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ABSTRACT

In this thesis, we proposed the new version of data acquisition system. The

system is used for collection the information of environment situation that were provided

by “York” machine.This version is an improvement version of the old version that

employed the Z-80180 for implementation.It has many new automatic functions it self.

Futher more the system is easily to develop either hard-ware or soft-ware in order to

enhance the system’s performance in the future.
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YORK SYSTEM 1 UPDATE
c1990 YORK INTERNATIONAL CORP.
VERSION C.01F.11
TODAY IS SUN 01:00AM 01/03/01
CHILLED LEAVING = 53.0iF; RETURN = 61.2iF
EVAP = 11.8PSIA; COND = 21.8 PSIA
OIL PRESSURE =46.2 PSID
NO OPTIONS INSTALLED
A AMPS = 374; B AMPS = 333; C AMPS =272
V A-B=384; VB-C =349;V C-A =385
COND LEAVING =91.2 iF; RETURN = 29.7 iF
MOTOR CURRENT = 90% FLA
OPER. HOURS = 3741; START COUNTER = 71
LEAVING SETPOINT =51.0 iF
CURRENT LIMIT =91% FLA; MTR CUR = 421 FLA
SETPOINT = OMIN @ 100% FLA, O MIN LEFT
SMTWTFSHOLIDAY NOTED BY *
REMOTE TEMP SETPOINT RANGE = 20 iF
SAT TEMPS EVAP = 55.6/iF, COND = 100.0.iF
DISCHARGE TEMP =112.5 iF,OIL TEMP = 150.4 iF
PURGE PRESSURE =15.5 PSIA
SUN START = 00:00 AM, STOP 00:00 AM
MON START = 00:00 AM, STOP 00:00 AM
TUE START = 00:00 AM, STOP 00:00 AM
MON START = 00:00 AM, STOP 00:00 AM
CYCLING SHUTDOWN RELAY - OFF DDFFFFFFFFG
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+5V-Powered, Multichannel RS-232

Drivers/Receivers
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General Description

The PC16550D is an improved version of the original 16450
Universal Asynchronous Receiver/Transmitter (UART).
Functionally identical to the 16450 on powerup (CHARAC-
TER mode)* the PC16550D can be put into an alternate
mode (FIFO mode) to relieve the CPU of excessive software
overhead.

In this mode internal FIFOs are activated allowing 16 bytes
(plus 3 bits of error data per byte in the RCVR FIFO) to be
stored in both receive and transmit modes. All the logic is on
chip to minimize system overhead and maximize system ef-
ficiency. Two pin functions have been changed to allow sig-
nalling of DMA transfers.

The UART performs serial-to-parallel conversion on data
characters received from a peripheral device or a MODEM,
and parallel-to-serial conversion on data characters re-
ceived from the CPU. The CPU can read the complete
status of the UART at any time during the functional opera-
tion. Status information reported includes the type and con-
dition of the transfer operations being performed by the
UART, as well as any error conditions (parity, overrun, fram-
ing, or break interrupt).

The UART includes a programmable baud rate generator
that is capable of dividing the timing reference clock input
by divisors of 1 to (216 —1), and producing a 16 X clock for
driving the internal transmitter logic. Provisions are also in-
cluded to use this 16 X clock to drive the receiver logic. The
UART has complete MODEM-control capability, and a proc-
essor-interrupt system. Interrupts can be programmed to
the user’s requirements, minimizing the computing required
to handle the communications link.

The UART is fabricated using National Semiconductor’s ad-
vanced M2CMOS process.

*Can also be reset to 16450 Mode under soitware control.
TNote: This part is patented.

NNational Semiconduc

PC16550D Universal Asynchronous
Receiver/Transmitter with FIFOsT

June 1995

Lo

Features

B Capable of running all existing 16450 software.

m Pin for pin compatible with the existing 16450 except
for CSOUT (24) and NC (29). The former CSOUT and
NC pins are TXRDY and RXRDY, respectively.

m After reset, all registers are identical to the 16450 reg-

ister set.

In the FIFO mode transmitter and receiver are each

buffered with 16 byte FIFO'’s to reduce the number of

interrrupts presented to the CPU.

Adds or deletes standard asynchronous communication

bits (start, stop, and parity) to or from the serial data.

® Holding and shift registers in the 16450 Mode eliminate
the need for precise synchronization between the CPU
and serial data.

B |ndependently controlled transmit, receive, line status,
and data set interrupts.

® Programmable baud generator divides any input clock
by 1 to (216 — 1) and generates the 16 X clock.

@ Independent receiver clock input.

MODEM control functions (CTS, RTS, DSR, DTR, RI,

and DCD).

m Fully programmable serial-interface characteristics:

— 5-, 6-, 7-, or 8-bit characters

— Even, odd, or no-parity bit generation and detection
—1-, 1Y,-, or 2-stop bit generation

— Baud generation (DC to 1.5M baud).

m False start bit detection.

m Complete status reporting capabilities.

® TRI-STATE® TTL drive for the data and control buses.

]

]

Line break generation and detection.
Internal diagnostic capabilities:
— Loopback controls for communications link fault
isolation
— Break, parity, overrun, framing error simulation.
m Full prioritized interrupt system controls.

Basic Configuration

4 PC1GS50D
07.00
& Dioros  SOUTp—a
\ o 4
MEMR o J/OR w L
——— — RTS b
MEMW o 1/OW W 3
INTR A Ba YR ToRS 232
o INTRPT  onla—i DRIVERS INTERFACE
g AD g i
a8 s
u cTs *—‘
Al »
& i
y a2 Wl
H Az
L ADS XIN I
FRRDY [
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= s
= xout
CS1  BAUDOUT
|>_J: cso RCLK -3 I I
0 ==
=t
O = TL/C/8852-1
TRI-STATE® is a of National Corp.
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1.0 Absolute Maximum Ratings

Temperature Under Bias
Storage Temperature

All Input or Output Voltages
with Respect to Vsg

Power Dissipation

0°Cto +70°C
-65°Cto +150°C

—0.5Vto +7.0V

Note: Maximum ratings indicate limits beyond which perma-
nent damage may occur. Continuous operation at these lim-

its is not intended and should be limited to those conditions

1w

2.0 DC Electrical Characteristics
Ta = 0°Cto +70°C, Vpp = +5V £10%, Vss = 0V, unless otherwise specified.

specified under DC electrical characteristics.

Symbol Parameter Conditions Min Max Units
ViLx Clock Input Low Voltage -0.5 0.8 v
ViHxX Clock Input High Voltage 2.0 Vob
ViL Input Low Voltage 0.5 0.8 Vv
ViH Input High Voltage 2.0 Vop \
VoL Output Low Voltage loL = 1.6 mA on all (Note 1) 0.4 \
Vou Output High Voltage lon = —1.0mA (Note 1) 2.4 \"
Icc(AV) Average Power Supply Vop = 5.5V, Ta = 25°C
Current No Loads on output
SIN, DSR, DCD, 15 mA
CTS, Rl = 2.0V
All other inputs = 0.8V
i Input Leakage Vpp = 5.5V, Vgg = OV =10 nA
Allother pins floating.
! Clock Leakage 10 A
et 0 Viy = 0V, 5.5V b
loz TRI-STATE Leakage Vpp = 5.5V, Vgs = 0V
Vout = 0V, 5.25V
1) Chip deselected +20 RA
2) WRITE mode,
chip selected
VILMR MR Schmitt V), 0.8 v
VIHMR MR Schmitt Vi 2.0 Vv
Note 1: Does not apply to XOUT
Capacitance 1, = 25°C, Vpp = Vss = OV
Symbol Parameter Conditions Min Typ Max Units
Cxin Clock Input Capacitance " 9 pF
CxouT Clock Output Capacitance fek=<hMHie 7 9 pF
Unmeasured pins
Cin Input Capacitance returned to Vg 5 7 pF
Cout Output Capacitance 6 8 pF
Cio Input/Output Capacitance 10 12 pF




3.0 AC Electrical Characteristics 1, = 0°Cto +70°C,vpp = +5V £10%

Symbol Parameter Conditions Min Max Units
taps Address Strobe Width 60 ns
taH Address Hold Time 0 ns
taR RD, RD Delay from Address (Note 1) 30 ns
tas Address Setup Time 60 ns
taw WR, WR Delay from Address (Note 1) 30 ns
tcH Chip Select Hold Time 0 ns
tcs Chip Select Setup Time 60 ns
tcsr RD, RD Delay from Chip Select (Note 1) 30 ns
tosw WR, WR Delay from Select (Note 1) 30 ns
toH Data Hold Time 30 ns
tps Data Setup Time 30 ns
thz RD, RD to Floating Data Delay @100 pF loading (Note 3) 0 100 ns
tMR Master Reset Pulse Width 5000 ns
tRA Address Hold Time from RD, RD (Note 1) 20 ns
trc Read Cycle Delay 125 ns
trcs Chip Select Hold Time from RD, RD (Note 1) 20 ns
tRD RD, RD Strobe Width 125 ns
tRoD RD, RD to Driver Enable/Disable @100 pF loading (Note 3) 60 ns
trvD Delay from RD, RD to Data @100 pF loading 60 ns
twa Address Hold Time from WR, WR (Note 1) 20 ns
twe Write Cycle Delay 150 ns
twes Chip Select Hold Time from WR, WR (Note 1) 20 ns
twR WR, WR Strobe Width 100 ns
txH Duration of Clock High Pulse External Clock (8, Max.) 95! ns
txL Duration of Clock Low Pulse External Clock (8, Max.) 55 ns
RC Read Cycle = tag + trp + tRc 280 ns
WC Write Cycle = taw + twr + twc 280 ns
Baud Generator
N Baud Divisor 1 216—1
tBHD Baud Output Positive Edge Delay 100 pF Load 175 ns
tBLD Baud Output Negative Edge Delay 100 pF Load 175 ns
tHw Baud Output Up Time fy = 8, +2, 100 pF Load 75 ns
tLw Baud Output Down Time fx = 8, =2, 100 pF Load 100 ns
Receiver
tRal Delay from Active Edge i =

of RD to Reset Interrupt
tRINT Delay from RD, RD 100 pF Load

(RD RBR/or RD LSR) 1000 ns

to Reset Interrupt
w0 |
tsco Delay from RCLK to Sample Time 2000 ns
tgINT Delay from Stop to Set Interrupt (Note 2) 4 RCLK

Cycles

Note 1: Applicable only when ADS is tied low.

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

Mote : Charge and discharge time is determined by Vo, Vou and the extemzl loading.
Note 4: These specifications are preliminary.




3.0 AC Electrical Characteristics (continued)

Symbol I Parameter I Conditions Min Max Units
Transmitter
tHR Delay from WR, WR (WR THR) 100 pF Load
175 ns
to Reset Interrupt
tir Delay from RD, RD (RD IIR) to Reset 100 pF Load 250 o
Interrupt (THRE)
tirs Celay from Initial INTR Reset to Transmit BAUDOUT
8 24
Start Cycles
ts Delay from Initial Write to Interrupt (Note 1) BAUDOUT
16 24
Cycles
tsTi Delay from Stop to Interrupt (THRE) (Note 1) 8 8 BAUDOUT
Cycles
tsxa Delay from Start to TXRDY active 100 pF Load 8 BAUDOUT
Cycles
twxi Delay from Write to TXRDY inactive 100 pF Load 195 ns
Modem Control
tmpo Delay from WR, WR (WR MCR) to 100 pF Load
200 ns
Qutput
trim Delay from RD, RD to Reset intermupt 100 pF Load o o
(RD MSR)
tsim Delay from MODEM Input to Set Interrupt 100 pF Load 250 ns

Note 1: This delay will be lengthened by 1 character time, minus the last stop bit time if the transmitter interrupt delay circuit is active. (See FIFO Interrupt Mode
Operation).
Note 2: These specifications are preliminary.

4.0 Tlmlng Waveforms (All timings are referenced to valid 0 and valid 1)
External Clock Input (24.0 MHz Max.) AC Test Points

24y
tXH
247 l_ NO g
TE 1
2.0V heIE2
0.8V
XIN 0.4V
08V
04V TL/C/8652-3
IXL—
TL/C/B652-2

Note 1: The 2.4V and 0.4V levels are the voltages that the inputs are driven to during AC testing.
Note 2: The 2.0V and 0.8V levels are the voltages at which the timing tests are made.

