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MX16C451E - EVRE A

{ PARALLEL/ASYNCHRONOUS COMMUNICATIONS ELEMENT

DESCRIPTION

The MX16C451E Is an universal synchronous recelver and transmitter with a bidirectional CENTRONICS type paralle!
printer port. An internal programmable baud rate generator is provided to select transmit and receive clock rates from
50Hz to 56KHz. The MX16C451E fabricated in an advanced 2 CMOS process to achieve low power drain and high
speed requirements,

The MX16C451E Is an improved version of the VL16C451 with higher speed operating access time. The MX16C451E
performs the parallel to serial/serial to parallel conversion on the data characters received from the CPU or the MODEM.
The MX16C451E also provides the user with a fully bidirectional parallel data port that fully supports the parallel CEN-
TRONIGCS type printer. The on board status of the transfer opsrations being performed. The MX16C451E also has
complete MODEM conttol capability, and a processor interrupt system that may be software tailored to the user's require-
ments to minimize the computing required to handle the communications link. The MX16C451E can interface easily to
the most popular microprocessors and communications link faults can be detected with internal loopback capability.

FEATURES
+ Pin-to-pin and functionally compatible to VL16C451 * Direct replacement of logic for PC/XT/AT
« Bidirectional printer port * Status report register .
« Modem control signals (CTS-,RIS-,DSR-,DIR-,RI-, » Independent transmit and receive control
CD-) » TTL compatible inputs, outputs
s Programmable character lengths (8, 6, 7, 8) « Fully compatible with all new bidirectional PS/2 printer
« Even, odd, or no parity bit generation and detection port
: « High Data transfer rate
{ PIN DIAGRAM BLOCK DIAGRAM
MX16C451E
-CTS0 -RTS0O
o> SEL ot GND .ack ousv Voo OMO A0 , e,
GND GND | CLK2 NG | soen| PE |stor |-ERR ] GND -RI0 UART INTO
e "
NG = 10 9 8 7 & 4 1 68 67 66 65 64 6160' N DBO-DB7 "5 >
NG ] 11 59 b INT2 n
NG =] 12 66 Luna -SLIN . v
GND et 13 57 fumem INIT 3
DBO ~=—f 14 Y e <«
DB{ weedd 16 85 e -87B .néé%? AND » BDO
DB2 wed 16 64 Luwa GND lli’lf CS&T%OL
0B3 merd 17 TOP VIEW 53 f— Ppo s
DB4 wemd 18 62 fowe FD1 GLKHDtll.Kz 1 8
R P &1 fo P02 . e — iR o7
b — PORT s
GND =f 22 Pry N C N INT2
VCC =] 23 47 |— ros  STEN
LATS0 waed 24 48 f— FD?
-DTRO == 25 45 L INTO
5°UT°—:’627232930 3192 93 %4 25 35 37 38 29 40 41 42 43 [ *°
oo | | Lobeol 4 D4 Lb DT AL L
-CTs0 |-R10 080 At JIOW .CS2 VCC  GND
-ASLDO ~RESET
MAY 19, 1989 ) Macronix, Inc. 2680 N, First Street, San Jose, CA 95134 Phone (408) 434-1133
8004--8447

Powered by ICminer.com EIeftronic—Library Service CopyRight 2003




MACRONIX INC | 34E D WM 5kAAAAR 0ODOOLO 3 M J2975-37-05"

MX16C451E

SIGNAL DESCRIPTIONS : ‘ )

Signal Pin Signal
Name Number Description
-IOR 37 Input/Output Read Strobe: This is an active low input which causes the serial channel

fo output data to the data bus (DB0-DB7). The data output depends upon the register
selected by the address inputs AQ, A1, A2, Chip select 0 (-CS0) selects UART and
chip select 2 (-CS2) selects the line printer port,

-IOW 36 Input/Output Write Strobe: This is an active low input which causes data from the data
bus (DB0-DB7) to be input to either UART or to the parallel port. The data input
depends upon the register selected by the address inputs A0, A1, A2, The chip select
inputs (-CS0 and -CS2) enable the UART and the parallel port (respectively).

DBO-DB7 14-21 Data Bits DB0-DB7: The Data Bus provides eight, three-state ¥/O lines for the transfer
of data, contro! and status information between the MX16C451E and the CPU. These
lines are normally in a high-impedance state except during read operations. DO is the
least significant bit (LSB) and is the first serial data bit to be received or transmitted.

AO,A1,A2 35,34,33 Address Lines A0-A2: The address lines select the internal registers during CPU bus
operations. See Table 1 for the decode of the serial channels. Table 11 for the
decode of the parallel line printer port.

CLK1 4 Crystal input 1 or external clock input. A crystal can be connected to this pin and CLK2
pin to utilize the internal oscillator circuit. An external clock can be used to clock the
internal circuit and the baud rate generator for custom transmission rates.

CLK2 5 Crystal input 2. This pin should be tied to ground when the external clock Is used. , )

SEL 6 Crystal or external clock select pin. To select external clock source to the MX16C451E
CLK1 input, this pin should be tied to GND. On board crystal oscillator circuit can be
activated by tieing this pin to VCC and connecting a crystal to CLK1 and CLK2 input
pins. '

sSOUTo 26 Serial Data Output: This line is the serial data outputs from the UART's transmitter
circuitry. A mark(1) is a logic “one” (high) and space(0) is a fogic “zero” (low). SOUTO
is held in the mark condition when the transmitter is disabled, Reset is true, the Trans-
mitter Register is empty, or when iri the Loop Mode.

-CTS01 28 Clear to Send Inputs: The logical state of the -CTS pin is reflected in the CTS bit of the
(MSR) Modem Status Register [CTS is bit 4 of the MSR, written MSR(4)] of the UART.
A change of stateof the -CTS pin, since the previous reading of the MSR causes the
setting of DCTS [MSR(0)] of each Modem Status Register. When a -CTS pin Is active
(fow), the modem is indicating that data on the associated SOUTO can be transmitted.

DSRo 31 Data Set Ready Inputs: The logical state of the DSRO pin is reflected in MSR(5) of the
Modem Status Register. DDSR[MSR(1)] indicates whether the DSRO0 pin has changed
state since the previous reading of the MSR. When a DSRO pin is low,the modem is
indicating that it is ready to exchange data with the UART.

DTRO 25 Data Terminal Ready Output: The DTRO pin can be set (low) by writing a logic 1 to
MCR(0), Modem Control Register bit 0 ofthe UART. This signal is cleared (high) by
writing a logic 0 to the DTR bit [MCR(0)] or whenever a reset occurs. When active
(low), the DTRO pin indicates to the DCE the UART is ready to receive data.
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MX16C451E

SIGNAL DESCRIPTIONS
Signatl Pin Signal
Name Number Description
-RTS0 24 Request to Send Outputs: The -RTSO0 signal is an output on the UART used to enable

the modem. The -RTS0 pin is set low by writing a logic 1 to MCR(1) bit 1 of the
UART’s Modem Control Register. The -RTSO0 pin Is reset high by Reset. A low on the -
RTSO indicates to the DCE thatthe UART has data ready to transmit, in half duplex
operations, -RTS0 is used fo control the direction of the line.

-Rlo 30 Ring Indicator Input: When low, -RI0 indicates that a telephone ringing signal has been
received by the modem or data set. The -Rl signal is a modem control input whose
condition is tested by reading MSR(6) (Ri) of the UART. The Modem Status Register
output TERI[MSR(2)] indicates whether the Rl input has changed from high to low
since the previous reading of the MSR. If the intetrupt is enabled [I[ER(3) = 1] and -RI0
changes from a high to low, an Interrupt is generated.

BIDEN 1 1/O direction select. A high enables the software controlled mode (input/output). A low
puts the parallel port in the output mode.

SINO 41 Serial Data Input: The serial data inputs moves information from the communication
line or modem to the MX16C451E receiver circuits. A mark (1) is high, and a space (0)
is low. Data on serial data inputs is disabled when operating in the loop mode.

-RLSDO 29 Receive Line Signal Detect: When active(low), -RLSD output indicates that the data
carrier has been detected by the modem or data set. -RLSD is a modem input whose
condition can be tested by the CPU by reading MSR(7) (RLSD) of the Modem Status
Registers. MSR(3) (DRLSD) of the Modem Status Register indicates whether the -
RLSD input has changed since the previous reading of the MSR. -RLSD has no sffect
on the recelver. lf the -RLSD changes state with the modem status interrupt enabled,
an interrupt occur. :

-RESET 39 : Reset: When low, the reset input forces the MX16C451E into an idle mode in which all
serial data activities are suspended. The Modem Control Register (MCR) along with its
outputs is cleared. The Line Status Register (LSR) is cleared except for the THRE and
TEMT bits, which are set. All functions of the device remain in an idle state until
programmed to resume serial data activities.

