ENG NEERI NG STATEMENT
For Type Certification of
M DLAND USA

Model No: 70-0671C
FCC I D: NCP700671C

| am an El ectroni cs Engi neer, a
Hyak Laboratories, Inc., Springfield,
experience are a matter of record wt
Comm ssi on.

principal in the firm of
Virginia. M education and
h t he Federal Comrunications

Hyak Laboratories, Inc. has been authorized by Mdl and USA
to make type certification neasurenents on the 70-0671C
transceiver. These tests made by ne or under ny supervision in
our Springfield | aboratory.

Test data and docunentation required by the FCC for Type
Certification are included in this report. The data verifies that
t he above nentioned transceiver neets FCC requirenents and Type
Certification is requested.

Rowl and S. Johnson

Dat ed: COctober 20, 1999

A | NTRODUCTI ON

The followng data are submtted in connection with this
request for Type Certification of the 70-0671C transceiver in
accordance with Part 2, Subpart J of the FCC Rul es.



The 70-0671C is VHF, frequency nodulated transceiver
i ntended for 25 kHz channel |and nobile applications in the 42 -
50 MHz band. It operates from a 13.8 vehicle supply. Qut put
power rating is 110 watts.

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

1. Nane of applicant: M dl and USA
2. I dentification of equipnment: NCP700671C

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

b. Photographs of the equipnent are submtted as a
separate exhibit.

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

a. 16kOF3E em ssion

b. Frequency range: 42 - 50 MHz.

C. Qperating power of transmtter is fixed at
the factory at 110 watts.

d. Maxi mum power permtted under Part 90 of
the FCC is 350 watts, and the 70-0671C fully
conplied with those power limtations.

e. The dc voltage and dc currents at final
anplifier:

Col l ector voltage: 13.5 Vdc
Collector current: 17.3 A

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

g. Conplete circuit diagramis submtted as a
separate exhibit.

h. A draft instruction book is submtted as
a separate exhibit.

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

B.  GENERAL | NFORMATI ON (conti nued)

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 nodulation is included in Appendi x 3.

| . Not applicable.

5. Data for 2.985 through 2.997 follow this section.



C

power

D.

RF PONER QUTPUT ( Paragraph 2.985(a) of the Rules)

RF power output was neasured with a Bird 4421 RF power neter
and a Bird 8325-power attenuator as a 50 ohm dummy | oad. Maxi num

nmeasured was 110 watts.

MODULATI ON CHARACTERI STI CS

1.

A curve show ng frequency response of the transmtter
is showmn in Figure 1. Reference |evel was audio
signal output froma Boonton 8220 nodul ati on neter
with one kHz deviation. Audio output was neasured
with a Audi o Precision System One TRMS voltneter and
tracki ng generator.

Modul ation limting curves are shown in Figures 2a and
2b for wide or narrow channel operation respectively,
usi ng a Boonton 8220 nodul ati on neter. Si gnal | evel
was established with a Audio Precision System One
TRVS voltneter. The curves show conpliance with
paragraphs 2.987(b), and 90.211(c).

Figure 3 is a graph of the post-limter |ow pass
filter which neets the requirenents of paragraph
90.211(d) (1) in providing a roll-off of 60Logf/3 dB
where f is audio frequency in kHz. Measurenents were
made followi ng EIl A RS-152B with an Audi o Preci sion
System One sel ective voltneter on the Boonton 8220
nodul ati on neter audi o output.

Cccupi ed Bandwi dt h
(Paragraphs 2.989(c), 90.209(b)(4) and 90.210(d)
of the Rul es)

Figures 4 is a plot of the sideband envel ope of the
transmtter taken with a Advantest R3361A spectrum
anal yzer. Modul ati on corresponded to conditions

MODULATI ON CHARACTERI STI CS (conti nued)

of 2.989(c) (1) and consisted of 2500 Hz tone at an
input level 16 dB greater than that necessary to
produce 50% nodul ation at 2769 Hz, the frequency of
maxi num response. Measured nodul ati on under these
conditions was 3.5.

The pl ot has unnodul ated carrier as 0O dBm reference.



FI GURE 1
MODULATI ON FREQUENCY RESPONSE
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On any frequency nore than 50%
up to and including 100% of the
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(10-20 kHz)
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up to and including 250% of the
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t han 250% of the authorized
bandw dt h (over 50 kHz)

D. MODULATI ON CHARACTERI STI CS

The plot is wthin the Ilimts inposed by Paragraph
90.211(c) for frequency nodul ation. The horizontal scale
division and the vertical scale
mc presentation equal to 10 dB

(frequency) is 10 kHz per
(anmplitude) is a logarith
per divi sion.

