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A Safe LED Optical Transceiver System Part 3

lVcll, chis month Jet's HTap up the LED transceiver and gel on with the remaining photo optical
receiver circuitry. By the way. the LED used in th e transmitter circuit covered last mon th is a
Radio Shack 260 nM 5000 Mcp nigh-output-power LED. per t #2 76-086, costing j ust less than
53 apiece.

PllOto A . From I'iew of entire .~ystelll showing spotting JCOI,e 0 11 top. centered betwee"
the receiver and transmitter s -inchassemblies. V isible just imide the fro m ofeach tube is
the Fresnel lens ill the splice union coupling.
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Basically. the receive r is a sensitive
photo diode with a large cross-section

area and a -transistor ampli fi er that we oh
rained in surplus. Alternate ly. a diode can

be obtained from commercial sources for
under $5. and an alternate amplifier using
all op ampcould be used here to replace the
-t-uunsistor circuit that we built from used
surplus components.

The photo diode and amp a ssembly is

placed in the exact center of the f irst for

ward facing pipe cap assembly a nd has light

focused on its surface by tbe Fre snel lens in

the sp lice unio n . Again . just like the LED
transmitter. the assembly is quite ident ical

fo r both receive r and transmitter c ircuitry.

T he rear cap (of the two ca ps ceme nted

back-to-buck) houses the local oscillator and
mixe r circuit that conve rts the 35 kHz (o r
45 kHz) rece ived FM from the photo diode

amplifier to a freque ncy in the 2 meter ham

band for receptio n on ly on my 2 meter HT.

We used a synthesize r at 145 :MHl to ac

complish this convers ion. However. o the r

freq uencies arc possible depending o n what

you have o n hand to serve as a local oscil

lator as well as your c hoice of FM receiv

e rs for reception . A scanner wi ll function

j ust a s well as the 2 me te r HT I used . While

an ~f broadcast receiver wo uld seem to

function here . its FM bandwidth is too wide

for narro ....'band FM reception. making this
an un like ly cho ice. With the LED being
sw itched at a ra te above 50 or so kHz, effi 

ciency drops off, making wider mod ula tio n
sche mes impossible with thi s design.

In o ur syste m. we used a synthesizer to

produce an LO of 145 MHz fo r injection

into the LO port. pin 8. and gro und of a
SBL· I mixer 10 convert the 35 kH z IF to

145 .035. The o utput of the converted photo
d iode detector amplifier assembly feeds the
IF port. pins 3 and 4 tied to gethe r. a nd com

mon ground o f the SBL- l mixer directly.
T he RF port o f the mixe r, pin 1 (blue pin),
and ground is the coa xia l connec tio n to the

HT' s RF connector. The SBL- I mixer has
pins 2-5-6 and 7 all tied 10 common ground.

Again. pin 8 is LO input. pin 1 is RF out
put. and pins 3 and 4 arc the commo n IF
input.

I have used many different o ther agile

sources of RF for LO injection to the mixer.
re placing the symb o n a trial basis . An y
good signal generator that is stable enough

to be held on freque ncy for narrowband FM
work would do for a bench lest. It would

seem that a simple crysta l oscillato r ci rcuit
that is used for a 2 meter co nverte r could
be d uplicated he re to replace the synthesi zer
circ uit. The frequency of the ci rcuit needs
to be c hanged from the original circuit that
appears in a lmost any ARRL Handbook on

VHF 2 meter co nveners. JU Sl the crysta l
oscill ator ci rcuit needs to be built with a

suitable crystal for the frequency de sired.
In another test. 1tried a TIL oscillator at

78 :\IHz and coupled it to a M MI C ampli
fi er. Not only did it am plify the 78 ~lHz ,

but it a lso proved to be a good 2nd harmonic
generator at 156 M Hz. Using 156 M Hz un
filtered for other harmonics and 78 MHz I



Photo n. Original photo detecto r obtained ill surplus. Note the phOTO diode near bottom
left. YOIi can see active element f or photo detect in visible light. If it lI'ere for IR use 011/,\;

it would be obscured with a 1'1'1)' deep-colored RED tens.
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de vice . See Fig. 2 fo r the reverse-engi
nee red schematic of the pho to de tec to r
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visible frequency range , T he units with a
IR diode and IR filter (very dark red) are
no t usable as far as the pho to diode is con
ce med. See Fi~. I . The pho to diode should
be clear in appearance. a llowing you 10 see
the dark pho to se ns itive element in th e

