INI<: s CORE Datasheet

INIUART

Universal Asynchronous
Receiver/Transmitter Core

Revision 2.0

INICORE INC.

5600 Mowry School Road

Suite 180

Newark, CA 94560

t: 510 445 1529 f: 510 656 0995 e: info@inicore.com

www.inicore.com

COPYRIGHT © 2003-2011, INICORE INC.


http://www.inicore.com/

iniUART Datasheet

Table of Contents

T INTRODUCTION..... ... sssr s ssss s ssss e s snn s n e e nn s snnnne 4
1.1 FRAtUIES. ...t s s s e e s s s s s e e e e s s e e e e nnmana s n s e e s e nnmnsnsnnsnnnes 4
1.2 Deliverables.... ..t nr e e e e nnnn 4
IR = 1 T Yo [q T =T =1 o PR 5
I ] e Ted (B L= o T o1 o o 5
1.5 UART Character Format..........cccccoiiiiiiiienieininnnssssssssssss s 6
2 SIGNAL DESCRIPTIONS.......cooiiiiicicnnnrrrnrssssssssssssns s s ssssssssssssssssssssssssssnnnsssssses 7
0 T 1L TN o o £ 7
A28 110 TN 0 T==T o2 1 o1 4 T o T 8
2.2.1 Global SigNalS......coiiiiiiiie s 8
2.2.2 CONFfIGUIALION. ...t 8
2.2.3 Serial INterface........uuueie e, 10
2.3 Serial Bit CIOCKS.......cccccmmrriiiiiiinnnnrrs s isssssssssns s ssssss s s s s mmsnnn s s 10
2.4 Transmitter INterface ... e 1"
2.5 Receiver INterface ... 12
Table of Figures

Figure 1: Block Diagram inflUART ... e 5
Figure 2: 8-bit UART Character Format................cooooiimiiiiicee e 6
Figure 3: 8-bit UART character format with two stop bits................................... 6
Figure 4: 7-bit UART character format with parity bit........................................ 6
Figure 5: Symbol With 1/OS......o.oo e 7
Figure 6: Serial Bit CIOCKS........ ..o e 10
Figure 7: Transmitting Data..............cooooiiii e, 11
Figure 8: Receiving CorrectData. ..o 12

Copyright © 2003-2011 Inicore Inc. Indexes - Page Il



iniUART

Figure 9: Receiving Data with Parity Error
Revision History

‘Version ‘ Date Comments

Datasheet

2.0 07/11/2011 Global datasheet update

Copyright © 2003-2011 Inicore Inc.

Indexes - Page Il



iniUART Datasheet

1 Introduction

Inicore's iniIUART is a versatile implementation of the Universal Asynchronous
Receiver/Transmitter (UART) protocol. This core is designed as a building block for
FPGA and ASIC implementation that need to interface with other serial devices.

The core contains a highly accurate baudrate generator, which allows to select any
baudrate independently (up to 1/64) of the system clock speed. This means that there
is no need for a fixed ratio between baudrate and system clock. The receiver uses
three point input sampling and glitch rejection to increase noise immunity.

The inilUART supports 5, 6, 7, and 8 bit wide data characters, an optional parity (even
or odd), and one or two stop bytes. The core does't contain any FIFOs making it an
ideal candidate for low-level interface implementations or for application that require
multiple ports.

1.1 Features

Following are the iniUART features:
+ Single UART channel
+ Very small
+ Baudrate synthesizer for any baudrate of up to 1/64" of clock frequency
¢ 5,6, 7, or 8 bit data format
+ Parity enable, ddd or even
+ Format and parity error detection
+ 1 or 2 stop bits
+ Three point input sampling and glitch rejection
+ Parallel interface with event control
+ Technology independent

+ Fully synchronous design

1.2 Deliverables

+ Netlist, VHDL RTL, or Verilog RTL source code
« Verification testbench

+ Timing constraints file
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+ Synthesis script

¢ User Guide

1.3 Block Diagram

The main building block and interface signals of the inilUART are shown in the block
diagram below:

uart_tx_req

vy

uart_tx_data

. itter

uart_tx_busy

A A

uart_tx_done

» uart_tx
» uart_tx_clk
» uart_tx_clk_ebl

uart_rx

uart_rx_valid

uart_rx_data

A A A

uart_rx_busy

A

parity_error_event

format_error_event <

N—
config_xxx e
clk_sys [
reset_n —> iniUART
\ J

Figure 1: Block Diagram iniUART

1.4 Block Description

+ Baudrate Synthesizer
The baudrate generator is not a simple prescaler, but an innovative
digitally controlled oscillator which allows generating any baudrate from the
system clock. This makes system integration much easier as the common
baudrate dependency on the system clock is eliminated.

