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Wide Supply Range, Rail-to-Rail Output
Instrumentation Amplifier with a Minimum Gain of 5

Check for Samples: INA827

FEATURES

Eliminates Errors from External Resistors at
Gain of 5

Common-Mode Range Goes Below
Negative Supply
Input Protection: Up to +40 V
Rail-to-Rail Output
Outstanding Precision:
— Common-Mode Rejection: 88 dB, min
— Low Offset Voltage: 150 uV, max
— Low Drift: 2.5 pVv/°C, max
— Low Gain Drift: 1 ppm/°C, max (G =5 V/V)
— Power-Supply Rejection:
100 dB, min (G = 5)
— Noise: 17 nV/VHz, G = 1000 V/V
High Bandwidth:
— G =5:600kHz
— G =100: 150 kHz
Supply Current: 200 pA, typ
Supply Range:
— Single Supply: +2.7 Vto +36 V
— Dual Supply: £1.35 Vto £18 V

Specified Temperature Range:
—40°C to +125°C

Package: MSOP-8

APPLICATIONS

Industrial Process Controls
Multichannel Systems
Power Automation

Weigh Scales

Medical Instrumentation
Data Acquisition

DESCRIPTION

The INA827 is a low-cost instrumentation amplifier
(INA) that offers extremely low power consumption
and operates over a very wide single- or dual-supply
range. The device is optimized for the lowest possible
gain drift of only 1 ppm per degree Celsius in G = 5,
which requires no external resistor. However, a single
external resistor sets any gain from 5 to 1000.

The INA827 is optimized to provide excellent
common-mode rejection ratio (CMRR) of over 88 dB
(G = 5) over frequencies up to 5 kHz. In G = 5,
CMRR exceeds 88 dB across the full input common-
mode range from the negative supply all the way up
to 1 V of the positive supply. Using a rail-to-rail
output, the INA827 is well-suited for low-voltage
operation from a 2.7 V single-supply as well as dual
supplies up to £18 V. Additional circuitry protects the
inputs against overvoltage of up to +40 V beyond the
power supplies by limiting the input currents to a save
level.

The INA827 is available in a small MSOP-8 package
and is specified for the —40°C to +125°C temperature
range. For a similar instrumentation amplifier with a
gain range of 1 V/V to 1000 V/V, see the INA826.
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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.

PhotoMOS is a registered trademark of Panasonic Electric Works Europe AG.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

PACKAGE AND ORDERING INFORMATION®

PACKAGE PACKAGE ORDERING TRANSPORT MEDIA,
PRODUCT PACKAGE-LEAD DESIGNATOR MARKING NUMBER QUANTITY
INA827AIDGK Tape and Reel, 250
INA827 MSOP-8 DGK IPSI
INA827AIDGKR Tape and Reel, 3000

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or visit the

device product folder at www.ti.com.

ABSOLUTE MAXIMUM RATINGS®

VALUE UNIT

Voltage Supply +20 \Y

Input +40 \%
REF input +20 Y
Output short-circuit® Continuous

Operating, Tp -55 to +150 °C
Temperature range Storage, Tsyg —65 to +150 °C

Junction, T, +175 °C
Electrostatic discharge (ESD) rating Human body model (HBM) 2000 Y

(1) Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond

those specified is not implied.
(2) Short-circuit to Vg / 2.
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ELECTRICAL CHARACTERISTICS

At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.

