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'PIN DESCRIPTION * | - |

Input/ - '
Fin Warm . Funetions Internal reset 31308 | PIn 2trydture
Output - .ot 1 .
Voo . 3
Supply valtage Power supply Inguts SY==10% 10 Vop, and OV o Vag. &
Veo §
O8C 1IN Input for input " | These are 1/Q pins of nternal clak ascillating eircult, Depanding on tha | ' Hystergsls
eselliating alroult rafaranca algnal, cennect alther z quarty gryztal rescnater (4MHZ) and aharactariztios
capacitore t theae pins. axlars
,DSG QuT OQuiput for . Cutput . . CMOS eutpyt
aacillating alesuit hC \
v
P
-Fpg—~Fy Part F Quiput | This port sutputs data fram tha ragister A b - CMOS output
Jo=da Fert J Output | This port sutputs data frem the regisier A, W CMOS qutput
KoKy Port K, Qutput | This part gulputa data from the reglstgr A, A N-ahaAng!

' .open-draln
high=vgliage
cutput (12v)

Hy~Hyg Pert H Qutput | DThis port culputs data Irom the reqlstar A, ‘ "H" Neghannel
: cpen-draln
' @This port can be connected te LED direcuy, high-vitage
Stput {12v)
Moy Port M Qutput | This part outputs data from the lowar 3 Bits of the register A, "H" N=channal
open-dratn
high=vgltage
output (12v)
Ep—Ejz Fam £ Input Exlarnal applieg aigmal's lavel la raad inlo the ragister A, Buili-ln  pull-up
resistar
(eption)
GGy Pod G Quiput | (DThia port sutputs data frem the raglater A, "H- Bullt-in - puil-up
. rasIFior
Input | @Extarnal apalied signar's lavel is read Inte the ragiater A . {cption)
La==Lg Forl L Qutput | (DThIa pert oulputs daea trpm Lha registor A, "He Bullt=ln  pull-up
rgsigiar
input | @External appiled algnals ipvel |s read Inis tha reglatee A, {oplion)
(@l can be used a2 am lngu pin for Ihe HS counter.
D Part D Output | (DThia pert oulputs data Iram the mosl elgnificant hit of the reglater A. Input atale CMOS trl-atalp
I
Input | GDExiernal applied slgnal's level Is read Iats the carry Nag.
A-D Comparative input | This pin 1z eamparative vollage input for I1he kit A-D converter.
valtage input
TEST Input fer tast Input | This Iz utually conneeled Is Vaz, and supply “L" {0V).
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AESET Ragat Ingit | tmpuat | IF & LY (0V) Input is applled, the reset stale Ie entared. Il the inpul 1a Built=In puflup
! change Iram "L" to "H". 1he Internal reset continuaz lor at laast 3 maching reslgtor
" cycles, For normal use, apply a “H" input, Alss, when the powar |5 Inltlally {opllon) ,
applied, an axtaraal citdet 14 required for reset. hysterasls
characterislles
) exise
D-A 14-bil PYM Quiput (I)Accordlng to tha 14-bil digital information, the PWM signal Is m'.npul:_ The outpul | CMOS Quiput
auput The repeated traguency [s 122Hz, end the minimum pulza widih ie 5008, | stake |5 unde-
And, the [nput polarity ean be shangad by selecting the option, tned unll the
. - data 13 input
(®This pin can be uaed aa an 1-it aulput ;nﬂ. Into D-A lateh.
VDPy 7-0lt PWM output | Output | @ Agoording to (ha 7-bll lalched dara, Ihe F'WM 5rgna| {which has 85 | VOPy ls not ac- | N-channel
VOP, levela) are cutpul. The irequency Is 1kHz, and the tninlmum pulse widih | tiva stats, the | opsn-drain
VIP; 18 18u%, Ang, the Input potarity can be ehanged by sskcing the oplion, olhar state 3 | high-vollags
i undeaflnad until | autpul {12V)
D'Thia pin &an be uted as 1-blt output pdrt. P the data Is In-
put  Inle  DO-A
latgh,
TNT, INEerrYRE Ingyl Input | Thia pin used whah an externzgl interrupl [z applled to the CRU. Bullt<in  purl-up
raslster
(option)
Hsyng Horlzonbdl  syn= [ Input | This Iz the herizental synchronizing signal inpul pina fee TV apptications,
' chronlzing  signal The input palarity can be changed by $&lasiing an option.
Input ter display
Veync Vertlcal  gynahros Input This Is the vertlcal synetranizing signal Input pin for TV applications.
nizing signal Input The input polarily can be changed by salaclng an aption,
lor dlzplay
QECT Qszllater Input Input | A dizplay elgek tan be obtalned by connecting a variable pasistor
for diaplay {@escribed latar) and a capacitar, of bath 3 ¢oil and capachors, between
lheza plma.
0O5GC? Osclilater autp (=T -] CMOS cutpyt
o display
R G B R, G, B gutpul Quiput | Theae pina control tha Goler display data. ‘ Not an active | CMOS oulput
Tha gutput polarlty can be changed by selasting an pption, gtata.
ouUT OUT cutput Output | This 15 & Iogical OR oulpat for tha A.5.8 pins. Mot an active | CMOS output
The output polarlty can ba changad by salacting an option, State.
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BASIC -FUNCTION BLCOKS
14-BIT 'PWM OUTPUT

(1}

D-A port

The 14-bit PWM autput pnrt (D-A A) outputs the pulse
width modulated (PWM) signals. It can also be used as
a tuning-voltage output port.

As shown in Figure 1, the D-A port has & 14-bit D-A

latch and a 15-bit D-A lateh. Altegether, the 15-blts of

for the most significant bit of address M (03)) are

transfered to the D-A lawch by the DATA Instructlon_'

Accarding to the lower 14- bit’ dlgltal informatian, the
" pulse width modulated signals-are- output from the B-A

part, By performing D-A comversion on these ouiput

rectangle waves (via the integration circuit) , & tuning
voltage can be generated. ST

And, the b-A port can be uzed as a 1 blt nutput by

data (addreszes M{0,0), M(0,1), M(0,2), and excapt controlling the upper 1-bit.

M

i

ey

|csel Mo |MSB| |s8] mio2: [mse] lLSBlM(ni)IMSBI_ | |LSBIM(00)

\\\\\\\ //// 0

IMSEl L5E D-A latch
S " A
[ 14-bit PWM |
oA
Flg.1 RAM, D-A lzcth, 14-bit PWM, and D-A port
(2) D-A port output signals Table 1. Relationshlp between the Lower 6-bit Data
The periodic interval (T, about 122 Hz) can be divided and Tm
into 2" minimum pulse widths (t;, 500ns), and the Lower &-bll data Interval longer (by ta) than ether Tm'a (m=1=-64)
pulse, width can be modulated by that ty unit depending cn000® | Nene
an the 14-bit data. 0a00001 rrym=7
Also, by creating a small periodic interval (Tg, about 600010 |m=1§48
7.8kHz with 64Ts=T,), which Is 256 times t,, pulses of P00100 |m=8.24.40.36
almost equal width can be output with a period of Ts. g g ; g g g rawad, 12, 20, 28, 36, 44'52;3622
i - 1 =2, By 10, coeeeerrieoes
T m=1~§4), def h | | i} — -
m ¢ ) ingd as the slgnal duratfon in 64 0000 ThSiaE =55

small intervals, is determingd as follows; First, the 14-
bit data is split into two parts: the lower € bits and the
upper 8 bits. When the number dasignated by the low-
er 6 hits reaches 84, it is moved up one place. 50 Ty
{(1=--64) = (number indicated by upper 8 bitg) X 15 in
tha 64 gmall intervals. Furthermora, as many ty's as are
indicated by the lower 6 bits are added one by one in
the &4 small intervals. The relationship betwean this
{ower &-bit data and T is shown in Table 1,

The 64 cases from Q00000 1o 111111 can be expressed
by the seven combinations shown in the Table 1. Also,
by combining the upper & bits, 2'* sets from
00000000000000 to 1111111111111 can be ex-
pressad.

