MITSUBISHI MICROCOMPUTERS

M37204MC-XXXSP

M37204EC-XXXSP, M37204ECSP

SINGLE-GHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

and ON-SCREEN DISPLAY GONTROLLER

DESCRIPTION
The M37204MC-XXXSP is a single-chip microcomputer designed with

CMOS silican gate technology. It is housed in a 64-pin shrink plastic
molded DIP.

In addition to their simple instruction sets, the ROM, RAM and I/O
addresses are placed on the same memory map to enable easy pro-
gramming.

The M37204MC-XXXSP has a PWM function and an OSD function,
so it is useful for a channel selection system for TV. The features of
the M37204EC-XXXSP and the M37204ECSP are similar to those of
the M37204MC-XXXSP except that these chips have a buiit-in PROM
which can be written electrically. Accordingly, the following descrip-
tions will be for the M37204MC-XXXSP unless otherwise noted.

FEATURES

* Number of Dasic iNSTUCHONS .....overcerciimrer i 69

® MEMOKY SIZE ..ot cer et ene st s sse s s s snsassaesess sesamnes
BOM ..ttt em s v sssenanns 43 K bytes
BAM e 704 bytes
ROM for display .......cooccieircnrenreeriercnsennas 8 K bytes
RAM for display .......ccerreramnisreereerisinsenes 144 bytes

¢ The minimum instruction execution time

...................... wevsmresnennnenns. 0.5 15 (at 8 MHz oscillation frequency)

¢ POWET SOUICE VORAGE ..ceeueeerecruereeeneremsiassencosenssensaesons 5V+10%

¢ Subrouting NEstNg ........c.corvsrerererecseserersanceionee 128 levels (Max.}

# INMBITUDES «croeeeeeee e scersanas e 13 types, 13 vectors

¢ B-Dit iMers ...coeivviiiniicce e .4

* Programmable /O ports

(Ports PO, P1, P2, P30-P36, P4, PB) ...ooooeeeeeeeeeeereereesnenen 47
* Output ports (Ports PB2—PBEB)} ......c..cveeeeeeeeeeeeeereeeeeeee v sevanes 5
® 12V withstand ports ... e cenessiies e 10
® LED dfiVE DOMS cecorerreer v s certssosssesnessa s ees s e s 4
e Serial WO ..ocvvaseereneeee e 8-bit X 2 channel (2 systems)
 Special serial /O for master transmission and reception............ 1
o Power dissipation ..........ccceoreeneesiersect e eeeenas 110 mW
(at Vce = 6.5 V, 4 MHz oscillation frequency, CRT on)
* A-D comparator (6-bit resolution) ..............ceeiiiieene 8 channels
* PWM output GIrGUIL «...oe.eeveecre et 14-bit X 1, B-bit X 10 -
¢ Interrupt interval determination CirGuIt ........ccovcverienveeeieeceeee. 1
¢ CRT display function
Display characters ... veeerecneeerees 24 characters X 3 lines
(16 lines max.)
Character Kinds ... e ereresrarenes 256 kinds
DOt SErUCIUre ... e 12 X 16 dots
Character SiZe ......c.vvcerirccreeinimiercemiirr s snsnssnias 4 kinds

Character color kinds (it can be specified by the character)
max. 15 kinds (R, G, B, 1)

Character background color(it can be specified by the character)
max. 7 kinds (R, G, B)

1/2-character unit color specification is possible.

Raster color (max. 15 kinds)

Display layout
HOMZONAL ... oceeirevereer e e e e s reeneerernnrnnens 64 levels
VEIICAl ouiviiie s s e cens e s cmsennanns 128 levels
Bordering (horizontal and vertical)
Wipe function

Scanning line double count mede display is possible.

PIN CONFIGURATION (TOP VIEW)
AD4/P7o/OSC1 —=[1} [63] -— \Vice
AD5/P71/QSC2 - [2] [63] --— Hsyng

P36/INT2/ADZ <t 62) --— VsynG
P35/AD1 - [61]—» R/P52
P34/INT1 -»-[5] [60] —»- /P53
AD3/D-A - [5] 58] —»-B/P54
P6W/PWMO -5~ 58] — = I/P55/TIM1
PG1/PWM1 <»-[8] [57] —= OUT/P56
PB2/PWM2 - [3] 56] -2 PQp
P&3/PWM3 =st-»-[0] zZ [E--Pot
Pes/PWMAsfT] XY  [Eesmro:
P6s/PWMS5 - S8  [Ewsrpos-
PE&/PWMG < me  [Eesru
Per/PWMT <[] PO [Fwmpos
PasTMz ] XX [Fempos
ADB/P32/TIM2 ¢+ 5% [@w-ro
P31 - 0T [E--ePio
P30 - [ig] 5 [47] ~-2= P14
P47/Srov2/PWMB <o [T5] Ny 7] -» P12
P46/SiN2/PWMQ ~a-m= 0 ® [45) =4 P13
P4s/ScLk2/SCL ~a--E1] cl'q [43] -=-»= P14y
P44/SouT2/SDA < (2] w [33] -t P15
AD7/P4Smoviw=Bg|  © (] <+ P16
ADS8/P42/SIN1 -~ R3] [47] P17
P41/ScLk1 -5l [40] <= P2
P40/SOUT1 -8 [35] - P21
CNVss—» 35] -~ P22
¢ ~=— | [37] -2 P23
RESET —» sl [36] - P24
Xin—FA| 35] -2 P25
XouT --—p1] 34] - P2g
Vss—ms- 2| [33] -2 P27
Outline 64P4B

APPLICATION
v
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MITSUBISHI MICROCOMPUTERS

M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

and ON-SCREEN DISPLAY CONTROLLER

FUNCTIONS

Parameter

Functions

Number of basic instructions

69

Instruction execution time

0.5 ps (the minimum instruction execution time, at 8 MHz oscillation fre-
quency)

Clock frequency 8 MHz (maximum)
Memory size ROM 48 K bytes
RAM 704 bytes
ROM for display 8 K bytes
RAM for display ‘144 bytes
Input/Output ports POo-PO7 /o 8-bit X 1 (CMOS input/output structure)
Pio-P17 110 8-bit X 1 {CMOS input/output structure)
P20-P27 WO 8-bit X 1 {CMOS input/output structure)
P30, P31 WO - 2-bit X 1 {CMOS input/output structure)
P32-P3s Vo 5-bit X 1 (N-channel open-drain output structure, can be used as external
clock input pins, A-D input pins, INT input pins)
P4o-P47 Vo] 8-bit X 1 (N-channel open-drain output structure, can be used as serial /O
pins, A-D input pins, PWM output pins}
P52-P5s Output 5-bit X 1 {CMOS output structure, can be used as CRT output pins, an
external clock output pin)
P60-P67 o " 8-bit X 1 (N-channel open-drain output structure, ¢an be used as PWM
outputs)
P70 1-bit X 1 (can be used as a CRT display clock input pin, an A-D input pin)
P71 1-bit X 1 (can be used as a CRT display clock output pin, an A-D input pin)
Serial /O

8-bit X 2, special serial /O (8-bit) X 1

A-D comparator

8 channels (6-bit resolution)

PWM output circuit

14-bit X 1, 8-bit X 10

Timers

8-bit timer X 4

Subroutine nesting

128 levels (maximum)

Interrupt interval determination circuit

1

Interrupt

External interrupt X 2, Internal timer interrupt X 4, Serial I/Q interrupt X 1,

CRT interrupt X 1, f(XIN)MOQG interrupt X 1, VSYNC interrupt X 1,
BRK interrupt X 1

Clock generating circuit

2 built-in circuits (externally connected a ceramic resonator or a quartz-
crystal oscillator)

Power source voltage

5V+10%

Power dissipation CRT ON 110 mW typ. (at oscillation frequency fCPU = 4 MHz, fCRT = 8 MHZ)
CRT OFF 55 mW typ. (at oscillation frequency fCPU = 4 MHz)
in stop mode 1.65 mW (maximum)

Operating temperature range

~10°C 10 70 °C

Device structure

CMOS silicon gate process

Package 64-pin shrink plastic molded DIP

CRT display function Number of character 24 characters X 3 lines (maximum 16 lines by software)
Character dot construction 12 X 16 dots
Kinds of characters 256 kinds
Character size 4 kinds
Kinds of color Maximum 15 kinds (R, G, B, 1)
Display position (horizontal, vertical) | 64 levels (horizontal)vx 128 levels (vertical)

HN  mi.AN=n AR e e, . -



-MITSUBISHI MICROCOMPUTERS
M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

SINGLE;CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

PIN DESCRIPTION
! Input/
Pin ~ Name Output 7 Name
vce, Vss Power source Apply voltage of 5 V £ 10 % to Voc and AvVce, and 0 V to Vss.
CNvss CNVss This is connected to Vss. .
RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L" for 2 ps or more (under
normal Vcc condmons)
If more time is needed for the quartz-crystal osclllator to stablllze this “L” condition should
be maintained for the required time.
XIN Clock input input This chip has an internal clock generating circuit. To control generating frequency, an
: external ceramic resonator or a quartz-crystal oscillator is connected between pins Xinand
XOoUuT Clock output Output | XOuT. Ifan external clock is used, the clock source should be connected to the XIN pin and
: the XoUT pin should be left open.
POO—PO7 11O port PO Vo Port PQ is an &-bit I/O port with direction register allowing each /O bit to be individually
: programmed as input or output. At reset, this port is set to input mode. The output structure
is CMOS output. The note of this Table gives a fult of port PO function.
P1o-P17 /O port P1 o Port P1 is an 8-bit I/O port and has basically the same functlons as port PO. The output
: ' structure is CMOS output.
P20-P27 /O port P2 Vo Port P2 is an 8-bit I/O port and has basically the same funct:ons as port PO. The output
structure is CMOS output.
P30, P31 /O port P3 1o Ports P30, P31 are a 2-bit I/O port and have basically the same functions as pon P0. The
‘ output structure is CMOS output.
ADG6/P32/ 11O port P3 J{o] Ports P32-P36 are a 5-bit I/O port and basically the same functlons as port PO. The output
TiM2, structure is N-channel open-drain output.
P3a/TIMS, Analog input Input Pins P32, P3s, P3s are also. used as analog input pins AD6, AD1 and AD2 respectively.
P34/INT1, External clock Input Pins P32, P33 are also used as external clock input pins TiM2, TIM3 respectively.
P3s/AD1, input ’ :
P36/INT2/ ‘External interrupt Input Pins P34, P3s are also used as external interrupt input pins INT1, INT2.
AD2 input ’
P40/SouTi, I/Q port P4 o Port P4 is an 8-bit I/O port and has basically the same functions as port P0. The output |
P41/SCLK structure is N-channel open-drain output.
AD8/P42/ Serial /O data T[] Pins P4o, P42, P44, P4s are also used as serial /O data input/output pins Sout1, SINt,
SNt input/output Sourtz, SiN2 respectively. The output structure is N-channel open-drain output.
ADT}P 4af Serial VO synchro- YO Pins P41, P4s are also used as serial /0 synchronizing clock input/output pins Sciki,
) nizing clock input/ ScLkz respectively. The output structure is N-channel open-drain output.
’ output . ‘
PA4/SOUT2] I 5eial 10 recei Pins P4a, P47 are also used I 1 |
SDA enial /O receive Output ins P43, P47 are alsc used as serial /0 receive enab e signal output pins Srovi, Srovz
’ enabie signal output respectively. The output structure is N-channel open-drain output.
gé?fSoLKzl Special serial I/O o Pins P44, P4s are also used as SDA, SCL respectively when speclal serial |/O is used. The
’ input/output output structure is N-channel opén-drain output. :
Eﬁﬁéw Analog input Input Pins P4z, P43 are also used as analog input pins AD8, AD7 respectively.
P47 Im / PWM output Output Pins P4s, P47 are also used as PWM output pnns PWMQ PWMS respectively. The output

PWMSB

structure is N-channel open-dram output.




MITSUBISHI MICROCOMPUTERS
M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

PIN DESCRIPTION (continued)

R/P52, Qutput port Qutput [ Ports P52—P5s are a 5-bit output port. The output structure is CMOS cutput.
G/Pss3, P5 : ,
B/P54, CRT output Output | Pins P52-P56 are also used as CGRT output pins R, G, B, 1, QUT respectively. The output structure
IP5STIM1, ' is CMOS output.
OUT/P5s Timer 1 overfiow { Output ! Pin P5s is also used as timer 1 overflow signal output pin TIM1. The output structure is CMOS
signal output output. '
P60/PWMO— | 1/O port P6 11O Port P8 is an 8-bit /O port and has basically the same functions as port P0. The output structure is
P&7/PWM7 N-channel open-drain output.
PWM output | Output | Pins P60—P67 are also used as PWM output pins PWMD—PWM7 respectively. The output structure
. is CMOS output. :
AD4/P7o/ Input port P7 | Input | Ports P70, P71 are 2-bit input port.
0scH, Clock input Input | Pin P7p is also used as CRT display clock input pin OSC1.
ADS/PTV for CRT
0sc2 display ‘
Clock output | Output | Pin P71 is also used as CRT display clock output pin OSG2. The output structure is CMOS output.
for CRT
display
Analog input Input | Pins P70, P71 are also used as analog input pins AD4, ADS5 respectively.
HSYNG HsyNC input Input | This is a herizontal synchronizing signat input for CRT display.
VSYNG VSYNC input Input | This is a vertical synchronizing signal input for CRT display.
é Timing Output | This is a timing output pin. This pin has reset-out output function. The output structure is CMOS
output output.
AD3/D-A DA output Qutput | This is an output pin for 14-bit PWM. The output structure is CMOS output.
Analog input Input | The D-A pin is also used as analog input pin AD3.

Note : As shown in the memory map (Figure 3), port PQ is accessed as a memory at address 00C0,, of zero page. Port PO has the port PO
direction register (address 00C1,, of zero page) which can be used to program each bit as an input (“0") or an output (*1"). The pins
programmed as “1” in the direction register are output pins. When pins are programmed as “0,” they are input pins. When pins are
programmed as output pins, the output data are written into the port latch and then output. When data is read from the output pins, the
output pin level is not read but the data of the port latch is read. This allows a previously-output value to be read correctly even if the
output “L" voltage has risen, for example, because a light emitting diode was directly driven. The input pins are in the floating state, so the
values of the pins can be read. When data is written into the input pin, it is written only into the port latch, while the pin remains in the
floating state.



MITSUBISHI MICROCOMPUTERS
M37204MC-XXXSP
M37204EC-XXXSP M37204ECSP

SINGLE—CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
and ON-SCREEN DISPLAY CONTROLLER

FUNCTIONAL DESCRIPTION | " CPU Mode Register

Central Processjng Unit (CPU) The CPU mode register contains the stack page selection bit and
The M37204MC-XXXSP uses the standard 740 family instruction set. internal system clock output selection bit. The GPU mode register is
Refer to the table of 740 family addressing modes and machine in- allocated at address 00FB16.

structions or the SERIES 740 <Software>> User's Manual for details
on the instruction set.

