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Universal Asynchronous Receiver/Transmitter with FIFOs

General Description

The IMP16C550A UART (Universal Asynchronous
Receiver/Transmitter) provides data communications
capabilities for microprocessor-based systems including
polled and interrupt driven environments. It converts
data characters for transfer between a parallel CPU and
a serial peripheral device (MODEM). The IMP16C550A
provides this traditional 16450 UART functionality with
two significant enhancements; it is updated to support
complete compatibility with current state-of-the-art CPUs
including the 80386, and it is improved to minimize
software overhead requirements.

In addition to the IMP16450 mode (CHARACTER mode)
which emulates the 16450 on powerup, the IMP16C550A
supports a FIFO mode which provides access to 16
bytes of data storage in internal FIFOs for both receiver
and transmitter functions. This built-in buffering capa-
bility minimizes the risk of receiver overrun and reduces
system overhead in interrupt-driven applications. In
addition, the RCVR FIFO provides 3 bits of error data
storage per data byte. All control logic needed to fully
utilize the added FIFO capabilities is integrated on
the chip.

Built-in status reporting capabilities provide the CPU
with a current status reading of the UART at any time
during its operation. Accessible status Information
includes the type of transfer function in progress,
operating conditions and error conditions (parity, over-
run, framing or break interrupt). A processor-interrupt
system allows for programmable interrupts, thus maxi-
mizing computing efficiency in the communications link.
Plus, the MODEM control capability provides a complete
range of control functions to address the serial devices.

The IMP16C550A has a 16x internal clock to syn-
chronize transmitter logic and the receiver logic. The
clock is generated by an on-chip programmable baud
rate generator which can divide input from the timing
reference clock by divisors ranging from 1 to (216-1).

The UART is fabricated using IMP’s advanced
MxCMOS 1.2 high density CMOS process to provide
high performance with low power requirements. The
IMP16C550A is available in either a 44-pin PLCC or a
40-pin DIP.

Features

W 100% 16450 software compatibility.

B Near pin-for-pin 16450 hardware compatibility.
(CSOUT [24] and NC [29] have been changed to
TXRDY and RXRDY, respectively, to allow the sig-

nalling of DMA transfers for FIFO mode operations.)

B Register set identical to the 16450 set upon power
up or reset,

16-byte FIFO transmitter and receiver buffers,
Holding and shift registers handle CPU to serial data
synchronization (in- IMP16C550A mode).
Extensive MODEM control function set (CTS, RTS,
DSR, DTR, Ri and DCD).

Independent controls for transmit, receive, line status
and data set interrupts.

TRI-STATE TTL drive for data and control buses,
Asynchronous communication bits (start, stop and
parity) programmable in serial data.
Programmable serial-interface:

— variable character length (5, 6, 7 or 8 bits)

— Even, odd or no parity bit selection

— 1, 1.5 or 2 stop bit generation

— DC to 256K baud generation

On-chip 16x clock.

Internal programmable baud generator with a 1 to
(216-1) divisor range.

Independent receiver clock input.

Line break generation and detection.

Status reporting functions.

False start bit detection.

Internal diagnostics:

— Communications link fault |solatlon through loop-
back controls

~ Error simulation (break, parlty overrun and
framing)

B System interrupt controls with prioritization.

Operation

The operation of the IMP16C550A consists of five major
function areas: data bus buffering, operational control,
interrupt control, timing generation and the communica-
tions link.

The Data Bus Buffer links the internal and external data
buses: it is controlled by the UART’s Select and Control
Logic to enable data transfers between the device and
the CPU.

The Select and Control Logic provides overall control
of the UART operation. This logic block sends signals
to various sections of the UART based on operating
commands received from the CPU. Internal address
decoding and read/write circuits enable communica-
tions with the microprocessor, and internal registers

store configuration commands and device status.

The Interrupt Control System regulates interrupt output
signal generation and is comprised. of the Interrupt
Control Logic, the Interrupt Enable Register and the
Interrupt ID Register. An interrupt output signal may be
sent to the CPU on the occurrence of any combination
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or subset of the following conditions: the transmit data
holding register is empty, the received data holding
register is full, the start or end of a received break
is encountered, or the counter timeout is reached.
The Interrupt ID Register tracks the current state of all
the potential interrupt conditions, and the Interrupt
Enable Register identifies the conditions selected to
assert interrupt output; only conditions that have been
enabled are recognized in determining interrupt signal
output.

The UART system timing scheme utilizes an internal
Programmable Baud Generator with variable divisor
capability, and two 8-bit Divisor Latches to produce the
on-chip 16x clock. This clock provides timing control
for the transmitter. The receiver section of the UART
accepts input from the external Receiver Clock pin.

Basic Configuration

Additionally, External Clock Input and Output pins aliow
a crystal oscillator or signal clock to be connected to

the Control Logic block of the UART as the main timing
reference.

The serial channel consists of an asynchronous trans-
mitter and receiver providing the communication link
between the CPU and the MODEM device, the serial
data set or any serial peripheral emulating the MODEM.

The transmitter converts parallel data from the CPU into
a serial bit stream. During this process, start, stop and
optional parity bits are added to the data character as
dictated by the asynchronous protocol. These same bits
are verified by the receiver when it accepts serial data,
before converting and reassembling the character for
transmission to the CPU.

IMP16C550A
D7-DO

mDFDQ SOuT
MEMR or I/OR [ SIN
MEMW or 1OW | RTS
INTR iNTRPT  DTR
g RESET MR DSR
U A0 > 20 DCD
. A |, cT1s
u A2 a2 Rl

s Ilo!l—— ADS
<«————TXRDY  XIN

cS &5
Cst XouTt
“qr >—Ecso BAUDOUT
RD RCLK

O F WR

EIA TO RS232
DRIVERs [(ummp [0 Fo2e2

i—-—[JH
|”__".__£_‘

Absolute Maximum Ratings

Temperature Under Bias . .........................
Storage Temperature . ...........cciviv i,
All Input or Output Voltages with Respect to Vgg ... ..
Power Dissipation .......... ...ttt

.................. veereeanaeaen.. .09 to +70°C
................................ -65°C to +150°C
................ iiereier e ee. .. =08V to +7.0V

Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not
intended and should be limited to those conditions specifled under DC electrical characteristics.
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DC Electrical Characteristics:
TA = 0°C to +70°C, Vgc = +5V +5%, Vgg = OV, unless otherwise specified.

