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1.1 Product Features 

(1) PI-4"is a batteey-drivable nctebook size portable computer • 

Thi• computer i•.made thimter· and weighs less than the 
exi.ating competing models on a po:I:ic7 ot attaching ~tfch 

importance to po~tability .... 
·,-,:· :. .. ;., 

mputeri are being used in more various lo~ationa ipcluaing 
1J ~ 

outdoors, 

usinesses and sales .activities •nd 11 tea ot'.'jobs, 
. . . ,'' 

m office rooms which have been common places 

This trend has· presen~ed a •1i~_Q.g 
~ ~:, }t;t-:~ ~/ ~·· 

ivable computers. PI-4 .,+~~·- on·a 
.-; ·j,• .:...:.~ 

·.: ;.· 

can b:e:. used 
.~:tig 

at home~ .• 

- _:_-----~·--'- _{2) ~t~~~~:·~~:...:_!::_,~_~~~ 
relieve users from special· co ..... 
to major conventional general purpo 

~~p eciall-Y J . 
. ;strong.· This demand is-Ystrong Tor handy 

.. _.(~::~ . 

;PX-4, which" ii itselt a general purpose_machin~ u 

:,opera tug system., still puts much impo~tan.ce. on speci .:::,. 
. . .. /~,:· 

-_~The ke7board is modularized and can be easily attache_~: 
·. ~--

. ~emoved so that the computer cu be im•ediately conve ·. 
:-/~.. . . . .. ~: 

··.', 

_a specialized machine £1 t tor a specif'ic application - .. 
~· -.~ ~ . }~¥,·~t~ .. 
. ,J~i.cing the standard .keyboArd with _an item keyboard an~:f.);i''fi~~~I 

~.-~ • .eialized. sheet on the keytops. T.he programs !or· -~~'.·:.•pee..; 
7' ,.. • .. {'~· - - ··~-- ;~ ~. 

,~.lized machine are stored . in a ROM capsule which ~~-al.so 

-1- .. 
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be easily replaced. 

Many option features can be attached in addition which help 

to build a" specialized ays"tem .optimum. for each. ot· various 

applic&:tions. 

PX-4 providea .the following features which hav•· been selected. 
• 

studies in pursuit of an easy-to-use computer: 

attery servica - PI-4 can be powered by manganese 

used tor an unlimited period of time 

source batteries • 

- PX-4 is tree trom power 

run, the pro gram can be 

or turning P;.-4 back on • 
• • Easy pr/gram selection by menus - A 

selected via menus on CRT screen. 

"' '°:' 

adaptor'::and .batteri~s 

mic.a.l uninterrupted . . . ·.·. 

~ ::r:~ .. ··-

* Automa~ic routine pro gram run - A specific routine 

can be automatically run only by tut.fling PX-4 on • . 
* Automatic power ott - PI-4 is automatically turned otr. 1£ 

~nadvertently left on. • 

* Pro gr.~med operation - .. px.4 can be automatically turned on. 

at a apec1t1ed time, a speci!iecl pro gram can .be automatically 

run, and PI-4 can be automa:t~cally turned o tt af'ter the pro gram 

-2-
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. .,~·.· ··'llt l.:O ~· . • 'e:-. .... ·"P"'91(e 
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. . 
execution. is completed. 

.. -•.. 

·Ia a°idit~on.. an 8.J.aria~uz~er-C&ilbe-ioun.ded and a. apecitied . . . . 
••••• ,. ~an. be displayed. ~t a apecitied time. ' . . . 
!he combination. ot battery-driven operation• an.4 time co11trol 

cap•biiitr ia.akes an.othe~ step forward 1A lvideliin.g and.. d1ve~ait1ing 

. ute: ·usab~e areas. PX-4 is much expected as a specialized. 

applicatia'n.s such as &~tomatic measurements, -~utom­

achedule con.tral, and. ed.ucatio:a., 

t using a Z-80. CMOS main CPU 

a core. 

den.ait7 ..... · 

• As many tl.at package . 
.. . . " ,... . . . -r-r=· --

·~-'*,#;#~" - ."""'~'=..,.;;ftJ'I .htJK··if'in•i~t c!rau;t·ll-·iii~a·· 
U,.n.temal J 

PI-4 can J'l'Ovide an 1 memory 

edatin.g .competing mod.ala. 

* trp to three 321: byte ROM elements 

• trp to 64' bytes (Jf RAM can b·e incorporated.. 

The standard ROM and RAM capacity can be expand.ad. by 

from 'th.a -following option. memory tea.:turea: 

*.ROM cartridge - can contain two 32IC byte ROM .elements. ·-· . .----

*UM cartr:Ldg, .- can provide a~ capacity ot up to 16IC (32K .. 
or 64X) byt·ea. 

• Microcaasette drive · 

* E:xte;nal ·RAM disk - can provide a RAM capac,i ty, k · ~P ~· ~~64!~·: 
. . . : ".;,··: .. !'f '•' --:.~:·: ... . .. 

' .. 

.. 

., ~ 
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These.memory devices may be replaced with. model.a ot higher 

performance ·which will be developed in pace with advancement 

ill memo:T 1a teclmoloa in tuture. 
. . 

.. A. i.o colwana wide ancl ·a lines high LCD (Liquid Ceystai 
. I . 

splay) pan~l is uaecl a1 data. clilplay· component. !his LCD 

· .. 

~e operator trom tatisue ot eyes due to variation ·i : 

ich has 13een a problem on ·conventionfl. CRT 

operating_ principle ot retlecting 

removed. Either the· s~ndard 

'· available tor selection by users ... 

*.The item keyboard is used ~o~ a ~pecial 

adjusted at various 

* The standard keyboard can be converted only b 

k:eytops and resetting a DIP switch assembly such 

be be used in various countries. 

A conductive rubber key swit~h contact used in the keyboards 

much simpl.i!iea key switch structure and ensures higher reliab-
• 

I 

il1.ty. 

th,re are the toll.owing ~hree categories ot optio~ devices 

which can be attached to PI-4: 

* D~vicea -instailecf .diHctly through-theeartrtcige. connector • 

-4-
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. . --·····--·-· ... - ·-·-· . -·- -·- ...• - -· -----------·--
• Devices installed directl1 through the s7stem bus connec.tor. 

• Devices externalll:r attached th.rough an intormation cable •. 

PX-4 can., use &. manganese· (or alkali) and 11-Cd batteries 

&nd &n AC adapter aa a main power source. 

RAM is back.ad.. up b7 a. auxiliary (or sub-): Hi-Cd batteey . 
. . . . . . . 

the main ma~ga.nese (or alkali) battery is replaced. 

ot barioua apeciticat1ons are prepared tor 

lives when PX-4 

- ·- --·--- --__._ 

..... 

_,_ 
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·1 .2 Maximum• Hardware System Configuration 
,' -The !ollowing !igure shows ·the maximuM P!-4 ~ardare system· 

contigura tion: 

-~. "r 

~ 
~ 

SIO 

Caase~te 

1t1r1al 
1111tt1 recartlt 

Microcasaett 
drive 

ROM • 
cartridge 

··- ...... -:-_~.;:;::.--=~ .. ~~:...- ·--- .. :.:.. . _-::.:.··- _ .... _. ----.:, .. ----

Adapter 
ROM ca 

AC . adapter · ROM . 

(AppJ.ic&tion ROM) 

Fig. 1·1 ~ M&xiJ1U11 hardware system cont'1gurat1oo. 

TITLE ~ANNO. -~ 

NEXT SHEET EPSON 
!PION CCRPORATION 



- -- .. ., ~ ---
-· - --- ,._ ·-

..... .· · .. · 

·The individual· option devices which can be' attached via the -
I 

connectors- available on the computer frame are described in the· 

following •.. 

. 1.2~t lteybaroda 

(1) Standard keyboard 
'i 

!h.e atandard keybo·ard, which has 72 key awi tchea and 

three LEDs,. basicaJJ.y uses. the ASCII ocde •. It" can. conform 

any ot various. languages· onl1 by repJ;acing key tops &nd 

ASCII 
Fr111cJa 
Otr•a11 
E1di1Ja 
Da11i1ll 
S1tdl1Ja 
Uallaa 
Spa11i1la 
Japa11111 
lorw1ct11 

EPSON 
EPSON CORPORA1ION 

set with a c.ha.t-att• .. Jct sclc.tt:en J 

.. 

~~NNO. 7 
NEXT SHEET 

.. 



·- ~~~·: ·.·-·~:.·· .. : ·!··. 

The ASCII keyboard is used tor Spanish and.Italian.· - . . ~ 
The stand.a.rd ke7baor·d uses new conductive rul;>ber movable key 

switch contact)(. 

(2) Item lta7boucl . . \.Jf J.._.) · .. 
The itam.ke7baord is. · w~en using PI~4 as a specialized 

machine. 

t.t· bas 58 ker. switches wtd.ch. ar• classUied into item anci 

ic keys. The 31 item ke11 can serve .tor up to 62 tu~c-· . . 

ng tb.em in .-combination with the shitt k.eYJ· with 

to each item ke7. 

listed on &n at~ched overlay sheet. . 

• tar tops it desired.· 

••lt!ction dep-

... 
a Ptl'? PK 

board. 

1.2.2 Cartr~dges 
·. 

( 1) Mi:cracassette drive 

!he microcassette choive is a audio microcaaaett 
. . ~~ 

record.er used aa a sequential tUe.d.iak (namedl'!).-

A llicrocasaette tape ha• cU.r•c.toriea at the beginning ( 

up to 12 directories can be contained) in orller tor quick tile 

search. 

TITLE 

·EPSON 
IPSON CCRPOMl'IOH SHEET NEXT 

• 



The microcaaaette drive has a CPU built in which operates 

by contZ"Ol co11U1ancla from the PI-4. MicZ"Ocassette operations' .·. 

~·'.can also be manually accomplished from· the system display. 
. . 

'rh•· microcassette d.rive p.a.nel".h&s two lamps FREE and REC •. 

The microcaasette tav.• may be ejected when the FREE lamp 11 
.~, 

on. 

Data. &-re re~orde4 OJ?. tape as two audio t'requezicie_si mark is 

s and .space 1• 2 Dz. Microcaasette tape data!; can be out­

-: . 

the computer t•••• or an external 

e cartridge interface, the microcaasette 

mode. 
·~· 
IC clc~..t:rJ 

te ROM~llipFwhich 
drive 

. · The ROM cartridge-

~·~-.=-:.·.:'"-:·:~· : -::·aoM f!it;!J.;:.:t(e '!aaut r 
This ~OM capsule .. 

·&lent to··2764, 27128, .or 2'l2S6,,.· or 

o~e o t the tw C..:~1~fndependentl1 ...,.~~-

- .. 

SHEET NO. 
REVISION 

EPSON 
l!PSON COfl!illOAATION SHEET NEXT 



• ,iltA-J~ 

.. .. 
-. 

,_. However, ·the two. ~n also be .Continuously read. 

When connected to the cartridge intertace, the ROM cart­

ridie opera.~•• .in \tJ ~&t!J. f!p• (:DB) mode. 

(3) ~H cartridge 

The RAH cartridge can be used. 1~ ·the 

(assigned a dr.ive name I). 

~ridge contains two 64lt b:1 t 

_ capaci ti o t 16' bytes. 

same way as a noppy 

. . zc: .J 4114. ....b ~ 
static RAM'):h1p..-and 

ted·b1 an incorpor~ed lithium batterr 

batterr has a capacity ~t prot­

When the ~atterr.is 

on at the time 

The present RAH 
••• ':'":!"'_ --.. ~.:.-:..·- .. _:.".'".-·.:-.-.·~,...,.~"':!"~---- ---.:--.. ~~~-=~..:~ -----·-· -_, - --·c:a.rtrtd.iis' can-&iSo be conne 

.. •· '.. " The RAH cartridge must be torma 
. . ~-c. . . 

betore put in w•rv1eJ. The tirst RAM addr 

which can contain up tO 16 en tri ea. 

The cartridge ia organised aa tallows: 

'?racks·: O - 1 : ( 16':1: b7tes) 

a ~ 3 (32JC bvtes) · 

o -·1·c64lt brt••> 
Sectors: 0 - "63 

• 

When connected· to the cartridge~ the RAM cartridge operates 

in the data aua (DB) mode.· 

" 
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(4) Digital multimeter 

An autc:imatic measurement system is built by connecting a 

digital multimeter to PX-4. 

A di.si t&l. . meter has a·D. A-~ con:verter IC and a CMOS CPtJ' 

built-in and measures voltages .applied·• or resistances con­

acrass. ·the meaaur:ement· terminals. 

Thus, 

Measurement range 

the digital multimeter to control 

measured data. This DJeasurem·ent 

a BASIC pro gram. 

the px·.;.4 and com-

ensure teh safety ot' 

t'rom PX-4. 

-:.-~.·-·- •. ;.. ...:..-_- ~-: .. ·.~~-.:-:--: ·--..:~~:::;;. .. 

Voltage or 

selected. ·' 
Input impedance: 

Samplini rate: 

Power consumption: 

( Sl trn.1 versal cartridge 

10M ohms 

4 to S times/sec. 

9 mW. 

• 

•The un:iversal cartridge·· raters to .a universal printed 

circuit board which has a connector mounted and installed in 

a cartridge case. 

.. 



. . "' 

.. 
tJ'ser1 can build an1 circuit on. the board to implemen't a 

cartridge. 1pecitic to eac~ us er. ~ 

· !he ~ ~er1al C&J:'.tridge is can be controll\ed b7 BASIC 

progn.ms. . 

Direct modem 

are presentl1 allowed only in the U.S.A." 

a direct modem. PI-4 can be directly connected to 

tor data. transmission which ensures Commun-

ugh an acoustic coupler. When this 

a plug.·wired to a micro-

Because ot. 

the modem proTides 
---·- ~-.-.":.-' ···- ~~.;.:.~.~·-;.;.__~-.... ~~ ........... .:...-. ._,,; 

-- ··-·· -- . c&u and s~bsequent data t'ra 

"'·· !unction. ot automatic answering th 

tion.so tha:t the PI-4 oan automaticall1 

!he modem contains a CPU and the cartridge op 

I/O mode.· It is used by BASIC pro grama. 

(7) Cartridge· printer· 

A cartridge printer is an impact-tJPe dot matrix printer 

which contain• a CPtJ and RAM and provides a print butter cap­

acity ot. eight line• ot data • .. 
'iwo models ot 40 and 32 dig1ta per line ~re available which 

are compared in the table below. 

12 

• 



.. table 1-Z. Cartridc• printers 
-

40 coh•11/l111 3~ cah•11/l111 
AdYaatau. ·can pri1t 11 corr11pa1d11c1 Can prodac1 1111 ta r1ad 

ti· tlat Pl-4 dilplaJ. 111ti11 b1ca11 of 1141r 
cbarct1r 1paci11. 

u11ad.taatac1 Li1Uac 11 1111 1111 ta nae A ri1bt~o1t portiaa of 1cr111 
. b1c1111 cbaract1r1 art .. 1111 bar4copJ 4ripa • 
IPIC14. 

Priat ., ..• 2.5 .11coad/U11 - z.o 11co1d/l111 

two models can be selected depending on- the 

~:·:.:-: "·":.: .. :-~-.; :...·_-::: -~-·~ ... ~~::--:-EnJ.adect-: c:ha'J~ 

Bit #image print -.... 

Print 1heet teed 

* Print 1heet: S7.S mm wide sheet 

* Ribbon! Cas1ette trpe. · .. 

* Reliability: ·-

MCBF: 500,000 lines 

the PX-4 characteristics 

• 

Ribbon lite: 200,000 to 250,000 characters 

.. . EPSON 
EPSON. CCRPaAATION 

TITLE - a~~ON NO. / 3 
NEXT. SHEET 



P/16 
;.-·~\'.;, 

iii;:'•• 
I 

. . . . ~ 

... .. . _•. 

The cartridie pl'iAter is controll.ed .by the system pro gram 

dep endinr on h·115 • • •• i DIP switch:·· s ettur ( ••• table 1-1) • . . . 

!he priA~er i• powered. troil the mau.n-4 battery. It re-. . . 

quires a rel~tively large· amount ot current and an 11-Cd 

battery ·should be used as ma.in'.batten'• A. combined use with . . . 

adapter is ~=~mended. I~ a power failure occurs 

or powe~ is turned- ott during a print. the print·er 

at that moment and thus the subsequent 

intertace. the printer 

a.special PX-4.intert&ce 
.. ·-- -- -··· ... :.~~-----;.._~-·-·· 
The PX-4.printer intertac~ us 

...... 
sisnal lines require more tha~ 2 mA 

needs to be inserted between the 

The EPSOH DP-100 aeries printers 
' : 

The PX-4 internal character codes are the same as 

BX-20 and. PX-8. T1;1us. & printer conforming to the BX/PI specit-
~ . 

••• ications is required when using._the·graph~c cod.es. 

~-

A compact thermal printer P-40P which is batt-ery-drivable is 

avail.able as a mod.el. tor sole use by PX-4 • .. 
In order to put the computer under the control ot the PI-4 

systea program. the 9139oa1i DIP switch needs to be set according 
dia ... cu.- wl rellcdif1\ 

I It 

... 



· .. 

• 
. 

to table 1-.1. 

·It power !&ilea in the PX-4. or power is turned ott during 

· a.· priD.~ .. the PJ'int operation. cannot be resumed by a. Con.tinue 

mode and some characters m&1 be lost. 

RS-232C Interface 

using an option device through &.n internal RS-232C inter­

""'!"!!' DIP switch needs to be set according to table 

devices &re available: 

to the RS-232C spec1!1c-

otherwise specified: 
·.=a-:.~..-:.--~=·-·--·':-·· - ·-----··=-- .... ·-· . 

•••• 

• • •••• 

Baudrate: 

. Da t& torma t: 

Parity bit: 

Stop bit: 

Control line: 

IOl/XO!'F: 

SI/SO: 

lot used. 

2 bits 

lot used. 

lot us'ed. 

lot used. · 

This is a simplified RS-232C interface built•with CMOS IC com­

ponents:.10 that the cable length is restricted. The iiltertac~ 
. t..Te'Atfk:,it.a' are as· tallow~·· · 

Out:put voltage: ~ 5 V 

• 



I . . I ; . 
1 .... ' . 
L . 

. . 
._ I o ' 

•'·.'·~>· .. 
Input voltage·:. 
Baudrate: 
Cable length: - .. 

+. +. .. - s .v -· .- 1.; v 
I 

75 - 38.i4K bps 
I 

1 .&.\( 41.ti!ndard) 

. ... 

P/1a· 1.2 .. S Serial I/O (SlO) I~ te .. ft'°~ 

••• 

. : . 

••• 

••• 

When u1ing an option · ·device through an internal serial I/O 

: intertace (SI-Q), the kerboard DIP switch need1 to be. set accord-
. . . 

ing to· table 1-1. The tollowing option devices are available: 

• nopp7. disk dri. vea i · 

.pJ"~·10: 3. s:in~h n~ppJ -di.s·k-··driv;· (:b°.itt;;y~~;~) 
--· .. ···-·-. --···- --· . ... -

;.25-inch noppr disk drive 

disk drive (tor use by HX-20) 

impact printer (battery-driven) 

nter (batterr-driven) 

interface. Thus, 

Baudrate: ,_ 
Data format: a b~ta/characte' 

Parit7 bit: Hot used. 

Stop bit: 1 bit 

Control line: Hot used. 

Protocol: Provided. 

The SIO intertace is bui1t Vith"CMOS IC components which 

provides a higher data transmi1sion speed. Thus; the cable length 

is r.e~tricted. The interta~;l,~~fi;:lf~J are as follow: 

Output voltage: ! S. V .. 

Input voltage: ! ' v 

• 



i 
i 
I 

_f • • . 

! . 
I . 

~\ 

@ 
I 

·! 

~~ 
' 
I 

·-·~- ·- --. ----

: •• J 

... 

Baudrate: . 75 - 38.U bps· 

Ccble lengt~: 1 m·(standa~d) 

. Floppy disk dnv.es 

. . . ~ : ... 

PX-4 can. co~ect up to two t;l.oppJ disk:· drives. ot either 
. ' ·. . . 

D'-:ZO (tor- use by ll;.20) .or PF-10. The possible con1'1gurat1ons 

are .~ow. below •. 
. .. . .• ... 

: .~ . . . 

• TP~ZO ·- S•t DIP 1•1tcla tci 131 ar' 131 .,, l~Z •. 

1iiJ 

I ''"'I 1728· . 

I 

I 
!Pl .. I 1721 1728 

I I I 
D .F I 

rte i-z. Opttaa f lippJ disk 4r1tt caaficratia1s 

T1TL.E ~-NNO. 

NEXT EPSON 
EPSON CCl9CIRATION 

SHEET 

• 



•• ,, ... ;>-.,. 

s7 rnrzru umtw, nt:n r , r n r•nm rz Z' an zrrwmmrd r a n r 22 r s m s a n nm ?? nrm 

6.a 
V' 

•, 

n.·~n~ppy-cii~k drives are organized as fallow: - . 
.. 320lt b1tes/ drive· 

80 .. tracks/drive 

16 a'ector1/ track 

2S6· b'Jt.ea/ sector 

M&ximua number o! directories:. 64 

tor uae by user: 278lt bytes 

names D. 4E. F. and Q - see 

can be 

1.2.7 

PX-4 can co zmect a bar 
'·· 

program •. 

fhe tallowing models are available: 

* HOOBR-JA (Resolution: 0.33 mm) 

• HOOBR-HA (Resolution: 0.19 mm) 

• 

attached which 

TITLE SHEET NO. 
REVISION 

SHEET 
I EPSON 

l!PSCN CORPORATION NEXT 
I 



i . . , 
I,. 

~' 

! 
i 
' . ' 

·i 
I 

. I 

-·--· .. ·------------•nn-•---~ ............ ,_,~.._.._ ... a•nilll· 1112----•rllfllttMllt'ttlillm'•illlM 

.· . . ~ '•. . . . :. -... 
.. ·:.· 

.2.a s:rstem Bus 
--·· - -Tlie.PX-4 system bus can connect an external RAM disk. It is --·· ---··----~····· ... ___ ..:,,;_ .. -···--.... -·-· .. 

:attached to ~ .. e computer trame with screwa an~ can be used aim-

.il~lr to. a tlcippr dialc. ~ . • .· •I :. • 

'?wo models with caoacitiea o~·64IC and 128I brtes are a.vailibla. 
' . 

·e 64I to tM bit ROM chip can be add~d to the ROM capsul& 

!or data tile. 

uses the iame DR.AM components as main .• 

.. br a.n inc~rporated 11-Cd battery. The 

When the unit 

be initialized. 

' RAM disk which can be used onlr whea. n 

·attached. The RAM disks are organized a~ 

External RAM.disk 

a tracks (numbered from 0 to 7)/disk 

--· ··--

16 tracks (numbe~ed tram 0 to 1S)/disk (128I byte) 

IT EPSON 
IPSCH CORPORATION SHEET NEXT 



------- '------------- --·· ' ___ .. 
: ... .. /~- -·-

. ·. .,. 
.· .:·. 

:t.\ Ur M~.f 
RA~\ ~\ d, . 

••••• 

••••• 

••••• 

r trcJr;.;/.1;)1<­
:.:1 .. ••i''l~.i D"-+ ! 

64 sectors :(numbered tram 0 to 63)/track '• w't• .. ~/t.r~~ 
~""· ... hes--! "l·-!~ • 

Max1mum number 'ot 4irectoriea: 32 Mv. ·ii"-~"''"' .,, 
,_ · · . .. breclt:: ... :es: /& 

!he in.te~ RAM disk includes a. part ot main PX-4 RAM and a 

maximum capacitr.ot· 3SE bytes.can be specitied. !he internal . . . . . . . . 
disk capacit1 is apec1t1.ed at i7stem initialisation. The 

26lt b'1tes. 

rated at DC 6 V, 600 mA. It is comp-

* ROM cartridge: \ .. 
• * External RAM disk: Can 

ROM is used tor data tiles or contains 

ROM is i-nstalled in other than th• main ROM 
. . 

containing 

tile or program ROM can be installed in :the main socket. 

-·-·-. -

standard. so called BASIC ROM is installed in the main socket. 
. - . 

P/22 1.3.1 .. Option· I/Q:In~nation ·qables 

T~e ihtormation cabl:es• 0 reqtiired. .to all ·~e option I/.O devices --------- ---------are listed below. 

-~ 

.. 



. -. ·.::;.:.· ..... · :...:...:,_ -""--

Table 1·-a. Optiaa I/O inf a•at101 cables 

Option c1·1ttie lattrf ICI Cablt AISJ 
· Prlater Prlat1r 1131 

\. 
I 

S D 1?23 
1125 

U-232.C 1723 
1125 

SlO 1723 

f 721 

IS•232C 

The cable aasembliea 

. the :tallowing table:· 
..... 

Na. 

• 

Proper madll 
P•40P f·or PX-4 111e· 

- as ter•inal printer 
P-tos tor PX-a 11e 

- •~ teralnal priat1r 
P.-40S for.Pl-I a11 

. - 11 t•r•l•al riatir 
rr-20 rr-20 PF-10 

-rF-15 
TF-15 
PF-10 (PF-10-PF-10) 
tr-20-rr-20 
cx-zo 
Cl-21 
&adia cassette tape recorder 

table 1-4; Cable list 

C&lllt lllf Order cod1 L111ct!a 
1707 f 202100300 1.0 • 
1723 TZ04080000 1.0 
17Zf. !204080100-

. 
1.0 

1725 !2.04080200 1.0 
1111 f20408030G 1.0 
1731 ?208040200 1.0 
1732 rza1040400 0.75 
1738 T201040100 1. O· 

~~NNO. 
Z. / --EPSON 

l!PSON c:oRPOAATION NEXT SHEET 



' . . . .... 

.. 
~. 

".' ... 
' 

1.3.2 AC Adapters -

-The available AC adapt·ers are listed in the tolloiling table 

together.with their applied areas and order codes: 

'· 
fa bl 1 1-5. AC 11l1pt1rs . 

AC talt111 Or41r code 
100 ' 1510800020 

10600010 
1510800110. 
1510808060 
Y201515000 
YZ01517000 
YZ03522000 
15106001~0 

• 
----~-~ .. - - . 

~ .. 

. . 

~~NNO. 42. --1-!'N~EXT~-__,~SH~EET~---EPSON 
IPSCIN CCRPORA110H 
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Fig. 1-3. PX-4 dimensions - ~zd.t: mm 
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I · .· 
! 

~ 

ti~ 

••••• 

. .. . .. 
1. 4 Externa_J. t;:J.ea•nte M t.thc.""' ~ 'ii~"'-' ._./.;r ( 

t ;.,..•JfM."'' e/ 6-J~ ~ . " 
The ex'ternU '\to.~ and their purpose and usage are exp-

lained here according to the numbers in· figs. 1-3 and 1-4. 

( 1.) ·POWER switch - PI-4 is turned o ~ ~hen this switch is set 

01'. How,~V'er, po.war mar. be lost even while the switch is ON • 

(2) VIEW ANGLE- adjustment knob • Allows di-play contrast adjust-•. 
ment. 

(7) 
--· ~-- .......... . 

ot the standard key 

pane~ angelucan be adjusted by rai~ing 

displaj unit while pushing this button. · 

the 40 characters by 8 lines ~CD 

computer panel by 

used. 

~~ _, ~ .. :. ·#.= .~~ ~--:7':·--:--l:it;ai-.::.f[;ib~ a.;;f~· -·- -~- --"·· -:· -_ -

••• 

P/27 

.... , 

.,. 
(8) System bus connector cover -

A sy,tem bus I/O device 

behind this cover. 

(9) RESET switch - This tool-proof switch can be accessed w· 

a bar ~uch·a pencii tip. Pressing this it causes the PX-4 

circuit to be ·reset. This switch is used in cas·ea such as 

program run away •. etc. 
···-· -·----·-··--· ·----

( 10) ADAPTOR receptaclcle - The AC adaptor plug ~s inserted here. 
. . L ~ 

(11).PRINTER cable connector recepta~- f!secl: t:o connect a 
L.& 

: ( 12) 

Centronics-compatible printer via 

RS-23~ablo connector rocopt~ 
,,J...f <. ~ ~c :;)) 

X-

a special cable assembly. 
~· 

- lie ea ~ connect an 
u 

: 



. ; ··1 ·. · ... · . ......... ·. .. · 

~ption devices. auch as acoustic coupler and printer, etc • . , 
• , (13)SERIAL-1nta%'tace cable co.nnecto.r .receptacle - isea ~e .sonnec 

.option dev~cea such aa.tloppy disk drive and printer, etc. 

(14) CASSET~ recorder interface cable connector receptacle -.·. . '· .. . 
9sai to 'aonnect an external. cassette recorder. 

. . . 
SP (external speaker) output 1acki- Uied tor microcassette 

cli.ak clrive a.simouth actjuatment. 

connector receptacle - Connects 

.... ·-. ·--·j... .. ···-
the cartr~dge cover to/trom 

• 
to be removed from 

can be rep-

tightened vi tti · 

-- _ -· ,,...,"·-. .'- . tU,.;.-BACg?. -b.a_:t:~-~! • -·-
I 

incorporated Ii-Cd batt~?'7 

be normall1 OH' (it ia sat OF'i 

(.21) ROM capsule box cover - Allows access 

tor replacement a.nd the initial reset switch. 

!he components inside ROM capsule box and ROM 

replacement &re explained below. • 

TITLE SHEET NO. 
REVISION 

EPSON 
IPSON CClllOM110N NEXT 

~-: 
SHEET 



"!-

~· 

z 
3 ON 

r·+--: Ori 

'f lot U•ed. 

~ lfet •Seel. 

ROM capsule 

switches are 

Switches 1 - 4 1peci!71 one ot various 

1et1. 

Switches S and 6 1pecit7 a ~onnector to which the output 

data are directed. · · 

· Whenever either switch group is reset, the reset switch~ 

· ·auat be pushed. 

51-fEET NO. 
REVISION 

EPSON 
EPSON CDRPORATICIN NEXT SHEET 

" 



. J. 
l 

.. 

; . 

.. . • . 

•·SW4 initial reset switch 

. . 

Thia. awi tch is pualf ed wh_en.: 

.. A.- The pro gram runs awa.y and ~ recoveey trial by the res et 
', 

avitch tails. 

B. Power ia not removed by, resetting the power switch OFF. . . . . 

.: C. The b•tteey voltage drops and PI-4 ii not powered by 

acting the AC adapter. 

tails to normally operate. 

· .... -~t-ial. ae-~et .8ntch-io8eii-aii-Px:.7; data. 

except when recovery tails 

Then, 1 t i1 inserted to the·· 1ock 

with_ power removed. when mounting the 

take note ot the pola~'y mark tor 

EPSON 
EPSON ,CCRPORATICN 

at the 

SHEET NO. 
REVISION 

NEXT SHEET 

.. 



.. 

.. .... 
. . '-: . . :.. 

·"-· .. 

,, 

• l.i el &If. 4H~ • 
. SK. 1~. and J2g byte .mask ROMmpoact1.lare available .to 

b.• used in th.e ROM capsule. P-ROM ~~;a;:;g '27C64 (ax: bytes) 

·and 27C256 (3.2J' b7tee) can be used in the capsule. When an ax: 
. b7te ROM j.s·'t u~ed~ the jum~er -plugs J; and J"t must be reset 

according. to the tallowing: 

fa.le 1-&.Jaaptr plaa ltttiDI 

-standar4 11tt11,. 

-1ta1dar4 11ttt11. 

the BASIC ROM .co.mp-

Only 

th.a 

... , lL vailabl.e as __ .a!t.er .. ...s.ervi . 
·- ri.[8.-~ .. - . - ·-·-· .. -· . -··· 
~nmpeaeuts ~ucli as ROM carrier, 

. ' 

~/30 (22) Batte1"1 box cover. 

The batte1"J' can be accessed tor 

cover. 

R'otes on. the batteries and tJi:eir replac.ement are 

in the following: 

• Replacing the batteries • - --·· --·-- ·-·-··-- ........ --· ....... -· -- . ...• .. ·----
Four manganese batteries or a Ni-Cd battery unit is, installed 

i~ ~~ batte1"J' box. Fig. 1-6 illustrates the batter1 .. 1n&ta.1.­

lations. 

When a cartrisge printer or microcassette drive is used, 

~-



·1'·.·. ·.·.· . . \ . 
.. · . 

. . .. 

I 
t"'\ 

fit 

· .. 

.. 

the Hi-Cd battery.unit must be installed. Especially tor tne 
car.tridie printer, the proper· performance cannot be ensured 

without the Hi·C~ battery. unit. 

" 

@ 

the battery box 

-· ----- . ever exhausted, with 

PI-4 operation. can be resume·: - . . . - . -. ..• . .. ' .... - ·. ~ ..... -
batte1'1. ~u~µig main battel'l replap 

-- · · -T;_-· ;~~4~-;d-Px:·4 -~o"~tiiurati~n ··~an be 

to:• tive hours with the manganese batteries 

unit attar replaced. 

'?he sub-battery provides a capacity which back 

• 

tor· six da7s ( 1 SO hours). RAM is .normally powered by both the ·':·.' 

main and sub-batteries. 

TITLE ~~~NNO. · 

EPSON 
IPSON CCRPaRA1ION SHEET NEXT 



',:I 

j .. , 

h~ .. 
f. .faY• 

f 
-if 
~ 
~ 

'· 

. J •.. .• ~~····. . . . I: .- f" ·~ ': • '• 

.... · . -.. : · .. .. . . ' . · , .... 

The PI-4 batteries continue discharge £or backing up RAM''. 

even wh~e the POWER switch is OFF. Thus, the batteries need 

to be replaced or recharged once a month it the PI-4 is not . . . 

used. I~ ~1• cannot be enauZ'.ed, the RAM cartridge should be 

used • 

. Po·w.er auppl.1 ~ombinatio.na 
• 

-4 can: be powered by· three aup~lies which can be combined 

. - ~ . . -· -- -· 

able. 

B. ~'bar stsndse4 

t'l• ,PO••r 1upplr ca•b11atta1 

ptar 
llatt1rt11 

1lJli t 

uses the AC adaptor to minimj,ze ba tte 

ba tter,r. discharges while the a'dapto r is 

AC source. The batteries are used only whil.e the A 

is i~terrupted. 

