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This diagram illustrates how to latch the output of the parallel port, and also protects the
port from potential damage, The inverted /STEOBE signal is used to write to the latch,

TALESTE
D1 2 1py Q1 |12
Dz j Dz Q2 i:
IV IV Q3
D4 | p4 Q4 |8
5 15
D5 D5 os
7 14
D6 {6 Qs |-
o7 {7 Q7 |
D8 D8 Qe
enp — eup voe |2
E {OE
IACE 1 1
STROBE
1 7
TA04
BUSY—‘
GND —

OF1
QOF2
OF3
OF4
OF3
OFa
QF7
OFa

i

OF1..0OF8 are latched outputs that you can use
to drive external hardware, they will latch the
last walue written to the parallel port,

GND

S e odalia 1 oo s oS dynl Dl 5 YY) ISKE s een

OFTO-ISOLATOR CIRCUIT

FC SIDE. .

+5 % 0OC referenced to PC

220 ohms %

STEPPER MOTOR SIDE.

+5 DC referenced to stepper motor power supply

Hex Inverter 740504

Opto-isolator NTE-3040 or 4M26 421 =

4 7k ohms {>:

OUT TO STEPPER MOTOR WYINDING

Hex Inverter 740504

>

IN FROM PARALLEL PORT

|
4
l

ground to stepper mator power supply

mlb 1-835
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Compatibility Mode.
Nibble Mode. (Protocol not Described in this Document)
Byte Mode. (Protocol not Described in this Document)

EPP Mode (Enhanced Parallel Port).
5. ECP Mode (Extended Capabilities Mode).
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[MTapariel I[Topt ITivout Ataypapu

Pin | Signal
1 | -Strobe
2 | Data 0
3 | Data 1
4 Data 2
5 | Data 3
6 | Data 4
7 Data 5
8 | Data 6
9 | Data 7

10 | -Acknowledge
11 | Busy
12 | Paper Empty
13 | +Select
14 | -Auto Feed
15 | -Error
16 | -Init
17| -Sletin
18 | Ground
19 | Ground
20 | Ground
21 | Ground
22 | Ground
23 | Ground
24 | Ground
25 | Ground
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Strobe ?HE?“ - dutefd
LSE o L+ -Error
o ° -Init
a L+ —-Select
DATA o o
s @
o @
MSE o : SND
—&ck L+ o
+BEusw o o
+FaperEnd| a
+5electin o
o

D”t,iTEDBE ?ﬂ“ ALTOFT out.
e 15| ERROR  in
Data 1 |3 —

Data 2 |4 16] IMIT  out
a8 17| SLCTIN aut
Data 3 |5 -

ot 4 13
Data 4 |6 13
Data & |7 -

Data & |8 21
| Data 3 - - GHO

in  ACK |10 o

in  BUSY (11 04

in FE |12 o5

in  SLCT \1#3'-_,.#"

UL @Ay Yo (Female)odbe psisils - £2Y) JS&
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Registers & Pinouts IBM-PC Parallel Printer Port

Registers (- unavailable)

7 a O 4 3 pl 1 0 IO Port
DATA X x X x X x X x Base = 278/378/3BC Hex
STATUS x bls bts bls brs - - - Base+l
COMNTROL - - - - o i x i EBase+?Z
MNote: 37, ©0, 1 & ©3 are inverted

i.

2.

sl

Parallel Port pin 11 High will set 37 = 0
1 will c¢ause Parallel Port pin 1 to go Low,

eto



4t Standard TTL Levels

H e =22 @EAaMME

Mo H<S Y

Pinouts

fignal Adapter Pin
HName Number
————=gtrobe l—-
———+Data Bit 0——2Z—| P
«—+Data Bit 1—3—| A&
“+———+Data Bit Z——4—+ R
———+Data Bit 3——5— A
«—+Data Bit 4— 66— T,
+———+Data Bit 5—7— L
«———+Data Bit §——8— E
«——+Data Bit 7 99— L
——-bcknowledge 10—
+Busy 11— A
+Paper End 1Z2—= D
— <+gelect 13— A
«———=Auto Feed 1l4—| P
-Error 15— T
+«————-Tnitialize 16— E
«———-3delect Input—>17— R
Sround 18-25—
Register DB-25 I/0
Signal Name Bit Pin Direction
-Strobe -CO0 1 Output
+Data Bit O DO 2 Output
+Data Bit 1 D1 3 Output
+Data Bit 2 D2 4 Output
+Data Bit 3 D3 5 Output
+Data Bit 4 D4 6 Output
+Data Bit 5 D5 7 Output
+Data Bit 6 D6 8 Output
+Data Bit 7 D7 9 Output
-Acknowledge S6 10 Input
+Busy -S7 11 Input
+Paper End S5 12 Input
+Select In S4 13 Input
-Auto Feed -C1 14 Output
-Error S3 15 Input
-Initialize C2 16 Output
-Select -C3 17 Output
Ground - 18-25 -

(Note again that the S7, C0O, C1 & C3 signals are inverted)
IBM-PC Parallel Printer Port Female DB-25 Socket external Pin layout

/
\
\

13

\

\

10 9 8 7

23 22 21 20

6 5

19 18

17

16

14

\
/
/
/
/

So it's also the Pin layout on the solder side of the Male DB-25 Cable Connector that plugs into it

D-Type 25 pingle,sSSls Pinouts)  >g,5 sbiw ox Jgox o
D-Type ,S5 wasly (o a5 jshilen .0sS  » sanlie |,Centronics 36 pin

AR



LS Al o el FanlS L &g eSS pdelaie 25 pin
g9oe ;o IEEE 1284 s jlasbis] 0gi o 0050 oy (59, Yeene Centronics
05.».’ < odsd LQ)J?.A—A.A[S u.w.: o aS u.\.wla < D-Type 25 pln ul.o.(b &S ol
a5 il o 36 pin Centronics Connector L 1284 Type B ] g4 yego
0 Sy oS aSJl> o el Centronics « 4 Conductor Connector
So S Sleogas ¢ o (Latch)z clol coas bS5 lyls eSS ol sl
i e waz gle oL ol 1284 Type C oS S o, ol dlows o]
o2 (5,500 pasax sle, eSS sal jo aS el JUanl ol e 1) (sl oo 433,

B i 250 ) 11)siSS § Oygn ()l B] Conw Dlogas a5 as dxas Jgaz o
oolaiwl LUK 51 can b (gslz ;0 ™ G > 5l Joaz ol 0 0uS dxgi wanl 0oly
ol a8, 16 sl o Active Low JUSs o] aSl as yols axg5 (gl a5 cous
bs plad salys Low b ol wes 7, olas 2o, 0 STonError Jle gl
hardware “ .cool 20, oo o Slee Sbles a5 il oo high by o)pa
osSae L S 3 s by JUiSw a5 sl ime opl 4 3o "inverted
G g 2! @ (L ghw) H5v 31 el Busy JiSew ol &g SO ol o0
aolgs samlice ools SLI 51V Cn ;0 0 jlade g odilys Comdg SLS g wgd oold

el TTL Glaie mhaw 1o Jlop Oygar Syg HLL (39,5 s atis a5 jghilen
. (Sink and Source)ses b 0 12 MA g asly o JL sles,e I

135,10 w2 1, p3 polie 345 Data Sheet ,s Ll o b e

Sink 16 mA/Source 4 mA
Sink 12 mA/Source 2(nA

Sink/Source 4 mA
Sink/Source 12nA



Pin

No Pin No SPP Direction . Hardware
(D- . . Register
(Centronics) Signal In/out Inverted
Type
25)
1 1 nStrobe In/Out | Control Yes
2 2 Data 0 Out Data
3 3 Data 1 Out Data
4 4 Data 2 Out Data
5 5 Data 3 Out Data
6 6 Data 4 Out Data
7 7 Data 5 Out Data
8 8 Data 6 Out Data
9 9 Data 7 Out Data
10 10 nAck In| Status
11 11 Busy In| Status Yes
Paper-Out
12 12/ Paper- In| Status
End
13 13 Select In| Status
14 14 PAU® P out Control Yes
Linefeed
nError /
15 32 nFault In| Status
16 31 nlnitialize In/Out| Control
nSelect-
17 36 Printer / In/Out | Control Yes
nSelect-In
18 -25 19-30 Ground Gnd

Assignments of the D-Type 25 pin Parallel Port Connector.

=) Jgoe
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1.STROBE signal
D1..D8 (¢s, o s3ls Sl (low pulse ) 5 JL L /STROBE Jt..

Register L Latch G w osls 0sliw 3 gl p LS o0l 51 il 55 o L aS ol

S ealatal ol bl Csen pam g addy SO S sl b
LIS & s b 10 sl Gls L= /STROBE LS el (S
Loly oo lad &S oy el sline g by Jsb L UK G 50U S Jb
oA S b eS esliad i L 7ALS14 S 5 coasl 1 0T el 61

sl Sy Ot e L

2-9. DI1..D8

sk ledle 5l pam s il TTL ¢ 50 a8 daem o3ls s = sl 4l L
ool s okl gt Sledbl el 13 4SSy dizees b 3 e wb ool (Indy s
>y PR/SC ¢34 ) L350 ( High Impedance ) YU ulisl s 4L

(S
.@ﬁ>ﬁjm@(wj%)LatchHLgb%w\wu;\&@
o e se Ol s Lateh 1 gl 0bs s o5 col pl K01 sy o5 redas
4 ALy e il ST 6l ) S S sl e g el Il S 48 550

(S x| o il dasens i > Portdemo.c asb

/ACKNOWLEDGE

oLl e e ) S Sl s st mie 5l SYbl ey SO B
Sl 035 jasis ¢, /ACKNOWLEDGE _Ji & .t ( /STROBE
Sle al L5 o b ol om0 S5 Sl e iy o plondl b e L o3l Jla]
a8 (S Jawe ) wky g |, /ACKNOWLEDGE , /STROBE

V¢



2l daie ACKNOWLEDGE is = 4 (Interface ) Loly 555 &) seay

BUSY

sl (High Signal ) YU 0t & 5e 1, BUSY LU Wig o s 5 W
Lol 4 56 oS Wlegh 5 das L3 ool Jdl Sl s A8 jasie oS
G5By diky oSl el gl bl 5l ez Y sens s (Communicate)
Shdals o ST s de &S e ) S e oeslitl cl |l = s
A4S ez (Ground ) e sle wb 51 Ko 15T a8l e S eslizal 4L oy

EOP
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S eslen! 6J-<i-> sl gl g35,5 ol 5l Ails e
ON LINE

odd bl ) bt (g, S el sl High &3 s b ol 50z
LS e eslanal (el (Selected

PR/SC
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S 4S5 )50 5> 35 oo o3lital ( Bidirectional ) © b 55 &) s o

.(Scanner Mode ) 55, .« Low b= w0 o ool 5 o3ls Ol (¢ 5

FAULT
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RESET

m.lau oL |y o dewy Low = s b cpl 0sls 13 L (pdle ) Ol e
SN S sl Reset dal e oS 0l o s Wil o s .as » (RESET)
(55% o ¢l PLPIOCRESET 05 i dau 5

EOI
LS o osliial con S el s Aol el sl High cJi- 55 ol ool 51 2

S eslanal 5 g ol g Sl gl sl cpl S Al S e Ll



Centronics s\l (0-)

e S Ol e SOl esls Jl gl e ks skl SCentronics
hand shake .| .S . oslizel hand shake ..l 5l sz ss1.as

