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ABSTRACT
The object of this project is to present the dual-mode data logger, which is employed for
simutaneously measuring and recording any data from the sensor signal. Although the electrical
signal dropping has occurred ,the recording data are not disappear. Moreover, the smallest range
of the recording period is about | second. There are two operation modes as follows.
1. Remote control mode is based on the use of personal computer,which can be ordered
, controlled and displayed via the user interface monitors.
2. Stand-alone mode is based on the use of microcontrolled on-board, which can be
portable operated af the working site.The recording data will be download in the

future.
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4.4 Quantizing Theory
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9 EIA RS- | CCIT RS-232Description Signal type & Direction
Pin 232 V.24
Circuit Circuit
5 AB 102 Signal group/common return Ground/common
2 BB 104 Received data Data from DCE
3 BA 103 Transmitted data Data to DCE
1 CF 109 - Received line signal detector Control from DCE
4 CD 108,2 Data terminal ready Control to DCE
6 CC 107 Data sct ready Control from DCE




7 CA 105 Request to send Control to DCE \
8 CB 106 Clear to send Control from DCE i
9 CE 125 Ring indicator Control from DCE l
]
() énifeude DB-9
25 EIA CCIT RS-232 Description Signal type & Direction
Pin RS-232 V.24
Circuit Circuit
1t AA 101 Protective ground Ground
7% AB 102 Signal ground/common return Ground/common
2% BA 103 Transimitted data Data to DCE
3% BB 104 Recetyved-data Data from DCE
4% CA 105 Request to send Controlito DCE
5% CB 106 Clear to send Control. from DCE
6* CC 107 Data set ready Control from DCE
20* GD 108,2 Data terminal ready Contrel to DCE
22 CE 125 Ring indicator Control from DCE
8 CF 109 Received line\signal detector Controlifrom DCE
21 CG 110 Signal quality-detector Control from DCE
23 CH 111 Data signal rate selector (DTE) Controlto DCE
23 Cl 112 Data signat rate sclector (DCE) CGontrol from DCE
24 DA 113 Transmitter-signal.clementtiming | Timing to DCE
(DTE)
17 DD 115 (DCE)
Receiver signal element timing Timing from DCE
(DCE)
14 SBA 118 Secondary transmitted data
16 SBB 119 Secondary received data
19 SCA 120 Secondary request to send Control to DCE
13 SCB 121 Sccondary clear to send Control. from DCE




12 SCF 122 Secondary received line signal Control from DCE
detector
11
18 Undefined
25
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TD Transmitted Data
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CTS Clear to Send
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CD Carrier Detect
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RI  Ring Indicator
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v

nauglisunsuuan

falalsunsugos VIEW SETTING




< g MEASURE_TEST )

wdansdisseivledingruunll

vy 1°C BUS
LCALL START_1620

v

TSN N s ¥ o duv ey
ﬂ'mﬂ'umﬂu’lummﬁmuﬂ'lﬁmh

REC-NUMREC-PER
HH:MM:SS
DATEMONTH/YEAR

v

LCALLE. ¢ ~TX

v

< ' o a
Fenllsunseenisn gy

LCALL READ /1620

v

LCALL X

v

Fnasines ladand o AD

ENBLE LTC1298

v

Ganlalsunsueipesiua oo

AU endunnsaesdesdnlnn
BusTUL I°C BUS
LCALL " READ_ADC

-

LCALL ™

v

3>DATE:01/01/03
CLOCK TEMPAD1AD2 R1 R2

13:00:0025.0 000 000 00 0O

< naugllsunsuman )

51/ 8.6 Aal)sunsueios MEASURE, TEST
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< g LOGGER_DATA >

anana AT laAte LED DISPLAY BLINK

udensiinsiaiuledinguugi

yusTuy I°C BUS ARAN

LCALL START_1620

v

grupnEuaslun e lasely

Numrec=0 ?

REC-NUMREG-PER

HH:MM:SS COMRLETE!
DATE/MONTHAEAR

v

Senldsunsudegnsdnanivadl S s
bkl ¥ nauglisunsamgn

LCALL 'READ.1620

v

MnnIRase leTIn A UL AID

ENBLE LTC1298

y

Fenldsunsueisuaunrdty o

UIRBNBUNNTIR AT BIA U DY

LCALL %, READ_ADC

v

ANLARILIA EEPROM#24C256

wlannishamReuuszuL | C BUS

v

Tustineniida 8 EEPROM#24C256

LCALL  WRITE_BYTE

v

Ui 8.7 A3l sunsntioss LOGGER DATA



C g DOWNLOAD >

ing VIEW_SETTING

v

DATE TIME PER
RECORD1 01/01/03 13: 00:00 001
RECORD2 17/01/03 03:06:18 001
RECORD3 31/01/03 13:53:51 001
RECORD4 14/01/03 00:48:10 002
TARGET RECORD: 1
NUM OF RECORD: 4

Sampling - rate period(sec): 001

g

NINUARATWMUY EEPROM#24C256

UdiNnsARFaULszUY 1 OBUS

v

- 4 i r®
Lmn‘iﬁmnmmaamumwuu*ﬂn 3y
wUeAINA EEPROM#RACISH

LCALL §\, READ=RANDOM

v

Gunlsunsutoanmaagianizme iy
lunsfudefeyalursin e BuUs

LCALL  READ_CURRENT

v

UARILATINTNR DAL
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DATE TIME PER
RECORD1 01/01/03 13:00:00 001
RECORD2 17/01/03 03:06:18 001
RECORD3 31/01/03 13:53:51 001
RECORD4%14/0.1/03 00:48:10 002
TARGET.RECORD: 1
NUMOF RECORD: 4
Sampling—rate period(see): 00
DATE:01/ 01403
CLOCK.. TEMP._AD1 AD2-R1 R2
13:00:00 7250 000, '000-00 100
13:00:01.25.2..000-/00000 00

anAT

Numiec =0 7

NO

COMPLETE!!

