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Filter 1 a=1 by =0
Filter 2 a, = 1.6180 by = 1
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ST sl C1=820pF (55 lade aSu) 2,8 L
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4b 4-1
C,=C,—= =82010""2F-—"— = 1.26 nF
S 1.6182
o _ 22C2- /2,2 C,> — 4b,C,C, o _ 2Co+ Ja,2C,%2 — 4b,C.C,
Lo 4nf.C,C, L 4xf.C,C,

1.618:1.510-9 — V—";I(1.618-1.5-10-9}2 — 4-1-820-10-121.5-10-9

1.87 k
47-50-103-820-10 - 12-1.5:10~° a

A
Il
Il

1.618:1.5-10-9 + ,U,.r-’"(1.618-1.5-10—9)2 — 4-1-820-10-121.5-10-9
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Filter 2 a;=0.9996 b, =04772
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R, =1 — = L = 2.105 kQ
'~ 2nfa,C, 2n-103Hz-0.756-100-10-9F
ipge Sl
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R, = —1 = L = 3.18 kQ
nf.Ca, 110310010 —°-0.756
a
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F i Ite r Filter Pro

I3 TExAsS
INSTRUMENTS

S SJUT sla b jo a5 oS 0 .cwl Texas Instrument e o Joame K1, 1580 0 5
Sg S sla o8 15 sl asl s Lawgs sleiel e Yoans ol slazel LB ¢ 7 hae coiad 08
el 50 S Wb oo il T sleiel Jlade ol b g, soled o Jaul bo a5 51008 o ooz

5925 (oo ool 5 1) Sl ke 595 9 ele adsi el g STl oS a i Sy aS] y ogdle T
ol oz Sl (oo ool jlown 1) (2l 89, g was (o il Al la I8l 0 5 el (ren
Sheo ¢ HAYL 38 ol Jels Active sle ol glgl >1,b LUl 4 ol Filter Pro s 330 6 5
9 )-J-J &y eSS LE’-ujs )‘}5‘ £y C)-.’-‘ )ii') s g;)-’ﬁ }‘ '%b ‘) &b i ;92 g b Bi> ‘);‘f

w83 o L8 8 s s e b o 5l el 5,55 s o bbbl o el o az o

05 JLis LS Uolye b ConsdlS 1530 5 ol b 2l Sy sk ol

Ay FilterPro - Create New Design o B8 8
~ ) 1. Filter Type Step 1: Filter Type
Lowpass
Please select a filter type:
s ter Sp:
9 Lowpass
v
Highpass
w4 @ Passband
Bandpass fresassssnnssnnnananns Aramnnnm
= Passband ripple
Bandstop / Notch
L]
E
Allpass (Time Delay) 2
:
I
Stopband
Frequency
A Lowpass filter allows low frequency signals to pass through
and attenuates those higher than the cutoff frequency.
| Show this wizard at startup I Next | I © Exit Wizard ]
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(~) 1. Filter Type
Lowpass

(A) 2. Filter Specifications
Ao: 1.00 V/V (0.00 dB)
fc 2500000 Hz
Rp: 3 dB
fs: 500000 Hz
Ast: 4500 o8

n: 5
(%) 3. Filter Response

(%) 4. Filter Topologies

Step 2: Filter Specifications

Gain (o) 1 o
Passband Frequency {fc): 25000 Hz
Allowable Passband Ripple (Rp): 3 dB

Stopband Frequency (fi): |5000 | Hz
f:
Stopband Attenuation (Ass): | 45 | g8

Optional - Fiiter Order: Set Fixed

aye it (T 50 g el S8 sl Sl edgae il jue ulS Bk (2 (S Al ye (o

-—

w2l 00,5 Sl ;LS O a5 e 9 3AB il L 25KHZ 1) adad uilS )6 Lo el j0.08,5 (o (s yili

() 1. Filter Type
Lowpass

(~) 2. Filter Specifications
Ac: 100 V/V (0.00 dB)
fo 2500000 Hz
Re: 308
fs 500000 Hz
Asb: 45,00 dB
n 5

(A) 3. Filter Response
Bessel
Orden 5

u-:) 4, Filter Topologies

|~ Bessel

" Linear Phase 0.05°
" Gaussian to 12 dB
~~ Butterworth

~ Linear Phase 0.5°
" Gaussian to 6 dB

.~ Chebyshev 0.5 dB
~ Chebyshev 1 dB

~ Chebyshev 2 d8

" Chebyshev 3 d8

ERﬂpcnuType

@iBmel

© ! Linear Phase 0.05°

© ! Gaussian to 12 dB

© E Butterworth

w20, Sl 1 s Lo Lyl o355 1 ol ild s ks ilhae 21l b oS
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Ll B
et

() 1. Filter Type Step 4: Filter Topology

Lowpass
Please select a filter topology:

(~) 2. Filter Specifications
Ac: 1.00 V/V (0.00 dB) ) Multiple-Feedback
fc 2500000 Hz (Single ended)

Rp: 3 a8
fs: 500000 Hz

Asb: -45.00 dB © Multiple-Feedback
(Fully differential)

@ Sallen-Key

n S5

I'A/' 3. Filter Response
Bessel
Order: 5

- R3
() 4, Filter Topologies

Sallen Key L
Sallen-Key topology is a second-order filter topology having
non-inverting gain. It is commonly used in voltage-controlled
voltage-source (VCVS) implementations. The gain is configurable
with isolated gain resistors making this topology highly usable.

