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The Xilinx OPB Serial Peripheral Interface (SPI) Core Specifics

connects to the OPB and provides the controller

. . . QPro™-R Virtex-lI™,
interface to any SPI device such as SPI EEPROMs. It is

Supported Device QPro Virtex-1l, Virtex-1l, Virtex-I
assumed that the reader is familiar with the SPI Family Pro, Virtex-4, Spartan™-3 and
EEPROMSs and its ofeésation. The OPB SPI is based on Virtex-5
the Motorola device. However, there are Version of Core opb_spi v1.00e

differences in
M68HC11 spec

PLimplementation and the

. Resources Used.
should be reviewed, see

the Specification Excepti@fis segtion. Min Min
Slices
Features
LUTs
The Xilinx OPB SPI is a soft IB/core designed for the See Table 16 and Table 17
Xilinx FPGAs and contains foll : FFs
® Supports four signal interface ( SQ@, SCK Block RAMs
and SS) Provided with Core
e Supports slave select (SS) bit for each slave g t ;ocumentation Product Specification
SPIbus Design File Formats VHDL
* Supports full-duplex operation | - : N/A

® Supports master and slave SPI modes N/A

* Supports programable clock phase and polarity

¢ Optional transmit and receive FIFOs

® Supports continuous transfer mode for automatic
scanning of a peripheral

e Supports back-to-back transactions

Xilinx Implemen

* Supports automatic or manual slave select modes Tools
* Supports local loopback capability for testing Verification
Simulation
Synthesis XST 8.2i or later

Support

Support provided by Xilinx, Inc.
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Functional Description

The OPB SPI module is a full-duplex synchronous channel that supports four-wire interface (receive,
transmit, clock and slave-select) between one master and one slave.

The OPB SPI module includes a manual slave select mode. This mode allows the user to manually
control the slave select line by directly writing the data to the slave select register. This allows transfers
of an arbitrary number of bytes without toggling the slave select line until all bytes are transferred. In
manual mode, the user must toggle the slave select line by writing appropriate data to the slave select
register. The manual slave select mode is the default mode of operation.

The OPB&PI module permits additional slaves to be added with automatic generation of the required
decodi ic for individual slave select outputs by the master. Additional masters can be added as
means to detect all possible conflicts are not implemented with this interface standard.
onflicts, software is required to arbitrate bus control.

At this tir:% -chip SPI slave devices are allowed. This is because the artifact of software master

tratign 18)not guaranteed if off-chip masters were allowed and due to some issues with
glocks. However, any number of internal slave and master SPI devices are
is limited by the performance that is desired.

control a
asynchronousyextérna
allowed. The actuallmumb

SPI Module
BRG
Interrupt Register
1 SPI
OPB Ports
<) Status Register SCK
(SPISR) <>
OPB MISO
Control Register Q >
IPIF (SP|CR) ©
5 MOSI
=
System Slave Select Register 2 SS(N)
< spPissR) € > «—>
,,,,,,,,,,,,,, SPISEL
¢ | Transmit Register > Tx -
(SPIDTR) FIFO
. . Rx
Receive Register 4= -5 <
(SPIDRR) Control Unit
DS464_01_071906
Figure 1: OPB SPI Top-Level Block Diagram
The OPB SPI modules are described in the sections below
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OPB IPIF Module: The OPB IPIF module provides the interface to the OPB and implements OPB bus
protocol logic.

Register Module: The Register module includes all memory mapped registers (as shown in Figure 1).
It interfaces to the Xilinx OPB through the OPB IPIF module. It consists of an 8-bit status register, an
8-bit control register, an n-bit slave select register and a pair of 8-bit transmit/receive registers. All
registers are accessed directly from the Xilinx OPB which is a subset of IBM’s 64-bit OPB.

SPI Module: The SPI module consists of a shift register, a parameterized baud rate generator (BRG)
and a control unit. It provides the SPI EEPROM interface, including the control logic state machines,
and initialization logic.

Os: The Tx FIFO and Rx FIFO are implemented on both transmit and receive paths when
parameter C_FIFO_EXIST.

Signals
Table 1 prgvide mary of all OPB SPlinput/output (I/O) signals, the interfaces under which they
are grouped,{dn rief description of the signals.
Table 1: OPB 1[0 signal Descriptions
. Initial _—
Port Sign Interface State Description
P1 SCK_I - SPI bus clock input
P2 SCK_O 0 SPI bus clock output
P3 SCK_T 1 3-state enable for SPI bus clock
P4 MOSI_I - Master output slave input
P5 MOSI_O 1 Master output slave input
P6 MOSI_T SPI 3-state enable master output slave input
P7 MISO_I SPI k‘ Master input slave output
A
P8 MISO_O SPI
P9 MISO_T SPI (0] 1
P10 SPISEL SPI I 1
SS_I[0:C_NUM_SS_
P11 BITS - 1)1 SPI -
P12 SS_0O[0:C_NUM_SS_ SPI o 1 Output one-hot encoded, active low
BITS - 1] slave select vector of length n
P13 SS_T[0:C_NUM_SS_ SPI o 1 3-state enable for slave select vector of
BITS - 1] length n
System Signals
P14 Freeze System I - Brings OPB SPI to freeze state
OPB Slave Signals
P15 IP2INTC_Irpt OPB (0] 0 System interrupt
DS464 July 21, 2006 www.xilinx.com 3
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Table 1: OPB SPI I/O signal Descriptions (Contd)

Port Signal Name Interface | 1/0 Initial Description
State
P16 OPB_Select OPB I - OPB select
P17 OPB_RNW OPB | - OPB read not write
OPB_ABus[0:C_OPB_
P18 AWIDTH - 1] OPB I - OPB address bus
OPB_DBus[0:C_OPB_
P19 DWIDTH - 1] OPB - OPB data bus
OPB I - OPB byte enables
OPB I - OPB sequential address
OPB (0] 0 OPB SPI transfer acknowledge
P23 SPI_gerrA OPB (0] 0 OPB SPI error acknowledge
P24 SPI_toutSu OPB (0] 0 OPB SPI time-out suppress
P25 SPI_retry OPB (0] 0 OPB SPI retry
SPI_DBus[0:C_O
P26 DWIDTH-1] OPB (0] 0 OPB SPI slave data bus
P27 OPB_ClIk - OPB clock
P28 OPB_Rst - OPB reset

Notes:
1. Signal is not used in this design.

OPB SPI Design Parameters

To allow the users to obtain an OPB SPI that is un
the parameterizable in the OPB SPI design. This allows tle o have a design that only utilizes the
resources required by their system and gives the best i ormance. The features that are
parameterizable in the OPB SPI are shown in Table 2.

for their system, certain features are

Table 2: OPB SPI Design Parameters

Generic | Feature/Description | Parameter Name | Allowable Val \'II'I\-/IE:
SPI Features
Both receive and 0 = FIFOs not
G1 transmit FIFOs C_FIFO_EXIST included 1 integer
1 = FIFOs included
G2 OPB to SPI clock C_OPB_SCK_ 2,4, 16, 32, Nx16 for 32 integer
frequency ratio RATIO() N=1,2 3,..,128 9
0 = Disable
G3 Slave-only mode 8?\1?_$"SLAVE_ slave-only mode 0 integer
1 = Not supported
Number of off-chip C_NUM_OFFCHIP_ - 20(2) :
G4 slave select bits SS_BITS 0-32 0 integer
4 www.xilinx.com DS464 July 21, 2006
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Table 2: OPB SPI Design Parameters (Contd)

