SC16C750

Universal Asynchronous Receiver/Transmitter (UART)
with 64-byte FIFO
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1. General description

2. Features

The SC16C750 is a Universal Asynchronous Receiver and Transmitter (UART) used
for serial data communications. Its principal function is to convert parallel data into
serial data, and vice versa. The UART can handle serial data rates up to 3 Mbits/s.

The SC16C750 is pin compatible with the TL16C750 and it will power-up to be
functionally equivalent to the 16C450. Programming of control registers enables the
added features of the SC16C750. Some of these added features are the 64-byte
receive and transmit FIFOs, automatic hardware flow control. The selectable
auto-flow control feature significantly reduces software overload and increases
system efficiency while in FIFO mode by automatically controlling serial data flow
using RTS output and CTS input signals. The SC16C750 also provides DMA mode
data transfers through FIFO trigger levels and the TXRDY and RXRDY signals.
On-board status registers provide the user with error indications, operational status,
and modem interface control. System interrupts may be tailored to meet user
requirements. An internal loop-back capability allows on-board diagnostics.

The SC16C750 operates at5 V, 3.3 V and 2.5 V, the industrial temperature range and
is available in plastic PLCC44 and LQFP64 packages.

5V, 3.3V and 2.5V operation

Industrial temperature range

After reset, all registers are identical to the typical 16C450 register set
Capable of running with all existing generic 16C450 software

Pin compatibility with the industry-standard ST16C450/550, TL16C450/550,
PC16C450/550

m  Up to 3 Mbits/s transmit/receive operation at 5 V, 2 Mbits/s at 3.3 V, and
1 Mbit/lsat 2.5V

64 byte transmit FIFO
64 byte receive FIFO with error flags
Programmable auto-RTS and auto-CTS
[J In auto-CTS mode, CTS controls transmitter
] In auto-RTS mode, RXFIFO contents and threshold control RTS
Automatic hardware flow control
Software selectable Baud Rate Generator
Four selectable Receive interrupt trigger levels
Standard modem interface
Sleep mode
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m Standard asynchronous error and framing bits (Start, Stop, and Parity Overrun
Break)

Independent receiver clock input
Transmit, Receive, Line Status, and Data Set interrupts independently controlled
Fully programmable character formatting:
[J 5-, 6-, 7-, or 8-bit characters
[J Even-, Odd-, or No-Parity formats
0 1-, 1¥%-, or 2-stop bit
[ Baud generation (DC to 3 Mbits/s)
False start-bit detection
Complete status reporting capabilities
3-State output TTL drive capabilities for bi-directional data bus and control bus
Line Break generation and detection
Internal diagnostic capabilities:
[] Loop-back controls for communications link fault isolation
Prioritized interrupt system controls
Modem control functions (CTS, RTS, DSR, DTR, RI, DCD).

3. Ordering information

Table 1:  Ordering information
Industrial: Voc =2.5V, 3.3V or5V+ 10%; Tamp =—40°C to +85 °C.

Type number Package

Name Description Version
SC16C7501A44 PLCC44 plastic leaded chip carrier; 44 leads SOT187-2
SC16C750IB64 LQFP64 plastic low profile quad flat package; 64 leads; 10 x 10 x 1.4 mm SOT314-2
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4. Block diagram

SC16C750
1
! |
TRANSMIT TRANSMIT
I — FIFO — SHIFT > T
: | REGISTERS REGISTER
D0-D7 DATA BUS |
IOR, [OR — AND C— @
IOW, TOW
Rl CONTROL LOGIC | :
I | FLOW
| |<:> CONTROL
| LOGIC
|
! |
! |
! |
PN = ——
| 2 9 | REGISTERS REGISTER
o Z |
| 2 & |
| 522
w
| 2 2
S 2 FLOW
A0-A2 — REGISTER & |® <,':
CS0, Cs1,CS2 7:> SELECT :>| wo© | C(E(N)gzco :
AS LOGIC | |
! |
! |
ooS %Q : |
|
| | o
| 5TR
K: RTS
| | OUT1, OUT2
! |
MODEM
i ¢ L
RXRDY I | LoGic cTs
INTERRUPT CLOCK AND L R
CONTROL k ,': BAUD RATE \——1— beo
LOGIC | | GENERATOR DSR
|
! |
L——
| | A4 00222a335
XTALL  XTAL2
RCLK BAUDOUT
Fig 1. Block diagram.
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5.1 Pinning

: 833888 BELBE
[] [io] [] [] [~] [-] [5] [] [8] [<] [S]
o
D5 [ 7] [39] RESET
D6 [ 8] [38] OUTT
p7[ 9] 37] TR
RCLK [10 36] RTS
RX [11 35] OUT2
NC [12 SC16C7501A44 [34] NC
% [13 [33] INT
cso [14 [32] RXRDY
csi[15 31] Ao
Cs2 [16] [30] AL
BAUDOUT [17 29] A2
ISEE22EER M
£ % © 5 |%

Fig 2. PLCC44 pin configuration.
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Fig 3.
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NC [22]
INT [23]
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o7 29
NC [29]
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RXRDY

LQFP64 pin configuration.

