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INTERFACE RS-485 APPLICATION
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1998

ABSTRACT
Everyday, more and more business, government agencies, and academic departments

Require a faster and more realiable transmission of information and data. Thus, the field of data
Communications have become a rapidly growing area. The main purpose of this project is to
study the serial transmission by RS-485 standard, and its application to control the building
system by control the data transmission between micro computer (or personal computer), that
work as the main-controller and another control unit such as microcontroller, that work as
terminal control or a control box. By this way we can improve the efficiency and flexibility of the

system control
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(At the computer)

25 PIN D-SUB MALE at the computer.

Pin Name Dir Description

il SHIELD Shield Ground 14  nlc -
2 TXD =" Transmit Data 15  nlc =
3 RXD “—Receive Data 16 nlc .
4 RTS =" Requestto Send 17 nic -
5 CTS “—Clear to Send 18  nlc -
6

7

8

9

DSR *—Data SetReady 19 nlc

GND ~ -  SystemGround 20 DTR = Data Terminal Ready
CD “—Carrier Detect 2P ok -
n/c - Y4 “—Ring Indicator

10 n/c - 23 n/c -

11 n/c - 24 n/c -

12 n/c - 25 n/c -

13 n/c -
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ORG 0000H

; MASTER CONTROL BOX PROGRAM
; SERIAL MODE 3 SINGLE BAUD 57600 bps
; LAST UPDATE 12/03/1999 01:55

SIMP START ; JUMP OVER INTURRUPT

e — INTURRUPT TABLE ======——=====

s

ORG 000BH ; INTERRUPT TIMER 0

AJMP TMO

START PROGRAM

)

#DECLAIRE VARIABLE

START: BUF1 EQU 30H JINIT PACKAGE BUFFER
BUF2 EQU 31H
BUF3 EQU 32H

BUF4 EQU 33H

BXNO EQU 36H ;BOX NO.

PD EQU 37H ;PACKAGE DELAY

PDB EQU 38H ;PD TIME BUFFER

PDBB EQU 39H ;PDB BUFFER

PBD EQU 3AH ;PACKAGE BYTE DELAY

PBDB EQU 3BH ;PBD BUFFER

RVST EQU 3FH ;RECIEVE STATUS

RVST.BTO EQU 78H ; (BITOSET=BYTE TIME OUT
RVST.PTO EQU 79H ; BIT 1 SET =PACKAGE TIME OUT
RVST.BTC EQU 7AH ; BIT 5 SET =BYTE TIME OUT CHK ON
RVST.PTC EQU 7BH ; BIT 6 SET =PKG TIME OUT CHK ON)

;*78H-7FH = BIT ACCESS OF 2FH

#HINIT VARIABLE ;1 MACHINE CYCLE = 1.085 uS



SETB INTO
SETB INTI
CLR TO

MOV BXNO,P1
SETB TO

;#INIT HARDWARE

#INIT SYSTEM
MOV SCON,#50H ;INIT SERIAL BAUD RATE 57600 N 8
ORL PCON,#80H
MOV TMOD,#20H
MOV TH1,#0FFH

SETB EA ;ENABLE ALL INTURRUPT
SETB ETO ;ENABLE INTURRUPT TIMER 0
CLR ET1 ;DISABLE INTURRUPT TIMER 1
CLR TRO ;STOP TIMER 0
SETB TR1 ;START TIMER 1
MOV P1,#00H ;SET OUTPUT STARTUP VALUE
CLR P3.7 ;SET 75176 TO RECIEVE MODE
SETB T1 ;SET RB8
MOV A#07TH
CALL SETCTR ; OFF CTRL

; MAIN LOOP

JMP STARTUP
STR:
LOOP:
CALL RECV
JNB T1,INTPROC
MOV A BUFI
INZ $+4
SIMP ALLPROC ;CHK PKG SENT TO ALL



CJNE A,BXNO,$+5

SJMP MYPROC

JMP LOOP
ALLPROC:

JMP LOOP

MYPROC:

MOV A,BUF2
CALL SDADDR
MOV A,BUF3
CALL SDDATA
MOV A,BUF4

CALL SDDATA

IMP LOOP
INTPROC:

JMP LOOP

SUB ROUTINE =

}

ERRI:
CALL DLYI
MOV P1,#00H
CALL DLY1

JMP ERR1

TP2: MOV A#01H
CALL SDADDR
MOV A #00H
CALL SDDATA
MOV AR7
CALL SDDATA
RET

dlyl: mov r0,#0fth

MOV P1,#0FFH

;PKG SENT TO ME?




loopl: mov rl #0Ffh
djnzrl,$
djnz r0,loop1

ret

SETCTR: ANL A,#00000111B ;SET CONTROL PORT P3.2-4 INPUT = A
MOV B,#00000100B
MUL AB ;A SHL 2
ORL A#11100011B
ORL P3,#00011100B
ANL P3 A

RET

TMO0: JNB RVST.BTC,$+5
DEC PBDB ;CHK MODE ACTIVE?
JNB RVST.PTC,$+5

DEC PDBB ;CHK MODE ACTIVE?
MOV A,PDBB
JZ TMO_2 ;CHK PDBB=0? | = 0 DEC PDB

TMO0_1: MOV A,PDB
JZERP2  ;PKG TIME OUT
MOV A,PBDB
JZERPI  ;BYTE TIME OUT
RETI

TMO_2: DEC PDB
IMP TMO_1

ERPl: CLREA :DISABLE ALL INTERRUPT
CLRTRO  ;STOP TIMERO
SETB RVST.BTO ;SET ERROR CODE
SETBEA  ;ENABLE ALL INTERRUPT
SETB TRO
RETI

ERP2: CLREA :DISABLE ALL INTERRUPT
CLRTRO  ;STOP TIMERO

SETB RVST.PTO ;SET ERROR CODE



SETB EA ;ENABLE ALL INTERRUPT
SETB TRO

RETI

STARTUP: :WAIT FOR STARTUP CODE

CLR RVST.PTC ;PKG TIME CHK : OFF
RDI: CALLRECV  ;READ PACKAGE

MOV A,BUFI

1Z $+5 JIF BUF1 =0 READ NEXT BYTE

CINE A,BXNO,RD1 ;CHECK BYTEI

MOV A,BUF2

CINE A#0FOH,RD1 ;CHECK BYTE2

MOV A,BUF3

CIJNE A#0B3H,RD1 ;CHECK BYTE3

MOV A,BUF4

CJNE A #8FH,RD1 ;CHECK BYTE4

MOV R1#00H

DJNZR1S ;DELAY

JMP STR ;RETURN AND CONTINUE

RECV: MOV PBDB,PBD ;RESET BYTE TIME CHK BUFFER
MOV PDB,PD ;RESET PKG TIME CHK BUFFER
MOV PDBB,#0FFH ;RESET BUFFER
MOV THO,#00H
MOV TL0,#00H
SETB TRO ;START TIMER 0
RV_ST: ANL RVST#0CFH ;RESET ERROR CODE

RV_P1: JBRVST.PTO,RV_ED  ;CHK PKG TIME OUT

IJNBTI,RV_ED ;HAVE INTURRUPT (RB8 CLR)
INB RLRV Pl ;WAIT FOR DATA COMIN

CLRRI

MOV BUF1,SBUF ;READ 1ST BYTE OF PACKAGE
MOV PBDB,PBD ;RESET BUFFER

SETB RVST.BTC ;TRACKING CHK : ON

CLR RVST.BTO



RV_P2: JBRVST.PTO,RV_ED ;CHK PKG TIME OUT

JBRVST.BTO,RV_ST  ;CHK BYTE TIME OUT

JNBTI,RV_ED

JNB RLLRV_P2 ;WAIT FOR DATA COMIN

CLR RI

MOV BUF2,SBUF ;READ 2ND BYTE OF PACKAGE
MOV PBDB,PBD ;RESET BUFFER

RV_P3: JBRVST.PTO,RV_ED ;CHK PKG TIME OUT

JBRVST.BTO,RV_ST  ;CHK BYTE TIME OUT

JNBTI,RV_ED

JNB RILRV_P3 ;WAIT FOR DATA COMIN

CLR RI

MOV BUF3,SBUF ;READ 2ND BYTE OF PACKAGE
MOV PBDB,PBD ;RESET BUFFER

RV_P4: JBRVST.PTO,RV_ED  ;CHK PKG TIME OUT

JBRVST.BTO,RV_ST = ;CHK BYTE TIME OUT

INBTI,RV_ED
INB RLRV_P4 ;WAIT FOR DATA COMIN
CLR RI
MOV BUF4,SBUE ;READ 3RD BYTE OF PACKAGE
RV_ED: CLR TRO ;STOP TIMER 0
CLR RVST.BTC ;TRACKING CHK : OFF
RET
SEND: SETB P3.7 _SET 75176 TO SEND MODE
MOV SBUF,BUF1 ;SEND IST BYTE OF PACKAGE
JNB TLS ;WAIT FOR SENDING COMPLETE
CLRTI
MOV SBUF,BUF2 ;SEND 2ND BYTE OF PACKAGE
INB TL$
CLR TI
MOV SBUF,BUF3 ;SEND 3RD BYTE OF PACKAGE
INB TLS$
CLR TI

CLR P3.7 ;SET 75176 TO RECIEVE MODE



RET

SEND1: SETB P3.7
MOV SBUF,A
JNB TLS
CLR TI
CLR P3.7
RET

SDADDR: MOV P1,A ;ALE ADDR =1

MOV A #00H
CALL SETCTR

JBTLS : WAIT RB8 -> 0

MOV A#07H ;CLR ALL CTROL

CALL SETCTR
MOV P1,#0FFH
JNBTLS$

RET

SDDATA: MOV P1,A
MOV A #02H
CALL SETCTR
JBTLS
MOV A #07H
CALL SETCTR
MOV P1#0FFH
INBTILS
RET

PROC: MOV P1,BUF4
RET
MOV A,BUFI
XRL A,BXNO
JNZ PENDI
MOV A,BUF2



XRL A,#00H
1z sC
MOV A,BUF2
XRL A#01H
JNZ PENDI
MOV A,BUF4
XRL A #0FFH
INZ ACN
MOV A,BUF3
ORL P1,A
JMP PENDI
ACN:
MOV A,BUF3
CPL A

ANL P1,A

PENDI1: RET
SC: MOV A,BUF3
XRL A#0AAH
JNZ PEND]
MOV A,BUF4
XRL A #55H
INZ PENDI
MOV P1#0FFH
CLR INTO
CLR INTI
CLR TI
MOV A Pl
CALL DLY]
SETB INTO
SETB INTI
SETB T0
XRL A #0AAH
1260

JMP PENDI



CC: MOV A#0FFH

CALL SENDI1

JMP PEND1

END
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

General Description

The MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 are low-power transceivers for RS-485 and RS-
422 communication. Each part contains one driver and one
recciver. The MAX483, MAX487, MAX488, and MAX489
leature reduced slew-rate drivers that minimize EMI and
reduce reflections caused by improperly terminated cables,
thus allowing error-free data transmission up to 250kbps.
The driver slew rates of the MAX481, MAX485, MAX490,
MAX491, and MAX1487 are not limited, allowing them to
ransanit up o 2.6Mbyr,,

These transceivers draw between 120pA and 500pA of
supply current when unloaded or fully loaded with disabled
drivers. Additionally, the MAX481, MAX483, and MAX487
have a low-current shutdown mode in which they consume
only 0.1pA. All parts oOperate from a single 5V supply.