If the upper @ bits of the 14-bit are 00000011, and the
lowar 6 bits are 000101, (for example, Ta Tza Tas Tao
and Tse, =4%) and all the other Tm's become “L" dur-
ing 3ty. Flgure 2 shows this example.
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=3t nathlne 5-;’ ’ - 3% -L% Data of the D-A latch
| T Tz Taa L l l . Upper 3 bits
s ‘ I | ) . ’ 00000611
Ts ! Ts— . : Lower € bitz
| ¢toooo
| ' To—— T~Ta=131
. e -3 1 Aty L o 34y Iy '

*4 [ *! [~ 4 *{ }-‘ Upper B blis
-_l T Te - Taz Ty . I I © T o0oooan
"'_"Ts—"l b Ty — o] <y, Lower @ bits

b Q00101
S
g . Ta, Tz‘. Tﬂ'l: 4
' To \ Tat, LET o
ther Tp=231

Fig2 Output Waveform from Port D-A

Thus, those duration times of Tm's (of the level In each
small interval) can coineide or become almost equal
with at most 1, difference. This periodic time of the
small Interval (Ts, about 7.8kHz) approximates the re-
peatad frequency.

After the RAM data ot the specifc address js set, the
autput pin status will still ba unstable untlll the DATA
Instruction is executed,

7-BIT PWM OUTPUT

m

VDP port

The 7-bit PWM output port {VDE) is used to output the
Pulse width modulated (PWM) signals. It ¢an also be
used as an output port for varigus analog data gontrol
by using lowpass filter, A T-bjt analog lateh is @on-
nected brough PWM biock to the VOP port. The lower
3 bits of register B and the 4-bit data of register A arp
tranzfered to the analog latch by the VDR, 5 Instruc:
tigns. According to this 7-bit digital information, the
Pulse width modulated signals (changeable 1o 64
levels) are output from the VDF pon thus allowing var-
10Us analey data to be gontrolled.

Output waveform from the VO P port

According to the 7-hit analog latgh data, the VOP pon
outputs pulses, whose widths have been modulated by
every minimuom pulse width (1) {16us) , In every
peripdic time interval (T) (about kM2 of repeatad
Traquency). T ean e divided Into 64 sets of £, An ex-
ample of thiz is shown In Table 2. Thus, Pulge-width-
modulated signals from 0000000 to 1XXXXXX can ba
abtained,

When the VDF port output needs to be changed, enter
the corresponding data of the deslred puise width guts
putinte register A and 8. Then transfer this data to the
analog latch wsing the VDP,_, instructions,

Table 2. Ralati

onship betwsaen the 7-bit Data and the

Output Waveform from Port VDP

7-blt data

I (m=1—~64) i5 becoma “H” in the parisd T (=¢at)

[ p000¢g0F

Nane (all L")

000Q00N

m=32

paoQgG1o0

ri=1E, 48

Q000100

m=8, 24, 40,56

00d10Q0

m=4, 1Z, 20, 28, 36, 44,532, 60

0010000

M=2, 6,10, - 58, 62

01000009

1 XXX XXX

rrime ) G4 (al) T H")

INTERRUPT
(1} IF fag

The IF (Interrupt Flag) consists of four bits, ED1 sets

the polarity of the Input signal input to the INT pin. ED2
selacts two kinds of reference cloeks that determine
the pulse interval of the input signal to the INT pin.

EDF Is a bit Indicating the EI/DI state A Q" inhibits the

interrgpt, wh

lle a “1" allows the interrupt. The EI/DI

state is set by the El or DI Instruction. INTE Is 4 bit in-

dicating the

presence or absence of an external Inter-

rupt input. This bit 15 set to “1” when an external intar-

rupt oceurs,
atcepted, th

When in the El state and an interrupt is
e INTF signal is cleared and set to "9",

The EDF signal is autornat(eally set to “0".
The data of the lower two bits of the |F flag is moved
from register A by the TIFA instruction and the [F flag

is read and
struction,

transferrad to ragister A by the TAIF in-
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‘Table a

Structure of IF Flag

Flag Data Description

ED1 a Inlerrupt geclrs at talling edge of INT pin
(it )» 1. | Imarmrupl eccurs al Haing adge of INT pln -

ED2 0 Select 8443 slandard clack
(bit1 ) 1 Solaat 198 ¢ srandard dlack

EDF 0 External interrupt |a dleabled
(bit2) 1 External Filerrupt Is enabled

INTF v} Indicate no exlsience of Interrupt raquest
(bitd) 1 Indicata exlatence af interrupt request

(2} Acceptance of an Interrupt
Racognltion of ‘an intarrupt ie made by sansing the
bulaé edge. About 6Bus~128us (ehangeable to 138us
to' 256k by the ED2 flag) after the signal applied to
the INT pin drops, the signal ean be recognized as an
interrupt. The Interrupt request signal (INT) iz then
generated to set the [ntarrupt flag (INTF/F). Whether
this interrupt Is accepted or not dapends upan the con-
dition of EI/DI flag. f the EI/DI flag Is set to *1", an in-

the EIVDI flag iz "0", the interrupt request is disabled.
At thiz ‘time, so INTE flag is set an interrupt Ig
accepted as spon as EIVDI flag is set to "1".
{3) Interrupt control clrguit |

" The interrupt control clrcult, shown In Flgure §, Is gcom-
posed of the INTF/F (lnierrupt flag) and El/DI flag.
The Interrupt request signal (INT) described above, Is
Input to INTF/F. This slgnal acknowladge the existencé
of an input. When an interrupt is acéepted and jumping
to the Intarrupt processing routing is executed! the
INTF/F is automatically reset. , .
The togical produst of sutputs (fram JNTF/F and EI/DJ
flag) prnduct_as an interrupt signal (INT}. Once an inter-
rupt is appepted, the program execution automatlcally
jump to addrate 3, and the next program addrass ta be
executed is pushed .on the stack rogister. The DI state

- ig then gutarmatically set.
At reset, the EI/DI flag enters tha DI state, INTF/F 2n-
tors the reset state, and no ather interrupt can be

terrupt raquest can be accepted. On the other hand, if accepted,
S INTF
INT 3 0 INT
PR L
INTF/F '
El 5 0 ECF
[&]] A
RESET _'—E>
EI/DI llag
Contral signai

Flg.d Interrugt Gontral Gircult

REGISTER |

Register | is a 3-bit read-only register which stores bit data
and word=end data of the interrupt request =ignals. It alzo
stores the input status of the INT terminal.

The INT input circuit inclugdes a counter which checks the
intarval batween interrupts. When using remote control, thls
signal can be input to the TNT pir.

There are two $ets of standard clocks to measure the INT
pin puise intervals; one with a 64uy cvole, and one with a
12845 cycle, Those clocks can be switched using the ED2,
By using one of these clocks, the following two degisions
can be made; a bit judgement (bit data), expressed as a
“1" ar "0, indicating whether the pulse interrupt (batween
the falling or rising edges of the input signals) is longer or

sharter than the standard interval (about 1.54ms), respec-
tively, The ather is a word decision (word-end) which de-

“tarmlnes whether ane word has baen reached. This Is dane

by comparing the pulse interval with the standard time in-
terval of about 3.2ms. If using the 12848 eycle clock, bhoth
the timE; interval described above and that described in
“Interval” needs to be doubled (See Table 4),

The hit data described above is stored in bit 0 of register |.
If the pulse interval is shorter than the standard time inter-
val, thig bit iz 82t to "0". Otherwise, it is set to "1", The word
decision data is stored in bit 1 also. Bit 2 of register | stores
the input status of the INT pin.

The entire data of register | can be read into register A by
executing the TAI instruction. Refer to Figure 4,
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Table 4, Judgment of BitData, Word-end -~ -~ = -

{at4mHz frequency) . ., ,

.k: ‘pcé?ﬁ:ul.:i ) T Pulsa Intan.'al (Tp) ' Egta :’::Ld
HE] To<isimszeans] 0 | O
E"‘T_.T Edus {1.54matBdus) ETa= 3, 2matbdus 1 o]
ng (3. Imekedusi 2T, R

=% a3 07msE12842] 0O D
ﬁ ':125_%;5? (3 07met120us) TR <E. 4m$i123,us 1 | o
S0 (6,4ms+128,us)£Tp 1 "1

ten S R Y P

— ; Conditlon of INT gin

—— Bltdata

r—— Word-and

Register |

[ o

¢ TAl ingtructlon

"Flg.4  Structure of Ragister |

HS COUNTER

The HS counter iz composed of a 5-bit counter which in-
Puts signals from Ly of port L and a lateh which stores the
‘uppar 4 bits of the counter {refer to Figure 5). Using this
countar, the existence of video signals aan be determined.
The counter Is first roget. and then begins counting for &
padod about 1.02ms (255 machine cycles) the number of
pulses entered at L. It stores this count in the latch durlng
the next 0.004ms {1 machinag cysle).

Then, after it is reset, it again starts counting the pulses in-
put to L. If the number of pulses enterad inte Ly exceeded
32, the counter value becomes "0". While the counter data
is being transfered into the latch and the counter being re-
set, the pulse input tc Ly is disabled.

