[IME MACHINES

Diving deeper into timing machinery
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Water clocks, clepsydras, sundials, hour glasses - all are
“flow” based measures of time.

Continuous flow 1s hard to count. ..

“Continuity is only a mathematical technique for
approximating very finely grained things. The world is
subtly discrete, not continuous. The good Lord has not
drawn the world with continuous lines: with a light hand,
he has sketched it in dots, like the painter Georges Seurat.

Carlo Rovells
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"Design for the
Water Clock of the
Peacocks", from the
Kitab fi ma'rifat al-
hiyal al-handasiyya
(Book of the
Knowledge of
Ingenious

Mechanical
Devices) by Badi'

al-Zaman b. al
Razzaz al-Jazari

1315 CE

https://www.metmuseum.org/
art/collection/search/451302



https://www.metmuseum.org/art/collection/search/451302
https://www.metmuseum.org/art/collection/search/451302

: . 3 s
. AN e '
> i :
p - - N
- .V\.,! - e i

m— P——
e ———————————



https://www.revolution.watch/past-masters-the-astronomical-water-clock-of-su-song

SU SONG ASTRONOMICAL WATER CLOCK
01094 CE, EARLY ESCAPEMENT

“Thus If the water Is made to pour with
perfect evenness, then the comparison of
the rotary movements (of the heavens
and the machine) will show no
discrepancy or contradiction; for the
unresting follows the unceasing.”
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Meﬁcal Electrohanical Quartz
~4-10 Hz 360 Hz 32,768 Hz

Last accurate, most expensive (No longer made) Most accurate, least expensive

Longest history, most repairable Technological dead end, unrepairable Unrepairable, common, disposable
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Bullova Accutron tuning for
movement, 1960 - 197
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Bulova Accutron,
premiére montre électronique a diapason.

L électricité lui donne son énergie, lélectronique sa haute précision.
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Super-Accurate Thousand-Dollar
Quartz Watches...

Now There’s One Under $200!

Here's the ultimate in timekeeping: \Watches below are among the
first models 1o appear in the U.S Produced in limited quantity, all

are slightly larger and heavier than conventional watches. Timex
new quartz was not available {or this photo.

They hum like amplifiers, and
their vibrating crystals insure
accuracy of seconds a month

By OSCAR SCHISGALL

|
'The most accurate timepiece ever de-
vised by man.” That's how watch
makers describe the newest thing in
timekeeping: the electronic quartz
watch. Some also call it “the most im-
portant new way of measuring time
developed in more than 200 years,”

Sound wild? It’s not an exaggera-
tion. The electronic quartz concept is
so different and important that the
watch industry may never be the same
again,

Big problem with quartz watches
until now: They're terribly expensive,

The first models coming out of Swit-
zerland and Japan start at $595 in
stainless steel, go up to $2,200 in gold.
That's why they've been manufac-
tured in limited quantities and only
a few have been sold. Now Timex has
announced a new model scheduled to
go on sale late next month. The price,
as of this writing, is estimated at
somewhere between $150 and $185,

What's an electronic quartz watch?
How does it differ from others? How
good is it? Let's take these questions
one ata time.

The quartz watch is based on a prin-
ciple entirely different from those of
all other watches. Most watches rely
on the familiar balance wheel. A care-
fully balanced spring-driven wheel
rocks back and forth at a rate (usual-
ly five times a second) determined by
its size and weight. The accuracy with

which it maintains that base rate
largely determines the watch's accu-
racy. A top-quality balance-wheel
movement keeps accurate time to
within perhaps four minutes a month.
The tuning-fork concept is more so-
phisticated. The tuning fork, much
like the one the piano tuner uses, vi-
brates or oscillates 360 times per sec-
ond; and it results in a watch that’s
accurate to within a minute a month,
The quartz watch completely aban-
dons the mechanical time-regulating
device—balance wheel or tuning fork.
Instead, it uses an electronic oscillator
much like the one that controls the
frequency of a broadcast station, The
frequency of this oscillator—exactly as
in a radio station—is determined by a
bar-shaped sliver of quartz. Most
quartz watches use quartz oscillators
Continued
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There are at least two reasons why the Timex is so much cheaper - advanced
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with 8,192 Hz—vibrations per second.
If you listen to a quartz watch, it
hums like a tuning fork—but it's far
more accurate.

Quartz, the familiar transparent
crystalline mineral, is a remarkable
substance. It has piezoelectric char-
acteristics. If a voltage is applied
across a slab of quartz, it bends slight-
ly. Put the quartz in an oscillator cir-
cuit and it wil] vibrate at its natural
frequency, which is determined by its
size and shape.

This natural oscillation frequency
is 80 precise that quartz watches are
accurate to within seconds per month,
Maost quartz-watch makers guarantee
accuracy to within five seconds a
month; the Timex people conserva-
tively claim an accuracy of 15 seconds
a month.

How they work. Most quartz
watches operate on the same general
principle. | Longines work different-
Iv; Timex, we can’t say.) First, you
have a quartz-crystal oscillator cir-
cuit. Next, a small mercury or silver
oxide battery to provide voltage so the
quartz can oscillate. But the quartz
crystal’s natural vibrating frequency
I8 too high; more manageable speeds

62 | POPULAR SCIENCE

, The Swiss Center of
SWISS-CEH Electronic Horology
developed this quartz waich for its member
companies, among them Bulova and
Omega. The 8,192-Hz quartz oscillator goes
through a five-stage divider in a micro-elec-
tronic integrated circult. The resulting out-
put is 256 Hz. This frequency goes to an

N

electromagnetic motor which further i
vides the pulse into one-second intervals
Using this pulse, the wheel train turns the
hands. Omega’s integrated circuit contasns
1 transistors and 61 other electronic ele
ments, Member companies in the CEH or
ganization may alter the basic movemen
slightly to fit an individual watch case,

!

B

’ This quartz has five major com-
SEIKO ponents: 16,384-Hz quartz-
crystal oscillalor circuit, integrated circuit
with a T4-stage divider, stepping motor
with an electromechanical transducer, and
silver-oxide battery. The divider circuit
halves the 16,384-Hz frequency 14 times
(8,192; 4,096, etc.—down 10 & single pulse)

R TR RIS L N L9 Al

are needed to move around the hands,

Micro-electronic integrated circuits
come in here. “Dividers” in these cir-
cuits “step down” the frequency by
halving it several times (8,192 fre-
quency is the 13th power of 2--2'"),
The number of dividers in the circuit
depends on the quartz-crystal fre-
quency and other circuitry a partic-
ular company uses.

Whether the pulse is divided down
to one pulse or a slightly higher fre-
quency (256 in the Swiss movements),
an electro-mechanical motor receives
the pulse and converts electrical ener-
gy to mechanieal energy. This drives
the wheel train that eventually turns
the hands. Of course, each company's
watch works a little differently. | See
explanations above. )

Still, the big mystery is why the
Timex is so much cheaper—between a
third and a quarter of the price of its
nearest  competitor.  Undoubtedly,
there are at least two reasons,

First, a technology geared to enor-
mous production, “We have devel-
oped mass-production techniques un-
matched outside the United States,”
says Joakim Lehmkuhl, president of
Timex. “You can't produce 19 million

The electromechanical transducer convest
the one-pulse signal into mechanical mo
tion, to turn the six-pole stepping motor il
60-degree increments, Finally, the counting
device moves the second hand at exact one
second intervals. Pulling out the crown stop
the second hand, for precise control. Batter
life is claimed 10 be one year,

R TT  D e R SIS YW

watches a vear, as we've been doing
without learning a great deal abou
automated mass production and meth
ods of cost control. When it came t
actually manufacturing the quart:
watch we already had a backlog o
experience in essential fields like th
design and manufacture of parts, es
pecially miniaturized parts.”

