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LM1040 Dual DC Operated Tone/Volume/Balance Circuit 
with Stereo Enhancement Facility
G eneral Description
The LM 1040 is a DC con tro lled  tone  (bass /treb le ), vo lum e 
and ba lance c ircuit fo r ste reo  app lica tions in car radio, TV 
and audio system s. A  s te reo  enhancem ent fac ility  is inc lud­
ed w hereby the  apparent ste reo  separation o f system s re­
quiring c lose ly spaced speakers m ay be im proved. An add i­
tiona l con tro l input a llow s loudness com pensation  to  be 
sim ply effected.
Four contro l inputs provide con tro l o f the  bass, treble, ba l­
ance  and vo lum e functions through app lica tion  o f DC vo lt­
ages from  a rem ote con tro l system  or, a lte rnative ly , from  
fou r po ten tiom eters w hich m ay be biased from  a zener regu­
lated supply provided on the  circuit.
Each tone response is defined by a sing le  capacito r chosen 
to  give the  desired characteris tic .

Features
■ W ide supply vo ltage  range, 9V  to  16V
■ Large vo lum e con tro l range, 75 dB typical
■ Tone contro l, + 1 5  dB typ ica l
■ Channel separation, 75 dB typical
■ Low dis tortion, 0 .06%  typ ica l fo r an input level o f 0.3 

Vrm s
■ High signal to  noise, 80 dB typical fo r an input level o f 

0.3 V rm s
■ Few externa l com ponen ts required

Block and Connection D iagram s
Dual-in-Line P ackage

INTERNAL SUPPLY DECOUPLE 

INPUT 1

STEREO ENHANCEMENT 

TREBLE CAPACITOR 1 

NC

TREBLE CONTROL INPUT

AC BYPASS 1

BASS CAPACITOR 1

LOUDNESS COMPENSATION 
CONTROL INPUT

OUTPUT 1 

BALANCE CONTROL INPUT 

GND

-  INPUT 2

• STEREO ENHANCEMENT

-  TREBLE CAPACITOR 2 

■NC

-  ZENER VOLTAGE

-  AC BYPASS 2

-  BASS CAPACITOR 2

-  BASS CONTROL INPUT

-  OUTPUT 2

-VOLUME CONTROL INPUT

TOP VIEW
TL/H/5147-1

O rder Num ber LM 1040N  
S ee NS P ackage N um ber N24A
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A bsolute M axim um  Ratings
If M ilitary /A e ro s p a c e  specified  devices are required, 
contac t the N ational S em iconductor Sales O ff ic e /  
D istributors fo r availability  and specifications.
Supply V o ltage 16V
C ontro l Pin Voltage (Pins 6, 9 ,1 1 ,1 4 ,1 6 )  V c c
O perating T  em perature  Range 0°C to  +  70°C

Storage Tem perature  Range 
Power D issipation
Lead Tem perature  (Soldering, 10 sec.)

-65°C  to  + 1 50°C 
1.5W  

260°C

Electrical C haracteris tics vcc=12V, ta=25°c (unless otherwise stated)
P aram eter C onditions Min Typ M ax Units

Supply V o ltage Range Pin 13 9 16 V
Supply C urrent 35 45 mA
Zener R egulated O utput Pin 19

V oltage 5.4 V
Current 5 mA

M axim um  O utput Voltage Pins 1 0 ,1 5 ; f =  1 kHz 
VCC= 9 V , M axim um  Gain 0.8 Vrm s
V CC =  12V 0.8 1.0 Vrm s

M axim um  Input Voltage Pins 2, 23; f =  1 kHz, V c c  =  9V 1.1 Vrm s
(N ote 1) Flat Response, V c c  =  12V 

G a in =  - 1 0  dB
1.3 1.6 Vrm s

Input R esistance Pins 2, 23; f =  1 kHz 20 30 k f t
O utpu t R esistance Pins 1 0 ,1 5 ; f =  1 kHz 20 a

