‘l‘ Rockwell

R6500 MICROCOMPUTER SYSTEM
PRODUCT DESCRIPTION

R6501@ ONE-CHIP MICROPROCESSOR

SECTION 1
INTRODUCTION

1.1 FEATURES OF THE R6501Q

= Branch on Bit Set (BBS)
s Branch on Bit Reset (BBR)
— Decimal and binary arithmetic modes
— 13 addressing modas
—True indexing
192-byte static RAM
32 vdwectonal, TTL-compatible VO knes (four ports)
One 8-bit port may be in-stated under soltware control
One B-bit port may have laiched inpuls under software
control
» Two 16-0 programmable countermers, with laiches
— Pulse width measurement
— Asymmetrical pulse genaration
—Pulse generation
— interval imer
— Event counier
— Retriggerable nterval imer
« Senal port
—Full-duplex asynchronous operation mode
— Selectable 5- 10 B-ba characiers
—Wake-up feature
—Synchronous shift regesier mode
—Standard programmabie bt rates programmable
up io 62 5K bits/sec (@ 1 MHz
s Ton interrupts
—Four edge-sensilive ines. two positive, two negalive
— Rgset
— Non-maskable
—Two counter underfiows
—Senal data recelved
——Senal data transmitied

» Bus expandable io 64K bytes of external memory

« Flexible clock circuitry

—2-MHz or 1-MHz intemnal operation

—|intemal clock with external XTAL at four tmes inlernal
frequency

—Exiemal clock input divided by one or four

1 48 minimum instruction axeculion time al 2 MHz

NMOS-3 sshcon gate, depletion load technology

Singla + 5V power supply

12 mW stand-by power for 32 bytes of the 192-byte RAM

B4-pin QUIP

1.2 SUMMARY

The Rockwell RE501Q is a compiste, high-performance 8-ba
NMOS-3 microcomputer on a single chip and is compatible
with all members of the RES00 tamily.

The RG5010 consists of an enhanced 8502 CPU, an internal
clock oscillator, 192 bytes of Random Access Memory (RAM),
and versatile inlerface circultry. Tha interface circultry in-
cludes two 16-bil programmable timer'counters, 32 bidirec-
tional inputioutput ines (including four edge-sensitiva (ines
and input laiching on one B-bit port), a full-duplex senal VO
channel. ten intérrupts, and bus expandabiity

The innovative architecture and the demonstrated high per-
tormance of the RGS02 CPU. as well as mstruction simplicity,
results in System cost-effectiveness and a wide range of
computational power. These features make the RE5010 a
leading candidate for microcomputer apphicabions.
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On Auction is one
EPROM
with Rockwell's original licensed

AIM 65 Firmware

(used on Rockwell AIM 65 Computers)
With R6501 Datasheet and AIM 65 User's-Manual on CD

Weblink:

http://cgi.ebay.com/ws/eBayISAPI.dII?Viewltem&item=140398495865

Look at eBay for Iltem number: 140398495865
AIM65 / AIM 65 EPROM for ROCKWELL R6501 and/or R6511

On Auction is one
EPROM
with Rockwell's original licensed

RSC-FORTH Firmware

(used on Space-Shuttle)

With R6501 Datasheet and the original Rockwell RSC-FORTH
User's-Manual on CD

Weblink:

http://cgi.ebay.com/ws/eBaylSAPI.dII?Viewltem&item=140398495611

Look at eBay for Iltem number: 140398495611
RSC-FORTH V1.6 EPROM for ROCKWELL R6501 and/or R6511




This section describes the inlerface requirements lor the

R6501Q INTERFACE REQUIREMENTS

SECTION 2

TABLE 2-1. RE5010 Pin Descriptions

RE5010). Figure 2-1 and 2.2 show the Interface Diagram and

the pin out configuration for both devices. Table 2.1 descnbes

SIGNAL NAME

[

PIN NO.

the tunction of sach pin. Figure 3-1 has a detailed block dia-
gram of tha RB5010Q ports which illustrates the internal fune-
tion of the device.
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FIGURE 2-2. Interface Diagram
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Main powar supply =5V
Separale powar pin for AAM
In the event ihal V.. power
15 0ff, iis power relams RAM
data

Signal and power ground (0V)
Crystal or clock input for in-
tornal clock oscillator. Aiows
input ol X1 clock signal If
XTLO is connected o Vi, or
of X4 cock it XTLO = foated.
Crystal output from intermal
clock oscillator.

The Resel inputl s used o
initinlize the device. This sig-
nal must not transiton from
low to high lor al jeast eight
cycles aftor V.. teachas op-
araling ranga and the inter-
nal oscilslor has stabilized.
Clock signal output al infer-
nal frequancy.

A negative going edge on (he
Non-Maskable intermupl sig-
nal requests thal a8 non-
maskablo interrupl be gon-
erated wilh the CPU

Four 8-bil ports used for
withar inpul/outpul. Each lina
ol Ports A, B and C consists
of an actve ransisior 10 Vi
and a passive pull-up o V...
Part D functions as esther an
B-Lit inpGt of B-bil output port.
It has active puli-up and pull-
down ransisions.




SECTION 3
SYSTEM ARCHITECTURE

This section provides a functional description of the RE5010.
Functionally the RE5010 consists of a CPU, RAM, four 8-bit
paralial 110 parts, a serlal VO port. dual counter/laleh circuits,
a mode conirol register, and an interrupt fiag/enable dual
regisier circuit, A block diagram of the system is shown in
Figure 3-1.

NOTE

Throughout this document, unless specified othanwise,
all memaory or register address locations are specified
in hoxadecimal notaton.

3.1 CPU LOGIC

The RG5010 intemal CPU is a standard 6502 configuration
with an 8-bit Accumulator register, two 8-bit index Registers
(® and Y); an 8-bit Stack Poinler register, an ALU, a 16-bit
Program Counter, and standard instruction register/decode
and mternal timing control logic.

3.1.1 Accumulator

The accumulator 5 a general purpose B-bit register thal
stores the results of most arithmenc and logic operations. In
addibon, the accumulator usually contains one of the two
dala words usad in these operalions

3.1.2 Index Registers

There are two B-bil index ragisters, X and ¥ Each index reg-
istar can be used as a base 1o modily the address dala pro-
gram counter and thus oblain a new address—ihe sum of
the program counler conlents and the indax regester contents

When executing an instruction which specifies indinect
addressing, tha CPU feiches tha op code and the address
and modifies the address from memaory by adding the index
regisier 1o it prior 10 loading or storing the value of memary.

Indexing greatly smplifies many lypes ol programs, espe
cially (hose using dala tables,

3.1.3 Stack Pointer

The Slack Pointer is an 8-bit register. It s automatically
incremented and decremented under control of the micro-
procassor o perorm stack manipulation in responses 10 aither
user instructions, an internal IRQ interrupt, or the external
interupl ling NMI. The Stack Pointer must ba initalized by
the user program,

The stack allows simple implementation of mulbple level
ws:mmwwmmm
ol data manipulation. The JSA, BRK, ATI and ATS insluc-
Lons use the stack and Stack Ponter.

Tha stack can ba envisioned as a dack ol cards which may
be accessed only from the top. The address of a memory

location is stored (or “pushed”) onto the stack. Each lime
data are o be pushed onlo the stack, the Stack Pointer is
placed on the Address Bus. data are written into the mamaory
location addressed by ihe Stack Pointer, and the Stack
Puointer ts decremented by 1. Each lime data are read (or
“pulled”) from the stack, the Stack Pointer is incremented by
1. Tha Stack Pointer is then placed on the Address Bus and
data are read from the mamary location addressed by the
Pointer.

