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1 THEORY OF OPERATION

5, The hardware of the GENIE system is described one-by-one in this section. The GENIE
* consists of the following functional blocks: CPU, system ROM,A user RAM, address decode and
| buffers, video interface, cassette interface, keyboard and power supply. These blocks are
b generally common to both GENIE | (EG3003) and GENIE Il A(EGSQOB),;and the differences will
be mentioned in the appropriate sections. See Fig. 1.1 on system blo ki R
Fig. 1.1 SYSTEM BLOCK DIAGRAM
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1.1 CPU

7-80 is employed as the CPU chip which is an 8-bit N-channel microprocessor with 16

address lines. This 40-pin LSI requires single +5V DC supply. It provides 168 software

instructions including those o

f 8080A CPU. Details refer to the data sheet of Z-80 in the

appendix and the technical manual of Z-80.

1.1.1

'(74L8367). These "address lines can be isolated ;ifgm

Clock

The CPU operates at 1.77 MHz. derived from a cry:! of 10.644 MHz
and a divide-by-six counter, Z38. The oscillator is implem he interface board
with three inverters of Z31 and a 10.644 MHz crystal. - o
Reset ’ P AR Lt

Power-on reset and system reset are provided for p ation of the GENIE.
Power-on reset is achieved by a RC' delay “circuit. he “capacitor C2 is
discharged through a diode D1 as +5V DC is turned OF nce:abV-DC is switched
ON, C2 will slowly be charged up towards +5V. Pin 26 0f:2-80 il experience a logic
LOW as Vcc of the CPU has reached the operating supp! hen, the CPU will
be initialized with program counter set 10 POpoH, and a tion"stored will be
lost when the system starts execution at location zero.. - R o

System reset is done by pulling LOW the input of NMI (pini: of Z-80). As NMI
(non-maskable interrrupt) is active LOW, the CPU will re-start execution at location
pE66H without altering the programs stored in memory. The system reset button is
present on the back parel of the GENIE. A capacitor C1 is added across thie switch to
minimize the switch bounce. R -

Buses

The bi-directional data lines from the CPU are immedtately_‘btjffe_r_e_g by 218, Z19,
and 720 (741.367). The input buffers are enabled when either M1 or RD is active LOW
during op code fetch, interrupt acknowledge, memory read orinput cycles. The output
buffers are disabled when the control signal, ADDBS/DODBS is LOW. .

The 16 unidirectional address lines are also buffered "by . Z4,  Z6 and Z17
h&isystem bus by pulling

ADDBS/DODBS LOW. ‘ T
The control lines for read/write and input/oufﬁpr;"aré puffered by Z16
(741.5367), and are decoded by Z15 to get memory read/write (MRD and MWR) and

port input/output (IN and OUT) control signals. These control lines-can be disabled by
making C/CDBS/STADBS LOW. ‘ - AR




1.1.4 Address Decode
The address decode logic enables the CPU to access ROM, RAM, keyboard and

video interface respectively. The logic is formed by 222, 225, 236 and Z21. The
decode scheme is illustrated as follows:

A10 ENABLE DECODED QUTPUT
X ROM1 (Z10) 222 pin 9, 10

X  ROM2({Z11) Z22 pin 11,12

X ROMS3 (Z12) Z22pin6, 7
9 Gin® ¢
0
1

A6 A14  A13 A2 Al

EPROM (213) . 222
‘Keyboard: -+
Video RAM -
16K RAM -

—:oo'oooo
><—“—‘-\-—‘oo
X ===0—-=0
X == O X XX

clolololoReoke
>

Note: X means don’t care.

/
Fig. 1.2 MEMORY MAP
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1.2 ROM ‘

Both GENIE | and GENIE 11 have 12K bytes of Microsoft Extended BASIC interpreter
stored in three 4K x 8 ROM's, E3001, E3002 and E3003. These ROM’s are pin-compatible
to standard 4K x 8 ROM chips. There is a 2K x 8 EPROM (2716) providing some special
routines. In GENIE I, the extneded functions include upper case and lower case characters,
flashing cursor, auto-repeat keyboard, screen print, machine language monitor and
renumbering. |t occupies 1.5K bytes of the EPROM.

in GENIE 1l, besides the upper case and lower case characters, auto-repeat keys,
flashing cursor and screen print functions, the extra routines provide two more features.
They are a dumb terminal, HOST communication, and RS232 communication routines.
These routines occupy 1.5K bytes of the EPROM. How to use these routines is detailed in
the User's manual of GENIE | and 1. ,

The ROM's and EPROM share the data buffers (Z9) with the user RAM's. Z25 gives
proper chip selection signals to these ROM's. When the ROM and EPROM are addressed, pin
11 of 225 will be logic. HIGH and disable the RAM select signal, CAS from Z37 pin 13.
Conversely when the RAM's are addressed, pin 12 of Z25 becomes logic HIGH and pin 11
of Z25 logic LOW, that is, the ROM select decoder, Z22 is disabled.

B fam,mmr,»v-__ et et

1.3 RAM
7 ' Z-80 is capable of easily interfacing to dynamic RAM's. The control signal, MREQ
g (Memory Request) facilitates the addressing and refresh of dynamic RAM. Both GENIE |
and |l have 16K bytes of RAM's which are 4116 with access time of 250 nsec. They need

power supply of +6V DC, +12v DT and =5V DC.

1.3.1 Generation of RAS, MUX and CAS
‘Other than Read/Write control, RAS (Row Address Strobe), MUX (Address

mufﬂpléxu(jg) and CAS (Column Address Strobe) are the essential control signals to the
RAM array RAS is the same signal as MREQ. MUX and CAS are generated as in Fig.

1.3,

 Fig. 1.3a RAS, MUX AND CAS
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Fig. 1.3b TIMINGS OF RAS, MUX AND CAS

CLOCK
10.644MHz z40-3%

l i
MREQ z5-19 \ LR
{ B
: e
RAS Z16-5 b
|
WR Z14-4 : _
\ | v
z14-6 .
/ P
Z40-5 N
t,Lu
b
MUX z39-9 {
— i :
CAS Z39-6 \ o

* -
NOTE: Z40-3 means pin 3 of Z240.

