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Abstract

A Goal of 3D robot explorer is convenient and increase safety for user to survey the
human can’t going and dangerous places . 3D robot explorer has two main components that
are a 3D video camera system and wireless robot controlled by computer , where the 3D camera
setting on robot like human’s eyes. The robot will survey for desire direction , capture two
view video from two cameras and send data back with different frequency. Then the viewer
must to see the separate data alternately display on the screen with special glasses for

seeing the stereoscopic depth.
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3.1.3 2399 Regulator
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Features

¢ Compatible with MCS®-51Products

+ 2K Bytes of Reprogrammable Flash Memory

- Fndurmnes: 11N'I"I Weita/Fraon I'E!n-h:

* 2.7V to 6V Operating Range

* Fully Static Operation: 0 Hz to 24 MHz

* Two-level Program Memory Lock

* 128 x 8-bit Internal RAM

* 15 Programmable /O Lines .
8-bit

¢ Twn 18kl Timer/Mnuntare

!
‘lllll-.®
—

* Six Interrupt Sources

* Programmable Serial UART Channel M icrocontro' Ier
* Direct LED Drve Outputs WIth 2K Bytes

= On-chip Analog Comparator
* Low-power dle and Powser-down Modes FlaSh
* Green (PbMalide-free} Packaging Option

1. Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K bytes of Flash programmable and erasabte read-only memory (PEROM). The
device is manufactured using Atmel’s high-density nonvotatile memory technology
and is compatible with the industry-standard MCS-51 instruction set. By combining a
versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 Is a power-
ful microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The ATB89C2051 provides the following standard features: 2K bytes of Flash, 128
bytes of RAM, 15 /O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision anaiog comparator, on-chip osciltator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion down to zero frequency and supports two software selectable power saving

mudes. THe idie Mude sivps ihe GFU wiiis aiiowinyg ihe AAM, lineircounions, seria |

ATRAC2051

port and interrupt system to continue functioning. The power-down mode saves the
RAM contents but freezes the oscitlator disabling all other chip functions until the next
hardware reset.
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2. Pin Configuration

21 20-lead PDIP/SOIC

Ly
RSTAPR []1 20[Jvee
(AXD) P3.0O2 19pP17
X P31 [3 18[P16
XTaL2]4 i7hes
XTAL1[]5 163 P1.4
(INTO) P3.2 6 150P1.3
(NT1} P3.3 07 14ppP12

Ty P3.408 13[JP1.1 (AINT}

TuPas[se 12 2 P1.¢ (AINQ)}

=y

GNDEI 0 1 I:]PS.?

3. Block Diagram
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! | H

t L 4 PROGRAM P

PSW i J i COUNTER [* 7

i i :

| ; P

i ! Lo

: T ! ¢ I

! TMING  lerrucTion 1 v |

RST ——¥ M2 | ecisTeR vy ¥ y . | L

: ONTR T ; !

: PORT 1 PQAT 3 |

: ANALOG LATCH LATCH :

H COMPARATOR 3 :
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. f , :

Hpea il v r | |

; | PORT 1 DRIVERS I —.l FORT 3 DRIVERS J l :

' 4 '

: l a b z k) i L :

L S D L T L LU LT [ onaytiplpRy SUPH RPN NN SR EUN - ey Ry .
A= YYVIYV Y FYYYYY ¥
e “T" PL.O- P17 P3.0- P35 P3.?

2 JAT'89C2 (351 15000000000
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4. Pin Description

41 VCC
4.2 GND
43 Port1
4.4 Port 3
45 RST
46 XTAL1

(0288G-MICRC-6/05

Supply voltage.

Ground.

The Port 1 is an 8-bit bi-directional I/O port. Port pins P1.2 to P1.7 provide interna! pull-ups. P1.0
and P1.1 require external putl-ups. P1.0 and P1.1 also serve as the positive input (AINO) and the
negative input (AIN1), respectively, of the on-chip precision analog comparator. The Port 1 out-
put butfers can sink 20 mA and can drive LED displays directly. When 1s are written to Port 1
pins, ey can be used as INpUts. ¥vnen pins F1.2 to F1./ are used as INputs and are sxiernany
pulled low, they will source current (I, ) because of the intemal puli-ups.

Port 1 also receives code data during Flash programming and verification.

Port 3 pins P3.0 to P3.5, P3.7 are seven bi-directional 1/O pins with internal pull-ups. P3.6 is
hard-wired as an input to the output of the on-chip comparator and is not accessible as a gen-
eral-purpose I/O pin. The Port 3 output buffers can sink 20 mA. When 1s are written to Port 3
pins they are pulled nigh by the Internal pull-ups ana can be useq as INPUIs. AS INpUts, FoOT 3
pins that are externally being pulled low will scurce current {l, ) because of the pull-ups.

Port 3 also serves the functions of various special features of the AT89C2051 as listed below:

Port Pin Alternate Functions
P3.0 RXD (serial input port)
P31 TXD (serial output port)

3 TRITA frcdkmmmnt b md AL
me.l TS {oomalintount €
P3.3 INT1 (external interrupt 1)
P3.4 TO {timer 0 external input)
P3.5 T1 (timer 1 external input)

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

Reset input. All /O pins are reset to 1s as soon as RST goes high. Holding the RST pin high for
two machine cycles while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.

input to the inverting oscillator amplifier and input to the internat clock operating circuit.

AIMEL ;
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6. Special Function Registers

A map of the on-chip memory area called the Special Function Register (SFR) space is shownin
the table below.

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-
mentad on tha chin. Read annessas to thase addresses will in oanaral ratum random data. and

write accesses will have an indeterminate effect.

User software should not write 1s to these unlisted focations, since they may be used in future

products to invoke new features. In that case, the reset or inactive values of the new bits will
nlwm‘iq ha N

Table 6-1. AT89C2051 SFR Map and Reset Values
! | ! ! [ i | | [
OF8H OFFH
OFOH B OF7H
00000000
OkdH UErFH
ACC
OEOH | 0000000 OE7H
ODH OUFH
PSW
0D0H | 50000000 0D7H
0C8H .
wirm
0COH 0C7H
lalalall] IP Falnlan W]
v YXX00000 e
P3
0BOH | 14111111 0B7H
NAGOLY IE NALCL
== OXX00000 AL
OAOH 0A7H
an | SCON SBUF aEM
OO0 PP 000 004
P4
B0H | 41419111 97H
aan | TCON TMOD TLO 1 THO TH1 BEH
COOOUOUU | UUOOUUOU | GOUDUDUU | UUUDUOUD | UOUODUOU | UUOOGUUD
BOH SP DPL DPH PCON | o
00000111 | 00000000 | 00000000 0XXX0000

366G-MICRO--8/05
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7. Restrictions on Certain Instructions

71

7.2

The AT89C2051 and is an economical and cost-effective member of Atmel's growing tamily of

mntlmus o mmbene Heer Jd ammbatiae AL L. daa af Flaack mes dws s s = e o It b wsinnim mbilmla el ] Sy
PG WO TS 1L Wt s o L0 DFUTD W11 TR PO IR Rl g 1L 1D AUy LWL VFIR ae
MCS-51 architecture, and can be programmed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind when utilizing ¢ertain instructions to pro-
gram this device.

A H I 101DLULTVI D 1iaisd W Jurping Ui Lan iy siivuii ue 1oaliviou sud s tal Ue destinauun
address falls within the physical program memory space of the device, which is 2K for the
AT89C2051. This should be the responsibility of the software programmer. For example, LIMP
7EOH would be a valid instruction for the AT83C2051 {with 2K of memory), whereas LJMP S00H
would not.

Branching Instructions

LCALL, LJMP, ACALL, AJMP, SJUMP, JMP @A+DPTR — These uncenditional branching
instructions will execute correctiy as long as the programmer keeps in mind that the destination
branching address must fall within the physical boundaries of the program memory size (loca-
tions Q0H to 7FFH for the 89C2051). Violating the physical space limits may cause unknown
program behavior.

CJNE I...). DJNZ [...1. JB. JNB. JC. JNC. JBC. JZ. JNZ - With these conditional branchina
instructions the same rule above applies. Again, violating the memory boundaries may cause
erratic execution.

For applications involving interrupts the normal interrupt service routine address locations of the
ANCH1 family architachire hava hasn nraservard.

MOVX-related Instructions, Data Memory

The ATB2C2051 contains 128 bytes of intemal data memory. Thus, in the ATB3C2051 the stack
depth is limited to 128 bvtes, the amount of available RAM. External DATA memorv access is
not supported in this device, nor is external PRCGRAM memory execution. Therafore, no MOVX
[...] instructions should be included in the pregram.

A typical 80C51 assembler will still assemble instructions, even if they are written in violation of
tha restrictions mentioned above. it is the responsibility of the controller user to know the ohysi-
cal features and limitations of the device being used and adjust the instructions used
correspondingty.

R Pragram Memarv | nrk Rite

6

On the chin are two Inck hits which can be left unprogrammed (1) or can be pragrammed (P to
obtain the additional features listed in the Table 8-1.

Table 8-1. Lock Bit Protection Modes'"

Program Lock Bits
LB1 LB2 Protection Type
i v, v Ny Uyt fouh foaiuiss
2 P U Further programming of the Flash is disabled
3 P P Same as mode 2, also verify is disabled

Note: 1. The Lock Bits can only be erased with the Chip Erase operation.

ATEOC 2005 1 1500000000000 ———
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9. Idle Mode

In idle mode, the CPU puts itseif 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 special functions regis-
ters remain unchanged during this mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset,

The P1.0 and P1.1 should be set to “0” if no external pull-ups are used, or set to “1” if
externatl pull-ups are used.

It should be noted that when idle is terminated by a hardware reset, the device normally
FASHMAG hrHaram ayar inn from whare it laft nff nn tn bwn marhins nynlnq hafnre the intomal
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 ldle is terminated by reset, the instruction following the one that invokes Idle
should not be one that writes 10 a port pin or to external memory.

