NEC uPD70330/70332 (V35)

) 16-Bit Microcomputers:
NEC Electronics Inc. Advanced, Single-Chip, CMOS

Description [ 24 paralle! I/0 lines

The 4PD70330/70332 (V35™) is a high-performance, — Serial interface: two channels
. L . . — Dedicated baud rate generator
16-bit single-chip microcomputer with a 16-bit external .
. — Asynchronous mode, I/0 interface mode
data bus. The uPD70330/70332 is fully software com- O Interrupt controller
patible with uPD8086/8088 and uPD70108/70116 P

. . — Programmable priority (eight levels)
(V20®/30®) instruction set. — Three interrupt service functions
The 4uPD70330 is a ROMless part. The uPD70332 has ~ Vectored interrupt, register bank switching,
16K ROM, while the uPD70P322 has 16K EPROM and macro service
can be used as a uPD70330 (V35) or a 4PD70320 [ DRAM, pseudo SRAM refresh function
(V25™). O Two DMA channels

O Two 16-bit timers

Features O One 20-bit time base counter

0 Clock generator
O Programmable wait function
[0 Low power modes
— HALT
— STOP
O 1.2-micron CMOS

O Functionally compatible with 4PD70320/322 (V25)

O Internal 16-bit architecture and external 16-bit
data bus

0O Software compatible with uPD8086/8088,
©PD70108/70116 (V20/30) in the native mode

3 New and enhanced instructions

O Six-byte prefetch queue - .
U Minimum instruction cycle: 500 ns at 8 MHz Ordering Information m
O Internal memory Part Number Clock (MHz) Package Internal ROM

— ROM: 16K bytes (uPD70332 only) wPD70330L-8 8 84-pin PLCC ROMiess
_— RAM: 256 by‘f:ﬁ bt GJ8 8 94-pin plastic OFP

emory space: ytes -

O Input port with comparator (port T): eight bits #PD70332L-8-xxx 8 M'pf" PLCC_ 16K mask ROM
[0 Bus interface optimized for use with dynamic GJ-8-xxx 8 94-pin plastic QFP

RAMs uPD70P322KE-8 8 84-pin LCC 16K EPROM

— Multiplexed address (UV erasable)

— On-board refresh controller

V20 and V30 are registered trademarks of NEC Corporation.
V25 and V35 are trademarks of NEC Corporation.

50006-2 (NECEL-870)
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Pin Configuration

84-Pin PLCC and 84-Pin LCC

A18/UBE ] 40
P2, fTCo [] 52

Aqp/As 033
Aq3/A5C] 34
Aga/Agl] 35
Ayg/A70] 36
Aqg/Agl] 37
Aq7/A1g] 38

P2y/DMARQO [] 48
P24 /DMAAKO {] 51

* Connect pin 9 to GND through a 5-kQ to 10-ke2 resistor.
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Pin Configuration (cont)
94-Pin Plastic QFP
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Pin Identification

Symbol Function Symbol Function
Ag-Ag Address bus outputs RxD1 Receive data input, serial channel 1
CLKOUT System clock output 5CK0 Serial clock output
CTS0 Clear-to-send input, serial channel 0 TCO Terminal count output; DMA completion,
CTs1 Clear-to-send input, serial channel 1 — channel 0
Dy5-Dg Bidirectional data bus TC1 Ie;;n;i{:t;lfount output; DMA completion,
DMAAKO cDr’:gﬁ r:slec;konowledge output, DMA controller TouT Timer output
DMARK] DMA acknowledge output, DMA TxD0 Transmit data output, serial channel 0
controller channel 1 TxD1 Transmit data output, serial channel 1
DMARQO DMA request input, DMA controller UBE Upper byte enable
channel 0 X1, X2 Connections to external frequency control
DMARQ1 DMA request input, DMA controlier source (crystal, ceramic resonator, or clock)
— channel 1 Voo +5-volt power source input (two pins)
EA External access; clamped fow or high 1y Threshold voltage input to comparator
according to program access requirements circuits
HLDAK Hold acknowledge output GND Ground reference (two pins)
HLORQ Hold request input Ic internal connection; must be tied to Vpp
INT Interrupt request input externally through a pullup resistor
INTAK Interrupt acknowledge output
INTPO Interrupt request 0 input
INTP1 Interrupt request 1 input
iNTP2 Interrupt request 2 input
10STB 1/0 read or write strobe output
MREQ Memory request output
MSTB Memory strobe output
NMI Nonmaskable interrupt request
POLL Input on POLL synchronizes the CPU and
external devices
PQ7-P0y 170 port 0
P17-P1g 170 port 1
P27-P2y 1/0 port 2
PTO0-PT7 Comparator port input lines
READY Ready signal input controls insertion of
wait states
REFRQ DRAM refresh request output
RESET Reset signal input
R/W Read/write strobe output
RxD0 Receive data input, serial channel 0
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Pin Functions
A1g-Ag; Address Bus

Tosupportdynamic RAMSs, the 20-bit address is multi-
plexed on 11 lines. When MREQ is asserted, Aq7-Agare
valid. When MSTB or IOSTB are asserted, Ag-A and Aqg
are valid. Ag is also multiplexed with UBE and is valid
when MREQ s asserted. Therefore Aqg isactive throughout
the bus cycie. Ajg and Ag are not multiplexed but have
dedicated pins and are valid throughout the bus cycle.

CLKOUT; Clock Out

The system clock (CLK) is distributed from the internal
clock generator to the CPU and output to peripheral
hardware at the CLKOUT pin.

CTSO0; Clear-to-Send 0

This is the CTS pin of the channel 0 serial interface. In
asynchronous mode, a low-level input on CTSO
enables transmit operation. In 1/0 interface mode,
CTSO0 is the receive clock pin.

CTS1; Clear-to-Send 1

This is the CTS pin of the channel 1 serial interface. In
asynchronous mode, a low-level input on CTS1
enables transmit operation.

D45-Dg; Data Bus
D15-Dg is the 16-bit data bus.

DMAAKO and DMAAK1; DMA Acknowledge

These are the DMA acknowledge outputs of the DMA
controller, channels 0 and 1. Signals are not output
during DMA memory-to-memory transfer operations
(burst mode, single-step mode).

DMARQO and DMARQ1; DMA Request

These are the DMA request inputs of the DMA con-
troller, channels 0 and 1.

ﬁ; External Access

For the ROM-less uPD70330, connect this pin to
ground. For the xPD70332, connect EAto ground if
program code is in external memory; connect EAto +5
volts if program code is in the internal 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-imped-
ance state with_internal 4700-ohm pullup resistors:
Ag-Ag, D7-Dg, 10STB, MREQ, MSTB, REFRQ, and
R/W.

HLDRQ; Hold Request

The HLDRQ input from an external device requests
that the 4PD70330/332 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
active high level 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
operation 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
signal goes low when the CPU accepts INT. The
external device inputs the interrupt vector to the CPU
via data bus D7-Dg in synchronization with INTAK.
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INTPO, INTP1, INTP2; 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 input is also used to release the HALT
mode.

I0STB; 1/0 Strobe

Alow-level output on IOSTB indicates that the |/O bus
cycle has been initiated and that the I/O address output
on Ays-Ag is valid.

MREQ; Memory Request

A low-level output on MREQ indicates that the memory
or 1/0 bus cycle has started and that address bits Ay,
A47-Ag, A1g and A,z are valid.

MSTB; Memory Strobe

Together with MREQ and R/W, 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. A low-level output on MSTB
indicates that multiplexed address bits Ag-Aq, Aqg,
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 speci-
fied by external interrupt mode register INTM. Sampled
in each clock cycle, NM! is accepted when the active
level lasts for some clock cycles. When the NMI is
accepted, a number 2 vector interrupt is generated
after completion of the instruction currently being
executed.

The NMl input is also used to release the CPU standby
mode.

P07-P0g; Port 0
Port 0 is an 8-bit bidirectional I/O port.

P17-P1g; Port 1

Lines P1;-P14 are individually programmable as an
input, output, or control function. The status of P13-
P1p can be read but these lines are always control
functions.

P27-P2g; Port 2

P27-P2q are the lines of port 2, an 8-bit bidirectional
I/0 port. These lines can also be used as control
signals for the on-chip DMA controllers. See table 2-3.

POLL; Poli

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
program and the operation of external devices.

Note: POLL is 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.

PTO0-PT7; Port with Comparator

The PT inputis compared with a threshold voltage that
is programmable to one of 16 voltage steps individually
for each of the eight lines.

READY

After READY is de-asserted low, the CPU will synchro-
nize and insert at least two wait states into a read or
write cycleto memory or /0. This allows the processor
to accommodate devices whose access times are
longer than normal execution aliows.

REFRQ; Refresh Request

This output pulse can refresh nonstatic RAM. It can be
programmed to meet system specifications and is
internally synchronized so that refresh cycles do not
interfere with normal CPU operation.

RESET

Thisinputsignal is asynchronous. A low on RESET for
a certain duration resets the CPU and all on-chip
peripherals regardless of clock operation. The reset
operation has priority over all 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.



NEC

uwPD70330/332 (V35)

R/W; Read/Write Strobe

When the memory 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 from serial channels 0 and 1.

in the asynchronous mode, when receive operation is
enabled, a low level on the RxDO or RxD1 input pin is
recognized as the start bit and receive operation is
initiated.

Inthe I/0 interface mode (channel 0 only), receive data
is input to the serial register at the rising edge of the
receive clock.

SCKO; Serial Clock

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

TCO, 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.

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
register has no transmit data.

In the I/Q interface mode (channei 0 only), the frame
has 8 data bits and the most significant bit is transmit-
ted first.

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 fre-
quency is the same as the clock generator frequency
fx. By programming the PRC register, the system clock
frequency fc i is selected as fx divided by 2, 4, or 8.

As an alternative to the crystal or ceramic resonator,
the positive and negative phases of an external clock
(with frequency fx) can be connected to pins X1
and X2.

Vbp
+5-volt power source (two pins).

ViH

Comparator port PTO-PT7 uses threshold voltage V1
to determine the analog reference points. The actual
threshold to each comparator line is programmabie to
V1H X n/16 where n = 1 to 16.

GND

Ground reference (two pins).

Ic

Internal connection; must be tied to Vpp externally
through a 10-kQ2 to 20-kQ resistor.

UBE, Upper Byte Enable

UBE is_a high-order memory bank selection signal
output. UBE and Ag are used to decide which bytes of
the data bus wili be used. UBE is used along with Ag to
select the even/odd banks as follows.

Operand UBE Ay Number of bus cycles
Even address word 0 0 1
0Odd address word 0 1 2
1 0
Even address byte 1 0 1
0dd address byte 0 1 1
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Block Diagram

2|12
s |a 1 Ao
P2,/ DMARQO —» . < |3 Ag/Mm—Aglhg
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Functional Description
Architectural Enhancements

The following features enable the uPD70330/332 to
perform high-speed execution of instructions:

Dual data bus

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

16-bit loop counter (LC)

Program counter (PC) and prefetch pointer (PFP)
Internal ROM pass bus (uPD70332 only)

Dual Data Bus. The 4PD70330/332 has two internal
16-bit data buses: the main data bus and asubdata 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 simulta-
neously from the general-purpose registers and
transferred to the ALU.

16-/32-Bit Temporary Registers/Shifters. The 16-bit
temporary registers/shifters (TA, TB) allow high-speed
execution of multiplication/division and shift/rotation
instructions. By using the temporary registers/shifters,

the uPD70330/332 can execute multiplication/division
instructions about four times faster than with the
microprogramming method.

Loop Counter [LC]. The dedicated hardware loop counter
counts the number of loops for string operations and
the number of shifts performed for multiple bit shift/
rotation instructions. The loop.counter works with
internal dedicated shifters to speed the processing of
multiplication/division instructions.

Program Counter and Prefetch 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 be accessed
next. Several clocks are saved for branch, call, return,
and break instructions compared with processors
having only one instruction pointer.

Internal ROM Pass Bus. The uPD70332 features a
dedicated data bus between the internal ROM and the
instruction pre-fetch queue. This allows internal ROM
opcode fetches to be performed in a single clock cycle
(200 ns at 5 MHz); it also makes it possible for opcode
fetches to be performed while the external data bus is
busy. This feature gives the V35 a 10-20% performance
increase when executing from the internal ROM.
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Register Set

The pPD70330/70332 CPUs have general purpose
register sets compatible with the uPD70108/70116 and
the pPD70320/70322 microprocessors. Like the
uPD70320/70322, they also have a set of special function
registers for controlling the onboard peripherals. All
registers reside in the CPU’s memory space. They are
grouped in a 4K byte block called the internal data area
(IDA). The 256 byte internal RAM is alsointhe IDA. The
addresses of the register are given as offsets into the
IDA. The start address of the IDA is set by 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 purpose register
set is in internal RAM, it is possible to have multiple
banks of registers. The uPD70330/70332 CPU supports
up to 8 register banks. A bit field in the PSW selects
which bank is currently being used. Each bank con-
tains 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 fastinterrupt handling. During and after
RESET, register bank 7 is selected.

Figure 1 shows the configuration of aregister 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 a register 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 is
required.

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:

AW Word multiplication/division, word I/O, data
conversion

AL  Byte multiplication/division, byte /0O, BCD
rotation, data conversion, translation

AH  Byte multiplication/division

BW  Translation

CW  Loop control branch, repeat prefix

CL  Shiftinstructions, rotation instructions, BCD
operations

DW  Word multiplication/division, indirect address-

ing 170

uPD70330/332 (V35)
Figure 1. Register Bank Configuration
Eight 32-Byte
Register Banks
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Pointers [SP, BP] and Index Registers [IX, 1Y]. These
registers are used as 16-bit base pointers or index
registers in based addressing, indexed addressing,
and based indexed addressing. The registers are used
as default registers under the following conditions:

SP  Stack operations

1X Block transfer (source), BCD string opera-
tions

Y Block transfer (destination), BCD string
operations

Segment Registers. The segment registers divide the
1M-byte address space into 64K-byte blocks. Each
segment register functions as a base address to a
block; the effective address is an offset from that base.
Physical addresses are generated by shifting the asso-
ciated segment register left four binary digits and then
adding the effective address. The segment registers
are:

Segment Register Default Offset

PS (Program segment) PC

SS (Stack segment) SP, Effective address
DS0 (Data segment-0) IX, Effective address

DS1 (Data segment-1) 1Y, Effective address

During RESET, PS is set to FFFFH; DS0, DS1 and SS
are set to 0000H.

Program Counter [PC]. The PC is a 16-bit binary
counter that contains the offset address from the
program segment of the next instruction to be executed.
It is incremented every time an instruction is received
from the queue. It is loaded with a new location
whenever a branch, call, return, break, or interrupt is
executed. During RESET, PC is set to 0000H.

10

Program Status Word [PSW]. The PSW contains the
following status and control flags.

15 PSW 8
[+ [re2|Rret [RBo [ v Tomr] e [BsRKk]

7 0
[s [z [Fr [acTr ] r Terx]or|

Status Flags
V  Overflow bit

Control Flags
DIR Direction of string

S Sign processing

Z  zero IE Interrupt enable
o BRK Break (after ever

AC Auxiliary carry 'instruc(tion) y

P Parity RBn Current register

CY Carry bank flags

BRKI /0 trap enable (see
software interrupts)

FO, F1 General-purpose
user flags

The eight low-order bits of the PSW can be stored in the
AH register and restored by a MOV instruction execu-
tion. The only way to alter the RBn bits via software is to
execute an RETRBI or RETI instruction. During RESET,
PSW is setto FOO2H. The FOand F1 flags may be access-
ed as bits in the FLAG special functioning register.

Memory Map

The 4PD70330/332 has a 20-bit address bus that can
directly access 1M bytes of memory. Figure 2 shows that
the 16K bytes of internal ROM (uPD70332 only)
are located at the top of the address space from FCO00H
to FFFFFH.
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Figure 2. Memory Map

FFFFFH
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FFFEFH Use Prohibited
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FCO000H
512-Byte
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0 00000+ | Special-Purpose Vectors
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bw
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BP
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A 4
___' DSt
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PC Storage
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Eight 32-Byte Vector PC +7H
Register Banks +00H Reserved
15 S
Register Bank Eight 8-Byte
7 Macro Service Channels +0H
15 0
6 xxE3FH | Macro Service Channel
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5 xxE30H L]
xxEOFH
4 -— xxE28H 5
3 xxE20H 4 - Chan1
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2 xxEOTH
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8-Byte
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MSS
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Reserved
SFRP
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Two 8-Byte
DMA Service Channels
15 87 0
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SARH1 | DARH1
DAR1
SAR1
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SARHO | DARHO
DARO
SARO

83-054644C
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Figure 2 shows the internal data area (IDA) is a 256-
byte internalt RAM area followed consecutively by a
256-byte special function register (SFR) area. All the
data and control registers for on-chip peripherals and
I1/0 are mapped into the SFR area and accessed as
RAM. For a description of these functions, see table 6.
The IDA is dynamically relocatable in 4K-byte incre-
ments by changing the value in the internal data base
(IDB) register. Whatever value is in this register will be
assigned as the uppermost eight bits of the IDA
address. The |DB register can be accessed from two
different memory locations, FFFFFH and XXFFFH,
where XX is the value in the IDB register.

On reset, the internal data base register is set to FFH
which maps the IDA into the internal ROM space.
However, since the uPD70332 has a separate bus to
internal ROM, this does not present a problem. When
these address spaces overlap, program code cannot be
executed from the IDA and internal ROM locations
cannot be accessed as data.

Figure 2 shows that the internal data area is divided into
2 parts: the 256 byte internal RAM and the special
function register area.

The internal RAM area serves various purposes. When
the RAMEN bitin the Processor Control Register is set,
this area may be accessed as RAM and code may be
executed from it. Note that the processor may run
slower when the RAMEN bit is set. See the Instruction
Clock Count table. In addition, whether the RAMEN bit
is on or off, each of the 8 macroservice channels has an
8 byte control block that is assigned to a fixed location
in the low 64 bytes of the internal RAM. Similarly, the
two 8 byte DMA control blocks are assigned to the low
16 bytes of the RAM. The 8 CPU register banks use 32
bytes each. Since the RAM can’t be used for more than
one purpose, there are restrictions on how V35 features
can be combined. For example, if register bank 0 is
used, then macroservice channels 0-3 and both DMA
channels cannot be used. If DMA channel 1 is used,
then macroservice channel 1 cannot be used.

The special function register area contains the registers
used to control the onboard peripheral functions.
Table 6 shows the SFRs. The address shown in the
table is an offset from the |DB register. Most SFRs can
be both read and written, but some are read-only;
others are write-only. Some SFRs may be accessed
one bit at a time; others only 8 bits at a time, and some
SFRs are 16 bits wide.
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Instructions

The #PD70330/332 instruction set is fully compatible
with the V20 native mode instruction set. The V20
instruction set is a superset of the yPD8086/8088
instruction set with different execution times and
mnemonics.

