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LM381 LOW NOISE DUAL PREAMPLIFIER

INTRODUCTION

The LM381 is a dual preamplif ier expressly de-
signed to meet the requirements of amplifying
low level  s ignals in  low noise appl icat ions.  Tota l
equivalent input noise is typically 0.5 trtV rms
(Rs = 600Q, 10-10,  000 Hz) .

Each of the two amplif iers is completely inde-
pendent, with an internal power supply decoupler-
regulator, providing 120 dB supply rejection and
60 dB channel separation. Other outstanding fea-
tures inc lude h igh gain (1 12 dB),  large output
voltage swing (Vss -2V) p-p, and wide power
bandwidth (75kH2,20 Ver) .  The LM381 operates
from a single supply across the wide range of 9 to
40V. The amplif ier is internally compensated and
short-circu it protected.

TABLE 1. T o= 25"9, Vsg = 14V, unless otherwise stated.

Joe E. Byerly and Ernest L. Long
National Sem iconductor

Attempts have been made to fi l l  this function with
selected operational amplif iers. However, due to
the many special requirements of this application.
these recharacterizations have not adequately met
the need.

With the low output level of magnetic tape heads
and phonograph cartridges, amplif ier noise becomes
crit ical in achieving an acceptable signal-to-noise
rat io .  This  is  a major  def ic iency of  the op amp in
th is application. Other inadequacies of the op
amp are insuff icient power supply rejection, l imited
small-signal and power bandwidths, and excessive
external comoonents.
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C I R C U I T  D E S C R I P T I O N

To achieve low noise performance, special consider-
at ion must be taken in the design of the input
stage. First,  the input should be capable of being
operated single ended; since both transistors con-
t r ibu te  no ise  in  a  d i f fe ren t ia l  s tage degrad ing  input
noise by the factor /Z Secondly, both the load
and b ias ing  e lements  must  be  res is t i ve ;  s ince  ac t ive
components  wou ld  each cont r ibu te  as  much no ise
as  the  inout  dev ice .

F IGURE 1 .  l npu t  S tage

The basic input stage, Figure 1, can operate as a
di f ferent ia l  or  s ingle ended ampl i f  ier .  For  opt imum
noise performance 02 is turned OFF and feedback
is brought to the emitter of 01 .

In  appl icat ions where noise is  less cr i t ica l ,  01 and
02 can be used in the differential configuration.
This has the advantage of higher impedance at
the feedback summing point ,  a l lowing the use of
larger resistors and smaller capacitors in the tone
contro l  and equi l izat ion networks.

The voltage gain of the single ended input stage
i s  g i v e n  b y :

R, 200k
A v ( n c ) = * = r r 5 n = 1 6 0  ( 1 )

Where:

KT
ru  =  #  -  1 .25x  103 a t  25oC lex2opA

Q t e

The vo l tage ga in  o f  the  d i f fe ren t ia l  inpu t  s tage is :

1  R '  q l .=r -?T j=801 R 'a"= i i t2 l

The schemat ic  d iagram of  the LM381,  F igure 2,  is
d iv ided into separate groups by funct ion;  f  i rs t  and
second voltage gain stages, third current gain stage.
and the bias regulator.

The second stage is a common-emitter amplif ier
(Os) with a current source load (Oo). Tne Darling-
ton emitter-follower Os, O+ provides level shift ing
and current  gain to the common-emit ter  s tage (05)
and the output  current  s ink (07) .  The vol tage
gain of the second stage is approximately 2000
making the tota l  gain of  the ampl i f ier  typ ical ly
160,000 in the d i f ferent ia l  input  conf  igurat ion.

The preamplif ier is internally compensated with the
pole-spl i t t ing capaci tor ,  C1.  This compensates to
uni ty  gain at  15 MHz.  The compensat ion is  ade-
quate to preserve stabil ity to a closed loop gain
of 10. Compensation for unity gain closure may be
provided with the addition of an external capacitor
in  para l le l  wi th Cl  between Pins 5 and 6,  10 and 1 1.

