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CAIRO POWER TOOTHBRUSH NFC DETAILS 

1. Overview 
➢ This Document describes the RF exposure Calculation for the Rechargeable Philips Power 

Toothbrush (Cairo Models) with NFC ST25R100 operating at 13.56MHz. 

➢ The NFC hardware / Firmware used for calculation is production equivalent and tunned for 

better performance of the NFC in the product. 

 

2. Terminology & Abbreviations 
Terminology & 
Abbreviations 

Description/Definition 

RF Radio Frequency  

NFC Near Field Communication 

IC Integrated Circuit 

RC Resistor–Capacitor circuit 

LC Resonant circuit, Inductor and Capacitor circuit 

EC European Commission 

Hz Hertz 

mA Milli Ampere 

mW Milliwatt 

N/A Not Available 

mm Millimeter 

msec Milli seconds 

MHz Megahertz 

v Volts 

ASK Amplitude-shift keying 

HF High Frequency  

PTB Power toothbrush 

BH Brush Head 

 

3. References 
Reference Title / additional remarks 
REF-1 st25r100 data Sheet 

FCC Part 1.1310 Radiofrequency radiation exposure limits 

KDB 447498 D01 RF Exposure Procedures and Equipment authorization 
policies for Mobile and Portable devices. 

RSS -102 Radio Frequency exposure compliance  

ST25R100 -N26102-REV0 Antenna Matching from Supplier 
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4. General Product Information 
➢ The Philips PTB uses HF reader/ NFC transceiver (ST25R100) IC for the NFC communication. 

➢ Battery-powered, portable standalone device with a rechargeable 4.1 V battery 

➢ Philips uses proprietary antenna on the products. 

5. Antenna Details 
 Details Description/Definition 

Make Philips Proprietary  

Antenna Transmission Range 12mm Max 

Antenna type(s)  loop/Coil Antenna 

Antenna Topology  Single Ended 

Antenna Connection Type  Integral 

 

6. Modulation Scheme 
➢ ASK modulation is employed in the transmit carrier. 

7. Nominals Transmit Frequency and Tools details 
➢ NFC Operating Frequency: 13.56 MHz 
➢ Tool used – Tektronix oscilloscope calibration due on 31 July 2026. 
➢ All the measuring equipment are calibrated. 

8. Device Under Test  
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      Figure 1 

9. NFC Operation Details  

9.1 General Information 
➢ NFC is operational only in Standby mode of the power toothbrush. 

➢ The Standby Mode is active only for 30sec of time interval once the handles are woken up 

from sleep or after the brushing session has been completed, basically this is the time when 

the user selects the options on the handle before starting the brushing session or the 

brushing session data is recorded in the BH for efficacy of the product. 

➢ The NFC is triggered periodically in the Application to check if any operation needs to be 

performed while the Power toothbrush is in standby state. 

➢ Below Snippet shows the call rate of Nfc in the application (Nfc trigger Time). 
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             Figure 2 

➢ The transmission (Tx) and reception (Rx) bit rates configured are both set to 106 Kbps 

(Kilobits per second). 

➢ The NFC module takes approximately 15 msec to complete to check if it needs to carry out 

any write / read operation. This time doesn’t not include any write / read operation time i.e. 

we consider this as the NFC idle transmission Time as shown in the below image. 

                                                     Figure 3 
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9.2  NFC Operation Flow Chart 
 

The Below flow diagram shows the general operation of the NFC  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

END 

NFC Trigger Interval 200ms 

Handle Wakeup Time 30Sec 

Start 

Is Handle wakeup 

NFC Field ON 

Is BH detected? 

Write & Read Data 
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No 

No 

Yes 

Is Time Elapsed  

Yes 

No 

NFC Field OFF 
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10. RF Exposure Calculation for ST25R100 NFC IC 
• As per the ST data sheet we have 0.8-watt as the max output power the IC can generate 

in Differential output configuration of the antenna for the ST25R100 nfc chip. 

• Attached snippet from the ST data sheet 

 

• Philips NFC antenna Design doesn’t use the Differential output topology rather it uses single 

ended driver mode please refer Antenna Details for more details. So, the output power 

would be obviously less than the mentioned value i.e. 0.8w which also mentioned in the data 

sheet. 

 

 

As per the SAR power exclusion limit we need to have power less than 308mW for a period of 

exposure for 30 mins as per regulation FCC Part 1.1310 for the (KDB 447498 D01) attached snippet 

below ( depends on the operating frequency and the Distance measured) 

We need also apply the equation in the section 4.3.1 to get the threshold. 