10. Power-down Mode

In the power-down mode the oscillator is stopped, and the instruction that invokes power-down
is tha last inatriintinn avanitard The nn-nhip RAM and anninl Funetinn Rngi;:h:,r: ratain thair
values until the power-down mode is terminated. The oniy exit from power-down is a hardware
reset. Reset redefines the SFAs but does not change the on-chip RAM. The reset shoutd not be
activated before Vg is restored to its normat operating level and must be held active long
enough to allow the oscillator to restart and stabilize.

The P1.0 and P1.1 should be set to “0” if no external pull-ups are used, or set to “1” if
external pull-ups are used.

Prnﬂrgmmlnﬂ Tha Elach

T ouwr F vmawenl

The ATB9C2051 is shipped with the 2K bytes of on-chip PERCM code memory array in the
erased state (i.e., contents = FFH) and ready to be programmed. The code memory array is pro-
grammed one byte at a time. Once the array is programmed, to re-program any non-blank byte,

tha ontire mamnns arrov naore in ho aracarl alartricalhs
T aniro moamnns Qs neone in o oracan alantneany.

Internal Address Counter: The AT89C2051 contains an internal PEROM address counter
which is always reset to 000H on the rising edge of RST and is advanced by applying a positive
going pulse to pin XTAL1.

Programming Algorithm: To program the ATB9C2051, the following sequence is
recommended.

1. Power-up sequence:
Apply power between V. and GND pins
Set HS 1 and X 1AL1 1o GWND

2. Setpin RST to “H”
Set pin P3.2 to “H”

3. Apply the approprlate combination of “H" or “L” logic

WA A A 4 TIAPF YA ie aa AL e e T At
IU'UID I.U Pllla Uwdondy 1 oWl™ry b ooy B ol A OUIUUl UllG WL Pluulﬂll (R N1] llu UPGIGKIUI (1=~

shown in the PEROM Programming Modes table.

_‘m@ 7
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To Program and Verify the Array:

4. Apbiv data for Gode bvte at location 000H to P1.0 to P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM array or the lock bits. The byte-write
cycle is self-timed and typically takes 1.2 ms.

7. To venfy the orogrammed data. lower RST from 12V to logic “H” level and set bins P3.3
to P3.7 to the appropriate levels, Output data can be read at the port P1 pins.

8. To program a byte at the next address location, puise XTAL1 pin once to advance the
internal address counter. Apply new data to the port P1 pins.

9. Repeat steps 6 through B, changing data and advancing the address counter for the
entire 2K bytes array or until the end of the object file is reached.

10. Power-off sequence:

set XTAL1 to "
set RST to “l”

Tiwern \f

e ~M
Lo power off
Data Polling: The AT89C2051 features 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 data on P1.7. Once the write cycle has been completed, true data is valid on all outputs, and

the next cvcle mav beain. Data Polling mav beain anv time after a write cvcle has been initiated.

Ready/Busy: The Progress of byte programming can also be monitored by the RDY/BSY output
signal. Pin P3.1 is pulled low after P3.2 goes High during programming to indicate BUSY. P3.1 is
pulled High again when programming is done to indicate READY.
Frogram verity: il i0Ck Dits LB 1 and LBZ Nave Nut ueen programmeg coue vdld can 0e read
back via the data lines for verification:

1. Reset the internal address counter to Q00H by bringing RST from “L" to “H".

2. Apply the appropriate control signals for Read Code data and read the output data at
the port P1 pins.

3. Pulse pin XTAL1 once to advance the internal address counter.
4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the lock bits is achieved by observing that
their features are enabled.

Chip Erase: The entire PEROM array (2K bytes) and the two Lock Bits are erased electrically
bv usina the proper combination of control sianals and by holding P3.2 low for 10 ms. The code
array is written with all “1"s in the Chip Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor-
mal verification of locations 000H. 001H. and 002H. exceot that P3.5 and P3.7 must be pulled to
a logic low. The values retumed are as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

AT89C2051 musenessssssss s ——
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12. Programming Interface

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

Most major worldwide programming vendars offer support for the Atmel AT89 microcontroller
series. Please contact your local programming vendor for the appropriate software revision.

13. Flash Programming Modes

Mode RST/VPP P3.2/PROG P3.3 P3.4 P3.5 P3.7
Write Code Data™® 12V AN L H H H
Read Code Data'" H H L L H H
Bit - 1 12v —~_ H H H H
Write Lock
Bit - 2 12v ™~ H H L L
Chip Erase 12v . @ H L L L
Read Signature Byte H H L L L L
Notes: 1. The intemal PEROM address counter is reset to 000H on the rising edge of RST and is advanced by a positive pulse at
XTAL1 pin.

2. Chip Erase requires a 10 ms PROG pulse.
3. P3.1is pulled Low during programming to indicate RDY/BSY.

ATMEL ;
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Fiaure 13-1. Programming the Flash Memary

5V
AT89C2051 J
Voo |
PROG  ——»| P32 P j— gfm
—»] P33
SEE FLASH —— P34

PROGRAMMING
MODES TABLE | ———3f P3.5

—» P37

P3.1 [——»ROV/ESY

_|—1_—J XTALT RST f—— V,,/Ver

TO INGREMENT GND
ADDRESS COUNTER

Figure i3-2. Verlying the Fiash Memory

5V
AT89C2051 T
Vcc
‘ PGM
V, —» P3.2 P1 DT
[—-» P33
SEE FLASH J_, P3.4
PROGRAMMING
MODES TABLE | ——# P3.5
L—-‘ P37
] | ™ XTALY RST [¢— V),

i—'\ GND
-

AT89C2051 meeesesssss S ——
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14. Flash Proarammina and Verification Characteristics
TA =0°Cto 70°C, VCC =5.01+10%

Symbol Parameter Min Max Unhs
Vep Programming Enable Voltage 11.5 12.5 v
lep Programming Enable Current 250 PA
tovaL Data Setup to PROG Low 1.0 us
toriox Data Hold after PROG 1.0 us
igHsH 5.4 {TINADLE) rigit tu Vpp v ps
tsmaL Vep Setup to PROG Low 10 s
tausL Vep Hold after PROG 10 Us
by PROG Width 1 110 us
terav ENABLE Low to Data Valid 1.0 Bs
tenaz Data Float after ENABLE 0 1.0 ps
tomaL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
tamH RDY/BEY\ to Increment Clock Detay 1.0 ps
tiiL Increment Clock High 200 ns
Mrita: 1 ﬁnly near in 1 2.unlt r\rncrnmminc mnria
15. Flash Programming and Verification Waveforms
PORT 1 { DATA IN ) "DATA OUT _
tover  torox [+
P3.2
(PROG) , ,
tshoL it ", 4 S tehs
l GLGH !
RST : Vep * . LOGIC 1
U R — I B V7= =T M SR
‘ leLav | v EHQz
P34 | iy =
ENABLE —— ) ‘
( ) ! toneL ¥ — M
P3.1 ‘ |
(RDY/BSY) i 1 BUSY T READY
i i twe L > Yy
XTALT T )
(INCREMENT — -
ADDRESS)

0368G-MICRO-6/05
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16. Absolute Maximum Ratings*

ST

ClLigaaoa Leyonu GHad #3560 uHuer "AUSTIULG
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
nnaratinnol cartinne Af thie cranifinatinn ic nnt
implied. Exposure to absolute maximum rating
conditions for extended periods may aftect device
reftability.

UPEranng | @MPEFaTLIe .........covermiisrriinens -057L 10 H1257U L,
Storage TEMPErature ...........ccuocvcesinresinns -65°C to +150°C

Voltage on Any Pin

with Bacnact to Grovnd - EOV 0 TN s
Maximum Operating VORAGE ..o oor e 6.6V

DC Output CUment..........ccccooieii e 25.0 mA

17. DC Characteristics

T, = -40°C to 85°C, V¢ = 2.7V to 6.0V (unless otherwise noted)

Symbol Parameter Condition Min Max Units
Vi tnput Low-voltage -0.5 0.2 Ve - 0.1 v
Vi input High-voltage (Except XTAL1, RST) 02Vec+08 | Vgc+05 v
Vin Input High-voltage (XTAL1, RST} 0.7 Ve Voo + 0.5 Vv
Vg, Output Low-voltage™ low = 20 mA, Vg = 5V 05 v
(Ports 1, 3) lop =10 MA, Vo =27V
low = 80 A, Vo = 5V £ 10% 24 Y
V.., Szitf’:ti"*%h"’°"age by = 30 A 0.75 Vo v
low = -12 pA 0.9 Ve v
I I(.ggri::saul‘):;;lput Current Vp = 0.45V 50 bA
I ‘(“;;':'t"s"‘; " :;‘)’ O Tansiion Cunent )y oy v 2 BV £ 10% 750 uA
I, E';';‘:: ;‘:‘a&agf.%“"em 0<Viy < Voo +10 uA
“os CoOmpaiands input Ohnast ¥onags | Yoo - ov Pty T
R o | e |
RRST Reset Pull-down Resistor 50 300 kg2
Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz, V¢ = 6V/3V 15/5.5 mA
Power Supply Current idle Mode, 12 MHz, V¢ = 6V/3V
o P1.0& P1.1=0Vor Ve o1 mA
Bower-Gowm Mode® ~n= BV, P1.0 & P1.1 = OV of Ve 100 pA
Ve =3V, P1.O0&P1.1=0V or Ve 20 pA
Notes: 1. Under steady state (non-transient) conditions, |, must be externally limited as follows:

Maximum |y per port pin: 20 mA

Maxirmum totat 1, for all output pins: 80 mA
If I, exceeds the test condition, V;_ may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V. for Power-down is 2V.

