COPSTAB9/TAC9 ISP
HANDBOOK—Intro to ISP

Abstract

This application note describes the COP8TAB9/TACY In
System Programming (ISP) Software Interface. The In Sys-
tem method of programming the flash memory from an
external source is thoroughly discussed.

Introduction

In-System Programming (ISP) allows the user to re-program
a microcontroller without physical removal. The COP8TABY/
TAC9 ISP Software allows the user to program the flash
memory in three ways. A user may choose to program the
flash memory by using the Boot ROM’s user support portion,
the emulation support portion (via the Flash emulator mod-
ule) or the MICROWIRE/PLUS™ support portion. The
MICROWIRE/PLUS support portion is fully documented and
its requirements are specified

1.0 Introduction To ISP—Software
Topics

The COP8TAB9/TACY Flash Family provides the capability
to program the Program Memory while installed in an appli-
cation board. This feature is called In System Programming
(ISP). It provides a means of ISP by using the MICROWIRE/
PLUS, or the user can provide his own, customized ISP
routine. This customized routine may use any of the capa-

bilities of the device, such as parallel port, etc. The factory
installed ISP uses only the MICROWIRE/PLUS port.

1.1 FUNCTIONAL DESCRIPTION

The organization of the ISP feature consists of the user flash
program memory, the factory Boot ROM, and some registers
dedicated to performing the ISP function. See Figure 1 for a
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simplified block diagram. The factory installed ISP that uses
MICROWIRE/PLUS is located in the Boot ROM. The size of
the Boot ROM is 1K bytes and also includes the ICE™
monitor code. If a user chooses to write his own ISP routine,
it must be located in the flash program memory.

In the next section, ADVANCED ISP SOFTWARE TOPICS,
a discussion regarding the FLEX bit is presented. The FLEX
bit controls whether the device exits RESET executing from
the flash memory or the Boot ROM. The user must program
this Option Byte bit as appropriate for the application. In the
erased state, the FLEX bit = 0 and the device will power-up
executing from Boot ROM. When FLEX = 0, this assumes
that either the MICROWIRE/PLUS ISP routine or external
programming is being used to program the device. If using
the MICROWIRE/PLUS ISP routine, the software in the Boot
ROM will monitor the MICROWIRE/PLUS for commands to
program the flash memory. When programming the flash
program memory is complete, the FLEX bit will have to be
programmed to a 1 and the device will have to be reset,
either by pulling external Reset to ground or by software,
before execution from flash program memory will occur.

If FLEX = 1, upon exiting Reset, the device will begin ex-
ecuting from location 0000 in the flash program memory. The
assumption here, is that either the application is not using
ISP, but is using MICROWIRE/PLUS ISP by jumping to it
within the application code, or is using a customized ISP
routine. If a customized ISP routine is being used, then it
must be programmed into the flash memory by means of
MICROWIRE/PLUS ISP or external programming as de-
scribed in the preceding paragraph.
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1.0 Introduction To ISP—Software Topics (Continued)
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FIGURE 1. Block Diagram of ISP

1.2 REGISTERS

There are six registers required to support ISP: Address
Register Hi byte (ISPADHI), Address Register Low byte (IS-
PADLO), Read Data Register (ISPRD), Write Data Register
(ISPWR), Write Timing Register (PGMTIM), and the Control
Register (ISPCNTRL).

1.2.1 ISP Address Registers

The address registers (ISPADHI and ISPADLO) are used to
specify the address of the byte of data being written or read.
For page erase operations, the address of the beginning of
the page should be loaded. When reading the Option regis-
ter, 07FF (for COP8TAB9) or OFFF (for COP8TAC9) should
be placed into the address registers. Registers ISPADHI and
ISPADLO are cleared to 00 on Reset. These registers can be
loaded from either flash program memory or Boot ROM and
must be maintained for the entire duration of the operation.

TABLE 1. High Byte of ISP Address

ISPADHI
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Addr | Addr | Addr | Addr | Addr | Addr | Addr | Addr
15 14 13 12 11 10 9 8

TABLE 2. Low Byte of ISP Address

ISPADLO
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Addr | Addr | Addr | Addr | Addr | Addr | Addr | Addr
7 6 5 4 3 2 1 0

1.2.2 ISP Read Data Register

The Read Data Register (ISPRD) contains the value read
back from a read operation. This register can be accessed
from either flash program memory or Boot ROM. This regis-
ter is undefined on Reset. This register is not directly availble
for external ISP access.

