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1-1 DESCRIPTION. Thc Maggiore ElectrorLic l-aboratorl'lvfodel EU-l is a solid-statc, coinpletely self-contaiuctl
reliable and versatile FM (frequency modulated) cornmunications in thc specificd frequency rangc The lransmitter
ts supplicd iri tlle narrorv-band conliguratron fronr thc factory'. l-hc construction of tlle board is designed for rugge d
corumercial, i009/t duty c1'clc scrlice.

1-2 API'LICiITION. fire unit rnay be uscd ri,itlt otler l;ir{ cquipnrelt proi'rc1cd. (1) equipment. is tuued to thc
same frequettcy, (2) cquipmelrt is adlusted to the sanie moduiation deviation, and (3) equipmcnt is operated in an
FM system using common antcnna polarization. This would insurc maximum effrcienw

l-3. PHYSICAL DESCRIPTION. 'l'he dimensions of the board are 6 1/8" long x3 J18" wide x 7/8" deep.

l-4 OPERA'TIONAL CHARACTERISTICS. Cornmunicalion coverage in the operating frequencv of the
transmitter is a fuction of the following characteristics: (l) anlenna height above average terrain, (2) receiver
sensitivrty, (3) r'oitagc source and pou'er outpul.. Ma-rimurn railgc can be obtained rvith boilr the transntiil.cr and
receivcr antelula frec from large inter'"'cning oblects betw.sen thcm and thc use of liigh gain allennas.
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2-1 TRA.NSN{ITTER SPECIFICATIONS. Table 2-t lists thc perfonnancc specifications for tire Modcl titj'l

2-2 CRYSTAL SPECIFICATIONS. Crystal specrfications for the EU-l are provided rn Table 2-2

2-3 T'R{NSISTOR AND DIODE COMI'LEMENT. Table 2-3 lists the transistors, IC's and Diodcs used rn

the EU-1. The type and drarving number are listed for rapid idenlification.

TABLE 2-1 PERIORMANCE SPI,CTFICATIONS.

GENERAL

Operating Frequency* UIIF 406 To 512 MHz.

Input Voltage 13 8 \DC NOMNAI-, I I VDC MIN
15 \DC MA)ilMUM-

Currcnt Drain

Operating Tcmperature Rangc

Antcnna lmpedance

T1'pc Of Motlulation

Typc

Holdcr

Mode Of Operation

Load Capacity

0 80 AMps MLX.(@,2.5 WA'I"fS OUTPUT

-21)'C to +6t)"C

50 OHMS

Frequencv lvlodulatioti

TABLtr 2-2 CRYSTAL SPECIFICATIONS

TRANSMITTER

Minature Plug-in

Mil T1,pe HC-25/U

Fundamental, Parallel Resonance

40 pF.

Effective Resonance Resistance 20 Ohms Nominal.

Frequcncy Tolerance Calibration: + 0.O02yo Of Exact Specified Frequenry At
Roonr Tcrnpcraturc. (25 'C Rcference,)

Drift: Over Tempcrature Range ( -30"C to +60"C) Within
0.0020 ( 25'C Reference)

Cr1'stal Frcquenc5' Determined By Forrnula.

UI{F 406 - 512 ll;{}12 Frequency +24
*NOTE. NOT ALL FREQUENCIES ARE AVAILABLE IN THE U.S.
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Q1
Q2
Q3
Q4
Qs
Q6
Q7
Q8
Qe

IC1

T'AI}LE 2-3 TITANSISTOIT. AND DIOI}E COMPLIMENT

TRANSISTORS

2N5770 or I\trS918 Oscillator
2N,5770 or MPS9IS Birffer
2N5770 or MPS9l8 Doubler
2N5770 or MPS91S Triplcr
2N-5770 or MPS9I8 Doubler
2N5770 or MPS918 Doubler
MRF9OI Buffcr Amplifier
2N4427 Driver
MRF629/SDI444 Porver Amnlificr