Lo—]T af—r q [—T-Q —{T DTTQ
R R R R A a
Aesal signal ——— : L 1 .
. 1 - )|
Latch sig_nal —__I L [:,¢I L DV’ L Dg& |_ D¢
e a| le Q
R TAHS Inatruction
"y 1 11 2 T =
' Aegiater & ;

Flg.5 Structure of HS counter

A-D CONVERTER AND REGISTER R
Tha A-D converter is ¢composed of a 3-bit D-A converter

and a comparator. Data is placed In the D-A eonverter

through reglster R in such a way that the lower 3 bits af
register A are transfered to register R by the TRA instruc-
tion. After that, the D-A reference voltage (Vref) is set.
When the TACM instruction |5 executed the Vref data, ¢orn-
pared with the comparative voltage of the A-D port, is
transfered to the least slgnificant bit ¢f register A.

Register A

Regqister A

2 |1 ]o
|

3-bit D-A,
converter

Vrat

Comparalor

TACM _ZI’

3fz]i]e
Registar A

A-D

Fig.6 Structure of A=-D Converter
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The D-A converter can produce § different refarance vol- 8-BIT TIMER COUNTER
tages (Vref, voltages Independent of Vpp) depending on The 8,192ms clock is counted down with an 8-bit counter,
the contants of reglster R, The relationship between the When the count reaches zero, the timer flip-flop (TIME/F;

analog voltage {comparative veltage) supplied to the A-D is -s5et and the content of the 8-bit timer latch is again
pin and Vraf 5 as follows: loaded intg the countar,
“1", If the comparative voltage >the reference voltage (1) Timer counter control register (EVGC)
9", i the comparative voltage=the reference vaoltage Thls register is used to control the clock input to the
counter. Executing the TEFA instruction causes the
Table 5. The Contents of register R and Reference lower 2 bits in register A to be transferred to EVC. Ex-
Voltage (Vref) : ecution of the TAEF instruction causes that control reg-
Reglater R Referance voltage ister information o be moved back into register A.
DEG Binary Vet Von™ 5v) The cotrol register operation is shown in Table 6.
0 000 1.12v
1 0ot 1. GGV
2 010 2. 00v
3 011 2. 45v
4 100 2. BavV
5 101 3. 34V
5] 110 3. 79V
7 111 4, 23V

TEFA

TAEF

Regisler &

Timer counter contral register
{Eve)

' 'a_. 192ms ' TAEV

A R :
’ gl U

Test input | B=bit imer counler. L S M F/ .
' [ ! !
|
P i
!
Timer Timer |
lstch H | 1eeh L §
. !
TLHa W19y TLLA :
Kl TAEV '

HEREE

Register A

Fig.7 Structura of Timar Countar
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Timer latch :

This is an B=bit latch. The contents of register A are
moved Into the lower 4 bits of the timer lateh by the ex-
ecution of the TLLA instructlon, and into the upper 4
bits of the event latch by the TLHA instruction,

Timer counter .
The clogk input to the L, pin or the internal clock
{selected by EVC) is counted down. When the count
reaches &re, tha timer flis-flop (TIMF/F) ig set, and
the contents of the timer latch are raloaded into the
timer counter.

Timer flip-flop (TIMF/F)

When tha contents of the timer counter raaches zero,
the timer flip flop is set, and then reset, after the flip
flop contentz are moved into the A register by the
TAEY instructian,

CRT DISPLAY

The M50435-XXXSP Is capable of screen display and can
direstly control the ccreen display by executing the
appropriate instructions. ’

{1

)

Number of display characters

Those are two display blocks. each block being 1 line
by 16 characters.

As shown in Table 7, the 4-th bit of the CRT control
(CG) register allows the 1 line by 16-character mode.
Alsa shown in the table 7. the on/cff of the displdy of
each block can be controlled separately by the CC
register.

Data is tramsfared from reglstar A to register CC by ex-
ecuting the TCCA instruction.

Table 7. Control Mode of Register CG

Bit Oala Functions
Table 6. Event Gounter Control Reglster (EVC) o 0 | Al digplay OFF
1 All digplay ON
Contral Regislar Deacriptian = ] 0 Block 1 display OFF
321110 , = 1 Brock 1 gisplay ON
- - 919 Stop thé sauntar i p 0 Block 2 alzplay OFF
Q11 ) i Bleak 2 alzplay ON
— | a1 |0 | Select he 8,192m3 intamal clock 0 Hlock 3 dlzpiay OFF
— | & | 1 |t ! Horsalecl mlernal cléek, and ths conlents of saunter 2 Indefinne 3 1 100k A dieplay ON
== | 1 | 1 | 0 | Seloct he B.192ma internat clock aftar ragatiing the countar
=1 11 ] 7 | Metsalectimenal clock and the comte of souner an oy If raset, all the bits of register CC are set 1o “0"
& dgts 1. G deta |
. 5 dots 7 |
\ 4 dots P
| — 1
o G
T l
I
l | ]
1 T 1 1
et TR
| ! L _
I I
518 | Frt
= o 1 {
1 T T
] | 2 |
I T T
<4 + 4
|
iR

l Unit of the charagier layout

Flg.8 Unit of the Character Layout
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(2) Character layout enable the display of a smooth chracter pattern. Refer

A displayed character consists of a matrlx of §X7 dots. to Flgure 8.

if 3 one-dot space is allowed between adjacent char- For kanji character display, a 12X 14 dot digplay ean
acters (in the horizontal direction), one character will be enabled by spacifying biock 1 and block 2 of verti-
be displayed from 5X7 dots, cally adjacent positions.

Alzo, within the 537 dat matrix, is rounding feature of 4 Refer to Figure 9,

X & dots which can be shifted by haif a dot. This is to

L 12 dots ;
6 dots e 6 dots j
| 4 dots | | 4 dotg ] !
f = \
"[_F M
IR [T N
} f 1 T 1 .
| -+ - b+t
: _I F ! ! |
—+ Fe4+4 B4+
| I | ] I | |
el = T T i T T 1 T
508 | Pl oy -
| | | ] 1 | |
T I i 1 I !
- - ~-+4 b+ 14 ;
|
~ T T F } F i -—
FrEd P Fr+4 b+ 44
| i ! I | | | | Block 1
YLl 11 T
LR .
! ]
;___ _L i | _;_ 1 _{' Block 2
L — ' :
g 2 4 L
— ! —— |
-+ +- 4 P+
| ] ! | |
— -+
T T | | }
\___.L.__J____ll_ __JI L___.J____il____'.____Jl
J_t ]

Flg.8 Character Layout for Kanjl
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(3)

Display characters

Sixty four sets of character patterng, including those
with the rounding feature, can be glven in the character
ROM. Table 8 shows the displayed characters.

Table 8. Display Characters

oty 0 1 2 3
0 A A 0 A
1 ] 5 B +
2 [+ T 2 e
3 3] U 3 K
4  E \'4 4 =
] F w 5 Z
g <] x 4] T
7 H Y 7 L
[ [ P A =+
4 J . 9 El
A K. [ : &
B L 1 11 i
C M / (™ 3
D N =3 - i
E a4 Eal r— =
F Q # | Bilank. | Biank

One character portion of the display memaory is com-
posed of a 2=bit cclor specification and a §-hit charac-
tar code which corresponds to each ¢haractar shown in
Table 8. Figure 10 shows the structure of digplay
memaory.

Reglater A

JEEE

W(M

Calor Color Gulur Culor
register 0 re |star 1 reglster ata'a
RG] B Fl GlB Fl G Fl G

Fig.

11 Setting of Color ragister

A color designation bit (R, G, and B) outputs nothing if
it 15 “0" but becomes an actlve output if it is “1". If all
bitg far tha A, G, and B are zet to “0", nothing is output
avan through the character code is specified. Table 9
shows the corespondence between the color-
dasignated bit data and actual sutput colors.

The OQUT pin is the logical surm cutput of the A, G, and
B pins and can he used as a background colors sut off
when charactars ara qutput.

A set of three ping, R, G, and B, and the output polarity
of the QUT gin ¢an be specified when the ROM code
is determined.

