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ABSTRACT
Display Application for Queuing System is consisted of various parts so, it is necessary
to learn, research and develop is used to part by part. The system is concerned microcontroller.
The first part is master board. It is used to show the number of queue and ai)out type queue-card.
The second part, is slave board. It has many subsystems for showing the number of queues in
each service window. It consists of the display system and changing queue switch. These two
parts are integrated to build up queuing display system, all subsystems can be communicate in the

serial form.
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2.4.6 M3GemITeyaBYN AL RS-485

msudadoyadieas g Rs-48s ifuinasguiigniannmen Rs-422A dield
Sr3unazideinumnngansaldgmedyanuiuiudulddclunsdivesgmedayga
Sudanilegesfiaulifu 10 ya uazasiidadaiios 1 yaudlunsdives Rs-485 annsnld
130 32 9 uazids 32 § i lBmelugaedeaiy Taovin 'l Rs-4ss Tueulid
mwzme lfhwesdasunasdeds uazdelism liuneh 1y rs-485 gribunldaulussuy
Fomsdoyaoynsuuuylasavwenumsnawdmsudnyasuigunssiues SN75176  gn
dunlaulussuudemsdoyauvuoynanluszuninnsguves RS-485 c‘éﬁqf’luﬁaqﬂﬂsaﬁ

1afidrsunazddseglurlineinudagy

I e
-E.EEZ 7]8
pef]3 / 6{] A
Dﬁ‘} 51] GNp

ﬂ]‘Wﬁ 2.14 LHANANHMULUIVDY SN75176

M3 l¥nuvIa1evee SN75176

518ALIDIAVDIADS U

) 9 @ gy

- 911 RO ( Receiver Output ) Lﬂumﬁ%zﬁwauamusuwmﬂﬁ CPU

U

Y [

- 901 2 /RE ( Receiver Enable ) i uunfidudafimuamssy dagsueld <o’

- 9013 DE ( Driver Enable ) tiluuidfusafmuamsds drevdsdostlon <1’

- 414 DI ( Driver Input ) Miagihdeyanndiigdsesn limeuen

- 41 5 GND #0n3199

- 41 6 A Mnthiideuez sSudeyaifadennaeuen
deyanAnnovINNBUDN

U

- 917 B Muihnaawa sy



21

c?’ = J 4
-8 vee ideeled s Taanamanion1d 5%
v
M5t RO tuliueznfSeufiousznieduna A uaz B & A a1 B IiM
A d o 9 a vy Y [ A 9 '
200 mV #1350 0.2 Taasitusz1dao®n 1’ uad1 A Jeunan B fis1 200 mV 41 RO 101NN
il <0’
° ﬂ ° A a & 9 it 5
MIMNUVBIVT /RE 321 U11A2UAUAIIINUY0IUT RO DANWUINIU /RE HNM “0
o 3 Aoy ! A ° ' Y A 1y n:yd 1
¥1 RO i mihisudeyaning A uaz B et liaseonlvaiy uadivn REUIM 1 0
1429 i o
RO ¢ liifidayaiuilu ‘0’ n3e 1’ sonW
o o J @ Hq Y1 Y A 1 9)
M137119mYeeY DI ezt ldaeduuin lddedoyaievzaeveya
A5uYev DE Santlu 1° 75176 szamnsadeinudeyariueennan A uaz B
2 1 9 "y a0 A o y =
iiodadoyn uada DE Taudly < 1w hifidyanadeyasonlinu A uaz B
MMt A SuBunnilu Noninverting uazdudoyafiiiy Noninverting

msmhauvesu B iunsudoyafidly Inverting

2.4.7 AU IABE3 VDY EIA RS-485
RS-485 (Humasgiumsdeaisdoyauuuauga 1 1ANNIAAINININ NIATIIU RS-
' ] ¥
422 e Iisuuazddiiiumagaiuansaldgmedyanaunas des iy
é = S 1
& (Multipoint Multiple Driver Receiver ) @3 lunsfives RS-422 Tgew 1 9a ualunsdive
RS-485 Hnudnuazmmzvesmeiihifuunzdidendiedsuues Rs-422 uag hisriagd
Y o 9 d' o 3 42’ te 9 o 1 A vy
wpudeinzthinlgaufissussianiy - Tastuegfudianndztenlddeyauuyny
v @ L = o o o ' [} o w
wenuIndsulazddeniinngninld rRs-485 gnihwnssgndlFnuedunsumsnindiny
d ° 1 [ { [y
n139a521w89 170%1A1 (VCM Voltage Common Mode ) H1limsdazmssunnuus sdude
2 S 2 1 1a 1 A 3 £ [ v Y oo
+12 89 =7 Taan Famyasen lifansaeiiosn ldnndyans Tuasinuusaungas
Tuvaizfifaan1izes « Tristate * VNAIUUDINITAS RS-422 DURAASIMIUGAY  “Tristate”
1 a () P @ ' @ = M = I'4
o199z luifamsaeduiious swueg ludnumezRemuyseife +12 81 -7 1o
paEulinmmzveIgiIsuuazAIs

1o @ v 1 dod v o v 1 (] a A @ A Y a
afsuuasidatiuglaseinlidsunazdidegludiifeaiu  eliiiannuazain

u

9y

Tumsleey uaslszuufivinadn uasfidrsudeiinasgnuilu Rs-485,Rs-422,cOITT
wazieiadadeensadunszualagefis 60mA wazdifiszuy Thermal Shutdown Protect
wazmanudumuiesiigavesdunadisy 20 Alalery uazlumsiudeyaiinamlwin
a1l 200mV fjmﬂ??ﬂulmmﬁaﬁﬁmmzﬁadaﬂ3'5ﬁuﬁﬁmﬁum‘ﬁwﬁaaﬂmuﬁ’m‘npmmmuﬁ

[
A v o s

a cg PR [ 9 A o @ 19
’m%mﬂﬂuuiuﬂjmz‘ﬂumsmﬁwaya‘nmzu:ma“lﬂac] HASNINTIUMIVIYANUAAI VN AEA



22

laToaulaanes (Light Emitting Diode ) #30 110ada ( LED )
aa4a o d' =} Q'l | ] -] d' aSaAa 3 lﬂ' ]
weadaumMIhnumton laloana luaiunueaddiiudionszua Inamuazaiunse
! 9 ' o Y . 9 1 o
douasesninld waznuaen1sludanay ( Reverse Bias ) Mussniilaleanill ueadd
v o A ad a J o Y a A~ @ =
Wudduilaugamedidanseiing e ldifauaauiioinis ludanss ( Forward Bias ) la®
a ' & Y @ adg a d 1 a [
USusousoued pn Fuilumalindsnuddansedindiasuulas wazazn/asudunds
o A AsAg Y 4 ~ ~ Vel e & 4 Vo
nuesnuuilugiaduues uaweadanldeenuniusziivateiuanaeiueen launegiy
asnlFiuazez 1vanuea e iy uafsiouldiufeduas
23 UNBNANMININUYDWDdA  (LED) lanslaliusasu lusansedie lvasedie
ad ] 1 [ 1 A @ [ 9 9
dlanaseusz Ivarusesne n Jfisesde p uazleavzellds n uazsiuAunmzdaloy