Timex produces all the parts in it
watchesexcept the quartz-crystal os
cillator and the circuit. At Water
bury, Conn., I watched skilled work
ers assemble the watches.

My guide, an engineer, pointed ou

that in the field of conventiona
watches, Timex has been manufactur
ing pin-lever movements, which an
less expensive to produce than th
Swiss and Japanese jeweled move
ments. But he, like the others T talkec
to at Timex, would not agree tha
their quartz-crystal watch used a ba
sically less-advanced mechanism thar
its competition, This leads directly’
to the second reasgon for lower cost.
Despite the lack of any available
proof, Timex has apparently figurec
out some way to simplify the desigr
and reduce the cost of building
quartz-crystal watch with a super

mass-production technology and a circuit that's still top secret

~ OGRS

high frequency. The company has
apparently made an important break-
through in quartz-watch technology—
one that gives it a tremendous advan-
tage—and company engineers and ex-
ecutives are understandably reluctant
to reveal their secret.

Although the Timex people showed
me various versions of their watch,
they refused permission to photo-
graph it—face or movement. Never-
theless, Timex executive vice-presi-
dent Robert Mohr did give PoruLar
Sciexce some exclusive technical in-
formation, emphasizing that “our
watch, as far as I know, is entirely
different from any other quartz
watch.” This, along with our specula-
tion of what's inside it, is above,

How about watch performance? Re-
liability? “Since there are virtually
no moving parts,” says Lehmkuhl,
“very little can go wrong. We have
put the watch through every conceiv-
able test of temperature, altitude, and
humidity. We have made every test
for position error—dial up, dial down,
three o’clock up, six o'clock up, nine
o'clock up. Where we found bugs we
corrected them.”

And shock and water resistance?

Al \What's inside? We don't know

TIMEX yel. At press time the technical
information was still "top secret.” We do
know that the Timex movement uses a crys
tal oscillator with a 49,192-Hz frequency—
far higher than any other quartz on the
market. This (requency is not a power of
two as in the others—which makes it even

more mystersous. It has a micro-electronic
circuit—about one centimeter square—con-
taining 300 transistors. It also uses a silver-
oxide battery good for a year, It could have
several things in it—including some kind of
comparison circuit, or a digital or analog
means of controlling the watch's speed.
I’s accurate 10 15 seconds a month.

FREQUENCY CORRECTION~

|
1

| I This one’s unique: A
LONGINES comparison circuit de-
tects error in the watch’s output and self-
corrects. A 9,350-Hz quartz oscillator is the
frequency reference—which s not divided,
as in other watches. A 170-Hz servomotor,
independent and operating by itself, turns
the hands, Mechanical output is compared

“Water resistant, ves. As for being
shock resistant....," Lehmkuhl smiled.
“It is sturdy, but we don’t recommend
that you hurl it against walls as we
did in torture tests with our conven-
tional watches. We wouldn't recom-
mend such treatment for any item
that costs over $100.”

In any event, Timex seems destined
to be the first to market the new watch
in quantity, and Seiko threatens to be
a close second. Why aren't the Swiss
tsuch as Bulova, Omega. Longines,
and others) marketing quartz watches
in large numbers?

Tuning-fork watches. Bulova has
had a lot of success with its Accutron
tuning-fork watch. Now other Swiss
companies have been licensed by
Bulova to make tuning-fork watches.
As one Swiss manufacturer said, “We
want to make the most of our tuning-
fork watch, which represents a heavy
investment. Time enough for the
quartz watch when the tuning-fork
has passed the peak of popularity.”

Another predicted  differently.
“Timex and its advertising campaign
for the quartz watch may well be the
catalyst that will compel all of us to
jump in and compete.”

with the quartz signal. If there’s an error
signal in the comparison circuit, a correc-
tion s applied to the motor, If motor fre-
quency and crystal frequency are in step,
the error signal is zero. The circuit has 14
transistors, 19 resistors, and seven capaci-
tors. Insurance against loss or theft for one
vear comes with the watch.

FTETT I A . R

I asked Joakim Lehmkuhl of Timex
how far away bhe thought the era of
the quartz watch might be.

“We don't expect a hundred mil-
lion Americans to throw away their
watches tomorrow morning in order
to buy a quartz watch. We are dealing
not only with watches, but with hu-
man nature. We expect, as new
watches are bought, that purchasers
will want the latest and most accurate
type. Simply because the quartz
watch is unquestionably the newest
and most accurate example of horol-
ogy man has so far achieved, we are
confident that it will be, if not the
dominant watch of tomorrow, surely
that of the day after tomorrow.”

And what can we expect, the day
after that? Nuclear timekeeping.
Some day you may be able to buy a
watch containing a milligram of an
alpha-particle-emitting  radicactive
isotope as a power source, It may be
accurate to within a few seconds a
year—almost as accurate as the move-
ment of the Earth itself! Although
Bulova's engineers are already explor-
ing nuclear timekeeping, they believe
it's a long way off. Name? What else
but the atomic watch? - D)
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Super-Accurate Thousand-Dollar
Quartz Watches...

Now There’s One Under $200!

Here's the ultimate in timekeeping: \Watches below
first models 1o appear in the U.S Produced in limit
are slightly larger and heavier than conventional w.

new quartz was not available {or this photo.

They hum like amplifiers, and
their vibrating crystals insure
accuracy of seconds a month

By OSCAR SCHISGALL

|
'The most accurate timepiece ever de-
vised by man.” That's how watch
makers describe the newest thing in
timekeeping: the electronic quartz
watch. Some also call it “the most im-
portant new way of measuring time
developed in more than 200 years,”

Sound wild? It’s not an exaggera-
tion. The electronic quartz concept is
so different and important that the
watch industry may never be the same
again,

Big problem with quartz watches
until now: They're terribly expensive,

How Gos Crrris . S . .
good is it? Let's take these questions
one ata time.

The quartz watch is based on a prin-
ciple entirely different from those of
all other watches. Most watches rely
on the familiar balance wheel. A care-
fully balanced spring-driven wheel
rocks back and forth at a rate (usual-
ly five times a second) determined by
its size and weight. The accuracy with

Micro-electronic integrated circuits
come in here. “Dividers”
cuits “step down” the frequency by
halving it several times (8,192 fre-
quency is the 13th power of 2—-2'%).
The number of dividers in the circuit
depends on the quartz-crystal fre-
quency and other circuitry a partic-
ular company uses.

