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Abstract
The inputs and outputs of Instrumentation Amplifiers (INAs) require DC biasing to operate correctly. Many 
textbooks neglect to point out this important requirement. Consequently, engineers new to INAs, might not know 
about DC biasing, which can lead to the design of nonfunctional circuits. This application note explains what DC 
biasing is and suggests solutions for functional circuits.
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1. Input Biasing 
Each INA input is the base terminal of an input transistor that must be DC-biased to set the operating point of the 
transistor. Only then can proper device functionality be assured (Figure 1).

DC biasing is achieved by referencing the amplifier inputs using biasing resistors (RB+ and RB-) to a reference 
voltage (VCM) that is common to both inputs (Figure 1). VCM is also known as input common-mode voltage. The 
resistors provide a DC current return path across which the input bias currents (IB+ and IB-) can discharge. Also, 
input voltages applied to VIN+ and VIN- are now referenced to VCM and can be correctly processed by the 
instrumentation amplifier.

For maximum input dynamic range, make VCM equal to the center of the expected input signal range. 

1.1 DC Bridge Sensors
Resistive bridge sensors are commonly used to convert slowly changing quantities, such as strain, pressure, and 
temperature, into differential output voltages. Because of their slow changes, they are DC coupled to the INA 
inputs. 

The benefit for this type of sensor is that it represents a grounded signal source that inherently provides DC 
biasing to the INA inputs. Under a balanced bridge condition, the resistors in the bridge establish the input 
common-mode voltage, which is half the bridge supply. They also provide the DC current return path to VCM for 
the input bias currents of the INA. Figure 3 shows the equivalent circuit of the bridge sensor as signal source. 

1.2 Thermocouples
A thermocouple is a floating, temperature-dependent, DC voltage source. The lack of a ground connection at the 
sensor does not allow for bias currents to flow, which makes additional DC biasing at the INA inputs necessary. 
However, because thermocouples are inherently low-impedance devices (RTC < 2Ω), it suffices to bias only one 
INA input, as the other input is referenced through the thermocouple to the same bias potential. Figure 4 depicts a 
nonfunctional circuit due to the lack of DC biasing. Figure 5 shows properly biased thermocouple circuits for 
measuring temperatures symmetrically around 0°C, such as ±150°C. Depending on the temperature range of 
interest, VCM might be shifted to a lower voltage in the single supply circuit, or negative voltage in the dual supply 
circuit, to create a wider dynamic input range.

Figure 1. DC Biasing of the INA Input from a Device Internal and External Perspective

Figure 2. Bridge Sensor as INA Signal Source Figure 3. Equivalent Circuit of the Bridge Sensor Signal Source
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1.3 AC-Coupled Inputs
AC coupling with transformers or capacitors, removes the ground reference of the signal source and renders the 
circuits in Figure 6 nonfunctional.

Applying the DC biasing introduced in Figure 1, results in the properly biased transformer-coupled circuits in 
Figure 7, and the capacitor-coupled circuits in Figure 8.

Note: The coupling capacitor in combination with the bias resistors build a high-pass function with a -3dB corner 
frequency of . Depending on the lower bandwidth requirement, compromises are made. 
Using large capacitor values might be too space consuming, while using high resistor values increases input 
noise. The final decision should be based on the actual application requirements.

Figure 4. Nonfunctional Thermocouple 
Circuit due to Lack of DC Bias

Figure 5. Properly Biased Thermocouple Circuits for Single and Dual 
Supply Operation

Figure 6. AC-Coupling Removes the Ground Reference of the Original Input Signal, VIN’, so that VIN is Floating

Figure 7. Properly Biased Transformer-Coupled Circuits for Dual Supply and Single Supply Operation

Figure 8. Properly Biased Capacitor-Coupled Circuits for Dual Supply and Single Supply Operation
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2. Output Biasing
The output stage, a unity-gain differential amplifier, removes the input common-mode voltage (VCM) and adds an 
output common-mode voltage (VREF) to the amplified, differential input signal (Figure 9).

In general, VREF should be set to the center of the output dynamic range. In most applications, this is the 
mid-potential between the positive and negative supply rails, VS+ and VS-. Therefore, for dual supply designs, 
VREF is connected to ground (Figure 10).

