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NEC Electronics Inc.

HPD70335 (V35 Plus)

16-Bit Microcomputer:

Advanced, High-Speed DMA,

Single-Chip, CMOS
T-49-19-59

Description

The uPD70335 (V35 Plus) is a high-performance, 16-bit
single-chip microcomputer with a 16-bit external data
bus. The uPD70335 is fully software compatible with the
#PD70108/116 (V20®/V30®) as well as the xPD70320/330
(V25™/V35™), The V35 Plus demonstrates numerous
enhancements over the standard V35; however, it main-
tains strict pin compatibility with its- predecessor, the
V35,

The V35 Plus offers improved DMA transfer rates (over
5M bytes per second), additional serial channel status
flags, improved memory access timing, and enhanced
software control of register bank context switching.

The uPD70335 has the same complement of Internal
peripherals as the V35, and maintains compatibility with
existing drivers; however, some modification of the DMA
drivers may be necessary. The sPD70335 does not offer
on-chip ROM or EPROM.

Features

16-bit CPU and internal data paths

16-bit non-multiplexed external data path
Direct RAS/CAS DRAM interface

Functional and pin compatibility with the V35
Software compatible with »PD8086

New and enhanced V-Series instructions
Minimum instruction cycle 200 ns (at 10 MHz)
6-byte prefetch queue

Two-channel high-speed DMA controller
Internal 256 bytes RAM memory

One 1M-byte memory address space

Eight internal memory-mapped register banks
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V20 and V30 are rsgistered trademarks of NEC Corporation,
V25 and V36 are trademarks of NEC Corporation,
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& Four multifunction I/O ports
— 8-bit analog comparator port
— 20 bidirectional portlines
— 4 input-only port lines

@ Two independent full-duplex serial channels

O Priority Interrupt controller
— Standard vectored service
— Register bank switching
— Macroservice

Pseudo-SRAM and DRAM rafresh controller
Two 16-bit timers

On-chip time base counter

Programmable wait state generator

Two standby modes: STOP and HALT
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Ordering Information

Part Number Clock (MHz) Package
u#PD70335L-8 8 84-pin PLCC
L-10 10
GJ-8 8 94-pin plastic QFP
GJ-10 10
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(1) Pinfunctions are Identical to pPD70330.

(2} [C pins should be tied together and putled up to Vpp with a
10- to 20-KQ resistor,

(3) EA mustbe tled low because pPD70335 does not support Intemal
ROM or EPROM,

(4) Pin 9 should be Hed to GND through a pull-down resistor,
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Notes: a.
(1) Pin functions are Identical to uPD70330, )
(2) 1C pins should be tied together and pulled uptoVpp witha
10- to 20-kQ resistor. N
(3) EA mustbe tied low because pPD70335 does not support Intemat
ROM of EPRCM.
{(4) Pin 69 should be tied to GND through a pull-down reslstar,
838L-58288
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Pin Identification -
Symbol Function Symbol Function
AgAge Address bus outputs Voo  +5-volt power saurce input {two pins)
GLKQUT System clock output VrH Threshold veltage input to comparator clrcults
CTs0 Clearto-send input, setial channel 0 GND Ground reference {two pins)
[611:]] Clear-to-send input, serial channel 1 IC Internal connection; must be tied to Vpp externally
DeD1g Bidirectional data bus through a puliup reststor
DMAAKD led t,
MAAKO DMA acknowledge output, DMA controller channel 0 PIN FUNCTIONS
DM_AAK1 DMA acknowledge output, DMA controller channel 1 .
DMARGO DMA request inpuf, DMA controller channel 0 _AO'A19 (Address Bus)
DMARQH DMA request input, DMA controller channe! 1 To support dynamic RAMs, the 20-bit address is multi-
EA " External memary access; fixed low for V35 Plus plexed on 11 lines. When MREQ is asserted, Ag-A¢7 are
valid. When MSTB or I0OSTB Is asserted, Ai-Ag and Ajg
LDA Hold acknowledge output . . . oy TTEE . A
- worr are valid. A is also multiplexed with UBE and is valid
HLORQ _ Hold request input when MREQ is asserted. Therefore Asg Is active through-
INT Interrupt request input out the bus cycle. Aig and Ay are not muiltiplexed but
INTAK Interrupt acknowledge output have dedicated pins and are valid throughout the bus
TNTFG Interrupt request 0 input cycle.
INTPT Interrupt request 1 input CLKOUT (Clock Out)
iNTPZ Interrupt request 2 Input
o518 /O road or wiite strabe output The system clock (CLK) is distributed from the internal
v " clock generator to the CPU and output to peripheral
MREQ emory request output hardware at the CLKOUT pin.
MSTE Memory strobe output
NMI Nonrnaskable interrupt request CTS0 (Clear-to-Send 0)
POgPO7 WO port0 This is the CT$ pin of the channel 0 serial interface. In
Pig-P17 /O port 1 asynchronous mode, a low-level input on CTSO enables
P2g-P27 O port 2 transmit operation. In /O Interface mode, CTSO Is the
POLL Input on FOLT synchronizes the CPU and external receive clock pin.
devices e
PTO-PT7 Gomparator port input lines CTs1 (Clear-to-Send 1)
READY Ready signal Input contrels Insertion of walt states This is the CTS pin of the channel 1 serial interface. In
REFEG DRAM refresh requést output asynchronous mode, a low-level input on CTS1 enables
fEseT Reset signal input transmit operation.
AW Read/write strobe output Dg-D15 (Data Bus)
RxD Recelve data Input, serial ch 10 . .
0 Seelve ca'a Inpur seria’ channs Dy-Dyg is the 16-bit data bus.
RxD1 Receive data input, serial channel 1
SCKo Serial clock output 7 DMAAKO and DMAAK1 (DMA Acknowledge)
TCo Terminal ¢ount output; DMA complstion, channel 0 These are the DMA acknowledge outputs of the DMA
TC1 Terminal count output; DMA completion, channel 1 controller, channels 0 and 1. Signals are not output
TOUT Timer output during DMA memory-to-memory transfer operations
DO Transmit data output, serial channel 0 (burst mode, single-step mode).
D1 Transmit da_{a o_utput, serial channel 1 DMARQO and DMARGA (DMA Request)
UBE Upper byte enable 7
X1, X2 Connections to external 'frequency control source These are the DMA request inputs of the DMA controller,

(crystal, ceramlc resonator, or clock)

channels 0 and 1.
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EA (External Access)

This pin must be externally fixed low. Since the
#PD70335 has no internal ROM, this will force execution
of program code from external memory instead of inter-
nal ROM.

HLDAK (Hold Acknowledge) -

The HLDAK output signal indicates that the hold request
(HLDRQ) has been accepted. When HLDAK is active
{low), the following lines go to the high-Impedance state
with internal 47Q00-2 pullup resistors: Ag-Aig, DDy,
I0STB, MREQ, MSTB, REFRQ, and B/W.

HLDRQ (Hold Request)

The HLDRQ input from an external device requests that
the pPD70335 relinquish the address, data, and control
buses to an external bus master.

INT (Interrupt)

The INT input Is a vectored interrupt request from an
external device that can be masked by software. The
actlve high leve! is detected in the last clock cycle of an
instruction. The external device confirms that the INT
interrupt request has been accepted by the INTAK signal
output from the CPU,

The INT signal must be held high until the first INTAK
signal Is output. Together with INTAK, INT is used for
aperation with an interrupt controller such as uPD71059.

INTAK (Interrupt Acknowledge)

The INTAK output is the acknowledge signal for the
software-maskable interrupt request INT. The INTAK sig-
nal goes low when the CPU accepts INT, The external
device inputs the interrupt vector to the CPU via data
bus Dg-D7 in synchronization with INTAK.

INTPO, INTPT, INTPZ (Interrupt from Peripheral 0,
1, 2)

The INTPn inputs (n = 0, 1, 2) are external interrupt
requests that can be masked by software. The INTPn
Input is detected at the effective edge specified by
external interrupt mode register INTM.

The INTPn inputs can be used to release the HALT made.

10STB (I/O Strohe)

A low-level output on IOSTB indicates that the I/O bus
cycle has been initiated and that the I/O address output
on Ag-Aqs is valid.

T-49-19-59
MREQ (Memory Request)

Alow-level output on MREQ indicates that the memory or
I/O bus cycle has started and that address bits Ay,
Ag-Aq7, Agg and Ayg are valid.

MSTB (Memory Strobe)

Together with MREQ and RW MSTB controls memory-
accessing operations. MSTB should be used either to
enable data buffers or as a data strobe, During memory
write, a low-level output on MSTB indicates that data on
the data bus is valid and that multiplexed address bits
As-Ag, Aig and UBE are valid.

NMI (Nonmaskable Interrupt)

The NMI input Is an Interrupt request that cannot be
masked by software. The NMI is always accepted by the
CPU; therefore, it has priority over any other interrupt.

The NMI input is detected at the effective edge specified 3

by external interrupt mode register INTM. Sampled in E
each clock cycle, NMI is accepted when the active level
lasts for several clock cycles. When the NM! is accepted,
a number 2 vector interrupt is generated after comple-
tion of the instruction currently being executed.

The NMI input is also used to release the GPU standby
mode. :

P0g-PO7 (Port 0)
Port 0 is an 8-bit bidirectional I/O port.

P1g-P17 (Port 1)

Lines P14-P17 are individually programmable as an input,
output, or control function, The status of P1g- P15 can be
read but these lines are always control functions.

P24-P2; (Port 2)

P2y-P2;7 are the lines of port 2, an 8-bit bidirectional |/O
port. These lines can also be used as control signals for
the on-chip DMA controllers. '

POLL (Poll)

The POLL input is checked by the POLL instruction. If
the level is low, execution of the next instruction is
initiated. If the level is high, the POLL input is checked
every five clock cycles until the level becomes low. The
POLL functions are used to synchronize the CPU pro-
gram and the operation of external devices.
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Note: POLL {s effective when P14 is specified for the input
port mode; otherwise, POLL is assumed to be at low
level when the POLL instruction is executed.

PTO-PT7 (Port with Comparator)

The threshold port (PT) comprises 8 independent input
bits, each of which is compared with a threshold voltage
programmable to one of 16 voltage steps.

READY (Ready)

After READY is de-asserted low, the CPU will synchro-
nize and insert wait states into a read or write cycle to
memory or /0. This allows the processor to accommo-
date devices whose access times are longer than normal
execution allows. Use of the READY pin is controlled by
the WTC register.

REFRQ (Refresh Request)

This gutput pulse can refresh nonstatic RAM. It can be
programmed to meet system specifications and is inter-
nally synchronized so that refresh cycles do not interfere
with normal CPU operation. REFRQ also signals that
Ag-Ag contain a valid row address.

RESET (Reset)

This input signal is asynchronous. A low on RESET for
the specified duration resets the CPU and all on-chip
peripherals regardless of clock operatlon. The reset
operation has pricrity over ali other operations.

The reset signal is used for normal initialization/startup
and also for releasing the STOP or HALT mode. After the

reset signal returns high, program execution begins

from address FFFFOH.
R/W (Read/Write Strobe)

When an external bus cycle Is initiated, the R/W signal
output to external hardware indicates a read (high-level)
or write (low-level) cycle. It can also control the direction
of bidirectional buffers.

RxD0, RxD1 (Receive Data 0, 1)
These pins input data to serial channels 0 and 1.

In the asynchronous mods, when receive operation is
enabled, a low leve! on the RxD0 or RxD1 input pin is
recognized as the start bit and receive operation is
initiated.

Inthe 1/O interface mode (channel 0 only), receive data is
input to the serial register at the rising edge of the
receive clock,
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SCKO (Serial Clock)

The SCKO ocutput is the transmit clock of serial channel
0.

TCO0, TC1 (Terminal Count 0, 1)

The TCO and TC1 outputs go low when the terminal
count of DMA service channels 0 and 1, respectively,
reach zero, indicating DMA completion,

TOUT (Timer Output)

The TOUT signal is a square-wave output from the
internal timer unit zero.

TxDO, TxD1 (Transmit Data 0, 1)
These pins output data from serial channels 0 and 1.

In the asynchronous mode, the transmit signal is in a
frame format that consists of a start bit, 7 or 8 data bits
(least significant bit first), parity bit, and stop bit. The
TxD0 and TxD1 pins become mark state (high level)
when transmit operation is disabled or when the serial
transmitter is idle. |

In the I/O interface mode (channe! 0 only), the frame has
8 data bits and the most significant bit is transmitted
first.

UBE (Upper Byte Enable)

UBE is a high-order memory bank selection signal out-
put. UBE and A, determine which bytes of the data bus
will be used. UBE is used with Ag to select the even/odd
banks as follows.

Qperand UBE Ay Number of Bus Cycles
Even address word 0 Y] 1
Cdd address word 0 1 2
1 0
Even address byte 1 0 1
. Odd address byte 0 1 1

X1, X2 (Clock Control)

The frequency of the internal clock generator is con-
trolled by an external crystal or ceramic resonator
connected across pins X1 and X2. The crystal frequency
is the same as the clock generator frequency fx. By
programming the PRC register, the system clock fre-
quency foLk is selected as fy divided by 2, 4, or 8.
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As an alternative to the crystal or ceramic resonator, the  threshold each comparator input is tested against is

positive and negative phases of an external ¢lock (with programmable to V1 x n/16 whére n = 1 to 16.
frequency fx) can be connected to pins X1 and X2.
GND (Ground)

Ground reference (multiple pins).

Vpp (Power Supply)

+5-volt power source (two pins).

VrH (Threshold Voltage) Internal connection; must be tied to Vop externally
Comparator port PTO-PT7 uses threshold voltage Vi to through a 10-k@ to 20-kQ resistor,
determine the analog reference points. The actual

IC (Internal Connection)

#PD70335 Block Dlagram
ulw
3 ] ] .
‘E_ ‘g_ g :> Ag-Asg
P2o/DMARQO —»= ] glg —
—— LC -
P2 4 DMAAKQ *— ammable e, A18/UBE
P22ﬁ'66 Progr i
e B
PogIOMARQL —bs .‘ ,
P24/DMAAK] — PSW 4~ RESET
P2g/TC1 — HLDAK/P2 4
- ~—» HLDRQ/P2,
PC 2 j+— READY/P1,
TXDO ~<— g == MREQ
DO —»- rial ) S —
__Rx Irﬁ:ﬂaoe Internal RAM g MS_TB
Plg/SCKO ~-» =
ettt . 256 Bytes Internal ROM C > AW
CT50 - <:> <::> <::> - General :> 8K Bytes 8 o BsTE
Tt = Maaud Fare pgistars (Reserved) <— POLLINT/P1,
AxD1 —®= | Generator Service
CTS1 —»t ; — Channel
B1 g INMI —»
P1/INTPO —» Instruction Decoder | |
P13/INTP1 —®; Prolgrammab!e <:> Micro Sequencer <:_ Queue
nterrupt :
PigiNTP2 _ | conuoller | Micro ROM —
INTAK -— EA
P14IINT[ —> S
POLL :
) @ @ @ ﬂ o
. Time Base Port with Cloeck [ X
16-Bit Timer Counler Pont Comparator Generalor }———— xz
Voo
P1gTOUT REFRQ P07/CLKOUT PO P P2 PTOPT7 Vyy —— GND
Notes: 7
(1) The uPD70335 (V35 Plus) Is nol a masked ROM praduct.
Internal ROM is reserved and not accessible.
(2) Shaded blocks are modified from the standard V35,
&ayL-63899
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FUNCTIONAL DESCRIPTION
Architectural Enhancements

The following features enable the pPD70335 to perform
high-speed execution of instructions.

® Dual data bus

e 16-/32-bit temporary registers/shifters (TA, TB, TA +
TB)

® 16-bit loop counter (LC) ,

® Program counter (PC) and prefetch pointer (PFP)

¢ [nternal ROM pass bus

Dual Data Bus. The yPD70335 has two internal 16-bit
data buses: the main data bus and a subdata bus. This
reduces the processing time required for addition/
subtraction and logical comparison instructions by one-
third over single-bus systems. The dual data bus method
allows two operands to be fetched simultaneously from
general-purpose registers and transferred to the ALU.

16-/32-Bit Temporary Registers/Shifters. The 16-bit
femporary registers/shifters (TA, TB) allow high-speed
execution of multiplication/division and shift/rotation
Instructions. By using the temporary registers/
shifters,the pPD70335 can execute multiplication/
division instructions about four times faster than with
the microprogramming method.

Loop Counter (LC). The dedicated hardware loop
caunter counts the number of loops for string cperations
and the number of shifts performed for multiple bit shift/
rotation Instructions. The loop counter works with inter-
nal dedicated shifters to speed the processing of
multiplication/division Instructions.

Program Counter and Pretetch Pointer (PC and PFP).
The hardware PC addresses the memory location of the
Instruction to be executed next. The hardware PFP
addresses the program memory location to he accessed
next. Several clocks are saved for branch, call, return,
and break instructions compared with processors hav-
Ing only one Instruction pointer.

Register Set

The pPD70335 CPU has a general-purpose register set
compatible with the xPD70108/70116, the uPD70320/
70322, and uPD70330/70332 microprocessors, Like the
#PD70320/70322 and pPD70330/70332, it also has a set
of special function registers for controlling the on-board
peripherals. All registers reside in the CPU's memory
space. They are grouped in a 512-byte block called the
internal data area (IDA). The 256-byte internal RAM is
also in the IDA. The addresses of the register are given as
offsets into the IDA. The start address of the IDA is set by
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the Internal Data Area Base register {IDB), and may be
programmed to any 4K boundary in the memory address
space. '

Register Banks. Because the general-purpdse register
set is in internal RAM, it is possible to have multiple
banks of registers. The pPD70335 CPU supports up to 8
register banks. A bit field in the PSW selects which bank
is currently being used. Each bank contains the entire
CPU register set plus additional information needed for
context switching. Register banks may be switched
using special instructions (TSKSW, BRKCS, MOVSPA,
MOVSPB), or may switch in response to an interrupt.
This provides fast context switching and fast interrupt
handling. During and after RESET, register bank 7 is
selected.

Figure 1 shows the configuration of a register bank and
how the banks are mapped to internal RAM. The Vector
PC field contains the value that will be loaded into the
PC when aregister bank switch occurs. The PC Save and
PSW Save fields contain the values of the PC and the

PSW just before the banks are switched. The PSW is left

unmodified after a bank switch; the PSW Save field is
used to restore the PSW to its previous state upon
termination of the context switch.