MB IS Sl e 5 S o il PG o G5 esliad b Jbe g &) sea
il ol 03,51 Centronics 155, 5l sl ol S G5 s el (b oLy

Centronics Handshake

nStror\_/
Busy / \

nAck \I
Data X X

S Ol e 338 o 03l 13 L s A BT Gle ) Mol s el
Ll Low = s b BUSY Lt o5k a6 b ol Jgrine g o LT 4SS
o e s T e 5 S e Jle sl S ) BBlus (gl |, Strobe b
55 e okl Strobe sy, YU A 0l s o Waws /2o a5 esls S
B el o3y 55l 5 Jgrie oS Wlegh o BUSY L 5 b 5l zo o, obey ool o
b gy il S 0 sy o e L SO Gk Sl ZE A 1) el oS
S35 53 s G0 lp Ol Wlse Sl pan 53 e Bl O nAck
a2 S ECP Glosy oo s sl us o i 6,0 NACK L J iz
khand shaking ics (s o o3l 5 csn 4 S s o Contronics
s 11O oy 635 1) 0313 Al b el laibdas ol e gl 535
W Strobe 5 o b el Jgrie o,y oS 55 dalpt J a8 Il oo 5

LS as S 1 NACK Y goms 350 0l 3 S dal s



( Port Addresses ) <5 slew,sl ()

Ll ol ool o3 Jadr 3 S Bl e sl sl L Y ghls PLL &y
B S s Bl (PLL sl B lr @Bl 02 3BCh s
o3, Gl L 5y s 3l PG g S s st sl cpl el 5
Lassgosle 55 (ML g gl S bl Olgim OF 51 o35l 5 ouiS & s
ol 35 5 s B BIOS 3 b 51 S 355 e eslinl

o LPT2 S 5 03 o ol 378N sl wb o Jl s sk LPTA
55 ILL ooy p slizal gl adaen 2780 & 378N 55 s osls ces 278N
VUGl 3 el & el e ol 4 "R G e w0
-l (hexadecimal)

Address Notes:

3BCh - 3BFh Used for Parallel Ports which were incorporated
on to Video Cards - Doesn't support ECP

addresses
378h - 37Fh Usual Address For LPT 1
278h - 27Fh Usual Address For LPT 2

W sl (Y-) Jsu-Port Addresses

(Basic Input Output BIOS 5,5 » oy 1l 55 5SS 85
Sl L1y bl blas 5 S o jaseie |y 55250 sl sl System)
I, 3BCh . sl duwt BIOS s o s T o 1, LPT1, LPT2, LPT3
Oe 53 e S o 2,2 LPTT 15T s ol WL oy STasS o J xS
LPT1 i ol sy il g8 BBCh 0l s 81 amy ls saly (15 sty
LPT2 wos 0K ol ccnils 5y JL o)l 3BCh s 31 Js oy daly
C)Jﬁ: 92 ‘UL&A le":""ﬁ‘) LY >4 .«\A‘j}278h e D)0 e u:’.fTJ,}" M‘j}

3 s 4 ol ol S s sy oS |y At & i 5 S dalys b1y LS



bt o S Ll a S L s 1, UMPED) e el 1L s leLlS 08350
sl ol b s ol LPTT, LPT2, LPT3 (55, 1) s U das o o3l
s pan bl ol LPT2:278h ,LPT1.378h (g s ;ST s Sel LPT

L, e s LPT2 oiya 1, 2780 5 LPT1 04 1, 3BCh
S s 8 s LS co e LW LPT3, LPT2, LPTT & il s> Ll
Lyl Gl S Late 55 Sl 4 bauly e bu g 1) o) desy Lalr
ool 058y gl Wly s L s s e s LPTT £ 1) 0l sl
BIOS 55 .45 axxls BIOS L. s sus Lgs LoOKup Table « LPT1
3ol O S s el O st s e 0 Jeate Ay a4 1y o]
rf s dade 4 das e 13 il andls wmes OF 4 adly e b oS caladl

S

Start Address Function
0000:0408 LPT1's Base Address
0000:040A LPT2's Base Address
0000:040C LPT3's Base Address
0000:040E | LPT4's Base Address (Note 1)
(=) ol LPT Addresses in the BIOS Data Area

Lo 53 15 6l il o Lo aS s o (il 1y ola i S sl b Jsd
DL 4 ol andi 5 Al wged ol Sl 53 Jals asT oS 1y BIOS 4sls
o315 Lolamtl Ol Ol o K S dad o Olis S e i 5 5 s C

30l pasiia ly gy Sl sl 4 el

include <stdio.h>#
#include <dos.h>

void main (void)

{

unsigned int far *ptraddr; /* Pointer to location of Port
Addresses */

unsigned int address; /* Address of Port*/

int a;

ptraddr=(unsigned int far *)0x00000408;

V4



for (a = 0; a < 3; a++)

{
address = *ptraddr;
if (address == 0)

printf ("No port found for LPT%d \n",a+l);
else
printf ("Address assigned to LPT%d is %Xh\n",a+l,address);

*ptraddr++;

}
}

J‘)‘J\JL:\A‘ Jj“)l.i Q‘)ﬁ DL ‘)‘Jﬁ‘ f‘)" LSL@JLJ (V—\

Software Registers - Standard Parallel Port (SPP)

Offset, Name Read/Write Bit No. Properties
Base + 0 Data Write Bit 7 Data 7
Port (Note-1) Bit 6 Data 6

Bit 5 Data 5

Bit 4 Data 4

Bit 3 Data 3

Bit 2 Data 2

Bit 1 Data 1

Bit 0 Data 0

(¢-\ Jsu> Data Port

Note 1 : If the Port is Bi-Directional then Read and Write Operations can be
performed on the Data Register.

2303 72 Slp lgas 5 3pd o edial e3ls DL L esls g Vyeme wly o]
by ssky DU pl sl e eslinal (AU Y lew) PG @y ls bk (g5,
ol o AT e ilgsn S Sl et ST ol iy baih oy SO L
Ll oo led Sl Wb el Dy S Al s S Sl | el eslea
Bibas less i 4 e Ol Gl)AsS Sl esls sl ul )

(US55



Offset| Name Read/Write Bit No. Properties

Base + | Status| Read Only Bit 7 Busy
1/ Port Bit 6 Ack

Bit 5 Paper Out

Bit 4 Select In

Bit 3 Error

Bit 2 IRQ (Not)

Bit 1 Reserved

Bit 0 Reserved

(o) Jsa=Status Port

S slesls a ol Jule bis &y K (base address + 1) caxsy Oy n
oo b 0 5l Curds Sy Al a3 S s opd Al g Sy ol G
ol atlu 5,3, S 55 5 TRQ Cunsy L3 G5 (V05 Y AY O O slew)
sl .ol Active Low (35,5 & BUSY) Vv e a8 sl asls 4 o .ol
S OV 5 a8 Col e cpds (il o Gl sas Jioled s o ST e
£ )i oST izl "1” Sl (NIRQ) Y s ST alie joka syls 30N oy

\:a-\-d‘ o.)‘.b.

Offset| Name Read/Write Bit No. Properties
Base +| Control | Read/Write Bit 7 Unused
2 Port Bit 6 Unused

Bit 5 Enable Bi-

Directional Port

Enable IRQ Via
Ack Line

Bit 3 Select Printer
Initialize  Printer

Bit 4

Bit 2 (Reset)
Bit 1 Auto Linefeed
Bit O Strobe

(\-) Jsa= Control Port

w S Loy b bib oye S o (Dase address + 2) J xS oy

ealeiul 340 JJ’:.S)L@.? ‘C‘M\MJA‘)Q Q)f@ﬂj&ﬁ@‘ﬁj sl 0

Y



Select , Strobe, Auto Linefeed, Initialize J.li « ol i Sl
Lied o Sae s INMTHAlIIZE o Ko 45 0L s Printer

w4y e e eeelS (Nitialize) Wil as laie ol S 6z,
s ol ol d= e 4 uS eslinad @UtO linefeed 1 s 1S s 5 pls
(+3V) high Cib- s 1) o SO 5 peelS S5 dien sslinal LB o (53555 Ol yny
ssb b L cas w5 [OW @ 15T sl o led ol iy 5 s o 13
s e 4 350 (6,8 gl ol s, conflict 55, 516 ass 55T 1, s (S5
S Cosl gme OlL ol dzes OpPeN collector - & ojsar b ol
GL ) YU iliel A= s (OV) oW - G dizes S 53 1l
aicen Ll (ooils sl pull-up 53 s sleaslin G DL sene s
Sl Sae S s cdzer 5L, gSIST s 2 gl i e a5k
Ao Al gn Ll &Sl Gl b= p ol Jb 5 cielias (a8 5 2 ol 4
Canslie G5l LS o Al s 5 Shas Shils g ST s &S sl
high « o 00is Gl 0ls o 4.TK = cuslie 1S eslinal ot
o o Ay sl (FOV) high S s PLL cys o 85 055 eslacl
5l aeb opl sl s Ol 1y dbes ldie J 28 &y s S TOW @ 1) 0 Wil 5
J o s S eslinal esls JUl gl w @b b 95 oy ms Ol o0 J 28 Sh s e Ll
534 il 1y esls daly 3B b sy (s XXXRT100 jlude bl o8 ooy
125 (GND) s o 1T il 5 o e 10 5 cdites #BV ey an & o
(S o Glaie)

IRQ o w)sile o oS L IRQ ¢ ey s JA51s slgd x5 058 sl
o s o by e 5 as by Bslatal o3l 0y 5 (AS axl e PG s
&y hais 550 ol S 55l (DATA 0-7) 5l eslasal U1y co A Ly o L
G55 dzea 50, Vol gl ol S S e ol 1T &S Llglls

.:ﬁ&wﬁuu“;lig;ﬁj;w\éj)ﬁéjl:&}

YY



( Bi-directional Ports ) 45 b 45 g4 (A=)

6_)[.«: oJL::: Al QLJ;.: \_) Jj‘)l:’. C)Jﬁ ZJ‘JM_} )‘ ool LFiL‘” J‘i) &?’Lo..; fbf[.i;
Sy gl Len ojy el ol TALS Gl ojsar Lol PLL oy clells
w\ub&i)ﬂL@Tbjﬂaﬁ&)ﬂgjc.b)b)\}ASIC&)b&w

Standard Parallel Port Bi-Directional Operation

::: tjl * Do 00 * Dhatali {2
A DD ol 0l 9 Datal {3)
1SA D: * D2 Q2 *» Data? {4)
Iil-‘l. 4 * 33 Q3 . 2 Datai{(5)
ISA DS D4 o Diatas i6)
15A Db b D= 03 Data’ {7y
SA D7 D6 o » Datas (8)
— D7 07 e Data? (9}
Comtrol B 5 N o
W Bose -
10W Hase b CLK
TILS 374

%] 14l

1Y2 147

1Y¥3 1A3

Y4 144

2% 241

12 142

A i) AR

Y4 A4
10K Basa i

] L
TILS244

4.:..:,«.& oy g Ll e asls 74LS374 L5>-jj.>- L: ny djja).} J.;.O L§L€3Jﬁ

)"Léa.b‘) cJ.:J\j}u.Ab Jj‘)li S SD\JMJM@Q} .ﬁﬁ&aobwﬁu\ I
Sl ks lg s Lss e d)ly Lies Jate o3l lew s 74LS374 ;. b
o oslizul (ol Jawe 374 . ol Output Enable 4L « < 0 J x5 o

