MITSUBISHI MICROCOMPUTERS

M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

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

TN B OtSP s  siochpmisocampuer esgrecwin | PIN CONFIGURATION (TOP VIEW)
CMOS silicon 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,
s0 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 M37204MG-XXXSP except that these chips have a built-in PROM

AD4/P70/0SC1 —»[I] [V
ADS/P71/0SC2 e[ 2| [63] --— HsyNG
P36/INT2/AD2 <t 3] [62] w——VsyNG
P35/AD1 4w~ [3} "~ [6ll—=R/mP52
P34/INT1 - [5] |60] — G/P53
AD3/D-A~a-»-{ 6] 59| —-B/P5a
P6/PWMO -~ [58] — I/P5s/TIM1

PG1/PWM1 <[ 8] —» QUT/P56
which can be written electrically. Accordingly, the following descrip- PB2/PWM2 ~a-»-3] [55] <> POo

tions will be for the M37204MC-XXXSP unless otherwise noted.

P63/PWM3 ~a-»-[i0] [55) -2 P01

PE4/PWM4 -] [54] -4 P02
FEATURES PB5/PWMS <a-»-[Z] 53] <> P03
* Number of basic instructions .... 69 PG6/PWME ~a-»|13]

* Memory size P67/PWM7 -=a-»-14]
ROM . 48 K bytes P33/TIM3 <a-»-[15]

dSXXX-OWPOZLENW
8]
;

dSO3r02LEN 'dSXXX-03v02LEN

RAM 704 bytes AD6/P32/TIM2 <t [49] <> PO7

ROM for display 8 K bytes P31 -t 48] - P1o

RAM for display 144 bytes ___ P3oe»-fig] -t P15

¢ The minimum instruction execution time P47/Srov2/PWMS - [15] [46] - P12
0.5 ps (at 8 MHz oscillation frequency) P4e/SiNz/PWMO ~a-»~ | > P13

* Power source voltage 5V+10% P45/Scik2/SCL =i [42] -~ P14
¢ Subroutine nesting 128 levels (Max.) P44/Sou1'2ﬂ\4> 22 - P15
» Interrupts 13 types, 13 vectors AD7/P43/Sroy1 ~a-»=p3] [42] <t P15

* 8-pit timers 4 ’ ADB8/P42/SIN1 -~ 4] [47] -t P17

» Programmable IO ports . Pdy/Scwk - = P2g
(Ports PO, P1, P2, P30-P3s, P4, P6) 47 Paa/SouTt £ [39] <= P21
* QOutput ports (Ports P52-P56) .5 CNVss— i [38] -t-m- P2
¢ 12 V withstand ports 10 ¢ ~a—ps| - P23
* LED drive ports 4 RESET—»[3 |36] - P24
¢ Seriat 1/0 8-bit X 2 channe! (2 systems) Xin—FD| [35] <> P25
* Special serial /O for master transmission and reception ........... 1 Xout--— 34| P25
« Power dissipation ) 110 mw Vss—e2 33] - P27
(at Vce = 5.5 V, 4 MHz oscillation frequency, CRT on)
o A-D comparator (6-bit reSOIUtION) ...........c..eeeeereenrnnen: 8 channels Outline 64P4B
® PWM OUtPUL GIFCUIt .....e.ceveeveee e 14-bit X 1, 8-bit X 10 -
¢ Interrupt interval determination circuit A
¢ CRT display function
Display characters ........cccococcevvrererennnnee. 24 characters X 3 lines APPLICATION
(16 lines max.) v
Character kinds 256 kinds
Dot structure 12X 16 dots
Character size 4 kinds

Charagter 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

Horizontal 64 levels
Vertical . 128 levels
Bordering (horizontal and vertical)
Wipe function

Scanning line double count mode display is possible.
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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 osciltation 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/Qutput ports P0o-PO7 [l{e] 8-bit X 1 (CMOS input/output structure)
P1o-P17 l[e} 8-bit X 1 (CMOS input/output structure)
P20-P27 o 8-bit X 1 (CMOS input/output structure)
P30, P31 l{e] - 2-bit X 1 (CMOS input/output structure)
P32-P3s o 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)
P40-P47 110 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-P56 Output 5-bit X 1 (CMOS output structure, can be used as CRT output pins, an
external clock output pin)
P60-P67 [Ile] 8-bit X 1 (N-channel open-drain output structure, can 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 YO 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 /O interrupt X 1,
CRT interrupt X 1, f(XlN)/4096 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 1070 °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)
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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

PIN DESCRIPTION
| Input/
Pin ~ Name Output Name

vece, Vss Power source Apply voltage of 5 V £ 10 % to VcC and AVce, 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 tims is needed for the quartz-crystal oscnllator to stablllze this “L” condition should
be maintained for the required time.

XIN Clock input lnpﬂt 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 XiN and

XouT Clock output Output | XOUT. I an external clock is used, the clock source should be connected to the XIN pin and

: the XouT pin should be left open.

POO—PO7 1O port PO 7o) Port P is an 8-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 1O port P1 /o] Port P1 is an 8-bit /O port and has basically the same functions as port P0. The output

’ structure is CMOS output.

P20-P27 /O port P2 Vo Port P2 is an 8-bit /O port and has basically the same functions as port P0. The output
structure is CMOS output.

P3g, P31 I/O port P3 1o Ports P30, P31 are a 2-bit I/O port and have basically the same functions as port P0. The
output structure is CMOS output.

AD6/P32/ /O port P3 I[e} Ports P32-P3¢ are a 5-bit /O port and basically the same functlons as port PO. The output

TiM2, structure is N-channel open-drain output.

P3a/TIMS3, Analog input Input Pins P32, P3s, P36 are also used as analog input pins AD6, AD1 and AD2 respectively.

P34/INT1, Externat 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, P36 are also used as external interrupt input pins INT1, INT2.

AD2 input ’

P4o/SouTi, 1/O port P4 I} Port P4 is an 8-bit I/O port and has basically the same functions as port P0. The output

P41/SCLK1 structure is N-channel open-drain output.

ADS/P42/ Serial /0 data o Pins P4o, P42, P44, P4s are also used as serial /O data input/output pins Sourt1, SiNt,

SNt inputoutput SouTz, SiN2 respectively. The output structure is N-channel open-drain output.

AD7;P 43/ Serial /O synchro- WO Pins P41, P4s are also used as serial /0O synchronizing clock input/output pins Sciki,

SrOVT nizing clock input/ Scik2 respectively. The output structure is N-channel open-drain output.

K output . .
P44/Soute/ Seri i Pins P43, P4 | 11
SDA erial /O receive Output ins P43, P47 are also used as serial /O receive enable signal output pins Srovi, Srovz
* enabie signal output respectively. The output structure is N-channe! open-drain output.
ggsl_/SCLKZI Special serial I/O 1o Pins P44, P4s are also used as SDA, SCL respectively when special serial I/Q is used. The
’ input/output output structure is N-channel opén-drain output. :
chﬁém/ Analog input Input Pins P42, P43 are also used as analog input pins AD8, AD7 respectively.
P 47/—SR’DY2/ PWM output Output Pins P4e, P47 are also used as PWM output plns PWMQ PWMS respectively. The output
PWMS structure is N-channel open-drain output.
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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

PIN DESCRIPTION (continued)

R/P52, Output port Output | Ports P52—P56 are a 5-bit output port. The output structure is CMOS output.
G/PS3, Ps : ,
B/P54, CRT output Qutput | Pins P52~P56 are also used as CRT output pins R, G, B, I, OUT respectively. The output structure
I/P55/TIM1, is CMOS output.
OUT/P56 Timer 1 overflow | Output | Pin P5s is also used as timer 1 overflow signal output pin TIM1. The output structure is CMOS
signal output output. )
P60/PWMO- | I/O port P6 VO | PortP6is an 8-bit IO port and has basically the same functions as port P. The outptt structure is
P&7/PWM7 N-channel open-drain output.
PWM output | Output | Pins P60—P67 are also used as PWM output pins PWMO—PWM7 respectively. The output structure
. is CMOS output.
AD4/P70/ Input port P7 | Input | Ports P70, P71 are 2-bit input port.
osc, Clock input Input | Pin P70 is also used as CRT display clock input pin OSC1.
AD5/P71/ for CRT
08c2 display
Clock output [ Output | Pin P71 is also used as CRT display clock output pin OSC2. The output structure is CMOS output.
for CRT
display
Analog input Input | Pins P70, P71 are also used as analog input pins AD4, ADS respectively.
HSYNC HsYNC input Input | This is a harizontal synchronizing signal input for CRT display.
VSYNC 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 PO 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 aliows a previously-output value to be read correctly even if the
autput “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.

I 5249828 0025291 &5T WM

KR
ELECTRIC 2-157



MITSUBISHI MICROCOMPUTERS

M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

and ON-SCREEN DISPLAY CONTROLLER

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)
The M37204MC-XXXSP uses the standard 740 family instruction set.

Refer to the table of 740 family addressiﬁg modes and machine in-
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.

CPU Mode Register

The CPU mode register contains the stack page selection bit and
internal system clock output selection bit. The CPU mode register is
allocated at address 00FB16.

7 Q
Lfefe] 1] Tolo]

CPU mode register
(CPUM (CM) : address 00FB16)

Processor mode bits
bt b0 )
0 0: Single-chip mode
01:

10:
11:

Not available

Stack page selection bit (Note 1)

0: Zero page
1:1 page

Internal system clock output selection bit

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

Fix these bits to “1.”