Machine-resident 740 family instructions are as follows:

The FST, SLW instruction cannot be used.

The MUL, DIV, WIT and STP instruction can be used.

ARE ] ola CPU mode register
(CPUM (CM) : address 00FBi16)

Processor mode bits
b1 b0
0 0: Single-chip mode
01:
0: ¢ Not available
1:

1

1 .

Stack page selection bit (Note 1)
0: Zero page .
1:1page

Internal system clock output selection bit
0 : Output is stopped (Note 2)
1 : Internal system clock ¢ output

Fix these bits to “1.”

Notes 1: Please beware of this bit when programming because it
is set to “1” after the reset release. .
2: The internal system clock ¢ stoppes at “He

Fig. 1. Structure of CPU mode register
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M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

SINGLE-CHlP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

and ON-SCREEN DISPLAY CONTROLLER

MEMORY
Special Function Reglster (SFR) Area

The special function register (SFR) area in the zero page contains
control registers such as /O ports and timers.

RAM
RAM is used for data storage and for stack area of subroutune calls
and interrupts.

ROM
ROM is used for storing user programs as well as the interrupt vector
area.

RAM for Display
RAM for display is used for specifying the character codes and col-
ors to display.

ROM for Display

ROM for display is used for storing character data.

interrupt Vector Area
The interrupt vector area contains reset and interrupt vectors.

Zero Page

The 256 bytes from addresses 000016 to 00FF16 are called the zero
page area. The internal RAM and the special function registers (SFR)
are allocated to this area.

The zero page addressing mode can be used to specify memory and
register addresses in the zero page area. Access to this area with
only 2 bytes is possible in the zero page addressing mode.

Special Page

The 256 bytes from addresses FF0016 to FFFF 16 are called the spe-
cial page area. The special page addressing mode can be used to
specify memory addresses in the special page area. Access to this
area with only 2 bytes is possible in the special page addressing
mode.

{ 000016
Z
00CD16 ero page
SFR area
00FF16
RAM 010016
(704 bytes) 01FFic
020016 -
2 page register
020A16
Not used
{ 030016
03FF1s
Not used
RAM 100016
for display (Note)
144 bytes
( vies) 10D716
Not used
200018
ROM
for display
(8 K bytes) 3FFF1e
400016
ROM <
(48 K bytes)
FFOO1s
FFDE1s .
Interrupt vector area } Special page
\ .FFFF1e
Note : Refer to Table 7. Contents of CRT display RAM.

Fig. 2. Memory map
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BSFR area (addresses CO1s to DF16)
: Nothing is allocated '

“0” immediately after reset

N : Fix this bit to “0” (do not write “17)
1 “1” immediately after reset

[0]
[1]

: undefined immediately after reset

Address Register | . Bitallocation State immediately after reset

b7 b0 b7 b0
COt6 Port PO (PO) : : —
C11s Port PO direction register (D) o , , 0016
C216 Port P1 (P1) ‘ , %
‘G316 Port P1 direction register (D1) 0076
C41s PortP2(P2) g : . 2
- C516 Port P2 direction register (D2) . 006

C61s Port P3 (P3)
C716 Port P3 direction register (D3)

C816 Port P4 (P4) : : ' )
C916 Port P4 direction register (D4) 0016
CAis Port P5 (P5) . ‘ 212121 2
CBis Port P5 control register (C5) . . olololo

' CC16 Port PG (P6) ‘ , ?
CD1s Port P8 direction register (D6) : g 0015
CEs DA-H register (DA-H) _ ) 2 _
CFie DA-L register (DA-L) L[ T T 1 f2]2][2]2T2
D01s PWMO register (PWMO) , ? '
D11s PWM1 register (PWM1) ?
D216 PWM2 register (PWM2) 7
D316 PWM3 register (PWM3) 7
D41 PWMA register (PWM4) ?
D516 PWM output control register 1 (PW) PW3| PW2iPW1|PwW0) 0016
D61s PWM output control register 2 (PN) PN4| PN3[ PN2{ PN1|PND | 0] ofo]o]o
D716 * Interrupt interval determination register (R1) ‘ ? ‘
D816 Inemptntervl detemnintion conotol rgister (REY Re4| rea|rez|Ret [RED {ojofoJojoO
D916 Special serial HO register (SSIO) , ?
DA1s Special mode register 1 (SB) sB7|sB6 | SBs [sB4 | sBajse2 |sB1 [sBo 0015
DBis Special mode register 2 (SC) 5 sc4|sc3|scz|sci |sco 0016
DC1e Serial 1101 mode register (SM1) sm14lsm1a| smrz|smri| smol ol ololoflofo]o
DD1s Serial fO1 regsiter (SI01) _ | ?
DE1s Serial O2 mode register (SM2) [ Smos|sM4 smas]smez|swei[svegf fe 2 { O[O JOJOJ O[O
DFis Serial ¥O2 regsiter (SI02) R i ?

Fig. 3. Memory mab of special function register (SFR) (1)
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BSFR area (addresses EQ1s to FF1e)‘

: Nothing is allocated

: Fix this bit to “0” (do not write “17)
: Fix this bit to “1” (do not write “0”)
: “0” immediately after reset
1 “1" immediately after reset
: undefined immediately after reset

Address Register b7 Bit allocation 5 State immediately after reass%t0
EO16 Horizontal position register (HR) HR4| HR3{ HR2|HR1 |HRO 0|l O0|lO0]lO|lO1OQ
El16 Vertical position register 1 (CV1) cviqcovigdevigevii|cvid £ 2121212121212
E216 Vertical position register 2 (CV2)f i ] cved cvas{cvadovad cvad ovai[ cvad 2{21 212121212
E316 Vertical position register 3 (CV3) CV3g Cva4 Cvaqcvaz Gv31cvag ?212]l212|12172(2
Ed16 Character size register (CS) cs3ocszi|cszolcsti|csig | O 12121221727
ES+16 Border selection register (MD) MD30| MD21| MD20| MD11] MD10 Ojojofloio]|0
E61s Color register 0 (CO0) coo4 | cooy cood coo cooo ojojolololo
E718 Color register 1 (CO1) C004| CO1Y €014 CO1f COD 0jojo|lofo|0O
E816 Color register 2 (CO2) Co24{ G029 Cozg Ccoet 0020] 0j]0|/0|0j0O |0
EQ16 Color register 3 (CO3) €034} 0033 €033 CO31| CO0 gjlojofO0jO|oO
EA1s CRT control register (CC) cca| ceziect|ccoo ojojo0jlofo]jojo
EB16 Display block counter (CBC) CBC3{CBC2CBC1|CBLY 0t 010]0[(0|0
EC16 CRT port control register (CC) | | PrB} vSYC HSYG , 0016

ED16 Wipe control register (SL) SL2[sL1|SLO {ofofJofoJoJo]Jo
EEt6 Wipe start register (SLS) ?

EFis A-D control register 1 (ADM) ] 0|00
FO1s Timer 1 (TM1)

Ft116 Timer 2 (TM2)

F216 Timer 3 (TM3)

F316 Timer 4 (TM4) _

F416 Timer 12 mode register (T12M) T12ua) TI2Mz| T [ T12M0 0(0] O
F516 Timer 34 mode register (T34M) TaaM3] Taame| Taem [ TaaMo ololo
F616 PWMS register (PWMS5)

F716 PWMBS register (PWME)

F816 PWMT register (PWM?7)

916 PWMB register (PWM8)

FA16  PWMO register (PWMO) :

FBi1s CPU mode register (CPUM) CM1{CMOD 4] 1 NENRON
FCis Interrupt request register 1 (IREQ1) TMZR | TMIR O|jcj{o{o
FD16  Interrupt request register 2 (IREQ2) 1T2R|1TIR glololo
FE1s Interrupt contral register 1 ICON1) TMZE | TMIE olololo
FF16 Interrupt control register 2 (ICON2) 1T2E[1T1E] |- olololo

Fig. 4. Memory map of special function register (SFR) (2)
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BWSFR area (addresses 20016 to 20A16)
Nothmg is allocated

NN : Fix this bit to “0” (do not write “1)
@ : “0" immediately after reset

Address ' Register © Bitallocation bo 57 State immediately after resebt0

b7
20016
20116
20216
20318
20418
20516
20618 Port conotrol reigster (P7D)
.20716 Shitt register input switch register (SIC)
20816 CRT control register 2 (CBR) ‘
20918 CRT clock selection register (OP
20A18 AD control register 2 (ADC)

Fig. 5. Memory map of 2 page register

: Nothing is allocated

[1] : “1” immediately after reset
: undefined immediately after reset

Register C Bit allocation State immediately after reset
: b7 b0 b7 b0
Processor status register (PS) NIvIiTIBlpliTzlcll? I? I ? l ? I ? I 1 I? I ?
Program counter (PCH)

Contents of address FFFF16
. Contents of address FFFE1e

- Program counter (PCL)

Fig. 6. Internal state of processor status register and program counter at reset
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INTERRUPTS

interrupts can be caused by 13 different sources consisting of 3 ex-

temal, 9 internal, 1 software, and reset. Interrupts are vectored inter-

fupts with priorities shown in Table 1. Reset is also included in the

table because its operation is similar fo an interrupt.

When an interrupt is accepted,

(1) The contents of the program counter and processor status
register are automatically stored into the stack.

(2) The interrupt disable flag | is set to “1” and the corresponding
interrupt request bit is set to “0.”

(3) The jump destination address is read from and the vector
address enters the program counter.

Other interrupts are disabled when the interrupt disable flag is set to

“
All interrupts except the BRK instruction interrupt have an interrupt
request bit and an interrupt enable bit. The interrupt request bits are
in interrupt request registers 1 and 2 and the interrupt enable bits are
in interrupt control registers 1 and 2. Figure 7 shows the structure of
the interrupt-related registers.

Interrupts other than the BRK instruction interrupt and reset are ac-
cepted when the interrupt enable bit is *“1,” interrupt request bit is “1,”
and the interrupt disable flag is “0.” The interrupt request bit can be
set o “0” by a program, but not set to “1.” The interrupt enable bit can
be setto “0" and “1” by a program.

Reset is treated as a non-maskable interrupt with the highest pricrity.
Figure 8 shows interrupt controf.

Table 1. Interrupt vector addresses and priority

interrupt Causes

(1) Vs¥NG and CRT interrupts
The VSYNC interrupt is an interrupt request synchronized with
the vertical syne signal.
The CRT interrupt occurs after character block display to the CRT
is completed.

(2) INT1, INT2 interrupts
With an external interrupt input, the system detects that the level
of a pin changes from “L" to "H” or from “H" to “L,” and generates
an interrupt request, The input active edge can be selected by
bits 3 and 4 of the interrupt interval determination control register
(address 00D816) : when this bit is “0,” a change from “L” to “H” is
detected; when itis “1,” a change from “H" to “L” is detected.
Note that all bits are cleared to “0” at reset.

(3) Timer 1, 2, 3 and 4 interrupts
An interrupt is generated by an overflow of timer 1, 2, 3 or 4.

(4) Serial fO1, serial /02 interrupts
This is an interrupt request from the clock synchronous serial
/O function.

(5) f(Xin)/4096 interrupt
This interrupt occurs regularly with a f(XiN)/4096 period. Set bit 0
of the PWM output control register 1 to “0.”

(6) BRK instruction interrupt
This software interrupt has the least significant priority. [t does
not have a corresponding interrupt enable bit, and it is not af-
fected by the interrupt disable flag | (non-maskable).

interrupt source Priority Vector addresses Remarks

Reset 1 FFFF1s, FFFE16 Non-maskable

CRT interrupt 2 ‘FFFD16, FFFCi16
"INT2 interrupt 3 FFFBi1s, FFFA16 Active edge selectable
iNT1 interrupt 4 FFF916, FFF816 Active edge selectable
Serial I/O2 interrupt 5 FFF71s, FFF616

Timer 4 interrupt 6 FFF516, FFF416

f(XIN)/4096 interrupt 7 FFF316, FFF216

VsYNC interrupt 8 FFF116, FFFO16 Active edge selectable
Timer 3 interrupt 9 FFEF16, FFEE18

Timer 2 interrupt 10 FFED1s, FFEC16

Timer 1 interrupt 1 FFEB16, FFEA16

Serial I/01 interrupt 12 FFEQ16, FFE816

BRK instruction interrupt 13 FFDF16, FFDE16 Non-maskable (software interrupt)

I 3 1fOn=n

L B o B I -—— -
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Interrupt request register 1 Interrupt request register 2
(IREQ1 : address 00FC1e) 0 .1 | ((REQZ2:address 00FD1s)

I——~ INT1 interrupt request bit
INT2 interrupt request bit
Serial VO1 interrupt request bit

l._ Timer 1 intemjpf request' bit
Timer 2 interrupt request bit -

Timer 3 interrupt request bit

Timer 4 interrupt request bit

Serial /02 interrupt request bit

CRT interrupt request bit . .
: 1 ms interrupt request bit

VSYNG interrupt request bit

Fix this bit to “0.”

0 : No interrupt request issued 7
1 : Interrupt request issued

! : Interrupt control register 1 ' ! ‘ s Interrupt control register 2
(ICON1 : address 00FE1s) (ICON2 : address 00FF1s) -
|— Timer 1 interrupt enable bit ~ INT{ interrupt enable bit
Timer 2 interrupt enable bit INT2 interrupt enable bit
Timer 3 interrupt enable bit ' L Serial ¥O1 interrupt enable bit
Timer 4 interrupt enable bit — Serial ¥O2 interrupt enable bit
CRT interrupt enable bit ’ - L 1 msinterrupt enable bit

VsYNC interrupt enable bit

0 : Interrupt disabled
1 : Interrupt enabled

Fig. 7. Structure of interrupt-related registers

Interrupt request bit ——
Interrupt enable bit ——

Interrupt disable flag | —

BRK instruction ﬂ\ > Intérrupt request
Reset —i_/

Fig. 8. Interrupt control
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TIMERS

The M37204MC-XXXSP has 4 timers: timer 1, timer 2, timer 3, and
timer 4. All imers are 8-bit timers with the 8-bit timer latch. The timer
block diagram is shown in Figure 10.

All of the timers count down and their divide ratio is 1/{n+1), where n
is the value of timer latch. The value is set to a timer at the same time
by writing a count value to the corresponding timer latch (addresses
‘00F016 to O0F316 : timers 1 to 4).

The count value is decremented by 1. The timer interrupt request bit
is set to “1” by an timer overflow at the next count pulse after the
count value reaches “0016.”

