






































































































































































































































































































































































































































































































































































































































































































































































































































































































































µPD78310/312 PRELIMINARY NEC 
The instruction set consists of 85 basic instructions which, when 
combined with the 14 addressing modes and the 14 conditions for 
branching, produce a total of 451 instructions. All of the 
arithmetic instructions operate on either bytes or 16 bit words. 
Included are a 16 x 16 bit multiply and a divide with a 32 bit 
dividend and 16 bit divisor. Logical instructions operate on 
either bytes or individual bits, and there are branch 
instructions which test individual bits in SDMEM locations, in 
the special functions registers, and in the A and X registers. 
Multiple-bit shift instructions for the general CPU registers, 
operating either a single bytes or as 16-bit words, facilitate 
arithmetic operations. There are also instructions to move, 
exchange, and test strings of up to 256 bytes located anywhere in 
memory. The length of the string is specified by a count the C 
register. The last are very useful for manipulating character 
data sent or received on the serial line. 

Interrupt requests may, under program control, be handled in any 
one of three ways. The first is normal vectoring, the second is a 
hardware context switch in which all the registers are saved by 
the hardware and new set selected, and the third a macro program 
function which has the same effect as OMA. The context switch is 
usually preferred to normal vectoring because of the time saved 
by the automatic register saving hardware. The macro service 
function is useful whenevr a string of data is to be transferred 
to or from an external device at that device's own speed. There 
are eight complete sets of general registers stored in RAM, and 
each may be assigned, under program control, to one of the 
hardware interrupt levels. There are 8 hardware priority levels 
which may be assignedd by software to any one of the 5 groups of 
maskable interrupt sources. 

CPU REGISTERS 

There are 16 8-bit general registers which may be used in pairs 
to form 8 16-bit registers. When considered as 8-bit registers 
they are referred to as RO though Rl5, and when considered as 
16-bit registers they are referred to as RPO through RP7. Thus 
RPO consists of RO and Rl, RPl consists of R2 and R3, and so on. 
In addition RPO is referred to as AX, RPl as BC, RP4 as VP, RPS 
as UP, RP6 as DE, and RP7 as HL. A (RO) is the 8-bit accumulator, 
and AX CA combined with X) the 16-bit accumulator. B and C are 
often used as counters, UP and VP as address pointers, and DE and 
HL as index registers. UP (RPS) is also used as the user stack 
pointer for the instructions PUSHU and POPU. All can be used to 
hold operands and results for both 8-bit and 16-bit arithmetic. 
RP2 and RP3 each have two special purposes. The SWRS (switch 
register set) instruction toggles the RSS (register set select) 
bit in the program status word. If the RSS bit is set to 1, RP2 
becomes AX, and RP3 becomes BC, thus making it possible dto save 
AX and BC very rapidly. In addition, after a context switch the 
old program counter is saved in RP2 and the old program status 
word in RP3. For•this reason routines entered from a context 
switch must save RP2 and RP3 elsewhere (e.g. on the stack) before 
setting the RSS bit. 
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MEMORY ORGANIZATION 

The total address space of the uPD78312 is 64K bytes. The bottom 
SK bytes are occupied by internal ROM, and the rop 512 bytes are 
occupied by internal RAM and the special function registers. The 
remaining addressee are available for external memory. Interrupt 
vectors occupy the bottom 64 bytes (addresses OOOOH to 0040Hl • 
The next 64 bytes (addresses 0040H to 007FHl are used as a call 
table area. This area stores up to 32 pointers to subroutines 
which are used by the 1-byte subroutine call instruction, CALLT. 
The 2K byte area from 0800H to OFFFH is known as the "fixed area" 
and can be used for subroutines called by the 2 byte CALLF 
instruction. The remainder of the BK ROM is available for user 
program. 

The address space from 2000H through FDFFH is available for 
external memory, which may be either ROM or RAM. If memory has 
been installed at 8000H and subsequent locations, it is possible 
to specify an alternate interrupt vector and call table area from 
8000H to 807FH. This is done by setting bit 1 of the CPU control 
register (CCWl to a 1. This makes it possible to use two 
different programs if the processor is to be used in two 
different modes of operation. If external memory is installed, 
I/O Port 4 is used for data lines multiplexed with the low order 
8 address bits. Portions of Port 5 are used for the high order 
address bits as required for the amount of memory installed. The 
memory mapping register (MM) is used to specify 256 byte, 4K, 
16K or 56K byte expansion. Any Port 5 bits not required for 
addressing remain available for either output or input. 

Internal RAM extends from FEOOH to FEFFH. The top half of 
internal RAM (FE80H to FEFFHl is used for general register 
storage, and the top 32 bytes of this area (FEEOH to FEFFHl are 
used, if specified by the program, for storage of the pointers 
and counters used by the macro service function. This overlays 
the top two register bank save areas, and therefore if all of the 
macro service channels are in use, automatic context switching 
cannot be used for priority levels O and 1. The remaining 128 
bytes of internal RAM (FEOOH to FE7FH) are available for the 
stack and for use by the application program. Finally the top 256 
addresses (FFOOH to FFFFHl are reserved for the special function 
registers. 

ADDRESSING MODES 

The uPD78312 uses an extremely flexible addressing structure. The 
general registers and the special function registers can be 
addressed directly by arithmetic, logical, and bit test 
instructions. Most of the locations in internal RAM Call except 
the first 0020Hl can also be directly addressed by the use of the 
short direct memory method (SDMEM). A single byte of address data 
is added to FE20H to form the effective memory address. In most 
cases this address mode requires no more cycles than addressing 
the general registers. 
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Both words and bytes of immediate data are also available. All 
byte instructions using an immediate source and the A register as 
a destination operate in the minimum time of three machine 
states. 

There are ten different methods of addressing any location in 
memory. Registers DE, HL, VP and UP can be used for indirect 
addresses, and in addition DE and HL can be used in either the 
auto-increment of auto-decrement before is is used. In the 
remaining modes the register contents are not altered. Two base­
index modes allow either a byte (from A or B) or a word (from VP) 
to be added to a base (from DE or HL) and the resulting sum to be 
used as the effective address. Double indexing, which facilitates 
array manipulation, is thus possible. In the base mode a byte of 
address data from the instruction is added to a base register 
(DE, HL, UP or VP) to form the effective address. In addition the 
stack pointer can be used as the base register to facilitate the 
passing of subroutine arguments on the stack. The two index modes 
allow a word of address data from the instruction to be added to 
either a byte register (A or Bl or to a word register (DE or HL) 
to form the effective address. Finally a RAM location addressed 
by the SDMEM method may be used as an indirect address pointing 
to any location in memory. 

THE INSTRUCTION SET 

The mnemonics used for the instruction set are based on an IEEE 
standard. There are 77 basic instructions ranging in length from 
one to five bytes, with two and three bytes being the most 
common. Execution times range from 3 states for many of the 
register instructions to 2818 states for the maximum-length 
string instruction. Most of the instructions which operate on 
single words are the multiply !18 states for bytes and 27 states 
for words), divide (18 states for bytes and 50 states for words), 
and shift (25 states for a 7 bit shift). The execution times for 
the shift instructions are a function of the number of bits 
shifted. Instruction have zero, one or two operands depending 
upon the requirements of the function to be performed. In the two 
operand case the destination is specified first, followed by the 
source. 

Both move and exchange instructions are provided for both bytes 
and words. Operands include immediate data, SDMEM locations, and 
all of the registers, but general memory reference operands are 
limited to moves of single bytes to and from the A register. POSH 
and POP can move multiple registers to or from the system stack. 
The registers to be moved are specified by individual bits in the 
byte of the instruction. Also included are instructions to PUSH 
and POP the program status word on the system stack and PUSHO and 
POPU. The last two transfer registers to and from a user stack 
specified by RPS. Bit 5 of the selector byte of these 
instructions selects the PSW, in not being useful to PUSH RPS 
when it is being used as a stack pointer. There is also a specia 
move immediate instruction to lead the two protected locations, 
the standby control register (STBCl and the watchdog timer 
control (WDM). 
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Call instructions push the PC on the system stack and jump to a 
subroutine specified by a vector in the 32 word call table Cone 
byte CALL), to a subroutine located within the 2K byte fixed area 
<two byte call), or to a subroutine specified as a 16 bit 
absolute address (three byte CALL). Subroutine addresses may also 
be specified by a register pair or by a register pair indirect. 
Finally subroutines may be entered through a break with context 
switch CBRKCSl which specifies a new register set. Return 
instructions include RET which pops the PC from the system stack, 
RTl which pops both the PC and the PSW, and RETCS which switches 
the •register set back to that previously in use. The last 
includes 16 bits of immediate data which are placed in RP2 of the 
current register set. The data must be the entry address of the 
interrupt service routine just completed. This is necessary 
because the entry address is overlaid by the old PC at the time 
of the initial context switch. 

Addresses for unconditional branch instructions may be relative 
to the PC or absolute (address included in the instruction! , 
contained in a register pair, or indirect from a register pair. 
Conditional branch instructions use relative addresses and test 
the condition codes in the PSW or individual bits in the A and X 
registers, the PSW, the special function registers, and the SDMEM 
~ocations. A •decrement and branch relative if not zero" CDBNZl 
instruction operates on the B and C registers, special function 
registers, and SDMEM locations. 

Arithmetic and logical instructions operating on bytes include 
ADD, ADDC (add with carry!, SUB, SUBC (subtract with borrow), the 
logic operations AND, OR and XOR and CMP (compare). Add, 
subtract and compare instructions operate on words. All of these 
instructions operate on CPU register, special function registers, 
and SDMEM locations: all may have immediate source operands. 
Multiply and divide are unsigned and require the operands to be 
in CPU registers. They operate on bytes (16 bit product or 
dividend! or on words (32 bit product or dividend). Multiple-bit 
shift and rotate instructions are specified by bit count in the 
instruction. General byte registers may be shifted, rotated, or 
rotated with the carry bit, either left of right, and general 
word registers may be shifted or be rotated with the low order 4 
bits of the A register, either left or right. These last rotates 
facilitate the manipulation of data in the packed decimal format. 

A powerful set of bit manipulation instructions allows individual 
bits of the A and X registers, the PSW, the special function 
registers, and the SDMEM locations to be set, cleared, 
complimented, moved to or from the carry bit, or operated on 
logically by the carry bit. 

String instructions operate on multiple bytes in memory. All of 
the string instructions use two operands, either both in memory 
or one in memory and one in the A register. Memory addresses are 
specified by DE or by DE and HL operating in either the auto­
increment or auto-decrement mode. Counts are specified in the c 
register. The operations are move, exchange, or compare. The 
compare includes a test for equal, no eqal, carry, or not carry. 
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If the specified condition is met, the instruction is terminated 
and the registers are left pointing to the next byte. 

General registers RO through R7 may be incremented or decremented 
as bytes, and general register pairs RP4 through RP7 as words. 
All of the special function registers and SDMEM locations may be 
incremented or decremented, either as bytes or words, and the 
stack pointer may be incremented or decremented as a word. 
Maskable interrupts may be enabled or disabled, a new register 
bank may be selected, and finally there is a NOP instruction. 

INTERRUPT HANDLING 

There are two non-maskable and 15 maskable interrupt sources. The 
non-maskable sources are the watchdog timer and the external NMI. 
The latter is normally used for catastrophic events, such as a 
power failure, or to "wake up" the CPU after it has been placed 
in the STOP state. The relative priority of the two is under 
program control. Both of these are always handled as vectored 
interrupts, saving the PC and PSW on the stack and branching to 
the routine indicated by the associated vector. 

The 15 maskable interrupts each have an associated interrupt 
control register. Each register contains a request bit, a mask 
bit, and bits to specify context switch and/or the macro service 
function. Interrupt sources can be assigned to hardware priority 
levels in groups, and the first interrupt control register in 
each group includes 3 bits to specify the priority. Priorities 
range from zero to seven, with zero the highest and seven the 
lowest. The context switch is valid for all 15 sources, but the 
macro service is valid for 11 of them only. The macro service 
facility transfer either a byte or a word between a special 
function register and a specified location in memory. After each 
transfer a counter is decremented, and when the count reaches 
zero the interrupt service routine is entered, either by a 
vectored interrupt or by a context switch, as specified in the 
interrupt control register. There are eight macro service 
channels, and each has a 4 byte area in RAM for the storage of 
its pointers and counter. The first two bytes are a pointer to 
the buffer in memory CMSP), the third byte is a pointer to the 
special function register CSFRP), and the last byte is the 
counter (MSC) • Each of the 11 interrupt sources which can use the 
macro service facility has an associated macro service control 
register. This register specifies whether or not the MSP is to be 
incremented after each transfer, whether bytes or words are to be 
transferred, the direction of the transfer, and the number of the 
macro service channel. The facility thus functions as eight 
direct memory access channels without requiring any external 
circuity. 
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INPUT/OUTPUT PORTS 

Six 8-bit input/output ports are defined, but because the 
processor is packaged with only 64 pins, the port pins must be 
shared with other signals. As a result some of the port bits are 
always dedicated to other funtions and are therefore never 
available for general I/O. The availability of the remainder is 
dependent upon what other functions of the processsor are being 
used. When the ports are being used for standard input/output, 
the direction of transfer is determined on a bit-by-bit basis by 
the associated port mode control register <PMnl. Latches are 
provided for output, but input is not latched. In the input mode 
the pins are in a high impedance state. If a pin is being used 
for a purpose other than simple input/output, the associated bit 
in PMn must be set to l to indicate input and therefore high 
impedance to avoid interfering with the other function. 

Port 0 is shared with the real-time output. In the real time 
output mode the eight bits are treated either as a byte or as two 
seperate nibbles. Output information is first loaded into buffer 
registers and then transferred to the output latches upon receipt 
of signals from the timer outputs TFl and TFO. The transfer can 
also be made by software command. The entire Port l is available 
for bit-selectable input or output. The low nibbles of Ports 2 
and 3 are never available for I/O because the pins are dedicated 
to external interrupt inputs and to inputs for the up/down 
counters. The high nibble of Port 2 may be available for I/O, but 
is shared with the serial interface, while the high nibble of 
Port 3 is shared with timer signal lines. Ports 4 and 5 are 
available if no external memory is used. All 8 bits of Port 4 are 
selected by individual bits. If external memory is used, Port 4 
is used for data lines multiplexed with the low order 8 address 
bits. High order address bits are taken from Port 5 as required 
for the amount of external memory specified in the memory mapping 
register (MM). Any remaining bits from Port 5 can be used for 
either input or output. 

A block of 16 addresses within the special function register area 
CFFBOH trhough FFBFH) has been reserved for external circuity. If 
external memory has been specified and not all the available 
addresses occupied by memory, external device registers can be 
mapped into this area and then treated as special function 
registers. This means that it is possible to use the macro 
service facility to transfer data to or from these external 
devices. 

TIMERS AND COUNTERS 

Included on the chip are two 16 bit interval timers which can run 
at either 1 MHz or 46.875 KHz.· Associated with each is a 16 bit 
modulus register. In the normal mode of operation each timer is 
loaded from the modulus register and then counted down to zero. 
The associated timer flag CTFO or TF2l is then set and the timer 
reloaded for another cycle. The timer flags can be used to 
generate interrupts. 
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There are two timer output flip-flops (TOO 
and TOll, which are complimented whenever a timer flag is set. 
TOO is associated with TFO, and TOl is associated with TF2. The 
flip-flop outputs are available for use by external devices. 
Alternatively timer o (but not timer 1) can be used as two one­
shot timers. Both timer 0 and its modulus register can be loaded 
by the program and then counted down at either 500 KHz or 46.875 
KHz. Completion of the count sets either TFO or TFl. These flags 
may then be used to transfer the real time output buffer contents 
to the output port latches, as described below or to generate 
interrupt requests. Program intervention is then required before 
any further action. 

There are also two 16-bit up/down counters, each with two 
associated compare/capture registers. The counters may be driven 
either by the internal clock divided by 3 (2 MHz) or by external 
counts, the latter in any one of several modes. The counters may 
be programmed to clear and re-cycle after a true comparison, and 
interrupts may be generated by true compare or by capture events. 
Each counter has an associated clear input (CLRO and CLRll which 
causes the capture of its contents in the first capture register 
CCROO and CRlOl and clears the counter. Because CLRO and CLRl 
share output pins with TOO and TOl respectively, these events 
may be triggered either by the timer flags or by external events. 
Capture of the counter contents in the other capture registers 
(CROl and CRlll may be initiated by the output of the timebase 
counter. In the last cases the counters are not cleared. The 
ability to capture the counter contents at specific times makes 
it very easy to measure the frequency of external signals. 
Up/down discrimincation at the inputs is available, so the 
counters are suitable for monitoring 2-phase pulsed shaft­
encoders. 

The processor also includes a 20-bit free running counter (FRCP) 
which counts down the system clock (6 MHz if a 12 MHz crystal is 
used). Associated with this counter are two 16-bit capture 
registers. Capture events can be triggered either by two of the 
external interrupts (INTEO and INTEll or by the counter clocks of 
the up/down counters. They may be programmed to capture either 
bits 2 to 17 or bits 4 to 19, so the effective counter frequency 
may be either SCLK/4 or SCLK/16 (1.5 MHz or 375 KHz). It is thus 
possible to make precise measurements of the time between 
external events. 

Three other functions are timed by the output of program-selected 
bits from FRCP. The timebase counter is used to generate widely 
spaced interrupts, ranging in four steps from 170 usec. to 175 
msec. The timebase counter output can also be used to trigger a 
capture event from either of the up/down counters as descrived in 
the preceding paragraph. The watchdog timer, used to guard 
against infinite program loops, is also driven from the FRCP. If 
not reset, it will cause a non-maskable interrupt at one of six 
program-selected intervals ranging from 343 usec. to 349.5 msec. 
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Finally it is possible to generate a signal to time the refresh 
of pseudo-static RAM, if the latter is used as external memory. 
There are four allowable frequencies ranging from SCLK/16 to 
SCLK/128. Once the refresh mode register has been loaded, the 
refresh is completely transparent and independent of the program. 

POLSE-WIDTH MODULATED OUTPUTS 

The processor contains two independent pulse-width modulated 
output lines whose signals may be amplified to drive DC motors or 
integrated to provide analog signals for other purposes. Each 
output consists of a latch, a storage register, and a down 
counter. The latch is set at any one of four intervals ranging 
from 42.7 usec. to 10.9 msec. At the same time the down counter 
is loaded from the storage register and then counted down by the 
system clock. When the counter reaches zero, the latch is reset. 
The contents of the storage register therefore control the •on• 
time of the output, which can be set with a resolution of 167 
nsec. 

REALTIME OUTPUT PORTS 

Input/output Port 0 may, under program control, be used for 
timer-controlled output. Data are located into buffer registers 
and transferred to the output latches at the completion of a 
timer count or on software command. Either the high or low 
nibble, each one independently, or the entire byte as a unit, may 
be treated lin this manner. Timer flag TFO, TFl, or both are used 
to initiate the transfer. If only one nibble is used, the 
remaining one is available for normal_input/output. 

A/D CONVERTER 

The chip also contains an 8 bit successive approximantion AID 
converter with an on-chip sample-and-hold amplifier. There are 
four multiplexed input channels, and the converter can be 
commanded either to select a specified channel or to scan 
continuously the first •n• channels. Conversion may be initiated 
either by the program or by an external command on input line 
INTE2. If a 12 MHz system clock is used, the aperture time is 3us 
and the total conversion time is 30us. An interrupt may be 
requested at the completion of each conversion. There is a single 
result register, ADCR, and therefore in the scan mode the macro 
service function is useful to transfer the result of each 
conversion to a buffer in memory. 
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SERIAL INTERFACE 

The uPD78312 contains a serial interface which may be used in 
either an I/O inteface mode or in an asynchronous communication 
mode. A dedicated baud rate generator is included so that the 
timers are available for other uses. The system clock is divided 
by powers of two, specified by the serial communication control 
register CSCC), and by the contents of the baud rate generator 
register (BRG). In this manner all of the common baud rates can 
be generated with a maximum error of 0.16%. In this asynchronous 
communication mode character length (7 or 8 bits), parity, and 
the number of stop bits Cl or 2) are specified in the serial 
communication mode register CSCMl. The same clock is used for 
both transmit and receive. The CTS line is used to !control 
transmission~ the external receiving device may raise the line to 
signal that it is unable to receive, and thus disable the 
transmission. It is thus very easy to interface the uPD78312 
either to a terminal or to a host processor. 

In the I/O interface mode transmission is accomplished by 
clocking 8 bits out to the transmit buffer CTXB) under the 
control of the clock from the baud rate generator. The clock is 
available for external devices on SCK line. Reception is 
accomplished by clocking 8 bits into the receive buffer CRXB). In 
the receive case only, there is the option of using an external 
clock which is received on the CTS line. Used in this mode, the 
serial outputs (e.g. additional A/D converters) or to another 
processor. 

In both modes simultaneous transmission and reception are 
possible. Interrupts may be generated when the transmit buffer is 
empty and when the receive buffer is full, and the macro service 
facility may be used to control the transfer of the data to or 
from memory. 

THE WATCHDOG TIMER 

The watchdog timer is provided to guard against inadvertent 
program loops. The timer can be programmed to generate non­
maskable interrupts at any one of four different intervals 
ranging from 4.56 msex. to 349.5 msec. The program, if running 
properly, then resets the timer before the expiration of the 
selected interval. In addition, to guard against tight loops 
which contain the reset instruction, the interrupt is also 
generated if the timer is reset before the expiration of 1/16 of 
the selected interval. Finally the watchdog mode register is a 
protected location and can be written only by a special 
instruction. 
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MEMORY MAPPING AND REFRESH 

The memory mapping register (MM) is used to specify the use of 
external memory. 256 byte, 4K byte, 16K byte or 56K byte 
expansion may be selected. If external memory is used, I/O Port 4 
is used as the Address/Data bus. High order address bits are 
taken, as required, from the low order end of Port 5. The 
remaining Port 5 bits (0, 2, 4 or 8) can be used for standard 
I/O. If required for slow memory, O, 1, 2 or 3 additional wait 
states can be specified to be included in instructions which read 
and write to external memory. 

Refresh pulses may be generated to allow the use of pseude-static 
DRAM as external memory. The refresh mode register (RFMl is used 
to specify whether or not the refresh pulse is enabled, one of 4 
intervals ranging from 16 to 128 cycles of the system clock. The 
refresh pulses are timed to follow read or write operations in 
order to avoid interference and possible malfunction of the DRAM. 

STANDBY MODES 

Two standby modes are provided to conserve power when the 
attention of the CPU is not required. In the first, the HALT 
mode, the CPU is stoppped, but the clock is allowed to continue 
running. Any interrupt request of a priority higher than the 
current one will re-start the processor immediately. In the 
second, the STOP mode, both the processor and the clock are 
stopped. In this case either a system RESET or an external non­
maskable interrupt is required to re-start the system. It is then 
necessary to wait for the clock to stabilize before the CPU may 
be re-started. The watchdog timer is used to time the necessary 
wait, and the program is re-started at either the reset vector or 
the non-maskable interrupt vector. 

Either of these modes can be entered by setting the appropriate 
bit in the standby control register (STBC). The register also 
contains a flag CSBF) which should be set by the program when the 
stop mode is entered. This bit is cleared at initial power-up , 
so the reset routine is able to determine whether the system has 
been started after power-down or is merely being re-started from 
the stop mode. There is one additional method of saving power. If 
the CKl bit of the STBC is set, the system clock is slowed by a 
factor of 4, i.e. SCLK becomes one eighth of the crystal 
frequency instead of half. The CKl bit is set by external RESET, 
and therefore the software must clear it before the processor and 
peripheral clocks will run at full speed. Like the watchdog mode 
register, the standby control register is a protected location 
and can only be written by a special instruction. 
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Parameter Symbol Test Conditions Ratings Unit 

voe -05-+7.0 v 
f------C---- ·-- - - ----------- --- -·---

Power Supply Vollage VREF -0.5-voo v 
f- - ------

AVSS -0.5-+0.5 v 

Input Voltage V1 -0.5-+7.0 v 

Oulput Voltage Vo -0.5-+7.0 v 

Outpul Current Low IOL 
All Output Pin 4.0 mA 

All Output Pin Tolal 100 mA 
---

All Output Pin - 1 mA 
Output Current High IQH 

All Output Pin Total -25 mA 

Operating Temperature Topi -10-+70 oC 

Slorage Temperature Tstg -65-150 oC 

Parameter 
Condition Ta l voo Osc. Freq. 

fxxS12MHz l -10-+70"C +5.0V±5% 
fxxS 9MHz With Refresh Mode 

(Ta=25°C, Voo=Vss=OV) 

Parameter Symbol Test Conditions Min. Typ. T Max T Units 

Input Capacitance C1 10 ! pF 
l----j 

20 I pF 

-r20 I pF 

Output Capacitance CQ 
-----+------< 

110 Capacitance CIQ 

f=1MHz 
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DC CHARACTERISTICS 

PRELIMINARY NEC 
(Ta= -40°C to +85°C, voo= 5.0V±5%. vss=OV) 

---------~--;=--:t Condition ___ __ I ~ Typ 

EXCEPT EA 0 

- -- ------- -

P~_rameter _----i_ Symbol I 

tnpul Low i V1L 

Voltage ! VIL2 EA 
lnpul High 
Voltage 

Ouplput Low 
Vollage 

Output High 
VoUage 

Input Curren! 

Input Leakage 
Current 

Output leakage 
Current 

AV REF 

Voo Power 
Current 

voo Halt 
Current 

voo Stop 
Current 

Data Retention 
Voltage 

ViHI All excep1 X2, X1, RESET, P20/NMI 

VtH2 X2, X1. RESET. P20/NMI 

VOL : IQL= 2 OmA 

VQH IQH~-400µA 

RESET, P20/NMI, 0 45V<Vi<Vcc 

IU 

ILQ 

AIREF fCLK= 6MHz 

IDD1 Running Mode. ICLK = 6MHz 

1002 Hall Mode, fCLK = 6MHz 

IDOOR ' VDDDR ~ 2 av 

- VDDD~-r ~~~o~~:0;'!5% 
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22 

38 

2.4 

----+ 

t--

1.5 

30 

0.1 
~ 

2.0 

Max 

08 

0.5 

voo 

voo 

0 45 

±10 

±10 

±10 

90 

15 

04 

Unit 

v 

v 
v 

v 

v 

µA 

mA 

mA 

mA 

mA 

mA 

v 



NEC 
READ/WRITE OPERATION 

Parameter 

Internal System Clock ·1 

Address Setup to ALE l 

Address Hold lrom ALE • 

Address to R5. delay time 

RO+ to Address floating 

Address to Data output 

ALE~ to Data Input 

R5 l to Data Input 

ALE ; to RD. Delay Time 

Data Hold Time from R5' 

RD t lo Address active 

Symbol 

ICLK 

IAL 

ILA 

IAR 

IAF'R 

IAO 

j_IL_OR-

IRO 

T-ILR 
IRDH 

IRA 

I 

-- -----------· -·1 

AD t to ALE ~ Delay Time L __ IRL __ ) 

RD Width Low ' IRA 

ALE Width High ILL 

Address to WR. Delay 

ALE • to Data Output 

WR+ to Dala Output 

ALE• to WR. Delay Time ·2 

Data Setup Time to WA 1 

Data Setup T 1me to WR • 
Data Hold Time from WR • 

WR• to ALE · Delay Time 

WA Width Low 

Notes: 

-1 

1AW 

ILDW 

twD 

ILW 

ILW1 

•ow 
tows 

IWOH 

twL 
tww 

j _ 

I 

PRELIMINARY 

(Ta= -40"C to +85°C. VDD = 5.0V±5%. VSS = OV) 

Test Cond1hon M,n Max. Units 
------

166 I 
~ 1n Refresh Mode i - 222 

-f 150 

ns 

ns 
-

"3, CL~ 100pF, 1- 30 
AL= 2kO 

--1-

m Refresh Mode 

·3 

230 

-1 
60 

50- r 
100_,_ 

200 

120 

0 

4101 
230 i 
180 

ns 

ns 

ns 

ns 

----= I ns -
i ns 

----1-~s 

ns 
L__ 

300 , ns 
-------t-190 ! 

