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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with Tl’s standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of T products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used. ‘

Copyright © 1994, Texas Instruments Incorporated



INTRODUCTION

Texas Instruments offers the industry’s first dedicated family of linear integrated circuits (ICs) that are
specifically designed, characterized, and tested for operation at 3.3 V or less. This revised edition of the 3-V
data book is expanded to include analog data converters and multichannel RS232 circuits, in addition to new
offerings of operational amplifiers and comparators.

Many of the 3-V devices are available in the thin-scaled small-outline package (TSSOP), and all are
available in the JEDEC-standard small-outline or through-hole packages. The TSSOP surface-mount
package is just 1.1-mm (max) thick and can be a real space saver in densely packed designs.

While this manual offers information only on the 3-V analog devices available now from Texas Instruments,
complete technical data for upcoming 3-V devices or any other Tl semiconductor product is available from
your nearest Tl Field Sales Office, local authorized Tl distributor, or by writing directly to:

Texas Instruments Incorporated
Literature Response Center
P.O. Box 809066

Dallas, Texas 75380-9066

We feel that this revised 3-V Family Data Book will be a significant addition to your library of technical
literature from Texas Instruments.
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SELECTION GUIDE

operational amplifiers

Vee Vio | lcc | 1B |CMRR Vn S/R | GBW
DEVICE V) (mV) | 1A) | (pA) | (dB) | (nVWHz) [ (Vius) | (kHz2) DESCRIPTION
MIN MAX | MAX | MAX | TYP| TYP TYP TYP | TYP
TLV2262 2.7 8 25| 250 1 75 12 0.55 800 | Dual, low noise, micropower, rail-to-rail
TLV2262A 2.7 8| 095| 250 1 77 12 0.55 800 | Dual, precision, low noise, micropower, rail-to-rail
TLV2264 27 8 25| 250 1 75 12 0.55 800 | Quad, low noise, micropower, rail-to-rail
TLV2264A 2.7 8| 095| 250 1 77 12 0.55 800 | Dual, precision, low noise, micropower, rail-to-rail
TLV2322 2 8 9 17 0.6 88 68 0.02 27 | Quad, micropower
TLV2332 2 8 91| 250 0.6 92 32 0.38 300 | Dual, low power
TLV2342 2 8 9| 1500 0.6 78 25 2.1 790 | Dual, high speed
TLV2324 2 8 10 17 0.6 88 68 0.02 27 | Quad, micropower
TLV2334 2 8 10| 250 0.6 92 32 0.38 300 | Quad, low power
TLV2344 2 8 10 | 1500 0.6 78 25 2.1 790 | Quad, high speed
TLV2341 2 8 8| 1500 0.6 78 25 21 790 | Single, programmable power (high bias)
TLV2341 2 8 8| 250 0.6 92 32 0.38 300 | Single, programmable power (medium bias)
TLV2341 2 8 8 17 0.6 88 68 0.02 27 | Single, programmable power (low bias)
TLV2362 +1 +25 6 | 2250 | 2000 75 9 2.5 | 6000 | Dual, low noise, high-speed
comparators
Vee Vio |lcc | B | loL | tpd
DEVICE [\J] (mV) | ®WA) | (nA) | (mA) | (ns) DESCRIPTION
MIN MAX | MAX | MAX | TYP MIN | TYP
TLV1393 2 7 5 125 40 0.5 650 | Dual, low power
TLV2352 2 8 5| 125]0.005 6 640 | Dual, general purpose
TLV2254 2 8 5| 250 ]0.005 6 640 | Quad, general purpose
TLV2393 2 7 5] 300| 100 4 450 | Dual, high speed
voltage regulators
Vo lo o DROPOUT
VOLTAGE | TOLERANCE
mA) | (mA]
DEVICE V) | mA) | (mA) | Ty (%) DESCRIPTION
TYP | MAX | TYP MAX
TLV2217-33 3.3 500 2 500 1 Fixed 3.3 V, low dropout
p-channel MOSFETs
Vps 'DS(on) DS(on) DS(on) Ip
=—10V =-4.5V, ==27V
pevice | v | V@S Q )| Vas Q )| Ves Q '@ DESCRIPTION
MAX TYP TYP TYP MAX .
TPS1100 -15 0.18 0.291 0.606 +1.58 | Single p-channel enhancement-mode MOSFET
TPS1101 ~15 0.09 0.134 0.232 +2.12 | Single p-channel enhancement-mode MOSFET
‘b TEXAS
INSTRUMENTS
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SELECTION GUIDE

data acquisition and conversion

ADDRESS | ANALOG CONVERSION
DEVICE | ANDDATA | SIGNAL RES‘(g::r"g'oN speep | 1oTAL DESCRIPTION
/O FORMAT | INPUTS (ns)
TLV1543 Serial 1 10 21 +1LSB 10-bit analog-to-digital converter
TLV1549 Serial 1 10 21 +1LSB 10-bit analog-to-digital converter
data-transmission circuits
DRIVERS/RECEIVERS
DEVICE APPLICATION BUS I/0 PER PACKAGE DESCRIPTION
SN75LV4735 | EIA Standard RS-232-D | Single ended 3/5 Multichannel RS232 line driver/receiver
‘U TEXAS
INSTRUMENTS
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TLV2262, TLV2262A, TLV2262Y
ADVANCED LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

available features

® Output Swing Includes Both Supply Rails
® Low Nolse...12nV/WHz Typ at f = 1 kHz
® Low Input Bias Current ... 1 pA Typ

® Fully Specified for Both Single-Supply and
Split-Supply Operation

® Low Power. .. 500 pA Max

description

The TLV2262 and TLV2262A are dual operational
amplifiers manufactured using Texas Instruments
Advanced LinCMOS™ process. These devices
are optimized and fully specified for single-supply
3-V and 5-V operation. For this low-voltage
operation combined with ppower dissipation
levels, the input noise voltage performance has
been dramatically improved using optimized
design techniques for CMOS-type amplifiers.
Another added benefit is that these amplifiers
exhibit rail-to-rail output swing. Figure 1
graphically depicts the high-level output voltage
for different levels of output current for a 3-V single
supply. The output dynamic range can be
extended using the TLV2262 with loads
referenced midway between the rails. The
common-mode input voltage range is wider than
typical standard CMOS-type amplifiers. To take
advantage of this improvement in performance
and to make this device available for a wider range
of applications, V|gR is specified with a larger
maximum input offset voltage test limit of £ 5 mV,

® Common-Mode Input Voltage Range
Includes Negative Rail
® Low Input Offset Voltage
950 pV Max at Tp = 25°C
® Wide Supply Voltage Range
27Vto8YV

® Macromodel Included

HIGH-LEVEL OUTPUT VOLTAGE

vs
HIGH-LEVEL OUTPUT CURRENT

4
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o
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lloH | - High-Level Output Current — pA
Figure 1

allowing a minimum of 0 to 2-V common-mode input voltage range for a 3-V supply. Furthermore, at 200 pA
(typical) of supply current per amplifier, the TLV2262 family can achieve input offset voltage levels as low as
950 pV, outperforming existing CMOS amplifiers. The Advanced LinCMOS process uses a silicon-gate
technology to obtain input offset voltage stability with temperature and time that far exceeds that obtainable
using metal-gate technology. This technology also makes possible input-impedance levels that meet or exceed
levels offered by top-gate JFET and expensive dielectric-isolated devices.

AVAILABLE OPTIONS
PACKAGED DEVICES rIP FORM
T Viomax | SMALL OUTLINE | PLASTIC DIP TSSOP m
A AT 25°C ) P (PW)
e | 950V TLV2262AID TLV2262AIP | TLV2262AIPWLE
40°C1085°C | o 'y TLV2262ID TLV2262IP - TLv2262Y

The D packages are available taped and reeled. Add R suffix to device type, (e.g., TLV2262IDR).
The PW package is available only left-end taped and reeled. Chips are tested at 25°C.

Advanced LinCMOS™ is a trademark of Texas Instruments Inoorborated.

PRODUCTION DATA Information is current s of publication date.

Products conform to ns per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters.

EXAS
INSTRUMENTS

Copyright © 1994, Texas Instruments Incorporated
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TLV2262, TLV2262A, TLV2262Y
ADVANCED LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

description (continued)

The TLV2262 and TLV2262A, exhibiting high input impedance and low noise, are excellent for small-signal
conditioning for high-impedance sources such as piezoelectric transducers. Because of the low power
dissipation levels combined with 3-V operation, these devices work well in hand-held monitoring and
remote-sensing applications. In addition, the rail-to-rail output feature with single or split supplies makes these
devices great choices when interfacing directly to ADCs. All of these features combined with its temperature
performance make the TLV2262 family ideal for remote pressure sensors, temperature control, active VR
sensors, accelerometers, hand-held metering, and many other applications.

The device inputs and outputs are designed to withstand a 100-mA surge current without sustaining latch-up.
In addition, internal ESD-protection circuits -prevent functional failures up to 2000 V as tested under
MIL-STD-883C, Method 3015.2; however, care should be exercised when handling these devices as exposure
to ESD may result in degradation of the device parametric performance. Additional care should be exercised
to prevent Vpp .. supply-line transients under powered conditions. Transients of greater than 20 V can trigger
the ESD-protection structure, inducing a low-impedance path to Vpp_/GND. Should this condition occur, the
sustained current supplied to the device must be limited to 100 mA or less. Failure to do so could result in a
latched condition and device failure.

D OR P PACKAGE PW PACKAGE
(TOP VIEW) (TOP VIEW)
10UT [} 1 % 8 Vop+ 1ouT CI410 813 Vop,
1IN-[] 2 7ll20uT 1IN- I 2 7 13 20uT
1IN+ [} 3 s[]2iN- 1IN+ 13 6 .3 2IN-
Vpp-/GND []4  s[l2IN+ Vpp -/GND [ 4 5T 2IN+

2-4
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TLV2262, TLV2262A, TLV2262Y
ADVANCED LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 - REVISED FEBRUARY 1994

TLV2262Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV2262. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with
conductive epoxy or a gold-silicon preform.

Fotataratabvrataranabarcrotate boranato oot o boretan ot oot

BONDING PAD ASSIGNMENTS

< 56 <
PR gt

VoD +
(8)
1IN+ "'Si | + ™)
[P} 10UT
1IN- -
™ + -ﬂ 2IN+
20UT
_1 © 2IN-
)
Vpp-/GND

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tymax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

“i? TEXAS
INSTRUMENTS
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 ~ REVISED FEBRUARY 1994
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X3 Texas
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

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

Supply voltage, Vpp (see Note 1) ...t e 8V
Differential input voltage, Vip (see Note 2) ........ .o e +Vpp
Input voltage range, V| (any input, see Note 1) ........coviiiiiiiiiiiiiiiiiiiii i -0.3VtoVpp
Input current, lj (€aCh INPUL) ..ot +5mA
Output CUITENE, 10 .ot e i e e +50 mA
Total current iNtO VDD 4 v ovei et e e i e e +50 mA
Total current OUt Of VDD vttt et et e i e +50 mA
Duration of short-circuit current (at or below) 25°C (see Note 3) ..., unlimited
Continuous total dissipation ............ccoiiiiiiiiiii e See Dissipation Rating Table
Operating free-air temperaturerange, TA  ....vveviiiiiiiiiiii i —40°C to 85°C
Storage temperature range .. ........c.cciiiiiiiiiiiii ettt —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for10seconds ............coiiiiiiiiiiinnnnn 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.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to Vpp —.