CR1

CR2 & CR3

TC

LM324

DIODES

7 .5 Yolt Zener

Audio Arnph{ier

Voltage Regulator
MV840 or MV2209 Modulator
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3-1 UNPACKING. 'l'he cquiprner( rnay bc sliipped in either export or dornestic packing ca.scs. ln eithcr

evc1t, carcfull;, urrpiick a1d chcck thc corttcnts against the shipping list before discarding anl peckagtttg

materials. The unit l.ras been thoroughly tested and inspected at the factory. Should any damage be

appare nt upon receipt of shipmcnt, immediatclv report the damage to the carrier or responsible paq'
DO NOT ATTEMPT' 7'O PL4CE DAMAGED E?UIPMENT', INT',O SERVICE

3-2 PRELIMII\ARY PROCEDURES. The unit is normally fiumshed cornplcl,ely a-ligncd and tested

with crystals installed. A general pre-installation checkout procedure should be follolved to bench chcck thc

unit before placing it into sen'ice. Extensive system trouble shooting can be avoided if thc equipment is

bcncir-checkcd prior to lnstallation to avoid impending n.ralfuncl-ion or uncovcr invisibie dariegc causcd

during shipping. if crystals arc not includcrl in the unit, thcn thc proper crystitls must be installed arld thc

unit completely aligned as outlined elseware in this manual. Refer to Section 2 for crystal specifications.

DO NOT AT7'EMPT TO USE OTHER TYPES OF CRYSTALS.

3-3 PRE-INS'IALLAI'IOI\ NOTES. Before installing l-he equiprnent, plal thc instaliation ahead of
tirne, and install lhe unit keeping in mind that all front panel and rsar panel controls should providc easy

access for the operator and service personnel. The following procedures should serye as a basic guide in
plaruring thc instaliaLion; it will var),, ho$'ever, rvith th€ types and nunber of accessorics used.

A. Select the location where the equipment will be installed. Carefully
avoid lvhere tlte equipment u'ill be sublcct to excessive heat or cold

or advcrsc wcather conditiorts. Tliis will avoid shortencd and early
cquipment failure.

B. Deterrnine the sourcc of operating porver from ivhich thc unit ri'ill bc

operaung Locate the unit close to a surgc protected po\l'cr sourcc.

Avoid lengthy power cables ,as this will cause excessive power loss

and exposure to po$,cr surges.

C. For fixed-station installation, determine the antenna site and locate

the ulit in close proxrmity to the antenna to avoid excessive loss

due to coa;rial cable length. The antenna should be referenced to
eround with no loose connections ald water trght.

3-4 SITE SELECTION. For optimum results it rvill bc necessarj'to select a locatron rvhere the antema
will be free from obstructrons and blocking. It is desirablc to elwatc the antenna as high as pratical to
firrther increase the range of the equipment.

3-5 ANTENNAS AND ADJUSTMENTS. Antennas used with the EU-l can be of nvo basic q'pcs:

i.e., the single-frequency, prctuned, non-held adjustable and the field adjustable. The field adjustable

types generaly have joints which after a period of time become noisy and develop an increase in SWR.

With this typc of antema, as lr,eli as rvith the pretuned antenna, a proper match is essential. It is desirable,

for proper measurelnent, to check the VSWR on the cable by using a thrulins tlpe VSWR bridge. A
VSWR in excess of 2. I generally indicates that the antenna had not been pretuned to the correcl frequenry
When using llc unit in a repeater system it is important 1o kcep the VSWR belorv 1.2 to reduce the e{Iect

of desensins.

3.1



l-1 lN'l'ltODtlC'f lON. 'l he ELJ-l ]'ransnrrtter u,as syrecLlrcallr,dcsigncd 1br rcpcater an<i critrcai servlcc

and providcs l'catures for this ilpplicalion

I'HE ITEATUITES AIUI: I 1OU'l/o durl c1,clc ar ratcd output
-2. Lo',v srdsband rroisc.