Wurarmldinamssasylumdy wldsondsnusonuuiuuasaing uazanudou anud

[
=

v E4 Y v 1
ugeh Ifoenuiueziivegnuaundinugssinuesdganldiueadinudaliey 3 siiane

q

a a

1. upadeuons lug sz liuasduruse vazdszansamlumsnldoundsau iy
anuduasduriise Idgaunne 71 nlosidud dszuta 1.2 69 1.3
a d a 9 o Aas a A A
2. unaneunea WA Heuldiweadfuaediveduazivites

4 o d a °
3. unadonesiy ludnes Ia el noaddduag

T Y G 9 p1) %4 ' o o o 9 ' 2
FannanudlTedunueadatunusousau ludanau ladsennlaleasssua daznu
¢ > 1 2 o
Tadlszanas 3-10 Thar ua'laloasssuariusenulatszunn 5 Taavaull Fadus 19 luoa
adununnueasanu lduazeouldnszualvamundunis sz ldueadadomela Iu
9 aa 3 ) 9 a d g (] Y aa A 3/ a d o ﬂ
mslFnumeaansariulinizldniudamesidnsieduneada Ao lensusamesiny

g lumsiadaniues



23
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Features

@ Compatible with MCS-51™ 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 Programmable 1/O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description

The AT89C51 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 manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by
a conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer
which provides a highly flexible and cost effective solution to many embedded control
applications.

8-Bit
Microcontroller
with 4 Kbytes
Flash

(continued)
5 3 .
Pin Configurations PDIP/Cerdip
e\ T ¥
P1.0 L1 40 [ vece
P1.102 39 [0 P0.0 (ADO)
P1.20]3 38 [0 PO.1 (AD1)
Pi.3] 4 37 [0 0.2 (AD2)
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P1.5C]6 35 1 P0.4 (AD4)
P1.6C|7 34 £ P0.5 (ADS)
p1.7 8 33 1 P0.6 (ADS)
RST O] 9 32 0 PO.7 (AD7)
(RXD) P3.0C] 10 31 [ EA/IVPP
PQFP/TQEFLAA (TXD) P3.1 ] 11 30 [J ALE/PROG
S e (INTO) P3.2 7] 12 29 [0 PSEN
L e (TNTT) P3.3C] 13 28 [0 P2.7 (A15)
NDex %~ 0 (T0) P3.4C] 14 27 b P2.6 (A14)
CORNER Toneo 1§ e e (T1) Pa.5 0] 15 26 b P2.5 (A13)
¢ e s O RO (WR) P3.6] 16 25| P2.4 (A12)
e 00000NOANI (RD) P3.7.C] 17 24 b P2.3 (A11)
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EE LSkShrt NC 12 341NC
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(INTT) P3.3C]15 31fP2.7 (A15)
(To) P3.4C]16 30[1P2.6 (A14)
(T1) P3.5041Tas, 21,23, 25, 275 [ P25 (A1)
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Block Diagram
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Description (Continued)

The AT89C51 provides the following standard features: 4
Kbytes of Flash, 128 bytes of RAM, 32 1/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architec-
ture, a full duplex serial port, on-chip oscillator and clock
circuitry. In addition, the AT89C51 is designed with static
logic for operation down to 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 function-
ing. The Power Down Mode saves the RAM contents but
freezes the oscillator disabling all other chip functions until
the next hardware reset.

Pin Description

Vce

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-im-
pedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal pul-
lups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal 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 (IiL) 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 internal 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 (IiL) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX

@ DPTR). In this application it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits
the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.
Port 3

Port 3 is an 8-bit bidirectional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (IiL) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 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)

P3.3 INT1 (extenal interrupt 1)

P3.4 TO (timer O extenal input)

P3.5 T1 (timer 1 external input)

P3.6 WR (extenal data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming 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 operation 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 operation 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 pinis
weakly pulled high. Setting the ALE-disable bit has no ef-
fect if the microcrontroller is in external execution mode.
PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

(continued)
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Pin Description (Continued)

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine cy-
cle, except that two PSEN activations are skipped during
each access to external data memory.

EANVPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to Vcc for internal program execu-
tions.

This pin also receives the 12-volt programming enable
voltage (Vpp) during Flash programming, for parts that re-
quire 12-volt Vpp.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

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 external clock source, XTAL2 should
be left unconnected while XTAL1 is driven as shown in
Figure 2. There are no requirements 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 specifi-
cations must be observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this

mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hard-

Figure 1. Oscillator Connections
c2

—%}—1—4
C1 l

o—)

XTAL2

XTAL1

—L GND

Notes: C1, C2 = 30 pF + 10 pF for Crystals
= 40 pF « 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NCI = ——1 J NTAL2
EXTERNAL
OSCILLATOR — XTAL1
SIGNAL

Status of External Pins During Idle and Power Down

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down | Internal 0 0 Data Data Data Data
Power Down | External 0 0 Float Data Data Data

4 AT89CH
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ware inhibits access to internal RAM in this event, but ac-
cess to the port pins is not inhibited. To eliminate the pos-
sibility of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
invokes ldle 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
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. 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

Lock Bit Protection Modes

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the ad-
ditional 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 without a reset, the latch initializes to a ran-
dom 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 LB2 LB3 Protection Type

1 U U U No program lock features.
MOVC instructions executed from external 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.

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

4 P P P Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (thatis, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The low voltage program-
ming mode provides a convenient 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 Vpp=5V
AT89C51 | ATB9C51
Top-Side Mark XXXX XXXX-5
yyww yyww
(030H)=1EH (030H)=1EH
Signature (031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89C51 code memory array is programmed byte-
by-byte in either programming mode. To program any
non-blank byte in the on-chip Flash Memory, the entire
memory must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the
AT89C51, the address, data and control signals should be
set up according to the Flash programming mode table
and Figures 3 and 4. To program the AT89C51, take the
following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12 V for the high-voltage program-
ming 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 AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an at-

AIMEL 5
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Programming the Flash (Continued)

tempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cy-
cle 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 in-
dicate BUSY. P3.4 is pulled high again when program-
ming is done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, 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 observing that their features are en-
abled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is writ-
ten with all “1"s. The chip erase operation must be exe-
cuted before the code memory can be re-programmed.

Flash Programming Modes

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be
pulled to a logic low. The values returned are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12 V programming
(032H) = 05H indicates 5 V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate com-
bination of control signals. The write operation cycle is
self-timed and once initiated, will automatically time itself
to completion.