(1) Timer 1

Timer 1 can select one of the folowing count sources:

o f(XIN)/16 -

o f(XiN)/4096

The count source of timer 1 is selected by setting bit 0 of the timer 12
mode register (address 00F416).

Timer 1 interrupt request occurs at timer 1 overflow. And besides,
the timer 1 overflow signal divided by 2 (TIM1) is output from the
I/P5s/TIM1 pin. .

(2) Timer 2

Timer 2 can select one of the following count sources;

* f(XIN)/16

s Timer 1 overflow signal

* External clock from the AD6/P32/TIM2 pin

The count source of timer 2 is selected by setting bits 4 and 1 of the
timer 12 mode register (address 00F416). When timer 1 overflow
signal is a count source for the timer 2, the timer 1 functions as an 8-
bit prescaler.

Timer 2 interrupt request occurs at timer 2 overflow.

(3) Timer 3

Timer 3 can select one of the following count sources:

¢ f(XINV/16

* External clock from the P33/TIM3 pin

The count source of timer 3 is selected by setting bit 0 of the timer 34
mode register 2 (address 00F516).

Timer 3 interrupt request occurs at timer 3 overflow.

(4) Timer 4

Timer 4 can select one of the following count sources:

s {(XIN)/16

o (Xm)/2

¢ Timer 3 overflow signal

The count source of timer 3 is selected by setting bits 4 and 1 of the
timer 34 mode register (address 00F516). When timer 3 overflow
signal is a count source for the timer 4, the timer 3 functions as an 8-
bit prescaler.

Timer 4 interrupt request occurs at timer 4 overflow. And besides,
the timer 4 overflow signal is also used as the clock source of special
serial 1/0O.

At reset, timers 3 and 4 are connected by hardware and “FF16” is
autornatically set in timer 3; “0716” in timer 4. The 1(XIN) /16 is se-
lected as the timer 3 count source. The internal reset is released by
timer 4 overflow at these state, the internal clock is connected .

At execution of the STP instruction, timers 3 and 4 are connected by -
hardware and “FF16” is automatically set in timer 3; “0716” in timer 4.
However, the f(XIN) /16 is not selected as the timer 3 count source.
So set bit 0 of the timer 34 mode register (address 00F515) to “0”
before the execution of the STP instruction (f(XIN) /16 is selected as
the timer 3 count source). The internal STP state is released by timer
4 overflow at these state, the internal clock is connected .

Because of this, the program starts with stable clock.

The structure of timer-related registers is shown in Figure 9.
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7 , K 7 0 |
0 Timer 12 mode register Timer 34 mode register
I__ (T12M : address 00F418) : l_ (T34M : address O0F516)
. Timer 1 count source seléction bit ' ' Timer 3 count source selection bit
0: f(Xin}/16 . 0 : f(Xin)/16 :
1 : f{(XIN)/4096 1 :External clock from
. P33/TIM3 pin

L Timer 2 count source selection bit
0 : Internal clock source

1 : External clock source from | t——Timer 4 internal clock source
- AD6/P32/TIM2 pin ' selection bit ’
. : 0 :-Timer 3 overflow
Timer 1 count stop bit . 1 (%) 16
0 : Count start !

1 : Count stop
) Timer 3 count stop bit
— Timer 2 count stop bit 0: Count start
0:Countstat ‘ ) 1 : Count stop
1 : Count stop

‘ : - Timer 4 count stop bit
.—Timer 2 internal clock source - 0 : Count start

selection bit 1 : Count stop
0 : f(Xiny/16 ’ -
1: Timer 1 overflow . L Timer 4 count source selection bit
0 : Internal ¢lock source
1 s f(Xin)/2

Fix this bit to “0.” .

Fig. 9. Structure of timer-related registers .
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Data bus

I Timer 1 latch (8) I
8d

| 4

' Timer 1
XN O——— 172 18 |+—> % Timer1®) |t >
T12M0 interrupt request
T12M2 l 3 :

T12M4
>

8

| Timer2latch (8) |
8

. " Timer 2
AD6/P32/TIM2 O——»[u/¥ K | Timer2(g) _ interrupt request

T12M3

8

8 Reset

l FF1s STP instruction
) l Timer 3 latch(8) I ‘
P3YTIM3 O————>f3> 2

\E [: I = Timer 3
> Timer 3 (8) .
T34M0 | interrupt request

T34M2

4
> T34M1

| Timer 4 latch (8)
4) s{

Selection gate : Connected to = o Timer 4
black colored T3iMa imer 4 (8) interrupt request
side at reset. :

T34M3 8

2

T12M : Timer 12 mode register
T34M : Timer 34 rnode register

Notes 1: “H” pulse width of external clock inputs TiIM2 and TIM3 needs 4 machine cycles or more.
2: When the external clock source is selected, timers 2 and 3 are counted at a rising edge of input signal.
3: In the stop mode or the wait mode, external clock inputs TiM2 and TIM3 cannot be used.

Fig. 10. Timer block diagram
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SERIAL /O

The M37204MC~XXXSP has 2 built-in serial IlOs (serial I/O1, serial
1/02) which can either transmit or receive 8-bit data in the serial clock
synchronous mode. Serial /01 has the same function as serial 1/02.
‘Serial 101 and serial /O2 are referred as “serial I/O/F hereafter.
The serial O block diagram is shown in Figure 11. The synchroniz-
ing clock /O pin (SCLK}, and data ¥O pins (SOuT, SINj), receive en-
able signal output pin (SRov) also function as port P4.

Bit 2 of the serial I/OJ mode register (addresses 00DC16, OODE16)
selects whether the synchronizing clock is supplied internally or ex-
ternally (from the pins P4s/SCLK2/SCL, P41/Scik1). When an inter- .
nal clock is selected, bits 1 and 0 select whether f(XiN) is divided by
4, 16, 32, or 64. To use pins for serial /O, set the corresponding bits

of the port P4 direction register (address 00C91s) to “0.” Also to use
the serial /02 with internal clock, set bit 1 of the special mode regis-
ter 1 {address D0DA16) to “1.”

The operation of the serial /O function is described below. The fune-
tion of the serial I/O differs depending on the clock source; external
clock or internal clock.

XING) 12

Data bus

b

Selection gate : Connectad 1o

o Frequency divider 1
114, 1/8, 116 -
. SMi1

black colored
Pds latch o o rsne at reset.
. : - M2 \? \? \‘f SM1 : Serial ¥O1 mode register
AD7/P43/SROY1 S A Synczirrcﬁ;auon y ;:4 SM2 : Serial ¥O1 mode register
: : SB : Special mode register 1
P41 latch SIC : Shift register switch register
P41/ScLK10—V‘L > Serial O counter 1 (8) ' Serial 1O 1
M13 interrupt request
P4u latch : ‘
PanSo X SM15: LSB<> MSB
ouT1
: SM13 y _ (Note)
A081P4z/s|szj>~——.——>r Seriat /O shift register 1 (8)
: SICO t g (Address 00DD1s
: > Frequency divider 2
P4zlalch  PWM8 & SM21
L B¢ Voo Swe \f} \? SM20
P47/Srov2/PWM ynccﬂ,%?j'ifa 0Nl
: SM24 SsSB4 A
_ P4s latch SCL
PAs/SoLK2/SCLOY > Serial I/0 counter 2 (8) Serial VO 2
SM23 SB2 interrupt request
P44 latch SDA -
Dt /SoUT/SDA ' ¥ SM25: LSB<—> MSB
OUT. 3
: SM23 SB2 v  (Note)
Pae/SNa/PWMIO—— " by > Serial /O shift register 2 (8)
, T__.?(— PWMO { g (Address 00DF1s)
P4s latch

Note : When the data is set in the serial ¥O1/ register (addresses 00DD1s, 00DF1s), the register functions as the serial IfO shift register

Fig. 11. Serial /O block diagram
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Internal clock—the Srovisignal goes to “H” during write cycle by writ-
ing data into the serial I/Oi register (addresses 00DD1s, 00DF16).
After the write cycle, the Srovisignal goes to “L” (receive enable state).
The Srovisignal goes to “H” at the next falling edge of the transfer
clock for the serial I/Oj register.

The serial /O counter iis set to “7* during write cycle into the serial
IfOf register (address 00DD18), and transfer clock goes “H” forcibly.
At each falling edge of the transfer clock after the write cycle, serial
data is output from the SOUT pin. Transfer direction can be selected
by bit 5 of the serial I/Oi mode register. At each rising edge of the
transfer clock, data is input from the Sini pin and data in the serial
W/Oi register is shifted 1 bit.

After the transfer clock has counted 8 times, the serial /0 counter
becomes “0" and the transfer clock stops at “H.” At this time the inter-
rupt request bit is set to “1.”

External clock—when an external clock is selected as the clock
source, the interrupt request is set to “1” after the transfer clock has
counted 8 times. However, transfer operation does not stop, s0 con-
trol the clock externally. Use the external clock of 1 MHz or less with
a duty cycle of 50%.

The serial /O timing is shown in Figure 12. When using an external
clock for transfer, the external clock must be held at “H” for initializing
the serial I/O counter i. When switching betwsen an internal clock
and an external clock, do not switch during transfer. Also, be sure to
initialize the serial 1/OJ counter after switching.

Notes 1: On programming, note that the serial /O counteriis set by
writing to the serial I/O register with the bit managing in-
structions as SEB and CLB instructions.

2: When an external clock is used as the synchronizing clock,
write transmit data to the serial I/O/ register at “H” of the
transfer clock input level.

Transfer clock

Serial /O register |-|
write signal

{Note)

Serial /0 output '
- Souti

N .
D ) &3 €9 €3 € §5V/

Serial VO input
SiNi

A A

XXX

Receive enable i l I
signal  SrADY;

Note : When an internal clock is selected, the Souri pin is at high-impedance after transfer is completed.

Interrupt request bit is set to “1”

Fig. 12. Serial /0 timing (for LSB first)
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Transmission side

Serial I/O 1 mode reigster
) SRDV1

b4 - - b0

SRDY1 pin': set the direction
register 1o input

Reception side

SroY1 [————— SRDV1

Sint pin: set the direction

Serial /O 1 mode reigster

b4 b0
1]1]0

register to input

mode. Synchronous clock . mode.
Sck p———e—p=| Sctxi
. Serial data '
Sourt SouTt
Fig. 13. Structure of serial /O mode register
7 0 7 0

Serial I'O1 mode register
(SM1 : address 00DC1e6)

Serial 102 mode register
(SM2 : address 00DE15)

Internal synchronizing clock
selection bits

b1 b0

0 0:f(Xiny4

0 1:f(Xin)/16

1 0:f(XiNy/32

11 §(Xiny/64

Synchronizing clock selection bit
0 : External clock
1: Internal clock

Serial I/O1 port selection bit
0 : Pdg, P41 fungtions as port
1 : ScLk1, SouT

Srov1 signal output selection bit
0 : P43 functions as port
1 :SRDY1

Transfer direction selection bit
0: LSB first
+ 1:MSB first

Internal synchromzmg clock
selection bits

b1 b0

0 0:f(XiNny4

0 1:f(XIN)/16

1 0:fXiNy/32

11 HXm)/64
Synchronizing clock selection bit

0: External clock ~

1 : Internal clock

Serial I/02 port setection bit
0 : P4o, P41 functions as port
1 : Special mode {refer to special
mode register 1)

SRDY2 signal cutput selection bit
0 : P47 functions as port
1 : Special mode (refer to special
mode register 1)

“ Transfer direction selection bit
0 :LSB first
1: MSB first

- Fig. 14. Structure of serial /O/ mode registers
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SPECIAL SERIAL /O

The M37204MC-XXXSP has a special serial I/O circuit that can be
reception or transmission of serial data in conformity with I2C (Inter
IC) bus format.

I2C bus is a two line directional serial bus developed by Philips to
transfer and control data among internal ICs of a machinery. Ports of
special serial IO are also used as those of serial I/O2. So special /O
cannnot be used when using serial /O2. '

The M37204MC-XXXSP's special serial /0 is not included the clock
synchronization function and the arbitration detectable function at
multi-master.

Figure 15 shows the special serial I/O block diagram. Operations of
master transmission and master reception with special serial I/O are
explained in the following:

P4s/ScLka/SCLO—< @ -~
SM23

—] Control circuit

Serial 1/O counter 2

Synchronization
. circuit

Interrupt request

Selaction gate : Gonnected to

black coloreg

side at reset.
SM1 & Serial 1101 mode register
SM2 : Serial 1/02 mode register
SB ! Special mode register 1

Shift register
A

Serial O shift register 2

SIC : Shift register switch register

Data bus

Fig. 15. Special serial I/O block diagram

(1) Master transmission example

(D To generate an interrupt at the end of transmission, set bit 7 of the
special mode register 2 (address 00DB1s) to “1” (select the spe-
cial serial /0 interrupt). -

(@ Then set bit 3 of the interrupt control ragister 2 (address 00FF16)
1o “1” (enable the serial /02 interrupt). Also, set the interrupt dis-
able flag | to “0” by the CL! instruction.

3 The output signals SDA and SCL at the master transmission are
output form ports P44 and P4s. Set all bits (bits 4 and 5) corre-
sponding to P44 and P45 of the port P4 register (address 00C81s)
and the port P4 direction register (address 00C91s} to “1.”

" @ Set the transmission clock. The transmission clock uses the over-
flow signal of timer 4. Set appropriate value in timer 4 and the
timer mode register 2 (For instance, if f (XiN)/2 is selected as the
clock source of timer 4 and 416 is set in timer 4, the master trans-
mission clock frequency is 25 kHz at f (XN} = 4 MHz).

(® Set contents value of the special mode register 2 (address 00DB1).
{Ordinary, the value is “8318")

(® Set bit 3 of the serial /02 mode register (address 00DE18). After
that set the special mode register 1 (address 00DE1s). Figure 17
shows the structure of special mode registers t and 2.

@ Write the next data to be transmitted in the special setial /O reg-
ister (address 00D91s6}. Immediately after this, set “0” to bits 0 and
1 of the serial mode register 2 to make both SDA and SCL output
to “L.” This is for arbitration. The start signal has been completed.

The hardware automatically sends out data of 9-clock cycle. The 9th

clock is for ACK reception and output level becomes "H”" at this
clock. If other master outputs the start signal to transmit data si-
multaneously with this 9th clock, it is not detected as an arbitra-
tion lost.

When the ACK bit has been transmitted , bit 3 of the interrupt
request register 2 is set to “1” (accurrence of interrupt request),
notifying the end of data transmission.

To transmit data successively, write data to be sent to the special
serial I/O register, and enable an interrupt again. By repeating this
procedure, uniimited number of bytes can be'transmitted.

@ To terminate data transfer set bits 0 and 1 of the special mode
register 2to "0

(0 Set SCL (bit 1) to “1.” »

@ Then SDA (bit 0) to “1.” This procedure transmits the stop signal.

