SAB 82C50/SAB 16C450
Universal Asynchronous
Receiver/Transmitter

® Easily interfaces to most popular
Mmicroprocessors

® Adds or deletes standard asynchronous
communication bits (start, stop, and parity)
to or from a serial data stream

® Holding and shift registers eliminate the
need for precise synchronization
between the CPU and the serial data

@ Independently controlled transmit,
receive, line status and data set interrupts

® Programmable baud rate generator allows
division of any input clock by 1 to (2'%-1)
and generates the internal 16x clock

® Independent receiver clock input

® MODEM control functions (CTS, RTS, DSR,
DTR, Rl and DCD})

® False start bit detection

® Complete status reporting capabilities

® Fully programmable serial interface
characteristics:
- 5/6/7/8-bit characters
— Even, odd, or no-parity bit generation
and detection
-1, 1/,, or 2-stop bit generation
— Baud rate generation (DC to 512Kbaud)
® Tri-state TTL drive capability for
bidirectional data bus and control bus
® Line break generation and detection
@ Internal diagnostic capabilities:
— Loopback controls for communications
link fault isolation
— Break, parity, overrun, framing error
simulation
® Fully prioritized interrupt system controls
® P-DIP-40 and PL-CC-44 packages
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SAB 82C50/SAB 16C450

The SAB 82C50/16C450 (UART) performs serial-to-parallel conversion on data characters
received from a peripheral device or a modem, and parallel-to-serial conversion on data
characters received from the CPU. The CPU can read the complete status of the UART at any
time during the functional operation. Status information reported includes the type and
condition of the transfer operations being performed by the UART, as well as any error condi-
tion (parity, overrun, framing, or break interrupt).

The UART includes a programmable baud rate generator that is capable of dividing the timing
reference clock input by 1to (2'%-1), and of producing a 16 clock for driving the internal trans-
mitter logic. Provisions have also been made to use this 16 x clock for driving the receiver logic.
The UART features full modem-control capability and a processor interrupt system. Interrupts
can be programmed to the user’s requirements, minimizing the computing necessary for
handling the communications link. ’

The SAB 82C50/16C450 is fabricated in Siemens ACMOS technology and comes in a 40-pin
plastic dual-in-line package (P-DIP-40) or in a 44-pin plastic leaded chip carrier (PL-CC-44).
The SAB 82C50/16C450 is compatible to the industry standard 8250/16450 communication
controller.

Siemens Components, Inc. 4-199




SAB 82C50/SAB 16C450
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SAB 82C50/SAB 16C450

Pin Definitions and Functions

Symbol

Pin')

Input (1}
Qutput (O}

Function

DO-D7

1-8

170

Data bus

This bus comprises eight tri-state input/output lines. The bus
provides bidirectional communication between the UART and the
CPU. Data, control words, and status information are transferred
via the D0-D7 data bus.

RCLK

Receiver clock
This input is the 16 x baud rate clock input for the receiver section
of the chip.

SIN

10

Serial data in
Serial datainput fromthe communications link (peripheral device,
modem, or data set).

SOouUT

1

Serial data out

This is the composite serial data output to the communications
link {peripheral, modem or data set). The SOUT signal is set to the
marking (logic 1) state upon a master reset operation or when the
transmitter is idle.

Cso
CS1
Cs2

12

14

Chip select

When CS0 and CS1 are high and C52 is low, the chip is selected.
This enables communication between the UART and the CPU.
The positive edge of an active address strobe signal latches the
decoded chip select signals, completing chip selection. If ADS is
always low, valid chip selects should stabilize according to the
tcsw parameter.

BAUDOUT

15

Baud rate out

This is the 16X clock signal from the transmitter section of the
UART. The clock rate is equal to the main reference oscillator
frequency divided by the specified divisor in the baud rate
generator divisor latches. The BAUDOUT may also be used for the
receiver section by tying this output to the RCLK input of the chip.

XIN
XouT

16
17

Oscillator in/out

These two pins connect the main timing reference (crystal or signal
clock) to the UART. When a crystal oscillator or a clock signal is
provided, it drives the UART via XIN (see typical clock circuits).

18
19

Write/Write

When WR is high or WR is low while the chip is selected, the CPU
can write control words or data into the selected UART register.
Note: Only one active WR or WR input is required to transfer data
to the UART during a write operation. Therefore, tie either the WR
input permanently low or the WR input permanently high, when it
is not used.

') Pin numbers are related to the plastic dual-in-line package (P-DIP-40).

Siemens Components, Inc.
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SAB 82C50/SAB 16C450

Pin Definitions and Functions (cont’d)

Symbol

Pin"

Input (1)
Output (O)

Function

RD
RD

21
22

Read

When RD is high or RD is low while the chip is selected, the CPU
can read status information or data from the selected UART
register.

Note: Only one active RD or RD input is required to transfer data
from the UART during a read operation. Therefore, tie either the
RD input permanently low or the RD input permanently high,
when it is not used.