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

ALE/ EA/
Mode RST PSEN  PROG Vep paG1{] 9P2.qo | P36 P37
. 1)

Write Code Data H L R Hi12V¢ L H H H

Read Code Data H L H H L L H H

Write Lock Bit - 1 H CAGHEDIL Hi12V H H H H
Bit - 2 H Bl T e 0 H H L L
Bit - 3 H B Hi12v H L H L

Chip Erase H e H/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 =12 V or Vpp = 5 V should be used to
enable programming.

2. Chip Erase requires a 10 ms PROG pulse.

6 AT89CH1 TS
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Figure 3. Programming the Flash Figure 4. Verifying the Flash

+5V +5V
AT89C51 T AT89C51 T
ADDR. 20- ATyl by Vee popr. 20 AT by Veo
OOOOH/OFFFH PGM DATA
P20 - P23 PO |[¢— ng"f\ Soaoy /OFFFH‘[:: P2.0 - P23 PO > (USE 10K
A8 - A11 A8 - A1 PULLUPS
——» P26 —p P26 )
SEE FLASH —»{ P2.7 ALE [&—— PROG SEE FLASH —»f P27 ALE <

PROGRAMMING
MODES TABLE —>| P36

—» P3.7

PROGRAMMING
MODES TABLE —®| P36

P3.7

—>
‘I' XTAL 2 EA
4-24 MHz < 4-24 MHz

=) o]
T T
XTAL 1 RST |le—— V,

® XTAL 1 RST [¢e—— Vi
f GND PSEN

XTAL 2 EA |¢&—— V, Ve

A

GND PSEN

«
+

Flash Programming and Verification Characteristics
Ta =21°C to 27°C, Vcc = 5.0+ 10%

Symbol Parameter Min Max Units

vpp(" Programming Enable Voltage 11.5 12.5 Vv

Ipp? Programming Enable Current 1.0 mA

1/tcLcL Oscillator Frequency 4 24 MHz

tAVGL Address Setup to PROG Low 48tcLcL

tGHAX Address Hold After PROG 48tcLcL

tpvGL Data Setup to PROG Low 48tcLoL

tGHDX Data Hold After PROG 48tcLcL

tEHSH P2.7 (ENABLE) High to Vpp 48tCLCL

tSHGL Vpp Setup to PROG Low 10 us

tonsL'” | Vpp Hold After PROG 10 us

tGLGH PROG Width 1 110 us

tavav Address to Data Valid 48tCLCL

teLqv ENABLE Low to Data Valid 48tcLcL

tEHQV Data Float After ENABLE 0 48tcLcL

tGHBL PROG High to BUSY Low 1.0 us

twc Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.

AIMEL
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Flash Programming and Verification Waveforms - High Voltage Mode

P10 - P1.7 J PROGRAMMING VERIFICATION
P20 - P23 ( ADDRESS J—j ADDRESS >
+— tavav
PORT 0 & DATA IN DATA OUT
e oo [
taveL ¢ *| tarax
ALE/PROG {
tsheL [¢ taHsL
i LOGIC 1
EANRe = L R e e CR e e e LT L o T e, (TR ] B o
e—t
P2.7 terav pan e
(ENABLE)
tareL —
P34
(RDY/BSY) BUSY READY
twe

Flash Programming and Verification Waveforms - Low Voltage Mode

PROGRAMMING VERIFICATION
P1.0 - P1.7 8 J
P20 - P2.3 L ADDRESS j/ ADDRESS
— tavav
PORT 0 4 DATA IN D  DATA OUT p———
) A (X tover  toHox [ g
AVGL b | leHAx
ALE/PROG N A
fsrie* e—toien—
[fat LOGIC 1
EANpa: - e e - " DR EE AR o7 o T G et ] St 4o b
—1 t
P2.7 5 Elnveo = b
(ENABLE)
toHeL —
P34 __ .
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

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

; 2 : *NOTICE: Stresses beyond those listed under “Absolute Maxi-

Operating Temperature................... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
o o This is a stress rating only and functional operation of the
PLErade TeMIPCTatlre e e ioinin 95 Cito+100:C device at these or any other conditions beyond those indi-
Voltage on Any Pin cated in the operational sections of this specification is not
with Respect to Ground ................... -1.0Vto+7.0V implied. Exposur.e Igiabsoklis sl rgtmg conditions
for extended periods may affect device reliability.

Maximum Operating Voltage ...........ccccceeueene. 6.6V
DC Output Current.......cccccevvceeeencneeerieee e 15.0 mA

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage (Except EA) -0.5 0.2 Vce-0.1 \)
Vi1 Input Low Voltage (EA) -0.5 0.2 Vcc-0.3 Vv
ViH Input High Voltage (Except XTAL1, RST) 0.2 Vcct0.9 Vcet0.5 \
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vce Vcc+0.5 \
Output Low Voltage“) '8
VoL (Ports 1.2,3) loL=1.6 mA 0.45 \
Output Low Voltage“) | 4
VoL1 (Port 0, ALE, PSEN) loL=3.2 mA 0.45 \
: lon=-60pA, Vec =5V £10% 2.4 Vv
Output High Voltage 1
Mo (Ports 1,2,3, ALE, PSEN)  lon=-25 A 0.75 Veo i
lon=-10 pA 0.9 Vce \'
! lon =-800 pA, Vecc =5 V £ 10% 24 \
Vori Output ngh Voltage 18 Bog u“ﬁ E 075V v
(Port 0 in External Bus Mode) 1OH=Z 22UV | : cc
lon =-80 pA 0.9 Vce Vv
Logical O Input Current =
l"— (POI"tS 1,2'3) Vin=0.45 V -50 HA
Logical 1 to 0 Transition S
L Current (Ports 1,2,3) RN 550 s
Input Leakage C t
I (’l‘,‘(’)‘;t Ofg—Aa;ge N 0.45 <Vin < Ve +10 BA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. =1 MHz, Ta = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current dle Mode: 12 MHz 5 =
Icc :
Power Down Mode® Yee 6.9 100 bA
Vcc=3V 40 pA

Notes: 1. Under steady state (non-transient) conditions, loL
must be externally limited as follows:

Maximum loL per port pin:10 mA
Maximum loL per 8-bit port:

Port 0:26 mA

Ports 1,2, 3:15 mA

Maximum total IOL for all output pins:71 mA

If IOL exceeds the test condition, VOL may exceed the
related specification. Pins are not guaranteed to sink

current greater than the listed test conditions.