The pPD70330/332 does not support the V20 8080
emulation mode. All of the instructions pertaining to
this have been deleted from the pPD70330/332 in-
struction set.

Enhanced Instructions

in addition to the uPD8086/88 instructions, the
©PD70330/332 has the following enhanced instructions.

Instruction  Function

PUSH imm  Pushes immediate data onto stack

PUSH R Pushes eight general registers onto
stack

POP R Pops eight general registers from stack

MUL imm 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 imm8

CHKIND Checks array index against designated
boundaries

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

OUTM Moves a string from memory to an 1/0
port

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

DISPOSE Frees the current stack frame on a

procedure exit
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Unique Instructions

The puPD70330/332 has the following unique
instructions.

Instruction Function

INS Inserts bit field

EXT Extracts bit field

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

TEST1 Tests bit

SET1 Sets bit

CLR1 Clears bit

NOT1 Complements bit

BTCLR Tests bit; if true, clear and branch

REPC Repeat while carry set

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 to 16 bits. The uPD70330/332
supports two separate operations on bit fields: insertion
(INS) and extraction (EXT). There are no restrictions
on the position of the bit field in memory. Separate
segment, byte offset, and bit offset registers are used
forinsertion and extraction. Following the execution of
these instructions, both the byte offset and bit offset

Figure 3. Bit Field Insertion

are left 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 graphics, high-level languages, and packing/
unpacking applications.

Bit field insertion copies the bit field of specified length
from the AW register to the bit field addressed by
DS1:1Y:reg8 (8-bit general-purpose register). The bit
field length can be located in any byte register or
supplied as immediate data. Following execution, both
the IY and reg8 are updated to point to the start of the
next bit field.

Bit field extraction copies the bit field of specified
length from the bit field addressed by DS0:1X: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
1X and reg8 are updated to point to the start of the next
bit field.

Figures 3 and 4 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
format 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 lower half of the AL register through the register or
the memory operand.

Bitlength

",

Bit offset

Byte offset (1Y)

)

) Memory

JEES N

!

Byte boundary Segment base (DS1)

83-000106B
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Figure 4. Bit Field Extraction

Bit length -

Bit offset Byte offset (IX)

-t

s X |

AW 0

f A

Byte boundary Segment base (DS0)

83-0001078

Bit Manipulation instructions

The uPD70330/332 has five unique bit manipulation
instructions. The ability to test, set, clear, or comple-
ment a single bit in a register or memory operand
increases code readability as well as performance over
the logical operations traditionally used to manipulate
bit data. This feature further enhances control over
on-chip peripherals.

Additional Instructions

Besides the V20 instruction set, the 4uPD70330/0332
has the eight additional instructions described in
table 1.

Table 1. Additional Instructions

Instruction Function

BTCLR var,imm8, Bit test and if true, clear and branch;
short label otherwise, no operation

STOP (no operand) Power down instruction, stops oscillator

RETRBI (no aperand)  Return from register bank context switch

interrupt

FINT (no operand) Finished interrupt. After completion 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
inequalities to be used when working on ordered data,
thus increasing performance when searching and
sorting algorithms.

14

Bank Switch Instructions

The V35 has four new instructions that allow the
effective use of the register banks for software interrupts
and multitasking. These instructions are shown in
table 2. Also, see figures 8 and 10.

Table 2. Bank Switch Instructions
Instruction
BRKCS reg 16

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.

TSKSW reg 16 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 PSW save registers and the new
PC and PSW vatues are retrieved from the new

register bank’s save areas. See figure 0.

MOVSPA 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.

MOVSPB 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.

Interrupt Structure

The uPD70330/332 can service interrupts generated
both by hardware and by software. Software interrupts
are serviced through vectored interrupt processing.
Seetable 3 for the various types of software interrupts.
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Table 3. Software Interrupts Figure 5. Interrupt Vector 0
Interrupt Description
Divide error The CPU will trap if a divide error occurs as the Vemr.o
result of a DIV or DIVU instruction. 000H : 001H
Single step The interrupt is generated after every instruction t
if the BRK bit in the PSW is set. oo2H | 003H
Overflow By using the BRKV instruction, an interrupt can be PS - (003H, D02H)
generated as the result of an overflow. PC « (00TH, 000H)
Interrupt The BRK 3 and BRK imm8 instructions can 83-000112A
instructions generate interrupts.
Array bounds The CHKIND instruction will generate an interrupt Table 4. Interrupt Vectors
if specified array bounds have been exceeded.
Escape trap The CPU will trap on an FP01,2 instruction to Address _Vectar Ho. Assigned Use
allow software to emulate the floating point 00 0 Divide error
processor. 04 1 Break flag
110 trap If the 1/0 trap bit in the PSW is cleared, a trap will 08 2 NMI
be generated on every IN or OUT instruction.
Software can then provide an updated peripheral 0c 3 BRK3 instruction
address. This feature allows software B :
interchangeability between different systems. 10 4 BRKV instruction
14 5 CHKIND instruction
When executing software written for another system, it 18 6 General purpose
is better to implement 1/0 with on-chip peripherals to 1C 7 FPO instructions
reduce external hardware requirements. However, 5 |
since uPD70330/332 internal peripherals are memory ~ 20-2C 811 eneral purpose
mapped, software conversion could be difficult. The 30 12 INTSERO (Interrupt serial error, channel 0)
1/0 trap feature allows easy conversion from external 34 13 INTSRO (Interrupt serial receive, channel 0)
peripherals to on-chip peripherals. 38 14 INTSTO (Interrupt serial transmit, channel 0)
Interrupt Vectors 3C 15 General purpose
The starting address of the interrupt processing 40 16 INTSER1 (Interrupt serial error, channel 1)
routines may be obtained from table 4. The table 44 17 INTSR1 (Interrupt serial receive, channel 1)
begins at physical address 00H, which is outside the ¢ 18 INTST! (Interrupt serial transmit, channel 1)
internal ROM space. Therefore, external memory is
required to service these routines. By servicing inter-  C 19 1/0 trap
rupts via the macro service function or context 50 20 INTDO (Interrupt from DMA, channel 0)
switching, this requirement can be eliminated. 54 2 INTD1 (Interrupt from DMA, channel 1)
Each interrupt vector is four bytes wide. To service 58 22 General purpose ‘
a vectored interrupt, the lower addressed word is g 23 General purpose
trans_ferred to the PC and the upper word to the PS. 60 2 INTPO (Interrupt from peripheral 0)
See figure 5. .
64 25 INTP1 (interrupt from peripheral 1)
68 26 INTP2 (interrupt from peripheral 2)
6C 27 General purpose
70 28 INTTUG (Interrupt from timer unit 0)
74 29 INTTU1 (Interrupt from timer unit 1)
78 30 INTTU2 (Interrupt from timer unit 2)
7C kil INTTB (Interrupt from time base counter)
080-3FF 32-255 General purpose

15
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Execution of a vectored interrupt occurs as follows:
(SP-1, SP-2) — PSW
(SP-3, SP-4) < PS
(SP-5, SP-68) — PC
SP ~ SP-6
IE<~0,BRK+~—0
PS « vector high bytes
PC « vector low bytes

Hardware Interrupt Configuration

The V35 features a high-performance on-chip con-
troller capable of controlling multiple 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
microcontroller interrupts.

Interrupt Sources

The 17 interrupt sources (table 5) are divided into
groups for management by the interrupt controller.
Using software, each of the groups can be assigned a
priority from 0 (highest) to 7 (lowest). The priority of
individual interrupts within agroup is fixed in hardware.

Figure 6. Interrupt Mode Register (INTM)

Ifinterrupts from different groups occur simultaneously
and the groups have the same assigned priority level,
the priority followed will be as shown in the Default
Priority column of table 5.

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

| PR, | PRg| PRs| PRy| PRy| PRo| PRy| PRy]

NMI and INT are system-type external vectored
interrupts. NMI is not maskable via software. INTR is
maskable (IE bit in PSW) and requires that an external
device provide the interrupt vector number. It allows
expansion by the addition of an external interrupt
controller (uPD71059).

NMI, INTPO, and INTP1 are edge-sensitive interrupt
inputs. By selecting the appropriate bits in the interrupt
mode register, these inputs can be programmed to be
either rising or falling edge triggered. ESg-ES, corre-
spond to INTPO-INTP2, respectively. See figure 6.

INTM 0 ES, 0 ES; 0 ESq

ES
0 NMI

Trigger Mode

Falling Edge

Rising Edge

Falling Edge

Rising Edge

Falling Edge

Rising Edge

Falling Edge

= Jloj=lo]|= |||

Rising Edge

49-0013828
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Table 5. Interrupt Sources

Interrupt Source

External/
Internal

Vector

Macro
Service

Bank
Switching

Priority Order

Setting
Possible

Between
Groups

Within
Groups

Multiple
Processing
Control

NMI
Nonmaskable interrupt

External

2

No

No

No

0

Not
accepted

INTTUO
Interrupt from timer
unit 0

Internal

28

Yes

Yes

Yes

1

INTTU1
Interrupt from timer
unit 1

Internal

29

Yes

Yes

Yes

INTTU2
Interrupt from timer
unit 2

Internal

Yes

Yes

Yes

Accepted

INTDO
Interrupt from DMA
channel 0

Internal

20

No

Yes

Yes

INTD1
Interrupt from DMA
channel 1

Internal

2

No

Yes

Yes

Accepted

INTPO
Interrupt from
peripheral 0

External

24

Yes

Yes

Yes

INTP1
Interrupt from
peripheral 1

External

25

Yes

Yes

INTP2
Interrupt from
peripheral 2

External

26

Yes

Yes

Yes

Accepted

INTSERO
Interrupt from serial
error on channel 0

Internal

12

No

Yes

Yes

INTSRO
Interrupt from serial
receiver of channel 0

Internal

13

Yes

Yes

Yes

INTSTO
Interrupt from serial
transmitter of channel 0

Internal

14

Yes

Yes

Yes

Accepted

INTSER1
Interrupt from serial
error on channel 1

Internal

16

No

Yes

Yes

INTSR1
Interrupt from serial
receiver of channel 1

Internal

17

Yes

Yes

Yes

INTST1
Interrupt from serial
transmitter of channel 1

Internal

18

Yes

Yes

Yes

Accepted

INTTB
Interrupt from time
base counter

tnternal

3

No

No

No
(Preset to 7)

Accepted

INT
Interrupt

External

Ext.
input

No

No

No

Not
accepted

17
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Interrupt Processing Modes

interrupts, with the exception of NMI, INT, and INTTB,
have high-performance capability and can be pro-
cessed in any of three modes: standard vectored inter-
rupt, register bank context switching, or macro service
function. The processing mode for a given interrupt
can be chosen by enabling the appropriate bits in the
corresponding interrupt request control register. As
shown in table 6, 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 7. There is an IRC for every interrupt source
except NH! and INT.

All interrupt processing routines other than those for
NMI 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 controller to begin looking for new

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 is that which
has the same register bank number (0-7) as the priority
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 mode, the IE and BRK
bits in the PSW are cleared to zero. After interrupt
processing, execution of the RETRBI (return from
register bank interrupt) returns control to the former
register bank and restores the former PC and PSW.
Figures 8 and 9 show register bank context switching
and register bank return.

Specific IRC registers include the following.

. Symbol IRC Register
interrupts. _
in the vectqred.interrypt mode, the CPU fraps to the g)I((I:COOPEl)%};z gx::'nal
vector location in the interrupt vector table. SEICO, SEIC1 Serial error
SRICO, SRIC1  Serial receive
STICO, STICH Serial transmit
TMICO-TMIC2  Timer
Figure 7. Interrupt Request Control Registers (IRC)
7 6 5 4 3 2 1 0
IRC ms/
FLAG MASK INT ENCS 0 PR2 PRy PRy
| I
PR
2 1 0| Priority
0 0 0| Highest
1 1 1| Lowest
ENCS | Context Switch
0 Vectored Interrupt Mode
1 Bank Switching
MS/INT | Macro Service or Interrupt
0 interrupt
1 Macro Service
xxMKn | Interrupt Mask
0 Mask Open: Interrupts Enabled
1 Mask Closed: Interrupts Disabled
xxFn Interrupt Request Flag
0 No Request
1 Interrupt Requested
49-0013838
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Figure 8. Register Bank Context Switching

PSW

RBi RBj
AW AW
CcwW cw
DW bW
BW BW
sp SP
BP BP
1X E> 1X
iy Y
DS1 DS1
PS PS
SS SS
DS0 DSO
Save PC ’—> Save PC
Save PSW Save PSW
Vector PC Vector PC
Reserved Reserved
[ _Psw_|
49-001344A
Figure 9. Register Bank Return
RBI RBj
AW AW
cwW cw
DW DwW
BW BW
SP SP
BP BP
X @ 1X
Y Y
DS1 DS1
PS PS
SS SS
DS0 DSO
Save PC 1 SavePC
Save PSW Save PSW
Vector PC Vector PC
Reserved Reserved

49-001346A

Macro Service Function

The macro service function (MSF) is a special micro-
program that acts as an internal DMA controller be-
tween 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 associated with interrupt

processing.

If the 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
interrupting the CPU. Each time a request occurs, the
macro service 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 characterand an interrupt
will be generated if a match occurs or if the macro

service counter counts out.

Like the NMI, INT and INTTB, the two DMA controlier
interrupts (INTDO, INTD1) do not have MSF capability.

Figure 10. Task Switching

CURRENT

AW
cwW
DwW
BW
SP

SS
DSO
—] PC Save
PSW Save
! vPC

Reserve

NEW

SS
DSO
PC Save
PSW Save
VPC
Reserve

VPC: Vector PC

RB: Register bank field

83-MB005273A
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There are eight 8-byte macro service channels mapped
into internal RAM from XXEOOH to XXE3FH. Figure 11
shows the components of each channel.

Setting the macro service mode for a given interrupt
requires programming the corresponding macro ser-
vice control register. Each individual interrupt, exclud-
ing INTR, NMI and TBC, has its own associated MSC
register. See table 6. Format for all MSC registers is
shown in figure 12.

Figure 11. Macro Service Channels
15 8 7 0
+7H
MSS
Mmsp
Reserved SCHR
SFRP MSC
+0H
l— Offset trom macro service channal start address.
MSS +6H Segment value of memory address usad
for data transfer. Memory address
will be MSS x 16 + MSP.
MSP +4H Offset value of memory address used
for data transfer.
SCHR +2H 8-bit data compared in character search.
SFRP +1H Offset value of special function register
address, which is xxFOOH + SFRP. (xx is
spacified by 1DB register).
MSC +0H Number of transfers performed in
macro service
83M-005285A
On-Chip Peripherals
Timer Unit

The uPD70330/332 (figure 13) has two programmable
16-bit interval timers (TMO, TM1) on-chip, each with
variable input clock frequencies. Each of the two 16-bit
timer registers has an associated 16-bit modulus
register (MDO, MD1). Timer O operates in the interval
timer mode or one-shot mode; timer 1 has only the
interval timer mode.

20

Interval Timer Mode. In this mode, TMO/TM1 are
decremented by the selected input clock and, after
counting out, the registers are automatically reloaded
from the modulus registers and counting continues.
Each time TM1 counts out, interrupts are generated
through TF1 and TF2 (Timer Fiags 1, 2). When TM0
counts out, an interrupt is generated through TFO.
The timer-out signal can be used as a square-wave
output whose half-cycle is equal to the count time.
There are two selectable input ciocks (SCLK: system
clock = fosc/2; fosc = 10 MHz).

Clock Timer Resolution Full Count
SCLK/6 1.2 us 78.643 ms
SCLK/128 256 us 1.678s

One-Shot Mode. In the one-shot mode, TMO and MDO
operate as independent one-shot timers. Starting with
a preset value, each is decremented to zero. At zero,
counting ceases and an interrupt is generated by TFQ
(from TMO) or TF1 (from MDO0). One-shot mode allows
two selectable input clocks (fogsc = 10 MHz).

Clock Timer Resolution Full Count
SCLK/12 2.4 us 157.283 ms
SCLK/128 25.6 us 1.678s

Setting the desired timer mode requires programming
the timer control register. See figures 14 and 15 for
format.

Time Base Counter/Processor Control Register

The 20-bit free-running time base counter controls
internal timing sequences and is available to the user
as the source of periodic interrupts at lengthy intervals.
One of four interrupt periods can be selected by pro-
gramming the TBO and TB1 bits in the processor
control register (PRC). The TBC interrupt is unlike the
others in that it is fixed as a level 7 vectored interrupt.
Macro service and register bank switching cannot be
used to service this interrupt. See figures 16 and 17.

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 18) uses the system clock as the input
frequency. The system clock can be changed by
programming the PCKO and PCK1 bits in the processor
control register (PRC). Reset initializes the system
clock to fosc/8 (fosc = external oscillator frequency).
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Figure 12. Macro Service Control Registers (MSC)

* All other combinations are reserved

7 6 5 4 3 2 1 [
xxMSn | MSM, I MSM; IMSMO l DIR l ] | CHy l CHy T CHp ]
I
1 0 | Macro Service Channel
0 0 0| Channei0
. .
. o
. .
1 1 1| Channel7
Transfer Direction
0 From Memory to SFR
1 From SFR to Memory
Transfer Mode
000 8-bit Transfer
00 1 16-bit Transfer
10 0 8-bit Transfer with Character Search

49-0013848B

Figure 13. Timer Unit Block Diagram

fseLx

divided byi

fs'___>
128

Output
Control

o+

B83SL-6746A
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Figure 14. Timer Control Register 0

7 6 5 4 3 2 1 0
I TS0 ] TCLKO l MSO [ MCLK ] ENTO l ALV I MOD1 | MODO I

MOD1 | MODO | Timer Mode
0 0 interval Timer Mode
0 1 One-shot Timer Mode
1 X Reserved

Active Level of Toyt
0 Toyt initial level = 0
1 Toyr initial level = 1
Enable Timer-Out Signal
0 Disabie Timer Qut
1 Enable Timer Out
One-shot Mode Modulus Register Clock
0 SCLK/12
1 SCLK/128
Modulus Start (One-shot Mode)
0 Stop Modulus Register Count
1 Start Modulus Register Count
TM Register Clock Select

MOD1 | MODO | TCLK
0 0 0 SCLK/6 Interval Timer Mode
0 0 1 SCLK/128
0 1 0 SCLK/12 One-shot Mode
] 1 1 SCLK/128

Timer Start Bit

0 Stop Timer*
1 Start Timer”

*Starts and stops TMO in one-shot mode

49-0013878
Figure 15. Timer Control Register 1
7 6 5 4 3 2 1 0
l TS l TCLK1 [ 0 [ 0 l 0 | 0 | 0 I ¢ I
TM1 Clock Select
0 | SCLK/§
1 | SCLK/128
Timer Start Bit
»1 0 | Stop TM1 counting
1 Start TM1 counting
49-0013898
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Figure 16. Time Base Interrupt Request Control Register

[ Trome o]

Time Base Interrupt Mask Bit

Unmasked

Masked

Time Base Interrupt Flag

No Interrupt Generated

Interrupt Generated

49-001393B

Figure 17. Processor Control Register (PRC)

6

7
PRC l 0 J HAMENi

]

3 2 1 o
I TB1 J TBO l PCK1 l PCKD ]
| I

System Clock Select

PCK1

PCKO

0

tosc/2

ole

fosc/4

-

fosc/8

-

1
0
1

Reserved

Time Base Interrupt Period

TB1

T80

0

210/tc1k

1

2B3/1c1Lk

0

2164501

- o o

1

220/¢cy

Iinternal RAM Enable

Disabled

Enabled

43-0013958

Figure 18. Time Base Counter (TBC) Block Diagram

scLk —>

+ 210

+ 213

+ 216

+ 220

49-001348A
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Refresh Controller

The uPD70330/332 has an on-chip refresh controller
for dynamic and pseudostatic RAM mass storage
memories. The refresh controller generates refresh
addresses and refresh pulses. It inserts refresh cycles
between the normal CPU bus cycles according to
refresh specifications.