BAUDOUT Timing
- " |
o | AR\ Ueb ] VB RELL L
18H0—+] o |
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SAUD DUT
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—» Fe—1gup — nww
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BATD OUT
(-2) | I l I | I | I
o =
—} f-tst0  —+{ =0 ot e L —=]

o o M o~ —
~| fe—t8Lo —=] f+—1an0 |‘——~1 tw = (N~ 2) XIN CYCLES

e
SAGOOUT i I ! I i
N, 8>3)

| =
e un - 0000 TL/C/8852-4




4.0 Timing Waveforms (Continued)

ADS

Az. A1 Ag

S2.€81. CSg

WR. WA

RO.RD

DATA
Dg-07

o

Write Cycle

—fe e

}«— 1AS
X VALID ’

s —> tCH

fr'

el
Ix VALID x i X
S
fe——reswr ———— l——mcs‘—»]
taw ] we I
= e
l e
1S
X ACTIVE 4X X ACTIVE
=
‘ (ﬁ
N
p 4 =3

|

|
X ACTIVE

2
l'_‘Ds —40‘ I0H -*I

*Applicable Only When ADS is Tied Low.

ey

VALID DATA

Read Cycle

>k

A2, A1, Ag

TS2.€81.CSp

TL/C/8652-5

Rp

4
OR

WR. WR

I
I

XI ACTIVE X!7
| |

'
x acnve

H‘RDD |lnuo

oors

DATA

(Rvn——‘ HZ

VALID DATA

Dg-07

*Applicable Cnly When ADS is Tied Low.
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4.0 Timing Waveforms (continued)
Receiver Timing

RCLK ——ll—‘ L r]—

f 8 CLKS i~ tsep

i

SAMPLE CLK

NS18450 MODE:

SIN
N 0aTA(5-8) X Ysror\ Z?

el L e T

SAMPLE CLOCK T

RDR INTERRUPT ! /| :
bt tomr h

LS! INTERRUPT \
=~ YRt
it [ i
7B, RD
(RORBR) | X ACTIVE X:
RD, RD =
(ROUSR) X acmve X
TL/C/8852-7

Transmitter Timing

SERIAL \ f
oy START DATA(5-8) @ STOP(1-2)  \START
"""l
I‘ ! |._‘sn

b \ 71+
n Lol %20
I U ()
A / ‘l\“ e

235

TL/C/8652-8

MODEM Control Timing
Wi, WR
Ao YRV AW A DA
—=| Moo |-— T MOS —3

LR \

RO, RO I\
(RD Msng
HCTE

TL/C/8652-9

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




4.0 Tlmlng Waveforms (continued)

RCVR FIFO First Byte (This Sets RDR)

SIN
\_/__ a8 X Ya\ /

22
SAMPLE CLOCK I I I‘I l l I I I I
(FIFO AT OR
TRIGGER LEVEL 2 \v ABOVE TRIGGER LEVEL)
INTERRUPT NOTE 2 N (FIFO BELOW
(FcRs, 7=0,0) tsinT tawr  TRIGGER LEVEL)
LS} INTERRUPT
tRINT
RD, RD
(RDLSR) Xoaemve X
RD, RD
’ ACTIVE >(
(RDRBR) ) TL/C/8652-10
RCVR FIFO Bytes Other Than the First Byte (RDR Is Already Set)
SIN x >sror\ /
SAMPLE CLOCK L L I I l l
(FIFO AT OR
TIMEOUT OR & AV ABOVE TRIGGER LEVEL)
TRIGGER LEVEL N (FIFO' BELOW
INTERRUPT tgny  TRIGGER LEVEL)
LS! INTERRUPT s = 2w = e v w=
g tRiNT
RD, RD
(RDLSR)
RD, RD
(RORSR) X acmve X N acmve )C
PREVIOUS BYTE
READ FROM FIFO TL/C/8652-11

Receiver Ready (Pin 29) FCR0=0 or FCRO=1and FCR3=0 (Mode 0)

RD, RD 5
(RDRER) o A_AcTve X:
NOTE 1
SIN
(FIRST BYTE) sTop
e el
RXRDY _/
o e ——
fot tsiNT trxi

NOTE 2 TL/C/BBE2-12

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




4.0 Timing Waveforms (Continued)

Receiver Ready (Pin 29) FCR0O=1and FCR3=1 (Mode 1)

RD, RD 5 5=
(RDRBR) ic A_AcTve X_—_
NOTE 1
SN
(FIRST BYTE THAT STOP

REACHES THE
TRIGGER LEVEL)

SAMPLE CLK —-l-—l—

P i
RXRDY
5———-——-——/
tor tx

NOTE 2
TL/C/8652-13

Note 1: This is the reading of the last byte in the FIFO.
Note 2: If FCRO=1, tgjyy=3 RCLKSs.

Transmitter Ready (Pin 24) FCR0=0 or FCRO=1 and FCR3=0 (Mode 0)

WR, WR R 2
(WRTHR) _ X BrE# X =

&

SouT DATA X ey Y stop Q stRt [/

TXRDY
vy ~— i T tsxa

TL/C/8652-14

’e
Sy

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

WR, WR
(meR).-_X BYTE 416 X ¢

START OF
SOUT DATA PRI Y siop START ; \| BYTE 416 /

TXRDY _{ FIFO FULL
ol tyy — tk

[LA
[P

v
¥y

TL/C/8652-15




5.0 Block Diagram

wernac |8 RECEIVER
DATA BUS E FIFO
(1-8) DATA £ RECEIVER E RECEIVER
0,0y ] S A surFR (¢ s fei sy
BUFFER ¥ REGISTR  fq REGISTER
1 A
v
co';i:f:or. RECEIVER
9
(28) REGISTR  f— ThBE @ reix
(27) CONTROL
1 >
(26)
2 —
DIVISOR
el BAUD (15), ———v
12 ] _
cso 12, Gz o > BAUDOUT
(13) DIVISOR
st (—“)" LATCH (WS)
€S2 ——> 3
— (25)
ADS ) TRANSMITTER
MR ——»|  SELECT LINE < TIMING
(22) & H STATUS &
RD ——>1  conTROL REGISTER 1< CONTROL
= _(21) LOGIC
RD ——> 3
(19) ﬁ TRANSMITIER 2
WR ——> FIFO £
i (18) L v
TRANSMITTER ] E TRANSMITTER
ons <22 e HOLDNG ¢ st 0y soup
) REGISTER l.T REGISTER
TXRDY
(15) A 3
XIN W MODEN | 02, 75
XOUT <4—— H CONTROL D e
S RA(29) REGISTER 4.——( ) cTs
| R
RXRDY 4—— RENG
(37—
MODEM  j&——DSR
MODEM CONTROL (38) —
(40) H stans (4 Lacic | | f&Deo
Powm[——"(zo) +5Y REGISTER 39) &
SUPPLY
4Y 7 —2
—"» 6ND HEONETH
&), -
INTERRUPT INTERRUPT (30)
==P| v | CONTROL >INTR
REGISTER LOGIC
INTERRUPT
h\ D
REGISTER
FIFO
] conrroL
REGISTER
TL/C/8652-16
Note: Applicable pinout numbers are included within parenthesis.
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6.0 Pin Descriptions

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

In the following descriptions, a low represents a logic 0 (OV
nominal) and a high represents a logic 1 (+ 2.4V nominal).
A0, A1, A2, Register Select, 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 their addresses is shown below. Note that the
state of the Divisor Latch Access Bit (DLAB), which is the
most significant bit of the Line Control Register, affects the
selection of certain UART registers. The DLAB must be set
high by the system software to access the Baud Generator
Divisor Latches.

Register Addresses
DLAB | Az | A1 | Ag

Register

0 0 0 0 Receiver Buffer (read),
Transmitter Holding
Register (write)
Interrupt Enable
Interrupt Identification (read)
FIFO Control (write)
Line Control

MODEM Control

Line Status

MODEM Status
Scratch

Divisor Latch

(least significant byte)
Divisor Latch

- XX X X X X XOo
olhar s N iiio ole'o
Sl S oA e &
o PypoWw o w0 O =

(most significant byte)

ADS, Address Strobe, Pin 25: The positive edge of an active
Address Strobe (ADS) signal latches the Register Select
(A0, A1, A2) and Chip Select (CS0, CS1, CS2) signals.
Note: An active ADS input is required when the Register Select (A0, A1, A2)
and Chip Select (CS0, CS1, CS2) signals are not stable for the dura-
tion of a read or write operation. If not required, tie the ADS input
permanently low.
BAUDOUT, Baud Out, Pin 15: This is the 16 X clock signal
from the transmitter section of the UART. The clock rate is
equal to the main reference oscillator frequency divided by
the specified divisor in the Baud Generator Divisor Latches.
The BAUDOUT may also be used for the receiver section by
tying this output to the RCLK input of the chip.
€S0, CS1, CS2, Chip Select, Pins 12-14: When €S0 and
CS1 are high and CS2 is low, the chip is selected. This
enables communication between the UART and the CPU.
The positive edge of an active Address Strobe signal latch-
es the decoded chip select signals, completing chip selec-
tion. If ADS is always low, valid chip selects should stabilize
according to the tcsw parameter.
CTS, Clear to Send, Pin 36: When low, this indicates that
the MODEM or data set is ready to exchange 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 0
(DCTS) of the MODEM Status Register indicates whether
the CTS input has changed state since the previous reading
of the MODEM Status Register. CTS has no effect on the
Transmitter.
Note: Whanever the CTS bit of the MODEM Status Register changes state,
an interrupt is generated if the MODEM Status Interrupt is enabled.

D7-Dyg, Data Bus, Pins 1-8: This bus comprises eight TRI-
STATE input/output lines. The bus provides bidirectional
communications between the UART and the CPU. Data,
control words, and status information are transferred via the
D7-Dg Data Bus.
DCD, Data Carrier Detect, Pin 38: When low, indicates that
the data carrier has been detected by the MODEM or data
set. The DCD signal is a MODEM status input whose condi-
tion can be tested by the CPU reading bit 7 (DCD) of the
MODEM Status Register. Bit 7 is the complement of the
DCD signal. Bit 3 (DDCD) of the MODEM Status Register
indicates whether the 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 is generated if the MODEM Status Interrupt is enabled.
DDIS, Driver Disable, Pin 23: This goes low whenever the
CPU is reading data from the UART. It can disable or control
the direction of a data bus transceiver between the CPU
and the UART.

DSR, Data Set Ready, Pin 37: When low, this indicates that
the MODEM or data set is ready to establish the communi-
cations 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 MO-
DEM Status Register.

Note: Whenever the DDSR bit of the MODEM Status Register changes
state, an interrupt is generated if the MODEM Status Interrupt is en-
abled.

DTR, Data Terminal Ready, Pin 33: When low, this informs

the MODEM or data set that the UART is ready to establish

a communications link. The DTR output signal can be set to

an active low by programming bit 0 (DTR) of the MODEM

Control Register to a high level. A Master Reset operation

sets this signal to its inactive (high) state. Loop mode opera-

tion holds this signal in its inactive state.

INTR, Interrupt, Pin 30: This pin goes high whenever any

one of the following interrupt types has an active high condi-

tion and is enabled via the |ER: Receiver Error Flag; Re-
ceived Data Available: timeout (FIFO Mode only); Transmit-
ter Holding Register Empty; and MODEM Status. The INTR
signal is reset low upon the appropriate interrupt service or

a Master Reset operation.

MR, Master Reset, 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 states of various output signals (SOUT, INTR,

QUT 1, OUT 2, RTS, DTR) are affected by an active MR

input (Refer to Table I.) This input is buffered with a TTL-

compatible Schmitt Trigger with 0.5V typical hysteresis.

OUT 1, Output 1, Pin 34: This user-designated output can

be set to an active low by programming bit 2 (OUT 1) of the

MODEM Control Register to a high level. A Master Reset

operation sets this signal to its inactive (high) state. Loop

mode operation holds this signal in its inactive state. In the

XMOS parts this will achieve TTL levels.
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6.0 Pin Descriptions (continued)

OUT 2, Output 2, Pin 31: This user-designated output that
can be set to an active low by programming bit 3 (OUT 2) of
the MODEM Control Register to a high level. A Master Re-
set operation sets this signal to its inactive (high) state.
Loop mode operation holds this signal in its inactive state. In
the XMOS parts this will achieve TTL levels.

RCLK, Receiver Clock, Pin 9: This input is the 16 X baud
rate clock for the receiver section of the chip.

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

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

RI, Ring Indicator, Pin 39: When low, this indicates that a

telephone ringing signal has been received by the MODEM

or data set. The RI signal is a MODEM status input whose
condition can be tested by the CPU reading bit 6 (RI) of the

MODEM Status Register. Bit 6 is the complement of the RI

signal. Bit 2 (TERI) of the MODEM Status Register indicates

whether the RI input signal has changed from a low to a

high state since the previous reading of the MODEM Status

Register.

Note: Whenever the Rl bit of the MODEM Status Register changes from a
high to a low state, an interrupt is generated if the MODEM Status
Interrupt is enabled.

RTS, Request to Send, Pin 32: When low, this informs the

MODEM or data set that the UART is ready to exchange

data. The RTS output signal can be set to an active low by

programming bit 1 (RTS) of the MODEM Control Register. A

Master Reset operation sets this signal to its inactive (high)

state. Loop mode operation holds this signal in its inactive

state.

SIN, Serial Input, Pin 10: Serial data input from the commu-

nications link (peripheral device, MODEM, or data set).

SOUT, Serial Output, Pin 11: Composite serial data output

to the communications link (peripheral, MODEM or data

set). The SOUT signal is set to the Marking (logic 1) state
upon a Master Reset operation.

TXRDY, RXRDY, Pins 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 operat-

ing as in the 16450 Mode, only DMA mode 0 is allowed.

Mode 0 supports single transfer DMA where a transfer is

made between CPU bus cycles. Mode 1 supports multi-

transfer DMA where multiple transfers are made continu-
ously until the RCVR FIFO has been emptied or the XMIT

FIFO has been filled.

RXRDY, Mode 0: When in the 16450 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 charac-

ters in the FIFO or holding register.

RXRDY, Mode 1: In the FIFO Mode (FCRO=1) when the
FCR3=1 and the trigger level or the timeout has been
reached, the RXRDY pin will go low active. Once it is acti-
vated it will go inactive when there are no more characters
in the FIFO or holding register.

TXRDY, Mode 0: In the 16450 Mode (FCRO=0) or in the
FIFO Mode (FCRO= 1, FCR3=0) and there are no charac-
ters in the XMIT FIFO or XMIT holding register, the TXRDY
pin (24) will be low active. Once it is activated the TXRDY
pin will go 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 are no characters in the XMIT FIFO, the

TXRDY pin will go low active. This pin will become inactive

when the XMIT FIFO is completely full.