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current flows if input is brought below
Vpp--03V.

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE
PACKAGE TA<25°C DERATING FACTOR Ta =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING

D 725 mW 5.8 mW/°C 377 mW

P 1000 mW 8.0 mW/°C 520 mwW

PW 525 mW 4.2 mW/°C 273 mW

recommended operating conditions
MIN MAX UNIT

Supply voltage, Vpp + (see Note 1) 2.7 8 Y
Input voltage range, V| Vpp- Vpp+-—1.3 \'
Common-mode input voltage, Vic Vpp- Vpp+-—1.3 \
Operating free-air temperature, T -40 85 °C

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

“5’ TExXAS
INSTRUMENTS
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 - REVISED FEBRUARY 1994

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

) TLV2262 TLV2262A
PARAMETER TEST CONDITIONS TaT MIN _TYP MAX| MIN _TYP MAX UNIT
25°C 300 2500 300 950
Vio Inputoffset voltage Fallrangs %560 1500 w
Temperature coefficient 25°C o
VIO of input offset voltage to 85°C 2 2 G
Input offset voltage _ _
long-term drif vDDg=£18V, Hc=0 | 25°C 0.003 0.003 pV/mo
(see Note 4) 0=5 $=
25°C 0.5 0.5
llo Input offset current Fullrangs 150 150 pA
. 25°C 1 1
B Input bias current Fullrangs 50 50 pA
0 -03 0 -03
25°C to to to to
Common-mode input _ 2 22 2 22
VICR voltage range Rs=50Q, Viol s5mV 5 5 Y
Full range to to
1.7 1.7
IoH = —20 pA 25°C 2.99 2.99
25°C 2.85 2.85
High-level output I0H = =100 pA
VoH voltage Full 5ragge 282257) 28225; Vv
25° L R
IoH = —200
OH . bA Fullrange | 2.65 2.65
Vic=15V, oL = 50 pA 25°C 10 10
25°C 100 100
Low-level output Vic=15V, loL = 500 pA
VoL voltage FuI2| :(r;ge = 150 - 150 mVv
Vic=158YV, loL= 1mA -
Ic oL Full range 300 300
L ignal differential | Vi =1.5V, RL = 50 kot 25°0 S 100 80 __100
arge-signal differential |Vic=1.5V, L=
Avb voltage amplification Vo=1Vto2V Fullrange 30 30 Vimy
RL = 1 MQ¥ 25°C 100 100
_ Differential input o 12 12
fid resistance 25°C 10 10 Q
Common-mode
. o 12 12
fi input resistance 25°C 10 10 Q
. Common-mode o
Cj input capacitance f=10kHz, P package 25°C 8 8 pF
Closed-loop o
Zo output impedance f =100 kHz, Ay =10 25°C 270 270 Q
cMRR Common-mode Vic=0to 1.7V, 25°C 65 75 65 77 @B
rejection ratio Vo=15V, Rg=50Q Full range 60 60
Supply voltage - 25°C 80 95 80 100
kgVR  rejection ratio \I{IDIID d2’7 Vio 8\\//’ =Vpn/2 dB
(AVpD /AV|Q) 0 load, IC=VDD/e |Fullrange | 80 80
25°C 400 500 400 500
| Supply current Vo=15V, No load
bD PPy 0 Full range 500 500 bA

1 Full range is — 40°C to 85°C.

¥ Referenced to 1.5V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Tp = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

‘i@‘ TEXAS
INSTRUMENTS
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

operating characteristics at specified free-air temperature, Vpp =3 V

TLV2262 TLV2262A
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX| MIN TYP MAX
si teatunity |V, 1AV 18V 25°C | 0.35 0.55 0.35 0.55
ew rate at uni 0=11Vto 19V,
SR gain RL = 50 ka¥, CL=100pFt | Ful | o5 03 Vius
range
Equivalent input f=10Hz 25°C 43 43
V .
n noise voltage f=1kHz 25°C 2 Py nViHz
Peak-to-peak f=0.1Hzto1Hz 25°C 0.6 0.6
VN(PP)  equivalent input uv
noise voltage f=0.1Hzto 10 Hz 25°C 1 1
In ﬁgi‘;'(‘e’z':r'::r"‘tp”t 25°C 06 06 tANFZ
Total harmonic Vo=05V1025V, [Ay=1 0.03% 0.03%
THD + N distortion plus f=20 kHz, 25°C
noise RL =50 k¥ Ay =10 0.05% 0.05%
Gain-bandwidth f=1 kHz, RL = 50 kQ¥, o
product CL = 100 th 25°C 0.67 0.67 MHz
Maximum output- | Vopp) =1V, Ay =1, o
BOM  gwingbandwicth | Ry = 50 ke, cL=100pFt | 25°C 300 300 kHz
g}/“‘{\“ VI XL 5.6 56
Settling time R:E ;0 ng ’ 25°C us
CL =100 pF* To 0.01% 12.5 125
Phase margin at
y . 25°C 61° 61°
¢m unity gain R|_ = 50 ko, CL = 100 pF¥
Gain margin 25°C 14 14 dB
1 Full range is — 40°C to 85°C.
¥ Referenced to 1.5V
¥ Texas
INSTRUMENTS
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TLV2262, TLV2262A, TLV2262Y .
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B ~AUGUST 1993 — REVISED FEBRUARY 1994

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

PARAMETER TEST CONDITIONS Tal TLV2262 TLV2262A UNIT
: MIN TYP MAX| MIN TYP MAX
25°C 300 2500 300 950
Vio Input offset voltage Fullrange 3000 1500 uv
WI0  ofinpu ofsetvotage. to 8670, 2 2 WG
oot geeNoed) - |Voss oV RSlga | #C 0003 003 wVimo
25°C 0.5 0.5
llo Input offset current Fullrange 50 50 pA
) 25°C 1 1
B Input bias current Full rangs 150 % pA
0 -03 0 -03
25°C to to to to
- i 4 4.2 4 4.2
ViCR s;:trzgm::anmgoede Pt ol <smv Rg=50Q = > v
Full range to to
3.5 35
loH =-20 pA 25°C 4.99 4.99
25°C 485 4.94 485 4.94
VoH  High-level output voltage IoH = =100 kA Fullrange | 4.82 4.82 \"
25°C 47 485 4.7 485
IoH = -200 A Full range 4.6 4.6
Vic=25V, loL = 50 pA 25°C 0.01 0.01
‘ 25°C 0.09 0.15 0.09 0.15
VoL  Low-level output voltage Vic=25V, oL = 500 pA Full range 0.15 0.15 Y
Vig=25V, loL= 1mA 25°C 0.2 0.3 0.2 0.3
Full range 0.3 0.3
Large-signal differential | Vic =2.5V, Re =50 ko¥ 25°% £ L
AvD voltgage gmplification Vlcc); =1 V tc; 4V Full range %5 %5 Vimy
RL=1MQ?F 25°C 550 550
ng  oerentialinput 25°C 1012 1012 Q
T inputresistance 25°0 1012 1012 Q
ci ﬁgﬁ;’ggga';f::c . f=10 kHz, P package 25°C 8 8 pF
%o S:::::i i.rlr?:gdance f=100kHz, ~ Av=10 25°C 240 240 Q
CMAR CQmmon-mpde Vic=0t027V, 25°C 70 83 70 83 "
rejection ratio Vpo=25V, Rg=50Q Full range 70 70
Supply voltage rejection |Vpp=4.4Vto8V, 25°C 80 95 80 95
KSVR  ratio (AVDD/AVIO) No load, Vic=VDD”2 [Fullrange | 80 80 B
Ipb Supply current Vo=25YV, No load 250 400 500 400 500 pA
Full range 500 500

1 Full range is — 40°C to 85°C.
% Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Tp = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

{’f TExAS
INSTRUMENTS

2-10 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

operating characteristics at specified free-air temperature, Vpp =5V

TLV2262 TLV2262A
PARAMETER TEST CONDITIONS TaT UNIT
MIN TYP MAX | MIN TYP MAX
. 25°C | 0.35 0.55 0.35 0.55
SR Slewrateatunity |[Vo=15Vt035V, R =50ka¥, Vi
gain CL =100 pF¥ Ful | 44 03 s
range
Equiva]ent input f=10Hz & 25°C 40 40
V .
n noise voltage f=1kHz 25°C 12 12 nVAHz
Peak-to-peak f=0.1Hzto1Hz 25°C 07 0.7
VN(PP)  equivalentinput uv
noise voltage f=0.1 Hzto 10 Hz 25°C 1.3 1.3
W
In Eg‘;:i:::;‘l"‘tp“' 25°C 06 06 ANFZ
Total harmonic Vo=05Vto25V, [Ay=1 0.017% 0.017%
THD + N distortion plus f=20 kHz, 25°C
noise RL = 50 kot Ay =10 0.03% 0.03%
Gain-bandwidth f=50 kHz, RL =50 kQt, o
product CL =100 th 25°C 0.71 0.71 MHz
Maximumoutput- | Vopp) =2V, Ay =1, o
BOM  swingbandwidth | Ry = 50 ke, cp = 100 pFt | 25°C 185 185 kHz
Ay=-1, To 0.1% 6.4 6.4
. Step=05Vto25V, | " . ) -
Settling time Ry = 50 ko 25°C ps
CL = 100 pF¥ To 0.01% 14.1 14.1
' Phase margin at
" . 25°C 63° 63°
4m unity gain R( =50 kQt, Cp =100 pF¥
. Gain margin 25°C 14 14 dB
1 Full range is — 40°C to 85°C.
1 Referencedto 2.5V
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B -~ AUGUST 1993 — REVISED FEBRUARY 1994

electrical characteristics at Vpp = 3 V, Tp = 25°C (unless otherwise noted)

TLV2262Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Input offset voltage 300 2500 pv
Vppt=+15YV, Vic=0, -
llo Input offset current Vo =0, Rg =500 0.5 150 pA
B Input bias current 1 150 pA
. » 0 -03
VICR Common-mode input voltage range IVioIs5mV, Rg =50Q to to Vv
2 2.2
loH =-20 2.99
VOH High-level output voltage OH pA v
loH =—200 pA 27 275
Vic=0V, loL =50 pA 10
VoL Low-level output voltage Vic=0V, loL =500 pA 100 125 \
Vic=0V, loL=1mA 200 250
i i i RL =50 kQt 60 100
AVD Large-signal f{lﬁerentlal Vo=1Vto2V L Vimv
voltage amplification RL =1 Mt 100
Tid Differential input resistance 1012 Q
] Common-mode input resistance 1012 Q
Cj Common-mode input capacitance f=10kHz 8 pF
Zo Closed-loop output impedance f =100 kHz, Ay =10 270 Q
CMRR  Common-mode rejection ratio Vic=0t0 1.7V, Vo =0, Rg=50Q 65 77 dB
Supply voltage rejection ratio
k Vpp=27Vto8V, Noload, Vic=0 80 100 dB
SVR (AVDD/AViQ) DD IC
IbD Supply current Vo =0, No load 400 500 A