J\.:J‘j: @M&J} Lﬁ‘ )‘ .JJ)\.D O u}:jﬁ[} Q.:.LJB L>'>~5J'> LSLA)\JJ\ ob BNy

sl (conflict) gsls Kol oo 1, L s ol Slew 5 25550 sl ool

Al g 5

LS)).ES_BAScJAS&AJLaAﬂ&ka ‘)Jj\)li C)Jﬁ: RAJ.E).) :Jﬂwf« JJLSO Ca.:.s
Sl 4 A0 Y slew o @?1‘ On ol S B (SKas ad by sl

Yy



Sils esls bl ol s LS dils e bk Sl cpl s sy e YU udlitl
osls Coyg S5 85 sl esls Ha S Lk (al GeosD) esls sy 51T 5 s
Sl s dalpsd gt BB ol Sley o) s hd dal o ms sl ad

A8 0%, U8 s 0 i b 50 035 el

Set & by 300 055 U & (gl 0 Cony b bogs 350 03,5 Jlé gl xS

03,5 ilw esly il Sl smas |) 555 a8 b gs (sl (il S8l 33 S

S LT Il S eslizal o3l 55,5 gl p 555 Sy I Bl dad s STl

e redas a8 bogs 3ge 53 OF il 3 5IL S J S e Jae b deie g

v¢



S A 3555 50 PLL ooy e sl eslanal (=)

Using The Parallel Port to Input 8 Bits.

onb LS S gl | (bi-directional)as bss s s L oons S
o et S Gl S ol cos e o e 4 ST Wil e Ll sl

Q)ﬁ(open CO||eCt0r)Lg.>j)j b L 2‘5 cg:,..:.s.sbj Q)j:‘, G399 L= 0 )\ J\.:;‘)S

11Busy « 07
10 Ak + 05
12 Paper QOut + + 5
13 Select » « 14
Select Printer « 0.C. . 2 Input
17 Select Printer s « | .3 puts
16 Init + 0L 7] .02
14 Auto Linefeed + Q.C *[1
1 Strobe + 0.C. :v:f} .

F4L505 Hex lrnverter
Crpen Collector

S sl J xS
Busy .S bl ) b S 6 L o bl p5 &oypmar ML o sl 53555
iz Select, Paper Out, ACK o 358 0 a5 S a3 55 (V o) MSB 0l s
SolBl Coew Sga b oy b g Al 55l L cw Ll OB
G ome GND 5 iy 5 dolas Cp 0350 S0 SSOLLG +OV oy clites o S

ol 716

cﬁwgud\.{.i)jbJ}ldﬁobu’;w\ulj_)‘vs%)l.@a—dv\;‘y-LS\J_:JJLSQ)ﬁ
9 S low @b@&\jﬁq Q)ﬁ‘\sdﬁjc(w&aﬁ&f}fb ADCO0804
ZJ\.«.«S wjg.su: )\ LA ‘.U ..D‘.D M‘j} C) COﬂﬂICt “‘<ﬁ LJ\..JJL hlgh Q)j...m L& f}ﬁ
vl s ‘V?SJ.A:»Q)};QDU”-UD Coglin & G,k Sl 1 ks SO sla
XXXR100 L1y Jms op bk LIl e 5 ST iomen 55 dal i Slablows



ol & 3L o2 kS g el Nigh Jes o p Glew dan S as luds

ol S oy pUll-up leeslis (sl ¢ Of 5l Ll & K K
OF L il oy 4SSyl (8l oy g ol 53 ool AL TK Lzoslie ) lie Y pons
oS blos 5l pan oS 2SETMA slee SL o kb o [OW Sl o 1) L
Ao $a50 eoam b MK Leslis ol 31U S o ale IS0 L1y oyl
el e 0 slee Sl b Ll b Heas 5ol s ea WSS
soedle s LIS sS sSKee Sl eslanad (gl g i Y Ll S
Ol 58 sl a5l 58U S0S (la 3L 51 Ol oo LIS S ST e sSrs

el Wy st 55 5 bl Ko

Select ...l l=wSelect printery cus oS b 51 D3ssy,s

printer
Strobe, Auto Linefeed, Init « DO, D1, D2 el J x5 & )0 ¥ oo

P Gb 3l el o d s e SIS 501 oS G Dl &S s Jeats
D3 L XXXRT100 Jlade J o8 g o3 bl 55 oS JUs 1) L)l w1530

Lily e Lol W ogs o J a8 &y b des a2 Nigh > 5e s ol 5l

A g o>\>m£|OW4_3°>\> 29,5 8y

outportb (CONTROL, inportb (CONTROL) &
OxFO | 0x04);

Gl ot A0l S Dl JUis L L O o Ll Coms s Dy RO
.umj}-_sgu;b\rsg;ﬁ)%a”@\w\s‘ms@AND¢0xFOLf\)

a = (inportb (STATUS) & OxF0); /* Read
MSnibble */

A\l



IS Cog ool oS S Dler Olen oS (ol ) 501 oS e o5l8 (o0 055
AND  OXOF U 1) ;b 1 o 55002 Jod JLis b o opl 55 0 dalss
Ll Jool ol s plisl O S5l ot O dslass SG 2ol Jod b oS o0
Syl daly sl gl 1 Cul S ccend 1Sl cubiss 0 S OR LI

s .toggle 1) co sul & (s o XOR.0x84 L,

a = a | (inportb (CONTROL) & 0xO0F); /* Read
LSnibble */
a =a ~ 0x84; /* Toggle Bit 2 & 7 */
L cielae |y g2 sl Lol cinas 5L, IS J S sl m 5l am i o

J.Sd»éwEPP, ECP Seom Glp S cl (3,90 ol

S dadee 13 EPP LECP sy 5 1) gy G Lt 85 Jb i &) s
(portability) LU, cJ- sl ol Sl aaly 3l ax S Jeaze PG

ol Cug a3 Jud SO Ol Sl sl e Sl S e ao S

v



(Nibble Mode) . Jlex 55 (1+-)

25 Do 0ol 13 O wesls S A DUl gl b Slealy B S s o
TXE oS Al Kl e ge 5 sl e0ls bl 1 eslizad Ly L sKae s
dod S o o LIS e s el SULler o005 50 Gl &S el el el
Je 33 015 (oo 130 e 5 Sl esliial b dS b g 205 o 4 s> Cash 5o 5 Ll |
Lo & Sl Ogm el OF oS e iy ol e LS 58 s Sl S Ly

.w}:.lu.>.-Jl.>'-d..uLST;K.&@j@jcsj\be&OL\j}Lg\ﬁMbﬁm

2 Inputs using 74LS157 Multiplexer

45
i

. 4 WCC 3
11Elu53,”—?'|‘1" 16 E—*DF
1|:|:-'-‘«[:|-c~"—5|'2‘1‘r 2B ’IIII_‘DE
12 Paper Dut*—w EX 3B H—*DE
13 Select =———= 4 4B ER 04
1;.“ . D3 ot |rIF|LItS
F4L5157 5

28— 2
34—

44 =00

0
E‘
[y
m
o
m

R0
1§

Oy Ssbus oo &l cpl il o3l 5l 74LS157 ¢ YXE oSL o s Shas
A Gla 35,5 sl S Low G- s AB (63555 5 85 S e LIS Sl

By Lgd e Jame s 2Y 5 b SI2A 1Y 5 b HTA e il el Ol
Coe oS Y b =5 b 5B sless,s ol 13 high &= 55 AIB

I3B LA Y- 5 e b Sl b lal b Gsb Sl Sl eslizad sl

Low oJi- 51, A/B LL e sl 1 sl oS Jes i al gt o e

YA



JJ.«P C.;:u Js.iL’ LA ‘.«U cC_}.w‘ o uﬂ}_{&» LS.)‘J’B‘ oo C))j«.é_f StrObe 'V?QJ )‘;3

.m,zl.gmbLowq,Ju\ ﬁj>u‘m;.<set\)@:5c;)ﬁ

outportb (CONTROL, inportb (CONTROL) | 0x01);/* Select low
Nibble (A) */

wils bl 4 Ll Camdy S Sl ST Ol e s ol ol s oS 1l
o 5 bl (S 0T L 081 &St ja el sl e ySae BuSY bt L
.52 SL nibble

a = (inportb (STATUS) & O0xF0); /* Read Low
Nibble */

JB8 saze LS nibble e 55 b s it 1 s cpl o el OF 2oy 0551
3,8

a = a > 4; /* shift Right 4 Bits

*/
@'M.A J\ib [ s MS n|bb|e (J’Dji QLA) QJ,S\ 9 ol Lfb o\) )‘ 60'3" l}“ﬂ\ G
\)MSnlbble ("SJ‘)SLSAU'"“‘“@AJWJ}?QB&)ﬁJ}UM‘d‘f‘Jw

oS el pa Lol Gl Gl 1 Jed 0 5 el

outportb (CONTROL, inportb (CONTROL) & OxFE);/* Select High
Nibble (B) */

a = a | (inportb (STATUS) & O0xFQ); /* Read High Nibble */

byte = byte ©~ 0x88;

Toggle 545 o okils= BUSY Lt Ly aS 1) o sSas oy 55 aslp L o 5

A2 s O ) sen s

Y4



Pt o2 IRQ ¢, 8K (1=
Using the Parallel Port's IRQ

5 DOS cov Ol ¢l wus UL (interrupt request)eis; ool p s
LS e eslinal gl 51 O8-2 add gla aseus 358 5 eslizl Windows
OLs S ol fre ol ot Gl Lles 035 Hsaile gl p b By Sl eslind
So SIS el Je Gleg a5 ady a5 Al e Led s ks aews
S Sos OlBl e s by mﬁ\ﬁswtoij\%wﬁzp i)y adby ol g s
S dalgn el Sy es pl oS JaS 4L e S Ll g Sl B
S 3905 b S o, (MUt tasking) gl 4l o Slles gl 06 5 penlS
LS ey

Lol ST Js el IRQ7 LIRQS Jb 5 &y gems oy PG A8 5 ol g 50
O, A By el S il 6,5 polie el (e cdiil eslizal o
58 Jlb e kS 1 s by 03,8 o 13 eslial 5,50 03 S sl hais oy g
Gk sl sy sl Jw &S By s e Jle ACK L= 5 L 5l IRQ
Sl (Ken b= a4 558 e 0215 gD NACK «xs, YL &J (transition)Jlas

Mob@w‘@jd}k&\é\fo&j)wbUJ‘L@')EJ‘W

o by a5 S oo s IS pliad adby an DL SUS ol SO 5 el S
2 L POk o a8y Sl eslinal s ramen (Zoal gl au D e Ll et PLL
&'C)nACKJv'oJJwWUﬁaSJSJSJM«L%)O.;\.M@QLL
5SS Wl e Sl w w5l eslizad gl 0T s, b & s Lo s
S el S fate o L OV ) ACK a0 1) (ALY (slgdesls bylas
DB25 | S5 5, O+ )ACK & (4 5)DATA 7 5l Uil G oS ol !

