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IMPORTANT
NOTICE TO INSTALLERS

The 1ffi2D is designed to be weatherproof when properly
installed. Be sure all fasteners are tight and cable entries
sealed. No warranty claims will be allowed for water
damage to the contents.
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GENEHAL INFORMATION

OVERALL DESCRIPTION

The SEA 1612C is  a  fu l ly  automat ic  antenna tun ing un i t ,
designed for the MF-HF spectrum and compatible with a wide
var ie ty  o f  antenna systems.  This  product  features an
advanced microprocessor-based tun ing a lgor i thrn which
al lows i t  to  tune up on normal  vo ice s ignals  f  rom the
assoc ia ted  t ransmi t te r  and  a l so  i nc ludes  a  " l ea rn ing "

a lgor i thm which a l lows the cont ro l  computer  to  remember
which network constants are required for a given operat ing
frequency. The memory feature permits the antenna tuner,
once the " learning" operat ion is completed, to retune a given
f requency in  approx imate ly  20 mi l l iseconds.  Th is  is  less
than  the  t ime  requ i red  to  say  "he l l o " .  An tenna  tuner
operat ion is completely automatic and requires no operator
in tervent ion.  l f  the antenna system is  a l tered or  rep laced,
the tuner wi l l  automatical ly "relearn" the required networks.
Dur ing the learn ing per iod,  operat ion is  somewhat  s lower
a n d ,  d e p e n d i n g  o n  t h e  p a r t i c u l a r  f r e q u e n c y / a n t e n n a
combination, up to 5 seconds may be required to achieve a
matched condi t ion.  When the antenna has been proper ly
malched,  the tuner  s ignals  th is  condi t ion by pu l l ing a cont ro l
l ine low. The control signal may be used to operate an "al l

tuned"  ind icator  a t  the operators '  T-F l  pos i t ion.  Such an
indicator is provided in the SEA 222, SEA 322 and SEA 225
rad io te lephones .

The SEA 1612C also includes a "DEMAND TUNE" funct ion and a
'TUNE LOCKOUT" capability.

The "DEMAND TUNE" funct ion a l lows the user  to  force the
a n t e n n a  t u n e r  t o  r e t u n e  o n  d e m a n d .  T h i s  p e r m i t s
"ove rwr i t i ng "  p rev ious ly  s to red  tuneup  in fo rmat ion  when
des i red .

The'TUNE LOCKOUT" feature is  useful  when two or more
transmit ters are co- located,  or  when i t  is  desirable to
inhibit the AUTO TUNE function for any reason.

1 - 1



E.G.: when two antennas are in close proximity, i t  is possible
that transmitt ing on one antenna may cause considerable RF
to be coupled into the adjacent antenna. This can cause the
tuner to reset, disturbing the operation of the radiotelephone.
In such cases, the "TUNE LocKour' '  feature of the sEA 1612c
can be used to prevent the SEA 1612C from entering the tune
mode unt i l  the radiote lephone i t  is  associated wi th is
ac tua l l y  t ransmi t t ing .

1 ,2 ELECTRICAL CONFIGURATION

The sEA 1612c matches the complex impedance of  the
antenna system to a nominal 50 ohms by-'selecting."the:..,proper
network from a possible combination of 64 values of input c,
32 values of  output  c and s1z values of  ser ies L.  Network
conf igurat ion is  automat ical ly  determined dur ing the tune
cycle and may be either a Pl network or either of two types
of  L network.  whenever possib le,  the L network wi l l  be
se lec ted  f  o r  max imum ef f  i c iency .  Tuneup is  en t i re ry
automatic and may be accomplished on voice signals, making
it unnecessary to provide a "low power tune" mode in the
t rans  m  i t t e r .

1 . 3

The var ious RF sensors in the SEA
funct ion down to power levels of
f ea tu re  makes  t he  SEA  1612C
equipment such as the SEA 225
circuitry to reduce the output power
hish VSWR.

MECHANICAL CON FIGU RATION

1612C are  des igned to
10 to 20 watts.  This
compat ib le wi th radio
which is equipped with
level in the presence of

All  of the circultry of the SEA 1612C ls contained on printed
c i r cu i t  boa rd  PCB-1616-01 .  Th is  p r in ted  c i r cu i t  boa rd  i s
mounted on an aluminum shield plate with six 6-32 stainless
steel screws. The shield plate is held in the molded weather
housing wlth four 10-24 stainless steel screws. (Figure 1.3
shows the out l ine and mount ing d imensions of  the molded
weather  hous ing. )

The printed circuit  board is solder-masked which helps to
prevent corrosion and moisture problems.

1 - 2
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Both the so-239 RF connector and the six pin interface
connector str ip are mounted on the printed circuit board
itself. The interface connector accepts wire ends directly,
el iminating any requirement for special lugs or lugging tools.
A PL-259 type FIF plug must be fitted to the coaxiar feed line.

WEATHER HOUSING

The sEA 1612c antenna tuner is  housed in a weatherproof
molded case designed to wi thstand the environmental
condi t ions encountered aboard ship when mounted on the
weather decks.  The internal  construct ion is  designed to
wi thstand the shock and v ibrat ion of  mar ine serv ice.
corrosion-resistant  hardware and passivated al roys are
employed throughout.

stufflng glands for the RF and Dc cables are provided on the
lower edge of the weather housing, along with a 1t4-ZO
stainless steel ground stud. The antenna connects to the
ceramic insulator on the top of the weather housing.

I.5 SPECIAL MODELS OF THE 16I2C

The l6l2C is avaitable in the following two optional configurations: thc l6lZW and
thc l6lZWX. The l6l2W is a i6t2C with a gas fi l led spark gap tubc installed on rhe
printed circuit board assembly. This part will shunt excessivcly high voltages to the
ground plane (near lightning strikes) to prevent darnage to thc RF sensors. The
l612WX is a l6l2W with a RF relay assembly that shorts the antenna output
connector to ground when then power to the couplcr is switched OFF. Please contact
the factory for additional information.