-ENIRQ 43 Interrupt source selection (active low). The External ACK-can be selected as an
interrupt source by tieing this pin to GND. Tieing this pin to VCC, will set the internal
interrupt logic to latched state, reading the STATUS register will reset the INT2 output.

INTO 45 Serial Channel Interrupt Output: This three-state output is enabled by the MCR bit 2,
The serial channel interrupt goses active (high) when one of the following interrupts has
an active (high) condition and is enabled by the Interrupt Enable Register of the serial
channel: Receiver Error flag, Received Data Available, Transmitter Holding Register
Empty, and Modem Status. The interrupt is reset low upon appropriate service or a
reset operation.

-CS0,-CS2 32,38 Chip Selacts: Each Chip Select input acts as an enable for the write and read signals
for its channel. -CS2 enables the serial port, while -CS2 enables the signals to the line
printer port.
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MX16C451E

SIGNAL DESCRIPTIONS )
Signal Pin Signal
Name Number Description
BDO 44 Bus Buffer Output: This active high output is asserted when this serial channel or the
parallel port is read. This output can be used to control the system bus driver device
(74L5245). .
PDO-PD7 53-46 Paralls! Data Bits (0-7): These eight lines provide a byte-wide input or output port to
the system. The eight lines are held in a high-impedance state when -LPTOE is held
in the high state.
-STB 55 Line Printer Strobe: This open-drain line provides communication between the

MX16C451E and the line printer. When it is active low, it provides the line printer with
a signal to latch the data currently on the parallel port.

-AFD 56 Line Printer Autofeed: This open-drain line provides the line printer with an active low
signal when continuous form paper is to be autofed to the printer.
Line Printer Initialize: This open-drain line provides the line printer with a signal that
allows the line printer initialization routine to be started.

JANIT 57 Line Printer Initialize: This open-drain line provides the line printer with a signal that
allows the line printer initialization routine to be started,
-SLIN 58 ' _ Line Printer Select: This open-drain line selects the printer when it is active low.
INT2 59 Interrupt Printer Port: This signal is an active high, three-state output, generated by
the positive transition of -ACK. It is enabled by bit 4 of the Write Control Register. )
-ERROR 63 Line Printer Error: This is an input line from the line printer. The line printer reports an ‘
error by holding this line low during the error condition.
SLCT 65 Line Printer Selected: This is an input line from the line printer that goes high when
the line printer has been selected.
BUSY 66 Line Printer Busy: This is an input line from the line printer that goes high when the
line printer Is not ready to accept data.
PE 67 Line Printer Paper Empty: This is an input line from the line printer that goes high
when the printer runs out of paper.
-ACK 68 Line Printer Acknowledge: This input goes low to indicate a successful data transfer
has taken place. It generates a printer port interrupt during its positive transition.
VCC 3,23,40,64 Power Suply: The power supply requirement is'5 V £5%.
GND 2,6-9,13,22, Ground (0 V): All pins must be tied to ground for proper operation.
27,42,43,54, '
61,62
' 4
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FUNCTIONAL DESCRIPTION:
SERIAL CHANNEL REGISTERS

Three types of internal registers are
used in the serial channel of the
MX16C451E. They are used in the
operations of the device, and are the
control, status, and data registers.
The control registers are the Bit Rate
Select Register DLL (Divisor Latch
LSB) and DLM (Divisor Latch MSB),
Line Control Register, Interrupt Enable
Register, and the Modem Control
registers, while the status registers are
the Line Status Registers and the
Modem Status Register. The data
registers are the Recsiver Buffer
Register and the Transmitter Holding
Register. The Address, Read, and
Wirite inputs are used in conjunction
with the Divisor Latch Access Bit in
the Line Contro! Register [LCR(7)] to
select the register to be written or read
(see Table 1). Individual bits within
these registers are referred to by the
register mnemonic and the bit number
in parenthesis. An example, LCR(7)
refers to Line Control Register Bit 7.

The Transmitter Buffer Register and
Receiver Buffer Register are data
registers holding from five to eight bits
of data. f less than eight data bits are
transmitted, data ls right justified to the
LSB. Bit 0 of a data word is always
the first serial data bit received and
transmitted. The MX16C451E data
registers are double-buffered so that
read and write operations can be
performed at the same time the UART
is performing the parallel-to-serial and
serial-to-parallel conversion,

The format of the data character is
controlled by the Line Control Regis-
ter. The contents of the LCR may be
read, eliminating the need for separate
storage of the line characteristics in
system memory. The contents of the
LCR are described below.

LCR (0) Word Length Select Bit
0 (WLS0)

LCR (1) Word Length Select Bit
1 (WLS1)

TABLE 1. SERIAL CHANNEL INTERNAL REGISTERS

DLAB] A2 | A1 | A0 |Mnemonic Reglster
0 0 0 1o RBR Receiver Buffer Register (read only)
0 0 0 0 THR Transmitter Holding Register (write
only)
0 0 1 IER Interupt Enable Register
X 0 1 0 IR Interrupt Identification Register (read
only)
X 0 1 1 LCR Line Control Register
X 1 0 0 MCR Modem Control Register
X 1 0 1 LSR Line Status Register
X 1 1 0 MSR Modem Status Register
X 1 1 1 SCR Scratch Register
1 0 0 0 DLL Divisor Latch (LSB)
1 0 0 1 DWM Divisor Latch (MSB)
X = "Don't Care” 0=Llogiclow 1 =Logic High

Note: The serial channel is accessed when -CS0 is low.

LCR (2) Stop Bit Select (STB)

LCR(3) Parity Enable (PEN)

LCR(4) Even Parity Select
(EPS)

LCR(5) Stick Parity

LCR(6) Set Break

LCR(7) Divisor Latch Access
Bit (DLAB)

LCR(0) and LCR(1) word length select
bit 1: The number of bits in each
setial character is programmed as
shown in the following chart:

LCR(1) LCR(0) Word Length
0 0 5 Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

LCR(2) Stop Bit Select: LCR(2)
specifies the number of stop bits in
each transmitted character. If LCR(2)
is a logic 0, one stop bit is generated
in the transmitted data. f LCR(2) is a
logic 1 when a 5-bit word length Is
selectrf, 1.5 stop bits are generated. If
LCR(2) is a logic 1 when either a 6-, 7-
, or 8-bit word length is selected, two
stop bits are generated. The receiver
checks for two stop bits if pro-
grammed.

LCR(8) Parity Enable: When LCR(3)
is high, a parity bit between the last
data word bit and stop bit is generated
and checked.

LCR(4) Even Parlty Select: When
parity Is enabled (LCR(3)-1), CLR(5) =
1 causes the transmission and
reception of a parity bit to be in the
opposite state from that indicated by
LCR(4). This allows the user to force
parity to a known state and for the
receiver to check the parity bitin a
known state.

LCR(6) Break Control: When LCR(6)
is set to a logic "1”, the serial output
(SOUT) is forced to the spacing (logic
0) state. The break is disabled by
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MX16C451E

FIGURE 1. LINE CONTROL REGISTER

LCR

LCR| LCR|] LCR] LCR| LCR LLCR|] LCR
7 (<] ] 4 3 2 1 ]
0 1 = 5 DataBits
Word 0 1 = 6 DataBits
Length 1 0 = 7 DataBits
Select 1 1 = B8 DataBits
e Stop 0 = 1 Stop Bit
Bit Select 1 = 1,5 Stop Bits If 5 Data Bk Selected
2 Stop Bits if 8, 7, ®ata Bits Selected

Parlty 0 = Parlty Disabled

& Enable 1 = Parity Enabled
Even 0 = Odd Parity

- Parly 1 = Even Parity

Select

> Stick 0 = Stick Parity Disabled
Parity 1 = Stick Parity Enabled

- Break 0 = Break Disabled
Control 1 = Break Enabled
Divisor 0 = Access Receliver Butfer

—pp Latch 1 = Access Divisor Latches

Access Bit

setting LCR(8) to a logic “0". The
Break Control bit acts only on SOUT
and has no effect on the transmitter
logic. Break Control enables the CPU
1o alert a terminal in a computer
communications system, if the
following sequence is used, no
erroneous or extraneous characters
will be transmitted because of the
break,

1. Load an all "0"s pad charac-
ter in response to THRE.

2. Set break in response to the
next THRE.

3, Wait for the transmitter to be
ldle (TEMT = 1), and clear break when
notmal transmission has to be
restored,

LCR(7) Divisor Latch Access Bit
(DLAB): LCR(7) must be set high
(logic "17) to access the Divisor
Latches DLL and DLM of the Baud
Rate Generator during a read or write
operation. LCR(7) must be input low
to access the Receiver Buffer, the
Transmitter Holding, or the Interrupt
Enable Registers.