Symbol Parameter Min. Max. Units Conditions
Vix Clock input Low Voltage ~05 08 A
Viux Clock Input High Voitage 20 Vee \
ViL input Low Voltage -05 08 \Y
Vi Input High Voltage 20 Veo Vv .
Vou Output Low Volitage 04 v loL = 1.6 mA on all
(Note 1)
VoH Output High Voltage 24 \ lon = -1.0 mA
(Note 1)
Icc(AV) Avg. Power Supply Current (Vgc) 160 (Note 2) mA Ve = 625V
No loads on output
SIN, DSR, DCD,
140 (Note 3) mA CTS, Rl = 20V
All other inputs =
08V
I Input Leakage +10 A Voo = 56.25V,
VSS = OV
leL Clock Leakage o +10 pA All other pins
floating. Viy = OV,
525V
loz TRI-STATE Leakage +20 #A Voo = 5.25V,
VSS = 0V :
Vout = OV, 625V
1) Chip deselected
2) WRITE mode,
chip selected
VILMR MR Schmitt V"_ 0.8 VvV
VIHMR MR Schmitt VIH 20 \2
Notes:
1 Does not apply to XOUT
2 Tp = 25°C
3 Ty = 70°C

Capacitance: T, = 25°C, Vog = Vgg = OV

Symbol Parameter Min. Typ. Max. Units Conditions
Cxin Clock Input Capacitance 15. 20 pF t = 1 MHz
Cxourt Clock Output Capacitance 20 30 pF | °
) Unmeasured pins
Cin Input Capacitance 6 10 pF returned to V
Cout Output Capacitance 10 20 pF ' S8
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AC Electrical Characteristics: T, = 0°C to +70°C, Vgc = +5V +5%

Symbol Parameter Min. Max. Units Conditions
taDs Address Strobe Width 60 ns
tan Address Hold Time 0 ns
taR RD, RD Delay from Address - 30 ' ns (Note 1)
tas Address Setup Time 60 | ns ' .
taw WR, WR Delay from Address 30 ns (Note 1) !
tcu Chip Select Hold Time 0 ns
tes Chip Select Setup Time 60 ns
tcsm RD, RD Delay from Chip Select 30 ns (Note 1)
tosw WR, WR Delay from Select 30 . ns (Note 1)
toH Data Hold Time 30 ns
tos Data Setup Time 30 ns :
tz RD, RD to Floating Data Delay 0 100 ns @ 100 pF loading
(Note 3)
tum Master Reset Pulse Width 5 1S
tra Address Hold Time from RD, RD 20 ns (Note 1)
tre Read Cycle Delay 126 ns
tacs Chip Select Hold Time from RD, RD 20 . ns (Note 1)
tap RD, RD Strobe Width 125 ns
troo RD, RD to Driver Enable/Disable : 60 ns @ 100 pF loading
{Note 3)
tavo Delay from RD, RD to Data 125 ns @ 100 pF loading
twa Address Hold Time from WR, WR 20 ns (Note 1)
twe Write Cycle Delay 150 ' ns
twes Chip Select Hold Time from WR, WR 20 ns (Note 1)
twr WR, WR Strobe Width 100 ns
txn Duration of Clock High Pulse 55 ns External Clock
(8.0 MHz Max.)
tx Duration of Clock Low Pulse 55 ns External Clock
_ (8.0 MHz Max.)
RC Read Cyc‘e = tAR + tRD + tRC 280 ns (Note 4)
WC Write Cycle = taw + twr + twe 280 ns
Baud Generator
N Baud Divisor 1 2151
tanp Baud Output Positive Edge Delay 175 ns 100 pF Load
taLp Baud Output Negative Edge Delay 175 ns 100 pF Load
thw Baud Output Up Time 75 ns fx = 80 MHz, =+ 2,
100 pF Load
tw Baud Output Down Time 100 ns. fx =80 MHz, + 2,
100 pF Load
Notes:

1 Applicable only when ADS is tied low.

2 In the FIFO mode (FCRO = 1) the trigger level interrupts, the receiver data available indication, the active RXRDY indication
and the overrun error indication will be delayed 3 RCLKs. Status indicatars (PE, FE, Bl) wili be delayed 3 RCLKs after the first
byte has been received. For subsequently received bytes these lndlcators will be updated immediately after RDRBR goes inac-
tive. Timeout interrupt is de!ayed 8 RCLKs.

3 Charge and discharge time is determined by Vg, Vi and the external {oading.

4 in FIFO mode RC = 425 ns (minimum) between reads of the receiver FIFO and the status registers (interrupt identification register
or line status register).
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AC Electrical Characteristics (continued)

Symbol Parameter Min. Max. Units Conditions
Receiver
tRINT Delay from RD, RD (RD RBR/or RD 1 s " 100 pF Load
LSR) to Reset Interrupt
tsco Delay from RCLK to Sample Time 2 us
tsinT Delay from Stop to Set Interrupt 1 RCLK (Note 2)
Cycles
Transmitter )
thr Delay from WR, WR (WR THR) 175 ns 100 pF Load
to Reset Interrupt : . i
tin Delay from RD, RD (RD IIR) to Reset 250 ns 100 pF Load 1
[nterrupt (THRE) ;
tins Delay from Initial INTR Reset to 8 24 BAUDOUT ;
Transmit Start Cycles :
tg Delay from Initial Write to Interrupt 16 24 BAUDOUT (Note 5)
Cycles
ter Delay from Stop to Interrupt (THRE) 8 8 BAUDOQUT (Note 5)
Cycles
tsxa Delay from Start to TXRDY active 8 BAUDOUT 100 pF Load
Cycles
twxi Delay from Write TXRDY inactive 195 ns 100 pF Load
Modem Control , ,
tuoo Delay from WR, WR (WR MCR) to 200 ns 100 pF Load
Output '
tam Delay to Reset Interrupt from RD, RD 250 ns 100 pF Load
(RD MSR)
tsim Delay to Set Interrupt from MODEM : 250 ns 100 pF Load
Input
Notes:

1 Applicable only when ADS is tied fow.

2 In the FIFO mode (FCRO = 1) the trigger level interrupts, the receiver data available indication, the active RXRDY indication
and the overrun error indication will be delayed 3 RCLKs. Status indicators (PE, FE, Bl) will be delayed 3 RCLKs after the first
byte has been received. For subsequently received bytes these indicators wili be updated immediately after RDRBR goes inac-
tive. Timeout interrupt is delayed 8 RCLKs.

3 Charge and discharge time is determined by Vg, Vou and the external loading.

4 in FIFO mode RC = 425 ns (minimum) between reads of the receiver FIFO and the status registers (interrupt identification register
or line status register).

5 This delay will be lengthened by 1 character time, minus the last stop bit time if the transmitter interrupt delay circuit is active.
(See FIFO Interrupt Mode Operation).
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Timing Waveforms (All timings are referenced to valid 0 and valid 1)

External Clock Input (8.0 MHz Max.)

e
2.4V

XIN
0.4v

I“ ‘XL"I

Note 2: The 2.0V and 0.8V levels are the voltages at

2.0V

Note 1: The 2.4V and 0.4V levels are the voltages that the inputs are driven to during AC testing.

AC Test Points

24V
2,0V
NOTE 2
- 0.8V

NOTE 1
04V

which the timing tests are made.