General-Purpose Registers (AW, BW, CW, DW). These
four 16-bit general-purpose registers can also serve as
independent 8-bit registers (AH, AL, BH, BL, CH, CL,
DH, DL). The instructions below use general-purpose

registers for default:

AN Word multiplication/division, word 1/O, data
conversion )

AL Byte muitiplication/division, byte |/O, BCD
rotation, data conversion, translation

AH  Byte multiplication/division

BW Translation

CW  Loop control branch, repeat prefix

CL  Shift instructions, rotation instructions, BCD
operations

DW  Word muitiplication/division, indirect address-
ing I/O
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Figure 1. Register Bank Configuration Pointers {SP, BP) and Index Registers (IX, IY). These
registers are used as 16-bit base pointers or index
Eight 32-Byte registers in based addressing, indexed addressing, and
Register Banks based-indexed addressing. The registers are used as
B o default registers under the following conditions:
¥XEFFH Raglster Bank .
XXEEOH 7 8P Stack operations
YXECOR 6 : IX  Block transfer (source), BCD string operations
' Iy  Block transfer (destination), BCD string
*xEAOH S operations
XXBBOH A < Banks 0-7 Segment Registers. The segment registers divide the
AAEGOH a 1M-byte address space Into 64K-byte blocks. Each seg-
ment register functions as a base address to a block: the
XXE40H 2 effective address is an offset from that base. Physical
, Ty addresses are generated by shifting the associated seg-
KUE20H . _ment register left four binary digits and then adding the
XXEOOH 0 , effective address. The segment registers are:
f&:iﬁggrﬁﬁé’é";ﬁ:{gﬁ ' Segment Register Default Offset
PS (Program segment) PC
32-Byte 88 (Stack segment) SP, Effective address
Raglster Bank DS0 (Data segment-0) IX, Effective address
18 T 9 DS1 (Data segment-1) IY, Effective address
VER A LA During RESET, PS is set to FFFFH; DS0, DS1 and SS are
+1CH CH I oL set to GO00H.
HAad [or Df'v B Program Counter (PC). The PC Is a 16-bit binary
BW counter that contains the offset address from the pro-
HEH EH BL_ gram segment of the next instruction to be executed. It
+16H SP is Incremented every time an instruction is received from
BP the queue. !t is loaded with a new location whenever a
+4H , branch, call, return, break, or Interrupt is executed.
+12H 1X During RESET, PC is set to 0000H., '
H10H iy Program Status Word (PSW). The PSW contains the
DSt following status and control flags.
+0EH
- 15 PSW 8
+0CH | 1 [Re2 [Rret [RE0| v [ DR | E | BRK
10AH ss
+08H pso 7 0
+06H PC storage | s [ z[*r [acTr [P Jera]or |
+04H PeW Storage Status Flags Control Flags
+02H Vactor PG V  Overflow bit DIR Directio_n of string
woon Resorved $ Sign processing
’—Oﬂsetrfrom register bank z Zero = Interrupt enable
sfart addrass AC Auxiliary carry BRK .Break (after every
SIYLOMEIIA P Parit instruction)
y RBn Current register
CY Carry bank flags

BRKI  I/O trap enable

FO, F1 General-purpose
user flags
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The eight low-order bits of the PSW can be stored in the
AH register and restored by a MOV instruction. The only
way to alter the RBn bits via software is to execute an
RETRBI or RET! instruction. During RESET, PSW is setto
Foo2H. The F0 and 1 flags may be accessed as bits in
the FLAG special functioning register.

Functional Comparison

The pPD70335 (V35 Plus) is built around the same core
and contains the same peripherals as the pPD70325
(V25 Plus) as well as the pPD70330 (V35). The primary
difference between the V35 and V25 is confined to the
external bus interface and bus control logic. While V25
and V25 Plus are designed with an 8-bit external inter-
face, V35 and V35 Plus provide the full 16-bit external
data path.

The pPD70335 provides a direct DRAM style bus inter-
face. This interface is obtained by multiplexing the 20
address lines in row/column fashion and also providing a
~ non-multiplexed 16-bit external data bus. The resulting
nominal bus cycle is three CLOCKOUT states. During the
first bus state, the address lines output the high 9 bits of
the physical address: Ag to As7. )

During the second bus state, the address lines output the
low address bits: Ay to Ag. Address lines Ag and Aqg are
not multiplexed and are valid during the entire bus cy¢le.
The final address line (A18) is multiplexed with the Upper
Byte Enable signal (UBE) and is valid as an address
during bus state one. During 16-bit transfers to odd
addresses (UBE = 0 and Ay = 1), two bus cycles are
performed; each cycle transfers eight bits.

Typically, the MREQ signal is used to generate the DRAM
RAS control signal, and the MSTB signal is used to
generate the CAS signal. Like the V35, the V35 Plus
provides a refresh output from the internal refresh con-
trol unit, which is typically gated into the DRAM RAS
signal.

As a result of this memory access scheme, the clock
cycle counts for instruction execution on the V35 Plus
are different from the V25 Plus.

Another V35 Plus difference is the operation of the
READY input pin. This pin is sampled in the middle of the
second bus cycle (BAW1) on the V25 Plus, whereas the
V35 samples one clock period later in the middle of
BAW2.
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Other than these bus controller differences, the V35 Plus
is identical to the V25 Plus in its operation. All internal
peripherals are programmed and operate in the same
manner as those of the V25 Plus. The instruction sets of
the two processors are identical, and internally both
processors operate on 16-bit data paths.

INSTRUCTIONS

The pPD70335 instruction set is fully upward compatible
with the V20 native mode instruction set. The V20
instruction set is a superset of the pPD8086/8088 In-
struction set with different execution times and mne-
monics.

The pPD70335 does not support the V20 8080 emulation

mode. All of the instructions pertaining to this have been
deleted from the uPD70335 Instruction set.

Enhanced Instructions

In addition to the pPD8086/88 instructions, the
1rPD70335 has the following enhanced instructions.

Instruction Function

PUSH imm Pushes immediate data onto stack

PUSHR Pushes eight general registers onto
stack

POP R Pops eight general registers from
stack

MUL tmm Executes 16-bit multiply of register or
memory contents by immediate data

SHL imm8 Shifts/rotates register or memory by

SHR imm8 immediate value  ~

SHRA imm8

ROL imm8

ROR imm8

ROLC imm8

RORC imma8 _ —

CHKIND Checks array index against
designated boundaries

INM Moves a string from an 1/O port to
memory

OouUT™ Moves a string from memory to an /O
port

PREPARE Allocates an area for a stack frame
and copies previous frame pointers

DISPOSE Frees the current stack frame on a

pracedure exit
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Unique Instructions
The xPD70335 has the following unique instructions.

Instruction Function

INS Inserts bit field

EXT Extracts bit field i
ADD4S Performs packed BCD string addition
SUB4S Performs packed BCD string subtraction
CMP4S Performs packed BCD string comparison
ROL4 Rotates BCD digit left

ROR4 Rotates BCD digit right

TESTH Tests bit

SET1 Sets bit

CLA1 Clears bit

NOT1 Complements bit

REPC Repeat while ¢carry set 7

REPNC Repeat while carry cleared

Variable Length Bit Field Operation Instructions

Bit fields are a variable length data structure that can
range In length from 1 fo 16 bits. The pPD70335 supports
two separate operations on bit fields: insertion (INS) and
extraction (EXT). There are no restrictions on the posi-
tion of the bit field in memory. Separate segment, byte
offset, and bit offset registers are used for insertion and
extraction. Following the execution of these instruc-

Figure 2. Bit Field Insertion

tions, both the byte ofiset and bit offset are [eft pointing
to the start of the next bit field, ready for the next
operation. Bit field operation instructions are powerful
and flexible and are therefore highly effective for graph-
ics, high-level languages, and packing/unpacking appli-
cations.

Bit field insertion copies the bit field of specified length
from the AW register to the bit field addressed by
DS1:lY:reg8 (8-bit general-purpose register). The bit field

" length can be lacated in any byte register or supplied as

immediate data. Following execution, both the 1Y and
reg8 are updated to point to the start of the next hit field.

Bit field extraction copies the bit field of specified length
from the bit field addressed by DS0:IX:reg8 to the AW
register. If the length of the bit field Is less than 16 bits,
the bit field is right justified with a zero fill. The bit field
length can be located in any byte register or supplied as
immediate data. Following execution, both IX and reg8
are updated to point to the start of the next bit field.

Figures 2 and 3 show bit field insertion and bit field
extraction. )

Packed BCD Instructions

Packed BCD instructions process packed BCD data
either as strings (ADD4S, SUB4S, CMP4S) or byte for-
mat operands (ROR4, ROL4). Packed BCD strings may
be 1 to 254 digits in length. The two BCD rotation
instructions perform rotation of a single BCD digit in the
lowar half of the AL register through the register or the
memory operand.

Bitlength |

- 18 0

- ///

Byte offset (1Y)

l Bitoffset
i i I Y o ,
\ | /// | e
f T T N T A}
Byte boundary Segment base (DS1)
83-0001068

1"
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Figure 3. Bit Field Extraction
Bitlength | Bitofiset | Byte offset (IX) o
N\ T NN, >
H .
1
{ ! // / | 2 / | 2
N f A T N A
Byte bo'undary Segment base (DS0)

1s

0

T AW 0

///

83-00010768

Bit Manipulation Instructions

The pPD70335 has five unigue bit manipulation instruc-
tions. The ability to test, set, clear, or complement a
single bit in a register or memory operand Iincreases
code readability as well as performance over the logical
operations traditionally used to thanipulate bit data. This
feature further enhances cantrol over on-chip peripher-
als,

Additional Instructions

Besides the V20 instruction set, the pPD70335 has the
following four additional instructions.

Instruction Function

BTCLR sfr. imm3 Bit test and if true, clear and

short label branch; otherwise, no operation
STOP Power down instruction, stops

(no operand) oscillator

RETRBI Return from register bank context
(no operand) switch interrupt

FINT Finished interrupt. After completion

{no operand) of a hardware interrupt request,
this instruction must be used to
reset the current priority bit in the

in-service priority register (ISPR).*

*Do not use with NMI or INTR interrupt service routines.

Repeat Prefixes

Two new repeat prefixes (REPC, REPNC) allow con
ditional block transfer instructions to use the state of the
CY flag as the termination condition. This allows inequal-
ities to be used when working on ordered data, thus

Increasing petformance when searching and sorting
algorithms.

12

Bank Switch Instructions

The V35 Plus has the following four instructions that
allow the effective use of the register banks for software
Interrupts and multitasking. Also, see figures 7 and 9.

Function

Performs a high-speed software
interrupt with context switch to the
register bank indicated by the lower
3-bits of reg 16. This operation is
identical to the interrupt operation
shown in figure 9.

Performs a high-speed task switch to
the register bank indicated by the
lower 3-bits of reg 16. The PC and PSW
are saved in the old banks. PC and
P8W save registers and the new PC
and PSW values are retrieved from the
new register bank’s save areas. See
figure 10.

Transfers both the SS and SP of the
old register bank to the new register
bank after the bank has been switched
by an interrupt or BRKCS instruction.

Transfers the SS and the SP of the
current register bank before the switch
to the SS and SP of the new register
bank indicated by the lower 3-bits of
reg 16.

Instruction
BRKCS
reg 16

TSKSW
reg 16

MOVSPA

MOvVSPB

INTERRUPT STRUCTURE

The »PD70335 can service interrupts generated both by
hardware and by software. Software interrupts are ser-
viced through vectored interrupt processing. See table 1
for the various types of software interrupts.
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Table 1. Software Interrupts Figure 4. Interrupt Vector
interrupt Description '
Divide error The CPU will trap if a divide error occurs as the Veclorlo
result of a DIV or DIVU Instruction, 000H : 00tH
Single step The interrupt is generated after every +
instruction if the BRK bit In the PSW Is set. 002H : 003H
- - L
Overtlow By using the BRKV Instruction, an interrupt can
be generated as the result of an overtlow. PS « (003H, 0602H)
- PC «—(001H, 000H
Interrupt The BRK 3 and BRK imms8 Instructions can ¢ )
Instructions generats Interrupts. 83-000112A
Array bounds The CHKIND instruction will generate an Table 2. Interr upt Vectors
interrupt if specified array bounds have been Address Vector No. Assigned Use
exceeded, -
. 0o [+ Divide error
Escape trap The GPU will trap on an FPO1, 2 instruction to - - Break f
allow software to emulate the floating polnt 04 1 reax viag
processor. 08 2 NMI
I/O trap If the /O trap it in the PSW Is cleared, a trap (o]e] 3 BRK3 instruection
will be generated on every IN or QUT - o "
instruction, Software can then provide an 10 4 BRKY Instruction
updated peripheral address. This feature allows 14 8 CHKIND instruction
software interchangeability between different
systems. 18 6 General purpose
R R - . , 1C 7 FPO Instructions
When executing software written for another system, it vy 3 '
is better to implement /O with on-chip peripherals to 29 8-1 eneral purpose
reduce external hardware requirements, However, since - %0 12 INTSERQ (interrupt serial arror, channel 0)
#PD70335 internal peripherals are memory mapped, 34 13 INTSRO (Interrupt serial receive, channel 0)
software conversion coulq be difficult. The I!O trap g3 " INTSTO (nterrupt serial transmit, channel 0)
feature allows easy conversion from external peripherals S e -
to on-chip peripherals. 8 15 eneral purpose
40 16 INTSER1 (Interrupt serial error, channel 1)
.lnte"uPt Vectors . 44 17 INTSR1 (interrupt serial receive, channel 1)
The starting address of the interrupt processing routines 48 18 INTST1 (Interrupt serlal transmit, channel 1)
may be obtained from table 2. The table begins at 4G 19 I/O trap
physical address 00H, which is outs_lde the. internal RQM 0 20 INTDO (interrupt from DMA, channel 0)
space. Therefore, external memory is required to service - - T P
these routines. By servicing interrupts via the macro 5% 21 NTD1 (nterrupt from DMA, channel 1)
service function or context switching, this requirement 58 22 * General puspose
can be eliminated. 5C 23 General purpose
Each interrupt vector is four bytes wide. To service a €0 24 INTPO (Interrupt from peripheral 0)
vectored interrupt, the lower addressed word is trans- g4 25 INTP1 (interrupt from peripheral 1)
Zerred to the PC and the upper word to the PS. See figure o8 2% INTP2 (interrupt from peripheral 2)
) 6C 27 General purpose '
70 28 INTTUO (nterrupt from timer unit 0)
74 20 INTTU1 (Interrupt from timer unit 1)
78 30 INTTU2 (Interrupt from timet unit 2)
7C 31 INTTB (interrupt from time base counter)

080-3FF 32-255

General purpose

13
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Execution of a vectored interrupt occurs as follows:
(SP-1, SP-2) « PSW
(SP-3, SP-4) « PS
(SP-b, SP-6) «— PC
SP « §P-6
IE«0,BRK <0
PS <« vector high bytes
PC <« vector low bytes

Hardware Interrupt Configuration

The V35 Plus features a high-performance on-chip con- |

troller capable of controlling muitiple processing for
Interrupts from up to 17 different sources (5 external, 12
internal). The interrupt configuration includes system
interrupts that are functionally compatible with those of
the V20/V30 and unique high-performance microcontrol-
ler interrupts.

-Inferrupt Sources

The interrupt sources on the V35 Plus are similar to those
on the V35. The 17 interrupt sources (table 3) are divided
into groups for management by the interrupt controller.
Using software, each of the groups can be assigned a
priority from O (highest) to 7 (lowest). The priority of
individual interrupts within a group is fixed in hardware.

The ISPR is an 8-hit SFR; bits PRy-PR7 correspond to the
eight possible interrupt request priorities. The ISPR
keeps track of the priority of the interrupt currently being
serviced by setting the appropriate bit. The address of
the ISPR is XXFFCH. The 1SPR format is shown below.

[ PRy [ PRa | PRs | PRy | PRy | PRy | PRy | PRo |

NMI and INT are system-type external vectored inter-
rupts. NMI is not maskable via software. INTR is mask-
able (IE bit in PSW) and requires that an external davice
‘provide the interrupt vector number. It allows expansion
by the addition of an external interrupt controller
(xPD71059).

NMI, INTPQ, and INTP1 are edge-sensitive maskable
interrupt inputs. By selecting the appropriate bits in the
interrupt mode register, these inputs can be pro-
grammed to be either rising or failing edge triggered.
ES0-ES2 correspond to INTPO-INTP2, respectively. See
figure 5. :

14

Figure 5. Externallnterrupt Mode Register (INTM)

| o [Esg[ o |Est| o |[Eso] o |ESNMIJ

7 0
ES2 INTP2 Input Effectlve Edge
0 Falling edge
1 Rising edge
ESt INTP1 Input Effective Edge
0 Falling edge
1 Rising edge
ESO INTFO Input Effective Edge
0 Falling edge
1 Rising edge
ESNMI NMI Input Effective Edge
0 Falling edge
1 Rising edge

Interrupt Factor Register

The primary enhancement of the V35 Plus interrupt
centrol unit Is the addition of a special function register
that stores the vector type that last caused an interrupt.
This IRQS register (figure 5A) stores the vector until the
next interrupt request is accepted, but is not changed by
response to NM, INT, or macroservice interrupts.

The main purpose of the IRQS register is to allow several
interrupts within a given priority leve! to be serviced with
context switching. Once the interrupt service routine is
executing, the cause of the interrupt can be determined
only by reading this register, rather than by lohg and
time-consuming software determination. it is recom-
mended that the contents of the IRQS register be read
before interrupts are re-enabled to avoid ¢onfusion
within multiprocessing environments.
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Figure 5A. Interrupt Factor Register (IRQS)
L 0 | 0 I 0 I Interrupt Veotor I Interrupt Factor Interrupt Vector
7 5 4 ) INTP1 18H
interrupt Fastor Interrupt Vector ,'NTPZ 1AH
INTTUA ) INTSRO ODH
INTTUZ IEH INTSTO 0EH
INTDO ' 191 INTSER1 10H
INTD1 150 INTSR1 11H
INTRO 1 INTST 12H
INTTB - 1FH
Table 3. Interrupt Sources
Priority Order Muitiple
External/ Macro  Bank Setting  Between Within  Processing
Interrupt Source Internal Vector  Service  Switching Possible  Groups Groups Control
NMI External - 2 No No No 0 - Not accepted
Nonmaskable interrupt _
INTTUO , Internal 28 Yes Yos Yes 1 1 Accepted
interrupt from timer unit 0
INTTU{ internal 29 Yes Yes Yes 1 2
Intetrupt from timer unit 1
INTTU2 : Internal 30 Yes  Yes Yes 1 3
Interrupt from timer unit 2 , , .
INTDO Internal 20 No Yes Yes 2 1 Accepted
Interrupt from DMA channel Q )
INTD1 Internal 21 No Yes Yes 2 2
Interrupt from DMA channel 1
INTPO External 24 Yes Yes Yes - 8 1 Acceptéd
Interrupt from petipheral 0 _
INTP1 External 25 Yes Yes Yes 3 2
Interrupt from peripheral 1 _
INTP2 Externat 26 Yes Yos Yes 3 3
Interrupt from peripheral 2
INTSERQ Internal 12 Ne Yes Yes 4 1 Accepted
Interrupt from serial error on :
channel 0 )
INTSRO Internal 13 Yes Yes Yes 4 2
Interrupt from serial receiver of ’
channel 0
INTSTO Internal i4 Yes Yes Yes 4 3
Interrupt from serial transmitter
of channe! 0

15
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Table 3. Interrupt Sources {coni)

Priority Order Multiple

External/ Macro  Bank Setting Between Within Processing
Interrupt Source Internal Vector  Service Switching Possible Groups  Groups Control
INTSERt Internal 16 No Yes Yes 5 1 Accepted
Interrupt from serial
error on ¢hannal 1
INTSR1 Internal 17 Yos Yas Yes 5 2
Interrupt from serlal recelver of
channsl 1
INTSTH Internal 18 Yes Yes Yes [ 3
Interrupt from serial transmitter
of channel 1
INTTB Internat 31 No No No 6 - Accepted
Interrupt from time base counter {preset
, to 7)

INT External Ext No No No 7 - Not accepted
Interrupt Input

Interrupt Processing Modes

interrupts, with the exception of NMI, INT, and INTTB,
have high-performance capability and can be processed
in any of three modes: standard vectored interrupt,
register bank context switching, or macro service func-
tion, The processing mode for a given interrupt can be
chosen by enabling the appropriate bits in the corre-
sponding interrupt request control register. As shown in
table 3, each Individual interrupt, with the exception of
INTR and NMI, has Its own associated IRC register. The
format for all IRC registers is shown in figure 6.

All interrupt processing routines other than those for
NM! and INT must end with the execution of an FINT
instruction. Otherwise, subsequently, only interrupts of a
higher priority will be accepted. FINT allows the internal
interrupt cantroller to resst the highest priority bit set in
the ISPR register.

In the vectored interrupt mode, the CPU traps to the
vector location in the interrupt vector table.

Register Bank Switching

Register bank context switching allows interrupts to be
processed rapidly by switching register banks. After an
Interrupt, the new register bank selected s that which
has the same register bank humber (0-7) as the priority

16

of the interrupt to be serviced. The PC and PSW are
automatically stored in the save areas of the new register
bank and the address of the interrupt routine is loaded
from the vector PC storage location in the new register
bank. As in the vectored modes, the |E and BRK bits inthe
PSW are cleared to zero.

Affer interrupt processing, execution of the RETRBI
(return from register bank interrupt) returns control to
the former register bank and restores the former PG and
PSW Figures 7 and 8 show register bank context switch-
ing and register bank return. Figure 9 shows software-
initiated task switching.