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

Fig. 1. Structure of CPU mode register

B L249828 0025292 79 M
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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

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 subroutlne 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 FFFF16 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
00CO16 Zero page
SFR area
00FF16
RAM 010016
(704 bytes) 01FF16
020016 .
2 page register
020A18
Not used
{ 030016
03FF1s
Not used
RAM 100016
for display (Note)
144 bytes
( ytes) 10D716
Not used
200018
ROM
for display
(8 K bytes) 3FFF1e
400016
ROM
(48 K bytes)
FFOO16
FFDE1s| :
Interrupt vector area } Special page
FFFFel— |

Note : Refer to Table 7. Contents of CRT display RAM.

Fig. 2. Memory map
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Ml';SUBISHI MIcnocOMPUTERs
M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

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

BSFR area (addresses C016 to DF16)
: Nothing is allocated

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

[o]
[1]

: undefined immediately after reset

“1” immediately after reset

Address Register . Bitallocation - State immediately after reset
‘ b7 - b0 b7 b0

CO01s Port PO (PO) ’ ’ 2

C11s Port PO direction register (D0) _ v 0015

C216 Port P1(P1) ‘ , )

C316 Port P1 direction register (D1) 0016

Cés PortP2(P2) ‘ ‘ A 7

C516 Port P2 direction register (D2) . 0016

C616 Port P3 (P3)
C716 Port P3 direction register (D3)

ofoojolo0]0

C816 Port P4 (P4) : : ' 2
C916 Port P4 direction register (D4) 0016
CAis Port P5 (P5) o 212121 2
CBi1s Port P5 control register (C5) ‘ } olololo
* CC16 Port P6 (P6) ?
CD1s Port P6 direction register (D6) : 0016
CE16 DA register (DA-H) ) 2
CFis DA-Lregister (DA-L) LT T 2 22l 2]2]2]2
D016 PWMO register (PWMOQ) . . . ) ] ?
D116 PWM1 register (PWM1) ?
D216 PWM2 register (PWM2) ?
D316 PWMS3 register (PWM3) ?
D416 PWMM register (PWM4) ?
D516 PWM output control register 1 (PW) PW3|Pw2{PW1|PWOI 0016
D61s PWM output control register 2 (PN) P3| Przf Pt PO ioloJoJo]o
D716 * Interrupt interval determination register (RI) ?
D816  Interrupt interval determination conotrol register (RE) : E4|RESIHE2|RE1,F|EO 10 I 0 I 0 l 0 I 0
D916 Special serial /O register (SSIO) ?
DA1e Special mode register 1 (SB) sB7|ses | sB5 |sB4 | SB3|sB2 |SB1 [sBO 0016
DB1s Special mode register 2 (SC) SC7|[sc6|sCs|sc4|sc3|sc2)sc1 [sco 0016
DCis Serial O1 mode register (SM1) 15| sm14| sm13| smi2fsmur| smrol g ofololoJolo
DD1s Serial /O1 regsiter (SIO1) _ ?
DE1e Serial /O2 mode register (SM2) - 5| sm24| smasfsmez|swer|smeof 1B E BT OJOJOJOJO] O
DFis Serial 1/O2 regsiter (S102) - ’ ?

Fig. 3. Memory mab of special function register (SFR) (1)
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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

Nothing is allocated

BMSFR area (addresses EQ16 to FF1e)

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

Address Register o7 Bit allocation 7 State immediately after res%g
EO16 Horizontal position register (HR HR4| HR3| HA2|HR1 |HRO 0l10]l0]J0]l0O1!O
E11e Vertical position register 1 (CV1 cvisicviqovidevizeviilovid | 2121212121212
E216 Vertical position register 2 (CV2 cvag cvaqcvagcvad cvai| cved 2022221212
E316 Vertical position register 3 (CV3 cvag cvagovad cvadovaz cvafovag 212121212122
E41s Character size register (CS) C831|Cs30) cs21|cs20lcsti|csin | O 121212 ?217]|2
E51s Border selection register (MD) MD30| MD21| MD20| MD11} MD10 0j0{0]|]oOl0O]|0O
E61s Color register 0 (CO0) cous| coo4 | Goog cood coor cooo oloi0]lojo]O
E716 Color register 1 (CO1) cots{coos | cordf cord con] coto 0{ojofolO]|oO
E816 Color register 2 (CO2) co2s| cozs] cozy coad coatf cozo 0jolofojofo
E916 Color register 3 (CO3) coas| c0s4 | cosy{ coxd cosi] coxn olojoflojo]o
EA1s CRT control register (CC) cc2jcer|coo ojof(ojojo]joO]|O
EB16 Display block counter (CBC) CBC2| CBC1|CBC) 068 0[(0]0]|0
EC16 CRT port control register (CC) RIGIB] VSYC] HSYG , 0016
ED1s Wipe control register (SL) st2|sL1|sLo 1o0[oJofoJoJoTo
EEte Wipe start register (SLS) ?
EFti6 A-D control register 1 (ADM) 0jofo0
FO1s Timer 1 (TM1)
F116 Timer2 (TM2)
F216 Timer 3 (TM3)
F31s Timer 4 (TM4)
F416 Timer 12 mode register (T12M) | Ti2M3{ Ti2M2 | T1zmr | T1z2Mo ololo
F516 Timer 34 mode register (T34M) T3am3) Tasme] Taams | T3 | 0]l0]0
F616 PWMS5 register (PWMS5) 2
F716 PWMSG register (PWMB) ?
F81s PWM?7 register (PWM7) ?
F916 PWMB register (PWM8) ?
FA1s PWMO register (PWM9) ?
FBis CPU mode register (CPUM) . {CMaj= fcm2|omi|emo 1 NNRY
FC16 Interrupt request register 1 (REQ1) | VSCR| CRTR| TR | TM3R]TM2R (TMIR] £ 010]1010
FD1s Interrupt request register 2 (IREQ2) +  {msR|s2r| s1RpT2R[1TIR gi{ololo
FE1s Interrupt control register 1 ICON1) {vsce | cRTe|tmae | rvae [rwee [rmie olololo
FF1s  Interrupt control register 2 (ICON2) . imse]s2e|s1E|1T2e]1TiE ojloflolo
Fig. 4. Memory map of special function register (SFR) (2)
B L249828 0025295 4TS5 IE
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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

BSFR area (addresses 20016 to 20A16)
: Nothing is allocated

N : Fix this bitto “0” (do not write “1”)
@ - 40" immediately after reset

Address ~  Register * Bitallocation _ " State immediately after reset
b7 ~ b0 b7 b0

20016

20116

20216

20318

20416

20516

20616 Port conotrol reigster (P7D)
20716 Shift register input switch register (SIC)
20816 CRT control register 2 (CBR)
20916 CRT clock selection register (OP,
20A16 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 - Bit allocation State immediately after reset
b0 b7 b0

Processor status register (PS)
Program counter (PCH)

- Program counter (PCL)

2 ]2 l2l2l2[1]21]2
Contents of address FFFF1s
_ Contents of address FFFE1e

-
Fig. 6. Internal state of pr 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 to 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

“r
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
setto “0” by a program, but not set to “1.” The interrupt enable bit can
be set to “0" and “1” by a program.

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

Table 1. Interrupt vector addresses and priority

interrupt Causes
(1) VsyNG and CRT interrupts
The VsyNC interrupt is an interrupt request synchronized with
the vertical sync signal.
The CRT interrupt occurs after character block display to the CRT
is completed.
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 IfO1, serial I/O2 interrupts
This is an interrupt request from the clock synchronous serial
1/O function.
(5) 1(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. It 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 FFFF18, FFFE16 Non-maskable
CRT interrupt 2 FFFD16, FFFC16
INT2 interrupt 3 FFFB16, FFFA16 Active edge selectable
INT1 interrupt 4 FFF916, FFF816 Active edge selectable
Serial /02 interrupt 5 FFF716, 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 FFED18, FFEC16
Timer 1 interrupt 1 FFEB16, FFEA16
Serial I/O1 interrupt 12 FFE916, FFE816
BRK instruction interrupt 13 FFDF16, FFDE18 Non-maskable (software interrupt)
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(IREQ1 : address 00FC1e) ((REQ2 : address 00FD1s)

7 0 . 7 0
I I I II | | | Ilnterruptrequest register 1 |0| | I I | | | lInterruptrequestregisterz

Timer 1 interrupt request' bit

INT1 interrupt request bit

Timer 2 interrupt request bit

INT2 interrupt request bit
Serial VO1 interrupt request bit
Serial /02 interrupt request bit

Timer 3 interrupt request bit

Timer 4 interrupt request bit

CRT interrupt request bit

L . 1 ms interrupt request bit
VsyNe interrupt request bit

Fix this bit to “0.”

02 No interrupt request issued )
1: Interrupt request issued

(TTTTIIL] ey [TTTTITL) hemeicouessss
Timer 1 interrupt enable bit ) INT1 interrupt enable bit
Timer 2 interrupt enable bit INT2 interrupt enable bit
Timer 3 .inter‘rupt enable bit : L Serial /O1 interrupt enable bit
Timer 4 interrupt enable bit ———— Serial /02 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 | —9

BRK instruction
Reset

Interrupt request

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 timers are 8-bit timers with the 8-bittimer 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 00F316 : 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 following count sources:

* fXIN)/16

o f(Xin)/4096

The count source of timer 1 is selected by setting bit 0 of the timer 12
mode register (address 00F41e).

