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INTRODUCTION
This Technical Manual provides technical information on the
principles of operation of the QX-10 options and on trouble-
shooting. Major technical modifications, if made in the future,
will be notified through Service Bulletins, and the Technical
Manual should be revised accordingly.
The details of the Manual are subject to change without notice.
All the information given in the Manual concerns the QX-10
options, and we are not responsible for any problems with the
industrial copyright of a third party that might arise from
your application of the Manual te other products or from the
conhection of the ¢X~10 options to others,
All rights reserved. No part of this publication may be
reproduced, stored in a retrieval system, or transmitted, in
any form or by any means, electronic, mechanical, photocopying,
recording or otherwise, without the prior written permission

of EPSON CORPORATION.

Copyright © 1984 by EPSON CORPORATION
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The QX-10 has five option card slots including the 8=bit
parallel data bus. The following option cards are available

for user support.

Name Application

Q10K1 ROM card including JIS 1st level kanji
character generator

Q10K2 ROM card including JIS 2nd level kanji
character generator

Q10MF ROM card including 16 kinds of proporticnal

characters
Q10RS 2=-channel RS=-232C interface card
Qi0IE IEEE-488 interface card
Q10QF Optical fiber interface card

Q10AD 8-bit A/D-D/A converter
Q10CMS Color monitor subbecard

Q10ucC Universal card usable optionally by user

Q1GLP Light pen

Table 1-1
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1.2. Precautions on FCC Regulations

1) The FCC regulations reguire each option card to meet
the regulated values when mounted in the QX-10 system,
All EPSON brand option cards satisfy these regulations.
Bowever, when option cards are produced by the universal
card {Q10UC) and sold under the EPSON brand, each of
these option cards must be approved by FCC.
In such a case, samples of these cards shall be sub-
mitted to EPSON, System Design Section 1 for recognition
by EPSON.
Application by the foreign corporation of EPSON or EPSON
CORPORATION to FCC (FTZ) shall be considered each time
the application iz made.

2) Precautions on dezigning option cards to meet FCC
Regulations

(t} Use C-MOS IC as far as possible in option cards,
If C-MOS IC cannot be used, use LS or normal TTL.
Never use TTL of 5, ALS.

(2} Use thick GND and power supply pattern, and make
the power supply impedance sufficientyly small.

(3) Make the clock frequency as low as possible, and
make the waveform as dull as possible in the lead-
ing and trailing edges.

(4d) When a connector is needed for external connection,
use a connector with metallic case and connect FG
(Frame Grdund] to the metal plate on the rear panel
of QX-10.
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Maintenance
The following tool and test program are available for

maintenance of option cards.

Tool: Q10 Extension Card (Y1352711001)

As shown in Fig. 1-1, this card is inserted in the
option slot to railse the option card position for
ease of waveform observation and repair.
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I

Fig. 1-1

Test Program: The test program is used for checking
operation of option card.
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Location of Option Connector Signals

As shown in Fig. 2-1, there are five option slots on

the Q105YM circuit board under the option cover. Signal
lines of 60 pins including the system data bus, address
bus and power supply line are output to these slots.

Each slot is different in interrupt level, etc. Pay
attention to this point when using the slots.

The Table 2-1 shows the location of these option connector
signals.

Fig. 2-1 Location of option slots
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Pin No, gﬁ;i Dfigzﬂ.on Degcription of Signal
1 - 2 GND — [ Ground
3 - 10 DTBO-7 IN/OUT Data bus
11 - 12 -12 ¥ -—-'— -12 v
13 - 28 ADRC-15 QuUT Address bus
29 - 30 GND — Greound
31 CLK ouT System clock
33 BSAK ouT Bus acknowledge
34 MEMX ouUT External memory select
35 IRD ouT I/0 read
36 IWR ouT I/0 write
37 MRD ouUT Memory read
is MWR ouT Memory write
39 RSIN IN Reset input
40 INT(H) IN High-priority external interrupt
41 INT(H) 2 IN High-priority external interrupt
42 INT(L) IN Low-priority external interrupt
43 +5 v — +5 v
44 RSET cUT Reset output
45 - 46 +5 v _ +5 v
47 DRQ(F} IN DMA request
48 DRQ(S) "IN DMA request
49 RDY (F} IN DMA ready
50 RDY (S} IN DMA ready
51 WAIT IN Wait
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Pin No. :;z;zi Disiggiicn Description of Signal
52 Iws ouT " I/0 write short
53 DAK{F} ouT DMA acknowledge
54 DAK (S} QUT DMA acknowledge
55 EOP (F) ouT End of process
56 EOP(8) ouT End of process
57 - 58 +12 ¥ —_— +12 v
5% - &0 GND —_ Ground
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2,2. Description of Signals

Signal

Pin No.

Description

GND

1, 2, 29, 30,
32, 59, &0

Potential OV. Return lines of respec-
tive power supplies {+5, +12, -12),
All pins are connected to the signal
ground on the main board.

DTE O

DTB 7

3 -10

DATA BUS. Input/Output signals,

These are buffered by the bidirectional
buffer on the main bcard. BAll of these
are output signals except for data in-
put from the option slot.

ADR 0

ADR 15

13 - 28

ADDRESS BUS, Output signals. These
signals designate memery addresses and
an input/output device.

31

SYSTEM CLOCK. Output signal. It is
the main gystem clock (3.9916 MHz).
The phage is the same as that supplied
to the CPU.

BSAK

33

BUS ACKNOWLEDGE. Output signal. This
is a bus acknowledgement signal for
CPU. When LOW, this signal indicates
that the DMA is operating,

34

EXTERNAL MEMORY SELECT. Output signal.
When LOW, this signal indicates that
memory at the option slot has been
selected.

35

I/0 READ. OQutput signal. Set to LOW
for data input from an I/0 device; the
CPU receives data at the rising edge of
the signal,

e

I/0 WRITE., Output signal. Set to LOW
for data output to an I/0 device,

37

MEMORY READ. Output signal. Set teo
LOW for data input from memory; the
CPU receives data at rising edge of the
signal.
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Signal

Pin No.

Description

38

MEMORY WRITE. Output signal, Set to
LOW level for data cutput to memory.

RSIN

39

RESET IN. Input signal. Input of this
signal from the cption side resets the
CPU when the signal goes LOW, while the
reset operation ends when the signal is
et to HIGH.

INT(H) 1

INT(H) 2

40

41

HIGH PRIORITY EXTERNAL INTERRUPT,
Input signals. High priority inter-
rupts applied when signals are set to
BIGH.

Theze sighals are connected to the
8259 on the main board.

INT(L)

42

LOW PRIORITY EXTERNAL INTERRUPT.
Input signal, This signal is used in
the same manner as INT{H}, but the
priority of the interrupt is low,

RSET

44

RESET. OCutput signal. This signal
initjalizes the device at the option
slot. When the system is in the resest
condition, this signal is set to LCW,

DRQ (F)

DRQ(5)

47

48

DMR REQUEST. Input signals. These
signals are set to LOW to reguest DMA
trahsfer from a device at the opticn
slot. DRQ(F] has a higher DMA regquest
level than DRQ(S)}.

RDY (F)

RDY (8)

49

50

DMA READY. Input signals. WAIT can
be applied to the DMA controller by
setting these signals to LOW. RDY(F)
and RDY({S) coarrespond to DRRQ(F] and
DRQ (8) , respectively,

WAIT

51

WAIT., Input signal, CPU operaticn can
be interrupted by setting this signal
to LOW.
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Signal

Fin No.

Description

IWs

52

I/0-WRITE SHORT. Output signal.

Used when the IWR signal deoes not pro-
vide sufficient time to write data from
an external memory to an I1/0 device
during a DMA transfer.

DAK (F')

DAK (5]}

53

54

DMA ACENOWLEDGE, Output signals.
When the DMA controller receives DRQ,
these signals are set to LOW when the
DMA isg started. DAK{F) and DAK(S)
correspond to DRQ(F) and DRQ(S),
respectively.

EQF(F)

BEOP(S)

55

56

END OF PROCESS. Output signals,

These signals indicate the end of 1
block during a DMA transfer. They are
set to LOW together with DAK when the
last byte is sent, EOP{F]) and EQP(S5)
correspond to DRO(F) and DRR(S),
respectively.

+5 v

43, 45, 46

+5 V power supply lines, ({(Up to 2 A.)

*12 W

537,

58

+12 Vv power supply lines. {Up to
0.2 a,)

-12 v

11, 12

=12 V power supply lines. {(Up to
0.04 A.)
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2.3. I/0 Port Access Timing

{1} I/0 Read Timing

' [Unit; nsec)
! T ' T2 ! Tw ! T3 ;
CLK | :
L F== [ I— I I
T e ! 1 ! 2 i
_'11;‘ t : | —h-: ;’_ﬂ'lll'l
ADB | ! ADDRESS | ‘ )
0~ 7 L.</://// : VAL ID ]Iir 'l :W’
-l #d—ed {51] | ' {(*2
! max o 17 ! ! ';ﬂhh‘%in
| rmin | : —tr : :
TRD - . 7 I ! ////
l R 77770 ! .
i ; i
[ r_ max ! : 5-4?4 5
N ! ' -y , LA el
WAIT ' L 27 100 ! ;0 min
: | mox min : i{"5)
| - e BN N D S
] BETR ' é i | min ;h~$.
DTB BuUS | I { DATA Bus
on~7 ouT PUT j7 ! QUTPUT

(*1) Address stabilization prior to IRD,

(*2) Address holding time after IRD,

(*3) Data holding time after IRD.

{*4) Delay before float after IRD,

(*5) Floating heold time after IRD.

Rote: The data bus is normally in the cutput state, and

serves as an input terminal only when data is cutput
from the option side.
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{2) I/0 Write Timing

CLK

ADB

o~ 7

walT
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O ~7
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T T2 ™
e 255, 2 '

[ 230.4 ——=

[ min
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[Unit: nseg|

_L,_._..

E// 7 \ AR LD

—ig2 [I” 1

:'

1
mai |——| —1—“’""'"
i ™ ! iR : I rmn
r iy
| ; 'f/
| 2z
I iy
E :I HTm-l i | Omin --—IZ;““ |
. o ! - (v
! - 23 | 100 Vm
] _""| 1
__:5"'"" mfn | : 5rnln

A

—

Vi P a0

E%

(*1)
(*2)
{*3}
{*4}

o | 72—
mox

Address stabilization prior to IWR.
Address holding time after IWR.
Data stabilization after IWR.

Data holding timing prior to IWR.
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2.4.

Memory Access Timing

(1} Memory read timing

[Lnit:
TI T2 T3
- { 25, 2y
CLK
-——-—mn-a!r——_“‘L—-——.J—-j_
250.4 — | !
_-J?rnin ; : _-"Pmln
17/ ADDRESS I oy
-7 "/////// ; vacwo . ) W////&
2= : “‘55:
4 ' 1'Tmin N
} ~ 4 : o e .
RO | "’""'W '
| ]
: -lpqﬁa;1: e 3} : o 1 340y ol
m i
l hg e
oTe " DATA BUS ™\ | fDATA BUS | DATA BUS
o7 ! ouTQPUT | f IT\ (INPUT | QUTPYT
> I
! - b I
' ' I00minlOmin | |
: -—ﬂl e | |
— I . T "
WAIT | | [ B
! T T 1
! | 1
! | | |
| : I |
{*1) Address bus stabilization time preceding the falling
adge of MRD
(*2) Address bus holding time following the rising edge of MRD.
{*3) Time following the falling edge of MRD before the data
bus starts floating,
{(*d4) Data bus holding time folleowing the rising edge of MRD.
{*5) Data bus floating time following the rising edge of MRD.
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(2) Memory write timing

CLK

ADA
Q-7

o1l
O~7

waT

TI T2 T
- 1275, 2 -+

—_— L]

h—— 250. & ——am

(*1}

(*2)

(*3)

Tmin I ! 1'n"l'\'tln
el { | c{-&
277/ Vi
D i |Tmin i ITiin *ELEH
— . 7
Bmin | tuz '2:,;"' l"'z;;ﬂl'-"sm*
% o \
= =
I i I :
I — |
JRNUISUN S ) NSV :

Address bus holding time following the rising adge of

MWE.

Data bus stahilization time preceding the falling edge
of MWR.

