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The aim of this special project is to be analyze the some harmonics of
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P = Pycos(wt — kx) (2.1)
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24.2 Nasﬂiaaﬂfnu?ﬂmwhu (Band Pass Filter)
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0=2= (2.10)
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BW =f, - f, (2.11)

fo =+ fifz (2.12)
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BW = —— (2.15)
2TRC

wazANdAUInaN £, awnsanivualaain

i 1 (RiER,
Joi= 21C A R1R2Ry (2.16)
PNANNIT (2.12) wag (2.13) azisiuladn aEnnsavuAaadgudnansle laglal
lvian BW wasu Tnensusud R, Fsaunsam R, laain

R, = ZQ‘:_I (2.17)



UNN 3

A9N15ANTUIIUIVY

3.1 YUABUNTEININRINTBIS YU
3.1.1 2993509y IUKOUAINA (Band Pass Filter)
Tunmsafnansesdyguazdesduumeawesgunsalfildises Wimnzauiu

nsldanulagldannsi 2.7-2.14 uazldrvesgunsaldisil

29957 1 Taedl BW =50 Hz, f, ~ 200 — 1000 Hz
fudu Ry, = 33 kQ, R, = 68 kO, C = 0.1 uF

29857 2 Tnefl BW =50 Hz, f, ~ 800 = 3000 Hz
Fiu R, = 680 kQ Ry = 1.8 MQ € = 4.7 nF

29357 3 Taufl BW = 100 Hz . f, ~ 3kHz — 12 KHz

fufuR, = 1.5 MQ R, = 3.3 MQ,C = 0.1nF

SUN 3.1 2933n3098 Q1 auuaUAINR29aT 1
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INPUT ouUTPUT

1

JUN 3.2 WEA9NEDIYAIIINTIF I IAINALO URNY

3.2 351157AA99
3.2.1 91889715919 uva9sInglglusunsulunsunnos
1. f92993A93UN 3.1 UAWINNIIVAABUINNT ANITHOUAUDIFBAILATDIITS

ﬁﬂgﬂﬁl 3.3

10:8

u1cor)
U1COP)
0.0D -

-18.8
-20.9
-30.2

-40.0

12.0 120 1 .20k 1Bk 10T

5U7 3.3 nsmlianenisnevauesianunveceasiugy 3.1

3.2.2 (BTN TIFYYIUUAUAINARAININNITNAADS
1. sedyynsUAmhsunazUanuviey  Mnesestudndygnuniunudngg
usgdyyieenmeesatalaalauindulununguinioly



[y

UM 3.4 varesnsesdyananadudndsy n) IedyyraeenundusUludigy @) was

o

nsesdng N AaUsUmImasY @) IndyaiaeenuntunaugUladdgy )
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uni 4
NAN15298LAaZN158NUS19NE

4.1 Namiwﬂaaemsnimé@m‘ﬁm
ﬁwmmjmqﬂﬂsmﬂlﬁﬁﬁhmmﬁlquéﬂaw #1000 Hz wilvidyaagulouaaus 100-

2000 Hz LieQN1InaUANDIRaANDYDINAT

] ] = N = ¢ 1o
197199 4.1 LLﬂﬂGﬂ’ﬁG}@‘Uﬁ‘U@ﬂGIE]ﬂ’]WQJﬂsU’e]\‘i’N‘\ﬁVllJﬂ’D']ﬁJﬂQUHHaN?JQ‘W 1000 Hz

ALA YUI(mV)
100 0
200 20
300 30
400 40
500 65
600 75
700 112
800 180
900 400
1000 800
1100 436
1200 224
1300 152
1400 120
1500 - 100
1600 84
1700 76
1800 60
1900 60
2000 54
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1000

800 + B wa -

600

== AN15MBDUAUDY
UDINAT

400

YU (MV)

200

0 500 1000 1500 2000 2500
AUD Hz

JUT 4.1 N9 MUAAINISADUANBIREAIINDYDINITNTAIUAALENa90ET 1000 Hz

[

nrsteudyaaguled luusazaiuiienussdnsninnisnsosdyaraluisias

o T o

2095 lufliflanineesiefu uasdeuriiuisesnsewianazinsvonedyyuneulngld
199581 8d I (851015 U818USENI 10 1) Arsuaae v o m Al
AR Lﬁaqmﬂﬁzyfuﬂmﬁs\humsmm%ﬁLLiaﬁuﬁaﬂaaLﬁammﬁquéﬂmnﬁmﬁmﬂ%uiu
WARLIIDT LLé’aﬂ’lmﬂmLf’ﬂmﬁiﬂﬂmﬁ’Uﬂ'wLmﬁumaanﬁmma%ﬂiaqmLLé’aLﬁaWIéﬁ’ﬁw%q

viaedlAiiunssiuvedung



M15197 4.2 M39TUTInAOUNERVIF YY1 UNHIWIIDINTDY UazATuAlIveII I

Aud

o | ussiufiehuneas ALTIAUDI , ALy
AR Vel ) AALY Bl
230 1.02 1.16 1.137254902 1.138
330 0.968 1.16 1.198347107 1.228