DDIS

23

Driver disable

This signal goes low whenever the CPU is reading data from the
UART. It can disable or control the direction of a data bus
transceiver between the CPU and the UART.

csouT

24

Chip select out

When high, this signal indicates that the chip has been selected by
active CS0, CS1, and CS2 inputs. No data transfer can be initiated
until the CSOUT signal is a logic 1. CSOUT goes low when the
UART is deselected.

>
O
(3]

25

Address strobe

The positive edge of active address strobe (ADS) signal latches the
register select (A0, A1, A2) and chip select {CS0, CS1, TS2) signals.
Note: An active ADS input is required when the register select
(AD, A1, A2) signals are not stable for the duration of a read or write
operation. If not required, tie the ADS input permanently iow.

A2-A0

26-28

Address 2-0

Address signals connected to these 3inputs select a UART register
for the CPU to read from or write to during data transfer. A table of
registers and their addresses is shown in the following. Note that
the state of the divisor latch access bit (DLAB), which is the most
significant bit of the line control register, affects the selection of
certain UART registers. The DLAB must be set high by the system
software to access the baud rate generator divisor latches.

Register Addresses

DLAB | A; Aq A, | Register
0 0 0 0 | Receiver buffer (read),
transmitter holding register (write)
0 4] 0 1 | Interrupt enable
X 0 1 0 | Interrupt identification (read only)
X 0 1 1 | Line control
X 1 0 0 | Modem control
X 1 0 1 | Line status
X 1 1 0 | Modem status
X 1 1 1 | Scratch
1 0 0 0 | Divisor latch (least significant byte)
1 0 0 1 | Divisor latch (most significant byte)

') Pin numbers are related to the plastic dual-in-line package (P-DIP-40).
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Pin Definitions and Functions {cont’d)

Symbol

Pin"!

Input (1)
Output (O)

Function

INTR

30

(0]

Interrupt request

This signal goes high whenever any one of the following interrupt
types has an active high condition and is enabled via the |ER:
receiver line status; received data available; transmitter holding
register empty; and modem status. The INTR signals is reset low
upon the appropriate interrupt service or a master reset operation.

3

Output 2 ‘

This user-designated output can be set to an active low by pro-
gramming bit 3 (OUT 2} of the modem control register to a high
level. A master reset operation sets this signal to its inactive (high)
state. Loop mode operation holds this signal in its inactive state.

x|
w

32

Request to send

When low, this signal informs the modem or data set that the
UART is ready to exchange data. The RTS output signal can be set
to an active low by programming bit 1 (RTS) of the modem control
register. A master reset operation sets this signal to its inactive
(high) state. Loop mode operation holds this signal in its inactive
state.

33

Data terminal ready

When low, this informs the modem or data set that the UART is
ready to establish a communications link. The DTR output signal
can be set to an active low by programming bit 0 (DTR) of the
modem control register to a high level. A master reset operation
sets this signal to its inactive (high) state. Loop mode operation
holds this signal in its inactive state.

34

Output 1

This user-designated output can be set to an active low by pro-
gramming bit 2 (OQUT 1) of the modem control register to a high
level. A master reset operation sets this signal to its inactive (high)
state. Loop mode operation holds this signal in its inactive state.

MR

35

Master reset

When this input is high, all the registers (except for the receiver
buffer, transmitter holding, and divisor latches) and the control
logic of the UART are cleared. The states of various output signals
(SOUT, INTR, OUT 1, OUT 2, RTS, DTR) are affected by an active
MR input. (Refer to Table 2). This input is buffered with a TTL-
compatible Schmitt trigger with 0.5V typical hysteresis.

36

Clear to send

When low, this signal indicates thatthe modem or data setis ready
to exchange data. The CTS signal is a modem status input whose
condition can be tested by the CPU reading bit 4 (CTS) of the
modem status register. Bit 4 is the complement of the CTS signal.
Bit 0(DCTS) of the modem status register indicates whether the
CTS input has changed state since the previous reading of the
modem status register. CTS has no effect on the transmitter.

Note: Whenever the CTS bit of the modem status register changes
state, an interrupt is generated if the modemn status interrupt is
enabled.

') Pin numbers are related to the plastic dual-in-line package (P-DIP-40).

Siemens Components, Inc.
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Pin Definitions and Functions (cont’'d)

Symbol

Pin"

Input (1)
Output (O}

Function

DSR

Data set ready

When low, this signal indicates that the modem or data set is ready
to establish the communication link with the UART, The DSR
signal is a modem status input whose condition can be tested by
the CPU reading bit 5 (DSR) or the modem status register. Bit 5 is
the complement of the DSR signal. Bit 1 (DDSR) of the modem
status register indicates whether the DSR input has changed since
the previous reading of the modem status register.

Note: Whenever the DSR bit of the modem status register changes
state, an interrupt is generated if the modem status interrupt is
enabled.

O
O
lw)

38

Data carrier detect

When low, it indicates that the data carrier has been detected by
the MODEM or data set. The DCD signal is a modem status whose
condition can be tested by the CPU reading bit 7 (DCD) of the
modem status register. Bit 7 is the complement of the DCD signal.
Bit 3 (DDCD) of the modem status register indicates whether the
DCDinput has changed state since the previous reading of the
modem status register. DCD has no effect on the receiver.

