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Subject: Re: 65832 CPU??? Apple //£2?2?
Date: 11 Apr 2002 04:56:36 GMT
From: cturley2@aol.com (Cturley?2)
Newsgroups: comp.sys.apple2

Rubywand wrote asking:
<< That's a pretty rare manual. How did you obtain it?>>

;-) Legally -- by snail mail from a guy in Oklahoma that offered to send it to me for free.
He told me he was a student in high school years ago and decided he wanted info on the
then rumored NEW 65832 CPU for the ligs.

He contacted WDC with his request convinced them he was a big time chip manufacture
interested in buying it for commercial production and they sent him one.

I got wind of him from an offer he posted to this NG back in 1995 -- asking if anybody
was interested in it for free. | emailed him first on it and he mailed it on to me promptly.

I showed it to Woz at a rock concert back in 1996 -- he was astounded when reviewing it
and signed the cover page for me. That's why it has that Woz sig. on it. As such -- yes, it
IS pretty rare -- and -- with mine and the autograph from Woz on it's cover page --- it's a
priceless and VERY rare one-of-a-kind.

WDC told me on several occasions in our many telcons: "We have no such manual our
self now -- only made a dozen or so and mailed all of them out to clients many years
ago.” I've never found anybody else that has one either.

Mine may well be the only one left in existence now (???). That's why | digitized it

*cover to cover* and put it online to share the info with the world.

Cheers,
Tom
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The WDC W65CE32 is a OMOS 32-bit microprocessor featuring cotal software
compatibility with their @8-bit MMOS and B-bit and l6-bit OMCS 6500-series
predecessors. The WE5C832 is pin-to-pin cospatible with 16-bit devices curreatly
available. Mdenmaﬂtrmmmdmuﬂmlm.mﬂdhg
increased noise immmmity, higher reliability, and greatly reduced power
requirements. A softuare switch determines whether the processcr is is the B-hit or
16-bit "emulation™ mode, or in the native mode, thus allowing existing systess %o
use the expanded features.

As shown in the processor programming model, the Accumulator, ALU, X and ¥ Index
registers have been extended to 32 bits. A 16-bit Program Counter, Stack Fointer
ard Direct Fage register augments the Direct Fage addressing mode (formerly Zero
Fage add-esaing). Separate Program Bank and Dats Sank registers allow 24-bit memory
addressing with segmented or linear addressing for program space and 32-bit 4GByte
data space for ASIC use although only 24 bits of address are available in the
standard pin-out.

Four signals provide the system designer with many optiona. The ABORT input can
interrupt the currently executing instruction without modifying internal register,
thus allowing wvirtual memory system deaign. Valid Data Address (VDA) and Valid
Program Address (VPA) cutputs facilitate dual cache memory by indicating whether a
data segment or program segment is accessed. Modifying a vector is made easy by
monitoring the Vector Pull (VP) output.

KEY FEATURES OF THE W65C832

. Mﬂncaduﬂﬁdeugnfuzlmpmtr' Separate program and data bark

power consumpticn and increased registers allow program
noise immunity segaeatation or !ull 16-MEyte
* Single 1.2-5.25V power supply, linsar T
as specified * pNew Direct Register and stack
* Esulation mcde allows complete relative addressing provides
hardware and software capabjlity for re-entrant,
compatibility with W&5SCB16 designs re-cursive and re-locatable
* 24-bit address bus allows access programming
to 1€ MBytes of memory space = 24 addressing mocdes-13 original
* Full 32-bit ALY, Accumulator, 6502 modes, plus 1l new addressing
and Index Registers modes with 91 instructions using
* Valid Data Address (VDA) and 255 opcodes
Valid Program Acdress (VPA) * Wait-for-Interrupt (MAI) and
output allows dual cache and Stop-the Clock (STP) instructions
cycle steal DMA implementation further reduce power consumption,
* Vector Pull (VP) output indicates decrease interrupt latency and
when interrupt wectors are being allows synchronization with
addressed. May be used to external events
implement vectored interrupt * Co-FProcessor (COP) instructian
design with associated vector supports
* Abort (ABORT) input and associated ea-processor cenfigurations, i.e.,
vector supports wvirtual memory floating point processors
system design * Block move ability

MARCH 1990 1
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SECTION 1

WESCHIZ FPUNCTION DESCRIPTION

The WESCE32 provides the design engineer with upward mobiliry and software
compatibility in applications where a 32-bit system configuration is desired. The
WE5C832' s 32-bit hardware configuration, coupled with curzent software allews a wide
selection af system applications. In the Emulation mode, the WE5CBI2 offers many
advantages, including full software compatibility wich 6302, WE5C02 or WBSCE1G
coding. In addition, the WE5CH32's powerful instruction set and addressing modes
make it an excellent choice for new 32-bit designs.

Internal ogrganization of the W65CA32 can be divided intc two parts: 1) The
meqgister Sectisn and 2) The Ceontrsl Section. Imstructions i(or opceodes) obtained
fram program memory are executed by implementing a series of Jata tramsfers within
the FRegister Section. S8ignals that cause data transfers to be executed ars
generated within the Control Section. The WEHCA32 haz a 32-bit internal
architecture with an 8-bit external data bus.

1.1 Imstruction Register and Decode

in opcode enters the processor on the Datas Bus, and is latched Iinto the Inatruction
Reglster during the instruction fetch cycle. This instruction is then decoded,
along with timing and interrupt signals, to generate the various Instruction
Register control signals.

1.2 - Timing Control Unit {TCU)

The Timing Cantrol Unit keeps track of each instruction oycle as it is executed.
The TCU is set to zero each time an instruction fetch is executed, and is advanced
at the beginning of each cycle for as many cycles as is required to complete the
instruction. Each data tranzfer between registers depends uwpon decoding the
contents of both the Instruction Register and the Timing Control Unit.

1.3 Arithmetic and Logic Unit [ALU)

All arithmetic and logic operations take place within the 32-bit ALD. In acdditien
to data cperations, the ALU also calculates the effective address For relative and
indexed addressing modes. The result of a data operation is stored in either memory
or an internal register. Carry, Negative, Overflow and Zero flags may be uopdated
follawing the ALU data operation.

1.4 Internal Registers (Refer to Programming Model)

MARCH 1950 2



WDC THE WESTERN DESIGN CENTER, IHNC. WesCB32

1.5 Recumilator

The Accummlater is a general purpose register which stores one of the cperands, or
the result of mest arithmetic and logical operations. In the Native mode the
Accurmlator can be B-, 16- or 32-bits wide.

1.6 Data Bank Register (DBR)

During modes of operation, the B8-bit Data Bank Register holds the dafault bank
address for memery Etransiers. The 24-bit address 13 composed of the 1l6-hit
instruction effective address and the B-bit Data Bank address. The register walue
is multiplexed with the data wvalue and is present on the Data/Address lines during
the first half of a data transfer memory cycle for the We5CB32. The Data Bank
Begister is initialized to zero during Reset.

1,7 Direct (D}

The lé-bit Direct Begister provides an address offset for all inatructions using
direct addressing. The effective bank zero address is formed by adding the 8-bit
instruction operand address to the Direct Reglster. The Direct Register 1is
initialized to zers during Reset.

1.8 Index (X and Y)

Thera are two Index Registers (X and ¥) which may be used as gensral purpose
registers or to provide an index wvalue for calculation of the effective address.
wWhen executing an instruction with indexed addressing, the microprocesser fetches
the cpecode and the base address, and then modifies the address by a&adding the Index
Register coantents to the address prior to performing the desired cperacionm,
Pre-indexing or post-indexing of indirect addresses may be selected. 1In the Native
mode, Bboth Index BRegisters are 32 bits wide (providing the Index Select Bit (X}
equals zerc). If the Index Select Bit (X) eguals one, both registers will be 8 bits
wide, and the high bytes if forced to zero.

1.9 Processzar Status (P)

The B-bit Processor Status Reglster contains status flags and mode select bits. The
Carry (C), Negatiwe (M), Overflow (V¥V}, and Zero (2Z) status flags serve To report the
status of most ALU pperations. These status flags are tested by use of Conditional
Branch instructlcns. The Decimal (D), IRQ Disable (I}, Memory/Accumulater (M), and
Index (X)) bits are used as mode select flags., These flags are set by the program to
chapge microprocessor operations.

The Emulation (E8 and El16) select and the Break (B) flags are accessible only
through the Processor Status Reglster. The Emulation (ES8} mode select £flag iz
gselected by the Exchange Carry and Emulaticon Bits (XCE) instruction. The XFE
instruction exchanges the Emulation (E2 and E16) mode select flags with the CverZflow
and Carry Flags. Tahle 1, Emulation and Register Width Contropl, illustrates the
features of the Native and Emulation modes. The M and X flags zre always equal to
gne in the #=bit Emulation mode. When an interrupt occurs during the Emulation
mode, the Break flag is written to stack memory as bit 4 of the Processor Status
Begister.

MRRCH 13280 3
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1.10 Program Bank Register (FER)

The 8-bit Program Bank Register holds the bank address for all instruction fetches.
The 24-bit address consists of the 16-bit instruction effective address and the
f-pit Program Bank address. The register value 1s multiplexed with the data value
and presented on the Data/Address lines during the first half of a program memory
read cycle. The Program Bank Register is initialized to zero during Reset. The PHE
instruction pushes the PBR register onto the Stack.

1.11 Program Counter {PC)

The 18-hir Program Counter Register pravides the addresses which are used ta step
the miecroprocessor through sequential program instructions. The register iz
incremented each time an instruction or operand is fetched from program memory.

1.12 Stack Painter (5)

The Stack Pointer i1z a lé-bik register which 1 used to indlcate the next available
location in the stack memory area. It seryes as the effective address in stack
addressing modes as well as subroutine and interrupt processing. The Stack Pointer
allaws szimple implementation of nested subroutines and multiple-level interrupts.
During the Emulation mode, the Stack Pointer high-order byte (3H) is always sgual fo
grne. The bank address for all stack operations is Bank zaro.

MARCH 1930 1
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Figure 1-1 W65C332 Internal Architecture Simplified Block Diagram
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Figure 1-1 W65C832 Internal Architecture Simplified Block Diagram
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Figure 1-3 WE5C816 16-bit Emulation Programming Model
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Table 1-1 WS5CA32 Emmlation and Register Widch Conmtrol

THE WESTERN DESIGN CENTER, INC,

| Status Reg. (2] |
I 1E) B
1 11} |{E] El16 - W65C816 Emulation
Ii{'g 18| iBl E8 - W65C02 Emulation
| MIX|D]I|ZICI
EREREEE
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i il1811 Earo 1 = result 1ero
i1 1111 IR~ disable I = disable
Ll Decimal mode 1 = Crue
1111 Index Reg. Select
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Figure 1-3 W&5C832 Status Register Cocing
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SECTION 2

PIN FUNCTION DESCRIPTION
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Takle 2=1 Pin Function Tabla

| Bin i | Deseription R |
| _AQD-AlS | Address Busg 5 ey
| ABCRT- | rbhart Input
BE | Bus Enable 7
FPHIZ (IN} | Phase 2 In Clock

DO/AIE-DT/AZS | Data Bus/Address Bus

I
I
| | !
| _E8/E1l® | Emulation Select |
|_IRQ- e | Interrupt Request = I
| ML- | Memory Lock I
| MAX Mede Select (Pm or Fx) -
| HMI- Hon-Maskable Interrupt o
| RD¥ Ready |
| RES- Reset I
| R/W-_ Read/Write P |
VDA Valid Data Address |
| VE- i Vector Pull i i I
| VEA | valid Program Address i e
| VDD | Positive Power Supply (+3 veglts)l |
| V5§ | Interral Logic Ground I

2.1 2abort (RBCRT-)

The Abort input is used to abort instructions (usually due to an Address Bus
ecanditicn) . A negative transition will dshibit modification of any internal
register during the current instruction. Upon completion of this instruction, an
interrupt sequence is initiated. The locaticn of the aborted opcode is stored as
the return address in stack memory. The Abort vector address is OOFFFS8,3 (Emulatian
mada) or 0J0FFES,9 (Mative mode)., HNote that ABORT- is a3 pulse-sensitive signal;
i,e., an abort will occur whenever there 18 a negative pulse (or lewel) cn the
RECET- pin during a PHIZ clock.

2.2 Address Bus [RO-ALS)

These sixteen ocutput lines form the low 1& bits of the Address Bus for memory and
1/0 exchange on the Data Bus. The address lines may be set to the high impedance
state by the Bus Enable (BE) =signal.

2.3 Bus Enable {(BE)

The Bus Enable input signal allows external centrol of the Address and Data Buiffers,
as well as the R/W- signal. With Bus Enable high, the R/W- and Address Buffers are
active. The Data/Address Buffers are active during the first half of ewvery cycle
and the second half of a write cycle. When BE is low, thess buffers are disabled.
Bus Enable is an asynchronous signal,

2.4 Data/iddress Bus (DO/Al16-D7T/R23)

These eight lines multiplex address bits R16-A23 with the data walue DO-D7. The
address is present during the first half of a memory cycle, and the data value is
read or written during the second half of the memory cycle, Four memory cycles are
required to transfer 32-bit wvalues. These lines may be set to the high impedance
state by the Sus Enable (BE) signal.
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2.5 Emulation Status (ES/EL16}

The Emulation Statns output ES/E1€ reflects the state of the Emulation Ef and E1§
mode flags in the Proceasor Status (P) Register. This signal may be thonght of as
an opcode extens:ion and used for msmory and system managesent .

2.6 Insterrupt Reguest (IRQ-)

The Interrupt Request input signal is used to reguest that an interrupt seguence be
iniciated. When the IR) Disable (I) flag is cleazed, a low imput logic lewel
initistes sn interrupt segquence after the curreat instructiom is cospleted. The
Maic-for-Interrupt (MAI) instruoction may be sxscuted to ensure the interropt will be

cecognized immediately. ﬂllntn:w: vector address is 00FFFE,F (Emmlation
mode) or OOFFEE,F (Mative mode). IR~ is & level-sensitive inpmt, an
m“rnptﬁllucmuthhtmuptmmmmmmmhu
interrupt. Also, no interrupt will occur if the interrupt source is cleared prior

to interrupt recognition.
2.7 Hemory Lock (ML-)

The Memory Lock output may be used to ensure the integrity of Read-Modify-Write
inatructions in a multiprocessor system, Memory Lock indicates the need to defer
arbitracion of the next bus cycle, Memory Lock is low during the last three, five
or nine cycles of ASL, DEC, INC, LSR, ROL, ROR, TRB, and TSR memory referencing
instructions, depending on the state of the M and E8 flags.

