ENG NEERI NG STATEMENT
For Type Certification of
M DLAND CONSUMER RADI O

Model No:  75-445
FCC I D: MVA75445

I am an 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 Comuni cations
Conm ssi on.

Hyak Laboratories, Inc. has been authorized by Mdland
Consunmer Radio to make type certification neasurenents on the
75-445 transceiver. These tests nade by nme 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
the above nentioned transceiver neets FCC requi renents and Type
Certification is requested.

Rowl and S. Johnson

Dat ed: Cct ober 19, 2000

A | NTRODUCT! ON

The following data are submtted in connection with this
request for Type Certification of the 75-445 transceiver in



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

The 75-445 is a 12.5 kHz bandw dt h, UHF, frequency nodul at ed
transcei ver intended for hand-hel d, portable applications in the
464 - 469 MHz (itinerant) band. It operates from a 4.5-volt
battery pack. Qutput power rating is 1 watt.

B. GENERAL | NFORNVATI ON REQUI RED FOR TYPE ACCEPTANCE
(Paragraph 2.983 of the Rules)

1. Nanme of applicant: M dl and Consumer Radio
2. I denti fication of equipnent: MVA75445

a. The equi pnent identification |label 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 descri ption:

a. 11kOF3E em ssi on

b. Frequency range: 464-469 MHz. (See channel Iist
Appendi x 5.)

C. Operating power of transmtter is fixed at the
factory at 1 watt.

d. Maxi mum power permtted under Part 90 of the FCC
is 350 watts, and the 75-445 fully conplied with
those power Iimtations.

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

Col  ector voltage: 4.4 Vdc
Col l ector current: 0.5 A

f. Functi on 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.

2
j - A description of circuits for stabilizing
frequency is included in Appendi x 2.
K. A description of circuits and devices enpl oyed

for suppression of spurious radiation and for
[imting nodulation is included in Appendix 3.
I . Not appl i cabl e.
B. GENERAL | NFORMATI ON. . . ( Conti nued)

5. Data for 2.985 through 2.997 foll ow this section.



C. RF POAER QUTPUT (Paragraph 2.985(a) of the Rul es)

RF power output was neasured with a Bird 4421 RF power
nmeter and a Narda 765-20 attenuator as a 50 ohm dummy
| oad. Maxi mum conducted power neasured was 0. 86
watts. (The transmtter was tuned by the factory.)
ERP(d) was 0.98 watts. (See Table 2.)

D. MODULATI ON CHARACTERI STI CS

1

A curve showi ng frequency response of the transnitter
is shown in Figure 1. Reference level was audio signha
output from a Boonton 8220 npdulation nmeter with one
kHz devi ation. Audio output was neasured with a Audio
Precision System One TRM5 voltmeter and tracking
gener at or.

Modul ation limting curves are shown in Figure 2 for

narrow channel operation using a Boonton 8220
nodul ati on neter. Signal |evel was established with a
Audi o Precision System One TRMS voltneter. The curves
show conpliance wth paragraphs 2.987(b), and
90. 211(c).

Figure 3 is a graph of the post-limter |ow pass filter
whi ch neets the requirenments 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 foll owi ng EIA
RS- 152B with an Audi o Precision System One sel ective

vol tmeter on the Boonton 8220 nodul ati on neter audio
out put .

3
Occupi ed_Bandw dt h

(Paragraphs 2.989(c), 90.209(b)(4) and 90.210(d)
of the Rules)

Figure 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 of

2.989(c) (1) and consisted of 2500 Hz tone at an input

| evel 16 dB greater than that necessary to produce 50%
nodul ation at 2890 Hz, the frequency of maxinmm
response.

For the 12.5 kHz channelization, RBWwas 100 Hz, VBW
100 Hz, max hold, multiple scan per 90.210(d)(4).



Al plots have unnodul ated carrier as 0 dBmreference.
Em ssi on designhators: (2D + 2F)
12.5 kHz 2x2.5 + 2x3 = 11kOF3E

D
F

rated system devi ation, kHz.
maxi mum audi o frequency, kHz.

4
FI GURE 1

MODULATI ON FREQUENCY RESPONSE
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FI GURE 2

AUDI O LI M TER CHARACTERI STI CS
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FI GURE 3

AUDI O LOWN PASS FI LTER RESPONSE
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FIGURE 4

OCCUPI ED BANDW DTH
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On any frequency fromthe center
of the authorized bandwi dth f
to 5.625 kHz renoved fromf ..

On any frequency renoved fromthe
center of the authorized bandw dth
by a displacenment frequency (f, i
kHz) of nmore than 5.625 kHz but no
nore than 12.5 kHz: at least 7.27
(f, - 2.88 kHz) dB.

