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ABSTRACT

This Thesis presents PID CONTROLLER DEMOSTRATORS . It using electronics
devices for simulated of PID ( Proportional Integral Derivative ) . That cans leaning characteristic
of each PID controller such as P, I, D, PI, PD and PID types . This system can show unitstep
response of each and it can application to speed control of dc motor. That the result of PID

Controller Demonstrators suitable for practical teaching in the topic of PID controller.
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MSNAanIn 1

{RIUANUVUN (P Controllor )

o

13
ngiszasn
=K KX w a Y] =
1. ﬁﬂ'ym&amgmzwqmﬂﬁsmmmmmmmnw
Y q @ 1 ) )
2. 1w lanem Proportional action factor(Kp)
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a d
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Vi Vo Vi Vo
— S0 "ol P Kp —>
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Vo(t):Kp.vi(t) (1.1)
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P
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1. 92993893
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v
3. 1den s1 lilfedumis OFF dsm K, =1,5ua% 10
V=1 1 z:’
4. uina vo(t) agluaisien 1
Y
5. MK, =5 YSusBunawad iy 0.5 Vp-p , 1Vp-p Uag 2Vp-p JuNnA1 vo(t) aglu
@159 2

1

L= [ IS4 o A d’ £
6. VUNAMTYYIN vo(t) IMYUNU vi() N K =0.5 , Vi(t) =2Vp-p

a
mIn 1

Proportional  action 1 S 10

factor Kp

vi(t) (=100 Hz) 1Vp-p 1Vpp 1Vp-p

vo(t)

=
A1TNN 2

vi(t) (= 100 Hz) 0.5 Vp-p 1Vpp 2Vp-p

Proportional  action 5 5 5

factor Kp

vo(t)
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Faymy1au vo(t) WoufU vi(t) e K j =0.5
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time ... S/div
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MSNAanIn 2

damuauuule (1 Controller)
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1. ﬁﬂ‘H'lﬂ\3aﬂ‘H’LMZ‘Wq@ﬂiiﬂﬂl@ﬂﬂ?ﬂ?ﬂﬂuuﬂ‘ﬂ‘l@

2. 1@ ladam Integration time (T))

3. hladnyazns e aussuBiIAIUqUILL B

UNInIZH

Vi Vo ¢ Vi(s) i Vo(s)

A d v
51/ 2.1 vionlaszunsuves danuguuule

aumsvesianunuuuyle
v e

1
vo(t) =— [vi(t)dt+vo(o) 2.1)
T o
Vo(s)= - Vi(s) 2.2)
TI )
K
Vo(s) =—"Vi(s) (2.3)
s
A 1 4 " )
Wwem Ky = — o T, AoA1 Integrating Time Constant

T
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L]
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3. TUADINT
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51123 msdeIsNAnDIvesiInILAILY o
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U/

AVUTUNINADDY

1. ¢92993A931

2. Houidunaad Wiy 1Vp-p Aawdilszana 100 Hz

3. ifen s2 luaumnia OFF fasn T,=0.1ms, 1 ms, 10 ms

4. Tufindr K, aclumadi 1

5. dan T, = 0.1ms USusdyanadunawad vifiu 0.5 Vp-p, 1 Vp-p 1ag 2 Vp-p Junna
vo(®) aslumsnedi 2

v K ' = [ % = "
6. VUNAAT vo(t) MIUNY vit) N T, =0.1 ms , vi(t) = 1 Vp-p

ﬂ]i%‘l‘?'l 1
Integration time T, 0.1ms 1 ms 10 ms
vi(t) (=~ 100 Hz) 1Vp-p - 1Vpp 1Vp-p
vo(t)
Ki




89

ﬂ]'ﬂ\‘i?'l 2
vi(t) (= 100 Hz) 0.5Vp-p 1Vp-p 2Vp-p
Integration time T, 0.1ms 0.1ms 0.1ms
vo(t)
Ki
Fayay 1ot vo(t) BV vi(t) AT, = 0.5ms

vo(t) :..... V/div

vi(t) :..... V/div

time :..... S/div
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MSNAavIn 3

famuanuuuiinazle (PI Controller)
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silauns
1 t
vo(t) =K, - vi(t) +— [vi(t)dt+ vo(o) (3.1)
TR ¢
Vo(s) =K, * Vi(s) + * Vi(s) (3.2)
TR'S
Vo(s)= Kp-l- Vi(s) (3.3)
TR'S
\% e s+(1/K, Tg)
R(s)=— (s) = —2— = e (3.4)

{ =] ' d o a a @ =%
nnaumsh (@) s ldinasivesdimuguie K, 1duinse 1 69 uazdl

A oa (=] ' @ 1 Aas 1t 1 9 zg =
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V;(t)
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Y, (1)

«— TR —Ppe— Tg —»
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A [ e’/’ 1 9 [ 1 v K 1
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o

o J v a {
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K, 5 5 5
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ﬂ'li'l\?‘?'l 2
it 0.1ms 0.1ms 0.1ms
K, 1 5 10
Vo(t)
TR

vi() 10U vo(® 1 K, =1, T, =0.1ms

ayUwamsInaaes

vo(t) :..... V/div
vi(t) :..... V/div

time :..... S/div
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AINAaRIN 4

éhmuqmmuﬁ ( Derinertive Controller)
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ngiszaen
= 2K o g P=3
1. ANEINIANHUSAINIVAVLLUA

Y o J 1A v d a d
2. ihlvdnpaznsiedadedunanad uazdunausui

3. L‘IQJJﬂ%aQﬁW Differential action time (T,)

a J
UNAATILH
D
Vi Vo 5 Vi Vo
e Ly U pge ) TS b
511 41 pAenlaozuNINVEINIUANLUVA
d
UM vo(t) =Tp — vi(t) 4.1
dt
Vo(s)
=T '8 4.2)
Vi(S)

S Differential action time

wva Y o o A a a a 1 z v A Y a <
AMANUA wliFuanaednailodunaiinmsn/fouudauiniy dufemdunaily

! A 9 J o va a Jd A @ qs; = 1a YY)
mash oz laedanailu o munuantiavosdnmlesBradniuniahiionld dnuau

o
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ISERTORE! 'JLﬂFJ’ﬂuﬂTiﬂ')‘UﬂﬂJ

a d a J]
WANTUUBDIANAVINDUNA SNy

naun1sh (1) W vi() = Vx - tWie t >0
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wld vo(t) =Tp * Vx 4.3)

