RENESAS Application Note

SPI to 4-channel UART converter
SLG47921

Abstract

This application shows a Serial Peripheral Interface (SPI) to four channel Universal Asynchronous Receiver-
Transmitter (UART) converter implementation using the SLG47920/21 FPGA chip. The functionality was verified by
creating a Testbench and observing the output waveforms on the inbuilt GTKWave Software.

This document is supported by design files listed in Reference section.
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SPI to 4-channel UART converter

1. Introduction

The SPI to 4-channel UART converter described in this application note can be implemented on the SLG47921
chip. A controller device is connected to the converter via SPI and up to four target devices are connected to the
converter via four UART channels. The application circuit is shown below:
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Figure 1. Application circuit

The 10uF and 0.1uF decoupling capacitors should be connected as close as possible to each power pin of the chip.
The external pull-up resistors are used to ensure proper configuration of the chip after power-up, which can be
configured from an external device (SPI Controller) or internal OTP memory. Once the chip is configured, it goes into
functional mode and can operate as an SPI to 4-channel UART converter.

The SPI controller device can receive and send data from/to the required target device by sending the converter an
appropriate command byte. The converter supports up to 25MHz clock speed SPI with defined protocol. The SPI
protocol is following:

SPI target (CPOL = 0, CPHA = 1, Data Order: MSB first. Byte length: 8-bit command and 8-bit data)

spi_mosi AD1__Y__AD0_ ¥ WRG ) RDG [ SRV X msB_ X X X X X X W LsB

spi_miso 2 A mss I X X X ), LsB 2

o_config_data [3:0Jconfig_data
o_rx data
o_data_sent
it data

o_tx_data_hold

Figure 2. SPI Protocol
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The SPI Protocol parameters are next: Clock Polarity (CPOL) = 0, Clock Phase (CPHA) = 0 and the bit transmission
starts with MSB first. One SPI message consists of two parts: command byte and data bytes. The command byte
contains: 2-bit UART device address definition (AD1, ADO), 2-bit data direction (WRG, RDG) and 4-bit (SRV) which
are all required to synchronize command data between different clock domains within the design. A detailed
description of the command data bits is shown below:

= AD1, ADO — 2-bit UART address: ‘00’ — channel A, ‘01’ — channel B, ‘10’ — channel C and ‘11’ — channel D

= WRG, RDG - 2-bit data direction: ‘10’ — only transmit data from SPI to UART, '01' — only receive data from UART
to SPI, '"11' — full duplex communication and '00' — reserved combination.

Depending on the command byte value, the SPI message can also contain a byte of data sent from the controller, a
byte of data received from the appropriate target device via the UART interface or both.

Each of four UART channels have a transmitter and receiver parts which are configured to support 115200 bits/s
baud rate. There is a possibility to reconfigure the baud rate to support from 4800 bits/s up to 115200 bits/s by
design change. Each UART transmitter and receiver has its own synchronous FIFO (8-sync. FIFOs in total) with size
64 x 8 bit. The data is buffered in this manner, hence preventing data loss caused by the differing transfer rates
between SPI and UART. The UART message is simple and the same for transmitting and receiving parts. It consists
of the next parts: 1-bit Start Bit, 8-bit Data Frame (the bit transmission starts with MSB first) and 1-bit Stop Bit. The
UART Message is shown below:

NSt Bt b) Y [7OData Frame ) Stop Bit(1_bit) /

Figure 3. UART Message

The devices connected to the converter via the UART interface can transmit any data to the converter. This data will
be stored in the corresponding FIFO memory, which can hold up to 64 bytes of data simultaneously. The controller
device connected to the converter via SPI can read data received from any UART channel and previously stored in
RX FIFOs by sending the appropriate command byte. This device can also send data to devices connected to the
UART channels. At first the data will be stored in the corresponding TX FIFO memory until it is transmitted via
UART. Up to 64 bytes of data can be stored at once.