1 - 4



2. SPECIFICATIONS AND PARTS FURNISHED

2.1 SPECIFICATIONS

Frequency Range 1.6 to 30.0 MHz

RF Power Capability 150 watts Peak Envelope Power
(PEP)

Input lmpedance 50 ohms

VSWR <2:1

Power Requirements 13.6 VDC negative ground

Operating Current 2 Amps max.

Tuning Time "Learn Mode", typically less than 5
seconds

"Educated Mode", approximately 20
m i l l i seconds

Recommended 23-75 ft.  (7-23 meters) 1.6-30 MHz
Antenna Length I ft. (2.7 meters) whip 3-30 MHz

Mount ing Any posi t ion

Environmental Temp. Range -30"C to +60oG

S ize  i n :  15  X  12  X  3 .9
mm: 381 X 304.8 X 99

Weight  10 1bs. /4.5 kgs.

Case Construction Molded Weatherproof

Control Cable No. 20 Gauge, 3 to 5 conductors,
shielded (not supplied)

2 - 1



2.2 PARTS FURNISHED

1. Antenna Tuner with Cover and Bushings

2.  Instruct ion Manual

2 - 2
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PRINCIPLE OF OPERATION

NETWORKS

Figure 3.1 shows the schematic diagram for the two basic
network configurations. Note that the nln network as viewed
from the generator may be configured as either "C in" or"C
out", whichever is required by the load. In either case, the
end of the network containing the shunt C element will be the
HIGHER impedance end of the network.

SCHEMATIC DIAGHAMS

Figure 6.1 is the schematic diagram of the antenna tuner. RF
input is applied to UHF fi t t ing J1, 13.6 VDC is connected to
the terminals marked GND and + on P1 (Pins 1 and 2
respectively), and an appropriate antenna and ground system
are connected to feedthrough insulator and stainless steel
stud respect ively.  The "TND" f lag l ine (Pin 4 on P1) is
connected to the remote indicator device used. When the SEA
16'1 2C is used with the SEA 222, SEA 322 or SEA 225
radiotelephone, the f lag l ine is connected to the "TND" l ine on
the radio's rear panel connector.

AUTO TUNE OPERATION

When RF power is applied to the SEA 1612C it is f irst passed
through an array of detectors which determine the frequency,
load VSWR and the reactance sign. Forward power is
continuously monitored, since the control computer requires
an indication of both forward and reflected power in order to
allow tuning to proceed. ln practice, the forward power
detector is used by the computer as a truth check to insure
that the measurements made are indeed a result of applied RF
and not spurious levels from the data conversion system.
Tuneup will ONLY proceed when sufficient forward power is
present to provide this truth check. After passing through
the detector system, the FIF is applied to the tuner array.
This consists of 6 capacitors in shunt on the input arm of the
network, arranged in binary increments, I inductors in the
ser ies arm, arranged in b inary increments,  and 5 more
capacitors in shunt on the output arm, also arranged in binary
increments. Relays are provided in conjunctlon with each

3 .2
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3 . 4

lumped constant which al low removal or entry as desired.
Thus, i t  is possible through the manipulation of 26 rerays to
build a network having 64 values of input shunt c, 32 values
of output shunt C, and up to 512 values of series L.

VSWR DETECTOR

Current  t ransformer T1 and vol tage t ransformer TZ, in
conjunction with termination resistors R1 and RS make up a
dual directional coupler. This directional coupler is inserted
in the 50 ohm transmission l ine between the input connector,
J1, and the tuning network. A sample of FORWAFID power
appears across termination Rl, while d,.simple of, 'REFLECTED
power appears across termination R5. The FORWARD and
REFLECTED power RF samples from the directional coupler
are detected by diodes CR1 and CR3. H/C filter networks are
provided on both the FORWAHD power and REFLECTED power
signals and both are clamped to the +5 Volt rai l  through
diodes CRZ and CR4 to prevent overdriving the A/D converter
inputs of CPU chip, U5.

With voltages representing both FORWARD and REFLECTED
power available to the CPU, it  is possible to compute the
VSWR continuously during the tuning process.

FREQJENCY CCTJN]ER

The memory storage system in the SEA 1612C is based on the
fact that the control computer senses what frequency is in
use. This is accomplished by applying a prescaled sample of
the RF signal to the the CPU timer input. The prescaler
consists of  U1A, U2 and U3. A sample of  the RF signal  is
applied through a biased clamping network consisting of CRg,
CR10, R17, R18, R19 and R20, to the input  of  CMOS schmit t
tr igger U1A. The shaped output signal is then divided by
2048 through cascaded counters U2 and U3.

The output from the counter train also serves as an interrupt
generator for the CPU, acting as an 'FlF present" indicator.

3 . 5
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IRQ signal consists of a logic ' low" signal on pin z of Us and
may be derived from any of several sources.

1. The output from the frequency counter chain (U2, U3) is
AC coupled to the gate of MOSFET amplifier Q2. The drain of
Q2 is connected to pin 2 of U5. Thus, whenever the frequency
counter ls generat ing an output, an interrupt signal is present
on the CPU IRQ p in.

2. The "DEMAND TUNE" input (P1, pin 3) is connected through
a pair of cascaded inverters U1C and U1B and steering diode
CR12 to the CPU IRQ pin. The inverters are biased in such a
manner as to cause the output of 'U1B-to' ' remain""high" UNLESS
the "DEMAND TUNE" l ine is grounded, When the '1DEMAND TUNE"
input  is  grounded,  U1B wi l l  pu l l  the CPU IRQ p in low through
CR12,  generat ing an input  s ignal .

3. Beginning with PC board HEVISION "C", an addit ional lFlQ
option has been added. l t  is possible to generate an interrupt
via the PTT input l ine (P1, pin 5).  The output of PTT inverter
U1F can be d iode ORed in to  the input  o f  U1B by put t ing a
short ing bar on the pins of JU4. With JU4 thus jumpered, an
in ter rupt  s ignal  is  generated whenever  the PTT input  l ine
goes low. Note that i f  this opt ion is selected, the PTT l ine
must be connected to the system radiotelephone in order to
sense the "key up" voltage on the radiotelephone PTT l ine. l t
i s  t h i s  open  c i r cu i t  vo l tage  wh ich  p reven ts  U  1  f  f rom
generat ing a cont inuous in ter rupt  s ignal .

