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P/5 . 1.1 ?roduct Featurea
(1) PX-4 18 a battery-drivable notebook size portable cowuter.
This computer is made thinner and weighs less than ths

'o£1ating compating models on & poliey of attaching mieh

. importance to portability.. L }{;

- omputers are being used in more various locations‘;pciuding
usinesses and sales activities and sites of jobs,

n office rooms which have been commnn places

by i 8 .3-.~ R
= BSOS

9&
S, ug homea.

.
e (2) Apother. _,gm;;;i_:g__ag.g

relieve users from special'c

%&

to major conventional general purposﬁﬁgiﬁ 3
\ esgecialt% ) R
.strong.- This demand is Y8 rong or handy p

e
RN

fremoved so that the computer can be immediately convo'

Aa specialized machine fit for a specific application t

.gggpcialized eheet on the kaytops. The programs for Qaehmgpgc-
/\j’ o gplized machine are stored in a ROM capsule which qu%;lso};




be easily replaced.
Many option features can be attached in addition which help
to buiid a specialized systen.cptimum_fo£ each of various

applications. |
). PX-4 provides the following features which have. been selected

,CO = PX-4 is free from power

é&%ad&ptafﬁgﬁd.batteriqs
e

mpuiég; uninterruﬁted

LR X ". ﬁ‘
: i
—|-=--—. —=-—. supply is used-up.or PX

run, the program caa be resumsd

or turning PX-4 back on. .
)
# Easy pr(%fam selection by menus

selected via menus on CRT screen.

can be automatically run only by tuining PX-4 on.

* Automatic power off - PX-4 i;<auton;tically turned off.if.
inadvertently left on. o : ) I

. *'Progrgpmed operation --PX-4 can be.automaticdlly turnedaon_?7
gt a specified time, a specifiedvprograﬁ can be automaticaily

ﬁb . run, and PX-4 can be automatically turned off after the progranm

02-
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. execution is completed.

In addition, an alarm buzzer can bo sounded and a specified
message can be displayed at a spocitied time.
The conbination of battory-driven oporations and time control

* Up to 64K bytes of RAM can be incorporated.

The standard ROM and RAM capacity can be expanded by selecting
from the following option memory features:
/1;\\ * ROM cartridge - can contain two 32K byte ROM .elements.

# RAM cartridge - can provide a Rzu capacity of up %o 16K (32K 2
' or 64K) bytes. . . o ‘ ' s
S * Microcassette drive . |
< : : * External RAM disk - can provide a RAM capaq;ty,£% up to.64K

(128K) bytes.



K

S '. - ~ ~
Thisc.nemofy dpvices may be replaced with models of higher
-.pcrtornancc-which~will be developed in pace with advancement
in memory IC technology in future.
A 40 columas wide and 8 lines high LCD (Liquid Crystal
‘?Iay)‘ﬁangl 1s used as data dibplﬁy'conponont. This LCD

S
W,

{;.

be be used in various countries.

A conductive rubber key switch contact used in the keyboards

nuc& simplifies key switch structure and ensures higher reliab-
ili%y.‘ ' ' "

There are the following ﬁhreé categories of optiow devices

f*b ' which can be attached to PX-4:
h * Devices instailed directly through the cartridge connector.

-l
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* » Devices 1neta11ed directly through the system bue connector.

* Devices externallly ettached thrcugh an infcrnetion ceble.

: PX-4 can use a manganeee (cr alkali) ‘and Ni-cd batteriec
‘and an AC adaptor-ae e mein power source.
RAM is becked _up by a auxiliary (or sub-) N1-Cd battery
."&1§ the main manganeee (or alkali) battery is repleced.

\s,,
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1 2 Maximum Hardware Syatem Configuration ,

Qé? - The £ollowing figure shows the maximum PX-4 hardare system-

configuration: .

: “"FDD |
. : . ' po o |
%;;gior g?fgt.r Terminal Extornal
| | ' assette recarder
§S-232C SI0 _
Cassette
: ) Microcassett
drive -
ROM .
cartridge

. .

- RAM
cartridge

AC . tdaptorl

(Application ROM)

] Fig. 1-1. Maximum hardware system conriéuration
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/—\"A  The individual option devices which can be attached via the -
ﬁ&? -+ | connectors-available on the computer frame are described in the’
) following.. . '
' 1.2.1 Keybarods
(1) Standard keyboard _
Iﬁo ;fapﬁard keybdard; whicﬁ has 72 key switchea and

three LEDs, basically uses the ASCII ocde. It can conform

to any of va:ioui.languages'only by replacing key tbps and
ng the character set with a chardcter set selection ]

R PR SN TE Y NP

'*Ei;factor set (4 |3 |2

> 3 e IS K L

' [ASCIT [N [oN [oN PN
Freach ON [ON [N pFF
Gersan " [ON [ON [OFF DN
English ON ON [DFF
Danish ON QOFF ON QN
Swedish - ON [DFF DN
Italian - N [pOFF DN
Spanish ON [OFF OFF
Japanese OFF ON ON DN
Norwegian OFF ON DON

~ | EPSON
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The ASCII keyboard 18 used for Spenieh and Italian.

The etanderd keybeord uses new conductive rubber movable key

switch contactyg.

(2) Item Keyboard Vegquireho
The item keybaord is
machine, o
It has 58 key switches which are classified inta item and

- when using PX-4 as a specialized

ric keys. The 31 item keys can serve for up to 62 func- -
S
ing them in .combination with the shift key;-with

4

%e key tope ir desired.

2 g“ i
Wfﬁﬁﬁkxdcter set selection dep-

wetl

4in BASIC eor

board.
1.2.,2 Cartridges

(1) Microcassette drive

The nicreceeeette drive is a audio nicrocaeeett
rve

recorder ueed as a sequential file disk (neneh*ﬁ).
A microcassette tape has directories at the beginning (
up to 12 directories can be contained) in order for quick file

search. , ' .

' .

TITLE ’ . EHEET NO

~ | e i



~ ' ' The microcassette drive has a CPU built in which operates )
<& " by control commands from the PX-4. Microcassette operations :

*..,.can also be manually accomplished from the system diaﬁlay.

; 4 The microcassette drive panel'has two laops FREE and REC.
The microcassette taps may be ejected when the FREE lamp is
~ .

(-} - 1S

Data are recorded on tape cs two audio frequenciea: mark is

-KBz and.spaco ia 2 KHz. Hicrccassotto tape datatcan be out-

the microcassette

\g‘

Ie dcu&wfs‘
ROM which

agsigned drive

' N Tha ROM cartridge- L
e — W
T T=E - f -~ ROM can be eaélly Tep
 This ROM capsule cad contain N-MG.
‘alent to0--2764, 27128, or 27256, or mask"

elecy
one of the twe s independently




. - elewets _ : , :
- However, the two can also be econtinuously read.

When connected to the car‘bridge interface, the R.OH cart-
S ridge operates 1n W data. ,_I" (DB) mode.
(3) RAM cartridge o C .

The RAM cartridge can be usod in the same way as a ﬂoppy
dtak drive (assigned a drive name I). . IC lem ots
tridge contains two 64K bit statie RAM p& and

capacity of 16K bytes.
ted. by an incorported lithium battery

The present RAM cap

e LTI R medelimeit t et eme e e 3i, AR -,'g—_m—.— -'—- ‘-.—-“v_ o o m—

cos The RAM car‘bridgo pust be formatted ¥ ‘
' before put in H-su.th The ‘first RAM ad&fs
which can contain up to 16 entries.

The cartridge is organized as follows:
Tracks: 0 - {:.(16K:bytes)
’ 0 < 3 (32K butes) -

0 - 7°(64K bytes) .

Sectors. 0 -'63
When connected to the cartridge. the RAM cartridge operatea
~y in the data bus (DB) mode.

%



(4) Digital multimeter i

An automatic ﬁeaquregent'aystem is built by connecting a
digital multimeter to PX-4.

A digital meter has an A-D converter IC and a CMOS CPU

‘built-in and measures voltages.appliedi or resistances con-

*%gd read measured data. This measurement

‘eonn
ShLenesLtte
LR,

-~

3 T

}’ & ..-.‘..'
EL
.

' Measurement ranges®:

.eelocted.
Input impedance: 10M ohms
Sampling rate: 4 to 5 times/sec.

. Power consumption: 9 mW ~

(5) Universal cartridge
‘The universal cartridge refers to a universal pfinted
ﬂi:b . circuit board which has a connector mounted and installed in

; a cartridge case.

X
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Users can build any circuit on the board to implement a
cartridge specific to each user. - .
: - The universal cartridge 13 can be controll\ed by BASIG

prograna.

e o e w o= e o

tion.so that the PX-4 can autonatically r

The modenm conxains a CPU and the cartridge op
1/0 mode. It is used by BASIC prograams.

(7)-Gartridge‘printo:-

A cartridge printer is an impact-type dot matrix prinfer
which contain? a CPU and RAM and provides a print buffer cap-
acity of eight lines of data.

‘Two models of 40 and 32 digits per line are available which

éiﬁ are compared in the table below.

o

..
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- ~* Table 1-2. Cartridge printers
& ' — ' '
!

. __40 colusns/line 32 colusns/line
Advantage |'Can priat ia correspondence | Can produce easy to read
to the PX-4 display. listing becase of wider

' charcter spacing.
 Disadvantagd Listing is less easy to read A rightmost portion of screen
.because characters are less | hardcopy drops.

spaced. :
2.5 second/line - 2.0 second/line

he two models can be selected depending on the

o e e ol e st s -Bn] grd @d-
sy i s s v cn o ;

Bit image print
Print sheet feid

* Ribbon: Cassette type.
» aoli;bilitys '
MCBF: 500,000 lines .
: © Ribbon 1ife: 200,000 to 250,000 characters

TITLE - sHE N NO. [

™ | EPSON | T e



The cartridge printer is controlled by the aystem program
depending on dsepbsesd DIP switchisetting (see table 1-1).
* ' The printer is powered from the nain.Px-L battery. It re-
qniris a rcigtivoly largofﬁuounﬁ of current an& an Ni-Cd
battory‘qhould be used as nnin;battorj. A combined use wit§

+AC adapter is raconpended. If a power failure occurs

The PX-4 1nternal character codes are the same as thcae

HX-20 and PX-8. Thus, a printer conforming to the HX/PX specir- ;

coe ' ications is required when using the-graphic codes.
A compact thermal printer P-4{0P which is battery-dri?able is
available as a model for solo‘uao by PX-4.
In order to put the coupnt;r under the control of the PX-4

ﬂ”*gﬁ. system program, the h-,bv-'i»DI? switch needs to be set according
: - charactor set sellection )

>

n



to table 1-1.
_ ‘-If power failes in the PX-4, or power is turned off during
R " a print, the print operation cannot be resumed by a. Continue

mode and some characters may be lost.

,{L RS-2320 Interface

Thé following co

-otherwise speciried.

S TRt R i, 7 < e ffem e crmmme o
.~ S -

' Baudrate: 4800 bpsh
cees . .Data format: 8 bits/charactm@h
Parity bit: Not used. |
Stop bit: 2 bits
Control line: Not used,
cocse XON/XOFF: Not used.
SI/s0: Not used. -

This is a simplified RS-232C interface built "with CMOS IC com-
ponents;ao that the cable length is restricted. The 1hterfacb—3b

3 r 4
v AW S are as follow:

% Output voltage: < 5V

- 3¢



) - - '\fﬁput voltagoi tsy 'ﬁt 15 v
~ Baudrate: . 75 - 38.4K bps .
& Cable length: 1 m.(stdndard) '

| P/18  1.2.5 Serial I/0(SI0) Interface
f . - When using an option - device through an internal serial I/O
| interface (QIQ). the keyboard DIP switch nedds to be set accord-

ing to table 1-1. The following option devices are available:
» ?loppy disk drives e
PF-10: 3.5-inch floppy disk drive '("éattery-dri{re'n) T

: 5.25-inch floppy disk drive '
.25-inch floppy disk drive (for use by HX-20)

otherwise Specified.

e e
o~ — e - Cene et

—_s-zr—_..._n..n-;.-w-_r.s - T

P I

Baudrate:
T eee | Data format:
Parity bit: Not used.
: Stop bit: 1 bit
Control line: Not used.
coe Protocol: Prqvidcd.

; The SIO interface is built with 'CMOS IC components which
provides a hiéher data transmission speed. Thus; the cable length

; \ {freoc s
is restricted. The 1nterfadhgngggé$oe£1054 are as follow:

Output voltage: 14 5V
fﬂhﬁg Input voltage: - tsv .

-
)



Baud:atQ.z_ : 75 - 38.4K bps

Cable length: 1 m- (standard)

Floppy disk drivos

PX-4 can connect up to two floppy dilk drives of either

TF-20 (for uso by HI-ZO) ar PF-10. The possible configurations

are ﬂtown bolow. :

o -

e ,‘

TITLE

EPSON




. oo . ime e —

The. floppy disk drives are organized as fallow.
,320K bytoe/drive .
80 tracks/drive o |
. 16 sectors/track | -
256 bytes/sector _
Maximum number of directories: 64

capacity'available for use by user: 278K bytes

~PX-4 can connect a bar co&n

A\

iy
3

program. .
The following models are available:

# HOOBR-JA (Resolution: 0.33 am)

* HOOBR-HA (Resolution: 0.19 mm)

i
"‘A‘:

ﬁkq\




3'. - h.2.8 System Bus

o ' : The .PX-4 system bus can connect an external RAM diak. It is

facd w sEmeemn @ eww s e o mmed - ime
|

attached to tho conputer frame with screﬁa and can bo used sim-

.1larly to'a floppy disk., - . I

Two models with canacitiee of 6LK and 128K bytes are available.‘
re 64K to 1H bit ROM chip can be added to the ROM capsule
s, used for data file.

uses the same DRAM conponenta'aa main :

_by an 1ncorporated Ni-Cd battery. The

When the unit 4
be initialized.

e s

‘attached. The RAM disks are organized as fol
External RAM disk

N ‘ TITLE RN O )
-~ | Epson



L X 20 N X

P/22

.

1\{2!-0!2.(' .
raMm itk
5 brakis/4isk
(umserd pagy
‘4 soct»S/f.mk

’Quﬂbﬂ-i ""4- M

- - ’

64 sectors (numbered from 0 to 63)/track
Hn.:d.nuﬁ number of directories: 32 Mats Rumbar b
&rectcmes. /‘
The internal RAM diak includes a part of nain PX-4 RAM and a
naximun capacity ot BSK bytes can be spocified. The internal
disk capacity is apecifiod at system initialization. The
hgapacity is 26K butes.

» ROH cartridg;z
* External RAM disk:

ROM is used for data files or contains progra
ROM 1is 1natallod in other than the main ROM socket E¥
file or program ROM can be installed in the uain socket, fg
standard, so called BASIC ROM is %natallod.in the main socket.

1.3.1 .Option I/Q:Information Cables .

The information cables:.required .to all .the option I/O devices
are listed below. ) . : .




'tablcvlbs. Option 1/0 1ifonation cables

Option devite

Cable Assy No.

Proper model .

Interface | Cal ol
- Printer Printer | #731 P-40P(for PX-4 use)
| . Al, __= as tersizal printer
S10 9723 P-40S(for PX-8 use)
$728 = as_terminal printer
RS-232C $723 P-40S(for PX-8 use)
. 8728 - = as terminal printer
sio $723 TIF-20 [TF-20 PF-10
| ( “T1F-15
$726 TF-15
PF=10 (PF-10«PF-10)
07 1F-20+TF-20
24 Cx-20
cx-21

table 1-4. Cable list

. e —— i b e e i

assemblies

 the following tables

and th

N

Audio cassette tape recarder

[Cable assy

Order code

=
[

[ad
[~ 4

$707
#1723
$72¢
$728
728
$731
$732
$738

Y202100300
¥204080000
Y204080100°
Y204080200
Y204080300
Y208040200
Y206040400
¥206040600

L] [ ] L] * * L]

O e s e e e
N0 oo ol

EEEEEw&NO'

NEXT

SHEET




1.3.2 AC Adapters -
: The available AC adapters are listed in the following table
together with their applied areas and ordar codee°

Table 1-5. AC adapters

[ Hodel Applied ares -] Order code
HOGAAJ | Japanm: B - 1 X510600020
H00AAAT | U.S.A. and Canada X510600010 |
HOOAAA2 | Taiwan and Karea X510600110 .
HOOAAGl | Germany and neighboring areas | 1510600060
France and scuthera Earope ¥201515000 ,
| England ¥201517000 |
7203522000
a:&kunz snd SInlavorc 510600100

f‘} | e T [Rme > 22
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: ~ v o 1 (10), - -

' Fig. 1-4. Bottom bathaws haw-s— —-



o 1.4 External Cﬁeu.u.t.s. Mechem: ek  Elemucts C

~ (mschun ' "[%5 ot N . . -
” The exter _ and their purpose and usage are exp-

A lained hére according to the numbers in figs. 1-3 and 1-4.