The generation of MUX and CAS is initiated and terminated by the WR or RD
timing (Z14), and the active pulse width is determined by the time period of the
master clock. When either RD or WR is active LOW, Z14-6 and Z40-2 will éncounter a
logic HIGH, and the D-type F/F (Z40-5) will change state from @ to 1 upon the rising
edge of the CLOCK. Then, MUX and CAS will become active at the foilowmg clocking

edges respectively as shown in Fig. 1 3b.




1.3.2 Memory Read/Write

1.3.3

Since the RAM 4116 has internal row/column address atches, the address lines to
the RAM are multiplexed by 223 and 224 (741L.S157), and are controlled by the signal
MUX. The row (or low order) address will appear on the'id_dress inputs of the RAM as
MUX is LOW, and will be latched into the RAM by RAS: As MUX is HIGH, the
column (or high order) address appear on the address inputs of the RAM, and will be
latched into the RAM by CAS.

The addressing is similar in case of memory read and memory write although the
strobe- CAS appears earlier during memory read cycles than during memory write
cycles. During memory read, MWR at pin 3 of 4116 is HIGH, and the data output
buffers (Z9) are enabled. The stored data will be put onto the data bus. During
memory write, MWR becomes LOW, MRD becomes HIGH, and the output buffer (Z9)
will then be disabled. The information on the data bus will be strobed into the register

of the RAM by the falling edge of CAS.

RAM Refresh .
The memory cells of 4116 require periodic refresh within every 2 msec. During -

clock states T3 and T4 of an op-code fetch cycle, the CPU puts a memory refresh
address on the address bus, and MREQ becomes active: Since BAS is the same as
MREQ, the RAM receives a row address, and that row of memory cells are refreshed.
The refresh address is incremented by one in every op-code fetch cycle. The related
timings are referred to the Z-80 data sheet in the appendix.




1.4 VIDEO INTERFACE
This section will reveal how the horizontal and vertical synchronization signals, and

how the video signals are generated. In addition, we shall discuss how the video RAM's are
accessed by the CPU, and are used to store the information displayed on a screen.

The structure of the video interface is illustrated in the block diagram of Fig. 1.4. It
will be detailed in the following sub-sections.

Fig. 1.4 BLOCK DIAGRAM OF THE VIDEO INTERFACE

MASTER
CLOCK
10.644 MHz

HORIZONTAL |———N
COUNTER _ o
VIDEO
T ADDRESS -
————3¥ RAM
VERTICAL [—————y  MUX I C
COUNTER KX 8
ADDRESS
BUS
VID
DATA BUS : DATA/
<1 > BUFFER CONTROL
LATCH
CHARACTER o
GENERATOR [N
SYNC :
SHIFT REG. . SHIFT REG.
(CHARACTER) (GRAPHICS)
A 1 vibeo
1 [ [
MIXER ,
& *
COMPOSITE
VIDEO MODULATOR
SIGNAL J VHF/UMNF
' TO E
MONITOR 10TV

*NOTE: GENIE | ONLY.



1.4.1 Horizontal and Vertical Sync Signals
These two sync signals are generated by a divider chain with master clock of
10.644 MHz. The format of 64 characters/row x 16 rows is assumed in the following
sections. 236, Z35 and Z34 are the horizontal counters, and Z33 and Z32 are the
vertical counters. The divider chain is shown in Fig. 1.5. Note that a character or a
graphic unit is inside a 6 x 12 dot matrix.

ADDRESS SCANNING FREQUENCY
DOT CHARACTER OF VIDEQ RAM '

CcLOCK CLOCK
HORIZONTAL COUNTERS

10.644 MHz
XTAL OSC

887KHz

Z36 Z36 Z35 Z34

VERTiCAL COUNTERS

1.32KHz 60Hz/50Hz

/ ' 15.84KHz
+13

Z32
.. CHARACTER v VERTICAL HORIZONTA
-~ ROW CLOCK SYNC - S8YNC
c ' FREQUENCY FREQUENCY

Fig. 1.6 D!V!DER'_CHAIN OF VIDEQ DISPLAY
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The outputs at 234 — 11 and 232 — 11 are the horizontal and the vertical sync
frequencies {15.84 KHz and 50/60 Hz) respectively. These two sync frequencies will be
shaped into the required sync pulses to a video display unit. First, VR1, C17 and four
inverters (4069) delay the horizontal sync clock from Z34, while VR2, C16 and four
inverters delay the vertical sync clock from Z32. Hence, we can shift the picture
position by adjusting VR1 and VR2. Then, the two delayed signals are separately
shaped into the desired sync pulses by a monostable circuit which contains a RC
differentiating network and two inverters. The two sync pulses are shown in Fig. 1.6
722 forms an exclusiveOR gate, and sums up the horizontal and vertical sync pulses
into the composite sync signal which is then fed to the video mixer to generate the
composite video signal. (See section 1.4.3. on composite video signal).

Fig- 1.6 HORIZONTAL AND VERTICAL SYNC PULSES - |

—+| k- 25usec

men T [ [

k64 usec —s{ p— 4 Usec

H. SYNC Z10-10 ‘ ﬂ

g4 i
z32-11 ”
(8) |
F————-‘f.?ms —*—*“-’i
V. SYNC Z10-4 , H
L _{
=l k= 7
100 usec .
k—-———*‘le.?msec——al
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1.4.2 Video Memory :
The video memory stores up the video information displayed on the screen. The L
]

memory is composed of two static RAM chips, 2114 each of TK x 4 bits with access
time less than 450 nsec. The circuit blocks interfacing with the RAM are illustrated in

Fig. 1.7.

.

Fig. 1.7 VIDEO RAM INTERFACING '

viD oy ' o l‘ RD, WR
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SYSTEM 4 |
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Video RAM Addressing
The video RAM are addressed by either the CPU or the counter chain. in:

order to display a character at a certain position on the screen, the CPU has to
write the ASCIl code of the character into the corresponding location of the
video RAM. The video RAM has address bits, AO — AZ in which A0 — Ab specify
one of the 16 rows. The 64 x 16 characters are-memory mapped onto the 64 x 16
locations of the video RAM.