The stack is located on zero page, |.e., memory locations
0OFF-0040. Atwr resel, which loaves the Stack Pointer
indaterminale, normal usage calls for its mitialization at 00FF

3.1.4 Arithmetic And Logic Unit (ALU)

All ardhmetc and logic operations take place in the ALL,
ncluding incrementing and decremanting internal registers
{except the Program Countar). The ALU cannol store data
lor more than one cycle. Il data are piaced on the inputs to
the ALU at the baginning of a cycle, the resull is always gated
mio one of the slorage regsiers of 10 axtemal memory during
the next cycla

Each bt of the ALU has two inputs. These nputs can be tied
10 vanous internal buses or 1o a logic zero, the ALU then
genaralas the function (AND, OR. SUM, and s0 on) using
the data on the Iwo nputs.

3.1.5 Program Counter

The 16-bil Program Counter provides the addresses that are
used 1o step the processor through segquential instructions
in & program. Each tme the processor feiches an instruction
from program memory, the lower (least significanl) byte of
the Program Counter (PCL) is placed on the low-order bits
of the Address Bus and the highar (maost significant) byle of
the Program Counter (PCH) (s placed on the high-order B
bits of the Address Bus. The Counler is incremented each
time an insiruchion or data s leiched from program memaory

3.1.6 Instruction Register and Instruction Decode

Instructions are feiched from ROM or RAM and gated onto
the Intema! Dala Bus. These instructions aro laiched into the
Instruction Reglster, then decoded along with timing and
interrupt signals o generate control signals for the various
reqistars,

3.1.7 Timing Control

The Timing Control Logic kesps track of the specilic instruc-
hon cycle beng executed. This logic 15 sel 1o TD each tima
an Instruction felch is exaculed and s advanced at the
beginning of each Phase One clock pulse lor as many cycles
as ane required 1o complete the instruction, Each data transfer
which takes place between lhe regsters s caused by
decoding the contents of bolh the instruction register and
timing controd unit
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2.1.8 Interrupt Logic

interrupt logic confrols the sequencing of three infermupts:
RES, NMi and IRQ. IR is generaled by any one of eight
condiions: 2 Counter Overliows, 2 Positive Edge Detects,
2 Negative Edge Delects, and 2 Serial Port Conditions,

3.2 NEW INSTRUCTIONS

In addition 1o the standard RES02 instruction sel, four new
bit manspulation instructions have been added o the RE5010.
The added instructions and their format are explained in the
foliowing paragraphs. Refer to Appeandix A for the Op Code
mnemonic addressing matrix for these added instructions.
The four added instructions do not impact the CPU processor
status register.

3.2.1 Set Memory Bit (SMB m, Addr.)

This instruction sets 1o “1* one of the B-bil data field specified
by the zero page address (memory or VO port). The lirst byte
of the instruction specifies the SMB operation and one of eight
bits 1o be sel. The sacond byte of the instruction designates
address (0-255) of the byte to be operated upon.

3.2.2 Reset Memory Bit (RMB m, Addr.)

This insiruction is the sama operation and formatl as SMB
instruction except a resal 1o "0° of the bit results,

3.2.3 Branch On Bit Set Relative (BBS m, Addr,
DEST)

This instruction tests one ol eight bits designated by a 3-bit
immediate field within the kst byte of the instruction. The
second byle Is used lo designale the address of the byte to
ba tested within tha zero page address range (memory or
WO ports). The twrd byte of the nstrucbon is used 10 specity
the B-bit relative address 1o which the instruction branches
il the bit tested is a “17. If the bit lested is not set, the next
saquential instruchon is exacuted,

3.2.4 Branch On Bit Reset Relative (BBR m,

Addr, DEST)

This instruction is the same operation and format as the BBS
ingtruction except that a branch takes place if the bit tested
is a0

3.3 READ-ONLY-MEMORY (ROM)
The RE501Q has no ROM and its Resel vector is al FFFC.

3.4 RANDOM ACCESS MEMORY (RAM)

Tha RAM consists of 192 byles of read/writa mamory with
an assigned page zero addrass of 0040 through 00FF. The
AB5010 provides a separafe power pin (Vi) which may be
used for standby power for 32 bytes located at 0040-D05F.
In the event of the loss ol V.. power, the lowest 32 byles ol
RAM data will be retained if standby power is supplied 1o the
Vaa pin. I the RAM data retention is not required then Vi,
must be connected 1o V. During operation Ves must be at
the V. lavel,

For the RAM to retain data upon loss of Ve, Ve, must be
supplied within aperating range and FES must be driven low
al least sight B2 clock pulses befora V. falls oul of operating
range. musi then be held low while V.. is out ol oper-
aling range and until al least eight 82 ciock cycles after V.
is again within operating range and the internal #2 oscillator
is slabilized. V., mus! remain within V.. oparating mnge
during normal aperation, Whan V. is out of operating range,
Vs Must remain within the Vi, relention range in ordar Lo
retain data. Figure 3.2 shows typical wavelorms.

- T

IMITIAL APPLICATION OF V. AND V..

LOBS OF V., AAM 04 STANDEY FOWER
REAPPLICATION OF ¥,

8 #2 CLOCK PULEES AFTER DSCILLATOR STABLIZATION.
=8 #2 CLOCK PULSES,

FIGURE 3-2. Data Retention Timing
3.5 CLOCK OSCILLATOR

The RB5010 has been configured tor a crystal oscillator, a
divide by 4 countdown network, and for Master Mode
Operation,

A reference frequency can be generated with the on-chip
oscillator using either an extarnal crystal or an extarnal
oscillator, The oscillator relerence frequency passes through
an Intemal countdown natwork (divide by 4) 1o obtain the
intemal operating frequency (see Figures 3-3a and 3-3b).
The external crysial generated relerence frequency is a pre-
larred mathod since the resistor mathod can have tolerances
approaching 50%.



Internal trmurig can also be controlied by driving the XTLI pin
with ar ademal lrequency source. Figure 3-3¢ shows fypical
connections. It XTLO s leht floating, the extemal sounse is
divided by e imemal countdown network. However, il XTLO
i tigd fo Vie, the intemal countdown network & bypassed
causing the chip fo operale at the frequency of the extemal
soufce
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FIGURE 3-3. Clock Oscillator Input Options

3.6 MODE CONTROL REGISTER (MCR)

The Mpde Control Register contalns control bits tor the mul-
fifunction 10 ports and mode salect bits for Countar A and
Counler B, Ils selling, along with the sefting of the Senal
Communications Control Regisier [SCCR). determinas the
basic configuration of the RE5010Q in any applicaton. [nitial-
izing this register 15 one of the (it actions of any sofiware
program. The Mode Control Register bit assignment 15 shown
in Figure 3-5

3.7 INTERRUPT FLAG REGISTER (IFR)
AND INTERRUPT ENABLE
REGISTER (IER)

An IACH interrupt request can be mibiated by any or all of eight

possible sources These sources are all capable ol being

enabled or disabled by the usa of the appropriate interrupt
enabled bits in the Inlerrupt Enable Register (IER). Multiple

simulianeous Infterrupts cause the 1RO interrupt request to
remain active until all interrupting condilions have bean
serviced and claared.

