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ABSTRACT

This thesis presents the project of computer control electrical devices, using.
Visual Basic Program. The computer send data to microcontroller system via RS-232C.
Microcontroller control solid-state relay circuit to on/off electrical devices.This project can

turn on or turn off electrical devices by program or manual switch.
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Data Terminal
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Protective ground
Transmit Data
Receive Data
Request to send
Clear to send
Data Set Ready
Signal Ground
Carrier Detect
Reserve for test
Reserve for test
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Secondary Carrier
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Secondary Carrier
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DCE:Data Communication Equipment

sUfi 2.6 msfmuadodeves RS-232C

fimmavosifgyoo

TO DCE

TO DCE

TO DTE

TO DCE

TO DTE

TO DTE

TO DTE

TO DTE

TO DTE

(CD, DSR tiaz CTS) asuiiuaess winaouiunes liilladayena DTR

9. Ring Indicator (RI U 22)

9 ' '
8a Iulid(Auto-answer) dryaafivzooudiofidyanunszian uazesrszniudod

YBINTAY

o

GRIRIRLIE

a

y K]
1M Tusuiiduszuuneuly



~

B I T )

— e WP mey e  rm e S g

e

L

rrdmr g reurrE  TTeres  WUPRYE  MTUNR WG PR

12

1997 2. 2 fudnyas Tnedevesdaynya RS-232C

qudnuazmeiih
Driver output logic levels with ISV>0>5V
3k to 7k load -5V>0>-15V
Driver output voltage when open circuit Vo <25V
Driver output impedance with Power off Ro > 300 ohms
Output Short circuit current Io<05A
Driver slew rate dv/dt <30 V/s
Receiver input impedance 7k > Rin >3k

Receiver input voltage

+ 15 compatible with driver

Receiver output with open circuit input MARK
Receiver output with +3 V input SPACE
Receiver output with -3 V input MARK

+15 Logic 0 = Space
+5 Control On

+5 Noise Margin

+3

+3 Transition Region
-3

-3 Noise Margin

-5

-5 Logic 1 =Mark

Control Off
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3. E (Enable Signal ) iumnfmuaanmmsiu@ousmdoya

A A aa ¢
11319 3.1 MSIABATIAINDT

RS | R/W | ENABLE OPERATION
0 0 falling egde | IR write as internal operation (Display clear, atc)
0 1 positive pulse | Read busy flag (DB7) and address counter (DB0-DB6)
1 0 falling egde | DR write as internal operation (DR to DD or CG RAM)
1 1 positive pulse | DR read as internal operation (DD or CG RAM to DR)_
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VERSION 4.00

Begin VB.Form commdat

BackColor = &H00000000&
Caption = "@296°19M3 AnAoL RS 232"
ClientHeight = 4470
ClientLeft = 1560
ClientTop = 1500
ClientWidth = 7830
BeginProperty Font

name = "MS Sans Serif"
charset =1 .
weight = 700

size = 8.25

underline = 0 'False

italic = (0 'False

strikethrough = 0 ‘False

EndProperty

Height = 4875
Left = 1500
LinkTopic = "Forml"

ScaleHeight = 4470
ScaleWidth = 7830
Top = 1155
Width = 7950

WindowState = 2 'Maximized

Begin VB.Timer Timerl
Enabled = 0 'False
Interval = 100
Left = 5160
Top = 2880

End

Begin MSCommLib.MSComm Comm1
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Left = 1080
Top = 1680
_version = 65536
_extentx = 847
_extenty = 847
_stockprops = 0
cdtimeout = 0
commport =1
ctstimeout = 0
dsrtimeout = 0
dtrenable = -1 'True
handshaking = 0
inbuffersize = 1024
inputlen =0
interval = 1000
nulldiscard = 0 ‘False
outbuffersize = 512
parityreplace = "7"
rthreshold = 0
rtsenable = 0 'False
settings = "9600,N,8,1"
sthreshold = 0

End

Begin VB.Label Label7
BorderStyle = 1 'Fixed Single
Height = 255

Left = 4560
TabIndex =6

Top = 960
Width = 1935

End

Begin VB.Label Label6
BorderStyle = 1 'Fixed Single

Height = 255
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Left = 4560
Tablndex = 5
Top = 480
Width = 1935

End

Begin VB.Label Label5
BackStyle = 0 'Transparent
Caption = "Code out"
ForeColor = &HO00000FF&
Height = 255

Left = 3240

TabIndex = 4

Top = 960

Width = 1335

End

Begin VB.Label Label4

BackStyle = 0 'Transparent
Caption = "Sand Ascii out"
ForeColor = &HO00000FF&
Height = 255

Left = 3240

TabIndex =3

Top = 480

Width = 1335
End
Begin VB.Label Label3

BackStyle = 0 'Transparent
Caption = "Code input”
ForeColor = &HO000000FF&
Height = 375

Left = 4320

TabIndex =2

Top = 2400

Width = 975
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End
Begin VB.Image Image5

Height = 330

Left = 2520

Picture = "COMMDAT.frx":0000
Top = 480

Width P 360

End
Begin VB.Image Image4
Height = 330
Left = 1800
Picture = "COMMDAT.frx":018A
Top = 480
Width = 360
End
Begin VB.Image Image3
Height = 330
Left = 1080
Picture = "COMMDAT.frx":0314
Top = 480
Width = 360
End
Begin VB.Label Label2

BorderStyle = 1 'Fixed Single

Height = 255

Left = 5280

TablIndex =1

Top = 2400

Width = 2415
End
Begin VB.Label Labell

BackColor = &H00000000&
Caption = "Loading Now!"

BeginProperty Font
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name = "MS Sans Serif"
charset =1

weight = 700

size = 12

underline = 0 'False
italic = ( 'False

strikethrough. = 0 'False

EndProperty
ForeColor = &HOOFF0000&
Height = 375
Left = 1800
Tablndex = 0
Top = 2400
Width = 2175
End

Begin VB.Image imgLine G

Height = 315
Left = 1680
Picture = "COMMDAT.frx":049E
Top = 3120
Visible = 0 'False
Width = 2040
End

Begin VB.Image imgLine_R

Height = 31§
Left = 1680 .
Picture = "COMMDAT.frx":0AB4
Top = 3120
Visible = 0 ‘False
Width = 2040
End

Begin VB.Image ImgLine_main
Height = 315
Left = 1680
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Picture = "COMMDAT.frx":10CA
Top = 3120
Width = 2040
End
Begin VB.Image Image2
Height =1480
Left = 3720
Picture = "COMMDAT.frx":16E0
Top = 3000
Width = 480
End
Begin VB.Image Imagel
Height = 480
Left = 1200
Picture = "COMMDAT.frx":19EA
Top = 3000
Width = 480
End
End

Attribute VB_Name = "commdat"
Attribute VB_Creatable = False
Attribute VB_Exposed = False
DefInt A-Z
'Port Communication RS 232
Const Com1 =1

Const Com2 =2

Dim Datastart As String
Dim Datainl As Integer

Private Sub command3d2_click()
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Unload Me

End Sub

Private Sub Comm1_Click()

End Sub

Private Sub Form_Load()

'Set Communication port
Comml.CommPort=1 ‘'Com2
Comm1.Settings = "9600,n,8,1"
Comml.InputLen =1

Comm1.PortOpen = True

End Sub

Private Sub Image3_Click()
commdat.Comm1.output = 1
commdat.Comm1.output =1
label6.Caption = Chr$(65)
Label7.Caption = "65"

commdat.Timerl.Enabled = True

End Sub

Private Sub Image4_Click()
commdat.Comm1.dutput = Chr$(66)
label6.Caption = Chr$(66)
Label7.Caption = "66"

commdat.Timer]l.Enabled = True

End Sub
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Private Sub Image5_Click()
commdat.Comm.output = Chr$(67)
label6.Caption = Chr$(67)
Label7.Caption ="67"

commdat.Timer1.Enabled = True

End Sub

Private Sub MSComm1_OnComm()

End Sub

Private Sub imgLine G_Click()

End Sub

Private Sub Timer!_Timer()
'Wait Start Valume
DA$ = Comm1.Input
If DA$ ="" Then
Static PickBmp As Integer
If PickBmp Then
imgLine_main.Picture = imgLine_R.Picture 'RED Line
Else
imgLine_main.Picture = imgLine_G.Picture 'Green Line
End If
PickBmp = Not PickBmp
Else
commdat.Timerl.Enabled = False
‘Index 2 As Plot From Data In Rs232
commdat.Label2.Caption = DA$
End If
End Sub
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Tulsunsu MCS-51

;**t#***##t#t*****##*#**###t#*#t#t******t#t*

main program

;10 use lcd (r4 use command r5 use data of ds1202)

kR Rkkkk kR kbR k ke kok kb ke kR ko kk
H

st equ p0.5
sclk equ p0.3
io equ p0.4

ORG O0H
ajmp start
ORG 23H

IMP IN_SER

ORG 40H
start: clr ri
setb ea
setb €s

mov tmod,#20h
mov th1,#0fdh
mov tl1,#0fdh
mov scon,#50h
setb trl

;**#*******#*#*#*##*****#**####**###t*t*******##*tﬁ*###t#**

mov p1,#00h

clr p0.7

Icall clearled ; clear led and set start up
mov r4,#8¢h ; write protect command
mov 15,#00h ; with zero bits

Icall bytewr ; write to ds1202

mov 14,#80h ; write seconds command
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lcall wa_dog
mov r5,#00h
Icall bytewr
Ieall delaykey

Icall name

next_a: Icall date
call check
call 'wa_dog

jnb p0.0,menu
mov a,52h

setb pl.6

sjmp next a

menu: call menu®

exit_0: call delaykey
call name
jmp next a
ret

$include "set_on.asm"
$include "clock.asm"
$include "date.asm”
$include "name.asm"
$include "out.asm"
S$include "lcd.asm"
$include "delay.asm"
$include "ds1202.asm"
$include "count.asm"

$include "countl.asm"

$include "wa_dog.asm"

$include "check.asm"
$include "direct.asm"
$include "in_ser.asm"
$include "menu.asm"

$include "menul.asm"
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; with value of 00 sec

; write to ds1202

; PC OPERATING

; date and time
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$include "menu2.asm"

$include "menu3.asm"”

$include "menu4.asm"

end

;**#*#******#***## Set_On.asm e ook ok ok R ok o ook ook ok ok oo ok ok ok ok

set_on:

call
call
mov
call
mov
call
call
mov
call
mov
call
mov
call
mov
mov
call
mov
call
call
mov
call
mov
call
mov
call
mov
mov
call

mov

delaykey
set_onl
10,#0cbh
writeinst
r0,#1'
writechar
minute_1
Sah,#60h
cool
30h,r3
hour_1
Sah,#24h
cool
31h,r3
10,#0cbh
writeinst
r0,#2'
writechar
minute_1
Sah#60h
cool
32h,13
hour_1
5ah,#24h
cool
33h,r3
10,#0cbh
writeinst

r0,#3'
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call
call
mov
call
mov
call
mov
call
mov
mov
call
mov
call
call
mov
call
mov
call
mov
call
mov
mov
call
mov
call
call
mov
call
mov
call
mov
call
mov

mov

writechar
minute_1
5ah,#60h
cool
34h,13
hour 1
5ah#24h
cool
35h,13
10,#0cbh
writeinst
10,#4'
writechar
minute_1
5ah,#60h
cool
36h,r3
“hour_1
Sah#24h
cool
37h,13
r0,#0cbh
writeinst
r0,#'s'
writechar
minute 1
5ah,#60h
cool
38h,r3
hour_1
Sah,#24h
cool
39h,r3
10,#0cbh
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call
mov
call
call
mov
call
mov
call
mov
call
mov
mov
call
mov
call
call-
mov
call
mov
call
mov
call
mov
mov r0,#0cbh
call writeinst
mov r0,#8'
call writechar
call minute_1
mov 5ah,#60h
call cool
mov 3eh,r3
call hour_1
mov 5ah,#24h

call cool

writeinst
r0,#6'
writechar
minute_1
5ah,#60h
cool
3ah,r3
hour_1
5ah,#24h
cool
3bh,r3
10,#0cbh
writeinst
0#7'
writechar
minute_1
5ah,#60h
cool
3ch,r3
hour_1
Sah,#24h
cool

