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ABSTRACT: On-chip synchronised serial connections allow for realistic on-chip communication between the processor,
computerised converters, basic and complex converters, memory, and other building blocks on the chip. Serial interfaces are supported by a
wide range of Integrated Circuit (IC) manufacturers. This includes the Serial Peripheral Interface (SPI), Inter-Integrated Circuits (12C),
Universal Asynchronous Receive Transmitter (UART), and Universal Serial Bus (USB), among others (USB). SPI is widely used because
of its advantages over other serial interfaces, including its ease of use, low power consumption, synchronised clock, and lack of intrusion on
the fast data transmission rate. The host controller is an open source PC transport called Wishbone, which enables parallel information
trading for faster communication. A master-slave configuration underpins both equipment transports, making the transport interface simpler
to manage.

KEYWORDS— spi (serial peripheral interface); Wishbone; Verilog HDL.

interface can only transmit data in blocks of eight
or sixteen bits wide, however Motorola
microcontrollers enable transfers in any range
between two and sixteen bits wide. It is possible to

l. INTRODUCTION

Realistic on-chip communication between the CPU,
computerised converters, basic and complicated

converters, memory, and other chip building blocks
is possible thanks to synchronised serial
connections on the chip. Many Integrated Circuit
(IC) manufacturers provide serial connections.
Serial Peripheral Interface (SPI), Inter-Integrated
Circuit (12C), Universal Asynchronous Receive
Transmitter (UART), and Universal Serial Bus
(USB) are some examples (USB). Due to SPI's low
power consumption, synchronised clock and
absence of interference with rapid data transfer
rate, it is frequently utilised in applications that
need a serial interface. An open-source PC
transport called Wishbone allows for parallel
information swapping to speed up communication.
Both equipment transfers are supported by a
master-slave arrangement, making the transport
interface easier to administer.

1. SERIAL
INTERFACE

Microcontrollers and peripherals may communicate
with each other via the Serial Peripheral Interface
(SPI) created by Motorola. Others in the industry
subsequently adopted this technique.
Microprocessor/microcontroller  peripheral chips
utilise the Serial Peripheral Interface (SPI-bus) to
communicate with each other through a simple
four-wire serial communications interface. SPI may
link two processors even though it was originally
designed to communicate between the host CPU
and peripherals. Using SPI, you may use either a
single-master or multi-master protocol. Most of the
SPI Bus's functionality is confined to the PCB. The
SPI Bus is a high-speed data transmission interface
for IC circuits. According to most studies, the

PERIPHERAL

transport more than sixteen bits of data at a time via
control signals because of the serial nature of the
interface. An important feature of the SPI protocol
is its use of four signal lines (as shown in Fig. 1).
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Fig 1 : SPI block diagram

e MOSI - Output data from the master to the
inputs of the slaves.

e MISO - Output data from a slave to the
input of the master.

e SCLK - Clock driven by the master to
slaves, used to synchronize the data bits.

The master sends a choose signal to each slave,
which the slaves then utilise to pick the desired
one. Master sets a low SS line for the slaves to
whom the data must be transferred if there are
several slaves. The SPI Master is responsible for
driving the SCLK line and controlling the flow of
data. To choose a slave, the Slave Select (SS) line
must be low. When using SPI, you can only use a
single protocol to communicate with the one
master. This means that just one central master
initiates all communications with the slaves. After
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selecting a slave to communicate with, the SPI
master pulls the SS line low, which activates the
clock recurrence that both master and slave may
use to exchange information. Because of this, SPI
is the ideal choice for implementing
communication between an integrated circuit like a
microcontroller and a group of peripheral devices.
There's no doubt that SPI will remain a dominant
technology in the future of computerised hardware
frameworks.

WISHBONE INTERFACE

The communication of the SPI master and slave
devices with the processor on a chip through the
Wishbone bus is shown in Fig. 2.
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Fig 2 : Processor-SPI Interaction

Using this SPI  WISHBONE controller, a
microprocessor with a WISHBONE bus may
communicate with an SPI device. SPI Master or
SPI Slave: The controller may perform either role.
Verilog HDL code parameters are used to specify
Master or Slave mode. [8] There is just one module
used in the design.

A. SPI DATA TRANSFER MODES:

The peripheral devices and the microcontroller or
CPU establish a full-duplex connection. Each clock
cycle, the data word or character is moved out
sequentially one bit at a time between master and
slave. Only once a slave peripheral device is
chosen by the microcontroller or CPU can the data
sampling and shifting be synced by the SCLK. It's
possible to set the clock phase and polarity in the
SPI control register with only two bits. There are
four ways to use this device. The modalities of data
transport are represented in the table.3, as shown.
There should be no phase or polarity differences
between master and slave throughout the transfer.
There are two edges of the serial clock, one for
shift and the other for capture, since SPI is
synchronised with the clock. Ideally, the clock
phase dictates just two data transport forms.

wWww.ljiemr.org

TABLE IL APPLICATIONS OF 5P1
Dievice Application
Sensors Temperature, Pressure, Touch Screens, controllers,
ADCs

Control Devices CODECs, DACs, Digital Potentiometers

Communications | Ethemet, USB, CAN, USART. IEEE 802.11, IEEE

202.15.4
Memory Flash, EEPROM, 5D card
Clocks Real Time Clocks
TABLE I1IL MODES OF OPERATION
Mode Polarity Phase Data Shift Data Sample
(CPOL) (CPHA)
1] 1] 0 Falling {Megedge) Rising (Posedze)
1 1] 1 Rising (Posedge) Falling (Negedge)
2 1 0 Rising (Posedge) Falling (MNegedge)
3 1

1 Falling (Megedge) Rising (Posedge)

IV. METHODOLOGY

The desigh methodology of the SPI follows the
below flow

Specifications

v

Architecture

v

Micro architecture

¥
RTL design
¥
RTL Venfication

L

Top level integration

+

Top level verification

v

Timing Analysis
v

Implementation

Fig 3 : Flow chart of the VVLSI design
V. ARCHITECTURE

The whole SPI architecture is shown in the diagram
below. The RTL design for each of the three blocks
has been developed and tested. Then comes the
top-level integration and the top-level testing. After
that, the integrated architecture's timing analysis is
carried out.
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The Micro-Architecture is shown below is
classified into three bocks

»  Wishbone

»  SPI Master
» Read FIFO
>  Write FIFO

>  Control Circuits

Read Address Register climbs over the Write
Address Register, at which time the FIFO is
referred to as "empty."