= g Y J 3 o da " v
INTUNITN (3) ﬂ%mu']']%8’;Ilﬂl?)’lﬂ‘i’!ﬂlﬂﬂWﬁﬁﬂJﬂlH?ﬂLﬂ?ﬂU TD *Vx

a J a v
‘wmsmummvgmmauvgﬁwaﬁ

Mnaums (1) vi(t) = Vx - u(t)

w'1A vo(t) =Tp - Vx* &(t) 4.4)

- Y o ¢ a o JE a = e
PNAUNITN (4) %Vlﬂﬁmmmamwmﬂuauwaﬁmmmﬂuauwagm‘mﬂu Tp - vx

o o
Y v

Aa o Jda I~ a a =1 A g
(Tpehduwaduvinaduduitftagdnungu 1)

a [ d
NI ITANT YYD IAWA

A A
Vi(t) Vi(t)
el AN SR oS
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A A
Vo(t) Vo(t)
A
Tp - Vi
0 0

1T a v d A J
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1. Upsai lod
2. poada lad a1

3. AUADINAT

|
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)
A
Vi l Vol
Signal
Generator 9 ?
W Nout—+»
Uil 4.3 N15ABVINANDIVDIAINILANLUVA
MAVUHNIINADDY

1. @92993A931)
v oa v ~
2. dSusunawad vua 1vp-p muiitlszunss 100 Hz
Y [
3. U%usn s3 ludadumnis OFF fea1 T, = 0.1ms , 1 ms uag 10 ms TuiinAaglumanedi 1
v a d ~
4. dfuduwaiuusud vua 1vp-p auiLlszana 100 Hz
Y v
5. $4A1 T, =0.1ms, 1 ms 48z 10 ms JufinArlumsneii 1

o K 1 a v a ] @ J
6. TufinnaneuaussdedunawadiazdunausulinouNu@IANA T, = 0.1 ms , vi(H) =

1 Vpp
ﬂﬁ'l\i‘i:’;l 1
V pulse(~ 100Hz) 1Vp-p 1Vp-p 1Vp-p
Differantial action 0.1ms 1 ms 10 ms
time T,
vo(t)
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MINAADIN 5

famuauuUUAtaza (PD Controller)

Tnqiszeren

=< KX o a A o v A
1. ANEIDANEUSNHANTTULNDNWIINNUA

9 =*R o A~ v A
2 L"U'ﬂ‘ﬂﬂQﬁﬂ‘Eﬂl%ﬂ?UﬂMLM@‘Wﬁ’JﬂJﬂUﬂ

9 @ o =t a
3. i laanyaen e UAHBUBIANAUDINLAZA

yJ &L 1 P 5 " “
4. 191199971 Derirative action time (T,)

a d
UNAIUAINEH

vi(t)

PD

vo(t)

a o @ A
51/ 5.1 voen laezuATHYBIAINIVANUVLNA

P '(Kp)

Vi(t)

+

Vo(t)

sl 5.2 rmunuuuufidadnnmdeviy
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o 1l . £ g [ . .
MUUA T, UNUAT Phase advance W30 Present time constant G4AAOA1 Derivential

time constant IANIULDY

d
qUNS vo(t):Kp “vi(t) + Ty — vi(t) (5.1)
dt
:Kp *Vi(s) + Ty *S Vi(s) (5.2)
:[Kp +Ty -s]- Vi(s) (5.3)
Vo(s)
RGs) = =Ty -5+K,
Vi(s)

. ~¢ X g
=8 A v oA J S| < TAs (5
anaunsh @) 92 1¥81s 16 7 ——2 uazlda Factor Wy T, madad1d sziuegiy
Ty

' 1 o A g a {
M-K, uazi T, Tavae Iinasiluannizasiullu K, (#91591% S 0)

a %3 Jd
WINTDA Y Y IUBTIANA

A A
Vi(t) \ Vi(t)
VX
s > ¢
0 4 0

Propforlional
A:ction
: 4
Vo(t)

Derirative

Action

A J] 1T Aa v d
() nsmaeuaUesAedunausNl (V) NIRRT UDIRDBUNANAH

A 1 a 7] a v
51 5.3 nsmlneuanesAodunausuDuazaUNANaT
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1. @92303A931
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3. 1fen S1uag S3 MGNOFF flas1 K, =5,T, = 0.1ms, 1 ms 1Az 10 ms Juiinarlumaieh 1
Y

4. G9A1 T, =0.1ms YA K, = 1,510 10 Tunnalumseh 2

@ J =

v a o da
uindyanaueanaineuiudunanaan K =1 T,=0.1ms

W
Ce

@ [

= J = v a g
6. UNN ilJﬂJu-]ﬂlL@'W]WQLﬂﬂﬂﬂuauw‘@uiﬂﬂ'ﬂ Kp =1 T,=0.1ms

= ;
15191 1 (Vi pulse)

0.1ms 1 ms 10 ms

vo(t)
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T, 0.1ms 0.lms 0.1ms
K, 1 5 10
vo(t)
Sunwawadifiouiu Vol Ky =1, T, =0.1ms
vo(t) :..... V/div
vi(t) ... V/div
time :..... S/div
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a Jq @ {
Sunausuilifiouny vo#t =1,T,=0.1ms

vo(t) :..... V/div
vi(t) :..... V/div

time :..... Sldiv

ajinanmanaaeg

Mmonumeansnaasy

1. ﬂauﬁuwﬂﬁmﬁﬁ@gam K, agiudalfum T, Snsmgasmaeuaueadumuls
2. iedanh T, Aefiudal5usi K, Snuaznasuauouiuguls

3. fousunansuiludafidonludede 1 nslaoausutiuguls

A o J 3 '
4. $iienlusede 2 nalaoumueuodnasziuuls
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MSNAasIn 6

¥4 ~ =
fmuanuuuiled (PID Controller)
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) [ =} =
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A R 4 1 a v d a J]
3. iiveAnEns o uaupLeRAdDBUNARDT uazBuyalsui

UM IZH

PID

Vi(t) Vo(t)
—p .

a < o = )
51 6.1 vionlaozunsuvesdiniuguuuiiled

b (Ky)
[ (TR)
Vi(t) * ¥ Vo(t)
T N
D (T\/)

dl g I =y 1
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TUNIT
i d
vo(t) =K, - vi(t) +— [vi(t)dt + Ty —vi(t) +-vo(o) (6.1)
TR o dt
Vo(s) = Kp - Vi(s) + Vi(s) + Ty * SVi(s) (6.2)
TR S
1
Vo(s)=| K, +——+ Ty S | Vi(s) (6.3)
TR *S
Vo(s) 1
R(s)= =K, +——+Ty S
K, TgS + 1+ TrTyS?
R(s)=
T TyS® + KpTpS+1 $2 + (K, /Ty)S+1/TRTy
TR S S

a <!
NI1TUINNVDUAHUBITUNT (6.4) %:"lﬁl,ﬂu

R(s)= 6.5)
S

naums (6.4) vugilfuauns (6.5) wenmdls Z uas Z, 18970

— (K, /T\,)i\/(?(p ITy)? —4/T,Ty
M 25 (6.6)
2

— 2
2y,2y =K, T Ky —4Ty I Tg

2Ty

6.7)