SHEET NO. 
REVISION 

EPSON NEXT. EPSON CORPORA110N SHEET 

• 



4 w 
I 

~ 

~ 
l ~ ... , 

. . i 

j .· 
i. 
I 

. ~·-·· ·' .. .. . .. ·. 

the option· microcassette - . 
drive or cartridge printer is used. Because ot its high inter-

.nal imp~d&nce. increase iJi1 load. current causes &··larger 

vo.ltage ~p and shortens .battery lite~ '?he Hi:-Cd batt.ery 
t . • • 

can be cli~charge4 and ;-•charged 500 times or more. 'It 
. . 

requires eight recharge .. hours. (The 11-Cd batteey unit is 

wited in eX!)end&bles.) 

suitable when it is desired to 
. . 
operation it the AC source is interrupted 

Hi-Cd. battery. The Ii-Cd battery aan 
• 

rear or more. 

ing PX-4 onl1 with the AC 

M ~or about six days 

ation alone • 

TITLE -~~~N NO. 

SHEET EPSON 
IP9CIN CORPORATION NEXT 

• 



J . . : .' 
. , I ... 

i 
I 

. I 

-.· ~ 

st' · 25 'SS?dt? '#t" 
.. . ;. ··.·· . ·. .• . . . . · ... ...... .. .. ... .. . .... 

··-· ---·~·..-..·· . 
if. If r rr 

. t.5 PX.-4 ·operatian Procedures ---------------. . • r 

1.5 •. 1 System Initialization .. 
(First sys_tem initialization 

&tter unpacking) (1) Rese~ the POWER switch OFF. . 
(2) Set the Back-up switch ON. 

(3). Inatall,;-the· main manganese batteries or H~-Cd batterr. unit. 
---------------- lSratem resetting !or recovery 

troa uncontroilable ata te) · ( .4) Puah the· Ini.tial Rest:_ switch 
. . . . 

>.· · s.et the: P_om, ~vi t~h oi .. · 
~ the VIEW ANGEL knobo. 

Initial Reset switch) 

• t rue_ t11•. Ini t1 _ 

-----·-·--·-····· 
(IA4 ot a71tea initialization) 

. . .. .... . . 

··Frower 011 <••th MEHU OHl 

••·•k CP~M 9~38 <SUH) 1Sl4S&S9 St BASIC •;e=-'n • .,._ 

Menu lmage 

Fig. 1-7. System initialization 

.. I R!TUR1V I 



• : . 

.. ' 

. 'i 
I 

' 
! . 

.. 
!· 
i 

. . . -. 
:r. . ·t: H . 

_ t=.·,.:z St&rti.Ag the BAS.IC Proce1sor ' .. - . . . 
-~~--------.-.-.--------------r- Power OD C m-t'll:!I ON., a~) " 

····k CP/M 9~/38 <SUN) 1~14~:~~ 1/1 
B:SASIC 

: µ--. ~ - ' 

'· 

: I RETURN I 

A)BIBASIC .. 
-~- •• 4.. -:-;::a··.:· 

. '- .. 

Command entry CCP image 

.. f row•r oD 

.._J. 

BASIC initialization im~ge 

Fig. 1-8. BASIC processor startup 

---- ------------- .--·-·-



,~·. 

@ .. 

.. 
- ."I 

··.. . ·. . . • : :- ;~._.- . ~r .. : ·:i: · · .. ·~-.,.J ··· Dia~i~i Image·. S~Iecti~zt · . · " · ·. :: . · · · . · .. · · 
- - - -----------------.' • • I ' ' ' • • 

•, 

...., . 

. K~ i.n •s!STEM • 
. with MENU ON) 

ea90c u_.x.x <C> 
R RH +.o r-•.in or 

.· ~: 
P!I 

· P4: 
PS& ...... 

• 
I l<cy ·in •MEH U • 

I lr.~IY"Nf J 

..... 

Power orr 4ispla7 image 

...... , ... 
over oj Pover oo 

......... .. .. .. ... J .. cr:f .L. l. .. . . .. .... . .. .... . 
POWER awi tch O!'P' i 

Program run continuation 

(Continue mode) 

.. 



~ 

er· 

. ··-, . . : . 
. . - --·- __ ._, - -·· - - ·---~··-· 

· ... ______ ._.:._~~----~---~- -~-------. 
1'.5·.4 M·enu. Selecti~n (System D·:lsplay) 

Display image accepting key entry 

~R~1"Efl1gk~P~~ * ~;~~(~~~~ 0~~~1~1 
~-R B!OS> 000X2~6 B <AUTO> OFF 

IJR1UE> CSAa- <MENU> -
1•RAM car-"trid9• 
4•menu 

menu imagef i=:i 
-~ 

red. . . 

... ·-- •· ·--- -· .• r_ -··. - '2-1-. ······-1·---·· 
-- --- . - . -- .. ~ 

.......... 

Enter a drive name­
!~m A to lt. IRcTURNI 

--------------------------F12. 1-10. Menu selection 



' .:.· 

:· ···.• 

. . -----------·. . 1.5.S Alarm Setting 

· .. ·~· ·1cr12L I • · IH E Lei. 
........... : ...... "''" ..•..... 

End ot alarm setting t . [illl itl 
' ' 

· (When the Alarm · IIJ 11 enabled) 

* ~~<<SA~~ 11:23: ~6 
"I (~0) FF 

. <MefU). F 

' .. .. .. ..... . . ................... ·-·--· ......... ....-....... ·-······ 
. . .. ..... ..... . . . "''""" . .r RETURN I 

.. ....... . .. \ 

~ .... : .. , ... 

• t •• 

~~E~1St~'iiax::s6~1/0=5 ~·=~a} a~~ e:s= 37 

<MERO DR!81~ CBADE (M~U> OFF 
-lrv-ut messa'N/str ~·· ESC 'to ~c:•l 

* SYSTEM DISP.L.AY * ·e~/0=5 <SAT) ·17:09:27 
<RAM . DISI<> 026 KB <f::IL.RM> ON 
<USER BIOS> 000X2~6 B <AUTO> OFF 
<MENU DRIUE> CSA <MENU> OFF 
-In~u~ messa9e/strin•• ESC to canc:Ql 
T~ TIME 

--~-----.i..-1llJ:U~·----------------
.. . ; . . .... _ ...... __ --~~~--

.. 



i • ... 

~· .1· . : 

.. 

. 
r , ... 

. . . . . . ' 

-------~--------------:----
1.5.6 Wake Setting 

'• 

- ! C.TR 1. I • I HE: LP I;- llJ End 0£ Wake setting. 

i t f:E~cl x2: 

(When the Wake 
feature is enabled) 

~---f~TU~Nf 

. .... 

. ____________________ IR_c_ru_R_N_l __ I 
--~------ !'1.i:...!:.12• ~ak~~ing--~----

.. 



I 

~ 

······--·--- . -'. . .. 

. .· 

---~------------:.~------------
1. S. 7 Au:to S·tart Setting 

End 0£ auto start settini 

·t lfil1x2. 

. -·"'-·"--·;;:.:.;....·_1!...;0._~· -. . . 
· eT in auto 

..... 

. . .. .. ........ " ..... ·. l'Rl!TURN I .. . 
. ................ .. .. .. . . . 

~~·----------------------------------------------------Fig. 1-13. Auto 1tart setting 

.. 



·~~---
~ .. 

·· ... : ·~~-·~, }·".:\."· .. :; .. .:. . . . 
.·· ·- ·.·.· ... :··· .. 

.. ~ .. 

: 1. 5.8 Auto Start Axi.d• Wake ·strings 

& 
An Au!iO Start string and. a .. Wake. string can -repii:~-;-~-;-;-;~pi;-;; 

sequence ot key entries require~ attar turnini on PX-4. That is, 

&n Auto· Star.t string ·and Wake string are strings ot commands 

which would otherwise be ke7ed in. to start. a particular·program 

•!tar power on; the strings respectivelr provide. &uit.omatic srstem 

tart.a~d iyatem wake 4uu•&1n*a- e.a.f~i.aL:w. 
. . 

awi tches which need to be pressed to start a user . . 
create the corresponding strings ar·a summarized 

r:;i .. 
-~-·~···-:-_ ·--·~~-=-

[[] 

. ! I E:SC: ·I 
A ( 'J- ~ ... °' . TITLE 

EPSON 
EPSON.CCRIORATION 

feature is used, PX-4 is not turne~ 

reset OFF or Power-Ott command is 

NEXT SHEET 

• 



r-"\ . 
..; .. 
- "::·-- -----=-. 

: . . 
~ · .. 

• .. ' • : :.. • :·~· •• 4 • • • • 

BA 5 JC lfllCll# 

-. EE ......... ~ ..... ·:·"" ..... ·IZJ .... +·- .. -Q 

LE '[~!SJ- .. ;- E61:· 
. 
I. sPllCc I ' I· SPAC."E 1-rD 
[Rcru~f [~J +· CED· I 

• 
. citied alarm time· wi 'th the time-

-~· . . ": .:-· .. -"9. 

. . 

· (2) Low batterr . voltage warning message 

When the main batterr voltage drop · 

limit. the tollowing-mes~age appears. !lini-px:4"at 

the battery. 

CHARGE BATTERY 

TITLE l~oNNO. 

EPSON 
IPSCN CCRPORATION. NEXT 

. . 

SHEET 



· 1J . ·. ' .. .. .. , 
. ·. ~;: : ... -

. . 
;·· 

~-· 

e· 
.·, . 

~ ...,, 

'' . .: . . . .. , 
,. 

.. ,, . . .. 
. ·.·· ~ .": ~--~ .: ~· ;] ····.~. ··l·: ..... :_·::~ ........ ·.. .. 

. ·. . •·. . .. : .. · 
' ' 

. (3) RAM di1lc torma~ting reques·t message 

. ... . .... 
... ·- ·· .. --: ... . ·_;:: ... ,.;_·.<:··· 

; . 
.... 

'• 

I!. -the tallowing message appears when the POWER s~itch set 

OH or the ·reset switch is pushed, key ·in "Y". and reformat the 

RAM disk. 
'· ' 

RAM DISK FORMAT CV/N> ?. 
·. .:·~ ' 

cartridge are·assigned drive 

lig. 1-1S. ROM 

·!hereto re, 
ke1 the !ollovinr when reading a pro gram trom the c.ar.t-

.· 
ridge:. 

A> J': filename, or 
. 

')It: !J.lename 

TITLE ~~~ON NO. 

EPSON (.. 

EPSON CORllORA110N NEXT SHEET 



.• ·.:a. 

: ··.:'~~-- .. -:?· {<:: ... ~.<· d!?"':· ·~~~~~·~~~:\r·:;~·:-~· ... · 
.. 

-------------------------------------------------------------.. ,• ·. . . ·. " . · .. : 

RAH Catriclge . . .... 

I• 

.. . . . ~ . ·- •. . . 

1_-!'16. UH cartl".iclge 

can be used. Once 
• 

required until stored data 

enteyi· 

I 

. - . -~-:. --=-= ... --..;:__~:-::..:=;....;:' -

. P~C•. 1-17. UM tona&tting procedure 
• 

..NNO. 

st'IEET ·EPSON ... ~ NEXT 



2. 

3. 

I 

.• : .···-· ••• ... • -.~ • ·- 1 ~ .:;; • . .t.· ,·_ .. -r· !1111 !fllllt! 

. : .. ·. ,: . : : <" :: . ·_· : ··'.· .. . '.: .:;;· ·;:.:·:~·. :·:< .··: ·: .. ·:··:.' ·. · . 
........ • .. 

the RAM cartridge is operated as follows: .. . 

( 1 J t1n~er :=iilii-CP~H syst.em 

The cartridge is asaigned drive name !. Thus,. it is 

1 elect~ by keying in: 
. . 

·. A)I: . 
. . 

(%).. ~ncler Cllp BASIC s7ateil · 

savtng. a program to the cartridge, key in: 

the cartridge, key in: 

.. 

*· ·'r empera tur e 

. ···: .:··· . . .. ... ~. . . 

~+·•' ·- -.·-:_ .... -- ....:..:..~ ...:.::,,. ........ _-·overatinii:--

Charging: .s<lc 

Data storage: 

Storage: 

Long term storage: -20°c 
* HumiU ty ( relative) 

Operating: 

Storage: 

10~ - 80j 

10s - ass· 

. 

(lo· condensation allowed) 
• 

(lo condensation allowed) 

• Vibration 

Operating: Must not exceed o.2s .a at .SS Hz 

Ion-operating: 

~~NN~. q 4 
NEXT SHEET EPSON 

EPSON CCR!ICRATICN 



' I 
I I ... 

. fl 
• I 

J 

I 
I 

...... :· ··-: . 

.· 

• 
! .. , Jfon-packing 

. Ampli. tu~e· ·~mm): 2· · 
: . . . ' . 
~requency (cpm)t 1000 

Di.rectionl: ~· ·~· z :_ .·. _.·. ·'. 

jo 1n··an7 
direction 

. .... 
. . ~· . .. 

.. \·""'; 

. . . 

Packing 

2 

·1000 . 

. tJP down 

Jo· 

. ·' 

'• 

. .. ···-··--· -- ----·--

.. 
i 
I 

~ 

• J 

Kuat·not exceed 1 .. G and 1 a must not last 
r·than 1 ma. 

body on a J cm· thick 

Raise the !our 

- ··~'~ ~'"-7.·-~"',,....._. .. ·.~,,.. ... , __ c,_,_,. ·._;_ .• -•• ·.- ~""'""-';,_-~-~=s.:all\ ... ,--.,... 
1 . 
·.j •••• 

.. 

• • 1 
l 

I 
! . 
I 
I 

J 
' ·' 

. ! 

~ ~/45 

., 
I . 

4. CPUs and Memory 

general. 

Pack the co·mput C.,.' a turall y \ 
'.drop the ~ackage on a 

hei1ht ot SO cm, once with 

tacea or the left and .right aides 

top &~d bottom races down. .. 
Ro abnormality should be observed in 

external appearance, construction, or gen-
•· 

eral tunctions. 

-·-··-··---····· ·- ..... * Main CPU - Z-80 compatible CMOS CPU 

Clock rates J.68 MHz 

-~-



' I • . : ~ . 
·\· 

~ 
;I 

. '\' .. 
. 

.. 

·.\ . 

. , . - ·-·=-----

~ 

.. 
' 

·• 

.· · iWt: 6~ ~yteis 
=· . 

-.. ROM( )~- ·byteil . 

.. · .. ~~...;.~.~···it .. ~ ·~u: 11Yt•• 
. . .... ~ . . ... "' . ·. .- ·> 

• IJ1&'11 C!ll - 7501 v111t. CMOS .cm · .. 
Ql.ock rate: 2.70 as 
iii.t_.i. · B.oK• ~- ;dtatl 

. . . 
AC adaptor -

=-----=•~-·S"lilf.;.?ui."tt•rl :.; :•!.;.C"ci b·a~ . 

capaci tr: 90 111a '· 

loain&1 output .,01ta.ge: 

Cb.&r&•·csu%%•n.t: 3 mA • 

6. Eeyboard. 
~ S tandari keybo~rd 1umllll." o! key•• 71 t111.,,..!.tar-typ• ka18 l1naludini 9 

·tun.ctio n. keys) • 

Mode 1ndi.c&t10n• Mod•• u• 1ndi.c&tad 111 3 LEI!•· 
.. 

• It•• keyboard. 
truaber o! k.•1•: 58 
Mod• indi.o&t10n•• Mod•• &r• 1ndic&tad 111 3 LED•• 

• 
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Di•vi~r c&p~citf 
I .. · ~tei i1oa.- IP coiuO b1 a ua .. ·.' . 

240 s· 64 ~t s&trl.S 
. . ,• 

... . G~'}l!.C socl•S 
;··;... 

ton" 6 ,. a aat satiii 

. 
10. JS-232.C I~tertac•· 

· -~ ~- .-_.,.. ~ ss:gn&l. ie~eis: 
n .. t& tiansid.s•iOll ra.t• 

..... 

sas8 rste'botll. ro.- ~nssioii. an. 

·1 
I 

i 

\ 

110. 150• :zoo. 300. 600. 

38400 bp• ttpi.Sllll .u.tr ... .,.c• bet11••" ""'..,..,.u•10" ant1. .-eeeet10''" 

12.00/75 or 75/12.00 bp• 
~ ..... 
I 

\ .. .;. .. 
\ 
\ 
i 

"· ... 

~· 

.. . · • 
'f....,.asi.••10ii. ~ct ... totsat 

s~ bi. t: 1 bS. -t 

stoP bit: 1 or ·z 'Oit• 

nat& l,ength: 8 bS.tl· 
p,..-itT bill• used. o.- ,...t usecl.• 

. . 

11• Se~iaJ. t~terf&C8 ~-

.. 



.rl ·. 
ti 

.1 

' '! 
! . 

1) 
.. 

. I 

. . 
. .!'.''.::. .• : •·. . . 

.. ~ ... :<:+~~:- ·:~~.'~~~!~\:.·~-:~~~F::.:}}~~~~~~~ .. 
. . . . - ... ~ :' .• . ; 

.. - ::~ ... ·. . 

'•· 

• 

Signal. levels:- Rs:.2320 level.a (-! S V.J 

Data. transmission rate: 
.. 

S•m8-!rii.t~ tor both .~~ansllission: and reception: 

110. 150., 200. ·300, ~~. 1200, 2400, 4800, ·9600, 

Maximum ditterence between transmission and reception: 

75/1~00 bps 

tromat 

I 

l 13. Externa1 Audio Cassette 
' I -:-.-. ~. :::-:-.··.~-:".'. '.".'. .:-~·-::...~~~~~c·:-:,-:"..,.;.~-,7-:..,;~=.::-. 
~~.::-::_·;;_""'.'·· ·-:·:..:.:c -- ·-· . =-~ -·. . - -

••• 

Data transmission rate: . App " • . , 
Remo ta-controllable. 

14·. Barcode Reader Intertace 

High resol.ution: 0 .19 mm 

Lov resolution: 0.33 mm 

15. Cartridg~ Intertace an optio·n cartridge such . 
A parallel. or serial.. transmission ~tertace tor connecting 

the RAM cartridge, ROM cartridge, microcassette disk, o~ meas­

urement unit. 

16. S1stem Bus 

Address bus: 16·bit-wi-de ~---~-

Data .bus: 8 bit wide 
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CHAPTER 2 PRIICIPLES OF OPERATIOH:c; -
, 2.1 Standard P;-4 Hard.ware Configuration 

-. 
The standard. PX-4. hard.ware configuration is ahown. in tig • . 

an.d.. the· ·~~~.rd. .componenta are aho~n in photographs tram 

2-10. 

LCD aalt 

&C adaptor 

! Cartridct i -· ·· -· -·- · · =t opttiia" clat·u·; I=~·::;,:-;;..,- .. 

Flt. Z-1. 

(1) Major. circuits are collected. on a single boar 

(2) The ke1board. unit ia built with ke1 switches and li 

·emission d.iodea. There are the two trpes ot keymoard units; . 
8 t&nd&r"ii-and -:i.teia7 are- ·a. v&ilabl e '"to_r_ -us 9;i-s-; el ec tio n.. 

1 The· two uni ta are compatible ·to each other. 

(3) The LCD (Liquid Crystal Display) unit is consists ot an LCD . 
panel and an LCD drive circuit. 

TITLE ~~ON NO. 
I EPSON NEXT SHEET 

- CCflPORA1'IOH 
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.. 

(4) The PX-4 Ac· adaptor is completely compatible with those tor 

EPSOI HX-20 and PI-8. 
\ 
I . 

(S) The sub-battery .is incorporated. in the computer. This Ii-Cd 

.···ba.tterr is 1olel7 used by _PI-4. 

anga.nea~ cky" cellPb&tteris or a 11-Cd batt,17 unit can be 

The Hi-Cd battery unit is solely 

,~: 

• 

J 
"I 

j 
.. 

SHEET NO. 
REVISION 
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2.s·.2 Capacities 

The DC-DC converter can support a normal s1item conf'iguration 

including a usual option device. However, a. special measure ma1 

be required when: 

· ( 1) A ~ircu1 t o t the· ua er 1 • own is co uected to the sr.a tem bus or 

cartridge interface. 

A.n.1 option. device., which consume• much power, auch as direct 

barcode reader, or microcassette drive'ia used. or 

Output 

are simul taneousl;y us ed. 

specifications 

tr.am. 4 to 7 v 

-:· ____ _,__:!... ___ .._.,_..:.:..·1-='"'-.• ~..;__::::·.=·=-+~---~s-~--~~1121-~_~ • .:.._~-~!!:i!:~-~::~.:~·-!';;".I~-o~-=.:w::;-~-=;-o=-o=-:-:::;.~ .... ~:;, 

. .Z. "-·· ZS ,.,A'· 
+5/-1_5 ,_. __ ._ ..... __ , 'le 7 "" 3 "" A 

l cH~liS..c..__. ______ 3 ____ ..... _~ __________________ __ 

The output eurrenta need to be in the. listed rangea. 

the clitterence between. the upper current limit o~ each output 

and 1 ta currat current consumed b;y the PIO board vi th no 

SHEET NO. 
• REVISION ( EPSON 

EPSON CORPORATION SHEET NEXT 
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option devi~e attached is available tor option use. 

* Power ·supplies available t~r options 

The tollowillg supply currents ara. available for options.: 

Tabla 2-2. Power supplies available tor options 

y;g' 

VSl 
wh:le ,...,,,_ lh 

while owe. .. •H1 
'\') 

the 

:_~it-1:~· iti_ctr.t•~~~~n~ 

maximum-values required 

in combination. 

311 ..... 11 

I~ •A ( 1'tA1' J 

.1.; •A f"t/J'lt 

Io ,,,. ,4 ( MA>t J 

.J.-a .,,.A { ltlf /J ')< } 

which shows the power distributions 

devices. As obvious from the 

required by each interface 

The VB1 current value is shown as 

cause it is supplied tram the main battery. When 

generates a large surge such as cartridge printer or 

cassette drive is used., .a Ni-Cd battery unit is required. 

It the microc.~ssette drive or ROM cartridge is operated·· 

only with the AC adaptor, the VB1 temporarily drops due to 

surge current. However, the power supply circuit connects the 

EPSON 
EPSON CCRPORA110H 

SHEET NO. 
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NEXT 

7 
SHEET 
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~ 
~ 

~ 
. .-..... .. -

·:1 . 

. .. ·;· . -... ;.,_ - .- ·~~:··~,T~-:~:#·,'"·.~ .. 

a.otli•~ iilit-oatterr to t~e VB1 line to compensate tor the surge,. 
~ 

thereb7 preventing disturbance on the DC-DC converter output· 

* Combinations ot option devices 

Tha +S V suppl7 can b•·most critical when using m~re then 
\ 

one option device in combination. Table lia~s the operating 

:t-S V auppl7 curre~t requirement ot the a.vailable option devices. 

+S V current requirements ot option deYi.ces 

Option 

60 mA, must not be 
• 

is required, leave some standing b7 

requirement below the limit. 

EPSON 
EPSOM CORPORATION 

8.wonl ..e.det­

+ Opo.ii111°14 

St.J-lry o 

SHEET NO. 1>"" 
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The tallowing combinations are not simultaneously allowed: · 
. 

(1) Barcode reader and ·m1croc&ssette drive 

(2) ·aarcode reader and direct modem 

* Battel'.7 ch .. rge c7cle 

The 1tandard. PX-4 configuration (with no option device) can 

be· used without the A.C adaptOr tor the tallowing period·s ot time· 

It' the stand-b7 

assumed to be 2 mA 

hours as given by: 

main battery - battery exhaustion is 

ncHARGE BATTERY": 

Discharge time (hours) 

4.25 

.... 

"time ot 

Discharge time (H) • 450/105 

be~ause the PINE board operating current 

The stand-bf current requirement ot usual option 

tal1a within an error Z'!n1e trom 2 to 3 mA. However, 

lowiag devices a little shortens the main battery discharge --
time: 

SHEET NO. 
REVISION {0 

NEXT SHEET .EPSON 
EPSON CORPORATION· 
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Option device Stand-bx current requirement (mA) 

Microcassette drive 14. 

Direct modem 

External RAM disk 

7 

5.5 

* PINE boa~d and option davice current ~equirements 

The current requirements ot. the PIIE board and al1. available 

__ ption d:e~ices are liited below··- it is assumed t!lat the VB1 

is supplied from the Ni-Cd battery (VB1 •; V). 

equirements can be obtained by adding the currents 

the atta~hed OP,tion devices. 

-S Always 

(2) ROM cartridge 

+S Always 

VB1 Operating: 

.... 
2 mA 

135 mA 

is attached) 

BASIC run) 

105 mA (1 NMOS ROM 

33 mA (2 CMOS ROM elements) 
• 

Stand-by: 2 mA 

(3) RAM cartridge 

+S Operating: 3 mA 

Stand-bv: 3 uA . 
TITLE SHEET NO. 

REVISION 

EPSON 
EPSON CORPORATION NEXT 

entry) 

/0 
SHEET 
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(4) Microcassette drive 

+5 Operating: 

Stand-by: 

VB1 Operating: 
' I 

Stand-b7: 

.Cartridg~ printer 

w1· 
::";-::,~_-:-:_: .. -~--. : =-- -. ..::·-.:..-:-.::...; .. ::~5·t;:ilcf~b1;--· 

(7) External RAM disk 

24 mA 

11 mA 

130 mA (During PLAY) 

142 mA (During WIND) 

14 mA 

2 mA 

300 mA (During continuous print) 

2 mA 

. . . ~ . 

VB1 Operating: ·26 - 36 mA 

Stand-b7:· 

(8) Digital mu;t1meter 

+S Operating: 

Stand-b7: 

(9) TF-20 (SIO) 

VB1 Always 

.-s Alwa7s 

TITLE 

EPSON 
EPSON cpRPOAAnoN 

s.s mA 

s mA. 

0 (Powe1'-ot't mode) 

. 3 mA. 

2.s mA 

SHEET NO. 
REVISION 11 

NEXT SHEET 
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. ~ . . .. ~. :·. _.·~ .. ;_ 

•:.·. 
..,··.", .. 

~ (10) MX-80 (Printer) .. . +,. Op era ting: 11 mA 

Stand-by: learl1· O 

VB1 Operating: 16 mA 

·.Stand-by: learl1 0 

(11) External cassette recorder 

+5 Operating:. learl1 0 

Operating: 40 mA {While power rela1 actuated) 

35 mA 

• 

TITLE 

NEXT SHEET EPSON 
EPSON CCAPCRATION 

SHEET NO. 
REVISION 11-



~I 2.5.3 7508 Siganls 

7508·is a 4-bit ~PU which has internal pro&rams devoted to 
control PX-4. Its input/output port functions are defined by 

the pro grams. 

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

associated with power-of! control. 

osc 

Tcf-1 P!. FCA '7 1JP.E 

"t>E. i 'E C. 'To R 

Fig. 2-31 7508 power-ott control signals 

TITLE SHEET NO. 
REVISION 
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The individual sigilals are described below. 

PSW: A POWER switch state signal - when low, thii·- .. sign&l 

indicates that the POWER swi.tch is OFF. 

!mf: Turns '<PI-4 on/ott - when high, this signal turns PI-4 ott. 

OFF: A Power Ott signal which is activated high when PI-4 is 

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

signal - low when PI-4 is ott. 

control DRAM refresh. 

circuit. 

when it is 

controls power 

to be detected 

ignal sets the 

25°C 

.. -=---~ =-~· . ..-....TMP.I>: ,T~•- temperature s ·-·- --- . ·- ---·-- - . - - -· . .. -· ... -·. - ..... - -. -
the temperature is higher . . ~ . . 

TST: The 7508 Salt-Test signal 

while PI-4 is ott and used as an outpu 

7S08 is selt.:.tested when this signal is high. 

RS: The 7508 Reset signal - when high, this signal 

an initial reset on 7508. After the initial reset signal 

is removed, the internal program initializes necessary 

.I/O ports tor. output · by deactivating their outputs. 
' 
The I/O port outputi m•Y be initialized n~t o~y high or low 

but also to a high impedance state. 

TITLE SHEET NO. 
REVISION A 

NEXT SHEET EPSON 
EPSON. CORPORATION 



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

associat9d with power-on control~ 

t:::rP.>. PN IT 

.UJT';. fNTi 

... 
The individual signals are 

RSI: The Reset Switch State signal -

indicates that the Reset switch is 

L 

-PoH 

'1!5'0 ~ 
P3 Pl 7 P~ ~s 

ml: A signal. which supplies power to the battery low 

detector circuit - when low, this signal supplies power. 

BTRc~·A signal which sets a voltage limit to be detected as 

low voltage - this signal sets the limit to 4.99 V when low, 

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

EPSON 
EPSON CORPORATION 

SHEET No. 
/ 
r . REVISION 

NEXT SHEET 
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''' . .;·.·.,,,.. ":·• ... 

BTRD: The battery ~ow voltage detector circuit output signal," 

- goes low when power tails. 

ADS: A signal which detects whetherl·the AC adaptor is used or 

not - high when the adaptor is used. 
'i 

TST: A sisnal which connects the sub-battery to the VB1 line. 

!'flm': The 7508 interrupt requ~st signal to th·e main CPU'. 

Serial. dat& input. 

al data output.· 

signal. 

signal. 

2.5.4 

. ~i~l oscillation ia di -.-- ·-- - -~':.. ·-·-· ..... __ . . . . . ····--····-- --· 
..... 

interrupt. which occurs when .the•P 

interrupt. which occurs everr 10 seconds, 

When started, the clock signal oscillator 

and the 7508 internal program performs one of' 

procedures depending the interrupt: 

( 1) For the timer interrupt. 7508 supplies power to -the temp­

erature monitor and batteey low voltage detector operational 

amplifiers to enable the functions and set a DRAM refresh 
~ . . . . . . 
·mode. Then, after checkinl' the time alarm f'unction aga'inst 

REViSiON ...... 
16 EPSON 

EPSON COR~ SHEET Nft)(T 

.. 



~,. r ·1;,.-

the calendar clock coun~, it turns the operational amp-

litiers and returns to the stand-by mode. It the time alarm 

occurs at this time, 7508 sets the Alarm bit ot the status 

code tO 1 and turns power on. 

(2) For the POWER switch interrupt, 7508 turns the operational . 
. to examine the battery voltage. It the vol ta_ge 

it the Power Switch bit ot the status code to 1 

·* While PI-4 is on, 

is pressed unless it is interrup 
..... 

battery voltage is found too low, 

amplifiers oft and returns to the 

reset," 7508 initializes 

to the 

When a key is pressed,. 7508 

rupts the main CPU which ~eturns 

key code. 

As long as PI-4 is on, 7508 is interrupted by the tim 

every one-256th ot seco.nd f.nd accomplishes the following: 

(1)Checks ·it any command has been received from the main CPU~ 

and processes the command it received. 

{2)' Checks it the Reset switch b~t.9ees pushe~a;;mt. issues the 

.. 



.\ -~_:,~~-.··~!:/~ 
;... .~. 

Reset signal, .and sets the status bit to 1, i! 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. 
• \i 

(4) Cheeks tor power tailure, interrupts the main CPU, and set 

the status bit to 1, 1£ an1 power tailure is detected. 

tputa the. calendar clock. 

interrupts the main CPU, and sets the 

time alarm occurs. 

data 01111 when requested from 

main CPU to a end 

* 7508 power failure handling proc 
:..,.,, 

When a power failure is detected,•75 

procedure: 

(1) Checks if teh AC adaptor is used. If used, 

po~er tailure. This is because PX-4 can recover 

the· 

failure and the +5 V supplj is not disturbed by ·power £ailur 

when the AC adaptor is used. 

It the input to the-DC-DC converter drops so much that 

t~e +5 V suppl1 cannot be stable, the sub-battery is auto-

~-

.. 

l r 



,.-: 
....;$< 

.. t-! • .. : 

matically connected via transistor Q13 to maintain the 

+5 v· supply stable. 

(2) Connects the sub-battery to the main battery via trans-

istor Q12.when the main batte17 is the. Ni-Cd battery unit 

or the AC 'adaptor is used. Because the·Ni-Cd batte17 voltage 

drops taster in power failure, the supply line is backed up 

the,·aub-battery until the power failure handling procedure 

main CPU every one second and, it no Power-

50 seconds, torces the battery 

7508 operations: 

-- --·----_...:;.--.. --~··--·--

TITL.E 

f 1 
SHEET NO. 
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--~-----·--·----- ·----·· -·--· ------------
• When the main CPU is not operating . .. .. 

Pcuh 0 lnilial 

S111itdt 

T" .. I clock s,iJ"°'' 
OS'C.I II• t... ,,. 
11titial l1e$ 

p••~.s . 

-·· .. ~.:=:: ~ -:~ -·7--:=-__ .:;:; .. -~·,,...;..--.oi;,.;;;;;;;;l;,;;,-;,;;·-.i;,.-.......... _"""i. --

Tut-fl ,,, Of' A.,,. 

T ut-h 'lr!Clitt 

CPU '"' 
PON 4-- it 

OFF+- ~ 

N 

'·· 

Tu., .. OP A•p. 
off 

/I . 

o.t,,t t'"'r'!-*~ .. -
~·'1~ CIC"°" 0\ . 
Jp«rf;c ~·lac .....J 

e 8RAtt te ,..,_ ~ 

.. 

Fig. 2-33. Flowchart 1 - 7508 operation !'low 

while the main CPU is not operating 



·• 

C0Mf1 AND 

- . r-- .• c----'-- .. . bu-·-'",#--.- . . . = . ··- - ;. 
. . - . Jel•IJ .. -~/"··~- ·--- - -- -·-·· - -

ta ,,,..;,.. ~ '(/ . 
"'·· 

Fig. 2-34. Flowchart 2 - 7508 operation 

i now while the main CPU is operating 

:rm..e: SHEET NO. 
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. .. ... 
The tollawing tlawchart summarized the 7508 command processing . 

• procedure: 

COHH AN-D 

Anal71es 
the command. 

\ 

Processes 
command. 

Scans 
. keyboard. 
'----

N· 

'·· 

'( 

: ~ RcAi> STATUS 
j . (KEY (j-0"E REA-0) 
, • CLOCK ~cA t> 

A RH REA i) 

READ 
i) 

5TATU 5 Co DE 

l1.l 1 I I I i I I I 
I I I I L.... pw.sw 
I p ALAFl.M 

?')I. r.A IL 
!N1T1AL 

.... _____ -__ -.. -. -.--.. -_-_-__ - __ .... _ -1. ;_;; ~- . 
. Fig. Flowchart 3 - 7508 command processing -·-
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. 
' 

2.s.s Initial reset 

V62. 

HI6rH PON 1'T 
.rJ RllO 

t)IO HA~PJ 

LEVEL· OFF- !ATT't:RY . -ZIF.Q -- -Of'f'W T 
INlTIAL 

,,,.,, 
RS QI& 02'2 

vc 
SW4 . 

-t ,l I -I 

I ::r~· 
I 

Jn 

• 

1. Pig. 2-37 Initial reset 
' . 

The initial switch is pressed to 

is pres~ed, the power is applied to 7508 and it.is -r 

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

CPO 7_508 is initialized with the beginning of the program 

contained in itself. The oscillating frequency of the 

TITLE SHEET NO. 
REVISION 2 EPSON-. 

