0 0 TLV2465AIDGA0 0 O TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

® Input Common-Mode Range Exceeds Both ® Slew Rate...1.8V/us
Supply Rails . . . Vpp-- 0.2V to Vpp, + 0.2V ® +90mA Output Drive Capability

® Gain Bandwidth Product . . . 4.4MHz ® Micropower Shutdown Mode

® Supply Current . . . 500uA/channel (TLV2460/3/5) . . . Ipp=0.6..A/channel

® |nput Offset Voltage . . . 1001V ® Available in 5- or 6-pin SOT23 and 8- or

® Input Noise Voltage . . . 11nV/VHz 10-Pin MSOP

® Rail-to-Rail Output Swing ® Characterized from Tp = —-40°C to 125°C
description

The TLV246x is a family of low-power rail-to-rail input/output operational amplifiers specifically designed for
portable applications. The input common-mode voltage range extends beyond the supply rails for maximum
dynamic range in low-voltage systems. The amplifier output has rail-to-rail performance with high-output-drive
capability, solving one of the limitations of older rail-to-rail input/output operational amplifiers. This rail-to-rail
dynamic range and high output drive make the TLV246x ideal for buffering analog-to-digital converters.

The operational amplifier has 4.4 MHz of bandwidth and 1.8 V/us of slew rate with only 500 uA of supply current
providing good ac performance with low power consumption. Three members of the family offer a shutdown
terminal, which places the amplifier in an ultra-low supply current mode (Ipp = 0.6 wA/ch). While in shutdown,
the operational-amplifier output is placed in a high-impedance state. DC applications are also well served with
an input noise voltage of 11 nV/vHz and input offset voltage of 100 uV.

This family is available in the low-profile SOT23, MSOP, and TSSOP packages. The TLV2460 is the first
rail-to-rail input/output operational amplifier with shutdown available in the 6-pin SOT23, making it perfect for
high-density circuits. The family is specified over an expanded temperature range (Tp = —40°C to 125°C) for
use in industrial control and automotive systems.

FAMILY PACKAGE TABLE

DEVICE NO. OF Ch PACKAGE TYPES SHUTDOWN
PDIP | SOIC |SOT-23 | TSSOP | MSOP
TLV2460 1 8 8 6T —3 = X
TLV2461 1 8 8 5T = — —
TLV2462 2 8 8 £8 - 8 —
TLV2463 2 14 14 — — 10t X
TLV2464 4 14 14 - 14 — -
TLV2465 4 16 16 - 16 — X

T This device is in the Product Preview stage of development. Please contact yourlocal Tl sales office
for availability.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

This document contains information on products in more than one phase

o:) de_\fl;_log!nen}. The sltathus of each device is indicated on the page(s) % T
SJ ecifying its electrical characteristics. EXAS
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT

OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

TLV2460 and TLV2461 AVAILABLE OPTIONS

PACKAGED DEVICES R
Ta x.'rozr';f’é SMALL OUTLINE soT-23t PLASTIC DIP CH'P(':(?RM
(D) (DBV) (P)
] ] TLV2460CD ' TLV2460CP TLV2460Y
0°C 10 70°C 2000 pv TLV2461CD TLV2461CP TLV2461Y
TLV2460ID TLV2460IP _
2000 pv TLV2461ID TLV2461I1P —
-40°C 1o 125°C
500 1 TLV2460AID TLV2460AIP _
M TLV2461AID TLV2461AIP —

T This package is available taped and reeled. To order this packaging option, add an R suffix to the part number (e.g., TLV2460CDR).
% Chip forms are tested at Ta = 25°C only.

TLV2462 and TLV2463 AVAILABLE OPTIONS

PACKAGED DEVICES .
Ta X'Tozf‘;fé SMALL OUTLINEt MSOP msoprt PLASTIC DIP | PLASTIC DIP CH'P&?RM
(D) (DGK) (DGS) (N) (P)
0°Cto | Looouy TLV2462CD TLV2462CDGK — 5 — TLV2462CP TLV2462Y
70°C “ TLV2463CD — TLV2463CDES TLV2463CN — TLV2463Y
2000 LV TLV2462ID TLV2462IDGK ’ — TLV2462IP —
—40°C 1o " TLV2463ID — TLV2463IN — —
125°C 1500 LV TLV2462AID — — TLV2462AIP —
" TLV2463AID — — TLV2463AIN — —

T This package is available taped and reeled. To order this packaging option, add an R suffix to the part number (e.g., TLV2462CDR).
¥ Chip forms are tested at Tp = 25°C only.

TLV2464 and TLV2465 AVAILABLE OPTIONS

PACKAGED DEVICES s
Ta X'T°23,?é SMALL OUTLINE PLASTIC DIP TSSOP CHIP (':(?RM
(D) (N) (PW)
] ] TLV2464CD TLV2464CN TLV2464CPW | TLV2464Y
0°C 10 70°C 2000 pv TLV2465CD TLV2465CN TLV2465CPW TLV2465Y
] - TLV24641D TLV2464IN TLV24641PW _
—40°C 10 125°C 2000 pv TLV2465ID TLV2465IN TLV2465IPW -
] ] TLV2464AID TLV2464AIN TLV2464AIPW _
—40°C 10 125°C 1500 uv TLV2465AID TLV2465AIN TLV2465AIPW -

T This package is available taped and reeled. To order this packaging option, add an R suffix to the part number
(e.g., TLV2464CDR).

¥ Chip forms are tested at Ta = 25°C only.
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

TLV2460
DBV PACKAGE

out [

VpD—/GND [ ] SHDN
4] ] IN-
TLV2460
D OR P PACKAGE
(TOP VIEW)
NC[]1©  s[]SHDN
IN— [ 2 7 ]VDD+
IN+[] 3 6] ouT
Vpp—/GND [] 4 5[] NC
TLV2463
D OR N PACKAGE
(TOP VIEW)
10UT[] 1 14]] Vpp+
1IN=] 2 13[] 20UT
1IN+ [] 3 12[] 2IN—
Vpp—/GND [] 4 11[] 2IN+
NC[] 5 10[] NC
1SHDN[] 6 o|] 2SHDN
NC[] 7 s[I NC

