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S ‘ o0t oo with ON-SCREEN DISPLAY CONTROLLER

SCRIPTION | .

thput/ .. -
Narmg . Funetions lntgrnal reset state | Fin struature
Outpgt - Lo 1+ .
—1 Swpply valtage Fower supply Inguts SY-10% 10 Vog, and 0V to Vgg. F
Ingyt for | Input " | Thase are IfD ping of internal clock nscélraung cireull. Depanding on the .'” ' HyErargsla
wschiating glroult relaranco slgnal, connect elher a quart ¢ryatal resanater (éMHz) and aharactaratios
capacitore (o these pins. axlss
Output for Quigut L CMOS sutpyt
cacillating clezuit s \
"
EELLY
Port F Qutput | This pert eutputs data fram the registor A. p 1 CMOS output
For J Qutput | This port suputs data from the reglster A, " GMGE qutput
Part K Oulput | Thls por euiputs gata trom 1he reglster A, " N-emasng/
.open-draln
high=valiage
cutput {12v)
PortH Qutput | OThis port ollputs data from the repiater A, ‘ “H" N=¢hannel
) cpen-draln
EThit port ean be connected t LED direcuy, high-vgitaga
kUt { 12V)
Port M Qutput | Thi% port outouts data from the |ower 3 bits of the ragizier A, "H- N=¢hannal_
cpen-drain
high=valtags
output (12v)
Pan € Input Exiarnal appiiod signai's lsval is read inlg the regiztar A, Buil-ln  pull-up
realetar
{eprion)
Pod G Qutput | (DThis port autputs data Irem the ragister A, "H Bullt-In puil-up
) rASIsIOr
input | BExternal apalied signars levei is read Into the raglater A. . {option)
Fori L Quiput | (DThiz porl culputa dacg frgm Lha registar A, - Bulltin pull-up
resigior
put | PExternal applled zignals iovel is read Into tha raglatac A, {oplian)
(Tg can ba used Az an Irpul pin for Iha HE countar.
Port D Butput | (DThis pert cutputa data Iram the masl zignificaat bit of the reglater A. Input state GMOS rlatalg
o]
inpyr | (DExiarnal applied signais level Is read Inks the carry Nag.
Gomparaive Input | Thia pin le camparative voilage inpul for Ine 3=kt A-D converter.
vallage input
Input fer tast Input | Thia & utually conneclad s Voo and =upply “L" (OV).
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SINGLE-CHIP 4 BIT CMDS MICRDCOMPUTER for VOLTAGE SYNTHESIZER
. ' with ON-SCREEN DISPLAY CONTROLLER

Raegat Ingit | toeab [ 1F @ "L {GV) Input is applied, the reaet stale e entered. I the inpul 18 Builtsln  pulkup
! change fram "L" ta "H”. the Internal reget continuex Iar at least 3 machine reslgtor
o ' tycles, For normal uge, apply a "H" inpul, Alts, when the powar |5 Inltlmly {opuon) , and
| .| applied, an axtarnal &legyit 14 roquirad lor reset. hysterasls
A characterislles
. axiaie
14-bil FWM Qulput (I)Accordlng to tha 14-bi digital information, the PWM algnal |s uﬁtpul:_ The ocutpul | CMOS culpyt
aulput The repeated Irsguency Is 122Hz, and the minimum pulza width iz 50062, | state |8 unae-
And, the [nput palarity san be changad By $slecling the optien, tned unti the
' - data 13 Input
@This pin can be used aa an 1-cit oulpuuthgurt. Into D-A lateh.
7-oit FWM output | Output | @ Atcarding to tha 7-bil latchad data, Ihe I'—'WM srgnal {which has 85 | VP, s not ac- | N-charnel
lovala) are sutpul The fraquancy 14 1kHz, and lha “minlmum pulse widih | tive stats, the | gpensdrain
18 185, And, the [nput polarity can be changad by selecting the cRlion, | oinar state I3 | high-voltagse
undeflrad  uatil | eutpul {12V)
@'Thia pin ean be used as 1-bit output port. . the data Is In-
put Inle D-A
Iatgh,
Ittt Inpyt Input | This pin used whah an external interrupl [z applied to the GPU. Bullt-ln  putt-up
ragleter
(oplion)
Horizonlal  syn- | Input | This Iz the havizestal synchronizing signal inpul pln Tor TV appalications,
chronizirg  aignal Thé input polarlty can be changed by salaciing an option,
input tor digplay
Vertlcal  synahra- Inpwt Thig Is the varical synehronizing signal Input pin for ¥V applicatons.
nizing signal lnput The input polarity ¢an be changed by selacting an aplien,
lor dizplay
Qsgllater Input Input | A digplay elack tan be obtalned by connecting a variable rasistor
for display (described later) and a capaciter, of Bath a csil and capacitors, between
lheza plnz.
Gaclilalor autput Qaeput . CMO2 cutput
. | ter dlsplay '
H, G, B ayipul Quiput | Thesa pina conrrol the &olar display data. ‘ Nor an actve | CMOS oulput
The output polerlty can be changad by selasting an pptign, gtata,
OUT cutput Output | Thia 15 a logical OR output for the A,G.8 pine. Mot an agtive | CMOS output
The output polarity can ba changad by salécting 3n oplion, gtala.

Downloaded from Elcodis.com electronic components distributor
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ICTION BLCOKS
A OUTPUT

PWM output port (D-A A) outputs the pulse
ated {PWM) signals. It can also be used as
fage output part.

n Figure 1, the D-A port has a 14-bit D-A

15-bit D-A latch, Altogether, the 15-blts of

sses M{0,0), M(0,1), M(0,2), and excaept

for the most significant bit of address M (0,3)) are
transfered to the D-A latch by the DATA Instruction.
According to the lower 14-pit’ dlgltal information, the

" pulse width modulated signals-are- output from the D-A

port, By performing D-A conversion on thésie ouipul
rectangle waves (via the integration eircuit) . a tuning
valtage can be generated. A .
And, the DA port can be used as a 1 blt output hy
controlling the upper 1-bit.

M,

L™

+ any
'\.\‘h

|LSBI Moo

0 Bl mto.3) IMSE' 58| meo.2) [mse] ILSBlM(DI)
instrusticon
IMEE 0-A lateh
— - J
[ 14-pi1l PWM |
B

-A 1acth, 14-bit PWM, ang D-A port

tput signals

o interval (T, about 122 Hz) can be divided
nimum pulse widths (t;, 500ns), and the
can be medulated by that iy unit depending
it data.

aating a small pericdic interval (Tg.'abnut
 84T==T,), which Is 256 times t,, pulses of
3} width can ba output with a period of Ts.

- &4), defined as the slgnal duratfon in 64
alg, is determingd as follows: First, the 14-
split into two parts: the lower 6 bits and the
s. ¥hen the number deslgnated by the low-
aches 64, it is moved up ene place. So Ty
‘number indicated by upper 8 bits) X 1y in
| intervals. Furthermara, as many ty's as are
y the lawer 6 bits are added one by one in
)| intervale. The relationship bhetweeon this

Table 1. Helationshlp betwean the Lowar &-bit Data
and Tm
Lower G-bll data Interval longar (by ty) than sther Tm's {m=1=84]
00000% |None
o00001 rym—32
000010 |m=1848
DO00100 |m=824. 40,56
001000 mead 12, 20, 28, 36, 44, 52. 60
010000 |m=2810, -cernees 56, 62
100000 |m=1,35; - 61, 53

daianapdbTirgnisEshdeepin Elathde dcomponents distributor

Tha 64 cases from 000000 to 111111 can ba expressed
by the seven combinations shawn in the Table 1. Also,
tre upper B bits, &% sets from

to 1111111111111 can be ex-

by combining
30000000000000

prassad.
If the upper 3 bits of the 14-bit are 00000011, and the

lowar 6 bitz are 000101, (for example, Ta, Tga Taz Tao
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CeElD SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
Colen Tt LG with ON-SCREEN DISPLAY CONTROLLER

el U, [

—— ' - 31, J 3 - 3ty ’
=3t 3% |—;§ | — ° - 'F{ ® L  S— I__ Data of the D-A [atch
I Tr Tz Taa Tu | | I _ I I . Upper 3 bits

Q0000071
f— T . —Tg—=] o © Lower@hits
, ‘ - boocoa

I = Tu —— i T1""'TH'= dt

. Hlo—l- —.—atq --47@-——:-31‘0 -I-Btg ' a
*J }__ 1 . l-h 4 — l' Uppar 8 blts
: I T LEH DR " Ty - l l T 000gYIT
=Ty —d [, = Lower gog;tgj
o
: T Taw Taz
' Ta Tas, Tag to

omer Tm= 31

g-2 Output Waveform from Port D-A

Thus, thege duration times of Tm's (of the level In each Table 2, Relationship betwsen the 7-bit Data ang the

small interval) ean coineide or become almost equal Output Waveform from Port VDP
with at most 1, differance. This perladic time of the 7-blt aata tm (m=1—~684} i fecoma “H" in lhe perigd T (=4t
small interval (Tg, about 7.8kHz) approximates the te- | 000 g o oT | None (ahl ") _
peidted frequancy. DOOOCOT |m=32
After the RAM data at the specifc address is set, the Q000010 (mm=lg48
output pin status wil still be unstable untllf the DATA DO0O0100 | mmA 2 42058
instruction is executed. _f?_D gT1o00 m=4, 12, 20, 28, 35, 44, 53, 60
D010000 | m=2810, - rmmrmmn S8, 62
= LLLTEEEETTERIPPPON 4 | 63
3T PWM OUTPUT Q1T0QODQ | m=T,3,5 i .
VDP part 1 XXX XXX | mm)—E4(all "H" .

