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16-Bit Microcomputers:

NEC Electronics Inc. Advanced, Single-Chip, CMOS
T-49-19-((
L T-47-19-59
Description O 24 parallel I/0 lines

The 4PD70330/70332 (V35™) is a high-performance,
16-bit single-chip microcomputer with a 16-bit external
data bus. The uPD70330/70332 is fully software com-
patible with uPD8086/8088 and uPD70108/70116
(V20%/30®) instruction set.

The uPD70330 is a ROMIess part, The uPD70332 has
16K ROM, while the uPD70P322 has 16K EPROM and
can be used as a uPD70330 (V35) or a uPD70320
(vas™),

Features

O Functionally compatible with uPD70320/322 (V25)
(I Internal 16-bit architecture and external 16-bit
data bus
1 Software compatible with uPD8086/8088,
#PD70108/70116 (V20/30) in the native mode
0 New and enhanced instructions
O Six-byte prefetch queue
0 Minimum instruction cycle: 500 ns at 8 MHz
O Internal memory :
— ROM: 16K bytes (uPD70332 only)
— RAM: 256 bytes
O Memory space: 1M bytes
O Input port with comparator (port T): eight bits
O Bus interface optimized for use with dynamic
RAMs
— Multiplexed address
— On-board refresh controller

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

50006-1 (NECEL-870)
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" Ordering Information

OJ Serial interface: two channels
— Dedicated baud rate generator
— Asynchronous mode, I/0 interface mode
O Interrupt controller
— Programmable priority (eight levels)
— Three interrupt service functions
— Vectored interrupt, register bank switching,
macro service
[0 DRAM, pseudo SRAM refresh function
0 Two DMA channels *
O Two 16-bit timers
O One 20-bit time base counter
O Clock generator
O Programmable wait function
O Low power modes
— HALT
— STOP
O 1.2-micron CMOS

Part- Number Clock (MHz) Package Internal ROM
uPD70330L-8 8 84-pin PLCC ROMIess
GJ-8 8 94-pin plastic QFP
4PD70332L-8-xxx 8 84-pin PLCC 16K mask ROM
GJ-8-xxx 8 84-pin plastic QFP
1PD70P322KE-8 8 84-pin LCC 16K EPROM
(UV erasable)
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Pin Configuration

84-Pin PLCC and 84-Pin LCC

L4y27525 0027008 & -‘
NEC
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¥ Connect pin 9 to GND through a 5-kQ to 10-kaQ resistor.
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#PD70330/332 (V35)
T-49-19-16
Pin Configuration (cont) T-49-19-59
94-Pin Plastic QFP
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*¥Connect pin 69 to GND tirough a 5-ka to 10-k resistor.
837165348
3
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uPD70330/332 (V35)
T-49-19-16
Pin Identification T-49-19-59
Symbol Function Symbo! Funetion
Agg-Ag Address bus outputs RxD1 Receive data input, serial channe! 1
CLKOUT System clock output SCKO Serial clock output
C1S0 Clear-to-send input, serial channel 0 TCO Terminal count output; DMA completion,
CTsT Clear-to-send input, serial channe! 1 — channel 0 .
D500 Bidirectional data bus TC1 :irgmlfount output; DMA completion,
DMAAKD ([))tl:ﬂaf[\‘ rfx;:lk‘;mwledge output, DMA controller ToUT Timer output
DNMARKI DMA acknowladge output, DMA TxBO 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 controller source (crystal, ceramic resonator, or clock)
_ channel 1 : Vop ++5-volt power source input (two pins)
; B s '
HLDAK Hold acknowledge output GND Ground reference (two pins)
HLDRQ Hold request input Ic Internal connection; must be tied to Vpp
INT Interrupt request input externally through a pullup resistor
s INTAK Interrupt acknowledge output
INTPO interrupt request 0 Input
INTFT Interrupt request 1 input
NTP2 Interrupt request 2 Input
10518 170 read or write strobs output
MREQ Memory request output
MSTB Memory strobe output
NMl Nonmaskable interrupt request
PoOLC Input on POLL synchronizes the GPU and
external devices
P07-POg 1/0 port 0
P17-P1p 110 port 1
P27-P2g 170 port 2
PTO-PT7 Comparator port input lines
READY Ready signal input controls insertion of ’
wait states
REFRQ DRAM refresh request output
RESET Reset signal input
RIW Read/write strobe output 7
RxDO Recelve data input, serial channel 0
4
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Pin Functions
Aq9-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 Asg
are valid, A4g is also multiplexed with UBE and is valid
when MREQis asserted. Therefore Ajgisactive throughout
the bus cycle. Ayg 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.

L )

CTS0; 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,
CTS0 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. .

D1s-Dg; Data Bus
D15-Dy 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.
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For the ROM-less uPD70330, connect this pin to
ground. For the 4PD70332, 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:
A1g-Ap, D7-Do, tOSTB, MREQ, MSTB, REFRQ, and
R/W. h

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 inthe 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
uPDT71059.

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-Dy in synchronization with INTAK.

T-49-19-16
EA; External Access T-49-19-59
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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,

10STB; 1/0 Strobe .

Alow-level output on IOSTB indicates that the [/0O bus
cycle has been initiated and that the 1/0 address output
on Aqs-Ag is valid.

MREQ; Memory Request

Alow-leve! output on MREQ indicates that the memory
or I/0 bus cycle has started and that address bits Ag,
A17-Ag, A1g and A4g 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-A4, Ags,
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, NMI 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 NMt input is also used to release the CPU standby
mode.

P07-P0g; Port 0
Port 0 is an 8-bit bidirectional 1/0 port.
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T-49-19-16
P17-P1g; Port 1 T-49-19-59

Lines P17-P14 are individually programmable as an
input, output, or control function. The status of P13-
P1g can be read but these lines are always control
functions.

P27-P2y; Port 2

P27-P2y 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; Poll

The POLL input is checked by the POLL instruction. If
the level is low, execution of the next instruction is
initiated. If the level is high, the POLL input is checked
every five clock cycles until the level becomes low.

The POLL functions are used to synchronize the CPU
program and the operation of external devices.

Note: POLL is effective when P14 s specified for the
input port mode; otherwise, POLL is assumed to
be at low level when the POLL instruction is
executed.

PTO-PT7; Port with Comparator

The PT input is 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 cycle to memory or 1/0. This allows the processor
to accommodate devices whose access times are
fonger than normal execution allows.

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

This inputsignal isasynchronous. Alow 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 resetsignalis 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.
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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.

RxDO, 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 RxDO0 or RxD1 inpuf piri is
recognized as the start bit and receive operation is
initiated.

Inthe 1/0 interface mode (channel 0 only), receive data
Is input to the serlal 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.

TxDO0, 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
TxDO 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/0 interface mode (channel 0 only), the frame
has 8 data bits and the most significant bit is transmit-
ted first. .
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X1, X2; Clock Control T-49-19-59

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 fk is selected as fx divided by 2, 4, or 8.

As an alternative fo 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, :

N

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

Vin

Gomparator port PTO-PT7 uses threshold voltage VTH
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-kQ 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 will be used. UBE is used along with Ag to
select the even/odd banks as follows. :

Operand UBE Ag Number of bus cycles
Even address word 0 0
0dd address word 0 1 2
1 0
Even address byte 1 0 1
0dd address byte 0 1 1

T-49-19-16
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uPD70330/332 (V35) WC
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Block Diagram T-49-19-59
olo
H — .
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Pz [INTF) —>} ""’I?\::f"t“m‘* —
P13 [INTF2 —>]
[TNTAK Controller Instruction Decoder
P14 [INT —» Micro Sequencer M
IFOLL Micro ROM
[ D Do—Dys
0 O 0 g -
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Time Ba Port with o
16-Bit Timer fofvnd Port co::p:mr Generstor|]
TOUTA15 REFRG CLKOUT/P9; PO P1 P2 PTO—PT7  Viy
83-0049658

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)

e 16-bit loop counter (LC)

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

Dual Data Bus. The uPD70330/332 has two internal
16-bit data buses: the main data bus and a subdata bus.
This reduces the processing time required for addition/
subtraction and logical comparison instructions by
one-third over single-bus systems, The dual data bus
method allows two operands to be fetched 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,
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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 focation 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 uPD70330/70332 CPUs have general purpose
register sets compatible with the uPD70108/70116 and
the uPD70320/70322 microprocessors. Like the
1PD70320/70322, 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 also in the IDA. The
addresses of the register are given as offsets into the
IDA. The start address of the IDA is set by the ternal
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 y4PD70330/70332 CPU supports
up to 8 register banks. A bit field in the PSW selscts
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 fast interrupt handling. During and after
RESET, register bank 7 is selected.

Figure 1shows the configuration of a register bank and
how the banks are mapped to internal RAM. The Vector
PC field contains the value that will be loaded into the
PC when 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 Reglsters [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 1/0, data
conversion

AL  Byte multiplication/division, byte 1/0, BCD
rotation, data conversion, translation

AH  Byte muitiplication/division

BW Translation

CW  Loop control branch, repeat prefix

CL  Shiftinstructions, rotation instructions, BCD
operations

DW  Word multiplication/division, indirectaddress-
ing 1/0
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Figure 1. Register Bank Configuration

xxEEOH
xXECOH
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+1AH
+18H
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+0AH
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+06H
+04H
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+00H

Elght 32-Byte
Register Banks
15 0
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) 7
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32-Byte
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AR | AL
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CH I CL
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[ BH [ BL ]

SP
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Banks 0-7
-
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PSW Storage

Vector PC

Reserved
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start address

83M-004843
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Pointers [SP, BP] and Index Registers [IX, Y], 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

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

Stack operations

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 ieft four binary digits and then
adding the effective address, The segment registers
are:

Segment Register

PS (Program segment)
S8 (Stack segment)

Default Offset

PC

SP, Effective address
IX, Effective address

DS1 (Data segment-1) IY, 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
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T-49-19-16
Program Status Word [PSW]. The PSW contains the
following status and control flags.

15 PSW 8
[+ Tre2]ret [rReo| v [ DR | 1E |BRK]

7 0
[s Tz TrFmJa]r|r |srafocr]

Status Flags
V  Overflow bit

Control Flags
DIR Direction of string

S Sign processing

Z Zero . IE  Interrupt enable
AC Auxiliary carry BRK s:t’crlll: c(t%iicf)tr?)r every
P Parly RBn Current register
CY Carry bank flags

BRKI 1/0 trap enable (see
software interrupts)

FO, F1 General-purpose
user flags

The eight low-order bits of the PSW can be stored in the
Ad 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 RETl instruction. During RESET,
PSW is setto FOO2H. The FO and F1 flags may be access-
ed as bits in the FLAG special functioning register.

Memory Map

The uPD70330/332 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. ' )

T-49-19-59
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Figure 2, Memory Map T-49-19-59
Eight 128K-Byte
Memory Banks 16K-Byte
[1M-Byte Memory] Internal ROM [P D70322]
15 0 15 87 0
FFFFFH Bank FFFFFH [\pg Regislerl -
£0000K Me"‘°'7Y an FFFFBH 12 Bytes .
DFFFEH FFFEFH Use Prohibited
FFEFFH
6 16,128 Bytes
SrFrFH FCO00H :
512-Byte
ACO00H 5 s _Internal Data Area
OFFFFH 15
XXEFFH Special Function
80000H 4 xxFooH | Registers, 256 Bytes
7FFFFH XKEFFH 756-Byte -0
xXEOOH {nternal RAM
60000H 3 B
SFFFFH -
40000H 2 :
3FFFFH 1K-Byte
20000H 1 Vector Area .
1FFFFH 003FFH ['General-Purpose Vectors
00000H 0 I 00000k | Special-Purpose Vectors
32-Byte
Register Bank
15 . 0
+1FH AW
Ccw
DW
BW .
SP
8P
I1X
Y
DS1
PS
§S
DS0
PC Storage . 8-Byte
PSW Storage Macro Service Channel
15 87 0
Eight 32-Byte Vector PG +7H WS
Register Banks \ +ooH Reserved
15 0 . Msp
XXEFFH Register Bank Eight 8-Byte Reserved SCHR
XXEEOH 7 Macro Service Channels - +0H SFRP MsC
15 0
XxxECOH 6 xxE3FH | Macro Service Channel Two 8-Byte
xxE38H DMA Service Channels
XxEAOH § XXE30H Iy . 15 87 0
E8OH 4 5 xxEOFH TC1
xxE80
-~ XxE28H hany |_SARH1 | DARH1
XXEGOH 3 XXE20H 4 ! DAR1
xxE18H 3 xxE08H SAR1
XXE40H 2 10H 2 xxEO7H TCo
xxE10
SARHO | DARHO
1
XXE20H xxE08H 1 Chano DARO
xxE00H 0 XXEOOH 9 xxEOOH SARO
83-004644C
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Figure 2 shows the internal data area (IDA) is a 256-
byte internal RAM area followed consecutively by a
256-byte special function register (SFR) area. All the
data and control registers for on-chip peripherals and
I/0 are mapped into the SFR area and accessed as
RAM. For a description of thess 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 IDB 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 2shows 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 speclal 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 wrltten, 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.

12
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Instructions T-49-19-59

The uPD70330/332 instruction set is fully compatible
with the V20 native mode instruction set. The V20
instruction set is a superset of the uPD8086/8088
instruction set with different execution times and
mnemonics.

The uPD70330/332 does not support the V20 8080
emulation mode. All of the instructions pertaining to
this have been deleted from the uPD70330/332 in-
struction set. ’

Enhanced Instructions

In addition to the uPD8086/88 instructions, the
4PD70330/332 has the following enhanced instructions.

Instruction  Function

PUSH imm  Pushes immediate data onto stack

PUSH R Pushes eight general registers onto
stack

POPR 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 1/0 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 uPD70330/332 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 subtrgctipn

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 hit 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
for insertion and extraction. Following the execution of
these instructions, both the byte offset and bit offset

Flgure 3. Bit Fleld Insertion

T'49-19-16 T_49_]9_59

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 forgraphics, high-level languages, and packing/
unpacking applications.

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

Bit field extraction coﬁies 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
IXand 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.
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Figure 4. Bit Field Extraction T-49-19-59
_ Bitlength | Bitoffset Byte offset (IX)
N : T -
( | /// | [
. ! [ | '
! 1 1 }
Byte boundary Segment base (DS0)
»
15 0 )
AW [} / / / ~
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 uPD70330/0332
has the eight additional instructions described in
table 1.

Table 1. Additional Instructions

instruction Function

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

STOP (no operand) Power down instruction, stops oscillator

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

imerrupt

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
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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.

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

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

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

TSKSW reg 16

MOVSPA

MOVSPB

Interrupt Structure

The uPD70330/332 can service interrupts generated
both by hardware and by software. Software interrupts
are serviced through vectored interrupt processing.
See table 3 for the various types of software interrupts.
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Table 3. Software Interrupis Figure 5. Interrupt Vector 0 T-49-19-59
Interrupt Daseription
Divide error The CPU will trap if a divide error occurs as the Vector 0
result of a DIV or DIVU instruction. 000H 001H
Single step The interrupt is generated after every instruction
if the BRK bit in the PSW is set. 002H : 003H
Overflow By using the BRKV instruction, an interrupt can be PS <~ (003H, 002H)
generated as the result of an overilow. ) PC « (001H; 000H)
Intarrupt The BRK 3 and BRK imm8 instructions can 83-000112A
instructions generate interrupts. .
Array bounds The CHKIND instruction will generate an Interrupt Table 4. lnterrubt Vectors
if specified array bounds have been exceeded.
Escape trap The CPU wilt trap on an FP01,2 instruction to Addross _ Veclar Ho, : Asslgned Use
allow software fo emulate the floating point - 00 0 Divide error
processor. o4 1 Break flag
110 trap If the 170 trap bit in the PSW is cleared, a frap will ® ) 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 ;
interchangeability between different systems. 10 4 BRKV instruction
y 14 5 CHKIND instruction
When executing software written for anothersystem, it 1 6 General purpose
is better to implement 1/0 with on-chip peripherals to 1c 7 FPO Instructions
reduce external hardware requirements. However, -
since uPD70330/332 internal peripherals are memory ~ 2% &1 General purpose
mapped, software conversion could be difficuit. The 30 12 INTSERO (Interrupt serial error, channel 0)
I/0 trap feature allows easy conversion from external 3 13 INTSRO (Interrupt serial receive, channel 0)
peripherals to on-chip peripherals. 38 14 INTSTO (Interrupt serial transmit, channe! 0)
Interrupt Vectors 3C 15 General purpose
The starting address of the interrupt processing 40 16 INTSERT (Interrupt serfal error, channel 1)
routines may be obtained from table 4 Tht? table 44 17 INTSR1 (Interrupt serial receive, channel 1)
begins at physical address 00H, which is outside the g 18 INTST1 (Interrupt serfal transmit, channel 1)
internal ROM space. Therefore, external memory is -
required to service these routines. By servicing inter-  4C 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 21 INTD1 (Interrupt from DMA, channel 1)
Each interrupt vector is four bytes wide. To service 58 2 Gensral purpose
a vectored interrupt, the lower addressed word Is &g 23 General purpose
g:g?ifgl:';zdsto the PC and the upper word to the PS. 60 24 INTPO (Interrupt from peripheral 0)
' 64 25 INTP1 {Interrupt from peripheral 1)
68 26 INTP2 (Interrupt from peripheral 2)
6C 27 General purpose
70 28 INTTUO {Interrupt from timer unit 0)
74 29 INTTU1 {Interrupt from timer unit 1)
78 30 INTTU2 (Interrupt from timer unit 2)
7C 3 INTTB (Interrupt from time base counter)
080-3FF 32-255 General purpose
15
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Execution of a vectored interrupt ocours as follows:
(SP-1, SP-2) + PSW
(SP-3, SP-4) — PS
(SP-5, SP-6) < PC
SP < 8P-8
IE+0,BRK <0
PS «- vector high bytes
PC « vector low bytes

Hardware Interrupt Configuration

The V35 features a high-performance on-thip 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 controlier.
Using software, each of the groups can be assigned a
priority from 0 (highest) to 7 (lowest). The priority of
individual interrupts within a group is fixed in hardware.

