 50

H3
Hop = -5
R2
Howp = “Bi

MODE 6b: Single Pole LP Filter (Inverting and Non-In-
verting) (See Figure 15)

fe = cutoff frequency of LP outputs
R2 f foLs
gl loek R2 fo
R3 100 R3 50

HoLp1 = 1 (non-inverting)

R3

Hotpz = ~fz

TUH/C375-22

TL/H/103%6-22

FIGURE 14. MODE 6a

K2 LPA(NNY) VY

TU/H/10398-24

FIGURE 15. MODE 6b




2.0 Modes of Operation (continued)

L TABLE . Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. .
Unless otherwise noted, gains of various filter outputs are Inverting and adjustable by resistor ratios,

- ‘Number of Adjustable )
Mode BP Lp HP | N | AP Resistors R Notes
1 . : ¢ No
@ May need input bufier.
1a Hogp1 = —Q Hop + 1 No Poor dynamics for
‘| Hogp2 = +1 high Q.
2 DT . . Yes (above fc. «/50
or fo x/100)
3 % . " Yes Universal State-Varizsie
: Filter. Best general-purpose mode.
3a . « < |3 > | As above, but also inciuces
g | resistor-tuneable notch,
4 % 4 n N6 , Gives Allpass response with
P Hoar = —1 andHgo = = -2,
5 s . & ! Gives flatter allpass response
; : than above it Ry = Bz = 0.02R..
6a . - ! Single pole.
@ :
6b Hotpt = +R1 ; Single Pole.
= i
H =— :
OoLP2 R2 Y

3.0 Applications Information

The MF10 is a general-purpose dual second-order state
variable filter whose center frequency is proportional to the
frequency of the square wave applied to the clock input
(fcww)- By connecting pin 12 to the appropriate DC voltage,
the filter center frequency fg can be made equal to either
fcLk/100 or fyi/50. fo can be very accurately set (within
+6%) by using a crystal clock oscillator, or can be easily
varied over a wide frequency range by adjusting the clock
frequency. If desired, the fck/fo ratio can be altered by
external resistors as in Figures 9, 10, 17, 13, 14and 715. The
filter Q and gain are determined by external resistors.

All of the five second-order filter types can be built using

either section of the MF10. Thess are illustrated in Figures 1

through 5 along with their transfer functions and some relat-
ed equations. Figure 6 shows the effect of Q on the shapes
of these curves. When filter orders greater than two are
desired, two or more MF10 sections can be cascaded.

3.1 DESIGN EXAMPLE

In order to design a second-order filter section using the
MF10, we must define the necessary values of three param-
eters: fo, the filter section’s center frequency; Hy, the pass-
band gain; and the filter’s Q. These are determined by the
characteristics required of the filter being designed.

As an example, let's assume that a system requires a
fourth-order Chebyshev low-pass filter with 1 dB ripple, unity
gain at DC, and 1000 Hz cutoff frequency. As the system
order is four, it is realizable using both second-order sec-
tions of an MF10. Many filter design texts include tables that
list the characteristics (fo and Q) of each of the second-or-
der filter sections needed to synthesize a given higher-order

filter. For the Chebvshav filter defined above, such 2 tzhle
yields the following characteristics:

foA = 529 Hz Q. = 0.782

fog '= 993 Hz Qz = 3:559

“For unity gain at DC, we also specify:
Hoa = 1

Hog = 1

The desired clock-to-cutofi-frequency ratio for the overall
filter of this exampie is 100 and a 100 kHz clock signal is
available. Note that the required center frequencies for the
two second-order sections will not be obtainable with clock-
to-center-frequency ratos of 50 or 100. It will be necessary
to adjust f%'s externally. From Table |, we see that Mode 3
0

can be used to produce a low-pass filter with resistcr-adjust-
able center frequency.

