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Disclaimers 
Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its 
products for any particular purpose. All information herein is provided AS IS and with all faults, and all risk associated with such information is entirely 
with Buyer. Buyer shall not rely on any data and performance specifications or parameters provided herein. Products sold by Lattice have been 
subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test and verify the 
same. No Lattice products should be used in conjunction with mission- or safety-critical or any other application in which the failure of Lattice’s 
product could create a situation where personal injury, death, severe property or environmental damage may occur. The information provided in this 
document is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any 
products at any time without notice. 
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Acronyms in This Document 
A list of acronyms used in this document. 

Acronym Definition 

SPI Serial Peripheral Interface 

AHB Advanced High-performance Bus 

APB Advanced Peripheral Bus 

AMBA Advanced Microcontroller Bus Architecture 

FPGA Field Programmable Gate Array 

RTL Register Transfer Level 
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1. Introduction 
The Serial Peripheral Interface (SPI) is a high-speed synchronous, serial, full-duplex interface that allows a serial bit 
stream of configured length (8, 16, 24, and 32 bits) to be shifted into and out of the device at a programmed bit-
transfer rate. 

This design is implemented in Verilog. It can be targeted to CrossLink™-NX and Certus™-NX FPGA devices and 
implemented using the Lattice Radiant® software Place and Route tool integrated with the Synplify Pro® synthesis tool. 

1.1. Quick Facts 
Table 1.1 presents a summary of the SPI Slave IP Core. 

Table 1.1. Quick Facts  

IP Requirements Supported FPGA Family CrossLink-NX, Certus-NX 

Resource Utilization 

Targeted Devices LIFCL-40, LIFCL-17, LFD2NX-40 

Supported User Interface LMMI (Lattice Memory Mapped Interface), AHB-Lite, APB 

Resources See Table A.1 

Design Tool Support 

Lattice Implementation IP Core v1.0.x – Lattice Radiant Software 2.1 

Synthesis 
Lattice Synthesis Engine  

Synopsys® Synplify Pro for Lattice 

Simulation 
For a list of supported simulators, see the Lattice Radiant 
Software 2.1 User Guide. 

 

1.2. Features 
Key features of the SPI Slave IP Core include: 

¶ Back-end LMMI Interface 

¶ Clock Polarity and Clock Phase modes – 00, 01, 10, 11 

¶ Configurable Serial Clock period 

¶ Configurable data width 

¶ Configurable Read and Write Data FIFO (8, 16, 24, or 32 bits wide) 

http://www.latticesemi.com/legal
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1.3. Conventions 

1.3.1. Nomenclature 

The nomenclature used in this document is based on Verilog HDL. 

1.3.2. Signal Names 

Signal Names that end with: 

¶ _n are active low 

¶ _i are input signals 

¶ _o are output signals 

¶ _io are bi-directional input/output signals 

1.3.3. Host 

The logic unit inside the FPGA interacts with the SPI Slave IP Core through either AHB-Lite, APB or LMMI. 

1.3.4. Attribute 
The names of attributes in this document are formatted in title case and italicized (Attribute Name). 

http://www.latticesemi.com/legal


SPI Slave IP Core - Lattice Radiant Software  
User Guide 
 

© 2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

8  FPGA-IPUG-02070-1.2 

2. Functional Description 

2.1. Overview 
The SPI Slave IP Core allows the host inside the FPGA to communicate with an external SPI Master devices. The data size 
of the SPI transaction can be configured to be 8, 16, 24, or 32 bits. This IP is designed to use an internal FIFO of 
configurable depth to minimize the host intervention during data transfer. SPI Slave IP Core supports all SPI clocking 
modes – combinations of Clock Polarity (CPOL) and Clock Phase (CPHA) to match the settings of external devices. 

The SPI Slave IP provides a bridge between LMMI/AHB-Lite/APB and standard external SPI bus interfaces (functional 
diagram is shown in Figure 2.1). On the external off-chip side, the SPI Master Controller IP has a standard SPI bus 
interface. 

CFG_REG

Write 
FIFO

Read 
FIFO

INT_STATUS_REG

INT_ENABLE_REG

INT_SET_REG

WR_DATA_REG

RD_DATA_REG

SPI Slave IP

LMMI 
Device

SPI Top

SPI Slave

Data Path

LINTR

Shift Register

sclk_i

ss_i

miso_o

mosi_i

Control 
Logic

SPI Master

Clock 
GeneratorLMMI / LINTR

BYTE_COUNT_REG

BYTE_RST_REG

APB INTERFACE 
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AHB-Lite INTERFACE 
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LMMI2APB Bridge
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Bridge

 

Figure 2.1. SPI Slave IP Core Functional Diagram 
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2.2. Signal Description 

Table 2.1. SPI Slave IP Core Signal Description 

Port Name I/O Width Description 

Clock and Reset 

clk_i In 1 System clock. 

rst_n_i 
In 1 Reset signal. Resets the core, LMM/APB/AHB-Lite interfaces and sets registers 

to their default values 

Interrupt Port 

int_o Out 1 Interrupt signal. 

Reset value is 1’b0. 