Note: Whenever the DCD bit of the modem status register chan-
ges state, an interrupt is generated if the modem status interrupt
is enabled.

2|

39

Ring indicator

When low, this signal indicates that a telephone ringing signal
has been received by the modem or data set. The Ri signal is a
modem status input whose condition can be tested by the CPU
reading bit 6 (RI) of the modem status register. Bit 6 is the com-
plement of the Rl signal. Bit 2 (TERI) of the modem status register
indicates whether the Rl input signal has changed from a low to
a high state since the previous reading of the modem status
register.

Note: Whenever the Rl bit of the modem status register changes
from a high to a low state, an interrupt is generated if the modem
status interrupt is enabled.

40

Power supply (+5V)

GND

20

Ground (0V)

') Pin numbers are related to the plastic dual-in-line package (P-DIP-40).
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Register Description

Table 1: Summary of Registers

Register Address
0 (DLAB = 0) 0 (DLAB = 0) 1 (DLAB = 0) 2 3
Bit Receiver Transmitter Interrupt Interrupt Line
no. buffer holding enable ident. control
register register register register register
(read only) (write only) {read only)
RBR THR IER IR LCR
0 Data bit 0 Data bit 0 Received "0 if Word length
) B data interrupt is select bit 0
available pending {WLSO0)

1 Data bit 1 Data bit 1 Transmitter Interrupt Word
holding ID length select
register bit 0 bit 1 (WLS1)
empty

2 Data bit 2 Data bit 2 Receiver line Interrupt ID Number of

status bit 1 stop bits
(STB)

3 Data bit 3 Data bit 3 Modem 0 Parity enable

status (PEN)

4 Data bit 4 Data bit 4 0 0 Even parity

select (EPS)

5 Data bit5 Data bit5 0 0 Stick parity

6 Data bit 6 Data bit 6 0 0 Set break

7 Data bit 7 Data bit 7 0 0 Divisor

latch
access bit
(DLAB)

') Bit 0 is the least significant bit. It is the first bit serially transmitted or received.

Siemens Components, Inc.
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Table 1: Summary of Registers (cond't}

Register Address
4 5 6 7 0(DLAB=1) | 1(DLAB=1)
Bit Modem Line " Modem Scratch Divisor Divisor
no. control status . status register latch latch
register register register (LS) (MS)
MCR LSR MSR SCR DLL DLM
0 Data Data Delta Bit0 Bit 0 Bit 8
terminal ready clear
ready (DR) to send
(DTR) (DCTS)
1 Request Overrun Delta Bit 1 Bit 1 . Bit9
to send error data
(RTS) (OE) set
ready
(DDSR)
2 Out 1 Parity error Trailing Bit 2 Bit2 Bit 10
(PE) edge
ring
indicator
(TERH)
3 Out 2 Framing Delta Bit3 Bit 3 Bit 11
error (FE) data
carrier
detect
(DDCD)
4 Loop Break Clear to Bit 4 Bit4 Bit 12
interrupt send
(BI) (CTS)
5 0 Transmitter Data set Bit5 Bit5 Bit 13
holding ready
register ({DSR)
{THRE)
6 0 Transmitter Ring Bit 6 Bit6 Bit 14
empty indicator
(TEMT) (RI)
7 0 0 Data Bit7 Bit7 Bit 15
carrier
detect
{DCD)
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Table 2: Register Reset Functions

Register/signal Reset control Reset state
Interrupt enable register Master reset 0000 0000 ')
Interrupt identification register Master reset 0000 0001
Line control register Master reset 0000 0000
Modem control register Master reset 0000 0000
Line status register Master reset 0110 0000
Modem status register Master reset XXXX 0000 ?)
SOUT Master reset High

INTR (RCVR errors) Read LSR/MR Low

INTR (RCVR data ready) Read RBR/MR - | Low

INTR (THRE) Read IIR/write THR/MR Low

INTR (Modem status changes) Read MSR/MR Low

0ouT 2 . Master reset High

RTS Master reset High

DTR Master reset High

OouT1 Master reset High

') Boldface bits are permanently low.
2) Bits 7-4 are driven by the input signals.

The system programmer may access any of the UART registers summarized in Table 1 viathe
CPU. These registers control UART operations including transmission and reception of data.
Each register bit in Table 1 has its name and reset state shown in Table 2.

Line control register

The system programmer specifies the format of the asynchronous data communication
exchange and sets the divisor latch access bit via the line control register (LCR). The program-
mer can also read the contents of the line control register. The read capability simplifies system
programming and eliminates the need for separate storage of the line characteristics in system
memory.