TABLE 3. ISP Read Data Register

ISPRD

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit 0

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

1.2.3 ISP Write Data Register

The Write Data Register (ISPWR) contains the value to be
written to the Flash at the address specified in ISPADHI and
ISPADLO. This register can be accessed from either flash
program memory or Boot ROM. This register is undefined on
Reset. This register is not directly availble for external ISP
access.

TABLE 4. ISP Write Data Register
ISPWR
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit 0
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
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1.0 Introduction To ISP—Software
TOpiCS (Continued)

1.2.4 ISP Write Timing Register

The Write Timing Register (PGMTIM) is used to control the
width of the timing pulses for write and erase operations. The
value to be written into this register is dependent on the
frequency of CKI and is shown in Table 12. This register
must be written before any write or erase operation can take
place. It only needs to be loaded once, for each value of CKI
frequency. This register can be loaded from either flash
program memory or Boot ROM and must be maintained for
the entire duration of the operation.

Port Activity

RESET —I

1.3 FORCED EXECUTION FROM BOOT ROM

When the user is developing his own ISP routine, he may
encounter code lockups due to mistakes in his software.
There is a hardware method to get out of these lockups and
force execution from the Boot ROM’s MICROWIRE/PLUS
routine, so that the customer can erase his flash code and
start over. The method to shift a 24-code (0Ox5E38AC, LSB
first) into the GO pin, using G2 as a clock, while holding
RESET low. This sequence is shown in Figure 2. This spe-
cial condition will start execution from location 0000 in the
Boot ROM where the user can input the appropriate com-
mands, using MICROWIRE/PLUS, to erase the flash pro-
gram memory and reprogram it.

—

1 2 3 4 5 6
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23 24
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24 Bit Shift Sequence = 0x5E38AC
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26th rising edge of CKI following the rising
edge of RESET

POW |
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G Port Pins
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FIGURE 2. Timing of Shift Sequence for Entering Forced ISP Mode

1.4 MICROWIRE/PLUS ISP COMMANDS

The MICROWIRE/PLUS ISP will support the following fea-
tures and commands:

¢ Read a byte from a specified address.

* Write a byte from a specified address.

e FErase a page at a specified address.

* Erase the entire flash program memory (mass erase).
* Read multiple bytes starting at a specified address.

e Write multiple bytes starting at a specified address.

* Read Option register.

e Exit ISP by resetting the device and return execution to
flash program memory if the FLEX bit is set in the Option
Register.

2.0 Advanced ISP—Software
Topics

2.1 IN SYSTEM PROGRAMMING (ISP) SUPPORT
BLOCKS

The COP8TABY/TACY9’s Boot ROM consists of three main
blocks: The user support portion, the emulation support por-
tion and the MICROWIRE/PLUS support portion. Figure 3

shows the relative organization of these support blocks.
Each command portion is both independent and self con-
tained. The entire Boot ROM is 1 Kbytes. This document
assumes that the reader is fluent in the use of MICROWIRE/
PLUS and its transmission protocol. For reference please
refer the MICROWIRE/PLUS section of the COP8TABY/
TAC9 datasheet.

EMULATOR
SUPPORT
EMULATOR >
USER
SUPPORT
USER >

MICROWIRE/PLUS
SUPPORT

v

MICROWIRE/PLUS
20078804

FIGURE 3. ISP Boot ROM Interface
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2.0 Advanced ISP—Software
Topics (Continued)

2.1.1 Boot ROM Memory Layout

Figure 4 shows how the Boot ROM is organized. FLEX is a
hardware bit that controls whether program execution occurs

1K BOOT ROM FIRMWARE

EMULATOR
SUPPORT

USER
SUPPORT

FLASH
| FLEX I MEMORY

from flash memory of Boot_ ROM. It uses data from the
Option register. When the FLEX bit = 1, on exit from Reset.
execution begins from the flash program memory. When the
FLEX bit = 0, one exit from Reset. program execution begins
from the Boot ROM.

4K

MICROWIRE/PLUS
SUPPORT

@
oWy

20078805

FIGURE 4. COP8 FLASH Memory Layout

2.2 PROGRAMMABLE OPTIONS DESCRIPTION

The programmable configuration options for this device are
listed below.

e Program Memory Security

e Oscillator selection

e Watchdog Feature Enable

* Halt Feature Enable

e Power-up execution selection

The options will be stored in the highest location in program
memory. This location will be called the Option Byte. For
devices with 4K of Program Memory, the options are stored
at location OFFF. For 2K devices, they will be stored at 07FF.
The options are programmed with either external program-
ming or ISP. The location must be erased before program-
ming. The user must not store instructions in the Option
register location. If the software tries to execute from the
Option register, 00 data will be returned to the instruction
register and the device will execute the Software Trap.