SPI Interface 

sclk_i In 1 Serial Clock. Generated by the SPI Master to synchronize data transfers. In 
order for the SPI Slave to operate properly, the system clock frequency should 
be at least four times that of the Serial Clock 

mosi_i 
In 1 Master Out, Slave In (data output from master) signal. Transfers data going 

from the Master to the Slave 

ss_i 
In 1 Slave Select signal. Asserted by the Master to begin data transfer. Polarity is 

determined by Slave Select Polarity attribute. 

miso_o 
Out 1 Master In, Slave Out (data output from slave) signal. Transfers data going to 

the Master from the Slave 

LMMI Interface1 

lmmi_request_i In 1 Start transaction. 

lmmi_wr_rdn_i In 1 Write = 1’b1, Read = 1’b0 

lmmi_offset_i In 4 Register offset, starting at offset 0. 

lmmi_wdata_i In Data Width2 Output data bus. 

lmmi_rdata_o Out Data Width2 Input data bus. 

Reset value is 0. 

lmmi_rdata_valid_o Out 1 Read transaction is complete and lmmi_rdata_o contains valid data.  

Reset value is 1’b0. 

lmmi_ready_o Out 1 IP is ready to receive a new transaction. This is always asserted (tied to 1’b1). 

AHB-Lite Interface1 

ahbl_hsel_i In 1 AHB-Lite Select signal. Indicates the device is selected and transfer is required. 

ahbl_hready_i 
In 

1 
AHB-Lite Ready Input signal. Indicates data phase of previous transfer is 
completed. 

ahbl_haddr_i In 6 AHB-Lite Address signal. 

ahbl_hburst_i 
In 

3 
AHB-Lite Burst Type signal. Indicates if the transfer is a single transfer or forms 
part of a burst. 

ahbl_hsize_i 
In 

3 
AHB-Lite Transfer Size signal. Indicates the size of the transfer that is a byte, 
halfword or word. 

ahbl_hmastlock_i In 1 AHB-Lite Lock signal. This signal is unused. 

ahbl_hprot_i In 4 AHB-Lite Protection Control signal. This signal is unused. 

ahbl_htrans_i 
In 

2 
AHB-Lite Transfer Type signal. Indicates the transfer type of the current 
transfer. 

Notes: 

1. Only one of the three interfaces is available as selected by Interface attribute. 

2. The bit width of some signals is set by the attribute. Refer to Table 2.3 for the description of these attributes. 
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2.3. Attributes Summary 
The configurable attributes of the SPI Slave IP Core are shown in Table 2.2 and are described in Table 2.3. The 
attributes can be configured through the IP Catalog’s Module/IP wizard of the Lattice Radiant software . 

Table 2.2. Attributes Table 

Attribute Selectable Values Default Dependency on Other Attributes 

General 

Interface LMMI, APB, AHBL AHBL — 

First Transmitted Bit  MSB, LSB  MSB — 

Data Width 8, 16, 24, 32 32 — 

SPI Clock Polarity 0, 1 0 — 

SPI Clock Phase 0, 1 0 — 

Enable Daisy Chain  Checked, Unchecked Unchecked — 

Slave Select Polarity Active Low, Active High Active Low — 

FIFO 

FIFO Width 8, 16, 24, 32 32 
Not editable, value is the same as Data 
Width. 

FIFO Depth 16, 32, 64, 128, 256 16 — 

Implementation of FIFO EBR, LUT EBR — 

TX FIFO Almost Empty Flag 0 – 256 3 Less than or equal to FIFO Depth. 

RX FIFO Almost Full Flag 0 – 256 12 Less than or equal to FIFO Depth. 

 

Table 2.3. Attributes Descriptions 

Attribute Description 

General 

Interface Selects memory-mapped interface for register access by the host. The unselected interfaces 
are not available in the generated IP. 

First Transmitted Bit  Specifies the direction of shifting the data bits into and out of the SPI interface by setting the 
reset value of CFG_REG.lsb_first. 

MSB: reset value is 1’b0. 

LSB: reset value is 1’b1. 

Data Width Specifies the bit size of each SPI transaction. This also sets the value of FIFO width. This 
cannot be changed at run-time. The setting value of this attribute can be identified by reading 
the CFG_REG.ds. 

8: CFG_REG.ds = 2’b00 

16: CFG_REG.ds = 2’b01 

24: CFG_REG.ds = 2’b10 

32: CFG_REG.ds = 2’b11 

SPI Clock Polarity Specifies the reset value of CFG_REG.cpol. 

SPI Clock Phase Specifies the reset value of CFG_REG.cpha. 

Enable Daisy Chain  Specifies the reset value of CFG_REG.daisy_chain. 

Slave Select Polarity Specifies the polarity of ss_i. 

Active Low: 1’b0 

Active High: 1’b1 

FIFO 

FIFO Width Specifies the bit width of each data word of the internal FIFO. This is not editable; it takes the 
value from Data Width. 

FIFO Depth Specifies the number of FIFO levels, only power of 2 values are allowed. 

Implementation of FIFO Selects the FPGA resource that are used to implement the FIFO: EBR or LUT. 
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Attribute Description 

TX FIFO Almost Empty Flag Specifies the trigger level for asserting INT_STATUS_REG.tx_fifo_aempty_int. Refer to the 
Interrupt Status Register (INT_STATUS_REG) section for more details.  

RX FIFO Almost Full Flag Specifies the trigger level for asserting INT_STATUS_REG.rx_fifo_afull_int. Refer to the 
Interrupt Status Register (INT_STATUS_REG) section for more details.  
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2.4. Register Description 

2.4.1. Overview 

Table 2.4 lists the address map and specifies the registers available to the user. The offset of each register is dependent 
on the Interface attribute setting as follows: 

¶ Interface selected to be LMMI: the offset increments by one 

¶ Interface selected to be either AHBL or APB: the offset increments by four to allow easy interfacing with the 
Processor and System Buses. In this mode, each register is 32-bit wide wherein the upper unused bits are reserved 
and the lower bits are described in the next section. 

