GM16C550
@ gg!ﬂégg&o . ASYNCHRONOUS COMMUNICATIONS
"™ ELEMENT WITH FIFOs

Descriptions Features

The GM 16C550is an asynchronous communi- ® Fully compatible with GM16C450.
cations element (ACE) that is functionally ® Modem control signals include €TS, RTS,
equivalent to the GM16C450, and addition- DSR, DTR, Rl and-DCD.

ally incorporates a 16byte FIFOs are available ® Programmable serial characteristics:

on both the transmitter and receiver, and can — B-, 6-, 7- or 8-bit characters

be activated by placing the device in the FIFO — Even-, odd-, or no-parity bit generation
mode. After a reset, the registers of the and detection

GM16C5H50 are identical to those of the — 1-, 1%- or 2-stop bit generation
GM16C450, : — Baud rate generation (DC to 256K baud)
The UART performs serial-to-paratlel conver- ® 16 byte FIFO reduces CPU interrupts.

sion on data characters received from a peri- ® |Independent control of transmit, receive,
pheral device or a MODEM, and parallel-to- line status, data set interrupts, FIFOs.
serial conversion on data characters received ® Full status reporting capabilities.

from the CPU. The CPU can read the com- ® Three-state, TTL drive capabilities for bi-
plete status of the UART at any time during directional data bus and control bus.

the functional operation. Status information ® 40DIP/44PLCC

reported includes the type and condition of
the transfer operations being performed by
the UART, as well as any error conditions
{parity, overrun, framing, or break interrupt).

Pin Configulation
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Absolute Maximum Ratings

Temperature under Bias
Storage Temperature

All Input or Output Voltages

with respect to Vgg

Power Dissipation

DC Electrical Characteristics
Ta =0°C TO +70°C, Vg = 5V £ 5%, Vgg = OV unless otherwise specified

0°C to +70°C
—65°C to +150°C

—0.5V to +7.0V
500 mw

Note :

Maximum ratings indicates hmits beyond which
permanent damage may occur. Continuous opera-
tion at these Iimits 1s not intended and should be
lmited to those conditions specified under DC
electnical charactenstics

Symbol Parameter Min Max Units Conditions
ViLx Clock Input Low Voltage —0.5 0.8 \
VIHX Clock Input High Voltage 20 Vee A
ViL Input Low Voltage —-0.5 08 v
VIiH Input High Voltage 2.2 Vee \
VoL Output Low Voltage 04 v loL = 1.6 mA on all, Note 1
VOH Output High Voitage 24 \ loH = —1.0mA, Note 1
IcclAV) Average Power Supply 10 mA Vee =5.25 V, No loads on
Current (Vcg) (Note 2) output SIN DSR, DCD, CTS
TH Input Leakage +10 pA Vee =525V, Vgg =0V,
All other pins floating.
IcL Clock Leakage 10 A ViN=0V,525V
loz 3-State Leakage 20 KA Vec=5.25V,GND=0V.
VouTt=0V,5286V
1) Chip Deselected
i 2) Write mode, chip selected
ViILMR MR Schmitt Vy_ 0.8 \%
VIHMR MR Schmitt Vi 2.2 Y
Note 1. Does not apply to XOUT.
Note 2.Ta = 25C
Capitance T, =25°C, Vcc = Vgs =0V
Symbol Parameter Min Tye Max Units Conditions ]
CxIN Clock tnput Capitance 15 20 pF fo =1 MHz :
CxouT Clock Output Capitance 20 30 pF Unmeasured pins |
CIN Input Capitance 6 10 pF returned to Vgg ‘
CouT Output Capitance 10 20 pF i
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AC Characteristics T =0°C to +70°C, Vg = 5V 5%

Symbol Parameter Min | Max | Units Conditions
tADS Address Strobe Width 60 ns
tAH 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
tch Chip Select Hold Time 0 ns
tcs Chip Select Setup Time 60 ns
tcSR RD, RD Delay from Chip Select 30 ns Note 1
tesw WR, WR Delay from Select 30 ns Note 1
tDH Data Hold Time 30 ns
tDs Data Setup Time 30 ns
tHz RD, RD to Floating Data Delay 0 | 100 ns 100 pF ioading, Note 3
tMR Master Reset Pulse Width us
tRA Address Hold Time from RD, RD 20 ns Note 1
tRC Read Cycle Delay 125 ns
tRCS Chip Setect Hold Time from RD, RD 20 ns Note 1
tRD RD, RD Strobe Width 125 ns
tRDD RD, RD to Driver Enable/Disable 60 ns 100 pF loading, Note 3
tRVD Delay from -RD, RD to Data 125 ns 100 pF loading
WA 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
IXH Duration of Clock High Pulse 55 ns External Clock (8.0 MHz Max.)
XL Duration of Clock Low Pulse 55 ns External Clock (8.0 MHz Max.)
RC Read Cycle = toAR * tRp + tRC 280 ns Note 4
WC Write Cycle = taw + twR *+ twe 280 ns
Baud Generator
N Baud Divisor 1| 21641
tBHD Baud Output Positive Edge Delay 175 ns 100 pF load
tBLD Baud Output Negative Edge Delay 175 ns 100 pF load
tHW Baud Output Up Time 75 ns fx = 8.0 MHz, + 2, 100 pF load
TLw Baud Output Down Time 100 ns fx = 8.0 MHz, + 2, 100 pF load

