
D IGITAL wristwatches are usually 
so large and cumbersome that 

they are unappealing to women . Now, 
the latest CMOS technology makes it 
possible to build a state-of-the-art 
electronic digital wristwatch that is 
truly sized for a lady's wrist. 

The lady's digital wristwatch de
scribed here is not only about half the 
size of most men's watches , but it also 
gives more information than before in 
the smaller package. It uses four LED 
readouts to display the time in hours 
and minutes and also day of the month 
and seconds. Because of the relatively 
high current demands of the LED dis
play, the readout is on an on-demand 
basis to conserve battery power. 

Single-IC watch 


provides 


hours/minutes / 


seconds /date 


on demand 


BY BILL GREEN 

A lady 's LED-type digital wristwatch 
is generally a high-cost item, selling 
for anywhere from $250 on up for a 
factory-assembled version . The com
plete kit of parts and case (minus band 
and batteries) for this watch is $75 , 
plus handling and postage. 

Although the emphasis in this arti
cle is on the lady 's version of the 
wristwatch, the electronics package 
that makes up the timekeeping system 
can easily be set into the larger cases 
used for men's watches . Instructions 
for installation in both types of cases 
are provided in this article . 

About the Circuit. The complete 
schematic diagram of the timekeeping 
system is based on the circuitry con
tained in a single large-scale CMOS 
integrated circuit (see IC1 in Fig. 1) . 
The IC contains all the counting , de
coding , and multiplexing systems , 
plus an oscillator that works in con
junction with a crystal and several 
other outboard components. 

Outputs from integrated circuit IC1 
are provided for driving hours , min
utes , seconds , and date displays DIS1 
through DIS4 . On-chip provisions are 
also provided for setting the time and 
date . 
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CK I 2- BX270 K Ke met capacitor 
C2-15-30-pF subminiature trimmer 

capacitor 
DIS I thru DIS4--Miniature 7-segment 

LED display with decimal point 
IC 1-SLC5440F (Solid State Scientific) 

electronic watch integrated circuit 
()I thru Ql2-MMT71 subm iniature tran

sistor (Motorola) 
QJ3, Q14--2N5 l.W transis to1· 
R 1-33,000-ohm . VR-W. 109; re sistor 
R2-JO-megohm. Y.!-W. 100; resistor 
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PARTS LIST 

BI. B~- 1.5-volt No. S-13 silver-oxide cell 
(see text) 

C 1-27-pF . 50-volt subminiature 

n-.-... ..J Pig. 1. The si11g/e I C contains a bl(i/t-i11 
oscillator and all logic to pmd11ce 
a fo11r-chgit 11udti11fe.red dispfay with co/011. 
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Note: The following items are available 
from Alpha Electronics, P.O. Box 1005 , 
l\krritt Island. FL 32592: co mplete No. 
LED- I kit of parts including all compo
nents. pc board. and case , but less band 
and batteries for $75 plus $2.95 postage 
and handling (specify men's or lady's 
version1; No. LW-1 printed-circuit 
board for $8.50: SCU440F MOS inte
grated circuit llCI I for $40: 32,768-Hz 
.crys tal for $15. 

R3thruR10---4700-ohm. 11'-W, 10';1 rt:sis
tor 

SI , S2- Touch switch (see te xt) 
XTAL-32.728-Hz miniature crystal (CTS 

Knigho 
Mi sc. -Di'iplay filter: printed circuit 

board: watch ci1se: watchband: 0.005-in. 
(0.127-mml hra'is stock for battery co n
tacts: tape!: thin-walled plas tic tubing: 
epoxy compou nd: strnight pins (2): 
hookup wire: solder: etc. 
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Fig. 2. To prevent damage to MOS 
devices during solde1·ing, p1·epare 
this special tip for soldering iron. 

Internal logic elements keep the 
display on for 13/a seconds after de
mand is made via S1. (Only the display 
is on-demand; the logic elements are 
always powered and driven.) 

The colon between units-hours dis
play DIS3 and tens-of-minutes display 
DIS2 is driven by transistor QB. When 
the time is displayed , the colon glows 
steadily for a.m. hours and blinks at a 
2-Hz rate for p.m . hours . The colon 
itself is made up of the decimal points 
built into DIS2 and DIS3. 

