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Basic Theory

Transistor Circuits

There are two types in transistors, NPN and PNP types
as shown in Fig. 1. The NPN type is made of silicon. PNP
transistors have been made of germanium. The germani-
um transistors, however, are being superseded by silicon
transistors. A transistor has three main electrodes; emitter
(E), base (B) and collector (C).

1. Typical Transistor Circuits

In wiring a transistor there are three main methods;
common-emitter, common-base and common-collector
wiring.

(a) Common-emitter Amplifier

In Fig. 2 the emitter element is common to both the
input and output circuits. The amplification of this circuit
is high. Its input impedance is medium and output
impedance is high. This circuit is the most popular in
amplifiers. It gives the following equations:

Ige=1Ic+ Ip hre = Ic/IB
hrg: DC current amplification with emitter grounded

The voltage amplification (Av) is as follows:

Ay = Vo _ —Rielc _ _ Riehreels _ _ Rp hee
Vi Riels Rielp Ri

Ri: Input impedance

Ri: Load impedance

The voltage amplification can be known by dividing out-
put impedance by input impedance and then multiplying
the result by hge. The minus mark means that the input
phase is inverted at the output.

Vo

Fig. 2 Common-emitter Amplifier

E (Emitter) C
B B
(Base)
C (Collector) E
PNP Type NPN Type

Fig. 1 Transistor Symbols

(b) Common-base Amplifier

The features of this circuit are low input impedance and
high output impedance. The current amplification (hrg)
of this circuit is:

hrs = (Ic/Ig) < 1
hrg: DC amplification with base grounded

The voltage amplification (Av) is:

Ay — Vo _ Rrielec _ Richpgele _ Ru hrp
Vi Rielg Rielg R
Ri/Rishould be made large to increase the amplifica-
tion because hgp is less than 1. The input and output

signals are inphase each other.

Fig. 3 Common-base Amplifier



(c) Common-collector Amplifier

This is also called emitter-follower. In this circuit current
amplification is high, voltage amplification is less than 1,
input impedance is high and output impedance is low. This
is, therefore, used as a buffer.

Buffer: A circuit which converts impedance and isolates
one electrical circuit from another to prevent undesirable
interaction between two stages.

This gives the following equations.
Ie=Ic+ Ig= hpels + I = (1+hre) In

The input impedance (Z;) becomes nearly the multiplied
value of Rg by hrg:

(1 +hre) IgRE

71 =
I In

= hreREe
The output impedance (Zo) is:
R1 Ic/(1 + hgg) R;

Zo = =
o Ic hre

Ay is nearly equal to 1 because Rg is generally much
larger than Rj. The output phase is the same as input
phase.

Vo _ REls(1 + hrE)
Vi Ri+ Rglp(1 + hrg)

Re(l+he) .
Ri+Re(1 + hre)

Ay =

2. Biasing

To operate a transistor, a DC voltage should be applied
between the base and emitter in addition to the collector
and emitter as shown in Fig. 5. The voltage between the
base and emitter (Vgg) is called ‘‘bias voltage’’. The col-
lector current flows when Vg exceeds approximately 0.6V
in silicon transistors (0.2V in gelmanium transistors).

Vce = Veec — IcRL

Ip——
‘@

Ri

RE l Ie

|
L

©)

Fig. 4 Common-collector Amplifier

Table 1 Typical Transistor Amplifiers

Amplifiers Common- Common- Common-base
emitter amp. collector amp. | amp.

Input impedance| Medium High (300k) Low (13)
(1.95k)

Output High (1k) Low (19.7) High (1k)

impedance

Voltage -175.6 1 75.6

amplification

Current - 150 150 1

amplification

Usage Signal Buffer Buffer

&

|

Vas

Fig. 5 Basic Bias Circuit




The above equation gives a straight line on the family
of collector characteristic curves as shown in Fig. 6 (b).
The operating point or quiescent point ‘‘Q’’ of the tran-
sistor moves on the straight line as the collector current
(Ic) varies. This line is called a ‘‘load line’’ because the
slope of the line depends on collector load resistance. To

Ic

Vo

[\
\J

VsE VBE

G

(a) Ic-Vee Characteristic

make the amplitude of the output signal maximum the
operating point should be at the center of the load line by
setting the Vcgat Vee/2. The Ic varies greatly even when
the VgE varies just a little. This characteristic is employed
for signal amplification.

Ic

Iz kept constant

Vee vee

(b) lc-VcE Characteristic

Fig. 6 Static Characteristic of a Transistor

3. Bias Circuit
(a) Fixed bias circuit

This circuit supplies a base current through a fixed Ra.
Its operation highly depends on temperature. When the
transistor temperature increases, the operating point ¢“Q”’
moves leftward making the dissipation in the transistor
increase rapidly and causing distortion and thermal runa-
way. The dissipation increases the temperature in a vicious
circle. Dissipation is the loss of electrical energy as heat.
This circuit, however, is simple and consumes small power.

(b) Self-bias (automatic) circuit

In this circuit Ry prevents Ic from increasing excessive-
ly. When Icincreases, the voltage across the Ry increases,
Vce, Ves and Ip decrease. Then Ic decreases. Thus the
operation of the amplifier is stabilized.

RL jl(‘
Ra
Is === Vcc
o " . e
S——]
7T
Fig. 7 Fixed Bias Circuit
== Ve

TIT
Fig. 8 Self-bias Circuit



(c) Current-feedback bias circuit

In Fig. 9 Rg stabilizes Ic. When the temperature and
Ic increases, the emitter voltage increases because Vg is
equal to (Rg x Ic¢). The Ve decreases, then Ic decreases.

Ic

Y CC

77T G

Fig. 9 Current-feedback Bias Circuit

4. Basic Transistor Circuit
(a) 1-stage amplifier

Fig. 11 shows a 1-stage amplifier with a current feed-
back bias circuit. C1 and C2 are coupling capacitors. They
pass AC signal blocking DC to avoid a circuit from
affecting adjacent circuit. Rg stabilizes the Ic as discussed
in (c). With the Rg the circuit composes an NFB loop for
the AC input signal and decreases voltage amplification.
The bypass capacitor C3 added parallelly to Rg works to
minimize the NFB effect against AC and to maintain AC
voltage amplification.

The circuit of Fig. 10 provides a stable bias voltage and
low input impedance by dividing the power supply voltage
with Ra and Rp.

"
=
=

i
5

O \ e

Fig. 10 Voltage-divided Current-feedback Bias
Circuit

Vee

RL

Fig. 11 1-stage Amplifier



(b) Switching circuit

In Fig. 12 a transistor works as a switch. To cut off the
transistor completely — Vgis applied to the base. With a
pulsive signal applied to the input, Vgis negative and the

transistor is off while V1 is OV, and the base current flows
and the transistor goes ON when the input level becomes
V volt. This circuit is popularly used in muting circuits.

o) MA

f

Vi

h

- Vs
(Bias voltage)

Fig. 12 Switching Circuit

(c) Ripple filter

Ripple is the fluctuating portion of the DC output
voltage of electronic converters such as rectifier in power
supply circuit. The frequency is equal to that of the input
or internally generated switching frequency. If a power sup-
ply voltage is applied to an equipment without smoothing
the ripple, it will cause humming. The R and C in the circuit
of Fig. 13 (a) filter the ripple on the DC. The higher the
resistance and capacitance of the R and C, the better for
smoothing the ripple. However, the resistance can not be
made large because a large R decreases output voltage.

Ripple @
C R § Vo

(a)

In Fig. (b) a transistor solves the problem. The Ip
becomes 1/(1 + hpg) of the load current. This means that
the R can be made large without decreasing Vo.

The relation between the currents in Fig. (b) is:

Ige = Ig + Ic = Is + I hgg = I (1 +hgg)
Is = Ig/(1+ hrg)
Ic IE
° — /\} ———
VBe
Ripple R

T q%t

Fig. 13 Ripple Filter



(d) Voltage regulator

Voltage regulator holds its output voltage at a nearly
predetermined value regardless of the changes of normal
input-voltage or output load impedance. This is employed
in power supply circuit to stabilize output voltage because
the ability of the ripple filter is not effective enough.

Fig. 14 shows the equivalent circuit to the simplest
power supply circuit with a power source and load con-
nected. Here the output voltage (Vo) can be obtained by:

Vo = Vi — IoRs

Vi: Input voltage

Io: Load current

Rr: Load resistance

Rs: Internal resistance of power source

Io varies depending on the input voltage and load
impedance and affects the output voltage.

Rs
Wy
—_—

lo

Vi Re Vo

Fig. 14 Equivalent Circuit to the Power Supply
Circuit

The circuit of Fig. 15 maintains the Vo by varying Io
with the help of a stabilizing transistor. When Vo
decreases, Vg decrease because Vs is constant, then Io
decreases and thus Vo decreases to a predetermined level.

Fig. 16 shows a typical voltage regulator circuit. The
battery (Vs) has been superseded by a zener diode which
prevents the base voltage from increasing above 0.7V.
When Vi fluctuates, the ripple component in the input
current flows in the zener diode and does not affect the
output. This circuit is a common-collector circuit. The out-
put impedance of this circuit is low and the effect of the
load current fluctuation to the output voltage is kept low.
The output voltage is:

Vo = Vz — Vgg

O
:S
O

Fig. 15 Voltage Regulator With a Battery

T

Vo

® O

Fig. 16 Voltage Regulator With a Zener Diode

By H. Kishida



Measuring Instrument

Wow-flutter Meter

We sometimes experience that the sound on a tape or
disc trembles or varies like that of the old movies. It is a
kind of modulated distortion or frequency deviation
produced by irregular motion of the driving mechanism
of a turntable or tape transport during recording or
reproduction. This is called ‘‘wow and flutter’’. The prob-
lem has almost been solved by a phase-locked loop servo
system which converts speed error signal to a corrective
voltage. Here we will discuss Wow Flutter Meter basing
on MEGURO MK-668E.

Frequency (f)

—n

Signal

VAR NI <ot Y <t SN

DA Y= =N

Af

Time (t)

Fig. 1 Sound Pitch Variation




1. Definition
IEC-1969 (International Electro-technical Commission)
defines the wow and flutter as follows:

Flutter: Unwanted frequency modulation or deviations of
signals of 10Hz or above produced by irregular motion of
a recording medium during recording or reproduction

Wow: Unwanted frequency modulation or deviations of
signals in the range of 0.1Hz — 10Hz produced by irregu-
lar motion of a recording medium during recording or
reproduction

Drift: Slow and random speed variation of a recording
medium close to O0Hz

Wow and flutter is expressed by the percentage of the fre-
quency deviation to the input frequency as follows:

Wow and flutter = Aff— x 100 [%]

f : Input frequency
Af: Frequency deviation

X

Kea
o

L i 1 A I L L 1 1
4 0.5 1

Wow-flutter (%)
a) Piano

The rate of the people sensed to the tested (%)

=

The rate of the people sensed to the tested (%)

50 i
t 50Hz
U
/ Unechoic room
L/ X ememee- Listening room
XX/
[
AR T S S S TR
0.5 1

Wow-flutter (%)
c) Piano in different rooms

The above relation can be converted to voltage relation
by a frequency discriminator:

Wow-and-flutter: x 100 [%]

AV

v

V : F-V converted DC voltage

AV: F-V converted AC voltage of wow and flutter
component

The sensitivity of our ears differs individually and
depends on the conditions such as the materials, size and
shape of listening room (live or dead), sound quality and
level. Fig. 2 shows the percentage of the people sensed the
wow and flutter under various conditions. (a) indicates that
50% of the people tested sensed the wow of 0.2% on the
3Hz signal. It is strange that some people feel wow and
flutter even when it is 0%.

The rate of the people sensed to the tested (%)

0.5 1
Wow-flutter (%)
b) Flute
100 —=x

The rate of the people sensed to the tested (%)

0.5 1

Wow-flutter (%)
d) Piano on various levels

Fig. 2 The Rate of the People Sensed the Wow and Flutter to the Tested



2. Panel Descriptions

a. INPUT LEVEL Input level range is selectable between
0.1V-30mV and 5mV-10V.

b. INPUT MONITOR When the input level is high
enough, the LED lights.
¢. MODE Selects wow and flutter meter or frequency

counter.

d. FREQUENCY Input signal frequency counter. This
can count from 0.001kHz to 9.999kHz or from 0.01kHz
to 99.99kHz with the GATE TIME set at 1 sec or 0.1 sec
respectively and is useful as an independent frequency
counter.

e. FIM Frequency intermodulation can be measured with
this button depressed.

f. 160Hz HPF Depress this to eliminate wow and flutter
component when measuring FIM.

g. OSC OUT Standard signal is available here. 3kHz
signal for NAB, JIS and CCIR and 3.15kHz for DIN.

h. WOW FLUTTER % Six ranges are selectable.

i. FUNCTION

WTD To weight* input signal.

*Weighting: The artificial adjustment of measurements in
frequency characteristic to meet the sensitivity of the
human ears. In 1956 CCIR adopted the DIN’s weighting
standard as an international standard. Since then many
nations and associations such as IEC, JIS, NAB have
adopted the weighting curve as their standard. Fig. 3 shows
the curve.

WOW To measure wow only (0.5 — 6Hz)

FLUTTER  To measure flutter only (6 — 200Hz)

UNWTD To measure wow and flutter without
weighting

j- INDICATION The reading depends on the standard
selected from NAB, JIS, CCIR and DIN.

CCIR: International Radio Consultative Committee
DIN: Deutche Industrie Normen

IEC: Internation Electrotechnical Commission
JIS:  Japanese Industrial Standard

NAB: National Association of Broadcasters

There are three main ways of indication; rms rectifica-
tion — rms (root-means-square) indication by the JIS,
mean-value rectification — rms indication by the NAB,
and peak-value rectification — peak-to-peak (p-p) indica-
tion by the DIN. The DIN is widely adopted by many
European CCIR member countries. Japan has recently
adopted the DIN. They are different each other. Let’s see
the typical circuits.

RMS indication: Fig. 4 shows popular rectifiers which
operate with a time constant made by C; and Rj. Unlike
a thermocouple, RC rms circuit has many advantages such
as linear scale and wide selection of meters in dynamic
characteristic. In the characteristic, the JIS requires lenient
indication of 100+ 5% with the input pulses of 5-second
width.

5
0 1 L]
= maatl
_ 5 /'é" T N
VAl RN
—10 'Y
o —15 y Freq Response Al SN ~\\
T —20 / (Hz) (dB) ]
© —25 02 —306 | +10, —4dB ™~
@ / 0.315 —19.7 0.315~0.5Hz: +4dB N
§ —30 0.4 —15.0
Q / 0.63 — 84 0.5~<4Kz: +2dB
2 —35 0.8 - 6.0
o 10 — 42
16 —18
—40 2.0 - :).9
4.0 0 0
63 — 09 > 4~50Hz: +2dB
10 - 21
20 - 59
40 —10.4
63 —14.2 50~200Hz: +4dB
100 -17.3
200 ~23.0
[N | IR L [
02 0406310 20 4063 10 20 40 63 100 200
Frequency (Hz)
Fig. 3 Weighting Characteristic
Wow-flutter
meter
Input C R
©——Amp
€O, Thermocouple
Zener Diode
cD,
(a) Thermocouple type
Wow-flutter
meter @
1___H—4.
G,
R, Damping
capacitor
Input C, Ry S E' c, ’
CD'I-4
wC,R, > 1
R
® 2

(b) RC type

Fig.4 RMS-indication Circuit



Mean-value rectification: The full-wave rectifier shown in
Fig. 5 gives mean value. The NAB requires to employ a
VU meter. Reading the VU meter is very hard because its
pointer moves very quickly.

©

Wow-flutter

meter
R, §
Input C R,

CDy,

Fig. 5 Mean-value Rectification Circuit

(21+£3)% (62+6)%

(90+6)%  100%

100ms (A)

(a) Charging Time

p-p-value indication: The circuit of Fig. 6 employs a
voltage doubler to indicate p-p value. The DIN strictly
prescribes the dynamic characteristic of peak indication cir-
cuit. Fig. 7 shows its characteristics. The pointer should
swing up to the full scale in 100ms when a large pulse is
applied and return to the 40% point in 100ms after the
pulse disappears.

Input

©— Amp

Wow-flutter
meter

Fig. 6 p-p-value Indication Circuit

(40+10)%

(b) Discharging Time

Fig. 7 Dynamic Characteristics of p-p Indication

k. TO SCOPE (rear panel)
The waveform of the wow and flutter signal is observable

on an oscilloscope taking its signal from this terminal.

I. TO RECORDER
Frequency demodulated signal is available here.

10



3. Principle

A wow meter has the same frequency demodulator as
those of FM tuners because the wow and flutter are FM
signals. A 3kHz standard signal recorded on a test disc or
tape is reproduced. The 3kHz signal will be FMed and
AMed in the turntable or deck to be measured. Its output
is applied to the wow meter.

In the meter the signal level is adjusted and its ampli-
tude is limited to eliminate the effect of AM component.
Wow-and-flutter component is taken out of the limited sig-

nal by a 3kHz frequency discriminator. The wow-and-

flutter signal is attenuated to meet the selected meter range.
It is amplified and is weighted in accordance with the stan-

dard selected from NAB, JIS, CCIR and DIN. Wow and

flutter can be separately taken out by a 6Hz LPF or HPF.
Fig. 9 shows their characteristics. The signal is rectified
and indicated as specified by the respective standard
selected. The current models can measure tape speed and

motor’s revolution with a built-in frequency counter.

