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1 General information

1.1 Notes

The test results of this test report relate exclusively to the test item specified in 1.5.
CETECOM ICT Services GmbH does not assume responsibility for any conclusions and
generalizations drawn from the test results with regard to other specimens or samples of the
type of the equipment represented by the test item .

The test report may only be reproduced or published in full. Reproduction or publication of
extracts from the report requires the prior written approval of the CETECOM ICT Services
GmbH.

Tester :
Date Name Signature
01.07.03 Detlev Gillmann

Technical responsibility for area of testing:

Date Name Signature

01.07.03 Klaus Kammerinke / A 4 >,
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1.2 Testing laboratory

CETECOM ICT Services GmbH CETECOM ICT Services GmbH
Untertiirkheimerstrafle 6-10 P.O. Box 6501 55

D-66117 Saarbriicken D-66140 Saarbriicken

Germany Germany

Telephone . +49(0) 681 5980

Fax . +49(0) 681 598-9075

e-mail . info@ict.cetecom.de

Internet . http://www.cetecom.de

Accredited testing laboratory

Accredited by . Regulierungsbehorde fiir Telekommunikation und Post (RegTP)
Listed by :  Federal Communications Commission (FCC)
Industry Canada (IC)
Authority Identification/Registration No.
RegTP TTI-P-G 166/98-30
FCC 90462
IC 3463

Testing location, if different from CETECOM ICT Services GmbH: (Not applicable)

1.3 Details of applicant

Name :  Robert Bosch GmbH
P.O.Box : 300240

Town : D-70442 Stuttgart
Country : Germany

Tel. : +49(0) 711-811-0

Fax : +49 (0) 711-811-475 48
Contact person

Name : Mr. Jiirgen Hildebrandt
Tel. : +49 (0) 711-811-475 27
Fax : +49 (0) 711-811-475 48
Mobile +49 (0) 172710 119 3

1.4 Application details

Date of application :13.05.2003
Date of receipt of EUT : 17.06.2003
Date of test : 18.06.2003 —20.06.2003


mailto:info@ict.cetecom.de
http://www.cetecom.de/
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1.5 Testitem (EUT)

Description of EUT :  Microwave Radar sensor; Vehicle mounted field disturbance sensor
System designation :  Automatic cruise control system
Type designation :  Bosch Distance Control Radar ACC2
Type 0203 000 016
Manufacturer : Robert Bosch GmbH
P.O.Box 30 02 40
D-70442 Stuttgart
Germany

1.6 Technical data

Frequency range : 76.000 GHz ... 77.000 GHz

Operational frequency : 76.500 GHz

Power Density (PEP) © 3uW/em?

Type of modulation : 210MOFON (FMCW)

Modulation time : 1.300 ms to 7.200 ms

Blanking time ;1950 ms

Antenna modules : TX/RX - Module with 4 integral dielectrical fixed antennas
Normal DC power supply : 13.20V

Extreme DC power supply :  10.80 ... 15.60 V

1.6.1 Operation conditions

Operation: : As soon as the equipment is addressed via CAN-Bus, TX and RX
start operation
Purpose of operation :  Automatic distance measurement and cruise control for

vehicle application

1.6.2 Equipment under test

Bosch Distance Control Radar ACC2: Type 0 203 000 016 S/N 4 025 320 0151
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CETECOM™

1.7 Test standards

FCC Part 15

RSS -210

Code of Federal Regulations (CFR 47)
Federal Communications Commission (FCC)

Radio Frequency Devices (03/2003)
Section 15.253
Operation within the band 76.0 to 77.0 GHz.

Section 15.209
Radiation emission limits, general requirements

Section 15.205
Restricted bands of operation.

Industry Canada
Radio Standards Specification

Low Power Licence-Exempt Radiocommunication Devices

Section 6.2.2 (t1) 76.0 - 77.0 GHz
Vehicle -Mounted Field Disturbance Sensors
Issue 5 of November 30, 2002
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2 Technical test

2.1 Summary of test results

No deviations from the technical specification (s) were ascertained in the course
of the performed tests.

|:| The deviations as specified in 2.5 were ascertained in the course of the performed tests.

This test report :

describes the first test
describes an additional test

is a verification of documents

HRERERE

is only valid with the test report no.

2.2 Test environment

The environmental conditions are documented especially for each test.

2.3 Measurement and test set-up

The measurement and test set-up is defined in the technical specification .
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2.4 Test equipment utilized and test set-up

24.1 Field strength and spurious radiation in the frequency range 4 GHz to 40 GHz
Power Cable Spectrum
supply EUT i d----- analyzer

Climatic chamber SGH
4 .................. a (fs) .............. N ......... k ......... N a (c) >
Frequency Distance Standard gain Dist. correction. Antenna factor Cable loss
f [GHZz] d [m] Horn ant. (SGH) | dc (3 m/X m) [dB] k [dB 1/m] a [dB]
4.0...8.0 0.5 EMCO 3115 -15.56 33.6...38.0 1.8
8.0...18.0 0.5 EMCO 3115 -15.56 38.0...47.0 2.0
18 ... 26 0.25 narda 638 -21.58 40.4 2.8
26 ...40 0.25 narda V637 -21.58 44.0 3.0
Calculation : Field strength = Analyser reading + Cable loss + Antenna factor + Distance correction
e = u + a + k + dc
Test equipment Manufacturer Type CETECOM reference
Spectrum Analyser HP HP 8565E 300001665
SGH 1.0...26.0 GHz EMCO 3115 300001604
SGH 18 ... 27 GHz narda 638 300002442
SGH 27 ... 40 GHz narda V637 300000510
SGH 27 ... 40 GHz Thomson COR 27 40 300000797a
Power supply HP 6032A 300002115
RF-cable HP 5061-5359 300002033