;’mf 410 0.85 1.16 1.364705882 13
520 0.85 1.16 1.364705882 1.399
770 0.712 1216 1.629213483 1.624
820 207 1.16 1.08411215 1.0204
900 1207, 1.16 1.08411215 1.0764
1000 g 1.16 1.16 1.1464
1100 0.94 1.16 1.234042553 1.2164
1300 0.872 1.16 1.330275229 1.3564
’ij\]i 1560 0.776 1.16 1.494845361 1.5384
n 1770 0.68 1.16 1.705882353 1.6854
2130 0.552 i) 2.101449275 1.9374
2920 0.448 1.16 2.589285714 2.4904
3600 0.35 1.16 3.314285714 2.9664
4530 0.328 TS 3.536585366 36174
3100 0.456 1.16 2.543859649 2:5716
4000 0.384 1.16 3.020833333 2.9316
5000 0.33 1.16 3.519051 516 3.3316
;?25 6000 0.28 1.16 4.142857143 3.7316
7000 0.25 1.16 4.64 4.1316
9000 0.23 1.16 5.043478261 4.9316
10300 0.2 1.16 5.8 54516
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y = 0.0009x + 0.931

Al
o
PN

ATLLN

| em— 995911

| ——Linear (1a571)

0 500 1000

Aud (H2)

JUN 4.2 nsmuansruiluduiusiuanud veseasil

a
&
=
£/, = -
o — 995912
® &
1 = Linear (3495712)
0
0 2000 4000 6000
A1E (Hz)
U7 4.3 nsmluansanuntuduiusiuaiud 189995912
-
6
L)
F
s‘é q
-& 3 e Sories
2
1 — Linear (Series1)
0
0 5000 10000 15000
AMud (Hz)

JUT 4.4 nsmluansenuiluduiusiuanud ve919993

9 I P o a ¢ ca o <
AFaUNTRIFYYIUARUAMAYLAAIND 200 1B3d vualiadiia-ia 15.4 1aad
waeszviansueiinfinaned lnen1siUSeuliisuiuaninseilagldfandu FFT vasn3os

p0a%alaalay



A5 4.3 A19AEvRauAAsulneTendu FFT vounsosonadalaalau
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aud | ardusnsuedn U9 (V) shsdusesnsuaing 1
1 5.6 1
2 2 0.357143
5 1 0.178571
200
IR T 0.8 0.142857
Gk
9 0.6 0.107143
141 0.4 0.071429
3 0.4 0.071429

AN 4.4 m1519AzrRauaAmasuleeldI99InesLd 1 nfLIAS 0seaTaladlay

S S | wwn Vpp | wesh | YA Vp-p (V) | dasidrusie
S| e ) N304 ftn futlouds | ersuedni 1
1 L2 1 b ~-lgk 19.1092 1
3 g2 1 1.471 L3158 0.394131
5] 3.84 2 1.1464 4.402176 0.230369
200 7 2.4 /4 1.4264 3.42336 0.179147
9 =t 2 1.7064 2.38896 0.125016
11 1 2 1.9864 1.9864 0.10395
1) 0.7 2 2.2664 1.58648 0.083022
M3 4.5 manddessindudinaoilngliacasnse i iadeniraiines
| aiw‘ﬁi IR Vp-p | 29957 e mujm Vp-i Smriwdjuzia
g13UBUN (V) QPN (V) Audlouan | ensueidnd 1
200 1 Bef 1 =] 6.3327 i
3 1.42 1 1.471 2.08882 0.329847
5 1y Z 1.1464 1.1464 0.181029
7 0.6 2 1.4264 0.85584 0.135146
9 0.36 2 1.7064 0.614304 0.097005
11 0.2 2 1.9864 0.39728 0.062735
13 0.16 2 2.2664 0.362624 0.057262
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AAUFLIAYYN A2 200 Hz

B Apsevinnuilandu
FFT

1 3 5 7 9 11 13

anuansuaiin

JUN 4.5 wanen1siiasizviensuelinvesaaudivdsuiuTouisuiuseninmsins 1wy
FFT fiu nsdmsiniasasnsedngliosatalaala uay Adsadnes In

4.2 wan1saaeiyisesiagldiendu FFT a1nA3as Oscilloscope
inmsanszlaemsladyaiadn Uiy svenena s eilag gy FFT
NLATeIeRaTaladlay

AN 4.6 IS NUARIHAINT TS STandswadluusiayaudvedelaU Tl

mmﬁlﬁm ﬂ??ﬂﬁa\iﬁﬂigﬂ@U U9 (V)
546 0.4
1093 0.1
546
1625 0.16
2171 0.06
610 0.42
1210 0.08
610
1820 0.14
2421 0.08
671 0.42
1343 0.12
671
2007 0.14
2687 0.04
710 0.24
710 1429 0.04
2140 0.02




MINA 4.7 prsnasmadiessilisesvesdowguluwiazauivesugelaUsluie)
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800 0.22
800 1601 0.02
2382 0.04
878 28
878 LEST 562
2636 152
996 0.42
996 1992 (Bl
2988 0.04
1039 0.34
0 2085 0.1
3125 0.06
4164 0.06