NC — No internal connection

TLV246x PACKAGE PINOUTS

TLV2461 TLV2462
DBV PACKAG D, DGK, OR P PACKAGE
3 (TOP VIEW)
ouT [ | Vobp+ 10UT[|1© 8] Vpp+
1IN=[] 2 7 [] 20uT
VDD~/GND [_] 1IN+ [] 3 6 [] 2IN-
N+ 1 a7 n- Vpp—/GND [] 4 5[] 2IN+
TLV2461 TLV2463
D OR P PACKAGE DGS PACKAGE
(TOP VIEW) (TOP VIE;
NC [ 10 8 ]NC 10UT I 11 Vpp+
IN-[] 2 71 Voo+ 1IN- 17 20UT
1IN+ ] [T 2IN-
N+ sfout Vpp—/GND [T} T3 2IN
- . +
Vop~/GND [{4  sfINC PP ShoN O O S5rN
TLV2464 TLV2465
D, N, OR PW PACKAGE D, N, OR PW PACKAGE
(TOP VIEW) (TOP VIEW)
10UT [] 1 14[] 40UT 10UT [] 1 16[] 40UT
1IN=[] 2 13[] 4IN— 1IN-[] 2 15[] 4IN—
1IN+[] 3 12[] 4IN+ 1IN+ [] 3 14]] 4IN+
Vpp+[] 4 11[] Vpp—/GND Vpp+ [] 4 13]] Vpp—/GND
2IN+[] 5 10[] 3IN+ 2IN+[| 5 12[] 3IN-
2IN-[] & o[l 3IN- 2IN-[] & 11]] 3IN+
20UT[] 7 s[] 30UT 20UT [} 7 10f] 30UT
1/2SHDN [] 8 9[] 3/4SHDN
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (See NOte 1) .. o 6V
Differential input voltage, Vip . ............... ... Vpp-02VtoVpp+02V
Input current, [j (@ny INPUL) .. ..o + 200 mA
OUIPUL CUITENE, 0 o .o e e e e e e e + 175 mA
Total input current, [| (iNtO VDD 1) - -« oo 175 mA
Total output current, Io (OUt Of VDD ) .. oo oo 175 mA
Continuous total power dissipation ............ .. ... . .. i See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ... ... o i i, 0°C to 70°C

FSUffix ... —40°C to 125°C
Storage temperature range, Tgpg - ...« v vt —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ........... .. .. .. ... ... .. ... ... 260°C

T 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.

NOTE 1: All voltage values, except differential voltages, are with respect to Vpp —.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR Ta =70°C Ta =85°C Ta =125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW 145 mW
DBV 437 mW 3.5 mW/°C 280 mW 227 mW 87 mW
DGK 424 mW 3.4 mW/°C 271 mw 220 mW 85 mW
DGS 424 mW 3.4 mw/°C 271 mwW 220 mW 85 mW
N 1150 mW 9.2 mW/°C 736 mW 598 mW 230 mW
P 1000 mW 8.0 mW/°C 640 mW 520 mW 200 mW
PW 700 mW 5.6 mW/°C 448 mW 364 mW 140 mW

recommended operating conditions

MIN MAX | UNIT
Single suppl 2.7 6
Supply voltage, Vpp J PPy Vv
Split supply +1.35 13
Common-mode input voltage range, V|CR VDD- VDD+ Vv
. . C-suffix 0 70
Operating free-air temperature, Tp ouff T 125 °C
-suffix -
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

electrical characteristics at specified free-air temperature, Vpp = 3 V (unless otherwise noted)

TLV246xC
PARAMETER TEST CONDITIONS U\ UNIT
MIN TYP MAX
\ Input offset volt (TLV246xC) 25°C 1002000 Vv
nput offset voltage X
1o P 9 Full range 150 2200 #
\ Input offset volt (TLV246xAC) 2570 100 1500 Vv
nput offset voltage X
1o P 9 Full range 150 1700 #
Temperature coefficient of input offset | Vpp =+1.5V, Vo =0, o
a0 voltage Vic =0, Rs =50Q 2 HVFC
25°C 238 7
llo Input offset current nA
Full range 4.6 20
25°C 4.4 14
B Input bias current nA
Full range 25
-0.2
CMRR > 66 dB Rg =50Q 25°C to
32
VicrR Common-mode input voltage range oo \
CMRR > 60 dB Rg=50Q Full range to
32
| 55 mA 25°C 2.9
=—z2om
\Y High-level output volt il Ful range 28 \Y
igh-level output voltage
OH 9 P 9 | 10 mA 25°C 27
=—10m
OH Full range 26
Vic=15V I 2.5mA 25°C o1
=1. s =z0omMm
v Low-level outout volt IC oL Full range 0.2 Vv
ow-level output voltage
> i ’ Vic=15V, I 10 mA 25°C 93
=1. s = m.
IC oL Full range 0.4
) 25°C 50
Sourcing
o Full range 20 40
los Short-circuit output current mA
o 25°C 40
Sinking
Full range 20 30
lo Output current 25°C +30 mA
-si i i 25°C 90 105
AVD Largglslgpal differential voltage RL = 10 k@ dB
amplification Full range 89 100
i(d) Differential input resistance 25°C 109 Q
Ci(c) Common-mode input capacitance f=10kHz 25°C 7 pF
Zo Closed-loop output impedance f =100 kHz, Ay =10 25°C 33 Q
. ) 25°C 66 80
CMRR Common-mode rejection ratio VicrR=-0.2Vt032V, Rg=50Q dB
Full range 64 73
Vpp=27Vio 6V, Vic =Vpp/2. 25°C 80 85
KSVR Supply voltage rejection ratio No load Full range 75 82 dB
(AVDD /AV|0) Vpp=3Vto5YV, Vic=VDpD/2, 25°C 85 95
No load Full range 80 90
Suppl rrent (both ch I Vo=15YV, No load, 25°C 1 1.15
Iob upply current (both channels) o) o loay mA
(TLV2462 and TLV2463) SHDN > 1.02V Full range 1.8

1T Full range is 0°C to 70°C.
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

electrical characteristics at specified free-air temperature, Vpp = 3 V (unless otherwise noted)

TLV2460C, TLV2463C
PARAMETER TEST CONDITIONS Tat TLV2465C UNIT
MIN TYP MAX
V(ON) Turnon voltage level Ay =1 Channel ! 25°C 1.021 A
Channel 2 1.02
V(OFF) Turnoff voltage level Ay =1 Channel | 25°C 0822 v
Channel 2 0.817
IDD(SHDN) Supply current in shutdown SHDN < 0.8 V,. 25°C 0.6 A
(TLV2463) Both channels in shutdown Full range 0.9 5

1T Full range is 0°C to 70°C.

operating characteristics at specified free-air temperature, Vpp = 3 V (unless otherwise noted)

TLV246xC
PARAMETER TEST CONDITIONS Al UNIT
MIN TYP MAX
\ 2V C| = 160 pF, 25°C 1 18
; ; O(PP) =<V, L= pF,
SR Slew rate at unity gain RL = 10 k@ Full 09 1 V/us
range
v Equlvalent Input nol " f=100 Hz 25°C 16 VAFz
uivalent input noise voltage
n a P 9 f=1KHz 25°C 11 vz
In Equivalent input noise current f=1kHz 25°C 0.13 pA/\/E
Ay =1 0.006%
Vo(pp) =2V, v °
THD + N Total harmonic distortion plus noise RL =10 kQ, Ay =10 25°C 0.02%
f=1kHz Ay = 100 0.08%
Both channels 7.6
Channel 1 only,
" . Ay =1, o 7.65
t(on) Amplifier turnon time R = 10 k@ Channel 2 on 25°C us
Channel 2 only,
Channel 1 on 725
Both channels 333
Channel 1 only,
- ! Ay =1, o 328
Y(off) Amplifier turnoff time R = 10 k& Channel 2 on 25°C ns
Channel 2 only,
Channel 1 on 329
_ . f =10 kHz, RL = 10 kQ, o
Gain-bandwidth product CL = 160 pF 25°C 4 MHz
Phase margin at unity gain 25°C 44°
9m J Y9 RL = 10 kO, CL =160 pF
Gain margin 25°C 7 dB