100 ·- j ____ ns--= 

30 

110 _L_ ns 

150 ns 

30 ns 

20 --r ns 

110 ns 

200 

•1. Internal System Clock is derived from fXTAL by dividing by 2 or 8, selectable with the 
STBC register Table above are lor following conditions: 

IXTAL = 12 MHz, SCLK = fXTAL/2, !eye= 1 llXTAL 
•2. During Refresh pulse generation the falling edge of WR is delayed for 1/2 cycle 
•3. tAL speciefied also for Halt Mode, with condition VQH. VOL held during Halt Mode 
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µPD78310/312 PRELIMINARY ft/EC 
SERIAL OPERATION 
(Ta = --40"C 10 +85"C, Voo = 5.0V±5%, Vss = OV) 

AC CHARACTERISTICS Parameter Symbol Test Conditions Min Max. T Units 
------ -----------

SCK ·1 1 33 1.s 

SCK Cycle Time 
Output 

I ICYK CTS ·2 133 µS 

Input CTS •3 µS 

SCK '1 580 ns 

SCK Width low IKKL 
Output 

CTS '2 580 ns 

Input CTS ·3 420 ns 

SCK ·1 580 
Output 

SCK Width High CTS lKKH '2 

I 
580 ns 

Input CTS •3 420 

Crs Width High/Low 
t·· 

ICTSH, ·4 

j 
ICLK 

tCTSL 

RxD Setup Time to scK • IRXK 80 ns 

RxD Hold Time from SCK t IKRX 8G_=r=·=-· .L. 
ns 

SCK t to TxO Delay Time lKTX 210 ns 

AID CONVERTER CHARACTERISTICS 
(Ta= -40"C to +85"C, Vss=AVss=OV, 3.4V:;>VAREF;::;; Voo. Voo=+5V±5% 

_l Symbol Test Condition Min. Typ. Max. } Unit Parameter 

. }_ +--- .i.s.;1 --1 

I
. ·Lila= -10"Cto 70° I · 

83ns < t < 170ns .. +---+-0_·4_%_±_1~2 ' LS~_B_ Absolute , ___ - eye- · 
Accuracy 63ns:iiitcyc~ 170ns 0.6%±112 LSB 

---··----_L ___ .L:.4V"VREF"VDD o.8%±112~s.s_-l 
Conversion I : 83nsS:tcyc:5125ns 360 tcyc 
Time I TCONV -. --------------+---+---+-----

,_ ________ _i,_ ______ 125ns:5tcyc:iii250ns 240 : tcyc 

s_ampling I I 83ns:Stcyc::ii 125ns 72 I tcyc 

Time TSAMP 1 :25ns ;5 tcyc ~ 250ns 48 '; : lcyc 

:::i~~~~:~:tmpeda~~-~-:N_N_ .. ____ ----+---a. 1000 __ :'_A:REF -l :Q--
1-·Analog Relerence V~i~REF 3.4 Voo ±-v--

AVREF Current I IVREF I tcyc = 12MHz 1 .5 5.0 I mA 

Resolution 
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NEC PRELIMINARY 

UP/DOWN COUNTER INPUT (Ta= -40°C to +85°C, Voo = 5.0V±5%, vss = OVl 

Parameter Symbol J Tesl Conditions Min, } 

CIO, Cl1 High/low Time -~~ __ 1 ___________ i----_:_
3 

_J_ 
CTRLO, CTRL 1 High/Low Time tCTLH. ICTLL . -i-

----- -; 1nMod.3.cii>roorammed --
_G11ll.~ CTRL1 Seluprome agai~I- t __ ~~ _;_!""!"'!'.!'!<!!...... _____ _ 

ClRLO. CTRL 1 ttlld T1111e against Cl t tCICTH 1 '"MtKle 3. a Pfll'ilramme:i 
-------- - ---- -------!---'-------- I, "'"-"""""---- --

CLRe.i. CLR1 High/low Time ICLRH. tCLRL 

Max, Units 

ICLK 

ICLK 
-------

ICLK 

ICLK 

tCLK 

INTERRUPT INPUT (Ta = -40"C to +85°C, Voo = 5.0V±5%, Vss = OV) 

Parameter I Symbol Test Conditions i Min Max. Units 

NMI Input High/Low T tNIH, tNIL ~ 10 IJ.S 

~!EO Input High/Low T uo~:..!~?.-~- --- --------t--~ 3 - ~~-----

~;~ :~s-:~~;----~s~=-•: --=-==-== =t---%·-== :~~: 
RESET lnpul High/Low ; IRSH, tRSL j ! lO ----~ ... ----< 

X1 INPUT (Ta= -40°C to +85°C, Voo = 5.0V±5%, vss = OV) 

r:irameier Symbol Test Conditions Min Max. Units 

X1 Input High IOH 30 

-~~-1 
ns 

X1 Input Low IQL 30 ns 

X1 Rise Time I tr 30 ns --------. . r--------X1 WTI~ U i 30 ns 

X1 . Cycle Time -·- ... tx ] 83 250 ns 
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µ.PD78310/312 

AC CHARACTERISTICS 

PRELIMINARY NEC 
BUS TIMING DEPENDING ON tc:yc (T= 1/SCLK=2 !eye min) 

Symbol Calculation Expression Min./Max. Units 

IAL 3T/2-100 

IAR 2T-100 

IAD ?T/2-170 

ILDR (2+n) T-100 

lRD (3/2 + n) T - 70. 

ILR T/2 - 20 

IRL T-50 

IRA 0,5T-30 

lRR (3/2 + n) T - 50 

ILL T-40 

IAW 2. T-100 

ILDW 0.5T + 110 

ILW T/2-20 

ILW1 T-50 

tow 3T/2-100 

ILW1 T-50 

IWDH T/2-60 
f---

IWL T-50 

tww (3/2 + n) T - 50 

Notes: 
1. n =number of Wait cycles programmed in MM register 

(Memory Mapping Register) 
2. T = 1 /SCLK (SCLK is internal system clock) 

T=a) 2 tcyc 
b) 8 !eye depending on STBC register 

calculation above is done tor case a) 
3. items not appearing above are not depending on SCLK 
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Min ns 

Min ns 

Max ns 

Max ns 

Max ns 

Min ns 

Min ns 

Min ns 

Min ns 
--

Min ns 

Min ns 

Max ns 

Min ns 

Min ns 

Min ns 

Min ns 

Min ns 

Min ns 

Min ns 



NEC PRELIMINARY µPD78310/312 

TIMING CHARTS 

READ OPERATION (NO WAIT) 

P5 

P4 

ALE 

! 'LAf---~1\-------+-' 

t----- ___ IAR--::-~~~--------< 
1LDR 
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µPD78310/312 

TIMING CHARTS 

P5 

P4 

ALE 

WR 

PRELIMINARY NEC 
WRITE OPERATION INO WAITI 
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tt/EC PREUMINARY µPD78310/312 

TIMING WAVEFORMS (CONTINUED) 

REFRESH BUS CYCLE I 
I '--- Refresh Cycle ------, 

SCLK 

'3 L IRPR 
........., .. ~-\ 

1 I'-
r Ip 

ALE 

~ ICRD 

Symbol Calculating Expr. 

ICRD (1.5+n) Icy,; - 40 

- IRD~-":1.:~c;-4o_ -
Ip 5.5 lcyc - 40 

~~--~~5-~_:_.io- -
IC (7+n) lcyc - 40 - .. -----------··- ·-
IRC 5 lcy,;-40 

Notes: 

IRDP----1 

• IXTAL = 6MHz 
1 -·-- .--:-:--

Min Max 

210 

210 

840 

540 

1120 

760 

IC 

147 

147 

647 

397 

l 835 

585 

1. 1cyc = 1 /fXTAL, Divide ratio internally: SCU<- 1 /2 IXTAL 
2. n =Number of Wail cycles programmed in the MM register 

(Bits PW1, PWOI 
3. for WR signal the dotted line is valid 
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IRC 

J 

l fxTAL ~ 1 OM Hz 

I Min Max 

j__110_ -

L I-

Units 

ns 

)~ t-------t--~~--
1 510 ns 

--·r··-· -·· --
1 310 ns 

-~-------- -
_ J ___ ~~o__ ns 

I 460 ns 



µPD78310/312 PRELIMINARY NEC 
AC TIMING TEST POINTS 
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NEC PRELIMINARY µPD78310/312 

TIMING WAVEFORMS 

1/0 INTERFACE MODE 

ICYK ---~ 

SCK 

TxD --------'K_'~===============--_;-~ ~-~----_-_-_-_-_-_-_-_ 
1/0 INTERFACE MODE 

~--- tCYK ___ ____., 

'( IKKL 

RxD 

IKRX-----< 

CTS HANDSHAKE SIGNAL 
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µPD78310/312 PRELIMINARY NEC 
TIMING WAVEFORMS 

UP/DOWN COUNTER INPUT F ICIH:=-:1 

I \. .I 
____JI t- =J llCTCISj r-- ICIL 1 

f--tCICTH 

Cl 

ICTLL 3,..-------
CTRL 

ICTLH 

CLR 
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NEC PRELIMINARY 

INTERRUPT INPUT 

INTE2 

RESET INPUT 

- r-- !RSH ---~r- !RSL 1 
RESET __Jr-- I 

0.8V 
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µPD78310/312 PRELIMINARY NEC 
TIMING WAVEFORMS 

X1 CLOCK INPUT 

10H 

X1 

I If 

~10L 

X1, X2 INPUT CONNECTION 

A.) CRYSTAL CONNECTION 

I 

J_ 
X1 

CJ 

IL T 
I X2 

B ) EXTERNAL CLOCK SUPPLY 

X1 

X2 
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NEC 
Parameter Symbol 

Data Retention Voltage VDDDR 
----+---

VDO Slop Current 1 IODDR 

PRELIMINARY 

(Ta = -40°C to + 85"C) 

Test Conditions Mm 

2.0 

VDDDR-2.0V 

VDDDR-50V±5% 
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µPD78310/312 PRELIMINARY NEC 
PINNING OUTLINE 

(QUIL AND SHRINK DIP) 

POO 1 64 Voo 
POl 2 63 P47/AD7 
P02 3 62 P46/AD6 
P03 4 61 P45/A05 
P04 5 60 P44/A04 
POS 6 59 P43/A03 
P06 7 58 P42/A02 
P07 8 57 P41/AD1 
PlO 9 56 P40/ADO 
Pll 10 55 ALE 
P12 11 54 WR 
P13 12 53 RD 
P14 13 52 RESET 
P15 14 µPD 51 EA/Vpp 
P16 15 50 P57/A15 
P17 16 78312/ 49 P56/A 14 

P20/NMI 17 78310 48 P55/A 13 
P21 /INTEO 18 47 P54/A12 
P22/INTE1 19 46 P53/A 11 
P23/INTE2 20 45 P52/A10 

P24/TxD 21 44 P51/A9 
P25/RxD 22 43 P50/A8 
P26/SCK 23 42 P37/CLR1 /T01 
P27/CTS 24 41 P36/C R LO/TOO 

RFSH 25 40 P35/PWM1 
P30/CIO 26 39 P34/PWMO 

P31/CTRLO 27 38 AVss 
P32/Cl1 28 37 VAREF 

P33/CTRL1 29 36 AN3 
Xl 30 35 AN2 
X2 31 34 ANl 

Vss 32 33 A:'llO 
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NEC 

P06 

P07 

P10 

P11 

P12 

P13 

P14 

P15 

P16 

P17 

P201NMI 

P21/tNTEO 

P2211NTE1 

P2311NTE2 

P24/Tx0 

P25/A:r.D 

P26tSCK 

P27/CTS 

RFSH 

PRELIMINARY 

(FLAT PACKAGE) 

"' ... '"' 0 li' 0 
0. 0. 

0 0 
i3 ...J 

~ a: 
0 >--
b.' !2 

~ 

~ "' "' 0 0 0 

~ 
<( 

~ N ;; g 0 ~ 0 0 
0. 0. 0. > Q_ Q_ 

µPD78312G-xxx-1B 
µPD78310G-1B 

x N "' 0 z N 
...J >< en z z g: > <( <( <( 

~ 
0. 

... '"' N 
0 0 0 

~ 
<( 

~ ~ ... j'[ Q_ 0. 

'"' u.. en z w en 
<( a: ~ < > 
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P41/AD1 

P40/AOO 

ALE 

WR 

RO 

RESET 

EA/Vpp 

P57/A15 

P56/A14 

P55/A13 

P54/A12 

P53/A 11 

P52/A10 

P511A9 

P50/A6 

P37/CLA1/T01 

P361CLROITOO 

P35/PWM1 

P34/PWM0 
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µPD78310/312 

PACKAGE DIMENSIONS, 

PRELIMINARY 

64-pin FLAT PACK 
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µPD 78312G-xxx-1B 
µPD78310G-1B 

20•0.3 _.., 

NEC 



NEC 

64-pin QUIL, bent leads 

PRELIMINARY 

5-33 

re==~ 
nc==>n 
-llo2&~:~ ~ 
~19.06t1.0~ 

~.13t1.05 

µPD78310/312 

PACKAGE DIMENSIONS, 



µPD78310/312 

PACKAGE DIMENSIONS, 

PRELIMINARY NEC 

64-pin OUIL, flat leads 

----11-- 0 .. 0 1 --l 1--
0.26 :g~ 

(aaca -- ----- --- -- ---- ---- -- ---- -occaQ 
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NEC PRELIMINARY µPD78310/312 

PACKAGE DIMENSIONS, 

64-pin SHRINK DIP 
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µPD78310/312 PRELIMINARY 

PINNING OUTLINE 

µPD78310/312L 

&SPIN Pl.CC 

P41/AD1 P35/PWM1 
P42/AD2 P34/PWMO 
P43/AD3 AVSS 
P44/AD4 AVREF 
~&AD5 AN3 
~&AD6 AN2 
P47/AD7 AN1 

VDD11 ANO 
vss ,, 1-++-+----- -------tt-vss 

IC Vss 
~ ~ 
~ ~ 
P02 P33/CTRL1 
P03 P32/Cl1 
P04 P31/CTRLO 
P05 P30/CIO 
P06 RFSH 
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NEC PRELIMINARY 

Differences between µPD78P312 and µPD78312, 78310 

The µPD78P312 is a product which has replaced masked ROM of the µPD78312 with the 
EPROM. Table 2-1 shows the differences between these products. 
However, see the µPD78312, 78310 User's Manual for the details of CPU function and 
on-chip peripherals. 

Table 2-1 

Items I µP078P312 I µPD78312 J µP078310 

On chip I • EPROM j • Masked ROM -1 Nol on chip 

:.~;;:·-"_ j :~::,;;'" !~""'"' ~: ~o B_D1~_...__ I P07/QE __ _ PO~-

- N~~ ~--J ~~---- -- --- -~~-
Supply Voltage Range Voo=5V±10% Voo=25Vto60V 

Packages 
1 

• 64-pm ceramic Shrink DIP. with window (DW) • 64-ptn plasttc shnnk DIP (CW) 
e 64 pin ceramic QUIP with window (R) • 64 pin plastic QUIP {G) 
• as OTPROM atso in plastic OUIL {G), j • 64-pin plast~c flal package (G) 

SDIP (CW) and PLCC (l) e 68-p1n plastic LCC (l) 
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µPD78310/312 PRELIMINARY 

A. 1. EPROM Write and Verify 

The µP078P312 has internal UV erasable and electrically programmable read only 
memory (EPROM). For write and verify the EPROM, these pins in the following table 
are used~ 

Pin names Functions 

Vpp High voltage inpul (for write) 

P17-P10 Address inputs (lower 8-bil) 

P54-P50 Address inputs (upper 5-bit) 

P47-P40 Dala inputs (lor write), Data oulputs (for verify) 

PGM/PQ6 l Program pulse input 
f--· 

OE1Po7 Output enable input 

VDD Supply vollage input 
voo=5V±10% at normal operation 
Voo = 6 V at EPROM write I verify 

A.2. EPROM write/verify oparatlon mode 

TheµPD78P312 enters program write/verify mode when ·voo= + 6V. VPP=+ 12.5V" 
are set. There are three operation modes by setting of the PGM and OE pins. 
(other pins must be pulled down to Vss by pull-down resistors.) 

Specify operation mode I 

I ' Operation mode 
Vpp VDD PGM OE 

l L H 1 Write mode 

+12.SV +6V H L Verify mode 
-

H H I Program Inhibit mOde 

A.3 EPROM Write oparatlon 

Fast EPROM data write operation is done in the following procedure. 
(1) Pull down unused pins to the Vss by pull-down resistors. Supply + 6 V 10 Voo and 

+ 12.5 V to Vpp. 
(2) Set initial address. 
(3) Set write data. 
(4) Supply program pulse (active low) of 1-ms to the PGM pin. 
(5) Verify. If written data is right, go to (7), otherwise repeat (3) to (5). 

If the right data is not given even 25 times repetition, go to (6). 
(6) Stop the write operation. That device is bad. 
(7) Additional write. Set the same data and supply program pulse as long as the 

'"number of repeat-times at (3) to (5)" x 3 ms. 
(8) Increment the address. 
(9) Repeat (3) to (8) until the end address. 
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NEC PRELIMINARY 

A.4. Timing Chart 

P54-P50 

P17-P10 

P47-P40 

Vpp 
Vpp 

VJH 

Hcpcat X 11mus 

Additional I Write I verily I Wri1<.' I 
~ Address (Upper S-bit) V-__/\ ______ /\______ 

~ Address (Lower 8~bit) V-
___/\~ _____ /\______ 

Data Input 

Output 

voo+, 
voo 

voo 

ViH 

P06/PGM 
VIL 

VIH 

P07 /0E 
VIL 

Fig. 3-1 EPROM Write/Verify Timing 
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NEC PRELIMINARY µPD78224 

uPD78224 REALTIME CONTROL ORIENTED 
8-BIT SINGLE-CHIP MICROCOMPUTER 

The 8-bit single-chip microcomputer uPD78224 is a control 
oriented microcomputer that contains a 16k-byte masked ROM, 
a 640-byte RAM, a multifunction pulse I/0, variable 
threshold input port, and various other hardware 
peripherals. 

Major Features 

* High-performance CPU 

The uPD78224's internal 8-bit ALU and data paths, enable 
high-speed program execution with low power consumption. 

The instruction set is tuned for control applications, 
including 16/8-bit divide, 8x8-b1t multiply. In addition, 
built-in boolean processor enhances the ·performance of the 
bit manipulate instructions. 

5-43 



µPD78224 PRELIMINARY NEC 
* Multifunction pulse I/0 

The multitunction pulse I/O consists of four units. The 
first unit is composed of a 16-bit timer, two 16-bit compare 
registers and a 16-bit capture register. The second unit is 
composed ot an 8-bit timer with pre-scaler, an 8-bit compare 
register and an 8-bit cap::·Jre/ compare register. The third 
unit is composed of an 8-bit timer I counter with 
pre-scaler, two 8-bit compare registers and an 8-bit capture 
register. Fourth unit is a twox4-bit realtime output port. 
These units enable direct interface with various types of 
external sensors and actuators, and realize the high 
precision and flexible control system all by uPD78224 
itself. 

* Macro service function 

The macro service function is one of ·the characteristic 
features of the uPD78224. By using this function, the macro 
service controller, upon recognizing an interrupt request, 
automatically executes necessary proce.ssing to service the 
request on behalf of the CPU. 

In the past, interrupt handling, register return, and 
register save processing, associated with the interrupt 
service by the CPU, accounted for a major proportion of CPU 
time. Macro service facilitates faster interrupt handling 
by eliminating such related processing operations. 
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NEC PRELIMINARY 

1. Features 
* Control Oriented Instruction Set 

- 16-bit Data Transfer & Arithmetic 
- Powerful Bit Manipulations 

* Instruction Cycle : min. 2 system clocks 
* 16k-byte ROM, 640-byte RAM 
* Expansion Capabilities 

- Program Memory : Up to 64k-bytes 
- Data Memory : Up to lM-bytes 

* Multifunction Pulse Input/Output 
- Two 8-bit Timer 
- One 16-bit Timer 
- Two 4-bit Realtime Output Port 

* Variable Threshold Input Port 
* Asynchronous Serial Communication Interface (UART) 
* Clocked Serial Interface (CSI) 

- I/O expansion Mode 
- Serial Bus Interface (SBI) 

* Interrupt Controller 
- Two Priority and Two-level Nesting Control 
- Eight External Interrupt Sources 
- Nine Internal Interrupt Sources 

* Macro Service Controller 
- 6 Macro Service Channel 

* Programmable Wait Control 
* Pseudo-static RAM refresh function 
* Standby Operation 
* CMOS 
* 80-pin Flat Package I 84-pin PLCC 
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N ~ 
P20/llMI PROGRA~111A8LE ~ P21 ·27/ INT£RRUf'T PSEl·57/A8-l 5 

llllEB-6 cor1TROL o::J .... I-' 
CD P49-47/ AD9-7 

0 m 
P!O /R,D S[RIAL c () N 
P31 /T.D CJ) ,_.. 

N 
P~2/SCK + IN TC RF .ICE P68-63/ A 16-1 9 p.. ~ 
P33/S09 +' n .... 

0 

"' z ()q 
TIMER /COUNTER 4 

P64/iffi ;o t1 
( 16 BIT) 0 "' r a 

P6S/'O'il 0 INTE I 
T IM(R /COUNTER hi 

INTE2 
P36/T02 

OIANN(L-2 P66/'w'AIT c:: 
(PS+SBIT) "d 

P37 /T03 t:l 
P67/RFSH ..... 

T lMER /COUlffER 00 

ltHEG CHAtlNEL·l N 
N 

(PS•BBIT) ALE ~ "Ill 
:D 

P00-93 RlALTIME m 
OUTPUT PORT ... 

U1 P64·67 (481Tx2) -1 XI !I ,. CJ) -"' PT8·7 CCNPARATOR -< 
X2 z CJ) 

4 ,. ,., 
INTE~NAL :I mu ~ DATA MEMJRY n EA/Vpp (384 BYT[) 0 z 

4 VOD ,Yoo ;o 
0 

' r Vss ,Vss ..,, 

P>J P 1 f'2 P3 PS P6 P7 

P4 



NEC PRELIMINARY 

uPD78224 PIN CONFIGURATION 
(80 PIN FLAT) 

"'O 

~I ~ 
"'O "'O "'O < "'O "'O "'O "'O "'O "'O "'O "'O < < J> i> 
...J......J-JO---------"'O tf'JJCZ'J 
N-<Z>O...JO'UlAVtN-CD-u tnrriez:> 

p 73 180 6i4 P41 /A81 
P42/A82 
P43/AS3 
P44/A84 
P45/ASS 
P46/A86 
P47/AS7 
PSO/A98 
RS1 /A89 
PSZIA 1 S 
PS3/A 11 
PS4/A12 
PSS/A 13 
PS6/A14 
PS7/A15 
P60/A 16 
P61/A17 
P62/A18 
P63/A 19 
P64/RD 
P65/WR 
P66/WAIT 
P67/RFSH 

P74 
P75 
P76 

P28/NMI 
P21/INTEEl 
P22/INTE1 
P23/I NTE2 
P24/INTE3 
P25/INTE4 
P26/INTES 
P27/INTE6 

P30/Rx0 
P31 /TxD 
P32/SCK 
P33/SBEl 
P34/T09 
P35/TO 1 
P36/T02 
P37/T03 

PHI 
PT1 
PTZ 
PT3 

TOP VIEW 

41 P97 
40 
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µPD78224 PRELIMINARY 

P66/WAIT 
P65/Wl< 
P64/~ 

P63/A19 
P62/A 18 
P61/A17 
P60/A 16 
P57/A1 S 
P56/A14 
PSS/A 13 
PS4/A12 
P53/A 1 I 
PS2/A 10 
PS 1 /A09 
P59/A08 
P47/A07 
P46/A06 
P45/A05 
P44/A04 
P43/A03 
P42/A02 

µPD78224 PIN CONFIGURATION 

(84 PIN PLCC) 

TOP VIEW 

84 I 
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PT 1 
PTO 
P37/T03 
P36/T02 
P35/T01 
P34/TOO 
P33/SBO 
P32/SCK 
P31 /Tx0 
P30/RxD 
P27/INTE6 
P26/INTES 
P2S/INTE4 
P24/INTE3 
P23/INTE2 
P22/INTE1 
P21 /INTEO 
PZO/NMI 
P76 
P75 
P74 



NEC PRELIMINARY 

Xl,X2 
RESET 

VDD 
vss 
ALE 
EA/Vpp 

PINS DESCRIPTION (1) 

CRYSTAL INPUT 
POWER-ON H/W RESET 
+SV :!:: 10% 
Gm 
ADDRESS LATCH ENABLE 
EXTERNAL ACCESS I PROGRAM POWER SUPPLY 

5-49 

µPD78224 



µPD78224 PRELIMINARY 

PTO-T7 
P00-07 
Pl0-17 
P20-27 

P30-37 

P40-47 
PS0-57 
P60-67 

P70-76 

PINS DESCRIPTION (2) 

8-BIT INPUT PORT with COMPARATOR 
8-BIT OUTPUT PORT or 2x4BIT REALTIME OUTPUT PORT 
8-BIT GENERAL I/O PORT (Iol=8mA EACH OUTPUT) 
8-BIT INPUT PORT or INPUTS INDIVIDU.\LLY 
PROGRAMABLE as INTERRUPT 
NMI,INTEO,INTE1,INTE2,INTE3,INTE4,INTE5,INTE6 

8-BIT GENERAL I/O PORT or 8-BIT CQ~TROL SIGNALS 
P30/RxD (INPUT) 
P31/TxD 
P32/SCK 
P33/SBO 
P34/TOO 
P35/T01 
P36/T02 
P37/T03 

8-BIT GENERAL I/O 
8-BIT OUTPUT PORT 
8-BIT GENERAL 

P60/Al6 
P61/Al7 
P62/Al8 
P63/Al9 
P64/RD 
P65/WR 
P66/WAIT 
P67/RFSH 

I/0 

(OUTPUT) 
(INPUT/OUTPUT) 
(INPUT/OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
PORT or ADDRESS/IJATA BUS 
or UPPER 8-BIT ADDRESS BUS 
PORT or CONTROL SIGNAL 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(OUTPUT) 
(INTPUT) 
(OUTPUT) 

7-BIT GENERAL I/O PORT 
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Absolute Maximum Ratings (Ta = 25"C) 

Parameter Symbol Condition Ratings Unit 

Power Supply Voltage voo - 0.5 to+ 7.0 v 

Input Voltage Vi - o.5 to voo + 0.5 v 

Output Voltage VO - 0.5 to voo + 0.5 v 

High Level One Output Pin - 2 mA 

Output Current IOH 
All Output Pin Total -50 mA 

Peak 30 mA 
One Output Pin 

Low Level Average 15 mA 

Coutput Current IOL 
Peak 150 mA 

All Output Pin Total 
Average 100 mA 

Operating Temperature TOPT fxTAL :i: 10 MHz -40 to+ 85 'C 

Storage Temperature -65to+ 150 'C 

Recommended Operating Conditions 

Parameter Ta voo.AVoo 

osc 
fxTAL;::; 10 MHz - 40'C to + 85'C + 5.0V ± 1CJO/o frequency 

capacitance (Ta = 25'{;, VDD = VSS = OV) 

Parameter Symbol Test Condition Min Typ Max Unit 

Input Capacitance C1 IC=1 MHz 10 pF 

Output Capacitance Co Unmeasured Pins 20 pF 

In/Output Capacitance C10 Returned to OV 20 pF 

DC Characteristics (Ta = - 40 to + 85"C, VDD = + 5.0 V ± 10%, VSS = OV) 

Parameter Symbol Test Condition MIN Typ Max Unit 

Input Low Voltage VIL except PTn 0 0.8 v 

VIH1 except note1 and PTn 2.2 voo v 
Input High Voltage 

V1H2 note1 Pins 0.8Voo voo v 

vou IOL = 2.0mA, except Port1 0.45 v 
Output Low Voltage 

VOL2 IOL = 8.0mA, Port1 1.0 v 

VOH1 IOH = -1.0mA voo -1.0 v 
Output High Voltage 

VOH2 IOH = 100µA voo -o.5 v 

Input Leak. Current IL1 ov::;v1::;voo ±10 µA 

Output Leak. Current ILO ov::;vo;:;;;voo ±10 µA 

1001 Operation Mode 20 40 mA 

VDD Supply Current 1002 HALT Mode 10 20 mA 

1003 STOP Mode 15 50 µA 
--

note1: RESET, NMI, INTO to INT6, X1, X2 pins 
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µPD78224 PRELIMINARY NEC 
AC Characteristics (Ta= -40"C to +85"C, voo = +5.0V±100/o, vss=OV) 
Memory Read/Write Operation 

Parameter Symbol Test Condition Min Typ Max Unit 

X1 Input Cycle Time ICY 100 ns 

ALE Width High ILL 70 ns 

Address Setup to ALEI IAL 50 ns 

Address Hold After ALE IL.A 20 ns 
-

ALE to RD Delay Time IL.R 70 ns 

RD Width Low IRR 165 ns 

RD to Data Input IRD 140 ns 

Data Hold after RD IRDH 0 ns 

ALE to WR Delay Time ILW 70 ns 

WR Width Low 'ONW 260 ns 

WR to Data Output IWD 66 ns 

Data Hold Time after WR IWDH 20 ns 

ALE to WAIT Delay Time IL.WT 90 ns 

WAIT Rise after X1t txwT 0 ns 

WAIT Rise before X11 IWTX 0 ns 

External Clock Timing (Ta= -40"C to +85"C VDD = +5 OV+100/o VSS = OV) -

Parameter Symbol Test Condition Min Typ Max Unit 

X1 Input Width High t0H 45 250 ns 

X1 Input Width Low t0L 45 250 ns 

X1 Input Rise Time tr 0 30 ns 

X1 Input Fall Time ti 0 30 ns 

Other Operations (Ta= -40"C to +85"C, Voo = +5.0V ± 100/o, VSS = OV) 

Parameter Symbol Test Condition Min Typ Max Unit 

NMI Width High, Low INMIH 10 µS 
tNMIL 

INT0-6 Width High, Low nNTH 12 ICY ~NTL 

RESET Width High, Low tRSTH 10 µs 
IRSTL 
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Serial Operation· 
Parameter Symbol Test Condition Min Typ Max Unit 

SCK Input 500 ns 
SCK Cycle Time ICYK -

SCKOutput 1.1 µS 

- SCK Input 200 ns 
SCK Width Low IKKL 

SCK Output 500 ns 

SCR Input 200 ns 
SCR Width High IKKH 

SCK Output 500 ns 

C-MOS Output 300 ns 
SCK to SIO Delay Time IKTX 

O.D. RL = 1K'1, CL= 100 pf 800 ns 

SIO Setup Time To SCK tRXK 80 ns 

SIO Hold Time After SCK IKRX 80 ns 

Wake-Up Width High IWKH 8 ICY 

Wake-Up Width Low IWKL 8 ICY 

Command Setup to SCKI tcMK 8 ICY 
-

Command Hold After SCK IKCM 20 ns 

Comparator Characteristics (Ta = -40"C to +85"C VDD = 5 OV + 100/o) -
Parameter Symbol Test Condition Min Typ Max Unit 

Compare Accuracy VACOMP ±100 mV 

Compare Time !COMP 128 ICY 

PT Input Voltage VPTI 0 VDD v 
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µPD78224 PRELIMINARY NEC 
Read Timming 

X1 

ALE 

P50-57 

P40 -47 

Write Timming 

X1 

ALE 

P50 - 57 

P40 - 47 

EXTERNAL WAIT TIMING 

X1 

ALE 
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AC TIMING TEST POINTS 

___ __,x::::::: TEST POINT < ::: x:::= 
INTERRUPT TIMING 

NMI 

INTO-INT6 

RESET TIMING 

EXTERNAL CLOCK TIMING 

!cl 

X1 
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SERIAL BUS INTERFACE TIMING 

TRANSMIT 

SCK _/ J;?-i I 
SIO >C OUTPIJTDATA 

RECEIVE 

.. F--4' SCK _/ \ 
SIO WDA~ 

WAKE-UP 

"SCR 

SIO 
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Memory Data Retention Characteristics (Ta = -40 to +85"C) 

Parameter Symbol Test Condition Min Typ Max Unit 

Data retention Power 
VDDDR 2.5 v supply voltage 

Data retention Power 
IDDDR VDDDR =2.5V 15 µA supply current 

VOD rise, fall time IRVDD 200 µs 
IFVDD 

Set Data retention Time lSDR 0 ms 

Set Release Signal Time lSREL 0 ms 

OSC Stabilization Time tosc tB.D. ms 

Input Low Voltage VIL note1 Pins 0 0.1VDD v 

Input High Voltage VIH note1 Pins o.9VDD voD v 

DATA RETENTION TIMING 

SET STOP 

-------STOP Mode-------+---WAIT Operation 

VDD 
10% VDDDR 

IFVDD 

V1H..09Voo 

(RELEASE BY NM!) 