Generic | Feature/Description | Parameter Name | Allowable Values Default VHDL
Value Type
Gs | lotalnumberofslave |\ s BITS 1-32 1 integer
select bits
Depth of transmit and .
G6 receive FIFOs C_DEPTH 16 16 integer
G7 Width of SPI registers C_NUM_BITS_REG 8 8 integer
G8 g Vidth of SPI shift C_NUM_BITS_SR 8 8 integer
C_OCCUPANCY_ 4 4 inteqer
NUM_BITS o
grvirtex2, qvirtex2,
virtex2, virtex2p, . .
C_FAMILY virtex4, spartan3, virtex2 string
virtexb
System
C_DEV_BLK_ID Note(®) 4 integer
Gi2 MoQuIe identific DEV_MIR_ENAB Note(®) 0 integer
register enable
rrwt Interface
Gi3 Enable/Disable C E P 0 = Disable interrupt 1 integer
interrupt support P 1 = Enable interrupt 9
e
G14 OPB address bus width | C_OPB_A 32 integer
G15 OPB data bus width C_OPB_DWIDT 32 integer
G16 Base address for OPB C_BASEADDR std_logic
SPI _Vvector
G17 High address for OPB C_HIGHADDR Valid af 5r std_logic
SPI range(*: 5) _vector
Offset parameter to C_IP_REG_BAR_ Y ) std_logic
G18 | oPBIPIF OFFSET x"00000060 _vector
Notes:
1. Ratios of 2 and 4 are not supported in this release of the core.
2. Must be <=to C_NUM_SS_BITS..
3. See the Processor IP Reference Guide under Part 1: Embedded Processor IP, under IPIF, under OPB IPIF
Architecture.
4. The range specified by C_BASEADDR and C_HIGHADDR must comprise of complete, contiguous power of two
range such that range = 2™, and the m least significant bits of C_BASEADDR must be zero.
5. This value should be = (C_BASEADDR + any 2**m-1) and must be >= x7F.

Parameter-Port Dependencies

The dependencies between the OPB SPI design parameters and 1/O signals are shown in Table 3. It
gives information about how ports and parameters get affected by changing certain parameters. When

DS464 July 21, 2006
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certain features are parameterized away, the related logic will be part of design, signals are unused and
the related output signals are set to default values.

Table 3: Parameter-Port Dependencies

Generic Parameter Affects Depend L
or Port s Description
Design Parameters
G3 C_SPI_SLAVE ONLY P1,P2,P3, ) Slave or_1|y mode not_ supported in the
P5 current implementation
Defines the number of slave select bits
C_NUM_OFFCHIP_ that go off-chip (i.e. off-chip SPI slave
- G5 )
devices). Must be less than or equal to
C_NUM_SS_BITS
UM_SS_BITS P11, P12, Gi5 D_eflnes the total number of slave select
P13 bits
P15 - Utilized only when interrupt mode is used
G14 P18 - OPB address bus width
G15 | C_OPB_DWI P13, 220 - | OPB data bus width
1/0 Signals
P11 SS_I[0:C_NUM_ G5 The number of SS_1I pins are generated
SS_BITS - 1] based on C_NUM_SS_BITS
P12 SS_O[0:C_NUM_ G5 The number of SS_O pins are generated
SS_BITS - 1] based on C_NUM_SS_BITS
P13 SS_T[0:C_NUM_ The number of SS_T pins are generated
SS_BITS - 1] based on C_NUM_SS_BITS
i terrupt output signal is used when
P15 | IP2INTC_Irpt INTERRUPT_PRESENT = 1

OPB SPI Register Descriptions

The OPB SPI contains addressable registers as shown in Tab
parameter C_BASEADDR and all SPI register addresses are calc

C_BASEADDR.

The IPIF also contains the Interrupt registers and software reset register whic

. The bagé’address is set by the

ed n offset from

e both optional

registers. The addresses of both register sets are calculated by an offset from C_BASEADDR. In this
document, bit assignment will be made assuming a 32-bit OPB interface. The highest bit index is the
LSB. Assignment for either wider or narrower buses follows the same convention.

Table 4 shows addresses of all the SPI registers, IPIF interrupt registers and the IPIF software reset
register. The transmit FIFO occupancy register and the receive FIFO occupancy register only exist
when the OPB SPI is configured via parameters to include FIFOs. Note that the transmit and receive
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registers have independent addresses which differs from the M68HC11 specification where the same
address is to be assigned to the two independent registers.

Table 4: OPB SPI Register Summary

Default
Base Address + . Access I
Register Name Value Description
Offset (hex) Type
(hex)
SPI Core Grouping
C_BASEADDR + 40 | I'IF Software Reset Write N/A | IPIF software reset
Register(!)
SPICR R/W 00000180 | SPI control register
SPISR Read 00000005 | SPI status register
SPIDTR Write 00000000 SPI_ data tra_nsmlt register
A single register or a FIFO
C_BASEADBR SPIDRR Read 00000000 SPI_ data receive register
A single register or a FIFO
C_BASEADDR + R/W Notel | SPI slave select register
C_BASEADDR + 74 Read 00000000 | ansmit FIFO occupancy
register
C_BASEADDR + 78 Read 00000000 | eceive FIFO occupancy
register
®
IF ISC Grouping
C_BASEADDR + 1C DGIE 00000000 Device glol?al interrupt
enable register
C_BASEADDR +20 | IPISR 00000000 | IP interrupt status register
C_BASEADDR +28 | IPIER 00000000 | IP interrupt enable register
Notes:
1. See the Processor IP Reference Guide under Part1: Embedded under OPB IPIF Architecture,
under OPB IPIF Register Descriptions for a complete descriptio gisters
2. The number of 1 = number of slaves present. This default giSet depending on the parameter
C_NUM_SS_BITS.
3. This register does not exist if C_FIFO_EXIST = 0.
4. TOW = Toggle On Write. Writing a 1 to a bit position within the register causesdie c nding bit position
in the register to toggle.

IPIF Software Reset Register

The IPIF software reset register is instantiated in the OPB SPI IPIF module. This reset module permits
software reset of the SPI module independent of other modules in the system and has another register
for test purposes. Figure 2 shows the bit assignment for this register.

0 31

f

Reset DS464_02_071906

Figure 2: IPIF Software Reset Register
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SPI Control Register (SPICR)

Bit assignment in the SPICR is shown in Figure 3 and described in Table 5. Bit assignment was made to
follow the assignment pattern of Xilinx OPB IPIF specifications and when possible, follow the
M68HC11 assignment pattern.

Rx FIFO Reset Master
l CPHA l LOOP

22|23|24|25|26|27|28|29|30|31|

O/.

ke |

Reset
Manual Slave CPOL

Select Assertion

Enable DS464_xx_071906
Figure 3: SPI Control Register
Table 5: SPI Cri
Bit(s) Nam ore Reset Description
Value
0-22 Reserved
Master Tansaction Inhibit. This bit inhibits master
Master *emsactions in the same way freeze functions. This bit has
23 Transaction R/W o effect on slave operation.
Inhibit 'Q’ = Master transactions enabled
aster transactions disabled
lave Select Assertion Enable. This bit forces the
e slave select register to be asserted on the slave
Manual . C )
Slave Select nytime the device is configured as a master
24 ; R/W is,enabled (SPE asserted). This bit has no
Assertion ;
Enable effect , ation
‘0’ = Slave s tput asserted by master state machine
"1’ = Slave € s data in slave select register
Receive FIFO R bit forces a reset of the FIFO
pointer and assert§ flag. FIFO
Rx FIFO contents are unchanged. On B glock cycle after
25 Reset R/W 0 reset, this bit is again set tgff1". bipis unassigned
when the OPB SPI in noteonfigue h FIFOs.
0’ = Receive FIFO normal o 10
’1’ = Reset receive FIFO pointer
Transmit FIFO Reset. This bit forces a reset of the FIFO
pointer and asserts the FIFO empty flag. FIFO
Tx FIFO contents are unchanged. One OPB clock cycle after
26 Reset R/W 0 reset, this bit is again set to "1". This bit is unassigned
when the OPB SP1 is not configured with FIFOs.
'0’ = Transmit FIFO normal operation
'1’ = Reset transmit FIFO pointer
Clock Phase. Setting this bit selects one of two
27 CPHA R/W 0’ fundamentally different transfer formats. See timing
diagrams and discussion of diagrams.

www.xilinx.com
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Table 5: SPICR Description (Contd)

Bit(s)

Name

Core
Access

Reset
Value

Description

28

CPOL

R/W

Clock Polarity. Setting this bit defines clock polarity.
'0’ = Active high clock; SCK idles low

’1’ = Active low clock; SCK idles high

Master. Setting this bit configures the SPI device as a
master or a slave.