INA827
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT
RTI, Vos = Vosi + (Voso / G) 40 150 uv
Vosi Input stage
Ta = —40°C to +125°C 0.5 25 pv/ec
Offset voltage®
RTI, Vos = Vosi + (Voso / G) 500 2000 uv
Voso Output stage
Ta = —40°C to +125°C 5 30 pv/eC
G=5Vg=%135Vto 18V 100 120 dB
PSRR  Power-supply rejection ratio G =10,Vs=+1.35Vto +18 V 106 126 dB
G > 100, Vs = +1.35 Vto +18 V 120 140 dB
Differential 2|1 GQ || pF
Zn Impedance
Common-mode 105 GQ || pF
RFI filter, —3-dB frequency 25 MHz
Vg=%1.35V1t0+18V,Vo=0V (V-)-0.2 (V+) - 0.9 \%
Vewm Operating input range ® Vg =135V 1t0+18V, V=0V, Tp = +125°C (V-) - 0.05 (V+)-0.8 \%
Vg =#1.35V to 18 V, Vg = 0 V, T = —40°C (V-)-0.3 (V+) = 0.95 \%
Input overvoltage range Ta =—-40°C to +125°C (V+) - 40 (V-) +40 \
G=5,Veu=V-to (V+) -1V 88 100 dB
DC to 60 Hz G=10,Vey=V-to (V+) -1V 94 106 dB
o ) G > 100, Vey = V-to (V+) =1V 110 126 dB
CMRR Common-mode rejection ratio
G=5,Vey=V—to (V+) =1V 88 dB
At 5 kHz G =10, Vey=V—to (V+) -1V 94 dB
G > 100, Ve = V-to (V+) =1V 104 dB
BIAS CURRENT
. 35 50 nA
Ig Input bias current
Ta = —40°C to +125°C 95 nA
-5 0.7 5 nA
los Input offset current
T =—-40°C to +125°C 10 nA
NOISE VOLTAGE®
eni ) Input f=1kHz, G =1000,Rs=00Q 17 18| nVAHz
Voltage noise
eno Output f=1kHz,G=5Rg=0Q 250 285| nVAHz
G=5,fg=0.1Hzto 10 Hz, Rs=0Q 1.4 V
RTI Referred-to-input 8 S H¥pp
G =1000, f = 0.1 Hzto 10 Hz, Rs =0 Q 0.5 UVpp
) ) f=1kHz 120 fANHZ
in Noise current
fg =0.1 Hz to 10 Hz 5 PApp

(1) Total offset, referred-to-input (RTI): Vos = Vos) + (Voso / G).
(2) Input voltage range of the INA827 input stage. The input range depends on the common-mode voltage, differential voltage, gain, and
reference voltage. See the Typical Characteristics for more information.

@)

Total RTI voltage noise =
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ELECTRICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.
INA827
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
GAIN
80 kQ
G Gain equation |l VIV
Rs
G Range of gain 5 1000 VIV
) G=5Vo=#10V +0.005 +0.035 %
GE Gain error
G =10 to 1000, Vo = +10 V 0.1 +0.4 %
) G =5, Tp = —40°C to +125°C £0.1 +1| ppm/°C
Gain versus temperature®
G > 5, Tp = —40°C to +125°C 8 25| ppm/°C
. . . G =510 100, Vo =-10 Vto +10 V, R = 10 kQ 2 5 ppm
Gain nonlinearity
G =1000, Vo =-10 V to +10 V, R_ = 10 kQ 20 50 ppm
OUTPUT
Voltage swing R =10 kQ (V-) +0.1 (V+) - 0.15 v
Load capacitance stability 1000 pF
Short-circuit current Continuous to common +16 mA
FREQUENCY RESPONSE
G=5 600 kHz
. G=10 530 kHz
BW Bandwidth, -3 dB
G =100 150 kHz
G = 1000 15 kHz
G=5Vo=%145V 15 Vigs
SR Slew rate
G =100, Vo = £145V 15 Vius
G =5, Vgregp =10V 10 us
To 0.01% G =100, Vgrgp = 10 V 12 Hs
o G = 1000, Vgrep =10 V 95 Us
ts Settling time
G=1,Vsrep =10V 11 us
To 0.001% G =100, Vgrep = 10 V 18 us
G = 1000, Vgrep = 10 V 118 Hs
REFERENCE INPUT
Rin Input impedance 60 kQ
Voltage range V— V+ \%
Gain to output 1 VIV
Reference gain error 0.01 %
POWER SUPPLY
v b | " Single +2.7 +36 \Y
ower-su voltage
s PRy vollag Dual +1.35 +18 v
) Vin=0V 200 250 PA
lo Quiescent current
T =-40°C to +125°C 250 320 HA
TEMPERATURE RANGE
Specified -40 +125 °C
Operating -50 +150 °C
03 Thermal resistance 215 °CIW

(4) The values specified for G > 5 do not include the effects of the external gain-setting resistor, Rg.
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THERMAL INFORMATION

INA827
THERMAL METRIC® DGK (MSOP) UNITS
8 PINS
03a Junction-to-ambient thermal resistance 2154
B3ctop Junction-to-case (top) thermal resistance 66.3
038 Junction-to-board thermal resistance 97.8 CIW
Wit Junction-to-top characterization parameter 10.5
Wis Junction-to-board characterization parameter 96.1
B3chot Junction-to-case (bottom) thermal resistance N/A