As the CPU is going to access the video RAM (3C@@H — 3FFFH), the
address decoded signal, VID from the CPU board will be LOW. The address
multiplexers 230, 239 and Z38 switch to_the system address bus. At the write
mode, the WR signal will set the RAM's W/R line LOW and enable the input
buffers, and then the data on the data bus will be stored into the, RAM. At the
read mode, the RD signal enables the output buffers, and the RAM will put the

addressed data onto the data bus. Notice that the display is blarked during the

CPU’s access to the video RAM because VID sets the data/control {atch Z3 and
Z26 to the CLEAR state through Z40-6. _ v

Itis reqmred to maintain a continuous display of information on the screen
so that the video RAM will be scanned periodically by the counter chain. 64 video
memory locations are read in sequence during the scanning of each line. Each row
of characters occupies 12 scanning lines, and therefore, the vertical address
increases by one every 12 lines. The outputs of the counters are connected to the
RAM'’s address inputs through multiplexers 229, 230, 237, Z39 and Z38. They
are listed as below:

Horizontal RAM Vertical RAM
Count Address Count Address
236-8 AD Z232-14 AB
2359 Al Z32-12 A7
Z23b-8 A2 Z32-9 A8
23412 A3 732-8 AS
234-9 A4

234-8 Z5
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CLK

STROBE Z28-3 . f

Video Signal Generation .

In alphanumeric mode, the character generator is ine assential pari in
producing the video signals. The character generator is MM52116 FDW (or
custom chip, E3004) which provides upper case and lower case characters inabx
9 dot matrix. Recall that each row of characters is composed of 12 scanning lines.
The line count signals L3, L2, L1 and LO of the character generator come from
pin 11, 8, 9 and 12 of Z33 respectively. Z33 is the divide-by 12 vertical counter.

D7 of a character data is zero whereas that of a graphic data is one. As the
video RAM is addressed by the counter chain, Z17 and Z18 (2114) are set to the
READ mode. The ASCII code of a character from the RAM’s are latched into
726 and Z3 at the rising edge of the strobe at Z28-3. See Fig. 1.8(a). The
character generator, Z25 is addressed by the six data bits from the latches, 726
and Z3. The character generator will output the corresponding 5-bit dot signals of
the character on the scanning line defined by L3-L0. When Z36 counts to 5,
728-3 will be LOW, and then Z2-6 will also be LOW. The outputs of the character
generator will be loaded in parallel into the shift register Z24. When Z28-3
becomes HIGH again, the dot signals will be shifted out serially from Z24-13 at
the rate of the dot clock 10.644 MHz. Meanwhile, during the rising edge of the
strobe at Z28-3, the next character will be latched into Z26 and Z3, ready for

being shifted out next.

Fig. 1.8(a) VIDEO DISPLAY TIMING OF A CHARACTER
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CONTROL LATCH
OUTPUT Z3 '

DATA LATCH
OUTPUT Z26

CHARACTER GEN.
OQUTPUT 01-05

[ SR (RNUNUY R,

450ns
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Fig. 1.8(b) VIDEO DISPLAY TIMING OF A LINE

(¢
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H. COUNTER 234-11
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3 6 0 1 2 4
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CONTROL LATCH I l 7 B
OUTPUT 23 0 1 2 62| 63| o 1 . |46 |47 | 0o [ 1 |2
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D . .
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i SHIFT REGISTER 0 I ; ] 61| 62 63 s o |1
£ QUTPUT 24, Z24 , :

DISPLAY BLANKED
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NOTE: The numbers in the control and data latch timings represent the control or
data signais of the corresponding horizontal address.

%
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In the graphlc mode, each row contains 64 graphic units in 12 scanning hnes
and each unit is made up.by 6 cells. Each cell corresponds to one data bit i in the
' RAM. Details refer to section 1.4.4.2 on graphic data.

F The generation of video signals in the graphic mode is similar to-that in the :
. .character mode. They differ in that a multiplexer, Z27 and shift register, Z4 are -
used in the graphic mode. Since D7 of a graphic data is one, and then Z3-7 is
HIGH, Z4 will be enabled to accept the graphic data from Z27. The dot’ signals

~will be shifted out serially at Z4-13 at the rate of 10.644 MHz. Note that the
multiplexer, Z27 is controlled by L3 and L2, and the graphic data from the Iatch
226 are fed to Z27 instead of the character generator, Z25.

Display blanking is achieved as follows. Scanning lines 9-11 in the character
mode are automatically blanked because the outputs of the character generator
will be zero during these 3 lines. The horizontal and vertical blanking signal comes
om Z11-1 and inhibits Z24 and Z4 from getting parallel data from Z25 and Z27

Demvely The display is blanked during the period of screen boundary and
"ace when the horizontal or vertical sync signal is HIGH at pin 2 or 3 of Z11
“spectively, See Fig. 1.8(b).

T T R S T P RN
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1.4.3 Composite Video Signal

The horizontal sync and the vertical sync signals are combined by Z22, and this

composite sync signal is fed to the base of Q2. Q1 and Q2 act as two switches. Q3
forms a mixing circuit, and the sync and video signals are summed up at the base of
Q3. Fig. 1.9 shows the simplified composite video mixer. The composite video signal so
formed will be sent to the video monitor or the input of a built-in VHF or UHF
modulator. Note that GENIE |l does not have a modulator and cannot use a TV as the
video display without modifications. '

Fig. 1.9 EQUIVALENT CIRCUIT OF VIDEO MIXER

+5V

SYNGC =wmm e =n Qa2 _ video
i T~
U U [‘A‘Ju sync
COMPQSITE
VIDEQO SIGNAL

1.4.4 Display Modes

The GENIE has two display modes, namely, character mode and graphic mode.

Data bit 7 of the video memory determines the mode of display; character mode is
sele.cted when D7 is logical ‘0" and graphic mode when D7 is logical “1",

1.4.4.1

'Character Mode

The characters displayed are in a!phanumenc format, and their ASCI! codes
are stored in the video RAM’s. In the preceding sections, 64 characters/line mode
is assumed. GENIE | system has a push-button, S1 at the back panel of the unit to
select either 64 characters/line or 32 characters/lme mode. GENIE- II system has
no 32 characters/line mode of display.