Data bus holding time following the rising edge of MWR.
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2

o

(1) Memory read, I/0 write timing

CLK

DAK

ADB
O-i%

n

MRD

oTH
Q~7

DMA Access Timing

[Unit: nsec]

st | 52 i 53 E 54 I 51 '
nscaeinn [N I B N
e 250.4 | [ o
\ 20— | ! : 238 |
2 ) i A
—— | ——!
S }
}W/ i ADDRESS 1,' VALID 17///////%1
‘-:?rmn | 380 :E*H 1-1;;““ :
! - 225|—— = min| [ |
I v 7
W77/ 7/ A
: -4-1:n—in : |' . '4min i F
: 225 |mh“"""’"‘“‘4?nom %z |rnu: Jl.
| v 7
77/ %/}/ :
I| - ;I;m I {*:;mil _'1;;" Srnlnl i
i | -~
(%5)
| | i | |I
(*1} Low level pulse width of I_W_'R_.
(*2) Low level pulse width of MRD.
(*3) Data bus stabllization time following the falling edge
of MRD.
(*4) Data bus holding time following the rising edge of MRD.
(*3) Data from internal memory to I/C in DMA.



{2) 1/0 read, memory write timing

[Unit: nsec|
I 52 I s3 | sw | sw sa st |
1 128 2 I i | I |
CLK : | I J L1 L]
ra—232 50 4— | | )
3 ™IE ! I t 2%8max,
7 | ! t |
o __ ! | | 77
| ! | | [ i |
L——V uﬂﬂi: ! L ! 2002
F | " 1 [~ T
A ADDRESS | 2
08 o L) | | A
= I L)
l2min | f .-1 -' |
| ™ 225max | : : 225 lmn |
—_— | " I
IRD W|77/77 Il ! | ad |
P ami (i) emiael B
amin | l i I {
! Sma | | mmin | (75 meu :
— } | F
MWR | /IR, , i ! V. '
] - i T 1 ' i |
: 4min { ! | golX8 ! amin : |
| | E!maxhlﬂ | min ! {
: | "‘"‘1\ I : FL);_ [ 4
o~7 : ouT | Fi , I\ [IN r ouT |
| ! RETIE 22min |
| | | I emin it | ]
| | ! | x4 |

{*l) Low level pulse width of IRD.

{*2) Low level pulse width of MWR.

{*1) Time following the falling edge cof MWR before the data
bus starts floating.

(*4) Limitation of input data from I/0 to internal memory,
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2.

6.

I/0 Port Address Map for Options

The addresses ©of 1/0 ports allopated for options are from
BOH to FFH. Of these, some are already assigned to exist-
ing interface cards. Therefore, when other option cards
are prepared, contact the Electronic Instruments Design
Dept. of the EPSON Corporation for confirmation that the
addresses are free. (This precaution must be observed

to prevent the same port from being allocated to more
than one option.}
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0| Bar-code Reader Interface
Reserved =000 | e
a4 C 4 R5-232C Interface # 2 Q10RS
8 8| GPIB Interface CB8
—— I
B C| Q10E cc
1
90 (S
9 4| Optical Fiber D4
98 Intertace (100F 08 Reservad
9 C T ——— D¢
A Q! AD/DA interface Q10AD E DO
A 4 RS-232C Interfaca # 1 Q10RS E 4
AR E B
AC EC
B Q| Direct Modem interface Q100M F O
B 4 F 4!
B 8 F 8
Reserved
B C! F C Muitifont Q10 MF
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2,7. Precautions on Making Interface
Take note of the following when preparing option cards.
{1) RSIN (Reset signal)

RSIN is the input signal for system reset. Since

this signal is directly input to the CPU reset terminals
with no particular synchronizgation, it is recommended
that it be synchronized with the rising edge of the
read/write pulse and that the pulse width be held

to less than 1 mS when D~RAM data is to be saved,
however, note that the pulse width must be greater

than three clocks.

(2} Difference between INT({H)} and INT(L) {Interrupt
request signals)

Although there are three types of interrupt request
signals (INT(H) 1, INT(H) 2, and INT(L)} for each
option connector, INT{(H) 1 and INT{H) 2 are common

to all of the connectors. Therefore, only one card
which utilizes INT(H) 1 ox 2 can be used at any given
time. However, since INT(L) is assigned to the
various connectors individually, it can be used with
several cards simultanecusly. Connection of the

INT(H) and INT(L) interrupts on the main board is
shown below.

n T " ™ -
z ) . | | | =z ] Inyarerupt priority
2 e & § 1= NO 3
& E Y = E - lTo master
o o & S No 4, | 8259
INT{H)I o -2 L o O NO 9.
INT{H] 2 o = o
INTIL} o ° o o o NG,
To slove
NO 1S,
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Connection

Relative

Interrupt cause

address
iRO OOOO Power dowr; detection I'nt:r-;l:ll;)t
IR 0004 Software timer » 1 interrupt
IR2 0008 External {option} interrupt INTF 1
Mastar | IA3 000C Extarnal {option) intarrupt INTF 2
R4 0010 Keyboard/RS5-232C interrupt
IRS 0014 CRT/light pen interrupt
IR8 0018 Floppy controllar interrup?t
iRO 0020 Printer interrupt
iR1 0024 External {option) intarrupt # 1
IR2 0028 Calendar cleck interrupt
Slave IR3 002C ] External {option) intarrupt = 2
IR4 0030 II Extarnal {[option} intarrupt # 3
IRS 0034 Software timar # 2 intertupt
IRG 0038 External (option) intarrupt # 4
IR? Q03cC External (option) interrupt # 5

High-order

Priority

Low-grdar

Interrupt addresses
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Option card # S INT

Option card # 4 INT

Twmar countar cPDA253 (14E) Qut )
Opuoncard = 3 INT

Option card = 2 INT

RTC48818 INT

Option card = 1 INT

AI0A255A PC3

A

1/Q addras OCH-~ ODH

I/0 address BBH ~ J9H

FDC uPDYBS INT

CAT INT

SIQ uPDT201 INT

Option interrupt H2

Opton interrupt H1

Timer count uPDB253 ayt (1 4E)
PWD signal

AD

+5

CPL! intarrupt

PR—| N
P .| R
- 23
- 3 - Do
- 22 w
i 24 ) ° 2
s - —
19] i
F 1 T3]
_ 1J 0 N
o o
> 2 a0 WA P
S 55 T Pl et
1 —1| 28
e 3 5 TR = ——
s —CAS-—
i 3 INT
(Slave?
12 18f 17
12| 13| 15| 25¢
i 3 IRT
l—cas—d
1| —
: z4 1R6 Do
- 23 —
- 5 " 8
wgl 4 S
29 — DT
- 5
=
- 20 2 sy
o 19 'y
- ! o @ 7] - ——
W no R_D 03_........................‘
JPSR———1 | - INTA 28t
AT IV
{ Master )
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IOWR
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(1) Difference between BRO(F) and DRQI(S)

There are also two types of DMA request signals for

each option connector, DRG(F) and DRG(5). DRQIF)
is common to all of the connectors, while DRQ(S) is
assigned individually. However, DRQ(S) and DAKI(S)

are not connected to option connector 5.

Also, RDY(F] and EOP (¢} corresponding to BRG(F)
and DRO(S) are common to all of the cennectors,

as are RDY(S) and ECP(S) .

This is because all the DRO{S) signals use the same
DMA controller. Finally, BEK(S) is individually

assigned to all of the connectors in the same manner

as DRQI(S}).

These relationships are shown in the figure below.

)] - m N -
Zz z g g M 5 u
— © = 2 =
- - 1 - 1 - -
3 % 5 & &
DRGLF) |© 2 DREQ  g237-5
o aC
BRKIF ! |o DACK OMA
RDY(F} o REDY  contrel -
EOPLF) < EOP lor  #I
BRGTS)
GERTET (e o o s A
ADOFIE) [o & o REDY
TS ° ° ° jm" 6237-3
OMA
- DREQW ©
— - — — pacCK O tontrol-
pRea | ¢ 42
—d pacK |
L. -~ DREQ 2 .
- DACK 2
={ DREQ 3
DACK 3
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Channel

Connection

Floppy disk

Mastar 2

Monitor

Option slots {One of OP # 1 through OF # 5)

—

Option slots (OP # 1)

Slave

Option slots {OP # 2)

Option slots {OP % 3)

B M

Option slots (OP % 4)

High

Priority

Low

DMA request level
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A7 -
System address bus s b=
AT - AD ! 2
an RESET = RET
™ |~ .
Option siot DROS #4 - — e ores eLx o gg;;; ::;k
Option slot DRGS # 3 %-m-—w-——-'-'ﬁ:-u 3 - hhe
Cption slot DRAGS %2 _...W,...._...,.qu ;a. n-a :
Option siet DRAS » 1 m.i":g, : tw o iowR
Option slot BAKS & 4 w—eeogapacn & 7 P = [ORD
Option kot DAKS # 3wt 3 5 = NEwR
m
Option slot DAKS » 2 M, 3 LUl ™ MERD
MY
Opnion siot DAKS #1 m— e
2-clock Wit Circuit QUL e 2| RERDY o7
Ootion stot EQCPS m— e DA EEF ? S',;ﬂarn data bus
L8373 118K} BT =B i mp 00 o7 - e
Systemn addrass bus e m
RESET]— LEAi
cLx o pr} Systam clock
S oS, 39938 Mz
Option slot DRGF -—ll---—--mm-------q: 5 = M __50—. Py BUSRO
= ~ —_—
AT DREAZ -.....H_,,,mm.___,___gﬂ 2 o Hea ‘—_¢<“ = HI—C-” ¢Pu BUSAK
FOCLPDT85 DAE — e | o T p=——&——= TOWR
o y T be— T TBER
——=qQapacx S Iy LORD
Option siot DACKF me— e Tl oM w MEWR
CRY DACKZIORD il g 4 o > WERD
FOCuPDY8E DACK -&——m“----*-&q t b
. . r
2-tlock wait gircuit output —peee e REIBT ? g{’mm dats bus
Option slot E'FFMW%_Q oP po ~bo
LS372 (16K OC = 24 ADEN

DMA.controller uPDB237
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{4) Difference between BSAK and DAK

Both of these signals are active during DMA operation,
but whereas BSAK is active during all DMA operations
(i.e., the signal is output even when the CPU is stop-
ped) , DAK (DAK{F) or DEK(S)) becomes active only when
the ceorresponding DRQ is accepted and that DMA i1s
operating., FPor this reason, it is recommended that
these two signal types be used as follows.

a. BSAK should be ANDed upon I/0 port address decod-
ing and the I/C port non-selected when it is LOW.
(This iz because the address bus contains a memory
address when BSAK is LOW.)

b. Use DAK for chip selection of the I/0 port out-
putting the corresponding DRQ.

It is particularly important that BSAK is used as
described, since incorrect operation will result (re-
gardless of whether the DMA is used) if this processing
is not performed.

kil



(5) External memory select

MEMX is required when the option card includes
memory. This signal becomes LOW when bit 3 in the
memery bank register is 1 and neither P-ROM, (-MOS
RAM, nor the common area are selected. Thus, pro-
gramming considerations are necessary when external
memory {(on the option card) is to be used. In other
words, when external memory is to be selected, bit

3 in the memory bhank register must be set to 1 and
bits 7 - 4 (the internal memory bank) must be set

to 0 so that memory on the main board is not selected.
Note must also be taken of the fact that the resident
RAM area cannot be placed on external memory.
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(6) Interrupt processing

Interrupts from the option slots are controlled by
the INT(H) or INT(L) signals. An 82593 is used as
the interrupt controller in the main system, and the
INT signals are corinected directly to the IR terminal
of this 825%A. When the INT signal goes from LOW to
HIGH, it must be kept HIGH from its risging edge until
the INTA from the CPU has been accepted by the 82593;
however, since the INTA signal is not output to the
option conhector, the INT signal must also be kept
HIGH until interrupt processing is started for that
device. Finally, since a rising edge is necassary,
be sure to observe the rules concerning the duration
of the LOW level for the INT signal. These consider-
ations are cutlined in the figure below,

[Umit' nsec)
o 22 7777
118 min C min
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{7} Notes concerning inclusion of options in the 0S

When option cards are prepared, some additional circuit
must be provided to make it possible for the 0S5 to de-
termine whether previously reserved options are present,
and to allow it to automatically control interrupt
tables and so forth. The 05 must use the following
sequence to determine whether the various options

are connected to the option connectors.

