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ON DESIGN OF ACTIVE AUDIO EQUALIZERS

By Mr. Worathep Noachoo
Mr. Warnt Benaree
Miss Somsuda Kirddit

Adyvisor Assoc.ProfDr. Kanok Janejirapongvate
Year 1997
ABSTRACT

This project describes the method of design minimally active RC variable equalizers by
using basic Bode variable equalizers basis for Audio Bass and Treble Tones. This type of
equalizers have the step response to dominate the Bass or Treble tore. Therefore its can be
adjusted to increase or decrease the relative tone amplitude at £10dB. The circuits consist of RC
components and a single operationa) amplifier with selective switch

The Pspice is utilized to simulate the response of both Bass and Treble response. It is
shown that the simulation results are quite agree with experimental results
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v »
Aguruniaf Tua Sunwn ves sedusud] ARl

Y,(V-Vin) + Y,V + Y, (V- Vo) = 0 (2.214)
Y, (V-Vin) + Y,V + Y,V -Vo} = 0 (2.213)
fida v eanezld Taame namameddaisu
i Vo(S) FU¥2+V4+Y6)-Y2(Y1+V3+7F5)
H(S)=—- ="~ - (2.2.16)
Vin(S) ~ Y6(Y1+Y3+Y5)— YS(Y2+ Y4 +Y6)
1wl Y1+Y3+F5=F2+Y4+7Y6 (2.2.17)
H(S,_VU(S)_}'TWYZ_YZ-YI T
5) = Vin(S)  Y6-YS ¥S-Y6 (2.2.18)
DINAUNT (2.2.18) 1Wou Uz polynomials
H(S) = £15) (2.2.19)
O o
2INAUAIT (2.2.19) AT D(s) HITNUABUAZAIU
P(SY/' D
P(8)/ DES) (2.2.20)

1 =067 D)

glo Dis) T mdusmidauaTatuaiay Seududszdnt aunisi (2.2.18) uaz(2.2.20) 92

14
P(S)
V1=V 2.2.21
D(S) n-=r ( )
A
9 _ e vs (2.2.22)

D(S)



HID D_(S—) =¥2-¥1 (2.2.23)
aes)
_——D(S) =¥Y5-Y6 (2.2.24)

MNAMANTAYe: RC U Wein noainuaus

. (S)
i=(S+5)——

SD(S)| . (2.2.25)

Pl s
#3590 Ki=($+0) Q(—) O (22.26)
SD(S),

ey P(S) KiS . .
1214 DGS) z 525 Z S +() (2.2.27)

+K.S (2.2.28)

0 « K5 « KS
D(A‘)*gswﬁt 25@5‘

0 Ki, Kj, Kotz Ky @uimiusseuin @i Ke uaz Ky Huiwiuess  wivy

FudszdnTauniin (22.217,22.22) w50 (2.223), (2228 uaz (2.2.25),(2.2.26) a2l8

KiS KiS
= + _— 2 = e 2.2.29
YIS = K. S+ IZSer , Y2(8) g“& { )
K.S
Ye(§) = z {2.2.30)
S 5 H ( ) K - S+5u
K}S

8
win  YI(S)= Z ,YQ(S):KDDJrZS[E—‘é. (2.2.31)

. S S
YS(S):KmSnLZEI—%‘B: , ch(S):ZS]f“é

(2.2.32)
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Y3 1az v4 fmualag

Y3-Y4=(Y6-YS)—(Y1-Y2)= %@ (2.2.33)

Wie  Y4-Y3-(YS-F6)- (Y2 -¥1)= g‘%&,‘:ﬁ (2.2.34)

05)-78) « K.,5 « K5 . _
oS ﬁ;“g *Zgl_a;ﬂu[{ms_im—m) (2.2.35)

I 1 .Ilsv
wid V38 =K, S+Zb 5 Y4(S)—Z§5— (2.2.36)

(2.2.36)

wia  Y3(S . Ya(s) =

5 5,,.

