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ABSTRACT

The purpose of this project is show status of FM Stereo Multiplex Transmitter with Stereo
Encoder by Microcontroller to get signal of FM Stereo Multiplex Transmitter with Stereo Encoder to
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Features

® Compatible with MCS-511 Products

® 4 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

® Fully Static Operation: 0 Hz to 24 MHz

® Three-Level Program Memory Lock

® 128 x 8-Bit Internal RAM

® 32 Programmabile 1/O Lines

® Two 16-Bit Timer/Counters

® Six Interrupt Sources

® programmable Serial Channel

® L ow Power Idle and Power Down Modes

Description

The AT89CS51 is a low-power, high-performance CMOS 8-bit microcomputer with 4 Kbytes
of Flash Programmable and Erasable Read Only Memory (PEROM). The device is manufac-
tured using Atmel’s high density nonvolatile memory technology and is compatible with the
industry standard MCS-51] instruction set and pinout. The on-chi p Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory program-
mer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89CS1
is a powerful microcomputer which provides a highly flexible and cost effective solution to
many embedded control applications.

The AT89CS51 provides the following standard features: 4 Kbytes of Flash, 128 bytes of
RAM, 32 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt architecture, a
full duplex serial port, on-chip oscillator and clock circuitry. In addition, the AT89CS1 is

(continued)
PDIP/Cerdip
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Block Diagram
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Description (Continued)

designed with static logic for operation down 1o zero frequency
and supports two software selectable power saving modes. The
Idle Mode stops the CPU while allowing the RAM, timer/count-
ers, serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes the os-
cillator disabling all other chip functions unti! the next hardware
reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional /O port. As an output
port each pin can sink eight TTL inputs. When 1s are written to
port 0 pins, the pins can be used as high-impedance inputs.
Port 0 may also be configured to be the multiplexed low-order
address/data bus during accesses to external program and data
memory. In this mode PO has internal pullups.

Port 0 also receives the code bytes during Flash programming,
and outputs the code bytes during program verification. Extcrnal
pullups are required during program verification.

Port 1

Port 1 is an 8-bit bidirectional I/O port with intemal pullups. The
Port 1 output buffers can sink/source four TTL inputs. When 1s
are written to Port 1 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 1 pins that are
externally being pulled low will source current (i) because of
the internal pullups.

Port 1 also receives the low-order address bytes during Flash
programming and program verification.

Port 2

Port 2 is an 8-bit bidirectional I/O port with intemal pullups. The
Port 2 output buffers can sink/source four TTL inputs. When 1s
are written to Port 2 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (Iir) because of
the internal pullups.

Port 2 emits the high-order address byte during fetches from ex-
temnal program memory and during accesses to external data
memory that use 16-bit addresses (MOVX @ DPTR). In this
application it uses strong intemnal pullups when emitting 1s.
During accesses to external data memory that use $-bit ad-
dresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

Port 2 also receives the high-order address bits and somie control
signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional /0 port with internal pullups. The
Port 3 output buflers can sink/source four TTL inputs. When 1s
are written to Port 3 pins they are pulled high by the internal

AIMEL

pullups and can be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (Ir) because of
the pullups.

Port 3 also serves the functions of various special features of the
AT8ICS1 as listed below:

{ Port Pin | Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3:2 INTO (extenal interrupt 0)
P33 INT1 (extenal interrupt 1)
P3.4 TO (timer 0 extenal input)
P3.5 T1 (timer 1 external input)
P3.6 WR (extenal data memory write strobe)
D34 RD (external data memory read strobe)

Port 3 also reccives some control signals for Flash programming
and programming verification.
RST

Reset input. A high on this pin for two machine cycles while the
oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte of
the address during accesses to external memory. This pin is also
the program pulse input (PROG) during Flash programming,

In normal opcration ALE is emitted at a constant rate of 1/6 the
oscillator frequency, and may be used for external timing or
clocking purposes. Note, however, that one ALE pulse is
skipped during each access to external Data Memory.

If desired, ALE opcration can be disabled by setting bit 0 of SFR
location 8EH. With the bit set, ALE is active only during a
MOVX or MOVC instruction. Otherwise, the pin is weakly
pulled high. Setting the ALE-disable bit has no effect if the mi-
crocrontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external program
memory.

When the AT89CS1 is executing code from external program
memory, PSEN is activated twice each machine cycle, except
that two PSEN activations are skipped during each access to ex-
ternal data memory.

E-—/?\/Vpp

Extemal Access Enable. EA must be strapped to GND in order
to enable the device to fetch code from external program mem-
ory locations starting at 0000H up to FFFFH. Note, however,

thatiflock bit 1 is programmed, EA will be internally latched on
reset.

EA should be strapped to Vg for internal program exccutions.
This pin also receives the 12-volt programming enable voltage

(Vrp) during Flash programming, for parts that require 12-volt
Vpp.

(continued)
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Pin Description (Continued)
XTAL1

Input to the inverting oscillator amplifier and input to the inter-
nal clock operating circuit.

XTALZ2
Output from the nverting oscillator amplificr.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively, of an
inverting amplifier which can be configured for use as an on-
chip oscillator, as shown in Figure 1. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an ex-
ternal clock source, XTAL?2 should be left unconnected while
XTALTI is driven as shown in Figure 2. There are no require-
ments on the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is through a divide-by-
two flip-flop, but minimum and maximum voltage high and low
time specifications must be observed.

Idle Mode

In idle mode, the CPU puts itself to slecp while all the on-chip
peripherals remain active. The mode is invoked by software.
The content of the on-chip RAM and all the special functions
registers remain unchanged during this mode. The idle mode can
be terminated by any enabled interrupt or by a hardware reset.

