
INA848 超低ノイズ (1.5nV/√Hz)、広帯域幅計測アンプ
固定ゲイン = 2000

1 特長
• 固定ゲイン 2000 V/V
• フィルタリングのための内部ノードへのアクセス

• 超低ノイズ：入力電圧ノイズ： 1.5nV/√Hz (最大値)
• 高精度のスーパーベータ入力性能：

– 低いオフセット電圧：35μV (最大値)
– 低い入力オフセット電圧ドリフト：0.45μV/℃ (最大

値)
– 低い入力バイアス電流：25nA (標準値)
– 小さいゲインドリフト：5ppm/℃ (最大値)

• 帯域幅：2.8MHz
• スルーレート：45V/µs
• 同相除去： 132dB (最小値)
• 電源電圧範囲：

– 単一電源：8V～36V
– デュアル電源：±4V～±18V

• 仕様温度範囲：
–40℃～+125℃

• パッケージ：8 ピン SOIC

2 アプリケーション
• 外科用機器

• 心電図 (ECG)
• 超音波スキャナ

• 半導体試験装置

• データ・アクイジション (DAQ)
• 振動解析

3 概要
INA848 は、超小型、高速、差動入力信号などの高精度

測定向けに最適化された固定ゲイン計測アンプです。TI 
のスーパーベータ・トポロジは、非常に低い入力バイアス
電流と電流ノイズを実現します。適切にマッチングされたト
ランジスタにより、非常に低いオフセットおよびオフセット・
ドリフトを実現できます。内部抵抗のマッチングにより、全
入力電圧範囲で 132dB の高い同相除去比と、5 ppm/℃ 
(最大値) の非常に低いゲイン・ドリフト誤差を実現します。

INA848 の電流帰還トポロジは、 2000 の固定ゲインで 

2.8MHz の広い帯域幅が得られるため、以後のゲイン段

が不要になります。ノイズ・フロアが 1.3nV/√Hz と非常 に
低いため、高分解能の A/D コンバータ (ADC) と接続する

ときの等価ビット数 (ENOB) の影響を最小化できます。

INA848 は、ゲイン段 (ピン 2 と 3) の間にフィルタを追加

して十分な信号整合性を維持するという柔軟性を備えて
います。

これらの INA848 独自の機能により、ハイエンド医療用計

測機器、脳波計、振動センシング、変位測定など、高精度
の測定が必要なアプリケーションに適しています。

このデバイスは、8V～36V の単一電源、または ±4V～

±18V のデュアル電源用に設計されています。

製品情報
部品番号(1) パッケージ 本体サイズ (公称)

INA848 SOIC (8) 4.90mm × 3.91mm

(1) 提供されているすべてのパッケージについては、データシートの
末尾にあるパッケージ・オプションについての付録を参照してくだ
さい。
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5 Device Comparison Table
DEVICE DESCRIPTION
INA821 35-µV VOS, 0.4 µV/°C VOS drift, 7-nV/√Hz Noise, HighBandwidth, Precision Instrumentation Amplifier

INA819 35-µV VOS, 0.4 µV/°C VOS Drift, 8-nV/√Hz Noise, Low-Power, Precision Instrumentation Amplifier

INA333 25-µV VOS, 0.1 µV/°C VOS drift, 1.8-V to 5-V, RRO, 50-µA IQ, chopper-stabilized INA

PGA280 20-mV to ±10-V programmable gain IA with 3-V or 5-V differential output; analog supply up to ±18 V

PGA112 Precision programmable gain op amp with SPI

6 Pin Configuration and Functions

1 ±IN 8+VS

2 ±FL 7OUT

3 +FL 6REF

4 +IN 5-VS

図 6-1. D Package, 8-Pin SOIC, Top View

Pin Functions
PIN

I/O DESCRIPTION
NAME NO.
–IN 1 I Negative (inverting) input

+IN 4 I Positive (noninverting) input

OUT 7 O Output

–FL 2 I Negative Filter Terminal.

+FL 3 I Positive Filter Terminal.

REF 6 I Reference input. This pin must be driven by a low impedance source.

–VS 5 — Negative supply

+VS 8 — Positive supply
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1)

MIN MAX UNIT

VS Supply voltage
Single supply, VS = (+VS) 40

V
Dual supply, VS = (+VS) – (–VS) ±20

VIN Signal input pins
Common Mode (2) (–VS) – 0.5 (+VS) + 0.5

V
Differential (3) ±0.5

VREF VREF pin (–VS) – 0.5 (+VS) + 0.5
 V

VFL Filter input pins +FL, –FL (–VS) – 0.5 (+VS) + 0.5
 V

VO Signal output pins maximum voltage (–VS) – 0.5 (+VS) + 0.5 V

IO Signal output pins maximum current –50 50 mA

IS Output short-circuit(4) –50 50 mA

TA Operating temperature (5) 125 °C

TJ Junction temperature (5) 175 °C

Tstg Storage temperature 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings 
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under 
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device 
reliability.