S 18



BIOS 5 w5 PLL lasse (VY-

Parallel Port Modes in BIOS
30 pker 4 BIOS &b 5l gl s 30 Al & sar WL les s e300l

Printer Mode (Sometimes called Default or Normal Modes)
Standard & Bi-directional (SPP) Mode
EPP1.7 and SPP Mode
EPP1.9 and SPP Mode
ECP Mode
ECP and EPP1.7 Mode

ECP and EPP1.9 Mode

5 el 3l S PLL e S bis oS Col 340 0 5 lue Printer Mode
SPP Mode .31 dal 5 fal, OIS oy 0 o 1 et 2 b 53 Sy sl
oS |y s JES D55 0 Sy nse pl Sheslital bl @8 b es 550 S
EPP1.7 and SPP .03l y esls byhs sy, |y Jldie & aly o L 1 s
;! s .(Enhanced parallel port) EPP 1.7 5 SPP slasse 5| sl .S 5 Mode
EPP s x>, 5 (Data, Status, Control) SPP (sls i 5 4 Lid ¢« Slles 540
0 Coy Sl e3laal L1y joe 45 5 50 Al 530 Lol 590 ol 3 L Codls Aol 2t o 2
S50 A3L0 Time-Out oy Juls EPP 31 1.7 dses wils S 0 San J 18 Oy
53 Cesl EPP 1.9 dses Sl eslinal [255l6 oS (ol L3 350 4.3 SPP 5 EPP 1.9

sl deal g v 2ws EPP Timeout g 40 Led 550 gl

o 8l g B L oy O Ls 4 ECP(Extended Capabilities Port)

05 Ll o5 B (ECR) 4Bl anw s w5 J 28 03 Sset bu 5 350 ol das

SECP JEPP 1.7 550 .54 Jal s 5 5is EPP Mode (100) « BIOS Gy b 3l 550 o]

Jj.ad.:.:.i‘\s‘:b,\.a\j}'bwliwjj%ﬁl{@)ﬁw@ﬁECPjEPPLQsj.a

Jf\ By dalss Jao J{LS ECPs4 ECR 5 EPP 540 Jb= & 4 54 J@\;;’-dl,}

EPP 1.ECP 540 ;5 S| 5 EPP 1.7 &5y & oL3L EPP 1.7, ECP 550 55 Lok
il Al EPP 1.9 &) 5 SO il

Al



S e Mgy il o Lod s Ol 6 BIOS 3 b 5l G g8 (slas e
S (nl 25d od 4oy Sl s aeS (reconfigure) las o bss 1 Ll s =
S Lsd o 23l o e 5 OXBF1 5 OX2FA, OX3FO (slewsysl s Bites (s)l580 4 5
aosams mon WL ol Gl dmes glies LG BIOS Gk 5l L G
o Laed 153 e 5 asS eslinal Lgls cpl Sl deal e ST @)l 552 5 (93,10l
Sl sl aibsaa fole glgatann L .cil sl (portability) e oLl
Aited Colio Ll dalizal (gl aSIl= o cas s 1) ol oS s Il bt

BIOS i |, EPP 1.9, ECP 35 L EPP 1.7, ECP 5, &5 ¢l i i S

MbchPP19,ECP > g0 g_)‘.>;l‘.a‘ R Q{L@JJ) Jﬁ A 0, 9

s §5 ey J S ‘_}J\)L; g slas e (VY-
ECP sl

Parallel Port Modes and the ECP's Extended Control Register

ol Slles Ciliss glas g0 Ol 6l s ECP &8l anc 5 e 5 J 28 51 el
3 llkul o ECP glgls

Microsoft's Extended Capabilities Port Protocol and ISA Interface
Standard

ol sl 55 el Sl aspeme SOl L3 ECP e 3 85 il 13
Bl Anw s ) IS ol dad Ll byl 5y i glzes LG 0x400h
LS oS Codls Wb oS s 201 13 0X402h + by 5T 55 o5 1, (ECR)

Az olaws BB OX3BCh LL sl L o\, <l o ECP

Yy



Bit Function

75 Selects Current Mode of Operation
000 Standard Mode
001 Byte Mode
010 Parallel Port FIFO Mode
011 ECP FIFO Mode
100 EPP Mode
101 Reserved
110 FIFO Test Mode
111 Configuration Mode

4 ECP Interrupt Bit
3 DMA Enable Bit
2 ECP Service Bit
1 FIFO Full
0 FIFO Empty

Extended Control Register (ECR) : (v-\ Jso>

Modes of Operation

Standard Mode Selecting this mode will cause the ECP port to behave as
a Standard Parallel Port, without bi-directional
functionality.

Byte Mode / PS/2 Behaves as a SPP in bi-directional mode. Bit 5 will place
Mode the port in reverse mode.

Parallel Port FIFO In this mode, any data written to the Data FIFO will be
Mode sent to the peripheral using the SPP Handshake. The

hardware will generate the handshaking required. Useful

with non-ECP devices such as Printers. You can have

some of the features of ECP like FIFO buffers and

hardware generation of handshaking but with the existing

SPP handshake instead of the ECP Handshake.
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ECP FIFO Mode Standard mode for ECP use. This mode uses the ECP
Handshake described in Interfacing the Extended

Capabilities Port. - When in ECP Mode though BIOS, and

the ECR register is set to ECP FIFO Mode (011), the SPP

registers may disappeatr.

EPP This will enable EPP Mode, if available. Under BIOS, if
Mode/Reserved ECP mode is set then it's more than likely, this mode is
not an option. However if BIOS is set to ECP and EPP1.x

Mode, then EPP 1.x will be enabled. - Under Microsoft's

Extended Capabilities Port Protocol and ISA Interface

Standard this mode is Vendor Specified.

Reserved Currently Reserved. - Under Microsoft's Extended
Capabilities Port Protocol and ISA Interface Standard

this mode is Vendor Specified.

FIFO Test Mode While in this mode, any data written to the Test FIFO
Register will be placed into the FIFO and any data read

from the Test FIFO register will be read from the

FIFO buffer. The FIFO Full/Empty Status Bits will reflect

their true value, thus FIFO depth, among other things can

be determined in this mode.

Configuration Mode In this mode, the two configuration registers, cnfgA &
cnfgB become available at their designated register

addresses.
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A basic example of the "translator + driver" type of
configuration. Notice the separate voltages for logic and for the
stepper motor. Usually the motor will require a different voltage
than the logic portion of the system. Typically logic voltage is +5
Vdc and the stepper motor voltage can range from +5 Vdc up to
about +48 Vdc. The driver is also an "open collector" driver,
wherein it takes its outputs to GND to activate the motor's
windings. Most semiconductor circuits are more capable of
sinking(providing a GND or negative voltage) than sourcing

(outputting a positive voltage).
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Winding 1 1001001001001001001001001
Winding 2 0100100100100100100100100
Winding 3 0010010010010010010010010
time --->
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Bipolar Full Step :

#
5

S

A-Y) s
Bipolar Half Step :
# ] #® # #

B |
5] O3 S| W EW ]| WSy 5
] | ] B8

# [ ] #5 [ ] # [ ] # [ ]

N N | °]
| o e P g o e o o [ RN
[S] S N
N |




Unipolar Full Step :
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Unipolar Half Step :
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Stepping Sequences for a Four-Phase

Unipolar Permanent Magnet Stepper Motor




il syl da b e S 5Ll L5 S by g
o g0 o g 030> ngf'\c?wq,.@:_-); L;BJASJJJ\J@W)LR- a5 50 oyl
L e e e LT e R g
Ly 03,5 o sSnn 35 oSS ) Ay 5108 o Todomn £ aly S5l s 5 3505 395

a. Single-Coil Excitation - Each successive coil is energised in turn.

Stepl  Coil 4 Coil3 Coil2 Coil1

a.1 on|| off off off
a.2 off on|| off off

1
a.3 off off on off

a4 off off off on||
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b. Two-Coil Excitation - Each successive pair of adjacent coils is energised in

turn.
Step Coil 4 Coil3 Coil2 Coil1
|
b.1 on|| on off off
b.2 off on on off
1
b.3 off off on on||
b.4 on| off off on||
— |
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Step Coil 4 Coil3 Coil2 Coil1
a1 on off off off
b.1 on on off off
a.2 off on off off
b.2 off on on off
a.3 off off on off
b.3 off off on on
a4 off off off on
b.4 on off off on
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Number of steps | Theoretical angle Measured angle Error
0 0 0 0
1 15.00 15.06 + 0.06
2 30.00 29.97 - 0.03
3 45.00 45.07 +0.07
4 60.00 60.00 0
5 75.00 75.06 + 0.06
6 90.00 89.97 - 0.03
7 105.00 105.07 +0.07
8 120.00 120.01 + 0.01
9 135.00 135.05 + 0.05

10 150.00 149.97 - 0.03
11 165.00 165.07 +0.07
12 180.00 180.01 +0.01
13 196.00 195.05 + 0.05
14 210.00 209.97 - 0.03
15 225.00 225.08 +0.08
16 240.00 240.00 0
17 255.00 255.05 + 0.05
18 270.00 269.97 - 0.03
19 285.00 285.08 +0.08
20 300.00 300.00 0
21 315.00 315.05 + 0.05
22 330.00 329.97 - 0.03
23 345.00 345.07 + 0.07
24 360.00 360.00 0
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Number of Measured Error
steps step angle

0 0 0
1 15.06 + 0.06
2 14.941 -0.09
3 15.10 +0.10
4 14.93 - 0.07
5 15.06 + 0.06
6 14.91 -0.09
7 15.10 +0.10
8 14.49 - 0.06
9 15.04 + 0.04
10 14.92 -0.08
11 15.10 +0.10
12 14.94 - 0.06
13 15.04 + 0.04
14 14.92 -0.08
15 15.11 + 0.11
16 14.92 -0.08
17 15.05 + 0.05
18 14.92 -0.08
19 15.11 + 0.11
20 14.92 -0.08
21 15.05 + 0.05
22 14.92 -0.08
23 15.11 + 0.11
24 14.93 - 0.07
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dynamic torque—the torque developed by the motor when in motion;
dependent on the current in stator electromagnets;

phase inductance—the electrical parameter that limits phase-current
risetime and, hence, dynamic torque;

holding torque—the torque a motor can develop to prevent a static load
from pulling the system out of step;

torque stiffness—the motor’s ability to resist angular displacements within
a step; and

rotor inertia—the mechanical parameter that limits motor acceleration and
deceleration.
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dT/d 8 =N<Tpecos(N 0)

S das o ols b gsbas ol ol gl asly e dB 5 ke S s dT &
S S sla aly sl s [ sli S ol s g sla ol s Tol N il
sl s b bliw) sl S6le sls < o (Micro stepping) slo

A8 a5 (VYY) K 4 sl sl 5

100-Tooth Rolor

(0,99 Motor or
3-Phasga 0.6° Motor or
5-Phase 0.36° Motor)

50-Tooth Rotor

(1.8 Motor or
3-Phase 1.2° Maolor or
5-Phase 0.72° Motor)

Holding Torgue

(1] 0.99 1.80 3.69
Rotor Position

(1Y-Y) s

Torque stiffness depends on a stepper motor’'s number
of rotor teeth and on its maximum holding torque.
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Stap Error Accuracy vs.
g X Rasolubon

=59 —= s e 5%

Full Step

108 — 3 s H—+10%

' t 1 12Swep

—160% —b s s— +160°G

HE 1732 Step
True Position

OY-Y) Jss

Microstepping will improve stepper-motor resolution
but not accuracy. A 15% absolute step error
becomes a £160% error at 32nd-step microstepping.
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P=C\V?/2
P=LF/2
Where:

P -- stored energy, in watt seconds or coulomb volts
C -- capacity, in farads

V -- voltage across capacitor

L -- inductance of motor winding, in henrys

I -- current through motor winding
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Where:

V,, -- the breakdown voltage of the switch
Vs -- the supply voltage
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Forward mode, switches A and D closed.
Reverse mode, switches B and C closed.
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Slow decay modes or dynamic braking modes.
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XY ABCD Mode