T Referenced to 1.5V
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B -~AUGUST 1993 - REVISED FEBRUARY 1994

electrical characteristics at Vpp =5V, Tp = 25°C (unless otherwise noted)

TLV2262Y
PARAMETER TEST CONDITIONS N TP MAX UNIT
Vio Input offset voltage 300 2500 uv
o Input offset current ‘\;g'?jof 25V, ;Ig:sod o 05 150| pA
B Input bias current 1 150 pA
0 -03
VICR Common-mode input voltage range IVioI<5my, Rg=50Q to to \Y
4 4.2
loH =-20 pA 4.99
VOH High-level output voltage loH =—100 pA 485 4.94 \
loH =—200 pA 4.7 485
Vic=25V, loL =50 pA 0.01
VoL Low-level output voltage Vic=25V, loL = 500 pA 0.09 0.15 v
Vic=25YV, loL=1mA 0.2 0.3
ap  Largesignal difierentil Vig=25V, Ry = 50 ket 80 170 Vimv
voltage amplification Vo=1Vto4V R = 1 MQt 550
rid Differential input resistance 1012 Q
r Common-mode input resistance 1012 Q
] Common-mode input capacitance f=10kHz 8 pF
2o Closed-loop output impedance f =100 kHz, Ay =10 240 Q
CMRR  Common-mode rejection ratio Vic=0to2.7V, Vo=25V, Rg=50Q 70 83 dB
KSVR (S‘\“\?gg/‘ﬂ‘:‘ge rejection ratio VpD=44Vt08Y, Noload, Vic=Vpp2| 8 95 dB
[»)s) Supply current Vo=25V, No load 400 500 pA
1 Referenced to 2.5 V
{f
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 - REVISED FEBRUARY 1994
S

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 2,3
vs Common-mode voltage 4,5
a0 Input offset voltage temperature coefficient Distribution 6,7
lis/lio Input bias and input offset currents vs Free-air temperature 8
vi Input voltage vs Supply. voltage 9
vs Free-air temperature 10
VOH High-level output voltage vs High-level output current 11,14
VoL Low-level output voltage vs Low-level output current 12,13, 15
VO(PP) Maximum peak-to-peak output voltage vs Frequency 16
los Short-circuit output current = Supply. voltage 17
vs Free-air temperature 18
Vip Differential input voltage vs Output voltage 19,20
vs Load resistance 21
AVD Differential voltage amplification vs Frequency 22,28
vs Free-air temperature 24,25
Zo Output impedance vs Frequency 26,27
CMRR Common-mode rejection ratio A Freque.ncy 28
vs Free-air temperature 29
kSVR Supply-voltage rejection ratio vs Frequency 80, 81
vs Free-air temperature 32
IbD Supply current vs Free-air temperature 33
SR Slew rate vs Load c.apacitance 34
vs Free-air temperature - 35
Vo Large-signal puise response vs Time 36, 37, 38, 39
Vo Small-signal pulse response vs Time 40, 41, 42, 43,
Vn Equivalent input noise voltage vs Frequency 44,45
Noise voltage (referred to input) Over a 10-second period 46
Integrated noise voltage vs Frequency 47
THD + N Total harmonic distortion plus noise vs Frequency 48
Gain-bandwidth product vs Free-air temperature 49
vs Supply voltage 50
om Phase margin vs Frequency .' 22,23
vs Load capacitance 51
Gain margin vs Load capacitance 52
B4 Unity-gain bandwidth vs Load capacitance 53
Overestimation of phase margin vs Load capacitance 54
&
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B ~ AUGUST 1993 - REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICSt

DISTRIBUTION OF TLV2262 DISTRIBUTION OF TLV2262
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
15 15
841 Amplitllers From 2 \;lafer Lots 841 Ampllfllers From 2 VIVafer Lots
Vpp+=115V Vpp+=125V
Ta = 25°C Tp =25°C
12
& R
1 |
g g’
< <
k] s
[ [
-] o 6
[ o 3
0
-1.6 -0.8 0 0.8 1.6 -1.6 -0.8 0 0.8 1.6
V|0 - Input Offset Voltage — mV V|0 - Input Offset Voltage — mV
Figure 2 Figure 3
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
vs '
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
1 T 1
Vpp=3V Vpp =5V
Rg=50 Q Rg=50 Q
Ta=25°C TA =25°C
05 / %
>$ / q', 0.5
g v d £ /J
o
S 2 /
> b4
0 g 0
3 £ ~
S 3 rd
2 £ /
£ o5 o -05 -
1 -0.
) s L~
i /
-1 -1
-1 -05 0 05 1 15 2 25 3 -1 0 1 2 3 4 5
V|c - Common-Mode Input Voltage - V Vic - Common-Mode Input Voltage -V
Figure 4 Figure 5

1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B ~AUGUST 1993 - REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICS?

DISTRIBUTION OF TLV2262 INPUT OFFSET
VOLTAGE TEMPERATURE COEFFICIENT

DISTRIBUTION OF TLV2262 INPUT OFFSET
VOLTAGE TEMPERATURE COEFFICIENT

30 1 1 T T 1 1 30 U 1 T T 1) T
128 Amplifiers From 2 Wafer Lots| 128 Amplifiers From 2 Wafer Lots
Vpp+=+1.5V Vpp+=125V
25| P Package 25} P Package
" Tp = 25°C to 85°C 2 TA = 25°C to 85°C
1 1
4 [ Y
5%’ 20 g
a 3
E E
< 15 T 15
: :
(]
=) =]
g 10 "E 10
g 8
4 4
5 5
0 0 -
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 0o 1 2 3 4 5
ay|0 — Temperature Coefficient - pV/°C ay]o — Temperature Coefficient — uV/°C
Figure 6 Figure 7
INPUT BIAS AND INPUT OFFSET CURRENTS INPUT VOLTAGE
vs VS
< FREE-AIR TEMPERATURE SUPPLY VOLTAGE
a 20 25 T
2 z'%Di 5 25V Rg=500Q
= 2 = 259
§ 15| vo=0 Ta=25°C
3 Rg=50Q 1.5
10
[
E] o 05
s s Y |
k-] o 0
g = e 2 IVio [<5mV
] 0 2 -05
8 g
o £
5 5 ! -1
& - >
T -1.5
2 -1
° -2
H
@ -15 -25
- 25 45 65 85 1 1.5 2 25 3 3.5 4
TA — Free-Air Temperature — °C |Vpp + | — Supply Voltage -V
Figure 8 Figure 9

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
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SLOS129B -~ AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICSt#

INPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE HIGH-LEVEL OUTPUT CURRENT
5 4 T
Vpp=3V
3.5
4
>
‘I» 3
> 3 g L N\
o .. T T
§, z Tp =85C — \\
3 g
s 2 3 2 ! \
5 = 25°
E -g 15 Ta =25°C
T 4 \ \ \
£
> % 1
0 I Tp =—40°C >
5 os
g \
-1 0
-56 -36 -15 5 25 45 65 85 0 100 200 300 400 500 600
TA - Free-Air Temperature - °C I loH | - High-Level Output Current —pA
Figure 10 Figure 11
LOW-LEVEL OUTPUT VOLTAGE . LOW-LEVEL OUTPUT VOLTAGE
vs vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
1.2 T 14 T
Vpp=3V Vpp=3V
TA =25°C / Vic=15V
1 >| 1.2 /
>
1 o
3 Vie= IO ’ / ) / 5 ; / /
g os | S Ta = 85°C —/ /
z Vic=0.75V ﬂ/ E 0.8 ! / y
8 0.6 : 3 Ta= 25°c}¢/ /
8 / T 06 bz
2 / ™S vic=15v 5 /
_1 0.4 L/ 2 / /
F / S o4 ”
S | / AN
] y 3 / TA = - 40°C
g é > 02 Z
>
0 0
0 1 2 3 4 5 0 1 2 3 4 5
loL ~ Low-Level Output Current —mA loL — Low-Level Output Current - mA
Figure 12 Figure 13

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST
HIGH-LEVEL OUTPUT VOLTAGE

VoL —Low-Level Output Voltage - V

Vs
HIGH-LEVEL OUTPUT CURRENT
6 ‘
Vpp=5V

E 5
o
g \
s 4 |
] Tp = 85°C —
o 3
K]
5 Ta = 25°C ——\—’\\
£ 2
=] :
T TaA =—-40°C
5 1
> \ A

0

0 200 400 600 800

I 1oH | - High-Level Output Current — pA

Figure 14

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

f —~ Frequency — Hz

Figure 16

Vs
FREQUENCY
L e n)
Vpp=5V 1=

g \ Ta = 25°C g
2 4 L
3
3 \ 3
8 35
§ 3 \ “;
n.é Vpp=3V \\\ g
3 N 2

=
§ 2 A\ \ £
E Q.
2 \\ 5
- £
g \ 2
P N 8

N y

[ n
5]
L o0
: 103 104 105 106

1.4

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

T
Vpp=5V

Vic=25V /

1.2
1 / /
Ta = 85°C 7’ v
0.8 A
Ta =25°C \% / /
0.6 /7 //
0.4 % \
0.2 S TA =—-40°C
0
0 1 2 3 4 5 6
loL - Low-Level Output Current - mA
Figure 15
SHORT-CIRCUIT OUTPUT CURRENT
vs
SUPPLY VOLTAGE
12 I
Vic = Vpp/2
T:‘c= 5 Vip = -100 mV
10 /
8 /
6 ,/
4
2
0 Vip =100 mV
-2
2 3 4 5 6 7 8

Vpp - Supply Voltage -V

Figure 17

1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt#
SHORT-CIRCUIT OUTPUT CURRENT

Vs
FREE-AIR TEMPERATURE
1 Vo=25V
12 0 =2. i
Vpp=5V
E 1 DD
L 10 ]
= - \'}
§ ° Vip =-100 m g
=
(3] 8 P
§. 7
o 6
Q
5 3
&
@ A
K Vip = 100 mV
0 1
-1 I
-50 -25 0 25 50 75 100
Ta - Free-Air Temperature — °C
Figure 18
DIFFERENTIAL INPUT VOLTAGE
Vs
OUTPUT VOLTAGE
1000 T
Vpp=5V
800f-Vvic=25V
> 'HL =50 kQ
2 600FTp=25C
&
g 400
2 200
-
15 0
E Y
'g -200
£ -400
Q
o —600
>
-800
-1000
(] 1 2 3 4 5

Vo - Output Voltage -V

Figure 20

DIFFERENTIAL INPUT VOLTAGE

Vs
OUTPUT VOLTAGE
1000 I
Vpp=3V
800 Rj=50kQ 1
> Vic=15V
2 600 TaA=25°C 1
E’ 400
S 200
3
g of-
s
€ -200
§
E -400
9
o -600
>
-800
-1000
0.5 1 1.5 2 2.5 3
Vo - Output Voltage -V
Figure 19
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
LOAD RESISTANCE
5, 1000 -
[
: =
2 ! i
] — Vpp=5V \’ "_,,
& 1
3 100
z
8’ V4
S y Vpp=3V
2 /
2 4 yany,
s £
8
£
q
g Vo(pp)=2V
TA =25°C
< L] L Al L1l
1 10 100 1000