V1H"°.BV00 
V1H'=0.9Voo 

NMI 

V1L;:;o.sv VtL:$0.1VDD 
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84PIN PLCC 

PRELIMINARY 

A 

NOTE 
Each lead centerline is located within 0.12 mm 
of its true position (T.P.} at maximum material 
condition. 

ITEM 

A 

B 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

p 

Q 

s 
T 

u 
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MILLIMETERS 

30.2'02 

29.28 

29.28 

30.2'0 2 

1.94.:!.0 ,~ 

06 

4.4'02 

2.8±0 2 

0.7 MIN 

3.6 

127(TP) 

0.7 

Q_4Q::::O 10 

0.12 

28.20·0 '° 
0.15 

1.0 

R0.8 

o.2o:g ~~ 
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80PIN PLASTIC FLAT PACKAGE 
A 

·--"--------- --------! 

u a 

G H 

·~ I I 

~+-===-I=+~ 
a ~ J_l 

NOTE 
Each lead centerline is located within 0.15 mm 
of its true position (T.P.J at maximum 
material condition. 
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ITEM 

A 

B 

c 
D 

F 

G 

H 

I 

J 

K 

L 

M 

N 

p 

Q 

L 

MILLIMETERS 

24.7!0 4 

20•02 

14•0 2 

18_7~0 4 

1 0 

0.8 

Q_35·0 10 

0.15 

0.8(TP.) 

2 35·c' 

1.2'-0 2 

0.1 s:g ~~ 
015 

2.os:g ~ 
0.1.!.0 1 
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µPD70320/70322 

EDl'-: .ianuary ~:!. l!IX7 

SINGLE-CHIP µCs 

• Sofrwarc co111p11tihle ll'if/i the 
8081i II 111{ 81188 

• Red1u·e pui1'1'1' 1·1'<inire111e11ts 

T'vvo CMOS-proeessPd 1-chip micrn­
eompuh'l'S eombi1w 808(i/8088 com­
patibility with int(•rnal peripheral 
features. The µI' !>70:~20 and 

µPD70322, members of the manu­
facturer's V25 Series, provide serial 
and parallel l/O ports, a compara­
tor, timers, a DMA controller, and 
256 bytes of RAM. These peripheral 
functions previously required chips 
external to the 8086/8088 µP. Other 
features include a 16/:32-bit tempo­
rary register/shifter, a Hi-bit loop 
counter, a program counter and pre­
fetch pointer, and a dual data bus 
that allows fetching two operands 
simultaneously. The µPD7o:322 dif­
fers from the µPD70:320 in that it 
contains 16k bytes of mask-pro­
grammable ROM. In 80-pin plastic 
miniflat packages or 84-pin plastic 
LCCs, each device costs $25 (OEM 
qty). 

NEC Electronics Inc, Litera­
ture-MS4580, 401 Ellis St, Moun­
tain View, CA 94039. Phone (415) 
965-G144. TWX 910-:379-6985. 



NEC µPD70320/322-5/-8 

NEC MOS Integrated Circuit 
µPD70322, :JPD70320G/L One Chip Microcomputer 

The µP070322 (also known as v25tm) is a one -chip microcomputer which features one-chip integration of 16-bit CPU, 
ROM, RAM, serial interface, timer, OMA controller, interrupt controller and others. The µP070322 is software-compatible with 
the 8116-bit microprocessor µP070108/70116 (also known as v2otmN3otm). The µPD70320 is a µP070322 without ROM. 

Features 

• internal 16-bit architecture, external 8-bit data bus. 
• software-compatible with µP070108/70116 (in native mode) (additional instructions available). 
• minimum instruction cycle: 400 ns (10MHz, 5V). 
e internal ROM: 16383W x 8 (µPD70322). 
• internal RAM: 256W x 8. 
e one-chip peripheral hardware memory mapping (special function register) . 
• input port (port n with a comparator: 8 channels. 
• 110 lines (input ports: 4; inpuVoutput ports: 20). 
• serial interface (with a built-in dedicated baud rate generator): 2 ch; asynchronous mode, 1/0 interlace mode. 
• interrupt controller 

0 programmable priority (8 levels) 
O vector interrupt function 
O register bank switching function 
0 macro-service function 

• DRAM, pseudo SRAM refresh function 
• OMA controller 
• inpuVoutput instructions, FPO instruction interrupt function. 
• 16-bit timers: 2. 
• time base counter. 
• built-in clock generator circuit. 
e programmable wait function. 
• standby function (STOP/HALJ). 
• variable instruction cycles: 400ns, 800ns, 1.6µ5 (10MHz, 5V). 
e CMOS. 
• single power supply. 
• 80-pin plastic flat package (µP070322G, µP070320G). 
• 84-pin PLCC (Plastic Leaded Chip Carrier) µPD70322L, µPD70320L). 
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µPD70320/322-5/-8 NEC 
(2) 84-pin PLCC (top view) 

8: 0 mm 1~ r ~~u~aS~8~~~~~~~8N-~~u 
~~z~~~~~W~-~~~~>XX~>Z 

-omm~~~~MN-~MN-o~m~~~ 
-- oooommm~~~~~ 

P07/CLKOUT 12 74 PT7 
DO 13 73 PT6 
01 14 72 PT5 
02 15 71 PT4 
03 16 70 PT3 
04 17 69 PT2 
05 18 68 PT1 
06 19 µPD70322/70320 67 PTO 
07 20 66 P17/REAOY 
AO 21 LCC/PLCC PACKAGE 65 P16/5Ci<O 
Al 22 (TOP VIEW) 64 P15/TOUT 
A2 23 63 P14/INTR/POLL 
A3 24 62 Pl 3/INTP2/I NT AK 
A4 25 61 P12/INTP1 
A5 26 60 Pl 1/INTPO 
AS 27 59 PlO/NMI 
A7 28 58 P27/HLDRQ 
A8 29 57 P26/HlDAK 
A9 30 56 P25rref 

