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SUMMARY

I. Title

Development of Mechatronics and Robot Technology

(KAIST-IPA Automation Center Program)

II. Objective and Necessity of this Study

This R & D program chooses several required automation
technologies and through cowork with partner instit te, which
has accum lated automation technologies oversees, will be
transferred to domestic industries. By this way the accum la-
tion of automation technology.

As pilot cell of automation were developed inserting auto-
mation of electronic odd-components using ind strial robots.
This R & D program coincides the object on the respect of high

attomation technology and domestic necessity.

III. Scope and Contents of this Study

As the detailed contents for automatic insertion of odd-
compoments uvsing ind strial robots was developed insertion
strategy. Technical specification of intelligent gripper and

insertion principle were also developed.



IV. Result and Proposal on the Practical Application

This finished research on automated insertion technology
using ind strial robots is proceeded as the continuing task
for next project year. This development system is to be trans-

ferred to domestic ind stries and from beginning phase on is
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for transfer after development.
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ASSEMBLY PROCESS

ASSEMBLY PHOCESS
OF PIN/HOLE TYPE PARTS

OF SMD

g = .

Insertlon of auto insert machine
standard parts ot standard parts

screen/mask print.
dispensing
dipping

solder F’ﬂi"te

dedicated machine
for insertion of
odd parts

Insertlon of

positioning of
SMD on board ||

auto soldering
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A 4 A

KIST o3 &g

REFF || T
Positioning
Flexible

STICK Gripper

Al 1d AA

F A5 Azd Ay

Universal

w7y F|

3) Retry 7|5

Al £Hl  Lay-out
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A 24

PCB Posmomng
ol &
PCB °] 3 Indexing/Fixing)

i

Priority 2

o]A

Posmonm

A A A]AH FLOW




Step 1 : & &4]
e Lot size) 1000 94w = A}Y station
(& Fellx  F9])
» Png& vy Ao
e HFo] inserti] W3 HE Pin g XA
errors vlmzA s FTH I,
e 749 uwelM+= Pin clinch
Step 2 : magazing
« OStick or HAWAIE o] &
Step3 : % AHY
. REo I HE F oju REY X
Errorg »ASFormnzw oAl KAx Error 7}
AZT A @A Hm3 ZAx. "
a) AU magazine A}-L&HF 4]
b) A3 w ZAAHSE EE ji1solation vh2
Step 4 : Y or Znsert I3

e wHE9 Stiff gripper A}£3 A 33k
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Gripping & =2 RXRE7} Componentf& Gii-

pp g Ao x| Error7t 714X G

« PCB olgoiAa Pin #5E, & =ZHES F
23 PCB e 9= X-Y table o Zza<
F7INA  F Al o] Fol XA Sof rh oA

S o]&3 Pin clinch Y x 7135}

3-2. Concept 2.

Stepl : F&FTH]

+ HQgo wz Pin dd
Step 2 : magazing
e« stick magazine o)1}

« Transfer belt & o8 X322 I

« X 3Feo rough positioning (Isolation)
Z o]l A %o Position error & 7}o}r3d

1T

rough position o= Gripper 7} Position

i

Gripping & < =% I,

. 2 %o watH RETe] Pin AW (Isolation)
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Concept 2

Pickand Place UNIT

STICK cfjf A A

X-Y Table
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Step 4 ! &z HXA

e THE o0]8& Correction station of X F4}h

312 s PinmAL % f & Gripper

24 mAH Ping FHo Wi YL F3

Step 5 : F¢Y or Znsert
e U< Pick-and-Place unit# Correction
station o QU+ H+% Gripping
. GripperE RFe RSP Ao g a
(Swimming and blockable Gripper)
— < Pick and Place unit &9¢} s A
Ping wmAZAAM g HE3 YAE
A SHA F T

e« X-Y Table ¢]& PCB Positioning =

Pick and Place unity& 38lA AA s Lo
A2 1nsert& 311 PCBE 11 X714 o]
A7+ e PCBE holdstm gl X-Y
tableo] 3t}

Step 6 : PCBo| FEFEuA

e« PCB olgollAq Pin F+H&A nHYHoxH

X-Y tableg o¢]& clinch & clinch

unit I g .
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o Concept 2 ¢ Variation

box magazine o|i1} Bandz A & 7}%53l

s =
REE | ARFEE 7| df ol&xx2 gz 7ot
Relay o Flat magazineg o] H4lo=

= = H 3 2] )| 1 ) 23 2 b AT AT LY o T =
Zhabth Exb FEdeel A" Mookt steE F

dolo 3%
3-3. Concept 3.
Step | : H & &H]
e Pin Ao}
Step 2 : magazining

e boX or canal magazine

o2
o

otep 3 : &

=
e R o 1solation 2 rough positioning
o)
steP 4 ¢ Fx1A

e 1A Station o o] F FBEFL& Gripper 7}
G AeE HHAAM wH XA wH ol
Gripper £ wAFX | wLsA AAH =

A A=l Position Feo] I 2 Gripper 9

Position o5 Ao 3t

e« Gripper % blocking

Step 5§ : ¥ £& PCB9 A4.
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CONCEPT 3

STICK o} A 2]

ol

PCB oh A

a4
[}
-
[x]
]
L%
s8]
O
0y
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3-4 .

Step 6 :

PCB #fd X & %
« PCBolgjo|A Pin clinch. & PCB ot i

=

clinch #x& ¥z C(Clinch gAY =ZHE

b ¥¥4d9 PCBE Clinch toole 71X

% Concept 3¢ Variant

Concept 3¢ Variant+= ©&E A& Conecept 3

o wXol gloy Famge wA gzl =

3

T2 A —>1. Gripper= fixed xo] 9 17 Correction

stationyt Swimming ¥Ho] HFL WA
2. AYFTAHA wAHAXZE Robot Controller

5 T3 XA,

D2 7F ¢« Concept 3 Variant ¢ FHuygdge tact
timeo] v & Aol
- 3719 EFFA (X, Y dygHy P rota-
Tion) A &= Swimming correction
Station A)&o] oy o}
cConcept 4.
Stepl : FEH4]

H AT

""_..:'.

Step 2 : magazining

box magazining
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Step 4

step 5 :

Step 6 :

e« B Fo rough Position o &t =

Pin ¢ Position error, Body e  EJ3FA

e Gripper ¢ 7l% : Swimming, blocking 7]

& Gripper 7} wAH HXx e &t Pin

ol[

S Correction 3% Blocking
e« Correction stationg Grippereo] Hz A
AFGANLE €9 T U 5 PCBER  ofF

7bell A 53 7} 55

.+ FAHARAHol BsA @ Sequence & FRH of

.
e THor gFE FEUIT Y 1nsertd
A o,

« X-Y table £¢ clinch tool 24 PCB Y

ol Pin clinching
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3-5. Concept 5.