3dh,r3
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mov 3fh,r3

ret

set_offl: call set_off

mov r0,#0cbh
call writeinst
mov r0,#1'
call writechar
call minute 1
mov 5ah,#60h
call cool

mov 40h,r3
call hour_1
mov S5ah,#24h
call cool

mov 41h,r3
mov 10,#0cbh
call writeinst
mov r0,#2'
call writechar
call minute_1
mov S5ah,#60h
call cool

mov 42h,r3
call hour_1
mov 5ah,#24h
call cool

mov 43h,r3
mov r0,#0cbh
call writeinst
mov r0,#'3'
call writechar

call minute_1

mov 5ah,#60h
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call cool
mov 44h,r3
cail hour_1
mov Sah,#24h
call cool
mov 45h,r3
mov 10,#0cbh
call writeinst
mov r0,#'4'
call writechar
call minute_1
mov 5ah,#60h
call cool
mov 46h,r3
cail hour_1
mov 5ah,#24h
call cool
mov 47h,r3
mov 10,#0cbh
call writeinst
mov r0,#'5'
call writechar
call minute 1
mov 5ah,#60h
call cool
mov 48h,r3
call hour_1
mov 5ah,#24h
call cool
mov 49h,r3:
mov r0,#0cbh
call writeinst
mov r10,#6'

call writechar
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call minute_1
mov 5ah,#60h
call cool
mov 4ah,r3
call hour_1
mov Sah,#24h
call cool
mov 4bh,r3
‘mov r0,#0cbh
call writeinst
mov 10,#7'
call writechar
call minute 1
mov Sah,#60h
call cool
mov 4ch,r3
call hour_1
mov 5ah,#24h
call cool
mov 4dh,r3
mov 10,#0cbh
call writeinst
mov 10,#§'
call writechar
call minute_1
mov 5ah,#60h
call cool
mov 4eh,r3
call hour_1
mov S5ah,#24h
call cool
mov 4fh,r3
Icall name

jmp next_a
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ret

;#t**####t### clock.asm****#ss kbbb rhrkss

set_onl: call wa_dog

mov r0,#01h
call writeinst
mov 10,#82h
call writeinst
mov r0,#'s ;settimeon
call writechar
mov r0,j'e
call writechar
mov r0,#'t
call writechar
mov r0,#"’
call writechar
mov 10,#1
call writechar
mov r0,#1
call writechar
mov r0,#m'
call writechar
mov 10,#'¢
call writechar
mov r0,#"'
call writechar
mov r0,#0o'
call writechar
mov r0,#n'
call writechar
mov 10,#0c2h
call writeinst

mov r0,#¢' ; chanal
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call writechar
mov 10,#h'
call writechar
mov r10,#a’
call writechar
mov 10#n'
call writechar
mov 10,#n'
call writechar
mov rQ,#'e
call writechar
mov r0,#1
call writechar
ret
set_off: mov r0,#01h
call writeinst
mov 10,#82h
call writeinst
mov rO#'s' ;settime on
call writechar
mov r0,#'e
call writechar
mov r0,#'t'
call writechar
mov r0,#""’
call writechar
mov r0,#'t'
call writechar
mov 10,#'1'
call writechar
mov r0,#m'
call writechar
mov r0,#'e

call writechar
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mov r0,#"’
call writechar
mov r0,#0'
call writechar
mov r0#f
call writechar
mov 10 #f

call writechar

mov 10,#0c2h

call writeinst
mov 10,#c’
call writechar
mov 10,#h'
call writechar
mov r0,#'a'
call writechar
mov r0,#n'
call writechar
mov 10,#n'
call writechar
mov 10,#'¢'
call writechar
mov r0,#1'
call writechar

ret

88

; channel

minute_1: mov 10,#93h

call writeinst
mov 10,#m’
call writechar
mov r0.#1

call writechar
mov r0,#n’'

call writechar

mov r0,#u'
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call writechar
moy r0,#t
call writechar
mov r0,#'¢
call writechar

ret

hour_1: mov 10,#93h

call writeinst
mov r0#h’
call writechar
mov r0,#0'
call writechar
mov r0,#'u'
call writechar

ret

. * TREREREREFHERRREE
JFEEERERERERRROE date g *hd *

clockl: mov 10,#01h

Icall writeinst
mov r0,#81h
Icall writeinst
Icall wz;_dog
mov 10,#s ;setsec
Icall writechar
mov r{,#e
Icall writechar
mov 10, #t'
Icall writechar
mov r0,#"'
Icall writechar
mov 10#'s'
Icall writechar

mov r10,#¢
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Icall writechar
mov 10,#'c
lcall writechar
Icall wa_dog
mov 5ah,#60h
lcall count
mov ar3
mov r15,a
mov 14,#80h
lcall bytewr
Icall delaykey
mov 10,#01h
I¢all writeinst
mov 10,#81h
lcall writeinst
lcall wa_dog
mov 10,#'s  ;set minute
Icall writechar
mov r0,#¢
Icall writechar
mov r0,#t'
Icall writechar
mov rO#'
Icall writechar
mov 10, #m’
lcall writechar
mov r0,#1'
Icall writechar
mov r10,#n'
Icall writechar
mov r0,#u'
Icall writechar
mov r0,#'t'

Icall writechar
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mov r(,#¢
Icall writechar
Icall wa_dog
mov  5ah,#60h
Icall count
mov 3ar3
mov r5,a
mov r4,#82h
Icall bytewr
Icall delaykey
mov 10,#01h ;clear lcd
lcall writeinst
mov 10,#81h
Icall writeinst
mov r0#'s ;sethour
Icall writechar
mov r0,#'e
Icall writechar
mov r0#'t
Icall writechar
mov 10 #'"'
Icall writechar
mov 10,#h'
Icall writechar
Icall wa_dog
mov 10,#0'
Icall writechar
mov r0,#u'
Icall writechar
mov 10,#'r
Icall writechar
mov Sah,#24h
Icall count

mov a,r3
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mov r5,a
mov r4,#84h
Icall bytewr
Icall delaykey

mov r0,#01h ;clear

Icall writeinst

mov 10,#81h

. leall writeinst

mov r0,#'s ;setday

call writechar
mov r0,#'e
call writechar
mov 10,#'t'
call writechar
mov r0,#’
call writechar
mov 10,#d’
call writechar
mov 10,#a’
call writechar
call wa_dog
mov r0#'y'
call writechar
mov Sah,#32h
call count
mov ar3
mov r5,a
mov r4,#86h
call bytewr
call delaykey
mov 10,#01h
call writeinst
mov 10,#81h

call writeinst

;clear

led

led
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mov r10#'s ;set month

call writechar
mov r0,#'e'
call writechar
mov 0 #'t'
call writechar
mov r0#'
call writechar
mov r0,#m'
call writechar
mov 10,#¢'
call writechar
mov r0,#n'
call writechar
mov 10,#t
call writechar
call wa_dog
mov 10,#h'
call writechar
mov 5ah#13h
call count
mov ar3
mov r5,a
mov r4,#88h
call bytewr
call delaykey
mov r0,#01h
call writeinst
mov r0,#81h
call writeinst
mov 10,#'s
call writechar
mov r0,#'¢

call writechar

;clear

;set year

led
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mov r0,#t'
call writechar
mov 10,#'
call writechar
mov r0,#y'
call writechar
mov r0,#'¢e'
call writechar
mov 10,#a'
call writechar
call wa_dog

mov r0#7r

call writechar

mov  5ah,#00h

call count
mov a,r3

mov r5,a

mov r4,#8ch

call bytewr
ret

]

;#*#*###t####* name.asm ¥¥¥Fe sk k ek kkkkk

name: mov
call
mov
call
mov r0,#C'

call writechar
mov r0,#0o'
call writechar
mov r0,#m’
call writechar
mov 10,#p'

call writechar

10,#01h
writeinst
r0,#80h

writeinst
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mov 10,#v'
call writechar
mov 10,#'t
call writechar
mov r)#'e
call writechar
mov r0,#Tr
call writechar
mov r0#"’
call writechar
mov r0,#'c'
call writechar
mov 10,#0'
call writechar
mov r0,#n'
call writechar
mov r0,#'t
call writechar
mov rO#r
call writechar
mov 10,#0'
call writechar
mov r0#1'
call writechar
mov 10,#0cOh
call writeinst
mov r,#'¢
call writechar
mov r0,#1'
call writechar
mov r0,#'¢
call writechar

mov 10,#'c'

call writechar .
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mov r0,#1
call writechar
mov 10,#7
call writechar
mov r0,#f'
call writechar
mov r0,#'c'
call writechar
mov rO,#"'
call writechar
mov r0,#d'
call writechar
mov r0,#'e
call writechar
mov r0,#V'
call writechar
mov r0.#'
call writechar
mov r0,#¢
call writechar
mov r0,#'e
call writechar
mov rQ,#'s'
call writechar

ret

;*#**#*#*#t‘**** out.asm ¥**EkEkkokkkkkkk

outled: mov b,#00h
mov a,r5
swap a
anl a,#0th
call bed
mov r0,a

call writechar .
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mov ars

anl a,#0fh
call bed

mov 10,a
call writechar

ret

. *
’**tt##“!ﬂl# lcd.asm ***xExkxkrh ks

clearled: clr p3.3

clr p34

clr p3.5
acall delay
mov  p2,#38h
setb p3.5
clr p3.5
acall delay
mov  p2,#38h
setb p3.5
clr p3.5
acall delay
mov  p2,#38h
setb p3.5
cr p3.5
acall delay

display: mov r0,#38h

acall writeinst
mov  10,#0ch
acall writeinst
mov r0,#01h
acall writeinst
mov r0,#06h
acall writeinst

ret
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;****#t*t***t***i delay.asm***‘###**####
delay: mov  dptr,#0h
loop: inc dptr

mov rl,dph

cjne rl#0bh,loop

ret

;*#********t**#* dslzoz_mm*#*#*#*********
writechar: acall busywait
clr p3.4
setb p3.3
mov  p2,10
setb p3.5
cr p3.5
ret
writeinst: acall busywait
cr p34
cr p3.3
mov  p2,10
setb p3.5
clr p3.5
ret
busywait: mov p2,#0ffh
clr p3.3
setb p3.4
setb p3.5
busy: jb p2.7,busy
clr p3.5
ret
byterd: clr rst
clr sclk
setb rst

Icall delayt ;delay timer

98



s

T A S U B v W T e o x wmewng — e m We e =

g

L

T

W ORI e om0 R w SN e memrt  mm T

i B i L —

mov b,#8

clr ¢

byterdl: mov ar4

me a
mov r4,a
mov io,c
Icall sclkw
djnz b,byterdl
mov b#8

mov r5#0

byterd2: Icall sclkr

mov a,rs
mov c,io

e a

mov 15,2
djnz b,byterd2
clr rst

Icall delayt

ret

bytewr: clr rst

clr sclk
setb rst
Icall delayt
mov b,#8

cr ¢

‘bytewrl: mov aré

e a
mov r4,a
mov io,c
Icall sclkw
djnz b,bytewrl
mov b#8

cr ¢

bytewr2: mov ar5
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sclkw:

sclkr:

delayt:

me a

mov r15,a
mov io,c
lcall sclkw
djnz b,bytewr2
clr rst

Icall delayt

ret

clr sclk

Icall delayt
setb sclk
Icall delayt

ret

setb sclk

Icall delayt
cr sclk

ret

mov rl#5

djnz r1,$

ret
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;**#*t###****#*# count.asm Aok koo Rk kokkk ok ok kok