Drivers are short-circuit current limited and are protecied
against excessive power dissipation by thermal shutdown
circuitry that places the driver Outputs into a high-imped-
ance state. The receiver input has a fail-safe feature that
guarantees a logic-high output if the input is open circuit.
The MAX487 and MAX1487 feature quarter-unit-load
receiver input impedance, allowing up to 128 MAX487/
MAX1487 transceivers on the bus, Full-duplex communi-
cations are obtained using the MAX488-MAX491, while
the MAX481, MAX483, MAX485, MAX487, and MAX1487
are designed for half-duplex applications.

Applications
Low-Power RS-485 Transceivers

Low-Power RS-422 Transceivers

Level Translators

Transceivers for EMI-Sensitive Applications
Industrial-Control Local Area Networks

LAV

Features

¢ In uMAX Package: Smallest 8-Pin SO
¢ Slew-Rate Limited for Error-Free Data
Transmission (MAX483/487/488/489)

¢ 0.1pA Low-Current Shutdown Mode
(MAX481/483/487)

¢ Low Quiescent Current:

120pA (MAX483/487/488/489)

230pA (MAX1487)

300pA (MAX481/485/490/491)
¢ -7V to +12V Common-Mode Input Voltage Range
¢ Three-State Outputs

¢ 30ns Propagation Delays, 5ns Skew
(MAX481/485/490/491/1 487)

¢ Full-Duplex and Half-Duplex Versions Available

¢ Operate from a Single 5V Supply

¢ Allows up to 128 Transceivers on the Bus
(MAX487/MAX1487)

4 Current-Limiting and Thermali Shutdown for
Driver Overload Protection

Ordering information

PART TEMP. RANGE  PIN-PACKAGE
MAX481CPA 0°C to ;8Q°C/ 7 8 Plastic DIP
MAX481CSA 0°Clo+70°C ~ 850 -
MAX481( EJ/K‘_“&EYEVW“E& MAX

MAX481CID _0C+10°C__ Dice NP

Ordering Information continued at end of data shoet.
“ Contact lactory for dice specifications.

Selection Table

PART HALF/FULL | DATA RATE | SLEW-RATE LOW-POWER Rggf\;\éim Qéﬂgi%iﬁg -ﬁ:?l I:JNN.':‘.?\E'?T(!)E;S PIN
NUMBER DUPLEX (Mbps) LIMITED SHUTDOWN ENABLE (HA) ON BUS COUNT
MAX481 Half 2.5 No Yes Yes 300 32 8
MAX483 Half 0.25 Yes Yes Yes 120 32 8
MAX485 Half 25 No No Yes 300 32 8
MAX487- Half 0.25 Yes Yes Yes 120 128 8
MAX488 Full 0.25 Yes No No 120 32 8
MAX489 Full 0.25 Yes No Yes 120 32 14
MAX490 Full 2.5 No No No 300 32 8
MAX491 Full 2.5 No No Yes 300 32 14
MAX1487 Half 2.5 No No Yes 230 128 8

M/JX./V' N Maxim Integrated Products 1

For free samples & the Jatest literature:

http//fwww.maxim-ic, com, or

phone 1-800-998-8800
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

Supply Vollage (Vce) e
Control Input Voltage (RE, DE)......
Driver Input Voltage (DI)................

Receiver Input Voltage (A, B)
Receiver Output Voltage (RO).......
Continuous Power Dissipation (Ta

operation of the device at these or any
absolute mexirnum rating conditions for

DC ELECTRICAL CHARA

(Ve =5V 5%,

............................................................. 12v
............. -0.5Vto (Vce + 0.5V)
............. -0.5V o (Ve + 0.5V)
Driver Output Voltage (A, B)....oovveeeverrnon -8V 1o +12.5V
.......... -8Vto +12.5V
-0.5V 1o (Vee +0.5V)
= +70°C)

8-Pin Plastic DIP (derate 9.09mW/°C abo
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C) ..800mwW
8-Pin SO (derate 5.88mW/°C above +70°C)

Stresses beyond those listed under "Absolui

ve +70°C) ....727mW

extended periods may affect device reliability.

CTERISTICS

TA = TmIN to Tmax, unless otherwise noted.) (Notes 1, 2)

nanent damage to the device. Thes
n the operational sections of the specifications is

14-Pin SO (derate 8.33mW/°C above +70°C)
8-Pin UMAX (derate 4.1mW/°C above +70°C)
8-Pin CERDIP (derate 8.00mW/°C above +70°C)
14-Pin CERDIP (derate 9.09mW/°C above +70°C)....... 127mW
Operating Temperature Ranges
MAX4_ _C_ IMAX1487C_A
MAX4_ _E_ _IMAX1487E_A
MAX4_ _MJ_IMAX1487MJA
Storage Temperature Range
Lead Temperature (soldering, 10sec)
te Maximum Ratings " ma Iy cause perr
other conditions beyond those indicated

........... 0°Cto +70°C
........ -40°C o +85°C
+.=55°C 1o +125°C
..-65°Cto +160°C

€ are stress ratings only, and functional

not implied. Exposure to

! g '_—_PARAMETER [symBoL b ¥ CONDITIONS TMW TTYP MAX | UNITS
| Diterential Driver Oupul (o load) | Vo L N\ NI A e\ g e
i e LT e e 4 e BN 0 | VO
| Dillerential Driver Output R =500 (RS-422) 2
- Vop2 : v
| (with load)) R = 27Q (RS-485), Figure 4 1.5 5
3 R e
| Change in Magnitude of Driver
! Differential Output Voltage for AVop R = 27Q or 50Q, Figure 4 0.2 \Y
I Complementary Output States
Driver Common-Mode Output —a AN S T 11— —
| Voltage Voc R = 27Q or 50, Figure 4 3 \%
I Change‘inMagnitude of Driver | < LY inssnssnnin T NV ST } | o
| Common-Mode Output Voltage AVop | R =27Q0r 50Q, Figure 4 0.2 Y
1' for Complementary Output States
| Input High Voltage Vih | DE,DI.RE = | 2D v
Input Low Voltage ViL | DE. DI, RE e T 08 | v |
Input Current IIN DE,DLRE /) A N +2 pA
"DE - OV: N7 _ V 4 ]
f Vce = 0Vor 5.25V, \L”\L_ 124 e 4 - 10 il
Input Current all devices except ViN= -7V 08
(A. B) lIN2 MAX487/MAX1487 :
MAX487/MAX1487, ViN =12V . G2 -
I DE =0V, Vcc = 0V or 5.25v VIN = -7V T o
—_— | —
| Receiver Differential Threshold
| Vollage VTH -IV<Vem<12v 0.2 0.2 v
! Receiver Input Hysteresis | AVIH [ Vem - ov o “"‘AME“Q—“_ﬁ__TO_ o
!'Bugeiver Oulput High Voltage VOH | 10 = -4mA. v@:ﬁ?ﬁ@fh&__ﬁ‘ i e 72—
; Receiver Output Low Vollage Vou 10 AmA, Viiy — -200mV 0.4
Three-Stale (high impedance) o e
Output Current al Receiver lozr 0.4VsVos2.4v #
-IVsVems2y, allrdevices excepl 12 kO
MAX487/MAX1487
I Receiver Input Resistance RIN G o — e
f J‘-'/V SVem <12V, MAX48//MAX 148/ 418 kQ
e N e S

WNAXI /W



Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

DC ELECTRICAL CHARACTERISTICS (continued)

(Vee - 5V £5%, Ta = TMIN to Tmax. unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS | MIN _TYP  MAX | UN'ITSV
MAX488/MAX 489,
| DE, DI, RE = 0VorVee IE0SI 2280
; st e el iy SR A R ol i P
MAX490/MAX491, E
* BE DI RE 2 0Vorvice 200, 7, 508
| No Load Supply Current WX481/MAX4851' . N - L)OO . ‘900
(Nt 3) ik lee: | RE_OvorVec LE OV 300 500 PA
MAX1487, DE - Vce 300 500
RE -0V or Vee DE =0V 230 400
N7 [ MAX483 350 650
] DE = 5V
g—é\%"gj/xvcim ‘ MAX487 250 400
e 4 E | DE = oV 7 i 120 250
| Supply Currentin Shutdown ISHDN MAX481/483/487. DE = OV, RE = Ve 0.1 10 HA
. Driver Shorl-Circuit Current, ; 2
| Vo = High losp1- | -7V £ Vo <12V (Note 4) 35 250 mA
| Driver Shorl-Cichi'l_CurrenL A LN S W) Ik i R W s
V< Low lospz | -7V < Vo <12V (Nole 4) 35 250 mA
J &‘(‘f‘lver ShOTl-CiFCUil Current IOSR oV ;-Vé S%E WWArRA\Ve 1 . A3 7*“_. : 7795“——‘&/‘5\ “

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487

(Vee =5V 5%, Ta = TMIN Lo Tmax, unless otherwise noted.) (Notes 1, 2)