Step 1 : ¥4 %Y

Step 2 : magazining

e bOX magazining

Step 3 ¢ EFAH
e box magazineo| (= 3}ty 1solation
¥ 3% mAANZ} F, Gripperrs} Gripping

71 do) wmA. T3 box magazineoji] A

Step 4 : FAHEA
e HHEX Grippered W] &AE Pusherzw Co-
rection station o R+ ¥ &H& =HHFH HF
2 nASTY, olw wAH AR <= Swimming
System o| t}
Step 5 : 2¢Y g1 1nsert
« Robot PCBd JHFA4AY o &

Step 6 : PCBo] X Z XA

e X-Y table 99 <9g~x= clinch tablez

PCB o}l#]¢ Pin clinching
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CONCEPT 5

STICK vj A R l '

U

W o
il

TUUIRN TABLE

A

[ — +

j \+\
| GRIPPER
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3-5. System & ¢

* HI7IE =

H) 32 44

Criteria

&4 T3 A L

ipp——

=i
-3

&M 2o

O
L

2724 >5>1 )3

E 2 A H 3>5 >4 >1 ) 2

Aoy 2 oy Holx 325745251

rCerlZL %LﬂlﬂO]JE}E;:I‘-OI‘H]% 32092 4 > 1’ -

A% 7}%; 4 i 3 >55>224>1

7];:3.'?_. T Al A “ ﬂ 3>5>7>:1->1

g7 & A FE A I 3;17>r2>4

H 2 Z A 8 A) | 3>2>425>1

B ETH dol & _T 2, 3-._.4, 5 ) 2

;U}_}-‘;__}CD]E - -:l -2>J3;5>:1;1 -

Al 44 System TA
System = 173 &l & Jd3AHTA 9 14 = Hels

&% o] A3

e Isolation 3

rough Position &

o2

& 1 3hol,

Orientation &
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stal gl ejofF g

Position error 9+& 7}Aof

Swimming Gripper & 4] Z7]

7l Gripping position & F 7|3 wWHx Gripper

A9l AxF4AS Fevh £33 Swimming module & o
& FAE RBAHS Fo Position & 7|YgEHA st
* BH i O

H=9 Gripper =z &
AA A o] Bt

Position error S 713

ipper @ o},

* FxRA module (Swimming module) 2 ON A7z}

Swimming slol Pin ¢

AW 7R Gripper AAje w©HE

|

| 1

g RFPolA wE o &A@

* Ping A+ Chamber 2o 49 A7 ok
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T

Swimming module blocking ( & &

2Eg Ay PCBo A

uk

/////// 2 44

A )

olAM{E AAFTAH ME JsEHd &
3=
54 E
B SystemolA= R EAHY L box mogazine & Stick

feeder & 3ttt o3 A AHAEE Y

@A ¥Ee] Rough Positioning
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— B Xo ulg Orientation® Isolation
— AEelM FF EAFF check

— %% Pin J e dol2 Ag

flo

RZo body s ping A& FAIHE

4-2 HFFoi% 2 HFhandling

= handling Progammable gripper =2 f1 -

s

2
nger = @t o WH A MAEF 2 A5 H s

(1) Gripper

Grippere ST #Hg+ PC Servo motor & o]l & sy, 1 o]

O
1]

= Tde H¥8Ee RAHY siwel JEe #EFIVE ¥ E7

o - o] Tt

O

» Gripper 7t ¥ £ = Component &9¢ =Z7|E Cha-

ngeable g A s

X

1745 Software programo =
Ao zdEg ¢ A ¥YL

e« Gripper finger & finger magazine & o|& XlE w3t

7bestAl gt finger o FR= 42 3-4-3 oA A

Az 2%EF9 finger = AAS T FTMALE RF o)

7bere) whet finger o) FHE Hole AL YHo=z @

=2

. Pusher Interaction

56



e FzHA Swimming modulez® 33 Swimming module
X

, Y W3k 2 Rotation® HEris e e (Yo

< )
Y
Z¥Fore] IO F WA
< X unitoj A wRlol do 3¢ o
2 HH3
rotation

e Gripper #x ojgAir}t blocking 7bsstoh, = 2 ghol
agig Z4WE controller g AHgdyoe 1insert posit-

ion & A=t

o,

O}

+ Gripper 9z FAHIAM FHIAIE THE

- PCBo 1nsert gof A3z HAAE 727 Al dH

4) Pin 4z A

« o 71A Pitchet FYAAFE 7Ix1 Ay Stationg 7

H3te Componentd ¥ +& nH7ls3k4 o
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e At = Campber ¥ ¢ & 7}z holeo]t}

Pin

i,

« Swimming module g 7}z Gripper9 X olEg FF

4-3. PCB<9 ol& 1 1A

mA PCBe dealinge] wg 87F7Ag HFHRY

1. PCB Positioning (=37] 17}, A4 )
— Static determined
— AGFAA FHFA

2. 1A (clinch FAd Fo )
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3. 43 A A (Springback WA )
4 PCB turni] HE=unA
5. Soldering Al ity A A
6. Control function
— PCB &A1 F

— PCB ¢x%x] check ( g9 8% o AUAAA )

ge) &M me sy A sk o

1. Positing

ozl o] @AM &5 U

___ _-

A B |

oje] oA PCB1A Pinel moko] UYFo] THERA

PCBe| =4 holee Ex=s zamls]l Wl ok
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.
- /@_J// R '
2 b

Positioning
(&8 A4 )

Positioning + Al 4

JH

— PCB ale] X-Y table 3t Robot Controller 7le] &7
2 Robote =z wat X-Y tablex <&3F o PCB
5 A A3 =.
— AR Hgo AARZA

4  PCB Turn

&G o Z=AE=LS ZA oz 180°3Fy AT I o]fF & Solder-

ing g el ©iW szl o Fol rh

- PCB npzge]l HF4dozm 33H

(Positioning 3 WA X E o] 3 )



e ZHEV} Folxd FHA

© Positioning 3 A AXFRG o] PCB9 3FA

5. ¥ &4AsA A A
@ clinch (ofgel A )
— Programmable clinch tool A}-& (active)

— Passive clinching

f
M. e ’ -y N
.I/

/ '4}/\/1/////[/1/

— elastic3d X AAHR AL (YzFH)

(Sponge, flexible pin)