As long as the read and write address LSBs match,
and there are differences in the additional MSBs,
the FIFO is full. There are three primary control
registers in the control circuit block, which are the
SPCR, the SPDCR, and the SPI Data Register
(SPDR).

SPI top
clk Write Read
rst » | FIFO FIFOQ
ding ——» | —s ot
ailr ——» e arck
¥ . Control * it
WE —— circuit

Fig 5 : SPI top module.

SPI Slave contains Control Circuits, the below
figure shows the SPI slave block. It contains the
control circuit block in which the control registers
are there.
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Fig 4 : SPI Slave Mode

RTL SCHEMATIC AND
SIMULATION RESULTS

WISHBONE MASTER RTL SCHEMATIC

wbhi2cmaster

wbi2cmaster
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I AREA REPORT

Slice Logic Utilization:

H;Ueset Humber of Slice Registers: 284 out of 93120 03
T Nomber of Slice LOTs: 493 out of 46560 1%
)
V[" -.j Number used as Logic: 27 out of 46560 0%
gLt Number used as Memory: g6 out of 16720 (%
Number used as RAM: &4

l& i_wh_we

[

Humber used as 3RL:

Slice Logic Distribution:
Number of LUT Flip Flop pairs used: 544
Mumber with an unused Flip Flop: 260 ouc of 544 4T3

Number with an unused LOT: 51 outof 544 %
Mumber of fully used LUT-FF pairs: 233 out of 544  42%
Mumber of unique control sets: 19

I0 Utilization:

Number of I0s: 118
Number of bonded IOBs: 117 out of 240  48%
108 Flip Flops/Latches: 1

Specific Feature Utilization:

sl | Munber of Block RAY/FIFO: | omof 1% 0%
}%W il 1| Humber using Block RAM only: 1
e Hunber of BUFG/BUFGCTRL/BUFECES: 1 omtof 1M 0%

p Nt | oo

T TIMMING REPORT

Timing Summary:

Speed Grade: -2

Minimum period: 2.605ns (Maximum Frequency: 383.855MHz)

[ . . . : -
}'dﬂiWﬂ {[ ::‘] Minimum input arrival time before clock: 2.031ns
! Maximum output required time after clock: 1.133ns
}L !_hUS)‘ ] Maximum combinational path delay: No path found
Devie iiz3ton Summary (estmated valies) [
Logic tization Used hvaable tization
Monbe of Sz gt i ] 0%
‘NumberufS\icelUTs L ) I
‘Numheruffu\lyusedLUTFFpairs i W i
‘Numherofhondedlﬂﬁs 1 ] 4
‘Numherufﬁ\nckRAMfFlFO i i 0%
‘NumberufBUFG{BUFGCFRUBUFHCEs ! 14 i
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Area report

Device Utilization Summary (estimated values)
Logic Utilization Used Available Utilization
Number of Slicz Registers 1# 9310
Number of Sice LUTs m 4560
Number of fully used LUTFF pars 13 8
Number of bonded 108s 115 M
Number of Block RAM/FIFQ 1 15
Number of BUFG/BLFGCTRL /BUFHCES 1 104
Device utilization summary:
Selected Device : 6vcx75tff484-2
Slice Logic Utilization:
Number of Slice Registers: 144 out of 93120 0%
Number of Slice LUTs: 204 out of 46560 0%
Number used as Logic: 137 out of 46560 0%
Number used as Memory: 67 out of 16720 0%
Number used as RAM: 64
Number used as SRL: 3
Slice Logic Distribution:
Number of LUT Flip Flop pairs used: 219
Number with an unused Flip Flop: 75 out of 219 34%
Number with an unused LUT: 15 out of 219 6%
Humber of fully used LUT-FF pairs: 129 out of 219 58%
Number of unique contral sets: 12
IO Utilization:
Number of IOs: 117
Number of bonded ICBs: 115 out of 240 47%

Timming report

Timing Summary:

Speed Grade: -2

Minimum period: 2.41lns (Maximm Frequency: 414.740MHz)
Minimum input arrival time before clock: 1.21éns
Maximum cutput required time after clock: 0.79Ins
Maximum combinational path delay: 0.350ns

APPLICATIONS

» Communication protocol
» Networking applications

ADVANTAGES

> Lowarea
> Efficient
» Better timing delay

CONCLUSION

Our work focuses on the performance analysis of
SPI along with the RTL Design work. Design part
involves around the specifications and codes
written in the Verilog. Serial peripheral interface
RTL divided into three blocks i.e. Master, Slave
and SPI top module. RTL code written for the

wWww.ljiemr.org

complete architecture using the wishbone interface
model which open source, work done using
XILINX VIVADO Design suite tool which gives
simulation and synthesis validation of specification.
The complete RTL has been designed for the
complete architecture and design summary reports
has to recorded.

FUTURE SCOPE

The development of verification environment can
be extended to the verification other Wishbone-
compliant peripherals that support additional
communication protocols.
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