Specific IRC registers include the following.

Symbol IRC Register
DICo, DICH DMA
EXICO-EXIC2 - External
SEICO, SEIC1  Serial error
SRICG, SRIC1  Serial receive
STICO, STICH Serial transmit
TMICO-TMIC2  Timer
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Figure 6. Interrupt Request Control Registers Figure 8. Register Bank Return
(IRC)
T RBI RBj
|_F [ mx [wsant[encs[ o [ PRy | PRy | PR | :
7 0 AW AW
ow cw
IF Interrupt Flag .
oW bW
0 No interrupt request generated
1 lnter:upt request generated BW ) 8w
IMK Interrupt Mask $P sp
0 Open (Interrupts enabled)
1 Closed (Interrupts disabled) BP BP
MSANT Interrupt Response Mathod X X
0 Vector interrupt or register bank switching v - I
1 Macroservice function <:|
ENCS Reglster Bank Switching Function ' Ds1 DSt
0 Not used PS PS
1 Used -
ss S8
PR2-PRp Interrupt Group Priority (0-7)
000 Highest (0) Dso Dso
i -
1114 Lowest (7) Save PC Save PC
Save PSW Save PSW
Figure 7. Register Bgnlr Context Switching Vector PG "I P I Vector PG
RBI RB] Reserved Reserved
PSW
AW AW
. 836168228
cw CW
ow bW
BW BW
S§P SP
Bp BP
X X
I \4
DsS1 : DSt
PS PS
8s ss
DS DSO
Save PG > Save PG
Save PSW »| Save PSW
Vector PC —L PC I(— Vecior PG
Reserved - Reserved
PSW -
235L-ga1A

17
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Figure 9. Task Switching
Current New
AW AW
cwW cw
oW oW
BW 7 BW
7 sp 7 sp
ap BP
IX IX
v W
Ds1 ,::> DSt
ps PS
ss : ss
DS0 Dse
" Save PG ——l PC l«— Save PG
Save PSW Save PSW
Vécto: PG Pew (_J— Vector PG
Reserved A8 _ﬁ Reg 18 Resewved
: RB Re%g::r be,l,nk
835L-8823A

MACROSERVICE FUNCTION

The macroservice function (MSF) is a special micropro-
gram that acts as an internal DMA controller between
on-chip peripherals (special-function registers, SFR)
and memory. The MSF greatly reduces the software
overhead and CPU time that other processors would
require for register save processing, register returns, and
other handling assaciated with interrupt processing.

Ifthe MSF is selected for a particular interrupt, each time
the request Is received, a byte or word of data will be
transferred between the SFR and memory without inter-
rupting the GPU. Each time a request occurs, the macro-
setvice counter is decremented. When the counter
reaches zero, an interrupt to the CPU is generated. The
MSF also has a character search option. When selected,
every byte transferred will be compared to an 8-bit
search character and an interrupt will be generated if a
match ocours or if the macroservice counter counts out.

Like the NMI, INT, and INTTB, the two DMA controller
interrupts (INTDO, INTD1) and the serial error interrupts
(INTSERo, INTSERT1) do not have MSF capability.

18
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There are eight, 8-byte macroservice channels mappad
into internal RAM from XXEOQH to XXES3FH. Figure 10
shows the comporients of each channel.

Setting the macroservice mode for a given interrupt
requires programming the corresponding macroservice
control register Each individual interrupt serviceable
with the MSF has its own associated MSC special-
function register. The general format for all MSC regis-
ters Is shown in figure 11,

Flgure 10. Macroservice Channels

15 8 7 ]
7H
* MsS
MsP
Reseved | SCHR
SFRP MsC
+0H

I“ Offset from macro service channel start address,

‘MsSS +6H  Segment value of memory address used

for data transfer. Memory address

will be MSS X 16 + MSP,

MSP +4H  Offset value of memory addrass used
for data transfer,

SCHR  +2H
SFRP  +1H

8-bit data compared In character search,

Oifset value of special function reglster
address, which is xxFGOH + SFRP. (xx Is
specified by IDB register).

MsC +0H  Number of transfars performed in

macra service
83510052854

Figure 11. Macroservice Control Registers

(MSC)

| MsMz | MsMy [MsMo| DIR | 0 EAEES

7 ' 0
MSMo-MSM;, Macroservice Mode

000 Normal (8-bit transfer)

001 Normal (16-bit transfer)

100 Character search (8-bit transfer

Other comblnations are not allowed,

DIR Data Transfer Direction '

Q Memory to SFR

1 SFR to memory
CH3-CHp Macroservice Channel

000 Channel 0

l
111 Channel 7
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TIMER UNIT

The uPD70335 {figure 12) has two programmable 16-bit
Interval timers (TMOQ, TM1) on-chip, each with variable
input clock frequencies. Each of the two 16-bit timer
registers has an assoclated 16-bit modulus register
(MDO, MD1). Timer 0 operates In either the intsrval timer
mode or one-shot mode; timer 1 has only the interval
timer mode.

Interval Timer Mode

In this mode, TM0/TM1 are decremented by the selected
input clock and, after counting out, the registers are
automatically reloaded from the modulus registers and
counting continuss. Each time TM1 counts out, inter-
rupts are generated through TF1 and TF2 (Timer Flags 1,
2). When TMO counts out, an interrupt is generated
through TFO. The timer-out signhal can be used as a
square-wave output whose half-cycle is equal fo the
counttime. There are two selectable input clocks (SCLK:
system clock = fogc/2; fogc = 10 MHz).

Clock Timer Resolution Full Count
SCLK/6 1.2 us 78.643 ms
SCLK/128  25.6pus 1678 s

One-Shot Mode

In the one-shot mode, TMO and MDO operate as indepen-
dent one-shot timers. Starting with a preset value, each
Is decremented to zero. At zero, counting ceases and an
interrupt is generated by TFO (from TMQ) or TF1 (from
MD0). One-shot mode allows two selectable input clocks
" (fosc = 10 MHz).

Clock Timer Resolution Full Count
SCLK/12 2.4 us 157.283 ms
SCLK/128  25.6ps 1,678 5

Timer Contro! Registers

Setting the desired timer mode requires programming
the timer control register. See figures 13 and 14 for
format.

N E C ELECTRONICS INC
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Figure 12. Timer Unit Block Diagram

6 ™
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Figure 13. Timer Control Register 0 (TMC0)
| 780 |TcLKo| Mso [McLko| ENTo | A [mop, [Mon, |
7 _ 0
TS0 Timer 0 In Either Mode
0 Stop countdown
1 Start countdown
MOD; MOD; TCOLKO TMO Register Clock Frequency
0 0 0 fscLw/6 (Interval)
0 0 1 fscLw/128 (Interval)
0 1 0 fsoLi/12 (One-shot)
0 1 1 fsoLid/128 (One-shot)
MSo MDO Register Countdown (One-
Shot Mode)
0 Stop
1 Start
MCLKO MDO Reglster Clock Frequency
0 fscLk/12
1 ) fscLw/128
ENTO TOUT Square-Wave Qutput
0 Disable
1 Enabls
AlY TOUT Initlal Levet (Counter
_ Stopped)
0 Low
1 High
MODR; MOD, Timer Unit Mode
0 1] Interval timer
0 1 One-shot
1 X Reserved

Figure 14. Timer Control Register 1 (TMC1)

| tst jrokt] o | o [ o [ o [ o] o]

7 0
T81 Timer 1 Countdown

0 Stop

1 Start
TCLK1 7 Timer 1 Clock Frequency

o fsoLi/

1 fscLi/128

TIME BASE COUNTER

The 20-bit free-running time base counter (TBC) controls
Internal timing sequences and is available as the source
of periodic interrupts at lengthy intervals. One of four
interrupt perlods can be selected by programming the
TBp and TBy bits in the processor control register (PRC).
The TBC Interrupt is unlike the others because it is fixed
as alevel 7 vectored interrupt. Macroservice and register

20
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bank switching cannot be used to service this interrupt.
Ses figures 14A and 14B,

Figure 14A. Time Base Interrupt Request
Control Register (TBIC)

L mer [memk] o | o [ o [ 4+ [ 1] 1]
7 Address xxFECH 0
TBF Time Base Interrupt Flag
0 No Intérrupt generated
1 Interrupt generated
TBMK Time Base Interrupt Mask
0 Unmasked
1 Masked

Figure 14B. Processor Control Register (PRC)

| o [pamen| o
>

| o | 18 | T8 | PCK; | PCKy |

Address xxFEBH 0

RAMEN Built-In RAM

0 Disable

1 Enabls
TB, TBy  Time Base Interrupt Perlod

0 0 210/sa1

0 1 218fgmy ¢

1 1 220fign ¢
PCK4 PCKy System Clock Frequency (fscik)

0 [ fosc/2

0 1 fosc/4

1 0 fosc/8

1 1 Reserved

The RAMEN bit in the PRC register allows the internal
RAM to be removed from the memory address space to
implement faster Instruction execution.

The TBC (figure 14C) uses the system clock as the input
frequency. The system clock can be changed by pro-
gramming the PCKy and PCKy bits in the processor
control register (PRC). Reset initializes the system clock
to fosc/8 (fosc = external oscillator frequency).
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register is clear of data. This flag allows software to poll

Diagram for the completion of a message (the last bit of the last
byte Is shifted out when the ALL SENT bit is set). All error
flags are available in this register (refer to figure 16).
SCLK —=I> Pleass refer to the uPD70330 (V35) data sheet for addi-
tional information on the serial channels.
J} ' J} l l Figure 15. Refresh Mode Register (RFM)
| Rrw [HLORF[HLTRF | RFEN | RFwy | Rew [ RETy [ RFTq |
+210 +213 +218 220 7 - Address xxFE1H 0
‘49-001348_A
RFLY RFEN REFRQG Output Signal Level
REFRESH CONTROLLER 0 0 0
1 0 1
The pPD70335 has an on-chip refresh controller for o 1 0
dynamic and pseudostatic RAM mass storage memo- 1 1 Refresh pulse
ries. The refresh controller generates refresh addresses  RLpAF Automati¢c Refresh Cycle In HOLD Mode
and refresh pulses. It inserts refresh cycles between the 0 Disabled ] .
normal CPU bus cycles according to refresh specifica- 1 Enabled
tions. HLTRF Automatic Refresh Cycle In HALT Niode
The refresh controller outputs a 9-bit refresh address on 0 Disabled '
address bits Ag-Ag during the refresh bus cycle. Address 1 Enabled
bits Ag-Aqg are all zeros. The 9-bit refresh address is  RFEN Automatic Refresh Cycle
automatically incremented at every refresh timing for 0 Refrash pin = RFLY
512 row addresses. The 8-hit refresh mode (RFM) regis- 1 Refresh enabled
ter (figure 15) specifies the refresh operation and allows RFW; RFW, No. of Walt States Inserted In Refresh Cycle
refresh during both CPU HALT and HOLD modes. Re- 5 o P
fresh cycles are automatically timed to minimize the 0 1 1
effect on system throughput. 1 0 2
The following shows the REFRQ pin level in relation to ! ! 2
bits 4 (RFEN) and 7 (RFLV) of the refresh mode register. RFT; RFTy Refresh Perlod
0 ] 16/SCLK
RFEN RFLY REFRQ Level 0 1 32/SCLK
T T o Do oo
0 3 p 128/SCLK
1 0 0
1 1 Refrash pulse output

It should be noted that since the V35 Plus directly
supports dynamic RAM memory, the refresh controller
output should be gated into the RAS input of the memory
chips. When combined with the chip select logic and the
MREQ signals, a direct DRAM interface is supported.

SERIAL CONTROL UNIT

The serlal unit of the pPD70335 is functionally identical
to that of the standard V35, with the exception of several
enhanced features.

All serial status information Is moved to the Serial Status
Register (S8Tn) on the V35 Pius. Included in this register
is an additional flag which signals that the transmit shift
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Figure 16. Serial Status Register (SSTn)
| RxON | Asn |TxBEn|RxBFn| o | ERPn | ERFn |EROn|  Recelve Butfer Full Fiag RxBFn
7 .0 Reset when receive data has bsen read from 0
) receive buffer {(Note 2)
Recelve Terminal Pin State RxDN Set when recelve data has been sent from shiit 1
input state of RxD,, pin is checked by RxDN bit register to receive buffer (Note 3)
All Sent Flag ASn Parity Error Flag ERPn
Reset when transmit data has been written to 0 Indicates that transmit parity was not consistent
transmit shifter with receive parity (Note 5)
Set when all the data In the transmit buffer and 1 Framing Error Flag ERFn
tranemit shift register has been sent (Note 1) Indicates that stop bit was not detected (Note 5)
Transmit Bufter Empty Flag TxBEn Overrun Error Flag EROn
Reset v:h;n :ran:lmit data has been written to 0 Indicates that succeeding receive has completed be-
transmit buffer (Note 1) fore the previous raceive data is taken over from the
Set when transmit data in transmit buffer has 1 tecelve buffer (Note 5)
beaen sent to shift register
Notes:
(1) Transmitter flags are resetto 1 when the value of elther the band
rate generator or serial control register is written,
(2) Recelve buffer full flag Is also reset when elther the band rate
generator or serial control register is wiritten,
{3) Recelve buffer full flag is not related to the recelve error state.
(4) Error flags are cleared when the next data byte Is recelved,
{8) Inthetable,n = 0or1,
Table 4. DMA Controller Operation
~ Single-Step Mode Burst Mode Single-Transfer Mode Demand Release Mode
Transmission Memory < memory Memory - memory Memory - I/O Memory - /O
coverage
Function Under one time of DMA Under ons DMA One DMA transter is DMA transmission is executed
request instruction, request, specified number  executed every time DMA while DMARQ terminal is kept
one bus cycle and one DMA  of DMA transmissions request ocours, high-level,
transmission are alternately  are executed.
executed the specifled
] number of times.
DMA start Rise of DMARQ Rise of DMARQ Rise of DMARQ High level of DMARQ
Setting TDMA bit of DMA Setting TOMA bit of DMA
control register con(rol register
Halt method  Depends on software None Depends on software Halted at low level of DMARQ
- during DMA transmission
Terminal count Terminal count Terminal count Terminal count
decremented from zero decremented from zero decremented from zero. decremented from zero
Interrupt All accepted Not accepted All accepted All accepted except
during DMA transmission during DMA transmission
During halt Specified times of DMA Specified number of DMA  Active Active
transmission are executed transfers are executad
~ cohsecutively consecutively
DMA request  DMA at channel 11s retained  Other DMA Is retalned untll DMA transmission under DMA at channel 1 is retained
during DMA  while DMA at channel 0 is DMA transmission request Is executed after one  while DMA at channel 0 is

transmission

exgcuted

is terminated,

DMA transmission {s over exscutad.
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DMA CONTROLLER

Two memory-to-memory transfer modes (single-step
and burst) are supported as well as two 1/O-to-memory
modes (single-transfer and demand release). Refer to
table 4.

The most significant V35 Plus enhancement boosts the

transfer rates of the dual internal DMA channels to full -

bus bandwidth. All operational modes remain the same
as the V35, but since the V35 Plus DMA controller Is
implemented in hard-wired logic, the control delays of a
microprogrammed method are not present, As a result,
the demand release mode transfer rafe boasts a theoret-
ical transfer rate of over 6M bytes per second.

The xPD70335 DMA control registers are moved froma the
internal RAM to the SFR area; thus the V35 Plus may
effectively have a larger internal RAM memory area than
comparable designs on the standard V35.

Additionally, the pPD70335 DMA controller uses linear
registers for both source and destination address point-
ers, Thus, three 8-bit registers completely specify the
DMA address pointers as shown in figure 17. These
pointers may be updated by byte (x1) or word (+2)
quantities as programmed in the DMA channel mode
register shown in figure 18. This register also specifies
the operational mode of the channel. The EDMA bit is
automatically cleared when terminal count Is reached,
and DMA requests are ignored when this bit is cleared.

Figure 17. DMA Address Registers

23 20 19

00400
0000

16 15 87 ) 0
SARNM SARnL
DARnM DARnL

|- Applied addresses (20 bits) —

n=0,1

SARnH
DARnH

83YL-67154

T-49~19-59
Figure 18. DMA Channel Mode Registers (DMAMn)

|M02|MD1|M00| w |eomatoma] o | o |

7 4}
MDo-MDyg Transfer Mode
000 , - Single-step (memory to memory)
001 Demand release (/O to memoary)
ct0 Demand releass (memory to /Q)
011 - Disabled
100 Burst (memory to memory)
101 Single-transfer (/O to memory)
110 8ingle-transfer (memory to 1/0)
111 Disabled
w Transfer Method
Q Byte transfer
1 Word transfer
EDMA TDMA  Transfer Condition
0 0 Disabled
A 0 DMA channel enabled )
1 1 Software Initlate DMA (memory to

memory modes)

The TDMA bit is only valid for single-step and burst
modes. This bit allows software initiation of the DMA
transfer (provided the EDMA bit is set); the bit always
reads as zero and has no meaning in the demand-release
or single-transfer modes. .

The DMA address pointers may be incremented or dec-
remented per transfer as specified in the DMA address
update register shown In figure 19. The address pointer
can also be programmed to remain the same, allowing
repeated transfers to or from a location. '

Figure 19. -DMA Address Control Registers
(DMAC) '
Lo |

0 |PD,|PDo|'o[o |PS1_|PSO|

7 0

PDy-PDy Destination Address Offset

00 No modification B

01 increment

10 Decrement

11 . No maditication
PS-P§, Source Address Offset

00 No modification

01 Increment

10 Decrement

11 No modification

The DMAAKn signals are not output for memory-to-
memory transfer modes, but are driven low for each
transfer 1/O to/from memory. Nominal DMA bus cycles
are three clock states; however, programmable wait
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states may be added. Wait statas for memory-to-memory
transfers are added to both source and destination
addresses as programmed for each specific address.

During memory-to-l/O transfers, the number of wait

T-49-19-59
Figure 23. Port Mode Control Register 1 (PMC1)

[PMG17|PMG16| PMG1s| PMG14 | PMG 15| PMC1s | PMC14 [ PMC1,]
7 ' 0

Port/Control Bit Selection

states inserted is determined by the slower of the source PMC1y
and destination. I/O-to-memory transfers add the num- 0 P171/0
ber of wait states required by the memory write address. 1 READY Input

. PMC1g Port/Control Bit Selection
PARALLEL I/O PORTS 5 PInTIO

[¢]
The uPD70335 has three 8-bit parallel I/O ports: PO, P1, 1 §CKO cutput
and P2. Refer to figures 20 through 24, Special function PMC15 Port/Control Bit Selection
register (SFR) locations can access these ports. The 0 Pig /O
port lines are individually programmable as inputs or 1 TOUT output
outputs. Many of the port lines have dual functions as ey, Por/Control Bit Selection
port or control fines. ] - —
0 P14 1/0 or POLL input
Use the assoclated port mode and port mode control 1 INT input
reglsters to select the made for a given 1/O lina. PMC13 Port/Control Bit Selection
The analog comparator port (PT) compares each input 0 INTP2/P13 Input
line to a reference voltage. The reference voltdge is 1 INTAK output
programmable ta be the (Vyy input pin} x n/16, where n = PMC1s Port/Control Bit Selectlon
1 to 16. See figure 25. % INTP1/P15 Input
0 INTP2/P13 input
Figure20. PortMode Registers 0and 2 (PM0O, PM2) PMC1, " PoryControl Bit Seleotion
| PMz | PMg | PMs | My | PMa | Mo | My | PMp | X INTPO/P14 Input
7 o PMC1p Port/Control Bit Selection
PMp, ' Input or Qutput Bit Selectlon X NMI/P1o Input
0 Output'port mode
1 - Input port mode

n = 7 through 0

Figure 21. Port Mode Register 1 (PM1)
[Ptz [ emtg fPMts [Py ] 1 ] 1 ] 1 ] 1 ]
7 0
PMC1, PMi,; Port Mode lnput/Qutput (Port P1n)

0 0 Qutput port mode .