12 e [ ) L -
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18. External Clock Drive Waveforms

0.45V

A" FPudawaal Mlaals Moo
1T RALGIHHIAI WIVUCR WMIVE

toLoH

- tono

Voo =27Vio 6.0V Ve = 4.0V 10 6.0V

Symbol Parameter Min Max Min Max Unlis
I Oreiltatrs Franuancy o ! 12 n ! o4 ML
tereL Clock Period 83.3 41.6 ns
torox High Time 30 15 ns
toiex Low Time 30 15 ns
teLon Rise Time 20 20 ns
toneL Fall Time 20 20 ns

20. Serial Port Timing: Shift Register Mode Test Conditions

Ve = 5.0V £ 20%; Load Capacitance = 80 pF

f l 12 MHz Osc Variable Oscillator l
Symbol Parameter Min Max Min Max Units
e Serial Port Clock Cycle Time 1.0 12100 us
o ot Ntz Qatin tn Mlack Rising Focs 700 Nt o 177 na
txnax Output Data Hold after Clock Rising Edge 50 2o 117 ns
txHox Input Data Hold after Clock Rising Edge 0 0 ns
tyxHov Clock Rising Edge to Input Data Valid 700 10t -133 ns

EEas————— AIEL 13
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21. Shift Register Mode Timing Waveforms

INSTRUCTION

4 i H B
‘ ,|r—1r*1t 2;'—'1\ 3 |r— as I r‘w'r—' '—;! Vi ﬁ‘r'—‘
ALE __.__Lm\_ll_:_' L 'L_m;—‘u u_;'—jt- L L"jﬁl_l L L L )

GLOCK LTy T

]
\WRITE TO SBUF, L0t Ox’l_ 2 X3 x4 X 5 X 8 X7
OUTPJT DATA by ]| * toox seT |
__ CLEARRI | S A i i g A e
INPUT DATA seTRil

22. AC Testing Input/Qutput Waveforms'"

Note:

23.

Note:

14

Ve - 0.5V, —_—
ce o2 VCC+OBV+\ S
7 TEST POINTS W
/ \_\_02 Voo - 0V N
0.45Y —— e T

1. AC Inputs during testing are driven at V. - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are made at V,,
min. for a logic 1 and V,_ max. for a logic 0.

Fioat Waveforms(!

. X - 0V
Vioaot &Y Vg -

- Timing Reference ~,___
LoAD N Points /
Y oan” Y N0

V

1. For timing purposes, a port pin is no longer floating when a 100 mV change from ioad voltage occurs. A port pin begins to
float when 100 mV change from the loaded Von/Vg, level occurs.

AT89C2051 mu e ————E——
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24. | (Active Mode) Measurements

AT89C2051
TYPICAL ICC - ACTIVE (85°C)
20 T
I i Voe=6.0V
g 10 L’V/'/xfﬂﬂ /
A T
N e |
0 8 12 18 24
FREQUENCY (MHz)
25. Ipp (idie Mode) Measurements
ATB9C2051

TYPICAL ICC - IDLE (85°C)

3
[ | veesov

; |

54 \

c Vee=5.0V |
c 1 !

m I
A e ——
| [, | Vee=3.0V
o] | !
4] 3 [} 9 12
FREQUENCY (MHz}

26. Ioc (Power Down Mode) Measurements

AT89C2051
TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C)
pail i T —_
I 15 : ! /
c F ! /
Cc Wl | /

10 t
|
1] \
a 9 T
b |
3.0V 4.0V 5.0v 8.0V

Yec VOLTAGE

Notes: 1. XTAL1 tied to GND
2. P1.0 and P1.1 = V¢ or GND
3. Lock bits programmed

0358G-MICRO-6/05
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27. Ordering Information

27.1 Standard Package

Speed Power
{MHz) Supply Ordering Code Package Operation Range
: ATROC Z051.1007 anoa Commarcial
ATB9C2051-128C 208 (0°C to 70°C)
12 2.7V to 6.0V
ATB9C2051-12PI 20P3 Industrial
ATB89C2051-128I 205 (-40°C to B85°C)
AIOTCLUD 1247 G £ora SUNIEGiai
ATBOC2051-248C 205 {0°C to 70°C)
24 4.0V to 6.0V
ATB9C2051-24P1 20P3 Industrial
AT89C2051-24S| 205 (-40°C to 85°C)

27.2 Green Package Option (Pb/Halide-free)
| Speed | Power ! '

{MHz) Supply [ Ordering Code Package Operation Range
AT89C2051-12PU 20P3 industrial
12 2.7Vt 6.0V
AT89C2051-125U 208 (-40°C to 85°C})
a AUV 10 b.UV ' AT82C2051-24PU 20P3 Industrial
| | ' : | Argac2051-245U 20S (-40°C to 85°C)
! T mlrm s Toowem !
Poolzgs Tyrs
20P3 20-lead, 0.300" Wide, Piastic Dual in-line Package (PDIP)
205 20-lead, 0.300" Wide, Plastic Gull Wing Small Qutline (S0IC)

18 AT89C2051 mesessss s ——
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28. Package Information

28.1 ZUFP3 - PUIV

SEATING PLANE

D

o RN I T 2 i R

PIN
1
i

(=

"

O YT O T O YOO

COMMON DIMENSIONS
{Unit of Measure = mm)

0368G-MICRO-6/05
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SYMBOL| MIN NOM MAX | NOTE
A - - 5.334
Al 0.381 - -
D 24.892 - 26.924 | Note 2
E 7.620 - 8.255
El 6.096 - 7.112 [ Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-001, Variation AD. Bt 1.270 - 1.551
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 2.921 - 3.810
Maoid Flash or Protrusion shall not exceed 0.25 mm (0.010%. c 0.203 — 0.356
eB - - 10.922
eC 0.000 - 1.524
e 2.540 TYP
1/23/04
2395 Orchard Paow TITLE DRAWING NO. |REV.
rcha Tkway | aop3 20.lea . . .
A 500 R B Ty 762 mm Wide) Plastic Dual 20P3 D
17



28.2 20S-SOIC

AINEL

Dimensions in Millimeters and (inches).

Controliing dimension: Inches.
JEDEC Standard MS-013

ﬁfﬂitﬁﬁ?ﬂi
HHHHHHHHHD[ f

7.60 (0.2992) 10.65 (0.419)
7.40 (0.2814) 10.00 (0.354)

I—— 1.27 (0.050) BSC

13.00 (0.5118)

12.60 (0.4961) (igg :g.gg 0::;;

0.30(0.0118) |

0.10 (0.0040)

0 - 8 0.32 (0.0125)

{ Jj L m_{‘oza(oooan

127(0050) _._] I_" *

'0.40 (0.016)

2325 Orchard Parkway
San Jose, CA 95131

TITLE DRAWING NO. |REV.
208, 20-lead, 0.300" Body, Plastic Gull Wing Small Qutline (SQIC) 208 B

10/23/03

18

AT89C2051
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MICROELECTRONICS

L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGEUP TO 46V

» TOTALDC CURRENT UP TO4 A

= LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

» LOGICAL "0” INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY}

DESCRIPTION

The L298is an integrated monolithic circuit ina 15-
iead Multiwatt and PowerS020 packages. It is a
high voltage, high current dual fuli-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solencids, DC and
stepping motors. Two enableinputs ane provided to
enable or dizable the device independentlvofthe in-
put signats. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

8LOCK DIAGRAM

&

Muitiwatt15

PowerS8020

ODRDERING NUMBERS : L298N (Multiwatt Vert.)
L29BHN (Multiwatt Horiz.)
L28BP (PowerSO20)

nection of an extemal sensing resistor. An additional
supply input is provided so that the logic works ata
lower voltage.

cngn qg: "2 g ¥0nF o;g: ouTa
T e I
2 3 | "
+¥s5
O'l L Yoor ' n
— [ I | Tl
ol ' |
- (I 172 pdi=
1 2 | i &
E' 4 \ D—-—-b=‘._=3
"D_<I>_C'"” O~
ot? o
Epa L] _' : n Enly
¥ Il | ¥ " - i— -0
SENSE Ao—ﬁ“ﬂ _]_ ﬁ;:fm' 22002

Mav 100K
ay 18da

1712




L298

ABSOLUTE MAXIMUM RATINGS

Cyms o Coaramsiss Y S se Unis
Vs Power Supply 50 \'i
Vss Logic Supply Voltage 7 v
V|, Ven Input and Enable Voltage —03t07 V
In Paak Outnut Currant (aach Channa)
— Non Repetitive {t = 100us) 3 A
—Repetitive (B0% on —20% off, ton = 10ms) 25 A
—DC Operation 2 A
Vsans Sensing Voltage -1t02.3 v
Pene Total Power Dissination (Ta... = 75°0) jul w
I Tstg, Ty IStorage and Junction Temperature I —40 1o 150 ] °C I
PIN CONNECTIONS (top view)
! !
/ I ~ s CURRENT SENSING B
L3 S— R V) 1 T) S
'$’ 13— OUTPUT 3
12 "0 INPUT4
- — EnABLE D
10— INPUT3
Multiwatt1s ° —— LOGIC SUPPLY YOLTAGE Vg
s /2 oND
! A S—— INPUT 1
! 8 "3 ENABLEA
sfI— INPUT 1
4 "3 SUPPLY VOLTAGE Vg
si— QUTPUT 2
s E 3 NHTRUT
\ II o~ ! ——— CURRENT SENSING A
Z TAB CONNECTED TOPIN 8 DISNMC
[
Gno 1 1 20 ] GoNB
Sense A [T 2 19 [T Sense B
N [ 3 18 ] NC.
Oant1 [0 4 17 £ Out4
outz [ 5 PowerSO20 16 [T] ouws
ves T} 6 15 7 Input 4
mput 1 C—§ 7 14 1] EnableB
Enablen [T 1 @ 13 =1 input3
T — i ] VoD
GNp ] 10 11 ==} GND
DISIN2IG
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 ]| Unit
Rihjcase | Thermal Resistance Junction-case Max. - 3 °Cw
Rih pamn__| Thermal Resistance Junction-ambient Max. 13 (%) 35 “C/W
{*) Mounted on aluminum substrate
2/12 Lvg SG5-THOMSON
Y/ mcaomicrnomos
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PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerSO Name Function
1;15 2;19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
23 4.5 Out1; Cut2 Outputs of the Bridge A, the current that flows through the load
—\nAAUM hnh [ bnnnn narm n.nn ] moni On—m r-t n—\ 'l
sonmast wesshwopins i bk
4 6 Vg Supply Voltage for the Power Output Stages.
A non-inductive 100nF capecitor must be connected between this
pin and ground.
57 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
611 H;14 Enabe A; tnapie B | | 1L Lompatble tEnapie INput; tne L State asanies the bnage A
{enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 V8S Suppiy Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13;14 16;17 Cut3; Cutd Qutputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3,18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs =42V, Vss =5V, Tj