FIGURE 2.  Schemat ic Diagram
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Three basic compensation schemes are possible
for this ampli f ier: f i rst stage pole, second stage
pole and pole-spl i t t ing. First stage compensation
wi l l  cause an  inc rease in  h igh  f requency  no ise
because the f irst stage gain is reduced, al lowing
the second stage to contr ibute noise. Second stage
compensation causes poor slew rate (power band-
width) because the capacitor must swing the ful l
output voltage. Pole-spl i t t ing overcomes both these
def ic ienc ies  and has  the  advantage tha t  a  smal l
mono l i th ic  comoensat ion  caoac i to r  can  be  used.

The output stage is a Darl ington emitter-fol lower
(Q8,  Oe)  w i th  an  ac t ive  cur ren t  s ink  (Oz) .  T ran-
s is to r  01  s  p rov ides  shor t -c i rcu i t  p ro tec t ion  by
l i m i t i n g  t h e  o u t p u t  t o  1 2  m A .

The b ias ing  re fe rence is  a  zener  d iode (22)  d r iven
f rom a  cons tan t  cur ren t  source  (01 t ) .  Supp ly  de-
coup l ing  is  the  ra t io  o f  the  cur ren t  source  imped-
ance to the zener impedance. To achieve the high
current source impedance necessary for 120 dB
supply reject ion, a cascode configuration is used
(O1 1  and 012) .  The re fe rence vo l tage is  used to
power  the  f i rs t  s tages  o f  the  ampl i f ie r  th rough
emi t te r - fo l lowers  014 and 015.  Res is to r  R1 and
zener 2.1 provide the start ing mechanism for the
regulator. After start ing, zero volts appears across
D1 tak ing  i t  ou t  o f  conduct ion .

Biasing

F igure  3  shows an AC equ iva len t  c i rcu i t  o f  the
LM381.  The non- inver t ing  input ,  01  ,  i s  re fe renced
to a voltage source two Vss above ground. The
output quiescent point is establ ished by negative
DC feedback through the external divider RalR5
( F i g u r e  4 ) .

F IGURE 3 .  AC  Equ i va len t  C i r cu i l

FIGURE 4. Differential Input Biasing

For bias stabi l i ty, the current through Ru is made
ten  t imes the  input  cur ren t  o f  O2 ( :v0 .5  pA) .  Then,
fo r  the  d i f fe ren t ia l  inpu t ,  res is to rs  R5 and R4 0re :

^  2 V e e  1 . 2
Rs = ;;- i :  = - = 24O kQMAXIMUM

r v  r o 2  5 x  1 0 o
(3 )

R a = - ) "(v..
\77

(4)

FIGURE 5.  Single Ended Input  Biasing

When us ing  the  s ing le  ended input ,  02  is  tu rned
OFF and DC feedback is brought to the emitter
of 01 (Figure 5). The impedance of the feedback
summing po in t  i s  now two orders  o f  magn i tude
lower  than the  base o f  02  (=10 kO) .  There fore ,
to  p reserve  b ias  s tab i l i t y ,  the  impedance o f  the



feedback network must be decreased. In keeping
with reasonable resistance values, the impedance
of the feedback voltage source can be 1/5 the
summing po in t  impedance.

The feedback current is (100 gA worst case.
Therefore, for single ended input, resistors R5
and R4 are :

Capacitor C2 sets the low frequency 3 dB corner
where Xq2 = R6

v 2 -
2nf oR6

The smal l -s ignal  bandwidth of  the LM381 is  15
MHz making the preamp sui table for  wide-band
instrumentation applications. However, in narrow-
band appl icat ions i t  is  desi rable to l imi t  the ampl i -
f ier bandwidth and thus eliminate high frequency
noise.  Capaci tor  C3 accompl ishes th is  by shunt ing
the in ternal  pole-spl i t t ing capaci tor  (Cr) ,  l imi t ing
the bandwidth of the amplif ier. Thus, the high
frequency 3 dB corner is set by Ca according to
equat ion 10.

1
C s =  -  

- 4 x 1 o - 1 2  ( 1 0 )
A

2nts re 106

f3 = high frequency 3 dB corner

re = f irst stage small-signal em itter resistance
^12.6 kO

A = mid-band gain in  dB

For music appl icat ions,  response shaping is  re-
quired to provide the NAB standard tape playback
equalization. Figure 8 shows the NAB equalization
characteristic.