Measurement uncertainties

Test parameter Measurement uncertainty
Power supply +0.1 VDC

Temperature +0.2 °C

Frequency +0.01 ppm

eirp +1.4 dB
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24.2 Power density and spurious radiation in the frequency range 33 GHz to 325 GHz
Pover S U — >|> N ] Cadle | Spectrum
Climatic chamber SGH
D — a (£8)-r] b k >
Frequency | Distance | Distance correction Antenna factor Antenna aperture area
f[GHz] d [m] dc (3 m/Xm) [dB] k [dB 1/m] A [cm’]
40 ... 60 3.00 n.a. 39.27 11.6 (10.64 dB)
50...75 3.00 n.a. 40.69 7.92 (8.98 dB)
75 ...110 1.00 -9.54 45.12 2.85 (4.55dB)
110 ... 170 0.50 -15.56 49.54 1.03 (0.13dB)
140 ... 220 0.25 -21.58 54.10 ... 56.22 0.95 (-0.22 dB)
220 ... 325 0.125 -27.60 56.22 ... 59.50 0.95 (-0.22 dB)
Calculation : Power density = EIRP / Antenna aperture area x  distance correction
pd = eirp - a + dc
Test equipment Manufacturer Type CETECOM reference
Spectrum Analyser HP HP 8565E 300001665
Spectrum Analyser Tektronix TEK 2782 300001401
Power supply HP 6032A 300002115
SGH 40 ... 60 GHz Thomson COR 33 50 300001812
Mixer 40 ... 60 GHz HP 11970U 300000781b
SGH 50 ... 75 GHz Thomson COR 50 75 300000789k
Mixer 50 ... 75 GHz HP 11970V 3000008710
SGH 75 ... 110 GHz Thomson COR 75 110 300000789m
Mixer 75 ... 110 GHz HP 11970W 300000871v
SGH 110 ... 175 GHz Flann 2924 20 300001210a
Mixer 110 ... 175 GHz Tektronix WM 780 D B010186
SGH 175 ... 325 GHz Flann 3024 25 300001210c
Mixer 175 ... 325 GHz Tektronix WM 780 ) B010241

Measurement uncertainties

Test parameter Measurement uncertainty
Power supply +0.1 VDC

Temperature +0.2 °C

Frequency +0.01 ppm

eirp +1.4 dB (up to 50 GHz)
eirp 3.0 dB (above 50 GHz)
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243

Set-up for radiated measurements

Test equipment

Anechoic chamber

Field strength and spurious radiation in the frequency range 9 kHz to 4 GHz

HP
EMC
Test
Equipment Power
supply
Turn table
Test equipment Manufacturer Type Serial No.
Spectrum analyser HP HP 85660B 2478 A05306
Analyser display HP HP 85662A 2816A16541
Quasi peak adapter HP HP 85650A 2811A01131
RF-preselector HP HP 85685A 2833A00768
Loop Antenna A 0 R&S HFH 2-72 881 058/42
Biconical antenna A 1 Emco 3104 3758
Log.-per.-antenna A 2 Emco 3146 2304
Double ridge horn ant. A 3 Emco 3115 3007
Relay switch R&S RSU 375 339/002
High pass filter FSY Microwave HM 985955 001
Amplifier Tron-Tech P42-GA29 B2302
Power supply HP HP 6038A 2848A07027
RF-cable HP 5061-5359 P36303

Measurement uncertainties

Performance Measurement uncertainty
Input power (DC) 0.1V

Temperature +0.2 °C

Frequency +0.01 ppm

RF-power +1.5dB
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2.5 Test results
2.5.1 Test results overview

This test was performed :

D in addition to the test report no.

Verification of EUT :
EUT is in accordance with the technical description

D EUT is not in accordance with the technical description

The equipment is compliant to FCC requirement

2.5.2 Remarks on methods of measurements

The Radar heads are exchangeable. They are positioned in a non-conductive fixture and can be rotated and tilted
in all angles.

The radiated measurements are performed in vertical and horizontal plane in the frequency range from
9 kHz to 325 GHz in semi-anechoic chambers. The EUT is positioned on a non-conductive support with a
height of 0.80 m above a conductive ground plane that covers the whole chamber. The receiving antennas are
conform with specifications ANSI C63.2-1987 clause 15 and ANSI C63.4-1992 clause 4.1.5. These antennas
can be moved over the height range between 1.0 m and 4.0 m in order to search for maximum field strength
emitted from EUT. The measurement distances between EUT and receiving antennas are indicated in the test
set—ups for the various frequency ranges. For each measurement, the EUT is rotated in all three axes until the
maximum field strength is received.

The wanted and unwanted emissions are received by spectrum analysers where the detector modes and
resolution bandwidths (RBW) over various frequency ranges are set according to requirement ANSI C63-4-
1992 clause 4.2.

