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TS4231 Design Guidelines 

The following document describes design practices that will help optimize the performance of TS4231 operation.  

Due to the high sensitivity and analog precision of TS4231, PCB layout and component selection can affect 

performance.  The purpose of this guideline is to suggest best practices which will help to ensure optimal 

performance of TS4231. 

1 Minimizing Differential Mode Noise: 

TS4231 features a differential input topology.  This topology along with the careful design of the TS4231 internal 

circuit aims to have a high amount of Common Mode Rejection (CMR).  This means that TS4231 is capable of 

rejecting noise and interference at the IN+ and IN- nodes so long it is within the supply voltage range and the 

noise is equally coupled to both the IN+ and IN- pins.  This equal coupling of noise to both IN+ and IN- can be 

synonymous with “Common Mode”. 

 

In the scenario where interference may couple disproportionally more to the IN+ node than the IN- node (or vice 

versa, more interference coupled to the IN- node than the IN+ node), this shall be referred to as “Differential 

Mode”.  TS4231 is effective at rejecting Common Mode interference while Differential Mode Interference will be 

added or subtracted from the photo currents which are then amplified.   TS4231 is designed to sense very small 

differential signal currents.  Noise coupling, within the specified signal bandwidth, that is not common to both 

inputs will be amplified by the full gain of the receiver.  Thus, it is very important to keep the scale of any 

differentially induced noise to be less than the level of signal that’s being detected.  

 

A standard method in electrical design to prevent differential mode interference coupling is to layout the circuit in 

a symmetrical fashion where both the IN+ and IN- traces have the exact same effective length, shape and 

electrical characteristics.  These characteristics include parasitic capacitance and inductance.   

 

Often differential pair routing is used to minimize differential mode coupling. Differential Pair routing is 

recommended for TS4231 layouts however designers are explicitly required to have process control for 

maintaining a specific impedance value.  More simply put, IN+ and IN- routes shall be of equal length, equal trace 

width and maintain an equal distance from one another as much as reasonable possible. 

 

Given the package design of most BPW34S Photodiodes, the package itself is not symmetrical in design so it is 

not feasible to have a perfect design, rather the following images below demonstrate recommended methods for 

connecting a differential pair to BPW34S. 
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2 Minimizing Photodiode Parasitic Capacitance 

TS4231 is capable of detecting a very small amount AC current sinking through the DC biased Photodiode.  These 

means that any capacitive path may shunt current away from the TS4231 effectively increasing attenuation and 

lowering device sensitivity. As a result, it is very important to reduce all forms of parasitic capacitance at the 

device’s IN+ and IN- pins.  This capacitance includes parasitic capacitance from IN+ to Ground, IN- to Ground as 

well as IN+ to IN-. 

 

A first order way to think about parasitic capacitance is two parallel plates of metal separated by a thickness of 

dielectric.  Capacitance increases when the surface area of the parallel plates increases.  Capacitance also 

increases when the distance between the plates decreases.   

 

Flex circuits are especially prone to higher parasitic capacitance because the dielectric materials tend to be very 

thin, perhaps only a few mils thick.  To reduce this impact, it is recommended to use a crosshatched ground fill 

instead of solid copper.  A crosshatched ground plane helps to lower capacitance by reducing the overlapping 

surface area of the ground plane copper and the adjacent traces.  With cross hatching it is also recommended to 

maximize areas where the IN+ and IN- traces run perpendicular to the ground traces.  The following is an example 

of a parallel routed Photodiode atop a crosshatched ground plane.  The trace width of this ground plane is 6mil 

with a standard 20mil grid size. 

http://www.triadsemi.com/
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In the case of IN+ to IN- parasitic capacitance, this is caused by edge to edge coupling between the IN+ and IN- 

traces.  This capacitance is largely controlled by the spacing between these two routes.  Due to the extremely thin 

plate area of the Copper trace thickness, this coupling can be greatly diminished with small changes to trace 

spacing.  Since this requirement conflicts with the above requirements for symmetrical routing, it is recommended 

that a reasonable spacing between routes is 0.5mm: 

 

 

 

For all cases (flex and rigid PCBs), parasitic capacitance can be minimized by: 
1. Using minimum trace width as defined by your PCB design rules, for example 6mil or 8mil trace width 
2. For Dielectrics ~6mil or thinner (typically flex circuits), use of a cross hatched ground plane is 

recommended.  
3. Spacing of IN+ and IN- about 0.5mm (center to center). 
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3 Ground fill Isolation 

 