; 13 data of count

count:

vvi

mov  a,#00h

mov b,

call wa_dog
mov 13,a
call output

mov ar3

jb  p0.2,elll
‘inc a

Icall delaykey
add ab

da a

mov r3,a
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elll:

ell:

bbb:

next:

output:
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Icall output
mov ar3

jb  p0.1ell

add ab
da a
dec a

Icall delaykey

add ab
da a
mov r3,a

lcall output
jnb  p0.6,next3
call wa dog
mov a3
cjne a,5ah,bbb
simp count
sjmp  vv
lcall delaykey
ret
mov  r0,#8dh
call writeinst
mov  ar3
swap a
anl a#0fh
fcall bed
call wa_dog
mov 10,a
call writechar
mov ar3
anl a,#0fh
Icall bed
mov 10,a
call writechar

ret
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bed: inc a
move a,@atpc
ret
db '0123456789'
B

-

JERERRERRERERE count] agm FEFEFERERREERERRRERE

; 13 data of count
cool: mov  a,#00h
mov b,a
call wa_dog
mov r3,a
call outputl
vvl: mov ar3
jb  p0.2,eldll
inc a

Icall delaykey

add ab
da a
mov r3,a

Icall outputl
eldli: mov  ar3
jb  p0.1eldl

add ab
da a
dec a

Icall delaykey

add ab
da a
mov r13,a

Icall outputl

eldl: jnb  p0.6,next3
call wa_dog
mov ar3

cjne a,5ah,ddd
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sjmp cool
ddd: simp vvl
next3: Icall delaykey
mov 10,#9ah

call writeinst
mov r0#’
call writechar
mov r0#'
call writechar

ret

;***#*####tt##** wa_dog.asm o 3 ok ok o ok ok o ok ok ek ok K

outputl: mov  10,#9ah
call writeinst
mov ar3
swap a
anl a#0fh
Icall bedl
call wa_dog
mov r0,a
call writechar
mov ar3
anl a#0fh
Icall bedl
mov 10,3
call writechar
ret

bedl: inc a

move a,@at+pc
ret

db '0123456789'
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check: mov r2,51h
mov rl,50h

mov a,r2

;check on chl

cjnea,31h,ch_2 ;r2=hor

mov arl ;31=hor

cjne a,30h,ch_2 ;rl=min

setb pl.0 330=min

ch_2: mov ar2
cjne a,33h,ch_3
mov a,rl
cjne a,32h,ch_3
setb pl.1

ch_3: mov a2
cjne a,35h,ch_4
mov a,rl
cjne a,34h,ch_4
setb p1.2

ch_4: mov ar2
cjne a,37h,ch_5
mov a,rl
cjne a,36h,ch_5
setb p1.3

ch_5: mov ar2
cjne a,3%h,ch_6
mov arl
cjne a,38h,ch_6
setb pl.4

ch_6: mov ar2
cjne a,3bh,ch_7
mov a,rl
cjne a,3ah,ch_7
setb pl.5

cﬂ_7: mov a,r2

;check on ch2

;check on ch3

;check on ch4

;check on ch$

;check on ché

;check on ch7
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cjne a,3dh,ch_8
mov a,ri
cjne a,3ch,ch_8
setb pl.6
ch_8: mov ar2
cjne a,3fh,cha_1
mov arl
cjne a,3eh,cha_1
setb p0.7
cha_1: mov ar2
cjne a,41h,cha_2
mov a,rl
cjne a,40h,cha_2
clr pl.0
cha_2: mov a,r2
cjne a,43h,cha_3
mov a,rl
cjne a,42h,cha 3
clr pl.1
cha_3: mov ar2
cjne a,45h,cha 4
mov arl
cjne a,44h,cha_4
clr pl.2
cha_4: mov a2
¢jne a,47h,cha_5
mov arl
¢jne a,46h,ch_5
clr pl.3
cha_5: mov a2
cjne a,4%,cha_6
mov a,rl
cjne a,48h,cha_6
clr pl4

;check on ch8

;check off chl

;check off ch2

;check off ch3

;check off ch4

;check off ch5
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cha_6: mov ar2 ;check-off ché
cjne a,4bh,cha_7
mov a,rl
cjne a,4ah,cha 7
clr pl.5
cha_7: mov ar2 ;check off ch7
cjne a,4dh,cha_8
mov a,rl
cjne a,4ch,cha_8
clr pl.6
cha_8: mov ar2 ;check off ch8
cjne a,4fth,cha 9
mov a,rl
cjne a,4eh,cha_9
clr p0.7

cha_9:ret

SRRRRERERERR Jirect agm FHEREEEREREERNES

direct: call delaykey
call wa_dog
mov 10,#01h
call writeinst
call chanal
mov 10,#8ch
call writeinst
mov rQ,#1'
call writechar

rtt0:  jnb p0.2,rttl
call seton
setb pl.0
jb p0.1,rtt0

call setoff
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call delaykey
call delaykey
clr pl.o
rttl:  call delaykey
mov 10,#8ch
call writeinst
mov 10,#2'
call writechar
it _I: jnb p0.2,rtt2
call seton
setb pl.1
jb  pO.1,rtt 1
call setoff
clr pl.l
call delaykey
call delaykey
rtt2:  call delaykey
mov r0#8ch
call writeinst
mov 10#3'
call writechar
rtt_2: jnb p0.2,rtt3
call seton
setb pl.2
jb pO.Lrtt 2
call setoff
cr pl.2
call delaykey
call delaykey
rit3:  call delaykey
mov r10,#8ch
call writeinst
mov 10, #'4'

call writechar
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rit_3: jnb p0.2,rtt4
call seton
setb pl.3
jb p0.1,rt 3
call setoff
clr pl.3
call delaykey
call delaykey
rit4:  call delaykey
mov r0,#8ch
call writeinst
mov r0,#5'
call writechar
rt 4: jnb p0.2,rtt5
call seton
setb pl.4
jb p0.Lrtt 4
call setoff
clr pl4
call delaykey
call delaykey
rt5:  call delaykey
mov 10,#8ch
call writeinst
mov r0,#6'
call writechar
it _5: jnb p0.2,rtt6
call seton
setb pl.5
jb p0.Lrtt 5
call setoff
clr pl.s
call delaykey
call delaykey
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rtt6:

rit7:

call delaykey
mov 10,#8ch
call writeinst
mov r0,¥¢'7'
call writechar
jnb p0.2,rtt7
call seton
setb pl.6
jb pO.Irtt 6
call setoff
clr pl.é
call delaykey
call delaykey
call delaykey
mov r0,#8ch
call writeinst
mov r0,#8'

call writechar

rtt_7: jnb p0.2,rtt8

rit8:

call seton
setb p0.7

jb pO.Lrnt 7
call setoff
clr p0.7
call delaykey
‘call delaykey

ret

chanal: mov r0,#83h

call writeinst
mov r0,#'c'
call writechar
mov 10,#h'

call writechar
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call wa_dog
mov r0,#'a'
call writechar
mov 10,#n'
call writechar
mov 10,#n'
call writechar
mov r0,#'e'
call writechar
mov 10,#T
call writechar
seton: call wa_dog
mov r0,#0c6h
call writeinst
mov r0,#0'
call writechar
mov 10,#N'
call writechar
mov 10,#''
call writechar
ret
setoff: mov r0,#0c6h
call writeinst
mov r0,#0’
call writechar
mov r0,#F
call writechar
ret
;#****##**#** in_ser.asm Rkhkkkkpkkkkkkkkk
in_ser: call wa_dog
jnb ri,in_ser
mov a,sbuf
mov 52h,a ;address

clr ri
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dfg:  call wa_dog
jnb ri,dfg
mov a,sbuf
mov 53h,a ;hor
clr ri
ghj:  call wa_dog
jnb ri.ghj
mov a,sbuf
mov 54h,a ;min
clr ri
call wa_dog
mov a,52h
cjne a,#01h,zz_1 ;on
mov 31h,53h ;hor
mov 30h,54h ;mim
ajmp zzz_end
zz_1: mov a,52h
cjne a,#02,zz_2 ;on
mov 33h,53h ;hor
mov 32h,54h ;min
ajmp zzz_end
zz 2: mov a,52h
cjne a,#03,zz 3 ;on
mov 35h,53h ;hor
mov 34h,54h ;min
ajmp zzz_end
zz_3: mov a52h
cjne a,#04,zz 4 ;on
mov 37h,53h ;hor
mov 36h,54h ;min
ajmp zzz_end
zz_4: mov a,52h
cjne a,#05,zz_5 ;on

mov 39h,53h ;hor
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mov 38h,54h ;min
ajmp zzz_end
zz_5: mov a,52h
cjne a,#06,zz_6 ;on
mov 3bh,53h ;hor
mov 3ah,54h ;min
ajmp zzz_end
zz 6: mov a52h
cjne a,#07,zz_7 ;on
mov 3dh,53h ;hor
mov 3ch,54h ;min
ajmp zzz_end
zz 7: mov a52h
cjne a,#08,zzz 1 jon
mov 3fh,53h ;hor
mov 3eh,54h ;min
ajmp zzz_end
zzz_1: mov a,52h
cjne a,#09,zzz 2 ;off
mov 41h,53h ;hor
mov 40h,54h ;min
ajmp zzz_end
zzz 2: mov 3,52h
cjne a,#10,2zzz_3 ;off
mov 43h,53h ;hor
mov 42h,54h ;min
ajmp zzz_end
zzz 3: mov a,52h
cjne a,#11,zzz 4 ;off
mov 45h,53h" ;hor
mov 44h,54h ;min
ajmp zzz_end
zzz_4: mov a,52h
cjne a,#12,2zz 5 ;off
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mov 47h,53h ;hor
mov 46h,54h ;min
ajmp zzz_end
zzz 5: mov a52h
cjne a,#13h,zzz_6 ;off
mov 49h,53h ;hor
mov 48h,54h ;min
ajmp zzz_end
zzz_6: mov a,52h
cjne a,#14,2zz 7 ;off
mov 4bh,53h ;hor
mov 4ah,54h ;min
ajmp zzz_end
zzz_7: mov a,52h
cjne a,#15h,zzz_8 ;off
mov 4dh,53h ;hor
mov 4ch,54h ;min
ajmp zzz end
zzz_8: mov a,52h
cjne a,#16,zzz 9 ;off
mov 4fh,53h ;hor
mov 4eh,54h ;min
ajmp zzz_end
zzz 9: mov a,52h
cjne a,#11h,zzz 10 ;on direct chl
setb pl.0
ajmp zzz_end
zzz_10: mov a,52h
cjne a,#12h,zzz_11 ;off direct chl
clr pl.0
ajmp zzz_end
zzz, 11: mov a,52h
cjne a,#13h,zzz_12 ;on direct ch2