Table 1 shows the contents of the LCR. Details on each bit follow:

Bits 0 and 1: These two bits specify the number of bits in each transmitted or received serial
character. The encoding of bits 0 and 1 is as follows:

Bit 1 Bit0 Character length
0 0 5 bits
0 1 6 bits
1 0 7 bits
1 1 8 bits

Siemens Components, Inc. 4-207
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Bit 2: This bit specifies the number of stop bits transmitted and received in each serial
character. If bit 2 is a logic 0, one stop bit is generated or checked in the transmitted data. If bit 2
is a logic 1 when a 5-bit word length is selected via bits 0 and 1, one and a half stop bits are
generated. If bit 2 is a logic 1 when either a 6, 7, or 8-bit word length is selected, two stop bits
are generated. The receiver checks the first stop bit only, irrespective of the number of stop
bits selected.

Bit 3: This bit is the parity enable bit. When bit 3 is a logic 1, a parity bit is generated {transmit
data) or checked (receive data) between the last data word bit and stop bit of the serial data.
(The parity bitis used to produce an even or odd number of 1's when the data word bits and the
parity bit are summed).

Bit 4: This bit is the even parity select bit. When bit 3 is a logic 1 and bit 4 is a logic 0, an odd
number of logic 1's is transmitted or checked in the data word bits and parity bit. When bit3is a
logic 1 and bit4 is a logic 1, an even number of logic 1's is transmitted or checked.

Bit 5: This bit is the stick parity bit. When bits 3, 4 and 5 are logic 1, the parity bit is transmitted
and checked as a logic 0. If bits 3and 5 are 1 and bit 4 is logic O then the parity bit is transmitted
and checked as a logic 1. If bit 5 is a logic 0 stick parity is disabled.

Bit6: This bit is the break control bit. It causes a break condition to be transmitted by the UART.
When it is set to a logic 1, the serial output (SOUT) is forced to the spacing (logic 0) state.
The break is disabled by clearing bit 6 to a logic 0. The break control bit acts only on SOUT and
has no effect on the transmitter logic.

Note: This feature enables the CPU to alert a terminal in a computer communications system. If the follow-
ing sequence is used, no erroneous or extraneous characters will be transmitted because of the break.

1. Load an all O’s pad character in response to THRE,

2. Set break after the next THRE.

3. Wait for the transmitter to be idle, (TEMT=1), and clear break when normal transmission is to be restored.
During the break, the transmitter can be used as a character timer to accurately establish the break duration.
Bit 7: This bit is the divisor latch access bit (DLAB). It must be set high (logic 1) to access the
divisor latches of the baud generator during a read or write operation. It must be set low
(logic 0) to access the receiver buffer, the transmitter holding register or the interrupt enable
register, .

Table 3: Baud Rates Using 1.8432 MHz Crystal

Desired Decimal Percent error

baud rate divisor used to | difference bet-

generate ween desired

16 x clock and actual

50 2304 -
75 1536 -
110 1047 0.026
134.5 857 0.058
150 768 -
300 384 -
600 192 -
1200 96 -
1800 64 -
2000 58 0.69
2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -
19200 6 -
38400 3 -
56000 2 2.86

4-208 Siemens Components, Inc.



SAB 82C50/SAB 16C450

Programmable Baud Rate Generator

The UART contains a programmable baud rate generator that is capable of taking any clock
input from DC to 8.0 MHz (SAB 16C450 only; SAB 82C50: 3.1 MHz) and dividing it by any divisor
from 1 to 2'%. The output frequency of the baud rate generator is 16 x the baud rate [divisor =
{frequency input) + (baud rate x 16)]. Two 8-bit latches store the divisor in a 16-bit binary
format. These divisor latches must be loaded during initialization to ensure proper operation
of the baud rate generator. Upon loading either of the divisor latches, a 16-bit baud counter is
immediately loaded.

Tables 3, 4 and 5 provide decimal divisors to use with crystal frequencies of 1.8432 MHz,
3.072 MHz and 8 MHz, respectively. For baud rates of 38400 and below, the error obtained is
minimal. The accuracy of the desired baud rate is dependent on the crystal frequency chosen.
Using a divisor of zero is not recommendable.

Table 4: Baud Rates Using 3.072 MHz Crystal Table 5: Baud Rates Using 8 MHz Crystal

Desired Decimal Percent error Desired Decimal Percent error

baud rate divisor used to | difference bet- baud rate divisor used to | difference bet-

generate 16 x | ween desired generate ween desired

clock and actual 16 x clock and actual
50 3840 - 50 10000 -
75 2560 - 75 6667 0.005
110 1745 0.026 110 4545 0.010
134.5 1428 0.034 134.5 3717 0.013
150 1280 - 150 3333 0.010
300 640 - 300 1667 0.020
600 . 320 - 600 833 0.040
1200 160 - 1200 417 0.080
1800 107 0.312 1800 277 0.080
2000 96 - 2000 250 -
2400 80 - 2400 208 0.160
3600 53 0.628 3600 139 0.080
4800 40 - 4800 104 0.160
7200 27 1.23 7200 69 0.644
9600 20 - 9600 52 0.160
19200 10 - 19200 26 0.160
38400 5 - 38400 13 0.160
56000 9 0.790
128000 a4 2,344
256000 2 2.344
512000 1 2.344
Siemens Components, Inc. 4-209
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Typical Clock Circuits

XIN

Y SAB 82050

Driver
External &
Clock

Optional

Driver
Optional q
Clock —o_—l
Output

_] XOUT

SAB 16450
Rip
| Osc. Clock to

Baud Gen. Llogic

L& SAB 82C50
SAB 160450
Rip

Osc. Clock to

Baud Gen. Logic
Typical Oscillator Networks
Crystal ¥ R R,. C, C,
1.8-8.0 MHz | 1M 1.6k 10-30 pF 40-60 pF

" Crystal > 3.1 MHz SAB 16C450 only.
* Due to internal Ry, external, R, may be dropped.