Figure 6. Interrupt Mode Register (INTM)

T-49-19-59

Itinterrupts 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 PRg-PR7 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.

| PR7 | PRs| PRs| PRs] PR3] PRp| 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. ESy-ES5 corre-
spond to INTPO-INTP2, respectively. See figure 6.

7 6 5 4 3 2

INTM 0 ES, 0 ES 0 ESp

ES
0 NMI

Trigger Mode
Falling Edge
Rising Edge

Falling Edge

Rising Edge
Falling Edge

Rising Edge

Falling Edge

= o |l+|O]|= 0]~ |O

Rising Edge

49-0013828
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Table 5. Interrupt Sources 7 T-49-19-59

Priority Order Multiple

External/ Macro Bank Setting Bstween Within Processing
Inferrupt Source Internal Vactor Service Switching Possible Groups Groups Control

NM External 2 No No No 0 — Not
Nonmaskable interrupt accepted

INTTUO Internal .28 Yes Yes Yes 1 1« Accepted
lntar(r)upt from timer
uni

INTTU1 Internal 29 Yes Yes Yes 1 2
lnt%r;upt from timer .- .
upi

INTTU2 Internaf 30 Yes Yes Yes 1 3
Interrupt from timer
unit2

INTDO Internal 20 No Yes Yes 2 1 Accepted
Interrupt from DMA .
channel 0

INTD{ Internal 21 No Yes  Yes 2 2
Interrupt from DMA
channel 1

INTPO External 24 Yes Yes Yes 3 1 Accepted
Interrupt from
peripheral 0

INTP1 External 25 Yes Yes Yes 3 2
Interrupt from

paripheral 1 4 @
INTP2 External 26 Yos Yes Yes 3 3 4
interrupt from ;

peripheral 2

INTSERO Internal 12 No Yes Yes 4 1 Accepted
Interrupt from serial
error on channel 0

INTSRO Internal 13 Yes Yes Yes 4 2
Interrupt from serial
receiver of channel 0

INTSTO Internal 14 Yes Yes Yes 4 3
Interrupt from serial
transmitter of channel 0

INTSER1 Internal 16 No Yes Yes 5 1 Accepted
Interrupt from serial
arror on channel 1

INTSR1 Internal 17 Yes Yes Yes 5 2
Interrupt from serial
receiver of channel 1

INTST1 Internal 18 Yes Yes Yes 5 ’ 3
Interrupt from serial
transmitter of channe! 1

INTTB : Internal 3l No No No
Interrupt from time (Presetto 7)
base counter

INT External Ext. ~ No No No 7 - Not
Interrupt input accepted

- 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 NHI 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 T-49-19-59

Register bank context switching allows interrupts to be
processed rapidly by switching register banks. Afteran
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.

interrupts. Symbol M
. , D
In the vectored interrupt mode, the CPU traps to the g)l(?gO-El)((:|1C2 gxgnal
vector location in the interrupt vector table. SEICO. SEICH Serial error
SRICO, SRICt Serial receive
STICO, STIC1 Serial transmit
TMICO-TMIC2  Timer
Figure 7. Interrupt Fx‘equest Gontrol Registers (IRC)
7 6 5 4 3 2 1 0
IRC ust
FLAG | Mask INT ENCS 0 PRy PRy PR
PR
2 1 0| Priority
0 0 0} Highest
1 ; 1 L;west
ENCS | Context Switch
0 Vectored Interrupt Mode

1 Bank Switching

MS/INT | Macro Service or Interrupt
| o Interrupt
1 Macro Service
xxMKn | Interrupt Mask
0 Mask Open: Interrupts Enabled
1 Mask Closed: Interrupts Disabled
xxFn | Interrupt Request Fiag
J 0 No Request
1 Interrupt Requested

49-0013338
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Figure 8. Register Bank Context Switching

R8I RBJ
AW AW
cwW cwW
DW DW
BW BW
SP SP
BP I:> B8P
IX IX N
Y 1Y
DS1 DSt
PS PS
$S §S
DSO DS0
Save PC > SavePC
Save PSW »{ Save PSW
Vector RC Vector PC
Reserved Reserved
| _Psw |
49-001344A
Figure 9. Reglster Bank Return
RBI RBJ
AW AW
cwW cwW
Dw DW
BW BW
SP SP
BP BP
1X <:| X
iy . Y
DSt DS1
PS PS
58 SS
DS0 DSO
Save PC —| SavePC
Save PSW Save PSW
Vector PC Vector PC
Reserved Reserved
49-001346A
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Macro Service Function

processing.

T-49-19-16
T-49-19-59

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

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. Edch time a request oceurs, 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 character and 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 controller
interrupts (INTDO, INTD1) do not have MSF capability.

Figure 10. Task Switching

CURRENT

AW
cwW
DW
BW
spP

SS
DS0

I—» PC Save
PSW Save

VPC

Reserve

[_psw ]
RBT— Reg 16

NEW

DSO
PC Save
PSW Save
VPC
Reserve

VPC: Vector PC

RB: Reglster bank field

83-MBRO527IA
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There are eight 8-byte macro service channels mapped
into internal RAM from XXEQOH 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
MSS

+7H

MSP

Reserved SCHR

SFRP Msc
+0H

l—- Offset from macro sarvice channal start address.

MSS +6H 1 value of

y address used
for data transfor. Memory address
will be MSS x 16 + MSP,

Msp +4H Offset value of memory address usad
for data transfer.
SCHR +2H 8-bit data compared In character search,
SFRP +1H Offset valus of spaclal function reglster
address, which is xxFOOH + SFRP, (xx Is
spacitied by IDB reglster).
MSC +0H Number of transfers parformed In
macro sarvice .
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 0 operates in the interval
timer mode or one-shot mode; timer 1 has only the
interval timer mode.

20
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Interval Timer Mode. In this mode, TMO/TM1 are
decremented by the selected input clock and, after
counting out, the registers are automatically relcaded
from the modulus registers and counting continues,
Each time TM1 counts out, interrupts are generated
through TF1 and TF2 (Timer Flags 1, 2). When TMO
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 clocks (SCLK: system
clock = fogc/2; fosc = 10 MHz).

Clock Timer Resolution Full Count
SCLK/6 “1.2us 78.643 ms
SCLK/128 25.6 us 1.678s

One-Shot Mode. in the one-shot mode, TM0 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 TFO
(from TMO) or TF1 (from MDO). One-shot mode allows
two selectable input clocks (fosg = 10 MHz).

Clock Timer Resolution Full Count
SCLK/12 2.4 s 167.283 ms
SCLK/128 25.6 us 1.678 s

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
asthe 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 PCK0O 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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Flgure 12. Macro Service Control Registers (MSC)
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7 6 5 4 3 2 1 0

xxMSn LMSMZ | tsm, IMSI;10 [ IR | o | on | oy | o |
' — —

Macro Service Channel -

—~ e e e O]

Channel 0
.
.
.

Channel 7

Transfer Direction

From Memory fo SFR

From SFA to Memory

Transfer Mode

-

oo

o=0

8-bit Transfer
16-bit Transfer
8-hit Transfer with Character Search

* All other combinations are reserved
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Figure 13. Timer Unit Block Dlagram
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Flgure 14. Timer Control Register 0 T-49-19-59
7 6 5 4 3 2 1 1}
[ TS0 | TCLKO ’ MSO | MCLK l ENTO I ALV | MOD1 l MODo J
1
MOD1 | MODO | Timer Mode
0 0 Interval Timer Made
Q 1 One-shot Timer Mode
1 X Reserved
* > Active Level of Toyt

0 Tout Initial level = 0
1 Tour initial level = 1
*  Enable Timer-Out Signal
0 Disable Timer Out
1 Enable Timer OQut
One-shot Mode Modulus Register Clock
0 SCLK/12
SCLK/128
Modulus Start (One-shot Mode)
0 Stop Modulus Register Count
i Start Modulus Register Count

TM Register Clock Select
MOD1 [ MODO | TCLK

0 0 0 SCLK/6 Interval Timer Mode

0 0 1 | scLkit2s

0 1 0 SCLK/12 One-shot Mode

0 1 1 SCLK/128

Timer Start Bit

N 0 Stop Timer*

1 Start Timer*

*Starts and stops TM0 in one-shot mode
49-6013878

Figure 15. Timer Control Register 1

7 6 5 4 3 2 1 Q
| TS$1 |TCLK1 I ] I 0 I L] I 0 I 0 l 0 I

TM1 Clock Select

»{ 0 | SCLK/6
1 | SCLK/128

Timer Start Bit
0 { Stop TM1 counting
1 { Start TM1 counting

49-0013898
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Figure 16. Time Base Interrupt Request Control Register T-49-19-59
7 6 5 4 3 2 1 0
| TBF I TBMK ' 0 ' 0 | 0 ' i I 1 I 1 1
___Time Base interrupt Mask Bit
0] U ked
1 |} Masked
Time Base Interrupt Flag
0 | Nolnterrupt Generated
1 | Interrupt Generated
49-0013938
Figure 17.  Processor Conirol Register (PRC)
7 6 5 4 3 2 1 0
PRCL 1] IHAMENI 0 I 0 I T81 | T80 I PCK1 I PCKO l
System Clock Select
PCK1 PCKO
0 0 fosc/2
0 1 fosc/4
? 1 0 fosc/8
1 1 Reserved
Time Base Interrupt Period
TB1 TBO
0 0 2W/tcLk
0 1 287101
1 0 216/1c1 ¢
) 1 1 220/1cLk
—> Internal RAM Enable
Disabled
1 Enabled
49-0013958
Figure 18. Time Base Counter (TBC) Block Diagram
scLk —I>
+210 =23 216 + 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-Aig 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 Reglister (RFM)

T-49-19-59

HOLD modes. Refresh cycles are automaticaily 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

RFMI RELV |HLDRF l HLIRF I RFEN I RFW1 l RFWO0 | RFT1 RFTQ

Refresh Cycle Speed
RFT1 | RFT0 | Relresh Period
0 0 16/SCLK
0 1 32/SCLK
1 0 64/SCLK
1 1 128/SCLK
Refresh Cycle Wait States
RFW1 | RFW0 | Number of Wait States
*1 0 0 0
0 1 1
1 0 2
1 1 2
Refresh Enable

Refresh Pin = RFLV
1 Refresh Enabled
Halt Refresh Enable

[} Refresh During Halt Disabled
1 Refresh During CPU HALT
Hold Refresh Enable

0 Hold Refresh Disabled
1 Refresh During Hold
Refresh level output

"1 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 programmable input clock selected by
the serlal 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

deslired 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.

Powered by ICminer.com Electronic-Library Service CopyRight 2003

T-49-19-16  1_49_19-59

Baud Rate n BRGn Value Error (%)
110 7 178 0.25
150 7 130 0.16
300 8 130 016
600 5 130 " 0l6
1200 4 130 0.6
2400 3 130 0.16
4800 2 130 0.16
9600 1 130 016
19,200 0 . 130 018
38,400 0 65 016
1.95M 0 2 0

In addition to the asynchronous mode, channel 0 has a
synchronous I/0 interface mode. In this mode, each bit
of data tranferred is synchronized to a serial clogk
(SCKO). This is the same as the NEC uCOM75 and
#COMB87 series, and allows easy interfacing to these
devices. Figure 201s the serial interface block diagram;
figures 21, 22, and 23 show the three serial communica-
tion registers.

DMA Controller

The uPD70330/332 has a two-channel, on-chip DMA
controller. This allows rapid data transfer between
memory and auxiliary storage devices. The DMA con-
trofler supports four modes of operation, two for
memory-to-memory transfers and two for transfers
between I/O 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 Dlagram T-49-19-59
Channel 0 O ﬂ
TxBO RxB0O
TXDO O—Q——- Serial Register Serial Register
RxDO O—D
- CTSO O—-D— Transmit Control Recelvé Control
Lw“’ Baud Rate
TxCO ~ Generator ——O scko

Channel 1 O ﬂ

TxBi RxB1
TxD1 0—4— Serlal Register Serlal Regi
AxD1 O—D
cTst o—D——— Transmit Control Receive Control

t RxCl__ ~
Baud Rate
TxC1 [ t

49-0013498
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Figure 21.  Serial Communication Mode Register (SCM)

‘ T-49-1

7 6 5 4 3 2 1 0

SCM | TxRDY I RxE | PRTY1 I PRTYO ICLITSK ISL/RSCKI MD1 I MDO1

T-49-19-16

9-59

Notes:

(1] Only Channet 0 has 1/0 interface mode,

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

[3] Applies only to 1/0 interface mode.

MD1|MDo]  Made
0 ] 0} 1/0 Interface [Note 1]
. 0f1 'Asynchronous
11X Reserved
Stop Bit Length/Rev CIk [Note 3]
RELAA Stop BIVExt Clk [input on CTS0]
1 ]2 Stop Bits/Int Clk [output on CTS0]
Char Length/Trans Shift Clk [Note 3}
1] 7 Bits/No Effect
1 8 Bits/Trigger Transmit
PRTY
Parity Control
110
0|o No Parity
01 0 Parity (Note 2]
1| 0] odd Parity
111 Even Parity
Receiver Control
0 | Disable
1 Enable
Transmiiter Control
0 Disable
1 Enable

49-0013858
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Figure 22. Serial Communication Error Registers (SCE)

T-49-19-16

T-49-19-59

7 3 5 4 2 1 0

7 3
scEn[RxDLo | 0 | 0 ro IERPIERF[ERO

Overrun Error lalag

Overrun has occurred

Overrun has not occurred

Framing Error

Stop bit not detected

Framing error has not occurred

Parity Error

Parlty error has occurred

No parity error has occurred

RxD Line Status

RxDilne =1

RxD Line = 0

49-001386A

Figure 23. Setlal Communication Control Register (SCC)

7 6 5 4 3 2 1 0
sco [0 [ o [ o | o [ omss [ o [ oo [ e ]
l H

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*

49-001388B
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Figure 24. DMA Channels T-49-19-59
TC1 XXEOEH
sarHt | DamHt
DAR1 N
SAR1 Channel1
TCO Channel 0 .
saRHo | pARmo N
DARO
SARD XXEQOH N
je——16Bits ——}
49-001350A
Flgure 25. DMA Mode Registers (DMAM)
7 6 5 4 3 2 1
MO | MD l MD, I w , EDMA l TDMA | 1] I OMAMO
I 2 1 ¢ DMAM1
— ]
Trigger DMA {Note 1]
0 | No Effect
% 1 | Trigger DMA
Enable DMA {Note 2]
0 | Disable DMA
1 | Enable DMA
. Word/byte
0 | Byte Transfers
1| Word Transfers
DMA Made
MD, MD4 MDg
0 0 0 Single Step {Mem to Mem)
[} [ 1 Demand Release {I/0 to Mem)
0 -1 [ Demand Release {Mem to 1/0)
0 1 1 Reserved
1 0 0 Burst Mode (Mem to Mem)
Notes: "
{1] Valid only during single-step and burst ! 9 1 Single Transfer (1/0 to Mem)
modes. 1 1 0 Single Transfer (Mem to [/0)
{2} Clearedwhen TC =0;cleared when DMA
transfer is aborted by NML. ! L 1 Reserved
49-0013908
29
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Figure 26. DMA Control Registers (DMAC) T-49-19-59
7 6 5 4 3 2 1 0
IololelPDOloloIPS1|PSQIE::g$
] I |
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

1 1 Destination Address not
Incremented/Decremented

43-0013918

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 to zero. Software can also initiate
memory-to-memory transfers,

Transfers Between 1/0 and Memoty. 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/0 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
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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, DMARQs are only recognized after
the EDMA bit has been set.

Parallel Ports

The uPD70330/332 has three 8-bit parallel 1/O ports:
PO, 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 contro! lines.

