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PCB Design Checklist

1. Use 100 ohm differential impedance pairs on PCB. Controlled impedance lines should be specified in the PCB
layout mechanical drawing.

2. Match trace lengths in a pair with tolerance of 20% of the signal rise/fall time.

3. Use connectors that are designed and characterized at the highest data frequency. (Vendors should provide
characterization and model data.)

4. Use stripline construction with ground/power planes above and below the differential pairs. The ground and
power planes also provide return paths for signal currents.

5. Use edge-coupled pairs in PCBs; try to avoid broadside coupled pairs.

6. Use 3 S separation rules between pairs to avoid crosstalk and excess coupling. Use offset stripline routing to
get higher density of differential pairs with each routing layer running orthogonal to each other.
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Sine/Cosine Look-Up Table
v5.0

DS275 April 28, 2005

Product Specification

Features

Drop-in module for Virtex™, Virtex-E, and Virtex-II,
Virtex-II Pro, Virtex-4, Spartan™-II, Spartan-IIE,
Spartan-3, and Spartan-3E FPGAs

User specified option for table value storage in
Distributed / Block Memory

Supports THETA input widths of 3 to 10 bits for
Distributed ROM and 3 to 16 bits for Block ROM

Supports output Sine/Cosine widths of 4 to 32 bits

Supports negative Sine/Cosine outputs

Functional Description

The Sine/Cosine module accepts an unsigned input
value THETA and produces two's complement outputs
of SINE (THETA) and/or COSINE (THETA). The user
controls the input THETA width and output SINE and
Jor COSINE width values.

Equation 1 defines the relationship between the integer
input angle THETA supplied to the core (refer to

Figure 1) and the actual radian angle @

2T .
2 = THET&mfﬂmmﬁ Eq1

THETA SINE
#

COSINE
SCLR -
——  SINE/COSINE
ACLR MODULE
CE
CLK
== e

| RFD
ND RDY
KQ‘|‘|‘||

Figure 1

: Core Schematic Symbol
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LETTERS

Decoding the ancient Greek astronomical calculator
known as the Antikythera Mechanism

T. Freeth'#, Y. Bitsakis™", X. Moussas’, J. H. Seiradakis®, A. Tselikas®, H. Mangou®, M. Zafeiropoulou®, R. Hadland’,
D. Bate’, A.Ramsey’, M. Allen”, A.Crawley’, P.Hockley’, T. Malzbender® D. Gelb”, W. Ambrisco” & M. G. Edmunds’

The Antikythera Mechanism isa unique Greek geared device, con-
structed around the end of the second century v, It is known'™
that it calculated and displayed celestial information, particularly
cycles such as the phases of the moon and a luni-solar calendar.
Calendars were important to ancient societies" for timing agricul-
tural activity and fixing religious festivals, Eclipses and planetary
motions were often interpreted as omens, while the calm regular-
ity of the astronomical cycles must have been philosophically
attractive in an uncertain and violent world. Mamed after its place
of discovery in 1901 in a Roman shipwreck, the Antikythera
Mechanism is technically more complex than any known device
for at least a millennium afterwards. Its specific functions have
remained controversial''™" because its gears and the ins criptions
upon its faces are only fragmentary. Here we report surface
imaging and high-resolution X-ray tomography of the surviving
fragments, enabling usto reconstruct the gear function and double
the number of deciphered inscriptions. The mechanism predicted
lunar and solar eclipses on the basis of Babylonian arithmetic-
progression cyces. The inscriptions support suggestions of mech-
anical display of planetary positions®™*", now lost. In the second
century we, Hipparchos developed a theory to explain the irregu-
larities of the Moon's motion acress the sky caused by its elliptic
orbit. We find a mechanical realization of this theory in the gear-
ing of the mechanism, revealing an unexpected degree of technical
sophistication for the period.

