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HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER

» SINGLE OR SPLIT SUPPLY OPERATION.
» LOW POWER CONSUMPTION
. m SHORT CIRCUIT PROTECTION
~™ = LOW DISTORTION, LOW NOISE
s HIGH GAIN-BANDWIDTH PRODUCT
s HIGH CHANNEL SEPARATION

DESCRIPTION

The LS204 is a high performance dual operatlona|
amplifier with frequency and phase compensation
builtinto the chip. The Internal phase compensation
allows stable operation as voltage follower in spite
of its high gain-bandwidth products.

The circuit presents very stable electrical characte-

ristics over the entire supply voltage range, and it
particularly intended for professional and telecom
applications (active fiiters, etc).

PIN CONNECTIONS (top views)
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ABSOLUTE MAXIMUM RATINGS - Bt Shannc et
Symbol Parameter TO-99 [ Minidip | uPackage
Vs Supply Voltage. £18V
Vi Input Voltage + Vg
Vi Differential Input Voltage + (Vg ~1)
Top Operating Temperature for Ls204 — 25 to 85°C
LS204A - 865 to 125°C
Ls204C 0 to 70°C )
Piot | Power Dissipation at Tamp = 70°C 520mwW 665mwW 400mW
T; | Junction Temperature 150°C 150°C " 150°C
Tstg | Storage Temperature — 6510 150°C | — 55-t0 150°C | — 55 to 150°C
N N -
THERMAL DATA N
) ] TO-99 Minidip S0-8J
Rinj-amb I Thermal Resistance Junction-ambient Max 155°C/W 200°C/W

ELECTRICAL CHARACTERISTICS (V,

120°C/W

=115V, Tymy = 25°C, unless otherwise specified)

LS204/LS204A

. Ls204C '
Symbol Parameter Test Conditions Min. | Typ. | Max. | Min. fyp. Mak. Unit
Ig Supply Current 07 | 1.2 08 | 1.5 [ mA
lg: Input Bias Current 50 | 150 100 | 300 | nA
 Tmin < Top < Tmax 300 700 | nA
R; Input Resistance f=1KHz 1 0.5 MQ
Vos Input Offset Voltage | Ry < 10KQ 05 | 25 05 | 35 | mv
Rg < 10KQ
T:ﬁﬂ < Top < Troax 3.5 5 mv
\Y | fset Vol =10 o
AA-:S ngl:t Offset Voltage _IF_l:“n 1{? . Tmax_ 5 5 e
los Input Offset Current ) 5 20 12 | 50 | nA
Tantn < Top < Trmax 40 100 naA
Alos | Input Offset Current | Tmin < Top < Tmax 0.08 0.1 nA
AT Drift _ <
lse Output Short Circuit 23 23 mA
Current
Gy Large Signal Open Trmin < Top < Tmax - dB
Loop Voltage Gain RL = 2KQ Vg =+ {5V 80 | 100 86 | 100
i Vs =% 4V 95 95
B Gain-bandwidth f = 20KHz 1.8 3 165 | 25 | MHz
Product )
ey co:al Input Noise f=1KHz nv
tage = —
e, alel gl |
Ry = 10KQ 18 20
&7 Sssmomson —
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ELECTRICAL CHARACTERISTICS (continued) et e e e
bol o Test Conditl | Ls204/L5204A 1LS204C Ui
Symbo Parameter est Conditions Min. | Typ. | Max. | Min. | Typ. | Max.| n t,
d Distortion Gy=20dB R =2KQ _ a : 9 :
Voo 2Ver fuiKNZ 7 0.93 0.4 .03 | of | % [
Vo | DCOutputVoltage | RL=2KQ - V,=+15V |13 - |e13 Ty
Swing Vg=1 4V +3 | +3
Vo Large Signal Voltage | RL = 10KQ B S
Swing f = 10KHz . 28 2 Ve
SR Slew Rate “Unity Gain . - | o8| 15 B Vins
RL =2KQ N
CMR Common Mode Vi =10V 90 86 dB
Rejection ) Tmin < Top < Tmax ]
SVR | Supply Voltage =~ | Vi=1V f = 100Hz 20 86 | dB
Re]ectlonr Tmin. < Top < Tmax R . ] ] ,
(o3 Channel Separation | f = 1KHz 100 120 120 dB
Note : ) Figure 1: Supply Current vs. Supply Voltage.
. - - "G-3640
Temp. | LS204 LS204A | LS204C (rnl:)
Tmin. - —25°C -~ 565°C | 0°C .
- 08
Trmax. +85°C | +125°C | +70°C _
07 — :
06
s
0 - 4 8 2 216 Vs(V)
Figure 2 : Supply Current vs. Ambient Figure 3 : Output Shott Circuit Current vs.
Temperature. Amibient Temperature.
1 i, G-164) - 8-164212
! .
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Figure 4: 5pen Loop Frequency and Phase

LaalRe ST PRSI

Figure 5: Open Loop Gain vs. Ambient

. 15204
T 7T S .6 S-THOMSON.