TO RECORDER

INPUT INPUT RAN EEE
RANGE |— E"\';'#ER FM [ 8'13 %
. (]
@] ATT DISCRIMINATOR 0.3 %
MODE FILTER
WEIGHTED INDICATION
L e WOW I Y
Amp NAB
FLUTTER
LINEAR CCIR WOW %
—( TO SCOPE
_—O\O—— FREQ - FREQ
HMITER L O COUNTER DISPLAY
3KHz OUT skt
O osc

Fig. 8 Block Diagram of Wow Meter

WOow

FLUTTER

—6dB/oct —6dB/oct

LPF HPF

Response (dB)

1
6Hz
Frequency(Hz)

Fig. 9 Characteristics of LPF and HPF
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4. Measuring a Tapedeck

Measurement with a test tape by the JIS (different record-
er/player):

The JIS measurement uses a test tape with a 3kHz signal
recorded by a standard recorder. In this way the tape is
played on a tape deck other than the one recorded. A test
tape is played on the unit to be tested, the output of the
unit is weighted by the JIS, measured and displayed in rms
percentage on the meter as shown in Fig. 10. The test tape
should be on a reel of the largest type installable and the
test should be made at the beginning, midway and the end
for at least 10 seconds at each point, and the largest value
among the three should be taken. Many deck manufac-
turers follow this way.

Simultaneous recording/playback:

In case the total value throughout recording and
reproduction is required, a 3kHz signal is recorded on a
tape, it is rewound and then reproduced on the same unit
to be tested. The measurement is repeated several times,
and the worst value except those measured when starting
is taken. In this way accurate measurement will be diffi-
cult because particular frequency components determined
by head gap and the wave length of flutter signal will be
emphasized or suppressed. /

5. Simplified Calibration of Wow Meter With a
Tape

Rough calibration of the meter can be made with a test
disc or tape recorded with a 3kHz signal added with the
standard 3% wow-and-flutter signal. They are available
on the market. A test tape can be made by recording the
signal from the disc to a tape. The turntable and tape deck
should be high in performance. The distortion of the deck
should be less than 0.1%. The distortion of less than 0.1%
added by the deck is negligible.

Play the disc or tape on the high-performance deck,
apply the 3kHz signal that includes the wow-flutter signal
to the INPUT of the wow meter to be calibrated and turn
the screws in the holes above the INDICATION and
FUNCTION knobs as indicated in the instruction manual
attached to the meter. Remove the screwdriver when the
meter indicates 3% distortion.

12

Nonsimultaneous recording/playback:

In this way the measured value may vary from time to
time due to the signal phase difference between recording
and reproduction. DIN employs this method. The meter
pointer will not become stable because the wow-flutter sig-
nal contains various frequency components.

Electro-mechanic Testing Association stipulates it as the
maximum reading within 20 seconds.

Wow/Flutter Meter

ol

o [=¥=]-] [=]=]

INPUT

@ X-T-T-I-F-¥-1-}

ouT
cooooo E &

Tape Deck

f’i |
ouT I |

T
ox|[>]»] o =

Fig. 10 Wiring Diagram for Measuring a Tape Deck

By T. Kubota



One Point Service Technique

Diagnosing Optical Pickups

High precision is required in adjusting the Pickup of
LD and CD players after replacing it or Spindle-motor
because laser beam should be converged to ¢1.5um to read
pits of ¢0.5um. Here we will discuss the ways to find which
component is faulty, Pickup or mechanical component,
and to see if they are properly adjusted.

1. Optical Pickup

The trouble of Pickup is caused by beam path devia-
tion which prevents the beam reflected on the disc from
reaching the center of the Photo Detector or by faulty com-
ponents inside the Pickup. Faulty Pickups should be
replaced because replacing the components inside the Pick-
up is possible only in our factory. Care should be taken
in judging a Pickup to be faulty because it costs very much.

2. Pickup Problems
The symptoms of the disorder of Pickup are:

Laser diode does not turn on.

Lens does not move up and down when
starting.

FOCUS Servo does not lock.

SPINDLE Servo does not lock.

Beam skips tracks.

SEARCH is inoperative.

Picture is noisy.

i

@~ogoo

DISC

Photo 1 Optical Pickup

Let us troubleshoot them.

a. Laser diode does not turn on.

Check point: Are APC (Automatic Power Control)
current and LD ON signal applied to Pickup?

Yes: Replace Pickup because the trouble is in Laser Diode
or APCB in Pickup.

DIODE
MONITOR

=3

2

DETECTOR

PICKUP
(VWY-097) HEAD (VWV-079) CN3Z [CN31
18
17
16
t — 15
OBUECTIVE l.‘E%l EJ +10v e
ENS F
L EOF trce PD ARRAY clo1  RI03 Q101 g 1LD ON
x4 coIL oo0zz 33k “10vV 9
PLATE =—f— [ I— ] 7 - ¢ 8
COLLIMATOR CD R1040 MR10S R108 7 _
LENS I?i] 93;] 2.4kl [J2.4k 560k [ 109 M °T 3 lov
POLARIZED E"] 0 R110
Eiﬁ[‘mm N1 3 K 1 # 12k
ASTIGMATISM | | g4 ] | [B2 RI107[} R106 (] C105
GRATING gm  “ENS | 2.4k ) 2.4k || 330
PLAT! R101 R
— EAR
& I POWER| 3
RN7 ‘;
LASER 28 1]

(s I
3

|

@ D101

Fig. 1 Circuit of Pickup
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No: Faulty power supply block. The following conditions
should be satisfied to apply LD ON signal to Pickup.
Verify them.
LD-1100 series: INTER-LOCK Switch: ON
LID-OPEN Sw: ON
Disc Sensor, which also senses
8”/12” disc size, operates.
Disc Sensor, which also senses
TILT, operates.

Door Sw is closed.
INTER-LOCK Sw: ON.
CLAMP Sw: ON.

LD-700, CLD-900, etc.:

LD-707, CLD-909, etc.:

P-D70 series
PD-5010, 5030 series

| 1Hz

b. Objective-lens does not move up and down.

Check point: Is RAMP-generator working and a Drive-
current applied to Focus-coil?

Yes: Shorted or opened Focus-coil, or sticking Lens.
No: Faulty RAMP-generator circuit

Note: Ramp Generator

Focus-Servo circuit works only when it receives Focus-
Error signal from Pickup. Ramp-Generator generates a
voltage to move Objective-lens up and down into the height
range where focus lock is possible. This is activated when
LD ON signal is applied, stops when Focus-Error signal
is applied and then activates Focus Servo. If Focus-Error
signal is unavailable, this circuit will stop generating Ramp
signal in a few seconds and give up focusing. The player
goes into STANDBY mode or EJECT mode.

LD-1100 & CLD-900 I

VANEYANVANEVAN

ARV

Fig. 2 Focus-drive Signal

FOCS LOOP SW

& Py - e Focus Drive
+
o 560k D410 Ve, Q40! 8.2k
bl T
TH402
2 R 409 Rall 0334
+5v zZ 80 S0k 220K
: ngj 0 eé D414 YR408
R 445 o 4 10k : T8C FOCS LOOP
it 10k z > _ W R463
6\GO. Ao Focs 0/C R410Y Q402 12k
S 7 +5V 100k
9 -5V > 750k
R414
18k
+ 5Vt ——y
R415 R460 (COoNT 5 FOCS LOCK
470k 4Tk
4 ) l 4 >—8 T8C FOCS LOCK
D404 D408
c408 & D403
PRE  |MAIN BEAM /50 (NP)
o §|ON-TRK/OFF-TRK i R
cK CONT LDON
TRKG ENABLE R464 3
(DELAYED FOCS LOCK) 15k 3
< CONT TRKG 0/C
-y —

Fig. 3 The Route of LDON Signal of LD-700
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¢. Lens moves up and down, but does not
focus-lock.

Check point: Observe the levels of FOCUS (A —B) and
TRKG (A +B) signals on an oscilloscope while Lens is
moving up and down.

If the Pickup is normal, an S-shaped wave shown in
Fig. 4 (a) can be observed. The wave should be symmetri-
cal and large in amplitude. If the wave is unsymmetrical
and less than 2Vp-p, the beam axis must be deviated.
— Replace it.

With a normal Pickup, the focus locks only when the
amplitude of TRKG (A + B) signal is more than 1.5 Vp-p
and the voltage shifts from negative to positive.

FOCUS (A-B) When focus is

---------- T normally locked.

Before being locked

OV [2Vpp or more

TRKG (A+B)

(DISC SENS)
1.5V or more

(b)

Fig. 4 Focus and Tracking Signals

SRVB FTS SECTION

(VWS—043) 2/3 c403
1750 (NP1

@ TP1O
FOCS A-B >Q‘—?_I"‘3" R404  R406

33k 270k

|—TRKG ERROR —plO] N2z TPUQ

NI3-3 R 468

100k

{———FO0CS ERROR =g~

C404 R407
l 0.022 16k

MIRROR
STOPPER

GND Mﬂ"_i

FOCS A+B O35

Y0.73v

TRKG A + Bl Ni3-6

PREB
Ni4

MAIN BEAM
Gl ON-TRK/OFF-TRK

Fig. 5 The Signal Route of FOCUS A-B and TRKG A + B Signals (LD-700)

d. — g) Refer to the following.

3. Checking Optical Axis (Beam path)

Requisites to good Pickup

a. Pickup should be capable of producing a tracking error
signal with a clear and flat envelope of high amplitude
when the tracking loop is opened. (More than 7Vp-p at
the Frame # 20000 of a test disc of F1 — F5 played on
CLD-900)

b. The reflected beam should shoot Photo-detector in the
center.

¢. The beam should converge to ¢1.5um on the disc when
Focus Servo locks.

d. The beam passing Objective-lens should be round.

If all of the above are satisfied and the trouble still
exists, the cause of the trouble must be in other block than
Pickup.

Checking methods of Pickup are as follows.
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3-1 Grating adjustment

The Grating splits one beam coming from Laser Diode
into three; the 0’th-order beam is for reading RF signal
on a track and for generating Focus-error signal, and the
+ Ist-order beams are for tracking both sides of the track
to keep the center beam trace the track center. Grating
adjustment lets the three beams shoot a track as shown
in Fig. 6. If this adjustment is improper, Tracking Servo
will become impossible and the beam will skip tracks or
the player will not play.

o O o @

Spot A Spot B Sp?t tC d
(+ 1storder (O’th-order E)_ storder
beam) beam) eam)

A Tracking
control
AB1BB2C P signal
[l
O | O

B4L B3
PHOTODIODE

Reproduced RF signal

Side Center  Side track

Checking Grating Adjustment

a. Apply TRKG (A—B) and TRKG (A+B)to X and Y
channels of the oscilloscope respectively. Select X-Y mode.
b. Play a test disc. Open TRKG SERVO at the frame
shown below.

Model Frame Number
LD-1100 series 18,000
LD-7000 series 15,000

CD Midway

c. Observe Lissajous figures. The figure will be a horizon-
tal line when the adjustment is optimum. The figure also
becomes a horizontal line even when the two tracking
beams ( £ Ist-order Beams) are on the side tracks. Usually
they do not deviate so much.

d. Referring to the service manual, adjust it finely if the
figure is thick or round in the vertical direction. If it
becomes round on inner or outer tracks, adjust the motor
position. This will be discussed later.

o
> ©
&

Fig. 6 Three Beam Positions

o
A:T1 —F — T1' X: 20 mV/Div
Y: 20 mV/Div

C: T3 — F— T3 Y: 20 mV/Div
Lissajous Figures

X: 20 mV/Div
Y: 20 mV/Div

X: 20 mV/Div
Y: 20 mV/Div

In case of A———8

In case of B or C —= [

5 mS/Div 100 mV/Div
Tracking Error Waveform

Photo 2 Lissajous Figures Depend on Beam Positions
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3-2 Checking Beam Path (LD Player only)

a. PD Chopper

This is for verifying on an oscilloscope that the Oth-order
beam is shooting the 4-segment photo detector in the cen-
ter by comparing the levels of the signals taken from the
four segments.

Note: PD Chopper (GGV-083)

PD chopper is the jig to adjust the photo detector’s
position properly. This jig was designed for the LD-1100
series models originally, however, it can be used for
adjusting LD-700 and CLD-900.

(1) Connect PD Chopper, oscilloscope and Player as Photo 3 PD Chopper

illustrated below.
/ / PD Ampph . OSCILLOSCOPE
t t.
/l( / oo e
O ||||
[Ei O ﬂ IR

7P
Connector

X
v PD CHOPPER
GND ) Y

Fig. 7 Connecting Diagram of LD-1100 or LD-660

PLAYER

o IRl
I A

The PD chopper requires an adaptor to be connected If you have no adaptor, connect as below. The Bl —
when adjusting other players than LD-1100 series. It is con- B4 of other models can be found easily on the circuit
nected to the Photo-Detector-output terminals Bl — B4. diagram.

PLAYER PD CHOPPER
Fig. 8 Connecting Pins with Photo Segments
17
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Fig. 9 Pickup Circuit of LD-700

Chopper’s Terminal PREB

Pin 1 TP1-5

(BI)

"3 TP1-7

(B3)

) TP1-6

(B2) '
i TP1-4

(B4)

The Jig number of the adaptor for LD-700 and
CLD-900 is GGF-057.
(2) Turn on the power of Player, PD chopper and oscil-
loscope.
(3) Select X-Y and DC input modes of oscilloscope.
(4) Move the beam spot to the center of the screen turning
the POSITIONS.

No good

If a:a’ or b:b’ can not be made smaller than 3:2 or
2:3, the Pickup may be faulty.

(@)

(5) Play atest disc. Open the Tracking Servo in the midway
on the disc.

(6) Observe waveform.

(7) If the beam path is deviated,

LD-1100 & -660: Adjust them with PD Adjusting Screw.
LD-700& CLD-900: The Pickup can be adjusted separate-
ly with the following jigs.

Mirror Jig GGF-056
Adaptor Cord GGF-057
PD Chopper Jig GGV-083
1.27mm Hex Wrench GGF-060

Deviated Pickups mounted on the models other than
the above should be replaced.

All right

If the Lissajous figures are symmetrical across the
center point, the Pickup is good. a=a’, b=b’.

(b)

Photo 4
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b. Mirror Biasing

Beam path can be checked on the players which have
TRKG and TANG mirrors such as LD-1100, LD-700 and
CLD-900 by applying a bias current to the mirrors and
making them oscillate.

The waveform of the Tracking Error signal tells us
whether the beam path is shooting the mirrors’ centers.
It also tells us if the Mirror Actuator is worn out.

TANGENTIAL

TRACKING MIRROR

MIRROR

\ I

Photo 5 Tracking Mirror and Tangential Mirror

c. Checking LD-700

PICKUP OPTICAL AXIS CHECK
Always perform this procedure after replacing the pick-
up and when it is suspected that the pickup has been
deviated.
e Play a disc at around the track number 15,000.
e Open the TRKG loop. (Connect SRVB, Z401, PM4001
pins 20 and 22 with shorting clips.)
e Open the TANG loop. (Connect SRVB TP7 to ground.)

VERIFYING OPTICAL AXIS IN TRACKING .

DIRECTION

e Connect the bias-voltage output terminal of the optical-
axis-checking-jig (the current setting resistor should be
set to 200 ohms) to TP1 (TRKG RTN) of SRVB.

e Measure the TRKG error level at TP5 of PREB. Adjust
the mirror bias VR of the jig so that the error level is
maximized and then measure the peak-to-peak value Eg
and the voltage Vbm being applied.

e Next, rotate the mirror bias VR all the way to the + 12V
side and measure the TRKG error p-p value, Ep. Then
rotate the mirror bias VR all the way to the — 12 V side
and measure the TRKG error p-p value, En.

Refer to individual service manual for details of this
method. Before using this method verify the Grating
adjustment. Readjust it if it is improper. Correct judge-
ment of the beam path by oscillating TANG mirror will
be difficult if the Grating has been misadjusted.

DISC

Photo-diode TANG

Fixed mirror Object
mirror

Toric lens

Coupling‘ J
lens

TRKG
mirror

Laser  Cylindrical

diode lens Grating  1/4 wavelength plate

Fig. 10 Beam Path

e If Vbm is within the range of +2.4V:
Ep > 0.63E¢ and En > 0.63Ep

e If Vbm is outside the range of *+2.4V:
Ep > 0.70Ep and En > 0.70 Eg

e [f the above conditions are not satisfied replace the
pickup.

TRKG

+ MIRROR +12v
(TANG)
g @ "
2009
MW\
TP1
(TP3)

-12V

Fig. 11 Tracking Adjustment
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VERIFYING OPTICAL AXIS IN TANG DIRECTION

e Connect the bias-voltage output terminal of the optical-
axis checking jig to TP3 (TANG RTN) of SRVB.

e Measure the TRKG error level at TP5 of PREB. Adjust
the mirror bias VR of the jig so that the error level is
maximized and then measure the peak-to-peak value Eg
and the voltage Vbm being applied.

e Rotate the mirror bias VR all the way to the + 12 side
and measure the TRKG error p-p value, Ep.

Then rotate the mirror bias VR all the way to the — 12V
side and measure the TRKG error p-p value, En.

e If Vbm is within the range of £2.4V:

Ep > 0.63Eop and En > 0.63E,

e If Vbm is outside the range of +2.4V:
Ep > 0.70Ep and En > 0.70Ep

e If the above conditions are not satisfied, replace the
pickup.