As described in Section 1, TS4231 has good performance in rejecting interference when it is coupled in the 

common mode.  Another mechanism for interference coupling is through induced potentials caused by return 

currents circulating along paths in the ground plane.  Due to this phenomena, it is recommended to “isolate” the 

ground plane in the analog region of the TS4231 layout to “steer” current away from sensitive nodes.  This isolation 

is implemented with a “split” or “trench” that has a single point connection to the common ground plane for the 

rest of the PCB Design.  The layout below demonstrates how you may practically implement ground fill isolation. 
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4 Recommended Bill of Materials 

 

 

 

5 Power up 

 

To minimize power up in rush current which charges up the supply bypass capacitors,  DVDD ramp time should 

be between 300 μS and 1.5 mS. 
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6 Configure After Light Detected 

Upon power up, communications and device configuration must be delayed until after the TS4231 initially detects 

signal, from the photodiode, which will be indicated via an active high detection pulse on pin D out.  When 

awakening the device from configuration mode or from dynamic power savings sleep modes the TS4231 pins 

must be tri-stated within 70ns of wake up since the device will drive the output when the input signal is detected 

and the device may also detect based on wake up transients within first 50 μs of awakening.  Once device is in 

Envelope plus Data Mode, the D pin is always driven by TS4231.  

7 Debug and Probing 

The IN+ and IN- inputs on the TS4231 are sensitive nodes that connect to a high-gain signal path. When 
attaching oscilloscope probes near the TS4231 on the D and E outputs sometimes you will see extra pulses on 
the D output. These pulses should not exist but they are often due to noise coupling through the scope probe to 
the TS4231 input. Scope probes add parasitics and create noise coupling loops.  

Pulses on the D output of the TS4231 are valid only when the E output is also asserted. Pulses on the D output 
can be ignored when E is not asserted. 

Performance will be much improved without scope probes connected to the output of the TS4231. This 
complicates debugging but the TS4231 digital outputs can be monitored downstream via SteamVR HDK tools or 
in custom hardware within your FPGA or microprocessor code. 

If you must probe near the TS4231, we recommend using an active differential probe or soldering a 30-gauge 
wire to the probe point and twisting with ground wire to minimize the probe loop area. 
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Revision History 

 

Revision Modifications Modification Date 

A Initial design guidelines release 15 Aug 2017 
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IMPORTANT NOTICE 
 
Triad Semiconductor, Inc. (Triad) reserves the right to make corrections, enhancements, improvements and other changes to its 
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest 
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and 
complete. All semiconductor products (also referred to herein as “components”) are sold subject to Triad’s Standard Terms and Conditions 
of Sale supplied at the time of order acknowledgment. 
 
Triad warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in Triad’s 
Terms and Conditions of Sale of semiconductor products. Testing and other quality control techniques are used to the extent Triad deems 
necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not 
necessarily performed. 
 
Triad assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and 
applications using this component. To minimize the risks associated with Buyers’ products and applications, Buyers should provide 
adequate design and operating safeguards. 
 
Triad does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, 
or other intellectual property right relating to any combination, machine, or process in which this component is used. Information 
published by Triad regarding third-party products or services does not constitute a license to use such products or services or a warranty or 
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the 
third party, or a license from Triad under the patents or other intellectual property of Triad. 
 
Reproduction of significant portions of information in this data sheet is permissible only if reproduction is without alteration and is 
accompanied by all associated warranties, conditions, limitations, and notices. Triad is not responsible or liable for such altered 
documentation. Information of third parties may be subject to additional restrictions. 
 
Resale of this component with statements different from or beyond the parameters stated by Triad herein for this component voids all 
express and any implied warranties for this Triad component and is an unfair and deceptive business practice. Triad is not responsible or 
liable for any such statements. 
 
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements 
concerning this product, and any use of this component in its applications, notwithstanding any applications-related information or support 
that may be provided by Triad. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards 
which anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might 
cause harm and take appropriate remedial actions. 
 
Buyer acknowledges and agrees that this component was not designed for, or intended for use in, safety-critical, FDA Class III (or similar 
life-critical medical equipment), automotive or military/aerospace applications. Buyer’s use of this component in any of the above-mentioned 
applications is done solely at the Buyer’s risk and Buyer will fully indemnify Triad and its representatives against any damages arising out of 
the use this component in these or any other applications in which this component was not specifically developed for use. 
 
No rights are granted to use of the SteamVR™ Tracking system. Those rights are only available from Valve Corporation. 
http://steamvr.com/tracking. 
 
 
 
 
Triad Semiconductor designs and manufactures analog and mixed signal integrated circuits. Founded in 2002, Triad provides custom IC, 
ASSP and standard product solutions to customers in all major markets.  
 
Triad Semiconductor 
1760 Jonestown Road 
Winston-Salem NC 27103 
United States 
  
www.triadsemi.com 
 
info@triadsemi.com 
sales@triadsemi.com 
 
FAQ – help.triadsemi.com 
 
phone: (336) 774-2150 
fax: (336) 774-2140 
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