3.9 INFORMATION READ

The data sensors (previously described) 'arei ' interf  aced with
the CPU through the AID input ports, PC3, PC4 and PCs. Once
the tune algori thm is running ( iol lowing an interrupt request
as outl ined above and lacking any appl icabte prestored data)
the program can access any desired variable by merely
"looking" at the desired input port.

3.1 O INFORMATION WRITE

When the CPU requires a change in the lumped RF tuner
parameters, l t  writes the desired data into the series to
parallel buffer. This is done by outputt ing the desired status
of the network relays in a serial data stream from PBS (SDO)
on the CPU. Clocking is derived from PB7 (SCK). For example,
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PHASE DETECTOR

T3, cRs, 6, 7 and B and the associated components form a
phase detector which indicates the sign of any reactance
associated with the antenna/tuner system as seen from the
generator. operationally, a l ine current sample is compared
in phase with a voltage sample in a double balanced diode
r ing.  output  polar l ty  is  NEGATIVE for  a net  cApAGlT]vE
reactance. The output of the phase detector is connected to
an A/D input on the system CpU chip.

THE CONTHOLCOMPUTER

Actual  antenna matching is  implemented though a tuneup
a lgor i thm conta ined in  the  memory  prov ided in  the
control ler-computer system. The computer i tself is designed
around the HCMOS 68Hc705Pgp singre chip cpU. This device
was chosen for i ts'  versati le instruction set and on-chip RoM,
RAM and A/D converter. control of the antenna tuner relays
is done through u8, ug and u10, together with relay drivers
u11,  u12 and u13.  ug ,  ug  and u10 fo rm a  ser ia l  to  para l le l
interface port. clocK and DATA signars are provided from
CPU ports pB7 and PBs, respectively. In operation, data is
transferred into the cPU under program contror from the
array of  sensors.  Essent ia l ly ,  the program moni tors the
status of  the input  sensors and,  star t ing f  rom a preset
condi t ion,  manipulates the RF elements through i ts '  contro l
a lgor i thm to achieve a correct ly  tuned condi t ion.  At  the
completion of the tuning algorithm, the computer generates a
table in non-volati le memory which correlates the status of
the various network relays with the applied RF frequency.
This table is stored in EEPROM u4 and is used to provide the" learning" feature in the SEA 1612C. Af ter  stor ing and
latching the network status, the CPU returns to the "STOP"
mode and waits for another "TUNE REQUEST" condition.

INITIALIZATION AND FIREUP

Since any microcomputer generates RF noise whi le running,
U5 is normal ly  held in the 'STOP" mode and requires an
interrupt signal to start program implementation. The CPU
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IRQ signal consists of a logic ' low" signal on pin z of Us and
may be derived from any of several sources.

1. The output from the frequency counter chain (U2, U3) is
AC coupled to the gate of MOSFET amplifier Q2. The drain of
Q2 is connected to pin 2 of U5. Thus, whenever the frequency
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on the CPU IRQ p in.
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via the PTT input l ine (P1, pin 5).  The output of PTT inverter
U1F can be d iode ORed in to  the input  o f  U1B by put t ing a
short ing bar on the pins of JU4. With JU4 thus jumpered, an
in ter rupt  s ignal  is  generated whenever  the PTT input  l ine
goes low. Note that i f  this opt ion is selected, the PTT l ine
must be connected to the system radiotelephone in order to
sense the "key up" voltage on the radiotelephone PTT l ine. l t
i s  t h i s  open  c i r cu i t  vo l tage  wh ich  p reven ts  U  1  f  f rom
generat ing a cont inuous in ter rupt  s ignal .

3.9 INFORMATION READ

The data sensors (previously described) 'arei ' interf  aced with
the CPU through the AID input ports, PC3, PC4 and PCs. Once
the tune algori thm is running ( iol lowing an interrupt request
as outl ined above and lacking any appl icabte prestored data)
the program can access any desired variable by merely
"looking" at the desired input port.

3.1 O INFORMATION WRITE

When the CPU requires a change in the lumped RF tuner
parameters, l t  writes the desired data into the series to
parallel buffer. This is done by outputt ing the desired status
of the network relays in a serial data stream from PBS (SDO)
on the CPU. Clocking is derived from PB7 (SCK). For example,
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i t  is  des i red at  some point  in  the tuneup sequence to
INcREASE the inductance by one b inary  increment .  To
accomp l i sh  th i s ,  t he  cPU examines  the  b ina ry  number
representing the status of the L control relays, decrements
that number by one and clocks that number one bit at a tirne
into the series to parallel buffer.