Use the assoclated 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 Vy input x n/16, where n =1
to 16. See figure 32.
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Figure 27. Port Mode Registers 0 and 2 (PMO, PM2)

7 6 § 4 3 2 1 0

PMO
LPM'] I PMg I PMs I PMy -~ I PM3 I PMa l PMy I PMp |

PM2

T-49-19-16
T-49-19-59

Input or 0 | OutputPort Made
*1 QutputBit -
- | Selection Input Port Mode
_ A 49-0013778
Figure 28. Port Mode Register 1 (PM1 ) .
7 6 s 4 3 2 1 1]

PM1 Lhmy l PMig l PMi5 I PM1g l 1 I 1

L1
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PMC1, PMi, Port P1,
o ] Output
0 1 Input *4%
n=7.6,50r4 i
83-0045378
Figure 29, Port Mode Control Register 0 (PMC0)
7 6 5 4 3 2 1 0
[ewer [ - [ - T T - T -1 =71~
Pt')r‘t‘or antrol 0 Port Mode
Bit on 1 | cLkout
49-0013788
31
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Figure 30. Port Mode Control Register 1 (PMC1) - T-49-19-59

7 6 5 4 3 2 1 0
l PMC17 l PMC1g I PMCis l PMC13 I PMC13 | PMC12 I PMC14 | PMC1g I

Port/Control Bit Selection
NMI/P1g input
INTPO/P14 Input
INTP1/P12 Input
INTP2/P13 Input
INTAK Output
P14 1/0 or POLL input
INT Input
Pi51/0
TOUT Qutput
Pig 110
SCKO Output
Pi71/0
READY Input

mio|=|lo]l=joj=]o|~|o[Xx]|X]Xx

49-0013798

Figure 31. Port Mode Control Register 2 (PMC2)

7 6 5 4 3 2 1 0
PMCZI PMC27 I PMC2g l PMC25 I PMC24 I PMC23 l PMC2p l PMC24 I PMC20|

Port/Control Bit Selection
1/0 Port
DMARQO Input
110 Port
DMAAKO Output
110 Port
TCO Output
1/0 Port
DMARQT Input
110 Port
DMAAKT Output
110 Port
TC1 Output
1/0 Port
HLDAK Input
/0 Port
HLDRQ Output

alojlsjlolajo|w|olr]|lol=|lol=sio|j~ o

49-0013808
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Figure 32, Port Mode Register T (PMT) T-49-19-59
7 6 5 4 3 2 1 0
I 0 l 0 I ] l 0 I PMT3 I PMT2 I PMT4 ' Pm PMT
L | :
- - Comparator Port Threshold Selection

0jojojo VTH % 16/16
010]0]1}| VrHxi/16
0jo]1]a] vrux2/is

* ojol 11| viaxone
ofl1)olo VTH x 4/16
0jtjof1y] VyHx5/16
0fj1]1]o VTH x 6/16
Ot1{1]1] Vrux7/16
1]Jojojo VTH x 8/16
101011 VTH x 9/16
1J011}o0 VrH x 10/16
1]10)1]1 VTH X 11/16
1§1]0}fo VTH x 12/16

1o 1] Viax13/16
111f1]o VTH x 14/16
1111141 VTH X 15/16 *
490013818

Programmable Wait State Generation

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

When using this function, the entire 1M-byte memory
address spage 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 1/0 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.
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Figure 33. Programmable Walt State Generation

FFEFFH

CO000H

40000H

20000H

OH

256K

)3 _—

A3 )

3

19 Y

128K

128K

48-001353A
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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.

1n 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. nternal status and output
port line conditions are maintained. Any unmasked
interrupt can release this mode. In the El state, inter-
rupts subsequently wiil be processed in vector mode.
In the Di state, program execution is restarted with the
instruction following the HALT instruction.

STOP Mode.

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

Figure 34. Wait Control Word

T-49-19-16  7-49-19-59
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 not listed in table 6 are reserved. if
read, the contents of these addresses are undefined,
and any write operation will be meaningless.

Wait Control High
6 5 4 3 2

1 0

100 l BLK61 | BLK60 l BLKS1

I BLKS0 ' BLK41 I BLK40 I

7
[ o |
Wait Control Low

7 6 5 4 3 2

1 0

[euxer | eikao [ st | ko | kit
i

| BLK10 I BLKO1 I BLK0OO I

l

BLKn1 BLKnO Mode
[ 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 0
I 0 I 1] | 0 | 0 I 0 l 0 0 I SBF I STBC
L Standby Flag

-

No changes in supply voltage (standby)

o

Rising edge on supply voltage {cold start)

49-0013868
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Table 6. Speclal-Function Registers T-49-19-59
Address Reglster Function Symbal R/W Manipulation (Bit) When RESET
XxFOOH Port 0 PO RIW 8N Undefined
XxFOTH Port mode 0 PMO w 8 FFH
XxFO2H Port mode control 0 PMCO w 8 00H
XXF08H Port1 P1 RIW 8/1 Undefined
XxFO9H Port mode 1 PM1 w 8 FFH
XXFOAH Port mode control 1 PMC1 w 8 00H
XXF10H Port 2 P2 R/W 8/ Undefined
XXF1tH Port mode 2 PM2 w 8 FFH
XxFi2H Port mode control 2 PMC2 w < 8 00H
XxF38H Port T PT R 8 _ Undefined
XxF3BH Port mode T PMT RIW 8N 00H
%xF40H External interrupt mode INTM RIW 8N 00H
XxF44H External interrupt macro service control 0 EMS0 R/W 8N Undefined
XXF45H External interrupt macro service contro] 1 EMS1 RIW 81
XxF46 External interrupt macro service control 2 EMS2 RIW 81
XXF4CH External interrupt request control 0 EXICO RIW 81 474
XxXF4DH External interrupt request control 1 EXIC1 RIW 8/1
XXF4EH External interrupt request control 2 EXiC2 R/W 8/1
XxFBOH Receive buffer 0 RxB0 R 8 Undefined
XXF62H Transmit buffer 0 ) TxBO w 8
xxFB5H Serial receive macro service contro! 0 SRMS0 RIW 81
XXF66H Serial transmit macro service control 0 STMS0 RIW 8N
xXxF68H Serfal communication mode 0 SCMO RIW 81
XXF69H Serial communication control 0 SCCo RIW 8n 00H
XXF6AH Baud rate generator 0 BRGO RIW 81
XxF6BH Serial communication error 0 SCEQ R 8
XxF6CH Serlal error interrupt request control 0 SEICO R/W 8/1 47H
XXFG6DH Serial receive interrupt request control 0 SRICO RIW n
XxF6EH Serlal transmit interrupt request control 0 STICO R/IW 8/1
XXF70H Receive buffer 1 RxB{ R 8 Undefined
XxF72H Transmit buffer 1 TxB1 w 8
XXF75H Serial receive macro service control 1 SRMS1 RIW 8N
XxXF76H Serial transmit macro service controf 1 STMS1 R/W 81
XXF78H Serial communication mode 1 SCM1 RIW 81 00H
XxxF79H ~ Serial communication control 1 Scct RIW 8/1
XxF7AH Baud rate generator 1 BRG1 RIW 81
XxF7BH Serial communication error 1 SCE1 R 8
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Table 6. Speclal-Function Registers {(cont) T-49-19-59
Address Replster Function Symbol R/W Maniputation (Bit) When RESET
xXF7CH Serial error interrupt request control 1 SEIC1 RIW 8/ 47H
XXF7DH Serial receive interrupt request control 1 SRIC1 RIW 8N
XXF7EH Serlal transmit interrupt request control 1 STIct RIW 8N
XXF80H Timer 0 ™0 RIW 16 Undefined
xxF82H Modulo 0 MDO RIW 16
XxF88H Timer 1 . ™M1 RIW 16
xxF8AH Modulo 1 * MD1 RIW 16
XXFO0H Timer control 0 T™CO R/W 8N 00H
xxFO1H Timer contro! 1 TMC1 RIW . 8N
*XF94H Timer macro service control 0 TMMSO RIW 8/ Undefined
xxF95H Timer macro service control 1 TMMS1 R/IW 8N
xXF96H Timer macro service control 2 TMMS2 RIW 8N
XxFICH Timer interrupt request control 0 TMICO RIW 81 47H
xxF9DH Timer interrupt request control 1 TMICT R/IW 81
XxxFOEH Timer interrupt request control 2 T™IC2 RIW 81
XXFAOH DMA control 0 DMACO RIW 81 Undetined
xxFATH DMA mode 0 DMAMO RIW 81 00H
xXFAZH DMA control 1 DMAC1 RIW 8n Undefined
XxxFA3H DMA mode 1 DMAM1 RIW 8/ :
XXFACH DMA interrupt request control 0 DICO RIW 81 47H
XxFADH DMA interrupt request control 1 DIC1 RIW 8/1
xXFEOH Standby control STBC RIW 81 Undefined

{Note 1) (Note 2)
XXFE1H Refresh mode RFM RIW 81 FCH
XXFESH Wait control WTC RIW 16/8 FFFFH
XXFEAH User flag (Note 3) FLAG RIW 81 00H
XxFEBH Processor control ) PRC RIW 8N 4EH
XXFECH Time base interrupt request control TBIC R/IW 8N 47H
XxFFCH Inservice priority register {SPR RIW 81 Undefined
XXFFFH Internal data area base DB RIW an FFH
FFFFFH
Notes:

(1) Each bit of the standby control register can be set to 1 by an

instruction; however, once set, bits cannot be reset to 0 by an
Instruction (only 1 can be written to this register).

(2) Upon power-on reset = 00H; other = no change.

36
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{3) For the user flag register (FLAG), manipulating bits other than
bits 3 and 5 is meaningless. The contents of user flags 0 and 1
(FOand F1) of the FLAG register are affected by manipulating FO
and F1 of the PSW.
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Absolute Maximum Ratings DC Characteristics T-49-19-59
Ta=25°C Vpp = +5 V £10%; To =—10 to +70°C (Note 1)
Supply voltage, Vpp —-05t047.0V ' Limits Test
Input voltage, V; —05t0Vpp+ 05V (<+7.0V)  Parameter Symbol Min Typ Max Unit Conditions
Output voltage, Vo —05toVpp+05V(<+7.0V)  Supplycurrent, Ippy 5 100 mA  fok=5MHz
Threshold voltags, V: 05t0Vpp 108V (= 470V)  erating B 120 mA foix=8MHz
reshold voltage. Viu S b Supply current, Ippa 0 40 mA fgx=5MHz
Outgut Iclzurr;ant,t low; loL 40mA HALT mode 2% 80 mA fox=8MHz
ach output pin 0m, Su
pply current,  Ippg 10 30 xA
- Total 0™ ST0P mods
utput current, high; lgy —
Each output pin —20mA  Threshold current Ity 05 10 mA Vyy=0toVpp
Total —20mA  Input voltage, ViL IS 08 V
Operating temperature range, Topr —40 to +-85°C :owt m 7 2 m Y
- voltage, . input: t
Storage temperature range, Tgrg —65t0 +150°C hr:g: g IH1 00 RESmE%upﬁoixpf&?,
Comment: Exposure to Absolute Maximum Ratings for extended ; X1, X2
periods may affect device reliability; exceeding the ratings could Ving 08x Vop V' RESET, P1g/NMI,
cause permanent damage. Vip - X1, X2
. e Output voltage, V| 045 V lgp=16mA
Comparator Characteristics low oL o
== . = ]
Vop =¥5V £10%i To = ~10t0 470°C Outputvoltage, Vgy  Vgp V. lgy=-04mA
Limits Test high -10
Parameler Symbel Min Max  Unit  Conditions Input current Iy +20 pA  EA, Pig/NMi;
Accuracy VAcomp +100 mV Vi=0to VD_D
3 Input leakage i £10 uA AllexceptEA,
Threshold voltage Vyy 0 -I‘-I%D‘l v current Plg/NMI:
Comparison ime ¢ TR =010 Voo
or.npar sontime _toome_ YK Output feakage  Iyg 0 wA Vp=0toVpp
PT input voltage  Vipr 0 Vpp v current
Data retention Voppr 25 .85 V
Capacitance Characteristics voltage
Vop=0V; Tpo=25°C Notes:
Limits Test (1) The standard operating temperature range Is ~10 to +70°C.
Paramster Symbol  Min  Max Unit Canditions However, extended temperature range parts (—40 to +85°C) are
ilable.
Input capacitance G 10 pF fo=1MHz avallable
Output capacitance Cq 20 pF g‘t‘"}:ﬁgsd“{:g s
1/0 capacitance Cio 20 pF
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AC Characteristics , T-49-19-59
Vpp = +5 V £10%: Ty = —10 to +70°C; C_ = 100 pF (max)
Limits Test ) Limits Test
Parameter Symbol Min Max  Unit  Conditions Parameter Symbol Min Max  Unit  Gonditions
Vp tise, tavp. trvp 200 ps STOP mode MREQ delay time  tpamg 05T —30 ns
fall time : MSTB delay time fpamsr T — 30 ns
Input rise, ta e 20 ns Except X1, X2, TR -
fall time RESET, NMI MoTB width, twwsia Tt D) ns
Input rise, tirs: tiFs 30 ns RESET, NMi
fall time (Sohmitt) 0"3{‘;3?5 data toapw 05T+50 ns
?aul}[;:lr:\ ;ise, tor. tor 20 ns Except GLKOUT Data output tom T +2) s
setup time . —80

X1 cycle time toyx 98 250  ns Nofe3 WSTB write Toamsw (0 +0.5) s

62 250  ns Noted delay time -30
X1 width, low twxL 35 ns Noted MREQ to MSTB  tpyamsw T(n+1) ns

p write delay -35

20 ns Note4 time
X1 width, high twxH B/ - ns Noted WSTB write wustw  T—30 ns

20 ns Noted width low
X1 rise, xR tXF 20 ns Data output tymow 05T —50 ns
fall time hold time
CLKOUT cycle tovk 200 2000 ns Note3 10STB delay time  tpais  0.5T—30 ns
time 125 2000 ns Noted 0STBtodata  tpigp T +1) ns
CLKOUT width,  tyx. 0ST—15 ns Note 1 Input —%
low - 10STB width, twist  Tin+1) ns
CLKOUT width,  twxy O0ST—15 s low —%
high Address hold tyisa 05T-30 - ns
CLKOUT fise,  tkm, 'kF 5 ns time
fall time ’ Input data tHISOR 0 ’ ns
Address delay  tpga 90 ns hold time -
time Output data tspis T(n+1) ns
Address validto  toaon T(n+15) ns Note2 setup time -
input data valid -9 Output data tyispw  0.5T —30 ns
MREQ to tHMRA 0.5T ns hold time . _
address hold time -30 Next DMARQ tspapa T ns Demand mode
T . - setup time
MREQ to data toMRD Tn+2) ns
delay -7 ) QMARQ hold tHDARQ 0 ns Demand mode
MSTB to data tomso Tin+1) ns lime
delay -75 DMAAK read twomaL  T(n+2.5) ns
MREGtoMSTE tomamsn T-3 T+35 ns width, low —%
delay DMAAK write twomwL TN +2) ns
WREQ width,  twya T +2) ns width, low -3
low -30 DMAAK to TG tpparc . 05T+50 ns
MREQ, MSTBto  twwa  OAT ns delay time
address hold time —50 TC width, low twreL  2T—30 ns
Inputdatahold  tymp 0 ns REFRQ delay tpape  0.5T—30 ns
time time
Next control tscg T—25 ns REFRQ width, twart TN +2) ns
setup time low -
MREQ to TG toMRTC 0.5T +50 ns Address hold tHRFA 05T —30 ns
delay time time
38
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T-49-19-16
AC Characteristics (cont) T-49-19-59
Limits Test Limits C qest

Parameter Symbol  Min Max  Unit Conditions Parameter Symbol  Min Max  Unit Conditions
BESET width low twast1 30 ms STOP/ CTSO (RSCK) cycle time  toypx 1000 ns

{mer_ CTSD (RSCK) width, high  twgpy 420 s

onreset)  CTSO (RSCK) width, low  twep. 420 ns

twastz 5 #s System RxD setup time tSROK 80 ns
_ - reset RxD hold time thkep 80 ns
WREQ, 10STB to READY  tgcpy Tn—1) ns a=2
setup time —-100 Notes:
MREQ, TOSTB to READY  tyeay = T(N) ns n=2 () T=CPU clock period (tgyk).
hold time (2) n=number of wait states inserted.
Ready setup time tsayk 20 ns T (3) For5MHz parts (uPD70320/322).
Ready hold time tHKRY 40 ns (4) For 10 MHz parts (uPD70320/322-8).
HLORA setup time sk 90 s Supply Current vs Clock Frequency
'HLDAK output delay tokHA 80 ns -
Bus control float to torga T—50 ns . 150
TA=125°C

HLDAK? to control output  tyyae T—50 ns 140 T‘;g.nsjnfp\lle
time 130 spec. ™
HLDRO to HLDAK delay  tpugua 3T+160 ns . 120 Polnt
HLDRQ! to control float  tguge 3T +30 ns it
HLDRQ width, low twHoL 15T ns Shec.
'HLDAK width, low twHAL T ns 100
INTP, DMARQ setup tsiox 30 ' ns 20
INTF, DMARQ width, high  tyioy 8T ns Té' 80
INTP DMARQ width, low  tyjq. 8T ns a 2
POLL setup time tspk 30 ns - 60
NMI width, high twNiH 5 us
NMI width, low twae 5 s 50
CTS width, low twer, 2T ns 40
INTR setup time tomk 30 ns %
INTAK delay time tokia 80 ns 20
INTR hold time tHiAlQ 0 ns 10
TNTAK width, low twiaL 2730 ns
TNTAK width, high twiay T-—30 ns %1 2 s 4 s 6 7 8 9
INTAK 10 data delay t01AD 2T—130 ns feLK [MHz]
TNTAK to data hold i 0 08T s ' ' e
SCKO (TSCK) cycle time  toyrx 1000 ns
SCKO (TSCK) width, high  twsty 450 ns
SCKO (TSCK) width, low  tygr, 450 ns
TxD delay time toTkD 210 ns
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Figure 36. External System Clock Control Source T-49-19-59
Recommended Crystal Configuration External Oscillator Configuration
10 pF
X1 Osc X1
[} 74HC10
10 pF
X2 X2
1 Parallel-
= resonant . .
Note: crystat N
When using a quantz ¢rystal, it is recommended that 15 pF capacity be used. 3-0045748
Resonator and Capacitance Requirements
Recommended Constants Recommended Gonstants
Manufacturer Produet Number Gt (pF) €2 (pF) Product Rumber C1 (pF} G2 (pF)
Kyocera KBR-10.0M 33 3
Murata Manufacturing GSA.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)

VDDOR

tRvD.