'

C nAUg W aunsuuan >

U9 8:8 Nalisunsuees DOWNLOAD

Y
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Cow D
l

AMUUARTEATINTTLAIWINAL
9600 bit per second (bps)
BAUD EQU

—

-
U

> i 4
L ;
/
& :

?5

bl |

M Y

& suo
o

W’ : @o&

Wst SCON#52H , | %
Ena\®

END

517 8.9 famsmnuaguuumsfanery Rs-232 Tulnsany

dy [ = Y o Y v = = 1 gj 1 Y o v ¢ v 1%
enansiiluenasianulidmsunisldanuienis@nwivinuu eyl luldussleviaunis

laidnsdlles viedu Bnvvinudlvidewasilomuasfesensddisiivatenalsynassinisiluly
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UNiN 9

a d
nInselazajina

9.1 WaN1INAasd
A o A Y a s ° ] ] b
1. m@‘ﬂ'lﬂ"lil'i%ﬂ’E)'ULﬂi'E]QL%WﬂUﬂﬂNW’JLﬂ@SLLﬁ:VﬂﬂTSLﬂﬂIﬂilmiuﬁhﬁ"lu WIDUYNNA

1 START finiiweazsingnihee User Interface HANAIZLH 9.1

File Edit

RECCRD NUM OF RECORD PERICD CLOCK DATE EXIT

1 /N [ SEPi— A= N\ [

Cantral Enginear

King Mongkut Institute of Technology

tadkrabang l J
CLOCK IEMP ADT AD2 R R2

Sefect MODE

1=SETTING | }
2=VIEW. SETTING

3=MEASURE TEST
4=LOGGER DATA
5=DOWNLOAD

DATA LOGGER

CLOCK TEMP AD1 AD2 R1 R2

gﬂﬁ 9.1 Y11 1901anVed User Interface
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2. Wvhasasaeudeundidimstuiinailuaniag Stand-alone 08130 1 lagnisna
1 [ 1w < a [
1|uA379e01 STAND_ALONE funanawuhisimafudeyamuagnuaindenii

Imiheeasgili 9.2

File Edit

ll RECORD NUM OF RECORD PERIOD CLOCK DATE EXIT

T R (T P e Ll ] [Pbic]

MEASURE DATA

L |

CLOCK TEMP AD1 AD2 Rt R2

MAIN MENU

WAIT FOR
COMPLETE!!

E DATA LOGGER

CLOCK TEMP AD1 ADZR1 K2

13:00:00 36.¢0 755 004 15 GO

q’ LY d’Ay 1 o 49 Vc‘:uud'vy <
E‘dﬂ 9.2 ﬂxemmﬂwu1%mwmmaymmmwum‘!msmmsa
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A Y a o < v y Y o ~
3. maia%umagamuuuwmi‘ummmnzﬂﬂﬂgﬂ!ammmgﬂ‘ﬂ 93

|
=
B

File Edit
[RECORD NUM OF RECORD PERIOD CLOCK DATE EXIT
B SN e B ] [omeve]
MAIN MENU MEASURE DATA
CUQCKTEMP AD1 AD2 R1 R2
COMPLETE!

DATA LOGGER

CLOCK TEMP AD1 AD2R{ R2

13:00:00 30.0 255 004 15 00

v Ay o R v v
NINAINIFUUANAILD IHLUAT
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damisudulumsiioulaed g liunsuges SETTING (nafiflu SETTING finth

19) laeiuN  Record 1, Num of Record 1, Sampling-rate period (PER) 000 g

kd

AAIIAT 13:00:00 1. YUN

@

M90A93109 9.4 .1-945

9
MATUNN 01/01/03 ANIUNA1959 91N UUTUIZAVLS

Ay [ ald' [ ni/’ ' v w Y a ~
unAeeImsia 1N 0 Traaneressessudyguussausuiasnsunn wdlsngruain

File Edit

RECORD l

NUM OF RECORD PERIOD

CLOCK

DATE EXIT Y—%
g

v\

il e

] I Disable l

>1

SETTING

1=Record

2=Num of Record
3=Sampling-rate period
4=Clock

5=Date

0=Exit

al

RECORD (1-4)=.1
SETMODE

1=Record

2=Num of Record
3=Sampling-rate period
4=Clock

5=Date

0=Exit

MEASURE DATA

l |

CLOCK TEMP ADY AD2 R1 R2

l |

 TESTMEASURE

DATA LOGGER

CULOCK TEMPADYI AD2 R R2

517 9.4.1 M373M RECORD (3101



GRS

File Edit

|

el

|

|RECORD' INUMOFRECOR BER'ODI ICLOCK I l DATE ] l Exnrk
: |
K

l

' l Disabie ]

I MAIN MENU l

VIEW_SETTING =

MEASURE TEST-

" LOGGER_DATA *

>2
NUM OF RECORD (1-4)= 1

SET MODE

1=Target Record
2=Num of Record
3=Samipling-rate period
4=Clock

5=Date

0=Exit

MEASURE DATA

SR

CLOCK TEMP AD ADZ R1 R2

e ]

 STAND_ALONE -

DATA LOGGER

(CLOCK TEMP ADLADZRY K2

F 9.4.2 el Hued NUM OF RECORD. fifoun 15

| [@]xg

File Edit

]

T
l RECORD I INUM OF RECORD! [ PERIODC@ GLOCK I { DATE ' { EXIT
$ 5

AN\ I

] i Disabig g

looo%! i

I MAIN MENU l 3

| LOGGER DATA .

"~ nownLoAD |

RETURN.