Table 9. Color Specification Bits and Output Calars

Colo spesitcanca bt |

r

R G| B s

0 0 4] —

el [ 0 1 Blus

Display momary o 1 a Graen

o] 1 1 Gyan

cr.jcr ]l en len ool enle

i e il Al il T ] 0] 0 Aed
\—_-v.._._.-/ AN J 1 0 T Magenta
g 1 1 0 Yellaw

Colgr Character code bil Elle
tpacilication 1 1 1 White

bit

Fig.10 Strycture of Display Memory

(4)

Color designation

The display celors are determined by selecting color
registers 0 to 3 which ara paintad by tha two bits of the
display memary. Since there are only {four Kinds of col-
or reglstars that can be specified by two bits, only faour
colors can Ba spacified at a time. The R, G, B output
enables seven dlfferent colars. The color registers ara
set from register A data by the TCnA (n=0~-3) inslrue-
tion. This ig shown in Figure 11.
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(s)

Display lovation

Blozk 1 can select 64 |evels of display logation both in

horizontal and vertleal directions. The horlzontal dires-

tion of block 2 and block 3 are is the same lecation as

blockl, and only the vertical logatlon of black 2 and

block 3 can be selected from the 64 levels of the dis-
play location, starting from the end lacation of black 1,
and blogk 2, respectively.

Figure 12 shows the display locations of blocks 1, 2,
and 3 on the screen,

[ l| -
| TY1A instruction
THAA instruction )
| Block 1
{
| TYZ2A Inatrucilon
I .
|
y
| Black 2
|
|
|
|
I
| TV3A ingtruction
!
\
|
|
|
|
Elock 3
- J

Fig.12 Dilsplay Locations of Block 1,2 and 2 on the CAT Sgreen

The slze of one level is 4Tc (Te: Display escillation
frequency) in the horizontal direction, and 4 scan lines
in the vetical diraction.

Display character size

Four sets of display character sizes can he selacted,
The display ¢haracter size can be set when the upper
2'bits of register C are transfered (as character size
data) to the character size register by executing the
TYnA instruction. The reiationship between the upper 2
bits of register © and the eharacter size display are
shown in Table 10.

Table 10. Upper 2 Bits of Register C and Display

Charactar Size

Reqgleter G| | Harlzontal dicagvan | Varical glmoton
Display charaeler gize & (alaplay dadillabion pumber of
Ca | &2 fraquansy cyale} scraen linga)
0DiQ Small 2Tc ‘2
| 0 |1 Medium 4Te 4
T [0 Large 6Tc &
1 1 f Special large l ATe f g

Eina of 1 dat

2

Display oscillating gircuit

The ¢lock signals for display can be obtaimed By con-
necting a resistor and a capaciter, or a coil and capaci-
tors between the IO pins for the oscilating circuit
(OSC1 and QSC2), (Figure 13 shaws an example af
the circuit).

MED43E-KXKEP
Q5C2

MGQ426-ARXREP
[ol:]n3]

03C2 QS5C7

il
L = ¢
c = = By Gz

* ro

Extarnal AT circuit External LG circull

Flg13 Osclllating Clroult for Display
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QSCILLATING CIRCUIT

Sincea the CMOS inverter and feed-back pull-up resistor
ara bullt ’Into the IC, the raeference signal can be oblained
by connacting a ceramic resonator between the oscillating
cireuit input pin and the cutput pin {OSC IMN and OSC OUT),
{Figure 14 shows an sxample of the alrauit).

sC O8C
IN ouT Ceramic resonator
C3A 4, 00M3G
l:l }‘_ (mada In MURATA
1 MFG, CO., LTD)
Gy Ca C,=C;=30pF

Fig.l14 External Caeramic Resonator Clrguit

RESET FUNCTION

By connecting a clroult to the RESET pin as shown in Fi-
gure 15, a raset can be Implamentad when the power ia
applied. The RESET pin contains a Schmitt ¢lrouit, thera-
fore a reset is accornplished only when the voltage (V) of
the RESET pin axcaeds the threshold veltage Vo,,. Oneca
reset, a second reset can nat be made until Vg falls bejow
the thresheold Voltage Vege. Furthermore, to ensure that the
raget is made when power is applied, the time interval Tq
(which is the time between the power supply voltage Vpp
reaching 4.58Y and Vo) Vyyy must be less than 1 ms. Figure
1€ describes this.

The reset function initializes the program cauntar to Q.

MZ304 ]
—A Voo
REZET M50436-XXXEP
j T

Vas TEST
Flg.15 Power-on Clear Clreult

I

4.5V Voo!l5V)

) ‘r (N V1
Valtege | t
PV S

1 - —Il— —————— Vrhz
1 |
| |
] 1
s T e

Time

Fig.16 Ralationahip betwasn the Voltage and the Avto

Claar Functlon
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M50436-XXXSP INSTRUCTION CODE TABLE :

. Br~Da | 0000 | 0001 | 0010 | 0011 | 0700 | ovo1 | omio 0111 | 1000 | 1491 f 10 | 1017 ] 100 | T10T | 1110 | 1117
6‘&*&% :
Dy~D "w;'"",g;/ T 1 2 3 4 s | @ 7 8 9 A B c D E F
RE LY LA AD LCMi| Lx LS |SNEA| SEA
0000 0 MOP "JdMP TMA | Tam El A CAL
a b] e o Q 0 a a ] 4]
AB LY |. "+ | LA AD LM LX LG | SNEA| SEA
aoo1 1 DATA JMP KAM Dl 5C CAL
’ 1 1 ' 1 1 1 1 1 1 1
AB LY LA AD LECMI LX LG |SNEA| SEA
0010 2 MUT JMP TMAX| TAMY [TASM | S CAL
2 2 . 2 2 2 2 2 2 2
RE LY LA AD LEMI X LG | SNEA| SEA
4011 3 NMUT JMP TMAY | TAMY | QDA | ICD CAL
3 3 3 3 3 3 a k] ]
8ZC | =B LY LA AD VOF LCMI Lx LC ISNEA| SEA
Q100 4 JMP INX | RAR AT CAL
SNZBO 4] 4 4 4 Q 4 4 4 4 4
ENZIC| 5B LY LA AD vhP LEMI L¥ LS | SNEA| SEA
om 5 JMP INY | RAL RTI CAL
5ZB0O 1 ] 5 5 1 5 3 3 a3 5
5B LYy LA AD vDP LEhMI LX LG [SNEA|[ SEA
o 5 SEV JMP PHXY| TAl ATS CAL
2 1] 5] 6 2 ] [ € [:] B
=] LY LA AD *Tha LOMI L LG [SNEA| SEA
g1 7 SMNEV JMP PLXY | CMA | tocond | SKIP CAL
3 7 7 7, word 7 7 7 7 7
SZB LY LA AD LCM! LX LC |ENEA| REA
1000 8 TCOA JMP TYA | TAY [TGCA TCMAI CAL
1] -] . ] a a a 8 =] &
5Z8 | LY LA AD LCMI LX LC |SMNEA, SEA
1001 3 |TC1A JMP THRA | TAX | TAGC | TGA CAL
i 9 9 |-} 9 9 5 a g
SZ8 LY . LA AD LG ML Lx LC | ENEA| ZEA
1010 A | TGC2A JMP TBA | TAB | TAZ | TZA CAL
2 A A A A A a A A
SZB LY LA AD LCMI LX LC |EMEA| ZEA
1011 B | TGC3A JMP TIFA | TAIF | TAZZ | TZZA caL !
3 B B E B B B B E
SNZE! LY LA AR LGMI LX LC |ZNEA| SEA
1100 c OJA JMP QFA | IAE | AM | TVIA CAL
[ o c C [ [ c C &=
SNZB| LY LA AD LCMI Lx LG (SNEA| SEA
101 i} OKA JMBE OGA | 1AS | AMG | TV2A OAL
1 D [in] =) D D [w] D =]
SNZE| LY LA AD ' LCMI LX LG [BNEA| SEA
1110 £ QLA JMP OHA | TAHS |SNEAM TV3A CAl,
2 E E E E E E E E
SNZE LY LA | AD LCMY LX | L& |SNEA| SEA
1M F — JMP OMA | AL |SEAM|THRA CAL
a F F F F F F F F

[ 2-word instrugtion
[ERE] 3-word instruction
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% Dy~D, | 0000 ( 0001 | om0 | 0011 | Otoo | QIOd D,~D. | 00a0 | ooot | omg | o011 | 1000 | 1001 | 1010 ! oMt
N St !
#,:,?ﬂ',gb P l
D:l-v Do I?,g;q]ﬂ; 0 1 2 3 4 5 Dn"‘" Du %63?9_( a 1 2 3 a8 8 A B X
!

