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5 Pin Configuration and Functions

& 5-1. TL061x D, P, and PS Package, 8-Pin SOIC,

PDIP, and SO (Top View)
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A 5-2. TL062x D, JG, P, PS, and PW Package, 8-Pin

SOIC, CDIP, PDIP, SO, and TSSOP (Top View)
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& 5-3. TL064x D, J, N, NS, PW, and W Package, 14- O 4 2 2 © Not to scale
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Pin SOIC, CDIP, PDIP, SO, TSSOP and CFP (Top =9 = § =
View) Kl 5-4. TL062 FK Package, 20-Pin LCCC (Top View)
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& 5-5. TL064 FK Package, 20-Pin LCCC (Top View)
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Z 5-1. Pin Functions

PIN
e TLOG1 TLOG2 TLOG64 TYPE(") DESCRIPTION
D, JG, P, PS, D, J, N, NS,
D, P, PS PW FK PW, W FK
1IN - — 2 5 2 3 | Negative input
1IN+ — 3 7 3 4 | Positive input
10UT — 1 2 1 2 (0] Output
2IN - — 6 15 6 9 | Negative input
2IN+ — 5 12 5 8 | Positive input
20UT — 7 17 7 10 (0] Output
3IN - — — — 9 13 | Negative input
3IN+ — — — 10 14 | Positive input
30UT — — — 8 12 0} Output
4IN - — — — 13 19 | Negative input
4IN+ — — — 12 18 | Positive input
40UT — — — 14 20 (0] Output
IN - — — — — | Negative input
IN+ — — — — | Positive input
1
1
3
4
5
6
8
7
9
NC 8 — 1 — — Do not connect
1
13
14
15
16
18
17
19
OFFSET N1 1 — — — — — Input offset adjustment
OFFSET N2 5 — — — — — Input offset adjustment
ouT 6 — — — — (0] Output
Vee - 4 4 10 11 16 — Power supply
Vees 7 20 4 6 — Power supply
(1) 1 =input, O = output
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Vce 18
. Supply voltage@ \%
Vee - -18
Vip Differential input voltage(® +30 \Y
\ Input voltage(?) (4) *15 \%
Duration of output short circuit(® Unlimited
T, Operating virtual junction temperature 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1.6 mm (1/16 inch) from J, JG, U, or W package 300 c
case for 60 seconds
Lead temperature 1.6 mm (1/16 inch) from D, N, NS, P, PS, or PW package 260 c
case for 10 seconds
Tsg  Storage temperature - 65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, except differential voltages, are with respect to the midpoint between V. and Vee-.

(3) Differential voltages are at IN+, with respect to IN-.

(4) The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

(5) The output may be shorted to ground or to either supply. Temperature or supply voltages must be limited so that the dissipation rating
is not exceeded.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(") 2000

Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- 1500 v
C101@

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT

Ve Supply voltage 5 15 \%

Vee - Supply voltage -5 -15 \Y

Vem Common-mode voltage Vec- +4 Ve — 4 \'%
TLO6xM - 55 125

Ta Ambient temperature TL00xq ~40 125 °C
TLO6XI -40 85
TLO6xC 0 70
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6.4 Thermal Information (TL061)

TL061
THERMAL METRIC(") D (SOIC) P (PDIP) UNIT
8 PINS 8 PINS
Ryja Junction-to-ambient thermal resistance@ () 97 85 °C/W
Ro Junction-to-case (top) thermal resistance(® ©) — — °C/W
JC(top)

M
@

report, SPRA953.

temperature is Pp = (Tymax) = Ta)/R o ja. Operating at the absolute maximum T, of 150°C can affect reliability.

©)
4)

The package thermal impedance is calculated in accordance with JESD 51-7.
Maximum power dissipation is a function of T ymax), R0 yc, @and T¢. The maximum allowable power dissipation at any allowable ambient

temperature is Pp = (Tymax) =~ Tc)/ Royc. Operating at the absolute maximum T, of 150°C can affect reliability.

®)

6.5 Thermal Information (TL062)

The package thermal impedance is calculated in accordance with MIL-STD-883.

