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INTRODUCTION

Systems requiring embedded control are becoming
more and more sophisticated, with microcontrollers
required to control these systems increasing in
complexity. Many microcontrollers today are being
designed with built-in serial communication capability
to be able to easily access other features that are not
built in to the microcontroller itself. Devices like
EEPROMSs, A/Ds, D/As, LCDs etc. are all being built
with a serial interface to reduce cost, size, pin count,
and board area. There are many different serial
interfaces on the market used to interface peripherals
(12cO, MicrowireH, SPI, for example). One of the serial
interfaces that is gaining in popularity is SPI (Serial
Peripheral Interface). It is becoming more popular
because of its communication speed, simultaneous
full-duplex communication, and ease of programming.

Microchip PIC16C64/74 microcontrollers have a built-in
serial port that can be configured as an SPI port.
Currently, the Microchip Serial EEPROM product line
does not support SPI interface Serial EEPROMSs,
however it is possible to use the 93 series devices on the
SPI port. Any version of Microchip’'s 93 series devices
can be communicated with via the SPI port of a
PIC16C64/74. The code for this application note is
written for a Microchip 93LC56/66, but talking to other 93
series devices can be accommodated with minor code
changes. See the Theory of Operation section of this
application note for more details on how this is
accomplished. This code was verified by downloading to
Microchip’s PICMASTER" in-circuit emulator (run at full
speed with a 10 MHz crystal) and tested to make sure it
writes (polling ready/busy pin to verify write cycle
completion) and reads properly. A schematic (Figure 1)
is included in this application note to describe exactly
how the 93LC56/66 was connected to the PIC16C64/74.

The SPI interface was popularized by the Motorola
68HCXX microcontrollers. Microchip receives many
requests for Motorola assembly code that uses the SPI
port of the 68BHC11 or 68HCO5 to talk to Microchip
serial EEPROMSs. Because of this, Microchip has
written 68HC11 assembly code to communicate with its
93 series devices via its SPI port. The program was
downloaded to a 68HC11 evaluation board and tested

to make sure it writes (polling ready/busy pin to verify
write cycle completion) and reads properly. A
schematic (Figure 2) is included in this application note
to describe exactly how the 93LC56/66 was connected
to the microcontroller.

THEORY OF OPERATION

To use an SPI port to communicate with Microchip’s 93
series Serial EEPROMSs, the bytes to be output to the
93XXXX must be aligned such that the LSB of the
address is the 8th bit (LSB) of a byte to be output. From
there, the bits should fill the byte from right to left
consecutively. If more than 8 bits are required, then two
bytes will be required to be output. This same method
will work for any 93 series device. A 93LC66 was
chosen as the device to write this application note code
for, so the following example will be for that particular
device. The theory explained below will work for any 93
series device.

Since more than 8 bits are required to control a
93LC66, two consecutive bytes are required.

High Byte (where the start bit, op code bits, and
address MSB reside)

|0]0|0| 0| SB|OPL|OPO| A8|

The High Byte is configured in the following format: SB
is the start bit, OP1 is op code MSB, OPO is op code
LSB, and A8 is the 9th address bit that is required to
address 512 bytes. The CS can be set before the byte
is output because the leading 0’s output to the 93xxxx
prevent a start bit from being recognized by the 93xxxx
until the first high bit is sent.

Low Byte (8 address LSBs)
| A7| A6| A5| Ad4| A3| A2| Al| AO|

The Low Byte contains A7-A0, which are the rest of the
address bits required to access 512 bytes.