1. Measurements of the EIRP and power density (PD) at fundamental frequency

The measurements are carried out according to FCC guideline "Millimeter Wave Test Procedure" with a
spectrum analyser (SA), harmonic mixer with appropriate frequency range and a rectangular standard gain horn
antenna (SGH) with matching wave guide dimensions. The conversion loss of the external mixer is taken into
account in the SA power level reading automatically.

The EUT is FMCW-modulated, with a frequency peak deviation of 210 MHz. Additionally, the EUT is keyed
(pulsed) with a TX on time 1.3 ms to 7.2 ms and a TX off time 2 ms. This modulation scheme cannot be
disabled for test purposes..
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The radiated power measurements are performed with resolution bandwidth filter (RBW) of 1.0 MHz and a
video filter of 1 MHz. This filter setting is sufficiently broad enough to receive the peak envelope power (PEP)
of the modulated signal of EUT. Tests are performed with RBW 2.0 and Video bandwidth filter (VBW) 3.0
MHz. The received EIRP does not change when RBW and VBW are set to higher values.

The distance for fundamental power measurement generally is 3.0 m. The SA level scale shows the dimension
dBm. With a SGH and a measured antenna aperture area the power density can be calculated from the equation:
Power density = EIRP / Antenna aperture area  [mW/cm *
pd = eirp - a [dB(mW/cm?)]

2. Measurements of frequency stability

In order to measure the frequency stability of the EUT under normal and extreme test conditions, it is necessary
to use a smaller RBW filter (here 100 kHz or 300 kHz) so that the spectral lines of the modulated signal are
displayed correctly in frequency domain. This setting allows to read the occupied bandwidth and the peak
frequency deviation value directly, but the PEP measurement with this setting is incorrect.

Frequency measurements are performed under normal test conditions (normal power supply voltage and normal
temperature).

Then the test is repeated with extreme test conditions. For extreme test conditions the EUT is placed in a
climatic chamber where the front door is made of stable polystyrene. The EUT can radiate through the front
door without any additional path losses. The climatic chamber together with the EUT is cooled down to -20 °C
for 1 hour. Then frequency and power density measurements are carried out with power supply set to minimum
and maximum values.

The climatic chamber together with the EUT is warmed up at a rate of + 1°C/minute. During warming-up time
the frequency stability and the eirp is monitored constantly. After 2 hours the temperature stability at 50 °C is
reached. Then frequency and power density measurements are carried out with minimum and maximum power

supply.

3. Measurements of field strength and power density at spurious frequencies

Spurious frequencies are produced by transmitter and receiver when the EUT is active (vehicle is moving).
When the EUT is in stand-by mode (vehicle is not in motion), only the receiver is active and can radiate
spurious emission. According to FCC requirements 15.209 and 15.253,spurious emissions have to be
investigated as maximum field strength values in the frequency range from 9 kHz to 40 GHz, and as maximum
power density in the frequency range > 40 GHz up to 220 GHz. Where possible, the measurement distance shall
be 3 m.

In the low frequency range (9 kHz to 30 MHz), the receiving antenna is an active loop antenna which is
positioned at 3 m distance in a shielded, anechoic chamber (see page 8). In case of required measuring distances
>3 m, a distance correction factor is used to calculate the received field strength.

Spurious field strength measurements in the frequency range 30 MHz to 4 GHz are carried out in a shielded
semi-anechoic test chamber. The measurement distance is 3 m.

In the frequency range 4 GHz to 40 GHz, spurious field strength measurements are performed in a shielded fully
anechoic chamber with rectangular SGH’s. The measurement distances are indicated underneath each plot, and
a calculation for field strength is added, where all relevant factors like cable losses, antenna factors, etc are
taken into account.
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In the frequency range 33 GHz to 325 GHz, spurious frequencies are measured as power densities. For further
remarks see section 1.). The EUT is operating with FMCW-modulation and on/off keying. The RBW and VBW
are set to such a value that spurious power levels are clearly readable above the fundamental noise level of
spectrum analyzer.

4. Measurements of maximum safe level for radiated power density

According to FCC § 1.1307, 1.1310, 2.1091, and 2.1093 and also according to ETSI/EN 301 091
measurements are carried out in order to evaluate the impact of human exposure to RF radiation. For this test the
EUT is in normal operation mode: FMCW and normal pulse mode. The measurement is performed at 6 different
distances: 4 m, 2 m, 1 m, 0.5 m, 0.25 m, and 0.125 m. See ETSI test report 5-4423-01-02/03 page 15.

The measurements are applicable only for far field conditions. The near field area extends to a distance of R
(meters) and can be calculated from the following equation:

R<2*L2/\

with R = distance in meters, L = largest dimension of either receiving or transmitting horn antenna (L = 0.02 m),
and A = wavelength in meters. In case of 76 GHz (A = 0.0039 m), the far field starts at R > 0.205 m.

The peak power density is measured in 3 m distance as 3.0 pW/cm * (-25.23 dBmW/cm *).

