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N[ 2 AN 7 | v+
+IN | 3 AVAVAY, 6 | Output
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E 4-1. DIP/SO
INA117P, KU
Top View
Z 4-1. Pin Functions
PIN
TYPE(") DESCRIPTION
NAME NO.
-In 2 | Inverting input.
+In 3 | Non-inverting input.
NC 8 _ No internal connection. Can be grounded or disconnected.
Output 6 O Output of the amplifier.
Refp 5 | Reference A.
Refg 1 | Reference B.
V- 4 P Negative power supply.
V+ 7 P Positive power supply.
(1) 1= Input, O = Output, I/O = Input or Output, G = Ground, P = Power.
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5 Specifications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Vs Dual supply, Vg = (V+) - (V-) 122 Y,
Signal input pins Continuous +200 \
Peak (0.1s) +500 \Y
Output short-circuit(@) Continuous
Ta Operating temperature -40 85 °C
Tstg Storage temperature -55 125 °C
Junction temperature 150 °C
Lead temperature (soldering, 10s) 300 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Short-circuit to Vg / 2.

5.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) +1500
V(Esp) Electrostatic discharge - — \%
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +1000

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

5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT
Single-suppl 10 30 36
Vs Supply voltage 9 id \Y
Dual-supply +5 +15 +18
Ta Specified temperature -40 85 °C
5.4 Thermal Information
INA117 INA117
THERMAL METRIC() D (SOIC) P (PDIP) UNIT
8 PINS 8 PINS
0 a Junction-to-ambient thermal resistance 150 80 °C/wW

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
note.
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5.5 Electrical Characteristics
at Tp = 25°C, Vg = +15V, R = 10kQ, Vger = 0V, Vem = Vg/2, and G = 1 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS TEST CONDITIONS MIN TYP MAX| UNIT
INPUT
RTO (P package 120 1000 uv
Vos Offset voltage ( ge)
RTO (KU package) 600 2000 nY
Offset voltage drift RTO, To= -40C to 85C 8.5 uv/eC
Long term drift 200 uV/mo
PSRR | Powersupplyrejection | gro, v = 15V to £18V 74 90 dB
Common-mode voltage (1) -200 200 \%
Differential voltage -10 10 \
70 80
- DC, Vgm = - 200V to 200V
CMRR | Common-mode voltage oM Ta= -407C 10 85T 75 dB
rejection
AC, 60Hz, Vg = - 200V to 200V 66 80
!Z)lfferenual input 800
impedance
- kQ
Qommon—mode input 200
impedance
NOISE
RTO, fg = 0.1Hz to 10Hz 25 uVpp
en Voltage noise —
RTO, f = 1kHz 550 nV/ v Hz
GAIN
GE Gain error +0.01 +0.05 %
Gain error drift Ta= -40°Cto 85°C 2 ppm/°C
Gain nonlinearity(® +0.0005 +0.001| % of FSR
OUTPUT
Output voltage lo=20mA, -5mA 10 12 \%
Output impedance 0.01
CL Load capacitance Stable operation 1 nF
Short-circuit current Continuous to Vg/2 49, -13 mA
FREQUENCY RESPONSE
BW Bandwidth, - 3dB 200 kHz
Full power bandwidth Vo =20Vp, 30 kHz
SR Slew rate 1.7 2.6 V/us
To 0.1%, Vo = 10V step 6.5
t, Settling time Vo = 10V step 10 us
S 9 0 0.01% ©
VCM =10V step, Vpjrr = OV 4.5
POWER SUPPLY
la ‘Quiescent current VN = 0V 15 12 mA

(1)  Input common-mode voltage varies with output voltage; see Typical Characteristics.

(2) Specified by wafer test.

S

S
&
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6 Typical Characteristics

&l 6-1. Common-mode Rejection vs Frequency & 6-2. Power-supply Rejection vs Frequency
& 6-3. Positive Common-mode Voltage Range vs Positive A 6-4. Negative Common-mode Voltage Range vs Negative
Power-supply Voltage Power-supply Voltage
& 6-5. Small Signal Step Response C, = OpF &l 6-6. Small Signal Step Response C, = 1000pF
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6 Typical Characteristics (continued)

& 6-7. Large Signal Step Response
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7 Application and Implementation

&L
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining

suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

7.1 Application Information
K 7-1 shows the basic connections required for operation.

Applications with noisy or high-impedance power-supply lines can require decoupling capacitors close to the
device pins.