Response. Temperature.
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Figure 6 : Supply Voltage Rejection vs. Figure 7 : Large Signal Frequency Response.
Frequency.
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Figure 8 : Output Voltage Swing vs. Load Figure 9 : Total Input Noise vs. Frequency.
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~-—-_mum signal frequency. The following table can be

APPLICATION INFORMATION B
Active low-pass filter ;

BUTTERWORTH

The Butterworth is a "maximally flat" amplitude res-
ponse filter. Butterworth filters are used for filtering
signals in data acquisition systems to prevent alia-
sing errors in sampled-data applications and for ge-
neral pyrpose low-pass filtering. . 7
The cutoff frequency, f, is the frequency at which
the amplitude response-is down 3 dB. The attenua-
tion rate beyond the cutoff frequency is né.dB per
actave of frequency where n is the order (number of
poles) of the filter.

Other characteristics :

* Flattest possible amplitude response.

* Excellent gain accuracy at low frequency end of

passhand.
Figure 10 : Amplitude Response.
G-1648
Ay
(dB)
0 =
0 NN
WS
W
n=8 \\ Q\'-"
0 \vi\
or a5 1 3 e

BESSEL

The Besselis a type of "linear phase" filter. Because
of their linear phase characterlstics, these filters ap-
proximate a constant time delay over a limited fre-
quency range. Bessel filters pass transient
waveforms with a minimum of distortion. They are
also used to. provide time delays for low pass filte-
ring of modulated waveforms and as a "running ave-
rage" type filter.

~nn
The maximum phase shift is ) radians where n is

the order (number of poles) of the fiiter. The cutoff
frequency, fc, is defined as the frequency at which
the phase shiftis one half of this value. For accurate
delay, the cutoff frequency should be twice the maxi-

-THOMSON

IS78

s T-79-3F - v

used to obtain the - 3dB frequency of the filter:

2 pole|4 Poie 6 Pole|8 Pole
0.77 1] 0.67 f: | 0.57 f. | 0.50 f,

- - 3dB Frécjdency

-

Other characteristics :

* Selectivity not as great as Chebyschev or Butter--
worth.

* Very little overshoot response to step inputs.

¢ Fastrise time,

Figure 11 : Amplitude Response. -
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CHEBYSCHEV

Chebyschev filters have greater selectivity than
sither Bessel or Butterworth at the expense of rip-
ple in the passband.

Figure 12 : Amplitude Response ( +1dB ripple).
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LS204

APPLICATION INFORMATION (continued) S & S=THOMSON
Chebyschev filters are normally designed with peak-

to-peak ripple values from 0.2 dBto 2 dB.

Increased ripple in the passband allows increased

attenuation above the cutoff frequency.

The cutoff frequency is defined as the frequency at
which the amplitude response passes through the

band.

specified maximum r

Other characteristics :
« Greater selectivity
* Very nonlinear phase response

* High overshoot response to.step inputs

bple 5a;1d and enters the stop
T'-79-3] T

The table below shows the typical overshoot and settiing time response of the low pass filters to a step input.

Peak )
Number of | Overshoot Settling Tlmer (% qf ﬁnal value)
Poles [0 Overshoot| & 1% £0.1% | +0.01%
Butterworth 2 4 1.1/fcsec. 1.7/fsec, 1.9/f¢sec.
4 H 1.7/ 2.8/f. 3.8/f¢ -
6 14 2.4/ ~ 3.9/, 5.0/f¢
8 16 3.1/, 5.1/, 7.1/
Bessel 2 04 0.8/, 1.4/t 1.7/
4 0.8 1.0ff 1.8/f¢ 2.4/t
6 0.6 1.3/, 2.1/, 2.7/t
8 0.3 1.6/ 2.3/f¢ 3.2/f¢.
Chebyschev (ripple £ 0,25dB) 2 11 1.1/ 1.6/f¢ -
4 18 3.0/f, 5.4/t -
6 21 5.9/c 10.4/; -
8 23 8.4/t 16.4/f -
Chebyschev (ripple + 1dB) 2 21 1.6/f¢ 2.7/ -
- 4 28 4.8/t 8.4/ -
6 32 8.2/, - 16.3/f, -
) 8 34 11.6/f5 24.8/f -
Design of 2nd order active low pass filter (Sallen and Key cénﬁguration unity gailn-op-amp). '
Figure 13 : Fiiter Configuration.
C -
n ' S-3567/2
L
Vin Ri Rz
O—_ 11— oVout
) I |
Vo _ 1 Where :
= 5 © . . .
Vi 1428 _o’)SE + (fc . we=2nk ~ with fc = cutoff frequency
& = damping factor.
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APPLICATION INFORMATION (continued) S 6 S- THONSO