= 25°C; unless otherwise specified)

Symboaol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage (pin 4) Cperative Condtion ViH 2.5 46 vV
vgs |Loge Supply vorage (pin Y) 4.5 5 / v

Is Quiescent Supply Current {pin4) |Ven=H; LL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Vgn =L \/l =X 4 mA
{az Quiescent Current rom Vas foin @Y IV, —H: L -0 Vi-L 24 38 mA
Vi=H 7 12 mA,
an =L Vi=X 6 mA
WViL Input Low Voltage 03 15 v
(pins 5,7, 10, 12)
Vin mEw High Vohege 23 Ve V
(pins 5,7, 10, 12)
I Low Volkage input Current Vi=L -10 KA
(pins 5,7, 10, 12)
lin High Voltage Input Current Vi= Hs Vgs 0.6V 30 100 pA
u..mla u, iy Iy 12}
en = L | Enable Low Voltage (pins 6, 11) -0.3 1.5 v
Ven =H_|Enable High Voltage {pins 6, 11) 2.3 Vss \
len="L [Low Voltage Enable Curment Ven= L -10 KA
(pins 6. 11}
an = H | High Voltage Enable Current Van = H < Vss 0.6V 30 100 HA
{pins B, 11)
VcEsat (1) | Source Saturation Vokage I =1A 1.35 17 v
Iy =2A 2 27 v
‘..‘c::::\n_: RQink Qadivabieon ‘.;'.-’.Hs:-;i::c ho-1a Ry 4% 1A AYs
h=2A (5) 1.7 2.3 V
Vcesst | Tota!Drop h=1A (5} 3.2 v
IL=2A (5) 4.9 \
Meens | Sensing Voltage (pins 1, 15) -1 (1) 2 \'
$GS-THOMSON 312
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ELECTRICAL CHARACTERISTICS (continued)

'rS;,'r.:b;: l Varainesers ! TeE Condiuena : k- I TP I WG : LHTH
T1 (Vi) |Source Current Turn-off Detfay 05Vite0.9 1  (2);(4) 1.5 Hs
Tz (Vi) |Source Current Fall Time 09I to01h (2),(4) 0.2 us
Ta (Vi) |Source Current Turn-on Deiay 05Vitc01IL  (2);(4) 2 s
Ta (M) | Source Current Rise Time 0.1 to0.81. (2):{4) 0.7 us
Ts (Vi) |Sink Current Turn-off Delay 05vitc 091, (3);{4) 0.7 us
Ta (Vi) |Sink Currant Fall Tirne 09 to0.1l  (3);(4) 0.25 Us
Tz (Vi) 1Sink Cument Turn-on Delay 05Vito 08I (3):(4) 1.6 us
Ta (V) [Sink Cumrent Rise Time C1i. to0.9). (3);(4) 02 is
fc (Vi) |Commutation Fraguency iL=2A 25 40 KHz
T+1 (Ven} |Source Current Turn-off Delay 05Vento09 1L  (2);(4) 3 MS
Ts {Ver) 18nurra Currant Fall Tima 098 o1k £2)- {4} 1 HES
T3 {Ven) | Source Current Turn-on Delay 05Vento0.1 L (2% () 0.3 Us
T4 {Ven) | Source Current Rise Time 0.14 to0.91. (2} (4) 0.4 us
Ts (Van) | Sink Current Turn-off Delay 05Vanto 0.2 L (3);(4) 22 Us
T8 {ven) [OiinGuistil ail i 05w wa.iie (3, 0.00 po
T7 (Van) | Sink Current Turn-on Delay 05Vanto08 L (3);(4) 0.25 1)
Ta (Ven) {Sink Current Rise Timeg 01k to091L  (3);(4) 0.1 Us
fc (Ven) | Commutation Frequency iL=2A 1 KHz

1} 1)Sensing voltage can be -1 V fort < 50 psec; in steady state Viens minz ~0.5 V.

2} Seefig. 2.

3} Seefig. 4.

4} The load must be a pure resistor.
5} PIN 1 and PIN 15 conneded to GND.

Figure 1 : Typical Saturation Voltage vs. Output

Figure 2 : Switching Times Test Circuits.

Current.
v &= 5418
T T T T T 1711 s e
v ‘“"
= ik
14 Yas H 1NPUT
20 L g
gy 1/4 1298
18 A ENABLE Ik
- ws
1.2 - - Ry=200
o
0é S-M0R2N
0 06 OB 12 18 2D 24 olA). Note: ForINPUT Switching, set EN =H
For ENABLE Swhtching, setIN = H
nz Ly $53-THOMSON
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Figure 3 : Source Cument Delay Times vs. Input or Enable Switching.

IL?

Imax{lA}
#0% |-~ =~~~

|

o on |r B |n
Ven; 4¥)
w‘ TR m— e ————— t
—
S50 7

Figure 4 : Switching Times Test Circuits.

Vasugy  Vssd2v

Note: For INPUT Switching, set EN=H
For ENABLE Switching, setIN=L

q
8
i

5/12
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Figure 5 : Sink Current Delay Times vs. Input 'V Enable Switching.

4

Imax(2A)
g R R re

e - l._
¥ {(4V)
0% 1
—

Imax{2A)
0% -

(w3
| s-wes?
Figure 6 : Bidirectional DC Motor Control.
Wy
G_ Ll 3 L 11
f" Y =Y U
! = . . Inputs Function
o _n— L}
Ven=H |C=H;D=L _|TumRight
Yo ,1 |,‘ C=H;D=H |TumnlLeft
o C=D Fast Motor Stop
. Ven= L C=X;D=C Free Running
H r Mator Stop
1‘zm I L—Luw ﬂ -Hiuir ;\'—Duu'i.wt:
LI 19

LB N :,
—-{h g

BTV UL R FAS T RRLARY WRUVUE | Sy S}
S0

6/12
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channei4

and channe! 2 with channel 3.

3 |ouTd,

ST 2

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER QUTPUT STAGE

Thel.298integrates two power cutpuistages{A; B).
The power output stace is a bridae conficuration
and its outputs can drive an inductive icad in com-
mon or differenzial mode, depending on the state of
the inputs. The current that fiows through the load
comes out from the bridge at the sense output: an
axternal resistor (Ras : Rar Yallows to datert the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means offour gates the in-
nit nf which ara In1: In? - FrA and In3 - Ind - FnR
The Ininputs setthe bridge state when The Eninput
is high ; alow state ofthe Eninput inhibitsthe bridge.
Alithe inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacttor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far from the IC, a
serond smalar ana maet ho foracaan near tha

.298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the |.C.

Eachinput must be connectedto the source of the
driving signais by means of a very short path.

Tumn-On and Tum-Off : Before to Tum-ON the Sup-
ply Voltage and before to Turn it OFF, the Enable in-
put must be driven to the Low state.

3. APPLICATIONS

Fia & shaws a hidirenticnal NG motor enntml Sche-
matic Diagram for which only one bridge is needed.
The extemal bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that

must be chosen of a VF as low as possible at the
wniret rasa nftha lnad ~iavant

The sense output voltage can be used to control the
current amplitude by chopping the inputs, orto pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absoiute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak cumrent needed from the
tnadic highar than 2 Aming = narallalad confiura.
tion can be chosen (See Fig.7).

An extemnal bridge of diodes are required when in-

ductive loads are driven and when the inputs of the
iC are chopped; Shottky dicdes would be prefered.

712
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This solution can drive until 3 Amos In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the curmrent is controlled

On Fig 8itis shown thedriving of a two phasebipolar ~ PY the .C. L6506.
stepper motor ; the needed signais to drive the in-

puts of the L298 are generated, in this example,
franm the I 1 2Q7

Fig 9 shows an example of P.C.B. designed for the
application of Fig 8.

Figure 8 ;: Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipoiar stepper motors with winging CUMents Up 10 £ A. 1Ne 010A8S are 1ast £ A Types.

- —
it
S~ 584674

Rs1 =Rs2=05Q

® VoA TSV i =1 A
: H RPN

D1toDB = 2A Fastdiodes { tr<200ns

8/12
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MULTIWATT15 (VERTICAL) PACKAGE MECHANICAL DATA

DIM. b i
MIN. TYP. MAX. MIN. TYP. MAX.
A 0.197
B 2.65 0.104
D 1 0.039
E 049 0.55 0.019 0.022
F 0.66 0.75 0.026 0.030
G i.is .27 ). 0.045 U.U50 0.035
G1 17.57 17.78 17.91 0.692 0.700 0.705
H1 19.6 0.772
H2 20.2 0.795
L 2L 22,0 v.B/U U.BYY
L1 22 22.5 0.866 0.886
L2 17.65 18.1 0.695 0.713
L3 17.25 175 17.75 0.679 0.689 0.699
L4 1¢.3 10.7 10.9 0.406 0.421 0.429
L7 2.65 28 0.104 0.114
M 42 43 46 0.165 0.169 0.181
M1 45 5.08 5.3 0.177 0.200 0.209
S 1.9 2.6 0.075 0.102
S1 1.9 2.6 0.075 0.102
Dia1 3.65 ass5 0.144 0.182
H
A - s
' C 5 | —4}—1 .
] v/ | &t
3
}
|| Dl 1 L/
a
b |
L a
F G
m " G1 e
1 1
1012 SCS-THOMSON
J 7Rt
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PowerSO20 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 3.60 0.1417
a1 0.10 0.30 0.0039 00114
a2l 3.30 0.1299
a3 0 0.10 0 0.0039
b 0.40 0.53 0.0157 0.0209
n 0123 naz nnna oM2e
D{1N 15.80 16.00 0.6220 0.6299
E 13.90 14.50 0.5472 0.570
] 1.27 0.050
E1{1) 10.90 11.10 04291 0.437
E2 2.90 0.1141
G 0 0.10 0 0.0039
n i.i0
L 0.80 1.10 0.0314 0.0433
N 10° (max.)
S 8° (max.)
| T | | 100 | { | 03937 | |
{1) "D and E1" do nat indude mald flash or profruslons
- Mold flash or profrusions shal not exceed 0.15mm {0.006™)
N N R—-\
S [ gy s
’ — ch‘ 31: 1 -
LL DE/T-NLA o3 "I—A DETAR BT E |
i D J
| | ... 7=y DETALA
\'\
20 n \_n
a3 slug
. NCTAH & _—
o . of}
| ' 5 S Z's‘amm; PLANE
T ey
1 10 (COPLANARITY)
h_;asv Framuee

by S
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Information fumished is believed to be accurate and reliable. However, SGS-THOMSCN Microelectronics assumes no responsibility for
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from Hs
use. No licensa is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifica-
tions mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information pre-
viously supplied. SG5-THOMSON Micmelectronics products are not authorized for use as critical components in Iife support davices or