83-004030A

83-0043C6A

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

83-004305A

AC Output Test Point (Except CLKOUT)

83-004307A

CLKINA
(x1

CLKOUT S
N

0.8Vpp
08V

le— KR tkF
4 22V
0.8V
WKL ol twkH 1
teyk

83-0043088
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Timing Waveforms (cont)

Memory Read

- T-49-19-16
T-49-19-59

]

f B1 } B2

- »1-tDKA [

1 83

l«——t CYK !
CLKouT /

X

4
ADDRESS );
i N N .
tHMRA — «—{DADR —>] l<—>-lHMA

DM
¥o1-7co

- £ X
4
Di5-Dg \ 4
. —— 7
tDAMSR —« N tomMsp [« tHMD
_ 4 Y
W/ \
<—tDMRD
tDAMR — > {WMRL tsce
- : X 45%
MR
EQ ) \t /]
X s
MSTB \
+tDMRMSR>| «—tWMSLR
iosTB
REFRQ N\
— )
DMAAKI- \
DMAAKO
RTC

twTCL

83MB-0052768
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T-49-19-16
Timing Waveforms (cont) T-49-19-59
Memory Write
! B1 } B2 ———f——B3——
fe———1cYK '
< tbka +

. r y
ADDRESS X( X
tHMRA - ’ - tDAMSW.- ‘<——>-lHMA
- B X
N
Dy5 - Do ¥ £
tpabw t

tSDM
AW N 14
tDAMR -1« «———15¢C —— >
) r Y
WREQ \L ,Z \ :
tWMRL
\ s
MSTB \1 r
{DMRMSW LWMSLW —>|

REFRG \
DMAAKI- \
DMAAKD -

tDMRTC
Tei - 6o

tWTCL

83MB-0052778
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Timing Waveforms {cont)

I/0 Read

T-49-19-16
T-49-19-59

ADDRESS

Dy5-Dg

MREQ

MSTE

10sTB

REFRQ

DMAAK1-
DMAAKO

CLKoUuT /

tDAMR

tWMAL———>

tDKA LY
X( p
N \ 7X;
tHMRA — . Id———»—tHMA
L Ty
4
N 4
oo 7
»-tDISD < > tHMD
A
/ . <—1{ DMRD »

tDAIS =

<—tDMRIS \}<—lw|s[_ﬂ

A

&3MB-0052788
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Timing Waveforms (cont) T-49-19-59
1/0 Write
! B1 { B2 } B3 i
le——toYK ’
CLKOUT 7
tDKA .+ )
X ‘ X
ADDRESS
X X
tHMRA - ) tHMA
h
Py5-Dp $ ,E
tpADW { . tspM
T\ 1%
tDAMR 1< - le——tscC ———>
Y . X
MREG \( ;Z N
tWMRL
WSTE
tDAIS
(5] H ,ZF
<~ tDMRIS twisL—»
REFRQ ) N
- X
DMAAKI- - \
DMAAKD U
44
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_ T-49-19-16
Timing Waveforms (cont) T-49-19-59
DMA, 1/0 to Memory

F——s1 f B2 83 !

fe——tovK :

« toKA .

tHMRA - tDAMSW < tHMA
Dy5-Dg
A7 \ 4

tDAMR < N tWMRL
e p
MREQ
N
MSTB &
(<t DMRMSW > [«—tWMSLW

losTB
<—~tSDADQ —>|
< {HDADQ
DMARGY R

- tWDMRL |

—— L ph
DMAAKT- ﬁx N\
DMAAKO N )
<«—>— {DMRTC
61768 ' /

twTCL

8IMB-0052808
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T-49-19-16
Timing Waveforms (cont) : T-49-19-59
DMA, Memory to I/0
} B1 } B2 } B3 ]
) le——1tCcYK ) .
N\ S
< _toa .
ADDRESS X: ){
tHMRA --1DAMSR >-tHMA
Dy5-Dp
- 7 a\

tDAMR > 'WMr_iL l——— 1500 —>
Y
MAEG \: N

MsSTB S
[t DMRMSR »| «—tWMSLR

losTB

[«—-1SDADQ —>]

) < 1HDADQ —:ls
DMARQO-
DMARG1
|

FE— - tWDMWL
DMAAK1. \
DMAAKD K \

[+—>1— tDMRTC
Tc1-Tco

N

twrcL >

83MB-0052818
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Timing Waveforms (cont) T-49-19-59
Refresh
} Bt } p2———f——p3——]
. le———1CYK '
GLKOUT /]
tDKA .
-
ADDRESS >§ §<
- N v, =
< tHRFA
D5 - Do
v i N
.tSCG
MREQ
MSTB
10STB
DARF ~
|« tWRFL a 3
REFRQ
, / \
DMAAK1- 7 ]
DMAARD \__.
83MB-0052528
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Timing Waveforms (cont) T-49-19-59

RESET 1

oreett V N /_\_/_\__/_\_/—

! twasL1
RESET \l ’

RESET 2 - A

twRsL2

msEr /

R A

83-0043168

£3-0043178

READY Timing 1

i
(RW) . B1 'l B2BAW : BAW : BAW/B2 Il B3 4:
t

CLKQUT

s XX | X

.-.
@
2
=
|
]
v

THKRY

READY 7

835L-53928
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Timing Waveforms (cont) T-49-19-59
READY Timing 2
' W | B1 | B2BAW | BAW | BAWBW , BWB2 B3 :

ADDRESS X X N 7 )L

tHORY . >
tscay > >
MREQ —-—\ ) -
l10ST8 c
tsAvk
tSAYK < |
A p!
READY \ / \
N 2
thkay —1 P|tuxry “

83sL-5303H

HLDRQ/HLDAK 1

—1 tsHak tSHQK —»

3

HLDRG ). \( ,/

tDKHA —» — t——— tWHQL ——»
Bus control*
-
ICFHA
toHQHA tbHAC
ALOAR N /’

N /A

*A1g-Ao, D7-Do, MREG, MSTE, IO5TE, R/W ———————  tWHAL———— )]
) 83-0043208
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Timing Waveforms (cont) T-49-19-59

HLDRQ/HLDAK 2

CLKOUT ]m B
1SHOK

:: 3
HLORQ : \ /
. e F
iwHaL >
N
Bus control* *
—»! tOKHA '« toHac

HLDAK /‘

*A1g-Ag, D7-Do, MREQ, MSTB, iOSTB, R/W
83-¢Q43218

INTR, DMARQ Input

tsiak T tsiak
\: -
INTR, d v -
DMARQ" / A ) .
twiqH - wiar

*INTP2-INTPO, DMARQ1-DMARQO
83-0043228

POLL Input

CLKOUT
tsPLK tSPLK
POLL . /

$83-0043238
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Timing Waveforms (cont) ‘ T-49-19-59

NMI Input

NMI /‘ : ) \L ' ] /_

WNIH twNIL

83-0043248

S

CTS Input

CTS1-CT80 / \E /
¥,

} tweTL

§3-0043258

INTR/INTAK

- 3
INTR
tHialQ

tbKia
1
n
iNTAK . N / ’\ /1
R 2
tWIAH tpiAD
twiaL | —»{ tHIAD }a—

D7-00 }t L'S
p ;2
tscc tscc

|

jL

83-0Q043268

8l§
2o
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Timing Waveforms (cont)

Serial Transmit

T-49-19-16
T-49-19-59

cLkout _\—/_\—/_\—/__\__/_—\_/_\_/_-\—/_\_

tCYTK
SCKO - \
/ ‘ / | —
by
tWSTL o B tWSTH | tHTKD
L
D A , JX
kdeKD -
: 83MB-0052838

Serial Receive

fCYRK

7T \ /|

|

Y

\

«r \_/ /" /S \

fe——t WSAL- >

tWSRH

RXD 7%-
tSRDK—>]

Y —

tHKRD

83IMB-0052348
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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

4

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

[dentifier Description

reg 8- or 16-bit general-purpose regfster

reg8 8-bit general-purpose register

regi6 16-bit general-purpase register

dmem 8- or 16-bit direct memory location

mem 8- or 16-bit memory location

mems8 8-bit memory location

mem1i6 16-bit memory location

mem32 32-bit memory location

sir 8-bit special function register location

imm Constant (0 to FFFFH)

imm16 Gonstant (0 to FFFFH)

imm8 Constant (0 to FFH)

immd Constant {0 to FH) -
imm3 Constant (0 to 7)

ace AW or AL register

sreg Segment register

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

Powered by ICminer.com Electronic-Library Service CopyRight 2003

uPD70330/332 (V35)
T-49-19-16

\dentlflsr Deseription T-49-19-59

dst-block Name of block addressed by the IY register

near-pro¢ 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-labet Label in another program segmant

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

memptra2 Double word containing the offset and segment base

: address of the memory location to which control is to

be transferred

regptrié 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-0p 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 Mode 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 register (low byte)

cw CW register (16 bits)

CH CW register (high byte)

CL CW register (low byte)

ow 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 T-49-19-59
idantifler Description Identifler Description
X Index register (source) (16 bits) (blank) No change
Y Index register (destination) (16 bits) .0 Cleared to 0
PS Program segment register (16 bits) 1 Setto 1
58 Stack segment regi.ster (16 bi‘ts) X Set or cleared according to the result
g:‘o ga:a sggmen::) reg!s:er (12 ::s) U Undefined .
! 2 aT.segmen reglster (16 bits) R Value saved earlier is restored
AC Auxiliary carry flag .
oY Car.ry flag 8- and 16-Bit Registers (mod = 11)
p Parity flag
- - reg w=0 W=1

S Sign flag

0co AL AW
Z Zero flag o1 oL oW
DIR Direction flag

010 DL bW
E Interrupt enable flag

o BL BW
v Overflow flag 0 i m
BRK Break flag 1'01 o M
MD Mode flag

- 110 DH 1X
() Values in parentheses are memory contents i B m
disp Displacement (8 or 16 bits)
ext-disp8 16-bit displacement (sign-extension byte
+ 8-bit displacement) Segment Reglsters

temp Temporary register (8/16/32 bits) freg Reglster
tmpey Temporary carry flag {1-bit) 00 DSy
seg Immediate segment data (16 bits) 01 PS
offset Immediate offset data (16 bits) 10 - 88
- Transfer direction " DSg
+ Addition
- Subtraction Memory Addressing
X Multiplication manm mod =00 mod = 01 mod =10
- Division 000 BW + IX BW + IX + disp8 BW + IX + disp16
% Modulo 001 BW 1Y BW + 1Y + disp8 BW + 1Y + disp16
AND Loglcal product 010 BP +IX BP + IX + disp8 BP + IX + disp16
OR Logical sum 011 BP+1Y BP+1Y +dispd  BP+IY + disp16
XOR Exclusive logical sum 100 IX IX + disp8 IX + disp16
XXH Two-digit hexadecimal value 101 Iy 1Y + disp8 1Y + disp16
XXXXH Four-digit hexadecimal value 110 Direct BP +disp8 BP + disp16

111 BW BW + disp8 BW + dispi6
54
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Instruction Clock Count T-49~19-59
Mnemonic  Operand Glocks Mnemonic  Operand Glocks
ADD regs8, reg8 2 BRK 3 50+5W [38+5W)
regi6, reg16 2 imm8 5145W [39+5W
reg8, mems EA+T+W BRKCS 15 )
reg16, mem16 EAHTHW BRKV S0+5W [3845W]
mem8, reg8 EA+10+-2W [EAHT+W] BTCLR %9
mem16, reg16 EA+10+2W [EAHT+W]
regh, imm8 5 BUSLOCK 2
reg16, imm8 5 “ CALL near-proc 214+W [17+W]
. reg16, imm16 6 regptri6 21+W [174-W}
mem§, imm8 EA+11+2W [EA+9+2W] memptr16 EA+24-+2W [EA+224+2W)
mem16, imms8 EA+3+2W [EA+TH2W] far-proc v 364+2W [324+2w]
mem16, imm16 EA+12+2W [EA+8+2W] ) memptr32 EA+32+4W [EA+20-H4W]
AL, imm8 5 CHKIND EA+24+2W
AW, imm1i6 ] CLR1 oY 2
ADD4S 22+(30+3W)n  [22+(28+3W)n] DIR 2
ADDC Same as ADD reg8, CL 8
ADJAA g reg16, CL 8
mem8, CL EA+16+2W (EA+H13+W]
ADJ48 9
mem16, CL EAH16+2W [EA-H13+W]
ADJBA 7 reg8, imm3 7
ADJBS 17 reg16, imm4 7
AND reg8, reg8 2 mem8, imm3 EA+134+2W [EAHI0+W]
regi6, reg16 2 mem16, imm4 EA+1342W [EA9+W]
reg8, mem8 EA+T+W Cmp reg8, reg8 2
reg16, mem16 EA+7+W reg16, reg16 2
mem8, reg8 EA+104+2W [EAHTHW) reg8, mems EA+74+W
mem16, reg16 EAH10-++2W [EA+7+W] reg16, memi6 EA+7+W
regs, imm8 5 mem8, reg8 EA+74+W
reg16, imm16 6 mem16, reg16 EA+T+W
mems, imm8 EAH11H2W [EA+9+2W] reg8, immé 5
mem16, Imm16 EA+1242W [EA+8+2W] reg16, imm8 5
Bcond (conditional branch) 8 or 15 reglé.immi6 6
mem8, imm8 EA484+W
Bowz Bor 15 memi6, imm8  EA+OHW
BR near-label 12 mem16, imm16 EA+O+W
shortflabel 12 AL, imm8 5
regptrie 13 AW, imm16 6
'f“""‘p"‘s EATTEHW CMP4S 22+25+2W)n
ar-label 15
CMPBK mem8, mem8 25+2W [21+2wW]
memptrdz EA+2342W mem6, memi6  2542W [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 ara 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 selected by the WTC register
n = number of iterations or string instructions
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Instruction Clock Count (cont) T-49-19-59
Mnemonlc  Operand Clocks Mnemonic  Operand Clocks
CMPBKB 16+(23+2W)n INM mems, DW 2142W [1942W)