In a single supply design, however, VREF must be derived from the supply. Depending on the circuit design that 
generates VREF, it might affect the accuracy of VREF, its Power Supply Rejection Ratio (PSRR), and reduce the 
Common-Mode Rejection Ratio (CMRR) of the diff-amp, and therefore, the entire INA.

An inexpensive method to generate VREF often applied to op-amp inputs, is to derive the reference potential 
through a voltage divider and buffer its output with a large capacitor (Figure 11). For high-impedance op-amp 
inputs, this method works as the op-amp hardly loads the voltage divider circuit. The REF input of the ISL2853x 
however, has a 40kΩ resistance. Even when applying a 40:1 ratio for the tail-to-output current of the divider, the 
resulting voltage error remains significant. 

The 40:1 ratio leads to resistor values of 1kΩ. Assuming a 5V supply, results in the output voltage of the divider:

This represents an unacceptably high error of .

Reducing the resistor values to 100Ω, results in VS/2 = 2.497V and a 0.125% error but requires a prohibitively 
high current of 25mA. Also, any loading of the REF input unbalances the resistor ratio in the diff-amp, which 
reduces the CMRR of the amplifier drastically.

To prevent these detrimental effects, the REF input can be driven by a voltage reference IC (Figure 12).

Figure 9. Diff-Amp Output is: VOUT = VID ∙ GD + VREF Figure 10. Dual Supply Operation, VREF = GND

Figure 11. Passive Drive of REF Input Introduces Voltage Error
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An integrated voltage reference circuit provides a stable, low-noise output voltage, a low-impedance output that 
does not affect CMRR, and high PSRR that makes it immune to supply voltage noise.

To ensure a consistent output dynamic range, designers even supply the instrumentation amplifier from a voltage 
reference IC.

2.1 Ratio-Metric Applications 
Ratio-metric circuits derive the reference voltage from the system supply to ensure that VREF remains VS/2 during 
slow supply changes. Figure 13 shows the level of VREF being established with a high-impedance voltage divider 
to minimize current loading on the supply.

To maintain a high PSRR, a large 100µF capacitor, CIN, is connected parallel to R2. This capacitor, in combination 
with the parallel circuit of R1 and R2, forms a low-pass filter for supply voltage ripples. Its -3dB frequency is 
calculated with . For the circuit below, f-3dB = 32mHz.

Note: CIN must have low leakage across the operating temperature range, as every nA in leakage current causes 
a 50µV drop in VREF. Therefore, at 1µA leakage current, VREF drops by 50mV, resulting in a 2% error.

The voltage divider output is buffered with a unity-gain buffer, which requires the addition of a second op-amp. 
Fortunately, the ISL2853x amplifier also provides an uncommitted high-precision op-amp, A4, which is used as a 
reference buffer.

The PSRR plot shows that supply changes slower than 10mHz result in reference changes of the same 
frequency. Faster changes than that are filtered following a 1st order low-pass response.

Although the op-amp operates at unity-gain, a feedback resistor (RF) is required to minimize the input offset due 
to bias currents. Its value should match the parallel combination of R1 and R2: RF = R1||R2. The small capacitor 
(CF) minimizes resistor noise.

Figure 12. Driving the Reference Input with a Voltage Reference IC

Figure 13. Proper Reference Buffering for High PSRR in Ratio-Metric Applications
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An even more elegant solution, using much smaller capacitor values, is the 2nd order active low-pass filter in 
Figure 15. Making C2 = 2 ∙ C1 increases the quality factor to , therefore, generating a 
sharper pass-to-stop band transition.

This PSRR plot shows that supply changes up to 0.5Hz are tolerated while rejecting supply noise of 20Hz by 
about 60dB, the same amount as the previous circuit.

Note: The REF input of the ISL2863x instrumentation amplifier with differential output is internally buffered. Here, 
the reference input can be driven either with an integrated reference circuit, or with an external voltage divider 
similar to the one in Figure 15. Any additional low-pass filtering though, requires an additional op-amp.

3. Revision History

Figure 14. Improved Reference Buffering with 2nd Order Active Low-Pass Filter

Figure 15. Driving the REF Input of the ISL2863x with a Voltage Reference IC, or with a Buffered Voltage Divider
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