148/149 248/249 348/349

Low Power Quad 741
Operational Amplifiers

DESCRIPTION

The LM148 series is a true quad 741. It consists of four
independent, high gain, internally compensated, low power
operational amplifiers which have been designed to provide
functional characteristics identical to those of the familiar
741 operational amplifier. In addition, the total supply

type amplifiers are being used and in applications where
amplifier matching or high packing density is required.

FEATURES

. . ® 741 op amp operating characteristics
current for all four amplifiers is comparable to the supply e Low supply current drain (0.6 mA/Amplifier)
current of a single 741 type op amp. Other features include e Class AB output stage - no c.rossover distortion
input offset currents and input bias current which are much ® Pin compatible with the LM124
less than those of a standard 741. Also, excellent isolation ® Low input offset voltage (1 mV)
between amplifiers has been achieved by independently o Low input offset current (4 nA)
biasing each amplifier and using layout techniques which e Low input bias current (30 nA)
minimize thermal coupling. The LM1409 series has the same ® Gain bandwidth product: LM148 (unity gain} (1.0 MHz)
features as the LM148 plus a gain bandwidth product of LM149 (A, > 5) (4 MHz)
4 MHz at a gain of 5 or greater. ® High degree of isolation between amplifiers (120 dB)
The LM148 can be used anywhere muitiple 741 or 1568 ® Overload protection for inputs and outputs
SCHEMATIC DIAGRAM (1/4 Shown)
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CONNECTION INFORMATION

HIGH RELIABILITY OPTIONS

CJ Flatpak DC and DB Dual In-Line PIN FUNCTION
{Top View) Packages 1 OUTPUT A Part Number Screening
{Top View) 2 -VIiN A
J 3 +VIN A LM148J03 MIL-STD-883 Class B
= " = o g Y\“; a LM248J03" } Raytheon A+3 screening including
M o p —VIII:\: B LM348403 Burn-in and tightened AQL
N ° O] 7 OUTPUT B LM248N02* Raytheon A+2 screening including
T O et a0 8 OUTPUT C LM348N02 temp cycles, Burn-in, “Hot Rail”
5 9 -VINC testing and tightened AQL
8;::;::”?,&01:5,: a3 :(1) :’,‘_"N ¢ LM24BNO‘I"} Raytheon A+1 screening including
LM148) ‘LM248J ‘LM348J ™ 12 +V|N D LM348NO1 temp cycles, ““Hot Rail” testing and
LM248N, LM348N, ‘ 13 -V|ND tightened AQL
LM148J, LM249J, LM349J, 14 OUTPUTD *Complete details are shown in the quality

LM149N, LM349N section of this catalog.
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Low Power Quad 741
Operational Amplifiers 148/149 248/249 348/349

B
ABSOLUTE MAXIMUM RATINGS

LM148/LM149 LM248/L.M249 LM348/LM349
Supply Voltage +22V +18V +18V
Differential Input Voltage 44V +36V +36V
Input Voltage +22V +18V +18V
Output Short Circuit Duration (Note 1) Continuous Continuous Continuous
Power Dissipation {Pg at 25°C) and
Thermal Resistance (6ja) (Note 2)
Molded DIP (N) P4 — - 500 mW
oA — - 150°C/W
Cavity DIP (D) (J) Pgq 900 mW 900 mW 900 mw
oA 100°C/W 100°C/W 100°C/W
Flat Pack (CJ) Pgd 675 mW - -
gia 185°C/W - -
Maximum Junction Temperature (TjmMAX) 150°C 110°C 100°C

Operating Temperature Range
Storage Temperature Range

Lead Temperature (Soldering 60 seconds)

-55°C < Ta <+125°C

-65°C to +150°C
300°C

-25°C < Tp <+85°C
-65°C to +150°C
300°C

0°C < Ta <+70°C
-65°C to +150°C
300°

ELECTRICAL CHARACTERISTICS (See Note 3)