+ Receiver
The receiver translates the serial uart_rx bit stream into the parallel format
according to the selected configuration. Parity and format errors are
detected and reported.
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« Transmitter
The transmitter formats transmit data according to the selected

configuration and performs the parallel to serial conversion to generate the
uart_tx bit stream.

1.5 UART Character Format

The standard UART character format consist of one start bit, five to eight data bits, an
optional parity bit, and one or two stop bits. An example with 8 data bits and one stop
bit is shown in figure 2. As can be seen, the idle level of the bus is high, the start bit is
low and the stop bit is high again. The data is sent with the least significant bit first.

Start | Data | Data | Data | Data | Data | Data | Data | Data | Stop
Bit 0 1 2 3 4 5 6 7 Bit

Figure 2: 8-bit UART Character Format

Figure 3 shows the UART character format with two stop bits.

Start | Data | Data | Data | Data | Data | Data | Data | Data | Stop | Stop
Bit 0 1 2 3 4 5 6 7 Bit Bit

Figure 3: 8-bit UART character format with two stop bits

Figure 4 shows the UART character format for 7 data bits and one parity bit. The
parity can be either even or odd. Even parity means that the number of ones in the
data field plus the parity bit are even.

Start | Data | Data | Data | Data | Data | Data | Data | Parity | Stop
Bit 0 1 2 3 4 5 6 Bit Bit

Figure 4: 7-bit UART character format with parity bit
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2 Signal Descriptions

The following paragraph lists the input and output ports of the iniUART.

2.1 1/0 Ports

The figure below shows all I/Os of the inilUART.

uart_tx_req
uart_tx_data
uart_tx_busy

uart_tx_done

uart_rx_valid
uart_rx_data
uart_rx_busy
parity_error_event

format_error_event

clk_sys ——p»
reset n ——P

config_baudrate ————p»
config_parity_eb| ————»
config_parity_pol =P
config_length =1y
config_stop_bits =P
config_rx_ebl ————
config_tx_eb| =

Globals

Transmitter

Receiver

Configuration

iniUART

/

Figure 5: Symbol with 1/Os

Copyright © 2003-2011 Inicore Inc.

Datasheet

= uart_tx
e Liart_tx_clk
P uart_tx_clk_ebl

— vart_rx

Signal Descriptions - Page 7



iniUART Datasheet

2.2 1/0 Description

The following paragraphs list the inputs and outputs of the inlUART and provide an
overview of the core's functionality.

2.2.1 Global Signals

All registers of this core are reset with the asynchronous active low reset_n. All
registers are clocked with clk_sys. There are no other local clock or asynchronous
reset signals.

Pin Name Type Description
reset n in Asynchronous reset, active low
clk_sys in System clock

2.2.2 Configuration

The configuration signals are used to set the UART baudrate and the data format. All
configuration signals are static inputs and may not be changed during operation.

Pin Name ‘Type ‘Description

config_baudrate[15:0] in  Baudrate of serial data stream
The receiver and the transmitter share the same
baudrate generation.

17

16- Baudrate

config_baudrate =

Jclk_sys

config_length in | Character length

0: 5-bit data field
1: 6-bit data field

2: 7-bit data field

3: 8-bit data field
config_parity_ebl in | Parity enable

0: No parity field is used

1: Parity field is used

Copyright © 2003-2011 Inicore Inc. Signal Descriptions - Page 8
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Pin Name ‘Type ‘Description
config_parity_pol in Parity polarity
0: Even parity. The number of ones in data field
including parity bit is even
1: Odd parity. The number of ones in data field
including parity bit is odd
config_stop_bit in | Length of stop bit field
0: Use one stop bit
1: Use two stop bits

config_rx_ebl in  Receiver enable
0: Receiver is not enabled

1: Receiver is enabled

config_tx_ebl in  Transmitter enable
0: Transmitter is not enabled

1: Transmitter is enabled

Baudrate Generator Configuration

The baudrate generator is not a simple prescaler, but an innovative digitally controlled
oscillator which allows generating any baudrates from the system clock. There is no
dedicated oscillator needed that is an exact multiple of the baudrate.

For configuring the baudrate, the 16-bit value is calculated according the following
formula:

17

f ok _sys config_baudrate 16- Baudrate

respective  config_baudrate =

Baudrate= =
2 J clk_sys

where
Baudrate is the transmitting speed in bits per second
foi_sys is the system clock speed in Hz
config_baudrate is the 16-bit configuration value

Note:
« The maximal baudrate is 1/64™ of the system clock frequency

- The lower the baudrate, the better is the accuracy.