The Interrupt Flag Register contains the information that
indicales which 10 or counter needs attention, The conlents
of the Interrupt Flag Register may be examined at any ime
by reading at address: 0011 Edge detect IFA bis may be
cleared by executing a AMB instruction at address location
0010, The AMB X, (0010} mstruction reads FF, modifes bit
1o a0, and writes the modified value al addrass location
0011 In this way IFR bils set to a "1 alter the read cycle ol
a Raad-Modily-Wrila instruclion (such as AMB| are protecied
from being cleared. A loglc ™1" is gnored when writing to
edge detect FR bits

Each IFR bit has a corresponding it in the Interrupt Enable
Register which can be set 1o a ™1" by wriling a "1” in the
respeclive bit position at locabon 0012 Individual [ER bits
may be cleared by writing a 0" in the respeclive bt position,
or by RES. I set to a "1". an IRQ will be generated when the
corrasponding IFR bit becomes frue. The Interrupt Flag Reg-
mter and Interrupt Enable Hegatar bil assignments are shown
in Figure 3-6 and the functions of each bil are explained in
Tabip 3+1
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FIGURE 3-5. Mode Conlirol Register

The use ol Counter A Mode Salact s shown in Sactipn 6.1
The use of Countar B Mode Select is shown in Section 6.2,
The use of Port B Laleh Enable s shown in Section 4 4

The use of Part D in Tr-State Enable is shown m Saction
48,

The use of Bus Mode Select s shown in Section 45 and 4 6
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FIGURE 3-6. Interrup! Enable and Flag Registers

3.8 PROCESSOR STATUS REGISTER

The B-bit Processor Status Regater, shown in Figure 3-7,
conlaing seven stalus Nlags. Sonw of these flags are con-
trolled by the user program, others may be controlled both
by the user's program and the CPU. The RES00 instruction
sat contains a numbar of condiional branch instructions
which are designed 10 allow lesting of thase flags. Each of
the esght procassor stalus fiags =5 described in the following
séchons.

3.8.1 Carry Bit (C)

The Carry Bit (C) can be considered as the ninth bit of an
arithmetic operation. It is sel o logic 1 if a carry from the
lwmrmmﬂmmnmowmuﬂy
occurred as the result ol anthmetc operations

The Carry Bit may be set or cleared under program control
wuuﬂhsumtﬁmwcwcmm.lhtm
tion, respactivaly. Other operations which aflect the Carry Bit
ara ADC, ASL, CMP, CPX, CPY, LSA, PLP, ROL, ROR, RTI,
and SBC.

T L] L] L] k) 2 1 o

L] Ll L] o 1 4 [+

-

1= Carry Bai
8= Carry Clgnr

——— remo (1)

1 = Zavw Rasult
8 = Hoe-Jeio Mesult

mm;l@

1 = IRD inserTup Dinsbies
0 ¢ IAD sharrupt Drasblad

DECHMAL MODE (D3(T)

1 - Decwnal Mode
© = Benary Wode
BAEAR COMMANG (1)(T)

1, Break Command
0 = Mom Brass Command

17 Owverfiow §el

TABLE 31. Interrupt Flag Register Bit Codes

BIT

CODE FUNCTION

IFR 0: PAD Positive Edge Delect Flag—Seat 1o a "1” whan a positive going edge (s oslactad on PAD,
Ciearod by RMB O (0010) instruction or by AES.

IFR 1: PA1 Positive Edge Detect Flag—Set to a | when a posilive going edge is detactad on PAT,
Cleared by AMEB 1 (0010) instruckon or by AES.

IFRA 2: PAZ Negalive Edgs Detec! Flag—Sal to a 1 whan o negative going edge s datectad on PAZ.
Cisared by RMB 2 (0010) instruction or by RES

IFR 3 PA3 Negatve Edge Detect Flag—Sel 1o 1 when a negalive going edges i detacted on PAD.
Clearad by RMB 3 (0010) instruction or by RES.

IFA 4: Countar A Underfiow Flag—Sal 1o a | when Counter A ungderfiow occurs. Cleared by reading

i the Lower Counter A at location 0018, by wriling 1o address location 001A, or by

IFR 5: Counter B Undefiow Flag— Sel 10 a 1 whan Counter B underfiow occurs. Cleared by reading

8 the Lowes Counter B at location 001C, by wriling o address location 001E, or by

IFR B: Racaiver intarrupl Flag— Set to & 1 whan any of the Senal Communication Status Fegister bits
%wuuhn.m-mnmmwimwnmam

IFR T Transmitier interrupl Flag—Sed 10 & 1 when SCSA & is ssl 1o a 1 while S5C5A 5is a 0 or SCSA

7 is 381 10 8 1, Claared when the Transmitter Status bits (SCSA 6 & 7) are clearsd or by AES.




3.8.2 Zero Bit (2)

The Zero Bit {2) is sal 10 logic 1 by the CPU during any data
movemen! or calculation which sets all 8 bils of the result 1o
zero. This b s cleared o logic O when the resultant B bits
ol a data movement or calculation operation are not all zero.
The RES00 instruchon set contans no mstruchon 1o specii-
cally set or clear the Zero Bit. The Zero Bt is, however,
allected by the following mstructons, ADC, AND, ASL, BIT,
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY,
LDA, LDX. LDY, LSR, ORA, PLA, PLP, ROL. ROR, RTI,
SBC. TAX, TAY, TXA, TSX, and TYA.

3.8.3 Interrupt Disable Bit (1)

The intgrrupi Disable Bit (1) 1s used to control the servicing
of an interrupl request (IRQ). I the | Bit is resal 1o logic 0,
the TRQ signal will be serviced. If the bit is set to logic 1, the
IR signal will be gnored. Tha CPU will set the Imtprrupt
Disable Bi 1o loge 1 f a RESET (RES),IRQ. or Non-Mask-
able Interrupt (NMI) signal is detected

The | bit is cleared by the Clear Interrupl Mask Instruction
{CLI} and is sel by the Sel interrupt Mask Instruction (SEI)
This bit i set by the BAK Instruction. The FAeturn trofm Inter-
rupt (ATI) and Pull Processor Status (PLP) instructions will
aiso affect the | bt

3.8.4 Decimal Mode Bit (D)

The Decimal Mode Bit (D) is used to control the arithmaetic
mode ol the CPL. When this bit is sel 1o logic 1, the adder
operates as a decimal adder, When thes bil is cieanad 1o logic
0, the adder operates as a straight binary adder. The adder
mode is controlled only by the programmar. The Set Decimal
Mode (SED) instruction will set the D bit; the Clear Decimal
Mode (CLD) insiructidn clears . The PLP and RTI instruc-
tions also affect the Decimal Mode Bit.

CAUTION

The Decimal Mode Bit will either sel or ciear in an
unpradictable manner upon power application, This bit
must be initialized to the desired stale by the user pro-
gram of enoneous results may occur.

3.8.5 Break Bit (B)

The-Break Ba (B) is used 1o defermine the condion which
caused the TRQ service routing io be ontered. If the TR ser-
vice routine was entgred because the CPU execuled a BAK
command, the Break Bd will be set o 1. If tha TR rou-
tine was entered as the resull of an signal being gen-
erated, the B bit will be cleared io logic 0. There are no
instructions which can sel o clear this bit

3.8.6 Overflow Bit (V)

The Overflow Bit (V) is used to indicate that the result of a
signed, binary addition, or subtraction, operation is & value
thal cannot be containad in seven bits (- 128 = n = 127)
This indhcator only has meaning when signed anthmetic (sign
and seven magnitude bits) i1s performed. When the ADC or
SBC instruction is parformed, the Overflow Bit is set 1o logic
11l tha polarity of the sign bd (bit 7) is changed because the
resull exceeds - 127 or - 128, otharwise the bil is cleared
to logic 0. The V bit may also be cleared by the programmer
using a Claar Ovorflow (CLV) instruction.

