MITSUBISHI MICROCOMPUTERS

3888 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The 3888 group is the 8-bit microcomputer based on the
740 family core technology.

The 3888 group is a protocol controller for data communica-
tion between processors in the multi-processor system and
includes a 3-channel UART and a dual port RAM

For details on availability of microcomputers in the 3888
group, refer to the section on group expansion.

FEATURES
® Basic machine-language instructions -«-«-----eoeeeeeees
® The minimum instruction execution time
(at 12.5MHz oscillation frequency)
@® Memory size
ROM t v e 8K bytes
RAM e 240 bytes
® Programmable /O ports
(System data bus) ............................................... 16
(Local data bUS) ................................................... 15
@ [nterrupts ~ooorrrere e 14 sources, 14 vectors
[ ) Timers ......................................................... 8 bltx4
. UART ....................................................... S_Channel
® Bus interface
(RD/WR separate mode bus or 7700 mode bus)
® Dual port RAM e 216 bytes
® Communication registers
® Clock generating circuit------- Iinternal feedback amplifier
(connect to an external ceramic resonator or a quartz-
crystal oscillator)
® Power source voltage - oresr 4.5 to 5.5V
. Power dlSSIpallon ............................................. 45mW
® Operating temperature range «=-«--- —20 to +85C
APPLICATIONS

Office equipment, etc.
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PIN CONFIGURATION (TOP VIEW)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)
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DAY, > — A
DQy + —A;
DQy +*> “+ PA,
W(R/W) — - PA,
R(E) — + PA;
S > PA;
BM — <  PA,
INTR - § = PAg
RxD; ~> ® « PAg
Tx()y +— z +~+ PA;
RXDy — " « PB,
Tx(, = % - PB,
RxD), — by - PB,
T, - o ~ PB,
P1g/CTS, +» + PB,
P15/CTS, +» - PBs
P1/CTS, > « PB,
P13/GLK + - PB;
P, + PO,
CNV.g— ++ PO,
RESET — + PO,
INT/P1, += > P03
Py « P,
Xon — - PO;
Xoir e  PQg
Ve > PO,

Package type . 64P4B

64-pin shrink plastic-molded DIP
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MITSUBISHI MICROCOMPUTERS

3888 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function e e e e —
Alternate Function
Vce, Vss | Power source - Apply voltage of 4.5 to 5.5V to Vg, and OV to Vss.
CNVgs : CNVgg « Controls the operation mode of the chip.
‘ « This pin must be connected with Vss.
| SO Wy e S L
RESET Reset input + Active “L"-type reset input pin
Xin Glock input « Input and output siynals for the internal clock generating circuit.
N Connect a cerami; resonalor or a quartz-crystal oscillator between the X,y and Xour pins to set the oscillation fre-
quency.
Xour Clock output !+ When an external r:iock is used, connect the clock source to the X,y pin and leave the Xoyr pin open.
P0o-PO; 170 port PO » 8-bit 1/0 port conn:cted to the local data bus
+ 170 direction regisier allows each pin to be individually programmed as either input or output.
i « The local bus port pull-up register allows each pin to be individually programmed to connect to a pull-up transistor or
i ‘ not.
¢« This port is also cennected to the system data bus. From the system data bus, the contents of each port can be read
(it is used as an input port}.
« CMOS compatible nput level
+ CMOS 3-state output
—— JEE U S — — e
Pilg 170 port P1 « 7-bit 10 port connected to the local data bus as the ‘
- ——— same function as P frm e e e e
P14/INT + CMOS compatible nput level External interrupt input pin
——— « CMOS 3-state output T e e e e
P1,
P13/CLK ‘ - UART1-3 function input pin
SR — o -
e i
P1,/CTS, , I UART1 function input pin
P15/CTS, i ! UART2 function input pin
S o]
P16/CTS: UART3 function input pin
e — —_— e ———— — e et - —_— e ————n _ A
PAo-PA; | 170 port PA - 8-bit 170 ports connected to the system data bus with the same function as P0
— ——— « CMOS compatible input level
PBo-PB; | I/0 port PB + CMOS 3-state outp.it
Ag-A; Address input + Input 8-bit system addresses.
TTL compatible input level
Data input/output « Input or output 8-bit system data.
+ TTL compatible inp:t level
Chip select input « When “L” is input t¢ this pin, read and write of system data are enabled.
+ TTL compatible input level
,,,,, S S B - — S S
Read control input « When “L” is inpu? tc this pin, the contents of the memory or register specified by Ag-A; are read from DQo-DQ;.
(Enable input) (In the 7700 mode, wher "L” is input to this pin, read and write of system data are enabled. )
« TTL compatible input level
I ,74’,,,, S U ﬂ, [ —_— S — —_ —— — e ———— - —
W (R/W) J Write control input |+ When “L” is input to this pin, data input from DQ,-DQy; is written into the memory or register specified by Ag-A;
i (Read/write input) (In the 7700 mode, when “H” is input to this pin, read of system data is enabled,and when “L” is input to this pin,
' write of system data is enabled. )
' « TTL compatible input level
BM | Bus mode control input | - The input level to this pin controls the functions of Rand W
| - CMOS compatible irput level
|
AEECTRIC 281
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3888 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION (CONTINUED)

Pin Name
INTR Interrupt request output | -
TxD4-TxDs UART transmit output 1
RxDy-RxDg UART receive input

Function

Alternate Function

When tite contents of IPC error register are modified by the internal CPU, “H" is output.

- When the register is read by the external host CPU, “L” is output.

» Output pin for UART transmit data

* input pin for UART receive data
- GMOS compatible input leve!
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PART NUMBERING

Product M3888 1 2 - XXX SP

--——————— Package type

SP: 64P4B package
FP: 64P6N-A package

|
GP: 64P6S-A package
SS: 64S1B package

FS: 64D0 package

— i ROM number

Omitted in some types.

b e ROM/PROM size
1: 4096 bytes
2:8192 bytes
3:12288 bytes
4: 16384 bytes
5: 20480 bytes
6
7
8

: 24576 bytes
: 28672 bytes
: 32768 bytes
The first 128 bytes and the last 2 bytes of ROM

L are reserved areas; they cannot be used.
s — Memory type

M: Mask ROM version

E: EPROM or One Time PROM version

L_,,.. - RAM size

0: 176 bytes
1:240 bytes
: 368 bytes
: 496 bytes
: 624 bytes
: 752 bytes
: 880 bytes

NS A W N

1 1008 bytes
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MITSUBISHI MICROCOMPUTERS

3888 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
A}
GROUP EXPANSION (2} Packages - Shrink olastic molded DIP
Mitsubishi plans to expand the 3888 group as follows: 64P4B oo Sl'.mnk plastic molde ot
(1) Support for mask ROM, One Time PROM, and EPROM BAPEN-A -ooereeeeeeeee 0.8mm-pitch plastic molded Q
versions GAPES-A oo 0.65mm-pitch plastic molded QFP
ROM/PROM size - 8K bytes €4SIB oo Shrink ceramic DIP (EPROM versfon)
RAM SIZ@ e veeeersersmnsimmassasneesee e 240 bytes 64D0 <+ 0.8mm-pitch ceramic LCC {(EPROM version)
Memory Expansion Plan
ROM size (bytes)
32K .
28K
24K
20K
16K
12K f .
New Product ;
B o Ty | SRR U I
s : : : :
AK| o S OSSN USSR UUND SO UOUD SUUUUN SOOI
[ : i ; ;
176 240 368 4% 624 782 880 1008
RAM size (bytes)
Currently supported products are listed below. As of September 1994
Product (P) ROM size (bytes)| RAM size (bytes) | Pack Remark
o [ROM size for userin ¢ ) T TEEIRYES | TAUTEOR ) omane ]
| M388B1M2-XXXSP | | Mask ROM version B e
M38881E2-XXXSP 8192 240 64F4B | One Time PROM version ] ]
| M38881E2SP (8062) . _|OneTime PROM version (blank) ]
| M3B881E2SS | . B4%1B |EPROMversion = |
| M38881M2-XXXFP | | Mask ROM version - ]
| M38BB1E2-XXXFP 8192 240 64PEN-A | One Time PROM version o
| M38881E2FP (8062) _____ _|OneTime PROM version (blank) |
| M38881E2FS .\ ] 840 |EPROMversion ]
| M388BTM2-XXXGP | 8192 | Mask ROM version ]
| M388B1E2-XXXGP __ | (8062) 240 | 84PES-A . One Time PROM version_ S
M38881E2GP | One Time PROM version (blank)
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MITSUBISHI MICROCOMPUTERS

3888 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION
CENTRAL PROCESSING UNIT (CPU) ?
The 3888 group uses the standard 740 family instruction CPU mode register
X . " (CPUM: address 003B,)

set. Refer to the table of 740 family addressing modes and {J
machine instructions or the SERIES 740 (Software> User's ’ : —— Processor mode bits
Manual for details on the instruction set. bled }
Machine-resident 740 family instructions are as follows: | 8 ? Single-chip mode

The FST and SLW instruction cannot be used. ! 10 }Not available

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

' ——— Stack. page §elecﬁon bit .

CPU Mode Register ot me e 0 0
The CPU mode register is allocated at address 003B . 1 1 RAM in page 1is used
The CPU mode register contains the stack page selection I S S uss;:;i‘:nzrfg. when read)
bit and the processor mode bits.

Fig. 1 Structure of CPU mode register




MITSUBISHI MICROCOMPUTERS

3888 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY

Special Function Register (SFR) Area

The Special Function Register area in the zero page con-
tains control registers such as I/0 ports and timers.

RAM
RAM is used for data storage and for stack area of sub-
routine calls and interrupts.

ROM

The first 128 bytes and the last 2 bytes of ROM are re-
served for device testing and the rest is user area for stor-
ing programs.

Interrupt Vector Area
The interrupt vector area contains reset and interrupt vec-
tors.