BAUDOUT Timing

fe N >
XIN | I l I | | | I
t8HD > e
tgp > < ety
BAUD?!J;;
. >} |—tgup > ety
-+ |—tsLp Fetuwsl
soout 1 L1 LI LT
feth
> letgp > letaup letywrle—tyw—>|
BAUDOUT l |
(+3)
le | = (N- :
> f—tap | [« tgup [« 7 » tyw = (N-2) XIN CYCLES
BAUDOUT N N
(=N, N>3) —I—__I I—

Fe————— t,,y= 2 XIN CYCLES

Figure 2. Timing Waveforms
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Write Cycle

] _
ADS \ / w
le— tas —Fe>{tan
Ag Ay, Ag M vaup | XK= X
I |4-'cs ->|<—>|‘cu <—>| twa®

€s,, Cs,, CS, | X vaup - j—— fX:
l b tesw” ]—‘wcs’-—‘
b taw” < we >

<——‘wn—>|4——- twe ———>]
WA, WR S aeve X > acrive
b 1
| OR

|
X ACTIVE

RD, RD |
oo
DATA
DorDy VALID DATA

* Applicable only when ADS Is Tied Low.

Figure 2. Timing Waveforms (continued)
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Read Cycle

|<— taos —>| 7 ®
m N N
I‘—tAS —>|**| tan .
» 7 §
Ay, Ay, Ay X VALID I X )X\ ’ ¥
| oot —h
__ A ;
CSz, €81, CS; | )X vatip X~ | X

A S M
LF— tesp"————> b trcs ™| |
k tan’ € RC > ;
l«— tap Jﬁ — tae ->
— :
AD, RD X aetve X N X ActivE
| | ; oR
. —N t Y
7E. wR | | N X AcTive

DDIS J
tRVD"I |0| thz

poATA VALID DATA
0~v7 -

* Applicable only when ADS is Tied Low.

Figure 2. Timing Waveforms (continued)
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Receiver Timing

AP | I | T—

SAMPLE CLK I-L

NS16450 MODE:

SIN 1

SAMPLE CLOCK | l I:‘J l | | L! |
‘ .
Y/ « -
RDR INTERRUPT / . 4}—-
|<--'smr tRINT
b}

f W
LS! INTERRUPT / '}_
tRINT]

RD, RD " y \
(RDRBR) )LACTIVEX

RD, RD \
(RDLSR) chnva(

Transmitter Timing

ouT ?SESLAT% \ START / DATA (5-8) STOP(1-3) \START/

Yins
I“?STl
INTERRUPT
(THRE) \ / \

s N 7\
NOTE 1 ! |
->|'m|<—
=0 N\

OTE 2

NOTE 1: See Write Cycle Timing
NOTE 2: See Read Cycle Timing

Figure 2. Timing Waveforms (continued)
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MODEM Controls Timing
s\ /\
(wNOTE 1)

*l'mnol* }ftuoo
RTS, DTR, — \ /
ouUT1, OUT2

TNPE

PRy 2

CTs, DS, DCD / \

INTERRUPT | / \ l / ' \ 7 / ’ ‘
l*‘sm—l ->|‘R||J<— |‘-‘sm->| ->|'n|ML— l<-'sm—*| ‘

RD, RD ;
R tise) /N /\ |
A \ / '

NOTE 1: See Write Cycle Timing
NOTE 2: See Read Cycle Timing

Figure 2. Timing Waveforms (continued)
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RCVR FIFO First Byte (Sets RDR)

)

SIN !

LY

SAMPLE CLOCK I | |}} I I I l | I |
FIFO AT

R ABOVE
TRIGGER LEVEL)
TRIGGER LEVEL

INTERRUPT NOTE 2 FIFO BELOW
(FCRS, 7=0, 0) “«>— tgnT tRINT RIGGER LEVEL)

LSt INTERRUPT /

tRINT

RD, RD
(RDLSR) X_ACTIVE

RD, RD
(RDRBR)

e

[ acTive X

RCVR FIFO Bytes Other Than the First Byte (RDR is Already Set)
SIN >< >5'rop\ /

SAMPLE CLOCK | | | | I |

FIFO AT OR ABOVE

TIMEOUT OR —t ¥ RIGGER LEVEL)
EOUT
TRIGGER LEVEL / NOTE 2 N (FIFO BELOW

INTERRUPT < taint » taINT TRIGGER LEVEL)

------- A Y
\ TOP BYTE OF FIFO\
LSI INTERRUPT = = = = = = = = ‘.___/ .........
tsint <> tRINT

(F@LS“,{’) X acrive K

Ve

y N
[ acTive X

RD, RD

(RDRBR) X _AcTive K_
PREVIOUS BYTE
READ FROM FIFO

NOTE 1: This is the reading of the last byte in the FIFO.
NOTE 2: If FCRO = 1, then tgyr = 3 RCLKs. For a timeout interrupt, tgyyy = 8 RCLKs.

Figure 2. Timing Waveforms (continued)
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Receiver Ready (Pin 29) FCR0=0 or FCRO=1 and FCR3=0 (Mode 0)

)

RD, RD « 4
(RDRBR) 0 _Nacmve X
" NOTE 1

SIN
(FIRST BYTE) sToP

RN

SAMPLE CLK | |

RXRDY " /

tont taint
NOTE 2

Receiver Read (Pin 29) FCR0=1 and FCR3=1 (Mode 1)

a— b}
RD, RD [} y
(RDRBR) ) X _acrive X
N NOTE 1
SIN
(FIRST BYTE THAT
REACHES THE STOP
TRIGGER LEVEL)
SAMPLE CLK | |
, —
RXRDY N /
LL¢
tsint tainT

NOTE 2

NOTE 1: This is the reading of the last byte in the FIFOQ.
NOTE 2: If FCRO=1, then tgy =3 RCLKs. For a timeout interrupt, tgyt=8 RCLKs.

Figure 2. Timing Waveforms (continued)
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Transmitter Ready (Pin 24) FCR0=0 or FCR0=1 and FCR3=0 (Mode 0)

1 ).
«

WR, WR
(WRTHR) X _Bvmen X *
souT DATA X rpariry Y stop \ stamt /

TXRDY
—> twxi — tsxa

Transmitter Ready (Pin 24) FCR0O=1 and FCR3=1 (Mode 1)

—_— N
WH, WR ¢
(WRTHR) X evtems X o

w

SOUT DATA X rpamty Y stop \ start /

TXRDY FIFO FULL 1
—> twai —> |<-——- tsxa

Figure 2. Timing Waveforms (continued)
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xouT <7

AXRDY <12

SELECT
&

CONTROL
LOGIC

OWER
SUPPLY

ﬂl—» +5V.
L9, ano

RECEIVER
FIFO

INTERNAL
DATA BUS
RECEIVER 1 RECEIWVER | (10
BUFFER sFr 14 sy
REGISTER [< REGISTER
| coirroL |- > Pine. | o
REGISTER }q & <2 ROLK
CONTROL
14 Sk e {8),. sauoUT
< GENERATOR
DIVISOR
LATCH (MS)
\
T I TRANSMITTER
LINE TIMING
STATUS &
REGISTER }« CONTROL
\
TRANSMITTER ]
FIFD E ]
L 4
TRANSMITTER 1 E TRANSMITTER] (19)
)| HOLOING -t SHIFT sout
REGISTER LT REGISTER
i ‘
MODEM , |82 w75
CONTROL (36)
REGISTER ‘(3—3)— CTS
TDTR
MODEM ===
DSR
: CONTROL
MODEM toaic . |88 5ep
STATUS «——
REGISTER B39
(34)  ~—r
INTERRUPT INTERRUPT a0 o2
ENABLE CONTROL > INTR

REGISTER

LOGIC

[ 11

FIFO
CONTROL

INTERRUPT ,
REGISTER '

REGISTER

NOTE: Applicable pinout numbers are included within parenthesis.