CMPBKW T6+E3+2W)n mems'n[\)/:/N 19*?‘” [15+2W]
mems, 18+(15+2W)n  [18+(13-+2W)n]
CMPM mem8 184+W
memi6 1942w mem16, DW 18+(13+2Win  [18+(3-+2W)n)
CMPMB TE+HI6+W)n INS {:gg reo8 bass
CMPMW 16+(16-+2W)n LDEA EALD
CVTBD 19 LOM memé BHW
cvisw 8 memT6 B+(11+W)n
cvros 2 LOMB  mems . 1BHW
VWL _ 8 LMW mems Te+(10+W)n
DBNZ Sort MOV regs, regs 2
DBNZE 8or17 reg16, reg16 2
DBNZNE 8or17 reg8, mems EA+T4+W
DEC re08 5 reg16, mem16 EA+7T4+W
regi6 2 mems, reg8 EAHS+W [EA+2]
mems EA+I3H2W [EAHT42W] mem16, reg18 EATSHW [EA+2)
mem16 EA+13+2W [EA-+H9+2W] reg8, imm8 5
ol 1 regl6, imm16 6
mem8, Imm8 EA+6+W
DISPOSE 1+ mem16, imm16 EA+64+W
DIV AW, reg8 46-56
AW, mem8 EATA9-+W to EA50-+W A a8 o
DW:AW, regi6 54-64
DW:AW. mem16  EA+57-+W to EA+67-+W amame, A B Eg}
DIvU AW, reg8 3
sreg, reg16 4
AW, mem8 EA+3AW sreg, memi6 EA+9+2W
DW:AW, reg16 39
. reg16, sreg 3
DW:AW, memi6  EA+43+2W mem?6, sreg EA+GH2W [EA+]
0so: 2 AH, PSW 2
Dst1: 2 PSW, AH 3
El 12 DSO, reg16, memptrd2 EA-HI74+2W
EXT Teg8, regs 921 DS, reg16, memptr32  EA+17+2W
reg8, Immd 42122 MOVBK mem8, mem8 2242W [174W]
FINT 2 mem16, mem16 2242W [17+3W]
FrO1 557+5W7 [43+5W] MOVBKB  mem8, mem8 16+(18+2W)n  [16-+(134+W)n)
FPO2 S545W [43+5W] MOVBKW  mem16, mem16 16+(18+2W)n [16-+-(10+W)n]
HALT N/A MOVSPA 18
N AL, imm8 154W Movspe , Ll
AW, imm8 15+W MUL AW, AL, reg8 31-40
AL DW W AW, AL, mem8 EA-+34+W to EA+H43+W
AW, DW 14+W DW:AW, AW, reg16 39-48
DW:AW, AW, mem16 EA+424-W to EA+51+W
INC reg8 5
regi6 . 2 reg16, reg16, in}ma 39-49
mems EA+13+2W [EAT13+2W) regl6, mem1i6, imm8  EA+42+W to EA+52+W
mem16 EA+13+2W [EA+9+2W] reg16, reg16, immi6  40-50
regi6, mem16, Imm16  EA-+43+W to EA+53+W
56
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Instruction Clock Count (cont) T-49-19-59
Mnemonls _ Operand Clucks - Mnemonic  Operand 7 Clacks
MULU - regd 2 PREPARE  imm16, imm8 imm8 = 0: 26+W
imm8 = 1; 374+2W
mem§ EA+2T+W iMm8 = n > 1: 44419 (n—1)+2nW
regi6 32 X
mem16 EA+33+W Ei 2 m W
- SH reg16 13+W [+
NEG :g?s g mem16 EA+16H2W [EA+12+2W]
memd EAT13+2W [EAHI0+W] oot o g}
mem16 EA+1342W [EA+10-+W)
NOP 4 * 85 W0+W 7]
DSO 10+W [7]
NOT ;23?6 : PSW %W g
R 74+8W [50]
mems EA+134+2W [EA+10+W] imm8 AW (9]
memi6 EA+13+2W [EAH10+W] imm16 B+W [10)
NOT1 cY 2
REP 2
reg8, CL 7 :
reg16, CL 7 REPE 2
mem8, CL EA+I5H2W [EA+12HW] REPZ 2
mem16, CL EA+15+2W [EA+12+W] REPG 2
reg8, imm3 6 REPNC 2
reg16, imm4 6 REPNE 3
mem8, imm3 EA+1242W [EA+HO+W)] REPNZ 2
mem16, imm4 EA-+12+2W [EA+9+W]
RET null 194+W
o Iig?s' $3316 : popvalue HW
] 27+2W
reg8, mems EA+THW hatt
reg16, mem16 EAHTHW pop-value . BW
mem, reg8 EATI0H2W (EATTHW] RETI A0HW_[34+W]
mem16, reg16 EA+-10+2W [EA+T4+W] RETRBI 12
reg8, imm8 5 ROL regs, 1 8
reg16, imm16 6 regi6, 1 8
mem8, imm8 EA+1142W [EA+S+2W] mems, 1 . EAHBH2W [EA+13+W]
mem16, imm16 EA-+124-2W [EA+8+2W] mem16, 1 EA+1642W [EA+-13+W]
AL, imm8 5 reg8, CL 11+2n
AW, imm16 6 reg16, CL 1142n
ouT imm8, AL 11+wW mem8, CL EA+19+2W+2n (EA+16+W-+2n)
Imm8, AW oW mem16, CL EA+19+2W+2n [EA+16+W+2n)
DW, AL 104+W reg8, imm8g 9+2n
DW, AW ) 8+W reg16, imm8 9+2n
0UT™ DW, mem8 2142W [19+2W) mem8, imm8 EA+15+2W+2n [EA+H124+W-+2n)
DW, mem1i6 2144W  [17+4W] mem16, imm8 EA+15+2W+2n [EA+12+W+2n]
DW, mem8 18-+(15+-2W)n  [18+(13-++2W)n] ROL4 reg8 17
DW, mem16 18-+(13+2W)n  [1849+2W)n] mem8 EA+20+2W [EA-+-18+2W]
POLL N/A ROLC Same as ROL
POP regl6 114+W ROR . Same as ROL
mem16 EA+14+2W [EAHT1-+W] ROR4 reg8 ] 2
g§1 12+W mem8 EA+264+2W [EA+24+2W)
12+W -
RORC Same as ROL
DSo 24w -
PSW 1B+W e o 2
R 7448W (58]

57
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Instruction Clock Count (cont)

Mnemonle  Operand Clocks
SET1 (cont) reg8, CL 7
reg16, CL 7
mem§, CL EA+15+2W [EA-+12+-W]
mem18, CL EA+15+2W [EA+12+W]
reg8, imm3 6
reg16, immd4 6
mem8, imm3 EA+H1242W [EA49+W]
mem16, immd4 EA+12-H2W [EA+9+W1
SHL Same as ROL
SHR Same as ROL
SHRA Same as ROL
§8: 2
ST™ mem8 13+W [10]
mem16 13+W [10)
STMB mem8 164+(9+W)n [16-+(7--W)n]
STMW mem16 16+(9+W)n  [16+(5+W)n]
stop NIA
SuB Same as ADD
§SUB4S 224(304+3W)n [224(28+3W)n]
SuBC Same as ADD
TEST  regs, regs 4
reg16, reg16 4 .
reg8, mem§ EA+124+W
reg16, mem16 EA+11-H2W
mem8, reg8 EA+124+W
mem16, reg16 EAH11H2W
reg8, imm8 7
reg16, imm16 8 ]
mem8, imm8 EA+9+W
mem16, imm16 EAH10+W
AL, imm8 5
AW, Inm16 6
TESTi reg8, CL 7
reg16, CL 7
mem8, CL EAH12+W
mem16, CL EA+124W
reg8, imm3 6
reg16, imm4 6
mems, imm3 EA+O+W
mem16, imm4 EA+O+W
TRANS 114+W
TRANSB 114W
TSKSW 20
58
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T-49-19-59
Mnemenic  Operand Glocks )
XCH reg8, reg8 3
reg16, reg16 3
reg8, mem8 EA+1242W [EA+S+W]
reg16, mem16 EA+1242W [EAHI+W]
mem8, regs EA+12+2W [EA+H9+W]
mem16, reg16 EA+124+2W [EA+9+W]
AW, reg16 4 '
regi6, AW 4
XOR Same as AND
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Instruction Clock Count for Operations T-49-19-59

Byte
RAM Enable RAM Disable RAM Enable RAM Disabls

Context switch interrupt — — B 3

DMA (Single-step mode) 20+ 2W 20+ 2w 20+ 2W 20 +2W

DMA (Demand release mode) 10+ 15n 10+ 15n 10+ 16n - 10 + 15n (min)

DMA (Burst mode) 13+ (12 + 2W)n 13 + (12 + 2W)n 134 (12 + 2Wn 134 (12 + 2Win

DMA (Single-transfer mode) . 174+W 17+W 17+W 17+W

Interrupt (INT pin) — - 57 4+ 3W 45+ 3W

Macro service, sfr — mem 3+ W 26+W 314w 26+W

Macro service, mem - sir 28+W 2T+W 28+W 21+ W

Macro service (Search char mode), sfr — mem M+W 34+W — —

Macro service (Search ¢har modg), mem - sfr 4+ W d+W - - —

Priority interrupt (Vectored mode) — — §5 + 5W 85+ 5W

NMI (Vectored mode) — — 53 +5W 53 4 5W

W = number of wait states inserted into external bus cycle
n = number of iterations

Interrupt Latency

Clocks
Source Typ Max
NMI pin 12+N 18+N
INT pin 8+N 8+N
All others 27T+N 15+N

N=number of clocks to complete the instruction currently executing

Powered by ICminer.com Electronic-Library Service CopyRight 2003

59




N E C ELECTRONICS INC

.

30E D Il £427525 0027066 9 M

9,

Xe}
—
1
(o)}
—
1
(o))
<
]
-

uPD70330/332 (V35)

o -do0] aY1 XD () 5£ AD UBUM "Passas0sd s )
0 1dnugyuy uniem e si 813yl }| (1 —) paluawaloap
i SI M9 PUB PaINIaXa S| UOHINIISUI JAfSUBI)
w I 001LO0O0C1L L O ¥20jq annwid 9y} Jo 31Aq Ixad 8u} 0 7 MI AlIUM INd3Y
O.J : +doo} Ay} 1I%9 °L 5£ AD UIYM "Passancid si 1t
< ‘ydnasaqur Gugem e st assty 5 (1 ~) pajuawsioap
T_; . S1 M9 PUB P3JNJAX3 Si UONONAISUI JajSueL
! L0100 L L 0 xooqannwudayjoalAqIxau syl ‘0 MO SllUM Jd3
' soxyjoid Jeaday
‘ My ‘91081 10
] B g L OO 91601 <> My 9L0a1 ‘MY
waw ‘a1 Jo
e L waw Bas pow M L L O OGO L 63 <——» (W3LW) a1 ‘waw
2 bas Ba1 LI MLELOOOGO L 691 «— Bai 621 ‘Bas HOX
I L LOLO L} (v +ma) — v sjqel-ais SNYHL
e waw Gar pow L Q0 L L 0O O gLwaw —- gi6ar gLusawi ‘gL6a1 vaai
X X X LS I 0LiLEtLOoOL HY — ADX'd"X'Q¥y 'X'Z2°S HY ‘MSd
1 Lt b L LOoO0 L A9 Xd XY X Z'S— By MSd ‘HY
{2 + gewaw) — 15 cewsw
v waur by pow 0 0 L O OO L} (cewaw) — 91631 ‘91691 'LSQ
{z + zewsw) — 00 cewaw
a4 waw bor pow | 0 L G QO LI {ecwaw) —- g1.60) ‘91691 050
P4 waw Bass o pow 0 O L L O O O § Bass — {gjwow) Bais ‘g wow
2 fal Baus 0 L L OO LLEOOCO L bais — gjbas Bais ‘g1 601
2 wew fays g pow g L 1 L OO QI 180 '0S0 'SS : bals (9)waur) — Dats glwaw ‘bass
Z Gaa Bass Q9 L L O L L LOOO L 150 ‘054 ‘SS - bais gL6a1 — Bass g 6as *bass
Y > (wawp) *HY — (| + wawp) | = M UsUMm
. () M L0001 01 TV —> (wawp) 0 = M UM 298 ‘wawp
{wswp) — Ty ‘(1 + wawp) — HY L= M USUM
g MOo000O0L 0L {wawp) — Ty 0 = M USUM waup ‘90
[ far ML L O L wwj — §aa wus ‘6as
9t wsw 0 0 0 Pow M LEOOO L wiwf — (wau) uswi 'waw
e waw fax pow M LO L OO O L (wou) — B3y wau ‘Bas
e twaw Bax pow M 0O L OO O I . Bas — (wow) Bos ‘waw
4 6as 6 L 1 MmM1O0LOOOTL fat —» B3 a1 ‘bas AOW
lsjsueij ereq
ZSdA A Qv safg 61lZ2EYvYS&9L012€EFVS I L uojjesadp puesadp JJuouBUN
sfiefy jo-oN apo7 uopesadg

J9S uogonnsuy

60

Powered by ICminer.com Electronic-Library Service CopyRight 2003



OO L LLODOD L L L

MV — PRYL1g-9)

Looo0otL L0000

T-49-19-16
T-49-19-59

Or |or

Qv [ v

MV — p[3y 11g-9¢

e—AN— AL =4i0 2+ Al — Al :0=HI0

MY —- (AL -+ AD L= M usum

L=Al= Al'L=HIQ L+ Al — AL:D=HIO

TV — (&) 0= M Usym

#PD70330/332 (V35)

C=Xt—=XI:L=HIGZ+XlI~>Xi:0=HIa

{XI“L+ XI) == MV | = M usum

F=Xi=XI:L=HIG L+ XI — XI 0 =HIq

{Xi) — v 0 = M U3UM

¢—Al— Al:1=HI0 2+ Al — Al D=HIq

(AL +AD = MY L= M usum

L=Al— AI'L=HIQ L + Al — AL 0= HIQ

(A) — v 0= M uaym

30E D W L427525 00270L7 0 mm

=A== Al'e—XI— Xi‘L=HIQ
2+ Al— Al 2+ Xt — XI:0=Hig
AL+ AD = (X1'L+XI) | = M Usum
E=Al= A'L=XI—XI L =Yg
L+AI— AL+ X — X1:0=4ia
(A) — (xi) 0= m uaum

puwi ‘g6as
gbia) ‘gbias SNI
J6jsuel] pioid g
}20|g-1sp WIS
“oo[g-a1s wa
20g-1sp NdiND

I0[g-1sp

1001g-218 184D

¢—AN—Al‘e—Xi—XI:L=Hig
2+ A= Al'2+XI—XI:0=HIa

(XFL+ XD — (AL + AD £ = M Usum

L= Al— Al'L— Xl — XI [l = HIg
LH+AI= Al‘L+XI— X1 :0=HI0
(X)) — (A 0= M usum

%90]q-018
490/g-3sp NGAOW

Jojsuel] No0jg eaud

*d00} 841 11X3 °0 7 Z PUB WJWD J0 NEJWI SI
uonoNJISYl 1ajsuel] 20]q aaniwd auyl i -passasold
S1 1t ‘idnazajun Busrem e si assyy f *(L —) pajuswaloap
St M\ pue Pajnoaxa S| UORONISUL JajSuel]

190jq aaiud auy} Jo 33Aq Ixau 34} *0 5 MO UM

ZNd3y
INd34

C .

0

L

"doo} 3} 11Xa ‘L 5 Z pue WdNJ Jo NEJWO SI
uonanIIsul Jajsues) X0jq eanwid ayy 3 -passacoid
ST ‘ydnasagur Suggem e st asaul §f *(L —) pajuawaloap
SI MO Pue pajnoaxa si uonaINLsul J3jsuely

%00]q ANIurLd U Jo 3)Aq 1x8U au} 0 %= MO SIUM

Zd34
3434
d3d

(1u02) sexyjeid jeadey

ZSdA AT v salfg 0D1Le¢eves !

opoJ uojiesadp

uepeiadg

pueladp SJUCWALY

N E C ELECTRONICS INC

{1u02) 108 uopInnsUy

61

Powered by ICminer.com Electronic-Library Service CopyRight 2003



»

N E C ELECTRONICS INC

30E D W Lu27525 0027068 2 MW

-

#PD70330/332 (V35)

NEC

T-49-19-16

T-49-19-59

wul + My~ MY | =M UM

XX X x x X gg MO0OLOODODDOOD WuH + ¢ — ¥ § = M UBUM wu ‘9%e
X X XX X X g wsw 9 0 O powr M SO 0 0O O wiwy + (waw) — (Wwow) ww; ‘waw
XX XX X X g Baxr 0 0 0 L LM SOO0O0O0O0L wwy + 6af — Has wuw ‘6a)
XX XX X X g wau Bor pow M L OO ODOOO (wow) + 631 — by waw ‘fas
X X XX X X $2g waw fa1 pow M 00 0 OG0 O-0 Ba1 4 (waws) — (waw) ba1 'waw
X X XX X X 4 Ba) B | LM LOOOO0O0TUD Bas 4 631 — B2z Bas 'bas aay
. uoyoRNqNS/UORIPPY
Slajsuely Jo Jaqunu tu C—XI—XI:L=HaZ+XI—XI:0=4I0
(X1'1 -+ XD — (MG ‘L 4 M0) L= M Usum
L=XI—XPL=HQ L+ XI — X1 :0=Hi0
L MmitL Lot Lo (X) — (M0) 0= M uaym %3019-045 ‘Ma WLNRO
2— A= Al'L=HIQ 2+ Al— Al :0=4I0
(Ma ‘L + Ma) — (AL + A L= M USUM
b= A== ALZL=HIG -} + Al — Al 0= HIQ
I . MmMoL1iLo0L 1O {Ma) — (A) 0= M u3um M0 “99[g-1sp NI
Jojsuel] Q/] 4o0lg eApjuLd
TV — (M@) ‘HY — (L + M0) L = M UBUM
3 MmMLiElLLOL L TV — (MQ) 0= M usum 908 ‘M@
I — (guiw) ‘HY — {1 + guis) | = m usypm
[4 MmLLrootL 1l ¥ — (guun) 0 = M USUM J9e ‘guu) 1no
(M@} — v *(L + MQ) — HY | = M UsuM
I MmotLtolL Lt (M@) — TV 0= M UM M@ ‘00e
(gwun) — 3y {1 + gluwg) — HY | = M USUM
4 MmMoLOOL LI (uwi) — Ty 0= M UIUM gwiur) ‘308 N
o/I
Baa 0 00 L}
14 LLO0OLLEOOLLLLOODOO piay #8-9L ~> MV punut ‘gGaz
631 Bay | |
€ L+ 001LLEOO0OLLLLEOOOOD PRy Ng-9L — MV g6as ‘gbas 13
{juoo) Jeysuely piefd ng
7S dA A IV safg oLeevsSsS9 L0LlzZzEVY GOl uojjesadp puesadg Juowauy
shej3 Jo oy apog uoyeadg

(3uo09) jos uopyonnsuy

62

Powered by ICminer.com Electronic-Library Service CopyRight 2003



30E ) Wm bL427525 00270k9 4 MW

N E C ELECTRONICS INC

uPD70330/332 (V35)

C .