1t should be noted that when idle is terminated by a hardware
reset, the device normally resumes program execution, from
where it left off, up to two machine cycles before the internal
reset algorithm takes control. On-chip hardware inhibits access
to internal RAM in this event, but access to the port pins is not
inhibited. To eliminate the possibility of an unexpected write to
a port pin when Idle is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not be one that writes to
a port pin or to external memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the in-
struction that invokes power down is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
exit from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should
not be activated before Vcc is restored to its normal operating
level and must be held active long enough to allow the oscillator
to restart and stabilize.

Figure 1. Oscillator Connections

c2
e e XTAL2
ey ‘
ol e | xTALt
J
&=l enp
{

Notes: C1, C2 = 30 pF .40 pF for Crystals
=40 pF 0 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC p~—=2 21 XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
—————{ GND

Status of External Pins During Idle and Power Down

[ Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3 q
(e Twema 41 Daa  Daw  Dals Daw |
| Idle | External 1 1 Float Data Addr:égs 77777 Bét; 7!
Eoyyﬂg@f Itemal 0 0 Daa  Data  Daa  pam |
| Power Down | External 0 0 Foat  Dam  Daa  Daw
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Program Memory Lock Bits

On the chip are three lock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional features
listed in the table below:

When lock bit 1 is programmed, the logic level at the EA pin is
sampled and latched during reset. If the device is powered up

Lock Bit Protection Modes

without a reset, the latch initializes to a random value, and holds
that value until reset is activated. It is necessary that the latched
value of EA be in agreement with the current logic level at that
pin in order for the device to function properly.

Program Lock Bits
LB1 1B2 1B3 Protection Type

1 U U U No program lock features.
MOVC instructions executed from extemal _program memory are disabled from

2 P U u fetching code bytes from internal memory, EA is sampled and latched on reset, and
further programming of the Flash is disabled. R

3 P P U Same as mode 2, also verify is disabled.

4 P P B

Same as mode 3, also external execution is disabled. B

Programming the Fiash

The AT89C51 is normally shipped with the on-chip Flash mem-
ory array in the erased state (that is, contents = FFH) and ready
to be programmed. The programming interface accepts either a
high-voltage (12-volt) or a low-voltage (Vee) program enable
signal. The low voltage programming mode provides a conven-
icnt way to program the AT89C51 inside the user’s system,
while the high-voltage programming mode is compatible with
conventional third party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or low-
voltage programming mode enabled. The respective top-side
marking and device signature codes are listed in the following
table.

Vpp =12V Vep=5V
AT89C51 AT89C51
Top-Side Mark XXXX XXXX-5
yyww yyww
(030H)=1EH (030H)=1EH
Signature (031H)=51H (031H)=51H
(032H)=FFH (032H)=05H J

The AT89CS1 code memory, array is programmed byte-by-byte
in either programming mode. To program any non-blank byie in
the on-chip Flash Memory, the entire memory must be erased
using the Chip Erase Mode.

Programming Algorithm: Before programming the ATRYCS1,
the address, data and control signals should be set up according
to the Flash programming modc table and Figures 3 and 4. To
program the AT89CSI. take the following steps.

- Input the appropriate data byte on the data Jines.

1. Input the desired memory location on the address lines.
0)
3. Activate the correct combination of control signals.

AIMEL

4. Raise EA/Vpp to 12 V for the high-voltage programming
mode.
5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed and
typically takes no more than 1.5 ms. Repeat steps 1
through 5, changing the address and data for the entire array
or until the end of the object file is reached.
Data Polling: The ATS9CS1 fearures Data Polling to indicate
the end of a write cycle. During a write cycle, an attempted read
of the last byte written will result in the complement of the writ-
ten datum on PO.7. Once the write cycle has been completed,
true data are valid on all outputs, and the next cycle may begin.
Data Polling may begin any time after a write cycle has been
initiated.
Ready/Busy: The progress of byte programming can also be
monitored by the RDY/BSY output signal. P3.4 is pulled low
after ALE goes high during programming to indicate BUSY.

P3.4is pulled high again when programming is done to indicate
READY.

Program Verify: If lock bits LB1 and LB2 have not been pro-
grammed, the programmed code data can be read back via the
address and data lines for verification. The lock bits cannot be
verified directly. Verification of the lock bits is achieved by ob-
serving that their features are enabled.

Chip Erase: The entire Flash array is crased electrically by
using the proper combination of control signals and by holding
ALE/PROG low for 10 ms. The code array is written with all
“I"s. The chip crase operation must be executed before the code
memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are read by
the same procedure as a normal verification of locations 03011,
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031H, and 032H, except that P3.6 and P3.7 must be pulled to a Prog ramming Interface

logic low. The values returned are as follows.
(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C5]
(032H) = FFH indicates 12 V programming
(032H) = 05H indicates 5 V programming

Flash Programming Modes

Every codc byte in the Flash array can be written and the entire
array can be erased by using the appropriate combination of con-
trol signals. The write operation cycle is self-timed and once in-
itiated, will automatically time itself to completion.

All major programming vendors offer worldwide support for the
Atmel microcontroller series. Please contact your local pro-
gramming vendor for the appropriate software tevision.

ALE/ EA/

Mode RST PSEN  PROG Ver P26 P27 P36 P37
Write Code Data H L \H[// B2 H H H
Read Code Data H L H H L L H H
Write Lock Bit - 1 H L ! H12v H H H H

Bit-2 | H i 94 L\ GiPams H H L L

Bit-3 | - H L - Hpav H L H L
Chip Erase H L 12V H L L L
Read Signature Byte H L H H L L L L

Notes: 1. The signature byte at location 032H designates whether Vpp 2. Chip Erase requires a 10 ms PROG pulse.

=12V or Vpp = 5 V should be used to enable program-
ming.