2. Ingredients

» ForgeFPGA SLG47921V IC
» Latest Revision of ForgeFPGA Workshop software
» ForgeFPGA Development Board with Socket Adaptor Board, USB cable and power supply
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3. Design Overview
Design structure
Following is the design block diagram of the SPI to 4-channel UART converter:

Legend: |:| - softcode block connected to OSC clock domain; I:l - softcode block connected to pll (spi) clock domain; |:| - hard block;

—= - spi to uvart data direction; -wlf— - uart to spi data direction

channel_a_impl
tx_fifo uart_imol
inpul_reset_bul_impl to all module except spl | —
m BRAM 1 ri_bx_wrap
— | ovatate | uartptc
spiss | issn EERFTERCT T {orie ]
= I i i_uart_a_n uart_A_rx
uart_a_rx_sync RIS fr—
soimosi | imosi P p—— _fifo
QU ey [syne_mux_1_to_4_data_from_ch_fo_spi
5 BRAMD
pimsa | omiso I
—] e
_j_' o_miso_oe
. e
spi_clk i_spi_ck "
_E—— channel_b_impl
teio Gart_imal
operaton_contro_impl !
ook o [ o]
ep—ppepp— — | RS
|-
ey uart_b_rx_syne e ——
0sC to all module except spi T | L_rx_uirag.
sync_demux_1_to_4_data_read_fife
channel_c_impl
t_fifo uart_imal
_I BRAM S
| o ust_c tx uart_C_tx
E=a
=+ _uart_c_rx uart C_rx
— uart_c_nx_sync ) el
BRAM4 [
channel_d_impl
e wart_imal
BRAMT b wrap
o_uart_d_tx uart_D_tx
G| ——
] baud_rate_gen_srap) i uart_d_re art_D_rx
uart_d_re_sync e oo -
o e
BRAMG [ e yop e

Figure 4. Design Block Diagram

The design of the converter consists of soft-code blocks and hard blocks. The soft-code blocks use FPGA Core logic
resources and written using the Verilog language. The hard blocks are physical and are not parts of the FPGA Core.
They are connected to the FPGA Core inside the chip by hard-wired connections. The design block diagram is not
so detailed and does not include all used blocks and connections. Only the minimum required blocks to understand
logic of operation of the design is shown.

The used hard blocks are listed below:

» POR — Power-on reset. Used as global reset for almost all soft-code blocks (except SPI)

= OSC - On-chip Oscillator. Generates 50MHz clock

= PLL1 - Phase-Locked Loop. Operates in bypass mode. Provides ‘spi_clk’ signal to SPI block
= BRAMO...7 — Embedded Block RAM. Used in sync. FIFOs for storing data

The Verilog code of the design consists of the next following modules:

» baud_rate_generator — generates ‘tick’ pulses for UART transmitter and receiver modules.
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» channel — contains RX and TX FIFOs and UART transmitter and receiver modules for one channel
» input_reset_buf — input reset bufer

= one_dff — provides PLL input clock source control

= operation_control — generates control signals

= spi_target _custom — SPI target module

= spi_to_4x_uart — top module of the design

= sync_demux_1_to_4 — synchronous 1 to 4 demultiplexer

» sync_fifo_w_bram_custom — synchronous FIFO with using BRAM

= sync_mux_4 to_1 — synchronous 4 to 1 multiplexer

= sync_pin — input signal synchronization

= uart — contains Baud rate generator, UART transmitter and receiver modules
= uart_rx — UART receiver

» uart_tx — UART transmitter

In this design, four independent UART channels have been implemented. In Figure 4, they are named as
channel_a_impl, channel_b_impl, channel_c_impl and channel_d_impl. Each channel has its own UART
transmitter (uart_tx_wrap), UART receiver (uart_rx_wrap). Also, it has TX FIFO (tx_fifo) and RX FIFO (rx_fifo)
memory blocks. Embedded Block RAM is used to implement 8 independent FIFO memory blocks. So, in the design
it divided by 8 parts (BRAMO...7).

The sync_pin module is used for synchronizing input signals to internal clock. There are four blocks in the design
that are used for this purpose: uart_a_rx_sync, uart_b_rx_sync, uart_c_rx_sync, uart_d_rx_sync.

In this design two different clock sources are used, the SPI block (named spi_target_custom_impl in Figure 4)
uses clock signal that comes from the controller device through ‘spi_clk’ (GP106) pin and PLLO block (which is in
bypass mode). Other modules use the 50MHz clock signal that comes from the OSC. The input_reset_buf_impl
block provides reset signal for modules that use the OSC clock. The pll_ref_clk_sel_impl is used for selecting
external clock source for PLL.