The 7-bit PWM output port {(VDE) is uged to output the
Pulse width modulated (PWM} signals. It can also be

Used as an output port for various analog data ¢ontrol INTERRUPT

by using lowpass filter. A 7-pit analog lateh is con- (1) IFflag :

nected brough PWM block to the VDP port. The lower The IF (Interrupt Flag) consists of four bits. ED1 sets
3 bits of register B and the 4-bit data of registor A ara the polarity of the Input signal input to the INT pin. ED2
transfered to the analeg latsh by the VDPy—.» Instrucs selacts two Kinds of reference cloeks that determine
tions. According to this 7-bit dightal information, the the pulse interval of the input signal to the INT pin.
Pulse width modulated signais (changeable to &4 EDF is a bit Indicating the EI/DI state A "0" inhibits the
levels) are outpyt from the VDR pon thus allowing var- interrupt, while a “1" allows the interrupt. The EI/DI
I0us analog data to be sontrolled. state is set by the El or DI Instruction. INTE Is a bit In-
Qutput waveform from the VDP port dicating the presence or absence of an external infer-
According to the 7-bit analog latch data, the VOR port rupt input. This bit Is set to "1” when an external intar-
outpLts pulses, whose wldths have been modylated by rupt occurs, Whan in the E) stata and an interrupt is
Svary minimum pulse width (1) (16xs) | In evary acéepted, the INTF signal is cleared and set to “9",
parlodic time interval (T) (about 1kHz of repeated . The EDF signal is automatlcally set to "0".

requency). T ean be divided Into 64 sets of t An ex- The data of the lower twe bits of the IF flag i= movad
mple of this is shown In Table 2. Thus, Pulse-width- from reglster A by the TIFA instructien and the IF flag
nodulated signals from 0000000 to 1XXXXXX tan ba i read and transferrad to register A by the TAIF in-
btalned, strugtion.

Nhen the VDP port output needs to be changed, enter

he corresponding data of the deslred pulse width out- g

o egieer 4,800 B Then Iransfer this, data to the
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Structure of IF Flag

Data Cascription

Q Intetrupt gagurs at falling edge of INT pin
1, Inlerrupl eceurs al riaing edga &f INT pin -
0 Select B443 slandard clock

1 Solaat 1284 2landard ¢logk

1] External intarrupt |z dlgabled

1 External inlerrupt i3 anabled

g Indlcate ne axlsience of Interrupt requeat

_ 1 Indlcata exlziance ol Intarrupt request

ptance of an intarrupt

gnltion of ‘an interrupt Is madea by sansing the
; adge. About 88ua~128x4s (changeable to 136us
E;:s by the ED2 flag) after the signal applied to
NT pin drops, the signal ean be recognized az an
upt. The Interrupt request signal {INT) is then
rated to set the Interrupt flag (INTF/F). Whether
Merupt is aceepted or not depands upan the con-
- of EI/DI flag. f the EI/DI flag Is set to “1", an in-

the EI/DI flag is "0", the Interrupt request is disabled.
At this time, so INTE flag is set an interrupt Is
accepted as soon as EI/DI flag is setto "1".
{3) Interrupt control girguit

' The interript contrpl clrcult, shown In Flgure §, 15 com-
posed of the INTF/F (interrupt flag) and EI/DI flag.
The Interrupt requast signal (INT) described above, s
Input to INTF/F. This slgnal acknowledge the existancé
of an input. When an interrupt is accepted and jumping
to the Interrupt processing routine is executed, the
INTF/F Is automatically reset.
The logical produst of outputs (from JNTF/F and EI/D|
flag) prnduuas an interrupt signal (INT). Once an inter-
rupt iz appepted, the program execution automatically
jump to addrasgs 3, and the next program addross to be
executad is pushed .on the stack register. The DI state

- 18 then automatically sei.
At reset, the EI/DI flag enters tha DI state, INTF/F en-
ters the reset state, and no other interrupt can be

1 request'can 1] QGCEPtEd. On ke other band, if accepted.
— INTF
INT 3 )‘D_C| :}— INT
LR
INTF/F '
El 5 0 EDF
DI R
RESET _"—1‘.:)
EI/DI Nag
Contral signal

errupt Gontral Cirgult

ER |
(i a 3-bit read-only register which stores bit data
-2nd data of the interrupt request =signals. 1t also
input status of the INT terminal.
nput circuit includes a counter which checks the
tween interrupts. When using remote control, thls
be input to the TNT pin.

two $8ta of standard Glocks to measure the INT
intervals; one with a §4x3 cysle, and one with a
le. Those clocks can be switched using the ED2,
one of these clocks, the following two decisions
ade; a bit judgement (bit data), expressed as a
indicating whether the pulse interrupt (batween

BP M e R B e Bl Bt ST P S e oo

sharter than the standard interval (about 1.54ms), respec--

tively, The ather is a word decision {word-end) which de-

“tarmines whether one word has been reached. This s done

by comparing the pulse interval with the standard time in-
terval of about 3.2ms. If using the 12845 ayela sloek, hoth
the timq 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 iz =horter than the standard time inter-
val, this bit i sat 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 TAl instruction. Refer to Figure 4.
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e 4. Judgmant of Bit Data, Word-end -~ - = - S R
{at4mHz frequency) ., - : :
| Clegk ER ' Bit o -
Perfud p”'“ IMBNEI(TF) data rg:;d ' L Ta ’ i N, T o Ta
Te<l. 54m5"'64u3 i 0 re el B F
Gdua (1. BdmatEdue) S T3, 2mﬂiﬁ4;.¢$ 1 o] R ] A R R .
(3 2ms—i64.¢«s)“1’p o 1 1 Aesat signal —— ! . ' o
_ U Te<A. 07me=128ua] O D : ; '¢ ; L o I
“2Busg | (307maE120ps) 2 Tp<E. 4M$I128,us 1 [0 Latch signal — , —D —0 0 b !
s (s 4ms+128,us)5Tp 1 [ Coee ' \ ‘
T Tt T Q Q 2 Qb
_—_ ) i i |
= ‘ Conditian of INT pin ™% TAHS Instryction ‘ !
s H
[ Bl data v ‘\\'. ’ I 1 ' Z l £
r—'— Word-ana ’ Hegiater A
Register |
2 1 a
- FIg.5 Structure of HS counter
¢ TAl inatructlan
- Structure of Ragister | A-D CONVERTER AND REGISTER R

Tha A-D converter is composed of a 3-bit D-A eonvarter
_ and a comparator. Data is placed In the D-A converter
COUNTER through register R in such a way that the lower 3 bits of
HS counter is compased of a 5-bit counter which in- register A are transfered to register R by the TRA instrue-
signals from Ly of port L and a lateh which steres the tion. After that, the D-A reference voltage (Vief) is set.
- 4 bits of the counter (refer to Figurs 5). Using thig VYhen the TACM instruction |5 executed the Vref data, corn-
ar, the existence of video signals ¢an be determined. pared. with the comparatlve voltage of the A-D port, is
ounter [s first reset.and then begins counting for a transfered to the least significant bit of register A.

1 about 1.02ms (265 machine cycles) the number of
5 entered at L. It stores this count in the latch durmg

oxt 0.004ms (1 machine eycle). Registar A
after it is reset, it again starts counting the pulses in- 3 I 2 | ! I g
L. If the number of pulses entered irto Ly excoeded TAR ] TRa
R founter value becomes "0". While the counter data Reqister A
"g transferad into the latch and the counter being re- - l 1 ' 0

& pulse input to Ly I5 dizabled.