The Overflow Bit may also be used with the BIT instruction.
mmmm—anyhmﬁ'hWIM“
devices—allows the overflow flag lo refiect the condition of
bit € in the sampled fieid. During a BIT instruction the Over-
fiow Bit is se! equal to the content of the bit 6 on Ihe data
tested with BIT instruction. When used in this mode, the
overflow has nathing to do with signed arithmatic, but is just
another sanse bit for the mi . Instructions aflecting
tha V flag are ADC, BIT, CLV, PLP, RTl and SBC.

3.8.7 Negative Bit (N)

The Negative Bit (N) is used 1o indicate that the sign bit (bit
7) In the resulting value of a data movement or data arith-
melic operation is set to logic 1. If the sign bit is set io logic
1, the resulting value of the data movement or arithmetic
operation | nagative; il the sign bit is cleared, the result of
the data movement or arithmelic operation is positive. There
are no instructions that set or clear the Negative Bit since the
Negative Bit only the slatus of a result The
instructions that elfect the stale of the Negative Bit are: ADC,
AND. ASL. BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR,
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL,
RAOR, ATI, SBC, TAX, TAY, TSX, TXA, and TYA,



SECTION 4
PARALLEL INPUT/OUTPUT PORTS
& BUS MODES

The devices have 32 1/0 lines grouped into four B-bil ports
(PA, PB, PC, and PD). Ports A through C may be used sither
Tor input or output individually or in groups of any combination.
Port D may be used as all inputs or all oulputs.

Multifunction VO's such as Port A and Port C are protected
from narmal port VO instructions when they are programmed
to periorm a multiplaxed function

Intemal pull-up resistors (FET's with an impedance range of
3K = R = 12K ohm) are provided on all por pins except
Port D.

The direction ol the 32 VO lines are controlled by four B-bit
port registers located in page zero. This arangement pro-
vides quick programming access using simple two-byte zero
page address instructions. There are no direction registers
associated with the /0 ports. thus simplifying 10 handling.
Thae VO addresses are shown in Table 4-1. Appendix E.4
shows the VO Port Timing.

TABLE 4-1. 1O Port Addresses

PORT

HiH

4.1 INPUTS

Inputs for Ports A, B, and C are enablad by kading logic 1
into all /O port register bit positions that are 10 cormespond
to VO input knes. A low (<0.8V) input signal will cause a logic
0 to be read when a read instruction is issued o the port
register, A high (=2 .0V) inpul will cause a logic 1 1o be read.
An RES signal forces all /0 port registers to logic 1 thus
Initially treating all VO lines as inpuls.
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Port D may only be all inpuls or all outpuls. All inpuls is
selecied by sefting bit 5 of the Mode Control Regster (MCRS)
toa "0r.

The status of the inpul lines can be inlerrogated al any time
by reading the I/O port addresses. Note that this will return
the actual status of the Input lines, not the data written into
the VO port registers.

Resad/ModityWrite instructions can be used o modily the
oparation of PA, PB, PC, & PD. During the Read cycle of a
Read/Modify/Write instruction the Port VO register is read.
For all other read instruchions the port inpul lines are read.

rile instructions are: ASL, DEC, INC, LSR,
RMB, ROL, ROR, and SMB.

4.2 OUTPUTS

Outputs for Ports A thru D are controlled by writing the
desired 'O line ouiput stales into the comesponding 1O port
register bil posibons. A logic 1 will force a high (-2.4V)
output while a jlogic O will force a low (< 0.4V) output.

Port D all outpuls is selecied by sefling MCRS toa "1°.

4.3 Port A (PA) .

Porl A-can be programmed via the Mode Control Register
(MCR) and the Serial Communications Control Register
(SCCH) as a standard parallel 8-bit, bit indepandent, 'O port
or as senal channel /0 lines, counter VO lines, or an input
data strobe lor the Port B input laich optson. Table 4-2 tab-
ulales the contral and usage of Por A,

In addition 1o thair normal 'O functions, PAD and PAT can
detact positive going edges and PAZ2 and PA3 can datect
negative going edges. A proper transition on these pins will
sel a corasponding status bit in the IFR and generate an
imerrupt request if the respective Inlerrupt Enable Bit is set.
The maximum rate at which an edge can be detected s one-
half the 2 ciock rate. Edge detection timing is shown in Ap-
pendix E.3,



TABLE &2 Port A Control & Usage

PAZ VO POAT B LATCH MODE
MCRE 0 MCR - Y
SaCumal SEGMNAL
pTiv S TP E AE TvPE
PAD (D) PAG O FORT B NPUT (1)
b 1 LATCH STROSE
PA1-PAS VO
PAY (D)
PN 38 SIGMNAL
"l'l.m NAME TYPE
mg PA1 o
PaA2 v
me PA3 10
PAA 1O COUNTER A 1O
MCRO - B “«f SCCRT - 0
Ln:m-n ﬁ-n SCCRS - 0
SCCHr - 0 SCCAT = 0 WACHEY - 1
PAL RCVR SR WMDDE - 0 RCYR SR MODE - ©
P s ) (% )
AN TvFE ML TYPE SeAME TvPE
Pas " CNTA ouTPUT oNTA BNPUT (1)
SERAL VO SF T REGETER CLOCK
SCCAT - 1 ACVA S% MODE 1
SCCPS - 1 -
SaMAL SIGMAL
RAME TYPE NAME TYPE
XMTR CLOCK OUTPUT RCVA CLOCK INPUT (1)
PAS 1O COUNTER B W0 |
MCRD - D MCRI 0 MCRI - 1 o
PAS m'ﬂ‘ MCRZ = ¥ MCRZ - X
PN 34 SIGNAL SIGMNAL SIGNAL
AN TYPE MAME TYPE HAME TYPE
Pas 2 ¢] CNTR ouTPUT CNTR NPUT 1)
(8 Umoe e ioliowing conoton
SERWAL WO PAs wll tuncton &l 80 g Ordy
PAg 1O EMTR OUTPUT b
= A Seeral 1O XMTH of BOVR
PAS SCCAT - 0 SCCRT - 1 = 200!
L. Bl SGMAL SENAL MCHE1 = 1
AME TYPE NAME e B Seal FO XMTA on sl e
XMTR e EMTR ror RCWVA oper-
s e s U g he Synorvorous S5
SEFaAL VO
PAT VO RCWR NPUT
PAT m‘ﬂ' m"
N2 SHGMAL SEMNAL
SANE ™wrE MAME TYFE
PAT W BCVA NPUT (1)
(1] HARDWARE BUFFER FLOAT 13 NEGATIVE
i2) POSITIVE EDGE DETECT (4) RCVA SR



4.4 PORT B (PB)

Port B can be programmed as an 8-bit, bil-indepandant VO
porl. It has a latched input capabiiity which may be anabled
or disabled via the Mode Control Register (MCR). Tabie
4-3 tabulates the control and usage ol Port B. An Input Data
Strobe signal must be provided thru PAD when Port B is pro-
grammed 1o be used with latched input option, Inpul data
latch timing for Port B is shown in Appendix E.3.