: PARAMETER SYMBOL " CONDITIONS [ MIN TYP  MAX | UNITS
[ 1 IPLH Figures 6 and 8, Rp|rr = 54, 10 30 60
kil Yo Lo Ay S M@ [Sle = [ Jfo  w | ™
| Driver Output Skew to Output " | iskew | Figures 6 and 8, RowFF - 549, CLy - €12 = 100pF i > W | s
! Figurex\B-anyy al TPAUMCTEN GAdPs MAX14GAN® 3/ 15 40 |
j Driver Rise or Fall Time R, lF ROIFF = 54Q, MAX490C/E, MAX491C/E 3 15 25 ns
| Cu1 = CL2 = 100pF [ MAX490M, MAX49TM™~ |3 L Avde - 4
E _Dirivv(r-z‘r Enable to Output High AN Eiguré?s 7 and 9,_in:’1'(509£,q§279[_(‘)s:.(§d_A__~'M :__ 40 70 ns _
i Driver Enable to Output Low Lz Figures 7 and 9, C| = 100pF. S1 closed 40 70 ns
- Driver Disable Time from Low iz |Figures 7 and 9, Cy - 16pF, ST closed | T T T ns
: [.‘"'V"‘fg'ﬁ"'.I?[ffl“”“.',’,(”ﬂ I;_Iig_l“\“ | Wl'g_-q/ Al-‘lgun:s /and 9, C) THpF, S2 closed 410 /0 ns
| o o Figures 6 and 10, | MAX481, MAX485 MAX1487| 20 g9 200 |
- Receiver Input to Output PLH, WPHL | RDIFF - 5482, MAX490C/E, MAX491CIE | 20 80 150 | ns
| CL1 - Cuz = 100pF [ MAX490M, MAXA9IM | 20 oo 200
CWLH- e Differential Figures 6 and 10, Rpjer = 54K,

!?nceiver gt(‘ew sko e T, 100pF i "
" Receiver Enable 1o Output Low tzL | Figures 5 and 11, Cri - 15pF, S1closed | 35 50 | ns
| Receiver Enable (o Output High | 1zw | Figures 5and 11, CrL - 15pF, S2 closed 20 50 ns |
| Recaiver Disable Time from Low| (7 Figures 5 and 11, Cr = 15pF, S1 closed 20 50 ns |
| Receiver Disable Time from Figh |tz | Figures 5 and 11, Cr - 15pF, S2 closed A, 20 50 | ns
! Maximum Data Rate fmAx a5t o Y T SRR T S, AN K 2._@7_ M‘b_p_s i
| Time to Shutdown ISHDN | MAX481 (Note 5) 50 ZOQ ‘ 600 _ns

MAXIMA . , , 3

LEVIXVIN/LEEXVIN-LEEXVIN/SSEX YIN/ESEX VINLSEXYIN
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers
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SWITCHING CHARACTERISTICS—MAX481/IVIAX485, MAX490/MAX491, MAX1487 (continued)
(Vee =5V £5%, Ta = TMIN to Tmax, unless otherwise noted.) (Notes 1, 2)
~ PARAMETER SYMBOL CONDITIONS MIN  TYP  MAX | UNITS
I Driver Enable from Shutdown to . . .
¢ = A S 40 100 ns
" Oulput ngh (MAX481) 1ZH(SHDN) | Figures 7 and 9, C, 100pF, S2 closed S
| ol Db o e Betioss| F I A ~ S
| Drlver Enable from Shutdown lo . 1 : . N
. res 7 and 9. C S 0 100 ns
()nlpul Low (MAX481) lZL(SHDN) | Figures 7 and 9, C; 100pF, S1 closed 4 S
' Receiver Enable from Shudown || Figures 5-and 11, CL~ 15pF. S2 closed, _
| 10 Oulput High (MAX481) 1ZH(SHDN) | A7 oy S0 7000 | ws
R(-r eiver é}able from Shutdown Fig(t-rn;é 5 an?ﬁr 1M, CL 4 1‘)pF51clo12d N e |
to Oulput Low (MAX481) 2L (SHON) | B-A=2v 300 1000 | ns |
SWITCHING CHAHACTERISTICS——MAX483, MAX487/MAX488/MAX489
-5V 4%, Ta = TmiN Lo Tmax. unless otherwise noled.) (Notes 1, 2)
:PARAMETER‘“: A _SY:MBQ_L:I o ~CONDITIONS [ MIN T TYR ‘MAX | UNITS !
l i 3\ % 250 800 2000
D”V(’I' |npu| to Oulpul _iti“ FlngreS 6 and 8' RD‘H_ ‘)452’ € g J S V. o T ns |
tPHL CL1 = Cr2 = 100pF 2 )O 800 2000 )
" Figures 6.and 8 Rpjer - 542, ]
Driver Output Skew to Output ISKEW Ci1 = Cl2 = A00pF 100 800 ns
) s sl Figures 6 and 8, Rpjrr = 540, i A
Driver Rise or Fall Time IR F s CYL 5 250 2000 ns
Dnver Enable to Outpul High tzH Figures 7 and_Qm(Im: 1605:"572 closed 250 2000 ns
' Driver Enable o Output Low L Figures 7 and 9, CL L'iOOpF S1 closed 250 2000 ns
i Dnver Disable Time from Low tLz Figures 7 and 9, CL = 1.)pF S1 closed 300 3000 ns
Driver Disable Trmo from High tHz Flgurr\s 7 and ‘) (‘1 = 15pF 52 closed - 300 3000 ns
NN Sty B . 7 - 50 /7 éooé' '
R(‘ceiver Input to Output —-jiﬂ——— Figuresigrang 10 ROIEE = 549 o e ns
tPHL Cr1 = Cr2 = 100pF 250 2000
Lwin-ter | Diflerential ] | Figues 6 and 10. Bl o~ 27 ]
t 100 S
! Receiver Skew ad 100pF ns
I Rorewer Enable to Output Low lzL Figures 5 ancﬁ-rwcrg:f';'ﬂ—pféTElvoza B 20 50 ns |
[ Receiver Enable (o Output High 1ZH Figures and~1—1*(,']qL = 15pF 'S2 closed 20 50 ns i
Receiver Disable Time from Low 1z F|gures 5and 11, (,RL 15pF S1 closed L 20 50 ns
Receiver Disable Tlme from ngh lH7 F|gures 5 dnd 11 Cm = 16pF s2 closed 20 50 ns
Mdmmum Da[a Rate fMAX LPLH, tpH| < 50% ol data pnrlod 250 kbps
Time to Shudown ISHON | MAX483/MAX48/ (Note 5) 50 200 600 ns
Driver Enable fr from S'ﬁlfi-(T(;\'/thf(; ~l S MAX483/MAX48/, Fl()urr:‘% / anc 9, N - 2000 Nl ;]
! ut Hig o /H( ’“UN) CL - 100pF, S2 closed °
! Driver Enable from Shutdown to ( MAX483/MAX487, Figures 7 and 9, - ZOOE) 1 ns
Output Low ZLISHON) CL = 100pF, S1 closed ’
Receiver Enable from Shutdown t- MAX483/MAX487,*Figures 5and 11, 2500 -
to Output High ZHISHDN) CL = 15pF, S2 closed - o
Receiver Enable | from Shutdown ( MAXA483/MAX48 /. Figures b and 11, 2500 -
10 Oulpul Low ZL(SHDN) Ci. = 15pF, S1 closed '

W AXI/VI



Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Note 1: All currents into device pins are positive; all currents oul of device pins are negalive. All voltages are referenced to device
ground unless otherwise specified.

Note 2: Alltypical specifications are given for Ve = 5V and Ta = +25°C.

Note 3: Supply current specification is valid for loaded transmitlers when DE - QV.

Note 4: Applies to peak current. See Typical Operating Characteristics.

Note 5: The MAX481/MAX483/MAX487 are putinto shutdown by bringing RE high and DE low. If the inputs are in this state for less
than 50ns, the parts are guaranteed not to enter shutdown. If the inputs are in this state for at least 600ns, the parts are
guaranteed to have entered shutdown. See Low-Power Shutdown Mode section.

Typical Operating Characteristics

(Vee =5V, Ta = +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. OUTPUT CURRENT vs. RECEIVER OUTPUT HIGH VOLTAGE vs.
RECEIVER OUTPUT LOW VOLTAGE RECEIVER OUTPUT HIGH VOLTAGE TEMPERATURE
v N 10111 | 3
3 18— — —3 46 —— IR0 = 8BmA —|
= -6 \ — e OO Y it it
< < N 3
£ £ LN N TG § 4.2 > = b SN S
= € a2 hN : \ /L g ~~
o S) Iy
& Y, (S B ol T R (SR ChSa=oll [me 0 1
& Seman | W] INSPS | ] - \
o 8 o ) A P R
= PR <) e 116 > T 38 >
= =) —
a a =} i
5 ’5 W e O\ S 4B | /ol A a 3.6
o =] 5
10- 1= e 5= ol ARV N (s AN ) o 3404 —=r
Y Hf———f—— ] S h O e Tl g, N £ AN < Y -
0 0 3.0
0 0.5 1.0 1.5 2.0 2.5 15 20 25 30 35 40 45 50 -50  -25 0 25 50 75 100 125
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

(Ve = 8V, Ta= +25°C, unless otherwise noted.)
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Pin Description

| PIN i
" MAX481/MAX483/ P
j MAX485/MAX487/ mﬁ))((ig%/ 'I\\/In?\))((ig?/ NAME FUNCTION
; MAX1487 ,
| DIP/SO | puMAX | DIP/SO | pMAX DIP/SO I
] T _3“ A‘Z——w‘_‘ ;MM »2 i RO | Receiver Output: A > B by ZOYOmV, RO will be high;
I IFA < B by 200mV, RO will be low.
- ————— ] - T a0} A_—ﬁ_ﬁ__._...k..,__»““:—h.x —
. == | Receiver Oulput Enable. RO is enabled when RE is low: RO is '
2 4 — — 3 RR\ |/ 1.7/ BE L,
| high impedance when RE is high.
e = & & —N) ! SV AN NS ———e—,
[ Driver Outpit Enable. The driver oulputs, Y and Z, are enablod
] by bringing DE high. They are high impedance when DE is low. If
‘ 3 h - - 1 DE the: driver outputs are enabled, the parts function as line drivers.
‘ While they are high impedance, they function as line receivers il
)‘ RE is low.
| PR /P o YD 5y | Driver Input Alow on O forces oUtput Y low and output Z high.
J Similarly. a high on DI forces output Y high and output Z low.
b8 7 4 6 6, 7 GND L Ground
— — } 5 L 7 L 9 Y Noninverting Driver Output
- s 6 8 10 z l nverting Driver Oulput T i 9
 S— — e -t L L SN A ws v e FALSAR FAY N —_— . ]
j 6 8 — — — A Noninverting Receiver Input and Noninverting Driver Output
; e — 8 2 12 A Noninverting Receiver Input
| / 1 — = — B Inverting Receiver Input and Inverting Driver Qutput
| ——i — B w e ) SR om—". =~k L B T ¥ = e Nl = e
I — — 7 1 1 B Inverting Receiver Input
| S A TR N B o —— e a Yl O | g | D N~y y
| 8 2 1 3 14 Vce Posilive Supply: 4.75V < Vice < 6.25v
et S S I [ el | NCAY A 1 I —_—
— - — — 1,813 R\ No Connect—nol internally connected
— R b\ TR w0 A ST S gl
TOPVIEW NI
RO E - E Vie MAX4871
= . MAX483
v (2] aL MAX485 | o
DE |3 46 A Maxda;
[o] . MAX1487 o ol
DI (4 5 ] oo ro [1] - 8 | Vee -
DIP/SO 1G] ’ ,l” B 008NN
of [31— .. Q_,M;;x,-/\/\/ij\ 'A%l |
o o [ & j/\ A n[?_ RO
D> 5| GND —
Japyyonnk '
Ve (2] mmwer  [7] oo E
; MAX483
Gl s (el
RE(4) M7 P
MAX1487 3 ; - . :
NOTE: PINLABELS Y AND 7 ON TIMING, TEST, AND WAVEFORM DIAGRAMS REFER TQ PINS A AND B WHEN DE IS HIGH,
uMAX TYPICAL OPTRATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 1. MAX487/MAX45’3/MAX485/MAX48//MAX 1487 Pin Conficuuration and T) ypical Operating Circuit
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