Figure 3. Block Diagram
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Pin Descriptions

All UART pins are discussed in the following descrip-
tions with low referring to a logic 0 (OV nominal) and high
referring to a logic 1 (+2.4V nominal). Also included in
the descriptions are some references to internal circuits.

Input/Output Signals

Data Bus (D;~D,), Pins 1-8: Provides bi-directional
communications between the CPU and UART. Eight
TRI-STATE input-output lines carry data, control words
and status information.

External Clock Input/Output (XIN, XOUT), Pins 16, 17:
Connects the UART and the main timing reference
(crystal or signal clock).

Input Signals

Chip Select (CSO, CS1, CS2), Pins 12-14: Enables
communication between the UART and the CPU. The
chip is selected when CS0 and CS1 are high and CS2
is low, with the chip selection completed when the
positive edge of an active Address Strobe Signal (ADS)
latches the decoded chip select signals. For constantly
low ADS, the tcy parameter dictates the stabilization
of valid chip selects.

Read (RD, RD), Pins 22, 21: Allows the transfer of status
information or data from the selected UART register to
the CPU. Transfer occurs when the chip is selected and
when either RD is high or RD is low.

Note: When not in use, tie the RD input permanently low or the
RD input permanently high. During a read, only an active
RD or RD input enables data transfer from the UART.

Write (WR, WR), Pins 19, 18: Allows the transfer of
control words or data from the CPU to the selected
UART register. Transfer occurs when the chip is selected
and when either WR Is high or WR is low.

Note: When not in use, tie the WR input permanently low or

the WR input permanently high. During a write, only an’

active WR or WR input enables data transfer to the UART.

Address Strobe (ADS), Pin 25: The positive edge of an
active ADS signal provides a timing latch for the
Register Select (A0, A1, A2) and Chip Select (CS0, CS1,
CS2) signals.

Note: When not needed tie the ADS input permanently low.
During a read or write operation, an active ADS input
is required only if the Register Select (A0, A1, A2) signals
are not stable.

Table 1. UART Reset Configuration

SEY il SR 2L e, o

Register/Signal Reset Control Reset State
Interrupt Enable Register Master Reset 0000 0000 (Note 1)
Interrupt Identification Register Master Reset 0000 0001
FIFO Controi Master Reset 0000 0000
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 (Note 2)
SOouT Master Reset High
INTR (RCVR Errs) 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
OuT 2 Master Reset High
RTS Master Reset High
DTR Master Reset High
OouT 1 Master Reset High
RCVR FIFO MR/FCR1¢FCRO/AFCRO All Bits Low
XMIT FIFO MR/FCR1¢FCRO/AFCRO All Bits Low
Notes:
1 Boldface bits are permanently low.
2 Bits 7-4 are driven by the input signals.
© 1990 2830 N. First St./San Jose, CA 95134/(408) 432-9100/FAX (408) 434-0335/TELEX 499 1044
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Register Select (A0, A1, A2), Pins 26-28: |dentifies a
source or target UART register during data transfer. CPU
read and write operations are directed to a select UART
register by address signals connected to these inputs.
The most significant bit of the Line Control Register is
the Divisor Latch Access Bit (DLAB). The DLAB must
be set high to enable the access of the Baud Generator
Latches, and the state of the DLAB also affects the
selection of certain other UART registers.

Register Addresses

COMPUTER & PERIPHERAL
&*5  COMPONENTS

DLAB| A, | Ay | A Register

o
o

0 0 | Receiver Buffer (read),
Transmitter Holding
Register (write)
Interrupt Enable
Interrupt Identification
(read)

FIFO Control (write)
Line Control

MODEM Control

Line Status

MODEM Status
Scratch

Divisor Latch (least
significant byte)
Divisor Latch (most
significant byte)

[oNe]
—

2 XXXXXX Xo
O udt OO0 O =

Py
o Q- e et 2 OO

(@] O = e OO = na

—

Master Reset (MR), Pin 35: Clears UART registers and
control logic. Except for the Receiver Buffer Register,
Transmitter Holding Register and two Divisor Latches,
all UART registers and control logic are cleared when
MR input is high. The input is buffered by a TTL-
compatible Schmitt Trigger with 0.5V typical hysteresis.
Note: An active MR input affects the states of varlous output

signals (SOUT, INTR, OUT1, OUT2, RTS, DTR). See
Table 1.

Receiver Clock (RCLKC), Pin 9: Accepts input for the
UART receiver section from the 16x baud rate clock.

Serial Input (SIN), Pin 10: Accepts serial data from the
communications link (MODEM, peripheral device, or
data set).

Clear to Send (CTS), Pin 36: Signals MODEM or data
set readiness for data exchange. CTS low indicates a
ready state for data exchange. The CTS state reflects
the condition of the MODEM status input which can be
tested via bit 4 (CTS) of the MODEM Status Register
(MSR). Bit 0 (DCTS) of the MSR tracks any change in

IMP16C550A

the CTS input state since the last MSR reading. The
CT8 signal has no effect on the transmitter.

Note: Since it is the complement of the CTS signal, whenever
CTS changes state, an interrupt is generated if the
MODEM Status Interrupt is enabled.

Data Set Ready (DSR), Pin 37: Signals MODEM or data
set readiness for communications link. DSR low indi-
cates a ready state for communications. The DSR state
reflects the condition of the MODEM status input which
can be tested via bit 5 (DSR) of the MODEM Status
Register (MSR). Bit 1 (DDSR) of the MSR tracks any
change in the DSR input state since the last MSR
reading.

Note: Since it is the complement of the DSR signal, whenever

DSR changes state, an Interrupt is generated if the
MODEM Status Interrupt is enabled.

Data Carrier Detect (DCD), Pin 38: Signals data carrier
acknowledgment. DCD low indicates detection of the
data carrier by the MODEM or data set, The DCD
state reflects the condition of the MODEM status input
which can be tested via bit 7 (DCD) of the MODEM
Status Register (MSR). Bit 3 (DDCD) of the MSR tracks
any change in the DSR input state since the last MSR
reading. The DCD signal has no effect on the Receiver.

Note: Since it is the complement of the DCD signal, whenever
DCD changes - state, an interrupt is generated if the
MODEM Status Interrupt is enabled.

Ring Indicator (RI), Pin 39: Signals telephone signal
detection. Rl low indicates that the MODEM or data set
has received the telephone ringing signal. The RI state
reflects the condition of the MODEM status input which
can be tested via bit 6 (Rl) of the MODEM Status
Register (MSR). Bit 2 (TERI) of the MSR tracks any low
to high state change in the Rl input state since the last
MSR reading.

Note: Since it is the complernent of the Rl signal, whenever Rl

-changes state, an interrupt is generated if the MODEM
Status Interrupt is enabled.

Vee Pin 40: +5V supply.

Vss, Pin 20: Ground (OV) reference.

