CHAPTER 6
CRT DRIVE UNIT
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6.1 General

The 12-inch CRT Drive Unit (hereinafter called CDU) comprises a Cathode-Ray Tube (CRT) deflecting cir-
cuit and a video circuit. It receives video and synchronizing signals from the controller (Q10GMS board)
and displays 640 x 400 pixcells on the CRT screen.

6.2 General Specifications

6.2.1 Deflecting frequency: Horizontal : 19.3 kHz
Vertical : 458 Hz
6.2.2 Power conditions: At the CDU input terminal

DC input voltage: 12V +5%
Power consumption:
1.5A or less (mean value)
2.2A or less (peak value)
6.2.3 Environmental conditions:
(1) Temperature and humidity

Storage Operation
Temperature: —-20-+65°C 0-55°C
Humidity: 5-90% 5-90%

(with no dew) (with no dew)
(Wet bulb temperature: 27°C max.)
(2) Insulation resistance (between GF and GL):
10 MQ (500 Vvdc)
(with GF and GL separated)

6.3 Interface Specifications
6.3.1 Pin Definition

Pin No. Function
1 Video signal
2 Vertical synchronizing signal
3 Horizontal synchronizing signal
4 Power supply +12V DC
5 Grounding (power supply horizontal)
6 Grounding (video vertical)
7 Grounding (power supply horizontal)
8 Frame grounding
Table 6-1
6.3.2 Input Conditions
Video signal:
40VMAX  : Full Bright
1.0V ~ 3.5V : Half Bright
OV ~ 0.8V : Dark
Fig. 6-1
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Video input impedance : 300 2 min. 100 pF max.

Horizontal driving signal : TTL (positive)

L: 0 - 0.8V H: 24 - 55V
Horizontal input impedance : 50002 min.
Vertical driving signal : TTL (positive)

L: 0 - 0.3V H: 24 - 55V
Vertical input impedance 3.0 k2 min.

6.3.3 Input signal timing

(@) Horizontal driving signal
19.3 kHz («
-l |__ DR
.44 uS
51.84 uS
Video signal
13.44u 38.40u
Fig. 6-2
(b) Vertical driving signal
45.8 Hz L.
)]
——| ‘—— 0.83 mS
21.83 mS
Video signal
1.09 mS 20.74 mS

(c) Video signal

60 nS
Dot clock = 16.667 MHz

Fig. 6-3



6.4 Block Diagram

The CDU takes a video signal and horizontal/vertical synchronizing signals as input signals. The primary
components are signal drive circuits to drive these signals, and a CRT deflecting circuit as shown in the
block diagram (Fig. 6-4).

The video signal is applied to the CRT's cathode through the drive circuit. Horizontal and vertical synch-
ronizing signals go through the respective drive circuits and are applied to the fly-back transformer (FBT)
and the deflecting yoke (DY) to supply deflecting current to the CRT deflecting magnet field. The CDU is
provided with a high voltage limiter which detects abnormally high voltage applied to the CRT and stops
the horizontal drive circuit and reduces the high voltage to zero.

CRT
VIDEO DRIVE VIDEO OUT
VIDEO Q201 Q202
O——+ T
SIGNAL INPUT 25C458C/D 25C2688K /L IRRE
VER. 0SC
DRIVE OUT
VERTICAL IC601
SYNC INPUT O——
¢ IN WPCIO31H2
RECT,
Q772
MULTIVIBRATOR | 2SCA458C/D
2SC1213¢/
HORIZONTAL | Q7O «2
SYNC INPUT 2SC458C/D ‘
Q771
2SA673C
Q702 HV LIMITER
+8 O zsc4fecxo
Q703 Q704
2sC1213C/D HOR
2SC68IAYL VOSE ) SaMPER
DRIVER SWITCH

Fig. 6-4 CDU Block Diagram

6.5 Vertical Deflection Circuit

The vertical deflection circuit comprises a synchronous circuit, an oscillator, a saw tooth waveform gen-
erator, a linearity correction circuit, and an output circuit. It supplies the deflecting yoke with the saw
tooth wave current.

In the CDU, the above operations are made by IC601 (uPC1031H2). A basic block diagram of this IC is
shown in Fig. 6-8. The basic operation is as follows:

Self-oscillation is effected by the CR time constant of terminals 5 and 6, and synchronization is effected
at terminal 5. The oscillator drives the saw tooth wave generator, and generates a saw tooth wave
through the discharge slope of the CR circuit connected to the terminal 4. The saw tooth wave is ap-
plied to terminal 7, and amplified by the output amplifier to allow the saw tooth wave deflecting current
flow in the deflecting yoke connected to the terminal 1.

The output amplifier comprises a current feedback amplifier circuit which feeds the voltage proportional
to the saw tooth wave back to terminal 9.

The basic circuit is shown in Fig. 6-9.

The oscillator comprises a CR time constant Schmitt trigger circuit. The time constant or oscillation fre-
quency is determined by R611, R613 and C612. Synchronization is effected at terminal 5 by capacitor
coupling.
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C611 is a coupling capacitor. R601 adjusts the size of the synchronizing signal.

The oscillation frequency can be varied by varying the value of R611. The circuit equivalent to the
saw tooth wave generator is shown in Fig. 6-5. SW is formed within IC. By varying the value of R622,
the saw tooth voltage can be varied to permit height adjustment.

oW 5__—Ti:cez4
\?—T__,/\/\/\

S Ré2I

<o
>,
S~

J R622
>

Fig. 6-5 Saw Tooth Wave Generator
(Equivalent Circuit)

The linearity correction circuit is of the CR time constant type comprising R623, R624 and C621. The
operating principle is shown in Fig. 6-6.

The saw tooth wave form can be changed by changing the value of R624. When the saw tooth wave
form is changed, the saw tooth voltage is also changed and the screen size is changed. Thus, the pic-
ture size needs to be adjusted by R622 after adjustment of the linearity.

_ Re624
R623 + R624

/\/\ l reza /\_/\

/
(a) In case of R only

R623

R623 R624

f\\\‘f\\\\ g~

ce2l 1 ‘ Intergral waveform
# :

(b) C621 waveform

R623

S T Y N .

P e e

1 R624 l I
7 /\/\
(c) Synthesized waveform

Fig. 6-6 Principle of Linearity Correction circuit
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The output amplifier comprises a differential amplifier as shown in Fig. 6-7.

The saw tooth voltage is applied to the positive input terminal 7 of the differential amplifier through the
coupling capacitor C622.

The deflecting yoke L601 and current feedback resistors R651 and R652 are connected in series to the
output terminal 1 through capacitor C651.

The voltage with the same wave form as that of the deflecting yoke current is fed back to the negative
input terminal 9 of the differential amplifier through the coupling capacitor C653. C652 is a bootstrap
capacitor of the differential amplifier circuit. C654 is a capacitor to prevent oscillation of the output am-

lifier. +B

plifier o

Leese |
—=Ces4 £ R651/R652

ce52
% L60I
Cc653 3
— o

O
o— HO{® ces!

ce22
Fig. 6-7 Output Amplifier Basic Circuit
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Fig. 6-8 Basic Block Diagram
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Fig. 6-9 Basic Circuit Diagram
6.6 Horizontal Deflection Circuit

The horizontal deflection circuit comprises a multivibrator, a drive transistor, an output transistor and
a fly-back transformer. The basic block diagram is shown in Fig. 6-10. The multivibrator is triggered by
an input synchronizing signal, and supplies a pulse of certain length to the drive transistor. This turns
the output transistor on and off, thereby supplying a saw tooth current to the horizontal yoke winding
and a voltage pulse to the fly-back transformer. The voltage pulse is boosted or reduced to CRT an
ode voltage or serveral bias voltages.

The positive edge of the input signal goes through D702 (the negative edge goes through D701) and
triggers the monostable multivibrator. Then, Q702 turns on, and it turns off after the period deter-
mined by the time constants of R704, R705 and C702, thereby supplying a pulse of appropriate width
to Q703.

The collector voltage of the drive transistor Q703 works as an inverse base current to the output tran-
sistor and turns it off.

When Q704 or D705 is ON, the yoke current flows like a saw tooth wave. When it is OFF, a fly-back
pulse of about 200V is induced at the collector of Q704 by the resonance with the inductance com-
posed mainly of the inductance L703 of C731 and yoke.

The peak-to-peak value of the yoke current, ie. the picture width, can be adjusted by size inductor L704
provided on the board.

The asymmetrical form of the yoke current is modified by linearity inductor L705.

The fly-back pulse applied to the primary winding of flyback transformer T702 is divided and rectified
into a high voltage of the CRT anode, 700V to G2, -60V to G1 and 50V to the video amplifier.
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Fig. 6-10 Basic Horizontal Circuit
6.7 HV Limiter Circuit

If high voltage applied to the cathode-ray tube under abnormal operating conditions rises excessively,
the cathode-ray tube may generate X-rays. To prevent this, the CDU employs a high voltage limiter
which detects abnormally high voltage applied to the cathode-ray tube and stops operation of the hori-
zontal drive circuit and reduces the high voltage to zero. Fig. 6-11 shows the high voltage limiter.

If an abnormally high voltage is generated, the pulse voltage at terminal 5 of the primary winding of
fly-back transformer T702 is increased, and the medium voltage E50 obtained by rectifying the pulse
voltage by D753 is also increased.

The base voltage of Q772 obtained by dividing medium voltage rises to a level where Q772 becomes
conductive, and Q772 conducts. As a result, Q771 connected to Q772 via a thyristor conducts, too.

On the other hand, the collector of Q772 is connected to the base of Q702, the trigger input of the
multivibrator comprising Q701 and Q702, through D771. If the potential at this base is grounded,
the multivibrator stops operation. Therefore, when Q771 and Q772 conduct, the horizontal oscilla-
tion stops and the high voltage drops to zero. Once Q771 and Q772 conduct, they are held in the
conduction state by the thyristor characteristic unless the power switch is turned off, and the high
voltage is held at zero.
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Fig. 6-11 High Voltage Limiter
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CDU-12A01K CIRCUIT OPERATION WAVEFORM
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7.1 General

The QX-10's keyboard is available in two types:

(a) ASCII type
(b) HASCI type

TYPE OF KEYBOARD ITEMS

ASCH TYPE

HASCI TYPE

Keyboard Diagram

See figure (Appendix)

See figure (Appendix)

Keyboard Scan code See Table 7-5 See Table 7-4
Number of keys 103 104
Typewriter keys 58 61
Number keys 19 18
Cursor keys 8 8
Function keys 18 17
Remarks CAPS LOCK SHIFT LOCK
Keys with LED INS INSERT
SF1 CALC
SF2 DRAW
SF3 SCHED
SF4
Temporarily shift keys GRPH GRPH
SHIFT (L) SHIFT (L)
SHIFT (R) SHIFT (R)
CTRL CTRL (L)
CTRL (R)
Table 7-1

In addition, the QX-10's ASCII type keyboard is available in eight language fonts as listed below.