LM148/149 LM248/249 LM348/349
PARAMETER CONDITIONS MIN| TYP|MAX|MIN | TYP|MAX| MIN| TYP|MAX | UNITS
Input Offset Voltage Ta = 25°C, Rg <10 kQ2 1.0[ 5.0 1.0} 6.0 1.0 6.0 mV
input Offset Current Ta = 25°C 4 25 4 50 4 |50 |nA
Input Bias Current Ta = 25C 30 | 100 30 [ 200 30 | 200 | nA
Input Resistance Ta = 25C 0.8 2.5 0.8 25 0.8 2.5 MS2
Supply Current All Amplifiers Ta = 25°C, Vg = *£15V 24, 3.6 241 45 241 45 mA
Large Signal Voltage Gain Ta = 25°C, Vg = £15V 50 160 25 160 25 160 V/imV
Vout = *10V, R =2 k2
Amplifier to Amplifier Coupling Ta=25C,f=1Hzt020kHz -120 -120 -120 dB
on| LM148 1.0 1.0 1.0
i = MH
Small Signal Bandwidth Ta=2657¢C LM1a9 0 20 20 z
. on| LM148{A\,=1) 60 60 60
M = d
Phase Margin Ta=25C [M143(A, =5) 0 50 50 egrees
on | LM148({Ay =1) 0.5 0.5 0.5
= \Y
Slew Rate Ta=25 Climagia, -5) 20 20 7.0 fis
Output Short Circuit Current Ta=25"C 25 25 25 mA
input Offset Valtage Rg <10 k2 6.0 7.5 75 | mV
Input Offset Current 75 125 100 | nA
input Bias Current 325 500 400 | nA
Large Signal Voltage Gain Vg =+15V, VoyT =10V, | 25 15 15 VimV
RL>2 k2
Output Voltage Swing Vg =115V, R = 10 kS2 2 | 113 2 | 113 2| 13 \
Ry =2k +10 | 112 o | 212 0| 12 v
Input Voltage Range Vg =115V 2 12 12 \
Common Mode Rejection Ratio Rg <10 k2 70 | 90 70 1 90 70| 90 dB
Supply Voltage Rejection Rs <10 k2 77 96 77 96 77 96 dB

Any of the ampiifier outputs can be shorted to ground indefinitely; however, more than one should not be simuitaneously shorted as
the maximum junction temperature will be exceeded.

Note 1:

The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX( GJA, and the
ambient temperature, T o. The maximum available power dissipation at any temperature is Pg = {TjMAX ~ TA)/GJA or the 25°C PdMAX.

Note 2:
whichever is less.

These specifications apply for Vg = +15V and over the absoiute maximum operating temperature range (T < Ta < TH) unless
otherwise noted.
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148/149 248/249 348/349

Low Power Quad 741
Operational Amplifiers

APPLICATION GUIDES

The 148 series are low power quad operational amplifiers
that exhibit performance comparable to the popular 741.
Substitution can therefore be made with no change in circuit
behavior.

The 149 series is similar to the 148 except it is decompen-
sated to yield a wider gain-bandwidth product. Conse-
quently, it must be operated at a minimum closed loop
gain of 5.

The input characteristics of these devices allow differen-
tial voltages which exceed the supplies. Output phase will
be correct as long as one of the inputs are within the operat-
ing common mode range. |f both exceed the negative limit,
the output will latch positive. Current limiting resistors
should be used on the inputs in case voltages become
excessive.

TYPICAL APPLICATIONS

One Decade Low Distortion Sinewave Generator
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When capacitive loading becomes much greater than 100 pf,
a resistor should be placed between the output and feed-
back connection in order to reduce phase shift.

The 148/149 series is short circuit protected to either
ground or the supplies continuously when only one of the
four amplifiers are shorted. If muitiple shorts occur simul-
taneously, the unit can be destroyed due to excessive power
dissipation.

To assure stability, feedback resistors should be placed
close to the input to maximize the feedback pole frequency
(function of input to ground capacitance) and to minimize
pickup. A good rule of thumb is that the feedback pole
frequency should be 6 times the operating 3 dB frequency.
If less, a lead capacitor should be placed between the out-
put and input.

Low Cost Instrumentation Amplifier

!

UM 8
HaLM e out

AA A= +

2R
VouT =2 <E + 1) ,V§ —3V < ViN oM < VE —3v,

N

Vg = +15V
R = R2, trim R2 to boost CMRR

R

1 R4RS (1 1 1 OoN

f= JER=2E (L 1, L) s —

27R1C1 R3 (rDs R4 R5> s (1 sz>
ve

fmMmax =5 kHz, THD < 0.03%

R1 =100k pot., C1 = 0.0047uF, C2 = 0.01xF, C3 = 0.1uF, R2 = R6 = R7 = 1M,
R3 =56.1k, R4 = 1202, R5 = 24002, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche
diode {ex. LM103), Vg = £15V

A simpler version with some distortion degradation at high frequencies can be
made by using A1 as a simple inverting amplifier, and by putting back to back
zeners in the feedback loop of A3.
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Low Power Quad 741
Operational Amplifiers