The refresh controller outputs a 9-bit refresh address
on address bits Ag-Ag during the refresh bus cycle.
Address bits Ag-Aqg are all 1's. The 9-bit refresh
address is automatically incremented at every refresh
timing for 512 row addresses. The 8-bit refresh mode
(RFM) register (figure 19) specifies the refresh opera-
tion and allows refresh during both CPU HALT and

Figure 19. Refresh Mode Register (RFM)

HOLD modes. Refresh cycles are automatically timed
to REFRQ following read/write cycles to minimize the
effect on system thoughput.

The following shows the REFRQ pin level in relation to
bits 4 (RFEN) and 7 (RFLV) of the refresh mode
register.

7 6 5 4 3 2

RFEN RFLV REFRQ Level
0 0 0
0 1 1
1 0 0
1 1 Refresh pulse output
1 0

RFM L RFLV | HLDRF | HLTRF | RFEN [ RFW1 I RFWO ‘ RFT1 RFTO

Refresh Cycle Speed

RFT1 | RFT0 | Retresh Period

0 0 16/SCLK

0 1 32/SCLK

1 0 64/SCLK

1 1 128/SCLK

Refresh Cycle Wait States

RFW1 | RFWO0 | Number of Wait States

0 0 0

0 1 1

1 0 2

1 1 2

Refresh Enable

0 Refresh Pin = RFLV
1 Refresh Enabled

Halt Refresh Enable
0 Refresh During Halt Disabled
1 Refresh During CPU HALT
Hold Refresh Enabie
[ Hold Refresh Disabled
1 Refresh During Hold

Refresh level output

to RFSH pin when RFEN = 0

49-0013928
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Serial Interface

The uPD70330/332 has two full-duplex UARTS, channel
0 and channel 1. Each serial port channel has a
transmit line (TxDn), a receive line (RxDn), and a clear
to send (CTSn) input line for handshaking. Communi-
cation is synchronized by a start bit, and you can
program the ports for even, odd, or no parity, character
lengths of 7 or 8 bits, and 1 or 2 stop bits.

The uPD70330/332 has dedicated baud rate generators
for each serial channel. This eliminates the need to
obligate the on-chip timers. The baud rate generator
allows a wide range of data transfer rates (up to 1.25
Mb/s}. This includes all of the standard baud rates
without being restricted by the value of the particular
external crystal.

Each baud rate generator has an 8-bit baud rate
generator (BRGn) data register, which functions as a
prescaler to a programmabie input clock selected by
the serial communication control (SCCn) register.
Together these must be set to generate a frequency
equivalent to the desired baud rate.

The baud rate generator can be set to obtain the
desired transmission rate according to the following
formula:

SCLK x 108

BxG= on +1

where B = baud rate
G = baud rate generator register (BRGn)
value
n = input clock specifications (n between
0 and 8). This is the value that is loaded
into the SCCn register. See figure 23.
SCLK = system clock frequency (MHz)

Based on the above expression, the following table
shows the baud rate generator values used to obtain
standard transmission rates when SCLK =5 MHz.

uPD70330/332 (V35)

Baud Rate n BRGn Value Error (%)
10 7 178 0.25
150 7 130 016
300 6 130 016
600 5 130 0.16
1200 4 130 0.16
2400 3 130 0.16
4800 2 130 0.16
9600 1 130 0.16
19,200 0 130 0.16
38,400 0 65 0.16
1.25M 0 2 0

In addition to the asynchronous mode, channei O has a
synchronous I/O interface mode. In this mode, each bit
of data tranferred is synchronized to a serial clock
(SCKO). This is the same as the NEC yCOM75 and
uCOMB8Y7 series, and allows easy interfacing to these
devices. Figure 20 is the serial interface block diagram;
figures 21,22, and 23 show the three serial communica-
tion registers.

DMA Controller

The pPD70330/332 has a two-channel, on-chip DMA
controller. This allows rapid data transfer between
memory and auxiliary storage devices. The DMA con-
troller supports four modes of operation, two for
memory-to-memory transfers and two for transfers
between |/0 and memory. See figures 24, 25, and 26 for
a graphic representation of the DMA registers.
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Figure 20. Serial Interface Block Diagram

Channel 0

U

TxBO

O

TxDO

Serial Register

RxDG

ﬂ

RxBGO

ﬁ

Serial R

CTS0

YY2

Transmit Control

Channel 1

Receive Control

| RxCO

TxD1

RxD1

CcTS1

Yy4

Baud Rate
TxCo Generator O scko
TxB1 RxB1
Serial Register Serial Regist:
Transmit Control Receive Control
| RxC1
Baud Rate
TxC1 a "
49-0013498
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Figure 21. Serial Communication Mode Register (SCM)

7 6 5

4 3 2 1 0
SCM LTXRDVI RxE rPRTY1 PRTYQ ]ﬁL/TSK ISL/RSCKI MD1 I MDO l

[Mo1|mpo]  Mode
] 0 1/0 Interface [Note 1)
[ B } Asynchronous

1 X Reserved

Stop Bit Length/Rcv Clk [Note 3]
0 ] 1 Stop Bit/Ext Clk [input on CTS0]
1 I2 Stop Bits/Int Cik {output on CTS0]
Char Length/Trans Shift Cik [Note 3]

0 7 Bits/No Effect
b 8 Bits/Trigger Transmit
PRTY
Parity Control
1710
o]o No Parity
0 1 0 Parity [Note 2]
»] 1| 0| Odd Parity
1 1 Even Parity
Receiver Control
Disable
1 Enable
Transmitter Control
[ Disable
"I 1| Enable
Notes:

(1] Only Channel 0 has I/0 interface mode.

[2] When 0 parity is selected, the parity is 0
during transmit and is ignored during receive.

[3] Applies only to /0 interface mode.

49-00138568
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Figure 22. Serial Communication Error Registers (SCE)

7 6 5 4 3 2 1 0

SCEnI RxD | 0 I 0 I 0 I 0 I ERP I ERF I ERC

L.

Overrun Error Flag

Overrun has occurred

Overrun has not occurred

Framing Error

Stop bit not detected

Framing error has not occurred

Parity Error

Parity error has occurred

No parity error has occurred

RxD Line Status

RxD Line = 1

RxDLine = 0

49-001386A

Figure 23. Serial Communication Control Register (SCC)

7 6 5 4 3 2 1 0
scc | 0 | ° I 0 I 0 I PRS3 I PRS, I PRS; [ PRSg l
[ I

PRS
3210

Input clock for baud
rate generator

0000

SCLK/2

0001

SCLK/4

0010

SCLK/8

0011

SCLK/16

0100

SCLK/32

0101

SCLK/64

0110

SCLK/128

0111

SCLK/256

*All other combinations after 1000 are illegal

1000

SCLK/512*

49-0013888B
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Figure 24. DMA Channels

1C1 XXEOEH
saRH1 | DaRH

DAR1

SAR1 Channel 1

TCO Channel 0
SARHO | DARHO

DARGO

SARO XXEOOH

je——16 Bits ——

49-001350A

Figure 25. DMA Mode Registers (DMAM)

7 ] 5 4 3 2
DMAMD
rMDr[ MD, I MDgp T w I EDMA [ TDMA | DMAMY
| A |
Trigger DMA [Note 1]
0 | No Effect
Trigger DMA
Enable DMA [Note 2]
0 | Disable DMA
1 Enable DMA
Word/byte
0 | Byte Transfers
1| Word Transfers
DMA Mode
MD, MD, MDg
0 0 0 Single Step (Mem to Mem)
0 0 1 Demand Release (I/0 to Mem)
0 1 0 Demand Release (Mem to 1/0)
0 1 1 Reserved
1 0 0 Burst Mode (Mem to Mem)
Notes: . . N 1 0 1 Single Transfer (/0 to Mem)
[1] Valid only during single-step and burst
modes. 1 1 [1] Single Transter (Mem to 1/0}
2) loredunen TG -0 clered when O I I B [

49-0013308B
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Figure 26. DMA Control Registers (DMAC)

DMACO

7 6 5 4 3 2 1 0
] 0 | 0 I PD1 I PDO l 0 | 0 | Ps1 l PSO I
DMAC1

Source Address Increment/Decrement Control

PS1 | PSO
0 0 Source Address not
Incremented/Decremented
0 1 Increment Source Address
1 0 Decrement Source Address

1 1 Source Address not

Incremented/Decremented

Destination Address Increment/Decrement Control

PD1 | PDO
0 0 Destination Address not
Incremented/Decremented
0 1 Increment Destination
Address
1 0 Decrement Destination

Address

Destination Address not
Incremented/Decremented

1 1

49-0013818

Memory-to-Memory Transfers. In the single-step
mode, when one DMA request is made, execution of
one instruction and one DMA transfer are repeated
alternately until the prescribed number of DMA trans-
fers has occurred. Interrupts can be accepted while in
this mode. In burst mode, a DMA request causes DMA
transfer cycles to continue until the DMA terminal
counter decrements {o zero. Software can also initiate
memory-to-memory transfers.

Transfers Between 1/0 and Memory. In single-transfer
mode, one DMA transfer occurs after each rising edge
of DMARQ. After the transfer, the bus is returned to the
CPU. In demand release mode, the rising edge of
DMARQ enables DMA cycles, which continue as long
as DMARQ is high.

In all modes, the TC (terminal count) output pin will
pulse low and a DMA completion I/O request will be
generated after the predetermined number of DMA
cycles has been completed.

The bottom of internal RAM contains all the necessary
address information for the designated DMA channels.
The DMA channel mnemonics are as follows:

TC Terminal counter
SAR Source address register

SARH Source address register high
DAR Destination address register
DARH Destination address register high

30

The DMA controller generates physical source
addresses by offsetting SARH 12 bits to the left and
then adding the SAR. The same procedure is also used
to generate physical destination addresses. You can
program the controller to increment or decrement
source and/or destination addresses independently
during DMA transfers.

When the EDMA bit is set, the internal DMARQ flag is
cleared. Therefore, DMARQSs are only recognized after
the EDMA bit has been set.

Paraliel Ports

The uPD70330/332 has three 8-bit parallei 1/0 ports:
PQ, P1, and P2. Refer to figures 27 through 31. Special
function register (SFR) locations can access these
ports. The port lines are individually programmable as
inputs or outputs. Many of the port lines have dual
functions as port or control lines.

Use the associated port mode and port mode control
registers to select the mode for a given 1/0 line.

The analog comparator port (PT) compares each input
line to a reference voltage. The reference voltage is
programmabile to be the V1 input x n/16, where n =1
to 16. See figure 32.
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Figure 27. Port Mode Registers 0 and 2 (PM0, PM2}

7 6 5 4 3 2 1 0
PMO
I PM; i PMg I PMs I PMy4 I PM;3 l PMy l PMy I PMg I
F PM2
Input or 0 | Output Port Mode
Output Bit
Selection 1 Input Port Mode
490013778
Figure 28. Port Mode Register 1 (PM1)
7 6 5 4 3 2 1 0
PM1 LPM17 [ PM1g I PM1is [ PM14 J 1 I 1 I 1 | 1 I
PMC1q PM1, Port P1,
0 0 Output
0 1 Input
n=786,5o0r4
83-0045378
Figure 29. Port Mode Control Register 0 (PMCO0)
7 ] 5 4 3 2 1 0
[pweer | - [ - [ - [ -[-]-10]-1
Port or Control 0 Port Mode
Bit Selection 1 CLKOUT
43-0013788
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Figure 30. Port Mode Control Register 1 (PMC1)

7 6 5 4 3 2 1 [

| PMC17 ] PMCig I PMC1s I PMC14 ] PMC13 lPMC12 I PMCi4 l PMC1p |

Port/Control Bit Selection

NMI/P1g Input

INTPO/P11 Input

INTP1/P12 Input

INTP2/P13 Input

INTAK Output

P14 1/0 or POLL Input

INT Input

P151/0

TOUT OQutput

P1g IO

SCKO Output

P1;1/0

wjolmlo|=]o~-|o|=]o x>

READY Input

49-001379B

Figure 31. Port Mode Control Register 2 (PMC2)

7 6 5 4 3 2 1 0

PMCZl PMC27 ] PMC2g l PMC25 ] PMC24 [ PMC23 | PMC22 | PMC24 I PMC2g |

Port/Control Bit Selection

1/O Port

DMARQO input

/O Port

DMAAKO Qutput

110 Port

TCO Output

1/0 Port

DMARQ1 Input

1/Q Port

DMAAK1 Qutput

1/0 Port

TC1 Qutput

170 Port

HLDAK Input

1/Q Port

wlolalol=lel«lel=leol=lec]l=]leo]|=]|=

HLDRQ Output

49-0013808
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Figure 32. Port Mode Register T (PMT)

7 5 4 3 2

1 0

I PMT4 I PMTg IPMT

[ 0 LS l 0 L 1] l PMT3 l PMT2
L

L Comparator Port Threshold Selection
ojJojJojo] Vrux16/16
00|01 VTH x 1/16
cloli1]o VTH X 2/16
gjJol1]1 VTH x 3/16
o]li1]o]o]| Vinx4/16
0jJ1]0]1 VTH X 5/16
ol1]11]10 VTH X 6/16
ofj1]1]1 VTH x 7/16
1]10]0]|0 VTH x 8/16
1]0]o0]1 VTH x 9/16
1]Joj1]o VTH x 10/18
1]0]1]1 VTH x 11716
1111010 VTH x 12/16
1]1]0]1 VTH x 13/16
11111]0 VTH x 14/16
111 1]1 VTH x 15/16

43-0013818

Programmable Wait State Generation

You can generate wait states internally to further
reduce the necessity for external hardware. Insertion
of these wait 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 memory
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 extenal 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 1/O address space. Figure 33
shows the memory map for programmable wait state
generation; see figure 34 for a graphic representation
of the wait control word.

Figure 33. Programmable Wait State Generation

FFFFFH

Coc00H

40000H

20000H

OH

256K

18

128K

128K

49-001351A
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Standby Modes

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

HALT Mode.

In the HALT mode, the processor is inactive and the
chip consumes much less power than when opera-
tional. 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, inter-
rupts subsequently wili be processed in vector mode.
In the DI state, program execution is restarted with the
instruction folowing the HALT instruction.

STOP Mode.

The STOP mode allows the largest power reduction
while maintaining RAM. The oscillator is stopped,

Figure 34. Wait Control Word

halting all internal peripherals. Internal status is main-
tained. Only a reset or NMI can release this mode.

A standby flag in the SFR area is reset by rises in the
supply voltage. Its status is maintained during normal
operation and standby. The STBC register (figure 35)
is not initialized by RESET. Use the standby flag to
determine whether program execution is returning
from standby or from a cold start by setting this flag
before entering the STOP mode.

Special Function Registers

Table 6 shows the special function register mnemonic,
type, address, reset value, and function. The 8 high-
order bits of each address (xx) are specified by the IDB
register.

SFR area addresses notlisted in table 6 are reserved. If
read, the contents of these addresses are undefined,
and any write operation will be meaningless.

Wait Control High
7 6 5 4 3 2

1 0

I 101 I 100 ] BLK61 I BLK60 l BLK51

I BLK50 I BLK41 l BLK40 |

Wait Control Low

7 6 5 4 3 2

1 0

I BLK31 l BLK30 | BLK21 i BLK20 1 BLK11

I BLK10 I BLKO1 l BLKGO [

I

BLKn1 BLKnO Mode
0 0 No Waits
0 1 1 Wait
1 0 2 Wait
1 1 2 Waits + Ext. Ready
49-0013948
Figure 35. Standby Register
7 6 5 4 3 2 1 (¢}
Iolo[oTo]olo o[saplsmc

.