TFul range is 0°C to 70°C.
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLV246xC
PARAMETER TEST CONDITIONS U\ UNIT
MIN TYP MAX
\ Input offset volt (TLV24x6C) 257C 150 2000 A"
nput offset voltage X
1o P 9 Full range 170 2200 #
\ Input offset volt (TLV246xAC) 257c 150 1500 A"
nput offset voltage X
1o P 9 Full range 170 1700 #
Temperature coefficient of input offset | Vpp =+2.5V, Vo =0, o
a0 voltage Vic =0, Rs =50Q 2 HVFC
25°C 0.3 7
llo Input offset current nA
0.7 15
25°C 1.3 14
B Input bias current - nA
-0.2
CMRR > 71 dB, Rg =50Q 25°C to
52
VicrR Common-mode input voltage range oo \
CMRR > 60 dB, Rg=50Q Full range to
5.2
| 55 mA 25°C 4.9
=—z2om
v High-level outout volt OH Full range 438 v
igh-level output voltage
OH 9 P 9 | 10 mA 25°C 4.8
=—10m
OH Full range 47
Vic=25V, I 2.5mA 25°C o1
=2. s =z0omMm
v Low-level outout volt IC oL Full range 0.2 Vv
ow-level output voltage
> i ’ Vic=25V, I 10 mA 25°C 02
=2. s = m.
IC oL Full range 0.3
. 25°C 145
Sourcing
o Full range 120
los Short-circuit output current mA
o 25°C 100
Sinking
Full range 78
lo Output current 25°C +90 mA
A Large-signal differential voltage Vic=25YV, RL = 10 kQ, 25°C 92 109 dB
VD amplification Vo=1Vio4V Full range Q0 104
i(d) Differential input resistance 25°C 109 Q
Ci(c) Common-mode input capacitance f=10kHz 25°C 7 pF
Zo Closed-loop output impedance f =100 kHz, Ay =10 25°C 29 Q
L . 25°C 71 85
CMRR Common-mode rejection ratio VicrR=-0.2Vt052V, Rg=50Q dB
Full range 69 73
Vpp=27Vio 6V, Vic =Vpp/2. 25°C 80 85
KSVR Supply voltage rejection ratio No load Full range 75 82 dB
(AVDD /AV|0) Vpp=3Vto5YV, Vic=VDpD/2, 25°C 85 95
No load Full range 80 90
Suppl rrent (both ch I Vo=25YV, No load, 25°C 1.1 1.3
Iob _IEJLp\;chu ent (both channels) o) o loay mA
(TLV2462 and TLV2463) SHDN > 1.38 V Full range 2

1T Full range is 0°C to 70°C.

{'i TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLV2460C, TLV2463C
PARAMETER TEST CONDITIONS Tat TLV2465C UNIT
MIN TYP MAX
V(ON) Turnon voltage level Ay =1 Channel ! 25°C 1.372 A
Channel 2 1.368
V(OFF) Turnoff voltage level Ay =1 Channel | 25°C 1315 v
Channel 2 1.309
IDD(SHDN) Supply current in shutdown SHDN < 1.3 V,. 25°C 2 A
(TLV2463) Both channels in shutdown Full range 3 6
1T Full range is 0°C to 70°C.

operating characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLV246xC
PARAMETER TEST CONDITIONS Al UNIT
MIN TYP MAX
\ 2V C| = 160 pF, 25°C 1 18
; ; O(PP) =<V, L= pF,
SR Slew rate at unity gain RL = 10 k@ Full 09 1 V/us
range
v Equlvalent Input nol " f=100 Hz 25°C 14 VAFz
uivalent input noise voltage
n 9 P 9 f= 1 kHz 25°C 1 nvhz
In Equivalent input noise current f=100 Hz 25°C 0.13 pA/\/E
Ay =1 0.004%
Vo(pp) =4V, v o
THD + N Total harmonic distortion plus noise RL =10 kQ, Ay =10 25°C 0.01%
f=10kHz Ay = 100 0.04%
Both channels 7.6
Channel 1 only,
" . Ay =1, o 7.65
t(on) Amplifier turnon time R = 10 k@ Channel 2 on 25°C us
Channel 2 only,
Channel 1 on 725
Both channels 333
Channel 1 only,
- ! Ay =1, o 328
Y(off) Amplifier turnoff time R = 10 k& Channel 2 on 25°C ns
Channel 2 only,
Channel 1 on 329
_ . f =10 kHz, RL = 10 kQ, o
Gain-bandwidth product CL = 160 pF 25°C 4.4 MHz
Phase margin at unity gain 25°C 45°
9m J Y9 RL = 10 kO, CL =160 pF
Gain margin 25°C 7 dB

TFul range is 0°C to 70°C.
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

electrical characteristics at specified free-air temperature, Vpp = 3 V (unless otherwise noted)

TLV246xI
PARAMETER TEST CONDITIONS U\ UNIT
MIN TYP MAX
\ Input offset volt (TLV246xI) 257C 100 2000 A"
nput offset voltage X
1o P 9 Full range 150 2200 #
\ Input offset volt (TLV246xAl) 257c 100 1500 A"
nput offset voltage X
1o P 9 Full range 150 1700 #
Temperature coefficient of input offset | Vpp =+1.5V, Vo =0, o
a0 voltage Vic =0, Rs =50Q 2 HVFC
25°C 2.8 7
llo Input offset current nA
Full range 4.6 75
25°C 4.4 14
B Input bias current nA
Full range 75
-0.2
CMRR > 66 dB, Rg =50Q 25°C to
3.2
-0.2
—40°C -
VicrR Common-mode input voltage range o to \Y%
85°C 392
CMRR > 60 dB, Rg =50 Q -
0 -02
Full range to to
3 3.2
| 55 mA 25°C 2.9
=-25m
v High-level output volt il Full range 28 v
igh-level output voltage
OH 9 P 9 | 10 mA 25°C 2.7
=- m
OH Full range 25
Vic=15V I 25mA 25°C o1
=15V, =25m
v Low-level outout volt Ic oL Full range 0.2 v
ow-level output voltage
> i ’ Vic=15V, | 10 mA 25°C 03
=1. s = m
IC oL Full range 0.5
25°C 50
Sourcing
o Full range 40
los Short-circuit output current mA
o 25°C 40
Sinking
Full range 30
lo Output current 25°C +30 mA
-si i i 25°C 90 105
AVD Largglslgpal differential voltage RL = 10 kQ dB
amplification Full range 89 100
ri(d) Differential input resistance 25°C 109 Q
Ci(c) Common-mode input capacitance f=10kHz 25°C 7 pF
Zo Closed-loop output impedance f =100 kHz, Ay =10 25°C 33 Q
25°C 66 80
VIicR=-02V1t032V, Rg=50Q —40°C — 60 3
CMRR Common-mode rejection ratio 85°C dB
\ 0Vto3YV, Rs =50Q 2570 66 8
= o3V, =
ICR S Full range 60 73