 

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fapps.fcc.gov%2Foetcf%2Fkdb%2Fforms%2FFTSSearchResultPage.cfm%3Fswitch%3DP%26id%3D20676&data=05%7C02%7CSamarRanjan.Dash%40philips.com%7Cc017a45a941549be12b808dd0b0c0349%7C1a407a2d76754d178692b3ac285306e4%7C0%7C0%7C638678868482190434%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=KvASSBIm5c1hGSwTADVoHeJHrQ0%2FoSsiYmIqf%2Bz0ToI%3D&reserved=0
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As per the RSS-102 — Radio Frequency (RF) Exposure Compliance of Radiocommunication 

Apparatus (All Frequency Bands) we need to have section 6.3 SAR exemption limits 
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10.1 FCC Part 1.1310 
➢ We have the limits for FCC as per Appendix C calculated for 13.5MHz frequency and distance 

less than 5 mm as define below. 

➢ SAR T1 = [(max. power of channel, including tune-up tolerance, mW) / (min. test 

separation distance, mm)] x [√f(GHz)] ≤ 3.0 for 1-g SAR, and ≤ 7.5 for 10-g  

• f(GHz) is the RF channel transmit frequency in GHz 

• Power and distance are rounded to the nearest mW and mm before calculation31 

• The result is rounded to one decimal place for comparison  

• The values 3.0 and 7.5 are referred to as numeric thresholds in step b) below 

➢ SAR Power Threshold   = [[SAR T1 x [1 + log(100/f(MHz))]] x 0.5]. 

➢ SAR Power Threshold   < 7.5  

10.2 RS 102 section 6.3 
➢ PTB is a handheld device and primary point of contact with the person would be his palms, so 

we need to have the multiplication factor of 2.5. 

➢ Mechanical constraints limit the user’s ability to access the NFC radiated power. 

➢ There is Housing tube and Brush head which is attached on top of the NFC ring. 

➢ Total Power Exemption as per table is considering the Physical limitation is  

  45 *2.5 = 112.5mW.  

10.3 Max Power output from the NFC IC calculation at a given point of time 

➢ The NFC IC output power is directly proportional to its input supply voltage.  

➢ Although the battery can reach a maximum voltage of 4.15 V, firmware-controlled charging 

limits prevent it from attaining full charge to account for system tolerances. For power 

calculations, an idle battery voltage of 4.0 V is assumed, representing the condition under 

which the NFC IC delivers its maximum output power.  

➢ NFC output power is determined using the voltage measured at the RFO (VRFO) pin and the 

supply current (IVDD).  

➢ All measurements presented in this document were obtained using the Cairo PTB platform 

after the NFC antenna was tuned for optimum performance.  
➢ Power of the IC is  PWRNFC  = VRFO x Iantenna. 

➢ Iantenna = Ivdd – IRD  (IRD = Current consumed by the IC when Field is off) 

➢ For additional details regarding antenna tuning and optimization, please refer to the antenna 

tuning guidelines provided by the NFC IC supplier. 
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Reference point from schematic from where the VRFO measurements were made 

           

 

 

 

Figure 4 
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     Figure 5 

➢ The IRD current as per Figure 5  is  IRD = 6.238mAmp 

➢ The Ivdd current as per the data is Ivdd = 36.4mAmp. 

 

➢ Total current Iantenna = 36.4 – 6.238 = 30.162mAmp 

➢ The Voltage at the RFO as per Figure 4 is VRFO = 3.6v 

➢ The average output power from the ST25R100 PWRNFC  = VRFO x Iantenna = 108 mW. 

➢ Now the main thing to note here is as mentioned above the NFC would remain ON only in 

the standby state which is worst case scenario 1 min during a brushing session and this time 

frame is minimal from exposure point of view. 

Antenna Matching  

Cairo_PTB with ST25R100 -N26102-REV0.pdf
        

ST25R100.pdf

         

st25r200-r100-produ

ct-presentation.pdf
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FCC Part 1.1310 threshold calculation 

Please refer to the Section FCC Part 1.1310 in this document for the calculation formulae. 

SAR T1 = ([108mW /5mm] x √ 0.01356) = 2.5 

SAR Power Threshold = [[2.5x [1 + log (100/13.56))]] x 0.5] = 2.33. 

SAR Power Threshold < 7.5  

RSS -102 threshold Calculation  

Please refer to the section RS 102 section 6.3 in this document. 

SAR Limit is 112.5 mW 

Output Power of the IC is 108mW 

 

 

11. Conclusion 
As per the above calculation at any point in time the maximum power the NFC chip can 

output is around 108 mW and 2.33 numerical 

This value is lower than the threshold of 112.5 mW and 7.5. 

 

  

 

 