Name: Lowpass, Sallen Key, Bessel Part: [deal Opamp Order: 5 Number Of Stages: 2
Gain: 1 V/V (0 dB) Allowable PassBand Ripple: 3 d8 Passband Frequency: 25 kHz Corner Frequency Attenuation: -3 dB
O Reset C T Resistors [Bact 0%~ C (Bacton.__~
c2 2 %
11 Il —
11 I
R1 R2 B opAmp R1 R2 % opAmp
~. OpAmp
Vin oy >___|_1m_ 162%0 _[_1'}’3'%_ 197K £
LMNTQ-
c1 :I:“' C1 > "inf
e

Filter Stage: 1 Filter Stage: 2 Filter Stage: 3 =
s m =] »
, ® e
~ Actual Gain (d8) 8 . [~ Actual Group Delay (uSec)
g ~ Actusl Phase (deg) | 7100 2 5127
[==] g
S s B Bigl
5 -80- =2
: LS g‘ %=
=120-
o o]
1 T T T T T T ¢ pree pree T T T —
1ed lel 1e2 1e3 led 1e5 1eé 1ed lel 1e2 1e3 1ed 1e5 1e6
worl Frequency (Hz) Frequency (Hz)
v: 3.1.0.23446 B8 Texas Instruments

23,5 oo &l 4 0ol >,k L6 Group Delay 5 516 5 sla Jloges oLL o

OB ey 58 el aoy Bl L Gl o 0,5 agi |y oads (b la )5 5 Lo Cuaglie polie lsh 4S5 50 )0

S slksb
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Filter Solution

Nuhertz Technologies yul 4 Sl S8 o G el mld b sla 8l a5 o 5 00
g5 )38 o ol (S il (o0 13 133l a5 ol a5 (3T )5 (e po g 00,8 (b 1 o
a5 bl e ol Ced il b Lok e, Wl g JolS Djge 4 (il aned e 1B 00 plS
S5 55 sl il 35 85 el 55 531 o5 cal e el o s 5 oo ) 5 SISl &
a 0035l Sl 3 s |y GBIl 2 s a8 1580 o5 ol ), s 08,5 o ) ils oL

el 39290 WWW.filter-solutions.com .ol

File Data License Options Window hmjhf

Set Order v ISta
3|
-

,

S 5 5 S S 5 e b s 5 DA |, L5 550 5115 b eandlS 1380 05 0l b oo sl

S sdlive 1) Al 5,00l

[ Fitter Solutions 2009 Nuhertz Technologies, LIC g oo 5 S

File Data License Options Window Parts Help

Transfer Function Time Response
Pole Zero Plots Frequency Response

T

teeeeeeneee
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S5995295 b o 0525 5 25KHZ 2lad (uilS 2L 0 sy 135 (ol o S5 0550 yild ok 0l o
9y 2 U CancdlS oals atwlgs o)lg0 fyols S8 51 o el oo ools 1,8 Sallen — Key
1S SIS Synthesize Filter

6.566 nF 6.773 nF
¢ xl | . cn”

10.00 K2 10.00 KE2 10.00 K> 10.00 K2 10.00 K2

—AAN AN A VAVA——A

O
Vout

i Q= 9165
Wo = 2.399e+04 Wo = 2.706e+04

15.569 nF 12.015 nF 12. 16 nF
C16 c13 c23

] oo cewas Transfer Function g, » SIS Lpa b ol 5l Jeol> Jlas! &b

Wo = 2.316e+04

9.766e+21

S° +9.527e+04*S" + 4.235e+09°S” + 1.076e+14*S’ + 1.538e+18*S + 9.766e+21

: Filter Wiz 1381 o 53

] (untitied] N6
File Start Design Tools Help Upgrade to PRO version

= NEEVS

Filter Wiz Lite Free
o Ll s e 6l jlae 6 0ga 10 4S5 5k a4l il 98BS s ik S8l e 5l (S
a8 el Jae ol 55 (il ooley 23 5l e o 50 Bl oo Ty Sl i el 31 B S
a5l e cnl Al 4 azgi b oo )5 (oo plall Cudgazme 83, 5 e 25 il cuilogl
s0rcad ;5> ol )38l e 5 50 ol o aS A0S o &l 1, Spice >g,5 0,05 ], LS o5l

Sl sl 1 (g5l s Altium

ol Filter Pro as acs Mls 1581 o 5 ol jo (b J>pe
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: Proteus ,l53l 6,

s obly g Cewl Seig xSl Dl oo (65l anns 1580 0 5 S aSly e 2lS 2yl 580 6 5l
b &S oo ilé Vi o)ls |, Real-time § Off-Mode cl> g5 ;0 Jlusus ¢ SoibT 55k

g oo Al uaw 0l Cand (65w s 1381 0 5 SOy el o Agds (o0

1l 00 00ls ) 5 Proteus jo jils wised S (g5le a5 0

U1(V4)

/d U1(OP)
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: Matlab 1381 o,

b I e cnl 5o sl (20b; 0l A (Kb gl osuay pled)gus 2 5 5IUT 580 05 0 5 (568
95 93 51380 05 onl 5o )38 oo xS o 1 TSIl I3l (b e pdlo L asly o)l 052

s doles oL, 5JUT-Y o SImulink g5l acs -) 20,18 0459 il S >,k sl

Sl aned sl il Sidgenw sles ) 50 b job ag o)l (plin @lie 133l o5 JLSle 5o 52 5o

1,15 0924

4 MATLAB 790 (R20039
W Simulink Library Browser =8

D & + @ Entersearchterm M

Libraries | Library: RF BlocksetMathematical ] Search Results: (none) | Most Frequently Used Blocks |
- Bl Simulink - r s T
- Commonly Used Blocks % i M ited L Sl 1
- Continuous File Edit View Simulation Format Tools Help
B i DSES s |4 (22| » =foo  [Noma <
- Discrete :
~Logic and Bt Operations W Function Block Parameters: Lowpass RF Filter e
~Lookup Tables TR
- Math Operations 1 x i Eepes e (et Nl &8
- Model Verification Design one of several standard lowpass filters, implemented in baseband equivalent
-~ ModekWide Utities _ M complex form.
~Ports & Subsystems 1 Parameters
- Signal Attributes
- Signal Routing Design method: |Bessel v
Shi Filter order:
-~ Sources
- User-Defined Functions 5 G
[+ Addtional Math & Discrete Passband edge frequency (Hz):
- 9 Aerospace Blockset Ssua0
- B Communications Blockset | |
9l Control System Toolbox Finite impulse response filter length:
—E Data Acquisttion Toolbox 32
i+~ | EDA Simulator Link Ready
i+ ¥ Embedded IDE Link \— | Conéer frequency (R):
+E Fuzzy Logic Toolbox 25000
+E Gauges Blockset Sk e G
—E Image Acquisition Toolbox
-ﬂ Instrument Control Toolbox led
i~ W Model Predictive Control ..
/- B Neural Network Toolbox
~ | OPC Toolbox
- W RF Blockset
| i.wmthermlica! -