Timer 1 interrupt request occurs at timer 1 overflow. And besides,
the timer 1 overflow signal divided by 2 (TIM1) is output from the
/P55/TIM1 pin.

(2) Timer 2

Timer 2 can select one of the following count sources:

* f(Xin)/16

o 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(XIN)/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:

* {(XIN)/16

o f(Xiny/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 /0.

B L249828 0025299 O40 W

At reset, timers 3 and 4 are connected by hardware and “FF16” is
automatically set in timer 3; “0716” in timer 4. The #(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 00F516) 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 0
| I |°I I I | | ITimer12moderegister

(T12M : address 00F416)

. Timer 1 count source seléction bit
0 : f{(Xin)/16
1 : f{(XIN)/4096

L———- Timer 2 count source selection bit
0 : Internal clock source
1 : External clock source from

- AD6/P32/TIM2 pin

Timer 1 count stop bit
0 : Count start
1 : Count stop

Timer 2 count stop bit
0 : Count starnt
1 : Count stop

- Timer 2 internal clock source
selection bit
0: f(XiNy/16
1: Timer 1 overflow

Fix this bit to “0.”

(T34M : address O0F516)

7 0 :
| I | | I | I | I Timer 34 mode register

Timer 3 count source selection bit
0 : f(XiN)/16
1 :Externai clock from
P33/TIM3 pin

— Timer 4 internal clock source
selection bit :
0 :-Timer 3 overflow
1 f(XN)/16

Timer 3 count stop bit
0: Count start
1 : Count stop

Timer 4 count stop bit
0 : Count start
1 : Count stop

Timer 4 count source selection bit
0: Internal clock source
1 f(Xiny/2

M L249828 0025300 L92 HN
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Data bus
'
Timer 1 latch (8)
8
Timer 1
XIN O——~- 12 1/8 > Timer 1 (8) ; ;
T12Mo interrupt request
T12M2 s ‘
T12M4
o 8
Timer 2 latch (8)
8
- N O - Timer 2
ADB/P32/TIM2 O »i>— >S0 Timer 2 (8) _ interrupt request
T12M3 8
8 Reset
nstructi
FFie STP instruction
Timer 3 latch(8) ‘
P3ITIM3 O———>f>
- Timer 3
Timer 3 (8) interrupt request
8
4 { {
>& T34M1 AL
Timer 4 latch (8)
6> :
Selection gate : Connected to T Timer 4
black colored imer 4 (8) : interrupt request
side at reset. T3am4 -
g T34M3 8

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

Notes 1: “H” pulse width of external clock inputs TIM2 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

M L2y9a828 0025301 529 W

AELECTRIC 2-167




MITSUBISHI MICROCOMPUTERS

M37204MC-XXXSP
M37204EC-XXXSP M37204ECSP

SINGLE—CHIP 8-BIT CMOS MlCROCOMPUTER for VOLTAGE SYNTHESIZER

SERIAL /O

The M37204MC-XXXSP has 2 built-in serial I/Os (serial /01, serial
1/02) which can either transmit or receive 8-bit data in the serial clock
synchronous mode. Serial /O1 has the same function as serial I1/02.
Serial IfO1 and serial /O2 are referred as “serial /O/F hereafter.
The serial /O block diagram is shown in Figure 11. The synchroniz-
ing clock I/O pin (SCLKJ), 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, 00DE16)
selects whether the synchronizing clock is supplied internally or ex-

ternally (from the pins P45/SCLK2/SCL, P41/ScLk1). 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 I/O, set the corresponding bits

and ON-SCREEN DISPLAY CONTROLLER

of the port P4 direction register (address 00C916) to “0.” Also to use
the serial 1102 with internal clock, set bit 1 of the special mode regis-
ter 1 (address 00DA16) 1o “1.”

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

Data bus :
XING Frequency dwlder 1 Selection gate : Connectad 1o
A 18 black colored
P43 latch SM1 1 side at raset.
‘ - Smi10 SM1 : Serial ¥O1 mode register
AD7/P43/SRoV1 YD Y sy“°2{,‘2"u'§a"°" SM2 : Serial ¥O1 mode register
. SB : Special mode register 1
P41 latch SIC : Shift register switch register
P41/SCLK1O—V‘L > Serial O counter 1 (8) Serial /O 1
SM13 - interrupt request
P4o latch -
PavSo )4 SM15: LSB€> MSB
ounz >—)E ,
SM13 Y (Note)
AD8/P42/SINt Eramm—— Serial l/O shift register 1 (8)
SICO g (Address 00DDi1s;
Frequency divider 2
Pd7latch  PWM8 © SM21
- M - * Synchronization| SM20
P47/S‘RDY2/PW Shos A circuit
P45 latch S$L
Pas/ScLk2/SCl »|  Serial O counter 2 (8) Serial /0 2
SM23 SB2 interrupt request
P44 latch SDA .
Paa/SouTaSDA ' ¥ SM25: LSB<—> MSB
OUT: 3
: SM23 SB2 \ (Note)
Pdg/Sinz/PWMS SB3 35 Serial /O shift register 2 (8)
PWMO g (Address 00DF1g
P4s latch
Note : When the data is set in the serial FO1/ register {(addresses 00DD1s, 00DF16), the register functions as the serial I/O shift register 1.

Fig. 11. Serial l/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 00DD16, 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 /O register.

The serial I/O counter i is set to “7" during write cycle into the serial
IfQi 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 SouTi pin. Transfer direction can be selected
by bit 5 of the serial I/0i 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 I/O 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, so 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 /O counter i. When switching between an internal clock
and an external clock, do not switch during transfer. Also, be sure to
initialize the serial I/Oi 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/Oj register at “H” of the
transfer clock input levet.

Transfer clock

Serial IO register |-|
write signal

| ‘ : : (Note)
Seral O output BT ps X D7/
Seria O nput X X X j( X
el L

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 I/O timing (for LSB first)
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Transmission side ‘ Reception side

Serial I/O 1 mode réigster Serial I/O 1 mode reigster
\ SRDY1

SROY1 |~————] SROY1

lllwr | [[XX

‘SROV1 pm: set the direction ) | St pin: set the direction
register to input register to input
mode. Synchronous clock mode.

ScLK p———————pp| ScLK1

Serial data ’
Souti |-elp——————| Soumt

Fig. 13. Structure of serial I/O mode register

7 0 ) 0 :
Serial I/01 mode register Serial /02 mode register
r] I l | | I I | (SM1 : address 00DC16) | l | | | l | I | (SM2 : address 00DE16)
L_L__ Internal synchronizing clock - Internal synchromzmg clock
selection bits ) - selection bits
b1 b0 . bt bo
0 0:f(Xiny4 0 0:f(XiNny4
. ) 0 1:f(Xin)/16 ) ) 0 1:1(XIN)/16
1 0:f(Xin)/32 1 0:f(XiN)/32
1 1 {(Xiny/64 11 :{(Xin)/64
Synchronlzmg clock selection bit Synchronizing clock selection bit
0 : External clock 0: External clock ~
1: Internal clock 1 : Internal clock
Serial I/01 port selection bit L Serial VO2 port selection bit
0 : P4, P41 functions as port 0 : P4o, P41 functions as port
1 : Scik1, SouTt 1 : Special mode {refer to special

—_ i . mode register 1)

SRrpoY1 signal output selection bit
0 : P43 functions as port
1:SRDY1

SRDY2 signal-output selection bit
0 : P47 functions as port
1 : Special mode (refer to special

Transfer direction selection bit

[1) :\.ASSEliaﬁf:?; mode register 1)
~ Transfer direction selection bit
0 : LSB first
1: MSB first

- Fig. 14. Structure of serial ¥Oi mode registers
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SPECIAL SERIAL /0

The M37204MC-XXXSP has a special serial I/O circuit that can be
reception or transmission of serial data in conformity with 12C (Inter
IC) bus format.

12C 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 /O are also used as those of serial /02. So speciat /O
cannnot be used when using serial 1/02.

The M37204MC-XXXSP’s special serial /O 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:

Pds/Scike/SCLO—<® »
SM23

P44 latch

Serial YO shift register 2

— Control circuit

Serial /O counter 2

Synchronization|
. Circuit

Interrupt request

Selection gate : Connected to

black colored

side at reset.
SM1 : Serial /01 mode register
SM2 : Serial /02 mode register
SB : Special mode register 1

Shift register
A

SIC : Shift register switch register

Data bus

Fig. 15. Special serial /O block diagram

(1) Master transmission example

(@ To generate an interrupt at the end of transmission, set bit 7 of the
special mode register 2 (address 00DB16) to “1” (select the spe-
cial serial I/O interrupt). :

@ Then set bit 3 of the interrupt control register 2 (address 00FF18)
to “1” (enable the serial 1/O2 interrupt). Also, set the interrupt dis-
able flag | to “0” by the CLI 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 00C816)
and the port P4 direction register (address 00C916) to “1.”

" @ Set the transmission clock. The transmission clock uses the over-
flow signa! 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 00DB1s).
{Ordinary, the value is “831¢")

® Set bit 3 of the serial /02 mode register (address 00DE16). After
that set the special mode register 1 (address 00DE16). Figure 17
shows the structure of special mode registers t and 2.