(e)

r. = sui";? =

',= (#-

0.6

5 x  1 0 4

' )  Rs

=  12OOQ MAXIMUM

( 5 )

(6)

FIGURE 6. AC Open Loop

The c i rcu i ts  o f  F igures  4  and 5  have an  AC and
DC gain equal to the rat io R4lRs. To open the
AC gain, capacitor C2 is used to shunt R5 (Fig-

ure  6) .  The AC ga in  now approaches open loop.
The low f requency  3  dB corner .  fo ,  i s  g iven  by :

. A of  
"  

=  
' .o . fAa 

where :  Ao =  open loop ga in  (7 )

Tape Playback Preamplifier

Figure 7 shows the LM381 in a f lat response tape
p layback  conf igura t ion .  The mid-band ga in  i s  se t
by resistor rat io

( R 4  +  R 6 ) i R 6  ( 8 )

FIGURE 7.  Flat  Response Tape Ampl i f ier

l 0  Hr  100 Hz 1  lHz  10  kHz 100 kHz

FIGURE 8.  NAB Equi l izat ion Character is t ic

The NAB response is  achieved wi th the c i rcu i t  o f
F igure 9.  Resistors Ra and Ru set  the DC bias and
are chosen according to equations 3 and 4 for
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FIGURE 9.  NAB Tape Preamp.

differential input operation and equations 5 and 6
for the single ended input. The reference gain of

4
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F--:

is set by the ratio:

0 dB reference gain = 
R6t-"

the preamp, above corner frequency f2 (Figure 8), Equa t i on  (1  1  )

o dB Reference Gain = 
%t!" 

= 355

R, 62k
R o = S E S _ I = S b 4 = 1 7 5

Ro I  180O'

For low frequency corner to= 40 Hz,

equat ion (14)

1 1
Cz = 

Zn t "na 
= 

- rZO"rrO 
=2.21x1O-5

Cz - 2O ttF-

The corner frequency f2 (Figure 8l is determined
where Xs4 = Rz and is  g iven by:

{{  - -' 2  -  
2 n C a R t '

Corner f  requency f 1 is determ ined where Xsa = Ra:

1
1 - -' 1  -  

2 n C a R a '

( 1 1 )

(121

( 1 3 )

7 .

The low frequency
where  Xq2 =  R6:

3 dB roll-off point. fo. is set

1{ -r o -
2nC2R6 114l

Example: Design a NAB equalized preamp for a
tape p layer  requi r ing 0.5V rms output  f  rom a head
sensitivity of 800 pV at 1 kHz, 3-3/4 lPS. The
power supply voltage is 24Y and the differential
input configuration is used.

1.  From equat ion (3)  le t  Rs = 240 kQ.
/ , ,  \

2 .  E q u a t i o n  ( 4 )  R 4  =  
l #  

- 1 )  t u

) ,,:^ \/
Ro=( f i t l z .+^ ros

\ ' ' '  /
R4 - -  2.16 x 10s ry2.2 MSI

3.  For  a corner  f requency,  f t  equal  to  50 Hz,
equat ion (13)  is  used.

1
(13)  co = 

zntrao 
=

=  1 .44x10 -e

Ca x 1500 PF.

4.  From Figure 8,  the corner  f requency fz= 177O
Hz at 3-3/4 lPS. Resistor R7 is found from
equa t i on  (12 ) .

1
(121 Ca = n- ,a r ,  , 2 R 7

1
R 7 = - - - - - - - -  ^ = 6 x 1 0 4' 

6.28x1770x 1.5x 10-e

Rz I  62 kO'

The requi red vol tage gain at  1 kHz is :

0.5V rms
Ar = 

e0-0ff i  
= 6.25x102 V/V= 56d8.

From Figure 8 we see the reference frequency
gain, above f2, is 5 dB down from the 1 kHz
v a l u e  o r  5 1  d B  ( 3 5 5  V / V ) .

FIGURE 1O. Typical  Tape Playback Ampl i f ier

This c i rcu i t  is  shown in F igure 10 and requi res
approximately 5 seconds to turn-ON for the gain
and supply vol tage chosen in the example.  Turn-
ON time can closely be approximated by:

.5V rms

6.28x50x2.2x 106

( 1 5 )

As seen by equat ion (15) ,  increasing the supply
voltage decreases turn-ON time. Decreasing the
ampl i f ier  gain a lso decreases turn-ON t ime by
reducing the RaC2 product.