1 : USASCI 2 : ENGLISH
3 : GERMAN 4 : FRENCH

5 : ITALIAN 6 : SPANISH
7 : DANISH 8 : SWEDISH

Actually, the only differences of these keyboards are in the key-top labels. They are all the same in
physical design.
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7.2 Key-switches

The key-switch is composed of the parts shown in Fig. 7-1. When the key top is depressed, metal
reed (B) descends to establish continuity with ®B). The stroke of the contact is shown in Fig. 7-2.

Fig. 7-1 Key-switch constructions

_jr— 0.3 mm ////// / Completely open

Stroke Intermediate

0.3 mm //////// Completely closed

v

Fig. 7-2 Stroke of the key-switch contact
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7.3 Key-switch Signals

(1) Fig. 7-1 shows the connections of the key-switches.

(2

~

The key-switches are connected to some of the intersections of the row lines of the keyboard
scan signals (KSC) generated by decoders LS145 (1A and 2A) and the column lines of the key-
board return signals (KRTN) which are the data bus lines of 8049 (5A). Thus, this arrangement of
the key-switches looks like a 16 by 8 matrix in mathematical terminology.

The KSC lines and KRTN lines are pulled up by +5V. A pair of KSC and KRTN lines become contin-
uous when a key-switch is depressed, otherwise they are open.

Suppose that a certain KSC line is low level. If a switch has been depressed, the KRTN line that
becomes continuous with the KSC line also becomes low level and, since an inverter inverts it,
high level develops at the associated data bus line of 8749 (5A).

This is the principle of detecting the depression of a key. Actually, an active-low signal scans over
the KSC lines and, timed with it, levels of the data bus lines of the 8049 (5A) a lines of the
8049(5A) are checked so that the entire keyboard is equally sensed.

The KSC signals are generated by two binary-to-decimal decoders LS145 from the output signals
developing at P10 - P13 of the 8049 (5A).

The input signals to the two decoders (1A and 2A) are distinguishable because an inverter is con-
nected to the D input terminal of decoder (1A). That is, the output of the decoder is of eight bits
and, if input D is high level, the decoder is not selected and consequently it does not output any
scanning signal.

Thus, keyboard scanning proceeds with only one KSC line put to low level at a time. The scanning
signal is normally 830 usec.

Table 7-2 below summarizes the relationships of the inputs and outputs of decoder LS145.

NO INPUT OUTPUT
‘'D C B A|O 1 2 3 456 7|8 9
O|L L L LJ|L
1 |L L L H L
2 |L L HL L o _ |
3 |L L HH L g_
4L H L L L 5
5L H L H L
6 |[L HHL L
H: High level
7 L HHH L L: Lolwle(?/\g;J
Table 7-2
I~ About 13 #sec___,_i KR(')TN KF«"TN KgTN_ L KRGTN Kl;TNKe it
KSC O / ‘\‘, \ >\> ‘\ ﬂL_L\\(
—|_ N
KSC 1 J/ ~ > N~ ~ NS
KSC 2 \\ ™~ NS S IR
KSC 3 ) ‘\ 4\ >\> \ \
! /4
1
]
]
KSCI5 ~ > DS ~ N~
—]
830ps Fig. 7-3 Keyboard scanning signals
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Fig. 7-4

(3) P20 — P27 of the 8749 (5A) are connected to the LEDs built in some key-switches. When a key-
switch with key-top LED is depressed, the associated line out of P20 — P27 turns to low level to
light the LED. A program held in the ROM (2 KB) of the 8749 (5A) is executed to find a depressed
key and light its built-in LED.



7.4 Data Transfer to and from the Keyboard

Data are synchronously transferred between the keyboard and the QX-10 at the rate of 1,200 baud.
The clock signal used at this time is supplied from terminal OUT 1 of the programmable interval timer
8253 (16E) mounted on the main board (Q10SYM board).

Commands given to the keyboard enter terminal T1 (pin 39) of the 8749 (5A) from external RXD.
Output data exit from TXD through P17 of the 8749 (5A).

The input commands and output data are explained below.

(1) Input commands (data coming from RXD)

1) Reset
1 1 1 X X X X Diagnostic program
Functions: Initializes the keyboad controller.

Clears the key code buffer (of 32 characters’ capacity).
Validates repeat function.

Designates repeat start time (500 msec).

Designates repeat interval (50 msec).

Extinguishes all LEDs.

Diagnostic program bit:  O: Causes one LED to another to blink; lights, then extinguishes all
LEDs; scans key matrix; and sends out OOH if no key is de-
pressed and FFH if one or more keys are depressed.

1: Does not execute the diagnostic program.

2) Set repeat start time

0 0] 0 300 ms+Nx25 ms

Function: Sets the time interval after which repeat is to start when a key is
kept depressed. This parameter may be varied from 300 msec to
1,075 msec in intervals of 25 msec. The least significant five bits
of the command represent the interval in such a manner that OOH
corresponds to 300 msec, O1H to 325 mseg, ..., and 1FH to 1,075

msec.
3) Read SW status
1 0 0 X X X X X
Function: Sends back the current on/off statuses of all SWs. The 8-byte out-

put data is sent out in preference to other key codes.

4) Control repeat

1 0 1 X X X X ON/OFF
Function: Enables or inhibits repeat according to the content of bit O of this
command.
Bit0=0 ... Inhibits repeat function and, if repeat function is oper-

ating, stops it.
Bit0O=1 ..... Enables repeat.
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5) Enab'e keyboard to send

1 1 0 X X X X ON/OFF

Function: Enables or inhibits the keyboard sending data.

Bit0=0 ... Inhibits the keyboard sending data. Transmission of
data which is in progress will be completed.
Bit0O=1 ... Enables the keyboard to send data.

6) Set Repeat Interval

(0] 0] 1 30ms+Nx5ms

Function: Sets the interval at which repeat function is to work after it has be-
gun. The least significant five bits of the command represent the
interval in such a manner that OOH corresponds to 30 msec and
the interval becomes longer by 5 msec up to 185 msec as the par-
ameter increases by one.

7) Turn On/Off LED

0 1 0 X LED No. ON/OFF

Function: Turns on (ON/OFF = 1) or off (ON/OFF = 0) the LED designated with
parameter LED No.

8) Read LED status

0 1 1 X X X X X

Function: Sends back the current on/off statuses of all LEDs. The output date
is of eight bytes in total, with one byte assigned to each LED. The
data is output with the highest priority and placed at the top of the
key code buffer. If overflow takes place in the key code buffer,

some of the latest input data (but not of LED statuses) will be dis-
carded.
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(2) Output Data (data going out from TXD)
1) Key code

0 DBO ~ 7 P13 P12 P11 P10

Operation: A key code is generated by combining KSC signal (P13, P12, P11,
and P10) with KRTN signal (DBO - 7).

2) SW data

DBO ~ 7 | ON/OFF

1000

Operation: The statuses of the SHIFT, CTRL, and GRPH SHIFT keys are read as
SW data. DBO - 7 are associated with the keys as assigned in the
key code tables. The least significant bit becomes “1” if the key is
on and “0” if it is off.

3) LED status

1100 ; LED No. \  ON/OFF

Operation: The status of a key-top LED is sent out. LED No. is supplied from
the contents of the least significant byte of the code given from the
key code tables. The least significant bit is “1" if the LED is on and
“0"ifitis off.

» Timing Diagram
Fig. 7-5 is the timing diagram of the transmitted and received data (RXD and TXD) of the key-
board.
The clock signal is supplied from teh counter timer uPD8259 mounted on the Q10SYM board for
transmission at 1,200 baud.
The interface between the keyboard and CPU is channel A of the serial controller uPD7201
mounted on the Q10SYM board.

1,200 baud

Ul
————830ys Standard ————

CLK :

_f—_— — - - —_—

i X X
Sampling
TXD X X

Fig. 7-5 Timing diagram
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7.5 Key Code Tables

7-8

(0] i 2 3 4 6 7 8 9 A B C D E
SwW
o] | ———— ] E
I ON ON
2 KBO 7 sw2 LED2
OFF OFF
3 ON ON
SW3 ED3
4 OFF - olgr
5 ON ON
6 Swa LED4
MRXO ~ 3 oFF or*
7 ~ ON ON
8 e e
9 ON ON
Swe LED6
A OFF OFF
B ON ON
— SW7 LED7
¢ 2 OFF OFF
D § ON ON
S sSws LEDS8
E g :>~: OFF OFF
F o= ON ON
Sw LED
KEY CODE DATA STATUS
Table 7-3




KEYBOARD SCAN CODES (HASCI)

When a key is pressed, the keyboard generated above matrix code only.

Table 7-4

0 1 2 3 4 5 6 7 8 c
o SHIFT | SHIFT CTRL | GRPH | CTRL (H6)
® | O R | SHFT| (L OFF
TAB @ COPY (H6)
1 |UNDO H6) | pg | Q@ 2 | pisk ON
SHIFT #
2 | 1 SPACE | Soek | W % | wee
3 |STORE z A E f sTOP
. | RE « S A % | MAR S:'A)FT INS
TRIEVE 5 | SEL | anv OFF
SHIFT
s |PRNT|eNTER| 3 | ¢ | D | T | & | 2 | ® on
* | MAKE
N . | shiFT SHIFT
6 | INDEX 2 v F Y s ; w LOCK
BRK OFF
. SHIFT SHIFT
7 |maL| o 1 B G u s | ™8 | W LOCK
MAKE ON
_ (| TaB (H4)
8 | H2 = * N H ! 9 | ser OFF
) (H4)
9 |MENU| & 9 M J 0 S o
. = CTRL
A |cac| s 8 K P ) R) i
BRK
CTRL
B |SCHED| 4 7 L }j‘; * R) oY
= MAKE
_ : [ GRPH SCHED
c |oraw| (Hs) 1 ; N e chE
vv ] GRPH SCHED
D | H3) | H4) ) X - v RS MAKE ON
CTRL
E |Bow |sTYiE| =+ ~  |RETURN|INSERT| [X) ) CALC
OFF
BRK
CTRL
F | mauc| size ?ﬁg ! ; WORD | LINE L Cé‘hc
MAKE
Shift
il LED




KEYBOARD SCAN CODES (ASCIi)

0 1 2 3 4 5 6 7 8 9 A B c
CAPS
o LOCKS
OFF
CAPS
1 Fa | LF CAPS a | V| F3 LOCK
LOCK 2 on
2 F5 | (A5) | (A4) |(SPACE) w : F2
3 F6 z A E i; F1
SHIFT
4 F7 | 000 X s R I R) NS
BRK
SHIFT
s || J | 3| c | o | 1| & |lesc|®w on
MAKE
v . [sHiIFT
6 Fo 2 v F Y 4 ; L
BRK
( SHIFT
7 | Flo| o 1 B G u ¢ | ™e | WL
MAKE
) MF4
8 | @an | + - N H | ) OFF
- MF4
9 |BREAK| 6 9 M J ) ) on
< = CTRL MF3
A |PAUSE| 5 8 ’ K P Sk i
SCRN > : - CTRL MF3
B |oump| * 7 - L @ A MAKE ON
_ + { ! GRPH MF2
C | HELP = ! . [ N BRK OFF
* * } GRPH ME2
D | (A2) | mFa - : ] BS N o
MF1
E | w3 | MF3 | - - | s |HoME il
. ? MF1
Fo| MF1 | mr2 | 7| oeL | cs On
Shift LQD
key

When a key is pressed, the keyboard generated above matrix code only.