3-bit D=A
convertar

Vrat

Comparalor

TACM —ZI’

S EHBE
Registar A

A-D Qe

Fig.6 Structure of A-D Converner

Downloaded from Elcodis.com electronic components distributor
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SIHGLE CHIP 4-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZEFR
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ie D-A converter can produce 8 different refaranca vol- 8-BIT TIMER COUNTER
ges (Vref, voltages Independent of Vpp) depending on The 8.192ms clock is counted down with an 8-bit counter,
e contants of reglster R, Tha relationship between the When the count reaches zero, the timer flip-flop (TIMF/F.

alog voltage (comparative voltage) supplied to the A-D iz .set and the content of the B8-bit timer latch is again

nand Vraf 5 as follows: loaded intg the gounter,

", If the comparative valtage >»the reference voltage (1) Timar counter contral register {(EVG)

", if the comparative voltage < the reference voltage Thls register is used to control the clock input to the
counter. Exscuting the TEFA instruction causes tho

bla 5. The Centents of register R and Reference lower 2 bits in register A to be transferred to EVC. Ex-

Valtage (Vref)

ecution of the TAEF instruction causes that control reg-

| Reglater R Relerence voltage ister information to be moved back into register A.
DEG Binary Vrel{Vep™ 3 V) The catral register operation is shown in Table 6.

0 000 112V
1 0ga1 1.568V
2 0g10 2. 00v
3 a11 2. 45v
4 100 2. BBV
5 101 3. 34V
5] 110 3.79V
7 111 4, 23y

TEFA . B19Eme ' TAEV L

DT Q ] N B ; )

0 ' Elds mimee %’

L1 Tesl input l'_>_a Be=bit limer Gaunler. - {5 Tim F/ .,

D T G : a ! ¥

<] ‘ t

LT . TAEF La ‘ W

= 2 Timer counter contral ragister L i

& (Eve) Timer Timer | .

| latsh B | tawsh L g

k| )

TLHa W19/ TLLA ; 7

K TAEY ‘ 13

3] 23] '

Register A '

o

17 Struatura of Timar Cauntar :

;
!
Downloaded from Elcodis.com electronic components distributor ﬁ
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'SINGLE-CHIP 4-BIT GMDS MICROCOMPUTER for VOLTAGE SYNTHESIZER
WITH ON-SCREEN DISPLAY CONTROLLER

h CRT DISPLAY
1 B=hit latch. The contents of reglster A are The MS50436-XXXSP Is capable of screen display and can
o the lower 4 blts of the timer latch by the ex- direatly control the screen d:aplay by executing the

f the TLLA instructlon, and into the upper 4
y mvent latch by the TLHA instrustion,

inter

k input to the L, pin or the internal clock
| By EVC) is counted down. When the count
»ars, the timer flip-flop (TIMF/F) is sat, and
nts of the timer lateh are raloaded into the
nter.

-Hop (TIMF/F)

y eontents of the timar counter reaches zerg,
flip flop iz set, and then reset, after the flip
entt are moved into the A register by the
tructian.

appropriate instructions.

Q

)

Mumber of display characters

These are two display blocks, each block being 1 line

by 16 characters.

As shown in Table 7, the 4-th bit of the CRAT gontrol
(CG) register allows the 1 line by 16-character mode:
Alga shown in the table 7. the on/off of the displdy of
each block can be controlled separately by the CC

register.

Ciata is transfared from reglstar A to register GG by ex-

acuting the TGCA nstruction,

Table 7. Contral Mode of Register GG

Bt Dala Functions
rent Counter Control Reglster (EVE) o 0 | Allgisplay OFF
. 1 Al dizplay ON
L Dasenption o 1 0 Block 1 display OFF
v : ‘g 1 Brock 1 gisplay ON
LA Stop the sauntar i p 0 Blvak 2 aleplay OFF
1 a i Bleak 2 alaplay ON
.O Saelect the 8.192m3 intarnal clack 0 Hlsek 3 dlapray OFF
1 | ot aalest mlernal cleek, and Iha conlents of seunter ara Indadnue El 1 Fioox 3 diopiay ON
D | Saloct ne B.132ma intarnat clock attar regaliing the countar
- " )
_1 I, select imenal clock, Bnd the tontedta of coumar ara indefitite If raset all the bits of register GG are sal 10 “0".
& dats | G dots |
- 5 dots ] |
| 4 dots P
[ — 1
T
1y j_
1
! | l
T T T T
R e
| ! L —
1 T
L]
§18 kot
= 0 1 {
i f T
] | Pl |
I I ]
& + 4
|
J_ J
| |
l Unit of the characiar layout I

of the Charactar Layout

Downloaded from Elcodis.com electronic components distributor

et =

e

e


http://elcodis.com/parts/6169812/M50436-689SP.html

H

MITSURISHI MICROCOMPUTERS

MS50436-XXXSP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
' WITH ON-SCREEN DISPLAY CONTROLLER

)

Character layout

A displayed character consizste of a matrix of 6X7 dots.
I 2 one-dot space is allowed between adjacent char-
acters (in the horizontal direction), ong character will
be displayed from 57 dots,

Alzso, within the 527 dat matrix, is rounding feature of 4
X6 dots which can be shifted by hal! a daot. This is to

enable the display of a smooth chracter pattern. Refar
to Flgure 8.

For kanji character display, a 123% 14 dot display ean
be enabled by specifying block 1 and block 2 of verti-
cally ad)acent positions.

Refer 1o Figure 9.

L 12 dots ;
‘__; § dots te B dots ___I
| 4 gots | | 4 dots | |
| ] = 1
—
T T ‘ T T 7 I I
1] .' —t— —t—
| A o b4
uiioa i RIS SS EISES
-+ + Fr+4 b4+
o gl —_— —
88 | FL+d L] -
: | | | I | |
I ] 1 I I
= - e I
~ T T F 1' F i l
s B S il B S
{ = } i | | | | Bleck 1
¥y o Lol R T
g 1 |
- O D o 4 L l
i J . F
l———+— ‘——f——"""{ Block 2
! : ! : ; '
3 2
o — : | f ] I i ;
| |
1 T
— -+ -
T T ! T 4' }
L__.L__J_-__L __JI L___.J____jl____’.____Jr
) i

—

b Character Layout tar Kan]l
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MITSUBISHI MICROCOMPUTERS

‘MS50436-XXXSP

SINGLE-CHIP 4-BIT CMO0S MICROCOMPUTER for VOLTAGE SYNTHESIZER
WITH ON-SCREEN DISPLAY CONTROLLER

characters

ur seis of character patterns, including those
y rounding featurg, ¢an be glven in the character
"able 8 shows the displayad characters.

Display Characters

0 1 2 3
A 2] 0 A
A 5 R o
_C T 2 [
B u J ++
' E v 4 rd
E w 3 rd
G A 4] 7
H Y 7 L
| d A =+
J . 9 7
K, [ : 2
L 1 ] 7
_ M / = 3
N =] - i
P e — -
Q & | Blank. | Biank

aracter portion of the display memory is coms
of a 2=bit color specifigation and a 6-bit charac-
o which corresponds to eadh sharadtar shown in
8. Figure 10 shows the structure of dizplay

Y.

Reglatar A

| 2] ]e

WWM

Color Calnr CDIGI'
register 0 lstar 1 eqlster 2 egigtar 3
JBE rlale Fl HE r|a]e

Flg.

11 Setting of Color ragister

A color degignation blt (R, G, and B) outputs nothing if
it Is “0" but becomas an actlve output if it is "1". If all
bitg far tha A, G, and B are set to "0", nothing is output
avan through the character code is specified. Table 9
shows the correspondence between the color-
desigratad bit data and actual sutput &olors.

The QUT pin iz the logical sum output of the A, G, and
B pinz and can be used as a background colors sut off
whan charastars ara cuiput.

A set of three pins, R, G, and B, and the output polarity
of the QUT pin can be specified when the ROM code
is determined.

Table 9. Colar Specification Rite and Output Calors

Caler specihaation bt ca
Qlar
R G B
0 0 1] —
; Q 4] 1 Blug
Display mumary o 1 a Graen
0] 1 1 Cyan
CR, CHQ Cr:, Ch Crg Crz O, Cr.;, 7 a g Aad
—— \, " ; 1 0 1 Magenta
Color Character code bil 1 1 9 Yellow
mcg:calion 1 1 1 Whita
t

scture of Display Memory

egignation

iplay colors are determined by selecting color
s 0 ta 3 which are pointad by the two bits of the
memory. Since there are only four Kinds of col-
stars that can be specified by two bits, only fowr
zan be spacified at a time. The R, G, B output
. seven different colors. The color registers ara
N register A data by the TCnA (n=0~3) instrue-
ig iz shown in Figure 11.
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MITSURISHI MICROCOMPUTERS

M50436-XXXSP

SINGLE-CHIP 4-B!T CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

WITH ON-SCREEN DISPLAY CONTROLLER

(s)

Dispiay location

Elack 1 can select 84 |levels of display location bath in

horizontal and vertleal direations. The horizontal dires-

tion of block 2 and block 3 are is tha same location as .

block1, and only the vertical locatlon of block 2 and

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

Figura 12 shows the display locations of blogks 1, 2,
and 3 on the screen,

[ I| -
| TV1A instruct on
THAA instruction )
| Rlock 1
{
| TVY2A Inatructlon
I .
|
]
| Blagk 2
|
|
|
]
i
| TV3A instruction
!
|
|
!
|
|
|
Elock 3
- J

19.12 Dlsplay Locations of Block 1,2 and 3 on the CHT Sgreen

The slze of one level Is 4Tc (Ta: Display ascillation
frequency) in the horizontal direction, and 4 scan linog
in the vetical diraction.