Data output from master MUST be set up on the falling
edge of the clock so that it can be read from the
93XXXX on the next rising edge. Receiving data from
the 93XXXX MUST also happen on the falling edge of
the clock because the data is output from the 93XXXX
on the rising edge of the clock. THIS REQUIRES THE
CLOCK PHASE BIT OF THE SPI PORT TO BE
OPPOSITE FOR RECEIVING THAN IT IS FOR
TRANSMITTING. The clock phase needs to be
toggled between 0 for transmitting data and 1 for
receiving data. See source code for the exact spot
where the clock phase bit needs to be changed.
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FIGURE 1: PIC16C74 TO 93LC56/66 SCHEMATIC

VD’D/ PIC16C74

VDD RAO/ANO
RA1/AN1

RA2/AN2

MCLR/VPP RA3/AN3
RA4/TOCKI

RA5/AN4/SS

[ | Vs

RBO/INT
RB1

OSC1/CLKIN RB2
RB3

OSC2/CLKOUT RB4 ———
10.0 MHz RBS

RB6 ——
] }—J RB7 vo
——~15pF —~ 15pF 93LC56/66
T j\ p

— RCO/T10SO/T1CKI Cs VCC
RC1/T10SI/CCP2 —
RC2/CCP1
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO

RC6/TX/CK
RC7/RX/IDT

O

(101

CLK NC
DI ORG

:

1T L

DO Vss

REO/RD/ANS
RE1/WR/AN6
RE2/CS/AN7

RDO/PSPO
RD1/PSP1
RD2/PSP2
RD3/PSP3
RD4/PSP4
RD5/PSP5
RD6/PSP6
RD7/PSP7

DS00613A-page 2 0 1995 Microchip Technology Inc.



ANG13

FIGURE 2:

MOTOROLA 68HC11 TO MICROCHIP 93LC56/66 SCHEMATIC
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A pull down resistor is included on the CS pin. It deselects the 93LC56/66, always, except for when CS
is driven high by the 68HC11.
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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: PIC16C64/74 SOURCE CODE

B R R R X E]
’

; To use the SPI port to comunicate with 3-w re devices,

; the bytes to be output must be aligned such that the LSB of the
; address is the 8th bit (LSB) of a byte to be output. Fromthere,
; the bits should fill the byte fromright to left consecutively.
; This sane method will work for any 93xxxx device. A 93LC66 was
; chosen as the device to wite this application note code for,

; so the followi ng exanple will be for that particular device.

; The theory explained below will work for any 93 series device.

; Since nore than 8 bits are required to control a 93LC66,
; two consecutive bytes are required.

; H gh byte (where start bit, op code bits and address MSB reside)
;] 0] O | O | O | SB | OP1| OO | A8 |

; The High Byte is configured in the following fornmat:

; SB is the start bit, OP1 is op code MSB, OP0O is op code LSB, and A8

; is the 9th address bit that is required to address 512 bytes. The CS

; can be set before the byte is output because the leading 0's output to
; the 93xxxx prevent a start bit from being recognized by the 93xxxx until
; the first high bit is sent.

; Low byte (8 address LSBs)
| AT| A6| AS| M| A3| A2| Al| A0 |

; The Low Byte contains A8-AO0, which are address bits required
; to access 512 bytes.

; The chip select is set high before sending the first byte out because
; the 93LC66 will not recognize a start bit until both CS and DI are
; high on the rising edge of a clock.

; This code is witten to use the 16C64/74 SPl port to conmunicate with a
; M crochi p 93LC66. The only other 1/O line required besides the SPl port
; pins is a chip select. The ORG pin will be grounded to set up the part

; in x8 node.

; PI' N DESCRI PTI ONS:

; SCK (serial clock) port C, bit 3
; SDO (serial data out) port C, bit 5
; SDI (serial data in) port C, bit 4
; Cs (chip select) port C, bit O

; Transmits fromthe master MJUST happen on the falling edge of the clock

; so they can be read by the 93xxxx on the next rising edge of the clock.

; Recei ving fromthe 93xxx MJST al so happen on the falling edge of the

; cl ock because on the rising edge of the clock, the 93xxxx outputs its bit
; on its DOpin. This requires the CKP bit in the SSPCON register to be set
; to 1 for transmitting data and CKP=0 for receiving data.

