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Visible-light laser diodes are here! In the
first article of its kind, we'll show you how
to build a handheld, rechargeable,
semiconductor laser system.

ROBERT IANNINI
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FIG. 4-WHEN MORE EXCITED ATOMS
exist in the higher energy state than in the
initial or rest state, each energized atom is
"st imulated" to return to its lower energy
state by the emission energy, or incident
light of an adjacent atom.

FIG.5-A LASER BEAM IS THE RESULTof an "in lock step" tra in of coherent light waves.

FIG. 3-A LIGHT BULB EMITS " spon
taneous" light, which does not allow the
energy packets to reinforce one another
in phase or pos ition.

t ro lled by Q3. Zener diode 0 2
maintains the voltage across Q3 ,
an d R3 limits the Zener cu rren t.
Th e collecto r cu r re n t of Q3,
wh ich is also the base cu rrent of
Q4, is co ntrolle d by its b as e
wh ich is connected across R5
and R6. Current from the pho-
todiode develops a voltage across
th ose resistors that is propor
t ional to the optical output ener
gy. That constitutes the feedback
required for outpu t stabilization.
In creased output causes Q3 to
conduct less base cu rren t to Q4,
resulting in less laser diode cur
rent. Potentiometer R6 presets
the value of quiescent cu r ren t.
Capacitor C5limits transients at
the base of Q4 while C4 limits

E3 } them from the Vee line.
Ez-------_ EXCITED LEVEL=-S_ ----o_ T_h_e_sys tem turns on when Q2
E1 is conducting and close to sat-----

uration. Touch-switch SI s elec-
BOTTOM LEVEL trades consist of s mall p ieces of

FIG. 2-L1GHT ISTHE RESULTof radiat ion metallic tape that, when bridged
produced with in an individual atom by an by finger con tact , cause a small
electron being "pumped" to a higher than amount of bas e cu rren t to flow
normal energy level by an external energy into Ql. The collector current of
source.

Ql flows into th e base of Q2,
causing it to saturate and su pply
cu rrent to the laser diode. Base
cu r rent to Ql is limited by R2,
wh ile Rl an d C2 reduce the cir
cu it's sensitivity to s tray AC or
static fields that cou ld cause pre-
mature turn-on.

The laser is powered by four re
chargeable Ni-Cd batteries . They
are charged by induction coup
ling to the charging module. The
batteries are con n ected in series
with rectifier diode 01, LE01 ,
and the pi ckup coil, Ll. High-fre-
quency energy from the charger
is coupled into the coil, and is
rectified an d filtered by Cl. When
the batteries are being ch a rged
LEOI turns on .

Th e charge r sc he m a tic is
sh own Fig. 11, an d a photograph
of a prototype unit is shown in
Fig. 12. It u ses a 120 -to-12 volt AC
step -dow n t r a ns for m er, Tl,
wh ose output is rectified by di 
odes 0 4-07 ; capac it or C6 re
moves a ny ripples . Swi t ch S2

TOU CH
SWITCH

1

r
FOCUS
TUBE PC

BOARD

FIG. 1-0UR HAND-HELD LASER is powered from four rechargeable Ni-Cd batter ies,
. wh ich are inductively charged.

should fit sn ugly into the h eat
s ink cavity wi th minimal force.
Never touch the win dow becaus e

s cratch es and con tam in an ts will
distort an d decrease the optical
output . Use a cotton swab an d
ethyl alcoh ol to clean the window.

Circuitry
A laser di ode operates lik e an

ordinary forward-bia s ed diode
an d sh ows the operating cu rve in
Fig . 9 . The ve r t ical 'ax is co r re
spon ds to optical output wh ile
the h orizontal ax is is the forward
diode cu r rent. lo p is the op erat
ing current , wh ich determines
the optical output. Lasing starts
at the threshold value (IT H) ' The
m aximum rated input cu r re n t
must n ever b e exceede d. How
ever, anything below IT H will pro
duce the effec ts of a regular LED.
The cu rve s h ows a very s teep
slope where laser op eration takes
pl ace , a n d the input- current
"win dow" on the horizontal ax is
is very n arrow; consequently the
driver circu it must op erate wit h 
in those limits or you'll end up
with one of the worlds mos t ex
pensive medium-powered LED's .