1t Full range is —40°C to 125°C.
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT

OPERATIONAL AMPLIFIERS WITH SHUTDOWN
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electrical characteristics at specified free-air temperature, Vpp = 3 V (unless otherwise noted)

TLV2460I1, TLV2463I
TLV2465I1

PARAMETER TEST CONDITIONS TA'I' UNIT
MIN TYP MAX
Vpp=27Vto6V, Vic=Vpp/2 25°C 80 85
ksVR Supply voltage rejection ratio No load Full range 75 82 4B
(AVDD /AVIO) Vpp=3Vto5V, Vic =Vpp/2. 25°C 85 95
No load Full range 80 90
| Supply current (both channels) V=15V, No load, 25°C 1 1.15 A
oD (TLV2462, TLV2463) SHDN > 1.02 V Full range s
v T it level A i Channel 1 255G 1.021 v
urnon voltage leve = o
(ON) 9 v Channel 2 1.02
V T f volt level A 1 Channel 1 o590 0.822 v
urnoff voltage level = 0
(OFF) 9 v Channel 2 0.817
IDD(SHDN Supply current in shutdown SHDN < 0.8V, 25°C 0.6 WA
( ) (TLV2463) Both channels in shutdown Full range 0.9 5

1 Full range is —40°C to 125°C.

operating characteristics at specified free-air temperature, Vpp = 3 V (unless otherwise noted)

TLV246xI
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX
\% 2V CL = 160 pF, 25 ! 18
; ; O(PP)=< V. L= pF.
SR Slew rate at unity gain RL = 10 k@ Full 08 1 V/us
range
) ) ) f=100 Hz 25°C 16 -
Vn Equivalent input noise voltage nVAHz
f=1kHz 25°C 1
In Equivalent input noise current f=1kHz 25°C 0.13 pA/\/m
Ay =1 0.006%
Vo(pp) =2V, v °
THD + N Total harmonic distortion plus noise RL =10 kQ, Ay =10 25°C 0.02%
f=1kHz Ay = 100 0.08%
Both channels 7.6
Channel 1 only,
- . Ay =1, o 7.65
t(on) Amplifier turnon time R\Ii —10KO Channel 2 on 25°C us
Channel 2 only,
Channel 1 on 725
Both channels 333
Channel 1 only,
" ) Ay =1, o 328
Y(off) Amplifier turnoff time R = 10k Channel 2 on 25°C ns
Channel 2 only,
Channel 1 on 329
. ) f=10kHz, RL =10 kQ, o
Gain-bandwidth product CL = 160 pF 25°C 4 MHz
Phase margin at unity gain 25°C 44°
om - .g Y9 RL =10k, CL = 160 pF
Gain margin 25°C 7 dB

T Full range is —40°C to 125°C.

10
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FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLV246xI
PARAMETER TEST CONDITIONS U\ UNIT
MIN TYP MAX
\ Input offset volt (TLV246xAl) 257C 150 2000 A"
nput offset voltage X
1o P 9 Full range 170 2200 #
\ Input offset volt (TLV246xAl) 257c 150 1500 A"
nput offset voltage X
1o P 9 Full range 170 1700 #
Temperature coefficient of input offset | Vpp =+2.5V, Vo =0, o o
e3V/[e} voltage Vic =0, Rs =50 O 25°C 2 uv/°C
25°C 0.3 7
llo Input offset current nA
Full range 0.7 60
25°C 1.3 14
B Input bias current nA
Full range 60
-0.2
CMRR > 71 dB, Rg =50Q 25°C to
52
-0.2
—40°C t
VicrR Common-mode input voltage range o ° to \Y%
85°C 592
CMRR > 60 dB, Rg =50 Q -
0 -02
Full range to to
5 5.2
| 55 mA 25°C 4.9
=-25m
v High-level outout volt OH Full range 438 v
igh-level output voltage
OH 9 P 9 | 10 mA 25°C 4.8
=— m
OH Full range 47
Vic=25V I 25mA 25°C o1
=25V, =25m
v Low-level outout volt Ic oL Full range 0.2 v
ow-level output voltage
> i ’ Vic=25V, | 10 mA 25°C 02
=2. s = m
IC oL Full range 0.3
25°C 145
Sourcing
o Full range 120
los Short-circuit output current mA
25°C 100
Sinking
Full range 78
lo Output current 25°C +90 mA
A Large-signal differential voltage Vic=25YV, RL = 10 kQ, 25°C 92 109 dB
VD amplification Vo=1Vio4V Full range Q0 104
ri(d) Differential input resistance 25°C 109 Q
Ci(c) Common-mode input capacitance f=10kHz 25°C 7 pF
Zo Closed-loop output impedance f =100 kHz, Ay =10 25°C 29 Q
25°C 71 85
\ =-02V1to52V, Rg=50Q —40°
CMRR Common-mode rejection ratio ICR ° ' S 4805"%10 60 73 dB
VIcR=0Vto5YV, Rg=50Q Full range 60 73

T Full range is —40°C to 125°C.
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT

OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLV2460I, TLV2463I
PARAMETER TEST CONDITIONS Tat TLv2465l UNIT
MIN TYP MAX
Vpp=27Vio6Y, Vic =VpDp/2, 25°C 80 85 dB
KSVR Supply voltage rejection ratio No load Full range 75 82
(AVDD /AV|0) Vpp=3Vto5V, Vic =Vpp/2. 25°C 85 95 B
No load Full range 80 90
= 25°C 1.1 1.3
IDD Supply current (per channel) \S/JI-?D_I\IZ;51\./E38 v No load, Full range mA
V(ON) Turnon voltage level Ay =1 Channe! 1 25°C 1372 Y
Channel 2 1.368
V(OFF) Turnoff voltage level Ay =1 Channel | 25°C 1315 Vv
Channel 2 1.309
IDD(SHDN) Supply current in shutdown SHDN < 1.3 V,‘ 25°C 2 uA
(TLV2463) Both channels in shutdown Full range 3 6
1 Full range is —40°C to 125°C.