setb pl.1
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ajmp zzz _end

zzz_12: mov a,52h
cjne a,#14h,zzz 13 ;off direct ch2
clr pl.1
ajmp zzz_end

zzz 13: mov a,52h
cjne a,#15h,zzz_14 ;on direct ch3
setb pl.2
ajmp zzz end

zzz_14: mov a,52h
cjne a,#16h,zzz 15 ;off direct ch3
clr pl.2
ajmp zzz_enq

zzz_15: mov a,52h
cjne a,#17h,zzz_16 ;on direct ch4
setb p1.3
ajmp zzz _end

zzz_16: mov a,52h
cjne a,#18h,zzz_17 ;off direct ch4
clr pl.3
ajmp zzz_end

zzz_17: mov a,52h
cjne a,#19h,zzz_18 ;on direct ch5
setb pl.4
ajmp zzz_end

zzz_18: mov 3,52h
cjne a#lah,zzz_ 19 ;off direct ch5
clr pl.4
ajmp zzz end

zzz 19: mov a,52h
cjne a,#1bh,zzz_20 ;on direct ch6
setb p1.5
ajmp zzz_end

zzz 20: mov a,52h
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cjne a#lch,zzz_21 ;off direct ch6
clr pl.5
ajmp zzz_end
zzz_21: mov a,52h
cjne a,#1dh,zzz_22 ;on direct ch7
setb pl.6
ajmp zzz__end
zzz_22: mov a,52h
cjne a,#1eh,zzz_23 ;off direct ch7
clr pl.6
ajmp zzz_end
zzz_23: mov a,52h
cjne a,#1eh,zzz 24 ;on direct ch8
setb p0.7
ajmp zzz end
zzz_24: mov 2a,52h
cine a,#1fh,zzz_25 ;off direct ch8
clr p0.7
ajmp zzz_end
zzz_25: mov a52h
cjne a,20h,zzz_end
mov r4,#82h
mov r15,53h
mov r4,#84h
mov 15,54h

zzz_end: reti

;**#******** menu.asm *¥FEekkkkkkERkokkkk

menuQ: call menul

swl: call delaykey ;set clock
jnb p0.1,sw2
jnb p0.2,5w4
call wa_dog

call delaykey
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sw2:
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jnb p0.0,swé
jb p0.6,swl
call clockl

call menu2

sw_2: call delaykey

sw3:

jnb p0.1,sw3 ;set direct
jnb p0.2,menul

call delaykey

call wa_dog

jnb p0.0,sw6

jb p0.6,sw_2

call direct

call menu3

sw_3: call delaykey

sw4:

jnb p0.1,sw4
jnb p0.2,sw2
call wa_dog
call delaykey
jnb p0.0,sw6
jb p0.6,sw_3
call set_on
call menu4

call delaykey

sw_4: jnb p0.1,sw§

swS:

jnb p0.2,sw3
call delaykey
call wa_dog
jnb p0.0,sw6
jb p0.6,sw_4
call set_offl

sjmp menuQ

sw6: call exit 0

ret
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menul: mov r0,#01h

call writeinst
mov r0,#84h
call writeinst
mov 10,#7¢h
call writechar
mov 10,#'s'
call writechar
mov r0,#'¢
call writechar
mov r0,#t
call writechar
mov r),#"’
call writechar
mov r0,#'c
call writechar
call wa_dog
mov r0,#1'
call writechar
mov 10,#0'
call writechar
mov r0,#'c'
call writechar
mov 0, #k'
call writechar
mov 10,#0c5h
call writeinst
mov 10,#s'
call writechar
mov r0,#'¢e
call writechar
mov rQ#t

call writechar
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mov r0#"'
call writechar
mov r0,#d'
call writechar
mov r0,#1'
call writechar
mov 10, #1
call writechar
mov r0,#'¢'
call writechar
mov 10,#¢c'
call writechar
mov r0,#1'
call writechar
mov 10,#95h
call writeinst
mov 10,#'s'
call writechar
mov r10,#'e’
call writechar
mov 10,#t'
call writechar
mov r0#"'
call writechar
mov 10,#0'
call writechar
mov r0,#n'
call writechar
mov 1r0,#0d5h
call writeinst
mov 10,#'s'
call writechar
mov 10,#'¢

call writechar
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mov 10,#'t
call writechar
mov r0#'"'
call writechar
mov 10,#'0'
call writechar
mov r0#f
call writechar
mov r0,#f
call writechar

ret
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menu2: mov r0,#01h

call writeinst
mov r0,#85h
call writeinst
mov r10,#s'
call writechar
mov r0,#'e
call writechar
mov r0,#t'
call writechar
mov r0,#"'
call writechar
mov r0,#¢'
call writechar
call wa_dog
mov 10,#1'
call writechar
mov 10,#'0'
call writechar
mov r0,#'¢

call writechar
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mov 10,#k'
call writechar
mov 10,#0c4h
call writeinst
mov rd,#7eh
call writechar
mov 10,#'s'
call writechar
mov 10,#'¢}
call writechar
mov 10, #t'
call writechar
mov r0#'
call writechar
mov r0,#d'
call writechar
mov r0#'1'
call writechar
mov r0#'r
call writechar
mov r0,#'e
call writechar
mov r0,#'c¢'
call writechar
mov 10,#'t'

call writechar

mov r0#95h

call writeinst
mov r0,#'s'
call writechar
mov r0,#'¢'
call writechar
mov r0,#t'

call writechar
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mov r0#"'
call writechar
mov 10,#o'
call writechar
mov 10,#n'
call writechar
mov 10,#0d5h
call writeinst
mov rQ,#'s'
call writechar
mov r10,#'e'
call writechar
mov rQ,#t'
call writechar
mov r0,#"'
call writechar
mov 10,#o'
call writechar
mov r0#f
call writechar
mov t0,#f
call writechar

ret

121

;**###t‘#**#*#‘# menu3.asm FEkkkkkkrkkkkkkkkkk

menu3: mov r0,#01h

call writeinst
mov 10,#85h
call writeinst
mov 10,#s'
call writechar
mov r0,#'e'
call writechar

mov r0,#'t
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call writechar
mov r0,#"’
call writechar
mov 10,#c'
call writechar
mov r0,#1'
call writechar
mov r0,#0'
call writechar
mov r0,#'c
call writechar
call wa_dog
mov 10,#k'
call writechar
mov 10,#0c5h
call writeinst
mov r0,#'s'
call writechar
mov r10,#'e
call writechar
mov r0,#'t'
call writechar
mov 10,#"’
call writechar
mov r0,#d'
call writechar
mov 10,#1'
call writechar
mov r10,#'r
call writechar
mov r0,#'e'
call writechar
mov r0,#'¢'

call writechar
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mov r0,#'t
call writechar
mov 10,#94h
call writeinst
mov r0,#7eh
call writechar
mov r0,#'s'
call writechar
mov r0,#'¢'
call writechar
mov r),#t'
call writechar
mov 10,#"'
call writechar
mov r0,#o'
call writechar
mov 10,#n’'
call writechar
mov 10,#0d5h
call writeinst
mov r0#'s'
call writechar
mov 10,#'¢
call writechar
mov 10,#'t
call writechar
mov 10#"'
call writechar
mov 1r0,#0o'
call writechar
mov r0,#f
call writechar
mov 10,#f

call writechar
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;*‘#*#*#4#*#‘## menu4.asm *¥FkkekkhkkkkrkkrkkE

menud: mov 10,#01h

call writeinst
mov r0,#85h
call writeinst
mov r0,#'s'
call writechar
mov r0,#'¢
call writechar
mov r0,#t
call writechar
mov r0,#''
call writechar
mov r0,#'c
call writechar
mov r),#1'
call writechar
mov 10,#0o'
call writechar
mov r0,#¢
call writechar
call wa_dog
mov r0,#k'
call writechar
mov r0,#0cSh
call writeinst
mov r0,#'s'
call writechar
mov r0,#'¢
call writechar
mov r0,#t'

call writechar
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mov r0#"'
call writechar
mov r0,#4d’
call writechar
mov r0,#1
call writechar
mov 10,#r
call writechar
mov r10,#'¢'
call writechar
mov 10,#'c
call writechar
mov r0,#'t
call writechar
mov 10,#95h
call writeinst
mov 10,#'s'
call writechar
mov rO,#'e"
call writechar
mov r0,#'t
call writechar
mov r0#"’
call writechar
mov 10,#0'
call writechar
mov 10,#n'
call writechar
mov r0,#0d4h
call writeinst
mov 10,#7¢h
call writechar
mov r0,#'s'

call writechar
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mov r0,#'¢'
call writechar
mov 0#'t
call writechar
mov r0#'"'
call writechar
mov 10,#¢o'
call writechar
mov r0,#f
call writechar
mov r0,#f
call writechar

ret
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D81202, DS12028

DALLAS

SEMICONDUCTOR

. DS1202, DS1202S
Serial Timekeeping Chip

FEATURES PIN ASSIGNMENT
® Real time clock counts seconds, minutes, hours, date )
of the month, month, day of the week, and year with nell1 s Vee
leap year compensation x10] 2 700 sex
® 24 x 8 RAM for scratchpad data storage x2[ 3 S @_
GND[] 4 s [J RsST
® Serial I/O for minimum pin count 6 PIN DI
® 2.0-5.5 volt full operation
P NC a1y 1\/ 8 Vee
¢ Uses less than 300 nA at 2 volts Xigg2  7fm SCLK
Xx2am 3 6(IM VO
* Single-byte or multiple-byte (burst mode) data trans- MDA Q5 (I _BsTy
fer for read or write of clock or RAM data 8-PIN SOIC
(208 mif)
® 8-pin DIP or optional 16-pin SOIC for surface mount o
NeOd t 16 [T Vee .
e Simple 3-wire interface Nerd 2 15 113 NC
. X1 3 14 010 SCLK
ble (Vee =
® TTL-compatible (Vg = 5V) e il % Sl
¢ Optionalindustrial temperature range -40°C 0 +85°C x2(r] 5 12 11 vo
NCOOI] 6 11 10 NC
ORDERING INFORMATION Nero 7 10 M NC
DS1202 8—pin DIP GND[T] 8 9 MM RST
DS1202S8 16~pin SOIC Py o
DS1202S8 8—pin SOIC
PIN DESCRIPTION
NC — No Connection
X1, X2 — 32.768 KHz Crystat Input
GND -~ Ground
RST ~ Reset
/0 - Data Input/Output
SCLK - Serial Clock
Vee — Power Supply Pin

DESCRIPTION

The DS1202 Serial Timekeeping Chip contains a real
time clock/calendar and 24 bytes of static RAM. It com-
municates with a microprocessor via a simple serial in-
terface. The real ime clock/calendar provides seconds,
minutes, hours, day, date, month, and year information.
The end of the month date is automatically adjusted for
months with less than 31 days, including corrections for

leap year. The clock operates in either the 24-hour or
12-hourformat with an AM/PM indicator. Interfacing the
DS1202 with a microprocessor is simplified by using
synchronous serial communication. Only three wires
are required to communicate*with the clock/RAM: (1)
RST (Reset), (2) YO (Data line), and (3) SCLK (Serial
clock). Data can be transferred to and from the clock/

= n1995b}DF:@SmWCaponm
enis and other intolect:al proparly rightz, pleate refas 1o
&mwmm o
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DS1202, DS1202S8

RAM one byte at a time or in a burst of up to 24 bytes.
The DS1202 is designed to operate on very low power
and retain data and clock information on less than 1 mi-
crowatt. -

OPERATION
The main elements of the Serial Timekeeper are shown

in Figure 1: shift register, contro! logic, oscillator, real
time clock, and RAM. To initiate any transfer of data,
RSTis taken high and eight bits are loaded into the shift
register providing both address and command informa-
tion. Datais serially Input on the rising edge of the SCLK.
The first eight bits specify which of 32 bytes will be ac-
cessed, whether a read or write cycle will take place,
and whether a byte or burst mode transfer is to occur.
After the first eight clock cycles have occurred which

DS1202 BLOCK DIAGRAM Figure 1

load the command word into the shift register, additional
clocks will output data for a read or input data for a write.
The number of clock pulses equals eight plus eight for
byte mode or eight plus up to 192 for burst mode.