Three parameters are rneeded to characterise the Ties of 2"“l order sections. A simple RC section is.in
frequency and phase response of a 2" order active troduced when an odd filter is required.

filter : the galn (Gy 1)) the damping factor (§) or the  The choice of &' (or Q-factor) determines the filter

-

Q-factor (Q = (2 &)"), and the cutoff frequency (fc). response (see table).
The higher order responses are obtained wit a se- o T o
- T—79—31 -
Tablet. . - : C e s
Filter Response & Q Cutoff Frequency f¢
Bessel Ny i Frequency at which Phase Shift is ~ 90°C
B 3 , L
Butterworth ‘/2—' 1 Frequency at Which Gy =—3dB
, 2 2 . 7
Chebyschev ) Ny 1 Frequency at which the amplitude response: passes
<5 >72— through specified max. ripple band and enters the stop
" band. - ]
Figure 14 : Filter Response vs. Damping Factor.
) G-28501
(dB}) I TTH
/ \~el 0177].
4 JA \ -l 025 Fixed R = R1 = R2, we have (ses fig. 13)
g 035 ’
0 A é=o,5 Ci= 4. &
! AN R ac
- =Q707] .
4T oy EEIRON e L U
- \ R &wc ,
\ The diagram of fig.14 shows the amplitude re-
A\ : :
-12 sponse for different values of damping factor & in
A6}
-2
61 02 05 t 2 5. (titg)
EXAMPLE

Figure 15 : 5th Order Low Pass Filter (Butterworth) with Unity Gain Configuration.
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APPLICATION INFORMATION (continued).

In the circuit of fig. 15, for fo = 3.4 KHz and
Ri= R1 = R2 = R3 = R4 =10 KQ, we obtain :

"s 6 S-THOMSON:  T-79-31
7The same method, referring to Tab. Il.and fig. 16, is-
used to design high-pass filter. in this casethe dam-

+ 1 ping factor is found by taking the reciprocal of the
Ci=1354 7 5o .= 6.33nF numbers in Tab. Il For fo =5 KHz and Ci=C1=Cz
. © = Ca=Ca=1 nF we obtain : -
oot L _qemF o111
Ci= 0.421 R orfe -»1-97nF Ri= —17334 . —6 . —2th"c = 23.5KQ ot
1 1 1
02='1'753'—1R— . 51@ =8.20nF Ri=g721 G oafs = 00K
0_0309.—1_,_1__ = 1.45nF Rz——1——-—1—- ! =18.2KQ
3=0309 g "3 =V 1753 C " 2nk )
1 1 1 )
Ra= < — = =103KQ
C4=0325- - 21nfc ~15.14nF 0309° C ore - ,
The attenuation of the filter is 30 dB at 6.8 KHz and Rs= :—5—312—5 . % . E:? =9.6KQ
better than 60 dB at 15 KHz. . °
Table 2 : Damping Factor for Low-pass Butterworth Filters.
Order Cy Cq C2 Cj3 [ Cs Ce Cr Cs
2 0.707 1.41 ]
3 1,392 0.202 3.54 ]
4 092 1.08 0.38 2,61
5 1.354 0.421 1.75 0.309 3.235
6 0.966 1.035 0.707 1.414 0.259 3.86
7 1.336 0.488 1.53 0.623 1.604 0.222 4.49 -
8 0.98 1.02 0.83 1.20 0.556 180 | 0.9 5.125
Figure 16 : 51 Order High-pass Filter (Butterworth) with Unity Gain Configuration.
o R2 o As s
Ci ioct c2 1 : 3 e
Ri ', Rl ! ““" l
. I |3
' )
! ] 1
! i
H |
1Storder 2" order ond order
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