Table 2.4. Summary of SPI Slave IP Core Registers 

Offset 
LMMI 

Offset 
APB/AHBL 

Register Name Access 
Type 

Description 

0x0 0x00 WR_DATA_REG WO Write Data Register 

0x0 0x00 RD_DATA_REG RO  Read Data Register 

0x1 0x04 CFG_REG RW Configuration Register 

0x2 0x08 INT_STATUS_REG RW1C Interrupt Status Register 

0x3 0x0C INT_ENABLE_REG RW Interrupt Enable Register 

0x4 0x10 INT_SET_REG WO Interrupt Set Register 

0x5 0x14 WORD_CNT_REG RO Word Count Register 

0x6 0x18 WORD_CNT_RST_REG WO Word Count Reset Register 

0x7 0x1C TGT_WORD_CNT_REG RW Target Word Count Register 

0x8 0x20 FIFO_RST_REG WO FIFO Reset Register 

0x9 0x24 FIFO_STATUS_REG RO FIFO Status Register 

 

The RD_DATA_REG and WR_DATA_REG share the same offset. Write access to this offset goes to WR_DATA_REG while 
read access goes to RD_DATA_REG. 

The behavior of registers to write and read access is defined by its access type, which is defined in Table 2.5. 

Table 2.5. Access Type Definition 

Access Type Behavior on Read Access Behavior on Write Access 

RO Returns register value Ignores write access 

WO Returns 0 Updates register value 

RW Returns register value Updates register value 

RW1C Returns register value Writing 1’b1 on register bit clears the bit to 1’b0. 

Writing 1’b0 on register bit is ignored. 

RSVD Returns 0 Ignores write access 

 

2.4.2. Write Data Register (WR_DATA_REG) 

The WR_DATA_REG is the interface to Transmit FIFO. The bit width of this register is set by the Data Width attribute as 
shown in Table 2.6. Writing to WR_DATA_REG pushes a word to Transmit FIFO. When Transmit FIFO has at least one 
data word, SPI Master initiate an SPI transaction, it pops one data word and sends it via SPI interface. It is 
recommended to write to this register when other registers are initialized. When writing to WR_DATA_REG, the host 
should ensure that Transmit FIFO is not full. This can be done by reading FIFO_STATUS_REG. When reset is performed, 
the contents of Transmit FIFO is not reset but the FIFO control logic is reset. Thus, content is not guaranteed. 

Table 2.6. Write Data Register 

Field Name Access Width Reset 

[Data Width-1:0] tx_fifo WO Data Width Not-guaranteed 
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2.4.3. Read Data Register (RD_DATA_REG) 

The RD_DATA_REG is the interface to Receive FIFO. The bit width of this register is set by the Data Width attribute as 
shown in Table 2.7. After an SPI transaction, the received data is pushed to Receive FIFO. If there is at least one data 
word available in Receive FIFO, INT_STATUS_REG.rx_fifo_ready_int asserts. Reading from RD_DATA_REG pops a word 
from Receive FIFO. The host should ensure that Receive FIFO has data before reading RD_DATA_REG, data is not 
guaranteed when this register is read during Receive FIFO empty condition. On the other hand, if Receive FIFO is full 
but SPI Master continues to receive data, new data is lost. Receive FIFO_STATUS_REG to determine the status of 
Receive FIFO. Similar to Transmit FIFO, the reset value is also not guaranteed. 

Table 2.7. Read Data Register 

Field Name Access Width Reset 

[Data Width-1:0] rx_fifo RO Data Width Not-guaranteed 

 

2.4.4. Configuration Register (CFG_REG) 

The CFG_REG controls the behavior of the SPI transaction. It is prohibited to modify this register during SPI transaction 
or after data is written to WR_DATA_REG. You should set this register according to the requirement of the slave. Table 
2.8 presents the summary of Configuration Register. 

Table 2.8. Configuration Register 

Field Name Access Width Reset 

[7] reserved RSVD 1 — 

[6] ss_pol RW 1 Slave Select Polarity 

[5:4] ds RO 1 Data Width 

[3] lsb_first RW 2 First Transmitted Bit 

[2] daisy_chain RW 1 Enable Daisy Chain 

[1] cpol RW 1 SPI Clock Polarity 

[0] cpha RW 1 SPI Clock Phase 

Note: Refer to Table 2.3 for the description of attributes that specifies the reset values of these fields. 

 

¶ ss_pol 

Slave Select polarity. Specifies the active level of slave select signal, ss_i. 
1’b0 – Active Low 
1’b1 – Active High 

 

¶ ds 

Data Size. Data Width attribute defines the value of this field. This field specifies the size of data in each SPI 
transaction. 
2’b00 – Data size is 8-bits 
2’b01 – Data size 16-bits 
2’b10 – Data size 24-bits 
2’b11 – Data size 32-bits 

 

¶ lsb_first 

LSB First. Specifies the shifting order of data bits when transmitting/receiving data. 
1’b0 – MSB is transmitted/received first. 
1’b1 – LSB is transmitted/received first. 
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¶ daisy_chain 

Daisy Chain. Defines Daisy Chain operation mode. 
1’b0 – Enables independent slave configuration mode. Refer to Independent Slave Configuration section for 
more information. 
1’b1 – Enables Daisy Chain configuration mode. Refer to Daisy Chain Configuration section for more 
information. 