COMMAND BYTE

The command byte is shown in Figure 2. Each data
transferis initiated by a command byte. The MSB (Bit7)
mustbe alogic 1. If itis zero, further action will be termi-
nated. Bit 6 specifies clock/calendar data if logic 0 or
RAM data if logic 1. Bits one through five specity the
designated registers to be input or output, and the LSB
(Bit 0) specifies a write operation (input) if loglc 0 or read
operation (output) if logic 1. The command byte is al-
ways input starting with the LSB (bit 0).

ainhe

X1 X2
£ REAL TIME OSCILLATOR
- = a= e=
CLOCK .AND DIVIDER
1
INPUT SHIFT
REGISTERS DATA BUS
!
.
SCLK
RST
COMMAND A ADDRESS BUS 2 24X8RAM

ADDRESS/COMMAND BYTE Figure 2

7 6 5 4

1 RAM Ad A3

[+T4

A2 Al A0

RD

Z
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DS1202, 0512025

RESET AND CLOCK CONTROL

All data transfers are initiated by. driving the RST input
high. The RST input serves two functions. First, RST
turns on the control logic which allows access o the shift
register for the address/command sequence. Second,
the RST signal provides a method of terminating either
single byte or multiple byte data transfer. A clock cycleis
a sequence of a falling edge followed by a rising edge.
For data inputs, data must be valid during the rising
edge of the clock and data bits are output on t he falling
edge of clock, All data transfer terminates if the RST in-
put is low and the /O pin goes to a high impedance
state. Data transfer is illustrated in Figure 3.

DATA INPUT

Foliowing the eight SCLK cycles that input a write com-
mand byte, a data byte is input on the rising edge of the
next eight SCLK cycles. Additional SCLK cycles are ig-
nored should they inadvertently occur. Data is input
starting with bit 0.

DATA OUTPUT

Following the eight SCLK cycles that input a read com-
mand byte, a data byte is output on the falling edge of
the next eight SCLK cycles. Note that the first data bitto
be transmitted occurs on the first falling edge after the
last bit of the command byte is written. Additional SCLK
cycles retransmit the data bytes should they inadver-
tently occur so long as RST remains high. This opera-
tion permits continuous burst mode read capability.
Data is output starting with bit 0.

BURST MODE

Burst mode may be specified for either the clock/calen-
darorthe RAMregisters by addressing location 31 deci-
mal (address/command bits one through five = logical
one). As before, bit six specified clock or RAM and bit 0
specifies read or write. There is no data storage capac-
ity atlocations 8 through 31 in the Clock/Calendar Reg-
isters or locations 24 through 31 in the RAM registers.
When writing to the clock registers in the burst mode,
the first eight registers must be written in order for the
data to be transferred.

However, when writing to RAM in burst mode it is not
necessary to write all 24 bytes for the data to transfer.
Each byte that is written to will be transferred to RAM
regardless of whether all 24 bytes are written or not.

CLOCK/CALENDAR

The clock/calendar is contained in eight write/read reg-
isters as shown in Figure 4. Data contained in the clock/
calendar registers is in binary coded decimal format
(BCD).

CLOCK HALT FLAG

Bit 7 of the seconds register is defined as the clock halt
flag. When this bit is set to logic 1, the clock oscillator is
stopped and the DS1202 is placed into a low-power
standby mode with a current drain of not more than 100
nanoamps. When this bit is written to logic 0, the clock
will start,

AM-PM/12-24 MODE

Bit 7 of the hours registeris defined as the 12- or 24-hour
mode select bit. When high, the 12-hour mode is se-
lected. In the 12-hour mode, bit 5 is the AM/PM bit with
logic high being PM. In the 24-hour mode, bit 5 is the
second 10 hour bit (20-23 hours).

WRITE PROTECT REGISTER

Bit 7 of write protect register is the write protect bit. The
first seven bits (bits 0-6) are forced to zero and will al-
ways read a zero when read. Before any write operation
to the clock or RAM, bit 7 must be zero. When high, the
write protect bit prevents a write operation to any other
register.

CLOCK/CALENDAR BURST MODE

The clock/calendar command byte specifies burst
mode operation. In this mode the eight clock/calendar
registers can be consecutively read or written (see Fig-
ure 4) starting with bit 0 of address 0.

RAM
The static RAMis 24 x 8 bytes addressed consecutively
in the RAM address space.

RAM BURST MODE

The RAM command byte specifies burst mode opera-
tion. In this mode, the 24 RAM registers can be consec-
utively read or written (see Figure 4) starting with bit 0 of
address 0.

101095 /11
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REGISTER SUMMARY
A register data format summary is shown in Figure 4.

CRYSTAL SELECTION

A 32.768 KHz crystal, Daiwa Part No. DT26S, Seiko
Part No. DS-VT-200 or equivalent, can be directly con-
nected to the DS1202 via pins 2 and 3 (X1, X2). The
crystal selected for use should have a specified load ca-

DATA TRANSFER SUMMARY Figure 3
SINGLE BYTE TRANSFER

pacitance (CL) of 6 pF. The crystalis connected directly
to the X1 and X2 pins. There is no need for external
capacitors or resistors. Note: X1 and X2 are very high
impedance nodes. Itis recommended thatthey and the
crystal be guard-ringed with ground and that high fre-
quency signals be kept away from the crystal area, For
more information on crystal selection and crystal layout
considerations, please consult Application Note 58,
“Crystal Considerations with Dallas Real Time Clocks”.

o —— LU UL oy —

RST _l

1 2 3 4 5

L

0 1 2 3 4 5 ] 7

vo —(R/:—V]AOIMIM Aa[M]F:E|

'\ P W0 ) —

ADDRESS COMMAND

BURST MODE TRANSFER

DATA INPUT/OUTPUT

SR I e S U W AV

red

ﬁ-——/
1 3 4

= -

0 1 2 4 5 6 7

0 2 5 6
Vo —(@'I1l1l1|1|1|nfd]

0 o D

DATA VO BYTE 1

ADDRESS COMMAND
FUNCTION BYTEN SCLKn .
CLOCK 8 72
RAM 24 200

DATA VO BYTEN
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DS1202, DS12028
REGISTER ADDRESS/DEFINITION Figure 4
REGISTER ADDRESS REGISTER DEFINITION
A. CLOCK
7 & 5 4 3 2 1 0
L RD,
sec| 1 |o|o|oflo]o]o /g 00-59 | CH*|  10SEC seC
\ RO, =
mn| 1l olo|ofoof |G 00-59| © 10 MIN MIN
RO, or12| 12/ 10
i1 lofo|ofol ol /G o2 EZ ot HR
pate] 1 lofofolol s |1 /G 01%0] o | o | 10DATE DATE
RD 10
mMoNTH{ 1 | o jo o100l /n or-12{ o o | o |10 MONTH
RD,
pav| 1 folofols]|oi ]| /& o107] o [ 0] o | o DAY
RO,
vear| 1 Jojo ol iv]ol/m 0-99 10 YEAR YEAR
RD,
controL| 1 oo lo v |1 /G wp FORCED TO ZERO
aola o v e 5 ~
B. RAM
RD
pmol 1 [ 1 ]ojoe oo |/ RAM DATA O
[ ]
L}
[}
pam2al 1 |11 ]e ]t | 1HW RAM DATA 23

RAM RD
Bunsrr‘l‘|‘|‘|‘l‘|‘ W
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DS1202, DS1202S
ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground —0.3Vio +7.0V
Operating Temperature 0°Cto 70°C
Storage Temperature -55°C to $#125°C
Soldering Temperature 260°C for 10 seconds

* Thisisastressratingonly and functional ope
indicated in the operation section:
conditions for extended periods 0

s of this spe:

ration of the device atthese orany other conditions above those
cification is notimplied. Exposure to absolute maximum rating

f time may affect reliability.

'RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C)
PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Supply Voltage- Vee 2.0 5.5 \ 1
Logic 1 Input ViH 2.0 Vce+0.3 \ 1

Veg=20V | -03 +0.3
Logic 0 Input ViL \ 1
Vee=5V -0.3 +0.8
DC ELECTRICAL CHARACTERISTICS {0°C to 70°C; Ve = 2.0 to 5.5V*)
PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Input Leakage u +500 . HA 6
110 Leakage o +500 pA 6
Vee=2V 1.6
Logic 1 Output VoH \ 2
Vge=5V 24
Vee=2V 0.4
Logic 0 Output Vou A 3
Vee=5V 0.4
Veo=2V 4
Active Supply Current Icc mA 5
Vee=5V 1.2
Timek B, : V=2V 0.3 4
imekeeping Current
ping cct Ty / HA
Vee=2V 100
Leakage Current lece nA 10
Vec=5V 100

*Unless otherwise noted.

CAPACITANCE (ta = 25°C)
PARAMETER SYMBOL | CONDITION TYP MAX UNITS NOTES
Input Capacitance C 5 pF
1/0 Capacitance Cvo 10 pF
Crystal Capacitance Cx 6 pF

101095 6/11
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0S1202, DS12025

AC ELECTRICAL CHARACTERISTICS

(0°C to 70°C; Ve = 2.0 10 5.5V*)

PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Voo=2V 200
Data to CLK Setup toc ns 7
Vee=5V 50
| Vee=2V 280 P
CLK to Data Hold tcoH ns 7
Vee=5V 70
. Vec=2V 800
CLK to Data Delay tcop ns 7,8,9
Vee=5V 200
Veg=2V | 1000
CLK Low Time toL ns 7
Vee=5V 250
Vee=2V 1000
CLK High Time tcH ns 7,12
Vee=5V 250
Veg=2V 0.5
CLK Frequency fok MHz 7,12
* | Veg=5V DC 2.0
Vee=2V 2000 "
CLK Rise and Fall ta tr ns
Vee=5V 500
Vee=2V 4
RST to CLK Setup tcc us 7
Vee=5V 1
Vee=2V 1000
CLK to RST Hold tccH ns 7
Veo=5V 250
Vee=2V 4
RST Inactive Time towH us 7
Veo=5V 1
Veo=2V 280
RSTto /O HighZ tcoz ns 7
Vee=5V 70

*Unless otherwise noted.

101095 7/11
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DS1202, DS12028

TIMING DIAGRAM: READ DATA TRANSFER Figure 5

CLOCK

DATA INPUT/
QUTPUT

COMMAND BYTE

TIMING DIAGRAM: WRITE DATA TRANSFER Figure 6

Q!
m——:j.cc & ,H'____H:jm || -

— coH

*| toc
, 7
sy TR I = X |~ XX
“
B 4

COMMAND BYTE

NOTES:
1. All voltages are referenced to ground.

2. Logic one voltages are specified at a source current of 1 mA at Vgo=5V and .4 mA at Vgg=2V, Vou=V¢c for
capacitive loads.

3. Logic zero voltages are specified at a sink current of 4 mA at Vog=5V and 1.5 mA at Vgo=2V.
4. lgey is specified with VO open, RST set to a logic 0, and clock halt flag=0 (oscillator enabled).

lgc is specified with the /O pin open, RST high, SCLK=2 MHz at Vgg=5V; SCLK=500 KHz, Veg=2V and
clock halt flag=0 (oscillator enabled).

o

RST, SCLK, and l/O all have 40KQ pulldown resistors to ground.
Measured at Vyy=2.0V or Vi =0.8V and 10 ms maximum rise and fall time.