AT97 4.8 MINUARINAIATIEISESMagrudvadysgsing

RIEIE audewUseney A (V)
532 Q.22
532 1140 0.04
1594 0.04
524.4 72
1047 32
1579 22
524 2102 16
2633 24
S15R 16
3688 8.8

4.3 Apszvisnsuedavadeslagldrsasnsesdyrauauaiuieiiu

NMInTRsdYINeTATIzRasuolaveuduar]diasnsowiantn 3 2995 un
19357 1 98NT0IANUDAIWALIN 230-800 Hz 29357 2 N509ANARILA%YI 800-4500 Hz

LA¥2995713 NSBIALBRINFATIT 3000-10000 Hz



i o | o 1
M1919N 4.9 G]"Ii'NLL?WNNﬁﬂqiﬂiﬂﬂﬂﬁyfyqﬂﬂuu@]ﬁ?;ﬂ?’]&]ﬂLaUQEUaQ?JQUIGUUfi"lIu

aud | seAUsEneu | wuin Vp-p oo | Awnledady | audloudn
- o 299591
GEN AN (V) VBINT Vp-p (V)
543 0.82 1 1.4197 1.164154
1160 0.312 2. 1.2584 0.3926208
543 Hz
1630 0.312 2 1.5874 0.4952688
2170 0.128 2. 1.9654 0.2515712
610 0.752 1 1.48 1.11296
1210 0.312 2 1.2934 0.4035408
610 Hz
1835 0.312 2 1.7309 0.5400408
2430 0.104 2 2.1474 0.2233296
675 0.82 it 1.5385 1.26157
1360 0.28 2 1.3984 0.391552
675 Hz
2000 0.192 2 1.8464 0.3545088
2700 0.06 2 2.3364 0.140184
714 0.576 1 Nl 0.90432
1400 0.128 2 1.4264 0.1825792
710 Hz
2120 0.116 2 1.9304 0.2239264
2850 0.04 A 2.4414 0.097656
800 0.84 2 1.0064 0.845376
800 Hz 1600 0.06 2 1.5664 0.093984
2430 0.116 2 2.1474 0.2490984
881 1.2 2 1.0631 . 27572
881 Hz 1780 0.12 2 1.6924 0.203088
2630 0.7 2 2.2874 0.274488
984 0.58 2 1.1852 0.658416
1915 0.068 9 1.7869 0.1215092
984 Hz
2941 0.046 2 2:505 0.1152346
3906 0.026 2 3.1806 0.0826956
1041 1.02 2 1.1751 1.198602
1041 2100 0.184 2 1.9164 0.3526176
Hz 3086 0:1 2 2.6066 0.26066
4132 0.072 2 3.3388 0.2403936
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#1979 4.10 (”I']‘ﬁ\iLLaﬂ\‘INaﬂ’ﬁﬂ’i@\‘iﬁiyiyﬂﬂﬂuumagﬂ'ﬂuﬂLE"IEN‘UEN‘UQUIVIEJ

aud | esAUsEney | aunn Vp-p oo | AWAlUTOEY | AwAloudn
. 4 WAl
GEN AUN (V) UBIIT Vp-p (V)
530 0.84 1 1.40863 1.1832492
530 1016 0.152 1.1576 0.1759552
1633 0.112 1.5895 0.178024

M7 4.11

meanIRanIsnIasdygalulsazanulidswesensueinm

anud | esAUsEney | wwm Vpp v o | AmAlTEY | Awdloudn
= o 195N
BN AUG V) YDINIT Vp-p (V)
531 0.128 1 1.4089 0.1803392
i 1020 0.0696 2 1.1604 0.08076384
1567 0.036 Z 1.5433 0.0555588
2141 0.0264 2 1.9451 0.05135064
\de9 546 Hz
15
Zel1
T B Jias1enlagiandy
e
€ 05 FFT
3@
0 \‘N\d\—‘u“\“wdw | %Lﬂ?']gﬁiﬂ EJ‘QWJ\W?
1 2 3 4
annaugsuain
sUf 4.6 namilansmsFeuiievesdusenouteudemwdeluusilu 546 Hz

\H89 610 Hz

ol B

2 3 4

annuansuaiin

B Jiasneilagilandu

FFT

B Jinsenilagyniens

SUN
U

4.7 naudnsmsilseuiguasAUsynaurendesugelausilu 610 Hz
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\He9 671 Hz

B Jipsngnilaeilandu
FFT

ansau

B Azl ynieas

anuansuaiin

JUN

H89 710 Hz

15
; a €
= B Jiasziilagileidy
& 05 FFT
@
0 el AATIALAE YRS
1 2 3 4
andiuansuaiin
UM 4.9 n3mluansnisidSeuiisuasauseneurendesvgelausilu 710 Hz
=
teee 800 Hz
1:5 §
a2 ™ ® ipszilneilendu
(22 I
e ’ FFT
[’ a
S 05 B Jiazilasyneas
0 L e
1 2 5]
anduansuaiin