PCB ofzgjolx] &3 (clinch)

s &4 ; Programmable clin-
ch tool A&

224 ;2% clinch tool
AHg
(PCB oriented )
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Pin o] Spring force o] &

AgA AR

flexible A =] Ax] A&

6. Controller function
® PCB9 &A% E check@ 4 QA3 =3 Positi-
oning, A&3 L% FrRFE AT F QA s}l AR

£ Sensor g & (Optical Switch (refelection), Limit

Switch 5 & AF& gt} )

Az 7= 29 SensorE £4 9t}

(limit swich, proximity swich PCB ¢to] T3

e]sl Coding )
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AXA L RN R

VI YV B/
T = 1
N " LN - Q——:——?—

A A:Switchl A&
e 2 FEerd
{2 B : Switch 1 Z&<t$

o2 BE
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A54  AA  Lay-out

NN FINGER MG

PC
MGZ

\

B
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A, *Concents (AdHA Component )
PCB * % Box MGZ - 1F5% PCB A7

- PCB Positioning

PCB A/ &z} Suction - PCB Fixture
Gripper
- PCB Clamping

. PCB 7}x]7] %

2EA G STLCK ey AR AL
MG Z

BEAE Linear - 1 9] linear feeder
Feeder 2 1057 FFA.

_—"

. Il 2)3F isolation

- Rough Positioning

B Z Gripping Programmable . Finger # Programmable
Gripper
- Finger changable
« Finger MGZ

+ Uni-Gripper

Pin correction Correction - AdAst Pitch T3
Station

« Swimming Module A}&.
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Pin/body Swimmling . 2 Transfer
Positioning Module ] Rotation AH %

« Centering 7| &
» Swimming 7] &

. blocking 7] &

F&4Y A T A A . A}e] Force/Distance
Sensor
LAHE7]F
PCB Turning + 180° 3 A7 &
Turning Module

Soldering Soldering « THAA= IS
Tool
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B. »Control System s

BOSCH RS 60/S

ROBOT CONTROLLER

FINGER RIPPER SUCTION | SOLDERING
HANGER ONTROL GRIPPER

Program -
mable iiz;vm' orrectio oldering
Gripper Module Unit Tool

D /O
RS 232C

PLC ATC

Linear
Feeder
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C. AR AIRSRE (A% 307 BEZ)
AA 3079 BEZF e FE

2 G
7 dermz 4 FH5 5 @S type o FFF suwe &

obe) o o] 107)e] R Foz FAch wepd ofRel 10 Ae

- (R B Y oA = .
FES AT insert o HYstd 309 FEE O EFT AYE T
O ]
Ele ZE]QIE}'

A 23 No No | ol & | FAEE (307 BREF

— ~ I ' —

] 2 Connector ]

9 l 6 | DIP Connector 3,4,5,7

3 3 | SIP " 9

4 12 Box C(Connector 10,11,13,14,15,16,17

o 22 Custom IC 21

6 | 24 Reloy 23

lf i 25 X-Tal

8 26 Hybrid IC 27

9 ! 28 Transfomer

10 ] .L 29 Mod:Jack “ 301 -

63



D. 1071y X E4 sk A ZAF 9o E finger %3t

insert hole

1.828 + 0.076
| 0.899 +0.076
J i i
8 | SIP " SIp | "
|
| |
12 { Box 7, SIP 7,
| i | | |
29 |Custom IC |SIP | 9| 2.54 | 0.5x0.25| 0.559 .
|
: W ! [
I
24 IRelay tDIP : 5 l 1 0.6X0.25] 0.65 1
| f | :
25 IX--Tal | DIP 4 1 0.457 | 0.45 7
26 |Hybrid IC |[SIP | 8 nmo | 0.5%0.25 0.559 Z
| | |
28 5! 7 0.45 0.45 7
29 4 2.0 7 7 T
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- Orientation in Components Supply System

.................
-----------------------------------------------------------------------------------

-------------------------------

gﬂﬂﬂ-----.-
Mo lz e s Julmfufs]s]n]s

M1 ol
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E. Correction unit 4

Finger & 99 XdM & 5 AR 3 pair & 64=

=% Ag@th =@ finger REg REFFIFA= HE ¥
A&
L

f o] X ZEo] Orientation & 99 29 olgiZFd U= Y
tf 2o Tt
_ - [ —
hole |
. 1.7 mm 1.0 mm 0.8 mm 0.6 Im
)} pitch
EEE— -
| 2.34 mm No. 6 No. 24 No. 22,25
: . 26,28
| TYP No 8
I
2 .0 mm
No. 2 No, 12,29
TYP

S — i " e il T i . gy - ey il iy i, iy — . ——— e S — s d—
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2.0mm
Type

©©
©©
©©
©©
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©O
©O
©©
©©
@O
©©
Q©

0000000000000

1.0 type

OO0O0O0O0O0O0ODOOOOOOOOO
O000DOOOOOOOOOOOOO
elelelelelecleleoleclelclelclcleclCle@
0O0O0O0OOOOOOOOOOCOO

I

correction unit
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OIOIOIONE),
©IOIOIOJE)

COOOC

QOOO0O0OOOOOOQ
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Q00000000000
000O0OO0OOOOOO

0000000




F. PCB & % turning

it
o
9
o
£
o
O
v
il

olgje] ¥} L& device fixing

%! turning £ 3t} turning & 3= o)lHF = HEFELE Solder-

ing str] Aol T3 Part B & dFY 2FEXAH 2 E
x| & = o+ H®FELS Soldering Tujo] Pin of ANF =2
g g Fed oy RBRIFELE AAYN Fe HJdEE o wrdE,
2EF9 wyolrt Aol #¥o]l e AME ALEE o Frt

step ]| : PCB 2 Ao =2HE9 suction gripper & &

step 5 : turning device 2 PCB £ 180° 2 3 AAZ

=

step 5 : Soldering
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A 5& o]FEE AleJ8& Off-line Programm-

ing Z|E/WE
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Soldering and Insertion Offline Programming System

Red-CAD

gsystem
SR

- ‘j ._—---.---1

Chl files User

]L

Import I
P ——z=mm generale e
SIOPS s}fﬁ&—-{ RBS file }

r—
L

S I ¢ F g Robot y W
AN
database Controller table

e s e

robot

The S5I0PS system consists of gix menu entrieg. In the SIOFS
system ver. 1.0 it has some menus nclb used. If these menus

are selected, the message box 'Cannot be nsed! is displaved.
Thiz box have only a QK button.