@ Write the next data to be transmitted in the special serial I/O reg-
ister (address 00D916). 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” (occurrence 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, unlimited number of bytes can be'transmitted.

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

@ Repeat the above receiving operation for a necessary number of

Master reception is carried out in the interrupt processing routine times. Then return to the master transmission mode and transmit
after master transmission. For master transmission and interrupt oc- the stop signal by the same procedure for the master transmis-
currence thereafter, refer to the preceding section (1) Master trans- sion (the process from @ to @ in Figure 186).

mission (the process until @ in Figure 16).

Figure 17 shows the master reception timing.

@ In the interrupt routine, set master reception ACK provided (2616)
in the special mode register 1 (address 00DA186). (3) Wait function

(3 Set dummy data “FF16” in the special serial /O register (address The wait function 1 holds the SCL line at “L” after the 8th clock falis in
00D916). This sets data line SDA to “H” to receive data for Bclocks. - special mode. The wait function 2 holds the SCL fine at “L” after the
Then, transmit “L” to data lineé SDA for receiving ACK. In the ACK 9th clock falls in the same way.
provided mode, the above ACK is automatically sent out. The wait functions can be released by setting the correspondung bits

5 and 6 of the special mode register 2to0 “1.”

P44/ Sout2/ SDA ~=""

mamamanm (o) Jpo
el innnnnnnne UL

e T OOO000COT LT
P4s/ SciLke/ SCL —ﬂ_ﬂ_ﬂ_ﬂ_ﬂ__rl_ﬂﬂ_ﬂ_—l—

v v
@

b v /
®&m ‘
Fig. 16. Timing at master transmission
Receive data
AL
s N

P4a/ Soutz/ SDA ===~ @@Qmﬁﬁﬂﬂ .
e N nnGnnpnEnpnnpnpnnne

po--

P4/ Soutz/ SDA

S O

“ v J v J
) ®»
~=
® 0 O
Fig. 17. Timing at master .receive
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0

[T

7

| I Special mode register 1 L l

(SB: address D0DA16)

I | I | ]Special mode register 2

(SC : address 00DB1s)

Transmission and reception
mode selection bit

0 : Reception mode

1: Transmission mode

'——Synchronizing clock
selection bit
0 : External clock
1 : Timer 4 overflow

P44, P4s special mode
selection bit ‘
0 : Soutz, ScLkz signal output
1:SDA, SCL signal output

P4s special mode selsction bit
0 : P46 output
1: PWM3 output

———— P47 special mode selection bit

0 : SrovYe signal output
1 : PWM8 output

ACK operation selection bit
0 : ACK is not transmitted

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 detected

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

————— Wit function 2 enable bit

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 recognition 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

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

Wait function 1 acceptance display
bit

Iy

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

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 IO 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 7 0

| T g

Figure 20 shows signals on serial IO common transmission/recep- ;

tion mode. . ) Shift register 1 input bit

0 : Input signal from SiNt

1 : Input signal from SouT1

Note : When receiving the serial data after writing “FF16"to the serial
/O register. . ) ———Shift register 2 input bit

0: Input signal from Sinz

1 : Input signal from Soutz

Fig. 19. Structure of shift register switch register

P41/ScLk1 O - <« Clock 1

P4o/SouTi .

Serial 1/O shift register 1 (8)

ADB8/P42/SIN1 O o
SICO
P4s/ScLke/SCL O‘ » Clock 2
P44/SouT2/SDA O «r—r <

w»

/—> Serial 1/O shift register 2 (8)
P4g/Sine/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 OUTPUT FUNCTION

The M37204MC-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 {(XIN) = 4 MHz) and a
repeat period of 8192 ps. PWMO-PWMY have the same circuit struc-
ture and an 8-bit resolution with minimum resolution bit width of 8 us
(for f(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—-PWM9 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 00CF16). When outputting PWMO-PWMY, set 8-bit output
data in the PWMi register (i means 0 to 9; addresses 00D016 to
00D416, 00F616 to OOFA16).

{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-hit PWM, the data trans-
ferred in the next high-order 8-bit period after the write. The signals
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)
1o “0” (at reset, bit 0 is already set to “0” automatically), so that the
PWM count source is supplied.

PWMO-PWM?Y are also used as pins P60-P67, PWM8, PWM9 are
also used as ports pins P47, P48, respectively. For PWMO-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 PWM0—
PWMS, set bits 2 to 7 of the PWM output control register 1 to “1”
(PWM output). For PWMB 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 I/O2 mode
register to “1.”

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

Figure 22 shows the 8-bit PWM timing. One cycle (T) is composed
ot 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 0 to 7 of
the 8-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

B b249828 0025309 41T mm

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

(4) Operating of 14-bit PWM

As with 8-bit PWM, set the bit 0 of the PWM output control register 1
(address 00D518) to “O” (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 output control register 2 (address
00D&16). 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
bits 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 © X DH("H" level area of
fundamental waveform) is output every short area of " = 2561 =
128 ys (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 P60-P67, P4s 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.

o T
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Table 2. Relation between the low-order 6-bit data and high-level

area increase interval

Low-order 6 bits of data} Area longer by t than that of other tm (m = 0 to 63) -
000000 |Nothing
000001 |m=32
000010 |m=16,48
000100 {m=8,24,40,56
001000 |m=4,12,20, 28, 36, 44, 52, 60
010000 |m=26,10,14, 18,22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
100000 [M=1,3,57, overvrccrrremrrronnes 57,59, 61, 63 '
Data bus
DA-L register
: (Address : 00CF16)
SR TG ‘
[ [ _Jbo] W‘-I
[T T T T 1T 159
R4 “ | [A-D)
14 ° |
PNZ PN4 | D-Aj-
VM circuit AD3/D-A
PW1
PWNIT
Xn O > ming
oo iruit
.
|
PN3 E ‘P8 D6g Ii_o PWMO
'@. - PW2
""""""""""""" 3 P6r D61 PWM1
| Pwa i
---------------- ST Pee g PWM2
S ——a
"""""""""" TTTTTTTT P D63 PWM3
L T P i
ettt i T P&+ De PWM4
) | PWE, E:jo
"""""""""" i’"""'i 365 D63 {0PWM5
1) 1
. ; ! PW?7
_>x_> Selectiongate: | @4 T TTTTTTTTTUT T ': Pés Dss PWMg
Connected to black ' :_,é__"‘))o—l
colored side at reset. ! G
Passgate . /gy U RO TN T [EEETE =4 per D& PWM?7
Inside of_l T 7 is as same contents with . .L‘—)*—‘J:: li_o
theothers! ~~"TTTT 1 [ PWMT register (Address : 00F81c) :________: f;
PW : PWM output countrol register 1 | o Pl 4; g mj:’ PWNs
PN : PWM output control register 2 ) B4 Shiza
. - A PWM8 register (Address : i .
D6 : Port P6 direction register WM register (Address - 00FSe) 1 ... 1 pag Dds PWMg
D4 : port P4 direction register 1 * T '3‘
SM2 : Serfal 1102 mode register | Pwo register (Acdress : 00FAw) ' sBa
SB : Special mode register 1 - R bo==--- - o

Fig. 21. PWM block diagram
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Fig. 22. 8-bit PWM timing

B L249428 0025311 478 NN

2-177

KR TS



. ' : MITSUBISHI MICROCOMPUTERS

M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

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

{Set <2C16" to DA-H register.) Set“2816" to DA-L reéis@er. )
Latch transfer complete bit

0 | Transfer complete
1 | Transfer is not completed i
{Automatically set at writing)
b7 b6 b5 bdyb3 b2 b1 b0 b7 b6 bS5 b4yb3 b2 bt b0
oaH [o]Jol1[o]lt]1]o]ofon - A-Lregisted [ T JT1Jo[1JoJoJo]D
register] [ ] g
’ Undefined
At writing of DA-L ' At writing of DA-L )
— -
b13 b6 b5 ) b0

mAatachjj ool 1fol1]l1]oflo]1]of1lo]o]a]

A ;
g

These bits decide “H” level area of
fundamental waveform, |

Minimum .
“H" level area of resolution bit } x { High-order 8-bit
fundamental wayeform width 500 ns value of DA latch

-

These bits decide smaller interval tm” in which “H” leval
area is [“H" level area of fundamental waveform + t ].

Fundamental

Waveform of smaller interval “tm" specified by low-order 6 bits
waveform

0.5 psX44 0.5 ps

0.5 psX44

14-bit R R ‘
PWM output 2C1 2B/ 2A! -~ 103020100 I

|FFFE'FD! - 'D6!D5'D4; D3! -+~ 102 011 00

(Fundamental waveform of smaller interval

T S PO o 7
PWM outpul]2C; 281 24! - 103,02 01 |00 é

counter  LFFLFEIFD! ---1D6! D5 D4iD3; 102! 01} 00]

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

= i 0.5 usX4d  7=05ps h

14-bit PWM output _j

Low-order 6-bit output
of DA latch

Repeat period
T=28192 ys

Fig. 23. 14-bit PWM (DA) output example (at f(XIN) = 4 MHz) ‘ A
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PWM output control register 1
(PW: address 00D516)

DA, PWM count source selection bit
0 : Count source supply
1: Count source stop

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

P60/PWMO output selection bit
0 : P6o output
1 : PWMO output

P61/PWM1 output selection bit
0 : P61 output
1: PWM?1 output

P62/PWM2 output selection bit
0 : P62 output
1: PWM2 output

L—‘—— P63/PWM3 output selection bit

0 : P83 output
1 : PWM3 output

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

P85/PWM5 output selection bit
0 : P6s output
1: PWMS5 output

PWM output control register 2
{PN: address 00D618)

P66/PWMSE output selection bit
0 : P66 output
1 : PWMS output

P87/PWMT7 output selection bit
0: P67 output
1 : PWMY output

DA output polarity selection bit
0 : Positive polarity
1 : Negative polarity

PWM output polarity selection bit
0 : Positive polarity
1 : Negative polarity

DA general-purpose output bit
0 : Output “L”
1: Output “H”

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. AD.

comparator block diagram is shown in Figure 25.

