ENG NEERI NG STATEMENT
For Type Certification of
SAM ASH MUSI C CORPCORATI ON

Model :  Ear Anp T600
FCC I D: CRRT600

| aman Electronics Engineer, a principal in the firm of Hyak
Laboratories, Inc., Springfield, Virginia. M education and
experience are a matter of record with the Federal Comruni cations
Conm ssi on.

Hyak Laboratories, Inc. has been retai ned by Sam Ash Misic
Corporation to nmake type certificati on measurenments on the T600
transmtter. These tests nmade by me or under ny supervision in
our Springfield | aboratory.

Test data required by the FCC for type certification are
included in this report. It is submtted that the above nenti oned
transmtter meets FCC requirenents and type certification is
request ed.

Rowl and S. Johnson

Dat ed:  August 28, 2000

A I NTRODUCTI ON

The follow ng data are submtted in connection with this
request for type certification of the T600 transmtter in



accordance with Part 2, Subpart J of the FCC Rul es.

The T600 is a 50 mlliwatt, UHF, frequency nodul ated,
synt hesi zed,
nmount chassis for wreless ear nonitor applications under Part

ac-line operated transmtter configured as a rack-

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

Nane of applicant: Sam Ash Misic Corporation

I denti fication of equipnent: FCC ID: CRRT600

74.

The equi pment identification |abel is included as

a separate exhibit.
Phot ogr aphs of the equi pnent are included as a
separate exhibit.

Quantity production is planned.

Techni cal descri ption:

1.
2.
a.
b.
3.
4.
a.
b.
C.
d.
(
e.
f.
g.
h.
B. GENERAL |
i
j.
K.

Em ssi on 87k0F3E

Frequency range: 614 - 662 Miz.

Qperating power of transmtter is fixed at the
factory at 50 nw

Maxi mum power permtted under Part 74.861(e)
D(ii) of the rules is 250 mlliwatts, and the
T600 conplied with those power |imtations.

Function of each active sem conductor device:

See Appendi x 1.

Conpl ete circuit diagramis included as a

separate exhibit.

A draft instruction book is included as a

separate exhibit.

The transnmitter tune-up procedure is included as a
separate exhibit.

2
NFORMATI ON REQUI RED ( Cont i nued)

A description of circuits for stabilizing
frequency is included i n Appendix 2.

A description of circuits and devices enpl oyed for
suppr ession of spurious radiation and for limting
nmodul ation is included in Appendi x 3.

Not appl i cabl e.



Data for 2.985 through 2.997 foll ow this section.

RF_Power _Qut put (Paragraph 2.987(a) of the Rul es)

The devi ce has a BNC RF output connector. RF output
power, was neasured using an HP 432 power neter as 54
mN

NOTE: Al audi o neasurenents were nade hard-w red
usi ng the normal input connector.

C MODULATI ON CHARACTERI STI CS

1.

A curve showi ng frequency response of the transmtter
is shown in Figure 1. Reference level was a 1 kHz au-
dio signal at 10 kHz deviati on. A Boonton 8220 nodul a-
tion nmeter was used to neasure deviation. Audio output
was neasured from an Audi o Precision System One

i nt egr at ed nmeasurenent system

Under Section 74.861 no nodulation limting 1is
required.

Qccupi ed_Bandw dt h
(Par agraphs 2.989(c), and 74.861(6) of the Rules)

Figure 2 is a plot of the sideband envel ope of the
transmtter taken with a Tektroni x 494P spectrum

anal yzer. Modul ati on consisted of a 14.5 kHz tone,
the frequency of maxi numresponse, at an input |evel 16
dB greater than that necessary to produce 50%
nmodul ati on.