EPSON CORPORATION 
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clock of 7508 is determined by CR which is connected to 
. 

CI.2 and LCl, an~ the period at check terminal i30 can.be 

adjusted to 4&.l - ~a.a ms with VR2. When adjusting VR2, 

abort jumper plug Jl with the power switch turned off and 

preaa th9' initial. reset switch. 

2.5.& Memory backup 

G-P.PNOL,, 
GAPN!T 
v~AH (·i 
G-AT'E ·(26) 

OP. AHPC3 B) 

. -o ro 
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If the initial reset switch is pressed, 7508 is 
. . 

started and OPP signal is set to level B. Br this, Ql6 is 

turned on, and the backup power is supplied even if SW4 i• 

not pressed~ Normally~ the backup power is supplied by 

the Leclanche type dry battery which generates a higher 

voltage. 

is 

D22 is a Schottky barr£er diode, the voltage drop of 

the normal direction is little, is used to 

efficiency of the battery (VP• O.ll V). 

ed on, the voltage of +5 is applied to 

+~~ 1o·c 
zs- .,,_ 4s•c 
o """ 2S'C o.S 

TITLE . 

~he OPP signal (level L), 

When Ni-Cd 

(VP • 0.56 V) 

power 
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~ 2.5.7 Setting the output level 
.d 

-pow~r OFF 

,- - - • ·1 
I LC.of> 

(j1) va2 ., J:ll 

I I <: -;1--- s ll44 
I I .Ri-H y,Pu· 

M i-1 -WA.IT 
GAPN DL 

I 
1 GAPNIOj. 
I .,_~~---~~~ 

• 

- ·-· . - .. . . . .. . _1-.. -"'.::"' ... -- . - .. 

LOW '· 1~--~~....;...~~-1 TtC 
L.OW 

R>'C 

GA?N.I.T 

Pig. 2-39 setting the output level 
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If 7508 is started, the OPP signal is set to level 

S. By this, the output terminals of gate arr~ys GAPNDL 

and GAPNIT are set to the high impedance condition or 

level L. This is performed to prevent an excessive 

current frqm flowing out of the IC's which are backed up 

by the battery, since the power is not supplied td the 

CPO and its peripheral circuits and the indicator 

it while the power switch is turned off. 

the memory 

. ·- t . - -- . 

I 

G-APNIT ~&) 

a 
------1 
I I 
I &P.PNXO I 

q ..... -~ 

rse> : 
I_ - - - - ·• 

I . 

Pig. 2-40 Maintaining the memory 
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I_f 7508 is started, O!'P signal is set to level a, 

and asoi signal is set to level L. 

The reset signal RS of the main CPU is output from 

GAPNDL, but ~t is set to level L while the power for the 

main CPU ia turned off or it is in the transient state. 

the input from the main cPO is prohibited by the 

Xl 

PSW 

TITL.E 

EPSON 
EPSON CORPORATION 

'condition of the internal 

outputt;.e4 to refreshing signal 
~~ 

yel L, the ~ refreshes itself 

1osec. PULSc 

7SoS (18) 

2-41 Clock for calendar clock 
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Even if the power switch is turned off, the calendar 

clocke is operated by the battery. 

The cloc~ signal is divided into 32 in GAPNDL and 

inputted t~ 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 

alarm are executed by the RAM and programs 

The crystal resonator is the same one 

and its accuracy ln oscillation is 

-~ .::·:·:.."':'~:-~-·.: ~-~- -·:· :- .- ... _--...t;,:~ .... -·- ··- --- -· 

~ 
-~ 
.i:_ 
.,~ 
.• 

~ 
I • 
j 

" .. - - - ............. . 

EPSON 
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2.s.10 cotrol of E>RAN 

'l'able ~-5. Settinq the s~lf-refresbinq mode· 

A""~iet1t Oafpc.a4 of 1ro r Ltpai o.f -DRAM Pow< r 
te111 ~t:'A ~l.tte -ScAS -ew tiiS - cons1Amption w 

•r-1r 0c. 0 Q H H 400 pA 

:z. s-"""-fj, c 0 i H L :J. oo /'A 

1. 1 L . Pulse 
}10 ""' 

V.82. 

vc. 

SY'STEH ao~ 

(AH vl~·:-+--... t VB2 

BATIE~'( 'VOl.TA<iE I TEMPERATURE 
I 

-f)e TE.C. TOR "f)c TEC. TOR 

-ow -QCAS OPPW 81' Rb "'rH P-0 \Jc. 
uva2 

TI H 'E fl/ 
IOS?C C?:i · -re it fJ-·~ j ) .. 

Pig. 2-42 Control of 6~AM 3/ 
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. . ' . . .; . . . -

The memory of the dram used in this device can be 

refreshed in the IC by setting refreshing· signal RP to 

level L. Ther.efore, when the power is turned off, the 

dram refreshes itself. The self-refreshing mode is set 
'· 1508 ac~or4ing to the ambient temperature to reduce the 

power consumption of the dram. The ambient temperature· is 

~tected by the temperature sesor circuit through the 

and inputlHMt to the drum through GAPNI>L. That 

determined by input signals w and CAS of 

table flows (into each IC). If 

above 45•c and the current 

turned on to reduce the 

seconds 

'· 
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2.s.11 ~~rning on the power 

;-s ..., _____ _, 

VB r SEIU e,s- PAS.S 
iEGulATOR 

6.!v.---
1"--tJi--..o..j Q.17 1i1---~ 

AC. At>APTER 

7508 detects the condition 

SWl is turned on, 7508 set PON to 

. . this, level R is inputted to the input of .. the 

control of the DC-DC converter, 

starts the oscillation. 

After +5 V is stabilized, if OPP signal is set to 

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

almost +5 v. At thi4 time, the sub-battery which has been 

SHEET NO. 
REVISION 31 EPSON 

EPSON CORPORATION SHEET NEXT 

' ' 

• 
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connected to VB2 is disconnected by this signal. 

If the AC.adapter 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. i?'herefore, the current from the battery stops. 

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

is automatically supplied by the battery, that is, the 

processes 

. ~· -- . -·· - .. 

EPSON 
EPSON CORPORATION 

If the voltage of the battery lowers 

turned aff, the power is not supplied . . 

on. 

7508 starts to 

for the 

SHEET NO. 
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Off-

1$~ 

Rctct V81 
POWEil. 

ON 

• 

... .. 

'15'08. 

:tN PUT 

P30 

-oeco 'f>E.R. 
(t) 

ts 

SC.H 

KEY BOAR-£) 

SWITCH 

Pig. l-44 Scanning the 

7508 determines the time of the key scanning 

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. 
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I 2.s .ll Clock signal 

powe.P. ON 
I 

·~ CL.I _J~L_fl_ 

CU<. r l I L 
CL.Ki) l r-

'1.3'7t1 H H! 

a 

-- --.......... -----·--···-·-- --~ .. --_-·_;--·-· ... - .. --·-··--=-·-:'-- .. ------· .. - ---- - ···-- -

If the DC-DC converter is 

supplied to the main CPO and the 

oscillation. 

The clock signal supplied to the main CPO is 

dividinq the signal of the oscillator into two within 

GAPNIT. Since outputting the c~ock signal is prohibited 

by OPP signal, it is outpu~t;.84 when OPP signal is se~ to 

level L. Since RS signal is still kept to level L after 

OPP ·siqnal is se·t to i'evel L, the main CPO is still reset.· 
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2.5.14 Resettinq signal 

G-A PN D L. 

MAIN CPU 
'i 

Ve 

~· 

L.. . 

lt!iD 

. . .. .S ~ST c M. ... 8~JS .................. ..__ 
RSI 

POwer-oN · 
.... P.9.~ .... ,~"--------tr·---------­------. .. .Q.~.F .. .. .... . .. ,, _____ =?!_.,, to""~ ~ 

........... » .......... __ -'ll_m_.;_,.. __ _,L .. .. .... 11---L----------
-.f.'~- ~ 12011~~ 

Fe; 2-4•. Resetting signal 
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7508 control~ the sequential operation of the power 

supply and resetting (See the time chart). s!cne RSOP is 

set to level H in the program of 7508, the interruption by 

the timer is necessary, and that is possible when Xl is 

inputtted. RS signal outputs RSOP signal after 

synchronizing it with the clo~k signal within GAPNDL. At 

time, OPP signal is set to level L. If the reset 

7508 will' detect ~his. and resets the 

TITL.E SHEET NO. 
REVISION ?( ... -

' ' 
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SYSTE.H evs 

CFUi> 

-+s 

-f)AAM 
~A PN DL 

ZN T CLK. ( 3. 'f 6+t1 Hl) 

Pig. 2-47 Input signal of 

If the reset signal is set to level 

start the operation and outputs the memory request signal 

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

signal WAI~ signal is_ set to level L, MRQ is not 

output""I. BORQ is. the ~ignal used to set ·the address bus 

and dat~ bus of the main CPU and the system control·output 
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to the high-impedance condition. This signal is kept to 

level Band used in case of OMA (Direct Memory Access). 

WAIT is o~tput.,.. from GAPNDL when the dynamic RAM is 
' 

accessed at Ml cycle. On receipt of this sig~al, the main 

~PO lengthen the access time of the 1~fl. 
interrupt request (IRQ) is the interrupting signal 

o the main CPO ·from outside, and the 

.be prohibited or permitted by the 

ing IRQ is prohibited by the 

interrupted until the 

is 

controller, 

( 04W). 
• .. 

The non-maskable interrupt 

and not used. 

WAIT signal of the system bus is kept 

used when' accessing with an external RAM disc installed· 

the body. 

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

of the ~ate array are set to the high-impedance condition 

by OPP signal. 
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2.5.16 Output signal of main CPd 

AalRt\,,~.5 ..... _,__ ______ _.,_......::it- s YS Tc H BUS 

~OM 

M4IN CPU 

. . 
· The main CPO has the stand-by 

power consumption. If the main CPO is 

interruption sign~l from th key board, 

( G-A .M HP) 

-ORAM 

executed to set the main CPO to the stand-by mode, 

DRHE. 

the operation for the outside including the memory 

refreshing is stopped to reduce the power consumed in the 

circuit. Therefore, the main CPO cannot control the 
i 

.memory refreshing of the dram, but GAPNDL has this 

. . 

EPSON 
EPSON. CORPORAnON 
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REVISION 
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performance instead •. The stand-by mode is released when 

an interrupti~g signal is input~~ and the.main CPO 

process the date, then set itself to the stand-by mode . 

again. 

While the resetting signal is input~ to the main 
\. 

I 

' ' 

CPO, the address bus and data bus are set to the 

high-impedance condition and all the control outputs are 

to level B. When the main C1'0 is set to the stand-by 

he outputs of the address bus and data bus .are not 

to either level B or level L) and BALTA is 

the main CPO are input 
. " 

enable signals shown below~ 

(1) When accessing 

is outputllet. 

outputs are set to level 

to the main CPO 

(2) W!ien accessing the DRAM, the DRAM enable 

is outpu.~. 

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

output~. 
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(4) The I/O registers in GAPNIT are selected. 

CAPNDL controls DRAM (64 kB). The address signals 

from the main CPO are converted into 16 - 8 signal lines 

within GAPNIT and inputtHMC to GAPNDL. GAPNDL outputs 

these signals to DRAM and uses some of them to select the 
I 

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

connected from GAPNDL to the·main CPU. GAPNIO works as 

main CPU controls the cartridge and 

connected to the system bus to 

memory. 

signal 

output) 

Data 
'·· 

The data bus is a two-way 

transfer the data between the memory 

I/O devices and CPU. 

Memory request MRQ (Tri-state output) 

address or I/O 

up to 

This signal· is outpu~ when accessing the memory 

indicate an effective address !s outpu~ to the address . 

bus. 
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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/O device outputs tbe data to 

-the data bus synchronizing with this signal. 

Refresh RP 
·, 

This signal is output~ to refresh the dynamic 

memory. This signal is not ~sed in this device to refresh 

1 Ml 

that the machine cycle 

instruction fetch cycle. 

is in the 

sent to the 

with this 

I/O request IORQ 

fhis signa-1 

and indicates that an effe'ctive 

to the address bus. This signal 
.. 

MI indicat~s the acknowledge cycle of interr . 
the I/O device outputs the response vector to 

synchronizing with this signal. 

Halt BALTA 
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This signal indicates that the CPO executed the HALT 

command. The CPU outputs this siqnal and set itself to 

the stand-by mode. GAPNDL refreshes the memoty 

synchronizing with the Ml cycle, but if it receives this 

signal, it starts to refresh the memory according to the 
'; 

clock in the IC. 

Be sure to turn .on jumper plug J& when using 

the main CPO. 

indicates the the CPO received signal 

output to the high-impedance 

case of DMA (Direct 
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2.5 Detailed Circuit·Descriptions 

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

and contains circuits ot various tunctions. They are interrelated 

with each oth~r in operation and, in addition, circuits ot dif-
1 . 

terent functions are intermixed in each. Thus, their operations 

appears complicated to understand. 

section describes individual circuit operations along the 
. 

Thus, the subsequent descriptions provide trouble 

are accomplished 

of the gate arrays 

. includi~g explanations on every check point. 

ot the gat~ arrays 

internal 

tor the circuit 

-----
••••• If no signal is observed at 

. "·· all the associated input signals 

P L43 2. 5. 1 Power Supply · 

The power supply control is described according 

2-28 and 2-29. 

* Power on 

(1) Even while the POWER switch is OFF, power is supplied from 
tUoti Ii •'Y. 

the:.....,_battery to circuits which need to operate and memory 

-1-

• I 



.~ 

~·· 

••• 

" 

tor back-up. 

(2) When the POWER switch a.et ON, 7508 detects it and activates 

the Power On (PON) signal high. 

( 3) The PO?f .s~gn&l starts oscillating. ·the DC-DC converter which 
• 

supplies power to all circuits. 

4) Transistor Q16·. turns. oft:· to disconnect the sub-battery from 

suppl1 line. Transistor Q4 turns on at the same time 

operation of connecting the +; V power source 

the computer circuits are 

t"urns on 

to 

the same time, 

( 3) The PON signal is 

··This completes the power ott 
' .. 

(4) Even ~tter ppwer t~rned ott, 

other circuits are maintained active 

* Power failure 

When the Ni-Cd battery is exhausted and a power failure 
· awril1'Ql"y 

condition is detected, transistor Q14 connect the .... ~attery 

to the VB1 line to maintain power supply until a power failure 

handling procedure is completed. When a temporary power failure 
I 

-2-

2. 

• 



is detected due to surge current, no power failure handling· 

procedure takes pla_oe because transistor Q14 connects the sub­

batter1 to the VB1 line to maintain the +5 V suppl1 stable. 
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, ~-==:Fig. 2-S. Item keyboard unit top view 
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• 
Fig. 

' ... . ·· ....... 
Fig. 2-7. Standard (japanese) keyboard~-
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• 

Fig; 2-10. Item key i'ixed contacts (pc board) 

The stand~rd and item keyboards are built in a three-layered 

structure as illustrated by figs. £rom·2-8 to 2-10. They can 

be completed by simply putting the pc board on the silicon rubber 

sheet and' then th~ key panel on the pc board, and clamp them 
. . 

together with screws. 
0 

The movable contacts are conductive rubber.chips which are . 
embedded on the silicon rubber sheet. They make use ot the 

elasticity '.or the silicon to minimize mechanical wear; thus 
' 
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Fig. 2-11 LCD unit • top 

Fig. 

. . 

Fig. 2-13. LCD pc board - LCD mounting side as the panel 
plate removed 

Note: Metalic LCD panel clamps are removed in fig. 2-12. 
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2-14. LCD pc board - wiring side 
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Fig. 2-16. Microcassette dirve mechanism 
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Kicrocassette drive board - wiring side 

---------- -··- -·- .. 
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Fig. 2-18. ROM 

·-·---··---.. .._ ____ ··-·--- ·-· 

Fig. 2-19. RAM cartridge board - wiring aide 
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2.2 PINE Board 

This section describes the individual ciroui~s on the PINE • 

board. 

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

configuratio~. Most of the basic PX-4 functions are iinplemented by 

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

Fig. 26 is a circuit diagram of the PINE board. The subse~uent .. 
tions. are made according to this diagram. 

4. 

5. 

6. 7508 CPU 

terminal, junction, or element is referred to by 

diagram. The PINE board circuits are class-

-----· --- -. ...;....;.~- --~ 

7. 7508 surroudning 

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 CN4 

·connects the AC adaptor. 

connectors CN12 and CN13 

connect manganese batteries or the Ni-Cd 

set. "'·· 
(A-&) RS-232C connector CN6 

Connects the RS-232C cable. 

(B-8) Cartridge connecto~ CN9 

Connects an option cartridge. 

( C-8) · C entronics Interface connector CNS 

Connects a. .. Centronics-compa tible printer. 

in the _computer. 
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(D-8) Serial Interlace connector CN7 
-Provides 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 pro gram is required when using the1•.bar-

Recorder connector CNS 

Turns 

ese 

Resets the main PCU. 

(G-6) Initial Reset switch SW4 
( G-7) 

recorder. 

!or microcassette drive 

Initializes the PX-4 system; it also 

(H-6)" Back-Up switch SW6 

Prevents clischarge,:of the sub-battery. This 

I 

OFF for shipment. It should b~ set OFF when the Px-·4 is storecf 

for a long time or re-shipped. 
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(F-7) Keyboard DIP ~witch assembly SW5 

Selects an international character set and a device to which 
< either~ 

data are directed. When T se ting or this switch assembly 

is changed, the Reset switch needs to be pushed .. 
' ' 

2.2.3 CPUs,_ RO~ and DRAM Elements 

Main CPU. 

compatible CMOS CPU which operates at a clock rate 

It .is provided with a s:tand-by reature which 

element which contains 

an IC socket. 