[ Showing: Most Frequently Used Blocks
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: Besself ,gtuo

ool H35 ol e Sl 0 sl B jews

ol /)‘

e B S ol 4l s ol elul s WO s il 15 5 N il s e ol 355 olo b ol

el 2ol Group Delay jlade uilS )3

(Jes

besself(5,2*pi*50000)

[a,b]=

el 0oy iy 5 B ga oy ;0 50KHZ jge (S 3L Jus e 45 0 jild SO b ol o

:Fregs jsiws

el i3 o 0le B (nl GlegS )1 aiS (oo oy 1) SE o (oS8 By g
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apnuube

Frequency (rad/s)

-200

(sea1bap) aseyd
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Frequency (rad/s)
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50KHZ ahad uilS )3 10 Juw 5 a0 ,35 0l il G Filter Solution |l580 s 5 5l solal b

ol 0990 5y 4O C)T uw)iogf‘]b 0970 aS ol odio)f G>‘)b

B it Sotions 2000 Ruhars Technloges LC 1 VIR S (el )

File Data License Options Window Parts Help

Transfer Function Time Response
Pole Zero Plots Frequency Response

teeveeeeeee

® Q

2.301 nF 3.318 nF

Sy

LA LN
vin 100K 1,000 K2 1,000 KO L 1,000 K2 1.000 K
1 1 1
At _\—’VV\J—‘—’VWT 2 LAAA—

Fo =77.94 KHz Fo = 87.91 KHz

-[1 812 nF l%?.? pF
c23 ci3

P 398 sl JUl &b

e

Fo = 75.24 KHz

12.115 nF
C12

3.450e+28
S’ +1.044e+06*S" + 1.764e+12*S" + 9.149e+17*S’ + 2.668e+23*S + 3.450e+28

I Continuous Pole Zero Plot _ . . .
tots | : : , Scale=Hz . Filter Solution (g ;lw duwui

88404 | e O S S S

P S
B St e R IR

] S o A s b ik slo

0 —

PYUPYY RS SN S S S S

0P NSRRI S SN SOOI S IS

-1e+05
16405 -Be+04 Be+04 -de+04 2e+04 0 2e+04

5th Order Low Pass Bessel Real Mon Aug 22 15:21 2011
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Continuous Frequency Response

Magnitude (dB)

2008 |- AU SO SO S S 0 8 SO S W

T T 35 I R - hedechobacnaaccaanaa Senaaanabanana LN

8008 f---ccccee--- KR decenn R RN RN R . K- faueen PR RN R . WS

U7 SRR NSRS OPRE NS OO O O RSNSOI WOPRUOE N SO Ot O 08 O

-1.2e-07 . - - S - . . S —
2 3 4 5 6789 2 3 4 5 6789

100 m 1 10

5th Order Low Pass Bessel

Frequency (Hz) Mon Aug 22 15:28 2011

Phase (Deg)

YT RRURRRR AR AR S .

e O At S S S
] S e M s S 5 VO 5

FY*T) I ISR RS SURE G S O S 8

-0.03

2 3 4 567889 2 3 4 5 6789
100 m 1
5th Order Low Pass Bessel

Frequency (Hz) Mon Aug 22 15:28 2011

Continuous Frequency Response

Magntude (d8) 12u

i T ' : LNt L -ooos
Eaal R [ ! A N R

IO . T o : DI R P
= : : e : : 8u

808 | NN | oS
: T : SN O\ | Bu

5008 |- ISR U O SO O 0 1 SO Lo XA e
H H ' HE H H ' H - - 4u

-0.025
2u

VY RS AN S S R S A
R s S A e .

-0.03
0

10
Mon Aug 22 15:28 2011

-1.2e-07 - . . .
2 3 4 5 6789 2 3 4 5 6789
100 m

1
5th Order Low Pass Bessel Frequency (Hz)
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n 33 U2
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~ - il
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o

:Matlab b ;L 4

o, 9 Iy p5 Olgiws U cancdlS ool Cavas il alayl G‘slﬁ) Solw s gl

[3.459e28];

u=

d=[1 1.944e6 1.764e12 9.149e17 2.668e23 3.459e28];

fregs(u,d)

2055 (2B U pae (9,0 S Ojeo ol Jol b3y

o5 ol LS e s s 3 d i
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void Bessel(double *Coeff, int N, double Param)
/***************************************************************
* Subroutine to calculate the filter coefficients of Bessel filters.*

* INPUT: N filter order *

* Param design parameter *

* RETURN: Coeff Bessel filter coefficients *

* For Param = 0, the subroutine calculates the Bessel coefficients *

* of analog filters. For Param = 1/mu, the subroutine *

* calculates the Bessel coefficients for the design of digital *

* filters with mu = 2*t0/T and mu > N-1 . *

***************************************************************/

{

inti, j;

double g, h;

Coeff[0] = 1.0;

for (j = 1; j <= N; j++) Coeff[j] = 0.0;

for I=N;i>0;i--)

{

g=2.0%i-10;

h=10-(i-1.0) * (i - 1.0) * Param * Param;
for =N;j>0;j-)

{

if (j 1=2*(j/2)) Coeff[j] = Coeff[j-1] * h;
else Coeff[j] = Coeff[j-1] + Coeff[j] * g;

}

Coeff[0] = Coeff[0] * g;