Standby Flag
No changes in supply voltage (standby)

-

-]

Rising edge on supply voitage (cold start)

43-001336B
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Table 6. Special-Function Registers

Address Register Function Symbol R/W Manipulation (Bit] When RESET
xxFOOH Port 0 PO R/W an Undefined
xxFO1H Port mode 0 PMO w 8 FFH
xxF02H Port made control 0 PMCO w 8 00H
xxFO8H Port 1 4] R/IW 8/1 Undefined
xxFOgH Port mode 1 PM1 w 8 FFH
xxFOAH Port mode control 1 PMC1 w 8 00H
xxF10H Port 2 P2 RIW 8/1 Undefined
xxF11H Port mode 2 PM2 w 8 FFH
xxF12H Port mode control 2 PMC2 w 8 00H
xxF38H Port T PT R 8 Undefined
xxF3BH Port mode T PMT RIW 811 00H
xxF40H External interrupt mode INTM R/W 81 00H
xxF44H External interrupt macro service control 0 EMSO R/IW 8/1 Undefined
xxF45H External interrupt macro service control 1 EMS1 R/W 8/1

xxF46 External interrupt macro service control 2 EMS2 R/W 8/1

xxF4CH External interrupt request control 0 EXICO R/IW 8/1 47H
xxF4DH External interrupt request control 1 EXIC1 R/IW 8/1

xxF4EH External interrupt request control 2 EXIC2 RIW 8/1

xxF60H Receive buffer 0 RxBO R 8 Undefined
xxF62H Transmit buffer 0 TxBO w 8

xxFB5H Serial receive macro service control 0 SRMS0 R/W 8n

xxF66H Serial transmit macro service control 0 STMS0 RIW 8/

xxF68H Serial communication mode 0 SCMo R/W 8N

xxF69H Serial communication control 0 SCCO R/W 8/1 00H
xxF6AH Baud rate generator 0 BRGO R/IW 81

xxF6BH Serial communication error ¢ SCEC R 8

xxF6CH Serial error interrupt request control 0 SEICO R/W 8/1 47H
xxF6DH Serial receive interrupt request controi 0 SRICO R/IW : 8/1

xxF6EH Serial transmit interrupt request control 0 STICO R/W 8N

xxF70H Receive buffer 1 RxB1 R 8 Undefined
xxF72H Transmit buffer 1 TxB1 w 8

xxF75H Serial receive macro service control 1 SRMS1 R/W 8/

xxF76H Serial transmit macro service control 1 STMSt R/W 8/1

xxF78H Serial communication mode 1 SCM1 R/W 8/1 00H
xxF79H Serial communication control 1 SGC1 R/IW 8/1

xxF7AH Baud rate generator 1 BRG? R/W 8/1

xxF7BH Serial communication error 1 SCE1 R 8
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Table 6. Special-Function Registers (cont)

Address Register Function Symbol R/W Manipulation [Bit) When RESET

XxF7CH Serial error interrupt request control 1 SEIC1 R/W 81 47H

xxF7DH Serial receive interrupt request control 1 SRIC1 R/IW 8/1

xxF7EH Serial transmit interrupt request control 1 STICt R/W 8n

xxF80H Timer 0 TMO R/W 16 Undefined

xxF82H Modulo 0 MDO R/W 16

xxF88H Timer 1 ™M1 R/W 16

xxF8AH Modulo 1 MD1 R/W 16

xxF90H Timer control 0 TMCO R/W 81 00H

xxF91H Timer control 1 TMC1 R/W 8/1

xxF94H Timer macro service control 0 TMMSO R/W 8/1 Undefined

xxF95H Timer macro service control 1 TMMS1 R/W 8n

xxF96H Timer macro service controt 2 TMMS2 R/W 8/1

xxF3CH Timer interrupt request control 0 TMICO R/W 8/1 47H

xxFIDH Timer interrupt request control 1 TMICt R/W 8/1

xxFIEH Timer interrupt request control 2 TMIC2 R/W 8/1

XxxFAOH DMA control 0 DMACO R/W 8/1 Undefined

xxFATH DMA mode 0 DMAMO R/W 8/1 00H

XxxFA2H DMA control 1 DMAC1 R/W 8/1 Undefined

xxFA3H DMA mode 1 DMAM1 R/W 8/1

xxFACH DMA interrupt request control 0 DICO R/W 8/1 47H

xxFADH DMA interrupt request control 1 DIC1 R/W 8/

XxxFEOH Standby control STBC R/W 8/1 Undefined

(Note 1) (Note 2)

xxFE1H Refresh mode RFM R/IW 8/1 FCH

xxFESH Wait control WTC R/W 16/8 FFFFH

xxFEAH User flag (Note 3) FLAG R/W 81 00H

xxFEBH Processor control PRC R/W 8N 4EH

xxFECH Time base interrupt request control TBIC R/W 8N 47H

xxFFCH inservice priority register ISPR R 8 Undefined

XxFFFH Internal data area base 1DB R/IW 8N FFH

FFFFFH

Notes:

(1) Each bit of the standby control register can be set to 1 by an (3) For the user flag register (FLAG), manipulating bits other than
instruction; however, once set, bits cannot be reset to 0 by an bits 3 and 5 is meaningless. The contents of user flags 0 and 1
instruction (only 1 can be written to this register). {FOand F1) of the FLAG register are affected by manipulating FO

(2) Upon power-on reset = 00H; other = no change. and F1 of the PSW.
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Absolute Maximum Ratings DC Characteristics
Tp=25°C Vpp = +5 V £10%; Ta = —10 to +70°C (Note 1)
Supply voltage, Vpp —05t0+7.0V Limits Tast
Input voltage, V| —05toVpp+05V(<+7.0V)  Parameter Symbol Min Typ Max Unit Conditions
Output voitage, Vo —05t0Vpp +05V(=+7.0v)  Supplycurrent,  Ipps 5 100 mA foix=5MHz
Threshold voltage, V- 05toVpp - 05V (S <70y eratng % 120 mA fox=8MHz
reshold voltage, —05t0 5V (< +7.
0°. '1h o ( Supply current,  Ipp2 20 40 mA fox=5MHz
Output current, low; lg. HALT mode 25 50 mA fgx=8MHz
Each output pin 40mA Supply current,  Ippg 10 30 A
Total 0mA  SToPmode
Output current, high; lgy —
Each output pin —20mA Threshold current Ity 05 10 mA Viy=0toVpp
Total —20mA  Input voltage, ViL 0 08 V
Operating temperature range, Topr —40 to +85°C :ow l v 22 v VAl
" nput voltage, IH1 : DD inputs except
Storage temperature range, Tgtg —65t0 +150°C  hjgp RESET, P1g/NMI,
Comment: Exposure to Absolute Maximum Ratings for extended X1, X2
periods may affect device reliability; exceeding the ratings could Viiz  08x Vpp V  RESET, P1g/NMI,
cause permanent damage. Voo X1, X2
. L. Output voltage, Vg 045 V g .=16mA
Comparator Characteristics low
Vop = +5V£10%; Ta = =10 t0 +70°C Output voltage, Von  Vpp V  lgy=-04mA
Limits Test high -10
Parameter Symbol Min  Max  Unit Conditions Input current N 20 uA EA, Plg/NMI;
Accuracy VACOMP 100 mv Vi =010 Vop
Input leakage Iy +10 zA  All except EA,
Threshold voltage Vry 0 3%01 v current Plg/NMT;
: . . _ Vi=0to Vpp
omparison time _tcomp B 8 towk Output leakage 1o 10 zA Vg=0toVpp
PTinput voltage  Vjpr 0 Vpp v current
Data retention Vpopr 25 55 V
Capacitance Characteristics voltage
VDD =0 V; TA =25°C Notes:

Limits Tost
Parameter Symbol Min  Max Unit Conditions
Input capacitance  Cj 10 pF fg=1MHz
QOutput capacitance  Cp 20 pf :’e'mﬁizugg i’,i"s
1/0 capacitance Cio 20 pF

(1) The standard operating temperature range is —10 to +70°C.
However, extended temperature range parts (—40to +85°C) are

available.
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AC Characteristics
Vpp = +5 V £10%; T = —10 to +70°C; C = 100 pF (max)

Limits Tost Limits Test
Parameter Symbo! Min Max  Unlit  Conditions Parameter Symbol Min Max  Unit  Conditions
Vpp rise, tavp. trvp 200 us STOP mode 'MREQ delay time  tpamg 05T — 30 ns
fall time 'MISTB delay time tpamsp 17— 30 ns
Input rise, YR UF 20 ns Except X1, X2, TETR wi
fall time RESET, NMI MSTB width.  twwsir T4 D ns
Input rise, tiRs, tiFs 30 ns RESET, NMI
fall time (Schmitt) ‘:Sfp’:fs data  toapw 05T +50 ns
?athtr::ﬁ‘ ;ise, tor, toF 20 ns Except CLKOUT Data output om T+2) s
. setup time —-50
X1 cycle time toyx 98 250 ns Note3 WISTB write toamsw T(n +05) ns
62 250 ns Note4d delay time -30
X1 width, low twxt 35 ns Note3 MREQ to MSTB  tpmamsw T(n+1) ns
write delay -~ 35
20 ns Note4 time
X1 width, high twxH 35 ns Note3 WSTB write twmsiw T - 30 ns
20 ns Note4 width low
X1rise, xR, IXF 20 ns Data output tymow 05T —50 ns
fall time hold time
CLKOUT cycle toyk 200 2000 ns Note3 T0STB delay time  tpys  0.5T—30 ns
time 5 2000 ns Note4 i0STBtodata  tpsp Tn+1 ns
CLKOUT width,  tyg 05T—15 ns Note 1 input —%
low ) [0STB width, twist  T(n+1) ns
CLKOUT width,  twxy 05T —15 ns low —%
high Address hold tyisa 05T —-30 ns
CLKOUT rise.  tym tkr 5 ns time
fall time Input data tHISDR 0 ns
Address delay toka 90 ns hold time
time Output data tspis T(n+1) ns
Address validto  tpapR T(n+15) ns Note2 setup time — 50
input data valid -9 Output data thispw  0.5T—30 ns
MREQ to wma 05T ns hold time
address hold time -30 Next DMARQ tspapa T ns Demand mode
MREQtodata  tommo Tn+2 ns setup time
delay -75 DMARQ hold tHpaRQ 0 ns Demand mode
MSTB to data tomsD Tn+1) ns time
delay —75 DMAAK read twomaL T(n+2.5) ns
MREQto MSTB tomrwss T-35 T+35 ns width, low -3
delay DMAAK write twomwe T(n+2) ns
WREQ width,  twwaL  T(1+2) ns width, low —%
low -30 DMAAK to TC tDDATC 0.5T+50 ns
MREQ, MSTBto  tyma 05T ns elay time
address hold time —50 TC width, low twier 27-30 ns
Input data hold tHMD 0 ns REFRQ delay tpagr  0.5T —30 ns
time time
Next control tsce T-25 ns REFRQ width, twrr  T(n+2) ns
setup time low -30
MREQ to TC tpMRTC 0.5T+50 ns Address hold tHRFA  0.5T — 30 ns
delay time time
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AC Characteristics (cont)
Limits Test Limits Tast
Parameter Symbol  Min Max  Unit Conditions Parameter Symbol  Min Max  Unit Conditions
RESET width low twasty 30 ms STOP/ CTSD (RSCK) cycle time  tcypx 1000 ns
fower. CTS0 (RSCK) width, igh _twsmw 420 ns
on reset) CTSO (RSCK) width, low  twspL 420 ns
twRsL2 5 s System RxD setup time tSRDK 80 ns
_ reset RxD hold time tkro 80 ns
MREQ, 10STB to READY tscRy Tn—1) ns n=2
setup time — 100 Notes:
WIREQ, 10STB to READY thcay  T(0) ns n=2 (1) T =CPU clock period (tcyk).
hold time (2) n = number of wait states inserted.
Ready setup time tSRYK 20 ns (3) For 5 MHz parts (uPD70320/322).
Ready hold time gy 40 ns (4) For 10 MHz parts (uPD70320/322-8).
@ selup time IsHaK 0 s Supply Current vs Clock Frequency
HLDAK output delay tDKHA 80 ns
Bus control fioat to tora T-50 ns 150
HIDAK Ta=25°C
Jra— 140 Vpp =5V
HLDAK? to control output  tpyag T —50 ns Typ. Sample
time 130 Spec. |
HLDRG to HLDAK delay  tpHga 3T+160 ns 120 Point
HLDRQ! to controf float  tpygg 3T +30 ns
X e Spec.
HLDRQ width, low twHoL 15T ns Point
FLDAK width, low twHAL T ns 100
INTP. DMARQ setup tsiaK 30 ns %0
INTP DMARQ width, high  tyigqy 87 ns g 80
INTP DMARQ width, low  twiq. 67 ns 2 7
POLL setup time tspLK 30 ns - o
NMI width, high twye 5 us
NMI width, low w5 us 50
CTS width, low twere 2T ns 40
INTR setup time tSIRK 30 ns 30
TNTAK delay time tokiA 80 ns 20 |—
INTR hold time tHiAlIQ 0 ns 10
INTAK width, low twiaL 2T - 30 ns
TNTAK width, high twiag T —30 ns % 2 3 4 5 8 7 8 9
TNTAK to data delay toiAD 2T—130 ns feLk [MHz]
TNTAK to data hold tuap O 05T s e
SCKO (TSCK) cycle time  tcytk 1000 ns
SCKO (TSCK) width, high  twsty 450 ns
SCKO (TSCK) width, low  twsy, 450 ns
TxD delay time tpTkD 210 ns
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Figure 36. External System Clock Control Source
Recommended Crystal Configuration External Oscillator Configuration
10 pF
’—I_— X1 Osc X1
= 74HC10
10 pF
x2 X2
Parallel-
= resonant
Note: crystal
When using a quartz crystal, it is recommended that 15 pF capacity be used. £3-0045748
Resonator and Capacitance Requirements
Recommended Gonstants Recommended Censtants
Manufacturer Product Number C1 (pF) C2 (pF) Product Number C1 (pF) G2 (pF}
Kyocera KBR-10.0M 3 33
Murata Manufacturing CSA.10.0MT 47 47 CSA16.0MX040 30 30
TDK FCR10.0M2S 30 30 FCR16.0M2S 15 6

Timing Waveforms
Stop Mode Data Retention Timing

AC Input Waveform 2 (RESET, NMI)

RvD

83-004332A

83-004306A

AC Input Waveform 1 (Except X1, X2, RESET, NMI)

AC Output Test Point (Except CLKOUT)

83-004305A

83-004307A

Clock In and Clock Out

CLKIN1
X1]

CLKOUT
.

tkR IKF

22V
0.8V

twkL

tcyk

tWKH |

83-004308B
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Timing Waveforms (cont)

Memory Read

lfe——1cYK

CLKoUT /
tDKA
4 \
ADDRESS >§ }(
K \

tHMRA [«—— tDADR —>| k—'-'HMA
Y
/
D;5-Dg 3 §
N 7
tDAMSR tDMSD tHMD
_ 7 Y
RW / \
[*—t{DMRD
tDAMR tWMRL tsce

WREG N /

MSTB g
[«tDMRAMSR »| «—1WMSLR

10STB

REFRQ ~
DMAAK1- ~

DMAAKO

{DMRTC

o1 700 /
7

twrcL

83MB-0052768
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Timing Waveforms (cont)

Memory Write

f Bi f B2 ; B3 i
le——tevK
CLKOUT 4
tDKA
4 X
ADDRESS >§
N 7
tHMRA - |- tDAMSW l-‘—b-lHMA
X
N
Dy5-Dg 3% £
tDADW + tSDM
R \ /
N Z
tDAMR = - tscc
y Y
MREQ \‘ ,Z \
tWMRL >
) '3
MSTB
tDMRMSW tWMSLW
10STB
REFRQ \
Y
DMAAK1- \
DMAAKO
tDMRTC
TR - 766 /

twreL

B83MB-0052778
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Timing Waveforms (cont)

1/0 Read
} B1 | B2 - B3 ———|
le———1tecvk
CLKOUT 7
tDKA
4 74 \
ADDRESS X
K K
tHMRA —| I-—-—t HMA
D
/|
Dys5 - Dy X }
tpISD tHMD
_ 7 Y
RW / «—tDMRD \
tDAMR tWMRL tsce
g !
MREQ \( ,Z \
MSTB
tpais
j0STB z ir
<—tDMRIS [e—1t WISLﬁ

REFRQ \
DMAAK1- ~

DMAAKO B83MB-0052788
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Timing Waveforms (cont)

1/0 Write

CLKOUT /

ADDRESS

By5-Dp

MREQ

MSTB

IOSTB

REFRQ

DMAAK1-
DMAAKO

tDKA

4
jF
UHMRA ~

!*—H"HMA

tpADW

N

tsoMm

tpAMR

tWMRL.

tscc

? tDAIS
[<— tDMRIS twisL—

B83MB-0052708
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Timing Waveforms (cont)

DMA, 1/0 to Memory

f Bt | B2 } B3 !
le——teYK
CLKOUT 7
tDKA
.4 y
ADDRESS >§
K
tHMRA tDAMSW tHMA
Dys5 - Do
RW \ /
X 2
tDAMR = {WMRL tsce

WREG N Vi N

MSTB S
[+!DMRMSW> re—1WMSLW —»|

I0STB

< tSDADQ —>|

< tHDADQ ‘j&
DMARQoO-

DMARQ1 N\

___ \ tWDMRL >
DMAAK1- \ )l/ —\
DMAAKO R :

[«—— tDMRTC

¥C1-Tco /

twTCL

83MB-0052808
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Timing Waveforms (cont)

DMA, Memory to 1/0

CLKOUT /

- tDKA
f
ADDRESS >§ ><
X
tHMRA [l tDAMSR tHMA
Bys - Dg
_ 4
tDAMR tWMAL tsce
o 3
WREG
\: ,[ \—
\ v
MSTB N
[t DMRMSR > [+—tWMSLR
io5TE
[« tSDADQ —»{
e tHDADG >
DMARGO-
DMARG1 K
\ tWDMWL '
DMAAK1- \
DMAAKO K |
{DMRTC
761756 /

twrcL

B83MB-0052815
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Timing Waveforms (cont)

Refresh

CLKOUT 7

B1 t B2

tcyK

tDKA

B3

ADDRESS X

Dy5-Dp

tHRFA

tsce >
o X
MREQ ) W,
MSTB
I0STB
{DARF —
tWRFL
REFRQ \
DMAAK1- N
DMAAKO
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Timing Waveforms (cont)

RESET 1

CLKOUT 2 W\J—

| tWRSL1
RESET \ /
RESET 2

crwouT _/—\_/_\_/—\_/—\_/—\_

| twRSL2
RESET \ /

READY Timing 1

83-0043168

83-0043178

B1 BZ/BAW BAW BAWE2 B3
(RW) + t } } {

YA a Wy aaN
e XX X

THCRY >
[€—tscRY—>|

MREQ \

ISAYK [« |« tykRy

s Y
READY / \

835L-53928
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Timing Waveforms (cont)

READY Timing 2

B1

B2/BAW

BAW

BAW/BW BW/B2

RW) |

CLKOUT w \ f

ADDRESS X

—~

MREQ \

READY

THKRY a

tHCRY >
1SCRY > >
K
tSRYK
ISRYK [ -«
\\ Zt \
K 7

THKRY —>

Y-

835L-53938

HLDRQ/HLDAK 1

CLKOUT

YAVAV/

tsHAK

%

HLDRQ :

{DKHA —»

Bus control”

tCFHA

HLDAK

*A19-Ap, D7-Do, MREQ, MSTB, IOSTB, R/W

tDHQHA

7k

} tDHAC

tWHAL

83-0043208
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Timing Waveforms (cont)

HLDRQ/HLDAK 2

CLKOUT }{_\—/_\4
tsHaK

HLDRQ \ /

twHaL

4 tDKHA tpHac

Bus control *

&

HLDAK

“A1g-Ap, D7-Do, MREQ, MSTB, 10878, R/W

83-0043218

INTP, DMARQ Input

tsiaK tsiaK

INTP, 4 -
. /
DMARQ "
twiaH twiaL

*INTP2-INTPO, DMARQ1-DMARQO

83-004322B

POLL Input

CLKOUT

sPLK tspLK

POLL /

83-0043238
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Timing Waveforms (cont)

NMI Input

creoT —/—\—/_\_/——\_/_\_/_\_/—\_/—\_
NMI
¥,
tWNIH

(] twNIL

83-0043248

CTS Input

CTs1-CTS0 / ‘\T /
tweTL

]
83-0043258

INTR/INTAK

tSIRK
INTR
tHiIAIQ

tokia
1
® — l—
INTAK N /
I |
twiaH tDIAD
twiaL —»{ tHIAD
D7-Dg
tscc tscc

83-004326B
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Timing Waveforms (cont)

Serial Transmit

cLout U\_/_\_/_\_/—\__/_\_/_\_/—\_

tCYTK

oo/ \ / T\_

twsTL tWsTH | l-tHTKD
TXD :&

-t DTKD

B3MB-0052838

Serial Receive

clkout _\_/_\_/_\_/—\_/_\_/_\_/_\_/_\_

tCYRK >

&% / N

tWSRL tWSRH

f \ K
RXD ﬁ 7
tSRADK —»| |« tHKRD

B3MB-0052848
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Instruction Set

Instructions, grouped according to function, are
described in a table near the end of this data sheet.
Descriptions include source code, operation, opcode,
number of bytes, and flag status. Supplementary
information applicable to the instruction set is con-
tained in the following tables.