THE FROGRAM

The control algori thm is contained in CPU ROM. The actual
program consists of many subroutines and branch statements
in "machine language" for the 68HC705P9P. This program is
complex, proprietary and'protected $y': , iQspyr: ight:"-.  For these
reasons, no detai led treatment of the program wil l  be given
here. A general understanding of the process may be had by
examinat ion of  the key s teps the program makes in
determining the lumped constants required to tune a 25 foot
antenna (for example) at a frequency of first 4 MHz and then
1.6 MHz. In the 4 MHz case, immediately after startup the
program wil l  f  i rst  examine the EEPROM table for appl icable
data. In the event that no previously stored data is found, or
that any such data is tested and found incorrect, the program
wil l  ini t iate a tuneup sequence. By examination of the phase
detector the determination is made that the antenna is short
(capaci t ive)  a t  the dr ive f  requency,  and so ser ies L is
inserted unti I  the phase detector indicates that the load is
no longer capacit ive. At this point the program measures the
VSWR. l t  wi l l  general ly be greater than 2:1 and i f  so, the
program increments the input  C whi le  manipu lat ing ser ies L
to s imul taneously  ra ise the ' ' input ' impedance "and mainta in  a
res i s t i ve  ma tch .  Th is  p rocess  i s  con t inued  un t i l  a
sat is factory  VSWR is  obta ined.  '  Fo l lowing tuneup,  the
network data is stored against an address determined by the
f requency measurement  a l ready made and s tored.  The
program is then terminated. I f ,  in the previous example, i t  is
not possible to normalize the reactance of the antenna with
the avai lable supply of L (possible at 1.6 MHz), the program
wi t l  increment  the output  C and search the L again,
continuing in this fashion unti l  the phase detector indicates
that the load is resistive. lt will then measure the VSWR and
proceed as before. The difference is that now the network
wi l l  be a Pl  network instead of  the or ig ina l  L  network '
Addit ional subroutines are included in the program which set
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various "breakpoints" in the al lowable constants as a complex
function of frequency. In fact, the overail  "program" actually
consists of  a program sET which is  designed to a l low
max imum f  lex ib i l i t y  wh i le  s t i l t  ma in ta in ing  h igh  opera t ing
speed.

Another unique feature of  the sEA 1614c is  the 'DUPLEX"
operating mode. This mode is provided in order to allow the
operator to el iminate the large loss in receiving sensit ivity
which can occur when the sEA 1612c (or any antenna tuner
for that matter) is used in the z-g MHz spectrum. The
sensit ivity loss occurs as a result of the relatively narrow
bandwidth of the matching network when"-'used-,with. short
antennas. Remember that the tuner responds to TRANSMITTEFI
frequencies on tuneup and so acts as a narrowband
preselector  f  i l ter  at  the t ransmit ter  f  requency.  Normal ly,
this creates no problem, but in special cases, part icularly
when the antenna system is short, the ground system good,
and the receiver f  requency is  lar  removed f  rom the
t ransmi t te r  f requency ,  cons iderab le  loss  in  rece iver
sensit ivity can result. The problem is especial ly acute when
the wide spli t  puts the receiver frequency on the "high side",
s ince the tuning network is  general ly  conf igured as a low
pass f i l ter .  The "DUPLEX" mode makes use of  a specia l
control algorithm which, when energized, senses the RECEIVE
mode and switches out al l  tuning elernents. This connects
the antenna directly to the input of the receiver and, while
the receiver input  wi l l  not  be "matched" to the antenna, a
subs tan t ia l  inc rease in  overa l l  sens i t i v i t y  w i l l  genera l l y
resul t .  When t ransmit ter  operat ion ' resumes, the SEA 1612C
wil l  revert to the previously stored tune data.

lf  i t  is desired to uti l ize the DUPLEX operating mode, contact
the  f  ac to ry  lo r  in fo rmat ion  regard ing  the  cont ro l
requ i rements .
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INSTALLATION PROCEDURE

MECHANICAL CONSIDERATIONS

The SEA 1612C requires only that a source of 13-6 VDC, an RF
transmission l ine (RG-58/U up to 30 feet, RG-213/U over 30
feet) and a suitable antenna/ground system be attached. No
bandswitch information, low power tune, or "handshake" is
required to the FIF generator, since the coupler tunes on voice
signals. Power consumption is nominally less than 1 amp,
allowing the use of light 3 to 5-conductor shielded cable for
reasonable run lengths. (NOTE: The "extra,:conductors in the
power cable are lo provide for an "ALL TUNED" indicator flag
and/or the "TUNE LOCKOUT" and "DEMAND TUNE" feature(s)
when desired.

Weatherdeck mounting is permitted for the SEA 1612C but
years of marine experience indicate that inside mounting or
even just splash-protected mounting is to be preferred,
part ic lar ly  in cold,  damp environments.  See Figure 1,3,
"Outl ine afld Mounting Dimensions', for detai ls regarding the
location of the mounting holes for the SEA 1612C. Although
the SEA 1612C may be mounted in any att i tude, care should
be taken to insure that the location chosen is accessible for
service and that the breathing vent hole (located on the rear
of  the molded case) is  nei ther b locked or  rout inely
submerged.

The base of the antenna should be connected to the high
voltage feedthrough insulator on the top of the SEA 1612C
weather housing. Note that this insulator is not designed to
support  heavy mechanical  loads.  l f  such loading is
encountered, the use of a strain insulator is required.

The ground system should be connected to the 114 inch
stainless steel stud protruding f rom the bottom of the
weather housing. Connection to the ground system and the
ground system itself are of extreme importance for a
successful instal lat ion. Ground runs of over a few inches
should be made from 4 inch wide copper strap or better. The
actual ground system should be as good as possible and may
consist of screening embedded in decks or roofs, coamings,
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rails, stack shrouds, water and/or fuel tanks, etc. Ships with
a non-conducting structure such as iiberglass require careful
attention to detail to provide an adequate ground system.
Please note that this attention to ground integrity is NOT
unique to the sEA 1612c. ALL shipboard instal lat ions have
the same requirements. The SEA 1612c autotune algorithm is
capable of providing an adequate impedance match for an
extremely wide variety of antenna/ground systems. This
capabi l i ty  wi l l  insure proper operat ion of  the system
radiotelephone. l t  can NOT however insure that  the
antenna/ground system wil l  radiate RF energy effectively.
Such radiation efficiency is solely a function of the antenna
and ground instal lat ion.  A"PROPERT"'ANTENNA/GROUND
INSTALLATION IS OF PARAMOUNT IMPORTANCE!

ELECTH ]CAL CONSI DE RATIONS

Connector P'1 on the antenna tuner printed circuit board
provides the cable interconnect for power, shield ground, the
"ALL TUNED" flag and when desired, the "DEMAND TUNE' and/or
'TUNE LOCKOUT" features.

DC Power is connected to terminals 1 and 2 of P1. Pin 1 is
the negative terminal and pin 2 is the posit ive terminal. The
coupler runs off a nominal 13.6 volt source and the entire
tuner is protected against reversed polarity connection by
series diode CRl5.