(B-3) ROM 

~~~~~-1-~-o_f its ~a~~::.::...~~~~,,i;;..,;,., 
installed and removed. . .... 

• 
Normally BASIC ~OM is installed 

assigned a drive name B; key in or write 

accessing the ROM element. 
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(B-3) ROM Capsule (SC) 

; 

Same as the above capsule (90). 

Normally an application ROM element is installed in this 

capsule. It is assigned a drive name B; key in or write "DRIVE 

c:n when ~ccessing the ROM element. 

Notes: 

CMOS 'ROM elements should be .installed in the capsules. 

elements consume more power and are ~ess preferable. 

32K byte mask ROM· element can be used. An SK 

be us ed. 

plugs J4~must be changed 

the current one is . 

When 

be 

( G-2) 64K byte DRAM ... 
l Eip:htJ 

65,536-byte dynamic 

Since eaci#~~ c!rresportds to a bit of 

are accessed at the same time. 
~RAM 1 

The ICs are backed up by the sub-battery; they 

refreshed while the POWER switch is OFF. 

The ICs are NMOS. 
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2.2.4 Gate Arrays 

(E-~) C-A.PN9L (Ga.t·e Array for PINE DRAM and LCD Controller} 

This gate. ar,ray controls the PINE DRAM and LCD unit. 

The ··IC is backed up by battery, the internal states ar.e 

maintained unchanged if the POWER switch is set OFF. 

ll'he internal gate array•circuit is made up of approximately 

800 CMOS cells. 

for PINE Interrupt and T_imer Controller)~ 

also one of the PINE gate arrays and incox-porates1 

This 

(C-6) G.A PNlO (Gate ArPay £qr . 

This is another PI~E gate 

devices. It is not backed up by 
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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 generated by halving this signal. 

The osqillator starts oscil1ating when PX-4 is turned on. 

(F-4) Calendar Clock Oscillator circuit 

This is a 32.768 KHz crystal oscillator circuit. A calendar. 

in the computer is driven by the output of this 

~s maintained oscillating by the back-up 

its 

The CPU 

by mode to 

is OFF. 

It operates by a 

generated by a built-in oscillator. 

The features and £unctions or the 

( 1) Calendar clock 

7508 internai memory provides a calendar clock 
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regardless whether the POWER switch is ON or OFF. 

c 2>:-Temiler&.iu.ra&ensiiii-oaiM-·c:c,·n-troi -- ·· --------

.• wh11~ PI-4 is turned off, this feature senses DRAM 
I 

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 

outputs 

( 6) .Low 

7508 always monitors. -~ 

the voltage 

sub-battery to the battery power 

(7) Interrupt signal output 

otf by a command 

7508 outputs an interrupt signal to •the main 

* 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 
____ .. ·-----· ··- - . ··-------

---· .. ·-----~~-·-- ·------····-- -·· -- ···---

1~. 
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Serially exchanges data and commands with the main CPU. 

( 9) Tim~ ala-rm detection 
, e 

7508 de'tects an tim~alarm which is programmed to occur 
. 

at a specified time and provides the following system start-up 

on ;·when it has been off. 

interrupt signal when PX-4 has been on. 

7508 

(F-6) 

cu it 

45°0 in DRAM ambience. From· 
·"··· 

a DRAM self-refresh mode which"op 

The circuit.operates at 

the POWER switch is OFF. 

( F-5) Low Battery Voltage Detection circuit 

matrix. 7508 

The 

This circuit detects a low voltage condition of the 

battery through comparison with a reference voltage { VRF) 'or 

, • 6 v. .. 
When the low voltage condition is detected.;i 7508 outputs 

a Power Failure signal to the main CPU. 

The low voltage varies depending on·battery as follow: 



* Manganese battery: Approx. 4.0 V 

* Ni~Cd battery: Approx. 4. 8 V 

Like the_·, Temperature Sensing circuit, this circuit operates 

at a 10-second interval for minimum power ~onsumption while 

the POWER switch is OFF. 7508 controls power supply· to these 

Both the circuits remain powered as long as the 

is ON. 

conver.ter circuit which 

the main battery 

which 

turns on 

the main battery alw 

• •• 

---'"-----......:...~-"'-..;.;;...::~..;;.. --· . -·---~~--.·-- '·· ~ , __ 

-~ 

POWER switch 

current. 

(G-S~~~~~y Charging circuit 
· cuxil•'•nf · 

The -....~attery is a re-chargeable 

charged when: 

* The· AC adaptor is connected, 

* The PINE board is povered 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 charged rrom the DC-DC converter 

-}l(f-
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When~Cd main battery unit is used, it can be chrged 

from the AC adaptor by connecting the battery connector to 

receptacle'tN12. 
Auiilial')' 

(G-7) ..._Battery Connecting circuit 1 

board is normally powered by the main battery • .. 
e main battery voltage go~~ below a certain limit, 

'"1:~e tuLJth«.tt-ba ttert to) 
· · .. circuit connect Tthe main bat ery Hi th iclae aab 

CPU to accomplish power £allure· 

the main battery 

line when the 

due 

to overload • 

. .. _:'~ ...... -

(G-6) VB2 Switching circuit 

This ~ircui~ controls 

(main or sub-battery) to the back-up 

lows: 

The 

* Connects the back-up battery to VB2 when 

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. -~""·,,.,~ ~a.Lo ~~e.JJ 
circuit is\.~ ~g=pl i,ca+.ecVin Grder to suppre~s abrupt • 

voltage change at VB2 lineiswitching. 
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. ~J 
( H-4) AC adaptor 

·When plugged in CN4, the AC adaptor is connected in ,par­

allel witp the main battery. 

The adaptor output is stabilized through _a noise tilter 

and constant voltage regulator· circuit. 

Because the constant voltage regulator outp'ttt is selected 

than the main battery voltage so that the 

from discharging when the AC adaptor is 

(H-5) Ni-Cd Batterv unit 

This is a battery ass~mbly 

(size: AA, IEC: R6) connected in 

nectar· attached.: This connector also 

which allows charge to the battery. 

batterr as well as supplies 

~harged directly 

do es no t m e et 

Because of its lower internal impedance, the 

unit is ideal when using the eartridge printer or microcasseti~·~ 
drive. The cartridge printer is especially designed for use 

with the Ni-Cd battery unit. The battery unit C·an support . . 

the standard PINE circuit .for four hours after charged for 

eight hours. 

-~ 
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It is rated as !'ollo ws: 

Outpu~ voltage: '•· 8 v 

Ca.pacity: 1 .. 50 mAH 
I 

Cha.rge current: Approx. 70 mA 

Charge time: 8 hours 

Bife: 500 cycles 

Batteries (CN13) u:onnected tn serie:.) 
manganese ba. tteries (size: AA, IEC: R6)f can 

in place or the Ni-Cd battery unit. 

ot the batteries (6 V) is higher 

the following lives tor ·th.~ 

* Manganese battery: 

*Alkali manganese battery: 11.5 
Au; Ii a~ 

(H-6) 5iift-Battery (Back-up Battery) 

current is mainly 

re.sistance 

This battery is in'corporated in the computer !or 

pose or memory back-up.•·•It provid~s a capacity which can 

back up memory !or about one week. When manganese batteries 

a~e used as main battery, the back-up current is supplied from 

the·m. When the Ni .. Cd battery unit is used whose output voltage 
Ai. 

ts lower, the 'back-up current is supplied from the ~battery. 

-l9-
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(F-7) 

.. 
-

The battery is r~ted as follows: 

Output voltage: 

Capacity: 
'1 

Charge current: 

Check Termina.ls 

B~ ttery voltage 

voltage 

4.8 v 

90 mAH 

J mA 

..... 

{ 1 KHz) 

Test Points??? 

.. 

(A-2) MRQ: 

?.2.10 J_umper ~~ugs __ . 

(E-7) J1: Normally open, 
"'·· 

(A-2) J2 A: Jumpered ( BUAK), B: 

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

( B-2) .J4 A: Open, B: jumperea ( 3.2KROH) 

( B-2) J5 A: Open, B: Jumpered ( J2KROM) 

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

700080. 

2.2.11 Va.riable Resisto;-s 

(H-2) VR1: Adjusts LCD contrast. 

(F-7) VR2: Selects the 7508 oscillator frequency. 



7 SP 

Reset the POWER switch OFF, jumper J1, and push the Initial 

Reset switch. Then, adjust the signal cycle to 50 ms with this 

variable resistor·- observe the signal at check terminal PJO. 

Adjusts the low battery voltage referenGe voltage. 

check terminal VRF to 1.6 V with this 

main and slave (7508) 

devices: 

* Slave 

interrupt and reset signals 

other. 

(2) Part of the PINE board circuit continues 

PX-4 is oft. The rest.operates only while PX-4 

external 

7508 is always powered which controls power supply to 

main CPU by sensing the change of the POWER switch setting. 

(3) To continue the previous processing 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 orr. 

The PINE board implement this Continue mode by backing up 

-~-
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. . ?t,: 
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DRAM, two gate arrays, and 7508 from battery. 

( 4) 7508 maintains. the calendar clock and controls the power 

supply. The POWER switch·does not ~irectly shut off or 

supply the current but it only supplies a low/high level 

( 6) 

to 7508 which controls turning power on/ot"f. 

power controlling backed up by 

are combined to provide useful 

ature. 

* Programs can be executed 

power consumption ·can be 

and Auto Power Off. 

are implemented on the PINE 

* The Auto Power Off feature automatically 
. . . 

in five minutes if the POWER switch 

* Option cartridges are operated only when required. 
. -* The LCD unit minimizes current requirement for display. 

'-!"echargeable ) 
TheTSub-battery is used in addition to the main battery 

in order to allow main .battery replacement without destroying 

memory 0data. The sub-battery is mainly used for memory back-up. 

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

-~-
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-used as main battery. 

By combining main battery and AC adaptor, PX-4 can operate 

uninterruptedly. 

( 8) Main mem'ory consistin.g or RAM and ROM elemen'ts "which are 

arranged in different backs are linked to common address lines, 

is add~essed by selecting either bank. 

DRAM elements and refreshed at an interval. 

written in a apeaific DRAM area as a bit 

unit under the control of· gate 

are arranged in a 240 x 

at a duty cycle of 1/64. 

the standard or 

P/28 2 • .3.2 

The data and 

and RAM, slave CPU 

, in fig. 2-27 • . 
* The main CPU output signals are sent 

GAPNDL via GAPNIT. 

* The signal to RAM is sent via two arrays GAPNIT and 

* The signals from the switches and keyboard are sent to 

main CPU via 7508. 

* The I/O devices are controlled by GAPNIO. 
; 

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

... 2 • .3 • .3 Basic Operations , __:; 

The basic PINE board operations are explained below 1: :t.:r... 4::~/ 

-~ 
.., r 
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. . 
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 the POWER switch is.OFF, 7508 internal RAM functions 

as the calendar clock. I£ an alarm time is set, PX-4 is 

turned on when the alarm occurs. 

is off, 7508 keeps activating-the Reset signal 

When turned on, 7508 removes this reset 

switch while power is on causes the 

the main CPU reads and 

After this, PX-4 

.A 
. p /29 ( 4) 

( 5) 

the main CPU to select 

The main CPU may be started 

* The POWER switch is set ON, 

* The time alarm is activated, 

* The- Initial Reset switch is pushed, or 

* The Reset switch is pu~hed. 

(6) The main CPU accesses RAM whenever requested. A part of 

RAM is reserved !or display whose cont.ents ·are incessantly 

read by gate array GAPNDL. 

(7) When a display enabling command is sent from the main CPU 

2f 
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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 

the keybo·ard unit and converts key codes accoz;ding to the type. 

Each key stroke is detected by 7508 which outputs an interrupt 

signal to the main CPU. In turn, the main CPU returns a command 

as an acknowledgement. Receiving the command, 7508 

code to the main CPU. 

interface between the main CPU and 

CPU exchanges data with 

main CPU reads the type· or 

car-

data 

. SIO, ---"- --·--.-~~..:-=;.;;;;_...;;_;;;;..;;....;;=...;;;.&~~.-,;;;.;..; 

When outputting data to ~n 
• .. 

to kn.ow to which connector 

sets a connector to the keyboard DIP 

the main CPU to determine the proper output 

P/JO (11) When the POWER switch.is ·~eset OFF, 7508 

CPU. The interrupted main CPU sends a 
. 

the status from 7508 which tells that the main CPU was interruptec 

. . . . . for power off, Then, the mai~ CPU performs a power off procedure • 
··--·- . .. . . .. -·. . •.... -- -··-···---···. •· ·- ·-· ... .. . . ···-· . ------

The main CPU is int:errupted !or power off when: 

* The POWER switch is reset OFF. 

. ~ ..... * A power failure is detected • 

-~ 
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( 12) PX-4.. is turned off by '7508. After completing a procedure: 

required be£ore turning PX-4, the main CPU sends a power off 

command to 7508 which, receiving this command, turn PX-4 off. 

This 1~. a normal procedure. The main CPU, however, can turn 

PX-4 otr at any time. 
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2.4 Circuit Operation Synopses 

2.4.1 Power arr 
(1) The back-up (main·or sub-) battery supplies power to the 

following circuits through the VB2 switching circuit (Q16): 

* DRAM 

* GAPNDL 

* GAPNIT 

r clock oscillator circuit (3D) 

control circuit ~2B) ... 
and OFF signals are applied to 

their registers 
" 

also maintained 

battery. 

f-3) 

( 4) 7508 keeps 

interval and 

DRAM power. consumption. 

(5) 7508 keeps counting toe calendar 

(6) 7508 maintains the set alarm time. 

occurs, turns PX-4 ~n and tarts up the main 

7508 actions are starded at a 10-second interval . 
Stand-by ~ode in order to minimize battery power 
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(7) When th- 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 normally operate. 

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

· ... below: ~t.fJ~! 
L M iRi111ma~J 

· ~fguaranteed VE2 voltage: 4.5 V 

VB2 voltage: 4.2 v 
contents while backed up is indica~ed 

appearing on the CRT screen 
all 

that the previous data· 

used in 
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2. 4. 2 Power 0 f! to Power O" 

(1) Whe~ the POWER switch is set ON, 7508 enables the DC-DC conv­

erter to ·supply power to .the main CPU. However, power is not 

turned on it 7508 detects a power failure at this time because 

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

WER switc~ OFF and replace the main battery or use the AC 

main CPU through thefollowing control 

starts system clock oscillation. 

refresh mode changes 

GAPNDL .• 

(3) After the Reset signal is removed, the 

operating system program which accomplishes 

switching 

* Reads the status from 7508 - the main CPU knows from 

status data that the POWER sw;tch is set ON and p~rforms 

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 switch is pushed, 

* PX-4 is turned on by the time alarm feature, or 

~-



The POWER switch. is set ON. 

* Initializes the gate arrays. 

* Examin1"the memory che.ck sum to see if memory contents are 

destroyed. If the check sum is incorrect, the system init­

image appears on screen, indicating that memory 

may be destroyed due to battery voltage drop, etc. 

ROM capsule· (32K, 16K, or SK 

internal RAM disk. 

RAM disk ( 12SK or 64K 

( 64K, 

--- ·-· . -------

... 

I . ... 

--:· ?/35 
~ 

••••• 

16K, or SK bytes)• 

* If a microcassette drive is 

previous operation has been 

interrupted, continue the operation. That is, the. 

cassette drive can also operate in the Continue mode. 

(4) Depending on how PX-4 was turned orr, the initial menu or 

BASIC initialization image appears on th! screen • 

. If it was turned off in the Continue mode, the main CPU 

resumes the previous pro gram. 

2.4~3 While PX-4 Is On . . . . . 
,. ( 1) When power is on, the PX-4 circuits are powered by· the DC-DC 

-~-
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~ilict!;Y 
converter and the a::ta:8"-battery is charged. 

. . 
The DC-DC converter en~ures a stable +5 V supply i! the 

' 
battery voltage tjuctuates. The converter is po~ered by the 

main battery or AC adaptor. When both are connected, the AC 

daptor is:. given priority. 

he battery voltage drops and 7508 detects power failure, 

PX-4 orr. Even. after power fails, however, 

i's .. still stabilized. Thus, 

the main CPU is operating. 

the keyboard; 

is turned on, 

sensing circuits remain 

(4) When power is on, the calendar 

onds. 

When the time alarm occurs, 7508 

The interrupted main CPU issues a command to 7$08 

7508 status. After knowing that the tiem 

main CPU takes• th'e rollowing actions: 

* Interrupt the program currently being executed. 

cir-

* Generates an alarm sound and displays an alarm image • 
"t2_J * ReturnsTthe previous (interrupted) program if the ESC1 key is 

press ed • 

-)(-
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* If no key is pressed, returns the previous program 50 seconds 

after the alarm occurs. 

The main CPU operates in.the Stand-by mode. This feature is 

to the CMOS ve~sion or Z-80. It is not available with 

version. 

enters the Stand-by mode whenever it waits for 

Power 

(6) When a key is 

but an internal code 

Whenever a key is 

minimize battery consumption. Once an 

ntry, etc. occurs, the main CPU is 

actions and then r~turns to the 

or more, 

with a BASIC 

. '· 

T~e main CPU then issues a command to 

which tells the currently pressed key. 

A status code. is stored in 750~ an 

or after the Reset signal is deactivated, and a BFH code 

is normally stored. Pressing a key causes the current status 

cod~ to be replaced with the key code. 

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

tie with the ma'in CPU and starts the · DRAM .and LCD control. 

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

-P<-
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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 !or display. GAPNDL 

keeps reading this area to output the data to the LCD unit. 

memqry read effectively serves to refresh memory while 

data are displayed.qn the LCD panel when 

by a command sent from the main CPU to 

the main CPU and 7508 are 

rupt 

which are controlled by 

The timer circuit is used 

scale and interval, and 

The RS-2J2C and SIC interfaces operate based 

rate generator output signal. 

(11) This computer uses the CP/M operating system. The 

and· 

assigns 

system only affects how to use the compute.r (i.e., programming) 

and no special hardware structure is employed. Only the 

contents of ROM are asso~iated with eP/M. 

2.4.4 Power On to Off 
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(1) When the POWER switch is set ON, 7508 detects that switch 

setting change and interrupts the·mai~ PCU. 

(2) The inter~upted main CPU. reads th status from 7508 and examines 

what interrupted it. 

Knowing that it was interrupted by ~he POWER switch set ON, 

mai~ PCU proceeds with thecurrent processing to an approp­

then starts a power-arr procedure. 
lwa~ ...,... 

_isk~n the·~ourse or output operation when 
red ~ites1 

* When 

saves data in RAM 

operation when 

(3) Then, the main 

. the ma.in CPU all the data in the floppy 

main CPU saves 

(4) Receiving this command, 7508 turns 

sequence'control: 

* Issues the Res et signal to the main CPU - th is 

and freezes the main CPU and the gate arrays, and RAM 

self-refreshing. 

* Issu.es an "OFF signal - this signal causes the gate a.Frays 

to be backed up by memory leaving the normal powered state • 
' 

The signal ,also connects the sub-battery to the VB2 line 

(via Q16). 
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. ~ oscila. f •tit;! 9£ 

* Stops"' the DC-DC converter and then turn power off • 

P/39 2.4.5 When Power Fails 

~· 

(1) When the b.attery voltage drops to a certain limit or below, 

7508 detects it as a power failure and interrupts the main 

CPU. 
«.u.Jlill~ 

connects ihe'~-oattery to the main battery (via Q12). 

main CPU reads the status from 7508 and 

to 7508. 

message is 

mlnd to 7508 at that time •. ~ 
.. 

( 4) On the other hand, 7508 keeps 

by a power failure, the 

an appropriate 

z:ocedure (Continue mode). 

power failure. If no Power-Off command 

50 seconds, 7508 forcibly turns PX-4 off. 

2 to 3 seconds are required to. handle the 

interrupt at the most. Thus, the main CPU can normally turn 

power off within 33 seconds after po.wer failed. 

(5) Once a power failure is detected by 7508, PX-4 cannot be 

turned on· unless the AC adaptor is used or the battery is rep- . 

laced. When 11 CHARGE BATTERY 11 is displayed, charge the battery( s) 

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

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

lost. 

When The Initial Reset Switch Is Pushed 

If the Initial Reset switch is pushed when the POWER switch 

7508 is initialized. All data including the calendar 

alarm values are lost because 7508 int~rnal RAM 

* Clears its RAM. 

(3) The system.intialization 

The main CPU waits for 

set ON, the main CPU reads the status 

CPU that the Initial Reset 

initializes the syste~ 

WEEK • When the data are keyed in, the· main C 

in 7508 RAM. 

After this, the main CPU r•ads the.time from 7508. 

P/41 2.4.7 When The Reset Switch Is Pushed 

(1) If the.Reset switch is pushed when power is on, 7508 detects 

it and issues the Reset ~ignal 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 

-~ 
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was pushed. The main CPU performs the· following system reset· 

procedure via the operating system: 

*Takes the actions listed in 2.4.2, (3), then 

* Rests 75Q8 via a command - 7508 RAM is not cleared, 

* Clears a particular mai~ RAM a~ea, and 

* Reads the keyboard DIP switch setting. 

EPSON 
EPSON CORPORATION 

DIP switch setting is changed, the 

be pushed. 

TITLE 

the Reset switch is pushed, 

the BASIC initialization image 

SHEET NO. 
REVISION 4J. 

NEXT SHEET 
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J.1.3 Environemental Requirements 

(1) Temperature 

s·-.3s0 c 

••• ·,.! .... 

.·'.. ·: :.·. :• 
·..,. .: " 

* Operating: 

* Storage': -20 - 6o0 c (Up to J0°c ·. 

storage) 

tor long term: 

storage: ·o 40°0 

(relative) 

10 - 80% ( 

80% ( 

.. . -- - . ····- .... . ---· -------- --·-··· -· 

TITLE 

condensation:) 

condensation:) 

shock limits are the same as 

SHEET NO. 
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CHAPTER 3 OPTION DEVICES 

) .1 RAM Car.tridge 

3.1.1 Introduction 
' 

( 

•••• 

The RAM cartridge is an external storage device which can be 

read and written and connected to the PX-4 computer via the HC-40 

cartridge interface incorporated in t~er. 

tion 

J.1.2 Basic 

(1) RAM 

* Element: 64K bit static 

two 64K bit static RAM IC elements 

capaci~y or 16K bytes and can be 

device (device name: I) 

lithium battery, the cart-

the computer. 

battery exhaus-

* Capacity: 16K bytes 64K bi ts 

(2) Back-up battery 

* Element: Lithium battery - CR2032 (Sanyo) 

* Capac~ty: 120 mAH 

(J) Power requirements 

* Opera ting: 3 mA ( typ, ) 

* Stand~by: J uA (typ 1 ) 

* Storage: Max. 1.uA (typ,) 

TITLE 

EPSON 
EPSON CORPORATION 

SHEET NO. 
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J.1.J Environemental Requirements 

(1) Temperature 

* Opera ting: 
' * Storage: 

sto!age: 

(relative) 

5·- J5°C 

-20 - 60°C (Up to J0°c 

storage) 

·a - 40°c 

10 soi ( 
. 80% ( 

,• 

tor long term= 

co ndensa tio n: ) 

condensation:) 

shock limits are the same as 

A. 

...... 

SHEET EPSON 
EPSON CORPORATION NEXT 
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B. System configuration 
. 

* RAM cartridg~ I/O address space 

Table ;.·1 RAM cartridge I/O address space 

" 

Io H 
I I H 

WRlTf b" 
a 

cartridge can be known by reading 

1000 H 

Fig. J.2 RAM cartridge ~emery map 
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* RAM cartridge r~ad/write procedure 

STA RT 

.1 

Wt-itc · I own· I 
..Wtcss bit. to t~H 

CU .. i"t~ "''t.. I 
a~i-tu bit to 11H 

ll ea." Jo-lo. 
, .. "ut.-rte clo~ct· 

F~g. J.) RAM cartridge read/write procedure 

TITLE SHEET NO. 
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C. Cirruite. Ope.~c.fi871J 

(1) Reset signals 

The following two res et signals are supplied to the RAM 

cartridge: 

5a1ne o.i the .-e1tt ri3na I supplied to 
the PX-4 C t-·l.J. 

This )'e.se.+. s 14rial· is d; rtc:-ttol . etily to the: 
.. ,r1u·hidge. It is 3ehla.,.rded a~ th( 1/o 

irth ic~ a ~e set i o i h H<. H 

the 

RAM cartridge. 

Address latch 

;r~ 
•H~ J, I 

' I ,,. •tA.~I A 1'• IL' ,,, 

~..;:. ' ~~· . ·--:i ·- •. -:n ~.,!!.P·lh ... .;;., : '"' '1 ·" ''.!.~~ ~ t ' 
llS .i, Ai' t.llf. '• lflf . •.., .• ••• • f U ~ f.7,. llr • "tOHOO. ,,,. . . 

th( ''"' ut et-

Fig • .J.4 RAM cartridge reset circuit 
TITLE SHEET NO. 
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C· (2) ROM cartrid~e identification 

· The PX-4' computer reads the status from the I/0 port 

13H which tells what option cartridge is connected to its 

cartridge interface. When the RAM cartridge is connected, the 
< s«/e. ' 

status!is 20H. 

?ig. J.5 shows, the RAM cartridge identitication {ID) check 

1 I z. ,:,;. 
;. r 

EPSON 
EPSON CORPORATION 

. ~ 
rtridge address data bus CDB.5 .is connected with 

+ RS) line through the resistor RJ 

normally high,-pulling the 

code 20H when ID is read 

Fig. J.5 ID generatin circuit. 

TITLE SHEET NO. 
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(3) RAM.addressing circuit 

The RAM cartridge is addressed for read/write by writing 

an address to the I/O ports /OH (lower address byte) and 

11H (upper address byte). 

Table J.3 I/O port a~dress 10H.(Write access) 

. . . 
Signal name 

RAM address bit. 7 
h 
~-

Table 

r R I+'~ RAM address 

4 I~ 

; \ \ 11 

l. I "D 10 

0 

TITLE SHEET NO. 
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The RAM write signal CWR is applied to the clock terminal 

CK (pin 11) of the address latches (1C and 1D)' by addressing 
-

the I/O ports as summarized in the follow~ng table. This 

low-active signal enables the upper and lower address bytes 
.. -·- ·-- -······-. -· .... ·- .. ····-· . -

to be latched. 

T4ble 3~5 I/O port addressing 

---...-- ·----------.-----------. 

cAeR~--'""-4 
C.42' I o------11 
~o------a 

-Cw~ o--------~ 

la ch cl ck. FtA.netien 

"c;.pgs'' --~ .. ~ 

Fig. 3.6 RAM cartridge addressing 
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The low-active RAM Chip Enable (CE) signa~ is applied to 
• L (pin 21) J 

the CE1 terminal'VOr the two RAM ICs as shown in the circuit 

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

output !rem 6Q (A13) or the•'fl'k-::;!'i;_ddress latch. 

Table 3.6 RAM chip selection 

. ROH Se lec~erl. MM c~ip 

"""' . !FFF H 

- 3FFFH : 2. c _________ ..._ __ . -·---·------------J 

Fig. J.7 RAM chip enable (selection) circuit 
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Chapter l SCOPE 

These specifications app.1..v to the PINE microcasset:te t:ape 

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 

l) 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. 
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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 b~ 
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. 

SHEET NO. 
REVISION 

TITLE 

I §~it]~ I PINE MTOS Specifications NEXT 

5 
!SHEET 

I 4-



2.2 Outline 

l) Environment 

In order to add the tape file management functions of MTOS 
to a computer system, it must have software modules for 
interfa~ing between Cll the main system and MTOS and (2) 
between the MCT firmware and MTOS. A typical system 
configuration is shown below. 

Main operating system 

MOS IF 

M'?OS 

MIOS 

M-firmware 

QO 

TITl.E 

PINE MTOS SpecificaLions 

OS interface 

Microcassette 
I/O system 

Firmware 

MCT 

SHEET 
REVISION 

NO. 

NEXT SHEET 
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2) Operation 

MTOS first reads the directory which is at the beqinninq 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 
distinquished by file numbers •. 
File number is set to OOOOH at Make Directory and incremented 
by l up to FFFEH every time the file is created, allowing it 
possible to differentiate from other files. 

SHEET INO. 
REVISION 
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Chapter 3 FILE MANAGEMENT 

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

3.l File Configuration 

• Under MTOS, a microcassette tape may contain up to 12 files 
(however, the maxi.mum 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 ~locks contain 
data, and the EOF block indicates the end of file. 

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

I Header block I I Data block l I -- I Data block ft I I EOF block I 

Block 0 Block l 

TITLE 

Block ft 

SHEET 
REVISION 

Block ft+l 
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l) Block configuration ~ 

Field ! Explanation I 
I ! 

Sync field ; 80 zero bits 

Preamble OFFH, OAAH (2 bytes) ; 

I 

Block ID field ! Consists 
I 

I 
of 4 bytes. i 

I 

Byte 0: Block identifier I 

I NH": Hec.:ier block 

I "D": Data block 

i 
NE": End of file 

I Bytes l and 2: Block number ' 
(2 bytes: OOOOH to OFFFFH) 

i Byte 3: Block ID number 

I 
When individual blocks are 

I 
written repeatedly, indicates 
the block's repetition number. 

Data field I Contains data. Length is 256 bytes. I 

! 
BCC (Block Check ; Contains the BCC value calculated for i 
Character) field I CRC (cyclic redundancy check) • The ; 

CRC system used is CRC-CCITT, and 
fields which are subject to CRC range 

I 
is from the beginning of the block 
number to the BCC field. 

Postamble I OFFH, OAAH (2 bytes) ~ I . 
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2) Header block configuration 

I Column ' l 
: From to Size Item Explanation 

0 

4 

12 

I 20 

! 21 

22 

*' 27 
I 

* 29 
30 

: 31 

; 32 
' 

' 
38 

i 
' 44 

so 

*' 52 I 
.: 60 

I 
·! 62 

68 

3 4 ID field HDRl identifying the header field (ASCII )i 

ll 8 File name File name 
19 8 File type File type 

l Record 
type 

l Block 
mode 

; F: Fixed length record 
;V: Variable length record 

n: Fixed length record which has been 
written n times. {.qsi:n) 

Blank: Indicates the space provided 
following a block to allow the 
~ape 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. 

26 '. -S 'Block Indicates the length of one block in 
·ASCII code (00000 to 65535). 1 !length 

28 i 
I 

I 
2 jCounter 

1value 

l I 

i Indicates the tape count at which 
~ a write to the file is started. 
I Empty 

2 jFile I File attribute 
!attribute. 

! l ! . Empty 
37 I 

I 
I 
i 

49' 

67 I 
2ss I 

6 'Date of 
'file I creation 

6 jTime of 
jfile 
.creation 

6 I 

: 2 bytes each of ASCII code for the 
; year, month and date 

: 2 bytes each of ASCII code for the 
; h.our, date and second 
j li1 ... nJ 

. Empty 
2 !volume No.I Tape volume number, starting with 01 

8 'System !Name of the system used to create 
,name , the file 

2 !'system I File number cataloged in the file 
file name I directory 0001 to FF~E 

8 !Password I System password 

I Empty I 

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

I Column 
, from to I Size! 

I ; 
Item I Explanation 

0 3 ! 4 i ID field i Contains "EOF~"· 
4 11 8 File name : Contains the file name. 

12 19 8 File type : Contains the file type. 

i 20 21 I 2 i File No. I File number from 0000 to FFFE. 

I 22 23 I 2 
; 

Counter 'Counter value of the last block. ' ' 
I 24"' 255 

l 
I Empty : I 

·-

-
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4) Data block length 

The length of each block is 256 bytes. 

. 

-

. . ·-

-
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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. 

I
SHEET NO. 
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l) Directory configuration 

a) First block (directory ID) 
Tape and directory ID 

Column Size Item I Explanation 
O to 7 I 8 I Tape name I Tape name 
8 to 9 I 2 I Volume No. I Tape volume number 
10 to 17 8 I Password System password 
18 to 23 6 

I 
Date of I Date of directory creation is 
creation entered in the order of month, 

day and year. (ASCII) 
24 to 29 

I 
6 

I 
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 . last remove made. (ASCII) 
36 to 41 I 6 Time of I Time when the last remove is 

last remove made. (ASCII l 

I 42 to 43 

I 
2 I N~er of I Number of times the tape has 

I I tl.llles I been mounted. 
mounted 

44 to 45 2 Total No. Total number of blocks in the 
of blocks tape 

46 -to 47 
! 2 I Total No. , .Total number of records in the 

of records tape -
48 I l I Total No. I Total number of files in the I 

I of files tape 
49 I 1 System flag Tape ID flag 

l 
so I l I System flag TOS controller 

2 
Sl to 52 2 Last file Last file number of the tape 

No. 
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bl Seco~ and third blocks (directory) 

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

Location Size Item Explanation I 
0 to l 2 File No. Number used for man~qinq files ! 

on the tape i 
2 l File present Indicates that the file is I flag present in the tape. I 

3 l I File I File attribute l 
! 

attribute l I 

4 l I File I File attribute 2 i 
attribute 2 ! 

5 to 6 2 No. of !Number of blocks in the file 
I blocks (High-Low) 

7 to It 2 No. of I Number of records in the file I records (High-Low) _ 
9 to 10 I 2 Starting I Starting counter value of the ; 

count file (Fliqh-LOW) i 
ll to 12 I 2 Ending count I Ending counter value of the I 

file (Hiqh-LowJ I 
13 to 14 2 No. of times Number of times the file 

I opened has been opened (High-Low) 
15 l User No. I Oser number I 

16 to 23 I a File name I File name - ! 
24 to 31 a File type File type I 
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13~i•l~I 
REVISION 

PINE MTOS Specifications 
NEXT I SHEET (· 

·' ti (~ 11/ 



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 
i 0 to l I 2 I File No. 'Number used for managing files I 

I on the tape 
' 

2 I l ! File present I Indicates that the file is I . I 

. i I flag present in the tape. ! 
3 I l I File : File attribute l ! ! 

I attribute l I i 
4 l File File attribute 2 

attribute 2 

5 to 6 2 No. of blocks Number of blocks in the file 
i (High-Low) 

7 to a I 2 I No. of I Number of records in the file 
' records (High-Low) 
' 
!9 to lO 2 Starting I Starting counter value of the 
i count file (High-Low) 

ill" to 12 2 Ending count Ending counter value of the 
file (High-Low) 

13 to 14 2 No. of times · I Mwn=er of tl,Jnes the file 
I opened 1has been opened. (High-Low) 

15 .l Oser No. I Oser number I 
16 to 23 a File name I File name 

I 24 to 31 a File type File type 

TITLE SHEET NO. 
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3) Explanation of individual fields 

a) Directory ID 

( l) 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 "EPSON~sc" 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 contains zero: its contents are incremented 
by l 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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bl Directory block 

( l l 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 flaq 

This flaq indicates the validity of the corresponding file on 
the tape. 

OOH: Valid (present) 
OFF&: Invalid (not present) 

(3) File attribute l 

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 
1: Stop mode access 

6 

} s On used 

4 -
3 

}-·· 2 read retries made (O-lSl 
l 
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 fi~ld indicates how many times the file has been opened. 

(8) File sta.rtini 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 co\int 

This field contains the tape counter value after the EOF block 
has been written at the time of file creation. 

(lO) User number 

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

Cll) File name; File type 

This field contains the file name and the file type after the 

file was created or RENAMEd. 
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 confiquration is shown below. 

00 Ol 02 03 04 05 06 07 08 09· OA OB 
00 Ol 02 03 04 05 06 07 08 09 lO ll 
dr fl f2 f3 f 4 f 5 f6 f7 fB tl t2 t3 

00 OE 
l3 l4 

WA 

i File name 

Disk drive code 

File type 

i upper 
3 bytes 

Numl:ler of records 
included in this 
loqical extent 

; i (0 - 128) 

I Bit 7•l 
SYS file 

Loqical extent No. lO - 31) 
User must initially set 

Bit 7•l 
R/O file 

to 00. 

lO ll l2 13 14 LS 16 17 lS l9 lA LB lC lO LE lF 
l6 l7 lS l9 20 2l 22 23 24 25 26 27 28 29 30 31 
t4 t5 t6 t7 tS TAl TA2 'l'BH TBL 'l'RH TIU. '1'Cll '1'CL BCH Bet Ncr 

---~~~-----t 
File type, ·-Tape i '1' Star~inq i Unused 
lower 5 bytes attribute , count • 

20 2l 22 23 
32 33 34 35 
er rO rl r2 

I ~--L..--' ;:;'dom record 
...... overflow 

record No. I o to 65535 

Record No. 

TITL.E 

Total Endinq 
number 
of block 

Total number 
of record 

count 
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3.4 File Access/Record Access 

l) File access 

MTOS has the basic rules for file access. 

l. 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 (l block) unit, while 
it makes an access in 128-byte (l record) unit as an OS interface. 
It performs blockinq/deblockinq to compose the block or the 
record. 
Also because of the sequential access the following must be 
considered. 

At Write 

l. Once one record is written and the block contain~nq that 
record is not full, the record in the ~ext block cannot be 

written. 

2. Write cannot be performed except the record in the current 

block or the next block. 

At Read 

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

Read at Write 

l. It is possible to read the record in the current block. 
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Chapter 4 MTOS FUNCTIONS 

This chapter explains functions used for file management. 
The functions which are supported by MTOS are listed below. 

(Directory related functions) 

MMRDIR 
MTAPID 

(Tape opening/closing functions) 

MMOUNT 
MR.MOVE 

(File access and directory search functions) 

MOP EN 
MCLOSE 
MS RD IR 
MSRNXT 
MDLFIL 
MS READ 
MSWRTE 
MHKFIL 
MRENAM 

MG TL VA 
MSTFAT 
MRREAD 

MRWRTE 
MCPLEN 
MVERFY 

- -
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4.l Explanation of Functions 

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

As for the return code, see 6.3 Return Codes. 
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a) 

b) 

MMKDIR (Creating directory file) 

Entry parameters 

Register OE = TFCB address 

Contents of TFCB 
Column Size Contents 
0 to 7 8 Tape name (ASCII) 
8 to 9 2 Volume No. (}.SCII) 

Purpose 

This function rewind the tape and creates the directory 

file at the beginning of the tape. The contents of the 
first lO bytes of the directory file are the same as 
t!iose ofTFCB. 

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 