0 1 Input port mode
n=1786,>5,or4.

Figure 22. Port Mode Control Register 0 (PMC0)

lemoor| — | - [ - -] - {-1-]
7 0
PMCoOy Port or Control Bit Selection

0 Port mode '

1 CLKOUT
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Figure 24. Port Mode Control Register 2 (PMC2)
|PMG2;|PMC2g) #MQ25| PMC24|PMG23 | PMG2o| PMO2; |PMG2,|
7 0

PMC2; Port/Control Bit Selection
0 110 port
1 HLDRQ output

PMC2; Fort/Contro! Bit Selection
0 1/O port
1 HLDAK input

PMC25 Port/Control Bit Selectlon
] 1O port
1 TCloutput

PMC2, Port/Control Bit Selection
0 /O port
1 DMAAKI output

PMC2, Port/Control Bit Selectlon
0 /O port
1 7 DMARQT Input

PMC2, Port/Control Bit Selection
X 1/0 port
0 TCO output

PMC24 Port/Control Bit Selection
X 1/O port
1 7 DMAAKO output

PMC2y Port/Control Bit Selection
0 /O pont
1 DMARQO input

Figure 25, Port T Mode Register (PMT)

Lol oo | 0 | PMT; | PMT, [ PMIT | pmT, |
7 0
PMT3-PMT, Vier

0000 V1 X 16/16

0001 VI X 1/16

0010 VrH x 2116

0011 Vry X 3/16

0100 VrH X 4/16

0101 Vry X 5/16

0110 VrH x 6/16

oti1 VI X 7/16

1000 Vg X 8/16

1001 Vry x 9/16

1010 Vi X 10716

1011 Vri x 1116

1100 VI X 12/16

1101 Vra X 13/16

110 VTHX14/16

1111 Vru x 15/16

PROGRAMMABLE WAIT STATE GENERATION

You can generate wait states internally to further reduce
the necessity for external hardware. Insertion of these
walt states allows direct interface to devices whose
access times cannot meet the CPU read/write timing
requirements. :

When using this function, the entire 1M-byte memery
address space is divided into 128K-blocks. Each block
can be programmed for zero, one, or two wait states, or
two plus those added by the external READY signal. The
top two blocks are programmed together as one unit.

The appropriate bits in the wait control word (WTC)
control wait state generation. Programming the upper
two bits in the wait control word will set the wait state
conditions for the entire I/O address space. Figure 26
shows the memory map for programmable wait state
generation; see figure 27 for a graphic representation of
the walt control word. :

Figure 26. Programmable Wait State Generation

FFFFFH
256K
CO0000H
R J‘
- L o
40000H
128K
20000H
oH 128K
49-001351A

STANDBY MODES

The two low-power standby modes are HALT and STOP.
Software can cause the processor to enter either mode.

HALT Mode

In the HALT mode, the CPU is inactive and the chip
consumes much less power than when operational. The
external oscillator remains functional and all peripherals
are active. Internal status and output port line conditions
are maintained. Any unmasked interrupt can release this
mode. In the El state, interrupts subsequently will be
serviced and the HALT state released. In the DI state,
program execution is restarted with the instruction
following the HALT instruction and the interrupt causing
the release from HALT will be latched.
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STOP Mode Figure 27. Wait Control Word (WTC)

The STOP mode allows the largest power reduction 101 | 100 | Block | Block | Block | Block | Block | Black
while maintaining RAM. The oscillator Is stopped, halt- 61 60 | & 50 | 4 40
ing the GPU and alt internal peripherals. Internal status: 7 Wait Control, High o
and port pin outputs are maintained. Only a RESET Of 500 T Biock | Block | Block | Block | Block | Block | Block
NMI can release this mode. 3 30 21 20 1 10 01 00
A standby flag in the STBC register is reset by rises inthe 7 Wait Control, Low 0
supply voltage. lts status is maintalned during normal

operatlon and standby. The STBC register (figure 28) s Walt States Blockn1 _ Block no
not initialized by RESET. Use the standby flag to deter- 0 . 0 0
mine whether program execution is returning from 1 0 1
standby or from a cold start by setting this flag before 2 1 0
entering the STOP mode. 2 or more (control from READY pin) 1 1
SPECIAL-FUNCTION REGISTERS n=0tue

Table 5 shows the special-function register mnemonic, ~ Figure 28. Standby Register (STBC)

type, ac}dress, reset value, and function.‘T‘he eight high- | o | 0 l P l 0 l P | o | | Ser !
ord9r bits of each address (xx) are specified by the IDB - 5
register.

SFR area addresses not listed In table 5 are reserved. I SBF Standby Flag

read, the contents of these addresses are undefined, and No changes in Vpp (standby)

any write operation will be meaningless. ! Rising edge on Vpp (cold start)

Table 5. Special-Function Registers

Address Reglster Function Symbol RW Manlipulation (Note 6) When Reset
xFOOH  Port0 PO RW 81 Undefined
FOTH Port mode 0 PMO w 8 OFFH
xxFO2H Port mode control 0 PMCo w 8 0oH
x¢FO8H Part 1 P1 R/W an Undefined
xxFogH Part mode 1 PM1 w 8 OFFH
xxFOAH Port mode control 1 PMC1 w 8 00H
wxF10H Port 2 P2 RW an Undefined
WF1tH Port mode 2 PM2 w 8 OFFH
xuF12H Port mode control 2 PMC2 w 8 00H
%F38H  Threshold pont PT R 8 Undefined
X¢F3BH Threshold port mode PMT R/W 8/1 00H
xxF40H External interrupt mode INTM RW 8/1 _ 00H

XF 44H Externat interrupt masto service control 0 (Note 1) EMSO0 RW 8/1 Undefined
xF45H External interrupt macro service contral 1 (Note 1) EMSt R/W 8/1 '

xxF46H Extarnal interrupt macro service control 2 (Note 1} EMS2 RW 8/

xx<F4CH External Interrupt request control 0 {Note 1) EXICO RW 8/ 47H
xxF40H External interrupt request control 1 (Note 1) . EXIG1 RW 8/

x(F4EH External interrupt fequest control 2 (Note 1) EXIC2 RW 81
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Address Reglster Function Syihbo{ R/W Manlputation (Note 6} When Reset
xxF 60H Recelve buffer 0 RxBO R 8 Undefined
xxF62H Transmit buffer 0 TxBO w 8

)O(FGSH Serial receive macro service control 0 (Nots 1) SRMS0 RW 81

X F66H Serial transmit macto service control 0 {Note 1) STMSO RW 81

xxF68H Serlal mode register 0 SCMo RW 81 00H
X(FE0H Serlal control register 0 §6Co RW 81

0 6AH Baud rate generator 0 BRGO RW 8l

xxF6BH Serlal status register 0 8870 R 8 60H
XFECH  Serlal arror interrupt request register 0 (Note 1) SEICO RW 8/ 47H
WF60H  Serial fecelve Interrupt request register 0 (Note 1) SRICO AW 8/1

F6EH Serlal transmit interrupt request register 0 (Nots 1) STICO RW 8/

xxF7QH Serial recelve butfer 1 RxB1 R 8 Undefined
xF72H Setial transmit buffer 1 TXB1 w 8

xF75H Se_rial receive macro service reglster 1 (Note 1) SRMS1 RV 8/1.

wF76H Serial transmit macro service register 1 (Note 1) STMS1 RW 81

xxF78H Serlal communlcation register 1 SCM1 RW 8/ 00H
xF79H  Serial control register 1 SCG1 RW 81

xF7AH Baud rate generator 1 BRGt RW 8N

xxF7BH Serial status reglster 1 SCS1 R 8 60H
xxF7CH Serial error interrupt request register | (Note 1) SEIG1 R/W 8/1 47H
xxF7DH Serial recelve Interrupt request register 1 (Note 1) SRICH RW an

xxF7EH Serlal transmit interrupt request register 1 (Note 1) STICH RW 81

xxF80H Timer registar 0 (Note 2) ] TMVO RAW 16 Undefined
xxFa2H Timer 0 modulo regtstar (Note 2) MDo RW 16

xxFagH Timer reqister 1 (Note 2) ™1 RW 16

x<F8AH Timer 1 modulo reglster (Note 2) MD1 RW 16

xxF90H Timer 0 control register (Note 2) T™MCo RW 8/1 o0o0H
XeFOTH Timer 1 control register (Note 2) TMC1 RW 8n

3xFg4H Timer unit 0 macro service register (Note 1) TMMS0 RW 8/1 Undefined
xxFO5H Timer unit 1 macro service register (Note 1) TMMS1 RW 8/1 .

xxFo6H Timer unit 2 macro service register {Note 1) T™MS2 R 81

xxFOCH Timer unit 0 Interrupt request register (Note 1) TMICO RW 8N 47H
soFQDH Timer unit 1 Inperrupt request ragister (Note 1} TMIC1 h/W 8n

xxFOEH Timer unit 2 interrupt request register (Nots 1) T™IC2 R/W 8f

xFAOH DMA addrass update contral register 0 DMACO RW 8/1 Undéfined
XFATH  DMA mode register 0 DMAMO AW 8N a7H
xxFA2ZH DMA addrgss update control register 1 DMACH R/W 81 Undefined
x<FASH  DMA modoe register 1 DMAMI  RW 8/ 00H
X<FACH DMA interrupt request control register 0 (Note 1) DICO AW 8/ 47H
xxFADH DMA Interrupt requast contol register 1 (Note 1) R/W 8/t

DIC1
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Table 5. Special-Function Registers (cont)
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(1) One walt state is Inserted Into accesses to these registers.

(2) A maximum of 6 wait states are added Into accesses to these
teglsters.

(8) Each bit of the standby control register can be set to 1 by an
Instruction; however, once set, bits cannot be reset to 0 by an
instruction (onty 1 can be written to this register).

28

{4 Upon power-on reset = Q0H; other = no change.

Address Reglster Function Symbol RW Manipulation (Note 6) When Reset
*xxFCOH DMA channel 0 source address polnter low SAEOL W 16/8 Undefined
XxFCIH  DMA channel 0 source address polnter mid SAEOM RW 16/8

. xﬁcFCOH DMA Channsl 0 scurce address polnter fow SAEOL RW 16/8
wFCIH DMA channel 0 source address palnter mid SAEOM RW 16/8
FG2H DMA channel 0 source address pointer high SAROH R/W 8
FC4H DMA channel 0 destination address polnter low DAROL RW 16/8
xxFC5H" DMA channel 0 destination address pointer mid DAROM RAWY 16/8
xxFC6H DMA channel 0 destination address polnter high DAROH W 8
xFC8H DMA channel 0 count register DMATCO RW 16/8
*<FDQH DMA channel 1 source address pointsr low SAR1IL RW 16/8
x<FD1H DMA channel 1 source address polnter mid SARTM R/W 16/8
xFD2H DMA channiel 1 source address pointer high SAR1H R/W 8
xxFD4H DMA channiel 1 destination address pointer low DAR1L B 16/8
xxFDSH DMA channel 1 destination addre_ss pointer mid DARIM RW "16/8 -
¥xFD6H DMA channel 1 destination address pointer high DAR{H RW 8
XFDBH  DMA channel 1 terminal count register DMATCT  RW 6/ 7
xxFEQH Standby control register §TBC RW 8N Undsfined

(Note 3) (Note 4)
xx<FE 1H Refresh mode register RFM RW 8/1 QFCH
FEBH  Walt state control WTGC RW 16/ OFFFFH
xxFEAH User flag (Note 5) FLAG R/W 8 00H
X<FEBH Processor control register PRC R/W 8/t 4EH
xxFECH Time base Interrupt request control register TBIC R/W 8/1 47H
{Note 1) 7

xxFEFH Interrupt factor register (Nots 1) IRQS R 7 8 Undefined
xFFCH interrupt priarity control register (Note 1) ISPR R 8 00H
xxFFFH Internal data area base DB RW e/ OFFH
Notes:

(5) Forthe userflag register (FLAG), manipulating bits other than bits
3 and 5 ts meaningless, The contents of user flags 0 and 1 (Fo and
F1) of the FLAG register are affected by manipulating FO and F1

of the PSW.

{6) The manipulation column indicates which memory operations
can read or modify the register according to the following key.

16~ Work operations
8 Byte operations
1 Bit operations
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ELECTRICAL SPECIFICATIONS Comparator Characteristics
VDD = +5V 210%; TA = —10 10 +70°C _

Absolute Maximum Ratings Parameter Symbol Min  Max  Unit Conditions
TA=25°C Accuracy VAcous +100  mv
Supply voltage, Voo 0810 #70V Threshold voltage Vey 0 Vop + 04V
Input voltage, V| "~06toVpp + 05V (= +7.0V) c orhparison fime toomp 64 o tovk
Qutput voitags, Vg ~065toVpp + 0.5V (s +7.0V) PT Input voltage  Vipr 0 Voo v
Thrashold voltage, Vi ~0.5to Vpp + 0.8V (< +7.0V) y
Output current, low; lo, : Capacitance

Each output pin 40mA Vop =0V} TA=25°C

Total 50 mA Parameter Symbol Min Max Unit Conditiona
Output current, high; Igy Input capacitance C 10 pF fo=1MHz

Each output pin -20mA  Qutput capacltance Co 20 pF unmeasured pins

Total =20 mA I/O capacltance Co - 20 pF returned to 0V
Operating ternperature rangs, Topt -10to +70°C
Storage tomperature range, Tstg -g65t0 +150°C  DC Characteristics :

Vpp = +6V *10%; T = =10 to +70 °C (Note 1)

Exposure to Absclute Maximurn Ratings for extended perfods may

affact device rellabillty; exceeding the ratings could cause pstmanent ~ Parameter Symbol  Min Typ Max Unit Conditions
damage, ~ Supply current,  Ipp 65 120 mA
operating ) 7
Supply Current vs Clock Frequency Supply current,  Ippa 25 50 mA
HALT mode
150 T =25°C Supply current,  Ippa 10 30 #mA
140 Voo =5V STOP mode
Typ. Sample VrH supply [ 05 10 mMA Vry=0toVpp
130 Spec. ™ | current
Point
120 - Input voltags, ViL 0 08 Vv
low
110 Spec. :
1 Point Input valtage, ViH1 22 Vop V Allinputs
100 high except RESET,
P1o/NMI, X1, X2
90
. ViHz 08X Vop V RESET, P1y
E 80 - VDD NM|, X1. X2
‘a Output voltage, Vo, 045 V oL =16mA
a7
£ low
60 Output voltage, Vou  Vpp V oy =-04mA
50 high ) - 10
input current N +20 pA EA, P1g/NMi;
40— Vi = 0to Vpp
10 Inputleakags Iy £10 pA Al except EA,
current Plg/NMI: V= 0
20 7 to Vpp
10 i i Output leakage |, *10 pA Vp=0%Vpp
ourrent
oL
¢ 1 2 3 4 s 6 7 8 9 i
foLk [MHz) Notes: _
830043314 {1) The standard operating temperatuse range is ~10 to +70°C.
However, extended temperature range parts (-40 to +85°C) are
avallable,
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AC Characteristics -
Vop = +6V £10%; Ty —10to +70°C; C_ = 100 pF (max)
Parameter ' Symbol Min Max Unit  Conditions
input tise, fall time tim tir 20 ns Except X1, X2, RESET, NMI
Input rise, fall time tRs: ties 30 ns - RESET, NM! (Schmit)
Output rise, fall time tom: tor 20 na Except CLKOUT
X1 cycle time tovx 62 250 ns
X1 width, low twxL 20 ns
X1 width, high twxH 20 ns
X1 rlge, fall time txm txF 20 ns
CLKOUT cycle time tovk 125 2000 ns
CLKOUT widih, low WKL 057 - 16 ns Notel
CLKOUT width, high twkH - 08T-15 ns
CLKOUT rise, fall time e ke 16 ns
Address delay time , toxa 15 20 ns
Addrass valld to Input data valid 1pAoR Th+15-70 ns Note2
MREQ to addrass hold time tHMRA 0.5T - 30 ns
MREQ to data delay tomap Tn + 2)-60 ns
MSTB to data delay tomMso T+ 1)-60. ns
MREQ to MSTB delay tOMAMSR | T-35 T+ 35 ns
MREQ width, low WMRL Tih+2)-30 ns
MRAEQ, MSTE to address hold time tHMA - 05T-30 ns
Input data hold time tHMD 0 ns
Next control setup time tsce T-25 ns
MREQ to TC delay time toMARTG 0.5T + 50 ns
MREQ delay time thaMA 0.5T - 30 ns
MSTE read delay time tpAmsR 05T-30 ns
MSTB width, low twMSLR Tin + 1) - 80 ns
Address data output toaow 0.5T + 50 ns
Data output setup time tsom Tn + 2)-50 ns
MSTE write delay time toamsw T{n + 0.8)- 30 ns
MREQ ta MSTB write dslay time tomemsw T+ 1)-35 T+ 1) +35 ns
MSTB wiite width low tmsiwy T-30 ns
Data output hold time tHMDW 05T - 30 ns
TOSTB delay time thals 0.5T - 30 ns
fOSTE to data input tniso Tin + 1) -60 ns
OSTB width, low twisL T+ 1) -30 ns
MREQ to [OSTB delay time toMRIS T-35 ns
Next DMARQ sstup time tspADG T-50 ns  Demand mode
DMARQ hold time tHoARQ 0 ns
DMAAK read widlh, low twoMAL Tih + 25) -30 ns
DMAAK write width, low twoMWL T(h + 2)-30 ns
DMAAK to TC delay time topATG 05T + 50 ns
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AC Characteristics (cont) _
Parameter Symbol Min Max Unit  Conditions
TC width, low WwroL h+2T-30 ns
REFRQ delay time toARF 0.5T -~ 30 ns
REFRQ width, low tWRFL T + 2) — 30 ns
Address hold time tHRFA 0.6T - 30 ns
RESET width low twRSLT 80 ms  Crystal osclilator; STOR/
Power on reset
twrsL2 8 7 5s System warm reset
MREQ, I0STB to READY setup time tsoRy T() — 100 ns na2
MREQ, [0STB to READY hold time ' tHory T ns n=z22
HLDRQ setup time tsHak 30 ns
FLDAK output delay time tDRHA 15 20 ns
Bus contro! float to HLDAK { icEHA T-50 ns
HLDAK f to control autput time toHAG T-50 ns
HLDRQ to HLDAK delay toHQHA 8T + 160 ns
HLDRQ | to control tloat time toHac 8T + 30 ns
HLDRQ width, low twHoL 1.5T ns
HEDAK width, low tWHAL T ns
INTF, DMARQ setup tsiax 30 ns
TNTF, DMARQ width, high twian 8T ns
INTF, DMARQ width, low twioL 8T ns
POLL setup time tspLK 30 ns
NMI width, high BANIH 5 6s
NMI width, low bl ] us
T3 width, low twotL o1 ns
INT setup time fs|aK 30 ns
INTAR delay time oA 15 80 ns
INT hold time fHia 0 ns
INTAK wildth, low BWIAL 27-a0 ns
INTAK width, high twiAH T-30 7 ns
TNTAK to data delay time toap 2T - 130 ns
INTAK to data held time tHiAD 0 0.5T ns
SORO (TSCK) cycle time oYtk 1000 ns
SCKO (TSCK) width, high twsTH 450 ns
§CRG (TSCK) width, low twsTL 450 ns
TxD delay time  toTKD 210 ns
TxD hold time tTKD 20 ns
G750 (RSCK) cycle time tovaK 1000 ns
CTS0 (RSCK) width, high twsRH 420 ns
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AC Characteristics (cont) .
Paramoter Symbol - Min Max Unit  Conditlons
CT30 (RSCK) width, low twshL 420 ns
RxD setup time , 1SROK 80 ns
Rx0 hold time tKRD 80 ns
Notes:
(1) T = CPU clock peried {tgyy.
(@) n = number of wait states inserted.
External System Clock Control Source Recommended Oscillator Components
I Ceramlc Resonator Capacitors
Internal Osclliator Manufacturer  ProductNe.  C1 (pF)  C2 (pF)
” Kyocera KBR-10.0M a3 33
o1 == J_ Murata Mfg. CSA.10.0MT 47 47
,”_I = GSA16,0MX040 30 30
e T TOK FCR10.M2S 30 30
-
. X2 FCR16.0M2S 15 6
Note; For a parallel resonant quartz crystel, STOP Mode Data Retention Characteristics
G1, C2 = 15 pF (racommended) Ta = —-10 to +70°C
Parameter Symbol Min Max Unlt
Data retention voltags Vobon 24 58 \
External Clock - -
Vpp rise time tavp 200 Bs
Clock X - Vpp fall time trvp 200 us
78HC10
X2
83587184 -
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T-49-19-59
Timing Waveforms :
Stop Mode Data Retention Timing AC Input 2 (RESET , NMI)
VDDOR
tRVD
a3-00431A
AC Input 1 (Except X1, X2, RESET , NMI) AC Output (Except CLKOUT)
24V 22V 22V
04V 08V 08V
fiR U toR t0F
83-004308A 83-0043074
Clock In and Clock Out
CLKIN1