First, data is output to the ports designated for

each option {(with a different port for each option);
depending on the option, the content of the data

may also be designated. If the applicable option

is connected, an interrupt is generated, causing
INT(H) or INT(L) tc go HIGH. In the case of an INT(L)
interrupt, the main system is able to determine the
slot toc which the card is connected from the inter-
ruption address, which differs ac¢cording to slot
number. If the opticn card is not connected, the

CS recognizes the fact because no interrupt is
generated.

Therefore, a circuit must be provided so that an
interrupt is applied when data is written into one

of the port addresses assigned to options controlled
by the 08, and to clear the interrupt when that same
port 1is read out.
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(8) I/0 signal interface

All input signals fed to the main board from the
opticn side are pulled up by 3.3K ohm resistors.
These signals {(other than bidirectional data bus
signals) are received by the 74LS541, and therefore
should be controlled by an open collector cireuit,
The 74L854% is also used for driving output signals
{other than data bus signals) which are-fed to the
option side from the maln beoard.

The option side should be provided with a one-stage
buffer for connection of multiple options,

I/0 switching for the data bus must be controlled
by the 74I,5245 bidirectional bus buffer on the main
board, as well as on the option side. This is teo
prevent data conflicts.

Signal lines which are not used must be left open.
The recommended I/0 interface circuit is shown below:

Main board side 1 Option  side
I T ———
| .
oour N ! N
signal |\ t 1%
L5541 +8 E LSI4,L554
| or LS241
3.3K I
| 1 |
iy /L ]
nfgnal \\ﬂ : |
LS54l +5 : LSOS, 07
| or IT
3.3k :
Data _ I
bus 1 N :
|
’ |
|
L5245 L5245
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2.8. Mounting of parts

° Parts should be mounted only on the part mounting side of
PC board (the side at the front when the slot connector
is located right below) taking care to set the height of
part to within 15 mm from the PC board surface, and not to

make contact between the part and PC board surface or be-
tween parts.,

S 1

Part mounting side

Al]l parts, except for the extexnal interface connector,
should be mounted inside the PC becard contour.

When mounting the external interface connector, refer to
the following drawing as the connector position and size
are restricted by the case cover,

LOWer CASe b J'SEFJpper case
L4 PC board +

1 Metal fixture

Wiring should be as short as possible on the PC board, and
be fixed as reguired.

Lead wires (lead wires of IC resistor, etc.) on the soldered
side (rear side of part mounting side) should be 1 - 2 mm
high from the PC board surface and arranged so as not to
make a shortecircuit with the other lead wires.
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2.9, Outer Dimensions of Option Card

Unit: mm
280 3

1{ "![ RO o

x bk -*- }
10+ V4. B i
S - 032 |
I Part mounting side i
e I

LI

T

—_—

L
4 !
124 2_54»:[%9-1]

80.6
113

Note: Signal ilines must not he
wired in the shaded area.

P
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CHAPTER 3 Q10MF - MULTIFONT ROM CARD -

3.1. General

3.2. Hardware
3.2.1. General
3.2.2, Block diagram
3.2,3, Data flow

1.3, Software



General

The Q10MF is a character generator ROM card of 14 x 17
dots provided with six 128-bit mask ROMs, and is mountable
on the option slot of QX-10. The characters mounted on
this card are supported by the EPSON Multifont CP/M.

The multifont characters mounted on Q10MF include the
information for propeortional printing, enabling pro-
portional printing by choice. '




3.2, Hardware
3.2,1 General

a. The character generator ROM card is controlled by
the B-bit slave CPUB039, and the control program
is contained in PROM2716,

The following three kinds of ROMs are mounted on
the character generator ROM card,

RON location | Multifont ROﬁW;;£&““

#1 1A i KA:h {M12020A)

#2 2A | M12E§BCA

#3 1B M12031CA
‘‘‘‘‘‘‘‘ #4 2B M12032CA
_ #5 3A M12033Ca - -é
#6338  wizoca |
,_m“#? - e oo e e el 1
) #¥8 2C

Table 3-1

(ROM in use: HITACHI HN43128)

* The above ROM includes fonts of
512 characters each.

Three flags (IBF, OBF and ERR} are provided for
data transfer with the main system, and the font
codes and patterns are transferred by way of
handshaking:

{For details, refer to the Software sectiocn.)
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The printed circuit board of the multifont character
generator ROM card is the same and is discriminated
by the mounted mask ROM and jumper switch setting.

Jumper switch setting and I/0 address are as shown
below.

I/0
address Jumper JZ Jumper J1
Multifont ROM card Commmmen ) | 1 @]
FC | FD —
{Q10MF} () OIE
R Pattern data
W Pattern code
R STATUS
W INTERRUPT
Table 3=-2

R
I T e B
iz R
§TEF | 5 36 | N

S I .
e ==

Option connector (slot) side III I

Fig. 3-1
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3.2.2

Block diagram

Mask ROM HN43138 /"
#1 - #8 \,_.._............._...._
Data bus Address bus
cs
Data Address
buffer s~ latch
L5541 (2E) B243
L1000
|*'1
Slave CPU
8039
{r9y
M |Contrel
)program it ——— ey
PROM: 2716
~N2 L
Bangdshaking Handshaking
data latch data latch [
5374 (4F) L5374 (SF)
(\ iBF
—Y
OBF i
Status flag Address
decoder [™
s
Data bus Control bus Address
buffer bl buffer maffer
15245 (2F) L5541 (5G) LS541 (2G)
\Pata bus Contrel bus Address bu?
Option connector
Fig. 3-2
34



3.2.3 Data flow

Initialize address
latch (B243)

ot —

-

WAXT FQOR IBF

ERRCHR.FLAG = 0O

Input command byte

WAIT FOR CODE 1

READ CODE 1
{low arder bytel

WATT FOR CODE 2

READ CODE 2
{high order byte!

TLLEAGAL Yeu

ERRCR.FLAGC = 1

AXirens latch (B243)

Dasignates buffer
addresr

Sand charactoer
te buffer

®

Fig. 3-32




Send chAracter
to B in CPU

PRN
CRT mp/m'/
CRT
Initialize Designake prink
regiater buffer addreis
Fead low order byte
of character From l;e:: ;::"cter
LT =
Read high Gpdar byte ) .
of character Erom ::;::rm print
B
STATLE SET Transfar Character
BUFFER SET
Read from program
memory
Trantfer chLarhctay
i
B

Frepare for
oexkt ACAtus
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1.3. Software

Two commands, status port and data port are input to
the QI10MF opticon card.

{1} Status port (FDH: Set by the jumper wires.)

A. When this port is read, the following status
can be read,

IBF

I
X X X'X X |ERR}OBF

I ]

IBF

ERR

OBF

0: Character pattern not readable
1: Character pattern readable

0: Normal
1: Error

0: Character code writable
Character code not writable

B. When data {contents are optional) is written

into this port, the hardware interrupt is effected
in INT (L}.
As this interrupt signal line is assigned to

separate interrupt addresses for each option

slot,

the slot in which the Q10MF 1s inserted

can be discriminated.
To reset this interrupt, read the status port.
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(2} Data port (PCH: Set by the jumper wires.)

A. Data to be written in this port consists of the
following three bytes.

Command byte: A command toc specify use of the
pattern read from the character
generator for CRT or printer.

1 | MODE 0 ¢ 0 0 0O bit

0: Pattern mode for printer

MODE
1: Pattern mode for CRT

bit 0: Pattern for CRT (1) For NON-DMA
1: Pattern for CRT (2) For DMA

Character code byte: Sends therhigh order and
low order codes of the
character code in that
order, following the
command byte. However,
the character code is in
a range of Q000H - ODFFH,
and a code out of this
range will be error.

Low order byte of character c¢ode

High order byte of character code
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To wrxite the above three bytes into the option
card, they must be written one by one while con-

firming that the "OBF" bit becomes 0 in the status

port. When the Q10MF option card receives and
becomes ready for reading the character pattern,
INT (L) is interrupted,

{To reset this interrupt, read the status post.)

Character pattern is read from the data port.

Status byte: Before the character pattern, the
data indicating the status infor-
mation of that character pattern
is read,

VALID | MODE 0 0 UP RIGHT LEFT DOWN

VALID 0: Character code is invalid.
1: Character code iz valid.

MODE .G: Pattexrn for printer
Pattern for CRT

up Extension in the up direction No (0}
RIGHT Extension in the right direction WNo (0)
LEFT Extension in the left direction No {0)

DOWN Extenszion in the down direction Neo {0)

39

Yes

Yes

Yes

Yes

(1)
(1)
(1}
{1)



Character pattern: Pattern information differs
as follows for CRT and printer.

Pattern for Printer

14 bit
pie7 \
| T
o |
1] 4| 7| 10| 13|16} 19] 22| 25| 28| 31|34] 37|40
bit 0 S
bit 7 S , 18 bit
Lo
o] .
2{ 518i11/14,17/2023 26.29{32(35|38}41
bit O ! T o
. T ’ T
bit 7 3 6 9i12115'18]21.24-27 3033\36|39(42| |
bit & L L - i .

Fig. 3=-4

Pattern for CRT (1}

Y, 14 bit

~N
bit & bBit O bit 7 bit 1
i 2
3 ] \\“\ _
3 3 Command byte bit:
9 10
11 12
13 14 _
15 16
17 18 18 bit
19 20
21 22
213 24
25 20
27 28
29 30
N 32
33 34
35 36 -
Fig. 3-5
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Pattern for CRT (2]

/ 14 bit ~
bit 1 bit 7 bit O bit 6
7 3
3 3
g 3 1
7 8
5 15
11 12
13 i4
15 16
= e 18 bit
9 26
51 53
73 54
35 T3
55 58
5 30
31 33
33 33
35 36 -
Fig. 3-6

\N\\ Command byte hit:

{DMA mode)

To read these patterns, the bytes must be read
one by one each time IBF becomes 1 while monitoring
the IBF bit in the status port.

an
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CHAPTER 4 QT0RS - RS5=-232C INTERFACE CARD -~

4.1. General
4.2, Hardware
4.2.1. General
4.2.2. Block diagram
4.2.3., RS8-232C connectors
4.2.4. Setting of jumper wires
4.3. Software
4.3.1. I/0 MAP of Q10RS

4.3.2. ID check method




General

The Q10RS is an option card for RS232C interface and is
used to support asynchronous and synchronous {(SDLC.BY-SYNC)
communication. The transfer speed can be set by the soft-
ware, and is usable up to 19200 BPS in asynchronous mode.
In this option card, the address can be changed by the
jumper wires. Up to two cards at a time can be mounted

on the option slot. As the Q10RS can support the 2-channel
R5232C port, up to five channels can be mounted together
with the standard RS232C port.

Cables: For modem #523
For Null modem #524
Branched cable #525

4.1



4.2.

4.2.1.

Hardware

General

The Q10RS uses the uPD7201 as a serial controller,
which supports asynchronous and synchronous communi-
cation. The counter timer uwPD8253-5 iz also provided
to supply transmission and reception clocks for the
LPD7201. The driver/receiver of R$-232C employs
75188/75189, and the supply voltage is +12 V.

The uPD7201 has two transmission and reception chan~
nels A and B, which support up to two channels of
R5-232C. The ID check circuit is also provided to
check if the QI10RS card is mounted. Interface with
CPU permits pelling or interrupt.
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4.2.2

Block diagram

RS-212C connector (R-ch)

RE-232C connectar (B-ch}

A-ch driver

A-ch receiver

B-ch driver B-ch receiver

Transmission data

P

Raceiving Jdata

L

LPDT20:

}

| Count

~

N
8253-5

Decoder

I . ID check

clrcuit

Data bug Address bus  Control bus

Cption connectors

Fig. 4~-1




4.2.3 RS5-232C connectors

Pin No. Signal name Channel ' Functicon Remarks
1 AR (FG) _— Safety ground
2 BA (TXD}) A-ch Transmission data 7201
3 BB {RXD) A-ch Receiving data 7201
4 Ca (RTS} A-ch Transmission regquest 7201
5 CB (CTS) A=ch Transmission enable 7201
& CcC {DSR} A-—ch bData connection finished Read in LS3e7.
7 AR (8G) —_— Ground for signal
8 CF (DCD) A-ch Carrier detection 7201
g JEE—

10 _

11 REV. A-ch Same as CD,
Not provided
in R8-232C
specifications.

12 SCF (DCD) B-ch Secondary carrier detection| 7201

13 5CB {CTS) B=ch Secondary transmission
7201

enable

14 SBA {(TXD) B~ch Secondary transmission datai 7201

15 DB {TXC) A-ch Transmission clock 7201

16 SBB (RXD) B-ch Secondary receiving data T201

17 oD [RXC) A=ch Receiving clock F201

18 DSRB " B-ch Data connection finished Read in LS3&67.
(Assigned by
EPSON.)

19 SCA (RTS) B=ch Secondary transmission 7201

request
20 CC (DTR) A-ch Data terminal ready 7201

4.4




21 _—

22 CE (RING IND) | Comman Call display Read in LS367.

23 CH (DATA RATE)| Common Transfer speed selection Changed over
with the dip
switch.

24 DA (TXC) Transmissien clock Sutput to modem.

25 DTR B B=ch 7201
{Assigned by
EPSON. )

Table 4-1 Locations of QI10RS connectors

The Q'0RS option card includes up to the secondary

channel

(B=channel) of EIA RS-232C.