Zero Page

The 256 bytes from addresses 0000,¢ to 00FF,¢ are called
the zero page area. The internal RAM and the special func-
tion 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. Ac-
cess to this area with only 2 bytes is possible in the zero
page addressing mode.

Special Page

The 256 bytes from addresses FF00,s to FFFF are called
the special 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.

00006 ]
RAM area SFR area
RAM si 0020
size Address XXXXq RAM |: 18
(bytes) ] 0030
176 00FF,s | 10 SFR area Zero page
240 013F 004016 Access flag
368 01BF,¢ 005816 Not used
496 023Fy | RAM [ 00606
624 02BFs 0100, -
752 N 03(}!:157” B
880 C3BF6 XXXX16 oo
1008 043F ¢ Reserved area
044016 Not used
b 0500,
ROM area val port RAM‘: 0507,
ROM size |
(bytes) Address YYYY s | Address ZZZZ,¢ ROM Not used
— — e ] [ YYYYie |77 Reserved ROM area |
4096 F000.6 | ~_FO80w | (128 bytes)
8192 E000,¢ 1 7E08015>77 2222
12288 DO00,s | DOBO,,
16384 C000s  °  C080,5 FE00
20480 BOOOg |, BO80 | “"’
24576 -~ A0QOwe | .. ADBOe — FFDC Special page
28672 9000, | 9080y A interrupt vector area
32768 } 80006 8080.6 FFFPE Reserved ROM area
L FFFFye
Fig. 2 Memory map diagram
MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

0000, |PortPO (PO) 0020, | RAM o - ]

0001,¢ | Port PO dir tlon reg|ster {POD} 0021, |RAM o _

0002 | . L 00226 | RAM I _

0003 | o N 0023, | RAM N .

00046 | o 0024,5 [RAM e

00056 _ 00255 |RAM e ,,

00065 [PortP1 (P1) 0026, |RAM 3 - T

0007 Poan1 dlrect|on rggrstev P1D) 0027, | RAM .

0008,¢ | UART1 transmit/receive buffer register(U1TE" U1HB . 0028, | RAM _ -

000946 | UART1 status/conirol register 1{U18TS/L1CONT) 0028, | RAM _ e _

000A; | UARTT control register 2(U1CON2) 0024, [RAM . - N

000B,¢ | UART1 baud rate generator(U1BRG) 002Bs | RAM o

000C, ¢ | UART2 transmil/receive buffer register(U2TB/U2RB 002C1s | RAM ~ o

000D, | UART? status/control register 1(U2STS/U2CON! i 0020, |RAM B

000E,s | UART2 control register 2(LU2CON2) 002E,6 |RAM - -

000F,; | UART2 baud rate generator{ U2BRG) 002F s | RAM -

001045 | UARTS transmit/receive butfer registar( U3TB U3RB! 00304 Pre>ca|er 123(PHE12¢) -

0011, | UARTS status/control register 1 (U3STS/USCONT’ 0031, | Timer 1(71) i -

0012, | UARTS3 control register 2(1J3CON2) 003246 |Timer 2(12) -

0013, | UART3 baud rate genarator{ U3ERG) 00335 | Timer 3(T3) B B B

00145 | IPC mode register 0(1PCMD) 0034, | Prescaler X{(PREX)

0015;5 | IPC mode register 1(IPCM1) 0035 | Timer X(TX)

001646 | IPC mode reg-ster,g(,ggcr\m) 003616 B B B -

0017, {IPC mode register 3(IPCM3) 00375 B B B )

00185 | IPC error register 0(IPCERO) _ 003846 T

0018:¢ ] IPC error register 1{IPCER1) 003%5 | Local bus port pull-up register(LPU}

0014, | IPC error register 2(IPCER2) 003A6

0018, | IPC error register 3{IPCER3) 003845 | CPU mode register (CPUM)

001C¢ re_glster(SEM‘ 003C1s | Interrupt request register 1 (IREQY)

001046 ste 003046 | Interrupt request | reglster 2 2 (IREQ2) -

001Es | D! g er(D R 003€,s [ Interrupt control register 1 (ICON1)

001F,s | Reserved area(Do not access) 003F, |Interrupt control register 2 (ICON2) |
Fig. 3 Memory map of special function register (SFR)

MITSUBISHI
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/0 PORTS

Port to be Accessed from System Bus or
Local Bus

The port PA and port PB are connected to the system bus.

The port P1 is connected to the local bus. The port PO is
connected to the local bus and system bus.

When accessing the port PO from the system bus, only data
reading (a function as an input port) is enabled.

To access a port connected to the system bus, select a
port-related register to be accessed by the system bus port
control register (system bus address FFys), then access
the port through the system bus port data register (system
bus address FEg).

Direction Registers

The 3888 group has 31 programmable /O pins arranged in
4 1/0 ports (ports PO, P1, PA, and PB) The 1/O ports have
direction registers which determine the input/output direction

of each individual pin. Each bit in a direction register cor-
responds to one pin, each pin can be set to be input or out-
put. When “0” is written into the bit corresponding to a pin,
that pin becomes an input pin. When “1” is written into that
bit, that pin becomes an output pin.

If data is read from a pin which is set for output, the value
of the port output latch is read, not the vaiue of the pin it-
self. Pins set to input are floating. If a pin set to input is
written to, only the port output latch is written to and the pin
remains floating. However, when a pin of port PO is read
from the system bus side, the value of the pin is read re-
gardless of the value of port PO direction register.

Pull-up Control

Every port can be connected to a pull-up transistor when
the corresponding pull-up set bit is “1”.

Every 1/0 port is set to be an input port at reset, and then
is disconnected from a pull-up transistor.

| Pin +  Name _Input/Output 1 7O Format_ 177’an7—@7f:_l:lpc/tio_nr a Related SFRs Diggram No.
| POs-PO; | PotPO_ | I i )
| P1o, P12 i L | Local bus port @2
|
| P1/GLK  Port P Input/Output, :Z':jlses;mpat'b'e | UARTi status/control (4) |
515‘/91?’”1 individual bits ! cmos 3—s;ate output UART function register 1 s
—r——P15(£T&4 input Local bus port H»,(é) N
| P1e/CTSg, o | pull-up register | (s
| PAc-PA; [PotPa ‘ I R N
PBo-PB; | Port PB | ; | e

Note : Make sure that the input level at each pin is either OV ar V¢ during execution of the STP instruction. When an input level is at the intermediate
potential, a current will flow from V¢ to V5 through the input-stage gate.

2—688
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(TTITIT]
1 ;

|

i

Local bus port pull-up register
(LPU : address 0039,5)

Lo Port PO pull-up set bit

-— Not used(returns “0” when read)

0 I No pull-up
1 Pull-up
Port P1 puli-up set bit
0 : No pull-up
1 : Pull-up

Fig. 4 Structure of local bus port pull-up register

I_I—I_I—’_T‘T‘H
|

L

System bus port controt register
(SPCON : System bus address FF,q)

L " Port PA puii-up set bit

0 No pull-up
* Pull-up
— Port PB pull-up set bit
0 I No pull-up
1 Pull-up
-— Port-related registers selection bits
od B B
0 0 0 :PortPA
0 0 1 ! Port PA direction register
0 1 0 PortPB
[ | ! Port PB direction register
10 0 :Port0
11 ? >]( } * Not available

— Not used(returns “0” when read)

Fig. 5 Structure of System bus port control register

MITSUBISHI
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(1) Port PO (2) Ports P1,, P1,
Port PO pull-up set bitD ;—i?
o 7 Port P1 puli-up set bit:D {j
Direction
B| register l _Do—‘g
Local % 40
data bus
tocal | 1 —5
data bus M 1
Y
System data bus (—Q
(3) Port P1, (4} Port P1,
Part P1 pull-up SE‘,,L‘DH? Port P1 pull-up set bit:D »__?
Direction ; Direction

:—’r* i ~ Rase D—‘j’

Local Local | ﬁ:>>_1

data bus | TLFH 'a‘°“ 1 data bus™ $>{_Port fatch ]
Y
Interrapt input e@-# External clock inpul«—@-
(5) Ports P1,-P1g (6) Ports PA, PB
Port P1 pull-up set '&D—{j Port PA/PB puil-up set bit{— j
l
|
Direction L Direction
register register FD'—‘ ﬁ
}“’—O % 30
Local __| System D’J
data bus M data bus_ Pon latch ] 1
Transmission control signal input «—@J
Fig. 6 Port block diagram
2—690 MITSUBISHI
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INTERRUPTS
A total of 14 sources can generate interrupts: 2 system bus,
1 external, 10 internal, and 1 software.

Interrupt Control

Each interrupt is controlled by an interrupt request bit, an
interrupt enable bit, and the interrupt disabie flag-except
for the software interrupt set by the BRK instruction. An in-
terrupt occurs when the corresponding interrupt request
and enable bits are “1” and the interrupt disable flag is “0”".
Interrupt enable bits can be set or cleared by software.
Interrupt request bits can be cleared by software, but can-
not be set by software.

The | flag disables all interrupts except the BRK instruction
interrupt.

Interrupt Operation

When an interrupt is honored, the contents of the program
counter and processor status register are automatically
stored into the stack. The interrupt disable fiag is set to in-
hibit other interrupts from interfering. The corresponding in-
terrupt request bit is cleared and the interrupt jump des-
tination address is read from the vector table into the prog-
ram counter.