= s .
2 pusuavheoes (Two dmplifier)

& e w 4 @ a & o
Warrann U 229 Uszneudie eerluendl 2 Az RC Tu weim 4+ @

L=

&
(1=
e

-Il—ol

‘51J 229 0TANNDT W H’)l.lﬂﬂﬂ'lﬂmﬂﬁ

1218 Trame naarefierivy
Vo(§) Y2-Y1 Yi-Y12

= = 2.2.37
Vin(S) ~ ¥Y3-Y4 Y4-Y3 (2.237

H(S) =

WITRINIUABIAVAUNITN (2.2.18)
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3.1 ﬂ]‘i?!ﬂﬁ]xﬁﬂﬂﬂ]ﬁi‘]uﬂﬂﬂﬁq (first order)

o M 1 =4 4 o o 4§
1.quﬁ‘nﬂmﬂa'§ﬁqﬁfuu1umwmmﬂqtmmJ ( treble) vila aindaen |

1 yH(S)
18y==17 YH(S)
il :% ., 0SRv<Ro
HES) = —e
169
Ro
Ra
.__/W\—.ﬁ
/Ii;a\/ LS TW)=VorVi
o Vo
Z1(S) Ro i +
G§m } SW.1
|
§! Rv

11 3.1.1 naaraasi1Flumsnansudie adndegi 1
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Node A
VA-Vi  VA-Vo _ .
Ra Ra B o
Node B
VB -Vi I'B 0 (3.12)
+ — = -1
Ra Rv
e v, = v, wnaunsi 3.12) sld
VA-Vi A 0 (3.13)
—_———— .+_ _— = P O
ZU8) + Ko Ry
MNaUNT G.11) 1 1A
o0+ Vi
(3.1.4)

uaunTs (3.1.4) 1 aunis 3.1.3) wld



Vo+Vi . Vo+Vi Vi
271 S)+ Ro] 2Ry ZS)+Ro

= 0

1

Vo ! + : +Vi ! + 1 — =0
2[Z1(S)+ Ro] ~ 2Rv 2[Z1(S)+ Ro] 2RV ZI(S)+ Ro

I 1 1
_ L
Vo 2| Z1(S)+Ro| 2Rv  ZI($)+ Ro

Vi ] l
[21(8)+ Ro] " 2Rv

Rv +[Z1(S) + RO| - 2Rv
 2[z1S$) + Ro| Rv
Rv+ Z1(S) + Ro
2[Z1(S) + Ro)| R

718) < Ro Ry

Voo Z1(§)+ Ro- Rv Ro Ro
Vi ZUSY+Ro+ Ry ZUS)t Ro LRy
Ro Ro

. R 1 ’ w
AN y_R—; , H(S):—?lt_ﬁ as ez 14

1+
Ro
L
Vo HS) T 1-yH(ES)
Vin ~1_+y 1+ yH(S)

= a I'd o o ] Fe P a 41 a4
2. AgounwdeiHinduludiuveadeanau iealasaoi 2

1+ yH(S)

= T TH)
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y= ?—O 0<Rv<Ro
1
H#S) =7
Ro
'Ra
iﬁ/\/\/\____
Ra i = .
A | ~ TOW)=Va/Vi
j + Vo
g - Ro SW.2
vi @ Z1(S)

| !

‘ Rv

| -

I o]

P < PA = 4 v
314 3.1.2 uanaraesniFlunisnanevila adag agh 2

NOde A VA —-Vo VA-Vi
Ra Ra
V4 —-Vo VA
Node B

ZWS)+~Ro  Rv

Vo +Vi
2

Vd =

nu 3.LD1u 3.16)

{Vo +Vi y } 1
—yo
2 Z1(S)+ Ro

1271 Vi 11500992 18

(Vo 1

= 0 (3.1.35)
= 0 (3.1.6}
(3.1.7)
Vo+Vi 3
2Rv B
Vo 1

Yo 1 _‘f‘l} 1
Wi T2 Vi |Z1(S) + Ro

TR T 2Ry

= 0



l 1 1 (Vo

1

1

ZI(S)+ Ro] ZWS)~Ro 2Rv Vi

vo ZI(S) - Ro— Rv
Vi ZI(S)+Ro— Ry

181 Ro W154A9A

__Z_l(_S)-%—RO Ry 1 ry
Vo _ Ro " Ro _ _H(S)
i T T ZS)+Ro Ry 1
Ro " Ro H—(S_)_y
1+ yH(S)
EZIO)

o o o a’r.\'d r = 9 d:l - T
3. Wgaums ey luduveamsanu ieadntnenl

1-yH(S)

2Rv 2[Z1(S) + Ro]

0 7S = ~~1—m 118
y = —g—;— 0<GvGo
1
H(S) I(S)
1+—=
(7o
Ra
EVAVAVA N
Ra
AN —
1+

= 7
=

]
| ivz(S)