SUN
Y

JUN

4.10 n3wluansmsivseuiieuasruseneuvetdesngelausilu 800 Hz

LH89 879 Hz

125 é
3o
© § B Jiaseiilaeilandu
[ad |
& 0.5 FFT

0 el B Jiasziilngynieas

1 5 2’ 3
a1nugnsuaiin

4.11 nswuanensilSeuiisuesaUseneuveddesvgelausilu 879 Hz

4.8 nsmuaninsiUeuiieuesdusenouvendevgelausilu 671 Hz
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LH89 996 Hz

15 T

2 B ipszilaeilandu
G
= FFT
8 05

. B Jia52ilngynaeas

1 2 3 4
andugisuaiin

U 4.12 nemluannisilSeuiisuesAuseneureadesvgelausilu 996 Hz

vH89 1039 Hz

' B Yasigilaeflendu
FFT

2RINAIU

o

B Jin5199lngynaeas

.

1 2 3 q
a1nuansuaiin

JUN 4.13 nsmiLanensiUTeuieuasAysEneutaudevgeleyusily 1039 Hz

@89 530 Hz

2 Jiaseilaeilaidu
FFT

aMN3INFIU

=
U =
4

{

B Jia51931lae1995

a1nuansuaiin

5UN 4.14 nsmluansnsiliguiiteuasrusznevteadevgelve 530 Hz

Ld89 531 Hz

B Jiaseilaeandu
FFT

! B Ja5199ilaen99s

1 2 3 4 5 6 7

d1nuansuaiin

U7 4.15 nsmluansnsilSeuiieuasAusenaurendesansueiini 531 Hz
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A3UNANISIL LA VDLEUD Y

5.1 d3UNan1533e
lassufiavildunmsfinwuaginsziensueiinvedonuns (Fowgelausilu)

TnelingquivesiSesiensuenuesdyanunauidsdioglusuaauled annsovildlaems
451929935098 QYY1 UY Band Pass Filter LagyinnisvaasaiiouiuAdnads mdndie
Afinsziflaenslafeidu FFT @endas Oscilloscope Fawafiinlaihmunauiidens
1oun LLaa:Lﬁaﬁﬁﬂ’mﬁauﬁ’um%aﬂum%ﬁmﬁ'uqamﬁudwﬁé’ﬂwmmﬁluﬁummﬁaﬁ’u
ilesnan arududeduusazersueindliviniuy waruisiaiiuiulonednuiiunnnga
yhlRiAosnuniissiniu desiisldBuaneiesusielntugSadlmauandaety
AANLNARIAIARDUREETEINISIAADY SEintAeslaofladdy FFT Taunsefudndi
Tneilagsasuaginalagdidsadived wiiu 0.073647 agluanrsosmne)

5.2 Yalauaiu

1 dyanandesinsidsuutasmaeananiiewinmeiliandssilae s au
liflndoniufedanadsllagdhiane yilinsveaesldkaiiinandmsamisiu fadunis
Vlﬁlaaﬁﬁﬂﬂiﬁ’l“l}éﬂ"ma’la‘]ﬂ’%gﬂLﬁa@jLLU’JI‘IEJJM%‘E]@?]'WLQ?EJ

2 lumsnaaeaussiuiidanaimunudfiuntu(euiguinate)fmsdeniivan
gaudielildmiioenundnnalndif sufefivunvinfuiuAmosBunaluusayawsvierms
senuuulieasimdwenefiinniunia
3 asldfeerluauriuasfinyaniuasnsos ST uuudIasen

o :
5.3 Uyniinulunasineu
uswuvIeniaanasnnidan Ml uanlueundgatos arlaamsansos
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ﬂ’liﬂizmﬂaqnimj!ﬁﬂ% (Fourier Series Expansion) (online). Available :
http://personal.sut.ac.th/paramate/files/compcom/compcommO03.pdf
mmﬂaawvL‘%ﬂ%ﬁﬁiasﬁmmmm. (Online). Available :

http://home.npru.ac.th/piya/Signal/file/Piya_Ché.pdf dndadietudl 2 wwey
2559

USEnBngiadu. wnunnilsdeiiausudidnnsetind. 2537 Tassudidnnseding
adasiay 2. nganny : aouwelulagnszasuindndigunmsaianszUa.

U3en aynadesonn. (w.u) tee (Online). Available :
https://www.rsu.ac.th/science/physics/pom/physics_2/sound/sound _1.htm
dhdadletudl 16 unsau 2559
wuss ASUSyyifunt. (4.0 2993ns09A21u8. (Online). Available :
http://www.te kmutnb.ac.th/~msn/filter.pdf d15aiioTufi 16 unsiau 2559
wun3 ATUTY LY. (1Y) easnsesaraiuuukeafivide s, (Online). Available :

https://docs.google.com/viewer?url=http%3A%2F%2Fwww.te.kmutnb.ac.th %2
F~msn%2Ffilter.pdf 1iRsLDTUN 16 UnsIAN 2559

Aiaudivs aIvesduns, ana dulng uavgSan Ussaiudnd. 2557 “ganeasinis
AAs1ginites.” Inerdnusinermanivudia arvafi@ndusrend @andu
wAluladnszIuind NAAMNMITANANTELN.