Sampling-rate period(s) (000-255)z 000

SET.MODE
1=TargetRecord
2=Numvef Record
3=Samplig-rate period
4=Clack

MEASURE DATA

P A

CUOTK TEMP ADY ADZR1 R2

DATA LOGGER

CLOCK TEMP AD1 AD2 R1 R2

d' Qvl U = N v X
511 9.4.3 M156131 Sampling-rate period Tup155UHN

67



=R

File Edit

lRECORDI INUMOF RECORD] |PERIOD l I CLOCK I DATE j r EXIT
K s

I diige = e

J l Disable I

| 13-00-00% [

[ MAIN MENU I >4
HOUR (00-23)=13

MINUTE(00-59)= 00
VIEW_SETTING
MEASURE.TEST -

LOGGER_DATA '

: 'DOWNLOAD :

MEASURE DATA

|

CLOCK TEMP ADT AD2 R1 R2

e

TEST MEASURE

| STAND_ALONE

DATA LOGGER

CLOCHK TEMP ADLAD2 R1 R2

d’ ; | - a e
U1 9.4.4 M3aanaia s vl fiaay

[@!xg

File Edit

IRECORD] lNUMOF RECORD} l PERIOD I ! CLOCK l I DATE l EXIT&
A 5
X VN

N

LAN ¢ | &M

I 4

[ oat-g1-03 r‘—([ }

[ Disable
W

l MAIN MENU I >4
DATE (00-31)= 01

MONTH({00-12)= 01

YEAR(00-99)=03

_LOGGER_DATA '

© DOWNLOAD - -

MEASURE DATA

CUDCK TEMP AD1 ADZ R R2

STAND.ALONE

DATA LOGGER

CLOCK TEMP AD1 AD2 RY R2

U

d' :1 [ = = a wny a
5 9.45 madsTwaevAlamnanginanuess

68
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5. Waissnganacl3lasdng VIEW SETTING (nafitju VIEW_SETTING 7inti198)

wdrdunatennuilsingiviheeldsegii 9.5

i

x]

File Edit

l RECORD NUM OF RECORD PERIOD CLOCK DATE EXIT

EONNSE S I e | | e

MAIN MENU >2 MEASURE DATA

DATE TIME | | PER
RECORD1-28/01/03 .12:46:37 /002
RECORD2-17/01/03 03:06:18 001 [ 1
RECORD3-31/01/03 13:30:28 001
RECORD4.-14/01/03./00:48:10 002

CLOCK TEMP. AR AD2 R1 R2
RECORD: 1

NUM OF RECORD: 4 . - B
Sampling-rate period(sec): 000 . TEST MEASURE

Dual- Mode Data Logger
Control Engineer

 STANDALONE
King Mongkut Institute of Technology e

Ladkrabang
DATA LOGGER
Select MODE
1=SETTING
2=VIEW ‘SETTING CLOCK TEMP ADTAD2 Ri R2

3=MEASURE_TEST
4=LOGGER DATA
5=DOWNLOAD

U 9.5 masangmnaalile VIEW_SETTING
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wehmsiangunniuasdyyuisaesroslasdig MEASURE TEST ( nafitjy

MEASURE_TEST 1vi190 ) udnzilsingdeanuivivensgif 9.6

5]

File Edit
RECORD NUM OF RECORD PERIOD CLOCK DATE EXIT
e, [ | | (]

MAIN MENU

MEASURE DATA

l3>DATE:O‘!.’01/03 !

CLOCK TEMP ADT AD2R1R2

|13300‘00 5.0 000 000 00 00 1

DATA LOGGER

CLOCKJIEMBP AD1 AD2R1RZ

3UN 9.6 msTanigurinilivayanaiaeswedls-MEASURE_TEST
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. o ; . d 1

7. dlemimstiufinagunniuasfyyunisaesoslaodig LOGGER_DATA (nafl
1 LOGGER_DATA w190 ) udwuiinihilanied LED 8 62 g3 luadnyay

o q’: a q’/' Ao =3 S 5 o
landu 2 501 Wious LED-Display 92n3zwiunnaaseiimsinudoyn dnnads

Usingdeanuinthaedsgiin 0.7

)

]

Fiie Edit

RECCRD NUM OF RECGRD PERIOD CLOCK DATE EXIT

[T] oA L iy J 1 || [t ]

MEASURE DATA

l |

CLOCK TEMP ADT ADZ R1R2

MAIN MENU

COMPLETE!!

V
DATA LOGGER

CLOCH I TEMP AD1 AD2 R1 R2Z

13:00:0025.0 000 500 00 OO0

13:34:13 33.3 000 000 00 00

d' Y a v i'; 1 d' o v R
3‘1]7! 9.7 VBUAUHHNUATTU TUNIABIFINTINIIVUND

& o




A o Y

U

9

¥ ~
ﬂl@ﬂ’J"Iil‘lJiTﬂ{]Vlﬁu”!‘ﬂ@ﬁﬁﬂﬂﬂg

[

wevhmsGenguoyanimstiunng

C=

v W

1% 9.8

12

31avnnily DOWNLOAD #inthaeazwy

[ [E[X
NUM OF RECORD | | PERIOD CcLOCK DATE EXIT
TR e TR e B ]| | [Diseble |

MAIN MENU

VIEW_SETTING *

MEASURE_TEST -

_LOGGER DATA

.-,,I.Lvrvpo@NLbAD'

>5

DATE

RECORD: 1

NUM OF RECORD: 1
Sampling-rate period{sec): 000

DATE:01/01/03
CLOCK
13:00:00
13:00:00
13:00:00
13:00:00
13:00:00
13:00:00
13:34:43
COMPLETE! -

TEMP
25.0
25.0
254
25.7
2517,
28.8

33.3

TIME| | PER
RECORD1-01/01/63._13:00:00/ 00¢
RECORD2-47/01/03 ©3:06:18 001
RECORD3-31/01/03,_13:30:28, 001
RECORD4.14/01/03.00:48:10 002

AD1
000
aoe
406
0oe
000
000

000

ADZ
000
000
30a
{{1¢14]
004
000

Q00

MEASURE DATA

L ]