Figure 16 shows master transmission timing explained above.
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(2) Master reception example
Master reception is carried out in the interrupt processing routine
after master transmission. For master transmission and interrupt oc-

currence thereafter, refer to the preceding section (1) Master trans-

mission (the process until @ in Figure 16).

@ In the interrupt routine, set master reception ACK provided (2616)
in the special mode register 1 (address 00DA1s).

@ Set dummy data “FF16” in the special serial /O register (address
00D916). This sets data line SDA to “H to receive data for 8 clocks.
Then, transmit “L” to data line SDA for receiving ACK. In the ACK
provided mode, the above ACK is automatically sent out.

(@ Repeat the above receiving operation for a necessary number of
times. Then return to the master transmission mode and transmit
the stop signal by the same procedure for the master transmis-
sion (the process from @ to @D in Figure 16).

Figure 17 shows the master reception timing.

(3) Wait function
-The wait function -1 holds the SCL line at “L” after the 8th clock falis in
" special mode. The wait function 2 holds the SCL fine at “L” after the
gth clock falls in the same way.
The wait functions can be released by setling the correspondlng bits
5 and 6 of the special mode register 210 “1.”

P44/ SouTz/ SDA =~~~ m () @ 000 m .‘.‘93(,’ | fé’i"
. . \ ) . J \ . -/
A b4
e TTLO0000000 LT
N v /
®m) '

Fig. 16. Timing at master transmission

Receive data

-

s N
P44/ Sout2/ SDA ===°~ T T T T Y v T Y
20000000 ENEREEEREE
P4s/ Scuke! SCL
\ v AN Y J
\ 7 .
. ) Same as @ to @ of Figure 15
P44/ Sourz/ SDA ——— ;

B I U £y

rseso. —— L UUUUUUUUL T

J J

v

B(n)

Y

@
——
@ .o

Fig. 17. Timing at master receive
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7

0

Special mode register 1
(SB : address DODA18)

L |

—Synchronizing clock

| I | ]Special maode register 2

(SC : address 00DB1s)

Transmission and reception
moda-selection bit

0 : Reception mode

1: Transmission mode

selection bit
0 : External clock
1: Timer 4 overflow

P44, P45 special mode
selection bit :
0 : Soute, ScLkz signal output
1:SDA, SCL signal output

P4s special mode selection bit
0 : P4s output
1: PWM3 output

P47 special mode selection bit
0 : Srovz signal output
1 : PWM3 output

ACK operation selection bit
0 : ACK is not transmitted

Data line control bit
0 : SDA outputs “L"
1 : SDA outputs “H”

Clock line control bit
0: SCL outputs “L”
1: SCL outputs “H”

ACK retognition bit
0 : ACK was received
1 : ACK is not received

Wait function 1 enable bit
0 : Wait function 1 is disabled
1 : Wait function 1 is enabled

—Wait function 2 enable bit

0 : Wait function 2 is disabled
1 : Wait function 2 is enabled

Wait function 1 acceptance display
bit

or received 0 : Wait function 1 is not accepting
1: ACK is transmitted and 1 : Wait function 1 is accepling
received .

START signal detect bit
0: START signal is not detected
1: START signal was datected

STOP signal detect bit

Wait function 2 acceptance display
bit
0 : Wait function 2 is not accepting
1 : Wait function 2 is accepting

0: STOP signal is not detected
1: STOP signal was detected

Interrupt selection bit
0 : Serial /02 interrupt
1 Special serial IO interrupt

Fig. 18. Structure of special mode registers
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(1) Serial /0 Common Transmission/Reception Mode
By writing “1” to bit 0 of the serial /O control register, signals SIN and
SouT are switched internally to be able to transmit or receive the
serial data. :

Figure 20 shows signals on serial I/O common transmission/recep-
tion mode. :

Note : When receiving the serial data after writing “FF16™to the serial
I/O register. '

O A o

Shift register 1 input bit
0 : Input signal from Sint
1 : Input signal from Sout

L——Shift register 2 input bit
. 0 Input signal from Sinz
1 : Input signal from Sout2

Fig. 19. Structure of shift register switch register

PA41/ScLxt O <«—» Clock 1
Q - <
P4o/Souti -
: Serial /O shift register 1 (8)}—>
AD8/P42/8IN1 O i
SICO
P4s/ScLke/SCL O‘ <« Clock 2
P44/Soyt2/SDA O > <
o
/—> Serial 1/O shift register 2 (8)
P4s/Sing/PWMY O o
' sic1
SIC : Shift register switch register

Fig. 20. Signals on serial I/O common transmission/reception mode
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PWM QUTPUT FUNCTION

The M37204MGC-XXXSP is equipped with a 14-bit PWM (DA) and
ten 8-bit PWMs (PWMO-PWMQ). DA has a 14-bit resolution with the
minimum resolution bit width of 500 ns (for f(XIN) = 4 MHz) and a
repeat period of 8192 ps. PWMO-PWMS have the same circuit struc-
ture and an 8-bit resolution with minimum resolution bit width of 8 s
{for {(XiN} = 4 MHz) and repeat period of 2048 ps.

Figure 21 shows the PWM block diagram. The PWM timing generat-
ing circuit applies individual control signals to PWMO-PWMS using
f{(XIN} divided by 2 as a reference signal.

(1) Data Setting

When outputting DA, first set the high-order 8 bits to the DA-H regis-
ter (address 00CE16), then the low-order 6 bits to the DA-L register
(address 00CF15). When outputting PWMO-PWM9, set 8-bit output
data in the PWMi register (i means D to 9; addresses 00D016 to
00D418, 00FB16 to O0OFA16).

(2) Transmitting Data from Register to PWM circuit

The data written to the 8-bit PWM register is transferred to the PWM
latch in each 8-bit PWM cycle period. For 14-bit PWM, the data trans-
ferred in the next high-order 8-bit period after the write. The signais
output to the PWM pins correspond to the contents of these latches.
When data in each PWM register is read, data in these latches has
already been read allowing the data output by the PWM to be con-
firmed. However, bit 7 of the DA-L register indicated the completion
of the data transfer from the DA register to the DA latch. When bit 7
if “0," the transfer has been completed. When bit 7 is “1,” the transfer
has not yet begun.

(3) Operating of 8-bit PWM

The following is the explanation about PWM operation.

At first, set the bit 0 of PWM output control register 1 (address 00D516)
to “0” {at reset, bit 0 is already set to "0” autorhatically). so that the
PWM count source is supplied.

PWMO-PWMY7 are also used as pins P60-P67, PWMS8, PWMQ are
also used as ports pins P47, P4e, respectively. For PWM0O-PWM?7,
set the corresponding bits of the ports P4 or P6 direction register to
“1" (output mode). And select each output polarity by bit 3 of the
PWM output control register 2(address 00D616). Then, for PWMO-
PWME, set bits 2 to 7 of the PWM output control register 1 to “1”
(PWM output). For PWM6 and PWM?7, set bits 0 and 1 of the PWM
output control register 2 to “1.” For PWM8 and PWM9, set bits 3 and
4 of the special mode register 1 and bit 4 of the serial /02 mode
register to “1.”

The PWM waveform is cutput from the PWM output pins by setting
these registers.

Figure 22 shows the 8-bit PWM timing. One cycle (T) is composed
of 256 (28) segments. The 8 kinds of pulses relative to the weight of
each bit (bits 0 to 7) are output inside the circuit during 1 cycle. Refer
to Figure 22 (a). The 8-bit PWM outputs waveform which is the logi-

cal sum (OR;) of pulses corresponding to the contents of bits 0to 7 of .

the B-bit PWM register. Several examples-are shown in Figure 22
(b). 256 kinds of output {“H” level area: 0/256 to 255/256) are se-
lected by changing the contents of the PWM register. A length of

entirely “H” output cannot be output, i.e. 256/256.

(4) Operating of 14-bit PWM

As with B-bit PWM, set the bit 0 of the PWM output control register 1
(address 00D516) 10 “0” (at reset, bit 0 is already set to “0” automati-
cally), so that the PWM count source is supplied. Next, select the
output polarity by bit 2 of the PWM cutput control register 2 (address
00DG616). Then, the 14-bit PWM outputs from the D-A output pin by
setting bit 1 of the PWM output control register 1 to “0” (at reset, this
bit already set to “0” automatically) to select the DA output.

The olitput example of the 14-bit PWM is shown in Figure 23.

The 14-bit PWM divides the data of the DA latch into the low-order 6
hits and the high-order 8 bits.

The fundamental waveform is determined with the high-order 8-bit
data “DH.” A “H” level area with a length 1 X DH("H" level area of
fundamental waveform) is output every short area of “t" = 256t =
128 ps (x is the minimum resolution bit width of 0.5 us). The “H” level
area increase interval (tm) is determined with the low-order 6-bit data
“DL.” The “H” level are of smaller intervals “tm” shown in Table 2 is
longer by t than that of other smaller intervals in PWM repeat period
“T" = 64t. Thus, a rectangular waveform with the different “H” width is
output from the D-A pin. Accordingly, the PWM output changes by <
unit pulse width by changing the contents of the DA-H and DA-L

registers. A length of entirely “H” output cannot be output, i. e. 256/
256.

(5) Output after Reset
At reset, the output of ports P6o-P67, P46 and P47 are in the high-

impedance state, and the contents of the PWM register and the
PWM circuit are undefined. Note that after reset, the PWM output is
undefined until setting the PWM register.
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Table 2. Relation between the low-order 6-bit daﬁ and high-level

area increase interval

_)*_) Selection gate:

Connectad to black

colored side at reset.

Pass gate
Inside of, l_ _______ J isas same contents with
the others.

PW . PWM output countrol register 1
PN : PWM output control register 2
D6 : Port P6 direction register

D4 : port P4 direction register

SM2 : Serial ¥O2 mode register

SB ! Special mode register 1

Low-order 6 bits of data; Area longer by < than that of other tm (m =0 t0 63) -
000000 | Nothing
000001 |m=32
000010 |m=16,48
0001060 {m=8,24,40,56
001000 jm=4,12,20, 28, 36, 44, 52, 60
010000 |m=26,10,14, 18,22, 26,30, 34, 38, 42, 46, 50, 54, 56, 62.
100000 |m=1,3,57, .......... e reeaeeeen 57,59,61,63
Data bus

—

DA-H register .
Address : 00CE 16}y

. (Address : 00CF16)
BT T T

DA-L register .

DA latch _

{14 bits)

|MSB| | .

PWMO register

(Address : 00D016]
LT T T

PWMO latch '+
PR

8

PWM2 register (Address : 00D21e)

PWMS3 register (Address : ﬂﬂDG:s)

PWM4 register {Address :

PWM5 register (Address :

PWMB register (Address :-

PWMS register (Address :

- [PWM timing

Xm O > generating
PivD girgyit

1
1
i
4

|
'
|
L

D6;

?
”}'
:

2

!
:

3

. P&+ D& I{O PWMA4
T PWE

E 266 D6s PWMS
1

©Pwr i

Fig. 21. PWM block diagram
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Fig. 22. 8-bit PWM timing
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Get “2C16” to DA-H regis@ (Sel “2816" to DA-L reéisg@ _
Latch transter complete bit
' 0 | Transfer complete
. 1} Transfer is not completed
(Automahoally set at writing} )
b7 b6 b5 bdyb3 b2 bl b0 b7 b6 b5 b4yb3 b2 bT b0
oaH [olo]1lof[1]1{a]alon [DA-Lreg.ster]l [ Ti1Jo{1JoloJo]o
register] : v~ '
Undefined ’
At writing of DA-L ' At writing of DA-L )
B e -
T bi3 b6 bS5 : b0
DAlatchi] 0l o] 1] o 1|1Io|o|1|o|1 olo] o]
;I'hese bits dlecide ;H” levelarea of  Thege bits decide smaller interval tm” in which *H” loval
und:n'!enta waveiorm. | area is [*H" level area of fundamental waveform + t .
(“H" lovel area of ) =( relsném:a bit) X(High-order 8-bit ) ' R
fundamental waveform / wigth 500 ns value of DA latch
(" Fundamental - R ) ( Waveform of smaller interval “tm” specified by Iow-ordeeritsJ
waveform ’
0.5 psX44 . . 0.5 sX44 O5ps
[14-bit T 1 »1abit [+ 5 7
PWM output| 2C1 2B 2A; -~ 1 03,02.,0100 PWM output 2C, 2B 2A;--- 03,0201 |00 é
I N . O E
g.bit:.........-.-‘l 8-bil:-----'.--"':
ounter IFF: FE'FD! - 'D6' D5 D4 D3! -+ 02! 01 00 ) [counter | FF'FEFD! ---1D6' D5 D41 D3: -1 021 01 00|

[Fundamental waveform of smaller interval

“tm” which is not specified by low-order 6
bits is not changed.

5 ' I 0.6 psX44 =05 pe )
14-bit PWM output _j |
teo i 161 E 162 i te3
Low-order 6-bit output
| of DA latch —
Repeat period '
T=8192 s "
\. Y

Fig. 23. 14-bit PWM (DA) output example (at f(XIN) = 4 MHz)
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7 0 7 0
PWM output control register 1 PWM output control register 2
{PW: address 00D516) (PN: address 00D616)
P&s/PWMS output selection bit
DA, PWM count source selection bit 0:P6s outpu?

0 : Count source supply

1 : PWMS output
1 : Gount source stop °

DA/PN4 output selection bit P67/PWM7 output selection bit
0 : DA output : 0 : P67 output
1: PN4 output : 1 : PWM7 output

PBo/PWMO output selection bit
0 : P&o output ~—— DA output polarity selection bit
1 : PWMO output - 01 Paositive polarity

1 : Negative polarity

P61/PWM1 output selection bit

0 : P61 output ——— — PWM output polarity selection bit
1: PWM1 output 0 : Positive polarity
‘ 1 : Negative polarity
P62/PWM2 output selection bit ‘
0 : P62 output ————— DA general-purpose output bit
1: PWM2 output 0 : Qutput“L”

1 : Output “H”

P&3/PWM3 output selection bit
0 : P83 output
1 : PWM3 oulput

P64/PWM4 output selection bit
0 : P84 output
1 : PWM4 output

PBs/PWMS output selection bit
0 : P65 output
1 : PWMS output

Fig. 24. Structure of PWM-related registers
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A-D COMPARATOR

A-D comparator consists of 6-bit D-A converter and comparator. A-D .

comparator block diagram is shown in Figure 25.

The reference voltage “Vrer" for D-A conversion is set by bits 0to 5 of
the A-D control register 2 {address 020A1s).

The comparison result of the analog input voltage and the reference
voltage “Vref” is stored in bit 4 of the A-D control reglster 1 (address
O0EF18).