AuUNyT UoIuY. (2558.) 299315842740, (Online). Available :

http://www.elec-za.com/39a3n589A D filter-circuit. 1915l IWN 10 LU
2559

aynsuyises. (Online). Available :

http://pioneer.netserv.chula.ac.th/~tdumrong/2301312/file_sheet 2555 2nd/3
12ch10_2555 2nd.pdf wWhiadleTui 17 fluray 2559
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aunsuYisEsTIAaIliame2a1. (Online). Available :

http://home.npru.ac.th/piya/Signal/file/Piya_Ch4.pdf dndadloTudl 2 wwey
2559

ayunsuYiTeIuazN1TIATIETYgIs18ATU. (Online). Available :

http://www.ee.eng.cmu.ac.th/OnlineCourses/252341/2 1 2.html dhdadleTui
2 lwyeu 2559

Wayne Storr. (2559.) Active Band Pass Filter. (Online). Available :

http://www.electronics-tutorials.ws/filter/filter 7.html. dhdadeuil 26
un3AN 2559
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dy 1 dl Y o U ¥ dl = 1 3 1 Y o 14 Y 1%
wnanstluenansnanulidmiunisidnumenisfnwivinuu ldeygelmiluldusslewisnunisen

lyidnsdiles viedu Bnvainudividaulasilomuaziosdnddiadivesenasynassiiinisiiluls



ATANUIN 1.

Amsufilefe Aresevesdyain / Adildainnisnses

Ansudludadu fe Andunseildan nsmuanseudladuiusiuaud
aun1sensuilovenasi 1 e (0.0009 = f) + 0.931
aunsAnsuilavensasii 2 e (0.0007 * f) + 0.4464
aun1sANsudluvessasd 3 fe (0.0007 = f) + 0.4464

e S

AMNTAATIZRAAUAIRENTIAIIND 200 Hz TnglddsAtu FFT 2niases Oscilloscope

CH1 fi 1.30V 01.000Hz sl

AMUEAINIINTOIAIUATUTUAMABLTNANND 200 Hz NAIUDAREEN 200 Hz

. Aamsin X
17 s e
16.0V.

ey

[

5 AT | | o
ATNWLLEAINT1TNTDY @,iyﬁmﬂaugﬂamaw AIUD 200 Hz NAUe

799N 600 Hz
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AN X
| Tisddaa
BV

I
4 nady

o.00v

SRS

1% a - d d .zl oo
ﬂ’]‘WLLﬂﬁNﬂ’13ﬂi’é]x‘i?iQJJQJ/WWﬂﬁUEUﬁMﬁEJQJﬁﬂ'DW&Jﬂ 200 Hz nanunanaan 1000 Hz

A5 X
| Taidea

:[ Fingn
-8.00V

HiRg

(%

MMUARINSN TN IMARUSUAIMALY aAnoow 1400 Hz

LoAMmsie X
Taditasa
v

Bl

hfenunlen

ANUEAININTDIFYYIUARUIUAMAENNAIIND 200 Hz 1A

Y

noaaW 2200 Hz
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~ Amsin X
Sl £ Tadwaa

| 180V
¢ Al

201.7Hz
niady
0.00v

AR

-8.00V

Wifenunley

1Y

Admoan 2600 Hz

1UANNNEES 543 Hz imudfneaw 543 Hz
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o “C:Hl‘f”va".m ———
v a o =
NMNLERINITNTONAYEYUIUANUALEEN 543 Hz Al

[

Admoan 1630 Hz

a

ANLERINITNTOIA By QYIAMINALEES 543 Hz NArtunanoen 2170 Hz

[

709N 610Hz

AMUAAINITNTDIA YR IUAIINALEEN 610 Hz Aiennud
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tARsldas X

s lpostaEes X
ity

a A

NaUAMNMLEES 610 Hz Neudidnaen 2430 Hz

s
=
=
o
>
Z
)
=
v
=)
o
©
Z5
€
P
2

tAasigas X

i

ammsieeiiseslagldiendu FFT a1nases Oscilloscope fimuiides 671 Hz
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tAnStas X
Silitag

CHI /T, 3 00000Hz

U { “ { v
ANLEAINIINTOIFQYYIUAINALELS 675 Hz NimnudAnpemn 1360 Hz

5 (':H}j."" » B o 24
AINUEAINITNTOIFQYEYIUANUALEES 675 Hz Neudidneew 2700 Hz
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Az eslagldilendu FFT 91nwe3es Oscilloscope fimufides 711 Hz

¥ /f\‘.’ "/\l" ’!ﬂ;“("
‘\ 7\
\

m - :N’f “‘»“_“ 174 Hz
ANUERINITNTDIFYQYIUAINALEES 710 Hz Amany

1Y

Aemoan 2120 Hz
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AINLLEAINTITATDN

2

MUAMUDLELS 800 Hz fiA1ud

[

noan 1600 Hz
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AmmsAasiniseslagldfeidu FFT aaniA3ee Oscilloscope finaumides 879 Hz