TABLE 4-3. Port B Control & Usage

LATCH
VO MODE MOOE
MCR4 = 1
MCR4 - 0 @
PIN PIN
# HAME | NAME TYPE HAME TYPE
(1
N PBO PBO o PBO INPUT
kY PBY P o Pt INPUT
29 PB2 PB2 o PB2 INPUT
28 Pa3 PE3 o PB3 INPUT
Fi PB4 PB4 o PB4 INPUT
o PB5 PBS Vo PB5 INPUT
% PBE PBE o PB& INPUT
24 Pa7 PB7 o Pa? INPUT

{1} RESISTIVE PULL-UP, ACTIVE BUFFER PULL DOWN
(2] INPUT DATA IS STORED IN PORT B LATCH BY PAD PULSE

FIGURE 4-1a. Full Address Mode
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4.5 PORT C (PC)

Paort C can be programmed as an |/0 port, or as part ol tha
full acdress bus. When operating In the Full Address Mode
PCB and PC7 sarve as A13 and A14 with PCO-PC5 operating
as normal O pins. f

4.6 PORT D (PD)

Port D can be programmed as an 'O Porl. Mode salection
for Port D is made by the Mode Control Register (MCR). The
Port D output drivers can be selected as fri-stale drivers by
setting bit 5 of the MCR to 1 (one). Table 4-5 shows the nac-
essary seflings lor the MCRH to achleve the various modes
for Port D.

4.7 BUS MODES

In the Full Address Mode, the separale address and dala bus
are used in conjunction with PC8 and PC7, which automal-
ically provide A13 and A14. The remaining ports parform the
normal O function.

I the VO Bus Mode all ports serve as V0. The address and
data bus are still lunctional but without A13 and A14, Since
the internal RAM and registers are in the OOXX location, A15
can be used for chip select and A0-A12 used for salecting
BK of axlemal memory.

o
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FIGURE 4-1b. Normal Bus Mode




TABLE 4-4. Port C Cantrol and Usage

I g res—— o
Sy S __ w0 wooe
| MCAT 0 MCA?, ©
MCRS& 0O MCRE 1
-7 | —...
R B —
' | MAME NAME TYPE NAME r:'!;l
w | e [ e PCO o
54 ] [ ] o PCy g
5 ‘ o= PCE i P2 e
57 =] PC | v PCY o
54 PCa PCA Vit PLa ]
L] (o= ] PCS iy PCH 10
&0 | PcE A3 OUTPUTE: | PCB a
L | rer | Me | DUrATEn | RRT L
NOTES:
1 Resmstive Pull-Up, Active Buffer Pull-Down
2 Actve Bufter PullUp and Pull:Down
TABLE &5. Port D Control and Usage
10 MODES
=0 MCRT =0
MCRAS - X MCRS - X
MWCAS = 0 MCRS - 1
SIGNAL SIGHNAL
PIN | PIN TYPE TYPE
# | HAME | MAME {1 MAME (Fi]
62 FDO POO INPUT PDO OUTPUT
63 PN PO INPUT PO ouTPUT
] PD2 PD2 INPUT PD2 OuUTPUT
1 PO3 PD3 INPUT PD3 OUTPUT
2 PDa PDa INPUT PDa OUTPUT
3 PDS PDs INPUT PD5 OUTPUT
4 PD8 PD& INPUT PDE OUTPUT
5 PD? PD? INPUT POT ouTPUT
NOTES:

1. Tre-State Bufler is in High Impedance Mode
2. Tri-State Buler i in Active Mode
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SECTION 5
SERIAL INPUT/OUTPUT CHANNEL

The device provides a full duplex Serial VO channel with pro-
grammable bit rales and operating modes. The senal LD
lunctions are controlied by the Serial Communication Control
Register (SCCR). The SCCR bit assignment s shown in
Figure 5-1. The senal bit rate is determined by Counter A for
all modes excep! the Receiver Shift Register (RCVR 5/R)
mode lor which an exiemnal shift clock must be provided. The
maximum data rate using the intemal clock is 62.5K bits per
second (at 2 = 1 MHZ). Tha transmitter (XMTR) and receiver
(RCVR) can be independently programmed to operate in
diferan! modes and can be independenily enabled or
disabled.

SCcR| 7 6| s a4 3| 2 1 0 | Addr 0018
| |
0~Dgd Parity
1~Ewven Parily
© Purity Dinable
1 Parity Enable
0 0~ BiaChar
[} 1==T Blta/Char
1 0~ & BiisChar
1 1~ § Bitw/Thar
o 0 MMTR & ACYA ASYN Mode
o 1 XMTR ASYN, RCVR SR
1 X XMTR S/A, RCVA ASYN
0 RCVRA Disabie
1 RCVA Enabis
0 XMTA Dinsbie
1 AMTR Enabis
FIGURE 51. Serial Communication Control Register

Except for the Feceiver Shilt Register Mode (RCVR S/R), all
XMTR and RCVR bit rates will occur at one sixteenth of the
Counter A interval timer rate. Counter A is forced into an
intarval timar mode whenever the senal /0 s enabled in a
mode requiring an intemal clogk

Whenever Countar A is required as a timing source it must
Do loaded with the hexadecimal code that selects the data
rate for the serial 'O Porl. Refer to Counter A (paragraph
8.1) for a table of hexadecmal values 1o represent the desired
tdata rale.

5.1 TRANSMITTER OPERATION (XTMR)

The XTMR operabon and the transmitior related control/
status lunchons are enabled by bit 7 of the Senal Commu-
nications Control Register (SCCH). The transmitier, whan in
the Asynchronous (ASYN) mode, aulomalically adds a stan
bit, one or two slop bits, and, when enabled, a parity bit to
the transmitted data, A word of fransmitied data (in asyn-
chronous party moda) can have 5. 6, 7, or B bils of data.
The néine data modes are shown in Figure 5-2. When parity is
disabled, the 5, 6, 7 or 8 bits of dala are lerminated with two
stop bits.
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FIGURE 5-2. SIO Data Modes

In the S/R mode, eighl data bits are always shifted out. Bits/
character and parity control bits are ignored. The senal data
is shifted out via the SO oulpul (PAB) and Ihe shift clock is
avaiiable at the CA {PA4) pin. When the transmitter undar-
rung in the /A mode the 50 output and shift clock are held
in a high state.

The XMTR Inlerrupt Flag bit (IFR7) |s controlled by Serial
Communication Status Register bits SCSAS, SCSAG and
SCSA7.

IFR7 = SCSA6 (SCSA5 + SCSAT)

5.2 RECEIVER OPERATION (RCVR)

The receiver and its selected control and status functions are
enabled when SCCA-8 is sal 1o & "1.” in the ASYN mode,
dala formal must have a starl bi, the appropriate number of
data bits, a parity bit (if enabled), and one stop bit. Refer to
paragraph 5.1 for a diagram of bit allocations. Tha receivar
bit period is divided into B sub-intervals for intermal synchro-
nization. The receiver bit siream is synchronized by the star
bit and a strobe signal is generated at the approximate center
of sach incoming bit. Refer to Figure 5-3 for ASYN Receive
Data Timing. The character assembly process doos not start
il the start bit signal is less than one-hall the bit time after a
low level is detected on the Receive Data Input. Framing
wrmor, over-run, and parity error conditions or a RCVR Data
Register Full will sat the appropriate status bits. Any of the
above conditions will cause an Interrupt Regquest il the
Recsiver Interrupt Enable bit is set to logic 1.
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FIGURE 5-3. ASYN Recelve Data Timing

In the S/A mode, an external shift clock must be providad al
CA (PA4) pin alorig with 8 bits of serial data (LS8 lirst) at the
Sl input (PAT). The maximum data rate using an esxtermnal
shilt clock is one-sighth the intemal clock rate. Reler 10
Figure 5-4 lor S'A Mode Timing.
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FIGURE 54. S/R Mode Timing

A RCVR interrupt (IFRE) is generated whemnaver any of
SCSAD-3 are Irue.