The Line Status Register (LSR) is a
single register that provides status

indications. The LSR is usually the
first register read by the GPU to
determine the cause of an interrupt or
to poll the status of each serial
channel of the MX16C451E.

Three error flags OE, FE, and PE
provide the status of any etror
conditions detected in the receiver
circuitry. During reception of the stop
bits, the error flags are set high by an
error condition. .The error flags are not
teset by the absence of an error
condition in the next recelved charac-
ter. The flags reflect the last character
only if no overrun occurred. The
Overrun Error (OE) indicates that a
character in the Receiver Buffer
Register has been overwritten by a
character from the Receiver Shift
Register before being read by the
CPU. The character Is thereby lost.
Framing Error (FE) indicates that the
last character received contained
incorrect (low) stop bits. This is
caused by the absencs of the required
stop bit or by a stop bit too short to be
detected. Parity Error (PE) indicates
that the last character received had a
parity error based on the programmed
and calculated parity of the received
character.

The Break Interrupt (BI) status bit
indicates that the last character
received was a break character. A
break character is an invalid data
character. However, it is an entire
character, including parity and stop
bits.

The Transmitter Holding Register
Empty (THRE) bit indicates that the
THR register is empty and may
receive another character, The
Transmission Shift Register Empty
(TEMT) bit indicates that the Transmit-
ter Shift Register is empty, and the
setial channel has completed trans-
mission of the last character to be
sent. lf the interrupt is enabled
[IER(1)], an active THRE causes an

Interrupt (INTRPT).

The Data Ready (DR) bit indicates
that the RBR has been loaded with a
received character (including Break)
and that the CPU may access this
data.

Reading the LSR clears LSR(1)-
LSR(4). (OE, PE, FE, and Bl.)
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TABLE 2. LINE STATUS REGISTER BITS

LSR BITS Logic 1| Logico
LSR(0) Data Ready (DR) Ready | Not Ready
LSR(1) Overrun Error (OE) Error No Error
LSR(2) Parity Error (PE) Error - | No Error
LSR(3) Framing Error (FE) Error No Error

LSR(4) Break Interrupt (Bl)

LSR(5) Transmitter Holding Register Empty (THRE)

LSR(6) Transmitter Empty (TEMT)
LSR(7) Not Used

Break
Empty
Empty

No Break
Not Empty
Not Empty

The contents of the Line Status
Register shown In Table 2 are
described below:

LSR(0) Data Ready (DR): Data Ready
is set high when an incoming charac-
ter has been received and transferred
into the Receiver Buffer Register.
LSR(0) is reset low by a CPU read of
the data in the Receiver Buffer
Register,

LSR(1) Overrun Error (OE): Overrun
Error indicates that data in the
Receiver Buffer Register was not read
by the CPU before the next character
was transferred into the Recsiver
Bufier Register, overwriting the
previous character. The OE indicator
is reset whenever the CPU reads the
contents of the Line Status Register.

LSR(2) Parity Error (PE): Parity Error
indicates that the received data
character does not have the correct
even or odd parity, as selected by the
Even Parity Select bit (LCR(4)). The
PE bit is set high upon detection of a
parity error, and s reset low when the
CPU reads the contents of the LSR.

LSR(3) Framing Error (FE): Framing
Error indicates that the received
character did not have a valid stop bit.
LSR(8) Is set high when the stop bit
following the last data bit or parity is
detected as a zero bit (spacing level).
The FE indicator is reset low when the
CPU reads the contents of the LSR.

LSR(4) Break Interrupt (Bl): Break
Interrupt is set high when the received
data input is held in the spacing (logic
0) state for longer than a full word
transmission time (start bit + data bits
+ parity + stop bits). The Bl indicator
is reset when the CPU reads the
contents of the Line Status Register,

LSR(1) - LSR(4) are the error condi-
tions that produce a Receiver Line
Status interrupt (priotity 1 interrupt in
the Interrupt Identification Register
(HR)) when any of the conditions are
detected. This interrupt is enabled by
setting |IER(2) = 1 in the interrupt

. Enable Register.

LSR(5) Transmitter Holding Register
Empty (THRE): THRE indicates that
the MX82C50A is ready to accept a
new character for transmission. The
THRE bit is set high when a character
is transferred from the Transmitter
Holding Register into the Transmitter

Shift Register. LSR(5) is reset low by
the loading of the Transmitter Holding
Register by the CPU. LSR(5) is not
reset by a CPU read of the LSR.

When the THRE interrupt is enabled
(IER(1) = 1). THRE causes a priority
3 interrupt in the HIR. If THRE is the
interrupt source indicated in iR,
INTRPT is cleared by a read of the
1IR.

LSR(6) Transmiter Empty (TEMT):
TEMT Is set high when the Transmit-
ter Holding Register (THR) and the
Transmitter Shift Register (TSR) are
both empty. LSR(6) is reset low when
a character is loaded into the THR
and remains low until the character is
transferred out of SOUT, TEMT is not
reset low by a CPU read of the LSR.

LSR(7): This bit is always 0,

The Modem Control Register (MCR)
controls the interface with the modem
or data set as described in Table 3.
The MCR can be written and read.
The -RTS and -DTR outputs are
directly controlled by their control bits
in this register, A high input asserts a
low (true) at the output pins. MCR
Bits 0, 1, 3, and 4 are shown balow:

MCR(0): When MCR(0) is set high,
the -DTR output is forced low, When
MCR(0) is reset low, the -DTR output
is forced high. The -DTR output of the
serial channel may be input into an
inverting line driver in order to obtain
the proper polarity input at the modem
or data set.

TABLE 3. MODEM CONTROL REGISTER BITS

MCR BITS Logic 1 Logic 0
MCR(0) Data Terminal Ready (DTR) -DTR Output Low |-DTR Output High
MCR(1) Request to Send (RTS) -RTS Output Low |-RTS Output High
MCR(2) 0

MCR(3) Interupt (INT) Enable INT Enabled INT Disabled
MCR(4) Loop Loop Enabled Loop Disabled
MCR(5) 0

MCR(6) 0

MCR(7) 0
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FIGURE 2. MODEM CONTROL REGISTER

Modem Control Register (MCR)

MoR] McR| MCR| MCR| MCR| MCR} MCR| MCR
7 8 5 4 3 2 1 (o]
| ISS— | " " Data 0 = -DTR Output High (Inacke)
Terminal 1 = -DTR Output Low (Active)
Ready
g Roqquest O = -RTS Output High (Inactivé
ToSend 1 = -ATS Output Low (Active)
S NC Not Connected
— INT O = INT Disabled
1 = INT Enabled
—p LOOP ©0 = Loop Disabled
1 = Loop Enabled
& These Bits are Parmanently Set to Logic "O"

MCR(1): When MCR(1) s set high,
the RTS output is forced low. When
MCR(1) is reset low, the -RTS output
is forced high. The -RTS output of the
serial channel may be Input into an
inverting line driver in order to obtain
the proper polarity input at the modem
or data set,

MCR(3): When MCR(3) is set high,
the INT output is enabled.

MCR(4): MCR(4) provides a local
loopback feature for diagnostic testing
of the channel. When MCR(4) is set
high, Serial Output (SOUT) is setto
the marking (logic "1”) state, and the
receiver data input Serial Input (SIN)
is disconnected, The output of the
Transmitter Shift Register Is looped
back into the Receiver Shift Register
input. The three modem control
inputs (-CTS, -DSR, and -Rl) are
disconnected. The modem control
outputs (-DTR and -RTS) are inter-
nally connected to the four modem
control inputs, The modem control
pins are forced to their active state
(high).

in the Diagnostic mode, data transmit-
ted is immediately received. This
allow the processor to verify the
transmit and receive data paths of the
selected serial channel, Bits MCR(5) -
MCR(7) are permanently set to logic
0.

The MSR provides the CPU with
status of the modem input lines from
the modem or peripheral devices. The
MSR allows the CPU to read each of
the serial channel modem signal
inputs by accessing the data bus
interface of the MX16C451E. In
addition to the current status informa-
tion, four bits of the MSR indicate
whether the modem inputs have
changed since the last reading of the
MSR. The delta status bits are set
high when a control input from the
modem changes state, and reset low
when the CPU reads the MSR.