Peak Power (EIRP) EIRP =PD * 4 * R ?
EIRP =3.392 W (Peak)

This is a PEP value which must be multiplied with the duty cycle correction factor (dcc) in order to get the
average value. With ton = 1.3 ms, and t off = 1.920 ms.

dcc =20 * log (t on/ t off)
dec =-3.39dB
Average power (EIRP) eirp 10 log (EIRP Peak) - dcc
eirp =-1.914 dBW
EIRP =1.554 W

Limit of maximum ERP for frequencies above 1.5 GHz is 3 W. See FCC § 2.1091

RF Exposure for mobile conditions at R = 20 cm distance from EUT

PD =EIRP average / (4m * R ?)
PD =0.3092 mW/cm?

Limit of maximum permissible exposure (MPE) for uncontrolled environment:1.0 mW/cm?. See FCC § 1.1310.
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2.5.3 Test results in details

Equipment under test (EUT) : Bosch Distance Control Radar ACC2: Type 0 203 000 016

Ambient temperature : 23 °C
Relative humidity : 55 %

TRANSMITTER PARAMETERS

FUNDAMENTAL FREQUENCY

SECTION 15.253

Section 15.253 b (2)

76.000 GHz to 77.000 GHz
Operation : Vehicle in motion
Antenna assembly: Fixed integral antennas
TEST CONDITIONS TRANSMITTER POWER DENSITY
T=-200°C
EUT operating: Low Frequency High Frequency Power Density See plot
TX on and RX on f [GHZz] f[GHz] PD [uW/cm * ] on page
uDC=10.0V 76.453 300 76.705 800 1.811 21;22
ubDC=11.0V 76.453 650 76.697 440 -
UuDC=12.0V 76.450 830 76.697 500 1.746 23
UDC=13.0V 76.451 150 76.697 000 1.678 24; 25
UDC=14.0V 76.452 350 76.697 010 -
UuDC=150V 76.452 500 76.699 500 3.105 26
UuDC=16.0V 76.451 600 76.700 300 1.936 27
REFERENCE OF TEST EQUIPMENT USED : see test set-up on page 9
LIMITS: Section 15.253 b (2)
Frequency range [GHz] Measurement Power density Power Density
vehicle in motion distance [m] pd [dBmW/cm®] PD [uW/cm * ]
76.0to 77.0 3.0 -12.2 60

Verdict : Power Density limit is kept
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Equipment under test (EUT) : Bosch Distance Control Radar ACC2: Type 0 203 000 016
Ambient temperature : 23 °C
Relative humidity : 55 %

TRANSMITTER PARAMETERS SECTION 15.253

FUNDAMENTAL FREQUENCY Section 15.253 b (2)

76.000 GHz to 77.000 GHz

Vehicle in motion
Fixed integral antennas

Operation :
Antenna assembly:

TES{, SOZI;EE%ONS TRANSMITTER POWER DENSITY

EUT operating: Low Frequency High Frequency Power Density See plot

TX on and RX on f [GHZ] f [GHz] PD [uW/cm * ] on page
UuDC=10.0V 76.446 750 76.691 790 2.661 28; 29
ubDC=11.0V 76.447 380 76.690 810 -
UuDC=12.0V 76.445 800 76.682 210 -
UuDC=13.0V 76.446 110 76.672 040 3.105 30
UDC=14.0V 76.445 100 76.665 500 -
UuDC=150V 76.446 050 76.659 480 -
UDC=16.0V 76.445 000 76.658 300 1.884 31;32

REFERENCE OF TEST EQUIPMENT USED : see test set-up on page 9

LIMITS: Section 15.253 b (2)

Frequency range [GHz] Measurement
vehicle in motion distance [m]

Power density
pd [dBmW/cm’]

Power Density
PD [uW/cm * ]

76.0 to 77.0 3.0

-12.2

60

|| Verdict : Power Density limit is kept
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Equipment under test (EUT) :
Ambient temperature :
Relative humidity :

Bosch Distance Control Radar ACC2: Type 0 203 000 016
23 °C
55 %

TRANSMITTER PARAMETERS SECTION 15.253

FUNDAMENTAL FREQUENCY Section 15.253 b (2)

76.000 GHz to 77.000 GHz

Vehicle in motion
Fixed integral antennas

Operation :
Antenna assembly:

TES{, SOSI;E{)T(I:ONS TRANSMITTER POWER DENSITY

EUT operating: Low Frequency High Frequency Power Density See plot

TX on and RX on f [GHZ] f [GHz] PD [uW/cm * ] on page
UuDC=10.0V 76.454 480 76.669 230 1.884 33;34
ubDC=11.0V 76.472 560 76.669 900 -
UuDC=12.0V 76.473 770 76.695 800 -
UDC=13.0V 76.475 780 76.698 900 2.198 35
UDC=14.0V 76.475 900 76.699 550 -
UuDC=150V 76.475 810 76.699 020 -
UuDC=16.0V 76.455 830 76.703 500 2.032 36; 37

REFERENCE OF TEST EQUIPMENT USED : see test set-up on page 9

LIMITS: Section 15.253 b (2)

Frequency range [GHz] Measurement
vehicle in motion distance [m]

Power density Power Density
pd [dBmW/cm?] PD [uW/cm * ]

76.0 to 77.0 3.0 -12.2 60

|| Verdict : Power Density limit is kept H




CETECOM ICT Services GmbH CETECQMM

Test report No.: 5-4423-01-03/03  Date : 01.07.2003 Page 17 of 62

Equipment under test (EUT) : Bosch Distance Control Radar ACC2: Type 0203 000 016