Mo ity Mesryia

~Filey
~Insertion
~Soldering
~Coullision body
~Hobot

~Qptions
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Fail

e W

f.'."."‘."-

-Import : At the beginning, the menu ’Save’ and ’'Save as’
are active. When ’Import’ or 'Open’ ls executed,
-Open they beecome acltive.
The .CDI files cannot be opened through ’'Open’
—Save but through ’Import’.

-Save as

Y
w

L

-1 el )
VLT "y

Imip>poxrt

User selets one of the .CDI files made in the Hed—-CAD system.
The selected file 1s saved in the SIOPS database. The name of the
.CDI file 1s put into the PCE table as a -content of the PCBID field.
In this time, 1{ the SIQOPS system have the same name as the .CDI
filename, Messagebox asking the new name will be displayeaed.

If the diameter of the hele Lo be drilled from the C3I file
1s undefined, a message box will be displayed. Through this message
box user determines the zoldering parameters, which are saved in
the SIOFS database.

The path of the insertion and the soldering 1s avtomatically
decidacd. First, insertion path is in the ascending order of the
component height. Soldaring path is decided in the ascending order
of the temperature. If the same temperature exist, the path is
decided by the distance.

Import
L |
- - {1 lename ¥ . CDI
I
C:NSICPSN\NTEST
L
l— [CK] [CANCEL] |

fig 1. dialogbox IMPORT
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. Qraem

User sclects one of the PCD aames, and then the PCB board
is displayed. Here, the components and the soldering points
are shown in rectangules and small circles respectively.

Open

] PCB name l*
I |

i C:\SIOPS\TEST

— [OK] [CANCEL]

L VI e

fig 2. dialogbox OPEN

. 58S AW e

Save the processing task as the name opened.

Iy . S rANT e Tyl

Save tho procoessing task as a new name.
I the new name 1s in the SIOPS system, error message will

T' - . I y 4 i -, .t ‘ ] L kD -: -"— .. . -n * - % a"
be displayoed., And write a new name.

5 a v e

['CD name SAMPLE

C:\STOPS\TEST
I . — .
[OK] [CANCEL] |

fig 3. dialogbox SAVE
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E - (-: :L C o O

Close the SIOFS system.

This is always active. Selecting ’Close’, SIOPS window will

be destroyed. If the task is closed without saving, the message
box for saving will be displayed.

Close

]

This task has changed !!
t'CE  SAMPLE

Po you want to save 1t 7

-[Yﬁé] [NO] fCANCEL]

— e A Pl

fig 4. dialogbox CLCSE

ITrniscecrtiom
The method of selecting a component is clicking the mouse
1n the componoent outlinc.
~Change parameters

-Noew patha

-Indicate path
—Not indicate components
A. Choange parameteaers

Cannot be used in the SIOPS ver. 1.0.
Saelecting this, the message box 'Cannot be used’ are displayed.

B. Naw poath

Cannot be uscd., Selcecting this, the meszage box ’Canncot be usod’
are disgplayed.
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Chhanga pPpath

At the beginning this menu

18 unactive.
it becomes active.

Selecting a certain component,

If the selected component is in the insertion path,

"Delete a component from the path”

Py bl N — - - —

Change the path

i,

Delete a component
tfrom path.

- - il

[OK] [CANCEL]

Fig

il il .

5. dialogbox for deleting

a component from the path

If 1t is not in the path,

"Add a component into the path”

Change the path

At

nliliel

1d a ccmponent 1nto path

e [Predecessor
« Successor

[0 K] [CANCEL]
fig 6. dialogbox for adding

a component into path

Inmndiacats ppatl

The insertion path is not shown with arrows,

but with element numbers.

No i1indiacate

Erasce the component outlines and clement numbers,

omponents

changes into 'Indicate components’.
Sclecting the menu 'Indicate components’,; they are redisplayed

81

and the menu



Solderyrange

: The washing process is excuted when the soidering tip
moves to the next positlon aflter soldering.

—-Change Parameters

~Add washing

-Nelete washing

~New path

—Change path

~Indicate path / Not indicate path

-Not indicate soldering points / Indicate soldering points

2 Change Parametelrs

Cannot be used. Selecting this, the message box is displayed

. Add woashhinmg

Add a washing into the soldering path.

‘ Add a washing

Add washing into path

» Proedecessor
e SUCLOSSOr
[OK] [CANCEL]

fig 7. diaolgbox for adding a washing

. Deaxl ot wvoxsmlaiiares

Nelete a washing from the soldering path.

Dalete washing

Deletc a washing from
soldering path.

[OK] [CANCEL]

P —

fig 8. dialogbox for deleting a washing
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D. Neew path

Cannot be used. Selecting this, the message box 'Cannot be used’
i1s «displayed.

E. Choange path

At the beginning, this 1o unaclive,
At first, uscr must gselect a soldering point.
If the selected soldering point is in its path,
"Delete a soldering point from the path”

b

Change the path

Delete a soldering
point from path.
) ]
[OK ] (CANCEL]

Tig 9. dialogbox for deleting
a soldering point

Tf it is not in the path,
"Add a soldering point into the path”

Change tho path

Add a soldering point
into path.

o Predecessor
¢ Successor

-F i iy i i A,

{OK] [CAN&&L]

il

fig 10. dialogbox for adding
a soldering point

Ir. Indicate path

The soldering path 1s shown with arrows.

G . Not indicate soldering points

Erase the soldering points and the path in the window, and
the menu changes into ’'Indicate soldeoring points’.
Selecting the menu 'Indicate soldering points’, they are
redisplayed.
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Collision body

Cannot be used in the SIOPS wver. 1.0.
Only a message box 1is displayed.
It has two pop—up menus, ADD and Delete.

~Add a collision body

~-Delete a collision body

Robot

-Select Hobot System
~-Generate Robot Program
-Sond to Robot

-Monitor ot Robot

i W Scrlexact IRoOobhot System

Select the robot system of the SCARA type.

[:::::————- robot system

A — — il

- —i X.8Vs

e i il e— L P S e A

[Ok] [CANCEL]

fig 11. dialogbox for selecting
the robot system

P. Generate Robot Progriram

Generate the robot program for the insertion
and the soldering task.
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C . Saearnad to Robot

Send the robot program for the insertion and the.soldering task
to rhe robot controller.

e ____I
i
— filename ¥ . RBS

| ¢ |
o T T
| C:\SIOPS\TEST |

| I [OK) [CANCEL) |
-]

fig 12. dialogbox for sending
the robot program

D . Monittor of Robhot

Chage to the monitor mode for a robot controller.

