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3.1 Microcassette

The microcassette tape is controlled by the 6303 slave CPU. The unit requires a comparatively
large power supply because of the mechanical functions it performs. It is powered only when
used. Fig. 3-1 is a block diagram illustrating signal flow to and from the microcassette.

SLAVE !
cru K GAH40S K MMC board
6303 | |
<:> Microcassette
l mechanism
|
j |
Power supply |
Ij'>
L MAPLE BOARD /+\

Fig. 3-1 Microcassette Tape Operation Control Block Diagram

3.1.1 Slave CPU Functions
The 6303 slave CPU directly controls all microcassette tape operations using the following sig-
nals:
HSW: Indicates the current position of the read/write head (LOAD/ UNLOAD).
WE: Indicates whether the microcassette is write-enabled.
(detects the presence of the microcassette write inhibit tab).
ERAH: Erase signal.
HMT: Head pinch motor drive signal.
D: Write data.

3.1.2 Gate Array Functions

The gate array issues or accepts the following signals under the control of the slave CPU:
MTA - MTC: Capstan motor drive control signal
CNTR: Tape count detection signal (photo-reflector detection signal)
RDMC: Read data

SWMC: MMC board and mechanism operation power control signal

3.1.3 Microcassette Tape Data Format

Data are recorded on a microcassette tape in blocks of 256 bytes and all cassette tapes are
accessed in blocks. Fig. 3-2 illustrates the structure of a data block.
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Fig. 3-2 Microcassette Tape Data Format
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One tape reel (or one tape volume) consists of a directory and one or more files. The directory
consists of three blocks; the first block contains identification data for the tape and directory and

the second and third blocks contain control data for the files.

One file consists of a header block, one or more data blocks, and an end-of-file (EOF) block. Fig.

3-3 illustrates the general data structure of one reel.

Tape reel (volume)

—

—

Directory File O File 1 3& File N
I T - l
| T -
| = —
! First block Second block Third block — =~ — _

Tape and directory identification data [File control data (for up to 8 files

)I File control data (for up to 4 files)]
J

~

These data are read
into memory by MOUNT.

Header block Data block 1

|

Data block 2 Data block n

EOF block

I File structure data I File data

File data | 53 1 File data J File data l

File n

End of file I

Fig. 3-3 Cassette Tape Reel Structure
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3.1.4 Outline of Microcassette Mechanism
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Fig. 3-4
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3.1.56 MMC Board
The MMC board consists of two major sections, the motor drive control and read/write, which
provide the following functions:

3.1.5.1 Motor Control Section
The motor control section occupies the upper half of the MMC board and controls the capstan
motor and head pinch motor drive, and tape count detection. The individual circuits are discussed
in the following:
(1) Capstan motor drive circuit

This circuit uses two ICs: IC1 and IC2. IC1 controls motor drive circuit switching and IC2

controls motor revolution speed.

® Motor drive circuit

Fig. 3-5 shows the internal circuit of IC1.

VB SW o ,
Ql }——GICZ Pin 6
[ ZL DI ;Soz 1
_{04 Q6 j
Q2
MTA ﬁ o
MTB ,D—" — v N
7 1 o5 o7 h
Q3 1> I 5
L
B
-
le) o)
M+ M-
| 1
L"\I\M :"J Capstan motor

Fig. 3-5 Motor Drive IC Circuit

The circuit switches the polarity of the voltage applied to the capstan motor. Simplified circuit

descriptions follow. While the actual circuit operation is more complicated, the basic operation is
the same.
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Table 3-1 Cassette Tape Operation Truth Table

Operation MTC MTB MTA| Fréase Head Position
READ (Replay) 0 0 1 0 Load
WRITE (REC) 0 0 | 1 1 Load
REWIND (FAST) 171 01| o Unload
REWIND (SLOW) o/ 1]0 | o Unload
F.F. (FAST) 10 1] o Unload
F.F. (SLOW) 0 0 1 0  Unload

MTA = High, MTB = Low

Since both the signals are supplied to the exclusive OR gate A, the base of the transistors Q2 and
Q3 are held high, maintaining them in conduction. This causes the emitter of Q2 to be held high
which in turn maintains transistor Q7 in conduction, holding the M- terminal of the capstan motor
at ground level. The low signal inverted by inverter C turns transistor Q4 on which drives the ex-
ternal transistor Q1, supplying the VBSW voltage to the M+ terminal of the capstan motor. This
results in a forward capstan motor drive which winds the tape. (The motor control transistors Q4
and A7 are in conduction.)

MTA = Low, MTB = High

Both Q2 and Q3 are in conduction similare to the above phase. However, the high level at the col-
lector of Q3 maintains the transistor in conduction this time, causing the the M+ terminal of the
capstan motor to be held at ground level. The low signal inverted by inverter D turns transistor
Q6 and supplies the VBSW voltage to the M— terminal. This results in a backward capstan motor
drive, which rewinds the tape. (The motor control transistors, Q5 and Q6, are in conduction.)

MTA = High, MTB = High

When both the signals are high, the low output of the exclusive OR gate A cuts off transistors Q2
and Q3, and no effective control signal can be output at the emitter of either transistor, but the
high level output of AND gate B maintains transistors Q5 and Q7 in conduction, holding both the
M+ and M- terminals of the capstan motor at ground level. (The motor control transistors Q5 and
Q7 are in conduction.)

MTA =Low, MTB = Low
Both the outputs of the exclusive OR gate A and the AND gate B are low: no control signal is avai-

lable. All the motor control transistors, Q4 through Q7, are cut off, leaving the capstan motorin a
floating state.

The external transistor Q1 is controlled by the output at pin 6 of IC2 (a speed control signal).

Thus, the VBSW voltage may not be supplied to the capstan motor if either Q4 or Q6 is in conduc-
tion.
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Fig. 3-6

3.1.5.2 Motor Revolution Speed Control Circuit
This circuit controls revolution of the capstan motor to ensure a cassette tape feed at a constant
speed. Tape must be read/written at a speed of 2.4 cm/s. To secure this tape speed, the capstan
motor must revolve at 2,400 rpm.