The reference voltage “Vret” for D-A conversion is set by bits O to 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 register 1 (address
OOEF16). :

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 O 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
| I l I I I A-D control register 1
- (ADM: address O0EF16)
. ‘ Table 3. Relation between contents of A-D control register 2
) o and reference voltage “Vret”
Analog input pin selection bits
b2 b1 bO . . A-D control register 2 Reference
59 0Dt Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO | _ voltage “Vrer’
g : ?f:-g 0 0 0 0 0 0 1/128 Vcc
1 0 0.ADS 0 0 0 10 0o | 1 3/128 Vcc
1 0 1:AD8 0 [ 0 0 1 0 5/128 Vce
1 1 0:AD7 -
1 1 1:AD8
Storage bit of comparison result 1 1 1 1 0 1 123/128 Vco
0 : Input voltage < reference voltage
1 : Input voltage > reference voltage ! ! ! ! ! 0 125/128 Voo
1 1 1 1 1 1 127/128 Vce
Flg. 26. Structure of A-D control register 1
A-D controt register 1 o
BitsQto 2 ’ coF\trc;‘l
P3s/ADT | A-D control register 1 A-D control register 2
P36/INT2/AD2_] - A
) D-A——{ -
ADYPTOSCT ] 2?;-13? e ma || Bts | mra [ stz [ etz [ w1 | mro
ADS/P7:/0SC2—]  oin ' C
~
AD6/P32/TIM2—]
AD7/P43/Srovi—]
AD8/P42/Sini—]
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 up to 15

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

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

smooth character patterns (refer to Figure 28).

The following shows the procedure how fo display characters on the

CRT screen.

@ Write the display character code in the display RAM.

@ Specify the display color by using the color register.

@ Write 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.

@ Write 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 VSYNC signal.

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

allows multiple 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 software.

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

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

Table 4. Outline of CRT display functions

Parameter Functions
y#;:g;g 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
Color Kinds of CO|975 1 screen : 4 kinds, maximum 15 kinds
Colonng unit A character

Display expansion Possible (multiline display)

Possible

Raster coloring {maximum 15 kinds)

Character background
coloring

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

B b249828 0025315 013 W

12 dots

16 dots

Fig. 28. CRT display character configuration

7
of [ [ ]

0
CRT control register 1
(CC: address 00EA15)

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

Block 1 display control 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 control bit.

Fig. 29. Structure of CRT control register
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Data bus

(Address OOEA16)

CRT control register

(Addresses D0E 116 to OOE31

6]

2

Vertical position registers

(Address D0E416)

OSCH 0sC2

[ 1

Hsyne Vsyne

?9

Display oscillation
circuit

Character size register

(Address 00EQ16)

Horizontal position register

‘(Address ODES51s)

Display position
control circuit

Border selection register

(Addresses 00E616 to|
O0E916) 1

RAM for display
12 bits X 24 X 1.
+10 bits X 24 X 2

Color registers

(Address O0EC16)

CRT port control register

Display control
circuit
ROM for display
12bits X Border RAM
16 X 2566 .
- Shift register Shift register
12 bits 12 bits
Y

Output circuit

A

gu

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 common from 64-step display positions in units of 4Tc

(Tc = oscillating cycle for display).

Block 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 displayed. Similarly, when multiline
display, biock 1is 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 00E116 to

O0E316). Figure 33 shows the structure of the vertical position regis-
The display position in the vertical direction for each block can be ter.
selected from 128-step display positions in units of 4 scanning lines.

(HR) '
cVl ----- Yobo}--
Block 1
ov2 ---.nl) A SR
Block 2
cva--------Y-.
Block 3
(a) Example when each block is separated
(HR) i
ovi._ Y. Y.l _:
Cv2 Block 1
(Block 2 is not displayed)
OV3 ---- === Y..
Block 3
(b) Example when block2 overlaps with block 1
(HR) .
\ 4 ,
cvi----Yo Lo
CV2--nos \ SO Block 1
|- Block2  cc-eieo ]
CVZ--mmmme- A
Block 3

(¢} 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- V 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 | | I I I | I | I Vertical position registers 1, 2, 3
edge) of HSYNC signal needs enough time (2 machine cycles or more) ‘| (CV1:address 00E116)
for avoiding jitter. The polarity of HSYNG and VSYNG signals can se- . : (CV2 : address 00E216)
lect with the CRT port control register (address G0EC16). 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%astzzg 2%; uoor:g? It(') “TEyg" -

DOEC16) are set to “1” (negative polarity), the vertical position
is determined by counting falling edge of HSYNC signal after
-rising edge of VSYNG 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)
as values “0016” to “3F16” in bits O to 5 of the horizontal position
register (address 00E016). The structure of the horizontal posmon
register is shown in Figure 34.

Vsyne signal input t I
; 9 pu 0.25100.50 [ )
' / (at f(Xn) = BMHz)

Nl

VSYNC control
signal in,
microcomputer !
Period of counting 'e
HsYNC signal J
_(Note) [Ol I | ] ‘ | | Horizontal position register
HSYNG. (HR : address 00EQ16)
signal input
(O N A B
1 2 3 4 5 - Horizontal display start positions
No ] . 64 steps. from “0016” to “3F15”
t count (1 step is 4Tc)
When bits 0 and 1 of the CRT port control register (address S
QOEChs) 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 Vsync 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 00E418)

EENEEEEE

Ch size of block 1 setection bits
b

: Minimum size

: Medium size

: Large size

: Extra large size

w-00Z
~0-08

Chi size of block 2 selection bits

: Minimum size

: Medium size

: Large size

: Extra large size

~~co0d
~0-0§

Character size of block 3 selection bits
b5 b4

0 0:Minimum size
0 1:Medium size

1 0:largesize

1 1:Extralarge size

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

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

Fig. 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 fhorizontal 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
CSn1 CSn0 size TC: oscillating cycle for display scanning lines
0 0 Minimum 1Tc 1
0 1 Medium 2TC 2
1 0 Large 3Tc - 3
1 1 Extra large 4T¢C 4

Note: The display start position in the horizontal direction is not affected by the character size. In other words, the horizontal display start
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 3FFF16)

The CRT display ROM contains dot pattern data for characters 1o be
displayed. For characters stored in this ROM to be actually displayed,
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 list is shown in
Table 6.

The CRT display ROM has a capacity of 8 K bytes. 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 27FF 16 and 300016 to
37FFF1s; the [vertical 16 dots] X [horizontal (right side) 4 dots] data
of display characters are stored in addresses 280016 to 2FFF16 and
380016 to 3FFF16 (refer 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").

b7 b0
2XX0i6 | 0 0
or 0 0
3XX016 0 0
0 0
0 0l
0 0
0 0
10 0
0
0
or
2XXF1s
or
3XXF16

o
~
o
w
o
o

2XX0e+80016
or C
3XX016+80016

&
Y G
o|lo|o(o|0(oio|o

o|o|olo|olo|o|le|elo|e

2XXF16+80016
or
3XXF16+80016

ololo|o|lo|o|o|o|olje|olooio|c|o
o|o|ojojo|o|c|o|o|o|o|ojolo|o|o

R
o|olojo

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
200F18 280F1s
201016 281016
0118 to to
201F16 281F18
202016 282016
0216 to ) to
202F16 282F16
203016 283016
0316 to to
203F16 .___283F16
27EO018 2F0016
7E€18 to to
27EF18 2F0F16
27F016 2F1016
7F18 to to
27FF16 2F1F16
300016 380018
8018 to to
300F16 380F16
301016 381016
8118 to to
301F16 381F16
37D016 3FD016
FD16 to to
37DF1s 3FDF18
37E016 3FED16
FE16 to to
37EF1s 3FEF16
37F016 3FF016
FFig to to
37FF16 3FFF16

. L249428 0025321 317 M
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@ RAM for display (addresses 10001 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

and ON-SCREEN DISPLAY CONTROLLER

Block Display position (irom left) Character code specification Color specification
1st character 100016 108016
2nd character 100116 108116
3rd character 100216 108216
Block 1 : : .
22nd character - 101516 109516
23rd character 101616 109616
24th character 101718 109716
: : 101816 109816
Not used : :
101F16 109F 16
1st character 102016 10A018
- 2nd character 102116 10A116
3rd character 102218 10A21
Block 2 ) H : . ®
22nd character 103518 10B516
23rd character 103616° 10B616
24th character 103716 10B716
103876 10B816
Not used : :
. 103F16 . 10BF16
1st character 104016 10C016
2nd character 104116 10C116
3rd character 104216 10C216
Block 2 : : :
22nd character 105516 10D516
23rd character 105616 10D616
24th character 105716 10D716
10D816
Not used 105;816 :
' 107F16 10FF16

