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INTRODUCTION

There are many different microcontrollers on the market
today that are being used in embedded control
applications. Many of these embedded control systems
need non-volatile memory. Because of their small
footprint, byte level flexibility, low I/O pin requirement,
low power consumption and low cost, Serial EEPROMs
are a popular choice for non-volatile storage.

Microchip Technology Incorporated addresses this need
by offering a full line of Serial EEPROMs covering
industry standard serial communication protocols for
2-wire and 3-wire communication. The theory, operation
and differences of these two protocols are discussed in
detail in Microchip’s application note AN536. The reader
should refer to AN536 if unfamiliar with 2-wire and/or
3-wire communication protocols. Serial EEPROM
devices are available in a variety of densities,
operational voltage ranges and packaging options.

Microchip realizes that its customer base is very broad,
and because of this, different microcontrollers are used
to interface to Serial EEPROMs. One of the
microcontrollers used in these applications is the
Motorola® 68HC11. In order to simplify the design
process, Microchip has written a 68HC11 assembly
code to communicate with our 2-wire and 3-wire parts
that is verified and tested to function properly.

There are 13 programs written for inclusion in this
application note. A listing of one of the programs is
included with this application note as an example. The
source code for all of the programs is available for
downloading via Microchip’s Bulletin Board (BBS).
Users may consult the index of the Microchip
Embedded Control Handbook for log-on instructions
for the BBS. Once logged on to the Microchip BBS,
select the FILE LIBRARY (download files) option from
the main menu. Next, select a library. This application
note is located in the MEM_APPS file library. Once in
the MEM_APPS file library, the proper application note
can be selected and downloaded by following the
directions supplied by the BSS system. Only one file
needs to be downloaded from the Microchip BBS to get
all of the source code. All source code files are
combined and compressed into one downloadible file
called AN609.zip.

For Microchip 2-wire devices (24CXXA, 24LCXX,
24LCXXB, 24AAXX devices, excluding 24XX32 and
24XX65 devices), there are three programs to perform
some of the basic communication functions.

« SRDMT2W.ASM - 2-Wire Sequential Read
« BWAMT2W.ASM - 2-Wire Sequential Write

* BWAPMT2W.ASM - 2-Wire Byte Write with Data
Polling

Refer to the data sheets in the Microchip Data Book for
the 2-wire devices listed above for explanations of
sequential read, sequential write and data polling.

Microchip also offers a powerful and flexible family of
products referred to as Smart Seriall]. These devices
use the same 2-wire interface as described above, but
have added intelligence not found on Microchip’s other
2-wire devices. These devices include the 24C32,
24L.C32, 24AA32, 24C65, 24LC65, and 24AA65.
Among Smart Serial features are: split erase/write cycle
endurance (user selectable regions of the device with
two different endurance ratings), a 64-byte write cache
and the ability to permanently write protect part or all of
the array.
* RRDMT65.ASM - Random Read from 64K Smart
Serial
* SRDMT65.ASM - Sequential Read from 64K
Smart Serial
e CACWMT65.ASM - Full Cache Write to 64K Smart
Serial
* WR8BMMT65.ASM - Sequential Byte Write to 64K
Smart Serial
« WR8PMT65.ASM - Sequential Byte Write with
Data Polling to 64K Smart Serial
« HEMT65.ASM - Setting of High Endurance block
for 64K Smart Serial
 SECMT65.ASM - Setting Security Features for
64K Smart Serial

Refer to individual data sheets of the parts listed for the
definition and explanation of the functions.

For Microchip 3-wire devices (93CXX, 93LCXX
93LCXXB, and 93AAXX devices), there are three
programs included to perform some of the basic com-
munication functions.
« MT4BR3W.ASM - 3-Wire Multiple Word Read
* MT4BW3W.ASM - 3-Wire Multiple Word Write
* MT4BW3PW.ASM - 3-Wire Multiple Word Write

with Data Polling
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Refer to the individual data sheets of the 3-wire devices
listed for explanations of multiple word read, multiple
word write and data polling.