Output Signals

Data Terminal Ready (DTR), Pin 33: Signals UART
readiness for communications link. DTR can be set to
active low indicating a ready state for communications
with the MODEM or data set by programming bit 0 (OTR)
of the MODEM Control Register to high.

Note: To set and hold DTR inactive, use Master Reset to reset

the signal high and a Loop Mode operation to hold the
state constant.
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Request to Send (RTS), Pin 32: Signals UART readiness
for data exchange. RTS can be set to active low indi-
cating a ready state for data exchange with the MODEM
or data set by programming bit 1 (RTS) of the MODEM
Control Register to high.

Note: To set and hold RTS inactive, use Master Reset to reset
the signal high and a Loop Mode operation to hold the
state constant.

Output 1 (OUT1), Pin 34: Use designated output. OUT1
is set active low by programming bit 2 (OUT1) of the
MODEM Control Register to high. In XMOS parts this
achieves TTL levels.

Note: To set and hold OUT1 inactive, use Master Reset to reset
the signal high and a Loop Mode operation to hold the
state constant.

Output 2 (OUT2), Pin 31: User designated output. OUT2
is set active low by programming bit 3 (OUT2) of the
MODEM Control Register to high. In XMOS parts this
achieves TTL levels.

Note: To set and hoid OUT2 inactive, use Master Reset to reset

the signal high and a Loop Mode operation to hold the
state constant.

Transmitter/Receiver DMA (TXRDY, RXRDY), Pins 24, 29:
DMA mode 0, available in both IMP16C550A mode and
FIFO mode, provides single transfer DMA with execution
between CPU bus cycles. DMA mode 1, available only
in FIFO mode, offers multitransfer DMA with continuous

Connection Diagrams

Dual-In-Line Package

oo [1 L a0 vee
D1 []2 s9[] Al
D2 []3 as [] BCO
D3 [ |4 37{] DSA
pa []s 36 | ] CTS
pDs []e 35| ] MR
D6 [ |7 34 ] OUTH
D7 []s8 3a[] DTR
RCLK []s 32 ] ATS
SIN []10 31| ] oUT2
souT [|n 30 | | INTR
cso []12 29 | ] RXRDY
cst []13 28] A0
cs2 []1a 27 (] a1
BAUDOUT []1s5 26 [] A2
XIN [ ]16 25 | ] ADS
xout []17 24 [ ] TXRDY
WR []18 23 [ pois °
WR []19 221 ] RD
vss []20 211 AD
Top View

Order Number IMP16550AD
See IMP Package Number N40A
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execution until either RCVR FIFO is empty or XMIT
FIFO is filled.

RXRDY Mode 0: Accessible in IMP16C550A mode
(FCR[O0] = 0) or in FIFO mode (FCR[0] = 1, FSR[3] = 0).
Whenever at least 1 character resides in the RCVR
holding register or the RCVR FIFO, RXRDY (Pin 29)
goes active with signal low. Once there is no data left
in the FIFO or holding register, it goes inactive.

RXRDY Mode 1: Accessible only in FIFO mode (FCR[0]
= 1), Whenever FCR[3] = 1 and the timeout or trigger
level has been reached, RXRDY (Pin 29) goes active
with signal low. Once there is no data left in the FiFO,
it goes inactive,

TXRDY Mode 0: Accessible in IMP16C550A mode-
(FCR[0] = 0) or in FIFO mode (FCR[O0] = 1, FSR[S] 0).
Whenever there are no characters residing in the XMIT
holding register or the XMIT FIFO, TXRDY (Pin 24) goes
active with signal low. Once the first character is loaded
into the in the FIFO or holding register, it goes inactive.

TXRDY Mode 1: Accessible only in FIFO mode (FCR[O0]
= 1). Whenever FCR([3] = 1 and there remains any
unfilled position in XMIT FIFO, RXRDY (Pin 24) goes
active with signal low. Once the FIFO becomes com-
pletely full, it goes inactive. ’

Driver Disable (DDIS), Pin 23: Controls or disables the
direction of the data bus transceiver. While the CPU is
reading data from the UART, DDIS goes active low.

Chip Carrier Package

D3I DI NC RI_DSR
vce DD CTs

D4 D2- DO

4443 4241 40
39 MR
8 38| OUT1

D719 37 DTR
RCLK 33 10 36C]RTS
SINFO 1 35 0UT2
NC 112 34 NC
soutE113 33 INTR
cso 114 32 RXRDY
cs1 315 a1 A0
cs216 30 At

BAUDOUT 20 A2

17
18 19 2021222324 25262728

XIN WR vss RD DDIS ADS
XOUT WR NC RD TXRADY

Top View

Order Number IMP16550AP
See IMP Package Number V44A
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Baud Out (BAUDOUT), Pin 15: 16x clock signal. This
clock rate is determined by the main reference oscillator
frequency divided by the divisor specified in the Baud
Generator Divisor Latches. Generated from the trans-
mitter section of the UART, the BAUDOUT output may
also be tied to the receiver section through the RCLK
input.

Interrupt (INTR), Pin 30: Signals interrupt conditions.
INTR goes high in response to any of the following
interrupt types activated via the Interrupt Enable
Register: Receiver Error Flag, Received Data Available,
Transmitter Holding Register Empty, MODEM Status
and timeout (FIFO mode only). INTR is reset low by the
appropriate interrupt service or by Master Reset.

Serial Output (SOUT), Pin 11: Composite serial output
to the communication link (MODEM, peripheral or data
set). SOUT is reset to the logic 1 Marking state by
Master Reset.

Programming

The IMP16C550A supports two modes of operation in
addition to the default 16450 Mode, all regulated and
monitored through registers of the various UART timing,

Typical Clock Circuits

COMPUTER & PERIPHERAL | T-75-37-05
COMPONENTS | IMP16C550A.

logic and control blocks. The functions enabling data
transmission, data reception, and general UART opera-
tions are programmed by setting control sequences in
the appropriate registers, and operational feedback is
obtained by reading the status registers via the CPU.

Programmable Baud Generator

The internal programmable Baud Generator drives the
UART’s internal 16x clock. It can divide any DC clock
input up to 8MHz by a selected divisor between 1 and
(216-1), resulting an output frequency of 16x the Baud.

The divisor value equals the frequency input divided
by 16x the baud rate, and is stored in a 16-bit binary
format in the two 8-bit Divisor Latches. During initializa-
tion, the Divisor Latches must be loaded for proper Baud
Generator access and to activate the 16-bit Baud
counter. When the divisor is 1, the maximum recom-
mended input frequency is 4MHz Setting the divisor
to 0 is not recommended.

Tables 2, 3 and 4 provide decimal divisors to use with
1.8432 MHz, 3072 MHz and 8 MHz crystal input fre-
quencies. Minimal error is achieved when baud rates
are kept under 38400.