2.3 OPTION REGISTER

The Option register, located at address OXOFFF (hex) in the
Flash Program Memory, is used to configure the user select-
able security, WATCHDOG, HALT and Oscillator selection
options. The register can be programmed only in external
Flash Memory programming or ISP Programming modes.
Therefore, the register must be programmed at the same
time as the program memory. The contents of the Option
register shipped from the factory read 00 Hex.

The format of the Option register is as follows:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

WATCH
DOG HALT [ FLEX

RSVD| CLKSEL2 | SEC | CLKSEL1| CLKSELO

Bit 7 This bit is reserved and must be 0.

Bit 6 This bit defines the most significant bit of the os-
cillaor selection. (See Table 5 for more information
on Oscillator selection.)

=1 Security enabled. Flash Memory read and write
are not allowed except in User ISP/Virtual E2 com-
mands. Mass Erase is allowed.
=0  Security disabled. Flash Memory read and write
are allowed.
Bits 4, 3 These bits define the two least significant bits of
the oscillator selection.
Bit 2
=1 WATCHDOG feature disabled. G1 is a general
purpose /0.
=0 WATCHDOG feature enabled. G1 pin is
WATCHDOG output with weak pullup.

=1 HALT mode disabled.
=0 HALT mode enabled.

=1 Execution following RESET will be from Flash
Memory.

=0  Flash Memory is erased. Execution following RE-

SET will be from Boot ROM with the MICROWIRE/
PLUS ISP routines.

www.national.com




2.0 Advanced ISP—Software Topics (Continued)

TABLE 5. Oscillator Selection

Option Byte i .
- - - Oscillator Selection
Bit 6 Bit 4 Bit 3
0 0 0 Fully internal RC oscillator
0 0 1 RC oscillator with external frequency control resistor
0 1 0 Crystal oscillator with on-chip feedback resistor
0 1 1 Crystal oscillator with user-supplied feedback resistor
1 X X External oscillator

2.4 SECURITY

The device has a security feature. When enabled, it prevents

reading, writing, and page erases of the flash program

memory by all exteranl control sources. Bit-5 in the Option
register determines whether security is enabled or disabled.

If the security option is disabled, the content of the internal

flash program memory is not protected. If the security fea-

ture is enabled,;

When executing from user ISP:

1. Reads, writes, page erases, mass erases are all al-
lowed. The user is expected to enforce security within
the application code.

When executing from NSC (Boot ROM) ISP or ICE emula-

tion. All writes, reads, and page erases are prohibited.

1. Reads will return FF.

2. Mass erase is permitted. This also erases the Option
register.

3. The Option register is readable by reading location
FFFF. (COP8TACS only)

4. Reads, writes, page erases are prohibited.

2.5 MICROWIRE/PLUS SUPPORT BLOCKS

2.5.1 Introduction

MICROWIRE/PLUS is a synchronous, SPI compatible, serial
communication protocol that allows this device to communi-
cate with any other device that also supports the

MICROWIRE/PLUS system. Examples of such devices in-
clude A/D converters, comparators, EEPROMSs, display driv-
ers, telecommunications devices, and other processors. The
MICROWIRE/PLUS serial interface uses a simple and eco-
nomical 3-wire connection between devices.

Several MICROWIRE/PLUS devices can be connected to
the same 3-wire system. One of these devices, operating in
what is called the master mode, supplies the synchronous
clock for the serial interface and initiates the data transfer.
Other devices, operating in what is called the slave mode,
respond by sending (or receiving) the requested data. The
slave devices use the master’s clock for serially shifting data
out (or in), while the master device shifts the data in (or out).

On this device, the three interface signals are called Sl
(Serial Input), SO (Serial Output), and SK (Serial Clock). To
the master, SO and SK are outputs (connected to slave
inputs), and Sl is an input (connected to slave outputs).