5.2 Pin description

Table 2:  Pin description
Symbol Pin Type |Description
PLCCA44 |LQFP64
A2-A0 28,27, 17,18,20 | Register select. A0-A2 are used during read and write operations to select
26 the UART register to read from or write to. Refer to Table 3 for register
addresses and refer to AS description.

AS 28 15 | Address strobe. When AS is active (LOW), A0, A1, and A2 and CSO0, CS1,
and CS2 drive the internal select logic directly; when AS is HIGH, the
register select and chip select signals are held at the logic levels they were
in when the LOW-to-HIGH transition of AS occurred.

BAUDOUT 17 64 (0] Baud out. BAUDOUT is a 16x clock signal for the transmitter section of the

9397 750 11623

UART. The clock rate is established by the reference oscillator frequency
divided by a divisor specified in the baud generator divisor latches.
BAUDOUT may also be used for the receiver section by tying this output to
RCLK.
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Table 2: Pin description ...continued
Symbol Pin Type |Description
PLCC44 LQFP64

CSO0, CS1, 14,15, 59,61,62 | Chip select. When CS0 and CS1 are HIGH and CS2 is LOW, these three

CS2 16 inputs select the UART. When any of these inputs are inactive, the UART
remains inactive (refer to AS description).

CTS 40 33 | Clear to send. CTS is a modem status signal. Its condition can be checked
by reading bit 4 (CTS) of the modem status register. Bit 0 (ACTS) of the
modem status register indicates that CTS has changed states since the last
read from the modem status register. If the modem status interrupt is
enabled when CTS changes levels and the auto-CTS mode is not enabled,
an interrupt is generated. CTS is also used in the auto-CTS mode to control
the transmitter.

D7-D0O 2-9 52,51,50, /O Data bus. Eight data lines with 3-State outputs provide a bi-directional path

48, 46, 45, for data, control and status information between the UART and the CPU.
43, 42

DCD 42 36 | Data carrier detect. DCD is a modem status signal. Its condition can be
checked by reading bit 7 (DCD) of the modem status register. Bit 3 (ADCD)
of the modem status register indicates that DCD has changed states since
the last read from the modem status register. If the modem status interrupt
is enabled when DCD changes levels, an interrupt is generated.

DDIS 26 12 (0] Driver disable. DDIS is active (LOW) when the CPU is not reading data.
When active, DDIS can disable an external transceiver.

DSR 41 35 | Data set ready. DSR is a modem status signal. Its condition can be
checked by reading bit 5 (DSR) of the modem status register. Bit 1 (ADSR)
of the modem status register indicates DSR has changed levels since the
last read from the modem status register. If the modem status interrupt is
enabled when DSR changes levels, an interrupt is generated.

DTR 37 28 (0] Data terminal ready. When active (LOW), DTR informs a modem or data
set that the UART is ready to establish communication. DTR is placed in the
active level by setting the DTR bit of the modem control register. DTR is
placed in the inactive level either as a result of a Master Reset, during loop
mode operation, or clearing the DTR bit.

INT 33 23 (0] Interrupt. When active (HIGH), INT informs the CPU that the UART has an
interrupt to be serviced. Four conditions that cause an interrupt to be issued
are: a receiver error, received data that is available or timed out (FIFO mode
only), an empty transmitter holding register or an enabled modem status
interrupt. INT is reset (deactivated) either when the interrupt is serviced or
as a result of a Master Reset.

MR 39 32 | Master Reset. When active (HIGH), MR clears most UART registers and
sets the levels of various output signals.

NC 34 3,5,7,11, Not connected.