Ok 1 onm

~Grid on/off
-Component name on/off
—Coordinate on/off
—Zoom 1in/out

~Mirror

~Information
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We will use Database Manager that runs In the 0S/2 modce
of the TIEM Operation System/Z2 program. Database Manager
1s a relational database management system. The SICPFS

database consists of ton tables

rCcp

T r A Ty

DOAIRD
COMPONIIINT
P LN

DE FCOMP?
DEFSOLDER
T OO L,
COLLISION
RODBOT
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Data Types in SIOPS Database

When a table is created, each of its columns is defined

to hold one of two types of data :

e Character String

e Numeric

Chhar-ractex» String
The character string data types allow any character
CHAR For fixed-length character strings Lo

a maximum length of 254 bytes.

VARCHAR For variable-length character strings
to a maximun length of 4,000 bytes.

LONGC VARCHAR For long varying-length character strings
with a moximum length of 32,700 bhytes,

N1uiymexr i <

These data types are for numeric data only. Numeric data

can be operated on arithmetically. Its data types are

SMALLINT For 2-byte binary integers.
[ts range 1s -32768 to 32767.

INTEGER For 4-byte binary integers. You can also specify INT
The range of INT 1s —-2147483648 to 2147483647,

DECTMAL For decimal numbers. You can also specify DEC.
The maximum precision 1s 31 digits. The precision
ot any decimal number must be odd. The maximum
range is —-10* +1 to 10% -1

FLOAT For double precision floating numbers.
The number can be zero, or can range in magnitude

from 2.225E~-307 to 1.79769E+308.
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The Information for the Tables

Definition of PCB table

—_— —— e o
ColumnName DataType T Description

R f - —m s e - erbleyeeve—rS———

PCEID CHAR(8) Name of the PCB board

Corner | SMALLINT The number of corners on the board outline

plus one
| — Corner between 4 and 62

—_ _+ I R
LayerMAX SMALLINT Maximuwn number of layars
— LayerMAX between 1 and 16

i ek — il e P e

Because we save the unit changed from dsu to mm, the column
’IINI’ is excluded from the table.

88



¢ Definition of PAD table

ColumnName DataType
PCBID CHAR(8)
PADID SMALLINT
Prill SMALLINT
Shape CHAR(1)

i

i

Description

Name of the PCB board

Pade code

- in the range of 0 to 31 inclusive

The diameter of the hole to be drilled in

the pad thousandths of an inch

— in the range of 0 to 1032 inclusive

3 for finger shapes
1 for solid round pads
2 for solid square pads

I 3 for annular pads '

We excluded the column

Platoed’

finger shapes at the SIOPS system.

+ Definition of BOARD table

L

—-I-_F_

crom the table, because
it 18 used only in finger shapes. We does not use the

ColumnName DataType Description
PCBID | CHAR(8) Ir-Name of the PCB board
CorncerliD SMALLINT Indewx of corners
_ ——— _

CornerX SMALLINT X coordinate value of the corner

— 1in the range 0 to 1023 inclusive
CorneryY SMALLINT Y coordinate value of the corner

— in the range 0 to 1023 inclusive
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Definition of COMPONENT table

- ——

ColumnName DataType'J Description
—ee _ — _
PCBID . CHAR(B) Name of the PCE board
LocalComplD SMALLINT Local library reference number
— in the range 0 to 127 inclusive.
— % — — —
Length SMALLINT L.angth of the component
——T—_ ———_—T——_—_——
Width SMALLINT Width of the component
— — L |
PinNum SMALLINT The number of pads on the component
- Maximum value is 256, minimum valuce 1z 1.
f i - ' e —
GloCompID SMALLINT The number identifying the component
definition data in the disc based library
- 1n the range 128 to 327687 inclusive.
CompName CHAR(4) Name of the component
- —— ——i T_ s
OnGrad CHAR(1) Indicates whather the component includes
off-grid data
0 1f on-grid
1 1if off-grid
NameQri CHAR(1) Orientation of the component name
0 for horizontal
1 for vertical
Name X SMALLINT X coordinate value of the position of the
the component name relative to the center
of the component outline
-11— o S
NameY SMALLINT Y coordinate value of the position of the
component name

continue ...

90



CHAR(1)

InsertlLayer Defines the layers on which mounting pads appear
0 for all sides
1 for layer 1 of the board
2 for max layer of the board
3 for outer layers (1 and max) only
InsertCri CHAR(1) Orientation of the component

InsertX

\,_____._______- —

SMALLINT

0 not rotate

1 90 counter—clockwise
2 18O

3 270

‘ SMALLINT ‘ X coordinate value of the position in the

layout of the lower left hand pad
~ after reotation

il

Y coordinate value of the position in the
layout of the lower left hand pad
- after rotation

o li—

N i

el je— — e

InsertHeight

InsertSeq

-— - -t
i SMALLINT

- i

Height of the component at the board

SMALLINT

il S — bbbl L .

No. of the insertion segquence

e -

ToolID

——IL'

el

InsertComp

CHAR(D)

i P il —

Name of the tool

o ]

CHAR(1)

s sl e il e Bk — Sl

Indicates whether the component is inserted
0 not inserted
1 inserted

The columns
is filled with the data in the table

il _FJ-_

>ToplID?

i e —— -

’CompName’
In this case,

’TnserComp’
"DEFCOMF’

'InserHeight’

the matching key 1 GloComplID.
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Definition of PIN table

S — . SR e
ColumnName DataType ! Description
PCBID CHAR(8) . Name of the PCB board
._____———_———-‘-——.—.—_——-—.———— ' — -
LocalCompID | SMALLINT | loecal library reference number
——— "T_ - _
PinID SMALLINT | PFin number
| [ It must be in the range 1 to 256 inclusive.
- | A
PinX | SMALLINT X coordinate value of the pin position
- It must be in the range O to 1023.
FinY SMALLINT | Y coordinate value of the pin position
FADID SMALLINT Fadcode
SoldSeq m’ SMALLINT No. of the soldering sequence
Washing CHAR(1) Indicates whether a washing is in the
| soldering path.
0 net in the path
1 din the path
SoldParam
The column 'SoldParam’ is Filled with the data from the tnble
'DEFSOLDER’ . The PADID wabohes "Deill" "Shaoge’ of the tablo DAL

These become matching keys Lo aocess Lhe dato Prom the table
"DEFSCLDER" .