Line Status Register
This 8-bit register provides the CPU with status information concerning the data transfer.
Table 1 shows the contents of the line status register. Details on each bit foliow:

Bit 0: This bit is the receiver data ready (DR) indicator. Bit 0 is set to a logic 1 whenever a
complete incoming character has been received and transferred into the receiver buffer
register. Bit 0 is reset to a logic O reading the data in the receiver buffer register.

4-210
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Bit 1: This bit is the overrun error (OE) indicator. Bit 1 indicates that data in the receiver buffer
register was not read by the CPU before the transfer of the next character into the receiver
buffer register, thus destroying the previous character. The OE indicator is set to a logic 1 upon
detection of an overrun condition and reset whenever the CPU reads the contents of.the line
status register.

Bit 2: This bit is the parity error (PE) indicator. Bit 2 indicates that the received data character
does not have the correct even or ood parity, as selected by the even parity select bit. The PE bit
is set to a logic 1 upon detection of a parity error and is reset to a logic 0 whenever the CPU
reads the contents of the line status register.

Bit 3: This bit is the framing error (FE) indicator. Bit 3 indicates that the received character did
not have a valid stop bit. Bit 3 is set to a logic 1 whenever the stop bit following the last data bit
or parity bit is a logic 0 (spacing level). The FE indicator is reset whenever the CPU reads the
contents of the line status register. The UART will try to resynchronize after a framing error.
Therefore, it assumes that the framing error was due to the next start bit, samples this “‘start”
bit twice and then takes in the ““data”.

Bit 4: This bit is the break interrupt (Bl} indicator. Bit 4 is set to a logic 1 whenever the received
data input is held in the spacing (logic 0) state for longer than a full word transmission time
(i.e., the total time of start bit + data bits + parity + stop bits).

The Bl indicator is reset whenever the CPU reads the contents of the line status register.
Restarting after a break is received requires the SIN pin to be logic 1 for at least /2 bit time.

Note: Bits 1 through 4 are the error conditions that produce a receiver line status interrupt whenever any of
the corresponding conditions are detected and the interrupt is enabled.

Table 6: Interrupt Control Functions

Interrupt identification Interrupt set and reset functions

register

Bit 2 Bit 1 Bit0 Priority level| Interrupt type Interrupt source Interruptresetcontrol

0 0 1 - None None -

1 1 0 Highest Receiver line Overrun error or Reading the line
status parity error or status register

framing error or
break interrupt

1 0 ] Second Received data Receive data Reading the receiver
available available buffer register

0 1 0 Third Transmitter holding | Transmitter holding | Reading the IIR
register empty register empty register (if source of

interrupt) or Writing
into the transmitter
holding register

0 0 0 Fourth modem status Clear to send or Reading the modem
data set ready or status register

ring indicator or
data carrier detect

Siemens Components, Inc. 4-211
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Bit5: This bit is the transmitter holding register empty (THRE) indicator. Bit 5indicates that the
UART is ready to accept a new character for transmission. In addition, this bit causes the UART
to issue an interrupt to the CPU when the transmitter holding register empty interrupt enable
is set high. The THRE bit is set to a logic 1 when a character is transferred from the transmitter
holding register into the transmitter shift register. The bit is reset to logic 0 whenever the CPU
loads the transmitter holding register.

Bit 6: This bit is the transmitter empty (TEMT) indicator. Bit 6 is set to a logic 1 whenever the
transmitter holding register (THR) and the transmitter shift register (TSR) are both empty. It is
reset to a logic 0 whenever either the THR or TSR contains a data character.

Bit 7: This bit is permanently set to logic 0.

Note: The line status register is intended for read operations only. Writing to this register is not recom-
mended as this operation is only used for factory testing.

interrupt Identification Register

In order to provide minimum software overhead during data character transfers, the UART
prioritizes interrupts into four levels and records these in the interrupt identification register.
The four levels of interrupt conditions in order of priority are: receiver line status, received data
ready, transmitter holding register empty and modem status.

When the CPU accesses the IIR, the UART freezes all interrupts and indicates the highest
priority pending interrupt to the CPU. While this CPU access is occurring, the UART records
new interrupts, but does not change its current indication until the access is complete. Table 1
shows the contents of the lIR. Details on each bit follow:

Bit 0: This bit can be used in an interrupt environment to indicate whether an interrupt
condition is pending. When bit Ois alogic 0, an interrupt is pending and the lIR contents may be
used as a pointer to the approprlate interrupt service routme When bit 0 is a logic 1, no
interrupt is pending.