This device can operate either as a master or a slave,
depending on how it is configured by the software. Figure 5
shows an example of how several devices can be connected
together using the MICROWIRE/PLUS system, with the de-
vice (on the left) operating as the master, and other devices
operating as slaves. The protocol for selecting and enabling
slave devices is determined by the system designer.

v

CHIP SELECT LINES
\ 4 v
LK(E)S 8- 8BIT
A/D CON - EEPROM
COP VERTER
(MASTER) ADC083X
DO DI CLK DO DI CLK
A A V' N V' N
sl je—X Y
)
SK

\ 4 v
1/0
LCD
DIGITAL DISPLAY LINES
PLL
DS8907 DRIVER cop
COP472-3 (SLAVE)
DI CLK DI CLK
V' N A A A
S0
» S|
»] sK
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FIGURE 5. MICROWIRE/PLUS Example
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2.0 Advanced ISP—Software
TOpiCS (Continued)

2.5.2 Firmware —MICROWIRE/PLUS Initialization

The MICROWIRE/PLUS support block will initialize the in-
ternal communication block with the following parameters:
CTRL.MSEL=1 (MICROWIRE/PLUS enabled), PORT-

GC.SK=0, PORTGD.SK=1 (Slave Mode with weak pullup on
the clock), PORTGC.SO=1 (SO output enabled) and
PORTGC.SI=1 (Alternate mode). Table 6 and Table 7 con-
tain information about the MICROWIRE/PLUS mode. Figure
6 shows the waveforms that apply to the MICROWIRE/
PLUS block.

TABLE 6. Initialization of the MICROWIRE/PLUS by the Firmware

Port G Config. Reg. MICROWIRFIPLUS G4 Pin Function G5 Pin Function G6 Pin Function
Bits G5-G4 Operation
0-1 Slave, Data Out and SO Output SK Input Sl Input
Data In
TABLE 7. MICROWIRE/PLUS Mode Selected by the Firmware
Port G
. - - SO Clocked Out On: S| Sampled On: SK Idle Phase
G6 (SKSEL) Config. Bit G5 Data Bit
1 1 SK Falling Edge SK Rising Edge High

SK

Bit 0
(LSB)

Sl mg) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 (BLI{SEO)

20078807

FIGURE 6. MICROWIRE/PLUS Interface Timing, Normal SK Mode, SK Idle Phase being High

2.6 PC TO BOOT FROM MICROWIRE/PLUS
CONNECTION DIAGRAM

Figure 7 shows the necessary connections to attach the
MICROWIRE/PLUS to the PC’s parallel port. The flash mi-
crocontroller connection to the PC will be accomplished via
an eight wire interface.

Note: If the COP8-ISP-TAC-0 cable from National Semiconductor is used
with any application other than, COP8—-DB-TAC-0, resistor R10 must
be provided on the application board.
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2.0 Advanced ISP —Software Topics (Continued)
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FIGURE 7. Parallel Port Connection Diagram

Table 8 shows the necessary connections used in the build- 2.7 FIRMWARE — MICROWIRE/PLUS OPERATION
ing of the parallel adapter for the COP8TAB9/TAC9 Flash

Family microcontroller. 2.7.1 The MICROWIRE/PLUS Packet Composition

A typical MICROWIRE/PLUS packet is composed of a three

TABLE 8. Parallel Port <-> MICROWIRE/PLUS byte frame (although this varies with the chosen command).

V6CL-NV

Conversion Figure 8is a symbolic representation_ of the ISP-
MICROWIRE/PLUS packet. A trigger byte is a value which
Parallel Port Parallel MICROWIRE/PLUS will cause an ISP (In System Programming) command to be
Printer Port Printer Port Pin Names executed (e.g. erase, read or write a byte of flash). The
Pin Names Pin Numbers COMMAND Byte holds this trigger byte value. Refer to
Table 11 for valid MICROWIRE/PLUS commands and their
STROBE ! SK/G5 trigger byte values. Bytes ADDRESS_HI and ADDRESS_LO
Do 2 SI/IGé refer to the high and low bytes of the flash memory address
D1 3 GO that is to be operated upon. The symbol t,, represents the
D2 4 G2 delay that is required when sending the command,
— ADDRESS_HI and ADDRESS_LO bytes.
D3 5 RESET
NEG(ACK) 10 SO/G4
GND 18 GND
N/C N/C Vee
Sent COMMAND | toe ay | ADDRESS_HI | toeay | ADDRESS_LO
Byte 1 Byte 2 Byte 3

20078810

FIGURE 8. ISP Command Frame
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2.0 Advanced ISP—Software
TOpiCS (Continued)

TABLE 9. Required time delays (in instruction cycles)
for cascading command frames after an initial
command was executed