RL - Load Resistance - kQ

Figure 21

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST

LARGE-SIGNAL DIFFERENTIAL VOLTAGE?
AMPLIFICATION AND PHASE MARGIN

Vs
FREQUENCY
80 m 180°
- 60 135°
s N
€3 N
[ 0 =
E 8 \‘\ Phase Margin 90 g
3 s N ‘ :
o= o
? g. 20 \ 45 E
g’ a Gain \\ &
1l N .
] % 0 o &
3=
<
-20 Ny —45°
-40 -90°
103 104 105 106 107
f - Frequency - Hz
Figure 22
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE MARGIN
Vs .
FREQUENCY
80 TIIT—T"T-TTTT 180°
Vpp=3V
RL =50 kQ
- 60 CL=100pF { 135°
Sn N\ TA =25°C
ML L
é 5§ 40 i wyI 0 §
-] N Phase Margin 5
k] 3 N ™y s
[ "N ]
2 g 2 N N % g
(é’ : Gain \\ \ ol'
S® N £
1 .“g 0 0° <
g3 N
< \\
-20 —45°
-40 ‘ -90°
103 104 105 106 107

f — Frequency — Hz
Figure 23

1 For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt#

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
1000 1000 T T
=== TR =1MQ
\‘
—— - o
§’ = L =1 MQ g =
s = S
> \\ = ~—
1] =
E 2 e E T —
E ~ s E RL=50kQ |
E 1100 — 5 e 100
8 s RL = 50 kQ — = =
€ = c
5 8 2
? £ 23
[} 9 3
£ s §<
n ]
! . Vpp =3V o - Vpp=5V
<§ Vic=15V z Vic=25V
Vo=05Vto25V Vo=1Vto4V
10 | ] 10 ] ]
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
TA - Free-Air Temperature - °C Ta - Free-Air Temperature —°C
Figure 24 Figure 25
OUTPUT IMPEDANCE OUTPUT IMPEDANCE
vs vs
FREQUENCY FREQUENCY
1000 1000 =
EVDD=3v FVpp=5V : =2
[ TA=25°C [ Tp = 25°C
111 - -
T T 11 P - -
c 100| Ay =100 a 100 =
. == . Ay =100 LH
§ 4 § . -
i p.d4 pZ .g A 4
< 4
Ay =10 ‘
E Y E YER=10
5 5 '
g L7 - g‘ /]
o — = = o
1 Av =i 1 Ay =1 L~
¢ ! e ! = =]
N N
0.1 0.1
102 103 104 105 102 103 104 105
f- Frequency - Hz f- Frequency - Hz
Figure 26 Figure 27
1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST#

COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO
vs vs
FREQUENCY FREE-AIR TEMPERATURE
100 90
o T T LN o
® Vpp=5V Ta=25°C A -
° Vic=25V o
g TSN § 8
13 Vpp=5V N 13 — =
g Vic=15V '% 84 Vop=5V
$ 60 TN )
0@ . N N o0
(']
° N 3 80
2 40 I % 78
= ——
- ——
é N E 76 Vop=3V |_——
N
38 I 8
4 20 i 74
f:; g 72
0 70
101 102 103 104 105 106 -50 -25 0 25 . 50 75 100
f - Frequency - Hz TA - Free-Air Temperature - °C
Figure 28 Figure 29
SUPPLY-VOLTAGE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO
vs vs
FREQUENCY N FREQUENCY
100 T T T T 100 T T TT1TM]
Vpp=3V Vpp=56V
%; Ta =25°C 3; =l Ta=25°C
k-] 80 ‘:. N k-] 80 _::: N
2 h &
5 e A < 5§ e A N
§ \\ kSVR + E M KSVR +
) NG N 3 N
40 N o 40 N
o
g \ N 8 N \i
S ksvR- ™\ \\ S ksVR- TN\ N
3 2 N d S
Q Q.
g ™ s ™
ul’ 0 h ”I) 0 N
£ e
xm ¥w
-20 -20
101 102 103 104 105 106 101 102 103 104 105 106
f — Frequency — Hz f - Frequency — Hz
Figure 30 Figure 31

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST#

SUPPLY-VOLTAGE REJECTION RATIO SUPPLY CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
1o Vpp=27Vto8V 600
%i Vic=Vo=Vpp/2
o
2 105 < 500
P 8
2 L Vpp=5V
9 § Vo=25V
T
« 3
g 100 [—] > 400 j —— Tav ~
2 s DD = Ny
3 3 Vo=15V
> 1
o Q
S o5 2 300
e
o
>
n
K3
20 200
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Ta —Free-Air Temperature —°C TA — Free-Alr Temperature — °C
Figure 32 Figure 33
SLEW RATE SLEW RATE
vs vs
LOAD CAPACITANCE FREE-AIR TEMPERATURE
1 - 1.2
—
1 \\ SR-
0.8 ~u s
o TN SR- S~
a \\ ®» NS
5 A N s 08 SR
é 0.6 ™ 7 \*
[ 4 \ ‘ \n ;:3 0.6 \\
g \ SR+ 3
2 o4 @
& \ L o4
\ 7]
0.2 Vpp=5V
Vpp=5V N 0.2~ g/ -50kQ
Ay=-1 \\ Cp =100 pF
= 25° Ay=1
oLTAZ 25, oL AV=]
101 102 103 104 -50 -25 0 25 50 75 100
CL - Load Capacitance - pF TA - Free-Air Temperature - °C
Figure 34 Figure 35

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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Vo -Output Voltage -V

Vo -Output Voltage -V

TYPICAL CHARACTERISTICSt%
INVERTING LARGE-SIGNAL PULSE

RESPONSE
3 LI
Vpp=3V
RL = 50 kQ
25 C|_ =100 pF
Ay=-1
TA =25°C
2
| l \
0.5 7
0 :
0 2 4 6 8 10 12 14 16 18 20
t-Time—pus
Figure 36
VOLTAGE-FOLLOWER LARGE-SIGNAL
PULSE RESPONSE
3 T 1
Vpp=3V
RL = 50 kQ
2.5 [~ C. =100 pF
Ay=-1
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2 @
=3
5
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3
o
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0.5
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t-Time-us
Figure 38

Vo -—Output Voltage -V
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Figure 37
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VOLTAGE-FOLLOWER LARGE-SIGNAL
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CpL =100 pF
- Ay=-1

Tp = 25°C

\

\L

6

8 10
t-Time -ps

Figure 39

12 14 16 18 20

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
¥ For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt

INVERTING SMALL-SIGNAL INVERTING SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
0.95 —er———— 2.65
Vpp=3V VDI:’) - 5'v
RL = 50 kQ RL = 50 kQ
09— CL =100 pF Cp =100 pF
Av =-1 2.6 Av =-1
> oss| 1A=%C > Tp =25°C
(]
o [
2 o8 A 8 255 [
> N o
= >
S 075 g
OI c? 25
o
> 07 o
74 >
245 4
0.65 Y
0.6 24
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
t-Time —ps t-Time —ps
Figure 40 Figure 41
VOLTAGE-FOLLOWER SMALL-SIGNAL VOLTAGE-FOLLOWER SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
0.95 T 2.65 v r
Vpp=3V Vpp=5V
RL = 50 kQ RL = 50 kQ
CL =100 pF CL =100 pF
0.9f Ay=1 26} Ay=1
> Tp = 25°C > TA =25°C
® ®
§ 0.85 E 2,55
s { s f \
g H
s 0.8 8 25
| 1
2 2
0.75 2.45
0.7 24
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
t-Time-ps t-Time—us
Figure 42 Figure 43

1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt

EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
vs vs
FREQUENCY . FREQUENCY
60 =TT S0 —T"TTT
lg Vpp=3V li:‘ Vpp=5V
> Rg=20Q > Rg=200Q
2 50| Ta=25C >? 50| 15 =25°C
1 .
S S
8 40 8 40 -
S S
2 2
2 w \\ $ w N
=3 3
F N g N
g 20 ] 20
9 N o N
| S
% N g NN
u;',' 10 ",‘ 10
= =
0 0
101 102 103 104 101 102 103 104
f - Frequency — Hz f —Frequency —- Hz
Figure 44 Figure 45
INTEGRATED NOISE VOLTAGE
INPUT NOISE VOLTAGE OVER vs
A 10-SECOND PERIOD FREQUENCY
1000 -
100 =TT T T TS
Calculated Using Ideal Pass-Band Filter
750 Lower Frequency = 1 Hz
I TA = 25°C
500 i 2
1
z , . s 10
T 250 5 7
2 " S
g o 8
s “ e
%3 -250[ { 3 A
2 ' © 1
-500} g H
Vpp=5V £
f=0.1Hz
“750F 010 Hz
TA=25°C .
-1000 0.1
0 2 4 6 8 10 1 101 102 103 104 105
t-Time-s f - Frequency - Hz
Figure 46 Figure 47

1 For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TOTAL HARMONIC DISTORTION PLUS NOISE

TYPICAL CHARACTERISTICSt%

GAIN-BANDWIDTH PRODUCT

vs vs
FREQUENCY FREE-AIR TEMPERATURE
R 10-1 T 1200 T
1 10 ) Vpp=5V
.8 f=10 kHz
-] | - RL = 50 kQ
Ay =100 L
zu Y CL =100 pF
o g 1000
e 1
o -
£ S ~N
2 8 \
[7]
8 49-2 o ™.
10 1
2 —F Ay =10 f £ 800 ~
s $ \
g m 3
g 4 ‘§ \
] Ay=1 £ 600 N
° ©
L (4]
zl Vpp=5V
+ RL =50 kQ
a Ta =25°C
£ 10-3 400
101 102 103 104 104 -50 -25 0 25 50 75 100
f - Frequency - Hz Ta — Free-Air Temperature - °C
Figure 48 Figure 49
GAIN-BANDWIDTH PRODUCT PHASE MARGIN
vs vs
SUPPLY VOLTAGE LOAD CAPACITANCE
900 75° Ta = 25°C
| ]
g 860 60° Rnun =100 Q
: B
k] = Rpull =50 Q
] ) /]
3 5 a5 il Y
g 80 g 4 4
o § N
- L
g 780 & 30° AN
L}
5 // E Rnull =202 f
£ L~ 50 kQ I l N
3 740 16° Boka m A T T N
vi b null Rpun=10Q ]
CL .
~ Vpp/GND = | “” Rpun=0
700 o° Lol L L1l
o 1 2 3 4 5 6 7 8 10 102 103 104
Vpp - Supply Voltage -V CL - Load Capacitance - pF
Figure 50 Figure 51
1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICS
GAIN MARGIN UNITY-GAIN BANDWIDTH
vs Vs
LOAD CAPACITANCE LOAD CAPACITANCE
20 1l | LA 1000
RL = 50 kQ _ / - 250
s Roun=t000 Al |/ Ta = 25°C
Ta =25°C / / N
I
15 | 1 800
o £
© Rpuil =50 Q / /M 3
c 1 / o
® Rnull =20 Q n y s
g 10 >4 2 e00 N
HiS'w |
8 Rpull=10Q \\ > \
IE \‘\ :E) \
< 5 N 1 400
Rnun =0 &
\P
0 200
10 . 102 103 104 10 102 103
CL - Load Capacitance — pF C| - Load Capacitance — pF
Figure 52 Figure 53
OVERESTIMATION OF PHASE MARGINT
Vs
LOAD CAPACITANCE
10°
/
- 8° Rpull =100 Q )
S /
= 6 / \
2 \
g / \
o Rpuill =50 Q
1) 4°
c
£ / //4
E o /
b %
§ "gﬂ--' Rpuli =20 Q
3 NS 1
0 - T T
Rpuii =10 Q
2 1l .
10 ) 102 103 104

» CL - Load Capacitance — pF
t See application information
Figure 54
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APPLICATION INFORMATION

loading considerations

The TLV2262 is a low-voltage, low-power version of the TLC2272 with the appropriate design changes relative
to the lower power level. The output drive performance to the negative rail for the TLV2262 is similar to the
TLC2272 and is capable of driving several milliamperes.