The bronze mechanism (Fig. 1), probably hand-driven, was ori-
@nally housed in a wooden-framed case' of [uncertain} overall size
315 190 % 100 mm (Fig. 2). t had front and back doors, with
astronomical inscriptions covering much of the exteriorof the mech-
anism. Our new transcriptions and transkations of the Greek textsare
gven in Supplementary Note 2 (‘glyphs and inscriptions’). The
detailed form of the lettering can be dated to the secand half of the
second century i, implying that the mechanism was constructed
during the period 150-1008¢, dightly earlier than previously sug-
gested”. This is consistent with a date of around 80-60w: for the
wreck ™' from which the mechanism was recovered by some of the
first underwater archacology. W are able to complete the recon-
struction' of the back door inscription with text from fragment E,
and characters from fragments A and F (see Fig. | legend for fragment
nomenclature). The frant door ismainly from fragment G. Thetextis
astronomical, with many numbers that could be related to planetary
motions; the word “sterigmas” (ETHPII'MOZ, transhted a5 “sta-
tion" or *stationary point'} is found, meaning wherea planet's appar-
ent mation changes divection, and the numbers may relate to

planetary cydes. We note thata major aim of this investigation i
to setup a data archive to allow non-invasive future research, and
access to this will start in 2007, Details will be available on www.an-
tikythera-mechanism.gr.

The back door inscription mixes mechanical terms about con-
struction (“trunnions”, “gnoman”, “perforations” ) with astronom-
ical periods. Of the periods, 223 is the Sares eclipse cyde (see Box |
for a brief explanation of astronomical cycles and periods). We
discover the inscription “spiral divided into 235 sections”, which &
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Figure 1| The surviving fragments of the Antikythera Mechanism. The 82
fragments that survive in the Mational Archseological Musewmin Athens are
shown to scale. 4 key and dimens provided in Suppl ¥ Note 1
{fragments’). The major fragments A, B, C, D are acras the top, starting at
bop left, with B, B, G iinnedisbely bel ow thein. 2.7 hand-eut biviise pearsaie
in fragment A snd sne gear in each of fragments B, Cand D. Segments of
display scxles are in fragments B, C, Eand E. A schematic reanstruction is
given in Fig. 2. It is not certain that every one of the remaining fragments
{numbered 1-75) belong to the mechanism. The distinctive frgment &,
which eoutalin ot of the geirs, 15 appoacii by 100 X 150imin i Sre
‘We have wed three prindipal techniques e investigate the strecture and
inseriptions of the Antikythers Mechanism. (1) Threedimensionsl X-ray

s puted by (CT), develupedby X -Tek Sy Lid,
The wse of CT has been crudial in making the text legible just beneath the
current surfaces. (2) Digital optical imaging to reveal faint surface detsil
wsing polynomial texture mapping (PTM =, developed by Hewlen-
Packand Inc. {3) Digitized high-quality conventional flm phatography.

Mo Univaratty, Schonl of Prysics and Astmiommy, Quesns Buldngs, The Parade, Cardff CF24 34, UK Timages Frat Ltd 10 Hemford Baad, Sou Exling London W5 455, LK
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Calendars with Olympiad display and eclipse
prediction on the Antikythera Mechanism

Tony Freeth'”, Alexander Jones®, John M. Steele® & Yanis Bitsakis'"

Previous research on the Antikythera Mechanism established a
highly complex ancient Greek geared mechanism with front and
back output dials™", The upper back dial is a 19-year calendar,
based on the Metonic cyde, arranged as a five-turn spiral'#*,
The lower back dial is a Saros edipse-prediction dial, arranged
as a four-turn spiral of 223 lumar months, with glyphs indicating
cclipse predictions®. Here we add surprising findings concerning
these back dials. Thoughno month names onthe Metonic calendar
were previously known, we have now identified all 12 months,
which are unexpectedly of Corinthian origin. The Corinthian col-
onies of northwestern Greece or Syracuse in Sicily are leading
contenders—the latter suggesting a heritage going back to
Archimedes, Calendars with excluded days to regulate month
lengths, described in a first century we source®, have hitherto been
dismissed as implausible'®". We demonstrate their existence in
the Antikythera calendar, and in the process establish why the
Metonic dial has five turns. The upper subsidiary dial is not a
T6-year Callippic dial as previously thought®, but follows the
tour-year cycle of the Olympiad and its associated Panhellenic
Games, Mewly identified index letters in each glyph on the Saros
dial show that a previous reconstruction needs modification®. We
explore models for generating the unusual glyph distribution, and
show how the eclipse times appear to be contradictory, We explain
the four turns of the Saros dial in terms of the full meon cycle and
the Exeligmos dial as indicating a necessary correction to the pre-
dicted eclipse times. The new results on the Metonic calendar,
Olympiad dial and eclipse prediction link the ogcles of human
institutions with the celestial cydes embedded in the
Mechanism's gearwork.