3-38 AT89C51 m



Figure 3. Programming the Flash

Figure 4. Verifying the Flash

+5v
AT89C51 0 AT89C51 2
apDR.  20-AT ) by b apDR. BO-AT o Vee }
OOOOH/OFFFH P20-P23 o L PGM OOOCH/OFFFH R— PGM DATA
A8 - Al DATA A8 - Al (USE 10K
e pl BZE —» P2 PULLUPS)
SEEFLASH — | P27 ALE {« —— PROG SEEFLASH o P27 ALE A
PROGRAMMING PROGRAMMING !
MODES TABLE — ¥ P36 MODES TABLE — ¥ P36 . v
———» P3.7 ——» P37 P
—& —— XTAL2 EA [ VN = | XTAL2 EA le |
424MHZ  — 424MHz =
C] e— =] &—
|
— e | xTAL1 RST l& v e xTALT RST b Y
o | onp PSEN |-~ e | onD PSEN |
el 42 == -
Flash Programming and Verification Characteristics
Ta=21°Cto 27°C, Vcc = 5.0 .A0%
Symbol Parameter Min Max Units
Vpp(l) Programming Enable Voltage g 12.5 \Y
Ipp(” Programming Enable Current 1.0 mA
1ltcLer Oscillator Frequency 4 24 MHz
taveL Address Setup to PROG Low 48tcicL |
tGHAX Address Hold After PROG 48tcLcL
tovaL Data Setup to PROG Low 48tcLcL
tGHDX Data Hold After PROG 48tcicL
tersH P2.7 (ENABLE) High to Vpp 48tCLCL
tsHGL Vpp Setup to PROG Low 1 i
tonst'” | Vep Hold After PROG 10
toLcH PROG Width 1 110 s ]
tavav Address to Data Valid - 48tCLCL I
teLav ENABLE Low to Data Valid 48icLeL ]
{ teHQV Data Float After ENABLE o EJ - 75@# - i l‘
| tewe | PROG High to BUSY Low e
Etlvg | Byte Wiite Cycle Time - - 20 T mm T
Note: 1. Only used in 12-volt programnuing mode.
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Flash Programming and Verification Waveforms - High Voltage Mode

P1.0-P1.7
P2.0-P2.3

PORT 0

ALE/PROG

EKNPP

P27
(ENABLE)

(RDY/BSY)

~ PROGRAMMING _ VERIFICATION

AQDR§§ - ) ADDRESS T
>~ lavav

S mmN b Comor

- “ tovel  toHox <

taveL | "*“" f‘ > topax |
R —

I P N |

> [ I

fowat | o toen—*> onst ;
Ve —“ LOGIC k! I N
___________________________ 4‘,‘,,*_;,_1—9(_310_0,_,,_¥,_;_A_4*¥___,

— - | | — &
| tensn ? teway —+ - N <+ lgnoz
&, ———————— _5 \\‘ i N - 000000
- toral —> o=
Y /7 4 —_B—N NI~ Lo Busy READY N
<+ twe —

Flash Programming and Verification Waveforms - Low Voltage Mode
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Absolute Maximum Ratings*

*NOTICE: Stresses bevond those listed under “Absolute Maximum

Operating Temperature................. -55°C to +125°C ‘ Ratings” may cause permanent damage to the device. This is a

5 o stress rating only and functional operation of the device at these

+
Storage Temperature..................... 65°C to +150°C ; or any other conditions beyond those indicated in the operational
Voltage on Any Pin sections of this specification is not implied. Exposure to absolute
il Besses b G A0Vio+70V maximum rating conditions for extended periods may affect de-
FIEEL B0 AATDUAG e crearmssrinans ' : : vice reliability.

Maximum Operating Voltage ............................ 6.6 V ?
DC Output Cument ..o 15.0mA |

D.C. Characteristics
Ta =-40°C 10 85°C, Vcc = 5.0V .20% (unless otherwise noted)

Symbol Parameter Condition Min Max Units
ViL input Low Voltage {Except E_A) 0.5 0.2Vce0.1 \Y
ViL1 Input Low Voltage (EA) 0.5 0.2 Vce-0.3 \Y
Vin Input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vce+0.5 \
VIH1 Input High Voltage (XTAL1, RST) 0.7 Vce Vece+0.5 \Y |
Output Low Voltagem |
VoL (Ports 1,2,3) loL=1.6 mA 0.45 V*‘
1)
Output Low Voltage( =
Vor1 (Port 0, ALE, PSEN) loL =3.2mA 045 \
ouout A (A lo = -6001A, Vec =5V 0% 2.4 v |
utput High Voltage = & —
VoH (Ports 1,2,3, ALE, PSEN)  loH = -251A 071 Nee v
~_loH=-101 0.9 Vee \%
OUtpUt H|gh Voltage IOH - -800 DA, VCC =5V ///10(% 2.4 Vv
VOH1 (Port 0 in External Bus lon = -30011A 0.75 Vce v
Mosie) lon = 80 1A 0.9 Vee v
Logical 0 Input Current _ _
M (Ports 1.2.3) Vin =045V 50 0A
Logical 1 to O Transition 4 .
L Current (Ports 1,2,3) Vin =2V 650 A
Input Leakage Current
%‘U (Port 0, EA) 0.45<Vin<Vce A0 OA
RRST Reset Pulldown Resistor 50 300 K
Cio Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current I
. ldle Mode, 12 MHz 5 mA
Vcec=6V )
Power Down Mode®?! = —_— g ‘Aﬁ{
Vee =3V ) 40 A
Notes: 1. Under steady state (non-transient) conditions. ki must IfIOL exceeds the test condition, VOL may exceed the

be externally Himited as follows: related specification. Pins are not guaranteed to sink

Maxumum log per port pin: 10 mA current greater than the listed test conditions.
Maximum [ per 8-bit port: 2 Minimum VCC for Power Down is 2 V.