The schemat ic of the h and
held laser is shown in Fig. 10.
The Toshiba 920 0 la ser diode
(03) is actually an assembly that
contains a laser-emitting section
(LO) a n d a photodiode section
(PO). The photodi od e allows the

, circ u it to m onitor the laser di
(/)

~ ode's output and to produce the
5 feedback n ecessary to contro l the
g: circuit and pro tect t he diode
&l from voltage transien ts .
m The laser diode is connected in
6 series wit h cu r re n t- lim iting re
o sis tor R4 an d the collector of Q4.
C'2 The cu r rent through Q4 is con-
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FIG. 6-AN OPTICAL CAVITY having mirrored ends provides the right amount of stimulat
ed energy for laser lig ht. Light is ref lect ed back and forth within its confines until it is a
powerful beam that is allowed to exit the cavity as useful laser radiation.

FIG. 7-A LASER DIODE IS SIMILAR to an ordinary LED, except that the LED produces
spontaneous light, while the laser emits light by stimulated emission where the wave
lengths and temporal relation are coherent. A laser diode also contains two reflecting
mirrors that form a cavity and permit the emitted light to be highly directional.
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shown in Fig. 13 .
If you wish, you can certainly

install the circu it in any kind of
hous ing that you like- you don 't
h ave to follow ou r unit exactly.
J ust make su re you follow the cir
cuitry and the precaut ions con
cern ing the laser d iode.

The specifica tions for Ll are de
scr ibed in the parts lis t. Pos it ion
it as shown in the h andle of the
laser so that it can slide over the
charg ing coil (L2). DO NOT in
s tall the las er di ode in the circuit
at th is time; install on ly its sock
et. The circuit mu s t be checked
an d calib rated beforehan d. Don't
forge t to build the "simu lated
las er diode" shown in Fig. 10. It is
used later on for tes ting and cal
ibrating the laser system, with
out t he fear of damaging the
ac tual laser diode .

A cylindrical plas tic enclosu re
h ouses the board, the batteries,
and the optics. After the board is
finished and checked out, it
slides inside the plas tic tube and
t he lea d s fo r 8 1 (the to uc h
switch) a re brought outsi de
through two small h oles . (Wait
u n til we check out the boa rd be 
fore ins talli ng it in the tu be. ) Two

ACTIVE MEDIUM

LIGHT-EMITTINGDIODE

REFLECTOR 1

CLASS ili a LASE R PRODUCT

LASER RADIATION-
DO NOT STARE INTO

BEAM OR VIEW DIRECTLY
WITH OPTICAL INSTRUMENTS

feedback to s ustain osc illation.
Res istor R8 initiates the action
by turning Q5 on. A res onating
capacitor (C7) is connected
ac ross L2 to adjust the frequency
to approximately 250 kHz .

Construction
All of the parts are available

from the so u rce mentioned in the
parts lis t. A foil pattern has been
provi ded if you wish to etch your
own board for the laser unit, and
a parts-p lacernen t d iagram is

FIG. 8-ANY LASER DEVICE must contain
warning labels according to the specific
type of device. Our hand-held laser must
display this warning, in addition to a label
stating that it conforms to specifications
and a warn ing at the laser aperture.

PARTS LIST. OR THE LASER

All resistors are Y4-watt , 5%, un-
less otherwise noted.

R1-5.6 megohms
R2, R5-1000 ohms
R3-4700hms
R4-15 ohms, 1;2-watt
R4-a-100 ohms (optional, see text)
R6-5000 ohms, trimmer potentiom-

eter
Capac itors
C1-100 f.LF, 16 volts, electrolytic
C2-Q.1 f.LF, 16 volts, ceramic disc
C3-0.01 f.L F, 16 volts, ceramic disc
C4-1 f.LF, 16 volts, electrolytic
C5-10 f.L F, 16 volts, electrolytic
Semiconductors
D1-1N4001 diode
D2-1 N5221 Zener diode (2.4 volts)
D3 - TO LD 9200 laser diode

(Toshiba)
LED1-yellow light-emitting diode
LED3-red light-emitting diode (for

the simulated laser diode)
Q1, Q3--PN2907 NPN transistor
Q2, Q4-PN2222 NPN transistor
Q5-L14G3 or ECG3036 phototran-

sister (for the simulated laser di
ode)