In 32 characters/line mode, switch S1 is closed. Multiplexers Z29 and Z37
are switched to the other four inputs. The reference counter clock becomes
CLOCK/2 so that the horizontal/vertical counting frequencies will be scaled down
by two. The PAGE switch chooses the left page when LOW, and chooses the right
page when HIGH. This is obvious because Ab of the video RAM is connected to
the PAGE signal through the multiplexer Z37, and address bits AO — Ab select
one of the 64 columns in the 64 x 16 units of bytes of video memory.
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1.4.4.2

Graphic Mode
D7 is logical one when graphics are to be displayed. The shift register Z4 is

enabled. The graphic data from the video RAM are latched into 226, and the
outputs of Z26 are multiplexed by 227 (74L.5153) selecting two out of six bits
each- time. The selection is controlled by the line count signals, L2 and L3. A

graphic cell is specitied as below.

D@ | D1

1 graphic unit

( 6 graphic cells) D2 | D3
D4 | D5 |

EREN

DO and D1are selected for scan lines 00 — 03, D2 and D3 for scan lines 04 — 07,

D4 and DS for scan lines 08 — 011, T % -
The display formats of the character/graphic modes are shown in Fig. 1-10.

Line @ [] e 90
@ -] AL AL
L. 2 @ ®|9:9
[) e olee
oive oo ° olole
° ° ® ool
3 0 e ololo
[ ° eleld
ele elee
0180
LAC L]
Line 11 sjoe 1
(upper case) (lower case)
CHARACTER MODE - GRAPHIC MODE
VIDEO 01000001 01101010 1x011001
DATA . :

Fig. 1-10 CHARACTER/GRAPHIC DISPLAY FORMAT




CASSETTE INTERFACE
The cassette interface consists of the following parts: address decoding, latches,
cassette select and relay drivers, rectifying and shaping circuit, and cassette preamplifiers
. and output level indicator. See Fig. 1.11. Sound effect circuit also uses the cassette output
port,

Fig. 1.11 CASSETTE INTERFACE

SOUND
CIRCUIT
: EXTERNAL
ADDRESS ) DECODE CASSETTE RELAY/ pe———— CASSETTE
AO-A7 LOGIC SELECT v DRIVER y RECORDER
LATCH ,'—4
( D4
r—% DATA OUT [ |
DO-D2 D1 LATCH w * #
gc‘;\ CASSETTE LEVEL
| PRE-AMP INDICATOR
R
. b7 «———{ BUFFER |—{ SHAPING [«
CIRCUIT
. RESIDENT
CASSETTE
DECK

% .
NOTE : These parts are absent in GENIE II.

16
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1.5.1

1.5.2

Addressing/Decode
Z19, Z31 and Z20 generate the address decode signals and the |/O control signals.

Table 1.1 shows the /O port assignments.
Table 1.1 CASSETTE 1/O PORT

PORT DATA

BITS HIGH LOW
Output, FF D2 : Cassette ON Cassette OFF
DO, D1 signal output
Input, FF D7 signal input '
Output, FE D4 Cassette 2 Cassette 1
Selected Selected
(external)

Cassette Selection
The CPU selects either cassette 1 or cassette 2 through the dutput port FE with

data line, D4. The selecting signal from D4 is latched by Z40, and outputs at Z40-8 Q)
and Z40-9 (Q). cassette 1 is selected as D4 is LOW, and Q7 and Q8 will turn ON

- provided D2 (at Z6-2) is HIGH. Relay REL1 will be activated, and the READ, WRITE

and motor drive lines of the resident cassette 1 will be connected to the cassette

interface.
As D4 and then Z40-9 are HIGH, Q5 and Q6 will turn ON if D2 at Z6-2 is also

HIGH. Relay REL2 will be activated, and the cassette input, output and remote
contro! lines of an external cassette recorder will be properly connected to the cassette
interface through a 5-pin DIN socket K3.

GENIE 1l system can only operate with an external cassette recorder so that the
circuitry for the resident cassette is omitted. Compare the schematics of cassette

interface of GENIE | and I1.

17



1.5.3 Cassette Write
" The idealized recording signal to be stored on the cassette tape is shown in Fig.
1.12. This signal is formed by data D1, DO and a summing circuit at Z6-11 (Q) and
Z6-15 (Q). The logical outputs of D1 and DO are software controlled to construct the
desired recording signals.

Fig. 1.12 CASSETTE WRITE SIGNALS

| n=.
26-15,D0 H oV
26-11,D1 U | [—“3‘/
— v

: e

120U8

OUTPUT TO W

CASSETTE —[_]Jr-isv
FLV R

- e 2ms 1

RECORDING _

e I 'l

SYNC DATA SYNC

The data format stored on the cassette tape is as follows. At the beginning of
cassette write (CSAVE), the CPU outputs 128 ZERO data bits, followed by a code
ABH. The CPU will detect this code during cassette read (CLOAD) for
synchronization. Next come a two-byte starting address and a two-byte ending address
of the program in the RAM's. After all data have been written, a byte of check-sum is
added for detecting errors during cassette read/write.

18
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1.5.4 Cassette Read

Before the CPU can recognise the information retrieved from a cassette tape, the
audio signal from the cassette recorder must be shaped into logical sync and data
signals. The CPU and cassette routine will then convert the serial data into source
programs which will be stored into the RAM's. The filtering pre-amplifiers formed by
71 (LM324) on the cassette board amplify the small signals from the Read/write head.
The amplified signal is buffered (Q1) and rectified to drive a level meter. This signal
level indication is useful in cassette reading various tapes. We may obtain the proper

signal level by adjusting the gain of Z1 (VR3).