On any frequency renoved fromt he
center of the authorized bandw dth
by a displacenent frequency (f,

in kHz) of nore than 12.5 kHz.
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MODULATI ON CHARACTER! STI CS ( Cont i nued)

l[imts inposed Par agr aph

hori zont al

by

90. 211(c) for
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scal e (anplitude)

frequency nodul ati on. The
is 10 kHz per division and the
is a logarithm c presentation equa

verti cal
to 10



dB per divi sion.

Resol uti on bandwi dth was 100 Hz; video bandwi dth 1 kHz;
max store display; 20 second scan tine.

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

The 75-445 transmitter was tested for spurious em ssions
at the antenna termnals while the equipnent was
nodul ated with a 2500 Hz signal, 16 dB above m nimum i nput
signal for 50% (2.5 kHz deviation) nodul ation at 2890 Hz,
the frequency of highest sensitivity.

Measur enent s were made wth Tektronix 494P spectrum
anal yzer coupled to the transmtter output termna

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; dc supply was 4.5 volts throughout the tests.

Spurious em ssions were neasured throughout the RF spectrum
from?21.5 (Il owest frequency generated in the transmtter)
to the tenth harnonic of the carrier

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

F. DESCRI PTI ON OF RADI ATED SPURI QUS MEASUREMENT FACI LI TI ES

A description of t he Hyak Laboratories’ radi ation
test facility 1is a matter of record with the FCC The
facility meets ANSI 63.4-1992 and was accepted for
radi ati on measurenents from 25 to 1000 MHz on Cctober 1,
1976 and is currently listed as an accepted site.

9
TABLE 1

TRANSM TTER CONDUCTED SPURI OUS
464.500, 4.5 Vdc | nput

Spur i ous dB Bel ow
Frequency Carrier
— Mz Reference



929. 000 72

1393. 498 >100
1857. 997 92
2322. 496 >100
2786. 995 >100
3251. 494 >100
3715. 994 >100
4180. 493 >100
4644.992 >100
Requi r ed: 50 90. 210(d)

Al other emssions from21.5 MHz to the tenth harnonic were 20
dB or nore below FCC limt.

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

10
G FI ELD STRENGTH MEASUREMENTS OF SPURI OUS RADI ATI ON

Field intensity neasurenents of radi ated spurious em ssions
from the 75-445 were made wth a Tektronix 494P spectrum
analyzer using Ento 3121 calibrated test antennas for the
neasurenments to 1 GHz, and Ento 3115 horn from1l GH to 5 GHz.

The transmtter with the nornmally supplied antenna was
located in an open field 3 net ers from the test antenna.
Supply voltage was a power supply with a termnal voltage
under load of 4.5 Vdc. Qut put power was 0.86 watts (conducted)
at the 464. 500 MHz operating frequency. The transmtter and test
antenna were arranged to maxim ze pickup. Bot h vertical and
horizontal test antenna polarization were enpl oyed



TABLE 2

TRANSM TTER CABI NET RADI ATED SPURI QUS
464.500 MHz, 4.5 Vdc

dB Bel ow

Frequency Field Intensity Carrier

VHz uVVm @3 m Ref er ence
464. 503 2317395 0
929. 001 2570 59V
1393. 502 1047 67V
1858. 000 1413 64V
2322. 499 1334 65H
2786. 999 733 70V
3251. 500 3090 57V
3752. 996 2065 61H
4180. 497 1097 66H
4644. 997 288 78V

Requi red: 50+10Log(0.98) = 50
"Wor st -case pol arization, HHorizontal, V-Vertical
*Reference data only, nore than 20 dB below FCC limt.

Al other spurious from12.8 MHz to 4.7 GHz were 20 dB or nore
bel ow FCC I im t.

ERP (dipole):
P (F.1.x3)%49.2
(2.317395x3)°/ 49. 2

0. 98

11
H. FREQUENCY STABILITY
(Paragraph 2.995(a)(2) and 90.213 of the Rules)

Measur enment 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
mnutes after i ndi cated chanber tenperature amnbi ent had

stabilized to within +2° of the desired test tenperature.
Following the 1 hour soak at each tenperature, the unit was
turned on, keyed and frequency nmeasured within 2 mnutes. Test
tenper at ure was sequenced in the order shown in Table 3,

starting with -30°C

A Thernmotron S1.0 tenperature chanber was used. Tenperature
was nonitored with a Keithley 871 digital thernoneter. The
transmtter output stage was termnated in a dummy load. Primary
supply was 4.5 volts. Frequency was neasured with a HP 5385A
frequency counter connected to the transmtter through a power
attenuator. Measurenents were nade at 464.500 MHz. No transient
keying effects were observed.



