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INTRODUCTION

One of the most powerful features shared by a
wide range of Motorola MCUs is the Serial Peripheral
Interface (SPI). It is primarily designed to operate as
a synchronous, 8-bit communication system and is
implemented entirely with on-chip hardware. This
frees the CPU for other tasks and ensures a minimum
of software overhead associated wnth the SPI
system.

The SPI is available in two basic forms:

1. Level 1 SPI — implemented on the

MC68HC11, HCO5C4 MCUS,
2. Level 2 SPI — implemented on the
MC6805S2/S3/L3/L8 MCUs.

Note that the HCMOS family of MCUs only
support level 1, while level 2 is implemented only on
HMOS MCuUs.

Though both levels of SPl can communicate easily
with each other, level 2 has a number of additional
capabilities, including asynchronous communica-
tion. This application note is aimed at describing a
method of achieving synchronous communication
between a level 1 and level 2 SPI, and details the
subtle relevant differences in the on-chip implemen-
tation of each.

DESCRIPTION

The two MCUs used in this application are the high
performance MC68HC11 and the low cost
MC6805L3.

Data is transferred between the MCUs on a single

bi-directional line, with the clock supplied on an addi-
tional line. Also, to ensure initial synchronisation
bestween each MCU, a software handshake
sequence is implemented on the same lines which
provide the clock and data. This has the considerable
advantage of minimising the number of lines
between each MCU as additional control lines are
not needed.

The handshake sequence is also necessary for two
other reasons; the 6805L3 receive data register is
unbuffered, and it is not possible for the 6805L3 to
stop transmission of data from the 68HC11 by
inhibiting the clock signal. The fact that the 6805L3
data register is unbuffered means that, if a hand-
shake sequence was not implemented, new data
could begin to get clocked in before the previous
data were read. Also, the on-chip configuration of
the 68HC11's SPl means that, if an attempt were
made to slow down or stop its clock during transfer
of a byte, there would be a resultant loss of syn-
chronism between the transmitting and receiving
MCUs.

The 68HC 11 software is implemented as the clock
master (i.e. it provides the clock output), while the
6805L3 is the clock slave. As there are no other
clock masters or slaves in the system, software is
kept to an absolute minimum. In fact the main
transfer routine (XFER) for the 68HC11 is only 27
bytes long, while the 6805L3 uses only 30 bytes.

The other significant advantage of this imple-
mentation is that none of the 6805L3 timers are
required for SPI operation, thus ensuring a minimal
impact on any other application dependent tasks the
MCU may be executing.
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Figure 1. Hardware Implementation
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Configuring the MCUs

The method of configuring each MCU for bi-
directional data transfer is slightly different, due to
the differences in their SPI silicon implementation.
Figure 1 shows the hardware implementation. On
the 68HC11, the input and output pins must be con-
nected together externally. On the 6805L3, this can
be done internally by software, thus requiring only 1
external data 1/0 pin. The other 6805L3 SPI data pin
is now free to be used in any other way.

As the slave select (SS) pins are unused by either
MCU, they must be configured as outputs to prevent
SPI fault conditions occurring.

The spare 6805L3 data pin (PD3) is used to
control the bi-directional data line, thus providing a
handshake signal to the 68HC11. The 68HC11’s
handshake is on the clock line, and is controlled by
'disabling and enabling its SPI.

Data transfer and timing

Figure 2 shows details of the handshake
sequence. The significant point to note from Figure
2 is that the handshake sequence is implemented
purely in software, while the 8-bit data and clocks
are generated by the SPI hardware.

To prevent data contention, both during. data
transfer and during the handshake sequence, both
SPIs must operate in wired-or (open drain) mode. On
the 6805L3, this is done by setting bit 3 in the
miscellaneous register, while on the 68HC11, bit 5
of the SPI control register must be set. The SPI
utilised on the 68HCO5 family of MCUs does not
support this open-drain option and cannot, there-
fore, be used in this application.