Where the turn-ON time of the circuit of Figure 9
is too long, the time may be shortened by using
the c i rcu i t  o f  F igure 11.  The addi t ion of  res is tor
Rp forms a vol tage d iv ider  wi th R6' .  This  d iv ider  is
chosen so that zero DC voltage appears across

toru - -Racz 
" (t- #)

5.

tt.

TzO/F

(2,
0 n  3

5



C2.  The para l le l  res is tance o f  R6 '  and Rp is  made
equa l  to  the  va lue  o f  R6 found by  equat ion  (1  1 ) .  ln
most  cases  the  shunt ing  e f fec t  o f  Re is  neg l ig ib le
a n d  R 6 ' =  R 6 .

For  d i f fe ren t ia l  inpu t ,  Re is  g iven  by :

(Vcc  -  1 .2 )  R6 ' ,
( 1 6 )

For  s ing le  ended input :

(Vcc  -  0 .6 )  R6 ' ,
( 1 7 1

l n  cases  where  power  supp ly  r ipp le  i s  excess ive ,  the
c i rcu i t  o f  F igure  11  cannot  be  used s ince  the  r ipp le
is  coup led  in to  the  input  o f  the  preampl i f ie r

th rough the  d iv ider .

The c i rcu i t  o f  F igure  12  prov ides  fas t  tu rn-ON
whi le  p reserv ing  the  120 dB power  supp ly  re jec t ion .

The DC opera t ing  po in t  i s  s t i l l  es tab l i shed by  Ra/
R5. However, equations (3) and (5) are modif ied by
a  fac to r  o f  10  to  p reserve  DC b ias  s tab i l i t y .

FIGURE 12.  Two-Pole Fast  Turn-On NAB Tape Preamp.

For d i f ferent ia l  input ,  equat ion (3)  is  modi f ied as:

2 Y o ,  1 . 2(3A) R5 = 
roo-r", 

= 
,rao"

= 24 kSL MAXIMUM.

For s ingle ended input :

Vee  0 .6
Equation (5A) Rs = 

i l; 
= 

boxlo4

=  I2OSLMAXIMUM.

Equat ions (11) ,  (12l ,  and (14)  descr ibe the h igh
frequency gain and corner frequencies f2 and fo as
before. Frequency f1 now occurs where Xs4 eQuals
the composite impedance of the R4, R6, C2 net-
work as g iven by equat ion (18) .

c4 = ---J-- ^ -r (18)
r r q o + R 6 \ ,  .  I2n r1R6  l ( -=R^== i  

- 11
L '  -  J

The turn-ON t ime becomes:

t o r u  -  - 2 \ / R 4 c 2 n  ( t  - : 1  \  ( 1 e )-  
\  V c c / '

Example: Design an NAB equalized preamp with
the fast  turn-ON c i rcu i t  o f  F igure 12 for  the same
requirements as the previous example.

1.  From equat ion (3A) le t  Rs = 24 kO.

I  Y. .  \
2 .  Equa t i on  (4 )  R4  =  l - ; ;  

-  1 l  Rs
\ - . -  |
/ o n  \

I =  -  t l  z+x to3
\ 2 . 4  |

R a  =  2 . 1  6 x  1 0 5  -  2 2 O k Q .

3. From the previous example the reference fre-
quency  ga in .  above f r .  was  found to  be  51  dB or
355 V/V.

R r * R ^
Eouat ion  (11)  ^  - - - :  =  355.'  

Ft6

4.  The corner  f requency f2 is  1770 Hz tor  3-314
IPS.

Equation l12l C4 = -+-
2n f  2R ,

5.  The corner  f requency f1 is  50 Hz and is  g iven
by  equa t i on  (18 ) .

(18 )  Ca  =

R D

R D

1 . 2

0.6

6. Solv ing equat ions (11} . , (12l .  ,  and (18)  s imul tane-
ously g ives:

2 n t 1 R 6 [ ( * * ) ' - ' ]

R4 ( f1  +  v f  12  +  f  1  f2  (Ref .  Ga in)  r rn  r
f "  (R . f rc . 'n )  

-  t zv tR o =

R 6
2.2x1 05 ( so + V2soo+sox r z zoxs5'st

t ZZOxS55

7.

8.

=  1 .98  x  103

R o - 2 k O .

F rom equa t i on  (11 )
Rz -  680 kO.