B 4026757 0004401 231 W
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AC Characteristics Ta =0°C to +70°C, Vg = 5V #5%

Symbol | Parameter | Min Wax I Units | Conditions ’
Receiver
Delay from RD, RD (RD RBR/ or
t 1
RINT RD LSR) to Reset Interupt Hs 100 pF toad
tscD Delay from RCLK to Sample Time 2 us
RCLK
L tSINT Delay from Stop to Set interrupt 1 Cycles Note 2
Transmitter
Delay from WR, WR (WR THR])
tHR to Reset Interrupt 175 ns 100 pF load
Delay from RD, RD (RD iIR)
YR to Reset Interrupt (THRE) 250 ns 100 pF load
Delay from Initial INTR Reset Baudout
t
IRS to Transmit Start 8 . 24 Cycles
ts) Delay from Initial Write to Interrupt 16 24 | Baudout Note 5
Cycles
tsT) Delay from Stop to Interrupt (THRE) 8 g | Baudout |\ o5
Cycles
tsxA | Delay from Start to TXRDY Active 8 '?;3;’5“‘ 100 pF load
WX Delay from Write to TXRDY inactive 195 ns 100 pF load
Modem Control
tMDO Delay from Wﬁ, WR {WR MCR]} to Qutput 200 ns 100 pF load
Delay to Reset Interrupt from RD, RD |
tRIM (RD MSR) 250 ns 100 pF oad
tSIM Delay to Set Interrupt from MODEM Input 250 ns 100 pF load

Notes _

1 Applicable only when ADS s tied low.

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

3 Charge and discharge time s determined by VOL, VOH and the external loading.

4 In FIFO mode RC = 425 ns (mimimum) between reads of the receiver FIFO and the status registers (interrupt identifica-
tion register or line status register)

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

External Clock Input (8.0 MHz Max.) AT Test Points

——'__.'t)(H 2 4V— 22v
2 22V (Note 1) {Note 2)
XIN 04y 08V
04v

txt

Note 1: The 2.4V and 0.4V levels are the voltages that the inputs are driven to during AC testing
Note 2: The 22V and 08V levels are the voltages at which the timing tests are made

BAUDOUT Timing
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Timing Waveforms (Continued)

Write Cycle
|-—cAos—-| N
ADS \_/—
e —1AS —jnftaH
A2,A1,00 KVALID | X ~X
| ptcs spafech s twas
— N\ pe——
€S2, CS1, €S0 |x vaup X 4 X
I y S =
o tCSWr—— '-—-I:csw-
tAW* wC =
b tWR —+——MC—-‘ |
WRWR )( ACTIVE X X active
| " ]0R

fD. RO | N X ACTIVE

w
105 ~f—tDH -]
DATA VALID DATA
00-D7
*Applicable Only When ADS 1s Tied Low.
Read Cycle

b—1as —F~fuan
A2A1.AD X vauo | X —x
l '——tCS-—H!CH

e
pu— l NS
CS2.CS1.CS0 Ix VALID X { X
S N
e " .
| 1CSR -tacse—|
tAR® RC J
tRD -J[- RC —I I
RD. RD X active X XACTIVE
b Y]
| | lor
n
WR WR | | X ACTIVE
JL
f—twroD  }—}tADD
DDIS \ /
~——-l tHZ
RVD
DATA /VALD \
00-D7 \ paTA /

*Apphcable Only When ADS 1s Tied Low
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Receiver Timing

RCLK I | I l

p 8 CLKS

M

SAMPLE CLK

‘ﬁJ l““ tSCD

SIN
(RECEIVER \ START /* paTA BITS (5-8) )( )’ \ /
INPUT Yt sTOP

DATA}

SAMPLE l I l

PARITY

I

3
1y

CLK

INTERRUPT
(DATA READY OR

—‘{ |"—tSINT B

RCVR ERR

-

DISTR/DISTR
(READ REC

XACTIVEX

DATA BUFFER
OR RDLSR}

Transmitter Timing

SERIAL OUT TART
(SOUT) DATA(5-8) smpwz;f {
PARITY
t
INTERRUPT t—— STl
{THRE)

DOSTR/DOSTR _/—-\
(WR, THR)

oo
2\

DISTR/DISTR

"Hl'”
~

(RD 1IR)

MODEM Control Timing

DOSTR/DOSTR
(WR MCR)

M
RIS, DTR, MDO
TUTT OUTZ \

tMDO

fRIM

/\

DISTR/DISTR

\

SIM 1RIM

/N

INTERRUWW

(RD MSR}
Ri

Note 1: See Write Cycle Timing
Note 2 - See Read Cycle Timing

|
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Timing Waveforms (Continued)
RCVR FIFO First Byte (This Sets RDR)

SIN— —
DATA (5-8) x >STO> /

1!