The clock format is: idle low, data output on
positive edge and sampled on negative edge. Both
SPIs must be configured to operate with the same
clock format (see Figure 2). Eight data bits are
transferred, at a maximum clock rate of 125 kHz,

which is limited by the 6805L3 SPI. Data transfer is
preceded by the handshake sequence, which
ensures that both MCUs are in the correct state, and
ready to transfer a new byte of data.

The most significant bit of data appears first, on
the rising edge of the first clock. Data is latched into
both SPI shift registers on the falling edge of the
clock. Once the last data bit is latched, the data line
is released high. This is necessary to ensure correct
operation of the handshake sequence. When the
68HC11 is acting as a transmitter, this state occurs
automatically — as a by product of its SPI hardware
implementation. However, on completion of data
transmission from the 6805L3, the LSB is perm-
anently maintained on the data line, so its driver
routine has been designed to ensure that the data
line is always restored to the high state.

Software routines

A glance at the software listing (see Appendix 1)
reveals that the transmit and receive routines for
each MCU are essentially the same! The entry and
exit conditions of each are as shown in table 1.

On the 6805L3, the X register dictates the
operating mode of the transfer routine. This is
necessary because the same 1/O pin is used for
transmitting and receiving data, so its data direction
register must be changed appropriately (by the
contents of X).

On the 68HC11, separate pins are used for
transmitting and receiving data, so their DDR pins
are set up once only in the initialisation routine.

There are other important subtle differences. Prior’
to reception of data, the 6805L3 SPI data register
content is irrelevant, while the 68HC11 SPI data
register must be loaded with $FF, to prevent data
bus contention. This could occur with the 68HC11,
in this application, because data is simultaneously
output to and read back on the same external line

Table 1
68HC11:
Transmit Receive
ACCA ACCA
Entry. Data to send $FF X Reg = base address of /0 Register
block (normally $1000).
Exit Data sent Data received X Reg = unchanged
All other registers are unused by the 68HC11 transfer routine.
6805L3:
Transmit Receive
ACC X Reg ACC X Reg
Entry Data to send $5 Don’t care $1
Exit Data sent $D Data received $D
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wwinyy) data transfer. Loading $FF into the 68HC11
data register ensures that this data is replaced by
that transmitted from the 6805L3.

Note that, as the 68HC11 is the clock master, it
must provide the clock signal, not only when trans-
mitting data, but also when receiving data from the
6805L3. It does this by writing to its SPI data
register.

Completion of data transfer is indicated by a single
flag bit (SPIF). On the 6805L3, this is bit 7 of the SPI
control register, while'on the 68HC11, it is bit 7 of
the SPI status register. This flag bit is used to indi-
cate completion of either transmission or reception
of data.

Flag clearing techniques are quite different for the
68HC11 and 6805L3. On the latter, the SPIF flag is
cleared simply by writing ‘O’ to the flag bit. On the
68HC11, a two stage operation is required to clear
the SPIF flag; the SPI status register must first be
read, with the flag set, followed by an access of the
SPI data register.

An examination of the SPI software drivers shows
that on completion of a data transmission, the SPI
data register is read again. This data should be the
same as that transmitted, and provides information
on whether data contention or corruption occurred
during transfer. This facility could be incorporated in
a data validation routine to improve reliability of data
transfer.

The key features in this implementation are:

1. An orderly start-up sequence to ensure the
correct initial synchronisation. As the 6805L3
is the slave, its initialisation routine is not exited
until it detects a low on the clock line — this
will occur only when the 68HC 11 gains control
of the SPI. Before this happens, all /O pins are
set to inputs, so the clock line will be pulled
high by the external resistor.

2. A well defined transfer protocol is used. The
master device (i.e. 68HC11) must always
dictate the data transfer direction and the data
stream size must be specified by the currently
selected transmitter, so that the receiver
knows when the last byte has been sent.

The transfer protocol operates such that after
initialisation, the master MCU (68HC11) transmits a
control byte to the slave (6805L3). This control byte
selects the subsequent data transfer direction and is
either a slave listen address or a slave talk address.
If it is a slave listen address, then the 6805L3 stays
in receive mode. The next byte indicates the total
number of bytes to be received, followed by the data
stream (see Figure 3).