ATTENUATI ON | N dB BELOW
MEAN OQUTPUT POVNER
Requi r ed
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43+10LogP = 63
(P =110 W

OCCUPI ED BANDW DTH
FCC ID: NCP700671C

FI GURE 4
(Cont i nued)



E. SPURI QUS EM SSI ONS AT THE ANTENNA TERM NALS
(Paragraph 2.991 of the Rules)

The 70-0671C transmtter was tested for spurious em ssions
at the antenna termnals while the equi pnent was nodul at ed
with a 2500 Hz signal, 16 dB above m ni numinput signal for
50% nodulation at 2769 Hz, the frequency of highest
sensitivity.

Measurenments were made wth Tektronix 494P spectrum
anal yzer coupled to the transmtter output term nal through
a Bird 8325 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; dc supply was 13.8 volts throughout the tests.

Spurious emssions were neasured at 110 watts out put
t hroughout the RF spectrum from 12 (lowest frequency
generated in the transmtter is 12.8 Mdz) to the tenth
har moni ¢ of the carrier.

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

F. DESCRI PTI ON OF RADI ATED SPURI QUS MEASUREMENT FACI LI TI 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 radiation
neasurenments from 25 to 1000 MHz on Cctober 1, 1976 and is
currently listed as an accepted site.

TABLE 1

TRANSM TTER CONDUCTED SPURI QUS
46. 000 MHz, 13.8 Vdc Input, 110 W

Spuri ous dB Bel ow

Frequency Carrier
VHz Ref er ence
92. 000 86
138. 000 >100
184. 000 86



230. 000 78

276. 000 86
322. 000 96
368. 000 96
414. 000 90
460. 010 96
Required: 43+10Log(P) 63

Al other emissions from1l2 MHz to the tenth harnonic were 20 dB
or nore below FCC limt.

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

G FI ELD STRENGTH MEASUREMENTS OF SPURI QUS RADI ATI ON

Field intensity neasurenents of radiated spurious em ssions
from the Mdland 70-0671C were made wth a Tektronix 494P
spectrum analyzer using Singer DM 105A calibrated dipole
ant ennas.

The transmtter and dummy | oad were |located in an open field
3 neters from the test antenna. Supply voltage was a power
supply with a term nal voltage under |oad of 13.8 Vdc.

Qut put power was 110 watts at 46.000 M1z operating
frequency. The transmtter and test antennas were arranged to
maxi m ze pickup. Both vertical and horizontal test antennae
pol ari zati on were enpl oyed.

Reference level for the spurious radiation was taken as an

ideal dipole excited by 110 watts, the output power of the
transmtter according to the follow ng rel ationship:*

10



E = (49.2P)"°

R
wher e E = electric-field intensity in volts/neter
P, = transmtter power in watts
R = distance in neters
for this case E = (49.%x110.0)”2 = 24.5V/m

Since the spectrum anal yzer is calibrated in decibels above one
mlliwatt (dBn), a conversion, for conveni ence, was nmade from dBu
to dBm

24.5x10° uVv/ m

24.5 vol ts/ neter

dBu/ m

20 Log,,(24.5x10°

148 dBu/ m

Since 1 uV/im -107 dBm the reference becomes

148 - 107

41 dBm

*Ref erence_Data for_Radi o_Engi neers, Fourth Edition,
I nternational Tel ephone and Tel egraph Corp., p. 676.

G FIELD 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 capable of detecting signals 100
dB below the reference |evel. Measurenents were made from the
| owest frequency generated within the unit (12 MHz), to 10 tines
operating frequency. Data after application of antenna factors
and line loss corrections are shown in Table 2.

TABLE 2
TRANSM TTER CABI NET RADI ATED SPURI QUS

46. 000 MHz, 13.8 Vdc, 110 watts

Spuri ous dB Bel ow

Frequency Carrier
VHz Ref er ence’
92. 000 82*
138. 000 71V
184. 000 73V
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230. 000 76H

276. 000 66V
322. 000 95*
368. 000 95*
414. 000 91*
460. 000 95*
Requi r ed: 63

'"Wor st - case pol ari zation, HHorizontal, V-Vertical
* Reference data only, nore than 20 dB below FCC |l imt.

Al other spurious from1l2 Mz to 460 G4 were 20 dB or nore
below FCC limt.

H. FREQUENCY STABILITY
(Paragraph 2.995(a)(2) and 90.213 of the Rul es)

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 i ndi cated chanber tenperature anbi ent had
stabilized to wthin #2° of the desired test tenperature.
Following the 1 hour soak at each tenperature, the unit was
turned on, keyed and frequency neasured within 2 m nutes. Test
tenperature was sequenced in the order shown in Table 3, starting

with -30°C

A Thernotron Sl1.2 tenperature chanber was used. Tenperature
was monitored with a Keithley 871 digital thernoneter. The
transmtter output stage was termnated in a dummy load. Primary
was 13.8 volts. Frequency was neasured with a HP 5385A frequency
counter connected to the transmtter through a power attenuator.
Measurenents were nmade at 46.000 MHz. No transient keying
effects were observed.