1 20m\

29dyaAUALEES 881 Hz NAudAneev 1780 Hz

AINLLEANINTIAT
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AINLLERINITNTDY

2

iAasidas X

N

A4.00mv
Tnd Ma-via

NeuANUALEES 984 Hz fiennuiidneen 1915 Hz
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BBHR 2o B T "

NuAARLEES 984 Hz fienuddnesi 2941 Hz

| sy
256.0us

1039 Hz

ANISIN
Beait
1.041KHz

AnoaN 1041

o P 1
1UANNOLEYN 1041 Hz Vlﬂ'l']lla

ANUAAINITNTDIFY

2



AN

N
/ w"'\
VA MY

ANLEPNNITN T QYIUAINAIEES 1041 Hz N1Aaun

AR X

Al

2.1001
PRI

475,

Ous

fiadiy

4,00
Toad A

my
1 ey

184V

Agga

100mV

Buinityigyils
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LF351

General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET II™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment cir-
cuitry. This feature allows designers to immediately upgrade
the overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
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Wide Bandwidth JFET Input Operational Amplifier

are critical, the LF356 is recommended. If maximum supply
current is important, however, the LF351 is the better choice.

Features

B |nternally trimmed offset voltage: 10 mV

® Low input bias current: 50 pA

m Low input noise voltage: 25 nV/JHz

m Low input noise current:  0.01 pA/JHz

® Wide gain bandwidth: 4 MHz

m High slew rate: 13 V/us

| Low supply current: 1.8 mA

® High input impedance: 10'2Q

= Low total harmonic distortion A,=10,: <0.02%
R =10k, V=20 Vp-p, BW=20 Hz—20 kHz

B Low 1/f noise corner: 50 Hz

Fast settling time to 0.01%: 2 ps

Typical Connection

Re

AAA
VWA~

DS005648-11

of National i Ci

BI-FET ™ is a

Simplified Schematic

Vee ©

INTERNALLY INTERNALLY
TRIMMED TRIMMED

~Ver O
DS005648-12
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Connection Diagram
Dual-In-Line Package

1 N\ 8
BALANCE — — ne
2 7
INPUT —] — v+
3 [
INPUT —] — output
Z4 5
V- — — BALANCE
DS005648-13

Order Number LF351M or LF351N
See NS Package Number MO8A or NOSE
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Absolute Maximum Ratings (Note 1) 9
If Military/Aerospace specified devices are required, N Package 120°CW
please contact the National Semiconductor Sales Office/ M Package TBD
Distributors for availability and specifications. Soldering Information
Supply Voltage +18V Dual-In-Line Package
Power Dissipation (Notes 2, 7) 670 mW Soldering (10 sec.) 260°C
Operating Temperature Range 0°C to +70°C Small Outline Package
Titmax) 115°C Vapor Phase (60 sec.) 215°C
Differential Input Voltage 30V Infrared (15 sec.) 220C
Input Voltage Range (Note 3) +15V
Output Short Circuit Duration Continuous See AN-450 “Surface Mounting Methods and Their Effect on
Storage Temperature Range -65°C to +150°C Product Reliability” for other methods of soldering surface
; o mount devices.

Lead Temp. (Soldering, 10 sec.) ESETatAOtobe TR mined

Metal Can 300°C i g

DIP 260°C

DC Electrical Characteristics (Note 4)

Symbol Parameter Conditions LF351 Units
Min Typ Max
Vos Input Offset Voltage Rs = 10kQ, T4 = 25°C 5 10 mV
Over Temperature 13 mV
AVos/AT Average TC of Input Offset Rs=10 kQ 10 uvrc
Voltage
los Input Offset Current T; = 25°C, (Notes 4, 5) 25 100 pA
T;<70°C 4 nA
Ig Input Bias Current T, =25°C, (Notes 4, 5) 50 200 pPA
T;<%70'C 8 nA
Rin Input Resistance T,=25'C 1912 Q
AvoL Large Signal Voltage Gain Vg=+15V, To=25°'C 25 100 VimV
Vo=110V, R =2 kQ
Over Temperature 15 V/imV
Vo Output Voltage Swing Vs=£15V, R.=10 kQ +12 $13.5 vV
Vem Input Common-Mode Voltage +15 \
Range V=115V +11
-12 Vv
CMRR Common-Mode Rejection Ratio Rs<10 kQ 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 6) 70 100 dB
Is Supply Current 1.8 3.4 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits.

Note 2: For operating at elevated temperature, the device must be derated based on the thermal resistance, 6ya.

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 4: These specifications apply for Vs=£15V and 0°'C<To<+70°C. Vps, Ig and lgs are measured at Vey=0.

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to the limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. T;=Ta+6ja Pp where 64 is the thermal resistance from junction to ambient. Use of a heat sink is recom-
mended if input bias current is to be kept to a minimum.

Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From
+15V to £5V.

Note 7: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate outside
guaranteed limits.

