TLC2801Z, TLC2801Y
Advanced LinCMOSL] LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS116B — JULY 1982 — REVISED SEPTEMBER 1996

® Low Input Noise Voltage: ® | ow Input Bias Current:
35 nV/VHz Max at f = 10 Hz I1pATypatTp =25°C
15 nV/vHz Max at f = 1 kHz 250 pA Typ at T p = 150°C
® | ow Input Offset Voltage: ® Specified for Both Single-Supply and
500 pV Max at Tp = 25°C Split-Supply Operation
1.5 mV Max at T = Full Range ® Common-Mode Input Voltage Range
® Excellent Offset Voltage Stability With Includes the Negative Rall

Temperature ... 4 pV/°C Typ
D OR P PACKAGE

description (TOP VIEW)
The TLC2801 is a precision, low-noise )

. . \ NC [ 1 g[]NC
operational amplifier manufactured using Texas iun— 1 2 v
Instruments Advanced LinCMOSL process. The DD+

. . 1N+ [| 3 6 |] OUT
TLC2801 combines the noise performance of the Ve /GND NG
lowest-noise JFET amplifiers with the dc precision DD- 4 °

available previously only in bipolar amplifiers. The
Advanced LinCMOSLI process uses silicon-gate
technology to obtain input offset voltage stability

NC — No internal connection

with temperature and time that far exceeds that LARGE-SIGNAL DIFFERENTIAL
obtainable using metal-gate technology. In VOLTAGE AMPLIFICATION
addition, this technology makes possible input Vs
impedance levels that meet or exceed levels FREE-AIR TEMPERATURE
offered by top-gate JFET and expensive 130
dielectric-isolated devices.
The combination of excellent dc and noise
performance with a common-mode input voltage < 120 \\\ Vpp+ = %5V, R =500 kQ
range that includes the negative rail makes the S g I
TLC2801 an ideal choice for high-impedance, £ é
low-level signal conditioning applications in either % E 110
single-supply or split-supply configurations. 5 E
o , @ g T VDD+ = +5V, R = 10 kQ

The device inputs and output are designed to &< 100 \DD”—' L
withstand —100-mA surge currents without 82 \\i
sustaining latch-up. In addition, internal ESD- oS I
protection circuits prevent functional failures at <

90
voltages up to 2000V as tested under
MIL-STD-883C, Method 3015.2; however, care
should be exercised in handling these devices as 80
exposure to ESD may result in degradation of the 50 -25 0 25 50 75 100 125 150

device parametric performance. .
Tp — Free-Air Temperature — °C

The TLC2801 is characterized for operation over
the temperature range of —40°C to 150°C.

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.

Advanced LInCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date. Copyright [J 1996, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

L]
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OPERATIONAL AMPLIFIERS

SLOS116B — JULY 1982 — REVISED SEPTEMBER 1996

AVAILABLE OPTIONS

PACKAGED DEVICES CHIP
Vipomax
TA AT 150°C SMALL OUTLINE PLASTIC DIP FORM
(D) (P) ()
—40°C to 150°C 1.5mv TLC2801ZD TLC2801ZP TLC2801Y

The D packages are available taped and reeled. Add R suffix to the device type when ordering
(e.g., TLC2801ZDR).

TLC2801Y chip information

This chip, properly assembled, displays characteristics similar to the TLC2801. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS Vee+
A M
2
6 IN- — + (6)
3) ouT
IN+ _
4
Vce-/GND

! CHIP THICKNESS: 15 TYPICAL

— BONDING PADS: 4 x 4 MINIMUM

] Tymax=150°C

TOLERANCES ARE +10%.

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

| I
| I
I ALL DIMENSIONS ARE IN MILS.

h 4
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equivalent schematic
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage, Vpp+ (SEE NOtE 1) ... 8V
Supply voltage, Vpp_(See NOte 1) ... .. -8V
Differential input voltage, Vip (See NOte 2) ... ot 16 V
Input voltage range, V| (any input, see NOte 1) ... ... i e 8V
Input current, Ij (aCh INPUL) ..o +5 mA
OULPUL CUITENE, [0 oo e e e e e e e e e +50 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) ..., unlimited
Operating free-air temperature range, TA .. .o oo vt —40°C to 150°C
Storage temperature FaNgE . .. ...ttt e et —65°C to 175°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.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vpp + and Vpp —.