2.7.2 Required Delays In Cascading Microwire Command tcASCADE-DELAY
§°m't“?"d Fran:esf del t be ob d wh di READ_BYTE 8
certain amount of delay must be observed when sending
multiple command frames in a data stream. The symbol WRITE_BYTE 34
teascade-delay 'EPresents the delay that is required when BLOCKR 125
sending several commands in a data stream. The host must BLOCKW 34
wait toascade-delay CyCles before sending the next command PGERASE 4
frame to the COP8 Flash Family device. Figure 9 shows the G S 8
delay relationship. Refer to Table 10 for the values of t . ccage- MASS_ERASE 34
delay. Refer to Table 10 for the values of tyeiay. The symbol EXIT N/A
t;...ty denotes individual delay requirements which vary PGMTIM SET 51
among different commands and are described in detail in —
Section 2.8 MICROWIRE COMMANDS AVAILABLE.
Sent COMMAND1 | tppiay ADDRESS_HI1 | tpgiay ADDRESS_LO1
Byte 1 Byte 2 Byte 3
COMMAND FRAME 1 tcascADE-DELAY COMMAND FRAME 2
Sent COMMAND2 | theiay ADDRESS_HI2 | tpELay ADDRESS_L02
Byte 1 Byte 2 Byte 3
20078811
FIGURE 9. Cascade Delay Requirement
TABLE 10. Required Time Delays (In Instruction Cycles)

COMMAND t, t, ts t, ts tg ty
READ_BYTE 58 48 91 N/A N/A N/A N/A
WRITE_BYTE 62 48 56 44 N/A N/A N/A
BLOCKR 70 48 56 48 97 162 162
BLOCKW 66 48 56 54 54 51 54
PGERASE 77 48 52 N/A N/A N/A N/A
MASS_ERASE 73 41 N/A N/A N/A N/A N/A
EXIT N/A N/A N/A N/A N/A N/A N/A
PGMTIM_SET 66 N/A N/A N/A N/A N/A N/A

2.7.3 Variable Host Delay

A special type of communication has been implemented in
the device firmware in order to allow the microcontroller
enough time to complete extended time operations such as
write or erase. This type of communication was developed
since the microcontroller may be used in situations where
the clock is extremely slow and writes to the flash memory
will take a large amount of time. This implementation relieves
the user of having to manually change the write delays in

host software. Figure 10 shows how the VARIABLE HOST
DELAY configuration is implemented on a byte write. Figure
11 shows how the VARIABLE HOST DELAY configuration is
implemented on a block write. Figure 12 shows how the
VARIABLE HOST DELAY configuration is implemented on a
page erase. Figure 13 shows how the VARIABLE HOST
DELAY configuration is implemented on a mass erase. Since
the SK (Serial CLOCK) is normally high, the microcontroller
brings SK low to indicate to the host that a WAIT condition

www.national.com




2.0 Advanced ISP—Software until the WAIT condition changes to a READY condition (i.e.,
T . . the SK pin is high again). The controller then returns to
OPICS  (Continued) command decode and waits for the next command.

(i.e. the SK pin is low) exists. The host then goes into a loop

W 0x71 X ISPADHI XISPADLO % % DATA VALID
v

WAIT READY

% 0x71 X ISPADHI XISPADLOX DATA W %COMMANDX VALIDX VALID

20078812

FIGURE 10. Byte Write Waveform (Relative Bytes are Shown)

W 0x8F X ISPADHI ISPADLO BYTECOUNTLO DATA1 x % % DATA_N

WAlT CAREADY
| DELAY
YRITE sKD sW op.—2

NEXT
OXSF ISPADHI ISPADLO BYTECOUNTLO DATA DATA_N % %COMMAND

20078813

FIGURE 11. Block Write Waveform (Relative Bytes are Shown)

v
WA|T READY

|||||||||||||||| ||||||l||||||||| |||||||||||||||| ||||||ﬂ|||||||| [ WWWWWWWWW

% 0xB3 X ISPADHI XISPADLOX DATA W %COMMANDX VALIDX VALID

20078814

FIGURE 12. Page Erase Waveform (Relative Bytes are Shown)
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2.0 Advanced ISP—Software Topics (Continued)

WAIT

VALID

READY

DUE TO MAS'S ERASE AND SW OP.

///% /// - %(X o vaco

20078815

FIGURE 13. Mass Erase Waveform (Relative Bytes are Shown)

2.7.4 MICROWIRE/PLUS —Boot ROM Startup Behavior

Upon start-up, the ISP Boot ROM will detect if the G6 pin is
high. By using this technique the Boot ROM avoids any bit
that may be inadvertently entered on to the Sl pin. If the G6
pin is not high at start-up, the ISP Boot ROM will try to detect
if a valid command is received on a transmission. If a valid
command is received, the Boot ROM firmware will check to
see if the SECURITY bit is set. Table 11 shows the valid
MICROWIRE/PLUS commands. If security is set, the Boot
ROM will disable all ISP functions except reading the OP-
TION register at OxXFFFF (COP8TAC9 only), the execution of

a mass erase on the flash memory and setting the PGMTIM
Register. Read attempts of flash memory, other than location
O0xFFFF, Option Register of COP8TAC9, while security is set,
will result with a OxFF sent back through the MICROWIRE/
PLUS. In general, the Boot ROM firmware will decode the
command, check security, execute the command (if security
is off) and execute the MICROWIRE/PLUS Main Support
Block (e.g., triggering the PSW.BUSY bit in order to send the
data back to the host) See Figure 14 for the
ISP—MICROWIRE/PLUS Control flow.