3 www.national.com
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AC Electrical Characteristics (ote 4)

Symbol Parameter Conditions LF351 Units
Min Typ Max
SR Slew Rate Vg=%15V, To,=25C 13 V/ps
GBW Gain Bandwidth Product Vg=115V, T,=25C 4 MHz
en Equivalent Input Noise Voltage Ta = 25°C, Rg=100Q, 25 nv/Vfz
f = 1000 Hz
in Equivalent Input Noise Current T; = 25°C, f=1000 Hz 0.01 pA/\Hz
Typical Performance Characteristics
Input Bias Current Input Bias Current Supply Current
el % == T 22 —T
100 [—Vg= 15V Vey =0 i 0 <Ta<+0°C
= Ta=25C = [ Vg=+15V 7 2 |
2 & = ] 7 = [
[ E
z = I A = | L~
g i Z Er L s |
& 50 & o
3 I 3 10 A - ] / J
2 — 5 t S |
i = .= z A\ |
H = = : 3 |
230 2 i % ° : .
[] 10 l 12 !
- s 0 5 10 0 10 20 3 40 50 60 70 o : 0 Wl = 2
COMMON-MODE VOLTAGE (V) TEMPERATURE (°C) SUPPLY VOLTAGE (V)
DS005648-14 CSAs6de L DS005648-16
Positive Common-Mode Negative Common-Mode Positive Current Limit
Input Voltage Limit Input Voltage Limit
5 15
20 L= = St 20 . " r w p— l
- 0C<TA<+I0°C B 0°C<TA<+T0C g
2 I / 2 — 3 \ I
£ 15 i 2 WA & A\ |
a2 / e r = \ \ == 25°C |
S Sk = l
Z= | is ‘ /' S 0°C 0°C ]
o= 10 o | -

w IR ] ; = |
] Dl g i
] wa =
£8 s : 22y 21\l /f o ¥ |
Z ‘ g = [RI({ z |
: | \ =N o

0 0 0 10 20 30 a0
: 5 X Y %0 0 5 10 15 E1) OUTPUT SOURCE CURRENT (mA)
POSITIVE SUPPLY VOLTAGE (V) NEGATIVE SUPPLY VOLTAGE (V) DS005648-19
DS005648-17 DS005648-18
Negative Current Limit Voltage Swing Output Voltage Swing
Sk au T N ——
) - | RL-2 l = V= 215V
H ‘\ 5 - Ta=25°C ’ B § 25 - Ta=25°C y
- o
2 -1 A\ [ = D E)
2 \ A // w
£ + 2 e g
5 | " / 2
5 5 | > vV >
s e[ [oc 5 A 5
H | = 4 E 5 /
5 J l 3 3 =
2 0 0
[} 10 20 30 w0 ] 5 10 15 2 01 1 10
OUTPUT SINK CURRENT (mA) SUPPLY VOLTAGE (=V) R - OUTPUT LDAD (ka2
DS005648-20 DS005648-21 DS005646-22
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Typical Performance Characteristics (continued)
Gain Bandwidth Bode Plot Slew Rate
2 I =3 7] £ 150 5 Mg=eiev
! Vg =15V Vg=+15V Ry =2k
= — L T
E RL=2 2 < R =2 1% Ay=1 FALLING
= 45 € =100 pF | h N €L =100 pF SEER1A
—- N - 3
s N 10 N il 50 2 3
H N g N PHASE N = [
i PN = o PR
H = T v 2 i |
= B g GAIN I 3 =
< N 10 -50 7 =
s
38 l‘ e 20
Z -20 —+ “.U -100
|
3 3 I l ! 150 n
D 10 20 30 40 50 60 70 R 1 0 100 0 10 20 30 4 50 6 70
TEMPERATURE (°C) FREQUENCY (MHz) TEMPERATURE (°C)
DS005648-23 DS005648-24 DS005648-25
Distortion vs Frequency Undistorted Output Open Loop Frequency
+ i J Voltage Swing Response
Vg =15V 30
RITE -7, -26°C l | Vg =215V 120 | Zkl
I | b = = [
015 - 2 R 2 m AN Vg = 215V —
. L B N Ta-2 = N Th- 25
=z 04125 |- Vo=20Vpp] S Av=1 2 \ A
e | = <1% DIST L]
I A 10k & W & N
Ay =10 w
] Re L v 8 4 £ \
% 0075 g 3 < I - N
2 = LT s
T ] g | | 2 N
g - > 10 a
5 ay=10-4 = v\# g o N
0.025 = ¢ = ‘ ¥ N
o T 5 i & 2
o I o
0 100 ™ 10k 100k i | . N
FREQUENCY (Hz) 10k 100k ™ 110 100 1k 10k 100k 1M 1OM
DS005648-26 FREQUENCY (Hz) FREQUENCY (H2)
DS005648-27 DS005648-28
g°f'"'t‘.°"":°:!e Power Supply Equivalent Input
ejection Ratio Rejection Ratio Noise Voltage
= 120 T 140 -
s X = =
= Vs = 115V 2 Vg= 115V > N
S0 AL=2k ] = 120 Ta=25°C | 3
= 2 | Ta=25C = A Cei
= = 100 | w
Z w+ Vo H ~ [ g
5 E G 550
2 g L Ovem 3% ‘ 2 N +SUPPLY o A
£ - = N 2w @
S W 2! g % @ 2 a0
=] I I~
H CMAR = 20 106 " + opeN Loor ) _suppLY = B
S alk Vo @ i, N ]
= VOLTAGE GAIN ’ l = 20 1 =
= = =
g [ - g o | l ’ = e\
<
10100 Tk 10k 100k M 10M 10100 1K 10k 100k 1M 10M E}
FREQUENCY (H2) FREQUENCY (Hz) g 1k 0k 100k
DS005648-29 DS005648-30 FREQUENCY (Hz)
DS005648-31
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Typical Performance Characteristics (continued)