AlO 31 55 P24/DMAAK1 
All 32 54 P23/0MARQ1 

~~~~M~~~;~~~~~~~~gm~ra 

•M••ooo•oa~o-r-•OC~!O --------oz oo~oozo uz 
<<<<<<<<x~~xx~xoc ><C 

OC U~ocU~< <N 
~ ~N .e ...._ 0... 

0 ;:::; N 
~ ~ 

Note: IC terminal should be fixed at the high level. 
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P20/DMARQO 
P21/DMAAl<O 

P22/TCO 
P23/DMARQI 
P24/DMAAKl 

P25/'fCi 

TxOO 
Rx DO 

P16/SCl<O 
CTSO 
Tx01 
Rx01 

°' CTS1 
I .... 

P10/NMI 
Pll/iiii'i'Pii 
P12/INTP1 

INTAl</P13/INTP2 
P0LL/P14/INTR 

PROGRAMMABLE 
OMA 

CONTROLLER 

SERIAL 
COMMUNICATION 

INTERFACE 

BAUD RATE 
GENERATOR 

PROGRAMMABLE 
INTERRUPT 

CONTROLLER 

16·BIT TIMER 

TouTIP15 

i.if'070322/70320 block diagram 

INSTRUCTION DECODER 

TIME BASE 
COUNTER 

MICRO SEOUENSER 
MICRO ROM 

REFRQ P07/CLl<OUT PO Pl P2 

INTERNAL ROM 
16 l<BYTE 

PORT WITH 
COMPARATOR 

PTo-7 VTH 

ID c 
Ill 
0 
0 z 
-I 
;n 
0 ,... 
,... 
8 
n 

SYSTEM 
CONTROL 

~ 
AO-A19 ~ 

RESET 

HLDRO/P27 

HLOAK/P26 

READY/P17 

MREQ 

IOSTB 

MsTe 

R/W 

VDD 

GND 

Eii 

OO-D7 

i ... 
0 

"" e 
"" N 
N 
I 

en .... 
I 

CD 
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1. Pin functions 
1.1 Port Pins 

Pin Name 

POO-P06 
-·· 

P07/CLKOUT 

P10/NMI 

P11/INTPO 
--

P12/INTP1 

P13/INTP2/INTAK 

P14/POLUINT 

P15/TOUT 

P16/SCKO 

PH/READY 

P20/DMARQO 

P21/DMAAKO 
--1 -

P22/TCO 
f-·-

I 
P23/0MARQ1 

P24/DMAAK1 
-

P251TC1 
1-----.-

P26/HLDAK 

P27/HLDRQ 

PTO-PH 

1/0 

110 

1/0/0 

I/I 

1/1/0 

1/0/, 
1,1 

1/0,0 

1/0, I 

1/0, I 

1/0,0 

i 

1/0, I 

1/0, 0 

1/0,0 

1/0, I 

I 

NEC 

Port functions Control functions 
·-· 

8-bit 1/0 port whose 1/0 can be -
·---

specified at bit level system clock output 
·-------

nonmaskable interrupt request 
input and input port -

~--------

external interrupt request input 

and input port 
·-·---~ 

INT acknowledge signal output 
~-----

inpuVoutput port whose 1/0 can external interrupt request input 

be specified and POLL input 
··-

1/0 port whose 1/0 can be timer output 

specified at bit level serial clock output 

READY input 
- -· 

8-bit 1/0 port whose 1/0 can be OMA request input (CHO) 

specified at bit level OMA acknowledgement output (CHO) 
·---1 

OMA end output (CH1) 
-· 

OMA request input (CH1) 

1 OMA acknowledgement output (CH1) 

OMA end output (CH1) 
f--·--· 

HOLD acknowledgement output 
·---- ·---i 

i HOLD input 
··---------· -+-·--· ·-------- ·---· ----1 

input port with 8-bit comparator I-
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1.2 Non-port Pins 

Pin Name 1/0 Function 

TXDO output serial data output 

TXD1 

RXDO input serial data input 

RXD1 

CTSO 1/0 CTS input in asynchronous mode; receive clock input in 1/0 interface mode 

CTS1 input CTS input 

REFRQ output DRAM refresh pulse output 

VTH input comparator reference voltage input 

RESET reset signal input 

EA Input for setting ROM-less mode 

X1 connector for crystal system clock oscillation. External clock input is carried out by 

X2 Internal connection. ShOuld be fixed to the high level from the outside. 

00-07 1/0 8-bit data bus 
--

AO-A19 output 20-bit address output 

MREQ output indicating start of memory bus cycle. 

MSTB Strobe output for memory read or memory write. 

RlW Read cycle and write cycle identification signal output 
r---

IOSTB 1/0 read or 1/0 write strobe output 

voo Positive power supply pin 
r-----~ ------j 

GND GND pin 
r-------

LC. Internal connection. Should be fixed to the high level from the outside. 
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2.CPU 

The µPD70322/70320 has a CPU which is software-compatible with the native-mode operation of the µPD70116/70108. 
2.1 Registers 

The}JPD70322/70320 CPU has a general-purpose register set compatible with the µPD70116/70108. It also has special 
function registers for the control of on-chip peripheral hardware. These registers are all mapped in the memory space. The 
general-purpose register set also serves as built-in RAM, providing a maximum 8-bank register set in the internal RAM. 

The addresses of the registers are relocatable in 4-kilobyte units. These addresses are specified using the internal data 
area base register (IDB) which is one of the special function registers (see 2.4.2). 
2.1.1 Register Bank 

The general purpose register set is mapped in the built-in RAM area. The general purpose register set is bank-formatted. 
Up to 8 banks of it can be installed. Each bank uses 32 bytes. Of these 8 banks, banks 0 and 1 can also be used for macro­
service channel (see 2.4.2) and DMA service channel (see 5.3.3). They can also be accessed as data memory (see 2.4.4). 

Normally the CPU runs programs by using register bank 7, switching automatically to other register banks through the 
use of interrupts. Return to the original register bank from a register bank switched by interrupt is carried out only by a return 
instruction - the RETRBI instruction (additional instruction from µPD70108/70116) from the interrup~ 

Fig. 2-1 shows the configuration of the register bank. The (+OOH)-(+01 Hl in the register bank become reserve areas when 
the register bank is used. The general purpose register set is mapped in the area of (+08H)-(+1FH) by an offset from a initial 
address from each register bank. The area (+02H)-(+07H) is not for general use as it is used for the switching of register 
banks. 

Area (+02H) holds the value which the register bank loads to the PC during register bank switching, an offset of the 
interrupt processing routine starting address. 

(+04H) is an area for saving the PSW when register banks are switched. 
(+06H) is an area for saving the PC when register banks are switched. 
After reset. register bank 7 is automatically selected. 
Initialization of segment register (see 2.1.4) alter reset is executed only in the register of register bank 7. 
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Fig. 2· 1 Configuretlon of Reglnlr Bank 

xx fo: 0 f) II 

xx£ I Fii 

xxEZOH 

xxESFH 

x:<E60H 

xxE7Fll 

Xl<EI OH 

>< ><E f Fii 

xxEAOH 

xxEBFH 

xx Ee OH 

xxEDFH 

XXEEOH 

xxEFFH 

Register bank O 

1 

z 

3 

• 

5 

6 

7 

XX is a value specified by IDB register 

. 

' 

' . 

•.....•...... !.,s _____ ,_1 ____ ....,o 
•· +OOH 

I 0 4 II 

+O&H 

+oaH 

+ 0 All 

+OCH 

+OEH 

+I 0 II 

+l2H 

+14H 

+l&H 

+ 1 IH 

+IAH 

. 
+ICH 

• 1t-:11 

····---······· 

reserved 

vector PC 

PSW save 

PC save 

l>SO 

SS 

PS 

DSI 

IV 

IX 

BP 

SP' 

RW 
UH··----·.··-··--liL···--

DW 

DH llL 

CW 
····,·· 

CM CL 

AW 

,\M .IL 

(offset from starting address of each register bank) 
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2.1.2 General purpose registers (AW, BW. CW, DWI 

Four 16-bit registers are used as general purpose registers; each register can be accessed as a 16-bit register as well as 
8-bit registers by dividing ii into higher and lower 8-bits (AH, AL, BH, BL, CH, CL, DH, DL). 

These can be used as either 8-bit or 16-bit registers for a wide range of instructions including transfer, arithmetic, and 
logical operation instructions. 

Each register is used as a default register for specific instruction processing as follows: 
AW: word multiplication/division, word inpuVoutput, data conversion. 
AL: byte multiplication/division, byte inpuVoutpul, translation, BCD rotation, data conversion. 
AH: byte multiplication/division. 
BW: translation. 
CW: loop control branching, repeal prefixing. 
CL: shill instruction, rotation instruction, BCD operation. 
OW: word multiplication/division, indirect addressing inpuVoutput 
These registers are mapped in the internal RAM. Their addresses are determined by adding the offset of each register to 

(IDB register• value• x 4096) + (OEOOH) + (register bank number x 32). •see 2.4.2 for information on IDB register. 

F'ig. 2· 1 Offset values for general purpose regiaten 

Register 1 Offset value Register Offset value 

AW lEH AL lEH 

AH 1 F'H 

BW 1 8 H BL 1 8 H 

BH 1 9 H 

cw lCH CL lCH 

CH lDH 

DW lAH DL lAH 

DH lBH 

2.1.3 Pointers (SO, BP) and Index Registers (IX, IV) 
Base pointers or index registers are used during memory access using based addressing (BP), indexed addressing (IX, 

IV), or based indexed addressing (BP, IX, IV). They are also used as pointers during stack operations (SP). Like the general 
purpose registers they are used for instructions for transfer, arithmetic operations, and logical operations; however, in this 
case they cannot be used as 8-bil registers. Each of the registers is used as a default register for specific processing as 
follows: 

SP: stack operations 
IX: block transfer, source side of BCD string operations 
IV: block transfer, destination side of BCD string operations. 
These registers are mapped in internal RAM. Their addresses are determined by adding the offset of each register to (IDB 

register value x 4096) + (OEOOH) +(register bank number x 32). Offset values for each register are indicated in Figure 2-2. 
·see 2.4.2 for information on IDB register. 

Fig. 2-2 Offset values for pointers and index registers 

Register Offset value 

SP 16H 

BP 14H 

IX 12H 

IY IOH 

6-8 



NEC µPD70320/322-5/-8 

2.1.4 Segment registers (PS, SS, DSO, DS1) 
The CPU divides the memory space into logical segments of 64 kilobytes each, the starting address of each segmen1 is 

specified by the segment register and the offset part of the initial address is specified by another register or by the effective 
address. 

The physical address therefore is created in the following way: 

+I 

4 bit 

r--T"'""..--~-1~ lxlxlxlxlo 
0 I JC I J( I x I x I 
x x x x x 

... segment starting address 

..... offset value 

..... physical address 

There are four types of segment registers; PS (Program Segment), SS (Stack Segment), DSO (Data SegmentO), and DS1 
(Data Segment 1). The respective segments are used in the following cases: 

PS: Program fetch 
SS: Stack operation instructions, addressing using the BP as the base register. 
DSO: general variable access, source block data access for block transfer instructions. 
DS1: destination block data access for block transfer instructions. 
However, other segments can be used instead of DSO by using a segment override prefix, or other segments instead of SS 

may be used in the same way in addressing with BP base register. 
During reset, the PS of register 7 is initialized for FFFFH and SS, DSO, and DS1 can be initialized for OOOH. These registers 

are mapped using internal RAM and their addresses are determined by adding the offset of each register to (IDB register• 
value x 4096) + (OEOOH) + (register bank number x 32) as indicated in Figure 2-3. 
'See 2.4.2 for explanation of IDB register. 

Fig. 2-3 Offset values for segment registers 

Register Offset value 

DSO 08H 

DSl OEH 

SS OAH 

PS OCH 

2.1.5 Internal data area base register (IDB) 
The IDB register is an 8-bit register for determining the address of the internal data area (2.4.1) which is the area for the 

special function register (See 2.4.3) for controlling the internal RAM (also used with the general purpose register) and the on­
chip peripheral hardware. These registers can be referenced by using FFFFFH or their own value x 4096 + FFFH (See 2.4.2) 
2.1.6 Special function registers 

The µPD70320/70322 has a group of register with special functions for setting up and controlling on-chip peripheral 
hardware modes. These register groups are memory mapped in the special function register areas inside the internal data 
areas and Read/Write is carried out in the same way as with regular memory (see 2.4.3). 

The additional BTCLR instructions (See 13.1) can be used only for these special function registers. 
2.2 Program Counter (PC) 

This is a 16-bit binary counter for holding the offset information on the memory addresses of a program to be executed by 
the CPU. 

The program counter is incremented each time instruction bytes are fetched from the instruction queue. A new location is 
loaded while executing branch, call, return, and break instructions. 

OOOOH is loaded while resetting. PS is initialized or FFFFH during reset so that the CPU starts execution from FFFFOH after 
reset. 
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2.3 PSW (Program Status Word) 

PSW is comprised of six types of status flags and five types of control flags as well as user flags. 
Status Flags 
• V (Overflow) 
e S (Sign) 
• Z(Zero) 
• AC (Auxiliary Carry) 
• P (Parity) 
e CY (Carry) 
Control Flags 
e RBO-RB2 (Register Bank 0-2) 
• DIR (Direction) 
• IE (Interrupt Enable) 
e BRK (Break) 
e IBRK (110 Break) 
User flags 
e FO (User Flag 0) 
• F1 (User Flag 1) 
The status flags are automatically set (1) and reset (0) according to a number of instruction executions (data value). The 

CY flags can be set directly, reset and reserved by instructions. 
The control flags are set and reset by instructions controlling the CPU operations. The IE and BRK flags are always reset 

whenever an interrupt processing is started. 
The user flags can be set reset, and tested by instructions and can be freely used by the user. 
When the PSW is processed in byte or word units, it is executed in the following way. 

15 14 13 12 11 10 9 8 6 5 4 3 2 

I 

0 

RB2 RB1 ABO . V DIR IE BAK S z F1 AC FO P IBRK! CY 

The least significant 8-bit PSW can be stored in the AH register and restored using MOV instructions. PSW can be saved 
separately and returned to stack using PUSH PSW and POP PSW instructions. The upper 4 bits of PSW are not affected by 
POP PSW instruction. The method of changing the upper 4 bits of the PSW is using the RETI or the RETRBI instruction. The 
others are automatically returned before the control flag is changed using interrupt generation. RESET input is used to initia­
lize PSW at F002H using word image. The IBRK and RBO-RB2 flags are set (1) and the others are reset (0). 
2.3.1 CY (Carry Flag) 
(1) Binary addition and subtraction 

When carrying out byte operations, the flag is set when there is a carry or a borrow from operation result bit 7; otherwise, it 
is reset 
When word operations are carried out, ii is set when there is a carry or a borrow from operation result bit 15; otherwise, it is 
reset. 
The flag is not changed by increment and decrement instructions. 

(2) Logical operations 
The flag is reset regardless of the results of the operations. 

(3) Binary multiplication 
The flag is reset when an unsigned byte operation gives 0 for AH; otherwise it is set The flag is reset when a signed byte 
operation gives a sign expansion of AL for AH; otherwise it is set. 
The flag is reset when an unsigned word operation gives 0 for DW; otherwise it is set. The flag is resetwhen a signed word 
operation gives a signed expansion of AW for DW; otherwise it is set. 
With 8-bit immediate operations, it is reset when the product is within 16 bits and is set when ii exceeds 16 bits. 

(4) Binary division 
Undefined 

(5) Shift/Rotate 
With shift and rotate which include CY, it is set ii the bit shifted to CY is 1, and is reset if 0. 

2.3.2 P (Parity Flag) 
( 1) Binary addition and subtraction, logical operation, shift. 

This flag is set when the number of "1" bits in the lower 8 bits, representing the results of an operation, is even; it is reset 
when the number is odd. 
When results are all 0, it is set. 

(2) Binary Multiplication and Division undefinied 
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2.3.3 AC (Auxiliary Flag) 
When working with byte operations, the flag is set when there is a carry from the lower 4 bits to the higher 4 bits or when 
there is a borrow from the higher 4 bits to the lower 4 bits; and is reset in all other cases. 
In word operations, the same operations are carried out for the lower byte as for byte operations. 

(2) Logical operations, binary multiplication and division, shift/rotate undefined 
2.3.4. Z (Zero Flag) 
(1) Binary addition and substraction, logical operations, shift/rotate. 

For byte operations, the flag is set if the resulting 8 bits are O; it is reset for all other values. For word operations, it is set if 
the resulting 16 bits are O; it is reset for all other values. 

(2) Binary multiplication and division undefined 
2.3.5 S (Sign Flag) 
(1) Binary addition/subtraction, logical operations, shift/rotate. 

For byte operations, it is set when the resulting bit 7 is 1, and reset when 0. 
For word operations, it is set when resulting bit 15 is 1, and reset when 0. 

(2) Binary multiplication and division 
undefined 

2.3.6 V (Overflow Flag) 
( 1) Binary addition and subtraction 

For byte operations, it is set if the carries from bits 7 and 6 are different and reset ilthe same. For word operations, it is set if 
the carries frolT) bits 15 and 14 are different and reset ii the same. 
(2) Binary multiplication 

The flag is reset when an unsigned byte operation gives 0 for AH; otherwise it is set. The flag is reset when a signed byte 
operation gives a sign expansion of AL for AH; otherwise it is set. 

The flag is reset when an unsigned word operation gives 0 for DW; otherwise ii is set. The flag is reset when a signed word 
operation, gives a signed expansion of AW for DW; otherwise ii is set. 

With 8-bit immediate operations, it is reset when the product is within 16 bits and is set when it exceeds 16 bits. 
(3) Binary division 

Reset. 
(4) Logical operation 

Reset. 
(5) Shift/Rotate 

In the case of left 1 bit shift/rotate, 
when CY = most significant bit, is reset 
when CY = most significant bit, is set in the operational results. 

In the case of right 1 bit shift/rotate, 
when most significant bit= next least significant bit after most significant bit, is reset 
when most significant bit = next least significant bit after most significant bit, is set. 

Undefined in the case of multibil shift/rotate 
2.3.7 IBRK (1/0 Break Flag) 

Controls the software interrupt generation during inpuVoutput instructions. 
When the execution of an 1/0 instruction is attempted with IBRK = 0, a software interrupt is automatically generated (inter­

rupt vector 20), enabling a software simulation of the 1/0 instruction. 
When IBRK = 1, inpuVoutput instructions are executed in the normal manner and software interrupts do not take place. 

2.3.8 BRK (Break Flag) 
Only in a condition where itis saved to the stack as a part of PSW can it be set using memory operation instruction and is 

effective after setting when it is restored in the PSW. 
If BRK flag is set, software interrupt (interrupt vector 1) automatically takes place when one instruction is executed 

making it possible to trace each instruction. 
2.3.9 IE (Interrupt Enable Flag) 

II is set by the El instruction, lo enable the interrupt; it is reset by the DI instruction to disable the interrupt. 
2.3.10 DIR (Direction Flag) 

It is set by the SET1 DIR instruction and reset by the CLR1 DIR instruction 
When the DIR flag is set, processing is executed from the higher address to the lower address in block transler/inputout­

put group instructions; when it is reset, processing is executed from lower addresses to higher addresses. 
2.3.11 RBO-RB2 (Register Bank 0-2 Flag) 

The RBO-RB2 is used to specify currently used register banks from among the eight register banks installed in the inter­
nal RAM. 
2.3.12 FO, F1 (User Flag 0, 1 Flag) 

Can be freely used by users. 
The setting and resetting of these flags can be executed by instructions for PSW and can be used to execute set, reset, 

and test by using special function register flags. 
User flags FO, F1 operate in the following way when operated by flag register 
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Fig. 2-2 Fonnat for user flag register (FLAG) 

Symbol address 

FLAG - I FO - I - I - I x x FEAH 

2.4 Memory Space 
The µPD70322/70320 has a 1-megabyte memory space. A memory map is indicated in Fig. 2-3. The space up to 

OOOOOH-003FF is used as a vector area. However, it can be used for other purposes if ii is not used for vectors. XXEOOH­
XXFFFH (XX indicates IDB register value) is internal data area. The location of this area can be changed in units of 4 kilobytes. 
The 4 byte FFFFCH-FFFFFH is reserved. In FFFFFH, IDB register is assigned. Wait cycles can be inserted in the memory 
space, programmable in each 128 kilobytes segment. 

The 1 megabyte physical address space is designated by the offset value for the segment initiator location which is indi­
cated by a segment starting address which is indicated by segment register and other register or effective address. 

Fig. 2-3 Memory Map 

segment register 

4 bit 

I x I x I x I x I 0 . segment starting address 

.i o I x ! x : x ! x I ..... offset value 

x x x )( .._ ..... physical address (20-bit) 
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2.4.1 Internal Data Areas 

The internal data areas are a 512 byte area containing internal RAM and special function register areas. 1-megabyte 
memory space can be divided in 4 kilobyte units. The internal data area base addresses are set up using the IDB register 
(internal data area base register). The higher 8 bits of the 20-bit internal data base address are set up using the IDB register 
and the lower 12 bits are fixed al EOOH (beginning of area). 

The internal data area is operated by memory operation instructions. 
The internal data areas overlap the external memory space or the internal ROM areas (µPD70322 only). 
Memory access for all operations except program fetch can access in1ernal data areas. II should be noted that internal 

data areas cannot be accessed by program fetch. 
The least significant 256 byte of internal data areas (in XXEOOH-XXEFFH, XX is the value specified by IDB register) is in the 

internal RAM area. In addition to the use as an ordinary RAM, the internal RAM has been assigned functionally register bank, 
macro-service channel and DMA service channel use. The internal RAM can be used in a way to disable access as ordinary 
RAM by resetting (0) bit 6 (RAMEN) of the processor control register (PRC) which is a special function register. In this case it 
still can be accessed as Register Banks. 

The higher 256 byte of 1he internal areas (in XXFOOH-XXFFFH, XX is the value specified by the ID(J register) is a special 
function register area. The special function register has a register group that is mapped and has spec\al functions assigned 
such as on-chip peripheral hardware mode registers and control registers. 

The internal data areas are located in the FFEOOH-FFFFFH location using RESET input from the initialization of IDB regis­
ter to FFH. 

Fig. 2-4 Access Conditions for Memory Space 

memory access 

programm fetch data access 

8 

0009011 ----·11 xxEOOH 

I 

external areas 
--------- I )( )( E~"l'll 

I X Xl-.. 001f 

special function I 
register 

xxFFFll 

l'FffFll 

I . • I XX 1s value designated 
by IDB register 

· 'n·Fn·11 

-~:::..~ 

r---------
1 internal ROM 
1 (µPD 70322 only) 
I 

memory space internal data area 

A. program fetch can access everything except the internal data areas. 

B. data access outside of internal data areas or address data access corresponding 

to internal RAM areas during internal RAM access disable. 

c. if it does not meet conditions in B, data access to the internal data areas takes precedence. 
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2.4.2 Internal Data Base Register (IDB) 
This is a register for determining the physical address of internal data areas (areas for internal RAM and special function 

register) which can be located in 4 kilobyte steps. The higher 8-bit internal data area base address is designated by the IDB 
and the lower 12 bits are fixed at EOOH (beginning address). 

The IDB has two addresses assigned: XXFFFH inside the special function register (XX is the value of the IDB register itself) 
and the FFFFFH fixed address. The IDB can be modified or referenced by memory access to either of these two adresses 
with the same effect. 

The IDB is set to FFH at reset time so that the internal data area base address is FFEOOH. 
2.4.3 Special Function Register Areas 

A group of registers with special functions for on-chip peripheral hardware mode registers and control registers assigned 
are mapped to XXFOOH-XXFFFH (XX is the value designated by the IDB register). The IDB register is specially assigned to 
both XXFFFH (XX is the value designated by IDB register) and FFFFFH fixed adresses. Program fetches cannot be executed 
from these areas. 

The special function register is operated by memory access. The additional BTCLR instruction (additional to the 
µP0701 08/70116) is a special instruction used exclusively for this area and applies to the bit in the areas no matter where the 
area is located in the memory space. 

Charts 2-4 and 2-5 show a list of special function registers. Meanings of individual items in the chart are as follows: 
• SYMBOL . . . .. symbol which indicates internally stored special 

function addresses 
coded in the instruction operand column. 

• R/W . . indicates whether a given function register is 
Read/Write-capable 

R/W: Read/Write-capable 
R: Read only 
W: Write only 

• Operational method . . .. each register indicates whether 16-bit operations, 
8-bit operations or 1-bit operations are possible. 

• RESET condition . . ... indicates condition of each register after RESET input XX in the higher 8 bits of an address is speci­
fied by IDB register. 

The address part which is not mentioned is reserved. Contents during Read are undefined. Operations during Write have 
no significance. 
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Table 2-4 Special Function Registers 

' Symbol 
I operation RESET 

address name of special function register R/W mr~~~d !CONDITION 

XX FOOH port 0 PO undefined 

XX FOlH port O mode register PMO FFH 

XX F02H port 0 mode control register PMCO OOH 

XX F08H port 1 P1 undefined 

XX F09H port 1 mode register PM1 R/W 8/1 FFH 

XX FOAH port 1 mode control register PMCl OOH 

XX Fl OH port 2 P2 undefined 

XX F11H port 2 mode register PM2 FFH 

XX F12H port 2 mode control register PMC2 OOH 

XX F38H 
1 

port T PT R 8 undefined 
t 

XX F3BH port T mode register PMT R/W 8/1 OOH 

XX F40H external interrupt mode register INTM OOH 

XX F44H external interrupt macro-service control register 0 EMSO 

XX F45H external interrupt macro-service control register 1 EMS1 undefined 
r-

XX F46H external interrupt macro-service control register 2 EMS2 R/W 8/1 
1-

XX F4CH external interrupt request control register 0 EXICO 

XX F4DH external interrupt request control register 1 ! EXICl 47H 

XX F4EH external interrupt request control register 2 EXCl2 

XX F60H receive buffer register 0 Rx BO R 
8 undefined 

XX F62H transmit buffer register 0 TxBO w 
XX F65H serial receive macro-service control register 0 SRMSO undefined 
XX F66H serial trasmit macro-service control register 0 STMSO 

XX F68H serial mode register 0 SCMO R/W 811 

XX F69H serial control register 0 I SCCO I OOH 
I 

XX F6AH baud rate generator register 0 BRGO 

XX F6BH serial error register 0 SCEO R 8 OOH 
-

XX F6CH serial error interrupt request control register 0 SEICO 

_XX F6D~ serial recejve~interrupt request control reg1sl<lr__{l__ SRICO R/W 
I 

8/1 i 47H 

XX F6EH serial transmit interrupt request control register 0 :sr1col 
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Table 2-5 Special Function Registers (cont.) 

address name of special function register 
operation RESET 

Symbol R/W Jmethod (bit) CONDITION 
1------+-----------------------+----1-----1-----+-----i 

R 
8 

RxB1 XX F70H receive buffer register 1 
undefined 

XX F72H transmit buffer register 1 TxB1 W 
1------+----------------------1------t----+-----1-----~ 

XX F75H serial receive macro-service control register 1 SRMS1 undefined 
1-------+---------------------t--~ 

XX F76H serial transmit macro-service control register 1 STMS1 undefined 

XX F78H serial mode register 1 SCM01 RIW 8/1 

XX F79H serial control register 1 SCC1 OOH 

XX F7 AH baud rate generator register 1 BRG1 

XX F7BH serial error register 1 SCE1 R 8 OOH 
--

XX F7CH serial error interrupt request control register 1 SEIC1 
t--------+---------------------t------1 

XX F70H serial receive interrupt request control register 1 SRIC1 
--+------

R/W 8/1 47H 

XX F7EH serial transmit interrupt request control register 1 STIC1 

XX F80H timer register 0 TMO 

MOO 
R/W 

XX F82H modulo/timer register 0 
16 undefined 

XX F88H timer register 1 TM1 
- ----1 

XX F8AH modulo/timer register 1 M01 

TMCO 
R/W 

XX F90H timer control register 0 
OOH 8/1 

XX F91H timer control register 1 
!-------+----

JTMC1 ' 

TMMSO XX F94H I undefined 

R/W 8/1 _i ----

XX F95H 

XX F96H 

timer unit macro-service control register 1 TMMS1 ---- -----+--·-----" 
timer unit macro-service control register 2 TMMS2 

XX F9CH timer unit interrupt request control register 0 TMICO I 
XX F90H ! timer unit interrupt request control register 1 -~--- 1 TMIC1 _J 47H 

XX F9EH_---1 timer_unit int~rrupt request control register 2 ---I ~IC2 j I 1 

XX FAOH OMA control register 0 OMACO ~ u~delined 
~-_____, 

xx FA 1 H OMA mode register O DMAMO : I OOH 

~A2H __ ~~control ~eg1s~er 1 --------=---=-==-=--r DMAC1] R/W I 8/1 undefined 
XX FA3H OMA mode register 1 DMAM1 OOH 

-- - -- t---- -- ---
~c~ OMA interrupt request c~ntrol register 0 ___ ·I DICO u 47H 

XX FAOH I OMA interrupt request control register 1 DIC1 +. rxx ~standby control re~-;;ter ___ -- - - - - ------ ---;---sraC i R/W --s/1 I ·u~-;;;,;;;;;;; 
~XFE~lresh mod-e register -- --- -- I RFM ~w 8/1 --r FCH --

rXXFE~;-t ~_a1t co-;;rolregister -=--=-~---= WTC- _ j~w till__ FFFFH ~~ 
r-:: ::::-L~~::~~~~~~r-- --·· -------- u~ :G+"'W ~' f -
~XFECH I time bas~ interrupt request co~trol reg_iste~ ~- n0·-~ R/W 8/1 OOH - - . --

xx FFFH internal data area base register ~ l l I FFH 
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• II the standby control register ($8) is set once, it cannot be reset by instruction_ It is cleared by power supply 

voltage. 

•• Bit operations exclusive of bit 3 and bit 5 of the user flag register (FLAG) are of no significance. Also, the 
content of user flag 0, 1 (FO, F1) of the flag register can also vary according to the FO. F1 operation of PSW 
(See 2312) 

2.4.4 Internal RAM Areas 
256 byte RAM is stored in XXEOOH-XXEFFH (XX is the value designated by IDB) 

The internal RAM is accessed by 16-bit units which enable high-speed processing_ 
8 register banks are assigned to the internal RAM. The macro-service channel and the OMA service are also overlapped 

and assigned. 
The internal RAM makes it possible to disable memory access by resetting (0) bit 6 (RAMEN) of processor control register 

(PRC)_ It is also impossible to carry out program fetch from the internal RAM. When memory accessjlas been disabled no 
access other than access as register is possible. 

IS 

J: macro-service channel 
"" EO OH 

register bank 

Fig. 2-5 Internal RAM Area Map 

15 0 

DMA service channel: 
• roo11 macro-service 

channelO 
x " E o B H macro-service 

channel 1 
• ·El OH 

X"-.:EtF'H .. ~~~~~'<~'El8H 
'< )( E2 OH 1-------------t 

xx ESFH 
XXE60Hl-------------t 

xx E7FH 
xx ESOH t-------------< 

xx E9FH 
xxEAOHl-------------t 

xx EBFH 
xxECOH!------------{ 

• '< E2 OH 

~ J' E2 SH 

• • E3 OH 

~ 
x-.... E3 8H 

' ·El Fii._ _____ _._ 

IS 
t 0011 reserved 

vector PC' 

i---£'SW save 

~sa~ 
P'-'O 

IS B 7 
· l·:O OH S:\HO ll.\L\ 

l>.\l·W service channel 
1------~ 

~,\H:HO IJARHO (channel 0) 

x ·• E07H n·o 

'\. i:osH1----~-:-:-:--+ (channel 1) 

SARHl IJARHt 

· EOFll~--1-·<_-1 _ _. 

IS B 7 

'OH SFHI' ;o.1sc 
macro-service channel 

reserved S { · H R 

1--_M_s_I' _ __. (8 byte x 8 channels) 
;..1ss 

" register bank 

I'S 

J)SI 

xx EDFH 
x x EEOH 1-------------t 

(32 byte x 8 banks) 

IY 

internal RAM area (256 byte) Bl' 

SI' 

Bl\ 

cw 

• I Ff! 
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2.4.5 Vector Table Areas 
In the 1 kilobyte area of OOOOOH-003FFH, the interrupt requests and the interrupt routine starting addresses correspond­

ing to the break instructions are retained by the 256 vector portion (using 4 bytes for each vector) 

vector 0 (OOOOOH) : divide error 

vector 1 (00004H) : single step 

vector 2 (00006H) : NMI input 

vector 3 (OOOOCH): BAK 3 instruction 

vector 4 (00010H) : BRKV instruction 

vector 5 (00014H) : CHKIND instruction 

vector 6 (00016H) : reserved 

vector 7 (0001 CH) : FPO instruction 

vector 6 (00020H) : reserved 

vector 19 (0004CH) : reserved 

vector 20 (00050H) : input/output instruction 

vector 21 (00054H) : reserved 

vector 27 (0006CH) : reserved 

vector 28 (00070H) : INTSERO 

vector 29 (00074H) : INTSRO 

vector 30 (00078H) : INTSTO 

vector 31 (0007CH): reserved 

vector 32 (00060H) : INTSER1 

vector 33 (00084H) : INTSR1 

vector 34 (00088H) : INTST1 

vector 35 10006CH) : reserved 

vector 36 (00090H) · INTDO 

vector 37 (00094H) : INTDl 

vector 36 (00096H) · reserved 

vector 39 (0009CH) : reserved 

vector 40 (OOOAOH) : INTPO 

vector 41 (000A4H) : INTPl 

vector 42 IOOOA8H) : INTP2 

vector 43 (OOOACH): reserved 

vector 44 (OOOBOH) : INTIUO I 

vector 45 (000B4H) : INTIUl 

vector 46 (OOOB8H) : INTIU2 

vector 47 (OOOBCH): INTIB 

} 
~:: i::aa instruction 

vector255(003FCH): INT input 

vector 48 (OOOCOH) 

6-19 



µPD70320/322-5/-8 NEC 
In vectors 0-47, the interrupt vectors are designated (part of reserved area) and are not available for general use. 
In vectors 48-255, they are for general use and can be used with 2 byte break instructions and the INT input. In the unused 

portions. they can be available for uses other than vectors. 
The vectors are comprised of 4 bytes and the higher 2 bytes are loaded to the program segment PS while the lower 2 bytes 

are loaded to the program counter PC. 

Example Vector 0 

2.4.6 External Memory Areas 

OOOH 

002H 

001H 

003H 

PC· (OOOH. 001H) 

PS· (002H. 003H) 

The µ?070322 can expand the external memory (ROM, RAM, and others) to the OOOOOH-FBFFFH areas. 
The µ?070320 connects external memory (ROM, RAM, and others) to the OOOOOH-FFFFEH areas. However, the FFFOOH­

FFFEFH and the FFFFCH-FFFFEH areas are reserved. 
The external memory is accessed by using address bus (AO-A19), data bus (00-07), and the MREQ, MSTB, and RIW sig­

nals. It also provides a refresh pulse output terminal (REFRQ) for pseudo-static memory refresh use. A pseudo-static memo­
ry can easily be connected, due to a function for automatic outputting of refresh address for dynamic memory refresh use; 
also the dynamic memory may be easily connected. It is also possible to insert wait cycles during the memory cycles in 128 
kilobyte steps using software (See 4.1 ). 
2.4.7 Internal ROM Areas 

The µ?070322 has an internal mask ROM in the FCOOOH-FFFFFH areas. However, the FFFOOH-FFFEFH area is used for 
testing internally and is not available for general use. The 4 byte FFFFCH-FFFFH are reserved. As a result, total 16140bytes 
can be utilized as a ROM area. 

The internal ROM has an exclusive bus between the instruction queue so that the external memory space can carry out 
pref etch separately and rapidly which makes possible rapid instruction execution (Pref etch is possible with one clock, while 
external memories require a minimum of two clocks). 
2.5 110 Space 

The µ?070322/70320 has a 64kilobyte1/0 space in addition to a 1 megabyte memory space. Fig. 2-6 shows a map of 1/0 
space. The 1/0 space is accessed by using address bus (AO-A15). data bus (00-07) and IOSTB, R!W, OMAAKO, and 
DMAAK1 signals. 0 is output from the unused address bus's higher 4 bit (A 16-A 19). Insertion of wait cycles in the 1/0 cycle 
is software-specified. 

Fig. 2-6 110 Map (64 kilobyte) 

OOOOH 

FF OOH 

FFFFll 

65280 bytes 

reserved 
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3. INTERRUPTS 
3.1 Interrupt Controller 

The µPD70322/70320 has a high performance interrupt controller which controls multiprocessing of interrupts arising 
from 17 possible sources. The 17 interrupt sources in this interrupt controller are divided into a group of five external and 12 
internal sources for control which carry out programmable multiprocessing control in groups. It is also possible to select 
from three types of response methods according to the characteristics of the interrupt sources: vector interrupt function. 
register bank switching function. and macro-service function. 

External interrupts can be easily expanded by connecting the interrupt controllers like the µPD71059 and others. 
Instructions of the interrupt controller are defined by the interrupt control register which is provided for each interrupt 

source and by the macro-service control registe' 
El and DI instructions are for all the interrupts. RETI and RETRBI instructions are for return from interrupt, and FINT instruc­

tion is used to indicate that interrupt processing for interrupt controller is completed. 
3.2 Interrupt Sources 

The µPD70322/70320 has 5 external and 12 internal sources. The 17 interrupt sources are divided into eight groups and 
are managed by the interrupt controlle' The configuration inside this group is fixed by hardware. For the 8 groups of inter­
rupts priority from 0-7 (0 being the highest). excluding NMI and INTR, and 5 groups of interrupts except INTTB can be arbi­
trarily set using software The function supported by the interrupt controller differs according to interrupt source. 

Interrupt sources are listed in Table 3-1. 
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Table 3-1 Interrupt Sources 

Interrupt Source 
I I al/' T Tl b k priority I m""' n ern , II VCCtOf I maC~O- .an.- -- -··---, -------·T ------· process•nQ 

External I ' service switching reg•s1er Jbetween g1oup~ 1ns1de gmup conlro! 

J E 2 1 none 1 none : no ' O '. - no 

T E , externalT none i none no 7 ! - I no 

NMI 
(Non Maskable Interrupt) 

INTR 
(INTerrupt Request) 

INTIUO 
(INTerrupt from Timer UnitO) 

INTIU1 
(INTerrupt from Timer Unit1) 

j------ ----------

INTIU2 
(INTerrupt from Timer Unit2) 

INTDO ' 
(INTerrupt from DMA channe~Ol_I 

INTD1 
(INTerrupt from DMA channel!) 

INTPO ~ 
f-(l~_er_r_up_t_fr~~_P_e_ri_p_h:'al _ 0) , 

INTP1 
(INTerrupt from Peripheral 1) 

1---------- ---- --~ 

INTP2 
(INTerrupt from Peripheral 2) 

INTSERO 

~~;;~r~~~~r0~ channelO) 

~~R-0 ________ 1 
(INTerrupt from 
Serial Receiver of_channelO) J 
INTSTO l 
(INTerrupt from 
Serial Transmitter of channelO) 

INTSER1 
(INTerrupt from 
Serial ERror of channel1) 

INTSR1 
(INTerrupt from 
Serial Receiver of channel1) 

INTST1 
(INTerrupt from 
Serial Transmitter of channell) 

INTIB 
(INTerrupt from 
lime Base counter) 1 

E 

input l I 

44 T I T 1 I 

- I r-----j 
yes I yes I yes 1 1 __ L yes 

41 

r--- ---1 

42 

no 

yes 

. 1 
I~ i :__, 
I-,, L:J 

30 

32 : no 

~,,1:.i 
I 1 

34 yes ) 

47 no 
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3.3 Interrupt Controller Functions 
The interrupt controller regulates the priority among interrupts when interrupts with same priority occur simultaneously. 

3.3.1 Multi-interrupt Priority Control 
Multi-interrupt priority control is carried out in group units for interrupt excluding interrupt response using NMI and INTR, 

as well as macro-service. 
Interrupt multiprocessing control is carried out in El condition. As a result, when allowing multiprocessing it is necessary 

to change to El condition during interrupt processing routine. In multiprocessing control, if interrupt requests with a higher 
priority than the interrupt being processed are received, the interrupt being processed is discontinued, and processing of 
interrupts with higher priority is carried out. If the priority is below the priority oflhe interrupt being processed, that interrupt is 
held. If, for the interrupt held the interrupt mask bit of the interrupt control register (provided for each interrupt source) is not 
set during the interrupt processing routine being executed and if the interrupt request flag is not reset, the interrupt being 
held will be accepted at the end of the current interrupt. 

In interrupt response exclusive of NMI, INTR and software interrupt (incl. trap), it is necessary to execute the FINT instruc­
tion in order to indicate to the interrupt controller that the interrupt processing routine has been completed at the very last 
part of the interrupt processing routine. If this instruction is not executed, all succeeding interrupts will be received as having 
a priority not higher than the interrupt for which the FINT instruction has not been executed. The FINT is not necessary atthe 
end of the NMI and INTR service routine. Interrupt response using NMI and INTR as well as macro-service functions do not 
contain multiprocessing control so that it can be received if it is in an enable mode (always for NMI). 

The eight priority levels from 0 to 7 (0 has the highest priority) can be set up arbitrarily for each interrupt group. The priority 
simultaneously indicates the number of switching destination register banks when using the register bank switching func­
tion which will be described later. Priority is established by using the three bits PR0-2 in the interrupt control register which is 
provided for each maskable interrupt source. However, when setting this up, only the interrupt control registers of the inter­
rupt sources which have the highest default priority inside the interrupt groups can be programmed, the others are ignored 
and use the default values inside the group. 
_3.3.2 Priority Control during Simultaneous Generation of Interrupts 

NMI is the highest and INTR is the lowest of the priorities possible during simultaneous generation of interrupts. Priority 
exclusive of NMI and INTR is exactly the same as for the priority of multi-interrupts. Among the groups with the same priority, it 
complies with the priorities fixed by hardware (default priority). Even in an identical group. it complies in exactly the same 
way with the priority inside the group. 
3.4 Interrupt Response Method 

The µPD70322/70320 has three types of interrupt response method: vecior interrupt function, bank switching function, 
and macro-service function. All of these functions can be selected to lit the purpose of the interrupt. The interrupt controller 
reacts to the interrupt requests according to the response method set up by the interrupt control register. 

When receiving an interrupt using a vector interrupt function and a register bank switching function, the contents of PC, 
PS, and PSW are saved using the method applied to that functions. After PSW has been saved, each BRK flag is reset. As a 
result, single step interrupt and interrupt exclusive of interrupt response using NMI and macro-service are disabled (soft­
ware interrupt exclusive of single step interrupt takes place) (See 3.9). 
3.4.1 Vector Interrupt 

When interrupt is received using vector interrupt, present contents of PSW as well as PC and PS contents"are saved to the 
stack, a vector is selected from the vector table and is executed as an interrupt processing routine from the address indi­
cated by the vector. All vectors are fixed except the INTR vector. When working with an INTR interrupt. an acknowledge cycle 
takes place and an interrupt vector is taken from the data bus (See 3.6 INTR). Interrupt vectors exclusive of INTR are indi­
cated in Table 3-1. Return from interrupt is carried out by RETI instruction, however, when carrying out return from interrupts 
exclusive of NMI and INT. it is necessary to execute the FINT instruction. When carrying out return from interrupt, PC, PS, and 