A remote "ALL TUNED" indicator can be connected to pin 4 of
P1 .  This termlnal  is  pul led lo ground when the tuner has
completed the antenna tuneup cycle. Radiotelephones like the
SEA 222, SEA 322 and SEA'225 are designed",to',make direct
use of the "ALL TUNED" f lag l ine. Simply connect the "TND"
terminal (P1, Pin 4) to the radiotelephone "TND" terminal.

The SEA 1612C -DEMAND TUNE" feature allows the operator to
override the channel storage memory when desired. This is
accomplished by momentari ly grounding P1, Pin 3. l f  this
feature is to be used at the radiotelephone, connect a wire
from P1, Pin 3 through a momentary switch to ground.

when two or more radiotelephone systems are co-located, it
is commonplace {or a transmission on one system to upset
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the antenna tuner setup on the other. This happens when
energy f  rom one antenna is absorbed by the other in
suff icient quantity to "fool" the other antenna tuner into
resetting. This condition can be alleviated by using the "TUNE

LOCKOUT" feature.

To invoke the 'TUNE LOCKOUT" feature of the SEA 1612C,
connect P1, Pin 5 (PTT) to the PTT line in the associated
radiote lephone through the interconnect  cable-  This
connect ion wi l l  a l low the SEA 1612C to sense the open
circuit (KEY UP) voltage from the radiotelephone PTT l ine.
This voltage is used to inhibit tuner operation' When the
voltage is absent (KEY DoWN':cOndition);'"the''.1une)i':'Operates
normally. The SEA 1612C 'TUNE LOCKOUT" port circuitry is
compatible with open circuit voltages between +5 and +15
volts, DC. Port impedance is approximately 100K ohms'

ELECTRICAL CHECKOUT

Af te r  mechan ica l  ins ta l la t ion  is  comple ted ,  the  SSB
transmitter should be adiusted to the HIGHEST frequency
desired, a directional wattmeter such as the BlRDtm Model
43 inserted into the transmission l ine, and the transmitter
energized. upon application of RF energy, the sEA 1612C
should begin to tune, indicated by a general "clattering" of
the PC mounted relays. l f  the antenna length and ground
parameters are within range, a few syllables of speech
should immediately cause the relay noise to cease, reflected
power on the wattmeter to drop to a value consistent with a
better than 2:1 vswR and the PC mounted i lUNED::,LED, CR14,
to l ight. ( l f  a remote "TUNED" indicator"is provided,'such as
the ;TND" annunciator on the 'SEA '225;r":this'indicator "shoutd

also l ight . )

The SSB transmitter should now be adjusted to the LOWEST
desired frequency, and the speech test repeated. Again, the
SEA 1612C should immediately Sense the mismatch, enter the
tune mode and retune the antenna system. The tune cycle
wil l  take somewhat longer at the lower frequencies, since
the algorithm must search through more possible values of L
and C to find an appropriate combination. A few seconds of
speech should result in an "al l  tuned" indication. l f  the
antenna parameters are within the specified range, and the
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above tests have been performed succesfully, the SEA '1612C
installation and tuneup may be considered complete.

Note that, as received, the memory system in the SEA 1612C
wil l  most l ikely not contain prestored data appropriate to
your instal lat ion. For this reason, the memory feature wil l
l ikely NOT be impressive at f irst. To al low the SEA 1O1ZC
to "learn" your antennas' requirements, simply proceed from
frequency to frequency, al lowing the normal tuneup to take
place. As more and more frequencies are "memorized" by the
computer, it should be possible to return to a previously used
frequency and discover that  the computer immediately
f lashes the "ALL TUNED" f lag,  ' "usual ly , : ,bsf619, , ths f i rs t
syl labte is completed. l t  should be further noted that the
EEPROM memory system is capable of storing hundreds of
individual f requency/relay combinations but that most of
these combinations are actually used in the first 4 or 5 MHz
of operating frequencies. This is done in order to provide
better memory resolution at the Iower frequencies where
antenna systems are inherently narrowband. Very often, one
or two memory positions will give adequate band coverage at
frequencies in lhe higher marine bands.
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5. TROUBLESHOOTING

5,1 COUPLER WILL NOT TUNE. NO REI.AY ACTION

1. Appty +12 VDG to the antenna tuner and measure the DC
voltages needed for oPeration:

A. +12 VDC on teft hand side of u7. (NOTE: PC board is
oriented with coaxial connector (J1) as the lower r ight hand
corner . )

B. +5 VDc on right hand side of U7, Fins 1,and,28 of u5 and
Pin  2  o f  U1.

2. The relays should init ial ize in the fol lowing way:
K0 thru K5 - open
KO thru K15 - closed
K16 thru K25 - open

This will indicate that the CPU and the associated circuitry
is probably working correctly. (unless intermittent)

3. lndividual relays may be tested by simpty grounding the
appropriate relay driver pin with a short jumper wire. (eg:
To test K0, ground Pin 16 of U1 1. The jumper simulates the
operation of the open-collector driver transistor between
Pins  1  and 16  o f  U11. )

Individual relay drivers may be tested by using the jumper to
connect the appropriate relay driver INPUT Pin to +5 VDC.
(eg: To test the relay driver ,associated, with.,K0;; cofifl€ct ths
jumper between U11 , Pin 1 and +5 VDC.) NOTE: lntegrated
circuits U8, U9 and U10 should be removed when this test is
performed. Otherwise, they may be damaged.

The serial-to-parallel shift register (U8, Ug and U10) l .C.s
may be tested as follows:

Remove U5 from its socket. Jumper Pins 1 and 16 of UB.
Also connect a jumper from Pin 2 of UB and ground. When DC
voltage is applied to the board, the relays will energize in a
random pattern. To sequentially operate the relays, it is
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5 . 2

possible to manually "clock" the relay driver circuitry. This
is accomplished by applying a +5 volt pulse to Pin 1g of the
U5 socket. (Using a short jumper connected to Pin 13 of U5,
momentari ly connect the jumper to the +5 volt rai l  and then
to ground.) Each pulse wil l  clock a DATA 0 into the serial-
to-parallel relay driver, opening one relay per clock pulse. To
reset lhe relays simply connect the jumper from Pin Z of U8
to +5 VDC instead of ground. Once again, "clocking" Pin 13 of
the U5 socket wit l  sequential ly close one relay per clock
pulse. Note that the relays are always clocked sequentially,
starting at K0 and proceeding through K25.