'0’ = Slave configuration

’1’ = Master configuration

29 MASTER R/w() 0

SPI System Enable. Setting this bit high enables the SPI
devices as noted below.

'0’ = SPI system disabled. Both master and slave outputs are
\ 4 in "3-state" and slave inputs ignored

/ RIW 0 ’1’ = SPI system enabled. Master outputs active (e.g. MOSI

m

and SCK in idle state) and slave outputs will become active
if SS becomes asserted. Master will start transfer when
transmit data is available

Local Loopback Mode. Enables local loopback operation
and is functional only in master mode.

'0’ = Normal operation

1’ = Loopback mode. The transmitter output is internally
connected to the receiver input. The receiver and transmitter
operate normally, except that received data (from remote
glave) is ignored

Note that the interrupt enable bit which resides at this bit
ition of the M68HC11 specification resides in the

pt enable register in this implementation; see
fication Exceptions

31 LOOP R "0

Notes:
1. Will be read-only if slave-only option is implemente

SPI Status Register (SPISR)

The bit assignment in the SPISR is shown in Figure 4 a
made to follow the assignment pattern of Xilinx OPB IPIF specifi
M68HC11 assignment pattern. The SPISR is a read-only register.

able 6. Bit assignment was
8’and when possible, follow the

x_Empty
UnLised l Rx_Empty
0 26(27[28]29(30| 31
Rx_Full
Tx_Full
DS464_xx_071906
Figure 4: SPI Status Register
DS464 July 21, 2006 www.xilinx.com 9
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Table 6: SPISR Description

Core

Reset

Bit(s) Name Access | Value Description
0-26 Reserved
Mode-Fault Error Flag. This flag is set if the SS signal goes
active while the SPI device is configured as a master. MODF is
automatically cleared by reading the SPISR. MODF does
27 MODF Read 0’ generate an interrupt with a single cycle strobe when the MODF

bit transitions from a low to high.
’0’ = No error
’1” = Error condition detected

Transmit Full. When a transmit FIFO exists, this bit will be set
high when the transmit FIFO is full.

0’ When FIFOs don’t exist, this bit is set high when an OPB write to
the register has been made. This bit is cleared when the SPI
transfer is completed.

Transmit Empty. When a transmit FIFO exists, this bit will be set
high when the transmit FIFO is empty. The occupancy of the
FIFO is decremented with the completion of each SPI transfer.
When FIFOs don’t exist, this bit is cleared with the completion of
an SPI transfer. Either with or without FIFOs, this bit is cleared
upon an OPB write to the FIFO or transmit register.

Receive Full. When a receive FIFO exists, this bit will be set high
en the receive FIFO is full. The occupancy of the FIFO is
crefnented with the completion of each SPI transaction.
n FIFOs don’t exist, this bit is set high when an SPI transfer
a pleted. Rx_Empty and Rx_Full are complements in this

30 Rx_Full Read 0

ty. When a receive FIFO exists, this bit will be set
e regeive FIFO is empty. The occupancy of the FIFO
ith each FIFO read operation.

, this bit is set high when the receive
This bit is cleared at the end of a

Rx_ s is decr
31 Empty Read 1 When

register has b
successful SPRiran

SPI Data Transmit Register (SPIDTR)

This register is a write only register and contains data to be trarfSmitted onghe SPI bus. It is double
buffered with the shift register. Once the enable bit is set high in master mode or, is active in the
slave mode, the data is transferred from the SPIDTR to the shift register

If a transfer is in progress, the data in the SPIDTR is loaded in the shift register as soon as the data in the
shift register is transferred to the SPIDRR and a new transfer starts. The data is held in the SPIDTR until
a subsequent write overwrites the data. The SPIDTR is shown in Figure 5, while Table 7 shows specifics
of the data format.

When a transmit FIFO exists, data is written directly in the FIFO and the first location in the FIFO is
treated as the SPIDTR. The pointer is decremented after completion of each SPI transfer.

The hardware that forwards data from the register or FIFO to the shift register will never cause a write
collision error. Attempting to write in a full register or FIFO will not result in a write acknowledgement
for the OPB transaction, but rather an OPB time-out.

10

www.xilinx.com DS464 July 21, 2006

Product Specification


http://www.xilinx.com

2:X|L|NX® logiC [ RE OPB Serial Peripheral Interface (SPI) (v1.00e)

Unused Tx Data

i '

0 23|24 31

DS464_xx_071906

Figure 5: SPI Data Transmit Register

Table 7: SPI Data Transmit Register Bit Definitions (Bit assignment assumes 32-bit bus)

. Core Reset i
Bit(s) Name Access | Value Description
0- Reserved
Data Write 0 SPI transmit data.
- B7 only
SPI Dat e Register (SPIDRR)
This double buf ceive register contains the data received from the SPI bus, the received data is
placed in this r tefeach complete transfer. The SPI architecture does not provide any means for

a slave to throttle tgaffic o
transaction only if th

is full), then the most rec
The same condition can occt
with a receive FIFO, the data i§buffe

he bus; consequently, the SPIDRR is updated following each completed
Wias read prior to the last SPI transfer. If the SPIDRR was not read (i.e.
sferred data will be lost and a receive over-run interrupt will occur.
a master SPI device as well. For both master and slave SPI devices
e FIFO.
*

If an SPI transfer occurs with the n the most recently transferred data will be lost and a
receive over-run interrupt will occur. ceiVe FIFO is a read only buffer. If an attempt to read an
empty receive register or FIFO is madgf'thenfan OPB time-out error will occur because an
acknowledgement will not be issued. The SPIDR#’is sltown in Figure 6, while the specifics of the data
format is described in Table 8.

Unused Rx Data

' '

0 24 31

DS464_xx_071906

Figure 6: SPI Data Receive Register

Table 8: SPI Data Receive Register Bit Definitions (Bit assignment assumeés 32

. Core Reset o
Bit(s) | Name Access | Value Description
0-23 Reserved
Rx
24-31 Data F;ilad 0 SPI receive data.
DO - D7 Y

SPI Slave Select Register (SPISSR)

This field contains an n-length vector specifying the slave with whom the local master will
communicate. This vector is an active-low, one-hot encoded vector (SS(n), where n is the index
number). Actual assignment of slaves to specific bits is performed by Xilinx Platform Generator. This

DS464 July 21, 2006 www.xilinx.com 11
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register is a read /write register and is shown in Figure 7. The specifics of the data format is described
in Table 9.

The index of SS(n) increments in the opposite direction to that of the OPB bit index. OPB bit index 31 is
bit(0) of SS(n), OPB bit index 30 is bit(1) of SS(n) and so on.

Unused Slave Address

i |
0 31-n|31-n+1 31

DS464_xx_071906

Figure 7: SPI Slave Select Register

Tab ave Select Address Register Bit Definitions (Bit assignment assumes 32-bit bus)

Reset

Value Description

Reserved

Active-low, one-hot encoded slave select vector of length
n-bits. n must be less than or equal to the databus width. Note
that SS(n) increments in the opposite direction to that of the
OPB bit index.

SPI Transmit FIFO Occ jster (Tx_FIFO_OCY)

When the OPB SPI is configured wifh F

S, 1! field contains the occupancy number greater than one
for the transmit FIFO. The actual oc&up i

he binary value plus 1. This register is a read only

register and does not exist when the OP igured without FIFOs i.e. C_FIFO_EXIST = 0.
The transmit FIFO empty interrupt or status bi only reliable way to determine if the FIFO is
empty; reading this register cannot be used to de i the FIFO is empty. An attempt to write to
this register does not yield an acknowledgemen an OPB time-out. The transmit FIFO
occupancy register is shown in Figure 8, while the spécifj data format is described in Table 10.
Occupancy
Unused Value

i

DS464_08_071906

Figure 8: SPI Transmit FIFO Occupancy Register

Table 10: Transmit FIFO Occupancy Register Bit Definitions (Bit assignment assumes 32-bit bus)

. Core Reset -
Bit(s) Name Access | Value Description
0-27 Reserved
28-31 Occupancy Read 0 Bit 28 is the MSB. The binary value plus 1 yields the
Value occupancy.
12 www.xilinx.com DS464 July 21, 2006
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SPI Receive FIFO Occupancy Register (Rx_FIFO_OCY)

This field contains the occupancy number greater than one for the receive FIFO when the OPB SPI is
configured with FIFOs. The actual occupancy is the binary value plus 1. This register is a read only
register and does not exist when the OPB SPI is configured without FIFOs i.e. C_FIFO_EXIST = 0.