14, 16, 19,
22,24, 27,
29, 31, 34,
37, 39, 41,
44, 47, 49,
53, 56, 57,
60, 63
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Table 2:  Pin description

...continued

UART with 64-byte FIFO

Symbol Pin

PLCC44
OUT1, OUT2 38, 35

RCLK 10

IOR, IOR 24,25

RTS 36

RXRDY 32

RX 11

TX 13

9397 750 11623

LQFP64
30, 25

54

9,10

38

26

21

55

58

Type

O

Description

Outputs 1 and 2. These are user-designated output terminals that are set
to the active (low) level by setting respective modem control register (MCR)
bits (OUT1 and OUT2). OUT1 and OUT2 are set to inactive the (HIGH) level
as a result of Master Reset, during loop mode operations, or by clearing

bit 2 (OUT1) or bit 3 (OUT2) of the MCR.

Receiver clock. RCLK is the 16x baud rate clock for the receiver section of
the UART.

Read inputs. When either IOR or IOR is active (LOW or HIGH,
respectively) while the UART is selected, the CPU is allowed to read status
information or data from a selected UART register. Only one of these inputs
is required for the transfer of data during a read operation; the other input
should be tied to its inactive level (i.e., IOR tied LOW or IOR tied HIGH).

Ring indicator. Rl is a modem status signal. Its condition can be checked
by reading bit 6 (RI) of the modem status register. Bit 2 (ARI) of the modem
status register indicates that RI has transitioned from a LOW to a HIGH
level since the last read from the modem status register. If the modem
status interrupt is enabled when this transition occurs, an interrupt is
generated.

Request to send. When active, RTS informs the modem or data set that
the UART is ready to receive data. RTS is set to the active level by setting
the RTS modem control register bit and is set to the inactive (HIGH) level
either as a result of a Master Reset or during loop mode operations or by
clearing bit 1 (RTS) of the MCR. In the auto-RTS mode, RTS is set to the
inactive level by the receiver threshold control logic.

Receiver ready. Receiver direct memory access (DMA) signaling is
available with RXRDY. When operating in the FIFO mode, one of two types
of DMA signaling can be selected using the FIFO control register bit 3
(FCRJ3]). When operating in the 16C450 mode, only DMA mode 0 is
allowed. Mode 0 supports single-transfer DMA in which a transfer is made
between CPU bus cycles. Mode 1 supports multi-transfer DMA in which
multiple transfers are made continuously until the receiver FIFO has been
emptied. In DMA mode 0 (FCRO = 0 or FCRO = 1, FCR3 = 0), when there is
at least one character in the receiver FIFO or receiver holding register,
RXRDY is active (LOW). When RXRDY has been active but there are no
characters in the FIFO or holding register, RXRDY goes inactive (HIGH). In
DMA mode 1 (FCRO = 1, FCR3 = 1), when the trigger level or the time-out
has been reached, RXRDY goes active (LOW); when it has been active but
there are no more characters in the FIFO or holding register, it goes inactive
(HIGH).

Serial data input. RX is serial data input from a connected communications
device.

Serial data output. TX is composite serial data output to a connected
communication device. TX is set to the marking (HIGH) level as a result of
Master Reset.
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Table 2:  Pin description ...continued

Symbol Pin Type |Description
PLCC44 LQFP64
TXRDY 27 13 (0] Transmitter ready. Transmitter DMA signaling is available with TXRDY.

When operating in the FIFO mode, one of two types of DMA signaling can
be selected using FCR[3]. When operating in the 16C450 mode, only DMA
mode 0 is allowed. Mode 0 supports single-transfer DMA in which a transfer
is made between CPU bus cycles. Mode 1 supports multi-transfer DMA in
which multiple transfers are made continuously until the transmit FIFO has

been filled.
Vee 44 40 Power 2.5V, 3V or5YV supply voltage.
Vss 22 8 Power Ground voltage.
10w, IoW 20,21 4,6 | Write inputs.  When either IOW or IOW is active (LOW or HIGH,

respectively) and while the UART is selected, the CPU is allowed to write
control words or data into a selected UART register. Only one of these

inputs is required to transfer data during a write operation; the other input
should be tied to its inactive level (i.e., IOW tied LOW or IOW tied HIGH).

XTAL1 18 1 | Crystal connection or External clock input.
XTAL2[Y 19 2 (0] Crystal connection or the inversion of XTALL if XTAL1 is driven.

[1] In sleep mode, XTAL2 is left floating.