Fig. 1.13 CASSETTE READ SIGNALS

Sync Data Sync Data

INPUT FROM

CASSETTE ov
Z9-5 4V
—2.5V
z9-7 ' —
(228-9)
‘ . — ov
FF/QUT ! \‘ “ [

r
2200 ' U J J_, oV

(RESET PULSE)

228-8 ‘w
] ov

Z29-1

ov

Z9 (LM324) on the interface board converts the audio signal from the recorder
into serial digital signal. The input signal is high-pass filtered, and then full-wave
rectified. Negative-going pulses are obtained at Z9-7, the output of a level detector.
70.7 is connected to Z28-9. 228 forms a R-S bistable latch, and Z28-8 is connected 10
the data line, D7 through a buffer, Z7. 728-8 is triggered to HIGH by the falling edge
at 79-7. As soon as the CPU has read a logical 1 at data line D7, it will reset the
bistable latch after 500 usec. Upon detecting the leading zeroes and the sync code
{ABH), the CPU should be synchronized with the serial data stream. |t will strobe the
data pulse at 1 msec after the sync pulse and reset the bistable latch. Pulses at Z228-8
are delayed for about 250 usec and output at Z9-1. The delayed pulse pulls up the
signal at Z9-5, and therefore, the signal-to-noise ratio is increased.
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1.5.5 Sound Output (GENIE [ only)
Apart from video display, sound effects are another way of commuMICano

' between a man and the Genie | microcomputer. This is implemented simply by an

: audio driver {Q11 and Q12 darlington) and a built-in loudspeaker. The sound circuit is
connected to the cassette output port FFH. The sound output is determined by the

: software outputting various data stream to DO and D1 of the output port. See Fig.

i 1.14. The sound stops during CSAVE because the base of Q11 is pulled LOW by Z6-3

(Q of D2). D2 of the output port FFH becomes HIGH during cassette ON.

Fig..1.14 SOUND CIRCUIT (ON INTERFACE BOARD)

i 9V
sp
| (o
|
§ 1200
i c33
- R3S R40
. ;5 R3O 0-1u qox M
pg—— . Q ————/w«,—r——«—{ F—AA—
. 12 S175 — 11 A
Eh e QP s Q2
D2 2] g b3 __R31 K-
% z
| 6 1N4148 D14
9

FF/oUT ——
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1.6 KEYBOARD
Keyboard is the only device we can input commands to the GENIE. The key matrix is
memory mapped with addresses from 380@H to 3880H, and locations 3800H — 3BFFH are
% ' reserved for keyboard use. Refer to the memory map in Fig. 1.2.
There are two locked switches, F1 and PAGE which are not included in the key
: matrix. They directly control the hardware of the resident cassette recorder and the display
’ modes respectively. These two keys are absent in GENIE Il which has no resident cassette
recorder.
P 1.6.1 Key Matrix ,
i The key matrix is formed by 8 inverted address lines AK@ — AK7 and 8 inverted
‘ data lines DK@ — DK7. The matrix is illustrated in Fig. 1.15.
d
Eg Pl 92 @4 98 10 20 4F 89 (Hexadecimal)
¢ pg D1 D2 D3 D4 D5 D6 D7
? 7415368
KB » A 27,28

(3801H) A@ » e

(3802H) A1 s
(3804H) A2 » 1’>¢,5K2 J\S\
(3808H) A3 =] > 22
(3810H) Aa >0 2K

(3820H) A5 >——] >0 215

(3840H) A6 »——] >0 AKE

(3880H) A 7 »—— >0 2T

EIRIIIEEE

Fig. 1.15 KEY MATRIX
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1.6.2

The inverting buffers, Z7 and Z8 are controlled by the keyboard strobe, KB
which is derived from Z35 — 11 on the CPU board. Refer to section 1.1.4. KB is active
LOW when the CPU is accessing the memory locations 3800H — 3BFFH. AKD — AK7
are the open-collector outputs of Z2 and Z3 (74LS05).

While no key is pressed, DK@ — DK7 are all HIGH since they are pulled up to +5V
by resistors. The CPU reads @@H, indicating no key is pressed. The keyboard routine in
the system ROM scans through the A@ — A7 lines repeatedly, making one address line
logic HIGH each time. See Fig. 1.15. When any key is depressed, the CPU will detect a
logic HIGH on the corresponding data line as soon as the corresponding address line is
scanned. For instance, key S is depressed. The DK3 line will be connected to the AK2
line, and DK3 will be LOW as A2 is logic HIGH. Then, the CPU will read @8H into the
accumulator from the memory location 3804H. The keyboard routine will decode it
into the ASCII equivalent of the character S. Except the command keys, the ASCII
codes of the characters or symbols keyed in will be written into the video RAM and

displayed.

Numeric Keypad (GENIE I only) _

This keypad contains the numeric keys and 4 function keys. The numeric kay
have the same positions on the key matrix as the main keyboard. The functicn keys ars
user programmable and occupy the AK3 line of address 3808H. Refer to the schematic

of the keyboard.
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1.7 POWER SUPPLY

The power supply unit which is in a heat-resisting plastic box delivers full-wave
rectified +8VDC, +16VDC and —16VDC. The two power transformers have secondary
voltages of 9.6V x 2 and 15V x 2 respectively. At the primary side of the transformers,
there is a line filter network composed of a parallel ceramic capacitor of 0.01uF and two
series RF chokces. Overvoltage protection is provided by a varistor across the ac mains. The
metal oxide varistor has a breakdown voltage of 275V with 55 joules. Over-load and
short-circuit damages are minimized by a fuse of 1A (117V) or 0.5A (220V/240V) in series

with the ac mains.

The specifications for the output voltages of the power supply unit are as below.

Voltage No load voltage . Full load voltage Remark
Min, max, min. max.,
+8V 10.5V 11.6vV 8V 9V FL+8V @ 1.2A
+16V 20V 24V 15V 18V FL+16V @150mA

—16V 20V 24V 16V 18V FL-16V @ 100mA

Linear IC regulators 7805 and 7812 on the CPU board supply +bV and +12V
respectively. A simple zener regulator provides BV for the dynamic RAM’'s. On the
interface board, +QV supply is obtained from +16V by a ransistor/zener reguiating circuit
{Q10 and 8.2V zener diode). +9VDC is required for driving the relays on the in:erface
board, the pre-amplifier {Z1, LM324) on the cassziie board, and the motor of the resident

cassetie recorder.
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2. TROUBLESHOOTING

2.1 INTRODUCTION

Three common types of fault are component failure, open circuit and short circuit.
Since the GENJE has to pass a very strict quality checking, short circuit seldom occurs.
Open circuit and failure of component are more common.