2.8 Memory/Index Select Status (M/X)

This multiplexed output reflecta the state of the Accumulator (M) and Index (X)
select flags (bits 5 and 4 of the Processor Status (P) Register. Flag M is walid
during the Fhase 2 clock negative transition and Flag X is valid during the Phase 2
clock positive transition. These bits may be thought of as opcode extensions and
may be uied for pemory and systenm mansgement.

2.% Non-Maskable Imterzupt (WMI-)

A oegative transition on the MMI- input initiates an Interrupt seguence. A
high-to-low transition initiates an interrupt seguence after the current instruction
is completed. The Wait for Interrupt (MAI) instruction may be executed to ensure
that the interrupt will be recognized immediately. The Non-Maskable In
vector address is QOFFFA.R (8-bit Emulation mode), OOFFEA.B (16-bit Emlatioe mode)
or COFFDA,B (Native mode). Since NMI- is an edge-sensitive input, an interrupt will
occur if there is a negative transition while servicing a previous interruwpt. Also,
no interrupt will cccur if NMI- remains low.

2.10 FPhase 2 In (PEI2)
This is the system clock input to the microprocessor internal clock generator.
During the low powar Standby Mode, PHIZ may held in the high or low state to

preserve the contents of internal registers. However, usually it is held in the
high state.
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2.11 Read/Write (R/W-)

when the BE/¥W- output signal is in the high state; the microproceasor: ls reading data
from memory or I/Q. When in the low state, the Data Bus contalns wvalild data from
the microprocessor which is te be stored at the addressed memory locatien. The R/W-

signal may be set to the high impedance state by Bus Enable (BE).

2.12 FReady (RDY)

This bidirectional signal indicates that a Wait for Interrupt (WAI} instruction has
been executed allewing the user to halt cperation of the microprocessor. & low
input logle level will halt the microprocesser in its curzent state. Returning RDY
to the active high state allows the microprocessor to continue following the next
PHIZ Clock negative transition. The BDY signal 15 dinternally pulled low following
the execution of 2 Wait for Inkerrzupt (WAI) instructlon, and then returned to the
high state when a RES-, ABORT-, NMI-, or IRQ- external interrupt is provided. This
feature may be used to eliminate interrupt latency by placing the WAL instruoction at

the beginning of the IRQ- servicing routine., I£ the IRQ- Disable flag has been set,

the next instruction will be executed when the IRQ- occurs. The processaor will not
stop after a WAI instruction if BDY has been forced te a high state. However, this
feature should only be used on ASIC's and the RDY buffer modified. The Stop (STE)
instruction has no effect on EDY.

.13 Reset. (RE3~)

The Reset dinput is used to initialize the microprocesscr and start program
execution. The Reset input buffer has hysteresis such that a simple R-C timing
clrcuit may be used with the internal pullup device. The RES- signal must be held
low for at least two clock cycles after VDD reaches cperating woltage. Ready (RDY)
has no effect while RES- ia being held ldw. During the Reset conditioning peried,
the following period, the following processor initialization tzkes place:

Registers
] = noan 5H = n1
LER = 0o XH = 0o
PEER = no TH = 0
] V/ELE M X D I Z /BB
| |
P = | * =11 1 1 0 1 = LT | * = nac
| | inicialized
STP and WAI instructicons are cleared.
Signals
E& L VDA = {
ElG a=ing L VP- = 1
MY | VEA =
EfH- = 1
SYNC = [

When Reset is brought high, an interrupt segquence is initiated:
o R/W- remains in the high state during the stack address cycles.
o The Beset vector address is OOFFFC,D.
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2,14 vValid Data Address (VDA) and Valid Program Address (VPA)

These twa output z=ignals indicate valid memory addresses when high legig 1, and are
used for memary ar I/0 address gualificatiom.

VDA  VPA
0 0
G 1
- a
1 1

Internal Operation-Address and Data Bus available.

The Address Bus may be inwvalid.

Valid program address-may be used for program cache
gontrol.

Valid data address-may be used for data cache contrel.
Opecode fetch-may be used for program cache control

and single step control

2,15 VDD and VS5

VDD iz the positive supply wveltage and V835 is system logic ground.

¥.,16 Vector Bull (VE-)

The Vector Pull gutput indicates that a vector location is being addressed during an
interrupt sequence. VP- is low during the last two interrupt sequence cycles,
during which ctime the processor reads the interrupt wector. The VF- signal may be
used to select and prioritize interrupts from several sources by modifying the

vector addresses.
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The WE5C232 is capable of directly addressing 1§ MBytes of sssory for program space
mmm:mmuwuﬂ;nm“ llﬂ[tﬂlﬁtldﬂ:m:pum
available on the standard product. This address space bas special significance
within certain addressing modes, as follows:

3.1 Resst and Interrupt Vectors

The Reset and Interrupt Vectors use the majority of the fixed addresses betwesn
OOFFDO and OOFFFF.

3.2 Stack

The 5tack may use memory from 000000 to OOFFFF. The effective address of Stack and
Stack Relative addressing modes will be always be within this cange.

3.3 Direct

The Direct addressing modes are usually used to store memory registers and pointers,
The effective address generated by Direct, Direct,X and Direct,Y addressing modes is
always in Bank 0 (000000-00FFFF).

3.4 Program Address Space

The Program Bank register is not affected by the Relative, Relative Long, Absolute,
Absolute Indirect, and Absolute Indexed Indirect addressing modes or by incrementing
the Program Counter from FFFF. The only instructions that affect the Program Bank
register are: RYI, RTL, JML, JSL, and JMP Absclute Long. Program code may exceed
64K bytes although code segments maAy not span bank boundaries.

3.5 Data Address Space

The Data Address space is contiguous throughoct the 16 MByte address space. Words,
arrays, records, or any data structures may span 64 KByte bank boundaries with no
compromise in code efficiency. The following addressing oocdes generate 24-bit
effective addresses in WESCB16 Emulation mode and some, where noted by (*), geoerate
32-bit effective address in WESCEIZ native mode.

Direct Indewed Indirect (d,x)
Direct Indirect Indexed (d),y
Direct Indirect (d)

Direct Indirect Long [d]

Direct Indirect Lang Indexed [d],y
Absolute a

Absolute a,Xx

Abaolute a,y

Absclute Long al

Absolute Long Indexzed al,x

Stack Relative Indirect Indexed (d,x),¥y

 x0 % 40 00 WO
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T™e following addressing mode descriptioms provide additional decail as to how
effective addresses are calculated.

Twenty-four addressing modes are available for the W6SCREI2. The I2-bit Indexed
addressing modes are used with the W65C832; however, the high byte of the address is
not availahle to the hardware on the standard W65C832 but is available on the core
for ASIC's. Detailed descriptions of the 24 addressing modes are as follows:

3.5.1 Immediate Addressing-#
The operand is thé second byte in 8-bit mode, second and third bytes
when in the 16-bit mode, or 2nd thru 5th bytes in 32-bit mode of the
instruction.

3.5.2 Absolute-a
Witk Absolute addressing the second and third bytes of the instroction
form the low-order 16 bits of the effective address. The Data Bank

Register coctains the high-ocder 8 bits of the operand address.

Instruction: | opcode | addrl | addrh |

Operand

Address; | ©DBR | addch | addel |
3.5.3 Absolute Long-al

Instruction: | _opcode | addrl | addzh | bader |

Operand

Address: | baddr | addrh | addrl |

3.5.4 Direct-d

The second byte of the instruction is added to the Direct Register (D)
to form the effective address. An additional cycle is required whee the
Tiufthgg:tlthutpmﬂwmtmmlﬂ- The Bank register
s always 0.

Iastruction: | opcode | ciisec |
Direct Register |
Cperand | offset |
Address: | - 00 r_!'tecti.w_ﬁhul
3.5.5 Accumulator-A
This form of addressing always uses a single byte instruction. The
operand is the Accumilator.
3.5.6 Ioplied-i
Implied addressing uses a s2ingle byte instroction. The operand is
implicitly defined by the instruction.
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= * 3.5.7 Direct Indirect Indexed-(d),y
This address mode is often referred to as Indirect,¥. The second byte
of the instruction is added to the Direct Register (D). The 16-bit
contents of this memory location is then combined with the Data Bank
register to form a 24-bit base address. The Y Index Register is added
to the base address to fora the effective address. In pative mode this
creates 32-bit effective addresses.

Instruction: | _cpcode | offset |

Direct Register |
+ offset |
I 0o I rect ]
then:
| 00 | (direct address) |
+| DBR |
| hul .I:H.tu.-l ¢ |
Cperand + Reg
Address: | lﬂm:t:l.lie ﬁddt'l'.'ll

* 3.5.8 Direct Indirect Long Indexed-[d],y
With this addressing mode, the 24-bit base address is pointed to by the
sum of the second byte of the instruction and the Direct Register. The
effective address is this 24-bit base address plus the ¥ Index Register.
In native mode this creates 12-bit effective addresses.

Instructlon: |_opcode E.!m |

Register |
— + | offset |
| | 00 | direct address |
then: _
| {direct address) |
+1_bek |
[ base address |
Operand + I I!Hﬁ_l
Address: I effective acdress

3.5.9 Direct Indeved Indirect-(d, x)
This address mode is often referred to as Indirect,X. The second byte
of the instruction is added to the sum of the Direct Register and the X
Index Register. The result poinrs to the low-order 16 bits of the
effective address. The Data Bank Register contains the high-order 8
bits of the effective address.

Instruction: | _opcode | offset
[rect |

|
| D Register |
+ | offset |
IWJ
+| X Reg |
.. ndd.rl;ll |
then:
| 0o | jaddress) |
Operand +| __DBR |
Address: | aeffective addreas I
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Direct Indexed With X-d,.x

The second byte of the instruction is added to the sum of the Direct
Register and the X Index Register to form the 16-bit effective address.
The operand is always in Bank 0.

Inatruction: | opcoode | offset |
Direct Register |
+ | offset |
| direct address |
Cperand +| | X Reg |
Address: | 0 |effestive address|

Direct Indexed With ¥-d,y

The second byte of the instruction is added te the sum of the Direct
Fegister and the Y Index Register to form the 16-bit effective address.
The operand is always in Bank 0.

Instruction: | cpcode | offset |
Direct Register |
+ | offaet |
| direct address |
Operand +] | ¥ Reg |
Bddress: | 00 |effective address|

Abaplute Indexed With XK-a,x

The second and third bytes of the instructicon are added to the X Index
Register to farm the low-order 16-bits of the effective address. The
Data Bank BRegister centains the high-crder 8 bits of the efiectlve
addregs. In native mode this creates 32-bit affectlve addresses.

Instruction: - | opeode | addrl | addrh |

| DER addrh | addrl |
Cperand +1 | X Reg |
Addresas: | effective address |

Abzolute Long Indexed With X-al,x

The second, third and fourth bytes of the instructicn form a 24-bit base
address. The effective address is the sum of thisz 24-hit address and
the ¥ Index HRegister. In native mode this creates 32-hit effective
addre=zses,

Instructicon: | opcode | addrl | addsh | badar |
| baddr | addch | addzl |

Operand +| | X Reg |

Address: l effective address I
Absolute Indexed With Y-a,y
The second and third bytes of the instruction are added to the ¥ Index
Register to form the low-crder 16 bits of the effective address. The
Data Bank Register contains the high-order & bits of the effective
addresa. In native mode this creates 32-bit effective addresses.

Instruction: | opcode | addrl | addrh |

| DER | addrh | addrl |
Cperand +| | ¥ Reg |
Address: | effective address |

18
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Program Counter Relatlwve-p

This address mode, referred to as Relative Addressing, is used anly with
the Branch instructions. If the condition being tested is met, the
second byte of the instruction iz added to che Program Counter, which
has been updated to point to the opoode of the next instruction., The
offzet 13 a signed 8-bit guantity in the range froem -128 £a 127, The
Program Bank Reglster iz not affected.

Program Counter Relative Long-rl

This address mode, referred to as Relative Long Addressing, is usd only
with the Unconditional Branch Long 4instruction (BRL) and the Push
Bffective Relative instruction [(FER). The second and third bytes of the
instruction are added to the Program Counter, which has been updated to
point to the opcode of the next instruction. With the branch
instruckion, the Program Counter 1s loaded with the resclt. With tche
Fush Effective PBelatiwve instruction, the resulk is stored on the stack.
The offset iz & signed l16-bit gquantity in Ehe range from -32768 to
32787, The Program Bank Register 12 not affected.

Absolute Indirect-(a)

The second and third bytes of the instruction form an address to a
pointer in Bank 0. The Program Counter is loaded with the first and
second bytes at this pointer. With the Jump Long (JML) instructien, the
Program Bank Register is loaded with the third byte of the painter.

Instructlon: | opcede | addrl | addch |
Indirect Address = | 00 addrh | addrl |
Mew PC = (indirect address)
with JML:
Mew PC = (indirect address}
Mew PER = (indirect address +2)
Direct Indirect-(d)
The second byte of the instruction is added te the Direct Register to
form a pointer to the low-order 16 bita of the effactive address., The
Data Bank Register centains the high-order 8 bits "of the effective
addressa.

Instruction: | opcode | offset |
| Direct Register |

* __rollget |

| 00 | direct address |

then:

| a0 | (direct address) |
operand +| DEBR |
Address: | effective address

Direct Indirect Long-{d]
The second byte of the instruction is added to the Direct Reglster to
form a pointer Eo the 24-bit effective address.

Instruction: |_opcode | offset |
| Direct Register |

+ [ offzet |
| 0Q | direct address |
then:
Cperand | [direct address)
hdrass:

18
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Absolute Indexed Indirect-{a,x)

The second and third bytes of the instruction are added to the X Index
Register to form a lé-bit pointer in Bank 0. The contents of this
pointer are leoaded in the Program Counter. The Program Bank Register is
not changed.

Instruction: | copcode | addrl | addsh |
addrh | addel |
| | X Reg |
| FBR . | address |
then:

PC = {address)
Ztack-3
Stack addressing refers to all instructions that push or pull data f:zom
the stack, such as Push, Pull, Jump to Subroutine, Return <rom
Subroutine, Interrupts, and Return from Interrupt. The bank addresa is
always 0. Interrupt Vectors are always fetched from Bank 0.
Stack Relative-d,s
The low-grder 16 bits of the effective address is formed from the sum af
the second byce of the instruction and the stack poinkter. The
high-order 8 bits of the effective address 13 always gZero. The ralative
affset 18 an unsigned. B-bit guankity in the range af 0 ko 255.