Good Pickups satisfy the following conditions:

(1) TRKG Error voltage becomes maximum when bias
voltage decreases to V. — The beam is shooting the center
of the mirror.
(2) The amplitude of the TRKG error signal is stable when
a bias is applied to the mirror to turn it. — The mirror
will deflect larger than the above and the tracking error
level will decrease if the mirror’s actuator is worn out. In
other words, if the beam is not shooting the mirror cen-
ter, the deflection of the mirror will be abnormal and the
error voltage will decrease.

The following jigs are for checking the path easily.
* Optical Axis Check Jig (GGF-058) for LD-700 and

CLD-900)
* VSOP Adj Box (GGV-112) and Harness GGV-111 for

LD-1100 and -660

The VSOP Adj. Box can also be used to check the path
of LD-700 and CLD-900 when a special connector is
adopted. Their operating instructions have simplified
descriptions of the above checking method. But VSOP adj.
Box is no longer available.

I
| I
4 | 100% —+
' |
C ' [
| 1 |
w |
o | ‘
4 | |
o i I 65% —
4
P4 | [
o I !
o« | [
Q |
[in |
c I I
L | |
9 | |
o | |
[ | |
l i
T I
-12 -2.4 +2.4 +12

Vbm Vb (V)

Fig. 12 Tracking Error Signal Level to Bias
Voltage Vb

3-3 FOCUS OFFSET

The above two methods are to verify that the reflected
beam shoots the center of the Photo Diode. It is adjusted
on X and Y axes in Fig. 13.

In adjusting Pickup, Z axis in addition to the X and
Y axes should be imagined. The beam should be focused
on the signal surface to read the pits. If the Objective-lens
is off the right position, the beam will be beyond the con-
trol of FOCUS SERVO.

P

A

Z axis

Fig. 13 Beam Spot on Photo-diode
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a. Cylindrical-lens and Focus Servo

The laser beam reflected from the disc is round in sec-
tion. The beam is deformed by the Cylindrical-Lens to
make an oblique spot on the Photo-Diode (PD) when the
beam is out of focus. This time the average distance

between the Objective-lens and Cylindrical-lens becomes
shorter or longer than the optimum, and the Focus Servo
system can not keep the beam focused on the pitted signal
surface.

Grating

Diverging-lens Prism

Cylindrical-lens

Photodiode &=—3 ---—=[J

Objective-lens
1 Disc

Improper distance causes Z-axis deviation.

Fig. 14 Beam Path

When the distance between the Objective-lens and
Cylindrical-lens is optimum: The FOCUS SERVO circuit
moves the Objective-lens and decreases the Focus Error
signal level down to OV to keep the beam focused on the
signal surface of the disc.

N ]
%
L

’

a) Optimum

When it is improper: The reflected beam becomes
round on the PD when the beam is out of focus on the
disc. Then the FOCUS SERVO system tries to keep the
Objective-lens out of focus and the beam spot on the signal
surface is kept large causing crosstalk.

ov

Y

AN
%
I

—/—

ool cog
B b mend)

b) When Cylindrical-lens deviates

Fig. 15 Distance between Two Lenses
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The Objective-lens, which is closer (farther) to
Cylindrical-lens than the optimum, makes the spot on the
PD oval when focused and causes it to generate a positive
(negative) voltage. The beam can be kept focused on the
signal surface leaving the spot on the PD oval by applying
OP amplifier with a bias current for compensating or can-
celling the error signal. However, this narrows the focus
servo range and makes the beam hard to be refocused if
it defocuses largely by scratches or dirt on the disc.
Applying offset bias current is, therefore, not recommend-
ed. (CLD-900, LD-707, etc. have a Focus Balancer to solve
the problem.) However, lens deviation on the Z-axis can
be detected by applying this focus offset.

However, lens deviation on the Z-axis can be detected
by applying this focus offset.

AN
‘B

Focus-offset
adj. POT

S W—=0

| >—~0V

Fig. 15 c. Applying Bias Voltage

b. Checking the lens deviation on Z-axis

(1) Play a Test Disc.

(2) Adjust the FOCUS OFFSET POT to make the RF
signal the maximum. Some units will become out of focus
when you turn it excessively.

(3) Stop playing and measure the focus-error DC voltage
in the STANDBY mode. The position of Pickup on Z-axis
is optimum if the voltage is OV. Replace Pickup if the
voltage is out of the 0.2V range.

(4) Finally, adjust the Focus-offset-adjustment-POT to
make the focus error voltage OV in STANDBY mode.
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4. Mechanism Check

Now we can diagnose the Pickup. Mechanism and
electronic circuits, however, should also be taken into con-
sideration in diagnosing players because the Pickup is not
working alone. Let’s discuss the way of checking the mech-
anism. Mechanical deviation can be found visually. Elec-
tronic checkup is required to make it more accurate
although our eyes are considerably accurate.

4-1 Non-aligned Motor

If the motor shaft is not aligned on the line on which
Objective-lens travels, the symptom is the same as that of
deviated Grating adjustment because the Tracking Servo
is affected by it. In this case, after grating adjustment, the
trouble is solved only at the Frame where it is adjusted,
and the grating deviation increases as the Pickup moves
far from the Frame. Grating adjustment is usually made
in the midway on the disc. TRACK SKIPPING or NO
PLAY will, therefore, result on inner or outer tracks.

Motor shaft alignment can be checked by comparing
Lissajous figures of TRKG (A-B) and TRKG (A + B) keep-
ing the tracking servo loop open as in Grating adjustment.
The figures should stay unchanged on inner and outer
tracks.

Deviation

Fig. 16 Non-aligned Motor



A simple checking method

(a) Connect TRKG (A-B) and TRKG (A+B)to X and Y
channels of an oscilloscope respectively.

(b) SEARCH throughout a disc from the inmost track to
the outmost or vice versa.

(c) Observe the Lissajous figures while searching because
Tracking Servo opens and the figures may vary this time.
If it is not a horizontal line, grating should be adjusted.
If it grows thick on inner or outer tracks, the motor should
be realigned.

Note: A CAV disc available on the market is recommend-
ed for checking motor alignment because the track pitch
of an F-series test disc differs by frame-ranges and the
thickness of the Lissajous figures normally shifts as the
Pickup travels as shown in Fig. 17. With the CAV disc

When Motor is out of alignment

available on the market, the alignment is all right as long
as the figure does not change although it may be thick.
If the motor is deviated, adjust Grating on tracks midway
or farther and then adjust the motor position on inner
tracks observing Lissajous figures.

In case you use an F-series test disc, to avoid misad-
justment, adjust the Grating on outer tracks by making
the Lissajous figures a vertical line (on-track state*) and
then adjust the motor position on inner tracks so that it
becomes a vertical line, and finally readjust the Grating
to make it a horizontal line to get an optimum Grating
angle. Refer to ‘“‘LD-motor position’” of the service manual
of CLD-909 for the details.

Frame  #1 500 900 5975

L | | 1 1

14500 16000 48200 50400
| 1 1 1 J

Track Pitch 1.52 1.52 1.35 1.71

1.67 1.35 1.67 1.82 1.82

| > N —

Fig. 17 Lissajous Figures Shifts As Pickup Travels
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Note: ON TRACK

When adjusting the Grating, open Tracking Loop and
find out the position where the envelope of TRKG error
signal becomes clear and where the amplitude becomes the
minimum by turning Grating adjustment screw. This time

the three beams trace the center of the same track and the
Lissajous figures become a vertical line. The state and
position are called ““ON TRACK”’ and ‘“NUL POINT”’
respectively.

O OO O

Fig. 18 ON-TRACK state

4§ <—— on-track

i# <«—— off-track

5 mS/Div 100 mV/Div

Photo 6 TRKG Error

4-2 Tilted Spindle-motor from the tracking
direction

What will happen if the motor is out of perpendicular
to the locus of Pickup? The symptoms are the same as
those when playing a warped disc. In case of LD-707 and
CLD-909, this trouble occurs if the Pickup is not parallel
to the Slider-base. The symptoms are:

Xch: TRKG error signal
Ych: TRKG (A + B) signal

10
A: T1 — F — T1” X: 20 mV/Div
Y: 20 mV/Div

Photo 7 Lissajous Figures in On-track state

* Crosstalk appears.
* Focus Lock becomes difficult.
* Pickup goes out of focus as it moves outward.

The players which have a Tilt Servo system can keep
Pickup parallel to the disc to some extent. The distance
between them, however, can not be kept constant.

pomm————-

Fig. 19 Tilted Motor from TRKG Direction
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Checking the tilt of Pickup or Spindle-motor

* Observe Focus-return voltage filtered by LPF on an 100k¢2
oscilloscope. FCS RTN O— /\/\N\I O OCL

* Verify that the DC voltage does not vary on inner and
outer tracks.

* In case of 12” disc, check it on midway and inner tracks 1uF
of a less warped disc. If there is a difference of more #
than 0.1V in FOCUS-Return voltage between the read-
ings on inner and center (midway) tracks, the Motor or
Pickup can be considered to be tilted.

Fig. 20 LPF

Test Point

Models which have a series circuit of Focus-coil and
Return-resistor such as LD-1100, LD-700, P-D70, etc.
+1V — — 4@% ~a— +16V
ot ~Ls R28 5221?
FOCUS Error % + P W
R27 27k 212 i b
s~z Soop ~— FOCUS coil
R34 R26
(12w7) 4.7k o ?.%1(1/2w)
—16V

-1V

Return resistor

-— | FOCUS RTN

Fig. 21 Test Point of LD-1100, LD-700, P-D70, etc.

Models which have no Return-resistor (grounded Focus-
coil) such as LD-707, CLD-909, etc.

+14V

>

~—— FOCUS coil

FOCUS Error ——=

R160
68k

FOCUS RTN

Y v Vn ¢
R161 cét
%5% %’;fﬁpf’)o (Observe FOCUS Drive signal

divided by resistors.)

Fig. 22 Test Point of LD-707, CLD-909, etc.
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4 -3 Tilted Spindie-motor from the tangential
direction

What will happen when the Motor or Pickup tilts from
the tangential direction?
LD player: Crosstalk — Adjust the perpendicularity of
Motor or Pickup to obtain the maximum RF signal.
CD player: Dropout — Observe RF (EFM) signal wave-
form at the infinity-0 point on TRK #23 of Test Disc

(YEDS-7). Adjust them to make the top and bottom
portions of the trace line horizontal on the oscilloscope.

On the models which generate obscure waveforms such
as PD-5010 series, judge it observing the jitter component
of EFM signal.

Tilt in the TANG direction

Fig. 23 Tilted Motor From TANG Direction

Top

Bottom
NG

OK

Tilt in the TANG direction
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Unaligned

Jittering

Optimum adjustment

Unaligned

Photo 8 EFM Signal



5. Eccentricity

Every disc and motor has eccentricity to some extent.
It is compensated by TRKG and TANG servo systems and
CCD (Charge-Coupled Device). The beam skips tracks or
SPDL Lock is released when the eccentricity is too large.

The degree of the symptom varies every time the disc
is reloaded because it depends on the clamping conditions.
Try to take the disc out, turn it by 90° and load it again.
The causes of the eccentricity are:

* Worn Clamper or Clamper-bearing
* Faulty peripheral component of Clamper
* Barrs or wearing of the center hole of the disc

If the player sometimes skips, find out whether the
player is eccentric or Pickup itself is faulty by the follow-
ing method.

Measuring method of disc eccentricity

1. Play a disc, and open the TANG SERVO (or CCD
SERVO) loop. To open the loop, refer to the following
page and the adjustment process in Service Manual.

2. Observe the trapezoid waveform signal for generating
TANG (CCD) Error, and measure the jittering period
on an oscilloscope.

Jitter time Eccentricity
Less than 20usec Normal
20 — 30usec A little large

30usec or more Causes skipping

Note: With a CAV disc measure the jitter time on inner

tracks (between frames #1 and #5,000). The time

becomes shorter as the Pickup moves outward. With a

CLYV disc, the jitter time is almost constant irrespective of

tracking position.

3.If the measurement results are excessive with every
scratchless disc, LV players may be faulty due to the
faulty SPDL-motor shaft, clamper, or faulty clamper-
shaft-holder.

The arrows in the Fig. 25 and 26 show the test points
for this measurement. As for other models, refer to the
respective service manual and measure it in the same way
as this. In case of LD-700, ground the TP7 to open the
Tangential Servo and observe the signal at Z202
(PA9002)-1 on the oscilloscope. In case of LD-707, open
CCP Servo by grounding IC3 (PA0017)-9 and observe it
at IC7 (PA5009)-9.

/5

2V/Div.

Jitter time 10usec/DIV.

Fig. 24 Jitter Time
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6. Overall checkup of Optical Pickup System

Let’s summarize the check points.
a. Spindle-motor does not turn when a disc is loaded and

PLAY is pressed. Laser Diode does not glow so bright

as He-Ne tube due to it's wave length.
If a part of Objective-lens is bright in red,
the Laser Diode is on.

Does focus lock?

Load a disc.

Press PLAY.

Turn the disc manually.

‘'Zig-zig” sound can be heard from
FOCUS actuator?

Yes

Y

Focus is locked.

No - -
Faulty Spindle-motor driving circuit.

Partially gleams in red

Y
LD turns on?
Lens moves up/down?
It should move up/down for several
times after PLAY is pressed.

Photo 9 FOCUS (Objective) Lens

No
Yes
/ Y
Spindlemotor or Pickup tilted? Faulty LD ON circuit or Focus-drive
Disc-table height is improper? circuit.

Hold a disc close to the Lens while
Objective-lens moves up and down
after PLAY is depressed.

If Focus is locked, readjust

the mechanism.

Yes

No
Y /

Focus error signal available? l Readjust or replace

Load a disc and PLAY.
Focus S-shaped signal of
stipulated level available?

Yes

No
/ /

[ Readjust beam path or replace it. ] Faulty Focus Servo circuit

—

Fig. 27 Checking Pickup and Motor Mechanism
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b. Spindle-motor starts rotating after a Disc is loaded and
PLAY is pressed. (SPDL SERVO does not lock but skips,
etc.)

Note: If it stops soon but keeps rotating when Tracking
Servo is opened, check it on the four following items
keeping the servo opened.

Table Checking Beam Path

Tracking Servo Loop Observation Points Items
Open X-ch: TRKG (A—-B) Grating
Y-ch: TRKG (A+B) Play a Test-disc.

Lissajous figures become a horizontal line at the prescribed
Frame

Open TRKG (A-B) TRKG Balance
TRKG (A - B) signal center: 0V?

Open X-ch: TRKG (A-B) SPDL motor alignment

Y-ch: TRKG (A+B)

Lissajous figures should not grow fat when searched in both
directions.

Open or Close

FOCUS RTN through LPF

Tilt in TRKG direction
DC voltage should be stable when Pickup is moved to inner or outer
tracks.

Close

RF

Tilt in TANG direction
CD: Top and bottom portions of RF (EFM) signal should be flat.
LD: Amplitude of RF signal should be max.
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Microcomputer Fundamentals

The microcomputer is a tiny computing system. The
equipment itself is called ‘‘hardware’’. Program instruc-
tions or the way of using it is called “‘software’’. The soft-
ware permanently stored in a ROM (read only memory)
is called firmware. Its main blocks have been integrated
into one or a few LSI’s. The difference from the minicom-
puter and the larger computer is in size, speed of execu-
tion, computing power and price. The miniaturizing
technique of electronic circuits has given the microcom-
puter an ability close to that of old large computers.

@ PIONEER |

The microprocessor, or central processing unit (CPU)
which is the brain of the microcomputer, is being employed
in various equipment and controls their functions. The
knowledge of computers is usually unnecessary for our
repair service because most operations are performed inside
the LSIs and the CPU can be considered to be a black box.
Troubleshooting those equipment, however, will be easy
if you have the knowledge. Here we will discuss the fun-
damental principle of the microcomputer basing on the
Zilog Z80ACPU. Refer to its instruction manual for
details. Photo 1 shows our PX-7, MSX Personal Computer
in European version which employs a Z80A.

PX-7, MSX Personal Computer in European Version

Key Board

Joystick PX-JY8

Tablet PX-TB7

Photo 1

31



1. Number Systems
Digital computers use the binary system although we
are accustomed to the decimal system. A digital signal has
only two states, low (L) and high (H) or 0 and 1. They
- also use octal and hexadecimal systems because the unit
of the processor in computers is 4 and 8 bits. Table 1 shows
their differences. As for the details, refer to the ““DIGI-
TAL — Supplement of TUNING FORK”’.

Table 1 Five Numbers Systems

Decimal Binary | Octal Hex BCD
0 0 0 0 0000 0000
1 1 1 1 0000 0001
2 10 2 2 0000 0010
3 11 3 3| 0000 OO11
4 100 4 4 | 0000 0100
5 101 5 5| 0000 0101
6 110 6 6 | 0000 0110
7 111 7 7 0000 0111
8 1000 10 8 | 0000 1000
9 1001 11 9 | 0000 1001
10 1010 12 A | 0001 0000
11 1011 13 B 0001 0001
12 1100 14 Cc 0001 0010
13 1101 15 D 0001 0011
14 1110 16 E 0001 0100
15 1111 17 F| 0001 0101
16 10000 20 10 | 0001 0110
17 10001 21 11 0001 0111
18 10010 22 12 | 0001 1000
19 10011 23 13| 0001 1001
20 10100 24 14 | 0010 0000

There are several ways to represent data using the binary
code such as straight binary, signed binary, 2’s comple-
ment, binary coded decimal (BCD) and American Stan-
dard Code for Information Interchange (ASCII).

1.1 Straight Binary

In unsigned representation, an n-bit binary data word
is simply used to represent the first 2" nonnegative integers.
An 8-bit data word can represent the integers O through
255 as shown on Table 2.