Nnaums (6.7) farsanlan

P
1R K2 >4 i 8
Tr

T
YR Kf, La—
Tr

v 1 a
2214 Zero 2 FutluA1954

Jas 1 g . £ 91 A
22183 151511 complex conjugate ¥z 1¥1A1VD4 real part AINN -K /2T,



108

a a a dad I3
g5 uinsadn 1 drlunesisanisn
L"A =L 1 1] s 1 [ a .
o IsAy Inan1aesuUnUIZiAAN1S cancellation
U =} = 91 i ~
mmuqmmuw%ﬂ awsaufaoevisa o9 proportional mode LA overshoot 1

o q ¥ a . A v Y g
%31’]11‘”“\@1’115 oscillation tHBIN Integral mode LLazi]:Gl‘HWﬁ@@uﬁu@ﬂmjmmmuﬂm

auau®d Derrivative mode

Ansandayanauerana

A
Vi (t) Vi (t)
—P ¢ —A
0| 0
D
Vo(t)ﬁ v ; Vo(t)? [
v &g P
3 :
P » t V =1t
0 0
Y, (1)
t —P ¢
ol

1T Aa A of 1 a e
(M) A5 poUANBIABRUNANAT (@) nTADUAUDIREDU ALY

a 1 a v d a J]
51 6.3 nsaeuauesRedunaRaduazBunauTui]

A oA d
inSesdlotazginyel
Jd A =3
1. upsaii loa

2. poddalaalal

3. AUADINDT



out
Signal
Generator

L

out

v

FO +—

!

Vi(t)

109

p (Kp)

I (TR)

D (T\/)

51t 6.4 msdprssMsNARBITIAIUUULT oR

MAUNTNAAB

1. f02993693Y

2. Houdunawad v 1 Vp- p NANUD 100Hz

Y
3. fwd K, =1,T,=0.lms uag T, = 0.1ms Tunndaygo

vo(t) :..... V/div
vi(t) :..... V/div

time :.....S/div



110

4
4. fs1 K, =5 T,=0.1ms ag T, = 0.1ms Tufinels

vo(t) :..... V/div
vi(t) ... V/div

time :..... S/div

ajiuansnaaes

o 9

AMOUMEYNTNANDY

1. daauauuuui idefunzdeiduediels
g a9 A 9 =) 1

2. amunuuuyle fideduasdeifoerials

[ aay a 9 s ]
3. AIMIUANLUUA mammmamaamﬂs

a a9 A

4. dmunuuuyil led IdeAunzdoduodils



111

ASNARIN 7

STUVOUAUTIH ( 1st order system)

>

d
agilszaen
=< 2 v o 2
1. ANEIDITEUUBUADUNU

[ b 1+ a v d
2. fAAEIfaHaneLTEIYDITLUUSUA U TIHEBUNAWAT

9 &K 1 .
3 wﬂﬂmm Time Constant

UNIIASIZH

1 ST ORDER

Vi(t) Vo(t)
——— —p

a < v £
51/ 7.1 vaenlavzlNTVBITTUIOUAUHA

o o
N eI Wy

Vo(s) 1
= (7.1)
Vi(s) 1+ RSC
Vo(s) 1
= (7.2)
Vi(s) 1+ST
A 1 P dgl [ 1 9 1 a SR dA "
T A9 ﬂ']L'Jﬁ']ﬂ\‘]‘VlIﬂEl T ﬂluagmmWmmﬁmmuuazmmﬂwmmmqﬂﬂa Time
2 a a
constant ¥4I 1AAN 63 % VBIDUNA
Saunavesszuuilugiiaany U@
1 1 1 T
Vol(s)=———— == (7.3)

IS+D'S s (TS+1)



112

Vo(n=1—c¢ Ppt=1—e T T=— (7.4)
®
p
Sz aumsh (7.4)
=0 ; Vo(0) =0
t—>0 Vo(00) =1
t=T ; Vo(T) =0.636
1 —
0.636 |- :
'EI f } { +»
0le T 2T 3T 4T
T P ————pl€¢—— steady state —»

' 'dg/ A Ay ¥ = E
(n) F2eams ldtiy, . Aera1ildan 10% D3 90 % vod Final Value

VO(t)T

100 %
90 %

63 %

10% |/

<t
r
2.2
@)t, =22T=—
©p

a a S v o 2
5111 7.2 nsvlneuauesiedulAAvRIZLUBUALNS



A oA ¢
inseianazgnsal
Jd A a
1. yosaii lod
2. poadalaaln

3. A1UADI9TT

Signal
Generator

N o+

i

l outtp—

113

1 ST ORDER

v?f
7

Vol

51/ 7.3 m3dpIseINIsNATDIIEULTUAL M

NAVTUABUNTNADDY

1. 70299357931

v J

a 1< o
2. ouBunailludyanmiad

3]

v '
36381 T = 0.1 ms, 1 msiag 10ms Tufinalumsent

#9298 100 Hz 4119 1Vp-p

= ®

3 1 1 9 9 A A g @ =
4.9 T Gl'lllﬂ'lalu‘ll@ 3 Lm’mmmummmﬂu 1 kHz mmmwamﬂﬂaﬂuuﬂm

T

0.1 ms

1 ms

10 ms

r

t
(AN

1'18)

Y 1 1 a o da
55 UuﬁﬂﬂWﬂSTﬂﬂﬂUﬁu@Qﬁ@@uVXﬁwaﬁﬂ T=0.1ms



114

vo(t) :..... V/div
vi(t) ... V/div
time :..... S/div

asilwamananes

MouMenInAnes
1. tasddousunaiudayanausuinsmrevauessiuedils

A [ A dg) o Y [
2. iiedfunrwiigeiu naneuauesi ldiduedils



115

luaun 8

52UV UAVTDI (Second Order)

(% 3
Jagilszan
1. [HofnYINGANTTNVOITEUUBUALTDA
) ieRnmEsinyaznaeuuedluaN1IT N YOITTUVOUAU DY