T-49-19-16

N
nY
o
o
1
9 N
n_.. .
T -
o,
A — Wl — MY — MV L = M Usym
X XX x x X gg MOoOLLEDOOD AQ —~ Wi -y — Ty 0= M U3UMm wun ‘e
X X X X X X g¢ ww | L 0 powr M SO0O0O0O0O0 1 AJ — ww — (waw) — (waw) wun ‘waw
X X X X X X ¢g Bal L 1L 0L LIMSOO0O0GOCOL AQ — wwi — 6as —» Gas wun ‘6as
X X X X X $g waw i3] pow M L O L L ODOO0O A9 — (waw) — Has —» Bas waw ‘Gat
X X X X X X pg wau i1} poww M\ 00 L L O OO A9 — B3y — (waw) — (waw) BaJ ‘was
X X X X X X 4 6a) 6as L1 MLOLLOOGO A9 — Ba1 — a1 — Bar G621 *Bas 24ns
wun — MY — MV L = M USUM
X X X x x X g MmMotL L oL OO ww =y — ¥ 0 = M Usym wiut ‘208
X X X X X X g€ waw { oL pow M SO0 00O I Ww! — (Waw) — (wow) W ‘waw
X X X X X X pg 6aJ L 0L LIMSO0O000O0TG ! wwi — 631 — fau ww ‘6as
X X X X X X P2 waw Bas pow M L O L 0L 0O (waw) — 63) — Bas waw ‘Bay
X X X X X X $2 waw 6a. pow M 00 L O L OO0 631 — (waw) — (waw) 631 “waur
X X X X X X 4 Bas (i3] LI MLOLOL OO bas — Bas —» 621 a1 ‘bas ans
AD + Wi + MY — MY L = M UsyMm
X X X x x X gz MOoOLOLDODO AQ + Wi + Y — ¥ 0 = M USUMm wu ‘398
X X X X X X g€ waw 0 L 0 POW M SO 0 0O O L AJ + wwi + (Wwaw) — (waw) Wt wau
X X X X X X g i) 0LO0OL LMSO0OOO0O0GUO07L AD <+ wwy + 6as — Bas wwy ‘Gas
X X X %X X X p2 waw Bas pow M L OO LOOO A9 + (waw) + 6a1 — Hau watu ‘6as
X X X X X X pg waw 6as pow M 000 L OOTCGC A9 + 621 + (waw) — (waw) Bal ‘waly
X X X X X X 4 Bas [i)] L LM LOOLLOO0O A9 + Bas + Has — Bas 621 ‘Gas 90QvY
(1uod) uogsenqns/uonippy
2 S d N A3 v osafg pD12¢v58L012¢¥ys9 1L uofjesadp puessdp Sluowauy
stieyy JooN apog uoneladp

{juoo) jes uononssuy

63

Powered by ICminer.com Electronic-Library Service CopyRight 2003



N E ¢ ELECTRONICS INC

go27070 O

»

D M tu2?5a2s

30E

uPD70330/332 (V35)

NEC

T-49-19-59

T-49-19-16

L= AQ ‘HO9+ TV — ¥
=— AQ 10 'Hd6 <V USUM
‘4~ 0V OVHOAD —AD'9— TV — TV

X xn x X I Lt L0t oo ‘L = 9y 10 6< (H40 ONY Tv) usym syray
H40 GNY TV — 1Y 0¥ — AD
nnpnr x X I L LELEOO ' = 9V 40 6< (H40 ONY Tv) usym saray
: , L~ AD'HO9 -+ W — ¥
=— A 40 'H46 < TV U3UM
L= OV 'WHOAD — AD 9+ TV — ¥
X xn x X } Lt1001LOO ‘L = 9V 40 6< (H40 ONY Tv) Usum verav
H4O GNV TV — TV 0¥ — AD
=W LHHY — HY 9+ TV— TV
nnman x X i L+ 101 1080 ‘| = 9V 10 6< (H40 GNV Tv) usum varay
isnlpy aog
[
_lT._a?_uso._ sua y seddn I v _
wdw ¢ 0 0 pow wowl 0 WL
G€ 0L LOODOO gusw
L]
_||_m._n?_¥3 suq v saddn Tl_ Ty
Bas 000 L Bas [ w oL
€ 0FLLELOOOO gbas 404
_ 1
Iénvg_ﬂ_ae_&nni T _ _
wew ¢ 0 0 pow wow 0 vz
Gt 0L LELOOOO gusaw
' 1
—H.l_ suq psamo | sugpaeddn _lv_ v _
G2 000 L1 6 ) vooL
€ 0LLELEOODOO gbas ¥1od
nnpn x n 14 0L LLEOODO Buiis qod v1s — buias gog isp StdND
Buns gog 9is —
nnpn x n 4 0LLLLEOODOO buins gog isp — Buins g9g 1sp skans
futns gog s +
nnn x n 4 oLt L LOOOO Bupis gog 1sp — buws qog isp skaay
uojeiedo aog
S$'d A A IV safg Lo12¢Vv S8l uofesadp puesadp Jjuowauy
sfiely jooN ape] uopesadg
, (1uo2) oS uogponnsuy

64

Powered by ICminer.com Electronic-Library Service CopyRight 2003



30E ) MW Lu27525°002707L 2 B

N E C ELECTRONICS INC

[

n
™
>
o
N
o
™
N
Q
™
0
o
iy
Q
o
3

T-49-19-59

T-49-19-16

L — AL — AD:S1Q 91 <39npoid gwu
0— A‘0— ADSUQ 91 >19npoid ‘glLwRw
nnnx X n Gg waw Bau pow L L O L OL L O gl X (9iwaw) — g bas ‘gL6a)
L — AL — AD 1sUG 9. < 3onpold gl
. 0— A ‘0 — AJ :SHQ 91 >10npoxd ‘gL6as
nnpnNnx X n [ bas i} L L ELOLOLLO guiwi x g1fa1 — gpbial ‘gL6a1
| == A ‘L — A9 :uoisuedxa ubis My = Ma
0—> A ‘0 — A9 ‘uoisuedxa ubis My = ma
Mopnx x o onoope wew L 0 | pow |t L O & L 1} (9Lwaus) X MY ~» MV ‘M0 glLwaw
L = A ‘) = AD :uoisuedxa ubls My 7 MQ
: 0— A'0~—> AD :uoisuedxa ubis My = ma
nnnx x n 4 P L oL L L LLLOL L 91631 X MY > MV ‘M0 91631
L = AL = A9 :uoistedxa ubis 7y = HY
0 —> A ‘0 = A7 :uoisuedxa ubis Ty = Hy
nnnx x n pg wow 3 0 L pow 0 L L O L L LI (waw) X Ty — MY guisw
L => A 'L => AD :uoisuedxa ubis Jy = By
0—> A ‘0 — A9 :uoisuedxa ubis 1y = Hy
nnpnx x n 4 6 L O L LLOELOLLLL 8021 X 1Y — MY gbas NN
L= AL~ A3:0 M
0—A'0—AD:0=M0
nanx x n g waw 0 0 L pow | L L Ok L} } {oLwaw) X MY — MY ‘M0 glwaw
L= A‘L == AD:0 5= Ma
! 0—A0—AD0=M0
nnnx x n [4 Baa g0 L L Lt LLLOLELL 91631 X My —> MV "M0 91601
L= A}~ AD 07 HY
0—A'0—>AD0=HY
nnnx x n g wow Qg O I pow 0 L L O L L 1L (gwaw) X ¥ — My gust
L= AL == A 0% HY
0—A‘0~>AD0=HY
nnnmnx x n ¢ Gt 00 L LLOLLEOL L L L 8031 X ¥ — MV gbas NN
uopeaydniny
X X X X X L Bas 1L 00 L 0 1 —gi6as — gy bas gL6as
X X X X X  $2 wew L 0 0 pow M L L L L L L L 1 — (waw) — (waw) waw
X X X X X 2 far L OO L L OLLLLELL L — gba1 — gbas gbas 930
X X X X X 1 fax 000 L O 1 4+ 91631 — gj.6a1 gLba1
X X X X X 2 wews 0 0 O pow M L1 L L L L L I + {wawr) — (wauw) waw
X X X X X 4 Baa 000 1L LOL L LLL LI 1 + 8621 — gbal gba) INI
Juewesoeq/uswelouf
ZSdAa A 9y sakg l evSs9z2012¢¥5 9!l uopesadg pueiadp Sjuawauly
she){ JoON apu7 uojeladp )
(1u09) jJes uoponisuy

65

Powered by ICminer.com Electronic-Library Service CopyRight 2003



N E C ELECTRONICS INC

0027072 4+ WA

30E ) MW LY27525

O
Qe
|
(@]
EJW
{
N
N.Aw
-

uPD70330/332 (V35)

wow o | | pow

(91waw) + dway — 7y ‘(91 waur) o, dwsl — Hy
sauw Jaylo iy

L)~ 9d.(@¢ '€} — Sd ‘0~ Mg ‘0 — 3l
9—~dS — dS '0d — (9 —dS ‘G —dS)

Sd— (v —dS ‘€ —dS) ‘MSd — (€ —~dS 'L —d9)
Hdd44 < (91waw) + dwrey usym

My — dway

oLwaw

bas 0 L L L}

gp6as = dway — Ty ‘91631 9 dway — HY

Sawi JaYIe ||y

0')) —9d'({2°e) ~ Sd ‘0 —Hug ‘0 — 3|
9—dS — dS ‘2d — (9—dS ‘G —dS}

§d — (r— dS ‘€ — dS) ‘MSd — (2 —dS ‘L — dS)
Hd444 < 9§01 - dway usym

MY — dway

gtba1

waw @ | | pow

0

(gwaw) + dway — Ty *(gwats) %, dwal — Hy
sawn Jaylo iy

(0‘1)—>9d"(@2'¢) —Sd 0 —yg ‘0 — 3
9—dS — dS ‘9d — (9 — d$ 'G — dS)

Sd~> (r—dS'c—dS) ‘MSd — (¢ —dS 'L —~ dS)
Hid < (gwaw) + dway usym

My — dwa}

gwa

gba1 < dwsy — Ty ‘ghias 9 dwa) — Hy

sawy Jaujo [

(0'1)—2d*@2°'e) —Sd'0— Mg ‘0 — 13|
9—dS— d$‘0d — (3—dS '5 — dS)

Sd — (7 — dS ‘¢ — dS) ‘MSd — (€ —dS 't — dS)
H44 < gbas = dway saym

My — dwa)

86 NAIG

by 0 L L L}

uoisialg peubisup)

waw far  pow

L — AL~ AD S1iG 91 <3Inpoid
0— A 0 — AJ :SHQ 81 > 10npoid
gLuu X (gjwa) —» gL6aa

gruny
‘gLwaw
'gL6a1

Bas Bas [

Lot L

1 == A} — AJ :SUq 91 <10npoJd
0— A ‘0— AD:S1q 91 >10npoid
gL x 9631 — 91531

gl Wi
‘91691
‘gibas (o) 1NN

{yuoo) uogessdyiniy

SdAh
sfigly

A

9y safg
JooN

oLzevs9l

Ev 69

L

apog usjjesadg

uojjesadg

puesadg ojuowaugy

(1uo2) jJes uoponnsuy

66

Powered by ICminer.com Electronic-Library Service CopyRight 2003



7-49-19-16
1-49-19-59

uPD70330/332 (V35)

(91 waw) = dway — Ty ‘(91 waw) % dway — Ky
S3wn Jaylo 1y
0°1)—9d'@2'e) — Sd ‘0 —yg ‘0 —3
g ' 9—dS—dS'0d — (8 —dS ‘G —dS)
: Sd — {7y — dS ‘e dS) ‘MSd — (2 —dS ‘I — dS)
I —Hdd4L-0>
[91 wiow] = dwsa} pue ¢ > (91 wow) = dway Jo
' Hdd42 < (91 waw) pue 0 < (91 waw) < duwa} usym .
=====TN EoE:FucEFF_.o—FF— 3<lva=_2 mFEaE

3DE‘ O W Lu27525 0027073 & M

g1 631 < dwsy —» 1y ‘g1 “Bal o dwa — Hy
sawin Jayie {1y
0"~ 9d ‘@ e) — $d 0 —Hiug ‘0 — 3
9—dS — dS 0d — (9—d$ ‘G —dS)
Sd — (v — dS ‘¢ — dS) ‘MSd — (2 —dS 'L —dS)
b — Hdd42 - 0 > 91 Bas = dway
, 10 H4442 < 91 D31 pue < 91 Has < dway uaym
nanonon 2 bas L LB B EOLLELL MY — duwia} gl 6a)

(gurow) + dway — Ty ‘(gwaws) o dwel — HyY
sawfy Jayio 1y

(0°t) —9d'2'¢) — Sd ‘0> Hug ‘0— 3
9—dS — dS ‘0d — (9—dS ‘s —dS)

Sd —> (r—dS ‘¢ — dS) ‘MSd ~— (€ —d$ ‘L —dS}
L —H4L - 0> (gwaw) + dwdy

pue ( > (gwaw) = duray

10 Hd/ < (gwaws) pue 0 < (gwawr) = dwiay usym

N E C ELECTRONICS INC

NEC .

nnnn 0 opg wsw L L pow 0 [ L O F L LE ~—> M dwsa} guwow
gbas = dway — Ty “gbas v, dway —- Hy
sswiy Jayio Iy
(0°1)—9d ‘(2 °g) — Sd 0~ ¥ug ‘0 — 1
9—dS — dS "0d — (9—dS 'S — dS)
$d ~> (y—dS ‘s — dS) ‘MSd — (—dS ‘I — dS)
I — HdZ - 0> gbau = dwsay pue ¢ > gbal = dway
10 {4/ < gba1 = du1s) pue g < gha = dusa) uaym
nnnon n 4 6y L L L L LOLLEOLLE L My — dwd} gbal ]
' UoISAIg paubls
S d A A3 IV safg glzevysoL0blzeysse L uojjesadp puesedg Jjuotauly
sfiely jooN apog uopesadg
{juod) Jes uoponnsuy

67

Powered by ICminer.com Electronic-Library Service CopyRight 2003



30E O W LY427525 0027074 & =

C ELECTRONICS INC

N.E

I ®

T-49-19-59

©uPD703307332 (V35)

T-49-19-16

gLl ANV MY — MV ‘L = M UaUM

ww ‘99

XXXx0 0 n g2 MoLOoOOLOO swwi NY ¥ — 1V 0= M Usym
XXxx0 0 n g¢ wew 0 O F pow M 600 00O L ww! gNY (waw) — (waw) wun ‘waw
XX X9 0 n Bar 00 L1 1MO0O0OODO1L wuw! GNY Bar —- Bas wuwy *6as
X X X0 0 nh 2 waw 6 pow M L O OGO L OGO (waw) gNy 631 — Bas waw ‘063l
XXX0 0. N0 pg waw Gar pow M 00 OO0 L 0O Bat gNY (waw) —» (wow) a1 “waw
XX X0 ¢ 0 2 fas Bay L LM LOOOLOO Bas gNy a1 — Bau Bias ‘Bal any
SWIW! NV MV ‘L = M U3UM
XX x0 0 n gg MmMoolL oL 0L guiwl NY Y ‘0= M Usum wwi ‘9%
XX X0 0 n gg waw 0 0 0 pow M LLOL LTI wu NV (wau) ww! ‘wow
XX X0 0 N pE Bax 9000 L IMLLOL LI L wuwi Ny 691 witue ‘Gas
. wauw ‘6as 10
XX X0 0 n g waw fax pow M 0L 0O OO O Ba1 gNy (waw) Ba1 “waw
XX X0 0 N 2 fas bas Lt MOLOOOO L 6a1 gNy a1 tias ‘Bat 1531
uonesedQ jeaiboy
X X XX X X ¢ waw | L o powmLLOLLLEL | < (wow) — (waw) waw
X X X X X X A [i=]] LEOE LM LELOLLEL L | + Bas — B2y bas 9IN
| &4 waw  Q L O pow M L L O L} L L (waw) —- (waw) waw
[4 6y 0 L O L LM ILEOLL L G — Bas Ga1 10N
Juswejdwron
Wt — MY ‘L= M UsyM
X X X X X X gg MmolL1LLLOO wwi — v 0= M U3UM wuwy ‘2%
X X XX X X g¢ waw { L L pow M SOD0O0O0OL wu — (waw) Ly ‘waw
X XXX X X $g bas Lt 1L LLIMSOO0000O0T1 wu — Has wu ‘Gas
X X X X X X pg waw Bas pow M L O L L L OO (waw) — Bas waut ‘6ay
X XXX X X pg waw [i)] powr M 00 L L L OO Bar — (waus) BaJ ‘wow
X X X X X X 2 bas Bas LI MLOLLLOO ba1 — bas 6as *bas diNo
uosyeduwso)
Hdd4d — M@ sawn Jaylo (e
1 L00LLDOOL ‘0 — M@ *H0008 > TV UsYM IMIAD
Hd4 — HY saln Jaylo |je
L 000LLOO ‘0 — HY ‘H08 > TV Usym MALAD
XX xn n n [ 0LOLOOOOILOLOLO L L W+ HYOXHY — TV ‘0 — HY 40180
XxXxxmnn n A 0Lto0LO0O0CO0O0CO0OL OO L HY0 % TV — TV ‘HY0 = TV — HY 081A9
UosIoAUuo) ejeqg
Z7SdA K I g 012¢VvS9L012¢EFrSHO L uopezadg puesadp Jjuowauy
shiely jooy apog uojeladg

(1uo2) jos uononysuy

68

Powered by ICminer.com Electronic-Library Service CopyRight 2003



30E 0 W@ L427525 0027075 T M

N E C ELECTRONICS INC

—_—
]
(X
-
S
N
o
™
~
o
Ly
»
o
M~
(=]
o
3

C.