2. Minimum VCC for Power Down is 2 V.

AlmEL
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A.C. Characteristics

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

External Program and Data Memory Characteristics

ﬁ 4 12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter { Min Max Min Max Units
1/tcLeL | 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
tLLiv ALE Low to Valid Instruction In \ 233 4tCLCL-65 ns
tLLPL ALE Low to PSEN Low “ 43 tcLeL-13 ns
tPLPH PSEN Pulse Width i 205 3tcLcL-20 ns
tPLIV PSEN Low to Valid Instruction In | 145 3tcLcL-45 ns
tPXIx Input Instruction Hold After PSEN | 0 0 ns
tPXiz Input Instruction Float After PSEN | 59 tcLoL-10 ns
tPXAV PSEN to Address Valid } y/ tcLcL-8 ns
taviv Address to Valid Instruction In ! 312 StcLcL-55 ns
tpaz | PSEN Low to Address Float ' 10 10 ns
tRLIRH | RD Pulse Width 400 6tcLcL-100 ns
twiwH | WR Pulse Width 400 6tcLcL-100 ns
tRLDV | RD Low to Valid Data In 252 5tcLcL-90 ns
tRHDX | Data Hold After RD 0 0 ns
tRHDz | Data Float After RD 97 2tcLcL-28 ns
tLLDv ALE Low to Valid Data In 517 8tCLCL-150 ns
tavbv Address to Valid Data In 585 9tCLCL-165 ns
tuwe | ALE Low to RD or WR Low I 28D 300 3tcLcl-50 - 3tcicL+50 ns
tAvwL Address to RD or WR Low ' 203 4tcLeL-75 ns
tavwx | Data Valid to WR Transition | 23 tcLcL-20 ns
tovwH | Data Valid to WR High 433 7tcLeL-120 ns
twHax | Data Hold After WR 33 tercL-20 ns
tRLAZ RD Low to Address Float 0 0 ns
twHLH | RD or WR High to ALE High 43 123 tcLcL-20 tcLoL+25 ns
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External Program Memory Read Cycle

b —
ALE J: N R e, e R
L _i‘tLLPL ;_ = * teLpn
PSEN / N * oLy
t e toxiz i
= : tPXD( [
PORT 0 > AO - A7 —— K INSTRIN_ D> ro-a1 >
e tayy ———
PORT 2 A8 - A15 X, AB=A15

External Data Memory Read Cycle

ti I —
ALE

2 g el

PSEN

— t W —

— 1t ax —

s Gust T

€y tF LRH —¥]

\ /4

» triov trHDZ

&= tAVLL_’

triaz 1

—> tRHDX

PORT 0 > A0 - A7 FROM RI OR DPLX)

K DATA INDIKA0 - A7 FROM PCL>—C INSTR IN

tAVWL .4

&

tAVDV

>
P>

PORT 2 ) 4 P2.0

- P27 OR A8 - Al

5 FROM DPH X A8 - A15 FROM PCH

AIMEL
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External Data Memory Cycle

tLHLL'_>
ALE ¢ b__\—_J
= twhLn

PSEN

< tLLWL “—"_tWLWH =]

1 ax

= —1 [ twHax
— tovwn —>

PORT 0 > A0 - A7 FROM RI OR DPL DATA OUT X A0 - A7 FROM PCL>—INSTR IN

— tAVLL'_’ tC!VWX

tAVWL >

PORT 2 b 4 P20 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

tCHCX

v.v.! — t
Vee - 0.5V teren CHCL

0.2 V- 0.1V

0.45V

SNl G S

i terel >

External Clock Drive

Symbol Parameter Min Max Units
1/tcLcL | Oscillator Frequency 0 24 MHz
tcLeL Clock Period 416 ns
tcHex High Time 15 ns
tcLex Low Time 15 ns
tcLCH Rise Time 20 ns
tCHCL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Vec = 5.0 V = 20%; Load Capacitance = 80 pF)

| 12 MHz Osc Variable Oscillator
Symbol Parameter l Min Max Min Max Units
tXLXL Serial Port Clock Cycle Time ‘ 1.0 12tcLcL us
tQvxH Output Data Setup to Clock Rising Edge ‘ 700 10tcLcL-133 ns
txHax Output Data Hold After Clock Rising Edge ; 50 2tcLcL-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 [ 0 | 1 [ 2 | 3 | 4 | 5 | 6 | 7 | 8 |
aE M TP NN NP R TAN T LT LT

cLocx K A R g \\ LT

WRITE TO SBUF, 2820 NP v 52 /475 74 ). 493 d | D @i /
; — t
OUTPUT DATA b [ [ txrox serm |
| CLEARRI |
v
INPUT DATA SET RIT

AC Testing Input/Output Waveforms” ~ Float Waveforms "

Vee- 0. =
genfo 0.2 Vgg + 0.9V VD 1Y SR
TEST POINTS VLOAD Tlmlng Reference
Points
0.2 Vg - 0.1V Vi o VoLt 0V

0.45V

Note: 1. AC Inputs during testing are driven at Vcc - 0.5V for a Note: 1. For timing purposes, a port pin is no longer floating

logic 1 and 0.45 V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs.
ments are made at Vi1 min. for a logic 1and ViL A port pin begins to float when a 100 mV change
max. for a logic 0. from the loaded Von/VoL level occurs.

AIMEL 13
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Ordering Information

Speed i Power i
(MHz) Supply ' Ordering Code Package Operation Range
12 5V +20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44) (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12JI 44J (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Ql 44Q
AT89C51-12AA 44A Automotive
AT89C51-12JA 44J (-40°C to 125°C)
| AT89C51-12PA 40P6
; AT89C51-12QA 44Q
5V+10% : AT89C51-12DM 40D6 Military
‘1 AT89C51-12LM 441 (-55°C to 125°C)
| AT89C51-12DM/883 40D6 Military/883C
1 AT89C51-12LM/883 441 Class B, Fully Compliant
\ (-565°C to 125°C)
16 5V+20% | AT89C51-16AC 44A Commercial
AT89C51-16JC 44J (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16JI 44J (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Ql 44Q
AT89C51-16AA 44A Automotive
AT89C51-16JA 44J (-40°C to 125°C)
AT89C51-16PA 40P6
AT89C51-16QA 44Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20JI 44J . (-40°C to 85°C)
AT89C51-20PI 40P6
, AT89C51-20Ql 44Q
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44) (0°C to 70°C)
AT89C51-24PC 44P6
. AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
AT89C51-24J| 44) (-40°C to 85°C)
AT89C51-24PI 44P6
AT89C51-24Ql 44Q
i 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)
44J 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)

ATEY
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B SEMICONDUCTOR

DS275

Line-Powered RS-232 Transceiver Chip

FEATURES PIN ASSIGNMENT
= Low-power serial transmitter/receiver for R¥our [T 1 5 []Vec
battery-backed systems
5 y . Vbrv |: 2 7 :I RXin
» Transmitter steals power from receive signal ¥
line to save power R o e
»  Ultra-low static current, even when connected GND [] 4 5[] TXour

to RS-232-E port
»  Variable transmitter level from +5 to +12
volts

DS275 8-Pin DIP (300-mil)
DS275 8-Pin SOIC (150-mil)

= Compatible with RS-232-E signals g N
»  Available in 8-pin, 150 mil wide SOIC ol 12 NG
package (DS275S) NC [] 4 11 ORXn
»  Low-power CMOS TS‘SE 2 1(; %zg
GND [ 7 8 [ TXour