Symbols and Abbreviations
Flag Symbols

8- and 16-Bit Registers. When mod = 11, the register
is specified in the operation code by the byte/word
operand (W = 0/1) and reg (000 to 111).

Segment Registers. The segment register is speci-
fied in the operation code by sreg (00, 01, 10, or 11).

Memory Addressing. The memory addressing mode
is specified in the operation code by mod (00, 01, or
10) and mem (000 through 111).

Instruction Clock Count. This table gives formulas
for calculating the number of clock cycles occupied
by each type of instruction. The formulas, which
depend on byte/word operand and RAM enable/dis-
able, have variables such as EA (effective address),
W (wait states), and n (iterations or string instruc-
tions).

Symbols and Abbreviations

Identifier Description

reg 8- or 16-bit general-purpose register
reg8 8-bit general-purpose register

reg16 16-bit general-purpose register

dmem 8- or 16-bit direct memory location
mem 8- or 16-bit memory location

mem8 8-bit memory location

mem16 16-bit memory location

mem32 32-bit memory location

sfr 8-bit special function register location
imm Constant (0 to FFFFH)

imm16 Constant (0 to FFFFH)

imm8 Constant (0 to FFH)

imm4 Constant (0 to FH)

imm3 Constant (0 to 7)

acc AW or AL register

sreg Segment register

src-table Name of 256-byte translation table
src-block Name of block addressed by the IX register

Identifier Description

dst-block Name of block addressed by the IY register

near-proc Procedure within the current program segment

far-proc Procedure located in another program segment

near-label Label in the current program segment

short-label Label between —128 and +127 bytes from the end
of instruction

far-label Label in another program segment

memptri6 Word containing the offset of the memory location
within the current program segment to which control
is to be transferred

memptr32 Doubie word containing the offset and segment base
address of the memory location to which control is to
be transferred

regptri6 16-bit register containing the offset of the memory
location within the program segment to which control
is to be transferred

pop-value Number of bytes of the stack to be discarded (0 to
64K bytes, usually even addresses)

fp-op Immediate data to identify the instruction code of the
external floating point operation

R Register set

w Word/byte field (0 to 1)

reg Register field (000 to 111)

mem Memory field (000 to 111)

mod Maode field (00 to 10)

SW When S:W =01 or 11, data = 16 bits. At all

other times, data = 8 bits.

X, XXX, YYY, ZZZData to identify the instruction code of the

external floating point arithmetic chip

AW Accumulator (16 bits)

AH Accumulator (high byte)

AL Accumulator (low byte)

BP Base pointer register {16 bits)
BW BW register (16 bits)

BH BW register (high byte)

BL BW reqister {low byte)

cwW CW register (16 bits)

CH CW register (high byte)

cL CW register (low byte)

DwW DW register (16 bits)

DH DW register (high byte)

DL DW register (low byte)

SP Stack pointer (16 bits)

PC Program counter (16 bits)
PSW Program status word (16 bits)
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Symbols and Abbreviations (cont) Flag Symbols
Identifier Description Identifier Description
IX Index register (source) (16 bits) {blank) No change
1y Index register (destination) (16 bits) 0 Cleared to 0
PS Program segment register (16 bits) 1 Set to 1
5s Stack segment register (16 bits) X Set or cleared according to the result
DS Data segment 0 register (16 bits) U Undefined
D1 ata segment 1 register (16 bits) R Value saved earlier is restored
AC Auxiliary carry flag
o Carry flag 8- and 16-BIt Registers (mod = 11)
P Parity flag
Sign flag e w=1 W=t
Zero flag 000 AL AW
DIR Direction flag . o ow
IE Interrupt enable flag 010 DL oW
v Overflow flag on BL BW
BRK Break flag 100 A 5P
101 CH BP
MD Mode flag
110 DH 1X
(...) Values in parentheses are memory contents
- - - M BH Y
disp Displacement (8 or 16 bits})
ext-disp8 faﬁgif:jsigﬁgim?n Ssngn extension byte Segment Registers
temp Temporary register (8/16/32 bits) sreg Registar
tmpcy Temporary carry flag (1-bit) 00 054
seq Immediate segment data (16 bits) o PS
offset Immediate offset data (16 bits) 10 S5
- Transfer direction 1 DSy
+ Addition
_ Subtraction Memory Addressing
X Multiplication mem mod = 00 mod = 0t mod =10
N Division 000 BW + IX BW + IX + disp8 BW + IX + disp16
Y Modulo 001 BW + 1Y BW + 1Y + disp8 BW + Y + disp16
AND Logical product 010 BP + IX BP + X + disp8 BP + IX + disp16
OR Logical sum 011 BP +1Y BP + 1Y + disp8 BP + IY + disp16
XOR Exclusive logical sum 100 X IX + disp8 IX + disp16
XXH Two-digit hexadecima value 1ot I IY + disp8 Y + disp16
XXXXH Four-digit hexadecimal value 10 Diret BP + disp8 BP + disp16
1 BW BW + disp8 BW + disp16
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Instruction Clock Count
Mnemonic  Operand Clocks Mnemonic  Operand Clocks
ADD reg8, reg8 2 BRK 3 50+5W [38+5W]
reg16, reg16 2 imm8 51+5W [39+5W]
reg8, mem8 EA+7T+W BRKCS 15
reg16, mem16 EA+T+W BRKV 50+5W [36+5W]
mem8, reg8 EA+104+2W [EA+7+W] BTCLA 29
mem16, reg16 EA+10+2W [EA+7+W]
reg8, imm8 5 BUSLOCK 2
reg16, imm8 5 CALL near-proc 21+W [17+W]
reg16, imm16 6 regptri6 214+W [17+W]
mem8, imm8 EA+114+2W [EA+9+2W] memptri6 EA+24+2W [EA+22+2W]
mem16, imm8 EA+3+2W [EA+7+2W] far-proc 36-+2W [32+2W]
mem16, imm16 EA+12+2W [EA+8+2W] memptr32 EA+324+4W [EA+20+4W]
AL, imm8 5 CHKIND EA+24+2W
AW, imm16 6 CLR1 cY 2
ADD4S 224(30+3W)n  [22+(28+3W)n] DIR 2
ADDC Same as ADD reg8, CL 8
ADJAA 9 reg16, CL 8
ADJ4S 3 mem8, CL EA+16+2W [EA+13+W]
mem16, CL EA+164+2W [EA+134+W]
ADJBA L reg8, imm3 7
ADJBS 17 reg16, immé 7
AND reg8, reg8 2 mem8, imm3 EA+13+2W [EA+10+W]
reg16, reg16 2 mem16, imm4 EA+13+2W [EA+93+W]
reg8, mem8 EA+7+W CmpP reg8, reg8 2
reg16, mem16 EA+7+W reg16, req16 2
mem8, reg8 EA+10+2W [EA+7+W] reg8, mem8 EA4+7+W
mem16, reg16 EA+10+2W [EA+7+W] reg16, mem16 EA+T+W
reg8, imm8 5 mem8, reg8 EA+7+W
reg16, imm16 8 mem16, reg16 EA+7+W
mem8, imm8 EA+11+2W [EA+9+2W] reg8, imm8 5
mem16, imm16 EA+124+2W [EA+8+2W] reg16,§mm8 5
Bcond (conditional branch) 8 or 15 reg16, imm16 6
mem8, imm8 EA+8+W
Bowz Bor s mems, imm8  EA+S+W
BR near-fabel 12 mem16, imm16 EA+G+W
short-label 12 AL, imm8 5
regptrié 13 AW, imm16 6
memptri EAT16+W CMP4S 22+25+2W)n
far-label 15
CMPBK mem8, mem8 25+2W [21+2W]
memptr32 EA+23+2W memi6, mem16  25+2W [19+2W]
Notes:

(1) 1f the number of clocks is not the same for RAM enabled and
RAM disabled conditions, the RAM enabled value is listed first,
followed by the RAM disabled value in brackets; for example,

EA+8+2W [EA+6+W].

(2) Symbols in the Clocks column are defined as follows.

EA = additional clock cycles required for calculation of the

effective address

= 3 (mod 00 or 01) or 4 (mod 10)
W = number of wait states seiected by the WTC register

n = number of iterations or string instructions
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Instruction Clock Count (cont)

Mnemonic  Operand Clocks Mnemonic  Operand Clocks
CMPBKB 16+(23+2W)n INM mem8, DW 214+2W  [194+2W]
CMPBKW 16+(23+2W)n mem16, DW 1942W [15+2W]
mem8, DW 18-+(15+2W)n  [18+(13+2W)n]
CMPM.— memé, i mem16, DW 1B-+H(1342W)n [18+(3+2W)n]
INS reg8, reg8 63-155
CMPMB 16+(16+W)n reg8, imm4 64156
CMPMW 16+(16+2W)n LDEA EAL2
CvTBD "9 LDM mems B+W
CVTBW 3 mem16 13+wW
CvTDB 2 LOMB  memi6 16+ (11+W)n
cvTwL 8 LDMW  mems 16-+H(10+W)n
DBNZ 8or 17 Mov reg8, regs 2
DBNZE 8ort7 reg16, reg16 2
DBNZNE 8or17 reg8, mems3 EA+7+W
DEC reg8 5 reg16, mem16 EA+7+W
regi6 2 mem8, reg8 EA+5+W [EA+2]
meme EAT13+2W [EA+11+2W] mem16, reg16 EATSHW [EA+2)
mem16 EA+13+2W [EA+9+2W] reg8, imm8 5
DI 4 reg16, imm16 6
mem8, imm§ EA+6+W
DISPOSE n+W mem16, imm16 EA+6+W
pDIv AW, reg8 46-56
AL, dmem8 10+W
AW, mem8 EA+43+W to EA+59+W AW, dmem16 0+W
DW:AW, reg16 54-64
. dmem§, AL 8+W [9]
DW: AW, mem16 EA+57+W to EA+67+W dmem16, AW 8+W [5]
DIVU AW, reg8 31
sreg, regl6 4
AW, mem8 EA+34+W sreg, mem16 EA+9+W
DW: AW, reg16 39
A reg16, sreg 3
DW-AW. mem1  EA+43+2W mem?6, sreg EA+6+W [EA+3]
DSO: 2 AH, PSW 2
DS1: 2 PSW, AH 3
Ei 12 DSO, reg16, memptr32 EA+17+2W
EXT reg8, reg8 121 DS1, reg16, memptr32  EA+17+2W
reg8, imm4 42122 MOVBK mem8, mem8 2242W [174+W]
EINT 2 mem16, mem16 2242W [17+W)
FPO1 55+5W [43+5W] MOVBKB  mem8, mem8 16+(18+2W)n  [16+(13+W)n]
FPO2 S545W [43+5W] MOVBKW  mem16, mem16 16+(18+2W)n [16+(10+W)n]
HALT NA MOVSPA 16
N AL, imm8 B+W Movsps i
AW, imm8 15+W MUL AW, AL, reg8 31-40
AL DW W AW, AL, mem8 EA+34+W to EA+43+W
AW, DW 14+W DW: AW, AW, reg16 39-48
INC o 5 DW:AW, AW, mem16  EA+42+W to EA+51+W
regi16 2 reg16, reg16, imm8 39-49
mems EA+T3-+2W [EA+TI+2W)] reg16, mem16, imm8  EA+42+W to EA+52+W
mem16 EA+13+2W [EA+9+2W] reg16, reg16, imm16 40-50

56

reg16, mem16, imm16

EA+43+W to EA+53+W




NEC ©vPD70330/332 (V35)

Instruction Clock Count (cont)

Mnemonic  Operand Clocks Mnemonic  Operand Clocks
MULU reg8 24 PREPARE  imm16, imm8 imm8 = 0; 26+W
mems8 EA+27+W imm8 = 1: 37+2W
reg16 32 imm8 = n > 1: 44+19 (n—1)+-2nW
mem16 EA+33+W PS: 2
NEG reg8 5 PUSH reg16 13+W [9+W]
regi6 5 mem16 EA+16+2W [EA+12+2W]
mem8 EA+13+2W [EA+10+W] DS1 10+W [7]
mem16 EA+13+2W [EA+10+W] PS 0+W (7]
NOP 4 SS 10+W 7]
NOT regt s DSO 0+W [7)
reg16 5 PSW 9+W [6]
mem8 EA+1342W (EA+10+W] R 74+8W [50]
mem16 EA+13+2W [EA+10+W] imm8 12+W [9]
NOT1 oY 5 imm16 13+W [10]
reg8, CL 7 REP 2
reg16, CL 7 REPE 2
mem§, CL EA+15+2W [EA+12+W] REPZ 2
mem16, CL EA+15+2W [EA+124+W] REPC 2
reg8, imm3 6
reg16, imm4 6 REPNC 2
mem8, imm3 EAT12+2W [EA+9+W] REPNE 2
mem16, imm4 EA+1242W [EA+9+W] REPNZ 2
OR reg8, reg8 2 RET nuil 19+W
reg16, reg16 2 pop-value 19+W
reg8, mems8 EA+7+W null 27+2W
reg16, mem16 EA+7+W pop-value 28+W
mem§, reg8 EA+10+2W [EA+7+W] RETI 40+3W  [34+W)
mem16, reg16 EA+10+2W [EA+7+W] RETRB 12
reg8, imm8 5 ROL re
A 98, 1 8
reg16, imm16 6 reg16, 1 8
mem8, imm8 EA+114+2W [EA+9+2W]
; mem8, 1 EA+16+2W [EA+13+W]
mem16, imm16 EA+12+2W [EA+8+2W] mem16, 1 EA+16+2W [EA+13+W]
AL, imm8 5
. reg8, CL 11+2n
AW, imm16 6 req16, CL 11+2n
out I o mems, CL EA+19+2W+2n (EA+16+W~+2n]
! mem16, CL EA+19+2W+2n [EA+16+W+2n]
DW, AL 10+W -
’ reg8, imm8 94+2n
Dw, AW B+w reg16, imm8 94+2n
OUTM™ DW, mem8 2142W  [19+2W] -
mem§, imm8 EA+154+2W+2n [EA+12+W+2n]
DW. mem16 19+2W [15+2W] mem16, immg EA+1542W+2n [EA+12+W~+2n]
DW, mem8 18-+(15+2W)n  [18+-(13+2W)n] ROL4 reg8 17
DW, mem16 18+(13+2Win  [18+(9+2W)n] memd EA+204+2W [EA-18+2W]
POLL N/A ROLC Same as ROL
POP reg1é 1M+W
mem16 EA+T4+2W [EA+11HW] ROR Same as ROL
ROR4 reg8 21
ol b mem8 EA+26+2W [EA+24+2W]
050 Y RORC Same as ROL
PSW 13+W SET1 cY 2
DIR 2
R 74+8W [58]
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Instruction Clock Count (cont)

Mnemonic  Operand Clocks
SET1 (cont) reg8, CL 7
reg16, CL 7
mem8, CL EA+15+2W [EA+12+W]
mem16, CL EA+15+2W [EA+12+W]
reg8, imm3 6
reg16, immd 6
mem8, imm3 EA+1242W [EA+3+W]
mem16, imm4 EA+124+2W [EA+O+W]
SHL Same as ROL
SHR Same as ROL
SHRA Same as ROL
SS: 2
ST™M memg 13+wW [10]
mem16 13+W [10]
STMB mem8 16+HGH+W)n  [16+(7+W)n]
STMW mem16 16+(3+W)n  [16+(5+W)n]
STOP N/A
sus Same as ADD
SUB4S 22+(30+3W)n  [224-(28+3W)n}
SUBC Same as ADD
TEST reg8, reg8 4
reg16, reg1t 4
reg8, mems8 EA+12+W
reg16, mem16 EA+11+2W
mem8, reg8 EA+12+W
mem16, reg16 EA+11+2W
reg8, imm8 7
reg16, imm16 8
mem8, imm8 EA+I+W
mem16, imm16 EA+10+W
AL, imm8 5
AW, imm16 6
TESTH reg8, CL 7
reg16, CL 7
mem8, CL EA+124+W
mem16, CL EA+12+W
reg8, imm3 6
req16, imm4 6
mem8, imm3 EA+S+W
mem16, immd EA+9+W
TRANS 11+W
TRANSSB 1+W
TSKSW 20
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Mnemonic  Operand Clocks

XCH reg8, reg8 3
reg16, reg16 3
reg8, mem8 EA+12+2W [EA+9+W]
reg16, mem16 EA+12+2W [EA+9+W)
mem8, reg8 EA+1242W [EA+9+W]
mem16, reg16 EA+1242W [EA+9+W]
AW, reg16 4
regl16, AW 4

XOR Same as AND




NEC

uPD70330/332 (V35)
Instruction Clock Count for Operations
Word
RAM Enable RAM Disable RAM Enable RAM Disable

Context switch interrupt — — 27 27
DMA (Single-step mode) 20+ 2w 20 +2W 20+ 2w 20+ 2W
DMA (Demand release mode) 17.5 + W+ 17.5 + W+ 175+ W+ 175+ W+

(13+W)e{n—1) {13+W)e(n—1) . (13+W)e(n—1) (13+W)s(n—1)
DMA (Burst mode) 205+ 2W+ 205+ 2W+ 205+ 2W+ 20.5 + 2W+

(16+2W)e(n—1) (16+2W)e(n—1) (16+2W)e(n—1) (16+2W)e(n—)
DMA (Single-transfer mode) 195+ W 18.5+W 17+W 174+ W
Interrupt (INT pin} — — 57 +3W 57 + 3W
Macro service, sfr — mem 25+ W 20+W 25 +W 20+ W
Macro service, mem — sfr 2+W 21+ W 2+W 21+ W
Macro service (Search char mode), sfr — mem 28+ W 28+ W — —
Macro service (Search char mode), mem - sfr 3B+W B+wW — —
Priority interrupt (Vectored mode) — — 55 + 5W 55 + 5W
NMI (Vectored mode) — — 53+ 5W 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

Notes:

(1) Every interrupt (except NMI) has an additional
latency time of 27 + N clocks. During the 27 clocks, the interrupt
controller performs some overhead tasks such as arbitrating
priority. This time should be added to the above listed interrupt
and macro service execution times. NMI latency time is 18 + N

clocks.

Pin Request Latency

associated

Clacks
Source Typ Max
NMI pin 12+N 18+N
INT pin 8+N 8+N
All other interrupts 15+N 27+N
DMARQ pin 14+N
HLDRQ pin 7+2wW

(2) The DMA and macro service clock counts listed are the required
number of CPU clocks for each transfer.

(3) When anexternal interruptis asserted, amaximumof6clocksis
required for internal synchronization before the interrupt request
flag is set. For an internal interrupt, a maximum of 2 clocks

is required.