000G 0 TAR | TRA | — Looo 0 - - - -
oo 1 e — — —_ 000 1 — — _ —

0010 -2 N P B -1V I I I 0010 2 - | - - | -

- -

S0 ] OR{AND | ... . :
0011 < I P sume| — | — Qo 3 - | - - | -
a 3 3 N
SU | OR | AND §
o100 4 . . ORM |TLLA| — 0100 4 — — - — 1
4 4 4 |
sU | OR | AND - |
0101 g ! ANDM|TLHA | = oo 5 — — - - |
s | 5 | s R
SU -| OR | AND . |
0110 6 , TAEF [TEFA| — o110 8 - — - -
[} 8 & . !
su [ oA | AND :
Mnn 7 TAEV| — - o 7 - - L — —
7 |- 7 7 ,
54 | QR | AND ;
1000 8 TACQ| -~ - 1000 ] — ma — - — —
a ;] B \‘
BU | OR | AND : !
1001 a TAGY| — - 1061 g | g — — - - -,
g 5 g 7 [ \
S OR | AND ¥ :
1010 A TACZ| ™ - 1019 a - - - — - — E
A A A L !
su | oR [ AND F :
1911 B TAG3 | == - 1011 = I} B - - — - -
B 8 B B '
SU | OR | AND ol ]
1100 o TACML| — — 1180 o T — — feal&d - - —
c|lec|e -5 |
: U | OR | AND £ L i
1o D TACMH & —— - na [ JF — - - ] — - -
p | p| oD R ik 1
U | OR | AND ,—?ﬂ*ﬁw Bk !

1110 E - - — 1110 E |iMPk{ — - — |EALLy — - —

E E & b il 1451, M)
, SU | OR | AND A R

111 F - - - 1mm FordseL: — - — |[CALBd — - -

F F F 4 iy w
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SINGLE- CHIF 4 BIT CMoSs MICROCOMPUTER for VOLTAGE SYNTHESIIER
with ON.SCREEN DISPLAY CONTROLLER

CAM 4w

SYMBOLS
The following notatlon are uzed for tha following deszcriptions.
Symbaol Contante Symbal Contants
A Raglster A4 bita) INTE Intérrupt anatle llag
B Aeglatar B(4 bils) INTF Intarrupt fequest Hip-liop
C fegistar G4 bla) EQ/ID ED/ID flag
4w Raglster CC(4 bits) ELL The lower 4 bits of avent Iach
COy Color raglster(3 bita) ELH The upper 4 bils of avent larch
o, Color ragiztar(d bits) EVC Event counter central raglstar
GO; Color ragiztes(3 bits) EVF Event flip-flop
GOy Color ragizter(3 bils) MUTF Mute flag
1 Ragizter (3 bils) A Sy AND
R Register A(3 blig) v w| OR
D-AL D=4 latch(14 blle) M(DP) RAM address which | specified by data pelnter
b Registar X(4 pite) ™ .
¥ Register Y4 blla) — Diracilon In which data it ransfarred
4 Raglater Z{4 mits) () The contenta of register, memory, etc.
v Reqlaler ZZ(2 bits) x 1-blt binary varable
DpP Data pointar {8 bits) faNg 2-5t blnary varlable
(conaieting ¢f the reglatera X and ) hja 2-blt binary vadatie
PG Program esunter(13 bita) XgXad; Xp 4-blt binary variable
SK ' Slack reglste(13 bits) Ya¥z¥1¥o 4-bit binary variagle
SKX Slack registar X(4 bita) NaNan, s 4-bit binary varlable
SKY Stack register Y{4 bita) ’
cY Carry flag(y plt) a Labal to show the address gf
a] Porl O(1 bit) A dg @0 da By Ba By &y Ay 2z 3y Ny
E Porl E(4 bitz) - Negatlon or condition of the fag |z not change afler the
F Port F{4 bits) Instrucllon s exedutad
G Fert G4 bits)
H Part H(4 pils)
d Port J(4 gils)
K Part K(4 bils)
L Port L4 blls)
M Port M(3 blia}

Note 1 ° Tha M50436-XXKSP performa a skip by ignoring the nest instruction, ang by not exacuting the instruction at tha address pointad to by tha ¢on.
lanls of the program counter +- 2,
Therafore, the cycle number goss not change. regardiess of whether a skip is genaraled or nat.
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MACHINE INSTRUCTIONS

G EEN
. Inatryation code B B
Mnamonla ' .E @ -§§ Functlons
. H a
Type of B Dp D Dy Oa Dy Dy Dy a::flﬂ:imal z g = &
TAR 01T 1T 1T T 9 10 7T AT (A(B)
TBA [v] 1 1 o 1 0 1 0 ] A 111 (By=—(A)
TAC T 0 0 0 1 6 0 1] & & l1{1]|tare
TCA 1 06 0 1 1 0 0 1|8 gv INRREEAEY
TAX o 1 1 1 1-0 0o 1 7 9 1"k (A=)
2 | Txa o T 1t 0 1 0 0 1186 9 |11 00—A
£ | TAY 01 1 1 1t 0 0 0|78 [1]r(a—n
T | Tva 6 1 1T 0 1 0 0 0|6 & |1[1]|v(a)
]
B | TAR 1T 0 ¢ o o 1 1 1| 8 7 | 21 2| (Aa As Ay, Ag)—(0. Rz, R, Aa)
E 2 0 1 1 o 0o o o = o
2 |TRA 1 o 9 9 0 1 1 1! a ? | 2] 2| (Ra Ay Red(Ap Ay, Ag)
™ . . '
2 6 1 0 0 0 0 o 0| 4 o
TACM 1 ¢ ¢ ¢ o 0 1 0| 8 2 | 2| 2| (Ag Ag Ay, Ag)—(0, 0, A/D, COMP)
6 o o ¢ 0 o 0o ol o 0
TAHS o 1 1 r 1 1 1 ol 7 E [1]1 [{A)=(HSE)
TAt 0 1 1 10 1 U 07 B [ 11| (Ag A Ay, Ad—(D, INT, BIT, &)
TAIF [ 1 ] HE - I | 1 7 B 1 |1 | (Aa A2, Ay, Ag)+—(INTF, EDF, EDy. EDp)
TIFA 6 1 T a1 | & B |1 1 |{ED, EBg}—(&,, Ag)
LX x 1 1 0 0 % x % x| C X 1|1 [(M)—x, whare x=0 ~15
H
LY y 0 0 1 0 ¥va v v ya| 2 y | V[ 1 {¥)—y, where y=0 =15
[
£
®
&
&
- LG n 1 1 Q0 1 m ng m ng| D n 111 [ {&)+n, whare n=0 ~15
5
[=]
o
&
@ Ny o 1 1 0 0o 1 ¢ 1| e 5011 | v)—{¥)+1
[ 1.
INX o1 1 0 0 1 4 aof s 4 1117 (=)
PHXY /I R - L Y - ] V1| {SKY)— (%), (BKY)—(Y)
BLXY ¢ 1 1 a @ 1 1 1| =8 7011 ={BKX), (YI—(SKY)
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SKip conditions c';g" ' ' Detalled deseription S

b — —_ The coments of ragizier B ara translarred to reglster A
— — | The sententa of reglater A srs transforred 1a fegiater B.

—_ — The contenta of reglster G are tranglarrad to register A,

- - The canténts of reglater A are transferred 0 fegla.l.er'c_ ey,
i

— — The contents of regisier X are tranafarred to reglsier A, =y

' -
-_— — The contenta of ragisier A are lransferred to raglater X.
— — The contents of register ¥ ara tranatarred to register A, ’ .
—_— — | The eonents of reglater A are Iransfarred to raglater Y. !
— - Tha conlants of register A aré tranelarred 1o raglsier A,
-_ — | Tha sentanta of reglster A are transtarred to reglster R
- — The result of comparisen {COMP) and Lhe value of A-D pin (A/D) are tranalerred to regisler A,

— — The contents of H3 gounter are transferrad tc ragisier A,
- — The result of judging Interrupt are transterred 16 reglater A
— —_— The contents af IF flag are tranalerred lo register A

—_ = | The contenls af regisler A are transforred te IF flag.

eontinuous deeeripticn = | The Immedlate fizld value i |3 [oaded inkg raglatar X.

Il a gontinuaus descrption of LX inztructiona are .wfilten and are being executed, anly he firgt LY inasructlon 1§ &xecutad.
the followlng LX ingtructions are al skipped.

continucus deserption — | The immediate Hald value v is Ivaded inlo regisior Y,

I If 2 continugus dascrption of LY Instruelions are wrilten and ara being excéuted, only the (irst LY instruction is exscuted,
the followlng LY ingkeustions are all skipped.

continuout description — The immedlata lleld value n i3 leaded into register C.

I & continuous desedatian of LG Instrugtians are written and aré being execuied, only the first L& instrucllon ls esecwtad,
the following LG Instructions are all skipped.

— = The conlenta of reégistar X are Incromentad by 1.