Equa t i on  (12 )  Cq  =

C a =

9 .  Equa t i on  (14 )  Cz  =

Rz = 354 Ro = 708x103

1

TItr;R,

6.28x1 770x680x103

1 .32x10 -1o  x  12Q pF .

1
2nlsR6

I

A,n"n"r^Ot

C z  =  1 . 9 9 x 1 O " x 2 l t F .

o

,n

il
^
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This  c i rcu i t  i s  shown in  F igure  13  and requ i res  on ly
0 .  1  seconds to  tu rn-ON.

Curve B shows the required preampli f  ier response
to  make the  compos i te ,  A  +  B,  p rov ide  the  NAB
recording characterist ic. This response is obtained
wi th  the  c i rcu i t  o f  F igure  16 .  Res is to rs  Ra and R5

TAPE RECORD PREAMPLI  F I  ER

When recording, the frequency response is the
complement  o f  the  NAB p layback  equa l iza t ion ,
mak ing  the  compos i te  record  and p layback  re -
sponse f la t .  F igure  14  shows the  record  charac ter -
i s t i c  super imposed on  the  NAB p layback  response.

FIGURE 16. Tape Recording Preamp.

se t  the  DC b ias  as  be fore  us ing  equat ions  (3 )  and
(4)  fo r  the  d i f fe ren t ia l  inpu t  and equat ions  (5 )  and
{6)  fo r  the  s ing le  ended input .  Res is to r  R6 and
capac i to r  C2 se t  the  mid-band ga in  as  be fore  (equa-

t ions  (8 )  and (9 )  ) .  Capac i to r  C5 se ts  the  h igh
f requency  3  dB po in t ,  f3 ,  (F igure  15)  as :

1
C _
1 3 - 2n Cs R6

(211

The preamp ga in
f3  un t i l  Re =  Xcs .

'l
R a  =  

2 l t , l C l s

increases at 6 dB/octave above
40

35

30

;
2 z !

; 1 5

1 0

t22 l

fa  =des i red  h igh  f requency  cu to f f

Res is to r  Re is  chosen to  p rov ide  the  proper  record-
ing  head cur ren t .

0
l 0  H z 1 0 0  H r  1  k H z  l 0  k H 2 Re = ; ----f!--I R E C O R D  H E A D

(23)

FIGURE 14.  NAB Record & Playback Equi l izat ion L1 and C6 fo rm a  para l le l  resonant  b ias  t rap  to
present  a  h igh  impedance to  the  record ing  b ias
frequency and prevent intermodulat ion distort ion.

Example: A recorder having a 24Y power supply
uses recording heads requir ing 30 prA AC drive
cur ren t .  A  mic rophone o f  10  mV peak  ou tpu t  i s
used.  S ing le  ended input  i s  des i red  fo r  op t imum
noise oerformance.

' l  .  F rom equat ion  (5 )  le t  R5 =  12000.

l v . .  \
2 .  E q u a t i o n  ( 6 )  R 4  =  

\ ' }  
-  t  

J  
* u

l zq  \
Ra=  

\ r : - 1 )12oo .

Curve A of
acteristics of
track head.

Figure 15 shows the
a typ ical  laminated

response char-
core. quarter-

40

l 5

30

25

9 2 0
1 5

t 0

0
t 0 Hu 100 Hr 1 kflz !0 kHz 100 kHr

Ra = 2.28x1O4 x 22 kQ.

The max imum outpu t  o f  the  LM381 is  (Vss
-2V)p p. For a 24V power supply, the maxi-
mum outpu t  i s  22Vr - ,  o r  7 .8V rms.  There fore ,
an output swing of 6V rms is reasonable.

FIGURE 15.  Recording Head & Preamp. Response for
NAB Equi l izat ion

2 r F
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4.

From eguat ion  (23)  Rg
I R E C O B D  H E A D

^" = #*L = 2oo ke.

Let  the  h igh  f requency  cu to f f  fa  =  16  kHz (F ig -

ure  15) .  The record ing  head f requency  response

beg ins  fa l l ing  o f f  a t  approx imate ly  4  kHz.

There fore ,  the  preamp ga in  must  inc rease a t

this frequency to obtain the proper composite

characterist ic. The slope is 6 dB/octave for the

two octaves between f3 (4 kHz) and the cutoff

f requency  fa  (16  kHz) .  There fore ,  the  mid-band
ga in  l ies  12  dB be low the  peak  ga in .

