ENG NEERI NG STATEMENT
For Type Certification of
ARl STO- CRAFT

Mbodel : Crest CRE-55003
FCC | D: BBG- 55003

| am an Electronics Engineer, a principal the firm of Hyak
Laboratories, 1Inc., Springfield, Virginia. My education and
experience are a matter of record with the Federal Communications
Comm ssi on.

Hyak Laboratories, Inc. has been authorized by Aristo-Craft
to nmake type certification neasurenents on the CRE-55003
transmtter. These tests were made by nme or under my supervision
in our Springfield |aboratory.

Test data and other docunentation required by the FCC for
type certification are included in this report. It is subnmtted
that the above nentioned transmitter neets FCC requirenents and
type certification is requested.

Rowl and S. Johnson

Dated: July 6, 2001



A | NTRODUCTI ON

The following data are submtted in connection with this
request for type certification of the CRE-55003 transmtter in
accordance with Part 2, Subpart J of the FCC Rul es.

The CRE-55003 is a | ow power, non-voice, transmtter intended
for renote control of nodel railroad |oconotives in the 75 Mz
band.

The equi pnment enploys a vertical polarized antenna directly
mounted on the unit and neets Paragraphs 95.645, 95.647, 95.649
and the technical requirenents established in the Report & O der
in PR Docket 90-222.

B. GENERAL | NFORVATI ON REQUI RED FOR TYPE CERTI FI CATI ON
(Paragraph 2.983 of the Rules)

1. Nane of applicant: Aristo-Craft
2. | dentification of equipnment: FCC ID BBG 55003

a. The equipnent identification l|abel is submtted
as a separate exhibit.

b. Photographs of the equipnent are submtted as
separate exhibits.

3. Quantity production is planned.
4. Techni cal description:

a. 6k00F1D eni ssi on
b. Frequency range: 75.41 — 75.99 M1z.
C. Operating power of transmtter is fixed at the
factory at 0.003 Watt — ERP(d).
d. Maxi mum power perm tted under Paragraph 95. 635(b)
of the FCC Rules is 750 mlliwatts, and the CRE-
55003 fully conplied wth those power |limtations.
e. The dc voltage and dc currents at final anplifier:
Col | ector voltage: 5.9 Vdc
Col l ector current: 0.11 mA

f. Function of each active sem conductor device:
See Appendi x 1.

g. Complete schematic diagram is submtted as a
separate exhibit.

h. Draft instruction book is submtted as a separate
exhi bit.



B. GENERAL | NFORVATI ON (conti nued)

i The transmitter tune-up procedure is submtted as a
separate exhibit.

J - A description of circuits for stabilizing frequency
is included in Appendi x 2.
K. A description of circuits and devi ces enpl oyed for

suppression of spurious radiation and for limting
nodul ation is included in Appendi x 3.
| . Not appli cabl e.
5. Data for 2.985 through 2.997 follow this section.

6. RF Power Qutput (Paragraph 2.985(a) of the Rules)

Since the CRE-55003 has an inmmediately attached, integra
antenna, no antenna port exists. Power was determ ned by
substitution conpari son.

Assum ng an ideal dipole (not the actual nonopol e)

ERP(d) = 0.003 watts.

C. MODULATI ON CHARACTERI STI CS

Cccupi ed Bandw dt h
(Paragraphs 2.989(i), and 95.635(b) of the Rules)

Figure 1 is a plot of the sideband envel ope of the
transmtter taken with an Tektroni x 494P spectrum anal yzer.
Modul ation corresponded to conditions of 2.989(i) and
consisted of the multiple pulses and synchroni zi ng space
normal Iy used in radio control applications. (Mdulationis
achi eved by a varicap shunting the crystal oscillator
resulting in FM) Operator controls were adjusted for worst-
case em ssion

The plot is within the Iimts inposed by paragraph 95.635(c).

The horizontal scale (frequency) is 10 kHz per division and
the vertical scale (Anplitude) is a logarithm c presentation
equal to 10 dB per division.

Resol uti on bandwi dth was 1 kHz; vi deo bandwi dth was 100 kHz.