In most fitter designs involving multiple second-order
stages, it is best to place the stages with lower O values
ahead of stages with higher Q, especially when the higher Q
is greater than 0.707. This is due to the higher relative gain
at the center frequency of a higher-Q stage. Placing a stage
with lower Q ahead of a higher-Q stage will provice some
attenuation at the center frequency and thus help avoid ciip-
ping of signals near this frequency. For this example, stage
A has the lower Q (0.785) so it will be placed ahead of the
other stage.

For the first section, we begin the design by choosing a
convenient value for the input resistance: R1a = 20k. The
absolute value of the passband gain Hotpa is made equal
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MF10

3.0 Applications Information (continued)
to 1 by choosing Rsp such that: Rga = —Horpa Ria =
R1a = 20k. If the 50/100/CL pin is connected to mid-sup-
ply for nominal 100:1 clock-to-center-frequency ratio, we
find Rop by:

foa2 : (529)2
Rop = Raa——20 = 2 % 104 X 2o _ g ok
2A T T /100)2 (10002 ~ >k and

R3a = QaVR2aR4a = 0.785/5.6 X 103 X 2 X 102 = 8.3k

The resistors for the second section are found in a similar
fashion:

Rqg = 20k
Reg = Rig = 20k
fog2 993)2
Rog = Rug & = = ) = 19.7k
(foux/100)2 (1000)2

Rag = Qg +RogRsg = 3.558,1.97 X 108X 2X 103 = 70.6k
The complete circuit is shown in Figure 16 for split +5V

power supplies. Supgty bypass capacitors are highly recom-
mended.

R18 .
20k B '3
AAA
WA
20k 3
20k a
U, 1rg A
R3A 213
83k 2 19 706«
YWA—=] o7, 875 Vs
56k 3 18 157k
VW1 N/AP/HR, N/ AP/HPg VWA
RIA
Ve 4 ", - 17
20k
_L——s- A stg f2
HF10
= 1 =
“sv—=—5, acwo 2
14
A Vit Va-
8 13
+5v v, L Vo -5
b o* 2 A
0.1 - 1 C.t
s so/100/cL L{
= ‘ —
10 ax, 1

T

cuocme GRR LYY

fox=100kHz

TL/H/10399-25

FIGURE 16. Fourth-Order Chebyshev Low-Pass Filter from Exampie In 3.1.
+5V Power Supply. 0V-5V TTL or —5V +5V CMOS Logic Leveis.

R1B
20k Yoz
‘v"‘-
RAA R43
20k |4 2] 20k
VWA P, Py VA
3k o
.6 k
VA—2 80, 8Py =
R2A Pz
6k 3 18 197k
VWA N/AP/HP, N/ AP/ HPg VWA
RIA
Yo 4 - - 17
20k
: Sty Sty LU
WF10
s aco S
L | °wve [
= T o1
+10V —7 Vit V- 13
1062
1 8 Vot Vo~ 13
_L <3 s
1043 ] 12 =
of[ % |oa[ rHusn 50/100/cL
e oy
=10 1
T ClKg —'
accxn S LIL
fox = 100 kHz
TUH/10399-26
FIGURE 17. Fourth-Order Low-Pass Filter from Example In 3.1.

Single + 10V Power Supply. 0V-5V TTL Logic Levels. Input Signals
Should be Referred to Half-Supply or Applied through a Coupling Capecitor.




3.0 Applications Information (continued)

v v+ =1ov

Lhe 0.1 v
2 LM2931AZ-5.0 —_rD7 =
TYPICAL VALUES: = 100 .
2k <R <100k _i_ T
— — 0.1 uF <C <470 uF = —
° - TUH
TL/H/10399-27 (b) Voltage Regulator T