TABLE 11. MICROWIRE/PLUS Commands

Command Function Byte Value Parameters Variable Host Delay Return Data
Implemented?
PGMTIM_SET | Write Pulse 0x3B Value No N/A
Timing
Register
PAGE_ERASE | Page Erase 0xB3 Starting Address of Page Yes N/A
MASS_ERASE | Mass Erase OxBF Confirmation Code Yes N/A (The entire Flash
Memory will be erased)
READ_BYTE |Read Byte 0x1D Address High, Address No Data Byte if Security not
Low set. OxFF if Security set.
BLOCKR Block Read 0xA3 Address High, Address No n Data Bytes if Security
Low, Byte Count (n) High, not set. n Bytes of OxFF if
Byte Count (n) Low (0 <n Security set
< 32767)
WRITE_BYTE | Write Byte 0x71 Address High, Address Yes N/A
Low, Data Byte
BLOCKW Block Write 0x8F Address High, Address Yes N/A
Low, Byte Count (0 <n <
16), n Data Bytes
Data location must be
within a 64 byte segment
(1/8 page) due to
multi-byte write limitation
EXIT EXIT 0xD3 N/A No N/A (Device will Reset)
INVALID N/A Any other invalid command N/A N/A
will be ignored
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2.0 Advanced ISP—Software Topics (continued)
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FIGURE 14. The ISP—MICROWIRE Control

2.8 MICROWIRE COMMANDS AVAILABLE

2.8.1 PGMTIM_Set
Sets the flash write timing register to match that of the CKI
frequency. See Table 12 for values.

Description:  Figure 15 shows the format of the
PGMTIM_SET command. The PGMTIM_SET command will
transfer the next byte sent into the flash programming time

register. No acknowledgment will be sent. The symbol t,
denotes the time delay between the command byte and the
setting of the PGMTIM register. This command is always
available. This command must be used before any “writes”
or "erases" can occur (i.e., page erase, mass erase, write
byte or block write). See Table 12 for the value(s) of t; and t,.
Table 12 shows valid values for the PGMTIM register. This
command is security independent.

PGMTIM_SET | Y

PGMTIM ty

Sent  Byte 1

Byte 2
20078817

FIGURE 15. The Set PGMTIM Command

TABLE 12. Valid PGMTIM Values

Bit Values for the PGMTIM Register
Hex Value CKI Frequency Range

7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0x00 25 kHz-50 kHz
0 0 0 0 0 0 0 1 0x01 50 kHz—-100 kHz
0 0 0 0 0 0 1 0 0x02 75 kHz—150 kHz
0 0 0 0 0 1 0 0 0x04 125 kHz-250 kHz
0 0 0 0 0 1 1 1 0x07 200 kHz-400 kHz
0 0 0 0 1 0 1 1 0x0B 300 kHz-600 kHz
0 0 0 1 0 0 0 1 0ox11 450 kHz-900 kHz
0 0 0 1 0 1 1 1 0x17 600 kHz-1.2 MHz
0 0 1 0 0 1 1 1 0x27 1.0 MHz-2.0 MHz
0 0 1 1 1 1 1 1 Ox3F 1.6 MHz-3.2 MHz
0 1 0 0 1 0 1 0 Ox4A 2.75 MHz-5.5 MHz
0 1 0 0 1 1 1 0 Ox4E 3.75 MHz-7.5 MHz
0 1 0 1 0 1 0 1 0x55 5.5 MHz—-11 MHz
0 1 0 1 1 0 1 0 0x5A 6.75 MHz-13 MHz
0 1 0 1 1 1 0 1 0x5D 7.5 MHz-15 MHz
0 1 1 0 1 1 0 0 0x6C 11.25 MHz-22.5 MHz
R RW | RRW | RW | RW | RW | RW | R/W