3 Ad.lustablc pou,er output
,1. l-xcclle rrt attr-rruation o{ lialrnonics
-5. Nlastcr der.ratron corr1rol.
6 Thrce adlustable aridio inputs.
7 Scparatc srrppll iuput to oscillator lbr added stabrlity.
8 Lxtcnsrvc ltP bypassing.
9 Excellcnt electrical and thermal stabilitv. No oven needed in oscillator.
10. Expandablc up to 6 channcls.
I l. Verl'cool operation.

{-2 TRA.I.ISNI ITTER WIRI]\G CON I\ECTIOI{S.

Ji Suppll to osciliator. Jla. Suppll input J2. Audio irrput -30db.
Jl. Audto input -50db. J4. Audio iirput 0 to t 20db. J-5. Direct audio access to modulator.
J6. Alternatc supplf input. J7 RF output TPl. lst rnull output test point
'tP2 2nd mult. test point. TP3 3rd nrult test pornt, 'fP4 .lth niult test pornr.

.1-3 GETTING I f 'l'O \\/OltK. Tl,pical sct-up proccclurcs

A. THE OSCILLATOII CIRCIJIT. 'l-he crystal used in the oscillator sliould bc a high gradc
lo tttsurc inaxinrum stabrliti and rcliabilitl . [3c sure to use crystals conlbnturrg to
specilicalions supplied. To ne1- thc crystal, adjust the lrimmer capacitor located next
to the crystal socket.

B. TIIE IJOARD IIAS TWO OPI'IONS ITOR SUPPLY VOL'|AGE

#1. Couturon suppll'of +13.8 r,olts for tiic oscrllator and all othcr slagcs attached
lo "Jl & J la". 'fransrnrttcr wili ke1-up rvhcn voltage is applied to thesc two
tcrminals.

#2- A Separa{"c suppl1' to tlie oscillator to insurc maxirnurn stability is accomplished
by applyLng a constant voltage 10 "J1" thc osciliator and a switcired (PTT)
voltage to "Jla". The oscillator rvill run corutantly and may be heard when a

rccciver on the same frequencl' ts placed n€xt to thc transrnittcr irousing.

C. The RF output circuit requires a load of 50 ohms into a unbalanced coaxial cablc.
The RF output po$'er may be controllcd by,adjusting uR25". Use this control to
reducc power by no more thcn 30%, cspecially if higher power arnplificrs arc
used in tJrc systern The board will work on a supply voltage of 1l volts, but there
rvrll bc a nolicable rcduction iti porver.

D. Audio may bc attached to any of 4 inputs: "12, 13" (usually connected to a low
iurpedancc nic.), "J.1" (usuaily conncctcd to the 8 olun rcccivcr audio output
tltrough a decoupling resistor capacitor ne twork, typically a .l uf cap. across a .1 7K
resistor) or "J5" (direct coupling to thc modulator without any processing,, using a luf
decoupling cap.) " J2, J3 & J4" have controls u'luch arc located ad.lacent to the
correbponding pin inputs to adlust for audro level, Control "R47" ad1usts for mar.
audio deviation

4.1



MULT RF AMP

IC1 AF AMP-LIMITER

FIGURI 5.1

RF AMP

MULT

5-1 INTRODUCTION. Rapid and efficient application of service and maintcnance techniques rcquire

contplete and l|orough undcrstanding of the circuits uscd and thc theory of operation. The subsequent

paragraphs describe the theory of oparation of thc circuits used in the EU- I transmitter. For ease of

undcistanding, the circuits are described in the order of signal flow. References are made to the block

diagram (fig. 5-1) and the schematic diagram (fig. l0-l).