Photo C. Standard IR defector [removed ] and amplifier unit, This unit is modified 10 ex
periment with the Newark Electronics photo diode (#95 F9029. p. 583. Newark Electron
ics cat. #1/7), A s YOII cnn see. the Newark Electronics rep lacement ptusta diode has a

d ear white p lastic lens. The Newark photo diode replaced the IR diode as received in
surplus. Same Ik emitter mod on final transistor amplifier stage.
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tried readj usting my wide coverage HT to
the commercia l FM band ( 150 to 174 MHz).
I set it to 156.035 MH z and it worked as
well as using the synt hesizer and 2 meter
portion o f the HT frequency range , Har
monic outp ut of this 7S MHz crystal osci l
lator was quite good, g ivi ng full sca le
Scmeter readi ng in my back yard with j ust
the c rystal oscillato r powered up on my
workbench. S tability on my FM HT at 156
~lH z was quite gCKXI .

The TTL osci lla tor is po wered from +5
volts DC at a few rnA, and puts ou t ,S vo lts
p-p or just abou t ze ro dbm as measured on
my 432 HP power meter. Duplicating pin
pattern fo r a standard I-t-pin IC. pin I is
OC ground. pin 6 is signa l RF gro und (can
he common ground connected) . Pin 7 is +5
volts DC. and pin 14 is 78 ~IHz RF output.

Whatever circuit you usc. he it the 2 meter
co nverter crysta l osc illa to r c ircuit or the
'IT L crys ta l and MMIC design. either one
will work well for you. This simplification
of the c ircuitry and component pan s re 
quired will help to hold do wn parts count.
eliminati ng the mo re complex synthesizer.
The reason I tried the 78 MHz TTL crys tal
oscillator is that I came ac ross a quantity of
7S MHz TTL osci llators and they seem to
work well. If you have any TTL osci llators
in the junk box. g ive them a whirl - ;1
might work. Remember. this is just a sug
gestion. as the re are m any othe r frequency
combinations that wi ll work just as well. Pu t
the junk box to use if at a ll possible .

The TTL oscillator is a quite simple -1-
lead de vice looking much like a IC that fi ts
into a standard IC soc ket. They are a com
plete oscillator c ircuit and cry sta l all en
closed in a miniature metal can. Mount the

.oscillator dead -bug upside down on a small
piece of PC board next to the MMIC amp
capacitor cou pled to the MMIC input ADC
supply resistor and ou tpu t coupling capaci
lor complete the LO T f L oscillator. A short
section of mini ature coax couples RF out
of the ~tM IC amp harmonic generator to
the LO port of a SBL- I or similar mixer.

The photo detecto r we used ....'as obtained
from surplus and had a four-transistor am
plifier as part of the assembly. The photo
detec tor/ampli fier was chosen because it
had a large surface of active light detection
area about 3/16 of a inch square . Thi s as
sembly used a de tector that was not ob
sc ured wi th a dark red infra red fi her. If the
de tector you obtain is covered with a mo lded
IR filter on the detector. a suitable replace
ment pho to diode can be obtained from
Newark B ..xtronics (sec Photo C caption).

The surplus photo detecto r/amplifi er as
sembly we obtained was no t filt ered (for
IR). mak ing it very usable over the LED



carrie r wit h the Fl\1 modulation superim
posed Oil th i... c arrier frequency. That 's why
we had to ruodifv the transisto r amplifier•
o utput stage to analog to pa ..s wi thout dis
renton the carrier anti its f~t modulatio n.

The loca l oscillator. be it a signal gcn
crnor, synmcsizcr. o r TTL crystal o scill a

tor ~t\t1C a mplifi e r. is injected to the loca l
oscillator ron (LO, of the same mixer. T he
HT ante nna is connected 10 the Rf port via
min iature flexible coa x cable.