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

Maximum power dissipation is a function of T jmax), R0 ya, and Ta. The maximum allowable power dissipation at any allowable ambient

TL062
THERMAL METRIC(") D (SOIC) P (PDIP) PS (SO) (TSPSV:.'I)P) FK (LCCC) | JG (CDIP) | UNIT
8 PINS 8 PINS 8 PINS 8 PINS 20 PINS 8 PINS
R Junctlon-t?é?(ry)blent thermal 97 85 95 149 - “CIW
JA  resistance!
Ry .
Junction-to-case (top) thermal o
JC(to resistance@) ) (top) — — — 5.61 14.5 C/w
p)
6.6 Thermal Information (TL064)
TLO064
THERMAL METRIC() D | N(PDIP) | NS (SO) | PS (SO) | oW FK | y(cop) | w(cFp) | uNIT
(soic) (TSSOP) | (LCCC)
14PINS | 14PINS | 14 PINS | 8 PINS | 14 PINS | 20 PINS | 14 PINS | 14 PINS
Ry Jun_ctlon-toéar?blent thermal 86 80 76 95 13 o o - /W
Ja  resistance® ©)
Ry .
Junction-to-case (top) thermal o

I esistancel? O (top) — — — — — 5.61 15.05 | 14.65 | °C/W
op)

M
)

report, SPRA953.

temperature is Pp = (Tymax) =~ Tc)/ R yc. Operating at the absolute maximum T, of 150°C can affect reliability.

@)

The package thermal impedance is calculated in accordance with MIL-STD-883.

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

Maximum power dissipation is a function of Tymax), R0 yc, @and T¢. The maximum allowable power dissipation at any allowable ambient
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6.7 Electrical Characteristics for TL06xC and TL06xxC
Vee: =215V, RL =10 kQ to (Vee+ + Ve -) / 2 (unless otherwise noted)

TL061C, TL062C, TL064C

TLO61AC, TL062AC,

TLO64AC

PARAMETER TEST CONDITIONS(") UNIT
MIN TYP MAX MIN TYP MAX
Ta=25°C 3 15 3 6
Vio Input offset voltage Vo=0,Rg=50Q mV
Ta = Full range 20 7.5
Temperature coefficient _ _ _ o
ayvio of input offset voltage Vo =0, Rs =50 Q, Tp = Full range 10 10 wV/eCe
Ta=25°C 5 200 5 100 pA
lo @ Input offset current Vo=0
Ta = Full range 5 3 nA
Ta=25°C 30 400 30 200 pA
Ig @ Input bias current(® Vo=0
Ta = Full range 10 7 nA
; -12 -12
Vir  common-mode input Ta=25°C 11 o 11 o v
e rang 15 15
v Maximum peak output RL =10 kQ, Tp =25°C +10 +13.5 +10 +13.5 v
oM :
voltage swing R, = 10 k@, T = Full range £10 £10
Large-signal differential Vo=#10V, Ta=25°C 3 6 4 6
Avp I VimV
voltage amplification R = 2kQ Ta = Full range 3 4
B4 Unity-gain bandwidth RL =10 kQ, Tp =25°C 1 1 MHz
r Input resistance Tp=25°C 1012 1012 Q
Common-mode Vic = Vicrmin,
CMRR rejection ratio Vo=0,Rg=500Q, Ty =25°C 0 8 8 8 dB
Supply-voltage _
Ksvr rejection ratio Voc =9 Vio 15V, - 70 95 80 95 dB
(AVoes/ A Vio) Vo=0,Rs=500Q, Tp=25°C
Total power dissipation _ _ ~po
Po (each amplifier) Vo =0, No load, Tp = 25°C 6 7.5 6 7.5 mw
Supply current _ _ oro
lcc (each amplifier) Vo =0, No load, Ta = 25°C 200 250 200 250 pA
Vo1/Vop  Crosstalk attenuation Ayp =100, Tp =25°C 120 120 dB

(1)  All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full

range for Tp is 0°C to 70°C for TLO6xXC, TLO6XAC, and TLO6xBC and - 40°C to 85°C for TLO6xI.

(2) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in [§] 6-12. Pulse techniques are used to maintain the junction temperature as close to the ambient temperature as possible.

(3) Assured by design and characterization; not production tested.
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6.8 Electrical Characteristics for TL0O6xxC and TLO06xI
Vee: =215V, RL =10 kQ to (Vee+ + Ve -) / 2 (unless otherwise noted)

TL061BC, TL062BC
g ! TLO061l, TL062I, TL064I
PARAMETER TEST CONDITIONS(!) TL064BC UNIT
MIN TYP MAX MIN TYP MAX
Ta=25°C 2 3
Vio Input offset voltage Vo=0,Rg=50Q mV
Ta = Full range 5 9
Temperature coefficient o
avio of ingut offoot voliags Vo =0, Rg = 50 Q, T, = Full range 10 10 LVeC
Ta=25°C 5 100 5 100 pA
lo @ Input offset current Vo=0
Ta = Full range 3 10 nA
Ta=25°C 30 200 30 200 pA
Ig @ Input bias current(® Vo=0
Ta = Full range 7 20 nA
. -12 -12
Vicr Common-mode input Tp=25°C £11 to 11 to v
voltage range
15 15
y Maximum peak output RL=10kQ, Ta=25°C +10  +135 +10  +135 y
oM :
voltage swing R. = 10 kQ, Ta = Full range +10 +10
Large-signal differential Vo =210V, Ta=25°C 6 6
Avb e VimV
voltage amplification R = 2kQ Ta = Full range
B4 Unity-gain bandwidth R = 10 kQ, Ta = 25°C 1 1 MHz
r Input resistance Tp=25°C 1012 1012 Q
Common-mode Vic = Vicrmin,
CMRR rejection ratio Vo=0,Rg=50Q, Ty =25°C 8 8 8 8 dB
Supply-voltage _
Ksvr rejection ratio xocz‘oi%\/fs?gv% e 80 95 80 95 dB
(AVces/ AVio) omnrs A
Total power dissipation _ — hpo
Po (each ampliier) Vo =0, No load, Tp = 25°C 6 75 6 75| mw
Supply current _ _ oro
lec (each amplifier) Vo =0, No load, T =25°C 200 250 200 250 pA
Vo1/Vo2  Crosstalk attenuation Ayp =100, Tp = 25°C 120 120 dB