Alrataa Al 18 AT R L A e bt m S WU T LI VR AR VR R A e i b
ooy ettt ot o i L R S B g Lo g o o

© 1995 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GRCUP OF COMPANIES
Australla - Brazil - France - Germany - Hong Kong - ltaly - Japan - Korea - Mataysia - Malta - Morocco - The Netheriands - Singapore -
Spain - Sweden - Switzerland - Taiwan - Thaliand - United Kingdom - U.S.A.
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18-4323; Rev 10; 801

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where +12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation {o less than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

tnterface Translation
Battery-Powered RS-232 Systems
Muitidrop RS-232 Networks

IV A X1/

Drivers/Receivers

Fealures

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

¢+ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet Ali EIA/TIA-232E and V.28 Specifications

¢ Mutltiple Drivers and Recelvers

¢ 3-State Driver and Recelver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information

[ PART TEMP. RANGE ___ PIN-PACKAGE

| MAX220CPE 0°C 10 +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C ta +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C ta +85°C 16 CERDIP
MAX220MJE 55°C ta +125°C 16 CERDIP

Ordering Information continued at end of data shect.
"Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDON Ax
Part Supply RAS-232 Mo. of Cap. Value & Three- Activein Datn Rete
Number vy Orivers/Rx Ext. Caps (uF) State SHON _ ({kbps) Features
MAX220 +5 202 4 Q.1 No — 120 Ultra-low-power, industry-standard pinout
MAXZ222 +5 22 4 0.1 Yes — 200 Low-power shutdown
MAXZ23 (MAX213) +5 4/5 4 1.0(C.1}) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 56 0 — Yes v 120 Available in SO
MAXZ230 (MAX20Q) +5 5/0 4 1.001 Yes — 120 5 drivers with shutdown
MAXE3t (MAX201) +5 and 22 2 1.0{0.1) Mo — 120 Standard +5/+ 12V or battery supplies;
+7.510+13.2 same funictions as MAX232
MAX232 (MAX202) +5 212 4 1.0{(01) No 120{54) Industry standard
MAX232A, +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2f2 0 — No - 120 No external caps
MAX233A +5 2/2 aQ — Na — 200 No external caps, high slew rate
MAX234 (MAX204) +h 410 4 1001 No —_ 120 Replaces 1488
MAX235 (MAX205) +5 55 0 — Yes —_ 120 ho externat caps
MAXZ36 {MAX206) +5 413 4 1.0{0.1) Yes — 120 Shutdown, three state
MAXZ37 {MAX207) +5 5/3 4 1.0 (0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 10001 No — 120 Rapiaces 1488 and 1489
MAX239 (MAX209) +5 and 3/5 2 1.00.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 +13.2 single-package solution far IBM PC seriat port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAXP41 (MAX211) +5 45 4. 10(01) _Yes — 120 Complete BMPCseralpatt
MAX242 +5 2/2 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 2f2 4 0.1 No e 200 Open-line detection simplifies cabling
MAX244 +5 810 4 14 No — 120 High slew rate
MAX245 +5 8110 o — Yes v 120 High slew rate, int. caps, two shutdown maodes
MAX246 +5 8/i0 o — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 Q - Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, sefective haft-chip enables
MAX249 +5 610 4 1.0 Yes v 120 Awailabie in quad flatpack package
MAXIA . e ____ Maxim Integrated Products 1

For pricing, dellvery, and ordering Information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s webslite at www.maxim-ic.com.

6V XVIN-0CCXVIN



MAX220-MAX24¢%

+5V-Powered, Multichannel RS-232

Drivers/Receivers

A MLl i BB R WAL TES
MOVt L BMA LI I

I:)

Supply Voltage {Vee) - oo .-D3Vio +BY
Input Voltages
LT TS PO SRR 0.3V o (Voo 0.3V)
RiN (Except MAX220) ...................... +30V
Rin (MAK220)..e e, . +25V
Tout (Except MAX220) {Note 1) ...... +15V
Tout (MAX220) ... e +13.2V
Output Voltages

-0.3V to (Voo + 0.3V)
Driver/Recelver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation {Ta = +70°C)
16-Pin Plastic DIP {derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP {derate 11.11mW/°C above +70°C)....8B5mW

st yoltaae measurad with T
L npUtvollage measurec witn 1 Sult

EE A Wis A irnfa s s b i dntmdn
O—'NIHM‘W SLLIEOLMIN LOOMNI LNLI LD

20-Pin Plastic DIP (derate B.00mW/°C above +70°C) . 440mW
16-Pin Narrow SO (derate 8. 70mW/°C above +70°C) ...696mwW
16-Pin Wide SO (derate 9.52mW/PC above +70°C) . ....762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO {derate 10.00mW/°C above +7C°C)....800mW
20-Pin SSCP (derate 8.00mW/C above +70°C) .......... 540mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....B00mW
18-Pin CERDIP {derate 10.53mW/°C above +70°C}.....842mW
QOperating Temperature Ranges
MAX2_ _AC__ MAXZ2_ _C__. ... ..0°Cto +70°C
MAX2_ _AE__ MAX2__E__ .. ....-40°C to0 +85°C
MAX2_ _AM__ MAXZ2_ _M__ .....-55°C t0 +125°C
Storage Ternperature Range ................ -B5°C 10 +160°C
Lead Temperature (soldering, 108e¢) ..o +300°C

in high impedance state, SHON or Vg = OV

Note 2: For the MAXZ220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those fisted under "Absofute Maximum Ratings” may cause permanent damage 1o the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the aperational sections of the specifications is not implied. Exposure to
absolLte meaximum rating conditions for extended periods may affact device relability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A7233A/242/243

(Ve = 48V £10%. C1-C4 = 0.10F, MAX220. C1 = 0. D47uF. C2-C4 = 0.33uF. Ta = Ty Lo Tpgax. unless ctherwise noted .}

PARAMETER | CONDITIONS | MIN TYP  MAX | UNITS
RS-232 TRANSMITTERS
Quiput Voltage Swing Al transmitter outputs loaded with 3k$ to GND +5 +8 v
tnput Logic Threshold Low 1.4 0.8 v
All ices & MAX2 2 14
input Logic Threshoid High devic xcent 20 v
MAX220: Voo = 5.0V 2.4
All except MAX220, normal operation 5 40
Logic Puli-Up/input Current o P P WA
SHEON = 0V, MAX222/242  shutdown, MAX220 +0.01 +1
Voo = 5.5V, SHDN = 0V, V, = +15V, +0.01
Ouiput Leakage Current e _5 5 DN = OV, Vou = +18Y, MAX222/242 200 10 HA
Voo = SHDN = OV, Vout = £15V +0.01 +10
Data Rate 200 116 kbofs
Transmitter Qutput Resistance Voo =V =V =0V, Vour = 22V 300 10M Q
Qutput Short-Circuit Current Vour =0V +7 +22 ] mA
RS-232 RECEIVERS 41
RS-232 Input Voliage Operating Range +30 v
All MAX . .
RS-2372 Input Threshold Low Ve = 5V cxcept MAX243 R2N 08 13 v
MAXP43 R2)N (Note 2) -3
] M
RS-232 Input Threshold High Voo = 5V All except MAX243 R2N 18 2.4 v
MAX243 R2in (Note 2} -0.5 -0.1
RS-232 Input Hysteresis All except MAX243, VCo = 5V, no hysteresis in shdn. 0.2 0.5 1 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Quiput Voltage Low ioyt = 3.2mA 0.2 0.4 vV
TTL/CMOS Output Voltage High oy =-1.0mA 35 Veo-0? v
O i v £ - -
TTL/CMQS Qutput Short-Circuit Current > u.rm.ng our = GHD ? 10 mA
Shrinking Your = Vcc 10 30
2 SARAXIN




+5V-Powered, Muitichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)