| E—

TOP VIEW
! o Vee SNAXIVI Vec
Vee (1] QE A 1MAX188 |
oz =t MAX1%0
l)lE*)~ J—- 6|7 5y
ano [ 4 > 5] w2 o q i ] /f/ ggg; — KO
DIP/SO
a A
o :
il ot =4 [ Wi 000 ey
MAXIV 5
"2 e [Ty
B R S T 7
RO [ 5] o GND GND
HMAX NOTE: TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 2. MAX488/MAX490 Pin C onfiguration and Typical Operating Circuit

TOP VIEW DE i MIAXIM
'4 |14 MAX489 |
oy MAX491
ne. [1] [14) vee )
ko [2] .. i 00N W — ko
10
RE 3 12] A z N
0E [¢] 11]s 12 A
I e IR Syps0e -
1
6o [6 | o ] v | E
GND [7 s Jnc. e AT
3l o [ ]
DIP/SO RE GND GND  DE

Figure 3. MAX489/MAX491 Pin Configuration and Typical Operating Circuit

- Applications Information

Ihe MAX481/MAX483/MAX485/MAX487—MAX491 and
MAX1487 are low-power transceivers for RS-485 and RS-
122 communications. The MAX481, MAX485, MAX490,
MAX491, and MAX1487 can transmit and receive at data
rates up to 2.5Mbps, while the MAX483, MAX487,
MAX488, and MAX489 are specified for data rates up to
250kbps. The MAX488-MAX491 are full-duplex trans-
ceivers while the MAX481, MAX483, MAX485, MAX487,
and MAX1487 are half-duplex. In addition, Driver Enable
(DE) and Receiver Enable (RE) pins are included on the
MAX481, MAX483, MAX485, MAX487, MAX489,
MAX491, and MAX1487. When disabled, the driver and
receiver outputs are high impedance.

8

MAX487/MAX1487:
128 Transceivers on the Bus
Ihe 48kQ, Vg-unit-load receiver input impedance of the
MAX487 and MAX1487 allows up to 128 transceivers
on a bus, compared to the 1-unit load (12kQ input
impedance) of standard RS-485 drivers (32 trans-
ceivers maximum). Any combination of MAX487/
MAX1487 and other RS-485 transceivers with a total of
32 unit loads or less can be put on the bus. Ihe
MAX481/MAX483/MAX485 and MAX488-MAX491 have
standard 12kQ Receiver Input impedance.

MAXI/VI



Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Test Circuits

IEST POINT Tk
REGHVER [£51 LU ° JO—’\/\/\/— Ver
ourrur T st v

Cri

15pF .
2 :-'

Figure 4. Diiver DC Test Load

Figure 5. Receiver Timing Test Load

—O/O* Vee

5000 St

]
\01
5 - b

outpur
UNDER TESI

+
%o

Figure 6. Driver/Recejver Timing Test Circuit

MAX483/MAX487/MAX488/MAX489:
Reduced EMI and Reflections

Ihe MAX483 and MAX487-MAX489 are slew-rate limit-
ed, minimizing EMI and reducing reflections caused by
improperly terminated cables. Figure 12 shows the dri-
ver output wavetorm and its Fourior analysis ol o
150kHz signal transmitted by a MAX481, MAX485,
MAX490, MAX491, or MAX1487. High-frequency har-

MAXIM

Figure 7. Driver Timing Test Load

monics with large amplitudes are evident, Figure 13
shows the same information displayed for a MAX483,
MAX487, MAX488, or MAX489 transmitting under the
same conditions. Figure 13's high-frequency harmonics
have much lower amplitudes, and the potential for EM|
15 significantly reducod.
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Switching Waveforms

3v e e e e R
DI 1.5V
w -
- = P L B R VI

v Voirr =V (Y)-v ()
0 —— T
Vi 90% 90% N
Vo — 0% 10%
R —B= -— IF —b> <<—

ISKEW = | tPLH - tpHL |

£ s
DE 15t 15V

v o

B st ) 2 -

Yol . I

Vou <23V 0UTPUT NORMALLY Low Vor +0.5V
o OUTPUT NORMALLY HIGH

. 2.3V ) Vor -0.5v

(i o

8 ZH(SHDN). {21 lHz —o=

Figure 8. Driver Propagation Dela yS

R0 Vo — 8’/
J
Vol x’ 1.5V OUTPUT 1.5V >
—b o | oLy — <
g e PHL PLH Ay QTR
WV OeR INPUT ov

L

Figure 9. Driver Enable and Disable Times (except MAX488 and
MAX490)

NV o
RE 1.5\/\% 15V
oV ———

=&l sHoN). L1 W7 —b| e -
Vee > @) 4 o
fh N2 0utkUT NORWALLY Low VoL + 0.5V

OUTPUT NORMALLY HIGH W

/1,5V

Vo - 0.5V

W4 1 S
TS GnshoN). 2y Hy & e

Figure 10. Receiver Propagation Delays

Table 1. Transmitting

i INPUTS T OUTPUTS
| [ R s e
| z Y
[l S b e
‘ 0 1
1 0
High-Z High-Z
0 X | Hghze | High 7+

X = Don't care
High-Z = High impedance :
* Shutdown mode for MAX481/MAX483/MAX487

10

Figure 11. Receiver Enable and Disable Times (except MAX488
and MAX490)

Function Tables (MAX481/MAX483/MAX485/I1AX. 487/MAX1487)

Table 2. Receiving

] INPUTS OUTPUT
RE DE A-B RO
0 0 > +0.2V 1
0 0 <-0.2V 0
0 0 Inputs open 1
1 0 X High-Z*
X = Dont care
High 7 = High impedance
* Shutdown mode for MAX4B1/MAX483/MAX487
VIAXI/W




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

T0dB/div

OH

500kHz/div

| IS

Figuie 12, Driver Oulput Waveform and FFT Plot of MAX481/
MAXI85IMAX 490/MAXA9 1/MAX 1487 Transmitting a 150kHz
Signial

Low-Power Shutdown Mode

(MAX481/MAX483/MA X487)
A low-power shutdown mode is initiated by bringing
both RE high and DE low. The devices will not shut
down unless both the driver and receiver are disabled.
In shutdown, the devices typically draw only 0.TpA of
supply current.

RE and DE may be driven simultaneously; the parts are
guaranteed not to enter shutdown if RE is high and DE
is low for less than 50ns. If the inputs are in this state
for at least 600ns, the parts are guaranteed to enter
shutdown.

For the MAX481, MAX483, and MAX487, the tzH and
ZL cnable times assume the part was not in the low-
power shutdown state (the MAX485/MAX488-MAX491
and MAX1487 can not be shut down). The (ZH(SHDN)
and tZL(SHDN) enable times assume the parts were shut
down (see Electrical Characteristics).

It takes the drivers and receivers longer to become
cnabled from the low-power shutdown state
(IZH(SHDN), tZL(SHDN)) than from the operating mode
(711 171). (Ihe parts are in operating maode if the RE,
DE mputs cqual a logical 0,1 or 1,1 or 0, 0.)

MAXIA .

10dB/div

“BMH;

500kHz/div

Figure 13. Driver Output Waveform and FFT Plot of MAX483/
MAX487-MAX 489 Transmitting a 150kHz Signal

Driver Output Protection
Excessive output current and power dissipation caused
By faults or by bus contention are prevented by two
mechanisms, A foldback current limit on the output
Stage provides immediate protection against short cir-
cuits over the whole common-mode voltage range (see
Typical Operating Characteristics). In addition, a ther-
mal shutdown circuit forces the driver outputs into a
high-impedance state if the die temperature rises
excessively.

Propagation Dela y
Many digital encoding schemes depend on the differ-
ence between the driver and receiver propagation
delay times. Typical propagation delays are shown in
Figures 15-18 using Figure 14's test circuit.
Ihe difference in receiver delay times, | tPLH - tpH( [ is
typically under 13ns for the MAX481, MAX485,
MAX490, MAX491, and MAX1487 and is typically less
than 100ns for the MAX483 and MAX487-MAX489.

Ihe driver skew times are typically 5ns (10ns max) for
the MAX481, MAX485, MAX490, MAX491, and
MAXT487, and arc typically 100ns (800ns max) for the
MAX483 and MAX487-MAX489.

11
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

TILIN
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RECLIVER
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R e TN il
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Figure 15, MAX48 1/MAX485/MAX490/MAX49 1MAX1487

Recower gy

Figure 16. MAX48 1/MAX485/MAXI90/MAX49 1/MAX1487
Receiver (o

—
[Ty s T ——
A *‘h»..,“‘__\__ ? "/"‘d/ B p= _ S L
N
Yooy
S500mvidiv \" iy Ve = 5V 500mv/div \ Ve = 5V
\*I’ Ta=1425°C \ Ta=425°C
...,/’/" ™ .
K0 w'mwmw—_w"{”—*f' Vidiv i T o
2Vidiv | ,- . _ |
| | VR RO o oo e e d
400ns/div 400ns/div

Figue 17. MAX483, MAX/IB/—MA_XM.‘) Receiver oy
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Low-Power, Siew-Rate-Limjited
R$-485/R$-422 Transceivers

Line Length vs. Data Rate
Ihe RS-485/RS-422 standard covers line lengths up to
4000 feet. For line lengths greater than 4000 feet, see
Figure 23.