Table 2 Straight Binary Representation

Straight
binary representation

00000000
00000001
00000010
00000011
00000100

Decimal numbers

AW = O

11111111 255
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1.2 Signed Binary

Representation of both positive and negative numbers
with the straight binary is impossible. The signed binary
spares the most significant bit (MSB) for representing the
sign of the numbers. The lower-order bits are used to rep-
resent the absolute value in straight binary as shown in
Table 3. This is seldom used for two reasons. First, there
are two representations for the number zero. Second, the
ordinary rules of addition for straight binary cannot be
applied to signed binary numbers.

Table 3 Signed Binary Representation

Signed
binary representation

0O11111111 +127

Decimal numbers

011111110 +126
000000010 2
000000001 1
000000000 0
100000000 0
100000001 -1

2

100000010 -

111111110 -126
111111111 —-127

1.3 BCD

Each decimal digit can be represented by a combina-
tion of four binary numerals. 4 bits can represent 16 codes.
10 codes from 0000 to 1001 among the 16 codes are used
for binary representation. Other combinations are not used
in this system. This is useful for interfacing numeric key-
boards and displays. Refer to Fig. 1.

Examples
3 9 Decimal (D)
0011 1001  Binary (B)
6 5 Decimal
0110 0101 Binary

Fig. 1 BCD Representation

1.4 2’s complement

2’s complement notation is most commonly used in
microcomputers for performing arithmetic with signed
numbers. In this notation, the negative of a binary num-
ber is represented as its 2’s complement. A complement
of a number is formed simply by changing the 1’s to 0’s
and the 0’s to 1’s. The 2’s complement of a number is
formed by adding one to the complement of the number.



Example

Straight binary 00001010 10 in decimal (D)
Changing 11110101 Complement
+1 11110110 2's Complement

As mentioned 256 different numbers can be represented
by 8 bits. The 0 on the MSB represents a positive number
and 1 represents a negative one. If 011111111 represents
+127 and is counted down, 0, —1 and — 128 become
00000000, 11111111 and 10000000 respectively.

The numbers from + 127 to —128 are available by
decrimenting or incrementing throughout the range.

1.5 ASCII

In ASCII notation 7 bits of one byte code are used for
representing decimal numbers, alphabetical characters and
machine control commands. The MSB of the code is used
for parity or error testing. The seven bits provides 128
possible characters. Decimal numbers are represented as
Table 5a. 32 combinations are assigned to control com-
mands which are not printed out but provided to handle
hardware operations.

Table 5a Decimal Number to ASCIl Codes

Table 4 2’s Complement P ASCII code Decimal number
Twos complement Decimal number 0110000 0
0110001 1
01111111 127 0110010 2
0111'1110 1?6 0110011 3
. : Parity 0110100 4
00000010 2 0110101 5
00000001 1 0110110 6
00000000 0 0110111 7
EEREEY g 111000 | s
11111101 -3 o0t111001 9
. : 3 0~9
10000001 -127
10000000 —-128
Table 5b ASCIlI Codes Represented byHexadecimal Numbers
Hex Symbol Hex Symbol Hex Symbol Hex Symbol
00 NUL 20 SPACE 40 @ 60 .
o1 SOH 21 ! 41 A 61 a
02 STX 22 42 B 62 b
03 ETX 23 # 43 c 63 c
04 EOT 24 $ 44 D 64 d
05 ENQ 25 % 45 E 65 e .
06 ACK 26 & 46 F 66 f Parity
07 BEL 27 47 G 67 g
08 BS 28 ( 48 H 68 h
09 HT 29 ) 49 | 69 i 6 B(H)
0A LF 2A 4A J 6A j
0B VT 28 + 4B K (6B k)——————»’p 111101011
oc FF 2C ac | L || sc | Illlllll
D CR 2D — 4D M 6D m
0E SO 2B . 4E N 6E n
OF sl 2F / 4F 0 6F o
10 DLE 30 0 50 P 70 p
11 DC1 31 1 51 Q 71 q
12 DC2 32 2 52 R 72 r
13 DC3 33 3 53 s 72 s
14 DC4 34 4 54 T 74 t
15 NAK 35 5 55 u 75 u
16 SYN 36 6 56 v 76 v
17 ETB 37 7 57 w 77 w LF = Line Feed
18 CAN 38 8 58 X 78 X FF= Form Feed
19 EM 39 9 59 Y 79 y g
1A suB A . 5A z 7A Z CR= Carriage Return
1B ESC 3B ; 5B [ 78 | CTRL = Control Character
1C FS 3C < 5C \ 7C | BS = Backspace
12 g: gEE’ = :g 1 ;2 ' HT = Horizontal tab
> ~ .
VT = Vertical tab
1F us 3F ? 5F - 7F | DELETE
[r¢_| oecerd DEL = Rub out

Codes in squares are for operating hardware
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2. Architecture

The hardware of the microcomputer consists of a CPU,
memories or information storages for programs and data,
input/output interfaces and buses or communicating lines.
Fig. 2 shows simplified block diagrams of the micro-
computer.

Data bus

<:* > +5V

Address bus
CPU ] . Memories

Control bus

(a) The Simplest Diagram

RESET

+5 VOLT
osc POWER SUPPLY
¢ ADDRESS BUS l l
| Ao-A1o +5V GND
U ADDRESS IN
MREQ —
a5 -0 CE4
R dEE, 16K BIT ROM
DATA OUT
DATA BUS
U
®
IORQ ~ l
CE RD
v LG ORQ PIO B/A <+—— Ag
e M— < ,A1
PORT A PORT B

U

DATA OUTPUT DATA INPUT

(b) Small Computer System Using a Z80ACPU

Fig. 2. Computer System

2.1 Memories

Microprocessor systems use binary memories to store
programs and data. Now a 1/3-square-inch chip of a
memory device has a capacity of over 65k bits. It can store
more than 8 thousand alphanumeric characters. Each of
the memories has its own address. The address decoder on
the memory chip decodes the address data and connects
the selected memory to the data pins. Fig. 3 shows a
simplified diagram of an 8-bit memory.

S

Data bus

8-bit
Address r = ™

0 27] 26| 25 24| 28| 22| 21| 2°

1
Address | 2
Decoder 3

Address bus

chip

[

6553;') IET

Fig. 3 8-bit Memory Device
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Memory

ROM: The information is stored permanently or semiper-
manently and is read out, but not altered in operation.

RAM (Ramdom-access Memory): A Read/Write memo-
ry into which data can be stored and then retrieved.

&H0000
Area for storing the information
MSX-BASIC for the fundamental system
ROM operation and control such as
BASIC-machine language
dictionary.
&H8000
User area
&HF380
System area
&HFFFF

Fig. 4 Simplified Memory Map of PX-7



The principle of ROM

One of the simple memory devices is a transister. A tran-
sistor can memorize one bit of information by keeping its
base open or closed. Fig. 5 shows the magnified diagram
of the FUSE ROM. The eight transistors hanging on the
same drive line consist a set of memories that has one
address. A set of binary information (11001010) is availa-

ble at the output when the power V is supplied to the cir-
cuit and the addressed drive line (B) is made H, because
the source current flows only through the transistors con-
nected at the emitters, and the level on the output lines
disconnected from the transistors stays L. Other set of tran-
sistors are kept inactive because their drive lines are kept L.

Drive line
(A) —
V o M e e e " o | o
O—¢ O—¢ O—¢
(B) =— H when addressed
H—=V 3 %
B B W W
O— O O—< o
) —
v &-
_‘io 1 1 AHOO 4{30 1 d 0 1
oO— 5 O—e O— o o
Output 1 1 ) 0 1 0 1 0
(H H L L H L H L
Fig. 5 Principle of ROM
Fig. 6 shows a ROM that has sixteen 1-bit memories.
The data of memory # 5 appear at the output when X
and Yi are closed. Usually there are eight bits in one
memory unit and eight lines for the output.
Yo Y1 Y2 Y3
X Xo
Y o
X 0 1 o 2 ! o
X1
=il R
Row
Address
Decoder X2 . S 5 6 . 0
X2 a5 o
X X3 8 9 10 7 11
320 o
=V
8 lines __*::i) __1::z3 |:E
O—¢ O— o—
12 13 14 15
8 lines ﬁtﬁ ﬁrb ﬂﬁb (ﬂrﬁ Column
OIYo Y1 OIYz ole Address
? Decoder
| ]
Output Memory #5's

data

Fig. 6 Addressing

Memory Matrix
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2.2 CPU

Fig. 7 shows the simplified block diagram of the CPU.
It receives data from memory and external devices,
processes them and puts out the result controlling the oper-
ation of the whole system.

The CPU can perform a great variety of tasks depend-
ing on the software. However, it just reads instructions that
come from memories or external devices and executes
them. Those appliances of particular purposes such as
washing machines are not computers even they employ
microprocessors because they are operated only by a few
nonflexible programs.

Devices in CPU

ALU (Arithmetic and Logical Unit)

This is an adder made of logic circuits such as AND,
OR and Exclusive-OR and performs arithmetic and logi-
cal operations supplemented by shifting and sequencing
circuitry for implementing multiplication, division, etc.

8-bit Data Bus

Cont’l Bus

Data Bus Interface

CLOCK —=

Instruction Internal Data Bus

Decoder

Instruction
Register

Flag
Register

|

—

Control

1
|
1
|
Timing :
|
|
|
1

Register Array

5 CPU
Control
Inputs

PC

Address Loic & Buffers

110 Port
8 System & CPU Control Outputs

16-bit Address Bus

(a) Block Diagram

———=n fm————————- =
I [ i |
: ] |
| Decoder & i 1 Arithmetic & l
| Control : { Logic Unit :
: Lo |

I ! I
! I I I
| 1 1 !
1 CPU bus |
I ! i

I ! !
| | : |
: Bus Control : [ CPU Register :
I oo I
I [ o I
| Control | | Arithmetic Operator |
I Block ! i I
| I - —_———— Ry S -

Data Address
bus  Bus

Fig. 7 Simplified Block Diagram of CPU

MAIN REG SET ALTERNATE REG SET
e e e — —
ACCUMULATER FLAGS ACCUMULATOR FLAGS
A F A F'
B (¢} B’ C
GENERAL
D E D’ E' PURPOSE
REGISTERS
H L H L
INTERRUPT MEMORY

VECTOR REFRESH
1 R

INDEX REGISTER IX

SPECIAL

INDEX REGISTER IY

PURPOSE
REGISTERS

STACK POINTER SP

PROGRAM COUNTER PC

Fig. 8 Z80A CPU
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(b) Register Ar
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Logic devices

Fig. 9 shows the basic AND, NAND, OR, NOR, NOT
EOR, and flip-flop circuits. Flip-flops are widely used as

register and memory devices.

AND Truth Table NAND NOT (Inverter) EXOR
In Out A In Out In | Out In Out
A ATB | X B Xra T8 [ X A X A ATB | X
X M A—-DO—X X
B o|o0o|o A o|o o 0| 1 B oo o
o|1]o0 :D_Do— x| 0| 1] 1 1] o0 o |1 |1
11010 B 110 |1 — 100 | 1
101 ] 1 1110 X=A 111 ]o
X= AB X= AB X=A®B
OR NOR S-R Flip-flop
In Out A X In Out In Out
A A B | X B A B | X s STR|[Q]Q
X Q@ _—ds al—
B oo fo A Il oo |1 oo f1]1
0| 1 | 1 x| 0] 1] o — —dr G— of1]1]o0
100 | 1 ;D—Do- 110l o R Q 1lofol1
1 1 1 1 1 0 Symbol 1] 1| Hod
X=A+8B X=A+8B Circuit X=A®B
Multiinput AND Multiinput OR T-Flip-flop
A N\ A:r\ t tis1
B X B X —a T Q
- T _ o | a
e M — @ 1 Q
Symbol
Fig. 9 Logic Devices
In pulse Output pulse
Gate pulse Gate pulse
Fig. 10 AND Gate
Half adder
This accepts two binary input signals and produces cor-
responding sum and carry outputs and has no carry input
from the previous stage.
Add Result
X|Y[s][cC
X ojlo|o]o
x ) JHHE
X—— C 110(1]0
v HA s 111]0]1
Sum (S) S=XY+XY
C=XY
(a) Logic Circuit (b) Symbol (c) Truth Table

Fig. 11 Half Adder
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Full adder

This accepts two binary digits to be added and a carry
digit from the previous stage and produces sum and carry
outputs.

| 1.
]
O ' |
X ! H-A i C2
Y o—— |
| H |
! |
i i
| H-A i
Cro—y —08
b d
(a) Circuit

Add Result
X|Y]Ci|S|[Ca
oloflo|o]o
olol1]|1]o0
o|l1|lofl1]o0
o1 |1]o]1
1lolo|1}o
Ce f11 0ol
FA 11111
S
S=X-Y-C1+X-Y-C1 +X-Y-C1 +X-Y-Cy
Co=XY+X-C1+Y-Cy
(b) Symbol (c) Truth Table

Fig. 12 Full Adder

Fig. 13 shows a 4-bit parallel adder. If 0110 and 1101 are
added, inputs and outputs are as follows:

Bits Carry 4 3 2
Inputs A 0 1 1 0
Inputs B 1 1 0
Inputs C 0
Outputs S 1 0 0 1 1
N
Carry

! -
(0) As FA ﬁl’
(1) B4

(1) A2 FA

(0) B2

() As A ——%Sa ©)
(1) Bs
Cs(1)!

0) A4 FA S4 (0)
(1) B c (1

Sy (1)

Fig. 13 4-bit Parallel Adder

Accumulator (A-register)

A register for temporarily storing a number before and
after arithmetic, logical or transferral operation.
Temporary Register (B-register)

This is the subsidiary register for Accumulator, holds
one of the arithmetic operands and delivers it to the ALU.

Instruction Register (Control register)
This retains the code of the instruction currently being
executed.
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Flag Register
7 6 5 4 3 2 1 0
S | Z H P/V| N | C

The result of operation or the current conditions of the
computer are stored here. Referring to the conditions the
computer determines what to do next. For example, you
can jump and stop the operation by arranging the program:

If EVEN, JUMP to address 8500
If NEGAtive, JUMP to address 8600
If ZERO, STOP

S: Sign flag. This bit becomes ‘1’ if the result of arith-

metic operation is negative.

Z: Zero flag. ““1”’ if the result of the operation is zero.

H:Half-carry flag. “‘1”’ if the add or subtract operation

produced a carry into or borrow from bit-4 of the
accumulator.
Refer to DAA, page 56.

P/V: Parity or overflow flag . Parity and overflow share
the same flag. Logical operations affect this flag with
the parity of the result while arithmetic operations
affect this flag with overflow of the result. If P/V
holds parity and if the result of the operation is even,
1. If P/V holds overflow and the result of the
operation produced an overflow, ‘‘1”°.

N: Add/Subtract flag. ‘‘1°’ if the previous operation was

a subtract.

H and N are used in conjunction with the decimal
adjust instruction (DAA) to correct the result in BCD
arithmetic. The knowledge of these functions of this
register is required for making a program although the
contents of this register is not directly accesible to
programmers.

C: Carry flag. ““1”’ if the operation produced a carry from

the MSB of the operand or result.

Bits 3&S5: Not used



General-purpose Registers

Internal addressable registers in a CPU that can be used
for temporary storage, as accumulators, index registers,
stack pointers, or for any other general-purpose functions.

Special Registers

Stack pointer: When a program is sustained, the interim
result should be stored somewhere in the memory to be
used later. This enables the CPU to process ‘‘stack’ of
data using the last-in first-out (LIFO) method. This con-
tains the address number of the current top or entry point
of the stack of information. When an interrupting service
is finished, the stacked information is popped or taken out
for resuming sustained program. This will be discussed
later.

Program Counter: This holds the address value of the
memory location where the next CPU directive is to be
obtained.

Index Register: This contains a quantity to be added to
the address number of the instruction under the direction
of the program for automatic and temporary address
modification.

Control unit

This controls the operation of the whole computer sys-
tem by directing the sequence of operation, decodes
instructions and gives commands particular devices to start
or stop.

Clock

The operation of the most microcomputers is syn-
chronized with a clock signal. The operating speed of a
computer depends on the clock frequency. Z80A employs
a 4.0MHz external clock.

Buffers

In addition to impedance matching devices, these work
as storages used to compensate for a difference in rate of
flow of data, or time of occurrence of events when trans-
mitting data from one device to another.

Shift register

The following is a right-shift register. The inputs Sj and
Rj have a correlation of Sij # Ri and appear in series syn-
chronously to the clock signal. Q and Q appear 1-clock
later than the time when the inputs appear. They are shifted
to the right one by a clock pulse. This is also used as a
serial-parallel converter and a shifter for arithmetic and
logic operation.

Set signal

Si Si Qi S Q2 S; Q3 Ss Qa7
FFi FF2 FF3 FF4
Resetm Ri Q R: Qa2 R; Qs Ry Qaf—..
Clock
CK
(a) Circuit
Clock | " “ ” " “ ” ” " "
CK

Sy S2 S3 Sa
{ 0 i i

Set . __l l._l ]

o | o O
Reset I I |
Ri : i '184

B T

FFiQ " i :153
] )

rrea—| Iy I
i ! !
! Sz

FF3Q —t ‘;&—I L
1 R}
| !