5.3 SERIAL COMMUNICATION STATUS
REGISTER (SCSR)

The Saral Commumication Status Regster (SCSA) holds
information on vanous communication emor conditions, stalus
ol the transmitter and receiver dala regsters, a transmitter
end-ol-ransmission conditon, and a receiver idle line con-
dition (Wake-Up Feature). The SCSR bil assignment is shown
in Figure 5-5. Bil assignmants and functions of the SCSA are
as lollows:

SCSRO: Aeceiver Data Register Fulf—Sel 1o alogic 1 when
a characler is translemed from the Raceiver Shift
Register 1o the Receiver Data Register. This bit is
clearad by reading the Receiver Dala Register, or
by AES and is disabled if SCCA 6 - 0. The SCSR
0 bt will not be set to a logic 1 If the received data
contains an amor condition; instead, & corre-
sponding emor bit will be set fo a logc 1.

SCSH 1; Over-Run Error—Saet to a logic 1 when a new char-
acter is transterred (rom the Aaceier Shift Reg-
ister with the last characler still in the Receiver

* Data Register. This bit is cleared by reading the
Receiver Data Register or by AES.

SCSA 2: Panty Error—Set 1o logic 1 when the RCVA Is in
the ASYN Mode, Parity Enable bit is set, and the
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raceived data has a parity error. Thes bit 15 cleared
by reading the Recarver Data Register or by AES.
SCSA 3: Framing Error—Sat 10 a logic 1 when iha recened
data contains a zero bit alter the las| data or panty
tit in the stop bt siot, Cleared by reading the
Recerver Data Register or by RES (ASYN Moda
only).
Wake-Up—Sel o a logic 1 by wriling & "17 in bit
4 of addrass: 0016, The Wake-Up bil is cleared by
AES or when the receiver delects a string of ten
consecutive 1's. When the Wake-Up bil s sel
SCSAD through SCSRA are Inhibitad
SCSA 5: End ol Transmission—35et 1o & logic 1 by writing
a “1" in bit position § of address: 0016. The End
ol Transmission bit is cleared by FES or upon
writing a new data word into the Transmitier Data
Register. When the End-ol-Transmission Dil is true
the Transmitter Register Empty b is disabled until
a Transmitter Under-Run octurs.

SCSR 6: Transmifter Data Register Empty—Set 10 a logic
1 when the contents of the Transmitter Data Reg-
ister are ransfarrad lo the Transmitter Shift Reg-
ister. Cleared upon writing new data Into the
Transmit Data Register. This b is initialized 10 a
logic 1 by AES.

SCSA 7: Transmitler Under-Run—>Set 1o a logic 1 when the
last data bit is transmitted ¢ the ransmitler is m &
S/A Mode ar when the last stop bit is transmitted
if the XMTR s in the ASYN Mode while the Trans-

. mitter Dala Register Empty Bdt is set. Cleared by
a transler of new data into the Transmitier Shift
Ragister or by RES,

SCER| 7T & § 4 3 2 1 L]

T T

oy Full
ACVHA Over-Run

~ End of Tranaminsion
- XMTA Dwin Reg Empty

~ aWTA Uncer-fun
FIGURE 5-5. SCSR Bit Allocations

5.4 WAKE-UP FEATURE

in a multi-distribuled microprocessor or microcompuler ap-
plications. a deslination address is usually Included at the
beginning of the message. The Wake-Up Fealure allows
non-selected CPU's to ignore the remainder of the massage
urttil the beginning of the nax message by setling the Wake-
Up bit. As long as the Wake-Up flag is true, the Receiver
Data Regsler Full Flag remains false. The Wake-Up bil is
automatically cleared whan tha roceiver detects a siring of
ten conseculive 1's which indicates an idle transmit line.
Whan tha next byte is received, the Receiver Data Regisler
Full Flag signats the CPU 1o wake-up and read the received
data.

Addr D016



SECTION 6
COUNTER/TIMERS

The device contains two 16-bA counters (Counter A and
Counter B) and three 18-bit laiches associated with (he
counters. Counter A has one 16-bil lateh and Countet B has
two 18-bit latchas. Each counter can be indepandently pro-
grammad to operate in one of four modas:

Counter A Counter B
» Puise width » Ratriggerable Interval Counter
maasuremant » Asymmetnical Pulse
= Pulse Genaration Generation
» Intarval Timer » Interval Timer
« Event Counter & Event Counter

Operating modes of Counter A and Counter B are controiied
by the Mode Control Register. All counting begins at the
initialization value and decrements. When modas are selected
requiring a counter input'output ling, PA4 & automaticalty
salected lor Countar A and PAS 5 automatically selected for
Counter B (see Table 4.2).

6.1 COUNTER A

Counter A consists of a 16-bt counter and a 16-bil lalch
organized as lollows. Lower Counter A (LCA), Upper Counter
A {UCA), Lower Latch A (LLA), and Upper Lalch A (ULA).
The counter contains the count of sither 2 clock pulses or
exdtenal avents, depanding on the counler mode selectad.
The contenis of Counier A may be read any ime by exe-
cuting a read at location 0019 lor the Upper Counter A and
al location 001A or location Q018 Tor the Lower Counter A,
A read at location 0018 also clears the Counter A Undarfiow
Flag (IFR4),

The 16-bit latch

Copied Inio the applicable latch register. :

“ _[-HLJ'_L_I—I_I_"L_!__L_I_L
P
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]
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COUSTEN LUNCERFLOW FLaG  COUMTEN URSDERFL

FIGURE &1. Interval Timer Timing Diagram
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anave coumnumﬁuﬁm mnd;omnm
ments from 0000 the next counter value will be the taich
value—nol FFFF—and the Counter A Underflow Flag (IFA
4) will be sel to "1°, This bil may be cleared by reading the
Lowar Counter A ot location 0018, by writing to address lo-
calion 001A, or by AES,

Counter A operales in any of lour modes. These modes are
salacted by the Counter A Mode Control bits in the Control

Ragister.
MCRH1 MCRD
(bit 1) (it 0) Mode
o 0 Intsrval Timar
[1] 1 Pulse Genaration
1 a Event Counler
1 1

Pulza Wedih Measuroment

Tha Interval Timar, Pulsa Genaration, and Pulse Width Mea-
suremeni Modes are §2 clock counler modes. The Event
Counter Mode counts the ocoumences of an extemal event
on tha CNTR line.

Tha Counter is set 10 the Intarval Timer Mode (00) when a
AES signal is generated.