The modem input lines for each
channel are -CTS, -DSR, -Rl, and -
RLSD. MSR(4) - MSR(7) are status
indications of these lines. The status
indications follow the status of the
input lines. I the modem status
interrupt in the Interrupt Enable

Register is enabled [IER(3)], a change
of state in a modem input signals will
be reflected by the modem status bits
in the 1IR register, and an interrupt
(INTRPT) is generated. The MSR is a
priority 4 interrupt. The contents of
the Modem Status Register are
described in Table 4. Note that the
state (high or low) of the status bits
are inverted versions of the actual
input pins.

MSR(0) Delta Clear Send (DCTS):
DCTS indicates that the -CTS Input to
the serial channel has changed state
since the last time It was read by the
CPU.

MSR(1) Delta Data Set Ready
(DDSRY): DDSR indicates that the -
DSR input to the serial channel has
changed state since the last time it
was read by the CPU.

TABLE 4. MODEM STATUS REGISTER BITS

MSR BITS Mnemonic Description

MSR(1) DDSR Delta Data Set Ready

MSR(2) TERI Tralling Edge of Ring Indicator
MSR(0) DCTS Delta Clear to Send

MSR(3) DRLSD Delta Data Carrier Detect
MSR(4) -CTS Clear to Send

MSR(5) -DSR Data Set Ready

MSR(6) -Ri Ring Indicator

MSR(7) -RLSD Receiver Line Signal Detect
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MSR(2) Tralling Edge of Ring Indica-
tor (TERI): TERI indicates that the -RI
input to the serial channe! has
changed state from high to low since
the last time it was read by the CPU,
Low o high transitions on -R! do not
activate TERI.

MSR(3) Delta Data Carrier Detect
(DRSLD): DRSLD indicates that the -
RSLD input to the setial channel has
changed state since the last time it
was read by the GPU.

MSR(4) Clear to Send (CTS): Clear to
Send (CTS) is the status of the -CTS
input from the modem indicating to the
serlal channel that the modem is
ready to receive data from the serlal
channel’s transmitter output (SOUT).

If the serial channel is in loop mode
[MSR(4) = 1], MSR(4) is equivalent to
-RTS in the MCR.

MSR(5) Data Set Ready (DSR): Data
Set Ready (DSR) Is a status of the -
DSR input from the modem to the
serial channe! which indicates that the
modem is ready to provide received
data to the serial channel receiver
circuitry. If the channel is in the [oop
mode [MCR(4) = 1], MSR(5) is
equivalent to DTR in the MCR.

MSR(8) Ring Indicator: Indicates the
status of the Rl input {pin 39). I the
channel is in the loop mode [MCR(4) =
1), MSR(6) is not connected in the
MCR.

MSR(7) Receive Line Signal Detect:
Recieve Line Signal Detect indicates
the status of the Receive Line Signal
Detect (-RLSD) input. if the channel is
in the loop mode [MCR(4) - 1],
MSR(4) is equivalent to OUT2 of the
MCR.

The modem status inputs (-Rl, -BLSD,
-DSR, and -CTS) reflect the modem
input lines with any change of status.
Reading the MSR register will clear
the delta modem status indications but
has no effect on the status bits. The
status bits reflect the state of the input
pins regardless of the mask control

signals. }f a DCTS, DDSR, TERI, or
DRLSD are true, and a state ¢change
occurs during a read operation (-
DISTR), the state change is not
indicated in the MSR. i DCTS,
DDSR, TERI, or DRLSD are false, and
a state change occurs duting a read
operation, the state change is
indicated after the read operation.

For LSR and MSR, the sefting of
status bits is inhibited during status
register read -DISTR operations. if a
status condition is generated during a
read -DISTR operation, the status bit
is not set until the trailing edge of the
read -DISTR.

If a status bit is set during a read -
DISTR operation, and the same status
condition occurs, that status bit will be
cleared at the trailing edge of the read
-DISTR instead of being set again.

Each MX16C451E serial channel
contains a programmable Baud Rate
Generator (BRG) that divides the
clock {DC to 3.1 MHz) by any divisor
from 1 to 2 to the power of 16 - 1 (see
also BRG description). The output
frequency of the Baud Generator is
16x the data rate [divisor # = clock +
(baud rate x 16)] .

Two 8-bit divisor latch registers store
the divisor in a 16-bit binary format.
These Divisor Latch register must be
loaded during Initialization. Upon
loading either of the Divisor latches, a
16-bit baud counter is immediately
loaded. This prevents long counts on
initial load.

The receiver circuitry in each serial
channel of the MX16C451E is pro-
grammabile for 5, 6, 7, or 8 data bits .
per character. For words of less than
8 bits, the data is right justified to the
least significant bit LSB = Data Bit 0
[RBR(0)]. Data Bit 0 of a data word
[RBR(0)] is the first data bit received,
The unused bits in a character less
than 8 bits are output low to the
parallel output by the serial channel.

Received data at the SIN input pin is
shifted into the Receiver Shift Register

by-the 16X clock provided at the
RCLK input. This clock is synchro-
nized to the incoming data based on
the position of the start bit. When a
complete character Is shifted into the
Raceiver Shift Register, the as-
sembled data bits are parallel loaded
into the Recelver Buffer Register. The
DR flag in the LSR register is set.

Double buffering of the received data
permits continuous reception of data
without losing received data. While
the Receiver Shift Register is shifting
a new character into the serial
channel, the Receiver Buffer Register
is holding a previously received
character for the CPU to read. Failure
{o read the data in the RBR before
complete reception of the next
character result in the low of the data
in the Receiver Register, The OE flag
in the LSR register indicates the

overrun condition.

RBR Bits 0 thru 7:

RBR(0) Data Bit 0
RBR(1) Data Bit 1
RBR(2) Data Bit 2
RBR(3) Data Bit 3
RBR(4) Data Bit4
RBR(5) Data Bit 5
RBR(6) Data Bit 6
RBR{(7) DataBit 7

The Transmitter Holding Register
(THR) holds parallel data from the
data bus (D0-D7) until the Transmitter
Shift Register is empty and ready to
accept a new character for transmis-
sion. The transmitter and receiver
word length and number of stop bits
are the same. If the character is less
than eight bits, unused bits at the
microprocessor data bus are ignored
by the transmitter.

Data Bit 0 [THR(0)] is the first serial
data bit transmitted. The THRE flag
[LSR(5)] reflect the staus of the THR.
The TEMT tlag [LSR(5)] indicates if
both the THR and TSR are empty.
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MX16C451E
|}
THR Bits 0 thru 7 Scratchpad Register is an 8-bit Read/  SCR Bits 0 thru 7 )
Write register that has no effect on ..

THR(0) Data Bit 0 any channel in the MX16C451E. Itis  SCR(0) Data Bit 0

THR(1) Data Bit 1 intended as a scratchpad registerto ~ SCR(1) Data Bit 1

THR(2) Data Bit 2 be used by the programmer to hold SCR(2) Data Bit 2

THR(3) Data Bit 3 data temporarily. SCR(3) Data Bit 3

THR(4) Data Bit 4 SCR(4) Data Bit 4

THR(5) Data Bit 5 SCR(5) Data Bit 5

THR(6) Data Bit 6 SCR(6) Data Bit 6

THR(7) Data Bit 7 SCR(7) Data Bit 7

TABLE 5. INTERRUPT IDENTIFICATION REGISTER

INTERRUPT IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONS
Bit 2 Bit1 | BitO Priority Interrupt Interrupt Interrupt
Level Flag 7 Source Reset Control
X X 1 None None
1 1 0 First Receiver OE, PE LSR Read
Line Status FE, or Bl
1 0 0 Second Received Data | Recelved Data | RBR Read
Available Available
0 1 0 Third THRE THRE IR Read if THRE is the :
interrupt Source or THR )
Wirite i
0 0 0 Fourth Modem Status | -CTS, -DSR MSR Read
-Rl, -RSLD
X = Not Defined

FIGURE 3. INTERRUPT CONTROL LOGIC

DR (LSR BIT 0)
- ERBFI (IERBIT 0)

THRE (LSR BIT 5)
ETBE! (IER BIT 1)

Y

— |>_ INTERRUPT
= » OUTPUT

OE (LSRBIT 1)

PE (LSR BIT 2) _L-?\'—'I

FE (LSR BIT 3) ) —
BI (LSR BIT 4) s =" l_"—’

ELSI (IER BIT 1)

DOTS (MSRBITO

DDSR (MSR BIT 1)

TERI (MSR BIT 2})% >
DDCD (MSR BIT I_Lf

EDSSI (IER BIT 3)

Interrupt Enable (MCR BIT 3) )