The SPI target block (spi_target_custom_impl in Figure 4) parses the command byte received from the host via
the SPI interface. Also, it can receive or transmit data from/to the controller device. According to Figure 2, the SPI
starts receiving the data when ‘spi_ss’ (GPIO0) goes LOW. The data on the ‘spi_mosi’ (GP102) pin is shifted out on
the falling edge of the ‘spi_clk’ signal and sampled on the rising edge. The output data on the ‘spi_miso’ (GPIO3)
pin is shifted out on the rising edge of the ‘spi_clk’. Since the ‘spi_clk’ is provided by the controller device and the
‘spi_miso’ — by the converter, there is some propagation delay on the converter SoC (about 25 - 28 nanoseconds)
between the rising edge of the ‘spi_clk’ and shifting out the ‘spi_miso’ signal. This propagation time should be
enough to safe sample the data bits on the controller device side.

The sync_mux_1_to_4 data_from_ch_to_spi block is a four-to-one multiplexer that provides 8-bit parallel data
from the channels to the SPI module. It has 2-bit select input. The data on this input is 2-bit UART address
definition (AD1, ADQ) and updates during each SPI transition.

The operation_control_impl block uses four MSB of the command byte (AD1, ADO, WRG, RDG) for
communicating (sending or/and receiving the data) with required one of four channels.
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4. Verilog Code

The design file associated with this document is available for download (AN-FG-024 SPI to 4-channel UART
Converter.ffpga). It contains all the submodules and testbench to successfully run this application note.

Shown below is the UART module of the design. The user can notice is instantiation of both submodules in it

module uart #(
parameter IN CLK HZ = , // input operating frequency (Hz)
parameter DATA FRAME = 8, // number of data bits (5 ~ 9 bits long)
parameter BAUD RATE = , // transmitting speed 4800 - 115200
parameter OVERSAMPLING MODE = P // bit offset or overlap
parameter STOP BIT =1, // length of stop bit
parameter LSB = // determine serial data transfer format
("O0" = LSB to MSB, "1" = MSB to LSB)
)
input i clk, // input clock signal
input i rst, // input reset signal
// tx
input [DATA FRAME- 1 1 tx data, // transmit data inputs
input i tx start, // input (rising edge detect) which
enable transmit data
output o_tx, // tx output carries the output serial
data
output o_tx done, // done transmit signal
// rx
input i rx, // rx input carries the input serial data
output [DATA FRAME- ] o rx data, // receive data outputs
output o_rx_done // done signal
)
wire w_tick;
// FSM module transmit data to UART
uart tx #(
.DATA FRAME (DATA FRAME) ,
.BAUD RATE (BAUD RATE),
.OVERSAMPLING MODE (OVERSAMPLING_MODE) ,
.STOP BIT (STOP_BIT),
.LSB (LSB)
) uart tx wrapper (
.1 clk (i clk),
.1 rst (i rst),
.1 tx data (i tx data),
.1 tx start (i tx start),
.1 tick (w_tick),
.0 _tx (o_tx),
.0_tx done (o_tx done)
)
// FSM module receive data to UART
uart rx #(
.DATA FRAME (DATA FRAME) ,
.BAUD RATE (BAUD RATE),
.OVERSAMPLING MODE (OVERSAMPLINGiMODE) ,
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.STOP_BIT (STOP BIT),
.LSB (LSB)

) uart rx wrapper (
.1 clk (i clk),
.1 _rst (i rst),
.1orx (i rx),
.1 _tick (w_tick),
.0_rx data (o_rx data),
.0_rx done (o_rx done)

);

// Module generate one bit period
baud rate generator #(

.BAUD RATE (BAUD RATE),
.OVERSAMPLING MODE (OVERSAMPLING MODE),
.IN CLK HZ (IN_CLK HZ)

) baud rate gen wrapper (
.1 clk (i clk),
.1 rst (i rst),
.o_tick (w_tick)

)i

endmodule

5. Simulation Results

The design functionality can be verified by using the ‘spi_to_4x_uart_tb’ test bench file found under the design file
(AN-FG-024 SPI to 4-UART Converter). The simulation waveforms are produced by inbuilt GTKWave software.
Below are the testbench simulation results:

Figure 5 showcases the external communication input and output signals.

signals Waves

Time

Figure 5. General View of Simulation Waveforms
There are SPI signals:
* |_ss_n—input target select signal
» i_spi_clk — input clock signal
» i_mosi — input controller output target input signal
* 0_miso — output controller input target output signal
* 0_miso_oe — output o_miso output enable signal

and UART signals:

» j_uart_a_rx —input channel A receive serial data
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= 0_uart_a_tx — output channel A transmit serial data
* i_uart_b_rx —input channel B receive serial data
= 0 _uart_b_tx — output channel B transmit serial data
= i_uart_c_rx —input channel C receive serial data
= 0 _uart_c_tx —output channel C transmit serial data
» i_uart_d_rx —input channel D receive serial data
= 0_uart_d_tx — output channel D transmit serial data

The Figure 5 shows the simulation waveforms for all four UART channels. Test sequence for verification of each
channel functionality consists of three phases: sending data to the converter through UART (Figure 7),
communication with the converter via SPI (Figure 8) and transmitting data from the converter via UART (Figure 11).

The initial phase begins by sending a data byte with the value ‘h01’ at ‘i_uart_a_rx’ input (Figure 6).

Signals Waves

Time

100 us 200 us 300 us 400 us 500 us €00 us 700 us 800 us 500 us 1000 us
r_______'____________________________________________________________________________________________}

Figure 6. Sending first byte with value ‘h01

Following this, an additional 69 bytes are sent, with each byte’s data being incremented by 1 sequentially. Since the
size of the rx sync. FIFO is only 64 bytes, not all data sent via UART in the first phase can be stored in it, but only
the first 64 bytes.

Signals

Figure 7. Sending 70 Bytes of Data to the Converter via UART Channel A

The second phase of channel verification is communication with the converter via SPI.
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Signals

Figure 8. Communication with the Converter via SPI

The first SPI frame contains command and data byte which is sent to the converter on ‘i_mosi’ line and requested
data on ‘o_miso’ line (see Figure 8). When the ‘o_miso_oe’ is HIGH, the ‘spi_miso’ (GPIO3) is operating as Push-
Pull output, otherwise it is at high impedance state.

Signals Waves

Figure 9. The First Frame Communication Through SPI

The command byte value is ‘h3F or ‘b00111111. This means, that in this frame the controller device requests to
write and read data from the device connected to the UART channel A. In the second byte, it sends data ‘h81 and at
the same time receives ‘h01 (this data was sent to the converter via UART in the first phase) at ‘o_miso’ line.
Subsequently, 69 additional SPI frames are transmitted, with the data being sent and read incrementing by one
sequentially. Since the size of the RX sync. FIFO is only 64 bytes, not all 70 bytes of data sent via UART in the first
phase was stored in it, but only the first 64 bytes. If the FIFO is empty, the converter will transmit bytes with data
equal to ‘h00. This way the RX sync. FIFO size is checked.

The third phase is transmitting data from the converter via UART Channel A. When the converter gets the data from
the SPI controller device it starts transmitting this data to the device connected to UART channel A pins. The first
byte data is ‘h81 (Figure 10).
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Figure 10. Sending First Byte with value ‘h81

This data is sent to the converter via SPI in the second phase. The converter will continue transmitting the data
bytes via UART until the TX FIFO is empty (Figure 11). Since the size of the TX FIFO is only 64 bytes, the converter
sends only 65 of 70 bytes of data that the controller sent to the converter during second phase. This way the TX
sync. FIFO size is checked.

Figure 11. Transmitting Data from the Converter via UART Channel A

The verification of functionality of the other UART channels is the same as channel A.

Signals Waves

Figure 12. Receiving and Sending Data Through Other UART Channels
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6. Logic Analyzer: UART and SPI Data Write and Read Out

The Logic Analyzer in the ForgeFPGA Workshop is used to verify the design functionality on the bench. The UART
and SPI communication parts are shown in Figures 13 and 14:

Figure 13. Rceiving 0xAB, 0xCD and sending 0x6C, 0xAA data bytes via UART Channel A

]

Figure 14. Sending 0x6C, 0xAA and reading 0xAB, 0xCD data bytes to/from UART Channel A via SPI
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7. Conclusion

This application note shows how the SLG47921 can be used to implement a Serial Peripheral Interface (SPI) to four
channel Universal Asynchronous Receiver-Transmitter (UART) converter.

For more information, contact the ForgeFPGA Business Support Team.

8. Terms and Definitions

CLB Configuration Logic Block

OTP Memory One-Time Programmable Memory

FPGA Field Programmable Gate Array

FPGA Editor Main FPGA design and simulation window

Go Configure Software Hub Main window for device selection

ForgeFPGA Workshop Window Main FPGA project window for debug and IO programming
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