Because no tape speed control is desired during fast forward feed or rewind, a function which can
enable or disable the tape speed control is also required. Fig. 3-7 is a block diagram of the internal

circuit of IC2.
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Fig. 3-7 IC2 Internal Circuit Block Diagram

3-6

Overshoot
suppression
circuit

4




REV.-A

The principle of the motor speed control can be illustrated by Fig. 3-8.

L
VRA1 R5 |
Pin1 © /‘v‘i( Wy 9 }
100K 150K J. : ‘/AQDUDUQ—
: Oscillator Limiters -J-LI-LI-L”—
| circuit _}/
|
| Regulated
power LN
] supply ouT = Integrating
_%% circuit
| . —TRIG
e f | )
Pin2 O— Wy } Limiters
1K | / U UL

U

Fig. 3-8 Motor Speed Control Circuitry

Integrating Circuit

The IC output is a pulse signal as shown in Fig. 3-9. However, the capstan motor cannot be con-
trolled by a pulse signal as the motor would oscillate. The IC output is integrated by the next
stage integrating circuit, which uses the external capacitors C3 and C4. The pulse delay time (t) is
determined by the capacitance of C4.

[ [

Fig. 3-9 Integrating Circuit

Current Control

The output current from the integrating circuit is amplified and the amplified current is limited to a
proper value by the external resistor R3. Fig. 3-10 conceptually illustrates the principle.

Current limiter
resistor

VBSW ) 'V\N\;T

Speed control

M Capstan motor

Fig. 3-10
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3.1.5.3 Power Supply
Because IC 2 requires a negative voltage supply, pin 5 is grounded and pin 4 is connected to the
VBSW voltage.

Input — Monostable Circuit

Motor speed control is accomplished by comparing the time constant determined by VR1, R5, and
C7 with the frequency fed back from the capstan motor tachogenerator. The relationship bet-
ween the time constant and the rpm of the capstan motor is as follows:

1

NP = T17Rx C7 where N: rpm of capstan motor — 2,400 rpm
1 P: Number of tachogenerator poles - 10
2400-10=249R.7001 Rx: Total resistance of VR1 and R5 (kohms)
C7: 0.01 uF (pF)
3
Rx = T17x001 %‘; >; 10901 ..... Approximately 205 k&

The specified speed should be attained by ad-
justing VR1 nearly at the center. The opti-
mum frequency output from the tachogenera-
tor, 400 Hz, is deviced as follows:

2 428 PM . 10 (poles) = 400 Hz
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3.1.6 Mechanism Control

3.1.6.1 Tape Count Detection

Tape count detection is accomplished by mirrors directly coupled to the left reel (the reel taking
up tape during read/write) and a photo-reflector assembly (a single element which is a combina-

tion of a light emission diode and a phototransistor). Fig. 3-11 shows the circuit and the position-
al relationship between the elements.

Light emission

diode Phototransistor
VBSB o— 2 1 "3 a4
R7
150K Lra r-
s |2 2 a7k |
FTI r ‘%‘1 Photo-reflector |
NIL [P Y ' > |
sia1e [ L § |
a |1 |
2SDEOR |
Qe L_ --v---
D7
RS % MAIS3
100
GND o— . *

4 32 11 Mirror ——
CNTR — <<
IC5 2/6 4069

Fig. 3-11 Tape Count Detector Circuit and Positional
Relationship between Elements

The reflector drum has four mirrors on it as shown in Fig. 3-11. One reel revolution is counted as
four.

3.1.6.2 Head Pinch Motor Control

The head pinch motor moves the P-lever assembly consisting of the pinch roller and the read/
write head. The assembly slides back and forth to accomplish tape loading and unloading. This
motor always revolves in a direction and drives two cams; one is used to move the P-lever assem-

bly back and forth and the other makes and breaks thc HSW switch, which detects the read/write
head position. Fig. 3-12 shows the control circuit.
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Fig. 3-12 Head Pinch Motor Control Circuit

When the HMT signal goes high, the transistors Q5 and Q2 are turned on and the VBSW voltage
is supplied to HPM1 (the positive side terminal of the motor), revolving the motor which in turn
causes the P-lever assembly to move back and forth.

When the HMT signal is turned low to stop the motor, the output of IC5 turns off and the output
of pin 6 goes high, turns off transistors Q5, Q2, and turns on Q3. This causes the HPM1
line to be shorted to ground, and applies a brake to the motor, preventing revolution by inertia. If
the motor continued revolving by inertia, the read/write head position and the pinch roller’s con-
tacting pressure against the capstan shaft would deviate from the specifications, and such failures
as read/write error would occur.

The zener diode ZD1, connected at the base of Q5 maintains the voltage supplied to the motor
below the VBSW voltage (approximately 5V). — (A higher motor drive voltage would increase the
motor inertia as described above.)

3.1.6.3. Erase Circuit

When the ERAH signal is activated low, transistor Q3 is turned on. This causes a current from the
VBSW line to ground passing through the erase winding of the read/write head, and erasing
previously written tape data. This circuit operates only during write.

Read/Write Head Structure
Both the read/write and erase heads make use of leakage flux.

\«— Leakage flux

= 5
] Data are actually written on the tape at the
copre slit where leakage flux is generate.

(
L

[ ([ ]

Fig.3-13 Read/Write Head Structure
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3.1.7 Read/Write Control Section

The read/write control is located in the lower half of the MMC board and consists of a read and
write circuit. However, most of the section is actually occupied by the read circuit operational am-
plifier.

3.1.7.1 Write Circuit (Erase and Write)
Magnetic tape write is accomplished using leakage flux as illustrated above. A logical value of O
or 1 can be written on reversing tape by reversing the direction of the flux; i.e., the direction of the
current through the write head winding. Write

This circuit reverses the write current direction current /—\/‘\/'_

by means of charging and discharging an elec-

trolytic capacitor. Thus, the current waveform State| Charge | Discharge [Chargel ) |Charge
theoretically looks as shown in Fig. 3-14. Magnetized o »
polarities N 7 S ZaY N ) S _)(_N —_—
on tape Discharge

Fig. 3-14 Tape Write Current Waveform

Writing a value is ultimately generating a magnetic polarity determined by the write current direc-
tion. In order to eliminate interference which may be caused by data patterns previously written
(magnetized) on the tape, the erase head is always activated during write operation initiated by
the ERAH signal. New data, then will not be affected by previously magnetized polarities and the
tape can be uniformly magnetized as new data is written Fig. 3-15 conceptually illustrates this
operation, including the positional relationship between the read/write and erase heads.