For A-D comparison, set “0” to corresponding bits of the direction
-register to use ports as analog input pins. Write the data for select of
analog input pins to bits 0 to 2 of the A-D control register 1 and write
the digitat value corresponding to Vref to be compared to the bits 0 to
5 of the A-D control register 2. The voltage comparison starts by
writing to the A-D control register 2, and it is completed after 16 ma-
chine cycles (NOP instruction X 8)..

0 . A-D control register 2
‘ (ADC: address 020A16)

D-A converter set bits
Refer to Table 3.

Fix this bit to “0.”

Fig. 27. Structure of A-D control register 2

7 : 0
A-D control register 1
- (ADM: address O0EF16)
Table 3. Relation between contents of A-D control register 2
) L and reterence voltage “Vret”
Analog input pin selection bits . :
b2 b b0 ] . A-D control register 2 Reference
D 0 1:AD2 Bits | Bit4 | Bit3 [ Bit2 [ Bit1 [ Bit0 | voltage “Vrer”
g ] ?fﬁ-g 0 0 0 | O 0 0 1/128 Vco
1 0 D:ADS 0 0 0o 10 0 [ 1 3/128 Vco
1 0 1:AD6 0 Q 0 0 1 0 5/128 Vce
1 1 0:AD7 ;
1 1 1:AD8 ; '
Storage bit of comparison resuit 1 1 1 1 0 1 123/128 Vco
0 : Input voltage < reference voltage -
1 : Input valtage > reference voltage L ! ! L L 0 125/)28 Voo
‘ 1 1 1 1 1 1 127/128 Vee
Fig. 26. Structure of A-D control register 1
A-D control register 1
Comparator
BitsQto 2 " control
P3s/AD1 A-D control register 1 y A-D control register 2
P3s/INT2/AD2___] — - A ~
© AD3/D-A_ - - PO R - -
ADAPTHOSOT ] 2‘;‘::;? sa || s | mire | mta [ sra- [ Bt1 | mto
ADS/P?!/OSC2—— itch \. >
ADeP3yTIM—] A
AD7/P43/Srovi—
ADB/P42/SiNni—]
Switch tree

Fig. 25. A-D comparator block diagram
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CRT DISPLAY FUNCTIONS

(1) Outline of CRT Display Functions
Table 4 outlines the CRT display functions of the M37204MC-

XXXSP.The M37204MC-XXXSP incorporates a CRT display control

circuit of 24 characters X 3 lines. CRT display is controlled by the

CRT control register. Up to 256 kinds of characters can be displayed.

The colors can be specified for each character and up to 4 kinds of

colors can be displayed on one screen. A combination of upto 15

colors can be obtained by using each output signal (R, G, B and I).

Characters are displayed in a 12 X 16 dots configuration to obtaln

- smooth character patterns (refer to Figure 28).

The following shows the procedure how to display characters on the

CRT screen.

@ Write the display character code in the display RAM.

@ Specity the display color by using the color register.

D Wirite the color register in which the display color is set in the dis-
play RAM.

@ Specify the vertical position by using the vertical position register.

® Specify the character size by using the character size register,

® Specify the horizontal position by using the horizontal position
register. .

@ Wite the display enable bit to the designated block display flag of
the CRT control register. When this is done, the CRT display starts
according to the input of the VSYNG signal.

The CRT display circuit has an extended display mode. This mode

allows muitiple lines (4 lines or more) to be displayed on the screen

by interrupting the display each time one line is displayed and rewrit-
ing data in the block for which display is terminated by softwars.

Figure 29 shows the structure of the CRT display contral register.

Figure 30 shows the block diagram of the CRT display control circuit.

Table 4. Outline of CRT display functions

Parameter Functions
f displ .
2'#;?:;;?5 display 24 characters X 3 lines
Dot structure 12 X 16 dots (refer to Figure 27)
Kinds of characters 256 kinds
Kinds of character sizes 4 kinds

Kinds of colors | 1 screen : 4 kinds, maximum 15 kindg

Color

Coloring unit | A character

Display expansion Possible (multiline display)

Possible

Raster coloring {maximum 15 kinds)

Possible (A character unit, 1 screen
: 1 kinds, maximum 7 kinds)

Character background
coforing

B 6249428 0025315 013 W

12 dots

16 dots

Fig. 28. CRT display character configuration

DERE

0
I CRT control register 1
(CC: address 0OEAs)

All-blocks display control bit (Note)
0 : All-blacks display off
1 : All-blocks display on

Block 1 display contro! bit

0: Block 1 display off
1: Block 1 display on

Block 2 display control bit
0: Block 2 display.off
1 : Block 2 display on

Block 3 display control bit

0: Block 3 display off
1 : Block 3 display on

Block 1 color specification mode
switch bit

0 : Ordinary mode
1: 1/2-character unit color
specification mode

Display oscillation stop bit
0 : Oscillation stopped
1: Oscillation enabled

Scanning line double count mode flag
0 : Ordinary 256 count mode
1: Double count mode -

Fix this bit to “0.”

Note: Display is controlled by logical product {AND) between the all-blocks
display control bit and each block display centrol bit.

Fig. 29. Structure of CRT control register
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(Address DOEA16)

CHT control reglster

(Addresses DOE 116 to DOE316)

Vertical position registers

(Address DOE41s)

OSCt 0sc2

[t

»| Display oscillation

circuit

Hsync Vsynec

?9

Y

Y

Character size register

(Address ‘00EQ16)

Y

Haorizontal position register

' (Address ODE516)

Display position

control circuit

Border selection register

Y

y Y

RAM for display
12 bits X 24 X 1.

+10bits X 24 X 2

Addresses 00E616 to

OCE91 6) Y

Color registers

(Address O0EC16)

ROM for display |«
12bits X
16 X 256 .

Display control
circuit

| Border RAM

Y

- Shift register
12 bits

vy

Shift register
12 bits

Y

CRT port control register

Data bus

Y

. Output circuit

IR

ouT

Fig. 30. Block diagram of CRT display control circuit
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(2) Display Position

The display positions of characters are specified in units called a
“block.” There are 3 blocks, blocks 1 to 3. Up to 24 characters can be
displayed in each block (refer to (4) Memory for Display).

The display position of each block can be set in both horizontal and
vertical directions by software.

The display position in the horizontal direction ¢can be selected for all
blocks in comman from 64-step display positions in units of 4T¢
{Tc = oscillating cycle for display).

The display position in the vertical direction for each block can be
selected from 128-step display positions in units of 4 scanning lines.

Biock 2 is displayed after the display of block 1 is completed (refer to
Figure 31 (a)). Accordingly, if the display of block 2 starts during the
display of block 1, only block 1 is dispiayed. Similarly, when multiline
display, block 1 is displayed after the display of block 2 is completed
(refer to Figure 31 (b)).

The vertical position can be specified from 128-step positions (4 scan-
ning lines per a step) for each block by setting values “0016” to “7F16”
to bits 0 to 6 in the vertical position register (addresses DOE116 to
O0E316). Figure 33 shows the structure of the vertical position regis-
ter.

{HR) !
cvt ----- R A
Block 1
CV2 ----o- A SR R
Block 2
ov3-------- Y.
Block 3
(a) Example when each block is separated
(HR) i
cvi._ Y. ¥ _ | __;
cv2 Block 1
{Block 2 is not displayed)
V3 ----=-n - Y.
Block 3
(b) Example when block2 overlaps with block 1
(HR) ,
4 |
CVi-wa-Xoo b m
Cy2----- \ A Block 1
|- Block2 oo
CV3 - - v_.
Block 3

(c) Example when block 2 overlaps in process of block 1

Fig. 31. Display position
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The display position in the vertical direction is determined by count-
- ing the horizontal sync signal (HSYNC). At this time, it starts to count

the rising edge (falling edge) of HSYNC signal from after about 1 ma- ' 7 0
chine cycle of rising edge (falling edge) of VSYNC signal. So interval .
- from rising edge (falling edge) of VSYNC signal to rising edge (falling : Vertical position registers 1, 2, 3
edge) of HSYNC signal needs enough time (2 machine cycles or more) ' ‘ | (CV1:address Q0E11s)
for avoiding jitter. The polarity of HSYNG and VSYNG signals can se- : . (CV2 : address 00E216)
lect with the GRT port control register (address 00EC16). For details. ' (CV3 : address 00E316)

refer to (12) CRT Output Pin Control.

' Vertical display start positions
Note: When bits 0 and 1 of the CRT port control register (address e1 é%astc:;g farz’); «OOF:gf Itcl) “TF1g" -

DOECH1e) are set to “1” (negative polarity), the vertical position
is determined by counting falling edge of HSYNC signal after
-rising edge of VSYNC control signal in the microcomputer (re-

~ fer to Figure 32). , Fig. 33. Structure of vertical position register
The horizontal position is common to all blocks, and can be set in 64
steps (where 1 step is 4Tc, Tc being the display oscillation period)
. p ‘ I . as values “01e” to “3F16” in bits 0 to 5 of the horizontal position
VSYNG signal input ‘
‘ : 0.25100.50 [ 8] register (address Q0EOD16}. The structure of the horizontal posmon
(at f(XN) = BMHz) : register is shown in Figure 34.
VsyNG control ‘
signal in, |j J
microcomputer ! . k
Period of countin ‘e N '
HSYNC signat g - a 7. 0 .
_(Note) 0 TT Horizontal position register
HsYNG. : tl tl tl H ﬂ tl (HR : address 00EQ016)
signal input - - )
D O I .
i 2 3 4 5 _ : : - Horizontat display start positions
. _ : ‘ 64 steps.from “0016” to “3F15”
Not caunt : (1 step is 4Tc)
When bits 0 and 1 of the CRT port control register (address o
Q0EC18) are set to “1” (negahve polarity) ‘ . _ — Fix this bit to “0.”
Note: Do not generate falling edge of HsYNC signal near rising Fig. 34. Structure of horizontal position register
edge of Vsyne control signal in microcomputer to avoid
jitter,

Fig. 32. Supplement explanation for display position
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(3) Character Size

The size of characters to be displayed can be from 4 sizes for each

block. Use the character size register (address 00E416) to set a char-
acter size. The character size of block 1 can be specified by using
bits 0 and 1 of the character size register; the character size of block
2 can be specified by using bits 2 and 3; that in block 3 can be speci-
fied by using bits 4 and 5. Figure 35 shows the structure of the char-
acter size register.

The character size can be selected from 4 sizes: minimum size, me-
dium size, large size and extra large size. Each character size is
determined by the number of scanning lines in the height (vertical)
direction and the oscillating cycle for display (Tc) in the width (hori-
zontal} direction. The minimum size consists of [1 scanning line] X
[1Tc]; the medium size consists of [2 scanning lines] X [2Tc); the
large size consists of [3 scanning lines) X [3Tc]; and the extra large
size consists of {4 scanning lines] X [4Tc]. Table 5 shows the rela-
tion between the set values in the character size register and the
character sizes.

Character size register
{CS : address 00E415)

Character size of block 1 setection bits
b1 b0
0 0 :Minimum size
0 1 :Medium size
1 0:largesize
1 1:Extralarge size

Character size of block 2 selsction bits
b3 b2

0 Q:Minimym size
0 1:Medium size

1 0:Large size

1 1:Extra large size

Character size of block 3 selection bits
b5 b4
0 0:Minimum size
0 1:Medium size
1 0:large size
1 1:Extra large size

OUT signal output switch bit
0 : OUT signal output
1 : MUTE signa! output (Note)

Note : This erases a video signal on an entire screen.

Flg. 35. Structure of character size register

Mini-
mum

Medium

Large

Extra large

«— Horizontal display start position

Fig. 36. Display start position of each character size (horizontal direction)

Table 5. Relation between set values in character size register and character sizes

Set values of character size register Character Width {horizontal) direction | Height (vertical) direction
CSni CSn0 size TC: oscillating cycle for display scanning lines
0 0 Minimum 1Tc 1
o] 1 Medium 2Tc 2
. 0 Large 3c - 3
1 1 Extra large 4TC 4

Note: The display start position in the horizontal direction is not affected by the character size. In other waords, the horizonial display stari
position is common to all blocks even when the character size varies with each block (refer to Figure 35).
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(4) Memory for Display

There are 2 types of memory for display : CRT display ROM (ad-
dresses 200016 to 3FFF16) used to store character dot data (masked)
and CRT display RAM (addresses 100016 to 10D716) used to specify
the colors and characters to be displayed. The following describes
each type of display memory. ‘

@ ROM for display (addresses 200015 to 3FFF18)

The CRT display ROM contains dot pattern data for characters to be
displayed. For characters stored in this ROM to be actually dispiayed,
it is necessary to specify them by writing the character code inherent
to each character (code based on the addresses in the CRT display
ROM) into the CRT display RAM. The character code listis shown in
Table 6.

and ON-SCREEN DISPLAY CONTROLLER

The CRT display ROM has a capacity of 8 K byles. Since 32 bytes
are required for 1 character data, the ROM can stores up to 256
kinds of characters. _

The CRT display ROM space is broadly divided into 2 areas. The
[vertical 16 dots] X [horizontal (left side) 8 dots] data of display char-
acters are stored in addresses 200016 to 27FF16 and 300016 to
37FFF1s; the [vertical 16 dots] X [horizental {right side) 4 dots] data
of display characters are stored in addresses 280016 to 2FFF16 and
380016 to 3FFF16 {refér to Figure 37). Note however that the high-
order 4 bits in the data to be written to addresses 280016 to 2FFF16
and 380016 to 3FFF16 must be set to “1” {by writing data “FX16").

1

(=2
1]
o
o

- 2XX0Dis
or
3IXX01e

O|0o|IQ(o|QC|lo|o|oc

o|lolo|lo|o|o|olo|o|lojo

2XXF1s
or
3XXF1s

o|lo(o|lojolo|o|o|lolojlo|oocjo|O|O

o|o|o|o| o

o
w
o
o

2XX0e+80016
or .
3XX016+80018

I,

)

SRR, <

o
Olo|Q|lo|C oo

o|lo|olololo|lololelo|e

2XXF16+80016
or
3XXF16+80016

o|lolololo|lolo|olo|lojojo|lolo|c|o
o|olo|o|o|o|o|o|o|olo|ololo|o|e

=

3
N

]
oo 0I0|O

Fig. 37. Display character stored data
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Table 6. Character code list (partially abbreviated)

Character data storage address
Character code
Left 8 dots lines Right 4 dots lines
200016 280016
0016 to to
200F16 280F1s
201016 281016
0118 to o
201F16 281F1s
202016 282016
0216 to ) to
202F 15 282F16
203018 283018
0316 to to
203F16 . 2B3F16
27E016 2F0015
7E18 to to
27EF15 2F)F16
27F016 2F1016
7F16 j(¢] to
27FF16 2F1F1s
300016 380015
8018 to to
300F16 380F16
301016 381016
8116 to . to
301F16 381F16
370018 3FDO1e
FD16 to to
37DF 18 3FDF16
37E016 3FEQ1e
FE1s to to
37EF18 3FEF1s
37F016 3FF018
FFig to to
37FF1s 3FFF16
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@ RAM for display (addresses 100015 to 10D716)
The CRT display RAM is allocated at addresses 100016 to 10D716,
and is divided into a display character code specification part and
display color specification part for each block. Table 7 shows the
- contents of the CRT display RAM.
For example, to display 1 character position (the left edge) in block
1, write the character code in address 100016 and write the color
register No. to the low-order 2 bits (bits 0 and 1) in address 108016,
The color register No. to be written here is one of the 4 color regis-
ters in which the color to be displayed is set in advance. For details
on color registers, refer to (5) Color Registers. The structure of the
CRT display RAM is shown in Figure 37.