PSW are returned from the stack. 
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Fig. 3-1 Operations for Interrupt Receive carried out in 1-4 order 

vector table 

• x 4 

n X 4 + 2 

n · vector number 

3.4.2 Register Bank Switching Function 

re 

rs 

I's \Y 

( IE = 0 
~l BR K = 0 

(j) 

NEC 

stack 

SP- 6 

SP- 4 

SP- 2 

@·sr-sr-6 

In the µPD70322170320. the general purpose register sets are mapped in internal RAM and can contain a maximum of 8 
register banks. These register banks are switched automatically during interrupt response and it is not necessary to carry 
out save processing to the stack of register groups which until now have been carried out using software and so it is now pos­
sible to respond to interrupt requests very fast 

When using register bank switching function, the ENCS bit of the interrupt control register which has been provided for 
each maskable interrupt source is set (1). One register bank can be designated for each interrupt group and it has the same 
number like the multiprocessing priority and is designated by PR0-2 of the interrupt control register. 

The register bank switching sequence is carried out in the following way (Fig. 3-2) 
( 1) PSW contents are saved to a temporary register. 
(2) register bank is switched. 
(3) IE= 0, BAK= 0. 
(4) the PC contents and the PSW in the temporary register are saved respectively to the save areas of the new register bank. 
(5) the offset of the start address of the interrupt processing routine is loaded from the vector PC area to PC. 

The register banks are thus switched and the interrupt processing routine is executed. 
Return from register bank switching interrupt is carried out by executing RETRBI instruction after executing FINT instruc­

tion (the use of register bank switching function is limited to receiving of maskable interrupts). When RETRBI instruction is 
executed, PC and PSW are respectively reloaded from the save areas of the register banks as indicated in Fig. 3-3. (recovery 
of register banks is not carried out using RETI instruction so that return to main program can normally not be executed. 

When using the register bank switching function, it is necessary to initialize beforehand the PS from the register bank of 
the switching destination, the vectors PC, SS, and SP. The other registers should be initialized as needed. However, care 
must be taken with PC when modifying during the interrupt processing routine. 

The register bank switching function can be used only for one interrupt in each interrupt group with the same priority. 
(See 3.7 (1) IF) 
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Fig. 3-2 Register bank switching sequence 
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Rg. 3-3 Register bank return sequence 
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register bank for interrupt processing 
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The macro-service function is a function which carries out data transfer between special function register areas and the 
memory space depending on the interrupt request. The function makes is possible to reduce the overhead (operations for 
save, initialization, and return of registers) on interrupt processing making it unnecessary to carry out simple processing of 
simple data transmission by interrupt processing using software. It is also unnecessary to execute program when proces­
sing with macro-service and it is now possible to process a portion of data with effective programming results which have 
traditionally been processed in 1 byte units using software. The macro-service function differs from other interrupt response 
modes in that the IMK bit (interrupt mask bit) of the interrupt control register which has been provided for every interrupt 
source is reset and macro service will be operated if the MS/INT bit (macro-service enable bit) is set whether it is in El or in DI 
condition (See 3.7). 

There are two types of operational mode for the macro-service function as follows: 
(1) Normal mode 

a pre-established number of data transfers are carried out, one byte or one word for every interrupt request occurrence. 
(2) Character search mode 

One byte of data transfer is carried out for each interrupt request occurrence until a pre-established number of bytes has 
been transferred or the data coincide with pre-established 8-bil data. 

The macro-service function is controlled by macro-service channels specified by macro-service control registers; a 
macro-service control register is provided for each interrupt source for which macro-service is possible. 

The macro-service control register is configured as indicated in Fig. 3-4 and are within the special function register area. 

Fig. 3-4 Format of Macro-Service Control Register 

MSM2 l\ISMI 

macro service mode 
specification 

000: normal mode 
(8-bit transfer) 

001 : normal mode 
( 16-bit transfer) 

MSMO 

100: character search mode 
(8-bit transfer) 
use of other combinations 
is prohibited 

IJlll 

specifies the direction 
of data transfer 

Q 

0: memory-special function 
register 

1: special function 
register--memory 

Cll2 Clll 

macro-service 
channel (0-7) 
specification 

CllO 

The macro-service channel is assigned to the XXEOOH-E3FH (XX is value designated by IDB) of internal RAM, as shown 
in Figure 3-5. The macro-service channel is used lo define the transfer destination, transfer source, number of transfers, 
search character for the macro-service data and one can use a maximum of eight channels. 
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Fig. 3-5 Configuration of Macro-Senrice Channel 

x"'" F.OOU 

I E07f 

E08H 

EOFM 

F.IOH 

E17H 

El8M 

EIFH 

E20H 

E27M 

E28M 

E2FH 

EJOH 

E37H 

E38H 

xxEJF'H 

Macro-Service Channel o 

I 
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3 

4 

5 
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7 

v + 0 H 
SFRP 

reserved 
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+7Hl 

MSC (+OH): Number of transfers carried out by macro-service. 

MSP 

~155 

SFRP (+1H)· Offset value of special funclion register address, XXFOOH+SFRP 

(XX is specified by IDB) is special function register address. 

SCHR (+2HJ · 8-bit data compared during character search mode 

MSP (+4H): Offset value of memory address which is object of macro service 

data transfer 

MSS (+6H): value of memory address segment which is object of data transfer 

in macro-service. The memory address which is the object of data 

transfer is MSS x 16 +MSP. 

NEC 

MSC 

SCHR 

The MSC of the macro-service channel is decremented (-1) after each data transfer (8-biV16-bit), MSP is incremented 
(+ 1). Afterwards the interrupt request flags are cleared unless when MSC is 0 or when the transferred data is equal with the 
search data (only during character search mode), the interrupt request flags force an interrupt by not being cleared. 
3.5 NMI (Non-Maskable Interrupt) 

The NMI is the highest priority interrupt which cannot be disabled. This interrupt is edge-detected. The direction of the 
edge is selected by the special function register INTM register bit 0 the ESNMI bit. When ESNMI bit is 0 and when the comple­
tion edge is 1, interrupt is generated by the starting edge. This interrupt is capable of vector response only and the vector type 
is fixed at 2. This input is used in conjunction with terminal P10 and the level can be checked by reading P10. When NMI is 
received it causes the DI condition and disables other interrupts. 
3.6 INTR (Interrupt) 

INTR is a maskable interrupt and the interrupt is detected by level (active high). INTR does not receive multiprocessing 
control by using interrupt controller and ii it is an interrupt enable condition (IE= 1) it can be received at any time. However, its 
priority when there is a simultaneous generation of interrupts is the lowest. The INTR is capable of vector response and the 
vector address is supplied from the data bus by the interrupt acknowledge cycle. The interrupt acknowledge cycle is defined 
via INTAK ouput. The INTR terminal is used in conjunction with P14 and POLL and is selected by bit 4 of the special function 
register port 1 mode control register (PMC 1 ). As a result, interrupt does not take place even in interrupt enable condition 
(IE= 1) when the INTR function is not selected. INTAK is used in conjunction with P13 and INTP2 and the function is selected 
using PMC1 bit 3. 

The external interrupt input can be expanded to a maximum of 64 by connecting the µPD71059 interrupt controlle' 
When the interrupt is received, it causes the interrupt disable condition (IE= 0) 
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3.7 lnlemlpts other than NMI and INTR 
The interrupts other than NMI and INTR receives multiprocessing control using the interrupt controller. When the interrupt 

is accepted, the interrupt is automatically set in disable condition (IE= 0). However, when an interrupt with a priority higher 
than that of the interrupt being processed is generated, that interrupt can be accepted by setting it in an interrupt disable 
condition during interrupt processing routine. When an interrupt is generated with lower or with same priority, the interrupt is 
held over. 

The 15 interrupt sources are divided into six priority groups. It is possible to set up arbitrarily 8 levels from Oto 7 (0 being 
the highest) of priorities for each group. However, the priority for INTIB (Time Base Counter Interrupt) is fixed at level 7 by 
hardware. These priority levels also express the numbers of switching destination banks when using the bank switching 
function. The priorities are initialized at level 7 by resetting. 

When interrupts are generated simultaneously, the interrupt in a group established with higher priority is accepted. When 
interrupts which have been set up on the same level are generated simultaneously, the one with the highest priority among 
the groups which are fixed by hardware and software and inside the same group with the highest priority inside that group 
which is fixed by hardware, is accepted. 

Each interrupt source has a register for interrupt control used inside the special function registers. The bit configuration 
of this control register is indicated in Fig. 3-6. 

Fig. 3-6 Format of Interrupt Requ.t Control Register 

IF l\11\ l'H2 !'HI !'HO 

(1) IF (Interrupt Flag) 
Flag indicates that there is an interrupt request It indicates that there is an interrupt request and indicates that it is not 

served. This flag is set by the generation of the interrupt requests and is reset by interrupt acceptance, by BTCLR instruction 
(an instruction additional to the µP070108/70116), and by other instructions. 
(2) IMK (Interrupt Mask) 

A bit which sets up interrupt mask. 1 indicates that interrupt is masked, 0 indicates that mask has been released. 
(3) MS/INT (Macro-Service/Interrupt) 

This is a bit which specifies whether an interrupt response is processed by macro-service or by vector interrupt or 
register bank switching function; 1 is used for macro-service function, 0 for vector interrupt or register bank switching 
function. 
(4) ENCS (Enable Context Switching) 

This is a bit which specifies whether the register bank switching function is used or not; 1 indicates that register bank 
switching function is used; 0 indicates that vector interrupt is used. 

(5) PR0-2 (Priority 0-2) 

This are the bijs which indicate the priority of the interrupt group with specifications from Othrough 7. This specification is 
possible only for the interrupt registers which have the highest priority within the group and specification by other interrupt 
control registers is invalid. (During Read, 7 is fixed). 

These priorities indicate the number of the register banks for switching destination within the register bank switching 
function. 
3.8 External Interrupt 

There are five extemal interrupt sources. Among these INTR is detected by level and all others are detected by edge. For 
the interrupts which are detected by edge exclusive of INTR the respective effective edges are designated by the extemal 
interrupt mode register (INTM) of the special function registers. 
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Symbol 

INlM 

F'"ig. 3-7 Format of External Interrupt Mode Register (INTll) 

5 

0 t:S2 0 t:SI 0 i::so 

ESNMI: Designation ol effective edge tor NMI input 

ES0-2: Designation ol effective edge of iNTP0--2 input 

Effective edge: 0: falling edge 

1 : rising edge 

3.9 SoftwMt.Ac:llvl lntemipls 

t:SNMI 

NEC 

Address 

xx F4011 

The µP070322/70320 has a total ol eight types ol interrupts using software (Table 3-2). Six types are compatible with 
interrupts for µP070108/70116 software (there is no interrupt tor emulation mode. however). The other two types ol inter­
rupts have a special function for the ii'070322/70320. 

The vectors tor these interrupts are predefined. 
When conditions tor generation ol that interrupt are realized - exclusive ol BRK interrupt (single step interrupt) - it is 

accepted as usual (it has a greater priority than hardware interrupt). However, the BRK flag interrupt is generated when BRK 
= 1 (with no distinction made for hardware or software) and when the interrupt is accepted the BRK flag is automatically reset 
so that it has a lower priority than the other interrupts (for both hardware and software) and the BRK flag interrupt is not gene­
rated during interrupt processing. 

Table 3-2 Software Interrupt 

interrupt source vector priority 

DIVU divide error 
0 

.DIV divide error 

CHKIND boundary overflow 5 1 --
BRKV 4 I 

BRK3 3 i 
t-·. 

48-2551 BRKimmB 
1--

1 T BRK flag (single step) 2 

inpuUoutput instruction (IBRK flag) 20 j t- 1 
1 

FPO instruction 7 

3.9.1 General Software Interrupts 
The execution sequence for receiving ol software interrupt exclusive ol inpuUoutput instruction interrupt and FPO ins­

truction interrupt is identical to that ol the vector interrupt In olherwords, the address information for the following instruction 
(PC) and PSW are saved to the stack. IE = BAK = 0, and vector contents are loaded to PS and PC. 
Each software interrupt is described as follows: 
( 1 I DIVU divide error, DIV divide error. 

Always occurs when a quotient overflow occurs due to the execution of a division instruction. 
(2) CHKIND boundary overflow. 

Takes place when it is determined whether the index value has exceeded the boundary by executing instruction 
(CHKINDJ which checks to see if the index value has exceeded the boundary ol predefined arrays. 
(3) BRKV 

Occurs when V (overflow flag) is set during execution ol BRKV instruction. 
(4) BRK3 

Occurs with execution of BRK3 instruction. 
(5)BRK imm 

Occurs with execution of BRK imm instruction. 
(6) BRK flag (single step) 

When BRK is set at 1, occurs 8118ry lime one instruction is executed. 
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3.9.2 lnpuVOulpul Instruction Interrupt 
When IBRK = 0, interrupt takes place when an inpuVoutput instruction is attempted. The address information which is 

saved to stack when this interrupt is accepted differs from ordinary interrupt using software (see 3.91) in that it goes to the 
address where the inpuVoutput instructions are located. When the prefix is added to that inpuVoutput instruction, it goes to 
the address where the prefix is located. The other operations are the same as for ordinary interrupt using software. When 
returning from inpuVoutput instruction interrupt, it is necessary to adjust the PC value in the stack in order to return lo normal. 
II is possible to use software to find out exactly which instructions have been executed to cause interrupt generation by 
making the address information which has been sa11ed to stack the lead address. This function facilitates the transplantation 
of programs which have previously been used with the µP070108/70116. 

The contents of PSW are saved to stack immediately before interrupt has taken place and afterwards the flags are set 
automatically so that IE=BRK=O and IBRK=1. IBRK is set to 1 so that the inpuVoutput instruction/during interrupt processing 
are executed as inpuVoutput instructions and it is automatically returned to the original condition (IBRK=O) by return from 
interrupt 

3.9.3 FPO Instruction Interrupt 

Example 1: 1/0 instruction without prefix 

Address Instruction 

00183H OUT A.DX 

Example 2: 1/0 instruction with prefix 

Address 

0183H 
0184H 

Instruction 

REP 
INBK 

Reference: Normal software interrupt 
Address Instruction 

0183H BRK3 

0183H -SP 

PS 

PSW 

Stack 

0183H 

PS 

PSW 

Stack 

-SP 

0184H +SP 

PS 

PSW 

Stack 

The external bus configuration of the µPD70322170320 differs from that of the µP070108/70116 in that the coprocessor 
tor use in floating point operations can not be connected. As a result, when the use of the FPO instruction is attempted with 
this coprocessor, an interrupt is generated for the purpose of emulating the operation of the instruction. The PC value of this 
interrupt which is saved to stack becomes the starting address (see 3.9.2 for inpuVoutput instruction interrupt) (the prefix 
lead address when the prefix has been attached). As a result, the FPO instruction is decoded and software emulation is pos­
sible. It is necessary to adjust the PC value which has been saved to stack when returning from FPO instruction interrupt just 
as with the inpuVoutput instruction interrupt. 
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4. Bus Control 

The µPD70322170320 has bus control pins as shown in Table 4. 
When using a multi-function pin, it is necessary to select the desired function by means of the port mode control register 
(PMGn). 

Chart 4-1 Pin Functions for Bus Control 

Name of Pin lnpuV . 
j Output. 

Function 

AO-A19 Output address bus 

DO-DB 

R/W 

MREQ 

MSTB 

IOStB 

REFRQ 

Input/ . data bus 
Output 
Output 1 read/write identification 

Output indicates memory cycle 

Output strobe signal for memory read/memory write 
' Output strobe signal for 1/0 cycle 

Output indicates memory refresh cycle 

Comments 

HLDRQ Input bus hold request signal for use with P27 

HILDAK : Outp~t i bus hold acknowledgement signal use with P26 

DMAAKO Output indicates OMA acknowledgement cycle .. l fo_r __ use with P21 

DMAAK1 Output indicates OMA acknowledgement cycle for use with P24 

READY ' Input insert wait in external bus cycle for use with P17 

INTAK 

POLL 

Output indicates interrupt acknowledgement cycle !for use w•th P13 and tNTP2 

Input polling input for use with P11.1 and INTR 

4.1 Programmable Wait Function 
The µPD70322/70320 insertion of wait state during bus cycle (exclusive of the memory refresh cycle) can be specified by 

software. It specifies a 1 megabyte memory space in 8 units of 128 kilobyte and 110 space using the wait control register 
(WTG) as shown in Fig. 4-1. However, memory space block 6 (GOOOH-DFFFH) and block 7 (EOOOH-FFFFFH) and are set up in 
the same way. 

The wait state specification can easily be programmed independentfor each block with one out off our possibilities using 
READY pin with 0,1, 2 and more cycles, as indicated in Chart 4-2. When using READY pin control, the READY pin is used in 
conjunction with Pl 7 so that bit 7 of port 1 mode control register (PMC1) must be set at 1. When bit 7 of PMG1 is 0, READY con­
dition or wait state always goes to 2 state. If control by READY terminal is selected 2 wait states are inserted regardless of the 
READY pin condition. The READY pin is level-triggered and in case of a low level wait states are inserted. 

Accessing of internal ROM (µPD70322 only) and internal data areas is not influencect by the programmable wait func­
tions. This set-up applies to access of everything in the external areas with the exception of refresh time. 

The WTG register is initialized to FFFFH at reset time. 
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Symbol 

\\'TC 

Fig. 4-1 Format of Wait control Register (WTC) 

JS 14 JJ J2 II JO 9 8 1 6 s 4 J 
address 

[ 1/0 I llLOCKI 111.0CKJ BLOCKI BLOCK_l BLOCK l BLOCKl BLOCK xx FESH space 1 . 6 s 4 3 2 1 o 

1 L BLOCKO 

BLOCK! 

llLOCK2 

llLOCKJ 

BLOCK< 

BLOCKS 

llLOCK6. 7 

110 space 

Table 4-2 Designation of wait State 

BLOCKn/1/0 space Wait state 

0 0 O state 

0 1 1 state 

I 0 2 state 

11 2 state + READY pin 

4.2 Bus Hold Function 

0000011-IFFFFH 

20000H-JFFFFll 

40000H·SFFFF11 

60000H-7FFFFH 

80000H-9FFFFH 

AOOOOH-BFFFFll 

COOOOH-FFFFFH 

0 0 0 0 II - FFFFH 

The µPD70322/70320 has a bus hold function. Input of external high level to HLDRQ terminal indicates that the external 
element wants to use the bus. When the µPD70322/70320 detects that the HLDRQ terminal is high level, it puts all of the 
AO-A19, 00-7. MREO, MSTB, and IOSTB outputs on high impedance, puts the HLDAK terminal on low level, and indicates 
that the external elements have been opened to the buses and switches to the hold mode. During the hold mode, the 
µPD70322/70320 stops execution of instructions and reception of prefetch data. Only the on-chip peripheral hardware 
which does not use a bus is operated. When the HLDRQ pin is checked and a low level is detected during hold mode, the 
HLDAK signal is placed on high level, this 1s an indication that the bus is not opened any more to the external elements, and 
execute is restarted after a one clock interval. 

Even during HALT mode (one type of standby function: see 11.2), the bus hold requirement can be received and when the 
hold mode is released (if the HLDRQ signal is low level), it returns to HALT mode. The hold mode conditions is the same as 
normal mode. 

During execution of one instruction following BUSLOCK prefix and during interrupt acknowledge operation, bus hold 
requests are not accepted 

The µPD70322/70320 can execute insertion of memory refresh cycle during hold mode and it is executed by setting 
refresh mode (RFM) register HLDRF {bit 6). The HLDAK signal is forced to a high level for each refresh timing and the refresh 
cycle is carried out after confirming that HLDRQ has gone to low level. Afterwards, if the HLDRQ signal reaches high level, it 
again shifts to the hold mode. If the HLORQ signal remains at low level, the hold mode is released and instruction execution is 
restarted. Since HLDRQ pin is combined with P27 and HLDAK with P26, to use the bus hold function it is necessary to set bits 
6 and 7 of the PORT 2 mode control register (PMC2) to 1. 
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4.3 Refresh Function 

The iJ'C)70322/70320 has a number of functions for refreshing of DRAM and the pseudo-SAAM. There are functions for 
insertion of refresh cycle on a regular basis for a series of bus cycles, for outputting of refresh address for the support of the 
DRAM and pseudo-SAAM power down self refresh mode, a function which generates a refresh cycle during HALT mode and 
a function for the insertion of wait state during refresh cycle. 

4.3.1 Refresh Mode Register (RFM) 
The RFM register is an 8-bit register which enables refresh function control. It can be accessed with 8/1-bit Read/Write 

operations using memory access. 
The RFM register is initialized at FCH during reset. 
The RFM register has the following bit functions and configuration: 

address 1 

Rl'M RFLV HLIJRI' HLTRI' Rl'EN Rl'IVI Rl'IVO RFTI 

[ffi'TJ] [RJ=il] are bits which specify refresh synchronization 

RFTO 

symbol 

I 
xx f"ElH 

Refresh synchronization is selected from time base counter (see 7.1) outputtaps 3-6. Refresh cycle is generated at syn­
chronous intervals as shown in Table 4-3. 

Table 4-3 Refresh Synchronization 

fCLK = 5 MHZ(= Y, fx; fx = 10MHz) 

RFT RFT 
refresh cycle 

1 0 

0 0 2'/fcc• ( J.z, .. > 

0 1 2°/lcLK ( 6.4µs) 

1 0 2°/ fcLK (JZ.81,.J 

1 I Z' I fcLK (25. 6µo) 

jRFWO] LR~-- are bits which specify the number of wait states to be inserted during refresh cycle. 
The number of wait states during refresh cycle is defined by designation of RFWO, 1 independently of previously descr 

bed programmable wait function (see 4.1) as shown in Table 4-4 

6-34 



NEC µPD70320/322-5/-8 

Table 4-4 Wait State during Refresh Cycle 

RFW RFW 

I 0 
wait state 

0 0 0 state 

0 1 1 state 

I 0 2 state 

1 1 2 state 

I RFEN I is a bit which enables automatic insertion of refresh cycles 
When it is 1, it permits automatic insertion of refresh cycles, when it is 0, it disables automatic insertion of refresh cycles, 

REFRQ pin output is controlled by RFLV bit contents (for further details, see description of RFLV bit). 
I HLTRF I is a bit which enables automatic insertion of refresh cycles during HALT mode. 

1 indicates enabling of automatic insertion, and 0 indicates disable. However, when RFEN bit=(), it is disabled regardles 
of the HLTRF bit contents. 
HLDRF I is a bit which enables automatic insertion of refresh cycles during hold mode. 

1 indicates enable, O indicates disable. When in enable condition (1), it is forced to start HLDAK output at high level for 
each refresh timini:i, and inserts refresh cvcle automatically. 
l RFLV I is a bit which defines the output level for REFRQ signal. 

Fig. 4-2 indicates the circuit configuration. Output is determined logically as in Chart 4-5. 
The RFLV bit becomes master RFLV output at read time and is written for RFLV slave. Writing of master RFLV is carried out 

when refresh timing takes places. 
Use of the RFLV bit enables support of power down self refresh mode for pseudo-SAAM 

Fig. 4-2 Control Circuitry Using RFLV Bit 

RD WR 

Data Line 

Table 4-5 Output Level for REFRQ Signal 

RFLV RFEN REFRQ condition 

0 0 0 

0 1 0 

1 0 1 

I t refresh pulse output 
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Insertion of refresh cycle is carried out when RFEN bit goes to 1. At this time, MREQ. MSTB, and IOSTB goto high level, 

refresh address is output to AO-AS and the high level is output to A9-A19, and refresh pulse is output from REFRQ pin. 
Gare must be taken when using the bit operation instructions as the RFLV bit does not go to read data up to the following 

refresh timing even with write. 
4.4 Bus Usage Privileges 

The priority for bus usage privileges for the µPD70322/70320 is as follows: 
( 1) Refresh cycle (see 4.3) 

The refresh cycle will always take place if insertion of the refresh cycle is enabled. However, if insertion of refresh cycle at 
time of hold mode is enabled during hold mode, HLDAK signal is forced to high level and refresh cycle is carried out while 
waiting for HLDRQ signal to go to low level. 
(2) Hold mode (see 4.2) 

The system goes into the hold mode except during execution of one instruction following BUSLOCK prefix and during 
interrupt acknowledgement cycle. 
(3) DMA cycle (see 5) 
(4) Normal bus cycle 

However, other requests are temporarily retained in the following cases: 
• During execution of interrupt acknowledgement cycle and processing related to it. 
• During execution of instructions with BUSLOCK prefix. Bus will not operate during stop mode. (See 11, Chart t 1-2 for 

bus conditions). 
4.5 Bus Timing 

Figs. 4-3 through 4-10 show principal bus timings (exept for OMA) 

Fig. 4-3 Memory Read 
Cycle 

Fig. 4-4 Memory Write 
Cycle 

Fig. 4-5 110 Read Cycle Fig. 4-6 110 Write Cycle 

Fig. 4-7 Memory Read 
Cycle (During insertion 
of 1 wait state) 

Cl.K 

Ab-19 

R/W 

p;mE<1 

mT1l 

00-7 

Cl.K 

A0-15 

R/W 

Fig. 4-8 Refresh Cycle 
(During 2 Wait State) 
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CLK 

A0-19 

R/W 

D0-7 

HLDRQ 

Fig. 4-9 Memory Write 
Cycle (During operation 
with READY terminal) 

Fig. 4-11 Bus Hold Accept 
and Release Tming 
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Fig. 4-10 Refresh Cycle 
(During insertion of 1 
wait state) 

F'ig. 4-12 Refresh Cycle 
during Hold Mode 
(0 number of wait states) 
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Fig. 4-13 HOLD Accept and Release during HALT Mode 

CLK 

00-7 

R/W 

!ll"STll 

HLDRtl 

HALT HOLD HALT 
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5 OMA Controller 
There is a built-in two-channel OMA controller which can directly specify 1 megabyte memory space in the µPD70322/ 

70320. 
5.1 Pin Functions 

The OMA controller provides pins with the following functions. These pins can all be used in conjunction with the port; 
therefore it is necessary to put the bit of the corresponding port 2 mode control register (PMC2) during use to 1. 
(1) OMARQ 0, OMARQ 1 (P20, P23). 

Acli11e high OMA request input pin. 
(2) OMAAK 0, OMAAK 1 (P21, P24). 

An active low OMA response signal pin. Howe11er. there is no output during memory-to-memory OMA transfer (burst 
mode, single step mode). 
(3) TC 0, TC 1 (P22, P25). 

An acli11e low OMA completion signal output terminal. It is output when TCO or TC1 of the OMA service channel are 0. 
5.2 OMA Oper8tlon 

Thera are four types of OMA transmit mode in the µPD70322/70320. Functions of each transfer mode are indicated in 
Table 5-1. 

Table 5-1 Transfer Mode Functions 

Mode Tr,:;:!"' j Function . OMA start DIM Stop 

Single ;t;;--~-~orY. al1~mately ~-;;.~~;xe~ 10 DMA r~ing ~;,--- j softw~re 
to cut1on ol 1 instruction O setting TOMA bit of 
memory I =~~1fi~~~r~:',8~,for a OMA conlrol register 

times only using 1 OMA 

I--·--·_ ... r~uest 

burst 
I ~emory ~a;~i~3:J ~~=~:iv g =RY ~~~~r 

memory · OMA transfers using 1 of D~ control 

NMI input only 

1 OMA request I register 

f-- - ---;· 
single 
transfer 

: ~ir~ry ! ~:~~:rC:~~~~A I o DMARO rising edge software control 

reQuests are generated 

demand 
release 

memory I car~ies out transfer 0 OMARQ high level 
to 110 ~rH~~hP~~vel penod 

8 slopped at low 
level of OMARQ 
dunng OMA 
lransfer 

•>all others use soft­
ware control 
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Interrupts 

receive all 

can receive NMI 
only 

receive all 

:_' ~~~1acc8f4':d 
tran~r 

, . 1n an other 
cases. all 
interrupts 
accepted 

During HALT 
OMA request during 

OMA operabon 

carries out OMA channel 1 ts 
specified eilher re1a1ned or 
number of interrupted and then 
OMA transfers carries out channel 

carnes oul 
specified 
number of 
OMA transfers 

OOMA. 

New OMA'S are held 
unltl OMA transfer is 
finished 

same as usual '.~~~;~~e:ft~r current 
OMA transfer is 
completed 

same as usual New DMAs are held 
until OMA transfer is 
finished 
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In memory-to-memory OMA transfer, DMAAK signal is not output. In memory-to-1/0 OMA transfer, DMAAK signal is out­

put for every 1 OMA cycle. 
The programmable wait function (see 4.1) is effective even during DMA transfer In memory-to-memory transfer the spe­

cified wait state is inserted at every transfer destination and transfer source. In memory-to-1/0 transfer a wait state which is 
slow between memory and 1/0 is inserted so as to complete one transfer in one bus cycle. 

The bus hold function and refresh function are effective even during OMA transfer and DMA transfer 1s interrupted by 
them. 

All interrupts which were generated and could not be received during DMA transfer are reatained. 
OMA transfer during HALT mode can be carried out if there are requests. When OMA transfer has ended, 1t returns to HALT 

mode. If OMA transfer end interrupt occurs when it returns to HALT mode. the HALT mode is released. 
Channel O is given priority when OMA requests are generated at the same time. 
When OMA transfer is ended (when a specific number of OMA transfers is executed), it can generate an interrupt 

5.3 OMA Control Registers 
The DMA mode register and OMA control register help to program the specification of DMA transfer mode. The OMA ser­

vice channels are mapped in internal RAM in order to specify transfer destination. transfer source and number of transfers. 
There are also registers for interrupt control and they are provided for each channel. 
5.3.1 OMA Mode Registers (DMAMO, DMAM1) 

These are bit registers which designate OMA transfer mode. The DMAMn register (n=0,1) can be accessed with 8/1-bit 
Read/Write operations by memory access. 

(channel 0) 

(channel 1) 

Symbol 
1•\I \\111 

I '" '' \I I •I '" '" \\ I I •'I\ I I•\!\ 

l•\I \ \\ 1 L--------------------~ 

\11 J~ \I I 1 J • \I IJO are bits which specify transfer mode 

MD MD MD Transfer Mode 
2 1 0 

0 0 0 single step mode 

0 0 demand release mode (l/0--Memory) 

0 0 demand release mode (Memory--1/0) 

oJ [1 l disable 

0 0 burst mode 

l 0 1 single transfer mode (1/0--Memory) 

0 single transfer mode (Memory--1/0) 

disable 

1WJ A bit which specifies whether transfer processing 1s to be carried out by byte or by word. 
IEOliiI8l A bit which specifies enable or disable for OMA transfer. 

address 
l·.\111 

I ·\ :~ I! 

·-1 

1 indicates enable, 0 enable disable. This bit is automatically cleared (0) when the DMA service channel terminal 
counter (TC) is 0. 
ITDMAI Transfer Start Bit 

This is effective only with single step mode or burst mode. OMA is started up when 1 is written into this bit. (However, 
only when EDMA is set (1)). Read level for this bit isalwaysO. It is insignificant with demand release mode and single transfer 
mode. 

6-40 



NEC µPD70320/322-5/·8 

Fig. 5-1 Format for OMA Mode Registers (OMAMO, OMAM1) 

Symbol 

OMAMO (channel 0) 
OMAM1 (channel 1) [ MD2I MDII MDO] 

l 1 

5.3.2 OMA Control Registers (OMACO, OMAC1) 

W ] EOM,1 TOMA 

address 

0 ] 
OJ xxFAlH 

xxFAJH 

l:l>MA TDMA Transfer Start 

0 D OMA disable condition 

1 0 Hold status 

1 1 OMA transfer start 

F.llAI.\ OMA transfer enable/disable 

0 OMA disable condition 

1 OMA enable condition 

\V Transfer/processing method 

0 byte transfer 

I word transfer 

MD2 MDI MOO Transfer mode 

0 0 0 single step mode 

0 0 I jdemand releasemode(memory--110) 

0 1 0 demandreleasemode (l/0--memory 

0 1 1 

1 0 0 burst mode 

1 0 I single transfer mode (l/0--memory) 

I I 0 single transfer mode (memory--1/0) 

1 1 I disable 

These are 8-bit registers which specify the influence on the source address and destination address in OMA transfer. The 
OMAC register (n=0,1) can be accessed wtth 8/1-bit Read/Write operations using memory access. 

DMACn register contents are retained during RESET and are undefined. 
As fig. 5-2 indicates, btt 1,0 (PS1, PSO) ofDMACn register specifies the influence on the source side address offset value. 

Fig. 5-2 Format of OMA Control Register (OMACO, OMAC1) 

symbol 

OMACO (channel 0) 
OMAC1 (channel 1) 

5.3.3 OMA Service Channel 

POI PDO rs1 PSO 

address 
xxFAOH 

xxFAZH 

P$1/PD1 1 PSO/POO update mode tor address offset value ·-+- t--- .. 
t 1~re~ent of addr~s offset 11~l~e 

decrement ol address offset value 

t- · · not used 

This is used to specify transfer source, transfer destination, and number of transfers used in OMA transfer and it is map­
ped in internal RAM. The internal RAM addresses are assigned as follows: channel 0 to XXEOOH-XXEO?H and channel 1 to 
XXE08H-XXEOFH (XX is the value designated by IDB register). Care must be taken with these areas as they are assigned 10 
!he same areas as macro-service channel O and 1 as well as register bank 0. 
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Designation of addresses for DMA source side and destination side is the same as the method for normal memory 

access and is specified by offset from segment and segment. However, only the higher 8 bits of the segments can be speci­
fied-and the lower 8 bits are fixed to Q_ Only this offset can be changed when changing the address using DMA transfer. As a 
result, a 64K-byte transfer is possible as far as any number oflransfers goes, and when DMA transfer of data exceeds 61441 
bytes (61441 times during byte transfer, 30720 times during word transfer). and care must be taken as there are cases in 
which it cannot be processed by a series of DMA transfers using addresses of transfer source and transfer destination. 
However, ii is wise to be cautious even in cases in which data do not exceed 61441 bytes when segment and offset value are 
initialized. Fig. 5-3 shows configuration of DMA service channel; Fig. 5-4 shows method generation of DMA addresses. 

Fig. 5-3 Format of OMA Service Channel 

(offset value) JS 8 7 

+ 0 11 S,\R 

+2H lMll 

+4H s.11rn l O,.\flll 

+6H TC 

• SAR (+OH)· specifies offset (least significant 16-bit of address of DMA transfer source side. 
•DAR (+2H): specifies offset (least significant 16-bil) of address of DMA transfer destination side. 
• DARH (+4H): specifies most significant 8-bit of segment value of DMA transfer destination side. 
• SARH (+5H): specifies most significant 8-bil of segment value of DMA transfer source side address. However, the least 

significant 8-bil for the segment value is O fixed. 
•TC (+6H): specifies number of DMA transfers. 

Fig. 5-4 Method of OMA Address Generation 

O source side O destination side 

segment (16) segment (16) 

U ~RH ! __ :~:::::::~:::: 
12 bit 12 bit 

+) SA~ (161 +) : DA~ 1161 

DMA service channel 0 is assigned to XXEOOH and DMA service channel 1 is assigned to XXE08H (XX is value designa­
ted by IDB register). 

The DMA service channel is automatically changed by DMA operations. TC value is decremented by 1 for every DMA 
transfer (byte data and word data are the same.)_ 

Address offset value is changed in accordance with mode specified by DMA control register (DMACn): ±1 or unchanged 
for byte data. ±2 or unchanged for word data. 
5.3.4 DMA Interrupt Request Control Registers (DICO, DIC1). 

These are 8-bit registers for control of interrupts generated by completion of a DMA transfer. Interrupt is generated when 
terminal counter (TC)=O. 

The DICn (n=0,1) registers can be accessed with 8/1-bit Read/Write operations using memory access. The DICn register 
is initialized at 4 7H at reset lime. 

The macro-service functions are not supported in these interrupts. The OMA transfer completion interrupt of channel 0 
(INTDO) and channel 1 (INTD1) form one group, the channel 0 taking a higher interrupt priorily. INTDO conirol is carried out by 
using the DICO register and the vector is 36. INTC1 control is carried out by DIC1 and the vector is 37 (see 2.4.5). 
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Fig. 5-5 Format of OMA Interrupt Request Registers (DICO, DIC1). 

symbol 7 • 4 __ address 

(interrupt DICOI 

priority 

Dl'O I DMKO I 0 I ENCS I 0 I PR2 PRI PRO lO<l'ACH 

DFO>DF1) 
DICll I DMKI I I ENCS I I I I I DFI 0 0 I I I XX FA DH 

(Note) The DIC1 register bit 2-0 is fixed at ·1 • using hardware. Bit 2-0 is a bit field (PR2-0) which specifies 
interrupt request priority by group and forms one group with the OICO register. The priority of the 
OIC1 register interrupt requests conforms to the setting of the PR2-0 bit of the OICO register. 

The OFO/DF1 bit is an interrupt request flag lor DMA transfer completion and the OMKO/OMK1 are masked 
bits for DMA transfer completion interrupt. 

For description of other bit fields. see 3.7. 

5.4 OMA Transfer Timing 

Fig. 5-6 through 5-9 illustrate principal OMA transfer timing. 

Fig. 5-6 Timing of burst mode (timing for 1 wait state insertion for transfer destination and no wait state inaartion 
for transfer source when starting OMA using DMARQ signal when TC=1). 

Cl.K 

AO-i\19 

IJ0-07 

DMARQO 

R/\V I \ \ I 
I I 

I I 

instruction 1 OMA transfer 1 DMA transfer (when TC=O) instruction 
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Fig. 5-7 Single Step Mode 

CLK 

AO-All 

D0-01 

·ml!Q 

R/\9 

instruction! 1 OMA transfer 

Fig. 5-8 Single transfer mode 
(memory--1/0, no wait) 

1 instruction 
executed 1 OMA transfer 

NEC 

instruction 

Fig. 5-9 Demand Rel- mode 
(1/0--memory 1/0; 1 wait, memory: no wait) 

Cl.K 

AO-hl9 

I I 

I I 

I I 

Instruction DMA1ransfer instruction instruction OMA transfer Dummy cycle OMA transfer instruction 
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Fig. 5-10 Memory to Memory transfer mode 

3 4 5 6 

CLKOUT 

µPD70320/322·5/-8 

8 9 10 11 12 

OMA WRITE CYCLE 

~ 

1 OMA TRANSFER CYCLE 12 CLOCKS 
(MEMORY TO MEMORY TRANSFER, 0 WAin 
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6. Clock G-.tion Circuit 

The Clock generation circuit supplies all types of clock to the CPU and to peripheral hardware and is a circuit which 
controls the CPU's operation mode. 6.1 Configuration of clock generation circuitry 
Clock generation circuit is configured as in Fig. 6-1 

Fig. 6-1 Block diagram of clock generation circuit 

waveform 
..------.adjustment 

'frequency 
{ 

o 16-bit timer 
0 baud rate generator 

O refresh circuit 

clock 
generation 

circuit 

l'HC 

RAM EN 

time base counter (20) 

2' 011CLK. 2"ifCLK,2"11CLK. 2'0ifCLK 

interval specification for time base interrupt 

fx: oscillation frequency 

fclk: system clock frequency 

PRC: processor control register 

TBF: time base interrupt request flag 

CLKOUT: system clock output flag 

TIU: 

Cl.K 

Cl.KOL'T P07 

The clock generation circuit uses a crystal oscillator connected to X1 and X2 pins or a ceramic oscillator. Clock genera­
tion circuit output undergoes a .. waveform adjustment" (1/2 .. frequency division"), selects .frequency division" ratio and is 
used as a system clock (CLK). 

The CLK ,,frequency division" ratio can select oscillation frequencies of 1/2, 1/4, and 1/8 by specifying bit 0, 1 (PCKO, 
PCK1) of the processor control register {PRC). 

Low-speed use of clock guarantees long periods of stable operation even if the voltage of a battery-driven system de­
creases. 
6.2 Processor Control Register (PRC) 

The PRC register is an 8-bit register which carries out concentrated control of CPU operations clock, time base interrupt 
periods, internal RAM access and other items related to the CPU and internal system control. 

The PRC register can be accessed with 8/1-bit Read/Write operations using memory access. 
It is initialized al 4EH using RESET input. 
The PCK0,1 bits determine the system clock Jrequency division" ratio. After Jrequency division" of the frequency of the 

oscillator via PCK0,1, ii is used as system clock (CLK). 
The TB0,1 bits specify the time base interrupt interval. Four types of long interval time can be selected by using the 

TB0,1 bil 
The RAMEN bit controls enable for internal RAM access. It makes no distinction of internal RAM address in disable condi­

tions (RAMEN bit .O") and accessing is always the object of external memory. When RAM is referenced as a register, internal 
RAM is always the object of accessing. 
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Fig. 6-2 Format of Processor Control Register (PRC) 

1bol~--.---.----,---r--....,-----.--,--o-, 
PRC[ O JRAME1 0 I 0 I TB! TBO I l'CKllPCKOJ xxFEBH 

address 

T_J 11--PC-~-K1-+-PC-~-K0--+-·-'-1req=u-e-nc_y_d_iv_i51-·o_n_· •_•_li.o_sp_ec_ifi_ca_b_o_"_°'_.~·=yst=--e=m=c-loc_k __ (_C_L_K) _ _, fCLK""' oscillation frequency (flt) x '·i 

fCLK = oscillation frequency (fx) x ~. 

o --1 fCLK =oscillation frequency (fx) x 1 le 

1 disabled 

TB1 TBO interval destgnation for lime base interrupt 

o O generation of interrupt each 210ttcLK interval _____ _ 

0 1 213ilCLK 
~------~1---r--r-------~-----·----------1 

1 0 216ilCLK 
f----+---t------------··- ------------; 

1 1 22011CLK 

RAMEN specification of internal RAM enable 

O internal RAM disable 

1 1n1ema.I RAM enable 
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7 Time Base Counter 
The µPD70322170320 stores a long interval timer function for clock function. 

7.1 Configuration of Time Base Counter 
Configuration of time base counter is illustrated in Fig. 7 -1. 