Ambient temperature : 23 °C
Relative humidity : 55 %
TRANSMITTER PARAMETERS SECTION 15.253
EMISSIONS IN STAND BY OPERATION Section 15.253 b (1)
76.000 GHz to 77.000 GHz
Operation : Vehicle standing
Microwave module: S/N 001
Antenna assembly: Fixed integral antennas
TEST CONDITIONS
T=-20.0°C TO +50,0°C TRANSMITTER POWER DENSITY
EUT operating: Frequency SA Power Density See plot
RX on f [GHZz] p [dBm] PD [nW/cm * ] on page
UDC=100V 76.0...77.0 Noise << limit -
UDC=110V 76.0...77.0 Noise << limit -
UDC=120V 76.0 ...77.0 Noise << limit -
UDC=13.0V 76.0...77.0 Noise 2.197 38
UDC=140V 76.0...77.0 Noise << limit -
UDC=150V 76.0...77.0 Noise << limit -
UDC=160V 76.0...77.0 Noise << limit -
REFERENCE OF TEST EQUIPMENT USED : see test set-up on page 9
LIMITS: Section 15.253 b (1)
Frequency range [GHz] Measurement Power density Power Density
vehicle not in motion distance [m] pd [dB(mW/cm?)] PD [nW/cm * ]
76.0 to 77.0 3.0 -36.9 200

Verdict : Power Density limit is kept
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EUT : Bosch Distance Control Radar ACC2: Type 0203 000 016
Ambient temperature : 23 °C
Relative humidity : 55 %
TRANSMITTER PARAMETERS SECTION 15.253
SPURIOUS FREQUENCIES Section 15.253 ¢ (1)
In the frequency range 9 kHz to 6 GHz
Operation : Vehicle in motion
Antenna assembly: Fixed integral antennas
TEST CONDITIONS TRANSMITTER SPURIOUS FIELD STRENGTH
Frequency range Spurious frequencies SA E See plot
[MHz] [MHz] e [dBuV/m] [WV/m] on page
0.009 —30.000 (h+v)
horizontal and vertical plane 0.110 40.3 103.51 39
30.000 — 4.0 GHz (vert.) Noise < limit < limit 40
30.000 — 4.0 GHz (hor.) Noise < limit < limit 41
40-6.0GHz (h+v) Noise 47.11 226.7 42
REFERENCE OF TEST EQUIPMENT USED : see test set-up on pages 8, 9 and 10
LIMITS: SECTION 15.253 / 15.205 / 15.209
Frequency range Measurement Field strength Field strength
(MHz) distance [m] e [dBuV/m] @ 3 m E [uwV/m]
0.009 — 0.490 300 88.5...53.8 2400/F(kHz)
0.490 — 1.705 30 53.8...43.0 24000/F(kHz)
1.705 —30.0 30 49.5 30
30.0 — 88.0 3 40.0 100
88.0 —216.0 3 43.5 150
216.0 —960.0 3 46.0 200
960.0 MHz — 40.0 GHz 3 54.0 500

||Verdict : Field strength limits are kept H
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EUT : Bosch Distance Control Radar ACC2: Type 0203 000 016
Ambient temperature : 23 °C
Relative humidity : 55 %
TRANSMITTER PARAMETERS SECTION 15.253
SPURIOUS FREQUENCIES Section 15.253 ¢ (1)
In the frequency range 6 GHz to 40 GHz
Operation : Vehicle in motion
Antenna assembly: Integral patch antenna
TEST CONDITIONS TRANSMITTER SPURIOUS FIELD STRENGTH
Frequency range Spurious frequencies SA E See plot
[GHZ] [GHZ] e [dBuV/m] [WV/m] on page
6.0-12.0 (h+v) Noise 46.44 209.9 43
12.0-18.0 (h+v) Noise 52.31 412.5 44
18.0 —26.0 (h+v) Noise 52.45 377.5 45
26.0 —40.0 (h+v) Noise 51.25 365.2 46
REFERENCE OF TEST EQUIPMENT USED : see test set-up on page 8,9, 10
LIMITS: SECTION 15.253 / 15.205 / 15.209
Frequency range Measurement Field strength Field strength
(MHz) distance [m] e [dBuV/m] @ 3 m E [uV/m]
0.009 — 0.490 300 88.5...53.8 2400/F(kHz)
0.490 — 1.705 30 53.8...43.0 24000/F(kHz)
1.705 - 30.0 30 49.5 30
30.0 - 88.0 3 40.0 100
88.0 —216.0 3 43.5 150
216.0 — 960.0 3 46.0 200
960.0 MHz — 40.0 GHz 3 54.0 500

|| Verdict : Field strength limits are kept H
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EUT : Bosch Distance Control Radar ACC2: Type 0203 000 016
Ambient temperature : 23 °C

Relative humidity : 55 %

TRANSMITTER PARAMETERS SECTION 15.253

SPURIOUS FREQUENCIES
In the frequency range 33 GHz to 325 GHz

Section 15.253 ¢ (2) + (3)