10
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TABLE 6. SERIAL CHANNEL ACCESSIBLE REGISTERS
Register Bit Number
Register
Mnemonic Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bito
RBR  Data Data Data Data Data Data Data Data
(Read Only) | Bit7 Bit 6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit 0
(MSB) {LSB)*
THR Data ‘Data Data Data Data . | Data Data Data
(Write Only) | Bit7 Bit 6 Bit 6 Bit 4 Bit3 Bit 2 Bit 1 Bit0
DLL Bit7 Bit6 Bits Bit 4 Bit 3 Bit2 Bit 1 Bito
DLM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
IER 0 0 0 0 (EDSSI) (ELSI) (ETBE)) (ERBFI)
Enable Enable Enable Enable
Modem Receiver | Transmitter | Received
Status Line Holding Data
Interrupt Status Register Available
Interrupt Empty Interrupt
Interrupt
IR 0 0 0 0 0 Interrupt Interrupt “0" 1F
) (Read Only) ID D Interrupt
{ Bit (1) Bit (0) Pending
LCR (DLAB) |Set Stick (EPS) (PEN) (STB) (WLSB1) | WLSBO)
Divisor | Break Parity Even Parity Number Word Word
Latch Parity Enable of Stop Length Length
Select Bits Select Select
Bit 1 Bit 0
MCR 0 0 0 Loop Out 2 Out1 (RTS) (DTR)
Request Data
To Terminal
Send | Ready
LSR 0 (TE MT) (THRE) (B (FE) (PE) (OE) (DR)
Transmitter | Transmitter| Break Framing Parity Overrun Data
Empty Holding Interrupt Error Error Error Ready
Register
Empty
MSR (DCD) (R1) (DSR) (CTS) (DRSLD) | (TERI) (DDSR) (DCTS)
Data Ring Data Clear Delta Trailing Delta Delta
Carrier | Indicator Ready to Receive Edge Data Clear
Detect Set Send Line Signal | Ring Set to
Deatect Indicator Ready Send
SCR Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit0

*|.SB Data Bit 0 Is the first bit transmitted or received

P

11
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INTERRUPTS

The Interrupt Identitication Register
(IIR) in the serial channe! of the
MX16C451E has interrupt capability for

interfacing to current microprocessors,

{n order to minimize software over-
head during data character transfers,
the serial channel prioritizes interrupts
into four levels, The four levels of
interupt conditions are as follows:

1. Receiver Line Status (priority 1)

2. Received Data Ready (priority 2)

3. Transmitter Holding Register
Empty (priority 3) - -

4. Modem Status (priority 4)

Information indicating that a prioritized
interrupt is pending and the type of
interrupt is stored in the Interrupt
identification Register (IIR). When
addressed during chip select time, the
R indicates the highes! priority
interrupt pending. No othaer interrupts
are acknowledged until the interrupt is
serviced by the CPU. The logic
equivalent of the interrupt control
circuit Is shown in Figure 3. The
contents of the 1IR are indicated in
Table 5 and are described below.

HIR(0): UR(0) can be used in either as
hard-wired prioritized or polled
environment to indicate whether an
interrupt is pending. When {IR(0) is
low, an interrupt is pending, and IIR
contents may be used as a pointer to
the appropriate interrupt service
routine. When IIR(0) is high, no
interrupt is pending.

1IR(1) and lIR(2) are used to identify
the highest priority interrupt pending
as indicated in Table 2.

HR(3) - lIR(7): These five bits of the
1R are logic 0.

The Interrupt Enable Register (IER) is
a Write register used to independently
enable the four serial channel
interrupts which activate the interrupt
(INTRPT) output. Allinterrupts are
disabled by resetting IER(0) - IER(3)
of the Interrupt Enable Register,

interrupts are enabled by setting the
appropriate bits of the [ER high.
Disabling the interrupt system inhibits
the Interrupt Identification Register
and the active (high) INTRPT output.
All other system functions operate in
their normal manner, including the
setting of the Line Status and Modem
Status Registers. The contents of the
Interrupt Enable Register are indicated
in Table 3 and are described below.

{ER(0): When programmed high
[IER(0) = Logic 1), IER(0) enables
Received Data Available interrupt.

{ER(1): When programmed high
[IER(1) = Logic 1], IER(1) enables the
Transmitter Holding Register Empty
interrupt.

IER(2); When programmed high
[IER(2) = Logic 1), IER(2) enables
Receiver Line Status interrupt,

IER(3): When programmed high
[IER(3) = Logic 1], IER(3) enables the
Modem Status interrupt.

IER(4) - IER(7): These four bits of the
|ER are logic 0.

TRANSMITTER

The serial transmitter section consists
of a Transmitter Holding Register
(THR), Transmitter Shift Register
(TSR), and associated control logic.
The Transmitter Holding Register
Empty (THRE) and Transmitter Shift
Register Empty (TEMT) are two bits in
the Line Status Register which
indicate the status of THR and TSR.
To transmit a 5- to B-bit word, the
word is written through D0-D7 to the
THR. The microprocessor should
perform a write operation only if THRE
is high. The THRE is set high when
the word is automatically transferred
from the THR to the TSR during the
transmission of the start bit.

" When the transmitter Is idle, both

THRE and TEMT are high. The first

word written causes THRE to be reset
to 0. After completion of the transfer,
THRE returns high. TEMT remains
low for at least the duration of the
transmission of the data word, if a
second characier is transmitted to the
THR, the THRE is reset low. Since
the data word cannot be transferred
from the THR to the TSR until the TSR
is empty, THRE remains low until the-
TSR has completed transmission of
the word. When the last word has
been transmitted out of the TSR,
TEMT is set high. THRE is set high
one THR to TSR transfer time later.

RECEIVER

Serial asynchronous data is input into
the SIN pin. The idle state of the line
providing the input into SIN is high. A
start bit detect circuit continually
searches for a high to low transition
from the idle state. When the transi-
tion is detécted, a counter is reset,
and counts the 16X clock to 7 172,
which is the center of the star bit.
The start bit is valid if the SIN is still
low at the mid-bit sample of the stant
bit. Verilying the start bit pravents the
receiver from assembling an incorrect
data character due to a low going
noise spike on the SIN input.

The Line Control Register determines
the number of data bits in a character
(LCR(0), LCR(1)), number of stop bits
LCR(2), if parity is used LCR(3), and
the polarity of parity LCR(4). Status
information for the receiver is provided
inthe Line Status Register to the
Receliver Buffer Register , the Data
Received indication in LSR(0) is set
high. The CPU reads the Recasiver
Buffer Register through D0-D7. This
read resets LSR(0). If DO-D7 are not
read prior to a new character transfer
from the RSR to the RBR, the
overrrun error status indication is set
in LSR(1). The parity check tests for
even or odd parity on the parity bit,
which precedes the first stop bit, f
there is a parity error, the parity error
is setin LSR(2). There is circuitry
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which tests whether the stop bitis
high. Hf it is not, a framing error
indication is generated in LSR(3).

The center of the start bit is defined as
clock count 7 1/2. i the data into SIN
is symmetrical square wave, the
center of the data cells will occur
within £3.125% of the actual center,
providing an error margin of 46.875%.
The start bit can begin as much as
one 16X clock cycle prior to baing
detected.

BAUD RATE GENERATOR
(BRG)

The BRG generates the clocking for
the UART function, providing standard
ANSI/CCITT bit rates. The oscillator
driving the BRG is provided by an
external clock into CLK,

The data rate is determined by the
Divisor Latch registers DLL and DLM
and the external frequency. The bit
rate is selected by programming the
two divisor latches, Divisor Latch Most
Signiticant Byte and Divison Latch
Least Significant Byte. Sefting DLL =
1 and DLM = 0 selects the divisor to

divide by 1 (divide by 1 gives maxi-
mum baud rate for a given input
frequency at the CLK input).

The BRG can use any of three
ditferent popular frequencies to
provide standard baud rates. These
frequencies are 1.8432 MHz, 2.4576
MHz, and 3.072 MHz. With these
frequencies, standard bit rates from
50 1o 38.5 kbps are available. Tables
7, 8, and 9 illustrate the divisors
needed to obtain standard rates using
these three crystal frequencies.

RESET

After power up, the MX16C451E-Reset
input (MR) should be held low for 500
ns {o reset the MX16C451E circuits 1o
an idle mode until initialization. A low
on -Reset causes the following:

1. Initializes the transmitter and
receiver internal clock counters,

2. Clears the Line Status Register
(LSR), except for Transmitter Shift
Register Empty (TEMT) and Transmit
Holding Register Empty (THRE),
which are set. The Modem Control
Register (MCR) is also cleared. All of

the discrete lines, memory elements
and miscellaneous logic associated
with these ragister bits are also -
cleared ortumed off. The Line
Control Register (LCR), Divisor
Latches, Receiver Butfer Register,
Transmitter Butfer Register are not
effected.