(2) Input terminals are diode-clamped to the power-supply rails. Input signals that swing more than 0.5 V beyond the supply rails must be 
current-limited to 10 mA or less.

(3) Input terminals are anti-parallel diode-clamped to each other. Input signals that cause differential voltages of swing more than ± 0.5 V 
must be current-limited to 10 mA or less.

(4) Short-circuit to VS / 2.
(5) As a result of the quiescent current, a supply voltage and load-dependent self-heating of the device must be considered. 

7.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) ±2000

V
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) ±750

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

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

MIN MAX UNIT

VS Supply voltage
Single supply, VS = (+VS) 8 36

V
Dual supply, VS = (+VS) – (–VS) ±4 ±18

TA Specified temperature –40 125 °C
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7.4 Thermal Information 

THERMAL METRIC(1)

INA848
UNITD (SOIC)

8 PINS
RθJA Junction-to-ambient thermal resistance 119.6 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 66.3 °C/W

RθJB Junction-to-board thermal resistance 61.9 °C/W

ψJT Junction-to-top characterization parameter 20.5 °C/W

ψJB Junction-to-board characterization parameter 61.4 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

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

7.5 Electrical Characteristics 
at TA = 25°C, VS = ±15 V, RL = 10 kΩ, G = 2000 (fixed) and VREF = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT

VOSI Input offset voltage
±10 ±35

µV
TA = –40°C to +125°C(1) ±80

Input offset voltage drift TA = –40°C to +125°C ±0.1 ±0.45 µV/°C

PSRR Power-supply rejection 
ratio ±4 V ≤ (VS) ≤ ±18 V 125 150 dB

Zin Input impedance 1 || 7 GΩ || pF

RFI filter, –3-dB 
frequency 250 MHz

VCM Operating input voltage(3)
VS = ±4 V to ±18 V (–VS) + 2.5 (+VS) – 2.5

V
VS = ±4 V to ±18 V, TA = –40°C to +125°C See  図 7-9

CMRR Common-mode rejection 
ratio

At dc to 60 Hz, RTI
(–VS) + 2.5 V < VCM <  (+VS) – 2.5 V
 

132 150

dB
At 50 kHz, RTI
(–VS) + 2.5 V < VCM <  (+VS) – 2.5 V
 

110

BIAS CURRENT
IB Input bias current VCM = VS / 2 25 50 nA

Input bias current dift TA = –40°C to +125°C 40 pA/℃
IOS Input offset current VCM = VS / 2 2 10 nA

Input offset current drift TA = –40°C to +125°C 10 pA/℃
NOISE VOLTAGE

eNI Input voltage noise
f = 1 kHz, RS = 0 Ω 1.3 1.5(2) nV/√Hz

fB = 0.1 Hz to 10 Hz, RS = 0 Ω 55 nVPP

In Input current noise
f = 1 kHz 1.85 pA/√Hz

fB = 0.1 Hz to 10 Hz 75 pAPP

GAIN
G First stage gain 200 V/V

Subtractor stage gain 10 V/V

GE Total gain error VO = ±10 V 0.05 0.15(1) (2) %

Total gain drift  TA = –40°C to +125°C 5(1) (2) ppm/°C

Total gain nonlinearity  VO = –10 V to +10 V, no load 10 ppm
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7.5 Electrical Characteristics (continued)
at TA = 25°C, VS = ±15 V, RL = 10 kΩ, G = 2000 (fixed) and VREF = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

THD+N Total harmonic distortion 
and noise f = 20 kHz, VO = 10 Vpp  –109 dBc

HD2 Second-order harmonic 
distortion f = 20 kHz, VO = 10 Vpp  –112 dBc

HD3 Third-order harmonic 
distortion f = 20 kHz, VO = 10 Vpp  –119 dBc

THD+N Total harmonic distortion 
and noise RL = 1 MΩ, f = 20 kHz, VO = 10 Vpp –111 dBc

HD2 Second-order harmonic 
distortion RL = 1 MΩ, f = 20 kHz, VO = 10 Vpp –117 dBc