Once the last byte is transferred, the 6805L3 can
await a new control byte, or alternatively it can
return to some other task, such as processing the
previously received data. Similarly, at-this point, the

eI LIUAANL Y LA
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Master sends ‘slave listen aadress’ = 1

Master sends byte count =2

Master sends 2 bytes of data

ONONONO)

SPI goes idle

Figure 3. Master Transmitter — Slave Receiver
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...—_ter transmitter (68HC11) can return to another
task, or send a new control byte.

If the control byte now sent is a slave talk address,
then the 6805L3 will switch to transmit mode, and
the master will switch to receive mode. The 6805L3
will send a byte count, followed by the data stream
to the master (see Figure 4).

Note that, once the last byte is transferred in
either direction, both processors are free to continue
other tasks or attempt a new data transfer. The
handshake sequence always ensures synchronisa-
tion of data transfer, independent of the response
time of either MCU.

CONCLUSION

Potential uses for this type of data transfer are in
applications which require remote interrogation of an

U based system via a minimal number of lines,
such as:

® Development and diagnosis of engine
management systems

® Smart card and key card security applications

® instrumentation and data logging equipment.

APPENDIX

The demonstration programs listed in the follow-
ing pages simply transfer a string of characters from
the 68HC 11 to the 6805L3, which converts them to
upper case and sends them back again.

The HC11SPI program is listed on pages 6 to 7;
the L3SPI program on pages 8 to 10.

|

DATA

Master sends ‘slave talk address’ = 2

Slave sends byte count =2

Slave sends 2 bytes of data

CNONONC)

SPI goes idle

|
@

Figure 4. Master Receiver — Slave Transmitter
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. HC11SPL  4/9/86 :
* SPI TRANSFER WITH HANDSHAKE ON SPL DATA AND *
* CLOCK LINES. THIS IS NECESSARY AS HCi1's cLock ‘
‘ CANNOT .BE SLOWED BY SLAVE DEVICE.

