
Circuit Board Layout Techniques for Photodiode Current Sensing 
Applications 

 
Faint current sensing applications require disciplined printed circuit board layout 
techniques. Both leakage current and EMI shielding issues need to be addressed when 
attempting to accurately measure weak signals. Optical power monitor designs are 
subject to harsh operating environments where the use of switching-regulators for supply 
generation is commonplace. The strong transient return currents that are present in the 
supply return paths can result in electromagnetic coupling of undesired signals into the 
input measurement system. A well thought out printed circuit board layout can help to 
avoid many of the common pitfalls experienced in optical power monitor designs.  
 

 
 
Guarding and Shielding 
Figure 1 illustrates a typical photodiode interface designed to provide high sensitivity and 
good EMI isolation. The pre-amplifier may be a FET-input stage trans-impedance 
amplifier or a trans-linear logarithmic amplifier designed for photodiode power 
measurement such as the AD8304 from Analog Devices. It is necessary to ensure that the 
input system is well insulated from adjacent conductors that may absorb a portion of the 
desired signal current. Any portion of the input current that is absorbed away to adjacent 
conductors is considered leakage current. Ideally the current fed into the INPT node will 
be exactly IPD, in reality the actual input current and IPD differ by leakage current, Ileak, 
where 
  IINPT = IPD - Ileak 
 
 It is desirable to minimize the input current path length in order to reduce leakage 
current.  
 
A guard potential is used to help prevent leakage of the desired signal current. The guard 
potential, VSUM , is derived from the input bias of the measurement pre-amplifier. The 
input can viewed as a summing node because the amplifier responds to the sum of signal 
currents incident at the INPT node. Where the VSUM voltage is a buffered version of the 



INPT summing node potential. Since the two conductors are forced to be at the same 
potential, no leakage current flows.   
 
The effective stray capacitance of the input system is reduced when using a properly 
designed guarding structure. The geometry of the transmission line and the dielectric 
material used determines the nominal line capacitance. For instance if a standard RG-58 
coaxial cable was used as the feed-line with the outer shield connected to board ground, a 
stray capacitance of 29pF/ft would result. If the outer shield is driven to the same 
potential as the inner signal conductor, both conductors would have essentially equal 
charge and the stray capacitance would be minimized. This benefit only applies to current 
mode interfacing where the source voltage is of little interest. For a reverse-biased 
photodiode interface, the desired measurement signal is the photo-current rather than the 
absolute potential applied to either anode or cathode.  

 
Figure 2 illustrates the physical layout of a PCB that uses a guard potential, VSUM, to 
minimize leakage current and feed-line capacitance. The input signal trace is guarded by 
adjacent top-layer copper connected to the VSUM pin. The traces are connected to an 
internal copper plane using multiple vias to help reduce series inductance between the 
conductive structures. In this manner the INPT line is surrounded by conductors driven to 
the same potential, minimizing leakage current, stray capacitance and improving EMI 
rejection. 



 
Supply Decoupling and Bypassing 
Figure 3 illustrates a split ground plane PCB layout used to improve supply rejection. 
Strong switching transients from DC to DC regulators and digital circuitry used in the 
main system can be isolated from the measurement pre-amp circuitry using good 
decoupling and bypassing techniques. Ferrite bead inductors are used to feed the supply 
and ground return currents to the measurement pre-amp circuitry. The series inductance 
of the ferrite beads increases the feed line impedance and improves high frequency 
isolation. The inductors should be placed fairly close to one another to allow for some 
mutual coupling. The self-inductance of the individual ferrite beads will cause a high 
frequency ripple voltage to appear on the measurement section of the PCB. Strong mutual 
coupling between both the forward and reverse paths will help to cancel the ripple 
voltage.  

 
Fairly large bypassing capacitors are used at the split ground interface to lower the 
effective supply impedance at high frequencies. Surface mount tantalum electrolytic 
capacitors are typically a good choice since they provide moderately low equivalent 
series inductance (ESL) and offer some damping due to finite equivalent series resistance 
(ESR).  The actual pre-amp should be locally bypassed to ground using a good low-
inductance ceramic capacitor as close as possible to the device.  
 
Often the measurement signal will be digitized using an analog-to-digital converter 
(ADC). ADCs are never perfect. They tend to present significant capacitive loading at 
their inputs and exhibit poor isolation between the analog and digital sections. Similar 
consideration should be applied around the ADC PCB layout in order to improve 
isolation between analog and digital, typically requiring the use of split analog and digital 
ground planes. Adding a small series resistor at the output of the measurement pre-amp 
helps to reduce the loading effects of the ADC and isolate any sampling back-lash. A 
physically small surface mount series resistor, size 0402 or 0603 is recommended to 
minimize parasitic capacitance and series inductance. Typically a 100Ω series resistor is 
sufficient for minimizing the loading effects of the ADC.  
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