HD3 Third-order harmonic 
distortion RL = 1 MΩ, f = 20 kHz, VO = 10 Vpp –118 dBc

OUTPUT

Output voltage swing (–VS) + 
0.15 (+VS) – 0.15 V

CL Load capacitance In stable condition 1000 pF

ISC Short-circuit current Continuous to VS / 2 ±30 mA

FREQUENCY RESPONSE
BW Bandwidth, –3 dB 2.8 MHz

SR Slew rate VSTEP = 10 V 35(1) 45 V/µs

tS Settling time
0.01%, VSTEP = 10 V 0.5

µs
0.001%, VSTEP = 10 V 0.9

REFERENCE INPUT
RIN Input impedance 132 kΩ

IIN Input current 6.5 µA

Reference input voltage –VS +VS V

Gain to output 1 V/V

Reference gain error 0.01 %

FILTER INPUTS

RFIL
Input impedance, filter 
terminal 6 kΩ

Voltage range, filter 
terminal –VS +VS V

POWER SUPPLY

IQ Quiescent current

VIN = 0 V 6.2 6.6

mATA = –40°C to +85°C 7.9

TA = –40°C to +125°C 8.8

(1) Specified by characterization.
(2) Specified by design.
(3) The input voltage range depends on the common-mode voltage, differential voltage, gain, and reference voltage.
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7.6 Typical Characteristics
at TA = 25°C, VS = ±15 V, RL = 10 kΩ, VREF = 0 V, and G = 2000 (unless otherwise noted)

N = 3172, mean = –4.678 µV, std dev = 5.715 µV

図 7-1. Typical Distribution of Input Offset Voltage

N = 45, mean = 0.116 µV/°C, std dev = 0.102 µV/°C

図 7-2. Typical Distribution of Input Offset Voltage Drift

N = 48

図 7-3. Input-referred Offset Voltage vs Temperature

N = 527, mean = 0.1369 nA, std dev = 1.222 nA

図 7-4. Typical Distribution of Input Offset Current

N = 527, mean = 17.876 nA, std dev = 2.875 nA

図 7-5. Typical Distribution of Input Bias Current

N = 527, mean = -0.0840 µV/V, std dev = 0.0420 µV/V

図 7-6. Typical CMRR Distribution
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7.6 Typical Characteristics (continued)
at TA = 25°C, VS = ±15 V, RL = 10 kΩ, VREF = 0 V, and G = 2000 (unless otherwise noted)

N = 1080, mean = 356.396 ppm, std dev = 186.085 ppm

図 7-7. Typical Distribution of Gain Error

N = 7

図 7-8. CMRR vs Temperature

VREF = 0 V

図 7-9. Input Common-Mode Voltage vs Output Voltage

 

図 7-10. Input Bias Current vs Temperature

 

図 7-11. Positive Input Bias Current vs Input Common-Mode 
Voltage

 

図 7-12. Negative Input Bias Current vs Input Common-Mode 
Voltage
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7.6 Typical Characteristics (continued)
at TA = 25°C, VS = ±15 V, RL = 10 kΩ, VREF = 0 V, and G = 2000 (unless otherwise noted)

 

図 7-13. Input Offset Current vs Temperature

 

図 7-14. Input Offset Current vs Input Common-Mode Voltage

 

図 7-15. CMRR vs Frequency (RTI)
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図 7-16. Positive PSRR vs Frequency (RTI)
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図 7-17. Negative PSRR vs Frequency (RTI)

 

図 7-18. Voltage Noise Spectral Density vs Frequency (RTI)
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7.6 Typical Characteristics (continued)
at TA = 25°C, VS = ±15 V, RL = 10 kΩ, VREF = 0 V, and G = 2000 (unless otherwise noted)

 

図 7-19. Current Noise Spectral Density vs Frequency (RTI)

 

図 7-20. 0.1-Hz to 10-Hz RTI Voltage Noise

No Load

図 7-21. Gain Error vs Temperature

 

図 7-22. Closed Loop Gain vs Frequency

 

図 7-23. Large-Signal Step Response
 

図 7-24. Small Signal Response vs Capacitive Loads
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7.6 Typical Characteristics (continued)
at TA = 25°C, VS = ±15 V, RL = 10 kΩ, VREF = 0 V, and G = 2000 (unless otherwise noted)

 

図 7-25. Small Signal Response

 

図 7-26. Slew Rate vs Temperature

 

図 7-27. Supply Current vs Temperature

 

図 7-28. Positive Output Voltage Swing vs Output Current

 

図 7-29. Negative Output Voltage Swing vs Output Current

N = 5

図 7-30. Input-Referred Offset Voltage vs Settling Time
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7.6 Typical Characteristics (continued)
at TA = 25°C, VS = ±15 V, RL = 10 kΩ, VREF = 0 V, and G = 2000 (unless otherwise noted)

 

図 7-31. Short Circuit Current (Source + Sink) vs Temperature
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8 Detailed Description
8.1 Overview
The INA848 is a monolithic precision instrumentation amplifier incorporating a current-feedback input stage and 
a four-resistor difference amplifier output stage. The differential input voltage is buffered by Q1 and Q2 and is 
forced across RG, which causes a signal current to flow through RG, R1, and R2. The output difference amplifier 
(A3) removes the common-mode component of the input signal and refers the output signal to the REF pin. The 
VBE and voltage drop across R1 and R2 produce output voltages on A1 and A2 that are approximately 0.8 V 
lower than the input voltages.