TABLE 3
FREQUENCY STABI LI TY vs. TEMPERATURE
464.500 MHz; 4.5 Vdc

Tenperature, °C Qut put Frequency, Mz p.p. M
-29.7 464. 499988 0.0
-19. 8 464.500488 1.1
-10.6 464.501092 2.4
0.5 464.501155 2.5
10. 5 464.500681 1.5
20. 3 464. 499632 -0.8
29. 6 464. 499350 -1.4
40. 1 464. 499079 -2.0
50.0 464. 499231 -1.7
Maxi mum fr equency error: 464. 501155
464. 050000

+ .001155 MHz

FCC Rul e 90.213(a) specifies .00025% or a maxi numof + .001161
MHz, whi ch corresponds to:

Hgh Limt 464.501161 MHz
Low Limt 464. 498839 Mz

12
FREQUENCY STABI LI TY AS A FUNCTI ON OF SUPPLY VOLTAGE
(Paragraph 2.995(d)(2) of the Rul es)

Gscillator frequency as a function of power supply voltage
was neasured with a HP 5385A frequency counter as supply voltage
provided by an HP 6264B vari abl e dc power supply was varied from

+15% above the nominal 4.5 volt rating. A Fluke 197 digita
voltnmeter was wused to neasure supply voltage at transmtter

primary input termnals. Measurenents were nmade at 20°C anbient.
TABLE 4

FREQUENCY STABILITY AS A FUNCTI ON OF SUPPLY VOLTAGE
464.500 MHz, 4.5 Vol ts Nom na

% Supply Vol tage Qut put Frequency, Mz p. p. m
115 5 17 464. 500541 1.2
110 4.95 464. 500202 0.4
105 4,73 464. 499871 -0.3
100 4.50 464. 499632 -0.8

95 4,28 464. 499473 -1.1

90 4. 05 464. 499377 -1.3



85 3.83
80 3. 60*

Maxi mum frequency error:

*MFR rat ed battery end- poi nt

FCC Rul e 90.213(a) specifies
MHz, correspondi ng to:

High Limt

Low Limt

464. 499320
464. 499145

464. 499145
464. 050000
- . 000855 M+

.00025% or a nmaxi mum of =

J. TRANSI ENT FREQUENCY BEHAVI OR
(Paragraph 90.214 of the Rul es)

464.501161 MHz
464. 498839 MHz

. 001161

=
0 Ul

Plots identified as Figure 5 through 6 denonstrate TFB for

12. 5 kHz channel operati on.

See Appendi x 4 for test description
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FI GURE 5

TRANSI ENT FREQUENCY BEHAVI OR

12.5 kHz Turn On
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FI GURE 6
TRANSI ENT FREQUENCY BEHAVI OR

12.5 kHz Turn Of
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APPENDI X 1

2EMIXONAYXTOPZ ANA ®YNXTIONZ

0x2 KPA105% K.E.X P= NOQEP ZAGEINI ZQITXHINI
0x3 KPX104% K.E.X T= ZQITXH
OT3 BP®9482T1 MOTOPOAA T= MNMOQEP ®INAA AMTT

oX1 KPX104Z K.E.X XAAN AET



04
©z5
©z8
o1

©31
©32
©33
oP1
oP2
OP3
oT1
oT2
OBl
OP4
0z1
0z4
0x3
06
0x7

IX9
IX8
IX10
X1
IX12
IX7
IX4
IX3
IX2
IX11
IX5

A 12.5 Mz referenced TCXO PLL

KPX104%
KPA105%
KTX3875Z
2>X5084
KPX104Z
2>X5084
2>X5084
25>X5084
25>X5084
KTX3880%
253X5084
22X5084
KPA110%
KTA1504
KPA105%
KPA105%
KPX104%
KPA101%
KPX110%

24QX02%
MZEA

1Q4053
KA3361X
TB31202®N
TMM8721A®
TK11430
N9M2070
KIA324®

KIA3240
IN358

K.E.X
K.E.X
K.E.X
TOZHIBA
K.E.X
TOZHIBA
TOZHIBA
TOZHIBA
TOZHIBA
K.E.X
TOZHIBA
TOZHIBA
K.E.X
K.E.X
K.E.X
K.E.X
K.E.X
K.E.X
K.E.X

XATAANYET
NATIONAA
INTEPAA
SAMZYNI
TOZHIBA
TOZHIBA
TOKO
9.P.X
K.E.X
K.E.X
INTETPAA

T= ZQITXHINI

MIX B+ ZQITXH

XTXZZ AET.