Port 0:26 mA

Ports 1.2.3: 15 mA

Manimum total TOL for all output pros: 71 mA

ATMEL 341




A.C. Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALEPROG, and PSEN = 100 pF; Load Capacitance for all
other outputs = 80 pF)

External Program and Data Memory Characteristics

AlmEL

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
1/tcic | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLcL-40 ns
tAvLL Address Valid to ALE Low 28 tCLCL-13 ns
tLLAX Address Hold After ALE Low 48 tCLCL-20 ns
tLuv ALE Low to Valid Instruction In 233 4tCLCL-65 ns
tiLpL ALE Low to PSEN Low 43 tcLol-13 | ns
tPLPH PSEN Pulse Width 205 3tcLc-20 ns
tpLIv PSEN Low to Valid Instruction In 145 3tcLcL45 ns
tPXIX Input Instruction Hold After PSEN 0 0 ns
tPxiIz Input Instruction Float After PSEN 59 fcLeL-10 ns
tpxav | PSEN to Address Valid 75 tcicL-8 ns
taviv Address to Valid Instruction In 12, StcLeL-55 ns
trLAz PSEN Low to Address Float 10 10 |
tRtRH | RD Pulse Width 400 6tcLcL-100
twiwH | WR Pulse Width 400 6tcLcL-100
triov | RD Low to Valid Data In 252 5tcLcL-90
{RHDX Data Hold After RD 0 0
tipz | Data Float After RD 97 2tcLcL-28
tLLov ALE Low to Valid Data In 517 8tCLCL-150
tavDv Address to Valid Data in 585 StCLCL-165 ns
tLewe ALE Low to RD or WR Low 200 300 3tcLeL-50 3tcrLeL+50 ns
tavwiL Address to RD or WR Low 203 4tcLel-75 ns
tavwx | Data Valid to WR Transition 23 tcLeL-20 ns
tovwn | Data Valid to WR High 433 Ttcic-120 ns
twHax | Data Hold After WR 33 toLcL-20 ns
tRLAZ RD Low to Address Float 0 0 ns
twiLH | RD or WR High to ALE High 43 123 tcLel-20 tcLcL+25 ns
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External Program Memory Read Cycle
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H | toxx—s 477{1

PORTO AR weTRIC A0

t {

|

INSTRIN 54+ A0-AT

PORT2 S SN AN

External Data Memory Read Cycle

- b

PSEN N\ % IYRRAC O B4
= N W Wy

RD

< tae >

TAIN lm—\—* AO A7 FROM PCL o= INSTR IN

J

1 - j
PORTO —*AO - A7 FROM RI OR DPL {17 ﬁ## DA
- l

!
L (e <

< oy

PORT 2 ' P20-P27O0RAS-AISFROMDPH

_ AB-AISFROMPCH




~< fhe - »
ALE ' 7 ) -
> < by
PSEN ) i - -

~ twe — "f‘*tWLWH —
Wi N*tLLAX*ﬁ ‘ S——

s oy —
P<i lavwH —»

PORTO - A0-A7FROWRIOR DPL 1 | DRTAOUT "/ Ao A7 FROVPCL - WSTR

|

I Y

PORT2 = P20-P27ORAB-AISFROMDPH - AB-AI5FROMPCH

External Clock Drive Waveforms

g t < tchex
L teren .

terel

0.2 Vge-0.1V

torex

P el x»!

External Clock Drive

Symbol  Parameter Min Max Units
1htcLel Oscillator Frequency 0 24 MHz
tcLcL Clock Period 416 78
tcHCX High Time 15 ns I
tcLex Low Time 15 s —
tcLcH Rise Time o 20 ns

| tcHel Fall Time 20 - =

o AT89C51 e S e e S e S
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Serial Port Timing: Shift Register Mode Test Conditions

(Vcc = 5.0V #0%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
IXLXL Serial Port Clock Cycle Time 1.0 12tcicl Os
Output Data Setup to Clock Rising Edge 700 10tcLcL-133 ns
tQvxH utp p ‘ g g
txHQX Output Data Hold After Clock Rising Edge 50 2tcLeL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shift Register Mode Timing Waveforms
INSTRUCTION 40 - 7.1—-;712‘—771‘*‘3,—ﬁ§»~4~-‘ﬁsr———wfmsm; 8
G 7 Sl - BRI, 2V NalaN h M| o TNl Lo
B\ 7
GLogK o (VK PR Ao Hoan D) IkzA | waill
tQ\/)(H o —— | |
J e i N box
WRTETOSBUE I8 O [ INrmacal *1\/- S 4 A8 13 N Y N | 7
—— 1 — 1" — ‘f—rr —_— e —_—— e — N - SESE
v i ——» <} i
OUTPUT DATA RO JOIINT AN, ¢y Nl _ SETT
_ CLEARRI 7 an- CVAUDS VAL SVAUD- VALDS VAD- CVAUDSVAUD
L M A 0 e e _ a1 S~ Y
INPUT DATA SETRI |
. (H 1)
AC Testing Input/Output Waveforms Float Waveforms '
Voo™ 0 = AL 02Vpet 08V T o WY
TEST POINTS v VLOAD 'ﬁming Reference
“ N Points
045V - o w(.)'z, ,,VCC,- 0‘1,,\,/,,,,“; VLOAD_ ’ V0L+0'1 v

Note: 1. AC Inputs during testing are driven at Vcc- 0.5 V for a
logic 1 and 0.45 V for a logic 0. Timing measurcments
are made at Vigmin. for a logic 1 and Vi, max. for a
logic 0.

Note: 1. For timing purposes, a port pin is no longer tloating when a

100 mV change from load voltage occurs. A port pin be-
gins 1o float when a 100 mV change from the loaded
Vo' Vor.level occurs.