}

}
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S (2 el Jolos
Butterworth filters
V=1
B,=0
N A A, N A, A,
1 1.000000 9 0.347296 1.000000
2 1.414214 1.000000 1.000000 1.000000
3 1.000000 1.000000 1.532089 1.000000
1.000000 1.879385 1.000000
4 0.765367 1.000000 1.000000
1.847759 1.000000 10 0.312869 1.000000
5 0.618034 1.000000 0.907981 1.000000
1.618034 1.000000 1414214 1.000000
1.000000 1.782013 1.000000
6 0.517638 1.000000 1.975371 1.000000
1.414214 1.000000 11 | 0.284630 1.000000
1.931852 1.000000 0.830830 1.000000
7 0.445042 1.000000 1.309721 1.000000
1.246980 1.000000 1.682507 1.000000
1.801938 1.000000 1.918986 1.000000
1.000000 1.000000
8 0.390181 1.000000 12 0.261052 1.000000
1.111140 1.000000 0.765367 1.000000
1.662939 1.000000 1.217523 1.000000
1.961571 1.000000 1.586707 1.000000
1.847759 1.000000
1.982890 1.000000
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ol uloud

Chebyshev filters
Bg =0
V equals one for odd filter orders. In the case of even filter orders, V depends on
the passband ripple:
0.25 dB: V=0.971628
0.50 dB: V =0.944061
1.00 dB: V=0.891251
2.00 dB: V=0.704328

Chebyshev 0.25 dB

N A Ay

1 0.243421

2 0.849883 0.473029

3 0.573140 0.747032
1.303403

4 0.365795 0.860621
2.255994 2.198549

5 0.245524 0.912880
1.318006 1.864219
2.288586

6 0.175678 0.940542
0.809742 1.586787
3.535069 5.071206

7 0.130987 0.956845
0.543394 1.416677
1.959450 3.535167
3.250989

8 0.101215 0.967243
0.390423 1.310156
1.171842 2.627537
4.783087 9.092020

WWW.MOHANDES.ORG

N A Ay

9 0.080466 0.974280
0.294846 1.239844
0.775649 2.128887
2.575534 5.762661
4.205054

10 0.065459 0.979263
0.231071 1.191128
0.553748 1.832684
1.512316 3.972113
6.018950 14.261358

11 0.054269 0.982923
0.186303 1.155992
0.417320 1.642616
0.989240 3.031036
3.181532 8.546939
5.155207

12 0.045709 0.985689
0.153607 1.129805
0.327217 1.512940
0.700890 2.486660
1.843984 5.617915
7.248804 20.579325
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or

Bessel filters

V=1
Normalised to t,

N A Ar

| 1.000000

2 1.000000 0.333333

3 0.569371 0.154812
0.430629

4 0.366265 0.087049
0.633735 0.109408

5 0.256073 0.055077
0.469709 0.070065
0.274218

6 0.189781 0.037716
0.358293 0.047955
0.451926 0.053188

f 0.146771 0.027325
0.281315 0.034558
0.370779 0.038961
0.201135

8 0.117236 0.020647
0.226517 0.025927
0.306756 0.029468
0.349492 0.031272

9 0.096041 0.016118
0.186326 0.020085
0.256809 0.022911
0.302019 0.024637
0.158805

10 0.080289 0.012913
0.156045 0.015968
0.217637 0.018235
0.261565 0.019770
0.284462 0.020548

11 0.068245 0.010565
0.132690 0.012969
0.186582 0.014805
0.227721 0.016132
0.253569 0.016940
0.131193

12 0.058816 0.008797
0.114304 0.010723
0.161652 0.012226
0.199526 0.013363
0.226028 0.014132
0.239675 0.014520

WWW.MOHANDES.ORG

V=1
Normalised to @x4p
N A A,
| 1.000000
2 1.361654 0.618034
3 0.999629 0.477191
0.756043
4 0.774254 0.388991
1.339664 0.488904
5 0.621595 0.324533
1.140177 0.412845
0.665639
6 0.513054 0.275641
0.968607 0.350473
1.221734 0.388718
7 0.433228 0.238072
0.830363 0.301095
1.094437 0.339457
0.593694
8 0.372765 0.208745
0.720236 0.262125
0.975366 0.297924
1.111250 0.316161
9 0.325742 0.185418
0.631960 0.231049
0.871017 0.263562
1.024356 0.283414
0.538619
10 (0.288318 0.166512
0.560356 0.205909
0.781532 0.235149
0.939275 0.254934
1.021499 0.264964
11 0.257940 0.150928
0.501515 0.185268
0.705206 0.211495
0.860698 0.230458
0.958389 0.241998
0.495859
12 0.232862 0.137889
0.452546 0.168086
0.640003 0.191640
0.789953 0.209464
0.894879 0.221511
0.948908 0.227595
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May 1998
National Semiconductor

LM741
Operational Amplifier

General Descnp“on The LM741C/LM741E are identical to the LM741/LM741A
. . - except that the LM741C/LM741E have their performance

The LM741 series are general purpose operational amplifi- gy aranteed over a 0°C to +70°C temperature range, instead

ers which feature improved performance over industry stan- ot _55°C 19 +125°C.

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 applica-

tion nearly foolproof: overload protection on the input and

output, no latch-up when the common mode range is ex-

ceeded, as well as freedom from oscillations.

Schematic Diagram

°- 7 V‘
08 Q9 Q12 Q13
KOH
3 2 INVERTING
NON=INVERTING L
Q1 Q2 < RS
INPUT INPUT :; 39K VWA
R7 Q15 ]
45K
—C1
Q3 S0pF| R8 2R
Q4 7.5K S 25
V‘VA
l/_' 6
Q7 Qt5 p—OUTPUT
I\A :: R10
< 50
Q17
Q6 Q10 \I IA/
Q5 Q11 OZi/i I\QZO
OFFSET NULL — 5 _OFFSET
NULL
Rl SRS R2 R4 S Ri2 :: R11
1K 50K 21K 5K > 50K < 50
4 _
DS009341-1
Offset Nulling Circuit
p OUTPUT
V_
DS009341-7
© 1999 National Semiconductor Corporation DS009341 www.national.com
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Absolute Maximum Ratings  (Note 1)