Other components
B1-B4-1 .25-volt Ni-Cd cell, VARTA

100 R.S.
L1-pickupcoil, 10 turns#18 wire, 1J2

inch diameter
S1-2 pieces of adhes ive-backed

metal tape (see text)
Miscellaneous: PC board or perfo

rated construction board, small
transistor socket (for laser diode),
special aluminum heatsink and di
ode retainer with hardware, # 24 vi
nyl wire, #20 vinyl wire, 7%-inch
long by 1-inch diameter by V,6-inch
wall thickness (transparent or col
ored), 13;16 plastic rear cap, 15/a-inch
by 7/s-inch focus tube, 1x 6 mm
short focal length lens, t-i nch plas
tic caps, ?fa-inch diameter shoulder
washer (to mount lens on), warning
labels, etc.

su pplies power to the circu it , an d
LED 2 indicates when the power
is on. The grou n d lead of PLl is
con nected directly to the metal
ch assis of the ch a rger.

The rectified 12-14 volts DC
energizes a s im ple oscillator cir
cuit co nsisting of Q5 in series
with L2 . Tha t win ding cou ples
energy into the pi ck-up coil (Ll)
of the las er sect ion for b attery
charg ing . To ch a rge th e b a t
te ries , the p ickup coil physically
s lides over the coil assembly of
th e ch a rger module. No electrical
connections are necessary to pro
vide the charging cu r ren t.

Coil L3 (which is wound on the
same fer r ite core as is L2), and
resistor R9 provide the necessary
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ITH lop
FORWARD CURRENT

FIG.9-A LASER DIODE OPERATESsimilarly to a forward-biased diode. The vertical axis
corresponds to optical output while the horizontal axis is the forward diode current. lop is
the operating current, and anything below ITH will produce the effects of an LED.
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pieces of metal tape are us ed for
th e contacts. The lens is secured
at the end of another tu be using
an appropriately sized washer.
The lens assembly then slides in
and out of the main tube, allow
ing you to focus the beam.

The charger circuit can be
bu ilt on a s mall piece of perfo
rated construc tion b oa rd and
wired according to the schematic
in Fig . 11. In the prototype, Q6 is
heatsinked by attach ing it to the
surface of the metal cabinet. It
must be insu lated, so use a nylon
screw and a mica w a sher t o
mount it (or use a separate h eat
s ink). Coils L2 and L3 are wou nd
on a ferrite core (see parts list) ,
then wrapped with tape. The as-

FIG. 11-THE CHARGER SCHEMATIC, charging current is inductively cou pled to the
hand-held laser.

SIMULATED LASER
DIODE

RX
OPTIONAL R8

(SEE TEXT) 22K

R9
10K

a reading of 100--125 m illia mps
(assu m ing the batteries aren't al
ready charged). In rare cases , if
the current is excessively h igh , a
resistor (RX) may be required as
shown in the schematic to limit
it . If a scope is available you may

04 CD
06

C6 +
1000llF

LED2

+

L1
(SEE

TEXT)

01
lN4001

C1
11100llF

LEOl

TEST POINTS-ENCIRCLED

into a grounded AC outlet and
check for 12-14 volts DC at test
point 7 on the charger sche
matic. Check to see that LED2
turns on when you close 82.

Open u p the lead'at test po int
TP6 on the charger and check for

FIG.1D-HERE'S THE SCHEMATIC of the hand-held laser. The laser diode (03) consists of
the laser-diode (LD) and photodiode (PO) sections. That allows monitoring of the output
energy and produces the feedback necessary to control the circuit.

Checkout
First make sure you do not

have the laser diode in the circuit
at this time. Plug the charger

PARTS LIST FOR THE CHARGER
All resistors are 1f4-watt, 5%, un-

less otherwise noted.
R7--470 ohms
R8-22,000 ohms
R9-10,OOO ohms
Capacitors
C6-1000 IkF, 16 volts, electrolytic
C7--Q .047 p,F, 50 volts, Mylar
Semiconductors
04-07-1N4001 diode
LED2-green light-emitting diode
0 6-04005 or NTE210 NPN power

transistor
Other components
L2, L3-coils wound on ferrite core

(core is 1-inch in length, Y4-inch di
ameter) L2 is 10 turns #24 Wire, L3
is 10 turns #30 wire.