Display character siza

Four sets of display character sizes can be selacted.
The display ¢haracter size can be set when the upper
2" bits of register C are transtered {as character size
data) to the character size rogister by executing the
TVYAA instruction. The relationship between the upper 2

bits of register C and the character size display are
shown in Table 10.

able 10. Upper 2 Bits of Register G and Dizpiay

Character Size

2gleter Gy Harlzontal direcian Vertgal dlrection
) Digplay characler gize | (alsplay asdillation rumber of
a | & Iraquancy cyale) screan linga)
Y Q Small 2Te ‘2
) |1 Medium 4Tc 4
| @ Large 6Tc 5

1 | Speciallarqa | aTe | 8

‘Downloaded from Elcodis.com electronic cogpangints gsirbutor

(7)

Display oscillating cirguit

The clock signals for display can be obtained by con-
necting a resistor and a capacitr, or a coil and capaci-
tors betwoen the I/O pins for the oscillating circuit
(OSC1 and Q8C2), (Figure 13 shows an example of
the circuit).

MESQ436-X XX SP
CACT

Ma0436-XXKEP

0302 QSC1T Q5C2

il .
c J' R ] : Gz
4 » 7

External RC eircuit External LG circult

Flg12? Oscliiating Clreult for Dlaplay

e SRR T

T
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MITSUBISHI MICRBCUMFIEI'ERS

M50436-XXXSP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER {for VOLTAGE SYNTHESIZER

WITH ON-SCREEN DISPLAY CONTROLLER

LATING CIRCUIT

18 CMOS inverter and feed-back pull-up resistor
tflntc tha IC, tha reference signal can be obtained
goting a ceramic resonator between the oscillating
put pin and the cutput pin (QSC IN and OSC OUT),
14 shows an example of the aireuit).

LsC 0sC
IN QuT Ceramic resonator
C3A 4, 00MG -
D P_ (made In MURATA
. | MF@. CQ., LTD)

V!;; ;_CQ C|=CE=3OQF

External Caramic Resonater Clrouit

Downloaded from Elcodis.com electronic components distributor

RESET FUNCTION

By connecting a clroult to the RESET pin as shown in Fi-
gure 15, a rasét can be Implamantad when the power ia
applied. The RESET pin containg a Schmitt clreuit, thera-
fore a reset is accomplished only when the voltage (V) of
the RESET pin sxcéeds the threshald valtage Vo, Once
reset, a second reset can nat be made until Vg falls below
the threshold Voltage Vyye. Furthermore, to ensure that the
raget Ig made whor power ig applied, the time interval Tq
(which is the time between the power supply voltage Vpp
reaching 4.5Y and Ve) Vs must be less than 1 me. Figure
18 describes this.

The reset lunction initializes the program counter 1o Q.

| 5V
MZ304 |
—A Vip
REZET M50436-XXX 5P
Vaz TEST

I

Flg.15 Fower-on Clear Clreult

4,5VF=----

Voltage

Fig.16 Ralationahip betwaan the Voltage and the Auto
Claar Functlon
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MITSUBISHI MICROCOMPUTERS

M50436-XXXSP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
WITH ON-SCREEN DISPLAY CONTROLLER

36-X)O(SP INSTRUCTION CODE TABLE

D-~D, | 0000 | 00O 0010 | 00N ;00 | 01071 | om0 | 011 1000 | 1001 1010 | 101 1160 | 1101 1110 | 1111
(c]

B\':ﬂff,,g’;x o | 2 ) 3| 4| s | & |7 | 8| e |a|e|c| Db E|F
B 1= LY LA AD LCMI | Lx LC | SMEA| SEA

l v} NOP "M TMA | Tam El AG CAL
0 4] 1] 0 a] 4] a 0 4]
AB LY . "+ | LA AD LoMI| L LC |SMEA| SEA

1 DATA JHMP XAM Dl 5C CAL
1 1 ' 1 1 1 1 1 1 k]
RB LY La, AD LCME LX LS [SNEA| SEA

2 MuUT JMP TMAX | TAMX [TACGM| CMmc CAL
2 2 . 2 2 2 2 2 2 2
RE LY LA AD LoMmi L¥ LS | SNEA| SEA

3 NMUT, JMP TMAY | TAMY | QDA | ICD CAL
<] 3 3 3 3 3 A k] 3
22C | =8 LY LA AD VhOF LCMI L LC |SNEA| SEA

4 JMP INX | RAR nT CaL
) ENZBO a 4 4 4 0 4 a4 &% 4 4
ENZC| 5B LY LA AD VDR LCMI [ LS |ENEA| SEA

5 JMP INY | RAL RTI CAL
5ZB0O 1 = 5 5 1 5 3 3 3 L]
5B LYy LA AD vDP LCMI Lx LC | SNEA|[ SEA

[+ SEV JMPE PHXY | TAl ATS CAL
2 6 & 6 2 G & € & €
b= =] LY LA AD *Tha LEMI LX LG | SNEA! SEA

7 | SNEV JMP PLXY | CMA | socond | SKIP CAL |

3 7 7 7 word 7 7 7 7ol o7
578 LY LA AD LCMI LX LG | SMNEA| SEA

8 TCOA JMP TYA | TAY | TGCA|TCMAI CAL
1} & -} d a8 a 8 8 [
5ZB Ly LA AD LCMI X LC |SMNEA, SEA

8 | Tg1a JMP TRA | TAXK | TAC | TCA CAL
1 9 9 9 =] a9 2] a e
FZ8 LY . LA AD LAt LX LC |SMNEA| SEA

A TC2ZA JMP TBA | TAB | TAZ | TZA CAL
2 A A A A A A o A
5ZB ! LY LA | AD LCM) LX | LC |SNEA| %EA

B | TC3A JMP TIFA | TAIF | TAZZ | TZZA CaL !

3 B =] E B B B B B
SNZB| LY LA AD LCMI LX LC |[ENEA| SEA

c OJA JMP QFA | IAE | AM [ TViA CAL
0 o c cC [ & c c c
SNZB| LY LA AD LG I LX LC |SNEA| SEA

D OKA JME OGA | 1AS | AMG | TVZA CAL
1 D D 5] D D D ) =}
SNZB | LY LA AD LOMI Lx LG | 3SNEA| SEA

E oLA JMP OHA | TAHS |SNEAM| TV3A cal
2 E E E E £ g E E
SNZB| LY LA | AD LGMI LX 1 LG |3NEA| ZEBA

F — JMP OMA | 1AL |SEAM|THRA CAL
a F F F F F F F F

2-word Instrystion

3=word instruction
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AWEE N v BN S NN ATEE RS R R W RVAN W N B EY

M50436-XXXSP

"SINGLE-CHIP 4-BIT CMOS5 MICROCOMPUTER for VOLTAGE SYNTHESIZER
WITH DON-SCREEN DISPLAY CONTROLLER

D>~D, | 0000 | 0001 | oo | ooty | o100 | Q101 b,~D, | 0000 | 0001 | 0010 | 0011 | 1000 | 1001 | 1070 | 1011
E.‘."‘-M s ,
EQ.-% ﬁqyﬂ H
- 4 Yo,
N’ﬂgfgﬂ; 0 1 i 3 4 5 Oa—Dp %,,fgg, ) 1 2 3 B 9 A B i
| «SU ! OR. | AND | - !
o il ol AR | TRA | — 0000 0 - | - - =
' ' Yo o RN B f
AND
1 = - - Qoo i — — - -
1 ;
AND ;
2 | e  sem | = - 0010 2 - - - -
_ via Ve 2 | |
5w | OR - AND | - - —;
a |- e sume| — - oom 3 - - - -
3 3 3 |
SU | OR | AND §
4 . . ORM | TLLA| — D100 4 — — — — l
4 4 4 |
SU | OR | AND - , \
5 K ANDM|TLHA| = N 5 - — - -
s | 5 | s I
SU -| OR | AND ] |
6 , TAEF [TEFA| — 10 8 = — — ~
[ & & . I
5U | OA | AND i
7 TAEV| — - o1 7 - — 4 — —
7 |7 7 .
5U | ©OR | AND i |
8 TACO| -~ — 1000 8 - . — -1 = — |
a | a '8 w f
SuU oR AND i !
9 TAC1| — - 1061 9 | W — - — - - -,
=) =] 9 e \
EU | OR | AND il !
A TACZ | - - 1010 a, —_ -— - i — - —_ ;
A A A i :
su | oR | AND
B TAGE| =~ | = 1011 B idMpl] ~ | - | — - | - -
B 8 B : '
SU | OR | AND & ]
c TACML| — — 1180 o) B — — — leali] — - —
C ] oe Skt s
l 20 | OR | AND S i
D TACMH — - na D | s - - ' - - -
D D D B Tk ) !
SU | OR | aND ﬁaﬁw Rl :
E - - - 1110 E |UMPL] — - — |@ALLy — - - i
E E £ fom i Flily i
5U | OR | AND o Bl 2
F — — — 1 FOMPBL! — - —  |[CaLBd — - -
F F F ip % |
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N A " PR