PGXRAA OYTIYT

P=/T= ¢XO ZQITXHINI
0.z.X

BYDDEP

P= P® AMI

1T MIZEP

1T Id AMIT

T= NOQEP APIGE AMIT
T= BYOODEP
AXA BAXK AITHT ZQITXHINT
AYAIO NATH ZQITXH
P= B+ ZQITXHINI

T= B+ ZQITXHINI

T= B+ ZQITXHINI

MTT AETEXTOP

AXE ZQITXHINT

EEMPOM

XTXZZ/AXZ PINTEP

ANAAOT 2QITXH

2[NA MIZEP,Id,ANA
MAN PPEOYENXY XWNTHEZIZEP
Xy
PEFYAATOP

AYAIO NOQEP AMI

MPE-EMMHAZIZ ANA 300HZ HM®
AE-EMMHAZIZ ANA 300HZ HM®
XAAN-AET

FUNCTI ON OF DEVI CES
FCC ID. MVA75445

APPENDI X 1

APPENDI X 2

Cl RCUI TS AND DEVI CES TO STABI LI ZE FREQUENCY

stabilizes output frequency.

circuit establishes

and



C RCU TS AND DEVI CES TO
STABI LI ZE FREQUENCY
FCC I D NMNMA75445
APPENDI X 2

APPENDI X 3

CIRCU TS TO SUPPRESS SPURI QUS RADI ATI ON,
LIMT MODULATI ON AND CONTROL POVER

A RCU TS TO SUPPRESS SPURI QUS RADI ATI ON

The transmtted signal of approximately 7 mWconbined at the
driver TRis supplied to the base of the QI3 anplifier. The
transmtted signal anplified to 1.00 Where passes the TX LPF of



the 2™ characteristic of the LT4 and the LT5, and RX/ TX switching
takes place by the DI2. After this the signal is provided to the
antenna the TX LPF of the 1% characteristics, consisted of the
LT7.

ARCUTS TO LIM T MODULATI ON

The voice signal input fromthe m crophone is pre-enphasized at
the 1C11D, and at the same tine, the conponents bel ow 300 Hz are
reduced to mnimze the influence to the CTCSS tone. The signal
whi ch cone out of the ICl1Dis limted to a certain anplitude at
the IC11C for the voice signal not to exceed the allowable
bandw dt h assigned for transm ssion

After passing the ICL1C limter, the signal is conbined with the
CICSS tone at the digital circuits, passes the RV5, and is
supplied to the 3 kHz LPF has the 4" characteristics and adjusts
t he assi gned frequency band width not to exceed the allowable
range.

G RCUITS TO SUPPRESS SPURI QUS
RADI ATI ON, LIM T MODULATI ON-
AND CONTRCOL POVER
FCC I D.  MVA75445
APPENDI X 3
APPENDI X 4

TRANSI ENT FREQUENCY BEHAVI OR (90. 214) TEST PROCEDURE



para. 2.99%{al{b}{d} Freduency stability

S0.214 Tranzient Fregquency Behavior
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Sl 214 TRAHNSTENT FREQUENCY BEHAVIOR

EEQUIREMENTS: In The 300 = 500 MHz frequency band, transient freguen-—
cles must be within the maximum freguency difference limits during the
time imterval indicated below for 25 kHz channels:

; Time i Ma 1 muam i Radios i
| Incterval | Freguency ! oo - 500 MH=z !
i t, I +25.0 kHz i 10.0 ms i
; L I +12.5 kHz i 25.0 ms i
; ty i +25.0 kHz i 10.0 ms i

End of t, to beginning of T4t 2.5 ppm.

TEST PROCEDURE: TIA/EIA TS603, PARA. 2.219, the levels were =set as
follows:

1. U=sing the variable attenuator, the transmitter level was
set to 40 dB below The test recelvers maximum input lewvel,
then the transmitter was turned off.

2. With the transmitter off, the signal generator was set
20 dB below the level of the transmitter in the above step
(this level was maintained with the signal generator
throughout the test).

3. BReduce the attenuation between the transmitter and the RF
detecter by 310 4B,

4. With the lewvels set as above the transient freguency
behavior was cbserved & recorded.



APPENDI X 5

CHANNEL FREQUENCI ES

CHANNEL FREQUENCIES
O 1=454 500 03=467,850 (19=469.500 /
02=464 550 D6=467.873 464500
03=467_7625 | 0T=457.900 10=469_550 /
04=467.8125 | 08=467.9235 464.550)