SAMPLE CLOCK l l l I | |1 |1

-

[FIFO AT OR

ABOVE TRIGGER LEVEL)
(FIFO BELOW
tRINT TRIGGER LEVEL)

TRIGGER LEVEL
INTERRUPT
(FCR6. 7 = 0,0)

LS INTERRUPT

D,
ROLSR) X actve K

RD, RD
(RDRBR) ), Acnvm
RCVR FIFO Bytes Other Than the First Byte (RDR is Already Set)

N XS
St STOP

SAMPLE CLOCK I I l I l I
{FIFO AT OR
TIMEOUT OR ; N ABOVE TRIGGER LEVEL)
TRIGGER LEVEL NOTE 2 ]— (FiFO BELOW
INTERRUPT tRINT  TRIGGER LEVEL)

LSt INTERRUPT

RD. RD

(RDLSR) XoAcmve x—
FD. RD X ACTIvE N acTive
(RDRBR) x

PREVIOUS BYTE
READ FROM FIFO

Receiver Ready (Pin 29) FCRO = 0 or FCRO = 1 and FCR3 = 0 {(Mode 0)

RD. RD
(RORBRY)

(FIRST BYTE) STOP
SAMPLE CLK —J_'l—

RXRDY (

AL A
>
»
g
=

2

>
tSINT tRINT
NOTE 2

Note 1: This 1s the reading of the last byte in the FIFO.
Note 2:1f FCRO = 1, then tSINT = 3 RCLKs. For a timeout interrupt tSINT = Q RCLKs
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Timing Waveforms (Continued)

Receiver Ready (Pin 29) FCRO = 1 and FCR3 = 1 (Mode 1)

e {
RD RD - r 7
{RDRBR) (5 ACTIVE
K NOTE 1
SIN

(FIRST BYTE THAT 3/__\__
REACHES THE srop

TRIGGER LEVEL)

|
SAMPLE CLK —J—-—L—

RXRDY
| S
tSINT tRINT

NOTE 2

Note 1:This is the reading of the last byte in the FIFO
Note 2:1f FCRO = 1 1SINT = 3 RCLKs

Transmitter Ready (Pin 24) FCRO= 0 or FCR0O = 1 and FCR3 = 0 (Mode 0)

WR WR N
(WATHR) X BYTET j(
LB Y

SouT DATA X PARITY y STOP w START /
|

H
o ‘ |

TXRDY X

e }‘—tWXI — hISXA

Transmitter Ready {Pin 24) FCR0 = 1 and FCR3 = 1 (Mode 1)

—— | 3
WR WR T ¢
1
(WRTHRI X_BYTE 6 21
SOuT DATA parIlY Y sTop stapt /-
] 1
TXRDY A FIFO FULL
— X — 1SXA
|
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INTERNAL BLOCK DIAGBAM

NTeRnaL |- RECEIVER
DATA BUS | © FIFO
(1-8) DATA o RECEIVER RECEVER |10
D7-D0 BUS w BUFFER SHIFT
BUFFER » REGISTER REGISTER
y
LINE
CONTROL TIMNG [ )
(28) REGISTER | NG pe——ncwk
———lind
27 CONTROL
Al e—r
2 1280
DIVISOR
LATCH
12 e BAUD S BAUDGUT
CSO ———m GENERATOR
(13) DIVISOR
CS1 i LATCH (MS)
— {14
cS2 L.
— (25
05—l seiect 1 TRANSMITTER
{35) , &
M 22) oo s#hT‘tEJs mgNG
RD LOGIC AEGISTER CONTROL
— 21
A5 ~ 2
19 TRANSMITTER —
WR i FIFO o y
— (18 w
WR ——— TRANSMITTER = TRANSMITTER] (11)
DDIS 23! HOLDING w SHIFT | sout
28 REGISTER s REGISTER
TXRDY ]
(16)
XIN _—"( - MODEM | 82, w5
] CONTROL (36) ——
xour (29) REGISTER [ ——— CTS
RXRDY ety (33). B
MODEM @7 ——
CONTROL """"'38 DSR
w ooy (onc” Lo
PoweR [ . +5v REGISTER (39
SUPPLY -
{——m GND RN
INTERRUPT INTERRUPT 30)
ENABLE CONTROL M INTR
REGISTER LOGIC
INTERRUPT
ID
REGISER
FIFO
CONTROL
REGISTER
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Pin Descriptions

The following describes the function of all UART
pins. Some of these descriptions reference intermal
circuits.

In the following descriptions, a low represents a logic
0 (OV nominal) and a high represents a logic 1
{+2.4V nominal).

INPUT SIGNALS

Chip Sefect (CS0, CS1, CS2), Pins 12-14: When
CS0 and CSt are high and CS2 is low, the chip is
selected. This enable 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. Hf ADS is
always low, valid chip selects should stabilize accord-
ing to the tcsw parameter,

Read (RD, RD), Pins 22 and 21: When RD is high
or RD is low while the chip selected, the CPU can
read status information or data from the selected
UART register.

Note : Only an active RD or RD input is required to
transfer data from the UART during a read opera-
tion. Therefore, tie either the RD input per-
manently low or the RD input permanently high,
when it is not used.

Write (WR, WR), Pin 19 and 18: When WR is high

or WR is low while the chip selected, the CPU can

write control words or data into the selected UART
register.

Note : Only an active WR or WR input i1s required to
transfer data to the UART during a wnte opera-
tion. Therefore, tie either the WR input per-
manently low or the WR input permanently high,
when it is not used.

Address Strobe | ADS), Pin 25: The positive edge of

an active Address Strobe ( ADS) signal latches the

Register Select (A0, A1, A2) and Chip Select (CSO,

CS1, CS2) signals.

Note : An active ADS input is required when the Regis-
ter Select (A0, A1, A2) signals are not stable for
the duration of a read or a write operation. If not
required, tie the ADS input permanently low.