4 U a Jd 1 v v
3. Lﬁﬁ]ﬁﬂ‘ﬂWﬂﬁﬁ'\ﬂTW'1'513JL§§)’E]‘§¢1NG] VYOITLUUOUAVAB

a d
UNIAIAITH
2 ND ORDER
Vi(t) Vo(t)
—> —>
d‘ g v W
‘gﬂ‘n 8.1 U89 IA0LUNTUUDITZULOUAA DS
aunNIg
Vo(s) 1
- € 2, 2D (®.1)
Vi(s) e ol
(coo) S o, S+1
FINVDIFUNITUUISUIU S
$1,8, =—® DL jo, 1-D? (8.2)

Y
AMsADUAUDI 4 DE19AAI

1. Underdamp D<1
2. Overdamp D>1
3. Critically D=

4. Oscilate D=0



116

= 5 UU\JV

=+ 2%

T
e Mp P
a P ¢ ¢ "
E‘Lh'l 8.2 ﬂ§WWW@Uﬁu@Qﬂﬁm@uLﬁaﬁLL@NW"U@QﬁS’/Uﬂ@uﬂUﬁ@Q

A oA ¢
insesdionazginsal
d =
1. ypsai laf

2. poadalad lail

3, AURBI993

2 ND ORDER
[ out——H St '/ 0
Vil Vol
Signal
Generator 9 9
N out—
51n 8.3 ANTADINTINMINANBITLUUBUAVAD
MNAVTUMINARDY

1. Ao2esaegl
2. Heudagnudunaiad via 1 Vp-p AN 100 Hz

Y ]
3 &1 D=0.1,02,05,0.7 fuiinsrasluaaedil



a
M1 1N 1

117

D

0.1

0.2

0.5

0.7

% mp

% Over shoot

1NNt D=0.2

vo(t) :..... V/div
vi(t) ... V/div

time :.....S/div




118

agUwamsnaaes

o Y
ADIUMEUNITNAADY
b Osll ! . 9 Y v I '

1. #nisdas Damping (D) 11104 1 dnpagnisneuauesziijuey1als
9/
@ 1 I~ 1

2. 81115769 Damping Factor (D) 1101 1 niWmeuauesaziuedils

A % 1w I~ 1
3. ns@in Damping Factor (D) i1 0 nswaeuauotaziifuotials
4. ¥MABNA1 Damping Factor MAY 0 uduAsuanud 1A 100 Hz 40 9 1oz

: 1 < '
AMuATPEA11 100 Hz 110 9 Hagauanedziiiuoiels



119

Tuarun 9

HanoUaHB Step Response UdIITUU

LY d
Tagiszasn
A =2 =< @ 1
iz LWﬂﬂ']‘iﬁﬂ‘BWﬂ\‘lNﬁ@@Uﬁu@ﬂﬂl@ﬁﬁzﬂu1u@1ﬂ‘ﬂm3@ﬁq

2. ﬁﬂ‘ﬂ'\ﬂﬁﬂ’lﬂﬂwuﬁﬁiﬂﬁ%ﬂL‘BUS%‘U‘U

a d
UNAUNIICH
g a Y o w 1 k2 A
'§$‘U‘U1ﬂ‘°] m%ﬂz"lmrmﬂs mmmsmm”lﬂl IﬂEJﬂTﬁ‘LJ,“IGI'J’ﬂ'JUﬂ‘JJiJWW‘BﬂL‘D'EJLLﬂ‘lﬂlﬁiﬂ

kY .;’,’ = = 42} 9
mvﬂw“lmwuuumaaﬂsm‘w&uu%

A oA ;
inJesilouazailnisl
Jd A a
1. yosadi oA
2. poadalad lall

3. 41ENBI0T

1 ST ORDER

45 ~

ut

O

Signal Vo
Generator

WL

out

HO

4 1 <]
51071 9.1 M3re29AMINATDIHANDUAUBLIVTIAL

A10VVUMTNARDY
1. f92993A931

a v d a
2. ﬂ@u@uﬂﬁwaﬁ%uqﬂﬂq'luﬂ



120

3. \RonsiT=01ms,1ms,10mst@enaA1T, = 0.1 ms, 1 ms, 10 ms Tuilnnaneuaiedh

T=0.1msT,=0.1nstaz T=0.5nsT,=0.1 ms

vo(t) :..... V/div
vi(t) :..... V/div

time :.....S/div

asilwanmsnanes

<

MONMENINANDBI

'
A

U dl d' 1 \ 1 a d‘ 1
1. wWeed T Asntlasua T, ﬂ1151’1\3%31!ﬂﬁL‘lJﬁﬂuklﬂaﬂﬂﬂﬂﬁ’ﬁlﬂﬁuﬂﬂﬂmxﬂi

Qe

e

]
=\

U d' 9 q' U a d' 1
2. iledsan T, aeuad/aeun T wiinanlfouudasnnineuauscedials



121

luaun 10

v cé Y = =
msmuaussuusudunildagldimuguuuuiinasile

LY J
nglszaan
= X a P = d‘l [ & A 1
1. ﬂﬂHTﬂQWQﬂﬂiﬁuﬂl@QWLlag‘Wqﬂ LiJﬂﬂ']Uﬂ?Jﬁ&’UU@uﬂUﬁuﬂVIﬂ'] TANW 9
Pt Yy 9 =KX o a v 1 a
2. ﬁﬂyﬂ,ﬁl"U‘]&lﬂﬂqaﬂyﬂlgﬂ']5ﬂ'3Uﬂ3JLLUU'N§]§L‘]JﬂLm8ﬁﬂ'HmZﬂJ@QﬂTWﬂWﬁTQ

3. Wisuidfisudeuandrsvesdaniuauuuufiediufsiuazit lodionluguszuy

Ol o A
DUAVUNUN

A oA ¢
tnSesilonazginsal
Jd A =
1. ypsaii led

2. poadalad Iy

3, AUADINDT

T+12v i

_’—_‘__ w Vd
Signal -X
Generator Vi

e T

ut

1 ST ORDER

o—1 <. 8 \ /
l'\/o
?

d‘ 1Y é 9 o = =
gﬂﬂlOJ’Nﬂ5Wﬂﬁ@Qﬂﬁﬂ?ﬂﬂuiZUU@uﬁuﬁiﬂﬁhﬁnﬂQUﬂNuUUWHﬁzuUHW16



122

HAVVUNTNAAB

1. 929356931

2. Jounsaduduna vuia 2 v iflend1 K, fiiidnq ldun 0.5, 1,5

3. 188N T, = 0.1 ms Uaze1 T = 0.1 ms YudinAinsTuaaadi |

3
M13141 1
FUAYDIFINIVAY P PI P PI
K, 0 1 5 10
T, 0.1 ms 0.1 ms 0.5 ms 0.5 ms
Vf
Steady state error
4. Joudunailudygnaiadainud 100 Hz ¥u1a 1 Vpp
=
A1TNN 2
FHUAVDIAIN LAY P PI P PI
Kp 0.5 1 5 10
T; 0.1 ms 0.1 ms 0.5 ms 0.5 ms