Miniature transistors interface the 
outputs of IC1 with the LED displays. 
Transistors 01 through 07 provide 
current switching for the display seg
ments, while transistors 09 through 
012 are the digit-enable drivers when 
demand is made for displaying time or 
date. Resistors R3 through R10 in the 
base circuits of transistors 01 through 
07 decouple the segment and colon 
driver transistors from /C1 . 

The oscillator circuit built into /C1 
uses a 32,768-Hz crystal (XTAL in Fig . 
1) , capacitors C1 and C2 , and resistors 
R1 and R,2, all outboard of the LSI 
chip , to prqvide the clock pulses re
quired for driving the system 's logic . 
Capacitor C2 is made variable to per
mit the frequency of the clock oscil 
lator to be accurately trimmed for pre
cise timekeeping . 

Transistors 013 and 014 act as 
switches between the time-demand 
and time/date setting pins of IC1 and 
case ground, which is also the com
mon negative buss for the timekeep
ing system. These transistors are acti- .. 
vated by touching S2 and S1, respec
tiyely . When either switch is touched, 
sufficient leakage current will flow be
tween the center of the switch and the 
metal case of the watch to saturate 
that particular transistor. Th is sends 
the associated pin of IC1 to ground 
and activates the demanded function . 

Powe'r for the watch is provided by a 
pair of silver-oxide cells (81 and 82) 
that generate the 3 volts de required to 
run the timekeeping system. In the 

ladies ' version , a pair of low-cost S-13 
cells are used for power. The larger 
case volume of the men's version 
permits larger and more powerful 
cells to be used , a good choice being 
the S-76 cell. 

Since /C1 draws only 10 µW of 
power, the timekeeping system will 
yield from eight months to a year of 
operation from the smaller batteries, 
provided display demand does not ex
ceed an average of ten times daily. The 
larger batteries permit more demands 
per day from the watch. 

Fig. 3. Sa111e foil pattern, 
cut as shown below, is used 
for lady's or 111.an's watch. 

Construction. The components 
used in the wristwatch are physically 
much smaller and more delicate than 
those normally found in experimenter 
projects . One is a MOS LSI device 
(IC1) that requires particularly special 
handling to avoid damaging it by static 
electricity. (See the box for details on 
how to safely handle MOS devices.) 

The printed circuit board on which 
the entire watch is built is extremely 
small for the number of components it 
accommodates . It has conductors on 
both sides, but it has none of the usual 

NOTCH 

EACH 


LADIES WATCH 
OUTLI~~)MARKS 

XTAL 
CUTOUT 

REGISTRATION 
(6) HOLE 

(2) 

MEN'S WATCH_ , 

OUTLINE 


G F COLON,. ~ ' ,...- -- 
1 
I 

' I
I 

' I BATTERY \ 
~ I CUTOUT 
' L---., 

I 
I 

r----' 
I 
I 
I 
I 

, : ~ 
. ,.L ___/ 
(-)PADII 

/
,____L 

• 
SEGMENTS 

E f!. A 

POPULAR ELECTRONICS 38 



--

through-the-board holes for compo
nent leads. Lacking mounting holes, 
and owing to the high density of com
ponents and the close spacing be
tween conductors and component 
leads, a special soldering technique 
and a very fine pointed soldering iron 
tip (see Fig . 2) must be employed 
when assembling the watch . 

The soldering technique is familiar 
to many experimenters. though 
perhaps not by name. It's called ref low 
soldering . Before a component is 
mounted in place on the board, the 
copper pads and the component 's 
leads are first pretinned with solder. 
This requires that the leads be cut to 
exact length and preformed prior to 
mount ing . Then, when the component 
is set into place , heat from the solder
ing iron is applied to the joints be
tween leads and pads until the pretin
ning solder films " reflow" and form 
sound electrical and mechanical 
bonds. No extra solder is used once 
the pads and leads are t inned . 

If you examine the actual-size etch
ing guides for the printed circuit board 
shown in Fig . 3 , you will note the case 
out line for the men 's version on the 
IC1 side and the crosses that define 
the limits of the ladies ' version on the 
display side . Also note the areas that 
must be cut away for the batteries and 
crystal. 