TYPICAL PERFORMANCE DATA

148/149 248/249 348/349

SUPPLY VOLTAGE (V)
Supply Current vs

QUTPUT SOURCE CURRENT {(mA)}

Positive Current Limit vs
Supply Voltage

Small Signal Pulse Response

@
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TEMPERATURE (°C)

Input Bias Current vs

QUTPUT SINK CURRENT (mA}

Negative Current Limit vs
Supply Voltage

Large Signal Pulse Response
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Ratio vs Frequency Response Phase Margin vs Frequency
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148/149 248/249 348/349

Low Power Quad 741

Operational Amplifiers

TYPICAL PERFORMANCE DATA (CONT)
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Low Power Quad 741
Operational Amplifiers

148/149 248/249 348/349

TYPICAL APPLICATIONS—LM148

Low Drift Peak Detactor with Bias Current Compensation

m

O Vpeak

Vg = +16V

Adjust R for minimum drift
D3 fow leakage diode
D1 added to improve speed

500k I
m!! A
1Ng14 02
18914
1/4 LM1ag) o Pt
03 MRS
Vin 4

>

1/4 LM148

VWA~

R4

c2
0001

l.____<.

1/4 LM148

Tune Q through RO,
For predictable results: fo Q <4 x
Use Band Pass output to tune for Q

Vi) N{s)

Dis} =

Ving) i)

5 —Swo
NHp(s) = S“HoHp. NBP(s) =

vy [

1
fNOTCH = — (

112

)1{2

1+ R3IR0 + R3IR4

Ry

2n Rt

1+ R5IR6
HoLe =

104

Wo

Hoep

=RC;.

. HoHp =

NLp = wo? HoLP

o

1 + R6IR5

1+ R4IR3 + R4|R0) (RG
1+ R6IRS

~~—————— ., HQBl
1 + R3IRO + R3IR4

1/4 LM148

x,) 1/2
12

1+ R4IR3 + R4IRO

RS

1+ R3IR0 + R3IR4
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Low Power Quad 741

TYPICAL APPLICATIONS LM148 (CONT)

Operational Amplifiers

A 1 kHz 4 Pole Butterworth

AAA

VWA~
n 100k
VWA 0
10k
Il
1T
0.001u4F
174 LM148 AAA- >
50.3 0.001uF
Vi * 14 LM14g AAA
50.3k
+ 174 LM148 ©VouTt
= +
WA~ -
100k 100k
AAA
VWA
VW
AA 1001
VWA
10k
¢ 11
1l
0.001F
174 LM148 AAA R I I
50.3 0.001uF
+ 1/4 LM148 AAA
50.3k
WS + 174 LM148 —o VouT2
I o >
= 100k
= AAA =

VWA~ -

Use general equations, and tune each section separately

Q15tSECTION = 0.541, Q2ngSECTION = 1.306
The response should have 0 dB peaking

A 3 Amplifier Bi-Quad Notch Filter

VA4
vRvAv
8 AA
]L ‘vﬁ.
_ R
ez +— ——
e g AVRA;" r\ o
o + v ° 174 LM148 AAA -
REQ oUTis) L R3
i = RS + L 1/4 LM148
3 R4S
- < .
Yine © =
R8 R1CY 1 R8 1 1 R6
Q= X ==, " — [ —x ————— , fNOTCR= — —
R7 v R3C2R2C1t 2 R7 R2R3C1C2 2n R3R5R7C1C2
T Rl
Necessary condition for notch: — =
R6 R4R7

Ex: fNOTCH = 3 kHz, Q = 5, R1 = 270k, R2 = R3 = 20k, R4 = 27k, R5 = 20k, R6 = R8 = 10k, R7 = 100k, C1 = C2 = 0.001uF

Better naise performance than the state-space approach
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TYPICAL APPLICATIONS LM148 (CONT)

A 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros)

VA—
—A- ' :osk Lowpass Response
R6
i1
1 0 |
e 0 1 R
1/4 LM148 “MAr
R B 20 \
v ’ z - ——
iN R3 1/4 LM148 8P 3
‘t [ -a0 i
< +
RO S H -
= o 1 _Hﬁﬂ
- AL 7 L
na' R 100 * 108 1008
—VWv FREQUENCY (Hz}
—AAA-
RS
M M- R1C1=R2C2=t
R.6 R’ \ e -R g
____”___T H R*1C'1=R'2C"2=t

c l | Y R
1/4 LM148 “AAA \ 2 100k
R

VWA~
+ 1/4 LM148 VWA—
BP’ R2
AMA
a0 r + 1/4 LM148 E{'