Table 1. Interrupt vector addresses and priorities
Vector address (Note 1) Interrupt request
Interrupt source Pnonty — - e Remarks
I ~_High tow __generating conditions |
| Reset (Note 2) 1 FFFD | FFFCi | At reggz N | Non- maskable : B
UART1 receive 2 | FFFB. FFFA At completion of UARTT re-
o o L s o B _| ception
At leti T
UART2 receive 3 FFF9ys FFFBig completion of UARTZ 'eT
ception
T Wﬁ\— T - o ) TAt completi f I T
UART3 receive Loy FFF7.s FFF61s compietion o UARTS re- |
J S R S % _jeeption S
IPC mode register 0 5 FFF5,5 |  FFFa At writing into IFC mode regis-
it i/ S P A - _| ter O from systern data bus |
i - § S
IPC error register 0 ° 6 | FFF34s j FFF246 At reading IPC error register 0
| o R o _jfrom system data bus B
[Timerx 17 FFFIe 7# FFFOc | Attimer X underflow -
| Timer 1 ,I, 8 | _FFEFw  FFEEs _Attimer 1 underflow
EI!,'“E', 2 L9 FFEDws . FFECis  Attimer 2 underflow
| Timer3 | 10 | FFEBy ”i _FFEAig | Attimer 3 underflow - T
UART? transmit 11 FFE9e |  FFEBis At UAAT1 - transmit  bufer |
o g o o s . ‘f’ L emptymg ~ . _
UART2 transmit 12 FFE7,c ; FFE6. At UART2 transmit  buffer
. o o lm e I L emptying e
UART3 transmit | 13 | FFES, FEEd,q At UARTS transmit — buffer
T 7* O T . . emptying L |
INT f 13 FFE3,, FFE2,6 | At detection of rlslng edg(= of‘
o o o o ) o INT input - - |
BRK instruction 15 ! FFDDye FFDCie At BRK instruction execution ‘ Nor: maskable software inter-
. rup
Note 1 © Vector addresses contain interrupt jump destination addresses.
2 : Reset function in the same way as an interrupt with the highest priority.
MITSUBISHI 25
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Interrupt request bit ———f
Interrupt enable bit ——

Interrupt disable flag (1) ——

BRK instruction
Reset

Interrupt request

]

Fig. 6

Interrupt control

Interrupt request register 1

( REQ1: address 003C,s)

UART1 receive interrupt request bit
———— UARTZ receive interrupt request bit
—— " UARTS3 receive interrupt request bit
———————IPC made register 0 interrupt request bit
IPC error register 0 interrupt request bit
— Timer X interrupt request bit
Timer 1 interrupt request bit

Timer 2 interrpt request bit

0
Interrupt control register 1

\ (ICON1: address 003E )

UART1 receive interrupt enable bit

\ ~~ UART2 receive interrupt enable bit
——— UART3 receive interrupt enable bit
————-—=|PC mode register Q interrupt enable bit
—~————"IPC error register 0 interrupt enable bit
-———— Timer X interrupt enable bit
————Timer 1 interrupt enable bit
Timer 2 interrupt enable bit

7 0
m X | Interrupt request register 2
T L (IREQ2: address 003D)
— Timer 3 interrupt request bit
~ " UART1 transmit interrupt request bit
- UART2 transmit interrupt request bit

—————— UART3 transmit interrupt request bit
—— ——— INT interrupt request bit

|
L

Not used (returns “0" when read)

0 : No interrupt request issued
1 ! Interrupt request issued

Interrupt control register 2
(ICONZ2: address 003F )

— Timer 3 interrupt enable bit
L T UARTI1 transmit interrupt enabie bit
L T 77T UART2 transmit interrupt enable bit
— 7 UARTS3 transmit interrupt enabie bit
| T7T 7T INT interrupt enable bit

t——————————— Not used (returns “0" when read}
(Do not write “1" to this bit)

0 : Interrupts disabled
1 Interrupts enabled

Fig. 7

Structure of interrupt-related registers
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TIMERS

The 3888 group has 4 timers: timer X, timer 1, timer 2, and
timer 3.

The timers count down. Once the contents of a timer coun-
ter reache “004¢", the next count pulse reloads the contents
of the corresponding timer latch into the timer, and sets the
corresponding interrupt request bit to “1".

The division ratio of each timer or prescaler is given by
1/(n+ 1}, where n is the value set in the corresponding
timer or prescaler latch.

Timer 1, Timer 2, and Timer 3
The count source of prescaler 123 is the oscillation fre-
quency divided by 16. The output of prescaler 123 is
counted by timer 2 and timer 3, and a timer underflow sets
the corresponding interrupt request bit.

Timer X
The count source of prescaler X is the oscillation frequency
divided by 16. The output of prescaler X is counted by tim-
er X, and the timer X underflow sets the timer X interrupt
request bit.

Prescaler X latch(8)

Oscillator Divider

1/16 1 Prescaler X(8)

Timer X
-— interrupt

request bit

|Prescaler 123 latcn(8)

'.’ 4
Prescaler 123

Timer 3 latch(8

Timer 3(8)

Timer 1 Timer 2 Timer 3
interrupt . interrupt interrupt
request bit request bit request bit
Fig. 8 Timer block diagram
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UART

The 3888 group contains three channeis of UART's (UARTI
(i=1, 2, 3)). Functionally, they are all equal and can be
separately operated. Each channel includes following:

® Transmit output pin TxDi

® Receive input pin RxDi

@ Transmit control input pin CTSi

® Receive/Transmit shift register

® Receive/Transmit buffer register

® UARTI control register 1

® UARTI control register 2

® UARTI status register

® Divider for baud rate generation

It aiso has a CLK pin (the input pin of the external clock for
baud rate generation) which is shared by three channels.
The CTSi or CLK shares the same pin position with the port
P1. An interrupt request can occur on each channel inde-
pendently when the reception or transmission is completed.
Because the differences between the channels are only pin
numbers and internal addresses, the foliowing description
uses UART1 for reference.

Data Format

A data format for reception or transmission can be selected
by setting the following bits:

® Parity enable bit (PARE)

® Parity selection bit (PARS)

® Character length selection bit (CHAS)

® Stop bit length selection bit {STPS)

Parity generation or detection is performed by hardware,
When the character length is specified in 7 bits, “0” is read
from bit 7 of the receive buffer register at receiving and the
value of bit 7 in the transmit data is not transmitted.

When the stop bit length is specified in 2 bits, only the first
stop bit is checked at receiving.

CRC

When transmitting or receiving multiple characters in a
lump {block data), the CRC (Cyclic Redundancy Check)
method can be used for error detection.

The generating polynomial is shown below:

PO == X® 4+ X* + x* 4+ X2+ 1

The target data for CRC does not include the start bit, stop
bit and parity bit.

To use the error detecting function of the CRC method, it is
necessary to control the start and end of the block data by
software.

The transmitter side transmits BBC (Block Check Charac-
ter {Note 1)) after completion of the block data transmis-
sion.

The receiver side detects the completion of the block data
reception by software, and detects whether or not any error
exists, by the CRC remainder (Note 2) at that point of time.
Take the following items into consideration when using the
CRC method.

® Specify data length in 8 bits.

® A patity bit can be appended.

Note 1 Generated by the CRC coding circuit.

Note 2 . Generated by the CRC decoding circuit.

Receive butfer regi

| [LUARTi status register_ |

Transmit buffer register

Receive bufter ‘egisteri

RxDi

O—>{Start bit detection

Receive sb ft regnslerF—

=1 Receplion ¢ ntrot ¢ r:ultF

E Transmit shift register

CRC coding

TxDi

CRC decor @—J UiBRG output

'I' 1/16 circuit
CTSi
Transmission O
control circuit (_®|‘
J A CTs pin function selection bit
UARTi control register 1 | I

I UARTI control register 2 I

Fig. 9 UARTi block diagram
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[Transmit operation]

When data (to be transmitted) is written into the transmit
buffer register after writing “1” in the transmit initialize bit
(MR), the data to which the start bit (or parity bit depend-
ing on transmission condition setting) and the stop bit are
appended is transferred to the transmit shift register. The
transmit shift register begins shifting when it becomes
transmit enable status (refer to Table 2) and transmits se-
rial data from the TxDi pin.

In the transmit enable status, each time transmission of the
stop bit of the serial data being transmitted has been com-
pleted, it is checked whether the next data has been writ-
ten to the transmit buffer register. If next data is found writ-
ten, transmission of that data begins. If next data is found
not written, TxDi pin is held at “H” level until the next data
is written, setting the transmitter empty flag (TEMP" to “1”.
When the transmit enable status is reset durirg transmis-
sion, the transmission is stopped after completing the trans-
mission of the data already written into the transmit buffer
register.

When the transmit initialize bit (MR) is “0”, transmitter side
is in the initial status (Note 3). At this time, the transmitter
ready flag (TxRDY) is “1” and the transmitter empty flag
(TEMP) is “1”, and the transmit shift register is at a stop.

Note 1: When the transmitter ready flag (TxRDY) is “1”,
data can be written into the transmit buffer regis-
ter. After data is written into the transmit buffer
register, the transmitter ready flag (TxRDY) be-
comes “0".

Note 2 : Each time data is transferred from the transmit
buffer register to the transmit shift register and the
start bit is output from the TxDi pin, the transmitter
ready flag (TxRDY) becomes “1" and the UARTI
transmission interrupt request bit is set to “1”. An
interrupt is honored when the UARTI transmission
interrupt enable bit is “1” and the interrupt disable
flag (1) is “0".

Note 3 : When the transmit initialize bit (MR) is cleared to
“0" during transmission, the transmission breaks.

Table 2, Conditions of transmit enable status

TE CTSE { _7QT:S pin input level 1 Transmit enable status |
o x - _enabled
v, T aisablea |
e LY ___.enabled
0 | X X disabled

TE * Transmit enabte bit
CTSE © CTS pin tunction selection bit

Transmit clock :

UiBRG -
output ) :
Transmit buffer 1
register write : " : : H H : : H
signal - -

: U T

TEMP |

UARTI interrupt request :issuec

UARTi interrupt request issued

TxDi \ Start bit ‘ Dy x

\_ staroit [ o

Stop bit Stop bit
CTSi l
Fig. 10 UARTi transmit operation
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[Transmit Operation Using CRC Method]
During transmission using the CRC method, the first block
data is transmitted and then BCC is transmitted.