Whether the pulse is divided down
to one pulse or a slightly higher fre-
quency (256 in the Swiss movements),
an electro-mechanical motor receives
the pulse and converts electrical ener-
gy to mechanical energy. This drives
the wheel train that eventually turns
the hands. Of course, each company’s
watch works a little differently. (See
explanations above.)

dons the mechanical time-regulating
device—balance wheel or tuning fork.
Instead, it uses an electronic oscillator
much like the one that controls the
frequency of a broadcast station, The
frequency of this oscillator—exactly as
in a radio station—is determined by a
bar-shaped sliver of quartz. Most
quartz watches use quartz oscillators

Continued
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How they work. Most quartz
watches operate on the same general
principle. | Longines work different-
Iv; Timex, we can’t say.) First, you
have a quartz-crystal oscillator cir-
cuit. Next, a small mercury or silver
oxide battery to provide voltage so the
quartz can oscillate. But the quartz
crystal’s natural vibrating frequency
I8 too high; more manageable speeds

62 | POPULAR SCIENCE

, The Swiss Center of
SWISS-CEH Electronic Horology
developed this quartz waich for its member
companies, among them Bulova and
Omega. The 8,192-Hz quartz oscillator goes
through a five-stage divider in a micro-elec-
tronic integrated circult. The resulting out-
put is 256 Hz. This frequency goes to an
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electromagnetic motor which further i
vides the pulse into one-second intervals
Using this pulse, the wheel train turns the
hands. Omega’s integrated circuit contasns
1 transistors and 61 other electronic ele
ments, Member companies in the CEH or
ganization may alter the basic movemen
slightly to fit an individual watch case,
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’ This quartz has five major com-
SEIKO ponents: 16,384-Hz quartz-
crystal oscillalor circuit, integrated circuit
with a T4-stage divider, stepping motor
with an electromechanical transducer, and
silver-oxide battery. The divider circuit
halves the 16,384-Hz frequency 14 times
(8,192; 4,096, etc.—down 10 & single pulse)
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Micro-electronic integrated circuits
come in here. “Dividers” in these cir-
cuits “step down” the frequency by
halving it several times (8,192 fre-
quency is the 13th power of 2--2'"),
The number of dividers in the circuit
depends on the quartz-crystal fre-
quency and other circuitry a partic-
ular company uses.

Whether the pulse is divided down
to one pulse or a slightly higher fre-
quency (256 in the Swiss movements),
an electro-mechanical motor receives
the pulse and converts electrical ener-
gy to mechanieal energy. This drives
the wheel train that eventually turns
the hands. Of course, each company's
watch works a little differently. | See
explanations above. )
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Timex is so much cheaper—between a
third and a quarter of the price of its
nearest  competitor.  Undoubtedly,
there are at least two reasons,

First, a technology geared to enor-
mous production, “We have devel-
oped mass-production techniques un-
matched outside the United States,”
says Joakim Lehmkuhl, president of
Timex. “You can't produce 19 million

The electromechanical transducer convest
the one-pulse signal into mechanical mo
tion, to turn the six-pole stepping motor il
60-degree increments, Finally, the counting
device moves the second hand at exact one
second intervals. Pulling out the crown stop
the second hand, for precise control. Batter
life is claimed 10 be one year,
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watches a vear, as we've been doing
without learning a great deal abou
automated mass production and meth
ods of cost control. When it came t
actually manufacturing the quart:
watch we already had a backlog o
experience in essential fields like th
design and manufacture of parts, es
pecially miniaturized parts.”

Timex produces all the parts in it
watchesexcept the quartz-crystal os
cillator and the circuit. At Water
bury, Conn., I watched skilled work
ers assemble the watches.

My guide, an engineer, pointed ou
that in the field of conventiona
watches, Timex has been manufactur
ing pin-lever movements, which an
less expensive to produce than th
Swiss and Japanese jeweled move
ments. But he, like the others T talkec
to at Timex, would not agree tha
their quartz-crystal watch used a ba
sically less-advanced mechanism thar
its competition, This leads directly’
to the second reasgon for lower cost.

Despite the lack of any available
proof, Timex has apparently figurec
out some way to simplify the desigr
and reduce the cost of building
quartz-crystal watch with a super

mass-production technology and a circuit that's still top secret
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high frequency. The company has
apparently made an important break-
through in quartz-watch technology—
one that gives it a tremendous advan-
tage—and company engineers and ex-
ecutives are understandably reluctant
to reveal their secret.

Although the Timex people showed
me various versions of their watch,
they refused permission to photo-
graph it—face or movement. Never-
theless, Timex executive vice-presi-
dent Robert Mohr did give PoruLar
Sciexce some exclusive technical in-
formation, emphasizing that “our
watch, as far as I know, is entirely
different from any other quartz
watch.” This, along with our specula-
tion of what's inside it, is above,

How about watch performance? Re-
liability? “Since there are virtually
no moving parts,” says Lehmkuhl,
“very little can go wrong. We have
put the watch through every conceiv-
able test of temperature, altitude, and
humidity. We have made every test
for position error—dial up, dial down,
three o’clock up, six o'clock up, nine
o'clock up. Where we found bugs we
corrected them.”

And shock and water resistance?

Al \What's inside? We don't know

TIMEX yel. At press time the technical
information was still "top secret.” We do
know that the Timex movement uses a crys
tal oscillator with a 49,192-Hz frequency—
far higher than any other quartz on the
market. This (requency is not a power of
two as in the others—which makes it even

more mystersous. It has a micro-electronic
circuit—about one centimeter square—con-
taining 300 transistors. It also uses a silver-
oxide battery good for a year, It could have
several things in it—including some kind of
comparison circuit, or a digital or analog
means of controlling the watch's speed.
I’s accurate 10 15 seconds a month.

FREQUENCY CORRECTION~

|
1

| I This one’s unique: A
LONGINES comparison circuit de-
tects error in the watch’s output and self-
corrects. A 9,350-Hz quartz oscillator is the
frequency reference—which s not divided,
as in other watches. A 170-Hz servomotor,
independent and operating by itself, turns
the hands, Mechanical output is compared

“Water resistant, ves. As for being
shock resistant....," Lehmkuhl smiled.
“It is sturdy, but we don’t recommend
that you hurl it against walls as we
did in torture tests with our conven-
tional watches. We wouldn't recom-
mend such treatment for any item
that costs over $100.”

In any event, Timex seems destined
to be the first to market the new watch
in quantity, and Seiko threatens to be
a close second. Why aren't the Swiss
tsuch as Bulova, Omega. Longines,
and others) marketing quartz watches
in large numbers?

Tuning-fork watches. Bulova has
had a lot of success with its Accutron
tuning-fork watch. Now other Swiss
companies have been licensed by
Bulova to make tuning-fork watches.
As one Swiss manufacturer said, “We
want to make the most of our tuning-
fork watch, which represents a heavy
investment. Time enough for the
quartz watch when the tuning-fork
has passed the peak of popularity.”

Another predicted  differently.
“Timex and its advertising campaign
for the quartz watch may well be the
catalyst that will compel all of us to
jump in and compete.”

with the quartz signal. If there’s an error
signal in the comparison circuit, a correc-
tion s applied to the motor, If motor fre-
quency and crystal frequency are in step,
the error signal is zero. The circuit has 14
transistors, 19 resistors, and seven capaci-
tors. Insurance against loss or theft for one
vear comes with the watch.

FTETT I A . R

I asked Joakim Lehmkuhl of Timex
how far away bhe thought the era of
the quartz watch might be.

“We don't expect a hundred mil-
lion Americans to throw away their
watches tomorrow morning in order
to buy a quartz watch. We are dealing
not only with watches, but with hu-
man nature. We expect, as new
watches are bought, that purchasers
will want the latest and most accurate
type. Simply because the quartz
watch is unquestionably the newest
and most accurate example of horol-
ogy man has so far achieved, we are
confident that it will be, if not the
dominant watch of tomorrow, surely
that of the day after tomorrow.”

And what can we expect, the day
after that? Nuclear timekeeping.
Some day you may be able to buy a
watch containing a milligram of an
alpha-particle-emitting  radicactive
isotope as a power source, It may be
accurate to within a few seconds a
year—almost as accurate as the move-
ment of the Earth itself! Although
Bulova's engineers are already explor-
ing nuclear timekeeping, they believe
it's a long way off. Name? What else
but the atomic watch? - D)
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How a quartz watch works - its heart beats 32,768 times a second

Steve Mould &
J
@ 2.76M subscribers w 5 188K J A> Share » Download

6.9M views 4 years ago
Get 75% off NordVPN with this link: https://nordvpn.com/steve and use the promo code steve to get the first 30 days free.