Register Select (A0, A1, A2), Pins 26-28: Address

signals connected to these 3 inputs select a UART

register for the CPU to read from or write to during
data transfer. A table of registers and addresses is
shown below. Note that the state of the Divisor

Latch Access Bit (DLAB), which is the most signifi-

cant 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 Generator Divisor Latches.

Master Reset (MR), Pin 35: When this input is high,
it clears all the registers (except the Receiver Buffer,
Transmitter Holding, and Divisor Latches), and the
control logic of the UART. The state of various
output signals (SOUT, INTR, OUT1, OUT2, RTS,
DTR) are affected by an active MR input (Refer to
Table 1). This input is buffered with a TTL-compati-
ble Schmitt Trigger with 0.5V typical hysteresis.

Receiver Clock (RCLK), Pin 9: This input is the

16 X baud rate clock for the receiver section of the
chip. ’

Register Address
DLAB| Az | A; | Ap Register
0 0! 0| O | Receiver Buffer (read),
Transmitter Holding
Register (write)
0 0 0 1 Interrupt Enable
X 0 1 0 Interrupt ldentification
(read)
X ol 1 0 | FIFO Control (write)
X 0 1 1 Line Control
X 1 0| O MODEM Control
X 1 0 1 Line Status
X 1 1 0 | MODEM Status
X 1 1 1 Scratch
1 ol 0o O Divisor Latch
{least significant byte)
1 0| O 1 Divisor Latch
{most significant byte)

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

Clear to Send ( CTS), Pin 36: When low, this indi-
cates that the MODEM or data set is ready to ex-
change data. The CTS signal is a MODEM status
input whose conditions 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 O
(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 MODEM Status Interrupt is enabled.

Data Set Ready ( DSR), Pin 37: When low, this
indicates that the MODEM or data set is ready to
establish_the communications link with the UART,
The DSR signal is a MODEM status input whose
condition can be tested by the CPU reading bit 5
(DSR) of 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 state 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 I1s enabled.

Data Carrier Detect { DCD), Pin 38: When low, indi-
cates that the data carrier has been detected by the
MODEM or data set. The DCD signal is a MODEM
status input 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 indi-
cates whether the DCD input 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 changes state, an Interrupt I1s generated
if the MODEM Status Interrupt 1s enabled.
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Ring Indicator { RI), Pin 39: When low, this indi-
cates that a telephone ringing signal _has been
received by the MODEM or data set. The Rl signal is
a MODEM status input whose condition can be
tested by the CPU reading bit 6 (R1) of the MODEM
Status Register. Bit 6 1s the complement of the -RI
signal. Bit 2 (TERI) of the MODEM Status Register
indicates whether the Rl input signai has changed
from a low to a high state since the previous reading
of the MODEM Status Register.

Note : Whenever the RI bit of the MODEM Status Regis-
ter changes from a high to a low state, an inter-
rupt is generated if the MODEM Status Interrupt
1S enabled

Ve, Pin 40: +5V supply.
Vgs, Pin 20: Ground (0V) reference.

OUTPUT SIGNALS

Data Terminal Ready ( DTR), Pin 33: When low,
this informs the MODEM or data set that the UART
15 ready to establish communications link. The DTR
output signal can be set to an active low by pro-
gramming bit 0 (DTR) of the MODEM Control
Register to high level. A Master Reset operation sets

this signal to its inactive (high) state. Loop mode
operation holds this signal in its inactive state.

Request to Send ( RTS), Pin 32: When low, this in-
forms the MODEM and 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 state. Loop
mode operation holds this signal in its inactive state.

Output 1 { OUT1), Pin 34: This user-designed out-
put can be set to an active low by programming bit 2
{OUT1) of the MODEM Control Register to a high
level. A Master Reset operation sets this signal to its
inactive state. Loop mode operation holds this signal
to its inactive state.

Output 2 (OUT2), Pin 31: This user-designated
output can be set to an active low by programming
bit 3 {OUT2) 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 to its inactive state.

TXRDY, RXRDY, Pin 24, 29: Transmitter and
Receiver DMA signalling is available through two
pins {24 and 29). When operating in the FIFO mode,
one of two types of DMA signalling per pin can be
selected via FCR3. When operating as in the GM16C-
450 Mode, only DMA Mode Q is allowed. Mode O
supports single transfer DMA where a transfer is
made between CPU bus cycles. Mode 1 supports
multi-transfer DMA where multiple transfers are
made continously until the RCVR FIFO has been
emptied or the XMIT FIFO has been filled.

RXRDY Mode 0: When in the GM16C450 Mode
(FCRO = 0) or in the FIFO Mode (FCRO = 1, FCR3
= 0} and there is at least 1 character in the RCVR
FIFO or RCVR holding register, the RXRDY pin
(29) will be low active. Once it is activated the
RXRDY pin will go inactive when there are no more

characters in the FIFO or holding register.

RXRDY Mode 1: In the FIFO Mode (FCRO = 1)
when the FRC3 = 1 and the trigger level or the
timeout has been reached, the RXRDY pin will go
low active. Once 1t 15 activated it will go inactive
when there are no more characters in the FIFO or
holding register,

TXRDY Mode 0: In the GM16C450 Mode (FCR
0 = 0) or in the FIFO Mode (FCR = 1, FCR3 = 0)
and there are no characters in the XMIT FIFO or
XMIT holding register, the TXRDY pin (24) will be
low active. Once it 1s activated the TXRDY pin will
90 Inactive after the first character is loaded into the
XMIT FIFO or holding register.