5-2 TRANSMITTER CIRCUITS. The cr1'stal oscillator employed in the unit is of the standard

trlill", configuration..It uses a fundamental mode crystal and compensation components to obtain a high

degrec of frequcncl, stabiliti,. Over tlc ternperaturc range of -20"C to +60"C the crystal and associated

componcnrs provicle temperature stability ncedcd in repcater seruice. A smali value trimrner capacitor

is pliced acrois the crystal for exact adjustment of thc channel frequency. The charurel determining

crystal is multiplied by muitrplier stages as follon's: UHF 406 to 512 MHz x2 x3 x2 x2: x24.

This provides for the following output. UI{F 406 - 5l2Mhz
The audio section consist of a four stage ampirficr. The processcd audio from the zrmphfier is fcd to the

modulator via an active filtcr designed to reduce the distortion generated by the limiting actior-r' 1'hc

modulator circuit is an advanced desigrr. It consist ofa pair ofvaractor drodes designed to produce

modulation as a frrnction of phase differences. The traruistor uQ2" serves as a buffer to isolate the

oscillator from the first multiplier. The Transistors "Q3", "Q4", "Q5" and "Q6" multiply the determining

frequenry by "12". 'Q7" and "Q8" ampli$ the signal delivered to "Q9", the power output RF amplifier.

The RF power amplifier stage incorporates an output network comprised of a varable LC circurt,

which is variable to allow matching of the transistor impedance to the filter matching network

and that networks into 50 ohms output impedance. The first variable section arid the second section

which follows also serves to attenuate harmonics. Mren used as the sole transmitting elencnt in a

station. the unit is connected to the antenna system via its own lowpass filter as indicated above to

supress spurious outputs. This unit cal be used as a driver for a higher porver amplifier. In these

instances an additional filter should be included as a part of that amplifier or subsequent ttrereto as is

used in the Hi Pro PAU-I.
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6-1 TRANSMITTER ALIGNMENT. Equiprnent required

1. 5W RF \\'attlneter rvith coaxial 50 ohm load.

2. D C test neterrvith a range of 0 - 15 \'olts and 0 - I amps

3. Frequenct counter or sen ice mourtor covering the proper range being checked.

{. Dcr iation monilor.

5. Audro sirre-uavc P,cnerator

6. Audro voltrncter

7. Tunine tools.

8. Spectrum analyzer.

ALIGNMENT. The slug tuned coils in the exciter should ahvays be adjusted rvith the proper tuning tool
A loosely fitting or rounded tool rnay crack l.he slugs. The variable capacitors should bc adlusted rvith a

srnall, insulated metal blade alignrncnt tool. Ail adlustrnents should start rvith thc cap or slug set at the
rniddlc of its range.

NOTE: The follorving are solne ground rulcs to help al'oid trouble. Adhering 1o these guidelines u,ill nct
superior results.

1. Do not operate rvithout a 50 ohm load.

2. For conlinuous dut1,, 100 %o operation, do not exceed 2 5 r.vatts output or a current drain
of 0.8 arnps. Powcr is controlled b1' variable resistor "R25" and should be adjusted to limit the
total output ofthe final transistor. Adequate heat sinking ofthe final output transistor is also
required.

3. lf unit goes into self oscillation or othem'ise drarvs excessive current for anl,reason and
reducing drive rvill not reduce excessive current drarv, irnmediately remove pou'er and resolve the
problern.

1, Alrva-vs follow alignment procedures exactly. Do not repeak previous stages unless directed
to do so, as each stage has its own best operating point once tuned.

5. RF porver transistors rvill run hot at full drive. They should run cold without drivc or rvhen
the crl'stal is removed. Never run the unit without propper heat sinking.

6. There should be a heat sink on "Q8" and on "Q9".
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6-2 ALIGNMENT INSTRUCTIONS.

a. Connect a 50 ohm load and $,attrneter to the antenna output terrninals.

b. lnstall the cn'stal of thc proper operltting range

c. Be surc polcr supph' is off Obsen c polarih' and connect EU- 1 to B+ of the suppll' Therc should be a

0-l arnp meter in line u'ith this lead 1o rnonitor current of the excitcr This is important to indicate

potentlal trouble in thc excrlcr.

d. Turn on the pou'er suppl-v, and confirrn the r,oltage is +13 8 volts. With a volt meter. rneasure +7 5 volts

at the top of "CRl ". the voltage regulator.