after this function has been completed unless a different 
tape is used. 

If the system password is specified, it is specified in 
the directory. 
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2) MTAPID (Reading tape ID) 

al Entry parameters 

None 

bl Return code 

Register A~OOH - Directory file has been mounted. 
~ooa - Direc~ory file has not been mounted. 

The contents of columns 0 to 53 of the first block of 
• the directory file are loaded into the OMA buffer and 

control is returned to the caller only when register A 
contains other than OOH. 

c) Purpose 

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

a) Entry parameters 

None 

bl Purpose 

This function reads the directory file from the tape and 
load it into th~ 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 comple~ed. 

This fu.tiction also turns on the microcassette LED. 
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4) MRMOVE (Closing tape) 

a) Entry parameters 

None 

b) Purpose 

This function writes the contents of the RAM directory to 
the tape direct~ry file. After this function has been 
completed, directory functions other than MAKEDIR and 
MOUNT cannot be used. 

If the RAM dir~~tory has not been updated, it is not 
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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SJ MOPEN (Opening file) 

a) Entry parameters 

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

bl Purpose 

This func~ion 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 ~FCB. 
{Columns tl, t2 and t3 are significant for the file type.) 

If the header b'lock 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 i.s 
determined by the file attribute. 

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

a) Entry parameters 

Reqister DE = TFCB address 

b) Purpose 

This function closes a file which is open; it need not be 

us~d 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 flaq is on, 
automatically verifies the write. If any error is detected 
durinq verification, a verify error results and the file 
is not cataloqed in the directory. 
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7) MSRDIR (Searching the directory for the first file) 

a) Entry parameters 

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

b) Return code 

Register A = Directory code (OOH} or OFFH 
Register H = OOH 

I 

OMA buffer • If the file is detected, file directory 
information is entered in the first 32 by~es, 

and the remaining bytes are padded with OESH. 

c) Purpose 

This function searches the RAM directory for the file 
specified in the TFCB and loads its directory information 
into the OMA 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) MSRNXT (Searching the directory for the next file) 

a) Entry parameters 

None 

b) Return code 

Reqister A m Directory code (OOEJ or OFFH 
Reqister E • 03E 
OMA buffer • Directory information on the file specified 

in the TFCB 

cl l?urpo,se 

This function searches the portion of the directory file 
followinq the directory pointer for the file specified in 
the 'l'FCB, then loads the correspondinq directory 

. information into the beqinninq of the OMA. 

This function is the same as MSRDIR except that it starts 

searchinq at the position indicated by the directory 
pointer. 
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9) MDLFIL (Deleting files) 

a) Entry parameters 

Register DE ~ TFCB address 

bl Purpose 

This function deletes the specified file from the RAM 
directory. 

Directory code OOH is returned to register A when the 
specified file is deleted. If the specified file cannot 
be found, OFFH is returned to register A. 

A 
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10) MSREAO 

a) Entry parameters 
T~P 

Register DE = TFCB ,\address 

bl Purpose 

This function sequentially reads the file specified in the 
TFCB. If the record specified in the er 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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ll) MSWRTE (Writing sequential files) 

a) Entry parameters 

Register DE = TFCB address 

b) 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 be written can be read 
before the write is actually made. 

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

a) Entry parameters 

Register DE = TFCB address 

bl 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) MRENAM 

a) Entry parameters 

Register DE = TFCB address 

b) Purpose 

This function changes the file name specified by columns 
fl through t3 of the TFCB to that specified by columns t4 
throuqh SRNH. The upper 3 bytes of file type are 
siqnificant. 
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14) MGTLVA (Returning logged-in vector address) 

al Entry parameters 

None 

bl Return information 

Register HL a Allocation vector address 

c) Purpose 

This function returns the MTOS allocation vector address. 

The ~it(sl corresponding to the quotient of (total number. 
of record) + 1024 in MTOS allocation vector are padded 
with l from left. 

l byte 8 KB 
8 bytes 64 KB 
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lSl MSTFAT (Setting file attribute) 

al Entry parameters 

Register DE a FCB address 

bl Return information 

Register A = Directory code (OOH, OlH, 02H, or 03Hl 
a OFFH: File not found. 

cl 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/O file 

t2 bit 7•0: SYS file 
•l: DIR file 
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16) MRREAD (Random read) 

a) Entry parameters 

Register DE ~ TFCB address 

bl Purpose 

This function reads the record specified by PR!-IH and PRNL 
of the file FCB. The contents of columns rO and rl are 
converted into an internal record number and a sequential 
read is performed. 

SHEET NO. 
REVISION 

TITLE 

PINE MTOS Specifications 

A NEXT 

3~ 



17) MRWRTE 

a) Entry parameters 

Register DE = TFCB address 

b) Purpose 

This function writes data to the record specified by 

columns rO and rl of the file FCB. 
Operation is the same as for a sequential write. 
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' lS) MCPLEN (Calculating file size) 

a) Entry parameters 

Register DE = FCB address 

b) Purpose 

This function sets the record size of the file specified 

by the FCB into rO, rl and r2, and returns • 

. 

. 
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19) MVERFY 

al Entry parameters 

Register DE = TFCB address 

bl Purpose 

This function is used to verify the contents of the file 
specified b~ 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 fotlows. 

MTAPID 
MOP EN 

MS RD IR 
MDLFIL 
MS READ 
MSWR'l'E 
MMICFIL 

' MRENAM ... 
MVERFY• 
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Chapter 5 MICROCASSETTE INPUT/OUTPUT SYSTEM (MIOS) 

The interface between the MCT firmware and MTOS is provided by 
the microcassette input/output system (MIOS). MIOS provides 
18 functions which are required by MTOS, as well as two 
functions which are used for maintaininq compatibility with 
CP/M. This functions are as listed below. 

MIOS Functions 

0 MIRDST -- (read tape status) 
l MIRDCT -- (read tape count) 
2 MISTCT -;.<set tape count) 

• 3 MISTOP -- (stop motor) 
4 MIPLAY -- (rotate motor in play mode) 
5 MIREC (rotate motor in record mode) 
6 MIFF ---- (rotate motor for fast feed) 
7 MISREW -- (rotate motor for slow rewind) 
8 

9 

10 
ll 

12 

MI REW 
MIFFTE 
MIRWTT 
MIHDON. 

MIHDOF 

--- (rotate motor for rewind) 
-- (fast feed to end of tape) 
-- (rewind to beqinninq of tape) 
-- (load head). 
-- (unload head) 

13 MISXTP -- (tape seek) 
14 MISTMP -- (set tape move protect count) 
15 MIRSMP -- (reset tape move protect count) 
16 MIRDBL -- (read one block) 
17 
l8 

l9 

20 

MIWTBL 
MIG TWP 

MI LEDON 
MILEDOF 

21 MISOAT 
22 MILDAT 
23 MIERS 

-- (write oae block) 
-- (read write protect pin) 

-- (turn on LED) 
-- (turn off LED) 
-- (save data) 
-- (load data) 
-- (erase the specified area) 
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S.l 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: Re9ister H - Microcassette status 

Purpose: Reads the status of the microcassette drive. The 
confi9uration of the microcassette status code is 
as follows. 

Bit 7 Head position (0: Unloaded l: Loaded) 
Bit 6 Motor (0: Stopped l: Movin9) 
Bit 5 Windin9 (0: Non-windin9 l: Windin9) 
Bit 4 Fast feed (0: Non-fast feed l: Fast feed) 
Bit 3 Play (0: Not playinq l: Playin9) 
Bit 2 Record (0: Not recordin9 l: Recording) 
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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) MISTCT 

Entry para.meters: Register DE ~ Counter value 

Return information: None 

Purpose: Sets the value of the tape counter. 

--

-
-
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4) MI STOP 

Entry parameters: None. 

Return information: None. 

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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(Intentionaily olank) 

-

' 

-. 

-
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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 unloaded.) 
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10) MIFFTE 

Entry parameters: None. 

Return information: Register A = OOH or OFFH 

Purpose: Turns the microcassette drive motor in the fas~ fee~ 
direction until the end of the tape is reached.· 
When A•OFFH, the brake flag has gone up to indicate 
that the motor has stopped turning. 
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ll) MIRWTT 

Entry parameters: None. 

Return information: See 6.3 Return Codes. 

Purpose: Turns the microcassette drive motor in the rewind 
direction until the beqinning of the tape is reached. 
When AmOFFH, the brake flag has qone up to indicate 
that the motor has stopped turning. 
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12) MIHDON 

Entry parameters: None. 

Return information: 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 fro~ the tape). 
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l4) MISKTP 

Entry parameters: Register DE 3 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 OE. 
When register A=OFFB, the tape has been braked to a 
stop. 

Note: When the current tape count is CO and the 
object c:Ount is CT such that CO is less than 
CT, and tape is wound in the forward direction 
until CT is reached. 
When CT is less than CQ, 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. 

-32168 -1 0 l 

1-1-1 
FFFF 0001 

32768 

I 
8000 

I 
7FFF 
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15) MISTMP 

Entry parameters: Register OE = 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: Reqister C = Read mode 
DE = No. of bytes to be read 
HL = Block number 

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

Return info.rmation: See 6.3 Return Codes. 

Purpose: Reads the number of bytes of data specified in 
reqister DE into the buffer whose startinq address is 
specified in TOSOMA. Data is read in the mode 
specified in reqister·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 block number specified in reqister HL; 
however, it returns without doinq anythinq if the 
number of retries is o. 

Read made 

Bit 7 

Bit 6 0 • Non-stop mode, l = Stop mode 
Bit 5 

Bit 4 

Bit 3 

} ~-of Bit 2 retries (0 to 15) 
Bit l 
Bit 0 
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l8) 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·iE 
determined by the setting of bit 7 of the C register. 

Write mode 

Bit 7 
Bit 6 

Bit S 

Bit 4 

Bit 3 
Bit 2 
Bit l 
Bit 0 

0 • Non-stop mode, l • Stop mode 
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19) MIG TWP 

Entry paramete~s: 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. 

Purpose: Turns off the microcassette drive LED. 

-
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23) MISDAT 

Entry parameters: None. 

Return information: None. 

Pu:pose: Saves the contents of the system data area to the 
microcassette tape data area. This function is used 
durinq power-up processinq. 
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24) MILDAT 

Entry parameters: None. 

Return information: None. 

Purpose: Loads mi~rocassette data into the system data area. 
This function is used durinq power-off processinq. 
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24) MIERS 

Entry parameters: Register OE = Tape count 

Return information: See 6.3 Return Codes. 

Purpose: Erase.the length of tape corresponding to the tape 
count specified in register pair OE. 
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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.l MTOS Calls 

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

Rule l 
Functions which are not supported by MTOS are performed by 
BOOS. 

Rule 2 
When the FCB is used as a function parameter, the function 
is performed by MTOS or BOOS according to the disk drive 
code 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 re9ister B and calling MIOS 
entry MCTX. The numbers set in re9ister B for each function 
are as follows. 

Reqister B Function 

0 MI ROST 
l MIRO CT 
2 MISTCT 
3 MI STOP 
4 MI PLAY 
5 MI REC 
6 MIFF 
7 MIS REW 
8 MI REW 
9 MIFFn: 

10 MIRW'l'T 
ll MIHDON 
12 Ml HOOF 
13 MISK'?P 
14 MISTMP 
15 MIRSMP 
16 MIRDBL 
17 MIWTBL 
18 None 
19 None 
20 MIG'l'WP 
21 MILE DO~ 
22 MILEDOF 
23 MIS DAT 
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 
set in the A and B registers. 

ll Return codes of MTOS 

Return codes of M':rOS are set in TOSRCD. · 

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

a) BDOS level error reports 

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

@ When error return is made from MIOS, 
BAD SEC':rOR 

@ Err~r durinq MOOT 

BAD SELEC'l' ---

@ Irregular access of R/O d~ive 
R/O 

@ Irregular access of R/O file 
R/O FILE 

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

Bad Sector 
R/O 
R/O °File 
Bad Select 
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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 shown in Table l. 
If the value of H register is 5, the error is unique to MTOS, 
while O, 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 

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 l MTOS return codes 

. 
return A H Description 
value 

0 0 0 Normal completion 

1 I FF 5 Not removed. I 
2 I. FF 5 Not mounted. I 
3 FF 5 Cannot remove. I 
4 I· FF 5 Cannot mount. ! 
5 FF 0 Directory is full. I 
6 FF 0 R/O file I 
7 FF 5 Pile already exists. 

8 I FF 0 Pile not found. I 
9 I FF 5 File already open. 

I 

A 1 0 File not open. 

B FF 5 Record No. erro~ I 
c l I 0 Reaches- EOF. · - I 
D 4 I 0 Random access error 

F FF 0 R/O drive 

lO 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) 

Fune-

~I 2 I 3 EIF loin ti on Function 4 s 6 7 8 9 A B C 0 12 
No. ll I I r ' 

12 1:~ version j I I I I I I I I I I I I 
l3 'Reset disk I I I I I I I I I ; -1 I I lsvstem ; 

Select disk 
10 I 10 I I I 

. 
I I I 14 I 

drive I 

15 Open file 
OE + FCB I I 101 I 0 0 I I cl lo: address 

16 Close file OE + FCB 
0 0 ® I @1 l®®I address I 

17 Search for OE+ !'CB 0 I · 1 I I first file address 

18 Search for I I I I next file I I I I I i 

19 Delete file 
OE+ !'QI I I 0 ol 101 ! i 
address I 

20 Sequential OE+ FCB I 0 I 0 ol 0 I I I I read - address I 

21 Sequential OE+ FCB 
0 lo 0 0 0 10 I I write address 

22 Create file 
DE+ FCB I 

0 ol 0 0 lo I 
address I I 

23 Chan99 file OE+ !'CB 
0 0 0 I 10 name address 

24 Get loq-in I I vector 

25 Get log-in 1 · I I I I I I disk number 

26 Set DMA I I I I I address 

27 Get alloc:a-
0 I I I tion address 

28 
Set write I I I I I I D:COtect flaa 

29 
Get R/0 I I I I I I I I vector 

30 Set :ile I 0 0 I I I I I attribute 

31 ~ant~ I I I I I I 
32 Set/99t I I I I I I user c:ode 

33 Random read 
OE • FCB I ol I 0101 lo OJ I I I I address 

·34 Random write 
DE+ FCB I 0 lo 0 0 0 I lo! I I address 

Calculate OE+ FCB I I I I I 35 file size address I 
36 Set randcm OE+ FCB : I I rec:ord address I 
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( Conti11ued l 
Fune-

~ D EIF l01llll2. ti on Function l 2 3 4 5 6 7 a 9 A B c 
No. 

37 Reset disk 'OE •Drive I I I I I I I I I I I drive vector 

38 Not used I I I I I I I I I 
39 Not used ~ I I I I I I I 

acanaom wr:i. te I i 40 ~~~ zuo 

Table 2 MTOS System Calls (II) 

Fune-

I~ 41 s 8,9,A DIE lOllllp tion Function l 2 3 6 7 e c F 
No. 

251 I verify I :s:.:cs I 0 olo I le olol 
252 Remove I I 0 0 I I I I 10 I I I I I 
253 Mount 

I 

I 0 0 I I I 
~ 

254 Read tape IOI I I I I 
255 Make tape DE• FCB I I direc:torv addnss 

Notes: l. "()" 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 I 

code I Meaning 

0 I Normal completion 

l I Read error 
. 

2 I Write error 

3 I Write protect error 

4 I Time over error 

s Seek error 

6 I Break error ( 81-e~k ke;• p-•rs.d) 

.7 I Power off er l"O r" ( f"ower tu1'71ea off) I 
FE· Others 

TOSRCD Meaning code . 
l Eead error (Abnormality on the head) 

2 Motor stop error (Motor stop) 

3 Write protect error 

4 Data error (Bit O, l undiscriminable) 

s CRC error 

6 Block mode error (Block mode dif f erentl 

7 Tape error (Tape not mounted) 

. 
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Table 4 MIOS functions and return codes 

MIOS ~ BIOSERROR IOSRCO I function Co 
3!4 71 

Remarks 
No. . Function <te l 2 3 4 5 6 7 FE l 2 5 6 ! 

0 Read HCT status I I I I I I 
l Read counter I I I I I I I I I I I 

2 Counter set I I I I lol I I I I I Parameter 
i error 

3 jMotor stop I I I I I I I I I I I ! I I 

4 jMotor play I I I I I I I I I I i 
I 

5 jMotor record I I I 
' 

I I I I I i 
I I 

6 Motor fast feed I I I I I I i I I I I I I ! I ! I I I i 

7 'Motor slow I I I I !oiol i I I i I : Automatically 
rewind I i I ' head unloaded 

I I I I I loiol 
I 

I I i I i a Motor rewind I 
I 

9 !Fast feed to . I 01010 o' 101 I I I I lo: end of taae I I 

!Rewind to I 01010 ol 101 i I I I 1- ! 
lO ltoo of tape I I I I JUI 

I ' I 

ll ·Head OH I I I loo I I I I I I 

l2 Head OFF I I 1010 I I I I l I 
l3 !seek tape I I 1010 ol 101·~1 I I IO! I 

l4 Set mave I I I I I I I I I I I l11rotect area 
lS Reset mave I I I I i I I I i I I l i 

!protect area I 

l6 I Read l block 01 l,lol I lo o! . 1010101 I 
I 

l7 !write l block ojo 1· lol i IO!O!Oi I I i 
! 

I None I I I I I . I I 
! I i I I 

lS I i I 

INon• I I I I I i I I ! ' l9 ' 

20 'Get wr1te I I I 
.I i 

I I I I I protect pin I 
I 

I I ; 

status I I I 

II.EI) ON 
I I I ' 

I I 
; 

I I 2l i i ! I I I 

22 ju:o OFF I I I I I ! I I I 
I I i 

l ! I 

23 !save data ; I i I j I I I I I ! 

lt.oad data I I I ! I 

' 
I 24 I I 

I ! I 

25 Erase 
I~---· f'; An s--s 1001 I I I 
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Chapter 7 OTHER NOTES 

This chapter describes the relationship between MTOS and MIOS 
and the Pine operating environment. Items discussed are as 
follows. 

ll Limitations on the buff er 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 
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7.l Limitations on the Buffer used by MIOS 

The buffer address specified in TOSDMA for use by MIOS must be 
located in the from SOOOH 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-Off of MTOS and MIOS 

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

.is as indicated below. 

(l) Forced termination 

< MIOS > 

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

< MTOS > 

When processinq currently beinq performed is a read or 
write, a Bad Sector is posted to CP/M, processinq is 
discontinued, and the file is closed. If termination 
occurs durinq a write, the file is not cataloqed in the 
directory. 

(2) Power-off 

< MIOS > 

When processinq currently beinq 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 seekinq the motor is 
immediately stopped. 

< MTOS > 
The power qoes 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 beinq performed when the power qoes off, the 
file is not cataloqed in the directory. 
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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 flaq. 
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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. 

l) Procedures for use 

l-l) STOP mode 

l-l-1) Writes 
In the STOP mode, the motor is stopped after each block is 
written, then is started aqain to write the next block. 
Writes in this mode take lonqer because the motor is started 
and stopped for each block. However, since the motor is 
stopped after writinq each block, it doesn't matter how much 
time passes before each block is written. 

l-l-2) Reads 
In the STOP mode, the motor is stopped after each block is 
read, then is started aqain 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 blo~k. Since the 
motor is stopped after readinq each block, ie doesn't matter 
how much time passes before read operation starts for each 
block. 
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1-2) NON-STOP mode 

1-2-l) 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 is faster to use 
the NON-STOP mode to write to tape. However, unless blocks 
are written in uninterrupted succession, tape will be wasted 
because there will be lonqer qaps between blocks. This has 
the potential disadvantaqe of making read operation more 
time consuminq. 

l-2-2) Read 
In the NON-STOP mode, the motor is not stopped after reading . 
each block. This eliminates the time which is required in . 
the STOP mode for starting and stoppinq the motor. However, 
read errors will occur in this mode unless the read 
operation for each block beqins before the beginning of the 
.block is reached on tape. 
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l-3) Comparison of the STOP and NON-STOP modes 

This section compares the amount time required for write and 
read access in the STOP and NON-STOP modes. 
This comparison assumes the following conditions. 

1) That no erro~s occur 
2) That access is continuous (that no other processing is 

perfo.rmed between access to each bl~ck) 

The number of blocks per file is given as BN. 

Symbols: 

Time required to write BN blocks in the STOP mode 

Time required to read BN blocks in the STOP mode 

Tws= 

TRS: 

'rWN: Time required to write BN blocks in the NON-STOP mode 

Tg: 

TBA: 

TSTOP: 

TSTART: 

TCNS: 

Time required to read BN blocks in the NON-STOP mode 

Access time per block 

Amount of time motor is stopped 

Motor speed stabilization time . 
Amount of time which' is required regardless of mode 
(to find and access the header and to write the EOF 
code to tape) 
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TRS • (2 * BN - l) * (TBA + TSTOP + TSTART) TCNS 

TWN • 2 .* BN * TBA + TCNS 

TRN • (2 * BN - l) * TBA + TCNS 

Tws - TWN • BN * (TSTOP + TSTART) 

TRS - TRN • (2 * BN - l) * (TSTOP + TSTART) 

Tested values obtained are as follows. 

TBA • (2 + 4 + 256 + 2 + 2) * (4 x 500 + 5 x 1000) + a 

• 266 x 7000 + a 

• 1862000 + a (~sec) 

• l.862 + a (sec) 

a • (500 + 270 + 270) I 2 

• 520 Cmsec) 

Therefore, TBA • 1.862 + 0.52 • 2.382 (sec) 

TSTOP • l sec 

TSTART • 0.2 sec 

Followinq from the above (in second units): 

Tws - 5.964 x BN + TCNS 

TWN • 4.764 x BN + TCNS 

TITl..E 
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2) Control 

This section explains the flags used for access control. 
The procedure for selecting between the STOP and NON-STOP 
modes is explained later. 

l) TAPMOD 
Bit 7: l for the STOP mode, 0 for the NON-STOP mode 
Bits 3 - 0: Number of retries 

2) TACATR 

Same bit configuration as TAPMOD. 

3) DFTATR 

Contains the default value for TACATR; initialized upon 
reset. 

4) TOSCTL 
Bit S: TCSLAT 0: Access mode is determined from the 

directory. 
l: Access mcde is determined from 

TACATR. 
- - -- .. ·-~. - -

5) dirtam (i) . 
--

TAP MOD setting at the time of creation of file i (recorded 
in the directory) • 

[
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Write (Read) 

Yes 

S'l'OP mode 
write (read) 

No 

NON-STOP mode 
write (read) 

o TAPMOD is set when a file is created or opened. 

When a file is created, the value of TACATR is set 
unconditionally. 

When a file is.opened, the value of dirtam (i) is set if 
TCSLAT of TOSCTL is l, and the value of TACATR is set if 
its value is O. 

o When a warm boot is made, TACATR is set with the value of 
DFTATR. 

o Bit 5 of TOSCTL is set to 0 when a warm boot is made. 

o DFTATR is set with the default value upon reset. 
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o Relationship between the system dis'play and the (N or S) 
option of BASIC 

Either the STOP or NON-STOP is used for tape reads and 
writes in BASIC. Procedures for specifyinq the mode are 

. as follows. 

Writes (file creation) 

Bit 7 of TACATR is set to l for the STO~ mode, and to O for 
the NON-STOP mode. Unless otherwise specified, the NON-STOP 
mode is used. 

~ {file openinq) 

Bit 5 of TACATR is set to l for the STOP mode, and co O for 
the NON-STOP mode. Unless otherwise specified, the bit 5 
is set to o. 

Whether or not •sTop• or •NON-STOP• is displayed on the system 
screen is determined by the settinq of bit 7 of TACATR. 

Note: The STOP mode can be used for access from BASIC 
reqardless of whether the NON-STOP mode is specified 
from the system screen. The mode is determined when 
the file is opened or created. 
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7.6 Setting the MTOS Controller 

MTOS copies system flag l to TOSCTL, if MSB of system flag 2 
is l at MOUNT. 

TOSCTL is composed of the· flags to control MTOS so that it can 
decide the MTOS operation for the tape at MOUNT. 

TOSCTL confic;uration 

Bit 7 Unused Always o. 
Bit 6 TCCTCR l: Adjust the counter. 

0: Not adjust the counter. 

Bit·s TC SLAT l: Access mode unselect. 
0: Access mode set by directory. 

Bit 4 TCAMFG l: Performs auto mount. 
0: Not perform auto mount. 

Bit 3 · TCRCFG l: Check auto remove 
0: Not cneck auto remove. 

Bit 2 Unused . 
Bit l On used 

Bit 0 TCIGTS l: M'l'OS detached from system. 
0: M'l'OS not detached. 
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.!.· Applicction 

These specifications apply tc the Pine Micro-Casset~~ 
Option (abbreviate~ as PMCT in the following). 

2. General Outline 

i) The PMCT is an intelligent micro-cassette controller 
containing a control CMOSMCU6301V. 
The PMCT is connected to the Pine cartridge interfac~ 
and used in handshake mode. 
The Pine main unit sends commands or commands and 
parameters (data) to the micro-ca~sette option via 
hancshake interface, thus making· control of tne 
microcassette drive possible. After completion of 
operation, or during operation. an ACK in response tc 
the command, or data and ACK, are returned to the 
main unit. 
When some continuous operations are interrupted, the 
break command is effective. 

ii) The P~·lCT consists of the following elements. 

* Frame 
* Micro-cassette tape transport mechanism 
* Printed circuit board (including Z•lCU) 

This specification manual deals with the electric 
circuits of the printed circuit board including the 
MCU which contains firmware, and methods of use. For ' 
further details on the frame and the mechanism, 
please consult the following material. 

* Pine external design drawing 
* Spec sheet for the micro-cassette tape 

transport mechanism (Olympus Optical 
E.lectronics , Ltd.) 

iii) As a rule, installation and removal of the PMCT 
should only be performed with power to the main unit 
turned off. If it is installed or removed with the 
power turned on, we cannot be held responsible for 
any resulting trouble. 
When power to the main unit is turned on after the 
PMCT has been installed, auto-reset of the PMCT is 
performed and the device as well as the internal Ri\M 
are initialized. 
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?ine ~ic!c-cassette O?tion 
&O General o~tline of the system 

In the case of Pine, the micro-cassette ~:ive is 
regarded as one of the options to ~e connect~c to t~e 
cartridge interface. Various otier O?tions can be 
con n e c t e d to t :1 e c a r t r i :: g e i n t e r f c. c e (ca 11 e d CT G - I .: 
in ti':e following) connecter, such as R0:-1 car tr iC:.ges, 
RAa cartridges, a D-L-lode:n universal cartricge, etc. 
aowever, the use of the interface differs for each of 
these options. As for the micro-cassette option, it 
is used in handshake (nS) mode. 

&&0.1 Cartridge interface (CTG-IF) 
The fellowing is a schematic drawing of the sy~tera. 

Fig. 1 Schematic of the Pine CTG-IF 

ad6ress bus (16) 

data bus 
z-80 

(4) 

GAPNIO 

(20) 

0 0 micro-cassette drive 

The micro-cassette option performs in- and output of 
data to the main· CPO (Z80) through the output and 
input buffers in GAPNlO. Control is performed by 
flags OBF and IBF. When the~main CPU writes data or 
commands to the output buffer, OBF beco:nes l and an 
interrupt signal (CITO=O) is simultaneously out?ut to 
the option. When the micro-cassette option reacs the 
data or commands, the interrupt request ceases. 
In order to decide whether the information 
transmitted during communication between main CPU and 
slave MCU are data or commands, CABl and FO in the 
status flag register are used. The second bit (CAB!) 
of the CHSSR assigned to the I/O address $11 is read 
from the main CPU. If CABl=O, then the information is 
data. If CABl=l, it is a command. Bit 3 {FO) of OPSR 
assigned .to address $101 (in actual practice, any 
address that fulfils the conditions IOS=O {$100 -
SlFF) and CASO=! will do) is read from the slave MCU. 
If FO=O, then the information is data, if FO=l, then 
it is a command. 
'l.'i1e Pine micro-cussette system h.;is no R.A.:•1 besides the 
i n t e r n a l RA ~·1 i n the MC u 6 3 a l , and the ;.1 cu i s no t 

Gackec up. Therefore, it will someti~es be necess~'! 
to send the v a .l u es in the int e c n al ~l\ ;.1 to t ;, e m <t i il 
unit and thus save this data if power is turned off. 
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&&0.2 c~~figuration of t~e ~lcro-cassette option 
Th~ configuration of the micro-cassette 09tion ls 
siiown below. 

Fig. 2 Dias;ra;;1 of tlie micro-cassette option 
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micro-c~s=ette o~tion 
&l Ca~tri~ge i~terface (CTG-IF) 

&&l.l Na~es and functions of t~e 20 CTG connecte= 
terminal::; 

The names and functions of the cartri~ge connetter 
terminals in handshake mode are shown below. 

·rable 1 Names and functions of the C'j;G­

Sym!Jol 
ccs 

CABl 

CABO 

CRD, CWR 

CDB7-0 

CSEL 

CI'TO 

CAVD 

CEN 
"RS 

I/0 
I 

I 

I 

I 

I/O 

I 

0 

I 

0 

I 
0 

93~-r~~]~ J 
EPSON- CORPORATION 

connecter terminals 
Function 

Chip select input from the micro-cassette 
option. This line is connected to the !OS 
(SC 1 ) of 6301. When 6301 accesses the 
addresses OlOOH to OlFFH, it goes to "L" 
(Z1ode 5). 
General purpose input line from the micro­
cassette option. This line is connected to 
the 6301 port 1 bit O(PlO). It is set 
before the 6301 writes data to the output 
buffer. "L" indicates that the information 
is data, "H" that it is a command. 
Address input from the micro-cassette 
option. This line is connected to the 153 
(A01 P40) of the 6301 address bus. 
Read/write pulse input from the micro­
cassette option. 
Data bus input/output from the rnicro­
cassette option. 
Option select signal input. Pulled down in 
the micro-cassette option. Can be read from 
the main CPO as bit 6 of IOSTR. 
I~terruption request output to the micro­
cassette option. When the maiR unit has 
output data or commands to the output 
buffer, OBF (seen from the main unit) = 1, 
CITO=O. When the micro-cassette option 
reads the data or commands, the 
interrupt request ceases. 
Input for digital audio signal connected to 
the speaker. Also used as a general purpose 
input. In that case, can be read as IOSTR 
bit 7. 
Reset signal for the cartridge. When 0 is 
written to the IOCTLR bit 3, the ·C'R"S 
terminal becomes O. When 1 is written, it 
becomes .1. However, it is not used in the 
micro-cassette option. 
Enable signal input to 6301. 

,System reset signal. 
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£&1.2 Cartriuge incarface in han~sha~e ~ode 
Tne structure of the cartri.:ige interface in 
han~shake mo~~ is shown below. 

Fig. 3 Diagras of CTG-IF (nS) structure 

Mai11 unit CHS3.i( ( OP IR J 
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&&1.3 I/O address space in HS mcde 

Seen from the main CPU (Z80) 

R/W I I/O address !Register name b 7 I b6. I bS I b4 l b3 I b2 I bl I bO Flag change 

R lOH CHS IR I command/data IBF reset 
e 

I ~ I OABl I IBF I' IBF I a llH CHS SR 
d 

12H 
Not used (access prohibited) 

13H 

w lOH CHS OR data OBF set, FO=O I 
r 
i 
t 
e 

llH 

l2H 

l3H 

CHS IR 

CHS SR 
CHS OR 

CHS OR I command OBF set, FO=l 

Not used (access prohibited) 

Cartridge HS.mode input register (CABl=O indicates 
data, CAB=l commands) 
Cartridge HS mode status register 
Cartridge HS mode output register 

Seen from the CTG option 

R/W Address 

R lOOH 
e 
a 
d lOlH 

w lOOH 
r 
i 
t lOlH 
e 

CABO Register name b7 I b6 I bS I b4 I b3 I b2 I bl I bO Flag change 

0 

l 

0 

l 

OPI.R command/data OPIBF reset 
(OBF reset) 

OPSR ---------- I FO NPIBF joPOBFI 

OPOR command/data OPOBF set 
(IBF set) 

Not used (access prohibited) 

OPIR Option input register (identical with CHSOR; FO=O 
indicates data, 1 connands) 

OPOR Option output register (identical with CHSIR; CABl=O 
indicates data, l commands) 

OPSR Option status register (Differs in s9me points from 
CHSSR.) 
When the slave NCU reads OPIR, the interrupt request 
ceases. 
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-
·~-·~ ~~ ~o~~ 0;2raclon 

Ir: ~":~i1C:s~:.::.~~a ~vt.:.:d (~-iS), ?.in~'s ~"7lai11 CPU Z3G c:J~n1:lunic;;,c.·23 
~itj the cartri~;e (C~Gt C?tion t~rough th~ ou:~ut ~u~E:r 
(C~:..:.30?~), t::e i:-.?ut Ol.!ifer (.::1s::R) ;.if~~ t~-1e stZltus !'c:;::.3t·.:::­
(2.-iS5R). '•fo<:n t(1e :n.;i.in unit writes .:o:niilan~s (o.ic:.t.:t) tot:;-; 
o u t ;; u t b u f £ e r ;.: , t ;:-, e o .? ~ i c :i r ea d s i t ; \·: h e r. c i1 e o :;::> t i c: r: 
\·:ritas catel (•::om::iands) into b1e i!'l?Llt buffer (seen fro:-:~ 
the main unit), the main unit reaC.s it. This han..:.3ca:,e is 
controlled by the flags I3F (OP03F) and OBF (OPI3~) of the 
status registers (C3SSR on the main unit side, OPSR for 
the option sice). 
~hen th~ main unit is writing to the output buffar, A50=l 
(selection of address 11.H) indicates commands, A30=0 
(salection of aC.dress 10'1) data. The value of A.SO at this 
ti~e is entered into FO (one of the status flags). 7his is 
read as bit 3 of C?SR from. the option side. When tr.e :nain 
unit writes data or commands to t~e output ouf=e:, 03~ 
~ecomes 1 and a interrupt reauest is simultaneouslv cutouc 
to the option (CI'T"O= 0). The value of OEF can b·~ r e·ac. f r·::i-:! 
both the wain ur.it as well as fro~ the option. Howev~:, 
the meaning is opposite for the main unit and t~e option, 
the OSF on the main tinit side being the OPIBF on the 
option side. The same holds true for I3F as well. On the· 
option side, the fact that writing into the output buffer 
has been performed from the main unit is known due to 
interrupt or status read. That information is read 
together with com~and/data flag FO. When the option reads 
the output buffer, OEF returns to O and CITO to 1. The 
option reads the data (when FO=O) or command (when FO=l) 
in the output buffer when C~BO=O (selecting address 100~), 
or else reads the status when CABO=l (selecting address 
lOlH) • 
When the option is writing into the input buffer (seen 
from the main unit), CABl=O indicates data, while CA3l=l 
means a coffimand. This CABl value is entered into bit 2 of 
the status register CnSSR. When writing to the input 
buffer is performed, IBF becomes 1, but when the main unit 
reads the input buffer, IBF returns to O. 
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2in~ ~icro-casset~e c~t on 
&: Micro-c~ssette O?t on ~ar~ware 

&&2.1 Gdneral outline of the ~ar~vare 

T h e iT1 i c r o - c as s e t t e op t i on i s a n i n t ·= 11 i s e n t ;: :i· ;_::; e 
containing an ~CU 6301. It is interfaced ~ith tte ~a:n 
unit's CPU zao through the gate assembly GAPIO in t~e 
main unit. Details on the interface are giv~n in &1. 
In aider to secure an I/O port, the slave MCU6301 is 
used in ~ode 5. The difference between this and the 
Maple's micro-cassette drive, besides this difference 
in modes, is that the counter must be realize~ in the 
firmware. Therefore, the hardware counter system 
consists only of the photo-reflector parts and the 
waveform generating parts. 
All other design factors are practically the sa.:ue as 
for the Maple micro-cassette drive. In other words, 
the capstan motor drive system consists of t~e 2 ICs 
M5~546L and M51970L. The head motor drive syste:n and 
brake system are discrete parts, while the sig~al 
reading part consists of the operational amp 290~ and 
a CMOS linear amp • 

. When creating firmware, attention has to be paid to 
the following two points: that no RAM is provided or. 
the option, and that the MCU is not backed up. 
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--------------------------------· -----------
&&2.2 Design anG ccnstancs of tne ~arious 

&&&2.2.l Capstan motor drive system 

In;;>ut 1 U·1TA) 

Control signal 
~ 

Freq'..lenc~' 

Input 2 (MTS) Drive section Control section 

Drive current 

M-

Input 3 (MTC) 

Qi----------~----------------~ 

Input.signals 

MTA MTS MTC 

H L L 
L H L 
H H L 
L L H 
H L H 
L H a 
H H H 

_TITLE 
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and capstan 

OPERATION 

slow feed 
slow feed 
brake 
don't use 
fast feed 
fast feed 
don't use 

motor operation 

forward 
backward 

forward 
backward 
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signc.l 

c-{>-1-''"'"-I -~)! 
_rjj_ L-2 * 1'1 

d:ive 

1 Jo..----:>H:::1"'\\ . 

. L-----·1,v.,---:1 l;rc"' r, H.01"'.2 

rr:- m 

3raking signal Operation 
H 
L 

H=ad motor braking 
Head motor driven 

&&&2.2.3 Head switch section 

Output signal 

Head ·condition 
on 

off 

Switch condition 
off 

on 

Output signal 
H 
L 

&&&2.2.4 Mistaken erasure prevention switch section 

ti-VS:. 
Output signal T 

Q,__ _____ ._ ____ ~';/ -~ is. 
'iiT 

Mistaken erasure Switch condition 
prevention pin condition 

Output si·;~al 

Loss 
No loss 
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C-' I r---v:----... , -1 
1'10 

.6 \/ 
'{;,~' 

I .. I. -o ...... v.-:) /"':', .-. . 
I I r ~ ... u_ 

~ "'" 
11":" m-

Except during writing, ???="H" and Dl, 02 are turneC:: off, 
switching? input and output. 

&&&2.2.6 Counter system 

IE=constant 

4' 
Eulse gene~ation section 

Constant current section 
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ro 
I-' 

hl 
0 
t1 
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n 
::r 
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t1 
ro 
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OQ 

·comparator •linear amplifier 0 peak detector Third LPF Inverting amplifier 
G = ll'l/R& 

Ul 

1Inverting:amplifier ~­
::i 

... 
... 

Band Pass 0.5d8 