This extraordinary astronomical mechanism from about 100 s
employed bronze gears to make calculations based on cycles of the
Solar System'® [Supplementary Motes 1). Recovered in 1901 by
Greek sponge-divers, its corroded remains are now split into 82
fragments—7 larger fragments (A~G ) and 75 smaller fragments (1-
75)%. Data, gathered in 2005°7, included still photography, digital
surface imaging and, crucially for this study, microfocus X-ray
computed tomography (CT)*"™  (Figs 1-3)—details are in
Supplementary Notes 2 (and at www antikythera-mechanism.gr).

The main upper back dial is now established as a Metonic
calendar™* (Figs | and 2, Supplementary Box 1). The calendar dial
bears inscriptions, anly viewable using X-ray CT. We havenow iden-
tified all 12 months of this calendar (Fig. 2, Supplementary Notes 3),
providing conclusive evidence of the regulation of a Greek civil
calendar by a Metonic cycle, and clues to the instrument’s origin.
Whereas the Babylonian calendar followed a Metonic cycle from
about 500 e, it has commonly been assumed that the intercalary
manths of the numerows lunisolar calendars of the Greek cities were
determined  arbitrarily—Metonic  and  Callippic  cycles

(Supplementary Box 1) anly being used by astronomers™. The
manth names on the Metonic spiral, however, belong to a regional
calendar unassociated with technical astronomy, suggesting that it
may hawe been commeon for Greek civil calendars to follow the
Metanic cycle by about 100 e,

The inscriptions show that not only the names and order of the
maonths were regulated, but also which years had 13 months, which
manth was repeated in these years, and which months had 29 or 30
days. The rules are similar to those given bythe first century se writer
Geminos®, whose accuracy has hitherto been in doubt'™", Years are
numbered 1 to 19, and intercalary maonths are spread as evenly as
posible over the cyde, such that each year begins with the first new
maoon following soktice or equinex'®. Ina Metonic cycle, 110 of the
235 months must have 29 days (Supplementary Box 1), The divis-
ibility of bath 110 and 235 by 5 explains the five turns of the spiral:
manths onthe same radius across all five turns are equal in length.
The numbers on the inside of each 29-day radiu indicate which day
in these months is skipped (Fig. 2). The skipped days are spread
uniformly at intervals of 64 or 65 days across successive Metonic
periods, improving on Geminos' scheme, which had uniform &4-
day intervals followed by a run of 74 unskipped days at the end.

The menth names and order in Greek regional calendars vary
widely'®, The months on the Mechanism belong to one of the
Daorian family of calendars, with practically a complete match (11
or 12 names ) with llyria and Epirusin northwestern Greece and with
Corcyra (Carfu)—all Corinthian colonies. The calendars of Corinth
and its other important colonial foundation, Syracuse, are poorly

reveal remnants of an instruction manuel, describing the Mechanism's
cycles, disls and Functions, =5 seen in two exsmples from the Mechanism's
badk door. a, Polynomial textur ing o 19shows

detail, withte xt shout 2 mum high. Highlighted inred are 76 years, 19 years™
i the Callippic and Metonic cycles (Supplemen tary Box 1), and #2237, fur
the Sarus cycle (Supplementary Box 21 b, X-rey CT of fragment E reveaks
text shout 2 mm high. Highlighted are “on the spiral subdivisions 235",
confirming the Metonic dial (Suppl v Box 17 and “exchuded days
2.7, the finsl “K” pr by stanaling for th ber 20— part of the 22
excluded days round esch of the fivetums of the Metonic cslendsr—t hough
“B” that would complete "KB” (22) remains speculstive.
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N = 360 * days / 365.2422;

adj360(&N);

Msol = N + EPSILONg - RHOg;
adj360(&Msol);

Ec =360/ Pl * ECCEN * sin(dtor(Msol));
LambdaSol = N + Ec + EPSILONGg;
adj360(&LambdaSol);

| =13.1763966 * days + |zero;
adj360(&l);

Mm =1-(0.1114041 * days) - Pzero;
adj360(&Mm);

Nm = Nzero - (0.0529539 * days);
adj360(&Nm);