'mn-sumsm MlcnocoMPUTEns

SINGLE- CHIP 4 BIT CMOS MICROCDMPUTER for VOLTAGE SYNTHESIZER
with ON.SCREEN DISPLAY CDNTRDLLER

S ' A
g notation are uzed for tha following descriptions. S : - :
i Contents Symbail : Contants )

Raglzter A(4 biiz) : INTE Intarrupy snable flag

Raglatar B(4 bils) - INTE inlarrupt Faquast tip-Nop

Reqlztar C{4 bla) EQ/ID ED/ID flag

Raglster CCl4 bits) ELL The lower 4 bits of evant laek !

Color raglster(3 bit) ELH The upper 4 bila of avent latch

Color ragistar(d bits) EVC Event counier contrgl raglster

Colar reglatas(3 bits} EVF Event 1lip-flop

Color ragistar3 bils) MUTF - Mute flag

Raglster {3 bits) A T, AND

Register A(3 blis) Y w.| OR

-4 fatch(14 bits) mM(DP) RAM address which ls specifiod by data polater

Ragistar X(4 bitz) ™ .-

Register Y(4 blia) — Diractlon In which data is wansferred

Raglater (4 Biks) { ) Tha cententa of ragister, memoary, ete.

Reqlstar ZZ(2 bitg) x 1-blt binary vaiable

Data painter (A bits) fia Mg 2-klt binary varlable

{consizting of the reglatera X and ¥) ijg 2-blt binary varabie

Program esurtar] 13 bits) EnXadyXp 4-blt binary variable

" Slack reglshec(13 bits) Ya¥a¥iYao 4-tlt binary variagle

Staek ragistar X(4 bita) . NaNzn, fg 4-bit Binary varlable

Slack rggister ¥4 bits) ’

Carry flag(1 plt) a Labal tg show tha address g

Porl (1 bty - Ay Mg a9 Ag Ar Sn Az A Ay dp A Wy

Porl E(4 bite) -_ Negation or condition &f the flag |z not change afer the

. | Port F(4 bits) Instruclion ia exesutad

Fert G{4 hits)

Part W{4 pils)

Port J(4 gils)

Part K(4 bils)

Port L{4 blla}

Pori M(3 blla)

50436-XXXSP performs a skip by ignoring the mext inctruction, ang by net execuing the instruction at tha address pointad ta by the eon-
i the pragram counter - 2,
ore, the cycle number doas not change. regardiess of whathar a skip is genarated or not.
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MITSUBISHI MICRDCOMPUTERS

'M50436- XXXSP

ol S INGLES CHIP 4-BIT cmqs MICH‘OCDMPUTER for VOLTAGE SYNTHESIZER
AR AR g e T with ON-SCREEN DISPLAY CONTROLLER

[t

HINE INSTRUCTIONS

Br|
) Inatrugtion code E ?
Mnamonls ' EEE Funetlans
Br Dy D D O Dy Dy Dy H"::ifgﬂ"“" 55 E::* ‘
!

TAB o T 1 1T 1 0 10 7 A 11 ]|(A—(B)
TBA ‘ a 1 o 1 o o 6 A 11} (By—(A)
TAC 10 @ 0 1 0 o6 1|8 & l1{1]|aie
TCA 106 o 1 1 0 0 1|89 av W =
TAX c 1 1 1 1-0 0 1 7 2 (1| (AR
A O 1T 1 0 1 0 0 1] 6 8 |1]1]00—(A
TAY 01 1 1 v a @8 ol 7 g (1] (a—{m
TYA 1 1 0 1 0 0 0|8 8 | 1]1]0—(a)
TAR 1T @ 0 o o 1 1 1| 8 7 | 21 2 (Aa Az Av, Ag)—(0. Ry, Ry, Aa)

2 9 1 1 @ 0o 0 o 3 o
TRA 1 a o b 0 1 1 1 a 7 2 | 2 | {Rg Ay, Agd—{Ap Ay, Ay)

5 1 0 0 0 o 0 0|4 o
TACM 1 ¢ ¢ o 0o ¢ 1 o9l B 2 | 2] 2 (Ag A Ay, Ag)—(D, 0, A/D, COMP)

6 o 0o 0 0 o©o a ol 0 0 .
TAHS o 1 1 1 1 1 1 a4y 7 E |11 [|{a)=(H5)
TAl O 1 0 1 0 1t 0| 7 & |11 | (AgAs Ay, A==(D, INT, BIT, GP)
TAIF e 1 1 1 1 9 o1 1| 7 B i1 |1 | (Aa As Ay, Ag)+—(INTF, EDF, ED,, EDp)
TIEA ] i 1 0 ' 0 1 1 & B 1 1 | {(EDy, ECg}—{A,, Ag)
LX x 1 1 0 0 X2 X ¥ x| C b 4 111 | {X)+~x, wharg x=0 ~15

:
LY y 0 0 1 0 ya vz v Yol 2 y | V[ 1 {¥)—y, where y= 0 =15
L nm 1 1 0 1 m ne m ng D n 1 (1 | (G)—n, whars n=0—~15
tny o N T ¢ 0o 1 @ 1 8 5 T [ {vd—(r)+1
INX e 1 1 0 0 1 8 o0 6 4 111 )=+
PHXY o 1 1 9 9 1 1 a9 & ] 1 [ 1 | {8KY)+—(x), (SKT’)-.(Y)
PLXY 6 1 1 a o 9 1 1 § 7 1] 1 | (X)={8SKX), (Y)+—(SKY)
i
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PRI

i i et am G N .
B T e L P fen! : .«x‘--wm O

Va‘*u.nf r-w‘(ulﬂfnﬂ4p:uA‘ . - \'-. " : ,' . B 'i ) .
zd CROE e T MITSUBISHI mmnocompurzns
. IR - - s . |u:‘ W e

' s
[ n

, 7 SINGLE-CHIP 4-BIT CMDS MICROCOMPUTER for VOLTAGE SYNTHESIZER .
R A R AR : Vi with ON-SCREEN DISPLAY C!DNTRDLLER

T o

ip conditions ";';;“' : ' Detalled dsserlplion S

' — — The conlents of ragisier B ara tranalerred to roglster A.
— — | The soments of reglater A arg transtarred Lo fagieter B.
—_— — The contents of reglster G are tranatarrad (o register A,
- — | The contens of raglster A are transterred 10 reglater'c. ey,

— -_ The contents of register X are transtarrad to reglster A,
—_— — The contents of regizler A are IransTernd (o reg;ater X

— -_ The contents of registar ¥ ara transtarred to register A, ’ .
— —_ The coments of reglster A are Iransfarrsd to raglater Y.

— -— Tha canlents of register A &r& ranelarred 10 reglaler A,

- — | Tma sentents of reglstor A are wranstarrad to reglater A

-— —_ The result of comparitaa (COMF) and Iha velua of A-D pin (A/D) are tranaferrad to regisler A,

— — The centents of HS counter are franafarred tc ragisier A,
— — The result of judging Interrupt ars ranslerred 1o regleter A,
—_ — The gantents of IF flag ara tranalerred lo register A

— = | The contenls af regislar A are transforred to IF flag.

oug description = | The Immadlata ficld value 1 I (oaded inta raglatar X.
I & continuaus deseription of LX inzlructiona are written and are being execuled, only tha lirgt LX inatructlon is ¢xecuted.
tha tollowlng LX ingtructlans are al skipped.

ous deserption — The immediate leald valug y is Ieaded inlo register ¥,

Il & continuqus descripticn of LY ingtructions are wittan and ara being exsuted, only the frst LY instruction is oxecuted,
the fallowlng LY instrustions are all skipped.

ous deseription — The immediata Neld value nis laaded info register C.

If & eontinuous desedprlen of LG Instregtions are written and aré belng execwted, only he first LG instrucllan |s executad,
the following LG Instructions are all sklgped.

— am The conlanis of registar X are Incrementad by 1.