Table 7-5



7.6 N-Key Rollover Function

Suppose that two keys, G and F, are depressed as shown in Fig. 7-6. The depression is detected and
the keys are identified as the key matrix is scanned.

If the V key is also depressed, current would flow via the path shown in Fig. 7-6 (b) and it could not be
distinguished from the depression of key B.

In the QX-10, if more than one key is depressed at a time (during a cycle of scanning), the keyboard
encoder program does not work until only one key is depressed.

Note that two-key rollover is employed for the SHIFT, CTRL, and GRPH SHIFT keys, which are normal-
ly used along with other keys, by installing blocking diodes.

The keyboard is provided with a 32-byte buffer for transmitted data. When more than one key is de-
pressed one after the another, key codes will be sent out serially.

Transmitted data are transfered to the TXD buffer from the 32-byte buffer on the FIFO baiss and
further to the main unit as serial data whose format is shown in Fig. 7-5.

As to SW data, all data will be transmitted every time a status changes, regardless of the depression
of other keys.

KTRN KTRN
A A
r N r N\
2 3 4 5 2 3 a4 5
g r
I H N < I H N <
7 7
V] G B 1 U B |
8 8
KSC < ol v 2 KSC < v - »
9 9 \*
T
10 D C 3 10 T D C 3
- ~
(a) G and F are identifiable individually. (b) Current would flow as shown
with the directed line and key
B would be recognized as de-
pressed.
Fig. 7-6

7.7 Repeat Function

The keyboard is provided with a repeat function so that, when a key is kept depressed, generation of
its code repeats in predetermined intervals. Not only the repetition intervals but also the time when
repetition is to start after the first-time generation of the code are predetermined for the system.

The repeat function works as follows.

(1) With cursor control keys, if more than one key at a time is kept depressed, the codes of the keys
are generated cyclically.

(2) If more than one non-cursor control key is kept depressed, the code of the key depressed later
than the others is generated repeatedly unless error results.

(3) If more than one key, including cursor control key and non-cursor control keys, is kept depressed,
the code of the non-cursor control key depressed later than the other non-cursor control keys is
generated alternately with the code of the cursor control key unless error results.

(4) If a key has been released in the middle of repeated generation of its code, the repeat function
stops even when another key is kept depressed.
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8.1 General

Double sided, double density type of 5-1/4" floppy disk drive SD-321 has the features as described

below:

1) SD-321 produces an ultra thin structure of 1/2 - 1/3 the convertional models.

2) The VCM (Voice coil motor) type linear actuater which is developed originally is adopted to the
head drive mechanism, so it is of high reliability.

3) In order to miniaturize the circuit board and get high reliability, most of the control circuit is inte-
grated to two LSls.
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8.2 General Specifications

8.2.1 Memory capacity
(1) Unformatted

(2) Formatted (16 sectors/track)

8.2.2 Recording density (side 1, trk 39):

8.2.3 Transmission speed

8.2.4 Track mean speed waiting time

8.2.5 Access time
(1) Between tracks

(2) Between tracks moving average :

(3) Settling time
8.2.6 Motor starting time
8.2.7 Motor speed
8.2.8 Track density
8.2.9 Total number of tracks

8.2.10 Inner circumference track radius

8.2.11 Outer circumference track radius

8.2.12 Recording system
8.2.13 R/W head positioning
8.2.14 Main axis motor

8.2.15 Power supply
(1) +12V (£ 5%):

(2) +5V (= 5%):

8.2.16 Power consumption:

250k byte (Single density recording)
500k byte (Double density recording)
164k byte (Single density recording)
328k byte (Double density recording)

2938 BPI (Single density recording)
5876 BPI (Double density recording)

125k bit/sec (Single density recording)
250k bit/sec (Double density recording)

100 msec

15 msec
220 msec
15 msec

0.5 sec
300 rpm
48 TPI
80

36.52 mm (trk 39, side O)
34.40 mm (trk 39, side 1)

57.15 mm (trk 00, side 0)
55.03 mm (trk 00, side 1)

MFM

Voice coil motor

Outer rotor-type brushless transistor motor

0.7A (typ) (atreading/writing)
1.9A (max) (atmotor starting)
0.25A (typ)

0.4A (max)

9.7W (typ)

8-2



8.3 Outline of Mechanisms

The SD-321 is an ultra thin 5.25-inch floppy disk device and comprises the following nine elements:

1) Read/write head 6) Disk eject mechanism

2) Head access mechanism 7) Index detector

3) Head loading mechanism 8) Write protection detector
4) Disk drive mechanism 9) Control circuit

5) Disk protection mechanism

&

Index detector B

I . I
Write protect lamp /\\
e ud
Head select T

:
I
1 Drive select 4 :
| ! '
] |
r ,\/ S0
i i R
' . N
Lo Q\ \)
S =
'
. 1 \ !
Head select g;,‘:zl Head load ‘ i . '
h | ‘
" 1
s In use lamp ] \ i
rection
A 06 g

Index Wit tect
ecC
Track FPR—— rite pro .
Drive select COntl’Ol orer |
Head setect | Circuit Index detector A %

Motor ON

Ready
-

Fig. 8-1 General Block Diagram

8.3.1 Read/Write head
The read/write head uses a reliable tunnel-erase type ferrite ceramic head with erase gaps on both sides
of the read/write gap. Upper and lower read/write heads are supported by upper and lower head holders
by thimbles. This makes head touch to media good and minimizes the influence on the media at loading

and unloading.

A ——. Disk rotational direction
= |
. ™
Read/write head Erase gap

Fig. 8-2 Read/Write Head

8.3.2 Head access mechanism
The read/write head track is positioned highly accurately and delicately by the voice coil motor by directly

moving it. The moving direction is selected by the host system. The voice coil motor can be moved by
the distance equivalent to the specified number of tracks if one pulse is entered for one track.

8.3.3 Head loading mechanism
When the disk is inserted and the pushbutton is pressed, the collet lever gets down. At the same instant,
the read/write head makes contact with trhe disk and the pad holds the disk. Data transmission is made

in this state.

8.3.4 Disk drive mechanism
The disk drive pulley is connected to the disk drive motor via a belt and rotates at a speed of 300

rem. When the disk is inserted and the pushbutton switch is pressed, the disk drive pull rotation is
transmitted to the disk. The disk drive motor is a brushless DC motor, and has an FG coil inside so
that it is controlled to rotate at a constant speed by the speed detection signal of the FG coil.
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8.3.5 Disk protection mechanism
To protect the disk center hole, the pushbutton can not be pressed unless the disk is inserted in the cor-
rect position.

8.3.6 Disk eject mechanism
When the pushbutton switch is pressed to remove the disk, the disk is automatically ejected and pops
out from the front panel.

8.3.7 Index detector
This detects the index hole on the disk to determine the data start point in the track, and comprises a pair
of light emitting diodes and a phototransistor.

8.3.8 Write protection detector
This detects the disk’s write protection notch, and comprises a pair of light emitting diodes and a phot-
otransistor.
When the disk with the write protection label pasted is inserted, the control circuit inhibits writing onto
the disk.

8.3.9 Control circuit
The circuit which electrically controls each mechanism'’s operation is divided into a main PCB, a drive mo-
tor PCB and a voice coil motor PCB. The control circuit is largely divided into the following sections. Most
of these sections are constructed in the custom LSI as shown below.

1) Read/write logic and amplifier 5) Side selector

2) Voice coil motor control circuit 6) Write protection detector

3) Track OO dectector 7) Drive selector

4) Index detector 8) Drive motor control circuit
Drive select J Drive select output

Read Drop
Read data a4 gate ‘Leteutur -+— Peak detector signal

Write protection ] Write Write protection call signal
gate Read inhibit output
) H Data }—{ Write amplifier output 1
Write data latch | Write amplifier output 2
1 Erase | Erase amplifier output
™ gate
Motor
Motor ON —{ gate Motor control output
L Power on clear
Side 1 select L+ gé?:ct » Head select 1
gate Head select 2
Index Index output signal
Index pulse «H gate
Track 00 e Track 00 Track 00 signal
—[ gate
Direction VCM
st drive Forward output
e —o i
P gireutt Backward output

‘—_— .
Drive cotter pulse

Fig. 8-3 LSI Block Diagram
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8.4 Operating Principles

8.4.1 Disk drive motor

The SD-321 uses a long-life outer rotor type DC motor for disk driving. As shown in Fig. 8-4., the motor
mechanism comprises a motor unit containing the frequency generator (FG) which can take out the fre-
quency proportional to the rotor rotation, and a circuit section.
The circuit section comprises the following circuits:

Motor speed control circuit

Start/stop control circuit

Motor drive circuit
When a low-level motor drive signal is entered into the start/stop control circuit, the motor drive circuit
drive transistor turns on and the disk drive motor starts operation. By applying the output of the built-in
FG to the motor speed control circuit, the motor drive circuit drive transistor is controlled to keep the disk
drive motor speed constant. When a high-level motor drive signal is entered into the start/stop control
circuit, the motor drive circuit drive transistor turns off and the disk drive motor stops.

Fig. 8-4 Disk Drive Motor

8.4.2 Head access mechanism

Use of a voice coil motor in the head access mechanism improves positioning accuracy and delicacy and
produces an ultra thin structure of 1/3 the conventional models. The voice coil motor (VCM) construction
is shown in Fig. 8-5. The drive circuit generates a drive signal of aimed direction from a step signal and a
direction signal, and moves the voice coil motor through the adder and power amplifier.

In this step, the intermediate position between the tracks adjacent to the position detector connected to
the voice coil motor is detected, and the drive signal is reset. Since the position detector continously gen-
erates a control signal except for each track position, the voice coil motor is moved to the adjacent track
and stopped there. The voice coil motor speed is maximum at the intermediate position, and needs to be
rapidly reduced after passing the intermediate position. The voice coil motor is thus braked using the
speed detector.

Position Speed
detector detector
Step ——»4 . .
Drive circuit }—»  Adder - Powe.r‘ Voice coil
Direction —— amplifier motor
i
- Track 00
Track 00 detector

Fig. 8-5 VCM Block Diagram
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Fig. 8-6 VCM External View

8.4.3 Head loading mechanism
When the disk is inserted and the pushbutton is pressed, the collet lever gets down by being transmitte::
mechanically. Then, the upper head holder is released and presses the upper head to the lower head
through the disk with a constant pressure, by using the upper head spring.
At the same time, the pad attached to the pad lever holds the disk between the pad and the pad receive
the disk is rotated smoothly and the dust on the disk surface is eliminated by the liner provided inside tt2
envelope.

