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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

W6SCA32 FUNCTICH DESCRIPTION

The WESCEI2 provides the design engineer with upward mcbility and software
compatibility in applications where a 32-bit system configuration is desired. The
WESC832's 32-bit hardware configuratien, coupled with currcent software alleows a wide
selection af system applications. In the Emulation mode, the W65CB32 offers many
advantages, including full software compatibility wich 6302, W63C02 eor WBICBlG
coding. In addition, the W65CH32's pawarful instruction set and addressing mades
make it an excellent choice for new 32-bit designs.

Internal organization of the WE5SCA32 can be divided inte two parts: L The
meqister Sectisn and 2) The Comtrsl Section.  Imstructions (or opcodes) obtained
fram program memory are executed by implementing a series of Zata transfers wWithin
the Register Sectien. Signals that cause data transfers to be executed are
genarated within the Control Section. The ‘W65C832 has a 32-bit internal
architecture with an 8-bit external data bus.

1.1 Instruction Register and Decode

in opcode enters the processor on the Data Bus, and is latched into the Instruction
Reglster during the instruction fetch cycle. This instruction is then decodad,
along with timing and interrupt sigmals, te generate the wvarious Instruction
Register control signals.

1.2 Timing Ceatrol Undt {TCU)

The Timing Control Unit keeps track of each instruction oycla as it is executed.
The TCOU is set to zero each time an instruction fetch is executed, and is advanced
at the beginning of esach cycle for as many cycles as i3 required to complete the
instruction. Each data tranzfer between registers depends upon dJecading the
contents of both the Instruction Register and the Timing Control Unit.

1.3 PArithmetic and Logic Unit ([ALL)
All arithmetic and logic operatigons take place within the 32-bit ALU. TIn additien
to data cperatisons, the ALU also calculates the effective address Ffor relative and

indexed addressing modes. The result of a data operation is stored in eithér memory
or an internal register. Carry, Negative, Overflow and Zero flags may be uopdated

following the ALU data operation.

1.4 Internal Registers (Refer to Programming Model)

MARCH 1990 2
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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
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EREREEE
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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 RB/W- ocutput signal i3 in the high state, the microprocessor-ls reading data
from memory or I/Q. Whan in the low state, the Data Bus contains wvalid 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 BReady (RDY)

This bidirectional signal indicates that a Wait for Interrupt (WAI} instruction has
been executed allowing the user to halt operation of the microprocessor., A low
input logle level will halt the microprocesser in its current state. Returning RDY
to the active high state allows the microprocessor to continue following the next
PHIZ Clock negative transition. The FDY signal 15 intermally pulled low following
the executlon of 2z Wait for Inkerzupt (WAI) instructlon, and then returned bteo the
high state when a RES-, ABORT-, MMI-, or IRQ- external interrupt is provided. This
feature may be used to eliminate interrupt latency by placing the WAI instruction at

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

the next instructlion will be executed when the IRD- occurs. The processar will not
stop after a WAI instruction if BDY has been forced to 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 BDY.

2.13 Reset. (RES~)

The Reset dinput 1is used to initialize the microprocessor and start program
execution. The Reset input buffer has hysteresis such that a simple R-C timing
clrcuit may be used with the internmal 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- i3 being held low. During the Reset conditioning period,
the following period, the following processor initialization takes place:

REegisters
5] = naan SH = ni
LER = oo iH = 0o
PEE - oo TH = ac
N V/ELG M X ] T Z /BB
| |
P = _ x =11 1 1 0 1 = ¥ | * = nac
| | itnicialized
STP and WAI instructicns are cleared.
Signals
E& = 1 YDA = {
Eld = ing L YPeiim L
M/X . | VEA = 0
E/W- = 1
BYNC =

When Reset is brought high, an interrupt segquence is initiated:
a R/W- remains in the high state during the stack address cycles.
o The Reset vector address is QO0FFFC,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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