ORDERING INFORMATION DS275E 14-Pin TSSOP

DS275 8-pin DIP

DS2758 8-pin SOIC PIN DESCRIPTION

DS275E 14-pin TSSOP RXour - RS-232 Receiver Output
Vory - Transmit driver +V
TXmN - RS-232 Driver Input
GND - System Ground (0V)
TXout - RS-232 Driver Output
NC - No Connection
RXm - RS-232 Receive Input
Vee -System Logic Supply (+5V)

DESCRIPTION

The DS275 Line-Powered RS-232 Transceiver Chip is-a CMOS device that provides a low-cost, very
low-power interface to RS-232 serial ports. The receiver input translates RS-232 signal levels to common
CMOS/TTL levels. The transmitter employs a unique circuit which steals current from the receive RS-
232 signal when that signal is in a negative state (marking). Since most serial communication ports
remain in a negative state statically, using the receive signal for negative power greatly reduces the
DS275’s static power consumption. This feature is especially important for battery-powered systems such
as laptop computers, remote sensors, and portable medical instruments. During an actual communication
session, the DS275’s transmitter will use system power (5-12 volts) for positive transitions while still
employing the receive signal for negative transitions.

1 of8 112299



DS275

DS275 BLOCK DIAGRAM Figure 1

Vorv [>

Voo & ®

NEGATIVE

RXoyr <F Oﬁ <3 RXjn
OPERATION \\

Designed for the unique requirements of battery-backed systems, the DS275 provides a low-power half-
duplex interface to an RS-232 serial port. Typically, a designer must use an RS-232 device which uses
system power during both negative and positive transitions of the transmit signal to the RS-232 port. If
the connector to the RS-232 port is left connected for an appreciable time after the communication
session has ended, power will statically flow into that port, draining the battery capacity. The DS275
eliminates this static current drain by stealing current from the receive line (RXmw) of the RS-232 port
when that line is at a negative level (marking). Since most asynchronous communication over an RS-232
connection typically remains in a marking state when data is not being sent, the DS275 will not consume
system power in this condition. System power would only be used when positive-going transitions are
needed on the transmit RS-232 output (TXour) when data is sent. However, since synchronous
communication sessions typically exhibit a very low duty-cycle, overall system power consumption
remains low.

RECEIVER SECTION

The RXIN pin is the receive input for an RS-232 signal whose levels can range from #3 to 15 volts. A
negative data signal is called a mark while a positive data signal is called a space. These signals are
inverted and then level-shifted to normal +5-volt CMOS/TTL logic levels. The logic output associated
with RXm is RXout which swings from +Vcc to ground. Therefore, a mark on RX produces a logic 1 at
RXour; a space produces a logic 0.

The input threshold of RXmN is typically around 1.8 volts with 500 millivolts of hysteresis to improve
noise rejection. Therefore, an input positive-going signal must exceed 1.8 volts to cause RXour to switch
states. A negative-going signal must now be lower than 1.3 volts (typically) to cause RXour to switch
again. An open on RXmis interpreted as a mark, producing a logic 1 at RXour.

TRANSMITTER SECTION

TXm is the CMOS/TTL-compatible input for digital data from the user system. A logic 1 at TXwN
produces a mark (negative data signal) at TXour while a logic 0 produces a space (positive data signal).
As mentioned earlier, the transmitter section employs a unique driver design that uses the RXm line for
swinging to negative levels. The RX line must be in a marking or idle state to take advantage of this
design; if RX is in a spacing state, TXout will only swing to ground. When TXour needs to transition to
a positive level, it uses the Vbrv power pin for this level. Vprv can be a voltage supply between 5 to 12
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volts, and in many situations it can be tied directly to the +5 volt Ve supply. It is important to note that
Vpry must be greater than or equal to Vccat all times.

The voltage range on Vprv permits the use of a 9-volt battery in order to provide a higher voltage level
when TXour is in a space state. When Vcc is shut off to the DS275 and Vorv is still powered (as might
happen in a battery-backed condition), only a small leakage current (about 50-100 nA) will be drawn. If
TXour is loaded during such a condition, Vorv will draw current only if RXN is not in a negative state.
During normal operation (Vcc=5 volts), Vbrv will draw less than 2 uA when TXour is marking. Of
course, when TXour is spacing, Vorv will draw substantially more current— about 3 mA, depending
upon its voltage and the impedance that TXour sees.

The TXour output is slew rate-limited to less than 30 volts/us in accordance with RS-232 specifications.
In the event TXour should be inadvertently shorted to ground, internal current-limiting circuitry prevents
damage, even if continuously shorted.

RS-232 COMPATIBILITY

The intent of the DS275 is not so much to meet all the requirements of the RS-232 specification as to
offer a low-power solution that will work with most RS-232 ports with a connector length of less than 10
feet. As a prime example, the DS275 will not meet the RS-232 requirement that the signal levels be at
least +5 volts minimum when terminated by a 3 kQ load and Vbrv = +5 volts. Typically a voltage of 4
volts will be present at TXour when spacing. However, since most RS-232 receivers will correctly
interpret any voltage over 2 volts as a space, there will be no problem transmitting data.

APPLICATIONS INFORMATION

The DS275 is designed as a low-cost, RS-232-E interface expressly tailored for the unique requirements
of battery-operated handheld products. As shown in the electrical specifications, the DS275 draws
exceptionally low operating and static current. During normal operation when data from the handheld
system is sent from the TXour output, the DS275 only draws significant Vorv current when TXour
transitions positively (spacing). This current flows primarily into the RS-232 receiver’s 3-7 kQ load at the
other end of the attaching cable. When TXour is marking (a negative data signal), the Vprv current falls
dramatically since the negative voltage is provided by the transmit signal from the other end of the cable.
This represents a large reduction in overall operating current, since typical RS-232 interface chips use
charge-pump circuits to establish both positive and negative levels at the transmit driver output.

To obtain the lowest power consumption from the DS275, observe the following guidelines. First, to
minimize Vbrv current when connected to an RS-232 port, always maintain TXiN at a logic 1 when data is
not being transmitted (idle state). This will force TXour into the marking state, minimizing Vbrv current.
Second, Vprv current will drop to less than 100 nA when Vec is grounded. Therefore, if Vprv is tied
directly to the system battery, the logic +5 volts can be turned off to achieve the lowest possible power
state.