0008 P(RTD EQU 8

0028 SPCR EQU $28
SPSR EQU $29
SPDR

1P
2P
3P
yp
5P
6P
7P
8 A
9A
10A
11 A
12A
13 A
14 A
15P
16 A
17 A
18 A
19A
20A
2i P
2A
23 A 0000 0001 TIMCONT RMB
24 A 0001 1C MSG1 FC8 28 NUMBER OF BYTES IN DATA BLOCK
%ﬁ 0002 6263206469 . FCC /BI-DIRECTIONAL DATA TRANSFER/
27 A C000 ORG $C000 LOAD INTO EVB RAM
28 A CO00 8E0035 START LS #$35 BUFFALO USES RAM ABOVE THIS
29 A C003 80%C BR INIT
30 A CO05 18CEO001  START1  LDY #MSG1 Y POINTS TO BEGINNING OF DATA BLOCK TO TRANSFER
31 A CO09 8D08 BR SEND TRANSMIT BLOCK TO SLAVE, STARTING WITH BYTE COUNT
32 A CO0B 18CE0001 LDY #MSG1 RE-INITIALISE POINTER TO DATA BLOCK
33 A COOF 8D17 BR READ AND READ THE BYTES BACK.
332 2 Coti 20F2 . BRA START1
BA C013 SEND EQU . ENTER WITH Y POINTING AT BYTE COUNT OF DATA BLOC
37 A C013 8601 LDAA #1 COMMAND SLAVE TO RECEIVE
38 A CO15 8D3A BR XFER '
39 A C017 18A600 LDAA Y NOW SEND SLAVE THE BYTE COUNT,
40 A COfA 16 TAB BUT {ST STORE IT IN BYTE COUNTER.
41 A COiB 8D BR XFER ,
42 A CO1D 1808 SEND{ INY POINT AT NEXT BYTE
43 A COIF 18A600 | DAA .Y
i A CO22 80D BR XFER AND SEND IT
45 A CO24 5A DECB UNTIL ALL DONE
46 A COR5 26F6 BNE SEND1
3!73 2 Cc®7 39 RTS
49 A Ca8 READ EQU . ENTER WITH Y POINTING AT BYTE COUNT OF DATA BLOCK.
50 A CO28 8602 LDAA #2 COMMAND SLAVE TO TRANSMIT
51 A CORA 8025 BR XFER
5 A COC 8&6FF LDAA #SFF NOW READ BYTES BACK FROM SLAVE.
53 A CO2E 8021 BR XFER 1ST BYTE IS BYTE COUNT SO
54 A CO30 16 TAB STORE IT IN BYTE COUNTER
55 A C031 18A/00 STAA .Y THEN STORE IT AT BEGINNING OF DATA BLOCK.
5 A CO34 1808 READ1  INY BUMP POINTER
57 A C0%6 86FF LDAA #SFF
58 A C038 8D17 BSR XFER THEN CONTINUE TO READ
MOTOROLA For More Information On This Product, ANE40S
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59 A CO3A 18A700 STAA Y AND STORE BYTES
80 A COD A DECB
61 A CO3E 26FYy BNE READ1 UNTIL ALL DONE
62 A COHO 39 RTS
63 A ]
64 A CoHy INIT EQU *
65 A CO4t CE1000 LDX #5$1000
66 A CCHY 8638 LDAA #9538 ENABLE QUTPUT MODE ON SS,SCK,MOSI, INPUT ON MISO
67 A COH6 AZ09 STAA DDRD, X (WITH SS AS OUTPUT, MODF IS DISABLED.)
68 A COH8 8676 LDAA #3576 ENABLE SPI AS 125KHz CLOCK MASTER, WIRED-OR MODE
69 A COHA A728 STAA SPCR, X
70 A COHC 8618 LDAA #3818 SET DATA & CLOCK OUTPUT BUFFERS TO LOGIC '1'
71 A COHE AZ08 STAA PORTD, X TO GENERATE ACKNOWLEDGE CLOCK.
% ‘A\ C0s0 39 . RTS
7q A EERRNRRANRRRNARRNRN RN AR RRERRRRRRNARRNNRNRRERRRNRRRNRRRRRRNNERN
75 A . BIDIRECTIONAL DATA TRANSFER, WITH *
76 A b HANDSHAKE ON CLOCK & DATA LINES. .
77 A * ENTERED WITH DATA IN ACCA, SPI ENABLED, *
;g ﬁ : CLOCK LOW, DATA LINE DETERMINED BY SLAVE DATA PIN.*
0 A Co51 XFER EQU » _
81 A C051 1FOSOHFC BRCLR  PORTD, X,#MISO,* 1ST WAIT FOR SLAVE TO RELEASE DATA LINE.
8 A C055 1D2840 BCLR SPCR, X, #SPE SEND ACK ON CLOCK LINE, BY DISABLING SPI
83 A CO58 1EQSOHFC BRSET  PORTD, X,#MISO,* WAIT FOR SLAVE TO ACKNOWLEDGE.
84 A COSC 1C2840 BSET SPCR, X, #SPE ENABLE SPI, CLEARING CLOCK LINE.
85 A COSF {FO804FC BRCLR  PORTD, X,#MISO,* WAIT FOR SLAVE TO RELEASE DATA LINE,THEN
86 A C063 A72A STAA SPOR, X START SPI TRANSACTION BY WRITING DATA.
87 A COB5 {F2980FC BRCLR  SPSR,X,#SPIF,* Now WAIT FOR TRANSMISSION COMPLETE FLAG.
88 A COB9 AcA LDAA SPDR, X CLEAR SPIF, AND READ DATA
g ﬁ CoeB 39 . RTS BEFORE RETURNING.
91 A s ORG $FFFE
R A . FOB START
93 A *
HA END
sxeee TOTAL ERRORS 0—- O
seeer TOTAL WARNINGS O—- O
SYMBOL TABLE LISTING
SYMBOL NAME  SECT VALLE SYMBOL NAME  SECT VALLE
DORD A 0009 SFCR A 0028
INIT A CO#t SPDR A 002A
MISO A OOH SPE A 0040
MOSI A 0008 SPIF A 0080
MSG1 A 0001 SPSR A 0029
PORTD A 0008 START A C000
READ A C28 STARTH A CO05
READ1 A CO3Y4 TFLG? A 0025
SCK A 0010 A 0000
SEND A C013 ™2 A 0024
SEND1 A CO1iD XFER A CO51