 

¶ cpol 

Clock Polarity. Specifies the logic level of sclk_i during idle. 
1’b0 – sclk_i is set to 1’b0 when idle 
1’b1 – sclk_i is set to 1’b1 when idle 

 

¶ cpha 

Clock Phase. Specifies clock edge for shifting out data in miso_o and sampling data in mosi_i. 
1’b0 – The first clock transition is the first data capture edge 
1’b1 – The second clock transition is the first data capture edge 

2.4.5. Interrupt Status Register (INT_STATUS_REG) 

Table 2.9 presents Interrupt Status Register. It contains all the interrupts currently pending in the SPI Slave IP Core. 
When an interrupt bit asserts, it remains asserted until it is cleared by the host by writing 1’b1 to the corresponding bit. 

The interrupt status bits are independent of the interrupt enable bits; in other words, status bits may indicate pending 
interrupts, even though those interrupts are disabled in the Interrupt Enable Register, see the Interrupt Enable Register 
(INT_ENABLE_REG) section for details. The logic which handles interrupts should mask (bitwise and logic) the contents 
of INT_STATUS_REG and INT_ENABLE_REG registers to determine the interrupts to service. The int_o interrupt signal is 
asserted whenever both an interrupt status bit and the corresponding interrupt enable bit are set. 

Table 2.9. Interrupt Status Register  

Field Name Access Width Reset 

[7] tr_cmp_int RW1C 1 1’b0 

[6] reserved RSVD  1 — 

[5] tx_fifo_full_int RW1C 1 1’b0 

[4] tx_fifo_aempty_int RW1C 1 1’b0 

[3] tx_fifo_empty_int RW1C 1 1’b0 

[2] rx_fifo_full_int RW1C 1 1’b0 

[1] rx_fifo_afull_int RW1C 1 1’b0 

[0] rx_fifo_ready_int RW1C 1 1’b0 

 

¶ tr_cmp_int 

Transfer Complete Interrupt Status. This interrupt status bit asserts when the number of transmitted words via SPI 
interface reaches the TGT_WORD_CNT_REG.target_word_cnt setting value. 
1’b0 – No interrupt 
1’b1 – Interrupt pending 

 

¶ tx_fifo_full_int 

Transmit FIFO Full Interrupt Status. This interrupt status bit asserts when Transmit FIFO changes from not full state 
to full state. 
1’b0 – No interrupt 
1’b1 – Interrupt pending 
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¶ tx_fifo_aempty_int 

Transmit FIFO Almost Empty Interrupt Status. This interrupt status bit asserts when the amount of data words in 
Transmit FIFO changes from TX FIFO Almost Empty Flag – 1 to TX FIFO Almost Empty Flag. 
1’b0 – No interrupt 
1’b1 – Interrupt pending 

 

¶ tx_fifo_empty_int 

Transmit FIFO Empty Interrupt Status. This interrupt status bit asserts when the last data in Transmit FIFO is 
popped-out, causing the FIFO to become empty. 
1’b0 – No interrupt 
1’b1 – Interrupt pending 

 

¶ rx_fifo_full_int 

Receive FIFO Full Interrupt Status. This interrupt status bit asserts when RX FIFO full status changes from not full to 
full state. 
1’b0 – No interrupt 
1’b1 – Interrupt pending 

 

¶ rx_fifo_afull_int 

Receive FIFO Almost Full Interrupt Status. This interrupt status bit asserts when the amount of data words in 
Receive FIFO changes from RX FIFO Almost Full Flag – 1 to RX FIFO Almost Full Flag. 
1’b0 – No interrupt 
1’b1 – Interrupt pending 

 

¶  rx_fifo_ready_int 

Receive FIFO Ready Interrupt Status. This interrupt status bit asserts when Receive FIFO is empty and receives a 
data word from SPI interface. 
1’b0 – No interrupt 
1’b1 – Interrupt pending 

2.4.6. Interrupt Enable Register (INT_ENABLE_REG) 

Table 2.10 presents a summary of Interrupt Enable Register, it corresponds to interrupts status bits in 
INT_STATUS_REG. It does not affect the contents of the INT_STATUS_REG register. If one of the INT_STATUS_REG bits 
asserts, and the corresponding bit of INT_ENABLE_REG is 1’b1, the interrupt signal int_o will assert.  

Table 2.10. Interrupt Enable Register 

Field Name Access Width Reset 

[7] tr_cmp_en RW 1 1’b0 

[6] reserved RSVD  1 — 

[5] tx_fifo_full_en RW 1 1’b0 

[4] tx_fifo_aempty_en RW 1 1’b0 

[3] tx_fifo_empty_en RW 1 1’b0 

[2] rx_fifo_full_en RW 1 1’b0 

[1] rx_fifo_afull_en RW 1 1’b0 

[0] rx_fifo_ready_en RW 1 1’b0 
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¶ tr_cmp_en 

Transfer Complete Interrupt Enable. Interrupt enabled bit corresponded to Transfer Complete Interrupt Status.  
0 – Interrupt disabled 
1 – Interrupt enabled 

 

¶ tx_fifo_full_en 

Transmit FIFO Full Interrupt Enable. Interrupt enabled bit corresponded to Transmit FIFO Full Interrupt Status. 
0 – Interrupt disabled 
1 – Interrupt enabled 

 

¶ tx_fifo_aempty_en 

Transmit FIFO Almost Empty Interrupt Enable. Interrupt enabled bit corresponded to Transmit FIFO Almost Empty 
Interrupt Status. 
0 – Interrupt disabled 
1 – Interrupt enabled 

 

¶ tx_fifo_empty_en 

Transmit FIFO Empty Interrupt Enable. Interrupt enabled bit corresponded to Transmit FIFO Empty Interrupt 
Status. 
0 – Interrupt disabled 
1 – Interrupt enabled 