; This code was witten by Keith Pazul on 10/5/94

B R R R

B
’

; Ram Regi ster Definitions
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chkkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhhhhhdhdhk
’

; received bytes from EEPROM nenory | ocations 10h to 13h
; Will be stored in RAMregisters 20h to 23h.

rxdat a equ 24h
t xdat a equ 25h
addr equ 26h
| oops equ 27h
| oops2 equ 28h
hi byt e equ 29h
| obyt e equ 2Ah
dat byt equ 2Bh

chkkkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhhhhdkhhk

; Q her Definitions

B R R R R X R ET

B R R X R E]
’

; Bit Definitions

chkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhhhhhhhhdkhk
’

cs equ 0

sdi equ 4

IR R EEEEEEEEE SRR SRR SR SRR EEEEEREEEEEEEEEEEREEEREESEEEESEEEE]

i ncl ude “c:\npasnmincl ude\ pl6cxx.inc” ; register map for PICL6CXX devices
org 0x000 ; Reset Vector

goto Start
;
chkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhhkhkhkhkhkdhhkhkhkhhkhkhkhkhhkhhhhhhhhhhdhhk

; This is the transmit/receive routine. The received bytes
; are don’t cares until reading back fromthe array.

ckkk ok ok hkk Ak ko k kA k Ak khhkhkhkhhhk ok khkkhkhkh ok hkhkhkhhk ok khkhhkhkhkhkhkkkkk
’

out put nmovwf SSPBUF ; place data in buffer so it
;can be out put
| oopl bsf STATUS, RPO ; specify bank 1
bt fss SSPSTAT, BF ; has data been received (xnit done)?
got o | oopl ; not done yet, keep trying
bcf STATUS, RPO ; specify bank 0
nmovf SSPBUF, W ; enpty receive buffer, even if we
; don’t need received data
novwf r xdat a ; put received byte into location
retlw 0 ; return from subroutine

IR R R R R R R R R R R EE R R R R R R R R R R R R R R R R R R EREEEEEEEEEEEEEEEEEEEES]
;

BEE SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
;

;

; EVEEN routi ne

;

R R E RS RS EE SR SRR R SR SR SRS EEE R SRR ERER SRR EEREEREEEEREEEEESESEESESESES
;

EVEEN
bcf STATUS, RPO ; need to set bank O
bsf PORTC, cs ; set chip select line high
mov| w b’ 00001001’ ; start bit is bit 3, 00 is
; op code for EWEN
call out put ;
mov| w b’ 10000000’ ;1 req for EVEN, 0000000 are don’'t cares
; which is the 8 | sb address bits
cal | out put ;
bcf PORTC, cs ; bring chip select lowto begin
;  EEPROMs internal wite cycle
retlw 0 ; return from subroutine

; remenber CS nust be low for at |east 250 nsec

ckkkk ok ok khkkh ok k Ak kA khkkhkhhkh ok hkhhkh ok hkhhkh ok hkhhkhkhkhhkkhkhkhkkhkkk
’
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ckkkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkdhhkhkhkhkhkdhkhkhhkhkhkhhhhhhhhhhhdhihk
’

; This routine outputs the two bytes required to send

; the start bit,

op code bits,

and address bits

chkkk ok ok ok khkkk ok khkkhkkhkhkhkhkhkhhk ok hkhkhkh ok hkhhkhhk ok hkhkhhkhhkhhkhkhkhkhhkkhkkk
’

WRI TE
bcf
bsf
nmovf
cal
novf

cal
novf
cal
bcf

i ncf

retlw

STATUS, RPO
PORTC, cs
hi byte, 0
out put
FSR, 0
out put
dat byt, 0
out put
PORTC, cs
FSR, 1

0

need to set bank 0
set chip select line high
put hibyte in wreg

put addr pointed to by FSR into

w reg

get ready to output data in datbyt

bring chip sel ect
EEPROME i nterna
poi nt to next

wite to

location to

ckkkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkdhkhhkhhkhkhhhhhhhhhhhddkk
’

B e R R e R
’

; This is the nodul e that

reads one byte of data

ckkk ok ok ok ok Ak ko k kA kA khhkhhkhhkhhkh ok hhkh ok hk ok hkhhkh ok hkhkhhkkhkhkhkhkkkkhkkk