M axim um  Gain V(Pin 1 4 )=  V(Pin 19); 
f = 1  kHz

- 2 0 2 dB

V olum e C ontro l Range f = 1  kHz 70 75 dB
Gain T racking f= 1  kHz
C hannel 1-Channel 2 0 dB through - 4 0  dB 1 3 dB

- 4 0  dB through - 6 0  dB 2 dB
Balance C ontro l Range Pins 10 ,15 ; f= 1  kHz 1 dB

- 2 6 -2 0 dB
Bass C ontro l R ange f =  40 Hz, Cb =  0.39 juF
(N ote 2) V(Pin 16) =  V(Pin 19) 12 15 18 dB

V(Pin 16) =  0V -1 2 - 1 5 - 1 8 dB
Treb le  C ontro l Range f =  16 kHz, Ct =  0.01 jaF
(N ote 2) V(Pin 6) =  V(Pin 19) 12 15 18 dB

V(Pin 6) =  0V -1 2 - 1 5 - 1 8 dB
Tota l H arm onic D istortion f= 1  kHz, V||\j =  0 .3 V rm s  

Gain =  0 dB 0.06 0.3 %
G a in =  - 3 0  dB 0.03 %

Channel Separation f =  1 kHz, M axim um  Gain 60 75 dB
S ig n a l/N o ise  Ratio U nw eighted 100 Hz-20 kHz 

M axim um  Gain, 0 dB =  0.3 Vrm s
80 dB

C C IR /A R M  (N ote 3)
Gain =  0 dB, V in =  0.3 Vrm s 75 79 dB
Gain =  -  20 dB, V in =  1.0 V rm s 72 dB

O utput N oise V oltage a t 
M inim um  Gain

C C IR /A R M  (N ote 3) 10 M-V

S upply R ipple R ejection 200 m Vrm s, 1 kHz R ipple 35 - 5 0 dB

C ontro l Input C urrents Pins 6, 9 ,1 1 , 1 4 ,1 6 (V = 0 V ) - 0.6 - 2 . 5 juA
Frequency R esponse - 1  dB (F lat R esponse 

20 H z - 16 kHz)
250 kHz

N o te  1: T h e  m axim um  perm issib le  input level is d ep en d en t on to n e  an d  vo lum e settings. S e e  Application N otes .

N o te  2: T h e  to n e  contro l ran ge  is defined  by capac ito rs  Cb an d  C t. S e e  A pplication N otes .

N o te  3: G au ss ian  noise, m easured  o ver a  period o f 5 0  m s per ch an n el, w ith a  C C IR  filter re feren ced  to  2  kH z and  an  a verage -respo nd ing  m eter.
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o Typical P erform ance C haracteris tics

V olum e C ontro l

0 1 2 3 4 5 6

V14-C O N TR O L VOLTAGE (V)

B alance C ontro l

0 1 2 3 4 5 6
V II  -  CONTROL VOLTAGE (V)

T o n e  C ontro l C haracteristic

0 1 2 3 4 5 6
V6 OR V16 -  CONTROL VOLTAGE (V )

T o n e  C haracteris tic  (Gain
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Tone C haracteris tic  (Gain

20 100 500 5k 20k

Loudness C om pensated

20 100 500 5k 20k
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)

TH D  vs Input V o ltage
FLAT FREQUENCY 
RESPONSE 
BAUNCED GAINS 
MAXIMUM GAIN

J i
/ / /  A $

VC( 12V

0.0 0 .2  0 .4  0 .6  0 .8  1.0
INPUT VOLTAGE (Vrms)

O utput Noise V o ltage  
vs Gain

Input Signal Handling

SUPPLY VOLTAGE

C hannel S eparation  vs 
Frequency

20 100 500 5k 20k
FREQUENCY (Hz)

Loudness C ontro l 
C haracteris tic

0 1 2 3 4 5 6
V9 -  CONTROL VOLTAGE (V)