— — | The qgnténta of reglster ¥ are incramentad by 1. Az a rasult |l the centants of register ¥ are “a°. \he naxt Ingtrucllon is
ekipped,

- — The contants of dala peintar (raglaler X Bnd rogister Y} are teanalerred Lo stack X and atack .

-_ — The coments of slack X and stack ¥ are translerred 1o data poinler.

I e “aJ',';.' IR
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r Pifamﬂlq

, Ingtrutivn coda T %
Mnemonic ég é‘ﬁ Furétions
Imal a
Tyes of Dr Ds Dy Dy Dy D Dy Dy HB:::EZ:E 5; =5
Inattuihi -
TAM 6 1 1 1 0 o o o 7 o[ (A—(M(DP))
TAMX 0Ty e 0t e 7 2 1| (MR, (=41
§ | TAMY e 1 1 1 a0 9 1 1 70003 (1] (A= (M{DP)), (Y)—(Y)4 1
Ie_,; , z ) R
k=] ’ .
3 |TMa 0 1 1 o 0o o0 o ol & "0 |4 L1 [ (MEDR))—(A)
b - :
T | T™MAX 6 1t 0 o 0 1 o @ 2 VT {IM(DP))—{A), (X)={x)41
TXAY a 1 1 o o0 0o 1 [ 3 T EMIDP])—(A), (Y)—{¥)+1
| xam T T 0 0 0 vy b (AR
| Am T ¢ 0 0o 1 1 ¢ ol g T 11 (A={A)+(M(DP)). (2Y)m=carry
AMGC T 9 o o 1 1 0o 1 B T | (AI=(A)+{M{DF))+(CY),
(CY)=carry
SUm T 0 9 0 49 1 1 1| 8 722 (A)—(a—(M(DP)), (Q)—Borraw
0 0 1 1 0 o 1 o 3 2
sumAa 120 0 o0 ¢ 1 1 3 B 7 122 (A)=(A—(M{DP))—{Barrow)
‘ 0 0 1 0 0 1 3 3 (CY)—borrow
' ANDM o0 0 0 1 0 e 7 a2l (A=Al A(M(DR))
L R T TR B T 5
w | ORM 10 a9 9 0 1 1 1| & 7o 2] 2 (A)—(AlVIM(DE)
= 0 0 1 1 8o 1 g o 3 4
‘g ‘LA n [ 0 0 ny m: n, pp| 4 n 11 | (A)—n, whers n=Q=15
=
2
D
E AD n [s O 1 mp Mmoo ng| § m V11 {A)==(A)+n, whare n=0-15,
T (CY¥)—carry
{ .
AND n T80 0 0 0 1 1 1 8 7 2|2 |{A)—{A)A n, whera n=0~18
o} o 1 O M np omomy 2 n
OR n ' ¢ 0 0 0o 1 1 1] 8 7 02 2| {(A)—(AV n, where n=0~15
0° Q 3] 1 fa Ma mn Mg H m
SU n 1 9 0 0 o0 71 1 1 3 7 212 |(A)—(A)—n, whare n=0~15,
_ 0 0 © 0 np n n ng| 0 n (CY)+—borraw
CMA L 1 1 7 a0 1 o1 1] o7 7 v (Aay—(A)
RAL o1 1 1 a0 1 0 1! 7 5 |11
RAR O 1 1 1 0 1 o0 af 7 4 |1 |1 F'
] &sc T 0 o 1 0o 90 o0 1] g 1 11 (oy)—1
RC T 0 0 1 0 o o0 o & Q |11 |(cv)=0
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" Skip condltions ‘?;';V C Datalad descripten . e
—_ - — | The centents m M{DP) ara Iranzlarrad to reglater A )

— —~= | The conlanla ol M(DF) gre \ransterred La registar A, nd he conlants gf ﬂtgl'l@r x are Incremented by 1. , .

-_ — | The contenls &f register A ara transferred 1o M(DP), . C

And It the contants of reglster Y ars intramatenied by 1 and the rasult Iy *0", then the naxt inatruclion |a skipped.
.-\ .
-_ — | The contents &l registar A are lranal'arrad to M{DP}, . :

hy .
5.
— . == | The contanta of raglster A are tranaférrad ta M(DF), and the contems of registar X are Insramanted by 1,
-_ -_ ‘The contems of régister A are tranaterred to M(DP),
And if the contents of regisier Y are incremaotentad by 1 and tha result Js 40", ther the nexl inetruction le sklpped.

— —_— The contants of M{OP) are sxehanged with raglster A,

— — | The contenta of M(DF) are added 1o reglstar A, and Lhe resull Is siored im reglater A and In the carry fiag CY.

— — | e contents of M(DP) and carry ftag CY are added te registar A and the rasult |s siored into raglater A and into cary flag
CY.

— — | Tha contanta of M(DP} ars sublrast trom reglater A, and tha result iz storad into reglster A and in the carry flag G,

— -— The contents of M{DP) and berrew are subtract from reglstar A, and the rasult s stored Inte reglater A and in the carry flag
cY. '

— — A logical AND is perormed between tho contents of reglater A and tha contant: of M(DP), and the result is starad imo
register A.

- ws | & loglcal Of Is porformed between Lhe contents of register A and tha contanta of MIDP), #ng the rezult 9 stored inta reg-
lgter A. .

_— — The immadiata Hald value n is loaded into raglater A.
It a continuous descripilan ¢f LA inatructions are wriltor and baing execuled. only tha fArst LA Inztructlon |3 axecuidd, tha

Tollowlng LA instructions ara all skipped.

— -_ Thea Immadiale field valua n is adaad (D reglster A, and te rasult 18 stored inlg register A and In the carry hag CY.

— — | Alogical AND |5 perfarmed batwean the contants of regleter A and the immedimte flald value n, and \he rasult Is stored
inle reglster A. .

- — | A logizal OR iz parormed bistwean tha contants of reglster A and the Immediate eld value n, and the resull i stared lita
ragiater A.
- — | The immediate fisld valua n |5 subirast fram raglater A, and the result iz sterad Into regisier A and in Lha carry flag CY.

—_ -_— The one's complemant of ragister A's conuents are sterad lnto reglster A
-_ Ag | Tha ragister A, Including carry flag CY, i2 rotated 1 bit 1o (he lefl

—_ ' Ay | Toe reglster A, including carry fag @Y, is reatad 1 bit to ihe right,

— 1 The carry flag SV 1% gt (1),

— o The carry flag GY |5 reset (0).
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Faramera] - .
! Instructian code ? ?
Mnemanic ﬁ.g .ED E " FungHgns
. . E
e D B B Dby 0 b o MROSImAlZ g R
] , ‘ '_ -
E |oMme 1 0 0 1 0 0 1 o8 2 [1[1](GY)(TT)
g_ sz : 1 0 0 0 O0O-1 OB o 0 4 [ 1|1 |{cy)=or
o | SNZEO
£ s8Nz 0 00 @ 0 1 0 1] 0 51| 1|{cnwo?
= h
< | F2BO . e
SB | o 0 0 1 0 1 j o fa 1 -?— 11 | {M[(DF))—1, whare j=0-~3
|
g AB | 0O ¢ 0 1 0 0 g dal| 1 |11 [ (mMitBRYY—0, whare j=0-3
B
] )
& |szB ] : 0o 0o 0o 1 1 0 kL It 8 [ 11 | {M(DF))+—07, whare j=0==3
& +
i
SNZB | o 0o 0o 1 1 1 ji jai 1 c |11 [ (MDP))—1?, whare |=0-3
' . L . B +
!
@ SEA N 1 T 1 T Ng Ny M Mg F n 1 1 {{A)™n7, whare n—=0—15
E SNEA n 1 1 1 @ ng nmg ny mg| E n | 1|1|{A)#n?, where nm0~15
11
g' SEAM 16 a4 6 1 1 1 1| 8@ Bl | {a)=(M(BP)?
Q| snEAM 1 ¢ 0 0 1 1 1 o] & E | 1|1 | {Aa+MDP))?
=l 2 '
o § DI 1 0 0o 90 4 0o o 1| B 1 1|1 {evon—0
E g .
:E g Bl - 1 9 ¢ o ¢ 0 0 of & g | 1|1 |{EMD)—1
- 0 i
TAEV 1 a o 0 o0 1 1 1 B 7 2| 2| {Aq Az Ay, Ag)=(0, 0, 0, EVF)
g ¢ 1 1 9 1 1 1] 3 7
§ TAEF 1 0 0 0 40 1 1" 1 Ll 7 | 2] 2| {Aa B Ay Aol —(0, O EVE,, BVE,)
= o g 1 1 ¢ 1 1 0] 3 6
2 | TeEFA 16 0 0 0 1 1 1| 8 7 | 2| 2| {BYCF, BYC,, EVSy)—(Ag, Ar Ag)
0 ' 4] 1 s} 0 a 1 1 8] 4 2}
s _
E | TLLA 1T 6 6 0 0 1 1 1 Y 7 | 2] 2 |{ELL)=(A)
8 61 98 0 0 1 0 0 4 4
1=
B | TLHA ) I < T v R « R+ B S i 722 | (BELH)=(A)
2 i] 1 1] 0 0 1 0 1 4 5
[
= | SEV 6 o0 0 0o o 1 1 o v 6 |11 | (EVR)=1?
&
SNEV 60 0 ¢ o 1 1 1 & 7 |11 |{EVF)mO"?
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’ Zkip conditans