Ky (811N TIN)

T. (81u91nn5IM)

I

CY [ 3

5. Juindyanunuddnuguuuudl Al K, =0.5 T,=0.1 ms

o




123

vo(t) :..... V/div
vi(t) :..... V/div

time :..... S/div

ndaudidanAuuule A1 K, =1,T,= 0.1 ms

vo(t) :..... V/div
vi(t) :..... V/div

time :..... S/div



124

agwamsnaaes

o Y

AIDIUNIYNINAAD
Y ' Y o o @ 9 1Y < '

1. "U@LLG\ﬂﬂ”l\‘l“ll@\‘lﬂﬁi%@]')ﬂ'lﬂﬂﬂuﬂﬂ P @@ ﬂ‘]_lﬂ'l'icl‘lf P s3uny I L‘LIH@EJN‘li
A A 1 [ ¢ =1 1< 1

2. flolavum K, maNe uag T, 710199 naazuediels

A oA 1 = Y = ' LY £ < '
3. aonnl Kp uag T, AdN LLﬁ']ﬁENLlIﬁUUﬂW T suaﬁwuauwwuaNaﬁmﬂuama"ls



MANHIN V.

auilszneuvesyanNanes



126

a ¢ ¢
51U @. 2 vesANBINDT



127

o0

o

5 Pm’a’\‘u ) | 1 Y,

a [ J J
31]7] . 4 aﬂymzmﬂiuﬂmwamuamai



MANUHIN .

seazidsavedgnsainldlulassnu



129

22 EXAR -
/N ...the analog plus company ™ Function Generator

FEATURES

e Low-Sine Wave Distortion, 0.5%, Typical

e Excellent Temperature Stability, 20ppm/>C, Typ.
e Wide Sweep Range, 2000:1, Typical

e Low-Supply Sensitivity, 0.01%V, Typ.

e Linear Amplitude Modulation

e TTL Compatible FSK Controls

e Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 98%

XR-2206

Monolithic

e
- Sl
June 1997-3

'd

APPLICATIONS
e Waveform Generation

e Sweep Generation
e AM/FM Generation
e V/F Conversion
e FSK Generation

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP ‘0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

V /7 0 72 L

1972

T TOM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 4 (510) 668-7000 4 (510) 668-7017

1
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Figure 1. XR-2206 Block Diagram
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XR-2206
2 S e

AMSI 15] SYMA2 AMSI SYMA2
sSTO :_s_] SYMAI1 sT0 —| 2 53 SYMA1
MO [:] WAVEA2 Mo =3 a3 wavea2
Vee b3 WAVEAT Vee S| 133 WAVEA1
TC1 [z] Gno I=E 2|3 GND
TC2 |8 1] SYNCO 7c2 =5 i SYNCO
Rt [ [10] BlAS TR1 = 0|3 BIAS
TR2 [3 9 ] FSKI TR2 r:“ 8 9 FSKI
4

16 Lead PDIP, CDIP (0.3007) 16 Lead SOIC (Jedec, 0.300")

PIN DESCRIPTION

Pin# Symbol Type | Description
1 AMSI | Amplitude Modulating Signal Input.
2 STO (0] Sine or Triangle Wave Output.
3 MO o Multiplier Output.
4 Vee Positive Power Supply.
5 TC1 ! Timing Capacitor Input.
6 TC2 | Timing Capacitor Input.
7 TR1 (0] Timing Resistor 1 Output.
8 TR2 (0] Timing Resistor 2 Output.
9 FSKI 1 Frequency Shift Keying Input.
10 BIAS o Internal Voltage Reference.
1 SYNCO o Sync Output. This output is a open collector and needs a pull up resistor to Vee-
12 GND Ground pin.
13 WAVEA1 | Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.
15 SYMA1 | Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2. J
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XR-2206 7 EXAR
_J’ﬂﬂﬁﬁ@ B o i
DC ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 2 Vec=12V, T =25°C,C= 0.01uF, Ry = 100kQ, R = 10kQ, R3 = 25kQ
Unless Otherwise Specified. S, open for triangle. closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. l Typ. ! Max. | Min. Typ. | Max. Units | Conditions
General Characteristics
F@e Supply Voltage 10 26 10 26 v
Split-Supply Voltage +5 +13 +5 +13
Supply Current 12 17 14 20 mA Ry = 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz ] C = 1000pF, Ry = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C = 50uF, Ry=2MQ
Frequency Accuracy +1 +4 =2 %of fg [fo=1/R:C
Temperature Stability +10 +50 +20 ppm/°C |0°C < Ta < 70°C
Frequency Ry = R = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %NV | Viow = 10V. ViigH = 20V,
Ry = Rp = 20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=f |fh @ Ri= 1kQ
fL @ Ry =2MQ
Sweep Linearity
10:1 Sweep 2 2 %o f_ = 1kHz, fu= 10kHz
1000:1 Sweep 8 8 Y. f_ = 100Hz. fy = 100kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components
Timing Capacitor: C 0.001 100 | 0.001 100 ufF Figure 5
Timing Resistors: Ry & Rz 1 \ 2000 |1 2000 | kQ
Triangle Sine Wave Output! Figure 3
Triangle Amplitude 160 160 mV/kQ | Figure 2, S1 Open
Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2. S¢ Closed
Max. Output Swing 6 6 Vp-p
Output Impedance 600 600 Q
Triangle Linearity \| 1 %
Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion
Without Adjustment 2.5 2.5 % Rq = 30kQ
Wwith Adjustment 0.4 \ 1.0 \ 0.5 ‘ 1.5 % See Figure 7and Figure d
Notes

! Qutput amplitude is directly proportional to the resistance, Ay, on Pin 3. See Figure 3.
2 For maximum amplitude stability, A should be a positive temperature coefficient resistor.
Bold face parameters aré covered by production test and guaranteed over operating temperature range.
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#* EXAR XR-2206

DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206M/P XR-2206CP/D
Parameters Min. l Typ.- ‘ Max. | Min. I Typ. 1 Max. | Units |Conditions
Amplitude Modulation
Input Impeaance 30 100 50 100 kQ
Modulation Range 100 100 %
Carrier Suppressicn 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Ampiitude 12 12 Vp-p |Measured at Pin 11.
Rise Time 250 250 ns C_ = 10pF
Fall Time 50 50 ns C = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 v IL=2mA
Leakage Current 0.1 20 0.1 100 uA Ve = 26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 v See section on circuit controls
Reference Bypass Voltage 29 3.1 3.3 2.3 J 345 \ Measured at Pin 10.