The receive FIFO empty status bit is the only reliable way to determine if the FIFO is empty, reading
this register cannot be used to determine if the FIFO is empty. An attempt to write to this register does
not yield an acknowledgement, but rather an OPB time-out. The receive FIFO occupancy register is
shown in Figure 9, while the specifics of the data format is described in Table 11.

Occupancy
Unused Value

i

27|28 31
DS464_09_071906
Figure 9: SPI Receive FIFO Occupancy Register
Table 11: Reci upancy Register Bit Definitions (Bit assignment assumes 32-bit bus)
. ore Reset i
Bit(s) Nam . | Value Description
0-27 6 Reserved
28-31 Occupancy Re 0 Bit 28 is the MSB. The binary value plus 1 yields the
Value gecupancy.

OPB SPI Interrupt Descriptio

The OPB SPI module has seven distinct ifiterru
interrupt service controller (IPISC) and allow
interrupt enable register (IPIER)).

t are sent to the IPIF. The IPIF utilizes the IP
chdnterrupt to be enabled independently (via the IP

The interrupt registers are in the interrupt module whic ntiated in the OPB SPI IPIF module.
The OPB SPI has the option to include the interrupt modtle,

interrupt, or not to include the interrupt module and have ag
completion of a transfer. All status register bits are available f¢ ed information independent of
the interrupt choice.

permits multiple conditions for an

INTERRUPT_
PRESENT = 0. If the interrupt module is not implemented, then the single jaffteriu ndition occurs
when the receive register or FIFO is full. At this time, Xilinx does not provide software for utilizing the
single interrupt scheme.

Device Global Interrupt Enable Register (DGIE)

The Device Global Interrupt Enable register is used to globally enable the final interrupt output from
the IPIF interrupt service as shown in Figure 10 and described in Table 12. This bit is essentially
AND’ed with the input to the interrupt controller. This bit is a read /write bit and is cleared upon reset.
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Unused

{
[o 1 31

DS464_xx_071906

Figure 10: Device Global Interrupt Enable (DGIE) Register

Table 12: DGIE Register Description (Bit assignment assumes 32-bit bus)

. Reset .
Description
Bit(s) | Name | Access Value escriptio
Global Interrupt Enable. It enables all individually enabled
RIW o interrupts to be passed to the interrupt controller.
'0’ = Disabled
’1’ = Enabled
Reserved

IP Interrupt egister (IPISR)
When the int le is included, up to seven unique interrupt conditions are possible
depending upon stem is configured with FIFOs or not. A system without FIFOs has six
interrupts.

The IPIF interrupt modu

register and by writing a “1” to a bit position within the
y in the register to ‘toggle’. All register bits are cleared

t
: DRR
Full

register causes the corresponding
upon reset.

Tx FIFO DTR
Unused Near Empty \ Empty MODF
0 2425|2627 |2820]30]31]
DRR ‘ Slave
er-run MODF
R
der-run
DS464_xx_071906
Figure 11: IP Interrupt Status Register (IPISR)
Table 13: IPISR Description (Bit assignment assumes 32-bit bus)
. R -
Bit(s) Name Access eset Description
Value
0-24 Reserved
14 www.xilinx.com DS464 July 21, 2006
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Table 13: IPISR Description (Bit assignment assumes 32-bit bus) (Contd)

Bit(s)

Name

Access

Reset
Value

Description

25

Tx FIFO
Near
Empty

R/TOW()

Transmit FIFO Less than or Equal to Half Empty. IPISR
bit(25) is the transmit FIFO near empty interrupt. This bit is set
by a one-clock period strobe to the interrupt register when the
occupancy value is decremented from"1000"to "0111". Note
that "0111" means there are 8 characters in the FIFO to be
transmitted. This interrupt exists only if the OPB SPI is
configured with FIFOs.

RR
er-rin

27

R/TOW(1)

Data Receive Register/FIFO Over-run. IPISR bit(26) is the
data receive FIFO over-run interrupt. This bit is set by a
one-clock period strobe to the interrupt register when an
attempt to write data to a full receive register or FIFO is made
by the SPI state machine in order to complete an SPI transfer.
This can occur when the SPI device is in either master or slave
mode.

28

DTR
Under-ru
n

RTOW(™)

Data Receive Register/FIFO Full. IPISR bit(27) is the data
receive register full interrupt. Without FIFOs, this bit is set at the
end of an SPI byte transfer by a one-clock period strobe to the
interrupt register. With FIFOs, this bit is set at the end of the SPI
byte transfer when the receive FIFO has been filled by a
one-clock period strobe to the interrupt register.

ata Transmit Register/FIFO Under-run. IPISR bit(28) is the
data transmit register/FIFO under-run interrupt. This bit is set
one-clock period strobe to the interrupt register when data
uest from an "empty" transmit register/FIFO by the SPI
achine in order to perform an SPI transfer. This can

29

DTR
Empty

R/TOW()

ister/FIFO Empty. IPISR bit(29) is the data

empty interrupt. Without FIFOs, this bit
is set at the end SPI byte transfer by a one-clock period
strobe to the ‘
end of the SPI byte

by a one-clock peri

IFOs, this
e complement

e

30

Slave
MODF

RTOW(™)

Slave Mode-Fault Error. IPISR bit(30) is the slave mode-fault
error flag. This interrupt is generated if the SS signal goes
active while the SPI device is configured as a slave but is not
enabled. This bit is set immediately upon SS going active and
continually set if SS is active and the device is not enabled.

31

MODF

R/TOW(™

Mode-Fault Error. IPISR bit(31) is the mode-fault error flag.
This interrupt is generated if the SS signal goes active while the
SPI device is configured as a master. This bit is setimmediately
upon SS going active.

Notes:

1. TOW = Toggle On Write. Writing a ’1’ to a bit position within the register causes the corresponding bit position
in the register to toggle.

DS464 July 21, 2006
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IP Interrupt Enable Register (IPIER)

The IPIER has an enable bit for each defined bit of the IPISR as shown in Figure 12 and described in
Table 14. All bits are cleared upon reset.

DRR
Tx FIFO Full DTR
Unused Near Empty \ Empty MODF
0 2425|2627 |2820]30]31]
DRR ‘ Slave
Over-run R MODF
L 2 Under-run
DS464_xx_071906
/ Figure 12: IP Interrupt Enable Register (IPIER)
Table 14: IPIER Description (Bit assignment assumes 32-bit bus)
. Reset .
Bit N Description
(s) e ccess | e escriptio
0-24 Reserved
Transmit FIFO Less Than or Equal to Half Empty
o5 Tx FIFO Near Enable.
Empty enable '0’ = Disabled
1’ = Enabled
Receive FIFO Over-run Enable.
gs | DHiovermun RW ‘0’ = Disabled
= Enabled
eceive Register/FIFO Full Enable.
27 DRR Full enable R/W i
O Under-run Enable.
o8 DTR Under-run RW
enable
egister O) Empty Enable.
29 DTR Empty enable R/W 0 '0’ = Disabled
1’ = Enabled
Slave Mode-Fault Errof Flag
30 Slave MODF enable R/W {0} '0’ = Disabled
1’ = Enabled
Mode-Fault Error Flag Enable.
31 MODF set enable R/W 40 '0’ = Disabled
1’ = Enabled
16 www.xilinx.com DS464 July 21, 2006
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OPB SPI Design Description

SPI Device Features

In addition to the features listed in the Features section, the SPI device also includes following standard
features:

e Three signal in/out (in, out, 3-state) for implementing 3-state SPI device in/outs to support
multi-master configuration within the FPGA.

e Works with N times 8-bit data characters in default configuration. The default mode implements
manual control of the SS output via data written to the SPISSR. This appears directly on the SS

optional operation where the SS output is toggled automatically with each 8-bit
ansfer by the master device. This can be selected via a bit in the SPICR for SPI master

. Multi-%

arbitrationfifo

e Multi-slave
signals).