Following removal of the reset
condition (Resst high), the MX16C451E
remains in the idle mode until pro-
grammed.

A hardware reset of the MX16C451E
sets the THRE and TEMT status bit in
the LSR. When interrupts are
subsequently enabled, an interupt
occurs due to THRE.

A summary of the effect of a reset on
the MX16C451Eis given in Table 10.

PROGRAMMING

Each serial channe! of the MX16CAS1E
Is programmed by the control registers
LCR, IER, DLL and DLM, and MCR.
These control words define the
character length, number of stop bits,
parity, baud rate, and modem inter-
face.

TABLE 7. BAUD RATES (1.8432 MHz CLOCK)

Deslred Baud Rate Divisor Used Percent Error Difference
Between Desired and Actual
50 2304 -
75 1536 -
110 1047 0.026
1345 857 0.058
150 768 .
300 384 .
600 192 -
1200 06 -
1800 64 .
2000 88 0.69
2400 48 -
3600 32 -
. 4800 24 -
7200 16 .
9600 12 -
19200 6 -
38400 3 -
5£6000 2 266
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While the control register can be

The control signals required 1o access  RBR registers should be read priorto .

written in any order, the IER should be . each serial channel's internal registers  enabling interrupts in order to clgar out

written to last because k controls the
interrupt enables, Once a serlal
channel is programmed and
operational, these registers can be
updated any time the MX16C451E
serial channel is not transmitting or
recelving data.

are shown below. any residual data or status bits which
' may be invalid for subsequent
SOFTWARE RESET operation.

A software reset of the serialchanne! CLOCK INPUT OPERATION

is a useful method for returning to a

completely known state without a The maximum input frequency of the
system reset. Such a reset consists of  external clock of the MX16C451Eis 3.1
writing to the LCR, Divisor Latches, MHz.

and MCR registers. The LSR and

TABLE 8. BAUD RATES (2.4576 MHz CLOCK)

Deslired Baud Rate Divisor Used Parcent Error Ditference
, Between Desired and Actual |

50 3072 -

75 2048 -

110 1396 0.026

1345 1142 0.0007

150 1024 -

300 512 ) -

600 256 -

1200 128 .

1800 85 0.392

2000 7 0.260

2400 64 -

3600 43 0.775

4800 a2 .

7200 21 1.587

9600 - 16 -

19200 8 -

38400 4 -

TABLE 9, BAUD RATES (3.072 MHz CLOCK)

Desired Baud Rate Divisor Used Percent Error Difference
Between Desired and Actual

50 3840 -

75 2560 -

110 1745 0.026

1345 1428 0.034

150 1280 .

300 640 -

600 320 .

1200 160 -

1800 107 0.312

2000 96 -

2400 80 .

3600 53 0.628

4800 40 .

7200 27 1.23

€600 20 .

19200 10 -

38400 5 -
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TABLE 10. RESET
Register/Signal Reset Control Reset
Interrupt Enable Register Reset All Bits Low (0-3 forced and 4-7 permanent)
Interrupt dentification Raset Bit 0 is High, Bits 1 and 2 Low
Register Bits 3-7 are Permanently Low
Line Control Register Reset All Bits Low
MODEM Control Register Reset Ali Bits Low
Line Status Register Reset All Bits Low, Except Bits 5 and 6 High
MODEM Status Register Resst Bits 0-3 Low
Bits 4-7 Input Signal
SOUT Reset High
Intrpt (RCVR Errs) Read LSR/Reset Low
intrpt (RCVR Data Ready) Read RBR/Reset Low
Intrpt (THRE) Read IIR/Write Low
THR/MReset
Intrpt (Modem Status Changes) | Read MSR/Reset Low
-Out2 Reset High
-RTS Reset High
-DTR Reset High
-Outt : Reset High
DEVICE APPLICATION
MX16C451E
SERIAL
DATA CHANNEL 0 T 9-PIN
BUS P> BUFFERS "D”
. CONN
ADDR DUAL /
BUS ~=————=——==f!  UART AND SERIAL
PRINTER CHANNEL 1 = Q-EIN
"| BUFFERS [ D"
PORT ' CONN
CTL
BUS —P .
OPTION
JUMPERS _ /
PARALLEL 25-PIN
- PORT "D"
R/C NET CONN

15
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FUNCTIONAL DESCRIPTION:

PARALLEL PORT REGISTERS

The MX16C451E's parallel port
interfaces the device to a Centronics-
style printer. When Chip Select 2 (-
CS2) is low, the parallel port is
selected. Table 11 shows the
registers associated with this parallel
port, The read or write function of the
register Is controlled by the state of
the read (-IOR) and write (-IOW) pin
as shown. The Read Data Register
allows the microprocessor to read the
information on the parallel bus,

The Read Status Register allows the
microprocessor to read the status of
the printer in the five most significant
bits. The status bits are Printer Busy
(-BUSY), Acknowledge (-ACK) which
is a handshake function, Paper Empty
(PE), Printer Selected (SLCT), and
Error (-ERROR). The Read Control
Register allows the state of the control
lines to be read. The Write Control
Register sets the state of the control
lines.

They are Interrupt Enable (IRQ ENB),
Select In (SLIN), Initialize the Printer
(INIT), Autofeed the Paper (AUTOFD),
Strobe (STROBE), which informs the
printer of the presence of a valid byte
on the paralle! bus. The Write Data
Register allows the microprocessor to
write a byte to the parallel bus.

The parallel port is completely
compatible with the parallel port
implementation used in the IBM Serial/
Parallel Adaptor.

TABLE 11. PARALLEL PORT REGISTERS

Register Register Bits
Bit 7 Bit 6 Bits Bit4 Bit 3 Bit 2 Bit 1 Bit 0

Read Port PD7 PDé6 PD5 PD4 PD3 PD2 PD1 PDO
Read Status -BUSY | -ACK PE SLCT -ERROR] 1 1 1
Read Control 1 1 1 IRQ ENB |SLIN -INIT AUTOFD| STROBE
Write Port PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Write Control 1 1 1 IRQ ENB SLIN <INIT AUTOFD| STROBE
TABLE 12. PARALLEL PORT REGISTER SELECT
Control Pins Reglster Selected
-IOR -IOW -CS At A0

0 1 0 0 0 Read Data

0 1 0 o] 1 Read Status

0 1 0 1 0 Read Control

0 1 0 1 1 Invalid

1 0 0 0 0 Write Data

1 0 0 0 1 Invalid

1 0 0 1 0 Write Control

1 0 0 1 1 invalid

16
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MX16C451E
AC CHARACTERISTICS TA =0°C TO +70°C, VCC = 6V 1 5% (Note 1,5)
Symbol Parameter Min Max Units Conditions
DIW -DISTR Strobe Width 75 ns |
RC Read cycle | 135 ns
tDDD Delay from -DISTR to Data | 75 ns 100 pF Load
tHZ -DISTR to Floating Data Delay 0 50 rns 160 pF Load, Nots 4
tDOW -DOSTR Strobe Delay 50 ns
wWeC Write Cycle 7 135 né
tDS Data Setup Time 7 10 ns
{DH Data Hold Time 25 ns
tRA Address Hold Time from -DISTR 0 ns Note 2
tRCS Chip Select Hold Time from -DISTR 0 ns Note 2
tAR -DISTR Delay from Address 10 7 ns Note 2
1CSR -DISTR Delay from Chip Sélect 10 ns Note 2
! tWA | Address Hold Time from -DOSTR | 5 né Note 2
tWCSs Chip Select Hold Time from -DOSTR 5 ns Note 2
tAW "DOSTR Delay from Address 25 e Note 2
;tCSW -DOSTR Delay from Select 10 ns | Note2
tRW Reset Pulse Width 5 us
tXH buration of Clock High Pulse | 140 ns External Clock
XL Duration of Clock Low Pulse 140 ns External Clock
Notes: | '

1, RCLK Is internally derived fron the internal -BAUDOUT signal.

2. The internal address strobe is always active.

3. RCLK =tXH and tXL.

4. Charge and discharge time is determined by VOL, VOH and the external loading.
5. Alltiming are referenced to valid 0 and 1. (see AC TEST POINTS.)