Fig. 8-7 Head Loading Mechanism

8.4.4 Operation channel
A) Atdisk insertion

When the disk is inserted through the front panel, the disk pushes the ejector and when the disk
reaches the specified position, the eject lock pin attached to the eject lock lever falls into the
groove of the ejector. At this time the eject lock lever locks the front panel cover, determining the
position of the inserted disk and preventing insertion of the next disk.
Further, the eject lock lever rotates the safety lever to release the slide lever to allow it to be freely
pushed. When the pushbutton switch is pressed, the collet is pushed down to clamp the disk bet-
ween it and the disk drive pulley, bringing it to the position where the disk drive motor rotation
can be transmitted to the disk.
As soon as the collet is pushed down, the upper head lowers to a position about 0.7 mm above
the lower head, and the slide lever engages with the latch in this position and holds it.
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B) At disk ejection
When the pushbutton switch is pressed, the slide lever is disengaged from the latch, the eject
operation lever rotates the eject transmission lever, and the eject transmission lever disengages
the eject lock pin from the ejector groove. At the same time the front panel entrance held by the
eject lock lever is released, and the ejector is set free in the entrance direction.
After disengaging from the eject lock pin, the ejector attempts to push out the disk, but fails as its
motion is restricted by the pad lever.
As the slide lever disengaged from the latch approaches the disk setting position, the pad lever
and the head rise together.
At the same time the collet also rises to set the disk free.
When the pad lever and the upper head rise to the specified position, the engagement between
the ejector and pad lever is released and the disk is ejected.

Before depression of pushbutton switch

8.4.5 Disk protection mechanism
To protect the disk, one end of the safety lever is usually engaged with the eject lock lever. When the
disk is not in the correct position, the safety lever tip projects into the path of the slide lever to
restrict the slide lever motion, so that the collet does not fall.
The eject lock lever also lifts the disk from the lower head surface to protect the head either at inser-
tion or ejection of the disk.
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8.5 Interface

Up to four SD-321s can be connected in a daisy chain. Input/output of all signals is compatible with
TTL level. +12V and +5V are required as a power supply interface.

8.5.1 Signal Interface (Main PCB J2)

Host system ___sb-321
J2
Drive select 3 (DS3) 3
6
= 5 =
Index (IDX)
8
7
Drive select O (DSO)
= 10
9
Drive select 1 (DS1)
12
11
Drive select 2 (DS2)
14
13
Motor ON (MON)
16
15
Direction (DRTN)
18
17
Step (STP)
20
19
Write data (WTD)
22
21
Write gate (WTG)
24
23
Track 00 (TKO0O)
- 26
25
Write protect (WPT)
28
27
Read data (RDD)
30
29
Side select (SSL)
32
31
Ready (RDY)
34
33

Fig. 8-9 Signal Interface
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8.6.2 Electrical specifications of input and output signals

LOW=TRUE (ViN: OV-+0.4V)
_ (lin : 40 mA max.)
HIGH = FALSE (VIN: 25 -5.25V)
(lin: O mA Open)

The SD-321 uses SN7406 (or equivalent) as an output driver. Each input terminal is pulled up at 5V
with 1504, and connected to LS| through a resistor of 10 kQ.

8.5.3 Functions of input signals

1)

2)

3)

4)

5)

6)

Drive select 0 - 3 (DSO - DS3)

The SD-321 can be connected to up to four sets in a daisy chain. Connected sets are select-
ed by the dip switch located on the méin PCB. (The SD-321 has been set to operate at drive
select O before shipment) Transmission/reception of input and output signals is permitted
only for the drive selected by this switch.

Motor ON (MON)

When the motor ON signal is set to logic O, the disk drive motor starts operation. However,
seek, write and read operations should be performed after the ready signal is set to logic O.
The ready signal is set to logic O within one second after the motor ON signal is entered.

Direction (DRTN)

The direction signal determines the voice coil motor moving direction. The voice coil motor
moves from track 00 to 39 when this signal is set to logic O, and vice versa when the signal
is set to logic 1.

Step (STP)

By entering a pulse into the step signal, the voice coil motor for positioning the read/write
head can be moved in the direction specified by the DRTN signal.

The maximum response step cycle is 15 mS/track.

Step is inhibited when the write gate signal is at logic O.

Logic 1 I
Logic O J
1 uS (MIN)—-—-—L——S mS (MIN)

5 mS (MIN)
Fig. 8-10 Step Signal

Write gate (WTG)

The write gate signal controls write data and read data signals, makes the write data signal valid
at logic O and the read data signal valid at logic 1. For a disk with the write protect label pasted
on, the write operation is inhibited in LSI.

Write data (WTD)

The write data signal inverses the read/write head writing current and allows it to flow to
generate a change in the magnetic flux when the input pulse changes from logic 1 to O in the
signal line of the data to be written onto the disk. The write data signal is valid only when
the write gate signal is at logic O.

Current inversed
Logic 1 /R [ [

Logic O

80uS +40nS.

0.25 ~ 2.1 4S

1 40u +20uS
Fig. 8-11 Write Data Signal (In Case of FM Recording)
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7)

Side select (SSL)
The side select signal selects two upper and lower read/write heads to be used for opera-
tion.
Logic O: SIDE 1 (Upper head)
Logic 1: SIDEO (Lower head)
When the head loading signal is at logic O, the read/write head is loaded on the disk.

8.5.4 Functions of output signals

1)

2)

3)

Ready (RDY)
The ready signal is set to logic O when the power is turned on, the disk is inserted or the disk

rotates normally.

Track 00 (TKOO)

The track 00 signal is set to logic O when the read/write head is in the position of track OO.

Index (IDX)

The index signal generates a pulse of logic O once per disk rotation.

The position where the index signal changes from logic 1 to O indicates the beginning of data on

the track.
Logic 1 =
Logic O — —I

1 ~6 mS

200 mS (NOM)

Fig. 8-12 Index Signal

4) Read data (RDD)

The read data signal outputs the raw data pulse train read by the read circuit. It is usually at
logic 1 and turns to O when magnetization is inversed on media.

Logic 1
Logic 0 —
1.0 uS +£0.35 S ~=—=8.0 1S (NOM)—=
4.0 uS (NOM)

Fig. 8-13 Read Data Signal

5) Write protect

The write protect signal is set to logic O for a disk with the write protect label pasted on.



8.56.5 Timing
The track initial position is 00 .

Power ON
Motor ON —'\

100 mS (MIN)

Drive select \
\__/_—\ \

R

Ready

—\|

1.0S
(MAX)

Valid track 00
1.0 uS (MAX):\

1.0 uS (MAX)

¢ l<—200 mS (NOM)

Valid index w \L_/ w
Direction
Step \%71 .0 ;i(-l\:llN
+ 1.0 4S (MIN)
1.0uS (MIN)
30 mS (MIN)
Write gate \ /'_
35 mS (MIN) 8.0 15 (MAX)
Write data 1045 (MIN) I‘l J’l—_"‘
100 uS (MIN) — 1.0 mS (MIN)
Side select

—

Valid read data

Fig. 8-14 Timing
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8.5.6 Connectors
1) Power connector (J1/P1 )
The DC power supply connector is located on the main PCB and uses a 4-pin AMPP/ N1-450426-0.

T T T T 77777777 7777777774

rO O O Oﬁ J1 connector

4 3 2 1
Fig. 8-15 Connector

2) Signal connector (J2/P2)
The connection of the J2 connector is a 34-pin card edge connector, and patterns 1 and 2 are
omitted. The parts mounting surface is an odd number, and the soldering surface is an even
number. There is a key slot between 4 and 6. The connector dimensions are given below. The
following connector is recommended for the user.

Connector : 3M P/N 3463-0001
Polarity key: 3M P/N 3479-0000
Flatcable : 3MP/N 3365134

1 PCB
115
_ ’
~6.16

454 + 01— =]

Unit: mm
Connector contact width: 1.27
Connector pitch 1 254

Fig. 8-16 Signal Connector
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The following signals are assigned to the option slots:

9.1 Option Connector Signal Assignment Diagram

Signal Pin No. Pin No. Signal
GND 1 2 GND
DTB O 3 4 DTB 1

2 5 6 3

4 7 8 5

6 9 10 7
-12V 11 12 -12Vv
ADR O 13 14 ADR 1

2 15 16 3

4 17 18 5

6 19 20 7

8 21 22 9

10 23 24 11

12 25 26 13

14 27 28 15
GND 29 30 GND
CLK 31 32 GND
BSAK 33 34 MEMX
IRD 35 36 IWR
RD 37 38 MWR

RSIN 39 40 INT (H) 1
INT (H) 2 41 42 INT (L)
+5V 43 44 RSET
+5V 45 46 +5V

DRQ (F) 47 48 DRQ (S)

RDY (F) 49 50 RDY (S)
WAIT 51 52 IWS

DAK (F) 53 54 DAK (S)

EOP (F) 55 56 EOP (S)
+12V 57 58 +12V
GND 59 60 GND
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9.2 Description of Signals

Signal

Pin No.

Description

GND

DTB 7
ADR O

ADR 15
CLK

BSAK

=
5

<
3
O

w

<
o

RSIN

INT (H) 1

INT (H) 2

INT (L)

1,2,29, 30,

32,569,60

3~10

13 ~ 28

31

33

34

35

36

37

38

39

40

41

42

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

DATA BUS. Input/Output signals. These are buffered by
the bidirectional buffer on the main board. All of these are
output signals except for data input from the option slot.
ADDRESS BUS. Output signals. These signals designate
memory addresses and an input/output device.

SYSTEM CLOCK. Output signal. It is the main system clock
(3.9936 MHz). The phase is the same as that supplied to
the CPU.

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

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

I/0 READ. Output signal. Set to LOW for data input from
an 1/0 device; the CPU receives data at the rising edge of
the signal.

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

MEMORY READ. Ouput signal. Set to LOW for data input
from memory; the CPU receives data at rising edge of the
signal.

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

RESET IN. Input signal. Input of this signal form the option
side resets the CPU when the signal goes LOW, while the
reset operation ends when the signal is set to HIGH.

HIGH PRIORITY EXTERNAL INTERRUPT. Input signals.

High priority interrupts applied when signals are set to
HIGH.

These signals are connected to the 8259 on the main
board.

LOW PRIORITY EXTERNAL INTERRUPT. Input signal. This
signal is used in the same manner as INT (H), but the priority
of the interrupt is low.
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Signal Pin No. Description

RSET 44 RESET. Output signal. This signal initializes the device at
the option slot. When the system is in the reset condition,
this signal is set to LOW.

DRQ (F) 47 DMA REQUEST. Input signals. These signals are set to

DRQ (S) 48 LOW to request DMA transfer from a device at the option
slot. DRQ (F) has a higher DMA request level than DRQ (S).

RDY (F) 49 DMA READY. Input signals. WAIT can be applied to the

RDY (S) 50 DMA controller by setting these signals to LOW. RDY (F)
and RDY (S) correspond to DRQ (F) and DRQ (S), respective-
ly.

WAIT 51 WAIT. Input signal. CPU operation can be interrupted by
setting this signal to LOW.

WS 52 I/0 WRITE SHORT. output signal. Used when the IWR sig-
nal does not provide sufficient time to write data from an
external memory to an I/0 device during a DMA transfer.

DAK (F) b3 DMA ACKNOWLEDGE. Output signals. When the DMA

DAK (S) 54 controller receives DRQ, these signals are set to LOW when
the DMA is started. DAK (F) and DAK (S) correspond to
DRQ (F) and DRQ (S), respectively.