Definition of DEFCOMP table

- | I T )
ColumnName DataType Description
—-.*r__ - 4 — — S—
GloCompID SMALLINT No. of the component definition data
in the disc based library
— in the range 128 to 32767 inclusive.
- r —
CompName | CHAR(8) { name of the component
e — _ e
DefTool CHAR(E) Name of the tool
e - { — i — — — —
DeflnsertHeight SMALLINT 1. Height of the compeonent at the board
—_— - - f._ ——
InsertComp CHAR{1) Indicates whether the component is inserted
0 - not inserted
1 1inserted
— —d 2 — . —

We added the column ’CompName’ into the table.
The component nomes are saved in the library at Red-~CAD system.
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e Definition of DEFSOLDER table

ColumnName DataType Description

Drill SMALLINT Pad code
Shape CHAR(1 ) Index of shapes
|

SoldParam !

The same as the table 'PAD’ we excluded the column 'Plated’.

» Definition of TOOL table

“Colﬁ;nName DataType 4_ Description

;oolID - éHAﬁ(B) *Namé.;f the tool ) | -
ToolX | SMALLINT X coordinate val;;_

Tool; ﬁr SMALLINT Y cmo;dinate value -

SMALLINT coordinate value

. Definition of COLLISION table

g o iy ik, gy iy i i e ni— eyl h— e - T il i kN A— i S — i . A—

ColumnName DataType Description
| _ | . - n -
PCBID  CHAR(S8) ! Name of the PCB board
CollisionID SMALLINT | Index of collision boby

ISTonTT | e | ndex of cothision bW -
CeollisionX { SMALLINT X coordinate value of collision body

| to the center of the collision body ocutline

— — e i, iy - A

CollisionY { SMALLINT Y coordinate value of collision body
to the center of the collision body outline

il e — ——

CollLength

SMALLINT Length of the collision body
M R — — L —— - — S —
CollWidth SMALLINT Width of the collision body
CollHeight | SMALLINT Haight of the collision body
] _ S S

We add three columns into the table. They are CollLength, CollWidth,
and CollHeight.
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Structure of the .CDI file

The .CDI file must start with .PCB and end with .EOD.

The format of the .CDI file 1s shown below :

. PCB

. ASS Assignment

. BOA Board Outline

. LIB Component Shape Definitions

. IDX Index of local library numbers
.COM Component List

. REM User or system comment

.EOD

Assigrnment (.ASS)

¢ [sed items are :

MAX <{n> defines the maximm numbers of layers on a board.
n can be between 1 and 16

UNI <n> is in the range 32 to 127 inclusive and is the number
of dsu to the inch.
PAD <c> 1s the pade code and is in the range 0 to 31 inclusive

{shape> 0 for finger shapes

1 solid round pads
2 solid square pads
3 annular pads

<drill> 1s the diameter of the hole to be drilled in the
pad in thousandths of an inch. Values are in the
range of 0 to 1023 inclusive for round.
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Board OCutline (.BOA)

 The format of entry 1is : L <n>
X1 Y1

X2 Y2

Xn Yn

e Used items are :

<{n> is the number of corners on the board outline plus one.

Xn Yn are the coordinates, in dsu, of the corners of the board.

— Coordinates must be positive integers in the range 0O
to 1023 inclusive.

— The last pair of coordinates must be the same as the
first pair.

— Coordinate pairs must be enterd in sequence round the
outline. Clockwise or counter—clockwise rotation
can be used.

Component Library Definition (.LIB)

e The format of entry is : L <oumber> <{x><y> <>
X1 Y1 <{padcode>
X2 Y2 {padcode>

Xn Yn <{padcode>
e Used items are :

{number> is the library reference number of the component type.
and must be in the range 0 to 127 inclusive.

x> <y are the dimension of the component outline in the X and
Y directions. Values are in the range 0 to 1023 dsu.

<n> is the number of pads on the component. Maximum value
1s 256, minimum value 1is 1.

X1 Y1 are the coordinates, in dsu, of the pad positions

to relative to the lower left hand corner of the outline.

Xn Yn Values are in the range 0 to 1023.

{pad code> 1s a number in the range 0 to 31 which defines the size
and shape of the pad and the diameter of any hole in
the pad.
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Indesx of Library Reference (.IDX)

» The format of the entry is :

IL.<{n> <oumber> O —— We use all items.

{n> is the liarary number and is in the range 0 to 127
inclusive.

<number> 1s the number identifying the component definition data

in the disc based library. It is in the range 128 to
32767 inclusive.

o indicates whether the component includes off—grid data.

Component List (.COM)

e The format 1i1s : {name><ori><Xn Yn> L<{number)><{s><{o><X Y>

e Used items are :

<{name> is the name given to the component in the circuat.
The name consisits of a maximum of four alphanumeric
characters, the first of which must be a letter.

ori> is the orientation of the component name.
0 for horizontal, 1 for vertical.

<Xn Yn> are the coordinates of the position of the component
name relative to the center of the component outline.
The values can be in the range —-63 to +63 dsu.

<{number> 1s the library reference number for the component
type.
{s> defines the layers on which mouting pads appear.

0 for all sides

1 for layer 1 of the board

2 for max layer of the board

3 for outer layers (1 and max) only

<O> is the orientation of the component outline on the
layout as compared with the attitude of the outline
in the library definition. Orientation is defined as
as 0, 1, 2 or 3 quadrants or 90 counter—clockwise
rotation about the component origin.

<X Y> are the coordinates in the dsu of the position in
the layout of the lower left hand pad (after rotation).
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.REM REDBOARD STANDARD DEFAULTS

.REM NG DATA FOR .IFL

. PCB

. ASS

MAR 14 1

CMDh C

MAX 4

UNI &0

FAD 0 - 45 1 25 0

PAD 1 - 0 1 0 0

PAD 2 - 535 1 25 0O

PAD 3 - 5651 25 (@

FAD 4 - 55 1 25 0

PAD &5 - &5 1 25 0

PAD &€ - 75 2 40 0

PAD 7 - 75 3 40 0

FAD 8B — 100 1 44 ()

FAD 9 - 100 2 44 0

PAD 10 - 100 3 44 0

PAD 11 - 125 1] 44 ()

PAD 12 - 60 3 110 0

PAD 13 - 5 1 0 0

PAD 14 - 60 3 120 @

PAD 16 - 180 2 120 Q

PAD 16 - 220 1 L O

PAD 17 — 210 1 1 0

PATY 18 - 50 1 28 0

PAD 19 — 50 2 28 (

PAD 20 - 50 7 28 0

PAD 2] - 50 0 00 175 0
PAD 22 -~ 60 0 00 170 0
PAD 23 — 75 0 08 163 0
FAD 24 — 100 0 0 0 150 0
PAD 26 - 60 O 01 175 @
PAD 26 — 60 0 0 1 170 0
FAD 27 - 75 0 0 1 163 0
PAD 28 - 100 0O 01 1500
PAD 29 — 60 0 32 Q 7 0
FAD 30 - 60 0 32 1 7 0
PAD 31 - 20 O 0 0 285 0
TRA 0 - 30