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

(Note 6)
LM741A LM741E LM741 LM741C
Supply Voltage +22V 122V +22V +18V
Power Dissipation (Note 2) 500 mwW 500 mW 500 mwW 500 mW
Differential Input Voltage +30V +30V +30V +30V
Input Voltage (Note 3) +15Vv +15V +15Vv +15V
Output Short Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range -55°C to +125°C 0°C to +70°C -55°C to +125°C 0°C to +70°C
Storage Temperature Range -65°C to +150°C -65°C to +150°C -65°C to +150°C -65°C to +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 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 7) 400V 400V 400V 400V

Electrical Characteristics  (Note 4)

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min [ Typ | Max |Min [Typ ax [Min [Typ ax

Input Offset Voltage T =25°C
Rs <10 kQ 1.0 | 5.0 20 | 6.0 mv
Rs < 50Q 0.8 3.0 mV
Tamin € Ta < Tamax
Rs < 50Q 4.0 mv
Rs <10 kQ 6.0 7.5 mV

Average Input Offset 15 pvrc

Voltage Drift

Input Offset Voltage Ta = 25°C, Vg = £20V +10 +15 +15 mvV

Adjustment Range

Input Offset Current Ta = 25°C 3.0 30 20 | 200 20 | 200 nA
Tamin € Ta € Tamax 70 85 | 500 300 nA

Average Input Offset 0.5 nA/’C

Current Drift

Input Bias Current T = 25°C 30 80 80 | 500 80 | 500 nA
Tamin < Ta < Tamax 0.210 1.5 08 | pA

Input Resistance Ta = 25°C, Vg = £20V 1.0 6.0 03 | 20 03 | 2.0 MQ
Tamin < Ta € Tamaxe 0.5 MQ
Vg = £20V

Input Voltage Range Ta =25°C +12 | £13 \Y,
Tamin < Ta € Tamax +12 | +13 Y

www.national.com 2
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Electrical Characteristics  (Note 4) (Continued)

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max [Min |Typ Max [Min [Typ ax
Large Signal Voltage Gain Ta = 25°C, R 22 kQ
Vg = £20V, Vo = 215V 50 VimV
Vg = £15V, Vg = 10V 50 | 200 20 | 200 VimV
Tamin € Ta < Tamax:
R_22kQ,
Vg = £20V, Vo = 215V 32 VimV
Vg = £15V, Vg = £10V 25 15 VimV
Vg = #5V, Vg = £2V 10 \iY
Output Voltage Swing Vg = 20V
R_ 210 kQ +16 \
R. 22 kQ +15 \%
Vg = 215V
R_ 210 kQ +12 | £14 +12 | £14 Vv
R_22kQ +10 | £13 +10 | £13 \
Output Short Circuit Ta=25C 10 25 35 25 25 mA
Current Tamin € Ta € Tamax 10 40 mA
Common-Mode Tamin < Ta < Tamax
Rejection Ratio Rg €10 kQ, Vg = £12V 70 | 90 70 | 90 dB
Rs £50Q, Vg = £12V 80 95 dB
Supply Voltage Rejection Tamin € Ta € Tamaxs
Ratio Vg = £20V to Vg = 5V
Rs < 50Q 86 96 dB
Rs < 10 kQ 77 96 77 96 dB
Transient Response T, = 25°C, Unity Gain
Rise Time 0.25 0.8 0.3 0.3 us
Overshoot 6.0 20 5 5 %
Bandwidth (Note 5) T, = 25°C 0.437 | 1.5 MHz
Slew Rate T, = 25°C, Unity Gain 0.3 0.7 0.5 0.5 Vius
Supply Current Ta = 25°C 1.7 | 2.8 1.7 | 2.8 mA
Power Consumption Tp =25°C
Vg = 20V 80 150 mw
Vg = *15V 50 | 85 50 | 85 mw
LM741A Vg = £20V
Ta = Tamn 165 mw
Ta = Tamax 135 mw
LM741E Vg = 20V
Ta = Tamin 150 mw
Ta = Tamax 150 mw
LM741 Vg = 15V
Ta = Tamin 60 | 100 mw
Ta = Tamax 45 | 75 mw

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

3 www.national.com
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Electrical Characteristics  (Note 4) (Continued)

Note 2: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum Rat-
ings”). Tj = Ta + (6ja Pp)-

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
6ja (Junction to Ambient) 100°C/wW 100°C/W | 170°C/W 195°C/wW
Bjc (Junction to Case) N/A N/A 25°CIW N/A

Note 3: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

Note 4: Unless otherwise specified, these specifications apply for Vg = £15V, =55°C < T < +125°C (LM741/LM741A). For the LM741C/LM741E, these specifica-
tions are limited to 0°C < T < +70°C.

Note 5: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 6: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 7: Human body model, 1.5 kQ in series with 100 pF.

Connection Diagram

Metal Can Package Ceramic Dual-In-Line Package
NC /
NC —{1 14 = NC
OFFSET NULL (7) NC—2 13f—=NC
+OFFSET NULL —{ 3 12 = NC
INVERTING INPUT(2) (6) outPuT SIN— 4 11— v+
+IN=—15 10 = ouT
NON=INVERTING INPUT (3) (5) OFFSET NULL
v-—6 9 |— - OFFSET NULL
\a NC—7 8—NC
DS009341-2
Note 8: LM741H is available per JM38510/10101 DS009341-5
Order Number LM741H, LM741H/883 (Note 8), Note 9: also available per JM38510/10101
LM741AH/883 or LM741CH Note 10: also available per JIM38510/10102
See NS Package Number HO8C Order Number LM741J-14/883 (Note 9),

LM741AJ-14/883 (Note 10)

Dual-In-Line or S.O. Package See NS Package Number J14A

/ )
OFFSET NULL —{1 8|—NC Ceramic Flatpak
1 10
NN e [——1INC
INVERTING INPUT — 2 7 2 9
+OFFSET NULL ] — o
3 8
NON-INVERTING — 3 6 |-outpur CINUTE— LM741W v+
INPUT +INPUT — V0
5 6
v-—4 5 |~ OFFSET NULL v-—] 1 -OFFSET NULL
DS009341-6

DS009341-3

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

Order Number LM741W/883
See NS Package Number W10A

www.national.com 4
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PhySiC&' Dimensions inches (millimeters) unless otherwise noted