_ Tape feed direction

Erase coil
Rweor NNNNNNNNNN
]
o TOAAAAA AAA
&) NSNSSN SSNNS
oS - - )
6 1l
o YV yvy N
= | SNSNNS VV VY)Y VVYV y INNS SN
AN J
M SSS5SS5S5SS5SS5SSsS bl
- 4 I —
\ — — - — — — _ _ ____T___ __._i__
Newly written data RPH+ RPH- Erased area l/ Previous data
]
Fig. 3.15 E+ E-
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C13
3.1.7.2 Circuit Operations Read signal O—]

Fig. 3-16 illustrates the write circuit. To
write data, the direction of the write cur-
rent through the read/write head is alter-

RPH + PINK

nated by repeating charging and dischar- VLSwW

ging the electolytic capacitor C12.

RPH - WHITE

MA1S3

D6 MAIS1A ICS
1/6 4069

be— MAPLE

O board
/ SubCPU6303 P21

Fig. 3-16

A series of actual data bits is written on tape by alternating current to enable or disable, depen-
ding on the value of each bit, the pull-up of the input to pin 5 of IC5 to the VLSW voltage line
through R4. The WD signal, which represents the logical value O or 1 of each data bit, usually va-
ries its level and appears as shown in Fig. 3-17; it looks like a train of pulses.

ON OFF ON
ON (1) bit: 2 kHz cycle ~———— Bit ot Bit - Bit
OFF (0) bit: 1 kHz cycle (Logical 1) (Logcal 0)

Fig. 3-17 Write Signal (WD) Pulse Train
* The flag bit is also written for each data byte and the write signal appears as shown in Fig. 3-18.

1KHz 2KHz
- .
1000psec 1500usec

MAN AN AN
VAl N

| . ! ! ! ! I FLAGBIT |
| BIT 1 BIT | BIT | BIT 18It | BIT BIT BT : '
o7 6 5 4 3 2 1 o ! :
| OFF  OFF  OFF ON OFF ON OFF  OFF , ON

]

!

1 byte (HEX 14)

Fig. 3-18 Sample Write Signal Waveform
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The above sample illustrates a data write (i.e. transfer) rate of approximately 1286 bps. As shown
below, the rate varies depending on the bit configuration of the byte. Because the above sample
data byte has four bits on and four bits off, the time required to write the entire byte (8 data bits
and 1 stop bit) is:

4x05+5%x1.0=7ms
Thus, a write time of 0.777 ms (7/9) is required per bit, resulting in the data transfer rate of
approximately 1286 bps.

Circuit Operations During Non-Write

Part 21 of the 6303 slave CPU on the MAPLE board is a floating part, IC neither activate nor non-
active signals are output. The WD signal line is always pulled up through a 100 kohm resistor.
This causes output pin 13 of IC5 to be held low. The positive pole terminal of capacitor C12 is al-
ways grounded through the diode D2 and IC5, and no current flows through the read/write head.

Circuit Operations During Write

When the WD signal is low, a current flows from the VLSW line to port 21 through R40 and D6,
lowering pin 13 of IC5 to almost OV. This causes pin 12 to go high which allows the capacitor
C12 to be charged, resulting in the write current through the read/write head in the direction indi-
cated as 12 in Fig. 3-16.

When the WD signal goes high, C12 starts
charging and results in the write current  +51
indicated as 11. This charge and dischar-
ge cycle is repeated for each data bit until
the complete series of data bits is written.
The diode D2 connected at pin 12 of IC5 G | | | |
limits the top and bottom of the signal by | I ’ I | 4.4V
approximately 0.6V each as shown in Fig. I | l
3-19. This serves to supply the optimum

0.6V
current waveform to the write winding.

Fig. 3-19 Write Current Waveshaping

For data integrity, however, the data section of each file is written twice. Furthermore, each cas-
sette tape reel requires a directory and a gap between blocks. Thus, the actual write time requires
more than twice as long as that obtained from the above transfer rate.

3.1.7.3 Read Circuit

Data written on tape as a series of alternating magnetized polarities is read using voltage induc-
tion across the read winding. The induced voltage is amplified by a negative feedback integrating
circuit and played back. To also allow sound playback, this circuit has a signal output terminal to
the speaker (RDSP) in the middle of a series of amplifiers. Fig. 3-20 shows the circuit.
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Circuit Operations
The read signal from the read winding is fed to pin 6 of IC3, after its dc component is removed by
capacitor C13. Divided voltage from VLRO is supplied to pin 5 by the voltage divider circuit.

R33 R15 R17

5. 47K VLSW O—AWwW MV » 0'A'A%
Vx= g S ATK 20y 33K 33| 4K nL- e
Vx
{ IC3, pins 5, 3
IC4, pin 3
Pins 5 through 7 of IC3 form a negative feedback amplifier (G =- %g—).

The output signal is fed, after its dc component is rejected by capacitor C18, to the next stage,
R22

R21

The output of this amplifier is fed to the next filter circuit. It is also supplied to the speaker circuit

on the MAPLE board. Since no phase compensation is provided in the previous stages, the signal
here has some delay.

which is also a negative feedback amplifier (G =-

In the filter circuit, a high frequency component is removed by the T-type filter consisting of R26,
R27, and C23, and the amplifier circuit. The amplifier frequency response is varied to lower the
gain in a high frequency range.

The amplifier, consisting of pins 1 through 3 of IC3, detects signal peaks.