TXRDY Mode 1: In the FIFO Mode (FCRO = 1)
when FCR3 = 1 and there 1s at least one unfilled
position «n the XMIT FIFO, it will go low active.
This pin will become inactive when the XMIT FIFO
is completely full.

Driver Disable (DDIS), Pin 23: This goes low when-
ever the CPU is reading data from the UART. It can
disable or control the direction of a data bus trans-
ceiver between the CPU and the UART.

Baud Out ( BAUDOUT), Pin 15: The is the 16X
clock signal from the transmitter section of the
UART. The clock rate is equal to the main reference
oscillator frequency diwvided by the specified divisor
in the Baud Generator Dwisor Latches. The BAUD-
OUT may also be used for the receiver section by
tying this output to the RCLK input of the chip.

Interrupt (INTR), Pin 30: This pin goes high when-
ever any one of the following interrupt types has an
active high confition and is enabled via the IER:
Receiver Error Flag; Received Data Available; time-
out (FIFO Mode only); Transmitter Holding Regis-
ter Empty; and MODEM Status. The INTR signal is
reset low upon the appropriate interrupt service or a
Master Reset operation.

Serial Output {SOUT), Pin 11: Composite serial data
output to the communications link {peripheral, MO-
DEM or data set). The SOUT signal is set to the
Marking (logic 1) state upon a Master Reset opera-
tion.

INPUT/QUTPUT SIGNALS

Data (D7-D0) Bus, Pins 1-8: This bus comprises
eight TRI-STATE input/output lines. The bus pro-
vides bidirectional communications between the
UART and the CPU. Data, control words, and status
information are transferred via the D7-DO Data Bus.

External Clock Input/Output (XIN, XOUT), Pins 16
and 17: These two pins connect the main timing
reference {crystal or signal clock) to the UART.
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TABLE 1. UART Reset Configuration

Register / Signal Reset Control Reset State
Interrupt Enable Register Master Reset 0000 0000 (Note 1)
interrupt ldentification Register Master Reset 0000 0001

FIFO Control 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)
SOuUT Master Reset High

INTR (RCVR Errs) Read LSR/MR Low

INTR (RCVR Data Ready) Read RBR/MR Low

INTR (THRE) Read | IR/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

QuTi Master Reset High

RCVR FIFO MR/FCR1-FCRO/2FCRO All Bits LOw

XMIT FIFO MR/FCR1-FCRO/AFCRO All Bits Low

Note 1.: Boldface bits are permanently low.
Note 2.: Bits 74 are driven by the input signals.
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Registers

The system programmer may be access any of the
UART registers summarized in Table I} via the CPU.
These registers contro! UART operations including
transmission and reception of data. Each register bit
in Table |1 has its name and reset state shown.

LINE CONTROL REGISTER

The system programmer specifies the format of the
asynchronous data communications exchange and
set the Divisor Latch Access bit via the Line Control
Register {LCR). The programmer can also read the
contents of the Line Control Register. The read
capability simplifies system programming and elimi-
nates the need for separate storage in system
memory of the line characteristics. Table 1l shows
the contents of the LCR. Details on each bit follow:

Bit O 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 Bit 0 Character Length
0 0 S Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

Bit 2: This bit specifies the number of Stop bits
transmitted and received in each serial character. if
bit 2 is a togic 0, one Stop bit is generated 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 bit are generated. The Receiver checks the first
Stop bit only, regardless of the number of Stop bit
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 bit is
used to produce an even or odd number of 1s when
the data word bits and the Parity bit are summed).

Typical Clock Circuits

vcC
DRIVER

EXTERNAL t
CLOCK XIN
OPTIONAL

DRIVER 0SC CLOCK TO
OPTIONAL = BAUD GEN. LOGIC
CLOCK
OouTPUT XOUT

Bit 4: This bit 1s the Even Parity Select bit. When bit
3 15 a logic 1 and bit 4 1s a logic 0, and odd number
of logic 1s s transmitted or checked in the data
word bits and Parity bit. When bit 3 is a logic 1 and
bit 4 is a logic 1, an even number of logic 1s is
transmitted or checked.

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

Bit 6: This bit is the Break Control bit. It causes a
break condition to be transmitted to the received
UART. When it is set to logic 1, the serial output
{SOUT) is forced to the Spacing (logic O} state. The
break is disabled by setting bit 6 to a logic 0. The
Break Contiol bit acts only on SOUT and has no
effect on the transmitted logic.

Note : This feature enables the CPU to alert a terminal in
Dunng the break, the Transmitter can be used as a char-
acter timer to accurately establish the break duration
a computer communications system If the follow-
ing sequence is foliowed, no erroneous or ex-
traneous characters will be transmitted because of
the break.
. Load on all Os, pad character, in response to THRE.
. Set break after the next THRE.
3. Wait for the transmitter to be dle, (TEMT=1),and
ciear break when normal transmission has to be
tored

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). 1t 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.