Stan up tests were perfo rmed inside a ga

rage. foc using the LED transmitter on the
inside o f the garage door and se lling the T X
optics for best spot focus. Turn on the re
ceiver anti connect the HT tuned to your
receive frcqucncy f RF carrier + loc al osci l
lator injection frequency ). T he RF carrier
is e ither 35 or 45 kH 1 and your LO is 145
:\1Hl with the symhcsvcr or 156 MHz if
vou used the 78 \-IHI TTL crvs tal source.• •
If all is fu nctioning . you sho uIt! have a full

q uieting signa l of the HT receiv ing yo ur RF
being generate d from the LED transmitter.

For best re turn signa l. yo u might have to
target a plastic hag or so me reflective surface
to glvc a return refl ection .

Further test.-;. incl ude peaking up the sys
tem u-ing a remote reflector mounted quite
a dista nce away, say. :!OO o r so feet distant.

A uto re ar backup light reflectors make a
g reat target also. A im the LEn transmitter
at the re fl ector, and whe n the transmitter is
being reflected (very noticeable ) by the re

mote reflector. signal strength Oll the HT
should he nearly or completely fu ll Svmete r
deflectio n. Alig n the spout Ilg scope and tar
ge t in the scope's crosshuirs fi rst for a coarse
adjustment. T hen peak up syste m perfor
mance using an aucuuator in the HT path
to reduce o ve rloading . Use the S-mete r to
peak up Oil . A t the same lime, the final rifle
s po tt ing scope adj ustme nt is don e b y
sli gfuty loosening the vert ica l and hori zon
ta l calibra tio n screws o n the scope mount.

111en. mo ve the scope and posiuon rhc scope
crossbuirs. alig ning the scope 0 11 targe t with
the LED transmitter being re fl ected by the
reflector ta rget.

If all is wel l a fter this initial alignment ,
re-verify mo unt rig idity, as it will he sub
jec ted to so me stress when the who le unit
is mo ved to a remote loc ation for further
test s I suggest moving out the d istance at
tempted fmm a mode st le st at relative short
ranees to ercatc r and ercatc r ranees as s),-Ie Ie Ie Ie -

tern sensitivity suggests,TI)' aero..s a school
or park o pen ..pace firs t or up and down a

ci t}' b lock firs t before trying a greate r dis
tance . If Soncrcr read ing s arc still way up
the re , go for a greate r d istance . We trie d 2
miles and made it Oil o ur fi rst uucmpt . This,
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E Co BEYOND it's your chotec. See what you r an come up

uedfrom page 45 with from the ju nk box. A good j unk box
will cut costs.

igitulto analog for usc with o ur FM With this design. I hope yo u don 't follow
Ilion. e xactly what I used . b ut rather usc it as a
conversion is simple. as the original g uide. I used what I was able 10 find in my
tor emitter is grounded and needs 10 scrap me ta l and ..urplus dealer.. for lo w l 'OS!

round broken 10 the emitter. 10 be assembly. You ' re quite welcome to follow
.J with a I" re sisto r. Output is not exactly but u y where possible 10 use alte r-
lector as in the original circuit. but natives from locally available compone nts
cd to an emitter fo llower by coupling to reduce yo ur construction costs. In that
is last stage o n top of the I" eruiucr wa y, you shou ld usc this as a guide not as

coupled with a .001 J.IF capacitor. an absolute to-follow-at-all -costs design.
mately, if yo u can' t locate an IR de- T he output .00 1 J.I F capaci tor o f the photo
assembly. an alte rnat ive could be a detector ampli fi er is coupled 10 the IF po rt
e photo diode and cons tructing an o f an S BL-I mixer, Now, amplifying light
rcr using a common op amp , while might not S~~111 propcr using common RF
-cd designs use high performance or co mpone nts. hut remember what we are
most o f these a mps arc hard 10 10 - actuall y amplifying is the LED 's lig ht o ut-
'he up amp design is 1101 cri tica l - pUI c hopped at 35 kHL rate . T hat's the RF
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• (a) Reverse-engineered drawing of conven ed surplus IN diode detector and 4-
tor amplifier. (b) Heconverted the output stage by removing ground 011 the emitter
«pled 0 1/ 1 of the emitter with a .001 I/ F capacitor.
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seems to be able to be used o n many differ
cnr HTs that not o nly include a who le se
ries o f leom radios. b ut a lso Alinco, Yacsu.

and Standard mode ls, according 10 Radio ~;=======;:::====;:::=;
Shack cata log detai ls. I