Ev =1.2739 * sin(dtor(2*(I - LambdaSol) - Mm));
Ac = 0.1858 * sin(dtor(Msol));

A3 = 0.37 * sin(dtor(Msol));

Mmprime = Mm + Ev - Ac - A3;

Ec = 6.2886 * sin(dtor(Mmprime));

A4 =0.214 * sin(dtor(2 * Mmprime));
lprime =1+ Ev + Ec - Ac + A4;

V = 0.6583 * sin(dtor(2 * (Iprime - LambdaSol)));
Ildprime = Iprime + V;

D = Idprime - LambdaSol;

return(50 * (1 - cos(dtor(D))));

[* sec 42 #3 */

[* sec 42 #4 */

[* sec 42 #5 */
[* sec 42 #6 */

[* sec 61 #4 */

[* sec 61 #5 */

[* sec 61 #6 */

[* sec 61 #7 */
/* sec 61 #8 */

[* sec 61 #9 */
/* sec 61 #10 */
[* sec 61 #11 %/
[* sec 61 #12 */
/* sec 61 #13 */
[* sec 61 #14 */
[* sec 63 #2 */
[* sec 63 #3 */



/* You are not expected to understand this */
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Sine/Cosine Look-Up Table
v5.0

DS275 April 28, 2005

Product Specification

Features

Drop-in module for Virtex™, Virtex-E, and Virtex-II,
Virtex-II Pro, Virtex-4, Spartan™-II, Spartan-IIE,
Spartan-3, and Spartan-3E FPGAs

User specified option for table value storage in
Distributed / Block Memory

Supports THETA input widths of 3 to 10 bits for
Distributed ROM and 3 to 16 bits for Block ROM

Supports output Sine/Cosine widths of 4 to 32 bits

Supports negative Sine/Cosine outputs

Functional Description

The Sine/Cosine module accepts an unsigned input
value THETA and produces two's complement outputs
of SINE (THETA) and/or COSINE (THETA). The user
controls the input THETA width and output SINE and
Jor COSINE width values.

Equation 1 defines the relationship between the integer
input angle THETA supplied to the core (refer to

Figure 1) and the actual radian angle @

2T .
2 = THET&mfﬂmmﬁ Eq1

THETA SINE
#

COSINE
SCLR -
——  SINE/COSINE
ACLR MODULE
CE
CLK
== e

| RFD
ND RDY
KQ‘|‘|‘||

Figure 1

: Core Schematic Symbol






19 tropical years

235 synodic months

6939 days
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G@ Implementors of scripti [2] @ O
G Lol . @ System Browser: FormEditor @

£ Sketch scriptl SMBase-utilities . BitEditor . —all - .|accept
|| SMLoader FormButtonCache |initialize-release |block
browsze| zetiders| implementorz| versionz| inheritance o . . -
= 5T80-Editors FormEditor basic control seq.  cancel
seript . . s[lye
self forw i (f) * | 5T80-Framework  FormEditorView conirol defaults  changeGridding
self turn| ge B apt
8z find. S5T80-Morphic FormMenuControl | editing tools changeTool:
oz find again fg) 5780-Paths FormMenuView =~ menu messages colorBlack
set search string (h) - 5780-Pluaaable Vi insence | 7 | cass |CUrSOr “ colorDarkGrav =
i i browee zenders implementors versions | inheritance | hierarchy inst vars claszz wvars | source
@do again (j)
MousebenuController subclass: #*FormEditor _
@ undﬂ (Z} inztanceVariableNames: 'form tool grid togglegtid mode previouszTool color unMNormalizedColor xeridOn
JIGD (G) veridin hazTnsavedChatiges’
i Py clazzWVariableNames: 'BitEditEev BlackKev BlockEev ChangeGridsEev Curvekey DarkiGravEev Erazelev
yﬂut (K) FlashCurzor GravEey InkKev LightGravEevy LineEev OutKev OverKev EepeatCopvEev EeverzelKev SelectEevw
SingleCopvEey TogglexGridEey TogglevGridEey UnderKev WhiteEevy YellowButtonblenu
: TellowButtonMezzages YeridKev'
_JPaEtE (V) 7 poolDictioniaries:
_Jpaﬁt&m category: 'STS0-Editors’ \d

@ Zdo it (d) /ser: PlayerdZ

UserObijecte Siprint it (P)
eyt Qinspect it (i)

Qexplore it (1)

. scriptl s

inztance

L4 L

debug it : :
browse | zenide: tance | hierarchy | inst wars || <laz: vars | source
Flaver subclass: waGGEPt (5) L
instanceVar: =
clazsVariatbl 0{:’5”53] (l)
poollictiona:
category: T Ehow bytet:ﬂdgs
more...
THIS CLASS HAS MO COMBMENT! =

Navigator




;. Squeak Etoys?