Figure 1 describes the hardware schematic for the
interface between Microchip’s 2-wire devices and the
Motorola 68HC11E9. This schematic applies to the
connection of the Smart Serial devices as well.
Figure 2 describes the hardware schematic used to
connect Microchip’s 3-wire devices to the Motorola

FIGURE 1:

microcontroller. The schematics show the connections
necessary between the microcontroller and the serial
EEPROM, and the software was written assuming
these connections.

CIRCUIT DIAGRAM FOR 68HC11 TO 2-WIRE SERIAL EEPROM INTERFACE
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FIGURE 2:

CIRCUIT DIAGRAM FOR 68HC11 TO 3-WIRE SERIAL EEPROM INTERFACE
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Please check the Microchip BBS for the latest version of the source code. For BBS access information,
see Section 6, Microchip Bulletin Board Service information, page 6-3.

APPENDIX A: SOURCE CODE

R R O R R R R R S bk S R Rk R R S R R R Rk R Sk R R O ok Sk b O S R R b

’ ; 2-Wre Sequential Wite Program (225 bytes)

; This program (bwr4m2w. *) wites 4 bytes of $A5 to a Mcrochip 24LCxx
; beginning at location $10 using a Mdtorola 68HC11 microcontroller.

; This code has been verified that it wites properly to a Mcrochip

; 24LCxx serial EEPROM

; This programwas witten using a 68CHL1EVBU eval uati on board.

; This board has a nonitor programin firmvare of the 68HCL1 which

; allows single stepping, register view ng, nodifying, etc. Since this

; Is the case, the programcode will be | oaded into the on-chi p EEPROM
; This EEPROM begi ns at $B600. The control registers are left to their

; default location of $1000 and the RAMis left to its default |ocation.
; RAM | ocations of $48-$ff are used by the nonitor programand are not

; available for programuse. Therefore, the stack pointer is set a $47

; and will be able to use all of the RAMto $00, and the RAM vari abl es

; begin at location $100 and go up fromthere. | cannot programthe

; reset vector since it is ROMspace (at $FFFE), so the way | run this

; programis to use the nmonitor programthat conmes with the eval uation

; board to set the programcounter to the starting address of ny user

; program ($B600) and begin fromthere. For users who do have access

; to the reset vector, the | abel of the beginning program (in nmy case, it
; is called START) should be | oaded at |ocation $FFFE. This program was
; not assenbled using a Mdtorola assenbler, but was assenbl ed using

; Universal Cross-Assenblers Cross-32 Meta-Assenbler. |t has the

; ability to assenbl e just about any microcontroller code. There are

; certain commands that are unique to the cross-assenbler. These

; conmands will be comented differently than other conments to

; be recognizable. They will look like this:

e o o

; Special cross-assenbl er comand(s)
B e I e I o

; | do not know the exact assenbl er commands required to acconplish
; assenbly using a Motorola assenbl er.

; The crystal that cones with the evaluation board is 8 Mz.

; Wth this used as the clock input, this code will output a serial
; data stream at approxi mately 32khz. Al though this does not

; meet |2C spec of 100 khz, it conmunicate with the M crochip

; 24LCxx parts properly. |If a different frequency crystal is used,
; the code nmay need to be nmodified to nmeet timing specifications.

BRI
)

e o S S

0000 CPU  "C \ WNC32\ 68HC11. TBL" ; LOAD TABLE
0000 HOF " MoT8*" ; Hex output is Mdtorola S-records
0000 PAGE 60 ; Sets # of lines in list file

; to 60 before pagebreak
B R I L L O B e o I o o
)
BRIk S R R I R S I R I S
;

; 68HC11 control register |ocations

B I R S S
)

1000 = REGBS EQU  1000H ; BEG NNI NG OF REAQ STERS
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0100
1007
1003
0003

0003
0002
0001
0000
0001
0080
0001
0002
0004

0000

0100

0100
0101
0102
0103
0104

B600

B600
B600
B602
B605
B607
B60A

B60D
B610
B612

8E0047

8610
B70102
8604
B70104
CE1000

BDB639
86A0
B70100

RAVBS
DDRC

PORTC
PCOFF

EQU
EQU
EQU
EQU

100H
REGBS+07H
REGBS+03H
03H

)
’
’