Instruction: | opcode | offset |

| Stack Fointer |
Uperand * | eifset |
Address: I nc leffective address|

Stack Belative Indirect Indexed-id,s).¥

The second byte of the instruction is added to the Stack Polnter to form
a pointer to the low-order lo-blt base address in Bank 0. The Data Bank
Register contains the high-order 8 bits of the base addressa. The
effective address is the sum of the Z4-bit base addressz and the ¥ Index
Register. In the native mode this creates 32-bit effective addresses.

Instruction: | opcode | oftset |
| Stack Polnter |
¥ | affset |
| an I 5 + nffsat |

then:
I 5 + pffgaet |
+|_DBR | il

| base addaress |
Cperand + I | ¥ Reg |
hddress: | effective address |
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3.5.24 Block Source Bank, Destination Bank-xuya

This addressing mode is used by the Block Move instructions. The second
byte of the instruction contains the high-order 8 bits of the
destination address. The ¥ Index FRegister contains the low-order 18
bhits of the destination address. The third byte of the inatruction
contains the high-order 8 bits of the source address. The ¥ Index
Fegister copntains the low-grder bitzs of the source address, The
Agcumulator contains one less than the number of bytes to move, When
the Aecumulator is zero it will move gne byte. The second byte of the
block move instructions is also loaded inte the Data Bank Reglster. 1In
WESCA32 native mode this X Index Register contains the entire source
address and the X Index Register contains the entire destination
address; therefore, the instruction is shorter by two bytes and two
cycles per byte moved,

Instruction: | opcode | dstbnk | srckok |

Source dstbnk -> DBR

Address: | srcbnk | X Reg |
Destination | DBR | Y Reg |
Address:

Increment (MVH) or decrement (MVP) X and ¥,
Decrement C [(if greater than zera), then PC+3->PC,

* In WB3CB32 native mode these addressing modes creates 32-bit effective data
space addresses.
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Table 3-1

Addressing Mode
Immediate

Absalute

ihzolute Long

Direct Page

Accumulatar 3

Implied Addressing

Direct Indirect
Indexed

Direnst Indirect
Indexed Long

Direct Indexed
Indireat

Direct Indezed by X

Direct Indexed by Y

Ebhzolute Indexed by X

Naote:

MARCH 1330

Format

id

a
al
EXT
<d

f<a

<al
<EXT

LEXT

INC.

Addrass Mode Formabs

Addressing Mede
Abzolute Indexzed by ¥

Bbaolute Long Indexed
by X

Frogram Counter Relabive
and Program Countec

Relative Long
Bhsplute Indirect
Direct Indirect
Direct Indirect Lang

Absalute Indexed

ina operand)

)
<d ?y

<a) .y
{<all ¥

;EME "

< |?y
al i
<a g
<EXT
d.x)

<d, %)
a, =)
{aijxﬁ

IH

Stack Addresszing
Gtack Relative
Indirect Indexed

¥
Block Maowe

<EXT, ¥}

P
< X
<3, X
<al,x
{Exf.x
d, v
<d, v
“d 1I'
<al’ly
<EXT, ¥
d, =
Id, =
3,
la, »
!ai.x
|EXT, %
EXT, x

WebCa3z

Theé alkernate ! [exclamation point) is used in place of the
| (vertical barj.
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Taple 3-2 Addressing Mode Summary

| Instzuction Times |Memory Utilizatisn |
| In Memory Cycles |In Number of Program|

Destination, Block
Length)

I

I

I I Sequence Bytes |
| Address Mode | Crigimal | Hew Original | New

[ |8-bit NMOS| W65C232 |B-bit NMOS| W6SCEIZ |
| | €502 | 6502 | |
| 1. Immediate FEEREDS ST s T 2 T | T
| 2. Absolute | 41{5) 7. | 3 I 3

| 3. Absolute Long | - I 5(3) | - I 1 I
| 4. Direct | 3(5) | 3(3,4,5) 2 | 2

| 5. Accummlator | ] | 2 1 I 1 I
| 6. Implied | 2 | 2 | 1 | 1 |
| 7. Direct Indirect Indexed S e | 5{1,3,4}I 2 | 2

| (d), v I I I I I
| B. Direct Indirect Indexed I = |  6{3.4) | i | 2

| Long [d].¥ 53 I | I I
| 9. Direct Indexed Indirect I B | 6{3,4) | 2 I F3

| (d, %) I I I I I
|10. Direet,X | 48 | 4(3,4,5)1 2 SRR P
111. Direct,¥ | 4 | 4{3,4) | 2 | 2

|12. Abaolute,X | 4{1,5) 4{1,3,5)1 3 | - T
113, Absolute Long, X | - {3 | = | 4

|14, Bhsolute,¥ | 4101} | 441,.3) | 3 | 3

|15, Relative | 2.8 F ZtE | 2 | 2 |
[16. Relative Long | - o ;7 . | = L T
|17, BEbsclute Indirect (Jump} | 5 - | 3 | 3 |
|18, Direct Indirect | - | 5(3.4) | = | 2

|19, Direct Indirect Long | - | -~ B{3;4) | - | 2

| 20, Absolute Indexed Indirect | ~ | B | ' | 3

I {Juma } | I I I I
[21. Stack | 3=1 | 3=110- 1-3 | 1-4 |
|22, Stack Relative I = I 4 | ' I 2 I
|23, Stack Relative Indirect | = SR S | # I i I
| Indexed | I | I I
|24. Block Move X,Y¥,C (Source, | - I T(8) | # I 3 (&)

I | I | I I
I i I | I I

Motes (these are indicated in parentheses):

'_I.

Page boundary, add 1 cycle if page boundary is crossed when forming
address.

Branch taken, add 1 cycle 1f branch is taken.

16 bit operation, add 1 cycle, add 1 byte for immediate.

32 bit operation, add 3 cycles, add 3 bytes for immediate.

Direct register low (DL) not equal zero, add 1 cycle.

Read-Modify-Write, add Z cycles for 8-bit, add 4 cycles for 16-bit, add 8
cycles for 32-bit operation.

6. For WE5CE32 native mode, subtract 2 cycles and 2 bytes.

n o fak Pk
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SECTION 4
TIMING, AC AND DC CHARACTERISTICS

(Mote 1)

Table 4-1 Absolute Maximom Ratings

1.1 Absolute Maximum Ratings

Value
Eo +
voh
to
to

I
|

| Sysbol |
Yoo
VIN
R
15

Rating
Voltage
Valtage

it

L& X K K L _ N _§K__J

B

precautions should

voltages higher than the marimm rating.

however,
Functional operation under these conditions is not implied.

This device contains input protection against
Exceeding these ratings may result in permanent damage.

electric fields;
Hotes:
1.

24
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§.2 DC Characterisrics: VDD = 5.0V +/- 5%,

1
|
I

Parameter |Symbel | Min | Max | Unic
|Input High Voltage Fyih™ I I
RES-, RD¥, IRQ-, Data, BE | | 2.0 |vDD+0.3| W
PHIZ, NMI-, ABORT- | |O.9*VDD | VDD+0.3| W
I I I I
|Input Low Voltage 7 B I I
RES=, RDY, IRQ-, Data, BE I Bl e M Rl 7 T
PHIZ, I-, ABORT- | | Q.3  |0.1*Vpn| Vv
a I I I |
|Input Leakage Current (Vin = 0.4 ta 2.4)] 119 | | [
RES-, NMI=, IRQ=-, BE; RBORT- | =20~} 1 |  uA
{Internal Pullup) I I I I
BDY (Intermal Pullup, Open Drain) | | =30 | 1 | uA
PEIZ T o e s S, Ratol e WM (e T
Addrass, Data, B/W-, (Off State, BE=()| | =101 .10 | uA
I I I |
|Dutput High Veltage (loh=-100uA) | Vahk | | |
Data, Address, R/W-,ML-,VP-,M/X,E8/EL6 | I I |
VDA, VEL | By 81 ) RS-
; I I I |
[Dutput Low Valtage {Icl = 1.6mh) | Nal | I
Data, Address, R/W=-,HL-, VB-,M/X,EB/ELE | | I |
VD&, VPR I po b e e R
I I I |
| Supply Current (Mo Load) | Idd | | 4 | A/ MHZ
I I I |
| Standby Current (No Load, Data Bus = V55| Isb | & | |
ozVDoD I I I |
BES=,NMI-, IRQ-, 30—, BE, ABORT -, FHIZ2=VDD) | | | 1 i uh
| | | :
|Capacitance (Vin=0V, TA=250C, f=2MHz) | | | |
Lagic, PHI2 |- Cin. | - | =18 |- pE
Address, Data, R/W-(OFf Scate) | Cka. . | % | £ | pF
I I I I
25

VES = QW,
TA = 0o to +70cC

Table 4-2 DT Characterisclcs
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4.3 General AC Characteristics: VDD= 3.0V 4/= 5%, Vii= 0¥,
Ta= (oC te +70oC

Table 4-3& WeSCA32 General AC Characteristics, 4-THHE

I | | 4 MHz | 5 MHz | 6 MHz | 7 MHz |

I
| Paramater Symbol |Min |Max |Min|Max |Min|Max|Min|Max|Unit |
|Cycle Time tGIC 250 |DC [200|DC |165|DC |140]DC | ns |
|Clock Pulse Width Low tPWL 125110 |.I0J10 @110 [.O7iL0 | us |
|Clock Pulse Width High tPWH | 125 100 - |82 il =] ‘n8 1
|Fall Time, Rise Time tF.tR | - |10 - J10 i L = 2lRE |
|[EQ-A15 Hold Time tAH 10 - 11{ =110 = §10 o |
|B0-A15 Setup Time tADS = - |&7 - | &0 = {60 | nS |
|A16-A23 Hold Time tBH 10 = 18 et o R e e B v i |
|B16-A23 Zetup Time | tBAS = |80 =R = EeE =155 | s |
|Access Time | eR0C {130 - [¥I5] = |87 | ="j6@ | - | nS |
|Fead Data Hold Time L EDER {10 | = 110 1 = |30 1°=30F | - | n§ |
[Read Data Setup Time LRDER [0 § - FESCL =20 =245l ~ | n§ -1
|Write Data Delay Time [ EMBS | - 170 [ - Je5. 1 — 160 | = |55 | ns |
|Write Data Hold Time EDEW |10 | - (40 | — (490 | -~ 110 f - | n8 |
|Processor Control Setup Timel €PCS |30 | - F25 1 - 1200 - J20 | - | n& |
|Processor Control Hold Time | ©PCH |10 = L0 = fig b=l - | nS |
|ES/E16,MX Qutput Hold Time o MR B BT e S e A R
|E8/E16,MX Output Setup Time | B8 |50 | = [37 | - 125 | = 125 | | oS |
|capacitive Load =1 GEXT |''= |1800] - -1100) -"|35 E I35 | pFE |
|BE to Valid Data *2 D |~ 130 1= I3 =3 i=-13¢ | n5 |

Table 4-3B WA3CB3I2 General AC Characteristics, 8-10MHEz

| I | 8 MHz | 9 MHz 110 MHz | |
| Farameter | Symbal | Min | Max | Min|Max {MiniMax | Unie |
| Cycle Time | £CYC [12510C {110|DE §F1004DC | 'n5 |
| Clogck Pulse Width Low | tPWL .062)110 .055]10 [.05/10 | usS |
| Clock Pulse Width High g o L T - R - T R
| Fall Time, Rige Time tF, LR E 5 = 5 i [ o o e |
! AQ-AlS Hold Time LAH 10 - 110 =l ns |

AQ-A15 Setup Time | tADS | - |40 | - |40 | - [40 | S |
| A16-A73 Hold Time | tBH 10 | - [10 | = |10 | - | nS |
| A16-AZ3 Setup Time | tHAS | - |43 | - |45 | - |45 | n3 |
| Access Time EACC |70 = 170 | = {70 | = | n& |
| Read Data Hold Time tDHR {10 | - |10 | = J10 | = | n§ |
| Read Data Setup Time EDSR |15 il B = 13 - ns |
| Write Data Delay Time tMDE | - |40 | - |40 | = [40 | n§ |
| Weite Data Hold Time tDEW |10 | = 130 | =410 | = | ng |
| Processor Control Secup Time tBCE (15 | - (15 | - (15 | - | n5 |
| Processor Control Hold Time tBCH |10 | = 110 1 = |10 | = | as |
|_EB/El6,MX Output Hold Time tEH - 300 SLss - il o M R
|_EB/Ele,MX Output Setup Time | tES |15 | - |15 | - [15 | - | n5 |
| Capacitive Load *1 e L CERT =438 = 138 = IS pf |
| BE to Valid Data £BVD | = [30 | = 30 | = |30 | nS |

*1 pApplies to Address, Data, R/W
*2 BE to High Impedence State is not testable but should be the same amount of time
as BE to Valid Data
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4.4 General AC Characteristies: WVDD= 1.2V, Vi5= 0V,
Ta= (ol En +70al

Table 4-42 WESCE3IZ General AC Characteristics, 40 KHz

I I | 40 EHz | I
I Parameter | Symbol [Min [Max|Unit |
|Cyole Time e e - |J£iJ
|Clack Pulse wWidkh Low | EPWL [12.5}13 | us |
iClack Pulse Width High | tPWH [12.5] - | ug |
iFall Time, Rise Time e ER | -  [10. | B8
120-215 Hold Time s [IU 1= a8
1AG-A15 Setup Time [ BRDS [ - | 2 | ms |
|2n0-AZ3 Hold Time tBH |10 ol T
[Al6-AZ3 Satup Time tBAS | - 2 | us |
|Access Time JEREC (35 T -ih s
|Read Data Hold Time | EDHR |100 | = | oS |
|Read Data Sefup Time | tDSR 1.5 [ = | us |
|Write Data Delay Time thnk | = |} s |
|Write Data Hold Time tDHW |10 o -
|Pracesssr Conterol Setup Time] tPCS [1.5 | - | us |
[Progesaer Control Hold Time | tPCH [100 | - | nS |
|[EH/EL6, M Cutput Hold Time tEH |10 =} A8
|EBJELS, MX Gutput Setup Time | tES 100 | - | a8 |
|Capacitive Load =1 CEXT | - 1100} pF |
|BEE to Walid Data *2 tBVD | - (30 | nf |

*1 bhpplied to Address, Data, R/W
*2 BE to High Impedance 5tate is not testable but should be the same amount of time
as BE to Valid Data
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< - tCYC2 - =»| | €=-£F
PHIZ? ] | ]|
Al ! Al
I I I\
tF-> |€ TPNL > 1< tPWE-~--==>| |
tAR->| |<= =>| |<LR =>] [<=-tAB
AT I 2
“"ll'l“" I \ b‘t . l U
AD-ALS, VDA, VEA ey | 1"
| <——==tADS-===>|<——| TACT > I<-tDSR
| | I
Read Data, I” A~ VNV MEAS |-/ U e v T ey
Al6=-A23 1M A | FAY A I_ﬂ
tDER->| |<~- | =»| |<-tDER
| €-LBAS==>| -»| |<-tBH =»| |<-tDSR
| | |
Write Data, I~ N \/AIE-RZ3 1| A/ \/ Write Data \/
A16-A23 P WemeT ey |\
tORW->|  |<= ->| | €-tMDS-->| |<-tDEW
i I EPCS->| | €= X
I I Bl
1RQ-, NMI-, RES-, | | 't T [
RDY | | T
I | =»| |<-tPCH
| | B
ABORT | N e ¢ e s
| }_f
[ tPCS->| | <- I
der pap s I i
/X S VRN By, Y
I_/\ NI N_1_\
| i 11 -»| |<-tEH
=>] [<=tEH I=>] |<-tEH =¥ |€-tES
1 EES->| |<-] A
) L) 1
ES/E16 =AY VES vy O\
I_N NN N1\
Timing MNotes:
1. Voltage levels are V1<D.4V, Vh>2.4V.
2. Timing measurement points are 0.8V and 2.0V.
Figure 4-1 General Timing Diagram
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SECTION 5
ORDERING INFORMATION
W 65C832 -
Description |
¥-5tandard

1
I
]
Product Identification Number I

[ e

EEL—H Teaded plastic chip carrier

at P
Blank- 0ol to +70ol

Performance Designator

Designatars selected for speed and power.
-4 4MHz -& 6MHz =B BMHz ~10 10MH:x -E Experimental

General sales or technical assistance, and information about devices supplied to a
custem apecification may be requestad from:

The Weatern Design Center, Inc.
2166 East Brown Road
Mesa, Arizema 853213
Fhone: 602-962-4545 Fax: 602-835-6442

WARMING:
M0S CIRCUITS ARE SUBJECT TO DAMAGE FROM STATIC DISCHARGE

Internal static discharge circuits are provided to minimize part camage due to
environmental static electrical charge build-ups. Industry established
recommendations for handling MOS clrcuits include:

1. 5hip and store product in conductive shipping tubes or conductive foam plastic.
Never ship or store product in non—conductive plastic containers or
non-conductive plastic foam material.