FF4Q : I J |—
i | e s
1 ]
]

Time necessary for
memorizing all 4 bits

(b) Timing chart

Fig. 14 Shift Register
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Parallel register

For storing information, this register is first cleared by S-inputs and only the flip-flops applied with ‘I’ shift their
Reset signal during to, then Set signal is applied to the outputs during t1. The outputs are kept unchanged till the
ooy next Reset signal is applied.
r St
S QiloXt (1)
FF1 Clock _U_I;l_[l_ﬂ_ﬂ__
FHOR o L
Reset I I by !
A R i | ! |
S2"0 H K 1 \
s Qefox2 0 Set I
. FF2 Si w
R T = S A Tl
. Set i : o : ! :
S3"t" S2 —1———‘—2—-—1——-
T s astoxs Sef [ P
X2 T T T
FF‘?’_ | i : |
TR Qs s I !
®ss .‘—!—Lr:.'—'_,__—
540" el s et
L S Q4f—oXas (0 | P ! !
FFa Set [ -
| | i Sa {_]_';_f—n_
Reset signal )R Quf— Set I R
R o= Xa ] i ! ! .
Clock I tol te 1tttz i Time t
cK o
(a) Circuit (b) Timing Chart
Fig. 15 Parallel Register
Ring counter
This is a kind of shift registers, carries only one posi- Clock  CK [L || || n || “ ||
tive pulse at a time and is used for controlling the timing : R o
for reading and executing instructions. set S E i E ' ;
N
XT T T XT" FE1Q(X1) r—' b _| |
Set input 1 \ ] 1
s N N
O—lD:D- J FF2Q(Xz) ‘ ‘ ! | |
S S Q2 S Q3 S Q4 =
FF1 FF2 FF3 FFa N\ \:
TR Al I Hr @2 F_D—R Qs R 64-| FF3Q(X3) | | '
Clock \
( ‘
é:k FF4Q(Xa)
—— Time t
(a) Circuit (b) Timing Chart
Fig. 16-1 Ring Counter
. 1 2 3 4 5 6 7 8 9 10 11 12
Binary counter Clock H
This produces one output pulse for every two input PULSE |

pulses and is used for the program counter.

b W e T e N e Y oy N e O

OUTPUT g,
FFo FF; FF2 FFs FF, a J L g L J 1
OUTPUT @,
W Qo Qs Q Qs b e
o—b > > > o e
Qo ._J e} __[— o r Qs OouTPUT 62_.__—-—1_‘_—1—-—————‘—
FF3 Qs J
OUTPUT @,
L

(b) Output waveform
Fig. 16-2 Binary Counter
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Decoder

This selects one or more output channels according to
the combination of input signals, determines the meaning
of an instruction from the combination and initiates a com-
puter operation. If the instruction code is made of 8 bits,
256 kinds (28) of outputs are available. Fig. 17 shows the
way an operation code is fetched and decoded.

In the Z80A the instruction code ‘‘10000000’’ means
that ‘“Add the contents of A and B registers and place the
result in the A register, or “‘(A) < (A) + (B)”.

Memory CPU

Instruction code

Instruction Register
{1’0’'0’0'0’0°070Q]

Ll

10000000
Instruction code

Decoder
Ol =~ [0+] (o]
0
H 8% N‘
=
[$]
K
%
"

’/—.—)

Control signals
“(A) < (A) + B)”

Fig. 17 Instruction Decoding ~

2.4 Interface

I/0 Interface

The CPU understands only its own machine language
made of binary codes while peripheral equipment deal with
various types of signals. The interface is a common bound-
ary between the CPU and peripheral equipment and adapts
the signal requirements of the equipment to those of a com-
puter and vice versa. Its functions are:

a. Adjusting signal format, mode, characteristics and
speed (Digital < Analog, level, current, speed, etc.)

b. Selecting one peripheral equipment from those con-
nected

¢. Decoding a CPU’s operation command and passing it
to the equipment concerned

d. Memorizing data temporarily

e. Informing CPU of the conditions of the equipment or
vice versa

Many kinds of interfaces such as serial input-output
interface (SIO) and parallel input-output interface (P10)
are required to deal with various peripheral equipments.
PX-7 equips interfaces for LaserVision players and CRT
display in addition to the MSX standard interface for key-
board, cassette recorder, TV monitor, joystick, tablet, etc.
SIO arranges parallel data to serial or vice versa. Buffers
adjust signal level, current and the timing of data trans-
mission holding received data temporarily.

If 10000000 (B) is applied from the Instruction Regis-
ter to Decoder, 128th output is selected. The signal for per-
forming the addition is applied to the devices concerned
in CPU, and the instruction is executed. Fig. 18 shows a
binary-decimal decoder.

X1
f % }—oo0
iy Truth Table
2 1
T~ In Out
X {
*T* = ) Xs X3 Xo Xi| Y
X‘*E 5 :_jj_ﬂ 0O 0 0 o 0
0O 0 0 1 1
_D—“ 0O 0 1 0 2
=)= R B
0 1 0 O 4
=[ s 01 0 1| 5
———D_” 0o 1 1 0 6
o 1 1 1 7
[ s 1.0 0 1| 8
; i 0 0 1 9
9
Fig. 18 Binary Decimal Decoder
Signal conversion
CPU -—H—ﬂ-—ﬂ— Interface J\ﬂrfm;—/lﬂr Peri.pheral
equipment
Data bus
Peripheral
CPU Sio equipment
Control bus (XY plotten)
Address Address Command |—————
bus 7 selector decoder
cPU Buffer ' [ ™ Condition [Peripheral
! —| sensor equipment
Data Parallel-
bus i serial
b----- o converter
BUSY

Fig. 19 Interfacing (an example)
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Keyboard

Let’s see the basic operation of a keyboard. Fig. 19
shows the interface of the 32-key board. A program is
required to scan the keyboard quickly. The output port
scans the columns to set one of them low and the input

Column

Port B
Select

port reads the rows in turn. If the key 2-C is pressed and
the line 2-C is closed, the current flows from +5V to
Column 2 through the R and the key swicth 2-C, and the
level at C is pulled down when the Column 2 is set low.

+5V
> > > >
z % £z

R T Row Then the input port can detect that

o ToX o Tor¢ Tox Tox¢ Por¢
\°\°<\k°\°<\ Q, \éx.%\é\}(\\o& A the switch 2-C is being depressed.
o

SRS :

X To N o o o

P B L N
o Porc oxe o Poxc Poxx fox Port Setect

]l a ) ) ]f a] . b

Out
ol 1| 2f 3] 4| 5 e 7
Out

—= EN ;;_ Output Pon; }i ))3,_
In

Tt

Data Bus

Character Display

In Fig. 21 the character blocks are quickly switched on
and off in turn and only one of them is on at any moment.
The outputs of the segment driver are changed synchroniz-

'L

Fig. 20 Keyboard

ing with the scan timing of the block driver. So the charac-
ter information for the block 1 appears only when the block
1 is turned on.

Data Bus

>.n

Output Port /Driver
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Output Port/ Driver
> In pfor Digits v <¢—— Port B Select

Fig. 21 Character Display



2.5 Bus Structure

The bus is a set of wires over which information is trans-
ferred. Basic computer signals are address, data and con-
trol signals. A computer has an address bus, /0 port bus,
data bus and control bus to let its devices exchange data
with the processor. In the Z80A system I/Os and memo-
ries share the same bus.

Address bus: A unidirectional bus over which appears
digital information that identifies either a particular
memory location or I/0O device. No matter how many
memory locations there may be, only one may be accessed
at a time. The number of address lines of Z80A CPU is
16. 16-line address bus can address 65536 locations (216)
directly that can keep 65536-byte information because one
memory location keeps 8-bit (or 1-byte) information.

Data bus: Bidirectional data lines. Z-80A has 8 data lines
for sending 8-bit information in parallel at a time. Larger
computers have separate input and output data buses. To
save the bus lines, microcomputers use the 8 lines for both
input and output purposes by sharing time. To common-
ly use the bus, a traffic controller is required.

Control bus: A set of control lines, usually from 10 to 100,
with a function to carry the synchronization and control
information necessary to the computer system. Z80A has
13 control lines, six lines for system control, five for CPU
control and two for CPU bus control. The bus carries a
signal to indicate whether the current transaction is a read
or write from a memory or a peripheral, interrupt request
or bus request signal, an extended cycle signal, and a
response to indicate that the request of a peripheral device
has been accepted and so on. Such signals might be inter-
rupt, hold, acknowledge, read, write, etc.

CPU

—J Address Bus

In

r Out

Data Bus

Write
Read ‘

||

110

AL

K Control Bus
v

N —

=N,

Memory

Fig. 22 Bus Structure

A0 —+—1 30
Al ~—— 31
A2 ==—r 32
A3 —=— 33
A4 —=—1 34
A5 ~=— 35
A6 —=— 36
A7 ~=— 37
A8 —=— 38
A9 —=—+ 39
A10 ~=— 40
A1l ~—o
A12 ~a—
A13 ~=—
Al4 ~a—ro
A15 ~a—

Address Bus

O h N =

DO —~=— 14
D1 =+—s 15
D2 <— 12
D3 <a—{ 8
D4 <a—f 7
D5 <w—s 9
D6 -~a—={ 10
D7 sa—s 13

Data Bus

System Cont’l

CPU Cont’l

25

23

19
21
22
28

20

27

26

24

29

~=+——BUSRQ J
Bus

= BUSAK Control
— > MREQ
——RD Memory
——WR Control
— RFSH
110
=I0RQ Control
= AT
«—— RESET
—— WAIT
= HALT
W Interrupt
J— Control
t——— |NT
f—0

Fig. 23 Terminals and Bus Lines of Z80A

Control
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3-state Bus

The microprocessor selects one device to talk to and
disconnects the others with the help of the tristate drivers
(or buffers) that enable the processor to selectively turn
devices on and off. In Fig. 24, only when the Enable is
low (L), the buffer passes the input signal to the output.

Input Output

Enable BP>———-—u

Enable Input Output
0 0 0
0 1 1
1 0 floating
1 1 floating

0= low, 1= high, floating = high impendance
Fig. 24 Tristate Driver

A bidirectional buffer can be formed with two tristate
buffers and an inverter. The control signal determines the
direction of signal flow.

ANy

Fig. 25 Bidirectional Buffer ~

Fig. 27 shows how a memory cell is selected sharing one
signal data line. When address number is 110 (B), the cell
No. 6 (D) is selected and its data is put out on the data line.

Memory Cell
Memory Cell  (Flip-Fiop)  Output
Select Signal

A\

c o

Binary
B Select
Inputs

Address.

|
©
o
3 3 3 °
H
N4
-
\
'
\
'
'
1
1
1

|
el
o

z
o
c
(R
=3
©
3
©

a 2

|

K
S S
o o

i

Y

1
©
)

>

Lﬂ? I

This generally consists of 8 cells

Fig. 27 Selecting A Memory Cell

44

In Fig. 26 four devices share only one data line in com-
munication. .

Actually there are more senders and receivers. Each
sender/receiver is provided with two control signals: Out-
put Enable for its tristate driver and Data Strobe for input.
The control logic permits only one sender to be active at
a time. Other disabled drivers are in a high-impedance
(floating) state and put out neither H nor L signal, and
they have no effect on the logic state of the bus. When
Device-A sends a piece of data to Device-2, the Control
sets Output-enable-A true and all the other Output-enables
false, and then sends a pulse on the line of Data-strobe-2
to let the Device-2 receive the data. RAMs are typical
senders/receivers. This method saves connecting lines.

o - Control ° o
2 a i H ° [ £
8 S e Jo o s H a
4 @ S |S s |2 @ @
3 3 € |= c |~ 3 3
i 3 = 2 5w 3 3
° s 2o o3 g g
@ > s E ERES - N
s |Z s |
@ > -
Data Data
Strobe  para Enable Enable pata Strobe
out ==1 out .
Device A por bara DeVice 1
in in
Data Enable Enable Data
Strobe  pqiq pata  Strobe
. out 1 out
Device B ,, pata DEVICE 2
in p
‘i—lw in
u

Bus Line

Fig. 26 Tristate Bus In Communicating System

In Fig. 28 the eight flipflops are enabled at a time, and
put out parallel 8-bit data.

Enable / o—_
Disable
D10 0—4@ Doo
D o—:& B—O DO 1
Di2 o—:@ ’B—o Do2
Di3 0— lo DO3
iops similar 10 0% _ } Data in -
______ D14 o— D04 Data out
0150-—:E i ’g—o D05
Di6 o——:gizl 1—0 D06
D17 o—| —_lé—o Do7
cp o
Reset O—

Fig. 28 8-bit Register with Tristate Gates



2.6 Addressing structures

Each of the memories and other devices has an address.
The address areas depend on the computer system.
Fig. 29 shows an example of address map.

Hexadecimal addresses

Aoo000

8000 memories MSX BASIC ROM

A 8000 Program area (text area)

Variable area

Array variable area

Free area
User area

Stack area

Character string area

File control block

F380
Work area

FFFF

=

e Area in which programs with line
numbers are stored.

e Variable area
With character variables, the
pointers (string descriptors) to the
character strings provided are
stored in this area.

Array variable area

If the array variables are character
types, the pointers to the character
strings provided in the character
string area are stored in this area.
The area itself is secured when DIM
statements are executed or when
arrays with 10 or less accompany-
ing characters are used.

The free area is not used. Its size
is determined by subtracting the
stack area, variable area and pro-
gram area from the user area. It can
be sought by the FRE function.

Stack area in which BASIC returns
and addresses are saved when
FOR-NEXT or GOSUB statements
are executed.

Area in which character strings in-
cluded in the character variables
and array variables are stored. The
size of this area is the size designat-
ed by the CLEAR statement. An
area of 200 bytes is secured if there
is no designation with the CLEAR
statement.

Area used with file input/output. It
is secured in line with the number
designated by the MAX FILES
statement.

The upper limit address can be set
to F380 or less by CLEAR and so it
is possible to provide an area sep-
arate from the work area which the
user can use freely for machine lan-
guage routines, etc.

Area in which BASIC is used.

Fig. 29 Memory Map of PX-7

Selecting Memory Location

Fig. 30 shows a 2K x 8 RAM. 2k RAM has 2,048 (211)
address locations and 16,384 bits (2,048 bytes x 8 bits).
Each byte has its own address. The RAM has 10 address
inputs, 8 data in/out terminals and one each of chip select
and Read/Write (R/W) terminals. ROMs have no R/W
terminal and the data bus is unidirectional because they
can not be written. When writing, the Chip Select signal
becomes true, address signal appears on the address bus,
a particular memory location is waken up, data are placed
on the data bus, and then the R/W signal is made low.

Chip Select >_—(L

B A, e Dy
B A, D, le—p
—— A, D, f@&—p
] A D, l&—sn
B— A, D, |
Address B— A, D, |&—
B— A, D, [&—>
B A, D, f&—
B A
B Ay
L m— Am p—
WR

Read/Write »——?

Fig. 30 2K x 8 RAM

Data
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Address Decoding

A microcomputer uses many memory chips and some
serial addresses are assigned to each chip. If the chip has
256 locations, the number of the higher order byte of
addresses will be the same. The higher order half of the
address bus can be saved by decoding the 9th (A8) and 10th
(A9) bits preliminary and selecting a memory chip. Fig.
31 shows that 256 addresses are assigned to each of three
256 byte ROMs. In Fig. 32, the address lines from A10

to A15 can be ANDed because the signal on the lines is
always 0. A8 and A9 determine the chip to be selected.
The information on the lower half of the address bus is
applied to all chips, but only one selected chip reads the
address at a time because the others are all disabled. 8 lines
from AO to A7 determine the memory location to be
selected inside the memory chip.

ROM NUMBER LOCATION WITHIN ROM
Addross Bit\ 451413121110 9 8 | 7 6 5 4 3 2 1 0
0 000O0O0UO0OU 0O 000 0O0O0O0TO
1 000 O0O0O0TO0O 000 O0O0O O f
2 0 00O0O0O0OO0OWO 000 O0O0O0OT1TO0
ROM 0 3 0 00 0O0O0OO 000 O0O0O0 1 f
255 000 0O0O0OO0O 111 1 1 1 1
256 000 O0O0TOTUO 1 000 0O0O0O0TO
257 00 0O0O0GO0O O f 000 0O0O0OTO0 1
ROM 1 .
511 0 11 1 1 1 1 1
512 000O0O0O0OTODO 000 0O0OOO
513 0 00O0O0O 0 000 O0OOO 1
ROM 2 .
766 000000O0OT1TO0O | 111 11111
Always ‘0" Select a chip Select a memory
location inside a chip
Fig. 31 Addresses Assigned to Each of Three 256-Byte ROMs in a System

74138

I'Y) }Seloct 1
A0 c 2
LX11 ,J;— 3
ar2 DECODER
At3 G1 5
Atg )

7

TS

TI997

Als G2
R DJ

512 ~766 256~511

cs <5
256 Byte
ROM 2
Ao A7

256 Byte 25
ROM 1§ R

a0 A7 Ao

Fig. 32 Selecting Three 256-Byte ROMs
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Fig. 33 is the block diagram of a RAM circuit. The
address lines are connected in matrix as shown in Fig. 5
and 6.

A0 o—]
O

Al 5 170 0

A2 3 1,024 x4 Read 0 170 1

A3o—| g bit RAM Circuit 1702

A4 o~ x

A5 0 1/0 3

I

Y-decoder

R/W
Control

T_O Select (CS)

R/W

o1

A7 O——————————
A8 O—
A9 00—

Fig. 33 Inside a Static RAM



3. Control signals

Various control signals are provided to control the sys-
tem and the flow of information. These signals travel over
the control lines and do not transmit data but determine
what should be done next. The CPU first receives an
instruction from a memory or external device and stores
it in Instruction Register, decodes it in Instruction Decoder,
and then generated necessary control signals.