[t may be caused by shock during transportation or running the GENIE under adverse

conditions (eg. high temperature and high humidity).

M
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2.2 BUS CHECK — DATA, ADDRESS AND CONTROL BUSES .

Bus check can be facilitated by a simple tester. It disables the CPU buffers and puts
data, address and control signals on the buses. Therefore, short circuits and open circuits can
be tested under static condition. ’

Fig. 2.1 TESTER CIRCUIT DIAGRAM
5V
TO EXPANSION EDGE
A0 %
| |
{ |
1 ]
I |
I !
: > ! ADDRESS BUS
|
i :
AlS P g \
% ----- % 330
mm———— - 5V
4.7k
o ) _

i t
! t
| > ! DATA BUS
! 1

: | |

D7 ¢

JOREQ
~ MREQ

—AMN AN
gl

.VY
|

— DODBS/ADDBS
$—— CCDBS/STADBS

RS
—W—
> AMA—
N A
w
w
o
lll
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KEY

CAS

2.3 TROUBLESHOOTING FLOWCHARTS

General Flowchart in Troubleshooting

C - )

CHECK POWER
SUPPLY VOLTAGES

UNSTABLE PICTURE

OR NO PICTURE

T

GARBAGE

VID
YES CHECK
VIDEO INTERFACE
ViD 2
YES CRECK

ON SCREEN

CHECK KEYBOARD -

ANY KEYBOARD
PROBLEM

CHECK CASSETTE
CINTERFACE

CASSETTE PROBLEM

NO

=)

YES

YES

VIDEO INTERFACE

NORMAL FUNCTION

CHECK ROM

NORMAL FUNCTION

CHECK RAM

ROM

RAM



2.3.1 Video Interface
(Interface Board)
NO
NO PICTURE
LOSE -
SYNCHRONIZ ATION
CHECK 10.644 MHz
MASTER CLOCK
231-8
,_ 10-5
! Z10-9 CHECK
720 | SYNCHRONIZATION
CHECK VIDEQ 1 - - -GENERATOR
SHIFT REGISTER :
Z4, 224
! CHECK
: COUN :
b OZSSTEZR% 734 VIDEO MIXER
| ' ' ' CHECK VIDEO : Qt1, Q2,03
. . 233,232 DIVIDER CHAIN
3
< ~ RETURN )
YES

. CHARACTERS OK

GRAPHICS OK

CHECK CHARACTER
GENERATOR
Z25 (MM52116)

UHECK 2 4,227

CHECK VIDEO RAM
Z17,218 (2114).

RETURN




o -

St

(Interface Board)

VID2

CHECK INTERBOARD
CONNECTOR
(REFER SECTION 6.3)

DECODER: 230,239,238

CHECK BUFFERS : Z5, ZI2
ADDRESS DECODER
& DATA BUFFERS

'RETURN

Remarks:-

1} A system that mis—spélls words usually has data screw-ups in the video RAM, or
the data input to the character generator is being grabbed by a defect around
latch Z26. - _ ’

2) If the display oscillates up and down, it may be due to low supply voltage. See
whether there is any ripple at the +6V supply.

28



2,.3.2 System ROM'’s

(CPU Board)

ROM

ZI0 THRU 213
ANY ROM HOT -

YES

REPLACE ROM

CHECK ADDRESS
AND DATA BUS
CONNECTED TO ROM

|

CHECK ADDRESS
DECODER

222, Z2]

RETURN
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2.3.3 User RAM

(CPU Board)
RAM
CHECK ADDRESS
DECODER
z25,z21
2]
z23-
CHECK Z24-]
MUX CAS RAS 2271
SIGNALS 227-4
YES

ANY HOT RAM REPLACE RAM

Z27 THRU Z34
. {4116)

WHETHER THE RAM
PERFECTLY FITTED
INTO SOCKETS

RETURN

Remark:-

The flowcharts of RAM and ROM checking seems quite simple, but actually it is
most difficult to determine whether the component is damaged. It is because the
GENIE cannot work properly or fails intermittently. The best way to check these

- sections is to replace the RAM or ROM chips with good ones if other sections of the
circuits are working normally,

Precaution : CPU, ROM and RAM chips should be placed on conductive materials after
taking out from the circuit.



2.3.4 Keyboard

REPLACE KEY

KEY

MORE THAN

YES,

TWO KEYS
NO FUNCTION

KEY DAMAGED

CHECK INTERBOARD
CONNECTOR

"1 KEYBOARD/CPU CARD

| F?Q/F\,/A,TFSE 8 '?3 OR PC B DAMAGED
NO
i

CHECK INTERBOARD | _ YES PAGE OR

CONNECTOR

" F1 KEYS DAMAGED

NO

C RETURN )
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2.3.5 Cassette Interface

*
LOADING \ NO
AND RECORDING OF

CASSETTE 1 OK

REL1 TURNED ON

LOADING
CHS%K S E“' AND RECORDING OF
240-9 CASSETTE 2 OK

CHECK Q7.Q8 6. CHECK INTER~
R28 AND 29 CONNECTIONS
Z40-8

NO

LOADING ERROR

CHECK CASSETTE
ADDRESS DECOCER

Z19,231-6, 220

CLEAN RECORDING
HEAD

CHECK OUTPUT
AT Z9-1

3

RETURN

* skip this step for GENIE II system.

Remark - Sometimes, cassette loading error may not be caused by circuit fault,
but due to the poor quality of the cassette tape.
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3. PICTURE POSITION ADJUSTMENT

After the video interface has been serviced, the picture position should be adjusted so as to
make the picture balanced in the centre of the screen. ’ o

Enter and run the following simple program. A rectangle showing the screen boundary will
then be drawn. VR1 and VR2 should be adjusted with a non-metallic screw driver.