Operation : Vehicle in motion
Antenna assembly: Fixed integral antennas
TEST CONDITIONS TRANSMITTER SPURIOUS POWER DENSITY
Frequency range Spurious frequencies SA PD See plot
[GHZ] [GHZ] pd [dBm/cm’] [pW/cm’] on page
40.0 - 60.0 (h+v) Noise -77.14 < limit 47
50.0-75.0 (h+v) Noise -69.65 108.4 48
75.0-76.0 (h+v) Noise -69.96 100.9 49
77.0 - 80.0 (h+v) Noise -69.12 122.5 50
80.0-110.0 (h+v) Noise -68.09 155.2 51
110.0-170.0 (h+v) Noise -62.69 538.3 52
140.0-220.0 (h+v) Noise -69.58 110.2 53
220.0-325.0 (h+vV) Noise -72.82 < limit 54

REFERENCE OF TEST EQUIPMENT USED :

see test set-up on page 8, 9, 10

LIMITS: SECTION 15.253 / 15.205 / 15.209
Frequency range Measurement pd Power density
(MHz) distance [m] [dBmW/cm’] PD [pW/cm?]
40.0 GHz - 200 GHz 3.0 -62.2 600
200 GHz - 231 GHz 3.0 -60.0 1000

||Verdict :

Power density limits are kept
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1 Plots, graphs and data sheets

Plot 1
CL 41.8dB MKR -22.87dBm
RL 11.8dBm 10dB/ 76.4533GHz
MKR
76.4833 GHz
D 2287  |dBm
|W |
' ﬁ ‘M ’ﬁ M H ﬂ H\ A” Ty T
i
LA SRILALLE)
CENTER  76.5000GHz SPAN 500.0MHz
*RBW  2.0MHz VBW 3.0MHz SWP 50.0ms
Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -22.87dBm - 4.55 dB(cm?)
pd = -27.42dB(mW/cm’)
PD = 1811 pW/em®



CETECOM ICT Services GmbH CE’ECQ .

Test report No.: 5-4423-01-03/03  Date : 01.07.2003 Page 22 of 62

Plot 2

CL 41.8dB MKR -26.70dBm
RL 11.8dBm 10dB/ 76.7058GHz

CENTER  76.5000GHz SPAN  500.0MHz
*RBW  2.0MHz VBW 3.0MHz SWP 50.0ms
Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -26.70 dBm - 4.55 dB(cm?)
pd = -31.25 dB(mW/cm?)

PD = 0.749 pW/em®
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Plot 3
CL 41.8dB MKR -23.03dBm
RL 11.8dBm 10dB/ 76.45083GHz
MKR
76.45083 GHz
D
-23.038 dBm¢
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CENTER 76.45300GHz SPAN  10.00MHz
*RBW  300kHz VBW 300kHz SWP 50.0ms
Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -23.03dBm - 4.55 dB(cm?)
pd = -27.58 dB(mW/cm?)

PD = 1.746 pW/em®
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Plot 4
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Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -2320dBm - 4.55 dB(cm?)
pd = -27.75 dB(mW/cm?)
PD = 1.678 pW/em®
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Plot S

CL 41.8dB MKR -23.87dBm
RL 11.8dBm 10dB/ 76.69700GHz
MKR
76.69700 GHz
D
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“
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|
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I
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CENTER  76.70500GHz SPAN  50.00MHz
*RBW  300kHz VBW 300kHz *SWP  10.0sec

Measurement distance d = 3.0m

Calculation : Power density = EIRP / Antenna aperture area
pd = -23.87dBm - 4.55 dB(cm?)
pd = -2842dBmW/cm’)
PD = 1438 pW/em®
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Plot 6
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Measurement distance d = 3.0m

Calculation : Power density = EIRP / Antenna aperture area
pd = -20.53dBm - 4.55 dB(cm?)
pd = -25.08 dB(mW/cm?)
PD = 3.105 pW/em®



CETECOM ICT Services GmbH CETECQMM

Test report No.: 5-4423-01-03/03  Date : 01.07.2003 Page 27 of 62

Plot 7
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Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area

pd = -22.58dBm - 4.55 dB(cm?)

pd = -27.42 dB(mW/cm?)

PD = 1.936 pW/em®

Remark: Spurious frequencies e.g. 76.00 GHz to 76.15 GHz are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 8
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Measurement distance d = 3.0m

Calculation : Power density = EIRP / Antenna aperture area
pd = -21.20dBm - 4.55 dB(cm?)
pd = -25.75dB(mW/cm?)
PD = 2661 pW/em®
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Plot 9
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Measurement distance d = 3.0m

Calculation : Power density = EIRP / Antenna aperture area
pd = -21.63dBm - 4.55 dB(cm?)
pd = -26.18 dB(mW/cm?)
PD = 2410 pW/em®
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Plot 10
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Measurement distance d = 3.0m

Calculation : Power density = EIRP / Antenna aperture area
pd = -20.53dBm - 4.55 dB(cm?)
pd = -25.08 dB(mW/cm?)
PD = 3.105 pW/em®
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Plot 11
“J (A\MJ’V‘/WV‘\\M n, o V‘\A“ r’_\m’,&f‘ﬂ‘ﬂ‘ !\/U“N*hw 0 /‘Nn‘\ﬂy ’AH(WN\ ‘\’“"‘y‘w’”"\«”\”’v"h‘w
|
|
it
|
T
i e
“‘ ‘\ “r\ I, [\ N | /
(R e )
Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -22.70 dBm - 4.55 dB(cm?)
pd = -27.25dB(mW/cm?)