Vpp, Pin 40: +5V supply.

Vss, Pin 20: Ground (0V) reference.

WR, WR, Write, Pins 19 and 18: When WR is high or WRis

Jow while the chip is selected, the CPU can write control

words or data into the selected UART register.

Note: Only an active WR or WR input is required to transfer data to the
UART during a write op_élation. Therefore, tie either the WR input
permanently low or the WR input permanently high, when it is not
used.

XIN (External Crystal input), Pin 16: This signal input is used

in conjunction with XOUT to form a feedback circuit for the

baud rate generator’s oscillator. If a clock signal will be gen-
erated off-chip, then it should drive the baud rate generator
through this pin.

XOUT (External Crystal Output), Pin 17: This signal outputis

used in conjunction with XIN to form a feedback circuit for

the baud rate generator’s oscillator. If the clock signal will
be generated off-chip, then this pin is unused.

7.0 Connection Diagrams

Dual-In-Line Package

o) B
e 40=Vop
D=2 3R
0,3 38 f— DCD
D3—4 37 =D5R
0,5 36 (—C1S
Ds—16 35 —MR
Ds—17 34 1—0UTi
0,—8 33|—DR

RCLK—9 32 —RTS
SIN—{10 31}—0un2
SouT—{ 11 30 {—INTR
cs0—{12 29 {— RXRDY
cs1—{13 28 1—Ag
cS2—14 27 =7

BAUDOUT —{15 26 f—Ay

XIN—{ 16 25— ADS
XouT —{17 24 b~ TXRDY
WR—{18 23 —DDIS
WR—{19 22 —RD
Vgs—] 20 21—RD
TL/C/8652-17
Top View
Order Number PC16550DN

See NS Package Number N40OA
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7.0 Connection Diagrams (Continued)

TQFP Package Chip Carrier Package
S e e s Ig‘gy_’ D4 D3 D2 DI DO NC Vpp RI DCD DSR CTS
o 0ooooz >leidlalo
LoD e \\\\\\lj///
33 32 31 30 29 28 27 26 25 24 23
e o B /6 5 4 3 2 1 44 43 42 41 40
i 05 —{7 39 MR
D6 —{ 35 21}-o0T1 i
B 06 —{8 38 |- oUTi
07— 36 20 f—DTR 205
ok 07 —9 37.4- DR
RCLK — 37 194-RTS e
SIN— 38 18}—ouT2 RS R
ol PC16550DVEF o SIN—{ 11 35— OUT2
44— Pin Quad Flat Pack ' Ne—{12 34f-ne
SouT — 40 16— INTR
el sout —{13 33 f— INTR
cso— 41 15 |- RXRDY i
cso—{14 32 |~ RXRDY
CS1—] 42 14— AOQ
B cs1—{15 31} A0
CS2— 43 13— A1 S
SR 52 —16 30 b At
gaoout — 44 O 12} A2 e 11, B
1322 35400556 5 7208 =9 10 20 B
e T B 1819 20 21 22 23 24 25 26 27 28
ZSlEEs2R2ZE8
IS R 8 |z I=
* =

XIN XOUT WR WR Vgg NC RD RD DDIS TXRDY ADS
TL/C/8652-26

Order Number PC16550DVEF ; TL/C/8652-18
See NS Package Number VEF44A Top View

Order Number PC16550DV
See NS Package Number V44A

TABLE I. UART Reset Configuration

Register/Signal Reset Control Reset State
Interrupt Enable Register Master Reset 0000 0000 (Note1)
Interrupt Identification 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)
SOUT Master Reset High
INTR (RCVR Eirs) Read LSR/MR Low
INTR (RCVR Data Ready) Read RBR/MR Low
INTR (THRE) Read IIR/Write THR/MR Low
INTR (Modem Status Changes) Read MSR/MR Low
OuT 2 Master Reset High
RTS Master Reset High
DTR Master Reset High
OuUT 1 Master Reset High
RCVR FIFO MR/FCR1eFCR0/AFCRO All Bits Low
XMIT FIFO MR/FCR1eFCR0/AFCRO All Bits Low

Note 1: Boldface bits are permanently low.
Note 2: Bits 7-4 are driven by the input signals.
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8.0 Registers

The system programmer may access any of the UART reg-
isters summarized in Table Il via the CPU. These registers
control UART operations including transmission and recep-
tion of data. Each register bit in Table Il has its name and
reset state shown.

8.1 LINE CONTROL REGISTER

The system programmer specifies the format of the asyn-
chronous data communications exchange and set the Divi-
sor 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 pro-
gramming and eliminates the need for separate storage in
system memory of the line characteristics. Table Il shows
the contents of the LCR. Details on each bit follow:

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

Bit1 Bit0 Character Length
0 0 5 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 logic 0,
one Stop bit is generated in the transmitted data. I bit 2 isa
logic 1 when a 5-bit word length is selected via bits 0 and 1,
one and a half Stop bits are generated. If bit 2 is a logic 1
when either a 6-, 7-, or 8-bit word length is selected, two
Stop bits are generated. The Receiver checks the first Stop-
bit only, regardless of the number of Stop bits selected.

Bit 3: This bit is the Parity Enable bit. When bit 3 is a logic 1,

a Parity bit is generated (transmit data) or checked (receive

data) between the last data word bit and Stop bit of the

serial data. (The Parity bit is used to produce an even or odd
number of 1s when the data word bits and the Parity bit are
summed.)

Bit 4: This bit is the Even Parity Select bit. When bit 3 is a

logic 1 and bit 4 is a logic 0, an odd number of logic 1s is

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 bits 3, 4 and 5 are

logic 1 the Parity bit is transmitted and checked as a logic 0.

If bits 3 and 5 are 1 and bit 4 is a logic 0 then the Parity bit is

transmitted and checked as a logic 1. If bit 5 is a logic 0

Stick Parity is disabled.

Bit 6: This bit is the Break Control bit. It causes a break

condition to be transmitted to the receiving UART. When it

is set to a logic 1, the serial output (SOUT) is forced to the

Spacing (logic 0) state. The break is disabled by setting bit 8

to a logic 0. The Break Control bit acts only on SOUT and

has no effect on the transmitter logic.

Note: This feature enables the CPU to alert a terminal in @ computer com-
munications system. if the following sequence is followed, no errone-
ous or extraneous characters will be transmitted because of the
break.

1, Load an all Os, pad character, in response to THRE.

2. Set break after the next THRE.

3. Wait for the transmitter to be idle, (TEMT = 1), and clear break when

normal transmission has to be restored.

During the break, the Transmitter can be used as a character timer to accu-

rately establish the break duration.

TABLE 11l. Baud Rates, Divisors and Crystals

1.8432 MHz Cystal 3.072 MHz Crystal 18.432 MHz Crystal
Baud Rate 32:;’23:(0&\":;: Percent Error [f):f::a:(D(‘:‘l':)sc‘: Percent Error l::::lga:(Dg:}s;r Percent Error

50 2304 — 3840 — 23040 -
75 1636 — 2560 — 15380 —
110 1047 0.026 1745 0.026 10473 —
134.5 857 0.058 1428 0.034 8565 —
150 768 — 1280 — 7680 —
300 384 — 640 — 3840 —
600 192 — 320 — 1920 —
1200 96 — 160 — 920 —
1800 64 — 107 0.312 840 —
2000 58 0.69 96 — 576 —
2400 48 80 — 480 —
3600 32 — 53 0.628 320 —
4800 24 — 40 — 240 —
7200 16 — 27 1.23 160 —
9600 12 — 20 — 120 —
19200 6 — 10 — 60 —
38400 3 _— 5 = 30 —

56000 2 2.86 = 21 2.04
128000 — = — 9 —

Note: For baud rates of 250k, 300k, 375k, 500k, 750k and 1.5M using a 24 MHz crystal causes minimal error.
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8.0 Registers (Continued)

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It must
be set high (logic 1) to access the Divisor Latches of the
Baud Generator during a Read or Write operation. It must
be set low (logic 0) to access the Receiver Buffer, the
Transmitter Holding Register, or the Interrupt Enable Regis-
ter.

8.2 TYPICAL CLOCK CIRCUITS

Voo PC185500
DRIVER
EXTERNAL_DO_
CLOCK e
OPTIONAL
DRIVER == {osc cLock 10
oPTIONAL = | BAUOGEN LOGIC
CLOCK
DUTPUT xout

TL/C/8852-19

Voo PC1B5500

—~ 1 0SC, CLOCKTO
s BAUD GEN LOGIC

TL/C/8652-20

Typical Crystal Oscillator Network (Note)

CRYSTAL Rp Rx2 Cq Ca
3.1 MHz 1MQ 1.5k 10-30 pF | 40-60pF
1.8 MHz 1MQ 1.5k 10-30 pF | 40-80pF

Note: These R and C values are approximate and may vary 2x depending
on the crystal charactenstics. All crystal circuits should be designed
specifically for the system.

8.3 PROGRAMMABLE BAUD GENERATOR

The UART contains a programmable Baud Generator that is
capable of taking any clock input from DC to 24 MHz and
dividing it by any divisor from 2 to 218 —1. The output fre-
quency of the Baud Generator is 16 X the Baud [divisor #
= (frequency input) + (baud rate X 16)]. Two 8-bit latches
store the divisor in a 16-bit binary format. These Divisor
Latches must be loaded during initialization to ensure prop-
er operation of the Baud Generator. Upon loading either of
the Divisor Latches, a 16-bit Baud counter is immediately
loaded.

Table Hll provides decimal divisors to use with crystal fre-
quencies of 1.8432 MHz, 3.072 MHz and 18.432 MHz, re-
spectively. For baud rates of 38400 and below, the error
obtained is minimal. The accuracy of the desired baud rate
is dependent on the crystal frequency chosen. Using a divi-
sor of zero is not recommended.

8.4 LINE STATUS REGISTER

This register provides status information to the CPU con-
cerning the data transfer. Table Il shows the contents of the
Line Status Register. Details on each bit follow.

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

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 indi-
cates that data in the Receiver Buffer Register was not read
by the CPU before the next character was transferred into
the Receiver Buffer Register, thereby destroying the previ-
ous 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 trig-
ger 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 indi-
cates 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 it 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 indi-
cates that the received character did not have a valid Stop
bit. Bit 3 is set to a logic 1 whenever the Stop bit following
the last data bit or parity bit is detected as a logic O bit
(Spacing level). The FE 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. The
UART will try to resynchronize after a framing error. To do
this it assumes that the framing 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 (Bl) indicator. Bit 4 is set
to a logic 1 whenever the received data input is held in the
Spacing (logic 0) state for longer than a full word transmis-
sion time (that is, the total time of Start bit + data bits +
Parity -+ Stop bits). The Bl indicator is reset whenever the
CPU reads the contents of the Line Status Register. In the
FIFO mode this error is associated with the particular char-
acter 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 produce a Receiver Line

Status interrupt whenever any of the comesponding conditions are
detected and the interrupt is enabled.




8.0 Registers (continued)

TABLE IV. Interrupt Control Functions

FIFO Interrupt
Mode| Identification Interrupt Set and Reset Functions
Only Register
: 7 Priority
Bit3 |Bit2|Bit 1| Bit0 Level Interrupt Type Interrupt Source Interrupt Reset Control
0 0 0 1 — None None —
0 1 1 0 | Highest | Receiver Line Status Overrun Error or Parity Error or Reading the Line Status

Framing Error or Break Interrupt

Register

Second | Received Data Available

Receiver Data Available or Trigger
Level Reached

Reading the Receiver Buffer
Register or the FIFO Drops
Below the Trigger Level

Second | Character Timeout

No Characters Have Been

Reading the Receiver

Indication Removed From or Input to the Buffer Register
RCVR FIFO During the Last 4 Char.
Times and There Is at Least 1 Char.
in Jt During This Time
0 0 1 0 Third | Transmitter Holding Transmitter Holding Reading the IR Register (if
Register Empty Register Empty source of interrupt) or Writing
into the Transmitter Holding
Register
0 0 0 0 Fourth | MODEM Status Clear to Send or Data Set Ready or | Reading the MODEM

Ring Indicator or Data Carrier
Detect

Status Register

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 transmission. 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 a logic 1 when a character is
transferred from the Transmitter Holding Register into the
Transmitter Shift Register. The bit is reset to logic 0 concur-
rently with the loading of the Transmitter Holding Register
by the CPU. In the FIFO mods this bit is set when the XMIT
FIFO is empty; itis 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 Regis-
ter (THR) and the Transmitter Shift Register (TSR) are both
empty. It is reset to a logic 0 whenever either the THR or
TSR contains a data character. In the FIFO mode this bit is
set to one whenever the transmitter FIFO and shift register
are both empty.

Bit 7: In the 16450 Mode this is a 0. In the FIFO mode LSR7

is set when there is at least one parity error, framing error or

break indication in the FIFQ. 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 operations only. Writing
to this register is not recommended as this operation is only used for
factory testing. In the FIFO mode the software must load a data byte
in the Rx FIFO via Loopback Mode in order to write to LSR2-LSR4.
LSRO and LSR7 can’t be written to in FIFO mode.

8.5 FIFO CONTROL REGISTER

This is a write only register at the same location as the IIR
(the IIR is a read only register). This register is used to en-
able the FIFOs, clear the FIFOs, 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
FIFOs. Resetting FCRO will clear all bytes in both FIFOs.