The output voltage is equal to the differential input voltage between pins 2 and 3. The common mode input
voltage is rejected.

& 7-1. Basic Power and Signal Connections

7.1.1 Common-mode Rejection

Common-mode rejection (CMR) of the INA117 is dependent on the input resistor network, which is laser-trimmed
for accurate ratio matching. To maintain high CMR, having low source impedances is important for driving the
two inputs. A 75 Q resistance in series with pin 2 or 3 decreases CMR from 86dB to 72dB.

Resistance in series with the reference pins also degrades CMR. A 4 Q resistance in series with pin 1 or 5
decreases CMRR from 86dB to 72dB.

Most applications do not require trimming. & 7-2 and %] 7-3 show optional circuits that can be used for trimming
offset voltage and common-mode rejection.
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7.1.2 Transfer Function
Most applications use the INA117 as a simple unity-gain difference amplifier. The transfer function is:
Vo = V3 - V2

V3 and V5 are the voltages at pins 3 and 2.

7-2. Offset Voltage Trim Circuits
Some applications, however, apply voltages to the reference terminals (pins 1 and 5). A more complete transfer
function is:
Vo=V3 - Vo, +19x Vg5 - 18 x V4
Vg and V4 are the voltages at pins 5 and 1.
7.1.3 Measuring Current

The INA117 can be used to measure a current by sensing the voltage drop across a series resistor, Rg. ¥ 7-4
shows the INA117 used to measure the supply currents of a device under test. The circuit in ¥ 7-5 measures
the output current of a power supply. If the power supply has a sense connection, the power supply can be
connected to the output side of Rg to eliminate the voltage-drop error. Another common application is current-to-
voltage conversion, as shown in & 7-6.
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& 7-3. CMR Trim Circuit

B 7-4. Measuring Supply Currents of Device Under Test

*Rc not needed if Rg is less than 20Q - see text.

B 7-5. Measuring Power Supply Output Current

Copyright © 2024 Texas Instruments Incorporated TR 15 9
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& 7-6. Current to Voltage Converter

In all cases, the sense resistor imbalances the input resistor matching of the INA117, degrading the CMR. Also,
the input impedance of the INA117 loads Rg, causing gain error in the voltage-to-current conversion. Both of
these errors can be easily corrected.

The CMR error can be corrected with the addition of a compensation resistor, R, equal in value to Rg as shown
in & 7-4, ¥ 7-5, and ¥] 7-6. If Rg is less than 20 Q, the degradation in CMR is negligible and R¢ can be omitted.
If Rg is larger than approximately 2k Q, trimming R can be required to achieve greater than 86dB CMR. This
trim is because the actual INA117 input impedances have 1% typical mismatch. If Rg is more than approximately
100 Q, the gain error is greater than the 0.05% specification of the INA117. This gain error can be corrected by
slightly increasing the value of Rg. The corrected value, Rg', can be calculated by:

, _ Rgx380kQ 1
S = 380k} — Rg M

Example: For a 1V/mA transfer function, the nominal, uncorrected value for Rg is 1k Q. A slightly larger value,
Rs' = 1002.6 Q, compensates for the gain error due to loading.

The 380k @ term in the equation for Rg' has a tolerance of +25%, so sense resistors above approximately 400 Q
can require trimming to achieve gain accuracy better than 0.05%.

10 FES PR Copyright © 2024 Texas Instruments Incorporated
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Of course, if a buffer amplifier is added as shown in 7-7, both inputs see a low source impedance, and the
sense resistor is not loaded. As a result, there is no gain error or CMR degradation. The buffer amplifier can
operate as a unity gain buffer or as an amplifier with non-inverting gain. Gain added ahead of the INA117
improves both CMR and signal-to-noise. Added gain also allows a lower voltage drop across the sense resistor.
The OPA1013 is a good choice for the buffer amplifier since both the input and output can swing close to the
negative power supply.