The design topology used for the TLV2262 or the TLV2272 limits the drive to the positive rail to a value very close
to the Ipp for the amplifier. While the TLV2272 is capable of greater than 1-mA drive from the positive rail, the
TLV2262 is capable of only a few hundred microamperes. When designing with lower impedance loads (less
than 50 kQ) with the TLV2262, the lower drive capability to the positive rail needs to be taken into consideration.
Although the TLV2262 topology provides lower drive to the positive rail than other high-output-drive rail-to-rail
operational amplifiers, it is a more stable topology.

driving large capacitive loads

The TLV2262 is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 51
and Figure 52 illustrate its ability to drive loads greater than 400 pF while maintaining good gain and phase
margins (Rpy = 0).

A smaller series resistor (Rp)) atthe output of the device (see Figure 55) improves the gain and phase margins
when driving large capacitive loads. Figure 51 and Figure 52 show the effects of adding series resistances of
10 Q, 20 Q, 50 Q, and 100 Q. The addition of this series resistor has two effects: the first is that it adds a zero
to the transfer function and the second is that it reduces the frequency of the pole associated with the output
load in the transfer function.

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To
calculate the improvement in phase margin, equation (1) can be used.

- tan-1 ‘
A8, = tan (2 x m x UGBW x R\ % CL) (1

where : A8, = improvement in phase margin

UGBW = unity-gain bandwidth frequency
Rnu = output series resistance
C_ = load capacitance

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 53). To
use equation (1), UGBW must be approximated from Figure 53.

Using equation (1) alone overestimates the improvement in phase margin, as illustrated in Figure 54. The
overestimation is caused by the decrease in the frequency of the pole associated with the load, providing
additional phase shift and reducing the overall improvement in phase margin. The pole associated with the load
is reduced by the factor calculated in equation (2).

il @
where : F = factor reducing frequency of pole
dm = small-signal output transconductance (typically 4.83 x 10-3 mhos)
Rpyn = output series resistance
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APPLICATION INFORMATION

driving large capacitive loads (continued)

For the TLV2262, the pole associated with the load is typically 6 MHz with 100-pF load capacitance. This value
varies inversely with Cy : at Cy_= 10 pF, use 60 MHz, at C|_ = 1000 pF, use 600 kHz, and so on.

Reducing the pole associated with the load introduces phase shift, thereby reducing phase margin. This results
in an error in the increase in phase margin expected by considering the zero alone [equation (1)]. Equation (3)
approximates the reduction in phase margin due to the movement of the pole associated with the load. The result
of this equation can be subtracted from the result of the equation (1) to better approximate the improvement in
phase margin.

A8 = tan— |UGBW I _ i.n-1 ( UGBW @)
m2 [(FxPz) P,
where : A8, = reduction in phase margin
UGBW = unity-gain bandwidth frequency
F = factor from equation (2)

P2 = unadjusted pole (60 MHz @ 10 pF, 6 MHz @100 pF, etc.)

Using these equations with Figure 54 and Figure 55 enables the designek to choose the appropriate output
series resistance to optimize the design of circuits driving large capacitive loads.

50 kQ

vi

CL
Vpp -/GND I

Figure 55. Series-Resistance Circuit
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APPLICATION INFORMATION

macromodel information

Macromodel information provided is derived using PSpice® Parts™ model generation software. The Boyle

macromodel and subcircuit in Figure 56 are generated using the TLV2262 typical electrical and operating

characteristics at Tp = 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

Maximum negative output voitage swing

Slew rate

Quiescent power dissipation

Input bias current

Open-loop voltage amplification

Unity-gain frequency
Common-mode rejection ratio
Phase margin

DC output resistance

AC output resistance
Short-circuit output current limit

NOTE 5: 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).

3
Vcec+— *
>
Rssg él 1SS
RP
2
IN-—8 1" L v
A or |."_‘ ‘!2_|
IN+ —@
Il
1 ¢—|(e 12 DC
RD1 %_CE RD2
60
vap *(] ~ DE
Vee- — &
A . N
VE out
.SUBCKT TLV2262 12345 RD1 60 11 15.92E3
C1 11 12 5.004E-12 RD2 60 12 15.92E3
G2 6 7  20.00E-12 ROI 8 5 135
DC 5 53 DX . R2 7 99 138
DE 54 5 DX RP 3 4  1587E3
DLP 90 91 DX RSS 10 99 18.18E6
DIN 92 90 DX VAD 60 4 -5
DP 4 3 DX VB 9 0 DGO
EGND %9 0 FOLY(2(30 (10)0.5.5 VC 3 53 DC.6
FB 7 99 POLY (5) VB VC VE VLP VE 54 4 DG
+ VLN 0 5.89E6 ~10E6 10E6 10E6 —10E6 viM 7 8 DGO
GA B 0 11 126283E-6 V(P 91 0 DGO
GCM 0 6 10 9922.34E-9 VIN 0 92 DGC94
18§ 3 10 DC11.00E-6 "MODEL DX D (IS=800.0E~18)
HUM 9 0  VLMIK "MODEL JX PJF (1S=500.0E~15 BETA=717.8E-6
J 12 10X  VTO=—04)
J2 121 100X 'ENDS
R2 6 9  100.0E3

Figure 56. Boyle Macromodel and Subcircuit

PSpice is a registered trademark of MicroSim Corporation.

Parts is a trademark of MicroSim Corporation.
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available features

¢ Output Swing Includes Both Supply Rails
® Low Noise ... 12nV/VHz Typ at f = 1 kHz
® Low Input Bias Current. .. 1 pA Typ

® Fully Specified for Both Single-Supply and
Split-Supply Operation

® Low Power...1 mA Max

description

Advanced LInCMOS™ is a trademark of Texas Instruments Incorporated.

The TLV2264 and TLV2264A are quad
operational amplifiers manufactured using Texas
Instruments Advanced LinCMOS™ process.
These devices are optimized and fully specified
for single-supply 3-V and 5-V operation. For this
low-voltage operation combined with ppower
dissipation levels, the input noise voltage
performance has been dramatically improved
using optimized design techniques for CMOS-
type amplifiers. Another added benefit is that
these amplifiers exhibit rail-to-rail output swing.
Figure 1 graphically depicts the high-level output
voltage for different levels of output current for a
3-V single supply. The output dynamic range can
be extended using the TLV2264 with loads
referenced midway between the rails. The
common-mode input voltage range is wider than
typical standard CMOS-type amplifiers. To take
advantage of this improvement in performance
and to make this device available for a wider range
of applications, V|gR is specified with a larger
maximum input offset voltage test limit of

VoH — High-Level Output Voltage - V

Common-Mode Input Voltage Range
Includes Negative Rail
Low Input Offset Voltage
950 uV Max at Tp = 25°C
Wide Supply Voltage Range
27Vto8V

Macromodel Included
HIGH-LEVEL OUTPUT VOLTAGE

Vs
HIGH-LEVEL OUTPUT CURRENT

4 T
Vpp=3V

3.5

3
25 i )

Ta=85C — \\
2
Ta =25°C —\" \

1.5 A \ ‘ \

1

TA =-40°C =\

005 \

0

0 100 200 300 400 500 600

I loH | — High-Level Output Current - nA
Figure 1

+ 5 mV, allowing a minimum of 0 to 2-V common-mode input voltage range for a 3-V supply. Furthermore, at
200 pA (typical) of supply current per amplifier, the TLV2264 family can achieve input offset voltage levels as
low as 950 pV outperforming existing CMOS amplifiers. The Advanced LinCMOS process uses a silicon-gate
technology to obtain input offset voltage stability with temperature and time that far exceeds that obtainable
using metal-gate technology. This technology also makes possible input-impedance levels that meet or exceed
levels offered by top-gate JFET and expensive dielectric-isolated devices.

AVAILABLE OPTIONS
PACKAGED DEVICES
T Viomax | SMALL OUTLINE | PLASTIC DIP TSSOP CH'P($)°RM
A AT 25°C )} N) (PW)
. | 950V | TLv2264AD TLV2264AIN | TLV2264AIPWLE
40°C1085°C | oy | TLvezeaid TLV2264IN _ L2264y

The D packages are available taped and reeled. Add R suffix to device type, (e.g., TLV2264IDR).
The PW package is available only left-end taped and reeled. Chips are tested at 25°C.

PRODUCTION DATA Information is current as of

Products

standard
testing of all pmmmm

lication date.

conform to specifications per the terms of Texas Instruments

PSR s sty s *’TEXAS

Copyright © 1994, Texas Instruments Incorporated
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description (continued)

The TLV2264 and TLV2264A, exhibiting high input impedance and low noise, are excellent for small-signal
conditioning for high-impedance sources such as piezoelectric transducers. Because of the low
power-dissipation levels combined with 3-V operation, these devices work well in hand-held monitoring and
remote-sensing applications. In addition, the rail-to-rail output feature with single or split supplies makes these
devices great choices when interfacing directly to analog-to-digital converters (ADCs). All of these features,
combined with its temperature performance make the TLV2264 family ideal for remote pressure sensors,
temperature control, active VR sensors, accelerometers, hand-held metering, and many other applications.

The device inputs and outputs are designed to withstand a 100-mA surge current without sustaining latch-up.
In addition, internal ESD-protection circuits prevent functional failures up to 2000 V as tested under
MIL-STD-883C, Method 3015.2. Care should be exercised in handling these devices as exposure to ESD may
resultin degradation of the device parametric performance. Additional care should be exercised to prevent Vpp ..
supply-line transients under powered conditions. Transients of greater than 20 V can trigger the ESD-protection
structure, inducing a low-impedance path to Vpp-/GND. Should this condition occur, the sustained current
supplied to the device must be limited to 100 mA or less. Failure to do so could result in a latched condition and
device failure.