59



pvPD70330/332 (V35)

*d00] 8U} JIX® ‘0 ¢ A7) UBYM "Passadoud st it
‘idnusaiug Butiiem e 1 a1aul § (L —) paruawaLdap
SI M9 PUE P3INISXS SI UOONAISUI JajSuBI]

shieyy 10 "o

apeg uoneladg

I 00 F+LOO L O %2019 @AnwHd 3y} Jo 93AQ IX3U BUL ') 7 MO BIIUM INd3IY
‘d00] 9} 1IX3 ‘L £ AD UBUM "Passa00id S1
Jdnuiajul Bunrem e s| 818yl § (1 —) paluawaINep
S| M7 PUB Pajnaaxa St UDLINIISU J3JSUBL]
1 L0 L 00 L O %201G 3AMWLG Byl JO 3)AQ IXaU Y} "0 # MO BJIUM Jd3d
soxjjoid jeedoy
MY ‘gLBau 10
! By 0L 00| 91601 «—> My 91691 ' my
waw ‘621 10
2 waw a1 pow M L L 0 000 I 6o) «—s (Waw) fa) ‘waw
4 Bas Bal L P M LLOO0OOD L 681 «— 031 61 ‘631 HIX
I [ A (v + m@) — v 9|qel-0is SNv4L
&4 wauw Gos pow | 0 L L OO O} gluew — g 6ol gLwaw ‘g| el LE[
X X X X X I 0L L L LOO L HY — ADX'd'X'Q¥ X 'Z'S HY ‘MSd
I | O N I ' AJ X 'd X 'QY X 'Z'S — HY MSd ‘HY
(g + zewaw) — 15Q Zewsw
& waus bos pow 0 0 L O O O } I (zewaw) — g4 684 ‘91691 ‘150
(¢ + zewaw) — 08Q gewaw
& waus Bor pow L 0+ 00O L } (zewsw) — gi6a ‘91681 ‘050
-2 waw Bais o pow 0 Q0 L L O 0 O | fiais — (gL waw) Bais ‘gLwaw
2 a4 Bass 0 L L 00 L L O OO} Gais — gibial fiass ‘gL bal
(& wew Bass o pow 0 | L L O O O | 150 ‘080 'SS : Bais (gLwaw) — Bass glwat ‘Bass
4 Bot Boss 0 L L O L L L OO O 150 ‘080 ‘SS : 6a.s 91681 — Bass 91621 ‘Bais
W — (wawp) ‘HY — (1 + Wawp) | = M UaYM
€ M L0001 0 TV — {Wawp) g = M UsUm 0B ‘wawp
(wawp) —» Ty "1 + WAWP) — HY | = M UBUM
€ M 0oO0O0O0 L 0 (wawp) —= 7Y 0 = M USUM wawp ‘9oe
[ Bal ML L O L ww —» a1 wwi ‘6as
9€¢ wsw 0 0 0 pOWw M L L 00O L} Wiy — (waw) ww ‘waw
y-2 waw Bas pow M L O L OO0 0 | (wow) — Ba. waw ‘fas
2 wau fas pow M 00 L 000 L a1 —» (waw) a1 ‘waw
Z BaJ bal L I MO L OOO L fias — Bas o) ‘Bas AOW
lJojsuel] ejeq
7S d A A3 IV saihg 01 2¢g v S 9L 01 2E PV SS9 L uojjesadg puesadg Jluowauy

19S uoponnsuy

60



Bax 000 L I
¥ FOOL EEOOLLLELOOOO MV —> P31} 4g-91 pui ‘gbal
Bou fia) [
£ L0OO L LOO L L ELDODODOO MV — pialy ug-91 gbas ‘gbas SNI
dejsuei] pjoi4 g

Z— A== ALL=HIQ T+ Al — AL 0 =HI0
MY — (AL°L+ Al | = M USUM
b= A= AL =40} + Al — AH:0 =HIO
I M 101 0L 0L TV~ (Al) 0 = M UBUM %30|g-isp WIS

2= XI=>XI L = 410 2 + XI = X! 0= HIa
(X1} + X)) = MV | = M Usym
L=XI— XL =410 L+ XI — X1 0 = HI0
L MOLLOL O (X} — ¥ 0= M usum 190}g-21s Wal

uPD70330/332 (V35)

2= Al=— AL:L=HI0 2+ Al — Al 0 =140
(AL'E+ AD — MY | = M USUM
L= A= ALL=4I0 L + Al— A0 =HIa
X X X X X X I MLELOL O (Al) =1V 0= M usum X00q-1sp WdW9

2= A= Al'Z—Xi— Xl = Hid
¢+ Al = AL'Z+ XI—> X1:0=HiQ
(AVE+ AD = XL+ XD | = M usym
b= Al— Al'L=XI— XI:l = HIO
L+ A= Al'L+ X = XI 0= HId 120{q-1p
X X X X X X b MLL00 L 0L (A — (X1} 0= M usum %$2010-18 adW9

T A= AZ-XI—XI1=H0
THAI— A2+ XI— X1:0=HI0
(XL + XD = (AL + A | = M U3UM

b= Al—=Al'L—XI— XIL = I
b+ A= AL'L+XI— X1 0= HIg %90(9-018
I MOLOO DO (XI) — (AI) 0= M U3uMm A20/g-i5p HEAOW

Jejsues] ¥o0|g eApulLid

'doo| 8U1 1IX3 0 # Z puB WIIND 10 HEJIND S!
UONONIISUL J2JSUBIY %201q aANIWIL 3y} §| "passanosd
s) 11 “ydnaisjul Buiirem e i 819y) Jf (| —) pauaLwaIoep
S| M7 PUB PAINJIXA S| UONIINIISUI IBJSUBI] ZNd3d
I 0L OO0 L L L1 %20jq aAnIwd BY) JO 31AQ 1X3U 3UY ‘0 = MO SIIUM INd3Y

"d00[ By} 1ixa ‘| # Z PUe WAIND 10 NEdIND S!
uoHINISUL J8jSURL} 390(q SAlwLd ay) § Ppassado.d

$1 1 “ydnuagut Guniem e s1 818y} 4 “(1 —) pajuawWRI08p Zd3d

SI M puUe paIndaxa sl uORINNSUI J3JSues} 3434

} FL 00 L 4 L L %00 aaniwid syl jo 93AQ 1xau 8yl ‘0 #= MO 8|IUM 43y

(1uo2) sexyjeid jeedey

7 8 d A A) Qv saifg 0L 2€¢v 89 L01Z¢EY SS9 L uojjesadp puesedp oAU

shejy jo-oN apo? uoyeisdp

(1u02) Jog uononysuj

61



C

uPD70330/332 (V35)

wut + MY — MY | = M UBUM

X X X X X X £g MO0LOOODOOD wut + 7y — Y 0 = M UsUm w998
X X X X X X g€ wew 0 0 0 pow M SO0 00O | Wi + (waw) — (waw) Wi ‘waw
X X X X X X pg fia) 000 1L EMSOO0O0O0O0T ww + 632 — Bas wuw ‘Bay
X X X X X X {2 waw a1 pow M L OO OOUOTU (wow) + 631 — BaJ waw ‘b6as
X X X X X X $¢ wak fa. pow M 00 0 0 O 00 Bas + (waw) — (waw) o) ‘waw
X X X X X X 4 6as 6ol L I M LOOOOOO fat + Bas — Bai 6a. ‘6au aay
uonoenqns/uonippy
$19)SUB} JO J3qUINU U Z—=XI— X4 =HI0 ¢+ XI— XI'0=HId
(XI“L+ X)) — (M '} + MQ) | = M UsUM
L= XI— XL =HI0 4 + X — XI:0=4i0
8 M EELOL LD (Xt) = (M@} 0 = M UauMm %90[9-018 ‘M0 W1No
2— A= AL =402+ Al— AL:0=HId
{MQ L+ MQ) > (AI'L+ AD L= M Uaum
b—Al— AL =HI0 k + Al == AL'0 = HiQ
L MOLLOL LD (M@ — (A) 0= M USUM Ma o0ig-1sp WNI
d8jsueil Q/1 ¥o0ig aAljiuilid
¥ —> (M0) ‘HY — (1L + MQ) | = M USUM
I R O A | B S S ¥ W — (M0) 0= M USUM 998 ‘MQ
v — (GWWI) 'HY ~= (1 + ) | = M UUM
I M ELEOO L L Y~ (guwi) g = M UaUM 908 ‘guiun 1no
(M@) — TV ‘(L + MQ) — HY | = M UBUM
I MOoL L 0L L (MQ) — TV 0= M U3UM Mg ‘ooe
(uwit) — Ty (1 + gwwt) — HY | = M USUM
[4 MmMoLoOoO L L (gwun) — v 0= M UBUM g ‘oo Ni
o/1
Bos 000 )}
12 P L oL L LO0O0 L ELLEOODO0O p8Y Ng-91 — MV puiwy ‘gbas
fial a1 [t
£ L+ 00 L L0000 LELELOOODO piRY g9 — MV gba: ‘gbas 1X3
(juo2) JejsuedL pieid g
7S d A A v sakg 01 2¢EvySs9 201 2EEV S8 L uojjesadp puesadg JuowsuW
sfiey4 jo "oN apog uonesadp

(1u02) jos uononijsul

62



uPD70330/332 (V35)

C

AQ — Wl — MY — MY | = M UBYM

XX XX gg MmolL L L0000 AQ — W — ¢ — TV § = M USUM Wiy “ooe

X X X X 9¢ wew | | pow M SO0 000 0 | AD — W — (W) —s (Waw) Wil "waw

X X X X p€ Bos [t L I M SO0O0O00O0O0 I AD — Ww) — B3) —s Bay wiw Bay

X X X X 2 wauw Bay pow M L O L L 00O AJ — (waw) — 63y — Bal waw ‘Bal

X X X X ¢ wal Bai pow M 00 + L 0 0 O AD — Bas — (wow) — (Wwaw} Bal ‘waw

X X X X FA Ba. Bal L LM L0 L L0 D00 AQ — Bas - Bas — Bas fia1 Ba 74nS

W — MY — MY | = M Usym

X x X X g¢ MmoL L 04+ 00 wul — ¢ — 7 0 = M UBYM wiw "o0e

X X X X g¢ waw L0 pow M S0 0 0 0 0 L W — (Waw) — (Waw) UHUY "Waw

X X X X pg Bal 0 L LM SO0O000TO0°L Wil — 691 —» B3l wiw) *6aJ

X X X X pz waw Bau pow M L 0 L 0L 00 (waw) — 63) —» BaJ waw “Bad

X X X X pg waw Ba. pow M 00 L 0O + 0 O Bos — (Waw) — (Watu) Bas "waw

X X X X 2z Ba. Bal L It M L0 L 01t 0O Bas — Bas — Bau EYMIED] ans

A + WWt + MY — MV | = M USUM

X X X X g M 0olLOLDOOO AD + Wi -+ 3¢ — ¢ 0 = M Usum i ooe

X X X X Q€ waw Q| pow M S0 0 0 0 0 1} AD 4wl + (W) — (Wwaw) Wi waw

X X X X pg fia. 01 L LM SO0OO000G0 I AD + wwl + 631 —» Bas wuwi 'Bal

X X X X pg waw Bas pow M L 0O O L 0O 0O AD + (waw) + Ba) —» Bay waw 'bal

X X X X pg waw Bas pow M 00 0 L 0 0 O AD + Dot + (waw) —» (Wwaw) Bas ‘waw

X X X X b4 bau Bas L LM LOOLOOO A9 + bai + 63) —» B3 6as ‘Bas Jaay
(1u02) uoysenqns/uonIppy

d A AD Jv safg 01 2evsolLotZevsese!l uefiesadg puesadp JIUOWAUN

shely jo "oN apo usnesadg

(ju03) Jos uononnsuj

63



uPD70330/332 (V35)

L= AJ ‘HO9 + 1V — TV
= — AD 40 'Hd46 <V UaUM
L — OV IV HO A —> AD 9 -V — 1Y

X X n x X I Lt L oLoo ‘L = 9V 10 6< (H40 ONV T¥) UsYM Syrav
H40 ONY ¥ — TV 'OV — AD
nnn x X I [ O A ‘| = 9Y 10 6< (H40 ANV V) Usym saray
L — AD 'HO9 + ¥V — 1V
=— AD 10 ‘H46 < TV Usum
L= OV IVHOAI —AD 9+ TV — IV
X xn x X I bbb L0011 OO ‘L= 0V 40 6< (HJO ANV V) Usum viroy
H40 ONV 1Y — TV "3V — AD
| ==L+ HY —HY 'O+ IV — Y
nnn x X I [ A O O ‘| = 0V 40 6< (H40 ANV Tv) Usum varay
snipy aog
¥
SUQ B Jamo'] _ sug v Jaddn I "y _
waw 1] c o voE waw 0 W L
S€ L L L+t 0000 gwow
1
f suQ v JamoT | sHq p saddn I v
Bos 0 0 0 L} B 0 v
) L L0000 gbal PHOY
]
SHq ¢ 13m0 _ SUg b saddn T.‘_ My _ _
waw 0 0 0 pow wow 0 w ¢
G€ L L0000 gusw
|
rlgqhoiﬂ _ m:nq.o&iﬁ? _
Ba) 000 1L L Bay 0 vz
€ L L L1 0D0DO00O gbau 104
nnn x n 4 L L L0000 Buris gg 915 — Buias 00g 1sp SvdWO
Buiys gog 2Js —
nnn x n ¢ L L LO0O0D0OD Buins 0og i1sp — Buiis 098 Isp Svans
Buiis qog 218 +
nnnp x n [4 L+ L L0000 Buis qog 1sp — Buins q0g Isp Syaay
uojjersdo qo 9
$ d A A IV safg 0t 2¢¥ 859 ¢L uopesadg puesadg Jlugwauy
sfief4 JooN apo uoyesedp

(yuo2) Jes uofonysu|

64



uPD70330/332 (V35)

L= AL - AD S)IQ 9} < 10NpOId guiwi
0— A0 — AD MG 9L =10npoid ‘gl wau
nnnx x n g waw BaJ pow | L O L O L L} O gww x (9l waw) — g3l ‘gl Bal
L — AL — AD :S1q 9| <1onpold guiwi
0— A0 — AD 'S1Iq 91 > 19npoid ‘9168,
nnnx x n £ bo. 6as L L L LOLOL LD guiu X 91681 — g1 0ol ‘9160
| == AL - AJ :UOISUBAXS UBIS MV # MO
0— A0 — AD :uoisuedxa ubis My = Ma
nnnx x nopg wauw | 0 pow | L L 0 F F L} (91 wsw) X MY — MV ‘M0 gLwauw
L — AL — AD :uojsuedxa ubis My = Md
0= A‘Q=> A7 :UOISUBAX3 UBIS MV = MQ
nnnx x n 4 bes L0 [ O O T T 91681 X MY — MV ‘M@ 91601
L — A} — AD :uoisuedxa ubis 1y # HY
0— A ‘0 — AD :uoisuedxa ubis 1y = HY
nnnx x n g waw | 0 pow 0 L L O L L L} (gwaw) X Y — My guisu
| —> A‘l — AD:uoisuedxa ubis 1y = HY
0—> A0 — AD :uoisuedxa ubis 1y = Hy
nnonx x on z B2 L O L L L O L LOL LY 8001 X ¢ — My gba. N
F— AL — AD 0+ M0
0—A0—ADD=M0
nnnx x n pg wsw 0 0 pow b b0 L b LI (gLwaw) X MV — MY ‘M0 gjwauw
b= AL — AD 0+ M0
0—A0—AD0=M0
nnanx xon Z Bos 0 0 [ A N A 91681 X MY — MV ‘M 9ifa1
b= AL — AD 0+ HY
0—A‘0—> AD0=HY
nnnx x n g wew 0 0 pow 0 L L O L L EL (gwaw) X Y —» MY gwaw
L= AL —> AD 0 # HY
0—A'0—>AD0=HY
nnonx x n Z bar 0 0 [ S S O I T ! g8bas X 1y — My gbal ninw
uonesjidny
X X X X X I 6as L 00 L 0 | — g1bas — g|6as gi6a1
X X X X X  $e waw | @ pow M oL L oE L L L | — (waw) — (wauw) waw
X X X X X Z bar | 0 [ R | R A A O N A | ~ 081 — gbas g0a, 230
X X X X X 1 6 0 00 L O { + 91681 — g1 Bal gLbau
X X X X X $2 waw 0 0 pow M L L L L L Lt | + {Wwaw) — (waw) waw
X x X X X 4 Bas 0 0 [ | + g8 —» ghal gbal INI
JusWeIdeq/JUsWoIdUf
Z S dA A OV saig 1 [ 4 9 L 01 2¢Pp S 9L uojiesadp puesadp Jjuowauy
sbej4 100N apo7 uopeJadp

(1u09) jas uononiysuy

65



#PD70330/332 (V35)

(9rwaw) + dwsy — Ty ‘(9L wow) 9, dwe} — HY
sawin Jaylo |y

(01) — 9d 2'€) — Sd ‘0 — Yug ‘0 — 3|
9—dS — dS '0d — (9 —dS ‘¢ — dS)

Sd — (v —dS ‘€ — dS) ‘MSd — (¢~ dS '} — dS)
Hid4d < (9Lwauw) < dwa) usym

nnnn n n pg waw 0 | | pow [\ N N My — dwsy glwsw
94691 +— dway — y ‘g bas 9, dway — Hy
Sawn J8ylo iy
0°1) = 9d ‘(2 'g) == Sd ‘0 —> Nug ‘0 — 3|
9—dS— dS'dd — (9—dS ‘G —dS)
Sd — (7 —dS '€ — dS) ‘MSd — (€ — dS ‘I — dS)
H4444 < 91601 = dwsy usym
nnnn N ¢ Bor 0 L 4 L} 0L L Ll My — dwa) 91691
(guwaw) =+ dway — Y ‘(gwaw) % dwe) —» Hy
sawn J8Lyio iy
(0°1) — 0d (€ '€) — Sd ‘0 — 48 ‘0 — 3l
9 - dS — dS ‘0d —> (89— dS ‘6 — dS)
Sd — (7 —dS '€ — dS) ‘MSd — (—dS 't — dS)
H44 < (gwawy) -+ dws} uaym
nnnnon n p3g wew 0 | | pow [t My — dwa} guaw
gbal =+ dwey —» Ty ‘gbau 9 dwa) — Hy
Sawn J3y1o 1y
(0'1) —03d"(@'c) — Sd ‘0~ HHg ‘0 — 3l
9—dS — d$0d — (9—dS 'S — dS)
Sd — (F — dS '€ — dS) ‘MSd —> (2 — dS 't — dS)
H4d < gbal + dway uaym
nnnnon on [ Bar 0 1L L L} [ S A A My — dwdy gbas NAID
uoysjalg poeubisun
L — AL — ADSHQ 9| <10npold glwun
0~ A0 == AD :SHQ 9| > 10npold ‘9Lwaw
nnaox x n gy waw Bas  pow L 0L L O glLwwi x (9| waw) — g1 631 ‘91691
L— AL —> AD :SHQ 9| <10npoId glwul
0— A ‘0 — AD SN 9| > 19npold ‘9)Bas
nnnx x n ¥ fiad [i1)] [ 1 0L L O giww) x g16a) — g1 63, ‘gLbar  (Juod) 1N
(1u02) uopeondpin
2 S d A A Qv safg 01 28 b 8§91 e v S9! uojjesadg puessdg Jlugwauy
sfie)q jo ‘ON apo] uojjesadg