In common instrumentation amplifiers, an external gain resistor is used to set the gain. However, this external 
gain resistor affects the gain drift due to the mismatch in tempertature coefficient between the external and 
internal resistors. The INA848 integrates the gain setting resistor with a fixed gain of 2000, thus matching the 
temperature drifts of the resistor network. This integration results in an total gain accuracy of 5 ppm/°C 
(maximum).

8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 Topology

The INA848 is designed with TI's modern bipolar process that features super-beta input transistors.

Traditional bipolar transistors feature excellent voltage noise and offset drift, but suffer a tradeoff in high input 
bias current and high input bias current noise.

TI`s super-beta transistors offer the benefits of low voltage noise, low offset voltage drift with an additional 
improvement in reduction of the input bias current noise.

As shown in 図 8-1, the INA848 is designed with a current feedback input stage that is optimized for high 
bandwidth in high gains. The device consists of three operational amplifiers configured at the front with a gain 
stage that integrates the gain resistor. This input stage preamplifies the differential input signal at a gain of 200. 
The output stage with the difference amplifier provides additional amplification of a gain of 10.

+

±

+

±

+

±

6 k

3 k

120 k

6 k 120 k

3 k

REF

+VS

OUT

í�VS

í�IN

+IN
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図 8-1. Simplified Diagram of the INA848 With Gain and Output Equations
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8.3.2 Input Common-Mode Range

The typical three-op-amp topology gains up the input differential signal in the front stage and rejects the 
common-mode signals in the back end at the difference amplifier stage. The difficulty in particular is to excel 
driving high gains, and thus tiny input signals, and still be able to reject high common-mode signals. A low-noise 
instrumentation amplifier such as the INA848 is designed for such requirementsh, with the ability to measure the 
smallest input signals surrounded by noisy or large common-mode voltages.

The methodology here is achieved by splitting up the gain stages. The front end preamplifies the input signal at 
a gain of 200, and the difference amplifier further amplifiers at a gain of 10. The resulting advantage is that the 
common-mode range versus the differential signal is improved compared to single gain stage approach, as 
shown in 図 8-2.

VS = ± 5 V, ± 12 V, ± 18 V, VREF = 0 V

図 8-2. Input Common-Mode Voltage vs Output Voltage

The INA848 gives the super-beta input stage features very low input bias current as compared to standard 
bipolar technology. The low input bias current and current noise make the INA848 an excellent choice for high-
performance applications. See 図 7-10 through 図 7-12 for reference.
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8.3.3 Input Protection

The inputs of the INA848 device are individually protected for voltages up to ±20 V which is stated in セクション 
7.1. If these rating cannot be met, additional protection circuitry must be considered at the input pins to minimize 
the current flowing in case of fault.

During an input overvoltage condition, current flows through the input protection diodes into the power supplies; 
see 図 8-3 . If the power supplies are unable to sink current, then Zener diode clamps (ZD1 and ZD2) must be 
placed on the power supplies to provide a current pathway to ground.

V+IN

+VS

V–IN

RIN1

RIN2

GND

GND

�VS 
 

ZD1

ZD2

C1

C2

Super-� NPN

Super-� NPN

> +VS

< �VS

図 8-3. Input Current Path During an Overvoltage Condition

For an overvoltage condition, use an external resistor (RIN1, RIN2) to limit the current. The following equation 
gives the calculation for the protection resistors:

RIN1=
 (V

+IN
)F(+V

S
)

IMAX 
  

(1)

where:

• V+IN is the maximum input voltage
• +VS is the positive supply rail
• IMAX is the maximum current allowed = 10 mA

Calclate RIN2 using the same method, substituting with V–IN, –VS, and –IMAX.

Any additional resistance to the input pins adds more noise to the system. For more details, see セクション 
9.2.2.2.