When changing from the FIFO Mode to the 16450 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 FIFO
and resets its counter logic to 0. The shift register is not
cleared. The 1 that is written to this bit position is self-clear-
ing.

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

Bit 3: Setting FCR3 to a 1 will cause the RXRDY and
TXRDY pins to change from mode 0 to mode 1 if FCRO=1
(see description of RXRDY and TXRDY pins).

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

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

7 & RCVR FIFO
Trigger Level (Bytes)

0 0 01

0 1 04

1 0 08

1 1 14

8.6 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 Regis-
ter. The four levels of interrupt conditions in order of priority
are Receiver Line Status; Received Data Ready; Transmit-
ter Holding Register Empty; and MODEM Status.




8.0 Registers (continued)

When the CPU accesses the IIR, the UART freezes all inter-
rupts 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 indi-
cation until the access is complete. Table Ii shows the con-
tents of the IIR. Details on each bit follow:

Bit 0: This bit can be used in a prioritized interrupt environ-
ment to indicate whether an interrupt is pending. When bit 0
is a logic 0, an interrupt is pending and the 1IR contents may
be used as a pointer to the appropriate interrupt service
routine. When bit 0 is a logic 1, no interrupt is pending.
Bits 1 and 2: These two bits of the |IR are used to identify
the highest priority interrupt pending as indicated in Table
\'A

Bit 3: In the 16450 Mode this bit is 0. In the FIFO mode this
bit is set along with bit 2 when a timeout interrupt is pending.

Bits 4 and 5: These two bits of the IIR are always logic 0.
Bits 6 and 7: These two bits are set when FCRO=1.

8.7 INTERRUPT ENABLE REGISTER

This register enables the five types of UART interrupts.
Each interrupt can individually activate the interrupt (INTR)
output signal. It is possible to totally disable the intermupt
system by resetting bits 0 through 3 of the Interrupt Enable
Register (IER). Similarly, setting bits of the IER register to a
logic 1, enables the selected interrupt(s). Disabling an inter-
rupt prevents it from being indicated as active in the IR and
from activating the INTR output signal. All other system
functions operate in their normal manner, including the set-
ting of the Line Status and MODEM Status Registers. Table
1l shows the contents of the IER. 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 1: This bit enables the Transmitter Holding Register
Empty Interrupt when set to logic 1.

Bit 2: This bit enables the Receiver Line Status Interrupt
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.

8.8 MODEM CONTROL REGISTER

This register controls the interface with the MODEM or data
set (or a peripheral device emulating a MODEM). The con-
tents of the MODEM Control Register are indicated in Table
Il and are described below.

Bit 0: This bit controls the Data Terminal Ready (OTR) out-

put. When bit 0 is set to a logic 1, the DTR output is forced

to a logic 0. When bit 0 is reset to a logic 0, the DTR output

is forced to a logic 1.

Note: The DTR output of the UART may be applied to an EIA inverting line
driver (such as the DS1488) to obtain the proper polarity input at the
succeeding MODEM or data set.

Bit 1: This bit controls the Request to Send (ATS) 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 (OUT 1) signal, which is

an auxiliary user-designated output. Bit 2 affects the OUT 1

output in @ manner identical to that described above for bit
0.

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

Bit 4: This bit provides a local loopback feature for diagnos-
tic testing of the UART. When bit 4 is set to logic 1, the
following occur: the transmitter Serial Output (SOUT) is set
to the Marking (logic 1) state; the receiver Serial Input (SIN)
is disconnected; the output of the Transmitter Shift Register
is “looped back” into the Receiver Shift Register input; the
four MODEM Control inputs (DSR, TTS, R, and DCD) are
disconnected; and the four MODEM Control outputs (DTR,
BTS, OUT 1, and OUT 2) are internally connected to the
four MODEM Control inputs, and the MODEM Control out-
put pins are forced to their inactive state (high). In the loop-
back mode, data that is transmitted is immediately received.
This feature allows the processor to verify the transmit-and
received-data paths of the UART.

In the loopback mode, the receiver and transmitter inter-
rupts 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 Register instead of the four MODEM Con-
trol inputs. The interrupts are still controlled by the Interrupt
Enable Register.

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

8.9 MODEM STATUS REGISTER

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

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

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.

Bit 0 indicates that the CTS input to the chip has changed

state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR) indicator.

Bit 1 indicates that the DSR input to the chip has changed

state since the last time it was read by the CPU.

Bit 2: This bit is the Trailing Edge_gf 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 Delta Data Carrier Detect (DDCD) indi-

cator. 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 MODEM Status Interrupt
is generated.

Bit 4: This bit is the complement of the Clear to Send (CTS)

input. If bit 4 (loop) of the MCR is set to a 1, this bit is

equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data Set Ready

(DSR) input. If bit 4 of the MCR is set to a 1, this bit is

equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the Ring Indicator (BN

input. If bit 4 of the MCR is set to a 1, this bit is equivalent to

OUT 1 in the MCR.
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8.0 Registers (continued)

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

8.10 SCRATCHPAD REGISTER

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

8.11 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 interrupt 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 inter-
rupt it is cleared when the FIFO drops below the trigger
level.

C. The receiver line status interrupt (IR =06), as before,
has higher priority than the received data available
(IIR=04) interrupt.

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

When RCVR FIFO and receiver interrupts are enabled,

RCVR FIFO timeout interrupts will occur as follows:

A. A FIFO timeout interrupt will occur, if the following condi-
tions 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 in-
cluded in this time delay).

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

The maximum time between a received character and a
timeout interrupt will be 160 ms at 300 baud with a 12-bit
receive character (i.e., 1 Start, 8 Data, 1 Parity and 2 Stop
Bits).

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 received 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 char-
acters may be written to the XMIT FIFO while servicing
this interrupt) or the liR 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 af-
ter 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 avail-
able interrupt; XMIT FIFO empty has the same priority as

the current transmitter holding register empty interrupt.
8.12 FIFO POLLED MODE OPERATION

With FCRO=1 resetting IERO, IER1, 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.

In this mode the user’s program will check RCVR and XMIT-

TER status via the LSR. As stated previously:

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 as 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 reg-
ister are empty.

LSR7 will indicate whether there are any emors in the
RCVR FIFO.

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

9.0 Typical Applications

Typical Interface for a
High-Capacity Data Bus

RECEIVER
e _ DISASLE

MICROCOMPUTER
SYSTEM

3 81T
3US TRANSCEIVER

ORIVER
el DISABLE

TL/C/B852-23
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9.0 Typical Applications (continued)
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10.0 Physical Dimensions inches (milimeters)

| 2.043-2070

| (51.89-52.58) l

0.062

U 0,550 :0.005

(13.870 :0.127)

PIN NO. 1 IDERT.

0530
(14.73)
MIN 0.030
(0.762) 0.0s0
0.600-0.620 MAX m’) 0.125-0.155
" {15.280-1504) } TvP BI7s4.191) i
T 0.145-0.218
{3.883-5.334)

95°15° SR 0.009-0.015 ; [
vs25 08 (0.228-0.381) Typ | 000
{ 525 015 0.075 20915 1.100 =6.010 0.018 :0.003 CED)
B T T 771805 :0.331) YT TIT 0457 -0 875) MIN
X £ .. g (0.457 -0.!
fiers oaogm {1305 :0.381) | (2523 :8254) {0457:0.076) el
(3.175-3.556)

e
Plastic Dual-In-Line Package (N)

Order Number PC16550DN

NS Package Number N40OA

0550 10:006
-850 ~0.000
a 045 1 ] 0.01720.004
1 g [0.43%0.10]
PIN 1 IDENT o
6 x 1 44 40 TR [{.14]
AnnMonooano 1
7 39
g O il
q h 0.029£0.003
N h [0.7420.08]
E ] 0.610£0.020
E g [15.4920.51] "7
g il
g i]
i il L SEATING PLANE
170 029
i . o
¥ 0.020
=5 MIN TYP
l ’l ose fo-51] 0.690-0.005 -,
| (29" [17.53-0.13] """
| 0.500 | | 0.10520.015 :53-0.
[12.70) """ [2.6720.38] Y
0.165-0.180

f4.19-4.57] TYP

44-Lead Plastic Chip Carrier (V)
Order Number PC16550DV
NS Package Number V44A
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PC16550D Universal Asynchronous Receiver/Transmitter with FIFOs

10.0 Physical Dimensions inches (miimeters) (Continued)

12.40£0.40 TYP

ﬁnnnnnnnnﬂ

0.8 TYP
22

1.20

[L0RInLaL

O . ey
L~ o6 s

PIN j;:ZE:L—___//\ Z_ / | Io.ss + 0.15
TUOTIUT00TT T:\”\u_‘x L

DETAIL A
TYPICAL

0.3£0.1 TYP

SEE DETAIL A —\/ . S EAo\e
& 8
s ST,

~

VEF44A (REV AY
0.1540,05 TYP
44-Lead Package (TQEF)
Order liumber PC16550DVEF
NS Package Number VEF44A

LIFE SUPPORT POLICY

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life

failure to perform, when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
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Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

General Description

Maxim's redesigned DG408 and DG409 CMOS analog
multiplexers now feature guaranteed matching between
channels (8Q max) and flatness over the specified sig-
nal range (9Q max). These low on-resistance muxes
(100Q max) conduct equally well in either direction and
feature guaranteed low charge injection (15pC max). In
addition, these new muxes offer low input off-leakage
current over temperature—less than 5nA at +85°C.

The DG408 is a 1-of-8 multiplexer/demultiplexer and
the DG409 is a dual 4-channel multiplexer/demultiplex-
er. Both muxes operate with a +4.5V to +30V single
supply and with £4.5V to +20V dual supplies. ESD pro-
tection is guaranteed to be greater than 2000V per
Method 3015.7 of MIL-STD-883. These improved
muxes are pin-compatible plug-in upgrades for the
industry standard DG408 and DG409.

Applications
Sample-and-Hold Circuits

Test Equipment

Guidance and Control Systems
Communications Systems
Data-Acquisition Systems
Audio Signal Routing

Pin Configurations

Features

4 Pin-Compatible Plug-In Upgrades for
Industry Standard DG408/DG409

Guaranteed Matching Between Channels, 8Q Max
Guaranteed On-Resistance Flatness, 9Q Max
Guaranteed Low Charge Injection, 15pC Max

Low On-Resistance, 100Q Max

Input Leakage, 5nA Max at +85°C

Low Power Consumption, 1.25mW Max

Rail-to-Rail Signal Handling
Digital Input Controls TTL/CMOS Compatible
ESD Protection >2000V per Method 3015.7

® S & 6 6 6 O o o

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
DG408CJ 0°C to +70°C 16 Plastic DIP
DG408CY 0°C to +70°C 16 Narrow SO
DG408C/D 0°C to +70°C Dice*
DG408DJ -40°C to +85°C 16 Plastic DIP
DG408DY -40°C to +85°C 16 Narrow SO
DG408DK -40°C to +85°C 16 CERDIP
DG408AK -55°C to +125°C 16 CERDIP**

Ordering Information continued at end of data sheet.
* Contact factory for dice specifications.
** Contact factory for availability.

Functional Diagrams

TOP VIEW
e =
r0 [1] 6] At
BN [2] 5] A2
V(3] mamam ful o
st[a] 06408  ha] v+
s2 5] 2] s
53 [6] 1] 6
s4[7] 0] 7
o[s! o] s6
DIP/SO
DG409 appears at end of data sheet.

V+ V- GND

| | I
St o/ll/A——
S2 oA ;
s3 ot E ;
S4 ofa L ! :

1 : : 1 +—+D
$5 A ey
s o

| 1l 1
S7 ::/II/‘ L T L :
saailis el o sl e i I8
P L L S
DECODERS/DRIVERS
1 1 I 1
| | | |
A0 Al A2 EN
DG408 1-of-8 MUX/DEMUX
DG409 appears at end of data sheet.

AKX

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 1-800-835-8769.

609a/80vOd



DG408/DG409

Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

ABSOLUTE MAXIMUM RATINGS

Voltage Referenced to V-

(V--2V)to (V+ +2V) or
30mA, (whichever occurs first)

Continuous Power Dissipation (Ta = +70°C)
Plastic DIP (derate 10.53mW/°C above +70°C) ..........
Narrow SO (derate 8.70mW/°C above +70°C) ............
CERDIP (derate 10.00mW/°C above +70°C)...............
Operating Temperature Ranges

Continuous Current (any terminal) ... 30mA DGA0S/BEA00C s v 0°C to +70°C
Peak Current, S, D DG408/DG409D_... ..-40°C to +85°C
(pulsed at 1ms, 10% duty cycle max) ........ccccceoeveennn. 100mA DG408/DG409AK ............ -55°C to +125°C

Storage Temperature Range ...............
Lead Temperature (soldering, 10sec).