NEC 

The time base counter is configured of 20 .,frequency dividers" which divide the frequency of the system clock (CLK). The 
,.frequency divider's lower side of the tap output is used for time count clock, baud rate generation input clock, refresh timing 
generation and refresh address generation. Of the 20 tap outputs, output taps 9, 12, 15, and 19 are used for time base 
interrupts. 
The time base counter is cleared OOH only by RESET input and afterwards it is always incremented continnously. 

Fig. 7-1 Configuration of Time Base Counter 

time base counter (20-bit = 2•--220 ) 

ICLKl2' fCLKl2 1-2• ICLKl2'-2' 

16-bit timer baud rate generator refresh timing 

7.2 Specification of Time Base Interval 

refresh address time base 
interrupt request 

The interrupt request interval time which is generated from the time base counter can be selected from four types (as 
indicated in Fig. 7-2) using bit 2,3 (TB0,1) of the processor control register (PRC). 

Fig. 7-2 Interval Timer Mode of the Processor Control Register (PRC) 

symbol 

PRC r 0 T RAMENl 1 ] Tnt Too T PCKl rcKo 

a re 

0 0 xx F'EBH 

CJ fCLK= 5MHz (=/\Ix, Ix = 10MHz) 

TB! TOO interval time 

dd SS 

0 0 2111/ lt:u: 120511•) 

0 I 211/ft:u: (l.64ms) 

I 0 219/fcLI UJ.lmsJ 

I I Z"/ let.a (210ms) 

Note: time immediately after setting TBO, 1 bit until generation of initial interrupt request is undefined. 
7.3 Time Base Interrupt Request Control Register (TBIC) 

The TBIC is an 8-bit register used to carry out mask control for interrupt requests generated from the time base counter. 
TBIC can be accessed with 811-bit Read/Write operations using memory access. 
TBIC is initialized at 07H using RESET input. 
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Fig. 7-3 Format of time base interrupt request control register (TBIC) 

symbol s 

TBIC I TBF I TBMK I 
address 

0 xx FECH 

Interrupt requests are generated once the output tap of the time base counter specified by processor control register 
(PRC) has gone to high level and the interrupt request flag (TBF) is set 

The TBIC bit 4.5 is fixed .O'' and there is no context-switching function or macro-service function using the timer base 
counter interrupt. The TBIC bit 0-2 are fixed at ..1". priority of time base interwpt (INTIB) is .. T' fixed, and is fixed atthe lowest 
position even among the other interrupts which have priority 7. Multiprocessing control, is accepted, however. 
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8. Serial Interface 
8.1 Configuration of Serial Interface 

The µPD70322/µP070320 has two serial interface channels with built-in special baud rate generators. The serial int­
erface has two types of operational mode: an asynchronous (starVstop transmission) mode which takes data bit synchroni­
zation and charakter synchronization using start bit in the asynchronous mode and an 110 interface mode which carries out 
data transmission by synchronizing in the serial clock which has been controlled in the same way as the µCOM-87 group 
and other serial data transmission modes. 

Fig. 8-1 gives a configuration diagram once for setting of serial interface asynchronous mode and once for 110 interface 
set-up. 

The serial interface part is comprised of serial data input (RxDn). serial data output (TxDn), serial clock output (SCKO) 
transmission-enabling control input terminal (CTSn1), a transmission controller. an 8-bit serial register tor send/receive, a 
transmission buffer (TxBn), a receive buffer (RxBn) and a baud rate generato~ 

It has serial registers and serial buffers for each transmission and receiving so that the transmission and reception can 
be carried out independently (all overlapping operations are possible). The CTSn terminal has functions for the receive 
clock in pull output terminal during 110 interface mode so that all serial operations are possible and rTllY overlap, even in 110 
interface mode. 

T:dln 

·~:Tsn 

Fig. 8-1 Configuration of Serial Interface 

(a) when asynchronous mode is set up (n-0, 1) 

internal bus 

STl-"n 

serial register 

>----~transmission SEFn 
conlrol 

l'.\ICl 

•(channel 0) 

baud rate 
generator 
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(b) when 1/0 interface mode is set up (channel O only) 

STFO 

TxOO 

cTSO 

RSC"K 

SCl\O <.>-----< 

T:itE 

H,f)[] o-----< 

8.2 Asynchronous Mode 

serial register 

transmission 
control 

internal bus 

SC~10 

baud rate 
generator 

During asynchronous mode, the specification of character length, number of stop bits, parity enable, odd/even parity is 
made by the serial mode register (SCMn). 

( 1) Transmission 
In transmission operations bit 7 (TxRDY) of serial mode register (SCMn) is set (1) and the CTSn terminal goes to transmit 

enable condition at active time (0). 
There are three methods of transmission start: 
(i) transmission buffer (TxB) is set up in transmission condition when empty which generates transmission completion 

interrupt requests and carries out transmission data write operations to the transmission buffer within interrupt processing. 
(ii) when transmission data are transmitted to transmission buffer at transmission enable condition, this transmission 

data are continuosly sent after the preceding transmission operation has ended. 
(iii) in transmission disable condition, transmission data are writen beforehand in transmission buffer and the data reati­

ned in the transmission buffer are sent afterwards when it is put in transmission enable condition. 
•:there are no restrictions as such in the procedure for setting up the transmission enable condition; ii is possible to make 

TxRDY= .. 1" active and set it at TxRDY= .. 1". 
In the transmission data format, one data frame is comprised of start bit, character bit, parity bit and stop bit as the follow­

ing figure indicates; the data transmitted is senlfrom the TxDn terminal starting with least significant bit (LSB). The TxDn termi­
nal is in mark condition (1) during transmit disable or when it has no data which it is transmitting to serial register. 

I g1r I 00 DI 

start bit 
character btl 
parity bit 
stop bit 

one dataframe 

: 07 jg~rity I stop bit 

.. 1 bit 

.. 718 bit 
odd/even/O/unattached 
1/2 bit 

6-51 



µPD70320/322-5/-8 NEC 
When the transmission buffer becomes empty the interrupt request for transmission completion is immediately genera­

ted and the transmission buffer goes to empty condition due to RESET input. When ii is setto transmission enable condition 
at this lime, the interrupt requests for transmission completion are generated. When transmit data from the transmit buffer 
are sent to the shift register by starting transmission operations, the transmission buffer goes to empty condition and there 
interrupt requests for transmission completion are generated. 

Each lime an interrupt request for transmission completion is generated continuous data transmission is possible by 
writing the transmission data in the transmission buffer without the mark condition (1) becoming inserted. 

While transmission operations are being carried out the data being transmitted are sent one frame at a time until the end 
of the data or when switched to transmit disable condition. However, when new transmission data have already been written 
into the transmission buffer, sending from transmission buffer to shift register is disabled and transmission buffer contents 
are retained as they are. When it is again set to transmit enable condition, the transmission buffer contents coinciding with 
this liming are sent to shift register and interrupt request for transmission completion are generated at the same time that 
transmission has started. 

(2) Receiving 
In receiving operations, it goes to receive enable condition when bit 6 (RxE) of serial mode register (SCMn) is set (1 ). (In 

receive disable condition (RxE=O) the hardware for receive is in a standby condition). 
Sampling is carried out on the RxDn terminal input using the input clock to the baud rate generator; when the trailing edge 

is detected, receive operations are started up and a receive baud rate generator is started. When a RxDn pin input low level is 
detected using the initial timing signal from the receive baud rate generator. receiving operations are carried out alter they 
have been recognized as a start bit When high level has been detected by the initial timing signal, the baud rate generator is 
initialized without having recognized a start bit and operations are suspended. 

Sampling of receiving data is carried out through synchronization with rise of a shift clock after the start bit has been 
detected, as indicated in the following figure. 

Sampling timing of receive data 

shiftclockLJLflJU1~ 

Rao. 

The receive interrupt requests are generated when the receive data from the shift register are sent to receive buffer 
(RxBn) when reception of data whose character length has been specified by serial mode register bit 3 (Cl) has ended. 
During reception, receive error flag is set and receive error interrupt requests are generated, a parity check of even and odd 
numbers is carried out (when parity 1 bit=1•1. and if they do not match (parity error). or when stop bit is low level (framing 
error).or when receive buffer is full and the subsequent data are sent lo receive buffer (overrun error). (See 8.6). 
Note: The PRTY1 bit is Bil 5 of the serial mode register. 

8.3 VO lnterfKe Mode 
VO interface mode is identical to the µCOM-87 serial interface and is effective either when expanding VO to external parts 

or when connecting peripheral controllers (AID converter. LCD controller). 
When using 110 interface mode, data transmission is carried out starting with ihe most significant bit (MSB) with 8-bitfixed 

character length and without parity bit. 1/0 interface mode is used on channel 0. 
(1) Transmission 

Transmission operations go to transmit enable condition when bit 7 (TxE) of serial mode register is set 
The SCKO terminal becomes transmission clock output pin in 110 interface mode. As with asynchronous mode, there are 

three types of transmission operation start-ups as follows: 
(i) when transmission buffer (TxBO) is in empty condition, an interrupt request for transmission completion is generated by 

setting the buffer in transmit enable condition, and transmission data write operations to transmission buffer are carried 
out 

(ii) when transmission data are sent to transmission buffer (TxBO) in transmit enable condition, when the preceding trans­
mission operation is completed, this transmission is continuously sent. 

(iii) in transmit disable condition, transmission data are written in transmission buffer beforehand and when buffer is later put 
in transmit enable condition, the data retained in transmission buffer (TxBO) are sent 
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07 DS D4 03 DZ DI· DO 

Interrupt requests for transmission completion are generated as soon as transmission buffer (TxBO) is empty Transmis­
sion buffer (TxBO) goes to empty condition due to RESET input Atthis time, when it is set at transmit enable condition, inter­
rupt requests for transmission completion are generated. When transmission data from transmission buffer (TxBO) are sent 
by starting transmission operations. the transmission buffer goes to empty condition and an interrupt request for transmis­
sion is generated. 
(2) Receive 

In receive operations, when bit 6 (RxE) in the serial mode register is set (1). it goes to receive enable condition. Receive 
data are input to serial register on receive clock rising edge. When the serial register receives 8-bit data. data are sent from 
the serial register to the receive buffer (RxBO) and an interrupt request for receive completion is generated. 

Receive clocks in 1/0 interlace mode are selected from both the external receive clocks and from the internal receive 
clocks by specifying bit 2 (RSCK) of the serial mode register (SCMO). 

The CTSO terminal also functions as an input/output pin during 1/0 interlace mode. Receive error flag is set and the inter­
rupt requestlor receive error are generated at receive time when the receive buffer is lull (RxBO) and when the following data 
have been sent to the receive buffer. 
8.4 Serial Mode Register (SCMO, SCM1) 

The SCMn register (n = 0, 1) is an 8-bit register which specifies the transmission mode for the serial interlace and is set up 
at both channel 0 (SCMO) and channel 1 (SCM1). The assigned meanings of bits 7 to 2 on the SCMn vary according to speci­
fication of bits 1. O (M D1. M DO) 

symbol address 
(channel 0) SCMo 

1 
xx F68H 

MD MD 
I 0 

(channel 1) SCMI xxF78H 

MD1. MD0=0,1 (asynchronous mode) 
7 6 s 4 ] 2 

SCMOI I 
R•E I PR~Y I PROTY I tL I SL I 

SC~ll 

TxRDY 

MD1. MDO=O. 0 010 interlace mode) 
3 

50101 T•E I R•E I I 0 I TSK I RSCK I 0 
I 

M01 and MOO bits are bit fields which specify transmission mode of serial interlace. When they are set at M01. MOO= O. 1. 
they go to asynchronous mode; when set at M01. MOO= O. 0, they go to 1/0 interlace mode. However. 1/0 interlace mode can 
be set up only in SCMO. 

SCMn can be accessed by 8/1-bit Read/Write operations by using memory access. 
These registers are cleared to OOH by RESET input. 

(1) Setting up of asynchronous mode 
~a bit which carries out receive enable control. 

When placed in receive disable condition (RxE = 0) during receive operations. receive processing is interrupted and no 
interrupt requests for receive completion are generated. 
ISJ:]a bit which specifies stop bit 

When SL bit is reset (0). the stop bit is 1 bit and it is 2 bits when set (1). 
RX!a bit which specifies character length. 

When CL bis is reset (0) it is 7 characters long and 8 characters long when set (1). 
~~bits which specify parity assignment. 

PRTYO, 1 bits specify no parity, odd and even number parity, and 0 parity 0 parity makes parity bit "O" during transmission 
and ignores it during receive. 
~is a bit which controls transmission enable condition. 

When CTSn pin is low level and when TxRDY = 1, it causes the transmit enable condition. 
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Fig. 8-2 Format for Serial Mode Register (SCMO, SCM1) •.• when setting up 
Asynchronous Mode 

6 
symbol 

SCMO 

lT1RDi R1E }RT\"! PRTY1 

SC~ll 

L,..J 
CL I SL I D l 

address 

I J ><>< F68H 

><>< F71H 
specification of stop bit length 

0 1 stop bit 

I 2 stop bits 

character length specification 
T 

D 7 bits 

I B bits 

parity assignment specification 

PRTY PRTY parity specification 
1 0 

0 0 no parity 

0 I 0 parity• 

I 0 odd parity 

1 I even parity 

·o parity means that parity bit is 0 at 
transmission lime and ignored at receive ti 

receive enable control 
0 receive disable condition 

1 receive enable condition 

transmission enable condition 

0 transmission disable condition 

I WhenCTSn terminal"is low level, 
transmission enable condition 

(2) Setting up of VO Interface Mode 
liSCK!a bit which specifies source of serial receive clocks 

me 

When RSCK bit is reset (0), receive operations are carried out by external receive clock; when RSCK bit is set (1), receive 
operations are carried out by internal receive clock. lnpuVoutput for receive clock is carried out by CTSO pin. 
IISKlan output trigger bit for receive clock. 

This is effective only when RSCK bit is set (1) and eight receive shift clocks are output from CTSO terminal by write opera­
tion of 1 to TSK bit 
l:iiEla bit which carries out receive enable control. 

When RxE bit is set (1 ), ii goes to receive enable condition; when reset (0). it goes to receive disable condition. When put in 
receive disable condition during receiveoperetions, receive processing is interrupted at that po in~ and no interrupt requests 
for receive completion are generated. 
lliEJa bit which carries out transmission enable control. 

When TxE bit is set (1), It goes to transmission enable condition; when is is reset (0). it goes to transmission disable 
condition. 
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When transmission data are written into transmission buffer during transmission enable condition (TxE=1), corre­
sponding serial transmission is started after completion of running transmisson. and started immediately if no transmission 
is being carried out When transmission data are written into transmission buffer during transmission disable condition 
(TxE = 0), serial transmission is not carried out and data in the transmission buffer is retained unchanged. Afterwards, trans­
mission processing of transmission data retained in the buffer is started at the same time when switching to transmission 
enable condition takes place. 

Even if the TxE bit is reset (0) (transmission disable conditiont during transmission operations, transmission operations 
are carried out until completion. Howewr, the next transmission data which have already been stored in the transmission 
buffer at the point when ii has been set to disable condition, the transmission following this transmission is omitted and the 
data are remaining in the buffer. 

Fig. 8-3 Format for Serial Mode Ragiater (SCMO) .... 1/0 Interface Mode 

symbol address 

SCMO [ TxE 1 RxE 1 0 T 0 T m}scKJ 0 l 0 I xx F&BH 

receive clock specification 

0 
receive (CTSO terminal input 
mode) with external clock 

I 
receive'<CTSO terminal output 
mode) with internal clock 

serial interface control 

0 -

I 
writing '1' triggers 
8 shift clock pulses 

receive enable control 

0 receive disable condition 

1 receive enable condition 

transmission enable condition 

0 transmission-disable condition 

I transmission enable condition 

8.5 Baud Rate Gen«ator 
The baud rate generator is an 8-bil timerfor the serial interface which generates shift clocks for transmission and receive. 

Each channel is provided with an own baud rate generator for transmission and receiving. The baud rate is the same both 
transmission and receiving and the baud rate is determined by writing the value to the baud rate generator register (BRGn). 

The specification oflhe input clock for the baud rate generator is done by selecting the time base counter (see 7. 1) output 
tap using the PRS3-0 bits of the serial control register (SCCn). The serial interface shift clock uses the baud rate generator 
output signals which have been divided by two. Setting up the baud rate generator for the transmit rate the parameter values 
satisfy the following formula: 

CLK 
BxG=106x 2n+1 
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Where the parameters are defined as follows: 

B: transmission baud rate (bps) 
B = 110, ..... 9600, 19200 ... 

G: set value for baud rate register (BRGn) 
(1--G--255) 

n: Input clock specification number (0--n--7) 
for baud rate generator specified by serial control register (SCC). 

CLK: system clock frequency (MHz) 

NEC 

Based on the above formula, the set values for the baud rate generator for all standard transmission baud rates when 
using a 10MHz crystal attached to the outside are as follows. 

Chart 8-1 Set values for Baud Rate Generator (for reference) 

ICLK = 5MHz (=V,fx; Ix= 10MHz) 

transfer set value G for error 
baud rate n BRGn register (%) 

110 7 178 0.25 

150 7 130 0.16 

300 6 130 0.16 

600 5 130 0.16 

1200 4 130 0.16 

2400 3 130 0.16 

4800 2 130 0.16 

9600 1 130 0.16 

19200 0 130 0.16 

38400 0 65 0.16 

1.25M 0 2 0 

n: input clock specification number of baud rate 
generator 

8.5.1 Serial Control Registers (SCCO, SCC1) 
The seen register (n = 0, 1) is a register which controls serial interface transmission rate. 
seen can be accessed by 8/1-bit Read/Write operations using memory access. 
It is initialized at OOH using RESET input 
It specifies the output tap of the time base counter which is input to the baud rate generator in the PRS3-0 bil field 
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symbol; 

SCCO (channel 0) 
SCC1 (channel 1) 

Fig. 8-4 Formet for Serial Control Registers (SCCO, SCC1) 

address 

toJojoJ 0 l P:s l P:s 

xx FUH 

PRS l PRS 
1 0 

1 I I J 
xx F79H 

PRS PRS PRS PRS 
3 2 I 0 

0 0 0 0 

0 0 0 I 

0 0 I 0 

0 0 I 1 

0 1 0 0 

0 I 0 1 

0 1 1 0 

0 I 1 I 

1 0 0 0 

input clock to baud 
rate generator 

· fcu 

lcu/2 

lcu/f 

lei.all 

lcu/11 

lcu/32 

lcu/N 

fcu/ID 

fcu/251 

ICLK: system clock frequency 

a& Serial Error Proc:MSing 
The following three types of serial interface errors during reception can be detected. 

(i) Parity error (asynchronous mode) 
Transmit parity and receive parity are different 

(ii) Framing error (asynchronous mode) 
Stop bit is not detected. 

(iii) Overrun error (asynchronous mode, 110 interface mode). 
Before taking over the previous receive data from RxB, the following reception is completed. 
8.6.1 Serial Error Registers (SCEO, SCE1) 

These are 8-bit registers which indicate three types of error flag conditions corresponding to each receive error. Both 
channel 0 and channel 1 are provided with them. 

SCEn (n=0, 1) can be accessed only by 8-bit Read operations using memory access. 
SCEn is initialized with OOH during RESET. 

~Parity error flag 

ERP flag is set when transmit parity and receive parity do not agree and is reset (1) during receive data read from receive 
buffer. 
IEBEiil Framing error flag 

ERF flag is set (1) when stop bit is not detected and reset (0) during receive data read from receive buffer. 
EBOiilOverrun error flag 

ERO flag is set (1) when before receiving the preceding receive data from RxB the next receive is completed, and reset (0) 
~ receive data read from receive buffer. 
BxCDJis a bit which checks receiver terminal input condition using RxB bit. 

The serial error register (SCEn) is initialized at OOH using RESET input 
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Fig. 8-5 Format of Serial Error Registers (SCEO, SCE1 I 

symbol 

SCEOl(channel 0) 
SCEli(channel 1) 

0 
.--~"T"~--i.--~"'T""---.~-...--........ ~~..-~-. 

R11.Dn 0 ERP• ERF11 ER011 

~ ..... ~~~~~~-~~~~""T'"~.....,.--~"'T""~ 

address 
xx F&BH 

"" F?Bll overrun error flag 

reset (0) during receive data read 
from receive buffer 

set (1) when the next receive Clilals 
transferred to the receive buffer (RxB) 
~~re lhe previous data has been read out 
framing error flag 

reset (0) at time of Teceive data 
read from receive buffer 

set (1) when stop bit is not detected 

parity error flag 

reset (0) at time of receive data 
read from receive buffer 

~-------------·---- -- ·----

8.7 Break Detection Function 

set when transmission pariy and 
receive parity do not correspond 

receive pin condition 

The µPD70322170320 can be used to detect circuit break condition using software processing (asynchronous-mode 
only). Procedures for detecting a break condition are as follows: 
(1) generation of receive error interrupt using the first framing error. 

Receive data are checked inside receive error processing routine and are confirmed to be OOH. 
At the same lime, receive error flag is checked and the framing error is confirmed. 

(2) generation of receive error interrupt using second framing error. 
Framing error is again generated during break condition. 
Receive data is again OOH, and continuous reception of OOH data which accompany framing error as well as confinmation 

of direct pin condition using bit 7 (RxOoj of serial error register (SCEn) are used to decide thatthe circuit is in break condition. 
8.8 Interrupt Requmts for Serial Interface 

There are three types of interrupt requests which are generated by the serial interlace and which correspond to the two 
channels: interrupt requests for transmission completion, for receive completion, and for receive error. 
8.8.1 Control Registers for Interrupt Requests (SBCn, SRICn, STICn) n=0, 1 

These are registers which control three types of interrupt requests generated from the serial interface: interrupt requests 
for receive error (SERn), for receive completion (SRFn), and for transmission completion (STFn). The three control registers 
for interrupt requests fonm one group and can be applied a priority specified for the serial interface interrupt request The 
priorities inside the group are decided using hardware in the following way: 

SEFn > SRFn > STFn 
when SEF = 1, SRF is always set 
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Fig. 8-6 Interrupt Control Registers (SEICn, SRICn, STICn) (n=0,1) 

symbol 7 6 5 4 address 
SEICO -- xxf"&CH 

SEICI I SEFn I SEMKo IMS/1 ENCS I I PR2 PR! PRO 

xxF7CH 

:::::I SRF• I SRMKo,MS/mTI ENCS I I 
XXF"6DH 

0 ·I 

XXf7DH 

:::::I STF· I STMK• I MS/mTI ENCS I I 
XXF6EH 

0 

XXF7EH 

(Note) The SRICn and STICn bits 2-0 are fixed at '1' using hardware_ Bit 2-0 is a bit field (PR2-0) which 
specifies priority of interrupt requests according to group and form a group within SEICn. 
Interrupt request priority for SRICn and STICn conform to set-up of PRs-0 of SEICn. 

Bits SEFn, SRFn, and STFn are interrupt request flags and are all set (1) respectively according to generation of receive 
error, receive completion, and transmission completion, and are reset, by acceptance of interrupt requests or by software_ 

See 3-7 for description of other bit fields_ 
SEICn, SRICn, and STICn can be accessed by 8/1-bit Read/write operations using memory access. SEICn, SRICn, and 

STICn are initialized at 47H using RESET input 
8-8.2 Macro-Service Control Registers (SRMSn, STMSn) n=O, 1 

SRMSn is an 8-bit register which specifies macro-service processing mode which accompanies receive completion of 
serial interface_ STMSn is an 8-bit register which specifies the macro-service processing mode and the channel which 
accompany the transmission completion of the serial interface. SRMSn and STMSn correspond to the two serial interface 
channels_ 

SRMSn and STMSn can be accessP.d by 811-bit Read/Write operations using memory access. 
See 3.4.3 for description of each macro-service regsiter bit 

Fig. 8-7 Format of Macro-Service Control Register (SRMSn, STMSn) n=0,1 

symbol address 

SRMSO x '< F 6 S Et 

,\ISM2 MSl\ll MS~IO DIR Cll2 cm CHO 

SRMSI XXF75H 

sn1so XXF66H 

DIR CH2 CHI CHO 

STMSI XXf76H 
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9. Timer Unit 

The µP070322/70320 timer unit can be used as an interval timer, a one shot timer, and as a square wave output 
9.1 Configuration and Operation of Timer Unit 

The timer unit is comprised of two 16-bittimer registers, two 16-bit modulo/timer registers and an 8-biltimercontrol regis­
ter. Configuration and operation of each operational mode are described as follows. 
(1) Interval timer mode 

When timer unit is set up in interval timer mode, both timers 0 and 1 can be used as in Fig. 9-1. 

CLKi& 

CLK,'121 

CLK/128 

Fig. 9-1 Configuration of Timer Unit during Interval Timer Mode 

timerO MDOtl&l 

limer1 

TMlll&I 

preset 

preset 

OUTPUT 
control t-----o TOUT 

'----- TMFO is set 

1---+----- TMF1 is set 

'-----. TMF2 is set 
(interrupt request) 

Interval timer mode is specified by timer control register (TMCO) and when TSO bit is set (1), the MOO register value is 
loaded into the TMO register, and the clock specified by TCLKO is down counted. When an underflow is generated during 
down count, the MOO register value is again reloaded into the TMO register and the down count is again repeated. 

The same down count operations are executed for register of timer 1. 
(2) One shot timer mode 

When timer unit is set up in one shot timer mode, channel O is used as indicated in Fig. 9-2. However, it is still possible to 
operate timer 1 (channel 1) simultaneously as an interval timer. 

CLK 12 

CLK 128 

Cl.K 12 

Cl.K.128 

CLK·'6 

Cl.K 128 

Fig. 9-2 Configuration of Timer Unit during One Shot Timer Mode 

----El timer O __-i§---·--:_l ___ "_n_o(_1&_• __ _:--------·- TMF1 is set 

OUTPUT 
control --OTOIJT 

n1011&1 

timer 1 .\11>1116) 

preset 

T~ll fl6} 1--------- TMF2 is set (interrupt request) .__ _____ __, 

The one shot timer mode is specified by the timer control register (TMCO) and when TSO/MSO bit is set (1), the TMO/MDO 
register down counts clocks specified by TCLKO/MCLKO bit When an underflow is generated during counting, the count 
operations are suspended. TMO/MDO register is suspended while retaining OOOH. 
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9.2 Timer Control Registers (TMCO, TMC1) 
The TMCO register is an 8-bit register which controls operations of TMO and MDO registers. The TMC1 register is an 8-bit 

register which controls operations of TM1 and MD1 registers. 
TMCO and TMC1 registers can be accessed by 8/1-bit Read/Write operations using memory access. They are initialized 

at OOH using RESET input. TMCO and IMC1 registers have different formats as shown in the following figures. 

(interval timer mode, one shot timer mode) 

symbol 6 5 3 2 I address 

HICO TSO TCLKO MSO MCLKO f:NTO ALY MODI ~IODO xx F 9 OH· 

(interval timer mode) 

n1c1I TSl ITCLKll 0 I xxF91H 

Operational mode for timer 0 and timer 1 which are comprised respectively of TMO and MDO, and TM1 and MD1 are speci­
fied by bits 0, 1 (MODO, 1) of TMCO and TMC1 registers. 
l:MQQO] and ~ are bits which specify the operational modes for timer 0 and timer 1. 

When MODO = O and MOD1 = 0, the interval timer operation mode is set. When MODO = 1 and MOD1 =0, the one-shot tim­
er mode is set. 

During the interval timer operation mode, TMO andTM1 work as timer registers which down-count the set values, whereas 
MDO and MD1 work as modulo registers which retain the set values for the intervals. Under the one-shot timer operation 
mode both TMO and MDO work as timer registers down counting the set values. The timer 1, however has ists TMC1 bits O 
and t fixed as "O", capable of operating only as an interval timer. 

As a result, timer 0 can operate as a 16-bit interval timer or as two 16-bit one shottimers comprised ofTMO and MDO using 
TMCO register. Timer 1 can be operated as a 16-bit interval timer comprised of TM1 and MD1 using TMC1 register. 

Timer 0 can also output rectangular waves to the TOUT pin using the TMCO register. However. TOUT pin used with P15 to 
~ut rectangular waves to TOUT pin so that bit 5 (PMC15) of port 1 mode control register must be put on control mode. 
~ is a bit which specifies the active level for TOUT pin output. 

The active level of TOUT pin output when ENTO bit is reset (0) goes to low level when ALV bit is reset (0) and high active 
when set (1). 
I ENTO I is a bit which specifies operations for square waves output to TOUT pin. 

When ENTO bit is reset (0), the TOUT pin level is specified by ALV bit. When ENTO bit is set (1), the TOUT pin level is 
reserved every time the interrupt request flag of the timer unit is set. 

Descriptions of other bits of TMCO and TMC1 registers are given according to operational mode as follows. 
!TCLK I is a bit which specifies TMn register count clock. 

Chart 9-1 gives reference values for system clocks with 5MHz frequency 
[!Q!i] is a bit which controls the operations of timer n. 
When TSn bit is set (1). the value ofthe MDn register is set into the TMn regsiter and the down countofTMn register is start­

ed. When the TSn bit is cleared (0) the TMn register down count is suspended with TMn and MDn register contents retained 
unchanged. 

During down count, underflow is generated and when TSn bit is set (1) again, thevalueof MDn register is again reloaded 
into the TMn register and down count operations are restarted. 

Chart 9-1 Count Time (n=0,1) for Timer Register (TMn) During fnterval 

Timer Mode fCLK = 5 MHz (='' fx; fx = 10MHz) 

TCl.Kn l count clock 

f-- .0 T fn,/6 
t--

I 

i·· _ resolution -Pull count 

1.2 /LS 78.6 ms 
i-- . ----1 25.6 flS I 1.7 s 
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(2) One Shot Timer MOde (M000=1, MOD1=0) Howewr. timer O on!\( 
1EbKJ is a bit which specifies TMO register count clock. 

Table 9-2 indicates reference values when system clock frequency (TCLK) is 5MHz. 
Im] is a bit which controls TMO register operations. 

NEC 

When TSO bit is set. ii is down counted from values of TMO register which have been retained at that lime; TSO bit is 
cleared (0} by underflow generation, and count operations are suspended. When TSO is cleared (0), count is suspended 
while retaining TMO register value unchanged. 
~is a bit which specifies MOO register count clocks. 

Table 9-2 indicates reference values when system clock frequency (CLK) is .5MHz. When it is specified in interval timer 
mode, the MCLKO does not affect the count operation. 
~is a bit which controls count operations for MD register. 

When MSO bit is set (0}, it is down counted from the MOO register values which are retained atthattime; MSO bit is cleared 
(0) by underflow generation and count operations are suspended. When MSO bit is cleared (0), count is suspended while 
MOO register values are retained unchanged. 

The MSO bit does not affect count operations during interval timer operations. 

Chart 9-2 Count Time fCH" Timer Register O (TMO) and Modulo Timer 

Register 0 (MOO) During One Shot Timer Mode ICLK ·= 5MHz(=h Ix ; Ix= 10 MHz} 

TCLKO 1 
MCLKO I count clock resolution full count 

----0--:- - ··1,~::;z-·· ~---l.4 JlS -r- 157 .3 ms 

-··t--· ---t----- ···--------;-------
) , fcLKIJ28 , 25.6 J'S : J. 7 s 

Note: the TMO register has different count clocks depending on whether it has been specified in interval timer mode or speci­
fied in one shot time mode. 
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Fig. 9-3 Format of Timer Control Register 0 (TMCO) 

1bol 

f TOS T TCOLKJ ~~s JMC0Lj ENTOI ALV J M~D 
address 

MOD XXF90H 
0 

MCO 

-0- operational mode specifications 

tvi~o M<?0 
0 specification 

0 0 interval timer mode 

0 1 one shot timer mode 

1 x disable 

•·o· must be written in M001 

effective level specification for TOUT pin 

0 TOUT pin active level is specified at 
low level 

1 TOUT pin active level is specified at 
hjg_h level 

operation specification for TOUT pin 

0 TOUT pin level fixed at ALV bit 

1 TOUT pin level reversed by TMFO set 
timir:!.9._ 

clock source specified for MOO register (during one shot timer mode) 

0 CLK/12 specified as MOO register count 
clock 

1 CLK/128 specified as MOO register count 
clock 

operation control for MOO register (during one shot timer mode) 

0 count stopped (MOO retained) 

1 MOO down count started 

clock source specification for TMO register 

~~1'~~Q 0 fCLKi6 specified as TMO count clock 

"' ' t1ml!r 1 fCLK/128 specified as MOO count clock 

dV""9 ~~C_LKi12 specified as_TMO count clock 
OM 
sho1 

mode 1 ICLK/128 specified as TMO count clock 

operation control for TMO register 

~~;~~g 0 count stopped (TMO. MOO retained) 
"' timer 

1 MOO contents loaded to TMO, 
mode TMO down count started 
durmg 0 count stopped (TMO retained) o•• 
""" hme• 

1 TMO down count started mode 
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Fig. 9-4 Format of Timer Control Register 1 (TMC1) 

Symbol 

TMCI l T1S l TC1LK1 l 0 l 0 l l l 
Address 

0 0 0 0 xx f"9 I H 

Clock source specification for TM1 register 

0 specifies fCLK/6 as count clock 

I specifies fCLK/128 as count clock 

Operation control for TM1 register 

0 count stop (maintains TM1, M01) 

I 
Starts TM1 down count by loading the 
contents of M01on TM1 

9.3 Timer Unit Interrupt Requests 
Three interrupt requests (TMF0-2) are generated from the timer unit The generation condition for the interrupt requests 

coming from the timer unit differ according to the specification of the timer operation mode. 
When they are set up to interval timer mode, the TMFO is set (1) by the timing of underflow generated by the TMO register 

countdown, and TMF1 and TMF2 are set (1) by underflow generated by TM1 register countdown (Fig. 9-Sa). 

When TMO and MOO registers are set up in one shot timer mode, TMFO is set (1) by underflow generated by TMO register 
countdown and TMF1 is set (1) by underflow generated by MOO register countdown. In this case, TMF2 is set (1) by the 
underflow generated by TM1 regsiter countdown which operates as an interval timer. 

Fig. 9-5 Interrupt Requests from Timer Unit 

a. when TMO and MOO are specified as Interval Timer Mode 

MOO 

----------------·-----------------------------+--------TMFO set signal 

n10 

MDI 

----------------------------------------------+----.----TMF1 set signal 

l~--- TMF2 set signal 
TM! 

b. when TMO and MOO are specified as One Shot Timer Mode 

~IDO 1--------TMF1 set signal 

TMO 
,_ _______ TMFO set signal 

MDI 

·-------------------------·-········-···-·····+--------TMF2 set signal 

TM! 

TMF0-2 timer unit interrupt request flag 0-2 
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9.3.1 Interrupt Request Control Registers for Timer Unit (TMICO, TMIC1, TMIC2) 
The TMICn (n = 0-2) register is an 8-bit register which controls three interrupt requests which are generated from thetimer 

unit These three interrupts requests form one group and priority for the timer unit interrupt requests as specified by pro­
gram. Within that group, priority is fixed using hardware as follows. 

TMFO > TMF1 > TMF2 

Fig. 9-6 Format of Interrupt Request Control Registers for Timer Units 

(TMICO, TMIC1, TMIC2) 

Symbol Address 

TMICO Tl\IFO Tm.IKO MSirNT ENCS PR2 PRl rno )( l( F 9 c H 

n11c1 I TMFI lrnMK1 IMs1!11TI ENcs I o I 

nucz I TMF2 I rn11K2,Ms11RTJ ENcs I I 
XXf90H 

XXF9EH 

(Note) Bit 2-0 for TMIC1 and TMIC2 are fixed at "1" by hardware. Bit 2-0 is a bitfield (PR2-0) which specifies the priority of 
interrupt requests in the group and it forms one group with TMICO. Priority for TMCl1 and TMIC2 interrupt requests conforms 
with setting of PR2-0 for TMICO. 

See 3.7 for explanation of each of the TMICn register bits. 
The TMICn regsiter can be accessed by 8/1 bit Read/Write operations using memory access. 
The TMICn regsiter is initialized at 07H by RESET input 

9.3.2 Macro-Service Control Registers for Timer Unit (TMMSO, TMMS1, TMMS2) 
These are 8-bit registers which control macro-service started by the three types of interrupt requests generated from the 

timer unit 
The TMMSO register controls macro-service started by the TMFO flag. The TMMS1 and TMMS2 both control macro-ser­

vice which is started by TMF1 flag (for TMMS1) and TMF2 flag (for TMMS2). 
TMMSn (n = 0-2) can be accessed by 8/1-bit Read/Write operations using memory access. 

Fig. 9-7 Format of Macro-Service Control Registers for Timer Unit 

(TMMSO, TMMS1, TMMS2). 

Symbol 
TMMSO---------~---------~ 

TMMSI MiM 

TMMS2'----'----''---....._---'---'---'----'---' 

MS~I 

I 
MSM 

0 
Diii 

CH 
2 

CH 
I 

CH 
0 

Address 
XXF94H 

XXF95H 

XXF96H 

See 3.4 for explanation of TMMSn regiter bits. 
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10 PORT FUNCTIONS 
10.1 Port 0-2 
10.1.1 Hardware Configuration 

NEC 

The µPD70322/µPD70320 ports 0-2 are basically comprised of three state bidirectional ports as indicated in Fig. 10-1. 
Each port mode register bit is set (1) by RESET input and thus specified as input port. All port pins are placed in a high 
impedance condition. The output latch contents are not influenced by RESET input. 

inter­
nal 
bus RDnvT 

RD..., 

Fig. 10·1 Configuration of Port 0-2 

PMXn 
latch 

output 
latch r--..---o PX pin 

output buffer 

Note: PMXn latch. bit n of port mode register PMX 

(1) When specified as output port (PMXn=O) 
The output latch is effective and data exchange between output latch and accumulator can be carried out by transfer 

instructions. Output latch contents can be set without restriction by logical operation instructions. Once data are written into 
the output latch, they are retained until the next instruction to operate the port is executed. 

Fig. 10-2 Port for Output Port Specification 

WUr•oftT 

inter-
nal RDoUT 
bus 

output 
latch 
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(2) when specified as input port (PMXn=1) 
Port pin level can be loaded to the accumulator using transfer instructions. Even in this case writing into the output latch is 

possible and data sent from accumulator using transfer instructions are latched completely by the output latch regardless of 
port inpuVoutput specification. However. the bit output buffer specified at input port goes to high impedance condition so that 
there is no outputto the port pin. (When the bit for inpuVoutput specification has been switched to the output port the con­
tents of the output latch are not outputto the port terminal). The contents of the output latch ofthe bit specified as input port 
can not be loaded to the accumulator. (Fig. 10-3) 

Fig. 10-3 Port for Input Port Specification 

inter­
nal 
bus 

WRmn 

(3) with control specification (PMCXn=1) 

output 
latch P:<n 

In working with port0-2, the bit of port mode control register (PMCX) is set (1) so that it can be used as input or output for 
control signals in units of bits regardless of the port mode register (PMX) set up. When a pin is used !or a control signal the 
condition of the control signal can be checked by executing the port access instructions. 

Fig. 10-4 Port for Control Signal Specification 

control (input) ------

control (output) --------------! 
P:'<n 

RD 
P~IXn• I 

internal bus ----+~---+-------~'--__J 
(x-0-2) 
n•0-7 

(ii) when port is control signal output 
When the port mode register (PMXn) is set (1) it is possible to read the control signal pin condition when the port read 

instruction is executed. 
When the port mode register is reset (0) it is possible to read the condition of the internal control signal. 

(ii) When port is control signal input 
When the port mode register is set (1), it is possible to read the pin condition of the control signal when the port read 

instruction is executed. 
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1 0. 1.2 Port Functions 
(1) P00-07 (port 0) ..... three state input/output 

This is a special 8-bit input/output port Besides functioning as a general purpose input/output port whose input/output 
can be spec Hied in bit units, it can also function as a system clock pin (for use with P07). Switching for these can be carried 
out in bit units by specHying the port 0 mode register (PMO) as well as the port 0 mode control register (PMCO). 

Chart 10-1 Port 0 Operation (=0-7) 

PMCOn= 0 

PMOn= I PMOn= 0 

input port output port 

input port output port 

input port output port 

input port output port 

input port output port 

P05 

P07 CLKOUT output input port output port 

(i) Port O mode control register (PMCO) 
This is an 8-bit register used to define the use as port/system clock output for port 0 in bit units. As a result the PMCO 

register can be accessed by 8/1-bit Read/Write operations using memory access. If the corresponding bit of the PMCO 
register is set (1) it defines the system clock output mode (P07), H reset they go to port mode. All the bits of the PMCO regis­
ter during RESET input are reset (0) and it goes to port mode. 

Fig. 10-5 Format for Port 0 Mode Control Register (PMCO) 

Symbol Address 
.--~..-~T"'""~.,..-~-.-~...,.-~-.-~-r~-. 

0 - >< >< F 0 2 H 

POn=port mode l 
P07=system clock output 

(ii) port 0 mode register (PMO) 
PMO is an 8-bit register which specifies input/output for port O using bit units. 
PMO can be accessed by 8/1-bit Read/Write operations using memory access. When the corresponding bit in PMCO is 

"O", the PMO becomes valid. 
All bits are set (1) using RESET inout 
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Fig. 10-6 Format of Port 0 Mode Register (PMO) 

Symbol 7 
~~~_;_~~~~~~~~~~~~~~-