4. l f  step 3 indicates that the relay' ' .driver." 'circuitry is
functioning properly, the problem may be a defective CPU
(U5).  This must be tested by subst i tut ion.  Replace the
suspected part with a known good CPU.

5. In the event that a substitute l.C. does not solve the
problem, check for bent pins on the socketed l.C.s.

6. Using a suitable oscil loscope, check the RF level present
at  Pin 13 of  U1. (A level  of  approximately I  V p-p should
appear when an RF signal of 150 watts is connected to J1.)

7.  The s ignal  present on Pin 10 of  U3 under the condi t ions
descr ibed in Step 6 should be a 5 V p-p s ignal  wi th a
frequency 114 of  that  seen on Pin 13 of  U1. (eg:  lnput
frequency = 2048 KHz, Pin 10 of U3 = 512 KHz.)

B.  The s ignal  present on Pin 12 of  U3 under the'condi t ions
descr ibed in Step 6 should be a 5 V p-p s ignal  wi th a
frequency 112048 of that seen on Pin 13 of U1. (eg: Input
frequency = 2048 KHz, Pin 12 of U3 = 1 KHz.) Note: This
same signal should be present at Pin 25 of U5.

RELAYS OPERATE BUT NO ruNE

1. Check the sensor diodes (CR1, CRg) for correct operation
by using the diode test scale of a digital multimeter. Typical
forward vol tage drop wi l l  be approximately 0.57 VDC.
Reverse direction reading varies with the meter used and
which diode is under test. This is a function of in-circuit
testing. lf you have ANY concern about the reverse direction
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reading, unsolder one lead of the
reverse reading should then be open.

2. Connect a DC voltmeter between
With no RF signal  present,  the
approximately +2.5 VDC.

diode under test.  The

R15 and the ground rai l .
voltmeter should read

Connect the RF output terminal to an appropriate antenna
simulator and apply RF power to the coaxial input connector
(J1). The relays should begin to operate by increasing the
inductance (Relays KO through K15 wil l  open sequential ly).
The voltmeter connected to R15 should read less than +2.5
VDC when the antenna is capacit ive (ie: Shorter"than 114
wavelength) and greater than +2.5 VDC when the antenna is
inductive (ie: longer than 1/4 wavelength).

3. Check that Pin 2 of U5 is pulsed low when RF power is
applied to J1. (You must have forward power present which
will cause Pin 12 ol U3 to output a square wave).

4. The mOSt COmmOn prOblemS enCOuntered under "no tune"
conditions have been: Bad diodes, defective (burned contacts)
relays and broken or burnt wires on T1 and T2. The voltage
winding on T2 may be checked by using an ohmmeter between
the antenna terminal and the ground rai l .  A short circuit to
ground indicates that  the winding is  good. The other
{ransformer windings should also be tested between ground
and the appropriate point in the circuit. NOTE: These
components may be damaged by near-by lighting slrikes-

C,OUPLER ruNES zuT NIO MEMORY

1. Check for +5 VDC on Pin 8 of U4.

?. If normal voltage is present, suspect U4 or U5 as possibly
damaged. Test bY substitution.

ruNER WILL NOT DEMAND TUNE

1. check that rhe 'DEMAND TUNE" (DTN) l ine (P1 , Pin 3) is at
+5 VDC.

5 . 3

5 .4
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2- wait approximately 1 second before pulting the .DEMAND
TUNE. line low. The tuner must turn off the crock before it
can acknowledge a second "DEMAND TUNE" signal. (This
condition will occur 1 second after loss of forward power
with the "DEMAND TUNE" l ine high.)
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S E A  I N C .
SINGI-I] LEVEI- BILL OF trIA'TERIAL

P A R E N ] ' :  A S Y - 1 6 1 0 - 0 r  D E S C :  l 6 t z c  A I \ T E N N A ' f u N E n
Lif l ;  I IA irtB: l \1 I iEV:

EFFECI ' IVITY DATE: 0SZr9S EFFECTTVE RI IV:
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SIJA  INC,
SINGLE LEVEL BILI- OIT )IIATI]RIAL

PAITEN' I ' :  ASY-1616-01 DESC: I612C r \N ' |ENNA TUNEII
Ull :  EA l lB: I ' l  l l l i \r :

f i I?FEC' I ' IVITY DATI I :  092195 EFITECI ' IVE l?EV:

t i  IcQ ntv  EFFECTIVITI  scf i 'AP
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[R l5

SIUfI 000 SE5-0098-002 11,i5382 {jLTRII f .{ST Dl0Dli.  0 : i  I  2 F:i  01159; l23l?9 0 0,0
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S E A  I N C .
SINGI-I] LTJVEL BILL OF i i IATERIAL

PAIIEN] ' :  ASY-1616-01 DI ISC:  l6 t  2C ANTENNA TUNER

Lr.rrc'rv'ry DAI'E: 0e2res 
ull: E;\ 

urilBc'Tv" i'lFi';
l t  rcg f8i ' tFF[cIIHTt scR,\P
ttsf s[QI c0w0IEIT DISCRII'TI0S s T T rli 0t!T QtlrITlIt rrt{ rr o|jT LT0s pcIT
SiLrfF 000 s0c-000{-018 It S0cti8l, ?8 PII Dtp B l i I I t i ,{ 011595 l?31T9 0 0.0

lJ5soc

sifirr 000 Tm-00?6-001 Tswt:{.r, l 3 p05 B r r 2 F.I 0il595 l?31?9 0 0,0
PI

*  +  *  +  *  *  *  *  *  *  *  *  *  *  +  +  + f ; N D O I I R E P O R T  *  *  *  *  *  *  *  *  *  +  +  *  +  *  *  *