CLOCK TEMP AR1ADZ RT R2

l |

DATA LOGGER

CLOLCHKTEMP AGY AD2 R RZ

519

G

~ Y t:; o U K] < g Y
8 AN TBHANTINITUUNNE IV UIAD
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Y v
9. hmInanssmsiamgangiuazdyaansdesyesdyaialng Tasiimsds
= ) I
AFuAUI TN Record = 1, Num of Record =4 ,Sampling-rate period = 001
E4 '
yazan1al, JuniimM LN uLazIa15

o o < o (= ¢
vntuihmstiuiindeyaily textfile.text udnirliAnszidoyanuunsllay

11)514n5% Microsoft Excel 11ea9A931/91 9.9

umai’agaﬁﬁ'uﬁn'lﬁ' ( Record 1, Numrec 4, Period 001 )

40

Amplitude

9.9 %r%ylwnfuaya AT ST

I MR,
S¥ag,nants

dy [ = Y o [ v = = o 1 Y o v ¢ v 1%
enasiluenasianulidmiunisldanuienis@nwivinuu eyl luldussleviaunisi

laidnsdlles vivdu BnnvinudlvideuUadilomuazfesensddisdvesenaisynassninisiluly
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a d
ﬁgﬂuammimwamimam

~ Y @ ]

< v o 3| IS
1. manudeyai laannsiazudemsdadu1diiu 4 yadoya (Record) Taoil

Y
< 1 o W
yavesmsnudeyalunaaz Record 18 2,048 yadoya daiuningidesns

o v &K 9 3 =3 v KX 9 YR 9y
MMITUUNNUVDYANY VA 4 Record %Qﬁ”liﬂiﬂ‘uuﬂﬂﬁl]’ﬂigﬁhlﬂﬂﬁ 8,192 yaUoya

v R Y A v Ay o 1
2. 3383!&1@11‘1«!ﬂTi‘U‘Ll‘Vlﬂsll’élial,ﬁﬁﬁlﬁma@ﬂ‘lﬂmﬂﬂ’]ﬁll@]uiufﬂﬁm\ﬂu YU

v
WITAINITLAEN Sampling-rate period = 001 ( 1 NADATY)

Record | Num of Record | Sampling-rate period Time
1 1 004 34.13 U
1 2 001 e 8 11 265007
1 3 001 1 21082007 45017
1 4 001 2 #2Tua 16 Wft 5350071

Y
W IsNISA00 Sampling-rate period= 005 (-5 MWINAOATL)

Record | Num of Record | Sanpling-rate period Time
1 1 005 245130850 v 24517
1 2 005 542313 40 wAd 48311
1 3 005 gaalug 5397 45501
1 4 005 LT 22408 4030

< . 9 g & o o a4

TUMEAIN MndeMIsnUdouanane 24 Falie 151dedarinsasnsuduly
o P

ARER NN i

Record = 1, Num of Record = 4, Sampling-rate period = 012
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Dual-Mode Data Logger
Used with AT83S8252 *

*

i Control Engineering  *

; Parameter definitions

BAUD EQU 256-6
ADDR24 EQU O0AOh
EEPROM

ADDR13 EQU 0DOh
YEAR EQU 06h
MONTH EQU 05h
DATE EQU 04h
DAY EQU 03h
HOUR EQU 02h
MINUTE EQU .~ 0th
SECOND EQU.~ 00h
NUMREC EQU 3Eh
TARGET EQU —3Fh
; Register definitions

INDEX EQU .~ 0
ZDATA EQY 1

; /O pin definitions

SCL BIT P1.0
SDA BIT P1.1
RST BIT R{l.8
CLK EQU
DIO EQU
CS BIT P33
Sw BIT P1.4
LED BIT P1.2
MODE BIT 213
DRIVER_LE BIT. P16
; Memory allocations

STACK EQU O7h
ADDR_RTC EQU 30h
ADDR_LO EQU 31h
ADDR_HI EQU 32h
DATA_LO EQU 33h
DATA_HI EQU 34h
COUNT EQU 35h

BUFF1 EQU 36h
BUFF2 EQU 37h
BUFFD EQU 38h
HOU EQU 3%9h
MIN EQU 3Ah
SEC EQU 3Bh
PER EQU 3Ch
NUM EQU 3Dh

P3.5

’
’
’
’

9

)
1
[

’

]
’
[

’

-1

256-1 -> baud rate = 57,600 bps
256-3 -> baud rate = 19,200 bps
256-6 -> baud rate = 9,600 bps
256-24 -> baud rate = 2,400 bps
device address for 24C256

device address for DS1307 RTC

index register
data transfer register

serial clock
serial data
resetDS1620
iclock(SCL)
;datain & data,out(SDA)
chip select LTC1298
switch input
LED output
mode select

first stack
RTC address register
2-byte EEPROM address register



ON_RESET:

MAIN:

READY:

CHK_KEY1:

CHK_KEYZ2:

CHK_KEY3:

ORG

mov
mov
mov
mov
mov
setb
mov

setb
clr

setb
setb

clr
Icall

setb
Icall
db
db
db
db
db
db
db
db
db
db
db
db
db
db

jnb
lcall

cjine
mov
[call
Icali
jmp

cine
mov
Icall
Icall
jmp
cine
mov
Icall

0000h ; power-on reset vector

SP, #STACK
PCON,#00h
TMOD,#20h
TH1,#0FBH
TL1,#BAUD
TR1

SCON, #52h

CS -
RST
SDA
SCL

LED
DELAY

LED

PRINT_SER

0Dh,0ANh,0Dh,0Ah

“Dual-Mode Data Logger 2 Mode",0Dh,0Ah
“Control Engineer”,0Dh,0AR

"Faculty of Engineering",0Dh,0Ah

"King Mongkut Institute of Technology L.adkrabang®,0Dh,0Ah
0Dh,0Ah

"Select MODE",00h,0AN

" 1=SETTING",0Dh,0Ah

* 2=VIEW.SETTING",00h,0Ah

* 3=MEASURE_TEST",0Dh,0Ah
“4=LOGGER DATA",0D1,0AR
*5=DOWNLOAD",0Dh,0Ah

0Dh,0AR

n>"’0

SCON.0Q, CHK_SW
RX

A #31h;CHK=KEY2
ASBUF

X

SET_MODE

MAIN

A#32h,CHK_KEY3
A,SBUF

X

VIEW_MODE

MAIN

A#33h,CHK_KEY4
A SBUF
X



lcal MEASURE_MODE

jmp MAIN
CHK_KEY4:
cine  A#34h,CHK_KEYS
mov A SBUF
lcall TX
lcall Display
Icall LOGGER_MODE
mov  PO,#0FFh
lcall DELAY_100ms
mov  PO,#0Fh
Icall DELAY_100ms
mov  P0,0FOh
Icall DELAY_100ms
mov  PO0,#00h
Icall DELAY_100ms
mov  PO,#0FFh
lcall DELAY_100ms
mov  PO,#00h
Icall DELAY_100ms
mov - PO,#0FFh
icall DELAY_100ms
jmp MAIN
CHK_KEYS:
cjne  A#35h,CHK_SW
mov- |~ ASBUE
Icall ™
Icall DUMP_MODE
jmp MAIN
CHK_SW:
J8 SW,READY
mov . A#34h
lcall TX
Icall LOGGER_MODE
jmp MAIN
SET_MODE:
Icall . PRINT._SER
db 0Dh,0AR,0DH,0AN
db “SETTING";0Dh,0Ah
db " 1=Record",0Dh,0An
db * 2=Numof Record",0Dh,0Ah
db " 3=Sampling-rate period",0Dh,0Ah
db " 4=Clock",0Dh,0ARh
db “ 5=Date",0Dh,0Ah
db " 0=Exit",0Dh,0Ah
db 0Dh,0Ah
db ">"0
SET_SLC:
Icall RX
CHK_KEY1S:
cjine A #31h,CHK_KEY2S
mov  ASBUF
Icall TX

lcall. SET_TARGET
jmp  SET_MODC



CHK_KEY2S:

cjne
mov
Icall
lcall

jmp

CHK_KEY3S:

cjne
mov
lcall
call
jmp

CHK_KEY4S:

cjne
mov
Icall
call

jmp

CHK_KEYSS:

cjne
mov
Icall
Icall
jmp

CHK_KEYO0S:

cjne
ret

SET_TARGET:

lcall
lcall
db
Icall
fcall
dec
anl
mov
mov
Icall
ret

SET_NUMREC:

lcall
Icall
db
Icall
Icall
dec
anl
mov
mov
Icall
ret

SET_PERIOD:
Icall
Icall
db

A #32h,CHK_KEY3S
A,SBUF

1D,

SET_NUMREC
SET_MODE

A#33h,CHK_KEY4S
A,SBUF

X

SET_PERIOD
SET_MODE

A#34h,CHK_KEY5S
A,SBUF

TX

SET_CLOCK
SET_MODE

A #35h,CHK_KEYO0S
A,SBUF

T .
SET_DATE
SET_MODE

A#30h,SET_SLC

LINE_FEED
PRINT_SER
*RECORD (1-4)="/0
RET 4TI\

TX

A

A,#03h

ZDATAA
ADDR_RTC,#TARGET
WRITE_RTC

LINE_FEED

PRINT_SER

“"NUM OF RECCORD (1-4)=",0
RX

™

A

A#03h

ZDATAA
ADDR_RTC,#NUMREC
WRITE_RTC

LINE _FEED
PRINT_SER

“Sampling-rate period(s) (000-255)=",0



SET_CLOCK:

SET_DATE:

[call
[call
anl
mov
mul
mov
lcall
Icall
anl
mov
mul
add
mov
Icall
Icall
anl
add
mov
mov
Icall
ani
mov
mul
add
mov
lcall
ret

lcall
Icall
db
Icall
mov
mcy
Icall
[call
lcall
db
Icall
mov
mov
Icall
lcall
lcall
db
Icall
mov
mov
lcall
Icall
Icall
ret

Icall
icall
db

RX

X

A#OFh
B,#100

AB

ZDATAA

RX

1D,

A#OFh
B,#10

AB

AZDATA
ZDATA A

RX

X

A#OFh

A ZDATA
ZDATAA
ADDR_RTC #TARGET
READ_RTC
A#03h

B,#8

AB

A#14
ADDR_RTC,A
WRITE_RTC

LINE_FEED

-PRINT_SER

THOWR »(00-23)2.0
RX_NUM

ZDATA,A
ADDR_RTC#HOUR
WRITE_RIC
LINE_FEED
PRINT_SER
"MINUTE(00-59)= "0
RX.NUM

ZDATA,A

ADDR.RTC, #MINUTE
WRITE_RTC
LINE_FEED
PRINT_SER
"SECOND(00-59)= “,0
RX_NUM

ZDATAA
ADDR_RTC,#SECOND
WRITE_RTC
RTC_CLOCK_ENABLE
CONFIG_1620

LINE_FEED
PRINT_SER
“DATE (01-31)=",0

-



VIEW_MODE:

LPV1:

{call
mov
mov
Icall
Icall
Icall

Icall
mov
mov
Icall
Icall
Icall
db
Icall
mov
mov
Icall
ret

Icall
Icall
db

mov.