Notes

! Output amplitude is directly proportional to the resistance, Ry, on Pin 3. See Figure 3.

2 For maximum amplitude stability, R; should be a positive temperature coefficient resistor.

Bold face parameters are covered by production test and qguaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

POWET SUPPIY « v e evveaeeeeeeenee e 26V Total Timing CUMTeNt . ...couvninnneeneeeens B6mA
Power Dissipation ........c..ooiiaeiens 750mW Storage Temperature ............ -65°C to +150°C
Derate Above 25°C ..ot es 5mwW/°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a terminals to ground. With two timing pins, two discrete

voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is setby a resistor from the timing

output frequencies can be independentty produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO. '
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XR-2206 7 EXA
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Figure 2. Basic Test Circuit
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72 EXAR
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Figure 5. R versus Oscillation Frequency.
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2 1
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" Symmetry Adjust

XR-2206
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, R; and Ry, connected to the timing Pin7and8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voitage > 2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Rpis activated. Thus, the output frequency can
be keyed between two levels. fy and fp, as:

fy = 1/R1C and f2= 1/RQC

For split-supply operation, the keying voltage at Pin 9 is
referenced to V".

Output DC Level Control

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 71, Figure 72and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of = V*+/2.

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R, at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 71 can be converted to split-supply
operation, simply by replacing all ground connections
with V-, For split-supply operation, Rz can be directly
connected to ground.
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With External Adjustment:

The harmonic content of sinusoidal output can be
reduced to -0.5% by additionai adjustments as shown in
Figure 12. The potentiometer, Ra, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rg at midpoint and adjust R for minimum
distortion.

2. With R, set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 17and Figure 12can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., Sy open). Ampiitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
Ry and Rp; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-.

Pulse and Ramp Generation

Figure 14shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of Ry and Ry. The values of Ry and
Rz should be in the range of 1kQ to 2MQ.

XR-2206

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
extemnal timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

fD=HLCHz

and can be adjusted by varying either R or C. The
recommended vaiues of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ < R < 200kQ. Recommended vaiues of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, Iy, drawn from Pin 7 or 8:

_ 320/,(mA)
f= V... B Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are intemally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1uA to 3mA. The frequency can be
controlled by applying a control voitage, V¢, to the
activated timing pin as shown in Figure 70. The frequency
of oscillation is related to VC as:

e 1 Al _ Y
Fi= HC(1 + Hc(1 3>)Hz

where Vgisin volts. The voltage-to-frequency conversion
gain, K, is given as:

K=aflav, =932

A.C Hz/V

CAUTION: For safety operation of the circuit, I+ should be
limited to < 3mA.

TEM
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- XR-2206

Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, Rs, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ of Rg; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
R,. Thus. for example, Ry = 50kQ would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

at Pin 1 is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vcc/2 as shown in
Figure 6. Asthis bias level approaches Vco/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of ampiitude modulation is approximately
55dB.

CAUTION: AM controi must be used in conjunction with 2
well-regulated supply, since the output amplitude now becomes
a function of Voc.

w

g

5

A

L

<
[e]

£

1T X

AN~ IW o0

.,”92{

"ll

Figure 15. Equivalent Schematic Diagram
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72 EXAR XR 2206

16 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev. 1.00

B | ~A—

| RO

£ /g\
SRRRLI L

I =

[ed

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX
A 0.100  0.200 2.54 5.08
Ay 0.015  0.060 0.38 1.52
B8 0.014  0.026 0.36 0.66
B8, 0.045  0.065 1.14 1.65
[ 0.008  0.018 0.20 0.46
0 0.740  0.840 18.80 21.34
[ 0.250  0.310 6.35 7.87
E 0.300 BSC 7.62 8SC
e 0.100 BSC 2.54 BSC
L 0.125  0.200 3.18 5.08
o 0° 15° 0° 15°

Note: The control dimension is the inch column
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XR-2206 e EXAR
W o o o o A A R

T3 L O

16 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rev. 1.00

o 3 b W e B e B s e B

16 5| 1

D =]

1 8 Vol

[ S g G Gy G y ey S gy Sm gy S gy e |
| 2 (7
I I
£ S\F ~E S e

Seating A

Plane L ?WT

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.145 0.210 3.68 5.33
Ay 0.015 0.070 0.38 1.78
As 0.115 0.195 2.92 4.95
8 0.014 0.024 0.36 0.56
84 0.030 0.070 0.76 1.78
C 0.008 0.014 0.20 0.38
0.745 0.840 18.92 21.34
E 0.300 0.325 7.62 8.26
E,s 0.240 0.280 6.10 7.1
e 0.100 BSC 2.54 BSC
ea 0.300 BSC 7.628SC
eg 0.310 0.430 7.87 10.92
I8 0.115 0.160 2.92 4.06
a 0° 15° Q° 15°

Note: The control dimension is the inch column
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#2 EXAR XR-2206

¥ sisilad bl

16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00

AAAAAARAA

5

ka1
TR —"

B = 0)

g o NUBAYRYATON T 1L

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.093 0.104 2.35 2.65
Ay 0.004 0.012 0.10 0.30
8 0.013 0.020 0.33 0.51
C 0.009 0.013 0.23 0.32
D 0.398 0.413 10.10 10.50
E 0.291 0.299 7.40 7.60
e 0.050 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65
L 0.016 0.050 0.40 1.27
o3 0° 8° 0° 8°

Note: The controf dimension is the millimeter column

AR 5 L L L5 L L 5 8. T

T TOM
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National Semiconductor

LM741 Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

November 1924

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperature range, in-
stead of —55°C to +125°C.