’

BEG NNI NG OF RAM VARI ABLES
DATA DI RECTI ON REG FOR PORT C
PORT C DATA REQ STER

OFFSET FROM CONTRCOL REG BEG

B E R R EEEEREEREEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEE RS R EEEEEEEEEEEEEEEEESE]

)
)
’
)

User defined constants

CHI DH

CH DLO

CLODH

CLODLO
DI MASK
DOVASK
SDAMASK
SCKVASK
LEDVMASK

EE I 2k O O R O O R I O I O O O O
)

LDS #0047H

ORG

100H

00000011B
00000010B
00000001B
00000000B
00000001B
10000000B
00000001B
00000010B
00000100B

)

EE I b S O R S O O R O O

B R R R R R R I S R R

SET BOTH CLK AND DATA H

SET CLK H AND DATA LO

SET CLK LO AND DATA H

SET CLK AND DATA BOTH LO
BIT MASK FOR DATA IN BIT
BI T MASK FOR DATA QUT BIT
BI T MASK FOR SERI AL DATA

BI T MASK FOR SERI AL CLOCK
BI T MASK FOR ACK FAI LED LED

STACK PO NTER BEG NS AT $47

RAM vari abl es begin at 100h

s B o
Cross- Assenbl er directive that stands for define

DFS is a Universal
st or age.
t he user

TXBUFF
EE_IN
ADDR
RXBUFF

BYTECNT
s o O O o L o

1is for byte,
defi ned RAM vari abl es.

DFS
DFS
DFS
DFS
DFS

PR RRPP

2 is for word, 4 is for long word. These are

100H
101H
102H
103H
104H

BRIk bk S R R S R O Rk O R

Program code cannot be placed in ROMfor eval board because
eval board firmmvare is loaded in ROM  Program code w || be
| oaded i n EEPROM (which is 512 bytes and begi ns at B600h).

Seri al
Seri al

data (SDA)
cl ock (SCK)
An acknowl edge fail

the ack is not

illum nated.

ORG

0B600H

Rk S b R R IR ik kR R O kR kO b O

is located on port ¢, pin 0
is located on port ¢, pin 1l

LED is connected to port ¢, pin 2. \Wen
low like is should be, the ack failed LED is

This is the main portion of the code. It is where the reset
vector should set program counter to.

EE R S S O O O

START

STAA
LDAA
STAA
LDX

JSR
LDAA
STAA

#00010000B

ADDR

#4

BYTECNT

#REGBS

STRTBI T
#10100000B

TXBUFF

1

ADDRESS OF MEMORY TO BEG N
VRI TI NG DATA
NUMBER OF BYTES TO WRI TE QUT

LOAD $1000 I NTO X | NDEX REG
GOTO STRTBI' T SUBROUTI NE

LOAD CONTROL BYTE | NTO
TXBUFF FOR OQUTPUT TO SEEPROM
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B615 BDBG6A2 JSR TXBYTE ; OQUTPUT 1 BYTE TO SEEPROM
B618 B60102 LDAA ADDR ; GET ADDRESS AND LCAD I N
B61B B70100 STAA TXBUFF ; TXBUFF FOR OQUTPUT

B61E BDB6A2 JSR TXBYTE ; OQUTPUT 1 BYTE TO SEEPROM
B621 F60104 LDAB BYTECNT

B624 86A5 NEXTWRLDAA #10100101B ; DATA BYTE TO QUTPUT | S A5H
B626 B70100 STAA TXBUFF

B629 37 PSHB PUSH DATA BYTE COUNTER TO

STACK

B62A BDBG6A2 JSR TXBYTE OUTPUT 1 BYTE TO SEEPROM

B62D 33 PULB PULL DATA BYTE COUNTER FROM
STACK

B62E 5A DECB HAVE WE OUTPUT CORRECT # OF
DATA BYTES?