S CPU Bus S
Instruction Registor

Instruction Decoder

Control Signals

<External Control Internal Control>

Fig. 34 Decoder & Control ~

3.1 Memory and I/O Controls

MREQ (Memory Request) signal

There are two address signals, memory address signals
up to 65536 and 1/0 address signals up to 256. The MREQ
signal is to announce that a memory address signal is on
the address bus.

IORQ (1/0 request)

This is to announce that an 1/0 address signal is on the
address bus. I/0 address signals require the low-order eight
lines of the address bus because CPU addresses up to 256
locations.

WR (write)

With this signal CPU informs memory and peripheral
input/output that it has put out data onto the data bus.
In writing, address signal is placed on Address bus, MREQ
(or IOREQ) signal shifts to L, data are placed on the data
bus and then WR signal is put out on WR line.

Address Bus_J | I L
cry | e

Address
MREQ
=5
W—

o
o

Memor !<_ ta =
y Data Bus i

Signal Exchange Timing

Fig. 36 CPU Puts Out MREQ Signal When Read-
ing From or Writing to a Memory.

There are two kinds in Control signals.
One for controlling inside the CPU and the other is for
controlling outside. All operations of microcomputer are
synchronized with the clock pulses generated inside the
computers.
Fig. 33 shows the control signals of Z80A CPU.

¢
—————] Vo |23
Address Bus
L =2
HALT—=q
WATT—q
- p—REa,_
NMI—=9 b—WE .4 ROM/RAM
- CPU D
iNT—=q
RESET——q ]
Data Bus
BUSRQ—=q o
BUSAK—=q Select
ToRG PIO 01
Input  Output
Data Data

Fig. 35 Z80A’s Control Signals

RD (Read)

With this signal CPU informs memory and IOs that it
is going to take data in. The addressed memory or IO can
put out data when MREQ (or IOREQ) and RD shift to
L. RD signal stays low longer than WR signal because it
takes some time for memories and IOs to put data out.
The time is called ‘‘access time’’. It may be 10ns — 100ns.
If it requires longer, WAIT signal can be used.

RFSH (Refresh)

Dynamic RAMs can keep information for a very short
time and require refreshing before it is cleared. Refresh
pulse cause rewriting the same information

A
cpu ddress Bu_s_J _________ 1__[ ___—____:L

g Ho

o o |l

= (=]
RD

PIO

(1/0 Interface )

|

Signal Exchange Timing

Input data A

Output data

Fig. 37 CPU Puts Out IORQ Signal When Reading
From or Writing to an 1/O Port.
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3.2 Bus controls

These signals control data and address buses. Data bus
is in one of the three states; read, write and floating.
Address bus is in either of the two state; the state it car-
ries an address signal and that it does not carry the signal.

DMA (direct memory access)

When transferring data by a program, they are once
taken in and then put out by CPU that takes some time
although it is very short. DMA is a technique that allows
a computer user to have direct access to individual memo-
ry locations bypassing CPU with the help of DMA con-
troller.

BUSRQ, BUSAK (Bus control signal)

In such a case DMA controller sends BUSRQ (bus
request) signal to CPU, when CPU receives the signal, it
makes address and data buses into high impedance state
and sends the controller BUSAK (bus acknowledged)
signal. In the high impedance state, the address and data
buses are not affected by the CPU. Then the controller
starts controlling the DMA operation. Prior to this trans-
fer CPU should provide the controller with the destination
address and quantity of data to be transferred.

Cycle stealing

The more efficient way of using a computer is cycle
stealing. With this method, DMA becomes possible while
CPU is doing internal work and not using the buses. DMA
is suspended while CPU is using the buses.

CPU DMA
Memory Controller <_—_>
n_l-)ata Bus J

Fig. 38 Direct Memory Access

Peripheral Device
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3.3 Other controls

INT (Interrupt)

This signal, usually caused by a signal from an external
source, requests the CPU a break in the normal flow of
a program to insert other job of higher priority. When
interrupt is acknowledged, the CPU diverts its attention
from the address of the main program currently com-
municating to the new address directly related to the type
of interrupt that has occured. The flow can be resumed
from the suspended point when the interrupt service is
completed.

NMI (Nonmaskable Interrupt)

This is an interrupt signal not maskable or ignorable
by program instructions.
HALT

This is to announce that CPU is in stop status. CPU
can be stopped by a HALT instruction inserted in the
program. It can be restarted with a Reset signal or inter-
rupt signal.
WAIT

CPU works very fast compared to peripheral equipment
especially when writing to the equipment. In such a case
the CPU can be kept waiting by applying it to WAIT ter-
minal with L singal to keep pace with the peripheral
equipment.

RESET

When RESET level is made L, CPU and I/0 interfaces
are brought into the initial state. While it is L, the address
bus and data bus go into high impedance state and con-
trol signals do not affect them.
When Power is turned on, the RESET terminal is kept low
for a short time by an RC circuit and the Program Counter
(PC) is cleared automatically. This circuit is popularly
employed in audio and video equipment.

M1 (Machine Cycle 1)
Low MI signal indicates that CPU is in the OP code
fetch cycle. (Discussed later)

Power"ON"

D R
Rese'{'i . CPU
I F
e~ P

Vih oo
To ! E
1/0 Interface —e1 e freset

Manual Auto

(a) Manual Reset and Auto Reset (b) Auto Reset Timing

Fig. 39 Reset Circuit



4. Timing

The operation of CPU is the repetition of instruction
fetch and execution.

The time interval required for an element of operation
is called a ‘‘state’’, that for executing one operation is
called a ““machine cycle’’ and that for completing one
instruction is called an ‘‘instruction cycle’’. The first

Byte 7 6 5 4 3 2 1 0

B1 0 1 0o o0 1 1 1 1 Instruction fetch
Execute
B1 00 1 1 0 0 1 0
B2 o o0 o0 O o o0 o Instruction fetch
B3 o 1t 0 O 0O 0O o0 o
Execute
B ! T L T 0 T 0 T 0 T ! ; ! : 0 Instruction fetch
B2 1 1 1 1 1 1 1 1

Execute

Fig. 40 Sequential Operation of CPU ~

4.1 OP-code fetch

Fig. 42 shows the timing diagram of OP-code fetch
cycle. In the state Ty, the content of PC is placed on the
address bus. MREQ signal, meaning address is valid,
becomes active. RD signal becomes active to make the sys-
tem ready to put the data on data bus. Then data is placed
on the data bus. The CPU reads the data at the rising edge

machine cycle is the operation-code-fetch cycle with the
length of 4 — 5 states. In this cycle the operation code (OP
code) is fetched. In the next machine cycle (3 — 4 states)
data are exchanged between the CPU and a memory or
I/0 device. The length of the machine cycle can be
extended by the WAIT signal for synchronizing the oper-
ation of CPU with that of the communicating external
device. One state or T cycle will take 0.25us if the clock
frequency is 4MHz. Then the time necessary for execut-
ing a program can be known by multiplying the total states
by 0.25pus.

State or
T Cycle

Machine Cycle

Mi M2 M3
(OP Code Fetch) ( Memory Read ) ( Memory Write)

Instruction Cycle

Fig. 41 Typical Timing of CPU

of the T3 clock signal ¢ and makes the MREQ and RD
signals inactive. In T3 and T4, OP code is decoded. At the
same time RFSH shifts to L, then MREQ shifts to L, and
dynamic memory is refreshed by the two signals. When
the WAIT signal becomes active, the CPU samples it at
the falling edge of ¢ at T2 and waits for 1T.

Mi Cycle (1st machine cycle) -
T To Tw Tw T3 T4

¢ I B W B \ \ \ I
AO~ Ai5 ) PC ) REFRESH ADDR. x_
wrea |\ [\ [ 1
B T\ Read /
DBO~DB7 E}
Wi 1\ /
war [\ 1\ Tl ]
RFSH \

Fig. 42 OP Code Fetch Cycle with Two Wait States
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4.2 Memory read and write

One memory read or write cycle is 3-state long unless
it is extended by WAIT signal. MREQ and RD work the
same as in the fetch cycle. MREQ becomes active after
address bus becomes stable, and the content of data bus
disappears after WR becomes inactive.

|#—————— Memory Read Cycle < Memory Write Cycle ——————=
T T2 T3 T T2 T3
¢ _ \ L \ \ \ _
AO ~ A15 MEMORY ADDR. X MEMORY ADDR. |8
MREQ \ [ L_ 1T
RD __\ Read
%‘JﬁDB?U)S @ { DATA OUT |

wam 1 T U

:J:::::FT:$::::::

Fig. 43 Memory Read and Write Cycles

4.3 Interrupt/Acknowledge cycle

The CPU samples the INTerrupt signal at the rising edge
of the clock signal in the last state of an instruction cycle
if the interrupt enable flip-flop is set and BUSRQ (bus re-
quest for DMA) is not active. Then, the M1 becomes active
and M1 cycle peculiar to the interrupt starts, and PC
changes its content. IORQ becomes active and allows the

Last M Cycle of

interrupting device to place data on the data bus. Here two
waiting states are inserted into this cycle automatically to
wait until the ripple is smoothed and to verify what [/0
device is requesting the interrupt. The data is fetched on
the rising edge of the T3 clock.

Previous Instruction

Last T State Ti

¢ Y \ \

(s s W I it

I0RQ

DATA BUS

WAIT

RD

Fig. 44 Interrupt Request/ Acknowledge Cycle
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5. Computer Languages

Each computer has its own language called machine
language. The language is hard to understand because it
is written with binary codes. Although hexadecimal
representation is a little easier to understand than the binary
representation, it still does not make sense to us. Mnemonic
codes assigned to decimal numbers, characters, symbols
and instructions are much better. For easier understand-
ing high level languages such as FORTRAN, COBOL and
BASIC have been developed. Here we will discuss some
words of ASSEMBLY language and machine language to
see the operation inside the computer because the ASSEM-
BLY language is the closest to the machine language.

Instructions

Usually a set of instruction consists of an instruction
itself and data to be processed or an address to call where
the referenced operand is to be stored.

Each microprocessor has its own machine language. A
statement of the assembly language consists of three parts;
Label, Mnemonic and Operand. They are translated into
the machine language.

Assembly word

Label Mnemonic | Operand | Comments
FILE: LD B,E

; Move register E
to register B

((B) < (E)

I ! I
1 ! 1

Machine word i ' 1

OP code Address
or data

1 byte, 8 bits

Label is a set of symbols for identifying a line of a
program when you want to refer to it in the following
instructions. (:) is for identifying the label. The Comments
describe the meaning of the Assembly words. (;) indicates
the beginning of a comment. One instruction consists of
one or a few bytes.

The instructions can be classified as follows:

a. Data transfer instructions

b. Arithmetic and logical instructions
c. Branch instructions

d. Stack, Input/output instructions

e. Control instructions, etc.

5.1 (a) Transfer instructions

Transfer between registers
(1) Instruction: LD r, ¥
Comment: Move register to register
(r) <)
r: One of the CPU registers A, B, C,
D, E, H, L.

Machine word

0|1 |d]|d|d]|s|s|s

These threee bits determine

the source register, r'.
Determine the destination register, r.

Means that ‘‘move the content of a
register to another’’.

The following bit patterns determine the CPU registers.
Refer to Fig. 8b.

ddd or sss  Register

111 A (Accumulator)
[ 000

001

010
[ o11

100

101

—I|m|oO|o
L

Machine cycle (M): 2, states (T): 7
Addressing: Register
Flags: Unchanged

“(r) < (r’)”’ means that the content of register r’ is moved
to register r.

If r and r’ are B and E respectively, the bits become as
follows:

[o1oooo11J

Registers
A F
B C
D E
H L

Machine cycle: 1, State (T): 4
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Transfer between a register and a memory

(2) Instruction: LD A, (nn)
Comment: Load accumulator direct
(A) < (Byte 3) (Byte 2)
nn: 16-bit value in the range
0 — 65535

Machine word

Byte 1 001110 10| OPcode
Byte 2 Low-order address

Byte 3 High-order address

n Address number
n

The content of the memory locations, whose address
is specified in the bytes 2 and 3, is moved to Accumulator.
Here the Byte 2 carries the low-order address information
and the Byte 3 carries the high-order address.

First, the operation code is applied to the Instruction
Decoder and is decoded, the CPU understands that the next
two bytes are address data then the content of the memory
(01110110 for example) is loaded in the Accumulator.

M: 4, T: 13
Addressing: Direct
Flag: Unchanged

If the (nn) is 3241 (H) (#12865 (D)),

Instruction Machine language Hex format
LD A, (nn) 00111010 3A (H)
Byte 2 01000001 41 (H)
Byte 3 00110010 32 (H)

Memory Address Content
#3241 (H) (o111 ]o]1]1]0]
(#12865 (D)) 3

[of+ 1] Jofx]r]o]

*3241 (Hex) = 12865 (Decimal)
This requires 4 machine cycles to be executed.

Accumulator

Memory Address Content

12864 (D)
Accumulator 12865

12866

01110110

Fig. 45 Load the Content of the Memory Speci-
fied by Byte-2 & Byte-3 to Acc.

These instructions are in the direct addressing mode.
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Direct addressing: Addressing the memory or register
location by describing its address number after operation
code in the program.

Ex: 3 Instruction: LD r, n
Comment: Move immediate register
(r) < (byte 2)

Machine word:

Byte 1 o\o\d‘ﬂdhlﬂo
Byte 2 data n

In the immediate addressing mode*, the content of byte
2 is moved to register r.
If the register r is D and the data is 12,

D

o

Byte 1 0 10 16 (H)
Byte 2 00010010 12 (H)

Now the data 12 is stored in the register D.

*Immediate addressing: In this mode Byte 2 does not have
the location number of the memory or register but a piece
of data.

Therefore, the piece of data is move to the destination
directly. This is used as a constant in a program because
it is unmodifiable while executing the program.

M:2, T:7



(4) Instruction: LD r, (HL)
Comment: Move memory to register

() < (H) (L)

Move the content of the memory location, whose
address is in registers H and L, to register r.

Machine word

[of1]afalafr]r1]o]

Instruction Hex Format
LD A, (HL) 7E
LD B, (HL) 46
{IDC, (HL) T 4E

DD, (HL) 56
LD E, (HL) 5E
LD H, (HL) 66
LD L, (HL) =

M: 2, T: 7

Addressing: Register indirect

Flag: Unchanged

If theris C,

Machine Word
4 E

LD C, (HL) loJ1]ofJo[1]1]1]0]
\——-P_—_/

C
If the contents of registers H and L are 02 and B9 (H),

Registers H & L’s T H T .L T T
Contents (Ex.) [ o2 | BOM) |

Contain Memory address No.

If the content of the memory #02B9 (H),is00110111,

Contents
[ofofr]ifofs]r]1]
2

[ofoft]rtfofrfa]r]

Memory #02B9 (H)
(#697 (D))

Transfer to
C register

Fig. 46 Move the Content of the Memory

Addressed by H & L Registers to Register C.

(5)Instruction: LD r, (IX + d)
Comment: Load the content of the memory
#(IX + d) to the register r.

The value represented by ‘‘d”’ is added to the content
of Index Register. The result becomes the real address to
be called. The d may be —128 to +127.

Machine word:

Byte 1 i1 011 10
Byte 2 oO1r rr 110
Byte 3 d

This facility makes the program code relocation possi-
ble without altering the code and is useful in handling
elements in arrays and tables.

M: 5, T:19
Flag: Unchanged

If the content of the IX register is 8002 (H), the value
of ““d”’ is 4, and “‘r’’ is B-register, the memory location
of 8006 (8002 +4) is addressed and the content of the
memory # 8006 is loaded in the B-register.

Byte 1 11011101
Byte 2 01000 1

Register -B
Byte 3 looo0o00100]=4

Content of IX 8002 (H)

Value of “‘d” 4 (H)

Addressed memory #8006 (H)

Content of memory 0035 (H) for example
Load the content to
Register “r”’: B

0035 (H)

Indexed addressing: In this mode the address part is
modified by an index register or similar device. This is a
kind of indirect addressing. (5)

Indirect (relative) addressing: (3) ~ (5) the instruction does

not state the address number of the memory to be accessed
but indicates the register that stores the number.
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5.2 (b) Arithmetic and logic instructions

Addition Ex: ADD A, E
The most basic arithmetic function is the addition of
two numbers.
Instructlon:ADDA,l.' ‘1‘0‘()[0‘0‘0‘1{1‘
Comment: Add register to A
A) <A + @

8 3 (H)

This instruction adds the content of the specified regis- Contents
ter to the content of the accumulator and stores the result Register E 1010 0011 ....163(D)
in the accumulator. Accumulator +) 1011 0010 ....178 (D)
” 10101
Machine word: W oro1 - 341(0)

Carry

[1]ofofofols[s]s]
J

LThese three bits determine one of the
following registers.