00 0000 |fast decay
011001 forward
10 0110 | reverse
11 0101 slow decay
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const maxstep = 2;
steps = 3;
var steptab: array [0..maxstep] of integer;

step: integer;
motor: file of integer; { this is the I/O port for the motor

begin
step := 0;
steptab[0] = 1; { binary 001 }
steptab[l] = 2; { binary 010 }
steptab[2] = 4; { binary 100 }
write( motor, steptab[step] );

Los Aﬂjﬂd{)/)@wL&M’&“ﬁ‘/)méwjfy&&&ﬂbfww/
g g0 eoléza/ H-bridge  ../,5 /s L kaiso

const maxstep = 3;
steps = 4;
var steptab: array [0..maxstep] of integer;

step: integer;
motor: file of integer; { this is the I/O port for the motor

begin
step := 0;

At



steptab[0] = 1; { binary 0001 }
steptab[1l] = 4; { binary 0100 }
steptab[2] = 2; { binary 0010 }
steptab[3] = 8; { binary 1000 }

write( motor, steptab[step] );
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const maxstep = 7;
steps = 8;
var steptab: array [0..maxstep] of integer;

step: integer;
motor: file of integer; { this is the I/O port for the motor

begin

step := 0;

steptab[0] = 1; { binary 0001 }
steptab[l] = 5; { binary 0101 }
steptab[2] = 4; { binary 0100 }
steptab[3] = 6; { binary 0110 }
steptab[4] = 2; { binary 0010 }
steptab[5] = 10; { binary 1010 }
steptab[6] = 8; { binary 1000 }
steptab[7] = 9; { binary 1001 }
write( motor, steptab[step] );
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const maxstep = 9;
steps = 10;
var steptab: array [0..maxstep] of integer;

step: integer;
motor: file of integer; { this is the I/0 port for the motor

begin

step := 0;

steptab[0] = 13; { binary 01101 }
steptab[l] = 9; { binary 01001 }
steptab[2] = 11; { binary 01011 }
steptab[3] = 10; { binary 01010 }
steptab[4] = 26; { binary 11010 }
steptab[5] = 18; { binary 10010 }
steptab[6] = 22; { binary 10110 }
steptab[7] = 20; { binary 10100 }
steptab[8] = 21; { binary 10101 }
steptab[9] = 5; { binary 00101 }
write( motor, steptab[step] );
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procedure onestep( direction: integer );

begin
step := step + direction;
if step > maxstep then step := 0
else 1if step < 0 then step := maxstep;
write( motor, steptab[step] );
end;
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const maxpos = 11111; { maxpos + 1 is calls to onestep per rev }
var position: integer; { current position of motor }
destination: integer; { desired position of motor }
direction: integer; { direction motor should rotate }
last: integer; { previous value from position sensor }
sensor: file of integer; { parallel input port }

begin
read( sensor, last );
position := 1;

setdest( 0, 1 ); { force turntable to spin on power-up until
it finds it's home position }

procedure timer; { interval timer interrupt service routine }
var sense: integer;

begin
read( sensor, sense );
if (direction = 1) and (last = 0) and (sense = 1)
then position = 0;
last := sense;

if position <> destination then begin
onestep( direction );

position := position + direction;

if position > maxpos then position := 0

else if position < 0 then position := maxpos;
end;
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if position <> destination
then settimer ( interval until next step );
end;
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procedure setdest( dst,dir: integer );

begin
destination := dst;
direction := dir;

if position <> destination
then settimer ( min interval ); { force a timer interrupt }
end;
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The STH-39D137-04 750hm stepper motor, from a PC clone half-height5.25 " floppy
disk drive, has Brown, Black, Orange, Yellow and Red wires.

Table of resistances between pairs of wires
Brown

Black 149.6
Orange 148.9 148.9
Yellow 148.4 148.6 148.3
Red 74.9 75.0 74.6 74.1

Brown Black Orange Yellow Red
So it's clear that Red is the Common Power wire

Supplying power (up to 12v for a disk drive stepper motor) to the Red wire, grounding
the Yellow wire and assuming it's connected to Coil 4 -

e Grounding the Orange wire has no effect - Coil 2
e Grounding the Black wire produces a small clockwise rotation - Coil 3

e Grounding the Brown wire produces a small anticlockwise rotation - Coil 1

So the connections are as follows

Red Common Power
Brown Coil 1
Black Coil 3

Orange Coil 2
Yellow Coil 4
It is the same for the following stepper motors out of half-height5.25 " floppy disk drives

Model Name Motor Manufacturer Drive Manufacturer
MSJE200A73 Mitsubishi/Sankyo Mitsubishi
KP39HM4 Japan Servo Motors Yaskawa

Electric/IBM

AA
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The TEAC 14769070-10 stepper motor, from a PC clone half-height 5.25"
floppy disk drive, has six wires - two Brown, Yellow, Red, Blue and White.

Table of resistances between pairs of wires

Brownl

Brown2 7.0

Yellow 81.2 74 .4

Red 74.1 80.9 155.2

Blue 81.3 74.5 148.6 155.2
White 74.3 81.1 155.3 148.1 155.3

Brownl Brown2 Yellow Red Blue White
So it's clear that the two Brown wires are Common Power, both connected to all four
coils.

Supplying power (up to 12v for a disk drive stepper motor) to the
Brown wires, grounding the Yellow wire and assuming it's connected
to Coil 4 -

. Grounding the Red wire produces a small anticlockwise
rotation - Coil 1

. Grounding the Blue wire has no effect - Coil 2

. Grounding the White wire produces a small clockwise rotation -

Coil 3

So the connections are as follows
Browns Common Power
Red Coil 1
White Coil 3
Blue Coil 2
Yellow Coil 4

)
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The stepper motor out of an Apple II 5.25" floppy disk drive has 6 wires -

Brown, Black and Red in one group and Orange, Yellow and Red in
another.

Table of resistances between pairs of wires

Brown

Black 73.2

Redl 36.6 36.8

Orange * * *

Yellow * * * 73.1

Red?2 * * * 36.4 37.0

Brown Black Redl Orange Yellow Red2

* No Reading, so not connected
So it's clear that one Red wire provides power to the Brown and Black
coils and the other Red Wire provides power to the Orange and Yellow
coils. Common sense would suggest this, from the way the wires are
grouped, and the readings in the table confirm it.

Supplying power (up to 12v for a disk drive stepper motor) to the Red
wires, grounding the Yellow wire and assuming it's connected to Coil 4 -

e Grounding the Orange wire has no effect - Coil 2
« Grounding the Black wire produces a small clockwise rotation - Coil 3

e Grounding the Brown wire produces a small anticlockwise rotation - Coil 1
So the wiring scheme is as follows

Reds Common Power
Brown Coil 1
Black Coil 3

Orange Coil 2
Yellow Coil 4
which happens to be the same as in Example 1
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KP4M4-001 Stepper Motor

+12v dc, four-phase, unipolar, permanent magnet, 3.6°per step
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Select one wire and ground it
. . ¢ e
Assume it's connected to coil 4
5 ]

Keeping it grounded, ground each of the other three wires one by one

4
Grounding one wire should make the rotor turn a little H

clockwise 3 ’ ﬁ

That'll be the wire connected to Coil 3 H
Z

4
Grounding one wire should make the rotor turn a little u

anticlockwise 3 \ ﬁ

That'll be the wire connected to Coil 1 H
>

&
Grounding one wire should do nothing
That'll be the wire connected to Coil 2 I.

$ s

53 |
el (L NS 355 (Sla g s S 5 4

ol pluld Hgge 4 ol i 5 L Sy Jlesl clile o0 3L S (S5 S

-

a¢



Gl Gl gse s 5 J S Sl 5l o e, (10

&b

(S o o sl s Ol s el Sl J S 5l Sl SO Ll

H 2y +H12Y =TEP rhew +12

v T

. 15 I 01 b2
13 r
11 P Ly . Qs A E E) T 3_' Mator
& QZLH (114 :9:‘ 10 Uz (1iz) i j".-‘\ﬂndlng

11 = |14

U1 (1) . 3 R2

13 Qz
D304

B 1 R3 Q3
2 )}3 5. . Q ¥ = miotor
Wini
3 gl U2 (142 % naling

LI (144 L
() Ut ey | K g 12 R4

(\=Ve-Y) s
L ol o

Part Total Qty. Description Substitutions
R1,R2 ,R3, R4 4 1K 1/4W Resistor
D1, D2, D3, D4 4 1N4002 Silicon Diode
Q1,0Q2,Q3,Q4 4 TIP31 NPN Transistor (See Notes) TIP41, 2N3055
Ul 1 4070 CMOS XOR Integrated Circuit
U2 1 4027 CMOS Flip-Flop
S1 1 SPDT Switch
MISC 1 Case, Board, Wire, Stepper Motor
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program firstl; { Single-Coil Excitation }
uses crt;
const OUTREG = $378; { or $278 or $3BC }
var i: integer;
procedure delay; { 33MHz 486 }
var i: integer;
begin
for i := 1 to 10000 do { nothing }

end;

procedure delay?2;
var i: longint;

begin
for i := 1 to 100000 do { nothing }
end;
begin { main }
ClrScr;
writeln;
writeln ('***** Direct control ****x*x');
writeln;
port [OUTREG] := $00; { all off }
write('All OFF to start with ');
readln;
for 1 := 1 to 25 do { Clockwise }
begin
port [OUTREG] := $08; delay;
port [OUTREG] := $04; delay;
port [OUTREG] := $02; delay;
port [OUTREG] := $01; delay
end;
for 1 := 1 to 25 do { Anti-Clockwise }
begin
port [OUTREG] := $01; delay;
port [OUTREG] := $02; delay;
port [OUTREG] := $04; delay;
port [OUTREG] := $08; delay
end;

av



port [OUTREG] := $00; { all off }
write('That''s all, folks ! ),
readln

end.

program second?2;

uses crt;
const OUTREG

var i: integer;

procedure delay;

var i: integer;
begin

for i :=
end;

begin { main }
ClrScr;

writeln;

{ Two-Coil Excitation }

= $378;

1 to 10000 do { nothing }

writeln ('***** Direct control *****x').

writeln;

port [OUTREG]

:= $00; { all off }

write ('All OFF to start with '");
readln;
for i := 1 to 25 do { clockwise }
begin
port [OUTREG] := $0C; delay;
port [OUTREG] := $06; delay;
port [OUTREG] := $03; delay;
port [OUTREG] := $09; delay
end;
for 1 := 1 to 25 do { anti-clockwise }
begin
port [OUTREG] := $09; delay;
port [OUTREG] := $03; delay;
port [OUTREG] := $06; delay;
port [OUTREG] := $0C; delay

end;

port [OUTREG]

write (
readln
end.

program third3;
Stepping}

'That''s all,

= $00; { all off }

folks ! ')

Ay o S L Laltses s il (F —

{interleaved Single-and Two-Coil Excitation- Half-
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uses crt;
const OUTREG = $378;
var i: integer;
procedure delay;
var i: integer;
begin
for i := 1 to 10000 do { nothing }

end;

begin { main }

ClrScr;

writeln;

writeln ('***** Direct control ****xx');
writeln;

port [OUTREG] := $00; { all off }

write('All OFF to start with '");
readln;

for i := 1 to 25 do { Clockwise }
begin

port [OUTREG] := $08; delay;
port [OUTREG] := $0C; delay;
port [OUTREG] := $04; delay;
port [OUTREG] := $06; delay;
port [OUTREG] := $02; delay;
port [OUTREG] := $03; delay;
port [OUTREG] := $01; delay;