Figures 19 and 20 show the system differential voltage
for the parts driving 4000 feet of 26AWG twisted-pair
wire at 110kHz into 120Q loads.

Typical Applications
Ihe MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 transceivers are designed for bidirectional data
communications on multipoint bus transmission lines.

Figures 21 and 22 show typical network applications
Circuits. These parts can also be used as line
repeaters, with cable lengths longer than 4000 feet, as
shown in Figure 23.

lo minimize reflections, the line should be terminated at
both ends in its characteristic impedance, and stub
lengths off the main line should be Kept as short as possi-
ble. The slew-rate-limited MAX483 and MAX487-MAX489
are more tolerant of imperfect termination.

g = ,...._m..,l ’ | BV
} ! i ! : 0V
e 1%

x T o o
Vy-Vg % / \\ ,r‘/ -«,\ oV
R e v
i ; . a2 S 5y
| - SR Ll oy

2us/div

Wi _.___N-,,L [.,_.«_._-__‘ 5y
1__ ’ W W [ ov
! v

~ ety
Wz \ /_.\\ \/ N
-~ v

5 __ ( . m] [ —— Z:

2ps/div

Figure 19. MAX481/MAX485/MAX490MIAX49 1IMAX 1487
System Differential Voltage at 170kHz Driving 40001 of Cable

Figure 20. MAX483, MAX487-MAX489 S ystem Differential
Voltage at 110kHz Driving 40001t of Cable

120Q 120Q
—= DE
] B (AR F‘/\N\l—l B
DI < @
&35,
F==20I
F — (C
" A B A )) B A A
P
= 1 R 80
) — RE
R R
AVIAXI /W § 5
MAX481
MAX483
MAX485 | I I A
MAX187 DI DE - RO RE DI DE RO RE
MAX1487

Figure 21, MAX48 1/MAXAEI/MAXIES/MAXAE /IMAX 1487 T ypical Hall-Duplex RS-485 Network

MAXE/A
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NOTE: RE AND DE ON MAX4B9/MAX191 ONLY.
|
Figure 22. MAX488-MAX 491 Full-Diplex RS-485 Nowwork

Isolated RS-485

Z/VIAXIv
MAX488-MAX19]

A
DATAIN
- D, 00
7
VI 1200 ) DATAOUT
NN

NOTE: RE AND DE ON MAX489/MAX491 ONLY.

MAX1480 data sheets,

Figure 23. Line Repeater for MAX488-MAX491
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

__Ordering Information {continued)

__Ordering Information (continued)

| PART TEMP. RANGE  PIN-PACKAGE PART TEMP. RANGE.  PIN-PACKAGE
MAX481EPA -40°C to +85°C 8 Plastic DIP MAX490CPA 0°C 160 +70°C 8 Plastic DIP
MAX48T1ESA -40°C to +85°C 8 SO MAX490CSA 0°C to +/0°C 8 SO
MAXI8TMJA -55°Clo +125°C 8 CERDIP MAX490C UA 0°C b +70°C 8 |IMAX
MAX483CPA 0°C o +70°C 8 Plastic DIP MAX490C/D 0°Cto +/0°C Dice*
MAX483CSA 0°Clo +70°C 8 S0 G MAX490EPA -40°Cto +85°C 8 Plastic DIP
MAX483CUA 0°Cto +70°C 8 uMAX MAX480ESA HA0CI0485C . BSE
MAX483CID 0°Clo +70°C Dica- MAX490MJA :55°C 10 +125°C 8 CERDIP
MAX483EPA -40°C 1o +85°C 8 Plastic DIP MAX491CPD NL0+70°C 14 Plastic DIP
MA <IUBL A “A0°C Lo+ 85°¢ 7 850 PASe- BN +70°C 1850
MAX183MJA -55°Clo +125°C 8 CERDIP MAX191C/D OCWNOC _ Dice*
V_M‘AXIJBSCPA 0°C o +70°C 8 Plastic DIP MAX491EPD -40°C to +85°C 14 Plastic DIP
KA_AX485CSA 0°C o +70°C 8 SO MAX491ESD" -40°C 1o +85°C 14 SO
MAX485CUA 0°Cto +70°C 8 UMAX MAX491MJD =85°C to +125°C 14 CERDIP
MAX85C1D 0°C 1o +70°C Dicar MAX1487CPA 0¥ 15" 8 Plastic DIP
MAX485EPA -40°C 10 +85°C - 8 Plastic DIP MAX148/CSA UE¥ +#4CY | 850
MAX485E SA -40°C to +85°C 850 MAX1487CUA 0°C lo +70°C 8 IMAX
MAX485MJA -55°C 10 +125°C ~ B8 CERDIP MAX1487C/D 0°C10 +70°C_| | Dice’
MAX487CPA 0°C to +70°C 8 Plastic DIP MAX1487EPA -40°C to +85°C 8 Plastic DIP
MAX487CSA 0°C to +70°C 8SO MAX1487ESA -40°C to +85°C 8 SO
MAX487C UA 0°C 1o 270°C 8 IMAX MAX1487MJA -55°Cllo +125°C | | 8 CERDIP k|
MAX487C/D 0°Cto +70°C Dice* * Contact factory for dice specifications.
MAX487E PA -40°C 10 +85°C 8 Plastic DIP
MAX487E SA -40°C to +85°C 8 SO
MAX487MJA -55°C 10 +125°C 8 CERDIP
" MAX488CPA 0°C to +70°C 8 Plastic DIP C‘hip Tapographies
| MAX488CSA 0°C to +70°C 8 SO
| MAX488C UA 0°C to +70°C 8 IMAX MAX481/MAX483/MAX485/MAX487/NIAX1487
MAX488C/D 0°C to +70°C Dice*
MAX488EPA -40°C 10 +85°C 8 Plastic DIP :
MAX488ESA -40°C 1o +85°C 8 SO £ N.C. T
MAX488MJA -55°C 10 +125°C 8 CERDIP ol
MAX489CPD 0°Cl0+70°C 14 Plastic DIP Y
MAX489CSD 0°Clo+70°C_ 1450 B (T 372mm
MAX489C/D 0°C 1o +70°C Dice"
MAXABIEPD) “40°C 10 +85°C 14 Plastic DIP A
‘MAX489ESD -40°C to +85°C 14 SO '
MAXABIMID b5 "Clo +125°C 14 CERDIP GND
0.080"

MAXIAN . e

(2,032mm) I
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

fs Chip Topographies (continued)
A\ MAX488/MAX490 MAX489/MAX491
Ry .
§ "
SN 0.054"
; (1.372mm)
N %
T GND GND
g 0.080" ) 0.080"

% (2.032mm) (2.032mm)
% TRANSISTOR COUNT: 248
q. SUBSTRATE CONNEC I'ED 1O GND
§ Package Information
DN INCHES MILLIMETERS
£ ) N T MIN MA)T’
.Q I A | 0036 | 0044 | 0.91 1.11
¥ = % 1 Al ] 0004 | 0.008 | 0.10 | 020
.< A 1 fEl 4 B 10010 | 0014 | 025 | oas

- . = C 10005 | 0007 | 013 | o1s
t [ j E@ ‘f \f D | 0116 | 0.120 | 295 | 305
N b 0,004 in L E | 0116 | 0120 | 295 | 305
2 — - B ~A1 Lowe = e 0.0256 0.65
\) H | 0188 | 0198 | 478 | 503

L | 0016 | 0026 | 041 | 066

] a | o 6° 0° 6°
* 21-0036D
N
3
e 8-PIN pMAX
r! MICROMAX SMALL-OUTLINE
g PACKAGE
N
'

' Maxin cannot cassume responsibility for use of any circuitry other than circutry entirely embodied in g Mexim procuct. No circuir ptent icenses are

nnplice. Maxim reserves the rght to change the circuitry and specifications withoue notice ar any time.
16 oo Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737.7600

"I96 Maxim Integratecd Procucts Printed USA VXA i egistened Tademiank of Maxim Integrated Proclucts,



AT89C2051

Features

© Compatible with MCS-51™ Products

©® 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

27Vto6 V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM :

15 Programmable I/O Lines i

Two 16-Bit Timer/Counters 8..B it

Six Interrupt Sources

Programmable Serial UART Channel Microco ntro"er

Direct LED Drive Outputs
On-Chip Analog Comparator H
Low Power Idie and Power Down Modes Wlth 2 Kbytes

Flash

Description

Pin Configuration

PDIP/sOIC

#

<
o
o

RST [

(RXD) P3.0 ]
(TXD) P3.1 [
XTAL2 (]
XTAL1 [
(INTO) P3.2
(INT1) P3.3 [
(10) 1’3.4 13
(T1) P3.5 12
GND C 11

20
19
18
7
16
15
14

TVDUVDDUVD
-k if od e ek

(AIN1)
(AINO)

CocNOOAWLN

:

-

U000 ooOTD
TTUT

2 At
\JQ—ANOJ&U’IO)\I

0368C
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Block Diagram

PORT 1 PORT 3
ANALOG LATCH LATCH
COMPARATOR h

0SsC '

Vee !
; RAM ADDR. !

I REGISTER [P RAM FLASH € - |

GND ! _ |
' SR iy g - ] ;'

: PROGRAM :

' B =ory - I N (N 2.« ;

! REGISTER ACC POINTER e :
<>  BUFFER |¢— !

; TMP2 T™P1 :

: PC '

| INCREMENTER !

! INTERRUPT, SERIAL PORT, 1

; AND TIMER BLOGKS !
PROGRAM :

COUNTER [ ;

TIMING !

INSTRUCTION !

RST — P AND oot et | { ] DPTR g ,
CONTROL REGISTER |

t % P1.0-P1.7 P3.0-P35 P37




Pin Description
Vee

Supply voltage.

GND

Ground.

Port 1

Port 1is an 8-bit bidirectional |
P1.7 provide internal pullups. P1.0 and P1.1 require exter-
nal pullups. 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 output
buffers can sink 20 mA and can drive LED displays di-
roctly. When 1s are written to Port 1 pins, they can be
used asinputs. When pins P1.2to P1.7 are used as inputs
and are externally pulled low, they will source current (IIL)
because of the internal pullups.

Port 1 also receives code dat
and program verification.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional 1/0
pins with internal pullups. P3.6 is hard-wired as aninput to
the output of the on-chip comparator and is not accessible
as a general purpose I/Q pin. The Port 3 output buffers
can sink 20 mA. 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 (hL) because of the pullups.