- — The oonta-nla. ol reglsier ¥ are incramanted by 1. Az a rasult If the santants of regitter ¥ are “0° the next Inglruclion is
ekipped.

— — The contants of dala pointar (reglaler X and register ¥) are tranaferred 1o stagk X and atack Y.

—_— — The comtenis of alack X and stack ¥ are transferrcd 1o data polalar.
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i S M5043G XXXSP :
SINGLE-CHIP 4+ BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
NS e BEOS i no e with ON-SCREEN DISPLAY CONTROLLER

TR ;o=
rom e S L - -

Inatrustivn code E E
o |- -
Mnemonlc Dmlag Functleons
EY(ES
D B Dy By Dy D By Dy H“:;‘:?Z:”“' 22125

TAM ¢ 1 1 1 0 o o ol 7 0|1 A~ {Mm(DPY)

TAMX 0T Ty 0 0t ey g | (ye(mipey, (= (X1
§ V| TAMY o 1 1 1 a o 1 A 703 1) (A —(M{DP)), (Y)=(Y)+1
[} . ’

g } . Ty .

8 [TMa 0 1 1T 0o © 0o o ol & g |1 T | (MCBR))—CA)

E i n .

E:r TMAX ' 1o T 0 o 0 1 ¢ L} 2 T 11 (M{DP})—{A), (H)—(x)1+1

TXAY 9 1 1 0o o 0o 1 1 B a T LT IMIDP))—(A), {Y)+—(¥)=+1

| xam L O I A T K B IR R (PO SO v
Tam T 0 0 o 1 1 o al s C T (Al (A) 4+ (MIDP)). (CY)=carry
AMGC ' T ¢ o 9 1 1 0 A B T | (A= (A)+{m{DF))={CY),
(CY)=—carry
UM T 0 9 o @9 1 1 1 B 722 (A)—(A—{M{DP)). (&)—Dormraw
0 9 1 1 a o 1 o 3 o

SUMA T 0 0 o o 1 1 ;3 8 7 (22 (A)=(A = (M(DP))—{Berrow)

' g 0 1 0 o 1 1 3 3 {CY)—borrow

ANDM o0 0 0 1 1 18 7 |22 (A=A AMDR))

L T A D R [
» | ORM 1 ¢ 0 9 o 1 1 3! g 7 | 2] 2 A —(AIV(M{DR))
g 9 0 1 1 0 1 9 o 3 4
‘g ‘LA n o O Q0 ng my n, py| 4 n 1. 1| (A)—n, where n=0==15
Y
&
o
E |ABn : O 1 0 T m m o omf 5 0 |1 (A)=(Aln, where nm0mis,
E (O¥)—carry
AND n T Q8 ¢ 0 o 1 1 7 8 7 |22 |(A)—(A)A n, whera n=0~15
1] ¥ 1 C m nm o noony 2 ]
OR n T 0 0 Q9 a0 1 1 ] 8 7 1212 (A)—(a)V n, where n=0~15
0" 0 ¢ 1 My Ma ny My 1 fr

SU n T 0 0 4o o 1 1 1 B 7 21 2| (A)—(A)—n, whare n=0~-15,

_ i o 0 nmp M ony my| D n (CY)—borraw

cMaA L I e B 7 T (A)—(A)

RAL o 1 1 1 a 1 9 1| 7 E |11 ]:| cY - AaAzA,Aaj

RAR o 1 1 1 0 1 o0 al 7 a4 |1 ]t I—-

| BC 1 0 0 1 0 o o 1 L] T 171 (Ccy)—1
RC T 6 0 1 0o o o ol s O |1 (1 |(ay)=0p
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MITSUBISHI MICROCOMFU]’ERS

e e I-P‘cdl'\}’-\p i B T R ERES

o ' M50436-XXXSP.

w -

EINGLE (‘.‘HIP 4-BIT CMO5 MIGHOCOMPUTER for VDLTAGE SYNTHESIZER

T Sl i i R YA e D with ON-SCREEN DISPLAY CONTROLLER *
+ N -
§ . ° [

rdiniang ?I:I;y ' Delalled descripton Ve

-— — | The contents & M{DP) ara iranclarrad to raglater A i n

— - The canlanls of M{DP) are \ransterred ta registar A, and the conlents of fwgi:-la'r X are (ncrementad by 1.

— — | The conlents of register A are transfarred 1o M(DP),
And I Ihe contenta of reglsier ¥ ars intramatanted by 1 and the rgsult 13 "0", then the next Instructlon |a sklpped.

By
— — | The contents &f ragictar A ara lransl'arrad to M(DP}, e
[ .

— — | The contanta of raglater A are tanalerred ta M(DF), and the contanis of reglstar X gre Incrementad by 1.

_— -_ The contents & ragister A are Wranaterred to M(DP),
And if the contents of regisier Y are insrématantad by 1 and tha result s “0""ther the aaxl inatruction le sklppad.

— -_ The contents of M{DOP) are sxchanged with raglater A,

— — | The =antanta ot M{DP) are added 1o raglatar A, and lhe resull Is stored ima ragleter A and In the carry flag GY.

— — | ‘The contents of M(DP) and carry llag Y ars added ta ragister A and the result s siered inte reglater A and Inta cary flag
CY.

— — | Tha contantz of M{DP) are sublrast Irom reglaler A, and the result iz storad inlo regisier A and in the aarry flag G,

— -— Tha eentents of M{DP} and berrow are subiract from reglster A, and the resull 18 stored Inte reglgtor A and in tha carry lag
Y. .

— — A logical AND i% parfarmad batwaen the contents af reglster A and lhe contents of M{DP), and the rasull is stered inio
registor A.

- w= | 4 loglcal OR is performed betwaan (he contents of register A and tha comenta of MIDP), snd the razult I8 stored intw reg-
Is1er A. .

-_ — The immadlala Nald valua n is laaded inle raglatar A,
I a continuous descriptlon of LA inatructiona are writton snd being execulad. only the first LA Instructlon |z sxecuiad, tha
Tollowing LA instructlans ars all ekipped,

- -— Tha Immadiale Neid valus # i adaed (0 reglater A, and tie resull 18 alored Inle register A and Iiv the carry fag CY.

— —_ A logical AND J5 porfarmed Betwesn the contents of regletar A and Lhe Immedime fleld value n, and the raull 13 stored
inlo reglistér A,

—_ — | A legical 3R Iz perlermad betwesn tha contants of reglster A and the Immediate fleld value A, and tha resull is stered It
regiatar A.

- — | The immediate tisld value n | subtrast fram reglater A, and tha result it etered Ino register A and in Lha carry flag CY.

— — The one's complemant of ragisier A's conlents are slorad lnto reglster A.

-_ Ag | Tha raglster A, Including carry flag CY, iz rotated 1 kit 1o Ra l&ll.

—_ A The reglster A, including carry Mag Y, is reated 1 bit Lo Ihe righy,

— 1 The carry flag CY I8 sat (1)

-_ o] The carry flag GY |5 reset (0).
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'with ON-SCREEN DISFLAY CONTROLLER

- " " Inatuction code ¥ B
Mnemanic EE é S " Functizad
. . =
D7 Dy Ds Di Dy Dy Dy Da HB:::::;I:N % é‘g'
MG 1 9 © 1 © o 1 o|-3 2 (1]|1]|tocy—(En ’
Fdal : 1 0 90 O 01 0O ©of o0 4 1|1 | (CYI=g?
NFEBO
NZC 0 @0 "0 ¢ 0 1 0 1 0 B |1 | {GY)0 7
B -h.,,\
B ] o 0 4 1 0 1 i Ja 1 _?_ 1 (1 | (M(DF))—1, whare j=0-3
|
B j O o o 1 0 90 4 o 1 | 1 (1 | {M{DP})}0, whare j={-3
ZB | o0 0 1 10 a0 —EF 111 | (M{DP))—0 7, whare j=0=3
i
NZB | o o o 1 1 1 ji jal 1 C o1 | (MEDPI)—1 7, whare |=0-—=3
!
EA n 1 1 1 1T ng ng m ngl| F n 11 {{A)=™n7, whereg n=0—~15
NEA R 1 1 1 4] ng ng Ny ng E n 1 1| {AY=*>n?, where rn=0~15
EAM 1 o] 4] v] 1 1 1 1 f F 111 | {(AY=(M(DP)}?
NEAM T 90 0 0 1 1 1 0| 8 E | 1|1 |(A)*=(M(DP))?
i 1 0 @ 0o 4 0 0o 1 B 1 11 | {EVvDN—0
{ I 1 0 o] Q i) Q 0 0 8 4] 1|1 | {EKVDI)~—1
AEV 1 a o] a [0} 1 1 1 B 7 2| 2| {Ag Ag Ay Ag)=—(D, O, O, EVF)
a o] 1 1 0 1 1 1 3 7
AEE 1 o0 o 4 1 1" 1 8 7ol 22| (Ag A Ay Al —(1, O, EVE,, BEVE,)
Q 0 1 1 0 1 1 0 3 [
EFA 1T 9 0 o0 o 1 1 1] 8 7 | 2| 2| (EVCE, EVGy, EVGy)—(Ag A Ag)
P 1 o o 6 1 1 of 4 g
LLA 10 0 0 0 1 1 1| &8 7 |2/|z2]|EL=(D
ul 1 1] o] 0 1 ul ] 4 4
LHA 19 0o o o 1 1 1 5 7 (2|2 (BLH)=(A)
i] 1 1] 0 0 1 Q 1 4 2
EV o o 0 0 o 1 1 0 ] B 111 | (EVF)=1 ?
NEV o o o o o 1 1 1 8 7 1)1 |(EVFimO?
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SINGLE CHIF 4 BIT CMDS MlCHéCDMPUTER fur VOLTAGE SYNTHESIZER

_-*.-- -

< R S with ON-SCREEN DISPLAY. CONTROLLER

Co
G
g Dalallad desaription

ditlan ' fiag

= | The one's compiemant of earry flag G''s eantonty ara storad inta carry flag CY.