B L249828 0025322 253
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7 0
Block 1 | I I 1
[Character specification) l | I l l
1 st character : 100016 .
' to Character code
24th character 1101716 . Specify 256 characters (“0016” 1o “FF1g")
3 0
[Color specification) .
1 st character.: 108018 | " Color register specification on left side
to (In ordinary - 1/2-character unit color
24th character : 109716 specification mode)
b1b0
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 color 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] | | l I | | |‘|
1 st character : 102016
° Charact d
. aracter code
24th character : 103716 Specify 256 characters (“0018" to “FF16™)
(Block 3 : 104016 to 105716)
10
[Color specification)
1 st character : 10AD18
to
- Color register specification
24th character : 10B716
b1 b0
(Block 3 : 10C016 to 10D716) 0 0: Color register 0 specification
: 0 1 :Color register 1 specification
1 0: Color register 2 specification
1 1 :Color register 3 specification

Fig. 38. Structure of RAM for display
M L249428 0025323 19T WA
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(5) Color Registers
The color of a displayed character can be specified by setting the 7 0
color to one of the 4 registers (CO0 to CO3: addresses 00E616 to I I I I I | | | | Color register 0,1,2,3
i : i : (COQ : address 00E616)
00E916) and then specifying that color register with the CRT d:s;:)lay *{CO1 : address 00ET16)
RAM. There are 4 color outputs; R, G, B and I. By using a combina- (CO2 : address 00E8s).
tion of these outputs, it is possible to set 24~1 (when no output) = 15 ’ {CO3 : address 00E916)
colors, However, since only 4 color registers are available, up to 4 . L1 signal output sefection bit
colors can be disabled at one time. ) 0: No character is output .
R, G, B and t outputs are set by using bits 0 to 3 in the color register. _ 1: Character is output
Bit 4 is used to set whether character output and blank output are B signal output selection bit
S . 0 : No character is output
enabled or not . Bit 5 is used to specify whether a character output or 1 : Character is output
blank output. ' G signal output selection bit
Figure 39 shows the structure of the color register. 0 No character is output
1 : Character is output
R signal output selection bit
0 : No character is output
1: Character is output
OUT signal output setection bit
0 : Both character output and blank
output-are enabled
1 : Neither character output nor blank
output is enabled

OUT signal output control bit
(Note)

0 : Character is output

1 : Blank is output

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

Fig. 39. Structure of color registers
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(6) Character Background coloring

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

The background part of a character (its 12 X 16-dot area) can be Golor register RGB output
colored as specified by bits 4 and 5 of the color registers (addresses
00ES16 to 00ES16) 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 1o 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
color of the character is paired with the background color of that 0 ! ! Yellow
character, so 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 B (Blue} R (Red)

%/ Y
[

Example

Unwanted dots

/

4]

7

3o
X

R
e
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o
it

524
0K,
—

%
0%
25

+,

K

B
Y
o
o,
o

:
{)
e
T

b
¥

R
¥

i
,

R
KA

T

2

i}
IS}
&5

T

&

25
-

2
o

L4

o]
DT
'4;15’-0-_"43?“_4-'#;*' '.

A
DRy

7,
+]
M

B C
Character ~a \A
background G+B R R
¢ B (Blue} {Cyan)} (Red) . (Red)
Color registers (addresses 00E616 to 00E916) CRT control register 2
Character Bits | Bit4 | Bt3 | Bt2 | Bti | Bito [ Bta | B3 | Bit2 |
1 1 1 0 1 0 0 7[ 1 o [ o |}
2 ! ! 0 1 ! 0 ® @ ®
3 0 0 Q 0 1 0
4 0 0 1 0 0 0
A ® @ ® U]
B
o]

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.

Fig. 40. Display example
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(7) 1/2-character Unit Color Specification Mode

By setting “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 follows:

+» 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 color 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
by bits 0 and 1 at address 10801s.

Color of the color register specified
by bits 0 and 1 at address 10811s. Block 1

(a) Display in the ordinary mode

Color of the color register Color of the color register
specified by bits 0 and 1 at +  specified by bits 2 and 3 at
address 10801.. address 108016.

RS ———

Color of the color register &~ Color of the color register
specified by bits 0 and 1 at +  Specified by bits 2 and 3 at
address 108116. ! address 108116.

Block 1

(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 displayed 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 OUT 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 cannot 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.

Border selection register
(MD : address 00E516)

Block 1 OUT output border
selection bit
0:Same outputas 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

,
o
7 7
gty
TV
LY v A
7 Y A
Y %
A A AN /
7 /]
% %
Y o

Fig. 43, Example of border

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

Border selection register Functions Exame of oo
MDn1 MDnO
M o o
0 1 Border including character gu @r,i,t:)gtutput o
1 1 Border only g:u ?_-gtég:ﬂpm ——
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(9) Multiline Display

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 intetrupts 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 D0EA16), a CRT interrupt request does not
occur (refer to Figure 45).

Note:

Display block counter
) (CBC : address 00EB16)

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

Fig. 44. Structure of display counter

] Block 1 (on display) ] oo “CRT interrupt request”

I “CRT interrupt request”

R

I Block 2 {on disblay)

[ Blockt(ondisplay) | | . “CRTinterruptrequest’

R =i

.| Block2 (ondisplay) | _“CRT interrupt request”

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

] Block 1 {on display) |_ _|_ -, “CRT interrupt request”

l Block 2 (on display) | __|_ ., “CRTinterrupt request’

No “CRT interrupt request’

No “CRT interrupt request”

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
Block 1 0
______________ P
Block 2
.......... 1
2
Block 3 -
______________ —
Block 1'
__________ 3.
4

Fig. 46. Timing of CRT interrupt request
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(10) Scanning Line Double Count Mode

1 dotin 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 twofoid.)
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 ordinary mode

256 steps as values “0016" to “FF 16"

(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 spegcified 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 Vertical position A w

} Scanning line 16 lines

A /

(a) Display in the ordinary mode

Vertical position A X 2

AX2

} Scanning line 32 lines

N J/

(b) Display in the scanning line double count mode

Fig. 47. Display in ordinary mode and In scanning line doubie count mode
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(11) Wipe Function

@ Wipe mode

The M37204MC-XXXSP allows the dlsplay area to be gradually ex-
panded or shrunk in the vertically direction in units of 1H {(H: HSYNC
signal). 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 wipé mode register

Wipemoderegister
Mode Wipe operation_ A
Bit2 Bit 1 BitO
DOWN | Appear from | . - 0 0 1
OWN | ipersiee  |[(AB CDE
. GHI1JK
TMNOPQ
Erase from s Tuv w
up lower side ! - 1 0 1
DOWN | Erasefrom I o o — _ ) Downuwp 0 1 0
‘ upper side | A 2T % E FOFF
2 1 GHIJKL
''MNOP QR
upP Appear from 1S TUV WX|ONY . 1 ] 0
lower side - E
E f :
own | EgEeton ; , 1
lowersides - | .0 =
3 | GH
1 MN
Appear to I
lower sides :

B L249828 0025330 32T M
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@ Wipe speed

The wipe speed is determined by the vertical synchronization (VSYNG)
signal. For the NTSC interlace method, assuming that
VSYNG=16.7ms,  262.5 Hsvyne signals (per field)

we obtain the wipe speed as shown in Table 11.

Wipe resolution varies with each wipe mode. In mode 1 and mode 2,
. one of 3resolutions (1H, 2H, 4H) can be selected. In mode 3, wipe is
done in units of 4H only.

. EEH‘!BEB 0025331 2bbL 1N

Table 11. Wipe speed .
(NTSC interlace method, H = 262.5)

Wipe resolution

Wipe speed (entire screen)

1H Unit 16.7 {ms) X 2625 + 1 = 4 (s)
2H Unit 16.7 (ms) X 262.5 + 2= 2(s)
4H Unit 16.7 (ms) X 2625+ 4 =1 (s)

Table 12. Wipe mode and wipe resolution

Mode Wipe resolution Wipespeed
Mode 1 1H Unit about 4 (s)
H Unit t2

Mode 2 2H Uni about 2 (s)

4H Unit about 1 (s)
Mode 3 4H Unit about 1 (s)
7 0 i

I | | I I I | | | Wipe mode register
(SL : address O0ED16)

Wipe mode selection bits
b1 b0
0 0: Wipeis not available
: Mode 1
: Mode 2
: Mode 3

- a0
- O =

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

Wipe unit selection bits
b4 b3
0 O:1Hunit
0 1:2H unit
1 0:4H unit
1 1:Donot set

Stop mode selection bits
b6 b5
0 O:Stopatthe312nd H
0 1:Stopatthe 156thH
1 0:Stop at the 256th H
1 1:Stopatthe 128thH

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 P56. Set the corresponding bit of the port PS i

control register (address 00CB16) to “0” to specify these pins as GRT | | | I I | I I |
output pins, or set it to “1” to specify it as a general-purpose-port P5 -

CRT port control register
(CRTP: address 00EC16)

pins. . ] HsyNG input polarity switch bit
The input polarity of signals HSYNC and VSYNC and output polarity of 0 : Positive input
signals R, G, B,  and OUT can be specified with the bits of the CRT " 1 : Negative input

port control register (address O0EC16). Set a bit to “0" ta specify posi-

tive polarity; set it to “1” to specify negative polarity. . Vsync Input polarity switch bit
The CRT clock I/Q pins OSC1, OSC2 are controlled with the port 0 : Positive input

control register (address 020616). 1 : Negative input
The structure of the CRT port control register is shown in F|gure 49. ) . ’
The structure of the port control register is shown in Figure 50. — R, G, B output polarity switch bit

0 : Positive output
1 : Negative output

1 output polarity switch bit
' . 0 : Positive output
, 1 : Negative output
| | I | I I | | | Port control register
(P7 D - address 020615) QUT output polarity switch bit
0 : Positive output
Port P7 data input bit (Note) 1 : Negative output

When.only OP1="0" and OP0="1,"
input data is valid.