ANE405 For More Information On This Product, MOTOROLA
Go to: www.freescale.com 7
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1P
2P
3p
4 p
5P
6P
7 P
8 P
9 A
10 A
11 A
12 A
13 A
1 A
15 A
16 A
17 A
18 A
19 A
20 A
21 P
2 A
23 A
24 A
25 A
26 A
27 A
28 P
29 A
30 A 0020
31 A 0021
2 A (02
33 A
3 A
35 A
36 A 0080
37 A 0082
28 A 0083
39 A 0085
0 A 0087
4i A 0089
12 A 0088
43 A 008D
4 A 008F
45 A
46 A
47 A 0091
48 A 0093
4g A 006
0 A Q0
51 A Q0%
52 A Q0B
53 A 00D
5 A QOF
E5 A (DAL
56 A QA3
57 A QA
58 A 0OA7

For More Information On This Product,
Go to: www.freescale.com
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. L3SPI  4/9/86

* HANDSHAKED BIDIRECTIONAL DATA TRANSFER
* BETWEEN 6805L3 & 68HC11 usIne SPI.

* HC11 IS.CLOCK MASTER,

SEASANANNR NN RN NNRRNRRNNR RN RRRRRARORRRRNNRNNNR

PRTD  EQ
DDRA EQU Y
DORD EQ 7
TADAT  EQU 8
TACR EQu 9
MIC EQU $A
TBDAT  EQU
TBCR EQU $D
SPIDAT EQU SE
CR EQ F
PRESCL EQU $10
33 EQU 0
K EQ i
SDA EQU 2
ClAP EQ 3
SPE EQ Y
SPIF EQU 7.
ORG $20
BYICNT RMB 1
DATLEN RB i
I‘MTA RB 40
ORG $80
START  EQU .
BSR INIT
CLRA
STARTY  LDX #
BR XFER
oM #
BEQ READ
P #2
BEQ SEND
. BRA STARTH
READ  EQU *
LDX #
BR XFER
STA BYTCNT
STA DATLEN
READ!  LDX #
BR XFER
LDX BYTCNT
SB #3520
STA DATA,X
DEC BYTCNT
BNE READ1
BRA STARTY

DATA LINE CLAMP ON D3

RESERVE ENOUSH SPACE FOR RECEIVED DATA.

INITIALISE SPI, AND WAIT FOR HC11 TO BECOME REAF
1ST RECEIVE COMMAND BYTE

IF SLAVE REQUESTED TO LISTEN, THEN

READ MORE DATA.

IF SLAVE REQUESTED TO TALK, THEN
SEND DATA TO MASTER.

GET NEXT BYTE, WHICH IS BYTE COUNTER.
ALSO STORE VALUE AS DATA LENGTH.

NOW READ ALL REMAINING BYTES
(CONVERT LOWER CASE TO UPPER CASE)
AND STORE IN BUFFER

UNTIL ALL DONE,
AND RETURN.
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00A9 SEND EQU Y

59 A

60 A

61 A 00A9 Be2i LDA DATLEN GET LENGTH OF DATA

62 A 00AB B720 STA AND STORE IT IN BYTE COUNTER.

63 A 00AD AEDS LDX #5

64 A O0AF AD2 BR. XFER SEND BYTE COUNT TO MASTER.

65 A 00Bi BE20 SENDI  LDX BYTCNT NOW GET NEXT BYTE TO SEND IN ACC

66 A 00B3 E622 LDA DATA,X

67 A 00B5 AEOS LDX #5

68 A 00B7 ADIA BR XFER SEND IT TO.MASTER

69 A 00B9 DEC BYTCNT

70 A 00BB 26FY BNE SEND1 UNTIL ALL DONE,

;% 2 00BD 20CY . BRA STARTH AND RETURN.