6.1.1 Interval Timer

mmwmnmmwnuﬁmmﬂmmmudhm
Latch value by either of two conditions:

1. When the Counter is decremented from 0000, (he next
Counter value s the Laich value {not FFFF).

2. When a write operation is perdformed 1o the Load Upper
Lalch and Transfer Latch to Counter address 001A,
the Counler is loaded with the Latch valus. Note that
the contents of the Accumulator are loaded inta the
Upper Laich before tha Latch value is wansfemed fo
the Counter,

The Counter value is decramented by ona count al the D2
clock rate. The 16-bit Counter can hold from 1 1o 65535
counts. The Counter Timer capacity is therefore 1.8 to 65535
ms at the 1 MHz @2 clock rate or 0.5 p5 to 32.767 ms al the
2 MHz B2 clock raie. Time niervals greater than the max-
imum Counter value can be sasiy measured by counting
IRQ interrupt requests in the counter IRQ interrupl routine.

Whan Counter A decraments from 0000, the Counter A
Underflow (IFR4) is set 1o logic 1. if the Counter A Intermupt
Enable Bit (IER4) is also set, an IAG interrupt request will be
generated. The Counter A Undertiow bit in the Interrupt Flag
Register can be examined in the IAD interrupt routine 1o
daterming that the IRQ was generated by the Counter A
Underfiow,



While the tmer is operating in the Interval Timer Mode, PA4
operates as a PA 'O tit

A tming diagram ol the Interval Timer Mode is shown o
Figure 6-1

£.1.2 Puise Generation Mode

In the Pulse Generallon mode, the CA line opérales as a
Counter Ouiput. The lne toggles from low 1o hgh or frem
high to low whenever a Counler A Underllow occurs of a
write is performed 1o address D014,

The normal output wavelorm is a symmatrical square-wave.
Tha CA outpul is indtialized hiah whan antering the mode and
iransitions low whefi wrifing 16 DOTA"

Asymmalnc wavalorms can be genaraled | tha valua of tha
lalch s changed after each counter underfiow

A one-shot waveform can be generated by changing from
Pulse Generaton 1o Inlerval Timer mode after only one
occurrance of the oulput toggla condiion,

6.1.3 Event Counter Mode

In this mode the CA is used as an Event Input ine, and the
Counter will decremant wilth each rising edge delecled on
this line. The maximum rate al which this adge can be
detected is one-hall the 02 clock rate.

The Counler can count up o 65535 occurrences bafore
underfiowing. As in the other modes, the Countar A Under-
liow bit (IERA4) is sel 1o logic 1 if the undarflow ocours.

Figure 6.2 s a timing diagram of the Evant Counter Mode.
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FIGURE 8-2. Evenl Counter Mode

6.1.4 Pulse Width Measurement Mode

This mode allows the accurate measuremant of a low pulse
duration on the CA (ine. The Counter decrements by one
count al the @2 clock rate as long as tha CA line is held in
the low state. The Counter is stopped when CA 15 in the high
state’

ay

The Couriter A underfiow flag will be sal only whan the count
in the tomer reaches rern. Upon reaching zero tha timer will
be loaded with the latch value and conbinue counting down
as long as the CA pin is held low. Afier (he counter 5 stopped
by a high level on CA, the count will hoid as long as CA
remains high. Any further low levels on CA will again cause
the counier 1o count down fram s present value. The state
of the CA line can be delermined by testing he stale of PA4

A timing diagram lor the Pulse Widih Measurement Mode is
shown in Figure 6.3.
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FIGURE &3. Pulse Width Measurement

6.1.5 Serial /O Data Rate Generation

Counter A also provides clock liming for the Senal /O which
establishes the data rate for the Sarial 'O port. When the
Sarial VO (s enabled, Counter A 1s forced 1o operate at the
imernal clock rate, Counter A is not required for the RCVR
S/A mode. The Counter O (PA4) may also be required 1o
support the Senal VO (see Table 4-2),

Table 5-1 identifias the values 10 ba loaded in Countar A lor
selecting standard data rates with a §2 clock rate of 1 MHz
and 2 MHz Although Tabie 6-1 identifies only the maore
common data rates, any data rate from 1 1d, 62.5K bps can
be selected by using the formula:

= decimal value 1o be loaded into Counter A using
its hexadecimal aquivalent,

the clock frequency (1 MMz or 2 MHz|

the desired data rate.

L

g = §

In Table 6-1 you will notice that the standard data rate
and the actual data rate may be shighlly different.
Transmitler and recaelver arrors of 1.5% or less are
acceptable. A revised clock rale is inCluded in Table
6-1 for those baud rates which fall oulside this lirmit,




TABLE 6-1. Counier A Values lor Baud Rate Selection
CLOCK RATE

0 NEEDED
) ACTUAL TO GET
HEXADECIMAL. BAUD | STANDARD
"’m““ VALUE RATEAT | BAUD RATE
RATE | 1MHz 2MHz 1 MHr 2MHz 1MHz 2 MMz
50 | DAE? 09C3 | 5000 5000|10000 2
75 0340 De&2 7503 T499 10000 2
119 = 0237  Q48F 11004 uu.m;'rm 4
150 1 01AD D340 14988 150.06 | 10000 2.
300 © | OOCF 01AD | 30048 299.761.0000 2,
600 . | 0067 OOCF| 60068 60096 10000 2.
1200 | D033 ODBT | 120192 120192 10000 2
2400 0019 0033 | 2400.85 2403.85 10000 2
3600 | 000 0021 | 367647 3ETEAT 09792 1.
4800 | DOOC 0019 | 4807 68 4BO7.69 10000 2
7200 0008 0010 | 604444 73520410368 19584
9600 1 OODD& OOOC | BO2B.GT nsm:ngmm 2.0000
6.2 COUNTER B

Counter B consists ol a 16-bil counter and wo 16-bit laiches
organized as follows: Lower Counter B (LCB), Upper Counter
B (UCB), Lower Laich B {LLB), Upper Laich B (ULB}, Lower
Latch C (LLC), and Upper Latch C (ULC). Lakch C is used
only in the asymmetrical pulse generation mode. The counter
contains the count ol either B2 clock puises or exiernal
events depending on the counter mode selected. The con-
tents of Countor B may be read any time by executing a Read
al location 001D for the Upper Counter B and al localion
D01E or 001C for the Lower Counier B. A Aead al localion
001C also clears the Counter B Underfiow Flag.

ol ..Ifl_’l* +.___‘...‘ h_.

Innﬂmmlmmamdmmmwm !
the applicable lalch register

JTE Counter B Underiow Fiag bil (FFS) wik ba sat
rnrrwﬁmmﬂummwmmm
from GOOO.

Counter B operates in the same manner as Counter A in the
Interval Timar and Event Counter modes, The Pulse Width
Measuremnent Mode is replaced by the Retnggerable Interval
Timer mode and the Pulse Generation mode is replaced by
the Asymmetrical Pulse Generation Mode. Mode Control
Register bits MCR2 and MCR3 select the four Countar B
modes in a similar manner and coding as MCRO and MCR1
salect the modes of Counter A
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6.2.1 Retriggerable Interval Timer Mode

Whan operating in the Relriggerable interval Timer mode,
Coynter B is inialized 1o the laich value by wriling |0 address
001E, by a Counter B underfiow, or whenever a positive edge
occurs on the CB pin (PAS). Tha Counter B interrupt flag will
be set if the countar underflows before a positive edge ocours
on the CB line. Figure §-4 illustrates the operation.