2. Handle MOS parts only at conductive work stations.

3. Ground all assembly and repair tools.
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SECTTION 6
APPLICATION INFORMATION
Table 6-1 W§50832 Instruction Ser-Alphabetical Sequence

ADC Add to Accomulator with FPHA Push Accammlator Stack
Mesnry .=
ASL s ft Ome BL o o~ PEHE Push Program Bank hqi-:r.
I1: &r on
ﬁ Branch on Carry Elﬂr (Pe=0) Etack
F:—l] FEP Push Processor Status on Stack
Igg TE Pz= PEX Push Index X on
B Bra PLa Bull Accumulator fpas
BMI Bra f Resnlt Minus iPﬂiil FLA oL Stack
SNE Branch if Not Egual (Pz=) PLB Pull Data Bank rﬁf
BPL Branch if Result Plucs [Fn-ﬂl PLD Pull Direct Register from Stack
BRA Branch Always PLF Pull mlu us Erm Stack
BRX Force Break PLX Pull X
Bra Always Long PLY Pull Index ¥ fc- Stack
Bra on Owverflow c1u: tH-N Reset ﬁsﬁ E:
BY gfim:h on Overflow Sat (Pws=l) Rotate Bit Left {Memory or
CLC ear Carry Flag Ac ator
EI.D gar Decimal Mode Rotate One Bit Right (Memory ar
LI ear Inturrupt Disnl:-ll Bit Aoccumulator
CLV ear Overflaw Flag Return from Interrupt
CMP Compare Memory and Accumulator Return from Subroutine Long
Eg? E Tocessor Return from Subroutine
X g&:uu Memory and Indm: x

Subtract Memory from Accumulator
with

CPY C nd 1
s il wtlﬂn:; ot Recimalatar Set Processor Status Bite
E : Am:g..{nr.n: In Memory
e Index ‘; ﬁ Store I X in Memory
;c 1{. CR® Memory uith Store IE&:: ) 4 1n Hemary
ar

w

Edaster & Aeoumilator th Sries

: tor to Direct
Register
Transfer C Accammlator to Stack
Pointer ﬁiﬂ:u
Transfer Direct Register to C
Accumulatar
Test and Reset Bit

Test and Slrr. Bit
Transfer Stack I'n.i.:lr.u' Register

Subroat Long
to Bew location Savicg Rsturn
Accumulator with Memory
Index X with Memory
L Index Y with Mearry

Shift One Bit Ra [I-Iuln or to C Accumml
Accumalator) . o Transfer mg Fointer Register
t,} Move Negatiwve to Index X
ack Emuﬂ.- Transfor Index X to Accumulator
1“.‘9: Tranafer I X to

II'i'I’Jl Acoumulator
ve Absalute Address

ve Absalute Address

E Eiﬁai LEhbYARKEE B S50 8

Transfer Index Y to Index X
Wait for Interrupt

““EiEHEB BB @ Hg# H O gREd39d0N 838 § OR

PER ective Program Counter mm !n: Iu ure Uu
Hlllt vE hdd:eaa gn Stack Accumulator
Ex:hin lnd ntinn EH
Exchun atisn EH
han nvlr w and
Emulnt

For alternate mnemonics, see Table 7-3-1.
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W65C02 8- Emulation

- Hardware/Software

O0FFFC,D-RESET- Hardware
OOFFFA, C-NMI- Hardware
QOFFF8, 9-ABORT- Hardware
Q0FFF6, 7= (Reserved)

0OFFF4, 5-COP Software

WESCA3Z2 Hative

OOFFDE, F-IRG- Hardware
COFFDC, D- (Reserved)

OOFFDA, B~NMI - Hardware
0OFFDE, 9-ABORT- Hardware
QOEFDE, T-BRX Software

00FFD4, 5-C0P Software

MARCH 1930

Table 6-2 Vector Locations

WESCA16 16-bit Emulation
GOFFEE,F-IRQ- Hardware
00FFEC, D~ (Reserved)
QOFFEA,B-NMI- Hardware
00FFER, 3-ABORT-Hardware
Q0FFES, 7-BRK  Software
DOFFEA, 5-COF Software

n
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WDC THE WESTERM DESIGN CENTER,; INC.
Table 6-3 Opcode Matrix
L] L]
L i
-] LD o
L] L] 32 3 a L l L1 r L ] L ] ' L ] [ =] L3 La
| [ O e =| DRAds & || O g | ASL A oma e | PR ORaw | LS & a | OR&a | &SLw -
E'tl 28 Fl 2™a Fi I‘III! PS8 .1 3§ 2R illl:‘i 3 s A& Il-
O L mqﬂr.ﬂ:r o oA s -ﬂF. cs aw ' [ 'q-l I_.m.-.“q
I|'Il I‘l-il"i 2T TI'*!I I'in'l 2. B I EENEL J L 1 O ] 3 & 37 1:1'
| kD) e w gy STa | ANDa | AR E ful] | PPy | aRDE Y, B ETa L ] w8 -—l
',; ' ﬁ: ?l 7 3 l:ill ﬂ.. vejealrsali®s] 24 |3 a Ji.ﬁ:"
i | AN ol || A g v | BT e H‘sh“ -:IFJ Er‘“m TR FTRE . T T E
MN2z]| 2 ":1_5 287 | 2% |2 s dze] 39 |32 liﬁlﬁl 3% | aefar] «*s}?
| [@tie |pORmm | woM | Bojas [Mwrec| tDna | 180 ol [P gone [usnajmes] aees | 2oma | Lsma al 1
L ll-n.l'l E;ﬂ‘l].t EREE [ﬁi s3] 21 alivs] 53 |34 38 ﬁl'
= A i A
o B | O ) | O o | R o illﬂ-ﬂllﬂll.- da | BOA Jdly | T« |BOM ay] Pary i| APE (EDAsa |1 SEas ]

E r:r'_ 54 | 2% zl"r'r 2% llrr;-_l :Jn r 2] a4 t™a ﬁ’: % | 3a|lar] a*s]®
BrE§ | ADE s | aDCax d | A @ | MO g j91 |PLAs | ADC s |ROAA|NTL | 8Py | ADCa | ROAS sl
"lra] as Fl_ "'ﬁ?" EREE "l:.'i'l 1. 1IFIIII|}l 33 | 34 ]3e] s¥s)"
Bvs i | ATy | 1) |G jdapy | STELds | ADC 8= dal| ADC jd] x| SE1i |ADG L] II-,I.!:I- mulmuﬂq
érll‘ li'.ﬁl itdi' til- I A 2 6 278 1- 2434 HIII ] 3 4 Fr Iﬁ'

| BTAd.E) i ETh ds 5T¥d | BTAd | BTEd S5T4 @] | DEY B | TH&: & BTYa S5Tha | 5TEm #
lﬁl __I__l_‘__il'i-l ;1'! i2 i3 B3 Iﬁ'l -2 350 vyt a4 3 4 - ] -l-I-ll
ACCr | BT oy | ST&d) | STA D)y {STvde [ATAds AT ay | STAfdly | TYA [ STA Ry | TEE ¥ A | BTaax |STZan] BT nle
III | B -I“!- EE? _ll I 1 4 "ﬂ!-.l S S L :1!4- 3B !-ii II..I o
A LEY & | LIOA jd,m) | LDW @ I.D-id‘.l LEYd | LEwa | LDXa I.Fh:l#l TaY | | LOvE | TaK. &| LOYa LD&m | LDX S _I.*H A
72 B 2 2 278 2 3 2 ) I | 278 1tk FE R L IRV 3 4 ] 4 3 4 avs
AP | LD )y DA LD gy | LD s [LEW @ LN my | LO® Jd]y | CLV 0 D& sy TRE | Tel | LDY 58 | LOW as | LDE & al.sf
fl!? 2 A _i':"l TE‘T 2 2 a I‘_i _l‘:l 2] .34 12 'l'tl 3 a O 3 II-' Lﬂ_l_ n
ol e | R o) | MEPA | CHPas | CPYA | CMPJ [ DEDd jgi | wvi | caP e | O i| e | CaPa | DECS - |
L - a N l':l_ __'?*-I T 2 - - | _!‘ !_ .l.:;?:..-._ 12 2 LI ¢ wﬂ | !-_ J_-l- I I?Ilt!- o
Uil ¢ | oRE e ;'.Fqﬂrmilu.“-l 8 AP DEE A | Clal by | CLDN (TP a0y L] b i | CRER gy | DEC o] CRIP o
i" 2 7 xy |2 . r__ﬁn tejzm :":L _l__|=r_I___J-4 EWJ T""I 34 L3F)e*x)®
i g e §LE el | El e ds Crug | BCd | g ] | B | SERC w | RO i| CFua | SAC N a ]
"'-,;I; 1.-;' z':l_ :Tit T3 F31r 5 ?i'l- 12l 22f12]vM3] 34 1: & ﬁ: L
_lssay | A sny (S8 o0 o0 PLas [BCds MC s | SBC 26D, |seca v [ncl s [mmgn s 55C o | nc ax| smg
| r; Jl_';:r't; IE?” ':lifi (RN ER] _l';?’1ar :Ilr'l'.iilql l‘tﬂ a4 :;’“lﬁ'
ka1l » [ 2| » B s | » ' [ s | ajoe € o E ¥
1_- el pyaang o EPEES | SCFERRen] Fuiais
| ® LT Al derprt wries) by
& P E——— by oot edewc? ey ssl el
{ » PP e g 2 e
i m [T T Ll B (R T T Fviewn e
] Lt | ay W it Feleeed [aoatop)
" At o e g
d T o Fouie g e em
Ha e anaSeeed |will w i s ESTE T
iy e aner et (il g1 1dely | viack relalive redinct idcead
ad Ay o geppieimyd [T arEceaie -
1] direct pespd rdines [FIY dlrbevniin indesed nditeg]
Ly duect slreri indessd e heack mowe
Op Code Malrix Legend
INSTRLUIGTION ACDRESSING
MHEMOHNIC # 5 Mg WESCE 16802 Opcades MODE
# + New WEBSC? Opcooes
MO BYTES NO. CYCLES
2
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Table 6-3 Opcode Matrix

W6SC832

MARCH 1990

M

- 1

D

3 N TS R o iloafalie o T efir )3
ORAds o | ORAd | ASL Y ASL A ORAa | ASL & Ong.i

:"4 ?Ps 2 3|2 1 2 34 .36l 4a%s|®
d.s).y '-IH OfRA d.x|ASL ING A a |ORA x| ASL ax| ONA 3,

2 5 i 5 2.4 |2 1”92 e 34| 37 4"5 ,

2 157 a AND (. x) .wqu.s Bifd | ANDd |ROL & AND A | BOL A ANOa | ROL a .tug-l >

39 218 2" 21 2 312 22 1 2] 1 4 3 8| a¥s

AN ¢ | AND 9Ly ﬁﬂm} AND a5y Hl‘h':l- ANRD 9% AND sy M?ﬂ AND ax |RCYL 5a M
’:z]:z 2% ‘d"* 2% 2 4l 2 A% 8 :l-1 3 & 37| e*s ) 3
I - - . T - - oy W

AT {EOR (ax) -agu EI.H ds |MVF xwe| EOR A ECn ¥ |LSRA EQAa | LSARa al
SAvEe =l S ol ‘i :l"‘.-' 2 3 3’3l 12 34 !‘K{' %
l r--i- T e e

BYCt [EOR ) y | EUI'H:I! FOR i <Ly W"!ﬂ SO A EONay| PHY 3 |TCD | JMP A (EQCRax LSH’-I.:I EOR ot
E:: 7 4 29 2, r 41 .3 4 JIIJI?I a%e | 3 4 ?I' s

FH'H; Ancm,q 5 .!cl:ll'.‘.d.I STZ2d lD!.".':I ADC # ROR A s| JMPa) | ADCa Fl:l‘l- AD?#
"T1sl 26 ﬂr 2%4 { 2 3 tyie 1::'*:“’"'L 28 34 a &

r o —

BvSt |ADC 1oLy mgmm ll.r EI gx |ADC a.x anc H.n 10C | | Jeap ADC ax HDI-'I A.Dci
ilh_? 2 e 5 ld % 2 4 a4 |1* IJ‘IF | 3%s 3 4 4 ’
g |BRAT STA (9.%) tll-!.ﬂ" 511:1: 5TY 4 STA d 8TYa | STAa lm. sun .