Use a jeweler's or other tine-bladed 
saw to cut the board to the shape re
quired by the case in which it is to be 
mounted. Then cut out the notches for 
the batteries , leav in g a narrow 
" tongue" of board material between 
the two cutouts. Make the cutout for 
the crystal. When this is done. use a 
fine file to smooth all cut edges and to 
fine-trim the board so that it just fits 
inside the case without binding. 

If you are assembling the men 's ver
sion of the watch , use a very fine drill 
to bore a hole through the board near 
each of the pads marked A through E 

and COLON , 1through4 and -. and the 
C2 pad adjacent to the crystal cutout. 
For the ladies ' version. shallowly 
notch the edges of the board w ith a file 
in the center of each of the above 
pads. 

Now, pass a strand of fine wire, 
pulled from a bundle of No . 22 
stranded hookup wire, through each 
of the holes drilled through the pads 
on the men 's board . Solder the wire to 
the paired pads on both sides of the 
board at each hole location . Use sol
der sparingly , taking care to avoid sol
der bridges , and clip the excess w ires 

as close as poss ible to the board's sur
faces . For the ladies ' version , first pre
tin th e pads scored by the notches on 
both sides of th e board. Ref low-solder 
the wire to the adjacent pads on both 
sides of the board , wrapping the wire 
over the edges of th e board in the 
grooves. Interconnect all but the C2 
pads- which will be connected 
later-i n this manner. 

Whi chever version of the watch you 
are building , conti nue to pretin al l the 
remaining pads on both sides of the pc 
board with a thin film of so lder. Use 
solder and heat spari ngly . 

Referring to Fig. 4A , form the leads 
of the 12 subminiature transistors (01 
through 012) exactly as shown . Pl ace 
the transistor on a flat surface with the 
side o n which the raised marker in the 
center is facing up . Pla ce your thumb
nails on the collector and base leads 
near the tra nsistor's case and gently 
but firmly press down unt i l the leads 
are flat against the case sides . Repeat 
the procedure for th e emitter lead . 

Pretin with solder the leads of the 
transistors near their cases. Trim the 
trans istor leads to just fit on the ap
propriate solder pads on the pc board. 
Then , referring back to Fig. 3 for co m
ponent placement and orientation , 
ref low-solder the transistors down . 

Referring to Fig. 48 , prepare the 
leads of th e four displays (0151 
through 0154) . Before clipping away 
any lead s, carefu lly examine th e indi
vidual displays to locate the decimal 
points for proper orientation. Once 
you are sure of the orienta tion of each 
of the d isplays , remove the leads 
specified. Th en careful ly bend the 
leads of each display with longnose 
pliers as shown in the side-view draw
ings. Pret in the bent leads of each of 
the displays and reflow-solder the dis
plays in their respective locations , 
trimming leads as necessary and mak
ing sure to mount 0152 upside-down 
so that its decimal point and the deci
mal point of 0153 form a colon. Work 
carefully, and keep the displays in line 
with each other. 

Pla ce a narrow strip of insulating 
tape on the board under the free leads 
of the displays. Starting at 0151 , bend 
down the pin for segment E of each 
display until it touches the tape. Sol
der a length of thin bare wire (one 
strand from a length of No . 22 
stranded hookup wire) across the 
E-segment pins , terminating it at the 
col lector pad of 05 . 

Pla ce a second layer of tape over the 
E-segm ent wiring and repeat the 

above procedure for the D-segment 
leads, terminat ing their wire at the col
lector pad of 04. Continue work ing in 
this manner for the remaining seg
ment leads , terminating the C, G, A, 
and B wires at the collector pads of 
03 , 07 , 01 , and 02 , respectively . 
There is no need to bridge the 
G-segment leads of 0151 and DIS2 
since they share a common conductor 
once they are soldered down to the 
pads on the pc board . Also . no inter
connecting wiring is needed for the 
F-segment leads to the collector of 06 
for the same reason . 

Install trimmer capacitor C2 with its 
adjustment slot facing away from the 
board's surface. Wrap the lead near 
the crystal slot over the edge of the 
board and solder it to the pads on both 
the top and bottom of the board . 