O I1zapproachHeading: |;~Number|[] B Oz v B+

Test 12's heading + < nil's heading @ (Search -
Yes 12's :heading increase by start's turn: ¥4
O ~basic -
Test o A | 12 make sound ¢ croak —
Test nil's heading + <+-90 | 12 forward by 45 —
No Yes Yes |12's ¢ heading increase by start's turn *iq ! 12 turn by 45 —
No O startlunarSetup | normalZ] B || B 12'sx 38l —
No dz gear: 4127 B izsy 240 -
Front dials  Back dials start's :xinc «start's xbase B Iz's heading -4 ]
Pause www.spinellis, dl gear: 24 O ~tests
cZgear: 48 Test Yes No
cl gear: 738 B 12'sMcolor seesMcolor
bZ do menu item

2's isOverColor Mcolor
WHETHER | OVERLAF A GIVEN nderMouse false

OBJECT OR ONE OF ITS b, WUdes false

SIBLINGS OR SIMILAR OBJECTS 2\ps 12
B 12's overlaps any||2

cl east:b
cZcoCe
dl east: cx

dZ coCenter: c
eZ gear: 32
eZ west: dZ

A? Aa waani itam L heina +a Frant

|

R O l}':L Press me
Object Catalog All Scripts Trash Text Sound Rectangle Ellipse Star Button Book Holder

dom & 180

Navigator =













@ tigator Menu

o)
!
!
!

v B+

3
T O] O LI

sveTo: dot
7n3 east:dot
m3 west: dot
m3 adjustCcw: dot

m3 coCenter: dot
m3 sameHeading: dot

m3 movey: 5
m3 adjust: dot
m3 emptyScript

~ basic
m3 make sound  croak

m3 forward by +5
m3 turn by +5

- 1 P







< B .

Navigator

CICTTIT 0 I

Hello, world
12
4 5
78
= [0
E.—""‘\ ? : H‘
Menu [Start | Stop -




BEddD«? ocoF ™ O Ellipse

category
scripts
variables
basic
geometry
pen use
tests
motion
fill & border
scripting
sound
observation
drag & drop
miscellaneous
input

v E +E]
O [search | |

O wvariables

B Ellipse's population 3.0
O w basic
! Ellipse make sound ; croak
| Elipse forward by 45
! Ellipse turn by &5
B Ellipse’s x 324
B Ellipse'sy 489
B Ellipse's heading 0
QO ~tests
Test Yes No
Ellipse's [licolor sees [licolor
Ellipse's is over color [licolor
Bl Ellipse's is under mouse false
B Ellipse's obtrudes false
Ellipse's overlaps dot

Ellipse's overlaps any dot

color

Ellipse's red 100

B Ellipse's color
=
=

Ellinse's areen 100




W

Navigator




Etoys lacks



Calenidars| Eclipse| Back gearz Fointer follower

Lunar |Hipparchoz (Moon phase

Eront dials |Back dials

Pauze www . apinellis. grifswfameso




O bzgear: | ~Number|[z] B

bZ remove all vertices but cursor

b2's heading «:'0

Repeat Number times
bZ insert a vertex at cursor
b2's <x at cursor increase by start's xinc
b2's ¢y at cursor increase by start'syinc
bZ insert a vertex at cursor

© b2's <x at cursor increase by start's xinc
b2's ¢y at cursor decrease by start's yinc
bZ turn by <360/ Number

D



O bzdemoGearAdd | normalz] B
bZ insert a vertex at cursor

b2's :x at cursor increase by 7> 30

b2's ;y at cursor increase by > 30

bZ insert a vertex at cursor

b2's :x at cursor increase by ;)30

b2's y at cursor decrease by 30

bZ turn by +30



O blnorth: |t~ Player(z] B
bl movex: nil's x
bl movey: nil's top 7 +start's delta + + bl's length < / < 2