73 A 00BF INIT EQU .

74 A Q0BF AGH8 LDA #3548 INHIBIT INT2, ENABLE PORTD OPEN DRAIN.

75 A 00C{ B/OA STA

76 A 00C3 AGOD LDA #D SET DATA,SS & CLAMP 0/P BUFFERS, CLEAR REST.
77 A Q0C5 B3 STA PORTD NOTE: CLAMP ON D3

78 A 00C7 AED9 LDA #9 SELECT SPI cLOCK SLAVE, D2 AS I/P, CLAMP & SS
79 A 00C9 BA7 STA DORD As o/p. (SS o/p sToPs SPI RESETING)

80 A 00CB AeH4 LDA #S4y DISABLE START BIT -DETECTION, DATA I/0 ON D2,
81 A 00CD B7OF STA SPICR DATA SAMPLED ON -IVE CLOCK, SPI DISABLED.
& A 0OCF (203FD BRSET  SCK,PORTD,* MUST WAIT FOR MASTER TO GAIN CONTROL OF SPI.
gqs ﬁ 0002 81 . RTS

85 A SERNRARRNANRANNNSNRNNERRR RN R R RN RN RRER RN

8 A LI BIDIRECTIONAL DATA TRANSFER ON SPI i

87 A . ENTERED WITH SPI DISABLED, DATA PIN HIGH*®

88 A . D2 PIN I/P, CLAMP PIN O/P (HIGH) .

89 A * ENTRY: TX MODE: ACCA=DATA, X=5 *

D A . Rx MODE: ACCA=x , X={ .

91 A * EXIT: Tx MODE: ACCA=TX DATA, X=$D *

g% IR : Rx MODE: ACCA=RX DATA, X=$D .

HA 00D3 XFER EQU .

95 A 00D3 0303FD BRCLR  SCK,PORTD,* WAIT FOR MASTER TO ACKNOWLEDGE ON CLOCK LINE.
9% A 00D6 1703 BCLR .PORTD SEND ACKNOWLEDGE TO MASTER.

97 A 00D8 0203FD BRSET  SCK,PORTD,* WAIT FOR MASTER TO ENABLE ITS SPI

98 A 00DB B/OE STA SPIDAT Now WRITE DATA TO SPI REGISTER,

NPA 180F BSET SPE,SPICR BEFORE ENABLING SPI, AND RELEASING CLAMP
100 A OODF BFQ7 STX DDRD CLAMP PIN I/P: DATA EITHER I/P OR O/P.

101 A . TRANSFER STARTS Now!

102 A 00E{ AGHY LDA #S54y PREPARE TO CLEAR SPI FLAG, DISABLE SPI,

103 A Q0E3 AEQD LDX #SD “AND -SEND ACKNOWL EDGE.

104 A 00ES OFOFFD BRCLR  SPIF,SPICR,* WAIT FOR DATA TO ARRIVE.

105 A QOE8 B/OF STA SPICR DISABLE SPI TO ALLOW DATA PIN TO BE FORCED HIGH
106 A OOEA BEOE LDA SPIDAT READ DATA.

107 A ODEC BFO3 STX PORTD FORCE DATA PIN HIGH & RELEASE CLAMP

108 A QOEE BFO7 STX DDRD BY MAKING BOTH OUTPUTS.

109 A 0OFO 81 RTS

110 A

{11 A END

sases TOTAL ERRORS 0—- 0
#eess TOTAL WARNINGS O-- O

ANE40S For More Information On This Product, MOTOROLA
Go to: www.freescale.com 9
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SYMBOL TABLE LISTING

SYBOL NAME  SECT VALUE SYMBOL NAME  SECT VALLE

BYTCNT A 0020 SEND A 00A9
CLAMP A 0003 SEND1 A 0081
DATA A 002 SPE A %
DATLEN A 0021 SPICR A

DORA A Q0 SPIDAT A 00CE
DORD A 0007 SP] A 0007
INIT A 00BF 3 A 0000
MIC A (00CA START A 0080
PORTA A 0000 START1 A 0083
PORTD A 0003 TACR A 0009
PRESCL A 0010 TADAT A 0008
READ A 0091 TBCR A 000D
READ1 A 00X TBOAT A 000C
XK A 0001 XFER A 00D3
SDA A 0002

MOTOROLA For More Information On This Product, ANE406
10 Go to: www.freescale.com
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