TH D  vs Gain
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TL/H/5147-2

1-112



A pplication Notes
TO N E RESPONSE
The m axim um  boost and cu t can be optim ized fo r individual 
app lica tions by se lection  o f the appropria te  va lues o f Ct (tre­
ble) and Cb (bass).
The to n e  responses are defined by the re lationships:

Bass Response =

1 +  0.00065(1 -  ab)
__________ jct)Cb

 ̂ ^  0.00065ab 
jo)Cb

Treb le  Response =
1 +  jo)5500(1 — at)Ct 

1 + jco5500atCt

W here ab =  at =  0 fo r m aximum bass and treb le  boost 
respective ly  and ab =  at =  1 fo r m axim um  cut.
For the  va lues o f Cb and Ct o f 0.39 juF and 0.01 jaF as 
show n in the A pp lica tion Circuit, 15 dB o f boost or cut is 
ob ta ined a t 40 Hz and 16 kHz.

STER EO  ENH A N C EM ENT
W hen ste reo  system  speakers need to  be c loser than op ti­
m um because o f equ ip m en t/ca b in e t lim itations, an im ­
proved ste reo  e ffe c t can be obtained using a m odest 
am ount o f phase— reversed in terchannel cross-coupling. In 
the  LM 1040 the  input stage transisto r em itters are brought

out to  facilita te  this. The  arrangem ent is show n be low  in 
basic form .

TL/H/5147-3

W ith a m onophonic source, the  em itters have the sam e s ig­
nal and the resisto r and capacito r connected between them  
have no effect. W ith  a s te reo  signal each trans is to r w orks in 
the grounded base m ode fo r stereo com ponents, generat­
ing an in-phase signal from  the  opposite  channel. A s the  
norm al signals are inverted a t th is point, the appropria te  
phase-reversed cross-coupling is achieved. An e ffective  lev­
el o f coup ling o f 60%  can be obtained using 4 .7k in co n ­
junction w ith  the  in ternal 6 .5k em itter resistors. A t low  fre ­
quencies, speakers becom e less d irectiona l and it becom es 
desirable to  reduce the enhancem ent e ffect. W ith a 0.1 juF 
coupling capacitor, as shown, ro ll-o ff occurs be low  330 Hz. 
The coupling com ponen ts may be varied fo r a lte rna tive  re ­
sponses.

A pplication Circuit

BASS
CONTROL

VOLUME
CONTROL

LOUDNESS
COMPENSATION

BALANCE
CONTROL

TREBLE
CONTROL

TL/H/5147-4
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ZENER V O LTA G E
A zener vo ltage  (pin 19 =  5.4V) is provided w hich may be 
used to  b ias the  con tro l potentiom eters. S etting a DC level 
o f one ha lf o f the  zener vo ltage  on the  con tro l inputs, pins 6, 
11, and 16, resu lts in th e  ba lanced gain and fla t response 
condition. Typica l spread on the  zener vo ltage  is ± 1 0 0  mV 
and th is  m ust be taken  into account if con tro l signals are 
used w hich are no t re fe renced to  the  zener vo ltage. If th is is 
the  case, then  they w ill need to  be derived w ith  s im ilar accu­
racy.

LOUDNESS C O M PEN SA TIO N
A sim ple loudness com pensation  may be e ffected  by app ly­
ing a DC con tro l vo ltage  to  pin 9. Th is operates on the  tone  
contro l stages to  p roduce an additional boost lim ited by the  
m aximum boost defined by Cb and Ct. There is no loudness 
com pensation w hen pin 9 is connected  to  pin 19. Pin 9 can 
be connected  to  pin 14 to  give the  loudness com pensated  
vo lum e charac teris tic  as illustrated w ithou t the  addition o f 
fu rther external com ponents. (Tone settings are fo r f la t re­
sponse, C5 and Ct as g iven in A pplica tion C ircuit.) M od ifica ­
tion to  the  loudness charac teris tic  is possib le  by changing 
the  capacito rs Cb and Ct fo r a d iffe ren t basic response or, 
by a resistor ne tw ork betw een pins 9 and 14 fo r a d iffe ren t 
th resho ld  and slope.