 

¶ rx_fifo_full_en 

Receive FIFO Full Interrupt Enable. Interrupt enabled bit corresponded to Receive FIFO Full Interrupt Status. 
0 – Interrupt disabled 
1 – Interrupt enabled 

 

¶ rx_fifo_afull_en 

Receive FIFO Almost Full Interrupt Enable. Interrupt enabled bit corresponded to Receive FIFO Almost Full 
Interrupt Status. 
0 – Interrupt disabled 
1 – Interrupt enabled 

 

¶ rx_fifo_ready_en 

Receive FIFO Ready Interrupt Enable. Interrupt enabled bit corresponded to Receive FIFO Ready Interrupt Status. 
0 – Interrupt disabled 
1 – Interrupt enabled 

2.4.7. Interrupt Set Register (INT_SET_REG) 

Table 2.11 presents a summary of Interrupt Set Register. Writing 1’b1 to a register bit in INT_SET_REG asserts the 
corresponding interrupts status bit in INT_STATUS_REG while writing 1’b0 is ignored. This is intended for testing 
purposes only. 

Table 2.11. Interrupt Set Register  

Field Name Access Width Reset 

[7] tr_cmp_set WO 1 1’b0 

[6] reserved RSVD  1 — 

[5] tx_fifo_full_set WO 1 1’b0 

[4] tx_fifo_aempty_set WO 1 1’b0 
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Field Name Access Width Reset 

[3] tx_fifo_empty_set WO 1 1’b0 

[2] rx_fifo_full_set WO 1 1’b0 

[1] rx_fifo_afull_set WO 1 1’b0 

[0] rx_fifo_ready_set WO 1 1’b0 

 

¶ tr_cmp_set 

Transfer Complete Interrupt Set. Interrupt set bit corresponded to Transfer Complete Interrupt Status.  
0 – No action 
1 – Asserts INT_STATUS_REG.tr_cmp_int 

 

¶ tx_fifo_full_set 

Transmit FIFO Full Interrupt Set. Interrupt set bit corresponded to Transmit FIFO Full Interrupt Status. 
0 – No action 
1 – Asserts INT_STATUS_REG.tx_fifo_full_int 

 

¶ tx_fifo_aempty_set 

Transmit FIFO Almost Empty Interrupt Set. Interrupt set bit corresponded to Transmit FIFO Almost Empty Interrupt 
Status. 
0 – No action 
1 – Asserts INT_STATUS_REG.tx_fifo_aempty_int 

 

¶ tx_fifo_empty_set 

Transmit FIFO Empty Interrupt Set. Interrupt set bit corresponded to Transmit FIFO Empty Interrupt Status. 
0 – No action 
1 – Asserts INT_STATUS_REG.tx_fifo_empty_int 

 

¶ rx_fifo_full_set 

Receive FIFO Full Interrupt Set. Interrupt set bit corresponded to Receive FIFO Full Interrupt Status. 
0 – No action 
1 – Asserts INT_STATUS_REG.rx_fifo_full_int 

 

¶ rx_fifo_afull_set 

Receive FIFO Almost Full Interrupt Set. Interrupt set bit corresponded to Receive FIFO Almost Full Interrupt Status. 
0 – No action 
1 – Asserts INT_STATUS_REG.rx_fifo_afull_int 

 

¶ rx_fifo_ready_set 

Receive FIFO Ready Interrupt Set. Interrupt set bit corresponded to Receive FIFO Ready Interrupt Status. 
0 – No action 
1 – Asserts INT_STATUS_REG.rx_fifo_ready_int 

2.4.8. Word Count Register (WORD_CNT_REG) 

Table 2.12 presents a summary of Word Count Register. The number of words sent by SPI Master to the SPI Slave IP 
Core is reflected in the Word Count Register. This register is updated after the entire data word is sent.   

Table 2.12. Word Count Register 

Field Name Access Width Reset 

[7:0] word_cnt RO 8 8’h00 
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2.4.9. Word Count Reset Register  (WORD_CNT_RST_REG) 

Table 2.13 presents a summary of Word Count Reset Register. Writing 8’hFF to this register resets the 
WORD_CNT_REG.word_cnt to 8’h00. 

Table 2.13. Word Count Reset Register 

Field Name Access Width Reset 

[7:0] word_cnt_rst WO 8 8’h00 

 

2.4.10. Target Word Count Register (TGT_WORD_CNT_REG) 

Table 2.14 below presents a summary of Target Word Count Register. The Target Word Count Register is used for 
Transfer Complete interrupt generation when the target word count is achieved.   

Table 2.14. Target Word Count Register 

Field Name Access Width Reset 

[7:0] target_word_cnt RW 8 8’h00 

 

2.4.11. FIFO Reset Register (FIFO_RST_REG) 

Table 2.15 presents a summary of FIFO Reset Register. This is used for clearing the Transmit and Receive FIFO. 

Table 2.15. FIFO Reset Register 

Field Name Access Width Reset 

[7:2] Reserved – 6 – 

[1] tx_fifo_rst WO 1 1’b0 

[0] rx_fifo_rst WO 1 1’b0 

 

¶ tx_fifo_rst 

Transmit FIFO Reset. This bit resets Transmit FIFO for 1 clock cycle only. 
1’b0 – No action 
1’b1 – Resets Transmit FIFO 

 

¶ rx_fifo_rst 

Receive FIFO Reset. This bit resets Receive FIFO for 1 clock cycle only. 
1’b0 – No action 
1’b1 – Resets Receive FIFO 

 

2.4.12. FIFO Status Register (FIFO_STATUS_REG) 

FIFO Status Register reflects the status of Transmit FIFO and Receive FIFO as shown in Table 2.16.  