ATMEL 345



Ordering Information

Speed Power ) ‘ .
(MHZ) Supply Ordering Code Package ( Operation Range
12 5V A20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44y (0Z2to70 g)
AT89C51-12PC 40P6
ATeseordi0e 0 ) Me | — ]
ATBYC51-12Al 44A Industrial
AT89C51-12J1 44J (402 t0 85 g)
AT89C51-12PI 40P6
_ATESCIAMRI | TTENON o
AT89C51-12AA 44A Automotive
ATBI9C51-12JA 44 (40 2 10125 2)
AT89C51-12PA 40P6
_JYAECHTTRGS N Zpiay \.
5V A0% AT89C51-12DM 40D6 Military
AT89C51-1 2AM - S0\, WY\ = (55210125 g)
ATB9C51-12DM/883 40D6 Military/883C
AT89C51-12L0M/883 44L Class B, Fully Compliant
B 1.9 gkde, € (F\¢) D021 Q) (95 44125 g)
16 5V 20% AT89C51-16AC 447 Commercial
AT89C51-16JC 44y 02t 70 g)
ATB89C51-16PC 40P6
SRS ) AWK R O € ]
AT8IC51-16Al 44A Industrial
AT89C51-16J1 44J (40 2 t0 85 2)
AT89C51-16PI 40P6
ATBICS1-161 () ‘440 Y/
AT89C51-16AA 44A Automotive
ATBSC51-16JA 44y (-40 2 t0 125 &)
AT89C51-16PA 40P6
— NG NANT e’ S
20 5V 20% ATB9C51-20AC 44A Commercial
AT89C51-20JC 444 (02t 70 )
AT89C51-20PC 40P6
AT et |
AT89C51-20Al 44A Industrial
AT89C51-20J1 444 (40 £ to 85 2)
AT89C51-20P1 40P6
| Amscstz0a .- B
24 5V 20% AT89C51-24AC 44A Commercial
AT89C51-244C 444 (0£2to70 L)
! ATB9C51-24PC 44P6
| ATBICS1-240C 44Q o
¥ ATBI9C51-24Al 44A Industrial
‘ AT89C51-24J1 ‘ 44 (40 210 85 £)
AT89C51-24P! | a4ps
1 AT89C51-24Ql ; 44Q
346 AT89C51 B S S S A A e S
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Ordering Information

_—

Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
40D6 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
444 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
441 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

347



SN54LS540, SN54LS541, SN74LS540, SN74LS541
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SDLS180 - AUGUST 1979 — REVISED MARCH 1988

e 3-State Outputs Drive Bus Lines or

; _ SN54LS540, SN54LS541 .. . J OR W PACKAGE
Buffer Memory Address Registers

SN74LS540, SN74LS541 . .. DW OR N PACKAGE

e P-N-P Inputs Reduce D-C Loading (TOP ViEW)
e Hysteresis at Inputs Improves Noise Margins g1 U2o Vee
e Data Flow-thru Pinout (Al Inputs on Al E§ 1917 G2
Opposite Side from Outputs) A2 18]y
a4 gv2
.. 5 1
description aa(] 6{]v3
as[]e  15[]va
These octal buffers and line drivers are designed to asd7 14[]vs
have the performance of the popular SN54LS240/ A70s 13{]v6
SN74LS240 series and, at the same time, offer a as(e 12 DY7
pinout having the inputs and outputs on opposite GNDC 10 11 jyg
sides of the package. This arrangement greatly en-

hances printed circuit board layout.

. . SN54LS540, SN54LS541 . . . FK PACKAGE
The three-state control gate is a 2-input NOR such

. —_ == . . {TOP VIEW)
that if either G1 or G2 are high, all eight outputs are
. . . U
in the high-impedance state. -~ &
<25 Y
The ‘LS540 offers inverting data and the ‘L.S541 3 212019

offers true data at the outputs.

The SN54LS540 and SNS54L.S541 are characterized
for operation over the full military temperature range
of —55°C to 125°C. The SN74LS540 and SN741.S541
are characterized for operation from 0°C to 70°C. QA0 193

cooeogto

< =z > >
o
TYPE RATED RATED TYPICAL POWER
toL 10K DISSIPATION
(SINK (SOURCE (ENABLED)
CURRENT) CURRENT) ‘LS540  °L$541
SN54LS" 12 mA —12mA  925mW 120 mW
SN74LS’ 24 mA —15mA  925mW 120 mw
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS
Vee - =

Vce
] 50 Q

NOM

eq

INPUT—4

Y4 ‘R B AAA

OuUTPUT
Enanle Inputs: Rgq = 9 kQ NOM {
Ail Other Inputs: Req =10 kI NOM
PRODUCTION DATA wformation 15 current as of publcation date Copyright 1988, Texas INStruments ineamor. o '

Products canforit to spectlications per the terms of Texas tnstruments i
standard warranty Produchon processing does not necessanly melude
testing of all prainetess E XAS

SORT OFFICE BEx #H55301 @ DAL

AS TENAR



SN54LS540, SN54LS541, SN74LS540, SN74LS541
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE OUTPUTS

SDLS180 - AUGUST 1979 — REVISED MARCH 13988

logic symbols?