Open Loop Voltage Output Impedance

Gain (V/IV)
™ :
z FRL=2 et =
2 TA=0°CT0 +25°C] =
z 1 w
z ]
< =
z - = g
:
= 100K =
=3
z g
] 5
5 B
=1
=
=
&
=)

100k 1M 10M
FREQUENCY (Hz)
DS005648-33

2
8
=
]
=]

10K
5 10 15 20

SUPPLY VOLTAGE (V)
DS005648-32

Pulse Response

Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)
QUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)
DS005648-4

Large Signal Inverting
‘ - o

OUTPUT VOLTAGE SWING (5V/DIV)
OUTPUT VOLTAGE SWING (5V/DIV)

CTIME (0.2 us/DIV)

DS005648-6

Inverter Settling Time

«

OUTPUT VOLTAGE SWING FROM OV (V)
o

T
%

10mV \\
\

Small Signal Non-Inverting

Large Signal Non-Inverting

TIME (0.2 us/DIV) :

TIME (0.2 us/DIV)

1 10

SETTLING TIME (us)
DS005648-34

DS005648-5

DS005648-7
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Pulse Response (continued)

Current Limit (R_=10022)

OUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

The LF351 is an op amp with an internally trimmed input off-
set voltage and JFET input devices (BI-FET II™). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of the
supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a re-
versal of phase to the output.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the
common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both in-
puts exceed the limit, the output of the amplifier will be forced
to a high state.

The amplifier will operate with a common-mode input voltage
equal to the positive supply; however, the gain bandwidth
and slew rate may be decreased in this condition. When the
negative common-mode voltage swings to within 3V of the
negative supply, an increase in input offset voltage may oc-
cur.

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on *4V power supplies. Supply volt-
ages less than these may result in lower gain bandwidth and
slew rate.

TIME (5 us/DIV)

DS005648-8

The LF351 will drive a 2 kQ load resistance to +10V over the
full temperature range of 0°C to +70°C. If the amplifier is
forced to drive heavier load currents, however, an increase
in input offset voltage may occur on the negative voltage
swing and finally reach an active current limit on both posi-
tive and negative swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
socket as an unlimited current surge through the resulting
forward diode within the IC could cause fusing of the internal
conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in order
to ensure stability. For example, resistors from the output to
an input should be placed with the body close to the input to
minimize “pick-up” and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usually the inverting input) to AC
ground set the frequency of the pole. In many instances the
frequency of this pole is much greater than the expected 3
dB frequency of the closed loop gain and consequently there
is negligible effect on stability margin. However, if the feed-
back pole is less than approximately 6 times the expected 3
dB frequency a lead capacitor should be placed from the out-
put to the input of the op amp. The value of the added ca-
pacitor should be such that the RC time constant of this ca-
pacitor and the resistance it parallels is greater than or equal
to the original feedback pole time constant.
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Detailed Schematic

Typical Applications

VsuppLY O—4

1N914

* Vourt switches high when Rglg > Vp

Vv,
g OUT

Supply Current Indicator/Limiter

> TO SYSTEM SUPPLY
VOLTAGE CONNECTION

TO CONTROL CIRCUITRY

DS005648-40

Parasitic input capacitance C1 = (3 pF for LF351 plus any additional layout
capacitance) interacts with feedback elements and creates undesirable
high frequency pole. To compensate, add C2 such that: R2C2 = R1C1.

Hi-Z,y Inverting Amplifier

Ve O- ° i (R
013
3
12
r i
nM‘L e 8
an
J (T gt k
<R5
>
<
L r ‘>ZZ
5 1 d
L I 2 + 21 a7 —OVg
vt G 6
? 10 pF >
1:: | 3
v t w
S Re 6k a1
L —a $ a0
a17 e it}
[ al
5
2 0 N
20k
ADJ\l’Jg‘? O_‘VVH W \njls 4
4 3
bl e [ Sm
Su RS Vos & >u A D3
zui ADJUST 160
“VEEO L S D 7 3 & |
DS005648-9

DS005648-41
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Typical Applications (continued)
Ultra-Low (or High) Duty Cycle Pulse Generator

N914 R1

V-
DS005648-42

48 — 2V,

= RIC (n— =8
48 - Vg

= R2C /n2V5~748
Vs - 78

* touTPUT HIGH

* louTPUT LOW

where Vg = V* + |V7|
*low leakage capacitor

Long Time Integrator

RESET

INTEGRATE /4 F13333

*Low leakage capacitor
* 50k pot used for less sensitive Vg adjust

DS005648-43
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