General Purpose Register

Instruction Register Hex format

ADD A, A 87 10100011 E

ADD A, B 80 —

ADD A, c 81 Lo

ADD A, D 82 L

ADD A, E 83 ! |

ﬁgg 2 ::' gg —New data } l I Auxiliary

' [ <__~Accumulator (A) <.~ Register (B)
Loe R, 10100011

M:1, T: 4 ™ : I
Addressing: Register . L)
Flag: CY, Z, S and H are affected. \l)’ Adder {]}

V = 1 if the result exceeds —128 or y

+127 (D) 10110010 /

+) 10100011
If the result overflows, the carry flag becomes true. The 101010101

flag acts as the ninth bit of the accumulator. The carry i
flag is also used when adding numbers longer than eight i s 7 H PV N C
bits. In such a case, two or more registers are used to | } ‘ 0 ) 0 | I 0 ’ ] ’ > l ] ’
represent each number. The least significant bytes are | Flag: -
added first. Then the most significant bytes are added. The M e _
carry from the least-significant bytes are also added. The
carry bit works as a link between the two bytes. Fig. 47 Add the Content of Accumulator with the

Content of Register-E
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< START ’

Y

Depress keys 163 (D)

o,

Depress

/

Depress 178 (D)

/

o

Depress “ =

End

‘ START ’

\

/
Are m No

depressed?

Yes

Store data 163 (D)
in A register.

/

Are keys\ No

depressed?

Store Opcode in
Instruction
Register and
decode it.

/

Are keys\ No

depressed?

Store Data 178 (D)
in B register.

Are keys\ No

depressed?

Add A and B and
store the result in A.

/

Output the result
341 to display.

End

Fig. 48 Flowchart for Executing 163 + 178 = 341 (D)
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Instruction: DAA
Comment: Decimal adjust A

Machineword: [0 0 1 0 0 1 1 1

To meet the number system of the peripheral device,
the 8-bit number in the accumulator is adjusted to form
two 4-bit BCD digits as follows:

If the value of the least significant 4 bits (or the most
significant 4 bits) of the accumulator is greater than 9 or
if the H flag (half carry or auxiliary carry) is set, 6 is added
to the 4 bits. Then 1 is carried up. In this case, all flags
are affected.

M:1, T: 4
Flag: S, Z, H, P and C are affected. ”

Subtraction
Subtraction is carried out by adding the 2’s complement
of the subtrahend to the minuend. Refer to 1.4.

Instruction: SUB A, (HL)
Comment: Subtract memory from A
A < (A) —(H) L)

Machine word | 1]o]o[1]o]1]1]0 ]

M:2, T:7

This word means that subtract the content of the mem-
ory location, whose address is contained in the H and L
registers, from the content of the accumulator, and place
the result in the accumulator.

When the processor understands the meaning of the
instruction, it addresses the memory of the number stored
in the H and L registers, fetches the content of the memory
to the temporary register, converts the content of the tem-
porary register into 2’s complement, adds it to the con-
tent of the accumulator, and finally stores the result in the
accumulator. If the carry flag becomes ‘‘1°°, the result is
considered to be a positive number, and if it is ¢‘0’’, it is
considered to be negative and is converted to 2’s comple-
ment again.
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Ex: 1

Accumulator

Temp register

Result of binary add

DAA (+06)
Result
Ex: 1 6 -2 =4

Temporary register

Inverted
1 is added

2’s complement
Accumulator

Result

25 + 39 = 64 (D)

2 5

0010 0101
3 9

+#) 0011 1001
5 E

0101 1110
0 6

+) 0000 0110
6 4

0110 0100
00000010
11111101
+) 00000001
11111110

+) 00000110

+ 100000100

i

Sign Carry

Carry= 0,
H=1

The Carry flag ‘“1”’ indicates that the result is positive.

Ex:2 2 -6=4

Temporary register

Inverted
1 is added

2’s complement
Accumulator

Sum

Carry
If Carry is 0, T
the result is i
Inverted and 1 !
is added. !
Result —

ooo0001t110

11111001
+) 00000001

11111010
+) 00000010

011111100

00000011
+) 00000001

00000100

The Carry flag “‘0>’ indicates that the result is negative.



Convert subtrahend to
2’'s complement.

Y

Add minuend.

<>

Complement

Y

\

Result

Invert O’s and 1’s of B.
(1001 (D))

Result —»=

Add 1.
(1010)

/

Add A.
(1100)

Is carry flag set?

Ex. A-B=27?
A = 2 (D) = 0010 (B)
B = 6 (D) = 0110 (B)
Yes

Inverted 0’s and 1’s.
(0011)

Y

Add 1.
(0100)

/

Give the sign “—"".
(—0100) (B) (-4) (D)

Fig. 49 Flow Chart for Executing 2 -6’

/

Give the sign “+"".
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Logical instructions
Usually, these instructions affect the Zero, Sign, Parity,
Auxiliary Carry and Carry flags.

Instruction: AND r
Comment: And register with A

A) <« (A A @D A: AND

Machine word: |1 0 1 0 0 s s s

M: 1, T:4
Addressing: Register
Flags:

Sz H PNC
1]

1] [p[o]o]

[

Affected

If the r is the register D, sss becomes 0 1 0.

1010001 0]

This instruction causes the content of a register to be
ANDed with that of the accumulator. The result is placed
in the accumulator and the content of the other register
remains unchanged. The ANDing is performed between
the equally significant bits. The C-flag is cleared and H
flag is set.

D-register 00111110 Remains unchanged
Accumulator A1011001 1

00110010 Result

T L 1 Ll T T T T T 1 l_ T T
| Accumulator l Register
il 1 1 1 1 1 L
O o N A S e I 5 [11 TR0

-]
(T
|-
(]
o (I
(@i
CH
@

0 0

Fig. 50 ANDing the Contents of Accumulator and
a Register
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Instruction: OR A, n
Comment: Or immediate with A
(A) < (A) V (byte 2) V: OR

Inclusive-OR the content of byte 2 with that of the
accumulator and place the result in the accumulator. The
C and H flags are cleared.

Machine words:

Byte 1 10110110
Byte 2 data n
M:2, T: 7

Instruction: CP r
Comment: Compare register with A

A — (@

Machine word:

[1o]t 1 1] 'r |

The content of register r is subtracted from that of the
accumulator. The flags are as follows:

A =@, zZ <1
If(A) < (), CY «1

M: 1, T:4

Addressing: Register

Flags: S Z H P/VN C
CTT L VO

IfrisC, |1 01 1100 1]

5.2 (c) Branch instructions

Usually the program stored in the memory is executed
sequentially. This group of instructions alters the normal
program flow. Condition flags are not affected by any of
the instructions. Unconditional branches simply alter the
content of the Program Counter and thus the sequence of
the program flow. Conditional transfers branch only when
one of the following conditions is satisfied:

Condition cce
NZ — Not zero (Z =0 000
Z — Zero Zz=1) 001
NC — No carry (CY = 0) o010
C — Carry (CY =1) 011
PO — Parity odd (P =0) 100
PE — Parity even P =1) 101
P — Plus (S =0) 110
M — Minus (S=1) 111



5.3 (c) Branch Instruction
Instruction: CALL nn
Comment: Call unconditional
(SP) — 1) « (PCH)
((SP) — 2) « (PCL)
(SP) < (SP) — 2
(PS) < (byte 3) (byte 2)
Machine words:

Byte 1 11001101
Byte 2 Low-order address  n
Byte 3 High-order address n

The content of Stack Pointer (SP) is decremented by
one. The high-order eight bits of the next instruction
address are moved to the memory location whose address
is specified by SP. The content of SP is decrement by one
again. The low-order eight bits of the address are moved
to the memory location whose address is in SP. Control
is transferred to the instruction whose address is specified
in bytes 3 and 2 of the current instruction.

M= 5 T= 17
Addressing: Immediate/reg. indirect
Flags: Unchanged
Ex: CALL 8572 (H)
(P Counter)
Byte 1 1100110 1f]---- 8001
Byte 2 011100 1 0}-72--8002 (H)
Byte 3 1000010 1/[-85--8003
————— 8004
(S Pointer)
9499 (H)
Address to 80 T 9498
be returned 04  |---- 9497
----- 9496

Instruction: RET

Comment: Return
(PCL) < ((SP))
(PCH) < ((SP) + 1):
(SP) < (SP) + 2

Machine word: ‘1 10010 0f |

The content of the memory location whose address is
specified by SP is moved to the low-order eight bits of PC.
The content of SP is incremented. The content of the mem-
ory next to the above is moved to the high-order bits of
PC. The content of SP is incremented by one again. The
operation is reverse to the CALL instruction.

M= 3, T= 10
Addressing: Register indirect
Flags: Unchanged

Instruction: JP nn
Comment: Jump unconditional
(PC) < (byte 3) (byte-2)

Machine words:

Byte 1 110000 11
Byte 2 Low-order address n
Byte 3 High-order address n

Control is transferred to the instruction whose address
is specified by bytes 3 and 2 of the current instruction. No
data are pushed on the Stack.

M= 3, T= 10
Addressing: Immediate
Flag: Unchanged

5.4 (d) (e) Stack, I/0 and Machine Control Instructions
Unless otherwise specified, condition flags are not
affected by any instructions in this group.

Instruction: PUSH qq
Comment: Push register pair on stack

Machine words:|1 1 qgq01 Oﬂ

((SP) = 1) « (rh) .. ... 1
(SP) = 2) < () ...... 2
(SP) « (SP) — 2

If you want to change your job, you have to put the
materials and data aside on a shelf. In the computer you
have to do the same job. This instruction means
that: Move the content of the high-order register of a
register pair (rp) to the memory location whose address
is one less than the content of Stack Pointer (SP). Move
the content of the rp’s low-order register to the memory
location whose address is two less than the content of SP.
Decriment the content of SP by 2.

Instruction Hex qq bits

PUSH BC C5 00 Push rp (B&C) on stack
PUSH DE D5 01 Push rp (D&E) on stack
PUSH HL E5 10 Push rp (H&L) on stack

M= 3, T= 11
Addressing: Indirect
Flags: Unchaged
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If you want to store the contents of the accumulator
and flag register in the stack area in a RAM,

Ex: Instruction: PUSH AF
Machine word: | 1 1 1 1 0 1 0 1

RAM

94FD (H)

F Low-order register (rl) ? 94FE ((SP)-2)
A High-order register (rh) 94FF ((SP)-1)
9500
Content of Stack Pointer: 9500 (H)
!
94FE (SP)-2

Instruction: POP qq
Comment: Pop to register pair
Machine word:| 1[1]q[qo]o]o]1]

() <SPy
(th) < (SP) + 1)
(SP) < (SP) + 2

This requires the processor to bring the stacked infor-
mation back to the register pair in the reverse way to the
PUSH operation. The content of SP is incremented by 2.

M= 3, T= 10
AddressingIndirect
Flags: May change when POP AF

7. Programming

A computer requires a program or a string of instruc-
tions to perform a job. The instructions should written in
the right order because a microcomputer can not arrange
the order.

Ex. Count from 0 to 20 (D).

Fig. 51 shows the flow chart for counting and display-
ing from 0 to 20 repeatedly and its program written by
assembly language and machine language. Each instruc-
tion consists of an operation code (opcode) and memory
address or data. The code comes first and the data or
address next. Each opcode determines whether it should
be followed by data or an address. The label provides the
same function as the line number. Jumping to the labeled
line is possible only by referring to the label name.
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Instruction: OUT (n), A
Comment: Output to port n

A7 ~ Ap <n
Als ~ Ag <A
(n) < A

n: Port number
(n): Data to be moved to port n

Place the content of register A on the data bus for trans-
mission to a specified port.

Machinewords |1 1 0 1 0 0 1 1

Byte 2 n (Port No.)
M= 3, T= 11

Addressing: Direct

Flags: Unchanged

Instruction: NOP
Comment: No op
Machine word: [0 0 0 0 0 0 0 0 |

No operation is performed with this instruction. The
CPU resumes its operation after 1us (0.25us x 4T).

M=1,T= 4

This instruction is often used to make a blank space in
the program for future use or to delete unnecessary
instructions.

First, ““LD A, 0"’ clears Accumulator (A) by loading
data ““0”’ to it. Next, “INC A”’ increments the value in
the A. This instruction requires no data. Next, at the line
#3, the A’s content is put out to Port # 7. This is a 2-byte
instruction. The Byte-2 defines the output-port number;
7. “CP A, 20” compares the value in A with 20. If the
value is equal to 20, a zero flag is set. ““JP Z’’ tests this
flag. If the flag is set, it causes a jump to the line labeled
START. The 2-byte data following ‘‘JP Z’’ opcode carry
the address for jumping. Note that the low-order address
is stored first and the high-order address next. JP is
the unconditional jump instruction while ““JP Z’’ is con-
ditional. The microprocessor reads the note, LOOP, and
understands where to jump. JP LOOP is similar to JP Z
START. When the microprocessor fetches the JMP LOOP
instruction, it returns to the address labled as LOOP.



Flow Chart I;\ilr;e Z80A Assembly Language Z80A Machine Language
Memory
(Count to 20) Label Instruction Comment Address Contents
Hex Hex Binary
|Count =0 I —————— --1 START: LD A, 0 ; Set A register to 0 8000 3E 00111110
(data 0) 8001 00 00000000
Increment |-----—- --2 | LOOP: INC A ; Increment A register 8002 3C 00111100
Count (1-byte instruction)
Write (A) to]------- O R OUT (7,), A |; Output A to Port #7 8003 D3 11010011
output port (Port No.) 8004 07 00000111
el nit e i CP A, 20 ; Compare A register
No Yos” with 20. (A — 20="7) 8005 FE 11111110
- 8006 14 00010100
5 JP Z START | ; Go to beginning if A=20 8007 CA 11001010
(Address 8000) 8008 00 00000000
8009 80 10000000
6 JP LOOP ; Repeat (Jump to LOOP) 800A C3 11000011
(Address 8002) 800B 02 00000010
800C 80 10000000

(A): Content of accumulator

Fig. 51 Flow Chart and Assembly/Machine Languages for Counting and Displaying 0 to 20.

7.1 Changing program flow

The PC first indicates the top address (8001) of the
memory of a program. Usually CPU fetches instructions
of the program and execute them one by one increment-
ing the content of PC. So, the instructions should be
written in the right order.

Before completing the main program, other program
such as interrupt service and subroutine can be performed.
The CPU checks if a Hold, Interrupt or Halt signal appears
every time when a machine cycle is completed.

7.2 Interrupt

Accidents such as fire may occur while proceeding the
main program. In such a case a fire extinguishing job may
have to be done right away. Interruption is possible auto-
matically with a logic circuit or manually. When an Inter-
rupt request is acknowledged, the main program is put
aside till the interrupt subroutine is completed. Z80A can
perform up to five interrupt subroutines because it has five
interrupt inputs. The subroutine programs can be stored
in a RAM. Each interrupt is assigned a priority. The pro-
gram of the highest priority is acknowledged first when

more than two interrupts are requested. Without the ./

interrupt programs the interrupt signals will be ignored.
There are two kinds in interrupt requests: NMI, (non mask-
able interrupt) and INT (maskable interrupt).

The highest priority is given to NMI signal because this
is used for taking an emergency measure against a power
failure, fire, etc. When the power goes off and NMI sig-
nal is set, the processor interrupts the current program and
accepts NMI service routine. The INT request is accepted
provided that the interrupt enable flip-flop (IFF) is set.

IFF1 1FF2

Stores IFF1
During NMI
Service

nterrupts Disabled

0
1 nterrupts Enabled

Interrupt Mode Flip-flops ,

IMF a IMF b
0 0 Interrupt Mode 0
0 1 Not Used
1 0 Interrupt Mode 1
1 1 Interrupt Mode 2

Fig. 52 Interrupt Flip-flops Status
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Stack operation

Fig. 53 shows how a program flow is changed when an
INTerrupt is requested. Prior to start an INT service, the -
interim result and other information of the sustained main
job such as the contents of PC, Accumulator and registers
concerned should be stored somewhere till the INT service
is completed. Some CPUs have internal stack registers for
storing them. Z80A uses external memories for the stack
and a stack pointer for indicating the address number of
the stack memory. Let’s see the process in the example of
Fig. 53.

a) If the INT signal becomes true (L) when the instruc-
tion 2 is fetched, the CPU acknowledges it at the end
of the current machine cycle, and then the PC counts
up to 8005.

b) The main program is sustained at 8004. The contents
of PC (8005), accumulator (15), flag register and other
necessary data are pushed into the stack memory space
in turn, and 8601 is loaded in the PC.

¢) INT service is started from the instruction at the address
#8601. The PC shifts from 8601 to 8609.

d) When the INT service is finished, the data stored in the
stack are retrieved to the PC, ACC, flag register, etc.
in the reverse order to that of pushing.

e) The PC is loaded with 8005, the next address of the
memory of the sustained main program, and the CPU
resumes the main program.

Stack Pointer’s Stack Memory PC Memory Operation
Content Address Contents
=z 8001 8001 Instruction 1 Instruction fetch & Execution
25 8002 8002
=}
5 Acc 8003 8003 Instruction 2 Instruction fetch & Execution
el 8004 8004
Pushes down 8005 INTerrupt
T 3| Decriments | in Stack Y'Y
2 9500 (H) | Address Content J A
° 94FF /94FB 05 fa— | —
8 94FE |7 94FC 20 =
= 94FD 3’| 94FD 15 <—|— Content of accumulator
3 94FC .~ | 94FE ~—|— Content of flag register
94FB’ AQ4FF [<—|— Other interim result to be sotred
o) 94FB 8601 8601 Instruction a Instruction fetch & Execution
; 8602 8602
: 8603 8603 Instruction b Instruction fetch & Execution
|
i 8609 8609 Instruction i Instruction fetch & Execution
¥ END (RETurn)
= Increments Pops out
94FB------|=94FB 05 — Retreaves the stacked data in the ordinary order
94FC 94FC 20 —
94FD 94FD 15— Acc
94FE 94FE T | Flag register
94FF 94FF -
8005 8005 Instruction 3 Instruction fetch & Execution
2 § 8006 8006 Instruction 4 Instruction fetch & Execution
=
5
o
Fig. 53 Program Flow of Interrupt Service
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Priority of interrupts

Z80A’s peripheral LSI has a logic circuit which makes
Mode-2 interrupt (Daisy chain) service possible. So there
is no special LSI for controlling interrupts. The priority
of interrupts is determined by the Daisy chain system.