When the transmission of the block data is started, the CRC
coding circuit (Note 1) is initialized by writing “0" in the
transmit initialize bit (MR), and the first data of the block
data is written into the transmit buffer register after the
transmit initialize bit (MR) is reset to “1”. However, if the
previous transmitted data is BCC, the CRC coding circuit is
automatically initialized.

The transmission of each data of block data is performed in
the same way as ordinary transmission (without using the
CRC method).

By writing “1” in the BCC transmission start bit (BST) after
the last data of the block data is written into the transmit
buffer register, the BCC is transmitted after the start bit (or
parity bit depending on transmission condition setting) and
stop bit are appended to the 8-bit CR( remainder that is
held internally (Note 2).

At this time, it is not necessary to wait until the transmitter
ready flag (TxRDY) is set to “1”,

During transmission using the CRC method, when BCC has
been transmitted, the transmitter empty flag (TEMP) be-
comes “1”. The data to be transmitted following BCC is
written into the transmit buffer register after the transmitter
empty flag (TEMP) becomes “1".

If data is written into the transmit buffer register during the
period from the writing to “1” in the BCC transmission start
bit (BST) untit the completion of BCC transmission, the
written data is invalid and the transmission stops at the
completion of BCC transmission.

The receiver side must initialize the CRC decoding circuit
by software between the reception of BCC and the recep-
tion of next data. Therefore, the transmitter side must exert
control to put a necessary interval between the transmis-
sion ¢f BCC and the transmission of next data by software.
The CRC coding circuit is initialized by resetting.

Note 1 The CRC coding circuit performs division with the
generating polynomial for data (to be transmitted)
as well as transmission and always holds its re-
mainder in the internal register.

Note 2 ! The BCC value to be transmitted cannot be read
out.

Transmit clock

Transmit buffer register

write signai
BST write signal

D1 D2 m

TXDi f{ I T T

| L BCC |

TxRDY

TEMP L

| D2

P ‘ s

E

Automatically clear signal

N

for CRC generating circuit

Note. Data format o this example : character data has a length of 8 bits. Parity disabied and 2 stop bits.

Fig. 11 UART transmit operation (CRC method)
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[Receive Operation]

When “1” is written into the receive enable bit (RE), the
3888 group is put into the receive enable status (Note 1).
When a start bit is detected (Note 2), the data bits (and
also the parity bit depending on reception condition
setting) are taken into the receive shift register. When a
stop bit is detected, the reception of 1-byte data is com-
pleted (Note 3), and then the data is transferred to the re-
ceive buffer register.

When the receive enable bit (RE) is cleared to “0”, the
3888 group is put into the receive disable status. At this
time, the receive buffer empty flag (RBE) is “1” (empty
status), the receive butfer full flag (RBF) is “0”. the receive
shift register is at a stop, and start bit detection is stopped.

Receive Buffer Register

The receive buffer register is a FIFO type 2-byte (address
1 and address 2) register. A write/read operation is per-
formed for the address specified by the write address poin-
ter/read address pointer. (For resetting, the write address
pointer/read address pointer points to address v

Each time received data is written into the receive buffer
register, the write address pointer is reversed. Accordingly,
2-byte data can be written. Each time the receive buffer
register is read, the read address pointer is reversed.
Accordingly, 2-byte data can be read out by reading the
contents of the receive buffer register (UiRB) twice.

Table 3. Relationship between status flags and status of
recelve buffer register

(Unit : byte)
RBE ' Receive buffer empty flag
RBF : Receive buiter full flag

Error during Data Reception
When an error occurs during data reception, the corres-
ponding error flag is set to “1” but has no effect on the re-
ceive operation. Every error flag can be reset by writing “1”
into the error reset bit (ERST).
@ Overrun error (Flag OE)
When the next data has been received while there re-
mains 2-byte data to be read in the receive buffer regis-
ter, an overrun error occurs. To initialize the receive buf-
fer register, clear the overrun error flag (OE) to “0” and
also write “1” into the receive buffer clear bit (RBC).
® Parity error (Flag PE)
This error occurs when a parity error is detected in re-
ceived data.

® Framing error (Flag FE)
This error occurs when the first stop bit is detected as
L

interrupt Source Selection

When the receive interrupt source seiection bit (RIS) is

“0", the UARTI receive interrupt request bit is set to “1”

each time data is put into the empty receive buffer register.

Accordingly, the receive interrupt request can occur upon

reception of each 1-byte data.

When the receive interrupt source selection bit (RIS) is

“1”, the UARTI receive interrupt request bit is set to “1”

each time 2-byte data is arranged in the receive buffer

register. Accordingly, the frequency of occurrence of re-

ceive interrupt can be reduced.

Note 1 . When no data is received, “H” is input to the RxDi
pin.

Note 2  When a falling edge is input to the RxDi pin, sam-
pling is performed with a frequency clock that is
16 times as large as the baud rate. At this time, if
an “L.” input is detected 2 times continuously, the
start bit is detected. Furthermore, sampling is per-
formed 3 times, approximately in the middie of the
“Start bit". (Refer to Figure 12. ) At this time, if “L"
is detected twice or more, data reception is
started and data bits are taken into the receive
shift register. If “L” is not detected twice or more,
the processirg is returned to start bit detection.

Note 3 I To judge the value of data bits, parity bit or stop
bit, sampling is performed 3 times each in the
middle of each bit period. When “L” or “H" is de-
tected twice or more, each is judged as “0” or “1”.
(Refer to Figure 12. )

Note 4 : When “1” is written into the receive buffer clear
bit, both of the write address pointer and the read
addrass pointer are cleared to address 1.

MITSUBISHI
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[Receive Operation Using CRC Method]

At data reception using the CRC method, the completion of
the block data and BCC reception is detected by software.
Whether or not any error exists in the received data is de-
tected by the contents of the CRC status flag (CRCSTS).
At a start of the block data reception, the CRC decoding
cricuit (Note 1) is cleared by writing “1” into the receive
buffer clear bit (RBG). At that time, the CRC status flag
(CRCSTS) becomes “1” and the receive buffer register
and receive status flags (RBE, RBF) are initialized.

When the CRC status flag (CRCSTS) (Note 3) is “0" after
completion of BCC reception (Note 2) following the block
data reception, this is regarded as no error. Otherwise, it is
regarded as an error.

The CRC decoding circuit is cleared by resetting.

Note 1 The CRC decoding circuit performs division on the
received data with the same generating polyno-
mial as that on the transmitter side, and transfers
the result to the CRC status flag (CRCSTS) upon
receipt of each stop bit.

Note 2 : Received BCC is held in the receive buffer regis-
ter like other received data. Accordingly, discard
BCC by software. (Perform a dummy read opera-
tion or write “1” into the receive bufier clear bit
(RBC) to clear the receive buffer register.)

Note 3 The CRC status flag is updated upon receipt of
each stop bit. Accordingly read the CRC status
flag in the period from receipt of BBC until receipt
of the stop bit of the next data.

AxDi —l

Start bit ‘ Do XD,

Stop bit \ Start bit

———

UIiBRG output

p 3 ‘
celection detection;

oA A.....
Bit detection:

Receive clock

Sampling stop bit}

Bit detection:

|

“Ln L
detection detection:

RBE

PE

Transier to receive

!

buffer register:

UARTI reception

interrupt reguest bit

Receive buffer

CRCSTS

ABC write signal

register read signal Read
Fig. 12 UART receive operation
Receive clock RALRRRDRNY RERDUUUGRND DORRORELL
RxDi L[ D | D, J: U BCC §
RBE L f
RBF ] —
Receive buffer | I
register read signal D, H D, H

Note. Data format of this example  Character data has a length of 8 bits. Parity disabled and 2 stop bits.

Fig. 183 UART receive operation(CRC method)
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CTSi Pin

This is an input pin for transmission controi cf the UARTI
and also used as the port P1. For transmissior: control, set
the CTSi pin function selection bit to “1” so that the CTSi
pin may be used as a transmission control input. By input-
ting the “L” level to the CTSi pin on the transmitter side
when the data receiver side is put into the receive enable
status, the transmission from the transmitter side is en-
abled, so that data is output from the TxDi pin. To set the
transmit enable status, the transmit enable bit must be “1".

UARTI Divider for Baud Rate Generation
(UIBRG)

This is an 8-bit programmable divider to generate baud
rate for transmission or reception.

When the set value is N (0 to 255), the division ratio be-
comes 1/(N-41). A count source is selected from the follow-
ing by the division ratio selection bit of BRG{ERi) and the
BRG clock selection bit (EXi).

® Xy clock

® Xy clock divided by 32

® External clock input from the CLK pin

When X is selected as a count source, do not set “00,¢” in
the UiBRG. Set 4.0MHz (duty : 40-60%) or less as an input
clock frequency when selecting the external clock. The
transfer rate of data (to be transmitted or received) is 1/16
of the UIBRG output. Before writing data into the divider for
baud rate generation, clear the receive enatle bit and the
transmit initialize bit to "0”.

Table 4, Baud rate

B F;XW,VBB%V — Baudrate(bps) _ ]
N Tox N1

KR T
vl TexNED

EX : BRG clock selection bit
BR : Division ratio selection bit of BRG

UARTi Transmit Buffer Register (UiTB)

The data written in the transmit buffer register is transfer-
red to the transmit shift register when the transmit shift re-
gister becomes empty, and is transmitted out from there.
When the transmit shift register is empty during transmis-
sion, the data to be transmitted next can be written into the
transmit buffer register.

UARTi Receive Buffer Register (UiRB)

The receive buffer register is a FIFO type 2-byte register.
Reading can be held up to the time when 3-byte data has
been received. This register can also read received data in
the order of reception at any timing. However, when an
overrun error occurs, already received data is lost. In this
case, initialize the receive butter register.