SIG N A L H A N DLIN G
The vo lum e con tro l function  o f the  LM1040 is carried ou t in 
tw o stages, con tro lled  by the  DC vo ltage  on pin 14, to  im ­
prove signal handling capab ility  and provide a reduction o f 
output noise level a t reduced gain. The  firs t stage is before  
the  tone  con tro l processing and provides an initia l 15 dB o f 
gain reduction, so ensuring tha t the  tone  sec tions are not 
overdriven by la rge input levels when operating w ith  a low  
vo lum e setting. A ny com bina tion  o f tone  and vo lum e se t­
tings m ay be used provided the  output level does no t ex­
ceed 1 Vrms, V c c = 12V(0.7 Vrms, V c c  =  9V). A t reduced 
gain (<  — 6 dB) the  input stage w ill overload if the input level 
exceeds 1.6 Vrms, V c c = 1 2 V  (1.1 Vrms, V c c  =  9V). As 
there is vo lum e con tro l on the  input stages, th e  inputs may 
be operated w ith  a low er overload m argin than w ould  o ther­
w ise be acceptab le , a llow ing a possib le im provem ent in s ig­
nal to  noise ratio.

A pplications In form ation
O B TA IN IN G  M O D IF IED  RESPONSE CURVES
The LM 1040 is a dual DC con tro lled  bass, treble, ba lance 
and vo lum e in tegrated c ircuit ideal fo r stereo aud io  system s. 
In the various app lica tions w here  the  LM 1040 can be used, 
there  m ay be requ irem ents fo r responses d iffe ren t to  those  
o f the standard app lica tion  c ircuit g iven in the  data  sheet. 
This app lica tion  section  de ta ils  som e o f the  sim ple varia ­
tions poss ib le  on the  standard responses, to  ass is t the  
cho ice o f optim um  charac teris tics  fo r particu lar app lica tions.

Application Notes (Continued)

TO N E C ONTROLS
Sum m arizing the re lationsh ip  g iven in the  da ta  sheet, basi­
ca lly  fo r an increase in the  treb le  con tro l range Ct m ust be 
increased, and fo r increased bass range Cb m ust be re­
duced.
Figure 1 show s the  typ ica l tone  response obtained in the 
standard app lica tion circuit. (Ct =  0.01 juF, C b = 0 .3 9  jaF). 
R esponse curves are given fo r va rious am ounts o f boost 
and cut.

5.4 |
4.7 g
4.0 ^  

o
3.4 §

a
2.7 ™
2.0 m 
, 4  |  
0.7 =
0.0 j?

20k

TL/H/5147-5
FIGURE 1. Tone C haracteris tic  (Gain vs Frequency)

Figures 2  and 3 show  the  e ffe c t o f changing the  response 
defin ing capacitors Ct and Cb to  2Ct, Cb/2  and 4Ct, C b /4  
respective ly, giving increased tone  con tro l ranges. The va l­
ues o f the  bypass capacito rs  m ay becom e sign ifican t and 
a ffec t the low er frequenc ies in the  bass response curves.

100 500 5k
FREQUENCY(Hz)

20 100 500 5k 20k
FREQUENCY (Hz)

TL/H/5147-6
FIGURE 2: Tone C haracteris tic  (Gain vs Frequency)
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TL/H/5147-7
FIGURE 3: Tone C h aracteris tic  (Gain vs Frequency)
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Figure 4 show s the  e ffe c t o f changing Ct and Cb in the 
opposite  d irection to  C t /2, 2Cb respective ly giving reduced 
con tro l ranges. The various resu lts corresponding to  the  d if­
fe ren t Ct and Cb va lues may be m ixed if it is required to  give 
a particu lar em phasis to, fo r exam ple, the  bass contro l. The 
particu lar case w ith C b/2 , Ct is illustrated in Figure 5.