Bits 1and 2: These two bits of the IIR are used to identify the highest priority interrupt pending
as indicated in Table 6.

Bits 3 through 7: These five bits of the IIR are always logic 0.

Interrupt Enable Register

This register enables the four types of UART interrupts. Each interrupt can individually activate
the interrupt (INTR) output signal. It is possible to totally disable the interrupt system by
resetting bits 0 through 3 of the interrupt enable register (IER). Similarly, setting bits of this
register to a logic 1 enables the selected interrupt(s). Disabling an interrupt prevents it from
being indicated as active in the IR and from activating the INTR output signal. All other system
functions operate in their normal manner, including the setting of the line status and modem
status registers. Table 1 shows the contents of the IER. Details on each bit follow:

Bit 0: This bit enables the received data available interrupt when set to logic 1.

Bit 1: This bit enables the transmitter holding register empty interrupt when set to logic 1.
Bit 2: This bit enables the receiver status interrupt when set to logic 1.

Bit 3: This bit enables the modem status interrupt when set to logic 1.

Bit 4 through 7: These four bits are always logic 0.
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Modem Control Register

This register controls the interface to the Modem or data set (or a peripheral device emulating
a Modem). The contents of the Modem control register (MCR) are indicated in Table 1and are
described below. Details on each bit follow:

Bit 0: This bit controls the data terminal ready (DTR) output. When bit 0 is set to a logic 1, the
DTR output is forced to a logic 0. When bit 0 is reset to a logic 0, the DTR output is forced to a
logic 1.

Note: The DTR output of the UART may be applied to an EIA inverting line driver (such as the 1488) to
obtain the proper polarity input at the succeeding Modem or data set.

Bit 1: This bit controls the request to send (RTS) output. Bit 1 affects the RTS outputina manner
identical to that described above for bit 0.

Bit 2: This bit controls the output (OUT 1) signal, which is an auxiliary user-signated output.
Bit 2 affects the OUT 1 output in a manner identical to that described above for bit 0.

Bit 3: This bit controls the output 2 (OUT 2) signal, which is an auxiliary user-designated output.
Bit 3 affects the OUT 2 output in a manner identical to that described above for bit 0.

Bit4: This bit provides alocal loopback feature for diagnostic testing of the UART. When bit4is
set to logic 1, the following occurs: the transmitter serial output (SOUT) is set to the marking
{logic 1) state; the receiver serial input (SIN) is disconnected; the output of the transmitter shift
register is looped back” into the receiver shift register input; the four Modem control inputs
(CTS, DSR, RI, and DCD) are discannected; and the four Modem control outputs (DTR, RTS,
OUT 1, and OUT 2) are internally connected to the four Modem control inputs. The Modem
control output pins are forced to their inactive state (high). In the diagnostic mode, data thatis
transmitted is immediately received. This feature allows the processor to verify the transmit
and received data paths of the UART.

In the diagnostic mode, the receiver and transmitter interrupts are fully operational.

The Modem control interrupts are also operational, but the interrupt’s sources are now the
lower four bits of the Modem control register instead of the four Modem control inputs.
The interrupts are still controlled by the interrupt enable register.

Bits 5 through 7: These bits are permanently set to logic 0.

Modem Status Register

This register provides the current state of the control lines from the Modem (or peripheral
device) to the CPU. In addition to this current-state information, four bits of the Modem status
register provide change information. These bits are set to a logic 1 whenever a control input
from the Modem changes state. They are reset to logic 0 whenever the CPU reads the Modem
status register.

Table 1 shows the contents of the MSR. Details on each bit follow:

Bit 0: This bit is the delta clear to send {(DCTS} indicator. Bit 0 indicates that the CTS input to the
chip has changed state since the last time it was read by the CPU.

Bit 1: This bit is the delta data set ready {DDSR) indicator. Bit 1 indicates that the DSR input to
the chip has changed state since the last time it was read by the CPU.

Bit 2: This bitis the trailing edge of ring indicator (TERI) detector: Bit 2 indicates that the Rl input
to the chip has changed from a low to a high state.
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Bit 3: This bit is the delta data carrier detect (DDCD) indicator. Bit 3 indicates that the DCD
input to the chip has changed state.

Note: Whenever bit0, 1, 2 or 3is set to logic 1, a Modem status interrupt is generated.

Bit 4: This bit is the complement of the clear to send (CTS) input. If bit 4 {loop) of the MCR is set
to a 1, this bit is equivalent to RTS in the MCR.

Bit5: This bitis the complement of the data set ready (DSR) input. If bit4 ofthe MCRis settoa 1,
this bit is equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the ring indicator (RI} input. If bit 4 of the MCR is setto a 1,
this bit is equivalent to OUT 1in the MCR.

Bit 7: This bit is the complement of the data carrier detect (DCD) input. If bit 4 of the MCR is set
to a 1, this bit is equivalent to OUT 2 in the MCR.

Scratchpad Register

This 8-bit read/write register does not control the UART in any way. {tis intended as a scratch-
pad register to be used by the programmer to hold data temporarily.