NOTE: Meter readings may vary due to many factors not related to performance .

€. Connect meter to test polnt "TPl" (first multiplier). Adjust "Ll" and "L2" for tnaxirnum readlng on

r.olt meter. Reading should be about I to 1.5 volts rvith crystal installed and the reading should drop

considerablf if crystal is removed. This change in level indicates crystal is oscillating. Using thc

proper tunit.tg tool adjust coil "L3" for a dip. If thcrc is no dip go to next step.

f. Connect lneter to "TP2" (second rnultipher). Pcak "L4" (and "L3 " if rto dip occurred in previous step)

for uraxirnum rndication, then adlust "L5" for a dip Tlpical reading is about 1 1o 1 5 r,olts. If thcre is no

dip uhen adjusting "L5" then go to next step.

g. Connect meter to "TP3". Peak "L6" (and "L5" if no dip occurred in previous step) for maxtrnum
indication, thcn adlust "L7" for a dip Ti'pical reading is I to 1.5 volts and no voltage indication rvith

crystirl rcnroved If no dip w'hcn adjustirlg "L7" 80 to ncxt step.

h. Conuect meter to "TP.l". Adiust "L8" for maximum indicatton.

i. Obsen'e output of transmitter on wattmeter. Alternately adjust "C3 I ", "C37" , "C4 I " and "C.14" for maximurn

output. Connect a spectrum analyzer to the transmitter output to monitor for spectral puriS' At full
drive. the total currcnt drarvn b1' thc board should bc approximately 0.8 amps. Under no circumstattccs

should the currcnt exceed 1.0 amps.

Tlre PA is tuned for maximum output indicated on rvattrneter and NOT FOR ILLYIM(iM CUNLENT

on amp meter. Current will dip somewat at resonance; but dip cannot be used for tuning, only output
peak. As you get the fecl ofthe results ofadjusting the output, you will see that at one side ofresonance,

current may dip slightly and at the other side it rvill go up steeply. At proper tuning. maximutn output

rvill occur with moderate current.

Also, note that frrll output may not be possible rvith less than i3.8 volts. Power output falls rapidlv as

B+ is reduced This does not necessarily rnean that the unit cannot be used, horvever, since it is hard to

distinguish even a 2:1 reduction in pou'er on the air.

Afler tuning the exciter output into a knorvn good 50 ohrn dummy load, it may require retunning when later

connected to the antenna or external porver arnplifier. Ofcourse, the antenna or PA should present a

sood 50 ohrn load to the exciter.
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j. With crystals installed, adjust the corresponding oscillator trimmer to net each crystal to the proper

frequency.

6-3 AUDIO ADJUSTMENTS.

NOTE:

Tune the deviation monitor to the transmitter output frequency. Connect audio signal generator output

to "J4", audio input, and ground. Adjust "R28" audio input level control for maximum audio with

minimum clipping, with the audio deviation control (R47) set at mid-range. Audio signal generator

level to be set at 100 mV RMS at a frequency of 1000 Hz.

Adjust the deviation pot. (R47) for a maximum deviation of +5 KHz. Now increase audio input level
(R28) to maximum and observe deviation. Deviation should not exceed +5 KI7z. If deviation exce€ds

+5 KHz adjust "R47'!, the deviation control to +5 KHz maximum.

It is possible to voice modulate the transmitter and make the deviation adjustment; however, this

method will not produce results as reliable or uniform as those obtained with an audio generator.

a,
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Hi PTO EU.I TITANSMITT'EIV EXCITER PARTS LIST 406 tO 512 MHZ

c0l
c04
co7
cl0
cr3
cl6
cl9
c22
c25
c28
c3l
c34
c37
c40
c43
c46
c49
c52
c55
c59
c63
c67

R01
R04
R07
Rl0
l(l J

R16
Rl9
p)j

R?5
R28
R3t
R34
R37
R40
R43
R46

L0l
L04
L07
Ll0
l ,l5

Lt6

z0l
zo4
zo7
z0t0

cRl
Q01
Q04
Q07
rcl

220 uF Elec.