— | Ifthe gentsnts of carry flag CY are 07, the next Inatructien 1 skipped. '

- It the eemitonts of cary flag C¥ are 1", the nest Instrustion [5 sklpped.

' b

Y
My
Y

— | The |-th & of the centents of M{DP), which Is the it spacitied by 1he immaciate flald valus |, s 38t 12 1. '

— | Tha jth blt of the contents of M{DP), which Is tha bit spasiticd by the Immeadiala fleld valug |, |3 reset to b,

- i the [«th Bt of the cantgnts of M(DP), which |a (he bit apasilng by the Immediata flaid valyg ), 15 “0°, the next Instrustion
Iz skippad.

— It the J=th blL of tha contents of M{DP). which Is the Bit $pacifled by the Immediate Hald valyg j, 121", the next insuustion

i3 skippad.

T | II'the comtanis of register A ara equal to the Immediale Neld valug n, the next inatrustion |a skipped.
== | Mihe contents &f raglsiar A ara nat equal to the Immed/ma Hald value n, tha rext ingtructien s skippad.
) — | IFthe &antents of reglatar A re aqual to the contants of M{DR), the next Instruction |a sKippad.

1) = | I'the conlants af reglater A are nol equal 18 tha esatents of M{DP), the next mstaustian is skipped.

~ | The EVDI tag s reset (D) 10 ehange \he gtate In whish an intecrupt |5 dlzabied.

- The EI/DI Tag it sat (1) ta thange Lhe state In which an Interrupt ia enabled,

— | The contents of avent fip-flop are transfazrad to reglater A and the Mip-flep is ;-asm (0,

b The contonts of avent cantrol regleter arg transferred to the lower 2 Bits of rogisier A,

= | The lower 3 Gz of registar A ara transfaried to the event esntrsl Malstor,

- The contents of reglster A are transforred to the lower 4 bt of avent iich,

— | Tha contenis of raglster A are transterred 1o the upper & bits of avant latch,

- if ;he Gonianie of event flp-flap are *1", 1he next Inerruetian 15 skipped and the flip-ltop la resat {0).

— It tha contentz of event flip-Nes are "0°, tha naxt inatructian is skippad and the flip-ilop s resat (4).
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Mso4'36 XXXSP

with ON- SCREEN DISFLAY CDNTRDLLER

Fnra-matar . .
Inatruclion coda E k-3 !
Mnomanle . ."é.g’ %E - Funetiona - !
[%] |
Ype of Dr Db D D, D I Dy Iy Haxa&:imal z g £8
Bl no
ODA 1 a o o g-a0 | 8 3 1 (1 | (D)—(Am)
CFA a 1 1.8 1 1 0 0 8 G 11 | (Fy={A)
0GA o 1 1 0 1 1 0 1 8 -0 111 ] (@)—A)
2 . . Ty,
.E - | oHA e T o 0 1o 1 o s BN 1| goe—ta)
'g_ DJA o 0 0 0o 1 v o0 ol o ¢ |l e
5 | OKA . o o0 o 9o 1 v o 1 0 o |1 |1 ] (K)w=(a)
2 )
g =T 0 0 0 0 1 1 1 ot oo- g (1]1]|wea
% OMA o 1 T4 0 1 1 1 [ F [ 1] (M)—(Ag A, Ay)
g i
=~ | IAE 0.1 1 1 1 1 @ -0 7 c T 11 | {A)—(E)
IAG LN T R R I D R I A Y - O RO F P e
V1AL o 1 1 1 1 1 1 3 7 F o1t a—iL)
1co 1T ¢ o 1 0 o 1 A1 9 3 P11 [ {ey)—(D)
a | VDE n T 0 9 90 0 1 n ngl| o8 _r|1_ 1| 1] (VDPn)+{fj, By, Bo, Ag, Az, A;. Ag)
- ;
% = [al wherge no= ) =~ 2
m "y
i | DATA 0 00 0 0 0 0 1[0 1 11 |(DAL—(M(D, 3)~MO 0}
: © .
: g MUT 0 0 0 0 0 0 1 o|l o 2 |11 |(MUTFI=T1
] .
3‘ NMUT ¢ o 0 0 o0 0 1 1 o 3 1] 1 (MUTF)=—0
JMF a 0 0 1 1 a; & as ag| 3 83 | 2] 2| (PG)way,~a,
a7 de Ag =Y 11 A A =P a a
CAL a 1 0 1 1 &y a a a| B a lzl 2 (SK)—(PCnaxt)
ar A By A, da 8z i, Hg a a (F‘C)—i'ln*"ﬂo
. |YMPL aa O 1 1 90 o0 0 ¢ 1 6 1 3] 3 | {PC)=—a,;—ag
3 0 0 0 ay 2, 8 & dy| @ a
; dr Ag fAa 8y A3 Az 84 -7 a a
g_ CALL aa O 1 1 0 0 0 0 16 1 |3!3|(8K)=(PChext
? 1 4] ¢ au a3 ag; a, Bg 8 a (rC -313""90
g Ay fg A= Ha A3 Hz a4 dan +
1
g a. a
S [RT 1.0 0 1 0 1 a 0|8 4 (1]|1]trer—(sx
1
| AT T 0 0 1 7 1 0 1] g E 111 | (Pe)—(8K). (BRIP)—(SKS)
] .
] ATS a 1 O o 1 o 1 1 of s & 111 | (PG)—(8K), (BKIP)+—
)
é
BKIP T 9 9 1 0 1 1 1 ] Tl 1v] 1] (skiey—1
NOQP T ¢ o0 1 0 1 1 1 ] o |11 {rS)=(PC)+ T
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s-:‘.ﬁl_l!lG_LE_-CHIP 4-BIT CMOS MICROCOMPUTER for VDLTAGE\SYNTHESIZER

with 'ON-SCREEN DISPLAY CONTROLLER

Garry

altl '
&ne . flag

Datalled desorlpilon

The moal signiflcant bil of reglaler A 18 cuepyt ta the part D, .
The contents of raglster A ara output Lo the pat F.

Tha sontonte of tagletor A are sutput bo the port G,

The contents of raglater A ara cutpul o the pet M, ™

i
The zontents of register A are culpul o the part J. [N

o
The contants of raglater A ara oulput h;. he Pt K.
Tha sontents of mglslu.r A are oulput lo the port L.
The jower 3 bits of ragialer A are outpul to the pord M, . ,
The: input fram the port € are transferred Lo regislar A
The inpul Irom Ihe port & are transfemad (o ragister A,

The Input irom Ihe pon L are translarrad te ragisar A.

The inéul‘ tfrom the paort D are transferrad to carry flag CY.

Tha 7-bit A date (ihe tower 3 bita of reglater B and raglaler A} are ransiarred 1 VDF lateh.
Tho t5«kil O-A dato (M(0,0), M(0,1). M{0.2], ana except lor Iha upper 1 bil of M{03)) ara tranzffared Lo the D-A a1Ch.
Tha MUTE flag la aet (1). The VOF parl becomes “L” Igvai,

Tha MUTE flag is sct (0), Mute slate Is cancalad.

o skl -

il skip "

Jump to an addrass which I3 apacified by &,,~a; uncanditanally.
The return addreas |a storad inlo slack ragister, ang jump 9 an dfdross which is spasifiad by a)9~2g uncenditienally.

Jump ba am addrass whean it spesilied By a,z~ay uncondionaily,

The raturn address is storad into 2task ragistar, and jump o an agdrogs whish iz Spocillad By dp—ag unaonditicnally.

Conlrol (8 then relurnad from tha subrouling to \he routine which is called the subrouline.