Typical Application

r‘nh I—— XIN BAUDOUT :l
~—]XouT RCLK RS 232
[—e— CLK Connector
SAB —
2848 READY RO
|4 RESET WR TR T/
ans RS RS 232
sz sout Driver
SAB SAB
8088 82050/
16450 5
[z WR R o
RD RD s ;
et Oriver
10/M €so SIN
Viee—] 1 Rilo¥% I
SAB
82824 21 A0-a2 OUTT [—= —
oUTZ [—=
ALE st8 OF
1 INTR |—
CSOUT [—=
DDIS |—=
K Address/Data > D0-D7
MN/MX MR
!
Ve
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Absolute Maximum Ratings

Ambient temperature under bias 0°to 70°C
Storage temperature —65°to +150°C
Supply voltage —0.51t0 + 7.0V
Voltage on any pin with respect to ground —05to Ve + 0.5V
Power dissipation 700mw

Note: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent
damage to the device. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

DC Characteristics
Ta=0t070°C; Voc =5V £ 5% GND = 0V

Parameter Symbol Limit values Units Test conditions
min, max.

Input low voltage Vi -05 0.8 Vv -

Input high voltage Vik 2.0 Vec+05 |V -

Output low voltage Voo - 0.4 \ Ioo=16mA")

Output high voltage Vou 2.4 \ Ioy=-1.0mA")

Avg. power supply current Iec (AV) - 10 mA Vee = 5.25V,
Ta=25°C
No loads on output
SIN, DSR, DCD,
CTS,Ri=2.4V

All other inputs = 0.4V
Baud rate generator

is 4 MHz

Baud rate is 50 Kbaud

Input leakage current he — +10 A Vee =5.25V,
GND =0V

All other pins
floating.

Vin =0V, 525V

Clock leakage current IoL - +20 wA

Tri-state leakage current Ioz - +20 uA Vee =5.25V,

GND =0V

Vour =0V, 5.256V

1. Chip deselected

2. WRITE mode,
chip selected

MR Schmitt ¥ Viimr - 0.8 \ -

MR Schmitt Vjy Vinmnr 2.0 - A -
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Capacitance ?
Ta = 25°C; Voc = GND = QV

Parameter Symbol Limit values Units Test condijtions
min. max.

Clock input capacitance Cxun - 20 pF
Clock ouiput capacitance Cxout - 30 pF f.=1MHz

- - Unmeasured pins
input capacitance Cin - 10 pf returned to GND
Output capacitance Cour - 20 pF
") Does not apply to XOUT.

2) These parameters are periodically sampled and not 100% tested.
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AC Characteristics
To=01070°C; Vec =5V + 5%; GND = 0V

Parameter Symbol Limit values Unit Test conditions
SAB 16C450 SAB 82C50
min. max. | min. max.
Address strobe width taps 60 - 90 - ns -
Address hold time tan 0 - 0 - ns -
RD, RD delay from address tan 30 - 80 - ns n
Address setup time tas 60 - 90 - ns -
WR, WR delay from address taw 30 - 80 - ns n
 Chip select hotd time ten 0 - 0 — ns -
Chip select setup time ' tes 60 - 90 - ns -
Chip select output delay from tesc - 100 - 125 ns 100 pF loading K
select
RD, RD delay from chip select tesr 30 - 80 - ns B
WR, WR delay from select tesw 30 - 80 - ns n
Data hold time toun 30 - 60 - ns -
Data setup time tos 30 - 90 - ns -
RD, RD to floating data delay tuz 0 100 0 100 ns 100 pFloading?
Master reset pulse width tvr 5 - 10 - us -
Address hold time from RD, RD | taa 20 - 20 - ns "
Read cycle delay tre 125 - 500 - ns -
Chip select hold time from tacs 20 - 20 - ns "
RD, RD
RD, RD strobe width tao 125 - 175 |- ns -
RD, RD to driver disable delay troo - 60 - 75 ns 100 pF loading? n
Delay from RD, RD to data trvo - 125 - 175 ns 100 pF loading
Address hold time from WR, WR | twa 20 - 20 - ns K
Write cycle delay twe 150 - 500 - ns -
Chip select hold time from twes 20 - 20 - ns "
WR, WR
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AC Characteristics (cont’d)
Ta=0t070°C; Voc =5V +5%; GND =0V

Parameter Symbol Limit values Unit Test conditions
SAB 16C450 SAB 82C50
min. max. {min. max.