l'MD 
..... o 

7 
l'MO 

4 
l'MO 

3 

(2) P10-17(Port1) ..... three state inpuVoutput 

l'MO 
2 

l'l'\IO 
I 

l'MO 
0 

Address 

><><FOIH 

o output 

input 

1. -o-7> 

This is a special 8-bit input/output port. Besides functioning as a general-purpose inpuVoutputportwhose input and out­
put can be specified in bit units, itfunctions as a number of control pins. Switching for these can be carried out in bit units by 
specifying the port 1 mode register (PM1) as well as port 1 mode control register (PMC1). 

The P10-P13 terminals can read the pin levels by direct accessing of port 1 (P1). 

Table 10-2 Port 1 Operations (n=0-7) 

: PMCln=l 

Pl 4 ! INTR input 

PMC1n=O 

llNTP2 input 

.JllOllJ•"" (POU1npull 

Pl 5 TOUT output input port 
·----'--

P16; SCKO output: input port output port 
------i-- .... 
Pl 7 ; READY input input port output port 

(i) Mode control register (PMC1) for port 1 
This is an 8-bit register which can specify in bit units the use of port 1 for port-control signals or as input/output. As a result 

the PMC1 register can be accessed by 8/1-bil Read/Write operations using memory access. When the corresponding bit in 
PMC1 register is set (1) it defines the control signal inpuVoutput mode, if it is reset (0), it is in the port mode. However, the P10-
P12 pins are fixed in port mode. 

Fig. 10-7 Format for port 1 mode control register (~MC1) 

Symbol 7 0 
.----.......:..~_:_"T-..;_,......:___,.....:..~...:.... ...... .:..._ 

Address 

0 XXF'OAH 

Pln=port mode 

Pln=control mode 

1 • -o-n 
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(ii) Port 1 mode register (PM1) 

The PM1 is an 8-bit register which specifies inputoroutputfor port 1 in bituni1S. As a result, thePM1 can be accessed by 
811 bit Read/Write operations using memory access. When the corresponding bit of PMC1 is "O" PM1 becomes valid. 

Fig. 10-8 Format of port 1 mode register (PPM1) 

Symbol 1 Address 

r~11 
P~ll 

7 
PMI 

6 
!'Ml 

5 
l'MI 

• 

P1n=output 
'--~~~~~~~~~~~~~~~·~~~~--lr!1;11--~-+-~~~~~~~--l 

P1n=input1 

(. =0-71 

(3) P20-27 (port 2) . . . three state inpuVoutput. 
This is a special 8-bit input/output port. A side from functioning as a general-purpose input/output port for which input/ 

output can be specified in bit units it also functions as a number of control pins. Switching for these can be carried out in bit 
units by specifying the port 2 mode register (PM2) as well as the port 2 mode control register (PMC2). 

Chart 10-3 port 2 operations 

PMC2=1 1 
. . _ PMc;=O _ 

PM2n=1 , PM2n=O ----· .. _ + ,, __ 
P20 DMARQO inpul input . output port 

-+---
P21 I DMAAKO output in put output port 

.. t - -----r--· 
P22 , TCO output : input · output port 

P23 DMARQ1 input : input output port 

P2 4 , 'l5ttliAIO output input output port 

P.25' - Tc; output input , output port 

P26 HLDAK output input output port 
-- ~-

P27 HLDAQ input input output port 

(i) Port 2 Mode Control Register (PMC2) 
This is an 8-bit register which can specify the use of port 2 for port/control signals or as input/output port for port 2 in bit 

units. H the corresponding bit of the PM2 is set (1) it defines the control signal input/output mode, rt it reset (0), it goes to port 
mode. During reset input. the PMC2 register is reset (0). and it goes to port mode. 

Rg. 10-9 Format of Port 2 Mode Control Register (PMC2) 

Symbol Address 

o P2n=port mode 

P2n=control mode 

(. •0-7) 
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(ii) Port 2 Mode Register (PM2) 
The PM2 is an 8-bit register which specifies input/output for port 2 in bit units. As a results. the PM2 can be accessed by 

8/1 bit Read/Write operations using memory access. When the corresponding bit in PMC2 is 0, PM2 becomes valid. 
All bits are set (1) by RESET input 

F"ig. 10-10 Format of Port 2 Mode Register (PM2) 