(Vee = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047)F, C2-C4 = 0.33uF, Ta = TMiN 10 TMax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
TTL/CMOS Qutput Leakans Current ?HDN: VCC.?rmz Vg (SHUN = OV for MAX222), £0.05 =210 A
UV = VI > YL
EN Input Threshold Low MAX242 1.4 08 v
£N Input Threshold High MAX242 2.0 14 v
Operating Supply Voltage 45 55 vV
Traxazn L 2
. NO load
Ve Supply Current {(SHDN = V), MAX222/232A/233A/242/243 4 10 A
Figures 5,6, 11, 19 3k0 load MAXZ20 12
poih inputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
la = 0¥C 1o +/0°C 2 o0
Shutdown Supply Current MAX222/242 A
PPy f Ta = -40°C 10 +85°C 2 50 | "
Ta = -55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 pA
§RHEN Throchubd & ena MAND2D/747 44 nAa v
.
SHDN Threshold High MAX222/242 20 1.4 Vv
CL = 50pF to 2500pF,
Ry = 3kQ to 7kA, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Voo =5V, Ta = +25°C, Vius
measured from 43V [ iavann v 8 2 an
10 -3V or -3V to +3V
MAX222/232A/233A/242/243 1.3 as
Transmitter Propagation Delay PHLT MAXS30 a 10
TLL to RS-232 (nomal operation), s
\ ( P ) MAX222/232A/233A/242/243 15 35 | "
Figure 1 tPLHT
MANNDTD £ H&
tP MAX222/232A/233A/242/243 05 1
Receiver Propagation Delay HLR MAXZ20 0
RS-232 to TLL (normal operation), 6 3 s
Figure 2 L MAX222/232A/233A1242/243 0.6 1
MAX220 0.B 3
Receiver Propagation Delay tPHLS MAX242 0.5 10
RS-232 to TLL (shutdown), Figure 2 | tp_ g MAX242 25 10 WS
Receiver-Cutput Enable Time, Figure 3 | teg MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tDR MAX242 160 500 ns
FTANSIMTIEr-UUIPUL Endoie Lime i MAAZZZf2a2, U1 Caps 250
{SHDN goes high}, Figure 4 ET (includes charge-pump start-up) HS
Transmitter-Cutput Disable Time
(SFIDN goes low), Figure 4 o1 MAX222/242, 0.1uF caps 600 ns
Tranamitter + o - Propaaation MAX222/232A/2334/242/243 200
; ¥ : LPHLE - LPLHE 145
Delay Difference {(normal operation) MAX220 2000
Receiver + to - Propagation ; ; MAX222/232A/233A/242/243 100
Delay Difference (normal aperation)} PALR - IPLHR MAX220 205 ns
Note 3: MAX243 R2ny 7 is guaranteed 1o be low when R is = OV or is floating.
MAXIMN 3
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NAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Receivers

QUTPUT VOLTAGE (/)

o

s

)
o o b oM oM

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

........................................................................... -0.3V to +6V
Ve - 0.3V) to +14V
+0.3V 10 -14V

T OUT et et trcar s (V+ + 0.3V) fo (V- - 0.3V)

Short-Circuit Duration, TooT
Continuous Power Dissipation (Ta = +70°C)
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP {derate 10.53mW/°C above +70°C)....B42mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....BBOmW
24-Pin Narrow Plastic DIP
{derate 13.33mW/°C above +70°C) ........1.07TW
24-Pin Plastic DIP {derate 3.09mW/°C above +70°C).....500mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mwW

20-Pin Wide SO (derate 10 00mW/°C above +70°C).......B00OMW
24-Pin Wide SO (derate 11.76mW/C above +70°C)...... 94 1mW
28-Pin Wide S0 (derate 12.50mW/°C above +70°C) ............ 1w
44.Pin Plastic FP {derate 11.11mW/ T above +70°C) ... BROmMW
14-Pin CERDIP (derate 9.09mW/*C above +70°C).........727mW
16-Pin CERDIP (derate 10.00mW/*C abave +70°C) ........ B800mwW
20-Pin CERDIP {derate 11.11mW/°C above +70°C)........ 885mwW
24-Pin Narrow CERDIP

{(derate 12.50mW/C abave +70°C) ............1W
24-Pin Sidebraze (derate 20.0mW/eC above +70°C)
28-Pin SSOF (derate 9.52mW/°C above +70°C).............

Qperating Temperature Ranges

MAX o e 0°C to +70°C
MAX2 __E_ _ ~40°C to +85°C
MAX2 _ M e, rvereeenm08°C 1o +125°C
Storage Temperature Range ..........o.covvvnee. -B5°C to +160°C
L ead Temperature {soldering, 10seC) ..o, +300°C

Siresses beyond those listed under “Absolidle Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functiona!
operatian of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure tc
ahsolute maximum fating conditions for extended periods may affect device refiabiilty.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/244, Voo = +5V £10; MAX233/MAX235, Voo = 5V £5%, C1-C4 = 1.0pF;, MAX231/MAX233,
Voo =5V £10%; V+ = 7.5V to 13.2V; Ta = Tmin to TMax; unless otherwise noted.)

[ PARAMETER ! CONDITIONS L MIN TYP  MAX [ umrs |

Cutput Voltage Swing All transmitter outputs loaded with 3kQ to ground 5.0 +7.3 v
MAX232/233 5 10

Voe Power-Supply Current ?:I:igéuc MAX223/230/234- 23812401241 7 15 mA
MAX231/239 0.4 1
MAX231 1.8 5

V+ Power-Supply Current mA
MAX239 5 15
MAX223 15 50

Shutdewn Supply Current | Ta = +25°C pA
MAX230/235/236/240/241 1 10

INPULLOGIC TINESNuid LOW | [ND EN, SHUN (MAAZSS); TN, SAUN (MAARZIUf£3D—24 1) u.o v

TiN 20
Input Logic Threshold High | EN, SHDN (MAX223); 54 Vv
EN., SHDN (MAX230/235/236/240/241) '
E e Bodld b O s Tunt — O I 200 LA
o ' fh L

Receiver input Voltage 30 0

Operating Range - 3 v

MAXIMN 5
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NMAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)
(MAX223/230/232/234/236/237/238/240/241, Voo = +5V £10; MAX233/MAX235, Voo = 5Y 5%, C1-C4 = 1.0pF;, MAX231/MAX239,
Voo = 5V £10%; V+ = 7.5V to 13.2V; Ta = Timin 1o TMmax; unless otherwise noted.)

| PARAMETER | CONDITIONS [ MIN  TYP  MAX [UNITS |

Normal operation
SHDN = 5V (MAX223}) 0.8 1.2
Ta = +25°C, SHDN = 0V (MAX235/236/240/241)

vee =5V Shutdown (MAX223)
TSR T [s]

IOBHDN LV ! 08 15
EN = 5V (R4|n, RSIN)

RS-232 Input Threshold Low

Normal operation
SHDN = 5V (MAX223) 17 2.4
Ta = +25°C, SHDN = OV (MAX235/236/240/241)

Yoo mEY Shutdown (VIAKZZ3)
SHON = v, 15 2.4
EN = 5V (Rain, RSN}

RS-232 Input Hysteresis Voo = 5V, ne hysteresis in shutdown 0.2 0.5 1.0 v
RS-232 input Resistance Ta = +25°C, Voo =5Y 3 5 7 k(}
TTL/CMOS Qutput Voltage Low lout = 1.6mA (MAX231/232/233, oyt = 3.2mA) 0.4
TTL/CMOS Cutput Voltage High lout = -tmA 35 Veo-04 v

OV < Rout < Voc: EN = OV (MAX223);
EN = Vo (MAX235-241 )

RS-232 Input Threshold High

TTL/CMOS Output Leakage Current 0.05 +10 LA

_ Normal MAX223 600
Receiver Qutput Enable Time . ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Norma_l —T ns
operation MAX235/236/239/240/241 250
RS-232 IN 1o Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT. SH0N = ov PHLS 4 40 1]
CL = 150pF (MAX223) PLUS g 40
MAX223/MAX2I0MAAX 234241, Ta = +25°C, Vo — 5Y,
RL = 3k to 7kQ, CL = 50pF to 2500pF, measured from 3 5.1 30
+3V 16 -3V or -3V 1o +3V
Transition Region Slew Rate Vips
MAX231/MAX232/MAX233, Ta = +25°C, Voo = 5V,
R = 3kQ to 7kN, CL = S0pF to 2500pF, measured from 4 30
+3V to -3V or -3V to +3V
Transmitter Qutput Resistance Voo = V+ = V- =0V, Vour = 2V 300 Q
T ) P
rangmitter Output Short-Circuit £10 mA

Current

8 MAXIMN



+5V-Powered, Multichannel RS-232

Drivers/Receivers
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MAXIMN
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS-—MAX225/MAX244-MAX249

Supply Volage (VCC) oo -0.3V t0 +6V Continuous Power Dissipation {Ta = +70°C)

InputVoltages 2B-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
Tin. ENA, ENB, ENR, ENT, ENRA, 40-Pin Plastic DIP (derate 11.11mW/°C above +70°C) ..B11mW
ENAE, ENTA, ENTB. ....ooieevrccee -0.3V to (Ve + 0.3V) 44-Pin PLCC (derate 13.33mW/°C above +70°C) ........... 1.07W
RIN e Operating Temperature Ranges
TouT (Note 3).. MAX225C_ _ MAX24.C_ _ 0°C to +70°C
ROUT coveeeciiinr e cirr s cs e er e bee e MAX225E_ _ MAX24 E__ -40°C to +B5°C

Short Circuit (one output at a time) Storage Temperature RaNGe ..., -65°C to +160°C
TOUTO GND oo e e Continuous Lead Temperature (soldering, 10Sec) .......cccoovvniicinnrines +300°C
ROUTI0 GND .o e Continuous

Note 4: input voltage measured with transmitter output in a high-impedarnce state, shutdown, or Voc = OV.

Stresses beyond those fisted Lnder “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functianal
operatior: of the device et these or any other conditions beyond thosa indicated in the operational sections of the specifications is not impfied. Exposure fo
absoiute maximum rating conditions for extended periods may alfect device rellability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249

{MAX225 Voo = 5.0V +5%; MAX244-MAX249, Voo = +5.0V +10%, external capacitors C1-C4 = 1pF; Ta = TN to Tmax; unless oth-
erwise noted.)

PARAMETER 1 CONDITIONS | WN_ TYP  MAX| UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 c8 v
Input Legic Threshold High 2 1.4 v
) Normal operation 10 50
Logic Pull-Up/Anput Current Tables 1a-1d Shordown 2007 o PA
Data Rate Tables ta-1d, normal cperaticn 120 64 | kbits/sec
Output Voltage Swing All transmitter outputs loaded with 3k to GND +5 +7.5 v
Output L_eakage Current (shutdown) Tables 1a-1d Ve = OV pA
Vo = 215V 001 25
Transmitter Qutput Resistance Voo = V+ = V- = OV, Vout = £2V (Note 4) 300 10M n
Output Short-Circuit Current Vour =0V +7 +30 mA |
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 v
RS-232 Input Threshold Low Voo = 5V 08 1.3 v
RS-232 Input Threshold High Vo = 5V 18 2.4 )
RS-232 Input Hysteresis Voo = 5V 0.2 05 10 v
RS-232 Input Resistance 3 5 7 o]
TTL/CMOS Qutput Voltage Low oyt = 3.2mA 0.2 04 v
TTL/CMQS Qutput Voltage High loyt = -1.0mA 35 vee-0.2 v
TTIJCMOS Output Short-Circuit Current |—o0rong Your = GND 2 10 mA
Shrinking Vour = VcC 10 30
TTL/CMOS Output Leakage Current ?:g::' fg’_ﬁrgf'gs' ;3@:;3:\',8;3%9@_ Voo +005 1C.10| WA

8 MAXIM




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225, Voo = 5.0V £5%; MAX244-MAX243, Voo = +5.0V +10%, external capacitors C1-C4 = 1pF; Ta = TMin to TMax; unless oth-
erwise noted.)