Note 1: Signals on S_, D_, EN, A0, A1, or A2 exceeding V+ or V- are clamped by internal diodes. Limit forward current to
maximum current ratings.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—Dual Supplies
(V+ = 15V, V- = -15V, GND = 0V, VAH = +2.4V, VaL = +0.8V, Ta = TmiN to TMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS ol (NgePZ) MAX | uNiTs
SWITCH
Analog Signal Range VANALOG | (Note 3) -15 15 Vv
Drain-Source . IS = -1.0mA, TA = +25°C 60 100 .
On-Resistance & Vp = £10V Ta = TMIN to TMAX 125
On-Resistance Matching Is = -1.0mA, Ta=+25°C 1.5 8
ArDS(ON) ) Q
Between Channels Vp = 10V (Note 4) Ta = TMIN to TMAX 10
: Is = -1.0mA, Ta = +25°C 1.8 9
On-Resistance Flatness TFLAT Q
LA Vp = £5V or QV TA = TMIN to TMAX 12
e Ta = +25°C -0.5 0.01 0.5
Source-Off Leakage Current Nl A
(Note 5) IS(oFF) | Vs = £10V, Ta=Tun | C.D e 5 nA
VEN =0V to TMAX A -50 50
V= +10V, Ta = +25°C -1 0.02 1
Vs=+10V, |DG408 | Ta=Twmn | C:D -10 10
Drain-Off Leakage Current o Q=W to TmAx A -100 100 o
(Note 5) Vo = 410V, Ta = +25°C -1 0.02 1
Vo= +10V, DG409 TA = TMIN CiD -5 5
VEn =0V oTMax | A 50 50
Ta = +25°C -1 0.02 1
Vp=+10V, |DG408 | Tao=Tmmn | C.D -20 20
Drain-On Leakage Current e quzgr:gg/' to TMAX A -100 100 i
(Note 5) e TA = +25°C -1 0.02 1
on DG409 | Ta=Tmm | C.D -10 10
to TMAX A -50 50

2 SN AKX




Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

ELECTRICAL CHARACTERISTICS—Dual Supplies (continued)
(V+ = 15V, V- = -15V, GND = OV, VaH = +2.4V, VaL = +0.8V, TA = TMIN to TMAX, unless otherwise noted.)

MIN TYP MAX
PARAMETER SYMBOL CONDITIONS (Note 2) UNITS
INPUT
Input Current with i
Input Voltage High |AH Va = 2.4V or 15V -1.0 1.0 A
Input Current with VEN =0V or 2.4V,
Input Voltage Low AL VA = OV 0 0 i
SUPPLY
Power-Supply Range +4.5 +20 \Y
Ta =+25°C 16 30
VEN = VA =0V or 4.5V 2 > pA
Positive Supply Current I+ 1422700 TAX 5
e VEN = 2.4V, Ta = +25°C 0.075 0.5 o
VA(ALL) = OV or 2.4V Ta = TMIN to TMAX 2
‘ VEN = 2.4V, Ta = +25°C = 1
Negative Supply Current - A
Oalive oUDPIY SHIeH VA(ALL) = OV or 2.4V TA = TMIN to TMAX -10 10 X
DYNAMIC
3 ; Ta = +25°C 85 175
Transition Ti t Fi 2
iti me TRANS igure R VA Y e ns
Break-Before-Make Interval tOPEN Figure 4 Ta=+25°C 10 40 ns
: TA = +25°C 85 150
Enable Turn-On Time t Figure 3 S
[ ONER) N TA = TMIN to TmAX 225 4
! Ta = +25°C 150
Enable Turn-Off Ti It Figure 3 ns
i Or~ell 1 Ta = TMIN to TMAX 300
S CL = 1.0nF,
(Cl\T;;gg)mjecnon Q V3 = 0V, TA = +25°C 2 15 pC
Rs = 0Q, Figure 5
: VEN =0V,
&ﬁoiioé?“m Viso | RL= Tkex TA = +25°C 75 s
f = 100kHz, Figure 6
Ven = 2.4V,
Crosstalk Between Input f'=100kHz, J s
Channels Vet VGEN = 1Vp-p, e : o
Ry = 1kQ, Figure 7
Logic Input Capacitance CiN f=1MHz Tae34.25°C 8 pF
f= 1MHz,
Source-Off Capacitance Cs(oFF) | VEN =Vs =0V, ipRE=T05°C 3 pF
Figure 8
i/z Wgzév DG408 26
Drain-Off Capacitance CD(OFF) Ehleich Ta = +25°C pF
Vo 0V, DG409 14
Figure 8
Coony | (=M% | Da4os 37
Drain-Cn Capacitance + VEN——OVA Ta = +25°C pF
Cs(ON) Figure 8 DG409 25
SNAXIM 2
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DG408/DG409

Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

ELECTRICAL CHARACTERISTICS—Single Supply
(V+ =12V, V- = 0V, GND = QV, VaH = +2.4V, VaL = +0.8V, TA = TMIN to TMAX, unless otherwise noted.)

X
PARAMETER SYMBOL CONDITIONS M- LR WA UNITS
(Note 2)
SWITCH
Analog Signal Range VANALOG | (Note 3) 0] 12 \
: : Is =-1.0mA o -
Drain-Source On-Resistance | rDS(ON) Vp = 3V or 10V Ta = +25°C 120 175 Q
DYNAMIC
Vst =8Y,
Transition Time Vsg =0V, S o
(Note 3) tTRANS VA = OV, Ta=+25°C 115 450 ns
Figure 2
: VAL =0V,
Enable Turn-On Time LON(EN) | Vst =5V, T = +25°C 100 600 ns
(Note 3) i
igure 3
¥ VaL =0V,
Enable Turn-Off Time {OFF(EN) | Vst = 5Y, TA = 22688 75 300 ns
(Note 3) &
igure 3
Cuk=11 OnF
Charge Injection Q  |{Vs=0v, Ta = +25°C P pC
Rs = 0Q

Note 2: The algebraic convention where the most negative value is a minimum and the most positive value a maximum is used in

this data sheet.

Note 3: Guaranteed by design.

Note 4: ARON = RON(MAX) - RON(MIN): On-resistance match between channels and flatness are guaranteed only with specified
voltages. Flatness is defined as the difference between the maximum and minimum value of on-resistance as measured at
the extremes of the specified analog signal range.

Note 5: Leakage parameters are 100% tested at the maximum rated hot temperature and guaranteed by correlation at +25°C.

Note 6: Off isolation = 20log Vp/Vs, where Vp = output and Vs = input to off switch.

SN AKX




Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

Typical Operating Characteristics

(Ta = +25°C, unless otherwise noted.)

ON-RESISTANCE vs. Vp ON-RESISTANCE vs. Vp AND ON-RESISTANCE vs. Vp
{DUAL SUPPLIES) TEMPERATURE (DUAL SUPPLIES) (SINGLE SUPPLY)
160 > 120 : s 400 3
g Vi =15V g 360 g
140 A g V-=-15v g :
/ a5y g 100 / 3 o /\ ]
120 5 e o7 R
/ e 8 N Lizsec s 280
g A g o T gy S o H—
= = =
3 EE e g +25°C A $ 200 /
B e e e E A i 55°C 160 N
40 i 10V
120
20 15V
- & 20
0 0 40
20 -15 10 -5 0 5 /10 15--20 -15. 510 5"/ 0 S ABTU & 115 0 5 10 15 20
Vo (V) Vp (V) Vp (V)
ON-RESISTANCE vs. Vp AND
TEMPERATURE (SINGLE SUPPLY) OFF LEAKAGE vs. TEMPERATURE ON LEAKAGE vs. TEMPERATURE
160 = 1000 ] 3 1000 T 3
Vi =15V g V4= 15V g Vi =16V g
L v-=0v L V- =-15V H B 3
140 / § 100 5 g 100 }-V-=-15V 2
+125°C
120 —' B = S 164 1
+85°C S NoE =
— 100 = o =
c +25°C (§9 1 A — v | 1
g 80 Y, Icom (0N L—] = Yo o
3 -55°C H /4 =T o LA
v H 0.01 Bl g -
! ] 0.01 4
oy T A Icom (o)
5 0.001 NS 0.001 %
0 0.0001 7 0.0001 -
0 5 10 15 -85 -35 -15 5 25 45 65 85 105125 55 35 415 5 25 45 65 85 105125
Vp (V) TEMPERATURE (°C) TEMPERATURE (°C)
CHARGE INJECTION vs. Vp SUPPLY CURRENT vs. TEMPERATURE
30 5 100
g
20 = :
3 2
10 5
Vs =15V
. V-= -5V L~
- R = =
=0 o e = L1
= Vi= 12V B v
V-= 0V : 7
-10 /
- L1
s 0.01 Ve=15V |
2 | V-=-15y |
Ven=Va=0V, 45V
-30 0.001 e W Ve
15 10 5 0 5 10 45 55 -35 -15 5 25 45 65 85 105125
Vp (V) TEMPERATURE (°C)

N AXIM 5
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DG408/DG409

Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

Pin Description

i 2 SGith NAME FUNCTION
1,15, 16 — A0, A2, A1 Address Inputs
— 1,16 A0, A1 Address Inputs
2 2 EN Enable Input
3 3 V- Negative Supply Voltage Input
4-7 — S1-84 Bidirectional Analog Inputs
— 4-7 S1A-S4A Bidirectional Analog Inputs
8 — D Bidirectional Analog Output
- 8,9 DA, DB Bidirectional Analog Outputs
9-12 — S8-S5 Bidirectional Analog Inputs
= 10-13 S4B-S1B Bidirectional Analog Inputs
13 14 V+ Positive Supply Voltage Input
14 18 GND Ground

Applications information

Operation with
Supply Voltages Other than 15V
Using supply voltages less than +15V reduces the ana-
log signal range. The DG408/DG409 switches operate
with 4.5V to +20V bipolar supplies or with a +4.5V to
+40V single supply. Connect V- to GND when operat-
ing with a single supply. Both device types can also
operate with unbalanced supplies, such as +24V and
-5V. The Typical Operating Characteristics graphs
show typical on-resistance with 20V, 15V, 10V, and 5V
supplies. (Switching times increase by a factor of two
or more for operation at 5V.)

Overvoltage Protection
Proper power-supply sequencing is recommended for
all CMOS devices. Do not exceed the absolute maxi-
mum ratings, because stresses beyond the listed rat-
ings may cause permanent damage to the devices.
Always sequence V+ on first, then V-, followed by the
logic inputs, S or D. If power-supply sequencing is not
possible, add two small signal diodes in series with
supply pins for overvoltage protection (Figure 1).
Adding diodes reduces the analog signal range to 1V
below V+ and 1V above V-, but does not affect the
devices’ low switch resistance and low leakage charac-
teristics. Device operation is unchanged, and the differ-
ence between V+ and V- should not exceed +44V.

V+

A

DG408
DG409

Figure 1. Overvoltage Protection Using External Blocking

Diodes
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Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

Test Circuits/Timing Diagrams

+15V
|
Vi
A2 51 10V
= i S2-S7 —_—__L
N _samnam =
g = H o v 1R < 20ns
LOGIC ~ +3 \ tg < 200
2 55 v D Vout INPUT L 50% Clees
- 35pF G __—/ bl &
S J‘ | 30 I
e = e — 5 TGN 90%
| SWITCH
v QUTPUT
I_tm S1B +10V Vour v
= AD 90%
S1A-S4A —-_j Vg 0 Veug
AADAM e
DG409 > i ITRANS (N} —| —» <a— [TRANS (0FF)
EN D8 Vout
|G T |
500 3000 Sy
el — e -15V
Figure 2. Transition Time
+15V
|
Vs
EN S1 -5V
S258H——
A _AAAOAA =
A DG408
A2 D tR <20ns
Y Logic 3V g <200
50Q GND V4 350F INPUT
T\ I 2
! tOFF(EN
= —— == 15y - = ION(EN) © —p t— (EN)
= +15V o
‘, SWITCH
EN Veaicin y QUTPUT
S1A-S4A
S2B-54B, —:I‘:
AD DA R Vour
AAADAAA
DG409

Al
DB Vour

s = s -15v

Figure 3. Enable Switching Time
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DG408/DG409

Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

Test Circuits/Timing Diagrams (continued)

+15V
Vi
tg < 20ns
4 —] R
5 5 Locic  +3V 1 < 200
INPUT
$1-88 5V oV
A0
V
A out
1 DG408 0%
A2 g SWITCH
= Vour OUTPUT
; 4 350F
500 J- | 300Q ov — <— [OPEN
— 15V — £
Figure 4. Break-Before-Make Interval
+15Y
Rs
S‘ . LOGIC R
—  EN INPUT OFF ON OFF
Vs 2 —1A0 o i
ANNEL Vour
l seecT 4 —{A1 ADAM
—tp . DG408
- A
CL = 1000nF VA out
Vour —

I
@
]
<

2!

AVgur 1S THE MEASURED VOLTAGE DUE TO CHARGE TRANSFER
ERROR Q WHEN THE CHANNEL TURNS OFF.