B62F C100 CwPB  #00H

B631 26F1 BNE NEXTVR NO, THEN SEND NEXT BI T

B633 BDB653 JSR STOPBI T ; SEND STOP BIT TO BEG N

; I NTERNAL WRI TE CYCLE
B636 7EB600 JwWP START ; START OVER AGAI N

BRI S S O S O S O R S I S

EEE R bk S S R R O I R O O

; Start bit output subroutine

B639 STRTBI T
B639 8607 LDAA #00000111B ;
B63B B71007 STAA DDRC ; PORT C ALL | NPUTS EXCEPT BITS
;0 0,1,2
B63E 8603 LDAA #CHI DHI ; SET SCLK AND SDATA HI
B640 B71003 STAA PORTC ;
B643 01 NOP ; OBEY PROPER START BI T SETUP
;o TIMVE
B644 01 NOP ;
B645 01 NOP ;
B646 01 NOP ;
B647 01 NOP ;
B648 1D0301 BCLR PCOFF, X, SDAMASK ;. SET DATA LOWFOR STOP BIT
B64B 01 NOP ; OBEY PROPER START BI T HOLD
o TIMVE
B64C 01 NOP ;
B64D 01 NOP ;
B64E 01 NOP ;
B64F 1D0302 BCLR PCOFF, X, SCKMAS ; SET CLK LO
B652 39 RTS ; END START BI T SUBROUTI NE
Rk S o S O S
IEEEEEEEEEEEEEEEEEEEEEEREEREEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEESEE]
Stop bit output subroutine
z~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*
B653 STOPBI T
B653 8607 LDAA #00000111B ;
B655 B71007 STAA DDRC ; PORT C ALL | NPUTS EXCEPT FOR
7 BITS 0,1
B658 1D0301 BCLR PCOFF, X, SDAMASK ; MAKE SURE DATA BIT I S LOW
B65B 1C0302 BSET PCOFF, X, SCKMASK ; CLK BIT HI
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B65E

B65F
B660
B661
B662
B665

B666
B666
B668

B66B

B66E
B671
B672
B675
B678
B67A

B67C
B67E

B681
B681

B682
B682
B684

B687

B68A
B68C
B68E

B691
B693
B693
B696

B699

8606
B71007

7F0101
1C0302
01
B61003
1D0302
8501
2705
86FF
B70101

39

8607
B71007
B60100
8580
2705
100301
2003

1D030
1C0302

01

NOP ;. OBEY PROPER STOP BI T SETUP
o TIME

NOP ;

NOP ;

NOP ;

BSET PCOFF, X, SDAMASK DATA BIT H CAUSES STOP BIT
RTS ; END STOP BI T SUBROUTI NE
;**************************************************************
; Remenmber to wait internal wite cycle time or acknow edge
; pole here until witing is conpl ete before beginni ng next
; write to part.

B R I R I I I I R R O R

EE I kR O R O R O

This routine reads in one bit fromthe data |ine

Rk S S I R R kI S o R R IR R b b S R R S R R O b S S

INBI'T
LDAA #00000110B ; SET SDATA AS | NPUT AND KEEP
STAA DDRC ; SCLK AS QUTPUT
CLR EE_IN ; GUESS INPUT IS A O
BSET PCOFF, X, SCKMASK ; SET CLK BIT HI
NOP ; WAI'T TO READ | NPUT
LDAA PORTC ; GET | NPUT FROM SDATA
BCLR PCOFF, X, SCKMASK ; BRING CLK LO AFTER PORT READ
BI TA #Dl MASK ; SEEITFINPUT 1IS1 ORO
BEQ DONEI N ; INPUT IS A ZERO
LDAA #OFFH ; INPUT BIT IS ACTUALLY A 1
STAA EE IN ; STORE BACK IN EE_IN
DONEI N
RTS

EEE I Ik kR O R b S O R R R O b R
’