(1) 'POWER switch - PX-4 is turned on when this switch is set
;'..... . ON. However, power may be lost even while the switch is ON.

(2) VIEW ANGLE adjustment knob = Allows digplay contrast adjust-

mnent.

& ".:-_
(7) Keyboard unit (Fap

-~-

; " of the standard keybe

et TR

“Item keyboard.

"

arsion

ey TS Bun S e — g

A system bus I/0 device can be connecf
behind this cover.
(9) RESET switch - This fool-proof switch can be accessed with
cee a bar such a pencil tip. Pressing this it causes the PX-L.
circuit to be reset. This switch is used in cases such as

- - program run away, .etc.

o o @vemo o . « ee e . cmome

(10) ADAPTOR receptackle - The AC ade.ptor plug 413 inserted here.
P/27 (11) . PRINTER cable comnector receptagi’J eed—to connecéye
/,gﬁ , Centronics-compatible printer via a special cable assembly.

eceer 1(12) RS-ZJZC(Sable connector recepta§§ - Hoed—to Efnnecéyen
) k—f(\’ &.C 2.



‘& reader,

eption devices- such as acoustic coupler and printer, etec,

(13)SERIAL 1nter£ace cable connector Teceptacle - ¥sed—bo connec
option devices such as. floppy disk drive and printer, etc.

(14) .GA_\SSET'J_:E recorder interface cable connector receptacle -

‘ 'B's-e'd—'ho“connect&an externai cassette recorder.

(1 5) sSp (cxtorna]. speaker) output Jacki- Used for microcassette

} disk drive a.zinouth adjustment.

£ Lbarcode reader)A cable connector receptacle - Connects




..

T ©Not used.
8 Not used.
Switches 1 - 4 specify one of various language ¢
sets. ;
Switches 5 and 6 specify a connector to which the output
data are directed.-;

Whenever either switch group is reset, the reset switch*®

-'must be pushed, ' .

TTLE SHEET NO.

EPSON o NEXT 2 SHEET |
= ==
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e ey

. SW4 initial reset switch
This switch is puaEed. when:

‘As The program runs away and a recovery trial by the reset
sy;:;h fails. B

B. Power is nof removed by resetting the power switch OFF.

‘d:.Tﬁe battery voltage drops and PX-4 1z mot powered by

nﬁecting the AC adapter.

s "
o

Sy ‘ : o ey SHIFT at the

Replacing the ROM




.

.. 8K, 16K, and 32K byte.mask ROM Wa‘:e available to
3 be used in the ROM capsuls. P-ROM eﬁﬁp“:‘uﬂ.vz'zcaz. (8K bytes)
; - . -and 270256 (323 bytes) can be used in the capsule. Wben an 8K
, . byte ROH is uaod. tho jumper plugs 35 and J§ must be reset '
according to the fbllowing.

Ihilo 1-6.Jusper plug setting

Jusper B and open A -standard setting.

Open B and jumper A.
| Jumper B and open A -standard setting.

'rncn B and jusmper A.

cover,

Notes on. the battories and their replacenent are sumuarized
in the following: o .
. Replacing the batteries ‘ .

Four nanganeao » batteries or a Ni-Cd battery unit is,installed
in the battery box. Fig. 1 1-6 illustrates the battery instal-

lations. ' .

. : When a cartrisge printer or microcassette drive is used,

23-



the Ni-Cd battery unit must be installed. Especially for the

cartridge printer. the proper performance cannot be ensured

without the Ni-Cd battery unit.

Ni-Cd battery unit

. in the battery box

_replacement,

the currontly'us

“ever exhausted, with nanyg

PX-4 Operatibn.cin be resume

battery during nain'batterz replapem,
“'u—fﬂ:"éiiﬂa:;a.firl‘Eéﬁfiguration can be
to: five hours with the manganese batteries or N
unit after replaced. .

The sub-battery provides a capacity which back
for six days (150 hours). RAM is.normally powered by both the

main and sub-batteries.

———

> [EepsoN [ e T

EPSON CORPORATION
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The'PI-L batteries continue discharge for backing up RAM".

even while the PONER switch is OFF. Thus, the batteries need
to be replaced or recharged once a month if the PX—L is not
used, If thie cannot be eneured, the RAM cartridge should be

ueed.,

Power eupply cenbinationa

-

X-4 can be powered by three eupplies which can be conbined

PETORVE R LRRL ST RNET Y

uses the AC adaptor to minimize battery
battery disehargee vhile the adaptor is connéé
AC source. The batteries are used only while'the A
is interrupted.




o : A skandard. _condition : —
3 - Ce @EIe combination is used when the option microce.seette g
drive or cartridge printer 1s used. Because of its high inter-

nal impeda.nce. increase in loe.d current causes a le.rger

voltage drop and shortens battery lite) The Ni-Cd battery

can be discha.rged and recharged 500 times or more. It
requiree eight recherge hours. ('l.'he N:L-cd battery unit is
unted in expende.blea.) .
ombination 18 best suitable when it is desired to
‘ peration if the AC source is 1nterrup'ced
Ni-Cd battery. The N:L-Cd battery can

‘ be che.rged o
T .t P The back-up battery

Y ... L . PO S P e

' :I.s devoted for RAM be.ck-up.

.~

ation alone. o

ve el ememd—

> |EepsoN [ o




'135. PX}&ZOperatinn Prbgédufea

| 151 System iuitiu;zaﬁoi T
. . ' : — (First system initialization
@ ‘ (1) Reset the powna switch OFF.

L (2) Set the Back-up switch ox.

; . (3) Install.the main manganeae batteries or Ni-Cd battery unit.
‘ 3 (System resetting for recovery

(4) Push the Initial Rest awitch.. from uneontrollable state)

g}) -Set the aom switch ON. i

gfter unpacking)

. -

_ svsren INITIALIZE
. ' /Téms <§vn Ohhmmss> 840530153740

i gizé %1568} 8o

Ay

.(End of systea initializat;bn’

- | [RETURN
L..T..P"‘r on (with MENU ON)  ° : .

#4. &

' v ) 15:45:359 11
) agegs?ccp M 95,30 (SUN) 1S

‘Menu lmage

N

- Fig., 1-7. System initialization



SR 2 5.2 Starting the BASIC Processor o L
) S o - Ppwor on Cnn-eﬂw ON o §§) ' ‘ -
5 : _ngagli ccpxn 95,30 (SUN)> 15:45:33 1 J
' ESE B S lhnu iinage

‘i A
P th HENU OFF)z ”
r osfer on (w- i ( tl:. MENU ON)

Command entry CCP image

; . ' | . RETURN . - . Power on

»eannr Bytas Frac

i - BASIC initialization image

Fig. 1-8. BASIC processor startup

I S — | —— — . c—— ——— " I — D — D D S S T : — . —



.. __1.5.3 Display Image Selection

Kk, ¥ CP-M BTV STy 19213
BSB_SICL / Y (SAT 29313

149

L"'t ) '

: - .| |KeyinSYSTEM
f : [(with MENU ON)

RETURN

Ucrx.x (q P ]
"”".°?

- RER

28
.PAEE +5 loein.

#HH¥S Bwtas Fraae

Microsott & EPSON

D e LY

: . : %@ﬁ\:ﬁ
’ | ' Power-o:fi
. . T
T CTRL].. .

ower off]

POWER switch OFF

.
[

Power on

~

N

Program run continuation
(Continue mode)




e o1 .t
L 1 . .s
. o ame e . Smstneml w  wlt e @ ¢ aem - .

. - .- L. . . B

S e e W e e T 2 - e i

1.5.4 Ménu.Selecfiqn (System Display)

ssemacee coreccescen o

Display image accepting key entry .

1
TEM DISPLAY * 03-95 T i H
g'\is RISK> Gon K§ ""éaggn; dge~uest
ISER BIUS> 900x2T6 AUTO> OFF
= DRIVE> — I <MENU> EE - ey
r _ESC to exit. sRAM cartridse
;‘:a_auto start aSmanuy )

is required. ‘

N,

>

I Y * 4

DKSPahz Y g o3
g 882‘"236

v BA

r

¢

1 <A
I <A
& <M
a ESC tg raturn,
<MEMU> 1=07 2O w3dr i
Y cle - Zmaxt2 . Emaxt

1..:3. When any option..

.'. 1s attached. - l . ;A

T A
SHERD oRI0ES R8E™2°¢ B (RENDs N
-Ineyt Jdrive namas. ESC to cancal
cBrim - ' :
Enter a drive name :
| from A to K. RETURN

Fig. 1-10. Menu selaection
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/,.\ |  1.5.6 Wake Setting

—

| | - flzscl x2
* »* Q3703 éSQT 234323
0 Al i 8 s

-galact or ESG toraturn. «mvaka 4=MSG

. ' (When the Wake
3 - 14 feature is enabled)

. ‘- !CTRL * [HELP|+ LL[ End of Wake setting

83708 - LSAT $39:83 .
T {505 e

TEM DISPLAY * 03/0S
o
$HENG o ;us RDE <
: e =Input massasesstring, ESC to canc
. . ~M . S

S RETURN

Fii.__j_-_12.__\v_tako setting -



End of auto start setting
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.
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.
G
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.
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.o Fig., 1-13. Auto start setting
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1 5 8 Auto Start And. wa.ke Strings ' .

- e oe

- ¥ An Au’co Start string and a Wake string can replace can replace
a
sequence of key entries required‘ after turning on PX-4. That is,
an Auto Start string and Wake string are strings of commands |

which would otherwise be keyed in to start a particular -program

a.fter power on; tlu strings respectively provide automatic system
gtart and system wake P enexr oy &4,9«.«5 L llaa,

ksy s'-d.tches which need to be pressed to start a user
Hiow-to create the correaponding atrings are aummarized

9 Wake feature is used, PX-4 is not turned

A
NERE)
AT (A
RETURN Al+ M
4 ESC: Al + |C

Ascli 2-\- aPh "o\ [gn A kAL,
: - |TME gtésgm NO.
™ | EPSON



”:;j  BASIC mew | '
| L. B -t AN 4| - -

9

- | seacE |+ |spacE |+

RETURN Al + |IM] |

~ This T“l'(e " ’tféd ‘d"- &4[7 areii [{chea'J ‘
: 74”1‘5‘ sme  changes
m A f“‘(c .

E "(2) Low battery .voltage waraing message

e

When the main battery . voltage drops
p - M - s + @ O eas - e ---Ah'
limit, the following message appears. Turn PX-4 aff™ &
the battery.

CHARGE BATTERY

Y : Tm-£ _ Reveon|™ L

| EPSON | __
T - | il il
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P it

LN [

(3) RAM disk tc'rmatti'ng' request message
' If the followin_g message appears when the POWER switch set

| ON or the reset switch is pushed, keyﬁih "I" and reformat &he
. RAM disk. B | L

RAM DISK FORMAT (¥Y/N) ?.

.

M cartridge are assigned drive

- e

‘Therefore,
key the following when réading a prograz from the cart-

ridge:
" A>J: filenames, or

A>K: filename
TITLE EHE N NO.

 EPSON e




.o mam—
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'1.5.11 RAM C.a.trid’go; |

Fi

3

il ik B

“RANTFoRRTSC 2

~,

raturn.

ano

.g. 1-16. RAM cartridge

L®yas




- ' e S Op‘erating“:"
Charging: .
Data storage: . 0°C -
Storage: ‘ | -20°Cc - 60°C

The~RAM cartr;dgé is 6pertted'as féllowsz,
(1) Under %iré-CPfM system

The cartridge is assigned drive name I. Thus, it is
aelictég by.koying ins a | |
. “;A>I{ L
_(2). Under &ire- BASIC systei -

When iaving a progranm to the cartridge.'key in:

"I:filename”

i 3. Environmen%gﬁ

* Temperature

Long term storage: -20°c - 30%
* Humidity (relative)

Operating: 102 - 80% (No- condensation allowed)

Storage: 108 - 85% (No condensation allowed)
* Vibration - '

* . Operating: _ ﬁust not exc;ed 0.25 G at 55 Hz

Non-operating: -

EPSON




D

'f . ‘f,;,Non-packiqg : Pack;ng T

" Amplitude (am): 2 2
rfeqnency (cpm)s 1000 - 1000 |
Directiona: _ : I. I'.Z "ul,}"l.t?VGO"n'

Duration (nin.) 30 inramy 30
direction ’

Hust not axceed 1 G and 1¢C must not last
kger- than 1 ms.

A general (unc b2
. ' Packing: Pack the compute ot
S C ( Naturally \ R

: ' : rop o package on a concEs
height of 50 em, once with each
faces of the left and right sides and
top and bottom faces down.

No abnormaiity should be observed in

LR S PSSy VOIS, I Y

) : : 4 oxtdrndl appearance, construction, or gen-

eral functions.

—~ ?/L5 4. CPUs and Memory .

- cauee saBmE to. WaEBei0e T @ ®ne s

* Hain CPU . Z-80 compatible CMOS CPU
& . Clock rate: 3.68 MHz



ga —e

o "’-s’i\f;ﬁa‘ﬁteﬁ - Kf'ca' ﬁatt

-

Capacity® 90 mAH b

Ko -i.nul

6. geyboard

» gtandard keybo. _ard

AC t&ﬁtor - DO

output O

Kusber of keyss T# typwri.ter-typ

» Tten xeybo ard

NumberT of k

‘punctio nkeys)

A3

eys: 58

e keys (ineluding 9

Mode jndication? Moﬁés are i.nd.i.cated. vy 3 LEDs.

.

Mode 1nd.i.cati.ons: Modes aT® 5.ndica.tad by 3 LEDS.






g . sigmal levels:- RS-232C levels (tsw

g
i
]

N

Data tranamiaaion rate.
Sane~rste for both transmisaion and reception.
o 1o, 150. 200, 300, 600. 1200. 21.00. 4800. 9600.

' 19200. 38400 bps . ..

Maximum ditrerence between transmission and reception.

e
13. Externa.l Audio cassette

-..._.—&..._.-- ot mme— gl e — -._....._

o mme i o = mwe tme T

"Data transniasion rate.. Appro. 5
Remote-controllable.
3 " 14. Barcode Reader Interface
High resolution: 0.19 mm
" Low resolution: 0.33 om

i
l 15. Cartridge Interface \an option cartridge such as )

A parallel or serial transnisaion interface for connecting 1
! eee the RAM cartridge, ROM car‘bridge. uicrocasse'bte disk. or meas-
urenont unit. .
16. System Bus -
P Address bus: 16 -bi‘ﬁ'ﬁl’do‘ T
* Data bus: 8 bit wide

S¢-



. CHAPTER 2

PRINCIPLES OF OPERATIONS

- .
- . A

2 1 Standard PX-4 Hardware Configuration

The atandard PX-4 hardware configuration is shown in fig. .
-1 and.the'atapdggd.conpOnentb are shown in photographs from
-2 to 2-10.

LCD unit

[AC adaptor

Auxiliary
hattery -

Cartridge
- aption device

Fig 2-1. Standard PX-4 cg

(1) Major circuits are collected on a single board o

(2) The keyboard unit is built with key switches and ligh

"emission diodes. There are the two types of keyboard units}

~ standard and iten. are available"for user's selection.

,Tho-two units are compatible to each other.
(3) The LCD (Liquid Crystal Display) unit is consists of an LCD
panel and an LCD drive circuit

REVISION

EESOESON . NEXT SHEET

TITLE ’ SHEET _|NO. /




L

' (4) The PX-4 AC adaptor is completely compatible with those for

EPSON HX-20 and PX-8.
(5) The aub-éattery_is incorporated in the computer. This Ni-Cd

..~ battery is solely used by PX-4.
JiManganese dry cell:batteris or a Ni-Cd battery unit can be

d@d &s the main battery. The Ni-Cd battery un‘it is solely

|
s
i
:




i s AR P
: P e YL

computer view as the 'k.o'y'ﬁoird unit removed

e Sia e e i

for ‘o o oreem

TTRTTTFY g 2530 PINE Board < elet

¥ s arenimbiaas o

Y R YO I Ve W
*

]
1]
..
N
-
ti

Fig. 2-4. PINE board - wiring side -. .

. .. . .
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2-29, Power supply while power on
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2.5.2 Capacities ' ' .