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

PIN CONFIGURATION

DGK PACKAGE

MSOP-8
(TOP VIEW)
w 1] ]
[ ] v
o o ofs
o -
PIN DESCRIPTIONS
NAME NO. DESCRIPTION
—-IN 1 Negative input
+IN 4 Positive input
REF 6 Reference input. This pin must be driven by low impedance.
Rg 2,3 Gain setting pin. Place a gain resistor between pin 2 and pin 3.
Vourt 7 Output
—Vg 5 Negative supply
+Vg 8 Positive supply
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 5
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Units

Units

TYPICAL CHARACTERISTICS
At Tp = +25°C, Vg =215V, R, = 10 kQ, Vger = 0V, and G = 5, unless otherwise noted.

TYPICAL DISTRIBUTION OF
INPUT OFFSET VOLTAGE
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Figure 1.
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TYPICAL DISTRIBUTION OF
INPUT OFFSET VOLTAGE DRIFT
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Figure 2.

TYPICAL DISTRIBUTION OF
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.

TYPICAL DISTRIBUTION OF
INPUT BIAS CURRENT

TYPICAL DISTRIBUTION OF
INPUT OFFSET CURRENT
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Figure 5. Figure 6.

INPUT COMMON-MODE VOLTAGE vs OUTPUT VOLTAGE
(Single Supply, Vg =+2.7 V, G = 5)

INPUT COMMON-MODE VOLTAGE vs OUTPUT VOLTAGE
(Single Supply, Vg = +2.7 V, G = 100)
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Figure 7. Figure 8.
INPUT COMMON-MODE VOLTAGE vs OUTPUT VOLTAGE INPUT COMMON-MODE VOLTAGE vs OUTPUT VOLTAGE
(Single Supply, Vs =+5V, G =5) (Single Supply, Vs =+5V, G = 100)
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Figure 9. Figure 10.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.
INPUT COMMON-MODE VOLTAGE vs OUTPUT VOLTAGE INPUT COMMON-MODE VOLTAGE vs OUTPUT VOLTAGE
(Dual Supply, Vg = +5V) (Dual Supply, Vg =15V, ¥12V, G =5)
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Figure 11. Figure 12.
INPUT COMMON-MODE VOLTAGE vs OUTPUT VOLTAGE INPUT OVERVOLTAGE vs INPUT CURRENT
(Dual Supply, Vg =15V, +12 V, G = 100) (G=1,Vg=#15V)
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Figure 13. Figure 14.
CMRR vs FREQUENCY CMRR vs FREQUENCY
(RTI) (RTI, 1-kQ Source Imbalance)
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Figure 15. Figure 16.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.

POSITIVE PSRR vs FREQUENCY (RTI) NEGATIVE PSRR vs FREQUENCY (RTI)
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Figure 17. Figure 18.
VOLTAGE NOISE SPECTRAL DENSITY
GAIN vs FREQUENCY vs FREQUENCY (RTI)
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Figure 19. Figure 20.
CURRENT NOISE SPECTRAL DENSITY
vs FREQUENCY (RTI) 0.1-Hz TO 10-Hz RTI VOLTAGE NOISE (G = 5)
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Figure 21. Figure 22.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.
0.1-Hz TO 10-Hz RTI VOLTAGE NOISE (G = 1000) 0.1-Hz TO 10-Hz RTI CURRENT NOISE

T r——

Noise (500 nV/div)
Noise (2 pA/div)

Time (1 s/div) o Time (1 s/div) o
Figure 23. Figure 24.
INPUT BIAS CURRENT vs COMMON-MODE VOLTAGE INPUT BIAS CURRENT vs COMMON-MODE VOLTAGE
(Vs =+2.7V) (Vs =215V)
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Figure 25. Figure 26.
INPUT BIAS CURRENT vs TEMPERATURE INPUT OFFSET CURRENT vs TEMPERATURE
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Figure 27. Figure 28.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.

GAIN ERROR vs TEMPERATURE

(G=5) SUPPLY CURRENT vs TEMPERATURE
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Figure 29. Figure 30.
GAIN NONLINEARITY (G =5) GAIN NONLINEARITY (G = 10)
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Figure 31. Figure 32.
GAIN NONLINEARITY (G =100) GAIN NONLINEARITY (G =1000)
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Figure 33. Figure 34.
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Offset Voltage (V)

Offset Voltage (V)

Output Voltage (V)

TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.