T-49-19-59

T-49-19-16

Hd0 = 934 18114 :ajON,

LAIAG pig #8}Aq pug
, 0 —> Z 7] = pwiwi "ou 11q (9 waw)
xnno o B o ww 0 ¢ 0 pow [ 001t L OO0GO | — Z 20 = puw "ou 31g (gLwaw) iy ‘gLusw
. 0 Z | = puiu "ou 11q gL6au
xnngog 0 N 14 6oy 000 L L LOOLLOOO L~ Z 10 = ptuwi “ou 11q g.6a: pu ‘gbal
0 —Z ‘1 = guil "ou JIq (guiaw)
xXnno o n gy waw 0 ¢ 0 poWw 0 00 L L OOO L —- 7 :0= SWw! "ou 3jq (gwauw) guw! ‘gwawt
0 — Z:} = gwwi “ou 1iq gba,
xXnng oo n 14 by 000 L LOODOLLOOOD L — Z :0=guuw) "ou 31q gbas guiw) ‘g6al
, - 0—Z:1 =179 "ouq (gwow)
XxXhng o n Gg wew g 0 ¢ pow | 00 0O L O OO L — Z:0="17 "ouq (gLwaw) 19 ‘gLuwaw
0— Z:L =10 "ouyq gibal
xnng o n € by 000 L L LOOOLODOO b —Z:0="1) ou g 9 b 79 ‘9162
0—Z:1L =19 ‘ouq (gwaw)
xnngpg 0 "M Gg waw 0 0 0 pow 0 0 00} 00O L —Z 0 =" "ou g (guaw) 10 ‘gwew
0— Z:1 =19 "ou g gbas
xXmng oo n € s o001l LOOODOLOOO 1 —=Z:0="19 "ou yiq gbas 19 ‘gbal 11831
Mg pig 314 pug
uopessdo ig
SLWWI HOX MY — MV 'L = M Usum ,
XX x0 0 b gC MmMOoLOLLOO U] HOX TV — TV ‘0= M USUM wu) ‘208
XX X0 0 0 gg waw 0 | | pow M 000000 L winl YOX (waur) — (waw) W) ‘waus
XX X0 0 n g 6oy 0 L L LLMOODODOGO! ww yox bas — B wu bal
XX X0 0 n $2 watw Bl pow M L OO L L OO {waw) Yox 634 ~» 631 waw ‘bas
XX X0 0 0 p2 wau Gaz pow M 00 O L L OO Ba1 yox (waw) — (wau) a4 “waus
XX X0 0 n 2 Bas By L LM LOOL L OO 621 Yoy 631 — fHas Ba, ‘Gas HOX
LW HY MY — MV °L = M UsUm
XXX0 0 0 g2g MO0oL10O0O00D BWWI YO TV — TV ‘0= M USYM wu ‘998
XX X0 0 0 G¢ waw 0 0 pow M 000000 I wur 4o (taw) —- (waui) wwi ‘waw
X XX0 0 n pg fas L 00O L IMOOOOOTO 1 wun Yo 691 — bas wy ‘6as
XX X0 0 n pg waw faa pow M L 0L 00O O (waw) yo 631 — by waw ‘6a)
XX X0 0 N $2 waw Bar  powr M OO L O O O O Bas 4o (waw) — (Wwaw) 631 ‘waw
XX X0 0 n 2 Bas Bas L LM LOLOOODOD Ba1 Yo bar —- a1 Bai “BGas HO
(3uo09) uonjessdQ jessboy
ZSdA A3 gy sakg 01 ¢V 8921012 ¢¥%¥6589 1L uopessdgy puesadp Jquowauly
sfied JooN apoy uopesadp

(3u02) jos uoponysuy

69

Powered by ICminer.com Electronic-Library Service CopyRight 2003



s

N E C ELECTRONICS INC

‘0027076 1 M

.

30E ) WM L427525

uPD70330/332 (V35)

T-49-19-16

o
Ire)
i
[}
-
1
(<))
S
L .
} 60 1L L L LELL 00— Yia HIa
0 L 000 L L L LI 0— A0 Ad
H40 = 31Aq 1s11] 310N, .
. LAq pig £OAq pug
[ 22 9w 0 0 0 POW [ L O L LOOO 0 — b "ou g (gLuiow) puwi ‘gwsw
|4 bas 000 1L LELOLELOOO 0 —> pwtr ‘ou yq gL6a1 puw; ‘gLbas
a4 wow 0 0 0 pow 0 L O L LOOO 0 — guwi "ou }q (gwaw) guiw! ‘guaus
'3 Bar 00 O L L OLOLLOODOO 0 —> gt "ou 3iq ghas gwuw ‘ghas
St waw 0 0 0 Pow L L 001 00O 0> 19 "ou 31q (gLwowy) 19 ‘grwout
£ G 0001111001000 0— 13 ounq 9ifai 1991621
g€ wew 0 0 0 pOw O L OO L OO0 0 — 19 "ou }iq (gwaur) 19 'gwew
€ fa 000 1L L 0L O0O0LO0O0O 0— 19 ‘ou q gbas 79 ‘gbai 1410
X31Aq pig .914g pug
X L LoLtoL i Ll A3 = AD Ad
H40 = aAq ISl BION,
.14q pig .814q pug
a7 wow 0 0 0 pow { L L L L O OO Ul “ou 31q (9Lwaw) — puIwi "o g (9Lwa) puuu] ‘gLwau
14 G 000 L L L L LELEDOO st -ou 11q (91.691) — plun "oy 1q 963 i ‘g8
9 waw 0 00 pow QL L LOOO gl “ou 4 {gWatw) — SWL “ou }g (gwaw) gww! ‘gurw
12 bar o000 L L O L LLLOOD g "ou J1q 86as —» g “ou 31q gba gy ‘gbas
gt waw 0 0 O pow L L L 0L OO0 79 "0U 1 (9Lwaw) — 19 "0u }g (gLwaw) 19 ‘gLwaw
[ bas 000 L L L1 EOLOODO 75 “ou g g1.6a1 — 79 "ou 31 9163 19 ‘91681
St wow 0 0 C POW OQL1LOLOO0D 19 "ou 31 (guiaw) — 1) "o Uq (gwaww) 70 ‘gwaw
€ fax 0 0O0L LOLLOLOOD 19 “ou 21g g6a1 — 19 “ou 31q gbal 79 gbay LION
«BIAg pig AMAq pug
{auos) uonersdQ yg
ZSdA A v safg ol z2evys9loiceevys9l uajesadp puesadp ojuowauy
sz Jjooy apoJ uojjesadg

(1uo09) jog uononnsuy

70

Powered by ICminer.com Electronic-Library Service CopyRight 2003



30E () W L427?525°0027077 3 WA

N E C ELECTRONICS INC

uPD70330/332 (V35)

T-49-19-16

o

T-49-19-59

0— A:Baijo
GSW Duimoo} 11 = Bas jo gSIN uaym
L — ABa1j0
GSIN Buimojjo} 11q 5< Bai Jo g uaum

XX X x . x n 14 Bar L0 L LILMOODLOL L 2+ 631~ a1 ‘09140 §S7— AD L ‘61 HHS
. SHIUS JO Jaquinu tu } — dway — duiay ‘g X (wow) — (waw)
. ‘(waw) Jo gSN — A9 ‘vonesado siyy yeadal
X X XN X n 6g waw 0 0 L pow M 000 0O ¢ '0 5= dway 3jym ‘guiw —» duray guiw| ‘waw
| — dwa} — dway ‘g x 63l —» Hal
‘621 J0 gSIN — A9 ‘uonesado sy} Jeadas
X X Xn x n g B 00 L Lt L MOOOOO L L ‘0 # dwal apym ‘guiun —» duray guiwr ‘Bas
1 — dwa) — dway ‘g X (waw) — (twau)
‘(waw) Jo g — A9 ‘uoyeiado siy) Jeadal .
XX xn x n 42 wsw 0 0 L powr M L0 0 L0 | | ‘0 # dway aliym “19 — dwioy 9 ‘waw
| — dwd} — dwigy ‘g x 63t — Has
‘631 10 gSIN — A9 ‘vonelado siyj jeadas
XX xn x n [ Bt 00 L L LMILOGOLOLL ‘0 dwsa} ajiym 19 — dway 79 ‘Bas
0 — A ‘A = (waw) Jo GSIN UaYM
L— A ‘AD # (waw) jo gSN usym
X X XX X n pg wsw 0 Q0 { pow M 00 0 L O L ¢ 2 X (wow) — (waw) (waw) Jo gSW — A9 | ‘wouw
0— A ‘AQ = 031 jo gSI UsyM
L —> A ‘AD 5= D31 jo 4Gy usum
XX XX x n 4 6y 0 0L L ILMOOOILOL L ¢ X 631 — Ba1 ‘a1 J0 SN — AD 1 "6a) THS
HIYS
3 Lot L ELEL L L— Hia Hia
l L oo L L L L} 1—AD AD
H40 = 314q Is1t 30N,
»3IAq pig #814q pug
4 wew 0 0 0 pow L ¢ L L L O OO L — pluunl “ou 3q {gLwaw) puiwy ‘gLwows
4 61 000 L L LOLLLOOGSO | — puwiwi "ou 31q 9163, Ui ‘g 6a1
9P wew 0 0 O pow 0 0 L L L O OO | — gwun “ou Nq (gwaw) g ‘guaLy
4 61 000 L LOOLLLOOO } — guiwi ou q gbas gwui ‘gbas
St waw 0 0 0 POW L Q0 L O L OO O L~ 17 "ou g (9Lwaw) 70 ‘gLuew
€ 6y 000 L L LOLOLOGS | —= 19 "ou 1q 9}.6a1 10 ‘91Bas
x> wew 0 0 Q0 pow 0 0 L 0L O OO 1 — 79 "ou 11q {gwaw) 70 ‘gusaul
€ a1 000 L LOOLOLOGOTSD 1 — 10 "ou g gbal 10 ‘gbal Li3s
(1uo9) uogeiado ng
ZS d A A Iy safg 12¢evys59.012¢evs5g9l uepiesadg puesadg Jjuonauly

sfieyy jooy

{1uo2) jes uogonnsuy

71

Powered by ICminer.com Electronic-Library Service CopyRight 2003



N E C ELECTRONICS INC

30E D W Ly27525 0027078 5 WA

r

G

T~-49-19-59

uPD703307332 (V35)

T-49-19-16

[ wa

SIIYS JO JAQWNL U

L pow M

090

0001 1}

afiueyo jou saop puesado jo gSN

| — dwa) — duwig} ‘2 + (wowr) — (waw)
‘(waws) 10 957 —> AD ‘uonesado Sy} Jeadas
'0 % dwa] ajiym ‘gui — dway

gurl ‘wal

LI M

00

abueyo Jou ss0p puesado-Jo gSIN

| — dwsdy —» dwa} ‘g + 691 — 634

‘Ba1 jo gg1 — AJ ‘uonesado siy) 1eadal
*0 7 dway 3jiym ‘g — dwa}

guiu ‘bas

A wow

L pow M

10

abueyo jou saop puesado jo gSIN

| — dwoy —» dwa) ‘g < (waw) — (wstw)
"(waw) J0 g5 —> AJ ‘vonesado sy jeadas
‘0 5= dway apiym 19 — dway

79 ‘waw

LM

L0

abueyd jou saop puesado Jo gSIN

| — dwie} — dway ‘g < 631 — Has

‘BaJ 0 g5 —> AJ ‘uoyieiado sy yeadas
‘0 % dway opiym “19 — dwa}

19 ‘b

e waus

I pow M

00

abuey jou saop puesado o S 0 — A
2+ (waw) — (waw) (waw) Jo gST ~» A

1 ‘waw

4 fas

FLEM

00

abueyo jou saop puesado Jo gSIN
0—> A ‘2~ ba1—» 0210310 957~ AD

1 ‘Bad

VHHS

[ woaw

SHIUS J0 Jaquny u

I pow M

00

| — dwiay — dway ' = (waw) — (waw)
(waw) Jo gg7 —» AJ ‘uonelado sup jeadal
*0 3¢ dway apum ‘guwl — dwa}

guius ‘waw

[ icT)

LEEM

00

| — dwg} —» dway} ‘g < 631 — Bas
*Bas 40 gS7 — AD ‘UoneIado SIyy jesdas
‘0 7= dway BpyM ‘gLl — dway

g ‘631

v waw

L pow M

L0

| — dwa} — dwa] ‘g -+ (waw) — (waw)
*(waw) Jo §§7 — AD 'uoneiado siy; Jeadal
‘0 7= dwsy aiym 19 — dway

19 ‘waw

V4 bas

L

L0

} ~ dway — dway ‘g = 631 — Bas
‘631 Jo g5 —= AD ‘uonesado siy} Jeadal
*0 7 dway ajym “19 —- dway

19 ‘Bas

v waus

1 pow M 00

0— A [(waw) jo

gSIW Busmo)jo} 110 = (wau) o gSIY USUM

| = A (wow) 0

GSIN 6uIMO[{0 1q 5= (watd) Jo GSIN UaUM
2= (wow) — (waw) ‘(wau) J0 g57 — AD

| ‘waw

{1uo3) YHS

(ju02) 11ys

SdaA Al
shigf4

9y saifg D1

Jo 0§

s9L101!2¢

ey S99l
apog uajesadg

uopesadg

puesadp

IOLIRLY

(juo9) jes

uofyonysuyf

72

Powered by ICminer.com Electronic-Library Service CopyRight 2003



N E C ELECTRONICS INC

30E ) WW Lu27525 0027079 7 MR

uPD70330/332 (V35)

C.

T-49-19-16
T-49-19-59

waw |

SLIYS JO JaquInu:y

0 pow M | 0

{ — dwa} — dway

A9 — (waw) jo gSi ‘¢ <+ (waw) — (watw)
(waw) Jo g§7 ~ A9 ‘uoizelado siy} Jeadal
‘0 7 dway 3)iym 19 — dway

19 ‘wow

bas |

OLIiMm1io

1 — dway — dway

AJ — 63110 ggIy ‘g = 6a1 — Bas

‘691 Jo g§7 — A9 ‘uoiiesado sy Jeadal
0 # dway 9)ym 79 — dway

19 ‘bas

e

waw |

0 pow M 00

0= A:(waw) jo

GSI buimoljoy g = (wau) jo gSW

L — A (wow) Jo

GSIN Buimolfor ug 7= (waw) Jo aSIK

AJ — (waw) jo gy

2+ (waw) — (waw) (waw) 10 g57— AI

1 'waw

Gar |

0OLiMmoOoo

0~ A 621 Jo gSI buimoyio} uq = B31 Jo g
L= A:Da1J0 gSIN Buimojjop 1q 5« Baa Jo gSIy
A3 — 62140 gSW

¢+ bar — Bas ‘631 jo g§7— A9

L ‘far HOH

G

waw

SHIYS §0 Jaquinu

0 powr M 00

| — dway — dway

A9+ 2 X (waw) — (wow)

‘(waw) Jo SN — A9 ‘vonelado siyi 1eadal
‘0 5= dwaj AjIym ‘g — dwia)

gui| ‘waw

(=T |

| — dwdy —» dwia}

A9 + 2 x Ba1 — Bas

‘BaJ 40 gSIN — A9 ‘uonesado siy; 1eadal
‘0 5% dwa} SjIYM ‘GUItL] —» dusa)

gy ‘6aa

ye

far ¢

0 pow M L O

| — dwa} -~ dwa}

A9 + 2 X {wattr) — (wau)

‘(waw) Jo SN ~» A9 ‘uonesado siy) jeadal
*0 7 dwiaj ajiym 1) —» duwa}

19 ‘waw

far ¢

| — dway — dway

' A3+ 2 x bas — bas
‘631 10 SN~ AD ‘UcieIado SIy} 1e3da)
‘0 # dway apym 19 —- duws}

19 ‘6as

[

waw 0

0 pow M 0 0

0~ A ZA0 = (waw) Jo gSI
L= A :AD # (waw) 40 gSW
A9 + 2 X (waw) — (waw)
“(wat) 40 GSIW — AD

L ‘waw

far ¢

0— A A9 = ba1 o gSi
L —= A 1A = B3l jo gS
AD + 2 x bar — Bas *6a1 J0 SN —> AD

1 ‘6ar 0

uopjejoy

ZSdA A v safg

shiejy

0N

6 1z¢

EVrs9l
apog uopesadp

uojjeladp

puesadg Jquowauy

(1uo02) j6s uoponnsujy

73

Powered by ICminer.com Electronic-Library Service CopyRight 2003



30E ) WM Lu27525 0027060 3 M

N.E C ELECTRONICS INC

T-49-19-16
T-49-19-59

uPD703307332 (V35)

S€

waw

SIHYS JO JOqUINU U

L0 pow MO0

| — dway — dwa}

Kodun + 2 X (wow) — {waw)
(waw) Jo gSW — AD

‘A0 — Aodw; ‘uonesado siyt jeads.
‘0 5= dwa afiym ‘guitl) — dwa}

guiw) ‘waw

[ic]]

LO LI MOO

| — dwa} — dwa}

Aaduy + g x Ba1 — 631 ‘631 J0 GSW — AD
‘A% —> Aodw) ‘uonesado s} yesds)

‘0 5= dway ajiym ‘gurul — dwa}

guw; ‘6ai

v-¢

waw

L O pow M Lo

| — dwa} — dwsy

Kodwy -+ g X (waw) — (waw)
‘(waw) jo gSN — AD

‘A9 — Koduny ‘vorjelado si jesdal
‘0 7 dway 3jiym 19 — dway

19 ‘wew

Bas

Lot L miLo

1~ dwa} — dwa)

Kadwy + g X 631 ~ 631 *631 J0 GSIN —> AD
‘A9 — Kodun ‘vonyesado siy) jeadal

‘0 5= dway ajiym 19 — dway

10 ‘Bas

e

waw

1 0 pow M 00

| — A :AD % (wow) jo SN

0—> A :AD = (wau) jo gSW

Kodwy + 2 X (waw) — (wau)
{waw) o gSW — A ‘A9 — Kodwy

1 ‘wow

BGas

0L LMmOO

L — AZAD  Da1jo gsw

0— A-AQ=Fa1J0 S

Kadwy + Z x Gas — Bas

601 J0 GSW —> AD ‘AQ — Kodur

102 9104

ajejoy

S€

waw

SYIYS JO Jaquunu U

00 pow MO0

| — dwa} — dway

2 < (waw) — (waw)