HSW < O HSW  BROWN
<3- [—O HSW2 BROWN
we <& - o
I
Ay 0% - +—O FGI ORANG!
a0k 100K Ofee RN
VBSH ‘\:> Li a2 i l L R €0
258 6.8K val
ce Ra [C6 Aok FLOE+  ORANG
18R ot i, coL ok} 10, i —————OE - BLE
0T e T or [ rns R6 | NJL | A= ~f
1 I y u 140K 1K | SWIE |1 ' p————————Q HPMI RED
= . VT Ve 7 3 a |
" I — . Humz BLACK
) iy !
uig S TR YT %
o> zzgh M51970L 720 |
4 ! T T ! ‘
4 " 04
R3 L
8 1 su—{ J o ] 250801R |
o B> o » l
MASA  Ri3
MTC [ >t Wr— [ 15K 1
AN (1T 120K EF cio
EE ) — . : 1 ke
onir <0 P—& }*‘ | I
1
1C5 2/6 4089 6 4083 on RED
O M- BLACK

Fig. 3.20 Read Circuit
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Observed read signal waveforms — (AZIMUTH tape playback signals)

(Top) Measured at IC3, pin 7 -5 mV/DIV

(Bottom) Measured at IC3, 200 uS/DIV
pin 1 -5 mV/DIV

Sweep: 0.1

G

mivivivivi
JVVVY

Fig. 3-21

(Top) Measured at IC4, pin 7 - 200 mV/
DIV

200 uS/DIV
(Bottom) Measured at IC4, pin 1 —
500mV/DIV
ANV ANYANYA WY
G
A\ VAR VARVARV AR,
7] —
G
J
Fig. 3-22
(Top) Measured at IC4, pin 2 -50 mV/
DIV
200 uS/DIV
(Bottom) Measured IC4, pin 1 -
500 mV/DIV
G A A A
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Observed microcassette tape playback waveforms — AZIMUTH tape

(Top) Measured at IC3, pin.......ccccceeevennn... 5 mV/DIV
(Second from top) Measured at the
center of R26 and

R27 .o 20 mV/DIV
(Second from bottom) Measured at IC4,
DIN 6 oo 50 mV/DIV 500 uS/DIV
(Bottom) Measured at IC4, pin 5. AC —_—rr~— e~ —

MOAE ..o 2V/DIV /\/\/

ST M

Fig. 3-24

The top three are since waves. The bottom signal is almost a square wave, due to a peak detec-
tion by a diode inserted across pins 1 and 2 of IC4.

Observed noise filter (phase compensation) circuit signal waveforms AZIMUTH - tape

(Top) Measured at IC3, pin
(Second from top) Measured at the

center of R26 and
R27. 200 mV/DIV

(Second from bottom) Measured at IC4, 50 uS/DIV

pin 6.

(Bottom) Measured at IC4, pin 5. /W
AC mode

\/\/\/
\/\/\/

Fig. 3-25
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Observed capstan motor control signal waveforms

(Top) Feedback signal from tacho gener-
ator — measured at IC2, pin 3.
(Bottom) 400 kHz basic clock signal

S50mV 100mV  1imS
measured at IC2, pin. 2. m

A N M
SV VvV

VA NYA YA UYA

G
v YV \V \V
500mV
Fig. 3-26
(Top) Capstan motor drive voltage input
— measured at IC, pin 2.
(Bottom) Voltage control signal — 2V 5 ms
measured at IC2, pin 6. —
G+
G _|_ — — - -~
500 mV
Fig. 3-27

50mV 100mV  1mS

EXPLODED SIGNAL WAVE ‘ \W\}

50mV

Fig. 3-28
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3.2 RAM Disk Unit

Two models of 60K and 120K bytes are available. The models have the same circuit and operates
exactly the same way. Only the difference is whether 64K or 128K bytes of DRAM are installed.
The RAM disk unit has a Z-80 CPU built in and is operated asynchronously with the Main Frame.

3.2.1 Major Circuit Elements
The RAM disk unit is built on a circuit board which contains casing components and the following
major circuit elements shown and listed below including a battery.

REV.-A

6 7 1 5 3 4 i
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s B % as ° 55 W 68 1 e " ™]
. " E B, B
7780 _Cﬂl ' "V' 20
nu_s“"‘ ° H ) 7 7««:04 N L ne 20 uPD4265x8 - I
1 o3 K m:én . 7T 5 | 14C 01 15C 16 9 o o7
_ g “ ™ .
(1Y [U_mmq ﬂﬂﬂ .-
_| e | g . 40H374 40H3 49 ., € 8 c e ——
oL Usj 20 L,7 hiad ‘°"°" s ;(:mss ’ ‘i’i'_:"? 40m027 40H367 4OH244 ' L 0000k o oMt sowore
Eoim [E=01 MAP—RF BOARD UNIT Y20420400000
/M ~\
12 9 10 8
11
Fig. 3-29 RAM Disk Board Element Lay-Out
Table 3-2 Major Circuit Element
No. Element Function No. Element Function
1 | Connector CN1 Interface fche datca and address 2 | Battery 4.8V, 480mAH

busses with Main Frame.

Write protect control Connect/disconnect the built-in bat-
3|swih ON: Protect OFF: Unprotect 4|sw2 tery — the line normally connected.
5 | Jumper J1 E)ef'"e RAM capacity (0 Kor 120 | |\ er 52 Z-80 CPU selection,

7 |ROM (27C32) | Control for RAM disk Operation. 8 |D-RAM 64/128 K D-RAM
Gate array . Crystal resona- . .
. lock 1of 9.8 MH
9 (GAH40D) Control for DRAM read/write 10 tor CR1 Provide a clock signal o z
Crystal resona- . . Control the RAM disk unit — oper-
11 tor (R2) Provide a clock signal of 32.768kHz. |12 |CPU Z-80 ates at a clock rate of 2.45 MHz.

/
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3.2.2 Function Circuit Blocks
Fig. 3-30 is a functional block diagram of the RAM disk unit.