Measured at Vou=2.4V or Vo =0.4V.

© & N9

Load capacitance = 50 pF.

101095 8/11
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+5V-Powered, Multi-Channel RS-232
Drivers/Receivers

General Description
The MAX220-MAX249 family of line drivers/recaivers is*
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, and in particular, for those applications
where £12V is not available.

These parts are particularly useful in battery-powared
systems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245-MAX247 use no external
components and are recommended for applications
where printed circuit board space is critical.

_Applications

148

MAXIN

Features

Superlor to Bipolar

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

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

¢ Meet All EIA/TIA-232E and V.28 Speclfications

¢ Multiple Drivers and Recsivers

4 3-State Driver and Receiver Outputs

4+ Open-Line Detection {MAX243)

Ordering Information

Portable Computers PART TEMP. RANGE PIN-PACKAGE
Low-Power Modems MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°Cto +70°C 16 Narrow SO
Interface Translation MAXZ20CWE 0°C 1o +70°C 16 Wide SO
Battery-Powered RS-232 Systems MAX220C/D 0°Cto +70°C Dice*
Multi —Drop RS-232 Networks MAX220EPE -40°C to +85°C .16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow 30
MAX220EWE -40°C 1o +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP
Ordering Information continued at end of data sh
“Contact factory for dice specifications. |
Selection Table
Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap, Vaiue & Three- Activein Data Rate
Number x Ext. State SHON Fosturss
+5 4 47110 No 120 Lﬂl-bwm, industry.standard pinout
MAX222 +5 2 4 [X] Yes 200 Low-power shutdown
MAX223 (MAX213) +5 45 4 10{0.1) Yes v 120 MAX241 + recelvers activa in shuidown
MAX225 +5 55 0 - Yas v 120 Availablg in SO
MAX230 (MAX200) +5 50 4 1.0(0.1) Yes 120 § drivers with shutdown
MAX231 (MAX201) +5 and /73 2 1.0(0.1) No 120 Standard +5/+12V or battery suppfies;
47510 +13.2 sama functions as MAX232,
MAX232 (MAX202) +5 2 4 1.0(Q.1) No 120(64)  industy standard
MAX232A +5 22 4 0.1 No 200 Higher siew rate, small caps
MAX233 (MAX203) +5 Fird 0 - No 120 No extamal caps
MAX233A +5 2 0 - No 200 No external caps, high stew rate
MAX234 (MAX204) +5 40 4 1.0(0.1)  No 120 °  Replaces 1488 ’
MAX235 (MAX205) +5 55 0 - Yeos 120 No extamal caps
MAX236 (MAX206) +5 43 4 1.0(0.1) Yes 120 Shutdown, threa state
MAX237 (MAX207) +5 53 4 10(0.1) No 120 Complemerts I1BM PC sarial port
MAX238 (MAX208) +5 4/ 4 1.0(0.1) No 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and s 2 10001y No 120 Standard +5/+12V or baltery supplies;
+7510+13.2 single-package solution for 1BM PC serial port
MAX240 +5 S5 4 1 Yes 120 DIP or flatpack package
MAX241 (MAX211) +5 A5 4 10(0.1) Yes 120 te 1BM PC sori.
MAX242 +5 22 4 (%] Yes v 200 Separaw shuidown and enable
MAX243 +5 22 4 o1 No 200 Open-iine datection simplifies cabling
MAX244 +5 810 4 10 No 120 High slew rate
MAX245 +5 810 [} - Yes v 120 High slew rate, int. caps, two shutdown modes.
MAX248 +5 ano ] - Yes v. 120 High slaw rata, int. caps, three shutdown modes
MAX247 +5 :Te] 0 - Yes 4 120 High slew rate, int. caps, nine operating modes
MAX248 +5 88 4 1.0 Yes v 120 High slew rate, seloctive hatl-chip enables
MAX249 +5 &Mo 4 1.0 Yes v 120 Avsilsble in quad flatpack package
MMAXAMN Maxim Intsgrated Products 1

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

6VZXVIN-0CcCXVIN
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+5V-Powered, Muliti-Channel RS-232
Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

Supply Voltage (Vce) -0.3V to +6V 16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mW

Input Voltages 16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
TIN -0.3V to (Vcc - 0.3V) 18-Pin Wide SO (derate 9.52mW/C above +70°C)......762mW
Rin +30V 20-Pin Wide SO (derate 10.00mW/*C above +70°C)....800mwW
Tout (Note 1). 15V 20-Pin SSOP (derate 8.00mW/°C above +70°C)........... 640mw

Output Voltages 16-Pin CERDIP (derata 10.00mW/°C above +70°C).....800mW
Tour. : =15V 18-Pin CERDIP (derate 10.53mW/C above +70°C).....842mwW
Rour : -0.3V to (Ve + 0.3V) Operating Temperature Ranges

Driver/Receiver Output Short Circuited to GND......... Continuous MAX2__AC__ MAX2_ _C_ ...0°C 10 +70°C

Continuous Power Dissipation (Ta = +70°C) MAX2__AE__,MAX2_ _E__ -40°C to +85°C
16-Pin Plastic DIP (derate 10.53mW/°C abova +70°C)....842mW AM_ L MAX2_ M .-55°C to +125°C
18-Pin Plastic DIP (derate 11.11mW/*C above +70°C)....880mW Storage Temperature Range ..-85°C 10 +160°C

20-Pin Plastic DIP (derate 8.00mW/™C above +70°C) ....440mW

Note 1: Input voltage measured with Tou in high-impedance state, SHDN of Vcg = OV.
Slresses bayond those kisted uncer 'Mwmm'mymmmmm fo the device. These are stress ratings only, and lunclional
those indk inthe i

operation of the device at these or any other conditions

absofute maximum raling conditions for extenciad periods may affect device reiabifty.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Ve = +5V £10%, C1-C4 = 0.1pF, Ta = T to Tmax, unless otherwise noted.)

Lead Temperature (soldaring,

ol the specilications is nol impliad. Exposurs to

PARAMETER | CONDITIONS [ MIN ~ TYP  mAX JUNITS
RS-232 TRANSMITTERS
Qutput Voltage Swing All fransmitter outputs loaded with 3kQ to GND +5 +8 v
Input Logic Threshold Low 1.4 0.8 v
Input Logic Threshold High -2 1.4 v
Normal operation 5 40
¢ Pulbetrput GOTRR SFDN = OV, MAX222/242, shutdown w001 =1 | YA
Vee = 5.5V, SHDN = 0V, Vour = £15V, MAX222/242 001 210
Vi CRescgen VG = SHDN = OV, VouT = =15V w001 =10 ] M
Except MAX220, normal operation 200 116 | kbitss
Data Rate MAX220 22 20 sec |
Transmitter Output Resistance Vee = V4 = V- = 0V, Vour = 22V 300 10M 2
QOutput Short-Circuit Current Vour = OV +7 222 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 v
Except MAX243 R2y 08 13
RS- I ! =
S-232 input Threshold Low Vee =5v MAYZ43 R (Nois 2) 3 v
’ Except MAX243 R2N 1.8 2.4
RS-232 Input Threshold Hi Ve =5V v
put TIREWR( High cc MAX243 R2 (Note 2) 05 01
2 Except MAX243, Vcg = 5V, no hyst. in shdn. 0.2 ‘0.5 1
RS-232 Input Hysteresis AGE 7 v
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 v
TTL/CMOS Output Voltage High lout = -1.0mA 35 Vec-0.2 v
- Sourcing Vour = GND -2 -10
TTL/CMOS Output Short-Circuit Current Shrinking VouT = Voo o 30 mA
SHDN = Ve or EN = Ve (SHDN = OV for MAX222),
TTL/CMOS Output Leakage Current OV < Vour S Ve +0.05 210 MA
2 MAXILAN
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+5V-Powered, Multi-Channel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/2

(VcC = +5V £10%. C1-C4 = 0.1pF, Ta = TN to Tmax, uniess otherwise noted.)

43 (continued)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
EN Input Threshold Low MAX242 14 08 v
EN Input Threshold High MAX242 20 1.4 v
POWER SUPPLY
Operating Supply Voltage 45 55 v
Noload MAX220 0.5 2
Vce Supply Current (SADN = Veg), MAX222/232A/233A/242/243 4 10 mA
Figures 5.6, 9, 19 3kQ load MAX220 12
both inputs MAX222/232A1233A/242/243 15
TA = +25°C a1 10
Ta=0"10 +70°C 2 50
Shutdown Supply Current MAX222/242 TA= 20" 10 185°C 3 0 VA
. Ta = 55 t0 +125*C 35 100
"SADN Input Leakage Current MAX222/242 21 YA
"SFIGN Threshold Low MAX222/242 14 0.8 v
' SHDN Threshold High VIAX222/242 20 1.4 v
AC CHARACTERISTICS
e = S T ORE ] e oraon AR | 6 12 30
Transition Slew Rate Veo = SVA'I;,:;n-tfgv‘c. Vius
ﬁgss/u:: -3V 10 +3V AR 2 B -
MAX222/232A7233A1242/243 1.3 35
Transmitter Propagation Delay ‘F"lT_ MAX220 ) 10
o 1o B 2 mel o ooy g MAX222/232Na3IAZADI343 - 5 35 ] *S
MAX220 5 10
MAX222/232A1233A/242/243 0.5 1
Recasiver Propagation Delay PR MAX320 06 3
gz—uzrizzto TLL (normal operation), o MAX222 33PN 35343 6 : us
MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10
RS-232 to TLL (shutdown). Figure 2 [tos MAXZ42 25 10 vs
Receiver-Output Enable Time, Figure 3 IER MAX242 125 500 ns
Recelver-Output Disabla Tima, Figure 3{ tpr MAX242 160 500 ns
Transmittar-Output Enable Time | MAX222/242, 0.1F caps 250
(SHDN goes highy), Figure 4 EF (includes charge-pump start-up) vs
g%g;m?g;::‘ : Time for MAX222/242, 0.1uF caps 600 ns
Transmi}ter + 10 - Propagation - PHLT - tPLHT MAX222/2320/233A/242/243 300 ns
Detay Difference (normal operation) MAX220 2000
Recelver + to.- Propagation 1PHLR - lPLHR MAX222/232A/233A/242(243 100 0s
Delay Difference (normal operation) MAX220 225

Note 2: MAX243 R20yr is guaranteed to bs low when R2iNis 2 OV or is floating.