Table 7. Contents of CRT display RAM

Block Display position {irom left) . (Character code specification Color specification

1st character 100016 108018
2nd character 100116 108116
3rd character 100218 108218

Block 1 : : :
22nd character 101516 109516
23rd character 101616 109616
24th character 101716 109716
’ : 101816 109816

Not used : :
t101F16 109F 16
1st character 102016 10A016
- 2nd character 102118 10A118
3rd character 102216 10A216

. Block 2 : : o :
22nd character 103516 10B516
23rd character 103616° 10B616
24th character 103718 10B716
1038186 10B816

Not used : 2
§ 103F16 . 10BF16
1st character 104016 10C016
2nd character 104116 _10C116
3rd character 104216 10G216

Block 2 : : v
22nd character 105516 100516
23rd character 105618 . 10D616
24th character 108716 10D716
10D81s

Not used 105;816 :
' 107F16 10FF16
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7 0
Block 1
[Character specification]
1 st character : 100015 ‘
' to Character code
24th character : 101716 . Specify 256 characters (“0016” to “FF16")
3 0
[Color specification] »
1 st character : 108016 | " Color register specification on left side
to (In ordinary - 1/2-character unit color
24th character : 109716 specification mode)
b1 b0
0 0: Color register 0 specification
0 1: Color register 1 specification
1 0: Color register 2 specification
1 1: Color register 3 specification
Color register specification on right side
(In 1/2-character unit colar specification
mode)
b3 b2
0 0: Color register 0 specification
0 1 Color register 1 specification
1 0: Color register 2 specification
1 1: Color register 3 specification
7 0
Block 2
[Character specification]
1 st character : 102015
to
. Character code ‘
24th character : 103716 e
characte Specify 256 characters (“0016" to “FF1s™)
{Block 3 © 104016 to 105716) :
10
[Color specification] '
1 st character : 10AD16
0 Col ist ificati
. olor register specification
24th character : 10B716 °3 P I
b1b0
(Block 3 : 10C016 to 10D716) 0 0: GColor register 0 specification
' O 1: GColor register 1 specification
t 0 Color register 2 specification
1 1 :Color register 3 specification

Fig. 38. Structure of RAM for display
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| (5) Color Reglsters

The color of a dispiayed character can be specified by settmg the

color to ane of the 4 registers (COO0 to CO3: addresses O0EG16 to

Q0E916) and then specifying that color register with the CRT display

RAM. There are 4 color outputs; R, G, B and I. By using a combina-
" tion of these outputs, it is possible to set 291 (when no output) = 15
colors. However, since only 4 color registers are available, up to 4
colors can be disabled at one time.

R, G, B and ! outputs are set by using bits 0 to 3 in the color register.
Bit 4 is used to set whether character output and blank output are
enabled or not . Bit 5 is used to specify whether a character output or
blank output. ’
Figure 39 shows the structure of the color register.

Color register 0,1, 2, 3
(CQO0 : address 00EG16)
' {CO1 : address 00E716)
{CO2 : address 00E81s).
{CO3 : address DOE91s)

"1 signal output selection bit
0 : No character is output .
1 : Gharacter is output

B signal output selection bit
0 : No character is output
1 : Character is output

G signal output selection bit
0 : No character is output
1 : Character is output

R signal output selection bit
0 : No character is output
1 : Character is outpuit

QUT signal output selection bit
0 : Both character output and blank
output-are enabled
1; Neither character output nor blank
output is enabled

- QUT signal output control bit
(Note)

0 : Charagter is output

1 : Blank is output

Note : When the character border function (described later) is used,
the outline back output has pricrity over these bits (bits 4 and 5)
for the OUT pin output. However, if bits 4 and 5 are both 1, to
output the ¢haracter background ¢olor, the background color of
that character has priority.

Fig. 39. Structure of color registers
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(6) Character Background coloring
The background part of a character (its 12 X 16-dot area) can be

Tabla 8. Colorling to character background by R,G,B output signals

colored as specified by bits 4 and 5 of the color registers (addresses : Color register RGB output
00E616 to DOES16) and bits 2, 3, and 4 of the CRT control register 2 Bit4 (B) Bit3 (G) Bit2 (R) Color
(address 020818). 1] 0 0 Black
Set “1” in bits 4 and 5 of the color register of the character whose 0 0 1 Red
background is to be colored, and specify the background color with 0 1' 0 Green
bits 2, 3, and 4 of the CRT control register 2. This means that the 0 ] : Yellow
color of the character is paired with the background color of that
character, s0 that up to 4 color pairs can be used in each screen (7 1 0 0 Blue
background colors are possible). 1 0 1 Magenta
The structure of the CRT control register 2 is shown in Figure 52, 1 1 0 Cyan
1 1 1 White
TV screen
G (Green) ‘G+B(C ] B f(B!ue) ;(neu)
o yan
s ¢
V 7% B c
Character 4 Y \&
background G+B R R
. B (Blue} {Cyan) (Red) . (Red)
Color registers (addresses 00E616 10 00EQ16) CRT cantrol register 2
Character Bits | Bta | B3 | Bz | Bri1 | B0 Bta | Br3 | Biz
1 1 1 0 1 0 0 > 1 0 0
2 1 1 0 1 1 0 (B) Q) R)
3 0 0 0 0 1 0
4 0 0 1 0 0 0
A R @ ® 0
B
C

Note : If border and background color are applied to a character in contact with a 12 X 16 -dot
frame in the same block, the border (1 dot} is protruded from the frame.

Example

Unwanted dots

/

7

D

7
i

it

vy
&+d-+&+&+¢+&+

v
T

| 4

vvvvvvv

;;;;;

ot
T

AL A
+ -o-_i‘-.i;‘;b

B
b)

'+

2

X0

Fig. 40. Display example
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(7} 1/2-character Unit Color Specification Mode
By sefting “1” to bit'4 of the CRT control register 1 (address 00EA16)

it is possible to specify colors, in units of a 1/2-character size (16
dots high X 6 dots wide), to characters in only block 1.
In the 1/2-character unit color specification mode, colors of display
characters in block 1 are specified as foliows: '

» The color on the left side : ,
this is set to the color of the color register which is specified by bits
0 and 1 at the-color specification addresses (addresses 108016 to
109716) in the CRT display RAM. ‘
= The color on the right side :
this is set to the color of the coler register which is specified by bits
2 and 3 at the color specification addresses (addresses 108016 to
109716) in the CRT display RAM.

Color of the color register specified

Color of the color register specified

address 10801s. address 10811e.

address 10811e.

by bits 0 and 1 at addrass 10801s. by bits 0 and 1 at address 10811e. Block 1
(a) Display in the ordinary mode
H : HEE .
Color of the color register 1 Colar of the-color register | Color of the color register 1 Color of the color register
specified by bits 0 and 1 at 1 specified by bits 2 and 3 at| specified by bits 0 and + at : specified by bits 2 and 3 at Block 1
' .
\

E address 10801s.

(b} Display in the 1/2-character unit color specification mode

Fig. 41. Difference between ordinary color specification mode and 1/2-character unit color specification mode
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(8) Character Border Function

An border of 1 clock {1 dot) equivalent size can be added to a char-
acter to be dispiayed in both horizontal and vertical directions. The
border is output from the QUT pin. In this case, bits 4 and 5 in the
color register (the OUT pin output contents) are ignored, and the
border output is from the QUT pin.

Border can be specified in units of block by using the border selec-
tion register (address 00E516). The setting of the border takes prior-
ity of the setting by bit 5 of the color register, however, the border of
the character to which a background color has been set cannct be
output. Figure 42 shows the structure of the border selection regis-
ter. Table 9 shows the relationship between the values set in the
border selection register and the character border function.

7 ' 0

_

Border selection register
{MD : address 00E516)

Block 1 QUT output border

selection bit
0:Sameoutputas R, G,B
1 : Border output

Block 1 output switch bit
0 : Border including character
1 : Border only

Block 2 OUT output border

selection bit
0:Sameoutputas R, G,B
1 : Border output

Block 2 output switch bit
0 : Border including character
1 : Border only

Block 3 OUT output border

selection bit
0:Sameoutputas R, G, B
1 : Border output

Block 3 output switch bit
0 : Border including character
1 : Border only

Fig. 42. Structure of border selection register

N

AN

'\k\ \'

N

~ ‘*'\:&\

S\“‘k\\“:\

Fig. 43, Example of border

Table 9. Relationship between set value in border selection register and character border function

OUT output

Border selection register Fundii E o of
MDA 1 MDMO unctions xample of output
' . R, G, B, | output T
X 0 Ordina .G, B,
) i OUT output I a
0 1 Border including character R, G, B, I output -
: OUT output e B
: R
1 1 Border only R, G, B, | output —
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'(9) Multiline biéplay '

The M37204MC-XXXSP can ordinarily display 3 lines on the CRT .

screen by displaying 3 blocks at different vertical positions. In addi-
tion, it can display up to 16 lines by using CRT interrupts.

A CRT interrupt request occurs at the point at which display of each '

block has been completed. In other words, when a scanning line

reaches the point of the display position (specified by the vertical

position registers} of a certain block, the character display of that

block starts, and an interrupt occurs at the point at which the scan-

ning line exceeds the block.

The display block counter counts the number of times the display of

‘a block has been completed, and its contents are incremented by 1

each time the display of one block is completed.

To provide multi-line display, enable CRT interrupts by clearing the

interrupt disable flag to “0” and setting the CRT interrupt enable bit

(bit 4 of address OOFE16) to “1.”" After that, process the following

sequence within the CRT interrupt processing routine:

(D Read the value of the display block counter.

(@ The block for which display is terminated (i.e., the cause of CRT
interrupt generation) can be determined by the value read in (D).

(3 Replace the display character data and vertical display position of
that block with the character data (contents of CRT display RAM)
and vertical display position (contents of vertical position register)
to be displayed next.

Figure 44 shows the structure of the display block counter.

A CRT interrupt does not occur at the end of display when
the block is not displayed. In other words, if a block is set to

- off display with the display control bit of the CRT control reg-
ister (address 00EA186), a CRT interrupt request does not
occur (refer to Figure 45).

Note:

Display block counter
(CBG . address 00EB1s)

Number of blocks which are
being displayed or has displayed
(Incremented each time a block
is displayed)

Fig. 44. Structure of display counter

l . Block 1 {on display) ] . “CRT interrupt request”

“CRT interrupt request”

I Y

Bloék 2 {on disblay) I

L Block 1' (on display) l _ “CRT interrupt request”

B

_-“CRT interrupt request”

-

.| 'Block 2 (on displéy) |

On display (CRT interrupt request oceurs at the end of block
display)

I Block 1 (on display) |_ _|. -, "CRT interrupt request”

[ Block2(ondisplay) | | . “CRTinterrupt request

No “CRT interrupt request”

_ No “CRT interrupt request”

L R L P -=%

Off display (CRT interrupt request does not occur at the end
of block display)

Fig. 45. Timing of CRT interrupt request

Count value Interrupt position
Black 1 0
______________ -
Block 2
.......... |
2
Block 3 -
.............. .(_
Block 1*
I R . X 3 —
4

Fig. 48. Timing of CRT interrupt request
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(10) Scanning Line Double Count Mode

1 dot in a displayed character is normally shown with 1 scanning line.

In the scanning double count mode, 1 dot can be shown with 2 scan-

ning lines. As a result, the displayed dot is extended 2 times the
. normal size in the vertical direction only (that is to say, the height of a
character is extended twofold.)
In addition, because the scanning line count is doubled, the display
start position of a character becomes also twofold position in the
vertical direction.
In other words, the contents of the vertical position register is as fol-
lows:
« In ardinary mode

256 steps as values “0016” to “FF1g"

(4 scanning lines per step)
« In scanning line double count mode

128 steps as values “0016” to “7F16”

(8 scanning lines per step)

-if the contents of the vertical position register for a block are set in

the range of “8016” to “FF16” in the scanning line double count mode,
that block cannot be displayed (not output to the CRT screen). The
scanning line double count mode is specified by setting bit 6 of the
CRT control register 1 (address 00EA16) to “1.”

Since this function works in units of a screen, even if the mode is
changed during display of 1 screen, the mode before the change
remains until the display of the next screen.

4 Ventical position A w

} Scanning line 16 lines

- /

(a) Display in the ordinary mode

Vertical position A X 2

AX2

} Scanning line 32 lines

- /

{b) Display in the scanning line double count mode

Fig. 47. Display in ordinary mode and In scanning line double count mode

mearm-am 0
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(11) Wipe Function

@ Wipe mode

The M37204MC-XXXSP allows the display area to be gradually ex-
panded or shrunk in the vertically direction in units of 1H {H: HSYNC
signat). There are 3 modes for this wipe method. Each mode has
DOWN and UP modes, providing a total of 6 modes.

Table 10 shows the contents of each wipe mode.

Table 10. Wipe operation In each mode and values of wipe mode register

Wipemoderegister
Mode - Wipe operation A
Bit2 Bt1 |  Bito
D Appear from | , 0
DOWN upper side 1A B 0 1
A ' | GH
' MN
Erase from s 7
UP 1 \ower side : : 1 0 1
DOWN | Frasefrom E Down Up 0 ’ 0
‘ upperside || A B C D E FlorF
5 ' 1 GH 1 JKL
' MNOPQR
uP |Appearfrom (S T UV WX ONY . 1 ] 0
lower side - E
E fi E
ooy |zt oo |
lower sides - :
3 |
Appear to :
UP | bothupperand 1 1 ]
lower sides !
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@ Wipe speed Table 11. Wipe speed )

The wipe speed is determined by the vertical synchronization (VSYNG) (NTSC interlace method, H = 262.5)

signal. For the NTSC interlace method, assuming that Wipe resolution Wipe speed (entire screen)

VSYch 16.7 m_.s, 262.5 Hsyne sllgnals (per field) 1H Unit 16.7 (ms) X 2625 = 1 = 4 (g)

we obtain the wipe speed as shown in Table 11. - -

Wipe resolution varies with each wipe mode. In mode 1 and mode 2, 2H Unit 16.7 (ms) X 2625 + 2% 2 (s)
. one of 3 resolutions {1H, 2H, 4H) can be selected. In mode 3, wipe is 4H Unit 16.7 (ms) X 262.5 + 4 = 1 (s)

done in units of 4H only.