'LS540 ‘LS54
& &
IR PRLLIE N i [N £l
52090 G219
(2) C (18) [§
Al T b v ¥ PRSI SES] SELLINS
- (3) a7y, Az 3) an o,
a3 4 (16} v3 A3 (4) (16} va
g8 as) ., aq L8 as) o,
A5 6) (14) ¥s AS (6} {14) Vs
A8 (7 (13} Ye AS [04] {13) Y6
a7 8 (12) v, Ay 8 120y,
) ({79 g2 U1 g
T These symbols are in accordance with ANSIZIEEE Std 31-1984 and IEC Publication 617-12.
logic diagram (positive logic)
‘1S540 ‘LS541
Gl Gl
~_(19) 5,09
[ =2 p] W =) SR
| ! | |
arl2l LTI Arl2 a8,
| ! | |
(3) L“"——:—Ip (7 A ENPYe 378 (17
A= l-~—\r2 A2 ) £ 4
F-X\ % » S &
1
Azl —4 el . Azl —e LTIV
b - e S E) S (BN YLD —41
por] —e (15) e aqls) l -/} as),,
oo - b= -
14
A58 — ( )Y a8 ' -4’ 14)Y
e — = - b - — —1
astll_g — (13 asll) | — ' (13) 7o
=== -4 -
1
A7 (8) — ( 2)Y7 A7(8) | —4 ' (12 Y7
fpresss e ] bemm e ~
(11 i
Aa(9) AB(9) (11) .
(et N 4 [, <
absofute maximum ratings over operating free-air temperature range (unless otherwise noted)
SUPEY VOICEGR, VET 500 OIS T e o586 5 s 055055 e e 5068 e s e e
IPUE YORBBE - v oo vm ettt e e e 7V
Operating free-air temperature renge: SN5A4LS540,SNB4LSSAY ... ... .., .. . ... . —55°Cto 125°C
SN74LS540, SN74LSB4T ... ... . ... ... .. .. .. ..
HOTRGH RCTHIPRRATUTE THRHC « 5 75 s 25 0 s w6088 0 im0 5§ e e s —65°Cto 150°C

NOTE 1: Voitage values ara with raspsct 1o the netw ork ground terminai,

‘U TEXAS

NSTRUMENTS

“l‘\.\’\



SN54L.S540, SN541.S541, SN74LS540, SN74L.S541
OCTAL BUFFERS AND LINE DRIVERS
WITH 3-STATE QUTPUTS

SOLS180 — AUGUST 1979 — REVISED MARCH 1988

recommended operating conditions

——
SN54LS" SN74LS’
PARAMETER MIN NOM  MAX | MIN Nom max | UNIT
Supply voltage, Ve (see Note 1) 4.5 5 5.5 ] 4.75 5 5.25 \
High-level output current, Igy —12 15 A
Low-level output current, Ig 12 24 mA
Operating free-air temperature, Tp =55 125 0 70 °C_‘

NOTE 1: Voltage values are with fespect to network ground terminal.

electrical characteristics over recommended operating free-air temperature range {unless otherwise
noted)

PARAMETER TEST CONDITIONS SNSM:S’ Sl UNIT
MIN _ TYP* MAX | MiN TYPY mMAx
Viq  High-level input voltage 2 2 \
VijL  Low-level input voltage 0.6 0.6 \% ]
Vik  Input clamp voltage Vce = MIN, I} = -18mA = 1.5 =15 \%
Hysteresis (VT - V1 _) Vee = MIN 0.2 0.4 0.2 0.4 \
{ SRV e i AW o i 23\ 34
. ViL = Vi max, igy = -3 maA
VoH High-level output voltage  THp Y~ = Vin = 2V, A\
ViL =05V, IoH = MAX # A
e QYN 1 1Rt e 0.25 0.4 0.25 0.4
VoL Low-level output voltage ViH = 2V, Vv
Vi = Vi max oL = 24 mA 0.35 0.5
lozH fo~sta(e output currer‘n, o Vo = 27V 20 26
high-fevel voltage applied
ViH = 2, A
- Off-state output curre4nt, Vi = Vi e et ey 3% - 36
low-level voltage applied
! fnput current at maximum Voo = MAX, vy =7V 5.1 0.1 o
input voltage
liH High-level input current, any input Vce = MAX, vy =27V 20 20 yr
T Low-level input current Vecg = MAX, Vv =04V -0.2 -0.2 mA
log  Short-circuit output current’ Vee = MAX -40 -225 | —40 -225 | mA
) ‘LS540 13 25 13 25
4 15541 18 32 18 32
Vee = MAX, | ‘LS540 24 45 24 45
ilcc  Supply current Outputs low X0 X LS54 0 52 30 52 mA
All outputs 15540 30 52 30 52
disabled ‘LS541 32 55 32 55
—

TFor conditions shown es MIN or MAX, use the appropriate value specified under r
+All typical values are at Vece = 5V, Tp = 25°C.

$Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

ecommended operating conditions.

{?1EXAS

INSTRUMENTS

TONT OFFICE BON 854101 @ (1A



SN54LS540, SN54L.S541, SN74LS540, SN74LS541
OCTAL BUFFERS AND LINE DRIVERS

WITH 3-STATE OUTPUTS

SDLS180 - AUGUST 1979 - REVISED MARCH 1988

switching characteristics, Voo = 5V, Ta = 25°C

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

FRT_;  EERE—
‘LS540 :
PARAMETER TEST CONDITIONS sadt UNIT
MiIN TYP MAX MIN TYP MAX
Propagation delay time,
t 9 15
PLH low-to-high-level output S 13 ns
Propagation delay time, CL =45pF, R = 667 Q,
tPHL . L 3 15 10 18| s
high-to-low-level output See Note 2
tpzy  Output enable time to low level 25 38 25 38 ns
- ¢ R
tpzH Output enable time to high fevel 15 25 20 32 ns
. . e {
tprz  Output disable time from low level CL = 5 pF, R = 667 9, 10 18 10 18 ns
t Output disable time from high level | See Note 2 15
PHZ 25 18 29 ns

Jﬁ;1EXAS

INSTRU

DORT AEEICE BONGRS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders. that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent

Tideems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (*CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER

CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license, either express orimplied, is granted under any patent right, copyright, mask waork right, or other
intellectual property right of TI covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party's products or services does not constitute Tl's approval, warranty or endorsement thereof.