N -

||H —

vCe
XIN |
Ct
>
;Rp CRYSTAL I
 —
TR 5 0SC CLOCK TO
X = | BAUD GEN. LOGIC
AV - re

M=
Q

x

[o]

S
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Typical Crystal Oscillator Network

Crystal Rp Rx2 Cq Co
3.1 MHz 1M 1.6k 10-30 pF 4060 pF
1.8 MHz 1M 1.5k 10-30 pF 40-60 pF

TABLE 1Il. Baud Rates Using 1.8432 MHz Crystal

Decimal Divisor P .
. ercent Error Difference
Desired Baud Rate Used to Generate Between Desired and Actual
16 x Clock

50 2304 —
75 1636 -

110 1047 0.026

1345 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

434
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TABLE IV. Baud Rates Using 3.072 MHz Crystal

Decimal Divisor .
Desired Baud Rate Used to Generate B:t:vrz::tDEe;:‘:;dD;:\f:I:Z::al
16 x Clock
50 3840 -
75 2560 -

110 1745 0.026

1345 1428 0.034
150 1280 -
300 640 -
600 320 -
1200 160 —

1800 107 0312
2000 96 -
2400 80 -

3600 53 0.628
4800 40 -

7200 27 1.23

9600 20 -
19200 10 -
38400 5 -

TABLE V. Baud Rates Using 8 MHz Crystal

Decimal Divisor .
Desired Baud Rate Used to Generate B:t::::t;e::;do;g:r::::al
16 x Clock

50 10000 —
75 6667 0.005
110 4545 0.010
1345 3717 0.013
150 3333 0.010
300 1667 0.020
600 833 0.040
1200 417 0.080
1800 277 0.080

2000 250 -
2400 208 0.160
3600 139 0.080
4800 104 0.160
7200 69 0.644
9600 52 0.160
19200 26 0.160
38400 13 0.160
56000 9 0.790
128000 4 2.344
256000 2 2.344

BN 4024757 0004415 82k WM
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PROGRAMMABLE BAUD
GENERATOR

The UART contains a programmable Baud Genera-
tor that 1s capable of taking any clock input from
DC to 8.0 MHz and dividing it by any divisor from 2
to 216.1. 4 MHz is the highest input clock frequency
recommended when the dwisor = 1. The output fre-
guency of the Baud Generator is 16 x the Baud
[divisor # = {frequency input) — (baud rate x 16)].
Two 8-bit latches store the dwisor in a 16-bit binary
format. These Divisor Latches must be loaded during
initialization to ensure proper operation of the Baud
Generator. Upon loading either of the Divisor
Latches, a 16-bit Baud counter is immediately
loaded.

Tables iHl, 1V and V provide decimal divisors to use
with crystal frequencies of 1.8432 MHz 3.072 MHz
and 8 MHz, respectively. For buad rates of 38400
and below, the error obtain is minimal. The accuracy
of the desired baud rate i1s dependent on the crystal
frequency chosen. Using a divisor of zero is not
recommended.

LINE STATUS REGISTER

This register provides status information to the CPU
concerning the data transfer. Table 1} shows the con-
tents of the Line Status Register. Details on each bit
follow.

Bit 0: This bit is the receiver Data Ready (DR) indi-
cator. Bit O is set to logic 1 whenever a complete
incoming character has been received and transferred
into the Receiver Buffer Register or the FIFO. Bit 0
is reset to a logic 0 by reading ali of the data in the
Receiver Buffer Register or the FIFO.

Bit 1: This bit is the Overrun Error {OE) indicator.
Bit 1 indicates that data in the Receiver Buffer Re-
gister was not read by the CPU before the next
character was transferred into the Receiver Buffer
Register, thereby 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. If the
FIFO mode data continues to fill the FIFO beyond
the trigger level, an overrun error will occur only
after the FIFO is full and the next character has
been completely received in the shift register. OE is
indicated to the CPU as soon as it happens. The
character in the shift register is overwritten, but it is
not transferred to the FIFO.

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 odd 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. In the FIFO mode this error
is associated with the particular character in the
FIFO 1t applies to. This error is revealed to the CPU
when its associated character is at the top of the
FIFO.

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 logic 1 whenever

the Stop bit fotlowing the last data bit or parity bit
is detected as a logic O bit {Spacing level). The FE
indicator is reset whenever the CPU reads the con-
tents of the Line Status Register. In the FIFO mode
this error is associated with the particular character
in the FIFO 1t applies to. This error is revealed to the
CPU when its associated character is at the top of
the FIFO. The UART will try to resynchronize after
a framing error. To do this it assumes that the fram-
ing error was due to the next start bit so it samples
this “start’’ bit twice and then takes in the “‘data’’.

Bit 4: This bit is the Break Interrupt (BI) 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 {that is, the total
time of Start bit + data bits + Parity + Stop bits).
The B! indicator is reset whenever the CPU reads the
contents of the Line Status Register. In the FIFO
mode this error is associated with the particular
character in the FIFO it applies to. This error is
revealed to the CPU when its associated character
is at the top of the FIFO. When break occurs only
one zero character is loaded into the FIFO. The
next character transfer is enabled after SIN goes to
the marking state and receives the next valid start
bit.

Note : Bits 1 through 4 are the error conditions that pro-
duce a Recewver Line Status interrupt whenever
any of the corresponding conditions are detected
and the interrupt I1s enabled

Bit 5: This bit is the Transmitter Holding Register
Empty (THRE) indicator. Bit 5 indicates that the
UART is ready to accept a new character for trans-
mission. In addition, this bit causes the UART to
issue an interrupt to the CPU when the Transmit
Holding Register Empty Interrupt enable is set
high. The THRE bit is set to logic 1 when a character
is transferred from the Transmitter Hoiding Register
into the Transmitter Shift Register. The bit is reset
to logic O concurrently with the loading of the
Transmitter Holding Register by the CPU. In the
FIFO mode this bit is set when the XMIT FIFO is
empty; it is cleared when at least 1 byte is written
to the XMIT FIFO,

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 Trans-
mitter Shift Register (TSR) are both empty. It is
reset to a logic 0 whenever either the THR or TSR
contains a data character. In the FIFO mode this
bit is set to one whenever the transmitter FIFO and
shift register are both empty.