(1u02) Jos uoponssuy

66



#PD70330/332 (V35)

(91 waw) - dwa} — v (91 wow) % dws} — Hy
SWHL Jay10 |1y
(0°1)—2d'(c'e) — Sd '0— ¥dg ‘0 — 3
9~—dS —dS '3d — (9 — dS '§ — dS)
Sd — (¥ — dS ‘€—dS) ‘MSd — (2 — dS '} ~dS)
b—HdddL - 0>
[91 waw] - dwaj pue ( > (9| waw) + dwsy 10
H4d4/ < (91 waw) pue ¢ < (9| waw) + dwa} usym
nnennononopg waw L L oLopow | oL L0 L L Lt My — dway 9l wal

9} 631 + dwa) —» Ty ‘gl 631 %, dwey — Yy
salw Jayio |y
0°'1)—2d*(@2'¢) — Sd ‘00— Mg ‘0 — 3
9—dS > d$ '0d — (9 ~ dS ‘6 — dS)
Sd — (y — dS '€ —dS) ‘MSd — (Z—dS ‘1 —dS)
L= Hdd44Z - 0 > 91 b1 = dway
10 4442 < 91 a1 pue ¢ < 9f Bas -+ dway uaym
nnnnonon 2 631 O N T ! My — dws} 9) Ba)

(guawt) + dwal — Ty ‘(gwaw) % dwe} — Hy
sawi Jayio iy
(0'1)—3d'@2'¢) —Sd 0 —Ngg'0— 3
9 —dS ~> d$ '0d — (9 — dS 'S — dS)
Sd — (y — dS ‘'t — dS) ‘MSd — (2 —dS ‘L — dS)
b — H4/ - 0> (gwaw) + dway
pue (> (gwaw) + dway
10 H4/ < (gwaw) pue < (gwaw) + dwa) uaym
nnnnn n ¢ waw L Lopow 0 L L O L Lo I.v;aEE guaw

gbas = dwa) -— 7y ‘gbas 9, dway — Hy

Saw 8110 |1y

(0'1) — 9d (¢ ‘¢) — Sd ‘0 — ug ‘0 — 3
9-dS — dS‘0d — (3—dS ' - dS)

Sd —> (v — dS ‘€ — dS) ‘MSd — (¢ — d$ ‘I — dS)
| — HdZ - 0> gbas + dway pue § > gbas + dway
10 {4/ < 8691 + dway pue o < gbas <+ dws} uaym

nnononon Z T T O T O T A I T A My — dwsy gba, AQ

uoysialg peubis

ZSdA A IV safg 01 2¢€vsS9 L0t Z2CEE¥ SS9 L uopiesadg puesadg JuowauK
sfief4 Jo ‘ON apog uojesadg

(1u02) jas uononysuy

67



C

pPD70330/332 (V35)

gLUIWI ONY MY — MV 'L = M UBUM

X X x 0 0 n g¢ MmoLO0oO0OL OO gwwl ONY TV — IV ‘0 = M USUM wuw ‘aJe
X X X0 0 n 9¢ waw 0 0 L pow M 00 0 00 0 I wy ONV (waw) — (waw) ww ‘wew
X X X0 0 N pg 6 0 0 L L LM OODOODOO ¢ ww NV Bas — Bas ww ‘6a)
X X X0 0 n $2 waw ol pow M L O OO L 0O (waw) gNY Bas — Bau waw ‘631
XX X0 0 n ¥z waw fal  pow M 00 0 O L OO 621 NV (wow) — (waw) BaJ ‘waw
X X xX Q0 0 n FA o4 ot L LML OOO0O L 0O a1 gNv 691 — B2l Bas ‘Bas aNY
Uil ONY MV ‘L = M USUM
X X X0 0 N ge MooLOL O W NV TV ‘0 = M U3UM wiwt ‘a0e
X X x0 0 0 9¢ wew 0 0 0 POW M L L O L b LI wiw gNY (wsw) Wl “wow
X X X0 0 N p€ Bt 0 00 b LM LLO L L LI ww gNY 6ol wiwy “Ba
waw ‘Bas Jo
X X X0 0 nh pg waw B8, pow M 0L 0 00O I a1 NV (wow) 63l ‘wow
X X x 0 0 0 4 fal fia) L I MOLOOOO L Bas QN D91 baJ ‘Bas 1831
uonesedo [es1boq
X X X X X X §¢ wsw f L 0 pow M L L O L LI b+ (waw) — (wau) waw
X X X X X X 4 6l L L 0O L LM LLEO L L | + B84 —» 631 Bas 9IN
a4 wew 0 L 0 pow M L L O L L L} (waw) —» (waw) waw
2 Bos 0 L O L LM LLO L L 601 — Bl bal 10N
Jusweyduron
wwi — MY ‘| = M U3UM
X X X X x X g¢ MoL1L L LO0oO wwl — 7Y ‘0 = M UBUM wwi ‘a0e
X X X X X X g€ wew | L | pow M SO0O0O0O0O0 ww) — (waw) wuwi ‘waw
X X X X X X ¢ BaJ 1 ¢t 1L b MSODO0D0TUD0L ww — fias ww ‘Bad
X X X X X X $2Z waw Bl pow M L O L L L OO (woaw) — Bas wauw ‘Bal
X X X X X X ¢ waw 6l pow M OO0 L L L OO 631 — {waw) fias “waw
X X X X X X 2z Bas Bas LM Lo L L EO00 Ba1 — Bas a1 ‘Bal 49D
uosuedwo?)
Hd44-4 — MQ s8wii Jayio ||e
b LOO0 L OO I ‘0 — M0 'HO008 > TV USUM IMLAD
H4d4 — HY Sawn 18yio ||e
I 000 L ILOO ‘0 —> HY 'HO8 > TV usum MELAD
X X xn n n 4 LoLo0oo0O0OO0OLOLOLOL I TV + HY0 X HY — 1V ‘0 — HY 401Ad
X X xn n n I L 0L 000000 LOLDO LI HY0 % TV = TV 'HV0 + TV — HY a1l
UoJsI0AUO) Bleg
78 d A A 3V sakg l1¢2¢evS59.0¢t2¢€¢v6891 uojiesad puesadp Jluowsuy
she|y Jo ON apog uojesadg

(1uov) jos uoponysuj

68



uPD70330/332 (V35)

H40 = 91Aq 1511 :9j0N,

$9MAq pig L31Aq pug
0 —> Z | = puww "ou Hq (9| waw)
xXnng o n ooy wsw Q0 0 0 pow L 0 O L L O OO L — Z:0 = pw "ou uq (gwaw) puww ‘gpwaw
0 — Z:I = pww} ‘ou iq gi.6al
xnng o n 14 By 000 L L LOOLLOOO b — Z 0= pwuit "ou 3iq g} 6a. puiwi ‘gl 6as
0 — Z 1 = guut "ou 31q (gwaw)
XxXhno o 0o gy wsw 0 0 0 pow 0 0 0 L L 00O L = Z:0 = gwuw "ou iq (gwaut) sww ‘guaw
. 0 —> 7| = gwuwt "ou }q gbal
xnnog o n 14 Bar 000 1L LOOOLLOOO } — Z:0 = gwuwi ‘ou }iq gbas gt ‘gbal
0— Z:1 =170 0u g (9 waw)
xnng ¢ n Gg waw 0 0 0 pow L 0 00 L OOO | — Z:0="19 'ouliq (9 waw) 10 ‘9l waw
0— Z:1 =719 0unq9Lbe;
xnng g n £ bl 0 00 L L LOOOLOOO = 2:0="T9 'ou g g16a) 10 ‘9160,
0—> Z L =19 "ou Ug (guaw)
xhng o0 0 GE Wew ¢ 0 0 pow 0 0 00 L 0 OO L= Z:0="1) '0u}iq (gwaw) 10 ‘guous
0 Z:1 =19 ouq gbal
Xnnog o noo¢ By 0 00 1L L OOOCOLOOOUD L — Z:0=1) 0u g gba) 19 ‘gbas 11831
«91Aq pig «B1Aq pug
uojiersdo g
QLWL HOX MY — MV 'L = M UaUM
XX x g 0 0 gg MmolLoLl1Loo SUHUIHOX TV — TV ‘0 = M U3UMm wuy ‘208
Xxx0 0 D0 g€ wew ¢ L L pow m00O000CO0IL wiwt Yox (waw) — (waw) ww| ‘waw
XX X0 0 N p¢g By 0 L L L L MOOOODOO I witul Yoy Bas — 6ai i ‘Bas
X X X0 0 n pe Laut [it)] pow M L 0 O+ L OO (wow) yox 6o+ — Bas waw ‘Bal
X X X0 0 n p2 waw Bas pow M 000 TL L 0O 631 YOX (Wals) —s (wous) Bas ‘wow
X X X g 0 n 4 fa. 6au L LM LELOOL L OO Bas yox 691 —» Bal Ba ‘Bl HOX
LW YO MV — MV ‘| = M USUM
X xx0 0 0 gg MOoOLLO0OO0ODO WWI HO TV — TV ‘0= M UaUM whuy ‘aoe
X X x 0 0 n g wew | 0 0 pow M 00O0O0OGCGO Wl YO (W) — (waw) wwi ‘waw
X X X0 0 n #g Gy L OO LMOOODOOO wuw Yo 621 —» bay ww) ‘Gas
X X X0 0 N 2 wauw 6os pow M L 0 L 0 0 0 O (waw) yo a1 —» Bau waw ‘6a.
X X X0 0 0N p2 wak fial pow M 00 L O OGO O 621 4O (Waw) > (Waw) Bas ‘wat
X X X0 ¢ n Z 6. fa. L LM LEOLOO0OGOCO 621 Y0 691 —» 31 Ba. ‘Bl 40
(yuos) uopesedQ jesjboq
78 d A A v oseg 01 2E¥S9 201 2¢Pr 89 uogeledp puesadg  ojuOWaUW
shiefy {0 "oN 8p07 uojjesadp

(1u02) jes uoponysu|

69



puPD70330/332 (V35)

i 00 L L L4t 0 — Hig 4ia
0 L 000 L L L Lt 0—AD AD
H40 = 91Aq Jsit4 BlON,
A814q pig .91Aq pug
o wow 0 0 O pow L L O L OOO 0 — pwuwi "ou uq (9} waw) P! glwaw
14 6as 0 00 L L L LOLLOOO 0 — puiwy "out 4q gL 692 puiw ‘g6
9v wew 0 0 0 pow Q L O L L O OO 0 — Swwi "ou }iq (guauw) gww| ‘guaw
4 sy 000 L LOLOLILOODO 0 — guiwi "ou g gba guiw ‘gbas
S€ wow 0 0 0 pow | L 0O L O OO 0 — 10 "0u }iq (9L waw) 10 ‘gluiaw
3 6oy 0 0 0 L L L L OO L OO 0 — 10 "oung 9168, 19 ‘g1bal
Gt wow 0 0 0 pow 0 L OO L OOO 0 — 79 "ou 1q (gwaw) 19 ‘gusw
€ 6as 000 L L OLOO L OOO 0 — 19 '0u 3iq gba; 19 °gba) 1419
A8)4q pig «31Aq puz
X ! PO Lo L L Ly A— A AD
H40 = 214Q 1s11] 310N,
«91Ag pig «91Ag pug
9y waw 0 0 0 pow | L 4 L L OO pUIW] 0U 1Q (guiBw) — puit) "0u Q (9} Wwaw) puwi ‘grwow
14 By 000 L L L L LLLOOOD ) ou 1q (91631) — piw "ou 31 g16a) i ‘gibal
34 wew 0 0 0 Pow 0 L L L L OOO S 0u 11q (gwaw) —» guiwit "0u 11 (gwaw) gl ‘gusw
1 Bt 000 L L OLLELILOOO guI) "ou Jq gial — guiwil "ou 1ig gbal gt ‘gbas
5¢ waw 0 0 0 Pow { L L O L 0O OO 70 "0u 4G (9Lwsw) — 1) 0u Uq (9} waw) 19 ‘glwsw
£ s 000 L L L L LOLOOO 79 ou 1q 91681 — 77 "0u 1. 91601 19 ‘162
) waw 0 0 0 pow O L LOLOOO 70 "0u g (gwsw) — 79 "ou 1q (gwaw) 10 'gusow
¢ By 000 L L OLLOLOOO 79 "ou 1g §69s —» 77 "ou g gba. 17 ‘gl LLON
L3140 p1g 2)Aq puz
(1uo2) uojjesedo yg
7S dA A OV sailg 0L 2¢vsS9 L0t Zzey SOl uojjesadg puesadp sjuowsuw

sbig)4 10 0N

apo? uojjeladq

(1u0o) jes uoponysuj

70



uPD70330/332 (V35)

0— A:Baijo
ASIN Buimoj(o} 1q = 631 Jo S uaym
| — A D310
GSW 6uimoyjo) 11q = Bas Jo gSIN USUM

X x x X x n 14 61 L 0 L L L MOOO L O L L ¢ + ba1 — Ba1 ‘631 Jo g5 — AD | ‘68 HHS
SYIYS 0 Jaquinu :u 1 — dwia) — dwia) ‘g X (Wwaw) —» (waw)
(waw) 40 gSW —= AD ‘uoiiesado siyy yeadal
X X X n x n gg wew ¢ 0 L pow M 00 0O O L ) ‘0 7 dwa) ojiym ‘guun — dway guIwt ‘waw
| — dway —» dwa} ‘2 x bas — Bas
‘621 40 SN — A9 ‘uonesado siyy Jeadas
X X XN x n I 6 0 0L L LM OOOOUO L I ‘0 5= dway ajiym ‘uiu — duwa) gww ‘Gal
| — dway — dws} ‘g x (waw) — (Waw)
‘(waw) Jo gSW —= A7 ‘uoneiado siyy Jeadss
X X X n x n oy wew 0 0 L pow M L O O L O L L ‘0  dwe) ajiym 19 — dws) 19 ‘waw
| — dwd) — dws) ‘g x 631 — Bas
‘fia1 J0 gSIW — AD ‘uonesado siyy Jeadal
X X Xxn x n z Bas 00 L L LM IEODO L O L L ‘0 # dway ajym 1) — dway 19 'Ba1
0 —> A ‘AQ = (widu1) 0 GSI UaYM
b= A 'AD # (waw) JO ASIN USYM
X X X X x 0 ¢g wsw g 0 | pow M 00 0 L O} |} 2 X (waw) — (waw) ‘(waw) jo gSW — AD | ‘waw
0 — A ‘AD = a1 40 gSW uaym
L= A"AQ 7 621 J0 GG uoum
X X X X X n Z 6ol 0 0 Lt L LM OOO L Q1 L 2 X Bas — Bas ‘a1 Jo gSW — AD | ‘Bl THS
HIYS
1 O L b L L L — Hig Hia
1 3 [ SO (Y S S A S| 1= AD Ad
HH0 = 814q 15114 :9j0N,
BIAq pig 814 puz
[ wsw 0 0 0 POW L 0 L L L OO O L —> puitt "ou }q (9 waw) pwwl ‘glwaw
14 B, 000 L L LOLLELEODO b —> puiis "ou Jiq 9} Bal puiwil ‘g4 6ol
¥ waw g 0 0 pow 0 0 + L L O OO 1 —> EWi! "ou }1q (gwaw) Swwl ‘gwaw
4 Bor 0 001 LOOCL L L OOO L —> guilI ou J1q gBas gut ‘g3l
St waw 0 0 0 pow L 0 L O L O OO b — 10 "0u 1 (9 waw) 19 ‘gwaw
£ 6 000 L L LOLOLOOO L —> 19 "ou }1q 9| 68 70 ‘91681
S€ waw 0 0 0 pow 0 0 L O L O 0 O 1 — 10 "0u uq (gwaw) 70 ‘gwisw
£ 6o 0001 L OO LOLOOO 1 — 10 ou uq gbaJ 19 ‘gbes 1138
(juos) uopessdo yg
Z S dA A IV saMg 1LZ2€evS§9.L012¢v8§89 ¢ uejiesadg puessdy Jjuowauy
she)4 10 0N 8pog uojjessdg

(uoo) e uoponnsuy

71



uPD70330/332 (V35)

SYIYS JO JAqUINU U

abuey 10U saop puesado j0 gSW
| — dwa) — dwa} ‘g + (waw) — (waw)
‘(waw) 40 g7 — AJ ‘uonesado siy) Jeadal

X X n x n g waw L pow M 00 0 OO L |} ‘0 7 dwa) ajum ‘guiwn — dwia) guiw ‘waw
afiueyd jou saop puesado jo gSW
| — dwa) —» dwa} ‘g + b1 — By
‘Bas J0 §§7 — AD ‘Uonelado siy) yeadal
X X n x n € oy L v L MO0 000 1t ‘0 5 dwa) apym ‘guiwn — dway g ‘Ha1
abueyo Jou ssop puesado jo gSW
| — 0we) — dwa) ‘g =+ (Waw) — (waw)
‘(waw) Jo §§7 — AJ ‘uonesado sy} yesdal
X x n x N g waw Lopow M L OO0 L O} ‘0 » dway ajiym 3 — dwa} 19 ‘waw
aBuey? jou saop puesado jo SN
| — dwa) —» dwiay ‘g -+ bas — bHaJ
‘531 J0 g5 — AD ‘uonesado siy} eadal
X X n x n Z Bas L L LM LOO0 L0 L i ‘0 7 dway ajiym 19— dwa) 19 ‘B8
abuey? 1ou saop puesado Jo GSW ‘0 — A
X X 0 x 0y waw L pow M 000 L O L L ‘7 + (Waw) — (waw) ‘(waw) Jo 57— AJ | ‘wew
abueys Jou saop puesado o gSIW
X Xx g x n ? B4 b L MOO0OO0 L0 L 0— A2+ bai— 03163140 8571 — AD L ‘bau YYHS
SHIYS J0 Jaquinu u | — dwig) —» dwa} 'z + (waw) — (waw)
‘(waw) j0 g7 — AD ‘uone.ado siyy jeadal
X X n X n Gg waw L pow M 00000 | I ‘0 7 dws) apiym ‘g —» dwa) g ‘wau
| — dwe) — dwady ‘g + baJ —» 63u
‘Ba1 J0 §S7 — AD ‘uoneJado Sy} Jeadsl
X X n x n I3 Ba, L L L MOOODOO L I ‘0 % dway 3jym ‘guwl — dwa} guiwy ‘6al
| — dwe) — dway ‘g + (waw) — (waw)
‘(waw) Jo g§71 — AD ‘uonesado sy} yeadal
X xn x Ny waw Lopow M L OO0 L O L} ‘0 % dway apym 9 — dway 19 ‘wew
| — dws} — dway ‘g + 631 — Bay
‘6ot J0 §S7 —> AD ‘uonesado siyj eadal
x x nox Z b3 L b M iL0o0 L0 Lt ‘0 5 dwa) sj1um 1) — dway 19 b
0 — A {waw) j0
gsi Bumo)|oj ug = (waw) Jo GSIK USYM
1 — A (wowy) jo
ASIN BuIMOij0) 1 5 (Waw) Jo SN UBUM
X X X X n yg waw Lopow M 000 L O 4L 2 + (waw) — (waw) '(waw) jo 85T — AD Lwow  (Juod) YHS
(au02) uys
S d A A) OV sokg l S 9 .01 2¢¥y 60 L uopesedg puesadp 9)uowauy
shiejy jooN apo?) uejjeladq

(1u02) yos uoponysuy

72



#PD70330/332 (V35)

&4

waw

SHIYS J0 Jaquinu:u

0 pow M | 0

| — dway — dway

AQ — (wow) Jo gSK ‘7 + (Wwaw) — (waw)
‘(waw) J0 g§1 — A9 ‘vonesado siy) jeadal
‘0 5= dws) 3jiym 19 ~» dws)

19 ‘waw

bas

0L im 1L O

| — dwa] —» dwa}

AD — 631 o gSW ‘2 + Ba1 — Das

‘6as 40 g5 — A9 ‘uonesado siyy Jeadas
‘0 # dwaj jiym 19 — dwa)

19 ‘Bas

weuw

0 pow M 00

0 — A (waw) o

AS Bumoyio} 1q = (waw) o g

| — A (waw) Jo

BSW BuImo||0) g > (Waw) Jo GSW

AJ > {(waw) jo gSW

2+ (Wwaw) — (waw) (waw) 0 §871 — AD

| ‘wau

6a.