PD = 1.884 pW/em®
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Plot 12

CL 41.8dB MKR -22.70dBm
RL 11.8dBm 10dB/ 76.65830GHz
MKR

76.68830

Dl 227D i

S “M ﬂ‘ I il w‘

X A ‘A m“w
i
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| ‘ ‘\!\ |
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CENTER 76.65833GHz SPAN  10.00MHz
*RBW  100kHz VBW 100kHz *SWP  10.0sec

Measurement distance  d

Calculation : Power density
pd
pd
PD

3.0m

EIRP /
-22.70 dBm -
-27.25 dB(mW/cm?)
1.884 pW/cm®

Antenna aperture area
4.55 dB(cm?)
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Plot 13
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Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -22.70 dBm - 4.55 dB(cm?)
pd = -27.25dB(mW/cm?)
PD = 1.884 pW/em®
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Plot 14
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Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -23.53dBm - 4.55 dB(cm?)
pd = -28.08 dB(mW/cm?)

PD = 1.559 pW/em®
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Plot 15
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Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -22.03dBm - 4.55 dB(cm?)
pd = -26.58 dB(mW/cm?)
PD = 2.198 pW/em®

Remark: Spurious frequencies e.g. 76.00 GHz to 76.19 GHz are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 16
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Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -22.53dBm - 4.55 dB(cm?)
pd = -27.08 dB(mW/cm?)
PD = 1.959 pW/em®

Remark: Spurious frequencies e.g. 76.00 GHz to 76.20 GHz are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 17
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Measurement distance d = 3.0m
Calculation : Power density = EIRP / Antenna aperture area
pd = -2237dBm - 4.55 dB(cm?)
pd = -26.92 dB(mW/cm?)
PD = 2.032pW/em®

Remark: Spurious frequencies e.g. 76.00 GHz to 76.20 GHz are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 18
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Measurement distance d

Calculation : Power density

pd
pd
PD

30m

EIRP /
-52.03 dBm -
-56.58 dB(mW/cm?)
2.197 nW/cm?

Antenna aperture area

4.55 dB(cm?)
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Plot 19

EUT: Bosch Distance Control Radar ACC2: Type 0 203 000 016
Manufacturer: Bosch GmbH

RX-Antenna: R & SHFH 72

Operating conditions: TX on and RX on, vertical plane and horizontal plane; trace max. hold
Power supply: U=132VDC

Test specification: FCC 15.209

Pegel [dBuV/m]
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20

9k 20k 40k 100k 300k ™ 2M 4M 10M 30M
Frequenz [Hz]

MES Part 15 magn_pre PK
LIM FCC 15.209 magn FCC ClassA, voltage
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Plot 20
EMI-TEST 17 Jun 2003 16:25:49
hp EMISSION LEVEL[ dBuV/m] PEAK
100
FCC Part 15.209
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ACC2-SCU
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Plot 21
EMI-TEST 17 Jun 2003 16:18:31
hp EMISSION LEVEL[ dBuV/m] PEAK
100
FCC Part 15.209
R.Bosch Proj.2-3263/03
ACC2-SCU
U=13 VDC, TT=270 dg. RX= hor.
80
60
Part 15.209
40
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20 }W A Ll A * A'MY "
A
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30 100 1000 4000
FREQUENCY [MHz]
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Plot 22
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Measurement distance d = 0.5m
Calculation : Field strength = Analyser reading + Antenna factor + distance corr. + cable loss
e = -34.33dBmV +35.2 dB(1/m) + (- 15.56 dB) + 1.8 dB
e = -12.89 dB(mV/m)
E = 0.2267 mV/m

E = 2267uV/m
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Plot 23
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Measurement distance d = 0.5m
Calculation : Field strength = Analyser reading + Antenna factor + distance corr. + cable loss
e = -35.00 dBmV +35.2 dB(1/m) + (- 15.56 dB) + 1.8 dB
e = -13.56 dB(mV/m)
E = 0.2099 mV/m

E = 2099uV/m
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Plot 24
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Measurement distance d = 05m

Calculation : Field strength = Analyser reading + Antenna factor + distance corr. + cable loss
e = -30.33 dBmV +36.2 dB(1/m) + (- 15.56 dB) + 2.0 dB
e = -7.69 dB(mV/m)

E = 04125 mV/m
E = 412.5uV/m
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Plot 25
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Measurement distance d = 025m
Calculation : Field strength = Analyser reading + Antenna factor + distance corr. + cable loss

e = -29.17dBmV +40.4 dB(1/m) + (- 21.58 dB) + 2.8 dB

e = -7.55 dB(mV/m)

E = 03775 mV/m

E = 377.5uV/m
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Plot 26
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Measurement distance d = 025m
Calculation : Field strength = Analyser reading + Antenna factor + distance corr. + cable loss
e = -31.17dBmV +41.0 dB(1/m) + (- 21.58 dB) + 3.0 dB
e = -8.75 dB(mV/m)
E = 03652 mV/m

E = 3652uV/m
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Measurement distance d = 3.0m
Calculation : Power density = EIRP (Noise) / Ant. aperture area
pd = -66.50 dBm - 10.64 dB(cm?)
pd = -77.14 dB(mW/cm?)
PD = 19.319 pW/cm®
Remark: Spurious frequencies e.g. 42.33 ; 44.50 ; 47.27 GHz ..... are produced by the external mixer.