PARAMETER ] CONDITIONS [ MIN  TYP  MAX | UNITS
POWER SUPPLY AND CONTROL LOGIC
MAX225 475 5.25
i v v
Operating Supply Voltage MAX244-MAX249 45 55
MAX225 i0 20
No load
VCC Supp|y Current MAXZ244 - MAX248 11 30 mA
{normal operation) 3k0l loads on | MAX225 40
all outputs MAX244-MAX249 57
Ta= +25°C 8 25
h A
Shutdown Supply Current TA = T 10 T 1A 50 H
Leakage current +1 pA
Control Input Threshold low 14 0.8 v
Threshold high 2.4 1.4
AC CHARACTERISTICS
N CL = 50pF 10 2500pF, AL = 3k to 7k, Ve = 5V,
Transition Slew Rate Ta = +25°C, measured from +3V to -3V or -3V to +3V 5 10 30 Viks
Transmitter Propagation Delay tPHLT 1.3 35
TLL to RS-232 (normal operation), ps
Figure 1 tPLHT 15 3.5
Receiver Propagation Delay tPHLR 0.6 15
TLL to RS-232 (normal operaticn), ys
Figure 2 tPLHR 0.6 1.5
Receiver Propagation Delay PHLS 0.6 10
TLL to RS-232 (low-power mode), us
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation
Delay Difference (normal operation) | PH-T ~ PLAT 350 ns
Receiver + to - Propagation
Delay Difference (normal operation) | PHLR - PPLHR 350 ns
Receiver-Output Enable Time, Figure 3 | ter 100 500 ns
Receiver-Outout Disable Time, Figure 3 | tpr 100 500 ns
MAX246-MAX249 5 s
(excludes charge-pump start-up} H
Transmitter Enable Time teT
MAX225/MAX245-MAX249 10
({inciudes charge-pump start-up) ms
Transmitter Disabie Time, Figure 4 tot 160 ns

Note 5: The 30000 minimum specification complies with EFA/TIA-232E, but the actual resistance when in shutdown mode or Voo =
0V is 10ML as is implied by the leakage specification.

MAXIMN 9
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

- -
Drivers/Receivers
Typical Operating Characteristics
MAX225/MAX244-MAX249
TRARSMITTER QUTPUT VOLTAGE {V+, ¥-)
TRANSMITTER SLEW RATE QUTPUT VOLTAGE vs. LOAD CAPACITABCE AT
ve. LOAD CAPAGITANCE vs. LOAD CURRENT FOR ¥+ AND ¥- DIFFERERT BATA RATES
? N\ Veo=5 5 12 g 80 [ Voo SVWITH ALL TRANGHATTERS DANEN |5
& 8 X Vs AND V- LOADED B4 -—-}EA;_DE?;B’":EM
= 6 1 EITHER ¥+ OR 50 Do [, O
N : Y = ! v-LOADED ] : g
e EXTERNAL POWER SUPPLY = 4 - P ~— D=
§ 12 "] 1HF WACHURS — Laﬂ: 2 EXTERNAL CH-ARGE PUMP 75 My \ﬁ\hﬁ-— Alxbsec —
z = [ 10F CAPACITORS = \ .
@ 10 N B 0 [8TRANSMITTERS > 70 N Boktseo
« N [{OiSDATARATE 5, |DAMMsoAD 2 N | Q
E ] TRANSMITTERS = 2000pF AT 20Kbits/sec 65 ~
g , N B e N i B NN
s L - OADED b : G ™ 100ktysec
g 4 \R‘t 3 V4 A0 V- { OADED——mren . i X
2 t 10 # t ! ¥+ LOADED o0 AL CAPAGTIORS P\ l N
0 1 2 3 4 5 0 5 MW 15 W B W B T 1 2 3 4 5
LOAD CAPACITANGE (nF) LOAD CURRENT {mA) LDAD CAPACITANCE (nF)
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+5V-Powered, Multichannel RS-232
Drivers/Receivers
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*EXCEPT FOR R2 ON THE MAX243
WHERE -3V 5 USED,

Figure 1. Transmitter Propagation-Delay Timing

Figure 2. Receiver Propagation-Delay Timing
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Figure 3. Receiver-Output
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Enable and Disable Timing

Figure 4. Transmitter-Output Disable Timing
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

- -
Drivers/Recelvers
Table 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Nermal Operation All Active All Active
0 1 Normal Operation All Active All 3-State
1 0 Shutdown All 3-State All Low-Power Receive Mode
1 1 Shutdown: All 3-State All 3-State
Table 1b. MAX245 Control Pin Configurations
- —— OPERATION TRANSMITTERS RECEIVERS
ENT ENR
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RB5
0 0 Normal Operation All Active All Active Alf Active All Active
. . \ RA1-RA4 3-State, RB1-RB4 3-State,
0 1 Normal Operation All Active All Active RAS Active RB5 Active
All Low-Power All Low-Power
i 0 Shutdown All 3-State All 3-State Receive Mode Receive Mode
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RB5 { ow-Power
Receive Mode Receive Mode
Table 1¢. MAX246 Control Pin Configurations
_ __ OPERATION TRANSMITTERS RECEIVERS
EN ENB
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RB5
0 c Naormal Operation All Active All Active All Active All Active
. . . RB1-RAB4 3-State,
0 1 Normal Cperation All Active All 3-State All Active RB5 Active
. RA1-RA4 3-State .
1 i .
0 Shutdown All 3-State All Active RAB Active Ail Active
RA1-RA4 3-State, RB 1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RAS Low-Power
Receive Mode Receive Mode

12
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+5V-Powered, Multichannel RS-232

Drivers/Receivers
Table 1d. MAX247/MAX248/MAX249 Control Pin Configuraiions
TRANSMITTERS RECEIVERS
| e | | MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
ENTA | ENTG |ENRA [ENRB| O L ATION
STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RAS RB1-RB5
0 0 0 Normal Operaticn Alb Active | All Active | All Active All Active
All 3-State, except
0 0 1 Normal Operation All Active | All Active | All Active RBS stays active on
MAX247
0 0 0 Normal Operation All Active | All Active | All 3-State Alf Active
All 3-State, except
0 0 1 Normat Operation All Active | All Active | All 3-State RBS5 stays active on
MAX247
G 1 0 Nommal Operation All Active | All 3-State | All Active All Active
All 3-State, except
0 1 1 Normal Operation All Active | All 3-State | All Active RB5 stays active on
MAX247
0 1 0 Normal Operation All Active | All 3-State | All 3-State All Active
Ali 3-State, except
0 1 1 Nermal Operation All Active | All 3-State | All 3-State RBS stays active on
MAX247
1 0 0 Normal Operation All 3-State [ All Active | All Active All Active
All 3-State, except
1 0 1 Normal Operation All 3-State [ All Active | All Active RBS5 stays active on
MAX247
1 0 0 Normat Qperation All 3-State | Alf Active | All 3-State All Active
All 3-State, except
1 0 1 Normal Operation All 3-State | Al Active | All 3-State RB5 stays active an
MAX247
Low-Power Low-Power
1 1 o Shutdown All 3-State | All 3-State Receive Mode Receive Mode
Low-Power Adl 3-State, except
1 1 1 Shutdown All 3-State | All 3-State Receive Mode RBS5 stays active on
MAX247
Low-Power
1 1 0 Shutdown All 3-State | All 3-State | All 3-State Receive Mode
All 3-State, except
1 1 1 Shutdown All 3-State | All 3-State | All 3-State RB5 stays active on
MAX247
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Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voitage converters, R5-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voltage Converier
The MAX220-MAX249 have two internal charge-pumps
that convert +5V 1o +10V (unioaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 at the V- output.

A smail amount of power may be drawn from the +10V
{(V+} and -10V {V-) outputs to power external circuitry
(see the Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the output voltage drops with increasing load current.
Do not load V+ and V- to a point that viclates the mini-
murn £5V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry, When these parts are shut
down, V- falis to OV, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin {instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must not be instalied and
the SHDN pin must be tied to Vc¢. This is because V+
is internally connected to VCC in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is £8Y when
loaded with a nominal Sk BS-232 receiver and VCC =
+5V. Qutput swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for £5Y mini-
mum driver outpul leveis under worst-case conditions.
These include a minimum 3k load, Voo = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V} to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400k input pull-up resistors to Voo are built in
{except for the MAX220). The pull-up resistors force the
outputs of unused drivers iow because all drivers invert.
The internal input pull-up resistors typically source 12pA,
except in shutdown mode where the pull-ups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes {maximum 25uA)}—when in shutdown
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mode, in three-state mode, or when device power is
removed. Qutputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or Vo,

The MAX239 has a receiver three-state control ling, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239-
MAX241), and are alse high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1pA
with the driver cutput pulied to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between OV and (Vo + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1k{l series impedance. The transmitter is also zener
clamped to approximately Voo + 6V, with a series
impedance of 1kQ.

The driver output siew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/us ioaded with 302 and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic 0, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to £25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART [SHDN |SHDN| EN ([ EN(R) RECEIVERS
Low IX High Impedance
MAX223 — | High |Low _— Active
High | High High Impedance
Low High Impedance
MAX225 1 — | — | — |High |Active
MAX235 | Low Low High Impedance
MAX236 | Low _ __ | High | Active
MAX240 [ High A High impedance
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nominal 5kQ values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a
guarantard minimum of 0.2V This produces clear out-
put transitions with slow-moving input signals, even
with moderate amounts of noise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can stili receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
system power.