* Supports maximu rates up to one-half the OPB clock rate in both master and slave
modes when both SPI'd 8'ap@in the same FPGA part (routing constraints of the SPI bus signals
must be incorporated in R process). In anticipation of remote master operation, slaves
operation supports one-fourth t ock rate (artifact of asynchronous SCK clock relative to

the OPB clock which requires clock s§fnchgenization).
¢ Parameterizable baud rate generat

¢ External ports (selected via a parametr) forgoff-chip slave interconnects (off-chip masters not
supported).

¢ In the M68HC11 implementation, the transmi is transparent to the shift register and the
receive register is double buffered with the shift@egi this implementation without FIFOs,
both the transmit register (SPIDTR) and receive register RR) are double buffered.

ibed in the M68HC11 reference
cause the hardware is designed
register n an SPI transfer is in

e The WCOL flag is not supported as a write collision er
manual. This can not occur in the Xilinx OPB SPI implementa
to prevent the data transfer from the transmit buffer to the sh
progress.

SPI Protocol with Automatic Slave Select Assertion

The SPI protocol is designed to have automatic slaves select assertion and manual slave select assertion
which are described in the following sections.

This section describes the SPI protocol where slave select (SS(n)) is asserted automatically by the SPI
master device (i.e SPICR bit(24) = '0"). The SPI bus to a given slave device (n-th device) consists of four
wires, Serial Clock (SCK), Master Out Slave In (MOSI), Master In Slave Out (MISO) and Slave Select
(SS(n)). The signals SCK, MOSI and MISO are shared for all slaves and masters.

Each master SPI device has the functionality to generate an active-low, one-hot encoded SS(n) vector
where each bit is assigned an SS signal for each slave SPI device. It is possible for SPI master/slave
devices to be both internal to the FPGA and SPI slave devices to be external to the FPGA. SPI pins will
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be automatically generated through Xilinx Platform Generator when interfacing to an external SPI
slave device. Multiple SPI master/slave devices are shown in Figure 13.

SPI Device 0
MOSI
MISO (
SCK
SPISEL —SSE
(

ss(1)
SS(2) SS(3
SS(3)

SPI Device 1
MOSI
MISO
SCK
L 2 SPISEL

/ SS(1)
SS(2)
SS(3)

SPI Device 2

MOSI
MISO

Slave only devices, which are not shown
have only SPISEL local slave select port

Figure 13: Multi-Master Configur: m
The SCK signal is driven by the SPI master controlling the b regulategpthe flow of data. The
master must be configured at the time of system configuring to transmit dat ,4416,32,...,1280,2048
baud rates.
The M68HC11 SPI specification recommends baud rate selection via in ntrol register;

however, in this FPGA implementation, the baud rate is selected via a parameter that fixes the baud
rate at the time of system configuration. The FPGA permits reconfiguration by resetting the parameters
and rebuilding the system. This approach was adopted to reduce FPGA resource requirements.

Figure 14 shows the timing diagram for an SPI data write cycle and Figure 15 shows the timing
diagram for an SPI data read cycle when CPHA =’0’. The waveforms are shown for CPOL = "0" and the
value of generic C_OPB_SCK_RATIO = 4. Signal SCK remains in the idle state until one-half period
following the assertion of the slave select line which denotes the start of a transaction. Since assertion of
the SS(n) line denotes the start of a transfer, it must be de-asserted and re-asserted for sequential byte
transfers to the same slave device.

18
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Cycles o[ 1]2[3[4]5]6]7]8]91o[11[12[13[1a]1516[17[18[19]2021p223]24]25 262 7]28]29]30[3 1[32]33[34]35/36[37[38]39]4 0]4 1]

ops_ck U UUyrurryyuuiyuuuuuui Uy Uy
OPB_select
OPB_seqAddr

OPB_ABuUs[0:31]

OPB_BE[0:3]

OPB_DBus[0:31]
OPB_RNW
IP_OPB_xferAck

Transmit_Data[0:7] TX Dt[7:0]
spixfer_start_n_proceed

CK
os| I bt7) X_Di6) X_Dbt(5) X_Di4 X__btad) X__Di@) X__bt(1) X_Dt(0)
IS Dr(7) X _Dr(6) X_Dr(5) X_Dr(4) X_Dr3) X_ Dr(2) X_Dr(1) X_Dr(0) X__*

POL=0
mally MSB of character just received DS464_14_071906

e6n SPI Bus with CPHA = 0 and CR(24) = 0 for 8-bit Character

One bit of data is transferred SC (o]
st

riod. Data is shifted on one edge of SCK and is sampled
» Chsistent with the M68HC11 SPI specification, selection
e ocking protocols on an 8-bit oriented data transfer is

on the opposite edge when the dat,
of clock polarity and a choice of two
possible via bits in the SPICR.

The clock phase and polarity (or idle state)can ified for SPI data transfers with programmable
bits in the SPICR. The clock polarity (CPOL) bit’s s angactive high (i.e. the clock’s idle state = low)
or active low clock (i.e. the clock’s idle state = hig

The clock phase (CPHA) bit can be set to select one of twafd1 t transfer formats. If CPHA =0, data
is valid on the first SCK edge (rising or falling) after SS(n) rted. If CPHA = "1’, data is valid
on the second SCK edge (rising or falling) after SS(n) has asser

Determination of whether the edge of interest is rising or fallin e dependgfon the idle state of the
clock (i.e. CPOL setting). For successful transfers the clock phase and polarj identical for the
master SPI device and the selected slave device.

The MOSI and MISO ports behave differently depending on whether the SPI dev configured as a
master or a slave. When configured as a master, the MOSI port is a serial data output port and the
MISQO is a serial data input port. The opposite is true when the device is configured as a slave; the MISO
port is a slave serial data output port and the MOSI is a serial data input port. There may be only one
master and one slave transmitting data at any given time. The bus architecture provides limited
contention error detection (i.e. multiple devices driving the shared MISO and MOSI signals) and
requires the software to provide arbitration to prevent possible contention errors.

All SCK, MOSI, and MISO pins of all devices are respectively hardwired together. For all transactions,
a single SPI device is configured as a master and all other SPI devices on the SPI bus are configured as
slaves. The single master drives the SCK and MOSI pins to the SCK and MOSI pins of the slaves. The
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uniquely selected slave device drives data out from its MISO pin to the MISO master pin, thus realizing
full-duplex communication.

Cycles [o] 1[2]3[4[5] 6] 7[ 8] 9fto[11}12[13]14]1 5[16[17[1 8[1 9]20[2 1}22[23[2425] 26]27]28]29[30[3 1}32[33[34[35[36[3 7[38[39}4 0}4 1]42]43

OPB_Clk
OPB_select
OPB_segAddr
OPB_ABuUSs[0:31]
OPB_BE[0:3]
OPB_DBus[24:31] X__Dr )
OPB_RNW

/N

Dr(7:0)

Dt(7) X__Dt(6) X__Dt(5) X_ Dt(4) X_Dt3) X_ Dt(2) X_Dt(1) X_Dt(0)
1(7) X_Dr(6) X_Dr(5) X Dr(4) X _Dr(3) X Dr(2) X_Dr(1) X Dr(0) X__=*

Dr: Received
SCk is showi

DS464_15_071906

devices ignore both SCK and MOSI sig ion, the non-selected slaves (i.e. SS pin high) drive
their MISO pin to tri-state so as not to interfere with SRI bus activities.

When external slave SPI devices are implemente SI and MISO, as well as the needed SS(n)
signals, are brought out to pins. All signals are atesbus signals and erroneous external bus
activity can corrupt internal transfers when both internaja % ernal devices are present.