FULL-DUPLEX OPERATION

The DS275 is intended primarily for half-duplex operation; that is, RXmw should remain idle in the
marking state when transmitting data out TXour and visa versa. However, the part can be operated full-
duplex with most RS-232-E serial ports since signals swinging between 0 and +5V will usually be
correctly interpreted by an RS-232-E receiver device. The 5-volt swing occurs when TXour attempts to
swing negative while RXmv is at a positive voltage, which turns on an internal weak pulldown to ground
for the TXour driver’s negative reference. So, transmit mark signals at TXour may have voltage jumps
from some negative value (corresponding to RXmN marking) to approximately ground. One possible
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DS275
problem that may occur in this case is if the receiver at the other end requires a negative voltage for
recognizing a mark. In this situation, the full-duplex circuit shown in Figure 3 can be used as
analternative. The 22 UF capacitor forms a negative-charge reservoir; consequently, when the TXD line is
spacing (positive), TXour still has a negative source available for a time period determined by the
capacitor and the load resistance at the other end (3-7 k). This circuit was tested from 150-19,200 bps
with error-free operation using a SN75154 Quad Line Receiver as the receiver for the TXout signal. Note
that the SN75154 can have a marking input threshold below ground; hence there is the need for TXour to
swing both positive and negative in full-duplex operation with this device.

HANDHELD RS-232-C APPLICATION USING A STEREO MINI-JACK Figure 2
GELEa v e e
1 ,

| DS275 l
| TrUcMos
pATAouT CFH——F—] R%our Vcd
TTUCMOS O Voav Rxy
paTAIN O Qow  wndd

|
.
I

HAND-HELD INSTRUMENT

D—

3
DATAIN » Y
1N4149 ¥, PC SERIAL
H 4—7 ™ (DB%)I R
dr i e

TILICMOS -
DATA OUT

NOTE:

The capacitor stores negative charge whenever the TXD signal from the PC serial port is in a marking
data state (a negative voltage that is typically -10 volts). The top DS275’s TXour uses this negative
charge reservoir when it is in a marking state. The capacitor will discharge to 0 volts when the TXD line
is spacing (and TXour is still marking) at a time constant determined by its value and the value of the load
resistance reflected back to TXour. However, when TXD is marking the capacitor will quickly charge
back to -10 volts. Note that TXD remains in a marking state when idle, which improves the performance
.of this circuit.

ABSOLUTE MAXIMUM RATINGS*

Vce -0.3 to +7.0 volts

VDRV -0.3 to +13.0 volts
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RXm

TXiN

TXour

RXout

Storage Temperature
Operating Temperature

+15 volts

-0.3 to Vec+ 0.3 volts
15 volts

-0.3 to Vecc+ 0.3 volts
-55°C to +125°C

0°C to 70°C

* This 1s a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL | MIN | TYP MAX UNITS NOTES
Logic Supply Ve 4.5 5.0 5 v 1
Transmit Driver Supply Virv 45 T, 13.0 Vv 1
LOgiC 1 Input Vi 2.0 Veet0.3 \Y4 2
Logic 0 Input Vi -0.3 +0.8 \
RS-232 Input Range (RXn) Vrs -15 +15 \
Dynamic Supply Current
TXmw = Ve Iprvi 400 800 LA

Icci 40 100 ].lA 3
TX[N = GND IDRVI 3.8 5.0 MA

Ice 40 100 uA
Static Supply Current
TXw = Vee Iprv2 19 10.0 LA

Iccz 10.0 15.0 ],LA 4
TXmw = GND Ibrv2 3.8 5.0 mA

Iccz 1 OO 200 p,A
Driver Leakage
Gurront (VCCEOV) IDRVS 0.05 1.0 HA 5
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DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vcee= Vorv=5V + 10%)
PARAMETER SYMBOL | MIN | TYP MAX UNITS NOTES
TXOUT Level High VOTXH 35 4.0 5.0 A\ 6
TXOUT Level Low VOTXL -8.5 9.0 Vv 7
TXout Short Circuit Current Isc +60 +85 mA
TXout Output Slew Rate tsr 30 V/us
Propagation Delay tpD 5 us 8
RXy Input Threshold Low V1L 0.8 1.2 1.6 Vv
RX(N Input Threshold ngh V'['H 1.6 2.0 24 A\
RXn Threshold Hysteresis Vuys 0.5 0.8 A% 9
RXout Output Current @ 2.4V Ton -1.0 mA
RXourt Output Current @ 0.4V ToL 32 mA

NOTES:

1. Vprv must be greater than or equal to Vcc.

. Vcc=Vprv= 5V % 10%.

. See test circuit in Figure 4.
. See test circuit in Figure 5.
. See test circuit in Figure 6.

. TXinto TXour - see Figure 7.
. Vays= VT1H- VTL.

O 00 3O L bW

_TXin= Virand TX our loaded by 3 k€ to ground.
_TXiN= Vi, RXiv=-10 volts and TXour loaded by 3 kQ to ground.
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DYNAMIC OPERATING CURRENT DRIVER i FAKAGE TEST CIRCUHT
TEST CIRCUIT Figure 4 Figure 6
loct +5V +12V A +12V
* |¢ lpRv3
+5V Vee Vprv i
(B Vce Vbrv
O] ™ TXour
=K C = 2500PF
i X TXout
; R= 3K
O— RXour PXw
GND Veuse
6 RXouT RXw —O -3 to —-15V
+15V E GND
VpPuLSE — -15V
r—'—‘l t = 100 pusec %

slew rate < 30V/ psec

STATIC OPERATING CURRENT

TEST CIRCUIT Figure 5
ez *V | 1259 oencs
v| v
ot Vec  Voav

=15V

O—1 RXour PXw |

GND
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PROPAGATION DELAY TEST CIRCUIT Figure 7

+5V +5V
lces IprVL
e 200
L X
Voo Vorv N 50%
0.8v
tpp tro
™Xn O——1 ™ TXout
R=3K C =50 PF
Vot ——————| 90% L
it ; TXour \ 10% 10%
Vona o, :
c—1 ik Xy o) - I‘* — g
GND
; 08Vo1xH ~ Yorxu)
6 'sp = tE or tg

DS275E 14-PIN TSSOP

14-PIN
14 : DIM MIN | MAX
A MM - 1.10
Hﬂ””n”ﬂ A1 MM | 0.05

A2MM § 0.75 1.05
BMM § 0.18 0.30

- 2 A CMM | 009 | 018

DMM | 490 | 5.10

EMM | 440 NOM

IRIRIRINIRIRE | W eI MM | 0.65BsC
1 BEEDEIMUA G MM 0.25REF |
/ HMM | 625 | 655

el i S __[ c L. MM 0.50 0.70

ﬁlﬁfﬂﬂt‘[ﬁﬁﬂ Tl phi 0° 8°

e I
RS
A‘I-j Al 7: LG
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SN75176A

DIFFERENTIAL BUS TRANSCEIVER

SLLS100A — JUNE 1984 — REVISED MAY 1995

® Bidirectional Transceiver

® Meets or Exceeds the Requirements of
ANSI Standards EIA/TIA-422-B and ITU
Recommendation V.11

® Designed for Multipoint Transmission on
Long Bus Lines in Noisy Environments

® 3-State Driver and Receiver Outputs
® Individual Driver and Receiver Enables

® Wide Positive and Negative Input/Output
Bus Voltage Ranges

® Driver Output Capability . . . £60 mA Max
® Thermal-Shutdown Protection

Driver Positive- and Negative-Current
Limiting

Receiver Input Impedance . .. 12 kQ Min
Receiver Input Sensitivity . . . =200 mV
Receiver Input Hysteresis . .. 50 mV Typ
Operates From Single 5-V Supply

Low Power Requirements

description

The SN75176A differential bus transceiver is a
monolithic integrated circuit designed for
bidirectional data communication on multipoint
bus-transmission lines. It is designed for balanced
transmission lines and meets ANS! Standard
EIA/TIA-422-B and ITU Recommendation V.11.