operating characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLV246xI
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX
\% 2V CL = 160 pF, 25 ! 18
; ; O(PP) =<V, L= PF,
SR Slew rate at unity gain RL = 10 k@ Full 08 1 V/us
range
) ) ) f=100 Hz 25°C 14 -
Vn Equivalent input noise voltage nVAHz
f=1kHz 25°C 1
In Equivalent input noise current f=100 Hz 25°C 0.13 pA/\/m
Ay =1 0.004%
Vo(pp) =4V, v o
THD + N Total harmonic distortion plus noise RL =10 kQ, Ay =10 25°C 0.01%
f=10kHz Ay = 100 0.04%
Both channels 7.6
Channel 1 only,
- . Ay =1, o 7.65
t(on) Amplifier turnon time R\Ii —10KO Channel 2 on 25°C us
Channel 2 only,
Channel 1 on 725
Both channels 333
Channel 1 only,
" ) Ay =1, o 328
Y(off) Amplifier turnoff time R = 10k Channel 2 on 25°C ns
Channel 2 only,
Channel 1 on 329
. ) f=10kHz, RL = 10 kQ, o
Gain-bandwidth product CL = 160 pF 25°C 4.4 MHz
Phase margin at unity gain 25°C 45°
om - .g Y9 RL =10k, CL = 160 pF
Gain margin 25°C 7 dB
T Full range is —40°C to 125°C.
'E
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE
Vio Input offset voltage vs Common-mode input voltage 1,2
B Input bias current vs Free-air temperature 3,4
o Input offset current vs Free-air temperature 3.4
VOH High-level output voltage vs High-level output current 5,6
VoL Low-level output voltage vs Low-level output current 7,8
VO(PP) Peak-to-peak output voltage vs Frequency 9,10
vs Frequency 11,12
AyD Differential voltage amplification -
vs Load resistance 13
Amplifier stability vs Load 14
Zs Output impedance vs Frequency 15, 16
CMRR Common-mode rejection ratio vs Frequency 17
kSVR Supply-voltage rejection ratio vs Frequency 18, 19
vs Supply voltage 20
IDD Supply current -
vs Free-air temperature 21
Amplifier turn-on characteristics vs Time 22
Amplifier turn-off characteristics vs Time 23
Supply current turn-on vs Time 24
Supply current turn-off vs Time 25
Shutdown supply current vs Free-air temperature 26
SR Slew rate vs Supply voltage 27
vs Frequency 28, 29
Vn Equivalent input noise voltage -
vs Common-mode input voltage 30, 31
THD Total harmonic distortion vs Frequency 32,33
THD+N Total harmonic distortion plus noise vs Peak-to-peak signal amplitude 34,35
vs Frequency 11,12
Om Phase margin vs Load capacitance 36
vs Free-air temperature 37
Gain bandwidth product vs Supply voltage 38
vs Free-air temperature 39
Large signal follower vs Time 40, 41
Small signal follower vs Time 42,43
Inverting large signal vs Time 44, 45
Inverting small signal vs Time 46, 47
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

TYPICAL CHARACTERISTICS
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
Vs Vs
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
1 T 1 T
Vpp=3V Vpp=5V
08 Ta=25°C 0.8 Tp=25°C
> 0.6
z E 0.6
]
0.4 ! 0.4
5 02 r— s 02
c / 2 I
g 0 4 3 o —/
S 02 S [
-g'- / 5 -0.2 /
g o
= 04 = 04
o) o)
> -06 > -06
-0.8 -0.8
-1 -1
0 0.5 1 1.5 2 2.5 3 0 1 2 3 4 5
VicR — Common-Mode Input Voltage — V VicR — Common-Mode Input Voltage — V
Figure 1 Figure 2
INPUT BIAS AND INPUT OFFSET CURRENT INPUT BIAS AND INPUT OFFSET CURRENT
vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
‘é 5 I I g 6 T T
1 Vpp=3V 1 Vpp=5V
% 4.5 ~ . V=15V ..g. \ Vi=25V
£ 4 A\ g 3
5 L:)' \ B
% 35 b 4 N
P 2 \
° 3 AN S N
5 5 3
g 25 N | 2 N
T 2 > E
(]
g 1.5 \\ l E i
@ \ [ S
5 1 P 5 1
Q. (<}
£ c
(I) 0.5 | / T o
2 10 o 0
sz ° =
°
& -05 8§ 4
m -55 -35 -15 5 25 45 65 85 105 125 o

-55 -35 -15 5 25 45 65 85 105 125
Ta — Free-Air Temperature — °C Tp - Free-Air Temperature — °C

Figure 3 Figure 4
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

VoH — High-Level Output Voltage - V

VoL — Low-Level Output Voltage - V

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

HIGH-LEVEL OUTPUT VOLTAGE
Vs
HIGH-LEVEL OUTPUT CURRENT

3 T T 5 T T T
Vpp =3 Vpc Vpp=5Vpc
I I 4.5 L
25 = TA =/—55°c — > A | Ta=-55°C _|
\\. yvd g N S LT
\\\ g 3.5 - ‘\{
2 \Y 9 N
[=3
151 TA =125°C — \\ g 25| TA=125°C—] \ \\
- T = 85°C — \ = %7 Tp=85C— X
Ta = 70°C —? \ s , Ta=70C —— 1] \
Tp = 25°C — = [~ Tp=25°C —// \
1 _Ta=0Cc=T"+ ® 5L _Ta=0C—] — ] \
Ta=-25C— \ T P Ta=-25°c—1 A ‘\
TA = -40°C — \ r 1 Ta=-40cc —] H
0s | 5 |
\\\ \\‘ |
0 ] 0 |
] 10 20 30 40 50 60 70 80 0 20 40 60 80 100 120 140 160 180 200
IoH — High-Level Output Current — mA IoH — High-Level Output Current — mA
Figure 5 Figure 6
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
3 T 1} 4.5 T T I
Vpp =3 Vpc Vpp =5 Vpe |
4 ] 1
2.5 ! ! > I I
Ta = -40°C I TA = —40°C — |
A e | g 33 tp=-25°c I
TA=—25C—\\\\ [ g A=-25"C—~_ I~ ],
21 TA =0°C ~ ' ° 3 TA =0°C - I
Ta =25°C —~ | i = Ta = 25°C I I
TA = 70°C ——] | | 2 | Ta=70°C |
15| Ta=85cC ! 3 %° Ta =85°C T~
| Ta=125°C ——| I, > , TA = 125°C — // / /
/ : )/
“ 5 / 7 7'
/ -l
Z [ p %
o5 Z% 3 Z
Tp = -55°C 0.5 Ta=-85°C —
o || . |