NOTE: Audi o bandwidth is 15 kHz, and maxi mum system
deviation (0dBminput) is 29 kHz. Usi ng 2D+2F =
nodul ation factor. \Where "D" is rated system deviation
and "F" is maxi mum nodul ati on frequency, an em ssion
desi gnat or of 87kOF3E was comnput ed.
3
FI GURE 1

MCDULATI ON FREQUENCY RESPONSE
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FI GURE 2

OCCUPI ED BANDW DTH
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C.  MODULATI ON CHARACTER! STI CS ( Conti nued)

The plots are within the limts inposed by paragraph
74.861(6). The horizontal scale (frequency is 50 kHz per
division) and the vertical scale (anplitude) is a logarithmc
presentation equal to 10 dB per divi sion.

D. SPURI OUS EM SSI ONS AT THE ANTENNA TERM NALS




(Paragraph 2.991 of the Rules)

The T600 transmtter was tested for spurious em ssions at the
antenna termnals while the equi pnent was nodul ated with a 15 kHz
signal, 16 dB above m nimum i nput signal for 50% nodul ation.

Measurenments were nmade with Tektroni x 494P spectrum anal yzer
coupled to the transmtter output termi nal through a Narda 765- 20
power attenuator. A notch filter was used to attenuate the
carrier.

During the tests, the transmtter was termnated in the 50
ohm attenuator. Power was nonitored on a Bird 43 Thru-Line
wattneter; ac supply was 117 volts throughout the tests.

Spurious em ssions were neasured throughout the RF spectrum
from| owest frequency generated in the transmtter to the tenth
har moni ¢ of the carrier.

Any enissions that were between the required attenuation and
the noise floor of the spectrum anal yzer were recorded. Data are
shown in Table 1.

E. DESCRI PTI ON OF RADI ATED SPURI QUS MEASUREMENT FACI LI Tl ES

A description of the Hyak Laboratories’ radiation test
facility is a matter of record with the FCC. The facility neets
ANSI 63.4-1992 and was accepted for radiati on neasurenents from 25

to 1000 MHz on October 1, 1976 and is currently listed as an
accepted site.

6
TABLE 1

TRANSM TTER CONDUCTED SPURI OQUS
635.8, 117 Vac, 53.7 nW

Spuri ous dB Bel ow
Fr equency Carrier
VHz Ref erence

1271. 602 81



1907. 402 96

2543. 208 >100
3179. 010 >100
3814. 812 >100
4450. 614 >100
5086. 416 >100
5722.218 >100
6358. 020 >100
6993. 822 100
Requi r ed: 43+10Log( P) 30

Al other emssions from12 M to the tenth harnonic were 20 dB
or nore below FCC limt.

NOTE: Carrier notch filter used to increase dynam c range.

=
F. FI ELD STRENGTH MEASUREMENTS OF SPURI OUS RADI ATI ON

Field intensity neasurenents of radiated spurious em ssions
fromthe T600 were nade with a Tektronix 494P spectrum anal yzer
usi ng Si nger DM 105A calibrated dipole antennas below 1 GHz, and
Pol arad CA-L, and CA-S or EMCO 3115 from 1-5.0 GHz.

The transmtter and dummy | oad were located in an open field
3 neters fromthe test antenna. Supply voltage was 117 Vac.

Qut put power was 53.7 nW at the operating frequency. The
transmtter and test antennas were arranged to maxim ze pickup.
Both vertical and horizontal test antennae polarization were
enpl oyed.



Ref erence | evel for the spurious radiations was taken as an
ideal dipole excited by 53.7 mMN the output power of the trans-
mtter according to the follow ng relationship:*

E = (49.2P)Y?
R
wher e E = electric-fieldintensity in volts/neter
P, = transm tter power in watts
R = distance in neters
for this case E = (49.2x0.0537)Y2 = 0.54 VIm
3

Since the spectrum anal yzer is calibrated in decibels above one
mlliwatt (dBm, a conversion, for convenience, was made from dBu
to dBm

0. 54x10% uV/ m

0.54 vol ts/ neter

dBu/ m

20 Log;o( 0. 54x10°)

115 dBu/ m

-107 dBm the reference becones

Since 1 uV/m

115 - 107

8 dBm

*Reference_Data_for_Radi o_Engi neers, Fourth Edition,
I nt ernational Tel ephone and Tel egraph Corp., p. 676.