Daisy chain system

In Fig. 54 the interface chips are connected serially. The
IEO (Interrupt Enable Output) of the left side chip is con-
nected with the IEI (Interrupt Enable Input) of the right
one. The voltage on the interconnecting lines is kept high
(H) when no interrupt is requested as shown in Fig. (a).
The interrupt request of each chip is acknowledged only
when its IEI is H, and it shifts its IEO to L when request-
ing an interrupt. It maintains its IEO L till its interrupt
service is completed. Each chip maintains its [IEO L when
IEI is L.

SI0

H
i cTeC H
(a) IEl IEO IEl  IEO

The IEI of the leftmost chip is always kept H. In this
way, the order of priority is given serially from the left
to the right. In Fig. (b), if the SIO and PIO request an
interrupt at the same time, the SIO shifts its IEO to L and
prohibits PIO’s request. The SIO’s request is acknowledged
by the CPU and its interrupt service is executed. The SIO’s
request is cleared when the RETI instruction at the end
of the interrupt program is executed. Then the SIO’s IEO
shifts to H to allow the PIO, the chip of the next priority,
to request its interrupt — Fig. (c). Fig. (d) shows that the
chip puts out low [EO signal when IEI is L , and when
an interrupt is requested, the high INT signal is inverted
and lets the AND circuit put out low IEO.

PIO H DMA H
IEl  IEO IEl B0 —

[

X

(b)

(c)

(d)

cTC
IE! IEO

L

CTC
1EI 1EO

IEI

S10

P

IEO

IEI

SI0

PIO L DM A L
IEl  IEO IEl 1EQ0 f———
PIO DMA
L
IEl  1EO L el ie0

IEO

(a) No chip is requesting interrupt.
(b) Two chips are requesting it at the same time.
(c) SIO finished its job and the interrupt request of the PIO is acknowledged.

Inverter

— IEO

IEl: Interrupt Enable Input
IEO: Interrupt Enable Output

CTC: Counter Timer Circuit
SIO: Serial Input-Output interface
PIO: Parallel Input-Output interface

Fig. 54 Daisy Chain System
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7.3 CALL and JUMP
Programs for repetitive tasks can be put together by

making a Subroutine Program. A subroutine is a portion
of a program that may be branched to or called from other
parts of the program. There are some differences between
Call and Jump. The program in Fig. 55 (a), shows a
Subroutine started by a CALL instruction and terminated
by RETurn. When RET is executed, the PC is loaded with
the next address number to that of CALL X and the
sequence of the main program is resumed. The same
Subroutine can be called for repeatedly in a main program.

The right program of the Fig. (b) is called by Jump
(JMP) instruction and does the same job as that of Fig.
(a). JMP X causes the CPU to jump to the subroutine and
JMP Y to address #8003. At the next JMP X it jumps
to #8500 and does the same job. When it finishes the rou-
tine, JUMP Y causes the flow to jump to #8003, not to
#8006 because the JMP address is inflexible. JUMP
instruction, therefore, can not be used for a subroutine
which usually requires the control to be returned to more
than one place in the master routine.

Main Routine
START
Address l
8000
Address ) ] N\
8001 Label (X)
J 8500
8002 CALL X
8501
8003 8502
8004 RET
8503 command
L)
i
8005 |  CALL X 7
P 7~
- ~
e e e e e 7~ -
f
8006
8007

Main Routine
START
Address ‘
8000
~
"7 Address ) \
8001 !
| Label X 8500
l |
| g
8002 JMPX ! 2
! 8501 3
@ ! S
o I T —_
3 | ! o
s i ' o
3 (Y) 8003 ,. 8502 g
/ S
: :
! @
1
8004 i 8503 | JMPY
i
P\ )
]
8005 JMPX I £ ~
T _/l #N~____ Unable to return to the sustained
r_:___ It point with a Jump instruction
Label Z 8006
8007

Fig. 55 CALL and JUMP Instructions

When writing a program for PX-7, use the memories
in the User Area from 8000 (H) to F380 (H). When
programming a machine language subroutine, first secure
an area for subroutine by using the CLEAR statement.
Then define the starting address with the DEFUSR

statement.
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<:> VIDEO RAM
16 KB
VDP
son 1, > s —— >R U
Z80A 9929A VIDEO
<;::> C'RgU'T < () VIDEO INPUT
INTERFACE (COMPOSITE)
O VIDEO OUTPUT
(COMPOSITE )
-3
_ MRF RF OUTPUT
0D (PAL UHF 36 +1 ch.)
MSX KEY
BASIC <: <:> 'BP?%RRD KEYBOARD
ROM > K : SO — :il
32 KB FACE
PP1 SERIAL
_——‘—Il> 82554 | 0ATA
MOTOR CASSETTE
CONTROL <:::>O RECORDER
KEY ADUAQI"AO
P-BASIC CLICK
o 1< s
8 KB
PS6 CONTROLLER 1
AY-3-8910}
T
MIXING LEVEL
RAM . [ ]conTROLLER 2
32 KB 2 —> Kb
e i
PR INTER-
MATRIX PacE
CARTRIDGE
SLOTS J LMUTE ©L }AUDIO INPUT
MUTING @ R
CONTROL |RMUTE SOUND
MIXER
i) — e 1 0o
AMPL1- AUDIO OUTPUT
FIER O R
stor
UNDIN
——— o/ — =L
%/ "':':IR} SPEAKERS
| (O HeADPHONES
+5V DC
O ouTPUT 1§
POWER |41ov pC SYSTEM OUTPUT 2 | sysTem
SUPPLY Y5 CONTROL >Q SYSTEM
-12V DC INTERFACE OUTPUT 3
l«——(O INPUT
(5 Y E—
INTER - | PSTROBE PRINTER
AC 220/240V 50/60 Hz CE -

Fig. 56 Block Diagram of PX-7

For further details, refer to the operating manual of
Zilog Z80A CPU and the operating instructions and service

manual of PX-7.

By K. Satoh and S. Hirose
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New Products

PAL-VHS Home VCR (VH-600) Continued

In the previous edition Vol. No. 8, we discussed NTSC
VCRs. Here we will discuss PAL VHS VCRs basing on
our model VH-600. The basic mechanism of VH-600/VHS
of PAL version is the same as that of NTSC version. One
turn of the drum of home VCR lets the CH-1 and CH-2
heads trace one frame. The revolution of PAL version

Table 1 Main Specifications of PAL/NTSC TV Signals

PAL NTSC
Frames/sec. 25 30
Fields/sec. 50 60
Trace lines/frame 625 525
Scanning frequency (fH) [kHz] 15.625 15.734
Burst frequency [MHz] 4.4336 3.579545

drum, however, is 1,500rpm (25 frames x 60 sec.), the
same speed as that of the PAL CAV LV disc. The differ-
ence of the writing speed between the PAL and NTSC ver-
sions is the difference of the rotational speed of the drum
because the diameter of PAL drum is the same as that of
NTSC.

Table 2 VHS PAL/NTSC Specifications for Standard
Play (SP) Mode

PAL NTSC
Tape speed (mm/sec.) 23.39 33.35
Writing speed (mm/sec.) 4.87 5.8
Video track width (mm) 10.6
Video track pitch (um) 48.6 58
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Video rec system 2-head azimuth

Video head azimuth +6°

FM carrier (MHz) 3.8 —4.38 34 —44
Converted frequency (kHz) | (40+1/8)fH =627k 40fH = 629k
Phase shift (CH1) 0° +90°
(CH2) -90° -90°
Drum rotation (rpm) 1,500 1,800
Audio FM carrier (MHz)| R 1.8 1.7
L 1.4 1.3




1. C-signal Crosstalk Suppression

The process of cancelling crosstalk is a little different
from that of NTSC because the polarity of the R-Y signal
of PAL is inverted line by line and has no 1H-line or
adjacent-line correlation kept by the NTSC system but has
2H-line correlation. Fig. 2 simplifies the principle of PAL

VHS C-signal crosstalk cancelling system. It shifts the
signal for Track-B by 90° every 1H when recording and
returns it and adds the 2H-delayed signal with the non-
delayed in playback.

Luminance
signal

signal
T2 8 415
4.43
—
MHz

Low-frequency
conversion

Chrominance

3.8/ 4.8
L Il i
1 2 3 |4 |5
0.627
R -
MHz [

Fig. 1 Low-frequency-conversion of Chrominance Signal

A4 A3 A2

Al

VIDEO TRACK A'—»\ \ \E’)\@\@\@\@\

The phase is delayed by 90° every 1H for CH B

VIDEO TRACK B —— T / /@/@/@/@/@/ in recording.

B4 B3 B2 B1
-~ Phase of C-signal
A4 A3 A2 A1 A0 + Phase of cross-talk component
Reproduced signal
B4 B2 BO
CHB e B3 e B1 PR
<Jhe- - ey
< L
A4 A3 A2 A1 A0
CH A e e — R
B4 B3 B2 B1 BO
CH B v — - - ~=>  The phase is restored to its original state.
\ A
2H DELAY H—
‘ | v Main signal and 2H delayed signal are mixed, so
+ L e ~ the crosstalk component is cancelled.
2H delayed CH A ——= —_— J_;’ _"L' -
V A
P ] e o B e

Fig. 2 C-signal Cross-talk Suppression
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2. Video Circuit of VH-600/PAL

2.1 Block Diagram of Recording Circuit

The upper blocks from Automatic Gain Control (AGC)
to 1.5MHz High-pass Filter (HPF) process Luminance (Y)
signal and the lower blocks process C-signal.

Y-signal: Video signal level is made constant by AGC.
Y-signal is taken out of the video signal by LPF. The
Y-signal is equalized, clamped and then pre-emphasized.
There are two kinds in pre-emphasizers, Dynamic Pre-
emphasizer which increases its amplification in high fre-
quency range as the input level decreases, and Main
Pre-emphasizer which emphasizes the signal in high fre-
quency range irrespective of the input level. Fig. 4 and 5
show the characteristics of the pre-emphasizers. Unwanted
overshoot generated in pre-emphasizing process is clipped.
The signal is then frequency-modulated (FM) in the range
from 3.8MHz (sync tip) to 4.8MHz (white peak). Low
frequency components are cut off by 1.5MHz HPF to
make a room for 0.627MHz-converted C-signal.

C-signal: The 4.43MHz + 500kHz C-signal filtered by BPF
is made constant in level by Automatic Chrominance
Control (ACC) and is applied to MAIN CONYV and APC
DET. APC DET extracts the 4.43MHz color burst from
C-signal and compares the phase of the burst and 4.43MHz
VCO signal. The error signal controls the VCO and locks
its frequency to that of the burst signal coming from Video
input.

Y-signal ——

The COMP SYNC separated from Y-signal is applied
to (fH)/2 Killer where equalizing pulses are removed. AFC
DET compares the phase of H-sync with that of the fH
made by dividing 321fH VCO signal by 321. The error sig-
nal controls 321fH VCO (=5.06MHz). Then the 321fH-
VCO is locked to the frequency of the H-sync taken from
VIDEO IN. The 321fH-VCO signal is divided by 8 and
becomes 627kHz (40 + 1/8)fH. The 4-phase-shifter delays
the signal for recording on Tracks-B by 90°. SUB CONV
mixes 4.43MHz VCO signal and the 627kHz signal. The
added signal comes out of 5.06M BPF and is applied to
MAIN CONV.

MAIN CONYV mixes 4.43MH * 500kHz C-signal and
5.06MHz (4.43M + 627kHz) signal. 1.5MHz LPF passes
only the difference signal between the two. Now
4.43MHz *+ 500kHz C-signal has been converted to low
frequency signal. The low-frequency-converted C-signal is
mixed with the Y-signal and is applied to REC Amp.

4 43M DYNA MAIN 1.5M
VIDEO acc it EQ cLamp (— DYNA L WA MoD Lo
SYNC COMP A [Rec
SEP SYNC &1 awp .
C-signal ——=
L. ‘é-;g"" | acc MAIN 1.5M
!—- CONV LPF
APC 5.06M
DET BPF
4.43M suB 40 321MH AFC tHi2
vco [ conv [ rocic[ 1 "8 1 vco DET [ |KILLER [~ COMP SYNC

Fig. 3 Block Diagram of the Recording Circuit of VH-600/PAL

68



dB
(dB) 20;_
15
(dB)
10
8-+
6+ —20 dB input
4T -10 dB 5
2+ 0dB
Il | Il | 1 1
0.1 1 3 (MHz) 0.1 1 3
Frequency (MHz)
Fig. 4 Characteristics of Dynamic Pre-emphasis Fig. 5 Characteristics of Main Pre-emphasis
I 180%
A,_.—-_t—’_, 100%
| ML
45%
Fig. 6 Characteristics of Clip Circuit
(MHz)
(dB)
Z 48 )
2 | Down-converted chroma signal
S ! ok
o |
£ |
5 38 |
8 I | 2 I
8 : | 3 i
o | l
| |
| |
: | Video signal level
I |
|
l 0 0.627 1 2
Frequency (MHz)
Sync tip White peak Fig. 8 Characteristics of 1.5M HPE

Fig. 7 Y-signal Frequency Modulation
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2.2 Y-signal Processing in PLAY Mode

The signals alternately picked up by the channel-A
(CH-A) and channel-B (CH-B) heads are switched by a
25Hz square wave signal and are edited to become a con-
tinuous signal. Refer to the Fig. 10, p34, TUNING FORK
8. The reproduced signal contains the FMed Y-signal and
low-frequency-converted C-signal. The Y-signal is taken
out by SMHz-Peak Equalizer, AGCed, dropout is com-

SW 25Hz
PRE
CHA AMP \l /
5.0M
© PEAK || AGC
PRE ,
CHB AMP

DOC

pensated, limited and then demodulated. LPF removes FM
carrier from the demodulated signal, and De-emphasizer
decreases the emphasized signal level down to restore the
original flat frequency characteristic. The signal is noise-
cancelled, mixed with the reproduced C-signal and becomes
Video signal.

EQ +— LIMIT —DEMOD

Lpe || PICTURE | [ DYNA NOI
CONT DEEM CAN

1H
DELAY

DET
normal

VIDEO
LA
sQ |—{ CLAMP CLIP —{>—~ VIDE
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Fig. 9 Block Diagram of Y-signal Playback Circuit



2.3 C-signal Processing in PLAY Mode

C-signal is separated from the reproduced RF signal by
1.5MHz LPF and mixed with 5.06MHz signal by MAIN
CONV. 4.43M BPF extracts the 4.43M *+ 500kHz differ-
ence signal between the signals of 5.06MHz and
627kHz + 500kHz. Then the C-signal in the original fre-
quency range is restored. The signal passes ACC and 2H-
delay line to cancel crosstalk and is distributed to PB Amp,
APC DET, ACK DET and ACC DET. APC DET com-
pares the phase of the burst signal contained in the C-signal
and the reference signal coming from 4.43M VCO. The
error signal from APC DET controls 321fH VCO. So
321fH VCO signal contains the jitter component. The
4.43M VCO works as a reference crystal generator in play-

back while it works as a voltage controlled oscillator in
recording. The output of 321fH VCO is divided by 8 as
in recording and its frequency is made to 627kHz. The
627kHz signal is mixed with 4.43M reference signal in SUB
CONYV. Only the mixed signal passes through the 5.06M
BPF. As the 627kHz signal contains the input C-signal,
the 5.06MHz signal has the same deviation as the input
signal. The MAIN CONYV puts out the difference signal
between the 5.06MHz signal and 627k * 500kHz C-signal.
Then the output of MAIN CONYV is kept at 4.43MHz free
from the input frequency fluctuation because the mixed
two signals are deviated in the same direction.

1.5M
S MAIN 4.43M 2H PB
LPF
.| conv BPF ACC DELAY Amp ACK) .
5.06M ACC
BPF DET
suB 4.43M
CONV VCO
T APC ACK
% DET DET
Q
©
FREQ
DESCRI
40 321fH
LOGIC 18 VCO

Fig. 10 Block Diagram of C-signal Playback Circuit (VH-600 PAL)
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2.4 Servo System

There is no difference in servo system between PAL and
NTSC versions. The only difference is in tape speed and
the rotational speed of the drum.

Table 3 Specifications of Servo System (VH-600)

Items PAL NTSC
Cylinder FG frequency [Hz] 240 200
Servo IC system clock (fc/8) [kHz] 447 554
Capstan FG frequency (SP mode) [Hz] 720 504
Cylinder speed error PWM* [Hz] 1.75k 2.165k
Cylinder phase error PWM [Hz] 1.75k 2.165k
Capstan speed error PWM [Hz] Tk 8.6k
Capstan phase error PWM [Hz] 874 1,082

*PWM: Pulse-width moduration. The duration of a pulse is varied.

Its frequency is kept constant.

TACH X
PULSE — | AMP
Eg”_ AMP TACH TACH
(200Hz) DET MM
SYNG |V SYNC RSC
SEP. = o
—0
PB
REF REF REF 25Hz
COUNTER
4.43M REC
L0
TRACK —O_:
( MM PB
CONTROL@O— P 253
HEAD O—
PB 00—
REC
CAPSTAN _T
FG ool —  AwmP DIVIDER |
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Fig. 11 Block Diagram of Servo System
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