8.4 Device Functional Modes
The INA848 has a single functional mode and is operational when the power supply voltage is greater than 4.5 V 
(±2.25 V). The maximum power-supply voltage for the INA848 is 36 V (±18 V).
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9 Application and Implementation
Note

以下のアプリケーション情報は、TI の製品仕様に含まれるものではなく、TI ではその正確性または完全性を

保証いたしません。個々の目的に対する製品の適合性については、お客様の責任で判断していただくことに
なります。お客様は自身の設計実装を検証しテストすることで、システムの機能を確認する必要があります。

9.1 Application Information
9.1.1 Filter Pin

The INA848 allows access between the two amplification stages. In applications surrounded from high input 
noise, adding filter stages can be of high benefit. 図 9-1 and 図 9-2 show two different filter scenarios that help 
filter out undesired differential signals.

9.1.1.1 RC Filter Network

In environments where known high-frequency noise must be eliminated, use a low-pass filter containing a 
capacitor, and optionally, a resistor.

G = 200
6 k�

120 k�

6 k�

6 k�

120 k�

6 k�

CFL
VDIFF

+FL

�FL  

+

–

+IN

�IN  RL

Low-Pass Filter

OUT

REF

INA848

図 9-1. Low-pass Filter

The ‒3-dB cross frequency is determined given following equation:

fFL1=
1

��Â6kÂCFL

 
(2)

Where 6 kΩ represents the internal resistor network. Use the Analog Engineer's Calculator for fast and easy 
bode plot visualization.

9.1.1.2 RLC Filter Network

In environments where a known, narrow-frequency band must be attenuated, a series LC filter network can be 
added between the filter pins, as shown in 図 9-2. The connection adds to the internal resistor network, and 
results in a RLC filter network that is also commonly known as bandstop filter.

G = 200
6 k�

120 k�

6 k�

6 k�

120 k�

6 k�

CFL

VDIFF

+FL

�FL  

+

–

+IN

�IN RL

Band-Stop Filter
OUT

REF

LFL
 

INA848

図 9-2. Bandstop Filter

Use 式 3 to calculate the middle frequency of the filter:

fFL2=
1

��Â¥(CFL ® LFL)
 

(3)
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In general, the width of the stopband is between one and two decades, meaning that the highest attenuation is 
between 10 to 100 around the middle frequency. This indication is commonly defined as the quality factor (Q 
factor) of the filter and is calculated by:

Q=
1

R
®§LFL

CFL

 
(4)

The resistor is given by the internal resistor of 6 kΩ; therefore, the damping factor of the filter can further be 
affected of the series resistance of the inductor LFL. For stable operation of the filter, choose an inductor in the 
range of 100 µH.

9.1.2 Input Bias Current Return Path

The input impedance of the INA848 is extremely high (approximately 100 GΩ). However, a path must be 
provided for the input bias current of both inputs. This input bias current is typically 25 nA. High input impedance 
means that this input bias current changes little with varying input voltage.

Input circuitry must provide a path for this input bias current for proper operation. 図  9-3 shows various 
provisions for an input bias current path. Without a bias current path, the inputs float to a potential that exceeds 
the common-mode range of the INA848, and the input amplifiers saturate. If the differential source resistance is 
low, the bias current return path connects to one input (as shown in the thermocouple example in 図 9-3). With a 
higher source impedance, using two equal resistors provides a balanced input with possible advantages of a 
lower input offset voltage as a result of bias current, and better high-frequency common-mode rejection.
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10 N��
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NOTE: Center tap in the transformer provides bias current return.

図 9-3. Providing an Input Common-Mode Current Path
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9.2 Typical Application
図 9-4 shows a typical application for the INA848.
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100 k�
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�VS 
 

+VS
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図 9-4. Sensor Conditioning (VDIFF < 5 mV, VS± = 15 V)

9.2.1 Design Requirements

For this application, the design requirements are:

• Differential input signal of VDIFF = 2.5 mV
• Common-mode input voltage of VCM = 10 V
• Power-supply voltage of VS = ± 15 V
• Reference voltage buffered to VREF = 2.5 V
• Output range within 0 V to 5 V
• First-order filter stage with ‒3-dB frequency of 27 kHz
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9.2.2 Detailed Design Procedure
9.2.2.1 Reference Pin

The output voltage of the INA848 is developed with respect to the voltage on the reference pin (REF.)

The voltage source applied to the reference pin of the INA848 must have a low output impedance (RREF > 5 Ω). 
Any additional resistance at the reference pin creates an imbalance in the four resistors of the internal difference 
amplifier, resulting in degraded common-mode rejection ratio (CMRR).

Voltage reference devices are an excellent option for providing a low-impedance voltage source for the 
reference pin. However, if a resistor voltage divider generates a reference voltage, the divider must be buffered 
by an op amp, as shown in 図 9-5, to avoid CMRR degradation.