MAXIMN
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+5V-Powered, Multi-Channel RS-232

Drivers/Receivers

OUTPUT VOLTAGE (V)

-

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

OUTPUT VOLTAGE vs. LOAD CURRENT lvmm&mf
ve. BATA AN
0 qu n T T
! OUTPUT LOAD CURRENT
) mv.oav.REJ\. 10 [ FONSFROMYs TOV-
N A P
25V NO LOAD ON N 1 +
2l T Vog = 4525V N
o | cerine ey 'g oS
2L 7 L ALCAPS '\\‘
<4 V'lOADED.N&.(,IHN}ONVo uF E O Vu:‘-AJSV \4
P —T\ 36 \t.\
L% ———— 5 I =
4 g
o T Vo mo s on- ]
o 5 v B 2 = 0 1 B N O KN
LOAD CURRENT (mA) DATARATE (kbits/sac)

+

V4, V- VOLTAGE (V)

ON-TIME EXITING SNETDOWN -
MAX222/MAX242

2

T

Y+

T
Wl 1 CAPS 1

Vs

N\ L CAPS
L

2 2 &2

SHON

\4- uf CAPS

[ ]
015 CAl

I

NL o

Sogus/div
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+5V-Powered, Multi-Channel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

vee -0.3V to +6V
V+ (Vcc - 0.3V) to +14V
V- +0.3Vto -14V
Input Voltages
Tin -0.3V to (Vce + 0.3V)
RiN : +30V
Output Vollages
Tour (V+ + 0.3V} to (V- - 0.3V)
-0.3V 1o (Vge + 0.3V)

Continuous

Rout
Short-Circuit Duration, Tout
Continous Power Dissipation (Ta = +70°C)
14-Pin Plastic DIP {(derate 10.00mW/°C abave +70°C)....800mW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
20-Pin Plastic DIP (derate 11.11 mW/°C above +70°C)...888mW
24-Pin Narrow Plastic DIP
(derate 13.33mW/°C above +70°C).......... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500m
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mwW

20-Pin Wide SO (derate 10 COMW/*C above +70°C)
24-Pin Wide SO (derate 11.76mW/°C above +70°C)..
28-Pin Wide SO (derate 12.50mW/*C above +70‘C)
44-Pin Plastic FP (derate 11.11 mW/"C above +70°C)....
14-Pin CERDIP (derate 9.09mW/°C above +70°C)..........
16-Pin CERDIP (derate 10.00mW/°C above +70°C)........
20-Pin CERDIP {derate 11.11mW/°C above +70°C)........
24-Pin Narrow CERDIP

{derate 12.50mW/°C above +70°C)

24-Pin Sidebraze (derate 20.0mW/°C abova +70°C). .1

28-Pin SSOP (derate 9.52mW/°C above +70°C).............
Operating Temperature Ranges

MAX2 __C__ 0°C to +70°C

MAX2 __E__ -40°C to +85°C

MAX2_ _M_ -55°C to +125°C
Storage Temperamre Range ........coceereurnue ~-65°C to +160°C

Lead Temperature (soldering, 10sac).. ...+300°C

Stwsses beyond those listed under “Absalute Maximum Ratings® nuycausopmnenldanaouo fhodovk:n m”mmstmmgsmly and functional

is not implisa, Exposure to

operation of the device at these or any other conditions beyond those in

in the op of the sp

absolule maximum rating conditions lor extendad pariods may atfect davice reliabiity.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241
(MAX223/230/232/234/236/237/238/240/241 Voo = +5V £10%, MAX233/MAX235 Vog = SV 5%, C1-C4 = 1.0pF MAX231/MAX239
Vee = 5V 2£10%. V+ = 7.5V 10 13.2V, Ta = TMIN to TMax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
QOutput Voltage Swing All transmitter outputs loaded with 3k to ground =50 +7.3 v
MAX232/233 5 10
Vee Power-Supply Current ;J: Lo ig's'c MAX-2231230/‘234-238/240/241 7 15 mA |
MAX231 /233 4 1
V+ Power-Supply Current MARpS1 4 5 mA
MAX239 5 15
Shutdown Supply Current Ta = +25°C - 3 50 pA
MAX230/235/236/240/241 1 10
Input Logic Threshold Low Tin; EN, SHDN (MAX223), EN, SHON (MAX230/235-241) .08 v
TiN 20
Input Logic Threshold High EN, m(wggg)' 54 v
EN, SHON (MAX230/235/236/240/241) i
Logic Pult-Up Current Tin=0V 1.5 200 yA
B g otege ® © | v

MAXIM
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+5V-Powered, Multi-Channel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/23712381240/241 Ve = +5V £10%, MAX233/MAX235 Voo = SV 5%, C1-C4 = 1.0pF MAX231/MAX239
Vee = 5V £10%, V+ = 7.5V to 13.2V, Ta = Timin to Timax, unless otherwise noted.)

i

PARAMETER CONDITIONS MIN MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 08 1.2
. = 4258 SHDN = OV (MAX235/236/240/241
RS-232 Input Threshold Low < — ) v
cc= Shutdown (MAX223)
SHDN = 0v, 0.6 15
EN = 5V (R4, RSiN)
Normal operation
SHON = 5V (MAX223) 1.7 24
5230 Indfl i shoshiaf Ta = +25°C, SHDN = OV (MAX235/236/240/241) v
- n| res| i
put o Voe =5V Shutdown (MAX223)
SHON = ov, 15 24
EN = 5V (Réin, RSin)
AS-232 Input Hysteresis Ve = §V: no hysteresis in shutdown . 02 0.5 1.0 v
RS-232 Input Resistance Ta = +25°C, Vcc = 5V 3 5 7 kQ
TTL/CMOS Output Voitage Low. fout = 1.6mA (MAX231-233 Iout = 3.2mA) 0.4 v
TTLICMOS, Output Voltage High lout =-1mA 35 Veec-04 v
OV < Rout S Vec: EN = 0V (MAX223);
TT/CMOS Output Leakage Current ER = Voo (MAX235-241 ) 0.05 =10 LA
. / Normal MAX223 v 600 .
Receiver Output Enable Time operation MAXZ35/236/2307240/241 20 ns
% ) Normal MAX223 900
Raceiver Qutput Disable Time operation r240AT 250 ns
RS-232IN o Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT.| SHDPN = oV PHLS 4 40 us
Cy = 150pF (MAX223) s ry 40
MAX223/MAX230/MAX234-241
Ta = +25°C, Vog = &V, a 5.1 20
R = 3kQ to 7kQ, Cy, = 50pF to 2500pF, )
measured from +3V to -3V or -3V to +3V
Transition Region Slew Rate Viis
MAX23 1/MAX232/MAX233
Ta = +25°C, Vog = 5V, 4 20
AL = 3kQ to 7kQ, Cy = S0pF 10 2500pF,
measured from +3V to -3V or -3V to +3V°
Transmitter Qutput Resistance Veg = Ve = V- = OV, Vour = £2V 300 n
Transmitter Out Shon-Circuit Current =10 mA
6 MAXIMN
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+5V-Powéred, Multi-Channel RS-232
Drivers/Receivers

vou (V)

Ya (V)

MAX223/MAX230-MAX241
TRARSMITTER OUTPOT YOLTAGE (Vo)
TRANSMITTER DUTPUT va. LOAB CAPACITANCE AT
VOLTARE (Vou) va. Vee . DIFFERENT DATA RATES
85 g
' I
2
LOADED 12
¢ e A 70 i <
1 TRANSMITTER N > g
LOADE)' / / s u [ TS % 2
75 TRUS- SOKBITS/SEC [
7 wmR | B sl 2 RN &
/ L0ADED I g
" At | e
t T Y oz | TSRS toAED
:5 LROES RS 33 25000 VAN A
T 50 55 0 500 1000 150 200 250
Voo (V) LOAD CAPAGITANCE (pF)
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ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Voltage (Vcc) -0.3V 1o +6V Continuous Power Dissipation (Ta = +70°C)
input Voltages 28-Pin Wids SO (derate 12.50mW/°C above +70°C).............. w
Tin, ENA, gEFIE ENR, ENT, ENRA, 40-Pin Plastic OIP (derata 11.11mW/°C abova +70°C) ...611mW
ENRE, ENTA, ENTE. ....0.3Vto (Veg + 0.3V) 44-Pin PLCC (derate 13.33mWPC above +70°C) .......... 1.00W
Rin £25V Operating Temparature Ranges
Tour (Note 3) — MAX225C_ _, MAX24 C_ 0°C 0 +70°C
Rour . -0.3V o (Ve + 0.3V) MAX225E__, MAX24 E_ ..-40°C to +85°C
Short Circuit (one output at a time) Storage Temperature Range...
Tour 1o GND Continuous Lead Temperature (saldering, 10sec)
Rour to GND. Continuous

Note 3: [nput voltage measured with transmitter output in a high-impedancae state, shutdown, or Vcg = OV.

smmboyondthosalislodmdw'ADsdeax‘mmR:Mgs mycausopemmnldmagubmdevca These are stress ratings only, and functional
o of the

opamoonolmomvicoalunsaounyo&hucondmauboymdm- dicated in the ificabons is not implied. Exposure (o

absotute maximum rating conditions for extended periods may affact device reliability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 ’
(MAX225 V():c 5.0V 25%; MAX244-MAX249 Vce = +5.0V £10%, external capagitors C-C4 = 14F, Ta = Tmin to Tmax, unless other-
wise noted.

PARAMETER L CONDITIONS l * MIN TYP MAX | UNITS
RS-232 THANSMITTER .
Input Logic Threshold Low 14 0.8 v
Input Logic Threshold High 2 1.4 v
A Normal operation 10 50
Logic Pull-Up/input Current Tables 1a-1d Shutdown 2007 pe pA
Data Rate . Tables 1a-1d, normal operation 120 64 | kbits/sec
Output Voltage Swing All transmitter autputs ioaded with 3Gk to GND +5 +7.5 .V
sz' SEIENI; SEVNTK ENTE = 001 225
Output Leakage Current (shutdown) Tables ta-1d YA
Vee =0V,
VouT = £15V 20.01 £25
Transmitter Output Resistance VCE = V+ = V- = OV, Vout = 22V (Note 4) 300 10M Q
. Output Shont-Circuit Current Vour = 0V =7 +30 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range 225 \
RS-232 Input Threshold Low Vec =5V 0.8 1.3 v
RS-232 Input Threshold High Vee =5V 1.8 2.4 v
RS-232 Input Hysteresis Veg=5v - 0.2 0.5 1.0 v
RS-232 Input Resistance . 3 5 7 kQ
TTL/CMOS Output Voltage Low fout = 3.2mA 0.2 0.4 v
TTL/CMOS Output Voltage High oyt = -1.0mA 35 Vec-0.2 v
TTLICMOS Output Short-Circuit Current |-oouroind Vout = GND .2 0 mA
Shrinking Vout = Vo 10 30
TTL/CMOS Qutput Leakage Currant .?.':;::1 1° ::'g"% :uvtg:;s Sd\a/s::l%%ﬁ- = Voo +0.05 20.10 pA
8 MAXAMN
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ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225 Vee = 5.0V £5%; MAX244-MAX249 Vg = +5.0V £10%, external capacitors C-C4 = 1uF, Ta = Ty to Tmax, uniess other-
wise noted.)

PARAMETER | COND(TIONS [ MN 7Y mAX JUNITS
POWER SUPPLY AND CONTROL LOGIC
. MAX225 475 5.25 :
Operating Supply Voltage MAXG24-MAXZ49 a5 55 V.
MAX225 10 20
Noload -
Vee Suppty Current MAX244-MAX249 1 30 A
{normal operation) 3k loads on | MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
I
Shutdown Supply Current Ta = T 10 Thi = PA
Leakage current 21 pA
Control Input ] Threshold low 14 0.8 v
Threshold high 24 1.4
AC CHARACTERISTICS -
! L = 50pF to 2500pF, Ry = 3KQ2 to 7kd2, Voo = 5V, ;
Transition Slew Rate TA = +25°C, measured from +3V to -3V or -3V {0 +3V 5 10 30 Vhss
Teansmitter Propagation Delay PHLT 13 35
TLL to RS-232 (normal operation), - us
Figure 1 tPLHT 1.5 35
Receiver Propagation Detay tPHLR 0.6 1.5
TLL to RS-232 (normal operation), -~ us
Figura 2 PLHA 0.6 1.5
Receiver Propagation Dalay tm_s 0.6 10
TLL 10 RS-232 (low-power mode), us
Figure 2 PLHS 3.0 10
Transmitter + to - Propagation
Delay Differance (normal operation) | \FHLT - PPLHT 350 ns
Receiver + to - Propagation
Delay Difference (normal oparation) PHLR - tPLHA 350 ns
Recaiver-Output Enabla Tims, Figure 3 | teq 100 500 ns
Receiver-Output Disable Time, Figure 3 [ tog 100 S00 ns
MAX246-MAX249 5 s
(excludes charge-pump start-up) s
Transmitter Enable Time (33
MAX225MAX245-MAX249 10 ms
(Includes charge-pump start-up)
| Transmitter Disable Time, Figure 4 tor 100 ns

Note 4: The 300Q minimum specification complies with EIA/TIA-232E. but the actual resistance when in shutdown mode or Vg = 0
Is 10MQ as is implied by the leakage specification,

MAXLMN ' s
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Typlcal Operating Characteristics

a MAX225/MAX244-MAX249
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3V &V
—\ S~ R e N
. INPUT \; ™ / Ut oV* -4 50% X 50%
* EXCEPT FOR R2 ON THE MAX243
WHERE -3V IS USED.