Nex t , i nstal I al I the resistors , except 
R 2, on the IC side of the pc board . Do 
not forget to tin the leads after they 
have been trimmed and formed . When 
properly installed , the resistors should 
lie flat against the board 's surface. 

Being very careful to observe the in
structions for MOS devices in the box , 
remove IC1 from i ts protective carrier. 
Bend its leads downward about 1/32 
in . (0.8 mm) from the flat side . At a 
point about 3/32 in . (2.4 mm) from the 
bottom of the IC package , bend the 
leads out at a 90° angle. Temporarily 
place IC1 in posi tion over its pads and , 
noting the position o f pin 1 (it has an 
extra extension coming off the lead as 
shown in Fig . 4C). clip away the excess 

•JWl!l.."'\Di..__.., 
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lead lengths. Tin the lead stubs and 
carefully reflow-solder the IC's leads 
to the appropriate pads on the pc 
board . Wh en in place , the IC should sit 
close atop the res istors mounted 
under it. 

Form the leads of 013 and 014 , trim 
them to fit the pads on the board , and 
tin the stubs. Set the transistors , one 
at a time , in place on the board and 
reflow-solder their leads to the ap-
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propriate pads. Then solder one end 
of a 1-in . (25.4-mm) length of bare 
hookup wire to the base pad of 013 . 
Repeat for 014 . The free ends of the 
wires will be connected later. 

Cover the metal case of the crystal 
with a layer of insulating tape . Form 
the crystal 's leads as shown in Fig. 40 . 
Clip the leads of R2 to 1/16 in . (1.59 
mm) and solder this resistor across 
the leads of the crystal as shown , close 
to the case of the crystal. Set the 
crysta l into its slot , and tin its leads. 
Reflow-solder the leads to the approp
riate pads on the PC board . Form and 
clip the leads of C1 to length . Tin the 
leads and solder them to the pads on 
the circuit board . 

Temporarily tack solder a length of 
hookup wire to the battery + pad on 
the board and another to the battery 
pad on both sides of the board . Con
nect these wires , properly polarized , 
to a 3-volt de supply . Two 1.5-vo lt cells 
of any type connected in series will do 
nicely. 

The wire attached to the base pad of 
014 is the active part of time demand 
switch S1 , while the wire attached to 
the base of 013 is the active part of 
time/date SET switch S2. A low resis

lance must be present between the 
switch to be used and battery - (case 
when the timekeeping package is in
stalled in its case) to activate the func
tion desired. Use your index finger to 
make contact between the battery 
lead and the S1 wire. If the watch is 
operating properly , the display will 
come on and indicate some random 
number of hours and minutes. The 
display will remain on for 1 3/e seconds 
after you remove your finger from con
tact with the wire. 

After the display extinguishes , again 
contact the S1 wire, this time twice in 
quick succession. On the first contact , 
the display w ill indicate hours and 
minutes, while on the second contact , 
it will indicate the date and seconds. 
Unless continuous contact is made 
with the S1 wire , the display will extin
guish after 13/e seconds. 

Setting the Watch. To set the hours 
and minutes, touch the S1 wire while 
maintaining contact with the battery 
wire. Release the S1 wire. and , before 
the display blanks , touch the S2 wire. 
This will blank out the minutes dis
plays and leave on the hours 
display(s). Touch the S1 wire until the 

display indicates the proper number 
of hours . Don 't forget to get the time in 
the proper cycle (a .m. or p.m.) , while 
observing the colon. 

Touch the S2 wire to blank out the 
hours display and turn on the minutes 
display . Then touch S1 until the cor
rect number of minutes is displayed . 
Touch S2 again to blank the display. 

The date and seconds are set in a 
similar manner. First touch the S1 wire 
twice to turn on the date and seconds 
function. Before the display blanks 
out , touch S2 . This blanks the seconds 
and locks on the date displays. Touch 
S1 until the display indicates the cor
rect date. Touch S2 to blank out the 
date and turn on the seconds. Touch 
S1 to reset the displays to 00. Release 
the S1 wire . When the real time cor
responds to the time set in the watch , 
touch S1 . 