The DC-DC convefter can support a normal system configﬁratiqn

‘ inéluding a usual option device. ﬁowever. a.épecial measure may

. be required when: A

(1) A circdi#'of the user's own 1s connected to the system bus or
éartridé; interface, | . | .

2) Any 6ption'device, which consumes much power, such as direct

. bafeode reader, or microcassette drive 'is used, or

one option device are simultaneously used.

s 2 A28 ~AT
N +5/’15 0074\. 3 MA
cHARGE | 3 ma

The output currents need to be in the listed rangea. Thus,
the difference between the upper current limit of each output

and ite current current consumed by the PINE board with no




::ﬂmhkhﬁu&m&m&ﬁtﬁ‘

. s

option device attached is available for option use.

* Power supplies évai;able for options -
' The following supply currents ara available for options:
Table'Z-Z. Power supplies available for options

—

VB I 300 ma (Average)
Ve 2 While power on 1€ mA ( mAx) ! ' L
while power off A5 wA . ( pax)
5 fo0 w»A _ (mAx)
-5 . 20 mA { MAX) ‘

.diagram which shows the power distributions
tion devices. As obvious from.the
g?quired by each interface
3 supply currents must
: any 1s exceeded,
'd;ng-by and

R .
operating currents aff a < ; 'Herefore, °*

maximum values required when opéz
in combination. ) :
The VB1 current value is shown as averag
cause it is supplied from the main battery. When
generates a large surge such as cartridge printer or micre
cassette drive is used, .a Ni-Cd battery unit is required.
If the microcassette drive 3; ROM Eartridge ig operated -
only with the AC adaptor, the VB1 temporarily drops due to

surge curreat. Howevor. the power supply circuit connects the




auxfliary ‘ ' o _
smb-battery to the VB1 line to compensate for the surge, .

thereb§ preventing disfturbance on the DC-DC converter output-

* Combinations of option devices | |
The +5 V supply can be'most critical when using more then
one option device in combination. Table.liejb's the operating
+5 V supply currogt requirement.of the d;vaila'blo_'c:ption devices.

oo . i
Table 2-3. +5 V current requirements of option devices

Barcord reader
v ‘} + Crerating |34
R
£ > Digital

60 mA, must not be simul taneousiy

is required, leave some atandin.g hy“

requ:l.fenent below the limit.
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The tollowing combinations are not 'simultaneously allowed: -
(1) Barcode reader and microcassette drive

(2) Barcode reader and direct modem

* Battery charge cyele

The standard PX-4 configuration (with no option device) can
be used without the AC adaptor for the fbllowing'periods of time
thoud recharging the main battery - battery exhaustion is
.0y @& message "CHARGE BATTERI":

Discharge time shoursz

.gcharge time of

hours as gi%éﬁ by. K :

Discharge time (H) = 450/105 =

because the PINE board operating current reqﬁfﬁ

The stand-by current requirement of usual optioﬁ de:

falls within an error range from 2 to 3 mA. However, the £fo

lowing dqx}ceg a little shortens the main battery discharge
tinme: )

EPSON




~ Option device Stand-bz eurpent requirement (mi) )
< . Microcassette drive 14. |
‘ Direct modem | 7
External RAM disk : 5.5

* PINE boa:d and option device current requirements

The current requirements,o: the PINE board and all available
piion devices are listed below - it is assumed that the VB1
1s supplied from the Ni-Cd battery (VB1 = 5 V).
equirements can be obtained by adding the currents
board and all tﬂe attached ogtion devices.

¢ walting for entry)

N S VB1
-5 Always
_ i (2) RoM éartfidgeuﬂ

+5 Always
VB1 0perating=. 135 mA
105 mA
33 mA
) Stand-by: 2 mA

(3) RAM cartridge
+5 Operating: 3 mA

! Stand-bv: 3 u

~ | epson




f’fla (4) Microcassette drive
. +5° Operating: 24 mA
Stand-by: 11 mA

VB1 Operating: 130 mA (During PLAY)

’ , 142 A (During WIND) °
Stand-by: 14 nA
i;partridgq printér-' : |

'Always 2 mA

.

300 mA (Duriag continuous'print)~

L et S Sem rv

F=—"="""=""stand-by:
(7) External RAM disk
VB1 * Operating: 26 - 36 mA

Stand-by: 5.5 mA
(8) Digital multimeter

.+5 Operating: 5 mA

S tand-by: 0 (Power-off mode)

(9) TF-20 (SIO)

- VB1 Always .3 mA
<5 Always 2.5 mA

| EPSON




(10) MX-80 (Printer)
. +5 Ojeraﬁiﬁg: 11 mA .
- Stand-by: Nearly. 0
VB1 Operating: 16 mA
 Stand-bys: Nearly O

© (11) External cassette recorder
+5 Operating: Nearly O :
: bperating: 40 mA (While power relay actuated) ]




~~ 2,5.3 17508 Siganls

g 7508-is a 4-bit CPU which has internal programs devoted to

control PX-4. Its input/output port functions are defined by

the programs.

associated with power-off control.

CAS 6c-P¢
CONVERTER

H

Fig. 2-31-1s a block diagram which shows the 7508 signals

TEMPERATYRE VB2 <
DETEC ToR

NTLE SHEET _INO.
REVISION

/3

SHEET




! 7
e
L]

.} —IMPD: The %emperature. 8

The individual signals are described below. .

PSW: A bOWER'switch state signal - when low, this:.signal
indicates that the POWER switch is OFF.

PON: Turns ‘PX-4 on/off - when high, this signal turns PX-4 off.

OFF: A Power 0ff signal which is activated high when PX-4 is

off - this signal connects the sub-battery to the VB2 line.

N

ignal sets the

when it is in

the temperature is higher e
TST: The 7508 Self-Test signal
while PX-4 is off and used as an outpu

- servg

7508 is self-tested when this signal is high.™
RS: The 7508 Reset signal - when high, this signal ﬁeb

[ ]
R

an initial reset on 7508, After the initial reset signal

is removed, the internal program initializes necessary
I/0 ports for output - by deactivating their outputs.

The I/0 port outputs may be initialized not only high or low

but also to a high 1mpedhnce state.

)




Fig. 2-32 1s a block diagem which shows the 7508 signals

associat}d with power-on control.

GAPNILIT

GAPNDL

ST SO ROY INTS INTR = ok

K-H¢

CONVERTER

N e

i L Pl g 28326k

L I

»

.

e -

indicates that the Reset switch is activated. :
OFPW: A signal which supplies power to the battery low volia

detectdf ¢ircuit - when low, this signal supplies power.

and to 4.80 or 4.00 V when in the high impedance.

s

BTRC: A signal which sets a volt;ge limit to be detected as
low voltage - this signal sets the limit to 4.99 V when low,

(5




-

signal oscillation ie‘dis

BTRD: The battery 1owAvoltage detector circuit output signal’
- goee low when power fails. '

ADS: A signal which detects whetherthe AC adaptor is used or
not - high when the adaptor is used.

TST: A aié;al which connects the sub-battery to the VB1 line.

The 7508 1nterrupt request signal to the main CPU.

" Serial data input.

rial data output.

#

7508 can be activated fro
interrupt, which occurs when the- POW:
interrupt, which occurs every 10 seconds.

When started, the clock signal oscillator :%h
and the 7508 internal program performs one of the feilb
procedures depending the interrupt:

(1) For the timer interrupt, 7508 supplies power ta the temp-
erature monitor and batter& low voltage detector operational
amplifiers to enable the functions and set a DRAM refresh
‘mode, Then, efter checking-the time alarm function against

1%,




3

.‘. L.

P2

the calendar clock count, it  turns the operational amp-
lifiers and returns to the stand-by mode., If the time alarm
ocecurs at this time, 7508 sets the Alarm bit of the status

code to '1 and turns power on.

(2) For the POWER switch interrupt, 7508 turns the operational
amplifiers to examine the battery voltage. If the voltage
mal, it the Power Switch bit of the status code to 1
er on, If the battery voltage is found too low,
rational amplifiers off and returns to the

wwas reset, 7508 initializes
e status code to 1.

aturns to the

rupts the main CPU which returns a commang ta

key code. :
As long as PX-4 is on, 7508 is interrupted by the timer

every one-256th of second and accomplishes the following:

(1)Checks if any command has been received from the main CPU,
and processes the command if received.

(2) Checks if the Reset sw;l.tchh-e':—be-ed pushedﬁa issues the
: ]

i



¥y . . : _ '
Reset signal, .and gets the status bit to 1, if pushed.,

(3) Checks whether the POWER switch is set ON or reset OFF, inter-
rupts the main CPU, and sets the status bit to 1, if ON.

(4) Cheeks for pover failure, interrupts the main CFU, and set
the status bit to 1, if any power failure is detected
\Butputs the. calendar clock.

QT time alarm, interrupts the main CPU, and sets the

.1f£ the timg alarm occurs.

de or data only when requested from

aterrupts the main CPU to send

i#a and examines the

Data or commands a¥®
, 96@» 750 8____f i Tt I T TS
. 7508 power éailure handling proce
When a power failure is detected,’ 75

procedure:

power failure. This is because PX-4 can recover froﬁ.p
failure and the +5 V supply is not disturbed by power faiiur'
when the AC adaptor is used. |

- If the input to the DC-DC converter drops so much that
%he +5 V supply cannot be stable, the sub-battery is auto-

.
.
.

da-



matically connected via transistor Q13 to maintain the
+5 V supply stable, :

(2) Connects the sub-battery to the main batfery via trans-
istor Q12.when the main baﬁtery is the Ni-Cd battery unit
or the Ac ‘adaptor is used. Because the Ni-Cd battery voltage
drops faster in power failure, the supply line is backed up
by theusub-battery-until the power failure handling procedure
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* When the main CPU is not ogerating ' )

v -~ 0

. Push ‘mitial }
swil ch

Tupn clock :.irml
oscillater om

Ini t_ial izes

Turn clock Si,n.l
3snﬂafar off

-Tuﬂ:. oe An'.
oh

z‘decf femrnm
Turh main Turn 0P Amp. eatic vele wd
CPU on off - tmge ORAN refreh apode
PON & ¥ ]
' Tupn 0P Anr
* . off
OFF « § '
~ Pu——
| Scan qum‘ Fig. 2-33, Flowchart 1 - 7508 operation flow
while the main CPU is not operating




Power “switeh is
set on

o

| Sans l?bomd

255 see, interupl>

‘E"%‘Lk?’!"l&‘ e S
T main CpU

N l

P;move W

sighal

Updotes calenda
dock (every 1 sec.)

Fig. 2-34. Flowchart 2 - 7508 operation

iflow while the main CPU is operating

.

Chesk for time

alame
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.

The following flowchart summarized the 7508 comﬁandléroébséing

N 1 procedure:

) ( COMHAND ) '

Analyzes
the command.

L _AWRITESN : READ N

“w COMMAN

o READ STATUS
. (KEY C)DE READ)
°* CLOCK READ

r
1
!
I

5,

r
i Processes
| command, .
=
STATUS CoDE
' v 111
| Sea o ‘ 1 L
.. . | kenZQQ,rd 5 l ‘ | ) PW- SW
— o Yoot . o — ALARM
- | | . ; | > pw FAIL
‘ ’ * INITIAL
. > REFET
g oL SEC

.Fig. Flowchart 3 - 7508 command proceséing . —~



The following flowchart summarizes the 7508 power failure

handling procedure:

<5 Power failure handling procedure ‘

Power failuve
.0CCUL I

I3ves ‘Reret
. Goed Powe r-0FE
Slina‘ s.

- .
Turans power
i off. .

.o

Fig. 2-36. Flowchart 4 - power failure handling procedure

.
. . — C—— —— E——— CE— —— — ——  —— — — . - —— — e s e  e—m— e -

’ ' Al



2.5.5 Initial reset

’ i ve2 .

_N. . . JL RIIO
9I10 MAIN
T BATTERY

LEVEL: JOF RY2 | rh-___

o "o
T

1. Pig. 2-37 1Initial reset

The 1nitiai switch is pressed to
is pressed, the power is applied to 7508 and it is re¥

initially at the same time. The output port of the 4-bit

CPU 7508 is initialized with the beginning of the program
contained in itself. The oscillating frequency of the

.
.
. .
. .

TITLE SHEET _INO.
REVISION 2 gc

EPSON T | NEXT SHEET

EPSON CORPORATION




-

_clock of 7508 is determined by CR which is connected to .

CL2 and LCl, and the period at check terminal P30 can be
adjusted to 46.3 - 50.0 ms with VR2. When adjusting VR2,
short jumper plug J1 with the power switch turned off and

press the initial reset switch.
2.5.6 Memory backup

Back LJPT

489 BATTERY

A 4

GAPNDL .
GAPNIT
DRAM ¢ ?
GATE (2B)
0P. AHPG B)

.

M
BATTERY

EPSON

EPSON CORPORATION




AT SN

m’ ]

A If the initial reset switch is pressed, 7508 is g
5534 . .

. started and OFPF signal is set to level H. By this, Ql6 is

| tu:ned on, and the backup power is supplied even if SW4 tl

not pressed, Normally, the backup power is supplied by
the Leclanche type dry battery which generates a higher

voltage. ' |

D22 is a Schottky barrfe: diode, the voltage drop of
'ch 1n the normal direction is little, is used to
1@ use efficiency of the battery (VP = 0.31ﬁV).

led on, the voltage of +5 is applied to
by the OFP signal (level L),
sub-battery. When Ni-Cd
D10 (VP = 0.56 V)

. backup power

ray

Table 2-4

co  |Aurkicny botlery voltase
é5~ 170°C
25 A 48°C
o~ 28°C




Vi 2.5.7 Setting the output level _ . ‘
U -power OFF
mo
LC '

: :Cr (11) an ves

', 4
| Hi=2 YspPy- "¢
*_q.

GAPN DL

pows ¢ CFF




If 7508 is started, the OFPF signal is set to level

H. By this, the output terminals of gate arrays GAPNDL
'and GAPNIT are set to the high impedance condition or
level L. Thii is performed to prevent an excessive
current from flowing out of the IC's which are backed up
by the battery, since the power is not supplied to the
main CPU and'its_periphg:al circuits and the indicator
cuit while the power switch is turned off.

; = :*_ L OFF _RT:T-“
-

I GAPNIO . ——

| RS — .

" rss);

Pig. 2-40 Haintaining_the memory

EPSON




'Iﬁ 7508 is started, OFF signal is set to level H,
and RSOF signal is set to level L. .

The reset signal RS of the main CPU is output from
GAPNDL, but it is set to level L while the power for the

main CPU is turned off or it is in the transient state.
‘this, the input from the main CPU is prohibited by the
Y to maintain the condition of the internal

DY

.
.

nal is outputted to refreshing signal
PRAM
evel L, the é&rem refreshes 1tsel§

e memory.

lc:.&
A1 9—1 % |KH 2

N (C1)

|
' :
, X1 _l oPPw
e _1 ngtNE l:;' l0seC PULSE
PSW ) 7508 (1B)

{ o—4$V3I
power. Filg. 2-41 Clock for calendar clock
OFF
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Even if the power switch is turned off, the calendar .

clocke is operated by the battery. .
The clock signal is divided into 32 in GAPNDL and

inputted to 7508. This signal is further divided in 7508

to obtain the final signal of 10 seconds. By this, 7508

can be started periodically.  The functions of calendar
k and adlarm are executed by the RAM and programs

in 7508. The c:ystai resonator is the same one
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2.5.10 Cotrol of PRAM . .

Table 2-5 Setting the self-refreshing mode’

Ambient Qutput of 7507 Input of DRAM | Power

temperature |[pcas | ow | &3 w | consumption
45~75% | o0 . 0 H H 400 wA

2545 o 1 H L 200 HA
0~att | 4 1 L | Pulse JoopA

o e~ s e 8

SYSTEM Bus

PAM DISK
‘ ]
BATTERY VOLTAGE : TEMPERATURE
PETECTOR | DPETECTOR
1 Th2
Ow S GPFPW . grRD TMPD VJ,_T
(=TT
E 1I0SEC L_C2UNTER N5=2
| ' - Pig. 2-42 Control of ©RAM 3/



The memory of the dram used in this device can be .