UARTi Control Register 1(UiCON1)

Only writing is enabled for the UARTi contral register 1.
Use the LDM or STA instruction to set a value in the UARTI
control register. (If the CLB or SEB instruction is used,
values other than the specified bit become undefined.)

UARTi Control Register 2(UiCON2)

Both reading and writing are enabled for the UARTI control
register 2. However, when reading the following bits, “0” is
always read .

® BCC transmission start bit (BST)

® Receive buffer clear bit (RBC)

® Error flag reset selection bit (ERST)

UARTi Status Register (UiSTS)
Only reading is enabled for the UARTI status register.

CLK

O
LCPRG clock selection bit

@ —-0
Xin 2 Division ratio selection
1/32 bit of BRG prescaler

Baud rate counter —3> UiBRG output

Baud rate register

Fig. 14 BRG block diagram
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7 0 UARTI control register 1

] | | (UICON 1 : addre-ss 0009, 000D,

‘ ‘ or 0011,6)
|
; Character iength selection bit( CHAS)

\ l 0 . 8 bits
1.7 bits

Parity enable bit( PARE)
0 ! Parity checking disabled
1 : Parity checking enabled

Parity selection bit( PARS}
0 : Even parity

1 7 Odd parity

e Stop bit length selection bit(STPS)
0 : 1 stop bit
1 2 stop bits

L——-——--—— Division ratio selection bit of BRG
prescaler(BR)
0 f(Xu)
1 f(Xn) /32

b e BRG clock seleciion bit(EX)
0 Internal clock
1 ' External clack

(7§ pin function selection bit(CTSE)
0 : CTS pin is invalid
1 : CTS pin is valid

L e Notused

7 0 UARTI status register
(UiSTS : address 0009, 000D,

L or 0011,5)
— Transmitter ready flag{ TxRDY)
0 ! Transmit buffer register is full

—— Transmitter empty flag’ TEMP)
0 : Transmission in progress
1 Transmission completed

— Receive butfer ful flag RBF)

buffer regitter

.- Receive buffer empty flag(RBE)
0 I Received cata
1 ! No receive 1 data

' -~ Qverrun error fiag! OE}
0 ' No overrun error
1 ! Overrun error

o Parity error flag(PE)
0 ! No parity eiror
1 ! Parity error

L——— . Framing error( FE
: 0 : No framing error
1 ! Framing error

CTS status flag{ CRCSTS)
0 : Normal in b ock data reception

1  Abnormal ir block data reception

7 0 UARTI control register 2
| *] (UICON 2 : address 000A ¢, 000E g,

T I Transmit buffer register is empty.

0 : No data or !-byte data in receive

1 ! 2-byte date in receive buffer register

or 0012,4)

i \ — Transmit enable bit(TE)
0 : Transmitter disabled
1 ! Transmitter enabled

L —— Receive enable bit(RE)
0 ! Receiver disabled
1 ! Receiver enabled

-~ Transmit initialize bit{ MR)
0 : CRC coding circuit is intialized.
1 Transmitter enabled

—————— BBC transmission start bit(BST)
) BBC transmission is started when
! writing “1” in BST.

|

L Receive buffer clear bit(RBC)
Receive buffer register is initialized
when writing “1" in RBC.

‘— ————--— Error flag reset selection bit{ ERST)
All error flags are cleared to “0” when
writing “1” in ERST.
~————— -————— Reception interrupt source selection
bit(RIS)
0 . Interrupt when clearing receive
butter empty flag to "0”

1 I Interrupt when setting receive
buffer full flag to “1”

- ————-———— Not used(returns “0" when read)

Fig. 15 Structure of UART-related reyisters
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Bus Interface
The host CPU can access the dual port RAM and registers
arranged in the address space of the system bus through
the bus interface. The bus interface is provided with
address pins Ag to A;, data pins DQg to DQ;, and 5 control
pins S, R, W, BM and INTR. These pins, except the BM pin,
can be directly connected to the TTL (BM pin . The input
levels are CMOS compatible). When “L" is input to the BM
pin, the bus interface enters the RD/WR signal separate
connection mode. When “H” is input to the BM pin, the bus
interface enters the MITSUBISHI 16-bit microcomputer
7700 series connection mode.
® RD/WR signal separate connection mode

w Memory write pulse

R Memory read pulse
® 7700 connection mode

R/W  Data bus direction specification

E Bus enable pulse
Fig. 17 shows the bus interface block diagram.
When “L” is input to the S pin, writing/reading from the sys-
tem bus is enabled.
When “H" is input to the S pin, both writing and reading
from the external are disabled. At this time, the output of
the data pins DQy to DQ; is floating.
Addressmg is performed by the address pins A¢ to A;.
When W pin is set to “L” in the RD/WR signal separate
connection mode, the contents of the data pins D, to D; are
written at the specified address. When the R pin is set to
“L”, the contents at the specified address are cutput to the
data pins DQq to DQ;y.
When the R/W pin is set to “L” and the E pin is set to “L" in
the 7700 connection mode, the contents of data pins DQq to
DQ; are written at the specified address.

When the R/W pin is set to “H" and the E pin is set to “L”,
the contents of the specified address are output to the data
pins DQq to DQ;.

Fig. 16 shows the arrangement of the DPRAM and registers
corresponding to the system bus.

00¢s

Dual port RAM
(216 bytes)

D716
D8, [IPCr mode e register O(IPCMO)
D9is | IPC mode > register 1(IPCM1)

DAis | IPC mode register 2(1PCM2)

D816 | IPC C mode register 3(IPCM3)

DCqs | tPC error reglst;a@é@?z
DDye | IPC error r

tpcent)
DE;s [IPC e errorreglster (IPCER?2)

DFyg ister 3(IPGER3)
EQg T T
Access flag
(216 bits)
FAqg

FBis | Do not acgess )
FCis | Do not access
FDie | IPC > semaphore reglster(SEM)

FEis | System bus port data register(SP)

FF,5 | System bus port control reglster(SPCON)

Fig. 16 DPRAM and registers arrangement
(corresponding to the system bus)

IPC error register 0 (8) IPC mode register 0(8) Access flag Dual port RAM IPC semaphore
IPC error register 1 (8] 1PC modde register 1(8) 216 bits i

. register(7)
IPC error register 2 (8) IPC mode register 2(8) 216 bytes
IPC error register 3 i8) IPG mode register 3(8)

fa 8

System data bus -

8 T7
A I

8

L Bus interface

YRR

INTR B8M
(E) (n/w)

RES

Ag-A; DQU DQ;
() : Pins in the case of BM= “H"

Fig. 17 Bus interface block diagram
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Dual port RAM

The dual port RAM has a total capacity of 216 bytes and
permits reading and writing at any tim:-ng from both buses
(system data bus and local data bus). Dual port RAM is
arranged at addresses 0500, to 05D7,,. for access from the
local data bus, and at addresses 00y¢ to D7, for access
from the system data bus. Fig. 18 shows the dual port RAM
arrangement in the zero page area.

When access occurs simultaneously from both buses, the
operation shown in Table 5 is performed by the arbitration
circuit. When the dual port RAM is read or written from the
system data bus, the effective addresses are system bus
addresses at the falling time of R or W (E in the 7700
mode).

It is also possible to arrange a part of the dual port RAM at
0060, to 007F,¢ in the zero page area on the local data
bus side in units of 32-byte blocks. A: this time, the zero
page RAM and dual port RAM are overiapped at 0060, to
007F,¢. However, it is possible to read or write specified
blocks of the dual port RAM, white reading or writing of the
zero page RAM is inhibited. Blocks to be arranged are
specified by using the DPRAM map recister

The contents of DPRAM map register becomes “07,¢" at
reset.

Addresses for access
from local data bus
Dual port RAM[ 006016 Blook 1 v -
4 (L
r 0080,
RAM
L XXXXe| . ]
[ 050046
Dual port RAM | 052016 Blodk 1 ?Z _J
054046
L 05D7,4 _

Addresses for access
from system data bus

Addresses for access
from local bus

0046 05006
Block 0
2046 T 052045
Block 1
4046 0540,
Block 2
60,5 R T 056046
Block 3
80 | CoT 0580,
Block 4
Al T 05A0,¢
Block 5
FeY SR FS———
Ors Block 0’ 05C0:s
C4 - 05C4
1 Block 1' 1
c8 T o
1 Block 2 05C8s
Cre Block 3 05CCre
DOyg T 05D0
16 Block 4 16
Dd,g T T 0504,
D7.¢ Block 5 05D7,,

Fig. 19 Dual port RAM memory map

7 0

LI 1 L

DPRAM map register
(DPRM : address 001E )

T T
i L--LL— Transfer block set bits
! 000 : Block0

1 01 : Block1

10 ! Block2

11 [ Block3

0 0 : Block4

01  Blocks

10 } Zero page area has priority
1 over Block 0 to 5

Not used(returns “0” when read)

|
\
AL

Fig. 18 Dual port RAM arrangement in zero page area

Fig. 20 Structure of DPRAM map register

Table 5. Data after accessing the same address from system and local data buses simultaneously

Bus operationﬂ_ o [
_ System data bus Local date bus |
| Read _ Read ’
Read Write L
- S S . R to writing
Write Read
_ R e =
Write Write !