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

AD3/D-A furiction selection bit
0:AD3 :
1:D-A G signal output switch bit
: 0 : G output signal
1': G-MUTE output signal

Note : OP is the CRT clock selection register.

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

Fig. 50. Structure of port control register

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, t and OUT 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.

lf 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 “0”
are displayed with blue raster coloring is shown in Figure 51.

CRT control register 2
(CBR : address 020816)

| signat output switch bit
0: I signal output
1 : I-MUTE signal output

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

Color specification of character
background :

7 )
%/ B4 -sLuE’
/\ /
7
Hstc_Li : : I .: : i
R : | I"Ll_l ' Signals
L L
OUT i

Fig. 51. Example of raster coloring

B Lc249828 0025333 039 W

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 d|splay, 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. I ol I l | I l l | CRT clock selection register
» Clock from the ceramic resonator or quartz-crystal oscillator sup- (OP : address 020915)

plied from the pins OSC1 and OSC2. ) ‘ E Display clock selection bits

This clock for display can be selected for each block by the CRT Refer to Table 13.
clock selection register (address 020916).
When selecting the main clock, set the oscillation frequency to
8 MHz.

Fix this bit to “0.”

Fig. 53. Structure of CRT clock selection register

Table 13. Set value of CRT clock selection register and clock for dlsplay

b1 b0 Functions Scanning line double count mode flag (CCs)

0 0 The clock for display is supplied by connecting RC or LC | CCs =“0"or “1”
across the pins OSC1 and OSC2.

Since the main clock is used as the clock [ CRT oscillation CC6 = “0”
for display, the oscillation. frequency is | frequency = f(XiN)
limited. Because of this, the character
0 1 size in width (horizontal) direction is also
limited. In this case, pins'OSC1 and
OSC2 are also used as input ports P70
and P71 respectively.

1 0 | Donotset — )
The clock for display is supplied by connecting the following | CCe = “0”
across the pins OSC1 and OSC2.

1 1 » a ceramic resonator only for CRT display and a feedback
resistor

+ a quartz-crystal oscillator only for CRT display and a
feedback resistor (Note)

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

‘Ml b249828 0025334 T?5 WM
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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
INT1 input is selected ; when the bit is set to “1,” the INT2 inputis
selected.

2. 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 bit is
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

B 249828 0025335 901 W

64 ps clock is selected ; when the bit is set to “1,” a 32 s 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 ps).

. Simultaneously with the next input pulse, 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 reference
clock is input, the counter sets value “FF1¢” 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.”

AE.ECTRIC ‘ 2-201



MITSUBISHI MICROCOMPUTERS

. . M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

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

32us .
k Y .
B4 pus —)%—) C‘.’"",‘t" > _ 8-bit binary up counter (8)
- RET Gired! REO - ;
INT2 (Note) ‘ . 8y
) . Y .
INT1 (Note) —)*/ ‘ > Interrupt interval determination register (8)
RE2 -

(Address 00D716)

—>$—> )
Selection gate : Connected to

black colored
side at rest.

Data bus

RE: Interrupt interval determination control fegisfter

Notes 1: The pulse width of external interrupt INT1 and INT2 needs 5 or more machine cycles.
2:At f(XiN) = 4 MHz

Fig. 54. Block diagram of interrupt intervat determination circuit i

INT1 or INT2 input

Interrupt interval determination
control register 1 Gount interval

I_ (RE : address 00D816) 3 i ;E :
Interrupt interval determination E f(—————'i—ﬂ '
circuit operation control bit ' ! ! !

0 : Stopped L
1 : Operating Fig. 56. Measuring interval

Reference clock selection bit
(at f{{XiN) = 4MHz)

0:64us

1:32us

External interrupt input pin
selection bit

0: INT1 input

1:INT2 input

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

"Bl bL249828 002533k 4us M
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RESET CIRCUIT

The M37204MC-XXXSP is reset according to the sequence shown
in Figure 57. it starts the program from the address formed by using
the content of address FFFF16 as the high-order address and the
content of the address FFFE16 as the low-order address, when the
RESET pin is held at “L” leve! for 2 ys 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
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
source voltage surpasses 4.5 V.

Poweron

145V

[
'
|
b
)
'
'
+
)
s
)
1
)

Power source voltage O V

Reset input voltage 0 V -——/‘(—

¥ N
1
8 BIRESET
MS1953AL
a4
3 -():luF
32 Vss
7T
M37204MC-XXXSP

Fig. 58. Example of reset circuit

Nl - nnnnr
I

RESET

internal RESET

SYNC | |
Address XXX X s s2X FrreXFrnx R
Reset address from the vector table
Data X2 X2 X2 X2 X2 X ADUX ADH)
< Notes 1 : f(XiN) and f( ¢ ) are in the relation : f(Xin) = 21 (¢).
32768 count of XIN . . o i )
clock cycle (Note 3) 2: A question mark (?) 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, “FF16” is set
in timer 3 and "071¢” is set to timer 4. Timer 3 counts down
with 1(XiN)/16, and reset state is released by the timer 4
averflow signal.

Fig. 57. Reset sequence

B L249828 0025337 784 W

SR

2-203



MITSUBISHI MICROCOMPUTERS

M37204MC-XXXSP
M37204EC-XXXSP, M37204ECSP

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

Ports PO0—P0Q7, P10-P17, P20-P27, P30, P31, D-A

©
Direction register | - .
. CMOS output
r— .
Databus | m (O Ports P00-P07, P10-P17, P20-P27,
- P30, P31, D-A
1 r.k: 3

Note: D-A pin does not have port input

i function. D-A pin is also used as AD3.

Ports P32-P3g, P40-P45

Direction register

N-channiel open-drain output
Ports P32-P3s, P4o—P45

Note: Each port is also used as below:
P32: AD6/TIM2 P4o: SouTt

Databus — Port latch

<

S

P33: TIM3 'P41: SCLK1
: P34 INTT ~ P42: AD8/SINt
<J - P3s: AD1 P43: AD7/SRDY1

P3s: INT2/AD2 P44: SouT2/SDA
) P4s: ScLk2/SCL

Ports P4s, P47, P60-P67

- | -drai
Direction register

Ports P46, P47, P60-P67

. H
Databus  — Port latch ' 1 ~ Note: Each port is also used as below:

P46: SIN2/PWMO
P47: SRDY2/PWMS8
P60-P67: PWMO-PWM7

A\

JA'S

" Fig. 59. /O pin block diagram (1)

B 6249828 0025338 b10 ENW
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HsYNC, VsYNC

Schmidt inpyt

Internal circuit HSYNC, VSYNC

R,G,B,1,0UT, 4

D] s

Internal circuit R, G,B,1,0UT, ¢

Note: Each pin is also used as below:
R: P52
G: P53
B: P54
1: P55/TIM1
OUT: P56

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

B b249828 0025339 557 M
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CLOCK GENERATING CIRCUIT .

The built-in clock generating circuit is shown in Figure 63. When the

STP instrucﬁon is executed, the internal clock ¢ stops at “H” level. At
the same time, timers 3 and 4 are connected in hardware and “FF16”
is set in 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 register 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 quartz;crystal oscillator is used.
When the WIT instruction is executed, the internal clock ¢ stops in
the "H" level 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 executed 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
osciltator) is shown in Figure 61. Use the circuit constants in accor-
- dance with the resonator manufacture’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 invalid.
(1) VSYNC interrupt
(2) CRT interrupt .
(3) Timer 2 interrupt using AD6/P32/TIM2 pin input as count
source ' ’

(4) Timer 3interrupt using P33/TIM3 pin inbut as count source .

(5) Timer 4 interrupt using f(XIN)/2 as count source

and ON-SCREEN DISPLAY CONTROLLER

M37204MC-XXXSP
XIN Xout
30! 31

4 MHz to 8 MHz -

0
;; Ci =

;COUT

Fig. 61. Ceramic resonator circuit example

M37204MC-XXXSP

XiN __Xout

Open

External oscillation V¢e

circuit Vss Illllllll

Fig. 62. External clock input circuit example

Interrupt request
s - (=
Interrupt disable Q -
flag !
Reset -
**" wIT R |— sTP
Selection gate : STP instruction — R instruction instruction

Connected to black
colored side at reset.

T34M : Timer 34 mode

Internal clock ¢

register

XIN Xout

Timer 3 Timer 4

Fig. 63. Clock generatlflg circuit block diagram

B Loug828 0025340 279 M
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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 LG, an RC, a quartz-crystal oscillator or a ceramic

resonator across the pins OSC1 and OSC2. Select the clock for dis-

play with bits 0 and 1 of the CRT clock selection register (address
02091s).