READ
bcf
bsf
bsf

novf
cal
nmovf

cal

STATUS, RPO
PORTC, cs
SSPCON, CKP
hi byte, 0
out put

| obyte, 0O
out put

need to set bank O
set chip select line high

make sure CKP is 1 to output
next instruction and addr
nove data from hibyte to w

get ready to send next byte

low to begin
wite cycle

which is the 8 I sb address bits

B R R R R R
’

; This is where CKP bit

is reset for receiving data.

ckkkkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhhhhhhhkhhk
’

bcf
nov| w

cal
bcf

clrf
novf
movwf

i ncf

i ncf
retlw

SSPCON, CKP
0x00

out put
PORTC, cs

| NDF
rxdata, 0
| NDF

FSR, 1

| obyte, 1
o

change clock polarity to O
The byte xmitted here is a

don’t care

bring chip select lowto
term nate read command
clr location pointed to by FSR

nove received data to wreg
put received data in |location

pointed to by FSR

poi nt to next

wite to

location to

next addr to read from

ckkkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhk bk hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhhkrhhhhhhhhhhdhhk
’

B R R
’

ckkkk ok ok k Ak ko k kA kkkhhkhhkhkhhk ok khk ok hhkhhk ok hkkhhkhhkh ok hkhkkhkkhkkhkhkkkkhkkk
’

ckkkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkdhkhkhkhhhhkhkhkhhhhhhhhhhdhdhk

Start
bcf
clrf
bsf
nov| w
movwf
clrf
clrf

STATUS, RPO
PORTC
STATUS, RPO
0x10

TRI SC

Pl E1

| NTCON

need to set bank 0O
initialize port c

need to set bank 1
all bits are outputs except SD
for SPI input

di sabl es al
di sabl es al

peri pheral ints

interrupts

DS00613A-page 6
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bcf STATUS, RPO ; need to set bank O

clrf SSPCON ; clear SSP control register

novl w 0x31 ; SPI nmaster, clk/16, ckp=1

movwf SSPCON ; SSPEN enabl ed

cal | EVEEN ; output EVEN for enabling wites

ckkkkkhk kA ko k kA kA khkkhkhhhk ok khkhkhhkh ok hhkhkhkhhk ok khkhhkhkhkhkhkkk k%
’

; The next thing we will dois to wite Ox5A to locations
; 10h t hrough 13h.

ckkk ok ok kk Ak ko k kA kA khkkhkhhkhk ok khk ok hk ok h ok hkhkkhk ok khhkhhkhkhkhkhkkkkk

nmovl w b’ 00001010’ ; start bit is bit 3, 01 is
;  op code for wite
novwf hi byt e ; load into hibyte
mov| w 0x10 ; put beginning address in FSR
nmovwf FSR ; for later use
nmovl w b’ 01011010’ ; load Ox5A as data to be sent out
nmovwf dat byt ;
wr next cal | WRI TE ; call wite subroutine

chkkkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkdhkhkhkhkhkhkhkhkhhkhkhhhhhhhhhhdhkhk
’

; Ready/ Busy poll to decide when wite is conplete
; and the 93LC66 is available for witing the next
; byt e.

B R R R E]
’

nop ; ¢s nust be low for > 250 ns
bsf PORTC, cs ;and then be brought high
rbusy btfss PORTC, sdi ; test ready/busy status
; if 1, internal wite is done
got o r busy ; part still witing, stay in
; loop
bcf PORTC, cs ; bring cs back | ow
btfss FSR, 2 ; have we written all 4 locations?
got o wr next ; no, then wite next byte

ckkkkk ok k Ak ko kk kA kA ko hhkhhhkhhkh ok hkhhkh ok hkhhkhhkkhkhkhkhkkhkkkk k&
’

; Now, |ets read back 10h through 13h (non-sequentially) and
; store it in ramlocations 20h through 23h in the 16C74.