= A A'i = o I-C!..
5141 3.1.3 uamaasi i lumsnaneaile aiag eail
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Node A VA—VO+VA—Vi - o
© Ra Ra B
Node B VB—V:'+ VB = 0
° Gv  Go+r2

nAaNNs (3.1.8)9z 14

Vo + Vi
A =—
2

o VA = VB unum va adluaunisn G.1.9) awld

Vo+Vi Vi Vo+Vi
2Gv - Gv 2Go+712]

1 b 1 1
Vol - = Wi ———-
O[Gv " AGo+12]. {Gv 2Gv 2[Go+ 12

i

AGo+¥2]-Gv-Go- 12

Vo oo 2Gv[Go + ¥2] _ Go-Gv+T2(S)
Vi Go+¥2+Gy T Go+Guv+Y2(S)
260v[Go+ 12|

111Go v1TAaaIz 1A

Go+Y2(S) Gv

Vo Go " Go
Vi Q£+Y2(S)+@
Go Go
L L)
1+ yH(S)

= o o o . = 3 - a d A
4. wvunnuaveivnsuludiuveuiuau dealndvehn 2
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(3.1.9)

(3.1.10)
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L+ yH(S) 4
9N TSy = ———— , 119
% = T
y = % 0<Gv<Go
. 1
H{S) = —Yiﬁ
1+ —
GGo
Ra
VAVAVANEE—
i .
NN rwy=von
|+
1 Gv
/:_f _ AVAVANEENN
N, |
|

= E &4 a7 s
714 3. 14 nmanern ¥ iuninaneaiie adadegd 2

VA-Vo VA-Vi

Node A . = 0 3111
ode T Ra (3 )
NodeB Y0 i 0 (3.1.12)
+ = e
o Gv  Go+72(S)
v Vo+Vi
nnaums G.Linoeld V4 = . (3.1.13)

il VA = VB unusadluaunis (3.1.12)
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Vo+Vi Vo Vo+1
— T
26v Gy 2Go+rAS)

1 1 I 1 1
—_— + SU——

260" av  aorras]] T T 2av t Gor 18]

Vo

L3
181 Go MIspaAnANUABLAZ AU

(v Go+Y2(S)

Vo - (,}(_5 (o
Vi Gy Go+Y2(S)
(o (10
L+ yHS)
1 - yH(S)

1.2 MDINEHTUMBUSY 2 (SECOND ORDER)
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T(8) = 1+ H(S) (3.2.1)

¥
o

o o = 1 y = Y W 4
Pnaums (3.2.0) sirndnmsansanae 1hdunsmeestme lamesianeanaies

] ¥ = A o ar V@ o
LMAN (Treble) uazidunsmmadnudes]n (Bass) Watinsaufus moigussansne
A& AT MYD41933NTBIAMUTAT (Low Pass Filter) TunsHu8919935n503A M8 9
(High Pass Filten) 1mhnsndensaufy Tasdnadsamon (Treble) sziifuaumiansesnany

g uazdnndnady (Bass) wiluauminsesnmdd niusiiimsivsanlusdos

¥ o oA
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3.2.1 Aenanduoaunan (Treble) HissmuAINdga

1. WOISRIYWAITVWYLIAYENTY Y IU (Boost)

Taganaunis 3.2.1) v 1d
7Sy = 1+H(D)

i . o a {
diedmuald 1s) dudaituvesaunizvssrninsesmnudge 4

-

T(S)= 14—
)= s st

_S3+au’)LS’+1+KZS'2
T ST+ wbS+1

C(1=K)8 rwbS +1
B 52+60be1

WiormidmualduavaIms v dyy M gaqamIng + 10 dB
nngas [7(jo), = 20log,|T(jo)

NTGe)| = 3162

K 2162

& 1 VoA V4
pazInnlInaasslasaTiwL Gb = 10 Lﬂuﬂmmmmuﬂwm

. dedmuald ®b = 10
1 S - 316285% +108 +1 (5.22)
v ©) = T os i o

diovhaunisil ldwiealu MATLAB 9zldnsesnindeg
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Equalzer of Audio
10

E-N

Magnitude (dh)

N

2
4
10

Frequency (radlsec;)