___Systemdatapusside [
4 . __Corectdata_ |
[Correct data precedent/subsequent ;
i i
|

'

I

Data wr:tten

Local data bus side _
__Correct data _

Data written

data precedent/rsﬁgswéat;entr
o to writing
Data written into dual port RAM later
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Access Flag
This flag aims at arbitrating dual port RAM access. A 1-bit Local bus System bus
access flag is assigned to 1 byte of the dual port RAM. address address 7 6 5§ 4 3 2 1 0
All flags comprise 216 bits (27 bytes). Fig. 21 shows the 004046 EQs 07 1 06 : 05 | 04 | 03 | 02 01 ' 00
correspondence between dual port RAM addresses and 004145 Bl % ]
access flags, as viewed from the system data bus side. °°:2‘5 :2'5 ; ; ;
The access flags can also be read from both system data 0043, :3'6 S ,‘D T
bus and local data bus. Ho writing is disabled 0044 Eéq | o712 25 24 20 2 21 20
us an 'oca ata .us. wever, ng is ' d. | 0045, £, 2F 26 a0 20 28 2a 20 28
When write access is made to the corresponding dual ;')olrt 0046, E6.6 87 8 35 ;34 0 33 : 3231 30
RAM from the system data bus or local data bus, each bit is Q047 15 €7, | 3F 3757‘3 30 3C 38 %A 30 38
set to “1”. When read access is made from the bus speci- 0048, EBys 477 ‘, 46 ; 45 I, 44 . 43‘ 42 e 40
fied by the direction register (explained next}. each bit is 00495 E9y6 4F | 4E | 4D | 4c © 4B - 4A 49 48
cleared to “0". 004A6 EAsg i 5 | 54 | 53 ' 52 - 51 50
The access flag is cleared to “0” by resetting. 004B,¢ EBs 5F : 5E ~ 5D : 5C ° 5B ' 5A 59 58
004C ¢ ECy : 62 7617 60
DPRAM Direction Register (DPRD) 004Dig  EDyg _BA 69 B8
This register specifies one of both buses from which each 004;‘5 :E's ; Z?,; 7o
. . F : i
bit of the access flag is to be cleared by reading. As shown 004F s e [ TA 79 T8
in Fig. 19 dual port RAM memory map, 1 bit of the direction 00501 FOw | 87 86 W B e ;&
in 9. 15 dual po N |y ) P. o thi . 005146 Fl | 8F 18E 80 8C ' 8B BA | 89 8B
re.eglster is assocnate?d wit block, an is register con- 0052, F2,, 97 | 96 : % | 9,4,,‘, ® 92 91 90|
sists of a total of 6 bits. 0053,  F3,, | 9F i 9E 9D 9C 9B 9A . 99 98
When the corresponding DPRAM direction register is “0”, 0054 Fa ,A7 A6 ' As A4 A3 a2 T A1 T A0
each access flag is cleared by reading from the system 00556 F5. AF . AE AD AC AB AA A9 T AB
data bus. When this register is “1", each access flag is 005616 Féi | B7 | BB Bsﬁrl ?i,' B3 . sﬁzﬁ: Bt . BO
cleared by reading from the local data bus. When writing 005745 F71 BF | BE BD:BG:BB'BA! B9 B8
from either of these buses, the access flag is se. 005845 F81s G7 L_Cﬂﬁﬁqu; ca :*703 (G2 C1 Co
The DPRAM direction register is cleared by resetting. 0059:¢ F8 | GF : CE : GD : CC : CB ,C,A 9 ©c8 |
005A,¢ FAse D7 . D6 | D5 D4 D3 D2 . D1 . DO
Fig. 21 Correspondence between dual port RAM
addresses and access flags
7 0
DPRAM direction register
1 ’ p (DPRD : address 001D,4)
! | ’ —— Block0 direction set bit
| !
‘ (R — Block1 direction set bit
\ ‘ L~~~ Block2 direction set bit
I ‘ - —--—— Block3 direction set bit
I
! s p— Block4 direction set bit
L — — —— Block5 direction set bit
e — -——— Not used{returns “0” when read)
0 I Clear access flag when read from system data bus
1 ! Clear access flag when read from local data bus
Fig. 22 Structure of DPRAM direction register
(viewed from system data bus side)
MITSUBISHI -
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Semaphore Register(semaphore flag : SEM)
This register is for handshaking of the host CPU and con-
sists of a 6-bit block semaphore flag and a ready flag.

The block semaphore flag can be read and written from
both system data bus and local data bus. Reading can be
performed in units of byte but writing can be performed
only in units of bit.

As shown in Table 6, a bit position to be written is specified
in the 3 low-order bits of data, and vaiue 1/0 to be written
is specified in bit 7.

The ready flag can be read and written from the local data
bus and can be read only from the system bus. Reading/
writing is performed in the same way as the block
semaphore flag.

When data is written into the IPC mode register 0 from the
system data bus, it is cleared to “0".

All the bits of the semaphore register aie cleared to “0” by
resetting.

IPC Mode Register (IPCMi (i==0, 1, 2, 3))
This register consists of 4 bytes, being &n 8-bit register that
can be freely set by the user.

This register can be read and written from the system data
bus, but can be read only from the local data bus.

This register is used to set a mode of the UART and others
from the host CPU through the system data bus.

When data is written into the IPC mode register 0 from the
system data bus, the ready flag of the semaphore register
is cleared to “0” and also an IPC mode register 0 interrupt
request occurs.

Semaphore register(address 001C,g)
(SEM : system bus address FD,;)

0
CTITTTO

Block semaphore flag bits
—— —————— Not used(returns “0” when read)
-~ ————-=-—-——— Ready flag bit

Fig. 23 Structure of semaphore register

Table 6. Example of writing to semaphore register

_ D T= - .| 1-bytedatatobe written into SEM
?Bn pcsition for wriﬁting" ﬂ'l'gigevarjiachryit’to 0" To set each bit to “1” -
. BtO 00, 806
S R S B 1P
_Bite 02 8216
L Bt3 | 0% 830 _
= S P .
Loooeits [T 05y 8
Bit 7, Ready flag) 0716 876
System data bus Local data bus
IPGMO '
IPCM1
-~ oo e e E—
IPCM2
Read/Write bled N T
enable IPCM3 Read only enabled

Fig. 24 Access to IPC mode register
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IPC Error Register (IPCERi (i=0, 1, 2, 3))

This register consists of 4 bytes, being an 8-bit -egister that System data bus Local data bus
can be freely set by the user. JPCERD

The register can be read only from the system data bus, ’*' IPCERT

but can be read and written from the local data pus. - S lF»’EE—F; S -
When access is made by reading the contents of IPC error Read only enabled S Read/Write enabled
registers 0-3 from the system data bus, only the bits from IPCERS

which “1” is read are cleared to "0” by hardware. When
reading from the local data bus, no value change occurs.
All the bits of the IPC error registers 0-3 are cleared to “0”.
When data is written into the IPC error registe: 0 from the
local data bus, the INTR pin becomes “H”. When the IPC
error register 0 is read from the system data bis, the INTR
pin becomes “L” and also an IPC error register 0 interrupt
request occurs. The INTR pin becomes “L" by resetting.

Fig. 25 Access to IPC error register

Caution

The IPC error register is designed on the assumption that
access is not made simultaneously from the local data bus
and system data bus. Accordingly, in reading this register
from the system data bus while writing is performed into
the IPC error register from the local data bus, take the fol-
lowing into consideration.

For writing from the local data bus, use the SEE or CLB in-
struction. If another instruction such as the LDM instruction
is used, the value read from the system data bus is unde-
fined. The value read from the system data bus is the data
precedent to writing from the local data bus or the data
subsequent to writing. In any case, a correct value is read.
However, judge by software whether it is the data prece-
dent to writing or the data subsequent to writing.

When access is made by a read modify write instruction
such as the SEB instruction from the local data bus and the
same register is read from the system data bus between
the read cycle and the write cycle, the bit being "“1” is
cleared to “0" regardless of the vaiue written from the local
data bus. The reason is that the 3888 CPU holcs the clear
signal of hardware until the next instruction is fetched. The
value read from the system data bus is one precedent to
writing in the write cycle of the local data bus.

ELECTRIC 2-705



MITSUBISHI MICROCOMPUTERS

3888 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

RESET CIRCUIT
To reset the 3888 group, RESET pin should be held at a “L”
level for 25 or more. Then RESET pin is returned to an “H”
level (the power source voltage should be between 4.5V
and 5.5V, and X,y oscillation width is stable), reset is re-
leased. Internal operation begins after 8 to 13 Xy clock cy-
cles are completed. After the reset is completed, the prog-
ram starts from the address contained :n address FFFDg
(high-order) and address FFFC,¢ (low-order).

Make sure that the reset input voitage is no more than 0.9V
for a power source voltage of 4.5V.

Poweron

A Note)

RESET Ve ;
Power source———" ;
——— AN voltage 0V ‘
" 7T Resel input /_
esel inpu : 5 oV
I voltage ov——t" oe

Note. Reset release voitage | Voc=4.5V

RESET Voo

_.Power source voltage
= },/ detection circuit

Fig. 26 Reset circuit

Regislers connacted to local data bus
1. Port PO diraction register
{2: Port P1 direction register
3. UART1 status register
4! UART1 conirof register 1
5) UART1 control register 2
6) UART? status regisier
71 UART2 controt register 1
8) UART2 control register 2
8i UARTS status register
100 UART3 control register 1
15 UART3 control register 2
12 1PC error register 0
13 1IPC error register 1
W IPC error register 2
1% IPC error register 3
18 Semaphore register
D DPRAM direction register
it DPRAM map register

{19 Prescaler 123

il

Timer 1
1 Timer 2
{2 Timer 3

o

Prescaler X

[}

Timer X

1

Local bus port pull-up register

8

CPU mode register

Interrupt request register 1

interrupt request register 2
9 Interrupt controt register 1
D) Interrupt control register 2
N Access flag

3

Processor status register

A3 Program counter

Regislers connected to system data bus
34 IPC error register 0
B9 IPC error register 1

13 IPC error register 2
Q0 IPC error register 3
B4 Access flag
3% Semaphore register
@ Port PA direction register
{4 Port PB direction register
@3 System bus port controt register

Note. — : Nat used
X ! Undefinad

(0040,4-008A,5)

(E0yaF Ag)

Local data bus
addresses G

(00016 00

Register contents

(000 7m)---[’— 4]

(0009,)|1/0]|0

(000 9‘6)"'[:v0
(oo A|5)"“

(000 Dm)“'j

(000D

(000E o
(001 1,50

(0011,

(0012,

(00 184)

(6019,
(001 A
(00 1B,
(001Ce)

(001D

(001E.,
(0030,
(0031,
(0032|.,)--~[:

(00334 7
(0034,
(0035,
(0039,

(00 3B}
(003G )
(003D,
(003E,0-]

(00 3F,q)

P8y~

(PCy- .7&;‘J

(P(:L)...EmiTj
mr:':s::s Register contents

(DG o)

(DD g)

(D E )

{DF )

(FDyg)
{(FE )

* : The initial valve of this bit is determined by the leve! at the
CNVss pin. in the 3888 group, the CNVss pin is connected to
Vss. Thus this it is set to “0” after a reset.