292 Z 6 . Taadl | 2 3 2 3 3 a 3 4 @ 45

ACC r | STA 1Ly |STAD) |STA 3Ly | STYdX |STAd | STAax ISTZaxl STA alx
J A R e A 24 |2a e e s e
A LOY 2 |[LDAdx) | LDX# me LOYd | LDAG LDY a LDA S Lmu L%H A

| ® 2 2 8 2 2 2‘ 4 r - | 2 3 J 4 J 4 4

g =
‘B BI:SI_,LI:H.IHH Lﬂli-ﬂ g:ll.ly LY dx |LDA ox lJIﬂ.t LMJ:II.:I* LU¥ax | LDAas Ll}!l.r l.% n

g 2 :! 5 295 | 2 4 2 4 2 -l 3 4 3 4 a 4 -I.

’r 1Y -""'I.H -_-.1,:} m:_lu I’.ruFﬂ.s Civva | CMPd I‘IECd f-\ll"idl CPYa | CaPa C-t!'u o
12 2 208 2%3 :r.u 2 3 I 23 2%6 34 | 34 ;
LN » [OMIP gy "-.rrmm d.:.lh s JCMPdx CaaP laly | CLO .la'm E:II'I.IIIEGI.I l'.:'.l‘ni
”.*_:r‘_z_:. 2%% L ;E‘:a 2 @& _:1 12134 3% | 34§23 45':'1
i' oPs v 1538C 1 x) -’:El-"- ' b&(iln UPxda |Eﬂcd NG 4 SB(ildl NG | SOC » CPXa | SBCa | Ca EE

e 2 2 6 21; zsl__za 1 2 :ii a2 4 7 4 3 &

v — i -—— s B - * e — -,

c |BEQ s [ SAC 1y f.nq:m SN 1"“" Pt:: SBC da NG d x iderSEl}- SBC ay H.:-.l Igzl JEHP.ﬂ SBC ax | INC ax > |
i'?? 2:‘:‘:5__ _i-l ‘Id_‘l? 2 4 [ 1%a ] 3 a 3 7
| 0 A g5 s (0 RN e Y 1S 4 ' 8 9 A | B c 0 ] R l

[
Y ACCyrmulalon
¥ l'ﬁ'l'&'ﬂﬂﬂtltflﬁiﬂht
i n PO A COUMBE 1eaf ree IO A Asoiute ndexed iwth x)
i L | ¥ absalute mdared (wth y)
L | siach al absalute ong
d giraci nl x atreolute 109 inde wed
e duect indesed ['wilh ) as Slacm rwlative
“y et noeaed [wilh ) 1d. 5Ly tlack relative indirect inccaed
1} Fitene 1 vrmct 1al 20100lR INARCt
fed.x) drect ngesed ndirec: la.x) Aboule imcsased Ndirec!
19y deect ndiree] inceed I e biock move _]
Op Code Malrix Legend
INSTRUCTION ACDRESSING
MNEMCNIC # = New Vi65C816/802 Opcades MODE
® - New WESCD2 Opcodes
BASE Blank * NMOS 8502 Opcodas BASE
NO. BYTES NO. CYCLES
== = m
32
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WDC THE WESTERM DESIGN CENTER, LHNC.
Table 6-4 Operation, Operation Codes and 3tatus Register o=
T - =i ] 5 [ TPl B
& | = STATUS DOOE ik
PAKE- | i s = m ] P [N ®Ela |78 6 4 3 2 ¢ 0| SGHD
WOHIG ok | = || ] = o d|= = - =
nla|d w ___._.E..;'i-l'liil'n.'l:;!.__,_ ;"","!'-'MFEIIIEE-I:I
DPERATION T|Z[a 4|6 |8 |7 [Ela|m1[t@ @] (17w [@|a@[e (22w v 1 80 1 2 E=1
Falsl ATHILC A Fﬁwﬁ AR R EE] TG IF | R I Y .0 A0C
AND | AR = 23|20 eF | i Maiar || |ae e |2 3z |z iz |m P ¥ T
i Gor W] -0 0E o o 15 iE " o AsL
[Tl H Fio& | ) BCD
BCS ARAKCH IF C @ 1 ah BCH
HEQ BRAMCH IF L 7 1 ] B A o]
mT ARk MOTE 1) b | i E ac L ey z T
3w HEF R T b 2 ? Bl
HE ARAMCHES 2 =0 oo HHE
a3PL BRAMCH = N 11 | 10 AFL,
@AA ENANGH LLAATS 1 ] ] i FEELE]
EETY BAEAN [NOTE 3] i 5 a L L
BAL BAMNCH LONG ALSWAYS F-I.' = | ARl
i BRAMGH IF ¥ = | E | v
w5 FRAMEHIF ¥ = 1 | | | F 3vg
CLC - 18 | i 1] CLE
GLD =0 L - | a SLD
(=W gl o | [ i CLI
CLY e | | ] B3 y L
CAP Al o= ] e Lt {e AN perl g B e nn ioF | oe == 2 m H . e (1
) G- PRCCESS0A | 1 1 e ool COF
) K=l ED|EG 1Ed [ e I [ o
SR Fuld e Hl fe |iGd | | } W ETS 2P
DEC CEECRESYENT CE| Cajas | 5] |oE N L OEC
DEX Xeo1=% f Ga | H Ll g OEX
ey [ | o H Fa OEY
=5 A - & =F | &3] aF | A6 | PN TR ] EIrRE ] =2 147 &1 [ax L TR ECA
MG HIZFEMEMNTS EE EZf14 FE FE M o 1M
| Ev] =X EE L] z %
I Tal-¥ <A M i M|
Sl JUBAP LOMG TO MESY LOC DC L |
P JURAP TO NEW LD, o E L= B 0" NIE]
A JUMP LOMG TO SUE. o kit .H: ,% ¥
L34 JURAP T SR | L 3
LD M- & A0l &0 &F | a5 IEi IE:' A |8k JBI:I aF|Ea B2 |aT! A3 [ P o 2 :'.b.l.
Lox T RE[RE| [Am [ =) T N F] Bt |
LOf¥ (T 'F_ A AT ad | a2 L= N b Loy
L=A n— 1 a] - ZE 48 |44, | 5| |iE 0 En L
W i — KF %ﬁﬂ. 6|, M
Wl* W~ W POEITIE | | g ®  UyE !
WGP EA ; :
ORA oD oF |0 1efpaF |08y ab 11 9F | v g o I 0E | M £ JITA,
g7 ! | | | Fa | =
3EI | | El"'l oy
PER. | Mt +d Upeen =)~ Ms 1. U | {2 229
-t = i
BHA h-Mrm-1-0% I o =Ty
PHE | 0BA -Ms5.1-8 | | 4B i
PHO O o= M, ME =Y, 5T~ 8 1 | | ag &  FHD
FHIK (= T e 4e e PHE
FHF Pl 5-1=5 st | rHiE
FHE X—Ws 5 1% oA {m  PHX
PHY Fooldm -1 8 G & FHTY
FL# oAl My - A - ] o FLA
| PLE 5+1- 5, Ms— CEd AR N £ & FLB
PLD Hog v G Ma-1 W& D 28 u I . w FLD
RS | Sel-SRa-F { iH NWMREOT Z G PLP
L E-1-5 hig—X [ |Fw [ i PLY
BLY A-1-HpMa—-¥ ; Th iy z PLY |
HEP [T ) oF { WX D Il Z N FEP
AoL Ifllg-:r Li - 2E| |6 |am = = [ e (T
Ak Lo g aH | S s . F ] B ' H zc| roA
ATl ATPES FRCHA INT | | 142 MuM2DIZC AT
arL ATFS FACH SR LONG | | o  C sty . | omm
ATY ATFM ME | | ] J ; AT
%80 T, iy eajenferes| | |Fi|Fr|E1|Pa F | #F | Fa Fa | E? | = MY I 5EC
e | -G [ o 1 i SEC
EER | - | o ! Tl
.- ] = | | b ) i AEI
SER MYF =P B2 ] NYMED I o
STA - P an| aF | a5 | BE|AT| B A% el L i | BT ax || 5 To STa
&TF E.“T\IGF.:I — 3} 0B | & 5P
TR - LT3 e 98y STK
g1 o ac. i W Ty
5TE Mt - i 1] B s aE il BEE
TAE A= A W £ rax
T&F A an T W FI
TGO G- w3 | L o E e TEn
TGS G-5% 1B 1 : LA ]
T D—C B | B b ¥ TOC
TRE 15 14 | . Z |= TRE |
"~ TEB AUKI — WA ey | ; . L = TR
THC g-C { & i Z % TsC
TEx =1 A 1 | ™ i T%
s o a A, | i 7 T4
TES K=% B | | | : TiS
TEY - T [ F & THY
Tia L Bl | N 2 T
THE VA B3 i H 2= Tex
i 3 — Ap CHB| | . AR
WOM | =D GPEAATION (RESEAYEDI | a | AT
¥da | H——a | (] N Z |* ama
ECE | Geap | FH | | . E|l® wcE
Hies: 2 W e ham WHICEIAHEIF Insiuchors - Acd ¥ OR
u - w7 Kt WGLCIER ingtruasiang - Bubiracl % Eac nr
1. B ireeerdane M oand ¥ bags no atleomad Wien 3 Mg - hl rldl.lu e . i usres

2 Himak Bal [B) n Stilus regraker iicaked faidmding O $0Mwid



WeSCB32

THE WESTERN DESIGN CENTER, INC.

Table 6-4 Operation, Operation Codes and Status Register
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WDC THE WESTERN DESIGN CENTER, INC. WeSCh32
Table 6-5 Instruction Operation
(14) 1) (15 Y
ADDRESS MODE CYCLE VP, ML,VDA,VPA ADDRESS BUS = DATA BUS R/W
1. Immediate-# 1. 1. 1 1.1 FERIFC OpCade 1
(LD¥, CPY, CPX, LDX, ORA, e el [l 0 1 PBR,PC+]l IDd 1
AND, EOR, ADC, BIT,LDA, (1) 2a. 1 1 O 1 PBR,PC+2-4 ID1-3 L
CMP, 5BC, REP, SEP)
(14 OpCodes)
{2, 3 and 5 cycles)
2a. Abspolute-a 1. 1 1 1 1 PBR,FC CpCode 1
(BIT,STY, 5TZ, LDY, 2. 1. 1 0 1 PBR,PC#1 AAL 1
CPY, CPX, 5TX, LOX, ¥.. 11 0 1 PBR,PC#2 AAH L
ORA, AND, ECR, ADC, 5. 1 1 1 0 DBR;AA Byte ( 1/0
STA, LDA, CMP, SBC) (1) 4a. 1 1 1 0 DBR,AA+1-3 Bytesl-3 1/0
(18 OpCodes)
{3 bytes)
{4, 5 and 7 cycles

Zb. Absolute- (R-M-W)-a e 1.-1 1 1 PBER,PC OoCode: 1
(ASL, ROL, LSR, ROR 2. 1 1 0 1 PBR,FCHl RAL 1
DEC, INC, TSB, TRB) 3. 1 1 0 1 PER.PC:2 ARH 1
{6 OpCodes) 4. 1 0 1 0 DBR,AA Byte O 1
(3 bytes) (1) 4a. 1 0 1 0 DBRAA+3 Bytes 1-3 1
(6 for 8-bit data, (3 5. 1.0 0 O DBR.AA#l or 3 IO ) |
8 for 16-bit data, (1) Ga. 1 0 1 O DBR,AA+3-1 Bytes 3-1 0
12 for 12-bit data) 6. 1 0 1 0 DBR,AA Byte O (]

2c. Absolute (JUMP)-a 1. 11 1 1 M OpCode 1
{Je) (4C) 2. 1 1 @ 1 PBR,PCH+1 Eew ECL L
{1 OpCode) 3. 11 0 1 PBRPCe2 New PCE. . 1
{3 bytes) 1. 1 1 1 1 PSRMNENEC New OpCode 1
{3 cycles)

2d. Absolute (Jump to 1..1 1 1 1 FMRIC OpCode 1
subroutine) -a 2. 1 1 9 1 PR PCHl New BCL 1
[J3R) 3. 1 3 0 1 PBR,PC#2 New PCE i
{1 Oplode) 4. 1 1 @ 0 PER,PC#2 10 1
{1 bytes) 5. 1 1 1 0 0.5 PCE 0
(6 cycles) 6. 11 1 0 0,871 BCL 0
{different order from 1. 11 1 1 ma.mwec New Qplode 1
N6502)

*3a. Absolute 1. 1 1 1 1 PeaPEC OpCoda 1
{ORA, AND, EOR, ADC 2. 1. 1 0 1 PR PCHl AAL 1
STA, LDA, OMP, SBC) 3. 1.1 0 1 PR PCs2 AAE 1
(8 OpCodes) 4. 1 1 0 1 PFBR,FC#3 ARE 1
(& bytes) 5. 11 1 0 ABA Byte 0 L/0
(S, 6 and 8 cycles) {1) Sa. 1 1 1 0 AAB,AR+1 Bytesl-3 L/0

*3b. Absolute Long (JUMP)-al 1. 1 1 1 1 PBRPC OpCode 1
{JMF) . 1.1 0 1 MK New PCL 1
(1 OpCode) 3. 1.1 0 .1 PR, PCH2 New PCH 1
(4 bytes) 4. 1 1 0 1 PBR,PCH) New BR 1
(4 cycles) 1. 11 1 1 NENPBRPC OpCode 1
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*3a,

LE

4b.

Ba.

*gh.

#6c,

WCC

ADDRESS MODE

Absclute Long [JUMP To
Subroutine Long) -zl
(J5L)

[1 OpCade)

(4 bytes)

(T cycles)

Direct-d
{BIT,5TZ,8TY, LDY,
CPY,CEX, ST, LDX,
ORA4, AND, EOR, ADC,
STA,LDA, CMP, 5BC)
{18 OpCodes)

I£ bytes)

(3, 4, 5 and 7 cyeles)

Direct (E-M-W)-d
(A5L, ROL, L3R, ROR
DEC, INC, TSB, TRB)
(6 CpCodes)

(2 bytes)
(5,6,7,8,11 and
12 eycles)

Bocumlater-a

CICLE

(2]
i1}

(2

{1}
(3}
(1}

{ASL, INC, ROL, DEC, LSR, ROR}

{6 OpCodes)

{1 byte)

{ 2 cycles)

Implied i

{DEY, INY, INX, DEX, HOP,
RCE, TYA, TAY, THA, TXS,
TAX, T5X,TCS, TEC, TCD,
THC, TEY, TYX, CLE, SEC,
CLI,5EI,CLV,CLD, SED)
(25 OpCodes)

(1 byte)

(2 cycles)

Implied i

(XBA)

(1 OpCode)

(1 byte)

{3 cycles)

Wait-for-Intercupt
{WAL)

{1 OpCode) (3
{1 byte) e Tl
{3 cycles) IRQ, NMI

MARCH 1350
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THE WESTEHMN DESIGH CENTER, INC.