Bit 7: In the GM16C450 Mode this is a 0. In the

FIFO mode LSR7 is set when there is at elast one

parity error, framing error or break indication in the

FIFO. LSR7 is cleared when the CPU reads the LSR,

if there are no subsequent errors in the FIFO.

Note : The Line Status Register is intended for read op-
erations only. Writing to this register 1s not recom-
mended as this operation 1s only used for factory
testing

W 4028757 000OULL?
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FIFO CONTROL REGISTER

This is a write only register at the same location as
the IR (the 1R is a read only register). This register
is used to enable the FIFOs, clear the FIFQs, set the
RCVR FIFO trigger level, and select the type of
DMA signalling.

Bit 0: Writing a 1 to FCRO enables both the XMIT
and RCVR FIFQs. Resetting FCRO will clear all
bytes in both FIFOs. When changing from FIFO
Mode to GM16C450 Mode and vice versa, data is
automatically cleared from the FIFOs. This bit must
be a 1 when other FCR bits are written to or they
will not be programmed.

Bit 1: Writing a 1 to FCR1 clears all bytes in the
RCVR FIFQO and resets its counter logic to 0. The
shift register is not cleared. The 1 that is written to
this bit position is self-clearing.

Bit 2: Writing a 1 to FCR2 clears all bytes in the
XMIT FIFOQ and resets its counter logic to 0. The
shift register is not cleared. The 1 that is written to
this bit position is self-clearing.

Bit 3: Setting FCR3 to a 1 will cause the RXRDY
and TXRDY pins to change from mode O to mode 1
if FCRO = 1 (see description of RXRDY and
TXRDY pins).

Bit 4,5: FCR4 1o FCR5 are reserved for future use.

Bit 6,7: FCR6 and FCR7 are used to set the trigger
level for the RCVR FIFO interrupt.

RCVR FIFO
Trigger Level
(Bytes)

01
04
08
14

~
(-]

-as00
—“-0=0

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 tn order of priority are Recewver
Line Status; Received Data Ready; Transmitter
Holding Register Empty; and MODEM Status, When
the CPU accesses the IR, 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 Il shows the contents of
the 1IR. Details on each bit foliow*

Bit 0: This bit can be used n a priornitized interrupt
enwvironment to indicate whether an interrupt s
pending. When bit 0 1s a togic 0, an interrupt is pend-
ing and the |IR contents may be used as a pointer to
the appropriate interrupt service routine When bit
O is a logic 1, no interrupt 1s pending

Bit 1 and 2: These two bits of the IR are used to

identify the highest priority interrupt pending as in-
dicated in Table VI,

Bit 3: In the GM16C450 Mode this bit is 0. in the
FIFO mode this bit is set along with bit 2 when a
timeout interrupt is pending.

Bit 4 and 5: These two bits of the IIR are always
logic 0O,

Bit 6 and 7: These two bits are set when FCRO = 1.
INTERRUPT ENABLE REGISTER

This register enables the five types of UART inter-
rupts. 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 the |ER register to a logic 1,
enables the selected interrupt(s). Disabling an inter-
rupt prevents it from being indicated as active in the
1IR 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 con-
tents of the 1ER. Details on each bit follow.

Bit 0: This bit enables the Received Data Available
Interrupt (and timeout interrupts in the FIFO mode)
when set to logic 1.

Bit 2: This bit enables the Receiver Line Status iIn-
terrupt when set to logic 1.

Bit 3: This bit enables the MODEM Status Interrupt
when set to logic 1.

Bits 4 through 7: These four bits are always logic 0.
MODEM CONTROL REGISTER

This register controls the interface with the MODEM
or data set (or peripheral device emulating a MO-
DEM). The contents of the MODEM Control Regis-
ter are indicated in Table |} and are described below.

Bit 0: This bit controls the Data Terminal Ready
( DTR) output. When bit O is set to a logic 1, the
DTR output is forced to a logic 0. When bit O is

reset to a logic 0, the DTR output is forced to a

logic 1.

Note : The DTR output of the UART may'be apphed to
an EIA inverting hne dnver (such as the GD75188)
to obtain the proper polanty input at the succeed-
ing MODEM or data set

Bit 1: This bit controls the Request to Send { RTS)
output. Bit 1 affects the RTS output in a manner
identical to that described above for bit 0.

Bit 2: This bit controls the output 1 { OUT1) signal,
which is an auxillary user-designated output. Bit 2
affects the OUT1 output in a manner identical to
that described above for bit 0.

Bit 3: This bit controls the output 2 ( OUT2)
signal, which is an auxillary user-designated output.
Bit 3 affects the OUT2 output in a manner identical
to that described above for bit 0.