TABLE 3
FREQUENCY STABI LI TY vs. TEMPERATURE
46. 000 MHz; 13.8 Vvdc; 110 W

Tenperature, °C Qut put Frequency, Hz p.p. m
-30.1 45. 999944 -1.2
-21.5 45. 999980 -0.4
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-10.3 45. 999990 -0.2
- 0.1 46. 000001 0.0
10. 3 46. 000013 0.3
21.1 46. 000006 0.1
30.8 45. 999996 -0.1
41. 2 45. 999987 -0.3
50. 3 45. 999975 -0.5
Maxi mum frequency error: 45. 999944
46. 000000
- . 000056 MHz

FCC Rul e 90.213(a) specifies 0.002%

The device net a stability of 0.002% (20 PPM or a maxi mum of =
. 000920 Mz

High Limt 46. 000920 MHz
Low Limt 45. 999080 MHz

FREQUENCY STABI LI TY AS A FUNCTI ON OF SUPPLY VOLTAGE
(Paragraph 2.995(d)(2) of the Rules)

Oscillator frequency as a function of power supply voltage
was neasured with a HP 5385A frequency counter as supply voltage
provi ded by an HP 6264B variable dc power supply was varied from

+15% above the nominal 13.8 volt rating. A Fluke 197 digital
voltneter was used to measure supply voltage at transmtter

primary input termnals. Measurenents were nmade at 20°C anbi ent.

TABLE 4

FREQUENCY STABI LI TY AS A FUNCTI ON OF SUPPLY VOLTAGE
46. 000 MHz, 13.8 Volts Nom nal, 110 W

% Suppl y Vol t age Qut put Frequency, NMHz p. p. m
115 15. 87 46. 000007 0.2
110 15. 18 46. 000007 0.2
105 14. 49 46. 000007 0.2
100 13. 80 46. 000006 0.1

95 13. 11 46. 000006 0.1

90 12. 42 46. 000005 0.1

85 11.73 46. 000004 0.1

Maxi mum frequency error: 46. 000007

46. 000000

13



+ . 000007 MHz

FCC Rul e 90.213(a) specifies 0.002%

The device net a stability of 0.002% (20 PPM or a maxi mum of %
. 000405 MHz.
High Limt 46. 000920 MHz
Low Limt 46. 999080 MHz
APPENDI X 1
FUNCTI ON OF DEVI CES
70-0671 ACTIVE SEMICONDUCTORS (1/3)

SYMBOL TYPE FUNCTION
Q201 2SC3357 RF Amp
Q203 2SK508K52 IF Amp
Q204 2SK360E IF Amp
Q205 RT1N241C Switch
Q206 RT1N241C Switch
Q207 IMD3 Switch
1C201 TA31136FN FM.L.F.
1C202 TDA1519A Audio Amplifier
1C203 HA178L05UA 5V Regulator
Q301 RT1N241C Switch
Q302 25C2462C Switch
Q303 2SD1421ED Switch
Q304 RT1N241C Switch
1C301 HA178L05UA 5V Regulator
1C302 M38203 Micro Computer
1C303 XC61AC4102 Reset Switch
1C305 HD14538 Switch
1C306 BU4066BCFV Analog Switch
Q401 25C2462C Buffer Amplifier
Q402 25C2462C Switch

14



Q403 25C2462C Switch

Q404 RT1N241C Switch

Q405 RT1N241C Switch

Q406 UMHIN Switch

Q407 UMHIN Switch

Q408 RT1N241C Switch

1C401 AK2368 Audio Processor
1C402 BA3308F MIC Amplifier
1C403 MF6CWMX Operational Amplifier
1C404 BA14741F Operational Amplifier

15




70-0671 ACTIVE SEMICONDUCTORS (2/3)

SYMBOL TYPE FUNCTION
1C405 BA14741F Operational Amplifier
1C406 HD14053BFP Analog Switch
1C407 BU4066BCFV Analog Switch
1C408 BA728F Buffer Amplifier
1C409 BA728F Buffer Amplifier
1C410 SC14S66F Analog Switch
1IC411 SC14S66F Analog Switch
1C412 TCAW53FU Analog Switch
1IC413 TC4W53FU Analog Switch
IC415 BA728F Operational Amplifier
Q501 25C2538 Power Amp
Q502 2SC1971 Power Amp
Q503 25C2630 Power Amp
Q504 MRF492 Power Amp
Q505 MRF492 Power Amp
Q507 2SB945Q/P APC
Q509 25C2462C APC
IC501 BA728F Operational Amplifier
Q701 2SAl1121C Charge Pump
Q702 25C2462C Charge Pump
Q703 2SA1121C Charge Pump
Q704 25C2462C Charge Pump
Q705 RT1N241C Switch
Q706 2SK508K52 VCO
Q707 2SC3356 Pre Amp
Q708 2SC3357 Pre Amp
Q709 2SA1576A Switch
Q710 UMHIN Switch
Q712 DTB123YK Switch
Q713 DTB123YK Switch
Q714 UMHI1N Switch
Q715 2SB1197K Switch
Q716 2SD596DV3 Filter
Q717 2SC3357 Local Amp