At these two channels can be independently controlled,

two channels of RS-232C can be used by using a two-branched
cable (#525), for example,

However, since secondary DTR and DSR are not defined in

the RS-232C specifications, a complete two-channel system

cannot be made as it were. So, DTR and DSR are assigned

to pins 25 and 18 so that independent two channels of
R§-232C can be used,
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4.2.4

Setting of jumper wires

(1) Setting the interface signals

Set at
Signal name ON OFF delivery
J1 SCB (Secondary CTS) | Pulled up Not pulled up ON
J2 | SCF (Secondary CD) Pulled up | Not pulled up ON
J3 CF (DCD) Pulled up Mot pulled up ON
J4 | CC (DSR) Pulled up | Not pulled up ON
J5 | CB (CTS) Pulled up | Not pulled up ON
Table 4-2
{2) Setting communication modes
Signal name Asynchronous Synchronous
4 (set at delivery) | External Internal
clock used [clock used
Je-A External trans- OFF ON OFF
mission clock
Je-B Igte¥nal trans- ON OFF ON
mission clock
JT = Internal receiv- ON OFF OFF
ing clock
J7-B Fxternal receiv- OFF o ON
ing clock
Table 4-3
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(3) Address map (Option connectors)

4.7

Ja-5A Ja-B
ON OFF Mapping addresses at 00A4 (H) - QOAF (H).
(Set at delivery.)
OFF ON Mapping addresses at 00C4 (H) - QOCF (H).
Table 4=2
ADR
7 0 5
6 o B 10A Lsl3s
% AT CTY
50— B¢ss 4
A - ON
B - CFF
ADR
Te 104 L$138
69 A B E d (9
5 Ja
A - OFF
B - ON
Fig. 4=2




{4) Selecting transfer speeds {Modem clock)

On QFF Set at delivery

Swl~1 Meaningless CN

Setting the Setting the

SW1-2 channel to channel to o
high level low level
SWl=3 OoN
Not used
SWl-4 oN
Takbkle 4-4

When two Q10RS option cards are used in the option
slot, setting of JB should be made different.

Reference:

Comtetion o¢ clocke]
13 made wich thae |

bdip awitch 15W1-2)
Modem | an the @X=10 speion :

d.
QIDRS Froacesiin |
. E—— 9
ox-10 option circuLt ! :
card - I |
-

7201 o . L i |
’ cloch Lo : o :
B253-5 Data L — ===+

There are two synchronous systems: one is to
transmit a élock from the Q10RS option card (using
the internal clock) and the other is to receive a
clock from the modem {using the external clock).
The asynchronous system does not perform trans-
mission and reception of the external clock.

The difference between the signals of A and B
channels 1s shown together with pin numbers in the
table below., As seen from the table, the pin of
TXC.RXC (transmission clock-Reception clock) does

not exist in B=channel.
4-8




This indicates that the modem (external) clock
cannot be used. Therefore, when using the clock
from the modem, use the A-channel.

The jumper wires and dip switch should be set to
accordingly.
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RS-232C interface connectors

A-channel connectors

Pin No. Signal name Color

1 CG Shield

2 TXD (A) Orange/Red

3 RXD (A) Orange/Black
4 RTS (A) Gray/Red

5 TS (A) Gray/Black

6 DSR (A) White/Red

7 SG White/Black
8 CD (A) Yellow/Red
12 CD (B) Yellow/Black
13 CTs (B) Pink/Red

14 TXD (B) Pink/Black
15 TXC Orange/Red
16 RXD (B) Orange/Black
17 RXC Gray/Red

18 DSR (B) Gray/Black
19 RTS (B) white/Red
20 DTR (A) wWhite/Black
22 RING IND. Yellow/Red
23 RATE SEL Yellow/Black
24 XC Pink/Red
25 DTR (B) Pink/Black

Table 4-5 :

Pin No. Signal name Color

1 CcG Shield

2 TXD (A) Orange/Red

3 RXD (A) Orange/Black
4 RTS (A) Gray/Red

S CTS (Aa) Gray/Black

6 DSR (A) White/Red

7 SG White/Black
8 CD (a) Yellow/Red
11 DTR (A) white/Black
15 TXC Orange/Red
17 RXC Gray/Red
20 DTR (ﬁ) white/Black
22 RING IND. Yellow/Red
23 RATE SEL Yellow/Black
24 TXC Pink/Red

B-channel connectors
Pin No. Signal name Colorxr

1 CG Shield

2 TXD (B) ?ink/Black

3 RXD (B) Orange/Black
4 RTS (B) White/Red

5 CTsS (B) Pink/Red

6 DSR (B) Gray/Black

7 SG White/Black
8 CD (B) Yellow/Black
11 DTR (B) Pink/Black
20 DIR (B) Pink/Black




4.3,

4.32.1

Software

I/0 MAP

of Q10RS

I/0 ports assigned for options are available in 80 (H) -
- AF and C4 (H} - CF (H) are
This permits mounting of up to two
cards at a time on the option slot by changing setting
of the jumper wire (J8).
The I/0 map is as shown below.

FFr (H}.

Among them, A4 (H)
assigned to QI10RS.

a4 (H)

A7 (H}
A8 (H)

AB (H)
AC (H}

AF (H)

Serial controller

7201

Counter timer
B253-5

or

ID check

Fig. 4=6

4-11

c4 (H)

C7 ()
C8 (H)

CB (H)
cC (H}

CF (H}

Serial contraller
7208

Counter timer
8253=5

ID check




4.3.2

aDR ?

ID check method

This is the method of checking whether or not the Q10RS

option card exists on the option slot, and identifying
the slot on which the QI10RS is mounted.

Write optional data in
Address bus > Decoder AC (H) {any one of AC (H)
AF (H}) or €C {(H} (any one
AC (H)/CC (H) of CC (H) - CF (H)). If
the Q10RS option card

> has been mounted, the

address corresponding

to that slot number is
interrupted. Existence
of the card is indicated
by it. The interrupt
request is reset by read-
ing AC (H) or CC (H) by
the interrupt routine.

I chegk

circuit

Fig, 4-7

The contents of AC {H) and CC (H) are as follows.

DSR ISR . DIP
Ach Bch RINGER Always high W
D7 ju i3 b5 D4 D3I D2 D1 b

with respect to DSR and RINGER, the bit becomes ¢ when
the RS5-232C level is ON. :

{As the Q10RS option board uses 75188/75189 as driver/
receiver, the level is +13 V.}

The bit becomes 0 when the dip switch is ON.

The dip switch is connected to DO. The purpose of using
the dip switch is to ascertain whether the Q10RS option
card is asynchronocusly or synchronously set, and to start
the support program accordingly,
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CHAPTER 5 QT0IE - IEEE~488 INTERFACE CARD -~

5.1. General

9.

5

2, . Specifications

;3. '1IEEE-488"

5.3.1 IEEE~488 bus configuration

5.3.2 IEEE-488 handshaking

.4. Hardware . ... .. ..

5.4.1 Settiny conditions of -interface PC board

5.4.2 Locations of cdﬂﬁéétdt signals



General

The Q10IE option card is the interface card which is
mounted on the option siot of 0X~10 and enables connection
of QX-10 to the IEEE~488 bus system. This option card is
provided with the following functions defined in IEEE-488.

(1} All functions of source handshaking

(2} All functions of acceptor handshaking

{3) All functions of talker and extended talker

(4) All functions of listener and extended listener
(3} All functions of service reguest

{6} ALl functions of remote/local

{7} Parallel pole 1 {composed by remote messages} and

paraliel pole 2 {composed by local messages)

{8) All functions of device clearing

{9) All functions of device triggering
{10) All functions of controller

These functions are enabled by the program for the
LPD7210 GPIB~IFC (General Purpose Interface Bus~Interface

Controller} on the option card,
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5‘

2'

Specifications

{1}
(2}
£3)
(4}
(5)
{6}

Total cable length

Cable length between units

Maximum number of units to be connected:

Transfer system
Data tréqsfér -
Signal loéié o
Prue v Lolevel (0.8 Vv max.)

”Falsé: 4 level {2.0 v:miﬁ;)

5.2

Com
-

»

20 m max,
5 m max.
15

3«wire handshaking

" 8-bit parallel

t . Negative




5.3,

5.3.%

IEEE~488
IEEE~488 pbus configuration

The IEEE-488 standard ilg & general purpeose interface
system bus which enables easy construction of an automated
system by making parallel connection of plural sets of
measuring instruments, peripheral equipments, etc. and
standardizing remote control and data transfer,

This interface bus consists of 16 signal lines. The
Connectors defined in the IEEE-488 are mounted in each
component unit and used for connection between these

units wvia cables, Up to 15 sets of units can be connected
on the same busg., Data transfer between the units is based
on the 3-wire handshaking system performed by three trans-
fer control lines. This enables assured data transfer
even between units with different transfer speeds,

16 signal lines of the interface bus are:

Data bus ... vieiiesvsasess 8 (DIGT ~ DIGB)

Transfer control bus ...... 3 (DAV, NRFD and NDAC)

Administration bus ........ 5 {IFC, ANT, SRQ, REN
and EQI)

Fig. 5-2 shows the basic timing of TIEEE-488,

When the IFC (Interface Clear) is sent from the controller,
all the units on the YEFE-48B are initlalized.

When the ATN (Attention] line then goes to low, the system
is set to the mode of sending commands from the controllier.




T || S }

Device A with functions
of talker, listesner and
controller =

Example: Calculator R
amp e.. a.cula or < .) Data bus’ (8)

Device B with functions
of talker and listener

——
s

control.

Example: -Digital voltmeter.- _-.<w~>Ttansfer
— Y bus (3)

Device ¢ with function
of listener only

1} Admind
Example: Signal generator (f ‘)stra
tion

- - ; "1 bus {5) '
Device D with function b
of talker only :::iL . L“““'}

Example: Tape rsader

n

Fig. 5-1

Fig. 5-1 Functions and structure of interface

After resetting all the listeners by UNL (Unlisten),
designate the addresses of talker and listener. Then,
set the ATN line high. Then, data transfer is started
from the talker to the listener. The DAV (Data Valid)
indicates that when a command or data is transmitted,
the information is effective at low level.
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Command
mode w—hﬁ-ﬁu————Data mode«——-waﬁ

1F¢ = _[*100 us or more | -
ATN l N

s -s——[HH]- -Bﬂﬂaﬂ—--w

Listener
address

Talker address = o Data .
v LT LUy

o1 . ||

\

Fig. 5-2 Basic timing of GPIB




IEEE~488 handshaking

Handshaking is performed with three control signals

shown below. As the talker makes data transfer by check-
ing the state of the listener, data transfer can be securely
made even with equlpment of low data transfer speed.

NRFD {(Not Ready For Data): Reception ready signla

NDAC {(Not Data Accepted)
DAV (Data Valid)

Reception end signal
Signal indicating data
.. validity

-

The timing for handshaking is shown below.

-
Uats under prolEssing

} ' T ' | % Dita reveprifn end
NGAT s
: , _ RN i

“PFig. 5-3 - Timing for handshaking

Description of timing for handshakinq

(1) Liﬁtener is waitlng for data

(2} Transmission d='a 1s output to the talker &ata line.