ripple 
Chebyshev 
characteristics 

B =~fc 
gain : G = -R't/R:s Ill 

.. I-' 

fc .. 3kllz 

1 
f =---

27i.CS R'T 

band width: ll= ii_' fc 

cut off frequency: 
f = 1 • 

2x.C~ll'f • 

Al, A2 and AJ bias the no.a-inverted input 
terminals to VLS\.IR2/(ltl+R2) SO that they operate 
with a single power source. 

. I' 



---·---......-- -~··--·-·---·· 

-·.1 .. ~ .. < . 
, --·· 

Erase signal 
"H" 
"L" 

Operation 
Erasure 

&&&2.2.9 LED for indicating that tape can be removed 

Ii\· /3 

~ Green LED ~1-V 
Control signal input I 

c. ',yt.,_ __ _. 

c l.m} 

Control signal 
H 
L 

LED 
off 

on 

&&&2.2.10 Power source control system 

""50--~,---t~~ -5sw 

Control signal f"""J t__{ 

~l "'~ 

~ 3 ;f.il] ~:] 
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m. 171' 

Control signal 
i:i 
L 
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?1ne ~icro-cassette u)tio~ 
&3. Assign.ner.t of t;H;; I·:CUG301 in?ut/OL.:tfUt pil1S 

&&3.l General outline 
T~1e :.:cu 6301.. contained in t;-.e ?ine tt.icro-cassett.:: 
ootion is used in mode 5. The inputs/cutouts of eac~ 
i? or t C. u r i r:. g u s ~ i n moue 5 a r e s 11 o .,,.. n t; e lo,,;. ' 

Functions of each terminal in ~ode 5 (mode 6: Cak) 

~lode ?artl Part2 Part3 Part4 
( 8 ( 8 (· 8 ( 8 
lines) lines) lines) lines) 

6 address address 
exp an- I/O I/0 bus bus 
ded MUX (AO-A 7) (A8-Al3) 

data bus 
(D0-07) 

5 . . address 
exp an- I/O I/O' data bus bus 
ded MUX (DO-D7) (AO-A7) 

. . I=input, O=output, AS=aadress strobe, 
R/W=read/write, fOS=I/O se~ect 

SCl SC2 

AS Q/T-•• '/'I 

(0) (0) 

ros "/F ., ' 
(0) (0) 

_J_ 

* These terminals can be used as I/O terminals (for 
input only) in order of precedence when they are 
not needed as address lines. 

since Pine is used in mode 5 and Oak in m.ode 6, the 
condition of the mode setting ports (P20, P21, P22) must 
be established during reset. 
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!----------------------~------· 

The followi~g shows the assign~ent of ~~e inpu~/ou~;u~ 
pins for t:ne :·iCU630l. 

Pin N a:ne I/O 
:-to. 
1 v55 r 
2 XTAL I 

3 

4 

5 

6 
7 

8 

9 

10 

ll 
12 
13 

14 

15 

16 

17 

18 

19 

20 

EXTAL 

NMI 

RES" 
STBY 

?20 

P2l 

P22 

P23 
P24 
PlO 

Pll 

Pl2 

Pl3 

Pl4 

PlS 

Pl6 

Pl7 

I 

I 

I 

I 
I 

I 

0 

0 

I 
0 
0 

0 

0 

0 

0 

0 

0 

0 

Function Conr.ec:: i c ;, 
to CTG-::: 

Ground 
Quartz connection terminal 

- 41<1Hz 
Quartz connection terminal 

(ground side) 
Non-maskable interrupt input 
terminal (pulls up) 
Interrupt request l input 
terminal 
Reset signal input terminal 
Standby signal input terminal 
(pulls up) 

Mode setting terminal (H at 
reset). Read signal input 
terminal. 
Mode setting terminal (L at 
reset). Write signal 9utput 
terminal. 
Mode setting terminal (H at 
reset) • LED control terminal 
(L:on, H:off) 
Serial in'put terminal 
Serial output terminal 
HS mode control signal (H: 
command, L: data) output 
terminal) 
Erase head control signal 
(H: erasure) output terminal 
Head motor control signal 
(H:brake, L:drive) output 
terminal and speaker outpu~ 
switch (L:off) . 
Capstan motor control signal 
{~1TA) output terminal 
Capstan motor control signal 
(MTB) output terminal 
Capstan motor control signal 
(MTC) output terminal 
Operational amp etc. logic side 
control signal output terminal 
IRQ mask set (L: mask) 

CrTo 
RS 

CABl 

power 
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-----------------.,..-----------------·-··--· ···-- ··-·-' 
I 
l ' 

, . Vee Pc',·ier (+SV) .; "'"' ...... ~ ~ t.er;r~:.nal "-le:: 
~ 

- ..:... "'~:-- - ..... 

? .; i I :read -~.~; .. ,... ....... sisnal in?Ut ter::i :1<J. l .:> •• - \.,._ ... 

23 p.; 0 I ~rasure ?reve:ntion pin c..:: tee t en s ..... ~ i tc .:. 
signal input ter~inal 

2-4 p1-': ::l I Counter pulse input terminal 
"' -~::i P44 ••••••••••••••••••••••••••• P41 I 
29 P40 0 AO, i:iS mode control signal (H: status 

read, L: c/d read) CABO 
30 P37 I/O Data bus 
31 P36 I/O Data bus 
32 P35 I/0 Data bus 
•• ...,.., P34 I/O Data bus 
34 P33 I/O Data bus 
33 P32 I/O Data bus 
36 P31 I/O Data bus 
37 P30 I/0 Data bus 
Pin Name I/0 Function Connection 
No. to CTG-IF 
38 sc.., 0 R/N signal output terminal 50, c;·;?. ,,,. 

0 I/O select. Active H when MCU 39 SC1 
accesses $100 - $1FF. ccs 

40 E 0 Enable signal ·output terminal CEN 
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E01035EA 
MB62H114 (FUJITSU) 
GAPNIO (Gate Array for PINEJ.nput Output controller) 

SPECIFICATION . 
GA.PNIO is Gate Array ~or PINE and controls Input, Output. 
It consists or the !ollowing blocks. 

tl) ART (Asynchronous Receiver Transmitter) 
(2) Centro interface · 
(3) CTG (Cartridge) interface 
(4J.SIO (Serial IO) interface 
t5) RS232C interface 
t6) Other 10 (LED,SpeakerJ 

A. 58.6.28 

~if 7-'.rEE 
j:. i 1re 

l*!~i•]~I 
ITIT!:-E 

! 

I: 
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1. PINE sumzar::r 

PINE is made of main CPU z8Q, KB-control CPV 75Q8,64KDRAM, 32.K ROM x 3 , 
aAd 3 gate array (GAPNIO, GAPNIT, GAPNDL). GAPNIO controls main part 
of IO interface. GAPNIT controls interruption of 75~8 illterface, timer 
function, all address space. GAPNDL controls D-RAM and LCD-controller. 

1.1 PINE structure 

GA.PNIO 
GAPNIT 
GAPNDL 
SIO 
CTG 
75~8 

. 

gate &rr&.':/ 
gate arr~ 

qatem. bua 

gate ~(D-RAM,LCD-control) 
seria1 IO comiector 
cartridge connector 
4 bit CPlJ KB control 

!TITLE 

13~i•)~I I 
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EPSON CORPORATION I 

I 
' 

LCf) 

CS - chip select 
DW,DCAS -DRAM control signal 

when sta:ding by 
T x C,R : C -Serial IO clock 

1SHEET NO. 
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IO'CTLR I fr Control_ ·reqj,ster <8) I . 

I s p I LEilZI LST!LC-:lB ! CRS I SM i i'!Nl I ?STE: <;:AP>ll&I 

~0) I releue to extenal 

FF1 

!Dote 1. Access to unused address withiA ~~ -1r in the above list is 
pro~b1ted.It access is being done reall1,normal action is not 
guaraAted.(Probabl~ oth~r address data will be broken.) 

note z. *: that is EDU (External developement unit), EXA (E:z:change Address) 
is used in the development board. It is usetul onl: when is developed. 
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(Q5W) BAND 

C06W) SIOR 

- Banltswitch,timer base 

{ 
bit 7 4 BANK 3 "" 6l 
bit 3 EDU 
bit 2 EXA 
bit 1,~ CitSW 1,~ 

clock switch 
BANK switch 
awitch tor development board 
switch for development board 
clockswitch set tit tor 2.45 MHZ, 
3. ~7 MHz, 3. 68""MHz. 

- SIO reg:Lster tor 75~8 1.utertace 

'2) GAPl'DL register 

C«l8W) VA.DR - specif7 VliM status in. D~ 

(G9W) YOFF - Y ottset register 
{ bit 7 DSP Displ~· OR/OFF 

. ~ t S-v ~ YS -~ scroll speciticatioZl 

('AW) FR - d.ecid.e tr~•. ~requ~c1 o t LCD 

(~!W) SP11R - coZltrol 1mped&J:lce ot LCD power 

'(3) G.APH.IO reJ2:st.e~ 

'(1_!::-13R) C'rG IJ' - input"to"r cartridge iziterface 

- receiTed buffer co~patibil1t7 tor 8251 ( 14R) AR'rDIR 

(lSR} ARTSR - status reg:Lster compatibi~t1 for 82;1 (subset) 

( 16R) IOS!R - status iziput 
' bit 7 CAUD · . aud1.o input tram cartridge col:Ulector 

bit 6 CSEL optioZl 1.uput to col:UlectioZl w~th cartridge 

-c bit S RC'rS 
bit 3 iXD 
bit 2 sm 
bit 1 nu 

.. ~_bit ~- PBS? 

couector 
clear to seZld iziput 
serial data inp~t 
SIR 1.uput tram SIO 1.uterface 
error 1.uput from centro interface(priDter) 
~~-~P~~ .fr~m_c~ntro interface (printer) 

(1Q~13W) C'rG IJ' ~ output tor cartridge 1ntertace· 

l§~i•]~I 
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2. GAPNIO summar: 

This chapter aims at understanding the GAPNIO struc~ure. As all matters 
which. it is necessary to malt:e programzU.ng by GAPNIO is put on this chapter, 
it is enough !or the persons concerned to so!tware. to read this chapter 
only. iiarware contents ex. circuit is explained minimum necessarily 1ll 
tllis cb.apter,butit is ~etailed in the chapter 3. The persons concerned 
to hardware have to be reffered to the chpter 3 also. Diagram ill thl.s 
chapter 1s little different !rom real diagram !or easy w:i.dersta.nding, 
'but as it is correct logically,it is no problem to programm1ng. 

2.1 G.APNIO lalock diagram 

lf 1 s 

I &:APNIO ,, - -' 
•8 , 

, to eac.a. lilock ' . 
I . . 

' , 
ce11tro-
1Atertac• 

8 

' . 

' , 
~SZ3ZC: 
atertac• 

EPSON CORPORATION 

, , . 

. 
jl'l' part ~i- I 
Cfi t tor 8251 >..,.1'---..H _ __, 

lt~Dl _l TXf) 

J ••1"1al I 
switch 

.u. 
SIC-

1Aterface 

"'" 

I 

. ' 
', •I 

CTcr 
atertace 

'~ II ' 

'8 ·'z 

I ,r. 

jp J.EE) 

~, 

NEXT SHEET 
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2.2 Register 1nitial reset 

In the element composing of circuit, memory element value of flip flop, 
latch etc. does not be fixed uniquely when power is on. Eut these memory 
elements in the circuit are used as status control, port output and those 
value 1s significant when power is on or reset and tnose vaiue must be 
fixed uniquely for the most part. In this case, memory element with reset 
terminal 1s used generally and external reset input connects to memory 
reset terminal. 
Memory element usage 1l1 GAPNIO divides 3 following items. 
(1) register, initial reset is not necessary(register to write data from 

CPU, ARTDOR etc.) 
(2) register, initial reset is necessary (register to write data from CPU, 

A.RTC.R etc.) 
(3) flag control system, initial reset is necessary (not write 

from CPU, 
directly data 

TxRDY etc.) 
In the above (2),(3), initial reset is necessary and 
with reset terminal is used and about (2), it is the 
usage tor hard.ware economy. 

about (3) 
following 

!lip flop 
special 

liR QA I 

write data ~-----t~si----~~~ 
...1___,-------i"OA 

write ;pulse ~ 

Qg -t.5\'rQ to ® . 
1 5WR pulse c. g .· .. 

reset 

other bit· 

Register belo:gil1g to (2), is 3 register i.e. A.RTCR (address 16H), SWR 
(address 18B), IOCtt.R (address 19B) and the above !lip flop A shows these 
bits. As A has no reset terminal,QA' initial value is indefinite. On the 
other thing, tlip tlop B is tor maskil1g output tram A and it is reset 
initiall.y and initial value is ~. Accordingly, QA iAitial value is & also. 
So in the progra.mmiDg it is good to write data as Q ..,'• O during Qa - o. 
After, by setting Qa • 1, then initialization is ·comleted. Qa is set to 1 
by write collllllaJJ.d to address 1Si and then,by resetting again, Q8 remains 1. 
By the above ini.tialized routine, QA seems to be same output tram FF with 
reset termina1. 
Initia1zation routine su~ is as tallows. 

( rea,t start) 

l 
wn lef I OCT LR < "") 

5_.,. .SwR Ctllf) 
Ai<TCR C 16t0 

&~' ARTl1R. CTSH> 

iTITLE 

13~i•l~I 
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azt.Y write 
--- data is good. 

to A.RTMR 

:ote: Hereafter, initial 
'reset for ARTCR~ SWR, 
IOC'?LR means .. 
Wtiaiization 
routiAe to be 
explained here. 
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2.3.1 Centro· interface 

Centro interface is 8 bit parallel interface and connects to standard 
printer. Data strobe signal PSTB is suppliea from main part and it does 
handshake by busy signal PBSY from printer. In addition to PSTB,PBSY, 
there are PERR which shows printer error status and PINT wnich initializes 
prl.ll.ter from main part. Totally, __ interface is done by 12 signal. 

p-e> R t1'7t1 J I $ 

j~e I 
8 

I 

II I 
t p-£)57 ... ~ 

11 
I 

rocTLR nqHJ I -- O'H 
I 

databus==========~ 

1'1Vlt--------->J 

Q1 PiNr ,a m~ _, f'STS J'frlf----~ 

I 

16 ti l 
bit 1 <P I 

-
:bit8 

Pi RR 
1.0ST~ pasy 

I ~PNIOj I 

I jprinterj 

centro illterface block diagramm 

CJ Terminal name and relation to register 

Tarmi.zl.al. Ka1.A Part Logical FlmctioA (terlld.Aal) 
Aaa• ..... 

Pl:IB7 
s 
& 

Pr:!.Ater 

pold.. parallel 8 bit data 

I 
·n!I •. Aega. data strove sigzial. 

pulse width is 111111. 
0.5 }'S geAerall;r 
m.p, active I.ow 

I 

i 
I 
PIBI 

P!SY 

-4ega. 

poa.. 

iAitial reset tor 
pl'iater coAtroller 
Piila• width is 111111. 
5t }'s.GeAera.Ll.7 11Sh 
reset .'llJ' Lo•. 

11'g.ll is, Prill. tar 
caDAOt accept data 

Aega. · Low is, pr1Ater 
ia error atatus 

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

Correa- DescriptioA(registar) 
poAdiAg 
register 

(1711) 
PDR 

( 19!) 
IO C'rIJI 
bit ~ 
PS':! 

( 19!) 
IO C'rIJI 
bit 1 
Pm 

( 16B) 
IO STR 
bit • 
PBS? 

( 16B) 
IO STR 
bit 1 
PED 

write 1 to reg:Later,.PDB .. 
i terlld.nal becomes 1. 
PDR is not reset iAitial; 

write 1 to register,PSTB 
termiAal becomes &.PSTB 
~it is reaet iiu.tially 
PS':! term:!.Aal becomes 1 • 

write ~ to regiater,PINI 
term:i.Aal becomes &. BJ' 
iAitial reaet,PINI 
term:i.Aal become• ~. 

wtlea. PBSY ia 1,1 is 
1Aput value. 

wb.en ~ is ~. 1 is 
:!.:put value. 

a.ote : IA this case, initial reset means initialization routine by 
programm1ag described 2.z chapter. 
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2.3.2 CTG IF (cartridge interface) . . 

pnq: C~G interface connector da:a. COJ1l1ect With option equipments such as 
!Micro casset~e, ROM cartridge, RAM cartridge, D-MODEM, Wliversal cartridge, 
cTG IF works with these option equipments. According.to connecting optipn 
equipments, how to work as interface is different in each case and CTG IF 
copes with by mode switcb.. CTG IF has 4 modes and mode is decided. by option. 
~ach mode is as follows. 

( 1) BS mode ( ha:a.cishake mod.a) . 
As micro cassette , it is CPU to CPU interface with device haVing CPU 
at option side and it is ~.milar to 8255 Handshake mode. It exchanges 
data through output buffar,iAput buffer. Control of data axchange·1s 
done b1 fJ.ag ( JBF, OBF) • 

(2) IO mode (input output port·mode) 
It takes interface in the form of 4 bit i.D.put port or 4 bit output port. 
D-MODEM is this mod.e.(Higher 4 bit output,Lower 4 bit output) 

(3) 

(4) 

. 
DB mode, option looks like orcl1nar:r IO deVice 1l1 View or main part. 
CTG IF coJ1l1ects directl? data bus at the main part to cartridge data 
bus. Cartridge option has 4 address space 1~H 1JH. ROM, RAM cartridges 
are col1l1ected b7 this mode. 
OT mode (output port mode) • 
'?his takes interface in the form of 8 bit output po.rt. 

Cl Mode setting 
CTG IF mode is done by cartridge switch cs~ 1,csw~ (bit 1,~) 111 switch 
register (SWR, address 18H) 
csw 1.~ is set to EIS mode (i.e. csw 1•~,CSW ~~) by 1Aitialization 
routine at GAPNIO. 

CSWl I CSW& mod.a 
s I & tis' mod.a 
s 1 1 10 mode ••• (_~gher 4 bit out,Lower 4 bit in) 

1 s I ea mode 
I i r or mod.a 

:TITL.E 
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(] HS mode (CSW1·~, CSW~-0) 

CHS/JR <uf'I~) 

za~ ~ -':Jer-o-=· ====:;;=;:::====Ji~ 11======= 
main part i! 

cssi.. 

l ! 1i_r(T) _il c~ opuon 
'I 1 ca~ jr(ll,,----;:.;.: --===~-. '~H63~1 (in case of I r;;" ~ micro cassette) 

L ---1----lASB 
Ctf $SR c6P ~~) · I 
: ,__ I 

--====..-==! ~ bO 
l\i l\i 
~ .... 
f/2r.... 

At.ES mode, ma1ll pa;-t works by 1.ntertace with CTG option through output 
butter, 1.nput butter. When mail1 part writes data to output butter, option 
reads it and oppositely ,when option writes data to input buffer, maJ.n-part 
reads it. '?he handshake is done by OBF(output butter full), IBF (input buffer 
fUll}. 
CDB?-~, CAB~, CRD, C'.VR, CCS etc.are Rant !rom option side. When main part 
writes data to output q.utter, it becomes a command 1n case of AB~·l, a data 
in case o! AB&-G. Then ABC1 walue. is taken by F~, one ot status !lag and this 
is seen by status read from option side. In spite of OBF•l, CITO•~ at the 
same time and -then, interrupt request to option ~enerates. About OBF value, 
it can be seen by status read in both ma.1A part and option part.(Eut in the 
ma.in part and option part, OBF, IBF is opposite each other and OEF in view 
of ma.in part is IBF to the option part). On the option side, it can be known 
that data is written from main part to buffer by interrupt or status read. 
The data is readable with comcand/data !lag F~. When option reads output 
buffer, it returns OSF~, CIT~•l. Option reads data of output buffer in 
case ot CA.B~·l. · 
Oppositely, when option writes data to in~ut butter (no distinction between 
command and data about write from option. So, CAB~ value is considered as ~ 
and it is promised to be&) then it becomes IBF•l, main part reads input 
butter after.investigating the value by status read. After readeing input 
buffer,it returns IBF~. It reads data (input butter) from main part in. 
case or IBF~ and reads status in case of A.B~-1. At HS.mode, CAB1 is not 
address, it's general input from option. This CABl value is readable as a 
part of status from maJ.11 part. Further, at HS mode option, CSEL must be pu1led 
down as it becomes ~ • 

. jTITL..E 
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D Io m.ode ccsw1-~, csw~-1) 

l.:. tIO~ CrBH) 

H 
p 

:1 ii 
.µ s... 

.,. + . Cv.07"-4 
f)B'fl ~" ::s Q) 

II ' 
-=i. .... 

.. 4 4 CD53--& 8 .µ .... 
::s ::s o.a 

IO mode consists ot 4. bit output port (CDB7-J.+.) and 4 bit.input ·port (CDB3-~). 
output side consists of 8 bit latch. (CIOR, cartridge IO mode register) an.d 
to the Ui.put side without latch, value ot CDB3~ terminal is entered as it 
is. IO address is 1~. 
When data is written l~K address, content ot data bus 8 bit is written to 
CIOR. Higher 4 bit output from CIOR connects to CDS 7N~ directly, but lower 
4 bit output does not connect to azcywhere. When data is read from l~H address, 
value of CDB3--~ terminal enters directly as data bus lower 4 bit and value 
ot higher 4 bit from output butter enters as higher 4 bit. That is, output 
port value oCh:tghar 4 bit is readable by l~H Read. 
At IO mode, it is CSEL-t. Further, CCS, CABt, CAB~, ffi, CRD etc. are hig.ti­
impedance an.d besides they are input. Accordingly, they must be pull-up or 
pull-down as they becomes inactive.~ output is t.Flag is not usable at all. 

IO mode IO add:ress space 

% IO · I re~ster f)'r 6 s .,. 3 z 7 Ii addr••• ll&IH I , "' 

tB ~IO R COll.1:811.1: or I Ci>83-B R out~~_!_por~ I 

E 11 
A 

tZ Ulluaed tacceaa·proh1~1tedl El 
13 

"' 
1S c:r.D~ 4bits cto.ta.. I ------·• 

Ft 11 
I UllU•ed ~acc••··~roAi~ited; T JZ 
E. 

13 
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:0 OT mode ( CS'//al , CS'l/Q•l ) 1 

corn <1&H) 

C-067~& 

OT mode eonsists of 8 bit output ratch. Output buffer address (COTR, cartridge 
OT mode register) is l~R and when data is written to l~R ,content of bus 
DB?N~ transmitts to CO'rR and simultaneously, .1t becQmes to out~ut CDB?-~. 
1Rhen reading 1 ~Ii address, COTR contents is read.· .lt OT mode, 1t must be 
CSEL 1.J'llrther, CC'S, CAB1, CAB~, C'NR, ~etc are high-impedance and besides 
they are input. Accordingly, they must be pull-up or pull-doim as they becomes 
inactive. CITO output is 1. Flag is not usable at all. 

OT mode OT address space 

R/.110 r•li•ter t>i 6 S 'I · 3 2 1 8 
~~_!!dre .. name 

HJ COT~ 1 ccnteAt ·or outjut port I 

·,unused (ace••• pro~~ited) 

note: ~egis~er, c~9~, CIOR etc are the same thing p~ysically. 

TITL.E: .SHEET .NO, 
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A mode must be selected always through 
HS mode as stated above. The relation . 
among each mode can be described like 
the figure on the right. Initial set 
va.Lues of output port of IO, OT mo~e 

· option are described in the specification 
of each option,but they are generaly 
considered equal to the value acquired 
when 13H is read in DB mode. (refer ... tci 
the specification of D-MODEM option · 
for PINE.) · 

[] !'lag (IBF,OBF) 
IBF, OBF enter a reset state by a reset input. For examp~e, when power is 
applicated, IBF·~. OBF·~· S&t and reset .conditions are already described. 
IBF and OBF are always in a reset state in a mode other than MS mode. 
Therefore, when HS mode is established from another mode, IBF, OBF-~. 
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2.3.3 RS232 interface 
RS232 interface 1s a serial interface and it is composed of 7 signal lines; 
RRXD, RTXD (transmit-receive lines) RCD, RCTS, RDSR (control input) RRTS, 
~ (control output). RRxD, RTXD can be connected to ART tl:lrough the serial 
switch. To get detail informatio~s on RRXD, RTXD, refer to 2.3.5 (serial 
switch), 2.3.6 (ART). RCD,~, ~can be read respectively as bit 4,.bit 5 
of IOSTR, bit 7 ot ARTSR. The negative logic is applied to these p~ns while 
the input or data read in the main device is based on the positive logic. 
So the value reverses. ~.e. if the value or a pin is ~' 1 is input in the 
bit of the corresponcling register. As far as acts concerned, this rule is 
not necessarily valid, depencling on the values of SSWl, SSWO (serial switch). 
Refer to 2.3.5 to get detail information on this matter.CI! SSW 1, the ru~e 
is valid for RCTS like the other p~ns. If ssw1-~, the value or the bit of the 

. corresponcling register is 1 independent or the pin va.Lue of RCTS.) 
The output pins ~' ~ are respectively t4e reverse o! the bit 5 and of 
the bit 5 of ARTCR. It1 is writ~en in tnese bits, the pin value becomes~. 
The pin values becomes 1 by illitial reset. 

to input.register !rom output register 
__._ 

,_.J-.., 

f rr }~a serial s'lli tch 

- i i - - i i· It. ({ ~ 
~ g ~ fJ A f> $ 

.,. .,. 
ft. /( s 

R~231C-

D Polarity o t--RSZ3ZC 
The p0l.ar1t1 of each signaJ. of RS232C varies among the read from a register 
1l1 the main d.evice, the p111 value of the· gate array and the value in the 
connector. The foilowing table is put in order to make tnis confus~g matter 
clearer. 

correaponcl1Ag pin ot GAPlfIO ·npal r•r.•t•r ln. t · pol.Ant7 po U'it7 

RR~ Re<MK ~ j1--- RRtf) Poeitiw 

R1XB Tnr-"111it t>a.11.. - I RTXt) Positive 

RRTS ~·frUUZTo-J1.--J, ART CR 5 Politive RRTS N191tlve 

RUTT< 1JJ1- TtPttiol ~ ART CR 1 Polltive RiTR N9pdw 

RCTS ClUJt. T• &Ni.. IOSTI~ 5 Polltive -m:r ......,,. 
RDSK -8.lo. Su Rut/.y ART SR 7 Positive RBSIC N191tlve 

{(Cf) Ca.~t .P1.tul IOSTR If POlitive (lCf> Negmw 

connector. 
polarit7 

RR Xv N191t.~ 

RT X''f5 N191tiFt 

RRTS POlitive 

Ri>TF. Poeitive. 

RCT.S Poeitive 

~VJ'R PoeitiW 

RC-0 PoeitiVe 

-
!vaJ.~e.or a 1n1~; 
.Jreset, .correapan c11ng 

.:g lb1 t, correspondl. 
~1!1 

------'8 . 1 
a ' 1 ------------------

note: RRXD caJl. be read as bit 3 of IOSTR 1! SSW1•1, refer to 2.3.6 
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2.3.5 serial switc:h (serial selection circuit) 

PINE has 3 serial interface; RS232C, SIO (serial IO), SIO of SIO (serial IO 
o! the cartridge). The serial selection circuit has fUnetion of selecting 
one interface among these three and connect1ng it to ABT (8251 compatible) 
the selection is performed through the selection bit SSWl,~ (serial switcn 
1.~ SWR bit 3,2). The following figure and table summarizes respectively 
the block chart of the serial system and th.e relation between SSWl,Q and 
signals. 

~ 
j CF!J 

[J lC'llt ~--. _ _. ·-·-·-·-
~SZ32C. 

·~n.al •cl• I SS\Vf ssual RX'f) I jJCf) RCTS 
19 

I 
~ B (GTa} CRXf) CCTCr-) crxe 7 I 

' 8 f (SI&-) SRXE> CS!c!f-) sr,<-e 1 

2 1 s (RS23ZC) RRXFJ ( KSZ3Z~) RTX 8 IUTS . t.eZ'!".:l.n~ 
reverse. 

3 1 1 <'F?SZ3ZC) R RX f) (~It>) S1Xf> RCT$ t.e.r=.zial ............. 

Serial mode ~ is a special mode wA:Lch is intended tor receiving from RS232C 
ud transm.ttizlg to StO. 
Each sig:alot CTXI>, STXD aa.d RTXD ia 111 a High state (Mark. si&na.L) when no 
selection is be:Lng made. . 
When power is applied, the select bits SSWt,~ does not enter a reset state. 
i.e. the1 are-unaettle4. So it is necessa1'7 to set tne select bits correctly 
before use. C~e serial mode ~ is set by the initialization routine described 
in 2.2) . .. 
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[] Register descriptions 
(1) ARTMR ART mode register (15H) .•.• corresponds to 8251 

mode instruction-dori~t care 

STOP------Number of bit 
{= 1 2 bi ts 
-& 1 bit 

EVEN'- - - - - Par:1 t1 J:ven oi-. Odd ·valid onl1 when PEN 1 

{ :a 1 Even 
=~ Odd 

PEN------Presence or absente ot ~ne parity 
{•1 Presence 
·~ . Absence 

DATA----- Data length (parity bits escluded) 
{ •1 8 bits 
·~ 7 'bits 

(Different from 8251) 8251 has 3 stop bits (1,1 ')£ ,2) and 4 data lengths 
CS,6,?,8). 8251 has 2 modes (S1Uchranous and asynchronous modes) while ART has 
only one mode (asynchronous mode). As to~ the baud. rate facter, 8251 h;IS 

·1,1/16,1/64 while .lRir has only 1/16 fixed. 

(2) ARTCli ART co~d register C 16R) •••• _.corresponds. to 8~SJ co~d 
f)1 6 s 4 J 2 1 lJ 

ISJSJRRT.Sj ER jssKajRXE l,\'t>rRI rte! 

· instruct.ion ·compatible with the correspondent bits of 8251 
command. register 

RRTS,.RDTR •••• When RRTS,mlm are nigb., output p.J.n valve becomes ~ 
(refer to 2.3.3) 1 

ER •••• Error reset. It resets OE,FE,PE. When liXE•l, Let ER 'be 1,too.' 
.sBRK •••• Break output. '?hi.a charges TXD forci'bl1 to ~. Valid. wb.en 

'rXE•l. 
1iXE •••• '?his makes read1 to receive 
TIE •••• 'l'his makes ready to transmit. '?XD•l as lo.a.g as TIE·~ 

note: ODJ.1 ER is pulse signal. WheK ER 1 is written, the pulse is transmitted 
only d.ur:i.ng writing. Therefore, 1t is not necessary to return ER·~ 

(different from 8251) Bit 7,ER ot 8251 1s tor synchronous mode. So A.RT 
has not it. ART has not 'bit 6,IR (internal reset),nei~.a.er. Tnis is applied 
in 8251 in order to convert mode instruction l.D.to command instruction, but 
ART has no need of 1t 'because different addresses· were assigned to ttte coz:mand 
register and mode register. Remember to let TXE and RXE be both ~ before 
rewr1ting mode register • 
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(4) A.RTDOR ART data output register (14H) 
01 0 .s 'I- 3 2 1 

I 1 (J.,. a o.·1 s c1a.t:. 

.... cor~esponds to 8251 
tra.c.smi tte~ 

buffer. Data wi1l be tra.c.smitted from TXD after parallel-serial 
conversion. If the data length is ? bits (DA1:A·~), don't care ' 
bit ?. 

(5) A.RTDIR 
{)1 

ART ~ata 1llput re~ster (14) •••• correspond to 8251 receiver 
0 s 'I 3 z 1 

7 •i. 8 bi'tS l.a.tA. 

buffer. Data from RXI> Wl.ll be taken 1n attar parallel-serial conversion. 
It the data lengt!L is 7 bits, bit ?~. 

0 '?ransmit-receive format 

the truam:f.t-rece1.ve 'baud rate o! ART is t/16 of the clock signal TXC,RXC 
generated by the baud rate generater ill GAPNIT. '?he ma.XilllWll frequency or 
TXC, RXC is 614.4 IBZ (38.4K x 16). 1.e. the bauds can be extended until 38.4K 
bauds. tO~ baud !or AR'? onl,)P. Transmit-receive data are transmitted and received 
ill the !ol1wi.D.g order. start bit Data(LSB MSB) Pa.ri'y bi~ Stop bit 
PEN, DATA, STOP va.Lues and data torut are as tallows. 

·rormat 

PEN DATA STOP 1 z 3 4 s I 7 J ' 10 I/ IZ 

19 6 & lmlm z 3 4 s & ISTPI STT - Start bit 

B s 1 1srrl a z 3 4 5 6 ISlPISTPI STP - Stop bi~ 
P- Parity bit 

B & lsrrl a t z 3 4 s 6 '1 ISTrl Gl-? - Data, bit ~-7 

B 1 lsrrl & 1 z 3 4 ~ 6 11~~ 
l!I a '1§1 fl z 3 4 $ 61 P lsrPj 
~J' ~rrl8 1 z .3 4 s 61 Pl~31~ 
1 Q §lit l 3 .,. .!' ' 71 P jsffi 

lsnl ti z 3 4 .5 ' 71 'lsr~sra 
Data direction 
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3 Hardware 

Thi.s chapter describes the circuits and input-output pins in the gate array 
GAPNIO as well as input-output AC characteristics. 
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13.2 GAPllIO input output pins 

GAPNIO has 66 input output pins mounted.in a 8~ pins flat package. The function 
of each pill is as follws. ~Total number or the pins is 7~, 4 power lines included 

PIN PIN No DIRECTION 

AB 3...(1 4 input 
I . 

~ 1 input 

DB1 ... 8 b1d1rect1oDal 

mm 1 input 

1 inpllt tail I 

I 
D 1 in-out 
om 1 output 

TXC 1 aput 
RXC 1 input 
L!:D2 .... 3 output 
SP 1 output 
PDB? ... Q 8 output 
PSTB 1 output 
·;m 1 output 
Piii 1 1Dput 

PBST 1 .. iD.put 

CDB7~ 8 b1d1rect10Dal. 
CCs · 1 b1d1rect1oDal 

CAil 1 b1d1rect1oaial 

CAI- 1 'b1d1rect1oaial 

a 1 b1d1rect1onal 

an t b1d1rect1onal 

- en 1 uput 
car. t output 

CITO t putput 

CAIJD 1 input 

CTXJ> 1 output 
CRXD 1 uput 
SRXD 1 input 

13:t-i•l~I 
1TITLE 
? 

EPSON CORPORATION 

. 

FUNCTION 
Address bus .u.nes. Lower 4 bits or Z8& address bus 
For decode or IO 1natructions 
Ch:lp select~ GAPl'lIT geDerates attar decording 
addresses. It is selected u caae ot 1•s-1n1. 
Active low 
Data bus liD.ee. Data bus lines or Z8& 
Read pulse. ·tr&Dsmitted troa GA!'NIT. IORQ ot Z8& 
&Dd. IAHD ot RD. 1'egat~ve logic. 
Write pulse. '?r&Duittecl from GA!'!IIt. 'Ill pulae ot 
Z8t is cut 1D a put of edge nt!lUI GAPR'IO and. 

• it becomes tllliA &Del theD it becomes !Oil -n.tn 
IORQ, lfAND. Hegative logic. .. 

l•••t 1Dp1lt 
--~~~~--~~~~~~~~~~~--t 

Rece1ve read1. th:la becomea Low •~•D data ia set 
1D tll• rece1ve buffer of .Aft. 

Clock tor serial tZ'&Dsmtter. Uaecl u ABT. 
Clo~k tor serial receiver. Used u ABT. · 

Output tor I.El> 

OUtput tor apealc.er 
Data output tor pn.11.ter (ceDtro-interrace) · 
Strobe signal tor priaiter. Megat1ve pulse 
I~t1al1zat1oA signal tor printer. Negative pul••· 
Signal wllich iDdicates error state ot pr1Dter.Ir 
PERR•&, it ••an• •rz'Or state. 
Signal ~ch 1D.d.1catea bua1 state, o t printer. It 
PISY•1, 1~ means bu~ state •. 
Data bus l1Aea ot cutridge 1Atertace. 
Clip aelec.t signal to cartridge. Input 1A HS mc' 
OUtput iD DB mode. In DB mode, it becomes low !,. 
lfH .. 131. . 

Address liDea of cartridge. Address output in DB 
mode. GeDeral iDput u iS c:ode. 
Address 11Dea ot cartridge. Add:'ess output •A DB ! 
aocle. Add:'Hs 1aiput 1D iS mode. 
':lrite pulse ot cartrtdge. output iD DB mode uput i:i 
IS mode. I 
lead. pulse ot cartnclge. OUtput u DB moele 1aiput in I 
IS !llOd•· I 

Reset si&DaJ. to cartridge. ! 
Judge iaiput ot cartridge. ~ meana iS mode o~tion. Ii 

1 me&D• a11.1 otner optioD exept iS mode option or 
no option. ! 
lllterrv.pt request to cartr~dge. When it is written i 
to output register u IS mode, it becomes Low. I 
Audio !Aput trom cartridge • •nen AUS~ or S~R is se1 
to 1 ud SP ot IOCTLI is set to ~. CAUD SigDal l.S 
output tr.om SP termiiial • 
Serial. data outp~t to cartridge. 
Serial data 1Dput !rom cartridge. 
Serial. data ~nput rrom SIC. 
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3.3 Descriptions of the circuit block & AC characteristics. I 
As the block funct1ons are already illustrated 1n the chapter 2, 
and AC characteris~ics are described in this section. 

tne circuits 

Address decorder. . . 
t.b.e address decorder decords CSIO, AB3~~ and generates write pulse and read 
signal. INBFF in tAe tolluwing tigu~e is FF for an 1nit1al reset. (Refer. to 2.2~ 

i----------wrqNx aocrt..~") csro c;-· ---l!l! 
A~3 D 
AB2 
AB1 

ABB 
iOktJ 
lOvm 

>i 

;.--------W IB N 'lC <.Swlf") 
Ad.dress de corder 1 YI 17NX c F-:JR" ") 

W16"1lC CARTCR") 

0 )' 
Ci , 

c • 

II . -
r. ... ~ '~ 

.-- Ai4S-ll 
8 a 1 'f 
', a 5 p,"',.. 
lC ~ x ~ 

_...; 

f 
" .... 

I 
I 

IWHJi~ -'1!... ~ Q 

--; t -Q 
~ 

, 
I 

, 
. 
. 

-
"' 
... 

W 15>JX CAl<T11R/\) 
w J.4NX cAterDOR"' 1 '!lrRDY") 
wr&~ T'°"(CTtt~/V., • CTiJ'-1.) 
WI& N1C w. CCT~-1. ) 

,s;;eNX { 087-Q" Jri~4JJ.:dCJ:ll-..; 

g:f }(Input data ·) 
~ selector· 
llJ4PX c ~x iar " ) 

IM!iPX 

• _The !o_:Llo~'- ~gures sAow the timing wnich allows data to be read and 
1'1'itten correctJ.1. 

Re~ a!-
~ · lj ;::;s --~--lli_,n ,:'!Iii" 

$ii: T'rs" I . 
I . ~==E-·--. -
~ 4. WI{: ; 

S5i ~ 
- """' . ..5-nl 111'11 

Write Bf 1r CSIO' ---I I 
AB3'~ ! I I 
tOWR ·111il\ \ t . 

"'"" !Jo son' ) -~-
19'1\ 

I I 

D87 ... S l I ·~ ...,....._ -''"" JniA 
34n 3511 
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( 1) HS :ode cs·11. ='S CS"IJU·~ ') 

JS .. fSW'R-----

I:-

. OBF, IBF are expressed as seen from 
z the iiiili · part sio.e. ·· · · · ·· · 

AC cl:LS.racteristics 
(CPU side) 

, I 

IrwR~ 
ma 

(cartridge option side) 

TITLE 

l§~i·1~1 
EPSON CORPORATION 

I I 

~ 
l-•it-
1 Z.11$ ~($i41tt IJOI. /111f!:Jo.'Fl. .. '· 

.... , -. --.'Ill-... ,.....-,-;'__L_ I 
---.-111,""'~l z11s ~ 

~ ~·"' '·.II I· I ' Ci)87.._-. · -· ·-----r-.;____r 
l _.:.. ~ 
p11111 ··•·11 
Ab j'39'1\ 
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(3) :i:l.B mode 1cs-,v1=:. csw&•&) 

Ea' 
A.; J 
Aa2 

--.:;i.__,n--------++-----------.....i...---- ccs 

rOVIK 
-----1-a.__pi----...., ________ ._ ___ ...... ,CW'R 

.!6Kf> 

AS1 
AS4> 

---------------------------.;.~di 
---------------------VA~ 

~ CIT?> l. s Hi.gh 
~ OSF and ISt' are in a reset state. 

AC cb.a.racteristics 
I 

CD87"fJ 
CCPU 

"' CTt.n--A;,) 

CSI/) 
A8J ... 8 :"-~*"! ~~ 
~' , . ..-
t,~.:. : t I +-
c,481.lAB~--·---rl\oo---------=----_-_-_-_-..,o!-, =x::::1r--

) r.,r', J.zr,· j"". r--• 

'TITL.E 
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' I I ( x ----,,,,..-'r-.._.._., -
lTYP I ~ 
'5f,J I 33.&8 
1111qJ11) 

(t~9 relation bet~een CS'IO,AS3-0 
and ccs, CA.El,~ is the sa~e as 
write state on the left) 

·I· Values depending on options •. 
Max 33~ when ZS~ 3.68 MRZ 
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(5) Flag 
Set reset conditions of I~F (output ouf!er full flag) and I3F (input buffer 
full flag) arg sho1:1D. in the follo':Tl.ng figure. 

WION~: 
RIONX as 

W16NX 

.... 
•••• .... 

~ .... 
c:ati.c~& •• 

IBJi 

Write pulse to addres~ number 1~. Negative pulse 
Read pulse to address number 1~. Negative pulse 
HS 1 in all'/ mode other than handsnake mode·. Both OEF and 
IEF are reset •. 
Write pulse from cartridge 
Read pulse to address number ~ from ca.tridge (CAB~·~) 

(6) Equipment address setting on CTG option side 

In case of a option otAer than HS mode option, it is necess&r'J to set the 
equipment address of each O!)tion in CDB7 4 ac·cording to 13R Read :ia.cie by the 
mal.ll part, after setting DB mode. As for IO :ode and OT mode option, C~B7-4 
are output ports. #hen 13B is read, the value is decided oy pull-up or pull­
down of CDB?-4. (Pull-up 1, Pull-down&). On the ma.in boad, however, CDB7-Q 
are all pulled don b'J lK.SZ.. So, \11.thout all'/ treatment, CDB7-~ will be all 
&&Q&. That is why it is necessary to treat the option pulling up or down with 
a resistance of about lCQKSl according to the eqUl.pment address. 
Such is vali.d also for DB mode option. '?he address number 13H cannot be used 
as data input. 

l§~i•l~I 
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(2) Trar.s=it~a= ci:c~it \tr.:ius=:!.tter buffe=, parallel-serial c~nve:te:, 
parity generater) 

ARTOOR 
Trru:sm1 t":er . 
buffer -,-i4 t! j · 

W14Nlt 

~NX 
C'7t;~ni~ 1) 
~~ 

.$'HCLI< 

Paralle.l-ser:!."-l 
converter 

11'-

Shi.ft cloc~~-----..... --------------.1 

The tr3!ls.:w.tter circuit is composed of tra.:s::=.t:er buf:er (~~DOP.,14.H), 
parallel-se:'!al ccnverter md parity gener:iter. T.!lc tr~smitter is 8 bit 
ratch. Data is -:Tritten in t.11e but'!er by i'trit';en to 1"-A. I~ is neces:::ary to 
confirm by checking ~..RD! that tne buffer is e!ll:;:>ty, before writing. ','/hen 
data is ~ritten in ~TDO~, T~~y becomes~' OBF :ecomes 1. ~hus, if the bit 
counter is in B~ sta:e, tne tra:smission st.z.rts. I! tho cit counter is 1~ a 
state ot~er than e~ state,1.e. if' it 1s tran.smi."tting precedent data, tne 
ouff'er begi:s tc t:a:i~mit tue data ne~ly written omly ~nen tne tra.n.s:ission 
of ~recedent data is ended and the bit counter enter a~ state. 
(A) First of' all, tne contents o! ART~OR are loaded in parallei-seria.J. conver~: 

The i:it1al value is set in the parity generater and start bit (~) is 1 
output fro!ll output ~F. At this moment,.TxRDY beccmes 1, wnich means that~ 
new data can be written to the trans.clitter buffer. In case that tbe data 
length is specified to be 7 bits, MSB or A.RTDOB changes to 1 at tne OR gate 
and is loaded to prallel-serial converter. Tne initial par~ty value is ~ 
with even parity and 1 wit.ti odd parit1 CB~ +B1) 
(B) When t~e ne.rt sni!t clock starts,parallel-serial converter will be shifted 

and the SOUT value CD&) 1s output !rom output FF. In tha parity generater, 
the 1n1t1.al par:i.t1 value CD&) is calculated (Bl -BZ) 

(C) Dl, DZ, D3, D4, D5, D6 and D? will be sh:i.f'ted out one after another 
(unt:1ll D6 in case of 7 bits), at the same time initial. parity value<t)D~El 

D1E>Da$D.3(tD4 •••• D7 is calculated in the parity generater. Parity bit means 
the result of th:i.s calculation. 
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(3) Transmitter control circuit (timing counter, bit counterJ 

timing counter 

1"QA 
TQB 
TQC 

CLl<TC 

p 

@Z 

°fli.t coWlter 

PEN _ 

T>ATA =:I 6Qll 6P 
"'~ "'~ Tii1T1 - }~ Btl'. 

TBlTa--i ~ a11 

~CL.IC ., 
. 

C.K 8{j 
B~ sample 
CK6-Bfi 
OEF sample 

I I 
7fS' SrTCLI<. 

. s hi ft clock· 
(to parall"el-serial 

T>rC: ~LI1..f'Ul.Jl.ST.Jl.Jl .. co~verter) 

1QA LT"LJ"L._~11 

°(08._1 -....: 

t L ;: ;·----o ..... ,r sample + f 
--~~~~~~~~~r--

.ahi!t clock 

~ The timing conter.is used to generate ti.ming signals which serve ·to control 
each section o! the trcsmitter part al1d is 4oits"hexadec1mal free running 
counter.·'rh:l.s counter is also reset by a reset. The clock signal which is.16 
tinmes quicker thc the baud rate is suppied to '?XC •. '?he baud rate is generated 
in the counter and is 011tput as MSB output ('?QD). '?llis baud.rate signal serves 
as standard clock for the transmission (shi!t clock for the parallei-serial 
converter). The role o! the bit counter.is to count transmission bit. It is 
renewed every 1 bit sl11ft-out. '?his counter is·composed of 4 bits FF, but not 
tree running counter like the ti.ming counter. It counts from (~C~C) to (Total 
transm:i.ssion bit number -1) and returns to~. For example, let•s think of a 
unit o! transmiss~on bits whose components are; data length 8, parity present 
stop bit 2. '?he total bit number is; start (l)~Data (8)-t-Parity (1)-+Stop(2)= 
12 bits. In this case, the· counter counts up till (1~tt) and. return back ((g~~~). 
When t~e counter has no trcsmission data, it re!!lains (~~~~) even if the clock 
sib-nal arrives at it. It starts counting up just when data is written to ARTDOR 
from the ~ain part. 1.e. aC&~~) state created by a reset input ~ill when data 
will will be written in AR'?DOR. From now on, we 1 ll use an abbreviation like 
the following example, (~~~~): B~, CC~C1): Bl, (1~11): Btt. Three distinct 
si;nals (OBF, TBITl, TBITQ) serve to control the up-date of tne bit counter. 
OSF (output buffer full) is the si&l1al that indicates tne presence of data to · 
be trans!!litted within the transmitter buffer (A.RTDO~). Every ti~e a transmitter 
is over and the bit ccunt~r returns baok to 3~, OEF is checked If CSF•t, 
tran~missions conti~ue. If CBF·~, B~ reoair.s till CE' tur~s :o 1. :~!~1 ai:~ 
TBIT~ ~:e the sis=.t..Ls that i~c1cate the tota.! tr~ns::ission ~it ~u~~er. Tl!e~e 
si,s::.ai ~ c :n t.·ol the r: :.:r:i ti::.:i::.g tc :a11> aft Gr trc.s::i t t!ng ho~ >.::.a.r.y bi ts. 
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[J Relation between mode register values and total transmission bit number 

STBPr!!~b.:1 t· ) peN 'Parity , 
;4 Data 1 ·.i:o tal ai t -OAT. (1length) number . rsrn .1 nrr Q 

s ( 1 ) a 19. ( 7) q s I B 
8 ( 1 ) & 1 ( 8 ) 1S 

I 

1 & I 
~ ( 1 ) I Q ( 7 ) . IQ I ~ 

I 1 I 

8 c 1 ) 1 1 ( 8 } 11 1 i Q I 

f ( 2 ) I s Q ( 7 } ltl. ~ I 1 
1 { z ) I 9 1 ( 8 ) 11 1 ! B 
1 c z ) 1 I ~ ( 7 ) 11 1 I ti I 

1 ( z. ) 1 1 ( 8 } . 12 1 l 1 

'?BITl and '?BIT~ can tell how man:r 1 numbers are there among STOP, PEN a.a.d DAT:.. 
indicating it in bill·ar:r seal e ( Full Adder) .' 

. . . . f TBlT 1 • ST~P· PEN +vATA-SWP + f.i.4TA· f£¥ 

l rB114: $Te-pe PEN@-DATA 
1=i A. 