Schematic Diagram

7
o
Q8 Qs Q12 Q13 J
I\‘ou
3 2 INVERTING
NON=IRVERTING
Q1 Q2 RS
INPUT INPUT 39K
R7 T Q15 1
45K
==gCl
Q3 30pF|  R8 5 R9
4
Q 75K 2 s
Q7 Qs b—OUTPUT
R10
50
Q17
Qs Q10 \’
Qs Qi ozi/{ Q20
OFFSET NULL — S _OFFSET
NULL
R1 R3 R2 R4 R12 S RI1
1K 50K 21K 5K S0K 50
4 iV ond
TL/H/9341-1
Offset Nulling Circuit
p ouTPUT
Y-
TL/H/9341-7
@1955Na$ooal55mncon0ucm100rpovalion TL/H/9341 RRD-B30M115/Printed in U. S. A.

soydwy jeuonesado Ly ZINT
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

Distributors for availability and specifications.

please contact the National Semiconductor Sales Oftice/

(Note 5)
LM741A LM741E LM741 LM741C
Supply Voltage +22v 22V 22V +18V
Power Dissipation (Note 1) 500 mW 500 mW 500 mW 500 mW
Differential Input Voltage =30V +30V =30V +30V
Input Voltage (Note 2) +15V +15V +16V +15V
Output Short Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range —55°Cto +125°C 0°Cto +70°C —55°Cto +125°C 0°Cto +70°C
Storage Temperature Range —-65°C to +150°C -65°Cto +150°C —65°Cto +150°C —65°Cto +150°C
Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 2150 215°C 21520
Infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliabiiity” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics (Note 3)
4
Parameter Conditions LIASRRL MR e Epae Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta = 25°C
Rs < 10k 1.0 5.0 20 6.0 mV
Rg < 500 08 | 30 mv
TaMIN < Ta < Tamax
Rs < 500 4.0 mV
Rg < 10k 6.0 75 | mv
Average Input Offset o
Voltage Drift P pV/°C
lngutOﬁset Voltage Ta = 25°C, Vg = £20V b +15 +15 it
Adjustment Range
Input Offset Current Ta = 25°C 3.0 30 20 200 20 | 200 nA
TaMIN S Ta < Tamax 70 85 500 300 nA
Average Input Offset o
Current Drift e nAssC
Input Bias Current Ta = 25C 30 80 80 | 500 80 | 500 nA
TAMIN € Ta < Tamax 0.210 1.5 0.8 uA
Input Resistance Ta = 25°C, Vg = £20V 10 | 6.0 0.3 2.0 0.3 2.0 MQ
TAMIN < Ta < Tamax.
Vg = £20V 0.5 MQ
Input Voltage Range Ta = 25°C +12 | £13 \
TamiN € Ta < Tamax +12| =13 \
Large Signal Voltage Gain | Ta = 25°C, R 2 2kQ
Vg = £20V,Vo = =15V | 50 V/mV
Vg = £15V, Vg = £10V 50 | 200 20 | 200 V/mV
TAMIN < TA < TamAX
RL 2 2kQ,
Vg = £20V,Vp = £15V | 32 V/mV
Vg = £15V, Vg = £10V 25 15 V/mV
Vg = £5V,Vg = 2V 10 V/mv
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Electrical Characteristics (Note 3) (Continued)

LM741A/LM M741 LM741C
Parameter Conditions GRIHTE . Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Output Voltage Swing Vg = £20V
RL 2 10k 16 \"
RL 2 2kQ +15 \Y
Vg = £15V
RL = 10k 12 14 12 14 Vv
R 2 2k 10 | =13 101 #13 Vv
Output Short Circuit Ta = 25°C 10 25 3 25 25 mA
Current Tamin € Ta < Tamax 10 40 mA
Common-Mode TaMINS TA < TAMAX
Rejection Ratio Rs < 10k, Vom = =12V 70 90 70 20 dB
Rs < 500, Vom = =12V 80 95 dB
Supply Voitage Rejection | Tamin < Ta < Tamax:
Ratio Vg = £20VtoVg = =5V
Rg < 500 86 96 ds
Rs < 10k 77 96 ™ 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 0,251 ~0 .8 0.3 0.3 us
Qvershoot 6.0 20 5 S %
Bandwidth (Note 4) Ta = 25°C OFa0H " 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/pus
Supply Current Ta = 25°C 1.7 2.8 17 2.8 mA
Power Consumption Ta = 25°C
Vg = +20V 801 160 mwW
Vg = £15V 50 85 50 85 mwW
LM741A Vg = £20V
Ta = Tamin 185 o
Ta = Tamax 135 mwW
LM741E Vg = £20V
Ta = TAMIN 150 mwW
TA =, TAMAX 150 mwW
LM741 Vg = +15V
Ta = TaMIN 60 | 100 mw
TA = TAMAX 45 75 mwW

Note 1: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absoiute Maximum

Ratings”). Tj = Ta + (6ja Pp).

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
6;a (Junction to Ambient) 100°C/W 100°C/W 170°C/W 195°C/W
6ic (Junction to Case) N/A N/A 25'C/W N/A

Note 2: For supply voltages less than =15V, the absolute maximum input voltage is equal to the supply voitage.

Note 3: Unless otherwise specified, these specifications apply for Vg = £ 15V, =55°C < Tp £ +125°C (LM741/LM741A). For the LM

specifications are limited to 0°C < Tp £ +70°C.

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 5: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 6: Human body model, 1.5 k2 in series with 100 pF.

741C/LM741E, these
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Connection Diagrams

Metal Can Package

TL/H/9341-2

Order Number LM741H, LM741H/883",
LM741AH/883 or LM741CH
See NS Package Number HO8C

Dual-In-Line or S.0. Package

OFFSET NULL —

INVERTING INPUT —

NON=INYERTING —

INPUT

T

N

/

o

— OUTPUT

o

— OFFSET NULL

Order Number LM741J, LM741J/883,
LM741CM, LM741CN or LM741EN
See NS Package Number JO8A, MO8A or NOSE

*LM741H is available per JM38510/10101

TL/H/9341-3

Ceramic Dual-In-Line Package

—/
NC —1 14 #—NC
NC—2 13 —NC
+OFFSET NULL — 3 12 —NC
-IN— 4 11 —V+
+IN— 3 10 p—oOuT
y-—6 9 = - OFFSET NULL
NC—7 8 F—NC
TL/H/9341-5

Order Number LM741J-14/883%, LM741AJ-14/883""
See NS Package Number J14A

*also available per JM38510/10101
""aiso avaiable per JM38510/10102

Ceramic Flatpak

1
s e
<
+OFFSET NULL C—]

-INPUT
4

+INPUT ]

"5 e—

LM741W

&.‘:J NC
9:] NC
—
::J OUTPUT

1 -OFFSET NULL

TL/H/8341-8

Order Number LM741W/883
See NS Package Number W10A
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Physical Dimensions inches (millimeters)

. 0.350-0370
<~ (3.830-3.398)
0 ! .
. L0 03150335
l {8.001 —8.509)
t MAX
Ty 0.025
UNCONTAOLLED
 — vy

REFERENCE PLANE = = -
i AL 0.035 ””—-u—”u—f—" s—— SEATING PLANE

0.500 | TR 9T

J0:889f 10.381—1.016)

’i! 2.016-0.019

—————— DIATYP
(0.406 —0.483)

. 0.195-0.205 DIA
0.100 | i {4.853-5.207) P.C.