{3} Check NRFD of + talker (when NRFD is "H", set DAV
te "L" and maks :the data valid.)

{4} Read the data when DAV of the listener is "“L*.
{Set NRFD to "L" and set the state of data under
processing. After completion of data input, the
listener sets NDAC to "H".)

{5} After receiving the data, the listener sets NDAC
to "HB",

{6} The talker sets DAV to "H" and informs the listener
of invalid data bus.

{7} The listener sets NDAC to "L" when DAV is "H", and
goes to handshaking in the state of not yet receiving
the data,




5.4. Hardware
5.4.1 Setting conditions of interface PC board

(1} Setting the interrupt level {(Jumper wires J1, J2
and J3)

The QK~10 uyses two interrupt controllers {uPDB259)
enabling handling of 15 kinds of external interrupt.
The priority level {interrupt level) of 15 steps

is given to each interrupt. When an interrupt occ-
curs, the pricrity level is compared with that of
the program under execution and whether or not the
interrupt is accepted is determined.

The priority level for the built-in options is
available in coptions (#1}) - {(#7}, as shown below.
The interrupt level for these options is different
according to setting of the jumper wires on the PC
board cor the option mounting gésition on the option
slot. Therefore, when the option is accepted, set-
ting of the jumper wire or the optien mounting
position on the option slot is determined consider-
ing freguency of use, data transfer speed, etc.

The following table shows the rélationshiQ between
the option slots and priocrity level.

B-7




Interrupt Level (Priority Level)

58

INTFI

Level - -Cause of interrupt . ..
High 1 | Detectioh of power shut off
1 Z Saf;:timar o |
3| option (#1)} 1€
4 1 Option (#2) ¢
§ | Keyboard/R8~232C ;
& | Monitor/Light pen f
Pri- e e — _ 5
ority 7 Floppy gqntroller-- iNTFZ
8 | printer
9 i option (#3) e 108 1 -
10 1 Calendar clock
11 ¢ Option (#4) e Slot 2
12 | Option ((#5) | D M 810G -3
13 | soft timer (42)
14 Option {#6) e 1ot 4 —
w .
LW 15 : Option {#7)} e S0t 5
Table 51




Usually, for the interrupt from the option, the
interrupt level for options (#3) ~ {#7) is assigned.
However, it is possible to make the priority level
for options higher, irrespective of their mounting
pogitions on the slot,

In this option PC board, as shown in Table 5-2,

INTF1 or INTF2Z interrupt is enabled by selecting
with the 3umper wires,

Jumper wire Meaning g:;;i:gyat
Ji INTP] {External interrupt 1) - OFF
g2 4 INTFZ {External interrupt #2) .-OFF
J3 INTSE {Opticn slot interrupt) Oﬁ

Table %-2 Meaning of jumper wires
When INTF1 or INTF2 is not selected, as showh in

the table, the interrupt level (options (#3}. - (7))
changes according to the slot pesition.
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(2) Setting the dip switches {(Dip switches 1 and 2)

Dip switch 1

This switch is used to set the address of self node
{my address) in the IEEE-488 system.

By reading the I/0 address Y90H, the state can be
“read aacor&ing to the following table.

Dip_sﬁﬁﬁo. Data bus to be:fead Setting at delivery
1 | o7 OFF
2 D6 OFF
3 RS - - OFF
4 B4 , CFF
5 D3 OFF
6 nz i .. oFF
7 b1 OFF
8 o0 ' OFF
Table 5—3“

* ON of the &ip switch ccrraspon&s o “G" and QFF ™1»,
respectivaly . .

5-10




Dip switch 2

This switch is opened for the user.
By reading the address 91H, the state can be read
according to the following table.

Dip SW No. | Data bus to be read { Setting ‘at delivery
1 1 Not usea - orr
2 | = e
3 ' D1 S OF?
4 ' Do ~ OFF
e D3 -~ D7 are indefinite. OFF
Table 5-4

Locations of connector signals

SH1ELD SRQ NDAC Dav DI04 D102

ATN | 1re [NRFD| BO? [DIO3|DIOY

K { D107 [DIOS

LOGIC GND GND GND DIO8 DIO6
GND

Fig. 5-4
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Signal , Signal . ;
pin No. Function name Direction - Heaning
1 bata line DIOY Input/output | B-bit parallel data bus
2 Data line DIo2 Input/output | 8-bit parallel data bus
3 bata line DIO3 Input/output | B-bit parallel data bus
4 Pata line DIo4d Input/outpot | 8-bit parallel data bus
5 Control line EOT ** {Ourput) Indicates the data end
zignal output from the
talker or the parallel pole
1 execute signal output from
the controller,
& Handshaking Q&? {Inputfcutput} Talker/controller data check
signal .,
{H: Invalid, L: wvalld}
7 Handshaking NEFD Output Bata wait signal
{H: " Receivabls,
L:  Under data processing)
8 Handshaking NOAC Output Data reception end
{B: Reception end}
9 Contrel line IFC * Quiput Interface clear
(Qutput signal from the
controller)
10 Contrel line SRQ {Input/output}| Control call signal from
talker/listener
11 Control line ATN * Output Data line mede designation
{hata/command ... H: Data}
iz — SHIELD A Interface cable shielding
13 Data line pIN5 Input/output |{B-bit parallel data bus
i4 Data line DIoE Input/output 8-bit parallel data bus
i5 Data line DIoy Input/output 8~bit paraliel data bus
186 Data line DIog Input/output G-bit parallel data hus




iiinii. Function iig:al Direction Meaning
17 Control line REN * Duéput Remote/local control
18 —_ GINDE e Ground
1% _— GND7Y o Ground
20 — GND8 e Ground
21 . GNDI — Ground
22 — GNDIG e Ground
23 e GNDlil st Ground
24 e GND (L) e Ground
Fablie 5-5

* OQugput lines from the controller

¥% Output

1ing from the Talker
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CHAPTER 6 QI190AD - A/D~D/A CONVERTER INTERFACE ~
6.1. General

6.2. I/0 Map .

6.3. A/D Converter

6.4. D/A Converter

6.5. Jumpers

6.6, biP'éwiﬁghésﬁﬂ

6.7. Potentiometers

6.8. Resistors -

£.2, Connector Pin Assighnments

6£.10. External Interface



General

The Q10AD includes hoth an Ajﬂ converter and a D/A
converter on one card, which is mounted in one of the
option slots of the QX-10. Both of these devices can
be used independently with the QX-10's software. The
features of this card are described below.

{a) A/D converter

1t The A/D converter is eguipped with 8 analog input
channels, any one of which can be selected by
command for input to the A/D converter,

2} Analog input signals in the range from ~12 V to
+%12 V c¢an be converted to digital data.

3) The maximum rate at which analog input signals
can be sampled is 23.8 kHz; therefore, digital
data can ke chtained for analoy s;gnals with
fregquencies of up to 11.9 kHz.

4} Analog input signals are converted to B-bit
digital values in one of two selectable formats:
offset binary or straight binary (described
latery},

(b} D/A converter

This converter cutputs analog signals whose voltage
varies according to the 8-bit digital data supplied
from the Q¥~10 as follows:

Unipolar output: 0§ V +10 nV to +5,1 V +10 mv
{Voltage changes by 20 mV . for
each change in the LSBE of the
digital value.)

Bipolar output 1 -5.1 V +10 mV to +5.1 V +10 nv
{(Voltage changes by 40 mVv for
each change in the LSB of the
digital value.)
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1/0 Map

The I/0 map of the Q10AD .changes according to the settings
of jumpers J5A and J5B. At the time of shipment from the
factory, jumper J5A is connected.

If jumper J3B is connected, M4° is added Lo all addresses
indicated when jumpar J5A is ccnnect&d Note that this
will result in overlap with the I/0 map for the Q?DRE
{R8~-232C interface).

The I/0 map . -is as indicated in the table below when

jumper JSA.1is connected, Addresses indicated in paren-
theses apply when J5B:is connected.

Address ‘ Wfitgs (U instruction) | Reads (IN instruction)
A0H Selects onie of the analog chan~ Inhibited.
(AGH} nels for &Jﬂ conversion. s

Channels are selected by out- - .
putting the number of the
desired channel to the data
bus. The channel numbers

are 0 to 7 (AINO - 7}.

AlH Executing an OUT instruction | Reads B-bit data resulting

{ASH) to this address starts A/D T fyom A/D conversion into
conversion. It does not the CPU.
matter what value is on the ' '
data bus.

AZH | #rites digital values for D/A Inhibited.

{(AGH) conversion. Writing data te

this address iatches the data
and outputs the corresponding
analeg voltage to AOUT.

A3H When the £I0AD is mounted in Reading this address

{ATH) one of the option slots, a indctivates INTEL {for
write to this address acti- acknowledgement) . During
vatés INTEL to generate an A/D conversion, the DO value
interrupt. on the data bus can be moni-

tored to identify completlon
of A/D conversion {when
BO = 1}.
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b.3.

A/D Converter

{a} A/D conversion procedures

A flow chart of A/D conversion procedures is shown

in Fig. 6~«1. These procedures are described below.
(In the examples, it is assuméd that jumper J5A is
connected.) - :

1) Channel select

2}

3

This step select one of the 8 analog input chan-.
nels for A/D conversion. These 8 channels are
designated AINCG to AIN7, and the procedure for
selecting one of these is to write the correspond-
ing number to I/0 address AOH, Once a channel

has been selected, that channel is held until
an&ther chaﬁhel selection is made; therfore, the
channel seélection need only be made once if

only a certain channel is ¢ be uae&.;fFurther,
channel AINO is selected by defaﬁlt'upbh'raset.

Example: Selecting AIN3 _
LD A, 03H ; LOAD CHANNEL NUMBER INTO A
oUT {(0ACH)}, A; CHANNEL SELECT

Acguisition time (4 us wait)

The sample holding circuit of the A/D converter
is such that Max. 4 ps is required for the hold-
ing level of the output voltage to cateh up when
the input level changes from one zample to the
next,

Start A/D conversion

A/D conversioen is started by executing a Z-80
OUT instruction to write any data to I/0 address
OATH,
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4}

Detecting completion of A/D cenversion

Completion of A/D conversion is detected eilther
by interrupt or by monitoring the status of data
bus bit DEG. .

i‘

ii.

Detection by interrupt

Depending on the jumper settings, the follow-

is completed,

-ing - interrupts become active when conversion

Jumper J3 | Juvper J4a '3ﬁmper Jdﬁj_ Interrupt activated
o] x | X | B INTEL
* o X INTF]
® . x o INTF2
X X ® None
oy Jumper ccnnect&&;
%

Jumper not connected.

at a time,

Datection by status

Nete: Do not connect more than ong of these jumpers

The status of conversion can be determined
by reading I/0 address (0A3H and checking the
of data bus bit DO,

value

B
Bo

= 0: Conversion being performed,

= 1: Conversion completed,

64




5} Read 8~bhit data

The 8-bit digital value resulting from conversion
of the analeg input voltage can be determined by
reading address 0OATH. The conversion format is
determined by the setting of jumper J2 as follows:

i. Jumper JI connected (offset binary format)

 Bipolar .analog input to A/D converter IC
BA91031 is possible in the range from -2.5%% V
to +2.535 V., The digital value returned for
—2.55 V is OOH, and that returned for +2.55 V
is OFFH. The-LSE of the digiﬁéilvalue out-
put changes for each 20 mv shift in the
analog input voltage,

ii. Jumper J2 disconnected (straight binary)

In this case,'unipolar analog input to A/D
converter IC BAS101 is possiblie in the range
from 0 V to +5.1 V. The digital value re-~
turned for ¢ V is 00H, and that returned for
+5.1 V is OFFH, The LSB of the digital
value output changes with each 20 mvV shift
in the analog input voltage,
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I STRRT '

-

- Channel

select fi

o
sl

4 {1§ waitd o 133
Stary A/D t3;
conversion

(4]

tsh

Convreyelon agsin
]

Fig. 6-% Flow chart of A/D conversion



{b) Analog input channels AIND to AINY

There are eight analog input channels, numbered

AINO to AIN7, each of which is paired to GND. The
settings of two DIP switches (8W1 and SW2) determine
whether the input from the selected channel is fed
directly to the A/D convertér I1C¢ {BA9101} or to an
operational amplifier (TL0O84A)} which is used as a
buffer to contrel the'signél gain. In the latter
case, input to the A/D converter IC is from the
operaticnal ampiifier.