Table 2.16. FIFO Status Register 

Field Name Access Width Reset 

[7:6] reserved RSVD  2 – 

[5] tx_fifo_full RO 1 1’b0 

[4] tx_fifo_aempty RO 1 1’b1 

[3] tx_fifo_empty RO 1 1’b1 

[2] rx_fifo_full RO 1 1’b0 

[1] rx_fifo_afull RO 1 1’b0 

[0] rx_fifo_empty RO 1 1’b1 
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¶ tx_fifo_full 

Transmit FIFO Full. This bit reflects the full condition of Transmit FIFO. 
1’b0 – Transmit FIFO is not full 
1’b1 – Transmit FIFO is full 

 

¶ tx_fifo_aempty 

Transmit FIFO Almost Empty. This bit reflects the almost empty condition of Transmit FIFO. 
1’b0 – Data words in Transmit FIFO is greater than ¢· CLCh !ƭƳƻǎǘ 9ƳǇǘȅ CƭŀƎ attribute 
1’b1 – Data words in Transmit FIFO is less than or equal to ¢· CLCh !ƭƳƻǎǘ 9ƳǇǘȅ CƭŀƎ attribute 

 

¶ tx_fifo_empty 

Transmit FIFO Empty. This bit reflects the empty condition of Transmit FIFO. 
1’b0 – Transmit FIFO is not empty – has at least 1 data word 
1’b1 – Transmit FIFO is empty 

 

¶ rx_fifo_full 

Receive FIFO Full. This bit reflects the full condition of Receive FIFO. 
1’b0 – Receive FIFO is not full 
1’b1 – Receive FIFO is full 

 

¶ rx_fifo_afull 

Receive FIFO Full. This bit reflects the almost full condition of Receive FIFO. 
1’b0 – Data words in Receive FIFO is less than w· CLCh !ƭƳƻǎǘ Cǳƭƭ CƭŀƎ attribute 
1’b1 – Data words in Receive FIFO is greater than or equal to w· CLCh !ƭƳƻǎǘ Cǳƭƭ CƭŀƎ attribute 

 

¶ rx_fifo_empty 

Receive FIFO Full. This bit reflects the empty condition of Receive FIFO. 
1’b0 – Receive FIFO is not empty – has at least 1 data word 
1’b1 – Receive FIFO is empty 
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2.5. Operations Details 

2.5.1. Data Transmission 

To begin SPI transaction, the external SPI Master Device sends the clock signal and select the slave by asserting the ss_i 
bit for the target SPI slave. Usually slave select is an active low signal but active high version also exists. Thus, it is 
necessary to program Slave Select Polarity Register with the slave select polarity of the corresponding SPI slave. A four-
wire SPI interface is full-duplex, both master and slave can send data at the same time via the MOSI and MISO lines 
respectively. During SPI transaction, the data is simultaneously transmitted (shifted out serially onto the miso_o signal) 
and received (the mosi_i is sampled/shifted-in). The serial clock (sclk_i) edge synchronizes the shifting and sampling of 
the data. For more information, see the Clocking Modes (Clock Polarity and Clock Phase) section. The bit size of each 
data word transferred during SPI transaction is set by the Data Width attribute. 

2.5.2. Clocking Modes (Clock Polarity and Clock Phase) 

The external SPI Master Device can select the clock polarity and clock phase. The CPOL (CFG_REG.cpol) bit sets the 
polarity of the clock signal during the idle state – ss_i bits are in inactive logic based on Slave Select Polarity Register. 
Transitioning of ss_i bit(s) from inactive logic to active logic marks the start of the transmission and transitioning from 
active logic to inactive logic marks the end of the transmission. The CPHA (CFG_REG.cpha) bit selects the clock phase. 
This bit selects the rising or falling clock edge used to sample and shift the data. The external SPI Master Device must 
select the clock polarity and clock phase, as per the requirement of the slave. There are four SPI clocking modes are 
available based on the CPOL and CPHA bit selection, this is shown in Table 2.17. 

Table 2.17. Clocking Modes (CPOL and CPHA) 

Clocking Mode CPOL CPHA Action 

0 0 0 The ss_i bit transition to active logic shifts out a data bit. The first clock transition 
samples the data.  

Data is sampled on the sclk_i rising edge and is shifted out on the falling edge. 

1 0 1 The first clock transition shifts out a data bit and the second clock transition samples 
the data. 

Data is sampled on the sclk_i falling edge and is shifted out on the rising edge. 

2 1 0 The ss_i bit transition to active logic shifts out a data bit. The first clock transition 
samples the data. 

Data is sampled on the sclk_i falling edge and is shifted out on the rising edge. 

3 1 1 The first clock transition shifts out the data and the second clock transition captures 
the data. 

Data is sampled on the sclk_i rising edge and is shifted out on the falling edge. 

 

The sample waveforms for the SPI clocking modes are shown in Figure 2.2, Figure 2.3, Figure 2.4, and Figure 2.5.  

 

Figure 2.2. Clocking Mode 0 (CPOL=0, CPHA=0) 

 

Figure 2.3. Clocking Mode 1 (CPOL=0, CPHA=1) 
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Figure 2.4. Clocking Mode 2 (CPOL=1, CPHA=0) 

 

Figure 2.5. Clocking Mode 3 (CPOL=1, CPHA=1) 

2.6. Independent Slave Configuration 
In the independent slave configuration, there is an independent chip select line for each slave as shown in Figure 2.6. 
This is the way SPI is normally used. The external SPI Master Controller asserts only one chip select at a time. 