OFFSET VOLTAGE vs
NEGATIVE COMMON-MODE VOLTAGE

(Vs = 15 V)
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60 — 25°C
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/
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Figure 35.
OFFSET VOLTAGE vs
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Figure 37.
POSITIVE OUTPUT VOLTAGE SWING
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.

LARGE-SIGNAL FREQUENCY RESPONSE

SETTLING TIME vs STEP SIZE
(Vs = £15-V)

35 20
= Vs =15V | — Settle to 0.01%
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16 >
%_: 25 & 14 714
S =
Y o 12 =
S 20 E 7
s \ = 10 =
> 15 g —
g g . —
= 10
o] \. .
5 \\
IR R~ ;
0 [ Tl 0
1k 10k 100k M 6 8 10 12 14 16 18 20
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Figure 41. Figure 42.
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Figure 43. Figure 44.
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Figure 45. Figure 46.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.
SMALL-SIGNAL RESPONSE LARGE-SIGNAL RESPONSE AND SETTLING TIME
(G =1000, R_. =10 kQ, C, =100 pF) (G=5R_=10kQ, C_ =100 pF)
= Qutput Voltage
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3 U i ool 3
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Figure 47. Figure 48.
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Figure 49. Figure 50.
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Figure 51. Figure 52.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vg =15V, R, = 10 kQ, Vgee = 0V, and G = 5, unless otherwise noted.
CHANGE IN INPUT OFFSET VOLTAGE vs WARM-UP TIME
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Figure 53.
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APPLICATION INFORMATION

Figure 54 shows the basic connections required for device operation. Good layout practice mandates that bypass
capacitors are placed as close to the device pins as possible.

The INA827 output is referred to the output reference (REF) terminal, which is normally grounded. This
connection must be low-impedance to assure good common-mode rejection. Although 5 Q or less of stray
resistance can be tolerated while maintaining specified CMRR, small stray resistances of tens of ohms in series
with the REF pin can cause noticeable degradation in CMRR.

V+
0.1 uF
8 -
RS“)
1
-IN o—/\\— 50 kO 50 kQ
Vo =G x (Vin: = Vin)
Gogs 80KO
G
7
.
Load Vo
REF
Device =
51 01pF

gl

V.

(1) This resistor is optional if the input voltage remains above [(V-) — 2 V] or if the signal source current drive capability is limited to less than
3.5 mA. See the Input Protection section for more details.

Figure 54. Basic Connections
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SETTING THE GAIN

Device gain is set by a single external resistor (Rg), connected between pins 2 and 3. The value of Rg is
selected according to Equation 1:

[ 80 kQ ]

+

Ro @
Table 1 lists several commonly-used gains and resistor values. The on-chip resistors are laser-trimmed to

accurate absolute values. The accuracy and temperature coefficients of these resistors are included in the gain
accuracy and drift specifications of the INA827.

Table 1. Commonly-Used Gains and Resistor Values

DESIRED GAIN (V/V) Rg (Q) NEAREST 1% Rg (Q)

5 — J—

10 16.00k 15.8K

20 5.333k 5.36k

50 1.778k 1.78k

100 842.1 845

200 410.3 412

500 161.6 162

1000 80.40 80.6

Gain Drift

The stability and temperature drift of the external gain setting resistor (Rg) also affects gain. The Rg contribution
to gain accuracy and drift can be directly inferred from the gain of Equation 1.

The best gain drift of 1 ppm per degree Celsius can be achieved when the INA827 uses G = 5 without Rg
connected. In this case, the gain drift is limited only by the slight temperature coefficient mismatch of the
integrated 50-kQ resistors in the differential amplifier (A3). At gains greater than 5, the gain drift increases as a
result of the individual drift of the resistors in the feedback of A; and A,, relative to the drift of the external gain
resistor Rg. Process improvements to the temperature coefficient of the feedback resistors now enable a
maximum gain drift of the feedback resistors to be specified at 35 ppm per degree Celsius, thus significantly
improving the overall temperature stability of applications using gains greater than 5.