:et:eshéd in the ic by setting refreshing signal RP to .
1§vel L. Therefore, when the power is éu:ned off, the
dram refreshes itself. The self-refreshing mode is set
7508 accp:hing to the ambient tempetatutelto reduce the
power consumption of the dram. The ambient temperature is
etected by the temperature sesor circuit through the
xstgr and inputkeq to the drum through GAPNDL. That
t determined by input signals W and CAS of

in the table flows (into each IC). If
ises above 45°C and the current
is turned on to reduce the

d every 10 seconds




N R o DR

+5 <—
. VeI SERIES-PASS
REGULATOR
B2 : oS 65V
®C¢-DC 1 a7

AC ADAPTER

T Figl 3543 “rugnlng o

7508 detects the ~::<v:mcu.ti.s:n'n'ch‘fnr
SW1 is turned on, 7508 set PON to level L&k
this, level R is inputted to the input of_the‘oa
control of the DC-DC converter, then the DC-DC converte
starts the oscillation.

After #5 V is stahilized..if oPP signil is set to

level L, Q4 is turned on and the voltage of VB2 becomes

almost +5 V. At this time, the sub-battery which has been

Teatme Ano

e o 373

!EQE?§§!;Z!:! NEXT SHEET

il



connected to VB2 is disconnected by this signal. ‘

. If the Ac'adaéter is connected, the output voltage of
| the stabilized power supply (Ql7) becomes higher than that
of the battery, and the current is supplied from the

adapter, fherefore, the current from the battery stops.

If the current from the AC adapter is cut off, the power

.1s automatically supplied by the battery, that is, the
.Jdoes not fail. If the voltage of the battery lowers
iower is turned off, the power is not supplied

tch is turned on.

eyel L, 7508 starts to
“shecking for the
tion, 7508

\;’;)

. et . mecam— il

ctm————
e T LTI SR TP e AP L T
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Pig. 2-44 Sscanning the

7508 determines the time of the key scanning siy§
according to the program, but the period of the key
sanning signal is not constant since the interruption by

the timer is processed during the key scanning.

i




b ¥ RS

2.5.13 Clock signal

poweR ON
| g HAMIL 5 B e B e B e B e
ek 1 L
cLx cekd L LTI
L |
- R29
}, 13723 MH2

—0—

o

£

If the DC-DC converter is starteéd;it
: %&3\._,‘ \a'*.}
supplied to the main CPU and the oscill

oscillation.
' The clock signal supplied to the main CPU is made !
dividing the signal of the oscillator into two within theh
GAPNIT. Since outputting the clock signal is prohibited
by OFF signal, it is outputied when OFF signal is set to

levgl L. Since RS signal is still kept to level L after
OFP signal is set to lévei L, the main CPU is still reset.:
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2.5.14 Resetting signal

RO RDI Y SIETION O it saiei i
-l s mrw - ———

 EvYSTEM. BUS. ..
" RSL A

GAPNDL

5= Ve OFF ——H 35
L SR

cLKD

-

= F0ms €

"q m'gs | [ 11 1

POV . T 1
. OFF.
i

- '*9%. ' . A 12oms =

FC} 2-44, Resetting signal
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7508 controls the sequential operation of the power
supply and tesetéing (See the time chart). Sicne RSOF is
get to level H in the program of 7508, the interruption by
the timer is necessary, and that is possible when X1 is
inputtted.' RS signal outputs RSOF signal after
synchronizing it with the clock signal within GAPNDL. At
his time, OFFP signal is set to level L. If the reset

S pressed, 7508 will detect this and resets the




SYSTEM Bus

(PR e .

If the reset signal is set to level H, the main

‘start the operation and outputs the memory request signal

MRQ. At this time, if bus rquest signal BURQ or wait

4—-CLK(16854n;

Pig. 2-47 1Input signal of.mafn

GAPNDL

signal WAIT signal is set to level L, MRQ is not

outputbed.

—0
CRXD
p +s
<<k EWAIT o
: ' WAIT

BURQ is the signal used to set the address bus

and data bus of the maih CPU and the system control output

EPSON

EPSPN CORPORATION
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to the high-impedance condition. This signal is kept to
level H and used in case of DMA (Direct Memory Access).

WAIT is outputhked from GAPNDL when the dynamic RAM is

accessed at M1 bycle. On receipt of this sigpal, the main

CPU lengthen the access time of theM
The interrupt request (IRQ) is the 1nterrﬁpting signal
o the main CPU from outside, and the

be prohibited or permitted by the

ing IRQ is prohibited by the
~ngg interrupted until the

The non-maskable inte:;hpt (NM
and not used.

WAIT signal of the system bus is kept to le
used when accessing with an external RAM disc installed
the body. ’

- While the power is turned off, outputs WAIT and ZINT

of the gate array are set to the high-impedance condition

bylorF signal.

e)

EPSON

TITLE SHEET NO.
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: 2.5.16 Output.aignél of main CPU .

A BM",S —> SYSTEM Bus
|| RoM 3 (GAHMP)
Dbaw% DA DRAM ADDRESS

GAPND

power consumption. If the main CPU is.re;dy= :
interruption siénql from th key board, HLT commandé: =
executed to set the main CPU to the stand-by mode, then
the operation for the outside including the memory

refreshing is stopped to reduce.the power consumed in the

c{:cuit. Therefore, the'maln CPU cannot control the

J

.memory refreshing of the dram, but GAPNDL has this
NO.

TITLE REVISION ¢

EPSON B —
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e et e tem e ¢ e n -

. performance instead.. The stand-by mode is released when
an interrupting signal is inputke&} and the main CPU ;
process the date, theﬂ set itseif to the étand-by mode
again.

wqtle the resetting signal is 1nputtei to the main
C?U,_tﬁe address bus and data bus are set to the |

high-impedance condition and all the control outputs are

. set to level H. When the main CPU is set to the stand-by

the outputs of the addréss bus and data bus are not
t to either level B or level L) and HALTA is

"mophet control outputs are set to level

#y. connected to the main CPU

ses and 1/0

he main
enable signals shown béiow, .
(1) When accessing the ROM, the aoh emn
is outputbed. |
(2) When accessing the DRAM, the DRAM enable signa
is outputked. |

(3) When using GAPNIO, the chip select IO signal (CSIO) is

outputhkeq.

TITLE

EPSON
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L

(4) The I/0 registers in GAPNIT are selected.

CAPNDL controls DRAM (64 kB). The address signals
from the main CPU are converted into 16 - 8 ;ignal lines
within GAPNIT and inputked to GAPNDL. GAPNDL outputs
these signgls to DRAM and uses some of them to select the

internal I/0 registers. The data signals of DRAM is

connected from GAPNDL to the main CPU. GAPNIO works as

nterface when the main CPU controls the cartridge and

64 kB using
256 I/0 ports usin
address is’ outputboq'

Data bus DBO - DB7 (rfi-stateﬁ
The data bus is a two-way bus [}
transfer the data between the memory and C¥!
1/0 devices and CPU.
Memory request MRQ (Tri-state output)
This signal is outputifted when accessing'the memory to
indicate an effective address is outpqueq to the address .

ﬂ bgs.

TITLE NO.
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Read RD (Tri-state output)
This signal indicates the data bus is in the input
state. The memory or an I/0 device outputs the data to

.the data bus synchronizing with this signal.

Refresh RP

This Qignal is outputﬁeﬂ to refresh éhe dynamic
memory. This signél i{s not used in this device to refresh
o memory.
gfcle 1M
nal indicates that the machine cycle
148 the instruction fetch cycle.

the data bus is in the

o be sent to the

%

with this s
I/0 request IORQ

" This signal is outpu
and indicates that an etféctiveft
to the address bus. This signal outp
MI indicates the acknowledge cycle of interrupt
the I/0 devicé outputé the response vector to the dat
synchronizing with this signal.

Halt HALTA

EPSON

EPSON CORPORATION
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This signal indicates that the CPU executed the HALT

command; The CPU outputs this signal and set itself to
the stand-by mode. GAPNDL refreshes the memory

Al

synchronizing with the M1l cycle, but if it receives this
signal, it starts to refresh the memory according to the
clock in tﬁe IC.

Be sure to turn on jumper plug J6 when using

an7oooac as the main CPU.

owledge BUAK
1 indicates the the CPU received signal

tate output to the high-impedance

in case of DMA (Direct

SHEET
REVISION
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é%%/AZ . 2,5 Detailed Circuit Descriptions

The three gate arrays used in this computer are custom-designed

.

and contains circuits of various functions. They are interrelated

with each other in operation and, in addition, circuits of dif-

ferent functions are intermixed in each. Thus, their operations
appears complicated to understand.
= section describes individual circuit operations along the

gale arrays

gnal

If no si

P/43 2.5.1 Power Supply - .
The power supply control is described according to%

2-28 and 2229,

* Power on

) (1) Even while the POWER switch is OFF, power is supplied from
axilia .
the. ﬁ'zbattery to circuits which need to operate and memory

.
.



@ )

for baék-up. .

(2) When the POWER aswitch set ON, 7508 detects it and activates
the Power On (PON) signal high. |

(3) The PON signal starts oscillating the DC-DC converter which

suppiiea pover to all circuits.
4) Transistor Q16.turns. off to disconnect the sub-battery from
ower supply line. Transistor Q4 turns on at the same time

the opefation of connecting the +5 V power source

all the computer circuits are
TN

(4) Even after ppwer turned off, memo
other circuits are maintained active by t
* Power failure
cee When the Ni-Cd battery is exhausted and a power failure
: auxiliar,
condition is detected, transistor Q14 connect the -“Jgattery
to the VB1 line to maintain power supply until a power failure
han%ling procedure is completed. When a temporary power failure
D ,‘“ °
<

-2-



18 detected due to surge current, no power failure handling

proceduré takes place because transistor Q14 connects the sub-

battery to the VB1 line to maintain the +5 V supply stable.

-
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Fié: 2-10. Item key fixed contacts (pc board)
The standard and item keyboards are built in a three-layered
structure as illustrated by figs.'from-z-s to 2-10. They can
be completed by simply putting the pc board on the silicon rubber
sheet and’ then the key panel on the pc board, and clamp them

tdgether with screws.

g&) e e

The movable contacts are conductive rubber:chips which are
embedded oé the silicon rubber sheet. They make use of the

elasticity of the silicon to minimize mechan%cal wear; thus

ancitvalwe 1:An~an¢- 14 fa . —
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2.2 PINE Board .

. This section describes the individual circuits on the PINE -

board,

Fig. 2-25 is a block diagram of the maximum PX-4 hardware

configuration. Most of the basic PX- L functions are 1mplemented by

three custom IC elements (gates) and their surrounding circuits.

Fig. 26 is a circuit diagram of the PINE board. The subsequent
~iptions are made according to this diagram. .
it terminal, jﬁnction, or element is referred to by

the diagram. The PINE board circuits are class-

3
4 -
5. Clock osciit
6. 7508 CPU

im ———— et o e
e e B —
==

7. 7508 surroudning circuit
..

8. Power supplies

9., Check terminals
10. Jumper plugs
11. Variable resistors
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2.2.1 Connectors

. (C-1) System Bus connector CN2

Connects the external RAM disk unit.
(E=1) LCD connector CN3

Connects the LCD unit,

(H-4) AC Adaptor connector CNi

‘Connects the AC adaptor.
in Battery connectors CN12 and CN13

ely connect mangaﬁese batteries or the Ni-Cd

2 CN14

neorporﬁted in the computer.

(A-8) RS-23§C connector CN6
Connects the RS-232C cable.

(B-8) Cartridge connector CN9
Connects an option cartridge.

(C-8) Centronics Interface connector CN5

Connects a.Centronics-compatible printer.

- EPSON

EPSON CORPORATION




C?\ . (D-8) Serial Interface connector CN7
= Prﬁ;ides simplified RS-232C interface signals.

(D-8) Barcode Reader connector CN11

Connects a barcode reader.’

‘The barcode reader interface is not supported by the operating

system; an application program is required when using the::bar-
reader. i
18] cassette Recorder connector CNS8

xternal cassette tape recorder.

nnector CN10

&ed for microcassette drive

_ Resets the main PCU. ™
-6) Initial Reset switch SW4
g Initializes the PX-4 system; it also res
(H-6) Back-Up switch SWé
Prevents discharge:of the sub-battery. This switch is
OFF for shipment. It should be set OFF when the PX-4 is stored

for a long time or re-shipped.

EPSON
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(F-7) Keyboard DIP switch assembly SW5

Selects an international character set and a device to which
( eitherg
data are directed. When setting of this switch assembly
is changed, the Reset switch needs to be pusheds

2,2,3 CPUs, ROM and DRAM Elements
{A-4) Main CPU’

A 2-80 éompatible CMOS CPU which operates at a clock rate
It.is provided with a stand-by feature which

consumption.

¥ element which contains

into an IC socket.

Y
&
Normally BASIC ROM is installed in &
assigned a drive name B; key in or write "DRI
accessing the ROM element.
= | EpsoN | i 1 &

I EPSON CORPORATION NEXT SHEET




P —————————E—————
- (B-3) ROM Capsule (8C)
hd Same as the above capsule (9C). .
Normally an application ROM element is installed in this
capsule, It is assigned a drive name B; key in or write "DRIVE
:" when gccessing the ROM element.

Notes:

CMOS ROM elements should be installed in.the capsules.
93 ROM elements consume more power and are less preferable.
or 32K byte mask ROM element can be used. An 8K
element can also be used.

and/or '
umper plugs J4 J5 must be changed

e whenever the current one is

When writing p®

be taken of .addresses

(G-2) 64K byte DRAM
Eight éﬁi* i
536 byte dynamic IC e
Since each IC corresponds to a bit of one™®

are accessed at the same time.

geggn )
ThelICs are backed up by the sub- battery, they are s

refreshed while the POWER switch is OFF.
The ICs are NMOS.

ET |NO.
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2,2.4 Gate Arrays

. | (E-2) GAPNBL (Gate Array for PINE DRAM and LCD Controller)
This gate array controls the PINE DRAM and LCD unit.

The ~IC is backed up by battery, the internal states are
maintained unchanged if the POWER switch is set OFF.

The internal gate array:.circuit is made up of approximately
800 CMOS cells.
4. GAPNIT (Gate Array for PINE Interrupt and Timer Controller)

18 also one of the PINE gate arrays and incorporates

‘edrcuits:

(C-6) GAPN1O (Gate Arrzay for I
This is another PINE gate a}ra;
devices. It is not backed up by battery.
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£ 2,2.5 Clock Oscillator Circuits

(E-4) System Clock Oscillator circuit
This is a 7.3728 MHz crystal oscillator circuit. The system
clock signal is génerated by halving this signal.

The oscillator starts oscillating when PX-4 is turned on.

(F-4) Calendar Clock Oscillator circuit

This is a 32,768 KHz crystal oscillator circuit. A cdalendar.
ck built in the computer is driven by the output of this

is maintained oscillating by the back-up

1l programs in
A < its ROM.’

The CPU is

It operates by a clock gignar of
génerated by a built-in oscillator.

The features and functions of the slave CPU
(1) Calendar clock

7508 internal memory provides a calendar clock feature

T SHEET _|NO.
’( T-E REVISION , / (?
~ EPSON
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regardless whether the POWER switch is ON or OFF.

(2). Temperature sensing DRAM control

While PX-4 is turned off, this feature senses DRAM

temperature and provides an optimum DRAM refresh control.
(3) Keyboard control
7508 controls the keyboard as long as the the POWER

on by sensing that the POWER
8 PX-4 off by a command

“sﬁiﬁg-aﬁd

s

(6) Low voltage de

~7508 alﬁa}s monitors
the voltage goes below i"certai
sub-battery to the battery powef line
(7) Interrupt signal output
7508 outputs an interrupt signal to .the main CP
* Power fails,
* A key is pressed, -
The POWER switch is set ON/OFF, .

*

* The alarm signal is generated, or
* An 1-second interval signal occurs.

~, ' (8) ,Serial data transfer

. mem - e . camm e mam— - - o e e—

- . - . ——— - —
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)

Serially exchanges data and commands with the main CPU.

. .
.o btod) (9) Timlag alarm detection
' ‘ e
7508 detects an timinglalarm which is programmed to occur

at a specified time and providés the following system start-up
functions:

urns.Px-L on iwhen it has been off.

interrupt signal when PX-4 has been on.

ing 750§

ire wired in a matrix. 7508

ad any key pressed. The

APNIO.
(F-6) Temperature S

This circuit detect
45°C in DRAM ambience. From th

a DRAM self-refresh mode which'op
The circuit.operates at aﬁ interval
the POWER switch is OFF.
(F-5) Low Battery Voltage Detection circuit
ceo This circuit detects a low voltage condition of the mai
battery through comparison with a reference voltage (VRF)'of
1,6 V. .
When the low voltage cond;tion is detectedy 7508 outputs
f;"N ' a Power Failure signal to the main CPU. S
The low voltage varies depending on -battery as follow:

DY




o
-

* Manganese battery: Approx. 4.0 V
# Ni-Cd battery: Approx. 4.8 V

. e

Like the.Temperature Sensing circuit, " this circuit operates
at a 10-second interval for minimum power consumption while
the POWER switch is OFF. 7508 controls power supply to these

its. Both the circuits remain powered as long as the

turns on and

the main battery al

g e s e e

POWER switch does not direct
current. h
(G-5) Battery Charging circuit

The l-ipg;ttery is a re-chargeable Ni-Cd
charged when:

* The. AC adaptor is connected,

# The PINE board is powered from the AC adaptor -
the sub-battery is charged from either teh AC adaptor
or DC-DC converter output.