(x1)

0.8Vpp
08V

CLKOUT \
N

KR — IKF
X|22v
0.8V
WKL i | tWKH
<+ toyk

83-0043043

33
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T-49-19-59
Memory Read -
} B1 } -B2 ' B3 |
+«—— QYK
CLKOUT /
| <«——»}-tDKA

4 / \
ADDRESS g K
N\ N\ 2

tHMRA — tDADR —> |<———»-lHMA
y———y
) 2
Dy5 - Do —4 : /
tDAMSR > toMsD  «——>tHMD
_ 4 s
w / | \
[<—tDMRD >
{DAMR 1« > WMRL e———— tS0C ——>

weTe \ J

~ 7
<t DMRMSR > Fe—tWMSLR —»

108TB

REFRG \
DMAAKI- .
DMAAKO

[¢—»— tDMRTC

To1- 760 4

- twrcl >

83IMB-0052768
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T-49-19-59
Memory Write i
} B1 } B2 } B3 i
le——tCYK - .
CLKoUT 7 :
tDKA
A
ADDRESS >§ . §<
N ] ] ] F,
tHMRA - - toamMsw I-——»—l HMA
. X.
tpaow t - tSDM >
RAW \
N
tDAMR —j« >
NMREG '\c
« LWMRL
N 4
MsTe :
{DMRMSW > tWMSLW

-
-]

REFRG \
OMAAKI- \n_____
DMAAKD

tDMRTC
71 -Tco

twTCL >
83B-0052778
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T-49-19-59
l/0 Read
f B1 t B82: ; B3 i
le———1tcYK
CLKOUT 7
V < tDKA

X : | X_
ADDRESS
- N 7

HMRA — l«—»—mm
ey
Dys <D { )
a >-tDISD |« tHMD
W / X «—{ DMRD > L
tDAMR = » e tWMRL - tsce

MSTB

tDAIS =

105TB
- «'DMHISJ <——-lw|s|_ﬁ
REFRQ \

DMAAK1- . —r
DMAAKO

83MB-0052788
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T-49-19~59

l/0 Write

CLKOUT A

ADDRESS

By5 > Do

tDADW -1 %

Tt tsDM >

N 2
tDAMR {= > 1500 ———>|
- X )
MREG \( ;Z
{WMRL
MSTE
tDAlS
—_— ' /
10578 7
e 7
F— tDMRIS Fe— tWisL—>

REFRQ ' \
DMAAKi- ~
DMAAKO 3

83MB-0052798
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DMA, I/O to Memory

T-49-19-59

<—lcyx—.l

ADDRESS

Dy5 - Do

S

MsSTB

10STB

DMARQQ-
PMARQ1

DMARKT:

DMAAKQ

761760

- tDKA

N W

tHMRA — tDAMSW tHMA

tDAMR - tWMRL e g 0

[t DMRMSW>| [e—tWMSLW ——>|

«—1SDADQ —>
- {HDADQ

\: : tWOMAL | 3
X 7|V \___

«—— IDMRTC

twrcL
83MB-0052608
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DMA, Memory to I/O

T~49-19-59

f——81

CLKOUT 7

B3

ADDRESS
'tHMRA —j«~—>] | tDAMSR »-tHMA
Dy5 - Do -
_ Y N -
{DAMR -}« > e tWMRL———>) 1sco >
| R . - .l .
MREQ \L Z \ !
\ .
MSTB N
[+t DMRMSR > [«—tWMSLR
10T
<—tSDADQ —>
< tHDADQ > i
e .
DMARGO- N\
DMARQ1 .
- —~ |« tWDMWL———> - -
DMAAKi. x \ ’
DMAAKD . N :
- le—»— t DMRTC . . . . -
Te1-Tco

twrcL —

- Do e AMEB-0052818

39
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Refresh

NIL&

T-49-19-59

-

<«—>]-tDKA

[«——tGoYK
CLKOUT y; 7

' s
ADDRESS >§(

Dig-Dp

- T >-tHRFA

tscc

MREQ

MSTB

10STB

{DARF —
TEFRG l= tWRFL
REFRQ

\

DMAAK1- q '
DMAAKO K
83M8.0052828
RESET 1
CLKOUT N

twaski————

W

3
W

AWV

RESET -/

40
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T-49-19-59
RESET 2
be- tWRsL2 —
RESET \l ;/
7 83-0043178
READY 1 _ 7
(H/W) L B1i l B2BAW . BAW . BAW/B2 . B3 y
I | — T L 1 1
oo NN\

ADDRESS )L X

——————1HcRAY

4——1tgcRY ——»

tgryKk — |+

tHKRY

READY ]L

433L-53¢28
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N E C ELECTRONICS INC

READY 2

NI

T-49-19-59

(RW) 1 B1 1 B2BAW

| BAw

| BAW/BW | BWI BZ ] B3 |

CLKOUT

1 1 |

ADDRESS x X

X

<+ tHoRY >
ISCRY - >
TEG _1 /
10STB
{SAYK
tSRYK P +—>

' N
READY \ \

K

thkay —1 € *|thkay +
8331-53934
HLDRQ/HLDAK 1

CLKOUT /_\_/—\_/

tsHaK

143

HLDRQ

1DKHA —>|

Bus control*

- tCFHA

HLDAK

*A19-Ao, D7-Do, MREQ, MSTH, iGSTB, R/W

) A

143

twHAL

tDHQHA »! |« tDHAC

83-0042208
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T-49-19-59

HLDRGQ/HLDAK 2

tsHaK
3
HLDRQ \

- 2

e—————twHaL ——»

Bus control* *

—»| 1OKHA - toHac

HLDAK

*A1g-Ag, D7-Do, MREQ, MSTE, 0SB, R/W

83-0033218
INTP, DMARQ Input
_ Isiok isiaK e
INTP, / 4“L - '
DMARQ" / X .
+— twioH 1 twiaL *|
*INTP2-INTPO, DMARGT-DMARQO
83-0043228
POLL Input
CLKOUT
tSPLK : FSPLK -
POLL /
83-0043238




pHPD70335 (V35 Plus)

NMI input

NEG

T-49-19-59

NMI _/

tWNIH

—

twhiL

83-0043248

CTS Input

CTS1-CTS0 /

\

cLKouT _/-_\_/__\_/_\_/_\_/—\__/_\—/—\_

—

tweTL

83-0043258

INTR/AINTAK

CLKOUT /\_/—\
1sIRK

-

2%
{y

tDKIA

VAVAVAVAVAVAVAN

tHialq T\

INTAK

D7-Bo

twiaL

/ IR

tDIAD

|

tsce

.

—» |HIADE

tscc

—_

83-¢043268




AN Sy uPD70335 (V35 Plus)

N E C ELECTRONICS INC

T-49-19-59
Serial Transmit :
- teYTK >
§CKO \
_/ ! / T\__
«————1WSTL tWSTH- = I tHTKD
i . <
XD 7 )
l«-{DTKD .
h 83MB-0052838
Serial Receive
> - —teYRK >
Y
CTso 5‘ ,/ \:
[e——t WSRL » f— tWSRH
| K_
RXD 7 7 )
i +—tSRDK —> |« -tHKRD =
83M3-0052848
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T-49-19-59
INSTRUCTION SET Symbols and Abbreviations (cont)
Instructions, grouped according to function, are de-  !dentifier  Description :
scribed in a table near the end of this data sheet.  farproc Procedure located in ancther pregram segment
Descriptions include source code, operation, opcode,  near-label Label in the current program segment
number of bytes, and flag status. Supplementary infor- o Label between —128 and +127 bytes from the end_
mation applicable to the instruction set is contained in label of Instruction
the following tables. far-label Label In another program segment
e Symbols and Abbreviations memptrié Word contalring the offset of the memory location
¢ Flag Svmbol within the current program segment to which
Flag Symbols ] , control is to be transferred
. _8' and ?(?"B't_ Reglsters. W!‘en mod = 11, the register memptr32 Double word containing the offset and segment
is specified in the operation code by the byte/word base address of the memory location to which
operand (W = 0/1) and reg (000 to 111). control is to be transferred
o Segment Registers. The segment register is specified  regptris 16-bit register contalning the offset of the memory
in the operation code by sreg (00, 01, 10, or 11). location within the program segment to which
. . , control Is to be transferred
¢ ,Memory Addressing. The memory addressing mode is
specified in the operation code by mod (00, 01, or 10)  pop-value 2‘;’2‘59{ of bytesil“ the 5‘2‘:}* to be discarded (0 to
and mem (000 through 111). ytes, usually even addresses)
o Instruction Clock Count. This table gives formulas for PP :'r‘]‘:‘::t’:r‘:aﬁt:a‘ﬁ"n'ﬁem{ ;heer':;gr:“’“"“ code of
calculating the number of clock cycles occupied by _ g-pomtop
each type of instruction. The formulas, which depend R Register set
on byte/word operand and RAM enable/disable, have W Word/byte fisld (0 to 1)
variables such as EA (effective address), W (wait  1oq Register field (000 to 111)
states), and n (iteratians or string instructions). mem  Memory field (000 1o 119)
Symbols and Abbreviations mod Made field (00 to 10}
tdentiiler Descrlption S:W V}lhen S:W = 01 or 11, data = 16 blts. At all other
oor 1000 ! ™ times, data = 8 bits.
re « O 10-Rit genserai-purpose register
g - 9 il ge X, XXX, Data to identlfy the Instruction code of the external
reg8 8-bit general-purpose reglister YYY, 22 floating point arithmetic chip
regl6 16-bit general-purpose register AW Accumulator (16 bits)
dmem 8- or 16-hit direct mernory location AH Accumulator (high byte) .
mem 8- or 16-bit memory location Al Accumulater (low byte)
mems 8-bit memory locatio_n BP Base polnter register (16 bifs)
memié 16-bit memory lecation BW BW register (16 bits)
mem32 32-bit memory location BH BW register (high byte)
sfr 8-bit spacial function register location BL BW register (low byte)
imm Constant (0 to FFFFH) cw CW register (16 bits)
Immi6 Constant (0 to FFFFH) CH CW register (high byte)
imms Constant (0 to FFH) cL CW register (low byte)
imm4 Constant (0 to FH) DW DW register (16 bits)
imm3 Constant (0 to 7) DH DW register (high byte)
ace AW or AL register DL _ DW ragister {low byte)
sreg Segment register sP Stack pointer (18 bits)
sre-table Name of 256-byte translation table PC Program counter (16 bits)
sre-block Name of block addressed by the IX register PSW Program status word (16 bifs)
dst-block Name of block addressed by the IY register X ' Index register (source) (16 bits)
near-proc Procedure within the current program segment Y Index feglster (destinaﬁén) (16 bits)
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N _ﬂ& HPD70335 (V35 Plus)

T-49-19-59
Symbols and Abbreviations {cont) Flag Symbols .
Identifier Descriptlon Identifier Description -
PS Program segment 'rsgister (16 bits) _ (blank) No change
§s ~ Stack segment register (16 bits) 0 ) Cleared to 0
DS, Data segment 9 ragister (16 bits) 1 Sstto 1
DSy Data segrment 1 register (16 bits) X Set or cleared according to the result
AC Auxiliary carry tlag U 7 Undefined
cY Carry flag R Value saved earller is restorad
P Parity flag
y Sign fiag 8- and 16-Bit Registers (mod = 11)
z Zero flag : reg w=o W=t
DR Direction flag ae0 , AL AW
IE - Interrupt enable flag oot oL - cw
v Overflow flag - oo bL il
BRK Break tlag 7 . on_ BL Bw
MD Mode flag . 190 AH sp
() Valdes in parentheses are memory contents 101 cH ) &P
disp Displacement (8 or 16 bits) 10 __DH X
exf-dlsp& 16-bit displacement (sign-extension byte + 8-hit m ' BH : ¥
displacemsnt) 7
ternp Temporary register (8/16/32 bits) Segment Registers
tmpey Temporary catry flag (1-bilt) sreg . Reglster
seg Immediate segment data (16 bits) 0 DS
offset Immediate offset data, (16 bits) o i Ps
- Transfer difection 7 10 S8 S
+ Addition n DSq
z Subtraction Memory Addressing
X Multiplication mem mod =00 mod = 01 mod = 10
* Diviston 000 BW+IX  BW+ IX+dieps  BW X £ diepit
* Moduto 001 BW+I  BW+IV+disps  BW + IV 4 dispie
AND Logical prodyct — 010 BP + IX BP + IX + disps BP + IX + dispi6
OR Logioal sum o BP + 1Y BP +IY + disp8  BP + IY + disp16
XOR Exclusive logleal sum 100 IX IX + disps X + dispi6
XXH - Two-digit haxadacimal value 101 Iy IY + disp8 I¥ + dispis
XXXXH Four-digit hexadecimal value 110 Direct BP + disps BP + displo
M BW BW + disps | BW + disp16
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Instruction Clock Count
Mnamonlc Qperand Clocks ) Mnemenlc Operand Clocks
ADD regs, reg8 2 CALL near-proc 21+W [17+W]
teg16, reg16 2 regptri6 21+W [17+W]
reg8, mems EA+7+W memptrig EA+24+2W [EA+22+2W]
reg16, mem1s EA+7+W 7 far-prac 36+2W [32+2W)
mems, 16g8 EA+10+2W [EA+7+W] memptro2 EA+32+4W [FA+20+4W]
Vreg16. mem1i6 EA+10+2W [EA+7+W] CHKIND regi6, mem32 EA+24+2W
reg8, Imm8 5 CLRt (61 4 2
mem1g, Imm16 6 DIR 2
mems,immg EA+11+2W [EA-+-9-+2W] reg8, CL 8
“mem16, [mm16 EA+12+2W [EA+8+2W] reg1s, CL 8
AL, imms 5 mems, CL EA+16+2W [EA+13+W]
AW, imm16 6 - memis, CL EA+16+2W [EA+13+W]
ADD4S 22+ (30+3W)n [22+ (28+3W)n] reg8, imm3 7
ADDC Same as ADD reg16, imm4 7
ADJ 4A - 9 mem§s, imm3 EA+13+2W [EA+10+W]
mem16, imm4 EA+13+2W [EA+9+W]
ADJ4S 9 CMP regs, reg8 2
ADJBA 17 regi6, regié 2
ADJBS 17 reg8, mems EA+7+W
AND reg8, rags 2 reg16, memis EA+7+W
regis, regié 2 mems, reg8 EA+7+W
t0g8, mem8 EATTHW mem16, regis EA+7+W
1egi6, mem16 EA+7+W reg8, imma 5
mems, regs EA+10+2W [EAT7+W] ::912' :;T\me ;
memi6, regls  EA+10+2W [EA+7+W] 9%,
- - mems, imms EA+8+W
(o S e o memi, imm8  EA+9+W
g1, memi6, immis  EA+9+W
meins, Imms EA+11+2W [EA+9+2W] AL, imm8 T s
mem16, imm16  EA+12+2W [EA+8+2W] AW Imm16 6
AL, Imms 5
AW, imm1s 6 CMP4s 22+ (25+2wWin
o CMPBK mems, mem8 25+2W [21+2W]
Beond {conditicnal branch) 8oris memi6, memi6  25+2W [19+2W]
Bowz . Borts CMPBKS 16+ (23+2W)n
BR near-label 12 -
shortlabel 12 CMPBKW - 16+ (28+2W)n
e 8
memptrié EA+16+W
farlabel 5 CMPMB n>1 164 (16+Win
memptra2 EA+23+2W CMPMW n>1 16+ (16+2W)n
BRK 3 50+5W [38+5W] CVTBD 19
Imm8 5145W [39+5W] ovTBW 3
BRKGS 15 CviDs 20
BRKV 50+5W [38+5W] 7 GVTWL 3
BTCLA 2 DBNZ 8ori7
BUSLOCK 2 DBNZE 8or17
8ori7
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T-49-19-59
Instruction Clock Count (cont) :
Mnemonie Operand Clocks Mnemonlc Operand Clocks
DEG regs 5 MOV regs, reg8 2
reg1o 2 reg16, regie 2
mem$8 EA+13+2W [EA+11+2W] reg8, mems EA+7+W
memis EA+13+2W [EA+9+2W] regi6, mem16 EA+7+W
DI ' 4 mems8, regs EA+5+W [EA+2]
DISPOSE 1+W mam16, reg16 EA+5+W [EA+2)
biv AW, reg8 46-56 gt mmte o
AW, mems EA+49+W to EA+59+W i
DWAW, 10916 54-64 i mems§, Imms EA+6+W
DW: AW, mem16  EA+67+W to EA+67+W memi6, imm16  EA+6+W
: AL, dmem8 10+W
P Q\V\vi o H. AW, dmem 18 10+W
dmems, AL 8+W [5)
DWAW.regis 89 dmem1s, AW 8+W [5]
DW: AW, mem16  EA+43+2W
. " sleg, reg1s 4
Dso: 2 sreg, mem16 EA+9+W
oSt 2 regi6, sreg 3
El 12 mem1i6, sreg EA+6+W [EA+3]
EXT regs, reg8 41121 AH, PSW 2 -
regs, imm4 42-122 PSW, AH 3 -
FINT 2 D80, reg1s, EA+17+2wW
memptrd2
FPO1 55+5W [43+5W] DS1, reg16, EA+1742W
FPO2 55+86W [43+5W] memptr$2
HALT N/A MOVBK mem8, mem8 2042W [174W]
IN ] AL imrﬁs 15E+W mem16, memi6  22-+2W [19+W)]
AW, imm8 15+W MOVBKB n>1 16+ (18+2W)n [16+ (13+W)n]
AL, DW 144+W MOVBKW n>1 16+ (18-+2W)n [16+ (10 +W)n]
AW, DW 14w MOVSPA 1o i
ING rog8 5
reg16 2 MOVSPB regie 1
MuL AW, AL, reg8 31-40
mems8 EA+13+2W [EA+11+2W] P A
memis EA+13+2W {EA+9+2W)] AW, AL, mems8 EA+344+W to EA+43+W
INM mems, DW 21+2W [19+2W] im';w' AW, 89-48
reem16, DW 19+2W [15+2W] DWAW, AW, EA-+42+W to EA+51+W
mem§8, DW 18+ (15+2W)n [18+(13+2W)n] mem16
mem16, DW 18+(18+2W)n [18+(9+2W)n] pr—— 3949
INS regs, regs 63-155 imms
reg8, imm4 64-156 reg16, memte, EA+42+W to EA+52+W
LDEA EA+2 immg
LOM risms 13+W reg16, reg1s, 40-50
mem16 18+W Immi18
regi6, memis, EA+43+Wto EA+53+W
LDMB n>1 16+ (11 +Wn imm16 o
LDMW n>i 16+(11+W)n MULU regs 24
mem8 EA+27 +W
regié 32
memi6 EA+33+W
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Instruction Clock Count (cont)
Mnemonle Operand Clocks Mnemonle Operand - Clocks
NEG reg8 5 PREPARE immi16, imm8 Imm8 = 0:26+W
regi6 5 imm8 = 1137+2W
Tems EA+13+2W [EA+10+W] ‘(':E‘% o T S
merni6 EA+13+2W [EA+10+W] =
NOP 4 P8 2
PUSH regl6 134+W [9+W]
NoT reg8 5 tmem16 EA+16-2W [EA+1242W]
ragié 5
mems EA+13+2W [EA+10+W] gss‘ . v {{:’,}
memi6 EA+13+2W [EA+10+W]
. 8s 10+W [7]
NaTt oY 2 DSO 10+W [7]
reg8, CL 7 PSW. 9+W [6]
re_g16, CL 7 R 74+8W [50]
mem8, CL EA+16+W [EA+12+W] > -
. imm8 12+W [91
memi6, CL. EA+1542W [EA+12+W] mmi6 13+W [10]
regs, Imm3 6 '
12g16, Immd 6 7 REP 2
mems, Immd _ EA+12+2W [EATI+W] REPE 2
memis, imm4 EA+12+2W [EA+S+W] REPZ 2
OR regs, regd 2 REPC 2
reg16, regié 2 REPNG 2
reg8, mems EA+74+W
tegi6, memis  EA+7+W REPNE 2
mem, reg8 EA+104+2W [EAH7+W] REPNZ 2
mem16, teg16 EA+104+2W [EA+7+W] RET nulf 19+W
rag8Jmme 5 pop-value 19+W
regi6, Imm16 6 - . null 27+2W
mems, Imm8 EA+11+2W [EA+9+2W] pop-valus 28+2W
mem16, Imm1é EA+12+2W [EA+8+2W] RETI 40+3W [34+W]
AL, Imm8 5 RETRBL - 12
AW, Imm16 6 ROL regs 1 8
ouT Imms, AL 11+W regig, 1 8
' Imms, AW 9+W mems, 1 EA+16+2W [EA+13+W]
DW, AL 104+W memie6, 1 EA+16+2W [EA+13+ W]
DW, AW - _8+W reg8, GL 11+2n
QUTM DW, mems8 21-+2W [19+2W] regie, CL 11+2n
DW, mem16 19-+2W [15+2W] mem8, CL EA+19+2W+2n
DW, mems8 18 + (15-+2W)n [EA+16+W+2n]
{18+ (13 +2Winj memig, CL EA+19+2W-+2n
DW, mem16 18+ (13+2W)n [EA+16+W+2n]
(18 +(0 +2Wjn] reg8, imms 9+2n
POLL N/A reg16, imm8 9+42n
POP regié 11+W mem8, Imm8 EA+15+2W+2n
mem16 EA+14+2W [EA+11+W] [EA+12+W+2n]
080, 1 121w mem16, imm8 EA+16+2W4-2n
ss 2w {EA+124+W+2n]
ROL4 regé 17
DSO 12+W
PSW Y34 W ) mems8 EA+20+2W [EA+18+2W]
R 74+8W [58] ROLC Same as.ROL
ROR Same as ROL
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Instruction Clock Count (cont) ) _
Mnemonic  Operand Clocks Mnemonlc Operand Clocks
ROR4 regs 21 TEST1 regs, CL 7
) mems EA+26+2W [EA+24 +2W] reg16, CL 7
RORC Same as ROL mems, CL EA+124+W
SET1 oY 2 memig, GL EA+12+W
DIR .2 reg8; imm3 6
reg8, CL 7 reg16, immé4 6
fegi6, CL 7 mems, imm3 EA+9+W
mems, CL EA+15+2W [EA+12+W] memi6, imm4  EA+9+W
mem16, CL EA+15+2W [EA+12+W] TRANS 1M+W
18g8, imm3 6 TRANSB 114+W
regi16, imm4 6 . TSKSW 20
mems, imim3 EA+12+2W [EA+9+W]
¢ XCH regs, regs 3
mem16, imm4 EA+124+2W [EA+9+W) reg16, reg16 3
SHL Sams a5 ROL mems, reg8/ EA+12+2W [EA+9+W]
SHR Same as ROL reg8, mems
SHRA Same as ROL mem16, reg16/ EA+12+2W [EA+9+2W]
ss: 2 reg16, memie '
sT™ mem8 13- W [10] A :
mem16 18+W (10] , e'5,
STMB n> 1 16+ (9+W)n [16+ (7 + W] XOR Same as AND
STMW n>i 16+ {9-+W)n [16+ (5 +Win] Notes:
STOP N/A {1) lithe number of clocks Is not the same for RAM enabled and RAM
disabled conditions, the RAM enabled value Is listed first, fol-
sus Same as ADD lowed by the RAM disabled value In brackets; for example,
suB4s 22+{30+3W)n EA+8+2W [EA+6+W]
[22+(28 +3W)n] (2} Symbols in the Clocks columi are defined as follows.
susc Same as ADD EA = additional clock cycles required for caloulation of the
- effective address
TEST regs, regs 4 = 8 (mod Q0 or 01) or 4 {mod 10}
regi6, reg16 4 W = number of wait states selected by the WTC register
tegs, mems EA+12+W n e =l ‘number of iterations or string Instructions
teg16, mem16 EA+11+2W
mems, regs EA+12+W )
memis, reqté EA+11+2W
reg8, imms 7
reg16, imm16 8
mem8§, Imm8 EA+9+W
mem16, imm16 EA+10+W
AL, imm8 5
AW, imm16 6
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(1) The listed DMA latency times are the maximum number of clocks
when a DMA request is asserted untit DMAAK or MREQ goes low