; Wth the Picmaster, | can read those nenory | ocations

; and see that it was read in properly. This is how

; I can quickly verify that the read function is working

; properly.

chkkkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhhkhhhhhhhdhkhk
’

mov| w 0x20 ; where in RAMto begin storing
novwf FSR ;  data read back from EEPROM
nov| w 0x10 ; addr of where to begin reading
nmovw | obyt e ;  EEPROM from
novl w b’ 00001100’ ; start bit is bit 3, 10 is
novwf hi byt e ;  op code for read

rdnext cal | READ ;
bt fss FSR, 2 ; have we 20h thru 23?
goto rdnext ; no, then read next location

BE R R SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEESEEES]
; While programis in linbo routine, it is possible
; to halt the processor with Picmaster and | ook at
; the data contained 16C74 RAM | ocati ons 20h through 23h.
EIE R R R R R R R R R R
I'i mbo nop

goto I'i mho

end
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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 B: MOTOROLA 68HC11 SOURCE CODE

B R R R R XY
’

; 3-Wre byte wite and byte read using SPI port (220 bytes)

; This program (hcl|sp66.*) wites 4 bytes of $5A to a M crochip 93LC66
; using the SPI port of the Mdtorola 68HCL1 microcontroller. Ready/busy
; polling is used to determine when the current byte is done witing and
; the next byte is ready to be witten to the 93LC66. After the 4 bytes
; are witten, they are read back and stored in RAM | ocations $100- $103.
; The eval uation board can be stopped after receiving the 4 bytes to

; view RAM | ocations and verify that what was witten to the 93LC66 is

; what is read back.

; This code was witten by Keith Pazul on 3/7/95.

; This is the way the bytes will be aligned to be sent to the 93LC56/66:
; First byte (where start bit, op codes reside)

] 0] O] O | O | SB | OPL| OPO| A8 |

; where SBis start bit, OPl is op code nsb, OPO is op code Isb,
; and A8 is address nsb.

; Next byte (address)
;| AT | A6 | A5 | A4 | A3 | A2 | Al | AO |
; where A8-A0 are address bits required to address 4k bits of menory.

; This code will work for any 93 series device. The only difference
; is that the nunmber of address bits is adjusted and the start bit

; and op code bits are adjusted to follow directly after the address
;. NMBSB.

; THE 93LC56 or 66 IS ASSUMED TO BE IN x8 MODE. | T REQU RES
; THE USER TO TIE THE ORG PIN TO Vss.

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

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

; allows single stepping, register viewing, nodifying, etc. Since this
; is the case, the programcode will be |oaded into the on-chip EEPROM
; This EEPROM begins at $B600. The control registers are left to thier
; default location of $1000 and the RAMis left to its default |ocation.
; RAM | ocations $48-$ff are used by the nonitor program and 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 nonitor programthat cones 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 label of the beginning program (in my case, it
; is called START) should be | oaded at |ocation $FFFE. This program was
; not assenbl ed using a Mdtorola assenbler, but was assenbl ed using

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

; ability to assenble just about any microcontroller code. There are

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

; commands wWill be conmented differently than other comments to

; be recognizable. They will look like this:

DS00613A-page 8 0 1995 Microchip Technology Inc.
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; Special cross-assenbl er conmand(s)

; | do not know the exact assenbler commands required to acconplish
; assenbly using a Mdtorola assenbler.

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

; The SPI port in on port D. The bits are defined as follows:

; M SO PORT D, PIN 2 (pin 22 on package)
; MOSI PORT D, PIN 3 (pin 23 on package)
; SCK PORT D, PIN 4 (pin 24 on package)
; SS\ PORT D, PIN 5 (pin 25 on package)
; Cs PORT C, PIN 6

; Note that only the CS pin resides on port C

ckkkk ok ok khkkh ok ok hkkhkkhhkhhkhhkhkhhkh ok hkhkhkhhkhhhhkhkhhkhkhkhkhkkkkk

i o B o o T A L
CPU “C:\ W NC32\ 68HC11. TBL” ; LOAD TABLE
HOF “MOT8”; Hex output is Mtorola S-records

i o B o o T A L

;

IR SRR SR SRR SR SRS SR SRS RS EEEEEREREEEEEEEEEREEREEEEEEEEEEEESEEEEEEEEEEESE

; 68HC11 control register |ocations
chkkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhhhhhhhhhhhdhkrk

REGBS EQU 1000H ; BEG NNI NG OF REGQ STERS

RAMVBS EQU 100H ; BEG NNI NG OF RAM VARI ABLES
DDRC EQU REGBS+07H ; DATA DI RECTI ON REG FOR PORT C
PORTC EQU REGBS+03H ; PORT C DATA REG STER

PCOFF EQU 03H ; OFFSET FROM CONTROL REG BEG
PORTD EQU 1008H ; PORT D DATA REG STER

DDRD EQU 1009H ; PORT D DATA DI RECTI ON REGQ STER
SPCR EQU 1028H ; SPI CONTROL REG STER

SPSR EQU 1029H ; SPI STATUS REG STER

SPDR EQU 102AH ; SPE DATA REQ STER

IR S SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE SRS RS EEE S S SRS S
IR R R R SRS EE SR SRR EE SR SR SRS EEEE SRR ER SRS REERERRERERERREEREEEEEEESEERSESESESES]

; User defined constants

RS S S S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE SRS EEEEEEEE S
CSMASK EQU 01000000B ; BIT MASK FOR CHI P SELECT
SDI MASK EQU 00000100B ; BIT MASK FOR M SO PIN

ck ok ok ok ok hk kA ko kA kA khkhhkhhk ok hhk ok hhkh ok hk ok hhk ok hhk ok hkhkhhkhkhkhkhkhkkhkhkhkkkkkk

LDS #0047H ; STACK PO NTER BEG NS AT $47
ORG 100H ; RAM vari abl es begin at 100h

R
; DFS is a Universal Cross-Assenbler directive that stands for define

; storage. 1 is for byte, 2 is for word, 4 is for long word. These are
; the user defined RAM vari abl es.

RXARAY DFS 1 * {4} ; 100H- 103H
RXDATA DFS 1 ; 104H
DATBYT DFS 1 ; 105H
H BYTE DFS 1 ; 106H
LOBYTE DFS 1 ; 107H
RBTEST DFS 1 ; 108H
ADDROFF DFS 1 ; 109H

o S S

B e R R R
’

; Program code cannot be placed in ROMfor eval board because

0 1995 Microchip Technology Inc.
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; eval board firmvare is | oaded in ROM

ORG

0B600H

Program code will be
; loaded in EEPROM (which is 512 bytes and begi ns at B600h).

ckkkkkkk Ak kh ok kA kA k kA khkhhhkhhkh ok hkh ok hk ok hkhhkh ok hkhkkhkkhkkhkhkkhkkhkkk
’

; This is the main portion of the code.
; vector should set program counter to.

It

is where the reset

B e R R
’

START
LDX

BCLR

LDAA
STAA

LDAA
STAA

LDAA
STAA

LDAA
STAA

LDAA
STAA

JSR

#REGBS
PCOFF, X, CSMASK

#10110000B
DDRC

PORTC

#11111011B
DDRD

#01010010B
SPCR

#SDI MASK
RBTEST

#10H
LOBYTE

ADDROFF

EVEEN

LOADS BEG OF REG STERS | NTO X
MASK SURE CS | S CLEARED

SETS UP BITS 0-3 AND 6 AS | NPUTS,
BITS 4,5, AND 7 AS QUTPUTS

CLEAR ALL PORT C BI TS
ALL BI TS ARE QUTPUTS EXCEPT M SO
SPI E=0, SPE=1, DWOV-0, MSTR=1,
CPOL=0, CPHA=0, CLK/ 16
STORE READY/ BUSY MASK | N
LOCATI ON RBTEST
LOAD 8 LSB'S OF ADDRESS

SET ADDRESS OFFSET TO 0 FOR
READ COMVANDS

SEND EVEN COMVAND

ckkkkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhhhhhhhkhhk
’

; Now lets wite 5Ah out to address 10h

chkkkk ok kk Ak kh ok h kA k ok ok khkhkhkhhk ok hkhkhhkhhkhkhkhkhhkhkhkhkhkhkhkhkhkhkk*x
’

LDAA
STAA

LDAA
STAA

V\RNEXT JSR

#00001010B
HI BYTE

#01011010B
DATBYT

WRI TE

STRT BITISBIT 3, 01 1S
OP CODE FOR WVRITE, LSB I S
ADDRESS

LOAD Ox5A | N DATA LOCATI ON

CALL VRI TE ROUTI NE

B R R R R

; ready/ busy pol |

input pin to see when

; cycle is conplete.