, VDA, VEL ADDRESS BUS

PER, PC
FER, PC+1
PER,PC+2
0,5

q,5

PER, PC+3
0;5_1
ﬂ;S—E

NEW PBR,PC
PBR,PC
PBR, PC+1
PBR, PC+1
0, DD
0,D4D0+1-3

FEBRE,EBC
PER,EFC+1
EBR,BC+1
0,0+Da
0,D0+D0+1-3

O,0+00+1 o 3

0,D04+D0+3-1
0,.0+D0
PER, PC
PBR, PC+1

PER, PC
PER, PO+1

FBR,PC
PBR,PC+1
PBER,PC+1

EBR, BC

FBR, FO+1
PEE, PC+1
FBR, PC+1

r—-nl—ll—rg

WESCB32

DATR BUS R/W

Gplods

Hew PCL
New PCH
PER

IG

lew PER
PCH

PCL

New Colode
opCode

Do

I

Byte O 1/0
Bykbesl-3 1/0

D S D S O e

OpCede

Do

10

Byte 0
Bytas 1-3
10

Bytes 3-1
Byte O
opCode

I0

o ok ook i

el = =

OpCade
10

P

CpCode
10
10

R

OpCode
I0

10

IRQ (BRE)

I W

-



fod.

10a.Direct, ¥-d. =
(BIT,5TE,5T¥, LDY,

WoC

ADODRESS MODE

Stap-the-Clack

(STF)

(1 CoCode)
(1 byte)
(3 eycles)

(See 2la, Stack

THE WESTERN DESIGN CENTER, IHNC.

RE3-=l
RES==(
RE5-=0
RE5-=1

Hardware Interrupt)

Direct Indirect
Indexed- (d), vy

(ORA, AND, EQR, ADC,
STA, LDh, CME, 3BC)

{8 DpCodes)
12 bytes)

{5,6,7,8,9 and 10

aycles)

Direct Indirect

Indexed Long=[d].y
(ORA, AND, EQR, ADC,
ETEr ]:IDP;r mﬂEf SE'C:I

{8 OpCodes)
{2 bytas)

I6,7,8,% and 10

cycles)

. Direct Indexed
Indirect-{d,x)
{ORA, AND, ECR, ADC,

STA, LDA, CMP  SBC)

{3 Oplodes)
{2 bytes)
{6,7,8,9 and 10 cycles)

ORA, AND, ECR, ADC,
STA, LDA,CMP , SBC)

{11 CpCodes)
i3 bytes)
(4,5,6,7 and 8 cycles)

10b.Diract, X (E=M=-W)-d. x

DEC, INC)

(6 Dplodes)
(2 bytes)
(6,7,8,9,12 and

13 cycles)

MARCH 1930

(ASL, ROL, L3R, ROR,

CYCLE

(2}

(a3}

(1}

(2}

(17)

(1}

(2)

(1)

(2}

(1}

(2]

{1)
{3)
(1)

Iml mlllwddpl pdl.pll

. ﬂ -

- w " - "

N N L T S S T (Y R I T R e D R T TR R IR T Y S R T R
s
)

'n . -

e el e R e R S T R el Rl e el S R e R

VE, ML, VD&, VFA ADDRESS BUS

N N R

el el el el e S =l =

e e e e o e e o e o e o e e B N S l el S

Lo T o o e e O P PR ]

O 0 B e O O OO D R O e e O O b e sk OO b e O O T T i D D A

|l el e B ) o Y T )

DODDoDODOER OO OO0 0KE OoOOoOOODDDOoOoD OSSO0 OO - S e e B s R R T T

s T e R o R e e T e o T P B

RDY

1l

FBER, PC

FBR,;PC+1
PBE; PC+1
PER, PC+1
PER, PC+1
PRR, PC+1

=2 e e

PER, BC
PER, FC+1
PER, PC+1
0, D400

0, D+D0+1

DBE, AAJ  ARL+YL

DBER, AR+Y

DBR, AR+Y+1-3

EEE,FC
PER, PC41
FER,PC+1
0,D+00
0, D+00+1
0, D+00+2
0, 0+D0+2
BAB, BA+Y

AAB, BA+Y+1-3

FBR,PC
FER,PC+1l
PER, PC+1
PER, PC+1
0, D+DO+X
O, D+DO+N+L
DER, AR
LBR,AA+1-3
FER, FC
PER, PC+1l
PBR, PC+1
FPER, PC+1
0, D+D0+X
0, D+DO+X+1

PER, FC
PER, PC+1
PER, PC+1
PER, PC+1
Q,D+D0O+X
0, D+D0+E+]L
0, D4DO+E+1
0, D4DC+X+1
0, DD+

PHE, PC+1

Was

DATL BUS

CpCode
I

I

RES (BRE)
RES (BRE}
RES (BEK)
3EGIN

OpCode
oo

I0

AARL

ARH

I0

Byte 0
Bytesl-3
OpCode
Do

Ic

ART

LRH

LRB

IC

Byte 0
Bytesl-2
CcpCode
Do

Io

IO

AAL

AAH
Byce
Bykesl-3
Cplode
Lo

IO

IO

Byka D
Bykesl-3

Colode
oo

IC

Ic

Byte 0
Bytesl-3
e

Bytes 3-1
Byte 0

C8132

R/

e T W TP S A

=l b b ek e

=
T g,
=

(e

S T
e e T S = S SE R T S S

frrll et
Sy T,

o b e
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WDC
ADDRESS MCCE CICLE

11. Direct,¥=-d.y : 5
(STX, LDX} F .
{2 OpCodes) {2} 2a.
(2 bytes) S:
(4.5,6,7 and @ cycles) 4,

(1) 2a.

lli*mm;:'lll 1.
(BIT,LDY,STE, 2.
ORA, AND, EOR, ADC, 3.
STA,LDA, 08P, SBC) (4} 3a.
(11 OpCodes) q.
(3 bytes) 1) 4a.
“;!;‘- 7T and 8 qf-i“]'

b .Absolute, X (R-M-W)-2,x 1.
[ASL,ROL, LER, ROR, F
SEC, IRC) 1.
(6 OpCodes) i
i3 bytes) S.
(7,9 and 13 cycles) 1) Sa.

{3] 6.

{1} Ta.

f

"131- Hl-lﬂutl Lﬂﬂllnl'llpl i
{ORA, AND, EOR, ADC, 2.

STA, LDA, OMP , 5BC) 3.

(8 OpCodes) 4.

(4 bytes) (17) 4a.
(5,6,7 and 8 Ef:lﬂl‘r L.

(1) 3a.

14. Absolute,¥Y-a,y ;
(LDX, ORA, AND, ECR, ADC, 2.
STA, LDA, CMP, 5BC) 3.
(9 OpCodes) (4) 3a.
(3 bytes) 1.
'[‘,r!p E;T and 8 ':‘f:lﬂﬂ-b [1’ da,

15. Relative-r 1,
{BPL,BMI,BVC,BVS,BCC, = 2,
8CS,BNE, BEQ, BRA) {5) 2a.
{9 OpCodes) {6) 2b.
{2 bytes)
(2,3 and 4 cycles)

*16. Relative Long-rl 1.
(BRL) z.
(1 OpCode) 3.
(3 bytes) 4.
(4 cycles)

17a.Absolute Indirect-(al i
() 2.
(1 OpCode) 3.
{3 bytes) 4.
(5 cycles) 5.

MARCE 19350
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THE WESTERN DESIGN CENTER, INC.

ML,VDA,VPA ADDRESS BUS

PBR, PC
PBR, PCHL
PBR, PCH1
PBR,PC*1

0, D+DO+Y

0, D+DO+Y+1-3
PRR, PC

PER, PC+1
PER, PC#2

DBR, ARE, RAL#XL

OBR, AA+X
DBR, AA#X+1-3

PER, PC
PER, PC#+1
PBR,PC+2

DER, AAE, AAL+XL

DER, AA+X

DBR, AA+X+1-3
DBR, AA#)+lor3
DBR, AA#N+3-1
DBR; AA+X
PER,PC

PBR,; PC+1
PER,PC+2
PBR,PC+3
PBR,PC+3

AAB, AA+X

AAB, AR+X+1-3
PER,PC
PBR,PC+1

PBR, PC+2

DBR, ARH, ARL+Y
DBR, AR+Y

DBR, AR+¥+1-3
PBR, PC

PBR, PC+1

PER, PC+1

PBR, PC+1

PBR, PC+0ffaet

PBR, PC
PBR,PC+1
PBR,PC+2
PHR,PC+2
PER, PC+0ffset
FBR, PC
FBR; PC+1
PR, PC*2
0,AA

0, Aa+l
PBR, NEN PC

WESCB12

DATA BUS E/W

Cplode 1
Do 1
10 1
IO 1
Byte 0 170
Byresl-3 1/0
OpCode 1
AAL 1
RARE 1
10 1
Byce 0 LSO
Bytesl-3 170
OpCode 1
ARL 1
AAE 1
IO 1
Byte 0 1
Bytes 1-3 1
o 1
Pytes 3-1 O
Byte O 0
OpCode 1
RAL 1
RRE 1
RAE 1
IO 1
Byte 0 1/0
Bytesl-3 1/0
CpCode 1
AAL 1
ARH 1
10 1
Byte 0 . 1/0
Bytesl-3 1/0
dpCode 1
JFF L
I0 |
Io i
Cplode 1
CpCode 1
CFF Low 1
OFF Bigh 1
I0 1
OpCode 1
CpCode 1
AAL 1
AAH 1
Hew PCL 1
Hew PCH 1
OpCode 1
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THE WMESTERN DESICN CENTER, INC.

CYCir VP, NL,VDA,VPA ADORESS BUS  DATA BOS R/W

ADDRESS MODE
*17h.Absolute Indirect-(a)

e R e N Rl o e R R e el N e - e e Ko e Rl =8

=
eR =

284

mmmmmmMWmmmmmmmmamm Wm

el =R=N R R R == ey R =R =N el el ek

el o el el el el el gl e el el el el el e e e
ad

el el o o e el el el

e e e Byl .-.-.__.r“.
= L D Lae e T Y -

| &
2.
3.
=
2.
(2} 2a.
3.
4.
5-
1) Sa
1

{(2) 2a.

i)

20a.Absolute Indexed Indirect-

(6,7,8,9 and 10 cycles)

STA, LDA, CMP, SBC)
15:6:; 78 and 5 cyclaa)

(8 OpCodes)

{2 bytes)

{ORA, AND, EOR, ADC,
(ORA, AND, EOR, ADC
STA, LDA, OMP, 58C

{1 OplCode)
{3 bytes}
(6 cycles
(8 OpCodes)
({2 bytes)

{oML)
*19. Direct Indirect Long-([d]

#18. Direct Indirect-i{d)

T b R Lo e BB o =" — T g e G G L = g - e e ey

a
o mmm g
m”mm_mmwmm S3eiilecfli. 33 m

T & TE
SusNlly o o e
{ gppedales _00338ve .. 2,
B RS EHEE T p0daaas:
N N RN N N R N == R~ N RN -R=-=N-N =] =]

OO0 NP ON 00D 0D =0 e e

sl gl e P e e e el o o el el el e e el el el e e e e

= e e e e e e e ] e e el e e e e DD e

T.
8.
1

i i L
D =l vl O P e LD WD P 80 e e

Zz.
3.
&,
- A

i
=

LLWLL

o REasA

$ e

: it :

| B

§53 . 353 d35§s-

1 § 3%3 “FUEd

mmMMm mmm@ﬂw mWMm#m

228288 &MMHHH ﬁ -
2 8
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WDC THE WESTERN DESIGN CENTER, INC. WasCE32

ADDEESS MOZE CYCLE 'ﬁ,m,m&,wa ACDRESS BUS DATA BUS  RB/W
Z1bh.8cack (Software (I8 Yol v Y 1 -FPBR.PC OpCode 1
Interrupts)-s (16043 2,1 -1 0 1 PBR;PCHL Signature 1
(BRE, COP) & o s i Ll [ty [l ¢ R o PHR ]
(2 OpCodes) ! R P VR B RS M PCH Q
(2 bytes) s, SR R (RSN < S T BCL ]
(7 and 8 cycles) g, 1.1 .1 0 ;083 (18) P ]
i feaiest | S Rl s | T B - ARV, 1
B...0 .1 .1 0 ;0¥ LLVEH 1
p kil iy el PR, (Bt T 5 Hew CpCode 1
21e.8tack (Beturn from p R R | 1 1 PBR;PC CpCodea 1
Interrupt) -= B R | 0 0 PBER,FC+1 IC 1
(RTT) {(3) 3. 1.1 0 O PBR,PC+l I0 1
{1 Op Code] e R | 100 Dy Bl F 1
{1 byte) . O R i SRS M T BCL 1
{6 and 7 oycles) Folpeck [ WL ISR - SO FCH 1
{(different order frem (7). 7. .1 1 1 .0 0,5+ EBR 1
Ne502) ) SRS S SRR R Hew OpCode 1
21d.58tack (Return from PP SR N R OpCode 1
Subroutine) -s Ze o121 20 S0 -PERFCF] 10 1
{RTS) 3. ~1-1 0 -0 PBR,PCH] 10 1
{1 Op Code) ey PR Sl SRR | R - 7 BCL 1
(1 byte) 8.1 .1 L1 <0 08 PCH 1
(& cycles) 6. 1 1 0 "1 NEW PC=] 10 1
Sk ST i BEERL Bk, | o OpCode 1

#21e,.5tack (Return from | okt | 1 1 PBH,PC OpCede i
Subroutine Long) -3 Lo d 210 A0 LD VPG POFL 10 1
{RTL) c i e AR | B 1 R | i 10 1
(L 0p Code) - sk S R R i -7 G Mew BCL 1
(L byte) - R SR G | BRM 7D Hew PCH 1
(6 cycles) ey W RATIL ks | B s 0 Mew PEBR 1

1...0%1 -1 ‘1 i1 -MEW PRE,.BC Hew OpCode 1
21f.5tack (Push)-s 1. .11 Ak 1 CPBREC OpCode 1
[PHE, PHL, PHY, PHX, 2. 1 .1 0 0 PBBR,PC+1 10 1
PHD, PHE, PHB) PE R BEE R TEey e R G S Bytes3-1 1
{7 Op Codes) i iy e 1 0 0513 Bytal 1
{1 byte)
{3,4, and & cycles)
21g.5tack (Pull)-s Loamek . pk ok vk AR OpCode 1
{PLP,PLA,PLY,PLX,PLD,PLAE) 2. 1 1 0 0 PER,PC+l Io i
{Different than N6302) St ok - ol CPERGECTY IO 1
{6 Op Codes) ; Fmer o | 1 0 ©,5+1 Byte (0 1
{1 byte) (1) 4da.-1 1 1.0 0.8+-% Bytesl-3 1
(4,5 and 7 cycles)

*21h.5tack (Push Effective Lo ak ok ik L PEREFG OpCode 1l
Indirect Address)-=s S O | 1] 1 PEBER,FC+l Lo 1
{PEI) {2} Za.:1 1. 0 0 -FBR;PC+L IO |
{1 Op Code) v S s AR YR 1 ey AAL 1
{2 bytes) dw 21 1 o A0 DFDOFL BAH 1
{6 and 7 cycles) - A Sl T MR - L S RAH 0

PR BiRe Gl R S+ AAL Q
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*2i.5tack {Push Effective i
Absolute Address)-s 2.
(FEA) 1.
{1 Op Code) q.
{3 bytes) -
{5 cycles)

*214.5tack (Push Effective e
Program Counter Relative d.
Address) -s 3.
{PER} i.
(3 bytes)

(6 cycles) 6.