0.350—0.370
{8.890—9.398)
DIA

0.315-0.335

(8.001—8.509) DA
0.165—0.185 % m Eg:[;)’;;f:ULLED
(4.191-4.699) i
REFERENCE PLANE —
0.035 f t 0.0150.040 ——SEATING PLANE
0.500 (0.889)

(0.381-1.016)

’H* 0.016-0.019 | o

{0.406—0.483)
0.195-0.205 DIA

0.100 (4.953-5.207) P.C.
(2.540) TYe
0.029-0.045
(0.737-1.143)
0.028-0.034

0.115-0.185
(2.921-3.683)
DIA

0.711-0.868) \//<

45° EQUALLY
SPACED —3»|

Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741CH or LM741EH
NS Package Number HO8C

HO8C (REV E)

P

0.220  0.310 MAX

0.291 GLASS
R0.025 TYP l 1
L] [T [T L
- e

0.290 l«— 0.005 6LASS
0.320 MIN /— SEALANT
0.180 = - \4‘/ : 0.020
MAX 0200 0.060
MAX :
4 !
f T o150
i 0.125 MIN

0 200

90° £ 4° TYP

0.008 0.018£0.003 TYP
0.012 TYP

—>

95° + 5° TYP " 0.310 ! 0.055 MAX —| |=—
0.410 BOTH ENDS
L(HOO!:O 010 TYP J08A (REV K}

Ceramic Dual-In-Line Package (J)
Order Number LM741CJ or LM741J/883
NS Package Number JO8A

5 www.national.com
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Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

0.785
(19.939)
MAX
0025 [a] [15] [i2] [1] [io] [s] [%]
(0.635)
RAD

0.220-0.310
(5.588-7.874)

L T Lel [s] [T 2]

Small Outline Package (M)
Order Number LM741CM
NS Package Number MO8A

0.290-0.320 0005 _, 0.200
(7.366-8.128) (©.12) “'n2|7) GLASS 0.060 +0.005 (5.080)
SEAV'-ANT {1524 £0.127) MAX ' §.020-0.060
K : 1 _
180 o x t (0.508—1.524)
(4.572)
86°94° TYP ¥ )
[10° mAX 0.008-0.012 ‘I 1‘
|l 0310-0410 {0.203-0.305) 0.018 £0.003 ’I |< 0250200
{1874-1041) 0.098 _ {0457 +0.076) 21755.080)
(2.489) (3.175-5.080)
MAX BOTH ENDS . 0.100 +0.010 0.150
(2.540 0.254) 381)
MIN J14A (REV G)
Ceramic Dual-In-Line Package (J)
Order Number LM741J-14/883 or LM741AJ-14/883
NS Package Number J14A
0.189-0.197
(4.800—5.004)
| 8 7 6 5
0.228—0.244
(5.791-6.198)
p _0.090 pax
1 254)
LeapNo. 1/ T2 a T
IDENT s
TYP
0.150-0.157
(3.810-3.988)
0.010-0.020 » g5o | g 0.053-0.069
{0.254-0.508) & MK TYP (1.346-1.753) 0.004-0.010
ALL LEADS (0.102— 0 254)
I _ j* ~ SEATING
oo A i ? [} PLANE
{0.102) i 0014
0.008-0.010 0.050 0 014 0.020
S0 ALLLEAD TIPS 0160 0.356) 2050 0.014-0.020 ryp
{0.203-0.254) mf?ggg O g w 356 - 0,508)
TYP ALL LEADS - 210) Tvp 0. oua 0.008 1yp
TYP ALL LEADS (0.203) MOBA (REY H)

www.national.com
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Physical Dimensions

0.092

(2.337) D'A_\ .
PIN NO. 1 IDENT |© }
T 2T 137 [

0.373-0.400
{9.474-10.16)

0.250+0.005
S (6.35£0.127)

inches (millimeters) unless otherwise noted (Continued)

0.032 +0.005
(0.813£0.127)
RAD

PIN NO. 1 IDENT\

(1.270)
Dual-In-Line Package (N)

Order Number LM741CN or LM741EN

NS Package Number NOSE

0.280 0.040
ey D280 .— X
g™ 0.030 {06 o] |« OPTION 2
0.300-0.320 e OO 0.035 0.145-0.200
—| o # W {0.991) 13683-5.080)
i
N i — 1 A o000
TTT ] Yy (3.302£0.27)
o5 15 1‘ # 0.125-0.140 ?
- 0425 0.065 (3.175—3.556) 0.020
0.009-0.015 : 1.651) 90° +4° 0508
0.008-0.015__ _Hi ™ 3.175) (0.508)
(0.229-0.381) }JIA ) TYP MIN
+0.040 Nom 0.018:+0.003
0325 T oo = {4s720.076)
+1.016' 0.100£0.010
(“55 —0.381) (2540 20.250)
004540015 |
(1.143£0.381) 0.060
> {1.528)
0.050 )
NOBE (REV F)

www.national.com
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LM741 Operational Amplifier

PhyS|caI Dimensions inches (millimeters) unless otherwise noted (Continued)
0.080 _,, e |<0.270 MAX>
0.055 0.050£0.005 ——l |<— —>| <= 0.005 MIN TYP
0.035 o] el TYP .
0.026 10 6
TYP T
0.370
0.250
I :
:
0.270 MAX 0.260 d
GLASS 0.238
1 L_ 0.012
-1 T 0.008
P DETAIL A
DETAIL A 0.370
0.250
PIN #1 l
IDENT 1 .l L I-u- 5 W10A (REV E)
0.006 _||le '
0.004
TYP o019 0 o L 0.045 MAX
0.015 TYP

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

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
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UTCLM/9XX LINEAR INTEGRATED CIRCUIT

3 TERMINAL 1A NEGATIVE
VOLTAGE REGULATOR

DESCRIPTION

The UTC LM79XX series of three-terminal negative
regulators are available in TO-220 package and with several
fixed output voltage, making them useful in a wide range of
application. Each type employs internal current limiting,
thermal shut-down and safe area protection, making it
essentially indestructible.