T1-120/1 2-volt AC step-down trans-
former, 100 mA

S2-SPST switch
PL1-3-wire line cord
Misce llaneous: perfo rated con -

struction board, 6-32 x 112-inch
nylon screw and nut with mica
washer (to mount 0 6 to case), 2Y2
inch plastic tube to fit over laser
tube, metal cabinet (or use sepa
rate heats ink for 06) , Hne cord
bushing, LED mounting bushing,
double-sided tape, hardware, wire
nuts, #24 Vinyl wire, epoxy, etc.

sembly is then centere d in the
charger tube and secured with
epoxy filler (see Fig. 12).

Figure 14 shows how the laser
section and the charger go to
gether. If you don 't follow the pro
totype exactly, simply follow Fig.
14 as a rough layout.
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LASER
SLIDES
IN HERE

L2 AND L3
WRAPPED ON
FERRITE CORE

Q6 HEATS INKED
TO CASE

FIG. 12-THIS IS THE CHARGING UNIT; the amount of current coupled to it depends on
how far the laser is inserted Into the charger.
in the charger, more or less current is coupled to it.

ORDERING INFORMATION
A kit of all parts for the hand-held
laser except the laser diode, heat
sink, and retaining hardware (#
VRL2-LHIQ, is available for $39.50.
The special aluminum heatsink
and diode retainer with hardware
(#HS3) is $9.50. The price for the
Toshiba laser diode (TOLD 9200) is
continually dropping, although it
is currently $74.50. A kit of all parts
for the charger (#VRL2-CMK) is
$34.50. A kit of parts for the entire
system, including batteries and
charger is $158.50. Contact Infor
mation Unlimited, P.O. Box 716,
Amherst , NH 03031 . FAX :
603-672-5406. Toll-free order line:
800-221-1705.

FIG. 13-PARTS-PLACEMENT DIAGRAM for the laser. Do not install the laser diode until
everything has been thoroughly tested.

v
BATTERIESCIRCWTRY

FOCUS HEAT~NK

{BE I PLASTIC TUBE L1

1_ LENS__i~~ I . \ - -..r--'lf--- -

[g~n:~r~ ' I

FIG. 14-The laser section has L1 built inside the handle; it slides over L2 in the charger.

THIS FOIL PATTERN for the hand-held laser can be used if you wish to etch your own
board.

want to ver ify an a p p rox im ate
s ine-wave shape of 25-30 volts
peak to peak at a frequency of
250-30 0 kHz at test poin t TP8.

This ver ifies proper op eration of
the charger.

Connect an am mete r in series
with tes t poi n t 1 on th e las er.
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Reprinted with permi ssion from Toshiba's

TOLD 9200- series application guide .
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Heal Sink
leu or AI}

Fig. Heat sink size and thermal resistance (Of)
30

a llowed maximum. So it is pOSSi
ble to get more power out of the
laser diode. However, if you do de
cide to challenge Murphys laws,
the n ext step should be done wi th
a laser power meter. That's be
cause th e output level is critical
when adjusting for maximum .
We used a M etrologic model
numb er 45-540 las er power
meter.

Couple the h ead of the power
meter to the laser diode and se t it
for the 20-milliwatts range. Use a
piece of clay for temporarily s e
curing th em together. Short out
the touch s w itch a n d note a

continued on page 95

2 2kll

Heat sink thermal resistance must be 12°CNJ or less.
From the figure on the right , the surface area of the alurn i
num heat sink-assuming it is 2mm thick- must be 25cm2

in order to obtain a thermal resistance of 12°CNV or less.

• An Example of the Design of a Heat Sink
The relationship amon g the case temperature Tc, ambient
temperature Ta, and the therm al resistance of the heat
sink Of is shown in the fo llowing simplified equat ion:

0, '" ITe - vT• - (Os + Oe) '
op x op

Os: Therm al resistance of insulator sheet
Be: Contact therm al resistance

12V0----+----"

Example:
In the case of Te=50°C, T. = 45°C, lop=1 00mA, Vop= 2.5V,
Os=0 (no insulator sheet), Oe =8°CNI, f rom the above
equati on:

An Example of Driving Circuit for TOLD9200
GND O-~~~----'-------------1r------------,

10kl!