[ ]

port [OUTREG] := $09; delay
end;
for 1 := 1 to 25 do { Anti-Clockwise }
begin

port [OUTREG
port [OUTREG
port [OUTREG

[ := $09; delay;
[
[
port [OUTREG
[
[
[
[

$01; delay;
$03; delay;
$02; delay;
:= $06; delay;
$04; delay;
$0C; delay;
:= $08; delay

port [OUTREG

port [OUTREG

port [OUTREG

port [OUTREG
end;

]
]
]
]
]
]
]
]

port [OUTREG] := $00; { all off }
write('That''s all, folks ! ),

readln
end
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Sregfile = "m32def.dat"
Scrystal = 8000000

Config Portc = Output
Dim A As Byte , B As Byte
Do

, BE As Byte , F As Byte




For A = 1 To 50

E = 128
For B =1 To 4
Rotate E , Left
Portc = E
Waitms 20
Next B
Next A
Wait 1
For A = 1 To 50
F =129
E = 128

For B =1 To 4
Rotate E , Left
bPortc = E
Waitms 20
Rotate F , Left
If F = 24 Then F = 9

Portc = F
Waitms 20
Next B
Next A
Loop
End

'end program

Se) Ol e Sl s pls Ol 4 ATMEGAS32 ) 255 S 5l eslizal 0-Y

(L5
Sregfile = "m32def.dat"
Scrystal = 8000000
'Sbaud = 19600
Config Porta = Input
Config Portb = Output
Config Portc = Output
Config Pind.7 = Output 'for PC

acknowledge

' sub functions decleration---—-—----—-"-"""-"-"""""-"-"-"-"-"—"—"—"—"—"—"—"—"—"—"—~—~—~—~"—~—\—~—~—~——
Declare Sub Movex

Declare Sub Movey

Declare Sub Movez

Declare Sub Movew

'tr1rittdecleration variables -——--mm e
Dim Portxy As Byte

Dim Portzw As Byte

Portxy = 0

Portzw = 0

Dim Dirx As Bit , Diry As Bit , Dirz As Bit , Dirw As Bit

Dim Px As Bit , Py As Bit , Pz As Bit , Pw As Bit

Dim Plx As Bit , Ply As Bit , Plz As Bit , Plw As Bit

Dim Rotationx As Byte , Rotationy As Byte , Rotationz As Byte ,
Rotationw As Byte



' initializing last pulses of X, Y , 2 , W

Set Plx : Set Ply : Set Plz : Set Plw

'initializing the direction of 4 axes to rotation to left

Reset Dirx : Reset Diry : Reset Dirz : Reset Dirw

' initializing the buffers of state of each axes befor writing
them on the related port

Rotationx = 1

Rotationy = 16

Rotationz =1

Rotationw = 16

Portb = 17

Portc = 17

' M A I N
Do

'Reading the status of port A and assigning it to the variables

Dirx = Pina.l
Diry = Pina.3
Dirz = Pina.5
Dirw = Pina.7
Px = Pina.0
Py = Pina.

2
Pz = Pina.4
Pw = Pina.®6

If Px = 0 And Plx = 1 Then Call Movex
Plx = Px

If Py = 0 And Ply = 1 Then Call Movey
Ply = Py

If Pz = 0 And Plz = 1 Then Call Movez
Plz = Pz

If Pw = 0 And Plw = 1 Then Call Movew
Plw = Pw

'acknowledge for parallel port of PC for declaring that the
command has done

Portd.7 =1

Waitms 1

Portd.7 = 0

Loop

End 'end
progrm

Sub Movex
If Dirx = 0 Then Shift Rotationx , Left , 1
If Dirx = 1 Then Shift Rotationx , Right , 1

If Rotationx = 0 Then Rotationx = 8
If Rotationx = 16 Then Rotationx =1

Rotationx = Rotationx And &B00001111

ARR



Portxy = Portxy And &B11110000
Portxy = Portxy Or Rotationx

Portb = Portxy
End Sub Movex

Sub Movey

If Diry = 0 Then Shift Rotationy , Left , 1
If Diry = 1 Then Shift Rotationy , Right , 1
If Rotationy = 8 Then Rotationy = 128

If Rotationy = 0 Then Rotationy = 16
Rotationy = Rotationy And &B11110000

Portxy = Portxy And &B00001111
Portxy = Portxy Or Rotationy

Portb = Portxy
End Sub Movey

Sub Movez

If Dirz = 0 Then Shift Rotationz , Left , 1
If Dirz = 1 Then Shift Rotationz , Right , 1

If Rotationz = 0 Then Rotationz = 8

If Rotationz = 16 Then Rotationz =1

Rotationz = Rotationz And &B00001111

Portzw = Portzw And &B11110000
Portzw = Portzw Or Rotationz

Portc = Portzw
End Sub Movez

Sub Movew

If Dirw = 0 Then Shift Rotationw , Left , 1
If Dirw 1 Then Shift Rotationw , Right , 1
If Rotationw = 8 Then Rotationw = 128

If Rotationw = 0 Then Rotationw = 16
Rotationw = Rotationw And &B11110000

Portzw = Portzw And &B00001111
Portzw = Portzw Or Rotationw
Portc = Portzw

End Sub Movew

FLL s s b 3 Gt LIS 5l aslinad =Y

#include <stdio.h>
#include <sys/plp.h>
#include <fcntl.h>
#include <unistd.h>

/*

* Name : portdemo.c

VY



Purpose
Author
Contact

Date
Changes
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*

Machines: IRIS 4D/30, 4D/35, 4D/RPC, 4D/RPC-50, Indy, Indigo2 and

Challenge/Onyx. (only tested on an Indy so far).
Demonstrate how to write to the parallel port.

James Ward

j.w.ward@dcs.hull.ac.uk

http://www.enc.hull.ac.uk/~cssjww

29/05/96 - Created.

30/05/96 - Added more info to note 1, describing (roughly)

happens when you write to the rewired port.

* Distribute freely, use at your own risk.
* This setup has worked for several months on our Indy without any

problems.
*

*/

/* Notes:
* 1.
latched

*

software)
*

and
*

written to
*

there
*

projects!
*
*
*
*

the

*

that

*

for one.
*

/ STROBE

*

data is
*
*

but,

*

You can turn the parallel port into a simple eight-bit
output port (ie. eight TTL lines that you can control from
by simply wiring /STROBE (pin 1) to /ACKNOWLEDGE (pin 10),
linking BUSY (pin 11) to GROUND (pins 19..25). Values

the

port will then appear on D1..D8 (pins 2..9) and will remain
until you write to the port again. Very useful for hardware

See the plp man page for a full connector pinout.

How this works:
1. Indy wants to write data to the port, so it looks for

BUSY signal. We have tied this low (ie. to ground) so
the Indy never gets a BUSY signal and doesn't wait

2. The Indy places the data on pins D1..D8, then pulses
low (it is normally high), to indicate that valid

available on D1..D8.
3. Normally, the Indy would expect a /ACKNOWLEDGE signal

since we have tied /ACKNOWLEDGE to /STROBE, the

strobe signal

*

automatically acknowledges the transfer - we can

write to the

*

*

*

* 2.
and to

*
generates.

*
you

*
*

examples

port freely, without any delays.

There are ioctls that allow you to alter read/write timeout
change the length of the strobe pulses that the port
If you are using a simple setup like that described above,

probably don't need to use the ioctls.
More details are available on the plp man page, and I have

\RRE



of using these controls if you get stuck.

3. This program writes the values 0..9 to the parallel port,

with a

* short delay after each write. Here is what you should see
(providing

* you have some hardware plugged in to the port, or the port
is

* connected as described in note 1.

> cc -0 portdemo portdemo.c
compile this file

> portdemo .... run it!
Success: opened parallel port for writing
Writing O Done.
Writing 1 Done.
Writing 2 Done.
Writing 3 Done.
Writing 4 Done.
Writing 5 Done.
Writing 6 Done.
Writing 7 Done.
Writing 8 Done.
Writing 9 Done.
>
*/
int theport; /* File descriptor returned for printer device */

/* This function opens the parallel port for writing, it is a
prerequisite for

* using the port. Returns 1 if the port was opened successfully, or 0
if the

* operation failed.

*/
int openDevice (void) {
theport = open ("/dev/plp", O WRONLY); /* Open printer port for
writes */
return ((theport >= 0) ? 1:0); /* Return 1 (success) or O
(fail) =*/

}

/* This function closes the parallel port when you have finished using
it */

void closeDevice (void) {
close (theport);

/* Asserts a reset signal on the parallel port. ie. the reset line is
normally

* high. When you call this function, the RESET signal will pulse low
briefly.

* This could be useful for resetting external hardware, or it could
even be

* used as some sort of handshake.

*/
int resetDevice (void) {
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return (ioctl (theport, PLPIOCRESET, 0) == 0) ? 1:0; /* l=success,
0=fail */
}

/* This writes a single byte to the parallel port, returning one for
success,
* or 0 for an error condition.

*/

int writeByte (char xbyte) {
return (write (theport, &xbyte, 1) == 1) ? 1:0;
}

/* Main program... */

void main (void) {
int n;

if (openDevice()) { /* Open the parallel port */
printf ("Success: opened parallel port for writing\n");

for (n=0;n

CH+ LLuwlS Caali ol 48h o8 by J S 4al y VY

#include <conio.h>
#include <stdlib.h>
#include <stdio.h>
#include <dos.h>
#define DATA 0x3bc
#define X 11640
#define Y 5497
#define Z 11386
#define W 4471
#define SHIFT X 11608
#define SHIFT Y 5465
#define SHIFT 27 11354
#define SHIFT W 4439
#define Esc 283
#define UP 18432
#define DOWN 20480
#define RIGHT 19712
#define LEFT 19200
#define SPACE 14624
int step=37;

int data= 0x00;/*note global */
int x=1;

int a;

int get key();
void bw_x(void)
void fw x( )
void bw_y(void);
void fw_ y(void);
void bw_z(void)
void fw_z( )
void bw_ w( )



void fw w(void);
void MOVE XYZ(int direction);
void path (void);

void main (void)

{

textcolor (10);
textbackground (9) ;
clrscr();

printf (" THIS PROGRAM IS WRITEN BY Fatemeh Shafinia Gat-Abi");
printf ("\n\n\n SIMPLE ROBOT CONTROLER

")

printf ("\n Press X or Y or Z or W with/without SHIFT to play

the motors");

printf ("\n Press arrow key UP or DOWN to set speed of motors

")

printf ("\n Press arrow key RIGHT or LEFT to control motors by

step count");

printf ("\n Press SPACE to Enter path ");

while(a!=-1)

{
a=get_key ()7
// int *ptr;
// ptr=&a;
gotoxy (36,12);

switch (a)
{

case Esc: exit(0); break;

case X: printf ("MOVING ON X"); fw

gotoxy (36,12); printf ("

case Y: printf ("MOVING ON Y"); fw

gotoxy(36,12); printf ("

case Z: printf ("MOVING ON 2Z"); fw_

gotoxy(36,12); printf ("

case W: printf ("MOVING ON W"); fw

gotoxy(36,12); printf ("

x();

") break;
v ()

"y; Dbreak;
z();

"); break;
w();

"); break;

case SHIFT X: printf ("MOVING ON -X"); bw x();

gotoxy(36,12); printf ("