0L IMOO

0 —> A o1 Jo gSI Buimorio yg = Ba1 jo gSW
L — A :Ba1jo aS Bumoyio) 1iq » Bas o g

A9 — 631 J0 gSW
g + bas — Bau ‘631 )0 g7 — AD

| Bou 40

waw

SIHYS J0 Jaquinu iU

0 pow M 00

| — dwa} — dws}

AD + 2 X (waw) — (waw)

‘(waw) Jo @SN — A9 ‘uonesado siy) yeada.
‘0 # dwal apym ‘guiw — dway

guiwy ‘waw

bas

| — dwd} — dway

AD + 2 x bas — Bal

‘631 J0 GSW — AD ‘uonesade sjy yeadal
‘0 7 dway ajiym ‘g — dws)

guiwi ‘6as

&9

631

0 pow M | 0

| — dwe} — dusay

AD + ¢ X {waw) — (waw)

‘(waw) Jo GSW — AD ‘uonesado siy) jeads)
‘0 % dwal 8)1ym 19 — dway

19 ‘waw

a1

| — dway — dway

AD + 2 X bas — Bay

‘fa1 J0 ASW — A7 ‘uonesado S|yl jeadal
‘0 5= dussl ajiym 19 — dway

1) ‘bay

wa

0 pow M 00

0 —> A:AD = (waw) jo gSi
L — A AD # (waw) Jo gSW
AD + 2 X (waw) — (waw)
‘(waw) Jo gGSW — AD

| ‘wauw

Bai

0— A:AD = 631 Jo gSW
b= AIAD # Bo1 Jo gSW
AD + 2 x Bas — Ba1 ‘Do Jo SN — AD

| ‘bal 104

uopejoy

I SdAAN
shiel4

v salig
10 0N

E v 69!
apoy uopeladg

uefjeadg

puesadg auowauy

(1u02) Jos uojonnsuy

73



p1PD70330/332 (V35)

waw

SHIUS JO JagIny U

0 pow M 00

000 L}

| — dwoy — dway

£odwy + Z X (waw) —» (waw)
(wawj) Jo SN — AD

‘A) — Kodwy ‘uonelado siyy jeedal
‘0 % dwe) 9iym ‘gui —» dway

guiwy ‘waw

(i)

0L I MOD

| — dwa) —> dway

Aoduiy + g x 631 — D31 ‘6as JO ASN — AD
‘A9 — Aodwi ‘uogiesado sip yeadal

‘0 5= dwa) 8|Iym ‘guiw| ——» duway

gwuw ‘Bas

waw

0 pow M L0

| — dwa) —» dwa)

Kadwi + 2 X (waw) — (waw)
‘(waw) o SN — AD

‘A9 — Aadw) ‘uonjesado sy} 1eadas
‘0 % dway ajiym Y —» dwa}

19 ‘waw

i)}

| — dwd) —> dway

Aodwy + 2 x Bas —» 63J ‘681 J0 GSN — AD
‘A — Aodwy ‘uonelado siyy jeadal

‘0 % dws) 8)1ym ‘7 —» dwa}

19 ‘bal

wiaw

0 pow M 00

| — AAD # (waw) Jo gSW

0 — A:AD = (waw) jo gSW

Radwy + 2 X (waw) — (waw)
(waw) 40 gSW — AD ‘A — Aoduy

| ‘waw

Bas

0L L MOOD

L — A:AQ = Bai jo gSW

0 — AAD = bal 0 gSW

Aodwy + ¢ x Bas — Bal

Ba1 J0 gSIN — AD 'AD — Aodun

| ‘Bai 9704

ejejoy

G-€

wawl

S)IYS 40 JaquInu :u

0 pow M 090

| — dway —» dwal

2+ {waw) — (waw)

“(waw) Jo g§7 — A9 ‘uonesado siyy yeadas
‘0 5 dway ajiym ‘guiw) — dway

guaw) ‘wsw

Bas

0L 1 MDOOD

0004+ |

| — dway — dway

AQ — 031 j0 gSIN ‘g + 694 — Bas

‘69 40 S — A ‘UonEJado SIy) Jeadas
‘0 5 dway apIum ‘guiwl — dway

guiw ‘6as  (uod) oY

(1uoo) uopejoy

Z8dAR
sfie)4

Ad

v salAg
J0 0N

§9 L0172

E v s9l
3poJ uojiesadp

uopesadq

puesadp UOLBU

(3uo3) je8 uojonisujf

74



©vPD70330/332 (V35)

y-¢

waw

pow

}

(zendwew) — 94
‘(g + zendwaw) — g4 'y — dS — dS
3d — (p—dS '€ —dS) 'Sd — (€ —dS 't — dS)

Zendwaw

1950 — 34 ‘035 — G4 ‘b — S — dS
3d — (F—dS '€ —dS) 'Sd — @ —dS ‘I — dS)

204d-1e§

ve

waw

pow

(91dwaw) — o4
¢—dS—>dS'0d — (2~ dS ‘I —dS)

gLndwaw

fas

gliidbas — 9¢
Z—dS—dS'0d — (—dS '} ~ d§)

9l1d6as

dsip + 94 — 0d
2—dS—dS'0d — (2~ dS 'l —dS)

204d-1e3u 1Iv9

dejsuel) josjuon supynoigng

waw

pow

| — dwa) — dwa) ‘Aodw) — (waw) 10 gSW
Z + (wau) —» (wdw) ‘(waw) 4o g§7 — AD
‘A9 — Aodwy ‘vonelado sy} jeadal

‘0 7 dway apIyM ‘gl — dwsy

gui ‘watw

ba)

| — dway — dway ‘Aodwy — Bal jo gSIW
Z + bas — BaJ ‘Ba1 0 g§1— A9

‘AQ —> Kodwy ‘vonelado siy) yesdas

0 = dwa) ajIym ‘guil — dwsy

guiui ‘6as

v

waw

pow

b — dway — dway ‘Aadwy — (waw) o gSW
2+ (wow) — {(waw) ‘(waw) o 87— AD
‘AD — Kodw) ‘vonelado siy) reads.

‘0 # dwd) 8jym ‘79 — dway

19 ‘wow

o)

| — dwd) — dway ‘Aoduny —» 631 jo gSW
‘7 + ba) — Bay ‘6au Jo §§7 — A9

‘AD — Aodwy ‘uojielado sy} jeadal

‘0 # dwa) apym 19 — dwa)

79 ‘Bau

waw

pow

0— A :(waw) jo

gSI Buimoljo) ng = (waw) Jo gSN

| — A {waw) jo

GSW BuImoj|o) g = (waw) jo aSW

Kodw —» (waw) Jo gSW ‘Z + (waw) — (waw)
(waw) jo g§7 — AJ ‘AD — Kodwy

| ‘waw

fias

0 — A :B21 4o agW Buimojjo} 11q = Bal jo g
b — A 084 jo @S Buimoyio) q = Bas jo gSW
Kodw) —» Has J0 gSI ‘g + 681 — Bal

Bas j0 87 — AD ‘A9 — Aodun

| ‘Bay J40Y

(juoa) ejejoy

7S d A A3 IV sahg

sfiejq

10 0N

l

9 !

4

uonesadg

puesadg BTG

(1u03) jos uoponnsu]

75



uPD70330/332 (V35)

(& wew L 0 F POow L L bbb bk} (zendwaw) — 04 (z + zendwsw) — Sd Zeidwaw
5 0L 010+ b} 19840 — 9d ‘095 —» Sd [oqe|-1e}
e waw 0 0 L Pow L L L L L L b} {91ndwaw) —» 9d 9lndwow
4 T I | RO T A O A S A O A e A 9ludbas —» d 9lndbas
z Lo L0 L L gdsip-1xa + 0d — 0d [eqer-1ioys
£ OO L O L LI dsip + 9d — 0d [9Qe|-1e8U e
youeig
| F OO L OO LI alueyy yoels Jo asodsig 3504S10
(1L —gwwy) g1 + G2 | < gwun
9l 0= g 3,
v 000100} aureJ) 3oeLS Mau aredalg guwiw ‘gjwuw) 3YvdInd
b L0000 L L O ¥oe1s 3y} wouj sialsibal dog Y
4YyYyd d H | L0t L L OO 2+ dS — d$ ‘(dS ‘I +dS) — MSd MSd
Z+dS—>dS
L L L} Baus g 0O 150 ‘050 ‘SS : Bais (dS ‘) + dS) — Bass bais
I bar L L OL O 2+dS — dS ‘(dS ‘I +ds) — 9168l 960
v2 waw 0 0 0 pow | L L L OO O} 2+dS — dS ‘dS '} + dS) — (9rwew) 91waw d0d
uoIsudixa ubis ‘| = S UaUM ‘g — dS — dS
ez 0S0L 0L L O wwy —» (g ~ds 't —dS) ]
L 0000014 L O 9.1S 34} uo $193816a1 ysnd Y
L 00 L L L OO} Z—dS — dS 'MSd — 2~ dS 'L —dS) MSd
l 0 L L Bas 900 2— dS — dS ‘6318 — (2 —dS 'L —dS) baus
b bes 0L O L O 2~ dS — dS ‘91681 — (2 — dS 'L — dS) 91.bau
& waw Q0 L ob opow {4 boL bbb b} Z—dS — dS '(glwsw) — (2 —dS 't — dS) 9lwows HSNd
uonyeindiuey yoels
anjea-dod 4 4§ — dS 'y + dS — dS
€ 0L 0L 0D + I (z +dS ‘e + dS) — 5d '(dS ‘L + dS) — Od anjea-dod
v+ dS —> dS
! FLO L OO b @+ dS ‘e +dS) — Sd (dS 'L +dS) — 0d
anjea-dod + 4§ — dS 2 +dS — dS
€ 0 L0000 L | dS'1+dS)—0d anjea-dod
L L L0000 L I Z+dS— dS'(dS I +dS) — 0d 134
(1u09) sefsuei] jonuoyH augnoiqgns
78 dA A IV sakg 01l 2E8vS9L01tZ2¢y &L uone.edp puesadp uowIuy
gheyy 0 ON apog uojjesadq
(1u02) Jos uopoNSU|

76



BUIWI = U (Z+ pXU'E+pXU) — G
(Pxu'L+'pxu) —0d

uPD70330/332 (V35)

77

0 — ¥4g°'0 — 3|
9—dS—dS‘9d —(9—dS ‘G —dS) (€)
14 L0 L b 00 L L 'Sd—(F—dS'e—dS) ‘MSd — (2 —dS ‘L —dS) guwl
(21 '€L) == 0d ‘(b1 'G1) — Sd
0—Nyg'0— 3
9—dS —dS'0d — (9—dS ‘6 —dS)
1 00 L L 00 L | 'Sd—(F—dS'e—dS) 'MSd— (2—dS'l —dS) g wug
ydnuepuy
0 — (4)S) J0 gy "ou g
‘gdsip —ixa + 3d — Od Jaqe-1ioys
S 00 L L L LOLLLLELOO0O0O ‘L = (148) 0 gwwi "ou g §) ‘ew )8 Y1919
2 LL 00O L Lt gdsip-1xe + 9d — 3d ‘0=MI ! [2qe}-1ioys MO8
8dsIp-1xa + 0d — 34 ‘0= MO Y
2 0L0O0O0 L L I L—MI— M) [3ge|-}Joys ZN8a
gdsip-1xa + 0d — 3d ‘0= MIPUB [ =7}l
z L0000 L L L L~ M3 — M) 18qet-1ioys IzZNga
8dsIp-1xa + 9d — Od ‘0= MO PUBR =2}t
F 00000 L | I b~ MI— M) [9qel-1I0ys INZNET
z L bbb ro 8dsIP-1x8 + Od — 9d ‘0= Z 40 (A HOX S) I Jaqe|-Loys 198
Z 0L L L b L Lo 8dsIp-1X8 + Od —= d '} = Z HO (A HOX S) ¥ [2qe|-1oys 7149
2 T O T A A 8USIP-1X8 + 0d —> 9d ‘0= A HOX S It 19qe-oys 394
2 00 L Lt b 1o 8dsIp-1X3 + 9d — 3d ‘L = A HOX S J! [9ge[-1oys 174
A [ O O A 8UsIp-1Xa + 3d — 0d ‘0 =d Il Jaqey-1ioys 044
2 0L 0Lt 14O 8USIP-IX8 + Od —» d ‘L =d ! (9gel-Loys 344
[4 L0O L L Lo 8dsIp-1X8 + 0d — 24 ‘0=S ! 19qey-LIous dd
Z 000 1L + 1L LoD BASIP-IX9 4+ 0d —> Dd ‘L =G § {3ge[-1oys NG
2 LL Lo L L Lo 8dsip-1xa + 9d — 3d ‘0=ZHO AD ¥ [9qe|-Lioys Ha
14 0L L 0oL b LoD 8USIP-1Xa + 0d — Od ‘1 =ZHO AD ¥ |9qE}-1I0ys HNE
2 LOFOLEL L LO 8dSIP-1x8 + 0d — 9d ‘0 =27} {3ge|-1ioys ZNg ‘3Ng
2 00 L O L L LO 8dsIp-Ix3 + 9 — 3d ‘| = Z I |aqey-1ioys 2939
2 L OO L ELDO 8dsIp-1xd + 9d — 9d ‘0= AJ H [3geruoys NG 'ONS
2 0LO0OO L L L O 8dsIp-Ix3 + 9d — 0d ‘| = AD Y [9qel-1oys 19 '0d
2 L0 OO L LELO gadsIp-1xa + 0d — 9d ‘0=AHl 19ge|-Loys ANd
g 0000 L L L O 8ASIP-IX3 + 0d — 0d I =AM [9qey-1i0ys Ad
youeig jeuofipuo)
7S d A A3 9y sakg 01 2¢¥89L012CECEV S9! uojiesadp puessdg oJuowauy
sbey jo ok 3po3 uoyjeiadg

(1uo2) jas uononysuy



pyPD70330/332 (V35)

‘1dnuiajul e ajesausb saop ING ‘GZA 8yl U0 angexa jou seoq (1)

S8JON
S 'sd
1 0Lt Baus | 00 x14a1d ap11iaAa0 Juawbag 150 ‘0S0
! [T T S W A A L=l E]
! 0L 0L L L L 0—3 10
L 0000100 uonesadg oN dON
I LLOL L0 L HeMm pue jjod 110d
¥2 waw A A A Pow X L L OO L L O (waw) — snq ejep wauw ‘do-dj
F Z7ZZAAALLEXLELOO0L LD uonesadq oN do-d} (1 910N) 20d4
e waw A A A POW X XX LLOLL {waw) — snq elep waw ‘do-dy
P/ 222 AAALLEXXX L0 L uoneladg oN do-dj () 810N) L0d
! 0000 L L L | X1j24d %007 sng %001sna
L oLl b L 0L Lt L0000 YEH Nd9 d01S
L 00 O L L L} e Ndd 11vH
jonuo) NdO
(02 ‘12) — 9d '(¢2 '€2) — Sd
‘0 — Y8 ‘0 — 3
9—dS — dS “3d — (89— dS ‘G — dS)
‘Sd — (¥ — dS '€ — dS) ‘MSd — (€ —dS '} — dS) Zewaw
e waw Bas pow 0 L 00 O L } O 91621 > (2 + Zgwaw) Jo gy Bas < (Zewaul) uaUm ‘91604 ANIYHO
palajdwod
u3aq SeY N7 AL} U1 ing J8jj03u0d ydnuaul
2 0L 00 LOOIL LLELLOODDO 3y} 0} BUINOJ 2D1AIAS 1dNLIAIYI TRY} SBEIIPU) INH
ydyHy d d Z L 00O LODOL LLLLODODODO MSd 9ABS — MSd ‘Dd 8AeS — Od 194434
9+ dS — dS ‘(v + dS ‘G + dS) — MSd
HHYyyYy d H I [ T T O I R (2 +dS ‘g +dS) — $d ‘@S ‘L +dS) — Od 1134
(91 '21) — 0d ‘(81 '6L) — Sd
0— Mg ‘0— 3
9 — d§ —> dS ‘0d — (9~ dS 'S — dS)
‘Sd ~> (b — dS '€ — dS) ‘MSd —> (€ —dS '} — dS)
1 0L L LOO L} L= A UBUM Ayyg
(1uo2) ydnriejuy
Z S d A A3 3V safg 01 Z2¢cbve9 L0 2€EV SOl uopesadp puesadg Jjuowauy
shielq Jo 'oN apo9 usjjeJadg

(1u09) jos uoponiisuf

78



uPD70330/332 (V35)

X X X X

X

I

oo |-

- |~

Qoo

JEN IS | [F——

C | oC|O | O

L= =R = =

o |Ic o (O

OIS (O |

91 6o1 MSHSL
91641 8dSAON
91081 SoNHg

YdSAOW

syueg Jo0)siboy

79



uPD70330/332 (V35) NEC

80