We are al lowing 6V rms output voltage swing.

Therefore, the peak gain =
1 0  m V

= 600 or

55.6 dB.

The mid-band gain = 43.6 dB or  150.

5.  From equat ion (8)  the mid-band gain =

R 4 + R 6 = 150.

r0  FEcon0r [G

FIGURE 17.  Typical  Tape Recording Ampl i f ier

P H O N O  P R E A M P L I F I E R

Crys ta l  and ceramic  phono car t r idges  prov ide  ou t -
pu t  leve ls  o f  100 mV to  2V and there fore  do  no t

requ i re  p reampl i f  i ca t ion .  Magnet ic  car t r idges ,  how-

ever ,  p rov ide  much lower  ou tpu ts  as  shown in

Tab le  2 .

TABLE 2 ,

MANUFACTURER M O D E L OUTPUT AT 5 cm/sec

Empi re  Sc ien t i f i c

Shure

P icker ing

999
888

v - 1 5
M91

v - t 5 A T 3

5 m V
8 m V

3 .5  mV
5 m V

5 m V

Output  vo l tage is  spec i f ied  fo r  a  g iven modu la t ion

ve loc i ty .  The magnet ic  p ickup is  a  ve loc i ty  dev ice ,

there fore ,  ou tpu t  i s  p ropor t iona l  to  ve loc i ty .  For

example ,  a  car t r idge  produc ing  5  mV a t  5  cm/sec

wi l l  p roduce 1  mV a t  1  cm/sec  and is  spec i f ied  as

hav ing  a  sens i t i v i t y  o f  1  mV/cm/sec .

In  o rder  to  t rans form car t r idge  sens i t i v i t y  in to

usef  u l  p reamp des ign  in fo rmat ion ,  we need to

know typ ica l  and max imum modu la t ion  ve loc i ty

l imits of stereo records.

The RIAA record ing  charac ter is t i c  es tab l i shes  a
max imum record ing  ve loc i ty  o f  25  cent imeters
per second in the range of 800 to 2500 Hz.
Typical ly, good quali ty records are recorded at a
velocity of 3 to 5 cm/sec.

F igure  18  shows the  RIAA p layback  equa l iza t ion .

Th is  response is  ob ta ined w i th  the  c i rcu i t  o f
F i g u r e  1 9 .

Res is to rs  Ra and R5 se t  the  DC b ias  (equat ions  (3 )

and (4 ) ,  o r  (5 )  and (6 ) ) .  The 0  dB re fe rence ga in

is  se t  by  the  ra t io :

6V

R6

^  Ra  22x1O3
R 6  =  

1 4 d  
=  

M s  
= ' 1 4 7 . 7

R o  I  1 5 0 Q

6.  Equat ion (9)  Cz =

C z -

1
2 r I "R"

1
628-50- 1 50

2.12x1O-5

20 ttF.

1
7 .  Equa t i on  (21 )  Cs  =  

Zz r t sR6

1

6 .28x4x103x150

= 2.66x10-7

Cs -  O.27 l tF.

1
8.  Equat ion (22)  Ra = 

Znt+Cs

1

6.28x 16x103x2.7xl07

= 36.8

r 33sl.
R 1 o  +  R 6

0  dB  Re f  Ga in  =
n6

(241
R8

c

^

-



1.  From equat ion (3)  le t  Rs = 100 kO.

30

20

1 0

1 0

20

30
1 0th '100 Hz I kHz '10 kHz 100 kHz

2.  Equat ion (4)  Ra =

R a =

3.  Equat ion l25l  C7 - -

C - r y

4. Equation 126l C7 =

/Y* -  , \  *^
\ 2 . 4  l '

fg-r)  rou
\ 2 . 4  /

1 1 .5x 1 05 av 1 .2 M5-).

I

2 n t 1 R 4

,|FIGURE 18.  RIAA P layback  Equ i l i za t ion

Thecorner  f requency ,  f1 ,  (F igure  18)  i s  es tab l i shed
where  Xq7 =  R4 or :

6 .28x50x1 .2x106

2.65x 10-s

.003 s F.

1
Znt2fuo;

M A G N E T I C
CARIRIDGE

F IGURE 19 .  R IAA  Phono  P reamp .