+

±

+

± 100 k

100 k

5 V

5 V

í5 V

1 �F

OUT

INA848

REF

+IN

íIN

5 V

図 9-5. Buffer to drive the Reference Voltage

Often in dual-supply operation, the reference pin connects to the low-impedance system ground. The 
degradation effect of common-mode rejection ratio is thus neglegible as long as the output voltage (VOUT) is 
referred to the reference pin (REF).

In single-supply operation, the output signal is offset to a precise midsupply level (for example, 2.5 V in a 5-V 
supply environment). In applications where the output voltage is offset to a reference voltage but referred to 
system ground, the degradation effect of common-mode rejection ratio must be considered.

INA848
JAJSMX0 – SEPTEMBER 2020 www.tij.co.jp

20 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: INA848

https://www.tij.co.jp/product/jp/ina848?qgpn=ina848
https://www.tij.co.jp/jp/lit/pdf/JAJSMX0
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMX0&partnum=INA848
https://www.tij.co.jp/product/jp/ina848?qgpn=ina848


9.2.2.2 Noise Analysis

Low-noise instrumentation amplifiers such as the INA848 are designed to serve stringent and sensitive 
applications, such as surgical tools, microphones or other precision monitoring systems. A througough noise 
analysis is a key element in the design process.

TI`s super-beta transistors offer the benefits of low voltage noise and low current noise, thus allowing the INA848 
excellent noise performance.

図 9-6 shows a simplified noise model including the gain stages of the INA848.
ini1

 

eni1
 

�

Rin

G1 �  200

enref
 

eno1
 

G2 � 10

eno
 VDIFF

VREF

VOUT

eni
 

図 9-6. Simplified Noise Model

To get the total input-referred noise, eni, consider the source resistance seen by the positive and negative input 
pins of the instrumentation amplifier. The key elements that must be considered for a noise analysis in an 
instrumenation amplifier are:
• Current noise density ini1of the INA, see セクション 7.5
• Voltage noise denisty eni1 of the INA, see セクション 7.5
• Voltage noise density caused by source resistance ini× Rin
• Resistor noise from source resistance enRin , given by: √Rin × 4.04 nV/√Hz
• Reference voltage noise enref

The noise sources are uncorrelated (that is, the noise signal is unpredictable). The result of mutliple uncorrelated 
noise sources is the square root of the sum of their squares (RSS). Thus, the total RTI noise density, eni, in
nV/√Hz can be derived from the following equation:

eni=
¨eni1

2+en:Rin;
2+(i

ni1
ÂRin)

2
+(

en:REF;

G1
)
2

 
(5)
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9.2.2.2.1 Reference Voltage Noise Contribution

図 9-7 shows the noise model of the reference buffer circuit given by 図 9-5 using the OPA197 amplifier.

To compute the total noise for the reference buffer circuit, consider the thermal noise of the divider (that is a 
parallel network from noise perspective), the amplifier voltage noise (that is, enOPA = 5.5 nV/√Hz), and the 
voltage noise developed from the current noise of the amplifier (that is, inOPA = 1.5 fA/√Hz) through the divider.

+

–

OPA197

1
0
0
 k

�

 |
| 
1
0
0
 k

�

50 k�  

enR

enOPA 
 

inOPA  
  

図 9-7. Reference Voltage Noise Model

Thus the total reference noise can be derived from following equation:

  en(REF)=§enOPA
2+(¾R Â�����Q9�¾Hz)

2
+(i

nOPA
ÂR)

2
 (6)

The reference noise is divided by the first gain stage of 200 at the INA848 to compute the input-referred noise. 
For reference noise less than 80 nV/√Hz, this contribution can be neglected in the analysis. The given example 
results in a total reference noise of 29 nV/√Hz, and thus is neglected.

9.2.3 Application Curves

From 図 9-6, the source resistance is shown to be one main contributor. 図 9-8 plots all the individual noise 
contributors depending on the source resistance. The reference voltage noise is neglegible.

図 9-8. Noise Density vs Source Resistance

If the source resistance is below 20 Ω, the voltage noise of the INA (typically 1.3 nV/√Hz) is dominating. If the 
source resistance is increasing (> 20 Ω) the thermal noise of the source resistance is dominating. At this point 
the low-noise advantage of the INA848 does not provide additional value. In applications with even higher 
source resistance (> 1 kΩ), the current noise of the INA starts to dominate, and thus, should be optimized.
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10 Power Supply Recommendations
The nominal performance of the INA848 is specified with a supply voltage of ±15 V and midsupply reference 
voltage. The device operates using power supplies from ±4 V (8 V) to ±18 V (36 V) and non-midsupply reference 
voltages with excellent performance.