 

Figure 2.6. Independent Slave Configuration 

Since the MISO pins of the SPI slave devices are connected together, they are required to be tri-state pins (high, low or 
high-impedance), where the high-impedance output must be applied when the slave is not selected. 

2.7. Daisy Chain Configuration 

SPI Slave IP Core also supports daisy chain configuration as shown in Figure 2.7, the first slave output is connected to 
the second slave input, etc. The SPI port of each slave is designed to send out during the second group of clock pulses 
an exact copy of the data it received during the first group of clock pulses. The whole chain acts as a communication 
shift register. Each slave copies input to output in the next clock cycle until active low SS line goes high. 
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Figure 2.7. Daisy-Chain Configuration 

2.8. Selectable Memory-Mapped Interface 
The memory-mapped interface of SPI Slave IP Core is selected by the Interface attribute, it can be LMMI AHB-Lite or 
APB. These interfaces are not described in this user guide, references to their respective specifications are provided 
below. 

For LMMI interface, refer to the Lattice Memory Mapped Interface and Lattice Interrupt Interface (FPGA-UG-02039) 
document for information and for timing diagram of the LMMI. Take note of the following information when checking 
LMMI timing diagram in the said document: 

¶ lmmi_ready_o is always asserted thus, write and read transactions have no wait state 

¶ Read latency is one clock cycle 

For AHB-Lite interface, refer to AMBA 3 AHB-Lite Protocol Specification for information and timing diagram of the APB 
interface. Take note of the following information when checking AHB-Lite timing diagram in the said document: 

¶ Write transaction has no wait state 

¶ Read transaction has one wait state 

¶ An outstanding write then read transaction, the read transaction has 2 wait states. 

For APB interface, refer to AMBA 3 APB Protocol v1.0 Specification for information and timing diagram of the APB 
interface. Take note of the following information when checking APB timing diagram in the said document: 

¶ Write transaction has one wait state 

¶ Read transaction has one wait state 

2.9. Programming Flow 

2.9.1. Transmit/Receive Operation 

Below are the recommended steps for performing SPI transaction, this assumes that the module is not currently 
performing any operation. 

1. Set the following CFG_REG fields according to the target settings: cpha, cpol, and lsb_first.  

2. Set TGT_WORD_CNT_REG according to the number of words to transfer. 

3. Reset WORD_CNT_REG by writing 8’hFF to Word Count Reset Register 
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4. Write data words to WR_DATA_REG, amounting to <= CLCh 5ŜǇǘƘ. 

5. Optional: If interrupt mode is desired, Enable target interrupts in INT_ENABLE_REG 

If number of words to transfer is <= CLCh 5ŜǇǘƘ, set tr_cmp_en = 1’b1 

If number of words to transfer is > CLCh 5ŜǇǘƘ, set the following: tx_fifo_aempty_en = 1’b1 and tr_cmp_en = 1’b1. 

Other interrupts not specified above are disabled. 

6. If total number of words to transfer > CLCh 5ŜǇǘƘ, wait for Transmit FIFO Almost Empty Interrupt. 

If polling mode is desired, read INT_STATUS_REG until tx_fifo_aempty_int asserts 

If interrupt mode is desired, simply wait for interrupt signal to assert, then read INT_STATUS_REG and check that 
tx_fifo_aempt_int is asserted. 

7. Write data words to WR_DATA_REG, amounting to less than or equal to (CLCh 5ŜǇǘƘ – ¢· CLCh !ƭƳƻǎǘ 9ƳǇǘȅ CƭŀƎ).  

8. If CFG_REG.only_write = 1’b0, read all the data in RD_DATA_REG. It is expected that Receive FIFO has (CLCh 5ŜǇǘƘ – 
¢· CLCh !ƭƳƻǎǘ 9ƳǇǘȅ CƭŀƎ - 1) amount of data words. Read INT_STATUS_REG.rx_fifo_ready_int to check if 
RD_DATA_REG is already empty. 

9. Clear Transmit FIFO Almost Empty Interrupt by writing 1’b1 to INT_STATUS_REG.tx_fifo_aempty_int. Clearing all 
interrupts by writing 8’hFF to INT_STATUS_REG is also okay since we are not interested in other interrupts for this 
recommended sequence. 

10. If there is remaining data to transfer, go back to Step 6. Note that you can read Word Count Register to determine 
the number of words already transferred in SPI interface. 

11. Wait for Transfer Complete Interrupt. 

If polling mode is desired, read INT_STATUS_REG until tr_cmp_int asserts 

If interrupt mode is desired, set INT_ENABLE_REG = 8’h80 then wait for interrupt signal to assert. Then read 
INT_STATUS_REG and check that tr_cmp_int is asserted. 

12. Read all the data in RD_DATA_REG. Read INT_STATUS_REG.rx_fifo_ready_int to check if RD_DATA_REG is already 
empty. 

13. Clear all interrupts by writing 8’hFF to INT_STATUS_REG. 
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3. IP Generation and Evaluation 
This section provides information on how to generate the SPI Slave IP Core using the Lattice Radiant software and how 
to run simulation and synthesis. For more details on the Lattice Radiant software, refer to the Lattice Radiant Software 
2.1 User Guide. 