Address bus RAM ADDRESS BUS)
RAM
BANK 1
Z-80 GAH40D >
27C32 1/0 selector ]
2.45MHz Frequency
|di_vid§r I RAM
circuit BANK 2
I | 5
5 |Interrupt|s % =
= - = 3
© ge?d DATA BUS
2 >8°
5 {} 9.8I Mli(—|z
& — — cloc
L€ JTineuT outpPuT 2% oscillator
CK | BUFFER BUFFER K
32.768 kHz
Command clock
decoder oscillator
80H 81H
Address decoder BUS. BUFFER j&=——DIR
Power supply circuit
Battery
AO~ A7 RD WR DO~D7
N\ J
Y

Fig. 3-30 RAM Disk Unit Block Diagram

TO Main Frame

The RAM disk unit includes a power supply circuit, hand-shaking circuits such as an address and
command decoders and a status latch, etc.; a DRAM control circuit; a interrupt control circuit; a
data bus input/output control circuit; two clock-oscillator circuits; and an |I/O selector circuit. etc.
Data are transferred between the Main Frame and RAM disk main CPUs (i.e., read/write operation
for RAM disk unit by referring to the status latch. The CPUs have their own memory spaces inde-
pendent from each other and data transfers between them are accomplished in forms of I/0
read/write operations.
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3.2.3 Interface Signals
The RAM disk unit is connected to the Main Frame board via a cable assembly # 727. Table 3-3

—

lists the interface signals. 49 /3 1
50 ~s c 2

é —

) u_— 7)

Table 3-3. RAM Disk Unit Interface Signals

:‘2 SNi;;rr:ll Direction Definition :II('; SNE:]ZI Direction Definition
1 - - Not used. 2 - - Not used.
3 - - Not used. 4 - - Not used.
5 |AB1 Input Address but line 1 6 |AB2 Input Address bus line 2
7 - - Not used 8 |ABO Input Address bus line O
9 |AB4 Input Address bus line 4 10 |AB3 Input Address bus line 3

11 |AB6 Input Address bus line 6 12 |ABS Input Address bus line 5

13 - - Not used. 14 |AB7 Input Address bus line 7

15 - - Not used. 16 - - Not used.

17 |DBO (')"u‘i‘;z/t Data bus line O 18 |DB1 (')"u‘i‘;f‘/t Data bus line 1

19 |DB2 LT:SL/t Data bus line 2 20 |DB3 (')"u‘i:f]/t Data bus line 3

21 |DB4 (')“u’i‘;:j/t Data bus line 4 22 |DB5 c')"u'Z:L/t Data bus line 5

23 |DB6 c')”u‘i‘;:l/t Data bus line 6 24 |DB7 (')”u‘i‘;fj/t Data bus line 7

25 - - Not used. 26 - - Not used.

27 - - Not used. 28 - - Not used.

29 |VL Input  |Logic circuit +5V supply 30 - - Not used.

31 |GND - Signal ground 32 |GND - Signal ground

33 |RS Input  |Reset 34 - - Not used.

35 |RD Input  |Read 36 - - Not used.

37 |WR Input | Write 38 - - Not used.

39 |VCH Input  |Battery charge voltage 40 |IORQ Input 1/0 Request

41 |DCAS Input  |Cata CAS 42 |DW Input Data Write

43 - - Not used. 44 |OFF Input GAHA40D Initialization

45 - - Not used. 46 - - Not used.

47 |VB1 Input Battery voltage 48 - - Not used.

49 - - Not used. 50 - - Not used.

Note:

Some of the signals used in the Main Frame including the address

AB15, etc. are not used in this interface.
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3.2.4 Jumpers and Switches
The following jumpers and switches are mounted on the RAM disk unit board. The switches SW
1 and SW 2 will be accessed by user.

Table 3-4 Jumper and Switch

Jumper/switch Standard Drawing coordination Function
1 . DE-4 Select a RAM capacity: 60K or 120K bytes,
' according to the installed RAM elements.
J2 — E-2 Specifies the main CPU.
Enable/disable DRAM write protection
ON: Enables write protection — allows read
SWi ON ONE -4 only.
OFF: Disables write protection — allows both
read and write.
Enable/disable battery backup
ON: Enables battery backup — allows battery
SW2 ON A -6 charge/discharge.
OFF: Disables battery backup — battery
charge/discharge is inhibited.
JUMPERS
I
J1 ! J2
T T T T TTTTTTTTTT T T T Tt _'53"__":_ _____________________
R2 |
—W— | C
|
\ . Jecnl
Q o
N \\ © (10A 1A 12A |
S A% v |
|
60K byte setting | Z-80
I
| (1A)
|
I
o \\é\ o |
N \ © |

120K byte setting

0]

|

SWITCHES

WRITE PROTECT

[\ ofFf[  ]on J

!

BACK UP

OFFl 1 ,ON

|
SWi1

|

SW 2

Fig. 3-31 Jumper and Switch Location
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3.2.5 Power Supply Circuit
The RAM disk unit power supply circuit consists of a +4.8V, 450 mAH rechargeable battery, a
charge circuit, a logic voltage source circuit, and a backup circuit.
1. Rechargeable battery and charge circuit
The battery is connected to the MAP-RF board via a connector CN 2. The switch (SW2) on the
board allows the user to connect or disconnect the battery to the MAP-RF board.

The circuit surrounding the battery is shown below.
NI-CD | 2v4S0mAh

1) Battery backup switch SW2 —‘I -
This switch should be reset OFF when stor- N2
ing this unit alone or when not using it for a ©
long period of time as attached to the Main \?Swz

Frame. With this switch reset OFF, the bat-

tery is prevented from any discharge other +a-

than the natural one so that the longest life “h63v

can be ensured. s s > E&%KUP
* The backup line circuit operates irrespective S 15] Tesoso J4f

of the setting of this switch; when the switch mizna 05

is reset OFF, the line is backed up from the

Main Frame battery and its working time mﬂ{" 65056

may be shortened. 22K
2) Battery charging g ; OM

The battery is always charged toward the full 21 2L Ry o

via either of the following two charging L?xC;lC

paths: ) €945

When the Main Frame AC adaptor is con- o

nected to the AC power source. 22k | Re0F $R30

V., — D2 - R1 - SW2 — CN2 — Battery 1582778 O:aosc,“” 47

When the AC adaptor is not used but the bat- roer o

tery voltage is lower than the VB1 supply vol- ->__a7+ -

tage from the Main Frame. Bl “pev

Vg, —» D3 - R2 - SW2 - CN2 — Battery ¢ 4 M

H !