Quartz watches have a tiny crystal tuning fork inside that vibrates at 2*15 Hz and there's a really clever reason for that. This video ...more

https://www.youtube.com/watch?v=_2By2ane2l4&t=351s



[IME MACHINES

W

Diving even more deeper into timing machinery
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Pendulum Clocks

THEFIRSTREALLY GOOD
mechanical docks were tick tock
style pendubun clocks The
wwvention of the pendulum as
away af telling ime was a ~hoge
advance i accuwracy, Overnlght,
clocks went from drifting off by
13 minutes or mote every day, to
the best staying within 1oseconds
perday

This Chinese copy of an old
French design shows off the
very definition of “dockwodk”
Gears upon gears, folded in on
each other, 2 meving toge thet
inways that are, well, presty
confusing, To belp make things
undestandable I've made a
spread-out medel foryou,

BE SOWTHINGE WORK

FOR THE BENEFIT of those of you born in the preseat mullennivm a
primer on clocks of the old school, This is the universal symbaol of time,
the dock face. There are three “Tands ™ whsdh all tum asound tee saure
central paine. Amund the ourside there ane two sets of marks: one sct
of 6o seaall tick macks for seconds and minutes, and one set of 12 lage
tick marks for hours. This clock is showing 10-14:33 (14 minutes and 35

seconds after 10 o'dock).

The theee hands on a dodk ave Jl tunming around the saoe point,

but they are uming at wildly different specds. It takes 60 times longer

for the manute hand to go around than the second hand and the Twus
hand is another 12 times slower, For every complete tum of the hour
hand the second hand bas to go around 720 tires, Thas hoge differ
cnee in specd is arcated by a mess of gears on the back of the clock

The “hour hand” moves lorware
one large tick mark per hour. and
tekes 12 hours io go sreund cne
full turn. This hour hand is pointing
Abaut ane quarter of the way fram
the 10 mark fo the 1] mark. Thats
because we are 14 mindles (and 39
‘soo.dsj past 18 0'zleck

o

The “zecand hand” moves forward
U e “clockwiss” Srection) by ona
small ok mark each second, and
lekes one minute (80 zecondz) i ge
around ans full tum This sscond
hand & geinting #t the 35 second
mark.

-

Thas large tick marks with nembars
{Roman numaenals i this case)
mark the howrs.

r1'1-- small tek marks afen nat
memnosred. mark the minutes and
seconds. You're pusl supposed o
knaw that sach hawr mark cerre-
sponds to an inberval of S minutes
lfor the ménwte hand or 5 seccnds
Bor the second hand). Each Quarter
of thee cirche is 15 minutes o 15
cecends respectvely

rm ‘minule hand” moves forward
one sl Bok mark sech minule
and lakes cne hour (B) minutes) to
go Araund ene full turs This misese
hand & pontog 3 Wtle over hallway
from the 14 minute mark o the 15
minule mark. Thals becsuse we
ars 38 ceconds—about halfweay —

L between those two munutes.

5 There i somathing amusing in the
fact that the telephane app on todays
Phanes has an icon that losks like 3
phone no ome has used in twenty yaars
and the clock agp locks Uke a clock
mat people racely sas anymore It
also amusing that 3 ceparale telephone
ADD I8 nacassary or & davice that s
by name. alrzady a phane. But the
ruth i making phaone calls s cne
of the iPhane's least commenly used
functions )

CLOCKS a7



“We've now arrived at the subject of really accurate time. Earlier | said that up until 1955 a glorified
sundial was the most accurate clock in existence. Another way of saying this is that we were using
he rotation-of the earth as the reference standard for time, because we didn’t have anything better.

~ Every daythe time told by the world’s best clocks'was compared to the exact moment that a set of
" reference stars pastidirectly overhead at the Greenwich Observatory in London. If there wasa

. deviation between when the Clocks said the stars should-pass overhead and when theyaactually
*did, we trstédthe’stafsToberhe clocks, and resetthe clocks: Based on everythffipWe'knew about
“the earth and the clocks there was no reason to think that the clocks were a more accurate .

& ,"' "':{-'--".‘ R :’F"Jo, : J.'I'W- m — > 4 ’g -"_-z
¢ measure of time to the rotationof the earth. - A

“Two clocks, even if onelis the garth, are not 2nough!{But if you have three clocks, andyou find that -
-fwo of them stay exactly in'sync with the third one drifts away, now you've got some evidence that
the third one is the prablem. If you have 100 clocks spread all over the world, built by different
people using different methods, and all but one of them agree with each other, then you can be
pretty sure that the outlier is the problem, not the other 99 clocks. In 1935 the earth became that
outlier — not because of anything changed about the earth but because we suddenly got much

better at building clocks. What changed in 1955 with the invention of the cesium atomic clock.”
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NBVSBAXXX Series

2.5 V/3.3 V, LVPECL
Voltage-Controlled Crystal
Oscillator (VCXO)
PureEdge™ Product Series

The NBVSBAXXX scries voltage—controlled crystal oscillator
(VCXO) devices are designed to meet today’s requirements for 2.5V
and 3.3 V LVPECL clock generation applications. These devices use a
high Q fundamental mode crystal and Phase Locked Loop (PLL)
multiplier to provide a wide range of frequencies from 60 MHz to 700
MHz (factory configurable per user specifications) with a pullable
range of +100 ppm and a frequency stability of 50 ppm. The
silicon-based PurcEdge™ products design provides users with
exceptional frequency stability and reliability. They produce an ultra
low jitter and phase noise LVPECL differential output.

The NBVSBAXXX scries are members of ON Semiconductor’s
PurcEdge ™ clock family that provides accurate and precision clock
generation solutions.

Available in the industry standard 5.0 x 7.0 x 1.8 mm and in a new
3.2x5.0x 1.2 mm SMD (CLCC) package on 16 mm tape and reel in
quantities of 1,000.

Features

. LVPEC L Differential Output
. I3V +109%
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ON Semiconductor”®

http://onsemi.com

MARKING DIAGRAM

6 PIN CLCC
LN SUFFIX
CASE 848AB

NBVSBAXXX
OO0

AWLYYWWG
O

6 PIN CLCC
LU SUFFIX
CASE 848AC

NBVSBAXXX = NBVSBAXXX (£50 ppm)

XXX = Output Frequency (MHz)
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GAN-CTS optimized ~ commercial aut-stig " GAN-CTS optimized commercial auto-setting
(clk WL: 42.36 mm) | (clk WL: 49.69mm) (clk WL: 115.22mm) _ (clk WL: 130.71mm)
Design: ECG Design: JPEG

GAN-CTS optimized commercial auto-setting GAN-CTS optimized commercial auto-setting

(clk WL: 296.15mm) (clk WL: 326.36mm) (clk WL: 41.29mm) (clk WL: 52.61mm)
Design: LEON3MP Design: VGA LCD

“A Clock Tree Prediction and Optimization Framework Using Generative Adversarial Learning”
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Bulova Accutron,
premiere montre électronique a diapason.

L ¢électricité lui donne son énergie, lélectronique sa haute précision.

() BULOVA ACCUTRON

A chaque seconde, une certitude.