8
F. FI ELD STRENGTH MEASUREMENTS ( Cont i nued)

The transmtter and test antennae were arranged to maxim ze
pi ckup. Both vertical and horizontal test antenna polarization
wer e enpl oyed.

The neasurenent system was capabl e of detecting signals 95 dB
or nore below the reference |evel. Measurenents were nade from
the lowest frequency generated within the wunit to 10 tines
operating frequency. Data after application of antenna factors
and line |oss corrections are shown in Table 2.

TABLE 2

TRANSM TTER CABI NET RADI ATED SPURI QUS



633.05 MHz, 117 Vac, 53.7 nW

Spuri ous dB Bel ow
Fr equency Carrier
Mz Ref er ence’
1266. 102 69V*
1899. 156 84\V*
2532. 208 81V*
3165. 260 83H*
3798. 312 80H*
4431. 364 80H*
5064. 416 78H*
5697. 468 78H*
6330. 520 77H*

Requi r ed: 43+10Log( P) 30

"Wor st - case pol arization, H Horizontal, V-Vertical
*Reference data only, nore than 20 dB below FCC limt.

Al other spurious to 7.0 GHz were 20 dB or nore below FCC limt.

9
G FREQUENCY STABILITY
(Paragraph 2.995(2) and 90.213 of the Rul es)

Measur enent of frequency stability versus tenperature was

made at tenperatures from-0°C to +50°C. At each tenperature, the
unit was exposed to test chanber anmbient a mninmum of 60 m nutes
after indicated chanber tenperature anmbient had stabi- lized to

within £2°of the desired test tenperature. Followi ng the 1 hour
soak at each tenperature, the unit was turned on, keyed and
frequency measured within 2 mnutes. Test tenperature was
sequenced in the order shown in Table 3, starting with -00C

A Thernmotron S1.2 tenperature chanber was used. Tenperature
was nonitored with a Keithley 871 digital tenperature probe. The
transmtter output stage was termnated in a 50 ohm dumry | oad.
Primary supply was 117 Vac. Frequency was neasured with a HP5385A
digital frequency counter connected to the transmtter through a
power attenuator.

TABLE 3



FREQUENCY STABILITY AS A FUNCTI ON O TEMPERATURE
640. 000 MHz; 117 Vac; 53.7 nmW

Tenperature, °C Qut put Frequency, NHz
0 639. 999811
10.1 640. 000264
19.9 640. 000149
29.9 639. 999751
39.7 639. 999545
49. 7 640. 000065
Maxi mum fr equency error: 639. 999545
640. 000000

- 0.000455 MHz

FCC Rule 74.861(e)(4) specifies .005% or a maxi mum of 0. 032000
MHz, correspondi ng to:

High Limt 640. 032000 MHz
Low Limt 639. 968000 MHz

10
H. FREQUENCY STABILITY AS A FUNCTI ON CF SUPPLY VOLTAGE
(Paragraph 2.995(d)(2) of the Rul es)

Gscillator frequency as a function of power supply vol tage was
neasured with a HP 5385A digital frequency counter as supply

vol tage provi ded by a vari able ac power supply was varied *15%
fromthe nomnal 117 Vac rating. A Keithley 177 digital volt-
net er was used to neasure supply voltage at transmtter primary

input termnals. Measurenents were nade at 20°Canbi ent.