The contents of all other registers and RAM are undefined after a

raset, so they must be initialized by software.

Fig. 27 Internal status of

microcomputer after reset
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Xaw N pEpEgEy

s S 1 o Y TNy Y s T T o O o N oy D o B

RESET

RESETour

(internal reset)

SYNC —

Local address X 7E X T X 7 X 7 XFFFCW

Local data XXX T XX X ADM Reset address from vector table
Note 1 Xy and ¢ are in the relationship: #{(X,y)=2-4(#)

8 to 13 clock cycles 2! A question mark ( ? ) indicates an undefined status that depends on the

previous status.

Fig. 28 Timing of reset
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CLOCK GENERATING CIRCUIT

An oscillation circuit can be created by connecting a re-
sonator between X,y and Xgyr. Use the circuit constants in
accordance with the resonator manufacture's recommended
value. When using an external clock signal, input the clock
signal to the X,y pin and leave the Xy pin open.

Oscillation Control

When the STP status is released, timer 1 interrupt re-
quest occurs sirulaneously with the corresponding in-
terrupt request occurrence, so set the timer 1 interrupt
enable bit to “0” before the STP instruction is ex-
ecuted.

(1} Stop Mode
When the STP instruction is executed, oscillation stops
with the internal clock ¢ at “H”. Timer 1 is set to “01;¢”
and prescaler 123 is set to “FF".
Oscillation restarts when an exteraal interrupt is hon-
ored, but the internat clock ¢ remains at “H” until timer
1 underflows.
This allows time for the clock circuit oscillation to sta-
bilize. If oscillation is restarted by 1 reset, no wait time
is generated, so keep the RESET pin at “L” ievel until
oscillation has stabilized.

Xin Xour

Al
* 3

(2) Wait Mode Fig. 29 Ceramic re t ircuit
. . . . .2 sonator circ
When the WIT instruction is executed, the internal reut
clock ¢ stops at a “H” level, but the oscillator itself
does not stap. The internal clock restarts if a reset
occurs or when an interrupt is hono-ed.
Since the oscillator does not stop, normal operation can
be started immediately after the clock is restarted. Xin Xout
To ensure that interrupts will be nonored, to release I
the STP or WIT state, interrupt enavle bits must be set Open
to “1” before the STP or WIT instruction is executed.
VCC
External oscillation
circuit v
88
Fig. 30 External clock input circuit
Interrupt request
Interrupt disable _@—L 1
flag (1) - s Q s q Q s Reset
Reset —J7
STP ins:ruction R wIT —] R |-—STP instruction
instruction
D Internal clock ¢
I ) 1/8 I—LPrescaler 12r|_Uimer1 FhJ
s Rd
L 1\ Reset or STP instruction
Xin Rf x ur FFie 0146
Fig. 31 Block diagram of clock generating circuit
e .\%‘
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a
reset are undefined, except for the interrupt disable flag (1)
which is “1”. After a reset, initialize flags which affect prog-
ram execution.

In particular, it is essential to initialize the index X mode
(T) and the decimal operation mode (D) flag because of
their effect on calculations.

Interrupts

The contents of the interrupt request bits are not modified
immediately after they have been written. After writing to an
interrupt request register, execute at least on2 instruction
before executing a BBC or BBS instruction.

Decimal Calculations

To calculate in decimal notation, set the decimal mode flag
(D} to “1”, then execute an ADC or SBC instruction. Only
the ADC and SBC instruction yield proper decimal results.
After executing an ADC or SBC instruction, execute at least
one instruction before executing a SEC, CLC, or CLD in-
struction.

In decimal mode, the values of the negative (N), overflow
(V), and zero (Z) flag are invalid.

The carry flag can be used to indicate whether a carry or
borrow has occurred. Initialize the carry flag before each
calculation. Clear the carry flag before an ADC and set the
flag before an SBC.

Timers
If a value n (between 0 and 255) is written to a timer latch,
the frequency division ratio is 1/(n+1).

Multiplication and Division Instructions

The index X mode (T) and the decimal mode (D) flag do
not affect the MUL and DIV instruction.

The execution of these instructions does not moadify the
contents of the processor status register.

Ports

The contents of the port direction registers cannot be read.

The following cannot be used :

®the data transfer instruction (LDA, etc.)

@ the operation instruction when the index X mode flag (T)
is “1”.

® the addressing mode which uses the value of a direction
register as an index

® the bit-test instruction (BBC or BBS, etc.) tc a direction
register

® the read-modify-write instruction (ROR, CLB, or SEB,
etc.) to a direction register

Use instructions such as LDM and STA, etc,, to set the port

direction registers.

Instruction Execution Time

The instruction execution time is obtained by multiplying
the frequency of the internal clock ¢ by the number of cy-
cles needed to execute an instruction.

The number of cycles required to execute an instruction is
shown in the list of machine instructions.

The frequency of the internal clock ¢ is half of the X,y fre-
quency.

ALY
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DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM
production:
1. Mask ROM Order Confirmation Form
2. Mark Specification Form
3. Data to be written to ROM, in EPROM form (three
identical copies)

PROM PROGRAMMING METHOD

The built-in PROM of the blank One Time PROM version
and built-in EPROM version can be read or programmed
with a general-purpose PROM programmer using a special
programming adapter.

Set the address of PROM programmer in the user ROM
area.

| ~ Package 1, _Name of Programming Adapter
| 64P4B,6451B
| 64PEN-A ____PC o
_64PeS-A | PCA4738G-64
64D0 T PCAA4738L-64A o

The PROM of the blank One Time PROM version is not
tested or screened in the assembly process and following
processies. To ensure proper operation after programming,
the procedure shown in Figure 32 is recommended to
verify programming.

Programming with PROM Programmer

Screening (Caution)

(150°C for 40 hours)

] L

~

Verification with PROM Programmer

<&

Functional check in target device

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

Fig. 32 Programming and testing of One Time PROM
version
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ABSOLUTE MAXIMUM RATINGS

T

¥7Symbol . 77#7J‘Erameter L e _Conditions S N _Ratings !_”ﬂiﬁ
| Vec Pcwer source voltage
T Input voltage PD;I;(E;F;(,-?:PAU PA |
A PBg-PB;, Ag-A7, DQu-DQy7. \
R, W, 5, BM. AxD;-RxD, ‘
- - — v e - All voltages are based on Vss.
-——Vlff ] anPE“ lqltage HESET X‘N e - = - Output transistors are cut cff.
V Inpul vollage CNVSE,
| 7 [ Output voltage POG-PQ;, P1g-Ple, PA-PA7, \
Vo PBy-PB;, DQy-DQ;. TxD:-TxDs J
I — XourINTR oo e S
‘DIP(seaB)
Pd Power dissipalion __QFP (64P6N- A) o o - ) 77\ /
B )  QFP (64P6S-A) T 80(700)(Note) | mw
Topr | Oowangwmperave T amwe | c
Tstg Storage temperature —40to 125 J C

Note : Parenthesized values are valid when Ta=25C. Pd=:V¢e Xieat 2 [(~lon)} X (Vee—Vor)) + 2 {loc Vo).

RECOMMENDED OPERATING CONDITIONS vcc=451055V, T3 =—201085C, unless otherwise noted)

| Limi(s
Symbol Farameter S Unit
| o e o B o - o [ Typ. | Max
Voo Power source vql}gge - o i 5.0 5.5
Vss : Power source voltage 0 - *
mput voftage PQo-F P07 P10 Ple PAn PA? Pliu PB:, i Véc B -
, S, Veo

|nput voltage RE

|

|

I

‘

i

|0

[

|

i
LG H L
I i N

Voo .

i< KKK CiKIL

Vi iput voitage P04-POy, Ply- P16 P{\g PA; PE-PB,, RxD,-RxDs, BM
V. I _ e o
Vi - .
;V‘L i |npu! voltage XIN ) o - -
ji;@l 1+ total peak output ourrent POy-PO;, PAcPA, PBgPBy (Note 1) 1 T 60 | mA
| Slompeat | “H' total peak output current P1g-P1g, TxDy-Tx0, INTR, pQ-0GQ, ”;“ *“J*” .. 80 | mA

| Sloupea | L' 1o total peak output current POy-POy, Pho- p&, PBq-PB; (Note 1)

~ ZloLpeak) total peak output cur!enrtWPr1£~P1s, TxD;-7xDy. INTR, DOU-Doy N

| Zlowavg) _ _

7‘\“19""@@ i e _
| Zovavg) ' total ayglige output current PO, PO; PA(, -PAz, PBy- PB; (Note n o o o

,,} loiavg) total average output current F P1y-P1g, TxDn- xD INTR, DQ,-DQ, - o
IOH(_geak) ] H" peak output current PQ‘IEE” Plg-P1;, PAg- PA, PB; PB (Note 2) - -
lonpeak) | “H" peak output current TxD;-TxDs, INTR, DQg-0Q;

,‘S";(Deélk, peak oulput currem POu P()- P!DAPh PAO FA7 PB,- PB; (Note >)

,,‘IOUJLea,k_L» peak output current TxD1 Tng INTR D()g }Qv

_loncavg) "H" average output current P0y-POy, P1o-P1e. PAy-PA; PBO P87 (Nme 3)

_lonavg) .