Typical Crystal Oscillator Network

CRYSTAL Rp Ryxa C, C,
Voo IMP16C550A 31 MHz |1 MQ| 15k | 10-30 pF| 40-60 pF
DRIVER 1.8 MHz |1 MQ] 1.5k | 10-30 pF} 40-60 pF
EXTERNAL _DD ' '
Table 2. Baud Rates Using 1.8432 MHz Crystal
| Decimal Divisor Percent Error
OPTIONAL Desired Used to Generate | Difference Between
DRIVER 4| osc. cLOCK TO Baud Rate 16 x Clock Desired and Actual
OPTIONAL <]l - B=AUb GEN LOGIC
OUTPUT XouT gg ?ggg -
110 1047 0.026
Vee  IMPIGCSS0A 134.5 . 857 0.058
150 768 —_
300 384 —
l 600 192 —_
1200 96 —_
1" 1800 64 —
= i —] 2000 . 58 0.69
R 2400 48 —_
X2 — | OSC. CLOCK TO 3600 32 ———
BAUD GEN LOGIC OV
I -"){(}{,\; > 4800 24 —
¢ 7200 16 —_—
1= 9600 12 —
= 19200 6 —
38400 3 —_
56000 2 2.86
© 1990 2830 N. First St./San Jose, CA 95134/(408) 432-9100/FAX (408) 434-0335/TELEX 499 1041
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Table 3. Baud Rates Using 3.072 MHz Crystal Table 4. Baud Rates Using 8 MHz Crystal
Decimal Divisor Percent Error Decimal Divisor Percent Error
Desired Used to Generate | Difference Between Desired Used to Generate | Ditference Between
Baud Rate 16 x Clock Desired and Actual Baud Rate 16 x Clock Desired and Actual
50 3840 — 50 10000 —_
75 2560 —_ 75 6667 " 0.005
110 1745 0.026 110 4545 0.010
1345 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 4 2.344
256000 2 2.344
© 1990
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Note 2: These bits are always 0 in the IMP16450 Mode,
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transmitted or received.

Note 1: Bit 0 is the least significant bit. It is the first bit serially
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Registers

The UART registers are summarized in Table 5. More
detailed discussion on the user-programmable registers
is offered below. In the following descriptions, a low state
refers to a logic 0 and a high state to a logic 1.

Line Control Register

The Line Control Register (LCR) allows direct system
reading of its register contents, eliminating the need for
separate system memory allocations for storing line
characteristics. The LCR also provides direct program-
ming access for setting the Divisor Latch Access bit and
for specifying the format of the asynchronous data
communications exchange.

Word Length Select Bits (WSLO, WSL1), Bits 0, 1: Indicate
number of bits in each serial character transmitted or
received. Bits 0 and 1 are encoded as follows:

c9E D WM 4850429 0001048 8 -IMPV

COMPUTER & PERIPHERAL
COMPONENTS

Bit 1 Bit 0 Character Length
0 0 5 Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

Number of Stop Bits (STB), Bit 2: Indicates number of
stop bits transmitted and received in each serial
character. Stop bits are generated as follows:

Bit 2 | Character Length | Stop Bits Generated

0 any 1
1 5 15
1 6,7o0r8 2

Note: The receiver only checks the first stop bit regardless of
the number of stop bits selected.

Parity Enable (PEN), Bit 3: Controls parity bit genera-
tion and checking. The parity bit resides between the
last data word bit and the stop bit of the serial data, and
is summed with the data word bits to produce an even
or odd number of 1s. When PEN is high, a parity bit
is either generated during data transmission or checked
during data receiving.

Even Parity Select (EPS), Bit 4: Controls parity bit and
data word transmission and checking. EPS is active only
when Parity Enable (LCR[3]) is high. When EPS is set
low an odd number of 1s is transmitted and checked,
and when set high an even number of 1s is transmitted
and checked in the data word and parity bit.

(" 1-75-37-05

IMP16C550A

Stick Par/ty, Bit 5: Controls the Parity bit value. Stick
Parity is enabled only when both this bit and Parity
Enable (LCR[3]) are high. Then, if Even Parity Select
(LCRI4)) is low the parity bit is transm|tted and checked
as a logic 1, and if EPS is high the parity bit is trans-
mitted and checked as a logic O.

Break Control, Bit 6: Activates break condition trans-
mission. Break Control is disabled when set to low.
When it is set high, the Serial Output (SOUT) is forced
to the spacing state (logic 0), and the break condition
is transmitted to the receiving UART.

Note: The Break Control only affects SOUT and does not act
on transmitter logic, so that during any break, the
transmitter can be used to time the duration of that break.

Divisor Latch Access (DLAB), Bit 7: Selects latch and
buffer access. During a read or write operation, DLAB
allows access to the Divisor Latches of the Baud
Generator if set high. If set low, access is avallable to
the Receiver Buffer, Transmitter Holding Register or
Interrupt Enable Register.

Line Status Register

The Line Status Register (LSR) displays status condi-
tions for the CPU to monitor data transfer operations.
This register is intended for read access only. Writing
to the Line Status Register is not recommended out-
side of factory testing applications.

Data Ready (DR), Bit 0: Signals the completion of an
incoming character transfer. DR is set high when an
entire character is received and transferred to the
Receiver Buffer Register or the FIFO. Reading all of the
data in the Receiver Buffer Register or FIFO resets DR
to low.

Overrun Error (OE), Bit 1; Signals a data transfer failure
due to premature overwriting of received data by the
next character. OE is set high when a character Is
transferred into the Receiver Buffer Register, eradicating
the prevuous data before it was successfully read by the
CPU. OE is reset to low after the CPU reads the entire
contents of the LSR.

In FIFO mode the FIFO can be filled above the trigger
level, but an Overtun Error is indicated to the CPU only
if the FIFO is completely full and the shift register has
received an entire character. The data in the shift
register is then overwritten without being transferred to
the FIFO.

Parity Error (PE), Bit 2: Signals a parity mismatch in the
incoming character. PE set high indicates a discrepancy
between the parity of received data and the parity
selected by the Even Parity Select bit. It is reset to low
after the CPU reads the entire contents of the LSR.
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In FIFO mode, a Parity Error identifies a selected
character which resides at the top of the FIFO at the
time that the error is signalled to the CPU.

Framing Error (FE), Bit 3: Signals an invalid stop bit in
the incoming character. FE is set high if the final bit
following the last data or parity bit is low (spacing level).
In resynchronizing after a Framing Error, the UART
attributes the framing error to the subsequent start bit
and resamples the newly assigned start bit twice before
reading the associated data bits. FE is reset to low after
the CPU reads the entire contents of the LSR.

in FIFO mode, a Framing Error identifies a selected
character which resides at the top of the FIFO at the
time that the error is signalled to the CPU.

Break Interrupt (Bl), Bit 4: Signals a prolonged spacing
state condition. Bl is set to high if the received data
produces a spacing state (logic 0) which outlasts the
full-word transmission time (the totai transmission time
of the Start bit + data bits + Parity + Stop bits). It is
reset to low after the CPU reads the entire contents of
the LSR.

in FIFO mode, a Break Interrupt identifies a selected
character which resides at the top of the FIFO at the
time that the error is signalled to the CPU. At the time
of the break, one 0 character is written to the FIFO with
character transfer resuming only after the serial input
pin (SIN) returns to marking state and verifies the next
start bit.