D OR N PACKAGE PW PACKAGE
(TOP VIEW) (TOP VIEW)
10UT [} 1 14f] 40UT 10UT ex=][01 14lE= 40UT
1IN - = 1 4IN —
- 1 - .
:m § 12%:::: 1IN + 5 —— 4IN +
* H Vpps+ T - Vpp _/GND
Vop+ U 4 1 ]VDD_/GND OIN 4 = - — 3N,
2N+[}5  10[J3IN+ 2IN - o - 3IN —
2IN-[} 6 9[] 3IN- 20UT |7 8[l= 3out
20uUT[]7 8[] souT
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TLV2264Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV2264. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with

conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS VpD+
4
1IN+ @
1OUT
"N__S)_
2]N+
20uT (7)
- 2IN—
A 3IN+ — (10) | + ()
30UT
3IN- —
(8) (12)
(149
"ml“ “H - -
4IN-
it Bl (1)
67 ‘ 4 |M Vpp-/GND

“ ‘\H

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
» Tymax = 150°C

Ll b oo it e

@
L

L 109 »
Il|l|l|I|||l|l|l|I|I|I|l|l|I|Ill|I|I|I|IIl|l|l|I|||I|I|I|I|I|l|l|l|l||ll|I|||l|IIl|l|l|I|l|l|l|l|l|l|l|l|l|l|l TOLERANCESARE +10%.
ALL DIMENSIONS ARE IN MILS.
PIN (11) IS INTERNALLY CONNECTED
TO BACKSIDE OF THE CHIP.
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ouT
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%

7

Q16
Q17|

Q14

Qis

._'

14
Q13

L

e AMA—®
- 5 J:LJ_ J 3
[

—AVVN—¢

Ls

tincludes all amplifiers, ESD,

ik
il
,E_J

IN+

equivalent schematic (each amplifier)
5 |
;]
l %:

76
18
52

COMPONENT COUNTt

Transistors

Diodes

bias, and trim circuitry

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

Supply voltage, Vpp (see Note 1)
Differential input voltage, V|p (see Note 2)

Input voltage range, V; (any input, see Note 1)

Input current, |; (each input)

OUIPUE CUITENE, 1O .+ttt et e e e e ettt e e a e nneneenans
Total CUMreNt iNtO VDD 4 - vttt e e e e e

Total current out of Vpp -

Duration of short-circuit current at (or below) 25°C (see Note 3)
Continuous total dissipation
Operating free-air temperature range, Ta

Storage temperature range

Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds

+Vpp

+5mA

unlimited
See Dissipation Rating Table

~-40°C to 85°C
—-65°C to 150°C

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.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to Vpp —.

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current flows if input is brought below

Vpp--0.3VW.

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE
PACKAGE TA<25°C DERATING FACTOR Tao =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 950 mwW 7.6 mW/°C 494 mwW
N 1150 mW 9.2 mW/°C 598 mw
PW 700 mW 5.6 mW/°C 364 mwW
recommended operating conditions
MIN MAX UNIT
Supply voltage, Vpp + (see Note 1) 27 8 v
Input voltage range, V| Vpp- VpD+~1.3 \
Common-mode input voltage, V|C Vpp- VpD+-13 \'
Operating free-air temperature, Tp -40 85 °C
NOTE 1: All voltage values, except differential voltages, are with respect to Vpp —.
*if TEXAS
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electrical characteristics at specified free-air temperature, Vpp = 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat TLV2264 TLV2204A UNIT
A MIN TYP MAX| MIN TYP MAX
v Inout offset volt 25°C 300 2500 300 950 v
10 Inputofisetvoliage Full range 3000 00|
Temperature coefficient 25°C
IO of input offset voltage to 85°C 2 2 WFC
Input offset voltage
long-term drif ¥DD£=£18Y, ¥iG=0 25°C 0.003 0.003 uVimo
(see Note 4) 0=9 S =
| Inout offset ¢ 25°C 0.5 0.5 A
10 Inputoliset urren Full range 150 50| P
[ Input bi t 26°C ! ! A
1B Inputbias curen Full range 150 wo| P
. 0 -03 0 -03
25°C to to to to
Common-mode input 2 22 2 2.2
VICR voltage range Rg=50Q, Vol <5mV o o v
Full range to to
1.7 1.7
1OH = —20 pA 25°C 2.99 2.99
i | 100 25°C | 2.85 2.85
voy Highlevel output OH =-100 A Full range | 2.825 2.825 v
voltage
| 200 25°C 2.7 2.7
OH =-200uA Fullrange | 2.65 2.65
Vic=15V, IoL = 50 pA 25°C 10 10
v 15V, | 500 25°C 100 100
VoL Lowlevel output Ic=18V,  loL= 800 pA Frreres 150 150 | mv
voltage
v 15V | 1 mA 25°C 200 200
Ic=1-5% oL= Full range 300 300
L anal differential |V 15V R =50 kat 25°C 60 100 60 100
arge-signal differential |Vig=1.5V, L=
AvD voltage amplification Vo=1Vto2V Full range 30 30 Vimv
R =1 Mot 25°C 100 100
X Differential input o 12 12
rid resistance 25°C 10 10 Q
Common-mode o 12 12
fi input resistance 25°C 0 10 Q
Common-mode o
(] input capacitance f=10 kHz, N package 25°C 8 8 pF
Closed-loop o
Zo output impedance f =100 kHz, Ay =10 25°C 270 270 Q
CMRR Common-mode Vic=0t01.7V, Vo=15V, 25°C 65 75 65 77 &8
rejection ratio Rg=50Q Full range 60 60
ksVR rse?zﬂﬁ‘?:ﬁ?f Vpp= 27Vto8V, 250 n %10 dB
(AVDD/AViQ) No load, VIc=VDD”2 [Fuylirange [ 80 80
Supply current 25°C 0.8 1 0.8 1
IbD (four amplifiers) Vo=15V, No load Fullrangs 3 - y mA

1 Full range is — 40°C to 85°C.

¥ Referenced to 1.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Tp = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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~ TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B - DECEMBER 1993 - REVISED FEBRUARY 1994

operating characteristics at specified free-air temperature, Vpp =3 V

TLV2264 TLV2264A
PARAMETER TEST CONDITIONS Tal UNIT
MIN TYP MAX | MIN TYP MAX
25°C | 0.35 0.55 0.35 0.55
SR Slew rateatunity |Vo=0.7Vto 1.7V, R =50kQt, Vius
gain CL =100 pF# Ful 1 03 0.3
range
Equivalentinput |f=10Hz 25°C 43 43
\ .
n noise voltage f=1kHz 25°C 2 s nVAHz
Peak-to-peak f=0.1Hzto1Hz 25°C 0.6 0.6
VN(PP)  equivalent input uv
noise voltage f=0.1Hzto 10 Hz 25°C 1 1
In E;‘;';’ac'::;"tp”t 25°C 06 06 tANFzZ
Total harmonic Vo=05V1t025V, | Ay =1 0.03% 0.03%
THD + N distortion plus f=20 kHz, 25°C
noise RL = 50 kQ¥ Ay =10 0.05% 0.05%
Gain-bandwidth  |f=1 kHz, R =50 kQ¥, o
product CL =100 pFi 25°C 0.67 0.67 MHz
Maximum output- | Voppp) =1V, Ay =1, o
BOM  gwing bandwicth | R( = 50 ka¥, cL=100pFt | 25°C 300 300 kHz
2}’ = _11'v ooy |T01% 56 56
ts Settling time ep=1Vo2V 25°C us
R = 50 ko, To 0.019 125 125
CL=1OOPF¢ 0 0.01% . X
Phase margin at
. . 25°C 61° 61°
m unity gain RL = 50 kat, CL=100pF¥
Gain margin 25°C 14 14 dB
1 Full range is — 40°C to 85°C.
¥ Referencedto 1.5V
‘V TEXAS
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TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B - DECEMBER 1993 — REVISED FEBRUARY 1994
T ——

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

PARAMETER TEST CONDITIONS Tat wiN TLerYz? MAX MINTLV::?A MAX UNIT
25°C 300 2500 ) 300 950
Vio  Inputoffset voitage Full range 3000 o]
Temperature coefficient 25°C o
WIO o input offset voltage to 85°C 2 2 WVFFC
Input offset voltage
long-term drif VDD =x25V, UG =0 | 25°C 0.003 0.003 WV/mo
(see Note 4) 0=0 S =
25°C 0.5 0.5
o Input offset current Full range 150 50 pPA
) 25°C 1 1
B Input bias current Full range 50 150 pA
0 -03 0 -03
25°C to to to to
Common-mode input 4 4.2 4 4.2
VICR  vottago rangs PE Vol s5mv, Rg=50Q - = v
Full range to to
3.5 3.5
IOH = —20 pA 25°C 4.99 4.99
. | 100 25°C 4.85 4.94 485 494
VoH vH(I)%l;-gl:Vd output OH =~ A Fullrange | 4.82 4.82 v
| 200 25°C 47 485 47 485
OH =-200 pA Fullrange | 4.6 4.6
Vig=25V, loL = 50 pA 25°C 0.01 0.01
Vie =25V | 500 25°C 0.09 0.15 0.09 0.15
voL '\;g;'t::;' ol output Ic=25V,  loL= 800pA IEgrares 0.15 015] Vv
v 25V | 1mA 25°C 0.2 0.3 0.2 0.3
IC=25Y, oL=1m Full range 0.3 0.3
Large-signal differential |Vig =25V, | RL=50kat s 8 170 8 170
rge-signal differential Ic=25V, L=
AvD voltage amplification Vo=1Vto4V Fullrange 55 55 Vimv
R =1 MQ? 25°C 550 550
) Differential input o 12 12
rid resistance 25°C 10 10 Q
Common-mode
o 12 12
fi input resistance 25°C 10 10 Q
] Common-mode ‘ o
4] input capacitance f=10kHz, N package 25°C 8 8 pF
Closed-loop o
2o output impedance f=100 kHz, Ay =10 25°C 240 240 Q
CMRR Common-mode Vic=0t027V, Vo=25V, 25°C 70 83 70 83 &8
rejection ratio - Rs=50Q Full range 70 70
ksVR ?elj]ggi}«/:::::ge VDD =4.4Vto8V, 2 2 % 2 _® dB
(AVpD/AViQ) No load, Vic=VDD/2 [Fulrange | 80 80
Supply current _ 25°C 0.8 1 0.8 1
DD (tour amplifiers) Vo=25V,  Noload Full range ‘ 1 1 ™
T Full range is — 40°C to 85°C.
Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Tp = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B - DECEMBER 1993 - REVISED FEBRUARY 1994

operating characteristics at specified free-air temperature, Vpp =5 V

TLV2264 TLV2264A
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX | MIN TYP MAX
. 25°C | 0.35 0.55 0.35 0.55
SR Slewrate atunity [Vo=1.4V102.6V, R =50kQ¥, v/
gain CL =100 PFt Full 0.3 0.3 Hs
range
Equivalentinput |f=10Hz 25°C 40 40
V .
n noise voltage f= 1 kHz 25°C " s nVAHz
Peak-to-peak f=0.1Hzto1Hz 25°C 0.7 0.7
VN(PP)  equivalent input uv
noise voltage f=0.1 Hzto 10 Hz 25°C 1.3 1.3
Equivalent input o
In noise current 25°C 0.6 0.6 fAWHZ
Total harmonic Vo=05Vto25V, |ay=1 0.017% 0.017%
THD + N  distortion plus f=20 kHz, 25°C
noise RL =50 kQ¥ Ay =10 0.03% 0.03%
Gain-bandwidth | f=50 kHz, RL =50 kQ¥, o
product CL =100 pF¢ 25°C 0.71 0.71 MHz
Maximum output- |VopPp)=2V, Ay=1, o
BOM  swing bandwidth | R( = 50 ke, cL=100pFt | 25 185 185 kHz
Av=-1, To 0.1% 6.4 6.4
ts Settling time Step=05Vt025YV, 25°C us
RL =50 kQ¥,
CL = 100 pF ¥ To 0.01% 14.1 14.1
Phase margin at
. . 25°C 63° 63°
4m unity gain R =50 ko, Gl =100 pF¥ ,
Gain margin 25°C 14 14 dB
1 Full range is — 40°C to 85°C.
1 Referenced to 2.5V
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Advanced LinCMOS™ RAIL-TO-RAIL