TABLE 4

FREQUENCY STABILITY AS A FUNCTI ON OF SUPPLY VOLTAGE
640. 000 MHz; 117 Vac; 53.7 nmW

Suppl y_Vol t age Qut put _Fr equency, MHz
134. 55 640. 000147
128. 70 640. 000147
122. 85 640. 000149
117. 00 640. 000149

111. 15 640. 000148



105. 30 640. 000149

99. 45 640. 000147
Maxi mum frequency error: 640. 000149
640. 000000

+ 0.000149

FCC Rule 74.861(e)(4) specifies .005% or a maxi num of 0. 032000
MHz, correspondi ng to:

High Limt 640. 032000
Low Limt 639. 968000
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APPENDI X 1

ACTI VE SEM CONDUCTOR FUNCTI ONS

Ref erence Type Functi on
uso0 MC1452200T PLL
U4 BA3853BFS Audi o Processi ng
U5, U6 NJM2073N Audi o Processi ng
u41, 40 Low Pass Filter
Q316 2SC3356 Driver/Buffer
@315 25C3356 Driver

Q@24 MRF571 Final RF Amp



ACTI VE SEM CONDUCTORS
FCC I D0 CRRT600

APPENDI X 1
APPENDI X 2

G RCUI TS AND DEVI CES TO STABI LI ZE FREQUENCY

Both oscillators are frequency | ocked by a phase-|ocked-1oop
conposed of U50 to a reference derived froma 4 Miz crystal (Y1).



G RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY
FCC ID. CRRT600

APPENDI X 2
APPENDI X 3

Cl RCUI TS TO SUPPRESS SPURI QUS RADI ATI ON

Description of Circuits to Suppress Emissions

A fixed frequency L.O. operating on 220 MHz is mixed up to the desired output frequency by a
doubly balanced mixer made up of L322, U301, and L321. The 220 MHz signal is passed through
a low pass filter before being applied to the mixer to prevent any harmonics from leading to any
undesired products that could lie within the pass band. The pass band for the U.S. version (Band
A) is 614-662 MHz and for the export version (Band B) it is 774-865 N4hz. The 21 L.O. operates
220 MHz above the output frequency. The output of the mixer is amplified by Q317, then fed
through a pass band filter which is tuned to pass only the low side product of the conversion. Any
undesired products are to be greater than 60 dBc below the desired signal at this point. The desired
signal is then fed to an amplifier chain composed of Q316, Q315, and Q324. After amplification,
the signal is passed through a low pass filter to remove any harmonics generated by the amplifiers.
In addition, the processor monitors the PLL for an out of lock condition of either synthesizer. The
processor, with the aid of Q12 and Q321, provides power for the last two stages of final
amplification only if both loops have been locked for a predetermined amount of time. This
reduces the possibility of transmitting off frequency and also prevents transmitting upon power up
while the synthesizers acquire lock.

Description of Circuits to Limit Modulation

Each channel is limited independently by both a hard limiter and a dynamic limiter. The dynamic
limiter functions as an AGC once full modulation is reached. If additional audio is applied, the
limiter will reduce the gain of the audio path by overriding the compressor. This maintains legal
modulation with little if any noticeable distortion. There is an optional jumper that will cause both
limiters to be activated whenever either one is triggered. This feature is designed to maintain a
specific balance between the two channels regardless of which channel has excessive audio



apllied. Since each dynamic limiter is designed to ignore transients, the hard limiters are present
only to limit anything the dynamic limiters allow to pass.
Audio is fed through the compressor (U5), then pre-emphasized by U40(left channel) or
U41 (right channel). Q200 and Q20 I (left channel) or Q203 and Q204 (right channel) provide the
hard limiting. At this point the audio is amplified byUI4 (left channel) or UI3(right channel)
and rectified by CR7 and CR8(left channel) or CR5 and CR6(right channel). The resulting DC
voltage is applied to a comparator formed by Q9, QI 5, and QI 6(left channel) or Q8, QI 3, and
Q 14(right channel). Once a preset voltage is exceeded at the input of the comparator, the output
of the comparator overrides the feedback loop in the compressor and reduces the audio path gain
as needed to maintain legal modulation. The top bar graph LED indicates whenever any dynamic
limiting is being employed.

Cl RCUI TS TO SUPPRESS

SPURI QUS RADI ATI ON &

FCC ID:  CRRT600

APPENDI X 3