Note: If the Receiver Status Line Interrupt is enabled, error
conditions signalled by LSR bits 1 through 4 activate an
interrupt whenever the associated conditions occur.

Transmitter Holding Register Empty (THRE), Bit 5: Indi-
cates UART readiness for new data transmission. THRE
is set high when a character is read to the Transmitter
Shift Register from the Transmitter Holding Register.
When the Transmit Holding Register Empty Interrupt
enable is also set high, the UART issues an interrupt
to the CPU. THRE is reset to low when the CPU reads
the contents of the Transmitter Holding Register.

In FIFO mode, THRE is set high when XMIT FIFO is
empty, and reset to low after the first byte is written to
the XMIT FIFO.

Transmitter Empty (TEMT), Bit 6: Indicates that trans-
mitter registers contain no data. TEMT is set high when
both the Transmitter Holding Register and the Trans-
mitter Shift Register are empty, and is reset to low when
a character has been written to either register.

In FIFO mode, TEMT is set high when both the trans-
mitter FIFO and the shift register are empty.

Error in RCVR FIFQ, Bit 7: in FIFO mode only, indicates
unresolved parity error, framing error or break indication.
This bit is set high if any one of these conditions is
present, and is reset to low when all error conditions
in the FIFO are cleared and when the CPU reads the
entire contents of the LSR.

This bit remains at a constant low in IMP16450 mode.

FIFO Control Register

The FIFO Control Register (FCR) controls FIFO condi-
tions and operations. It Is a write-only register at the
same location as the read-only Interrupt Identification
Register. ’

FIFO Enable, Bit 0: Controls the XMIT FIFO and the
RCVR FIFO. This enables both FIFOs when set high
and clears the contents of both FIFOs when reset to
low. -All bytes from the FIFOs are also cleared when
switching between IMP16450 mode and FIFO mode. In
addition, when setting any other FIFO Control Register
bits, this bit must be high.

RCVR FIFO Reset, Bit 1: Clears the RCVR FIFO. When
set high, this bit clears all data from the RCVR FIFO,
resets its counter logic to 0, and self clears the 1 written
to this bit position. However, it leaves the shift register
unchanged.

XMIT FIFO Reset, Bit 2: Clears the XMIT FIFO, When
set high, this bit clears all data from the XMIT FIFO,
resets its counter logic to 0, and self clears the 1 written
to this bit position. However, it leaves the shift register
unchanged.

DMA Mode Select, Bit 3: Activates RXRDY and TXRDY
pins. If both this bit and FIFO Enable (FCRJ[0]) are set
high, the RXRDY and TXRDY pins are toggled from
mode 0 to mode 1.

Bits 4, 5: Reserved for future- use.

RCVR Trigger (LSB, MSB), Bits 6, 7: Selects trigger levels
for the RCVR FIFO interrupt as follows:

RCVR FIFO
7 6 Trigger Level (Bytes)
0 0 01
0 1 04
1 0 08
1 1 14
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Interrupt ldentification Register

The Interrupt ldentification Register (lIR) prioritizes
interrupts into four levels in order to minimize system
software overhead. The IIR records these interrupt
conditions which are prioritized in the order of: Receiver
Line Status, Received Data Ready, Transmitter Holding
Register Ready, and MODEM Status.

During CPU access to the IR, all UART interrupts are
frozen and queued according to priority. For the duration
of the CPU access, the UART continues to record new
interrupts but maintains its current status indication to
the CPU until access is completed. '

Interrupt Pending, Bit 0: Signals a pending interrupt in
the prioritized interrupt environment. This bit set low
indicates a pending interrupt for which the remaining
data in IR dictates the appropriate service routine.
When this bit is high there is no pending interrupt.

Interrupt ID Bits 0 and 1, Bits 1, 2: Establish the highest
priority interrupt pending in accordance with Table 6.

Interrupt ID Bit 2, Bit 3: In FIFO mode only, signals a
pending timeout interrupt if both this bit and IIR Bit 2
are set high.

This bit 3 remains at a constant low in IMP16450 mode.
Bits 4, 5: These bits always remain at constant low.

FIFOs Enabled, Bit 6 and 7: These bits afe always set
to the same value as 1IR Bit 0.

interrupt Enable Register

The Interrupt Enable Register (IER) regulates five types -
of UART interrupts. Each interrupt has independent
access to the interrupt output signal (INTR), and the
entire UART interrupt system can be completely enabled

Table 6. Interrupt Control Functions
FIFO Interrupt
Mode Identification Interrupt Set and Reset Functions.
Only Register
Priority Interrupt
Bit3 | Bit2} Bit1 | Bito Level Interrupt Type Interrupt Source Reset Control
0 0 0 1 — None 'Noner -
0 1 1 0 Highest | Receiver Line Status Overrun Error or Parity | Reading the Line
Error or Framing Error | Status Register
or Break Interrupt
0 1 0 0 Second | Received Data Receiver Data Reading the Receiver
Available Available or Trigger Buffer Register or the
Level Reached FIFO drops below the
Trigger Level
1 1 0 ] Second | Character Timeout No characters have Reading the Receiver
Indication been removed from Buffer Register
or input to the RCVR
FIFO during the last 4
Char, times and there
is at least 1 Char. in it
during this time
0 0 1 0 Third Transmitter Holding Transmitter Holding Reading the IR
Register Empty Register Empty Register (if source of
interrupt) or Writing
into the Transmitter
Holding Register
0 0 0 0 Fourth | MODEM Status Clear to Send or Data Reading the MODEM
Set Ready or Ring Status Register
Indicator or Data
Carrier Detect
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or disabled by setting IER Bits 0 through 3 high or fow,
respectively. Disabled interrupts cannot be identified as
active in the IIR or activate the INTR output signal.
However, functions involving the Line Status and
MODEM Status Registers, and all other system opera-
tions, are not affected by the condition of IER.

Enabled Received Data Available Interrupt (ERBFI), Bit 0:
Enables the Received Data Available interrupt when set
high.

In FIFO mode, when set high, ERBFI enables the
timeout interrupts.

Enable Transmitter Holding Register Interrupt (ETBEI),
Bit 1: Enables the Transmitter Holding Register interrupt
when set high.

Enable Receiver Line Status Interrupt (ELSI), Bit 2:
Enables the Receiver Status Line interrupt when set
high.

Enable MODEM Status Interrupt (EMSI), Bit 3: Enables
the MODEM Status interrupt when set high.

Bits 4-7: These bits always remain at constant low.

MODEM Control Register

The MODEM Control Register (MCR) regulates UART
interface with the MODEM, a peripheral device emu-
lating the MODEM, or the data set.

Data Terminal Ready (DTR), Bit 0: Controls the Data
Terminal Ready (DTR) output. Setting DTR high forces
the DTR output to low, and resetting it to low forces the
DTR output high.

Note: The polarity of the input at the MODEM or data set can
be induced by applying the previous DTR output to an
EIA inverting line driver (for example, the DS1488).

Request to Send (RTS), Bit 1: Controls the Request to
Send (RTS) output. Setting RTS high forces the RTS
output low, and resetting it to low forces the RTS output
high.