"y; break;

case SHIFT Y: printf ("MOVING ON -Y"); bw y();

gotoxy(36,12); printf ("

"); break;

case SHIFT Z: printf ("MOVING ON -Z"); bw z();

gotoxy(36,12); printf ("
case SHIFT W: printf ("MOVING ON -W"
gotoxy(36,12); printf ("

"y; break;
); bw_w();
"); break;

case UP : 1if (step<37) step++; gotoxy(36,12);

cprintf ("step * %d ",step);

break;

case DOWN : if (step>1) step--;gotoxy(36,12);

cprintf ("step * %d ", step);
case RIGHT : MOVE XYz (1l); break;
case LEFT : MOVE XYZ(-1); break;
case SPACE : path(); break;
} //end of switch
}// end of while
} //end of program

int get key ()
{
union REGS r;
r.h.ah=0;
return int86 (0x16, &xr, &r) ;
}

AR
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void fw x(void)// forward of motor X
{
for (int 1i=0; i<step; 1i++)
{

outportb (DATA,0x01); delay(x);

outportb (DATA,0x00); delay(x);

}
}
void bw_x(void)// backward of motor X
{

for (int 1=0; i<step; 1i++)

{

outportb (DATA,0x03); delay(x);
outportb (DATA,0x02); delay(x);
}

}

void fw_y(void)// forward of motor Y
{
for (int 1=0; i<step; 1i++)
{

outportb (DATA,0x04); delay(x);

outportb (DATA,0x00); delay(x);

}
}
void bw_y(void)// backward of motor Y
{

for (int 1=0; i<step; 1i++)

{

outportb (DATA,0x0c); delay(x);
outportb (DATA,0x08); delay(x);
}

}

void fw z(void)// forward of motor Z

{
for (int 1i=0; i<step; 1i++)
{

outportb (DATA,0x10); delay(x);

outportb (DATA,0x00); delay(x);

}
}
void bw z(void)// backward of motor Z
{

for (int i=0; i<step; i++)

{

outportb (DATA,0x30); delay(x);
outportb (DATA,0x20); delay(x);
}

void fw w(void)// forward of motor w

{
for (int i=0; i<step; i++)
{

outportb (DATA,0x40); delay(x);
outportb (DATA,0x00); delay(x);
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}
}
void bw w(void)// backward of motor w
{
for (int i=0; i<step; i++)
{

outportb (DATA,O0xc0); delay(x);
outportb (DATA,0x80); delay(x);
}

void MOVE XYZ(int direction)
{
int step temp=step;//to memorize of the original step count
int x temp=x;//to memorize of the original delay value
x=1;
char motor;
gotoxy(16,12);
cprintf ("Press X ,Y ,Z2 or W to select the motor:\> ");
motor = getch();
gotoxy(16,12);
cprintf (" How many step do you want? :\> ")
scanf ("%d", &step) ;
gotoxy(16,12);
cprintf ("
")
if (direction==1)

{

if (motor =='X'||motor=="x") fw x();
if (motor =='Y'||motor=="y'"') fw y();
if (motor =='Z'||motor=="z") fw z();
if (motor =='W'||motor=="w') fw w();
}
else

{

if (motor =='X'||motor=="x") bw x();
if (motor =='Y'||motor=="y') bw_y();
if (motor =='Z'||motor=="z") bw_z();
if (motor =='W'| |motor=='w') bw w();

}
step=step temp;// to remember of original step
x=x_temp; // to remember of original x

}// end of sub MOVE XYZ

void path(void)

{

int step array[50]1={0};

char xyz array[50]={"' '};

int i=0;

int step temp=step;//to memorize of the original step count
int x_temp=x;//to memorize of the original delay value
x=1;// global delay

do{
gotoxy (20,16) ;
printf ("Enter motor name (X, Y or Z) \>");

xyz arrayli]=getch();

gotoxy(1l,16);

printf ("Enter number of steps like 320 or -410 or ENTER 0 to end of
path :\>");

scanf ("%d", &step _arrayl[i++]);
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gotoxy(1l,16);

printf ("
")

}

while (step array([i-1]!=0);

for (int n=0; n<i; n++)
{
if (xyz array[n]=='x'|| xyz array[n]=='X')//detecting motor
if (step_array[n]>0)
{step=step_ array([n];
fw x ()
}
else if (step array[n]<O0)
{step=step arrayl[n];
step= step* -1;
bw x();
}
if (xyz_array[n]=='y'|| xyz array[n]=='Y')//detecting motor
if (step_array[n]>0)
{step=step array([n];
fw_y ()7
}
else if (step array[n]<O0)
{step=step arrayl[n];
step= step* -1;
bw_y();
}
if (xyz_array([n]=='z'|| xyz array([n]=='Z"')//detecting motor
if (step_array[n]>0)
{step=step array([n];
fw_z();
}
else if (step array[n]<O0)
{step=step arrayl[n];
step= step* -1;
bw_z();
}
}
step=step temp;// to remember of original step
x=x_temp; // to remember of original x
} //end of sub path

/*
void xyz (int X,int Y,int Z,int SX,int SY,int SZ)
{
for (int i=0; 1<400; i++)
{

outportb (DATA,0x01); delay(x);
outportb (DATA,0x00); delay(x);
}

}

*/
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Introduction to the IEEE 1284-1994 Standard

This section is implemented as a multilevel document. This page serves as an executive summary of the 1284 standard. By
clicking on the various highlighted points, you may explore each concept in greater detail.

The recently released standard, "IEEE Std.1284-1994 Standard Signaling Method for a Bi-directional Parallel Peripheral Interface
for Personal Computers", is for the parallel port what the Pentium processor is to the 286. The standard provides for high speed
bi-directional communication between the PC and an external peripheral that can communicate 50 to 100 times faster than the
original parallel port. It can do this and still be fully backward compatible with all existing parallel port peripherals and printers.

The 1284 standard defines 5 modes of data transfer. Each mode provides a method of transferring data in either the forward
direction (PC to peripheral), reverse direction (peripheral to PC) or bi-directional data transfer (half duplex). The defined modes
are:

®  Forward direction only

Compatibility Mode
"Centronics" or standard mode

®  Reverse direction only

Nibble Mode

4 bits at a time using status lines for data.

Hewlett Packard Bi-tronics

Byte Mode

8 bits at a time using data lines, sometimes referred to as a "bi-directional" port.

(] Bidirectional

EPP

Enhanced Parallel Port- used primarily by non-printer peripherals, CD ROM, tape, hard drive, network adapters, etc....
ECP

Extended Capability Port- used primarily by new generation of printers and scanners

All parallel ports can implement a bi-directional link by using the Compatible and Nibble modes for data transfer. Byte mode can
be utilized by about 25% of the installed base of parallel ports. All three of these modes utilize software only to transfer the data.
The driver has to write the data, check the handshake lines (i.e.: BUSY), assert the appropriate control signals (i.e.: STROBE)
and then go on to the next byte. This is very software intensive and limits the effective data transfer rate to 50 to 100 Kbytes per
second.

In addition to the previous 3 odes, EPP and ECP are being implemented on the latest I/0 controllers by most of the Super I/0
chip manufacturers. These modes use hardware to assist in the data transfer. For example, in EPP mode, a byte of data can be
transferred to the peripheral by a simple OUT instruction. The I/O controller handles all the handshaking and data transfer to the
peripheral.

Overall, the 1284 standard provides the following:
1. 5 modes of operation for data transfer
2. A method for the host and peripheral to determine the supported modes and to negotiate to the requested mode.
3. Defines the physical interface
O  Cables
O  Connectors
4. Defines the_electrical interface
O  Drivers/Receivers
O  Termination

O Impedance

In summary, the 1284 parallel port provides an easy to use, high performance interface for portable products and printers.

IEEE 1284 Connectors
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The 1284 standard goes beyond describing new data transfer modes and actually defines the
mechanical interface and the electrical properties of a compliant parallel port. Many of the
problems associated with parallel port-attached devices arise from the fact that there has been
no standard for the electrical interface for the parallel port. The DB25 female connector has
become standard for the PC or host connector, but there have been many different

implementations of the drivers, resistors, capacitors, etc, for electrical the interface.

The 1284 committee felt that it was paramount to define what these properties should be in order
to meet the following objectives:
1. Ensure electrical and mechanical compatibility among all 1284 compliant devices.

2. Ensure that 1284 interfaces would operate with existing parallel port peripherals and
adapters.

3. Ensure operation and data integrity at the highest data rates
4. Extend operation to 10M (30"
To meet these objectives, the standard defines the connectors, electrical interface, and cable
requirements.
1284 Connectors

The standard identifies three types of connectors for a 1284 interface.

1284 Type A

25 pin DB25
1284 Type B

36 Conductor, .085 centerline Champ connector with bale locks
1284 Type C

36 conductor, .050 centerline mini connector with clip latches

Figure 1 shows what these connectors look like.

1284 Type B 1284 Type C
Centronics Mini-Centronics

Figure 1 -- 1284 Interface I/O Connectors

The type C connector is the one recommended for new designs. This connector offers a smaller
footprint than the previous connectors, has a simple-to-use clip latch for cable retention, and
provides for the easiest cable assembly with the optimal electrical properties. In addition, a cable
assembly built with this connector provides for two more signals. These signals are Peripheral
Logic High and Host Logic High. These signals may be used to determine if the device at the
other end of the cable is powered on. This enables some degree of intelligent power
management for 1284 interfaces.

IEEE 1284 Electrical Interface

The original parallel port did not have a defined electrical specification that identified the driver,
receiver, termination and capacitance requirements in order to guarantee any compatibility
between devices. Host adapters and peripherals were built with any number of pull-up values on
the control lines, open collector or totem pole drivers for the data and control lines, and most
offensive of all, up to 10,000pF capacitors on the data and strobe lines. This type of design
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variation makes it impossible to create a new interface protocol without explicitly defining the
required electrical parameters with which to guarantee operation.

The 1284 standard defines two levels of interface compatibility, Level | and Level Il. The Level |
interface is defined for products that are not going to operate at the high speed advanced
modes, but need to take advantage of the reverse channel capabilities of the standard. The
Level Il interface is for devices that will operate in the advanced modes, with long cables, and at
the higher data rates. This discussion will deal primarily with Level Il interfaces. Please refer to
the standard for the full requirements for either a Level | or Level Il interface.

The requirements for the Level Il drivers and receivers are defined at the connector interface.
The driver requirements are:

1. The open circuit high-level output voltage shall not exceed +5.5V.
2. The open circuit low-level output voltage shall be no less than -0.5V.

3. The DC steady state, high-level output voltage shall be at least +2.4V at a source current
of 14mA.

4. The DC steady state, low-level output voltage shall not exceed +0.4V at a sink current of
14mA.

5. The driver output impedance (Ro), measured at the connector, shall be 50 +/- 5 ohms at
1/2 the actual driver Voh minus Vol voltage.

6. The driver slew rate shall be 0.05-0.40 V/nS

Like the driver requirements, the receiver requirements are defined at the connector interface.
The receiver requirements are:

1. The receiver shall withstand peak input voltage transients between -2.0V and +7.0V
without damage or improper operation.

2. The receiver high-level input threshold shall not exceed 2.0V

3. The receiver low-level input threshold shall be at least 0.8V.

4. The receiver shall provide at least 0.2V input hysteresis, but not more than 1.2V.
5. The receiver high-level sink current shall not exceed 20uA at +2.0V.