B R R R R
’

BSET
RBUSY LDAA

ANDA
BEQ

BCLR

PCOFF, X, CSMASK
PORTD

RBTEST
RBUSY

PCOFF, X, CSVASK

internal wite

RAI SE CS FOR READY/ BUSY POLLI NG

I NPUT PORT D

MASK OFF ALL BI TS EXCEPT M SO
IF MSO IS LO, PART STILL BUSY,
ELSE WRI TE | S COVPLETE

POLLI NG COVPLETE, END CHI P SELECT

DS00613A-page 10
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LDAA LOBYTE ; GET ADDRESS OFFSET
Bl TA #00000100B ; ARE ALL BYTES WRI TTEN YET?
BEQ V\RNEXT ; ALL BYTES HAVE NOT BEEN WRI TTEN,

i WRITE NEXT BYTE

ckkkkkkk Ak khk kA kkk kA khk ok hhkhhkh ok hkhhkhhk ok hhkhhkh ok hkhkhhkhhkkhkhkhkhkkkkhkkk
’

; Now | ets read back the location of rxdata to see if we
; read back what we wote to that |ocation.

ckkkk ok kk Ak kh ok kA kkk kA khkkhhkhhkh ok hhkhhkhhkhhkhkhhkhhk ok hkhkkhkkhkhkhkhkkkkhkkk

LDAA #00001100B ; STRT BITISBIT 3, 10 IS
STAA HI BYTE ;  OP CODE FOR READ, LSB IS
;  ADDRESS

LDAA #10H ; RESET BEG NNI NG ADDRESS

STAA LOBYTE ; FOR READ OPERATI ONS

LDY #RAMBS ; RX BUFF I S AT BEG OF RAM
RDNEXT JSR READ ; CALL READ SUBROUTI NE

LDAA LOBYTE ; LOAD ACC W TH NMASK THAT

; CHECKS TO SEE I F 4 BYTES
;  HAVE BEEN WRI TTEN

Bl TA #00000100B ; CHECK TO SEE | F 4 BYTES HAVE

BEQ RDNEXT ; BEEN WRITTEN. | F NOT, READ
i NEXT BYTE.

LDAA #10110000B ; DISABLES CS TO PRCHIBIT

STAA DDRC ; POSSIBILITY OF | NADVERTANT
i WRITES

LI MBO NOP
JwP LI MBO

B R R

; This subroutine outputs the data stored in TXBUFF
RS S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE S SRR EEEEEE RS RS

QUTPUT
STAA SPDR ; MOVE DATA FROM ACC A TO SPDR
LOOP1 LDAB SPSR ; SEE | F XFER COVPLETE FLAG SET
BPL LOOP1 ; I|F NOT, LOOP UNTIL SET
LDAA SPDR ; MOVES RECEI VED BYTE FROM DATA REG
STAA RXDATA ; TO RECEI VE DATA LOCATI ON
RTS
IR R R R R R R R R RS R R R R R EEE SRR R R EEEEE R R R R R R EREEEEEEEEREEEEEEEEEESEEEESEE]
EE R R RS RS EE SR SRS EEE R SRS R R SRS R SRS EE SR SRR EREEREEREREREREREEREEREEREEEEEREESSES
; EVEEN routi ne
:****************************************************************
EVEEN
LDAA #11110000B ; SET CS FROM IN TO QUT. ALL
STAA DDRC ; OTHER BI TS ARE THE SAME
BSET PCOFF, X, CSMASK ; DROP CS TO BEG N COMVAND
LDAA #00001001B ; STRTBITISBIT3, 001S

; OP CODE FOR EVEN
JSR OUTPUT ;

0 1995 Microchip Technology Inc.
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LDAA #10000000B ;1 1S REQ FOR EVEN. REST
; ARE DON T CARE BITS FOR
; LOWER 8 ADDR BITS