In the correspending DMA cycle.

(2) The test conditions are: no wait states, no interrupts, no mac-

roservice requests, and no hold requests.
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Instruction Clock Count for Operations
Byte Word
RAM Enable  RAM Disable RAM Enable RAM Disable
Context switch interrupt - - 33 33
DMA (Single-step mode) 6+2W 64-2W 6+2W - 6+2W
DMA {Demand release mode) 3+W 3+W 3+W 3+W
DMA (Burst mode) (6+2W)n 6+2W)n (6+2W)n {6+2W)n
DMA (Single-transfer mode) 3+W 3+W 34+W 3+W
Interrupt (INT pin) - - &7+3W B574+3W
Magro service, sfr < mem M+W 284+W S1+W 264+W
Magto service, merm + sir 28+W 274+W 28+W 27+W
Macto service {Search char mode), sfr «— mem 34+W 4+W - -
Macro service (Search char mode), mem « sfr 44+W A+W - -
Prlority Interrupt (Vectored mode) - - 55+5W £5+8W
NMI (Vectored mode) - - 53+5W 7 53 +5W
W = number of wait states inserted into external bus cycle
_n = number of iterations -
N = number of clocks to complete the Instruction
currently executing
Bus Controller Latency Interrupt Latency
Clocks Clocks
Latnecy Mode * Typ Max Source Typ Max
Hold request  Refresh active 94+48W  NMIpin 124N B+N
Intack active 104-2W INT pin 8+N 8+N
No refresh or intack 7+2W All'others 27+N 7 18+N
DMA request Burst 3 1442W
(Notes 1.2} ginglestep 3 1442w
Demand releas 3 14+2W
" Single-transfer 4 ' 14+2W
Notes:
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Instruction Set )
) Operation Code Flags
Mnemonic Operand Operatlon 7 6 5 4 3 2 1 0 Bytes AC CY V P § 2
Data Transfer _ )
MOV reg, reg reg « reg 1000 101W 2
1 1 reg reg
mem, reg (mem) « reg i 0 00 1 0 0 W 2-4
mod reg mem
reg, mem reg « (mem) 1 0 0 0 i 0 1 W 2-4
) mod reg mem
mem, imm {mem) + imm i1 0 0 01 1 W 3-6
) mod O O 0 mem
reg,imm reg « imm 1 0 1 1 w reg 2-3
ace, dmem WhenW = 0: AL « (dmem) 1 01 0 0 0 0 W 3
WhenW =1;AH « (dmem + 1),
AL + (dmem) )
drmem, acc WhenW =0: (dmem) « AL 1 0 1 0 0 0 1t W 3
WhenW = 1:(dmem + 1) « AH,
(dmem) « AL
sreg, reg16 sreg + reg16 sreg:SS, DSO, DS 1 00 0 i1t 1 0 2
1 0 sreg reg
sreg, mem16 ' sreg + (memi6) sreg: SS, DSO, DS1 1 0 0 O 11 1 0 2-4
- mod 0 srag mem
regi6, sreg reg16 + sreg i 0 0 o 11 0 0 2
] 7 1 1.0 sreg rég
mem16, sreg (memi6) + sreg 1 0 0 0 11 0 0 2-4
mod O sreg mem
DSO.7egl6,  regl6 « (mem32), 1. 100 010 1 24
mem32 DS0 « (mem32 + 2) mod rag mem
DS1,regi6, regl16 « (mem32), 1100 010 0 24
mem32 DSt « (mem32+2) med reg mem
AH, PSW AH « 8,2,%,AC,x, P, x, CY 1 001 11 1 1 1
PSW, AH S,Z,x,AC, 5, P,x,CY + AH 1 0 0 1 1T 1 1 0 1 X X X X X
LDEA  regi6,memi6  regl6 < memi6 1 000 1 1 0 1 24 '
) ) ) ) mod reg mem
TRANS  src-table AL « {BW +AL) 1 1 1 1 1
XCH  reg.reg reg « reg 10 0 11w 2
1 reg reg
men, reg (mem) & reg 1 0 0 0 01 1 W 2-4
orreg, mem mod reg mem
AW, regis AW e regl6 1 0 0 0 reg 1
orregig, AW
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Mnemonic Operand Operation

Operation Code
5 4 3 2

0

Bytes

3 Flags
AC CY V P 8§ 2

Repeat Prefixes

REPC While CW = 0, the nextbyte of the
primitive block transferinstructionis
executed and CW is decremented (—1).
Ifthereis awaiting interrupt, itis
processed. When CY =1, exitthe loop.

REPNC While CW = 0, the nextbyte of the
primitive block transfer instructionis
oxecuted and CW isdecremented (~1).
it there is a waiting interrupt, itis
pracessed. When CY = 0, exitthe loop.

REP While CW # 0, the nextbyte of the
REPE primitive block transfer instruction is
REPZ executed and CWis decremented (—1).
Itthereis awaiting interrupt, itis
processed. Ifthe primitive block transfer
instructionis CMPBK or CMPM and
Z# 1, exittheloop.

REPNE While CW = 0, the nextbyte of the
REPNZ primitive bfock transfer instructionis
executed and CWis decremented {—-1).
Itthereis a waiting interrupt, itis
processed. If the primitive block transfer
instruction is CMPBK or CMPM and
Z = 0, exitthe loop.

Primitive Block Transfer

MOVBK  dst-block, WhenW =0:(lY) « (IX)
sro-block DIR=0:IX &« IX+1,IY «I¥Y+1
DIR=1:1X & IX-1,IY « IY-1
WhenW =1:{IY + 1, 1Y) « (IX + 1,1X}
DIR=0:X « IX+2,IY 1Y +2
DIR=1:1X « IX=-2,lY «1Y-2

CMPBK  src-block, WhenW = 0:(IX)- (1Y)
dst-black DIR=0:IX & IX+1,IY « 1Y +1
DIR=1:IX & IX~-1,1Y « lY-1.
WhenW = 1:(IX+ 1,1X)=(Y +1,1Y)
DIR=0:IX + IX+2,1Y «+ Y +2
DIR=1:IX « IX-2,1Y « IY-2

CMPM dst-black WhenW = 0:AL~(lY)

DIR=0:1Y « IY +1;DIR=1:1Y « IY-1

WhenW = 1: AW-(IY + 1, 1Y)

DIR=0:lY « Y +2;DIR=1:IY «Y-2

LOM sre-block WhenW = 0: AL « (IX)

DIR=0:1X « X+ 1;DIR = 11X « IX~1

WhenW = 1: AW « (IX + 1, 1X)

DIR=0:IX « IX+2;DIR=1:1X « IX-2

ST™ dst-block WhenW =0:(lY) « AL

DIR=0:1Y « Y+ 1;DIR=1:Y « Y1

WhenW=1:(IY +1,1V) « AW

DIR=0:lY « IY +2;DIR=1:IY « 1Y-2
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Instruction Set (cont) )
Operation Caode o Flags
Mnemonlc Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P § 2
Bit Fleld Transfer
INS reg8, rag8 16-bitfield « AW 0 6 0 0 1 1 3
0 0 1 1 0 0 0 1
11 reg reg
reg8, imm4 16-bitfield « AW 0 0 0 0 11 1 4 4
¢ 0 1t 1 1 0 0 1
1100 0 reg
EXT reg8, regs AW + 16-bitfield 0 0 0 0 1 1 1 3
0011 001 1
. i1 reg reg
rag8,imm4 AW « 16-bitfisld 0 0 0 0 1 1 1 1 4
o0 0 1 1 0 1 1
11 0 ¢ 0 reg
110
IN ace, imms WhenW = 0:AL « (imm8) 111 0 0 1 0 W 2
WhenW = 1:AH + (imm8 + 1),
AL « (imm8)
ace, DW WhenW = 0:AL « (DW) 11 1 0 1 1 0w 1
. WhenW = 1:AH « (DW + 1),
AL+ (BW)
ouTt imm8, acc WhenW = 0: (imm8) « AL t 1 1 0 o 1 1w 2
WhenW = 1:(imm8 + 1) « AH,
(imm8) + AL
DW, ace WhenW =0:(DW) « AL 11 1 0 1 1 1w 1
WhenW = 1:(DW + 1) « AH,
{(DW) « AL
Primitive Block 1/0 Transfer
INM dst-block,DW  WhenW = 0:(IY) « (DW) 01 1t 0 {1+ 1 0w 1

DIR=0:1Y « 1Y +1
DIR=1:lY «1¥Y-1
WhenW = 1:(IY + 1,1Y) «
(DW + 1,DW)
DIR=0:lY «I¥Y +2
DIR=1:lY «IY-2

OUTM DW, sre-block WhenW = 0:{DW) « (IX) 0 1 1 0 11 1w 1
DIR=0:X « IX+1
DIR=1:IX « IX~1 -
WhenW = 1:(DW + 1,DW) «
(IX+1,1X)
DIR=0:1X ¢ IX +2
DIR=1:1X « IX-2
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Instruction Set (cont) , T-49-19-59
Operation Code Flags
Mnemonic Operand Operatlon 7 6 5 4 3 2 1 0 Bytess AC CY V P S Z
Addltion/Subtraction . 7
ADD ‘reg,reg reg «reg +reg o000 O0O0 1 W 2 X X X X X x
) reg reg
mem, reg (mem) « (mem) + reg o 0 0 O 0 0 0 W 2-4 X X X X X x
) mod reg mem
reg, mem reg + reg -+ (memy} ¢ 0 0 ¢ 0 0 ' 1w 2-4 X X X X X X
mod reg mem ' _
rag, imm reg « reg +imm 1 0 0 0 0 0 § W 3-4 X X X X X X
1 00 0 reg
mem, imm (mem) + (merh) +imm . 1 0 0 0 0 0 S W 3-6 X X X X X X
) ) mod O O 0 mem
ace,imm WhenW = 0:AL + AL + imm 0000 01 0WwW 23 X X X X X X
‘WhenW =1: AW « AW + imm :
ADDC reg,reg teg «reg +reg +CY 00 0 1 0 0 1 W 2 X X X X X X
) - reg reg )
mem,reg (mem) + (mem) + reg + CY 00 01 00 0 W 24 X X % X x x
mod reg mem _ _
reg, mem .reg + reg + (mem) + CY 0 0 0 1 0 0 1 W' 2-4° X X X X X X
mod reg ~ mem :
reg,imm ' reg «+ reg +imm+ CY 1 0 0 0 ) 0 0 S W 3-4 X X X X X X
11 0 1 0 reg
mem,imm {mem) + (mem) + imm + CY . 1 0' 00 0 0 s W 3-6 X X X X X X
mod 0O 1 0 mem
ace, imm WhenW = 0:AL + AL +imm + CY 0 0 o0 1 0t 0 W 28 X X X X X X
WhenW = 1: AW « AW + imm + CY
sus reg,reg reg +reg —reg 0 0 1 0 f 0 1 W 2 X X X X X X
71 1 reg reg
mem, reg {mem)} + (mem) —reg 0 0 1 0 1 0 0 W 2-4 X X X X X X
] mod reg mem
reg, mem reg « reg — (mem) O 01 0 1 0 1 W 2-4 X X X X X X
mod reg mem
reg, imm reg « reg—imm ' 1 0 0 0 0 0 8§ W 3-4 X X X X X X
1 1 0 1 reg
mem, imm {mem) + (mem) — imm - 10 Q Q 0 0 8§ W 3-6 X X X X X X
) mod 1 0O 1 mem
acc, imat WhenW =0:AL « AL —imm 0 0 1 0 1 1 0 W 2-3 X X X X X X
) WhanW = 1: AW « AW — Imm
SUBC reg,reg reg zegufeg-CY 0 0 0 i i 01 W 2 X X X X x X
i1 reg reg
mem, reg (mem) ¢ {mem)—-reg—CY 0 0 0 1 i 0 0 W 2-4 X X X X X X
med reg mem
reg, mem reg + rag-{mem)-CY 0 0 0 1 1 01 W 2-4 X X X X X
mod _ Teg mem
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand ~ Operation 7 6 6§ 4 3 2 1 0 Bytes AC CY V P § Z
Additlon/Subtraction (cont) 7 _
8usc reg, imm reg ¢ reg—imm-CY 1 00 0 0 0 8 W 3-4 X X X X X X
1 o 1 1 reg
mem, imm (mem) « (mem)-imm-CY 1 0 0 © 0 0 S wW 3-6 X X X 'x X X
) ) med O 1 1 mem
acc, imm WhenW = 0:AL « AL-imm~GY 0001 1 10W 23 x x x x x x
WhenW = 1AW « AW-imm~CY
BCD Operation )
ADD4S dstBCD string + dstBCD string 0 0 0 0 11 1 1 2 U X U u u x
- + src BCD string 0 0 1 0 0 6 0 0
SuUB4S dstBCD string + dstBCD string 0000 1 1 i 1 2 u X U u u x
- st¢ BCD string 0 0 1 o 0 0 1 0
CMP4S dst BGD string —sre BCD string 00 00 1 1 1 1 2 Uu x u u u x
0 0 1 0 01 1 0
ROL4  reg8 - AL ¢ 7 rs o 0000 1111 g
l Bits 7-4 ! Bits 3.0 |<._| Bits 74 | Bits 30 | 0010 1000
J— L " T i1 00 0 reg
mem8 7 AL 0 7 mems 0 0 0 0 0 1 1 11 3-5
I Bite 7-4 | Bits 30 |<—l Bita 7-4 , Bits 30 | 0 010 10600
L 1\ mod O O 0 mem
RORS reg8 ; o o,  m o 0 0 O 111 3
IESH l Bits 3-0 I——)Lﬁits7-4 I Bits @o] 0 0 1 01 0
| i 1t 0 0 reg

t

mem8 AL ¢ 7 mems g 0 0 0 0 1 1 1 { 3-5

[Bﬂsulaizsa-o|———>lans7-4|ansa-o| 0010 101 0

med 0 O 0 mem

BCD Adjust

ADJBA When (ALANDOFH)>90rAC = 1: 0 0 1 1 ¢ 1 1 1 1 X X U u u u
AL « AL+6,AH « AH+1,AC « 1,
CY « AC, AL +~ ALANDOFH

ADJ4A When (ALANDOFH)>90rAC=1: ¢ 01 0 0 1t 1 t 1 X X U X X X
AL « AL +6,CY « CYORAC,AC « 1,
When AL >9FH,orCY = 1:
AL + AL + 60H, OY + 1

ADJBS ' When (ALANDOFH) > 90rAC =1: 0 0 1 | 1 1 1 1 1 X X U u u u
. CY « AC, AL « ALAND OFH
ADJ4S When (ALAND OFH)>90rAC =1: o 0 1 0 11 1 1 1 X X u X X x