Icall
Icall
db
mov
clr
subb
add
Icall
clr
subb
mov
mul
add
mov
mov
Icall
Icall
icall
inc
Icall
mov
lcall
lcall
inc
Icall
mov
Icall
Icall
inc
Icall
mov

RX_NUM

ZDATAA
ADDR_RTC #DATE
WRITE_RTC
LINE_FEED
PRINT_SER
"MONTH(01-12)=",0
RX_NUM

ZDATAA
ADDR_RTC #MONTH
WRITE_RTC
LINE_FEED
PRINT_SER

“YEAR (00-98)=",0
RX_NUM

ZDATAA
ADDR_RTC #YEAR
WRITE_RTC

LINE_EEED

PRINT_SER

"DATE [TIME" PER".0
COUNT, #4

LINE_FEED
PRINT_SER
“RECORD",0
A4

(&
A,COUNT
A#31h

X

Cc

A#31h

Bi#8

AB

A#8
ADDR_RTC;a
A #20h

X

>
READ_RTC
ADDR_RTC
TX_BYTE
AH#T

X
READ_RTC
ADDR_RTC
TX_BYTE
A#T

X
READ_RTC
ADDR_RTC
TX_BYTE
A #20h



jmp LPV3
LPV2:

LPV3:

Icall
[call
Icall
inc

Icall
mov
Icall
Icall
inc

lcall
mov
Icall
Icall
inc

Icall
mov
lcall
Icall
Icall
Icall
djnz

jmp

[call
Icall
Icall

mov
Icall
anl
mov
add
Icall
Icall
Icall
db
mov
Ical!
anl
add
Icall
Icall
lcall
db
mov
mov
mul
add
mov
Icall
mov
lcall
ret

X
T
READ_RTC
ADDR_RTC
TX_BYTE
AH

™
READ_RTC
ADDR_RTC
TX_BYTE
A

TX
READ_RTC
ADDR_RTC
TX_BYTE

A #20h

X

X
READ_RTG
TX_BASE10
COUNT,LPV2

LPV1

LINE- FEED
LINE_FEED
PRINT_SER
"RECORD: *,0
ADDR-_RTC,#TARGET
READ/RTC

A#03h

BUFFT,a

A#31h

X

LINE_FEED
PRINT_SER

“NUMOF RECORD: ",0
ADDR.RTC #NUMREC
READ_RTC

A#03h

A#31h

X

LINE_FEED
PRINT_SER
“PERIOD(sec): “,0
A,BUFF1

B.#8

AB

A#14

- ADDR_RTC,a

READ_RTC
PER,a
TX_BASE10
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MEASURE_MO

LPM:

JUMP1:

DE:
lcall
Icall
Icall
db
mov
Icall
Icall
mov
lcall
mov
Icall
Icall
mov
Icall
mov
Icall
Icall

lcall
Icall
db

Icall

mov.
lcall
mov
Icall
lcall
mov
Icall
mov
lcail
lcall
mov
Icall
mov.
lcall
Icall

mov
Icall
Icail
Icall
mov
clr
subb
jnc
cpl
inc
push
nov
Icall

pop

clr
rrc
mov

START_1620
LINE_FEED
PRINT_SER
"DATE:",0
ADDR_RTC,#DATE
READ_RTC
TX_BYTE

A#T

X
ADDR_RTC,#MONTH
READ_RTC
TX_BYTE

A#T

X
ADDR_RTC,#YEAR
READ_RTC
TX_BYTE

LINE_FEED
PRINT/SER
"CLOCK ~TEMP AD1-AD2 R1 R2%0
LINE_FEED

A#0Dh

X
ADDR_RTC,#HOUR
READ_RTC
TX_BYTE

Ag"

™
ADDR_RTC,#MINUTE
READ_RTC
TX_BYTE

A#

1D 4
ADDR_RTC,#SECOND
READ:RTC
TX_BYITE

A, #20h
>

X
READ_1620
ZDATA,a
C
A,#20h
JUMP1
A

A

ACC
A#-

LD,

ACC

C
A
B,#10
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div AB

swap A

add AB

lcall TX_BYTE

mov  A#.’

Icall ™

mov  AZDATA

mc A

mov  A,#30h

jnc JUMP2

add A#5
JUMP2Z:

lcall ™

mov  A#20h

Icall TX

[call X

clr C

lcall READADC
mov  ADATA LO
swap A

mov . BUFFDA
mov./ /A DATA_HI
Icall TX_BASE10

mov A #20h
lcall @ TX
lcall 5+ TX
seth . C

Icall READ_ADC
mov — ‘A,DATALO
add A,BUFFD

moav o ZDATA A

mov A DATA HI

lcall. “TX._BASE10
Icall SHOW_REM
jnb SCON.0,JUMP3

clr SCON.0
ret

JUMP3:
lcall DELAY.
jmp LPM

LOGGER_MODE:
lcall  START_1620
lcall LINE_FEED
lcall  PRINT_SER
db "RECORD: ",0

Icall Display
mov A, #00h
mov PO,A

mov  ADDR_RTC,#TARGET
Icall READ RTC
anl A, #03h



mov
add
Icall
lcall
Icall
db
Icall
mov
mov

mov
Icall
anl
add
Icall
Icall
Icall
db
Icall
mov
mov

mov
mov
mul
add
mov
Icall
mov
Icall

LOGGER:
Icall
Icall
mov
icall
anl
mov
mul
add
mov
Icall
db
mov
Icall
mov
lcall
mov
Icall
inc
mav
Icall
mov
Icall
mov
Icall
mov
Icall
inc