Fig. 3-32 Power Supply Circuit
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2. Backup circuit
The backup circuit supplies power required to protect data in the DRAM.
Table 3-5 lists the elements backed up by this circuit.
Table 3.5 Backed Up Elements

Element Drawing coordination Function Element Drawing coordination Function
1 1,2 Read/write control 17B ~ 10B G-2~6 D-RAM
gate array 17A ~ 10A H-2 ~6 D-RAM
9A H-1 Gate 3C 3 -
3C A, B-7 Gate

These elements are powered from a special line called “Backup” and always active; they are po-
wered by the operating voltage supply while Main Frame is on and from the backup voltage while
off.
1) Power supply paths to the backup line
There are the six paths listed in table 3-6 which are selected to supply power to the backup
line depending on the various conditions. The abbreviations used in the table mean the follow-
ing:
Ve, : Main Frame battery voltage
Vy : RAM disk unit battery voltage
Battery: RAM disk unit battery

Tabel 3-6 Backup Line Supply Paths

Main Frame power AC adapter Battery voltage relation Path
Connected o VcH - D2 - R1 - Q1 -
OFF Not connected VB1 > Vx Vel - D3 - R2 - Q1 -
Not connected VB1 < Vx Battery - CN2 - SW2 - Q1 -
Connected — VcH - D1 - R36 - Q2 —
ON Not connected VB1 > Vx Ve1 - Q2 -
Not connected Ve1 < Vx Battery - CN2 - SW2 - R3 -
D4 - Q2 -

The backup line is powered either transistor Q1 or Q2 depending on whether Main Frame power

is on or off.

* While Main Frame is off, VL is low because the logic circuit operating voltage is not supplied.

This maintains transistor Q4 cut off and the collector is pulled up high through resistor R37.
Thus, transistors Q2 and Q3 remain cut off.
VL is also connected to the base of Q1 through diodes D7, D8, and D9. The emitter of Q1 is
connected to VB1 or the RAM disk battery voltage and normally maintained at +5V. The
source is also connected to the base through R29. Because the base is connected to the signal
ground through D7, D8, and R34, the current, which flows from the base to the ground unless
the junction of D8 and R34 is pulled up to the VL line, generates a potential across the emitter
and base. That is, transistor Q1 conducts due to this potential while Main Frame is off.
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While Main Frame Power is on, no effective po-
tential is generated across the emitter and base
of Q1 because the base is pulled up to VL, and
Q1 is maintained cut off. Q4 conducts because
the base input (VL) is low and the collector is
held low. This maintains Q2 and Q3 in conduc-
tion. Thus, the backup line is powered via Q2
and the logic circuit voltage is supplied through
Q3.
3. Logic circuit voltage
The logic circuit voltage is supplied from the
collector of transistor Q3. The voltage ap-
plied to the emitter (VB1 or V., through D1
and R34) is supplied to the circuit power
line. The supply circuit operates as descried
above.

3.2.6 Interface Circuit

REV.-A

1552778~ 9

€945

1852778
R36

47

47

I('7<C$

Fig. 3-33 Power Supply Circuit

Since this RAM disk unit and Main Frame asynchronously operate, either one must examine the
status of the other to accomplish a RAM disk read/write. A function, which temporarily stores the

data until it is written in RAM disk or read by Main Frame, is also required.

1. Address decoder

The RAM disk is looked upon as an I/O de-
vice by the Main Frame CPU and two |/O ad-
dresses are assigned. Fig. 3-34 shows the
address decoder circuit.

Pin 10 and 13 of IC “6C"” are the outputs of
the decoder. As obvious from the figure, the
output (pin 8) of IC “6B"” must be low to ena-
ble the two decoder outputs. Either of them
is selected depending on the state of AO.
The output IC “6B” is low when the following
relation is satisfied among the input signals
to this IC and the preceding IC “7C”; A1 - A6
A7.10RQ. This relation can be logically re-
presented as in Fig. 3-34; an address 80 (H)
or 81(H) is decoded to access the RAM disk
unit.

|
98¢

I
IZoH

81H

13 80H

Fig. 3-34 RAM disk address decoder circuit

A7 A6 A5 A4 A3 A2 A1 A0

1 0 0 0

k

0 0 0O | 1/0
J
80 (H)
or
81 (H)
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2. Command decoder
Four signals are generated by IC “14C” from either address supplied from the address decoder
and the RD and WR signals as shown in fig. 3-35.

L INTACK

DATA SET

170 J MH_*’_"g@L STATUS READ \
ADDRESS H BT e

[ _§0H 13 o ] YCODATA w;ﬁgg
2| l 53'3 " Isa
5 T2 ! .B 9 x...
4
| 2o [T i | T o 1T e ]
P P N P
I TD(':scm»-J Eo(usc)a s I[D(ISC)Q %Duscn 5! |
r—cH% C’:ﬂA C:WA HC:M
R R R R
13 | xJY |
r
>~—
510
8
CN I
Fig. 3-35
The four 1/0 read/write signals provide the functions listed in table 3-7.
Table. 3-7 Command Decoder Signals
1/0 Addrss RD/WR signal Generated signal Function
RD Status Read Read RAM disk status to Main Frame
81 (H) —
WR Command Write Write a command from Main Frame to
RAM disk.
RD Data Read Read data from RAM disk to Main Frame
80 (H) p—
WR Data Write Write data from Main Frame to RAM disk.

Unlike the other three, the Status Read signal reads the RAM disk status register irrespective of
the RAM disk CPU operation, directly controlling the register read access and data bus drive. The
other signals cannot accomplish their functions without intervention by the RAM disk CPU. In ad-
dition, any of these signals cannot be directly transferred between the Main Frame and RAM disk
CPUs because they are operating asynchronously. Thus, a means is required to temporarily store
the signals. This is accomplished by the circuit consisting of the two ICs “15C” and “16C" both of
which contain two D-type FF having Preset (P) and Clear (C) terminals. Each of four signals is con-
nected to the Preset terminal of one of the four D-type FFs. Once a signal activated low, the corre-
sponding FF is set and the Q output remains high until either of the following occurs:
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* CKinput: 1/0 port 03 (H) read by RAM disk unit - FF output read.

* Rinput : PX-8 reset or 1/0O port 01 (H) write by RAM disk unit - program reset.

3. Data and command registers
Two 8-bit registers are provided for input and output which serve as buffers (temporary data
storage) used during data transfers between the RAM disk unit and Main Frame. Their input/
output or read/write is controlled via an address assigned to them. The data is directed on the
data bus from/to the registers under a directional control by the data bus control feature provid-
ed by a tri-state buffer IC “8A”. Fig. 3-30 shows the data transfer directions and the direction
control circuit.