The user must insure that external pull-up or pull-down'8
with the sink/source capability of the FPGA 1/O drivers. Reca
for different drive strengths as well as internal pull-ups. The 3-sta

/O drivers can be configured
nals for multiple external slaves
can be implemented as per system design requirements, but the extern. s st follow the SPI
M68HC11 specifications.

With CPHA = "1/, the first SCK cycle begins with an edge on the SCK lin@"fro active level to
active level (rising or falling depending on CPOL) as shown in Figure 16. The timing diagram for an
SPI data write cycle is shown in Figure 16. The timing diagram for an SPI data read cycle when CPHA
= 1" is shown in Figure 17. The waveforms are shown for CPOL = '0" and the value of generic
C_OPB_SCK_RATIO = 4.

The first SCK cycle begins with a transition of SCK signal from its idle state and this denotes the start
of the data transfer. Because the clock transition from idle denotes the start of a transfer, the M68HC11
specification notes that SS(n) line may remain active low between successive transfers. The
specification states that this format is useful in systems with a single master and single slave.

20
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In the context of the M68HC11 specification, transmit data is placed directly in the shift register upon
a write to the transmit register. Consequently, it is the user’s responsibility to insure that the data is
properly loaded in the SPISSR register prior to the first SCK edge.

Cycles [o[1[2]3[4[5]6] 7] 8] olto[11[12[13][14]15]16[17 [18[19] 20] 21[22[23[24]25]26 [27]28] 29[ 30]31]32] 33[34] 35 36 [37[38]39 [ 40[41]
oPB_CKk U UuUuryryyuryuuryuyuuruurudryurryuye
OPB_select
OPB_seqAddr

OPB_ABUS[0:31]
OPB_BE[0:3]
OPB_DBus[24:31]

Dt(7:0)

Dt(7) X _Dt6) X Dt(5) X Dt4) X _Dt@3) X__Dt2) X __Dt(1) X__ D{0)
Dr(7) X _Dr6) X _Dr5) X_Dr4) X _Dr8) X__Dr2) X _Dbr(d) X Dr(0)

B.o racter just received DS464_16_071906

Figure 16: Data Write Cycl Bu \ﬁth CPHA =1 and CR(24) = 0 for 8-bit Character
The OPB SPI implementation double b{ PIDTR register with the shift register. Therefore

additional logic would be required to morfttor thefSPIDTR register and asynchronously load the shift

register. This is required prior to the first shift wfhe r a write to the SPIDTR register is performed. In
this implementation, the SS signal is toggled for 4ll CPH configurations and there is no support for
SPISEL being held low. It is required that all SS sign. between SPI devices internally to the

FPGA. Toggling the SS signal reduces FPGA resources.

géd from the master to the slave
0 the master. This can be viewed
aster devi nd another 8-bit shift

All SPI transfers are full-duplex where an 8-bit data character is
and an independent 8-bit data character is transferred from the
as a circular 16-bit shift register; an 8-bit shift register in the SPI
register in a SPI slave device that are connected.

The SPI specification details the timing and waveforms for byte transfers whére is shifted out
first on the SPI bus. All data written to the SPIDTR register will be transmitted on SPI bus, and all
data received on the SPI bus will be stored in a SPIDRR register for the user logic to interpret.
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Cycles [o[1[2[3[4]5]6] 7]8]9lto[11[12[13[14[15[16[17[18]10[20] 2122]23[24[25]26]27[28] 29]30[31[ 32| 33[34[35] 36[37[38] 39]40[41[42[43

OPB_Clk
OPB_select \___
OPB_seqAddr
OPB_ABuUS[0:31]
OPB_BE[0:3]
OPB_DBus[24:31]
OPB_RNW \_
IP_OPB_xferAck M\
spixfer_done /\

Dr(7:0)

DS| X D7) X_Dte) X_Dt5) X_Dt4) X_Dt@) X_ bt@) X_ Dtd) X_ Dt0)
ISOQ—@ Dr(7) X _Dr(6) X _Dr(5) X Dr4 X _Dr3) X_Dr@ X__br(1) X__Dr(0)

o —

DS464_17_071906

Transfer Beginning Period

The definition of the transfer beginni e & for the OPB SPI is consistent with the M68HC11

reference manual. This manual can re nced for more details. All SPI transfers are started and
controlled by a master SPI device. Q
i

As a slave, the processor considers a transfer to ith the first SCK edge or the falling edge of SS,
depending on the CPHA format selected. Whert CRHA e
beginning of a transfer. When CPHA equals one, t edge on the SCK indicates the start of the
transfer. In either CPHA format, a transfer can be ab @ asserting the SS(n) signal. This causes
the SPI slave logic and bit counters to be reset. In this implemeRjtation, the software driver can deselect
all slaves (i.e. SS(n) is driven high) to abort a transaction. Altt
slaves during the middle of a single or burst transfer, It is recor °d that the software be designed
to prevent this.

Is zero, the falling edge of SS indicates the

In slave configuration, the data is transmitted from the SPIDTR registe
edge following SS signal being asserted. The data should be available in th.
not available, then the under-run interrupt is asserted.

IFO. If data is

Transfer Ending Period

The definition of the transfer ending period for the OPB SPI is consistent with the M68HC11 reference
manual. The SPI transfer is signaled complete when the SPIF flag is set. However, depending on the
configuration of the SPI system, there may be additional tasks to be performed before the system can
consider the transfer complete.

When configured without FIFOs, the Rx_Full bit, bit(30) in the SPISR, is set to denote the end of
transfer. When data is available in the SPIDRR register, bit(27) of the IPISR, is asserted as well. The data
in the SPIDRR is sampled on the same clock edge as the assertion of the SPIDRR register Full interrupt.

22
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When the SPI device is configured as a master without FIFOs, Rx_Empty bit, bit(31) and Tx_Full bit,
bit(28) in the SPISR are cleared, Tx_Empty bit, bit(29) and Rx_Full bit, bit(30) in SPISR are set, and DRR
Full bit, bit(27) and Slave MODF bit, bit(30) in the IPISR are set on the first rising OPB clock edge after
the end of the eighth SCK cycle.

Note that the end of the eighth SCK cycle is a transition on SCK for CPHA = 0", but is not denoted by
a transition on SCK for CPHA = "1". See Figure 14 and Figure 16. However, the internal master clock
provides this SCK edge which prompts the setting/clearing of the bits noted.

In this design, a counter was implemented which permits the simultaneous setting of SPISR and IPISR
bits for both master and slave SPI devices. Note that external SPI slave devices may use an internal
dfiis asyncronous to the SCK clock. This can cause status bits in the SPISR and IPISR to be

incon tWith each other. Therefore, the OPB SPI cannot be used with external slave devices that do
n QFB clock

Whe 1is configured with FIFOs and a series of consecutive SPI 8-bit character transfers are
performe s and IPISR do indicate completion of the first and the last SPI transfers with no

indication o diate transfers. The only way to monitor when intermediate transfers are
completed is e receive FIFO occupancy number. There is also an interrupt when the
transmit FIFO is les§ than falf full.

d as a slave, the setting/clearing of the bits discussed above for a
ring of the master bits for both cases of CPHA =’0" and CPHA =

"1’”. Recall that for CPHA = ‘e. NP, SCK edge denoting the end of the eighth clock period. See
Figure 16. The slave has no w when the end of the eighth SCK period occurs unless an
OPB clock period counter was inc t I slave device.

Optional FIFOs

The user has the option to include FIFOs irfithe O,

SPI as shown in Figure 1. Since SP1 is full-duplex,
both transmit and receive FIFOs are instantiat i

equired to be the same for all data buffered
ct address is not implemented. Both

When FIFOs are implemented, the slave select address i
in the FIFOs. This is required because a FIFO for
transmit and receive FIFOs are 16 bytes deep and are acgess a single OPB transactions since burst
mode is not supported.

The transmit FIFO is write-only. When data is written in O, the occupancy number is
incremented and when an SPI transfer is completed, the number {§’decreme s a consequence of
this operation, aborted SPI transfers still has the data available for a re
occupancy number is a read-only register.

of

If a write is attempted when the FIFO is full, then no acknowledgement is given an us time-out will
occur. Interrupts associated with the transmit FIFO include data transmit FIFO empty, transmit FIFO

half empty and transmit FIFO under-run. See the section on OPB SPI Interrupt Descriptions for details.