2.8.2 PAGE_ERASE —Erase a Page of Flash Memory

Description:  Figure 16 shows the format of the
PAGE_ERASE command. The PAGE_ERASE command
will erase a 512 byte page of the flash memory. The next two
bytes after the PAGE_ERASE byte refer to the beginning
high and low bytes of the beginning address of the target
flash page. A WAIT/READY (Variable Host Delay) technique
is used to delay the host when the controller is executing and

erasing the flash memory. For a full description of the
WAIT/READY command refer to the section regarding VARI-
ABLE HOST DELAY (2.7.3 Variable Host Delay). The sym-
bol t,, t, denote the time delay between the command byte,
the delay required after loading the high address byte, and
the delay after loading the low address byte. The symbol t5
denotes the time delay after loading the ADDRESS_LO
value. The PAGE_ERASE command is NOT always avail-
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2.0 Advanced ISP—Software
TOpiCS (Continued)
able (i.e., it is security dependent). If security is set, then the

command will be aborted and no acknowledgment will be
sent. See Table 10 for the value(s) of t,, t5, and t5.

Sent PAGE_ERASE Y ADDRESS_HI 1Y) ADDRESS_LO t3
Byte 1 Byte 2 Byte 3
Received WAIT READY
Bit 1
20078818
FIGURE 16. The PAGE ERASE Command
2.8.3 MASS_ERASE —Erase the Entire Flash Memory command byte and the transmission of the CONFIRM_KEY.
Array The symbol t, denotes the time delay after the CON-
Description:  Figure 17 shows the format of the FIRM_KEY has been checked. A WAIT/READY technique is
MASS_ERASE command. The MASS_ERASE command used to delay the host when the controller is executing and
will erase the entire flash memory, including the Option writing to the flash memory. For a full descriptjon regard!ng
Register. The next byte after the MASS_ERASE command the WAIT/READY command refer to'the section regarding
refers to the confirmation key used to double check that a VARIABLE HOST DELAY (2.7.3 Variable Host Delay). The
mass erase request was actually sent. The confirmation key !\/IASS?ERASE command is always available. It is security
must equal 0x55 in order for the MASS_ERASE command to independent. See Table 10 for the value(s) of t;, and t,.

continue. The symbol t; denotes the time delay between the

t t
Sent. MASS_ERASE 1 CONFIRM_KEY 2
Byte 1 Byte 2
. WAIT READY
Received
Bit 1
20078819
FIGURE 17. The MASS_ERASE Command
2.8.4 READ_BYTE —Read a Byte from the Flash back after t; delay(s) has elapsed. If security is set, the user
Memory Array is only allowed to read location OXFFFF (Option Register of
Description: Figure 18 shows the format of the READ_BYTE COP8TACY). In other words, if security is set and AD-
command. The READ_BYTE command will read a byte from DRESS_HI and ADDRESS_LO=0xFFFF then the firmware
the flash memory. The next two bytes after the READ_BYTE will allow that operation, otherwise it will send back a OxFF in
refer to the address of the target flash location. The symbol the DATA_RTN byte. See Table 10 for the value(s) of ty, t,,
ty, t> denotes the time delay between the command byte, the and ts.

delay after loading of the high address byte. Data is sent

Sent READ_BYTE Y ADDRESS_HI t) ADDRESS_LO | 13
Byte 1 Byte 2 Byte 3
Received DATA_RTN
Byte 1

20078820

FIGURE 18. The READ_BYTE Command
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2.8.5 WRITE_BYTE — Write a Byte to the Flash Memory
Array

Description:  Figure 19 shows the format of the
WRITE_BYTE routine. The WRITE_BYTE command will
write a byte to the flash memory. The next two bytes after the
WRITE_BYTE byte refer to the high and low byte address of
the target flash location. The next byte (DATA_REC) after
the ADDRESS_LO byte will contain the value that will be
stored into the flash location. The symbols t,, t, denote the
time delay between the command byte and the delay after

loading of the high address byte. The symbol t; denotes the
time delay after loading the ADDRESS_LO value. Data is
saved into the flash location after a t, delay. A WAIT/READY
signal is used to delay the host. For a full description of the
WAIT/READY command refer to the section regarding VARI-
ABLE HOST DELAY (2.7.3 Variable Host Delay). The
WRITE_BYTE command is NOT always available (i.e. it is
security dependent.) If security is set, then the command will
be aborted and no acknowledgment will be sent back. See
Table 10for the value(s) of t4, t5, t5, and t,.