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

/O port. Port pins P1.2 to

a during Flash programming

LPort Pin | Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO (timer 0 external input)
P3.5 T1 (timer 1 external input

Port 3 also receives some control sj
gramming and programming verificati
RST

Reset input. All 110 pins are rese

goes high. Holdin
cles while the osc

gnals for Flash pro-
on.

tto 1s as soon as RST
g the RST pin high for two machine cy-
illator is running resets the device.

Each machine cycle takes 12 oscillator or clock
XTAL1

Input to the inverting oscillator a
nternal clock operating circuit.

XTAL2
Jutput from the inverting oscillator amplifier.

u

cycles.

mplifier and input to the

ATMEL

AT89C2051

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 extemal 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.

Figure 1. Oscillator Connections

c2
— I I——- XTAL2
XTAL1
GND

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

Figure 2. External Clock Drive Configuration

NC ——s | x7aL2
EXTERNAL
OSCILLATOR ~——-——{ XTAL1
SIGNAL
‘L ~——-4 GND
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Special Function Registers

A map of the on-chip memory area called the Special random data, and write accesses will have an indetermi-
Function Register (SFR) space is shown in the table be- nate effect.

low. User software should not write 1s to these unlisted loca-
Note that not all of the addresses are occupied, and unoc- tions, since they may be used in future products to invoke
cupied addresses may not be implemented on the chip. new features. In that case, the reset or inactive values of

Read accesses to these addresses will in general return the new bits will always be 0.

Table 1. AT89C2051 SFR Map and Reset Values

0F8H ’ OFFH
oFoH | B | OF7H
00000000
| oMW o LN |
OF8H OEFH
: acc [ Y TSNS PN\ ———
OLZ0H 00000000 0E7H
0D8H ODFH
PSW
OOk b S 0D7H
0C8H O0CFH
0COH 0C7H
0B8H I 0BFH
XXX00000
P3
OBOR Y g i 1 087H
0A8H IE OAFH
0XX00000
0AOH u 0A7H
SCON SBUF '
281 00000000 | xxx3XXX oFH
P1
OH | 1111111 Sk
gsh | TCON TMOD TLO TL1 THO TH1 B
00000000 | 00000000 00000000 | 00000000 00000000 | 00000000
- Sp DPL DPH PCON | .
- 00000111 | 00000000 | 00000000 | N 0XXX0000
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel's growing family of microcontrollers. |t
contains 2 Kbytes of flash program memory. It is fully com-
patible with the MCS-51 architecture, and can be pro-
grammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which
is 2K for the AT89C2051. This should be the responsibil-
ity of the software programmer. For example, LIMP 7EQH
would be a valid instruction for the AT89C2051 (with 2K of
memory), whereas LIMP 900H would not.

1. Branching instructions:
LCALL, LUMP, ACALL, AJMP, SIMP, JMP @ A+DPTR

These unconditional branching instructions will execute
correctly 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 O0H to 7FFH for the 89C2051). Violating the physi-
cal space limits may cause unknown program behavior.

CJNE [..], DUNZ [..)], JB, UNB, JC, JNC, JBC, JZ, UNZ
With these conditional branching instructions the same
rule above applies. Again, violating the memory bounda-
ries may cause erratic execution.

mm AT89C2051

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family ar-
chitecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is ex-
ternal PROGRAM memory execution. Therefore, no
MOVX [...] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. It is the responsibility of the controller user
to know the physical features and limitations of the device
being used and adjust the instructions used correspond-

ingly.
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Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the agd-
ditional features listed in the table below:

Lock Bit Protection Modes("
’LProgram Lock Bits

LB1 LB2
U

Protection Type

No program lock features.

Further programming of the
Flash is disabled.

Same as mode 2, also verify
is disabled.

j -

Note:

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

P1.0andP1.1 should be setto’0’ if no external pullups are
used, orsetto '1’ if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program execu-
tion, fromwhere it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hard-
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 Ve
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

>1.0.and P1.1 should be set to '0’ if no external pullups are
ised, or setto'1’ if external pullups are used.

122 AT89C2051
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Programming The Flash

The AT89C2051 is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the erased state (i.e., con-
tents = FFH) and ready to be programmed. The code
memory array is programmed one byte at a time. Once the
array Is programmed, fo re-program any non-blank byte,
the entire memory array needs to be erased electrically.

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 AT89C2051,
the following sequence is recommended.

1. Power-up sequence:
Apply power between Vce and GND pins
Set RST and XTAL1 to GND
With all other pins floating, wait for greater than 10
milliseconds

2. Set pin RSTto 'H’
Set pin P3.2 to 'H’

3. Apply the appropriate combination of 'H’ or ’L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of
the programming operations shown in the PEROM
Programming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1 .Oto
P1.7.

5. Raise RST to 12V to enable programming.

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

7. To verify the programmed data, lower RST from 12V
to logic 'H’ level and set pins P3.3 to P3.7 to the ap-
propiate levels. Output data can be read at the port
P1 pins.

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

9. Repeat steps 5 through 8, changing data and advanc-
ing the address counter for the entire 2 Kbytes array
or until the end of the object file is reached.

10.Power-off sequence:
set XTAL1 to 'L’
set RST to 'L’
Float all other 11O pins
Turn Vce power off




L AT89C2051

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 written data on P1.7. Once the write
cycle has been completed, true data is 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. Pin
P3.1 is pulled low after P3.2 goes High during program-
ming to indicate BUSY. P3.1 is pulled High again when
programming is done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been

programmed code data can be read back via the data

lines for verification:

1. Reset the internal address counter to 000H by bring-
ing 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.

Flash Programming Modes

Chip Erase: The entire PEROM array (2 Kbytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals 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 normal verification of
locations 000H, 001 H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned
are as follows.

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

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.

P3.2/ T
Mode RST PROG P3.3 P3.4 P3.5 P3.7
Write Code Data(!3) 12V L H H H
leedowene® | e
Write Lock Bit - 1 12v H H H H
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 2. Chip Erase requires a 10 ms PROG pulse.

on the rising edge of RST and is advanced by a posi-
tive pulse at XTAL1 pin.

3. P3.1is pulled Low during programming to indicate
RDY/BSY\.
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Figure 3. Programming the Flash Memory Figure 4. Verifying the Flash Memory By
5V
AT89C2051 AT89C2051 ]!'
| el |
RDYBSY <«——| p3.1 Voo e .
-—p! P33 -—p{ P3.3
—b P34 SEEFLASH ——»| P3.4
SEE FLASH PROGRAMMING
PROGRAMMING ——»{ P3.5 MODES TABLE ~ —» P3.5
MODES TABLE 5 P R ]
Sl e xTAL ASL (- SV o [] - » xTAL 1 RST |«- Vi
TO INCREMENT 1 GND s -4
ADDRESS COUNTER , [

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

Symbol Parameter Min Max

Vep Programming Enable Voltage

lpp Programming Enable Current

tbvaL Data Setup to PROG Low

_tGHDX Data Hold After PROG e,
1EHSH P3.4 (ENABLE) High to Vpp

ISHGL | Vep Setup to PROG Low
lGHsL | Vpp Hold After PROG
tGLGH PROG Width
ey | ENABLE Low to Data Vaiig
[tHaz | Data Float After ENABLE
taHBL PROG High to BUSY Low
twe ____| Byte Write Cycle Time
{BHIH o MRDY/@\ to Increment Clock »[_)g_el_g_)_/‘m
UHIL Increment Clock High

lote: 1. Only usedin 12-volt programming mode.
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PORT 1 —m——-t ':f_jjﬁ\"ii\jf o
S tDVGL tGHDX

P3.2

(PROG)

RST
(Vpp)

P3.4

(ENABLE) ——
P3.1

(RDYV/BSY) ———f—————2= Q=

XTAL1
(INCREMENT
ADDRESS)

Absolute Maximum Ratings*

Operating Temperature................ -55°C to +125°C
Storage Temperature.................. -65°C to +150°C
Voltage on Any Pin

with Respect to Ground .................. -1.0Vto+7.0V
Maximum Operating VoltageQ N\ 6D. . w0 ™~ 6.6V
DC Output Current..............oooovioio 25.0 mA

N |

AT89C2051

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

mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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D.C. Characteristics

ATMEL

Lo B it

Ta=-40°Ct0 85°C, Vocc=2.7 Vto 6.0 V (unless otherwise noted)

[L Symbol Parameter

Condition Min Max Units
Vi | Input Low Voltage -0.5 0.2 Vce-0.1 Vv -
ViH Input High Voltage (Except XTALT, RST) 0.2 Vcc+0.9 Vce+0.5 \
VIH1 Input High Voltage (XTAL1, RST) 0.7 Vce Vce+0.5 \
o 1
VoL Output Low Voltage( ) loL=20mA, Vecc=5V 05 Vv
2 (Ports 1, 3) loL =10 mA, VCC_:EZY__“ -
Ot.tH'hVI loH = -80 pA, Vec =5V + 10% 2.4 \%
utput High Voltage R T N
VoH (Ports 1, 3) loH = -30 pA 0.75 Vce Vv
= loH = -12 pA 0.9 Vce L
Logical 0 Input Current o i
L o1 (Pers, 2,3) ViN ﬁg\_/_._ﬂw_w"w?h__ﬁ‘ N\ a0 WA
] Loglcal 1 to 0 Transition e
: "»L_ __| Current (Ports 1, 2, 3) ViN=2V e yiad HA
Input Leakage Current
_Iu_, (Port P1.0, P1.1) O0<VIN<Vce 10 HA
Comparator Input Offset 1
] chs_ Voltage Veaas \ 20 mV
Comparator Input
‘Vfﬂ Common Mode Voltage q Vee Y
| RRST | Reset Pulldown Resistor 50 300 KQ
2 ,C'_O_ Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
Active Mode, 12 MHz, Vicc = 6 V/3 V 15/5.5 mA
Power SuppiiOhrmett e TaSiode? o MHz, Vce = 6 V/3 V & i
lcc P1.0 & P1.1 =0V or Vo
VcC =6 V.P1.0:& P = oV V 10 A
Power Down Mode® <. 165 Vares Y e 0
5 ] Vec =3V P1.0& P1.1 =0V or Voo 20 HA

Notes: 1. Under steady state (non-transient) conditions, oL
must be externally limited as follows:
Maximum IoL per port pin:20 mA
Maximum total IOL for all output pins:80 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.
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= 0.2 V- 0.1V
0.45V ——

tecL

External Clock Drive

‘ Symbol  Parameter Vcc=27Vto6.0V Vec= 4.0Vto6.0V Units —]
Min Max Min Max
Oscillator Frequency 0 12 0 24 MHz
Clock Period 83.3 41.6.
High Time 30 15
Low Time 30 15
Rise Time 20
Fall Time 20 :

O Y T AImEI, | 3-27
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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 Min Max Min Max
Il ’ Serial Port Clock Cycle Time 1.0 12tcLoL
tavxH I Output Data Setup to Clock Rising Edge 700 10tcLcL-133
txHaX I Output Data Hold After Clock Rising Edge 50 " 2tcLoL-33
tXHDX l Input Data Hold After Clock Rising Edge 0 0
oy | Clock Rising Edge to Inpur Data,vjl_ig__:% L el [T
Shift Reglster Mode Timing Waveforms
INSTRUCTION | P | 1 — 3 _37“[‘47‘[ 5 =6 7771,_"8_|"
AE __ [Jf Lﬁl{ LEY.FAY WX RE = W] LN\ LT

WRITE TO SBUF

OUTPUT DATA
; ,CHE_?F!EL,

@ ALl ALl VALl

INPUT DATA SET RIT

AC Testing Input/Output Waveforms"” Float Waveforms

Vs 0.5V S — )
ce £0.2 Vg + 0.9V Vioao* 01V  tig Sl
P TEST POINTS VLOAD S TimingP Betference .
N oints
DA \\9‘2th9 O A N Viono® o.1v\_\”

Note: 1. AC Inputs during testing are driven at Vec-0.5Vfora  Note:
logic 1 and 0.45 V for a logic 0. Timing measure-
ments are made at Vi min. for a logic 1 and V.
max. for a logic 0.