Q=Cr=AaVour

Figure 5. Charge Injection
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Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

Test Circuits/Timing Diagrams (continued)

+15vV  10nF
+15V 10nF T
ViN i Vin S Vs
S1I V+ o EN +2.4V
| AADCGAA
Rs=50Q | |
s 8 DG408
=] D Vour D
s M Rs=500 A0 Vour
—A2 RL=1kQ = = Al AL=TkQ
— A2
GND EN V. = GND V- L
*—Jrr {
10nF 10nF
WL ¢ dEn .,
OFF ISOLATION = 20i0g 2" Vour
Vin CROSSTALK = 20log 7}\]
Figure 6. Off Isolation Figure 7. Crosstalk
+15V
V+
—n IR0
CHANNEL SALDAAA ; Meter
SELECT — Al DG408 S8 HO--—0—— Impedance
v L— Analyzer
—1 A0 e or Equivalent
Do =
GND EN Vv = AMT2
EEAE
e 15V

Figure 8. Source/Drair Capacitance
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DG408/DG409

Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

Pin Configurations/Functional Diagrams/Truth Tables (continued)

TOP VIEW Ve V-

GND
S1A o
1
TN S2A of A '
A0 II E Al ! s DA
I
S3A o7 A : !
e 2] 5] oo ! v i
-[3] mmam 4 v — R : : :
! 1
1
sfa] D609 [ s s18 T E Eoae s
s2A 5] 2] 528 $28 : L ot :
! [ = B
s3A 6| 1] 538 A i o ' ! i
1 t 1
S4A S4B ! ! '
[7] %‘ $48 —}—oT ;‘ ; ]
DA[g 9] B : :
| cMos DECODE LOGIC |
DIP/SO i ; {
Al A0 EN

DGA409 4-CHANNEL DIFFERENTIAL MUX/DEMUX

ON

A2 | A1 | A0 | EN | qyiren OB | @
X X X 0 None ey
0 0 Op 1 1 X% S o 0 None
0 0 1 #g)1 2

0 1 D e 3 & p 1 }

0 1 1 1 4 0 1 1 2

1 0 0 1 5 1 0 1 3

1 0 19 Y 6

1 1 0 [N 7 ! { ! :

1 1 1 1 8

DG409
DG408

LOGIC “0” VAL < 0.8V, LOGIC “1” Vay > 2.4V
LOGIC “0” VaL < 0.8V, LOGIC *“1” Vay > 2.4V
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Improved, 8-Channel/Dual 4-Channel,

CMOS Analog Multiplexers

_Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE
DG409CJ 0°C to +70°C 16 Plastic DIP
DG409CY 0°C to +70°C 16 Narrow SO
DG409C/D 0°C to +70°C Dice*
DG409DJ -40°C to +85°C 16 Plastic DIP
DG409DY -40°C to +85°C 16 Narrow SO
DG409DK -40°C to +85°C 16 CERDIP
DG409AK -55°C to +125°C 16 CERDIP*

* Contact factory for dice specifications.

** Contact factory for availability.

W AXKIMN
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DG408/DG409

Improved, 8-Channel/Dual 4-Channel,
CMOS Analog Multiplexers

Chip Topographies

DG408 DG409

EN AD A1 A2 GND EN AD A1 N.C. GND

. —

N.C. — N.C.
V- V+ V- < — V+
$1 — $5 S1A —HET ; 518
S2 S6 S2A — S2B
= 0.136 = 3 0.136
= - (3.45mm) ‘ = = (3.45mm)
S3 L it N.C. S3A : — S3B
] i i :
l! ;!
L I

sS4 D S8 S7 S4A DA DB S4B
L‘ 0.080" 0.080"
(2.03mm) (2.03mm)

N.C. =NO INTERNAL CONNECTION

TRANSISTOR COUNT: 122 TRANSISTOR COUNT: 122
SUBSTRATE CONNECTED TO V+ SUBSTRATE CONNECTED TO V+

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

12 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600

© 1999 Maxim Integrated Products Printed USA AAAXIA s aregistered trademark of Maxim Integrated Preducts.



MOTORSEA SN54/74LS682

SN54/74L.S684
8-BIT MAGNITUDE SN54/741.S688

COMPARATORS

The SN54/74L.S682, 684, 688 are 8-bit magnitude comparators. These
device types are designed to perform comparisons between two eight-bit

binary or BCD words. All device types provide P = Q outputs and the LS682 8-BIT MAGNITUDE

and LS684 have P>Q outputs also. COMPARATORS
The LS682, LS684 and LS688 are totem pole devices. The LS682 has a

20 kQ pullup resistor on the Q inputs for analog or switch data. LOW POWER SCHOTTKY

CONNECTION DIAGRAMS (TOP VIEW)

Vec P=Q Q7 P7 Q6 P6 Q5 P5 Q4 P4

J SUFFIX
[zo1[o] (e ] (7] 6] [1s] [re] ][] [1] CERAMIC
CASE 732-03
> SN54/74L5682/684
N SUFFIX
PLASTIC
L_II_H_IL_JI_IL_JLJLIL_W_OI CASE 736-03
P>Q PO Q0 Pt P3 Q3 GND
DW SUFFIX
Ve P=Q Q7 PT. Q8PS soic

CASE 751D-03

WFQ’IWWWWW\WWE

) SNSRI ORDERING INFORMATION
SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
l AW II H || H_H [[10] SN74LSXXXDW SOIC
PO QOy NP1 P3' Q3 GND

FUNCTION TABLE

INPUTS OUTPUTS
OUTPUT OUTPUT DATA ENABLES
TYPE P=Q P>Q ENABLE CONFIGURATION PULLUP P Q G GT G2 P-qa alp>a

LS682 yes yes no totem-pole yes pay L L L H
LS684 yes yes no totem-pole no P>Q L L H L
LS688 yes no yes totem-pole no P<Q L L H H
X H H H H

H = HIGH Level, L = LOW Level, X = Irrelevant

FAST AND LS TTL DATA
5-1



SN54/74L.S682 « SN54/74L.5684 « SN54/74L.5688

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vce Supply Volitage 54 4.5 5.0 5.5 \
74 4.75 5.0 5:.25
TA Operating Ambient Temperature Range 54 -55 25 125 %€
74 0 25 70
IoH Output Current — High 54,74 04 mA
loL Output Current — Low 54 12 mA
74 24
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 20 v z‘l‘fr:ggzed npLLGHA Eliage o
54 0.7
Vil Input LOW Voltage = , v gﬁ’fg;g::ed RSPt e
ViK Input Clamp Diode Voltage -065 | -15 \ Ve =MIN, Iy ==18 mA
VOH Output HIGH Voitage :: 2: 22 : Zrc\?[ :pr‘gerT»rL?hHT:t’)\l”eAx» VIN=ViH
54,74 0.25 0.4 \% loL=12mA Ve = Voo MIN,
VoL Output LOW Voltage VIN = VL or ViH
74 0.35 0.5 \ loL =24 mA per Truth Table
20 uA  |Voc=MAX VIN=2T7V
IH Input HIGH Current | LS628-Q Inputs 0.1 mA  |Vocc=MAX, VjN=55V
Others 0.1 mA | Voo = MAX, Viy=7.0V
e nput Lowbrel | I EERRADIA = A A v B0
Others -0.2 mA
los Short Circuit Current (Note 1) -30 -130 mA | Vge = MAX
LS682 70 mA
lce zzr:zaf“pp'y LS684 65 | mA |vce=Max
LS688 65 mA

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

FAST AND LS TTL DATA
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SN54/74LS682 » SN54/74L.S684 « SN54/741.S688

LOGIC DIAGRAMS

|

~

L L L L \L/ \_L \L/

Uy vy

i

SN54/741L.8682 thru LS684

e
HTe

‘Do

P>Q

Q1
PO @
2\

P7 ("

P6 (15)

P5 (13) E’.
e
P4 {1

Q4 —___{_l“z) @

|

py_®

P2 )

T [3>0
‘:;..::)(5) 3o D——

SN54/74L.5688

FAST AND LS TTL DATA
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SN54/74L.S6820SN54/74L.S684eSN54/74L.5688

AC CHARACTERISTICS (Tp = 25°C)

SN54/74L.5682
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH : T 13 25
tPHL Propagation Delay, P to P = Q 15 o5 ns
tPLH y Ey 14 25
o). Propagation Delay, Qto P = Q 15 05 ns Ve =50V
CL=45pF
tPLH : 20 30 RL =667 Q
tohL Propagation Delay, Pto P> Q 15 30 ns
tPLH : 21 30
e Propagation Delay, Qto P> Q 19 30 ns
SN54/74L.5684
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH ; = = 15 25
Wi Propagation Delay, Pto P = Q 17 o5 ns
tPLH : e 16 25
tPHL Propagation Delay, Qto P=Q 15 25 ns Vec=50V
CL=45pF
tPLH ; 22 30 R =667 Q
toii: Propagation Delay, Pto P> Q 17 30 ns
tPLH : 24 30
ol Propagation Delay, Qto P> Q 20 30 ns
SN54/74LS688
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH . o 470 12 18
tPHL Propagation Delay, Pto P = Q 17 23 ns
Vce =50V
:}F;LH Propagation Delay, Qto P = Q 13 ;g ns Cyp =45pF
HL R| = 667 Q
tPLH . . Wil 12 18
tPHL Propagation Delay, G, G1to P=Q A 20 ns

FAST AND LS TTL DATA
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@ MOTOROLA

OCTAL TRANSPARENT LATCH
WITH 3-STATE OUTPUTS;
OCTAL D-TYPE FLIP-FLOP
WITH 3-STATE OUTPUT

The SN54/74LS373 consists of eight latches with 3-state outputs for bus
organized system applications. The flip-flops appear transparent to the data
(data changes asynchronously) when Latch Enable (LE) is HIGH. When LE is
LOW, the data that meets the setup times is latched. Data appears on the bus
when the Output Enable (OE) is LOW. When OE is HIGH the bus output is in
the high impedance state.

The SN54/74LS374 is a high-speed, low-power Octal D-type Flip-Flop fea-
turing separate D-type inputs for each flip-flop and 3-state outputs for bus ori-
ented applications. A buffered Clock (CP) and Output Enable (OE) is common
to all flip-flops. The SN54/74LS374 is manufactured using advanced Low
Power Schottky technology and is compatible with all Motorola TTL families.
Eight Latches in a Single Package
3-State Outputs for Bus Interfacing
Hysteresis on Latch Enable
Edge-Triggered D-Type Inputs
Buffered Positive Edge-Triggered Clock
Hysteresis on Clock Input to Improve Noise Margin
Input Clamp Diodes Limit High Speed Termination Effects

SN54/74LS373
SN54/74LS374

OCTAL TRANSPARENT LATCH
WITH 3-STATE OUTPUTS;
OCTAL D-TYPE FLIP-FLOP

WITH 3-STATE OUTPUT

LOW POWER SCHOTTKY

PIN NAMES LOADING (Note a)
HIGH LOW
Dg—-D7  DataInputs 0.5U.L. 0.25U.L.
LE Latch Enable (Active HIGH) Input 0.5:U.L: 0.25U.L.
CcP. Clock (Active HIGH going edge) Input 0.5U.L. 0.25U.L.
OE Output Enable (Active LOW) Input 05U.L. 0.25U.L.
0g-07  Outputs (Note b) 85 (25) U.L. | 15 (7.5)U.L.

NOTES:

a) 1 TTL Units Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

b) The Output LOW drive factor is 7.5 U.L. for Military (54) and 25 U.L. for Commercial
(74) Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (54) and
65 U.L. for Commercial (74) Temperature Ranges.

J SUFFIX
N CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 738-03

DW SUFFIX
SOIC
CASE 751D-03

ORDERING INFORMATION

SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXDW SOIC

CONNECTION DIAGRAM DIP (TOP VIEW)

SN54/74LS373
Ve¢ O7 D7y Dg O Os D5 Dy O4 LE

SN54/74LS374

Vec O7 D7 Dg O Os Ds Dg O4 cpP

[] (e[ 1 (7] (el ls ][] [

(019 [re] ) e ] s ] (e (12 1 [

> p

10PN N Y =
OE Oy Dg Dy Oy 0p Dy D3 O3 GND  TheFlatpak version
has the same pinouts

(Connection Diagram) as
the Dual In-Line Package.

| 3| N I I | T

OE Oy Dy Dy 01 O Dy D3 03 GND

FAST AND LS TTL DATA
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SN54/74LS373 « SN54/74L.S374

TRUTH TABLE

LS373 LS374
Dn LE OE | Op Dn LE OE | Oy
H H L H H e L H
L H L =I
X L L | @ X % H z
X X H z

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

Z = High Impedance

* Note: Contents of flip-flops unaffected by the state of the Output Enable input (OE).

LOGIC DIAGRAMS

@ ®© ® © ®@ Voo =PIN 20

E,; E5 ‘Ee ‘T GND = PIN 10
b o 5 N (O = PIN NUMBERS

SN54LS/74LS373

®
®
®
®
_®

D3 Dy D5 Dg

CP D CPgD CPwD CP D CP D CR1D CP D cP.D
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
0E [ ; l ; [ ;
O) l 0o [01 | 02 ] 03 I 04 l 05 I Og 07
® ® ® ® ® ®
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 45 5.0 5.5 V
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -35 25 125 °C
74 0 25 70
IOH Output Current — High 54 -1.0 mA
74 -2.6
loL Output Current — Low 54 12 mA
74 24

FAST AND LS TTL DATA
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SN54/74L.S373 « SN54/74LS374

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
VIH Input HIGH Voltage 20 v ﬁ.??nriﬂied It iV aasion
viL Input LOW Voltage 54 0.7 . Ellelaranteed Input LOW Voltage for
74 0.8 nputs
ViIK Input Clamp Diode Voltage -065 | -15 \Y Vee = MIN, iy =-18 mA
VOH Output HIGH Voltage f;: zi z‘: \\j ZF\%[ pl\glrh-ll-'rzj?hHT;s‘AeAx' VIN = Vi
54,74 025 0.4 v loL = 12 mA Ve =Vee MIN,
VoL Output LOW Voltage VIN = Vi or ViH
74 0.35 0.5 \Y loL=24 mA per Truth Table
lozH Output Off Current HIGH 20 LA Vce = MAX, VouTt =27V
lozL Output Off Current LOW -20 pA Veg = MAX, VoyTt =04V
H Input HIGH Current j.(; ::: zgz ; m); ://:: z ig://
liL Input LOW Current -04 mA Vee = MAX, ViN =04V
los Short Circuit Current (Note 1) —30 -130 mA Voo = MAX
Icc Power Supply Current 40 mA Vee = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta =25°C, Vcc =5.0V)
Limits
LS373 LS374
Symbol Parameter Min Typ | Max | Min Typ | Max Unit Test Conditions
fMAX Maximum Clock Frequency 35 50 MHz
tPLH Propagation Delay, 12 18
tPHL Data to Output 12 | [ e
Cp =45 pF,
tPLH Clock or Enable 20 30 ‘¥ 28 A Ry =667 Q
tPHL to Output 18 30 19 28
:E?C Output Enable Time ;g §2 3(1) gg ns
;EEZZ Output Disable Time 15 ;g g gg ns CpL =5.0pF
AC SETUP REQUIREMENTS (Tp = 25°C, V¢c =5.0V)
Limits
LS373 LS374
Symbol Parameter Min Max Min Max Unit
yy Clock Pulse Width 15 15 ns
ts Setup Time 5.0 20 ns
th Hold Time 20 0 ns

DEFINITION OF TERMS

SETUP TIME (tg) — is defined as the minimum time required
for the correct logic level to be present atthe logicinput prior to
LE transition from HIGH-to-LOW in order to be recognized and
transferred to the outputs.