R ESTR IC TIO N  OF TO N E  C O N TR O L A C TIO N  A T HIGH  
OR LOW  FREQUENCIES
It may be desired in som e app lica tions to  level o ff the tone 
responses above o r be low  certa in  frequenc ies fo r exam ple 
to  reduce high frequency noise.
Th is may be achieved fo r the  treb le  response by including a 
resistor in series w ith Ct. The treb le  boost and cut w ill be 
3 dB less than the standard c ircuit w hen R =  Xq .
A  sim ilar e ffe c t m ay be ob ta ined fo r the  bass response by 
reducing the  va lue o f the  AC bypass capacito rs on pins 7 
(channel 1) and 18 (channel 2). The  internal resistance at 
these  pins is 1.3 k f l  and the  bass b o o s t/cu t w ill be approxi­
m ately 3 dB less w ith X c  a t th is value. An exam ple o f such 
m odified response curves is show n in Figure 6. The input 
coupling capacito rs m ay a lso m odify the low  frequency re­
sponse.

Applications Information (Continued)

5.4
4.7
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20 100 500 5k 20k
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TL/H/5147-8
FIGURE 4. T one  C haracteris tic  (Gain vs Frequency)

It w ill be seen from  Figures 2  and 3 tha t m odifying Ct and Cb 
fo r g rea te r con tro l range also has the e ffect o f fla tten ing  the  
tone  con tro l extrem es and th is may be utilized, w ith  o r w ith ­
ou t add itiona l m odifica tion as outlined above, fo r the  m ost 
su itable tone  con tro l range and response shape.

O THER A D VA N TA G ES OF DC C ONTROLS
The DC con tro ls  m ake the addition o f o ther fea tu res easy to  
arrange. For exam ple, the negative-going peaks o f the  ou t­
put am plifie rs may be de tected  below  a certa in  level, and 
used to  b ias back the  bass contro l from  a high b o o st co n d i­
tion; to  preven t overloading the speaker w ith  low  frequency 
com ponents.

LOUDNESS C O N TR O L
The loudness con tro l is achieved through con tro l o f the  
tone  sec tions by the  vo ltage applied to pin 9; there fore , the 
tone and loudness functions are not independent. There  is 
norm ally 1 dB m ore bass than treb le  boost (40 H z —16 kHz) 
w ith loudness con tro l in the standard circuit. If a g rea te r 
d iffe rence  is desired, it is necessary to in troduce  an o ffse t 
by m eans o f Ct or Cb or by changing the  nom inal con tro l 
vo ltage  ranges.
Figure 7 show s the  typical loudness curves obta ined  in the 
standard app lica tion circuit at various vo lum e levels 
(Cb —0.39 juF).

Oo
5.4 z
4.7 33O
4.0 r—

o
3.4

2.7 m
2

2.0 zCO
o>

1.4 >
0.7
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20 100 500 5k 20k
FREQUENCY (Hz)

TL/H/5147-9
FIGURE 5. Tone C haracteristic  (Gain vs Frequency)

20 100 500 5k 20k
FREQUENCY (Hz)

TL/H/5147-10
FIGURE 6. T one  C haracteris tic  (Gain vs Frequency)

20 100 500 5k 20k
FREQUENCY (Hz)

TL/H/5147-11
FIGURE 7. Loudness C om pensated  

Volum e C haracteristic

1-115

LM1040



LM
10

40

Figures 8 and 9 illus tra te  the  loudness charac teris tics  ob ­
ta ined w ith Cb changed to  Cb/2  and C b /4  respective ly, Ct 
being kept a t the  nom inal 0.01 jaF. These  va lues natura lly 
m odify the  bass tone  response as in Figures 2  and 3.
W ith p ins 9 (loudness) and 14 (volume) d irec tly  connected, 
loudness con tro l s ta rts a t typ ica lly  - 8  dB volum e, w ith  m ost 
o f the contro l action com ple te  by —30 dB.
Figures 10 and 11 show  the  e ffe c t o f resistive ly o ffse tting  
th e  vo ltage applied to  pin 9 tow ards the  con tro l reference