AL « AL —-8,CY + CYORAC,AC « 1,
WhenAL>9FH,orCY =1:
AL + AL +60H,CY « 1
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Instruction Set (cont) : -
Operation Code Flags
Mnemonic Operand Operatlon 7 6 5 4 3 2 1 0 Bytes AC CY V P S 2
Increment/Decrement ]
INC reg8 reg8 « reg8 + 1 1 1 1 1 1 1.1 0 2 X X X X X
11 0 0 0 reg
mem {mem) « (mem) + 1 o T 1 1 1 11 1 W 2-4 X X X X X
mod 0 O 0 mem
regi6 regif « regl6 + 1 01 0 0 0 reg 1 b4 X X X X
DEC reg8 reg8 « reg8 — 1 i 1 1 1 111 0 2 b4 X X X X
1 1 0 0 1 reg
mem {mem) « {(mem) —1 L S B 11 1 W 2-4 b X X X X
. ) ) mod 0 O 1 mem
regl6 reg16 « regl6 -1 0 1 0 0 1 reg 1 X X X X X
Multiplication _
MuULU regs AW « AL xreg8 A R B A | 01 1 0 2 u X X u u u
AH=0:CY «+0Q,V+«0 .
| AH=0:CY 1,V e 110 0 e
mem8 AW « AL x(mem8) 11 1 1 o1 1 0 2-4 u X %X U u u
AH=0:CY «0,V «0 -
AHz20:CY 1, V&1 med 1.0 0 mem
regi6 DW,AW « AWxregi6 i +1 1 0 1 1 1 2 u X X u u u
DW=0:CY « 0,V &0 1 1 1 0 " e
P DW#0:GY &1,V e 9 _
mem1i6 DW, AW + AW X (mem16) 1 1 1 1 o 1 1 1 2-4 u X X u u u
DW=0:CY «0,V«0 : d 1 o 0 mem
DW= 0:CY & 1,V & 1 ma _
MUL reg8 AW « AL Xreg8 i1 1 1 o 1t 1 0 2 u X X u u u
AH = AL signexpansion:CY «+ 0,V « 0 11 0 1 re
AH = AL signexpansion:CY « 1,V « 1 9
mem8 AW & AL x(mem8) L D | 01 1 ¢ 2-4 u X X U u u
AH = AL signexpansion:GY « 0,V «+0
mod 1 O mem

AH # AL signexpansion:CY « 1,V « 1

reg16 DW, AW « AWxregl16 L T | o1 1 1 2 u X X U u u
DW = AW sign expansion:CY « 0,V « 0
DW = AW signexpansion:CY « 1,V « 1

mem16 " DW, AW « AWxX(mem16) 1111 01 11 24 u X X u U u
DW = AWsignexpansion:CY « 0,V « 0

DW = AW signexpansion:CY « 1,V « 1 mod 1 0 1 mem
regis, regi6 « regl6ximms 0 1 t 0 1.0 1 1 3 u X X U u u
reg16, Product =16bits:CY + O,V + 0 11 re' o
imm8 Product> 16bits:CY « 1,V « 1 9 9
reg16, regi6 « (memi6) ximm8 ' o1 10 1011 35 u x x u u u
memi16, Product = 16 bits:CY «+ 0,V + 0 mod o ] mem
imm8 Product > 16 bits:CY « 1,V « 1 9 _
reg16, regl6 & regibximmi6 . ) 0 1 1 0 i 0 0 1 4 u X X U u u
reg1e, Product= 16bits:CY « 0,V « 0 -
imm16 Product> 16 bits:CY « 1,V + 1 L reg reg
reg16, reg16 « (mem16) ximm16 0o 1t 1 0 1 0.0 1 4-6 u X X u u u
memis, Product = 16 bits:CY « 0,V « 0 mod re mem
imm16 Product> 16 bits:CY « 1,V « 1 9
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Instruction Set (cont)

. Operation Code ' Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V p § 2

Unsigned Divislon

DIVU reg8 temp + AW T 1 1 1 c 1 1 0 2 U U u u u u
Whentemp < reg8 > FFH:
(SP~1,SP—2) « PSW, t1r 11 0 feg
(SP—3,8P-4) « PS,
(8P—5,8P-6) + PC,SP « SP-8,
IE « 0,BRK « 0,PS « (3,2),PC « (1,0)
Allother times; . ’
AH + temp %reg8, AL + temp + reg8

mems temp « AW 1t 1 1 1 ¢ 1 1 0 2-4 u U u u uw u
Whentemp + (mem8) > FFH: . -
(SP—1,SP—~2) + PSW, med 1 1 0  mem
(SP-3,SP~4) « PS5,
(SP-5,SP-8) + PC,SP + SP-6,
IE + 0,BRK « 0,PS + (3.2),PC + (1,0)
Allother times:
AH + temp % (mem8), AL + temp + (mem8)

regié temp + AW 1 1 1 1 0o 1 1 1 2 u Uu u u u u
Whentemp + reg16 > FFFFH: ) i
(8P—1,SP~2) + PSW, Tt o feg
{SP-3,SP~4) + PS, .
(SP-5,5P-8) « PC,SP « SP-6, -
IE + 0,BRK + 0,PS + (3,2), PG + {1,0) :
Allothertimes:
AH « femp %regi6, AL « temp + reg16

mem1i6 temp «~ AW 1 1 1 1 0 1 1 1 2-4 u U u u u u
Whentemp + (mem16) > FFFFH:
(SP—1,5P—2) « PSW, mod 1 1 0 mem
(SP-3,8P-4) + PS,
(SP-5,3P-6) + PC,SP « SP-6,
IE +0,BRK « 0,PS «(3,2),PC « (1,0)
Alf other times:
AH «temp%(mem16),AL « temp +(mem16)

Slghed Divislon

Div reg8 temp + AW 1 1 1 1 01 1 0 2 U U u u u u
Whentemp + reg8 > 0 and temp + reg8
>7FHortemp + reg8 <0and trt 1 reg
{emp +reg8 <0-7FH-1:
(SP-1,8P-2) « PSW,
(SP-3,8P—4) « PS,
(SP-5,5P~6) + PC,SP « SP-6,
IE + 0,BRK « 0,PS + (3,2),FC « (1,0)
Allothertimes:
AH « temp %reg8, AL « temp +reg8

mems temp « AW 1 1 1 1 01 1 0 2-4 U U U U u u
Whentemp + (mems8) > 0 and (mems) >
7FHortemp + (mem8) < 0 and
temp + (mem8) <0-7FH-1:
(SP-1,8P-2) « PSW, -
(SP-3,5P-4) + PS,

(SP-5,8P-6) + PC,SP « SP-6,
IE «0,BRK « 0,PS « (3,2),PC + (1,0)
Allothertimes: )
AH « temp % (mem8), AL « temp + (mem8)

mod 1t 1 1 mem
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 BHByts AC CY V P § Z
Slgned Division (cont) 7 '
DIV reg16 temp « DW, AW 1 1 1 1 0 1 1 1 2 Uu u u u u
Whentemp +reg16 > 0andreg16 11 1 1 e
>7FFFHortemp = regi6 < 9
0—7FFFH-1:
(SP-1,8P-2) « PSW,
(8P -3,5P—4) « PS,
{SP-5,5P~6) + PC,SP « SP-6,
IE «+ 0,BRK « 0,PS «(3,2),PC « {1,0)
Aliothertimes:
AH « temp %reg16, AL « temp + reg16
memi6 temp « DW, AW 1 1 1 1 o1 1 1 2-4 U U u u u
Whentemp = (mem16) > Qand {mem16)
>7FFFHortemp + (mem16} <0 and mod 1 1 1 mem
temp + {mem16} <0-7FFFH-1:
(SP-1,SP-2) « PSW,
(8P-3,5P-4) « PS,
(SP-5,8P—-8) « PC,SP « SP-§6,
IE + 0,BRK + 0,PS « (3,2),PC « (1,0)
Allothertimes:
AH + temp% (mem16),AL «temp + (mem16)
Data Conversion
CvTBD AH & AL = 0AH, AL « AL % 0AH 1 1 0 1 0o 1 0 O 2 u u Xx x x
7 0 0 0 O 1 0 1 0
cvTDB AH «.0,AL « AHxO0AH + AL i1t 01 01 0 t 2 u u x x x
Q 0 0 O 1t 01 0
CvVTBW When AL <80H:AH « 0 i 0 0 1 1 0 0 0 1
Aliothertimes: AH « FFH
CVTWL When AL <8000H:DW « 0 1 0 0 1 10 0 1t 1
Allothertimes: DW « FFFFH
Comparison 7
CMP reg, reg reg-reg 0 0 1 1 1 0 1 W 2 X X X X X
t 1 reg reg
mem, reg {mem) -reg ' 00 11 1 00 W 24 X X X X X
mod reg mem
reg, mem reg—(mem) 0o 0 1 1 i 0 1 W 2-4 X X X X X
) ' _ mod reg mem
reg, immi reg—imm 1 00 0 00 8 W 3-4 X X X x X
11 1 1 1 reg _
mem, imm (mem)—imm 1t 0 0 0O 0 0 8§ W 3-6 X X X X X
mod 1 1 1 mem
ace, imm WhenW = 0:AL—imm 0 0 1 1 11 0w 2-3 X X X %X X

WhenW =1: AW-—imm
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytts AC CY V P § Z
Complement
NOT reg reg « reg 1111 0 1 1 W 2
11 0 1 1] reg )
mem (mem) « (mem) 111 4+ 01 1w 24
mod O 1 0 mem
NEG reg reg «reg +1 i1 1 1 g 1 1 W 2 X X X X x X
1.1 0 1 1 reg )
mem (mem) + (mem) + 1 1111 011 W 24 x X x x x x
mod O 1 mem
Logical Operation
TEST reg, reg regANDreg' 1000 01 0w 2 u 0 0 x x x
i1 reg reg
mem, reg (mem) AND reg 1 0 0 0 0 1 0 W 2-4 u 0 0 x x x
arreg, mem mod reg . ) mem
reg, imm reg AND imm 11 11 ¢ 1 1w 3-4 u 0 0 x x x
1t 1 0 0 0 reg
mem, imm {mem) AND imm 1 1 1 1 0 1 1 W 3-6 u 0 0 x x x
R mod 0 0 O mem
ace,imm When W = 0: ALAND Imm8 t 010 10 0W 23 u 0 0 x x x
WhenW = 1:AWANDimm8
AND reg, reg reg + reg ANDreg 0 01 0 0 0 1 W 2 u 0 0 x X x
7 1 1 reg ' reg
mem, reg ~ (mem) « {mem) AND reg 0 010 00O0OMW 24 u 0 0 x x x
mod reg mem
reg.mem reg + reg AND (mem) 00110 00 1 W 2-4 U 0 0 x x x
mod reg mem
reg, imm reg + reg AND imm 1.0 0 0 0 0 0 W 3-4 u 0 0 x x x
1110 o0 reg
mem, imm (mem) « (mom) ANDimm 1 0 0 .0 0 0 0 W 3-6 u 0 0 x x x
mod 1 0 0 mem
ace, imm WhenW = 0:AL « ALANDiImm8 0 0'1 0 01 0 W 2-3 u 0 ¢ x x x

WhenW = 1: AW + AW AND imm16
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P

Loglcal Operation (cont)

OR reg,reg reg + reg ORreg 0 0 Q0 O 1 0 1 W 2 u 0 0 x
reg reg
mem, feg {mem) + (mem)ORreg 0o 0 0 O i 0 0 W 2-4 u 0 0 x
) mod reg mem
reg, mem reg + reég OR (mem) : 0 0 0 O 1 0 1 W 2-4 u 0 0 x
mod reg mem
reg, imm reg « reg ORimm 1t 0 0 O 0 0 0 W 3-4 u 0 O x
] 1 1 0 0 1 reg
mem, imm (mem) « {mem) ORimm i 000 00O0MW 36 u 0 0 x
mod 0 © 1 mem
acc, imm WhenW = 0:AL « ALORImm8 0 0 0 © i1 0 W 2-3 u 0 0-x
WhenW = 1: AW + AWORImm16 ] -
XOR reg,reg reg +reg XOHreg- 0 0 1 i 0 0 1t W 2 u 0 0 x
) i1 reg reg
mar, reg (mem) «+ (mem) XORreg 0 0 1 1 0 0 0 W 2-4 u 0 0 x
mod reg mem
reg, mem reg « rag XOR (mem) 0o 0o 1 1 0 0 f W 2-4 u 0 0 x
) mod reg mem _
reg.imm reg « reg XORimm 1000 0O0O0OMW 34 u 0 0 x
1 i 1 0 reg
mem, imm (mem) « (mem) XORimm 10 0 0 0 0 0 W 3-6 u 0 0 x
mod 1 1 0 mem )
acc, imm WhenW = 0:AL « ALXORimm8 0 0 1 1 0 1t 0 W 2-3 u 0 0 x
WhenW = 1: AW « AW XORImm16 -
Bit Operation _
TEST1 reg8,CL reg8hitno.CL=0:Z + 1 0 0 0 0 1 7 1 1 3 u 0 0 u
reg8bhitno.CL=1:Z « 0 0 0 0 1 0 0 0 O
1t 1 00 © reg
mem8, CL {mem8)bitno.CL=0:Z + 1 0 0 00O t 1 1 1 3-5 u 0 0 u
(mem8)bitno.CL=1:Z + 0 0 0 0 1 0 0 0 0
7 7 md 0 0 0 mem
reg16,CL reg16bitno.CL=0:Z + 1 0 0 0 O i1 1 1 3 'u 0 0 wu
reg16bitno.CL=1:Z « 0 0 0 0 1 0 0 0 1
11 0 0 0 reg
mem16,GL (mem16)bitno.CL=0:Z « 1 0 0 0 O 1 1 1 1 3-5 u 0 0 u
(mem16)bitno.CL=1:Z « 0 0 0 0 1 0 0 0 1
med 0 0 0 meém )
reg8,imm3 reg8bitno.imm3 =0:Z « 1 0 0 0 O i 1 1 1 4 u 0 0 u
reg8 bitno.imm3=1:Z « 0 0 0 0 1 1 00 O
i 1 0 0 O reg
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T-49-19-59
Instruction Set (cont) o
' Operation Code Flags
Mnemonic Operand Operation _ 7 6 5 4 3 2 1 0 "Bytes AC CY V P §- -2
Bit Operation (cont) 7
TEST1 mem8, imm3 (mem8) bitno.imm3=0:2Z « 1 0 o 1 1 1 1 4-6 u 0 0 u u x
(mem8)bitno.imm3=1:Z « 0 0 1 1 0 0 o
mod 0 0 0O mem
reg16,imm4 reg16bitno.imm4'=O:Z«-t 0 0 0 0 1 11 4 u 0 0 u u x
regi6bitno.imm4 =1:Z « 0 0 0 0 1 1 0 0 A1
11 0 0 0 reg
mem16,imm4 (mem16) bit no,imm4 =0:Z « 1 0 0 0 o 1 11 4-6 u 0 0 u u x
(mem16) bitno.imm4 =1:Z « 0 0 0 0 1 1 0 0 4
mod O © 0 mem
NOT1 reg8, CL reg8bitne. CL « reg8hitno. GL 0000 1 1 % A 3
0 0 0 1 0 1 1 0
) i1 1.0 0 O reg
mem8, CL (mem8)bitno.CL « (memB)bitno.CL 0 06 0 0 1 1 1 1 3-5
0 0 0 1 o1 1 0
med O O 0 mem
reg16,CL teg16 bit no. CL « regi6 bitno. GL 00 00 1 1 1 1 3
. 0 0 0 1 0o 1 1 i
i1 0 0 0 reg
mem16, CL {mem16) bitno.CL « (memi6)bitna.CL 0 0 0 0 1 + 1 1  3-5
0 0 0 1 o 1 1 1
mod O O 0 mem
reg8, imm3 reg8bitno.imm3 « m c 0 0 0 i1 1 1 4
0 0 0 1t 11 1 0
) 11 0 0 0 reg
meniB, imm3 (mem8)bitno.imm3«m 0 0 0 0 T 1 1 1 4-6
0 0 0 1 11 1 0
) ~ med 0 0 O mem
regi6, immd regi6bitno.imm4 « regiGbitno.mmd 0 0 0 0 1 1 1 1 4
0001 11 1 1
11 0 0 0 reg
mem16,imm4  (mem1i6)bitno.imm4 ¢ (memiG)bitroimmé 0 0 0 0 1 1 1 1 46
0 0 0 1 11 1
mod O O 0 mem
cY CY «CY t 111 01 01 1 X




pPD70335 (V35 Plus)

NI

T-49-19-59
Instruction Set (cont)
) Operation Code Flags
Mnemonic Operand Operatlon 7 6 5 4 3 2 1 0 Bytes AC CY V P § 2
Bit Operation (cont)
CLR1 regs, CL reg8bitno.CL « 0 0 0 0 O 1 1 1 1 3
0 001 001 0
11 00 0 reg
mems8, CL {mem8)bitno.CL « 0 0 0 0 O 1 I | 3-5
0 0 o 1 0 0 1 0
) ) mod O O 0 mem
regi6,CL reg16bitno.CL « 0 0000 {1 1 1 A4 3
0001 00 1 1
11 0 0 O reg
mem1i6,CL (mem16) bitno.CL « 0 0 0 0 0O i1 1 1 3-56
0 ¢ 0 1 0 1 1
) mod 0 0 O mem
reg8, imm3 reg8 bitno.imm3 « 0 0 0 0 0 i1 1 1 4
o 0 0 1 01 0
1 1 0 0 0 reg
mem8s, imm3 (mem8) bitrio.imm3 « 0 0 0 0 0 1 1 1 1 4-6
0 0 0 1 1 0 1 0
) mod 0 O O mem
reg16, immd regi6bitno.imm4 + 0 00 0 0 | 1 1 4
0o 0 0 1 i 0 1 A
i1 0 O 0 reg
mem16,immd {mem16) bit ho.imm4 «0 0 0 0 O i 1 1 1 4-6
0001 101 1
med 0 0 0 mem
cY CY«0 11 4 1 1 0 0 O 1 0
) DIR DIR «+ 0 11 11 1 1 0 1
SETH reg8,CL reg8bitno.CL « 1 0 0 0 O 111 3
¢ 001 010 0
1 1 0 0 0 reg
mem8, CL {mem8) bitno.CL « 1 0 0 0 0 11 1 1 3-5
0 0 0 1 01 0 0
mod O O 0 mem
reg16,CL regi6bitno.CL «+ 1 0 0 0 0 1 1 1 1 3
0 0 0 1 0 1 0 1
11 00 0 reg
memi6, CL (mem16) bitno.CL + 1 0 0 0 O 1 1 1 1 3-5
0 0 0 1 o 1 0 1
mod 0 O 0 mem
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T-49-19-59
Instruction Set (cont) ,
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Byts AC CY V P § 2Z
Bt Operation (cont)
SET1 reg8,imms3 reg8bitno.imm3 « 1 0000 1 1 1 4 4
0 0 0 1 11 0 0
) 1 1 0 0O 0 reg
mems, imm3 {mems) bitno.imm3 + 1 0 0 0 O 11 1 1 4-6
0 0 0 |1 i1 0 0
mad 0 O 0 mem
reg16,imm4 reg16bitno.imm4 + 1 g 0 0 O 11 1 9 4
0001t 110 1
7 11 0 0 o0 reg
mem16, imm4 (mem16) bitno.imm4 « 1 0 0 0 0 1 1 1 1 4-6
0 0 0 1 1 1 0 1
) med 0 O 0 mem
cY . CYed 1111 100 f 1 1
DIR DIR «+1 11 1 1 1 1 0 1 1
Shift
SHL rég,i CY « MSBofreg,reg «regx2 11 0 1 00 0 W 2 U X X X X X
| MmN, T 0 |
mem, 1 CY « MSBof(mem), (mem) + (mem)x2 1 1 0 1 0 0 0o w 2-4 u X X X X X
Yt O s 10 o men
reg,CL temp « CL,whiletemp =0, 1 1 0 1 C 0 1 W 2 u X U X X X
repeatthis operation, CY « MSBofreg, T 1 1.0 o tog

reg «regx2,temp + temp-1

mem, CL temp « CL,whiletemp = 0, 11 0 1 0 0 1 W 2-4 Uu X U X X X
repeatthis operation, CY + MSB of (mem), :