U321 LAAINITHADANTIHIINALATT (3.2.2

2. WNTEINNTNMTAAYNIAVONT QI8 (CUT)

TagnunaunsNNyamMIaavinavesfyy i sndudiunduvesanms¥ans

A w & <
WusaTINsvsedyaIn Feez1d

Ot

L+ H(S) L KS
S +wbS +1

sy =

S*+wbS+1
(1+K)S* +whS +1

Tagfwualdyransaavinavesdyaugeaaniiny -10 dB

11 ITU“’)L@ = -10 dB
L |TGe)| = 03162

SYP+1085+1
031625 +108 +1

7)) = (3.2.3)



Equaiizer of Audio

Magnitude (db)

Frequency (rad/sac)

31 322 udAINTTANISAD UETLDIYENTUNTT (3.2.3)
= s = ¥ = 4 a o
3.2.2 WIONATHIGEINN (Bass) HIAMUA TIU08]

1. WOITRNTWNMTVE WYL IAYONT YR8 ( Boost)
Tagornomaumsn G210 1218
T(S) = 1+H(S)
P ¥ o @ A a
deimuald 1S Wudsiruvssauntsvesasnssannudd

K

& 7S = 1+———
’ ) +S“+anS+1

S +abdf+(1+K)
S*+wbS+1

dios i ualMyuiavesnsvaedyyiugagaming +10 dB

nngas  |T(w)l, = 20log,|T(o)
~ATGey = 3162
K = 2162

ATHUA d)] = 10
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S? +105 +3162
Sowldaues TS =
() ST10S 11 (3.2.4)

dimhauns (3.2.4) umﬁ’aﬂnﬂﬂaﬂﬁ’ﬁqgﬂ

Equalizer of Audio

Magnitude (db)

107 107 10’ 16° 10"

Frequency (rad/sec)

1% 123 nmeniswasansynauns (3.2.4)

2. ROITROIYWMIARVNIAVEITYY I (CUT)

1y 1 1 [ LY L] o '
ﬂ'lﬂ‘ﬁ lﬁﬂﬂﬂll"l!lfiﬁ'l’lﬂll N334 ﬂ'ﬁﬂﬂ‘uu']ﬂﬂ]ﬂﬂﬁ'i\luﬂ!l"]fl.l.i]mﬂuﬂ?uﬂﬂﬂﬂjﬂﬂ‘h"idﬂﬁ

ﬁwmmmﬁﬂgmwm
v i 1
. lda = ——
wldauns 7(S) T H )
1
(s = K
l ———
TS Y wbS+1
S*+wbS+1

S*+wbS+(1+K)
Taadmua liyemsanvuevesdyamaqanidy - 10 Db
110 lT(jcu)‘dB = -104dB

“|TGe) = 03162
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ST+108 +1
LTS5 =
() S L10S+03162 (3.2.5)

Equalizer of Audio

Magnitude (db)

Frequency (rad/sec)

519 3.2.4 umaens WA e nauns (3.2.5)

3.3 M3BANUYYINDIIFIIHITIO UG UM ( First Order )

3.3.1 nerfuFeanva mnudgenTadesuna ( Treble )
duasesfihmshiiums saadaanandosiunimdge sz 2 KHz - 20 KHz
4 Jd' 4 s o .
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4.2 M991803n 19 Hved I3 aalY 1Y sunsu MATLAB
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5.1.2 mriaduatayedaeIon eeadalaaln

as ' & w
5.1.2.1 Miiadesn A udsniu (Bass) ¥ ndynin

a7

Frequency (Hz) Vo (Volt) Gain (dB)
20 31 9.82
50 3.1 9.82
100 3.1 9.82
200 31 9.82
500 2.75 8.78
1000 2.25 7.04
2000 1.56 3.86
5000 1.12 (.98
10000 1.01 0.08
20000 1.01 0.08

' a - ]
319 5.1 TURNHAN 1IMAG049993 199 5N 1A T oeviu (Bass) %24

5.1.2.2 1159A3993N19AWABINAY (Bass) ¥39M

ey u

{ndynyw

Frequency (Hz) | Ve (Volty: | _ }7 _:”Ga;ir:l _ (dB)
20 0.31 -10.17
30 0.31 -10.17
100 0.31 -10.17
200 0.31 -10.17
500 0315 -10.03
1000 0.42 -7.53
2000 0.6 -4.43
5000 0.85 -1.41
10000 0.98 -0.17
20000 0.98 -0.17

A19797 5.2 TUfinan 19 NAnB199TN AT N Y (Bass) $I9AN
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or < [} )
5,123 0 If']ﬁ'J‘J“T“-NﬁHuiﬂUqu“ﬂn {Treble) 739 Un