10 CLS

200 FORX=0TO 127 .

30  SET (X, 0): SET (X, 47)

40 NEXTX '

50 FORY=0TO47

60  SET (0, Y): SET (63, Y): SET (64,Y): SET (127,Y)

—J

70 NEXTY :
__J 75  PRINT @522, “LEF T”:: PRINT @ 554, “RIGHT”,

80 GOTO 20

90 END

33
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SCHEMATIC DIAGRAMS

4.1 CPU Board — 1

4.2 CPU Board - 2

4.3 Interface Board — 1

4.4 Interface Board — 2
4.4.1 GENIE | (including sound circuit)
442 GENIE

4.5 Cassette Board

4.6 Keyboard and Power Supply
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COMPONENT LAYOUT DIAGRAMS

CPU Board Diagram

Interface Board Layout Diagram
5.2.1 GENIE |

5.2.2 GENIEI

Cassette Board (GENIE | Only)

e O .
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EG3003 COMPONENT LAYOUT

(GENIE I ONLY)

53 CASSETTE BOARD
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6. PIN ASSIGNMENTS OF CONNECTORS

6.1 Expansion interface Bus

6.2 DIN Connectors {Cassette ands Video Interface)
6.3 Inter-board Connection {CPU and Interface Boards)
6.4 Keyboard — CPU Board Connection

6.5 Keyboard — Numeric Keypad Connection

i
Fr
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&

i
e H
§ :

% :
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Z ¢
kS i
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i
1
H
3
1
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RE DS U

6.1

EXPANSION INTERFACE BUS
PIN SIGNAL - PIN SIGNAL

1 GND 2 GND

3 A7 4 AB

5 A5 6 Al

7 Al 8 A3

9 A2 10 AO -

11 D5 12

13 NC 14

15 DO 16

17 D7 18

19 VCC 207

21 A15 27

23 Al4 24

25 NC 26

27 A13 28

29 A12 30

31 PINT 32

33 NC 34

35 PHANTOM 36

37 PWAIT @%‘7

39 PHOLD (40" ‘ :
7x) RD 37 CDBS/STADBS
43 MREQ 44 DODBS/ADDBS
45 1 46 RESET

47 RFSH 48 NMT

49 GND 50

EXPANSION PIN EDGE
VIEWED FROM REAR SIDE
2 ' 50
49

0
CCDBS/STADBS
MREQ
ODBS/ADDBS
1

ZlD

ESET
H -

o)

|

s}
-
w

‘,

Z
g

1

1.78 MHz Clock

Interrupt

No Connection

Processor Hold Acknowledg
Phantom -
Halt Ackndwledge

Processor Wait

input/Output Request
Processor Hold

Processor Write

Processor Read .

Control and Status Bus Disable
Memory Reguest '
Data and Address Bus Disable
First State of Instruction Cycle
CPU Reset

Dynamic Memory Refresh
Non-maskable Interrupt
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6.2 DIN CONNECTORS

DIN JACK PIN CONNECTIONS FOR EXTERNAL CASSETTE

1 — Remote

2 — Signal Ground
3 — Remote

4 — |nput

5 — Output

DIN JACK PIN CONNECTIONS FOR VIDEO INTERFACE

146V

4 — Video thput -
5 — Ground: -

: ;-
4

49




6.3 INTER-BOARD CONNECTION (CPU — INTERFACE)

PIN SIGNAL PIN
1 CK 17
2 +15V 18
3 PS 19
4 cL | 20
5 WR 21
6 AT 22
7 CK/2 . 23
8 - RD Y
9 A10 25
10 VID 26
11 A9 27
12 A8 28
13 D4 29
14 D6 30
15 D7 31
16 D3 : 32

PS — Page Select
CL — Cassette Local
VID — Video RAM Select

6.4 KEYBOARD — CPU BOARD CONNECTION

PIN SIGNAL
1 DK4
2 DK6
3 DK3

4 ‘DK7
5 DK5
6 DK2
7 DKO
8 DK1 -
9 +BV
10 PS
11 CcL
12 GND
13  AKO

14 AK1
15 AK2
16 AK3
17 AK4 /
18 AKS
18 AKS

19 AKG
20 . AKY7

NOTE: DK4A— buffered data bit 4 and so on. |
AKQ — buffered address bit © and so on.

U
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6.5 KEYBOARD — NUMERIC KEYPAD CONNECTOR
( GENIE T ONLY)

SIGNAL

AK3
AKB
AKb
AK4
DKo
DKZ2
DK1
DK5
DK7
DK3
DK6
DK4

2
z

:I\J—-‘OCDOO\ICDUT.Q_(,QN_;‘




DISASSEMBLY AND WIRING

m‘case 7 around
ckvpa'nel “Remove
urneric keypad in

In order to disassemble the GENIE, first, unscrew eight SCrews
the boundary and 1 at the middle. -Second, take off two swi
the top case, and you will see the PCB's, power supply a
GENIE I1) mounted on the bottom case. :

After servicing the GENIE, remember to connect up th wires

hown.in the wiring
diagram. -
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7.1 DISASSEMBLY DIAGRAM

: *GEN!E I ONLY
.%10= PLAIN WASHER 35x05x8 (2 PCS.)
*11=-SELF-TAPPING SCREW M 3 x10 (5PCS.}

- 3=-KEY BOARD: - :
4- POWER SUPPLY UNIT = 12~-MACHINE SCREW M3x05x30(7PCS.)
5-CASSETTE ) 13-MACHINE SCREW M3x0.5x20(1PCS.)
6-CPU BOARD : . 14-MACHINE SCREW M 3x05x22 (1PCS)
_ 7- INTERFACE BOARD . 15~-MACHINE SCREW M3x05x8 (PCS.) - ,
. 8= POWER SUPPLY CABLE .- 16-PLAIN WASHER M 35x05x6(3PCS) ABSSEMBLY DIACHAM




7.2 WIRING DIAGRAM

1 — CPU — Interface Interconnection Cable
2 — CPU — Keyboard Interconnection Cable
3 — Antenna Coaxial Cable (TV)

4 — DC Power Connector

B — Cassette Connector

EEE B
[
o
——
=74

rm

(e} :

0 -~ LI
5 D000000CO00o00)
eEassasss« s

O
e EEuee e e )]
@@@@@@@5@ 1o

=)

% : :
Available in GENIE [ only
It is replaced by a numeric keypad in GENIE 1.