{See Fig. 6-2.}

RF
Savavar
Analog input to SWi " R VIN
A/D converter - 82" O AING
1/C (BAS101)  €——7—0 s —‘< -
our | i
Swz TLOB4A Analog input
i=0-17
oG

Fig. 6-2 Analog signal input stage
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One or the other of thege modes is selected as
follows:s

-

Mode t: In this mode, SW1 is OFF and SW2 is ON,
' and the input signal voltage from channel
AINi is fed directly to the A/D converter.

Mode 2: In this mode, SW1 is ON and SwW2 is OFP,
"7 "and the input gain from channel AINi is
converted by operatlonal amplifier
“PLGBY4A for"input”to”ihé'ﬁ?b”cbnverter
when mo&e 2 is selected, tha relationship between
signal voltage VIN and output voltage VGUT after
gain coﬁvarsiﬁn is as indicatad by the fallow1ng
expression..._ .
RE

Vour = " "R Vin

Thus, although the rated range of input véltages

for the A/D converter IC (BA%101) is limited to O V
to 5.1 VvV for direct binary conversion for to ~2.55 V
to +2.55 V for binary offset conversion), selection
of appropriate resistances makes it possible to
increase th@ range o ~12 V to +12 V by reducing

the gain of the analog input signal. (The power
supply voltage of the operaticonal amplifjer is +12 V.)
In this case, it lIs necessary to note that the signail
polarity is reversed and the amount of error increases
as input levels approach 12 V. '

Resistors B {R1 to R8) and Rf (R% to R16} are not
installed at the time of shipment from the factory,
and must be instalie&lby the user. See the schematic
diagram for correspondence between the various chan-
nels and the resistors used for R and Rf.
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The values used for R and Ry are primarily determined

by the input offset current and the rated load of the
Operational amplifier,

The resistance of R should be in the range from 100 ohms
to 10 kohms, and that of Ry should be in the range

from 1 kohm to 1000 kohms.

Note: Do not set both DIP switches to ON simul~
tanecusliy.

Correépondenca between the bit numbers of the DIp
switches and tha analog input channels {AINQ to
AIN7} is shown in Table 6-1. '

These bit numbers aré printed on thé'ciiéuitJbbérd.
These switches make 1t possible to &etarmzne the
input mode for each channel independently. o

Analog input channel | SWi bit numbey SQZ bit number
.0 i -3 B
. L 5 L 4
2 :5: &
3 5 5
4 4 4
5 3 3
€ Z 2
7 1 i

Table 6-1 Aanalog input channels and corresponding
BIP switch bit numbers
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{c) Internal reference voltage adjustment for A/D

(d}

converter IC BAY101

The output veltage cé A/D converter IC BA%ICY's
internal refarence voltage generator is adijusted by
changing the setting of potentiometer VR3. Changing
this setting adjusts the rate at which the least
significant bit of the digital output.daﬁa changes
for shifts in the level of the apalog voltage input
toe the A/D converter IC. See Fig. 6-3.

Offset adjustment

Offset for the ihput voltage is adjusted by changing -
the setting of potentiometer VRZ, See Fig, 6-4.

3 g
P ] i
= om b S
L o+ & G4 @
ot 3 b
5o B oed
i 0 - m
oo os O
Offset
. - BXror - - :
Q - L L
Anelog input Analeg input
“vnliahe - woltaga

Pieg, 63 e Plg, 6-4
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(e} A/D conversion timing {(A/D converter IC BASI0G1)

STARRT

END OF
CONVERSION
{BOC)

OUTPUT s

CONTROL

Data . . Dhata
i .- oA

Fig. 6-5 A/D conversion timing chart

Conversion begins when EQOC becomes "L" at the
rising edge of the first CLK pulse after START bhe~
comes "H", EOC becomes "H" again (indicating that
conversion has been completed) at the rising edge
of the eighth CLK pulse after START drops back to
‘LY. After the end of conversion, data is assured
for a maximum of 220 ns after CUTPUT CONTROL rises.
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{f) Sampling rate

As is indicated by the timing chart in {e) above,
a maximum of 42 us is reguired for one A/D conversion
operation.

Sampling rate + 1/42 us 7 = 23,8 kHz

Therefbre, h/b”béﬁversion is'pbééible for'signéIS”
with fraquancies up to 11.9 kHz even under the warst
possible conditions. ) '

{g) A/D convarter Einearity error

Aithough the LER of the digital value produced by

the A/D converter changes for each 20 mV change in

the analog input woltage, 1t does not ¢hange at an
agcurate rate for variation in the énalog input
voltage within a certain range {which varies accord-
ing to unit}. Therefore, the digital values resulting
from conversiocn do not precisely correspond to the
analog input voltage. The maximum extent of this
error its 1 LEB.
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{hi Procedure for adiusting the A/D converter

As shown in Table 6«2, the A/D converter should be
adjusted so that digital values of 0, 1 and 254 are
obtained for analeg input voltages of 0 V, 20 mv

and 5.08 V, respectively (during straight binary
conversion}). ¥For offset bipary conversion, adjust

so that digital values of 0, 1 and 254 are-bbtaineé
for analoy voltages of -2.55 V, -2.53 V, respectively.

Analog input inalog input Anélég input
Type conversion | corresponding @ corresponding corresponding
za 0 to ! to 254
Straight binary Gv 20 mv .08 v
COffzet binary ~2.55 v -2.53 ¥ +2.53 v
Table £6~2

Although the analog-digital characteristic can be
adjusted based only on the two digital values 0 and
255%, a line including error such as that indicated
by B in Fig. 6-6 may result during straight binary
conversion, even though the line indicated by A is
ideal; therefore, the two point method is not re-
commended. The same applies to offset binary
adiustment.

B
288 L e
Converted r'y
.. f
digital i
value i
b
T |
|
|
© |
oV B0V

Analog input voltags

Fig. 6-6
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6.4.

D/A Converter

{a)

{b)

{c)

{c}

Data is latched by ocutputting an 8~bit digital
value to I/0 address (A2H (when jumper J3A is con-
nected}, then the corresponding analog voltage is
output from AQUT. Whether the voltage output is
bipolar or unipolar is determined by the setting

of jumper J1A. Table 6«3 shows éﬁhlbg output volt-
ages corresponding to digital values for both
output formats.

Output : Setting of | Analog cutput| Analog output § Change in
format | Jia/R. . | for QOH for OFFH voltage for
: ' sath change
i in LSB
Unipolar A connected | 0 v +1.0 mv 45,1 ¥V +i0 mv 20 mvy
Bipolar ' B cosnected | ~5.1 v 10 mvi +5.1 V410 mV{ (40 mv
. Table &-3

Note: Jumper Ji A and B must not both be connected at the
same time. '

Potentlometer VRI

VR1 controls the internal reference voltage of the
D/A converter; this potentiometer is adjusted to

bring the analog voltages resulting from D/A con-
version into the ranges shown in Table 6-3.

D/A converter error

When VR1 has been adijusted so that output voltages
are in the ranges indicated in Table 6-3, analog
ocutput errory will be less than the amount of change
in voltage indicated for each change in the LSBE of
the digital value.

L.oad

The maximum load which may be connected to the
cutput terminal is 500 ohms.




6.5. Jumpers

Jumpers included on the option card are Jta, J1B, JZ,
J3, J4A, J4B and J5,

{a)

(b}

{ci

(d;

Jin and J1B

These jumper determine whether the analog output
resulting from D/A conversion is bipolar or unipolar.
{See 6.4. "D/A Converter®.) | |

J2

This jumper sets the A/D converter for either
bipeclar or unipolar analog input, (See .5} "Reading
gata® in section 6.3. “A/D Converter™.) '

J3, F4A and J4B

The settings of these jumpers determine which inter-
rupt B&ccmes-active upon compiation:af A/D conversion.
{See 4) "Detecting completion of A/D conversion® in
section 6-3, “A/D Convertex®.)

At the time of shipment from the factory, jumpers
Jia, J2, J3 and J5A are connected, '
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6.6,

DIP Switches

Two DIP switches, SW1 and’ SW2, are mounted on the option
card. Turning the bits of these switches ON or OFF deter-
mines whether analog input from each of the 8 channels is
input directly te the BA9101, or is buffered for input

by operational amplifier TLO84A. (See (b} of séection

6.3. "A/D Converter®.) L L

At the time of shipment from the factory, all bits of

$W1 are set to OFF and all bits of SW2 are set to ON.

Potentiometers

Three potentiometers, VR1, VRZ and VR3, are mounted on
the option card.

{a} VERI . .
This po£eﬁtiamé£ar"ccntrols'the D/A céﬁvert&f's
internal reference voltage, :
(b} VR2 o |
This potentiometer adiliste the Afﬁ'ébﬂﬁértefloffset.
{(c) VR3 -

This potentiometer controls the A/D converter's
internal reference voltage,

* At the time of shipment from the factory, V81 is adjusted
so that unipolar characteristics are ag shown in Takle 6-3.

Ragistors

Resistors R1 to R16 determine the gain of the operational
amplifier. These resistors are not installed at the
factory, and must be installed by the user.



.9. Connector Pin Assignments

Pin numbers and signal names' for the interface connector
to the QX~10 are as shown in the table below.

Pin No, iiizal Fuﬁﬁtion ﬁPin Ne. i;gzai Function ~
1 an GND 20 aDY Address bu; 7
2 GND GND 29 GND GHND |
3 Do Data bus 0 30 GND GND
4 B Data bus 1 3t CLK Clock
5 L2 Data bus 2 32 GND GND
& 3 Data bus 3 33 BBAK | Bus arknowledge
7 D4 Data bas 4 34 IRD /0 read
8 Ds pata bus 5 35 IWR | I1/0 write
9 D6 | Data bus 6 a0 zwﬁ?l_ N7
10 B7? Data bus ¥ 41 INTFZ2 | INTFZ
13 ADD Address bus 0 42 INTSL § INTSL
14 AD1 Address bus i 43 +5 v +5 v
13 ADZ h&ﬁ;ess bus 2 44 RESET | Reset signal
16 AD3 Address bus 3 45 +5 v +5 Vv
17 A4 Address busg 4 46 +5 Y j+5 ¥
ig ADS Address -bus 5 59 GND GRD
19 ADG Address bus 6 &0 GND GND
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6,10, External Interface

FPin numbers and corresponding signals for the analog
cutput {(ACUT) and analog input (AIND to AINV} connector
are as shown in the table below.

Pin No. Signal Function
1 AGUT Analog signal output after D/A
conversion
2 GNR Ground
3 AN Analog input chanmnel 0
4 GNT: Ground
5 AIK1 Arnaleg input channel 1
& GNE Ground
7 AIRZ hnaloyg input channel 2
B GND Ground
E AIN3 Analeg input channel 3
10 GNI Ground
1t AIN4 Analog input channel 4
12 GNE Ground
13 AIME Analog input channel B
14 GND Ground
i5 hIﬁE Bnalog input channel &
i6 GNR2 Ground
17 AYHT Analog input channel 7
18 GND Ground
1Y GND Ground
20 @HD Ground
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CEAPTER 7 Q100F - OPTICAL FIBER INTERFACE =

7.1. General
7.2. Hardware
7.2.1 General - . -
7.2,2 Block diagram
7.2.3 I/0 map
7.2.4 Interface with QX-10

7.2.5 Optical fiber transmitter/receiver and cable



=

General

The Q100F ig the interface card which is to be mounted

on the option sicot of OX-10 and used for connection with
external devices via the optical fiber cable.

As a communication system, BYSYNC and SDLC are selectable.
The transmission speed is 500 kbps {fixed). .The coding
system employs Manchester coding.