Sent WRITE _BYTE Y ADDRESS_HI t) ADDRESS_LO ts DATA_REC ty
Byte 1 Byte 2 Byte 3 Byte 4
) WAIT READY
Received
Bit 1

20078821

FIGURE 19. The WRITE_BYTE Command

2.8.6 BLOCK WRITE — Write a Block of Data to the
Flash Memory Array

Description: Figure 20 is a symbolic representation of the
BLOCK_WRITE routine. Data is written in sequential order.
This routine is intended to write bytes of data which will
reside in a page of flash memory. The next two bytes after
the BLOCK_WRITE byte refer to the beginning high and low
byte address of the target flash location. The next byte after
the ADDRESS_LO byte refers to the BYTECOUNTLO vari-
able. The BYTECOUNTLO variable is used by the microcon-
troller to transfer N bytes (i.e, N=BYTECOUNTLO). The
maximum number of bytes that can be written is 16. If the
number of bytes exceeds 16, it may not be guaranteed that
all of the bytes were written. Block Writes cannot cross row
boundaries. Data must be placed within the same 1/8 page
segment, 64 bytes. If N=0 then the firmware will abort. The

symbols t; and t, denotes the time delay between the com-
mand byte and the delay after loading of the high address
byte. The symbol t; denotes the time delay after loading the
ADDRESS_LO value. The symbol t, denotes the necessary
time delay after loading the BYTECOUNTLO variable. Data
arrives at t5 cycles after the ADDRESS_LO value is loaded
(i.e. DATA1 - DATA2 have the same delay as DATA2 -
DATAS3). After the last byte (DATA_N) is received, a WAIT/
READY signal will be sent to delay the host. For a full
description of the WAIT/READY command refer to the sec-
tion regarding VARIABLE HOST DELAY (2.7.3 Variable
Host Delay). The command (BLOCK_WRITE) is NOT al-
ways available (i.e. it is security dependent). If security is set,
then the command will be aborted after the last data (DA-
TA_N) is received and no acknowledgment will be sent back.
See Table 10 for the value(s) of ty, t,, ts, t4, t5, and tg.

Sent BLOCKW Y ADDRESS_HI | to | ADDRESS_LO tg
Byte 1 Byte 2 Byte 3
_________ BYTECOUNTLO ty DATA_1 tg ... pata_N tg
Byte 4 Byte 5 Byte N
. WAIT READY
Received
Bit 1

FIGURE 20. The Block Write Routine

20078822
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2.0 Advanced ISP—Software
Topics (Continued)

2.8.7 BLOCK_READ—Read a Block from the Flash
Memory Array

Description:  Figure 21 shows the format of the
BLOCK_READ command. The BLOCK_READ command
will read multiple bytes from the flash memory. The next two
bytes after the BLOCK_READ byte refer to the beginning
high and low byte address of the target flash location. The
next two bytes after the ADDRESS_LO byte refer to the
upper and lower byte of BYTECOUNT. The BYTECOUNT
variable is used by the microcontroller to send back N num-
ber of bytes (i.e, N=BYTECOUNT). The maximum value of N
is 4 kBytes. If N=0 then the firmware will abort. The symbols
t;, t,and , t; denotes the time delay between the command

byte, the delay in loading of the ADDRESS_HI, and the delay
after loading the ADDRESS_LO. The symbol t, denotes the
required time delay between loading BYTECOUNTHI and
BYTECOUNTLO. Subsequent data is sent to the host at tg
cycles after BYTECOUNTLO (i.e. DATA1-DATA2 have the
same delay as DATA2—-DATAS). This command is capable of
sending up to 32 kB of flash memory through the
MICROWIRE/PLUS. This command is always available
however, if security is set, the user is only allowed to read
OxFFFF (Option Register of COP8TACY). In other words, if
at anytime ADDRESS_HI and ADDRESS_LO=0xFFFF, the
firmware will allow that operation. If at any time AD-
DRESS_HI and ADDRESS_LO do not equal OxFFFF and
security is set, then the firmware will return OxFF. This rou-
tine will acknowledge by returning data to the host.

| BLOCKR |‘1

Sent.

ADDRESS _HI | t | ADDRESS_LO | t3 |

BYTECOUNT
HI

t BYTECOUNT | 4
5
Lo

Byte 1

%
Received DATAT 6

Byte 1

Byte 2

Byte 3

Byte 4 + 5

20078823

FIGURE 21. The Block Read Command

2.8.8 EXIT—Reset the Microcontroller

Description: Figure 22 shows the format of the EXIT com-
mand. The EXIT command will reset the microcontroller.
There is no additional information required after the EXIT
byte is received. No acknowledgment will be sent back
regarding the operation. This command is always available.
It is security independent.

EXIT

Byte 1
20078824

FIGURE 22. The EXIT Command
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Notes
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