IMPORTANT NOTICES
The circuit examp les illu strated herein are presented only as a guide for the performances of the application s of our
products.

Keep in mind that no responsibili ty is assumed by TOSHIBA for its use, nor for any infring ements of patents or
other rights of the third parti es which may result from its use, and that no license is granted by imp licati on or other
wise under any patent right s of TOSHIBA.

Note:
• Use the laser diode after attac hing it to a heat sink. Use a

larger heat sink durin g the evaluat ion stage of dec iding the
operating condit ion. A copper or aluminum heat sink is
recomm ended.

• set the variable resistance VR (50kO) for its max imum value,
then turn a power supply on. And regulate VR to adjust
optical output power.

• When adju stin g the optical output power, monitor both the
dr ive current and the optica l output power, never exceed
the maximu m opti cal output power rating. To monitor the
opti cal output power, use an opt ical power meter or a
calibrat ed photodiod e that has a large act ive area. In case
of using the above driving ci rcuit, the heat sink will have
posit ive potenti al.

rated and that the meter reads
zero current. Carefully insert th e
diode into the socket.

Bridge the switch with you r
finger and note the laser diode
lighting and a meter cu r ren t of
70-80 milliamps. The laser diode
should b e lasing a t this level.
Short out the touch switch and
note sligh tly higher curren t.

At this point your laser is pro
ducing about 0.5 to 0 .7 milliwat
ts-so you m ight want to stop
here. However, the actual laser
diode current is the meter read
ing (70-80 rnA) minus the 10-20
milliamps at the touch-switch
leads, which is s t ill well below the

Applications and Notes
14 hour rate. Monitor the charg
ing current as you slide the laser
in and out of the charger.

Make sure that the batteries
are fully charged before you pro
ceed with the following. Remove
the laser from the charger. Note
that the current goes to zero and
LED 1 goes OUt. Check on the
lowest meter range; any cu r ren t
flowing into the circu it above a
fraction of a microamp will cause
premature discharging of the
batteries . Check for defective
components , flux paths, exces
sive moisture, etc., if any current
is detected in this step.

Using the negative lead ofB4 as
a ground point, check for 5 .6
volts at test point TP2. Adjust R6
to a maximum value (fully coun
ter-clockwise in our layout).
Short out the touch-switch leads
and note a current of 10-15 milli
amps. Remove the short and
bridge the leads with dampened
fingers; the current flow should
be slightly less than the previous
reading. This verifies the control
circuit.

Ifyou haven't yet built the sim
ulated laser diode (shown in Fig.
1Ol, do so now, and insert it into
the circuit. Short out the touch
switch and note a current of
75-85 milliamps . The LED
should be glowing brightly. Ad
just R6 in a clockwise direction to
its midpoint and note the cur
rent increasing to over 100 rnA.

Check for a smooth control, as
any jumps can spell disaster, es
pecially at the end of the potenti
ometer travel. Short the pho
totransistor section of test laser
diode with a 470-ohm resistor to
ground. You should note that the
current increases further.

The current will also increase if
you interrupt the optical link be
tween the phototransistor and
the LED. That verifies that the
feedback circuit is operating
properly. CAUTION: Re-adjust R6
back to maximum resistance
(fully CCW). As a reminder, ad
justment of R6 must be done
with the batteries fully charged.

Remove the touch-swi tch
short. With a metal screwdriver,
short out all pins of the laser-di
ode socket. Do not go any further
if you suspect a high-static elec
trical condition. Wait for a damp
day or use a humidifier or vapor
izer in your work area. Make sure
the touch-switch leads are sepa-
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- Continuous coverage
- AM, FM. wide band FM.
LSB. USB, CW modes,

- 4 Sca n Banks,
Programmable Atten uation ..

- Tuning incremen ts as low
as 50Hz.

- Search with lock out .
-1 5 front end filters.
- RS232 port built in.
- 25 Day Satisfac tion Guarantee.

Full refund if not Satisfied .
- fncludes AClDe power cord .
Telescope Antenna.

-Size : 3 1noH x 5 215' W x 7 7/S 'D
Wt. 2lb. 100z.