Copyright © 1999, Texas Instruments Incorporated
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+15kV ESD-Protected, +5V RS-232 Transceivers

General Description

The MAX202E-MAX213E, MAX232E/MAX241E line
driversireceivers are designed for RS-232 and V.28
communications in harsh environments. Fach
transmitter output and receiver input is protected
against +15kV electrostatic discharge (ESD) shocks,
without latchup. The various combinations of features
are outlined in the Selection Guide. The drivers and
receivers for all ten devices meet all EIAfTIA-232E and
CCITT V.28 specifications at data rates up to 120kbps,
when loaded in accordance with the EIA/TIA-232F
specification.

The MAX2TT1E/MAX213E/MAX241E are available in 28-
pin SO packages, as well as a 28-pin SSOP. that uses
60% less board space. The MAX202E/MAX232E come
in 16-pin narrow SO, wide SO, and DIP packages. The
MAXZ203E comes in a 20-pin DIP/SO package, and
needs no external charge-pump capacitors. The
MAX205E comes in a 24-pin wide DIP package, and
also eliminates external charge-pump capacilors. The
MAX206E/MAX207E/MAX208E come in 24-pin SO,
SSOP, and narrow DIP packages. The MAX232E/
MAX241E operate with four 1puF capacitors, while the
MAX202E/MAX206 E/IMAX207E/MAX208E/MAX211E/
MAX213E operate with four 0.1uF capacitors, further
reducing cost and board space.

Applications

Notebook, Subnotebook, and Palmtop Computers
Battery-Powered Equipment
Hand-Held Equipment

Ordering Information appears at end of data sheet.

S A X/

Features

¢ ESD Protection for RS-232 /O Pins:
*+15kV—Human Body Model
18kV—EC1000-4-2, Contact Discharge
+15kV—EC1000-4-2, Air-Gap Discharge

¢ Latchup Free (unlike bipolar equivalents)

¢ Guaranteed 120kbps Data Rate—LapLink™
Compatible

¢ Guaranteed 3V/us Min Slew Rate
¢ Operate from a Single +5V Power Supply

Pin Configurations

TOP VIEW
W Wy
- [0 18] Vee
v 2] 15] cno
3} araxian 1] noor
C2+ E MAX202E E RIIN
MAX232€
c2 5] 12] rowr
v- 6] 1] v
72001 [7] [10] Tain
ram [8 9] Roour
DIP/SO
Pin Configurations and Typical Operatine Circuits continued at
i (2 g

end of data sheet

Selection Guid

i By L, NS F g T
| aaee NobRo'vaEsggsz bg:E. o TISE-;Z;ZT ngﬁ:xfms EX?!(E);?:I{AL LOW-POWER | TTL THREE- |
SHUTDOWN | CAPACITORs | SHUTDOWN STATE
MAX202E 2 2 0 4(0.1uF)
MAX203E 2 2 0 None
MAX205E 5 5 0 | Nore
MAX206E 4 3 o a0
MAX207E s 3 o 4(01pF)
MAX208E 4 4 o0
4 5
H ) AS*
| MAX232E
TMAX241E

Laplinkis a reqistered radomark of 2hing Software, inc

MMAXIA

Maxim Integrated Products 1

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

JLveXVINWIZEZXYIN ‘IS LZXVIN-T20ZXYIN



MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

ABSOLUTE MAXIMUM RATINGS

Vee. L . .-0.3Vto 16V 20-Pin SO (derate 10.00mW/°C above - 70°C)...........8B00mW

Vi e U Vee -0.3V) 1o + 14V 24-Pin Narrow Plastic DIP

Vrswssoeransssass - . =14V 10403V (derate 13.33mW/°C above +70°C) e 1.0TW

Input Voltages 24-Pin Wide Plastic DIP
L SR s O3Vio (Vs + 0.3V) (derate 14.29mW/°C above +70°C).. e
RN swsomsesmrsansmngs rrereeneenenes sl 3 ..+30V 24-Pin SO (derate 11.76mW/°C above #10°C).,

Output Voltages 24-Pia SSOP (derate 8.00mW/ C above » 70°C) ...
T_OUT..oo - i (V- - 0.3V) o (V4 +.0:3V) 28-Pin SO (derate 12.50mW/°C above #10°0) ...
R_OUT... . T 03Vito (Vce + 0.3V) 28-Pin SSOP (derate 9.52mwW/°C above 0 Cluvss, oo,

Short-Circuit Duration, T_OUT ... Continuous Operating Temperature Ranges

Continuous Power Dissipation (T4 - +70°C: MAZZBIEC, B o [ oo R W ...0°Cto +70°C
16-Pin Plastic DIP (derate 10.53mW/“C above « 70°C). 842mwW MU B - .-40°C 10 +85°C
16-Pin Narrow SO (derate 8.70mW/"C atove « 70°C) . _696mW Storage Temperature Range ... ~.."65°C to +165°C

16-Pin Wide SO {derate 9.52mW/°C abo 70°C) ....162mwW Lead Temperature (soldering, YOS(ec) . 2 W% ..+300°C
20-Pin Plastic DiP (derate 11.11mW/°C atove +70°C). 889mw

Stresses beyond these Isted under "Absolute faxmum Ra,
operation of the device at these or any otfier cor
absolute maximum rating conditions for extende

1nqs " may cause permanent aamage to the device. lhese are stress ratmgs only, and functional
ons beyond those indicated n the oo-ratonal sections of the specitcations s not imphed. Exposure to
d periods may affect device reliability

