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1 Introduction

1.1 Purpose

The purpose of this document is to describe Low-level design for a Serial Control Unit
equivalent to 71051 with the exception of the synchronous mode.

1.2 Scope

This document describes the design of the internal architecture, as it is carried out by iWave. It
deals with functionality in terms of block diagrams and interfaces, implementation in terms of
state diagrams and pin details in terms of 1/0Os required implementing the Serial Control Unit
(SCU)

1.3 Features
The following features are supported in the Serial Control Unit
RS-232-C protocol support
Asynchronous communication only
Serial interrupt support
Clock rates of baud rate x 16 or baud rate x 64.
Character length of 7 or 8 bits
1 or 2 Stop bits
Break transmission
Automatic break detection
Full duplex double buffer system
Parity addition/checking

Error detection for parity, overrun and framing
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1.4 Acronymsand Abbreviations

Table 1: Acronyms & Abbreviations

Term M eaning
SCU Serial Control Unit
DCE Data Communication Equipment
UART Universal Asynchronous Receiver
Transmitter
DTR Data Terminal Ready
DSR Data Set Ready
RTS Request To Send
CTS Clear To Send
USART Universal Synchronous Asynchronous

Receiver Transmitter
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2 Serial Control Unit
2.1 Logic Symbol

RESET | R
_ SCU CLK |
CLK | R <
. RXD_|
IORD _N_| R <
TXD O _
IOWR_N_I R >
- P CTS N |
Control RTS N O
D_I[7:0] : "
> Unit
D_O[7:0] DTRN O
A_I[L:0] P DSR N _|
» <
SNTO RXRDY_O
D_VLD_O g

Figure 1: Serial Control Unit Logic Symbol
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2.2 System Level Block Diagram
Processor UART
Interface Interface
Status
<4+ Register (SST) <€—{scu status Control Bus
Command
—} Register —»
(GS%;R) RXRDY_O
>
Receive Data —p > Receiver P RXD_I
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D_I[7:0] ) €
N
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CLK > RTSN O
A_1[1:0
|5R[D ,]\l | P Read/ write €EPTEP Modem Contra < DSR_N_|
- — > Control DTR N O
IOWR_N_| SAS
CS NI "
== >

2.3 Description

Figure 2: Serial Control Unit System Level Block Diagram

The Serial Controller Unit is an USART based on 71051 with support for asynchronous
communication only. The processor can access the unit through /O read and write commands.
The SCU converts parallel data from the processor to serial data and transmit it and convert the
seria received data into parallel data for the processor to read. The start bit, parity bit and the
stop bits are automatically added in the transmit direction and is stripped in the receive direction.

The design consists of the following main blocks:
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2.3.1 Read/Writecontrol logic

This block interfaces with the processor and generates read / write enable signals to the internal
registers.

2.3.2 Register block

This block contains all the registers accessible from the processor. These registers control the
functionality of the SCU and also provide status of different functions of the SCU to the
processor.

2.3.3 Interrupt Generation Logic
This block generates the interrupt to the processor

2.3.4 Transmitter

It also includes a transmit buffer which stores the data from the processor before transmission.
This block converts the parallel data to seria data, includes the start, stop and the parity bits
before transmitting on the TXD.

2.35 Recaver

This block includes the receive buffer which buffers the incoming data from the RXD. This
block detects the valid incoming data, strips the start, stop and parity bits, converts it into
parallel data before storing in the receive buffer for the processor to read.

2.3.6 Modem control

This block generates the modem interface signals like RTS_ N and DTR_N. The RTS N,
CTS N, DSR_N and DTR_N can also be used as general-purpose I/O pins.
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24 SCU I/O Description
The 1/O signals of the FPGA are described below.