L i kew ise ,  f r equency ,  f 2  occu rs  whe re  Xs7  =  R19  o r :

R r o
6. 28x 500x 3x 1 0'e

=  1 .03x10"

Rro -  100 kS) '

5. The maximum cartridge output at 2Scmlsec is:

( .5  mV/cm/sec)  x  (25 cm/sec)  = 12.5 mV. The
required mid-band gain is therefore:

5V rms.-- = 4OO.
12 .5  mV rms

1
n - _ _ _
" 7  

-  
2 n f t R a '

1
n - _
"7 

-  
2nfrRro

(251

(261

6.  Equat ion (24)

R r o  +  R e
0 dB Ref .  Gain = 

- -  
= 400;

100k
R o = - g 9 9  = 2 5 1 x 2 4 O d 1

R2 = 10 Ro = 2400S1.The third corner f requency, f3, is determined
where Xqg = Rro:

1
c e =  2 r f 3 R 1 o .  e 7 l

Resistor R7 is used to insert a zero in the feedback
loop s ince  the  LM381 is  no t  compensated  fo r
un i ty  ga in .  E i ther  R2 is  requ i red  to  p rov ideazero
at  o r  above a  ga in  o f  20  dB (Rz =  10  R6) .  o r  ex-
te rna l  compensat ion  is  p rov ided fo r  un i ty  ga in
s tab i l i t y  accord ing  to  equat ion  (10) .

Example: Design a phonograph preamp operating
f rom a  30  vo l t  supp ly ,  w i th  a  car t r idge  o f  0 .5  mV/
cm/sec  sens i t i v i t y ,  to  d r ive  a  power  ampl i f ie r  o f
5V rms input  over load l im i t .

7 .  Equat ion  (9 )

'l
?

"2 
-  

2nf  oRa

Cz - 2O trtF'

6.28x4Ox24O
= 1.  7x 10-5

6.28x22OOx6.8x 104

8. Equat ion (27)

1
f - _ _ _ -

"8  
-  

2z f sRro

=  7 .23x  10 -1o

Ce t  0.001 PF.



The completed design is shown in Figure 20 where
a 47 kS| input resistor has been included to pro-
v ide  the  RIAA s tandard  car t r idge  load.

"cut". For example, i f  20 dB of "boost" and "cut"
i s  des i red .  the  ra t io  R11 lR12 and R12 lR13 is  20  dB
or  10 :1 .  The low f requency  cont ro l  po in t ,  f1 ,
( F i g u r e  2 2 )  i s  s e t  w h e r e  X s e =  R 1 2  a n d  X c r o =  R r r .

1
t ^ - -

"e  
-  

zn f tR tz '

1
t - -

" 1 o  
-  

2 n f r  R r r  '

t28l

t29l

FIGURE 2O. Typical  Magnet ic Phono Preamp.

1 0

0

t 0

TONE CONTROLS

Most  tape and phonograph appl icat ions requi re
bass and treble tone controls. Due to the insertion
loss of  the tone contro l ,  (equal  to  the avai lable
boost) ,  i t  has been normal  to use two preampl i f  iers
with the control placed between them. However,
due to the excellent gain and large output capa-
bi l i ty  of  the LM381,  only  a s ingle preamp is  re-
qu ired.

l 0  H r 1 0 0  H z  ' l  k H t  l 0  l H z  1 0 0  t H z

Ff GURE 22. Eass & Treble Tone Control Response for
2O dB Boost & Attenuation

The treble control is the analogue of the bass
control with the resistor and capacitor dividers
reversed. The rat io of reactance of C11lC12 is set
equal to the amount of "boost" and "cut". The
high frequency control point, f2, is establ ished
where  Xs12 =  Rrs .

1
f - -

"12 
-  

2nfzR.rz '

1
Ru = 

Ztr tzCrz.

(30)

( 3 1 )

(321R r s  =
2nI2C11

F IGURE 21 .  Bass  &  T reb le  Con t ro l s
Figure 23 shows one channel  of  a pract ica l  pre-
ampl i f ier  for  a s tereo phonograph.  The preamp
is complete wi th RIAA equal izat ion,  bass and
treble tone contro l ,  balance contro l  and volume
control.