Frequency (Hz) | Vo (Voly | Gain (dB)
20 0.95 -0.044
50 0.95 -0.044
100 1 0
200 1.1 0.828
500 1.6 4.082
1000 23 7.23
2000 295 939
5000 335 10.5
10000 3.5 10.88
20000 35 10.88

4 & v oV
A13199 5.3 TUHINANITNABDIITNNA TSN (Treble) FIIYN

5.1.2.4 113 7A799I MM T DNAN (Treble) HIAN

Frequency (Hz) | = Vo(Vol) | - Gain (dB)
20 0.95 -0.044
50 0.95 -0.044
100 0.9 -0.91
200 0.86 -1.31
500 0.6 -4.43
1000 0.4 -7.95
2000 0.32 -9.89
5000 0.285 -10.9

10000 0.285 -10.9
20000 0.285 -10.9

A15197 5.4 THNNANIITNARBINVTN AT LINNAN (Treble) TIHN
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LM741

National Semiconductor

LM741 Operational Amplifier

General Description

The LM741 series are ganerai purpose operationat amplifi-
ars which featura improved performance over industry stan-
dards like the LM?709. They are direct, plug-in reptacaments
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many leatures which maka thair appli-
cation nearly foolproot: overioad protection on the input and

oulput, no latch-up when the common mode rangs is ex-
ceedad, as well as freedom from oscillations.

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

Schematic Diagram

HOM=INVERTING a2 2 MVERTING
RUT a NPT

aa/[ =
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Dtiset Nuiling Circuit
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, please contact the Natlonal Semiconductor

Distributors for availabilty and specifications.
(Note 5)

Sales Office/

LM741A LM741E LM741 LM741C
Supply Yoltaga =22V 22V =22V t18Y
Power Dissipation (Note 1) 500 mwW 500 mwW 500 mw 500 mw
DiHerential input Voltage +30v 130V =30V +30V
Input Voitage (Note 2} +15V +15v £15V +15V
Qutput Short Cirewit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range —-55Cto +125°C 0°Cio +70°C —-55'Cto +125°C 0°Cto +70°C
Storage Temperature Range —-65'Cto +150°C —65°Cto +150°C —65'Cto +150°C —-65"Cto +150°C
Junction Temperature 150°C 100°C 150°C 100°C
Solderning Information
N-Package (10 secands) 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 215°C 218°C 215°C
| infrared {15 saconds) 215°C 215°C 215°C 215°C
‘ See AN-450 “Surface Mounting Methods and Their Effact on Product Reliahility”’ for other methods of soidering
‘ surface mount devices.
| ESD Toierance (Note 6) 400V 400V 400V 400V
Electricat Characteristics mote 3
Parameter Conditions LM741A/LM741E LM741 LM743C Units
Min | Typ{ Max | Min [ Typ | Max | Min | Typ | Max
- T
Input Otiset Vaoltage Ta = 25°C i
: Rg < 10 kit 10 ; 5O 2.0 6.0 mVy
Reg < 500 0.8 3.0 my
Tamin = Ta = TaMax
; Rs < 50 40 mv
! Rg < 10k : 6.0 75 my
| Avarage Input Ofiset
18 V/i°C
i Voitaga Drift s
— oss - |
Inpyt Offset Voitage Ta = 25°C, Vg = 20V +10 <15 <15 Y
Adjustment Aange
Input Oftset Cusrent Ta = 25°C 3.0 30 20 200 20 200 nA
Tamin < Ta © TAMAX 70 85 | 500 200 ! nA
Average Eqput Offset 05 RASC
Currant Drift
nput Bias Current Ta = 25°C 30 B0 BO 500 BO | 500 nA
Tamin S Ta = Tapax 0.210 1.5 0.8 A
Input Resistance T4 = 25°C, Vg = £20V 1.0 6.0 03 2.0 03 20 MO
Tamin = Ta = Tamax.
Vg = 20V 0.5 M
Input Vollage Range Ta = 25°C +12 | £13 v
Tamin < Ta < TaMmax +12 | £13 v
Large Signal Voitage Gain | T4 = 25°C, R = 2kf1
Vg = £20V,Vg = 15V | 50 v/my
Vg = £18Y,Vpy = =10V 50 | 200 20 | 200 Vimy
TamiN = Ta < Tamax,
| A 22 ki,
| Vg = 20V, Vg = =15V | 32 Vimv
‘ Vg = £15V.Vg = =10V 25 15 V/imy
Vg = t5V,Vqg = =2V 10 v/my
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LM741