Out 1 (OUTY), Bit 2: Controls the user-defined Output 1
(OUT1) signal. Setting OUT1 high forces the OUTH
output low, and resetting it to low forces the OUT1 output
high.

Out 2 (OUT2), Bit 3: Controls the user-defined Output 1
(OUT2) signal. Setting OUT2 high forces the OUT2
output low, and resetting it to low forces the OUT2 output
high.

Loop, Bit 4: Enables diagnostic testing through a local
loopback operation. Setting this bit high initiates a set
of functions which provide the CPU with verification of
the UART transmit and received data paths.

First, the transmitter Serial Output (SOUT) is set to the
marking state (logic 1) and the receiver Serial Input (SIN)
Is disconnected. The data from the Transmitter Shift
Register output is then looped back into the Receiver
Shift Register input. The four MODEM Control inputs
(CTS, DSR, RI and DCD) are also disconnected and
the four MODEM Control outputs (DTR, RTS, OUTH and
OUT2) are connected internally to the respective MODEM
Control inputs. Finally, the MODEM Control output pins
are forced into their inactive state (logic 1). In this mode,
the data is immediately transmitted and received,
allowing-data path checking.

In this diagnostic mode, the interrupts are still controlled
by the Interrupt Enable Register. The receiver and
transmitter interrupt sources lie outside of this operation,
80 that those interrupts are normally functional. The
MODEM Control Interrupts are also operational, but the

-interrupt sources reside in the lower four bits of the

MODEM Control Register instead of in the MODEM
Control Inputs for the duration of the diagnostic.

Bits 5-7: These bits always remain at constant low.

MODEM Status Register

The MODEM Status Register (MSR) monitors the
current condition and record status changes in the
control lines from the MODEM (or peripheral device)
to the CPU.

The first four bits of this register indicate change infor-
mation and are set high if the associated input from the
MODEM changes state, and are reset to low when the
CPU performs a read of the MODEM Status Register.
In addition, a MODEM Status interrupt is generated
whenever any of these bits are set high.

Delta Clear to Send (DCTS), Bit 0: Signals any status
change in the CTS input to the UART since the last
CPU read operation.

Delta Data Set Read'y (DDSR), Bit 1: Signals any status
change in the DSR input to the UART since the last
CPU read operation.

Trailing Edge of Ring (TERI), Bit 2: Signals any status
change from high to low in the Rl input to the UART
since the last CPU read operation.

Delta Data Carrier Detect (DDCD), Bit 3: Slgnals any
status change inthe DCD input to the UART since the
last CPU read operation.

Clear to Send (CTS), Bit 4: Dénotes the complement of
the Clear to Send input (CTS). When the MSR Loop
bit (bit 4) is set high, this bit takes on the value of the
RTS in the MCR.
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Data Set Ready (DSR), Bit 5: Denotes the complement
of the Data Set Ready input (DSR). When the MSR
Loop bit (bit 4) is set high, this bit takes on the value
of the DTR in the MCR.

Ring Indicator (Rl), Bit 6: Denotes the complement of
the Ring Indicator input (RI). When the MSR Loop bit
(bit 4) is set high, this bit takes on the value of the OUT1
in the MCR.

Data Carrier Detect (DCD), Bit 7: Denotes the comple-
ment of the Data Carrier Detect input (DCD). When the
MSR Loop bit (bit 4) is set high, this bit takes on the
value of the OUT2 in the MCR.

Scratchpad Register

The Scratchpad Register (SCR) provides an 8-bit
read/write register of temporary data storage for pro-
gramming use. It does not control the UART operations
in any way.

Interrupt and Poll Mode Operations

FIFO Interrupt Mode Operation is activated in FIFO mode
by setting both FIFO Enable (FCR[0]) and Enable
Received Data Available interrupt (IER[1]) high. RCVR
FIFO and receiver interrupts are also enabled. in this
mode, RCVR interrupts will be generated under the
following conditions.

Both the Receive Data Available interrupt and the IIR
Receive Data Available indicator are issued when the
FIFO reaches its programmed trigger level, and cleared
when the FIFO drops below its programmed trigger
level.

The Data Ready Bit (LSR[0]) is activated immediately
when a character is written from the shift register to the
RCVR FIFO, and reset when the FIFO is empty. And
as in IMP16450 mode, the Receiver Line Status inter-
rupt (IIR[6]) holds higher priority than the Received Data
Available interrupt (IIR[4}]).

With enabled RCVR FIFO and receiver interrupts in
FIFO mode, RCVR FIFO timeout generation will comply
with the following conditions.

First FIFO timeout will occur only in conjunction with
three conditions: the FIFO contains at least one
character, the most current serial character received is
longer than 4 continuous character times ago (with the
second stop bit included in this time delay if 2 stop bits
are detected), and the most current CPU read of the
FIFO is longer than 4 continuous character times ago.
This induces a delay of 160 ms at 300 BAUD to be

issued by the maximum character received using a
12-bit character.

Also, to make delay propotrtional to the baud rate, the
RCLK input must be used for a clock signal in
calculating character times.

Following a timeout interrupt, the timeout timer is reset
and the interrupt is cleared after the CPU reads the first
character from the RCVR FIFQ. Similarly, in the absence
of a timeout interrupt the timeout timer is reset after a
new character is received or after the CPU reads the
entire RCVR FIFO. )

In FIFO mode, the XMIT FIFO and transmitter interrupts
are enabled. Also in this mode, XMIT interrupts will be -
generated under the following conditions.

The transmit holding interrupt (02) is issued when the
XMIT FIFO is empty. While servicing this interrupt, 1
to 16 characters may be written to the XMIT FIFO. The
interrupt is cleared when the CPU writes to the trans-
mitter holding register or reads the lIR.

If the current state of THRE is high and there have not
been at least two bytes at the same time in the transmit
FIFO since the last time THRE was high, the transmitter
FIFO empty indications will be delayed 1 character time
minus the last stop bit time. And when enabled, the first
transmitter interrupt after changing FCRO will be
immediate.

Priority classifications for Character Timeout and RCVR
FIFO trigger-level interrupts are the same as those for
the current Received Data Available interrupt. When
empty, XMIT FIFO holds the same priority level as the

current THRE interrupt. -

FIFO Polled Mode Operation is implemented when FIFO
Enable (FCR[1]) is high and all IER bits are reset to 0.
Because the receiver and transmitter are independently
controlled, either, both or neither the receiver and trans-
mitter can be in the polled mode operation at any time.

In Polled Mode Operation, the LSR enables software
checking of the receiver and transmitter. Specifically,
LSRI[0] remains set as long as RCVR FIFO contains a
full byte of data, LSR[1] through LSR[4] provide error
signalling, LSR[6] indicates when both the XMIT FIFO
and shift register are empty, and LSR{7] signals any
errors in RCVR FIFO. Character error servicing is the
same as in the interrupt mode and the IR is not affected
since the Enable Transmitter Holding Register Empty
interrupt (IER[2]) is low.

RCVR and XMIT FIFOs are cbmpletely able to store
characters although FIFO Polled Mode does not support
trigger level reached or timeout condition indicators.
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