Conlegl is then relurnsa frgen the intarrupt handing routing to the maln routine,

Gomecl 18 hen rewrned Ireom the subreuling 1o the rautlné whish iz eallad the subroutine, and the nexl inslruction it uReen-
ditlanally =kipped.

The neat instructon 1s skipped afler the ekip flag 1s set o “1".

N operatian,
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SINGLE CHIP 4-BIT CMOS MICRDCDMPUTER for VOLTAGE - SYNTHESIZEH

‘ ";-w’-: SR e with ON-SCREEN DISPLAY CONTROLLER
elar. .
. L Instruction code ? ?
Mnamonia . %g JE 2 " Punetrons
D Da Dy D, Dy Dy D Dy Hq::;f&ma' EEEE '
TGCA 1 © 0 0 1 o o o 8 g |11 ] (cE)—a "
|Taz 1T 0 0 0 1 o 1 0o('8 A |1]1!ta—t2
|TzA 10 01 1 0 1 0|9 A |[1]1]zm=tay
TAZZ 10 070 1 0 T T By 1|1 (A Ag Ay As )—(0.0, 22,, Z25)
TZZA oo 1 01 abe e T Faz, 2Z5)( Ay, Ao)
| TCnA 2 0 o 0 1 0 o of3@® 8 | 1] 1] (Cna Chy, Gngl=—(Az, A,, &)
. _Fll_ where n=0~ 3
TAG n r} g t1] |1J ? :j nT‘ l']n g g 2 | 2 | {Ag Az Ar, Ag)+—(0). Cny, Ty, Crp)
=+ whara =  ~ 3
TvVRA ™4 0 1 1 1T m mg| 8 3: T 1 | (82, 52, Vng, Vna, Vra, ¥ng, ¥ns. ¥ng)
:'nv (4. Ca, &4, Cu. Ag. Ag. Ay, Ag)
m=(n—1), where n=( ~ 2
THRA 1T a0 2 1 1 1 1 1 g F | 1|1 (Mg Ma Hz, Hg H,;, Hg!
= (Cr. Co Aa, Az, Ay, An)
LCMI n 1 0o 0 ma mg ny Nyl A n T {1 [(CM(ZZ 2))={C), n,
(Z)=(Z)4+1
TCMAI T8 0o 1 1 g o of @ 8 [ 11 [(CMZZE))=(C)(A),
o (2)=(Z}41
TACML T4 ¢ o o0 1 1 1] s 71 2] 2 {A—(CM(ZZ, Z)}i3
a ¢ 1 1 1 i a ol 3 G
\TACMH 1 o 0 0 0 1 1 i a 7 22 [ (A)={CM(ZZ, Z) v
I T T Y T D
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SINGLE CHIP 4-BIT CMOS MICRDCOMPUTER for. VDLTAGE SYNTHESIZER

’».'-\
ro

S

WY SR with ON-S5CREEN DISPLAY CONTROLLER

-

- . : . - y

lona

Carry
flag

Detallac deacription

Tha sentants &f reglater A are tranaferrad to regiatar 0C.

The conlema of poinier ragister Z for CRTAAM are transferred to reglster A
The ¢onlents of reglstar A are transierred to the palntar ragistar Z tar CATRAM.
The contente of refactsr ragistar 22 tor CATRAM are 1rana_fhaj:ad 10 raglater A . -
The gontenty of reglstér A are franafarred to ihe zelector ragleter'22 for CRTRAM,

-

Yo
Tha contents of rejglater A are transterrad {0 the color reglster Gn,

.

The contenis of aclar regisrer Gn are tranaferrad to raflster A.

The sontonts of rogister A and reglster G are transfarraa to the charagter tlxe ragister SZn and the vertical locatlon regis-

tar vn.

The conlanie ol the lawar 2 bits of réglster C and reglster A are ransterrad Lo raglatar HR.

After the Immediale field value n and the contents of reglsier G are transterred o M(Z). the contants of reglater Z.are in-
aracmmnted By 1.

Tha cantanls of ragiaters A and © aré transferrad o M(2), the contents of registar Z are Ineremeantad by 1.

The lewdar 4 bits of CHTHAM are transferrad to raglsier A

Tha uppar 4 Bt &t CATAAM arg transfarred ta raglgter A
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IR Y . ' MITSUBISHI MICROCOMPUTERS

L | _ M50436-XXXSP

SINGLE- CI'IIP 4-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
WITH ON-SCREEN DISPLAY CONTROLLER

OLUTE MAXIMUM RATINGS (Tz=25C, except the llmits of temparature)

I:nl Paramelar Tasr sanditions Ratings Unlt
. Supply voltaga ' —0.3~6
Input voltage :EEN?:ELS;T%. I%S";T With respect 16 Vyg (), I~V a0 3 v ‘
Output voltage —(, BN 0. B v B
Qutput vollaga VDPg~—YDP, Porta My—~Mg, Hg~Hg With reapect to Vgg —0.3~13 Vv
KamHKa Quiput transisiars cut-off
Current in &lrsult 0=-1{Nota 1) mA
Gurrent In eirsuit Q~2(Nota £ ) mA ) \
Curreni In clreylt Port Hy=~H; 0~10(MNcte 3 ) mA ;
Power dizslpatisn Ta=2%0T 00 mw
Operatlg temperaiura —1Q0~70 T ‘
.— Slerage temperaturs ' —40~125 < i :2
« The total amqunt Gurrent flowing out of tha IC must not axcoed T15mA. L
: The tatal amount currant Howing [nto the 1G must not exceed 20mA except pom H. t |
: The total amount of port H current fiowing into the 1G must not excaed 40mA. {
WMWMMENDED OPERATING CDNDlTloms (Tg=—10~70, Vop= 5 V£10%, uniess otherwise noled) b
| Limis L
ol Paramatar Unit H
Min Nam Max o
Supply vellaga 4.5 5 5.5 v ;
Supply voltage o] v ’
“H” inpul voltage Porte Ej~Eg, O, INT, Ly~ !
p el Gr-GF: HS:’NC.‘. vsvr:c ) 0.7oo | Voo | Voo v
"H" Input voitage Parts L, L, 0.8¥on | Voo Yoo v
| "H" inpul vaitage AESET 0. %po | Vop Vom v
"L" input vollage Pars Ep=~Ea, D, INT, Lyl
Ga*=Gs, HEYNC, VEYNC, RESET ¢ o | v
"L" Input valtags Poria Lo, Ly a D [ 0.3Ven| W
"H" oulpal surrent Port Hy~=H, 0 12 v
| “L" output currant Port Hy= Hy 10 mA .
| Gloek a3=lllating traguency (i GPU section)(Note 4 ) 3.6 4 1.4 M2 '
__ | Glock oacilating frequency (In CRT selion) 4 5 i MHz
Usze a quarmz crystal naclilator or 8 ¢aramic rezonator far the CRU uacluaﬁng circuit.
THICAL CHARACTEHISTI CS (Ta=_'1 0"70'(:, Vs = 3 Vi]e%, f.;pu= 4 MHz. unlezs ofherwise nulgﬂ)
wl‘ Parametar Tas! condilions il unit
Min Typ Max
Supply vallage . lery=AMHZ 4,3 5 8.5 \'J
| Supply currant Yoo=>5.5V fopy=dMHz at dlsplay sif 1.5 [ mA
Vpom3, BY fcpu-'dMHZ
Supply currant lear=5MHz  at dlsplay on d 15 mA
" output eurrent ;\;‘t; IS;.AFD, Jo=Jds, O. R, G, B Vopmd.5V Voumz. 4y —o.5 A
| "L output cuerant D-A, DL Ports My=M,, VDRy~VOP, _
. FormFs, dorla, Kamekg, QUT Voo™ 3V Vg, =0 2y 0.5 mA |
_ | k" output surrent Porlg Gg~—Gg, Ly==L, Vap=4.5V Vp =0, 4y 1 A
"L ewipyl current R, G, B Vppmd. 8Y Vo, =0.4Y 1 maA
“L" autput current Par Hy*-H, Vop™d, 5V Vo, =iy 10 mA w
— | Hysteresls Ports Ly, Ly Voo™3Y  at using as coumear Inpyy 0.5 1 1.5 v ‘
= | Hysteresis AESET Ve =5V 0.8 1 1.5 v
Puyll- i —~ - ~
R (P::z:Lso) o B G Voo™V Vi=lv 15| 30 &0 kit
Puli-up transistor INT, RESET
(New5 ) Vpp=5Y Vjw=dy 25 50 100 k1
Qutput leak currenl Parts Gy Ga, Lo, Vo=5V 10 1A
Qutput leak current YDR;~VDP,, Pors Mg~—Ma *
Kg~HKa, HymeHy Vo=12v 10 A
Frezsura-rasistant output voltage Ports Mg—~ My, VDPg . l
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