CAUTION

Supply voltages higher than 40 V (±20 V) can permanently damage the device. Parameters that vary 
over supply voltage or temperature are shown in セクション 7.6 of this data sheet.

11 Layout
11.1 Layout Guidelines
For best operational performance of the device, use good PCB layout practices, including:
• Take care to make sure that both input paths are well-matched for source impedance and capacitance to 

avoid converting common-mode signals into differential signals.
• Noise propagates into analog circuitry through the power pins of the circuit as a whole and of the device. 

Bypass capacitors reduce the coupled noise by providing low-impedance power sources local to the analog 
circuitry.
– Connect low-ESR, 0.1-µF ceramic bypass capacitors between each supply pin and ground, placed as 

close to the device as possible. A single bypass capacitor from +VS to ground is applicable for single-
supply applications.

• To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If 
these traces cannot be kept separate, crossing the sensitive trace perpendicular is much better than in 
parallel with the noisy trace.

• Place the external components (filter components, load) as close to the device as possible.
• Use ground layer to minimize the parasitic inductance of the board.
• Keep the traces as short as possible.
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11.2 Layout Example
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図 11-1. Example Schematic and Associated PCB Layout
(inductors and capacitors shown on FL pins are optional)
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12 Device and Documentation Support
12.1 Documentation Support
12.1.1 Related Documentation

For related documentation see the following:
• Texas Instruments, REF50xx Low-Noise, Very Low Drift, Precision Voltage Reference
• Texas Instruments, OPA191 Low-Power, Precision, 36-V, e-trim CMOS Amplifier
• Texas Instruments, TINA-TI software folder
• Texas Instruments, INA Common-Mode Range Calculator

12.2 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper 
right corner, click on Alert me to register and receive a weekly digest of any product information that has 
changed. For change details, review the revision history included in any revised document.

12.3 サポート・リソース
TI E2E™ サポート ・フォーラムは、エンジニアが検証済みの回答と設計に関するヒントをエキスパートから迅速かつ直接

得ることができる場所です。既存の回答を検索したり、独自の質問をしたりすることで、設計で必要な支援を迅速に得るこ
とができます。

リンクされているコンテンツは、該当する貢献者により、現状のまま提供されるものです。これらは TI の仕様を構成するも

のではなく、必ずしも TI の見解を反映したものではありません。TI の使用条件を参照してください。

12.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
すべての商標は、それぞれの所有者に帰属します。

12.5 静電気放電に関する注意事項
この IC は、ESD によって破損する可能性があります。テキサス・インスツルメンツは、IC を取り扱う際には常に適切な注意を払うこと

を推奨します。正しい ESD 対策をとらないと、デバイスを破損するおそれがあります。

ESD による破損は、わずかな性能低下からデバイスの完全な故障まで多岐にわたります。精密な IC の場合、パラメータがわずか

に変化するだけで公表されている仕様から外れる可能性があるため、破損が発生しやすくなっています。

12.6 用語集
TI 用語集 この用語集には、用語や略語の一覧および定義が記載されています。

13 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 Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

INA848ID ACTIVE SOIC D 8 75 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 INA848

INA848IDR ACTIVE SOIC D 8 2500 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 125 INA848

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

 
(2) RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".
RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 
(6) Lead finish/Ball material - Orderable Devices 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.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI 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. TI 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.
TI and TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

http://www.ti.com/product/INA848?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/INA848?CMP=conv-poasamples#samplebuy
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TAPE AND REEL INFORMATION

Reel Width (W1)

REEL DIMENSIONS

A0
B0
K0
W

Dimension designed to accommodate the component length
Dimension designed to accommodate the component thickness
Overall width of the carrier tape
Pitch between successive cavity centers

Dimension designed to accommodate the component width

TAPE DIMENSIONS

K0  P1

B0 W

A0Cavity

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Pocket Quadrants

Sprocket Holes

Q1 Q1Q2 Q2

Q3 Q3Q4 Q4 User Direction of Feed

P1

Reel
Diameter

 
*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

INA848IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS

Width (mm)

W L

H

 
*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

INA848IDR SOIC D 8 2500 356.0 356.0 35.0

Pack Materials-Page 2
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TUBE
 
 

L - Tube length
T - Tube  
height

W - Tube  
width

B - Alignment groove width
 
 
*All dimensions are nominal

Device Package Name Package Type Pins SPQ L (mm) W (mm) T (µm) B (mm)

INA848ID D SOIC 8 75 506.6 8 3940 4.32

Pack Materials-Page 3
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PACKAGE OUTLINE

C

.228-.244  TYP
[5.80-6.19]

.069 MAX
[1.75]     

6X .050
[1.27]