Low resistor values required for high gains can make wiring resistance important. Sockets add to wiring
resistance and contribute additional gain error (such as possible unstable gain errors) at gains of approximately
100 or greater. To ensure stability, avoid parasitic capacitances greater than a few picofarads at Rg connections.
Careful matching of any parasitics on both Rg pins maintains optimal CMRR over frequency; see the Typical
Characteristics.
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OFFSET TRIMMING

Most applications require no external offset adjustment; however, if necessary, adjustments can be made by
applying a voltage to the REF terminal. Figure 55 shows an optional circuit for trimming the output offset voltage.
The voltage applied to the REF terminal is summed at the output. The op amp buffer provides low impedance at
the REF terminal to preserve good common-mode rejection.

Vin. © B

V+
Rs % INA827 Vo

Vi, O n REF

100 pA
1/2 REF200

£10 mV % 10KkQ
Adjustment Range

100 pA
1/2 REF200

V—

Figure 55. Optional Trimming of Output Offset Voltage

INPUT COMMON-MODE RANGE

The linear input voltage range of the INA827 input circuitry extends from the negative supply voltage to 1 V
below the positive supply, while maintaining 88-dB (minimum) common-mode rejection throughout this range.
The common-mode range for most common operating conditions is described in Figure 14 and Figure 35 through
Figure 38. The INA827 can operate over a wide range of power supplies and Vggr configurations, thus making a
comprehensive guide to common-mode range limits for all possible conditions impractical to provide.

The most commonly overlooked overload condition occurs when a circuit exceeds the output swing of A; and A,
which are internal circuit nodes that cannot be measured. Calculating the expected voltages at the output of A;
and A, (see Figure 56) provides a check for the most common overload conditions. The A; and A, designs are
identical and the outputs can swing to within approximately 100 mV of the power-supply rails. For example, when
the A, output is saturated, A; may continue to be in linear operation and responding to changes in the
noninverting input voltage. This difference may give the appearance of linear operation but the output voltage is
invalid.

A single-supply instrumentation amplifier has special design considerations. To achieve a common-mode range
that extends to single-supply ground, the INA827 employs a current-feedback topology with PNP input
transistors; see Figure 56. The matched PNP transistors (Q; and Q,) shift the input voltages of both inputs up by
a diode drop and (through the feedback network) shift the output of A; and A, by approximately +0.8 V. With
both inputs and Vggr at single-supply ground (negative power supply), the output of A; and A, is well within the
linear range, allowing differential measurements to be made at the GND level. As a result of this input level-
shifting, the voltages at pins 2 and 3 are not equal to the respective input terminal voltages (pins 1 and 4). For
most applications, this inequality is not important because only the gain-setting resistor connects to these pins.
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INSIDE THE INA827

Refer to Figure 54 for a simplified representation of the INA827. A more detailed diagram (shown in Figure 56)
provides additional insight into the INA827 operation.

Each input is protected by two field-effect transistors (FETS) that provide a low series resistance under normal
signal conditions and preserve excellent noise performance. When excessive voltage is applied, these transistors
limit input current to approximately 8 mA.

The differential input voltage is buffered by Q; and Q, and is applied across Rg, causing a signal current to flow
through Rg, Ry, and R,. The output difference amplifier (Ag) removes the common-mode component of the input
signal and refers the output signal to the REF terminal.

The equations shown in Figure 56 describe the output voltages of A; and A,. The Vgg and voltage drop across
R; and R, produce output voltages on A; and A, that are approximately 0.8 V higher than the input voltages.

V+ V+
RG
(External)
-\ ,\/L -
§ 50 kQ
Ay OUtiVCM+VBE+O'125V_VD/2XG BkQ V— SKQ \/\/\/\ V+
A, Out =V + Vge +0.125V + Vp/2 x G 10 kQ
Output Swing Range A;, A,, (V+) - 0.1 Vto (V-) + 0.1V \/\/\/\ —
10 kQ A; Vour
W + v

Vo =G x (Vin: = VinI) + Vrer Vo
Linear Input Range A; = (V+) - 0.9 V to (V-) + 0.1V 50 kQ

REF

V-
V+ V+
> L
Overvoltage G A, A, C V- Overvoltage
Protection | + + | Protection
% Rg — V % Rg
V-

+IN

Figure 56. INA827 Simplified Circuit Diagram

INPUT PROTECTION

The INAB27 inputs are individually protected for voltages up to 40 V. For example, a condition of —40 V on one
input and +40 V on the other input does not cause damage. However, if the input voltage exceeds [(V-) — 2 V]
and the signal source current drive capability exceeds 3.5 mA, the output voltage switches to the opposite
polarity; see Figure 14. This polarity reversal can easily be avoided by adding a 10-kQ resistance in series with
both inputs.