Don ' t fo rge t to bring a lon g some o f Ihe
cre ature co m fo rts like a lawn c hair. You
m ight have a wait for total se tup and there

is nothing like being comfortab le.
Well. there is the enti re system that Kerry

N6IZW and I constructed.
Of co urse, there are improvements that

can he constructed and added o n 10 thi s sys
tem. The tripod head we used had a re turn
sp ri ng th ai so me wha t a rg ues w ith the
manu al positioning o f the tri pod in fin e po
sltioning sett ings. Just could not set o n 10 a
spot bUI near it. It was like there was back
lash in the mccnanls m. I suppose in its origi
nal use this tripod that we used wa s in reality
a TV c amera tripod. T he return spring was
a great de vice with such a heavy cam era.
For our system it was removed. and we usc

the horizonta l and vertical locking screws.

This made life easier for fin er pointing when
using the rifle scope crosshai rs 10 al ign

scope and target together.
We ll, that ' s it for the system . I ho pe you

have as much enjoyment as Kerry and I have
had in this p roj ect. It just goes to show yo u
that some things that seem impossible are
j ust not so . T hey might be, h ut until you
g ive them a wh irl, you ..... ill never know. I
have located a quantity of 78 MH l TfL
crystal oscillators and will make them avail

able for $2 post paid.
For laser topics and lo is o f information

and suppliers check out Web add ress [hu p:/
/www.qsl.nct/k3pgp/ope ning.hlm ]. Our fi 
nal plan is to use the system during the

Fig, 3. LO constructed from 78 11,/11: TTL crystal oscillator and MMIC (driven hard to
produce harmonics ) used fo r LO injection at Znd harmonic for / 56 Mil: reception ofthe
LED transmitter, 35 or.J5 kH: modulation.

after great care was given to al ign the LED
and detector diode s in the cente r of the re
spective housings and making a careful fo
cus o f the Fresne l lenses for best foc us
sensitivity.

T hese ICMs were made m night and from

nearly black background areas. To locale
each other, a very brigh t flashligh t was
blinked on and olf. Just like using microwaves,
if you are using a narrow or few-degrees dish
antenna and YOU'fc not pointed at the correct
heading, you won't make contact.

When you have contact. you can visual ly
observe the LED trans rn tucr at the remote
location. The LED system looks like a bri ght
porch light - colored red, of course . Not
o verly bright. as o bserved at a 2 mile dis
lance. You immediate ly wo nder if this thing

will function a t this d ista nce at all , being as
d im as you optically observe this light at
this distancc.Jn prac tice, these units can sti ll
have detection (noisy) when slightly off di
rect aim ing. If you use an SS B HT for
lineup, th is allows you to detect a CW tone
from the carrier and use this lone to peak
up the poin ting angle as compared 10 rela
tive lone strength. Th is tone ca n be fed bad
to the transmi uing locat ion to faci litate
alignment usi ng the SSB rece iver feed ing
bad this tone over the communications li 
aison system. We use ~50 M Hz simplex

frequencies to prevent having anything lo
cally in the VHF 2 rueter IF band used in
this optical transceiver.

Did I forget 10 mention using a good tri
pod fo r the system? We usc the same tri
pods for this system that we use for our
microwave d ish antenna mo unts. Whatever
tripod you use, we suggest a hea vy one
mu ch heavier than a standard camera uni t.
Camera tripodscould be used; however, they
are noI as sturdy as a microwave tripod.

Also when selling up at night, be sure to
bring a small llashlight for loca l use to check
setup in the dark. A use fu l lig ht is an old

military signal flashli ght with red colored

fi lters over the flashlight bulb 10 retain some
o f your night vision. a llowing you to look

through the spoiling scope. II' s not a neces
sary item, but a tho ught. For a liai son ra
d io, we used our 450 MHz FM HTs o n a
simplex chan ne l for communications setup

as they' re much be tter than ann and hand
sig nals.

A nice addition to this liaison communi
cations setup is a Radio Shack VOX head
se t boom mic. part # 194312 .The cost is $50
- m uch less than others on the market. Its
use allows hands-free operation fo r work
on the optical system and communications
over the liai son channel while se tting up.
T he VOX operation is very nice. and it
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