_loutavg) o

,,!OL(?)’QJ _1"7 Eﬂ“ﬂa,ge outpulrcur(ent TxD‘ TxD3 1NTR Duu DO, B o B B
f{( Xin) Internal clock oscillation frequency

Note 1. The total output current is the sum of all the currenls flowing through all the applicable ports. The total average current is an average value me-
asured over 100ms. The total peak current is the peak value of all the currents.
2. The peak output current is the peak current flowing in each port.
3. The average output current lo_ cavg). ton cavg) In an average value measured over 100ms.
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ELECTRICAL CHARACTERISTICS (Ve =4.5105.5V, Vgs = 0V, Ty = —20 to 85%C, unless otherwise noted)

Tect diti Limits Unit
P 1 est conditions e - ni
Symbol arameter Min. Typ. Max.
T H output voltage POG-PO;, P1g-P1 PAg-PA;, _
Vou PBo-PB, Ii’“__]omA o V°_°m2 Vfﬁ_
Vou “H" output voltage INTR, TxD,-TxD: o lon=—1mA o . 0.8Vee v
Von “H" output voltage DQe-DQ;, lop==—1mA o Vo1 | L v ]
“L” output voltage P0g-PO;, P1g-P1g PAg-PA7,
Vor outpu g o 0-Plg PAg-PA7 lou=10mA 2 v
PBg-PB; - B o _ e
VoL " output voltage DQg-DQ;, INTR, IxD;-TxDs o 0.4 | v |
Vr4-Vy— | Hysteresis Rxl T o 0.5 Vv
Vr+-Vi— | Hysteresis RE - L 0.5 | v
'™ “H" input current Ag-A;. R, X R?(D{:B)(Dg o § - ,uA7 ]
| “H” input current PQg-P0;, P1g-P1g, PAg-PA;,
1 PBg-PB7, DQo-DQ (Pins are floating, Pull-up transistors are 5 uA
disconnected
e e e e - -
i “H” input current R s CNVSSW N . Vi=Vee e i, ©A
Iy input current Xiy ) B o ¥=Veo 4 A
b nput current Ag-A;, R, W, S, 3}[).:BXD3 ) . —5 B “A
“L" input current P0y-P0O;, P15-P1g, F'Ap-PA7, : . .
LTS ' (Pins are floating, Pull-up transistors are —5 “A
PBg-PB7, DQe-DQ: . .
disconnected ! :
I “L" input current ‘ﬁé—S'ET.iCrN\Iﬂsi 7 o ; —5 uA
I “L" input current Xy - - o —4 “A
“L” input current P0g-P0g, P1,-P1g, FPAg-PA;,
lie . —0.2 mA
PBy-PB; o (Pull-up transistors are connected)
Vgeam RAM hold voltage _With clock stopped 2 55 v
fXiy)=12.5MHz 9 16
When WIT instruction is executed with 2 4 mA
lcc Power source current (Note) f(Xin)==12. 5SMHz )
When STP instruction is executed | Ta=:25'C 0.1 1 A
o with oscillation stopped Ta=85CT 10 #
100kHz | 0.4 0.8 mA
Power source current Access ferquency of system data bus e e — ]
lec - ) 1MHz 2 4 mA
(increased by accessing from systein data bus) (CL=100pF) —_— — e ]
S5MHz i 9 | 8 mA

Note © The input level of each input pin is either Ve or Vss. Access to the dual port RAM from the system data bus is not performed.
The current flowing from ihe input or output pin in the pull-up status is not incuded.
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TIMING REQUIREMENTS (Vcc=4.51t05.5V, Vss =0V, Ta= —20 10 85C, unless otherwise noted)

Limits 3
Symbol Parameter T = 77;,13)(. Unit
[ “twirEser, | Resstinput'L'pulsewidth - - us |
B toix) External clock input cycle time S S . ns |
,,tWH(X‘NJ External clock input “H” pulse width - - an ns _
| twiogy External clock input “L” pulse width N ns
twHONT) INT input "H" pulse width o o ns
twionn | INTinput L puisewiatn — ns
t;:‘(-;;,_,() UART external clock input cqueAtime‘- o ; o o T 7;37 B
B tE:;;)77701\7%:;;&6;{016% |nput jste:W;;h i T o o L n§ o
| twiccikr | UART external clock input "L” puise width [ Tes ]
N tll(z:L;> UART external clock input ;i;ing;l}}n;‘_ o 25 né T
| “ticuo | UART external clock input falling time - ‘ % ns

TIMING REQUIREMENTS FOR SYSTEM DATA BUS

(Voc =4.5t0 5.5V,

RD/WR SEPARATE MODE

Vss =0V, Ta = —20t0 85C, unless otherwise noted)

Symbol Parameter e Limits ] Unit
- o o o Min. Typ. Max

Wr‘su(Amm Address iset—up time - B - i 10 R ns |
Wt;u(,;,,m Address set-up time o :7 - 7: o - o o T 0 N ns i
Wtsu(s,,m Chip se;gct set us time - o i T o 7'7707 VVVVV R ?-.; N
Wtsu(s,,w)“ Chip self-)cl set us time i o B - 777 - o T h()i T nsi o
B trh(R-A) Addre;s hold time o I o b 1T nsi N
| thow—ar | Address hold time - - - 0 hs |

| chip selecthod time - - T A ns |
| thw-s | Chipselecthod time - 0 ns |
~»t;l/j?me) Da’(a‘ input set up time o o o o o 77 - i - 7”2’07 T B nrsi
Wth(wfm 7 Data input hold time o ) T T o] a i ns
B tw(R) Read prliserwidth - 7jf : j7 o ’7: 7 i o TR0 ! ns
| twew | write pulse width - ] o T 75 ns
77(5,;,,“) AﬂiRieMd imerv:;l ) T o 4b B ns )
I itsu(wa) Read-WTﬂe interval o S o o 7771;:)7“ T nsi T
Wtsur(wwm Wr}l;Read intervai . - N : - " 50 o ns T
Wts:,(v;;w) Write-Write interval i T o T T ! 0 ! ns -
TIMING REQUIREMENTS FOR SYSTEM DATA BUS IN 7700 MODE

(Vee =4.5105.5Y, Vgs = 0V, Ta = —20 to 85°C, unless otherwise noted)

| tsutrw—g)

Addreés set up time

RW set up time

| tsuts—e

Chip select set up tirﬁé

| thee—m)

Address hold time

| thee-s)

_the—mwy

RW hold time
| Chip select hold time

tSLI(D*EJ

Data input set up time

Data input hold time

Enable pulse width

Enable pulse interval after read

tsute—g)

Enable pulse interval after write

Parameter

Limits

ELECTRIC
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MITSUBISHI MICROCOMPUTERS
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS FOR SYSTEM DATA BUS IN RD/WR SEPARATE MODE

(Voo = 4.5105.5V, Vg5 =0V, Ta= —20 10 85T, unless otherwise noted)

Symbol
td(s; Q) Chip select access lime B
tdir—a) Read accesstime
tur-—aq) Dala valid time after read

,,,t,e,fJE“i'Q), I Qutgut enable time after read o

QOutput disable time after read

tdistr—a)

Parameter

" Limits
,,,,,,,,,, e Unit
) o ] Min Typ. Max.
] _ _ o [~
- 5
0

SWITCHING CHARACTERISTICS

FOR SYSTEM DATA BUS

IN 7700 MODE

(Voc = 4.5105.5V, Vgg =0V, Ta = —20to 85C, unless otherwise noted)

.

CMO 3 output

Symbol Parameter T Limits Unit
. e I o ] Min Typ. Max.

kﬂia(;.;,)"ii ﬁE’hip)selecl acé;ss‘timreﬁr o e ) B A 55 ns T
tage—a) Read access time N . B 50 ’[: ns

tue—~a) Data valid time after read - ) - 0 o T hs
tene—a) Output enable time ?I‘éffsafi ] - e ] e e
| tgisce—a) | Output disable time after read B - 0 15 [ ns |

Measurement output pin O L
n 100pF

Fig.

33 Circuit for measuring output switching characteristics
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TIMING DIAGRAM

(1) Timing diagram

fwhinT: o bwLonT) |

0-8Veo \.‘ 0.2Vec L

INT

.

twireseT) ,

0.2Vce J/ 0.8Veo

RESET

)

ety

twnOny: L twi(xn)

0.8V
ec H 0.2Vee 4

.

teteu

4 twicik) N twhicLk)

0.2Vee 0.8Vee N

K

J

CLK
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(2) Timing diagram in RD/WR separate mode

Read Cycie
toucan: thir-a)
_suar | .
/
Ag-; ><
\
tsuts-m) thirs
s \
N
t -
twir) SU(RR)
. Y
R \\—/
tdtr-a)
tdie o) =1
DQy-DQ;
I
tenin o fe————={ tdis(r-a)
tsu(r-w)
w
Write Cycle
t -
_sulaw: | thow-a)
Ao-A; >(
\
- tguisw) thiw-s)
_ -\
S
twow) _— tsuow-w)
_ N
W d
tsuto-w) thiw.o)
/ N
DQ,-DQ; \ /
tsuiw-r)
R
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(3) Timing diagram in 7700 mode

tsutrw-g) thie-aw: SU(RW-E) hie-rw)
e

I

R/W / \
tsua-e) thie-a) tsucae) thie-a)

4
Ao-A; ><

X, 4 i

pe—=| tsus-e thie.s)
§ ¢
N /
we
\ ¥ \ 4
: N /| N\ /!
N tsu(e-e) - 7
tde-ay
tdis-o) — > tvie.a

DQy-DQ,
(Read)

ten(e-a) > | = tdiste-a} tsutoe) thie-o)
DQ,-DQ; /|
{Write) N Y

ELECTRIC ammi