Negative Throshold—MAX2435
The MAX243 is pin compatitle with the MAX232A, differ-
ing oniy in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
finating without interrunting communication. Pifferent
cables are not needed to interface with different pieces of
equipment.

The input threshold of the receiver without cable fault
protection is -0.8Y rather than +1.4V. Its output goes
nogitive only if the inout is connected to a control line
that is actively driven negative, If not driven, it defaults
to the 0 or "OK to send" state. Normally, the MAX243's
other receiver (+1.4V threshoid) is used for the data line
(TD or RD), while the negative threshold receiver is con-
nected to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the R3-232 family impliement the
optional cable fault protection as specified by EIATIA-
232E specifications. This means a receiver cutput goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output tell's the serial
communications 1C to stop sending data, To avoid this,
the contro! lines must either be driven or connected
with jumpers to an appropriate positive voltage level.

MAXIMN
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Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagaltion
delay increases to about 2.5us for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAXZZ3) that ailows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, wiile ine MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitler-enable controls. The charge pumps
lurn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 250A and the recaivers continug
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RAS and RBS) are aiways active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmiiter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive {enabled receivers continue to function
at lower data rates). The receiver enable inputs contro!
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit {normal active} and three-state {disabied). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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Tables 1a-1d define the control states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two control pins, each controiling one side of the
device. A logic high at the A-side contral input (FNA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
{ENB} causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RAS and RB5) remain
active at all times. The entire device is put into shut-
down made when both the A and B sides are disabled
{ENA = ENB = +5V),

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each contro! four receiver outputs. The
ENTA and ENTB transmitter enable inputs each control
four drivers. The ninth receiver (RB5) is always active.
The device enterg shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inpuls each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. 1he device enters shutdown mode and trans-
mitters go into a three-state mode with a logic high on
both ENTA and ENTB.

16

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs contro! three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. in shutdown mode, active receivers operate in a
low-power recejve mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same vaiue as C1 and
C2 connected as close as possible to the device.
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Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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Figure 17. MAX233 Pin Contfiguration and Typical Operaling Circuit
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Figure 23. MAX247 Pin Configuration and Typical Operaling Circuit
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Figure 24. MAXZ248 Pin Configuration and Typical Operating Circuit
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Figure 25. MAX248 Pin Configuration and Typical Operating Circuit
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Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE MAX232AC/D 0°C to +70°C Dice"

MAX222CPN 0°C 1o +70°C 18 Plastic DIP MAX232AEPE -40°C to +85°C 16 Plastic DIP
MAX222CWHN 3°Cio +70°C 18 Wide SO MAXZ232AESE -4G"C 10 +65°C 16 Narrow 30
MAX222C/D 0°C tc +70°C Dice” MAX232AEWE -40°C to +85°C 16 Wide SC
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEJE -40°C to +85°C 16 CERDIP
MAXZ222EWN -40°C 1o +85°C 18 Wide SO MAX232AMJE -55°C to +125°C 16 CERDIP
MAXZ222EJN -40°C to +85°C 18 CERDIP MAX232AMLP -55°C to +125°C 20LCC
MAX222MJN -55°C to +125°C 18 CERDIP MAX233CPP 0°C to +70°C 20 Plastic DIP
MAX223CAl 0°C to +70°C 28 S50P MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX223CWi 0°C to +70°C 28 Wide SO MAX233ACPP 0°C to +70°C 20 Plastic DIP
MAX223C/D 0°C to +70°C Dice* MAX233ACWP 0°C to +70°C 20 Wide SO
MAXKZZ3EAI -45"C io +85°C 28 350F MAXZIZAEFF -40°C iu +85°C 20 Piasiic DIiP
MAX223EWI -40°C 1o +85°C 28 Wide SO MAX233AEWP -40°C fo +85°C 20 Wide SO
MAX225CwWI 0°C to +70°C 28 Wide SO MAX234CPE C°Cto +70°C 16 Plastic DIP
MAX225EWI -40°C to +85°C 28 Wide SO MAX234CWE 0°C t0 +70°C 16 Wide SO
MAX230CPP 0°C to +70°C 20 Plastic DIP MAX234C/D 0°Cto +70°C Dice*
MAX230CWP 0°C to +70°C 20 Wide S50 MAX234EPE -40°C to +85°C 16 Piastic DIP
MAX230C/D 0°C to +70°C Dice* MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EPP -40°C to +85°C 20 Plastic DIP MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EWP -40°C to +85°C 20 Wide SO MAX234MJE -55°C to +125°C 16 CERDIP
MARXZIGEJF -43°C 1o +85°C 20 CERDIP MAXZ35CFG 0°*C 10 +70°C 24 Wide Plasiic DiF
MAX230MJP -55°C 1o +125°C 20 CERDIP MAX235EPG -40°C to +85°C 24 Wide Plastic DIP
MAX231CPD 0°C to +70°C 14 Plastic DIP MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CWE 0°C to +70°C 16 Wide S50 MAX235MDG -55°C to +125°C 24 Ceramic SB
MAX231CJD 0°C to +70°C 14 CERDIP MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX231C/D C°C to +70°C Dice” MAX236CWG 0°C to +70°C 24 Wide S0
MAX231EPD -40°C to +85°C 14 Plastic DIP MAX236C/D 0°C tc +70°C Dice”
MAX231EWE -40°C to +85°C 16 Wide SO MAX236ENG -40°C to +B5°C 24 Narrow Plastic DIP
MAX231EJD -40°C to +85°C 14 CERDIP MAX236EWG -40°C to +85°C 24 Wide 50
MAX231MJD -55°C 10 +125°C 14 CERDIP MAXZ236ERG -40°C to +85°C 24 Narrow CEHDIP
MAX232CPE 0°C to +70°C 16 Plastic DIP MAX236MRG -55°C to +125°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CWG 0°C to +70°C 24 Wide S0
MAX232C/D 0°C to +70°C Dice* MAX237C/D 0°C to +70°C Dice*
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237ENG -40°C o +85°C 24 Narrow Plastic DIP
MAX232ESE -40°C to +85°C 16 Narrow 50 MAX237EWG -40°C to +85°C 24 Wide SO
MAX232EWE -40°C to +85°C 16 Wide SO MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232EJE -40°C to +85°C 16 CERDIP MAX237MRG -55°C to +125°C 24 Narrow CERDIP
MAX232MJE -55¥C to +125°C 16 CERDLIP MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232MLP -55°C to +125°C 20 LCC MAX238CWG 0°C to +70°C 24 Wide S0
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238C/D 0°C to +70°C Dice*
MAX232ACSE 0°C to +70°C 16 Narrow SO MAX23BENG -40°C to +85°C 24 Narrow Pilastic DIP
MAX232ACWE 0°C 1o +70°C 16 Wide SO * Contact factory for dice specifications.
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Ordering information {continued}

PART TEMP. RANGE PIN-PACKAGE MAX243CPE 0°C to +70°C 16 Plastic DIP
MAX238EWG -40°C to +85°C 24 Wide SO MAX243CSE 0°C to +70°C 16 Narrow SO
MAX238ERG -40°C to +85°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO
MAX238MRG -55°C to +125°C 24 Narrow CERDIP MAX243C/D 0°C to +70°C Dice”
MAX233CNG 0°C to +70°C 24 Narrow Plastic DIP MAXZ243EPE -40°C to +85°C 16 Plastic DIP
MAXZ239CWG 0°C to +70°C 24 Wide SO MAX243ESE -40°C to +85°C 16 Narrow SO
MAX239C/D 0°C to +70°C Dice” MAX243EWE -40°C to +85°C 16 Wide SO
MANM230ENG AQ°C 1o 185°C 24 Mamrow Plastic DIP MAX243E) -40°C to +85°C 15 CERDIP
MAXZ238EWG -40°C to +85°C 24 Wide SO MAX243MJE -65°C to +125°C 16 CERDIP
MAX239ERG -40°C to +85°C 24 Narrow CERDIP MAX244CQH 0°C to +70°C 44 PLCC
MAX239MRG -55°C to +125°C 24 Narrow CERDIP MAX244C/D 0°C to +70°C Dice™
MAX240CMH 0°C to +70°C 44 Plastic FP MAX244EQH -40°C to +85°C 44 PLCC
MAX240C/D 0°C to +70°C Dice* MAX245CPL 0°Cto +70°C 40 Plastic DIP
MAX241CAl 0°C to +70°C 28 SS0OP MAX245C/D 0°Cto +70°C Dice”
MAX241CWI 0°Cto +70°C 28 Wide SO MAX245EPL -40°C to +85°C 40 Plastic DIP
MAX241C/D 0°C to +70°C Dice* MAX246CPL 0°C to +70°C 40 Plastic DIP
MAXZATEA! -40°C {5 +85°C 28 580P MAX240C/D 3°Ctc +70°C Dice™
MAX241EWI -40°C to +85°C 28 Wide SO MAX246EPL -40°C to +85°C 40 Plastic DIP
MAX242CAP 0°C to +70°C 20 SSOP MAX247CPL 0°C to +70°C 40 Plastic DIP
MAX242CPN 0°C to +70°C 18 Plastic DIP MAX247C/D 0°C to +70°C Dice*
MAX242CWN 0°Cto +70°C 18 Wide SO MAX247EPL -40°C to +85°C 40 Plastic DIP
MAX242C/D 0°C to +70°C Dice* MAX248CQH 0°C to +70°C 44 PLCC
MAX242EPN -40°C to +85°C 18 Plastic DIP MAX248C/D 0°C to +70°C Dice*
MAX242EWN -40°C to +85°C 18 Wide SO MAX248EQH -40°C to +85°C 44 PLCC
MAX242EJN 40°C to +85°C 18 CERDIP MAX249CQH 0°C to +70°C 44 PLCC
MAXZAZ2MIN G5"C o +125°C 18 CERGIF MAXZ45EQH -40°C iu +85°C 44 PLCC

Maxim cannot assume responsibility for use of any clrcultry other than circuitry entirely embodied In a Maxim product. No circuit patent licensas are
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