——— TYP —
s | :

0.029-0.045 N
(0.737-1.143)

.0.028,0.631) 0.115-0.145
0.711—0.864 Pae — o
{ )\‘// (2.921-3.683)
. DIA
*
45° EQUALLY
SPACED | HCBC (REV 5

Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741CH or LM741EH
NS Package Number H08C
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Physical Dimensions inches (millimeters) (Continued)

RO.010 TYP

oo

o

0.220  0.310 MAX
/f 0.291  GLASS
R0.025 TYP ;
LI [ [T L
0.045
Sl ooz P
0.290 |=— o0.00s GLASS
0.320 MIN / SEALANT
0.180 T L . ,/’ 0.020
M Max 0.200 |17 b :
; MAX l—— 0.060
Rih ! T
f T o.s0
L 0.125 MIN
\ 0.200
s 3 ﬁ 90° £ 4° TYP
350 £5° TYP ’ 0.310 | 0.055 MAX —=| |—
: 0.410 ’ BOTH ENDS ' \
0.008 e 0.018 £0.003 TYP
0.012 ;
0.100£0.010 TYP J08A (REV X)
Ceramic Dual-In-Line Package (J)
Order Number LM741CJ or LM741J/883
NS Package Number JOBA
0.785
(19.839)
MAX
3] (3] [2] (] [oof [5] [3
0.025 Nl
{0.635) !
a%D 0220-0.310
(5.588-7.874)
CT LTI
0.290-0.320 0005 . . 0.200
(7.366-3.128) ‘D-r}'zlz‘) 2 GLASS  0.060:0.005 {5.080)
JSEALANT  rgaacaazn | [ MAX 5oy pose
0.180 : —] (0.508—1.524)
(8.572)
] 95° =5 86°94° TYP Y .
[_10° MAX 0.008-0.012
0310-0.410 (0203-0.385)
e 0.098 0.918 :0.003 .—H-. 0.125-0.200
(1874-10.41) il (0.457 :0.076) 49 5 oagy
(2.489) (3.175-5.080)
MAX BOTH ENDS 0.100 -0.010 0.150
{2540 :0253) a8
MIN J14A (REV G)

Ceramic Dual-in-Line Package (J)
Order Number LM741J-14/883 or LM741AJ-14/883
NS Package Number J14A
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Physical Dimensions inches (milimeters) (Continued)

0.189-0.197
{4.800—5.084)
|8 7 6 S
FIpAA A

0.228-0.24
gﬁ
1

{5.791-6.138)

i

f*

Dual-In-Line Package (N)
Order Number LM741CN or LM741EN
NS Package Number NOSE

LEAO NO. 1
I0ENT e
0.150—-0.157
(3.810-3.983) !
0,090 0,020 et GCIT o
pzsosa | el
: \I i - : 0.004-0.010
1 . ALL LEADS X, {8102 -o 254)
‘1 ; r SEATING
Yy _— I
—_— —
NI
# 000 A ‘ ‘ 1 ]A I ] l ? PLANE
(0.102) 0014
0.008 -0.010 ) | — 0050 0.014—0.020
SO ALLLEADTIPS ! ms— 10.356) Az TYP
{0.203-0.254) — gm ':g:g 210) (0356 -0.508)
TYP ALL LEADS 10,405 1.270) st ““‘“nr—»l
TYP ALL LEADS MOBA (3EV )
Small Qutline Package (M)
Order Number LM741CM
NS Package Number MO8A
0.373-0.400
| ———
(9.474-10.16)
—y
02 0.03220.005
[z ) A i {0.813=0.127)
0.230£0.005 RAD
PIN NO. 1 IDENT _——(6415:‘0.127) NG |o€m—\~.
OPTION 1 Y
ey D200 L, S p—{
(1 12) 0.030 Lax  (1.016) 0.039 wrioN2
0.300—-0.320 (0.769) m 0.145 —-0.200
(1.62-8.128) { e o=y (S350
- ————; ‘ = A o130+0.005
Y @02x0370)
1 A = i
=y LA l e w }4{‘ >—(——;:§_:';::) I
LA - BTy B f S ’ 5.2
0.009-0.015 | T 3am W=y {0.508)
(0.229-0.381) i oo i WM
000 | NOM . 0.018£0.003
— -0.015 ! (0.457 £0.076)
1016 3.100£0.010
i) " (2540 £0.250)
0.045£0.015 _ |
(1.14320.381) 2.060
(1.524)
0.050
(1.2m) NOSE (REY A




LM741 Operational Amplifier

151

Physical Dimensions inches (millimeters) (Continued)

0.080 oy e [+0.270 MAX~
0.055 0.050 % 0.005 ——1 l—— —~{ <= 0.005 MIN TYP
0.035 ) et LG O
0.026 10 5
P | T
0.370
0.250
1 :
0.270 MAX 0.260 3
GLASS 0.238
l [_] L_ 0.012
g T 0.008
J
_/" DETAIL A
DETAIL A 0.370 A
0.250
PIN #1 l
IDENT ! -——5 W10A (REV E)
0.006 _olo '
0.004
e 0.019 0.045 MAX
0.015 TP ™ Tve

10-Lead Ceramic Flatpak (W)
Order Number LM741W/883
NS Package Number W10A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED
DEVICES OR SYSTEMS WITHOUT THE EXPRESS
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

&

National Semiconductor
Europe

National Semiconductor
Corporation

1111 West Bardin Road
Artington, TX 76017

Tet: 1(800) 272-9959
Fax 1(800) 737-7018

Fax: (+49) 0-180-530 85 88

Email: cnjwge @tevm2.nsc.com
Deutsch Tel: (+49) 0-180-530 85 85
English  Tel: (+49) 01 80-532 78 32
Frangais Tet: (+49) 0-180-532 93 S8
ltaliano  Tet: (+49) 0-180-534 16 80

National Semiconductor
Hong Kong Ltd.

13th Floor, Straignt Block,
Ocean Centrs, 5 Canton Rd.
Tsimshatsui, Kowtoon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

Japan Ltd.
Tel: 81-043-299-2309
Fax: 81-043-299-2408

Nabonal does not assume any responsibdity for use of any crcutry
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National Semiconductor
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