Electrical Characteristics (Note 3) (Continued)

Parameter Conditions LM741A/LMT41E LM741 !.H741C
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Qutput Voitage Swing Vg = 120V
AL = 10k 6
AL 2 2k *15
Vg = 15V
RL = 10k} 12| t14 12| 14
R = 2kl +10 | 13 +10; 13
QOutput Short Circuit T = 25'C 10 25 35 25 25
Currant Tamin = Ta = TaMAx 10 40
Common-Mode Tamin S Ta < TaMAx
Rejection Ratio Rg < 10k, Vou = =12V 70 | 90 70 | 90
As s 50, Vo = =12V 80 a5
Supply Voltage Rejection | Tamin & Ta £ Tamax.
Ratic Vg = =20V to Vg = 5V
Ag < 500 86 | 96
Ag < 10k 77 96 77 98
Transient Response Ta = 25°C, Unity Gain
Rise Time 0.25| 08 03 0.3
Overshoot 60 | 20 5 5 !
Bandwidth {Note 4) Ty = 25°C 0437 | 1.5 MHz
Slew Rata Ta = 25°C, Unity Gain 0.3 0.7 0.5 045 V/us
Supply Currant Ta = 25°C 1.7 2.8 1.7 2.8 mA :
Pawer Consumption Ta = 25°C i
¥g = Z20V 80 150 mw '
Vg = =15V 50 85 50 85 mw %
LM741A Vg = 20V 3
Ta = Tamin 165 mw
Ta = Tamax 135 mw
LM741E Vg = £20V ’
Ta = TaMIN 150 mw
Ta = Tamax 150 mw
LM741 Vg = =15V | " 1%
Ta < Tamin 60 | 100 mw -
Ta = Tamax 45 75 mw . [

Maote 1: For operation at slevaled temperatures, thesa devices must o derated based on thermal resistance, ang T; max (listed under "Absahis Maximum

Raungs). T; = T4 + (81" Poh.

Thermai Resistance Cardip {J) DIP (N} HOS (H) 50-8 (M)
#: (Junctian to Ambienty 100°CAW SO0C/IW 170G 195°C/W
[ 8 {duncuon ta Case) M/A N/A I5CIW N/A

Note Z Far supply voitages iosa than 115V, ihe absclule maximum input voltage is aqual to the supply voitaga.

Note 2: Uniess atherwise specified, thase specifications spply for Vg = =15V, —55°C £ Ta 5 +125°C (LM741/LM741A). Far the LM741C/LM741E, Urase

specifications are limited to G < Ta £ +70°C.

Note #: Calculated valus trom: BW (MHz} = 0.35/Risa Timae(us}.
Note 8: For miliary specifications sea AETS741X for LM741 and RETS741AX for LM741A
Notw 6: Human body modal, 1.5 kit in series wilh 100 oF.
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Connection Diagrams

Metal Can Package

TU/H/DMA -2

Order Number LM741H, LM741H/883°,

LM741AH/B83 or LM741CH

See NS Package Humbar HOBC

Dual-in-Line or 5.0. Plckéqc

OFFSET NULL 1
INVERTING INPLIT —
HON=INYERTING —

NRUT
¥ —

4

s

[} .
v

§ 1~ OUTRUT

o

Order Number LM741.), { M7414/883,
LM741CM, LM741CN or LM741EN-
Ses NS Package Number JOBA, MOBA or NOBE

"LM741H is availabie par JM38510/10101

b= 0FFSET NULL

TLA/B341-3

Ceramic Duakin-Line Package

Ry !
NC =41 l4f=Hc _
Lone—2 T lasfewe T L L

+OFFSET NULL =43 12=He
-IN = & SR ] s .

S T LI G peouTs .

g8 9 [~ - OFFSET NULL T
) e =7 sf-xc -

TUHJ’BJ“ 5

Order Number LM741J-14/883", LM741AJ-14/883""*
' See NS Plcnge Numbor J14A :

“also wmlnble par JMGB.SIDHO!N
**aipo availaiHe per JMIES10/10102

NC

+QFFSET NilkL
~INPUT
+INPUT

y-

pegn

Ceramic Flatpak

r—:'z: . ":m N
[ a—
é LMTaIw v
Esl ' s:l OUTPUT
— 1 ~OFFSET MULL
TL/H/8341-8
Qrder Number LM741W/883
Sae NS Package Number W10A
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