WR, WR strobe width twr 100 - 175 - ns -

Duration of clock high pulse txu 55 - 140 - ns 3

Duration of clock low pulse b 55 - 140 - ns 3

Read cycle =tyg + trp + the RC 280 - 755 - ns -

Write cycle = taw + twr + twe wcC 280 - 755 - ns -

" Applicable only when ADS is tied low.
¥ Charge and discharge time is determined by Vo, Vou and the external loading.
3 SAB 82C50: External clock max. 3.1 MHz

SAB 16C450: External clock max. 8.0 MHz

Baud Rate Generator

Parameter Symbol Limit values Unit Test conditions
SAB 16C450 SAB 82C50
min. max. {min. max.
Baud divisor N 1 2'%1 |1 251 -
Baud output positive edge delay | tgyp - 175 - 250 ns 100 pF load
Baud output negative edge delay | tgp - 175 - 250 ns 100 pF load
Baud output up time taw 75 - 250 - ns v
Baud output down time tow 100 - 425 - ns 2

¥ SAB 16C450: f, = 8.0 MHz, =+ 2, 100 pF load
SAB 82C50: £, = 3.0 MHz, + 3, 100 pF load

2 SAB 16C450: f, = 8.0 MHz, + 2, 100 pF load
SAB 82C50: f, = 2.0 MHz, + 2, 100 pF load
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Receiver and Transmitter

Parameter Symbol Limit values Unit Test conditions
SAB 16C450 SAB 82C50
min. max. | min. max.
Delay from RD, RD (RDRBR or | tair - 1 - 1 us 100 pF load
RD LSR} to reset interrupt
Delay from RCLK to sample time | tscp - 2 - 2 us -
Delay from stop to setinterrupt | tgnr - 1 - 1 RCLK |)
cycles
Delay from WR, WR (WR THR) tur - 175 - 1000 |ns 100 pF load
to reset interrupt
Detlay from RD, RD (RD IIR) to tin - 250 - 1000 ns 100 pF toad
reset interrupt (THRE)
Delay from initial INTR reset tirs 24 40 24 40 BAUD-
to transmit start out |-
cycles
Delay from initial write ts) 32 48 32 48 BAUD-
to interrupt ouT -
cycles
Delay from stop to interrupt tsn 8 8 8 8 BAUD-
(THRE) our |-
cycles
" RCLK is equal to ty and fx..
Modem Control
Parameter Symbol Limit values Unit Test conditions
SAB 16C450 SAB 82C50
min. max. | min. max.
Delay from WR, WR (WR MCR) tmoo - 200 - 1000 ns 100 pF load
to output
Delay to reset interrupt from trim - 250 - 1000 ns 100 pF load
RD, RD (RD MSR)
Delay to set interrupt from tsim - 250 - 1000 |ns 100 pF ioad
Modem input
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AC Test Circuit
163V
7680
Device
under Test Point
Test
IwOpF*’
*)Includes stray and jig capacitance
Write Cycle Timing
Taps™™ N
A0S / \ /
fas™
1
A2, A1 AD Valid
— f[s | ‘)
—=1fy )——fm
S2.051.C50 )(lalid
1}
I — fwcs”
T T/ N
csouT
) | N N, —
1
3 fesw
hw we {
= T i
L —
WR.WR )( Active }( Active
(J;
or
I(‘ j
RD.RD ‘ X Active
Data D0-D7 Valid Data

applicable only when ADS is tied low.
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Read Cycle Timing
Tans —] 5
S / T\
fas =
—
AZ,A1.A0 Valid
T fs ‘ 1)
%t —ton
TSZ.051.50 ( Valid

1
‘_’csn” <—ch5)
---rtrrr- N
csout
-

RO.RD j/(im

o~
-

Active

WR.WR

>< Active

— fnuo"‘ —= troo
DDIS \

1 frvo
"l iz
Valid

Data D0-07 \ Data /

" Applicable only when ADS is tied low.
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24V -
XIN
04V

External Clock Input Timing

BAUD OUT
(+1)

BAUDOUT Timing
XIN |
Toro 1

—far0 —] fow

[

=1 |=Tano fw =
= =0 - fw [~
BAUD OUT |‘
(+2) |
—] wa et
—o— "BLD ] *'BND ] f”w [ 'LW —
BAUD OUT '_|
(+3)
| |1 —o e, t={N-2)
J— oo o0 I 5% i XIN Cycles
BAUD OUT
{=N.N>3)
' #,w=2XOUT Cycles
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Modem Control Timing

WR.WR")
(WR MCR)

TR JSRDED \
Interrupt

RiM TaM
RO.RD?
(RD MSR) !

" See Write Cycle Timing
2 Spe Read Cycle Timing

AC Test Points

2LV -
M
04V 0.8V

Siemens Components, inc.

4-223




SAB 82C50/SAB 16C450

Receiver Timing

RCLK |

H‘.’. _l

Sample (LK

8CLKS's ‘ fseo

({4

SIN
{Receiver \ Start /

Data Bits (5-8) Wsmp\ f

input Data)

Sample CLK | |

£¢ | | | | | £C
Y y—— - - Vr—

Interrupt
{Data Ready or
RCVR ERR)

- =t

RO.RD

(Read REC "'

Data Buffer

TRINT
X Active

or RDLSR)

Transmitter Timing

11See Read Cycle Timing

Serial \ B . /
Out (SOUT) S?ar1/ Data(5-8) Sfop(‘l 2)’¥ltart
— s I—-— [—t5m1
Interrupt /‘
(THRE)
hin J
7 fur
WRWR"
(WR THR) X
fir I“
RO.RD?
(RD-THR) !
Y See Write Cycle Timing
2 See Read Cycle Timing
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