QUAD OPERATIONAL AMPLIFIERS
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electrical characteristics at Vpp = 3 V, T = 25°C (unless otherwise noted)

TLV2264Y
PARAMETER TEST CONDITIONS MIN_ TYPMAX UNIT
Vio Input offset voltage 300 2500 uv
o Input offset current \\;gD:O? 1.5V, \F/‘g::;)’ Q 05 150| pA
B Input bias current 1 150 pA
‘ 0 -03
VICR Common-mode input voltage range IVio1s5mV, Rg =50Q to to \"
2 22
VOH  High-level output voltage loH = =20 uA 29 v
loH = =200 pA 27 275
Vic=0, loL =50 pA 10
VoL Low-level output voltage Vic=0, loL =500 pA 100 125 \"
Vic =0, loL=1mA 200 250
AD Large-signal differential Vo=1Vto2V RL = 50 kQf 60 100 Vimv
voltage amplification RL = 1MQt 100
fid Differential input resistance 1012 Q
1 Common-mode input resistance 1012 Q
[ Common-mode input capacitance f=10kHz 8 pF
Zo Closed-loop output impedance f =100 kHz, Ay =10 270 Q
CMRR  Common-mode rejection ratio Vic=0t0 1.7V, Vo =0, Rg=50Q 65 77 dB
KSVR (SA”\j’g'[‘)’ /"A"\'/'Iag)e rejection ratio Vpp=27Vt08Y, Noload, Vig=0 80 100 B
IbD Supply current (four amplifiers) Vo =0, No load 0.8 1 mA

t Referenced to 1.5 V
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TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B - DECEMBER 1993 — REVISED FEBRUARY 1994

electrical characteristics at Vpp =5V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS TLV2264Y UNIT
MIN TYP MAX
Vio Input offset voltage 300 2500 uv
o Input offset current xgo-io” 25V, ;Iscjsod Q 05 150| pA
B Input bias current 1 150 pA
0 -03
VICR Common-mode input voltage range IVioI<5myV, Rg=50Q to to \"
4 4.2
loH =-20 pA 4.99
VOH High-level output voltage loH =-100 pA 485 4.94 \
loH =—200 pA 47 4.85
Vic=25V, loL =50 pA 0.01
VoL Low-level output voltage Vic=25V, loL = 500 pA 0.09 0.15 \Y
Vic=25YV, loL=1mA 0.2 0.3
AD Large-signal differential Vic=25V, RL = 50 kaf 80 170 Vimv
voltage amplification Vo=1Vto4V R =1 MQt 550
rid Differential input resistance 1012 Q
i Common-mode input resistance 1012 Q
] Common-mode input capacitance f=10kHz 8 pF
Zo Closed-loop output impedance f = 100 kHz, Ay =10 240 Q
CMRR  Common-mode rejection ratio Vic=0to2.7V, Vo=25V, Rg=50Q 70 83 dB
KSVR f:‘\fgg/‘ﬂtge rejection ratio Vpp=4.4Vto8YV, Noload, Vic=Vpp2| 80 95 dB
[[)5) Supply current (four amplifiers) Vo=25V, No load 0.8 1 mA
1 Referenced to 2.5 V
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TLV2264, TLV2264A, TLV2264Y
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TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Distribution 2,8
Vio Input offset voltage
vs Common-mode voltage 4,5
avio Input offset voltage temperature coefficient Distribution 6,7
ishio Input bias and input offset currents vs Free-air temperature 8
Vi Input vohtage vs Supply' voltage 9
vs Free-air temperature. 10
VOH High-level output voitage vs High-level output current 11,14
VoL Low-level output voltage vs Low-level output current 12,13,15
VO(PP) Maximum peak-to-peak output voltage vs Frequency 16
L vs Supply voltage 17
los Short-circuit output current -
vs Free-air temperature 18
ViD Differential input voltage vs Output voltage 19,20
vs Load resistance 21
AvD Differential voltage ampilification vs Frequency 22,23
vs Free-air temperature 24,25
Zo Output impedance vs Frequency 26,27
. X vs Frequency 28
CMRR Common-mode rejection ratio -
vs Free-air temperature 29
kSVR Supply-voltage rejection ratio vs Frequency 80,31
vs Free-air temperature 32
DD Supply current vs Free-air temperature 33
SR Slew rate vs Load c.apacnance 34
vs Free-air temperature 35
Vo Large-signal pulse response vs Time 36, 37, 38, 39
Vo Small-signal pulse response vs Time 40, 41, 42,43
Vn Equivalent input noise voltage vs Frequency 44, 45
Noise voltage (referred to input) Over a 10-second period 46
Integrated noise voltage vs Frequency 47
THD +N Total harmonic distortion plus noise vs Frequency 48
Gain-bandwidth product vs Free-air temperature 49
' vs Supply voltage 50
om Phase margin vs Frequency : 22,23
i vs Load capacitance 51
Gain margin vs Load capacitance 52
B4 Unity-gain bandwidth vs Load capacitance 53
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2-44

e

TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B ~ DECEMBER 1993 - REVISED FEBRUARY 1994
TYPICAL CHARACTERISTICSt

DISTRIBUTION OF TLV2264 DISTRIBUTION OF TLV2264
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
2012272 Ampllliers From 2 Wafer Lots 20 2272 Amplifiers From 2 Wafer Lots
Vpp+=+15V Vpp+=125V
TA =25°C TA=25°C
16 ’ 16
¥ *
£ £
=§' 12 § 12
< <
S S
§> 8 §’ 8
: :
4 4
0 0 .
-1.6 -0.8 0 0.8 1.6 -1.6 -0.8 (i 0.8 1.6
V|0 - Input Offset Voltage — mV V|0 - Input Offset Voltage ~ mV
Figure 2 Figure 3
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
vs vs
COMMON-MODE INPUT VOLTAGE } COMMON-MODE INPUT VOLTAGE
r 1
Vpp=3V Vpp=5V
Rs=50 Q Rg=50 Q
Ta=25°C Ta =25°C
>
0.5 E o
>$ / : 0.5
] / g’
g v s
- 0 3 /
3 5
5 g 7
g £ /
s -0s o -0.5| -
o > L~
] /
-1 -1
-1 05 0 05 1 15 2 25 3 -1 0 1 2 3 4 5
V|c - Common-Mode Input Voltage - V Vic - Common-Mode Input Voitage -V
Figure 4 Figure 5

1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL '
QUAD OPERATIONAL AMPLIFIERS

SLOS132B - DECEMBER 1993 ~ REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICSt

DISTRIBUTION OF TLV2264 INPUT OFFSET
VOLTAGE TEMPERATURE COEFFICIENT

DISTRIBUTION OF TLV2264 INPUT OFFSET
VOLTAGE TEMPERATURE COEFFICIENT

35 728 Ampiifiers From _ %8 128 Amplifiers From .
2 Wafer Lots 2 Wafer Lots %
30| VDD+=+1.5V 30| Vpp+=125V =
N Package - N Package
< TA=25Ct0125°C | ES T = 25°C to 125°C
1 25 1 I 25
4 |4
S 2
= 0 z
g. 2| g 20
< <
5 e
H 15 g 15
k-] b}
=
8 10 § 10
2 &
5 5
0 E 0 :
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -1 0 1 2 3 4 5
ay]0 - Temperature Coefficlent ay|o - Temperature Coefficient
of Input Offset Voltage — uV/°C of Input Offset Voitage — uV/°C
Figure 6 Figure 7
INPUT BIAS AND INPUT OFFSET CURRENTS INPUT VOLTAGE
Vs Vs
< FREE-AIR TEMPERATURE SUPPLY VOLTAGE
a 20 2.5
é Vpp+=125V Rs:éOQ
c Vic=0 2~ Tp=25C
g 15| vp=0
3 Rg=50Q 15
10
! >
5 0.5
g s B ] 4
P = ==
8 :. -0.5
o T
3 -5 -
2 >
1 -1.5
o -1
3 -2
=
®©
o -15 -25
= 25 45 65 85 1.5 2 2.5 3 35 4

TA - Free-Air Temperature — °C IVppz+! - Supply Voltage - V

Figure 8 Figure 9

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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V| —Input Voltage -V

-1

1.2

-

0.8

0.6

0.4

0.2

VoL —Low-Level Output Voltage -V

TYPICAL CHARACTERISTICSt#

INPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
\' vs
FREE-AIR TEMPERATURE HIGH-LEVEL OUTPUT CURRENT
4
|
Vbp |= 5V Vpp=3V
35
>
5
g N\
= TA=85°C —» \ \
g, il
3 | \ \
] TA =25°C
3 1.5 \ \ \
5
T Ta = -40°C >\
I
>° 0.5 \
0
-55 -35 -15 5 25 45 65 85 0 100 200 300 400 500 600
TA - Free-Air Temperature - °C I loH | = High-Level Output Current — nA
Figure 10 Figure 11
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
1.4 T
VDD=3IV Vpp=3V
Ta = 25°C Vic=15V
| 5 12 /
I
/ : /
Vic=0 / ) g 1
| S Ta = 85°C —/ /
Vic=0.75V ‘7/ 2 os | A—A
/ 3 Ta= 25?4 /
T 06 A
/ /| ™S V=15V 3 /
f H / Z
/ S o4
/| 3 // TA=- 40°C
é Y
0