2. Differential voltages are at the noninverting input with respect to the inverting point.
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.

recommended operating conditions

MIN MAX UNIT
Supply voltage, Vpp + +2.3 +8 \Y
Common-mode input voltage, V|c Vpp- Vpp+-2.3 \%
Operating free-air temperature, Ta —-40 150 °C

3-4
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electrical characteristics at specified free-air temperature, V DD+ = ¥5 V (unless otherwise noted)
TLC2801z
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
v Inbut offset volt 25°C 100 500 v
nput offset voltage
10 P 9 Full range 1500 H
a - . -55°C to o
VIO Temperature coefficient of input offset voltage 150°C 4 pv/eC
Input offset voltage long-term drift o
(see Note 4) Vic =0, Rg=50Q 25°C 0.001 0.005 | pv/mo
25°C 0.5 pA
ITe} Input offset current
Full range 3 nA
) 25°C 1 pA
B Input bias current
Full range 30 nA
-5
VICR Common-mode input voltage range Rg=500Q Full range to \
2.7
_ B , 25°C 4.7 4.8
VomMm+ Maximum positive peak output voltage swing Vv
Full range 4.5
RL =10 kQ
_ _ _ 25°C -47 -49
VoM- Maximum negative peak output voltage swing \%
Fullrange | —4.5
25°C 300 460
Vo=%4V, R =500 kQ
A L ignal differential volt lificati Full range 100 VimV
arge-signal differential voltage amplification m
VDb 9519 geamp 25°C 50 100
Vo=%4V, R =10 kQ
Full range 15
= = i 25°C 90 115
CMRR  Common-mode rejection ratio Vo =0, Vic = Vicrmin, dB
Rs=50Q Full range 85
o ) 25°C 90 110
ksyrR  Supply-voltage rejection ratio (AVpp +/AV|0) | VDD+=#2.3Vto 8V dB
- - Full range 85
25°C 1.1 1.5
IDD Supply current Vo =0, No load mA
Full range 15
operating characteristics at specified free-air temperature, V DD+ =*5V
TLC2801Z
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
Lo Vo=223V, RL=10kQ, 25°C 2 2.7 Vius
SR Slew rate unity gain
9 CL =100 pF Full range 1
v Equivalent inout noi it f=10Hz 5oC 18 35 i
uivalent input noise voltage °
n q p g =1 KMz 3 15 nVVHz
Y Peak-t k equivalent input noi It [Z0ltolHz 25°C 2> \
eak-to-peak equivalent input noise voltage °
N(PP) P a P 9 f=0.1t0 10 Hz 0.7 H
In Equivalent input noise current 25°C 0.6 fAVHZ
. . f=10 kHz, R = 10 kQ, .
Gain-bandwidth product C| = 100 pF 25°C 1.9 MHz
®m Phase margin at unity gain R =10kQ, CL =100 pF 25°C 48°

T Full range is —40°C to 150°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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electrical characteristics at specified free-air temperature, V DD = 5 V (unless otherwise noted)

TLC2801Z
PARAMETER TEST CONDITIONS TAJr UNIT
MIN TYP  MAX
v Inbt offset volt 25°C 100 500 v
nput offset voltage
10 P g Full range 1500 "
Oyio  Temperature coefficient of input offset voltage Full range 4 uv/°C
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005 | pV/mo
Vic =0, Rg=50Q
25°C 0.5
llo Input offset current pA
Full range 3
| Input bi t 25°C ! A
nput bias curren
B P Full range 30 P
-5
Vicr Common-mode input voltage range Rg =50 Q Full range to \Y
2.7
_ _ 25°C 4.7 4.8
VOH Maximum high-level output voltage \
Full range 4.4
RL =10kQ
. 25°C 0 50
VoL Maximum low-level output voltage mv
Full range 50
Vo=1Vto4V, 25°C 150 315
. . ) o RL =500 kQ Full range 50
AvD Large-signal differential voltage amplification - VimVv
Vo=1Vto4V, 25°C 25 55
RL =10 kQ Full range 5
= = i 25°C 90 110
CMRR Common-mode rejection ratio Vo =0, Vic=Vicrmin, dB
Rs=50Q Full range 85
o . 25°C 90 110
ksyr  Supply-voltage rejection ratio (AVpp +/AV|0) Vpp =46Vto16V dB
- Full range 85
25°C 1.1 15
IDD Supply current Vo =0, No load mA
Full range 15
operating characteristics at specified free-air temperature, V DD=5V
TLC2801Z
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP  MAX
o Vo=05Vto25V, 25°C 1.8 25
SR Slew rate unity gain Vius
R =10kQ, Cp=100pF Full range 0.8
v Equivalent inout no " f=10Hz 25°C 18 35 =
uivalent input noise voltage V/VH
n a P g f=1kHz 25°C s 15|z
v boakt  eauivalent inout noi " f=0.1to1Hz 25°C 0.5 v
eak-to-peak equivalent input noise voltage
N(PP) P a P g f=0.1to 10 Hz 25°C 0.7 "
In Equivalent input noise current 25°C 0.6 fAVHZ
. . f=10kHz, R| =10kQ, .
Gain-bandwidth product CL = 100 pF 25°C 1.8 MHz
®m Phase margin at unity gain R =10kQ, C=100pF 25°C 45°