The above procedure checks out 
the operation of the timekeeping sys
tem prior to final assembly . It should 
be performed again exactly as out
lined after the watch is fully assembled 
and ready to wear. Once you have 
checked the operation of the 
timekeepi ng system , remove the wires 
temporarily connected to the battery 
+ and - pads. 

Final Assembly. Referring to Fig . 
4E , prepare three pieces of brass shim 
stock as shown . Mount and solder 
them into place as shown in the circuit 

HANDLING MOS DEVICES 

Because MOS devices- both discrete 
and integrated circuit-can be per
manently damaged by static electricity 
charges , observe the following rules 
when handling and working with them : 

• Never wear synthetic clothing ; cot
ton is best. 

• Ground anything that is to come 
into contact with the MOS device before 
it is installed in its circuit-including 
work area, tools , and yourself. 

• Never let go of a MOS device after 
removing it from its special conduct ive 
carrier until it is installed in its circuit. 
When a good MOS device is removed 
from a circuit , immediately install it in a 
protective (conductive) carrier designed 
for MOS devices. 

• Never install or remove a MOS de
vice from a circuit when the power is on. 
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ALTERNATE DESIGN CHOICE 

The digital wristwatch described in 
this article uses a Solid State Scientific 
IC to perform all time-keeping functions. 
As we were going to press. we were in
formed that another version of the kit 
has also become available from the 
same supplier mentioned in the Parts 
List. The new version uses either of two 
IC 's made by Mostek. 

While both the SSS and Mostek IC 
watches are designed to use LED dis
plays , their drive systems are different. 
The SSS chip requires outboard isola
tion transistors to drive the LED seg
ments. while the Mostek has built into it 
high-current outputs that can drive the 
displays directly. Both approaches have 
advantages and disadvantages. 

The advantages to the SSS approach 
include the ability to vary the current 
through the drive transistors and LED 's 
by changing resistor values to lower dis
play brightness and extend battery life. 
Another advantage is that if one of the 
LED drive transistors should ever be
come defective, only that transistor need 
be replaced . The disadvantage of the 
SSS approach , of course, is those seven 
extra driver transistors that make as
sembly more complex. 

Taking the Mostek chip approach of
fers the advantages of bright display, 
on-chip segment drivers, and the elimi
nation of seven transistors . which sim
plif ies assembly. The disadvantages are 
that the display brightness cannot be 
varied . Also if only one of the output 
drive circuits becomes defective, the en
tire chip must be replaced. 

Both chips offer hours and minutes 
time indication with separate date and 
seconds on demand . The SSS chip of
fers time only in a 12-hour format. with 
a.m. hours indicated by a steady glow of 

board detail. Use solder sparingly, but 
make sure to obtain good mechanical 
as well as electrical joints . Solder the 
minus pad on the IC side of the board 
to the minus battery clip . 

Temporarily set the timekeeping 
module inside the watch case , display 
properly positioned in its window, to 
check the fit. The fit should be fairly 
loose, without binding anywhere. Re
move the pc board assembly from the 
watch case . 

Measure the inside depth of the 
watch case and subtract 1 /16 in . (1.59 
mm) from the figure obtained . Cut a 
strip of electrical tape to this width and 
3 5/8 in . (76.2 mm) long. Press the tape 
strip to the inside walls of the ladies ' 
watch case , leaving a gap in the center 
of the top wall. Th is insulation is 
necessary in the men 's watch case 
only in the area where the batteries 
might come into contact with the case . 
Also apply a strip of tape on the inside 
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the colon and p.m. hours by the colon 
pulsing on and off. The Mostek chips 
offer a choice of either 12- or 24-hour 
time format. The colons glow steadily; 
so, there is no indication of a.m. or p.m. 
in the 12-hour watch . (It's not needed in 
the 24-hour watch .) A.m . and p.m. are 
indicated only when time is being set. 

Further differences include two 
button operation for the SSS chip as op
posed to three-button for the Mostek 
chip. With the Mostek watch, if you want 
the time, you have to touch the demand 
contact continuously for as long as it 
takes to read the display. However, when 
you touch the contact on the SSS watch, 
you can let go immediately and the dis
play will remain on 1.35 seconds after 
release . Finally. the Mostek watch kit is 
$5 more expensive than the SSS kit. 