D OR P PACKAGE

(TOP VIEW)
_R[}1 = 8l Vec
RE[] 2 70B
DE[| 3 6[]A
D[] 4 5[] GND
logic symbolt
3
PE EN1
RE ——NEN2
1
>
4 v «>5a
D 7
1V B
1 N <
R—<{V 2 JT[ S

T This symbol is in accordance with ANSI/IEEE Std 91-1984

and IEC Publication 617-12.

logic diagram (positive logic)

6

2)\/1‘- G
R . )

oL

A
Bus
B

The SN75176A combines a 3-state differential line driver and a differential input line receiver, both of which
operate from a single 5-V power supply. The driver and receiver have active-high and active-low enables,
respectively, that can be externally connected together to function as a direction control. The driver differential
outputs and the receiver differential inputs are connected internally to form differential input/output (1/O) bus
ports that are designed to offer minimum loading to the bus whenever the driver is disabled or Vo = 0. These
ports feature wide positive and negative common-mode voltage ranges making the device suitable for party-line

applications.

Function Tables

DRIVER RECEIVER
INPUT | ENABLE OUTPUTS DIFFERENTIAL INPUTS | ENABLE | OUTPUT
D DE A B A-B RE R
H H H B Vip202V L H
L H L H -02V<V|p<02V L ?
X L z V4 Vips-02V L L
X H z
Open L ?
H=highlevel, L=lowlevel, ?=indeterminate, X=irrelevant, Z = high impedance (off)
PRODUCTION DATA information is current as of publication date. X Copyright © 1995, Texas Instruments incorporated
Pmdtntswnfomﬁsgedﬁaﬁonquﬂn&nsn:f exas Instruments ¢
e g o ey g TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

SLLS100A- JUNE 1984 — REVISED MAY 1995

description (continued)

The driver is designed to handle loads up to 60 mA of sink or source current. The driver features positive- and
negative-current limiting and thermal shutdown for protection from line fault conditions. Thermal shutdown is
designed to occur at a junction temperature of approximately 150°C. The receiver features a minimum input
impedance of 12 k€, an input sensitivity of +200 mV, and a typical input hysteresis of 50 mV.

The SN75176A can be used in transmission-line applications employing the SN75172 and SN75174 quadruple
differential line drivers and SN75173 and SN75175 quadruple differential line receivers.

The SN75176A is characterized for operation from 0°C to 70°C.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF A AND B I/O PORTS TYPICAL OF RECEIVER OUTPUT
Vee s = ? ' Bl = % Voe
85Q
R(eq) NOM
— 16.8 kQ B2l
Input —¢ NOM
p
15 p—— Output
e = L ®— — GND
Driver input: R(eq) = 3 kQ NOM Input/Output /-L
Enable inputs: R(eq) =8 kQ NOM Port
R(eq) = equivalent resistor

‘t? Texas
INSTRUMENTS

2-2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN75176A
DIFFERENTIAL BUS TRANSCEIVER

SLLS100A- JUNE 1984 — REVISED MAY 1995

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Voo (see NOote 1) ...ttt ieiie i eiaaraaeaii e 7V
Voltage range atany bus terminal ............ ... -10Vto15V
Enable input-voltage, Vi co iasavs i s s i e i G e s - e s e e e L R 55V
Continuous total power dissipation ......... ... ... ... . i i See Dissipation Rating Table
Operating free-air temperaturerange, TA ... ..ot e 0°C to 70°C
Storage temperature range, Tgtg -« -« vnevii i —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..................oiiiiiii.., 260°C

T 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 under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: All voltage values, except differential input/output bus voltage, are with respect to network ground terminal.

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING FACTOR Tao=70°C Ta =105°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 261 mW
P 1100 mW 8.8 mW/°C 704 mw 396 mW

recommended operating conditions

MIN TYP MAX| UNIT
Supply voltage, Voo 4.75 5u5:2b \
Voltage at any bus terminal (separately or common mode), V| or Vic =7 12 \%
High-level input voltage, V|H D, DE, and RE 2 \
Low-level input voltage, Vi D, DE, and RE 0.8 \)
Differential input voltage, V|p (see Note 2) +12 \
: Driver -60 mA
High-level output current, IoH A, =i A
Driver 60
Low-level output current, i = mA
Receiver 8
Operating free-air temperature, T 0 70 °C
NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.
‘t’;” TEXAS
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DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Input clamp voltage l|=-18 mA -1.5 \Y
i VIH=2V, ViL=08YV,
VOH High-level output voltage loH = -33 mA 3.7 \%
: VIH=2V, ViL=0.8YV,
VoL Low-level output voltage loH = 33 mA 1.1 A
IVob1l Differential output voltage lo=0 2Vop2 \%
5 o R =1002, See Figure 1 2 2.7
IVopa2| Differential output voltage - \"
RL=54Q, See Figure 1 1.5 24
Change in magnitude of differential output
SRl T 02|V
Voc Common-mode output voltage§ R =54Qor 100 Q, See Figure 1 3 \Y
Change in magnitude of common-mode
AV +0.2 \Y%
Vocl output voltagei
i Vo=12V 1
o Output current WPoRePiod, 2 mA
See Note 3 Vo=-7V -0.8
IH High-level input current V=24V 20 HA
L Low-level input current V=04V -400 pA
Vo=-7V -250
los Short-circuit output current Vo= Vce 2501 mA
Vo=12V 500
| Sl t (total 2 e ol Outputs enabled 35 50 e
u current (total package oloa
ce oy . Outputs disabled 26 40

T All typical values are at Vcg = 5V and Ta = 25°C.
¥ AVop| and A|Vo| are the changes in magnitude of Vop and Vo respectively, that occur when the input is changed from a high level to alow

level.

§ In ANSI Standard EIA/TIA-422-B, Voc, whichis the average of the two output voltages with respect to GND, is called output offset voltage, Vos.-
NOTE 3: This applies for both power on and off; refer to ANSI Standard EIA/TIA-422-B for exact conditions.