TRA 1 - 10

TRA 2 - 12

THA 3 - 20}

TRA 4 - 25

TRA &6 -  5Q

TRA 6 - 350

TRA 7 - 50

TEX 0 5 10

TEX 1 4 ]2
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BM13 O 0 0L 600
M14 0 () 0L & 040
RMZ21 0 0 0L 600
RMZ22 O 0 OL 600
RM23 0 0 0L 600
MZ24 0 0 0L 600
FM31 ( 0 L 6 00
RM3Z O 0 CL 600
RM33 0 0 O L 600
M24 0 0 0L 6020
RM41 0 Q 0L 6 00
HM4Z U 0L 6040
RM43 (O 0 0L &6 00
iM44 O O 0L 6 00
VRI O 0 0L 101
JEL 0O G 0L 702
9P 0 0 C L 50040
25 0 § 0 L 8020
gis 0 0 0L 5040
Ulg o 0 L 800
gl7 0 ¢ 0L 800
26 0O 0 0L &8 00
Ud7 0 0 C L 10 CO0
Uud 0 0 L 90080
Us () 0 0L 9040
12 0 0 L 500
1J1 0 ( 0 L L1 OQ
Jis 0 ) C L 5 00
U28 0 ( L 3500
U2e 0 () 0L &5 C20
U300 0 0 0L 500
U3l O Q OL 5020
Hs2 0 0 0 L 500
Uad O 0 0L 5020
usgq 0 0 O L &5 0020
udb O 0 CL 500
Ui4 0 0 0L 9080
Ut 0 0 0L 8900
J5 0 (] 0L 900
U6 G G 0L 900
{17 $, 0 O L 300
U ) {J 0L 900
Ua {} 0 0L 90020
Jig O ) 0L 9020
g1l 0 0 O L 900
uls o 0 0L 800
21 0O 0 0L 1200
U2z 0O 0 0 L 12 G 0
Uz2s3 0 () 0 L 12 0 0
uz2z4 0O 0 0L 12 00
.8 0 O 0L 900
CO0 &
. 50D
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We will use Database Manager that runs in the 0S/2 mode
of the IBM (Operation System/Zd program. Database Manager
is a relational database management system. The SICPS

database ccnsists of ten tables :

PCBE

PAD

BOARD
CCMPONENT
FPIN
DEEFCONMP
DEFrSOLDER
TOO L,
COLILLIS ION
ROBO®T
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Data Types 1in SIOPS Database

When a table is created, each of its columns is defined

to hold one of two types of data :

e Character String

¢ Numeric

Character Straing
The character string data types allow amry character :
CHAR For fixed—-length character strings to

a maximum length of 254 bytes.

VARCHAR For variable—-length character strings
to a maximum length of 4,000 bytes.

LONG VARCHAR For long varying-length character strings
with a maximum length of 32,700 bytes.

Numeric

These data types are for numeric data only. Numeric data

can be operated on arithmetically. Its data types are :

SMALLINT For 2-byte binary integers.
Its range is ~-32768 to 32767.

INTEGER For 4-byte bipary integers. You can also specify INT
The range of INT is -2147483648 to 2147483647.

DECIMAL For decimal numbers. You can also specify DEC.
The maximum precision is 31 digits. The precision
of any decimal number must be odd. The maximum
range ‘is -10 +1 to 10 -1

FLOAT For double precision floating numbers.

The number can be zero, or can range 1n magnitude
from 2.225E-307 to 1.79769E+308.
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The Information for the Tables

e Definition of PCB table

ColumnName ' DataType Description

——.—-—-———-—-—r_—_——-—-—w—-—r———-—-———————————-————————_————

PCBID CHAR(B) Name of the PCB board
-
UNI SMALLINT The number of dsu to the inch
— between 32 and 127
—_— N B I
Corner SMALLINT The number of corners on the board cutline
plus one

— Corner between 4 and 62

— P —— e . i i L _

SMALLINT Maximum number of layers
— LayerMAX between 1 and 16

E—— s S = e i — il p—— e sl eyl g -y - R~ —— - e ——

LayerMAX
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Definition of PAD table

e S
ColumnName DataType Description
PCBID CHAR(B) Name of the PCB board
) ~ ‘ | ,
PADID SMALLINT Pade code
—~ in the range of 0 to 31 inclusive
— — e e _
Drill SMALLINT The diameter of the hole to be drilled in
the pad thousandths of an inch
r — 1n the range of 0 to 1032 inclusive
Shape CHAR(1) for finger shapes |

for solid round pads
for solid square pads
for annular pads

WO
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. Definition of BOARD table

ColumnNane DataType Description
PCBID CHAR(R) ‘ Name of the PCB board
CornerID ' SMALLINT | Index of corners
CornerX SMALLINTJJl X coordinate value of the cormer
CornerY SMALLINT Y coordinate value of the cormer

S ———————

~ Coordinates must be positive integers.
{ in range 0 to 1023 inclusive )

~ The last pair of coordinates must be the same as
the first pair.
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Definition of COMPONENT table

— b e —

ColumnName | DataType Description
PCBID CHAR(8) Name of the PCB board
B —— — _#-— e s —— - il S —
LocalCompID SMALLINT Local library reference number
— 1in the range 0 to 127 inclusive.
Length 1’ SMALLINT Length of the component
Width SMALLINT Width of the component
— |I. s R —— — e e e e e et e e P el e et e e e e e i
PinNum SMALLINT The number of pads on the component
— Maximum value is 256, minimum value is 1.
GlocCompID SMALLINT The number identifying the component
definition data in the disc based library
— in the range 128 to 32767 inclusive.
- — — e - — —
CompName CHAR{4) Name of the component in the circuit
OnGrid sLC‘HAR(I) Indicates whether the component includes
off-grid data
1 0 if on-grid
1 1if off-grid
—_— - —
NameOri CHAR(1) Orientation of the component name
0 for horizontal
1 for vertical
S B I — -
NameX SMALLINT X coordinate value of the position of the
the component name relative to the center
of the component outline
( in the range -63 to +63 dsu )
S _r- p—— e T S —— ey — — - - b —— -
NameY SMALLINT Y coordinate value of the position of the
component name
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— 1--—~————_-f—-——~—————-+—-————-—*—-——~—————-———————-——-———-———-—-