FEATURES

*Qutput current up to 1A

*-5V;-6V;-8V;-12V;-15V;-18V;-24V output voltage available
*Thermal overload protection

*Short circuit protection

TO-220

1:GND 2:Input 3:Output

BLOCK DIAGRAM

GND

]

RZ[]] OUTPUT
Voltage —0O
reference
Protection
circuitry
RSC[‘] INPUT
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UTCLM/9XX LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS(Ta=25°C)

PARAMETER SYMBOL VALUE UNIT
Input voltage Vi -35 V
Thermal resistance R 6 JA 65 °C /W
junction-air
Thermal resistance R6JC 5 °C /W

junction-cases

Operating Temperature Topr 0~ +125 °C
Storage Temperature Tstg -65 ~ +150 °C

UTC7905 ELECTRICAL CHARACTERISTICS

(Refer to test circuits, 0<Tj<125°C,lo=500mA,Vi=-10V,Ci=33uF,Co=1uF, unless otherwise specified
PARAMETER SYMBOL TEST CONDITIONS MIN [ TYP | MAX | UNIT
Tj=25°C -4.80 [ -5.0 | -5.20 \
Output voltage Vo 5.0mA<lo<1.0A,Po<15W
Vi=-7V to -20V -4.75 -5.25 \
Line regulation AVo Tj=25°C,Vi=-7V to -25V 10 100 mV
Tj=25°C,Vi=-8V to -12V mV
Load regulation AVo Tj=25°C,10=5.0mA to 1.5A 10 100 mV
Tj=25°C,l0=250mA to 750mA 3 50 mV
Quiescent current IQ Tj=25°C 3 6 mA
Quiescent current change AlQ lo=5mA to 1.0A 0.05 0.5 mA
Vi=-7V to -25V 0.1 1.3 mA
Output voltage drift AVO/AT |lo=5mA -0.4 mV/°C
Output noise voltage VN f=10hz to 100kHz, Ta=25°C 100 uv
Ripple rejection RR f=120Hz, Vi=-8V to -18V 54 60 dB
Dropout voltage Vo lo=1.0A,Tj=25°C 2 \
Short circuit current Isc Vi=-35V,Ta=25°C 300 mA
peak current Ipk Tj=25°C 2.2 A

UTC7906 ELECTRICAL CHARACTERISTICS
(Refer to test circuits, 0<Tj<125°C,lo=500mA,Vi=-11V,Ci=2.2uF,Co=1uF,unless otherwise specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP [ MAX | UNIT
Tj=25°C -5.76 | -6.00 | -6.24 V
Output voltage Vo 5.0mA<lo<1.0A,Po<15W
Vi=-8V to -21V -5.70 -6.30 V
Line regulation AVo Tj=25°C,Vi=-8V to -25V 10 120 mV
Tj=25°C,Vi=-9V to -13V 5 60 mV
Load regulation AVo Tj=25°C,l0=5.0mA to 1.5A 10 120 mV
Tj=25°C,l0=250mA to 750mA 3 60 mV
Quiescent current IQ Tj=25°C 3 6 mA
Quiescent current change AlQ lo=5mA to 1.0A 0.5 mA
Vi=-8V to -25V 1.3 mA
Output voltage drift AVO/AT |lo=5mA -0.5 mV/°C
Output noise voltage VN f=10hz to 100kHz, Ta=25°C 130 uv
Ripple rejection RR f=120Hz, Vi=-9V to -19V 54 60 dB
Dropout voltage Vo lo=1.0A,Tj=25°C 2 \
Short circuit current Isc Vi=-35V,Ta=25°C 300 mA
peak current Ipk Tj=25°C 2.2 A

UTC UNISONIC TECHNOLOGIES CO. LTD.
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UTCLM/9XX LINEAR INTEGRATED CIRCUIT

UTC7908 ELECTRICAL CHARACTERISTICS
(Refer to test circuits, 0<Tj<125°C,lo=500mA,Vi=-14V,Ci=2.2uF,Co=1uF,unless otherwise specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP [ MAX | UNIT
Tj=25°C -7.68 | -8.0 | -8.32 \
Output voltage Vo 5.0mA<lo<1.0A,Po<15W
Vi=-10.5V to -23V -7.60 -8.40 \
Line regulation AVo Tj=25°C,Vi=-10.5V to -25V 10 100 mV
Tj=25°C,Vi=-11.5V to -17V 5 80 mV
Load regulation AVo Tj=25°C,l0=5.0mA to 1.5A 12 160 mV
Tj=25°C,10=250mA to 750mA 4 80 mV
Quiescent current IQ Tj=25°C 3 6 mA
Quiescent current change AlQ lo=5mA to 1.0A 0.05 0.5 mA
Vi=-11.5V to -25V 0.1 1.0 mA
Output voltage drift AVO/AT |lo=5mA -0.6 mV/°C
Output noise voltage VN f=10hz to 100kHz, Ta=25°C 175 uv
Ripple rejection RR f=120Hz, Vi=-11.5V to -21.5V 54 60 dB
Dropout voltage Vo lo=1.0A,Tj=25°C 2 \
Short citcuit current Isc Vi=-35V,Ta=25°C 300 mA
peak current Ipk Tj=25°C 2.2 A

UTC7912 ELECTRICAL CHARACTERISTICS
(Refer to test circuits, 0<Tj<125°C,lo=500mA,Vi=-18V,Ci=2.2uF,Co=1uF,unless otherwise specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP [ MAX | UNIT
Tj=25°C -11.52| -12.0 | -12.48 \
Output voltage Vo 5.0mA<lo<1.0A,Po<15W
Vi=-14.5V to -27V -11.40 -12.60 \
Line regulation AVo Tj=25°C,Vi=-14.5V to -30V 12 240 mV
Tj=25°C,Vi=-16V to -22V 6 120 mV
Load regulation AVo Tj=25°C,l0=5.0mA to 1.5A 12 240 mV
Tj=25°C,l0=250mA to 750mA 4 120 mV
Quiescent current IQ Tj=25°C 3 6 mA
Quiescent current change AlQ lo=5mA to 1.0A 0.05 0.5 mA
Vi=-14.5V to -30V 0.1 1.0 mA
Output voltage drift AVO/AT |lo=5mA -0.8 mV/°C
Output noise voltage VN f=10hz to 100kHz, Ta=25°C 200 uv
Ripple rejection RR f=120Hz, Vi=-15V to -25V 54 60 dB
Dropout voltage Vo lo=1.0A,Tj=25°C 2 \
Short circuit current Isc Vi=-35V,Ta=25°C 300 mA
peak current Ipk Tj=25°C 2.2 A
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UTCLM/9XX LINEAR INTEGRATED CIRCUIT