0 10 20 30 40 50 60 70
loL — Low-Level Output Current —mA

Figure 7

0 20 40 60 80 100 120 140 160
loL — Low-Level Output Current — mA

Figure 8
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

Vo(pP) — Peak-to-Peak Output Voltage — V

TYPICAL CHARACTERISTICS
PEAK-TO-PEAK OUTPUT VOLTAGE PEAK-TO-PEAK OUTPUT VOLTAGE
Vs Vs
FREQUENCY FREQUENCY
3===&__~. T T T 1717 5.5 T T T 1717
Vpp=3V Vpp=5V
Ay =-10 > 5 Ay =10 H
25 THD = 1% L s THD=1% ||
\ R =10 kQ g 4 R = 10 kQ
S
° 4
0 2
\ 5 35
5
(o] 3
15 X
\ 3 25
o
\ i, \
1 \
a 15
. \
05 a1 A\
N &
‘n.\ = 0.5 \~...
0 e — = S 811 0
10k 100k M 10 10k 100k 1M 10M
f —Frequency — Hz f — Frequency — Hz
Figure 9 Figure 10
DIFFERENTIAL VOLTAGE AMPLIFICATION AND PHASE
Vs
FREQUENCY
100 T T rr 180
Vpp=+15V
@ 903 y R =10ka || 150
é 80 \W; CL=160pF H 120
o -0 Ta =25°C %0 @
8 N g
E 60 X 60 &
E =0 — Avp 30 ¢
3 N 2
8 40 ¥ ¥ 0 g
°
> 30 =30 o
s 20 \ Phase \\ ﬁ
K] 10 TN -90 g
é 0 J —120 <
2 10 }1 -150
<
—20 -180
10 100 1k 10k 100k M 6M

f — Frequency — Hz

Figure 11

16

Q‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

TYPICAL CHARACTERISTICS

DIFFERENTIAL VOLTAGE AMPLIFICATION AND PHASE

vs
FREQUENCY
100 T T T I T 11

Vpp=125V
°0 N RL = 10 kO
80 \ Cp =160 pF

Ta =25°C
70 N

N

60 R
50 Avp

v 4

Ay p-— Differential Voltage Amplitication —dB

N
N\
40 N
30
Phase \\
20
N N
10
ot | \
0 N

-10
-20

10 100 1k 10k 100k M 6M
f - Frequency —Hz

Figure 12

DIFFERENTIAL VOLTAGE AMPLIFICATION

180

1 150
H 120

o
o m — Phase Margin — degrees

AMPLIFER STABILITY

vs vs
LOAD RESISTANCE LOAD
180 T TTTTT 10000
> Tp = 25°C
160 o
S | AN
| ’4‘ // N
s 140 rile N
® / / L \\ Phase Margin < 30° 7]
2 120 i = N
= Vpp =12.5 V/ B
£ [\ I~
& 100 f S maa|
g Vpp=*+15V ¢ 1000
S / =
S a0 S
E /Y ]
] [\
S 60 / o Phase Margin > 30°
c 1
2 -
KT} 40 (&)
5 j/’ | Vpp=5V
Io 20 Phase Margin = 30°
2 Ta = 25°C
< 0 100 L1 I
100 1k 10k 100k ™ 10 100 1000 10000
R| - Load Resistance - Q R — Resistive Load — Q
Figure 13 Figure 14
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

TYPICAL CHARACTERISTICS

OUTPUT IMPEDANCE

OUTPUT IMPEDANCE

Vs Vs
FREQUENCY FREQUENCY
1000 E T == 1000 E == i
F Vpp=+1.5V H F Vpp=+25V H
: TA = 25°C :: L TA = zscc g
o | ]
100 =z 100
< 1 Tt
i : a 7
Q f Y / ] q
g 10 : g 10 = : =
° F Ay =100 > ° E Ay =100 ~
Q. o 4 V4
E Ly E
- r — v
g : Ay =10 A g 1 :
8 E Ay = 8 AV =10 Z H
o i ' -
N ? o
01F Ay=1 | NCooaf
ﬁ F Ay =1
0.01 0.01
100 1k 10k 100k ™ 10M 100 1k 10k 100k M 10M
f - Frequency — Hz f — Frequency — Hz
Figure 15 Figure 16
COMMON-MODE REJECTION RATIO
Vs
FREQUENCY
20
m e
©
1 —
o 85
: N
f=
2 =80
Q
I% Vpp=5V
o Vic=25V
[ 75
'g \\
E,,: Vpp=3V
g 70 Vic=15V |
£
o
O
1
c 65
o
=
O
60
10 100 1k 10k 100k 1M 10M
f — Frequency — Hz
Figure 17
'E
INSTRUMENTS
18 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

ksyR — Supply Voltage Rejection Ratio —dB

Ipp — Supply Current - mA

TYPICAL CHARACTERISTICS

SUPPLY-VOLTAGE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO
Vs Vs
FREQUENCY FREQUENCY
110 . I | 90 ' ' I I
S|VR Vpp =215V o X HHSVR VDD =£2.5V
100 v TaA=25°C  _| 2 Wl Ta = 25°C
ﬂ o 80— “ksvR
= \
90 \ o \
s
-k =
SVR \ e 70
80 2
&
\ A
70 S 60
o
>
\ s
60 2
+ksvR 3 k
I +kgyR ___ |
N |
50 y, : /
] Ty
kSV|R N o —ksvR
40 40 l
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M
f—Frequency — Hz f — Frequency — Hz
Figure 18 Figure 19
SUPPLY CURRENT SUPPLY CURRENT
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
0.8 T T 0.80
Ipp = 125°C
0.7 —— DD =85°C )’_, 07
| ] ——
0.6 ;;—— [ I 065 ! '//
[t F; —_ > 055 >
0.40 ——3 =% & e //VDD =3V
\ Ipp = 70°C & 050 \// / V=15V
— Ipp = 25°C a 7
0.30 IDD = —55°C \ —— IDD =0°C _Q 0.45 /,
— Ipp = —25°C 4
—— Ipp = -40°C 040
0.20
0.35
0.10 0.30
2.5 3 3.5 4 4.5 5 5.5 6 55 -35 —15 5 25 45 65 85 105 125
Vpp — Supply Voltage — V Ta — Free-Air Temperature — °C
Figure 20 Figure 21
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

TYPICAL CHARACTERISTICS
AMPLIFIER WITH A SHUTDOWN PULSE AMPLIFIER WITH A SHUTDOWN PULSE
TURN-ON CHARACTERISTICS TURN-OFF CHARACTERISTICS
5 5 T
! ! ! ! ! Vpp=5V
4 Shutdown Pin 4 |- Shutdown Pin RL=10kQ
Ay =1
= 3 3 TA = 25°C —
g 7
S 2 o 2
s g
c 1 E 1
5 c
2 0 S (]
5 o
= = - 2 = s
u|> 3 Amplifier Output __ % 3 |- Amplifier Output
a Vpp=5V I
n DD
> 2 RL=10kQ / & 2 -
Ay =1 / = \