Standard quartz clock timer
32,768 =

2M5

® © ® ([ quartzcrystal Crystals | Mous: X =+

&« C @& Mouser Electronics, Inc. [US] | mouser.com/Passive-Components/Frequency-Control-Timing-Devices/Crystals/ /.. & 2w @ & HE B v % @ O
5 aApps [£3 Inspiration [ Oppotunities [ Clocks [ Food [3 Pcomp [3 Energy [ Companies [[J Geooee [ Sumida Aquarium [ Japan Family rip » [[3J Other Bookmarks
All Products > Passive Components > Frequency Control &Timing Devices > Crystals [ Share J

Show other information about "quartz crystal" See related content »

quartz crystal Crystals

I E )

Results: 14,631 | @ SmartFiltering @

Applied Filters: | pagsive Components > Frequency Control & Timing Devices Crystals X

Manufacturer Termination Style Package / Case Load Capacitance Frequency Tolerance
L L Radial 1.2mmx 1 mm 4 pr 20 kHz N 10 PPM
Most Popular SMD/SMT 1.6mmx 1 mm 5 pF 25.6 kHz 15 PM
ABRACON 1.6mmx 1.2mm 6 pF 15 PPM
ECS 10.41 mm x £.06 mm 7 pF CF 20 PPM
$§scogor oration 1 mm xS mm ghE O 52.768 Kiiz 25 PPM
P 11.35 mm x 4.65 mm x 3.5 mm 8 pF 38.4 kHz 30 PPM
CTS 11.4 mmx 4.9 mm 8.5 pF 50 PPM
Kyocera 11.7 mmx 4 mm 9 pF 60 kHz 100 PPM
NDK 11.7 mmx 4.8 mm 10 pF 76.8 kHz )
Citizen 11.8 mm x 5.5 mm 11 pF 96 kHz
cmee A 10 Z =ome 12.4 mm x 4.7 mm 12 pF 100 kHz
ABRACON 12.5 mm x 4.5 mm 12.5 pF 1 MHz
Citizen 13.1 mm x 5 mm 13 pF 1.84 MHz
Crystek 13.2mm x 4.8 mm 14 pr 1.8432 MHz
CTS 13.3 mm x 4.85 mm
Diodes Incorporated 2 mm x 1.2 mm < > < > <

Reset All - Filters




0O (] quartz crystal Crystals | Mous: X -+

< C & Mouser Electronics, Inc. [US] | mouser.com/Passive-Components/Frequency-Control-Timing-Devices/Crystals/ /.. & 2w @ & o w Y @ s o O
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Precision timer

2,097,152 = 2721

Show other information about "quartz crystal" See related content »

quartz crystal Crystals

Results: 14,631 | @ SmartFiltering @

fcevfcu.usbmodem142
** | equency Control & Timing Devices Crystals X

e B N B F

tncader: Z11
Encoder: 212
Encader: 213
Encoder: 212

Ercoan: 214 le Package / Case Load Capacitance Frequency Tolerance
_________ Encoder: 214

..... Encader: 215
Encoder: 216 1.2mmx 1 mm 4 pr T i 10 PPM
Encader: 217 1.6mmx1mm S pF ?gok:iz 15 PM

Encoder: 218
Encader: 219 1664n11m X 1'24"821 s g; 15 PPM
Encoder: 220 A1 mm X <.Uo mm 1.84 MHz 20 PPM
s 1 mm x5 mm L prto a2 pr 1.8432 MHz 25 PPM
: 222 11.35 mm x 4.65 mm x 3.5 mm 8 pF ' 30 PPM
: 223 8.5 pF —
i .7 mmx 4 mm 0 pF avonis gl
Autoscroll Show timestamp Corrtaye relum B | M‘::;.:.;::“’ B Clear outpul 11 '7 mm x 4_8 mm 10 pF )
mm-mac - ’ 11.8 mmx 5.5 mm 11 pF
o s AW £ -m | 3RA00 B 12.4 mm x 4.7 mm 12 pF
ABRACON 30 e 12.5 mm x 4.5 mm 12.5 pF
" 175200 haud 131 mm x5 mm 13 pF 2.4 MHz
Citizen 230400 baud o | 14 oF 2.4576 MIHz
1 843 200 / 1 6 m— 1 1 5 200 Crystek 13.2mm x4.8 mm p gy
| F M 7
I/ I I CTS 13.3 mm x 4.85 mm
Diodes Incorporated 2 mm x 1.2 mm < > < > <

/32 = 57,600 - i

/1 92 — 9600 ResetAlI ApplyFiMrs




Sparkfun RTC Breakout boards

https://github.com/ITPNYU/clock-club/tree/master/RTC_Clock_Examples


https://github.com/ITPNYU/clock-club/tree/master/RTC_Clock_Examples

Sparkfun RTC Breakout boards

https://github.com/ITPNYU/clock-club/tree/master/RTC_Clock_Examples


https://github.com/ITPNYU/clock-club/tree/master/RTC_Clock_Examples

19.

19.1

19.2

SAM D21 Family
RTC - Real-Time Counter

RTC - Real-Time Counter

Overview

The Real-Time Counter (RTC) is a 32-bit counter with a 10-bit programmable prescaler that typically runs
continuously to keep track of time. The RTC can wake up the device from sleep modes using the alarm/
compare wake up, periodic wake up, or overflow wake up mechanisms

The RTC is typically clocked by the 1.024kHz output from the 32.768kHz High-Accuracy Internal Crystal
Oscillator(OSC32K) and this is the configuration optimized for the lowest power consumption. The faster
32.768kHz output can be selected if the RTC needs a resolution higher than 1ms. The RTC can also be
clocked from other sources, selectable through the Generic Clock module (GCLK).

The RTC can generate periodic peripheral events from outputs of the prescaler, as well as alarm/compare
interrupts and peripheral events, which can trigger at any counter value. Additionally, the timer can trigger
an overflow interrupt and peripheral event, and can be reset on the occurrence of an alarm/compare
match. This allows periodic interrupts and peripheral events at very long and accurate intervals.

The 10-bit programmable prescaler can scale down the clock source. By this, a wide range of resolutions
and time-out periods can be configured. With a 32.768kHz clock source, the minimum counter tick
interval is 30.5us, and time-out periods can range up to 36 hours. For a counter tick interval of 1s, the
maximum time-out period is more than 136 years.

Features

«  32-bit counter with 10-bit prescaler

*  Multiple clock sources

«  32-bit or 16-bit Counter mode
— One 32-bit or two 16-bit compare values

* Clock/Calendar mode
— Time in seconds, minutes and hours (12/24)
— Date in day of month, month and year

22

AZ Al A® REF3.3VDI3—-

— Leap year correction < | 2

« Digital prescaler correction/tuning for increased accuracy =< (‘ [

«  Overflow, alarm/compare match and prescaler interrupts and events :(('j 2 .
— Optional clear on alarm/compare match "‘l ®

TRRREFRRIOTY

) nn g
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SAM D21 Family
RTC - Real-Time Counter

19.3 Block Diagram

Figure 19-1. RTC Block Diagram (Mode 0 — 32-Bit Counter)

0
/]~ MATCHCLR
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GCLK_RTC 10-bit CLK_RTC_CNT
e —» Qverflow
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Figure 19-2. RTC Block Diagram (Mode 1 — 16-Bit Counter)
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Paul Ford: What Is Code? | Blo X -

C & Bloomberg LP [US] | bloomberg.com/graphics/2015-paul-ford-what-is-code/

ill R

Let’s Begin

A computer is a clock with benefits. They all work the same, doing second-grade math,
one step at a time: Tick, take a number and put it in box one. Tick, take another number,
put it in box two. Tick, operate (an operation might be addition or subtraction) on those
two numbers and put the resulting number in box one. Tick, check if the result is zero,
and if it is, go to some other box and follow a new set of instructions.