The receive FIFO is read-only. When data is read from the FIFO, the occupancy number is decremented
and when an SPI transfer is completed, the number is incremented. If a read is attempted when the
FIFO is empty, then no acknowledgement is given and a bus time-out will occur.

Data is automatically written to the FIFO from the SPI module shift register after the completion of an
SPI transfer. If the receive FIFO is full and more data is received, then a receive FIFO overflow interrupt
is issued. When this happens, all data attempted to be written to the full receive FIFO by the SPI
module is lost.
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The other interrupt associated with the receive FIFO is the receive FIFO full interrupt. SPI transfers,
when the OPB SPl is configured with FIFOs, can be started in two different ways depending on when
the enable bit in the SPICR is set. If the enable bit is set prior to the first data being loaded in the FIFO,
then the SPI transfer begins immediately after the write to the master transmit FIFO. If the FIFO is
emptied via SPI transfers before additional bytes are written to the transmit FIFO, an interrupt will be
asserted. When the OPB SPI SCK frequency ratio is sufficiently small, this scenario is highly probable.

Alternatively, the FIFO can be loaded up to 16 bytes and then the enable bit can be set which starts the
SPI transfer. In this case, an interrupt is issued after all bytes are transferred. In all cases, more data can
be written to the transmit FIFOs to increase the number of bytes transferred before emptying the FIFOs.

loopback mode, although not included in the M68HC11 reference manual, has been
to expedite testing. When this mode is selected via setting the loop bit in the SPICR, the
ut is internally connected to the receiver input. The receiver and transmitter operate

normally, efcep received data (from remote slave) is ignored. This mode is relevant only when the
SPI device'is ed as a master.

Hardware Erro ctio

The SPI architectur ie oftware controlled bus arbitration for multi-master configurations to

avoid conflicts and errors @ ited error detection is implemented in the SPI hardware.

The first error detection mechani e discussed is contention error detection. This detects when an
SPI device configured as a

simultaneously configured as ma

In this scenario, the master being seleeted’as
avoid hardware damage due to simultane
error (MODF) bit in the SPISR. This bit is aut
MODF error, the master must be disabled and refehabled with correct data. When configured with
FIFOs this may require clearing the FIFOs.

contention. The master also sets the mode-fault
ly cleared by reading the SPISR. Following a

A similar error detection mechanism has been impleme I slave devices. The error detected is
when a SPI device configured as a slave but is not enable tedy(i.e. its SS bit is asserted) by
another SPI device. When this condition is detected, IPISR bit( '
if the interrupt module is included in the OPB SPI design. Tht r detection does not exist if the
interrupt module is not included in the OPB SPL

Under-run and over-run conditions error detection is provided as well” Uz onditions can
happen only in slave mode operation. This happens when a master comma er but the slave
does not have data in the transmit register or FIFO for transfer. In this case, the slave under-run
interrupt is asserted and the slave shift register is loaded with all zeros for transmission. Over-run can
happen to both master and slave devices where a transfer occurs when the receive register or FIFO is
full. During an over-run condition, the data received in that transfer is not registered (i.e. it is lost) and
the IPISR over-run interrupt bit(26) is asserted.

Software Freeze Command Operation

The software freeze command impacts only master operation and not slave operation. When a freeze
command is asserted (i.e. freeze signal goes high), the master completes any transfer in progress, but
does not initiate a subsequent SPI transfer until the freeze signal is de-asserted. Operation is identical to
as if the SPI master SPIDTR register/FIFO is empty when the freeze signal is asserted.
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SPI Protocol with Manual Slave Select Assertion

This section briefly describes the SPI protocol where slave select (SS(n)) is manually asserted by the
user (i.e. SPICR bit(24) = 1).

This is the configuration mode provided to permit transfers of an arbitrary number of bytes without
toggling slave select until all the bytes are transferred. In this mode, the data in the SPISSR register
appears directly on the SS(n) output.

As described earlier, SCK must be stable before the assertion of slave select. Therefore, when manual
slave select mode is utilized, the SPI master must be enabled first (SPICR bit(24) = 1) to assert SCK to
the idle state prior to asserting slave select.

aster transfer inhibit (SPICR bit(23)) can be utilized to inhibit master transactions until
is asserted manually and all data registers are initialized as desired.

rules are followed, the timing is the same as presented for the automatic slave select
the exception that assertion of slave select signal and the number of bytes
isfeo: ed by the user.

assertion
transferre

Note that the ansfer inhibit can be asserted to permit loading of registers or FIFOs as needed.
This can be utilizedibeforethe first transaction and after any transaction that is allowed to complete.

SPI Registers Fl¢

SPICR bit(24) assertion
This flow permits the transfer of N-byte§in

1. Start from proper state including SPI bus a ion.

2. Configure DGIE and IPIER registers as desire

3. Configure target slave SPI device as required.

4. Write initial data to master SPIDTR register / FIFO. e SPI master is disabled.

5. Insure SPISSR register has all ones.

6. Write configuration data to master SPI device SPICR as desi i ing bit(24) for manual
asserting of SS vector and setting both enable bit and master transfer inhi i is initializes SCK

and MOSI but inhibits transfer.
Write to SPISSR to manually assert SS vector.

8. Write the above configuration data to master SPI device SPICR, but clear inhi
transfer.

9. Wait for interrupt (typically IPISR bit(30)) or poll status for completion. Wait time depends on OPB
to SPI clock ratio.

10. Set master transaction inhibit bit to service interrupt request. Write new data to master
register/FIFOs and slave device then clear master transaction inhibit bit to continue N 8-bit
character transfer. Note that an overrun of the SPIDRR register/FIFO can occur if the SPIDRR
register /FIFOs are not read properly. Also note that SCK will have "stretched" idle levels between
byte transfers (or groups of byte transfers if utilizing FIFOs) and that MOSI can transition at end of
a byte transfer (or group of transfers) but will be stable at least one-half SCK period prior to
sampling edge of SCK.

bit which starts

11. Repeat previous two steps until all data is transferred.
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12. Write all ones to SPISSR or exit manual slave select assert mode to deassert SS vector while SCK
and MOSI are in the idle state.

13. Disable devices as desired.

SPI master and slave devices without FIFOs performing one 8-bit transfer (optional mode)

Follow these steps to successfully complete an SPI transaction:

1. Start from proper state including SPI bus arbitration.

2. Configure master DGIE and IPIER. Also configure slave DGIE and IPIER registers as desired.
3. Writéconfiguration data to master SPI device SPICR as required.

4. iguration data to slave SPI device SPICR as required.

5 e active-low, one-hot encoded slave select address to the master SPISSR.

6. slave SPIDTR register as required.

7. Write ster SPIDTR register to start transfer.

8.  Wait tor jintegsupt (typically IPISR bit(30)) or poll status for completion.

9. Read IPI ter and slave SPI devices as required.

10. Perform interript reqtiests as required.

11. Read SPISR of bo d slave SPI devices as required.

12. Perform actions as re r dictated by SPISR data.

SPI master and slave devices w. I erdFIFOs are filled before SPI transfer is started and
multiple discrete 8-bit transfers are ornfed (optional mode)

Follow these steps to successfully compléte

Start from proper state including SPI bus ar]
Configure master DGIE and IPIER. Also confi
Write configuration data to master SPI device

DGIE and IPIER registers as desired.
ired.

T d.

Write the active-low, one-hot encoded slave select a aster SPISSR.

Write all data to slave SPIDTR Register/FIFO as required.

Write all data to master SPIDTR Register/FIFO.

Write enable bit to master SPICR which starts transfer.

Wait for interrupt (typically IPISR bit(30)) or poll status for completi

Write configuration data to slave SPI device SPI

X N oA wh

—_
o

. Read IPISR of both master and slave SPI devices as required.

—_
—_

. Perform interrupt requests as required.

—_
N

. Read SPISR of both master and slave SPI devices as required.

—_
N

. perform actions as required or dictated by SPISR data.