9397 750 11623 © Koninklijke Philips Electronics N.V. 2003. All rights reserved.
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6. Functional description

The SC16C750 provides serial asynchronous receive data synchronization,
parallel-to-serial and serial-to-parallel data conversions for both the transmitter and
receiver sections. These functions are necessary for converting the serial data
stream into parallel data that is required with digital data systems. Synchronization for
the serial data stream is accomplished by adding start and stop bits to the transmit
data to form a data character (character orientated protocol). Data integrity is insured
by attaching a parity bit to the data character. The parity bit is checked by the receiver
for any transmission bit errors. The SC16C750 is fabricated with an advanced CMOS
process to achieve low drain power and high speed requirements.

The SC16C750 is an upward solution that provides 64 bytes of transmit and receive
FIFO memory, instead of none in the 16C450, or 16 in the 16C550. The SC16C750 is
designed to work with high speed modems and shared network environments that
require fast data processing time. Increased performance is realized in the
SC16C750 by the larger transmit and receive FIFOs. This allows the external
processor to handle more networking tasks within a given time. In addition, the four
selectable levels of FIFO trigger interrupt and automatic hardware flow control is
uniquely provided for maximum data throughput performance, especially when
operating in a multi-channel environment. The combination of the above greatly
reduces the bandwidth requirement of the external controlling CPU, increases
performance, and reduces power consumption.

The SC16C750 is capable of operation up to 3 Mbits/s with a 48 MHz external clock
input (at 5 V).

The rich feature set of the SC16C750 is available through internal registers.
Automatic hardware flow control, selectable transmit and receive FIFO trigger level,
selectable TX and RX baud rates, modem interface controls, and a sleep mode are
some of these features.

6.1 Internal registers

The SC16C750 provides 15 internal registers for monitoring and control. These
registers are shown in Table 3. Twelve registers are similar to those already available
in the standard 16C550. These registers function as data holding registers
(THR/RHR), interrupt status and control registers (IER/ISR), a FIFO control register
(FCR), line status and control registers (LCR/LSR), modem status and control
registers (MCR/MSR), programmable data rate (clock) control registers (DLL/DLM),
and a user accessible scratchpad register (SPR). Beyond the general 16C550
features and capabilities, the SC16C750 offers an enhanced feature register that
provides on-board hardware flow control. Register functions are more fully described
in the following paragraphs.

9397 750 11623 © Koninklijke Philips Electronics N.V. 2003. All rights reserved.
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Table 3:  Internal registers decoding

A2 Al AO READ mode WRITE mode

General register set (THR/RHR, IER/ISR, MCR/MSR, FCR, LSR, SPR) [l

0 0 0 Receive Holding Register Transmit Holding Register
0 0 1 Interrupt Enable Register
0 1 0 Interrupt Status Register FIFO Control Register

0 1 1 Line Control Register

1 0 0 Modem Control Register
1 0 1 Line Status Register n/a

1 1 0 Modem Status Register n/a

1 1 1 Scratchpad Register Scratchpad Register
Baud rate register set (DLL/DLM) [2]

0 0 0 LSB of Divisor Latch LSB of Divisor Latch

0 0 1 MSB of Divisor Latch MSB of Divisor Latch
Enhanced register set (EFR, Xon/off 1-2) [3]

0 1 0 Enhanced Feature Register Enhanced Feature Register
1 0 0 Xonl word Xonl word

1 0 1 Xon2 word Xon2 word

1 1 0 Xoffl word Xoffl word

1 1 1 Xoff2 word Xoff2 word

[1] These registers are accessible only when LCR[7] is a logic 0.
[2] These registers are accessible only when LCR[7] is a logic 1.

[3] Enhanced Feature Register, Xonl, 2 and Xoffl, 2 are accessible only when the LCR is set to
‘BF(HEX)'.

6.2 FIFO operation

The 64-byte transmit and receive data FIFOs are enabled by the FIFO Control
Register bit-0 (FCR[0]). With 16C550 devices, the user can set the receive trigger
level, but not the transmit trigger level. The SC16C750 provides independent trigger
levels for both receiver and transmitter. To remain compatible with SC16C550, the
transmit interrupt trigger level is set to 16 following a reset. It should be noted that the
user can set the transmit trigger levels by writing to the FCR register, but activation
will not take place until EFR[4] is set to a logic 1. The receiver FIFO section includes
a time-out function to ensure data is delivered to the external CPU. An interrupt is
generated whenever the Receive Holding Register (RHR) has not been read
following the loading of a character or the receive trigger level has not been reached.

Table 4: Flow control mechanism

Selected trigger level INT pin activation Negate RTS Assert RTS
(characters)

16-byte FIFO

1

4 4 8

8 8 12 8

14 14 14 10
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