Bit 4: This bit prowvides a local loopback feature for

4-38

B 4028757 0oOu41d 535 W



GoldStar

GM16C550

diagnostic testing of the UART. When bit 4 1s set to
logic 1, the following occur; the transmiter Serial
Output {SOUT) 1s set to the Marking (togic 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 disconnected; and the four MODEM Con
trol outputs { DTR, RTS, OUT1, and OUT2) are
internally connected to the four MODEM Control
inputs, and the MODEM Control output pins are
forced to their inactive state {high), In the diagnostic
mode, data that is transmitted is immediately receiv-
ed. 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. Their sources are
external to the part. The MODEM Control Interrupts
are also operational, but the interrupts’ sources are
now the lower four bits of the MODEM Control Re-
gister 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 O whenever the CPU
reads the MODEM Status Register.

The contents of the MODEM Status Status Register
are indicated in Table Il and described below.

Bit 0: This bit is the Delta Clear to Send (DCTS)
indicator. Bit O indicates that the CTS input to the
chip has changed state since the last time it was
ready 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 bit is 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.

Bit 3: This bit is the Deita Data Carrier Detect

(DDCD) indicator. Bit 3 indicates that the DCD

input to the chip has changed state.

Note : Whenever bit 0,1,2 or 3 is set to logic 1, a MOD-
EM Status Interrupt 1s 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.

Bit 5: This bit is the complement of the Data Set
Ready ( DSR) input. If bit 4 of the MCR is settoa
1, this bit is equivalent to DTR in the MCR,

Bit 6: This bit is the complement of the Ring Indica-
tor { R1) input. If bit 4 of the MCR is set to a 1, this

bit is equivalent to OUT1 in the MCR.

Bit 7: This bit 1s the compiement of the Data Carrier
Detect ( DCD) input. If but 4 of the MCR is set to a
1, this bit is equivaient to OUT2 in the MCR.

SCRATCHPAD REGISTER

This 8-bit Read/Write Register does not control the
UART in anyway. It s intended as a scratchpad
register to be used by the programmer to hold data
temporarily.

FIFO INTERRUPT MODE OPERATION

When the RCVR FIFO and receiver interrupts are
enabled (FCRO = 1, IERO = 1) RCVR interrupts will
occur as follows:

A. The receive data available interrupts will be
issued to the CPU when the FIFO has reached its
programmed trigger level; it will be cleared as soon as
the FIFO drops below its programmed trigger level.

B. The IR receive data available indication also
occurs when the FIFO trigger level is reached, and
like the interrupt it is cleared when the FIFO drops
below the trigger level.

C. The receiver line status interrupt {I1R-06), as
before, has higher priority than the received data
available (11R-04) interrupt.

D. The data ready bit (LSRO) is set as soon as a
character is transferred from the shift register to the
RCVR FIFO. It is reset when the FIFO is empty.

When RCVR FIFO and receiver interrupts are en-
abted, RCVR FIFO timeout interrupts will occur
as follows:

A. A FIFO timeout interrupt will occur, if the
following conditions exist:

- at least one character is in the FIFO

- the most recent serial character received was
longer than 4 continuous character times ago (if 2
stop bits are programmed the second one is included
in this time delay).

- the most recent CPU read of the FIFO was
longer than 4 continuous character times ago.

This will cause a maximum character received to
interrupt issued delay of 160 ms at 300 BAUD with
a 12 bit character.

B. Character times are calculated by using the
RCLK input for a clock signal (this makes the delay
proportional to the baudrate).

C. When a timeout interrupt has occurred it is
cleared and the timer reset when the CPU reads one
character from the RCVR FIFO.

D. When a timeout interrupt has not occurred the
timeout timer is reset after a new character is receiv-
ed or after the CPU reads the RCVR FIFO.

When the XMIT FIFO and transmitter interrupts are
enabled (FCRO=1, IER1=1}) XMIT interrupts will
occur as follows:

A. The transmitter holding register interrupt (02)
occurs when the XMIT FIFO is empty; it is cleared
as soon as the transmitter holding register is written
to {1 to 16 characters may be written to the XMIT
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FIFO while servicing this interrupt) or the IIR is
read.

B. The transmitter FIFO empty indications will be
delayed 1 character time minus the last stop bit time
whenever the following occurs: THRE=1 and there
have not been at least two bytes at the same time in
the transmit FIFO, since the last THRE=1. The first
transmitter interrupt affect changing FCRO will be
immediate, if it is enabled.

Character timeout and RCVR FIFO trigger level
interrupts have the same priority as the current
received data available interrupt; XMIT FIFO empty
has the same priority as the current transmitter
holding register empty interrupt.

FIFO POLLED MODE OPERATION

With FCRO=1 resetting 1ERO, 1ER1, IER2, IER3
or all to zero puts the UART in the FIFO Polled
Mode of operation. Since the RCVR and XMITTER
are controlled separately either one or both can be
in the polled mode of operation.

Application Circuit

In this mode the user’s program will check RCVR
and XMITTER status via the LSR. As stated pre-
viously:

LSRO will be set as long as there is one byte in
the RCVR FIFO.

LSR1 to LSR4 will specify which error(s) has
occurred. Character error status is handled the same
way when in the interrupt mode, the IIR is not
affected since IER2=0.

LSR5 will indicate when the XMIT FIFO is
empty.

LSR6 will indicate that both the XMIT FIFO and
shift register are empty.

LSR7 will indicate whether there are any errors
in the RCVR FIFO,

There is no trigger level reached or timeout condi-
tion indicated in the FIFO Polled Mode, however,
the RCVR and XMIT FIFOs are still fully capable of
holding characters.
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