1|~ Ta =25C 1 \

0 | | j 0 P

-5 -3 -1 1 3 5 7 9 11 -5 -3 -1 1 3 5 7

t—Time —pus t—-Time —us
Figure 22 Figure 23

SUPPLY CURRENT WITH A SHUTDOWN PULSE
TURN-ON CHARACTERISTICS

1 I 5.5
Shutdown Pin

0.8 45
< 7
E o
I 06 35 D
M\ :
5 Supply Current =
Q o4 25 2
= 2
o S
= o=
a »
1 0.2 1.5 1
2 3
= Vpp=5V >

0 f——— V=25V 05

Ay =
Tp = 25°C
-0.2 | -0.5
-0.4 -0.2 0 0.2 0.4 0.6
t—Time —us
Figure 24
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

Ipp — Supply Current —p A

TYPICAL CHARACTERISTICS

TURN-OFF SUPPLY CURRENT
WITH A SHUTDOWN PULSE

1 T 5.5
Vpp=5V
- l V=25V
0.8 Shutdown Pin Ay =1 —1as
Ta = 25°C -
< 1
£ o
J ose 35 @
S =
5 s
5 c
O 0.4 | Supply Current 25 2
> ]
s =]
o 3
3 =
»n n
1 0.2 1.5
a o
£ 2
e —————
0 0.5
-0.2 0.5
-0.4 -0.2 0 0.2 0.4 0.6
t—Time —us
Figure 25
SHUTDOWN SUPPLY CURRENT SLEW RATE
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
3 2
25 1.95
Vpp=5V 1.9 T — —]
2 DD = —
Vj=25V % 185 SR+ L~
=, B /
1.5 ‘ sl 1.8 — | ,__//
1 x 1.75 SR-
Vpp=3V ;
05 Vi=15V - o 17
o o 165 Vo(ppp)=2V
CL = 160 pF
1.6 Ay =1
-0.5 155 RL=10kO
: Ta = 25°C
-1 1.5 | |
-55 -35 -15 5 25 45 65 85 105 125 25 3 3.5 4 4.5 5 55 6
TA — Free-Air Temperature — °C Vpp - Supply Voltage — V
Figure 26 Figure 27
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

TYPICAL CHARACTERISTICS
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
Vs Vs
FREQUENCY FREQUENCY
18 T LI N 18 T LN
N Vpp=3V N Vpp=5V
|>='E 17 Ay=10 || |§ 17 Ay=10 ||
s Vi=15V = V=25V
= \ Ta = 25°C < Ta =25°C
| |
g‘ 16 o 16
£ \ 4
S 15 \ g 15
\ N
% 14 \ S 14 \
3 5
g \ g \
= 13 £ 13
£ N ‘E \
8 N\ 8 N
s 12 N g 12 N
3 h 3 N
Ll E ~'-¥
p 1 T M
[ (=
>
10 g 10
100 1000 10000 100000 100 1000 10000 100000
f —Frequency — Hz f — Frequency — Hz
Figure 28 Figure 29
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
vs vs
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
20 T 20 T
N Vpp=3V N Vpp=5V
T DD
IE Ay =10 |§ Ay =10
2 15 |- f=1kHz % 15} f=1kHz
| Ta =25°C | Tp = 25°C
o o
g 14 g
3 = 14
2 2
@ 3
2 13 2 13
T 12 E 12
< A
2 >
2 2
g 1" g n ~
I 1
>= >|:
10 10
0 0.5 1 1.5 2 2.5 3 0 1 2 3 4 5
VicR — Common-Mode Input Voltage — V VicR — Common-Mode Input Voltage — V
Figure 30 Figure 31

Q‘ TEXAS
INSTRUMENTS

22 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

THD - Total Harmonic Distortion - %

THD+N - Total Harmonic Distortion +Noise - %

TOTAL HARMONIC DISTORTION

TYPICAL CHARACTERISTICS

TOTAL HARMONIC DISTORTION

vs vs
FREQUENCY FREQUENCY
0.5 T T T T 1 ——
: Vpp=+15V - Vpp=12.5V
Vopp)=2V - Vorpp)=4V
- RL =10kQ y ° [ RL=10kQ
= 4 |
ot L LU | Av =100 / <
E o /
; 2 Ay = 100 ~
Ay =10 ° i /
/ c
4 g )4
1]
T Ay =10 ) / /
e.010 Ay =1 E 0.010
: 2
'Jn_: Ay =1
0.001
10 100 1k 10k 100k 0.001 10 100 1k 10k 100k
f —Frequency — Hz f — Frequency — Hz
Figure 32 Figure 33
TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE
vs vs
PEAK-TO-PEAK SIGNAL AMPLITUDE PEAK-TO-PEAK SIGNAL AMPLITUDE
1 —F— i 1 = ¥
F Vpp=3V —/—+—+—1 2 RL =250 Q — = HHi
- Ay =1 —1— RL =250 Q ~g 1 A " '|
[ TA=25°C | _ ~af 8 711
/ 2 RL =2 kQ [ U]
RL =2 kQ / £ | I
o1 ———~H g o1 RL =10 kQ ;
RL=10kQ L B d ] ~/—t
,7\ | a AN A
1 J o y AR
5 Ay
£ /
0.010 — e —x % 0.010 /
X = —— — &
RL =100 kQ - 2 | RL =100 kQ
7] I
-4 - Vpp=5V
a | Ay =1
T Tp = 25°C
0.001 0.001 ] I ]
i 12 14 16 1.8 2 22 24 26 28 3 3.2 4 41 42 43 44 45 46 4.7 48 49 5

Peak-to-Peak Signal Amplitude —V

Figure 34

Peak-to-Peak Signal Amplitude - V
Figure 35
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT

OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 — REVISED SEPTEMBER 1998

TYPICAL CHARACTERISTICS

PHASE MARGIN
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TYPICAL CHARACTERISTICS
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Vbp =3V Input o v:?;?p) =2V | Input -
Viipp) =1V | e > 241 Vi=25V e
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R =10kQ Output — CrI = 160 bF Output —1 1
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0.8 L1 13 | 1 |
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Figure 42 Figure 43
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TYPICAL CHARACTERISTICS
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macromodel information

APPLICATION INFORMATION

Macromodel information provided was derived using Microsim Parts™ Release 8, the model generation
software used with Microsim PSpice™. The Boyle macromodel (see Note 2) and subcircuit in Figure 48 are
generated using the TLV246x typical electrical and operating characteristics at Ty = 25°C. Using this
information, output simulations of the following key parameters can be generated to a tolerance of 20% (in most

cases):

® Maximum positive output voltage swing

Slew rate

Maximum negative output voltage swing

Quiescent power dissipation
Input bias current

® Open-loop voltage amplification

Unity-gain frequency

Phase margin
DC output resistance
AC output resistance

Common-mode rejection ratio

Short-circuit output current limit

NOTE 2: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Intergrated Circuit Operational Amplifiers”, IEEE
Journal of Solid-State Circuits, SC-9, 353 (1974).