ELECTRICAL CHARACTERISTICS

(Ve = +5V £10% for MAX202E/206E/208E/2116/2136/232E/241E: Ve = -5V <5% for MAX203E/2056/207E: C1-Cd - 0.1pF for
MAX202E/206E/207E/208E/211E/213E; C1-C4 = 1pf for MAX232E/247E. Ta = Timin 0 Tmax: unless otherwise noted. Typical values
areatTa = +25°C)

I PARAMETER sYMBOME ||y & | CONDITIONS ~ MIN TYP MAX | UNITS
8 a— |V (RlT)  (j SeeSCON I e e~ " TFSWAR | UNITS |
DC CHARACTERISTICS
— T AR Y P w1y YR TN ——— LA f'"—“—“"—‘v’_“——"“*“‘ -
! 1 Mszo?E/zo.%L Je & F
] | MAX205E-208E
? Vee Supply Current lcc | Noload, Ta- +25°C MAX211E/213 mA
! ‘ MAX232E
i MAXZAIE
T MAX205E/206E C
i Shutdown Supply Current I'Ta = +25°C, Figure 1 MAX21TER2AE - pA |
! ! €A 1 S @0 - |
! X
: I 1 | VS, ,%ﬂf,f__‘ﬁ,ﬁAg_,,%‘JS 0
LOGIC
I Input Pull-Up Current T_IN = OV (MAX205E-208E/211E/213E/24 1) 15 200 DA
P TG SR (MAXZES S
Input Leakage Current HA
T N
hreshold v 1=
Input Threshold Low " | EN. SHON (MAX205€-208E/211€/241F) 08 v
S e S
| Input Threshotd High Vi LEN SHDN (MAX213E) or N, SHON | ;;7 T v
[ (MAX205E -208£/2116/241F) ‘ i
po - T R.OUT Ioyr - 3.2mA (MAX2026120 2326 or N
e / Low , i ] : 2 /
: Output Voltage Lov Vou Ut 1 HMA MAX20 136/241E) 0.4 \
! Output Voltage High VG i R_OUT: lour 1 0mA 7 3? \’1‘(' ,”, 4 o ; V 1
PR curem | VEN Ve EN V. OVeRop S v I N
Cutbut Leakage Cuiren J FAAX205E - 208F 21 1E/21 35 9411 YA — g <005 <10 | PA




+15kV ESD-Protected, +5V RS-232 Transceivers

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +5V +10% for MAX202E/206E/208E/2116/213E/232E/241E Vee = <3¢ £5% for MAX203E/205E/207€, C1-C4 - 0.1pF for
MAX202E/206E/207€/208E/211E/213E: C1-C4 - 1pF for MAX232E/241E: T4 = Tain 1o Tmax: unless otherwise noted. Typical values
areatTa = +25°C))

. = e —— e
PARAMETER 7SY17HBC2LI - CONPFIiIONS MIN TYP MAX | UNITS

EIA/TIA-232E RECEIVER INPUTS

Input Voltage Range ' -30 30 v
Y & h"‘i"*/“ Allparts nomaloperation | 08 77
] - o VI77 7 23 e —————— .
Input Threshold Low et g ) MAX213E. S=DN = 0V, = v
! Veg =5V | 06 g 5
i EN = Veo
Y 7 A *Miiwjnﬂ_ "ENCE Al parts, norat operation | 174\ 2.2
Input Threshold High i Z\C o?é\S/C MAX213E = ? i - " %
g SHDN - 0v Vae O\
Input HysterosE‘ - = ;r v&f"év, no hysteresis in shuGown hﬁz 05 1.0 v
Input Resistance TR =425°Cvéc -5V 3 5 7 | ko
e e — 1 Y
EIA/TIA-232E TRANSMITTER OUTPUTS
Output Voltage Swing j All drivers loaded with 3kQ to gmund (Note 1
Output Resistance | Voo =V SV- 20V Vour - =2y
LML N adedid ¥ 7 A, =

Output Short-Circuit Cutrent ! !
{

i TIMING CHARACTERISTICS

Maximum Data Rate | R 360} 7O CL = 50pf 1o 12000F
| One transmitter switching
4 {»7' ~———— —— —77»—"————-*f~7~ T S8 & =8 |1
! .] All parts, normal operation 0.5 10
o | — —=— T 7 ———¥2 g8
Receiver Propagation Delay I;:ﬂ'f)‘ RS B ie MAX213E (Ré. R3), Hs
=8 SHDN - 0v. £\ - Ve ¢ He
coiver Output EndbNImad |\ | MEXAREA06E 2 1TE 21 O i T o ———
Sive able \ | y
Receiver Output Enable Time - oporation. Figure 2 60C ns
— S L G A SR e e o o Ty S _
. | MAX205E/206E/211E/213E/241F normal
Receiver Output Disable Time | operation, Figure 2 200 ns
Transmitter Propagation Delay l{;:zvr I RU - 3kQ, C = 2500pF. all transmitters loaded 2 ys
TA = +25°C. Ve = 5V, Ry = 3kQ 10 7kQ.
Transition-Region Slew Rate i CL = 50pF 1o 1000pF, measured from -3V 1o 3 6 30 Vius
| +3Vor 13Vito-3V. Figure 3 |

| I S
ESD PERFORMANCE: TRANSMITTER OUTPUTS, RECEIVER INPUTS

T

i Human Body Model
C1000-4-2. Contact Discharge

(R — e —
j 1EC .

S1000-4-2. Air-C pD >Ch;jr74-?

ESD-Protection Voltage

| |

Note 1: MAX211EE  tostod with Ve $3Y 5%

M

FLveXVIWIZEZXVIN ‘S LZXVIN-T20ZXYVIN



MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics

(Typical Operating Circuits, Vee = +5V. T4 = 425°C. unless otherwise noted j
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+15kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics (continued)

(Typicat Operating Circuits, Voe = 5V, Ta = +25°C, unless otherwise noted.)
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