Applications Information (Continued)
vo ltage  (pin 19). B ecause the contro l inputs are h igh im ped­
ance, th is is easily done and high value resisto rs m ay be 
used fo r m in im al additional loading. It is poss ib le  to  reduce 
the  rate o f onse t o f con tro l to  extend the  active  range to  
- 5 0  dB vo lum e con tro l and below.
The con tro l on pin 9 may also be div ided dow n tow ards 
ground bringing the  con tro l action on earlier. Th is is illus tra t­
ed in Figure 12. W ith a suitable level sh ifting  ne tw ork be­
tw een pins 14 and 9, the  onse t o f loudness con tro l and its 
rate o f change m ay be readily m odified.

20 100 500 5k 20k
FREQUENCY(Hz)

TL/H/5147-12
FIGURE 8. Loudness C om pensated  V olum e  

C haracteris tic

20 100 500 5k 20k
FREQUENCY (Hz)

TL/H/5147-13
FIGURE 9. Loudness C om pensated V olum e  

C haracteristic

TL/H/5147-14
FIGURE 10. Loudness C om pensated  V olum e  

C haracteris tic
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TL/H/5147-15
FIG U R E 11. Loudness C om pensated V o lum e  

C haracteristic

20 100 500 5k 20k
FREQUENCY (Hz)

TL/H/5147-16
FIG U R E 12. Loudness C om pensated  V o lum e C haracteris tic
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W hen ad justed fo r m axim um  boost in the usual app lica tion 
circuit, the  LM -1040 canno t give additional boost from  the 
loudness con tro l w ith reducing gain. If it is required, som e 
add itiona l boost can be obtained by restric ting the tone  co n ­
tro l range and m odifying Ct, C ^  to  com pensate. A c ircuit 
illustra ting th is fo r the  case o f bass boost is show n in Figure 
13. The  resulting responses are given in Figure 14 show ing 
the  continu ing loudness con tro l action possib le w ith bass 
boost previously applied.

Applications Information (Continued)
USE OF TH E LM 1040 A BO VE A U D IO  FREQ U EN C IES
The LM1040 has a basic response typ ica lly  1 dB down at 
250 kHz (tone con tro ls  fla t) and there fore  by sca ling Cb and 
Ct, it is possib le to  arrange fo r operation ove r a w ide fre ­
quency range fo r possib le use in w ide band equalization 
applications. As an exam ple Figure 15 show s the  responses 
obtained centered on 10 kHz w ith Cb =  0.039 ju,F and 
Ct =  0.001 juiF.

FIGURE 13. M odified  A pplication Circuit fo r A dditional 
Bass B oost w ith  Loudness C ontrol

TL/H/5147-17

20 100 500 5k 20k
FREQUENCY(Hz)

TL/H/5147-18
FIGURE 14. Loudness C om pensated  

Volum e C haracteristic
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TL/H/5147-19
FIGURE 15. Tone C haracteris tic  (Gain vs Frequency)
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DC C O N TR O L OF STEREO ENH A N C EM ENT AND  
LOUDNESS C O N TR O L
Figure 16 show s a possib le circuit if e lec tron ic  con tro l o f 
these functions is required, the  typical DC level a t p ins 3 and 
22 is 7 .5V (V c c =  12V), w ith the  input signal superim posed, 
and th is  can be used to  bias a FET sw itch as show n to  save 
com ponents. For sw itching w ith a 0 V - 5 V  signal a low- 
threshho ld  FET is required when using a 12V supply. W ith 
larger sw itch ing leve ls th is is less critica l.

Applications Information (Continued)

The high im pedance PNP base input o f the  loudness contro l 
pin 9 is readily sw itched w ith a general purpose NPN tran ­
sistor.

FIGURE 16. A pplication C ircuit w ith E lectronic Sw itching
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