(a) Resistive Divider with
Decoupling Capacitor

(c) Operational Amplifier
with Divider

&

A\
FIGURE 18. Three Ways of Generating = for Single-Supply Operation

3.2 SINGLE SUPPLY OPERATION

The MF10 can also operate with a single-ended power sup-
ply. Figure 17 shows the example filter with a single-ended
power supply. Vo* and Vpt are again connected to the
positive power supply (8V to 14V), and Vo~ and Vp— are
connected to ground. The Agnp pin must be tied to V+/2
for single supply operation. This half-supply-point should be
very “clean”, as any noise appearing on it will be treated as
an input to the filter. It can be derived from the supply volt-
age with a pair of resistors-and a bypass capacitor (Figure
18a), or a low-impedance half-supply voltage can be made
using a three-terminal voltage regulator or an operational
amplifier (Figures 18b and 78c). The passive resistor divider
with a bypass capacitor is sufficient for many applications,
provided that the time constant is long enough to reject any
power supply noise. It is also important that the half-supply
reference present a low impedance to the clock frequency,
so at very low clock frequencies the regulator or op-amp
approaches may be preferable because they will require
smaller capacitors to filter the clock frequency. The main
power supply voltage should be clean (preferably regulated)
and bypassed with 0.1 pF.

3.3 DYNAMIC CONSIDERATIONS

The maximum signal handling capability of the MF10, like
that of any active filter, is limited by the power supply volt-
ages used. The amplifiers in the MF10 are able to swing to
within about 1V of the supplies, so the input signals must be
kept small enough that none of the outputs will exceed
these limits. If the MF10 is operating on 5V, for example,
the outputs will clip at about 8 Vp-p- The maximum input
voltage multiplied by the filter gain should therefore be less
than 8 Vp_p,.

Note that if the filter Q is high, the gain at the lowpass or
highpass outputs will be much greater than the nominal filter
gain (Figure 6). As an example, a lowpass filter with a Q of

10 will have a 20 dB peak in its amplitude response at fq. If
the nominai gain of the filter HoLp is equal to 1, the gain at
fo will be 10. The maximum input signal at fo must therefore
be less than 800 mVp_, when the circuit is operated on
£5V supplies.

Also note that one output can have a reasonable small volt-
age on it while another is saturated. This is most likely for a
circuit such as the notch in Mode 1 (Figure 7). The notch
output will be very small at fo, so it might appear safe to
aprly a large signal to the input. However, the bandpass will
have its maximum gain at fg and can clip if overdriven. If
one output clips, the performance at the other outputs will
be degraded. so avoid overdriving any filter section, even
ones whose outputs are not being directly used. Accompa-
nying Figures 7 through 15 are equations labeled “circuit
dynamics”, which relate the Q and the gains at the various
outputs. These should be consulted to determine peak cir-
cuit gains and maximum allowable signals for a given appli-
cation.

3.4 OFFSET VOLTAGE

The MF10's switched capacitor integrators have a higher
equivalent input offset voltage than would be found in a
typical continuous-time active filter integrator. Figure 19
shows an equivalent circuit of the MF10 from which the out-
put DC offsets can be calculated. Typical values for these
offsets with Sa/g tied to V+ are:

Vos1 = opamp offset = +5mV

Vos2 = —150 mV @ 50:1 —300 mV @ 100:1
Vos3 = —70mV @ 50:1 —140 mV @ 100:1
When S5 is tied to V—, Vs will approximately halve. The
DC offset at the BP output is equal to the input offset of the
lowpass integrator (Vos3). The offsets at the other outputs
depend on the mode of operation and the resistor ratios, as
described in the following expressions.
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MF10

3.0 Applications Information (continued)
,Mode 1and Mode 4

Mode 2 and Mode §

1 Vos3

Vos(N = Vost (5 +1 “How“) = —% _ (R2 . 1
Vosm = g 7 1) Vs X TRy

Voser) = Voss ; Voss

Vosir) = Vospy~Vosz TVos2 T TRa/Rz T QT F RIAR

Mode 1a e Bk

Vos(NINV.BP) = (1+l Vo205 S

os(N.INV. a) Vosi—q Vos@r) = Voss

Vose) = Vosy — Vos2

Vos(INV.BP) = Vpg3 -

Vos(Lp) = Vos(N.INV.BP)—Vps2

VosiHp) = Vosz

Vos@r) = Vosz Ae R4
Vosp) = Voss1 l=7-1 —Nos2 "2

]