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Differential-output delay time 40 60 ns

Sd(OD) . Difiorentich ovtput delay:ime. RL=60Q,  SeeFigure3 ,
tiop) Differential-output transition time 65 95 ns
tpzH Output enable time to high level R =110, See Figure 4 55 S0 ns
tpzL Output enable time to low level R =110, See Figure 5 30 50 ns
tPHZ Output disable time from high level RL=110Q, See Figure 4 85 130 ns
tpLz Output disable time from low level RL=110%, See Figure 5 20 40 ns

X3

EXAS
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

SLLS100A - JUNE 1984 — REVISED MAY 1995

RECEIVER SECTION

electrical characteristics over recommended ranges of common-mode input voltage, supply
voltage, and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIT+ Positive-going input threshold voltage Vo=27V, lo=-0.4mA 0.2 A%
V|T= Negative-going input threshold voltage Vo =05V, lo=8mA ~-0.2% v
Vhys Input hysteresis voltage (VT +- V|T-) 50 mV
VIK Enable clamp voltage lj=-18 mA -1.5 \%
VOH High-level output voltage ;:eDe T:;?J?ergv' lohiF It 2.7 v
VoL Low-level output voitage \s/g;';ﬁ?fzm Vi 1oL =8 m 0.45 \Y
loz High-impedance-state output current Vo=04Vto24V +20 HA
1] Line input current g;r;e&i;zu; 1Y z: ; 127\\// _0.; mA
IH High-level enable input current VIH=27V 20 pA
I Low-level enable input current ViL=04V -100 pHA
ri Input resistance 12 kQ
los Short-circuit output current -15 -851 mA
Icc Supply current (total package) No load b QL A 3 =L mA

Outputs disabled 26 40

T All typical values are at VoG =5V, Ta = 25°C.

¥ The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode

input voltage and threshold voltage levels only.

NOTE 3: This applies for both power on and power off. Refer to ANS| Standard EIA/TIA-422-B for exact conditions.

switching characteristics, Voc =5V, C = 15 pF, Ta = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX|{ UNIT
t Propagation delay time, low-to-high-level output 21 35 ns
L e L L Al 2 Vip=-15V1t015V,  SeeFigure6
tpHL  Propagation delay time, high-to-low-level output 23 35 ns
t Output enable time to high level 10 30 ns
2o 2 2 See Figure 7
tpzL  Output enable time to low level 12 30 ns
tpHz  Output disable time from high level - 2 35 ns
" : See Figure 7 -
tprz  Output disable time from low level 17 25 ns
3 T
EXAS
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DIFFERENTIAL BUS TRANSCEIVER
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PARAMETER MEASUREMENT INFORMATION

=
Vip
Sy VOH
V_?_c f,,,OL ‘_ ot
= ov VoL
L L L

Figure 1. Driver Vgop and Vgc Figure 2. Receiver Vg and Vg
) ———— 3V
B JR— Input 15V 15V
L=50p
RL =60 QI (see Note B) I I i
Generator 50 0 = Output td(op) - |l - [¢ t4(op)
(see Note A) | | ——— <25V
3 Output 50% 50%
| 3v ~ £) 10%; I
I tqop) » - tyop)
TEST CIRCUIT 5 VOLTAGE WAVEFORMS

Figure 3. Driver Test Circuit and Voltage Waveforms

——— 3V
Input 15V 15V
| (1A

l
0.5V
tpzH —je-»!
RL=110Q gy '

Output

Oor3V

CL =50pF ’ ___t Vv,
Generator (see Note B) I P, 4 — K ot
(see Note A) = utal 230 4§
tpHz B e~ Voff=0V
TEST CIRCUIT VOLTAGE WAVEFORMS
Figure 4. Driver Test Circuit and Voltage Waveforms
et — 6 g R o 4 AN 3V
Input
RL=1100 1.5V 15V
[ | ov
3Voro0 S t 'k_ﬂ |
| | 5V
Generator | 05V
(see Note A) Output 23V i
—% YoL
= TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 5. Driver Test Circuit and Voltage Waveforms

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 50% duty cycle, tr<6ns, <6 ns,
Zp=50Q

B. CL includes probe and jig capacitance.

‘t? TEXAS
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PARAMETER MEASUREMENT INFORMATION

————— 3v
Generator Input 1.5V 1.5V
(see Note A) 51Q | oV

1.5V l |
St = 1aipE: tPLH —jad! el tppL

— (see Note B)I | Bl ey VOH
oV L
E Output 13V 13V
VoL

TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 6. Receiver Test Circuit and Voltage Waveforms

15V

=1 V=70 O0—— 5§V
CL=15pF 1N916 or Equivalent
(see Note B)
Generator
(see Note A) 50 Q
S3
= TEST CIRCUIT =
@ =R T rvien & A

=111 (1).5M 49 245V

g;gn.sv S1to-1.5V
ov P CIPe" 4 0V S2Closed
ose S3 Open
VoH
N _J =45V
Output 1.5V S
————— ov
VoL
S1to1.5V S1to-1.5V
S2 Closed S2 Closed
S3 Closed S3 Closed
VoH ———— =13V
A0V Output
Output % 0.5V
————— =13V VoL
VOLTAGE WAVEFORMS

Figure 7. Receiver Test Circuit and Voltage Waveforms

NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 50% duty cycle, tr<6ns,tf<6ns,
Z20=50Q.
B. Cg includes probe and jig capacitance.
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TYPICAL CHARACTERISTICS
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DRIVER DRIVER
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
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loH — High-Level Output Current - mA loL — Low-Level Qutput Current - mA
Figure 8 Figure 9
DRIVER RECEIVER
DIFFERENTIAL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
4 | | 0.6 T
Voe =5V Voe=5V /
Ta=25°C TA = 25°C
> 35 A . O A /
-3 ™~ ! P
s 3 \\ > //
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3 \\ -
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= 0.5 \ = :
0 0
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lo - Output Current — mA loL - Low Level Output Current — mA
Figure 10 Figure 11
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TYPICAL CHARACTERISTICS
RECEIVER RECEIVER
LOW-LEVEL OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE ENABLE VOLTAGE
0.5 SEG ] 5 T 1
VCC_‘ 5V Vip=0.2V
Yoy 02V Load = 8 kQ to GND
> loL=8mA Ta = 25°C
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Figure 12 Figure 13
RECEIVER
OUTPUT VOLTAGE
vs
ENABLE VOLTAGE
| I i
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: ; \
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-]
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Figure 14
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APPLICATION INFORMATION

SN65176A SN65176A

DIIE 2 15
. >

[ Ay J

[——-0

E el

Up to 32
Transceivers
e o o

N—a

o‘

Figure 15. Typical Application Circuit

NOTE A: The line should be terminated at both ends in its characteristic impedance (RT=2Z0). Stub lengths off the main line should be kept
as short as possible.
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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of reievant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI’s standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems 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, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of TI
products in such applications requires the written approval of an appropriate Tl officer. Questlons concerning
potential risk applications should be directed to Tl through a local SC sales office.

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

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright © 1995, Texas Instruments Incorporated