~~~ ----c~. ~1 .... -- :~~ 
, 

. r 

'That is; T!IT1 and '!:SIT~ occupy 

lthe lower two bits of (total bit number -1). 1.e. ~he bit counter increase 
~. from(~'~'~'~) to (1,~,'rBITl,TDITO) and return back to C~;~,Q,~). 

- . ·• 

Relation.bet~eenmode register value and parity out:;iut ticl.ng (~efer to 
figure ~4, too) 

PEN t>ATA ·paz.it7 out~'t 

~ I ll Nothu.g 

fl 1 Nothing 
1 fl B1 
1 1 811 

As serial output TID is ael~~ed ·of one stage QY FF, the out:;>ut timing SP is; 

SP • PEN. (.PATA . sa .,. -DATA· 81 ) 
• PEN • '1-D • ~ • < -PATA • &A + -DATA • g_. ) 
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[] Transmission ti::iing ;n eac~ mode 

C'I) (//1) 

I~ 
mPI 8 Q . I 19 

1. ml 1· '9 I ~ 1 
W1 i>ATJ\i Fl I ~ . 

ES~ I st9p siap I .Step 

61 1~ ~I .swj 
I 

I B2 I fJQ 
I 

I I f)a f)~ 

·6.3 I TJ1 I f) I I f)7 

&4 I -DZ I DZ I /Jl 

I ' f)3 I BS -OJ ' -D3 I 

! 

~6 -D'f I f)4 f)4. 

h7 I {)S -/)$ i)S 

68 I -{)/ I f)' f)' 
15, I f)1 p 

&tQ 

~11 ... 

. nm•:. 

·TITLE 

l§~i•l~I 
EPSON CORPORATION 

(11 ). 1 !) ( 71) (11) -
f:) I 1 1 1 
· 1 I ~ fl I 1 1 
1 & 1 ! B I 1 I 

~~r I Sfat .St6p 
; 

Sta-p I s~r i 

~ st.,.it sta-Tt i 
I $fa-t[ s-W 

.PO I fJH I f)8 

I . .,, 1 
~ fJ 1 I -DI 

I 

1)2 I -02 I fJ2 

I 
I 

f)~ i)~ I i)~ 

I 

f)'I I f)f:/. f)4 

/)! I f)S .PS-

/)/ I i)J ~' 
'B1 s~, 1· fJ7 

p .1t1f 

! 

I 
! 
I 
' 
I 
I 
i 
I 
I 

I 

I 
I 

'f)9 

-DI 

ez 
-V3 

D4 

.PS 

f)/, 

p 

.st,., 

i 
f),J I 

I 
~I I 

I 

-91 I 
I I f)3 

I 

04 

.P! I 
I -DJ 

IJ7 

p 

~ 

stut ••• .start b~t 
Stop • • • • atPP. 'b1.1: 

l>O 7.- ..... '• ·.d&ta.. 

~ . .:..~P~§i 
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~ 

~,. 

(5) Receiver circuit (Serial-parallel converter, Parity checker and Receiver 
buffer). 

;s----------. 

m I~'-

(SIPO sA;L!t register) 

Serial-paral_~el 
coa.verter 

~~".:_ - _'_ - - - - - - - -- -a---~-ra~c:~ - - -~ --

1 W,jj .... • .. l~c:d.ver butter 

A~lDLR 
tf4Hl 

fo 4ata lnle ~es 

88 
, Pui. t1 c:Jaecker : ... ____ --- -- ------~ 

·----4-

(Serial-para.Llel converter) 

PEN ~rA ~9 
B 6i1SS8 ~ f 8 
8 7 6 s 4 3 41 

Rn>i> 
$ f)f)pf)i) ~ .;; f a Q ~~bi~• .id.tt~reg1ater t 6 s + J z 1 0 i 6' ,. 

a J J l i -l-., 
' & 'I 3 z I vs 

s ~ f) ~ '/) f) .p D 'O $ 
Q KxeB 8111!, _~tt i r· ' s 4 .3 z 1 fJ i .r~13"ater I" ~ ,,. ) ! ! i L I 

-07 ' $' 1 ' .11. I I 

~ ~1~--~~t. ' 
() fJ ~ ~· D e {) f) s 

5 7 6 3 z 1 Ii I 1'~13.•te.r 

" { 
1 l l I l r l l 
&7. ~ t 'I i :& I ~ 

1m>D ~ .bi_!' .alli~t . ' ~ 
D f) f) f) D f> D f) s 

~ 7 6 s Ip ~ l. 1 Ill b r~ii•t.er p I f CP) j, ~ 
v 

f)1 6 s 4 3 .2 I q 
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~6) Jec:!7G!" cc:trcl c~:cu~~ c::.i::te!") 

r----------~-~~~---~B~T~CLK 

1r--~~~~~~~~~~~~~4;8E16CLk 

~----------~o!'-'-------------....+-'---"95~ 
;,i=!no. co~'" / I RSITI--~' Oit cooz:t:~JJ 

4 ~ EJTJ( ; "S1Tc9-- I 6&l.c ! SE 

i :1 !,. 19,: i' 
~ 6wCl I 

-r;.,.1 ... ---------Jo'Cri' s~,. . / 
~ i 

;OC--~~ CLIC 

µ----------------1~-------' 

----------------~·i:hi .:t cloc:~ 
S'"TCL.J<. 

<W-D) 

fi.:ing counter inspects"a start"oit ot receiver dat4 and Qaltes a center ti?:ing 
signal !or data sa::pli:l&. I! receiving data becomes ~ ~J ~cise, after half a 
Qit, it chec.:t.s a start bit once again and it has ru~ction tc ignore a ille~al 
start~it. Further, it :!Altes necessar1 t!ci~g s1~al ~t other receiver parts. 
iri:n.ng counter is l!W.cie o! 4 p1.eces of IT and. C;;3~'3rally it retur:is to ~ aiter 
cowiting ll)"'15 • (but exs:pt £tart bit, stoi; bit)• Ac:cr4:ciil:t, T~ of MSS out!=ut 
:ecc~es ~aud r~te. Bit cou:iter is a counter tc col:nt receivi~g bits of received 
data and it count= up at ~~ output start of ti!llin& counter. Startin~ up of TQ 
becomes a centGr of b!t and then it becomes a sl::i!t cloc: oi Ae-p?J. c:nverter. 
Eit counter is :ade cf 4 ~iec~s FF and it counts up r.om ~ ever~ starting do'.'m 
of T~ and ~hen it a::o~nts to (total receiving Qits-1), it'retu:ns to~-
Be!o:-e structure of receiver control is e~lained, it is descrioed about total 
number of rece1vi:1g bits. Orig4_nal1y, total nu~ber of rece~ved cits means 
(start bit 1)-+- (data, 7 or 8) +(:parity 'bit, O or 1) +(stop 'bit, 1 or 2) but 
here above !or'!!IUla. That is , il1 case of stop bit= 1 or 2, it is al~ays consi­
dered as 1 an: t~ere!ore 1ll case of s~o:p 'bi; 2, the Zl:.d ~it is i;~ored. 4eceivsr 
control c:. .. cuit ':IOrlts on t.t1.e pre::iise t~at sto&r ";)it is al\1ays 1. !'racing_ error 
is chec!ted ::it the first stop bit only and then it enters to the code to '17ait 
the start bit ot ne:t data. Here, the stop bit of the 2nd 'bit is ignored and 
then can be synchronized b~ the start bit of next data a.lld it is received 
co~rectly.~s, if the stop bit is considered as 1, the received action works 
correctly a.lld the circu:L t 'become s:Lmple 1n this way •. 
RBIT1, RBITO, inpu~ to 'bit counter means total bits number as the a'bove and it 
decides tAe timing that tAe bit counter returns to~. RBIT1 1 ~ is calculated by 
P~, DATA of mode register and it becomes like Table 5. Hereafter,. it is expresse 
as 54' ":then the 'bit counter is ~ and t.t1.en it's expressed as tne :a 1 : •••• :91 ~. -
~iming counter aJ.so is expressed as the T~, ~1 •••• T15. 
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O Reiation bet~•e·:m reg~star and total :eceived 'cit !l'.!:"ce: 

· f'.ic,"Ure -5 
I 

PE.N -DATA ,;i:' ! ~6JT1 I RBIT&>\ I .::u:i~er 

(:J 19 ( 7) q I ~ I &I 
6J 1 ( 8) l& I fl I 1 I 
I t1 (1) 1B I & 

I 

I I I 
I 

1 1 (8) 1 l I 1 I &1 I 

RSITl cmd P~!:O are. calculat.ed. through RA-(Ealf Adder). Notice tnat (1, Q, 
RBITl, RBI'?~) is a binary scale of (total bit :::iu1:1ber -1). 

. A 
PcN --A· 

DATA ----'S s 
iJIUIJ 

0 Timing sipals transmitted. by the ti.mil16 and c.t counter (SFTCLK, B~, BET~CU, 
BET6CU) 

«-The following exacple shows the case of 11 bits in total bit nu:ber. 

.TITLE 

l§:f-i•1~1 
EPSON CORPORATION 

i• 1 

#E1'KJ,1t ___jli,_ __ :_. '-~----

4ETlclJ(~--------~~-------~ 
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[] Structure or the bit counter 

88 

Figure -7 

TffLE 

l§~i•J~I 
EPSON CORPORATION 

Data in.put or each FF· which composes , 
the bit counter can be !011J2don tnis cnart 

DA" GA • SE 

~a· (~ ©Qa) ·BE 

"e = (QA ·Qa @Qc) · SE ___ Asy-nchronous structure 
I 

perm ttecl; DC=QA • QS!>Q.C 
f>i> • <~·&.a·Qc e G..a) • 8E 

J:.r( 1:/,· ~'T ---
SE :. l §A· ~tf) • (Ga • RBITI) · Q; 

;SHEET ;NO. 
REVISION 
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~ 
' ' 

(7) Receiver control flag (RX:eDY,FE,OE,PE) 

f')\'Vf) 

SEiGCl.K --...+-t..lj 

~ ~r-riJ.,;_..J 

(ttote t) 
FF Set-up and Rold o! FE is not assured - --- \ 

but it makes no difference. ·• 

a 14 1r , 18i , 1 , z . 3 • ir , & , 11 , 1 • s , Tl ' 

R'JCt. .... rLr1.rL'L.i1.. ___ __,~------
i97 I rl,_ __ _ 
OET&'c.!.~~'~---• ,_ _______ ;,_.. __ _ 

BEW~K-------------i."r'~.------
?H ~ 

~~~pr ____________ __;__;;,,,_--------• 

PE./;E ~,.--------------
5E. 

l ta.a nags of n:, -~E~ OE ac.a" IUlm~ · cah · be reset by a reset 1npu t o·r ER 
(error reset) command. 
hen1byte data 1$ input, parity error and tr~ng error are cneckea according 
o the T6 center ti.111-'.ng o! the end cycle of the bit counter BE. (It is with this 
im:Lng tnat t.b.e ·data is taken in t.b.e receiver buffer). RJaiDY is reset accoro.i~ 
o the T6 end tiz:c.ng. 

s lag of set timings betwetin PE,F.E: and. RXRDY is des1gned u.tentionally in. 
order that FE and OE values be guaranteed 1:1.!len ID~::>Y•l. If "th·:tY are set at 
t.b.e sa:ne t1::ie, a race ':'!ill oe :preciuced bet'.1eGn th1:u. CrU :-eads A..1T::i!R or 1 L~H 
after having con.firmed that RXRUY=l. RXRDY is reset by this. In case that the 
receiver butter A.RTDIR is not read since B:a?DY passes to 1 by tne time when 
the stop bit o! the next data vnll be input, a overrun error flag is to be set. 
F.E: and PE are r~newed every time data 1s received wnile OE, once set, 1s not 
reset until ER command reaca.es it. 

l=:b.i•J~I 
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:TIT1-E .SHEET :NO. 
·REVISION 

: NEXT '.SHEET 

o· 59: SE· 



4.S:pecificat.ions of Gate-Ar~ay devices 

(~ 
( 1 ) ~C specifications 

(2) Logic c~r~uit diagram 

(3) Seal diagram 

,(4) Outward :rorm des1.gn 

(5) P1ns dispos1. ti.on dl.agram 
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5 

,,. .... 

I 
I 

DC characteristic 

VDD=4.~- 6.3v, vss=~v 
TOP·~"" 7~ °C 

ITEM Sil-!30L 

POWE~ CtJ'R..~T IDDS 

H LE'IEL VO!i 
OUTPUT mrsio;? 

L W.'""VEL VOL 

. R LEVEL VI! 
IXPUT ~?SICi? L LEVEL 1II. 

I~l'U': LEAK C~Rm:r.T ILI 

I?rPt!~ ~{ CTT'O~Tl"I .............. I!.Z 

CONDITION 

note 3 
STATIC STA?E 

mA 
IOH=-~.4 

IOL=2!!!A 

'/!• 
. ~v-v~~ 

3: vm VDD-t,3V. · -vn=vss ~. 3v . on the condition that TOP·~s~·c 
note 4: In case ot t%'1-state l.nput. 

--··---.--. 

ST.A!:DARD 
I MI?~ I A VERA GE I MAX 

1~ I 
(>.~1 

, 3.7 l~D 

VSS ~.4 

2.6 
~-7 

-16l I 1~ 
-11\l ,~ 

I 
I 
i 

01(4-2) Log1c circuit d1a&rP 
i 
I 

I 

I 
i 

i 
I 
I 
i 

_! 
~ 

Annexed des1&Zl (MB6Z!114 Lo&loc circuit d:1.aor:im :J:U.~7 :i..t.n 83~526) 
.23rd JW1.e 1933 
Ei·~~SIO:~ :;m.mn 233-14~ 

:: . 

l mrr: 
I 

I 
mA 

I v 

v 
v 
v 

I J'-A 

J'-A. 
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A 
Seal format diagram for MB62R SERIES (EPSON) 

EPSON 
0 

"'. _ 1, ~ Ii 
;. ... rade mark I I I _ D 

Ii . JA. AN 
- User modalltypH E0·1n35c A. I 

!user mode1 1b.pe 2:\ .G"DN1-~ Lor\ I 
'I \ ;• l\1 U I 

· i ; '-" .R ~ c:: 0 't10 i 
I I ......,_....; C.~ ; 

I ' ii .,.. ~ I 
ii I ! I 

II 0 I / I 
~ . I U 

1 I . I 
~et number /~ranging number 

c 

1. 'rrade mark ·· : Height 1 • 5mm 

. ... 

a 

i r 
! 
i 

I 
c 

.z. User mode1 type 1 

3. User mode1 type 2 

I 
: Height 1 .zmm Round got~c type ,-
: Heigti1! 1 • Zmm Round gotllic type 

4. Ot.11er c:tiaracte:c 
I . 

: Heignt 1 .zmm ··Round gothic type . 
L 

.User mod.el type 1 

\ 
User mod.el type Z 

I 
.I . ( Mod•l tri• L ' !. 

£ 
H51.l ~It/,,; le,01.c33 ;.A I a-A 'PM TT 
I i I . 

i""'5..t ..i ,_, 11~ : .= d 1 e rt~ EA ' 6- ,A p,v D !... 
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I I '· I 
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(4-5) Pills disposition diagram 

M:: 5 ·2 H 1 14 · ( F != T-SO ) _;;;...,__ _____ _ 
. . .. G.A,? N !O 

Pl.lls disposition diagram 
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PIHB OPTIONAL CARTRIDGE 

Universal Cartridge Specifications Booklet 

1. Applications 
This specifications booklet is to be used for the 
universal cartridge which is an optional cartridge 
for the Pine. 

Contents 

l. Applications 
2. Outline 
3. Connector Pin Arrangement 
4. Explanations of various Pins 
s. Explanations of various Modes 
6. Setting Modes 
7. Explanation of Serial Ports 
8. Precautions for Creating Interfaces 
9. Dimensional Diagrams of Circuit Boards 

10. Precautions Regar4ing FCC Regulations (United 
States and Europe) 
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2. · Outline 

The Universal Cartridge is a multi-purpose cartridge 
for use with the Pine. Through use of this cartridge 
the user free to install other electronic equipment. 
This cartridge is to be used for creating trial 
versions of optional cartridges according to wiring 
arrangements. 
This specifications booklet specifies the 
interfaces with the Pine mainframe and 
dimensions when the Universal Cartridge 
used. 
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-3. - Connector Pin Arrangement 

14 ! CRXD 
! 

15 . -sv 

EPSON 
EPSON CORPORATION 

(?) Nihon Koku Denshi Sei PICL30S-LT 

+SV ower SU 

CG round 
·coal bus no. 1 
CG round 
CABl ress us no. 
FPOF Overcurrent 

ct ion 
22 CDB7 Data us no. 7 
23 - CP.~-~. Data us no. 3 
·24 CEN 6301 EN signal 
·-25 oor- 1frlte s gna 
26 CTXD .... - Serial receiving 

line 
27 CDB6 Data bus no. 6 
28 RS Hardware reset 
29 COBS Data bus no. s 
30 VB2 Backup-·pc:iw-er--sup-

l 
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4. . ·Explanations of various Pins 

GND: Pin l 
CAOD: Pin 2 

COBO: Pin 5 
• 1: 18 
• 2 12 
• 3 23 
• 4 3· 
• 5 29 
• 6 27 
• 7 22 

CID: Pin 4 

CITO: Pin 6 

This is the +/-SV ground. 
This is digital audio signal output which 
is connected to a piezoelectric beeper. It 
can be used for general purpose output and 
can be used for reading as bi~ 7 of I/O 
Port 16H. 
When in the Band Shake mode (will be 
referred to as as mode) these function as 
data bus input output on the cartridge 
side. When in the Data Bus mode (will be 
referred to ~s DB mode) will .· function as 
data bus input output for mainframe side. 
When in the Output mode ( will be referred 
to as OT mode) will function as input for 8 
bit port input. 
When in" the Input output mode (will be 
referred to as IO mode) CDB 7 - 4 will 
function as input ports and CDB 3 - O as 
output ports. 

Outputs read pulse to the mainframe when in 
the BS mode. Inputs read pulse from 
mainframe when in DB mode. 

This is only used in the HS mode. It 
-- ··- --- ---becomes O when the mainframe outputs data 

ccs·: Pin 7 

CRS1 Pin 8 

·EPSON. 
EPSON CORPORAnON 

or commands to the output buff er and 
transmits an interrupt request to the 
cartridge. It changes to 1 when data is 
read by the cartridge. 

When in the HS mode, this is used for chip 
select output from the cartridge. When in 
the DB mode, this is used for chip select 
input to the cartridge. It is not used in 
the OT and IO modes. 

This is responsible for preset input from 
the mainframe. By outputting data to bit 3 
of I/O port 198 those values are output 
from the mainframe. This can also be used 
for general purpose input • 
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CABO: Pin 9 When in the HS mode, this outputs the 
mainframe's address. When in the DB mode, 
this inputs the mainframes address. It is 
not used in the OT and IO modes. 

CABl: Pin 20 When in the HS mode, this is used for 
general purpose output from the mainframe. 
When the DB mode, this inputs the address 
from the mainframe. It is not used in the 
OT and IO· modes. 

CSEL: Pin 10 Used for output to the mainframe. Is o in 

GND: Pin 11 

VBl: Pin 13 

CRXD: Pin 14 

CTXD: Pin 26 

-5V: Pin 15 

+5V: Pin 16 

• the BS mode and 1 in all other modes. Can 
perform read as bit 6 of I/O Port 16H of 
the mainframe. 

Return ground for non-stabilized power 
supply VBl. 

Non-stabilized power supply. Batteries or 
an AC adapter are connected directly. This 
is used when a large current is required. 
(4 - 7V) 

Por serial data transmission line. Can 
also be used for general purpose output. 
This sets bits 2 and 3 of I/O Port 18H to O 
and.reads from bit 3 of I/O Port 16H • . 
Receiving line for serial data. 

-5V power supply. 
approximately 30mA. 

+5V power supply. 
approximately 70mA. 

Can handle up to 

Can handle up 
(SV+/- 5') 

to 

CG: Pins 17,19 This is for the case ground. 

FPOP: Pin 21 

CEN: Pin 24 

EPSON 
EPSON CORPORATION 

Overcurrent detection input. For 
uses which require large current, 
signal· is l, current levels 
reduced immediately. 

options 
when this 

must be 

This is used for E signal output when 6301 
is used in the cartridge. At all other 
times it is pulled up. 
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Ciii'1 Pin 25 

RS: Pin 28 

When in the HS mode this is used for write 
pulse output to the mainframe. When in the 
DB mode, this is. used for write pulse input 
from the mainframe. 

~ . 
Simultaneous to being supplied to the CPU 
of the mainframe this is used for reset 
signal input. 

VB2: Pin 30 This is used for the backup power supply. 

EPSON 
EPSON CORPORATION 

Power is supplied from +SV when the 
mainframe's power supply is on and from 
batteries or an AC adapter when the power 
supply is off. When power supply is on, up 
to approximately lSmA can be supplied. 
When power supply is off, up to 
approximately O.SmA can be supplied. 
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The diagram below shows the interface of the various 
signals in the mainframe's circuit board. 

C-MOS gate array 

1 l()C \q - C!T~ - -
.. && - c. RS -.... - CT)CD -.. - C RxO -- C.AVD ... -- CA BCS ... -A•A - CAB1 .. -

t • ·~ t r · l 
~r i~ ~~ i ! i ;f 
io9~~ri-!+-!-i-l:a_· ___ .,,.. __ 'V\A·~.,._A-o C. sa·L 
~l_...~1-----~A--o- C~D 

II . . ;C:Nft 

i----'---------"~flllr---0 ~ 
!--------"ll'·ri,.. --o c. v 6 ¢ 

I I I ... : C.'D B 1 
AA. - . C:PS 4 

I I .... = C.i' s 3 
i--!1-+.-~l~I~----~·~· CDS+ I · . I I I i.-.;..,.._......,......, ____ .~·:v---~ CD&~ 
I ·I I I I I 
;...I ...;l...;l-;lp-;lp-;t!"""i-1 """I --v:--o c;; S ' 
i--'!-i'-~~..,..~-~·:M.' ~.---o Ct> B 7 

:l''~~' ,, t!~~ Jr I 
i--~M .•• ~-------oc:N 

C-MOS gate a.rray ·-~-------~'.RS 
• . 10~ 

~-------~--------o F?or: 
--[../ -+ 5' • 0 -t-~" P"JC\~ 
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5 •. ·gxplanation of Modes 

The cartridge interface can have up to 4 
modes depending on the types of optional 
connected. 

different 
equipment 

(1) BS Mode (Band Shake Mode) 
This is the CPU to CPU interface mode, used with 
optional equipment containing CPUs and is 
similar ~o the 8255 Hand Shake mode. It handles 
data through the input and output buffers. 
Control flags (IBP, OBF) are·used for control 
during data transmission. 

(2) DB Mode (Data Bus Mode) • 
This is the mode in which optional equipment is 
viewed by the·maihframe as normal input output 
devices. Optional · equipment is directly 
connected to the mainframe's data bus and is 
alloted an address area composed of I/O ports l~ 
- 13B. · 

(3) IO Mode (Input Output Mode) 

(4) 

This mode uses a 4 bit input port and 4 bit 
output port system. 

OT Mode (Output Mode) 
In this· mode an 8 bit output port system is 
used. 

In the following section we will explain in detail 
the various modes. 

EPSON 
EPSON CORPORATION NEX~ 
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s-1 _·as Mode 

Di;"'l' 1 Input' 
. "' bufferb.: 

Cartridge side 

Mainframe side 
!Output! 'II 

7 Ct)'Oti-1 ~buffer1 . ~ 
A8o 

. 
c.A3~ . 

•. 

'-jStatus~ 
1flaa I 

c.set. ~ 
. 

C~il. . J,. 

When in the BS mode, the cartridge is interfaced to 
the mainframe through the input •nd output buffers. 
When the cartridge writes data to the output buffer, 
it is read by the mainframe which in turn writes data 
or commands·to the input buffer which is then read by 
the cartridge. This hand shaking is carried out 
using the IBP and OBP status flags. 
When the mainframe writes to the input buffer, if ABO 
•l it is a command and if ABO • O it is data. ABO 
values at this point are read into FO of the status 
flags and can be detected through the status read on 
the cartridge side. When writing to the input buffe~ 
is carried out, IBP • l and CITO • o, and an 

·interrupt request is sent to the cartridge side. 
(Please note that IBP is reversed on the mainframe 
and cartridge sides. The names shown here are as seen 
from the cartridge side.) 
When the presence of an interrupt (request) or status 
read notifies the cartridge side that the mainframe 
is writing to the buffer, it reads that data together 
with the ro. When the cartridge side reads from the 
input buffer, IBP returns to O and CITO returns to l. 
When CABO • 0 the cartridge side can read data from 
the input buffer and when CABO • l it reads the 
status. 

EPSON. 
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~I Jn addition, when the cartridge side writes to t·he 
output buffer, OBF • l, the mainframe checks the 
values through status read and then reads the output 
buffer. When the output buffer is read OBF returns 
to o. The mainframe is able to read the output 
buffer when ABO • O the status flag when ABO • 1. 
(Because the cartridge side does not distinguish 
between commands/data when writing to the output 
buffer, CABO • 0 is used.) 
When in the BS mode, CABl can be used for general 
purpose output from the cartridge side and can also 
be used for reading as part of status function on the 
mainframe side. · 

IO Address Space 

IFB•O, CITO•l 

--- - ·-·-····· ... -

Address Area Mainframe Side 

--·-·-----
----------""""'"~---.--~--.--,,....----O~f=!.Cl. __ 

13 • 
WRITEi 10 8 bit input data:--·-- - ·----- IBl'•l, FO=O, 

I 

~ao I 

I 11 8 bit input -· e:·oinmands - isF.•l, FO=l, 
I T =O 1-

12 Unused -····-··-· .. -
13 • 
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Illu~tration of Cartridge Interface Circuits and Timing 
Char-ts 

~be oar and IBF are shown as they would be seen 
ca.c tdd9• aide. 

on· the 

(Cartrid9e Option Side) 

(CPU aide) 
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TITLE 

r>(U0~4HIW 
I : I ' --...;,, : ·1 ,.,_ 

_.I -.... 
7'C t I 

.. ---L.J­
!-~ 
1 zn .._,. (Slave 6301: less ·than 6MBz) 
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S-2. OB Mode 

R/W 
READ 

WRITE 

In the·os mode the cartridge is used as a normal 
I/O device and is viewed as a I/O device with a 4 
address area by the mainframe. Therefore, COBO - 7 
is directly connected to system devices O - 7 and, 
ccs, ~, ~, CABO and CABl are all supplied from 
the mainframe. ccs is O for all mainframe I/O 
addresses 10 - 13H and CAVl and CASO correspond to 
the lower 2 bits of the address. -am and Oil are the 
mainframe's I/O write pulses. At this time~ is 
1. 
CSEL is l in DB mode. 

I/O address space as viewed from mainframe side. 

I/O address D7 6 s 4 3 2 1 0 
10 I 
11 
12 
13 Device address I . 
10 
11 ·-

12 ' l 13 -- -----· 
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lllustration of Cartrid9e Interface Circuits and 
·'f iming Char ts. 

AS1 
ASI 

~:C---r---~,-==----L~-Cc!9 
------~..a..~-----il._ ____________ ~----.... c-;m-

-------.....cL.J~--~~---------------) e~b 
________________ _...,tA,, 

-:-------------------------------------------~-
** 
** 

CITO 
oar 

is 
and 

high 
IBP are reset 

AC characteristics 

i-----·-· .... I.,.._ __ 
----...:...-;I i 

--L ~ 

c~=rr 
:. 

C'll'Jr:.r:,) 

: nia zr:rs inF a.ss 
-- ~1} 

.fl•:. ;y .r•• I 
I I .... ~ 

:9-::;;- 1 . o;: .. , 

I <lfU1t"' 
, ~ 11:.rl·••.fr.Cu& 

(~"', 

I 

TITL.E 

YRF-~' I ~ 
_ _ _..,:! ,. L_ Zl8 I . , __ ......;...ir--

jTTrll.4' 
,.41.'I) 

~ 
tm-u.:.r 
,~n~ 

Ctf3 'lvC ·--+-' -c:· ;:;:::j' I I ,___ 

(C'l'G options ·-~~" ~ I 

---CPU) ** Main i 
I 

~8N 
! I 

(am, A83 - 0 and CCS, CABl.O 
are the same durin9 write 
•• shown to the left.) 

•• Values d t i 180 isl &a:.•r• ned by options: when 
· •. •• maximum is 330•. 
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. 
5-3 ·IO Mode 

. 

. ~ . _Ii IIr.n::p::u;-;t::-1= 1 = ·,=4:::!J6===!;·,=~===•. C.DB + "'"1 
P! ; ... 7 ~==:::;;:"=s;•;::::::~ll buff e rl • n=============coa~~3 '+ 

, 
"+ 

The IO mode is composed of 4 bit input ports, 
CDB4 - 7 and 4 bit output po·rts COBO - 3. The input 
side is composed of an 8 bit latch while the - output 
side has no latch. Instead, values of pins COBO - 3 
are output as they are. The IO address is lOH. 

When .the mainframe side writes to lOB, data in 
the data bus is written to the input buffer and the 
upper 4 bits enter COB4 - 7. 

When the mainframe reads from lOH the values of 
pins COBO - 3 are output directly to the data bus 
lower 4·bits, DBO - 3, and the upper 4 bits from the 
input buffer enter the upper 4 bits of DB4 - 7. 
CSEL must be 1 in the IO mode. Also ~, l!E>, <=Wlf, 
CABl and CASO must be pulled up or down. CITO is l 
and no flags are used. 

IO Address Base As Viewed From Mainframe Side. 
_R_l/_W--I-O-ad_d_r_e_s_s ____ D76 __ 5---- 4 3 2 l O l 
i.;.;REA:.:c....;:..;.o-:,_:...;:......;;;;.;1:;;.;o:;;.;._;;..; __ ;;.;;.;..;;;..-1_ Li...-;;(;;..;~-o-n...;;t;..._e-_~..;:~;.... -o...;;f,__,_.i_n-=-put· ·buffer) 1 ·coBJ-0-1

1 r-·· 11 · Unused 
12 • I ... 13 • I 

fifTi-=---· __ ~~ ~~::;~ ~-=~-· ----·:_ . . . ·-. ~.! 
I -- 12 • ti. 

. 13 • '-------'----...;;..;; ____ __.. ________________________ ~~-~-----' 
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I~ 

Illustration of Cartridge 
Charts. 

=-<] • .4 
... 

'8 ~ 

Interface Circuit and Time 

I f>B'H •J: J - - 9 .L . + 
.. l ' II 

14 .. JJU._J 
~-----¥i----~---ltil:i---------=-------~--S1~ 

i1'""3VN 

, 

** 

** 
** 

Q ,4 
I 4 i==-=IF====---==--==-====~BJ-8 I 

.1 ~ 

s • er 

(Or lOOK) 

CRO, CWR, ~' CABl and CABO have high impedance and 
are used as input for the gate array so must be 
~ed up and down in an inactive state. 
~ is high. 
OBF and IBP are reset. 

AC Characteristics 

I · t 
~ .... · ___ , 

~ "'-----I I 
, .< 

~ 
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5-4· OT Mode 

' 
i 

i Jlnput }I 
DBr-'1 ¢G====:::::!:::=:::;i\:>:l._ uf ferµ===-=======) C.D6¢"'-7 

The OT mode is composed of an 8 bit input port 
with latch. The input port address as viewed from 
the mainframe side is lOB, and when writing to lOH, 
the data in data bus OBO - 7 is latched in the input 
buffer and entered to CDBO - 7 simultaneously. Also, 
when reading from lOB, it is possible to read the 
data in the input buffer. 

CSEL must be l in the OT mode and because ~, 
CASO, CABl, ~ and ~ have high impedance they must 
be pulled up and down. ~ is l and no flags are 
used. · 

IO Address Base as Viewed From The Mainframe $ide. 

R/W IO address 07 6 5 4-· 3 ... 2". l • 
READ 10 content -o! _li:tp\£t· 1)~f"~e_L 

11 Unused 
12 " 
13 " -WRITE 10 8 bit data cos.el ·.;,;. · 7 -· · 

I I 11 Unused ___ 
!-- 12 " I 
i-·· .... I 

13 " I I -· 
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-
Ilkustration Of Cartridge Interface Circuits and Timing· 
Charts 

. ., 
fJB1 ... a --imi!m------. m-a ~J------=====-=========~ 

t5Y 

JS .. J3fd) ----­
,,~1s11--------.id' 

d~ 
.f-.J 57{' - -
'4--1 G481 

4'"" 
** 
** 

cxro is hign; 
~, ~, '"Cn, 
mode. 

CABl and CABO are same as in the HS 

** OBP and IBP are reset. 

AC Characteristics 

( 
j 

!5'11/t° ! I . -I : . 
lua~ I I 

. J . I 
' I JJCl..C ,.,. 
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A ·flow chart for mode selection is shown below • The 
device addresses established so far are also shown 
below. 

Mode settings 

= 

DB mode set tingj 

DB mode -· Devic · IO mode 
:--"Ydres,V- ··-;----'-----­

OT mode 
--, 

! 
~ modj; . ! ~- ~odel ~~-~_ti:_n_9. l!!S mode-·setting1 

lNo options'\ II I . 
---

1
Input a.uffer; Input Buffer 

, . Setting • Setting ---- -r -- .-l 

iIO mode ·setting' rar mode I sett1ii91 - - ~J _. -. -· ... - ' 
IO mode 

Device Address 

I :sE' 1 - i;JH ! Mode option I 

· /J-; 1 0 
.$__!<_ a.icroS:assettel 

'1'J"'{ .. DB j ·J :, - i ROM cartrid~~ 
1 "'\ ... , . J' DB 

· ..) · • · 'RAM car tr i49!tl 
1 1 1 . ·- . ~ t IO modem 
1 i / . · 7. Z Nothing 
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7. Explanation of Serial Ports 
The cartridge has serial transmission lines CTXG and 
CRX'r which are connected through the ART 
(asynchronous receiver transmitter) in the mainframe 
and also through the serial switch. Serial ports 
CTXD and CRXT are unaffected by mode setting 
explained in the previous section and are used for 
all modes. 

7-1 About The Serial Switch.· 
In addition to the serial ports, the mainframe has 3 
types · serial interfaces which include the ISO and 
RS232C. It is the serial switch's function to select 
one of these three and connect it to the ART. To 
select cartridge serial parts, change bits 2 and) 3 
(SSWO, SSWl) of I/O port 188 to o. (I/O port 18H is 
also used in mode setting.) 

7-2 Outline Of ART Specifications. 
o Baud rate : 110 - 38.4Kbps 
o Data length: 7 or 8 bits 
o Parity : No, even,odd 
o Stop bit : Bit 1 or 2 
o Error check: Parity error, framing error, over-

running 
o Sound break: Output possible 
o __ !'la.gs : TX ready, TX empty and RX ready 
o Interrupt : Interruption by RX ready 
o Posseses illegal start bit check function 
o IXD can read directly 
o Non-synchronized transmission only 
o Complete double buffer transmitting and receiving 
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~ 
' ' 7-3 Explanations of Register 

07 6 5 4 3 2 1 0 
lSH write! STP I x I EVN I PEN I x 

STP: No. of stop bits 

! DAT I x I x I 

0: 1 stop bit 
1: 2 stop bit 

EVN: Types of Parity (PEN • 1 can be used) 
0: Odd parity 
1: Even parity 

PEN: Presence of Parity 
0: No Parity 
1: Parity 

DAT: Data Length 
0: 7 bit 
1: 8 bit 

D7 6 s 4 3 2 1 0 
16B write .. lx ........... l_..;x;..._._1-RP~T=s ..... [...,;ECT-ssa:~ I ~TRJTXEJ 

RRTS: Not used with the cartridge 
RDTR: 
ER : Error reset. OE,PE ,PE are reset 
SBRK: Break output, TXT • o. 
RXE : Receiving possible 
TXE : Transmission possible 

In the case of ER only, during pulse output when ER 
has become l it is not necessary to return ER to o. 

TITl..E 
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. 07 6 5 4 3 . 2 1 0 
lSB Read .... I RD=S=R ..... l"""'o___.l ......... F..;;;;E.__._l _O=E--...1----..,;PE--....l........,T.;;.;;XE=M=J'-"R=X=R=D ..... I T=XR~Dl 
RDSR: Not used for cartridges. 
FE: Framing Error. Even if framing error occurs, data 

receiving operations will be unaffected and if the 
next stop bit of data is correct FE will be reset. 

OE: Overrun Error. Even if overrun error occurs, data 
receiving operations will · not be affected, 

.however, even if the following data is ·received 
properly OE will not be reset. 

PE: Parity Error. Resetting .conditions for parity error 
are the same as those for FE. PE will be reset 
when PEN • O. 

TXEM: This indicates that there is no data in the 
transmitting section. This is set regardless of 
TXE. • 

RXRD: Receiving Ready. When RXRD • 1 interruption INTl 
occurs. This is reset by receiving buffer read or 
error reset commands. 

TXRD: Transmitter Ready. This is set when the 
·transmission buffer is empty. It is reset when 
data is written into the transmission buffer. 

07 6 5 4 3 2 1 0 
14H Write [_ ..... : ______ T._x ___ o __ a~t=a~-- ________ .. - J 
··-· -···Thi& is data that is output by TXD. When data length 

is 7 bits, the 7th bit is a don't care. 

07 6 5 4 3 __ - -~--~1 ____ 0--. 
14H Read r _;____ _____ µ Data I 

This is data received from RXD. 
7 bits, the 7t~ bit becomes O. 

When data length is 

EPSON 
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Transmitting and Receiving Format 
Transmitting and receiving data is transmitted and 
received in the order of start bit, data (LSB-NSB), 
parity bits and stop bit. 
Data format and PEN, DAT and STP values are shown 
below. 

J"T SiP ' 1. 3 + S" " '1 t , tO II 1.i 

'4 ~jLn MSJji!!J -() . ~t'A1 .. 
q;. 1 fTTILSa r~u) ~i'5r.is3 

1 ¢ §r!tu ('Do.':"~) ~al3 STT: Start Bit 
1 1 §IL5!J Cvo.n.'l t':'S;lstj~ p . Parity Bit . 
I/) f/J §lc.sa (ii-.~o'l · t-!";11?8 STP: Stop Bit 

tJ 1 §!isa (V.-:a) ~81 i' ~.pj •• rj 
.. , istr'··- (~~) M521 P !:!I-I :;: .... 
1 1 tsTrt!.Sa (i>ca'ta) 1'15& I ? M"I 

Data flow 
--
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a. Precautions Por Interface Creation 

Please be careful of the following points when 
creating option cartridges. 

(l) Pull Op and Pull Down 
When setting device addresses in the OT and IO 
modes, the device address is set by applying 
pull up or pull down to input connectors CDB4 -
7, however, because lM ohm.of pull down is 
applied on the mainframe side, pull up or pull 
down amounting to several tens Qf K ohms of 
resistance will be necessary. 

(2) Precautions For Using BS Mode. 
Of options used in the BS mode, there are those 
that are some that are supported by t:it. 
mainframe's operating system. It is important to 
be aware of this when creating other options. 
The reason for this is that when the power 
supply to the mainframe is on, the operating 
system checks to see what is connected to the 
option cartr.idge (it checks the CSEL). And 
because it makes an ID check of the option 
cartridge when an BS mode cartridge is 
connected, an ID check command (00) is output. 
The cartridge receives this command and responds 

·with CABl •las the response code (00). At the 
same time it must also respond by transmitting 
CABl • 0 as the ID number. Not following the 
foregoing procedures would hang the operating 
system up and it would not be able to start up. 
Therefore, cartridges used in the HS mode must 
observe sequence of procedures. The ID numbers 
which the operating system presently ~upports 
are, 
08: Microcassette 
09: Printer · 
Users who wish to create other options should 
apply ID numbers other than these two. 
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(3) About Device Addresses 
When the power supply to the mainframe is turned 
on, its operating system checks to see what 
kind of options are connected and establishes 
which options will need supporting and carries 
out the necessary processing. This is why it is 
necessary to · use 2 device addresses, one for 
devices which require support of the mainframe's 
operating system and one for those that don't. 
At present there are 3 types of device 
addresses. They are 
01: ROM cartridge 
02: RAM cartridge . 

• 01': Modem 
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9. .PCB Dimensions 

a. Available mounting space 

b. OCG pattern, 2-;2 through whole 

o: ..:: ..... 
i 

I 

·c. ;.43 pattern is not permitted, 2-d2.3 

d. Mounting of total circumference not permitted 

e. Height restriction on slanted line sections 

f. Height restriction 
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10. Precautions 
Regulations 

Concerning FCC 
(United States 

(including 
and Europe) 

YTZ) 

1. FCC regulations require that all options to 
conform to regulation values when they are 
installed in the system. 
Therefore, it is necessary to obtain FCC 
approval each time option cartridges are 
created. 
It is for these reasons that we have samples 
presented before hand of EPSON brand option 

·cartridges to obtain approval from our equipment 
design section. Any applications to the FCC 
(FTZ) will be deliberated on before hand and 
actual applications will be made by EPSON Co. 
Ltd. or an overseas corporate entity. 

2. Precautionary points regarding option cartridge 
design to make clearing FCC (FTZ) regulations 
easier. 
(1) ,Ose C-MOS IC wherever possible in option 

cartridges. 
(2) Use thick power supply and ground patterns 

and sufficiently reduce .power supply 
impedance. 

(3) Keep cloc'k frequency as low as posslble and 
use a wave form that provides as slow a 
start up and slow down as ·possible. 

(4) If external connectors are used be sure 
that they have metal cases and connect 
frame guards to the frame guard of the 
mainframe. 
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1. Application 

This specifications manual applies to the Pine 
Digital Multimeter. (Hereon referred to as D.M.M.) 

2. General Outline 

i) The D.M.M. is an intelligent measuring instrument 
that incorporates an A/D converter -IC (9775 - suwa 
Seikosha), and a 4 bit CMOS CPU (M50760L). The 
D.M.M. is connected to the Pine cartridge interface 

• and transfers data and commands through a 600 baud 
asynchronous serial communications system. Also, the 
cartridge interface can be set to an I/O data bus 
moce and used as a control signal line (Power ON/OFF, 
ROY). With the programming language available on the 
Pine main unit, a program can be made to readily 
control the D.M.M. and an automatic measurin~ system 
can be set up. 

ii) The D.M.M; is composed of the following: 
• Case 
• Size AAA batteries x 2 
• Substrate (circuit board) 
This specific"tions manual applies to. tne use 
CPU including firmware, and the electronic 
board on which it is integrated. 

of the 
circuit 

iii) Installation and removal of the D.M •. "1. unit should 
. only be carrieu out when the power of ·the main unit 
is turned OFF. If the unit is connected or 
disconnected while power is still ON, proper 
operations of the unit cannot be guaranteed. 
Adciitianally, the D.M.~. unit shoul~ no~ be connected 
or disconnected while the in~ut ter~inal is connected 
to an object being measurea. 
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Pinc D.M.M. Hardware Specifications 

Contents 

1. System description 
1-1 Cartridge interf~ce {CTG-IF) 
1-2 D.M.M. configuration 

2. Outllne of Measuring Functions 
2-1 General specifications 
2-2 Measuring Range 
2-3 Input impedance 
2-4 OHM open voltage 
2-5 Precision 
2-6 Circuit overload protection 

3. Integral time switching 
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1-2 D.M.M. Configuration 
A general configuration diagram of the D.M.M. is 
shown below. 

1. A/D converter IC 
2. Pine connector 
3. Photo coupler PC-817 
4. Oscillator 
5. Measuring terminal 
6. Integral time selection switch 

,,.,. .2. 

'rHT)(I) 
.--- --------- ---- ---T 

C.i>Eb<s> 

CRXi>O-.) ' 
.-----o v 
i-----ucom 
1-....... --0 0 Hffi 

_ __.,_~~ ._...,_,...__ 
CTlC1)(:a) 1+-;o--.+--1--._ --1-i~---+-+ f), 

C.~94-(3) 

+s er&> 

2 3 

I 

!.. - - - - - -- - - - - - - - - - - - - - - l 

• Tne Pine main unit and the D.M.~. is com~letely 
insulated by the photo coupler •. 

• The measuring terminals are v, OHM, and CO~l 
terminals and the resistance measurement terminals 
are OHM and COM, while the terminals used for 
voltage measurement are V and COM • 

• The power is supplied with 21.SV !\AA sized 
bat.teries • 

• An integral timing switch is included and can be 
found by opening the·battery box. 
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1. System Description 
The Pine is designed for the o.~.M. to be one of the· 
options to be connected to the cartridge interface. 
The o.~·1.M. is designed to communicate by the cartridge 
serial interface or the I/O data bus mode. 

1-1 Cartridge Interfac~ (CTG-IF) 
A general diagram of the system is shown below. 

l. Pine main unit 

F;3-l · -·.- - -

Object to 
be Measured 

Data and commands are transferred by communications 
between the D.M.M. and the GAPNIO (the Pine cartridge 
interface IC). 

Signal line 
CTXO (connector pin 2ii) . Command output line . 

from Pine 
DRXD (connector pin 14) . Data and ACK output . 

line 
Control line 

from D.M.M. 

COBO (connector pin 5) : Command (range selec-
tion command) RDY 
:;ignal 

CDB4 (connector pin 3) : Power O?VOFF control 
signal 

Signal line : Asynchronous serial communications line 
• 600 baud * It is necessary to.set the 
• l start bit Pine serial communications 
• S bit data mode to CIG serial co«unu-
• No parity nications mode. 

Control line : By setting to the I/O data bus mode, 
the Pine can control COBO, which in 
turn can control the ON/OFF of CDB4, 
the input line to the Pine. 

EPSON. 
EPS'ON CORPORATION 

* I/O port set bits l and 0 at address 
18 to bit l = "O" and bit O 
= "l". 
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2. Outline of ~easuring Functions 
The types of measurements include DCV, ACV, OHM and low 
power OHM. Data are 3 1/2 digits and maximum digit is 
2999. 

2-1 General Specifications 
Data Output : Data 3 1/2 digits max equals 2999, 

Output'is BCD format, 3 byte overflow 
display, 103 columns (most significant 
digit) is 3. Automatic sign selection, 
11 - 11 bit is set. 

bit.7 !, ~ 4 3 2 I Q Data BCD format output 