* The PINE bosrd is powered from the main battery -
the sub-battery is chargea from the DC-DC converter

.}6’_



the i
When -Cd main battery unit is used, it can be chrged

from the AC &daptor by connecting.the battery connector to
receptacle CN12,

uyilia

r
(G=7) !!'»ﬁ;ttery Connecting circuit 1

The PINE board is normally powered by the main battery.
the main battery voltage goes below a certain limit,

\the auxilmrz.-batter¥ to)
;8 circuit connec the main battery wibh—iipeseui=—

main CPU to accomplish power failure

main batﬁery

to overload. Pow

==drop. . S
P/23 (G-6) VB2 Switching circuit

This circuit controls connectio

(main or sub-battery) to the back-up perr~
lows:
# Connects the back-up battery to VB2 when the POW
switch is OFF.
* Disconnect the back-up battery from VB2 when the POWER
switch is ON because the +5V power is connected to the

line. _ "““"L":f. J&Lqufe_aé 4
The circuit is ica in order to suppress abrupt °

voltage change at VB2 lineiswitching.

-3%-



(H-4) AC adapter

‘When plugged in CN4, the AC adaptor is connected in .par-
allel with the main battery. o

The adaptor output is stabilized through a noise filter
and constant voltage regulator-circuit,
Because the constant voltage regulator outplut is selected.
6.,5V) than the main battery voltage so that the
ted from discharging when the AC adaptor is

he Ni-Cd battery as well as supplies
attery is charged directly

ich does not meet

output rating™i;
DC 6V, 600mA

(H-5) Ni-Cd Battervlunit (6&12
This is a battery ass;ﬁbly W
(size: AA, IEC: R6) connected in para
nector attached.: This connector also serves
which allows charge to the battery. :
Because of its lower internal impedance, the Ni-Cd Saﬂ
unif is ideal when using the cartridge printer or microcassett
drive. The cartridge printer is especilally designed for use -
'with_the Ni-Cd battery upit. The battery unit can support

the standard PINE circuit for four hours after charged for

f"Eﬁ eight hours.



It ig fated as follows:

Output voltage: @.8 v

Capacity: 450 mAH

Chafée current: Approx. 70 mA

.Charge tiﬁe: 8 hours

‘Eife{ 500 cycles .

ese Batteries (CN13) connected in series

manganese batteries (size: AA, IEC: R6)' can
tery in place of the Ni-Cd battery unit.
kage of the batteries (6 V) is higher

back-up current is mainly

arnal resistance
and their o
fluctuation.,

m:‘.....

Aux' iy,
(H=-6) Sébfgattery (Back-up Battery)

the following lives forotﬂg ]
* Manganese battery:

%# Alkali manganese battery: 11.5 hours

This battery is incorporated in the computer for the
pose of memory baék-up.wlﬁ provides a capacity which can
back up memory for about one wéek. When manganese batteries
are use& as main battery, the back-up current is supplied from
them. When the Ni-Cd battery unit is used whose output voltage
is lower, the back-up current is supplied from the eabﬁbattery.

-%9-
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The battery is rated as follows:

Qutput voltage: 4.8 V
Capgcity: i 90 mAH
Cha;ge current: 3 mA
2.2.9 Check Terminals esess Test Points???
}) VB1: Battery voltage .

Back-up voltage

V. output voltage

Jumper Plugs

(E-7) J1: Normally open; ~5um

(A-2) J2 - A: Jumpered (BUAK;l B: Op

(A-2) J3 - A: Jumpered (BURQ), B: Open

(B-2) J4 - A: Open, B: Jumpered (32KROM)

(B-2) J5 - A: Open, B: Jumpered (32KROM)

(D-2) J6: Normally jumpered, open for using CPU other than
70008C. T

2.2.11 Variable Resistors
(H-2) VR1: Adjusts LCD contrast.
~c, (F-7) YRZ: Selects the 7508 oscillator frequency.

== 26



Rese£ the POWER switch OFF, jumper J1, and push the Initial
Reset switch. The;. adjust the signal cycle to 50 ms with this
variable resistor - observe the signal at check terminal P30.
'VR3: Adjusts the low battery voltage reference voltage.

t the voltage at check terminal VRF to 1.6 V with this

stor. . .

Qperations

CPUs: main and slave (7508)
ng devices:
tridges, external

ecorder,

# Slave CPU (7508): Kew

The main GPU 1s

interrupt and reset signals to the

other.

(2) Part of the PINE board circuit continues opers:
PX-4 is off. The rest operates only while PX-4 is on.
7508 is ﬁlways powered which controls power supply to the
main CPU by sensing the change of the POWER switch setting.

(3) To continue the previous processiﬁg by turning PX-4 on after

an interruption (in a Continue mode), memory data and various
~control circuit status need to be maintained as they are while

power is off.

The PINE board implement this Continue mode by backing up

-3¢
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Gﬁy:)

DRAM, two gate arrays, and 7508 from battery.

(4) 7508 maintains.the calendar clock and controls the power
supply. The POWER switch does not directly shut off or
supply the current but it only supplies a low/high level

ignal to 7508 which controls turning power on/off.

i) cglendar clock and power controlling backed up by

. PINE board are combined to provide useful

e Alarm, Wake, and Auto Powér off.

1 tions are implemented on the PINE

sumption:

and-by mode until

errupt.

*x

7508 provid

+he

ature.
# Programs can be executed in RO
power consumption ‘can be reduced:
# The Auto Power Off feature automatically

in five minutes if the POWER switch is left ON.

3

Option cartridges are operated only when required.
* The LCD unit minimizes current requirement for display.
JTechargeable )
(6) The'sub-battery is used in addition to the main battery
in order to allow main battery replacement without destroying
memory data. The sub-battery is mainly used for memory back-up.

(7) Either manganese batteries or a Ni-Cd battery unit can be

Se.




used as main batt;ry.
By combining main battery and.AC adaptor, PX-4 can operate
uninterruptedlx. '
(8) Main megory consistinﬁ of RAM and ROM elements ‘which are

arranged in different backs are linked to common address lines,
dvis addressed by selecting either bank. ‘

s DRAM elements and refreshed at an interval.

;re written in a apecific bRAM area as a bit

i the LCD unit under the control of gate
~electrodes are arranged in a 240 x
iven at a duty cycle of 1/64.
either the standard or

9§

P/28 2.3.2 Circuit Bloec

The data and comnand

and RAM, slave CPU (7508),

“ in fig. 2-27.
# The main CPU output signals are sent to
GAPNDL via GAPNIT.

The signal to RAM is sent via two arrays GAPNIT and.GA?N._

*

*

The signals from the switches and keyboard are sent to the

main CPU via 7508. -
The I/0 devices are controlled by GAPNIO.

*

. X

The external RAM disk is directly controlled by the main CPU..

T e 2.3.3 Basic Operations

c 144//
The basic PINE board operations are explained below

>



the order numbered on the figure,
(1) PX-4 is turned on by 7508.
When the POWER switch is set ON, 7508 turns the main CPU

on. While‘fhe POWER switch is .0FF, 7508 internal RAM functions
as the calendar clock. If an alarm time is set, PX-4 is
utomatically turned on when the alarm occurs.

power is off, 7508 keeps activating -the Reset signal
U. When turned on, 7508 removes this reset

Reset switch while power is on causes the

.ved, the main CPU reads and

ing. After this, PX-4

P/29

the main CPU to select thQQp;ogﬁ

. The main CPU may be started ;hen:
# The POWER switch is set ON,
# The time alarm is activated,
# The Initial Reset switch is pushed, or
# The Reset switch is pushed.

(6) The main CPU accesses RAM wh;never requested, A part of
RAM is reserved for display whose contents-are incessantly
read by gate array GAPNDL.
" (7) When a display enabling command is sent from the main CPU
~ . ,
+4=

2§
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to GAPNDL, the DRAM contents are displayed on the LCD panel.
(8) The keyboard is controlled by 7508 which reads the type of
éhe keyboard unit and converts key codes acéogding to the type.

Each key stroke is detected by 7508 which outputs an interrupt
signal to the main CPU. In furn. the main CPU returns a command
; jOé as an acknowledgement., Receiving the command, 7508

key code to the main CPU.

: an interface between the main CPU and

the main CPU exchanges data with

main CPU reads the type of

gh processes the car-

v ceses tridge. PU set a data )
which indicates™&} §-232C,
8I0, and cartridge.conw
When outputting data to an 1/
to know to which connector to dire
sets a connector to the keyboard DIP swi
the main CPU to determine the proper output c:nne
P/30 (11) When the POWER switch is reset OFF, 7508 interrupts
CPU. The interrupted main CPU sends a command to 7508 to read
the status from 7508 which tells that the main CPU was intertupte
cecse for power off, Then, tpelmaiq CPU performs a power off procedure,
"“%he main CPU is interrupted for power off whem:
* The POWER switch is reset OFF.
/ﬂkx;'.....: # A power failure is detected,

-55=
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(12) PX-4.1is turned off by 7508, After completing a procedure’

required before turning PX-4, the main CPU sends a power off
command to 7508 which, receiving this command, turn PX-4 off.

This ia‘a normal procedure., The main CPU, however, can turn

PX-4 off at any time.

TILE . SHEET | TNG. ' :

g
71}
[e]
2
Ce
ol >\
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Fig. 2-27. PINE board circuit b

3 () Power-off signal Interrupt s_:i.ﬂgy.':-l.m{“key entry

@ Reset _signal O I/0 regi;ter aécess T “

- (D ROM read (0).1/0 device control

: Q Cate array initialization( Interrupt signal (power off)

B, COUMENd/ status code. ....@..?.9.3{.?5:9ff command

I (. 'DRAM access ' ' L :
,;.%\ .................@ Display ena.bling

.. S 10m=(2) . . - : T
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2,4, Circuit Operation Synopses
2.4.1 Power Off
(1) The back-up (main-or sub-) battery supplies power to the.
following circuits through the VB2 switching circuit (Q16):
* DRAM -
# GAPNDL

% GAPNIT

dar clock oscillator circuit (3D)

.h ontrol circuit (28)

leset and OFF signals are applied to

the data stored in their registers,

Ty are also maintained |
by “unj

£3) DRAM is'i

(4) 7508 keeps sen

sk-up battery.

ond .

‘.ipﬁerval_dnd selecting

DRAM power. consumption. .
(5) 7508 keeps counting the calendar
(6) 7508 maintains the set alarm time.

occurs, turns PX-4 on and tarts up the main CPU

7508 actions are starded at a 10-second ihtefval from

Stand-by mode in order te¢ minimize battery power consumptio'.

TITLE " SHEET |NO.
LE REVISION . ? ?
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(7) When the POWER switch is set ON, 7508 detects this status.
change ahd turn the main CPU on.

(8) The above actions continue until memory contents are

destroyed due to back-up battery exhaustion and the circuits

cannot be ﬁbrmally operate.

Contents of DRAM are destroyed when VB2 drops to 4.2 V or

low: Jﬂwag
Mias
guaranteed V62 voltage: 4.5 V

dcal VB2 voltage: 4.2 V
emory contents while backed up is indicated
mage appearing on the CRT screen

all
ates that the previous data

¥pr is used in
> addition to
- ' TITLE SHEET _[NO.
~ EPSON | A L
: NEXT SHEET
EPSON CORPORATION i




ves  2.4.2 Powet Off to Power On |
ceene (1) When the POWER switch is set ON, 7508 enables the DC-DC conv-
erter to supply power to the main'CPU. However, power is not

L . turned on if 7508 detects a power failure at this time because

, of main battery voltage drop. When this occurs, reset the

OWER switch OFF and replace the main battery or use the AC
teh main CPU through théfoliowing control

is starts system clock oscillation.

causes the gate arrays to
memor
§ fbacked-up state: the

VB2 switching

- §
" eircuit line.
* Removes the hefé%n
ge
refresh mode changes from
GAPNDL. .
(3) After the Reset signal is removed, the maiﬁﬂCP :
‘operating system program which accomplishes the followin
* Reads the status from 7508 - the main CPU knows from this:
status data that the POWER switch is set ON and performs
necessary procedure: the main CPU examines here what started
it. The main CPU may be started when: .
* The Reset switch is pushed,
) # The Initial Reset swiéch is pushed,
a ; # PX-4 is turned on by the timé alarm feature, or

Je-
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The POWER switch. is set ON.
# Initializes the gate arrays.
# Examinéyihe memory check sum to see if memory contents are
destroyed. If the check sum is incorrect..the system init-
ialization image appears on screen, indicating that memory
nts may be destroyed due to battery voltage drop, etc.
9, capacity of the ROM capsule- (32K, 16K, or 8K

e internal RAM disk.
rnal RAM disk (128K or 64K

connector.

[eoos

= 2/35
N

2.4.3 While PX-4 Is On

16K, or éK bytes): RS
# If a microcassette drive is
previous operation has been interrupted by
interrupted, continue the operation. That is, the i
cassette drive can also operate in the Continue mode.
(4) Depending on how PX-4 was turned off, the initial menu or
BASIC initialization image appears on the screen.
If it was turned off in the Contiﬁue mode, the main CPU

resumes the previous program.

o5 ¢ 0 0

(1) When power is on, the PX-4 circuits are powered by the DC-DC

-
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Qﬁ' . ) -~
. auxiliar
converter and the ssb-battery is charged.
The DC-DC converter ensures a stable +5 V supply if the

battery vﬁitage.fjuctuates. The converter is powered by the
main battery or AC adaptor. When both are connected, the AC
sadaptor is: given priority. .

“ wthe battery voltage drops and 7508 detects power failure,
: urns PX-4 off. Even after power fails, however,

* output voltage is still stabilized. Thus,

e whenever the main CPU is operating.
wkeeps controlling the keyboard;
: fter PX-4 is turned on,

5 zpot provide the

A" 4 relf-refres sensing cir-

cuit is not used

sensing circuits remain power
(4) When power is on, the calendar cloek:

onds. '

When the time alarm occurs, 7508 interrupts™th

The interrupted main CPU issues a command to 7508 t

7508 status. After knowing that the tiem alarm occurred, th

main CPU takes-the following ;ctions:

#* Interrupt the program currently being executed.

# Generates an alarm sound and displays an alarm image.

to .
* Returns¥the previous (interrupted) program if the ESCi key is

& @ : ' pressed.

I | -3¢~
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# If no key is pressed, returns the previous program 50 seconds

after the alarm occurs.

"(5) The main CPU operates in.th§ Stand-by mode. This feature is
pecific to the CMOS version of Z-80, It is not available with
nal version.

13 CPU.enters the Stand-by mode whenever it waits for
,er to minimize battery consumption. Once an
gtry, etc. occurs, the main CPU is

d actions and then returns to the

,ed for five minutes or more,

‘agset with a BASIC

Power command.

‘s

(6) When a key is pressed

. —Iztes—itto a key code., T
but an internal code specif;c‘
Whenever a key is pressed,.7508'i ar

The main CPU then issues a command to 7508%#

which tells the currently pressed key.
, ronly ) :
A status code is stored in 75087when an interrupt ¢
o or after the Reset signal is deactivated, and a BFH code
is normally stored. Pressing a key causes the current status
code to be replaced with the key code.

(7) Once the Reset signal is removed, GAPNDL is released from the

tie with the main CPU and starts the " DRAM .and LCD control.

RAM has a capacity of 64K bytes and each of the eight DRAM

-

ev————
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IC "elements corresponds to a bit of onebyte..

GAPNDL generates a RAM address and a timing signal in res-
ponse to a memory access request from the main CPU.

In PX-4, a 2K byte RAM area is reserved for display. GAPNDL

keeps reading this area to output the data to the LCD unit.
This memary read effectively serves to refresh memory while
.18 on, The data are displayed on the LCD panel when

' abled by a command sent from the main CPU.to,

s between the main CPU and 7508 are
transferslbetween 7508 and -
3¢ : ired signal lines.
~ (9) Th?;"ﬂ _ . NIT assigns
¥ : a priority inter-

rupt signals to th

which are controlled by
The timer circuit is used to determin‘
coese scale and interval, and a cursor blink inter
The RS-232C and SIO interfaces operate based on
rate generator output signal.