PARENT:
RV:

t6L2W
U}I: EA

STARTING:

SEQN COMPONENT

SEA INC.
SINGLE LBVEL BILL

DESC: 16].2C TUNER I4ITH SPARK GAP
RUN LT: 1 FTXED LT: 5

PT USE SEQN COMPONENT

PAGE: 1
o7 lre/2oor

EFFECTIVITY LT SCR
IN OUT OFFSET PCT

PT
USE

L
T

c
T

0 i l
QUANTITV T UI,I B

B O X N G  O 0 0  B O X - 1 6 1 ? - O O 4  N  2  I  E A B N 0 L 1 5 9 5 L 2 3 l 7 9
PAD.1rX17 CARDBOARD

B O X N G  0 o O  B O X - L 6 1 2 - 0 0 1 -  N  L  T  E A B N 0 1 1 5 9 5 L 2 3 L 7 9
COUPLER SHIPPING BOX

F O X N G  O O O  B O X - L 6 L 2 - 0 0 3  N  L  I  E A B N 0 1 1 5 9 5 L 2 3 L 7 9
RnVBRSTBLE INSER\ L6r2B/r

B O X N G  0 o O  I 4 A N * 1 . 6 1 2 C  N  1  I  8 A 5 N 0 1 1 5 9 5 L 2 3 t 7 9
SEA 1612C MAINTENANCE MANUAL

B O X N G  0 0 0  K I T - 1 6 1 2 W - 9 9  N  1  I  E A H N O 1 1 5 9 s t 2 3 L 7 9
HARDI.TARE KIT t6t2w/t6r.2Wx

F r N A L  O O O  L B L - 1 0 1 0 - O O 1  N  1  I  E A 8 N 0 1 1 5 9 5 L 2 3 1 7 9
DECAL, SEA FOR COUPLER

FINAL OOO ASY-r612W N 1 r  EA t ' I  N 01"L595 L23L79
ANTENNA TUNER

LAB OOO LABIRIASSY R . r -3359788 r  I rR l I  H 032495 L23L79
LABOR, ASSEMBLY

*** END OF fiEPORT 't*lr

0  0 . 0

0  0 , 0

0  0 , 0

o  o . o

1  0 . 0

o  o . o

o  0 . 0

o  o . o



SEA INC.
SINGLE TEVEL BILL

PARENT3 PST_T6]-2W DEsc: ANTENNA TUNER
RV: UH: gA RTJN LT: ].  FIXBD LT: O

PAGE: 1
07  /L9  /2OOL

PT USE SEQN COMPONENT

PT c  a  ML  EFFECTTVITY LT  SCR
USE SEQN COI,fPONENT T QUANTITY T UH B T IN OUT OFFSDT PCT

0 0 0  0 0 0  A S v - 1 6 1 6 9 t - 0 1  N  L  r  E A M N 0 1 _ 1 5 9 5  1 2 3 1 ? 9  o  o . o
L6l_2w couPLER BOARD (TESTED)

0 0 0  0 0 0  A S y - l - 6 0 0 - 0 1  N  1 r  E A H N O I _ t _ 5 9 5 ] - 2 3 1 , 7 9  O  O . O
COUPLER BOX

0 0 0  0 0 0  L B L - 1 6 L 2 - O A 2  N  1  r  E A  B  N  O L t  5 9 5  1 , 2 3 L ? s  O  0 . O
LABEL, CAUTION

LAB 0OO LABIR  ]ASSY R  .  r - r . 63s22  r  HR H  N  03  ?4s5  L23 t7s  O  0 .  O
LABOR, ASSEMBLY

REF O00  SNO-0009-O02  X  5  r  EA  I ' t  N  01L595  L23179  0  0 .0
SN# LABEL

**'t  END OF REPORT ***



PARENT:
RV:

1512 t i x DESC:  l -612W
RUN LT:

TUNBB W/ANT,
1 FIXED LT:

COI'IPONENT

SEA INC.
STNGLB LEVEL BILL

PAGE: ]-
07 / re/zoot

GROUNDING RELAY
5

EFFECTIVITY LT
IN OUT OFFSETPT

USE

BOXNG 000

BOXNG OOO

BOXNG O00

BOXNG OOO

BOXNG OOO

FINAL OOO

FINAL OOO

LAB OOO

UU: BA

PT USB SEQN

COHFONENT QUANTITY

B O X * 1 6 1 2 - O O 4 N 2 r E A
PAD,11XI7 CARDBOARD
B O X - 1 6 1 2 - 0 0 L N 1 I E A
COUPLER SHIPPING BOX
B O X - ] " 5 1 2 - O 0 3 N 1 r E A
REVERSTBLE TNSERT L6La:ll./L
M A N . ] . 6 T . 2 C N 3 .  I E A
SEA ].612C TII.AINTENANCB IIIANUAI.
K r r - 1 - 6 L 2 w - 9 9 N 1 - r E A
HARDWARE KIT L6L2W /L612t''lX
L B L - r . O ] - O - 0 0 1 - N 1 - r E A
DECAL, SEA FOR COUPLER
A S Y * 1 6 1 2 I { X N l I E A
ANTENNA TUNER T.I]ITH RELAY (TESTHD}
LABIRJAssY R  . ] . 3359788  I  HR
LABOR, ASSAHBLY