62 pF DC NPo
6.8 pF DC NPO
.001 uF DC
40 pF DC NPO
I pF DC NPO
15 pF DC NPo
l0 uF DC
3.3 pF DC NPO
6.8 pF DC NPO
2-8 pF vAR.
.001 uF DC
2-8 pF VAR.
47 pF DC NPO
22pF DC
.001 uF DC
.001 uF DC
.l uF MYLAR
Deleted
220 pF DC NPO
.l uF Mylar
22 uF Elec.

120 Ohms 1/2 Watt-
JJA

l0K
l00K
l0K
47K
100 Ohms
33 Ohms
2K Pot.
5K Pot.
100K
330K
47K
OZ\
4.7K
IK

N4odulator Coil
Mult. Coil
MulL Coil
RF Coil
RFCoil
PA Coil

Ferrite
Ferrite
Ferrite
Ferrite

7.5Y 7,ener
MPS9l8/2N5770
MPS918/2N5770
MRFgOI
LM324

4-20 pF Yat. CaP.

62 pF DC NPO
.001 uF DC
l2 pF DC
.02 uF DC
40 pF DC NPO
.001 uF DC
ls pF DC NPO
.001uF DC
27 pF DC NPO
47 pF DC NPO
.001 uF DC
47 pF DC
l-15 pF VAR.
l-6 pF VAR.
l0 uF Elec.

-001 uF Elec.
I uF ELEC.
I uF EIec.

I uF Elec.
l8 pF CD
.001 uF CD

Deleted
l0K
r8K
33K
470 Ohms
4.7K
100 Oluns
zz\
50K Pot.

t0K
2.7K
IK
ozA
1.8K
56K Pot.
lK Pot.

fuIodulalor Coil
Mult. Coil
Mult. Coil
RF Coil
PA Coil
PA Coil

Ferrite
Ferrite
Ferrite

MV2209
MPS9l8/2N5770
MPS918/2N5770
2N442'7

Deleted
33 pF DC NPO
6.8 pF DC NPO
.001 uF DC
Deleled
.001 uF DC
.s pF DC NPO
.001 uF DC
.5 pF DC NPO
47 pF DC
2 pF DC NPO
33 pF DC
33 pF DC
47 pF DC
.001 uF DC
.001 uF DC
4.7 uF ELEC.
.02 uF DC
.l uF DC
I uF Elec.
l8 pF CD

JJN

l0K
I8K
4.7K
IK
330 Ohms
1.2K
2.2K
10K Pot.
l0K
IN

47K
r0K
5.6K
)6t!

100K

lvlult. Coil
N,Iult. Coil
Mult. Coil
RF Coil
PACoil
PACoil

Ferrile
Ferrite
Ferrite

MV2209
MPS9l8/2N5770
MPS91812N5770
sD1444

c02
c05
c08
cll
ct4
ct7
c20
c23
c26
c29
r?,')

c35
c38
c41
c44
c47
c50
c53
CJ6
c6l
c64
c68

R02
R05
R08
Rll
R14
D 11
p1n

R23
R26
R29
n??
R35
R38
R41
R44
R47

LA2
L05
L08
LlI
Ll4
Ll7

202
z0s
208

CR2

Q02
Q05
Q08

c03
c06
c09
wtz
c15
cl8
C2L
c24
c27
c30
c33
c36
c39
c42
c45
c48
c5l
c54
c57
c62
c65

R03
R06
R09
R12
Rl5
Rl8
R2l
R24
R27
R30
l(J -t

R36
R39
R42
R45
R48

L03
L06
L09
LI2
Lt5
Ll8

za3
206
zo9

cR3
Q03
Q06
Qe
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