#32. Stack Relative-d.s X,
{CRA, AND, EOR, ADL, 2.
STA, LDA, OMP, 5BC) 3.
{2 Op Codes) L
{2 bytes) 1) &a
(4,5 and 7 cycles)

23, Stack Relative Indirect L
Indexed-(d,a), ¥ 2.
{ORA,AND, EOR,ADC,STA,LDA, 3.
CMP, S8C) q.
{8 Op Codes) : 5.
(2 bytes) 6.
(7,8 and 10 cycles) : A

i1} s

*24a.Block Move Positive y" 1.
(forward) ~xyc (181 2.
[MVE) {18)1 3.
{1 Op Code) N-2] 4.
{3 bytes) Byte| 3.
{5 and 7 cycles) C=2| g+

1_T.

r=Scurce Address <
y=Destination | 1.
c=lof bytes to move-1(18)| 2.
X,y Decrement (18)1 3.
MVP is used when the N-1| 4.
dest. start address Byte| 5.
is higher (more Cel| &,
positive) than the source|_7.
start address.

I"1.
FFFFFF {18y 2.
" _Dest Start {18)] 3.
I ! N Byte| d.
| _I _Scurce Start Last] 5.
| 1 | _Deat End c=0] 6.
| 1 __ Scurce End T
000000 -
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S e e el el el e e e e S S s s el el e e e

ek e el s [ s s s =

ek et o o et et e

e el el ol R S e e N = I T RN R O

ek b et

b e el e i et et

DO DO HEOHRODE eSO DO e

(==l el — I~

=R =W N == B

QDO DOEKE OO0 D OO0 R e

- - el - -1 - =y

= R == =W

PER, PC
PBR, PC+1
PER, BC+2
PBR, PC+2
0,8

0,8-1
PBR, PC
PBR,PC+1L
PRR, PC+L
0, 5+50

0, S+50+1-3

FER, PC

FBR,PC+1
FPER+PC+1
0,5+50

O, §+50+1
Q. 5+50+1
DBR, AR+Y

DIH; H+Y'[‘1 "'J

PER, PC
FPBR, PC+1
PBR,PC+2
SBA, X
D2A,Y
DAY
DBA. Y

WE5C332

DATA BEUS RW

CpCode 1
ART 1
ARH i
ARH i)
AAL 0
OpCode 1
OFF Law )
OFF High 1
10 1
PCH+OFF+ D
Carry
BCLAOFF 0
OpCode 1
50 1
IS 1
Byte 0 1/0
Bytesl-3 1/0
Jplode 1
1) 1
10 1
AAL i
AAH 1
10 1
Byte 0 1/0
Bytesl-3 1/0
CpCode 1
DBA 1
3BA 1
SRC Data 1
DEST Data 0
10 1
10 1
OpCode i
DBR 1
SBA 1
SRC Data 1
DEST Data 0
10 1
10 i
Cp Code 1
DBA 1
58A 1
SRC Data 1
DEST Data 0
Io 1
10 1
New OpCode 1
&0
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ADDRESS MOCE CICLE VF,ML,VDA,VPA ADDRESS 3US DATA BUS R/W
*24b.Block Move Megative 1. 1.1 1 1. PAPC OpCode 1
{backward) -xyc {18 2. 1 1 -0 .1 PBRPCH DEA 1
(V) (18}] 3. 1 1 -0 -1 PBR,PCH2 SBA 1
{1 Op Code) 2] 4. 1 1 1 0 SBX SRC Data 1
(3 bytes) Byte| 5. 1 1 1 0 DBA,Y DEST Data 0
{T cycles) C=2] 6. 1 1 0 0 DBA,Y I0 |
b Tecl ) -0 .0 DERY 10 1
x=Scurce Address

stination Flenwd i E o3 i1 PERIC OpCode 1
c=fof bytes to move-1(18)] 2. 1 1 .0 1 PBR,PC+l DBA 1
%,y Increment (18)] 2. .1 . 1 @ 1 PBAPCH2 584
MVN is used when the N-1] 4. 1 1 1 0 SBA,X+1 SRC Data 1
dest. start Bddresa Byte| 5. 1 1 1 © DBA Y+ DEST Data 0
is lower (more C=1] 6. 1 1 0 O DBA Y+ ID 1
negative) than the scurce| 7. 1 1 0 0 DBA,TY+] I0 1

start address. =4
I'l. 1.1 1 1 PEAFC OpCode 1
FFFFF (18)1 2. 1.1 0 1 FER.PCs DBA 1
| _Seurce End (18)1 3. 1 1 0 1 PBRPCs2 SBA 1
| | NBytel 4. 1 1 1 D SBAX#2 SRC Data 1
| _| Dest End C=0] 5. 1 1 1 0 DBA Y+2 DEST Data 0
| | |_Source Start | 6. 1 1 0 O DBAY+2 10 1
V | Dest.Start LT 1.1 .8 0 DRk Y2 10 1
000000 1. 11 .1 1 PBKEECH? New OpCode 1

12.
13,
14,

13.
6.

17.
18.

Add 1 byte (for immediate only) for 16-bit data, add 3 bytes for 32-bit data,
add 1 cycle for lé-bit data and 3 cycles for 32-bit darca.

Add 1 cycle for direct register low (DL) not egual 0.

Special case for aborting instructiom. This is the last cycle which may be
aborted or the Status, PBR or DBR registers will be updated.

Add 1 cycle for indexing across page boundaries, or writa, or 16-bit or 32-bit
Index Registers. When 8-bit Index Gegisters or in the emlacion mode, thiy
coctaing invalid addresses.

Wait at cycle 2 for 2 cycles after WMI- or IRQ- active isput,

R/W- remains high during Reset.

BRE bit 4 equals "0" in Emulation mode.

PHF and FLP.

Some OpCodes shown are not on the WESC02,

VDA and VPA are not wvalid outputs on the WASCO2 but are valid on the WESCA32.
The two signals, VDA and VPA, are Included to point out the upward
compacibility to the W65C832. When VDA and VPA are both a one level, this is
equivalent to SINC being a4 one level.

The PER is not on the WGSCO2.

Co-processors may monitor the signature byte to aid in processor to
co-processor communications.

Add 1 cycle for 32-bit Index Register mods.

Subtract 2 bytes and 2 cycles when in WE5CH32 Native mode for MVN and MVE.
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AAB Absclute Address Bank OFF Offset

AAE Absolute Address Eigh P Status Reglster

AAL Absolute Addresa Low FBR Program Bank Register
AAVE Absolute Address Vector High FC Program Counter
MVL Absclute Address Vector Low PCH Program Counter High
Byte 0 Data Byte 0 PCL Program Counter Low

Bytes 1-3 Data Bytes 1-3 R=M-W Read-Modify-Write

C Accumulator 5 Stack Address

D Direct Register S58A Source Bank Address
DEA Destination Bank Address SRC Source

D8R Data Bank Register S0 Stack Offset

DEST Destination VA Vector Address

D0 Direct Offset x, v Index Register

100 Immediare Data Byta O
ID1-3 Immediate Data Bytes 1-3

I Internal Operation

* = New WE5CH16/802 Addressing Modes
f = New WG5C02 Addressing Modes
Blank = NMOS 6502 Addressing Modes
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SECTION 7
FECOMMENDEY ASSEMBLER SYNTAX STAKDARDS

7.1 Directives

Assembhler directives are those parts of the asseshly language source program which
give directions to the assembler; this includes the definiticn of datz area and
constants within a program. This standard exclodes any definitions of assembler

directives.
7.2 Comments

An assembler should provide a way to use any line of the source program as A&
comment. The recommended way of doing this is to treat any blank line, or any line
that scarts with s semi-colon or an asterisk as a comment, Other special characters

may be used as well.
7.3 The Source Line

Any line which causes the generation of a single machine language instruction should
ba divided into four fields: a label field, the operation code, the operacd, the
comment [ield.

7.3.1 The Label Field--The label field begins in column one of the lime. A
label must start with an alphabetic character, and may be foll ay
zero or more alphammeric characters. An assesbler may define an upper
limit on the numsher of characters that can be in a label, =3¢ long as
that upper limit is greater than or egual to six characters. An
assembler may limit the alphabetic characters to upper-case characters
if desired. If lower-case characters are allowed, they should be
treated as identical to their upper-case equivalents., Other characters
may be allowed in the label, so long as their use does not conflict with
the coding of operand fialds,

7.,3.2 The Operation Code Field--The pperation code shall consist of a thres
character sequence (mnemonic) from Table 6-2. It shall acart no sooner
than column 2 of the line, or one space after the label i{f a label ia
coded.
7.3.2.1 Many of the operstion codes in Table 6-2 have duplicate
Enemonics: when two or more machine language instruction have the same
mnemonic, the assembler resclves the difference based on the operand.
T7.3.2.2 If an assembler allows lower-case letters in labels, it must
also allow lower-case letters in the spemonic. When lower-case letters
are used in the smemcmic, they shall be treated as equivalent to the
opper-case counterpart. Thus, the meescrics LDA, Tda and LA =ust all
be recognited, and are equivalent.
7.3.2.3 In sddition to the snemonics shown in Table €-2, an assesbler
may provide the alternate mmemonics show in Table 7-3-1.

MARCH 1330 43



WDC

Tl

MARCH 1390

THE WESTERN DESIGN CENTER, INC. WeSCHRIZ

Table 7-3-1 Alternate Mnemonics

Standard Alias
BCC BET
BCS BGE
CHMP A CHMA
DEC A DEA
INC & IMA
J5L JSH
JML JHP
TCD TAD
TCS TAS
i i TOA
TS TSA
KXHA WA

Ted 2.4 J5L should be recognized as eguivalent to J3R when it is
gpecified with a long absolute address. JHML iz equivalent to JME with
long addressing forced.

The Cperand Field--The operand field may start no sooner than one space
after tha operation coda field. The assembler must ba capable of at

least twenty-four bit address caleulakbions. The assembler should bs
capable of specifying addresses as labels, integer constants, and
hexadesimal econstants. The aszembler must alleow addition  and

subtraction in the operand field. Labals shall be recognized by the
fact that they start alphabetic characters. Decimal numbers shall be
recognized a8 containing only the decimal digits 0...9. Hezadecimal
constants shall be recognized by prefixing the constant with a "g"
character, followed by zero or more of either the decimal digits or the
hexadecimal digits "A"..."F". If lower-case letters are allowed Lln the
label field, then they shall alsgc be allowed as hexadecimal digics,
7.3.3.1 All constants, no matter what their format, shall provide at
least enough precision to specify all walues that can be representad by
a twenty-four bit =signed or unsigned integer represented in two's
complement notatlcn.

7.3.3.2 Table 7-3-2 shows the operand formats which shall be recognized
by the assembler, The saymbgl d is a label or wvalue which the assembler
can recognize as being less than $100. The symbol & 1s a label or walue
which the assembler can recognize a3 greater than $FF but less than
£10000; the symbol al 1is a label or walue that the assembler can
recogqnize as being greater than 5FFF. The symbol EXT is a label which
cannot be located by the assembler at the time the instructicn is
assembled. Unless instructed otherwize, an assembler shall assume that
EXT labals are two bytes long. The symbols r and rl are B and 16 bit
signed displacements calculated by the assembler.

b W | Hote that the operand does pot  detecmine whether cor not
immediate address lcads cne or two bytes, this is determined by the
setting of the status register. This forces the requirement for a
directive or directives that tell the assembler to generate cne or two
bytes of space for immediate lecads. The directives provided shall allow
separate settings for the accumulator and index registers.

14



7.3.4

MARCH 1990

THE WESTERN DESIGN CENTER, INC. WEsSCR12

7.3.3.4 The assesbler shall use the <, > and * characters after the
character in immediate address to specify which byte or bytes will be
selected from the value of the operand. Any calculations in the operand
must be performed before the byte selection takes place. Table 7-3-2
defines the action taken by each operand by showing the effect of the
operator on an address. The colusn that shows a two byte Iimmedizte
value show the bytes in the order in which they appear in memary. The
coding of the operand is for an assesbler which uses 32 bit address
calculations, showing the way that the address should be reduced to a 24
bit valoe.