Figure 2 is a plot froma Tektronix DSO with 5 nf/ divi sion
sweep in the tinme domain of the nodul ated carrier. Mdul ation
consisted of nmultiple bursts at a nomnal 30 Hz repetition
rate.
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FI GURE 1
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AEF LEVEL FREQUENCY FREG SPAN/DIV
=30 .0dBm 75.410MHz 10kHz
fnoa 1 1 | 1 1 '| 1 | REF]
RN i I
i 1 [ |
Pt IL;I .
_ B N 3 1 N S ™
[ [t- 1 | ' -
B L B = |
| | I|I: _ '
[ | =
i?IFI!I‘III Pillrrllrlll-: Fililll1}'l|1il}i-ulll'.l|
L A il
R Y| BTAR 1 Il ||_¥ ].I.Jltll]lll.
' 10dB/ 1ﬁhh .
| VEHTICAL BRESOLUTIDN
L DISPLAY ATTEMUATION E— PNy e FA .J

95.635:

(3) At least 25 dB on any frequency renoved fromthe center of
t he aut horized bandw dth by nore than 50% up to and including 100%
of the authorized bandwidth (4 to 8 kHz).

(10) At least 45 dB on any frequency renoved from the center of
the authorized bandwidth by nore than 100% up to and i ncluding
125% of the authorized bandwidth. (8 to 10 kHz)

(11) At least 55 dB on any frequency renoved from the center of
the authorized bandwidth by nore than 125% up to and including
250% of the authorized bandwi dth. (10 to 20 kHz)
(12) At least 56+10 log,, (TP) dB on any frequency renoved fromthe
center of the authorized bandw dth by nore than 250%

OCCUPI ED BANDW DTH

FCC I D: BBG 55003

FI GURE 1
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FI GURE 2
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FI GURE 2
5
D. SPURI QUS EM SSI ONS AT THE ANTENNA TERM NALS
(Paragraph 2.991 of the Rules)

Since the CRE-55003 transmtter neets FCC Rul es 95.645, there
are no provisions for antenna term nal output nmeasurenents.

Substitution of a suitable matching network and retuning
to permt observations at 50 ohnms woul d not be representative of
nor mal operati on.

Accordingly data on radiated spurious em ssions are included
inlieu of antenna term nal conducted spurious em ssions.

E. MEASUREMENTS OF SPURI QUS RADI ATI ON
(Paragraph 2.993(a) (b) (2) of the Rules)

Measurenments of radiated spurious emssions from the CRE-
55003 were made with a Tektroni x 494P spectrum anal yzer using EMCO
3121C calibrated test antennas using substitution conparison.

The transmitter and its integral vertical antenna were
| ocated in an open field 3 neters from the test antenna. Suppl y
voltage was from a fresh set of batteries with a term nal voltage
under |oad of 6.0 Vdc. The transmitter and test antennas were
arranged to maxim ze pickup. Both vertical and horizontal test
antenna pol ari zati on were enpl oyed.

Ref erence was power at the carrier frequency.

The neasurenent system was capable of detecting signals 100
dB or nore below the reference |evel. Measurenents were nmade from
the lowest frequency generated within the wunit, to 10 tines
operating frequency.
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TABLE 1
TRANSM TTER RADI ATED EM SSI ON

75.41 Mz; 6.0 Vvdc; 0.003 watt ERP(d)

Em ssi on Frequency dB Bel ow
VHz Carrier Reference!
75. 410 0 Ref.
452. 460 46V
527.870 45V
678. 690 48H
Required: 56+10Log(0.003) = 31

Al'l other spurious from4 - 760 Mz were 20 dB or nore bel ow
FCClimt.