HOLD TIME (th) — is defined as the minimum time following
the LE transition from HIGH-to-LOW that the logic level must
be maintained at the input in order to ensure continued
recognition.

FAST AND LS TTL DATA
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SN54/74L.S373

AC WAVEFORMS

fe—— tyy —>f— tyy —>]

Z1.3\/ \

t5

LE
L
Dn

tPLH

tPHL

><><>_<EO<>O

Figure 1

AC LOAD CIRCUIT

13V 13V
tpzL tpLZ
Vout 13V 13V
VoL
=
Figure 2
Vee
RL
SW1
TO QUTPUT
UNDERTEST ~ )
[
50kQ
a'\ CL‘ SW2

* Includes Jig and Probe Capacitance.

Figure 4

13V

tPHZ

13V
05V

Figure 3

SWITCH POSITIONS

SYMBOL SWi1 Sw2
tpzH Open Closed
tpzL Closed Open
tprz Closed Closed
tPHZ Closed Closed

FAST AND LS TTL DATA
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SN54/74L.S374

AC WAVEFORMS

13V 13V
tpzL tpLz
Vout 13V =13V
23 VoL
05V
OUTPUT 13V 5& 13V Figure 6
Figure 5
Figure 7
AC LOAD CIRCUIT
Vee
. SWITCH POSITIONS
L

SYMBOL Swi1 Sw2

W1 tpzH Open Closed

tpzL Closed Open

TO OUTPUT tpLz Closed Closed
UNDERTEST tPHZ Closed Closed

5.0kQ
L o w2
* Includes Jig and Probe Capacitance.
Figure 8

FAST AND LS TTL DATA
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@ MOTOROLA

SN54/74L.5245
OCTAL BUS TRANSCEIVER

The SN54/74LS245 is an Octal Bus Transmitter/Receiver designed for

8-line asynchronous 2-way data communication between data buses.
Direction Input (DR) controls transmission of Data from bus A to bus B or bus
B to bus A depending upon its logic level. The Enable input (E) can be used
to isolate the buses. OCTAL BUS TRANSCEIVER

Hysteresis Inputs to Improve Noise Immunity

o 2-Way Asynchronous Data Bus Communication RO BOWER Se O
e Input Diodes Limit High-Speed Termination Effects
e ESD > 3500 Volts
LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)
Voc E B2 B4 B5 B6 B7 B8 R ésg:&'l’é
l—zo'IWHTﬂF?H wmmmmm . CASE 73203
1
T, o 0 Q. T X, 0 v
) oA ey a 1\ e\ ') A NPEAJSF.:_:IIS
5 CASE 738-03
I N N | N | X R :
DIR A1 A2 A3 A4 A5 A6 A7 A8 GND
DW SUFFIX
SoIiC
TRUTH TABLE CASE 751D-03
INPUTS
OUTPUT
E DIR

L L Bus B Data to Bus A
ORDERING INFORMATI
L | H | BusADatatoBusB G INFORMATION
H X Isolation SN54LSXXXJ  Ceramic
H = HIGH Voltage Level SN74LSXXXN  Plastic
L = LOW Voltage Level SN74LSXXXDW SOIC
X = Immaterial

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

\Zele) Supply Voltage 54 4.5 5.0 55 \Y
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

loH Output Current — High 54,74 -30 mA
54 -12 mA
74 -15

loL Output Current — Low 54 12 mA
74 24

FAST AND LS TTL DATA
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SN54/741.S245

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 \% Al Inputs
54 0.7 Guaranteed Input LOW Voltage for
\Y
ViL Input LOW Voltage 5 o All Inputs
VT4+-VT_ | Hysteresis 0.2 0.4 \% Vce = MIN
ViK Input Clamp Diode Voltage -065 | -15 \% Vee =MIN, iy =-18 mA
54,74 24 34 \Y Ve = MIN, Ioy =-3.0 mA
VOH Output HIGH Voltage
54,74 2.0 \% Vce = MIN, IgH = MAX
54,74 0.25 0.4 VvV  |loL=12mA Vce =Vee MIN,
VoL Output LOW Voltage VIN = VL or Viy
74 0.35 0.5 Vv loL =24 mA per Truth Table
lozH Output Off Current HIGH 20 pA | Vce =MAX, VouT =27V
lozL Output Off Current LOW -200 uA | Voo = MAX, VouT =04V
AorB, DRorE 20 uA Voo =MAX, VIN=2T7V
IIH Input HIGH Current DRorE 0.1 mA |Voc=MAX,VIN=T7.0V
AorB 0.1 mA |Voc =MAX, V|N=55V
L Input LOW Current -0.2 mA  |Vcc=MAX, VIN=04V
los Output Short Circuit Current (Note 1) -40 ~225 mA | Vgc = MAX
Power Supply Current
Total, Output HIGH 70
l =
cc Total, Output LOW R\ 5@ i e
Total at HIGH Z 95
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C, Vcg = 5.0V, TRISE/TFALL < 6.0 ns)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Propagation Delay, Data to Output e £ ns
tPHL 8.0 12
CL =45 pF,
tpzH Output Enable Time to HIGH Level 25 40 ns Ry =667 Q
tpzL Output Enable Time to LOW Level 27 40 ns
tpLz Output Disable Time from LOW Level 15 25 ns C =5.0 pF,
tPHZ Output Disable Time from HIGH Level 15 25 ns R =667 Q

FAST AND LS TTL DATA
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@ MOTOROLA SN54/74L.5240
SN54/74L.5241
OCTAL BUFFER/LINE DRIVER SN54/74L.S244
WITH 3-STATE OUTPUTS

The SN54/74LS240, 241 and 244 are Octal Buffers and Line Drivers
designed to be employed as memory address drivers, clock drivers and

bus-oriented transmitters/receivers which provide improved PC board OCTAL BUFFER/LINE DRIVER
density. WITH 3-STATE OUTPUTS
o Hysteresis at Inputs to Improve Noise Margins LOW POWER SCHOTTKY

o 3-State Outputs Drive Bus Lines or Buffer Memory Address Registers
e Input Clamp Diodes Limit High-Speed Termination Effects

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)

. SN54/74L.5240 ées‘::r;lt)c(:
Voo 26 1Y1 2A4 1Y2 23 1Y3 242 1YA. 2A1 CASE 732-03
[0 ][0 el L7 el Ds ] Dal [wsl[r2 ] [ 1]
o
’ 2 2 s 4 . 4
5 / / / N SUFFIX
/ ( / / PLASTIC
‘ [1>“ CASE 738-03
n
R P R A | S
G M 2Yd 1A2 2Y3 1A3 2Y2 1M 2Y1 GND
DW SUFFIX
SN54/74LS241 SOIC

CASE 751D-03

Vec 26 1Y1 2A4 1Y2 2A3 Y3 2A2 1Y4 2A1

3| K| K A K3 (KR [ | B (R L

ORDERING INFORMATION

bu “|/ ) / ) ,/ ) / SN54LSXXXJ ~ Ceramic

SN74LSXXXN  Plastic
SN74LSXXXDW SOIC

RN I N R G | KR BT

1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND

i SN54/74LS244
Vog 26 1Y 2M Y2 2A3 Y3 2A2. Y4 2A

2| N Y R | | PR

1

l?/////%_/
s Tle s TTe Tl JTe ILe Jluo]

16 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND

FAST AND LS TTL DATA
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SN54/741L.S240 ¢ SN54/74L.S241 « SN54/741.5244

TRUTH TABLES

SN54/74L.S240 SN54/74LS244
INPUTS INPUTS
OUTPUT OUTPUT
1G, 2G D 1G, 2G D
1= & H L 1z L
1t H L L H H
H X (2) H X (2)
SN54/74LS241
INPUTS INPUTS
OUTPUT OUTPUT
1G D 2G D
L L L H L L=
L H H H H H
H X 2 It X (2)
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = HIGH Impedance
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
\ele} Supply Voltage 54 45 5.0 555 \
74 475 5.0 8.25
TA Operating Ambient Temperature Range 54 =55 25 125 °C
74 0 25 70
IOH Output Current — High 54,74 -3.0 mA
54 -12 mA
74 -15
loL Output Current — Low 54 12 mA
74 24

FAST AND LS TTL DATA
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SN54/74L.S240 « SN54/74LS241 « SN54/74L.S244

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 20 v fﬁ;gzied Input HIGH Voltage for
viL Input LOW Voltage 54 0.7 v ille?r:anteed Input LOW Voltage for
74 08 2L
VT4+-VT1= Hysteresis 0.2 0.4 \ Vee =MIN
VIK Input Clamp Diode Voltage -065 | =15 \ Vce =MIN, |y = =18 mA
54,74 | 24 34 \ Vo =MIN, loy =-3.0mA
VOH Output HIGH Voltage 54 74 % v Voo =MIN, lon = MAX
54,74 0.25 0.4 \ loL=12mA Vee =Vee MIN,
VoL Output LOW Voltage VIN=ViLOr ViH
74 0.35 0.5 Vv loL =24 mA per Truth Table
lozH Output Off Current HIGH 20 uA | Vec =MAX, VouT=27V
lozL Output Off Current LOW -20 uA | Voo = MAX, VoyT =04V
20 uA | Voo =MAX, VIN=2T7V
IIH Input HIGH Current N e L\hc = vax, I N0V
e Input LOW Current -0.2 mA | Vo =MAX,V|N=04V
los Output Short Circuit Current (Note 1) | —40 -225 mA | Vgog = MAX
Power Supply Current
Total, Output HIGH 2,
Total, Output LOW LS240 44
lcc LS241/244 e\ AR s
Total at HIGH Z LS240 50
LS241/244 54
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp =25°C,Vcg=50V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Propagation Delay, Data to Output 9.0 14
tPHL LS240 12 18 I
tPLH Propagation Delay, Data to Output 12 18 B CL = 45 pF,
tPHL LS241/244 12 18 R =667 Q
tpzH Output Enable Time to HIGH Level 15 23 ns
tpzL Output Enable Time to LOW Level 20 30 ns
tprLz Output Disable Time from LOW Level 15 25 ns CL=5.0 pF,
tpHz Output Disable Time from HIGH Level 10 18 ns Ry =667 &

FAST AND LS TTL DATA
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SN54/74L.S240 o SN54/74L.S241 » SN54/74L.5244

AC WAVEFORMS
VIN i‘F 13V j( 13V Voo
= tPLH tPHL
Vou 13V 13V RL
Figure 1 SWi1
TO OUTPUT
UNDER TEST
[
5kQ
L C¥ SW2
Figure 2 :[:
VE
V : 13V SWITCH POSITIONS
E 3
tpzL. tpLz SYMBOL SW1 SW2
VouT 13V \7 13V tpzH Open Closed
oL
05V } tpzL Closed Open
Figure 3 tpLz Closed Closed
tpHZ Closed Closed
3 Figure 5
VE

13V %3 Vv
VE: ; 2
tpzH. — ‘PH\;
3 R 2VoH
VouTt 1.3V T:Lgv
0

5V

Figure 4

FAST AND LS TTL DATA
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MOTOROLA

1-OF-8 DECODER/
DEMULTIPLEXER

The LSTTL/MSI SN54/74LS138 is a high speed 1-of-8 Decoder/
Demultiplexer. This device is ideally suited for high speed bipolar memory
chip select address decoding. The multiple input enables allow parallel ex-
pansion to a 1-of-24 decoder using just three LS138 devices or to a 1-0f-32
decoder using four LS138s and one inverter. The LS138 is fabricated with the
Schottky barrier diode process for high speed and is completely compatible
with all Motorola TTL families.

Demultiplexing Capability

Multiple Input Enable for Easy Expansion

Typical Power Dissipation of 32 mW

Active Low Mutually Exclusive Outputs

Input Clamp Diodes Limit High Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)

V¢ Op 01 0Oy 03 JOy O5 05

[is] [is] [1a] [1s] [1e] [] [ro] [o]

NOTE:

The Flatpak version

has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.