1. For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs,
A port pin begins to float when a 100 mV change
from the loaded Vo/VoL level occurs,
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AT89C2051
TYPICAL ICC - ACTIVE (85°C)

20 e ———————— - e
T { Vce=6.0V

0 6 12 18 24
FREQUENCY (MHz)

AT89C2051
TYPICAL ICC - IDLE (85°C) -

TN PR G =

e Vece=5.0V

m 1 —_—— e B
A
Vee=3.0V

0 3 6 9 12
' FREQUENCY (MHz)
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AT89C2051
TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C)
20 __._ﬁ’_%__‘ e e ——

O S '
C

¢ 10
!

A

3.0V 4.0V 504 6.0V
Vce VOLTAGE

Note: 1. XTAL1 tied to GND for lcc (power down).
2.P.1.0 and P1.1 = Vg or GND.
3. Lock bits programmed.
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‘igure 2. Page Wirite

S
i $
é WORD 0
T ADDRESS (n) DATA n DATA n+1 DATA n + 3 P
i i 6 [N i e i | i e i
SDA LINE 1 JJ ' / ( ’ ]
B N O S 91 IS L Leoboode b ] I N |
LRA A A
s Ss/c C c c
B BW K K K K
igure 3. Byte Read
S
g S
A T
R WORD o]
T ADDRESS (n) P
S Y S A L= | 1T Lo
SDA LINE u T
J*._!_Lﬁj_DL 1
LR A DATA n N
s s/ ¢ o)
B BW K
A
C
K
‘igure 4. Sequential Read
S
A A T
(8] 0
ADDRESS K g
— R T SAINT T—I—F"TT T
SDA LINE "_’ 1 r , D
L e | L ouuinnl > O AN K 1 {
!/R é DATA n DATA n+1 DATA n + 2 DATA n+x
W K
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AT24C01

Ordering Information

twg (max) lcc (max) Isg (max) fuax
(ms) (LA) (nA) (kHz) Ordering Code Package Operation Range
10 3000 18 400 AT24C01-10PC 8P3 Commercial
AT24C01-10SC 851 (0°C to 70°C)
AT24C01-10MC 8M
AT24C01-10TC 8T
3000 18 400 AT24C01-10PI 8P3 Industrial
AT24C01-108I ' 851 (-40°C to 85°C)
AT24C01-10MI 8M
AT24C01-10TI 8T
10 1500 4 100 AT24C01-10PC-2.7 8P3 Commercial
AT24C01-10SC-2.7 8S1 (0°C to 70°C)
AT24C01-10MC-2.7 8M
AT24C01-10TC-2.7 8T
1500 ‘ 4 100 AT24C01-10PI-2.7 8P3 Industrial
AT24C01-1081-2.7 851 (-40°C to 85°C)
, AT24C01-10MI-2.7 8M
AT24C01-10TI-2.7 8T
;‘ 10 1000 4 ' 100 AT24C01-10PC-2.5 8P3 Commercial
i AT24C01-10SC-2.5 851 (0°C to 70°C)
' AT24C01-10MC-2.5 8M
AT24C01-10TC-2.5 8T
1000 4 100 AT24C01-10PI-2.5 8P3 Industrial
| AT24C01-10S1-2.5 851 (-40°C to 85°C)
AT24C01-10MI-2.5 8M
’ AT24C01-10TI-2.5 8T
1+ o 800 3 100 AT24C01-10PC1 .8 8P3 Commercial
i AT24C01-10SC-1.8 851 (0°C to 70°C)
AT24C01-10MC-1.8 8M
AT24C01-10TC-1.8 8T
‘ 800 3 100 AT24C01-10PI-1.8 8P3 Industrial
% AT24C01-10SI-1.8 851 (-40°C to 85°C)
j AT24C01-10MI-1.8 8M
i AT24C01-10TI-1.8 8T
| Package Type
f 8M 8-Lead, 0.118” Wide, Miniature Small Outline Package (MSOP)
| 8P3 8-Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
851 8-Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
8T 8-Lead, 0.170" Wide, Thin Shrink Small Outline Package (TSSOP)
Options
Blank | Standard Operation (4.5V to 5.5V)
-2.7 Low-Voltage (2.7V to 5.5V)
-2.5 Low-Voltage (2.5V to 5.5V)
-1.8 Low-Voltage (1.8V to 5.5V)

ATMEL



Packaging Information

ATMEL

8M, 8-Lead, 0.118" Wide, Miniature Small Outline
Package (MSOP)

0.40 (0.016)
0.25 (0.010)
PIN1 o

la 10 (0.122)
2.80 (0.114)
U

—-J l—— 0.65 (0.026) TYP

i
i

3.10 (0.122)
2 90 (0. 114)
1.10 (0.043)
_{ 0.97 (0.038)
0.15 (0.006) }T
0.05 (0.002)
0.23 (0.009;
==l
[_ 3.81 J
~(0.150)-

REF
4.90 (0.193)
REF

e

8P3, 8-Lead, 0.300” Wide, Plastic Dual Inline
Package (PDIP)

Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-001 BA

1400 (10.16)
355 (9.02)

By
N0

T sy
240(6.10)
oy U “““ 007 (040
.300 (7.62) REF L tl 027 (.690)
210 (5.33) MAX — - 100 (2 54) BSC
semme%{
PLANE ﬁ-ﬁ
150 (3.51) [o (.380) MIN
115 (2.92) _ - 2 (.559)
070 (1.78) 14(.356)
045 (1.14)
1325 (8.26)
"‘“" 300 (7.62)

=

i._%—l 1420 (10.9) MAX

012 (.305)
.0087(.203)

8S1, 8-Lead, 0.150” Wide, Plastic Gull Wing Small
Outlme (JEDEC SOIC)
Dimensions in Inches and (Millimeters)

0 NV
T-Lﬁl_(iﬁ?) 244 (6.20)
PIN 1 150 (3.81) .228(5.79)
TTT b

*-H—- .050 (1.27) BSC

.196 (4.98)
.189 (4.80
068 (1.73)
; .053 {1.35)
010 (.254) |
.0047(702) —
0
g REF .010 (.254)
I/ I .007 (:203)

050 (1.27)

016 (.406)

il

8T, 8-Lead 0.170” Wide, Thin Shrink Small Outline
Package (TSSOP)

Dimensions in Millimeters and (Inches)*

[L 'L H PIN1 I

6.50 (.256)
6.25 (.246)
__H_ 030 (012).
019 (ooa)
310 (122)
1.05 (041) 290(”4), 1.20 (.047) MAX
0.80(033) -} 1
65 (,026) BSG 0.15 (oos)
.] r— 0.05 (.002)

0 (.008)
( 004)

e —
g

0
8 REF

0.75 (.030) .
0.45 (.018)

"Controlling dimension: millimeters

10

AT24C01




Ordering Information

s AT89C2051

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 27Vto6.0V AT89C2051-12PC 20P3 Commerecial
AT89C2051-12SC ' P08 (0°C to 70°C)
AT89C2051-12P]| 20P3 Industrial
- | ATB9C2051-128] ol _ (40Ctogsc)
24 40VtoB.0V AT89C2051-24PC 20P3 Commercial
AT89C2051-245C _ 20S (0°C to 70°C)
AT89C2051-24P| 20P3 Industrial
| ATBIC2051-245] 208 (-40°C to 85°C)
Package Type
i ?_O_P3 20 Lead, 0.300" Wide, Plastic Dual In-line Package (PDIP)
208 20 Lead, 0.300" Wide, Plastic_‘Gull Wing Small Outline (SOIC)

3-31



Features

* Low Voltage and Standard Voltage Operation
= 5.0(Vec=4.5Vto 5.5V)
= 27(Vee=27Vto 5.5V)
= 25(Vee=25Vt05.5V)
= 1.8(Vee=1.8Vto 5.5V)
Internally Organized 128 x 8
2-Wire Serlal Interface
Bidirectional Data Transfer Protocol
100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility
4-Byte Page Write Mode
Self-Timed Write Cycle (10 ms max)
High Reliabllity
— Endurance: 1 Milllon Write Cycles
— Data Retention: 100 Years
— ESD Protection: >3000V
° Automotive Grade and Extended Temperature Devices Available
* 8-Pin PDIP, 8-Pin MSOP, 8-Pin TSSOP and 8-Pin JEDEC SoIC Packages

Description

The AT24C01 provides 1024 bits of serial electrically erasable and programmable
read only memory (EEPROM) organized as 128 words of 8 bits each. The device is
optimized for use in many industrial and commercial applications where low power
and low voltage operation are essential. The AT24C01 is available in space saving
8-pin PDIP, 8-pin MSOP, 8-pin TSSOP, and 8-pin JEDEC SOIC packages and is
accessed via a 2-wire serial interface. In addition, the entire family is available in 5.0V
(4.5V to 5.5V), 2.7V (2.7V to 5.5V), 2.5V (2.5V t0 5.5V) and 1.8V (1.8V to 5.5V) ver-

sions.