(1)  All characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. Full

range for Tp is 0°C to 70°C for TLO6xXC, TLO6XAC, and TLO6xBC and - 40°C to 85°C for TLO6xI.

(2) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in [§] 6-12. Pulse techniques are used to maintain the junction temperature as close to the ambient temperature as possible.

(3) Assured by design and characterization; not production tested.
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6.9 Electrical Characteristics for TLO6xM
Vee: =215V, RL =10 kQ to (Vee+ + Ve -) / 2 (unless otherwise noted)

TL061M, TLO62M TL064M
PARAMETER TEST CONDITIONS(?) UNIT
MIN TYP MAX MIN TYP MAX
Ta=25°C 3 6 3 9
Vio Input offset voltage Vo=0,Rs=50Q Ta= -55°Cto mV
- 9 15
125°C
Temperature coefficient Vo=0,Rs=50Q, o
@ vio of input offset voltage Ta= -55°C to 125°C 10 10 nVIC
Ta=25°C 5 100 5 100 pA
lo @ Input offset current Vo=0 Ta= -55°C 20 20 N
n
Ta=125°C 20 20
Ta=25°C 30 200 30 200 pA
Ig @ Input bias current®) Vo=0 Ta= -55°C 50(") 50" A
n
Ta=125°C 50 50
i -12 -12
Vier S;{‘;me°gnm°ede input Tp = 25°C 11 to 11 to v
ge rang 15 15
v Maximum peak output RL=10kQ, Ta=25°C 10 £135 10 £135 v
oM :
voltage swing RL= 10k, Ta= - 55°C to 125°C +10 +10
Ta=25°C 4 6 4 6
A Large-signal differential Vo =%10V, VimV
Vb voltage amplification RL = 2kQ Ta= -55°Cto 4 4
125°C
B, Unity-gain bandwidth R, =10kQ, Tp =25°C MHz
ri Input resistance Ta=25°C 1012 1012 Q
Common-mode V¢ = Vicrmin,
CMRR rejection ratio Vo=0,Rs=50Q, Tp=25°C 8 8 8 8 dB
Supply-voltage _
ksvr rejection ratio VCC_ 9 Vf° SV, e 80 95 80 95 dB
(AVocd Vi) Vo =0, Rg=50Q, Ta=25°C
Total power dissipation _ ago
Pp (each ampliier) Vo =0, No load, Ta = 25°C 6 75 6 75 mw
Supply current _ ~go
lcc (each ampliiier) Vo =0, No load, Ta = 25°C 200 250 200 250 pA
Vo1/Voz  Crosstalk attenuation Ayp =100, Tp = 25°C 120 120 dB

(1)  This parameter is not production tested.

(2) All characteristics are measured under open-loop conditions, with zero common-mode voltage, unless otherwise specified.

(3) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in & 6-12. Pulse techniques are used to maintain the junction temperature as close to the ambient temperature as possible.

(4) Assured by design and characterization; not production tested.

6.10 Operating Characteristics

Veer =215V, Tp=25°C, RL. =10 kQ to (Vee+ + Ve -) /2

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. . V=10V, C, =100 pF,
€ ! ' L '
SR Slew rate at unity gain R. = 10 kO, see & 7-1 1.5 35 Vius
t, Rise-time V=20V, C_L = 100 pF, 0.2 us
Overshoot factor RL=10kq, see 4 7-1 10%
Vy Equivalent input noise voltage Rs=20Q f=1kHz 42 nV/v Hz

(1) Slew rate at - 55°C to 125°C is 0.7 V/ u's min.
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Typical Characteristics

Data at high and low temperatures are applicable only within the specified operating free-air temperature ranges of the
various devices.
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s See Figure 2 s
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0 0 See Figure 2
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125
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Bl 6-1. Maximum Peak Output Voltage vs Supply Voltage & 6-2. Maximum Peak Output Voltage vs Free-Air Temperature
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Typical Characteristics (continued)