EOP (F) 55 END OF PROCESS. Output signals. These signals indicate

EOP (S) 56 the end of 1 block during a DMA transfer. They are set to
LOW together with DAK when the last byte is sent. EOP (F)
and EOP (S) correspond to DRQ (F) and DRQ (S), respective-
ly.

+ bV 43,45, 46 + 5V power supply lines. (Up to 2.5A))

+12V 57,58 + 12V power supply lines. (Up to 0.5A))

-12V 11,12 — 12V power supply lines. (Up to 0.6A))
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9.3 1/0 Port Access Timing

(1) 1/0 Read Timing [Unit: nsec]
' TI ! T2 ! Tw ! T3 !
CLK | ‘Flzs.i‘:l '___‘ l_— "_—‘ r——
,————250 P S—— : | :
, min I ! : | 7 min
! oy e
ADB ! ADDRESS X ! :////
o7 / | 'VALID ! | |
,._|4 — (X177 | T { (*2)
max 155 ——= 17 e
! m?n 117 } ! min 4:?\in
i min. | e [
!
: | // ! : A
p— 134 — [ | le—|34 —
: X max Il | by ma
| ! \L‘” I = omin |
| v 1 .
WAIT ! , 7 v/ 100 —= 17 V/ O min
[ | zmax/égézz min / 7 //: b(*3)
[ 48— i [ . 134
: : max \ : : Ty 1 mip (x5)
t | \ : |
oTB DATA BUS -\ | ! D DATA BUS
o~ 7 OUT PUT / ! | \REST OUTPUT

(*1) Address stabilization prior to

(*2) Address holding time after IRD.

(*3) Data holding time after IRD.

(*4) Delay before float after IR

(*5) Floating hold time after IR

D.

Note: The data bus is normally in the output state, and serves as an input terminal only when data is
output from the option side.

@ I/0 Write Timing

TI
|- 125.2 o

T2

-~
E3

[Unit: nsec]

:;'_250'4__" | l : I !
7 | | | [ |
—-l min 0 : : : X __:77/r.nin
1% " ADDRESS ///
s !//// | vaLp | ! ! '/ /f/
= L 32
| T | I .
| M min l|2rn;11 | | : 12min ! min
_— ] . = ! ! ! ~1B '
R T //// o
|
! [ e 7—] ! ! ! '
| | max ! lomin ! i |
! : i | el ! I | (%3)
WAIT | 7, IR 88—
i (*4) // '%?n ! /522,2”2:2/22 ' min
I5 |-Tsmin ' ' :
15min | |
o N | | 2
T T )4 y
i DATA %
D(T)B,v 7 | W VALID : E/////
T | |

p— |72

max

(*1) Address stabilization prior to IWR.
(*2) Address holding time after IWR.
(*3) Data stabilization after IWR.

(*4) Data stabilization prior to IWR.
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9.4 Memory Access Timing

(1) Memory read timing

CLK

ADB
o~7

DTB
o~7

WAIT

*'25-2——(

Ti

250.4—=1

7min
p-

T2

I L

T3

|
ol

—

7min

|
>
|
|
.
t

I

ADDRESS
VALID

T,

:-e—l42

max

|
|
T
!
1
|
|
|
|

17min

x2) !

. 43!
17min |
I

‘—:‘*
min

[Unit: nsec]

7

*L///////./

144—

max |47max

DATA BUS T\
ouToruT !

(%*3)

134max -

| L
||-7'min %4 h?r'nni’l('n*w

| [DAaTA BUS

I |

o

100min!Omin
e

|

INPUT

DATA BUS
OUTPUT

:
|
|
|
I
|
U
l
I
|
|
J
I
I
T
|
I
I

—_—_—— e — ——

|
|
T
|
|
!
+
|
|
|
|
|
|

(*1) Address bus stabilization time preceding the falling edge of MRD.
(*2) Address bus holding time following the rising edge of MRD.
(*3) Time following the falling edge of MRD before the data bus starts floating.
(*4) Data bus holding time following the rising edge of MRD.
(*5) Data bus floating time following the rising edge of MRD.

(2 Memory write timing

CLK

ADB
o~7

MWR

DTB
0~7

WAIT

TI
[ 125. 2 -

T2

1%/4

a——250.4 — |
7min | | 7min
e | | -—! s
% | ADDRESS | I ’//
27/ 1/
| [ 1% 1)
e | 42—
| ) I . —-|43~|
max
: I7_r_mn I 172»n | min
|
|
|
|
|

) 129 —=i 124 (%3)
| min N 1
Y DATA | HZZ //f/
// 9 'vaLip |/ /,
-—172—1-4 ! -—=5Tnin
maxl Omin } |
I ~ l I
|
| =00+ : |
'L min ' l

(*1) Address bus holding time following the rising edge of MWR.
(*2) Data bus stabilization time preceding the falling edge of MWR.
(*3) Data bus holding time following the rising edge of MWR.
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9.5 DMA Access Timing
(D Memory read, I/0 write timing

CLK

DAK

[Unit: nsec]

SI s2 | s3 | s4 | sl |
——l<l125.2
- 250.4 '——,—| l__—r_—'——
=il | 238 |
777,770 i 77227 E
;-—24I0W.‘i : : 24omax l
e o 77,
é‘:;r.nin . ! 380 lox 1) if:;n i
[e—ro225 mln| 160~
7/ 7/
| -~ ==
i 4min im 430—:#*2) 4min Emox ;
' 225 ! min, 225+ |
: /// = //////// :
T <:53;ma,: oo :
= xla)
///// //// ///////% // 7 //

(*1) Low level pulse width of IWR
(*2) Low level pulse width of MWR
(*3) Data bus stabilization time following the falling edge of MRD
(*4) Data bus holding time following the rising edge of MRD
(*5) Data from internal memory to I/O in DMA
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@ 1/0 read, memory write timing [Unit: nsec]

| s2 ' s3 ! sw ! sw ! sa | st |
125.2 ! '
CLK ~——] |1 LI 1] |
250.4— ! I | | |
—238 1% | ! | ) 238 max |
| I ' 7,
DAK / /// I | : | / //A |
! | | I ] |
le—240™%%] ! | ! le—240m9K) |
W 0 'ADDRESS | ' ///// |
[
Aoofls ' // | l VALID ! / A
) | i
{0 225 max | : : 225 | pai |
R t 7 [ 7
IRD | . , | | I, |
! 4min | ! | g X (dmina ™ | |
—_— f 7 [ AIEY;
MWR | v, , | ! W :
—] (e | ! e . |
I amin | ' (x2) [ ;
| min | : |380. - 4min | |
| | | 68maxtk3), | min | I |
. | == | | | |
DTB | DATA | \ | | PATA \ | DATA :
o7 { ouT | / I T\ |IN | ouT |
l I I 131js9 | 22min |
! | ! [ min min | | I

(*1) Low level pulse width of IRD

(*2) Low level pulse width of MWR

(*3) Time following the falling edge of MWR before the data bus starts floating
(*4) Limitation of input data from 1/0 to internal memory
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9.6 1/0 Port Address Map for Options

The addresses of 1/0 ports allocated for options are from 80H to FFH. Of these, some are already as-
signed to existing interface cards. Therefore, when other option cards are prepared, contact the Elec-
tronic Instruments Design Dept. of the EPSON Corporation for confirmation that the addresses are
free. (This precaution must be observed to prevent the same port from being allocated to more than

one option.)

Port address

80
84

88
8C

90

94
98

9C

GPIB interface

Q10IE

Memory box (optical fiber) interface

Q100F

Pulse transformer interface

Q10PT

AO

A4
A8
AC

AD/DA interface

Q10AD

RS 232C interface

Q10RS

BO
B4

B8
BC

Direct modem interface

Q10DM

Y

co

Cc4
Cc8
ccC

Bar code, drawer interface

AN

DO
D4
D8
DC

EO
E4
E8
EC

FO
F4

F8

FC

1st level kanji Q10K1

2nd level kanji Q10K2

Multifont Q10 MF
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9.7 Cautions for Interface Preparation

Take note of the following when preparing option cards.

@

@

RSIN is the input signal for system reset. Since this signal is directly input to the CPU reset ter-

minals with no particular synchronization, it is recommended that it be synchronized with the ris-
ing edge of the read/write pulse and that the pulse width be held to less than 1 mS when D-RAM
data is to be saved, however, note that the pulse width must be greater than three clocks.
Difference between INT(H) and INT(L)

Although there are three types of interrupt request signals (INT(H)1, INT(H)2, and INT(L)) for each
option connector, INT(H)1 and INT(H)2 are common to all of the connectors. Therefore, only one
card which utilizes INT(H)1 or 2 can be used at any given time. However, since INT(L) is assigned
to the various connectors individually, it can be used with several cards simultaneously. Connec-
tion of the INT(H) and INT(L) interrupts on the main board is shown below.

n < ) ~ -
2 ] 4 ] 2 [ 2 ’_. 2 ] Interrupt priority
2 2 2 2 2 NO 3
T b Y N = * | To master
o o o o o
NO 4., 8259
INT(H)I o- o -0- O- NO 9.
INT(H)2 ©- o- o
INT(L) o o NO I I,
NO 12 To slave
*| 8259
I N O R O O O
'—— NO 14,
NO 15.

() Difference between DRQ(F) and DRQ(S)

There are also two types of DMA request signals for each option connector, DRQ(F) and DRQ(S).
DRQ(F) is common to all of the connectors, while DRQ(S) is assigned individually. However,
DRQ(S) and DAK(S) are not connected to option connector 5.

Also, RDY(F) and EOP(F) corresponding to DRQ(F) and DRQ(S) are common to all of the connec-
tors, as are RDY(S) and EOP(S).

This is because all the DRQ(S) signals use the same DMA controller. Finally, DAK(S) is individually
assigned to all of the connectors in the same manner as DRQ(S).

These relationships are shown in the figure below.

n < 2] [\V] -—
2 > 2z z 2
°M oM © o o
(1 &1 £ £[1 &[]
(o] [} o [} [¢]
DRQ (F) o- o o d DREQ
DAKI(F) o o ° pack 8237-5
RDY(F) |o o o- REDY ?mwlt‘rol—
EOP(F) Jo O~ EOP ler #1
DRQA(S) |o o °
DAK(S]) |o o—— o4— o4— o
RDOY(3) o o REDY
EOP(3) |o o o o gEop  8237-5
- - - - - DREQ o DMA
DACK O control—
DREQ | ler #2
DACK |
DREQ 2
DACK 2
-4 DREQ 3
DACK 3
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(@ Difference between BSAK and DAK
Both of these signals are active during DMA operation, but whereas BSAK is active during all
DMA operations (i.e., the signal is output even when the CPU is stopped), DAK (DAK(F) or DAK(S))
becomes active only when the corresponding DRQ is accepted and that DMA is operating. For
this reason, it is recommended that these two signal types be used as follows.
a. BSAK should be ANDed upon I/0 port address decoding and the I/O port non-selected when

it is LOW. (This is because the address bus contains a memory address when BSAK is LOW.)

b. Use DAK for chip selection of the /O port outputting the corresponding DRQ.
It is particularly important that BSAK is used as described, since incorrect operation will result (re-
gardless of whether the DMA is used) if this processing is not performed.