APPENDIX

Z2-80 CPU DATA SHEET
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Z80, Z80A CPU PINWC‘(‘_j'f:QFIGURATION

Ag-Als Tri-state output, active high. Ag-A; s
(Address Bus) constitute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K bytes) data ex-
'changes and for I[O device data exchanges.
Do-D; “Trisstate input utput active high.
(Data Bus) Dy -Ds. constltute_ an 8-bit bidirectional
s; The. d: tabus is used for data
1ory and 1/O devices
M, Output, acf \ Ml indicates that the
(Machine current machme cycle is the OP code
Cycle one) fetch cycle of mstructlon executxon
MREQ Tri-state outpt active low The memory
(Memory request signal indicates that the 4ddress..
Request) bus holds a valid address for a memory
read or memory write operation.
TORQ ) Tn-state outpu ctive low. The IORQ
(Input/ - signal’ t the lower half of the
Output . addr alid I/O address for
: operatlon An IORQ )

Request) -

. ged to.
o mterru esponsevector canbe pIaced ‘

on the data bus,, i

Trl-state output, active low. RD md:cates

RD

(Memory that the CPU wants to read data from

Read) memory or an I/O device. The addressed=:
- I/O-device or memory should use this -~ = ..

signal to gate data onto the CPU data bus:

WR ~Tri-state output, active low. WR indicates

(Memory that the CPU data bus holds valid data to

Write) be stored in the addressed memory or [/0

device.

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI
(Non
Maskable
Interrupt)

RESET

BUSRQ

- (Bus
~ Request)

BUSAK
(Bus
Acknowledge)

Output active low. RESH indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dynamic
memories and the current MREQ signal
should be used to do a refresh read to all
dynamic memories.

QOutput, active low. HALT indicates that
the CPU has executed a HALT software
instruction and is awaiting either a non-
maskable or a maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP’s to maintain memory refresh
activity.

Input, active low. WAIT indicates to the
Z-80 CPU that the addressed memory or
I/O devices are not ready for a data
transfer. The CPU continues to enter wait
states for as long as this signal is active.

Input, active low. The Interrupt Request
signal is generated by I/O devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop
(IFF) is enabled.

Input, active low. The non-naskable
interrupt request line has a higher priority
than INT and is always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
flip-flop. NMI automatically forces the
Z-80 CPU to restart to location 0066y.

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
flip-flop, clear PC and registers [ and R
and set interrupt to 8080A mode. During
reset time, the address and data bus go to
a high impedance state and all control
output signals go to the inactive state.

Input, active low. The bus request signal .
has a higher priority than NMandis
always recognized at the end of the
current machine cycle and is used to
request the CPU address bus, data bus
and tri-state output control signals to go
to a high impedance state so that other
devices can control these busses.

Output, active low. Bus acknowledge is
used to indicate to the requesting device
that the CPU address bus, data bus and
tri-state control bus signals have been set
to their high impedance state and the

axtzrnal lewice can now control these

e
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I _________—J
INSTRUCTION OP CODE FETCH to— "
: N T T S P T
The program counter content (PC) is placed on the 4 1 s W A VS B VAR B 1
address bus immediately at the start of the cycle. One half o av = oo 1]
dock time later MREQ goes active. The falling edge of ]
MREQ can he used directly as a chip enable to dynamic MRES \ P R R W
memories. RD when active indicates that the memory w T . :
data should be enabled onto the CPU data bus. The CPU N AR -;,———-\:
samples data with the rising edge of the clock state Ts. S P B
Clock states T3 and T, of a fetch cycle are used to refresh " \
dynamic memories While the CPU is internally decoding 00 - D7
and executing the instruction. The refresh control signal S
RFSH indicates that a refresh read of all dynamic

memories should be accomplished.

—_—

MEMORY READ OR WRITE CYCLES " \
" lustrated here is the timing of memory read or write * S
sycles other than an OP code fetch (M, cycle). The ro-at I
2EQ and RD signals are used exactly as in the fetch WREG T
uydcle. in the case of 8 memory write cycle, the MREQ -
also becomes active when the address bus is stable so that : L
it can be used directly as a chip enable for dynamic v U S B
memories. The WR line is active when data on the data oaTABUS ' AT £ 0UT I
bus is stable to that it can be used directly asa R/W pulse e i T —f—\-_‘-,L—~~—~~
on virtually any type of semiconductor memory. _T’__—F ] T ‘_T.__'*F‘—"
2 I A [ .
o~ a7 : l POPT AUDRE sls ] J’_I

INPUT OR OUTPUT CYCLES

Illustration here is the timing for an 1/O read or I/O
write operation. Notice that during 1/O operations a single
wait state is automatically inserted (Tw*). The reason for

“is is that during [/O operations this extra state allows
sufficient time for an I/O port to decode its address and
active the WAIT line if a wait is required.

DATA BUS _-—__.__.—: T out : 3
- t

Last M Cycle [
of Tnstruchon :

PR

Ut T St T T, 5

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE P S VY s U VS quan VN g W gy B
: WY g R Wl Y Y AP S B S M
The interrupt signal is sampled by the CPU with the o~ At i i v _ S

rising edge of the last clock at the-end of any instruction. _ » a
When an interrupt is accepted, 2 special M, cyde is " j S— ] E—
generated. During this M, cycle, the JORQ signal becomes WREG .
active (instead of MREQ) to indicate that the interrupting . = 1= —— :
device can place an 8.bit vector on the data bus. Two wait oara st ] | —T
states (Tw*) are automatically added to this cycle so that + oo T - - :._"‘IJ—
a ripple priority interrupt scheme, such as the one used in CTYCA R "b—_—"--_—""_”_""""""T'ﬂ:'i“::::
the Z80 peripheral controllers, can be easily implemented. 75 . ‘ :
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