- The higher the clock, the smaller is the edge jitter. Maximum absolute jitter is
always equal 1/fcx_sys
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2.2.3 Serial Interface

Pin Name Type Description
uart_tx out  Transmit output pin
uart_rx in  Receive input pin

2.3 Serial Bit Clocks

Synchronous to the serial bit stream uart_tx, a serial clock output is provided.

Pin Name Type Description
uart_tx_clk out | Transmit Clock
This clock is in phase with the uart_tx data stream. The
rising edge is aligned with the beginning of a bit time.
uart_tx_clk_ebl out Transmit Clock Enable
This clock enable is in phase with the uart_tx data stream.
It is high for one clock cycle at the beginning of each bit
time.

uvart_tx clk J
< 1 bit time >
uart_tx clk ebl J H

Figure 6: Serial Bit Clocks

Copyright © 2003-2011 Inicore Inc. Signal Descriptions - Page 10



iniUART

Datasheet

2.4 Transmitter Interface

The transmitter has a simple parallel user side interface.

Pin Name Type
uart_tx _data[7:0] in

uart_tx_req in
uart_tx_busy out
uart_tx_done out

Description
Transmit Data

The transmit data is loaded into the transmit buffer when
uart_tx_req is asserted. If the data length is less than 8
bits, the most significant bits are ignored.

Transmit data request

Event for storing the tx_data in the transmit shift register
and start of the transmission. It's up to the system to not
activate this input when the iniUART is busy.

Transmit Busy
1: The transmitter is busy sending the requested data
0: The transmitter is idle

Transmit Done

A one clock cycle pulse indicates the end of the data
transmission.

Figure 7 shows the timing diagram for transmitting data.
clk_sys e r e r e rer e r e r e r e e e e er

uart_tx_req

§

uart_tx_datal[] X

)

uart_tx_busy

uart_tx_done

»
§

uart_tx

Transmitter is )\ sending data

Figure 7: Transmitting Data
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2.5 Receiver Interface

Pin Name ‘Type ‘Description
uart_rx_data[7:0] in Receive Data
This is the captured data character. If the data length is

less than 8 bits, the most significant bits are fixed at 0.
uart_rx_data is only valid when uart_rx_valid is high.

uart_rx_valid in  Receive Data Valid

Event (active 1) for signaling that a byte has arrived and
rx_data is valid now.

parity_error_event = out Parity Error Event
An active one event indicates that a parity bit error has
been detected and the received characters aborted. This
check is only performed when the parity feature is
enabled (config_parity_ebl = 1).

format_error_event out Format Error Event

An active one event indicates that a stop bit with the
wrong level has been detected and the received charac-
ters aborted.

Figure 8 shows the timing diagram for receiving data:
clk_sys e r e rer e e rer e e e rer
uart_rx Receiver is ;\ capturing data

uart_rx_valid «

uart_rx_dataf] A\Y

Figure 8: Receiving Correct Data

Figure 9 shows the timing diagram for receiving data where a parity error is detected:

olk_sys (e s Y Y T s ) s Y s Y Y

uart_rx Receiver is 5\ capturing data
parity_error_event “
uart_rx_valid “
uart_rx_data[] \

Figure 9: Receiving Data with Parity Error
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About Inicore o550
% CORE

.’ System-on-Chip from Spec to Silicon

+ FPGA and ASIC Design

+ Easy-to-use IP Cores

+ System-on-Chip Solutions

+ Consulting Services

+ ASIC to FPGA Migration

+ Obsolete ASIC Replacements

Inicore is an experienced system design house providing FPGA / ASIC and SoC
design services. The company's expertise in architecture, intellectual property, meth-
odology and tool handling provides a complete design environment that helps
customers shorten their design cycle and speed time to market. Our offering covers
feasibility study, concept analysis, architecture definition, code generation and imple-
mentation. When ready, we deliver you a FPGA or take your design to an ASIC
provider, whatever is more suitable for your unique solution.

Customer Advantages

We offer one-stop shopping for everything from the specifications to the chip or
module solution. Our experience and fast turnaround time reduces your development
costs and increases your returns from the market. Your system is not limited by the
level of expertise and standard chip solutions you happen to have in-house. Achieve
market success by differentiating and optimizing your product. Reusability builds the
basis for further developments in the ever-decreasing product life cycle.

Visit us @ www.inicore.com

INICORE INC. has made every attempt to ensure that the information in this document is accurate and complete.
However, INICORE INC. assumes no responsibility for any errors, omissions, or for any consequences resulting
from the information included in this document or the equipments it accompanies. INICORE INC. reserves the
right to make changes in its products and specifications at any time without notice.
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