Table 7-3-2 Byte Selection Operator
Operand One Byte Result Two Byte Result Four Byte Result

#501020304 04 03 o4 01 02 03 04
#<501020304 04 03 o4
$>501020304 03 02 03
#-501020304 02 il o0

7.3.3.% In any location im an operand where an address, or expreasion
resulting in an address, can be coded, the assembler shall recognize the
prefix characters <, |, and >, which force cne byte (direct page), two
byte {absclute) or three byte (long absclute) addressing. 1In cases
where the addressing modes 1s not forced, the assembler shall assume
that the address is two bytes unless the assambler is able to determine
the type of addressing required by context, in which case that
addressing mode will be used. Addresses shall be truncated without
error in an addressing mode is forced which does not require the entire
valoe of the address. For exasple,

LDA 50203 LDA 15010203
are completely eguivalent. If the addressing mode is not forced, and
the type of addressing cannot be determined from context.t he assembler
shall assume that a two byte address is to be used. If an instructiom
does not have a short addressing mode (as in LDA< which ahs no direct
page indexed by Y) and a short address is used in the operand, the
assembler shall automatically extend the address by padding the most
significant bytes with zeroes in order to extend the address to the
length needed. As with ismediate address, any expression evalustion
thall take place before the address is selected; thus, the address
selection character is only used ooce, before the address of expression.
7.3.3.6§ The ! (exclamation point) character should be supported as an
alternative to the | (vertical bar).
7.3.3.7 A long indirect address is indicated in the operand field of an
instruction field of an instruction by surrounding the direct page
address where the indirect address is found by sguare brackets; direct
page addresses which contain sixteen-bit addresses are indicated by
being surrounded by parentheses.
7.3.3.8 The operands of a block move inatruction are specified as
source bank, destinstion bank-the opposite order of tzz ocbject bytes
genarated.
Comment Field--The comment field say start no sooner than one space
after the operation code field or operand field depending on imstruction

Lype.
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SECTION 8
CAVEATS

Tahle 8-1 WeSCH1E Compatibility Izsues

i WeLLA16/B0zZ WGEC02 ] NMOE 6502 |
'Z. § (5tack) Always page 1 (E=|Always page 1, 5|Always page 1,8 |
I i), B bits; 16 |bits |bita |
| - bits when (2=0} | I
|2, % (% Index Reg) Indexed page zero|AlWaysa page 0 Ihlways page 0 I
I

|always in page 0 | |

| {E=1}, Cross page| I |

. | {2=0} ! ' |

3. T (¥ icdex Reg) Indexed page zeco Always page T | Always page © I
|
|
|
|

| jalways in page O | |
| | (E=l), Croas pagel i

| | (E=Q) I [

'4, B fAccamlator) 18 bits (=1), 15 |8 bits |¥ bits K
|bits (M=0) | |

i5. [Flzg Regl IN,V, and Z f.ags |N,V, and ZflzagsiN,V, and I lags
valid in decimzl valid in dec. invalid in

|

| . l decimal

| |mode., D=0 zfter |mode. D=0 afterimode. D=unknown

| | zeset/interrupt. |reset/interrupt|after reset. 3
|not modified
|after interrupt

| I

—— i -

A. Timing I | |
I
|

s —— A G —

|
I
| A. ABS,X ABL, LS8R, |7 cycles 6 cycles |7 eycles
| R-Et-..! F“:'R IH'L'_"_'I- Ko | |
I Fage Crossing | ' |
I B, Jusp Indirec: I ! I
Cperacd=NXFF IS5 cycles I§ cyzles |5 cycles ang |
I | | |zevalid pege I
I | | |crossing [
I £. Branch ACTDSS & cyclesy (E-1) |4 cycles |4 cycles |
I Eags i3 cyclex (=D} ! ]
D. Cecimal Mode |5z adc. cycle jAdd I cycle [Bo add. cycle
1. PEE Vactor IUIFECE, IE=1) i 2:;F B3EE bho==|FrrE,7T BRX bat=C |
IBRK bit=C zn 17 on stack if |on stack is T30, |

stack if IRQ-,  |TRQ-, NMI-. | NM1-, I
| KMI-, A3CRT-. ' | |
|ODEFEE, 7 (E=D) X=| ' '
i X on Stack always|
|B. Interrupt or Breax |PBR naot pushed |Not available
|  3ank Addrass | (E=1), RTI FER |

i inot pulled (E=1), |

[}

— EEm

|

Not mavalrlablae |
I
|
IPER pushed (E=C), | !

I IRTI PER pulled |

I

I

I

I

|

i
I 1 {E=C) = I I I
|7. Meoory Lock (ML~} (ML-={ during Read|M_-=) durinz |N¥ot awvailable [
' |Msdify and W--te Modify ard [ |
jcycles. |Write cycles.
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| WESCEL1A/ 802 WhECLZ [ MMOS 6302 I
|10, Indaxed Rorpss Page|Extra read of Extra read of |Bxtra read of |
| Boundary {d},ysa,x;|invalid address. |last instructionlinvalid address. |
| Br ¥ | {(Hote 1) fetch. | |
[11.EDY Pulled During |Ignored (E=1) for|Processor stops. | lgnored. |
| Yrite Cyecle |WE5C81A anly. | | |
i |Progcesapr atops | i |
i 1 {E=0) . I I i
1Z.WAI & STF instruct.|Available |Available |Naot available |
13,Unused COF Codes |Cne reserved OF |No operation. | Unknown and some |
[Code speclfied as| | "hang up" i
|WDM will be used | | pracesscr.

jin future systems| |
| The W&5C216 | I
pecforms a no- | |

I

aperation. |
14.Bank Address 'PBR=00 aftar re- |Not avallable |Not available
Modify-Write [Modify and Write |ing Write cycle. |[Modify and Write
Instructions leycles. B=0,R/W-=| leyalas,

I

I

I

I

| i

I I

I I

I I

I I

| Handling |set or interrupts] [ 1]

|15.R/W- During Read- I|E=l,R/W-=0 during|R/W-=0 only dur-|R/W-=0 during I
I

I .

I !

I :

I

I

I

I

I

I

|0 only during | I

iWelte cvcle. |
16.2in 1 |WE5CE02=5YNC. S¥HC | BYNC
|WE5CHE] A=NEA |
17.00F Instruction |Availabnle Mot avallable [Net available

Signatures Q0-7F | | |
defined. Signatures| | I
20-FF reserved ' | AL I

4.1 BStack Addressing

When in the Hative mode, the Stack may use memcry locaticns 000000 to DOFFFEE.
The effective address of 5tack, Stack Relative, and Btack Relative Indirect
Indexed addressing modes will always be within this range. In the Emulation
mode, the Stack address range is 000100 to QO0LFF. The following opcodes and
addressing modes will increment or decrement beyond this range when accessing
two or three bytes.

J5L: JSR([a,x); PEAR, PEI, PER, PHD, PLD, RTL; d, s; {(d,s), ¥
B.2 Direct Addressing

8.2.1 The Direct Addressing modes are often used to access memory registera
and pointers. The effective address gensrated by Direct; Direct,X and
Direct,Y addressing modes will always be in the Native mode range 000000
to OJFFFF. When in the Emulation mode, the direct addresaing range is
oooodl teo O0COOFF, except for [Direct] and [Direct].Y¥ addressing modes
and the FEI instructicn which will increment from 0000FE or OO00OFF inkto
the Stack area.
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8.2.2 When in the Emulation mode and DE is not egqual to zero, the direct
addressing range is 00DE00 to OCDHFF, except for [Direct] and [Direct],¥
addressing modes and the FEI iostruction which will iocrement from
QODEFE or O0DHFF into the next higher page.

§.2.3 When in the Emulation mode and DL in not egqual to zero, the direct

addressing range is 000000 to DOFFEF.
£.] Absoclute Indexed Addressing

The Absolute Indexed addressing modes are used to address data cutside the
direct addressing range. The WESCO2 and WE6SCRI2 addressing range iz D000 to
FFFT. Indexing from page FFXX may result in a O0YY data fetch when using the
WE5C02 or WESCE3Z. In contrast, indexing from page EIFFXX ==y result ia
22+1,00YY when using the WESCH22.

8.4 ABORT- Input

8.4.1 ABORT- should be held low for a pericd not to exceed one cycle. Also,
if ABORT- is held low during the Abort Interrupt segquence, the Abort
Interrupt will be aborted. It is not recommended to abart the Abort
Interrupt. The ABORT- internal latch is cleared during the second cycle
of the Abort Interrupt., Asserting the ABORT- Llnput after the following
instruction cycles will cause registers to be modlified:
8.4.1.1 Read-Modify-Write: Processor status modified if ABORT- ia
asserted after a modify cycle.
8.4.1.2 RTI: Processor status modified if ABORT- 1s asserted after
cycle 3.
8.4.1.3 IRQ-, NMI-, ARBORT- BRE, COP: When ABORT- is asserted after
cycle Z, PER and DBER will become 00 (Emlation mode) or PER will becomes
00 (Native mode).

8.4.2 The Abort- Interrupt has been designed for wirtual memory systems. For
this reason, asynchronous ABORTs- may cause undesirable results due to
che above conditions.

8.5 VDA and VPA Valid Memory Address Outpur Signals

¥hen VDA or VPA are high and during all write cycles, the Address Bus is always
valid. VDA and VPA should be used to gualify all sssory cycles. Note that
when VOA and VFA are both low, invalid addresses may be genérared. The Page
and Bank addresses could also be inwalid. This will be duer to low byte
addition only. The cycle when only low byte addition occurs is an optiosal
cycle for instructions which read mesnry when the Index Register comsists of @
bits. This optional cycle becomes a standard cycle for the Store instruction,
all instructions wusing the 16-bit Index Register mode, and the
Read-Modify-Write instruction when using 8- or 16-bit Index Register modes.

8.6 Apple II, Ile, IIc and IT+ Disk Systems
VOA and VPR should not be used to gualify addresses during disk operation on

Apple systems. Consult your Apple representative for hardware/software
configurations.
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8.7 DB/BA Cperation whea RDY is Pulled Low

8.10

.11

ihen RDOY is low, the Data Bus is bheld in the data transfer state (i.e., FEIZ
high). The Bank address external transparent latch should be latched when the
PHIZ clock or BDY is low.

M/X Output

The M/X output reflects the valid of the M and X bits of the processor Status
Register. The REP, SEP and PLP instructions may change the state of the M and
X bits. HNote that the N/X output is invalid during the instructiom cycle
following REP, SEP and PLF instruction exscution. This cycle is usad as the
opcode fetch cycle of the next instructionm.

All Opcodes Function in All Modes of Operation

2.9.1 It should be noted that all opoodes function in all modes of operatiom.
However, some instructions and addressing modes are intended for WESC812
24-bit addressing and are therefore less useful for the WE5C832. The
following is a list of instructions and addressing modes which are
primarily intended for W6SCB32 use:

JSL;RTL; [d] ; [d],y: TMP al;JML;al,al,x

8.9.2 The following instructions may be used with the WE5CH32 even though a

Bank Address is not multiplexed on the Data Bus:
PHE;PHB: PLB

8.9.3 T™e following instructions bhave "limited® use in the Emmlation mode:
8.9.1.1 The REF and SEP instructions cannot modify the M and X bits when
in the Emplation mode. In this mode the M and X bits will always be high
{logic 1).
2.9.3.2 When in the Emplation mode, the MVP and MVWN imstructions use the
X and ¥ Index Registers for the mewory address. Also, the MWF and MVN
instructions can only move data within the mewmory rcange 0000 (Source
Bank) to O00OFF (Destination Bank) for the WE5C832, and 0000 to OOFF for
the WESCE3Z.

Indirect Jumps

The JMP {a] and JML {a) instructions use the direct Bank for indirect
addressing, while JMP (a,x}) and JSR (a,x) use the Program Bank for indirect
addrass tables.

Switching Modes

to 01, and the high bytes of the X and Y Index Registers are set to 00.

save previous values, these bytes must always be stored before changing modes.
Note that the low byte of the 5, X and ¥ Registers and
the Accumulator (A and B) are not affected by a mode change

:
g
&
g
g
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8.12 How Hardware Interrupts, BRE, and COP Instructions Affect the Program EBank and
the Data Bank Begiskters

8.12.1 When in the Native mode, the Program Bank register (PER) is cleared to
00 when a hardware interrupt, BRE or COP is executed. In the Native
mode, previous PER contents is automatically saved on Stack.

8.12.2 In the Emulaticon made, the PBR and DBR registers are cleared ta 00 when
a hardware interrupt, BRE or COP is execuoted. In this case, previous
contents of tha PER are not automatically saved.

8.12.3 Note that a Return from Interrupt (RTI) sheuld always be executed from
the same "mode" which originally generated the interrupt.

#.13 Binary Mode

The Binary Mode is set whenever & hardware or software interrupt is executed.
The D flag within the Status Register is cleared to zero.

3.14 WATI Instruckion

The WAI instructien pulls ERDY low and places the processor in the WAL “low
power" mode, NMI-, IRQ- cor RESET will terminate the WAL condition and transfer
pontrol to the interrupt handler routine. Note that an ABORT- input will abort
the WAI instruction, buk will net restart the processar. When the Status
Register I flag is set (IRQ- disabled), the IRQ- interrupt will cause the next
instruction {following the WAI instruction) to be executed without going to the
IRQ- interrupt handler. This method results in the highest speed response to an
IRQ- input. When an interrupt is received after an ABCRT- which octurs during
the WAI instruction, the processor will return to the WAI instruction. COther
<han RES- (highest priority), ABORT- is the next highest pricrity, followed by
MMI- or IRQ- interrupts.

B.15 The STP instruction disables the PHIZ cleock to all ecircultry. when disabled,
the PHIZ clock is held in the high state. In this case, the Dta Bus will
remain in the data transfer state and the Bank address will not be multiplexed
ontoc the Data Bus. Upon executing the STP instruction, the RES- signal is the
only input whieh ean restart the processor. The processor is restarted by
enabling the PHIZ clock, which cceurs on the falling edge of the BRES- input.
Kote that the external oscillator must be stable and operating properly befare
BES- goes high.

.16 COP Signatures
Signatures 00-7F may De user defined, while signatures BO-FF arce reserved for
ingtructions on future microprocessors. Contact WDC for software emilation of
future microprocesscor hardware functions,

8.17 WDM Opcode Use

The WDM opcode will be used on future microprocessors.
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8.18

8.19

8.21

8.22

8.23

woC THE WESTERN DESIGN CENTER, INC, WeICBe32

RDY Pulled During MWrite

The NMCS 6502 does not stop during a write operation. In contrast, both the
WESC02 and the WESCEI2 do stop during write operations. The WESC832 stops
during a vrite when in the Native sode, but does pot stop whem in the Emmliation
mode .

MVN and WP Affects on the Data Bank Register

The MV and MVP instructions change the Data Bank Ilﬂmtmthnlnutth
second byte of the instruction (destination bank address).

Interrupt Priorities

The following interrupt priorities will be in effect ashould mere than one
interrupt occuor at the same time:

RES- Highest Priority
ABORT-

BEI-

IRQ- Lowest Priority

Transfers from differing register sizes

All transfers from one reglster to another will result in a full 32-bit output
from the source register. The destination register size will determine the
number of bits actually stored in the destination cegister and the walues
stored in the processor Status Register. The following are zl 16-bit
transfers, regardless of the accumulator size:

TAS:;TSA;TAD;TDA
Stack Transfers

Mhen in the WESC)Z Emmlation mode, -a 01 is forced into the high byte of the
1é-bit stack pointer. When in the Native mode or WESCE16 Emulation mode, the A
Acoumulator iz rransferred to the 16-bit stack poimter. Mote that in both the
Emulation and Kative modes, the full 16 bits of the Stack Fegistes are
transferred to the A Accumulator regardless of the state of the M bit in the
Status Register.

REP/SEP
WDC had problems using the REF and SEP instructions in early versions of the

high-speed WESCA16 and WESCA02 devices and has been corcrected on all WESCH32
devices.
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