Garry
fing

' ° - Tt

Ontallsd dasaription

(CY) = | The one'a compiement of carry flag G''s cantants ars stored inta sarry flag CY.
{cy)=0 — | I'the entents of carry flag CY are *07, the nexl Instrustten |3 skipped. :
(CY)w 0 —  Itthe cemlents of carey flag GY ars 17, the next Inatruetion |5 skipped.
' i
i"\\.\“
- — | The J-th &t of the cantents of M(DP), which Is the bil pecitied by 1he immadiate flald valus |, Is 38t 1o 1. '
- — | The jsth bl of the contents of M{DP), which Is tha bif specifled by the immadiale ftald valup |, |2 resat to 0.
- — | W the [t BIE of the centonta of M{DR), whigh I3 tha bit apacifiod by the immediate flald value ), is “07, the next Inatrustion
I5 sklppad.
— T | WWthe J-th bl of tha eentents of M(DP). which Ia the Bit spacifled by the Immediate fald valua j, Is *17, the next Insrustion
I sklppad.
(AY=n — It the zontenis of register A ara equyl e the Immediate Meld valeg n, the next inatruction I Ekipped.
(A)==n - i the contents of registar A are not equal te tha Immed/ale Haid value n, (ha rext instrucllon |s skipped.
(A)=(Mm(DP)) — | IFIhe contents of reglater A ara aqual to the contants of M{DP), the next Instuction la akippad.
(A)=(M(DP)) = | Ittha contents of reqlater A ar¢ nol equal ta tha =antents of MIDP), the next Instiuction is skipped.
— — The EVDI fag la reset (Q) 10 chanye the state In which an intecrupt Is dlsabied.
- - The EI/Di flag it sat (1) te change Ihe state In which an Intarrupt is anabled,
- — | The comeais of gvant Nip-flog are ransfarrad ta raglstar A and he Niplep is reset (0),
— s The contonts of evert cantrol regleter arg transfarrad to the lower 2 bits gf reglster A,
- = | The lewer 3 bliz of register A ara transtarred to The event santrsl gisiar,
- = | The cententa of reglster A are transfored to the lowe? 4 bits of avent Igich,
- — | Tha 2ontenis of reglster A are transterrad 10 the upper & BIEs of avant IMch,
(EVF)=1 = | ifthe contants of event flp-liap dre *1”, ihe next Inetructian 15 skipped and the flip-top la resat (0).

(EVFI=10

It the contents of event lip-Neg arg *0°, the naxt In&truetian is skippad and the flip-Hop I3 resat (0).
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CHIP 4 BIT CMOS MfCHDGOMPUTER faor VDLTAGE SYNTHESIZER
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Faramats

Inatruclion aade ' E = )
‘ Mnomaonic - é’g%'ﬁ - Funetlons
[+]
e Dr Dy O D by D D, | MeMAdscmalz s
o
ODA 1 0 o o 9-ag 1 | a -3 1 ] (D)+—(Aa)
OFA 6 1 1.¢ 11 -0 ol & C |1 [ tR)=tA)
0GA © 1 T 0 1 1 0 18 -pl1!1](aya ;
2 . . T ey '
.E\ QOHA L N R - - R R R TS
"E-" OJA 0 0 0 0 1 1 o ol a ¢ |1 e
5 | oKa . o0 0 1t 0 10 o 11| (K—A) !
a . ¥
a |owa @ 0 0 0o 1 1 1 00 E 1] ]| ]
% oMaA e 1 1 0 1t 1 16 F o]0 [ (M)=(Az A A !
c : |
=~ | IAE o. 1 1 1 1 1 0 0 7 c |1 ] (A)—(E) ) 1‘
IAG 0 T 1 1 1t o 0 1|7 o | tay—a)
| 1AL o 1 1 1 1 1 4 1| 7 Fol1] 1| A=)
ICD 10 0 1 0 0 1 1] 9 3|1l i
E VDPE i 1 L] Q o] o 1 ny Na 8 _?_ 1 1 (VDPH}"_(EQ. B, Bg. Aa. Az, A Au) J
[ i
23 " whare nom (-2
& =
(]
E o |DaTA 0 0 0 0 0 0 0 1[0 1 |11 [({DAL—IMD 3)=MD 0))
Q- "
< 5 | mut 0 2 o 0o 0o 0 1 of| o 2 |11 (MUTR—1
n .
3‘ NMUT ¢ 0o 0o o 0 o 1 1| @ 3011 [ {MuTR—0
JMF a3 1} 0 1 1 Bg - By Ay 3 a 2 2 ( F“G)"—E1 8
2y @3 85 8y By A8z Ay, 4dg a a
CAL a 1 0 1 1 a5 @ a as| B a |22 (BK)—{PCrax)
87 B 85 % fy & 4 Hy| @ a (FG)—ﬂn*'Elo
w |JMPL aa g 1 1 ¢ o 0 a 1| & 1 | 3|3 |{PC)—a,pa,
E 0 0 0 &, a2 8 a dy| @ a
-% 8r B8g fa Bs Az Az By Ay a . a
[
§_ CALL aa 2 1 1 0 o 0o a 6 1 3| 3| (5K)=(PCnexi)
s T 9 0 a0 &y a3 a, ag| B a (PC)_313"“'BD
= 8y Bg dx Ba Pz By Ay an +
[+ a
'.E a. a
§ |AT 1.0 0 1 0 1 0 o| 8 4 |[1]1](Por—(sk)
=]
a2 | &M 1T 0 0 1 7 1 0 1l g 5 (1|71 ] (PE)=(BK), (BKIP)=(5KS)
o .
§ |AT3 a 1 6 o 1 o0 1 1 ol 8 6 | 1] 1 | {PG)—(SK), (SKIF}+—1
£
=
E
SKIP T 0o 8 1 0 1 1 1! g 711 (skiey—=1
NOP t 0 0 1 090 1 1 1] a o1 | re)—(PE)+ 1
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Gaery

oy Datalled desoripllon

Skip condltiona '

- — The moal signlficant bil of reglsler A 18 cutput ta the part D,
- - The contents of reglster A are outpul Lo the pert F.

_ - Tha sontenta of reglzter A sie sotput to the port G,

— — | The contents of raglater A are eulpuite the pert H, ™
) — — | Tha sontents of register A are oulput to the part J. ‘ \1 Y
- — The contants of raglater A are ouiput h;' Ihe pat K.
—_ = | Tha statents of mgl,—,w.r A are culput lo tha part L. ‘
- — The iower 3 bits of ragialer A are sutpul to the por M, - .
- - The inpul from the por E are transferred Lo regiater A.
— — The inpul Irom Lhe port G are transferrad to ragister A, !
— —_ The lnput irom lhe port L are transfarrad to raglstar A:
- - The inﬁut from the port D are transferred to carry llag CY.
- . — Tha 7«kit D-A date (ihe tower 3 bita of reglater B and raglater A) are traneterred w VDF latad.
- == | The t5shil O-A dato (M(0,0), M(0,1). M!0,2), ana except for Lhe upper 1 bil of M{03)) ara tranzflared Lo the D-A iatch.

—_ —_ The MUTE flag la set {1). The VDP perl becomes “L" Igval,

— _— Tha MUTE tlag iz sct (0), Mute slate ls canceled.

- — | Jump to 8n addrazs which is spaciied by &,,~a, uncendiBenally.
- - The ratwen address 1a stored inlo slack ragister. ang jul‘ﬂp e oan addregs which is spacil’ied by ayy~ag uncandl!lanally.

— -— Jurnp te an addrass wheen iz specilied by a,;~as uncondiionally,

— —_ The raturn address is steraa inte stask registar, ang jump 1@ an gedrozs whigh iz spoollleg by dp—ag unsondltionally.