- ano § AND ) or )ox 2

OFF mam

AND

ALLLLL,

C——

|

T This is simulated circuitry that's computing as you watch. The switches on

VUV

the left turn the current on and off at random, and the logic gates direct the
flow of the current. Click the boxes to change the circuits. Enough of these
can compute anything computable.
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Let’s Begin

A computer is a clock with benefits. They all work the same, doing second-grade math,
one step at a time: Tick, take a number and put it in box one. Tick, take another number,
put it in box two. Tick, operate (an operation might be addition or subtraction) on those
two numbers and put the resulting number in box one. Tick, check if the result is zero,
and if it is, go to some other box and follow a new set of instructions.

)

B D A computer is a clock with benefits. They all work the

B D one step at a time: Tick, take a number and putitint
put it in box two. Tick, operate (an operation might b

:’_ ' two numbers and put the resulting number in box o

|

FF AND

IE’I Iiil IE!I IE!I IEJI IE;I

P P P B B B

This is simulated circuitry that's computing as you watch. The switches on
the left turn the current on and off at random, and the logic gates direct the
flow of the current. Click the boxes to change the circuits. Enough of these
can compute anything computable.




p5.]s Web Editor
QO BEA O o0 ava v

& editor.p5js.org

sketch_sep29a
sketch_200929a

lavold setup() { p5* Flew Editw Sketchw Helpw English v  Hello, jfeddersen! v
’ // put your setup code here, to run once: void setup() {
} > . B Auto-refresh Nettle cardboard # Q
6avoid loop() { 8 oid draw() { > sketch.js Preview
// put your main code here, to run repeatedly:

1 O {

2 (400, 400);

3 |}

4

5 O {

6 (220);

7 |}

Console Clear WV

Console A Erors Updates @
1 ArduinCQ™NO 33 loT on /de: sbmode mSgYl




TIMER/COUNTERS ARE
PRIMARY BUILDING BLOCKS ATmega328 Block Diagram
OF MICROCONTROLLERS

debugWire

Clock generation

Timing-based functions (analogWrite, tone, i
servo, etc.) make use of internal timers. These o
timers can trigger time-based interrupts,

triggering functions.

PD4
PDE
PD5

PB4
PB3
PBS
PB2

i ot

PDE
PD7

However, accessing these timers typically
involves architecture-specific registers and these S

. . ADCS,ADCT,PC[5:0] — ADC[7:0] Reference PC5:0]
change from chip to chip. ARF e AREF

- PO
PD[7:0}. PCJE:0), PB[7:0] ™ PCINT[23:0]
PD3, PD2 — INT[1:0] — :g:

PB1, PB2 -— OCIAB
PD5 —» T1
PBRO — ICP1

SDAD - PC4

PES OC2ZA SCLO - PCS

PD3 <*— OC2ZB

www.TheEngineeringProjects.com
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delay()

| Time|

delay(ms)

unsigned long

ledPin =

p() |
de(ledPin,

e(ledPin,

Lte(ledPin,




void delay(unsigned long ms) { | |
uint32_t start = micros(); < micros() function on next

slide
while (ms > 0) {
yield();

while ( ms > @ && (micros() - start) >= 1000) {
ms——:
start += 1000;

}

https://github.com/arduino/ArduinoCore-avr


https://github.com/arduino/ArduinoCore-avr

unsigned long micros() {

unsigned long m;
uint8 t oldSREG = SREG, t;

cli();
m = timer@_overflow_count;
#if defined (TCNTQ) <« 8-Bit Timer/Counter
t = TCNTO;
#elif defined(TCNTOL)
t = TCNTOL;
#else
#error TIMER @ not defined
#endif

#ifdef TIFRO
if ((TIFRO & BV(TOVQ)) && (t < 255))
m++;
#else
if ((TIFR & _BV(TOVQ)) && (t < 255))
m++;
#endif

Do some math to internal timer
register to return run time in
return ((m << 8) + t) x (64 / clockCyclesPerMicrosecond()); microseconds

SREG = oldSREG;

https://github.com/arduino/ArduinoCore-avr

https://web.engr.oregonstate.edu/~traylor/ece473/lectures/tcnt0.pdf



https://github.com/arduino/ArduinoCore-avr
https://web.engr.oregonstate.edu/~traylor/ece473/lectures/tcnt0.pdf

Note - does not use micros()

/* Delay for the given number of microseconds. Assumes a 1, 8, 12, 16, 20 or 24 MHz clock. *x/

void delayMicroseconds(unsigned int us) {
// call = 4 cycles + 2 to 4 cycles to init us(2 for constant delay, 4 for variable)

// calling avrlib's delay_us() function with low values (e.g. 1 or
// 2 microseconds) gives delays longer than desired.
//delay _us(us);

#elif F_CPU >= 16000000L

// for the 16 MHz clock on most Arduino boards Several #elif directives
// for a one-microsecond delay, simply return. the overhead covering different clock
// of the function call takes 14 (16) cycles, which is 1us

| speeds

if (us <= 1) return; // = 3 cycles, (4 when true)

// the following loop takes 1/4 of a microsecond (4 cycles)

// per 1teration, so execute it four times for each microsecond of
// delay requested.

us <<= 2; // x4 us, = 4 cycles

// account for the time taken in the preceeding commands.
// we just burned 19 (21) cycles above, remove 5, (5%4=20)
// us 1s at least 8 so we can substract 5

us —= 5; // = 2 cycles,

// busy wait

__asm__ _ volatile__ ( Countdown in Assembly:
"1: sbiw %0,1% "\nm\t" // 2 cycles SBIW - Subtract Immediate from Word
"brne 1b" : "=w" (us) : "@0" (us) // 2 cycles ]

)s BRNE - Branch if Not Equal

// return = 4 cycles

https://github.com/arduino/ArduinoCore-avr


https://github.com/arduino/ArduinoCore-avr

ANALOGWRITE TONE

switch(digitalPinToTimer(pin))

{

// Set timer specific stuff

// All timers in CTC mode

// 8 bit timers will require changing prescalar values,

// whereas 16 bit timers are set to either ck/1 or ck/64 prescalar

// XXX fix needed for atmega8 . )
switch (_timer)

#if defined(TCCRO) && defined(COM@Q) && !'defined(__AVR_ATmega8__)
case TIMEROQA: {
// connect pwm to pin on timer © #if defined(TCCROA) && defined(TCCR@B) && defined(WGM@1)
sbi(TCCR@, COM@OQ); case 0:
OCRO = val; // set pwm duty // 8 bit timer

ke TCCROA = 0:
#endif
TCCROB = 0;

#if defined(TCCROA) && defined(COMOA1) bitWrite(TCCROA, WGM@1, 1);
case TIMEROA: bitWrite(TCCR@OB, CS00, 1);

// connect pwm to pin on timer @, channel A timer@_pin_port = portOutputRegister(digitalPinToPort(_pin));

sbi(TCCROA, COMOA1); timer@_pin_mask = digitalPinToBitMask(_pin);
OCROA = val; // set pwm duty break:

break; gendif
#endif RS

#if defined(TCCROA) && defined(COM@B1) #if defined(TCCR1A) && defined(TCCR1B) && defined(WGM12)

case TIMEROB: case 1:
// connect pwm to pin on timer @, channel B // 16 bit timer
sbi(TCCRGA, COM@B1); TCCR1A = 0
OCROB = val; // set pwm duty
break;

#endif

TCCR1B = 0;

bitWrite(TCCR1B, WGM12, 1);

bitWrite(TCCR1B, CS10, 1);

#if defined(TCCR1A) && defined(COM1Al) timerl_pin_port = portOutputRegister(digitalPinToPort(_pin));

case TIMER1A: timerl_pin_mask = digitalPinToBitMask(_pin);
// connect pwm to pin on timer 1, channel A break:
’

sbi(TCCR1A, COM1A1); sendif

https://github.com/arduino/ArduinoCore-avr



https://github.com/arduino/ArduinoCore-avr/blob/2f67c916f6ab6193c404eebe22efe901e0f9542d/cores/arduino/wiring_analog.c#L120
https://github.com/arduino/ArduinoCore-avr
https://github.com/arduino/ArduinoCore-avr/blob/2f67c916f6ab6193c404eebe22efe901e0f9542d/cores/arduino/Tone.cpp
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will be substituted by its value (6 in this case) before actually being passed to the assembler.