! V/H worst case test antenna pol ari zati on.
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F. FREQUENCY STABI LI TY
(Paragraph 2.995(a) and 95.623(c) of the Rules)

Measurenment of frequency stability versus tenperature was
made at tenperatures from-30°C to +50°C. At each tenperature, the
unit was exposed to test chanber anbient a mninum of 60 m nutes
after indicated chanber tenperature anbient had stabilized to
wWithin £2° of the desired test tenperature. Following the 1 our
soak at each tenperature, the wunit was turned on, keyed and
frequency neasured within 2 mnutes. Test tenperature was se-
guenced in the order shown in Table 2, starting with -30°C

A Thernotron S1.2 tenperature chanber was used. Tenper at ure
was nmonitored with a Keithley 177 DVM and Fl uke 150-30 tenperature
pr obe. The transmtter output stage was termnated in a dumy
| oad. Primary supply was 6.0 volts. Frequency was neasured wth
a HP 5385A digital frequency counter connected to the transmtter
t hrough a power attenuator. Measurenents were nmade at 75.41 Miz.
No transient keying effects were observed.

TABLE 2

FREQUENCY STABI LI TY vs. TEMPERATURE
75.41 MHz; 6.0 Vdc; 0.003 watt (ERP(d))

Tenperature, °C Qut put Frequency, NHz ppm
-29.5 75. 409498 -6.7
-20.0 75.410003 0.0
- 9.7 75.410255 3.4
- 0.1 75.410313 4.2

9.6 75.410251 3.3
20.5 75.410103 1.4
30. 2 75. 409972 -0.4
39.8 75.409888 -1.5
49. 8 75. 409884 -1.5
Maxi mum frequency error: 75. 409498
75.410000
- . 000502 MHz

Rul e 95.623(c) specifies 0.002% or a maxi num of +0.001508 Mz,
whi ch corresponds to:

High Limt 75.411508 Mz
Low Limt 72.408492 MHz
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G FREQUENCY STABI LI TY AS A FUNCTI ON OF SUPPLY VOLTAGE
(Paragraph 2.995(d)(2) of the Rules)

Gscillator frequency as a function of power supply voltage was
measured with an HP 5385A digital frequency counter as supply
voltage provided by an HP 6264B variable dc power supply was
varied £15% from the nomnal 6.0 volt rating. A Keithley 197
digital voltnmeter was used to neasure supply voltage at transmt-
ter primary input termnals. Measurenents were mnade at 20°C
anbi ent .

TABLE 3

FREQUENCY STABILITY vs. SUPPLY VOLTAGE
75.41 MHz; 6.0 Vdc; 0.003 watt (ERP(d))

Supply Vol t age Qut put Frequency, Mz ppm

6.9 75. 410169 2.2

6.6 75. 410144 1.9

6.3 75. 410120 1.6

6.0 75. 410103 1.4

5.7 75. 410092 1.2

5.4 75. 410082 1.1

51 75. 410075 1.0

4. 8* No RF CQut put N A
Maxi mum frequency error: 75.410169
75. 410000

+ .000169 MHz
* Manufacturer's battery end point.

FCC Rul e 95.623(c) specifies 0.002% or a maxi num of +0.001508
MHz, corresponding to:

High Limt 75.411508 Mz
Low Limt 75. 408492 MHz



Ref er ence
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APPENDI X 1

FUNCTI ONS OF ACTI VE SEM CONDUCTORS

Type

88282555
R

KS8805D

Pl C16C621- 04/ SO
Kl A7045F
KTA1505

KTA1505

KTC3880

KTA3880

NE46134

Functi on

Dual PLL Control SystemIC

8 Bit Mcro-Controller IC
Low Vol tage Detector (4.5V) IC
LED Swi tchi ng Transi stor

Power Control Transi stor

RF Gscillator Transi stor

RF Drive Anplifier Transistor
RF Final Anplifier Transistor

FUNCTI ON OF ACTI VE
SEM CONDUCTORS



FCC | D. BBG 55003

APPENDI X 1
APPENDI X 2

Cl RCU TS AND DEVI CES TO STABI LI ZE FREQUENCY

Phase Loop Lock System

Cl RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY



FCC | D. BBG 55003

APPENDI X 2
APPENDI X 3

Cl RCU TS TO SUPPRESS SPURI OQUS RADI ATI ON,

A mat ching network and | owpass filter follows the final RF
anplifier stage (@) consisting of L3, C9, C10, T1, C21 and L4.

Cl RCUI TS TO SUPPRESS SPURI OUS
RADI ATI ON, LIM T MODULATI ON
AND CONTRCL POVER



FCC | D. BBG 55003

APPENDI X 3