Internal circuitry on each input provides low series impedance under normal signal conditions. If the input is
overloaded, the protection circuitry limits the input current to a safe value of approximately 8 mA. Figure 14
illustrates this input current limit behavior. The inputs are protected even if the power supplies are disconnected
or turned off.
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INPUT BIAS CURRENT RETURN PATH

The INA827 input impedance is extremely high—approximately 20 GQ. However, a path must be provided for
the input bias current of both inputs. This input bias current is typically 35 nA. High input impedance means that
this input bias current changes very little with varying input voltage.

Input circuitry must provide a path for this input bias current for proper operation. Figure 57 shows various
provisions for an input bias current path. Without a bias current path, the inputs float to a potential that exceeds
the INA827 common-mode range, and the input amplifiers saturate. If the differential source resistance is low,
the bias current return path can be connected to one input (as shown in the thermocouple example in Figure 57).
With higher source impedance, using two equal resistors provides a balanced input with possible advantages of
lower input offset voltage as a result of bias current and better high-frequency common-mode rejection.

Microphone,
Hydrophone,
etc.

47 kQ 47 kQ

Device

Thermocouple % Device O

+

10 kQ

H —| % Device O
1

Center tap provides
bias current return.

Figure 57. Providing an Input Common-Mode Current Path
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REFERENCE TERMINAL

The INA827 output voltage is developed with respect to the voltage on the reference terminal. Often, in dual-
supply operation, the reference pin (pin 6) is connected to the low-impedance system ground. Offsetting the
output signal to a precise mid-supply level (for example, 2.5 V in a 5-V supply environment) can be useful in
single-supply operation. The signal can be shifted by applying a voltage to the device REF pin, which can be
useful when driving a single-supply ADC.

For best performance, any source impedance to the REF terminal should be kept below 5 Q. Referring to
Figure 54, the reference resistor is at one end of a 50-kQ resistor. Additional impedance at the REF pin adds to
this 50-kQ resistor. The imbalance in resistor ratios results in degraded common-mode rejection ratio (CMRR).

Figure 58 shows two different methods of driving the reference pin with low impedance. The OPA330 is a low-
power, chopper-stabilized amplifier and therefore offers excellent stability over temperature. The OPA330 is
available in the space-saving SC70 and even smaller chip-scale package. The REF3225 is a precision reference
in a small SOT23-6 package.

+B5V

a) Level shifting using the OPA330 as a low-impedance buffer b) Level shifting using the low-impedance output of the REF3225

Figure 58. Options for Low-Impedance Level Shifting

DYNAMIC PERFORMANCE

Figure 19 illustrates that, despite having low quiescent current of only 200 pA, the INA827 achieves much wider
bandwidth than other instrumentation amplifiers (INAs) in its class. This achievement is a result of using TI's
proprietary high-speed precision bipolar process technology. The current-feedback topology provides the INA827
with wide bandwidth even at high gains. Settling time also remains excellent at high gain because of a 1.5-V/us
high slew rate.
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OPERATING VOLTAGE

The INA8B27 operates over a power-supply range of +2.7 V to +36 V (£1.35 V to +18 V). Supply voltages higher
than 40 V (20 V) can permanently damage the device. Parameters that vary over supply voltage or temperature
are shown in the Typical Characteristics section.

Low-Voltage Operation

The INA827 can operate on power supplies as low as +1.35 V. Most parameters vary only slightly throughout this
supply voltage range; see the Typical Characteristics section. Operation at very low supply voltage requires
careful attention to assure that the input voltages remain within the linear range. Voltage swing requirements of
the internal nodes limit the input common-mode range with low power-supply voltage. Figure 7 to Figure 13 and
Figure 35 to Figure 38 describe the linear operation range for various supply voltages, reference connections,
and gains.

ERROR SOURCES

Most modern signal-conditioning systems calibrate errors at room temperature. However, calibration of errors
that result from a change in temperature is normally difficult and costly. Therefore, it is important to minimize
these errors by choosing high-precision components such as the INA827 that have improved specifications in
critical areas that impact overall system precision. Figure 59 shows an example application.