@ MEMX is required when the option card includes memory. This signal becomes LOW when bit 3
in the memory bank register is 1 and neither P-ROM, C-MOS RAM, nor the common area are se-
lected. Thus, programming considerations are necessary when external memory (on the option

card) is to be used. In other words, when external memory is to be selected, bit 3 in the memory
bank register must be set to 1 and bits 7-4 (the internal memory bank) must be set to O so that
memory on the main board is not selected. Note must.also be taken of the fact that the resident
RAM area cannot be placed on external memory.
®) Interrupt processing

Interrupts from the option slots are controlled by the INT(H) or INT(L) signals. An 8259A is used
as the interrupt controller in the main system, and the INT signals are connected directly to the IR
terminal of this 8259A. When the INT signal goes from LOW to HIGH, it must be kept HIGH from
its rising edge until the INTA from the CPU has been accepted by the 8259A; however, since the
INTA signal is not output to the option connector, the INT signal must also be kept HIGH until in-
terrupt processing is started for that device. Finally, since a rising edge is necessary, be sure to
observe the rules concerning the duration of the LOW level for the INT signal. These considera-
tions are outlined in the figure below

[Unit: nsec]
INT(H)
or
INT(L) // £
118 min O min
Access for
interrupt
processing

@ Notes concerning inclusion of options in the OS
When option cards are prepared, some additional circuits must be provided to make it possible for
the OS to determine whether previously reserved options are present, and to allow it to automati-
cally control interrupt tables and so forth. The OS must use the following sequence to determine
whether the various options are connected to the option connectors.
First, data is output to the ports designated for each option (with a different port for each op-
tion); depending on the option, the content of the data may also be designated. If the applicable
option is connected, an interrupt is generated, causing INT(H) or INT(L) to go HIGH. In the case of
an INT(L) interrupt, the main system is able to determine the slot to which the card is connected
from the interruption address, which differs according to slot number. If the option card is not
connected, the OS recognizes the fact because no interrupt is generated.
Therefore, a circuit must be provided so that an intrrupt is applied when data is written into one of
the port addresses assigned to options controlled by the OS, and to clear the interrupt when that
same port is read out.
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/0 signal interface

All input signals fed to the main board from the option side are pulled up by 3.3k ohm resistors.
These signals (other than bidirectional data bus signals) are received by the 74LS541, and there-
fore should be controlled by an open collector circuit. The 74LS541 is also used for driving out-
put signals (other than data bus signals) which are fed to the option side from the main board.
The option side should be provided with a one-stage buffer for connection of multiple options.

I/0 switching for the data bus must be controlled by the 74LS245 bidirectional bus buffer on the
main board, as well as on the option side. This is to prevent data conflicts.

Signal lines which are not used must be left open.

The recommended |/0 interface circuit is shown below:

Output
signal

I nput
signal

Data
bus

Main board side

Option side

N

B~

LS54| +5 LSI4,LS54i
or LS24i
3.3K
/l Q
LS\Sﬁ +5 LS05,07
or 17
3.3K

1.

A

LS245



9.8 Dimensions

Dimensions of the option card are as follows:
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1. Table of Main ICs

Location of Use
Name Part Code Type
Q10SYM Q10GMS
4PD416 X400104162 | 16K bit dynamic RAM J5-58
uPD449 X400004491 16K bit Static CMOS RAM 16M
uPD765A X400007650 Programmable Floppy Disk Controller 14H
uPD780C-1 X400007801 8-bit Microprocessor 17J
4PD4164 | X400141640 | 64K bit dynamic RAM SE~E | SR8
uPD7220D X400072200 | Graphic Display Controller 10A
uPD2716 Y130801001 16K bit E-PROM 14M
uPD2732A * 32K bit E-PROM 2E (%)
uPD7201 X400072010 Multi-protocol Serial Controller 16B
uPD8237 X400082371 Programmable DMA Controller 194, 21J
uPD8253 X400082530 Programmable Interval Timer 14E, 16E
uPD8255 X400082550 Programmable Peripheral Interface 18B
uPD8259 X400082591 Programmable Interrupt Controller 10E, 12E
75188 X440751880 Line Driver (RS-232C level) 11B
75189 X440751890 Line receiver (RS-232C level) 8B, 8C
HD46818P X400014680 | Real-time Ciock Plus RAM 21B

*Y130800701 P ROM QGA-1 (U.S.A)
Y130800501 P ROM QGE-1(Europe)



2. ICs

74LS23

74LS54

74LS73

©l

STROSE
Vi 1% 0 x
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26 28 24 v
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T8 sTAGee 1T 0

<
“
x
o
-
|z

- 14 _[13] [12 " 10 |9
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Y GND
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b
I
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74LS74

vic cin M zcx 2em 20 20
14 113 h12] j11} Jiol 19| {8

LA g
pcx
o
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CLA

Ll

12

q

5716

7
7. 0 1CK 1A 10 18 GO

CLn

cock —F L

DATA '

1

| |

thold
LOGIC
PRICLCK] JT K] Q] Q
L] H|X| X]| X H| L
H] L | X| x| X]| L[| H
L L |X| x| x|ty i*
H| H |fl1| L | L [Nochange
H|HI|SL H[L]H|L
HIH |l L|{H|L]|H
H| H |fL| H| H |Reverse

741LS93 e

— |

[} 2[13 4q 516 7
uv'uv LT ) 3 veo 3 3
Qa Qs Qc Qo
BINARY
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Input B
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Function table
INPUT OUTPUT
CK OPERA-
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0 L LLL
Yy 7w o
5|8 2 L | LHL
L| 2] 3 HHL |COUNT
¥ -]
(S Ne] 4 LLH
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© 6 LHH
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8 LLL
e | x| x - L | LLL |CLEAR
Ro=Ro(n - Row



SELECT
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Vcc  2A  cLEAR Y204 208 20c  20p"

Qa Qs Qc Qp
CLEAR

—b »

1 2 3 4 5 6 7
1A 1 10a 108 1Q¢ 10p GND
CLEAR “— —/ /
OUTPUTS
74158541
Vce
20 {19 fr8] Jrzlfrsl] s f1a}]13]|12]] 11

l

R

GND



uPD2732A
(PROM for IPL)

A7°———'"1
Ag 00— 2
As 0—1 3
Aqo0——={ 4
Aso————5
A2 0— 6

~ 24——o0 vec(+5V)

23f——0 Ag
22f——0 Ag

21 p——o0 Al
20f——o0 OE/VPP

19f—0 Ao

Al 06— 7027320/ |8 CE

A

A0 0——= 8;&0’02732‘0 | 7}——=0 07

00 0=——=1 9
01 o=—=10
02 O=—=f 11|
(OV) GND o—12

16—=0 O¢
15f=—=0 Os
| 4}s—0 O4q
13je—s0 O3

uPD449
(CMOSRAM) A7 hee
Ae A8
As A9
As WE
As CE
A2 Al0
A CE
Ao 1/08
170, 1/07
1/02 1/06
1/03 1/0s
6ND [i2] (/704
FUNCTION TABLE
CE\|CE:|WE CHIP &‘;{E‘F CURRENT.
x | H x High
1| Nonselected |1790,, | lces
L{L]|n READ Dovr leea
L{L]|L WRITE Dy
uPD4164
(Dynamic RAM)
Ne [7] 16] Vss (GND)
piv [2] 1] TAS
WE [3] 14] pour
7As [4] 3] Ae
Ao [5] 2] A3
A2 ] 11] As
Ay i0] A4
vee | 8] 5] A

7418573

OE Do DI D2 D3

741LS574

D4 Ds De D7 GND

Vec Oo O1 02 O3 Os Os Oe O7 CP

Ia |I9||I8I II?I IIGI |I5| IMI Il3”l2| lll I

titef{aftefisyiefiz[tefle[lro

OE Do D! D2 Ds

D4 Ds De D7 GND

75188 (RS-232C for Interface)

Vee+

[3 (3] [z] [ fio] [5] [e]

Vee - GND
+i2v
55-232(:

r— onnector
TxDB o- 2 :>‘i o Tx (3 pins
(14 pins) L (3 pins)

J"—OGND(7 pins)
-lav

75189 (RS-232C for Interface)

(+5V) Vce

( Top of view)

RXDB.F @ —0 Rx(z pins)
(13pins)
(Serial port) :L 390P
TYPES SN74LS245
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

ENABLE

vee G Bl B2 B3 B4 BS B6 B7 B8

20| lis] lis] Jiz] ie] Jis] fr1a] |13] 12| |n
u

| -7 o o, o rJ g v

o -4 o o £-4 £-3 g4 A

1 2 3 4 S 6 7 8 9 10
DIR Al A2 A3 A4 A5 A6 A7 A8 GND

Function table

DIRECTION
ENABLE 'cONTROL | OPERATION
DIR

L L B data to A bus
L H A data to B bus
H X Isolation

H = high level,

L= low level,

X =irrelevant

A7



uPD7201

Multi-protocol Serial Controller

T\

& o— | 40 Vee
RESET o—={ 2 39 CTsA
DCDA o—+ 3 38—o RTSA
RxCB o—+ 4 37—=0 TxDA
DCDB o—= 5 36f~——0 TxCA
CTSBo— 6 35/~——o RxCA
TxCB o——~ 7 34/~ RxDA
TxDB o=——| 8 33l~—~0 SYNCA
RxDB o—= 9 32——=o WAITA/DRQRXA
RTSB/SYNCB o=—~110 1000, 31|—=o0 DTRA/HAD
WAITB/DRQTXA o=—— I | 30—~o0 PRO/DRQTxB
D7 o~—{I2 29|~——~o PRI/DRQRxB
De o——~{13 28—~0 TNTR
Ds o=—elld 27l—o NTA
Dy {15 26[—=0 DTRB/HAI
Dy o=—={I6 25f—o0 B/A
D2 Oo=—+{I7 24f——o0 C/D
DI o=—=I8 23— TS
Do 19 22l~——o RD
Vss z:jzo 21pb——o WR

Pin (signal) name 1/0 Function
1) | 3.9936 Hz clock (same as with the main CPU) is supplied.
c/D | H: command/status
L: transmitted/received data
B/A I | H: channel B
L: channel A
B/K C/D WR RD cs Function
0
] 0 0 1 0 Writes transmitted data
0 .
] 0 1 0 0 Reads received data
0 Writes in command/para-
1 0 1 0
1 meter register (WR 0 - 7)
0 Reads from status/vector
1 1 0 (0]
1 register (RRO - 2)
INTR O | Interrupt request signal
PRI | | Keptat GND level in the QX-10 to indicate that no other devices of higher
(priority output) priority have service to interrupt offered.
DTR I/0 | Indicates to the communicating party that communication channel is ready.
(data terminal ready)
CTS | Allows transmitter to send data (controls data transmission).
(clear to send)
DCD | Allows receiver to receive data (control data reception).
(data carrier detect)
RTS O | Indicates transmitter is requesting to transmit data.
(request to send)
RXD | Received data
TXD O | Transmitted data
RXC | Received data are sampled at the rise of this signal.

(receive clock)

TXC
(transmit clock)

Transmitted data are output at the decay of this signal.