99

1 —| 12 DE
ci
RD1 RD2

DP K
VE
4
VpD- —-e-6—e T T
SUBCKT TLV246X 12345

c1 11 12 2.46034E-12

c2 6 7 10.0000E—12
css 10 99  443.21E-15

DC 5 53 DY

DE 54 5 DY

DLP 90 91 DX

DLN 92 90 DX

DX
POLY (2) (3,0) (4,0)0 .5 5
POLY (5) VB VC VE VLP

99
+ VLN 0 21.600E6 —1E3 1E3 22E6 —22E6

DP 4 3
EGND 99 0
FB 7

GA 6 0
GCM 0 6
ISS 10 4
HLIM 90 0
J1 11 2
J2 12 1
R2 6 9

11 12 345.26E-6
10 99 15.4226E—9
DC 18.850E-6

VLIM 1K

10 JX1

10 JX2

100.00E3

RD1 3 11 2.8964E3
RD2 3 12 2.8964E3
RO1 8 5 5.6000
RoO2 7 929 6.2000
RP 3 4 8.9127
RSS 10 99 10.610E6
VB 9 0 DCO

VG 3 53 DC .7836
VE 54 4 DC .7436
VLIM 7 8 DCO
VLP 91 0 DC 117
VLN 0 92 DC 117

.MODEL DX D (IS=800.00E—-18)

RO2

.MODEL DY D (1S=800.00E—-18 Rs = 1m Cjo=10p)
.MODEL JX1 NJF (IS=1.0000E-12 BETA=6.3239E-3

+VTO=—1)

.MODEL JX2 NJF (IS=1.0000E-12 BETA=6.3239E-3

+VTO=—1)
.ENDS

Figure 48. Boyle Macromodel and Subcircuit

PSpice and Parls are trademarks of MicroSim Corporation.
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MECHANICAL DATA

D (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PIN SHOWN

0.050 (1,27)

0.020 (0,51)

»‘ ’4— 0.014 (0,.35) [ €p-| 0.010(0,25) @) |
14

HHHHHH H t 0,008 (0,20 Now
0.244 (6,20) l
0.228 (5,80)

0.157 (4,00)

0.150 (3,81)

v

Gage Plane i
[ 0.010 (0,25)

0.044 (1,12)
0.016 (0,40)

TEBOHO0

0°-8°

y UWLILIP P IL LI v seatngriane 4 \/
— 0.069 (1,75) MAX ooz | Elowam -

0.004 (0,10)
PINS **
8 14 16
DIM
0197 | 0344 | 0394
A MAX 5,00) | (875) | (10.00)
0189 | 0337 | 0386
A MIN 4.80) | @®55) | (9,80)

4040047/D 10/96

NOTES: A. All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
Falls within JEDEC MS-012
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MECHANICAL DATA
DBV (R-PDSO-G5) PLASTIC SMALL-OUTLINE PACKAGE

H H I

sm | : (T‘
1 3 l Gage Plane| i
[0,25

0,55
0,35

_v
[ 1,30 0,05 nm

4073253-4/B 10/97

NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions include mold flash or protrusion.
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MECHANICAL DATA
DBV (R-PDSO-G6) PLASTIC SMALL-OUTLINE PACKAGE

6 4

0,15 NOM

SR N %J ‘
v

1 3 !
Gage Plane
3,10

_v
120 — ~—

4073253-5/B 10/97

NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions include mold flash or protrusion.
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MECHANICAL DATA
DGK (R-PDSO-G8) PLASTIC SMALL-OUTLINE PACKAGE

HARR T
O T T % J
THHA o

A\ )
Seating Plane }_(J\ J \\\,

L 1,07 mAX 0,15 MIN \_/

—t

Dol

4073329/A 02/97

NOTES: A. Alllinear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion.
D

. Falls within JEDEC MO-187
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MECHANICAL DATA
DGS (S-PDSO-G10) PLASTIC SMALL-OUTLINE PACKAGE

r ™)
T 0,15 NOM
3,0

3
,78

l f Gage PML

b 0,25

&l
©
alo
-hl-h
©
[~}
——

— 2.95 —P
ey ne
El_l:l_lj_lj_lj_m _+_ Seating Plane

4073272/A 12/97

NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion.
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MECHANICAL DATA
N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE
16 PIN SHOWN
PINS 14 16 18 20
DIM
-
0.775 0.775 0.920 0.975
A A MAX (19,69) | (19,69) | (2337) | (24,77
16 9 A MIN 0.745 0.745 0.850 0.940
M PN oA (18,92) (18,92) (21.59) (23,88)
D 0.260 (6,60)
0.240 (6,10)
[ N N N N L I N |
1 8
0.070 (1,78) MAX
_ 0.310 (7,87)
—> ’47 0.035 (0,89) MAX 0.020 (0,51) MIN 0.290 (7.37)
{- 8 ‘ 0.200 (5,08) MAX
¢ Seating Plane
T 0.125 (3,18) MIN
B
0.021 (0,53)
P 4 0.015(0.39) | €| 0.010(0,25 @| 0.010 (0,25) NOM
14/18 PIN ONLY
4040049/C 08/95
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 (20 pin package is shorter then MS-001.)
3 1,
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MECHANICAL DATA
P (R-PDIP-T8) PLASTIC DUAL-IN-LINE PACKAGE
0.400 (10,60)
0.355 (9,02)
8 5

T

0.260 (6,60)
0.240 (6,10)

.
0.070 (1,78) MAX

0.200 (5,08) MAX

B 0.310 (7,87)
0.020 (0,51) MIN |‘ > 0.290 (7,37)

v l Seating Plane

t 0.125 (3,18) MIN

— f

—>
— | j¢— 0:021(0,53) 0.010 (0,25
0.015 (0,38) H}' (0,25) ®| 0.010(0,25) N

\‘/ 0°—15°

OM

4040082/B 03/95

NOTES: A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

34

Q‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465
FAMILY OF LOW POWER, RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220B — JULY 1998 —

REVISED SEPTEMBER 1998

MECHANICAL DATA

PW (R-PDSO-G**) PLASTIC SMALL-

14 PIN SHOWN

OUTLINE PACKAGE

’« »W o1
HHHHHHH_____T

4,50 6,60 l

O l Gage Plane ¢
oobon) Jz b ooz
1 7
— SN 0,75
A 975
0,50
\
| J i Seating Plane ¢ (_\)
o5 ] B
- 1,20 MAX ==
0.05 |=[o.10 |
PINS **
8 14 16 20 24 28
DIM
SRS R
A MAX 3,10 5,10 5,10 6,60 7,90 9.80
A MIN 2.90 4,90 4,90 6,40 7,70 9,60
4040064 /E 08/96

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-153
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