O startluniSolarSetup | normalz] B
ml east: |1Z

ml west: |2

mZ gear: ;15
mZ coCenter: mi
nl gear:+53

nl north: m2

nZ gear:+15

nZ coCenter: nl
pl gear: 60

pl north: nZ

pZ gear: 12

pZ coCenter: pl
ol gear:+60

ol east: pZ






O pzsameHeading: |~ Number

p2's ; heading € nil's heading

] B

O p2adjust: i ~Player|:] B

Test p2's overlaps Player
pZ turn by start's turn
pZ adjust: Player
No

O pzadjustCew: [~ Number|[:] B

Test p2's overlaps Player
pZ turn by start's turn ¢ ¥ ¢ -1
pZ adjustCcw: Player
No




O helperdemoOperate | ~ normalE] B O b2adjustCew: |~ Number|:] B

b0 turn by 1 Test b2's overlaps Player

s el b2 turn by start's turn ¢ ¥ ¢ -

bZ adjustCcw: FPlayer
No




N Moon
=
20 ) phase

48 - (Sidereal L

a1 —> 224 month) Anomalistic
1 N month
| 64

Metonic
calendar

Exeligmos

Olympiad Saros

Callippic
calendar



48
al

m1

Metonic
calendar

calendars

Olympiad

lunar

(Sidereal
month)

month

Callippic
calendar
&3 eclipse
'._" Saros
\\
: Exeligmos
i
1
N
RN hipparchos
) Anomalistic




Cin

Cout



O startbaseSetup | @ O start miSetup | E =|

bl gear: 224> Il gear: 38>
bl movex: :570) Il west: t:z
bl movey: £ 240> 12 gear: 553"

b1 bz gear:¢64l> :f:oCEth';;" “bring to front
o menu item :bring to fron
bZ coCenter: bl LAALLEE,

b2 do menu item % bring to front
ml gear: : 96>

O startluniSolarSetup | @
ml west: 12

m2 gear: 15>

mZ coCenter: mi

nl gear: 53"

nl north: m2

n3 gear: 57>

n3 coCenter: nl»

nl do menu item ¢ bring to front
n2 gear: 15"

nZ coCenter: nl

pl gear: 60"

pl north: nZ

p2 gear: 12

pZ coCenter: pl

ol gear: 60"

ol east: n3

ql gear: 60"

Naviaator ql east: p2




O startbaseOperate | ' |normalE] B

bl turn by start's turn»
sun's ¢ heading ¢ bl's heading"
bl b2 sameHeading: bl

O start luniSolarOperate | E |

m2 sameHeading: ml
nl adjustCcw: m2

nZ sameHeading: nl
n3 sameHeading: ni
pl adjust: nZ

pZ sameHeading: pi
ql adjustCcw: p2

ol adjust: n3

b2

Naviaator



Navigator















bl

d2







Lunar perigee (33.48") Lunar Apogee (29.40")
(356,700 km) (406,300 km)
2007 Der 26 12:02:39 OT 2007 Apr 3 08:50:54 UT

12% smaller










= attice High-Speed PCB Design
HHH A Considerations

December 2006 Technical Note TN1033

PCB Design Checklist

1. Use 100 ohm differential impedance pairs on PCB. Controlled impedance lines should be specified in the PCB
layout mechanical drawing.

2. @trace lengths i@with tolerance of 20% of the signal rise/fall time.

3. Use connectors that are designed and characterized at the highest data frequency. (Vendors should provide
characterization and model data.)

4. Use stripline construction with ground/power planes above and below the differential pairs. The ground and
power planes also provide return paths for signal currents.

5. Use edge-coupled pairs in PCBs; try to avoid broadside coupled pairs.

6. Use 3 S separation rules between pairs to avoid crosstalk and excess coupling. Use offset stripline routing to
get higher density of differential pairs with each routing layer running orthogonal to each other.
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www.spinellis.gr/sw/ameso

Calenidars’ Eclipse| Back gearz Pointer follower

Lunar  Hipparchos Moon phasze

Fronit dials Back dJdials

FPausze wWW. spinelliz, gr/ew/ ameso















hacker



Thank you!
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