Rg, = 10 kQ Y
s A
lVDIFF:W 16 m%
T W
Vgy=10v  Re=99ke

— Signal Bandwidth: 5 kHz 15V

Figure 59. Example Application with G = 10 V/V and 1-V Differential Voltage
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Resistor-adjustable INAs such as the INA827 yield the lowest gain error at G = 5 because of the inherently well-
matched drift of the internal resistors of the differential amplifier. At gains greater than 5 (for instance, G = 10 V/V
or G = 100 V/V) gain error becomes a significant error source because of the resistor drift contribution of the
feedback resistors in conjunction with the external gain resistor. Except for very high gain applications, gain drift
is by far the largest error contributor compared to other drift errors (such as offset drift). The INA827 offers the
lowest gain error over temperature in the marketplace for both G > 5 and G = 5 (no external gain resistor).
Table 2 summarizes the major error sources in common INA applications and compares the two cases of G =5
(no external resistor) and G = 10 (with a 16-kQ external resistor). As can be seen in Table 2, while the static
errors (absolute accuracy errors) in G = 5 are almost twice as great as compared to G = 10, there is a great
reduction in drift errors because of the significantly lower gain error drift. In most applications, these static errors
can readily be removed during calibration in production. All calculations refer the error to the input for easy
comparison and system evaluation.

Table 2. Error Calculation

INA827
G =10 ERROR G =1ERROR
ERROR SOURCE ERROR CALCULATION SPECIFICATION (ppm) (ppm)
ABSOLUTE ACCURACY AT +25°C
Input offset voltage (1V) Vosi ! Voire 150 150 150
Output offset voltage (V) Voso ! (G % Vprr) 2000 200 400
Input offset current (nA) los x maximum (Rs., Rs_) / Vpire 5 50 50
CMRR (dB) Vom ! (LOCMRR 720 5 v/ oy 938(((36::150))' 200 398
Total absolute accuracy error (ppm) 600 998
DRIFT TO +105°C
Gain drift (ppm/°C) GTC x (Ta— 25) eIy 2000 80
Input offset voltage drift (uV/°C) (Mosi_tc / Voies) X (Ta — 25) 5 200 200
Output offset voltage drift (uV/°C) [Voso tc/ ( G x Vpigg)] % (Ta — 25) 30 240 240
Total drift error (ppm) 2440 760
RESOLUTION
Gain nonlinearity (ppm of FS) 5 5 5
) en =17
Voltage noise (1 kHz) eno = 250 6 6
Total resolution error (ppm) 11 11
TOTAL ERROR
Total error | Total error = sum of all error sources ‘ | 3051 ‘ 1769

LAYOUT GUIDELINES

Attention to good layout practices is always recommended. Keep traces short and, when possible, use a printed
circuit board (PCB) ground plane with surface-mount components placed as close to the device pins as possible.
Place 0.1-pyF bypass capacitors close to the supply pins. These guidelines should be applied throughout the
analog circuit to improve performance and provide benefits such as reducing the electromagnetic-interference
(EMI) susceptibility.

CMRR vs Frequency

The INA827 pinout has been optimized for achieving maximum CMRR performance over a wide range of
frequencies. However, care must be taken to ensure that both input paths are well-matched for source
impedance and capacitance to avoid converting common-mode signals into differential signals. In addition,
parasitic capacitance at the gain-setting pins can also affect CMRR over frequency. For example, in applications
that implement gain switching using switches or PhotoMOS® relays to change the value of Rg, the component
should be chosen so that the switch capacitance is as small as possible.
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APPLICATION EXAMPLE

Programmable Logic Controller (PLC) Input
An example programmable logic controller (PLC) input application using an INA827 is shown in Figure 60.

s10VO— @

4 mAto 20 mA .
+20 mA 2
i
Figure 60. +10-V, 4-mA to 20-mA PLC Input
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
INA827AIDGK ACTIVE VSSOP DGK 8 80 Green (RoHS CU NIPDAUAG Level-2-260C-1 YEAR
& no Sh/Br)
INA827AIDGKR ACTIVE VSSOP DGK 8 2500 Green (RoHS CU NIPDAUAG Level-2-260C-1 YEAR
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS
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Cavity AR <

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length

K0 | Dimension designed to accommodate the component thickness

v W | Overall width of the carrier tape

+.,

P1 | Pitch between successive cavity centers

TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
INA827AIDGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 16-Aug-2012
TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
INA827AIDGKR VSSOP DGK 8 2500 366.0 364.0 50.0

Pack Materials-Page 2



MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
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0,13
310 505
2,90 4,75 i
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LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o,10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—187 variation AA, except interlead flash.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the time
of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not 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 relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics Www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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