6. The receiver low-level input source current shall not exceed 20uA at +0.8V.

7. Circuit and stray capacitance shall not exceed 50pF.

Figure 1 shows the recommend termination for a driver/receiver pair. Ro represents the output
impedance at the connector. It is intended that this impedance match the cable impedance so as
to minimize the noise caused by mismatched impedances. Depending upon the type of driver
used, a series resistor, Rs may be required to obtain the correct impedance.
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Figure 1 -- Level Il Driver/Receiver Pair Termination Example

Figure 2 shows the recommendd termination for a Level Il transceiver pair, such as the data lines.

+5.0V

Figure 2 -- Level Il Transceiver Termination Example

There are products being introduced by companies such as Texas Instruments and National that
provide integrated solutions for a 1284 Level Il interface. These include active drivers and
receivers as well as resister sip networks.

NOTE: When ECP was first introduced Microsoft made a recommendation for an electrical and
termination requirement that was not consistent with the 1284 specification. This included an AC

terminator for each of the lines. This suggestion has since been retracted and the current
recommendation is to use the interface defined in the IEEE 1284 specification.
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Program STEP.TIG

Illustrates how to turn a stepping motor in one direction. Uses an
array of patterns and advances the index through the array.

Copyright, Krystal Donald, Morgan State University, Oct 21, '97

ARRAY STEP_PATTERN (8) OF BYTE 'DECLARATION OF A GLOBAL ARRAY

TASK MAIN

DIR PORT 8,0
BYTE STEP INDEX

BYTE A

BYTE B

STEP INDEX =0B
STEP_PATTERN (0)= 01B
STEP_ PATTERN

STEP PATTERN (1)= 11B
STEP PATTERN (2)= 10B
STEP PATTERN (3)= 110B
STEP_PATTERN (4)= 100B
STEP_PATTERN (5)= 1100B
STEP PATTERN (6)= 1000B
STEP PATTERN (7)= 1001B

B=1

WHILE B = 1

A=STEP_PATTERN (STEP INDEX)

LL_IPORT OUT 8§,A

STEP INDEX = STEP_ INDEX +1

IF STEP_INDEX = 8D THEN
STEP_INDEX = OB

ENDIF

WAIT DURATION 50

ENDWHILE

END

'STARTS MAIN
'SETS PORT 8 TO OUTPUTS
'DECLARE BARIBLE STEP_ INDEX

'THE FOLOWNG LINES ARE VALUES FOR
'EACH SPACE OF THE ARRAY

'B IS EQUAL TO ONE

'RUN FOREVER

'A=STEP PATTERN (POSITION)

'OUTPORT VALUE OF A

'INCREMENT POSITION

'TF IN LAST POSITION THEN

'START OVER

'END IF STATEMENT

'DELAY

'END WHILE LOOP

'END PROGRAM

AR
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Pole layout for 3-phase stepper motor
Stator

Figure 1.
Step Orange Red Brown
1 GHD
2 GHD
3 GHD

Rotor

Orange

Elack

Figure 2. Connections for a three phase motor

%

Darlington open-callectar
driver, Radio Spares
RS307-109

VYA

Blaclk

Mator turnings
connected each
to black and a
colour.

Orange
Red

Brown
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Parallel port data line control of a single unipolar stepper motor winding
iRz | IN3H02
@ ?E’?ﬂ (JEVDE‘J to 470 24w D0

jumper to bypass current limiting circuit

MPEADE

Stepper motor

PC SIDE... STEPPER MOTOR SIDE... MIE3055

30V

+5 DC referenced to stepper motor power supply

+5V DC referenced to PC +12-24 VDO

Hez Inverter 74L304

330 ohms ! l 4.7k ohms {>:
Opto-isolator 4126 le i SEI k/

274

TIP120 power transistor

Hex Inverter 7413504

>

Parallel port data output

ground to stepper motor power supply

el Bartels Dec 199% (current limiting circuit by Jean-Charles Vachon) J:
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Step Emor Accuracy vs.

Resolubon
5% —= s oe— +5%
Full Step
0% — b ap s +10%
| |
! : ! 2 Step |

—16ﬂ“h_i. o5 ._ + 1600
HE B 1/32 Step
True Position
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Microstepping will improve stepper-motor
resolution but not accuracy. A £5% absolute step
error becomes a +160% error at 32nd-step
microstepping.
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Current Risetime and Torque

The maijor contributor to a stepper motor’s loss of running torque at high speeds is the fact that
pulse switching times can become shorter than motor phase-current risetimes; that is, the pulse
ends before phase current rises to a level that provides sufficient torque. A simple RL series
circuit's mesh equations illustrate the relationships involved, where t is current risetime:

V=Ih+Ligl/al)

Titi= % - I:l _ EE—HIL:' :|



To reduce t, the power-supply voltage, V, must be as high as possible and the motor phase
inductance, L, and resistance, R, must be as low as possible. Figure 3a, where t = L/R is the
time constant, shows current vs. time for the series RL circuit. Note that at time 1 current has
risen to 1-e”" times its final level, lo, or 0.63lo, but only to 1-€ % times lo, or 0.391, at time /2.
Because torque is approximately proportional to current, the torque available at speed 1/t4(Fig.
3b), where t;=t, is 62% (or 100% x 0.6315/0.391,) greater than at the higher speed 1/t, (Fig. 3c),

¢=_£.1{1_M]
i v

where t, = /2. Torque is optimized if phase current is applied for at least 2.3, at which time the
current has risen to 90% of Io.

(&) i
(1)

ls
0.9 I{|. e

0831,

0391, |-

(b)

Figure 3. (a) Motor phase inductance, L, and
resistance, R, limit phase-current risetime. For
example, application of phase voltage for 1/2, t,
and 2.31, respectively, results in peak currents
reaching 39%, 63%, and 90% of final value I,.
Because torque is approximately proportional to
current, motors that operate at (b) lower speeds,
which permit longer applications of phase voltage,
deliver more torque than those (c) operating at
higher speeds.

Holding vs. Dynamic Torque

Assume that full current rise is obtained during phase switching. You can calculate the maximum
dynamic torque of a 2-phase bipolar motor as follows:

T =T (T804

a2
Ixld %
=Tﬂ[ [ein@)i6+ j-cas(aﬂa] /E
&l 3=t 4

4 (—cas{gnfalj+¢os(nf2j—sin(nj+sin@3n Mj]
i n/g

= 0.90(F,

where Tg is the maximum holding torque (Fig. 4a).
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Figure 4. The shaded portions of these curves represent (a) the maximum and
(b) the minimum available dynamic torque, averaged between points a and b.

If you need to approach this ideal level, which requires perfect switching time relative to rotor
position, you should employ closed-loop control. Open-loop control for the 2-phase bipolar motor
will give you at least this minimum dynamic torque:

o, LT(B):EEH(MEJ

5 Iﬁinlﬁﬂﬁf(ﬂ 'y
2

o [ o) —cosn/E))
=T T = (.A37T,

or 63.7% of To (Fig. 4b). Typical dynamic torque is (90% + 63.7%)/2 or 76.8%.

Given a certain power input, you can’t change a specific motor’s power output, | T(®)do (where
T(w) is the torque at angular velocity o). If your test instructions call for more dynamic torque
than T(w) at angular velocityw, then you are once again dealing with a flawed design, not bad
components. But if you know your application’s speed, accuracy, resolution, and torque
requirements, you can work with your firm’s designers to determine whether a specific stepper
motor delivers sufficient torque at the desired operating speed within your specific mechanical
constraints. T&MW
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I/0 Port Access in Microsoft Visual C++

Microsoft Visual C/C++ provides access to the I/O ports on the 80x86 CPU via the
predefined functions _inp / _inpw and _outp / _outpw.

int inp(unsigned portid); /* returns a byte read from the I/O
port portid */

unsigned inpw(unsigned portid); /* returns a word read from the I/O
port portid */

int outp(unsigned portid, /* writes the byte value to the I/O
port portid */
int wvalue); /* returns the data actually written

*/

unsigned outpw(unsigned portid, /* writes the word value to the I/O
port portid */

unsigned value); /* returns the data actually written
*/
portid can be any unsigned integer in the range 0-65535
#include <conio.h> /* required only for function declarations */

#define Data 0x378
#define Status 0x379
#define Control 0x37a

int Bits, /* 0 <= Bits <= 255 */
Dummy;

Dummy = outp(Data,Bits); /* output data */

Bits = inp(Status); /* input data */

1/0 Port Access in Turbo C, Borland C/C++

Turbo C and Borland C/C++ provide access to the I/O ports on the 80x86 CPU via the
predefined functions inportb / inport and outportb / outport.

int inportb(int portid); /* returns a byte read from the I/O port
portid */

int inport (int portid); /* returns a word read from the I/O port
portid */

void outportb (int portid, unsigned char value);

/* writes the byte value to the I/0 port
portid */
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void outport (int portid, int value);
/* writes the word value to the I/0 port
portid */

#include <stdio.h>
#include <dos.h>

#define Data 0x378
#define Status 0x379
#define Control 0x37a
unsigned char Bits;

outportb (Data,Bits) ; /* output data */

Bits = inportb (Status); /* input data */

1/0 Port Access in Watcom C

Watcom C provides access to the I/O ports on the 80x86 CPU via the predefined
functions inp / inpw and outp / outpw.
unsigned int inp(int portid); /* returns a byte read from the I/O

port portid */

unsigned int inpw(int portid); /* returns a word read from the I/O
port portid */

unsigned int outp(int portid, /* writes the byte value to the I/O
port portid */
int value); /* returns the data actually written
*/
unsigned int outpw (int portid, /* writes the word value to the I/O

port portid */
unsigned int value); /* returns the data actually written
*/
portid can be any unsigned integer in the range 0-65535
#include <conio.h>

#define Data 0x378
#define Status 0x379
#define Control 0x37a

int Bits, /* 0 <= Bits <= 255 */
Dummy;

Dummy = outp (Data,Bits); /* output data */

Bits = inp(Status) ; /* dinput data */

I/0 Port Access in Turbo Pascal

Turbo Pascal provides access to the I/O ports on the 80x86 CPU via two predefined
arrays, Port and PortW



var Port: array[0..65535] of byte;

PortW: array[0..65534] of word;

The indexed elements of each array match the port at the corresponding I/O address. Assigning a value to
an element of the Port or PortW arrays causes that value to be written out to the corresponding port. When
an element of the Port or PortW arrays is referenced in an expression, the value is read in from the
corresponding port.
Const Data = $378;

Status = Data + 1;

Control = Data + 2;

var Bits: Byte;
Port[Data] := Bits; { output data }

Bits := Port([Status]; { input data }

I/0 Port Access in QBasic

QBasic provides access to the I/O ports on the 80x86 CPU via the INP function and the
OUT statement.

INP (portid) ' returns a byte read from the I/0 port portid

OUT portid, value ' writes the byte value to the I/O port portid
portid can be any unsigned integer in the range 0-65535. value is in the range 0-255.

pdata = &H378
status = &H379
control = &H37A
OUT pdata, bits ' output data
bits = INP(status) ' input data

Accessing I/0O Ports with Debug
C:\>debug /?
Runs Debug, a program testing and editing tool.

Debug [[drive:] [path]filename [testfile-parameters]]

[drive:] [path]filename Specifies the file you want to test.
testfile-parameters Specifies command-line information required
by
the file you want to test.

After Debug starts, type ? to display a list of debugging commands.

Debug provides input and output commands -

i port address

o port address byte value

C:\>debug
-o 378 b5a
-i 379
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