Manchester coding system

¥ ' { f

1 1 & 0 1 0 1 0

DMA is uzed for data transfer between uPR720%1 and
OX-10 main unit.
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7.2.1

Hardware
General

The Q100F is the interface circuit which uses uPDRT201

as a serial controller'and optical fiber as a transmission
media, o _ e R o
LPD7201 has two serial channels (A and.B). From these
two channels, only the A~channel is used. Two fiber
channels are connected for the A-channel, which are
selected by the software,

The transfer rate is fixed to 500 kBps. Manchester
coding system is used for signal coding -

DMA is used for data transfer hetween uPD?201 and

QX-10. SQ,che C100F option caxd ecanhot be inserted
into the option slot #5. The circuit (ID CHECK circuit)
is alsc provided to inform the CPU whether or not the
Q100F option card is mounted on the option slot.
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7.2.2

Block diagram

‘1

ﬁ

E

i

BFRR~1500 HEBR~1500 HFBR~2500 HFBR-2500
{1T) {271} (IR} {2R}
1~ o
\'—“‘Dlﬂ——ﬂ _________ J
{ RTSA
ATEE
Manchester Manchester Ve a
codar decoder /B _..?ﬁ'" GiHz
™ §f RX
1201
& T II
b
i ¥ I check
cirouit
Decoder
“\.——" * S
Data bus Address bus Control bus

/

Option comhector (slot)

Note #1 -~ 4
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7.2.3

7.2.4

7.2.5

I/0 map

24

93

96

57

48

99

9B

{H}
(")
(H}
{8)
{H}
(H}

(H}

A~channel datsa

A-channel command

B-channel data (not gssd)

B-channel command (not used) 98 (H} READ
D7 6 5 4 3 2 1 0
ID CHECK A
— T i e T
5W 1.2
e ZW 1-1

Switch set ON at
delivery

Interface with QX-10

Interrupt for ID CHECK: INT {L}

Interrupt for 7201 s INT {(H)1
RX
TX:

DRQ {F} +—+ DMA: DACK (F)
DRQ {S) <+ DMA: DACK (8)

Optical fiber transmitter/receiver and cable

Transmitter
Receiver

HP HFBR-1500 {x 2)
HP HFBR~2500 (& 2)

L

Optical fiber cable set: HF HFPBR-3504 (x 2: Standard

aceessory)
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CHAPTER 8 Q10CMS - COLOR MONITOR SUBBOARD -

8.1. General

8.2, Specificatiéhé

8.3. Block diagram

8.4, Configuration of video memory

8.5, 8ync signal

8.6. Cinck_sué?iy éircﬁit __ 

§.7. Video memory interface circuit - .
8.7.1 ﬁﬁgfﬁﬁg signal supply circuit
8.?,2 :Video d§té.reaé cireuit : R
8.7.3 Video data write circuit -

8.8. Video data output circuit

8.9, Video signal conversion circuit



General

Thnis sub board is mounted on the main board via
ponnectors CN2 and CN10 provided on the main board {Q10
SYM hoard), and used as an interface board for connection
with a high rescolution color monitor. :

with this becard, it is possible to draw a picture in
picsell units and display 640 dots x 400 dots x 7 colors
in specified color on the color monitor.

The output connector from QX-10 to the color monitor

is the same CN4d as that at use of green monitor,
Connector CN5 on the rear panel can be used without
modification for the light pen input. L

When this sub board is mounted, pin definition of CN4
is different from that when the green monltor sub board
(010 GMS or Q10 GGS board) is mounted, and it is not
possible to display on the green menitor.

Specifications

Qutput signal : RGB separate output

video signal: PTL level positive
polarity

Horizontal sync signal: TTL level
negative polarity

Vertical sync signal: TTL level
negative polarity

Scanning frequency: Horizontal: 25.1 kHz
Vertical : 56.9 Hz
HBorizontal: 640 dots
Vertical : 400 lines

Resclution

e
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Signal timing:

4156 082,05 825.s]
- e v
video signal
Horizental sync signal
2055 3085 ,5(25 1KHz] .
| ].0oms T AB54mS . |o%8ns]

Video signal

Vertical sync signal

3Bms

11ﬁms(ﬁm5ﬁ >
NRZ signal of video signal DOT CLOCK 21.679 MHz, TTL level = -

Fig. B-1
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.3

Block diagram

The block diagram of Q10 CMS board is shown in Fig, 8-2.
GDC uPD7220 is used as a display controller as in the
green monitor ‘sub board (010 GMS or Q10 GGS).

The GDC uPD7220 assigns I/0 addresses 2CH - 2DH and

38H - 3BH as I/0 channels for the CPU. .

The video memory has three color planééfbased on con-
trol by_the_GDC LPD7220, each of which is used as memories
for R, G and B. This reserves a large capacity without
applying load to the CPU memory space. o '
Further, the GDC uPD7220 has the calculating function
for plotting or drawing pictures, enabling high speed
processing.

JJE 4 G < L
BLUE GREEN RED
Memaory Memory Memory

=

Shift Shift .
registey register Register

| — -

iORD <
IOWR i GDC

Do -8 7220
Calar

I.__.ight pen ["% controller
interrupt

T1
1
H

nght pen Light pen Lo.} EOQ?-‘U:
input Tircuit e

Synic output
BLUE output ‘3
GREEN output ..
RED output

Fig. 8-2 210 CM8 board block diagram
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Configuration of video memory

The video memory axists in three planes for each éolor

of R, G and B, One data consists of 16 bits. The memory
af each color is 16K x 16 bits when the 16 kbit dynamic
RAM is used, and 4 x 16 bits when the 64 kbit &ynamlc
RAM is used..

Neutral tints can be ex§ressed by wrlting the same’ capaﬂ?-
city for more than two memory planes. In this case, memory
banking is necessary for each coler plane. Switching of
these banks is performed by the color contrel register
mapped in the I/0 address 2DH., Corresponding memory
planes will be connected to the GDC uPRY220: blue if

the contents of 2DH are O1H, green if 02H, and red if

04H.

Bowever, when more than two of these low order three

Lits are set to 1, twe oY more memory planes will be
selecped_caﬁsing contention for the bus, Therafqré?i
when ﬁﬁ$w¢ram6re menory planes are selected, they must

be selected one by one.

{000 QG00H D0

Red Green Blue
1 screen ! screen 1 screen
D00 400N A000H
A e e
Capacity Capacity Capacity
with use with use with usge
of 16k- of 16k of 168k~
BOOGH SO0 BOOOH RAM
conor] Capacity " pooow | Capacity cooo | Capacity
with use with use with use
of Gdk- of 64k~ of &4k-
RAM RAM RAM
™y "N "N
Red-~Memory Greaan ~Memory Blus-Memory

¥ig. B-3 Video memoXy map

B-4



The relationship between the memory address and raster
is as shown in Fig. B8-4. '

Top left . Top right
of screen 1€ bit cf screen
Raster BOi 188 ocoopH M58 XX 7 L 0APH
#1 CO2BH G020 ' :
| ’ .
% !
?’ s BB it =)
§ F
i i
! i
:
i ]
i {
' I : i
B i 40000t 1
Dt o
. ; |
. I i
i ]
P ;
. ; i
i J E
' ! i
Y400 IE5BH o ' | v
Rottom left ' ' Bottom right
of screen - Co : . L . of. aeresn

Fig. B8-4 Memory address and raster
{at non-zoom, start address = 0000H)
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47062 B17 A2 e @ 5 POSITIVE | &
HETNG O s AN @_ O i a
22 4
1231 :
PPNl w0 i ‘@

Sync signal

Horizontal and vertical sync signals are generated

from the GDC uPD7220. . The scanning frequency is set
by the SYNC command for GDC. In. the case of QX-10,
the type of monitor sub board is discriminated by read-
ing the data of I1/0 port 2CH in IPL at switching power
on, and the scanning frequéncies for greengmonitorgand_ 
color monitor are set by the. software. = - :

As shown in Fig. 8-5, +the D-type flip-flop is used

in the sync signal output.circuit so.that_thg,gutput
polarity of sync signal can be selected for each moni-
tor to be used by changing the jumper wires.

——--?-I HSYNG
uPD7220

af i
panrd Y/ SYNC

5 oo
4 ¢

NEGATIVE] & # 2

o ¥ oo
,3/0
74 3
_@.o b3 o < 271N

o POSITIVE 8 5

NEGATIVE | 9 s T o 12

Fig. 8-~5 Horizontal/vertical sync signal output circuit
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.6  Clock supply circuit

Fig. 8~-6 shows the clock supply circuit on the Q10

CMS board. At the 2CCLK terminal of GDC uPD7220, the
original oscillation frequency 21.679 MHz of the ¢scil=
lation module (CR1) is divided into eight by three
flip-flops assigned to the 2-divider and supplied as

a clock of 2.71 MHZ. ' ' '

The original oscillation frequency 21.679 is’uSe& as -

a dot clock of video signal, enabling drawing of pictures
at the high speed of (¢.046 usec/dot.

2C0LK =&
5 a2 %
%oz
! %49 YRR By ob (ol

zmm;u [P R I
e g s EPns apd ik NHQ 75’ N»O
xOag OUT :.:.%!*GCK%?_ cx'a‘ili Dot clock of
GND NG COS BT e 2 g Ak 25 video signal

? i i .
*i : e 21 679Nz

Fig. 8~6  video signal dot clock 21.679 MHz
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8.7 video memory interface circuit
8.7.1 RAS/CAS signal supply circuit

This color monitor sub board uses a 16K-bit or 64K-bit
dynamic RAM for memory planes for each color of red,
green and blue. HAS and CAS signals required by this’
dynamic RAM are supplied by the circuit shown in

Fig. 8-7.
1 NI
P07 RHAS
ool
<PD7220 — O (Y Y
' i )
RAS : - : 1 >;1-° BRAS . .
gAmE:....
[ RC MPX2
IR
D0 R C MPX1
« PO7220 2 o of Moo sPwiZl L
BAS o] N . . e
Ckgg 3 CKS% , (303‘ A-DSTE
LI 2 2 Bre >c2 o HTAS
L8 [ 3 A
Dl sy >§;—., G-CA%
B PG ETIE
,}'5 20 BCAS
B42MHz i 10.84MHz

Fig. 8-7 RAS/CAS signal supply circuit

The RAS signal for the color plane is supplied to the
RAS signal terminal (pin 6) of GDC kPD7220 after being
delayed 1/4 clock of 2CCLK (0.092 usec}) by the D-type
flip~-flop ALS74 (&A) which has 5.42 MHz as a clock.
The CAS signal is supplied after being delayed more
1/4 clock (0.37 usec) against the RAS signal.

In addition, this circuit also supplies the multiplex
signal and ADSTB signal for the address multiplexer
ALS573 (4C and 5C} for the video memory.

Fig. 8~8 shows the timing chart of these signals.
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8.

7.

2

Video data read circuit

At the picture drawing {(R/M/W) cycle of GDC uPD7220,

the video memory contents are read by the. éDC ﬁ?b?zgn.
Fig. 8-9 sghows the video data read circuit Fig;:8“1ﬁ:'
shows the read. timing._J__ _ “..: IR - _
As the DBIN signal of the GDC uPD?ZZﬂ_beccm&s 1ow lavei

of each NAND gate @f IC SEB baej'
The inputs to tha ﬁth&r end ‘of ‘these
memory piane select signals, only: .
to high levei.-- L y
Then, as the ﬁutput Gf the NAND gaté whase two inputs
are high 1eval becmmes low level, the Gz terminal 6F
the 3-state buffer 15541 on the outpu
one of the memary @lanes aelected bac mes 1ow active.
On the other hand, data bus DB3 is connected to the G1
terminal of this 3-state buffer L5541,

DB3 becomes 0 when the READ command is executed. So,
the G1 terminal becomes low ievel, tooc, the data of
L5541 is output, and the GDC uPL7220 is enabled to
read the video memory.

ghf;avea., o
_BND qates are
;f;which 15 set

8-10
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— 11
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§E353 5§?f‘
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Y &
an & & GDC..PD7220
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: O DBeo 1%
0
5 O
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e 5Ew BN RDEN
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R P B.0EN
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; |IE=RFs |

e )

} ’ D83
L SR

Fig. 8-9

Video data read circuit

IC 4J. 4F (G2 terminal)



ponmed T

Picture draw-

ing address | v~RAM data Change data
b READ ]

e R | — ivrnsd R
I AL
BAE \ — :

p— WRITE

¥ig. 8~10 Picture drawing (R/M/W) cycle
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8.7.

3

Video data write circuit

As.shown in Fig. 8-10, the timing of writing data in
the video memory is delayed by 2.25 clocks of 2CCLK
from the trailing edge of DBIN signal. The circuit
to supply this write (WE) signal is shown in Fig. 8-11.
The DBIN signal output from the.GDC uPD7220 is coupled
to the D~type flip~flop L8175 (1B) having 2CCLK as a
clock, where the signal is delayed by 2 clocks of
2CCLK.