=
~voss (&)

Rp = R1//R2//R3

waemef | | s

f TUH/10389-30
FIGURE 19. MF10 Offset Voltage Sources

SY suPPLY

TL/R/102399-31

FIGURE 20. Method for Trimming Vog




3.0 Applications Information (continued)

For most épplications, the outputs are AC coupled and DC
oftsets are not bothersome unless large signals are applied
to the filter input. However, larger offset voltages will cause
clipping to occur at lower AC signal levels, and clipping at
any of the outputs will cause gain nonlinearities and will
change fo and Q. When operating in Mode 3, offsets can
become excessively large if R2 and R4 are used to make
fcLk/fo significantly higher than the nominal value, espe-
cially if Q is also high. An extreme example is a bandpass
filter having unity gain, a Q of 20, and fcik/fo = 250 with
pin 12 tied to ground (100:1 nominal). R4/R2 will therefore
be equal to 6.25 and the offset voltage at the lowpass out-
put will be about + 1V. Where necessary , the offset voltage
can be adjusted by using the circuit of Figure 20. This allows
adjustment of Vg4, which will have varying effects on the
different outputs as described in the above equations. Some
outputs cannot be adjusted this way in some modes, how-
ever (Vog(sp) in modes 1a and 3, for example).

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS

The MF10 is a sampled data filter, and as such, differs in
many ways from conventional continuous-time filters. An im-
portant characteristic of sampled-data systems is their ef-
fect on signals at frequencies greater than one-half the
sampling frequency. (The MF10’s sampling frequency is the
same as its clock frequency.) If a signal with a frequency
greater than one-half the sampling frequency is applied to
the input of a sampled data system, it will be “reflected”’ to
a frequency less than one-half the sampling frequency.
Thus, an input signal whose frequency is fs/2 + 100 Hz will
cause the system to respond as though the input frequency

was fs/2 — 100 Hz. This phenomenon is known as “alias-
ing”, and can be reduced or eliminated by limiting the input
signa! spectrum to less than fg/2. This may in some cases
require the use of a bandwidth-limiting filtter ahead of the
MF10 to limit the input spectrum. However, since the clock
frequency is much higher than the center frequency, this will
often not be necessary.

Another characteristic of sampled-data circuits is that the
output signal changes amplitude once every sampling peri-
od, resulting in “'steps™ in the output vottage which occur at
the clock rate (Figure 271). If necessary, these can be
“smocthed” with a simple R-C low-pass filter at the MF10
output

The raio of foik to fc (rormally either 50:1 or 100:1) will
also affzct performance. A ratic of 100:1 will reduce any
alizsing problems and is usualty recommendec for wide-
band ingut signals. In noise seasiive applications, howaver,
arate of 30:1 may be benar as it will result in 3 d3 lowar
output norse. The 50:1 ratio also resutts in lower DC offsat
votizgss, as discussed in Secton 3.4,

The accuracy of the foy«/f- rasic is dependent on tha valus
of Q. This is illusirated in te curves under the heaaing
“Typical Performance Cherzcteristics”™. As Q is changsd.
the true value of the rato chancas as well. Unless the Q is
low, the smorin foy i /fo wilh o= small. I the eror is too large

for a specific application. usz 2 mode that allows adjustment
of the ratio with external resistors.

fr'$houd 2iso be noted that trz product of Q and fg should
be hmited to 300 kHz Wher f2 < 5 kHz, and to 200 kHz for

=recs
fg=5lce

FIGURE 21. The Sampled-Data Output Waveform
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