EH o - Example program ] cowsmers e

Note [4]
‘I IMER E The assembler uses integer operations in the host-defined integer size (32 bits or lenger) when evaluating
. expressions. This is in contrast to the C compiler that uses the C type int by default in order to calculate
Results for: timer constant integer expressions. In order to get a 100 kHz output, we need to toggle the PD6 line 200000
times per second. Since we use timer 0 without any prescaling options in order to get the desired

TIMER \

The fo lowing annotated example features a simple 100 kHz square wave generator using an AT9051200

. clocked with a 10.7 MHz crystal. Pin PD6 will be used for the square wave ouzput.
Results for: timer ry q p

. Watchdog timer handlmg X . . WatChdog timer handlmg frequency and accuracy, we already run into serious timing considerations: while accepting and processing
EEEEN #include <avr/io.h> : Note [1] EEEEN the timer overflow interrupt, the timer already continues to count. When pre-loading the TCCNTO register,
- Why do some 16-bit tmer work - 16 - Note [2] - Why do some 16-bit timer ?Ne therfafore have to account for the number of f:lock cycles required for interrupt ackno.wledge and for the
registers sometimes get tmp - 17 registers sometimes get instructions to reload TCCNTO (4 clock cycles for interrupt acknowledge, 2 cycles for the jump from the
trached? trashed? interrupt vector, 2 cycles for the 2 instructions that reload TccNT0). This is what the constant fuzz is for.
EEEEE Intmp = 19 EEEEN Note [5]
. . o
" Intermpts SUESEVE 0 = : Interrupts External functions need to be declared to be .global. main is the application entry point that
EEEESs SQUARE = PD6 : Note [3] HoHDH will be jumped to from the ininitalization routine in crtsl200.o.
= The Source Code ' = The Source Code

BOOODO

B g;?géntli?egsc and assembly 1tcllllltzfggst=810700000 / 200000 N [4]
; ote

HBOODOO0 .section .text

= Alowing speciic syscem:- _ .global main The assembler uses integer operations in the host-defined integer size (32 bits or longer) when evaluating
wide interrupts main: o
| . X i . Thisis i i u in ult in order u
; mooaE g | rei doieit expressions. This is in contrast to the C compiler that uses the C type int by default in order to calculate

= asmdemo.c - 1b ) ) )

mooono e constant integer expressions. In order to get a 100 kHz output, we need to toggle the PD6 line 200000

. .global TIMERO_OVF_:
Examining the Object File TIMERO_CVE vect:

et e times per second. Since we use timer 0 without any prescaling options in order to get the desired
- isrs.S e frequency and accuracy, we already run into serious timing considerations: while accepting and processing
R o s ST the timer overflow interrupt, the timer already continues to count. When pre-loading the TCCNTO register,

= The Project
sbic _SFR_IO_ADDS . .
— pmgra? R e T o Ao we therefore have to account for the number of clock cycles required for interrupt acknowledge and for the
- = f a - - 4
- domem:ﬂj oo : 2 10 Aooh instructions to reload TCCNTO (4 clock cycles for interrupt acknowledge, 2 cycles for the jump from the
saftware reser of the AVR? ' cx 10 100 interrupt vector, 2 cycles for the 2 instructions that reload TCcCNT0). This is what the constant fuzz is for.
RN =R=N= out  _SFR_I0_ADDs
reti
= Part 5: main() o
- HoRmE: shi _SFR_IO_ADDR(DDRD), SQUARE - here only since actually, all the following instr W i not modify SREG either, but
= Macro Wdt—reset = Macro wdt_reset that's not commonly the case.) Also, it must be re thiit registers used inside the
BEOOOD 1di work, _BV(TOIEO) BEROODOO interrupt routine do not conflict with those itside. In the case of a RAM-less

« : Basic busy-walt clelay out _SFR_IO_ADDR(TIWSK), work « : Basic busy-wait delay device like.the M.?90§1200, tl.xis can only bg by agreeing on a set of registers to be
|00p5 1di k V(C500 . 0: CK/1 |00pS used exclusively inside the interrupt rg here would not be any other chance to
1 work, _BV( ) » tmr0: "save" a register anywhere. If the in routine is to be linked together with C

EO0D00O0 out —SFR-IO—ADDR(TCLRO)' work EOD00O0 modules, care must be taken to follow register usage guidelines imposed by the C
= Whatis all this _BV() stuff 1di work. 256 - tmconst = What is all this _BV() stuff compiler. Also, any register modified inside the interrupt sevice needs to be saved,

ttps://www.microchip.com/webdoc/AVRLibcReferenceManual/assembler_Tass_example.html
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delay()

| Time|

delay(ms)

see the Blink Without Delay sketch, which loops, polling the millis() function until
enough time has elapsed. More knowledgeable programme; | a\ e
 delay() ming of eve onger than 10's of milliseconds unless the Arduino

sketch is very simple.

Certain things do go on while the delay() function is controlling the Atmega chip,

however, because the d / function does not b Lerrul Serial

communication that appears at the RX pin is recorded, PWM (analogWrite) values

and pin states are maintained, and interrupts will work as they should.




Microcontrollers can process interrupts: functions called automatically by
hardware changes.

Changes include:
external, such as voltage changes on an interrupt-enabled pin, or

internal, from changes in an internal hardware timer (basically, a
counter incrementing each clock cycle) reaching a certain value.



POLLING
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In main loop, use digital read to check the state of an input
pin. Decide what to do if it is low, high, changed, etc.



INTERRUPTS

Define interrupt service routines (ISRs) for hardware
changes: rising edge, falling edge, and/or change. These will
be called immediately when the pin changes.