T Full range is —40°C to 150°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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electrical characteristicsat V. pp =5V, Tp = 25°C (unless otherwise noted)

TLC2801Z
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Vio Input offset voltage 100 500 pv
Input offset voltage long-term drift (see Note 4) 0.001 0.005 | pv/mo
Vic=0, Rg=500Q
llo Input offset current 0.5 pA
B Input bias current 1 pA
0
VICR Common-mode input voltage range Rg=500Q Rg=500Q to \
2.7
VOH Maximum high-level output voltage R =10kQ R =10kQ 4.7 4.8 \
VoL Maximum low-level output voltage lop =0 lo =0 0 50 mV
. . . o Vo=1Vto4y, R =500 kQ 150 315 VimV
AvD Large-signal differential voltage amplification
Vo=1Vto4y, R =10kQ 25 55
Lo . Vo =0, V|c = VIicrmin,
CMRR  Common-mode rejection ratio Rs =50 Q Rs = 50 O 90 110 dB
ksyr  Supply-voltage rejection ratio (AVpp +/AV|0) |Vpp =4.6Vto1l6V Vpp =4.6Vtol6V 90 110 dB
IDD Supply current Vo=25YV, No load 1 15 mA
operating characteristicsatV. pp =5V, Tp =25°C
TLC2801Z
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
. . . Vo=05Vto25V, R=10kQ,
SR Positive slew rate at unity gain CL = 100 pF 1.8 2.5 V/us
v Equivalent input noi it f=10 Hz 18 G
uivalent input noise voltage V/VH
. g P g f=1kHz 8 Rz
Peak-to-peak equivalent input noise voltage f=0.1t01Hz 0.5
VN(PP) — uv
f=0.1t0 10 Hz 0.7
In Equivalent input noise current 0.6 pA/\/E
. . f=10kHz, R =10kQ,
Gain-bandwidth product CL = 100 pF 1.8 MHz
Om Phase margin at unity gain RL =10kQ, CL =100 pF 45°
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 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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PARAMETER MEASUREMENT INFORMATION

2kQ

VDD +

— Vo

VDD-
20Q 20Q

Figure 1. Noise-Voltage Test Circuit

VDD +
Vo
\ *
VDD - ¢

(see Note A)

NOTE A: Cy includes fixture capacitance.

Figure 3. Slew-Rate Test Circuit

typical values

Typical values as presented in this data sheet represents the median (50% point) of device parametric

performance.

input bias and offset current

At the picoamp bias-current level typical of the TLC2801, accurate measurement of the bias current becomes
difficult. Not only does this measurement require a picoammeter, but test socket leakages can easily exceed
the actual device bias currents. To measure these small currents, Texas Instruments uses a two-step process.
The socket leakage is measured using picoammeters with bias voltage applied but with no device in the socket.
The device is then inserted in the socket and a second test measuring both the socket leakage and the device
input bias current is performed. The two measurements are then subtracted algebraically to determine the bias

current of the device.

10 kQ
VDD +
\ s
100 Q + Vo
VDD-
CL RL

(see Note A)

NOTE A: C includes fixture capacitance.

Figure 2. Phase-Margin Test Circuit

v
Ground shield  PP*

Vo

VDD-
Picoammeters

Figure 4. Input-Bias and Offset-
Current Test Circuit
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I|B — Input Bias Current — pA

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE

B Input bias current vs Free-air temperature 5
Vowm Maximum peak output voltage vs Free-air temperature 6
VOH High-level output voltage vs Free-air temperature 7
VoL Low-level output voltage vs Free-air temperature 8
AvD Differential voltage amplification vs Free-air temperature 9
los Short-circuit output current vs Free-air temperature 10
IDD Supply current vs Free-air temperature 11
SR Slew rate vs Free-air temperature 12

Gain-bandwidth product vs Free-air temperature 13

INPUT BIAS CURRENT
VS
FREE-AIR TEMPERATURE

MAXIMUM PEAK OUTPUT VOLTAGE
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Ta — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
Figure 5 Figure 6
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TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
'S VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
6 T T 1.5 T T
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> 5 > /
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Tp — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
Figure 7 Figure 8
LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION SHORT-CIRCUIT OUTPUT CURRENT
VS VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
130 15 T |
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g 10
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Tp — Free-Air Temperature — °C Tp — Free-Air Temperature — °C
Figure 9 Figure 10
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Ipp — Supply Current — mA

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SLEW RATE
VS 'S
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
1.2 | | 4
—— VDDi =+5V \\\\\\
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Tp — Free-Air Temperature — °C

Figure 11

Gain-Bandwidth Product — MHz

Tp — Free-Air Temperature — °C

Figure 12

GAIN-BANDWIDTH PRODUCT
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Figure 13
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI'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, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

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

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, 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. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 1998, Texas Instruments Incorporated
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