(11) This computer uses the CP/M operating system. The operating
system only affects how to use the computer (i.e., programming)

and no special hardware structure is employed. Only the

contents of ROM are associated with CP/M.

2.4.4 Power On to Qff

. .
. |

Al
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’(1) When the POWER switch is set ON, 7508 detects that switch

setting change and interrupts the main PCU.

(2) The interrupted main CPU. reads th status from 7508 and examines

what interrupted it. ’

Knowing that it was interrupted by the POWER switch set ON,
e main PCU proceeds with thecurrent processing to an épprop-
t and then starts a power-off procedure.

was v
skLﬁ’_{n the course of output operation when

rred (_vwritesy
he main CPUVall the data in the floppy

ed, the main CPU saves

f‘jﬁ _
saves data in RAM wh
oéeration-wh;n fk-k'isutu;
(3) Then, the main CPU sends a Power-Of
(4) Receiving this command, 7508 turns PX-4'¢
sequence control:
# Tssues the Reset signal to the main CPU - this sig
and freezes the main CPU and the gate arrays, and RAM sta
self-refreshing. .
# Tssues an OFF signal - this sigﬁal causes the gate arrays
oo to be backed up by memory leaving the normal powered state.

The signal also connects the sub-battery to the VB2 line
(via Q16).

3%
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st | the ascﬂa{|an of

‘“... : # Stops the DC-DC converter and then turn powér off.

P/39 2.4.5 When Power Fails

(1) When the battery voltagé drops to a certain limit or below,

7508 detects it as a power failure and interrupts the main
CPU. . .

8 connects ihf’zgg‘-?attery to the main battery (via Q12).
arrupted main CPU reads the status from 7508 and

- errupted it.

; Eerrupted by a power failure, the
_processing to an appropriate

yrocedure (Continue mode).

8.4 message "CHARGE
N, BATTERY

to 7508. If the

£f command

message'is displayed,

mand to 7508 at that time.
(4) On the other hand, 7508 keeps inte
power failure, If nb Power-0ff command c;n
50 seconds, 7508 forcibly furns PX-4 off.
2 to 3 seconds are required to. handle the power failu¥r
interrupt at the most. Thus, the main CPU can normally turn
power off within 33 seconds after power failed.
(5) Once a power failure is detected by 7508, PX-4 cannot be
turned on unless the AC ad§ptor is used or the battery is rep-
laced. When "CHARGE BATTERY" is displayed, charge the battery(s)

o~ or replace it with a new one(s) as soon as possible. If PX-4 is

P
4



left as it is, however, memory contents are not immediately

lost.

2.4.6 When The Initial Reset Switch Is Pushed

(1) If the Initial Reset switch is pushed when the POWER switch
QFF, 7508 is initialized, All data including the calendar

ime alarm values are lost because 7508 internal RAM

is set ON, the main CPU reads the status
.main CPU that the Initial Reset

it initializes the system
following:

# Takes Tt

# Reformst the
# Reads the keyboard

* Clears its RAM.
ceeee (3) The system.intialization ihage is™
The main CPU waits for an entry of th
WEEK . When the data are keyed in, the main CP¥
in 7508 RAM.
After this, the main CPU reads the time from 7508.

P/41 2.4.7 When The Reset Switch Is PusAed
(1) If the Reset switch is pushed when power is on, 7508 detects
it and issues the Reset signal to the main CPU.
(2) After the Reset signal is deactivated, the main CPU reads the
~ ., status from 7508 which tells to the main CPU that the Reset switch

-5~



was pushed. The main CPU performs the following system reset

procedure via the operating system:

*‘Takés the actions liéted in 2.4.2, (3), then

€

Rests 7508 via a command - 7508 RAM is not cleared,

Clears a particular main RAM area, and

Reads the keyboard DIP switch setting.
enever the keyboard DIP switch setﬁing is changed, the
tch must be pushed.

e condition before the Reset switch is pushed,

image or the BASIC initialization image

_ & TITLE SHEET |NO.
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CHAPTER 3 OPTION DEVICES
3.1 RAM Cartridge
3.1.1 Introduction , ' . coes
The RAM cértridgé is an external storage device which can be
read and written and connected to the PX-4 computer via the HC-40
ries cartridge interface incorporated in tkﬁSéSE%ﬁf;r.
: cartridge contains two 64K bit static RAM IC elements
providing a capacity of 16K bytes and can be

rite as a disk device (device name: I)

gk-up lithium battery, the cart-
ted from the computer.
The ¢= 3 up battery exhaus-
tion warning surance.

3.1.2 Basic Specifi

(1) RAM ‘
# Element: 64K bit static RAM

* Capacity: 16K bytes - 64K bits x
(2) Back-up battery

* Element: Lithium battery - CR2032 (Sanyo)

# Capaéity: 120 mAH
(3) Power requirements

* QOperating: 3 mA (typ,)

¥ Standims-by: 3 uA (tyb,)

* Storage: Max. 1 uA (typ,)

TITLE EET_INO.
VISION /
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3.1.3 Environemental Requirements

(1) Temperature

# Qperating: 5°- 35%
* Storage: -20 - 60°C (Up to 30°C for long tér@
' ' storage) | ’
Data storgge: 0 - 409%
: dity (relative) ‘
; 10 - 80% ( mo condensation.)
10 --80% ( no condensation.)

and shock limits are the same as

ag{ r'w(ge.

[TITLE EET_|NO.
VISION 2
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B. Systém configuration

* RAM cartridge I/0 address spade

Table 3.1 RAM cartridge I/0 address space

1/0° Address [4*

Reap 5P writE Y

Lower address

|0 H _
|1 H Upe r add ress
|12 H Read data |[Write data

.3 H

1D port(xn)

gched cartridge can be known by reading

14 | h -
FFFFH .
Fig. 3.2 RAM cartridge memory map
~
T TITLE SHEET__[NO. e
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* RAM cartridge read/write procedure

( sTART )
I

Turm
Px-4 o4

write lower” &
address bH._to 10H

Install write uper §
videe . address bil to 14H

Rege( Ja‘a '
or write data

in DB amode

Re move

Fig. 3.3 RAM cartridge read/write procedure

TITLE SHEET |NO.
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. C. Circuite Operations _
(1) Reset signals - (

The following two reset signals are supplied to the RAM
cartridge:

Signal Function '
Same ac the reset si;nal supplied Lo
the PX-4 CiU.
This reset slznai‘ is directed :bnly to the
R, cartridge. 1L is gemavated at the 1/0
three bits which ave set to three H
rom the computer

signals
-2 the RAM address
RAM cartridge.
Ve cfv
Address latch
KO—,;z-‘ To NAH “To RAHM
100p
. Jo g e ,M;.'“ uok o . B
[y T sex], ot 3 e
ot ‘i w Tttty 40M004
Fig. 3.4 RAM cartridge reset circuit
TITL . . -
a - ; . _ BEvison|"© { o
EPSON I~
EPSON CORPORATION ‘-  |NEXT SHEET
R N




I " -

C - | (2) ROM cartridge idéntification

’ - The PX-4 computer reads the status from the I/0 port
130 which tells what option cartridge is connected to its
cartridge interface, When tbe RAM cartridge is connected, the

<
stgt_‘éfﬁ?Jzoa .

Fig. 3.5 shows, the RAM cartridge identification (ID) check

Y : line
tridge address data bus CDBjiis connected with -

+ TRS) line through the resistor R3
signal is normally high,-pulling the
“tatus code 20H when ID is read

-
.L'm "ASI4 C ek &y
o AT i ung gy e st
o I . L Froges 4or004
Fig. 3.5 ID generatin circuit.
~ |
e s : TITLE SHEET__|NO.
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I (3) RAM.addressing circuit ; a

: The RAM cartridge is addressed for read/write by writing
an address to the I/0 ports 10H (lower address byte) and
11H (upper address byte).

Table 3.3 I/0 port address 10H (Write access)

bit . [Signal name Nite
RAAN RAM address bit 7]
6

Table 3.4 I/0
- it [Signal name
RAM chip
1 ics L acccssaihs'? eniflo.d.'
6 RACS® |amd RACSi=0
Y RAA I "~ RAM address bit |3
4 12 ' | V>
5 1 1
2 IO |o
’ q 1 9
0 & e
TITLE SHEET__ |NO. o
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The RAM write signal CWR is applied to the clock terminal,

CK (pirf 11) of the address latches (1C and 1D) by addressing
the I/6 ports as summarized in the followixng table. This

low-active signal enables the upper and lower address bytes

to be iatchéd.

Table 3.5 I/0 port addressing

1o address| Address lateh clok | Function
10H 1010 ck A 1 jlatch lower address byte J
: I.C"'}_C_'ck Y Laﬁ;!\ _uper.arureﬂ by te

<5
o
=)

Al A AS~ Al
Fig. 3.6 RAM cartridge addressing
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(4) CET signal

The, low-active RAM Chip Enable (CE) signal is applied to

((pin 21)
the CE1 terminalYof the two RAM ICs

as shown in the circuit

diagram below. One RAM IC element is enabled at a time by the

Table 3.6 RAM chip selection

) 2y
output from 6Q (A13) of the SLLaT) address latch.

A13 | . ROM add ress

Selected RAM chip

0000 H ~ . IFFFH

29

00H ~ 3FFFH !

2C
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Chapter 1 SCOPE

Thege specifications apply to the PINE microcassette tape
operating system,
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Chapter 2 OUTLINE

This chapter describes the features of microcassette tape
operating system (MTOS) and explains the system in outline.

2.1 Features

1) Tape based file management system °

MTOS manages data on microcassette tapes as files, allowing
the user to easily access data in file units. This makes it
possible to use microcassette files for many applications.

TITLE SHEET NO.
REVISION

ESON : PINE MTOS Specifications y  [FERT[eEET




2) Use

MTOS is a standalone operating system, but it can be built into
another operating systems through the addition of a software
interface. The functions of MTOS are generally utilized via
the CP/M file management functions. However, they can also be
utilized by application programs or other operating systems.

MTOS can also easily be built into machines other than PINE,
provided they have the required hardware function.

These specifications are designed with consideration for
building MTOS into the CP/M operating system.
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2.2 Outline

1) Environment

In order to add the tape file management functions of MTOS
to a computer system, it must have software modules for
interfacing between (1) the main system and MTOS and (2)
between the MCT firmware and MTOS. A typical system

configuration is shown below.

Main operating system

) , MOSIF 0S interface
MTOS
MIOS Microcassette
I/0 system
M-firmware Firmware
SHEET |NO.
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-EPSON: PINE MTOS Specifications ) e
‘ N &
< <




2) Operation
MTOS first reads the directory which is at the beginning of the
tape to obtain the file location, then locates the object file
on the tape. Files are divided into blocks, and are accessed
in block units; blocks are sequentially numbered.
Each file has a file name; however files are internally

- distinguished by £file numbers..
File number is set to 0000H at Make Directory and incremented
by 1 up ﬁo FFFEH every time the file is created, allowing it
possible to differentiate from other files.

NO.

SHEET
TITLE REVISION

PINE MTOS Specifications SHEET

A NEXT




Chapter 3 FILE MANAGEMENT

This chapter describes the configuration of files qn tape and
procedures for accessing the directory file.

3.1 File Configuration

Under MTOS, a mic:ocasseéte tape may contain up to 12 files
(however, the maximum number of files can be changed at the
assembler level). Each file consists of a header block,

. data blocks and an EOF block. The header block contains
information on the file configuration. Data Llocks contain
data, and the EOF block indicates the end of file.

- Each block has an identification field which indicates its
block number.

| Header block [ | Data bleck 1 | — | .Pata block n | | EQF block [

Block 0 Block 1 Block n Block n+l

TITLE NO.
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1) Block configuration ~
Field ! Explanation 4}
Sync field é 80 zero bits
Preamble ° OFFH, OAAH (2 bytes) i
Block ID field | Consists of 4 bytes. 5
Byte 0: Block identifier ’
"H": Header block
"D": Data block
"E": End of file
Bytes 1 and 2: Block number
, : (2 bytes: 0000H to OFFFFH)
i Byte 3: Block ID number :
When individual blocks are
written repeatedly, indicates
the block's repetition number.
Data field Contains data. Length is 256 bytes. !
BCC (Block Check | Contains the BCC value calculated for i
Character) field ;| CRC (cyclic redundancy check). The ;
CRC system used is CRC-CCITT, and :
fields which are subject to CRC range
is from the beginning of the block
number to the BCC field.
Postamble OFFH, OAAH (2 bytes) ' . |
T SHEET _|NO.
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2) Header block configuration
| 1 1 [ 1
i Column ! i . '
' From to Size Item ! Explanation . :
.0 3 4 1ID field HDRL identifying the header field(ASCII):
4 11 8 File name File name
.12 19 8 File type File type
L 20 1 Record :F: Fixed length record
type *V: Variable length record
: n: Fixed length record which has been
! written n times. (Asil)
} 21 1 Block Blank: Indicates the space provided
' mode following a block to allow the
tape to stop before the next
: . block is reached. ) :
i i i S: Short gap. The length of this space
- is not sufficient to allow the tape
to stop before the next block is
: reached.
. 22 26! -5 !Block Indicates the length of ome block in |
‘length : ASCII code (00000 to 65535). i
27 28 2 Counter |Indicates the tape count at which i
ivalue ia write to the file is started. !
29 1 Empty
30 2 [File File attribute
attribute.
31 1 - Empty '
i 32 37| 6 !Date of 2 bytes each of ASCII code for the
i i lfile ' year, month and date
i lcreation
38 43| 6 |Time of ' 2 bytes each of ASCII code for the
i file : hour, date and second
: creation | ™+
{ 44 49' 6 | . Empty
50 s1! 2 |volume No.! Tape volume number, starting with 01 i
52 59: 8 |System Name of the system used to create i
: name the file '
60 61, 2 |System File number cataloged in the file i
f£file name | directory 0001 to FFFE ;
62 67 8 |Password | System password
68 255 Empty

* "System name" is the OS name which this MTOS is built in.
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3) EOF block

; fgg;m‘go !Size ! Item Explanation
0 31 4 | ID field jContains "EOF_.".

4 11 ., 8 ! File name ! Contains the file name.

12 19 . 8 File type !Contains the file type.

20 21| 2 j File No. !File number from 0000 to FFFE.

22 23] 2 ' Countar 'Counter value of the last block. |
| 24~ 255 ! v | Empty i
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4) Data block length

The length of each block is 256 bytes.

-EPSON
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3.2 Directory

MTOS writes the tape directory at the beginning of each tape
to manage tape ID and file access.

The tape directory can be mounted from the tape into RAM by
the Mount function. The directory in RAM is referred to as
RAM directory.

The RAM directory is updated each time the tape is accessed.
The contents of the RAM file are written to the tape by the
Remove function.
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1) Directory configuration
a) First block (directory ID)
Tape and directory ID
Column [Size Item Explanation
0 to 7 8 Tape name Tape name
8 to 9 2 Volume No. Tape volume number
10 to 17 8 | Password System password
18 to 23 6 Date of Date of directory creation is °
creation entered in the order of month,
day and year. (ASCII)
24 to 29 6 Time of Time of directory creation is
creation entered in the order of hour,
. minutes, and second. - -
30 to 35 6 Date of Date when the last remove is
° : lagt remove | made. (ASCII)
36 to 41 6 Time of Time when the last remove is
lagt remove | made. (ASCII)
42 to 43 2 Number of Number of times the tape has
times been mounted.
mounted
44 to 45 2 Total No. Total number of blocks in the
of blocks tape
46 to 47 2 Total No. Total number of records in the
© | of records tape -
48 1 Total No. Total number of files in the
of files tape
49 1 System flag | Tape ID flag
1
S0 1 System flag | TOS controller
2
S1 to S2 2 | Last file Last file number of the tape’
No.
T SHEET |NO.
TITLE REVISION
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b) Second and third blocks (directory)

These blocks contain file location and other file information.
32 bytes are used for each file, and 1 block is used for 8 files.