) {méem) « (mem)x2,temp + temp—1 teddheetda 07 mem
reg,imms8 temp & imm8, while temp = 0, 11 0 0 0 0 0 W 3 u X U x x x
repeat this operation, CY « MSB ofreg,
) Teg +~7egx2,temp «temp-1 1o 0 reg
mem,imm8 temp + imm8, whiletemp = 0, 110 0 0 0 0 W 3-5 u x u x x X

repeatthis aperation, CY « MSB of (mem),

(mem) + (mem) x2,temp + temp—1 moFI 10 0 mem




HPD70335 (V35 Plus) INKLS

T-49-19-59
Instruction Set (cont) :
Operation Code : Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytts AC. CY V P S 2
Shift (cont) )
SHR reg, 1 CY + LSBolreg,reg «reg+ 2 1101 00 0 W 2 g X X X X X
When‘ MSBof reg # bitfollowing MSB 1 1 1 0 1 reg
ofreg:V « 1
When MSB ofreg = bit following MSB
ofreg:V « 0
mem, 1 CY « LSBof(mem),(mem) « (mem)+2 1 1 0 1 0 0 0 W 2-4 u X X X X X
When M§B of (mem) = bit followingMSB med 10 1 mem
of (mem):V 1
When MSB of (mem) = bit following MSB
of (mem):V « 0
reg,CL temp « CL,whiletemp = 0, . i1 0 1 0 0 1 W 2 u X U x x X
repsat this operation, CY « LSBofreg,
. 1 1 0 reg
) reg +reg + 2, temp + temp—1
mem,CL temp + CL, whiletemp 2 0, 1 1 0 1 0 0 1 W 2-4 u X U X X X
repeatthis operation, GY « LSB of (mem), T i
(mem) + (mem) < 2,temp « temp -1 mod 0 ! mgm
reg, imms temp « imm8, while temp # 0, 11 0 0 0 0 0 W 3 U X U X X X
repeatthis operation, CY « LSBofreg,
reg « reg + 2, temp & temp -1 oo 1 reg _
mem, imm§ temp & imm8, while temp = 0, .1 1. 0 0 0 0 0 W 3-5 u X U X X X
repeal this operation, CY + LSB of (mem),
(mem) « (mem) + 2,temp +temp~1 o0 1 0 1 mem
SHRA reg, 1 CY « LSBofreg,reg «reg+2,V + 0 1.1 0 1 0 0 0 W 2’ u x 0 x x x
B MSB of operand does notchange T 1 1 1 1 reg
mem, 1 CY + LSBof (mem), (mem) « mem)+=2, 1 1 0 |1 0 0 0 W 2-4 u X 0 x x x
V « 0, MSB of operand does not change mod 11 ] mem
reg,CL temp « CL, whiletemp = 0, 1 1 0 1 0 0 1 W 2 u X U X X X
repeat this gperation, CY + LSBofreg, 11 1 1 1 re R
reg « reg + 2,temp ¢ temp—1 9
MSB of operand does not change _ _
mem, CL temp « CL, whiletemp = 0, 101 0 0 1 W 2-4 U X_ U X X X
repeat this operatien, CY + LSB of (mem), mod . 11 1 mem

(mem) + (mem) + 2,temp « temp—1
MSB of operand doesnotchange

reg, imm8 temp <« imm8, while temp = 0, 110 0 00 o0 W 3 U X .U X X X
repaat this operation, CY + LSBofreg,
reg «reg + 2, temp « temp—1
M$SB of operand deesnot change

Tt 111 1 reg

mem, imm8 temp « imm8, while temp = 0, 11 00 -0 0 0 W 3-5 u X U X X X
- repeatthis operation, CY + LSBof (mem),

(mem) « (mem) + 2, temp « temp—1 mod 1 1 1 mem
MSB of operand does not change

Rotation 7

ROL reg, 1 CY « MSBofreg,reg « regx2 + CY i1t 0 1 0 0 0 W 2 X X
MSBofreg= CY:V + §
MSBofreg=CY:V«0 1t 100 o reg 7

mem, 1 CY + MSB of (mem), 1t 1t 0 1 0 0 0 W 2-4 X X

(mem) « (mem)x2 + CY - -
MSB of (mem) = GY: V ¢ t mod 0 0 0  mem

MSBof (mem)=CY:V « 0
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T-49-19-59

Instruction Set (cont)
Operation Code g
Mnemonlc Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P § Z
Rotatlon (cont) )
ROL reg, CL temp « CL, whiletemp = 0, 11 1 00 1 W 2
repeat this operation, CY « MSBofreg, 11 ° re
reg + regx2+ CY, 9
temp ¢ temp~1 . .
mem, GL temp « CL, whiletemp = 0, 11 001 W 24
repeat this operation, CY + MSB of (mem),
(mem) + (mem)x 2 +CY, . mad 0 0 mem
temp « temp-—1
reg, imms8 temp « imm8, whiletemp = 0, i 1 Q 0 W 3
repeat this operation, CY + MSBofreg, 11 r ) ’
reg « regx 2+ CY, °9
temp ¢ temp—1
mem, imm8 temp « imm8, whiletemp = 0, 11 0 0 0 W 35
repeatthis operation, CY « MSB of (mem),
(mem) « (mem}x2 +CY, mod mem
_ femp « temp—1
ROR reg, 1 CY « LSBofreg,reg « reg + 2, 1 1 i 0 0 0 W 2
MSBofreg « CY ) -
MSB of reg = bit following i 0 ! reg
MSBofreg:V « 1
MSB ofreg = bitfollowing
MSBofreg:V « 0
mem, 1 CY « LsBol(mem),(mem) « (mem)+2, 1 1 0 1 0 0 0 W 2-4
MSBof (mem) + CY, mad 0 mem
MSB of (mem} = bit following
MSBot(mem)hV « 1
. MSB of (mem) = bitfollowing
MSBof (mem):V « 0
reg,CL temp « CL,whiletemp =0, 11 1 0 0 1 W 2
repeatthis operation, CY « LSBofreg, 11 0 1 e
reg + reg + 2,MSBofreg « CY, 9
temp <« temp—1
mem, CL temp « CL,whiletemp = 0, 19 00 1 W 2-4
repeat this operation, CY « LSBof (mem),
(mern) « (merm) + 2, MSB o (mem) « CY, "M°Y 0 mem
temp ¢« temp—1
reg, imma temp « imm8, while temp = 0, i1 0 0 0 0 0 W 3
repeat this operation, CY « LSBofreg, 1 1 o 1 e
reg «reg +2,MSBofreg « CY, 9
temp + temp—1 i
memn, imm8 temp ¢ imm8, while temp = 0, 11 0 0 0 W 3-5
repeat this operation, CY « LSBof (mem), mod mem

(mem) « {mem) +2,
temp + temp-—1
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NS

) T-49-19~
Instruction Set (cont) 59
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P § 2
Rotate - 7 '
ROLC reg, 1 tmpey + CY,CY « MSBofreg, 1 1 0 1 0 0 W 2 X X
reg + regx2 + tmpey
MSBofreg = CY:V « 0 oo reg
MSBofreg = CY:V « 1
mem, 1 tmpoy + CY, CY + MSBof(mem), 1 10 1 0 0 W 2-4 X X
{mem) « (mem)x2 +tmpcy
MSBof {mem) = CY:V « 0 mod t 0 mem
MSB of (mem) = CY:V « 1
reg,CL temp + CL, whilatemp #= 0, 11 1 0o 1 W 2 X u
repeat this operation, tmpey « CY, 11 1 re
CY « MSBofreg,reg + regx 2+ tmpcy, 9
temp « temp—1
mem, CL temp « CL, whiletemp = 0, 1 1 1 0 1 W 2-4 X u
repeat this operation, tmpcy « CY, )
CY ¢ MSB of (mem), mod L mom
{mem) « (mem)x 2 + tmpcy,
temp « temp-1
reg,imm8 {emp + imm8, whiletemp = 0, 11 0 0 0 0 W 3 X u
répeatthis operation, tmpcy « CY, 11 1 red
CY + MSBofreg, reg « regx2 + tmpay, 9
temp « temp—1
mem, imm8 temp & imm8, while temp # 0, 1 1 o} 0 0 W 3-5 X u
: repeatthis operation, tmpcy e CY,
CY + MSB of (mem), med 0 mem
(mem) & (mem}x 2+ tmpcy
temp « temp—1 )
RORC _  reg, 1 tmpey + CY, CY + LSBofreg, 1 1 1 0 0 0 W 2 X X
reg + reg + 2, MSB ofreg + tmpcy. PR 1 re
MSB ofreg = bit following 9
MSBofreg:V « 1
MSB of reg = bitfollowing
MSBofreg:V « 0 )
mem, 1 tmpecy « CY,CY « LSBof (mem), 1 1 1 0 0 0 W 2-4 X X
(mem) + (mem) + 2,
MSB of (mem) + tmpcy, mod 0 1 1 mem
MSB of (mem) = bit following MSB
of(mem):V « 1
MSB of (mem) = hitfollowing MSB
of (mem);V « 0
rag, CL femp « CL, whiletemp = 0, 11 1 0 0 1 W 2 X u
repeatthis operation, tmpcy « CY, 11 P 1 re
CY « LSBofreg, reg « reg = 2, 9
MSBofreg + tmpcy, temp + temp—1
mem, CL temp + CL, whiletemp = 0, 1 1 1 0 0 1 W 2-4 X U
repeat this operaticn, tmpcy « CY, -
CY « LSBof (mem), (mem) + (mem) +2, ¢ O 1 1 mem
MSB of (mem) « tmpcy, temp « temp—1
reg, imms temp « imm8, while temp = 0, 1 1 0 0 0 0 W 3 X u
repeat this operation, tmpcy « CY, 1 1.0 1 "
CY « LSBofreg,reg + reg = 2, eg
MSBofreg + tmpcy, temp « temp—1 B
mem, imm8 temp « imm8, whiletemp = 0, 1 1 c 0 0 0 W 3-5 X u
repeatthis operation, tmpcy « CY, mad mem

CY + LSBof (mem), (mem) + (mem) + é,
MSB of (mem) « tmpcy,temp « temp-1
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T-49-19-59
instruction Set (cont)
Operation Code Flags
Mnemonlc Operand Operation 7 6 5§ 4 3 2 1 0 Bytes AC CY VvV P 5 2
Subroutine Control Transfer )
CALL near-proc (SP—1,8P-2) « PC,SP « SP-2, 11 1 0 1 0 0 O 3
PC &« PC +disp
regptri6 (SP-1,5P-2) « PC,SP « SP-2, 1 1 1 1 1 1 1 1 2
PG + regptri6 11 0 1 0 reg
memptri6 (SP~1,8P-2) « PC, SP « SP-2, 11 1 1 1 1 1 1 2-4
. PG + (memptr16) mod 0 1 0 mem
far-prac (SP—-1,8P-2) « PS, 1 0 0 1 i 01 0 5
(SP-8,8P-4) « PC,
SP « SP-4,PS « seq, PC « offset
memptr32 (SP-1,8P~-2) « PS, 1 1 1 1 11 1t 1 2-4

(SP-3,SP-4) « PC,
SP + SP-4,PS « (memptr32 + 2),

) PC « {memptra2)
RET PC + (SP +1,5P),SP « SP +2 1100 00 1 1
pop-value PC + (8P +1,8P), t 100 001 0 3
SP « 8P+ 2,SP « SP + pop-value
PC« (SP+1,5P),PS«(SP+3,SP+2, 1 1 0 © 1.0 1 1 1
SP « SP+4
pop-value PC«(SP+1,5P),PS«(SP+3,5P+2), 1 1 0 -0 1 0 1 0 3
SP « SP +4, 8P « SP + pop-value
Stack Manipulation
PUSH mem16 (SP-1,8P-2) « (memi6), 1 1 1 1 11 1 1 2-4
8P « 8p-2 mod 1 1 0 mem
reg16 (SP-1,8P~-2) + reg16,8P « SP-2 60 1 0 1 reg 1
sreg (SP—1,8P~-2) « sreg,SP « SP-2 0 0 0 sreg 1 1 0 1
BSW {SP—-1,SP~2) « PSW, SP « SP-2 1 0 0 110 0 1
R Push registers onthe stack 044 010 0 0 1
imm {SP-=1,8P-2) «imm, o 1 1 1 0 8 0 2-3
SP « SP-2,When$ = 1, sign extension
POP mem1ié {mem16) « (SP +1,5P),SP + SP + 2 1t 0 0 O 11 1 1 2-4
mod 0 O 0 mem
reg1s regl6 « (SP+1,9P)SP«SP+2 0 1 0 1 1 reg 1
sreg sreg « (SP +1,SP),sreg:SS,DS0,DS1 0 O 0 sreg 1 1 1 1
) SP+SP+2 _ )
PSW PSW«(SP+1,SP).SP«SP+2 1 0 0 1 11 0 1 1 R R R R R R
R Popragisters fromthe stack 0 1 1 0 o 0 0 1 1
PREPARE imm16,imm8 Prepare new stack frame 1100 1 06 0 0 4
DISPOSE Dispose of stack frame 1100 100 1 1
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T-49-19-59
Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytes AC CY V P § Z
Branch
BR near-label PC + PC +disp 1 1 1 Q 1 o 1
short-labe! PC « PC + ext-disp8 i 1t 1 0 1 0.1 1
regptr16 PG + regplri6 1111 11 1 1
i 1 1 0 0 reg
memptri6 PC « (memptri6) i1 1 1 1t 11 1 2-4
o mod 1 O 0 mem
far-label PS « seg, PC « offset 1 11 0 1 0t 0 5
mamptrd2 PS « (memptr32 +2), 11 1 1 1 1 1 i 2-4
) PC+ (memptr32)_ mod 1 O 1 mem )
Conditional Branch N
BV short-label itV =1,PC « PC + ext-disp8 o1 1 1 0 0 0 O 2
BNV short-label V= 0,PC « PC + ext-disp8 o 1 1 1 0 0 0 i 2
_ BG, B_L _short-labei ifCY=1,PC «PC+ ext-dis_pa 0 1 1 1 0 0 1 0 2
" BNC,BNL shortlabel ifCY = 0,PC « PC + oxt-disp8 0111 001 1 2
BE,BZ  short-label itZ=1,PC « PC + ext-disp8 0111 0100 2
BNE,BNZ short-label tZ=0,PC « PC + oxt-disp8 o 1 1 1 0o 1 0 1 2
BNH short-label ifCYORZ = 1,PC « PC + ext-disp8 0 1 1 1 01 1 0 2
BH shortlabel ' ifCYORZ=0,PC + PC + ext-disp8 001 1 1 0 1 1 1 2
BN short-label ifS=1,PC + PC + ext-disp8 o111 1 00 0 2 -
BP short-label S =0,PC « PC + ext-disp8 o 1 1 1 i 0 0 1 2
BPE short-label iftP=1,PC « PC + ext-disp8 o0 1 1 1 i 0 1. 0 2
BPO short-label ifP=0,PC + PC + ext-disp8 0t 1 1 10 1 1 2
BLT short-label itSXORV =1,PC ¢ PC + ext-disp8 001 1 1 1 1 0 © 2
BGE short-label if SXORV =0,PC & PC + ext-tlisp8 o+ 1.1 it 1 0 1 2
BLE short-label if(SXORV)ORZ=1,PC«PC+extdisp8 0 1 1 1 t 1 1 0 2
BGT short-label if(SXORV)ORZ=0,PC «PC+extdispg 0 1 1 1 i 1 1 1 2
DBNZNE  short-label CW « CW-1 '1 1 1 0 0 0 0 O 2
ifZ=0andCW =0, PC « PC + exi-disp8 -
DBNZE  shori-label CW + CW-1 1110 00 0 1 2
“itZ=1and CW = 0, PC + PG + ext-disp3
DBNZ short-label CW « CW-1 i1 1 0 0 0 t O 2
’ _ ifCW = 0,PC « PC + ext-disp8 )
BCWZ short-label itCW=0,PC « PC + ext-disp8 1 1 0 0 0 1 1
BTCLR  sfr,imm3, ifbitno.itnm3 of (sfr) = 1, 0 o 1 1 1
short-label PC « PC + ext—disp8, 1 110 0
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T-49-19-59
Instruction Set (cont) ;
: Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Byles AC CY V P § 2
Interrupt
BRK 3 (SP-1,8P-2) « PSW, i1 0 0 11 0 0 1
(SP-3,8P-4) « PS,
(SP-5,5P~6) « PG, SP « SP -5,
IE « 0,BRK « 0,
PS « (15, 14),PC + (13,12)
imm8 (SP~1,8P-2} + PSW, 1t 1 0 0 11 0 1 2
(#3) (SP-3,5P-4) « PS,
(SP—5,SP—6) + PC, SP « SP—6,
IE « 0,BRK « 0,
PC « (nx4 +1,nx4),
PS « (nx4+3,nx4 +2)n=imms _
BRKV WhenV =1 11 00 1 1 1 0 1
(SP-1,8P-2) « PSW,
(8P~3,8P-4) « PS,
(SP-5,8P-6) + PC,SP « SP-6,
|IE « 0,BRK « 0,
) PS « (19, 18),PC « (17, 16)
RETI PC + (SP+1,8P), i1+ 00 {1 1 1 1 1 R
PS « (SP +3,8P + 2),
PSW « (SP +5,SP + 4),
SP«SP+6
RETRBL PC « Save PC, PSW « Save PSW 0 0 0 0 11 1 1 2 R R R R R R
t 0 0 0 0 0 1
FINT Indicates thatinterrupt service routine 0 0 0 0 11 1 1 2
totheinterruptcontroller builtinthe
CPU hasheen completed 1001 001 o
CHKIND  regié, When (mem32) > reg16 or 0 1 1 0 0 0 1 ¢ 2-4
mem32 {(mem32 + 2) <regi6
(SP=1,SP—-2) + PSW, . mad reg mem
(SP~3,5P-4) + PS,
{SP-5,5P—8) « PC,8P « SP-6,
IE « 0,BRK « 0,
PS + (23,22), PC « (21,20)
CPU Control
HALT CPU Halt 11 11 010 0 1
STOP CPU Halt 0 0 0 O 11 1 1 1
i 0 1 1 1 1 1 0
BUSLOCK Bus Lock Prefix 11 1 1 0 0 0 o0 1
FPO1 fp-op No Operation i 1 0 1 i X X X 2
(Noto 1) _ , 1 1YY Y Z2Z 2
fp-op, mem databus « {mem) 1 1 0 1 i X X X 2-4
mod Y Y Y mem
FP02 fp-op No Operation 01 1 0 0 1 1 X 2
(Note ) , 11 YY Y 2ZzZ7Z
{p-op. mem _databus « (mem) 0t 10 .01 1 X 2-4
mod Y Y Y mem
Notes:

(1) Does not execute but does generate an interrupt.
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Instruction Set (cont)
Operation Code Flags
Mnemonic Operand Operation 7 6 5 4 3 2 1 0 Bytess AC CY V P § Z
CPU Control (cont)
POLL ) Poll and Wait i 0 0 1 10 t 1 1
NOp No Operation 1 0 0 1 60 0 0 O 1
DI IE«0Q T 1 1 1 i 0 1 O 1
El IE « 1 1 1110 41 1
DS0;DS1; Segment Qverride Prefix 0 0 1 seg 1 1 O 1
PS; 88
Register Bank Switching
MOVSPA 0000 1 1 1 1 2
o010 01 0 1
BRKCS regl6 0.0 0O 1T 1 1 1 3
0 0 1 0 11 0
MOVSPB regi6 0 0 0 0 1 1 1 1 3
1 0001 010 1-
i1 1 1 1 reg
TSKSW  reg1s o000 1 1 1 1 3 X X X X X X
1 0 0 1t 01 0 0
11 1 1 1 reg
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