= ¥ 1/4 LM148 —0 Vg

—AAA = R
AA-
R'q

fc =1 kHz, fg = 2 kHz, fp = 0.543,f7=2.14,Q0=0841,1{p=0987,1, =492, Q"= 4.403, normalized to ripple 8W
1 R6 1 1 Ry 1 1+ R4IR3 + R4R0O R6 R'6 1+ R'4IR0

fp= — — x =, fz= — — x -, —m——— Ix — ,Q = —_———
2n RS t 2n R t 1+ R6IRS R5 RS 1+ R6IR'6+R'6Rp

RHRL
Rp =

Ry + RL

Use the BP outputs to tune Q, Q, tune the 2 sections separately
R1 =R2=926k, R3 = R4 = R5 = 100k, R6 = 10k, RO = 107 8k, R_ = 100k, Ry = 155.1k,
R'1=R'2 =509k, R'4 = R'5 = 100k, R'6 = 10k, R'0 = 5.78k, R’|_ = 100k, R’y = 248.12k, R’f = 100k. Al capacitors are 0.001uF.

TYPICAL APPLICATIONS—LM149

Minimum Gain to Insure LM 149 Stability The LM149 as a Unity Gain Inverter
iR VaR
R
Vin =W VIN—VVW—
[LP
— Vour RS Vout
Vout 4 VouTt 1
Actis) = = = 4 ACL(s) = e -
VIN 5 Vin 6
14 — 1+
AQoL(s) AoLis)
Vo Vo
=:5VQpg = +5VQpg
ViN=0 Vin=0
Power BW = 40 kHz Small signal BW = GBW/5

Small Signal BW = G BW/S
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TYPICAL APPLICATIONS—LM149 (CONT)

Non-inverting-Integrator Bandpass Filter
”

RE

P D

For stabihity purposes  R7 = R6/4 . 10R6 = RS, Cc = 10C

1 RS 1 Ra RS RQ
o= — x — .Q: —
27 R6  RC A

fomax). Qmax! 20 kHz, 10

Better Q sensitivity with respect to open loop gain vanations than the
state variable filtec

R7.Cc added for compensation

Active Tone Controt with Full Qutput Swing {No Slew Limiting at 20 kHz}
100k

800SsT .EET
R2 Vs = :15V. VoyTtimax) = 9.1 VRms.

v,
'NH }—vw—- R1 100K Al ‘ . .
Too M 100K i MAX - 20 kHz. THD < 1%
2 Duplicate the above circuit for stereo

047uF I
i
j Suf 3] _L l_u 1 1
0.054F 0.05uF 5 ——— g~ —
= [: 2nR2C1 2nR1CH
R? 1 1
RS Mk tH= ——— . thg * — =
e 27R5C3 2m(R1 + 2R7) C3
190 b ovg,, MoxBassGam s (R1+ R2IR1
o Max Treble Gan = (R1+ 2R71/R5
0.005::F as shown f|_ - 32 Hz f g - 320 Hz
= fg = 11 kHz fyg = 1.1 Hz
R4 RS
500k 36
TREBLE
Triangular, Squarewave Generator
c1
0.801uF
|
B
/2
10k
174 LM149 WA +
0.01uF /N 174 LM143 — UL
AAA R2 ::
10k < p
20k r
RIS 20k =
10k -
az < 03 04 -
Vi at vt v
H VI
06 g 20k 20k 20k
>
o1 A =T 03 D4

K x VN 2vy .
————— , K=R2/R'2,—— < 25V, V" =V7 Vg= +15V
8V*C1R1

Use LM125 for + 15V supply
The circuit can be used as a low frequency V/F for process control.

Q1, Q3: KE4393, Q2, Q4: P1087E,D1-D4 = 1IN914
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TYPICAL SIMULATION

LM148, LM149, LM741 Macromodel for Computer Simulation
Vee Vee
I L -— 1.803V
:& RC1 C1 $ RC2
P53k 546pF , Q 53k c2* 03

v

4 g 30 pF 9
Vi 11 32

D a2 A oV,

io it
D1 D2 D4
) Ve Va P4 >Vb <R
CB Gem Gq 3 ?SOk C Gp $ W2En
590 150.8u 5 2475m 0§ 4
Rel Re2 s RC GeVo
2112k 2112k > 21.3u2 N’ 4696 —_2.803V
1 I
16 Vee
lEEZE A Bo1 =112 Ig=8-10"
WA g =144 *C2 = 6 pF for LM149

—For more details, see |EEE Journal of Solid-State
Circuits, Vol. SC-9, No. 6, December 1974
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