CPU
D-RAM
il
3la]7l8 A}I?B 2{55 2Bl6
p!23456178 ], 0! 23496 \ 03 READ
YA T ) zi 1 wape Jo) P READ
i 234dsdrs % 2 4uslers
WRITE
oo(H) oaTA) IPPPPEP BT = 81 (COMMAND) or
WRITE\\ ‘< /'7 [ | 80 (DATA) WRITE o
\ & o
— IR 02800038
80(H) (DATA) 90 WA0FFFEEESE
READ N .
Z 12 7 2 EZ AN
S R
N4y C ® e
A2 82
Al(BA)BI
DIR 33K x8
READ [ 17l ’8!5

D8I 234567

Fig. 3-36 Data Transfer Directions and Control

ICs “8B" and “9B” contain eight tri-state D-type FFs each. The FFs read and latch data from either

data bus as arrowed when the “CK" signal rises. When the “OC” signal goes low, the latched data

becomes available onto the data bus from the output (Q) terminals.

® IC “9B" is the Input register. It latches a data directed from Main Frame via address 81 (H). This
data is then transferred to the RAM disk CPU when it reads its |/0 port 03 (H).

® IC "8B” is the Output register. It latches a data when the RAM disk CPU writes to its /O port
00 (H). Then, the latched data is sent over the data bus to Main Frame when it reads its /0 port
80 (H)..

® The tri-state buffer register “8A” is controlled by the DIR input signal. When this signal is high,
the “bufferred” data is directed from the RAM disk unit to Main Frame. When the signal is low,
the data transfer direction is reversed.
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3.2.7 1/0 Selector

The 1/0 selector (IC “5C") is the RAM disk CPU 1/O address decoder which is used for handshak-
ing in the interface. Fig. 3-37 shows the circuit and table 4-7 lists its decoding logics.

"
— AEhiiRRAbiE AR IC “5C” Logic Table
o - J‘ ; INPUTS OUTPUTS INPUTS OUTPUTS
5 SELECTSTROGELOATA L 1vo 1v1 vz 1va | (SEECTETROCEDATA ovo 2v1 2v2 273
i S I R I e A B I R R
:0 t : II: H H L H H L H L L H L H H
H H L L H H H L H H L L L H H L H
g H H L H H H H L H H L L H H H L
S X x| x L H H H H|[|x x| x H H H H H
(A0
Z-80(CMOS) ~ — ——
AO A1 RD WR IORQ
Wb
2
HCIA %
° A B 1 2 1 2
C C GG
4 1Y (5C) 2Y
i r - N - N
3 o O 1 2 3 01 2 3
O O
w 13]3 |:S(_;7(51;|L T T T T
WA ' H1% Cgc (:cf
o7 O’lréi]’ (o_ﬁ?zn _ O1(R) O3(R) OGW) 02(\M
6] « 9 iz
ouw) 03(w)
Fig. 3-37 1/0 Selector Circuit
IC “5C” has six outputs whose functions are listed in table 3-8.
Table 3-8 1/0 Selector Logics
Read/Write 1/0 Port Address Supplied To Function
01 7B Read J1 and SW1 status.
READ
03 9B Read data or command from input
register.
00 12C, 8B Write data to output register.
01 13C Program Reset output signal.
WRITE
02 4C RAM bank 0/1 control
03 4C RAM bank 2 control
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3.2.8 Bank Control

The RAM disk unit can contain a 4 K byte IPL ROM and 64 K or 128 K byte DRAM. However, the
Z-80 CPU cannot directly access DRAM above 64 K bytes. Thus, DRAM needs to be divided into
banks so that entire DRAM can be accessed indirectly by selecting bank. This control is accom-
plised by the Bank Latch circuit and the gate array GAH40D shown in fig. 3-38.

Aol
RRsafSe—
N o4 o7 f8——
i H5
A5 = i
. 58] 10 2
) ) (1C) 1B
7 2 P P
[ s o
. 36
A0 : 3 Y o es
o _
52%5- R4S T2 ¢ ﬁﬁ:
b 100K ToshiBA E£0QIO30EA !
X 5 (GAHLOD)
n
I Cal—
7-RF vzsvﬁ’]”
TR
Z'IIN'
RSO
5 Jawn
:j: ): 27
e 2Ll
4“6 TBanny
sinT oM o9
SO
wS F T
EEED
BANK T
0GIC H
LATCH—] | 4* '
e ils
-+
03(W) o
R
T
"",::&EEU
JompEs
02(W) 3E
S -
l L0GIC
1 — Vee
R R
—_—
DO ~ D7

Fig. 3-38 Bank Control Circuit

1. Momory map
The bank control signals and the memory map are associated as shown in table 3-9.
Table 3-9 Bank Control Signal and Memory Map

BK2 1 1 0 0
Address BKO/1 0 1 0 1
FFFF
) (FCOO) ...............................................................................................
/ DRAM 2 DRAM 2 DRAM 1 DRAM 1
( (OFFF)
IPL ROM IPL ROM
0000
Note:

The DRAM address space from FCOO to FFFF is a comon area which contains the bank se-
lection program.
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Gate GAH40D is initialized as follows when Main Frame Power is turned on:

Bank 2=1,Bank 0/1=0

This initialization is of course accomplished by a hardware reset logic. The initialization circuit

operation is described below.

® The Reset (R) signal is connected to both the Bank Latch FFs located in drawing coordinations
C.D-3. Thus, the two Q outputs are held-low - the output from pin 5 is the Bank 0/1 Selection
signal and the output from pin 9 is the Bank 2 Selection signal. Address bus lines 12 through
15 from the Z-80 CPU are respectively connected to pins 4, 2, 1, and 5 of IC “6B” which are all
low immediately after Main Frame power is turned on, raising the output (pin 6) high. This out-
put signal is fed to IC “13C” where it is NANDED with the Bank 2 Selection signal from the
Bank Latch circuit which is also low immediately after power on. Thus, the output from pin 3 is
high.

The RAM disk memory address space is mapped as shwon in the second (from the left) or fourth

column of table 3-9 by initialization so that the CPU accesses address 0000; i.e., the IPL ROM

area.