LR S Ik kI R R R Rk S b R R S ok Sk R S R O

This routine wites out one bit to the sdata |line

EE R I S O O S O R O O R S O

QuTBI T
LDAA #00000111B ;
STAA DDRC ; BOTH CLK AND DATA ARE
; OUTPUTS
LDAA TXBUFF ;. WHAT ARE WE TRYI NG TO
; OUTPUT,
BI TA  #DOVASK 7 A1 ORO?
BEQ LOAUT ; EEQUT BITISO
BSET PCOFF, X, SDAMASK ; H GH NEEDS TO BE SENT OUT
BRA  CONTQUT
LOWOUT
BCLR PCOFF, X, SDAMASK ; SEND QUT A LOW
CONTOUT BSET PCOFF, X, SCKMASK ; SET CLOCK BIT
NOP ; WAIT PROPER SCLK H TI ME
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B69A 01 NOP ;

B69B 1D0302 BCLR PCOFF, X, SCKMASK ; CLR CLOCK BI T AND THEN

B69E 1D0301 BCLR PCOFF, X, SDAMASK ; SET DATA BIT TO 0 FOR NEXT TX
B6A1 39 RTS

EE I Ik
1

EER R b ok R SRR b Sk S b S S S R R S I Rk kO S R Sk S o S

; This routine outputs 1 byte of data out the sdata pin
z~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k*~k~k~k~k~k~k~k*~k*~k~k~k~k~k~k~k~k~k*~k*~k~k~k~k~k~k

B6A2 TXBYTE

B6A2 C608 LDAB #8 ; SET BI' T COUNTER

B6A4 BDB682 TXBIT JSR QUTBIT ; SEND 1 BIT

B6A7 790100 ROL  TXBUFF ; GET NEXT BIT READY TO XM T
B6AA 5A DECB

B6AB C100 CwPB #00H ; HAVE WE QUTPUT ALL 8 BITS
B6AD 26F5 BNE TXBIT ; NO, THEN SEND NEXT BIT

; GET ACK BIT AND TEST IF IT IS LON | F NOT, TURN ON ACK FAIL LED

B6AF BDB666 JSR INBIT ; RECEIVE ACK BIT

B6B2 B60101 LDAA EE_IN ;

B6B5 8501 Bl TA #DI MASK ; TEST IF INPUT IS0 CR 1
B6B7 2703 BEQ DONETX ; IF ACK IS LON GO TO END OF TXBYTE

B6B9 1C0304 BSET PCOFF, X, LEDMASK TURN ON ACK FAI LED LED

B6BC 39 DONETXRTS

B kR
1

BRIk b ok S kb kR R I R R Ik R O kR Rk O b kO b R R

Thi s subroutine receives 1 byte from SEEPROM

EEE Rk Ik kb S bk R R O R R R R Rk Sk O Rk R bk S b R

B6BD RXBYTE

B6BD C608 LDAB #8 ; LOAD BIT COUNTER | N ACCB
B6BF 790103 RXBIT ROL RXBUFF ; GET READY TO RECEI VE NEXT BI T
B6C2 B60103 LDAA RXBUFF ; GUESS THAT INPUT BIT IS O
B6C5 84FE ANDA #11111110B ;

B6C7 B70103 STAA RXBUFF ; WRI TE ACCA BACK TO RXBUFF
B6CA BDB666 JSR INBIT ; RECCEIVES 1 BIT

B6CD B60101 LDAA EE_IN ; ISINBITA1ORADO?
B6D0 8501 Bl TA #DI MASK ;

B6D2 2708 BEQ CONTRX ;U

B6D4 B60103 LDAA RXBUFF ; GET RXBUFF | NPUT

B6D7 8A01 ORAA #00000001B ; SET INPUT BIT TO 1

B6D9 B70103 STAA RXBUFF ;

B6DC 5A CONTRXDECB

B6DD C100 CvPB #00H ; HAVE WE QUTPUT ALL 8 BITS
B6DF 26DE BNE RXBIT ; NO, THEN SEND NEXT BIT
B6E1 39 RTS

B Ik R O O R R
1

e I L o I o o
; This conmand tells the cross-assenbler that code starts
;at the |location of START

B600 END START
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