1 2 3 4

loL - Low-Level Output Current - mA

Figure 12

5 0 1 2 3 4 5
loL — Low-Level Output Current — mA

Figure 13

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt

HIGH-LEVEL OUTPUT VOLTAGE

LOW-LEVEL OUTPUT VOLTAGE

f - Frequency — Hz

Figure 16

Vpp — Supply Voltage -V

Figure 17

Vs Vs
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
6 14 v |5 v
Vpp=5V DD =
oo 12 Vic=25V /
Z 5| > /
1
E \ g 1 /
S 4 g Ta = 85°C 7/ /
H Ta=85°C 'ﬂ “ Z o8 A A
=3 - 0
a3 3 g Ta = 25°C ~ % / /
3 8 6 pd
d” TA =25°C 1 ° 4 7 7
-4 >
£ 2 3 /
g : 04 »
1 TA =-40°C 3 / \
LE ! Ta =-40°C
S 1 3 o2 Ad A
= \ ) 2
0 0
(] 200 400 600 800 0 1 2 3 4 5 6
| loH | —High-Level Output Current — pA loL - Low-Level Output Current - mA
Figure 14 Figure 15
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE SHORT-CIRCUIT OUTPUT CURRENT
Vs Vs
FREQUENCY SUPPLY VOLTAGE
> 5 12
f T 17 T TTTT T |
g Vpp=5V R} = 50 k2 Vic = Vpp/2 _
g DD T||\=25°C T w0 Tp =25°C Vip =-100 mV
3 4 L
(o) =3
v o
g 3 J 5 6 /
b Vpp =3V N g [
o ‘ h 2
g 2 \ \ ‘3 4
£ \ o
3 -
£ E 2
E 1 N fl’ V|p = 100 mV
1 NN [ 0 ip=1%m
- NI o
g N
L o -2
103 104 105 106 2 3 4 5 6 7

1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt#

SHORT-CIRCUIT OUTPUT CURRENT

Vs
FREE-AIR TEMPERATURE
13 Vo=25V
12 °= .
Vpp=5V
E " DD
. 10 P
Vip = -100 mV

§ 9 1D S~
3
(] 8 o
g 7
8 s
R
£ 4
9
5 s
&
"I’ 2
@ 1
© V|p = 100 mV

0 1

-1 |

-50 -25 0 25 50 75 100
TA - Free-Air Temperature — °C

Figure 18
DIFFERENTIAL INPUT VOLTAGE
' A\
OUTPUT VOLTAGE
1000 T
Vpp=5V
800[-vic=25V
> RL =50 kQ
2 60075 =26°C
(]
g o
2 200
3
£ o —
§ )
'g -200
2 -400
9
o -600
>
-800
-1000
0 1 2 3 4 5

Vo - Output Voltage -V

Figure 20

DIFFERENTIAL INPUT VOLTAGE

vs
OUTPUT VOLTAGE
1000 T
Vpp=3V
800 Rj=50kQ 1
Vic=15V
600 Ta=25°C

V|p- Differential Input Voltage —nV
o

0.5 1 15 2 25 3
Vo - Output Voltage -V

Figure 19
DIFFERENTIAL VOLTAGE AMPLIFICATION
\'
LOAD RESISTANCE

E 1000 12!55
S .

1

c y ot

2 L1

§ _VDD=5V'\’/ "u,

E 100 2 2

£
% va

g’ Vpp=3V
3 /
= /
2 10 7

B 7

£
9

o Vopp)=2V
& Ta =25°C
1 1 Ll L Ll
1 10 100 1000

RL - Load Resistance - kQ

Figure 21

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt

LARGE-SIGNAL DIFFERENTIAL VOLTAGET
AMPLIFICATION AND PHASE MARGIN

Vs
FREQUENCY
80 TT—T"TTTTT 180°
Vpp=5V
RL =50 kQ
_ 60 CL=100 pF i 135°
= N TA =25°C
c o \\
e N
2c 40 0 £
52 NN Phase Margin o
® § \\\ N g
53 20 S P |
78 N ) &
o : Gain \N\ 1
I8 o S o &
as
g N
-20 i —45°
—40 1l _go-
103 104 105 106 107
f ~Frequency - Hz
Figure 22
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE MARGIN
Vs
- FREQUENCY
80 TIT—T—T-TTTT 180°
Vpp=3V
I
- 60 CL=100pF { 135°
Sa P\ TA =25°C
]
N
A [T
E 2 ™| Phase Margin 2
N 1]
T 8 \\\ N ‘ =
2 E 20 N N a5 8
b < N T
2 o Gain [N 1
58 ™ E
[ % 0 N 0 &
s> m N
< N
-20 -45°
-40 -90°
103 104 105 106 107

f - Frequency — Hz
Figure 23

1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt#

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
1000 1000 T -
— RL=1MQ
\“
—~
3z = RL=1MQ 52 —
55 — 55
= = % RL=50KQ |
g’ E - '\\ g’ g 100 L '\‘\
v g RL=50kQ — = v g
b 3 b
23 23
«© «
T8 |
82 83
Vpp=3V Vpp=5V
Vic=15V Vic=25V
o Vo=05Vto25V 10 Vo=1VtodV
-50 =25 0 25 50 75 100 -50 -25 0 25 50 75 100
TA - Free-Air Temperature - °C Ta —Free-Air Temperature - °C
Figure 24 Figure 25
OUTPUT IMPEDANCE OUTPUT IMPEDANCE
vs vs
FREQUENCY FREQUENCY
1000 1000
Vpp=3V Vpp=5V
TA =25°C Ta=25°C
1T 11T an -
T 11 A -
o 100[ Ay =100 niw= s 100 ! I -
é - é Ay =100 EE? ;
-
§ y.d Z § Z Y _
§. 10l Av =10 /, I I § 10l |
E : : E E Ay =10 HESES
5 5 g i
5 7 g T 7
o] - Ay =1 (<] -
1 . \ - E ] 1 . Ay =1 L1
N SEEE R [
0.1 0.1
102 103 104 105 102 103 104 105
f — Frequency —Hz f - Frequency - Hz
Figure 26 Figure 27

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO
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Figure 28 Figure 29
SUPPLY-VOLTAGE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO
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Figure 30 Figure 31

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V., For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST#

SUPPLY-VOLTAGE REJECTION RATIO SUPPLY CURRENT
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Figure 32 Figure 33
SLEW RATE SLEW RATE
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Figure 34

TA —Free-Alr Temperature - °C

Figure 35

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp =5V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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INVERTING LARGE-SIGNAL PULSE

TYPICAL CHARACTERISTICS?

RESPONSE

INVERTING LARGE-SIGNAL PULSE

RESPONSE
3 T T T 5 T T T
AL 50ka A2 50ka
L= L=
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Figure 36 Figure 37
VOLTAGE-FOLLOWER LARGE-SIGNAL VOLTAGE-FOLLOWER LARGE-SIGNAL
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3 e
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Figure 38 Figure 39

1 For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICS?

INVERTING SMALL-SIGNAL INVERTING SMALL-SIGNAL
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Figure 40 Figure 41
VOLTAGE-FOLLOWER SMALL-SIGNAL VOLTAGE-FOLLOWER SMALL-SIGNAL
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Figure 42 Figure 43

1 For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICS?
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Figure 46

Vn - Equivalent Input Noise Voltage —nV/ VHz

Integrated Noise Voltage - pV

EQUIVALENT INPUT NOISE VOLTAGE
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Figure 45
INTEGRATED NOISE VOLTAGE
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Figure 47

1 For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt%

TOTAL HARMONIC DISTORTION PLUS NOISE

GAIN-BANDWIDTH PRODUCT
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Figure 48 Figure 49
GAIN-BANDWIDTH PRODUCT PHASE MARGIN
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Figure 50

—
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Figure 51

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICS
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t See application information
Figure 54
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APPLICATION INFORMATION

loading considerations

The TLV2264 is a low-voltage, low-power version of the TLC2274 with the appropriate design changes relative
to the lower power level. The output drive performance to the negative rail for the TLV2264 is similar to the
TLC2274 and is capable of driving several milliamperes.

The design topology used for the TLV2264 or the TLC2274 limits the drive to the positive rail to a value very close
to the Ipp for the amplifier. While the TLC2274 is capable of greater than 1-mA drive from the positive rail, the
TLV2264 is capable of only a few hundred microamperes. When designing with lower impedance loads (less
than 50 kQ) with the TLV2264, the lower drive capability to the positive rail needs to be taken into consideration.
Although the TLV2264 topology provides lower drive to the positive rail than other high-output-drive rail-to-rail
operational amplifiers, it is a more stable topology.

driving large capacitive loads

The TLV2264 is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 51
and Figure 52 illustrate its ability to drive loads greater than 400 pF while maintaining good gain and phase
margins (Rpyj = 0).

A smaller series resistor (Rp) atthe output of the device (see Figure 55) improves the gain and phase margins
when driving large capacitive loads. Figure 51 and Figure 52 show the effects of adding series resistances of
10 Q, 20 ©, 50 Q, and 100 Q. The addition of this series resistor has two effects: the first is that it adds a zero
to the transfer function and the second is that it reduces the frequency of the pole associated with the output
load in the transfer function.

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To
calculate the improvement in phase margin, equation (1) can be used.

Ae,, = tan™ (2 x m x UGBW x R X CL) (1
where : A8, = improvement in phase margin
UGBW = unity-gain bandwidth frequency
R,y = output series resistance
C_ = load capacitance

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 53). To
use equation (1), UGBW must be approximated from Figure 53.

Using equation (1) alone overestimates the improvemeant in phase margin, as illustrated in Figure 54. The
overestimation is caused by the decrease in the frequency of the pole associated with the load, providing
additional phase shift and reducing the overall improvement in phase margin. The pole associated with the load
is reduced by the factor calculated in equation (2).

el e @
where : F = factor reducing frequency of pole
dm = small-signal output transconductance (typically 4.83 x 1073 mhos)
Ry = output series resistance

l
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APPLICATION INFORMATION

driving large capacitive loads (continued)

For the TLV2264, the pole associated with the load is typically 6 MHz with 100-pF load capacitance. This value
varies inversely with C\ : at C| = 10 pF, use 60 MHz, at C|_ = 1000 pF, use 600 kHz, and so on.

Reducing the pole associated with the load introduces phase shift, thereby reducing phase margin. This results
in an error in the increase in phase margin expected by considering the zero alone [equation (1)]. Equation (3)
approximates the reduction in phase margin due to the movement of the pole associated with the load. The result
of this equation can be subtracted from the result of the equation (1) to better approximate the improvement in
phase margin.

AO = tan-—1 UGBW _tan-—1 UGBW (3)
m2 (FxP,) P,
where : A8, = reduction in phase margin
UGBW = unity-gain bandwidth frequency
F = factor from equation (2)

P, = unadjusted pole (60 MHz @ 10 pF, 6 MHz @100 pF, etc.)

Using these equations with Figure 54 and Figure 55 enables the designer to choose the appropriate output
series resistance to optimize the design of circuits driving large capacitive loads.

50 kQ

Vi

CL
Vpp-/GND :[:

Figure 55. Series-Resistance Circuit
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APPLICATION INFORMATION

macromodel information

Macromodel information provided is derived using PSpice® Parts™ model generation software. The Boyle

macromodel and subcircuit in Figure 56 are generated using the TLV2264 typical electrical and operating

characteristics at Tp = 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

Maximum negative output voltage swing

Slew rate

Quiescent power dissipation

Input bias current

Open-loop voltage amplification

Unity-gain frequency
Common-mode rejection ratio
Phase margin

DC output resistance

AC output resistance
Short-circuit output current limit

NOTE 5: G.R.Boyle,B.M.Cohn, D.O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers”, IEEE Journal
of Solid-State Circuits, SC-9, 353 (1974).
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