PINE MTOS Specifications

Location |Size Item Explanation
0 tol 2 File No. Number used for managing files :
on the tape i
2 1 File present | Indicates that the file is
flag present in the tape.
3 1 File File attribute 1
attribute 1
4 1 File File attribute 2
attribute 2
S to 6 2 No. of Number of blocks in the file
blocks (High-Low)
7 to & 2 No. of Number of records in the file
records (High-Low)
9 to 10 2 Starting Starting counter value of the
count file (High-Low)
11 to 12 2 Ending count | Ending counter value of the
file (High-Low)
13 to 14 2 No. of times | Number of times the file
opened has been opened (High-Low)
15 1 User No. User number
16 to 23 8 File name File name
24 to 31 8 File type File type
SHEET NO.
TITLE REVISION
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2) RAM directory configuration

The file directory is loaded into RAM by the Mount function to
enable file access.
The file directory in RAM is referred to as the RAM directory.
The configuration of the RAM directory is shown below.

Location |Size Item Explanation
0 to 1l 2 File No. Number used for managing files
on the tape
2 1 File present |Indicates that the file is j

flag

present in the tape. ]

3 1 File 'File attribute 1 i
attribute 1 i i
4 1 File . File attribute 2
attribute 2
|5 to 6 2 | No. of blocks |Number of blocks in the file
i ‘ (High-Low)
7 to 8 2 No. of Number of records in the file
! racords (High=-Low) ,
9 to 10 2 Starting Starting counter value of the
i count file (High-Low)
ill'to 12| 2 Ending count |Ending counter value of the
! £ile (High-Low)
13 to 14 2 No. of times ' | Number of times the file
i opened has been opened. (High-Low)
15 .1 User No. User number
16 to 23 8 File name File name
{ 24 to 31 8 File type File type
SHEET |NO.
TiTLE REVISION
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3) Explanation of individual fields
a) Directory ID
(1) Tape name and volume number

These fields contain the tape name and volume number specified
when the directory was created. These fields are not used by
MTOS.

Tape name is specified as "EPSONuLSD" in the system display
when the directory is initialized.

(2) Password

The password specified is written into this area when the
directory is created. These fields are not used by MTOS.

.

(3) Date and time. fields

These field contain the date and time of directory creation and
the last Remove operation.

(4) Number of times of Mount operation

This field initially contdins zero; its contents are incremented
by 1 each time the directory is mounted.

(5) Number of blocks

This field contains the number of blocks (excluding directory
file blocks) on the tape.

(6) Number of records

This field contains the number of records (excluding directory
file records) on the tape.

(7) Number of files

This field contains the number of files on the tape.

(8) System flags 1 and 2

These flags are used by the system.

(9) Last file number
This field contains the last file number.
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b) Directory block

(1) File number

This field contains the number used for file management.
MTOS manages files based not on file names, but on file numbers.
(This makes it easy to support the RENAME function.)

(2) File present flag

This flag indicates the validity of the corresponding file on
the tape. )

00H: Valid (present) :

OFFH: Invalid (not present)

(3) File attribute 1

This field indicates the logical attributes of the file and
contains information on file read access as follows.

Bit Contents
7 { 0: Non-stop mode access
l: Stop mode access
6 .
5 Unused
4 -
3
2 Number of read retries made (0-15)
1
0

The contents of bits 7 and 3 to 0 are determined by the access
attribute specified when the file is created.
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(4) File attribute 2

Not used.

(5) Number of blocks

This field contains the number of blocks in the file (0000 for
the header block). )

(6) Number of records

This field contains the number of records in the file (0000 for
the first 128 bytes of the first block). Records are not
present in header and EOF.

(7) Number of times opened
This field indicates how many times the file has been opened.

(8) File starting count

.

This field contains the tape counter value when processing to
write the file header begins at the time of file creation.

(9) File ending count
This field contains the tape counter value after tﬂe EOF block
has been written at the time of file creation.

(10) User number

The CP/M user number specified when the file was created.

(11) File name, File type

This field contains the file name and the file type after the
file was created or RENAMEAd.
The upper 3 bytes are used as file type.
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3.3 TFCB

.

A packet called the TFCB (tape file control block) is used for
communication with MTOS. This TFCB corresponds to the FCB of
CP/M. The TFCB configuration is shown below.

00 01 02 03 04 0S 06 07 08 09 OA OB OC 0D OE OF
| 00[01]02|]03|04|05|06|07[08[09] 10|11 22]13| 1415
dr

£1 | £2 | £3 | £4 | £5 ) £6 | £7 | £8| t1 | €2 | €3] cx WA | rc
~ 7 S— ~ /N /F
v v
T File name File type Number of records
: : upper included in this
Disk drive code Tz bytes logical extent
! T (0 - 128)

Bit 7=l Logical extent No. (0 - 31)
SYS file User must initially set

Bit 7e1 0 %0
R/0 file

10 11 12 13 14 15 16 17 18 19 1a 18 1C 1D 1lE IF
le|17118|19] 20| 21|22 23|24 25|26 27)28[ 29| 30| 31
t4 | t5| €6 | 7 | £8 |TAl| TA2| TBH| TBL| TRH| TRL| TCH| TCL| BCH| BCL| Ncx

~ — e N e
File typa, “Tape _ T  starting Unused
lower 5 bytes attribute count -

Total . Ending
number , count
of block I
Total number
of record
20 21 22 23
32|33]34] 35
cr | r0| zl | r2
[
Random record
overflow
Random
record No.
| 0 to 65535

Record No.
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3.4 File Access/Record Access

1) File access
MTOS has the basic rules for file access.
1. More than 2 files cannot be OPENed at‘the same time.

2. If the file was OPENed to write, other files cannot be
opened until it is CLOSEd.

3. If the file was OPENed to read, other files can be also
" opened. However, the current file will be closed.
2) Record access

MTOS make an access to MCT in 256-byte (1 block) unit, while

it makes an access in 128-byte (1 record) unit as an OS interface.
It performs blocking/deblocking to compose the block or the
record. ‘ '

Also because of the sequential access the following must be
considered.

At Write

1. Once one record is written and the block containing that
record is not full, the record in the next block cannot be
written.

2. Write cannot be performed except the record in the current
block or the next block.

At Read

1. Record other than those in the current block or the next
block cannot be accessed.

Read at Write

1. It is possible to read the record in the current block.
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_ Chapter 4

This chapter explains functions used for file management.

MTOS FUNCTIONS

The functions which are supported by MTOS are listed below.

(Directory related functions)

MMKDIR

MTAPID

(Tape opening/closing functions)

MMOUNT
MRMOVE

(File access and directory search functions)

MOPEN

MCLOSE
MSRDIR
MSRNXT
MDLFIL
MSREAD
MSWRTE
MMKFIL
MRENAM
MGTLVA
MSTFAT
MRREAD
MRWRTE
MCPLEN
MVERFY
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4.1 Explanation of Functions

This section describes the name, parameters, and purpose of
each function.

As for the return co'de, see 6.3 Return Codes.
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l) MMKDIR (Creating directory file)

a) Entry parameters
Register DE = TFCB address

Contents of TFCB
Column Size Contents

0 to 7 8 Tape name (ASCII)
8 to 9 2 Volume No. (2SCII)

b) Purpose

This function rewind the tape and creates the directory

file at the beginning of the tape.
first 10 bytes of the directory file are the same ‘as

those of TFCB.

The number of files of the directory is set to zero.
The RAM directory is also created at the same time.
Therefore, it is not necessary to mount the directory

The contents of the

after this function has been complated unless a different

tape is used.

If the system password is snecif;ed, it is specified in

the directory.

il SHEET__ NG,
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2)

a)

b)

c)

MTAPID (Reading tape ID)

Entry parameters

None

Return code

Register A#00H - Directory file has been mounteﬁ.
=200H - Direcuory file has not been mounted.

The contents of columns 0 to 53 of the first block of

the directory file are loaded into the DMA buffer and

control is returned to the caller only when register A
contains other than 00H. '

Purpose

This function returns the currently mounted tape ID
information to the DMA buffer. No information is
returned if no directory file is mounted.
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3) MMOUNT (Opening tape)

a)

b)

Entry parameters

None

Purpose

This function reads the directory file from the tape and
load it into the RAM directory. This function cannot be
used if the directory has not been removed. (Set by flag).

All other MTOS functions can be used after this function
has been completed.

This function also turns on the microcassette LED.
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4)

a)

b)

MRMOVE (Closing tape)

Entry parameters

None

Purpose

This function writes the contents of

MOUNT cannot be used.

If the RAM dircctory has not been updated, it is not

the kAM directory to
the tape directory file. After this function has been
completed, directory functions other than MAKEDIR and

actually written to the tape directory file.
(The RAM directory file contents are changed when a file

is written, deleted or renamed.)

This function also turns off the microcassette LED.
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S)

a)

b)

MOPEN (Opening file)

Entry parameters

Register DE = TFCB address
TFCB = Name of file to be opened and file type

Purpose

This function searches the RAM directory for the £file
specified in the TFCE and, if it is found, reads its
header block and sets relevant information in the TFCB.
(Columns tl, t2 and t3 are significant for the £file tyvpe.)

If the header block cannot be found, an open error resul:s.
An open error also results if the file is already open in
the write mode. However, a file can be opened again even
if it is already open in the read mode. Whether the
non-stop or stop mode of access is used for reads is
determined by the file attribute.

Either write attribute or the specified attribute is set
as a file attribute.
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6)

a)

b)

MCLOSE (Closing file)

Entry parameters

Register DE = TFCB address

Purpose

This function closes a file which is open; it need not be
used with files which are opened for reads. After a file
is written, this function writes the EOF block, updates

the RAM directory and, if the verify flag is on,
automatically verifies the write. If any error is detected
during verification, a verify error results and the file

is not cataloged in the directory.

-
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7)

a)

b)

c)

MSRDIR (Searching the directory for the first file)

Entry parameters

Register DE = TFCB starting address, file name and
1
file type (3 bytes)

Return code

Register A = Directory code (00H) or OFFH

Register H = 00H

DMA buffer = If the file is detected, file directory
information is entered in the first 32 bytes,
and the remaining bytes are padded with OESH.

Purpose

This function searches the RAM directory for the file
specified in the TFCB and loads its directory information
into the DMA buffer, and returns.

The file match symbol (3FH) may be used.
The directory pointer is updated for the- next search.

If the specified file is not found, OFFH is returned to
register A.
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8)

a)

b)

c)

MSRNXT (Searching the directory for the next file)

Entry parameters

None

Return code

Register A = Directory code (00H) or OFFH

Register H = 03H

DMA buffer = Directory information on the file specified
in the TFCB

Purpose

This function searches the portion of the directory file
following the directory pointer for the file specified in
the TFCB, then loads the corresponding directory

. information into the beginning of the DMA.

This function is the same as MSRDIR except that it starts
searching at the position indicated by the directory
pointer.

.gm] PINE MTOS Specifications A NEXT lSHEET
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9)

a)

b)

MDLFIL (Deleting files)

Entry parameters

Register DE = TFCB address

Purpose

This function deletes the specified file from the RAM

directory.

Directory code 00H is returned to register A when the
specified file is deleted. If the specified file cannot
be found, OFFH is returned to register A.
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10)

a)

b)

MSREAD

Entry parameters

g
Register DE = TFCBAaddress

Purpose

This function sequentially reads the file specified in the
TFCB. If the record specified in the cr and ex columns
cannot be found in the current block or the next block,

an error results.

See 3.4 File access/Record access for the reading records.
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11)

a)

b)

MSWRTE (Writing sequential files)

Entry parameters

Register DE = TFCB address

Purpose

This function writes the records specified by the TFCB.
Since the DMA buffer size is 128 bytes and the block size
is 256 bytes, blocking is performed automatically.

A block is actually written to the tape when the block is
created and the record of the next block is tried to be
written, or at CLOSE.

Therefore, blocked records to bée written can be read
before the write is actually made.

An error results if the file is not open.
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12)

a)

b)

MMKFIL

Entry parameters

Register DE = TFCB address

Purpose

This function writes the file header specified by the
TFCB into a free area on the tape and opens that file.
If the directory already includes the specified file
name or is full, the file cannot be created. If any
other file has been opened in the write mode, this
function results in an open error.

Whether the stop or non-stop mode of access is used for
the write is determined by the TOS attribute area.
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13)

a)

b)

MRENAM

Entry parameters

Register DE = TFCB address

Purpose
This function changes the file name specified by columns
£1 through t3 of the TFCB to that specified by columns t4

through SRNH. The upper 3 bytes of file type are
significant. ’
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14)

a)

b)

c)

MGTLVA

Entry parameters

None

Return information

(Returning logged-in vector address)

Register HL = Allocation vector address

Purpose

This function returns the MTOS allocation vector address.

The bit(s) corresponding to the quotient of (total number.

of record) # 1024 in MTOS allocation vector are padded

with ; £:pm left.

1 byte 8 KB
8 bytes 64 KB
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15) MSTFAT (Setting file attribute)

a) Entry parameters

Register DE = FCB address

b) Return information

Register A = Directory code (00K, 0lH, 02H, or 03H)
= OFFH: File not found.

¢) Purpose

This function sets the attributes of the file specified

by the TFCB. The attributes are set by the MSBs of

columns tl and t2. These settings are written both' to
the directory and file attribute of MTOS.

File attributes

tl bit 7=0: R/W file
=l: R/0 file

t2 bit 7=0: SYS file
=1l: DIR file
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16)

a)

b)

MRREAD (Random read)

Entry parameters

Register DE = TFCB address

Purpose

This function reads the record specified by PRMH and PRNL
of the file FCB. The contents of columns r0 and rl are
converted into an internal record number and a sequential

read is performed.
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17)

a)

b)

MRWRTE

Entry parameters

Register DE = TFCB address

Purpose

This function writes data to the record specified by
columns r0 and rl of the file FCB.

Operation is the same as for a sequential write.
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18)

a)

b)

MCPLEN (Calculating file size)

Entry parameters

Register DE = FCB address

Purpose

This function sets the record size of the file specified
by the FCB into rC, rl and r2, and returns.
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19)

a)

b)

MVERFY

Entry parameters

Register DE = TFCB address

Purpose

This function is used to verify the contents of the file

specified by the FCB.
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4.2 Auto-mount Function

When an attempt is made to access a tape before it has been
mounted, mounting is performed automatically, followed by the

access operation. This function is referred to as the

auto-mount function, and supporting functions are as follows.

MTAPID
MOPEN
MSRDIR
MDLFIL
MSREAD
MSWRTE
MMKFIL
MRENAM
MVERFY-
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Chapter 5 MICROCASSETTE INPUT/QUTPUT SYSTEM (MIOS)

The interface between the MCT firmware and MTOS is provided by

the microcassette input/output system (MIOS).

18 functions which are required by MTOS, as well as two
functions which are used for maintaining compatibility with

MIOS provides

CP/M. This functions are as listed below.
MIOS Functions

0 MIRDST -- (read tape status)

1 MIRDCT =-- (read tape count)

2 MISTCT -7 (set tape count)

3 MISTOP -- (stop motor)

4  MIPLAY -- (rotate motor in play mode)

S MIREC ~-- (rotate motor in record mode)

6 MIFF ---- (rotate motor for fast feed)

7 MISREW =-- (rotate motor for slow rewind)

8 MIREW =--- (rotate motor for rewind)

9 MIFFTE -- (fast feed to end of tape)
10 MIRWTT =-- (rewind to beginning of tape)

11 MIHDON == (load head).

12 MIHDOF ~-- (unload head) i

13 MISKTP -~ (tape seek)

14 MISTMP -~ (set tape move protect count)

15 MIRSMP -- (reset tape move protect count)

16 MIRDBL =-- (read one block)

17 MIWTEBL -- (write ome block)
18 MIGTWP -- (read write protect pin)
19 MILEDON -- (turn on LED)

20 MILEDOF -=- (turn off LED)

21 MISDAT -- (save data)

22 MILDAT =-- (load data)

23 MIERS -=- (erase the specified area)
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5.1 Explanations of Functions

This section explains the functions of the microcassette
input/output system.

Input is the parameter passed to the routine, and output is
the return code or the value received from the routine.
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l) MIRDST

Entry parameters: None.

Return information: Register H - Microcassette status
éurpose: Reads the status of the microcassette drive. The

configuration of the microcassette status code is
as follows.

Bit 7 Head position (0: Unloaded 1: Loaded)

Bit 6 Motor (0: Stopped : 1l: Moving)

Bit 5 Winding (0: Non-winding 1: Winding)

Bit 4 Fast feed (0: Non-fast feed 1l: Past feed)

Bit 3 Play (0: Not playing 1l: Playing)

Bit 2 Rééord (0: Not recording 1: Recording)
=S | prve wros specitications e TeEET
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2) MIRDCT
Entry parameters: None.