Data at high and low temperatures are applicable only within the specified operating free-air temperature ranges of the

various devices.
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200 No Load

./
150

100

Icc+ — Supply Current - pA

50

0 2 4 6 8 10 12 14 16
IVcctl — Supply Voltage - V
A 6-7. Supply Current vs Supply Voltage
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& 6-8. Supply Current vs Free-Air Temperature
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Typical Characteristics (continued)

Data at high and low temperatures are applicable only within the specified operating free-air temperature ranges of the
various devices.
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A 6-15. Equivalent Input Noise Voltage vs Frequency
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7 Parameter Measurement Information

10 kQ
1kQ
Vi
out ouT
Vi
CL =100 pF RL =2 kQ RL I CL =100 pF
A 7-2. Gain-of-10 Inverting Amplifier
7-1. Unity-Gain Amplifier
IN- -
TLO61 ouT
INV —— + N2
1.5 kQ
Vece-
K 7-3. Input Offset-Voltage Null Circuit
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8 Detailed Description

8.1 Overview

The TLO6x (TLO61, TL062, and TL064) family of industry-standard operational amplifiers (op amps) mirror the
TLO7x and TLO8x family of op amps with lower power consumption. These devices provide outstanding value for
cost-sensitive applications, featuring high input impedance, wide bandwidth, high slew rate, and low input offset
and input bias currents. High ESD (1.5 kV, HBM), integrated EMI and RF filters, and wide temperature operation
enable the TLO6x devices to be used in rugged and environmentally-demanding applications.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized for
operation from —40°C to 85°C, and the M-suffix devices are characterized for operation over the full military
temperature range of -55°C to 125°C.

8.2 Functional Block Diagram

o] j%@ JFvﬁt —E

BIAST Class AB
Control »—O V,
Circuitry

5 T -

%)Réliii”f (P (P

(Ground)

8.3 Feature Description
8.3.1 Common-Mode Rejection Ratio

The common-mode rejection ratio (CMRR) of an amplifier is a measure of how well the device rejects unwanted
input signals common to both input leads. It is found by taking the ratio of the change in input offset voltage to
the change in the input voltage and converting to decibels. Ideally the CMRR is infinite, but in practice, amplifiers
are designed to have it as high as possible. The CMRR of this device is 86 dB.

8.3.2 Slew Rate

The slew rate is the rate at which an operational amplifier can change its output when there is a change on the
input. These devices have a 3.5-V/ u s slew rate.

8.4 Device Functional Modes

These devices are powered on when the supply is connected. This device can be operated as a single supply
operational amplifier or dual supply amplifier depending on the application.
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9 Applications and Implementation
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9.1 Application Information

The TLO6x series of operational amplifiers can be used in countless applications. The few applications in this
section show principles used in all applications of these parts.
9.2 Typical Applications
9.2.1 Inverting Amplifier Application
A typical application for an operational amplifier in an inverting amplifier. This amplifier takes a positive voltage
on the input, and makes it a negative voltage of the same magnitude. In the same manner, it also makes
negative voltages positive.

RF
ANV

RI Vsup+

O Vour

+
Vin

Vsup-

9-1. Schematic for Inverting Amplifier Application

9.2.1.1 Design Requirements

The supply voltage must be chosen such that it is larger than the input voltage range and output range. For
instance, this application will scale a signal of 0.5 V to £1.8 V. Setting the supply at £12 V is sufficient to
accommodate this application.

9.2.1.2 Detailed Design Procedure

Determine the gain required by the inverting amplifier:

vourt

Ay = v M
1.8

AV = m = —3.6 (2)

Once the desired gain is determined, choose a value for Rl or RF. Choose a value in the kilohm range to limit
currents in the amplifier circuit to the miliamp range. This example will choose 10 kQ for Rl which means 36 k Q
will be used for RF. This was determined by Equation 3.

RF
AV = - W (3)
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9.2.1.3 Application Curve
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& 9-2. Input and Output Voltages of the Inverting Amplifier

9.3 System Examples
9.3.1 General Applications

Input A

Output

Input B

& 9-3. Instrumentation Amplifier
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& 9-4

RE = 100 kQ

15V

3.3kQ

e 1
2m xR xC,

. 0.5-Hz Square-Wave Oscillator

TLO64 5> Output C

Vce+ \ Vec+
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Input *———— 0utput \ =
c3 R2 1 uF TLOG4 ~_Vee+
T Vce- mput ——{( )¢ % TLOG4 »—— OutputB
100 kQ = +
R3 R1=R2=2xR3=1.5 MQ L 100 kQ =
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fo— 1
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& 9-5. High-Q Notch Filter
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] 9-6. Audio-Distribution Amplifier
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IC PREAMPLIFIER RESPONSE CHARACTERISTICS
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