INTA

Acknowledge interrupt request.

A-8




uPD8255A

Programmable peripheral interface

Vee(+5V)
PB7
PB6
PBS
PB4
PB3

The uPD8255A (18B) is used in Mode 1 for the printer interface.

«Mode 1»

PA7

PAO

PB7

PB3
PBO

PC6
PC5

PC4
PC3
PCO

l«——— ACKa
———> [/0
F————>> 1/0
—> INTRA

——> INTRB

A-9

® ACKA (Acknowledge Input):
Acknowledge signal to the reception of data
from the CPU through port A

® INTR (Interrupt Request):
Interrupt request signal (high) to the CPU



uPD780C/D-1

8-Bit microprocessor

C

i
|

H
PD780
+5v o—11* 30——o0 AO

D2 o=—+ef| 2 29|——o0 GND

D7 o——>{13 28|—o0 RFSH

Do o=——{14 27—0 M1

D1 o=~—={I5 26—o RESET

INTo—+16 250 BUSRQ

NMI o—=1{17 24f—o0 WAIT
HALT o-——Il8 23|——0 BUSAK
MRE
I0R

o

I
|

Pin (signal) name

1/0

Function

AO-A15

Address bus

DO - D7

I/0

Data bus

M1

Indicates that the CPE_is currently in operation code fetch cycle. with
2-byte instructions, M1 is generated at the fetch time of each byte. In ac-
knowledge-to-interrupt request cycle, M1 is output along with IORQ.

MREQ

Indicates that address is entered on the address bus during memory read or
write. During memory refresh time, this is also output for synchronization.

IORQ

Indicates that a right 1/O address is output to the address bus. If output to-
gether with M1, this indicates acknowledge-to-interrupt request cycle.

RD

Indicates the input status of the data bus.

o

Indicates the output status of the data bus.

RFSH

Indicates that a refresh address is placed in the address bus lines of the
least significant seven bits, so that dynamic RAM is refreshed, triggered by
MREQ generated during this time.

HALT

Indicates halt state.

WAIT

The CPU remains in the wait state when WAIT is active, so that a low-speed
memory or /O device may be directly connected to the CPU.

INT

Interrupt request

NMI

Non-maskable interrupt request which is stable-high in the QX-10

RESET

Initializes the CPU when:

(1) Power on, Power off

(2) Depression of reset switch

(3) Resetting by an external I/0 device

BUSRQ

Puts the data bus, address bus, and 3-state output control line to high-
impedance state, so that another device may use the buses. After receiving
BUSRQ, the CPU puts the buses to high impedance as soon as execution of
the current machine cycle is completed.

BUSAK

Indicates that the CPU has met the demand by BUSRQ and the buses are
available to other devices.

Single-phase clock. 3.9936 MHz is supplied in the QX-10.




» PD780 Timing diagram
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AC Characteristics (Ta=0 ~ +70°C, Vcc=+5V +5%)

Z80A CPU
Signal Symbol Parameter Min | Max | Unit | Test Condition
tc Clock Period 25 usec
tw (¢H) Clock Pulse Width, Clock High 110 nsec
¢ tw (gL) Clock Pulse Width, Clock Low 110 {2,000 | nsec
trf Clock Rise and Fall Time 30 | nsec
D (AD) Address Output Delay 110 | nsec
tF (AD) Delay to Float 90 | nsec
tacm Address Stable Prior to MRFQ (Memory Cycle) nsec
Ro-15 taci Address Stable Prior to IORQ, RD or WR (I/0 Cycle) nsec CL=50pF
tca Address Stable from RD, WR, IORQ or MREQ nsec
teaf Address Stable From RD or WR During Float nsec
D (D) Data Output Delay 150 | nsec
tF (D) Delay to Float During Write Cycle 90 nsec
1S¢ (D) Data Setup Time to Rising Edge of Clock During M1 Cycle 35 nsec
Do-7 tS4 (D) Data Setup Time to Falling Edge of Clock During M2 to M5 50 nsec CL=50pF
tdem Data Stable Prior to WR (Memory Cycle) nsec
tdci Data Stable Prior to WR (I/0 Cycle) nsec
tedf Data Stable From WR
tH Any Hold Time for Setup Time 0 | nsec
tDLg (MR) MREQ Delay From Falling Edge of Clock, MREQ Low 85 | nsec
tDH¢ (MR) MREQ Delay From Rising Edge of Clock, MREQ High 85 | nsec
MREQ tDHg (MR) MREQ Delay From Falling Edge of Clock, MREQ High 85 | nsec CL =50 pF
tw (MRL) Pulse Width, MREQ Low nsec
tw (MRH) Pulse Width, MREQ High nsec
tDLg (IR) 10RQ Delay From Rising Edge of Clock, TORQ Low 75 | nsec
o DL (IR) I0RQ Delay From Falling Edge of Clock, IORQ Low 85 | nsec
I0RQ IDH¢ (IR) IORQ Delay From Rising Edge of Clock, IORQ High 85 | nsec CL=50pF
tDH (IR) 10RQ Delay From Falling Edge of Clock, IORQ High 85 | nsec
tDL¢ (RD) RD Delay From Rising Edge of Clock, RD Low 85 | nsec
. tDL$ (RD) RD Delay From Falling Edge of Clock, RD Low 95 | nsec
RD tDHg (RD) RD Delay From Rising Edge of Clock, RD High 85 | nsec CL=50pF
tDHg (RD) RD Delay From Falling Edge of Clock, RD High 85 | nsec
tDLg (WR) WR Delay From Rising Edge of Clock, WR Low 65 | nsec
. DL (WR) WR Delay From Falling Edge of Clock, WR Low 80 | nsec
WR tDH¢ (WR) WR Delay From Falling Edge of Clock WR High 80 | nsec CL=50pF
tw (WRL) Pulse Width, WR Low
. DL (M1) MT Delay From Rising Edge of Clock, M1 Low 100 | nsec
M1 tDH (M1) M1 Delay From Rising Edge of Clock, M1 High 100 | nsec CL=50pF
- tDL (RF) RFSH Delay From Rising Edge of Clock, RFSH Low 130 | nsec
RFSH | tpn mr) RFSH Delay From Rising Edge of Clock, RFSH High 120 | nsec | CL=50PF
WAIT ts (WT) WAIT SetupTime to Falling Edge of Clock 70 nsec
HALT D (HT) . HALT Delay Time From Falling Edge of clock 300 | nsec C_=50pF
INT ts(IT) INT Setup Time to Rising Edge of Clock 80 nsec
NMI tw (NML) Pulse Width, NM1 Low 80 nsec
BUSRQ ts (BQ) BUSRQ SetupTime to Rising Edge of Clock 50 nsec
_ |toLA) BUSAK Delay From Rising Edge of Clock BUSAK Low 100 | nsec
BUSAK | tpH (BA) BUSAK Delay From Falling Edge of Clock BUSAK High 100 | nsec | CL=SOPF
RESET ts (RS) RESET Setup Time To Rising Edge of Clock 60 nsec
tF(C) Delay to Float (MREQ, IORQ, RD and WR) 80 | nsec
tmr M1 Stable Prior to IORQ (Interrupt Ack.) nsec

A-12



uPD765AC

Programmable Floppy Disk Controller

N

RESET o—f ! 40— o Vec(+5V)
RD o—— 2 39—=0 RW/SEEK
WR o—— 3 380 LCT/DIR
CS o——~f 4 37(——=0FLTR/STEP
A0 O— & 36——=0 HDLD
DBo 0~—= 6 35|~——o READY
DBl o=l 7 34f~——0 WPRT/2SIDE
DB2 o= 8 33f—o FLT/TRK O
DB3o~—= 9 Lp7gs5 32[ 0PSO

DB g o~

°

F—=oPS 1
30——=o WDATA
29—=oUS 0
28——oUsS 1
27+——o SIDE
26———=0 MFM
251 ——~o0 WE
24——=0 SYNC
23}l——0 RDATA
22—o WINDOW
21——o0 WCLK

DB5 o=—=f
DBg o~
DB7 0=
DRQ o=—
DACK o—f
TC o—

Saosan

INDEX o—f
INT o=

.
°®

GND o—

n
o

Pin (signal) name 1/0 Function
] | Single-phase clock. 4 MHz is supplied.
RESET I Makes FDC idle, drive interface outputs except PSO, PS1 and WDATA (planned), L le-
vel; outputs INT and DRQ L level; and DB to input state.

INT 0} Indicates that FDC is requesting service. This is output for every byte during
non-DMA mode and, during DMA mode, on compietion of command execu-
tion.

AO | 0: Status register selected
1: Data register selected

DRQ Q | Data transfer request signal between FDC and memory by DMA

DACK | Indicates that DMA cycle may be entered.
SYNC 0 Designates operating mode of VFO. “1” enables read and “0” inhibits it.
RW/SEEK (0] Distinguishes between read/write (RW) and seek (SEEK) drive interface sig-
nals. “0” designates RW and “1"” SEEK.
HDLD (0] Loads the drive’s read/write head.
SIDE (0} Selects head O or 1 of a double-sided disk drive. “0” selects head O and “1"
head 1.

LCT/DIR 0 When RW/SEEK designates RW, this works as LCT to indicate that the driv-
e’'s read/write head selects a cylinder beyond # 43. When RW/SEEK desig-
nates SEEK, this works as DIR to indicate seek direction (O: outward, 1: in-
ward).

FLTR/STEP O | When RW/SEEK designates RW, this works as FLTR to reset the fault state
of the drive. When RW/SEEK designates SEEK, this works as STEP which is
the seek step signal.

READY | Indicates drive is ready.

WPRT/2 SIDE | When RW/SEEK designates RW, this works as WPRT to indicate that the drive or
disk is write-protected. When RW/SEEK designates SEEK, this works as 2 SIDE
which indicates that a doublesided disk is mounted.

INDEX | Indicates the physical start of tracks on the disk.
FLT/TRKO | When RW/SEEK designates RW, this works as FLT to indicate that the drive
is in fault state. When RW/SEEK designates SEEK, this works as TRKO to
indicate that the read/write head is positioned at cylinder O.

TC | Indicates the end of read or write from the main system.

WDATA 0} Data to be written through the drive.

This consists of clock and data bits.

WE 0 Enables the drive to write data.

WCLK | Write clock supplied to the drive. 500 kHz is used in FM mode and 1 MHz in
MFM mode.
PSO - PS1 0] Indicates to advance or delay the timing of writing WDATA In MFM mode
as given below to provide read-time margin.
PSO PS1 FM MFM
0 0 Unchanged Unchanged
0 1 - LATE 225 ~ 250 ms
1 0 - EARLY 225 ~ 250 ms
1 1 - -

RDATA | Data read through the drive. This consists of clock and data bits.

WINDOW | Generated in VFO and used to sample RDATA. FDC synchronizes the data
bits of RDATA with WINDOW in phase.