*** END OF REPORT ***

a  t - I L
T  U I - { B T

c
T

SCR
PCT

B N 0L1-595 L23L79

B N 01L595 L231-79

B N Ol. l-595 1-23L79

s N o1i "595 L23L79

r't  N 0115e5 L23L79

B N  011595  L23 r79

r't  N 0L1595 123L79

M N 032495 t23L79

0  0 . o

o  o . 0

o  o . 0

o  0 . 0

t -  0 . 0

0  0 . 0

0  0 . 0

0  0 . 0



SEA INC.
SINGLE LEVET BILL

PARENT: PST-1612WX DESC: ANTENNA TTINER
RV: U}1; BA RUN LT: !. FTXED LT: o

PAGE: l-
07 /Le /2OOr

PT USE SEQN COITPONENT

PT c a r,{ L EFFBCTIVITY LT SCR
USE SEQN COHPONENT T QUANTITY T T'I{ B T TN OUT OFFSET PCT

000 000 ASy-1616w-01 N r .  r  EA 14 N 0 l_t -595 L23L79 0 0.O
1512r{ COUPLER BOARD (TESTED)

o o o  o o 0  A S y * 1 6 0 0 - O L  N  1  r  E A U N 0 L l _ 5 9 5 L 2 3 L ? 9  0  0 . 0
COUPLER BOX

0 0 0  0 0 0  L B L - 1 6 1 2 - A O 2  N  l  r  E A B N 0 t " L 5 9 s L 2 3 L ? 9  0  0 . 0
LABELT CAUTTON

000  000  ASY- ] -616 -O3  N  1  r  EA  l {  N  010100  r23 t79  0  0 .o
RF RELAY ASSEMBLY

LAB OO0 LABIR]ASSy R .Lt63522 r  ]m M N 032495 L23L7g O O.O
LABOR, ASSEIIBLy

REF oo0 sNo-ooo9-002 x 5 r  EA t i l  N 011595 L23L79 0 0.0
SN# LABEL

rt** END OF REPORT ***



SEA INC.
STNGTE LEVEL BILL OF I,IATERIAL

PAGE: ].
07 /L9/?OOL

PARENT: P5T-].616W-OT DESC: 1612I-I COUPTER BRD
Ult: EA !{B: Iq REV:

EFFECTIVITY DATE: 071-90L EFFECTIVE REV:

P T  M C Q  R E V
USE SEQN COI'IPONENT DESCRIPTION B T T TN OUT
POST OOO ASY-T6L2*\3 TRANSFORHER PHASE M N I

T3

posT ooo ASY-1630*T1 XFORMER, T63A/330 POWER DE M N I
I T , T ?

POST OOO CRY-0011-OO2 CRYSTAL,COLOR BURST 3.579545 HC/18 B N I
Y1

POST 000 FUS-OOOz-OO2 FUSE, 2A L25V B N I
F3_

POST 0OO GFG*OOO1-350 SPARK GAP,GAS FILLED 350V B N I
GTl-

POST OOO SEM.O187-OO2 16K*BIT SERIAL E2 PROI{ B N I
U4

POST OOO STP-].6]-6-01 1.6L2C I '{AIN BRD STUFFED }I N I
*
*  *  *  *  *  *  r t  *  *  .k  *  *  *  *  *  lk  *  ENDOFRBPORT *  *  C.  tc  *  *  *  *  *  cc *  *  *  *  *  *



SEA INC,
SINGLE LEVEL BIIL OF IIATERTAL

PAGE: 1
07 /Ls/zooL

PARENT: Asy-1616w-or DESC: r-61-2vt coupLER BOARD
UI{: SA I{B: T4 REV:

EFFECTIVITY DATEI O?1901 EFFECTIVE REV:

F t  H c e  R E v
USE SEQN COMPONENT DESCRIFTION B T T IN OUT

Tnsr? 000 0ps-1612c-u5 0pERATTNG SyS 16r2C PROG l.t  N r
U5

POST OOO pST-163.6r,I-0L t612li  COUPLER BRD (UNTES$ED) Ir N r
TESTz OO0 SEU-0140-094 4094 CMOS SHrFT/STORE REc B N r

ul_o

+
* ik * * * tr * tr * * * * * * r( * * EllD oF REpoBT * * * * * * * * * * r! * )t i,r tc *



SEA INC.
SINGLE LEVEL B]LL

PARENTI 4SY.1516.O3 DESC: RF RELAY ASSEMBLY
RV: UFI:  BA RUN LT: 5 FTXED LT: O

PAGE: 1
07 /Le/2OOI

PT USE SEQN COMPONENI

PT C A I{ L DFFBCTTVITY LT SCR
USE SEQN COUPONENT T QUANTITV T TN{ B T IN OUT OFFSET PgT

0 0 0  0 0 0  H A R - 0 6 0 0 - o o 4  x  1  r  8 A 8 N 0 5 3 0 0 0 \ 2 3 7 7 9  0  0 . o
LUG, GROUND, #6 SS

0 0 0  0 0 0  H A R - 1 0 0 0 - 0 0 4  x  1  r  E A B N o s 3 0 0 0 L 2 3 L 7 9  0  0 . 0
SOLDER LUG #IO BRASS

0 0 0  0 0 0  R E L * 0 0 0 5 * 0 0 2  N  1  r  E A B N 0 5 3 0 0 0 L 2 3 L 7 9  0  0 . 0
DPDT 12V RF RATED RELAY

o00  000  sEM-0087*001  N  t -  r  EA  B  N  053000  L23L79  0  0 .0
].N4OO4 DIODE GP RECTIFIAR

o00  000  r { IR -0008-000  x  .4?  I  FT  B  N  053000  r23L79  0  0 .0
WIRE , #t6, HOOK-UP, BLACK

0 0 0  0 0 0  w I R - o o o 9 - 0 0 0  x  - t 2 5  I  F T  B  N  0 5 3 0 0 0  t 2 3 L 7 9  0  0 , 0
WIRE , #ZO, STRANDED. HOOK-UP, BLACK

ooo  000  w IR-0009-200  x  .75  r  FT  B  N  053000  L23 I79  0  0 .o
WIRE, # 20,STRAHDED, HOOK-UP TRED

ooo  000  t { IR -o011-o l6  x  .084  I  FT  B  N  053000  L23 r79  0  0 .0
w r R E . # l O , B U S S

o00  000  l f lR -0024-o2o^  x  .LL7  I  FT  B  N  053000  L23179  0  0 .0
TUBING , #ZO, SLEEVING, TEF'LON

*t'* nND OF REFORT 't't*