They are image frequency responses, and can be identified by calling up signal identifier program.
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Measurement distance d = 3.0m
Calculation : Power density = EIRP (Noise) / Ant. aperture area
2
pd = -60.67 dBm - 8.98 dB(cm”)
pd = -69.65dB(mW/cm?)

PD = 108.4 pW/cm’

Remark: Spurious frequencies e.g. 58.96; 59.38; 62.93 GHz .... are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 29
A "v‘&'\w“,wﬁ,d\ "‘W‘"vﬁ\“‘\f‘*‘u‘\'\f‘«,v““‘“a”‘ A, !‘v‘w‘v‘c"v"‘ﬂ\‘" h‘w@‘\‘“ﬂr”‘\‘v“v\o\‘”v“"v”“/“f‘ﬁdv“’ "\‘f‘f”v‘“’v“‘ﬂ"“ W“J\/"«”W’Vﬁ\n“\‘v“ \
Measurement distance d = 1.0m
Calculation : Power density = EIRP (Noise) / Ant. aperture area x  dist. corr.
pd = -55.87dBm - 455dB(em’) +  (-9.54 dB)
pd = -69.96 dB(mW/cm?)
PD = 100.9 pW/cm’

Remark: Spurious frequencies e.g. 75.822 GHz to 75.945 GHz are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 30
\
)
|
‘\ M
M
Mwww,m‘JN | bpghon Ay, v ‘\’"Wr*v\f\w”w,w‘vu«/“r‘\‘\‘\a’w"«J‘V\;J‘u”‘w ,‘"/w\»/*’w*v‘v“‘h”v “w-\ﬂ.‘w\v*/»w,w,»«/w,,«,«WM\M JWOMﬁ\*ﬁw«,w"f‘"ﬂ; NRAENEN
Measurement distance d = 1.0m
Calculation : Power density = EIRP (Noise) / Ant. aperture area x  dist. corr.
pd = -55.03dBm - 455dB(ecm’) +  (-9.54 dB)
pd = -69.12 dB(mW/cm?)
PD = 122.5pW/cm’

Remark: Spurious frequencies e.g. 75.822 GHz to 75.945 GHz are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 31
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Measurement distance d = 1.0m
Calculation : Power density = EIRP (Noise) / Ant. aperture area x  dist. corr.
pd = -54.00 dBm - 455dB(ecm’) +  (-9.54 dB)
pd = -68.09 dB(mW/cm?)
PD = 1552pW/cm’

Remark: Spurious frequencies e.g. 80.45; 81.15; 85.45 GHz ....are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 32
Mkr 157.16GHz -37.34dBm ek
Ref Lvl 33.5dBm 10dB/ X11 110-170
110.00GHz to 170.00GHz
ResBW 300kHz VidBW 300kHz SWP 3.8S
BIAS BAND ResBW 300kHz
Tektronix 2782
Measurement distance d = 0.5m
Calculation : Power density = EIRP (Noise) / Ant. aperture area x  dist. corr.
pd = -47.00 dBm - 0.13dB(cm®) +  (-15.56 dB)
pd = -62.69 dB(mW/cm?)
PD = 5383 pW/cm’

Remark: Spurious frequencies e.g. 111.26; 122.36; 130.40 GHz ....are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 33
Mkr 204.72GHz -40.44dBm ek
Ref Lvl 33.5dBm 10dB/  X13 140-220
140.00GHz to 220.00GHz
ResBW 100kHz VidBW 100kHz SWP 46S
BIAS BAND Stop 220.00GHz
Tektronix 2782
Measurement distance d = 0.25m
Calculation : Power density = EIRP (Noise) / Ant. aperture area x  dist. corr.
pd = -48.00 dBm - 0.01 dB(cm®) +  (-21.58dB)
pd = -69.58 dB(mW/cm?)
PD = 1102 pW/cm’

Remark: Spurious frequencies e.g. 154.64; 186.40; 204.72 GHz ....are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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Plot 34
Mkr 252.9GHz -47.64dBm 2
Ref Lvl 28.5dBm 10dB/  X19 220-325
220.0GHz to 325.0GHz
ResBW 300kHz VidBW 300kHz SWP 6.7S
LEVEL BAND ResBW 300kHz
Tektronix 2782
Measurement distance d = 0.125m
Calculation : Power density = EIRP (Noise) / Ant. aperture area x  dist. corr.
pd = -45.00 dBm - 022 dB(cm®) +  (-27.60 dB)
pd = -72.82dB(mW/cm?)
PD = 522 pW/em?

Remark: Spurious frequencies e.g. 227.8; 274.0; 300.7 GHz ....are produced by the external mixer.
They are image frequency responses, and can be identified by calling up signal identifier program.
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2 Photographs
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Photo 2




CETECOM ICT Services GmbH Cﬁ;’!@ "

Test report No.: 5-4423-01-03/03  Date : 01.07.2003 Page 57 of 62

Photo 3
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Photo 7
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