The Mostek chip has one more func
tion worth noting. The chip can be used 
as a stopwatch with a 1-second resolu
tion . A resume function permits the 
elapsed-time count to be stopped during 
times out and resumed again without 
having to go to a reset-to-zero mode. 
When used as a stopwatch , the watch 
does not keep track of tim e and date, 
which means that the time and date must 
be set into the watch after using it as a 
stopwatch . 

A complete kit for the Mostek IC watch , 
including pc board . case. and all elec
tronics. but excl uding band and batteries . 
sell s for $79.95 plus $2.95 for shipping and 
handling. Specify lady' s or man·s version 
and give No . DD-12 for the 12-hou r or 
DD-24 for the 24-hour version. The IC's 
are avai lab le separa tely for $40 eac h: 
specify 5030M ( 12-hr) or 503 1M (24-hrJ . 
Also available are the N o. LW-2 pc board 
for $8 .50. and the crys tal for $15. 

of the case top in the battery area . 
Epoxy the filter over the display 

window in the watch case. Set the 
case aside until the epoxy has had 
time to completely set. 

Then , temporarily set the pc board 
assembly into the watch case, posi
tioning the display so that it is in the 
center of the window area. If the as
sembly binds because of the insulat
ing tape , carefully trim it with a fine fi le 
for a snug fit. Locate and mark two 
points above and clear of the compo
nents on the board for 51 and 52 . 

Remove the pc assembly from the 
watch case and set it aside . Then drill a 
hole at each of the marked locations. 
Use a drill that is the same size as-or 
perhaps the tiniest bit smaller than 
-the diameter of the thin-walled plas
tic tubing that wi ll be installed in these 
holes to insulate S1 and 52 from the 
case. 

Referring to Fig . 4F , slip a short 

length of the plastic tubing into each 
of the holes . positioning it so that it is 
almost flush with the outside wall and 
protrudes about 1/32 in. (0 .8mm) 
beyond the inside wall of the watch 
case. Slip a straight pin into each 
piece of tubing from outside the case . 
Then epoxy pins and tubing to the 
case as shown . When the epoxy has 
had time to set , trim the straight pins . 
leaving just enough of their length be
hind to permit the wires coming from 
the bases of 013 and 014 to be sol
dered to them. 

At this time , wristband support pins 
must be attached to the exterior of the 
metal watch case . In the prototype 
watch shown in the photo , small
diameter brass tubing was silver sol
dered to the case . If another type or 
style of wristband than that shown is 
used , appropriate metal brackets 
must be fashioned for them and silver 
soldered to the watch case . 

If you have access to a frequency 
counter , you can initially set the 
crystal oscillator 's frequency for a 
reading of 32 ,768 Hz by adjusting C2 . 
The counter connects to the watch via 
pin 10 of /Ct and the case . Do not set 
the frequency to exactly 32,768 ; in
stead, set it about 0.5 Hz low to offset 
the loading effect of the counter on 
the oscillator. 

If you do not have access to a fre
quency counter, you can tune the os
cillator by trial and error. Operate the 
watch for some period of time . Assum
ing the time is off by some number of 
seconds , tu ne C2 and operate the 
watch again . Continue to operate and 
tune until you are satisfied that the 
timekeeping system is tracking with 
the smallest of errors. 

Replace the watch module inside 
the case , making sure the displays are 
centered in the window area. So lder a 
short length of the thin bare w ire from 
the battery - pad to the wall of the 
watch. To get to bare metal on the 
wall . notch out only as much of the 
tape as needed for the connection . 

Slip a length of thin-walled plastic 
tubing over each of the wires coming 
from the bases of 013 and 014 . Con
nect and solder the loose ends of 
these wires to the 51 and 52 pin stubs. 
Then . taking care to observe the cor
rect polarity, install 81 and 82 in their 
holders . Push the cells down until they 
seat against the top of the watch case . 
Then install the bottom cover. 

The ultimate timekeeping accuracy 
can be within one or two seconds a 
month if you take care to precisely trim 
C2 . ~ 
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