EUT: Powertool Transceiver Module Report No: 0048-260622-01
Model: EYFRO5M FCC ID: O40-EYFRO5  IC: 8507A-EYFR05

7.3 MAXIMUM PERMISSIBLE EXPOSURE

LIMITS for FCC RF Exposure Evaluation

81.1310 The criteria listed in Table 1 shall be used to evaluate the environmental impact of human
exposure to radio-frequency (RF) radiation as specified in §1.1307(b), except in the case of portable
devices which shall be evaluated according to the provisions of §2.1093 of this chapter.

TABLE 1—LIMITS FOR MAXIMUM FERMISSIELE EXPOSURE (MPE)
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TABLE 1—LIMITS FOR MAXIMUM PERMISSIELE EXPOSURE (MPE)—Continued
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f=frequency in MHz

* = Plans-wave aquivalent power density

NGTE 1 T2 TaBLE 1: Oceupational/controlled limits apply in situations in which persons are exposed as a consequancs of their
emplyment provided thoss persons are fulli,' aware of the potential for exposure and can exercise control over their exposurs.
Limits for occu pationalicontrolled exposure also apply in situations when an individual is transient through a location where ocou-
paticnalicontrelled limits apply provided he or she is made aware of the potential for exposurs,

NOTE 2 TO TABLE 1. General populationfuncontrolled exposures apply in situations in which the general public may be ex-
posed, orin which persons that are exposed as a conssquence of their employment may not be fully aware of the potential for
axposurs or can nol exerciss control over their exposurs.

Page 17 of 42

Advanced Compliance Laboratory, Inc. 210 Cougar Court, Hillsborough, NJ 08844, tel:(908) 927 9288



EUT: Powertool Transceiver Module
Model: EYFRO5M

Report No: 0048-260622-01
FCC ID: O40-EYFRO5  IC: 8507A-EYFRO05

LIMITS per ISED RSS-102 (issue 6)

Section 5.3.2 Table 7&8 for Exemption Limits for Routine Evaluation — RF Exposure Evaluation

(1OMHz ro300GHz)

Table 7: RF field strength and power density limits for devices used by the
general public (uncontrolled environment)

Frequency range Electric field | Magnetic field Power density Reference
(MHz) (Vrms/m) (Arms/m) (Wim?) period
(minutes)
10-20 27.46 0.0728 2 6
20-48 58.07 / f%25 | 0.1540/ f°2%° 8.944 / f°° 6
48-300 22.06 0.05852 1.291 6
300-6000 3.142 FO3417 | 0.008335 FO3417 | 0.02619 fF06834 6
6000-15000 61.4 0.163 10 6
15000-150000 61.4 0.163 10 616000/f12
150000-300000 0.158 f%° 4.21 X 107* 05 6.67 X 10°° f | 616000/f12

Note: f is frequency in MHz.

Table 8: RF field strength and power density limits for controlled-use devices
(controlled environment)

Frequency range Electric field | Magnetic field Power density Reference
(MHz) (Vrms/m) (Arms/m) (Wim?) period
(minutes)
10-20 61.4 0.163 10 6
20-48 129.8 / f0-25 0.3444 / f025 44.72 ] fO5 6
48-100 49.33 0.1309 6.455 6
100-6000 15.60 f0-25 0.04138f9:25 0.6455 f0° 6
6000-15000 137 0.364 50 6
15000-150000 137 0.364 50 616000 / f12
150000-300000 0.354f°%5 0.40 X 107* f0° 333x107*f | 616000/ f*2

Note: [ is frequency in MHz.

In these cases, the information contained in the RF exposure technical brief may be limited to information that
demonstrates how the e.i.r.p. was derived.
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EUT: Powertool Transceiver Module Report No: 0048-260622-01
Model: EYFRO5M FCC ID: O40-EYFRO5  IC: 8507A-EYFR05

CALCULATIONS for MPE distance and Power Density

Given

E=V(@0*P*G)/d
and

S=EA"2/3770
where

E = Field Strength in Volts/meter

P = Power in Watts

G = Numeric antenna gain

d = Distance in meters

S = Power Density in milliwatts/square centimeter

Combining equations and rearranging the terms to express the distance as a function of the remaining
variables yields:

d =V ((B0*P*G) /(3770 * S))

Changing to units of Power to mW and Distance to cm, using:
P(mW) =P (W) / 1000 and
d (cm) =100 * d (m)
yields
d =100 * v ((30 * (P / 1000) * G) / (3770 * S))
d=0282*\V(P*G/S)

where
d = distance in cm
P = Power in mW

G = Numeric antenna gain
S = Power Density in m\W/cm~2

Substituting the logarithmic form of power and gain using: P
(mw) =10~ (P (dBm) / 10) and
G (numeric) = 10 ~ (G (dBi) / 10)

yields

d=0282*10"((P+G)/20)/ \S Equation (1)

S=0.0795* 10 ~ ((P + G)/10)/ d"2 Equation (2)
where

d = MPE distance in cm

P = Power in dBm

G = Antenna Gain in dBi

S = Power Density Limit in mW/cm”2

Equation (1) and the measured Output power is used to calculate the MPE distance.
Equation (2) and the measured Output power is used to calculate the Power density.
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Report No: 0048-260622-01
FCC ID: O40-EYFRO5  IC: 8507A-EYFRO05

EUT: Powertool Transceiver Module
Model: EYFRO5M

RESULTS

No non-compliance noted.
For EYFRO5M Transmitter only:

Per Original Digi Report, # 17DIG1133_FCC15C247Z (Pg. 43), the max. power density can be obtain
by using the max. P+G= EIRP and d=20cm, and plug all three items into equation (2), yielding,

Power Max. EIRP Calculated Max.
Density Output Power EIRP
Limit Power+ Density (W)
(mW/cm?) Antenna] (mw/
Gain (dBm) cm?)
1.0 33.95 0.4940 2.48313

For WiFi Transmitter:

WiFi Module Information: FCC ID: 2ABCB-RPICM4, IC: 20953-RPICM4 by Raspberry Pi Trading
Ltd. with the max. RF power: 15.4dBm at 2.4GHz band and 18.2dBm at 5GHz band.
Antenna Gain: Max. 3.5dBi (2.4GHz) and 2.3dBi (5GHz)

Worst case MPE per report from Raspberry Pi, dated on 10/26/2020:

Power_ Density | Max. Power Density | Max. Power Density Max.
Limit For 2.4GHz Band For 5GHz Band EIRP
(mW/cm?) (mW/cm?) (mW/cm?) (W)
1.0 0.01%4 0.0223 0.1122

For Worst Case Scenario: EYFR05M and WiFi Transmitting Simultaneously

---For FCC MPE compliance:

With co-location of EUT Tx and pre-certified RF module, the following calculation shows total RF exposure
is still under the MPE limit:

Co-location calculations:
YMPE = 0.4940 mwicma+ 0.0223mwicm2 = 0.5163 mwicmz Which is less than the limit
1.0 mwicme

Additionally,
Z SeqnSlimn==Seq1Slim1+ SquSIingl
Herein XseqnSimn=0.4940/1.0+0.0223/1.0=0.5163<1

---For ISED, the most restricted limit for this case is 0.02619 f %684 =5 355W/m? for fmin=2410MHz.
EUT max. total power density =5.163W/m? < limit.

Therefore, all of results are below the FCC/ISED limit.
NOTE: For mobile or fixed location transmitters, the minimum separation distance between the antenna &
radiating structures of the device and nearby persons is 20 cm, even if calculations indicate that the MPE

distance would be less.
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