JSR QUTPUT ;
BCLR PCOFF, X, CSMASK ; SET CS TO COWPLETE EVEN
RTS

ckkk ok ok hkk Ak ko k kA kA khhkhhkhhhk ok khkkhkh ok hkhkhk ok hkhhkhkhhkhkhkhkhkkkkk

IR R R R R R RS R E SRR E R R R R R EEEE R R EEREE R R EREEREEREEEEEEEEEEEEESESEESS
;

;

; VWRI TE routine

;
BEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
;

VWRI TE

BSET PCOFF, X, CSVASK ; BEG N WRI TE COMVAND

LDAA Hl BYTE ; GET DATA FROM HI BYTE TO OUTPUT

JSR OUTPUT ;

LDAA LOBYTE ; 8 LSBs OF ADDRESS PO NTED TO

JSR OUTPUT ; BY ADDROFF OFFSET TO Y REG

LDAA DATBYT ; OUTPUT DATA BYTE

JSR OUTPUT ;

BCLR PCOFF, X, CSMASK ; DROP CS TO BEG N COMVAND

I NC LOBYTE ;| NC ADDRESS FOR NEXT LOCATI ON
; TOWRITE TO

RTS

ckkk ok ok ok kA ko hkk kA kkkhhkhkhkhhhk ok hhkkhkhhkh ok hkhkkhk ok khhkhkhkhkhkhkhkkk k%
’

B R R R E]

;
; READ routine

;

B SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

READ

LDAA SPCR ; READ IN SPI CONTROL REG
ANDA #11111011B ; SET CPHA TO 0 FOR CONTRCL
STAA SPCR ; PORTION OF READ SEQUENCE
BSET PCOFF, X, CSMASK ; DROP CS TO BEG N COMVAND
LDAA H BYTE ; OUTPUT H BYTE FOR READ CNVD
JSR QUTPUT ;

LDAA LOBYTE ; 8 LSBs OF ADDRESS

JSR QUTPUT ;

B R R e
ckkkk ok ok khk ko kA kA kA k ok khk ok hhk ok khk ok hkh ok hk ok hkhkhkh ok hhkhkhhkkhkhkhkhkkkkhkkk

ckkkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhk bk hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhhkrhhhhhhhhhhdhhk
’

; To read a byte, a byte nust be transmitted. Here we xmit a byte
; of don't care bits to receive a byte. WE MJUST CHANGE THE CPHA

; FROM O TO 1 TO CHANGE BEFORE DATA | S RECEI VED. | F NOT, THEN THE
; MCRO WLL TRY TO RECEI VE AT THE SAME TI ME THE 93XX66 W LL BE

; TRANSM TTING THE SYMPTOM OF THI' S NOT SET UP PROPERLY | S THAT

; THE DATA READ W LL BE SH FTED RIGHT ONE BIT W TH MSB BEI NG 0.

B R R
sk kkk ok ok kA ko kA kA kkk kA khkhhhkh ok hhhkhhkhhkhhhkhhkhkhkhkhkhkhhkhhkhhkhkhkhkkhkkhkkk

ckkkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkdhkhkhkhkhkhhkhhhhhhkhhhhhhhhdhihk
’

LDAA SPCR ; READ IN SPI CONTRCOL REG

DS00613A-page 12
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STAA

JSR

BCLR

LDAA
STAA

I NY
I NC

RTS

#00000100B
SPCR

QUTPUT
PCOFF, X, CSMASK
RXDATA

0, Y

LOBYTE

SET CPHA TO 1

XM T A BYTE OF DON' T CARE BI TS
TO RECEI VE A BYTE

CLR CS TO END COMVAND

GET DATA RECI EVED | N RXDATA
AND STORE I N LOCATI ON PO NTED

TO BY Y I NDEX REG + 0 OFFSET

I NC ADDR COF NEXT BYTE TO READ
FROM

ckkkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhhhkhkhhhhhhhhhhhdhdk
’

S S S

This comand tells the cross-assenbler that code starts
at the location of START

START

0 1995 Microchip Technology Inc.
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concerned about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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