0sC1 0sc2

T 1

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

B k243428 0025341 105 WM

ADDRESSING MODE

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

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 modified (by the pro-
gram), 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 instruction 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 M37204M8-XXXSP. ‘

ol
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DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM produc-
tion: : :

(1) Mask ROM Order Confirmation Form

(2) Mark Specification Form

(3) Data to be written to ROM, in EPROM form (28-pin DIP type 27512,
three identical copies)

M L249828 pO25342 041 WA

PROM Programming Method A
The built-in PROM of the One Time PROM version (blank) and built-
in EPROM version can be reéd or programmed with a general-pur-
pose PROM programmer using a special programming adapter.

Product
M37204ECSP

Name of Programming Adapter
PCA4762

The PROM of the One Time PROM version (blank-) 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 .

N7

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

G

Verification with
PROM programmer

G

I Functional check in target devic;|

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
vVce Power source voltage Vo All voltages are based -0.3t06 \
i on Vss.
\'/] Input voltage CNVss Output transistors are -0.3t0 6 ) \
Vi Input voltage PO0-P07, P10-P17, P20-P27, cut off. . —03toVec+0.3 9

P30-P3s, P40-P47, P60-P67,
P70, P71,08C1, XN, HSYNC,
VsYNG, RESET, AD1-AD8

Vo Output voltage P00-P07, P10—P17, P20-P27, -0.3t0 Vce + 0.3 \'
P30-P3s, P40-P45, R, G, B, |
OUT, D-A, XouT, 0SGC2

Vo Output voltage P46, P47, P60—P67 -0.31t013 \
loH Circuit current R, G, B, I, OUT, POo—P07, 0to 1 (Note 1) mA
P10-P17, P20~-P27, P3g, P31,
D-A
(o8] Circuit current R, G, B, }, OUT, P0Oo-P07, 0to 2 (Note 2) mA
P10-P17, P20~-P23,P30-P3s,
P40-P43, D-A
loL2 Circuit current P4g, P47, P60-P67 Oto 1 (Note 2) mA
loLa Gircuit current P24-P27 Oto 10 (Note 3) mA
toLa Circuit current P44, P4s 010 3 (Note 2) mA
Pd Power dissipation Ta=25°C 550 mw
Topr Operating temperature : -10 t0 70 °C
Tstg Storage temperature ) B —4010 125 °C

RECOMMENDED OPERATING CONDITIONS (Ta = -10°Cto 70 °C, VC(.t =5V £ 10 %, unless otherwise noted)

Limits .
Symbol Parameter M. Tvp. Mo pnlt
Vce Power source voltage (Note 4), During CPU, CRT operation 4.5 5.0 55 \
Vss Power source voltage o] 0 0 \
VIH1 “H" input voltage P00-P07, P10-P17, P20-P27, P30-P3s, 0.8vVce Vvce "
P40—P43, P46, P47, P60-P67, P70, P71,
HSYNC, VsYNC, RESET, XiN, OSC1
VIH2 “H” input voltage P44, P45 0.7vec |’ Voo v
ViLt “L” input voltage PQo-P07, P10~P17, P20-P27, P30-P36, 0 0.4 Vcc \
P40-P47, P60-P67, P70, P71
Viez “L” input voltage HSYNC, VSYNC, RESET, TIM2, TIM3, INT1, . 0 0.2 Vce \"
*INT2, Soutt, SCLK1, SINt, SDA, SCL, XIN, OSC1
IoH “H" average output current (Note 1) R, G, B, I, QUT, D-A, P0o-P07, P10-P17, 1 mA
P20—P27, P30, P31
ToL “L” average output current (Note 2) R, G, B, I, OUT, D-A, PO0-P07, P10-P17, 2 1 mA
P20-P23, P30-P36, P40-P43
loLz “L” average output current (Note 2) P4s, P47, P60-P67 1] mA
1013 “L” average output current (Note 3) P24—P27 10 | mA
1014 “L" average output current (Note 2) P44, P4s 3 [ mA
fcPU Oscillation frequency (for CPU operation) (Note 5)  XIN 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 14.0 | MHz
fhs1 Input frequency TIM2, TIM3, INT1, INT2, SCL 100 1 kHz
fhs2 Input frequency SCLK1, SCLk2 1 ] MHz

B (249428 0025343 TAs W
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ELECTRIC CHARACTERISTICS (vcc =5V + 10 %, Vss = 0 V, f(XIN) = 4 MHz, Ta = —10 °C to 70 °C, unless otherwise noted)

Limits
Parameter . - T ti it
Symbol \ ete est conditions Min. Typ, | Max. Uni
Icc Power source current - System operation VCcc =55V, |CRFOFF ° 10 20
: f(XIN) = 4 MHz mA
CRTON ’ 20 50
vec =55V, |CRTOFF | 20 40
f(XIN) = 8 MHz
' CRTON %0 g0
Stop mode Vec =55V, A
' f(XN) =0 800
VOH “H" output voltage R, G, B, |, OUT, P00-P07, Voo =45V 2.4 v
) P10-P17, P20-P27, D-A, P30, |loH =—0.5 mA
P31 . ]
VoL “L” output voltage R, G, B, }, OUT, POo-P07, Vec =45V 0.4
P10-P17, P20-P23, P30—P36, , [loL = 0.5 mA :
P40-P43, D-A :
|“L” output voltage P48, P47, P60-P67 Vec=45V 0.4
IoL = 0.5 mA o v
“L" output voltage ~ P24-P27 Vcc =45V . © 30
oL = 10.0 mA . .
“L" output voltage P44, P45, . Vec=45V 0.4
loL=3.0mA
VT+-VT-  |Hysteresis RESET vec=5.0V | os 07 v
Hysteresis (Note 7) HSYNG, VSYNG, P32-P34, P38, |yco =50V ) :
P40-P42, P44—P4s cc=50 0.5 13
izv “H” input leak current RESET, PO0-P07, P1o-P17, |[Vcc=55V . 5 LA
P20-P27, P30-P3s, P40-P4s, |VI=55V
AD1-AD8 .
lizZL “L” input leak current RESET, P00-P07, P10-P17, |VCC=55V 5 pA
: - P20-P27, P30-P36, P40-P47, [ViI=
: . P60-P67, AD1-ADS }
10zH “H” output leak current P4s, P47, P6o-P67 Vecc =55V ) 10 PA
' : Vo=12V :

Notes 1: The total current that flows out of the 1IC must be 20 mA or less.

2: The total input current to IC (IoL1 + loLz + 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 so-as to reduce power source n0|se
Also connect 0.068 i F or more capacitor externally across the pins VCC—-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-P4s have the
hysteresis when these pins are used as sérial 1/O pins.

B 249828 0025344 914 N
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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
period.

1. In case of trass <300ms
1.1 Distriduted refresh during Read/Write operation
(A) Timing Diagrams

Read/Write Cycle \ Self Refresh Cycle L Read/Write Cycle
NSD trass < 300ms | tsND
RS \_/ \
last refresh cycle first refresh cycle
Table 2
1.1.1 CBR distributed Refresh
. Read/ Write— Self Refresh— @ Switching from read/write operation to self refresh operation.
Read/Write Cycle

Self Refresh Read/ Write The time interval from the falling edge of RAS signal
in the last CBR refresh cycle during read/write operation
period to the faling edge of RAS signal at the start of

CBR ﬂistributed

refres tnsD + tsno < 16.4ms

RAS self refresh operation should be set within tnsp (shown
gﬁ‘tsrabﬂ% refresh| tNSDS16us tsNo< 18 us n table 2). P (
@ 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
(B) Definition of refresh RAS signal in the first CBR refresh cycle during read/
Definition of CBR distributed refresh write operation period should be set within tsnp(shown
The CBR distributed refresh performs more then in table 2).
1024 discrete CBR cycles within 16.4 ms.
Definition of RAS only distributed refresh 1.1.2 RAS only distributed refresh
All combination of ten row address signals (Ao~ Ag) ® Switching from read/write operation to self refresh operation.
are selected during 1024 discrete RAS only refresh The time interval tnsp from the falling edge of RAS signal
cycles within 16.4 ms. 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 16us.
@ 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 refresh operation to the falling edge
of RAS signal in the first CBR refresh cycle during read/
write operation period should be set within 16 us.
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MITSUBISHI LSis

M5M44100BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-85

l

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM

1.2 Burst refresh during Read/Write operation
(A) Timing diagram

Read/ Write Self Refresh . Read/ Write
T
NSB trass < 300ms tsnB
m o \ /] N/
first I refresh cycles refresh cycles last !

refresh cycles 1023 cycles

Table 3

Read/ Write—

Read/Write Cycle Self Refresh

Self Refresh—
Read/ Write

Ee?r%sgum tnse  16.4ms tsng S 16.4ms
?e?gesﬁnly burst tnss + tsng £ 16.4ms

(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.

1023 cycles refresh cycles

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 tsns 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 operation to self refresh operation.
The time interval from the falling 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 refresh operation should be set within tnse
(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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MITSUBISHI LSIs

M5M44100BJ,L,TP,RT-5,-6,-7,-8,-5S,-6S,-7S,-8S

FAST PAGE MODE 4194304-BIT(4194304-WORD BY 1-BIT)DYNAMIC RAM

2. In case of trass = 300ms
(A) Timing diagram

Self Refresh Read/ Write

trASS 2 300ms tREF

o ) 9

refresh cycle
1024 cycle
Table 4
Read/ Write Self Refresh->Read/Mirte

CBR distributed refresh
RAS only distributed refresh
CBR burst refresh

RAS only burst refresh

trerF < 16.4ms

(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.
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