Table 12. Wipe mode and wipe resolution

Mode Wipe resolution Wipespeed
Mode 1 1H Unit about 4 (s)
2H Unit t2
Mode 2 Uni about 2 {s)
4H Unit about 1 (s)
Mode 3 4H Unit about 1 (s)
7 0 :
Wipe made register

(SL : address D0ED1s)

Wipe mode selection bits
b1 b0
0 0: Wipeis not available
0 1: Mode 1
1 0: Mode?2
1 1: Mode3

Direction mode selection bit
0 : DOWN mode
1:UP mode

Wipe unit selection bits
b4 b3
0 O:1H unit
0 1:2H unit
1 Q:4H unit
1 1:Donotset

Stop mode selection bits
b6 b5
C O:Stopatthe312ndH
0 1:Stop at the 156th H
1
1

0 : Stop at the 256th H
1:Stop atthe 128th H

Fig. 48. Structure of scroll mode register
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(12) CRT Output Pin Control

The CRT output pins R, G, B, | and OUT can also function as ports
P52, P53, P54, P55 and P5e. Set the corresponding bit of the port P5
control register (address OOCB16) to “0” to specify these pins as CRT

output pins, or set it to “1” to specify itas a general-purpose- port P5 -

pins.

The input polarity of signals HSYNC and VSYNC and output polarity of
signals R, G, B, 1 and OUT can be specified with the bits of the CRT
port control register (address O0EC186). Set a bit to “0" to specify posi-
tive polarity; set it to “1" to specify negative polarity.

The CRT clock I/0 pins OSC1, OSC2 are controlled with the port
control register (address 020616).

The structure of the CRT part control register is shown in F|gure 49.

The structure of the port control register is shown in Figure 50.

Port control register
(P7 D : address 020618)

Port P7 data input.bit (Note)
When.only OP1="0" and OP0="1,"
input data is valid. -

AD3/D-A funiction selectlon bit
0:AD3
1:D-A

Note : OP is the CRT clock selection register.

Fig. 50. Structure of port control register

CRT port control register
(CRTP; address 00EC1s)

i—— HsyNG input polarity switch bit
0 : Positive input
" 1: Negative input

Vsyne input polarity switch bit
0 : Positive input
12 Negative input

R, G, B output polarity switch bit
0 : Positive output
1 : Negative output

| output polarity switch bit
0 : Positive output
1 : Negative output

OUT output polarity switch bit
0 : Positive output
1 : Negative output

R signal output switch bit
0 : R output signal
1 : R-MUTE output signal

G signal output switch bit
0 : G output signal
1': G-MUTE output signal

B signal output switch bit
0 : B output signal
1: B-MUTE output signal

Fig. 49. Structure of CRT port control register
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(13) Raster Coloring Function

An entire screen (raster} can be colored by switching each of the R,
G, B, ! and QUT pins to MUTE output. R, G, B are controlled with the
CRT port control register; | is controlled with the CRT control register
2; OUT is controlled with the character size register. 15 raster colors
can be obtained. ‘

If the OUT pin has been set to raster coloring output, a raster color-
ing signal is always output during 1 horizontal scanning period. This
setting is necessary for erasing a background TV image.

if the R, G, and B pins have been set to MUTE signal output, a raster
coloring signal is output in the part except a no-raster colored char-
acter (in Figure 50, a character “O") during 1 horizontal scanning
period. This ensures that character colors do not mix with the raster
color. In this case, MUTE signal is output from the OUT pin.

An example in which a magenta character “I” and a red character “O”
are displayed with blue raster coloring is shown in Figure 51.

% W “RED""
A+/ %&% . -“BLUE
N
ESYNC : H r—L;—; %.J_ -
s LR [ oo

Fig. 51. Example of raster coloring

CRT control register 2
(CBR : address 020816)

- signal output switch bit
0 : I signal output
1 . FMUTE signal output

——— TIM1 function switch bit
0: | output or MUTE output
1 : 1/2 clock output of timer 1

Color specification of character
background :

Fig. 52. Structure of CRT control register
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- (14) Clock for Display

As a clock for display to be used for CRT dusplay, it is possible to

select one of the following 3 types.

* Main clock supplied from the XIN pin

» Clock from the LC or RC supplied from the pins OSC1 and OSC2.

» Clock from the ceramic resonator or quartz-crystal oscillator sup-
plied from the pins OSC1 and OSC2.

This clock for dlsplay can be selected for each block by the CRT

clock selection register (address 020916).

When selecting the main clock, set the oscillation frequency to

8 MHz.

Table 13. Set vaiue of CRT clock selection register and clock for dtsplay

CRT clock selection register

(OP : address 02091¢)

I—-l— Display clock selection bits
Refer to Table 13.

Fix this bit to “0.”

Fig. 53. Structure of CRT clock selection register

b1

b0

Functions

Scanning line double count mode flag (CCe)

0

o

The clock for display is supplied by connecting RC or LC
across the pins OSC1 and OSCZ2.

CCB = I(Oll or li1n

CRT oscillation
frequency = f(XiN)

Since the main clack is used as the clock
for display, the oscillation frequency is
limited. Because of this, the character
size in width (horizontal) direction is also
limited. In this case, pins'OSC1 and
0SC2 are alsc used as input ports P70
and P71 respectwely

CCS = uon

Do not set

The clock for display is supplied by connecting the following
across the pins OSC1 and OSC2.

"+ a ceramic resonator only for CRT display and a feedback

resistor

* a quartz-crystal oscillator only for CRT display and a
feedback resister (Note}

CCe="Q"

Note: It is necessary to connect other ceramic resonator or quariz-crystal oscillator across the pins XIN and XouT.
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INTERRUPT INTERVAL DETERMINATION

FUNCTION , -

The M37204MC-XXXSP incorporates an interrupt interval determi-
nation circuit. This interrupt interval determination circuit has an 8-bit
binary up counter as shown in Figure 53. Using this counter, it deter-
mines an interval on the INT1 or INT2 (refer to Figure 55).

The following describes how the interrupt interval is determined.

1

. The interrupt input to be determined (INT1 input or INT2 input) is

selected by using bit 2 in the interrupt interval determination con-
trol register (address 00D816). When this bit is cleared to “0,” the
INT* input is selected ; when the bit is set to “1,” the INT2 inputis
selected.

. When the INT1 input is to be determined, the polarity is selected

by using bit 3 of the interrupt interval determination control
register ; when the INT2 input is to be determined, the polarity is

selected by using bit 4 of the interrupt interval determination.

control register.

When the relevant bit is cleared to “0,” determination is made of
the interval of a positive polarity (rising transition) ; when the bitis
set to *1,” determination is made of the interval of a negative po-
larity {falling transition).

3. The reference clock is selected by using bit 1 of the interrupt inter-

val determination control register. When the bit is cleared to “0,” a

64 ps clock is selected ; when the bit is set to “1,” a 32 ps clock is
selected (based on an oscillation frequency of 4MHz in either case).

- Simultaneously when the input pulse of the specified polarity

(rising or falling transition) occurs on the INT1 pin {or INT2 pin),
the 8-bit binary up counter starts counting up with the selected
reference clock (64 s or 32 us).

. Simultaneously with the next input puise, the value of the 8-bit

binary up counter is loaded into the interrupt interval determina-

tion register (address 00D716) and the counter is immediately re-

set (“0016"). The reference clock is input in succession even after

the counter is reset, and the counter restarts counting up from
“0016.”

6. When count value “FE16” is reached, the 8-bit binary up counter

stops counting. Then, simultaneously when the next referance
clock is input, the counter sets value “FF16” to the interrupt inter-
val determination register. The reference clock is generated by
setting bit 0 of the PWM output control register 1 to “0."
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32 us
o ¥
64 us —)*)—) C’?“"f:' »|  8-bit binary up counter (8)
- , RE1 gireu! REO —
" INT2 (Note) ‘ 8
. , ¥ .
INT1 (Note) 4)* - > Interrupt interval determination register (8)

RE2 :

(Address 00D716)

i , : . 8
Selection gate : Connected 1o

black colored
side at rest.

Data bus

RE: Interrupt interval determination control fegis¢er

Notes 1: The pulse width of external interrupt INT1 and'INTZ needs 5 or more machine cycles.
2:At {{XiN) = 4 MHz :

Fig. 54. Block diagram of interrupt interval determination circuit

! 0 . . INT1 or INT2 input | ,
: Interrupt interval determination —_—
control register Count interval :

L (RE : address 00D818)

Interrupt-interval determination
circuit aperation control bit

0 : Stopped
" 1: Operating ' Fig. 56. Measuring interval

——— Reference clock selection bit
{at f(XiN) = 4MHZ)
0:64 us
1:32pus

External interrupt input pin
selection bit

0:INT1 input .

1 INT2 input

.

T

g
Y
A A

INT1 pin input polarity switch bit
0 : Positive polarity input
1 : Negative polarity input

INT2 pin inpUt polarity switch bit
0 : Positive polarity input
1 : Negative polarity input

Fig. 55. Structure of interrupt interval determination control
register ‘
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RESET CIRCUIT

The M37204MC-XXXSP is reset according to the sequence shown " Poweron

in Figure 57. it starts the program from the address formed by using . i

the content of address FFFF16 as the high-order address and the \ 145V
content of the address FFFE16 as the low-order address, when the | Power source voltage 0 V ' :

RESET pin is held at “L” leve! for 2 ps or more while the power source :

voltage is 5 V £ 10 % and the oscillation of a quartz-crystal oscillator ) __;//—
or a ceramic resonator is stable and then returned to “H” level. The Reset input voltage O v | 06V

internal state of microcomputer at reset are shown in Figures 3 to 6.
An example of the reset circuit is shown in Figure 58.

The reset input voltage must be kept 0.6 V or less until the power - _ ‘T‘
source voltage surpasses 4.5 V. o

)
1
[}
¥
1
1
Ll
'
)
[
]
1
)

- Veo
1
S B RESET
MS51953AL
A__“__
a3 0.1 «F
52 Vss
7ir
M37204MC-XXXSP

Fig. 58. Example of reset ¢ircuit

Xin . ﬂ_—L ______ .

RESET 1

internal RESET |
SYNC ; V I_I
Address X2 X2 Xo1,5X01, 501, s- X FFFEXFRRFY 22
Data X 2 X 2 X2 X2 X7 XA aoeX

Reset address from the vector table

A
. 4

Notes 1 : 1IN} and f{ ¢ ) are in the relation : f(XiN) = 2+ (¢).

2 : A gquestion mark (7) indicates an undefined state that
depends on the previous state.

3 : Immediately after a reset, timer 3 and timer 4 are
connected in hardware. At this time, "FF1s” is set
in timer 3 and "0716” is set to timer 4. Timer 3 counts down
with {(XiN)/16, and reset state is released by the timer 4
averflow signal.

32768 count of XIN
clock cycle (Note 3)

Fig. 57. Reset sequence
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Ports PO0-P07, P10-P17, P20-P27, P30, P31, D-A

1 Direction register | ‘ }L‘

* CMOS output

T

Databus —4——{ Portlatch |

P30, P31, D-A

i O Ports P00-P07, P10-P17, P20-P27,

IFC

Note: D-A pin does not have port input
function. D-A pin is also used as AD3.

Le—

Ports P32-P3s, P40-P4s

i - o ﬁhanngl open-drain output
4' Direction register |—

| i Ports P32~-P3s, P4o—P45
Databus —1————| Portlatch I yi Note: Each port is also used as below:
) g P32: AD6/TIM2 P40: SOuTt
N ' P33: TIM3 P41: SCLKt
P34; INT1 . P42: ADB/SINT
<} P3s: AD1  Pag: AD7/SRDVI

P3s: INT2/AD2 P44: SOuUT2/SDA
‘ P4s: SCLK2/SCL

Ports P4e, P47, P6o—-P67

+‘~| Direction register I——

] Ports Pds, P47, P60—P67

Databus —t————{  Portlatch | - >_Ij

Note: Each port is also used as below:
P46: SiN2/PWMO
P47: SRDY2/PWMS
P60-P67: PWMO-PWM7

A

JA'S

* Fig. 58. VO pin block diagram (1)
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HsYNG, VsYNC

Schmidt input

Internal circuit HSYNG, VSYNC

R,G,B,1,0UT, ¢

CMOS output

. JET cb

Internal circuit R,G,B, 1, OUT, ¢

TIFT

Note: Each pin is also used as below:
R: Ps2
G: P53
8: P54
I: P5s/TIM1
OUT: P5e

Fig. 60. 1/O pin block diagram (2)



MITSUBISHI MICROCOMPUTERS

M37204MC-XXXSP
M37204EC-XXXSP M37204ECSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

and ON-SCREEN DISPLAY CONTROLLER

CLOCK GENERATING CIRCUIT .
The built-in clock generating circuit is shown in Figure 63. When the
STP.instruction is axecuted, the internal clock ¢ stops at “H" level. At
the same time, timers 3 and 4 are connected in hardware and "FF1e”
is setin the timer 3, "0716" is set in the timer 4. Select f(XiN)/16 as the
timer 3 count source (set bit 0 of the timer 34 mode registe'r to “0”
before the execution of the STP instruction). And besides, set timer 3
and timer 4 interrupt enable bits to disabled (“0") before execution of .
the STP instruction. This connection is released when an external
interrupt is accepted or at reset. The oscillator restarts when external
interrupt is accepted, however, the internal clock ¢ keeps its “H” level
until timer 4 overflows. Because this allows time for oscillation stabi-
lizing when a ceramic resonator or a quanzicrystal oscillator is used.
When the WIT instruction is executed, the internal clock ¢ stops in
the “H" ievel but the oscillator continues running. This wait state is
released when an interrupt is accepted (Note). Since the oscillator
does not stop, the next instruction can be execu'ted at once. .
When returning from the stop or the wait state, to accept an interrupt,
set the corresponding interrupt enable bit to “1” before executing the
STP or the WIT instructions.
The circuit example using a ceramic resonator (or a quartz-crystal
oscillator) is shown in Figure 61. Use the circuit constants in accor-
- dance with the resonator mariufacture’s recommended values, The
~ circuit example with external clock input is shown in Figure 62. Input
the clock to the XIN pin, and open the XouT pin.