17
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MX16C451E

AC CHARACTERISTICS (Cont.) TA = 0°C TO +70°C, VCC = 5V x 5% (Note 1,5)

Symbol Parameter Min Max Units Conditions

Transmitter

{#HR1 | Delay from Rising Edge of -DOSTR 75 ns 100 pF Load
(WR THR) To Reset interrupt

RS | Delay from Initial INTR Reset to Transmit Star{ 24 40 OLK Gycles | Note 3

tsi Delay from Inttial Write to interrupt 16 24 CLK Cycles | Note 3

tsTi Delay from Stop to Interrupt (THRE) | 8 CLK Cycles | Note 3

tR Delay from -DISTR (RD IIR) to Reset 1T 75 ns 100 pF Load
Interrupt (THRE)

Modem Control

tMDO Delay from -DOSTR (WR MCR) to Output 50 ns 100 pF Load

{SIM Delay to Set interrupt from MODEM Input 70 ns 100 pF Load |

tRIM Delay to Reset Interrupt from -DISTR 70 ns 100 pF Load
(RS MSR)

Recelver

1SINT Delay from Stop to Set interrupt 1 CLK éycleé Note 3

fRINT Delay from -DISTR (RD RBR/RDLSR) to 7 200 ns 100 pF Load
Reset Interrupt

Parallel Port

DT Data Time ' 1 Hs

tSB Strobe Time . 1 500 us

tAD Acknéwledge Delay (Busy Start to us Defined by Printer
Acknowledge)

tAKD Acknowledge Delay (Busy End to | Hs Defined by Printer
Acknowledgs)

tAK Acknowledge Duration Time 7 T Defined by Printer

iBSY Busy Duration Time R us Defined by Printer

tBSD Busy Delay Time us beﬁned by Printer

Notes:

1. The internal address strobe is always active.

3. RCLK =tXH and tXL.

4. Charge and discharge time is determined by VOL, VOH and the external loading.
5. All timing are referenced to valid 0 and 1, (see AC TEST POINTS.)

18
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WRITE CYCLE TIMING
A2 At AD }k VALID 2%
- _ — (WA
-CS -5\ VALID
< \WCS
————1CSW ——»
e 1AW »le we
<— IDOW —» R
-DOSTR ACTIVE * - ACTIVE
R \
" OR
N Y
-DISTR N )‘{Acnve
. —
|«10s o]« 101 +]
DATA — ¢ vaupbpata )
Do-D7 \—_/
READ CYCLE TIMING
aara %k VALID »yr
RA
- N\ VALID
N
<4 {(RCS ¥
¢———— 1CSR ———$ J
" (AR e RC , >
<— IDIW — N J{
~DISTR — ' : \
;( ACTIVE ;{ ) ACTIVE
(s A
" S
-DOSTR
—
W
oD |¢—»| —»| |e— mz

DATA VALD \____
Do-D? DATA
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34E D WM 5bLAAAAEZ O000OR2A O MM/- 75-37-05

RECEIVER TIMING
SIN

(RECEIVER
INPUT START

DATA BITS (5-8) X PARITY)I sTOP \—/—

DATA)

WEEL ||

% I I I I S

INTERRUPT
(DATA READY OR
RCVR ERR)

W
—p| SINT [l

~DISTR

- IRINT.

(READ REC

X ACTIVE

DATA BUFFER
OR RDLSR)

TRANSMITTER TIMING

START START
SERIAL )
ouT (sOUT) [ oxtAse) stop -2 f_/_
tiRs

PARITY

/\

INTERRUPT
(THRE) 14 HR1
-DOSTR —
(WA THH)ﬂ tS| -
-DISTR
(RD IIR)

—+| U |

3
e
oo

!
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MACRONIX INC 34E D WM 5LA8AAZ 0000029 2 MMJ-75-37-05

MX16C451E
MODEM TIMING
wacr__/ K
— f&—— tMDO iMDO —b
-RTS, ~DTR N
~CTS -DSA-RLSD 7L _ \

~DISTR /'\

(RD MSR)
N ' , 'a
RI | \ 7

~INTERRUPT
L@ 1SIM P m/:_M_—iL -— 4 1SIM—>

PARALLEL PORTTIMING

DATA )

-] DT {@4——] DT |a—

i &-
STROBE
—%| {SB |@&—

ACK

L tAD > ld=tAK —p
» tAKD |-

BUSY

|

A,

r—!BSD -9 |4—-{BSY >

Ny
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MACRONIX INC 34E D ®E 5L8A3A2 0000030 9 WM T-75-37-085

MX16C451E

AC TESTING INPUT/OUTPUT WAVEFORMS

EXTERNAL CLOCK INPUT AC TEST POINTS

20V

o8V

TEST CIRCUIT
- 254V

‘— Output Under Test

D 680

82 pF* :

* Includes Scope and Jig _—
Capacitance —_—
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MACRONIX INC '34E D WM 5688882 0000031 O WS 75-37.p5

MX16C451E
ABSOLUTE MAXIMUM RATINGS

Amblent Operating Temperature -10C Applied Input Voltage -0.5V to +7.0V these or any other conditions above

to +70C Power Dissipation 500mW those indicated in this data sheet is
Storage Temperature -65C to +150C not ifnplied. _Exposurg to absolute
Supply Voltage to Ground Potential - Stresses above those listed may maximum rating conditions for
0.5V to Ve +0.3V cause permanent damage to the extended periods may affect device
Applied Output Voltage -0.5V to Vce device. These are stress ratings only,  reliability.

+0.3V functional operation of this device at

DC CHARACTERISTICS TA =0°C TO +70°C, VCC =5V 5%

Symbol Parameter Min Max Units Conditions

VILX Clock Input Low Voltage -0.5 0.6 Vv

VIHX Clock Input High Voltage 3.0 VvCC \

viL Input Low Voltage -0.5 0.8 \

VIH Input High Voltage 22 | voe | v

VoL Output Low Voltage 0.4 v IOL = 6.0 mA on DBO-DB7

IOL = 20 mA on PD0-PD7

JOL = 10 mA on -INIT, -AFD, -STB,
and -SLIN (see Note 1)

IOL = 6.0 mA on all other outputs

VOH Output High Voltage 2.4 \Y IOH = -6.0 mA on DBO-DB7

IOH = -12.0 mA on PD0-PD7

IOH = -0.2 mA on -INIT, -AFD,
-ST8B, and -SLIN

IOH = -6.0 mA on all other outputs.

ICC Power Supply Current 30 mA VCC =5.25 V, No loads on SINO,1,
-DSRo,1; -RLSDO,1; -CTS0,1.
RIO,RIt =22 V.

Other inputs =0.8 V.

Baud rate generator = 4 MHz,

Baud rate = 56K
I Input Leakage ' +10 pA VCC =5.25V,GND =0 V.
All other pins floating
icL Clock Leakage 1107 pA VIN=0V,5.25V
10Z 3-State Leakage +20 HA VCC=5.25V,GND =0V,

VOUT=0V,525V
1) Chip Deselected
2) Chip and write mode selected

VIL(RES) Reset Schmitt VIL 0.8 \

VIHRES) | Reset Schmitt VIH 20 v

Note 1: -INIT, -AFD, -STB, and -SLIN are open collector output pins that each have an internal pull-up resistor (2.5 kQ -
8.5 KQ) to Vee. This will generate a maximum of 2.0 mA of internal 1OL. In addition to this internal current, each pin will
sink at least 10 mA, while maintaining the VOL specification of 0.4 V Max.

23
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MACRONIX INC IUE D W SLBBABZ 00O0032 2 -77:'75“—37-o$
MX16C451E

PACKAGE OUTLINE
68-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

’

o= 048 (1.143)
- IS LI I 0 ) P O Y P P Y ‘
h ¥
PIN 1 INDEX p
MAY VARY IN ]
$IZE AND h
LOCATION i
1]
:
40 4: ‘ai:m
1]
Y
1]
1]
Y
D
)
i
998 (25,273
g
4°* ALL SIDES
e 020 (. 711) =] fo 049 (1.244)
075 (1.908) [}
MAX ) \
——] T
* AN
030 [ 782) £50 (1.270) il 032 (812) .18 (480y)
whx : o838 | MAX
015 (381)

NOTES UNLESS OTHERAWISE SPECFED

1 TOLERANCE TO BE ¢ 005 (0127)

2 LEADFRAME MATERIAL COPPER

3 LEAD FRASH MATTE TIN PLATE OR SOLDER D®

4. SPACING 10 BE MANTANED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG
FULL LENGTR OF LEAD

§. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIOE FLASH BURR. WHICH IS 010
€0 254) MAX ON FOUR SIDES

€. ALL METRIC DMENSIONS ARE IN PARENTHESES

ORDERING INFORMATION:

PART NUMBER OPERATING TEMPERATURE PACKAGE TYPE
MX16C451E QC 0-70°C 68 PINPLCC
NOTE:

If éxternal clock option'is required, please refer to tha
X16C451 date shacot.