NewAOR
Receiver

COMM UNICATIONS
10701 E. 106th St . Fishers, IN 46038

Toll Free 800-445-7117
Visa and Mastercard E8

~ (COD sligh tly higher) _
.... FAX (317) 849·8794

400 Channels.
100KHz to 2036MHz

~--I Earn up to
$30 an hour

_ and more!

-~ ~. \

.:~ • Learn at home insparetime.
~~'-r""..-/-", I No previousexperience needed!

No costly sch ool. No co m mu ting to class.
The Ori ginal Home-Study course prep ares
you fo r the "FCC Commercial Radio
telephone Lic ense."This valuable license is
your professional "ticket" to thousands of
exciting jobs in Communications, Radio
TV, Microwave, Maritime, Radar, Avionics
a nd more . . .even start your own business!
You don't need a college degree to qualify.
but yo u do need an FCC License. _
No Need to Quit Your Job or Go To School
This proven course is easy, fast and low
cos t! GUARANTEED PASS-You get you r
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!r----------------------,
I COmmanD PRODUCTions I
I FCC LICENSE TRAINING, Dept. 103 I
I P.O. Box 2824, San Francisco, CA 94126 :
: Please rush FREE details immediately! I

I NAME I
I ADDRESS I
I CITY STATE __ZIP I
L ~J

con t i nuedJrom p age 40

Rem ove the to u ch-switc h shor t
an d b ridge it with damp fin gers;
Note the power s t ill going to 2.4
milliwatts , but the current read
in g on the meter is lower. This
verifies the power-co ntrol circuit
ry is functioning properly.

This completes the electronic
testing. It is suggested that you
return R6 to its lower ou tput ad
jus tm ent before proc e edi n g .
And. again. always make sure that
the batte r ies are fu lly charged be
fore re-adjus ting R6 . R-E

SEMICONDUCTOR LASER

PROTOTYPE VERSION of the simulated
laser diode. A hole drilled in the block
provides a light path.

power ou tput of 0. 5 milliwatts or
so. Slowly rotate R6 n oting the
"indicated output" on the power
m ete r inc r e a si n g . No t e h o w
"slop e" sensitive it is when com
paring it to the ch ange on the
cu r rent meter. That is a d irect in
di ca tion of the s lope effic iency of
the device as shown in Fig. 9 .

Adjust to an output of 2.4 mil
liwatts-any more would con
stitute a more severe optical
hazard, and would require a
"DANGER" label. An output be
low 2.4 milliwatts requires on ly a
"CAUTION" class IlIa label. Safe
ty glasses should be worn at this
point. - -

CORRECTION

In our "Build This Ion Meter" con
struction article (Radio-Electronics ,
March 1990), we are sorry to report
that therearea couple of errors need
that to be corrected:
• In Fig. 3on page 37, labelsa and c
of 81 should be reversed. A jumper
wire should go from the lower right
terminal of 81 to the open hole in the
padat the juncture ofD1-G2, whichis
located immediately beneath switch
81.
• In the Parts List on page36, R9 is
listed as 150 ohms. It should be 1.5
ohms.

second , we certainly would run out
of memory after remembering only
a few hours of music. But the brain
has a much better way of storing
music-as notes. A quick back-of
the -enve lope calculation indicates
that if you listened to fou r-part har
mony continuously for 16 hours a
day (allowing some time for eating
and sleeping) every day for seven
years, then you would completely
fill your four billion bits of memory
only if you could remember every
single note you hea rd in those
seven years. Even Mozart, with his
incredible musical recall, could not
have achieved such a feat.

A similar argument can be made
for all the rest of the senses-the
brain stores remembered images,
smells , and other sensations more
efficiently than we can with our
most soph isticated electronic
equipment.

M r. Rolph is right on target , how
ever, when he attacks Don Lan
caster 's claim tha t computers
would be able to think (and be even
smarter than humans) if they had
enough bits of memory. It is not
memory that makes the mind work
the way it does; it is the incredible
way the brain cells are intercon
nected. How the brain "processes"
the information in memory is what
makes it " come alive ."

Yes, we probably will be able to
produce a computer that can out
think us so metime in the future, but
not until the current researc h on
neural computers , which are struc
tu red somewhat like a bio logic al
brain, has progressed significantly.
ROBERT WALRAVEN
Davis, CA R-E
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