{waw) Jo gg7 — AD ‘uonesado sy yesda
‘0 5= dway jium ‘guiwl —- dway

guiw] ‘waw

Ba1

001 LMDOD

0001 1

| — dwa} — dway

A9 —» ba1 Jo gop ‘g + Bas —» B2

*Bau 30 gST — AD ‘Uonesado iy yesdal
‘0 5= dway 9)1ym ‘guits) —- dusa}

gwws ‘6a)  (uod) Yoy

(juoo) uoniejoy

Z S dA A I¥ saig

shiel4

jo°o§

]

l

vy s9L.L012

eyg9l
apoy unjjesadg

unjiesady

puessdg JuowIn

(1u09) jog uofponnsujf

74

Powered by ICminer.com Electronic-Library Service CopyRight 2003



-

30E ) WM L427525 002708L 5 ma

N E C ELECTRONICS INC

NEC .

uPD70330/332 (V35)

O
[«2]
7w
(o2}
(o]
T 7
N
[ea]
TS
Lo

¥C

waw

pow

(gendwaw) — 9d
e+ mmbnem__.c -~ Sd ‘Y —dS — dS
9d —> (p — dS ‘e —dS) ‘5d — @ —dS 'L —dS)

Zendwaw

L

195140 — 0 ‘085 —» Sd ‘¥ — dS — dS
9d —> (y —dS ‘€~ dS) 'Sd — {2 —dS ‘1 — dS)

201d-5e}

e

waw

pow

(91dwat) — 9g
¢—dS— dS‘dd— (¢ —dS ‘I —dS)

oLiidwaw

fay

I

1

gLndbar — 94
2—dS—dS‘0d — (Z—dS "L — dS)

gjudbar

0

dsip + 9d — 0d
2—dS—dS 0d — (¢ —dS 'L ~dS)

ooid-reau BELVA)

Jojsueif [onuos euiinoiqns

5t

waw

pou

00

| — dwig) —» dway ‘Aadusy — {wow) Jo gSW
2= {waw) — (wow) (waw) jo 457 — AD
‘A9 — Kodw; ‘uonelado siyg eadal

"0 7 dwel ajiym ‘guwl — dway

gl ‘waw

Bas

I

1

00

| — dwd} ~» dway ‘Aodw} —- 631 jo gSN
¢ < 6a) — B3s ‘621 Jo gS7— A9

‘A9 —» Rodus ‘vonelado siyy yeadas

0 7= dwaj afiym ‘guiu; — dwsay

g ‘bal

¥

waw

pows

10

{ — dwa} ~» dwsay ‘Aadwy — (wow) 10 gSW
2 =+ (waw) —» (waw) *(waw) Jo g5T— AD
‘A9 — Aoduy ‘uonresado siy yeadal

‘0 7= dwal 9jiym 19 — dway

79 ‘wal

[icH

l

L0

1 — dwa) — dwsa} ‘Aadusy — Bas Jo gSI
‘¢~ bar—- 6ai‘Basjo g1 — AD

‘A9 — Kodw ‘uonyesado siy) eadal

‘0 ¢ dway sjiym 1) — dway

19 ‘bas

&4

wsw

pow

00

0~ A :(watw) Jo

ASIW Buimojjoy g = (waw) jo gSIy

L — A {waw) jo

GSIN Guimo[jo} 1q # (waw) 4o gsi

Kodusy — (waw) J0 gSW ‘2 = (waw) — (waw)
(waw) jo g5 — A3 “AD — Aodun

[ ‘waw

(i1}

3

00

0 — A :621 0 ggiy Buimolio) uq = 631 Jo gSI
L - A :621 Jo ggiy Buimolio) q 5 Baz Jo gSN
Kodwy —» 631 J0 gSI ‘g =+ Bas ~—» Bos

62110 g5 — AD ‘AD — Aoduy

¢ ‘bal JHOY

(juo2) sjejoy

ZSdA i3 9y safg

shieyy

jo o

i

L

l

4

8pog uopesadg

uofjesadp

puesadg EITLITENTT]

(1u09) jes uoponnsuy

75

Powered by ICminer.com Electronic-Library Service CopyRight 2003



?
n
0
O
—)l
n
[}
o
[Ny}
n
L
[
n
o
0
Q
Lu
o
m

CTRONICS INC

N E C ELE

-

©#PD70330/332 (V35)

T-49-19-16

o
(X9}
0_,. e [ A A A A A {eendwaw) — 9d (g + genduidw) — Sd cendusaw
T S 0LO0OL O L LI 19530 — 9d ‘Bes — Sd 13qe|-1e}
A e wow G 0 L pow-} L L bbb LI {grndwaw) — 34 gpidusaw
W Z L bbb b L gLndbel — 04 oLndbas
i A PLOLO L L gdsip-1xa + 54 — 9d 19qel-1ioys
€ Lo O0OLOL L dsip +3d — 9d |9qe|-1eay ug
youeig
1 L0O0 I aureyy 3oe1s Jo asodsig 3s04s10
(1L — guiun) 9f + G2 | < guiw) ,
{0 =gwul:,
14 L0O0 L L ey} Yoeys mau aredald guiw ‘gLuwwl JHvd3Yd
I 00 1L L aeys ayy woup ssasibal dod Y
YUYy Y ¥ 1 1100 2+dS — dS ‘(dS ‘1 + dS) — MSd Msd
g¢+dS—ds
L bais 0 0 150 ‘050 ‘SS : Bais (dS ‘1 + dg) — Dass bais
L LLO L Z+dS — dS ‘(dS I + dS) —> 91601 gibas
e L 00O L Z+dS — dS ‘(ds ' + ds) — (gLuwow) glwaw dod
UotsualXa ubis ‘j = g UBUM ‘¢ — dS —> dS
£ 0S0LO0OLLO wwi — (g —ds ‘L — dS} wu)
1 000001 L0 %9e1s a3 uo siaysibal ysnd 4
I 00 L 1L LOOL 2—dS —> dS'MSd — Z—dS 'L ~dS) Msd
L 0L L bus o000 2—dS — ds ‘021s — (¢ —dS 'L ~dS) bais
L 0LO01L O 2—dS—ds ‘9tbai — (g~ dS ‘. — dS) 9162l
v2 LLtL 2~ dS — dS ‘(gLwaw) — (g~ ds ‘1 —ds) gLwaw HSNd
uogejndiuegy Jyoers
anjea-dod + 4§ - dS ‘7 + dS — dS
£ L0600} {¢+dS ‘e + dS) — Sd ‘WS ‘L +dS) — 3d anjea-dod
y+dS—ds
! L1001t {z+dS ‘'t +dS) — $d ‘(dS ‘) + dS) — 2d
anfea-dod 4 S — dS ‘¢ +d$ — dS
€ 0001 {dS ‘L +dS)—9d anjea-dod
L 0001 2+dS—d$ '(dS ‘I +dS) — 3d 13y
,, (3u02) Jeysuei] [0i4juoD eunnoiqng
7S d A A0 9V safg 01ZersatlLo AN uojiesadp puesadg  JuowduY
sfiepy j0°0N apo7 uopesadg
(1u09) jes uoponnsuy

76
Powered by ICminer.com Electronic-Library Service CopyRight 2003



T-49-19-16

uPD70330/332 (V35)

30E ) mm Lu27525 0027083 9 M

N E C ELECTRONICS INC

B WUl =V @+ pXU'g+yXU)—Sd
I rxu’L+yxu) — 04
o . 0—4g 0 — 13
I : - . 9—dS —dS ‘0d — (9—dS 'S — dS) (€5
2 2 LOLLOOL L 'Sd—(h—dS'c—dS) 'MSd— 2—dS‘L—dS) © g
T_. . @1 'gt) — 9d ‘(1 's1) — Sd
00— )yg ‘0— 3
9—dS —> dS ‘0d —> (9—dS ‘§—dS)
I 00 1L L 00 L I ‘Sd—(r—dS'c—ds) ‘MSd— (2—dS‘L—dS) £ p Ll
ydnuoyuy
0 —> (1J5) J0 guui "0u 31
‘gdsIp —1x3 4 9d — Od 13gej-10us
g 00 L L LEOLLLLLOODDOO ‘I = (14s) Jo guiual "ou 1q 1 ‘guIt “ys 41019
2z LLOOO L LI 8usIpIX3 + 94 — 3d 0=MI }! [oqe-uoys Zmod
8dsIp-1Xa + 9d — 9d ‘0% M9 §!
2 0L00001L 11 1 — M3~ M) [9ge1-oys ZNgd
84S1p-1%9 4 9 —> 0d ‘0= MO PUB L =Z J1
4 LOO0O0OTL L) L~ MI— M) 13g8}-p0ys JZN40
gUSIP-1X3 + 3d — 0d ‘0= MO PUB O =Z }i
4 ) 0000601 1L [—MI— M) [9qer-yoys aNZNEa
z [ A A R A 80SIP-1%3 -+ 0d ~> 9d ‘0=Z 40 (A HOX S)J 13Ge;-10ys 194
4 0L L ELELOD 80SIP-1X3 + 0d — 3d 'L =Z 4O (A HOX S) 13qe|-Loys 31d
2z ’ LOL L LLOD 8asIpIXa+ 0d — Id 0=AHOXSH [9qe|-Loys 3948
4 00 L LLLLO gdsIp-1X3 + 9d — 9d ‘L = AHOX S i {oqel-Joys 118
rA v LL 0L L LD 8dsIpIxa + 9d — 9d ‘0 =d } 19qe}-1104S 0dd
r4 0L 0L L1L11lO 8dsip-1xa+9d — 0d 'L =d § 13qe)-Loys 3dd
r4 LO0O0 L L L LD 8dsip-1x3 +9d — 9d ‘0=S 4 jaqej-Loys © o dd
L A 000 1L LLLO 8dsIpIxa + 9d — 34 ‘L =S} [9qe|-Hoys Ng
2 1L LOLLLD gdsip-1xa + 0d — 0d ‘0=Z HO AD ! {9gej-uoys Ha
A 0L 10t L1LO 8aSIP-1X3 + 0d —3d ‘L =ZHO AD ! 13qe|-0ys HNg
2 L0OLOL L LO 8USIP1Xa + 9d —9d 0=ZJ! i3qel-Hoys  ZNg ‘INg
2 00 LOL LG gdsIp-X@ +9d — 3d ‘L =Z § [9qe-Hoys 7438
z LLOOLLLO 8dsip3xa + 9d — 94 ‘0=A0 }l [3gej-uoys NG ‘ONg
Z 0LOOL L L O BUSIPIX3 +9d — 0d L =AD 18qe|-Hoys 1408
z L0OO0OOL 1L LO gasip4xa + 94 — 9 ‘0=AH 19qel-Loys ANg
rA 00001 L1O 8SIpIXe + 9d — 0d ‘L =AY 13qe|-poys Ad
youelg jeuopipuod
Z2SdA A 9V safg 012E¥vS9L012¢cF8S0L uoyeszdp puesedp  Jyuowauy
shieyy JooN apog uopeladp
(1uo09) Jos uoponysuy

7

Powered by ICminer.com Electronic-Library Service CopyRight 2003



30e D mm Lu27525 go27044 0 M

N.E C ELECTRONICS INC

uPD70330/332 (V35)

T-49-19-16

o0
7o)
|
o
1_.. 1dnuojul ue ejeIaLISB SEOP ING 'SZA B3 U0 .8iNdaxe Jou ssoq (1)
w :SIION
!
— $S 'Sd
i 0L L Bas L 00 xja1d apusano Juswbag 180 ‘0Sa
1 Lot v L L L—3 B
I 0ortot Lt il 0—13i 10
I 00001001 voipesadg oy dON
I ) L+ 0 LOOI lem pue jjod T70d
a4 waw A A Apow X i L OOLLO (waw) — snq Blep waw ‘do-dy
[ ZZZAAALLXLLO0O0L 1O uogessdp oN do-dj. (L 910N) 20dd
e waw A A APow X XX LLOLIE (waw) — snq e1ep waw ‘do-d}
[4 ZZZAAALLEXXXLLOLI uonessdg oN do-dy (1 310N) 10dd
I 0000 1L 1§ LI Xljaid %007 sng A207sng
I [ L0 L1 ELEOO0D00D 1eH NdD d0is
I 00 LO L L LT 1BH Ndd IIYH
jonuod Ndo
' {02 '12) — 9d ‘(e2 '€ — Sd ‘
‘0— 48 ‘0—3i
9—dS — dS ‘0d — (9 —dS ‘G —dS)
‘§d — (7 — dS ‘€ — dS) ‘MSd ~> (€ —dS 'L — dS) cewsuw
2 ~wew  Bax  pow Q0 L O O O L} O 91631 > (g + gewaw) 10 91621 < (gewaw) Uaym ‘91621 ANDIHD
paje|dwod
. uaaq Sey NdJ U3 Ul 3Ing Jajjouo0 drusagul
[ 0LO0OO0OLO0O0LLLLLOODOGO 3y} 0] 3UIIN0I 8DIA1aS J0NIAJUI JEY} SAJEIIPY) N
dHyHY 8 H [4 L0000 LOOLLLELLEOOO00D MSd 9aeS —= MSd ‘0d 3reS — Od iay13y
9+ dS— dS 't +d$ G +ds) — MSd
dHHH ¥ H I Lt LE0O0O L L 2 +dS ‘€ +dS) — Sd ‘(dS ‘L + dS) — 2d 1134
(91'21) — 9d ‘(8L '61) — Sd
0— %4g 0 —3
9—dS — dS ‘0d — (9—dS ‘G~ dS)
‘Sd — (v — dS ‘S — dS) ‘MSd — (¢ —dS 't —dS)
8 0oL LLOoOO L1 | = A usym Mug
(3uo2) ydnuiepuy
Z8$dA A v safg 6 12¢e¥S59L012EVSI9!L , uofjesadg puesadg Juowiauy
sbeyy 1005 23pag uojiesedp
(1uo2) jes uoponysuj

78

Powered by ICminer.com Electronic-Library Service CopyRight 2003



N E C ELECTRONICS INC

NEC

30E () MW L427525 0027085 2 MM

#PD70330/332 (V35)

X X X X X

X

reg

reg
1110010100

1 1t1100106101

0000111100100101
0c000T1T1T1100101101

@ ele |e
e |

&5 oo [=)
g gl @

2

]

= | m
LlSials |2
583 |2
c|S|E[E |@

Powered by ICminer.com Electronic-Library Service CopyRight 2003

T-49-19-16
T-49-19-59

79




	11.1by7.0.pdf
	10.9by7.0.pdf
	10.8by7.0.pdf
	10.7by7.0.pdf
	10.6by7.0.pdf
	10.5by7.0.pdf
	10.4by7.0.pdf
	10.3by7.0.pdf
	10.2by7.0.pdf
	10.1by7.0.pdf
	10.0by7.0.pdf
	9.9by7.0.pdf
	9.8by7.0.pdf
	9.7by7.0.pdf
	9.6by7.0.pdf
	9.5by7.0.pdf
	9.4by7.0.pdf
	9.3by7.0.pdf
	9.2by7.0.pdf
	9.1by7.0.pdf
	9.0by7.0.pdf
	8.9by7.0.pdf
	8.8by7.0.pdf
	8.7by7.0.pdf
	8.6by7.0.pdf
	8.5by7.0.pdf
	8.4by7.0.pdf
	8.3by7.0.pdf
	8.2by7.0.pdf
	8.1by7.0.pdf
	5.5by8.1.pdf
	sample.pdf
	sterling.com
	Welcome to Sterling Software






	8.3by7.0.pdf
	8.2by7.0.pdf
	8.1by7.0.pdf
	5.5by8.1.pdf
	sample.pdf
	sterling.com
	Welcome to Sterling Software










	8.7by7.0.pdf
	8.6by7.0.pdf
	8.5by7.0.pdf
	8.4by7.0.pdf
	8.3by7.0.pdf
	8.2by7.0.pdf
	8.1by7.0.pdf
	5.5by8.1.pdf
	sample.pdf
	sterling.com
	Welcome to Sterling Software






	8.3by7.0.pdf
	8.2by7.0.pdf
	8.1by7.0.pdf
	5.5by8.1.pdf
	sample.pdf
	sterling.com
	Welcome to Sterling Software


































	btnStamp: 
	copyright2:                                                         
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	P1: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P2: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P3: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P4: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P5: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P6: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P7: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P8: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P9: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P10: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P11: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P12: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P13: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P14: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P15: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P16: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P17: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P18: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P19: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P20: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P21: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P22: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P23: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P24: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P25: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P26: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P27: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P28: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P29: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P30: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P31: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P32: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P33: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P34: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P35: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P36: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P37: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P38: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P39: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P40: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P41: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P42: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P43: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P44: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P45: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P46: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P47: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P48: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P49: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P50: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P51: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P52: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P53: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P54: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P55: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P56: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P57: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P58: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P59: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P60: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P61: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P62: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P63: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P64: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P65: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P66: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P67: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P68: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P69: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P70: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P71: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P72: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P73: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P74: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P75: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P76: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P77: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P78: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         


	P79: 
	pmtemplate: 
	copyright: Powered by ICminer.com Electronic-Library Service CopyRight 2003
	copyright2:                                                         