~~~e 1£~ l~_l-8! iB'l~!-e~;-f)~:-v!I 

2nd 
byte 

BCD BCD 
output output 

101 
column · 

100 
column 

I~ Is 1£)~1B!lB~IB!IB:la1 
signal BCD BCD 

103 
. colu.11n 
(overflow 
display) 

output output 

io2 
column 

~~~e l A [ M I k I B I & I R I Pz I PJ I 
• Auto Range display 

Millivolt Onits 
K ohm units 
Battery Low 

o [Decimal point posi­
~~J tion designation 

Symbol 
mv, v, n. , kJt, Auto, 
Batt 

* Decimal point position 
designation (one position 
of P3-Pl set to l or all 
set to 0). This is 
combined with the BCD 
output to display the 
actual value. 
When measuring resistance, 
the existence of K ohm 
units (K=l:K ohm units, 
K•Q:.ohm units) is shown by 
the presence of this bit. 
For voltage measure~ents, 
millivolts are ex?re~£~a 
with the presence of this 
bit (M=l:millivolts, 
M•O :V) • 

* Auto : •displays if is set 
to Auto Range with "l". 

* Batt : displays if the 
battery is low witn "l". 
When this bit is set to 
"l", the battery must be 
replaced. 

EPSON 
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Case resistance 
Measuring method 
Range selection 
Sample rate 

: l KV 
: double integral system 
: Auto range and fixed range 
: Approx 4/sec (60 Hz area integral time) 
: Approx S/sec (50 Hz " " " ) 

Precision guarantee~ temperature and humidity : 

18 tt - 28 •c, less than 80% R.H. (with 
no condensation) 

Optional temperature and humidity : 
5°C - 35°C, less than 80% R.H. (wi~h no 
condensation) 

Storage temperature and humidity : 

Power supply 
Battery low 

-20°c - 60°C, less than 70% R.H. (with 
no condensation) 

: +/-1.5 v, size AAA -batteries x 2. 
: 1.32 +/- o.a v sets Batt signal bit to 

"l". 
Power consumption : 9 mw (3 mA) 

TITL.E SHEET NO. 
REVISION 

EPSON 
EPSON CORPORATION CONFIDENTIAL' 



~ . I 

Down range : When the count results is less than 
179 : 
Example : When measuring within the 

30.00 K ohm range and the 
resistance drops below 1.79 
K ohm, this beco~es 0.179 K 
ohm and the range is set to 
3.000 K ohm. 

2-3 Input impedance· 
DCV : greater than 100 M ohm, 300.0 mv range 

approx. 10 M ohm, excluding 300.0 mv range 
ACV : approx. 10 M ohm 

2-4 OHl·l opening voltage 
OHM : l.SV+/-0.2V, 300.0 onm range 

: 0.6SV+/-0.7V excluding 300.0 ohm range 
LP ohm : less than 0.4V 
(low power) 

2-5 Precision 
.Allowable deviation : refer to appendix l, 
Temperature characteristics : 

sld lift : +/-0.3 digit/°C 
gain lift : +/-400 ppm/°C.fs 

2-6 Circuit overload protection 
V terminal : SOOVDC or DC+AC peak 
Ohm terminal : 2SOVAC 1 minute 

3. Integral time switching 
This is set to match the power SU?ply (AC) in the area 
that the D.M.M. is being. used. (50Hz/60Hz) By setting 
the inte9r~l time, it is possible to suppress AC noise. 
The integral time selection switch can be round by 
opening the. cover of the battery box. In terms of 
software, as described in the section on commands, it 
is set up so that bit 5 of ACKO receives this 
information. Through software, it is possi~le for the 
Pine to detect this setting. 
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~ine D.M.M. Command Specifications 

Contents 

.. 

4. Command Specifications 
4-1 Activation 

' 4-2 Data input 
4-3 A/O conversion data 
4-4 Power OFF 
4-5 Table of Commands 
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4. Command Specifications (corresponds to BASIC) 

4-l Activation 
(l) Connect the D.M.M. to the Pine cartridge unit. 

(2) Turn the Pine ON. 

(3) Set the Pine cartridge interface to I/O mode. 
Set the cartridge switches in the switch register 
(SWR, address l8H) CSWl, CSWO (bit ·1,0) to 
csw1=•0• and cswo=•1•. 
OUT &Hl8, l 

(4) Power OW the D.M.M. and reset 

(5) 

CDB4 is the D.M.M. power ON/OFF control line. 
OUT &HlO, &HFO 

It is necessary to wait at least 
5 seconds between these 2 
commands because of power ON and 
reset. 

OOT &HlO, &HOO 

Open 
the 
port 
OPEN 
OPEN 

the communic~tions line between the Pine and 
D.M.M. The cartridge serial communications 
is used (600 baud, 8 bit data, no parity). 
•1•, 11, "COM3: (88NlFNN)" 

(6) Set ·measuring mode 
P-RINT t 2 CHR$ ( &Hnn) 

bit7 6 5 4 3 
i 1 I n6 I * , n4 I n3 I 

f f 

2 l 0 
ni I nl I no I l byte command 

Fixed Unused 

(i) Range set 

Range signifies Auto 
range set 

R2-R6 are the Range 
· numbers as described 

in the section on 
measurement ranges. 

TITLE 

n2 nl nO iRange 
_JL i.!-+h~Q_.=_~~ 

O O 1 1 1Cannot be: 
-·- ------+----~~~~----_J 
0 l ' 0 R2 i -a·· ~--r-~i~Rr-· --· ··· ~ __ .,_ .. _ ,....._ ~··-----·-· .. 
l 0 0 · R4 ' i ~ ~ ·t-!!--··-· . ! 
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(ii) 

(iii) 

DCV <-> ACV; ohm <-> LP ohm selection n3 
n3 l . ACV or LP ohm . 

0 : DCV or ohm 

Voltage measurement <-> resistance selection 
n4 
n4 l : resistance measurement 

0 . voltage measurement . 
The combination of (ii) and (iii) will 
determine what is being measured. 

Example : n3=l, n4=0 designates LP ohm 

(iv) OUTPUT System n6 
n6 l : output ·mode l (In this periodic 

mode, the D.M.M. remains in idle 
status, until the D.M.M. receives 
ACKl from the PINE,. When ACKl is 
received, the next A/D conversion. 
data is sent to the PI~E) 

0 : output mode 0 c·rnis is a free run 
mode where the next set of A/D 
data is sent when a certain 
amount of time has clasped, even 
when ACKl is not sent from the 
Pine.) 

( 7) ACKO judgement --· 
In order to judge if tl'1e measuring mode as 
described in (6) has been properly set in the 
D.1·1.~·1., ACKO, the acknowleage signal is sent back 
from the D.M.M. ACKO, with the exception of bit 
5, should be have the same contents as the 
measuring mode set command. If the there is a 
discrepancy, the power ON/reset is executed as 
described in (4). 
The contents of bit 5 expresses the contents of 
the integral time setting switch attached to the 
D.M.~. bit S•"O" : 50 Hz and bit S="O" : 60 Hz. 
The reason this is included is for the purpose of 
suppression the effects of AC noise. It is not 
vital for this to be set to the frequency of the 
environment, however if set, this will increase 
accuracy. Please take note that the sample rate 
will differ from the 50 Hz and 60 Hz settings. 

A=ASC(INPUT$(l,tl)) The value of A is compared 
to nn <l> value of (6) 

TITL.E SHEET NO. 
REVISION 

CON FI DENTIAI~ A NEXT 
/,~ 

EPSON 
EPSON CORPORATION 

SHEET 

12./ 



( 8) RUN command 
This command is instructed to D .~·1.M. in order to 
send the next set of A/D conversion data. This 
will execute only if ACKO is correct. 

PRINT t2,CHR$(XX) 
XX is not used and the contents does not matter 
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4-2 Data input 
The w~y- data 
setting. (n6) 
(i) For OUTPUT 

1 RUN command Prre 

2·A/D ..::onversion 
data 3 byte 
output 

J Ran~e selection 
OK signal 
transmission 

T>.H.H 

TITL.E 

is input depends on the OUTPUT system. 

mode O 
(D.M.M. Operation) 
When the RUN command is received 
by the D.M.M., 3 bytes of A/D 
conversion data is ~utput then 
the Range selection OK signal is 
transmitted. After transmission, 
the D.M.M. waits for the Range 
selection signal and when this 
signal is receives, the Range is 
selected and switched and then 
output of A/D conversion data is 
resumed. 
If the Range selection command is 
not sent in the set interval of 
time, TI~iE OVER results and 
output of A/D conversion data is 
resumed. 

(l) A/D data input 
00 • ADC(INPUT$(l,#~ll 
01 • ~~~(INPUT$(1,#l)). 
02 • ~P.<;_LINPUT$(1,#l)) 

(2) Confirmation of Range 
selection OK signa~ 
R•I~P(&HlO) . 
bit O of R is tested 
•on • Range selection OK 

signal active 
"l" = Range selection OK 

signal inactive· 
Range selection is necessary 
after A/D data input (manual 
Range). Range selection OK 
is confirmed to be active 
then the Range selection 
command is trans~itted. 
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(3) Range selection command 
PRINT t2,CHR$(Qn) n=0-6 
This corresponds to R9-R6 as described in the 
section on functions. 

When operated in this OUTPUT mode o, A/D conversion 
data will be entered in the TIME OVER interval and 
the sample rate as described in the general 
specifications can be obtained. 
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bit7 
lm7 

I 1 

I ~ 
.,, 

(ii) For OUTPUT mode 1 

1 ~RON command ) 

'. 
2 A/D conversion 

data 3 byte 
output tlH.t1 

3 ACKl signal 
transmission 
"---·~·---f>.H.H 

'* ACKl signal 
input ..__ ____ .... f).t'f.t'f 

(D.M.M. operation) 

When the RON command is 
received by the D.M.M., 3 
bytes of A/D conversion data 
is output then the ACKl ROY 
signal is transmitted. The 
o.M.M. waits until the ACKl 
signal is received the 
resumes A/D conversion data 
output. 

(1) A/D data input 
OO=ASCCINPUT$(1,#l)) 
Dl=ASC(INPUT$(l,#l)) 
D2=ASCCINPUT$(l,#l)) 

( 2) ACKl ROY signal conf ir­
mation 
R•INP (&HlO~ 
bit O of R is tested 
"O" • ACKl RiJY active 
"l" • ACKl ROY inactive 
When the AC~l RDY = sig­
nal becomes active, ACKl 
is transmitted. 

(3) ACKl signal transmission 
PRitJT l2iCHR! lmiml 

6 5 4 3 2 l 0 . 
I m6 I ms I m4 I m3 I m2 I ml I mo] m.m 

I xi xi xi xi xi xi ··- Range is selected x . not . 
(switcned) anci A/D con-

x . Unused version data is . 
requested. 

I ~1 ~1 !I ~ I m2 I m1 I moJ : As expressed by m2-m0 
(base 2) I 0-6 corr es-
ponds to RO-R6 Range 
and selects the Range. 
Rl is reserved. 
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4-3 A/D conversion data 3 bytes 

lst 
byte 

( BCD output (BCD output 
iol·column ioO column 

2nd 
byte 

3rd 
byte 

WU ' 5 ~ ! !I. I a> 
I at I s l~t sl iii fl! I «Ir, I 

Sign 
BCD output 

103 column 
BCD output 

io2 colu."'lln 

W~" j 5 4- 1 ; I I 

IAIMIKIBl&IRl&l~I 
Auto Range 
M units 
K units 
Battery Low 
point 

TITLE 

S:. sign bit 
"l" : minus 
"O" : plus 
Pl-P3: point designation 

1.8.8.8 
'"l '~l '•t '°' column 

"' ' " The value is express with 
the point and BCD. 
B: Battery LOW bit 
"l" : Battery Low 
"O" : Battery O.K. 
When the battery is low, the 
internal batteries shoula be 
replaced. 
K: K units 
"l" : Expresses K ohms 

."O" : No K ohms (ohms or 
voltage measurement) 

M: ;4 uni ts 
"l" : Expresses mV 
"O" : not mv (V or resis-

tance measurement) 
AUTO: AUTO Range 
"l" : Expresses AUTO Range 
"O" : Expresses Manual Range 
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4-4 Power OFF ' 
OUT &HlO, &HFO 
With this, the power of the D.M.M. is turned OFF. 

* The power is not turned OFF when the BREAK key is 
pressed, thus the power OFF command must be executed. 
(If this is not done, the D.M.M. batteries will be 
depleted.) 

4-5 Table of Commands 
----- ·-·--

Command Basic Binarv data value 
D.M.M. power ON ' OUT &HlO, &nFO -1 l l l: a a a 0 
RESE'r OUT &HlO, &HOO 0 0 0 0 : 0 u u u 

I 

D.M.M. power OFF OUT &HlO, &HFO 1 l l l a a a a 

HC set to I/O mode OUT &Hl8 I l 0 a 0 a a oj a 1 

Communications OPEN <input mode>, <file number>, 
between D.M.M. and "COM3: (88NlFF)" 
HC open ----
Measuring mode PRINT#-~ CHR$ n7 n6 * n4in3;n2jnl1nO 

I setting (&Hnn) j i I ·-ACKO descrimina- A•ASC(INPU'1'$ n7 n6 nSin4 n3,n2 nl no I 
I 
; 

tion (l,f-)) 
I 

I ! I 
i I 

RUN co~nand PRINT#-, CHR$ * *: •i *I *i * * * ' 
! I ' 

(x, X) 
: 

' . ~ : ! ' -....... 
A/D data input D•ASC (I~PUT$ D7jD6.DS 04; 03: 02. 01

1
00 ! 

(1, I)) 
I ' 

i ' h-' - -r-·-- ---
AC Kl RDY, Range R=UIP (&HlO) .: * *· *; * * •: R ' 
selection OK 

I 

I l ' I 
I 

' : I 

selection PRINTI-, CHR$ Qi 
Q, 

! ..... _ 

Range Q: 
' 01 Oin21n11no . 

command (On) : I I ' I 
i ! 

•. • j ~ L-~-1 ll - I 

ACK! acknowledge PRINTI-, CHR$ •I * *! : 
(Range not selec- . (80) I ' 
ted (switched)) ' 

' I ! I I 

- • file no • * : unused • 

. 
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s. Operation Flow 

-

1 ( HC power Ort) 

! 
2 Cartridge set 

to I/O mode Prne 

3 .D.M.M. power · 
. ON ancl RES=:T ~.H.t1 

-. Com:nunic~ti1Jns 
b.et':!reen D .M.:.t. 
and EC o •tnid Pine. 

~ Measuring mode 
set -£H1.H 

Ptne 

7 RON command 
. tr ann i tted Pine 

'. 

12 OU'rPtrr mode 0 OOTPC'l' mode 1 -------8 A/D conversion 
dat:i in ut Are 

9 Range selection 
OK signal 

transmitted Are 

QH.H 

11 Range selection 
'----=~-......;;..;.....-....- f>.H.H 

TITLE 

EPSON 
EPSON CORPORATION CONFIDENTIAL 

13 A/D conversion 
dat:i input Fite 

MACKl ROY s~gna 
trans:ni tted £.11.H 

1• ACKl acknowledge 
received i).H.f.1 
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Appendix·l ' 

Allowable Deviation 23 c +/-5°C 
80' R.H. without condensation. 

Function Range Allowable 
deviation 

300.-0 mv +/-(0.St rd9 + 2 dgt) 
3.000 v " 

DCV 30.00 v II 

300.0 v • 
500 v +/-(0.8• rd9 + 2 dgt) 

3.000 v +/-)0.St rci9 + 4 dgt) 40-SOOHz 
ACV 30.00 v " H 

300.0 v • " 
lo 350 v +/-(10• rd9 + 4 dgt) II . 

300.0 +/-(0.St rd9 + 4 dgt) 
3.000 K • 

OHM 30.00 K II 

lOO.O K • 
3000 K 

I 
+/-(1.St rd9 + 4 dgt) 

3.000 l(· +/-(O.S• rdg + 8 dgt) 
LP 30.00 g· • 

~ 300.0 K • _...,. 
3000 K +/-(2.0• rdg + 8 dgt). . 

Remainder less than 4 dgts . 
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Appendix 2 D.M.M. Power Supply 

The D.M.M. is designed to obtain it's power from batteries 
(size AAA internal batteries). This insulates it from the 
Pine main unit and serves to protect the Pine from the 
object bein9 measured. However, if the object to be 
measured is less than 7 volts then there is no dan9er of 
the Pine being dama9ed. Only under these conditions, 
should the option.to supply power from the Pine main unit 
to the D.M.M. be considered. 
When power is supplied from the pine main unit, if an AC 
adapter is used, checkin9 and replacin9 batteries will no 
longer be necessary and is ideal for using over extended 
periods of time. However, note that there is a limit to 
the range that this method can be used and caution should 
be taken. 
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EPSON AMERICA INC 
••••••••••••••••• 

T01 MR. FRANK TIRIMACCO 
FROM1 E·. IDE 

MEMO 

DATE1 4/26/S4 
REF N01 966 

LOCATION1 MS2-4 
LOCATION1 MS2-1 

SUBJ1 SPEC OF THE PINE MODEM UNIT HARDWARE 

ATTACHED IS A COPY OF THE MODEM UNIT HARDWARE SPEC. REV. "A" 
FOR THE PINE. 

A SAMPLE IS SUPPOSED TO BE AVAILABLE TO SERVICE DIV BY END 
"MAY. 

THANK YOU. 

CC: MR. DAVE CHRISTOPHERSON 