The output is applied to the next stage J-K flip
ALS112 (3B), where it is further delaved by 1/4 clock
of 2CCLK, and the output is supplied as a WE signal.

GOC . PD7220
2GCLK "
e
GCKEQ
2 ....}-45.’
RN Rﬁqﬁ“—_l kil 53 ' e
c;ocgmzzo2= o NS % ,.E o] % R-W
BIN - . . 2
o £5176 CAS f 57
- gy PP s 5 ol G-W
AL el au E7IN q B
A ), )0 8w
i Ul A
5 1

Fig. 8-11 video data write circuit
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8.8 video data output circuit
When a display address is 'supplied to the video memory
during the display cycle of the GDC uPD7220, the display
data is output from the video memory onto the address

data bus line.

6
LS541 4y |,
628

&
2 876 54632 ¢
4 J ‘!Sldll

LEC

BER RN P
BRBEBERS T
W
B om
RO okt
B
BB R
R R

el 3167

aj sl 7

R B O - 4]
LS195 (3M) [ 1LSI98 {4M) LS198 (1€) {JLS 198 (IF)
2 :

" ta ¥ - bud @ - .J’a - e
RorooSilioesc8ilRonada ¥Serald
GIBEMEEL AL# 10 ) ) ol
¥ MI Yol LE &
ot d 11 |91 1=
>y 5 4 Y &

GDC /(PD7220 Data output

RAS

Fig. 8-12 Shift load signal supply circuit
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For displaying these parallel data on the CRT, it is
necessary to convert them into serial data. The shift
register L5193 is inse¢rted onto the address daﬁa bus
line to make parallel~-to-serial conversion of the video
data. .
The circuit shown in Fig. 8~12 is the shift load signal
suppiy circeuit of this shift register. With this cir-
cuit, the shift load signal is output for &ach t6-dot
ciock, and the parallel data {ane'dataﬁﬁanéiétgzof 16
bits) is converted into serial data.  : ' B

Fig. B8-13 shows the timing of qqnverSioh;'

QG se0

SN AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAR

ICTA
Ping

A
e b

A
mnd

ICE4
Fellea]

shift load

signal \_/ \_/

Fig. B-13
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8.9 video signal conversion circuit

The video data output from'the shift register of each
memory plane is applied to the D-type flip-flop ALS574
(3a).

The ALS574 (3A) uses 21.679 MHz as a clock, which pro-
vides a dot clock of video data. On the other hand,

the signal indicating the blanking period is generated
from the BLANK signal terminal of the GDC uPD7220. As
shown in Fig. 8-14, this BLANK gignal is ANDed with

the data of each memory plane, disabling display during
the blanking period.

The video data is finally transmitted via the transistor
(25C1384) driven with +5 V and output to the color moni-
tor as an NRZ (Non-Return to Zero) signal of TTL level.

o 0 20 P
200K Y, LB17B

(18) CUR Done 3. 5
40 aff ag
BUANK ] [ 13
£l e
t :g
rm-?cxgvﬁ . Dot clock 21.679 MHz
n.p .
4 5 1
e ls :
E N E
Shift clock 1o S R-DATA
a0 ﬁlé_____.u—-uuum—c;DATA
ol PO ] i S V'S Y

(3A)
ALSH74

7 H
80 BQ
a

1
wn k) 3
12

B AR
a6 [ &7 trg -
[83.°. &
330.83 % lo‘ ol & g
]

127
a
1248

Qc

75013843 gz

R-VIDED o g oY
F 4

G-VIDEQ O~ 03
B-VIDED © T R||F‘

2 2 240:33

‘t

> %

Fig. 8-14
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General

The Q10 LP light pen is used, as shown in Fig. 9-1, to
detect the light from the fluorescent element by touching
the light receiving unit at the light pen tip and convert-
ing it into an electric signal. The photo signal converted
inte an eleciric signal is amplifieéd in tﬁeliight pen and
then converted tc the TTL level (negative logic) on the
basis of a certain threshold level, and ocutput as an
address gignal when the light pen detects the light on

the CRT screen. ' '

The light pen is provided with & photoelectric ‘switch
witich is actuated by pressing the light receiving unit

of the light pen tip onte the CRT screen. The switch
output is output to the QX~10 as a iight pen interrupt
signal, " .

The light pen is connected to the DIN connector (5B type)
on the rear panel of the main unit, and supported by

EPSON Japanese BASIC and EPSON Multifonts BASIC.

CRY }w—\_

Fig. 9-1

21



Specifications
Blectrical specifications

Signal output

»
- re

Switch cutput FE

L]

)
LT3

Regponse speed i

-

Optics

ve

Resolution

Supply voltage
Switch stroke
Switch pressure :

-
-

)

L B & + TR B ) S = FYI 3 St
-

Wavelength range :

Environmental conditions

1. Temperature

(1)

2. Humidity

E1]

Dimenisions and weight

1. Dimensions
2. Weight
3. Cable length :

LT

-

8-2

- TTL inegat;ve logic)
ML {neégative logic)

400 ns - 800 ns
51,7 :

U3 s in diameter

+5 V (50 md)
1.2 mm +0.2 mm
100 g +30 g
420 — 98B0 mm

Operationals - 0 = +35°C
‘Btorage : =10 - +75°C

G -~ 95% {no dew)

124 x 140 mm
40 ¢
1500 mm



Connector specifications

4. 5w (white}

5. GND {shield}

{TOP VIEW)

Fig. 9-2

9-3

2.

SIG (green)

i.

+5 v {red}




9.3, Structure

9.3.17 Names of each part

Light guide  Photoelectric switch Cable

Light - \ Rotary board
receiving
u.r_zit

ii-:féié;.é-j {a)

3.3.2 Pheoteoelectric switch
The photoelectric switch utilizes optical reflection
as shown 1n Fig. 9-3 {B}. An LED and phbtottansistor are
combined to make a contactleéss switeh, 7

. LED Phototransistor

LW & e & WY

i

Not pushed - Pushed -
eriginal

Light refleégjh5 ? il .“'-Lighi.feflégfu
ing direction —oo Yg - ﬁ . ing direction

Fig. 9-3 {b) Photoelectric switch structure
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Light Pen Seguence

The light pen has two outputs: one is the output of the
switch {photoelectric switch actuated by pushing force},
and the other is the signal (SIG} output responsive to
the light input. The photoelectric swltch output is sent
to the lntarrupt controller UPDB259A {122} on the Q167 5YM
board as an interrupt request signal via the light pen
interrupt service flip~flop on the Q10 GMS (Q10 CMS})
board in the 0X-10.

The SIG cutput is applied +to the light pen input terminal
of the graphic display controller uPD7220 and used to
latch the address when the light pen detects the light

on the CRT screen. It is also used to raise the light
pen status flag in the GDC.

The photoeiactrlc switch output is also turned on when
the light pen is pushed against anything ather than the
CRT screen. Therefore, the light pen 1nterrupt service
routine needs to be sexecuted after cheaking the light

pen status flag in the GDC,

Fig. 2~4 is the flow chart showing the light pen seguence.
As stated above, when the light pen is used, the inter-
rupt processing is executed. If the light pen is
continuougly pushed sgainst the screen, the interrupt
oceurs continuously disabling cﬁﬁér processing, There-~
fore, the light pen interrupt mask must be set immediately
after the light pen address is read,

The light pen interrupt level is as shown in Table 5-1.
The above should be particularly noted, as the interrupt
levels of flioppy disk,’printer, calendar clock option

and software timer 2 are lower than that of the light
pen,
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Y

Reset inter~
rupt mask

address’

Read pen

T

-Bet dntex-. .
rupt mask

Uselr Dro-
Cessing

BIOS call MASK

BIOS ¢all LIGHT PEN

BYOS vail LIGRT FEN

BI08 call WASK - o

Fig, 9-4 Light pen seguence
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8.

5. Precautions on Using Light Pen

5.5.1.

The display is divided into 400 dots in the vertical
direction. Even & slight displacement {particularly
in the vertical direction} while the light pen is be-
ing pushed against the display surface results in
incorrect input, causing lowered sensitivity.
{Because, when the light pen is pushed once, the
uPD7220 reads the pen addfess twice and does not make
an interrupt unless the ﬁﬁﬁféés coincides.)

In all cases, the light peﬁ ﬁust be applied at a
right angle to the display surface and pushed gently
and releas&d'quiékly aftey the display picture comes
to a standstill.

In the case of green monitbr; if the brightness in
increased to the level just before the back raster

is seen, the detection sensitivity may be lowered,

In this case, it is advisable to make highlight dis-
play. The character with low dot density f{e.g., 1"}
is sometimes difficult to detect. In this case, use
an inverted character for a selector or color the

back screen,

The light pen detects some colors easily and sonme

with difficulty. Generally, the detection sensitivity
becomes lower in the order of blue, green and red.

The light pen detectjon sensitivity is particularly
low against red. Thus, detecting the part displayed
red with the light pen should bhe avoided,

The light pen detects the color mixed with red, e.g.,
purple, normally.

87
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9.5.3, An interrupt occurs continuously as long as the
- -1ight récgiviﬁg unit at the tip of the light pen is
~baing pushed; and all other processings are suspended
‘during this period. Therefore, avoid pushing the

light receiving unit of the light pen unnecessarily.
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Software

Support by QX-10 HP CP/M (BIOS entry address F657M)

LICHT PEN

Functions

{1} Check if the light pen is pushed.
{2} Read the light pen input data.
Input parameters: C:2 in {1) above

C:3 in {2) above

Results In (1} above

"

A:0 The light pen is not pushed.

A:0FFH The light pen is pushed and
data is input.

In (2} above

A:( No data
&: Other than 0 Data is input.

BC: Position in the horizontal
direction

¢ - 79 {green CRT used
non~-MFBASIC, non-MF mode)

G - 39 {green CRT used
non~-MFBASIC, MF mode
MFRASIL width BO mode
MFBASIC widith 40 mode)
{Color CRT used}

DE

Position in the vertical
directiocon

¢ - 24 {green CRT used
non-MFBRSIC, non~MF mode)

0 -~ 399 {green CRT used
non-MFPBASIC, MF mode
MFBASIC width 80 mode
MFBASIC width 40 mode)
{Color CRT used}
zflayg:8 Error
A:1 Parameter erroxr

Others: Destruction
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Support by Q¥X~14 BASIC
PEN

Function EV‘Provides thé data input £¥om the light

Farmat f f&£:fPEN (< functiun:~}

Description'~aPEN funsticn provides 1nformatian about
the current state qf,theflgght pen.
.. < Function > .takes the vaiuve of 0 - 4 and
- :has the following functions.
CPEN-{0)Y  Trigger ‘sense -
e - Indicatés whether the light per is pushed
Cogfter PEN (0) function is last read,
’ True‘tﬁi}-ié returned if the light pen is
- pushed, false (0} 1f not.
;Hote that this information. indicates _
.. whether or not the light pen has been
--pushed, not whether or .not it is now be~
ing pushed. MWhen PEN (C}.function is once
read, it is reset. As the coordinates
used by PEN {1} -~ PEN (4) ars alsc read
when PEN (C) function returng a true
value, it must be confirmed before PER
{1} -~ PER (4) are uged that PEN {(0) func-
tion returns a true value,

PEN (1}): Returns the horizontal coordinates when
the light pen is pushed as graphic coordi-
nates, The value of 0 - 624 is returned,
A5 the light pen resolution is 16 dots
in the horizontal direction, the value is
returned skipping 16 numbers,

910




PEN (2): Returns the vertical coordinates when
the light pen‘is pushed as graphic coor~
dinates. The value of 0 - 400 is returned.
PEN (3): Returns the horizontal cocrdinates when
the light pen is pushed as character coor-
dinates, In the 40-diglt mode, the value
of 1 ~°40 is returned, In the 80-digit
- mode, the value of 1 -« 80 is returned.
As -the iight pen resolution is two cha-
racters in the horizontal ‘direction, the
value is returned skipping two numbers.
PEN (4): Returns the verticsl c¢oordinates when
;ﬁ;the light pen is pushed as character coor-~
~dinates. The value of 1 - 20 is returned,

Before using the PEN function, be sure to execute the ON
statement to permit input of the light pen.

If not,; "Illegal function call® error -occurs. When the
light pen is not used, it is better to execute the OFF
statement to disgable hardware interrupt of the light
pen.
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