8X .012-.020
     [0.31-0.51]

2X
.150
[3.81]

.005-.010  TYP
[0.13-0.25]

0 - 8 .004-.010
[0.11-0.25]

.010
[0.25]

.016-.050
[0.41-1.27]

4X (0 -15 )

A

.189-.197
[4.81-5.00]

NOTE 3

B .150-.157
[3.81-3.98]

NOTE 4

4X (0 -15 )

(.041)
[1.04]

SOIC - 1.75 mm max heightD0008A
SMALL OUTLINE INTEGRATED CIRCUIT

4214825/C   02/2019

NOTES: 
 
1. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
    Dimensioning and tolerancing per ASME Y14.5M. 
2. This drawing is subject to change without notice. 
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
    exceed .006 [0.15] per side. 
4. This dimension does not include interlead flash.
5. Reference JEDEC registration MS-012, variation AA.
 

1
8

.010 [0.25] C A B

5
4

PIN 1 ID AREA

SEATING PLANE

.004 [0.1] C

 SEE DETAIL A

DETAIL A
TYPICAL

SCALE  2.800
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EXAMPLE BOARD LAYOUT

.0028 MAX
[0.07]
ALL AROUND

.0028 MIN
[0.07]
ALL AROUND
 

(.213)
[5.4]

6X (.050 )
[1.27]

8X (.061 )
[1.55]

8X (.024)
[0.6]

(R.002 ) TYP
[0.05]

SOIC - 1.75 mm max heightD0008A
SMALL OUTLINE INTEGRATED CIRCUIT

4214825/C   02/2019

NOTES: (continued)
 
6. Publication IPC-7351 may have alternate designs. 
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
 

METAL
SOLDER MASK
OPENING

NON SOLDER MASK
DEFINED

SOLDER MASK DETAILS

EXPOSED
METAL

OPENING
SOLDER MASK METAL UNDER

SOLDER MASK

SOLDER MASK
DEFINED

EXPOSED
METAL

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:8X

SYMM

1

4
5

8

SEE
DETAILS

SYMM
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EXAMPLE STENCIL DESIGN

8X (.061 )
[1.55]

8X (.024)
[0.6]

6X (.050 )
[1.27]

(.213)
[5.4]

(R.002 ) TYP
[0.05]

SOIC - 1.75 mm max heightD0008A
SMALL OUTLINE INTEGRATED CIRCUIT

4214825/C   02/2019

NOTES: (continued)
 
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
    design recommendations.   
9. Board assembly site may have different recommendations for stencil design.
 

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL

SCALE:8X

SYMM

SYMM

1

4
5

8



重要なお知らせと免責事項
TI は、技術データと信頼性データ (データシートを含みます)、設計リソース (リファレンス・デザインを含みます)、アプリケーションや
設計に関する各種アドバイス、Web ツール、安全性情報、その他のリソースを、欠陥が存在する可能性のある「現状のまま」提供してお
り、商品性および特定目的に対する適合性の黙示保証、第三者の知的財産権の非侵害保証を含むいかなる保証も、明示的または黙示的に
かかわらず拒否します。
これらのリソースは、TI 製品を使用する設計の経験を積んだ開発者への提供を意図したものです。(1) お客様のアプリケーションに適した 
TI 製品の選定、(2) お客様のアプリケーションの設計、検証、試験、(3) お客様のアプリケーションに該当する各種規格や、その他のあら
ゆる安全性、セキュリティ、規制、または他の要件への確実な適合に関する責任を、お客様のみが単独で負うものとします。
上記の各種リソースは、予告なく変更される可能性があります。これらのリソースは、リソースで説明されている TI 製品を使用するアプ
リケーションの開発の目的でのみ、TI はその使用をお客様に許諾します。これらのリソースに関して、他の目的で複製することや掲載す
ることは禁止されています。TI や第三者の知的財産権のライセンスが付与されている訳ではありません。お客様は、これらのリソースを
自身で使用した結果発生するあらゆる申し立て、損害、費用、損失、責任について、TI およびその代理人を完全に補償するものとし、TI
は一切の責任を拒否します。
TI の製品は、TI の販売条件、または ti.com やかかる TI 製品の関連資料などのいずれかを通じて提供する適用可能な条項の下で提供され
ています。TI がこれらのリソースを提供することは、適用される TI の保証または他の保証の放棄の拡大や変更を意味するものではありま
せん。
お客様がいかなる追加条項または代替条項を提案した場合でも、TI はそれらに異議を唱え、拒否します。IMPORTANT NOTICE

郵送先住所：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated

https://www.ti.com/legal/termsofsale.html
https://www.ti.com
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