Note: In the wait mode, the following interrupts are :nvahd
(1) VSYNG interrupt
(2) CRT interrupt
(3) Timer 2 mterrupt using ADG/PSZIT IM2 pin mput as count
source ) .
(4) Timer 3 interrupt using P33/TIM3 pin input as count source
(5) Timer 4 interrupt using f(XIN)/2 as count source

M37204MC-XXXSP
XN Xour
30 31

4 MHz to 8 MHz -

0

;COUT

Fig. 61. Ceramic resonator circuit example

M37204MC-XXXSP
XlN_

__Xout

Open

External oscillation vee

circuit Vss—I u I—-II—I LI

Fig. 62. External clock input circuit example

XIN

Interrupt request ol ) ‘ ‘
@ s Q Q s @‘“
Interrupt disable [ Q : :
flag § : .
Reset —
4" wr o R ‘ Rl— sTP
Selection gate : STP Instruction —( R instruction instruction
Connected to black
colored side at reset.
T34M : Timer 34 mode } Internal clock
register .
] 1/2 1/8 ) Timer 3 Timer 4
T34MO
'®) T34M2
Xout

Fig. 63. Clock generatihg circuit block diagram
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DISPLAY OSCILLATION CIRCUIT

The CRT display clock oscillation circuit has a built-in clock oscilla-
tion circuits, so that a clock for CRT display can be obtained simply
by connecting an LC, an RC, a quartz-crystal oscillator or a ceramic

resonator across the pins OSG1 and OSC2. Select the clock for dis- ‘

play with bits 0 and 1 of the CRT clock selection register (address
020916).

0OSC1 05C2

fﬁ"i
c2

R

Fig. 64. Display oscillation circuit

AUTO-CLEAR CIRCUIT

When power source is supplied, the auto-clear function can be per-
formed by connecting the following circuit to the RESET pin.

Circuit example 1

Circuit example 2

Noté : Make the level change from “L" to “H" at the point at

which the power source voltage exceeds the specified
voltage.

Fig. 65. Auto-clear circuit example'

ADDRESSING MODE

The memory access is reinforced with 17 kinds of addressing modes.
Refer to the SERIES 740 <Software> User's Manual for detalils.

MACHINE INSTRUCTIONS
There are 71 machine instructions. Refer to the SERIES 740 <Soft-
ware> User's Manual for details.

PROGRAMMING NOTES
(1) The divide ratio of the timer is 1/(n+1).

(2) Even though the BBC and BBS instructions are executed imme-
diately after the interrupt request bits are madified (by the pro-
gramy), those instructions are only valid for the contents before
the modification. At least one instruction cycle is needed (such as
an NOP) between the modification of the interrupt request bits
and the execution of the BBC and BBS instructions.

(3) After the ADC and SBC instructions are executed (in decimal
mode), one instruction cycle (such as an NOP) is needed before
the SEC, CLC, or CLD instruction is executed.

(4) An NOP instructicn is needed immediately after the execution of
a PLP instruction.

(5) In order to avoid noise and latch-up, connect a bypass capacitor
(= 0.1 yF) directly between the VCC pin-Vss pin and the Vcc pin~
CNVss pin using a thick wire.

(6) Note that the addresses of the M37204MC-XXXSP are different
from the addresses of the M37204MB-XXXSP. ‘
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DATA REQUIRED FOR MASK ORDERS ﬂ ‘PROM‘Programming Method

The following are necessary when ordering a mask ROM produc- “The built-in PROM of the One Time PROM version (blank) and built-
tion: o in EPROM version can be read or programmed with a general-pur-

pose PROM programmer using a special programming adapter.
{1) Mask ROM Order Confirmation Form : .
(2) Mark Spegcification Form '
(3) Data to be written to ROM, in EPROM form {28-pin DIP type 27512, -
three identical copies)

Product - . Name of Programming Adapter
M37204ECSP PCAA4762

The PROM of the One Time PROM version (bi_ank-) is not tested or

 screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 66 is recommended to verify programming.

Programming with
- PROM programmer .

Screening (Caution) ‘
(150°C for 40 hours)

G

Verification with
PROM programmer

N

Functional check in target device

Caution : The screening temperature is far higher
than the storage temperature. Never
expose to 150°C exceeding 100 hours.

~ Fig. 66. Programming and testing of One Time PROM version
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Power source voltage Vcce All voltages are based 03106 A
on Vss.
Vi Input voltage CNVss Output ransistors are 03106 ] v
Vi Input voltage POo-P07, P10-P17, P20-P27, | cut off. -0.3toVcc + 0.3 v
P30-P36, P40-P47, P60-P67,
P70, P71,0SC1, XIN, HSYNC,
Vsync, RESET, AD1-ADS
Vo Output voltage P0o—P07, P10—P17, P20-P27, -03toVee +0.3 v
P30-P3s, P40-P4s5, R, G; B, |,
OUT, D-A, XouT, OSC2
Vo Output voltage P46, P47, P60-P67 ~03t0 13 v
|oH Circuit current R, G, B, I, OUT, POo—PO7, 010 1 (Note 1) mA
P10-P17, P20~-P27, P30, P31,
b-A
foL1 Circuit current R, G, B, !, OUT, P0o-PO7, 0to 2 (Note 2) mA
P10-P17, P20~P23,P30-P3s, -
Pdo-P43, D-A
loL2 Circuit current P4s, P47, PE0-P67 0to 1 (Note 2) mA
loLa Circuit current P2a-P27 O to 10 (Note 3) mA
loL4 Circuit current P44, Pds 010 3 (Note 2) mA
Pd Power dissipation Ta=25°C 550 mw
Topr Operating temperature -10 t0 70 °C
Tsig Storage temperature —40 to 125 *C
RECOMMENDED OPERATING CONDITIONS (T2 - —10°C to 70 °C, Voc = 5 V £ 10 %, unless otherwise noted)
Limits
Symbel Parameter i
ymbe ‘ Min. Typ. Max. l_Jmt
Ve Power source voltage (Note 4), During CPU, CRT operation 4.5 5.0 5.5 vV
Vss _Power source voltage 01 0 0 A
ViH1 “H" input voltage P0o-PO7, P10—P17, P20-P27, P30-P3s, 0.8Vce vece v
P40-Paa, P4s, P47, P60-P67, P70, P71,
HSYNC, VSYNG, RESET, XN, OSC1
ViH2 “H” input voltage P44, P45 0.7Vec |- Vee Vv
ViL1 “L” input voltage P00—P07, P10-P17, P20-P27, P30-P3s, 0 0.4 Vce Vv
P40-P47, P60-P67, P70, P71
Viz “L” input voltage HsYNC, VSYNC, RESET, TIM2, TIM3, INTY, 0 0.2 vce v
_ INT2, SouT1, SCLK1, SiNt, SDA, SCL, XIN, 0SC1
IoH “H" average output current {(Note 1) R, G, B, I, QUT, D-A, P0o-P07, P10-P17, 1 | mA
P20-P27, P30, P31
loL “L” average output current (Note 2) R, G, B, |, OUT, D-A, P00-P07, P1o-P17, 2 | mA
P20-P23, P30-P3s, P40—P4a
foL2 “L” average output current (Note 2) P4s, P47, P6o-P67 1 ] mA
loLs “L" average output current (Note 3) P24-P27 10 | mA
10L4 “L" average output current (Note 2) P44, P4s 3 | mA
fcru Oscillation frequency (for CPU operation) (Note 5) XN 3.6 4.0 8.1 | MHz
fcRT Oscillation frequency (for CRT display) (Note 6) In ordinary mode 6.0 7.0 8.0 | kHz
. In double count mode 12.0 13.0 140 | MHz
Ths1 Input frequency TIM2, TIM3, INT1, INT2, SCL 100 | kHz
Ths2 Input frequency SCLK1, ScLk2 T 1 MHz
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ELECTRIC CHARACTERISTICS (vcc=5V £ 10 %, Vss =0V, f(XIN) = 4 MHz, Ta = =10 °G to 70 °G, unless otherwise noted)

Limits
Parameter . . T ti t
Symbol \ | est conditions vy Typ. | Max. Uni
Icc Power source current ‘|System operation  [véc =55V, |CRTOFF ° 10 20
fXIN) = 4 MHz : mA
CRTON 20 50
vec =55V, |CRTOFF | 20 40
f(XIN) = 8 MHz
‘ CRTON 30 &0
Stop mode Vec =55V, LA
' f(XiN) =0 800
VOH “H" output voltage R, G, B, |, OUT, POO—POT, Vecec =45V 24
P10-P17, P20-P27, D-A, P30, |loH=-05mA - v
P31 . _
VoL “L" output voltage R, G, B, |, OUT, POo-P07, Ve =45V 04
P10-P17, P20-P23, P30—P36, »|loL = 0.5 mA
P40-P43, D-A .
[ output voltage P46, P47, P60-P67 Vec =45V 0.4
IoL = 0.5 MA , v
“L" output voltage ~ P24-P27 Vec =45V . - 3.0
: loL=10.0 mA . )
“” output voltage P44, P45 VoG =45V ‘ 0.4
loL=3.0mA K ‘
VT—VT-  |Hysteresis RESET Vec =50V | os 0:7 v
Hysteresis (Note 7) HSYNG, VSYNG, P32-P34, P36, [voc =50V ' ne’
P40—P42 P44-P4s ce=50 0.5 13
hzw “H” input leak current RESET, POo-P07, P1o-P17, |VCC=5.5V , 5 PA
P20-P27, P30-P36, Pdo-Pas, [Vi=55V ‘ '
AD1-ADS .
iz “L" input leak current RESET, POo-P07, P10-P17, |VCC=55V , 5 A
. P20-P27, P30-P3s, P4o—P47, |VI=
: _ PB0-P67, AD1-ADS _
lozH “H” output leak current Pde, P47, P60-P67 vcc =55V ’ : 10 - pA
: ’ - Vo=12V : )

Notes 1: The total current that flows out of the IC must be 20 mA or less.
2: The total input current to IC (loL1 + loL2 + l0L4) must be 30 mA or less.
3: The total average input current for ports P24—P27 to IC must be 20 mA or less.
4: Connect 0.022 y F or more capacitor externally across the power source pins Vcc-Vss soas to reduce power source n0|se
" Also connect 0.068 ¢ F or more capacitor externally across the pins Vec—-CNVss.
5: Use a quartz-crystal oscillator or a ceramic resonator for the CPU oscillation circuit.
6: Use a RC or an LC for the CRT oscillation circuit.
7: P32-P34 ,P36 have the hysteresis when these pins are used as interrupt input pins or timer mput plns P40—P42 P44—P46 have the
hysteresis when these pins are used as sérial I/O pins,
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Note 28. Self refresh sequence

Two refreshing ways should be used properly depending on
the low pulse width(trass} of RAS signal during self refresh
pericd.

1. In case of trass <300ms

1.1 Distriduted refresh during Read/Write operation
(A) Timing Diagrams

Read/ Write Cycle

, Self Refresh Cycle
e

Read/Write Cycle

tNSD trass < 300ms 1SND

¥

\/ \

RAS
last refresh cycle
Table 2
. Read/ Write — Self Refresh—
Read/Write Cycle | oot Refresh Read,/ Write

CBR distributed
refresh

RAS only
distributed refresh

tNsSD + tsnp £ 16.4ms

tnsoZ 18 s tsNo= 18 us

(B) Definition of refresh
Definition of CBR distributed refresh
The CBR distributed refresh performs more then
1024 discrete CBR cycles within 16.4 ms.
Definition of RAS only distributed refresh
All combination of ten row address signals (Ao~ Ag)
are selected during 1024 discrete RAS only refresh
cycles within 16.4 ms.

first refresh cycle

1.1.1 CBR distributed Refresh

@ Switching from read/write operation to self refresh operation.
The time interval from the falling edge of RAS signai
in the last CBR refresh cycle during read/write operation
period to the faling edge of RAS signal at the start of
self refresh operation should be set within tnso (shown
in table 2).

® Switching from self refresh operation to read/write operation.
The time interval from the rising edge of RAS signal at
the end of self refresh operation to the falling edge of
RAS signal in the first CBR refresh cycle during read/
write operation period should be set within tsnp (shown
in table 2).

1.1.2 RAS only distributed refresh

® Switching from read/write operation to self refresh operation.
The time interval tnsp from the falling edge of RAS signal
in the last RAS only refresh cycle during read/ write
operation period to the faling edge of RAS signal at the
start of self refresh operation should be set within 168us.

@ Switching from self refresh operation to read/write operation.
The time interval tsno from the rising edge of RAS signal
at the end of self refrash operation to the falling edge
of RAS signal in the first CBR refrash cycle during read/
write operation period should be set within 16 us.
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1.2 Burst refresh during Read/Write operation
(A) Timing diagram

Read/ Write , Self Refresh L Read/ Write
i T
tNsB trass < 300ms tsNB
s \ / \ b\ /
first " refresh cycles refresh cycles last !
refresh cycles 1023 cycles 1023 cycles refresh cycles

Table 3
. Read/ Write— Self Refresh—
Read/Write Cycle | gt Refresh Read,/ Write
Eﬁgsﬁ“'wt tnse < 16.4ms tsne < 16.4ms
msesgnly burst tnse + tsne £ 168.4ms

(B) Definition of burst refresh
Definition of CBR burst refresh
The CBR burst refresh performs more then 1024
continuous CBR cycles within 16.4ms.
Definition_of RAS only burst refresh
All combination of ten row address signals (Ao~ Ag)
are selected during 1024 continuous RAS only
refresh cycles within 16.4 ms.

1.2.1 CBR distributed Refresh
@ Switching from read/write operation to self refresh operation.
The time interval tnse from the falling edge of RAS signal
in the first CBR refresh cycle during read/write operation
period to the falling edge of RAS signal at the start of
self refresh operation should be set within 16.4 ms.

. ® Switching from self refresh operation to read/write operation,

The time interval tsne from the rising edge of RAS signal
at the end of self refresh operation to the falling edge
of RAS signal in the last CBR refresh cycle during read
/write operation period should be set within 16.4 ms.

1.2.2 RAS only distributed refresh

@ Switching from read/write cperation to self refresh operation.
The time interval from the faling edge of RAS signal
in the first RAS only refresh cycle during read/ write
operation period to the falling edge of RAS signal at the
start of self refrash operation should be set within tnss
{shown in table 3).

® Switching from self refresh operation to read/write operation.
The time interval from the rising edge of RAS signal at
the end of self refresh operation to the faling edge of
BAS signal in the last RAS only refresh cycle during read/
write operation period should be set within tsne (shown
in table 3).
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2. In case of trass 2 300ms
(A) Timing diagram

. Self Refresh , Read/ Write
™ i
trASS & 300ms tREF
refresh cycle
1024 cycle
Table 4
Read/ Write Solf Refresh->Read/Mirte
CBR distributed refresh
RAS only distributed refresh
<
CBR burst refresh ther < 16.4ms
RAS only burst refresh

(B) Definition of refresh
The same as 1.1-(B) and 1.2-(B)

2.1
Regardless of the refresh (CBR distributed refresh, RAS only

distributed refresh, CBR burst refresh, RAS only burst refresh)
during Read/Write operation the minimum of 1024 cycles
refresh should be preformed within 16.4 ms from the rising
edge of RAS signal at the end of self refresh operation.