2.4.1 Processor Interface Signal Description

Table 2: Processor Interface Signal Description

SIGNAL /0O | WIDTH DESCRIPTION

RESET I I 1 Active high asynchronous reset signal

CLK I I 1 Processor Clock signal

IORD_N_|I I 1 Active low IO Read signa from the processor.
This signa is active low when reading data or
status information or interrupt mask information
from the core

IOWR_N_|I I 1 Active low 10 Write signa from the processor.
This signal is active low when writing data or
mode byte or command byte or interrupt mask
information to the core

CS N_| I 1 Active low Chip select signal from the processor

D_1[7:0] I 8 Data from the Processor to the Core

D_O[7:0] O 8 Data from the core to the processor

D VLD O O 8 Active high data valid Signal which indicates the
valid data on the data bus from the core to
processor

A_I[1:Q] I 2 Processor address bits A[1:0] or A[2:1] for
register address decoding

SINT_O O 1 Active high Serial interrupt from the core
towards processor

2.4.2 USART Interface Signal Description
Table 3: USART Interface Signal Description

SIGNAL /0 WIDTH DESCRIPTION
SCU_CLK | I 1 Externa clock signa for Transmitter and
Receiver
RXD_I I 1 Receive data (serial)
TXD_O O 1 Transmit data (serial)
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CTS N_|

Active low Clear To Send signal. When this
signal is asserted, core can transmit the data

RTS N_O

Active low Request To Send signal. This signa
will be asserted, when core is ready to transmit
the serid data

DTR_N_O

Active low Data Terminal Ready signal. This
signal is asserted, when core is ready to transmit
or receive the serial data

DSR_N_|

Active low Data Set Ready input Signal.
Asserted signal indicates that DCE is connected
to the telecommunication line

RXRDY_O

Active high Receive data ready signal from the
core. When this signal is asserted, receive data
buffer has avalid received data
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3 Register Description
Serial Control Unit register read/write is performed by input/output instructions on an address set
in the system 1/O area, and the selection of registersisby Al and A0 (ICAG =1) or A2and Al
(ICAG =0).
3.1 Register List
Table 4: Register List

Sl Register Name Width Read/ Access Mode
No Write | ATA2 | AO/AL
1. | SRB (SCU Receive data buffer) 8 R 0 0
2. | STB (SCU Transmit Data Buffer) 8 w 0 0
3. | SST (SCU Status Register) 8 R 0 1
4. | SCM (SCU Command Register) 8 W 0 1
5. | SMD (SCU Mode Register) 8 w 1 0
6. | SIMK (Seria Interrupt Mask 8 R/W 1 1
Register)
3.2 SCU Register Description
3.21 ModeRegister (SMD)
Thisregister is used to set mode bits for serial data transfer
Table5: Mode Register
Mode Word Register
Bit Bit name Read/ | Default Description
Write
1.0 |BF W 00 Baud Rate Setting Bits. These bits indicate

data transmission/reception baud rate.
Ox — Setting prohibited

10 — SCUCLK frequency / 16

11 — SCUCLK frequency / 64

32 |CL W 00 Character Length Bits. These bitsindicate
the no of data bits to be transmitted/received
in each data block
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Bit Bit name Read/ | Default Description
Write
Ox + Setting prohibited
10 + 7 bits
11 + 8 hits
54 | PS W 00 Parity Selection bits. These bits indicate

parity Settings for the data
transmi ssion/reception

X0 + Parity Disabled
01 + Odd parity addition/check
11 + Even parity addition/check

7.6 | STL W 00 Number of stop bits. These bits indicate
number of stop bits setting for data
transmi ssion/reception

X0 £ Setting prohibited
01 +1 bit
11 + 2 bits

3.2.2 Command Register (SCM)
Thisregister is used to set the command bits for the serial transfer

Table 6: Command Register

Command Register

Bit Bit name Read/ | Default Description
Write
0 TE W 0 Transmit Enable bit. This bit indicates
whether data transmission is enabled or
disabled

0 + Data Transmission disabled
1 + Data Transmission enabled

1 DTR W 0 DTR_N pin control bit. This bit controls the
data termina ready signal of the modem
controller

0+ DTR_N will be deasserted
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Command Register