Return information: Register HL = Counter value

Purpose: Reads the value of the microcassette counter. The:

microcassette counter is composed of 16 bits; the
value in this counter is increased as the tape is
moved in the forward direction, and vice versa.
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3)

Entry parameters:

MISTCT

Return information: None

Register DE = Counter value

Purpose: Sets the value of the tape counter.

TITLE

m PINE MTOS Specifications

SHEET
REVISION

A

NO.

SHEET
7Y

NEXT

43




4)

MISTOP

Entry parameters: None.

Return information: Néne.

Purpose:

Stops the motor of the microcassette drive.
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5) MIPLAY
Entry parameters: None.
Return information: None.

Purpose: Turns the microcassette drive motor in the play mode.
(The read signal is produced if the head is loaded.)
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6) MIREC
Entry parameters: None.

Return information: None.

Purpose: Turns the microcassette drive motor in the record mode.
(The tape is erased if the head is loaded.)
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(Intentionally blank)
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7) MIFF

Entry parameters: None.

Return information: None.

Purpose: Turns the microcassette drive motor in the fast

feed mode.
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8) MISREW

Entry parameters: None.

Return information: None.

Purpose: Turns the microcassette drive motor in the slow rewind
mode. (The tape is automatically unlocaded.)
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9)

{Intentionally blank)
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10) MIFFTE

Entry parameters: None.

Return information: Register A = 00H or OFFH

Purpose: Turns the microcassette drive motor in the fast feed
direction until the end of the tape is reached.
When A=0FFH, the brake flég has gone up to indicate
that the motor has stopped turning.
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11) MIRWTT

Entry parameters: ‘None.

Return information: See 6.3 Rej:urn Codes.

Purpose: Turns the mi;rocassette drive motor in the rew;nd
direction until the beginning of the tape is reached.

When A=QFFH, the brake flag has gone up to indicate
that the motor has stopped turning.
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12) MIHDON

Entry parameters: None.

Return informafion: See 6.3 Return Codes.

Purpose: Loads the head of the microcassette drive (lowers it

-

to the tape).
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13) MIHDOF

Entry parameters: None.

Return information: See 6.3 Return Codes.

Purpose: Unloads the head (moves it away from the tape).
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14) MISKTP

Entry parameters: Register DE = Object count value

Return information:

See 6.3 Return Codes.

Purpose: Unloads the head and winds the tape until the value
of the counter reaches the value set in register DE.
When register A=0FFH, the tape has been braked to a

stop.

Note: When the current tape count is C0 and the
object count is CT such that CO0 is less than
CT, and tape is wound in the forward direction
until CT is reached.
When CT is less than C0, the tape is wound
in the reverse direction until CT is reached.
If CO and CT are equal, the tape is not wound.

The figure below shows relates the actual tape image
to the counter values.

-32768

-1 0 1 ) 32768

8000

[—{—I |
FFFF 0001 7FFF
 —

Direction of counter
movement during play
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15) MIsTMP

Entry parameters: Register DE = No. of counts (B for high,
C for low)

Return information: None.

Purpose: Sets the tape movement protect count. The tape
movement protect count is the number of counts the
tape can be moved (wound) in either direction. If
an attempt is made to move the tape beyond this
distance, the tape is stopped automatically. For
example, when the current count is 500 and the tape
movement protect count is 300, rewinding the tape
to 400 reduces the tape movement protect count to
200. Afterwards, the tape will stop at 600 (when
the tape movement protect count reaches 0) if an
attempt is made to advance it to 700.
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16) NIRSMP
Entry parameters: None.
Return information: None.

Purpose: Resets the tape movement protect count.
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17) MIRDBL

Entry parameters:

Register C =

Return information:

Purpose:

DE =
HL =
TOSDMA =

Read mode

No. of bytes to be read

Block number

Starting address of the buffer
in which the data read is to be
stored (block number pointer)

See 6.3 Return Codes.

Reads the number of bytes of data specified in
register DE into the buffer whose starting address is
specified in TOSDMA.
specified in register C. This function makes it
possible to retry a read if the first two bytes
specified by the start of the buffer are not the
same as the bleck number specified in register HL;
however, it returns without doing anything if the

number of retries is 0.

Data is read in the mode

Read mode

Bit 7

Bit 6 0 = Non-stop mode, 1 = Stop mode

Bit §

Bit 4

Bit 3

Bit 2 No. of retries (0 to 15)

Bit 1

Bit 0
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18) MIWTBL

Entry parameters: Register DE = No. of bytes to be written

Register C = Write mode
TOSDMA = Starting address of the buffer

containing the data to be written

Return information: See 6.3 Return Codes.

Purpose: Writes the number of bytes of data specified in

register DE to the tape from the buffer whose

starting address is specified in TOSDMA.

The write

mode which becomes applicable to this data ‘is
determined by the setting of bit 7 of the C register.

:

wWrite

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

O H N W &e& u

0 = Non-stop mocde, 1 = Stop mode
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19) MIGTWP
Entry parameters: None.

Return information: Register A = 00 Non protect
A = 03 Protect

Purpose: Reads the status of write protect pin of MCT tape.
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20) MILEDON

Entry parameters: None.

Return information: None.

Purpose: Turns on the microcassette drive LED.
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21) MILEDOF
Entry parameters: None.
Return information: None.

Puzﬁose: Turns off the micrbcassette drive LED.
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23) MISDAT

Entry parameters: None.

Return information: None.

Purpose: Saves the contents of the system data area to the

microcassette tape data area. This function is used
during power-up processing.
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24) MILDAT

Entry parameters: None.

Return information: None.

Purpose:

Loads microcassette data into the system data area.
This function is used during power-off processing.
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24) MIERS

Entry parameters: Register DE = Tape count

Return information: See 6.3 Return Codes.

Purpose: Erase.the length of tape corresponding to the tape
count specified in register pair DE.
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Chapter 6 MOSIF

MTOS (the microcassette tape operating system) and MIOS (the
microcassette input/output system) are interfaced with CP/M
via the microcassette operating system interface (MOSIF).

6.1 MTOS Calls

The procedures for making MTOS calls are compatible with those
for making BDOS calls. Whether operation is performed by MTOS
or BDOS when a call is made is determined according to the
following cules.

Rule 1

Functions which are not supported by MTOS are performed by
BDOS.

Rule 2

When the FCB is used as a function parameter, the function
is performed by MTOS or BDOS according to the disk drive
cede contained in the FCB.

Rule 3 ' ' "
Other MTOS functions are performed only when the currently
logged in drive is the MCT.

A list of the MTOS system calls is shown in the table 2.
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6.2 MIOS Calls

The 18 basic MIOS functions are used as a single,
multiple-function BIOS call. These functions are called by
setting the function number in register B and calling MIOS
entry MCTX. The numbers set in register B for each function
are as follows. i

Register B Function
0 MIRDST
1 MIRDCT
2 MISTCT
3 MISTOP
4 MIPLAY
5 MIREC
6 MIFF
7 MISREW
8 MIREW
9 MIFFTE
10 MIRWTT
11 MIHDON
12 MIHDOF " -
13 MISKTP
14 MISTMP
15 MIRSMP
16 MIRDBL
17 MIWTBL
18 None
19 None
20 MIGTWP
21 MILEDON
22 MILEDOF
23 MISDAT
24 MILDAT
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6.3 Return Codes

Each function of MTOS or MIOS has some return codes. The return
codes of MTOS are set in the A and H registers, and TOSRCD.
Those of MIOS are set in the A and C registers, IOSRCD, and
BIOSERROR.

MTOS reports 4 errors of CP/M and corresponding error codes are
gset in the A and H registers.

1) Return codes of MTOS

Return codes of MTOS are set in TOSRCD. ' .

The value to be set in A and H registers is decided by the
error code in TOSRCD at the end of MTOS. ’

a) BDdS level error reports

While CP/M reports 4 errors, MTOS reports the érrors as follows:

@ when error return is made from MIOS,

: BAD SECTOR
® Error durinq"uqm'
. BAD SELECT — -
@ 1Irregular access of R/O drive )
R/O
@® 1Irregular access of R/O file
R/0 FILE

If the each error report is suppressed, error code for each
error is set in A and H registers and a return is made.

A H
Bad Sector o FF 1
R/0O FF 2
R/O File FF 3
Bad Select FF 4
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b) Return code in TOSRCD

There are 18 return codes in TOSRCD.

Return codes in TOSRCD, A and H registers, and its explanations

are shaﬁu in Table 1.

If the value of H register is 5, the error is unique to MTOS,
while 0, it may correspond to the CP/M error.
Table 2 shows the error codes which may be' reported in MTOS

functions.
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2) Return codes of MIOS : h}

Return codes of MIOS are set in A and C registers. Also these
values are set in BIOSERROR and IOSRCD and a return is made.
BIOSERROR is the error code as BIOS, while IOSRCD includes the
error information of firmware.

Table 3 shows the error code and its result.

Table 4 shows the each MIOS function and possible error results.
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Table 1 MTOS return codes

[ TOSRCD
:::gn A H Description
0 .0 0 Normal completion
FF 5 | Not removed.

2 _FF S Not mounted.
3 FF S Cannot remove.
4 " FF 5 Cannot mount.
S "FF 0 Directory is full.

"6 FF | © R/0 file ;
7 FF 5' File already exists.
8 FF 0 File not found.
9 FF S File already open.
A 1 0 File not open.
B FF S Record No. error
c 1 0 Reaches: EOF. " S
D 4 0 Random access error
F FF 0 R/0O drive

10 FF 0 Verify error

11 FF 5 File No. error

12 FF 5 Auto remove check error
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Table 2 MTOS System Calls and return codes (I)

Func- Return
tion Function code | 11231456 8|9(A|B|C|D|E{F]l0l11]12
Para-
No. i
meter :
Get version i
12 e I |
13 Reset disk i
: system :
Select disk |
4 |irive ) @) (@) |
DE « FCB i ]
15 {Open file address @) oll@] Ci - Ci
DE + FCB
16 |[Close file address O o® ® OO
17 |Seaxch for [ DE + FCB 0O - i
first file address
18 Search for l :
next file !
DE « FC3
19 iDolctc_!:l.le address Ol |0 C !
Sequential DE + FCB
2 _lread address_ O olo! o
Sequential DE « FCB
21 write address O O O O O O
DE + FCB
22 [Create file | .. .= Ol0| 1O O @)
Change file | DE + FCB
23 name address O O o O
24 Get log-in
vector
25 Get log-in
disk number
26 Set DMA
address
Get alloca-
27 |eion address ®
28 Set write
protect flag
29 Get R/0
Set f
Set file
30 attribute ®) o
Get_disk
31 |parameter
Set/get
22 lusercode | |
DE « FCB
33 |Random read | ...- = @) olo] olol |
. . DE « FCB
34 |Random write| ... ..o Ol O O|0|0 |O
1s Calculate DE + FCB
file size address
3¢ |Set random DE + FCB ! | ‘
record |_address | |
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(

Continued )

Func- Return ,
tion Function code |112]3|4]|5|6}7 9|A|B|C|D|E|F]|l0i1l1]12.
No. Para~ ’
mgte.r
37 Raset disk |DE + Drive i
drive vector |
38 Not used l
39 [Not used |
Random write i
40 |with zero
£ill l
Table 2 MTOS System Calls (II)
Func- Return
tion Function P code (1] 234|567 9|A|B|C|DJE|F{l0(11{12
No ara-
* meter
OE + TFCB ~
251 |verify rdress @) @) Ct 10|10
252 Remove C|C @)
253 |Mount @) @)
254 |Read tape ID
255 Make tape DE + FCB l l
directory address
Notes: 1. "Q" indicates it is not supported by MTOS.
2. See the explanation of each function.
3. * indicates that verify is specified after CLOSE.
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Table 3 BIOSERROR and IOSRCD

BIOSERROR
code

Meaning

0

Normal completion

Read error’

Write error

Write protect error

Time over error

Seek error

prressed )

Break error (Break key

Power off error (Pwer turned off)

< 3 IENN I N RVN N IV VY

Others

TOSRCD
code

Meaning

Head error (Abnormalit§ on the head)

Motor stop error (Motor stop)

Write protect error

Data error (Bit 0, 1 undiscriminable)

CRC error

Block mode error (Block mode different)

SNiloajuleaejlwl N

Tape error (Tape not mounted)
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Table 4 MIOS functions and return codes

MIOS Cate BIOSERROR
function Coq Iols BCD Remarks
No. Function elilz2fsfalslef7]ee|2]2]3lals|6]7
0 Read MCT status |
1 Read counter ;
2 Counter set @) i zz:?ter
3 Motor stop I '
4 Motor play | }
S Motor record I i
6 |Motor fast feed | !
v Motor slow an -Automatically
rewind | i head unloaded
8  |motor rewind 00 | ‘
Fast feed to . ! |
9 |ond of sape olololo; o] | | C!
Rewind to -
10 |yor of tape O|0|0|0] |O Ol
11 -|Head oN 0lo |
12 |Read oFF O|0
13 |seek tape O|olo] |o] o e}
Sat move
4 protect area ! I
15 Reset move |
protect area Pl
16 Read 1 block |O e O|0! |0i0I0}
T " T n
17 lwrite 1 block e Q| i |Ololo! | | i
18 None ; ; | :
19 None ' |
20 Get write i
protect pin : :
status l
21 LED ON | ! i
22 |iEp orF | l 3
23 Save data l I |
24 Load data P |
25 Erase 0|0 i |
specified area
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and the Pine operating environment.

Chapter 7 OTHER NOTES

follows.

1) Limitations on the buffer used by MIOS

2) Foced termination and power-off of MTOS and MIOS
3) Auto remove checks

4) STOP mode and NONSTOP mode

5) Auto mount checks

This chapter describes the relationship between MTOS and MIOS
Items discussed are as
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7.1 Limitations on the Buffer used by MIOS

The buffer address specified in TOSDMA for use by MIOS must be
located in the from 8000H to FFFFH. If not specified, a
certain address in the system becomes effective by default.
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7.2 Forced Termination and Power-Qff of MTOS and MIOS

There 'are two events which can result in interruption of MCT
operation; these are (1) Forced termination (CNT-STOP) and
(2) Power-off. MIOS and MTOS processing for both of these

(1)

(2)

.is as indicated below.

Forced termination . ’ .

< MIOS >

When processing currently being performed is a seek, write,
or read, that processing is discontinued, the motor is
stopped. the head is unloaded, and the return code OFFH is
placed in register A.

< MTOS > ,

When processing currently being performed is a read or
write, a Bad Sector is posted to CP/M, processing is
discontinued, and the file is closed. If termination
occurs during a write, the file is not cataloged in the
directory.

Power-off

< MIOS > ' ' ' -

When processing currently being performed is a read or
write, the motor is stopped, the head is unloaded, and the
return information is set after access to the current
block has been completed. In the seeking the motor is
immediately stopped.

< MTOS >

The power goes off after control is returned from MIOS.
Read access will be continued the next time the power goes
on (if power-off is in the continue mode). With other
than the continue mode, the file is closed upon power-off
because a cold start is made when the power goes back on.
If a write is being performed when the power goes off, the
file is not cataloged in the directory.

ET NO.

SHE
TITLE REVISION

m PINE MTOS Specifications NEXT SFEET

/q g2 22




(Intentionally blank)

_EPSON |

TITLE
PINE MTOS Specifications

SHEET
REVISION

A

NO.

NEXT

£+

SHEET

o2
< 2




7.4 Auto Remove Check

MTOS performs auto remove check by reading the directory ID.
If the directory information of created date and time in the
tape is same as that in the RAM, remove is performed
automatically.

This check is performed by setting a flag.
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7.5 STOP Mode and NON-STOP Mode

This section explains use of the STOP and NON-STOP modes of
tape access and the types of control which are used with the
two modes.

1) Procedures for use

1-1) STOP mode

1-1-1) Writes

In the STOP mode, the motor is stopped after each blaock is
written, then is started again to write the next block. .
Writes in this mode take longer because the motor is started
and stopped for each block. However, since the motor is
stopped after writing each block, it doesn't matter how much
time passes before each block is written.

1-1-2) Reads

In the STOP mode, the motor is stopped after each block is
read, then is started again to read the next block. Since
each block is written twice, the motor must be started and
stopped two times in order to read one block. Since the
motor is stopped after reading'each block, it doesn't matter
how much time passes before read operation starts for each
bleock.

SHEET [NO.
TITLE REVISION
N I
m PINE MTOS Specifications A NEXT !SHEET
S NS




1-2) NON-STOP mode

1-2-1) Writes

In the NON-STOP mode, the motor is not stopped at the end of
each block write; since this eliminates the time which is
required to start and stop the motor, it <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>