B 7-7. Current Sensing With Input Buffer

7-8 shows very high input impedance buffer used to measure low leakage currents. Here, the buffer
operational amplifier is powered with an isolated, split-voltage power supply. Using an isolated power supply
allows full £200V common-mode input range.

7.1.4 Noise Performance

The noise performance of the INA117 is dominated by the internal resistor network. The thermal or Johnson

noise of these resistors produces approximately 550nV/ v Hz noise. The internal op amp contributes virtually no
excess noise at frequencies above 100Hz.

Many applications can be satisfied with less than the full 200kHz bandwidth of the INA117. In these cases, the
noise can be reduced with a low-pass filter on the output. The two- pole filter shown in & 7-9 limits bandwidth to
1kHz and reduces noise by more than 15:1. Since the INA117 has a 1/f noise corner frequency of approximately
100Hz, a cutoff frequency below 100Hz does not further reduce noise.
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K 7-8. Leakage Current Measurement Circuit

B 7-9. Output Filter for Noise Reduction

& 7-10. Summing Vy in Output

12 R 15 Copyright © 2024 Texas Instruments Incorporated
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& 7-11. Common-mode Voltage Monitoring
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& 7-12. Offsetting or Boosting Common-mode Voltage Range for Reduced Power-supply Voltage
Operation
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& 7-13. Battery Cell Voltage Monitor
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K 7-14. Measuring Amplifier Load Current

& 7-15. AC-coupled INA117
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8 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

8.1 Documentation Support

8.1.1 Related Documentation

* Texas Instruments, Precision labs series: Instrumentation amplifier, videos

* Texas Instruments, INA149 High common mode voltage difference amplifier, data sheet
* Texas Instruments, Supporting High Voltage Common Mode Using Difference Amplifier, application brief

8.2 B EFTE A

SO EOFRE A , T SR ti.com LIS S OCIER . st A AT VR AR Bl A S A
o AREUWEAEL SRS OB SO RS BT I k.
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TI s FH 26K

8.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.
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10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
part number @ @ ® Ball material Peak reflow ©)
@ ©)
INA117AM NRND Production TO-99 (LMC) | 8 20 | TUBE Yes Call TI N/A for Pkg Type - INA117AM
INA117BM Active Production TO-99 (LMC) | 8 20 | TUBE Yes Call Tl N/A for Pkg Type - INA117BM
INA117KU Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU | NIPDAU  Level-3-260C-168 HR -40 to 85 INA
117KU
INA117KU/2K5 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU | NIPDAU  Level-3-260C-168 HR - INA
117KU
INA117P Active Production PDIP (P) | 8 50 | TUBE Yes Call Tl | Nipdau N/A for Pkg Type - INA117P
INA117SM NRND Production TO-99 (LMC) | 8 20 | TUBE Yes AU N/A for Pkg Type - INA117SM
INA117SMQ NRND Production TO-99 (LMC) | 8 20 | TUBE Yes AU N/A for Pkg Type - INA117SMQ

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without
limitation quality assurance, reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available
for ordering, purchases will be subject to an additional waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the
finish value exceeds the maximum column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per
JEDEC standards is shown. Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the
previous line and the two combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents Tl'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 TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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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.

Addendum-Page 2



PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
INA117KU/2K5 SolIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
INA117KU/2K5 SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
INA117KU/2K5 SoIC D 8 2500 353.0 353.0 32.0
INA117KU/2K5 SoIC D 8 2500 356.0 356.0 35.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> V\£ dth
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
INA117AM LMC TO-CAN 8 20 532.13 21.59 889 NA
INA117BM LMC TO-CAN 8 20 532.13 21.59 889 NA
INA117KU D SoiIcC 8 75 506.6 8 3940 4.32
INA117P P PDIP 8 50 506 13.97 11230 4.32
INA117SM LMC TO-CAN 8 20 532.13 21.59 889 NA
INA117SMQ LMC TO-CAN 8 20 532.13 21.59 889 NA
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