UTC7915 ELECTRICAL CHARACTERISTICS
(Refer to test circuits, 0<Tj<125°C, 10=500mA,Vi=-23V,Ci=2.2uF,Co=1uF,unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP [ MAX | UNIT
Tj=25°C -14.40 | -15.0 | -15.60 \
Output voltage Vo 5.0mA<lo<1.0A,Po<15W
Vi=-17.5V to -30V -14.25 -15.75 \
Line regulation AVo Tj=25°C,Vi=-17.5V to -30V 12 300 mV
Tj=25°C,Vi=-20V to -26V 6 150 mV
Load regulation AVo Tj=25°C,l0=5.0mA to 1.5A 12 300 mV
Tj=25°C,10=250mA to 750mA 4 150 mV
Quiescent current IQ Tj=25°C 3 6 mA
Quiescent current change AlQ lo=5mA to 1.0A 0.05 0.5 mA
Vi=-17.5V to -30.5V 0.1 1.0 mA
Output voltage drift AVO/AT |lo=5mA -0.9 mV/°C
Output noise voltage VN f=10hz to 100kHz, Ta=25°C 250 uv
Ripple rejection RR f=120Hz, Vi=-18.5V to -28.5V 54 60 dB
Dropout voltage Vo lo=1.0A,Tj=25°C 2 \
Short circuit current Isc Vi=-35V,Ta=25°C 300 mA
peak current Ipk Tj=25°C 2.2 A

UTC7918 ELECTRICAL CHARACTERISTICS
(Refer to test circuits, 0<Tj<125°C,lo=500mA,Vi=-27V,Ci=2.2uF,Co=1uF,unless otherwise specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP [ MAX | UNIT
Tj=25°C -17.28 | -18.0 | -18.72 \
Output voltage Vo 5.0mA<lo<1.0A,Po<15W
Vi=-21V to -33V -17.10 -18.90 \
Line regulation AVo Tj=25°C,Vi=-21V to -33V 15 360 mV
Tj=25°C,Vi=-24V to -30V 8 180 mV
Load regulation AVo Tj=25°C,l0=5.0mA to 1.5A 15 360 mV
Tj=25°C,l0=250mA to 750mA 5.0 180 mV
Quiescent current IQ Tj=25°C 3 6 mA
Quiescent current change AlQ lo=5mA to 1.0A 0.5 mA
Vi=-21V to -32V 1.0 mA
Output voltage drift AVO/AT |lo=5mA -1 mV/°C
Output noise voltage VN f=10hz to 100kHz, Ta=25°C 300 uv
Ripple rejection RR f=120Hz, Vi=-22V to -32V 54 60 dB
Dropout voltage Vo lo=1.0A,Tj=25°C 2 \
Short circuit current Isc Vi=-35V,Ta=25°C 300 mA
peak current Ipk Tj=25°C 2.2 A
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UTCLM/9XX LINEAR INTEGRATED CIRCUIT

UTC7924 ELECTRICAL CHARACTERISTICS

(Refer to test circuits, 0<Tj<125°C,lo=500mA,Vi=-33V,Ci=2.2uF,Co=1uF,unless otherwise specified
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP [ MAX | UNIT
Tj=25°C -23.04 | -24 |-24.96 V
Output voltage Vo 5.0mA<lo<1.0A,Po<15W
Vi=-27V to -38V -22.80 -25.20 \
Line regulation AVo Tj=25°C,Vi=-27V to -38V 15 480 mV
Tj=25°C,Vi=-30V to -36V 8 240 mV
Load regulation AVo Tj=25°C,l0=5.0mA to 1.5A 15 480 mV
Tj=25°C,10=250mA to 750mA 5.0 240 mV
Quiescent current IQ Tj=25°C 3 6 mA
Quiescent current change AlQ lo=5mA to 1.0A 0.5 mA
Vi=-27V to -38V 1.0 mA
Output voltage drift AVO/AT |lo=5mA -1 mV/°C
Output noise voltage VN f=10hz to 100kHz, Ta=25°C 400 uv
Ripple rejection RR f=120Hz, Vi=-28V to -38V 54 60 dB
Dropout voltage Vo lo=1.0A,Tj=25°C 2 \
Short circuit current Isc Vi=-35V,Ta=25°C 300 mA
peak current Ipk Tj=25°C 2.2 A

APPLICATION CIRCUITS
J_ C1 COo
|:|2'2 uF |:|1 uF

Vi 3 -Vo
UTC LM79XX O

O

Fig.1 Fixed output regulator

+20V 15V
O J_ 4 UTCLM7815 |5 J_ O
_|_ 0.33pF 2 0.1pF_|_ 1N400
JT— i- 2.2pF 1 1uF i- 1N400 JT—
1 s |
O : UTC LM7915 : O
20V 15V

Fig.2 Split power supply(+-15V,1A)
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UTCLM/9XX LINEAR INTEGRATED CIRCUIT

JT_ C3 — R1
2.5uF 1 c2
c1 L = 1uF
22uF =T
1
R2
O 2l utc Lm7axx B '9)
-Vi -Vo

Fig.3 Circuit for increasing output voltage
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http://www.en.wikipedia.org/wiki/Bessel_filter

Active Filter Design (SLOAO088),Texas Instruments
http://www.filter-solutions.com/
http://www.mathworks.com/help/toolbox/signal/besself.html
http://focus.ti.com/docs/toolsw/folders/print/filterpro.html

Digital-Filters-Basics-and-Design, Dr.-Ing. Dietrich Schlichtharle
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