3.1. Licensing the IP 
An IP core-specific license string is required enable full use of the SPI Slave IP Core in a complete, top-level design. You 
can fully evaluate the IP core through functional simulation and implementation (synthesis, map, place and route) 
without an IP license string. This IP core supports Lattice’s IP hardware evaluation capability, which makes it possible to 
create versions of the IP core, which operate in hardware for a limited time (approximately four hours) without 
requiring an IP license string. See Hardware Evaluation section for further details. However, a license string is required 
to enable timing simulation and to generate bitstream file that does not include the hardware evaluation timeout 
limitation. 

3.2. Generation and Synthesis 

The Lattice Radiant software allows you to customize and generate modules and IPs and integrate them into the 
device’s architecture. The procedure for generating the SPI Slave IP Core in Lattice Radiant software is described below. 

To generate the SPI Slave IP Core: 

1. Create a new Lattice Radiant software project or open an existing project. 

2. In the IP Catalog tab, double-click on SPI Slave under IP, Processors_Controllers_and_Peripherals category. The 
Module/IP Block Wizard opens as shown in Figure 3.1. Enter values in the Component name and the Create in 
fields and click Next. 

 

Figure 3.1. Module/IP Block Wizard 

3. In the module’s dialog box of the Module/IP Block Wizard window, customize the selected SPI Slave IP Core using 
drop-down menus and check boxes. As a sample configuration, see Figure 3.2. For configuration options, see the 
Attributes Summary section. 
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Figure 3.2. Configure User Interface of SPI Slave IP Core 

4. Click Generate. The Check Generating Result dialog box opens, showing design block messages and results as 
shown in Figure 3.3. 

 

Figure 3.3. Check Generating Result 

5. Click the Finish button. All the generated files are placed under the directory paths in the Create in and the 
Component name fields shown in Figure 3.1. 
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The generated SPI Slave IP Core package includes the black box (<Component name>_bb.v) and instance templates 
(<Component name>_tmpl.v/vhd) that can be used to instantiate the core in a top-level design. An example RTL top-
level reference source file (<Component name>.v) that can be used as an instantiation template for the IP core is also 
provided. You may also use this top-level reference as the starting template for the top-level for their complete design. 
The generated files are listed in Table 3.1. 

Table 3.1. Generated File List 

Attribute Description 

<Component name>.ipx This file contains the information on the files associated to the generated IP. 

<Component name>.cfg This file contains the attribute values used in IP configuration. 

component.xml Contains the ipxact:component information of the IP. 

design.xml Documents the configuration attributes of the IP in IP-XACT 2014 format. 

rtl/<Component name>.v This file provides an example RTL top file that instantiates the IP core. 

rtl/<Component name>_bb.v This file provides the synthesis black box. 

misc/<Component name>_tmpl.v 
misc /<Component name>_tmpl.vhd 

These files provide instance templates for the IP core. 

3.3. Running Functional Simulation 

1. Click the  button located on the Toolbar to initiate the Simulation Wizard shown in Figure 3.4. 

  

Figure 3.4. Simulation Wizard 
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2. Click Next to open the Add and Reorder Source window as shown in Figure 3.5. 

 

Figure 3.5. Adding and Reordering Source 

3. Click Next. The Summary window is shown. Click Finish to run the simulation. 

Note: It is necessary to follow the procedure above until it is fully automated in the Lattice Radiant software Suite.  

The results of the simulation in our example are provided in Figure 3.6.  

 

Figure 3.6. Simulation Waveform 
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3.4. Hardware Evaluation 

The SPI Slave IP Core supports Lattice’s IP hardware evaluation capability when used with LIFCL devices. This makes it 
possible to create versions of the IP core that operate in hardware for a limited period of time (approximately four 
hours) without requiring the purchase of an IP license. It may also be used to evaluate the core in hardware in user-
defined designs. The hardware evaluation capability may be enabled/disabled in the Strategy dialog box. It is enabled 
by default. To change this setting, go to Project > Active Strategy > LSE/Synplify Pro Settings. 
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Appendix A. Resource Utilization 
Table A.1 shows the resource utilization of the SPI Slave IP Core for the LIFCL-40-9BG400I device, using Lattice Synthesis 
Engine of Lattice Radiant software. Default configuration is used and some attribues are changed from the default 
value to show the effect on the resource utilization.  

Table A.1. Resource Utilization  

Configuration  Clk Fmax (MHz)* Slice Registers LUTs EBRs 

Default 112.892 486 605 2 

Interface APB, Others = Default 113.792 404 468 2 

Interface LMMI, Others = Default 130.976 329 453 2 

Data Width = 16; Others = Default 103.488 373 487 2 

Implementation of FIFO = LUT; Others = Default 115.594 550 707 0 
*Note: Fmax is generated when the FPGA design only contains SPI Slave IP Core and the target frequency is 50MHz. These values 
may be reduced when user logic is added to the FPGA design. 
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Appendix B. Limitations 
The following are the known limitations: 

¶ Daisy Chain test is not yet supported in the testbench. You are recommended to add daisy chain test in the 
testbench. 

¶ Devices Affected: LIFCL-40, LIFCL-17, LFD2NX-40 

¶ Bug Number: HWII-4372 
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Technical Support Assistance 
Submit a technical support case through www.latticesemi.com/techsupport. 
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Revision History 
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Document Revision 1.1, February 2020 

Section Change Summary 

Introduction Updated Table 1.1 to add LIFCL-17 as targeted device. 

IP Generation and Evaluation Updated user interface item to IP, Processors_Controllers_and_Peripherals category.  
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Section Change Summary 

All Changed document status from Preliminary to final. 

Introduction Updated Lattice Implementation information in Table 1.1. Quick Facts. 

Appendix A. Resource Utilization Updated resource utilization information. 

All Minor formatting changes 
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