Symbol Address 
~~~~~~~~~~~~~~~~~~~ 

PM2 rm 
7 

10.2 Port T (PTO-PT7) 

PM2 

' 
l'M2 

5 
PMZ 

• 
PMZ 

3 
PM2 

2 
PMZ 

I 
l'MZ 

0 
xxF 11 H 

P2n=Output 

P2n=lnput 

Port Tis an 8-bit input port which can vary the threshold llOltage (reference wltage) in 16 stages. Comparator operations 
are carried out by analog input. 
1 0.2.1 Hardware Configurations 

Port T contains a multiplex circuitry (MPX) which selects one of PTO-PT7 comparator inputs, a Vth pin for standard power 
supply input to generate a matching wltage (Vref) in 16 steps ranging from 1/16 X Vth up to 16/16 X Vth. of a port mode T 
register (PMT) which controls MPX and of 8 latches (Fig. 10-11). The Vret and PTO-PT7 input (selected by setting up PMT) are 
c;ompared using a comparator and the result is then latched into the port T inpu1 latch. 
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PT! 

PT2 

PTJ 

PT< 

PTS 

PT6 

Vm 

Fig. 10-11 Block diagram of Port T 

MPX 

l&-1 
VRFJ 

VRF2 

VRl'I 

VRFO 

P:'llT 
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10.2.2 Port T Mode Register (PMD 
PMT sets up the comparison voltage <Vrel) for the comparator as one of the 16 steps as indicated in Rg. 10-12. 
PMT can be accessed by 811 bit Read/Write operations using memory access. All of the PMT bits are reset (0) by RESET 

input 

Fig. 10-12 Format of Port T Mode Register (PMT) 

Symbol a Address 

PMT r -1 -I -I -I VR3EFJ VR2EF VREF VREf" 
"" F 3 BH 1 0 

1 I I J 

VREF VREF VllEF VREF 
VHF 3 2 1 0 

0 0 a 0 VT11Xl6/l6 

a 0 0 1 Vn1X 1/11 

0 0 1 0 v,.x 2 /19 

0 0 1 1 VTHX 3/16 

0 1 0 0 v,..x 4/16 

0 1 0 1 Vn1X 5/16 

0 I I 0 Vn1X 6 /16 

0 I I I VTllX 7 /16 

I 0 0 0 Vn1X 8,,.-"l& 

I 0 0 1 v,,.x 9/16 

I 0 I 0 V,..><10/16 

I 0 I 1 Vn1><11/11 

I I 0 0 Yn1XJ2/l6 

1 1 0 1 Vr11 X 13/l& 

1 I I 0 Vn1X 14/Je 

I I I 1 Vn1X 15/16 
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11 STANDBY FUNCTIONS 

The µ1'070322170320/70320 has two standby function modes which control the clock operation. 

• HAIT mode ..... a mode which suspends clock supply for the CPU. However, a number of CPU status data and RAM are 
all retained and peripheral hardware continues operation. Intermittent operation by combination with 
normal operation mode is used to lower total system power consumption. 

• STOP mode ..... a modewhichstopstheoscillatorwhich leads to acompletestopoftheentiresystem. Internal RAMand 
port output data are retained as they require only very low po-r consumption. 

Setting up of various modes is carried out using the HALT and STOP instructions. 
11.1 Standby Control Register (STBC) 

The STBC is an 8-bit register which controls the standby flag (SBF). 
SBF is used for the return decision from STOP condition. SBF is reset (0) only by starting po-r supply voltage <Vdd) and 

set (1) only by instruction execution for special function registers. SBF can be tested to distinguish whether there is a release 
after reset or return from STOP mode. 

STBC is initialized by reset. 

Fig. 11-1 Format for Standby Control Register (STBC) 

Symbol 

STBC 0 

11.2 HAlJ' Mode 
This is a mode which suspends clock supply for the CPU. 

Address 

snr )( x FEOH 

Vdd rising edge • O 

operation of instruction for 
special function register - 1 

Setting up the HALT mode during CPU empty time reduces the overall po-r consumption for the system. When the HALJ 
instruction is executed, it goes into HALT condition. 

In HAl.T mode, the CPU clock is suspended, program execution is stopped and the contents of all of the registers and the 
internal RAM immediately before the suspension are retained. Table 11-2 illustrates conditions of all relevant hardware 
blocks. 
11.2.1 Release from the HALT Mode 

HALT mode is released by a nonmaskable interrupt (NMI) request, unmasked maskable interrupt request and RESET 
input (Rg. 11-12) It goes from HALT mode to macro-service and OMA processing using macro-service requests or OMA 
processing requests (Fig. 11-3). Wh~n macro-service and OMA processing are completed, it again returns to HALT mode. 
However, if conditions such as those illustrated in Chart 11-1 appear during macro-service and OMA processing, the HALT 
mode is released. 
( 1) Release from HALT mode through an interrupt request 
(i) when a HALJ mode is set during an interrupt processing routine, it is released by generating unmasked maskable inter­
rupt requests with a priority higher than that of the interrupt under processing or the generation of nonmaskable interrupt 
requests. 
(ii) in all other cases 

The HALT mode is released by generating a nonmaskable interrupt request or by generation of unmasked maskable 
interrupt requests regardless of their priori~ 
(2) Release by RESET input 

Identical to normal reset operations 
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Rg. 11-2 Release from HALT Mode using Interrupt Requests 

I 

CLK 

interrupt request----------~--.;)-----~ 

HALI instruction execution CPU HALT operation 

Rg. 11·3 Starting Macro-Service/OMA During HALT Mode 

I I I 

: normal operation 

mode 

<•l.K~~-~ r-----------Tj-- I macro-service/' ________ ....._......,;..-J clock suspension 1 ._ ___ ..._ _____ _ 

OMA request 
HALT instruction 

execution 
CPU HALT operations 

I 

I macro-service/ 
I OMA HALT mode 

Chart 11-1 Operations after releasing HALT mode using interrupt requests 

Release Source El Condition 

Nonmaskable I branches to vector address after release 
interrupt 
requests 

maskable 
interrupt 

branches to vector address after release 

DI Condition 

branches to vector address after release 

t-- - -- -- -
\executes next instruction after release 

request ± 
macro-service when macro-service is started and macro-

1

. when macro-service st.arts and. ma. cro-
request service counter is OH, ii branches to vector service counter is OH, HALT mode is 

address. If macro-service counter does not released and the next instruction 1s 
I reach OH, it goes to HALT condition a executed 
second time. -- -r--·-- -- .·-- ~ -- --- --

OMA request • when OMA starts and terminal counter is at I when OMA starts, and terminal counter is 
1 OH, it branches to vector address. If OH, HALT mode is released and the next 

\'terminal counter does not reach OH, it instruction is executed 
goes to HALT cond1t1on a second time ' 

11.3 STOP Mode 
This is a mode which suspends the oscillator. It results in a very low power consumption as the complete system is 

suspended. Execution of STOP instruction causes it to go into STOP condition. In STOP mode, all of the clocks are suspend­
ed. Program execution is suspended and all of the register values immediately before suspension and the contents of the 
internal RAM are retained. Table 11-2 illustrates the condition of all hardware blocks. 
11.3.1 Release from STOP Mode 

STOP mode is released by using NMI request or by RESET input 
(1) Release by NMI Request (Fig. 11-4) 

When the effective edge is input via the NMI pin, oscillation is restarted. Thetime base counter (TBC) starts operation and 
measures a period of several tens of milliseconds until the oscillation stabilizes 

As a result, after release from the stop mode, clocks are not immediately supplied, but the clock supply starts after the 
computed time of transmission stability using TBC. 
(2) Release by RESET Input 

Identical to normal reset operation 
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CLK 

interrupt request 

from NMI input 

Fig. 11-4 Release from STOP Mode Using NMI Input 

_n___n_f-~~ 
---------:----;~counter 

1 suspension of 1 
~oscillation I count time 

I 
I 

Execution of I 
STOP instruction i------CPU STOP operation---- normal operation 

Table 11-2 HALT Mode/STOP Mode 

Item . ) .. __ HALT Mo~ STOP Mode 

Oscillation 

Internal System Clock 

16-Bit timer 

Time base counter 

HOLD circuilry 

Operation 
1---­
, Stops i--

-- ---~ Operation 
Serial interface l 

------------
Interrupt request controller 

I Stops 

OMA controller______ +--- _______ ---~------
l/Olif11!_" ---~etained ___ ---~Retained 

-----r.;:; A 19 · Retained Retained 
Bus\ines ~------------ I L 

._ ______ o_o_-_D7 __ --~impedanc~~- _-~igh i-mpedanc~ 
R/W output I High level I High level 

Refresh operation Operation/Stop ~tStopped __ 

1
1 CPU status, RAM CPU status, RAM 

Data retention Jcontents and internal contents and internal 
data are all retained data are all retained 

------- --

Released by 

I' 0 nonmaskable 
interrupt 

,

1

- 0 maskable interrupt 

mffi'ert O input 
0 macro-service 

request• 
OOMA' 

0 nonmaskable inter­
rupt request 

0 RESET input 

•again returns to HALT mode after processing of macro service and OMA 
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Absolute Maximum Ratings (Ta = 25"C) 

Parameter Symbol 1Mt Condition Ratings Unit 

VDD -0.5to+7.0 v 
Power Supply Voltage 

! VTH -0.5 lo VDD+0.5 ::;+ 7.0 v 
----t-- - -----+--·-~ - ------+----; 

Input Voltage 1 VI -0.5 lo VDD+0.5 ::;+ 7.0 V 

Output Voltage VO -0.5 to VDD+0.5 :ii-+7.0 V 

All Output Pin 4.0 mA 
f--------· -·--+-------------+------! 

All Output Pin Total 50 mA 
Output Current Low IOL 

f--------------+-----+---------+----------+--~ 

mA 

All Output Pin Total -20 mA 
Output Current High IOH 

All Output Pin -2.0 

Operating Temperature Topi -4010 +85 

Storage Temperature Tstg -65to+150 'C 

Capacitance (Ta = 25"C, VDD = OV) 

Parameter 

+ 
Symbol Test Condition Min. ~ Max. Unit 

Input Capacitance 
' 

Cl lc=1MHz 10 PF 

1 
_ ___, 

Output Capacitance co Unmeasured Pins 20 PF 
- +---- ·--

110 Capacitance CIO Returned to OV 20 PF 
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µPD70320/322-5/-8 NEC 
DC Charcteristics (Ta= -1 O"C to + 70"C, VDD = +5.0V ± 10%) 

Parameter J Symbol Test Condition Min. 

Input Low Voltage T V1L ; 
I--------- -----+--

v --1· -All e;~t RESET --

Input High Voltage 1' _ IH1 _ P10IN_MI, X1, X2 2·2 

t----· .. VIH2 ~R~Si:T,P1~NMl,X1,X2 jo8_~~-
0_11tput '=()W "_oltage ,____ VOL --Ll()L = 2~0mf:' _ _ ; . 

0 

""fyp Max. 

... ! 0.8 

VDD 

VDD 
·---+---· 

0.45 

Output High Voltage _ --+-\'()H----tloH:=_ -0.4mA .. ___ vo~-::_~ 
1 I ' EA, P10/NMI 

Input Current 

Input Leakage Current 

I O::OV1::i>VDD . I 
··--------·· ------+ .. t 

' All Except EA, P10/NMI; 
V1::i>VDD 

±20 

±10 

-- - , a :5 vO:S_v_o_o_ --- ·----r- ±1 o 
.. -o-~-vT~~:>_--=_v-=_o-o~.· _1_ -+05. --1.o 

·----l~I 
ILO Output Leakage Current 

-··----·-
VTH Supply Current ITH 

IDD1 
Operation Mode 
ICLKOUT = 5MHz/8MHz' 

VDD Supply Current ----- - HALT Mode r--
IDD2 ICLKOUT = 5MHz/8MHz 

Jt 
IDD3 STOP Mode 

Comparator Characteristics (Ta= -10"C to+ 70°C, BDD = +5.0V±100lo) 

Parameter r Symbol I ~st Condition 

6-78 

Min. 

0 

64 

0 

50185 1001120 
--- j 

20/25 40/50 

10 30 

Typ Max. 

±100 

voo+o.1 

65 

voo 

Unit 

v 

v 

v 
v 
v 

Unit 

mV 

v 

TCYK 

v 



NEC µPD70320/322-5/-8 

A.C. Characteristics (Ta = - 1 Cl°C to + 7Cl°C, VDD = +5.0V ± 10%) 

Parameter Symbol Test Condition Min. Max. Unit 

Input Rise Time ns t1R _ Except X1, X2 I·____ 20 
Input Fall Time ! t1F RESET, NMI 20 

Input Rise Time (SCHMITI) __ --1' UtlRFSS rS~ ~~~=---- _2___300 -·---

ns 

ns 

Input Fall Time (SCHMITT) ns 
~---l 

Output Rise Time tOR Exc;e~t CLKOUT j ___ 20 ___ --r-

Output Fall Time _ 1 to£___ "I Except CLKOUT I 20 

ns 

ns 

··- ---- ·- t ---+- ------ -+--------+ 

_______ j ICYX I fCLK=5MHz/8MHz 98/62 +If 250 
X1 Input Cycle Time 

X1 Width Low 

X1 Width High 

X1 Rise Time 

X1 Fall Time 

CLKOUT Cycle Time 

CLKOUT Width Low 

CLKOUT Width High 

CLKOUT Rise Time 

CLKOUT Fall Time 

Address Delay Time 

Address Valid to 
_Input Data Vali~----­
MR-EQ to Data Delay Time 

MSTB to Data Delay Time 

MREQ to MSTB Delay Time 

MREQ Width Low 

Address Hold Time 

Input Data Hold Time 

Next Control Setup Time 

MREQ to TC Delay Time 

ns 

' ~ -i~==== ::i~t --__,__~_:_ 
IXF fCLK=5MHz/8MHz ns 

__ ICYK fQSC/2 __ 2-D0/125 _ , 2000 -- ns 

~ fcLK=5MHzl8MHz 0.5T-15 E ~-n-s___, 

· 1 """ - r~·'""""'"' o . .rr: ,-,-- - ~ ~ --· -~ - -=--_;____ ~: -~- ~: 
-+ -- --- ----+ 

' toKA 90 ns 

- =rto:DR (n+1.-5)-T---12-0-C-

IDMRD -----+-------- {n+1_)T_-_9_o __ , 
IDMSD (n+0.5)T-90 

----+---
IDMRMS 0.5T -50 --- t IWM_R_L_--+-- -----+-;;:;.;_-1)-T --4-0-

1 ----+---------

IHMA 

IHMDR 

ISCC 

tDMRTC 
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0.5T-50 

0 

T-25 

0.5T+50 

------ j 
-+-

0.5T +50 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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A. C. Characteristics (Continued) 

Parameter 

Address to Data Output 
-----·--- --------
MREQ Delay Time 

Symbol 

toADW -+----- -
to AMR 

Test Condition Min. 

0.5T-50 
-.-----------

MSiB Delay Time !DAMS T -50 

NEC 
Max. 

0.5T+50 
-+-----

Unit 

ns 

ns 

ns 
t------------------ - - --- --+--------+ ------- -+- ----- -- f-------

MREQ to MSTB Delay Time IOMRMS 0.5T -50 ------ -- ---------r------
MSIB Width Low IWMSL (n+0.5)T-40 

Data Output Setup time tsDM (n+ 1 )T -50 
---+-

--

ns 
------ - t------

ns 
i---­

ns 
------ t-----

Data Output Hold Time IHMDW 0.5T -50 ns 
1------------- ---+--------+-- --------1- --- ----+------- t----

t-------------------r ----f---------- ---It---------+-------+------< 
iO$iB Delay Time !DAIS 0.5T -50 ns 

------+--------+--~ 

1osm to Data Input tolSD ns 

1osm Width Low IWISL ns 
1----------------+-------+------+-------f-

Address Hold Time IHISA ns 

Data Input Hold Time IHISDR ns 
I---------------+-----+--------+------+------+------

Output Data Setup Time ns 

Output Data Hold Time ns 
t--------------+-------+--------+------+--------+---- -

Next DMARQ Setup Time ns 

DMARQ Hold Time ns 

DMAAK Read Width Low ns 

DMAAK to TC Delay Time ns 

TC Width Low ns 

DMAAK Write Width Low ns 

REFRQ Delay Time ns 

REFRQ Width Low ns 

Address Hold Time ns 
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NEC µPD70320/322-5/-8 
----~~~~~~~~~~~~~~~~~~~~~~-----

A. C. Characteristics (Continued) 

Parameter Symbol Test Condition Min. Max. Unit 

RESET Width Low (STOP/POR.) IWRSL1 30 ms 

RESET Width Low (System Reset) IWRSL2 5 

MREQ, IOSTB to READY Setup Time ts CRY n;;;:2 (n-1) T-100 ns 

MREQ, IOSTB to READY Hold Time IHCRY (n-1)T ns 

HLDRQ Setup Time !SHQK 30 ns 

HLDAK Output Delay Time IDKHA 80 ns 

Bus Control Float to HLDAKI ICFHA 1T-50 ns 

HLDAK! to Control Output Time IHAC 1T-50 ns 

HLDRQ to HLDAK Delay Time IDHOHA 3T+160 ns 

HLDRQI to Control Float IDHQC 3T+30 ns 

HLDRQ Width Low IWHQL 1,5T ns 

HLDAK Width Low !WHAL 1T ns 

INTP, DMARQ Setup Time !SIOK 30 ns 

INTP, DMARQ Width High IWIQH 8T ns 

INTP, DMARQ Width Low IWIQL 8T ! ns 

POLL Setup Time !SPLK 30 ns 

NMI Width High IWNIH 5 
- -

NMI width Low IWNIL 5 
-

IWCTL CTS Width Low j 2T 

INTR Setup Time ts_IR_K_----< __ -_---+-- l ns 
,___INTcc_-A_K_D_e_la_y_T--im-e-------+-IDKIA ----i _ 3

0 -80----+--n-;--I 

:::":::. -- ' -=:~ ~~ 1~,,-0-1 : 
INTAK_lcl[)Ali_A_D_el~Y__Ti'."e t _ID_IA_D _ __, _____ _ j ~-- _ 

ns 

ns 
--

INTAK to DATA Hold Time j IHIAD 0 ns 
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A. C. Characteristics (Continued) 

Parameter 

SCKO Cycle Time 

SCKO (TSCK) Width High 

SCKO (TSCK) Width Low 

TXD Delay Time 

CTSCl (RSCK) Cycle Time 

CiSO (RSCK) Width High 
- --- ---- - - ------

GTSO (RSCK) Width Low 
t----- ----- ---

RXD Setup Time 
f---------- ------

RXD Hold Time 

CL= 100pF 

Symbol 

tcYTK 

twSTH 

twSTL 

IOTKD 

tcYRK 

twSRH 

Test Condition Min. 

1000 

450 
~---

450 
- -

---

1000 

420 
------- t ---

-

NEC 
Max. Unit 

! ns 

ns 
--j-----­

ns 

210 ns 

ns 
-t-----

ns 
---------- ----

- -- -- t- -- 420 I ns twSRL 
-------1- -

80 l 
------t---

ns tsROK 
--· ---t- --------+---

IHKRD 80 ns 
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NEC 
Timing Weveform1 
AC Input Waveform (1) (Except X1, X2, RESET, NMI) 

2.4V 

0.4V 
_ow?1 ++ ~R 

AC Input Wneform (2) (RESET, NM 

0.8V -----
0.8V~DD 

----- llRS 
AC Output Tnt Point (Except CLKOUT) 

Clock Timing 

CLKIN1 
(X1) 

CLKOUT-----

toR 

IWKL 

ICYK 

6-83 
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h~~F -
h-llFS 

+1-IOF -

IWKH 

2.2V 

0.8V 



µPD70320/322-5/·8 NEC 
Memory Rud Timing 

81 82 
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NEC µPD70320/322·5/·8 

Memory Write Timing 

01 02 

CLKOUT 

19-Afl 

07-06------+----< 

RtW 

IDAMR------
MREQ ------+---.. 

MST0------+------,1 

IDAMS 

REFRQ ----
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µPD70320/322-5/·8 NEC 
110 Read Timing 

81 82 
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1/0 Write Tlmlnt 

81 82 

CLKOUT 

A19-A8 

07-06----------;----'I,. 

RtW 

MREO----------+-----------t---t------;t:--

MSTB----------1-----------+--+--------r---

twlSL tscc 
IOSTB ---------------.i 

REFRQ -------------------------->!;::--
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µPD70320/322·5/·8 NEC 
DMA(l/0-M) Timing 

B1 B2 

CLKOUT 

A19-A& 

R/W 

IDAMR IHMA 
MREQ 

ts cc 
MSTB 

IDAMS 
IOSTB 

IWTCL -----.-. 
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DMA(M •1/0) Timing 

f---------~~ ----- --1 ___ _E__ __ _, 

ICYK 

CLKOUT 

A19-AO 

07-DO ---------

-------------~!--

R/W 

MREQ -------+-----..! 

MSTB~------+---_,_ ___ " 

DMARQO 
-DMARQ1 

IDAMS 

ISDADQ 

IOSTB~---------+-----,,. 

IWDMWL 
TC1-TCO~---------+---t-----. 

IDDATC __.,._ __ __ 
i.----- IWTCL 
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µPD70320/322-5/-8 NEC 
Refresh Timing 

Bl +---- 82 - -- ------l 

CLKOUT 

A19-AO 

07-DO - -------~----

R!W 

------------------+---~· 

MSTB ~----

iOSTB------~-----------

IWRFL -4----.i... IHRFA 

REFRQ --------~ 
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RESET Timing (1) 

RESET Timing (2) 

READY Timing (1) 

81 8AW 8AW 82 
+-

MREQ ___ _ 
IOSTB 

READY Timing (2) 

91 8AW BAW 8W 82 
r--------·· + -----+--- - ----- - f -· 

~~ \C~Y --~-1- -
READY ' - -

·-------_/ 
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HLDRQ/HLDAK Timing (1) 

CLKOUT_f\ 

HLDRO 

BUS CNT 
1·11 

ISHQK_... ___ _ 

HLDAK --- - -

~ HLORQ/HLDAK Timing (2) 
ID ..., 

CLKOUT I\_F 
HLDRQ -~' -------------.... 

BUSCNT._~------~--+------------K 
r·11 

0 1: A19-AO 
07-00 
MREQ 
MSTB 
IOSTB 
R!W 

i 
8 
N e 
Cit 
N 
N 
I 

' I • 
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Timing Waveforms 

INTP2-INTPO, DMARQ1-DMARQO Input Timing 

CLKOUT 

INT ('2) 

'2: INTP2-INTPO, DMARQ1-DMARQO 

POLL Input Timing 

CLKOUT 

NMI Input Timing 

CLKOUT 

NMI 

IWNIH twNIL 

CTS1-CTSO Input Timing 

CLKOUT 
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l .... 
2 

CLKOUT e 
= N 
I 

' INTR I 

Cl 
IDKIA IHIAIQ 

IWIAL -.+--!"'"" IHIAD 
IDIAD 

07-DO 

ts cc ts cc 



NEC 
Timing Woeforms 
SIOTimlng 

CLKOUT 

TXD 

CLKOUT 

µPD70320/322·5/·8 

1..______ 
IHKRD 

ISRDK 
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Stop Mode Deta Retaintion Cheracteristics 
(Ta = -1 O"C to + 70"C) 

Parameter Symbol 

Data Retaintion Voltage VoooR 

voo Rise Time tRVD 
voo Fall Time tFVO 

Stop Mode Deta Reteintion Timing 

voo 900/o 

tFVO 

NEC 

Test Condition Min. Max. Unit 

2.5 5.5 v 

200 µS 

VODDR 
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APPENDIX 

New Mask Versions from Mask E onwards have a new \leetor table against old mask versions (K) 

OLD VECTOR NO. NEW 
VECTOR TABLE DEC HEX VECTOR TABLE MEANING OF SYMBOL 

DIVIDE ERROR 000 DIVIDE ERROR 
SINGLE STEP 1 01 SINGLE STEP 
NMI 202 NMI (NON MASKABLE INTERRUPT) 
BRK 303 BRK (BRK3 INSTRUCTION) 
BRKV 404 BRKV (BRKV INSTRUCTION) 
CH KIND 505 CHKIND (CHKIND INSTRUCTION) 

606 
FPO 707 FPO (FLOATING POINT OPERATION INSTR.) 

808 
909 

100A 
11 OB 
120C INTSERO (INTERRUPT FROM SERIAL ERROR OF CHANNEL 0) 
1300 INTSTRO (INTERRUPT FROM SERIAL RECEIVER OF CHANNEL 0) 
140E INTSTO (INTERRUPT FROM SERIAL TRANSMITTER OF CHANNEL 

0) 
150F 
1610 INTSE~ (INTERRUPT FROM SERIAL ERROR OF CHANNEL 1) 
1711 INTSR1 (INTERRUPT FROM SERIAL RECEIVER OF CHANNEL 1) 
1812 INTST1 (INTERRUPT FROM SERIAL TRANSMITTER OF CHANNEL1) 
1913 110 (110 INSTRUCTIONS) 

1/0 2014 INTDO (INTERRUPT FROM OMA CHANNEL 0) 
2115 INTD1 (INTERRUPT FROM OMA CHANNEL 1) 
2216 
2317 
2418 INTPO (INTERRUPT FROM PERIPHERAL 0) 
2519 INTP1 (INTERRUPT FROM PERIPHERAL 1) 
261A INTP2 (INTERRUPT FROM PERIPHERAL 2) 
2719 

INTSERO 281C INTTUO (INTERRUPT FROM TIMER UNIT 0) 
INTSRO 2910 INTTU1 (INTERRUPT FROM TIMER UNIT 1) 
INTSTO 301E INTTU2 (INTERRUPT FROM TIMER UNIT 2) 

311F INTIB (INTERRUPT FROM TIMER BASE COUNTER) 
INTSER1 3220 
INTSR1 3321 
INTST1 3422 

3523 
INTDO 3624 
INTD1 3725 

3826 
3927 

INTPO 4028 
INTP1 4129 
INTP2 422A 

432B 
INTTUO 442C 
INTTU1 4520 
INTTU2 462E 
INTIB 472F 
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EUROPEAN DISTRIBUTORS 

AUSTRIA 
A8D 
ABRAHAMCZIK & DEMEL 
GES MBH & CO KG 
EICHENSTRASSE 58-6411 
1120 WIEN 
TEL !2221 85 76 61 
TLX 134273 

BELGIUM 
CN ROOD 
DE JAMBUNNE DE MEUXPLEIN 37 
1040 BRUSSEL 
TEL (021 7 35 21 35 
TLX 22846 

INTRA ELECTRONICS 
BOSUIL BO BUS 1. DEURNE 
TEL 32 33 25 23 20 
TLX 061 + 31102'" 

MALCHUS ELECTRONICS PVBA 
PLANTIN EN MORETUSLEI 172 
2000 ANTWEAPEN 
TEL· (0 32) 35 32 56 
TLX 33637 

DENMARK 
MER-EL A:S 
VED KLAEDEBO 18 
2970 HOERSHOLM 
TEL.: (21 5710 00 
TLX: 37360 

FINLAND 
OY FERRADO AtB 
PO.BOX 54 
VALIMONT!E 1 
00380 HELSINKI 38 
TEL (01550002 
TLX · 122214 

FRANCE 
ASAP 
MONSIEUR LEGRIS 
42. RUE HENRI MATISSE 
59930 LA CHAPELLE D"ARMENTIEAES 
TEL 20351110 

ASAP 
RUE DE TROIS PEUPLES 
78190 MONTIGNY LE BRETONNEUX 
TEL jq 30438233 
TLX. 698887 

CCI 
5. AUE MARCELIN BERTHELOT 
BP 92 
92164 ANTONY 
TEL 11146662182 
TLX. 203881 

CCI 
5. AUE BATAILLE 
69008 LYON 
TEL 78744456 

CEDIS (TOURS) 
1. RUE DU DANEMARK 
37100 TOURS 
TEL 47417646 

CELTI 
Z. I. DE COUATABCEUF 
9. AVENUE OU QUEBEC 
91940 LES ULIS 
TEL 11~ 64460909 

DIM INTER 
65-67. AUE DES CITES 
93300 AUBERVILLIERS 
TEL.11148349370 
TLX. 230 524 

DIM INTER 1COLMAAJ 
2Z RUE KLEBER 
68000 COLMAR 
TEL 89411543 

DIM INTER IVILLEURBANNE) 
101. RUE DEDIEU 
69100 VILLEURBANNE 
TEL 78 68 32 29 

EALING 
BATIMENT AUVIDULIS 
AVENUE D"OCEANIE 
z A o·oRSAY COURTABCEUF 
BP 9<J 
91943 LES ULIS CEDEX 
TEL. ~ 1) 69 28 01 31 

GEDIS 
352. AVENUE G CLEMENCEAU 
92000 NANTERRE 
TEL 11142040404 

GEDIS (AIXI 
MERCURE C 
Z I D. AIX EN PROVENCE 
13763 LES MILLES CEDEX 
TEL. 42600177 

GEDIS !ALPES1 
21. AUE DES GLAISONS 
38400 ST. MARTIN D"HEAES 
TEL 75 512332 

SEATAONIOUE (LILLEJ 
20. AUE CABANIS 
BP35 
59007 LILLE CEDEX 
TEL 2047 7070 

SEATAONIOUE (MANSI 
60. RUE SAGEBIEN 
CEDEX 43 
72040 LE MANS 
TEL 43842460 
TLX 720019 

TEKELEC 
RUE CARLE VERNET 
CITE DES BAUYEAES 
92310 SEVRES 
TEL (1)45347535 

GERMANY 
BIT-ELECTRONIC AG 
DINGOLFINGEA STRASSE 6 
8000 MUNCHEN BO 
TEL (089)418007-0 
TLX .. 5 212 931 

GLEICHMANN + CO ELECTRONICS 
GMBH 
YIORMSER STRASSE 34 
6710 FRANKENTHAL 
TEL. (06233J 24277 
TLX · 465270 

GLYN GMBH 
SCHONE AUSSICHT 30 
6272 NIEDERNHAUSEN 
TEL (061271 80 77 
TLX:4186911 

H3W ELEKTAONIK VEATAIEB GMBH 
STAHLGRUBERAING 12 
8000 M0NCHEN 82 
TEL (0 89) 42 92 71 
TLX: 5 214 514 

MICROSCAN GMBH 
UBEASEERING 31 
2000 HAMBURG 60 
TEL· (040) 6 32 0030 
TLX.213288 

REIN ELEKTRONIK GMBH 
LOTSCHERWEG 66 
4054 NETTETAL 1 
TEL: (02153) 733111 
TLX 854251 

SYSTEM ELEKTRONIK VEATRIEB GMBH 
HEESFELD 4 
3300 BRAUNSCHWEIG 
TEL. (0531) 314095 
TLX 952351 

ULTRATAONIK GMBH 
MUNCHENER STAASSE 6 
8031 SEEFELD 
TEL (0 81 52) 70 90 
TLX 526 459 

UNIELECTRONIC VERTAIEBS GMBH 
LISE-MEITNER-STRASSE 8 
6072 DAEIEICH 1 B. FRANKFURT 
TEL. (06103) 3 5175 
TLX · 411213 

ITALY 
ADELSY SAL 
VIA DEL FONDITORE. 5 
LOCAUTA ROVEAI 
40127 BOLOGNA 
TEL (051) 532119 

CLAITRON SPA 
VIA GALLARATE. 211 
20151 MILANO 
TEL. (02) 3010091 

MELCHIONI SP.A. 
VIA COLETTA. 37 
20135 MILANO 
TEL. (021 57941 

PANTRONIC S.R.L. 
VIA MATTIA BATIISTINI, 212/a 
00167 ROMA 
TEL ~061 6273909 

NETHERLANDS 
CN ROOD 
COAT VD LINDENSTAAAT 11-13 
2288 EV RIJSWIJK 
TEL 1070~ 996360 
TLX 31238 

INNOCIRCUIT 
MALCHUS ELECTAONICA 
ADVIESGROEP 
MALCHUS B.V 
FOKKERSTAAAT 511-513 
3125 BO SCHIEDAM 
TEL [010) 4277777 
TLX. 21598 

INTRA ELECTRONICS BV 
DUIVENDIJK 5 c 
POSTBUS 424 
5672 AD NUENEN 
TEL. (0 40) 83 80 09 
TLX 044-59418 

NORWAY 
JAKOB HATTELAND ELECTRONIC AIS 
PB 25 
5578 NEDRE VATS 
TEL {47)63111 
TLX 428 50 

PORTUGAL 
AMPEREL SA 
AV FONTES PEREIRA DE MELO 47. 40 
1000 LISBOA 
TEL (1~ 532698 
TLX 18588 

SPAIN 
AMITRON SA 
AVENIDA DE VALLADOLID 47 A 
28008 MADRID 
TEL (1)2479313 
TLX .45550 

COMELTA SA 
EMILIO MUNOZ 41. NAVE 1 -1-2 
MADRID 7 
TEL (If 7543001 
TLX 42007 

LOBER SA 
MONTE ESQUINZA 28 
MADRID4 
TEL 11) 442 11 DO 
TLX 49533 

SWEDEN 
NORDQVIST & BERG 
BOX 1458 
S-17128 SOLNA 
TEL + 4687646710 
TLX 10407 NORDSWE S 

TH'S ELEKTRONIK 
BOX 3027 
16303 SPAANGA 
TEL (0) 8362970 
TLX 11145 

SWITZERLAND 
MEMOTEC AG 
GASWERKSTRASSE 32 
4901 LANGENTHAL 
TEL. {63) 281122 
TLX 982550 

TURKEY 
BURC ELEKTRONIK 
VE MAKINA 
SANAYI VE TICARET AS 
BANKATCHl-SOKAK 1512 
KOCUKESAT 
ANKARA 
TEL !0090) 41250300 
TLX 43430 

UNITED KINGDOM 
ANZAC COMPONENTS LTD 
BURNHAM LANE 
SLOUGH SL 1 6LN 
ENGLAND 
TEL (06286~ 4701 

DIALOGUE DISTRIBUTION LTD 
WATCHMOOR ROAD 
CAMBERLER 
SURREY GU15 3AO 
ENGLAND 
TEL. (0276) 688001 

FAANEHL ELECTRONIC 
COMPONENTS LTD 
CANAL ROAD 
LEEDS LS 12 2TU 
ENGLAND 
TEL (0532) 636311 

IMPULSE ELECTRONICS LTD 
HAMMOND HOUSE 
CATERHAM 
SURREY CR3 SXG 
TEL. (0883146433 

STC MULTI COMPONENTS 
EDINBURGH WAV 
HARLOW 
CM20 2DF 
ENGLAND 
TEL. (0279) 442971 

VSI ELECTRONICS LTD 
ROYDOMBURY INDUSTRIAL PARK 
HORSECROFT ROAD 9 
HARLOW. 5 
ESSEX CM 19 5BYOM 
TEL· (0279) 29666 
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