InsertlLayer

il i —

InsertOria

InsertX

—

InsertyY

el

SMALLINT

CHAR(1) Defines the layers on which mounting pads appear
0 for all sides
1 for layer 1 of the board
| | 2 for max layer of the board
| 3 for cuter layers (1 and max) only
] — - .
CHAR({1) Orientation of the component

X coordinate value of the position in the
layout of the lower left hand pad
~ after rotation

Y coordinate value of the position in the
layout of the lower left hand pad

i

InsertHeight

S e i

InsertSeq

o p—

_____{..___._f

S

SMALLINT

SMALLINT

Height of the component at the board

- il i

il i Wy ey

No. of the insertion sequence

eyl el W el —

Mallal——

e

ToolID l CHAR(8) Name of the tool

InsertComp

CHAR(1)

Indicates whether the component is inserted
0 not inserted
1 1nserted

S S e S iy S i
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Definition of PIN table

T L —

Description

onle el Pl

A ey Sy il

Name of the PCB board

il

—

Pin number

i,

X coordinate value of the pin position
~ Tt must be 1n the range § Lo 102Z23.

A —

C;iu;;;ﬁmé -__i—g;t;;ype 1
PCBID CHAR(S8) [ Name o
i
PinID SMALLINT
PinX ) SMALLINT
S R R

PinY SMALLINT

;;iASe;i SMALLINT

Wa;;ing CHAR(l{

o e el

Y coordinate value of the pin position

No. of the soldering sequence

i

m——

T ey —

il Miabaeplil Sl

il

-

Indicates whether a washing 1s in the

soldering path.

0 not in the path

1 1in the path
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e Definition of DEFCOMP table

ColummName DataType Description

L SRNNNEETEEEE e T SRR SRR WRRRRSSRE RS W s S —— el — T -

GloCompID SMALLINT No. of the component definition data
in the disc based library

i — in the range 128 to 32767 inclusive.

DefTool CHAR(B) Name of the tool

DefInsertBeight SMALLINT Height of the component at the board
InsertComp I CHAR(1) Indicates whether the component is inserted
! 0 not inserted

1 inserted
N
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e Definition of DEFSOLDER table

— i e e ——————

ColumnName DataType Description
Drill SMALLINT pad code

Shape IEEZZLI;;I index of ;hapes - -
ggldPa;am. - ]

i ol L o i _ il el A ey O ST E e s e
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Befinition of TOCL table

ColumnName
ToolID
ToolX
ToolY

ToolZ

DataType
CHAR(8B)

SMALLINT

SMALLINT

Description

Name of the tool

X coordinate value

Y coordinate value

ey

SMALLINT

Z coordinate value

Definition of COLLISION table

ColusmnName | DataType
— _.r__——.r_
PCBID CHAR(S8)

iyl — P Sy

Description

il

Name of the PCB board

CollHeight

S e S el By

SMALLINT

CollisionID Index of collision boby
— — i ————d — e e
CollisionX SMALLINT X coordinate value of collision bady
! T
CollisionY SMALLINT Y coordinate value of collision body
CollLength SMALLINT Length of the collision body
_ : — -
CollWidth SMALLINT Width of the collision body

Height of the collision body
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Structure of the .CDI file

The .CDI file must start with .PCB and end with .EOD.

The format of the .CDI file is shown below :

. PCB

. ASS Assignment

.BOA Board Outline

.LIB Component Shape Definitions

. IDX Index of local library numbers
.CCM Component List

. eM User or system comment

.ECD

Assigrnment (.ASS)

e [Used items are :

MAX <{n>

ONI <m>

PAD <c¢>

{shape>

{drill>

defines the maximum numbers of layers on a board.
n can be between 1 and 16

1s in the range 32 to 127 inclusive and is the number
of dsu to the inch.

is the pade code and is in the range 0 to 31 inclusive.

0 for finger shapes

1 solid round pads
2 solid square pads
3 annular pads

1s the diameter of the hole to be drilled in the
pad in thousandths of an inch. Values are 1n the
range of 0 to 1023 inclusive for round.
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Board Cutline (.BOA)

¢« The format of entry is : L <n>

X1l Y1
X2 Y2
Xn Yo
e [Used items are :
{n> is the number of corners on the board outline plus one.
Xn Yn are the coordinates, in dsu, of the cormers of the board

— Coordinates must be positive integers in the range 0O

to 1023 inclusive.
— The last pair of coordinates must be the same as the

first pair. |

— Coordinate pairs must be enterd in sequence round the
outline. Clockwise or counter—clockwise rotation
can be used.

Component Library Definition (.LIEB)

» The format of entry is : L <number)> <{x><y> <n>
X1 Y1 <padcode>
X2 Y2 <padcode>

. L ) v B

Xn Yn <{padcode>

¢ Used items are :

{number> is the library reference number of the component type.
and must be in the range 0 to 127 inclusive.

{x> <y are the dimension of the component outline in the X and
Y directions. Values are in the range 0 to 1023 dsu.

{n> is the number of pads on the component. Maximum value
is 256, minimum value 1is 1.

X1 Y1 are the coordinates, in dsu, of the pad positions

to relative to the lower left hand cormer of the outline.

Xn Yn Values are in the range 0 to 1023.

<pad code> is a number in the range 0 to 31 which defines the size
and shape of the pad and the diameter of any hole in
the pad.
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ITIndex of Library Reference (. IDX)

« The format of the entry is :

L<{n> <number> O - We use all items.

{n> 1s the liarary number and is in the range 0 to 127
inclusive.

{number> is the number identifying the component definition data

in the disc based library. It is in the range 128 to
32767 inclusive.

0 indicates whether the component includes off—grid data.

Component List (.COM)

e The format is : <name><ori><in Yn,> L<{number><{s><o><X Y

e [Used items are :

{name>) is the name given to the component in the circuit.
The name consisits of a maximmum of four alphanumeric
characters, the first of which must be a letter.

<ori> 1s the orientation of the component name.
0 for horizontal, 1 for vertical.

<{Xn Yn> are the coordinates of the positiocn of the component
name relative to the center of the compomnent outline.
The values can be in the range -63 to +63 dsu.

<number> 1s the library reference number for the component
type.
{3> defines the layers on which mouting pads appear.

0 for all sides

1 for layer 1 of the board

2 for max layer of the board

3 for outer layers (1 and max)} only

<0> is the orientation of the component outline on the
layout as compared with the attitude of the outline
in the library definition. Orientation is defined as
as 0, 1, 2 or 3 quadrants or 90 counter—clockwise
rotation about the component origin.

<X Y are the coordinates in the dsu of the position in
the layout of the lower left hand pad (after rotation).
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