- - Conlrol la then relurned from the subrouline to the rouling which is called the subrouiine.
(8KS8)=1 — Contegl is then rglurnga frem the inérrupt handing routine to the main routine,
unconditional skip _— Gontrel 12 then returnad frem the subreuling 1o the reutlné which is aalled the subroutine, and the nexl insiruction it unsan-

ditlarally =kipped.
uncongditional skip we | The next iRsructon i3 skipped afler the ekip fiag = et "1,

- — No cparatlon,




wlth ON- SCREEN DISPLAY CDNTROLLER

Display control aparation

\ Instruction r.::uda ? T
Mnemonis Haxadeclmal Eﬁ '§§ .Func"an?
D Db Dy Dy Dy D Dy Dy notatien =gz &
TOOA 1 o o o 1 a0 o o 8 8 1] (eg)—(a) ’
| TAZ 1 9 o 0o 1 o 1 pl 8 A 1| tar—(z)
|Tza " 1 0 0t 1 06 1 0|9 A 1| (zi=(a)
TAZZ 10 0 0 1 0 T 1§ B 1 [ {As. Ag, Ay, Au, )=(0, 0, 22,, ZZs)
TZZA oo ot e 1 1l e e D [ (zz, zze—(Ay, A0
[ TEna e .0 0o 0 1 0o 0o o| @6 a 1 ] (Gng, Cny, Cng)—(Ag, Ay, As)
. _ril_ whare n=0~ 13
TAG n 1 0 Q0 0 o°o 1 1t 8 7 02| 2] (A Az A, Ag)—(0. Cny, Cny, Cng)
6 0 1 1 1t 0 n, my| 3 ]
-+ whara n= ) ~ 3
TVnA ma 0 1 1 1 m omg| 8 3 1 | (82, BZq Vng, Vng, Vaa, ¥ng, V., Vng)
_n': —(Ca. Ca, €4, Co. Ag. Ap. Ay, Ag)
m=(n=1), whera n={~2
THRA 1T a ¢ 1 1 1 1 1| g F 1 (Hg Mg, Hg, Hg, Hy, Ho)
(G, Go. Ag. Ag, Ay, Ag)
LG n 1 0 1 0 nma mg ny ng| A n 1 [ (CM(2Z, £))—(C) n,
Z)—=(Z)+1
TCMAI i 0 1 1 0 o 9 w8 8 T [ (CM(ZZ2Z))—(CL(A),
o tg)=(zi+1
TAGML T 0 2 o9 o0 1 1 1] =B 7 2 | {Al—(om(ZZ, Z)lame
o 0 1 1 1 1 a o 3 ol
TACMH t o a ¢ o 1 1 1] =& 7 022 | (A)=(CM{ZZ, )
6o 1t 1 1 1 0 1] 3 D
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Skip conditlona

Carry
flag

Dretallec deacription

Tha contants of reglster A are tranalerred to regiatar GG

The conlenia of painter register Z for GRTAAM are transferrad to reglster A.
The conlents of reglster A are tramalerred to the palntar ragister Z for CATRAM,
The contents of zelactar regitiar ZZ for CATRAM are irana_l’:}r.:ad 1o raglater A. . A
Thes Gontenty &F roglitér A are Iranafarred to 1he zelecter raglater'ZZ for CRTRAM,

-y

,
The contenla of reglater A are transferrad (o the colar reglster Gn, =

The contanis of aclar reglster Gn are transferrad to reglster A.

The gententy of rogister A and reglater G are translarraa to the charagtér $lze register SZn and the vertical locatlon regis-

tar Vn.

Tha conlants ol the lawar 2 bits of réglstor C and register A are tranaferrad Lo regletar HR.

After the Immecdiale tleid value n and the cartents of reglster G are transberred o M(Z). the contents of reglster Z.are in-
sramantad by 1.

Tha contanls of raglaters A amd C ard bransferrad lo M{Z), the contenta of registar Z are Inerementad by 1.

The lewar 4 bits of CATRAM are ransferred to raglsler A

Tha uppar 4 Blts &l CATRAM are transfarred to raglster A.
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SINGLE- CHIP 4-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
WITH ON-SCREEN DISPLAY CONTROLLER

ABSOLUTE MAXIMUM RATINGS (T=25C, excapt the limits of temperatura)

Symbol Paramslar Test onditlona Ratings Unit
Yoo Supply voltage —0.3~8 v
Vi : hput voltage :;TN(E;F;?Y??;T%, I'H% With respect 1o Vg 0, 3~Vuo0. 3 v
Yo Cutput volitpge (0, B ey - 00 B v
v Qutput vallaga VDPy~—VOPs, Ports My~Mg, HgHy With respecl to Vg —0.3~13 v

o Kam=Ka Ouiput ransistars cut-off

anl Current in elrgult 0-1(Nata 1} mA
oy Current In eirsuit 0~2(Note 2 ) mA
toL Currant In clreylt Port Hg=Ha O~~10{Ncte 2 ) mA
Fa Power dizalpatien Ta=2TC 800 mw

| Topr Dperating temperaiura —10~70 <
Tatg Slerage temperatura —40~125 T

Mote 1 . The total amount current flowing out of the IG must not exceed T5mA.
2 1 The total amgunt current flowing Into the IG must nat axcead 20mA excep! pan M.
3 ¢ The total amount of port H current flowing into the IG must not exgeed d0mA.

RECOMMENDED OPERATING CONDITIONS (Ti=—10~70%, Von= 3 V£10%, uniess otherwise notad)

Symbol Paramaeler Limita Unit
Ml Nom Max
Voo Supply vollaga 4.5 5 5.5 Vi
Vgg Supply voltage 0 v
Vi e et varm 07V | Voo | Voo | V
Vin . | "H" Input voitane Parta Ly, L, 08 | Voo Yoo \'4
ViH "H" inpul voitage AESET Q. %Npo | Voo Ve v
"L" Input vollage Parts Ep~Ey, O, INT, Ly~
Vi - ’ G:TG? HE:'NC. vsw:c.% 0 0- 3Vop | M
v, "L” Input valtags Poria Ls, Ly o D |0 %Vew| VW
Vo "H" oulpul eurrent Port Hy~ Hy o] 12 v
I “L" output currant Port Hy=-Hy 10 mA
tery Cloek agglllating fraguancy (m GPY segtion){Note 4 ) 3.6 4 4.4 M2
Toar Clock ogclllating frequency (In CRT gastion) 4 5 b MHz

Note 4 1 Use a quamz crystal oscliiater er a ceramic rezonator far the GPU osclliating circuit.

ELECTRICAL CHARACTERISTICS {Te=—10=70TC, Voam SVE108%, I .,— 4 MHz unless othc.nviﬁa noled)

Syrnbﬂll FParametar Tast conditiong Sl unit
Min Typ Max
Voo Supply vgllage . lemu==4MHz 4,5 5 8.5 v
log Supply curtane ¥eo=55V [lgpy=4MHz at dispiay aff 1.5 g mA
Vpo=3.5Y  fopy™=4MHz

lno Supply ¢urrant lewr=5MHz a1 dlsplay on q 15 mA
e H" output eufrant :;:-rl: E,.AFD, Ji=Js, D.R, G B Voo=d. 5V Vonmz.4V o5 A
oL "L" output cuerant D-A, D, Forts Mg~ M., VDRy~VOP, Voo™ 5V Vo, =l 2y 0.5

For~Fg, JamruJa, Ko Kq, OUT 7 e ) mA
T, "L" output eurrent Porte Gg~Gj, Le=L, Von=4.5V Vg =0,4v 1 mA
lo "L" gutpul curreat A, G. B Vop=d. 6Y Vg =0 4y 1 ma
loL “L" output current Part Hy==H, Vgp™d, 3V Vg =iy 10 mA
Viye=Vr— | Hysteresls P“”il“" Ly ' Vop™3Y &t uging a5 courar Input 0.5 1 1.5 W
Vra—Vo_ | Hysleresis REGET Von =5V 0.5 1 1.5 \

Puh- i —~ - i~

Ry il frhsister '(3::;?) o o o Voo=SY v,=0v 15 ‘30 60 (393
- Puli-up transistor [NT, RESET Vgo=5V Vimedy

(Nota 5 ) oo | 25 B0 100 k2
oz, Qutput leak current Parts Gy=~Ga, Lo~Ly V=5V 10 A
lozL Qutput leak current VDFy~VYDP,, Forg My~—M; Voz12v b 16 A

Kg~—Ka, Ho—~Hg “
Va Fretzura-resistant output voage Poris Mo— My, VOP, 12 v
~VOPF;, Kp~Ky, Hi—~Ha