INTERRUPTS

Basic Idea: You identify a function to call when an interrupt even occurs. This function is the
“Interrupt Service Routine” or ISR. ISRs should run as quickly as possible. Any variables
accessed by the ISR must be declared “Volatile”

volatile bool ledState = LOW; //note new qualifier "volatile" - this
indicates a variable may change while handling an interrupt

attachInterrupt(digitalPinToInterrupt (INTERRUPT_PIN), myISR, CHANGE);
// trigger when button pressed, but not when released.

void myISR() {isrCount ++;
if ((long) (micros() - lastMicros) > debounceTimeMicros) {
ledState = !ledState;
lastMicros = micros();

}
h




Features BOURINS
m Push switch option PRO AUDIO

m Compact, rugged design |—_—'\

W High reliability .
m Metal bushing/shaft

BOURNS® PEC11 Series - 12 mm Incremental Encoder

Electrical Characteristics

L 11 1 o 11 | PP PP 2-bit quadrature code
L@ (o 1=T=Y o B @1 (o111 gl TS LS = g o = RSP 3 ohms maximum
(@7 0] o1 ¢= Lol =14 0T PP PP 1mA@5VDC
LRI TULF= T o] g I =TS ] =1 g o = PP PPO 100 megohms @ 250 VDC
Dielectric Withstanding Voltage
TS T Y P PRRPPSRRRRR 300 VAC minimum
Yo g o= I T = 1Y PP PPPPPPRPPPIN Continuous
Lo a1 = Lo fl = 101U T =N 8 1S TH {1V ) TS 5.0 ms maximum™*
T AV I (@ Y=Y = 4T Ve ) PR 60 maximum™*
Environmental Characteristics
Operating TeMPErature RANGE ......cooiiiieiiii ettt e e e ettt e e e e e e et eee s e s e e eeeeeeessaaaeeeaeeeeenssnnnaeeeeeeeennnnns -30 °C to +70 °C (-22 °F to +158 °F)
S e = Vo [T [=T g ] 01T = L (=0 =TT = RSP -40 °C to +85 °C (-40 °F to +185 °F)
L 11 0T 11 Y2 PPPRUPRRRRRR MIL-STD-202, Method 103B, Condition B
Y41 o = 1o o R 30G
(@70 ¢= T3 S = 101U o o = U 10~55~10 Hz / 1 min. / Amplitude 1.5 mm
oo USSP 100 G
T L= 11 N OO 30,000 cycles minimum
Lo = e oo PSR SRURR 20,000 cycles minimum
IP Rating.......cccoovvvieiiiiinnnnn. 210 IP 40
Mechanical Characteristics R "
V(=T =TT o= N g T L= o .. 360 ° continuous
Torque Re.
RUNNING ..ttt e e e e e e e ar e e e e enbreeeeennnees Nz USRS 50 to 200 gf.cm (0.68 to 2.7 o0z.-in.)
1Y/ o T8 14 T U R 10.2 kgf.cm (8.83 Ib.-in.) maximum
Shaft Side Load (StatiC).....uuuucieiiiiiieiieiiiiee e FT IR e 2.04 kgf (4.5 Ibs.) minimum
LA ] T | o | PRSI . YT 5 gm (0.17 0z.) maximum
. TEIMMINAIS .. e et e e e e e e e e e e een e e e e e eeeeeenns s PP Printed circuit board terminals
Ad afru It Soldering Condition L 3
T2V o] (o [T oo Vo Sn95.5/Agz88/Cu0.7 solder with no-clean flux: 260 °C max. for 3-5 seconds
i F= T a0 IR To] (o [T g T PRSPPI Bhc. Not recommended
P T Y72 T R One fla S asher and one mounting nut supplied with each encoder
Switch Characteristics N
SWILCIN TYPE .ttt st esr e s e r e sre s e sne e nesneenesreennesneennenneens SR e eerennans Contact Push ON Momentary SPST
Power Rating (ReSISTIVE LOAA) ......ooiiiiiiiiiiiie ettt e e e e e e e e e e e e e anaas SR ... 10mAat5VvV DC
AT (o o T I == PSPPSR -, N
. . . SWItCh ACTUALION FOICE ... A e oS STEROTI,
Excellent for resolving fast-changing inputs such as il
. How To Order
the signals from rotary encoders. PEC11 - 40 20 E - S 0012
Model | cw
Terminal Configuration |
4 = PC Pin Horizontal/Rear Facing OFF
Detent Option A Signal Lon —
0= No Detents (12, 18, 24 pulses) |
1 = 18 Detents (18 pulses) |
2 = 24 Detents (12, 24 pulses) B Signal |
3 = 12 Detents (12 pulses) |
Standard Shaft Length D

15=15.0 mm
20 =20.0 mm
25 =25.0 mm

& -~ ccw




® 09 O Lab:Controling a Stepper M X 4+ .
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Steppers - types

Figure 16. Breadboard diagram of an STSPIN220 stepper motor driver and stepper motor
connected to an Arduino Nano 33 loT. @

Made with Fritzing

Once you have the motor and the driver connected, you’re ready to b
program the microcontroller.

STEPPERS Program the microcontroller

Youdon't need alibrary for a step and direction controller, though there

Almost the “inverse” of encoders: are several out there, to do things like ramp the speed up and down, Steppers - types D 1072 Q3
ease in and out, and so forth. All you need to do to move the motor is to

o | NOT vET naTLC |
sen d pu Ised | nfo to th e ste pper set the direction pin, and to pulse the motor high then return to low. A

. . Inside 4-, L=, b-, and 8-wire steoper motors.
and it turns. See pomp S|te fo r 3-millisecond pulse will do the job reliably. If you need more speed, you
can try reducing this down to 2 or even 1ms, once you know the motor’s

tons of info.

https//itp nyu-edu/physcomp/labs/motors-and-transistors/lab-
controlling-a-stepper-motor-with-a-step-and-direction-driver/



https://itp.nyu.edu/physcomp/labs/motors-and-transistors/lab-controlling-a-stepper-motor-with-a-step-and-direction-driver/
https://itp.nyu.edu/physcomp/labs/motors-and-transistors/lab-controlling-a-stepper-motor-with-a-step-and-direction-driver/
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Clock Club

Examples on clocks and time and time
setting

\ Projects in this Repository
Bibliography

Timepieces

Organizations

Software and Hardware Tools

Parts and Suppliers

tes

STEPPERS

ITPNYU/clock-club

https://itpnyu.github.io/clock-club/VID28-05_mechanism/

This project is maintained by ITPNYU
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Notes on the VID28-05

The VID28-05 is a part containing two stepper motors with concentric
shafts. Orginally designed for speedometers and automotive gauges, it's
useful for making clocks where the minute and hour hands are not coupled.
It is similar ta the motors used by Humans Since 1982's clock projects (it
may even be the motor they used, though I don’t know directly), The
steppers in the VID28-05 are 720 steps per revolution, and are capable of
microstepping down to 1/12 degree per step. Even using the Arduino
Stepper library, driven directly off the GPIO pins with no motor driver, you
can drive this motor successfully at 720 steps/revolution. Here is a useful
and thorough blog post by Dror Gluska who also worked out their own
board on it. Dror recommends using an optical sensor for homing, which I
haven't yet implemented. Dror cites many others who've worked with this
device as well.

Here is the datasheet for the VID28-05.

Circuit Board Design

Ray’'s page on Hackaday includes a link to an Eagle Library for the VID28-05,
There is a board based on Ray’s part design in this repository.
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Nema 16 Assembled Motor w/
Hollow & Solid Shaft

https://www.omc-stepperonline.com/nema-16-assembled-motor-w-
hollow-solid-shaft-bipolar-1-8deg-8ncm-11-330z-in-0-3a-39x39x40mm-4-
wires-16hs16-0304s-c1



https://www.omc-stepperonline.com/nema-16-assembled-motor-w-hollow-solid-shaft-bipolar-1-8deg-8ncm-11-33oz-in-0-3a-39x39x40mm-4-wires-16hs16-0304s-c1
https://www.omc-stepperonline.com/nema-16-assembled-motor-w-hollow-solid-shaft-bipolar-1-8deg-8ncm-11-33oz-in-0-3a-39x39x40mm-4-wires-16hs16-0304s-c1
https://www.omc-stepperonline.com/nema-16-assembled-motor-w-hollow-solid-shaft-bipolar-1-8deg-8ncm-11-33oz-in-0-3a-39x39x40mm-4-wires-16hs16-0304s-c1
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