Bit Bit name Read/ | Default Description
Write

1+ DTR_N will be asserted

2 RE W 0 Receive Enable bit. This bit indicates
whether data reception is enabled or disabled

0 + Data Reception is disabled
1 + Data Reception is enabled

3 SBRK W 0 Break Transmission bit. This bit is command
for sending break.

0 £ TXD pin normal operation
1+ TXD pin low-level output

4 ECL W 0 Error Clear bit. This is command for
clearing the error flags PE, OVE, FE of the
Seria Status Register (SST)

0 £ No Operation
1 + Clear the error flags

5 RTS W 0 RTS_N pin control. Thisbit isfor controlling
the Request To Send signal of the modem
controller

0+ RTS_N will be deasserted
1+ RTS N will be asserted

7:6 Reserved - 0 -

3.2.3 Serial Status Register (SST)
Thisregister is used ate the status bits during the serial transfer

Table 7: Serial Status Register

Serial Status Register

Bit Bit name Read/ | Default Description
Write
0 TBRDY R 1 Transmit Data Buffer State. This bit

indicates whether the transmitter data buffer
IS empty or not. This bit can be used as an
interrupt to the processor for data
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Serial Status Register

Bit

Bit name

Read/
Write

Default

Description

transmission. The interrupt gets cleared
when the processor writes the data to the
transmit data buffer.

0 + STB write disabled(Transmission data
buffer is not empty)

1 + STB write enabled( Transmit data buffer
is empty)

RBRDY

Receive data buffer state. This bit indicates
whether the recelve data buffer is has new
received data or not. This bit can be used as
an interrupt to the processor for data
reception. The interrupt gets cleared when
the processor reads the data from the
receive data buffer

0 + SRB contains old received data
1 + SRB contains new received data

Reserved

PE

Parity Error. This bit indicates whether
parity error has been generated or not for
data reception

0 £ No Parity error

1 +Parity error has been generated for data
reception

OVE

Overrun Error. This bit indicates whether
overrun error has been generated or not for
data reception

0 = No Overrun Error

1 +Overrun error has been generated for
data reception

FE

Frame Error. This bit indicates whether
framing error has been generated or not for
data reception

0+ No Frame Error

1 tFrame error has been generated for data
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Bit Bit name Read/ | Default Description
Write
reception
6 BKD R 0 Break Detect. This bit indicates whether
break has been detected or not for data
reception

0+ Normal reception
1 + Break State detection for data reception

7 DSR R 0 DSR_N input status. This bit indicates the
status of the data set ready signal of the
modem controller

0+ DSR_N isdeasserted
1+ DSR N isasserted

3.24 Serial Interrupt Mask Register (SIMK)
Thisregister is used to mask the interrupt mask bits for the serial transfer

Table 8: Serial Interrupt Mask Register

Serial Interrupt Mask
Register
Bit Bit name Read/ | Default Description
Write
0 RM R/W 0 RBRDY Interrupt Mask bit. This bit
indicates RBRDY bit of Serial Status
Register (SST) is masked or not for
interrupt generation.
0 £ non-mask
1 + mask
1 ™ R/W 0 TBRDY Interrupt Mask This bit indicates
TBRDY bit of Seria Status Register (SST)
ismasked or not for interrupt generation.
0 £ non-mask
1 + mask
7.2 Reserved R 0 -
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4 \Waveforms

4.1 Processor Cycle

4.1.1 Read Cycle

|
L ISR ISR PR U I N SNV N N
~><]
W e — -
.~ ~~ | I -
J| SN (DD PR D S I S SIS S R
A
....................... e T
|
.TI IIIIIIIII \KI IIIIIIIIIIIIIIIIIIIIIIIIIIIII
>
[ IS I A I S I —<J_.
_l = ° =7
—_ o
— > “ S a Z<
< _ m = O o x
—_ n _ _ X n =
O O ) < | ¥ Qo0

Figure 3: Processor Read Cycle Waveform
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Figure 4: Processor Write Cycle Waveform

Page 17 of 18

iWave Systems Technologies Pvt. Ltd.



R 1.0

IW-Serial Control Unit

CLK 16 CLK 17

CLK 1

5
CLK 33

CLK 32

CLK 17

CLK 16

Figure5: Transmitter Clock and Transmitter data waveform
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4.2 USART Interface waveforms
421 Transmitter Clock and Tx DATA
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Figure 6: Receiver Clock and Receiver data waveform
iWave Systems Technologies Pvt. Ltd.

SCU_CLK_|I
[16xBR]
SCU_CLK_I
[64xBR]
TXD_O
SCU_CLK |
[16XxBR]
RXD _|
SCU_CLK |
[64xBR]
RXD_|

TXD O
4.2.2 Receiver Clock and Rx DATA