SPI master and slave devices with FIFOs where some initial data is written to FIFOs, the SPI transfer
is started, data is written to the FIFOs as fast or faster than the SPI transfer and multiple discrete
8-bit transfers are transferred (optional mode)

Follow these steps to successfully complete an SPI transaction:

1. Start from proper state including SPI bus arbitration.
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Configure master DGIE and IPIER. Also configure slave DGIE and IPIER registers as desired.
Write configuration data to master SPI device SPICR as required.

Write configuration data to slave SPI device SPICR as required.

Write the active-low, one-hot encoded slave select address to the master SPISSR.

Write initial data to slave transmit FIFO as required.

Write initial data to master transmit FIFO.

Write enable bit to master SPICR which starts transfer.

Continue writing data to both master and slave FIFOs.

A B N R

10. Wait for interrupt (typically IPISR bit(30)) or poll status for completion.

Qfboth master and slave SPI devices as required.

ons as required or dictated by SPISR data.
Desig aints

Note: An exa this core is available and must be modified for use in the system. Please
refer to the EDK Gefting Started Guide for the location of this file.

Timing Constraints

For complete timing cove
along with OPB_Clk input co

mmended that Flip-Flop edge to edge constraint is specified
ple is shown in Figure 18.

NET "OPB Clk" TNM NET =

TIMESPEC "TS opb clk" = clk" 10 ns HIGH 50%;

TIMEGRP "fall group"=FALLING ff
TIMESPEC "TS rise" = FROM "rise gr
TIMESPEC "TS fall" = FROM "fall gro

"fall group" "TS opb clk"/2;
e group" "TS opb clk"/2;

DS464_18_071906

Figure 18: Timing Co

Design Implementation

Target Technology
The intended target technology is Spartan and Virtex family FPGAs.

EEPROM Test Matrix for Virtex-ll Pro (XC2VP7-5-FF672)

Table 15 lists the EEPROM test carried out on Xilinx ML300 board with microchip 25LC160 device. This
data can be used as a reference for hardware testing.

Table 15: EEPROM 25LC160 Test Matrix

C_OPB_SCK_RATIO RESULT OPB Frequency in MHz
2 Exceeds EEPROM Fmax 25
4 Exceeds EEPROM Fmax 25
16 Passed 25
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Table 15: EEPROM 25LC160 Test Matrix

C_OPB_SCK_RATIO RESULT OPB Frequency in MHz

64 Passed 100

512 Passed 100

640 Passed 100

720 Passed 100

1024 Passed 100

1280 Passed 100

Below EEPROM minimum Clock Rate 100

Below EEPROM minimum Clock Rate 100

Devi ion and Performance Benchmarks
The OPB SPI ule that will be used with other design modules in the FPGA. The utilization and
timing numb in this section are just estimates. As the SPI device is combined with other

FPGA designs, the fitilization of FPGA resources and timing of the OPB SPI may vary from the results
reported here.

The OPB SPI benchmar @ own in Table 16 for a Virtex-4 FPGA device and in Table 17 for a
Virtex-5 FPGA device.

Table 16: OPB SPI FPGA Performan n sow'ce Utilization Benchmarks on Virtex-4
(xc4vix25-11-ff676)

Parameter Values .
Device Resources
(other parameters at default val
=
& o
[72] o )
= w < =
N e o o
5 o | | fmax (MHz)
w [ 4 (7)) ")
I - ) n =
(@] o N | D
e 2 | = -
e c m =)
J ; 5 2
[
=z Ol (&
[
(&)
0 0 2 2 81 147 216 134.264
0 0 4 2 94 163 222 136.463
0 0 16 2 97 166 233 135.318
0 0 2048 2 103 169 242 126.486
0 0 2 12 89 170 254 138.102
0 1 2 2 85 156 222 130.378
0 1 4 2 98 163 230 131.787
0 1 16 2 101 172 240 129.702
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Table 16: OPB SPI FPGA Performance and Resource Utilization Benchmarks on Virtex-4

(xc4vIx25-11-ff676)

Product Specification

Parameter Values .
Device Resources
(other parameters at default values)
[
& o
w —
5 i 5 = 2
(2] e o ) )
i | ¥ 0 i 9 » max (MHz)
! - S » -3 3 e
o [ (%) | o = ]
LL =2 | = T ) -l
o m =) 8
E % z| =
'E o| (&) »
4 =
(&)
1 2048 2 108 177 249 134.953
177 260 126.295
170 272 130.174
184 290 121.507
187 294 118.287
193 303 122.444
193 312 129.333
179 281 121.966
192 299 128.041
196 303 125.818
201 312 137.703
203 321 113.404
Table 17: OPB SPI FPGA Performance and Resource Utiliza on Virtex-5
(xc5vIx30-2-ff676)
Parameter Values (other parameters at default values) Dev esource
=
P4
7
[ L 2
(2] E i‘)l o &
! ! » O g 't o fwax (MHz)
I e o E s E 2 5
2 > & < Sm i 3
i o (e) Z o
! i | o 9
(& = o n
=
|
()
0 2 2 81 188 132.802
0 0 4 2 94 205 174.216
0 0 16 2 96 203 141.004
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Table 17: OPB SPI FPGA Performance and Resource Utilization Benchmarks on Virtex-5
(xc5vIx30-2-ff676)

Parameter Values (other parameters at default values) Device Resources

fmax (MHz)

RATIO
BITS

FIFO_EXIST
LUTs

C_OPB_SCK

C_NUM_SS

Slice Flip-Flops

137.741
88 221 164.88
143.184

2048

N
—
o
w
N
o
©

o | o| C_INTERRUPT_PRESENT

N
-
N

139.899

125.913

144.844

ol o|o| o o] ©

162.575

109.721

134.012

136.054

131.165

126.486

138.427

150.512

152.3

140.154

1 1 2 12 91 132.767

Specification Exceptions
Exceptions to the Motorola’s M68HC11-Rev. 4.0 Reference Manual

1. A slave mode-fault error interrupt is added to provide an interrupt if a SPI device is configured as
a slave and is selected when not enabled.

2. Inthis design, the SPIDTR and SPIDRR registers have independent addresses. This is an exception
to the M68HC11 specification which calls for two registers to have the same address.

3. AllSSsignals are required to be routed between SPI devices internally to the FPGA. This is because
toggling of the SS signal is utilized in slaves to minimize FPGA resources.

4. Manual control of the SS signals is provided by setting bit(24) in the SPICR register. When the
device is configured as a master and is enabled and bit(24) of SPICR register is set, the vector in the
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SPISSR register is asserted. When this mode is enabled, multiple bytes can be transferred without
toggling the SS vector.

5. A control bit is provided to inhibit master transfers. This bit is effective in any master mode, but has
main utility in manual control of the SS signals.

6. Inthis implementation without FIFOs, both the SPIDTR and SPIDRR registers are double buffered.
Hardware prevents data transfer from the transmit buffer to the shift register while an SPI transfer
is in progress, consequently, the write collision error (WCOL) described in the M68HC11 reference
manual can not occur.

7. In the M68HC11 implementation, the transmit register is transparent to the shift register which
necessitates the write collision error (WCOL) detection hardware. This is not required or
implemented in this design.

upt enable bit (SPIE) defined by the M68HCI11 specifications which resides in the

ontrol register has been moved to the IPIER register. In the position of the SPIE bit, there

seledr local master loopback mode for testing.

9. s implemented in this FPGA design to implement FIFOs on both transmit and receive
(Full Ddple mode.

10. The baudl rate generator is specified by Motorola to be programmable via bits in the control
register; h € is FPGA design the baud rate generator is programmable via parameters in

the VHDL implémentafion. Thus, in this implementation run time configuration of baud rate is not
possible. Furthe i
16 up to 2048 are allo

The following documents contai
design:

ifformation important to understanding the OPB SPI
e{

* Motorola M68HC11-Rev. 4.0 Referenc
e Motorola MPC8260 PowerQUICC II™ Users uald®/ 1999 Rev. 0

Revision History

Date Version i
7/25/06 1.0 Initial Xilinx release.
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