AUDIO MIXER

ln many audio appl icat ions i t  is  desi rable to pro-
vide a mixer to combined or select several inouts.
Such appl icat ions inc lude publ ic  address systems
where more than one microphone is used; tape
recorders,  h igh f ide l i ty  phonographs,  gui tar  ampl i -
f iers. etc.

Figure 21 shows the bass and treble tone controls.
The potentiometers, R13, are audio taper; i .e.,  at
the center of shaft rotat ion the wiper is at the
9OYo-lOYo point of the total resistance. Both con-
trols are simple AC dividers, with the f lat response
posit ion where the signal is attenuated from the
" fu l l  boos t " .

ln  the  bass  cont ro l  the  ra t io  o f  res is to rs  R.11 /R12
and R12 lR13 de termine the  degree o f  "boos t "  and

^

-,



FIGURE 23.  Single Channel  of  Complete Phono Preamp.

Figure 24 shows the LM381 in a mixer conf igura-
tion. Inputs at A, B, C, -N can be selected and
combined (summed) wi th potent iometers Rn,  Re,
Rc. -Rru. Resistors Ra and R5 establish the DC
quiescent point in accordance with equations (3A)
and (4). (Only the differential input configuration
is  used in the mixer  appl icat ion s ince the h igh
source impedance of the input potentiometers
would negate any advantage of the single ended
input . )  Input  b ias current  is  suppl ied through
resis tor  Rp.  Therefore,  an upper l imi t  o f  Rp
should be established to avoid output offset volt-
age problems. A safe upper l imit is to let:

^*J
'*-J
,*-l

FIGURE 25.

Rr  =  R+  MAXIMUM (33 )

The voltage gain of the mixer is now:

AV
R F

(35)
Re,  e ,c  *  R.o , " ,a

^ri
g

{2 13}

'r-J
Since resistor Rp is no longer required to supply
the input bias current, it does not have the upper
limit as in the previous circuit. Therefore, the open
loop gain of  the LM381 can be real ized.  Capaci tor
C1,  shunts the AC feedback of  the Ra- R5 net-
work and is found by:

Ao

1020
a - - -

" 1  
-  

2 n f o R q

Ao = ampl i f  ier  open loop gain in  dB

fo = low frequency 3 dB corner

Example:  Design a microphone mixer  for  use wi th
600Q dynamic microphones with an output level
of 1O mV. The mixer should operate from a 24V
supply and deliver 5 volts output. A dynamic range
of 80 dB is desired.

' o-l
I

ttrG--{
I

I

, F N l
( -4#-J

FIGURE 24.  Audio Mixer

The vol tage gain of  the mixer  is :

Auo,"," ---4+- (34)

Where the values of Rp and the source impedance,
Rs,  are such that  the gain of  the c i rcu i t  o f  F igure
24 is inadequate, the configuration of Figure 25
may be used.



l .

2.

From equation (3A) R5 -- 24 kQ

Equat ion (4)

/  Y n n  \no =  ( i t - l )  R5

1 2 4  \no=( iZ - r )z+x to3

R q = 2 . $ x 1 0 5 = 2 2 O k t t

For 5V output:

5V
G a i n = 1 0 r V = 5 0 0

For 80 dB dynamic range:

At maximum attenuation:

^  R a R r
Ra,e,c = 

A;R.  
-  Rs ( f rom Equat ion 34)

2 . 2 x 1 O s  x 3 . 3 x  1 0 3
Re .  e .  c

5 x 1 0 - ' x 2 . 4 x 1 0 '

Re,e,c :6.05 x 105 = 500 kSl

N1 '
".tH *\,-r

. t !F / . ^  |  \ , r .n

3.

o

l r F
500 K0500

5 x 10-2 'rJAttenuation

5.  Equat ion (34)

80 dB I  r F'*-l

-  R a R r
AV = 

RJRA;;; RS)

o  _  Av  R5  (RA .B ,C  +  Rs )
" e = -  n a -

At maximum volume: Re, a,c, = 0, Gain = 500

l{  soo*n i
Ne'l|-tt#-'t

FIGURE 26.

R F
500 x 2.4 x 104 (0 + 600)

CONCLUSION:

The applications presented in this note are by no
means exhaustive. The LM381 is a widely versati le
low noise, high gain. wide band gain block and, as
such has many applications outside the audio
spectru m.

2.2 x 1O5

Rr =  3 .2 t  x  103 =  3 .3  kO
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