16




70-0671 ACTIVE SEMICONDUCTORS (3/3)

SYMBOL TYPE FUNCTION
IC701 MB1504PF Synthesizer
IC702 BU4066BCFV Analog Switch
IC703 PPC1675G Operational Amplifier
IC704 PPC1675G Operational Amplifier
IC705 UPC1675G Operational Amplifier
Q801 2SK508K52 Switch
Q802 2SK508K52 Switch
Q803 3SK151GR Buffer Amplifier
Q804 25C2462C Buffer Amplifier
Q805 2S5A1121C Multi Vibrator
Q806 2S5A1121C Multi Vibrator
Q807 25C2462C Buffer Amplifier
Q808 2SA1121C Buffer Amplifier
Q809 2SAl1121C Rectifier Amplifier
Q810 2SA1121C Rectifier Amplifier
Q811 25C2462C Rectifier Amplifier
Q812 DTCI124EKA Switch
1C801 MC1350DR2 AGC Amplifier
Q901 25C2462C Switch
Q902 RT1N241C Switch
Q903 2SJ246S Switch
Q904 RT1N241C Switch
Q905 RT1N241C Switch
1C901 M38079EFFP Micro Computer
1C902 AT24C32N E2PROM
1C904 NJM7808DLA 8V Regulator
1C905 HA178L0O5UA 5V Regulator
1C906 RH5VL45AA 5V Regulator
1C907 XC61AC4102MR Reset Switch
1C910 RH5RL50AA 5V Regulator

FUNCTI ON OF DEVI CES
FCC I D: NCP700671C

APPENDI X 1
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APPENDI X 2

Cl RCUI TS AND DEVI CES TO STABI LI ZE FREQUENCY

A 12.8 Mz TCXO referenced PLL circuit establishes and
stabilizes output frequency.

Cl RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY
FCC I D: NCP700671C

APPENDI X 2
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APPENDI X 3
Cl RCU TS TO SUPPRESS SPURI OQUS RADI ATI ON,
LIMT MODULATI ON AND CONTROL POWNER

RF Power Anplifier

A PC board stripline is used to match @01 base termnal to the
coax. RF inpedance at collector of 01l is transformed by PC
board stripline to the base termnal of driver 02 and the
collector of @02 is transforned to the base of (B03.
Transfornmer T1 splits driver output to feed twin finals @04 and
@®05. Final stage outputs are conbined by Transforner T2. In
transmt node, K501 connect this RF signal to the harnmonic filter
consi sting of L520, L521 and L522 which purifies the signal
before em ssion by the antenna connected to J502. R520 and R521
serve to drain static and other DC potentials fromthe antenna.

Aut omat i ¢ Power Contr ol

T3, ahead of the harnonic filter, serves as a directional
coupler. D502 rectifies a small RF sanple that is devel oped
across the thin runner, producing a DC voltage that increases
with RF power traveling forward into the antenna. This power

| evel sensing voltage is the inverting input of the conparator

| C501 pin 6. The reference voltage applied to the conparator

I C501 pin 5is fed fromICO01 pin 71, which is controlled by the
programmer in alignnment node. Differential anplifier output
drives @07 which is a current source that feeds prinmary DC to
the collector circuit of predriver B01. The feedback |oop, from
the directional coupler to @07, holds RF output power at a
constant level that is determ ned by |C901.

Modul at or

Voi ce signals fromthe hand m crophone are applied to audio
filter of 1C401, where frequency response i s pre-enphasized and
splatter filtered. Gain is such that stronger signals bring

| G401 into clipping, which limts nodul ation. Harnonics above
the 3 kHz (wide) or 1.5 kHz (narrow) nodul ati on pass band are
removed in |1 C401. Mbodul ation signals are then adjusted by | C401
so that nodulation at limting will produce transmtted carrier
deviation of #5 kHz (wide) or 2.5 kHz (narrow). CQutput of
processed voice signhals at 1C405 pin 8 is fed to the gain control
| C401.

Cl RCUI TS TO SUPPRESS SPURI OQUS
RADI ATI ON, LIM T MODULATI ON-
AND CONTROL POWNER

FCC I D: NCP700671C
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