%mmmgmmm

At Al E Es 07 GND

PIN NAMES LOADING (Note a)
HIGH LOW
Ap—A2 Address Inputs 0.5U.L. 0.25U.L.
Eq, E2 Enable (Active LOW) Inputs 0.5U.L. 0.25 U.L.
EguEt Enable (Active HIGH) Input 0.5U.L. 0.25 U.L.
0Op-0O7 Active LOW Outputs (Note b) el P5as) bt
NOTES:

a) 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC DIAGRAM i -/
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SN54/74L.5138

1-OF-8 DECODER/
DEMULTIPLEXER

LOW POWER SCHOTTKY

l J SUFFIX

Ii CERAMIC
CASE 620-09

R

@ gy,

1

w N SUFFIX
\ PLASTIC
7 CASE 648-08
:
1

S

D SUFFIX
SOIC

. CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

LOGIC SYMBOL
1223 456

123

Ay A A E

Og 04
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Ve =PIN 16
GND=PIN8
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SN54/74L.5138

FUNCTIONAL DESCRIPTION

The LS138 is a high speed 1-of-8 Decoder/Demultiplexer
fabricated with the low power Schottky barrier diode process.
The decoderaccepts three binary weighted inputs (Ag, A1, A2)
and when enabled provides eight mutually exclusive active
LOW Outputs (Og—07). The LS138 features three Enable in-
puts, two active LOW (E1, E2) and one active HIGH (E3). All
outputs will be HIGH unless Eq and E2 are LOW and E3 is
HIGH. This multiple enable function allows easy parallel ex-

pansion of the device to a 1-0f-32 (5 lines to 32 lines) decoder
with just four LS138s and one inverter. (See Figure a.)

The LS138 can be used as an 8-output demultiplexer by
using one of the active LOW Enable inputs as the data input
and the other Enable inputs as strobes. The Enable inputs
which are not used must be permanently tied to their appropri-
ate active HIGH or active LOW state.

TRUTH TABLE

INPUTS OUTPUTS
Eq E2 E3 Ag Aq A2 Og 04 (o)) O3 04 Os Og 07
H e X X X X% H H H H H H H H
X H X X X X H H H H H H H H
X X L X X X H H H H H H H H
L £ H L L L I H H H H H H H
L [ H H L I H L H H H H H H
|2 L H L H AL H H L H H H H H
L L H H H L H H H I H H H H
L L H L I H H H H H I= H H H
L L H H L H H H H H H B H H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H i
H = HIGH Voltage Level
L = LOW Voltage Level
X =Don't Care
A
Aq
Ay G 0
vy I YV l vy l 1504
A3 Jl >cr—]
Aq
L N P4
l
Ag A1 A2 Ay A A2 E Ag A1 A2
LS138 LS138 LS138 LS138
001 Oz O3 04 050g O7 0p 01 0203 04 O5 0 O7 0g 01 0203 04 05 0g O7 0p 01 0203 04 050g O7

BELENER SEERET

-
1
Og------===cccemmmmcmcmam o

PR T

----------------------------- 031

Figure a
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SN54/74L.S138

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 4.5 5.0 55 \Y%
74 4.75 5.0 525
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 25 70
I0H Output Current — High 54,74 -04 mA
loL Output Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 Vv Al Inputs
54 0.7 Guaranteed Input LOW Voltage for
VL Input LOW Voltage = L2 \Y, All Inputs
Vik Input Clamp Diode Voltage -0.65 | -15 Vv Voo = MIN, |y =-18 mA
54 2.5 35 Vv = = =
VOH Output HIGH Voltage Vee = MIN, IgH = MAX, VN = ViH
74 27 35 v or Vy_ per Truth Table
54,74 0.25 0.4 \Y oL = 4.0 mA Vce =Vee MIN,
VoL Output LOW Voltage VIN=VjLorViH
74 0.35 0.5 \ loL = 8.0 mA per Truth Table
20 Voe = MAX, VIN=2T7V
H Input HIGH Current 1. o L.
0.1 mA Vece = MAX, VIN=T7.0V
IR Input LOW Current -0.4 mA Voc = MAX, ViN=04V
los Short Circuit Current (Note 1) -20 —-100 mA Vee = MAX
Icc Power Supply Current 10 mA Voe = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Levels of Limitg
Symbol Parameter Delay Min Typ Max Unit Test Conditions
tPLH Propagation Delay 2 13 20
tPHL Address to Output 2 27 41 ¥
tPLH Propagation Delay 3 18 27
tPHL Address to Output 3 26 39 = Vee =50V
tPLH Propagation Delay E4 or Ep 2 12 18 CL=15pF
tPHL Enable to Output 2 21 32 12
tPLH Propagation Delay E3 ) 17 26
tPHL Enable to Output 3 25 38 1
AC WAVEFORMS
vy A3V 13V N sy 13V

tPHL I‘—-t- tPLH
vour 13V 13V

Figure 1

- .
Vout 13V 13V

tPRL

tPLH"L—‘]

Figure 2
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MOTOROLA

HEX INVERTER

SN54/74LS04

HEX INVERTER
Vee LOW POWER SCHOTTKY

> J SUFFIX
Iy CERAMIC
LT [of s [ed 1sd Le] Lo A CASE 632-08
GND 19N
5;5*& N SUFFIX
) PLASTIC
14 CASE 646-06
1
/ D SUFFIX
: 4\‘& solc
1 CASE 751A-02
ORDERING INFORMATION
SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
\ele} Supply Voltage 54 4.5 5.0 5.5 \Y
74 475 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
IoH Output Current — High 54,74 -04 mA
loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
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SN54/74L.504

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
t Input HIGH Voltage for
N Input HIGH Voltage 20 v ﬁlﬁ’?r:zgéed S S
54 0.7 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage = i \ Al Inputs
ViK Input Clamp Diode Voltage -0.65 | -1.5 \ Voe = MIN, iy =-18 mA
54 2:5 35 \ Ve = MIN, lon = MAX, Vi =V
cC » IOH » VIN = VIH
Vv Output HIGH Vol
OH bR altage 72 57 35 v or V| per Truth Table
54,74 025 | 04 Y% loL = 4.0 mA Vee =Vee MIN,
VoL Output LOW Voltage VIN = ViLor VIH
74 0.35 0.5 \ loL =8.0mA per Truth Table
20 HA | Voo =MAX, V|y=2T7V
IiH Input HIGH Current
0.1 mA Vee =MAX, VIN=7.0V
L Input LOW Current -0.4 mA Vec = MAX, VN =04V
los Short Circuit Current (Note 1) -20 -100 mA Voo = MAX
Power Supply Current
icc Total, Output HIGH 24 mA Vee = MAX
Total, Output LOW 6.6
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 9.0 15 ns Vec=5.0V
tPHL Turn-On Delay, Input to Output 10 15 ns SLyfprr

FAST AND LS TTL DATA
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MOTOROLA

DUAL 4-INPUT AND GATE

Vee

[1e] [a] [re] [ir] [r0] o] [e]

SN54/74LS21

DUAL 4-INPUT AND GATE
LOW POWER SCHOTTKY

( J SUFFIX
A CERAMIC

Il
- [ 2] Ta] Lot Ll (A i CASE 632-08
GND 7N
N SUFFIX
PLASTIC
CASE 646-06
y D SUFFIX
: 4\ﬁ soIc
1 CASE 751A-02
ORDERING INFORMATION
SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 54 4.5 5.0 55 \
74 4.75 5.0 5:25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
IoH Output Current — High 54,74 -04 mA
loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
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SN54/74L.S21

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
G teed Input HIGH Voltage fol
ViH Input HIGH Voltage 2.0 v N‘,’f,:zgtz (py S e
S T 54 07 Y Guaranteed Input LOW Voltage for
IL ned oltage 74 08 Al Inputs
VIK Input Clamp Diode Voltage -065 | -1.5 \ Voo = MIN, jy=-18 mA
54 25 3:5 \ Vee = MIN, IoH = MAX, VN = ViH
v 5 .
OH Output HIGH Voltage 74 57 35 v or V)_ per Truth Table
54,74 025 | 04 Y loL = 4.0 mA Vce =Vee MN,
VoL Output LOW Voltage VIN =ViL 0T VIH
74 0.35 0.5 \ loL=8.0mA per Truth Table
20 UA Voo = MAX, VN =27V
iH Input HIGH Current
0.1 mA Voo = MAX, VIN=T7.0V
[ITR Input LOW Current -0.4 mA Vee = MAX, VN =04V
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
Power Supply Current
Icc Total, Output HIGH 2.4 mA | Veg = MAX
Total, Output LOW 4.4
Note 1: Not more than one output should be shorted ata time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 8.0 15 ns Veg =50V
tPHL Turn-On Delay, Input to Output 10 20 ns CL=15pF

FAST AND LS TTL DATA
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@ MOTOROLA

8-INPUT MULTIPLEXER
WITH 3-STATE OUTPUTS

The TTL/MSI SN74LS251 is a high speed 8-Input Digital Multiplexer. It
provides, in one package, the ability to select one bit of data from up to eight
sources. The LS251 can be used as a universal function generator to
generate any logic function of four variables. Both assertion and negation
outputs are provided.

SN54/74L.S251

8-INPUT MULTIPLEXER
WITH 3-STATE OUTPUTS

LOW POWER SCHOTTKY

e Schottky Process for High Speed
e Multifunction Capability
e On-Chip Select Logic Decoding
e Inverting and Non-Inverting 3-State Outputs
e Input Clamp Diodes Limit High Speed Termination Effects ,
!r. J SUFFIX
CONNECTION DIAGRAM DIP (TOP VIEW) ﬂ'{ B2
CASE 620-09
Vec W 5 s P So SIS 16
[16] [15] [14] [18] [12] [+r] [iol [o] ;
N SUFFIX
y PLASTIC
¥ CASE 648-08
1
1] 2 e L1 | W | peebetat NG
| | | | zZ z Eg GND
S 2REl 90 4 / D SUFFIX
16 SOIC
PIN NAMES LOADING (Note a) 1 CASE 751B-03
HIGH LOW
So-S2 Select Inputs 0.5U.L. 0.25U.L.
Ep Output Enable (Active LOW) Inputs 0.5 U.L. 0.25 U.L.
lo-l7 Multiplexer Inputs 0.5 U.L. 0.25 U.L. ORD
Z Multiplexer Output 65 U.L. 15 U.L. ERET B FMATION
z Complementary Multiplexer Output 65 U.L. 15 U.L. SN54LSXXXJ ~  Ceramic
NOTES: SN74LSXXXN  Plastic
a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW. SN74LSXXXDW SOIC
LOGIC DIAGRAM o I s I by \ 6 iy
32@ ) 5 1@ = PN 1@ _ 30) ® ® 7® (®
®
Sq (‘r. {>€f t <1>
@
Sg© e
= (0] I . . 2l file |
il J“{> 11 1111 _[[j ] 111 LLJ A1 il
Ve =PIN 16
GND=PIN 8
(O =PIN NUMBERS ® |®
z 74
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SN54/74L.S251

FUNCTIONAL DESCRIPTION

The LS251 is a logical implementation of a single pole,
8-position switch with the switch position controlled by the
state of three Select inputs, Sg, S1, S2. Both assertion and

negation outputs are provided. The Output Enable input (EQ) -

is active LOW. When itis activated, the logic function provided

atthe outputis: e o

Z=EQ-(lp-Sp-S1-S2+11-S0-S1-S2+12-S0-S1-
S2+13-S0-51-S2+14-Sp-81-S2+15-So-
S1-Sp+1lg-Sp-S1:-S2+17-Sp-S1-82).

When the Output Enable is HIGH, both outputs are in the
high impedance (high Z) state. This feature allows multiplexer
expansion by tying the outputs of up to 128 devices together.
When the outputs of the 3-state devices are tied together, all
but one device must be in the high impedance state to avoid
high currents that would exceed the maximum ratings. The
Output Enable signals should be designed to ensure there is
no overlap in the active LOW portion of the enable voltage.

TRUTH TABLE

Eg S2 S1 So |lo 1 l2emle l4mmels. 16 I7 z z
H X X X X X X X Ko X X ()= (2)
5 L L {5 L X X X XX X X H 1k
L Lt L L H X X X X/ X X X N H
L E L H X L X X X7/ AR X X H L
L it L H X H X X XX X X L H
L L H L X X L X X=X X X H L
L L H L X X H X XS, ¥ X X L H
L L H H X X X L N X X X H L
L L H H X X X H XN X X L H
by H L [E X X X X L, ¢ X X H L
[E H L L X X X X HY X X X L H
L H 14 H X X X X X &l X X H L
L H L H X X X X % SH X X L H
L H H L X X X X X \X o X H L
B H H o X X X X % W H X |z H
L H H H X X X X " B X L H L
L H H H X X X X XX X H L H
H = HIGH Voltage Level
L = LOW Voltage Level
X =Don't Care
(2) = High impedance (Off)
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
\ele Supply Voltage 4.75 5.0 5.25 \%
TA Operating Ambient Temperature Range 0 25 70 °C
IOH Output Current — High -26 mA
loL Output Current — Low 24 mA

FAST AND LS TTL DATA
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SN54/741.5251

3-STATE AC WAVEFORMS

VIN X 13V 13V
tPLH tPHL
Vol 7 12V 13V
Figure 1 Figure 2
VE
13V 13V 13V
tpzL tpLz (PHZ >VoH
Vout 13V =13V : ~13V
]— VoL 05V
0.5V
Figure 3 Figure 4
0.5V
AC LOAD CIRCUIT
Vee
SWITCH POSITIONS
8L SYMBOL SW1 sSW2
tpzH Open Closed
SW1
tpzL Closed Open
tpLz Closed Closed
TOOUTPUT P
UNDER TEST tPHZ Closed Closed
¢
5kQ

T c* Sw2

* Includes Jig and Probe Capacitance.

Figure 5
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