Pin Configurations gIom prson
8-Pin TSSOP
Pin Name | Function
NC No Connect NC [ 10 BrAprq
NC (]2 7 1TEST
SCL Serial Clock Input GND 4 5[ 1SDA
Test Test Input (GND or Vee)
8-Pin PDIP 8-Pin SOIC
N
NC [} 1 8|]vcc NC [ 1 8[—_lvce
NC[] 2 7 [JTEST NC (]2 7 JTEST
NC([] 3 6 1] SCL NC (]38 6|1 SCL
GND[] 4 5[1SDA GND 4 5[ 1SDA

TRy (B

2-Wire Serial
EEPROM

1K (128 x 8)

AT24C01

Rev. 0134C-07/98
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Absolute Maximum Ratings*

Operating Temperature

-55°C to +125°C

Storage Temperature -65°C to +150°C

Voltage on Any Pin

*NOTICE:  Stresses beyond those listed under “Absolute

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

with Respectto Ground ............ooveverovoeooo -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage............o..oovoovooooooo 6.25V conditions for extended periods may affect
i device reliability.
DC Output CUIrent.......cvoveeeeeeeeeee oo 5.0 mA
Block Diagram
Vcc "—“">
GND ——»
SCL —e¢————_p START
STOP 3
SPA ——ofF» 1 0fie 4 7% /i
ity ' SERIAL = o o
T ———=pt 1= CONTROL —»—-‘{H.V. PUMP/TIMINGJ
T g AL XIRSG LOGIC ——== Ly
\ | ]__M_.[ _____ > \
[ li DATA RECOVERY
| — F_ St B B
1) ’
‘T_OAD £NC [
TN AN S
DATA WORD w E2PROM
ADDR/COUNTER .
R/W (
[ Y DEC } ----- -*»—"-7 SERIAL MUX_J
v__ .
Diy I i o T —— 5L » Dy /ACK f
a1 b g g ———— LOGIC Jl

Pin Description

SERIAL CLOCK (SCL): The SCL in
edge clock data into each EEPRO
edge clock data out of each device.

SERIAL DATA (SDA): The SDA pin is bidirectional for
serial data transfer, This pin is open-drain driven and may

)e wire-ORed with any number of other open-drain or open
>ollector devices.

put is used to positive
M device and negative

Memory Organization

AT24C01, 1K SERIAL EEPROM: Internally organized with
128 pages of 1 byte each. The 1K requires a 7-bit data
word address for random word addressing.

¥
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Pin Capacitance
Applicable over recommended operating range from T, = 25°C, f = 1.0 MHz, Veg = +1.8V.

AT24C01

Symbol Test Condition Max Units Condition
Cio Input/Output Capacitance (SDA) 8 pF Vo =0V
Cin Input Capacitance (A0, A1, A2, SCL) 6 pF Viy =0V

DC Characteristics
Applicable over recommended operatin

Vee = +1.8V 1o +5.5V (

g range from: Ty = -40°C to +85°C, Vee = +1.8V to +5.5V, Tue = 0°C to +70°C,

unless otherwise noted).

Symbol Parameter Test Condition Min Typ Max Units
Veer Supply Voltage 1.8 5.5 \
Veea Supply Voltage 2.5 5.5 \
V. R Supply Voltage 240 5.5 \
_Y('C.‘L Supply Voltage 4.5 5.5 \
lec Supply Current Ve = 5.0V READ at 100 KHz 04 1.0 mA
loc Supply Current V¢ = 5.0V WRITE at 100 KHz 2.0 3.0 mA
Isgy Standby Current V¢ = 1.8V Vin = Vg or Vgg 0.6 3.0 pA
lsiz Standby Current Vg = 2.5V Vin= V¢ or Vgg 1.4 4.0 HA
lsga Standby Current Vg = 2.7V Vin= Vg or Vgg 1.6 4.0 pA
Isgq Standby Current V¢ = 5.0V Vin = Vee or Vg 8.0 18.0 HA
TL; Input Leakage Current Vin = Vggor Vg 0.10 3.0 LA
Lo Output Leakage Current Vour = Vg 0r Vg 0.05 3.0 pA
Vie Input Low Level( -0.6 Vee % 0.3 Vv
Vi Input High Level" Vw07 Vee + 0.5 %
Vorz Output Low Level Voo = 3.0V loo =2.1 mA 0.4 \
Vo Output Low Level Vg = 1.8V loL = 0.15mA 0.2 \Y
Note 1. Vi minand V,; max are reference only and are not tested.
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AC Characteristics

Applicable over recommended operating range from T, = -40°C to +85°C, V. = +1.8V to +5.5V, CL = 1 TTL Gate and

100 pF (unless otherwise noted).

2.7-, 2.5+, 1.8-volt 5.0-volt
Symbol Parameter Min Max Min Max Units
fscL Clock Frequency, SCL 100 400 KHz
b Clock Pulse Width Low 4.7 ‘ 1.2 us
T,,,GH Clock Pulse Width High 4.0 0.6 us
’ Noise Suppression Time(" 100 50 ns
EAA 1 Clock Low to Data Out Valid 0.1 4.5 0.1 0.9 us
L,;Q 7 Time the bus must be free belore a new B 4.7 1.2 us
transmission can start(")
tho.sTa Start Hold Time 4.0 0.6 us
tsu.sTa Start Set-up Time 4.7 0.6 us
E;,_DAT Data In Hold Time 0 0 us
E,_DAT Data In Set-up Time 200 100 ns
Tn Inputs Rise Time!(!) 1.0 0.3 us
TF Inputs Fall Time(" 300 300 ns
tsu.sto Stop Set-up Time 4.7 0.6 us
i ton Data Out Hold Time 100 50 ns
twi Write Cycle Time 10 10 ms
Endurance(") 5.0V, 25°C, Page Mode 1M 1M C\)/:/,cr:ilfs

Note:

Device Operation

CLOCK and DATA TRANSITIONS: The SDA pin is nor-
mally pulled high with an external device. Data on the SDA
pin may change only during SCL low time periods (refer to
Data Validity timing diagram). Data changes during SCL
high periods will indicate a start or stop condition as
defined below.

START CONDITION: A high-to-low transition of SDA with
SCL high is a start condition which must precede any other
command (refer to Start and Stop Definition timing dia-
gram).

STOP CONDITION: A low-to-high transition of SDA with
SCL high is a stop condition which terminates all communi-
cations. After a read sequence, the stop command will
place the EEPROM in a standby power mode (refer to Start
and Stop Definition timing diagram).

ACKNOWLEDGE: All addresses and data words are seri-
lly transmitted to and from the EEPROM in 8-bit words.
Any device on the system bus receiving data (when com-

1. This parameter is characterized and is not 100% tested.

municating with the EEPROM) must pull the SDA bus low
to acknowledge that it has successfully received each
word. This must happen during the ninth clock cycle after
each word received and after all other system devices have
freed the SDA bus. The EEPROM will likewise acknowl-
edge by pulling SDA low after receiving each address or
data word (refer to Acknowledge Response from Receiver
timing diagram).

STANDBY MODE: The AT24C01 features a low power
standby mode which is enabled: (a) upon power-up and (b)
after the receipt of the STOP bit and the completion of any
internal operations.

MEMORY RESET: After an interruption in protocol, power
loss or system reset, any 2-wire part can be reset by follow-
ing these steps:

(a) Clock up to 9 cycles, (b) look for SDA high in each cycle
while SCL is high and then (c) create a start condition as
SDA is high.

} AT24C01 L S R R —
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Bus Timing
SCL: Serial Clock, SDA: Serial Data I/0

SCL

tsu.sTa fe—

SDA IN

Write Cycle Timing
SCL: Serial Clock, SDA: Serial Data /0

EC6 & n il ey e\

WORD n (1)
THIRP % (g

STOP START
CONDITION CONDITION

e



Data Validity

Output Acknowledge

DATA IN

DATA ouT

START ACKNOWLEDGE

AT24C01 N



Write Operations

BYTE WRITE: Following a start condition, a write operation
‘equires a 7-bit data word address and a low write bit. Upon
receipt of this address, the EEPROM will again respond
wvith a zero and then clock in the first 8-bit data word. Fol-
owing receipt of the 8-bit data word, the EEPROM will out-
but a zero and the addressing device, such as a
microcontroller, must terminate the write sequence with a
stop condition. At this time the EEPROM enters an inter-
nally-timed write cycle to the nonvolatile memory. All inputs
are disabled during this write cycle | twr, @and the EEPROM
will not respond until the write is complete (refer to Figure
1)

PAGE WRITE: The AT24C01 is capable of a 4-byte page
write.

A page write is initiated the same as a byte write but the
microcontrollor doos not send a stop condition aftor tho first
Jdata word is clocked in. Instead, after the EEPROM
‘Icknowledgos receipt of the first data word, the microcon-
troller can transmit up to three more data words. The
EEPROM will respond with a zero after each data word
received. The microcontroller must terminate the page
write sequence with a stop condition (refer to Figure 2).

'he data word address lower 2 bits are internally incre-
mented following the receipt of each data word. The higher
live data word address bits are not incremented, retaining
the memory page row location. When the word address,
nternally generated, reaches the page boundary, the fol-
lowing byte is placed at the beginning of the same page. If
more than four data words are transmitted to the EEPROM,
the data word address will “roll over” and previous data will
be overwritten.

ACKNOWLEDGE POLLING: Once the internally-timed
write cycle has started and the EEPROM inputs are dis-
abled, acknowledge polling can be initiated. This involves
sending a start condition followed by the device address
word. The read/write bit is representative of the operation
desired. Only if the internal write cycle has completed will
the EEPROM respond with a zero allowing the read or
write sequence to continue.

Figure 1. Byte Write

WORD

S
T
A
R
T ADDRESS (n)

[ H B B B
SDA LINE U

S Y A
M
S
B

owr
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Read Operations

Read operations are initiated the same way as write opera-
tions with the exception that the read/write select bit in the
device address word is set to one. There are two read
operations: byte read and sequential read.

BYTE READ: A byte read is initiated with a start condition
followed by a 7-bit data word address and a high read bit.
The AT24C01 will respond with an acknowledge and then
serially output 8 data bits. The microcontroller does not
respond with a zero but does generate a following stop
condition (refer to Figure 3).

SEQUENTIAL READ: Sequential reads are initiated the
Same as a byte read. After the microcontroller receives an
8-bit data word, it responds with an acknowledge. As long
as the EEPROM receives an acknowledge, it will continue
to increment the data word address and serially clock out
sequontial data words. When the memory address limit is
reached, the data word address will “‘roll over” and the
sequential read will continue. The sequential read opera-
tion is terminated when the microcontroller does not
respond with an input zero but does generate a following
stop condition (refer to Figure 4).
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