Figure 2. Receiver Fropagation Delay Timing

€. DISABLE TIMING H

A TIMING DIAGRAM

10R0 — Tx

8. TEST CIRCINT =

Figure 3. Receiver-Output Enable and Disable Timing

Figure 4. Transmittar-Output Disable Timing
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_ Table 1a. MAX225 Control Pin Configurations

ENT ERR OPERATION STATUS TRANSMITTERS RECEIVERS .
0 0 Normal 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
ERT TR OPERATION TRANSM(TTERS RECEIVERS
STATUS TAL-TA4 TB1-TB4 RA1-RAS RB1-ABS
0, [v} Normal Operation | All Active All Active All Active All Active
o . RA1-RA4 3-State RB1-RB4 3-Stats
0 1 Normal Operation | All Active All Active RAS5 Active RBS Active
y All Low Power All Low Power
1 0 Shutdown All3-State AR 3-Stato Racsiver Mode Receiver Mode
3 AA1-RA4 3-State | RB1-RB4 3-State
1 1 Shutdown All 3-State All 3-State RAS Low-Power RAS Low-Power
* Receiver Mode Receiver Mode
Table 1c. MAX246 Control Pin Configurations
OPERATION TRANSMITTERS RECEIVERS
ERK ERB
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RBS
[} 1] Normal Operation | All Active All Active Al Active All Active
. RB1-RB4 3-State
0 1 Normal Operation | All Active All 3-State All Active RBS Active
1 0 |Shutdown All 3-State All Active RATAG IS ) Al Actve
RA1-RA4 3-State RB1-RB4 3-Stats
1 1 Shutdown Al 3-State All 3-State RAS Low-Power RAS Low-Power
Recelver Mode Receiver Mode

12
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Table 1d. MAX247/248/249 Control Pin Configurations
TRANSMITTERS RECEIVERS
OPERATION TA1-TA4 | TB1-TB4 RAI-RA4 RB1-ABS
ENTA | ENTB | ENRA | ENRE
STATUS TA1-TA4| TB1~TBA RA1-RA4 RB1-RB4
TA1-TA3 | TB1-TB3 RA1-RAS RB1-RB5
0 0 0 0 | Normal Operation All Active | All Active | Al Active All Active
All 3-State, except
0 0 0 1 | Normal Operation All Active | All Active | All Active RB5 stays active on
MAX247
0 0 1 0 Normal Operation All Active | Ali Active | All 3-State All Active
All 3-State, except
0 0 1 1 | Normal Operation All Activa | Al Active | All 3-State RBS stays active on
MAX247
0 1 o} 0 | Normal Operation All Active | All 3-State | Al Active All Active
N 2 . All 3-State, except
0 1 ] 1 | Normal Operation All Active | All 3-State| All Active RBS5 stays active on
y MAX247
0 1 1 0 | Normal Operation All Active | All 3-Stats} Alt 3-State All Active
] All 3-State, except
0 1 1 1 | Normal Operation All Active | Al 3-Stata | All 3-State RBS stays active on
MAX247
1 0 1} 0 Normal Operation All 3-State | A Active | All Active All Active
| All 3-Stats, except
1 [+] 0 1 | Normal Operation Al 3-State | All Active | All Active RBS stays active on
MAX247 '
1 0 1 0 Normnal Operation All 3-State | All Active | Ali 3-Stata All Active
¥ All 3-State, except
1 0 1 1 Normal Operation All 3-State} All Activa | All 3-Stats RBS stays active on
MAX247
Low-Power Low-Power
1 1 4] 0 | Shutdown All 3-State | Al 3-State Receive Mods Recaive Moda
All 3-State, except
11 1| 0| 1 [shutdown A3 State| A3 Stats | Low-Power RBS stays sctive on
eceive Mode MAX247
Low-Power
1 1 0 Shutdown All 3-State | Al 3-Stata | All 3-State Recaive Mods
All 3-State, except
1 1 1 Shutdown All 3-State | All 3-State | All 3-State RBS stays active on
MAX247

MAXIMN
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Detailed Description

The'MAX220-MAX249 contain four sections: dual charge-
pump DC-DC voltage converters, RS-232 drivers, RS-232
receivers, and receiver and transmitter enable control inputs.

Dual Charge-Pump Volitage Converter
The MAX220-MAX249 have two internal charge-pumps’
that convert +5V to £10V (unfoaded) for RS-232 driver
operation. The first converter uses capacitor C1 to double
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 small amount of power may be drawn from the +10V
(V+) and -10V (V-) outputs to power external circuitry
(see Typical Operating Characteristics), except on the
MAX225 and MAX245-MAX247, where these pins are not
available. V+ and V- are not regulated, so the output voit-
age drops with increasing load cusrent. Do not foad V+
and V- to a point that violates the minimum +5V EIATIA-
232E driver output voltage when sourcing current {rom
V+ and V- to external circuitry. Ay

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-
falls to OV, and V+ falls to +5V. For applications where a
+10V external supply is applied 1o the V+ pin (instead of
using the internal charge pump to generate +10V), the
C1 capacitor must not be installed and the SHDN pin
must be tied to Vce. This is because V+ is internally con-
nected to Vce in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing Is +8V when
loaded with a nominal 5kQ RS-232 receiver and Vo =
+5V. Output swing is guaranteed to meetthe EIA/TIA-
232E and V.28 spacification, which calls for £5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3kQ load, VCG = +4.5V, and
maximum operating temperaturs. Unloaded driver output
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
40002 input pull-up resistors to VGG are built-in. The pull-
up resistors force the outputs of unused drivers low
because all drivers invert. The intemal input pull-up resis-
tors typically source 12pA, except in shutdown mode
where the pull-ups are disabled. Driver outputs turn off and
enter a high-impedance state—where leakage current is
typically microamperes {(maximum 25pA)}—when in shut-
down mode, in three-state mode, or when device power is
removed. Outputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode.

14

The MAX239 has a receiver 3-state control line, and the
MAX223, MAX225, MAX235, MAX236, MAX240, and
MAX241 have both a receiver 3-state control line and a
low-power shutdown control. The receiver TTLUCMOS
outputs are in a high-impedance, 3-state mode whenever
the 3-state ENabls fine is high, and are also high-imped-
ance 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 thain 1pA with
the driver output pulled to ground. The driver output ieak-
age remains less than 1A, even if the transmitter output is
backdriven between OV and (Vcc + 6V). Below -0.5V, the
transmitter is diode clamped to ground with 1kQ series
Impedance. The transmitter is also zener clamped to
approximately VCC + 6V, with a serles impedance of 1kQ.
The driver output slew rate is fimited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifications.
Typical slew rates are 24V/us unloaded and 10V/us
loaded with 322 and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage lavel
greater than 3V as a logic 0, so all receivers invert. Input
thresholds are set at 0.8V and 2.4V, so recsivers respond
to TTL fevel 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 nominal
SkQ values. The receivers implement Type 1 interpreta-
tion of the f4ult conditions of V.28 and EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a guar-
anteed minimum of 0.2V. This produces clear output tran-
sitions  with sfow-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 Recelve Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shutdown
mode, but still allows it to recsive information. This is
important for applications where systems are periodically
awakened 10 look for activity. Using low-power receive
mode, the system can still receive a signal that will acti-
vate it on command and prepare it for communication at
faster data rates. This operation conserves system power.

Noegative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differing
only in that RS-232 cable fault protection is removed on one
of the two receiver inputs, This means that contro! lines
such as CTS and RTS can either ba driven or left floating
without interrupting communication. Different cables are not
needed to interface with different pieces of equipment.

MAXLMN
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The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. Its output goes pos-
itive only if the input is connected 1o a control ling that is
actively driven negative. If not driven, it defaults to the 0
or "OK to send" state. Normalily, the MAX243's other
receiver (+1.4V threshold) is used for the data line (TD or
RD), while the negative threshold receivér is connected
to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIATIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left floating, or
shorted to ground. The high output tells the serial com-
munications IC to stop sending data. To avoid this, the
control lines must either be driven or connected with

jumpers 1o an appropriate positive voltage level.

Shutdown—8AX222-MAX242
On the MAX222, MAX 235, MAX236, 'MAX240, and
MAX241, all receivers are disabled during shutdown. On
the MAX223 and MAX242, two recsivers continue to
operate in a reduced power mode ‘when the chip is in
shutdown. Under these conditions, the propagation delay
Increases to about 2.5ys 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 gENz that allows recetver out-
gxilb%n!rol independent of SHDN. With all other devices,

HDN also disables the receiver outputs,

The MAX225 provides five transmitters and five receivers,
while the MAX245 provides ten recelvers and eight trans-
mitters. Both devices have separate receiver and trans-
mitter-enable controls, The charge pumps turn off and
the devices shut down when a logic high is adgpliad to the
ENT input. In this state, the supply current dtops to less
than 25pA and the receivers continue to operate in a low-
power receive mode. Driver outputs enter a high-imped-
ance state (three-state mode). On the MAX225, all five
receivers are controlied by the ENR input. On the
MAX245, eight of the receiver outputs are controlled by
the ENR input, while the remaining two receivers (RAS
and RBS5) are always active. RA1-RA4 and RB1-RB4 are
putin a three-state mode when ENR is a logic high.

Heceiver and Transmitter Enable

Control Inputs

The MAX225 and MAX245-MAX249 leature transmitter
and recelver enabls controls. .

The recelvers 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 enabla inputs control the

MAXIMN

Drivers/Receivers

full-speed receive and three-state modes. The transmit-
ters have two modes of operation: full-speed transmit
(normal active) and three-state (disabled). The transmit-
ter 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 imode when in shutdown,

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

The MAX246 has ten recelvers and eight drivers with two
control pins, each controlling one side of the device. A
togic high at the A-side controt input (ENA) causes the
four A-side receivers and drivers to go into a three-state
mode. Similarly, the B-side control input ( ) causes
the four B-side drivers and receivers o go into a three-
state mode. As in the MAX245, one A-side and one B-
side receiver (RA5 and RBS) remain active at ajl times.
The entire device s put into shutdown mode when both
the A and B sides are disabled (ENA = ENEB = +5V),

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

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and receiver
enable inputs 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. The device enters shutdown mode and trans-
mitters go into a three-state mode with a logic high on
both 'Eﬁq'xand ENTE. ¢

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and receiver enable
inputs each control five receiver outputs. The ENTA and

Iransmitter enable inputs control three drivers
each. There is no always-active receiver. The davice
enters shutdown mode and transmitters 0 into a three-
state mode with a logic high on both ENTA and ENTS. In
shutdown mode, active receivers operate in a low-power
receive mode at data rates up to 20kbits/s..

Applications Information

Figures 5 through 25 show pin configurations and typical
operating clrcuits. In applications that are sensitive to
power-supply noise, Voo should be decoupled to ground
with a capacitor of the same value as C1 and C2 con-
nected as close as possible to the device.

15
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