2. Bank selection
Bank selection is accomplished by the program in IPL ROM which accesses I/O ADDRESS 02
and 03, which are connected to the Bank Latch, to change the latch setting. Thus, if a bank,
which allows no IPL ROM access, were selected by simply accessing the Bank Latch, no subse-
qguent bank selection would be possible. In order to solve this problem, the bank control pro-
gram is usually written in the DRAM area from a certain address during the IPL program execu-
tion. This unit initially loads the bank control program in a DRAM 2 address space from FCOQ
to FFFF, and a common DRAM 2 area of the highest 64 bytes is always selected independently
by gate array GAH40D regardless of bank (0/1 or 2).

3.2.9 Interrupt

As previously stated, the command (i.e., Read or Write) and 8-bit data sent from the Main Frame is
temporarily stored in an internal buffer because the RAM disk unit operates asynchronously. The
unit is notified of this temporary storage by an interrupt. Fig. 3-39 shows the interrupt circuit.

(1A)
(DO~ D7)
— 6C 4B
M1 3331 I:
IORQ
2 17 10
__ 50
INTR Z— G 26
INT Shazi0 1vefe
Sha3 1v3pd
17
(1C) Zias 2vafd
5 elne ¥ el DO~ D7
STINT Jo@” ] 9 N I
L Bbae  avepr
Blas  2v3f2
Vogd

——DATA READ(8OR)

COMMAND WRITE(81W)

DATE WRITE(80OW)

Fig. 3-39 RAM Disk Interrupt Circuit
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As obvious from the drawing, the three signals other than Status Read, which instructs an imme-
diate read, are fed to the OR circuit of IC “7C” via D-type FFs “15C” and “16C” whose output is
connected to the S-INT terminal of gate array “1C". This input signal is output from the gate array
as the Z-INT signal to the INTR terminal of the CPU as the interrupt input. When the AND condi-
tion between M1 and IORQ is met (indicating that a vector address is output on the data bus in
the CPU mode 3) after an interruption occurs, a byte data corresponding to the RAM disk com-
mand signal is output on the data bus from the right terminals of IC “11C”. This data is the inter-
rupt vector which is fed to the CPU. There are the following interrupt vectors corresponding to
the RAM disk command signals:

Command signal Interrupt vector

Data Read 02 Each of these vector address calls a
Command Write 04 specific routine that processes the
Data Write 08 corresponding command and data.

After an interrupt is accepted, the D-type FF
which caused the interrupt (“15C” or “16C") is
initialized. Fig. 3-40 shows the related circuit. .

TATUS REA

INTACK (M1, IORQ) Interruption

The vector address is output and the D-type %

WRITE
command buffer FF is reset by the same signal .er WR'TESB
i 8
INTACK. However, the FF is reset at the rising 20n S0
edge to ensure the interrupt vector to be com- od " 5 )
pletely fed to the CPU as shown in fig. 3-41. 204010 L%o(,fc)o_% ['7 oo l_g oueenlsL]
CK tCK ch ch
F H% H7% H74 H74
R R R R
|39 1? |3? |
tr
Fig. 3-40

D-FF(Q)——,

I NTACK

Vector address —

Fig. 3-41 RAM disk command buffer circuit
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3.2.10 Clock Signals

Two clock signals of 9.8 MHz and 32.768 kHz
are generated in the RAM disk unit. 9.8 MHz
clock signal is divided in gate array GAH40D to
2.45 MHz and fed to the CPU. The 32.768 kHz
clock signal is also divided in the gate array and

OOAIP>O

2K
TEST

98M

54

49

used as the DRAM refreshing signal. Fig. 3-42 ) = 0P Tiop
. . . . s €8 s
shows the clock signal oscillator circuits. 2HCOA
32 768K
CR2
e
TS
Wt
P . zwx -
100P 33P
ce ¢ C7
b | M
3 }'?43
3.2.11 DRAM Banks —
The DRAM circuit is organized as  “F— .
shown in fig. 3-43 and controlled "E :
i 7 0
te arr H . e ¥ ] o
by gate array GAHA40D il | <
It is read/written and refreshed ' [* C, I : b
(also while Main Frame power is | =
. . " "A‘% i 1mma s yisisess
off) in the same way as Main Frame S e T W
RAM. This unit has two DRAM i e b BIT7
banks of 64 K bytes each and can f EEEE WD B
provide a capacity of 64 Kor 128 K~ | a5 = -
bytes. Two signals DCAS and DW, — i
which determine a refresh mode ., s ;#‘ |
while power is off, are applied from G o BITS
Main Frame. g its B
® IC “9C" is provided to ensure the i B o < 111111 —
address output that can drive = —
1 g2 B
128 K bytes of RAM. o SR R 15
! P | BIT 3
s 7 S
o = Jl | BiT2
@ 3rn ANTRT I Vel v’l,v:A» ?: H
-, 1] G BIT 1
coarkr 2 7T
S il "
Oy BITO

Bank 0/1

f

64KB

Bank 2
64KB

Fig. 3-43 DRAM Circuit Organization
3-31




REV.-A

3.2.12 Jumpers and Switch

The combination of jumper J1 and switch SW1
allows the IPL program to be read via I/O port
address 01. Jumper J2 selects a CPU model.

D1
DO
ils
18§
D1R 62 W37
SA BA
2] & .
Backup line
WRITE Res - )2
| PROTECT

100K
ISW. TOSHIBA

! !
| swi NEC

J E80 GAH40P

Fig. 3-44

3.2.13 Status Register

The Main Frame CPU reads the RAM disk status from IC “10C"” shown in fig. 3-45. Input termin-
als 6 and 10 are grounded to produce the ID code of the RAM disk unit. The Date/COM Write sig-
nal input to terminal 4 indicates whether a data or command received from Main Frame is being
processed or not. The signal input to terminal 2 from D-type FF “12C" indicates whether a data is
latched (buffered) to be sent to Main Frame or not.

| o
,71; %
dataset e R
(00 W) — option @ U20)

status read
(81R)....Main frame

DATA/CMD GATE /-}7
246
"%G{ “Ms
D5
data read
(80K) \
status read | 18pP18
81P // Y

v
Fig. 3-45 DRAM Circuit Organization
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