4PD7220

Graphic display Controller

2xCCLK o—e] | e 40 }——o0 Ve
DBIN o=—o2 390 a17(E3RIG4E)
HSYNC~REF o=— 3 3g——o At6 L
HSYNC/EX SYNC o~—»] 4 37f—eo ADI;?ICZL)INK e
BLANK o~——5 36«0 ADI4(LCY)
RAS o~— 6 35p—=0 AD13(LCO)
DRQ o=—H 7 34f«—0 ADI2
DACK o—— 8 33f«—e0 ADI1
RD o——f9 32f~—=0 AD10O
WR o—={10 3if~—=0 AD 9
A0 ol 1 #PD7220 55l  _ sp s
DB O o=—=f12 29 =0 AD 7
DB1 oe—wli3 28f+—~0 AD 6
DB2 oe—+f14 27f+—0 AD 5
DB3 oo—of |5 26}—=0 AD 4
DB 4 o+—=i6 25f—=0 AD 3
DBS5 o=—ell 7 24f——=0 AD 2
DB6 o=—nliB 23fe—=0 AD 1
0B 7 19 22f~—0 ADO .
GND 20 21l—o LPEN ( ): Character display mode

Pin (signal) name 1/0 Function
ADO-AD12 I/0 | Bidirectional address bus lines
AD13 (LCO) I/0 | During graphic and character-graphic mixed mode: address bus lines
AD14 (LC1)
AD15 (LC2) During character mode: line count
DBO - DB7 1/0 | Bidirectional data bus
RAS O | Memory control signal output from GDC to VRAM. CAS is generated from
this. Also used as the timing signal to latch address.
AT BLINK-CLC O | During blanking time (BLANK signal output): Clears the line counter.
During tracing time (video signal ouput): Outputs attribute-blinking-timing
signals
CSR-IMAGE O | During blanking time (BLANK signal output): Outputs cursor mark
During tracing time (video signal output): Outputs character/graphic area
switching timing signal
AO | Connected to an address line of the CPU and used to designate data type
AO RD WR Function
0] (0] 1 READ STATUS FLAG
1 0 1 READ DATA
0 1 0 WRITE PARAMETER
1 1 0 WRITE COMMAND
DACK | Supplied from the DMA controller to enable the GDC to distinguish between
read and write performed by DMA.
LPEN | Light pen strobe signal. H level signal enters when the light pen has detect-
ed light input.
DRQ O | DMA request
DBIN O | Memory control signal output from the GDC to VRAM (timing signal used to
put VRAM output to the data bus).
V.SYNC O | Vertical sync signal
H. SYNC O | Horizontal sync signal
BLANK O | Blanking signal output during:
(1) Horizontal retrace time
(2) Vertical retrace time
(3) Time between execution of SYNC and START commands
(4) Draw execution time
2XCCLK | Supplied from an external dot clock generator. The clock frequency is deter-

mined by the relationship between the horizontal resolution in dots and the
horizontal scanning time (4.1665 MHz in the QX-10).
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uPD8237AC-5

Programmable DMA Controller

[OR o—=1 —  40—o A7
TOW o— 2 39——0 A6
MEMR 0—— 3 38[——o AS
MEMWo-——| 4 37——o a4
(¥) o——=5 36[~—=0 EOP
READYo—={ 6 35[~—=0 A3
HLDA 0— 7 340 A2
ADSTBo=—— 8 33}—=0 A1
AEN o—9 32f~——0 A0
HRQ o=—10g,57p-5 3! [ © Ve
CS o——=11 30f~—0 DB O
CLK o—=12 29f~——=0 DB 1
RESETo—13 28f=——=0 DB 2
DACK20-—| 14 27/~—0 DB 3
DACK30e—| 15 26/~—~o0 DB4
DREQ3o—~]{16 25——=0 DACKO
DREQ2o0—={17 24|——o0 DACK 1
DREQ10——{ 18 23}~——o0 DB5
DREQOo—— 19 22|~—~0 DB6
(0V)vVss ——20 2|f~—=0DB7 *: NC (unuse)

Pin (signal) name 1/0 Function
READY | Used to expand memory read/writer pulse output from 8237 to adapt to a
(ready) low-speed memory or |/O device.
HLA | Active-high signal indicating the CPU has left control of the system bus.
(hold acknowledge)
DREQO - DREQ3 | DMA request signals which peripheral devices use independently to receive
(DMA request) DMA service through asynchronous channels. In a fixed-priority system,
DREQO has the highest priority and DREQ3 the lowest. DREQ must be
maintained until DMA becomes active.
DACKO - DACK3 O | Acknowledge signals to DMA request which inform specific peripheral de-
(DMA acknowledge) vices of acceptance of DMA request.
ADEN O | Enables the latch, holding the most significant eight bits of address, to out-
(address enable) put them to the address bus.
ADSTB O | Strobes an external latch for the most significant byte of address.
(address strobe)
HRQ O | Hold request signal to the CPU. This requests control of the system bus.
(hold request)
EOP 1/0 | Information on completion of DMA service is available at this terminal.
(end of process) Signal EOP is generated internally or externally. This terminal must be con-
nected to H level through a pull-up resistor to prevent entry of wrong sig-
nals.
DBO - DB7 1/0 | During DMA cycle, the most significant eight bits of address are output to
the data bus and placed in an external latch, strobed by ADSTB.
AO-A3 1/0 | During idle cycle: Entered to address the control register loaded or read.
(address) During active cycle: Provides the least significant four bits of output ad-
dress.
A4-7 O | Provides the most significant four bits of address, permitted only during

DMA service.




uPD8259A

Programmable Interrupt Controller

1 28 —o vcc(+5V)
2 27——o0 A0
3 26(~——0INTA
4 28}~—o0IR7
Dgo=~—= 5 24}~——o0IR6
6 23— IRS5
7 22}——oIR4
8 2!p—0IR3
D2o~——= 9 20——o0IR2
Dy o=——=410 | 9f—o0IR1
Doo=—{I | 18f+=—o0IRO
CASOo~——={12 | 7—=0INT
CAS1o~—>]13 | 6~—o 5P
GNDo—{ 14 | 5fe—=0 CAS2

Pin (signal) name

1/0

Function

Signals RD and WR become valid when this is L level. Note that INTA is not
affected by this signal.

1/0

Through these terminals, 8-bit data of a status register or interrupt vector is
output in read mode and, in write mode, a command is written in.

Determine:ilvhether the 8259 is to operate as a master (ﬁ’ =1)oraslave
controller (SP =0).

AO

Along with signals CS, WR, and RD, this is used to write commands or read
contents of a register.

CASO - CAS2

1/0

Output terminals when the 8259 _i§_used as a master (SP = 1) and input ter-
minals when it is used as a slave (SP =0). To control a system of more than
one 8259, the CAS lines form the bus of the 8259's.

INT

When the 8259 requests interrupt, INT rises to H level and delivers an inter-
rupt request to the CPU or master 8259.

INTA

Permits output of interrupt vector data of the 8259. This operation is per-
formed.in the sequence of INTA generated by the CPU.

IRO - IR7

IRO has the highest interrupt priority assigned. These terminals are of
asynchronous input.
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HD146818P

Real-time clock plus RAM RTC

NC  [4]
osc1 [2]
oscz [3]
ADQO [4]
ADQ1 [5]
ADQ2 [6]
ADQ3 [7]
ADQ4 [8]
ADQ5 [9]
ADQG6 [10]
ADQ7 [L1]

-/

46818

24] vee
23] sqw
22] PS
21] CKOUT
[20] CKFS
9] TRQ
T8]RES
i 7]5
[6]NC
5] W
4] ™M

Vss

(2] 3] Cs

Pin (signal) name

1/0

Function

Vcc

Supply power

Vss

GND

0sc1

External clock signal (32.768 kHz)

0sc2

External clock signal (32.768 kHz).
Open during input.

ADO -AD7

1/0

Bidirectional bus lines through which the CPU transfers address to access
the RTC then data. Address is transferred during the first half of the cycle
and data transferred during the second half. The address signal level must
be fixed at the decay of signal M. The data bus driver, 3-state output buffer,
is at high impedance except when the RTC outputs data.

Strobe signal used to read address from the address bus. Address is read
into the RTC at the decay of this signal.

ol

System clock input terminal. _
The CP_U reads data from the RTC while G is H level or writes data at the de-
cay of G.

g

Input terminal of signal R/W coming from the CPU. The CPU sets W atH le-
vel to read from the RTC and at L level to write data into the RTC.

|8
[72]

Chip select

IRQ

Active-low signal requesting interrupt to the CPU.

RTC reset signal. Operation proceeds to subsequent steps when RES turns
to L level. RES does not affect clock, calendar, or RAM.

PS

The valid RAM and Times (VRT) bit is cleared to “0” when PS turns to L le-
vel. Then the CPU should initialize the RTC, then set the VTR bitto “1” to
prepare for power failure.
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Programmable Interval Timer

Dro—ef1 7 24— 0 veci+5v)
D6 o=+ 2 23|~ o WR
Dso-—-{3 22f«— o RD
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D2oe—={6 19——o0 Ao
D1 o=—el 7 18}~—o0 CLK2
Doo-——|8 |1 7}——0 OoUT2
CLKQo——+{ 9 |16=——o0 GATE?2
OUT O o=—10 I5f=—o0 CLK1
GATE O o—={I1 l4f«—o GATEY
GND o—i2 13——=o0 0ouUT1

Pin (signal) name

1/0

Function

D7 -DO

1/0

Connected to the QX-10’s system data bus.

Through these terminals, data are input or output according to a CPU
instruction IN or OUT. The uPD8253-5 deals with three types of data
“control word” and “count” input according to signal WR, and “count data”
output according to RD.

Signal IOWR enters from the CPU and it is used to write in “control word” and
“count”. The control word and count are read from the data bus and written into the
count register at the rise of WR.

Signal IORD enters from the CPU and is used to read the contents of a counter of the
uPD8253-5. When the CPU sets RD to “0”, the count data which is being counted or
latched in the storage register is output to the data bus.

The data bus (D7 - DO) is active when CS =0 and at high impedance when CS = 1. CS
is put to O when control word and count are to be written in or count data are to be
read out.

In the QX-10, I/0 addresses 00-04H are assigned to IC 14E and 05H - 07H to IC 16E.

A1, AO

When writing count in the count register or reading count data, #0, # 1, or #2 is
selected with A1AO put to 00, 01, or 10. A1AO is set to “11" when writing in control
word. A1 -0 are connected to the system address bus.

CLKN
(N: 0-2)

Clock signal determining count rate of counter # N. After “count ” is designated, the
counter increments at the decay of CLK.

OUTN
(N: 0-2)

Output of counter # N. This may be rate output, square wave output, or one-shot
output depending on selected mode. This may also be used as an interrupt request
signal.

GATEN
(N: 0-2)

GATE N gates, triggers, or resets counter # N depending on selected mode. Counter
# N operates according to the gate inputs as shown in Table. |

Operation is as follows depending on the combination of the control signals.

Loads to counter # 0

Loads to counter # 1

Loads to counter # 2

Control word

Reads from counter # O

Reads from counter # 1

Reads from counter # 2

No operation (high impedance)

Disabled (high impedance)

o|=|olo|o|ololololo|g)

X|x|=|=o|o|=|=|o|c|®
- N - N >
x|x|=lo|=|o|=|o|=|c|B

No operation (high impedance)
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