24
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MACRONIX

"PRODUCT LINEGE

MACRONIX INC

PIN 1 )

INDEX
AREA i 2 3

J4E D WM 5SLABBAT

00D0D0L 1 MM -T309-20

D | ha
C
1— A —lsk—
A, ) BASE b l
1 I /PLANE
T e
L -_l B,

PLASTIC DUAL-IN-LINE PACKAGES

(PDIP)

16, 18, 20, 24, 28 LEAD 300 MIL WIDE AND 24, 28, 32, 40 LEAD 600 MIL WIDE

LEADS 2
WIDTH______,300

SYMBOL, _*MIN "

.. .

28 28

160

200

aghle. h T

B ‘i‘so". . i

A 150 450 200 B0 200 450 200
(381) (5.08) (3.81) (5.08) (3.81) (5.08) (381) (5.08) (381) (6.08) (381) (5.08)
Al 015 070 015 070 .05 070 015 070 0156 070 .06 070
(381) (1.78) (381) (1.78) (8381) (1.78) (381) (1.78) (381) (1.78) (381) (1.78)
A2 125 166 135 165 125  .155 135 165 136  .165  .135  .165
(3.18) (3.94) (343) (419) (3.18) (394) (343) (4.19) (343) (4.19) (343) (4.19)
B 016 023 015 0283 .016 023 .015 023 015 023 015  .023
(.381) (584) (.381) (.584) (.381) (.584) (.381) (.584) (.381) (.684) (.381) (.584)
B1 060 TYP 080 TYP 080 TYP .060 TYP 050 TYP .060 TYP
(1.52) (1.52) (1.52) (1.52) (1.27) (1.52)
c 008 015 008 015 008 .05 008 015 008 015 .008 .015
(203) (381) (.208) (.381) (.203) (.381) (203) (.381) (.203) (.381) (.203) (.381)
D 1230 1.270 1.230 1.280 1.345 1.355 1.390 1,470 1.640 1660 2030 2.080
(31.24) (32.26) (31.24) (32.51) (34.16) (34.42) (35.31) (37.34) (41.66) (42.16) (51.56) (52.89)
D2 1100 TYP 1100 TYP 1300 TYP 1300 TYP 1400 TYP 1900 TYP
(27.94) (27.94) (33.02) (33.02) (35.56) (48.26)
E 300 .820 .600 620 300 325 600 .620 .600 .620  .600  .620
(762 (8.13) (1524) (15.75) (7.62) (8.26) (15.24) (1575) (15.24) (15.75) (1524) (15.75)
E1(4) .40 280 520 560 270 .290 520 .560 520 560 520 560
(6.10) (7.11) (18.21) (14.22) (6.86) (7.37) (13.21) (14.22) (13.21) (14.22) (13.21) (14.22)
e1(3 .00 TYP 100 TYP 100 TYP 100 TYP 400 TYP 100 TYP
(2.54) (2.54) (2.54) (2.54) (2.54) (2.54)
eA(3) .300 TYP 600 TYP 300 TYP 600 TYP 600 TYP 600 TYP
(762 (15.24) (7.62) (16.24) (15.24) (15.24)
eB(3) .35 TYP 650 TYP .35 TYP 650 TYP 650 TYP 650  TYP
(8.89) (16.51) (8.89) (16.51) (16.51) (16.51)
L 120 140 120 {40 120 .40 420 140 120 140 120 140
(3.05) (356) (3.05) (3.56) (3.05) (3.56) (305) (3.56) (3.05) (3.56) (3.05) (3.56)
N 24 24 28 32 40
[} 040 085 040 .08 .020 .030 .040 085 040  .085 040  .090
(1.02) (216) (1.02) (216) (508) (762 (1.02) (216) (1.02) (2.16) (1.02) (229
o (5) 0 15 0 15 0 15 0 15 0 15 0 15
ThetaJACu: (6) 55 50 55 45 45 45
°C/Watt AL42: (6) 110 105 110 105 105 100

NOTES:
1. Refer to applicable symbol glossary.
2. All dimenslons are In inches (mm).
3. o1, oA and eB apply for Installing on a PG board,
4. D and E1 do not include mold flash,
5. © In degrees applles to spread of leads.
ICminer.com Electronic-Library Service CopyRight 2003

!@?ni'ﬂﬂ

6. The Thermal Resistance, Theta JA, In °C/Watt, quoted above is for a
10,000 sq. mil die in still air and shown for both copper and alloy-42
frames. Values are approximate.

. Lead frame material: alloy 42 or copper.

. Lead finish: Matte tin or SWPb solder.

. Note: Call Manufacturer for dimensional information on 16, 18, 20, 48
and 64 lead packages.
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M ACRONIX PRODUCT _LINE]

MACRONIX INC

HE D WM 5LAAAAZ 0000007 3 M TS gp.a)

DETAIL “A”
+—C

.008 RAD

075 (1.805)
MA

—

"

4

(0.203)
-F/.oos (0.127)

AFTER LEAD FINISH

.048 (1.219)
£3 042 (1.067)
iy ot o o N U T U T m A 1
; BT
. :
D D3[] Q ({:1 o1
[ )\
£ \§
. | L g |
| El | PIN 1 INDEX MARK
MAY VARY IN SIZE
E AND LOCATION
,049 (1,244)

PLANE

BASE PLANE
SEE DETAIL A"

—.035 RAD
(0.889)

[ .020 (0.508)
MIN

044 (1.117)

DETAIL "8"
B2
:'[.I l‘;.032 (0.812)
MAX

. = BASE LINE

i

PLASTIC LEADED CHIP CARRIERS (PLCC)
24, 32, 44, 68, AND 84 LEAD

.165

o MINE,

.100

140

.165

180

.165

.200

.165

AXEB5 yiNRE

.180
(419) (457) (254) (356) (4.19) (457) (419) (5.08) (4.19)
Al .090 120  .060 .095 .090 120 .090 130 .090 .130
(229) (3.05) (1.52) (241) (220) (3.05) (229) (3.30) (229) (3.30)
B 013 021 013 021 .13 021 .013 021 .013 021
(330) (533) (330) (533) (330)  (583) (330) (533) (:330)  (583)
B2 026 ,032 026 032 026 ,032 026 032 026 032
(660) (813) (660) (813) (660) (B813) (660) (813) (660) (.813)
c .008 010  .008 010 .008 010 008 010 .008 010
(203) (254) (203) (.254) (203) (.254) (203) (.254) (.203) (.254)
D 485 495 .485 495 685 695 .985 995 1185  1.195
(1232) (1257) (1282) (1257) (17.40) (17.65) (26.02) (25.27) (30.10) (30.35)
D1 450 .456 447 453 .650 656 950 958. 1.150 1.158
(1148) (11.88) (11.35) (11.51) (16.51) (16.66) (24.13) (24.33) (29.21) (29.41)
D2 390 430 .390 430 590 630 890- .930 1.080 1.130
(8.91) (1092) (9.91) (10.92) (14.99)- (16.00) (2261) (23.62) (27.69) (28.70)
D3 300 REF .300 REF 500  REF .800 REF  1.000 REF
(7.62) (7.62) O (1270) (2032) (25.40)
E 485 495 585 595 - .685 .695 .985 995 1.1485 1.195
(12.32) (1267) (14.86) (15.11) (17.40) (17.65) (25.02) (25.27) (30.10) (30.35)
E1 450 456 547 553 650 656 950 958  1.150 1.158
(11.43) (11.68) (13.89) (14.05) (16.51) (16.66) (24.13) (24.33) (29.21) (29.41)
E2 .390 .430 490 530 590 630 890 930 1090 1,130
(9.91) (10.92) (1245) (13.46) (14.99) (16.00) (2261) (23.62) (27.69) (28.70)
E3 .300 REE .400 REF 500 REF .800 REF  1.000 REF
(7.62) 7 {10.16) (12.70) (20.32) (25.40)
of 050 TYP 050 TYP .050 TYP 050 TYP  .050 TYP
(1.27) 1.27) nen (1.27) (1.27)
N 28 32 4 68 84
ND 7 7 11 17° 21
NE 7 9 1 17 - 29
ThetaJA (5) 45 45 45 45 45
(°C/Watt)
NOTES: 5. The Thermal Resistance, Theta JA, In °C/Watt, quoted above is for a

1. Refer to applicable symbo! glossary,
2. All dimenslons are In inches (mm).
3. Controlling dimension inch.

4. D1 and E1 do not include mold flash.

Powered by ICmirier.com Electronic-Library Service CopyRight 2003

10,000 sq. mill die in still air with copper frame. Values are approximate,
6. Lead frame material: copper.
7. Lead finish: Matte tin or Sn/Pb solder dip.
8, Note: Call Manufacturer for dimensional Information on 20, 52 and 84
lead packages.
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