Latch " T
Value
Count Velue |
0000
CB Line L g
Counier
m\ mﬂ"wm
Counter B
Fiag

FIGURE 6-4. Counter B, Retriggerable Interval Timer Mode

6.2.2 Asymmetrical Pulse Generation Mode

Counter B has a special Asymmetrical Pulse Generation
Mode whereby a pulse train with programmable pulse width
and period can be genarated withoul the processor interven-

In this mode, the 16-bit Laich B is Initialized with a value
which corresponds o the duration between pulses (referred
0 as D in the following descriptions). The 16-bit Latch C s
inifialized with a value corresponding to the desired pulse
width (relerred to as P in the following descriptions). Tha
intialization sequence for Latch B and C and the starting of
a couniing sequence are as follows:

1. The lower 8 bits ol P are loaded into LLB by writing 1o
address 001C; the upper B bits of P are loaded into
ULB and the full 18 bils are translamad o Lalch C by
wrili ion 0010,

2. The lower B bits ol D are loaded inlo LLB by writing 1o
mml&thnmmramdnmhﬂdﬂdm

3. When Counter B underflow occurs the contents of the
Latch C are loaded inlo tha Counter B and he CB out-
put toggles o a high level, staying high until another
underflow occurs, Latch B is then down-loaded and Ihe
CB output toogles 1o a low level repaating the whole
process.



SECTION 7
POWER ON/INITIALIZATION CONSIDERATIONS

7.1 POWER ON TIMING

must be held low for at least eight @2 clock cycles after Vee
reaches operaling range and the intemal oscillator has sta-
bilized. This stabilization tima is dependent upon tha input
V.- voitage and perdormance of the internal oscillator. The
clock can be monitored at @12 (pin 3). Figure 7-1 Mustrates
the power wurr-on wavelorma. Clock stabilization time is typ-
icaily 20 ms.

FIGURE 7-1. Power Turn-On Timing Detail

7.2 POWER-ON RESET

When AES goes from low to high, the device sets the In-
terrupt Mask Bit—bil 2 of the Processor Status Register—
and initiates a resal vecior letch at address FFFC and FFFD
10 begin user program execution. All of the VO ports (PA, PB,
PC, PD) will ba forced 1o the high {logic 1) state. All bits o
the Control Register will be cleared 10 logic 0 causing the
interval Timars counter mode (mode 00) to be solected and
all intarrupt enabled bits 1o be resal

i 1 1 L
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FIGURE &-5. Counter B Pulse Generalion
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7.3 RESET (RES) CONDITIONING

When RES is driven from low to high the device is put in a

rosol state causing the registers and /O pons 10 be config-

ured as shown in Table 7-1.

TABLE 7-1. RAES initinlization of /O Ports and Reglsiers
T 65 65 4 3 2 10

[-B-R-N-F -
coooo |
oocooo |

e
-

3

§
-
- .
- .
—
- e

All RAM and other CPU registers will initialize in a random,
non-repaeatable data pattern,

7.4 INITIALIZATION

initialization process for the device should include &
, a5 indicaled in the preceeding paragraphs. After sta-
bilization of the internal chock (f a power dn situation) an
initiglization routine should be execuled o perdorm (as a
minimum) the following funchions:
. The Stack Pointer should be set

. Clear or Set Decimal Mode

. Set or Clear Carry Flag
. Sel up Mode Controls as required
. Clear Interrupts

A typical initiafization subrouting could be as follows:

R B LD R =

Load stack pointer starting address into
X Registar

Transfer X Register value to Stack Poirter
Clear Decimal Moda

Set Carry Flag

Set-up Mode Control and

special lunction registers

and clear RAM as required

cu Claar Inlarrupts

LDX
TXS
CLD
SEC



A.1 INSTRUCTION SET IN ALPHABETIC

SEQUENCE

ADC  Add Memaory lo Accumulalor with Camy
AND  "AND" Memory with Accumulator
ASL Shift Left One Bit (Memaory or Accumulator)
"BBR  Branch on Bit Rese! Relative
“BBS  Branch on Bit Set Relatve

BCC  Branch on Carry Clear

BCS  Branch on Carry Sel

BEQ  Branch on Result Zero

BIT Test Bits in Memory with Accurmulator
BmI Branch on Result Minus

BNE Branch on Resull nol Zero

BPL Branch on Result Plus

BRK  Force Break

BVC  Branch on Overfiow Clear

BYS  Branch on Overfiow Sel

CLC Clear Carry Flag

CLD  Clear Decmal Mode

CLI Clear Interrup! Disable Bit

CLY  Cisar Overfiow Flag

CMP  Compare Memory and Accumulator
CPX  Compare Memory and Index X

CPY  Compare Memory and Indax Y

DEC  Decrement Memory by One

DEX Decrement Index X by Ona

DEY  Decremant Index Y by One

EOR  “Exclusive-Or Memory with

Accumulator

INC Incremant Memory by One

INX Ineremant Index X by One

INY Increment Index ¥ by Ona

JMP  Jump to New Location

JSA Jump to New Location Saving Relurn

APPENDIX A

ENHANCED R6502 INSTRUCTION SET

This appendn contains a summary of the Enhanced RE502
instruction se1, For detaled inlormaton, consult the RE502
Microcomputer System Programming Manual, Document
29650 N30. The four instructions notated with a * are added
instructions 1o enhance the standard 6502 INslruchon sel.

Address

TAX
TAY
TSX

TXS

Load Accumulator with Memory
Load Index X with Mamory
Load Index Y with Mamary
Shift One Bit Right (Memory or
Accumulator)

MNo Operation
“OR" Memory with Accumulator

Push Accumudator on Stack
Push Processor Siatus on Stack
Pull Accumudator from Stack
Pull Processor Status from Stack

Resetl Mamory Bit

Rotate One Ba Lelt (Memory or
Accumulator)

Rotate One Bt Aight (Memory or
Accurmulator)

Retum from Interrupt

Retum from Subrouting

Sublract Memary from Accumulator with
Baorrow

Set Carry Flag

Sat Decimal Mode

Set Imerrupt Disable Status

Set Memaory Bit

Store Accumulator in Mamory

Stora Index X in Memory

Stora Index Y in Memaory

Transter Accumulalor 1o Index X
Transter Accumulator 10 indax Y
Transter Stack Pointer to Indax X
Transfer Index X 1o Accumulator
Transfer Index X o Stack Register
Transfer Index Y 0 Accumulator



A.2 INSTRUCTION SET SUMMARY TABLE
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A.3 INSTRUCTION CODE MATRIX

L Lt et L e T L Lt S it S L

947 (¢g0|¢90(g0 (980 |50(680 850 68n|  |a8c|5gt |98 |gn (080 |egn

CEMEPMEEMEFMEEMIEPMETMEFMEE MEWEEMEPMEEMEPMETMETMN
3 DN 4 I 1 5 U I -1 B -5 1 2

a§°| [g§c| (| (8| |ERcledclElcleicEdcl  i):
$37|8g: (930|200 (B0 8g0 (800 8g0|  [sgn|3at|3gn|3an|g [8ar 8

sl

g

f:

L IS | £ mp“ 0 DS DO DS D D O D D O e

anz|axs(gnclencluns|snolonclgns ennlerslanclans gz ez enzlens

gnnlenn(gnclensEnnlanslsnclsnslennlenslanc]anzlann]sn s unclos:
1 Eal|BRn|Ena[agn (Rl (Al
JIRCE

§g-8gs|25s 950 (850(8g 5 (85|85 s gz ngn|agn|agn|ags (a5 85z 85"

A RE B REEGREEE B AR RERO AERCE

*Add 1 to N # page boundary ia crossed.

“*Add 1 1o N ¥ branch occurs to same page:;
add 2 to N # branch ocours 1o different page.



























