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Industry pundits have recently speculated that demand for 100G/400G switches may take off in 2019, prompting 
optical transceiver module vendors to sample data center switches with high data transmission rates earlier 
than expected. As data center operators accelerate upgrades in preparation for 5G, demand for 100G/400G 
transceiver modules will become increasingly robust in the next couple of years. And as transmission data rates 
in optical modules approach 100 and 400 Gbps, designers must consider the need to monitor and control the 
components within these modules – such as the photodiodes that receive and transmit optical information.

In this post, I’ll discuss various current-sensing functions in high-bandwidth data communication applications for 
pluggable optical modules. These pluggable modules remain relatively the same size over time but are expected 
to pack higher and higher data rates, consume lower power per data rate, operate at lower temperatures, 
and contain integrated circuits with smaller packages than their predecessors, all while ensuring reliable high-
bandwidth communication.

Figure 1 is a block diagram of a typical optical module. Let’s discuss the sections contained within the blue and 
red boxes within the context of current sensing.
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Figure 1. Block Diagram of a Typical Optical Module

Receive Path Feedback Control

The blue boxes in Figure 1 highlight the receive path. A precision current-sense measurement within the optical 
module is necessary for the photodiode control feedback to the microcontroller (MCU) to set the appropriate 
current based on the link brightness, which in turn sets the gain for the transimpedance amplifier and clock 
data recovery circuit. In optical modules, PIN diodes or avalanche photodiodes (APDs) are typically used for the 
receiver optical subassembly. PIN diodes have a wide, undoped intrinsic region between a P-type and an N-type 
semiconductor region. This wide intrinsic region, which in contrast to an ordinary P-N diode is nonexistent, 
enables the PIN diode to be perfectly suited for photodetector electronics.

APDs have a very sensitive linear range, forcing module makers to precisely monitor its bias voltage. Another 
very good reason to monitor the current in an APD is because it will break down quickly at an out-of-range 
optical power or temperature. Ultimately, a precise current measurement in an APD or PIN diode enables 
optimal performance and assists in system protection.

Transmit Path Feedback for Laser Modulator and Laser Back Monitor Diode

The bottom red boxes in Figure 1 highlight the transmit path, specifically for biasing the laser diode. Like 
photodiodes, laser modulators need to be biased to a specific voltage level for maximum linearity to properly 
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modulate the laser light being generated. An externally modulated laser (EML) must be biased with a negative 
voltage ranging from 0 V to -3.3 V, which makes it tricky for a current-sense amplifier to monitor because it 
must generate a positive analog voltage that feeds into the analog-to-digital converter (ADC). Figure 2 shows a 
representation of this circuit. An accurate current measurement of the laser modulator provides feedback to the 
MCU through an ADC to set the appropriate current based on the module’s temperature.

Figure 2. Measuring Current on a Negative Voltage Bias for EML

Finally, you will need a precision current measurement at the output of the internal back monitor photodiode 
(highlighted in the farthest-right red box in Figure 1). Since this back monitor photodiode current is directly 
proportional to the transmit power of the laser diode itself, it is critical to get a precise current measurement.

To summarize, current-sensing amplifiers are required in various locations within the receive and transmit paths 
of the optical module. A PIN diode or an APD ranges in current between 10 µA and 10 mA, while the bias 
for an EML may be in the order of 100 µA and 30 mA. The current through the back monitor photodiode is in 
a similar range as the APD. Current measurements in these ranges can be very challenging, thus requiring a 
high-accuracy solution.

The new INA190 and INA191 current-sense amplifiers from Texas Instruments incorporate an extremely low 
input voltage offset (<±20 µV max) and have a sub-nanoampere (0.5 nA typical) input bias – both necessary for 
high-accuracy measurements at low current levels. These devices also have the capability to be powered down 
with an enable pin, operate at a low power current (a quiescent current of 70 µA max) and are available in small 
packages – the INA191 in a tiny chip-scale package (0.8 mm by 1.2 mm). High accuracy, low-power operation 
and small packaging make the new INA190 and INA191 a good fit for high-performance 100G and 400G optical 
modules.

Additional Resources
• Learn more about the INA190 and INA191 and other solutions.
• Download the INA190 data sheet.
• Order the INA190 evaluation module.
• Check out the reference design for optical modules.
• Read this application note: Precision Current Measurements on High-Voltage Power Supply Rails
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