BUFF1,A

A#31h

>

LINE_FEED
PRINT_SER

“NUM OF RECORD: ",0
Display

A#00h

PO,A

ADDR_RTC,#NUMREC
READ_RTC
A#03h

A#31h

X

LINE_FEED
PRINT_SER
“PERIOD(sec): “,0
Display

A#0Oh

POA

ABUFE1

B,#8

AB

A#14
ADDR_RTC,a
READ_RTC
PERA
TX_BASE10

LINE_FEED
LINEZFEED
ACDR-RTC #TARGET
READ_RTC

A,#03h

B.#8

AB

A #8

BUFF1.A
PRINT_SER
“DATE:*,0
ADDR_RITC;#DATE
READ_RTC
ZDATAA
TX_BYTE
ADDR_RTC,BUFF1
WRITE_RTC
BUFF1

AH#T

X
ADDR_RTC,#MONTH
READ_RTC
ZDATAA

TX_BYTE
ADDR_RTC,BUFF1
WRITE_RTC
BUFF1



LPL:

mov
[call
mov
Icall
mov
Icall
mov
Icall
inc

mov
Icall

mov -

mov
Icall
inc
mov
lcall
mov
mov
Icall
inc
mov
Icall
mov
mov
Icall
mov
Icall
anl

swap
maov
mov
mov
maov
Icall
inc
mov

leall
Icall
db

clr
Icali
mov
Icall
lcall
mov

call

mov
Icall
{call
mov
Icall
mov

AHT

X
ADDR_RTC,#YEAR
READ_RTC
ZDATAA
TX_BYTE
ADDR_RTC,BUFF1
WRITE_RTC
BUFF1

ADDR_RTC,#HOUR
READ_RTC

ZDATAA
ADDR_RTC,BUFF1
WRITE_RTC

BUFF1
ADDR_RTC,#MINUTE
READ_RTC

ZDATAA
ADDR-RTC,BUFF1
WRITE_RTC

BUFF1
ADDR_RTC,#SECOND
READ_RTC

ZDATA A

ADDR ‘RTC,BUFF1
WRITE.RTC
ADDR_RTC #TARGET
READ,_RTC

A #03h

A

A

ADDR_HLLA
ADDR_LO,#0
INDEX,#0
ADDR_RTC,#NUMREC
READ_RTC

A

NUM,A

LINE_FEED
PRINT_SER
"CLOCK . TEMP AD1:AD2 R1/R2",0

LED

LINE_FEED
ADDR_RTC,#HOUR
READ_RTC
TX_BYTE

A#

X
ADDR_RTC,#MINUTE
READ_RTC
TY_BYTE

A#!

>
ADDR_RTC,#SECOND



WAT1:

SKIP1:

SKIP2:

WA2:

Icall
Icall
mov
lcall
Icall
lcall
mov

Icall
jc
inc
mov
clr
subb
jnc
cpl
inc
push
mov
Icall

pop

clr
e
mov.
div
swap
add
Icall
mov
Icall
mov
nc
mov,
jnc
add

Icall
mov
Icall
Icall
clr
Icall
mov

[call
C
inc
mov
swap
mov
mov
Icall
mov
Icall
Icall
setb
lcall

READ_RTC
TX_BYTE
A#20h

™

™
read_1620
ZDATA A

write_byte
WA1
ADDR_LO
A ZDATA
C

A#20h
SKIP1

A

A

ACC
A

X

ACC

C

A

B#10

AB

A

AB
TX_BYTE
A

X
AZDATA
A

A#30h
SKiP2
A#5

X
A #20h
X
™

~

\ 9
READ_ADC

ZDATA,DATA_H!

WRITE_BYTE
WA2
ADDR_LO
ADATA_LO
A

BUFFD,A

A DATA_HI
TX_BASE10
A #20h

X

™

C
READ_ADC
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WA3:

WA4:

SKIP3:

SKIP4:

DUMP_MODE:

DUMP:

mov

Icall
ic
inc
mov
add
mov
mov
[call

Icall
ic
inc
Icall
clr
cjne
inc
inc
mov
cjine
mov
djnz
lcall
Icall
db
setb
jnb
clr
ret

setb
jnb
clr
ret

Icall
jmp

lcall

lcall
lcall
leall
db
mov
Icall
anl
mov
mul
add
mov
Icall
inc
[call
mov

ZDATA,DATA_HI

WRITE_BYTE
WA3
ADDR_LO
ADATA_LO
A BUFFD
ZDATA,a

A DATA_HI
TX_BASE10

WRITE_BYTE
WA4

ADDR_LO
SHOW_REM

A

A, ADDR_LO,SKIP3
ADDR_HI
INDEX

A INDEX

A #20h,SKiP3
INDEX,#0
NUM,SKIP3
LINE_FEED
PRINT_SER
“COMPLETE!,0
LED

SCON.0,$
SCON.Q

LED
SCON:0,SKIP4
SCON.0:

WAIT
LR

VIEW_MODE

LINE_FEED
LINE_FEED
PRINT_SER
"DATE: "0

ADDR_RTC,#TARGET

READ_RTC

A #03h

B,#8

AB

A#8
ADDR_RTC,A
READ_RTC
ADDR_RTC
TX_BYTE
AHT
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Icall X

lcall READ_RTC
inc ADDR_RTC
Icall TX_BYTE
mov  A#[

lcall X

lcall READ_RTC
Icall TX_BYTE
inc ADDR_RTC
lcall READ_RTC
mov  HOUA

inc ADDR_RTC
Icall READ_RTC
mov  MIN,A

inc ADDR_RTC
lcall READ_RTC
mov . SECA

mov  ADDR_RTC#TARGET
lcall READ_RTC

anl A#03h
rl A
swap A

mov . ADDR_HI A

mov. ~ADDR_LOQ,#0

mov /  INDEX#0

mov  ADDR-RTC #NUMREC

Icall READ_RTC

inc A

mov  NUM,A

Icall LINE_FEED

Icall PRINT. SER Y

db “CLOCK "TEMP AD1 AD2 R1.R2".0

LPD:
Icall LINE_FEED
mov .~ AHOU
lcall TX_BYTE
mov. “A#:'
icall TX
mov . A MIN
Icall TX_BYTE
mov  A#Y
lcall X
mov  ASEC
Icall TX_BYTE
mov A #20h
lcall X
Ical! X

lcall READ_RANDOM
mov  ZDATAA
inc ADDR_LO

clr C
subb  A,#20h
jnc SKIP6
cpl A

inc A
push ACC
mov  A#-

Icall X



SKIP6:

SKIP7:

SKIPS:

SKIP9:

pop

clr
e
mov
div
swap
add
Icall
mov
Icall
mov
rrc
mov
jnc
add

lcall

mov
lcall
lcall
Icall
inc
Icall

maov
Icall
Icall
lcall
inc™
Icall
icall
inc
mov
lcall
clr
cjne
inc
inc
maov
cjne
mov
djnz
lcall
Icall
db
jnb
clr
ret

Icall
jnb
clr
ret

jmp

ACC

C

A

B,#10

AB

A

AB
TX_BYTE
A#

X
AZDATA
A

A#30h
SKiP7
A#5

X

A#20n

X

X
READ_RANDOM
ADDR_LO
TX_BASE10

A#20h

TX

™
READ_RANDOM
ADDR_LO
TX_.BASE10
READ_RANDOM
ADDR_LO
ZDATAA
SHOW_REM

A
AADDR_LO,SKIP8
ADDR_HI

INDEX

AIINDEX
A#20h,SKIP8
INDEX #0
NUM,SKIP8
LINE_FEED
PRINT_SER
"COMPLETE!",0
SCON.0,$
SCON.0

NEXT_TIME
SCON.0,SKIP9
SCON.O

LPD
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SHOW_REM:

LINE_FEED:

NUM2HEX:

mov
Icall
Icall
mov
anl
swap
mov
div
swap
add
Icall

mov
lcall
Icall
mov
anl
mov
div
swap
add
Icall
ret

mov
lcall
mov
Icall
ret

jnb
clr
mov
ret

jnb
clr
mov
ret

clr
subb
jc
subb
jnc
add
clr
ret

A #20h
X

X
A,ZDATA
A#OFOh
A

B.#10
AB

A

AB
TX_BYTE

A#20h
X

X
AZDATA
A#OFh
B.#10
AB

A

AB
TX_BYTE

A #0Dh

A#OAh

SCON.1,SE1
SCON.1
SBUFEA

SCON.O,RE1
SCON.0
ASBUF

A#30h
N2HX
A#10
N2HX
A#10
C



N2HX:
setb C
ret
RX_NUM:
RB1:
Icall RX
Icall NUM2HEX
jc RB1
swap A
mov BA
mov A SBUF
Icall X
RB2:
lcall RX
Icall NUM2HEX
jc RB2
AB
B,A
HEX2CHR:
HC1:
HC2:
A #3Ah
jmp rC4
HC3:
add A#41h
HC4:
ret
TX_BYTE:
Icall HEX2CHR
Icall TX
mov AB
Icall X

ret
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PRINT_SER:

PS1:

PS2:

PSX:

TX_BASE10:

NEXT_TIME:

NT1:

NT2:

pop
pop

clr
movc
cine
jmp

lcall
inc

jmp

push
push
ret

mov
div
add
Icall
mov
mov
div
add
Icall
mov
add
Icall
ret

mov
mov
div
mov
mov
mov
lcall
add
clr
subb
jnc
add
lcall
mov
mov

jmp

Icall
mov
mov
inc

add
Icail
clr

DPH
DPL

A
A,@A+DPTR
A#00,PS2
PSX

X
DPTR
PS1

DPL
DPH

B,#100
AB
A, #30h

AB
B,#10
AB
A#30h

AB
A#30h

APER
B,#60

AB
BUFF1,A
BUFE2,B
ASEC
BCD2HEX
ABUEF2
C

A#60
NT1

A #60
HEX2BCD
SEC,A
AMIN
NT2

HEX2BCD
SEC,A
AMIN

A

A,BUFF1
BCD2HEX
C



NT3:

NT4:

BCD2HEX:

HEX2BCD:

DELAY:

DL1:

WAIT:

subb
jnc
add
Icall
mov
ret

Ical!
mov
mov
Icall
inc

cine
mov
ret

lcall
mov
ret

push
anl
swap
mov
mul
moy
o0p
anl
add
ret

mav
div
swap
add
ret

mov

mov
djnz
djnz
ret

clr
cjne
ret

mov
lcall

mov
mov

A#60
NT3
A#60
HEX2BCD
MIN,A

HEX2BCD
MIN,A
AHOU
BCD2HEX
A

A#24 NT4
HOU,#0

HEX2BCD
HOU,A

ACC
A#OFOh

B,#10
AB
B.A
ACC
A#OFh
AB

B#10
AB

AB

R7,#0

R6,#0
R6,$
R7,DL1

A
APERWTI1

ADDR_RTC,#SECOND
READ_RTC

BUFF1,A

COUNT #0



WRITE_BYTE:

X48:

X49:

lcall
cjne
jmp

mov
inc
mov
cjine
ret

mov
call
ic
clr
call
ijc
mov
call
ic
mov
call
ijc
mov
call
jc
clr.

call

ret

READ_CURRENT:

X44:

X45:

call
jc
setb
call
jc
call
call
cir

call

ret

READ_RANDOM:

mov
call
ic
clr
call
ic
mov
call

READ_RTC
ABUFF1,WT3
WT2

BUFF1,A
COUNT
A,COUNT
APERWT2

A #ADDR24
START

X49

ACC.0
SHOUT

X48

A, ADDR_HI
SHOUT
X438

A ADDR_LO
SHOUT

X48

A. ZDATA
SHOUT
X48

C

STOP

START
X45
ACC.0
SHOUT
X44
SHIN
NAK

STOP

A #ADDR24
START

X47

ACC.0
SHOUT
X46
AADDR_HI
SHOUT
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ic X46

mov A, ADDR_LO
call SHOUT

jc X46

mov A #ADDR24
call READ_CURRENT

jmp  x47
X46:
call STOP
X47:
ret
START:
X40:
X41: WATA
¢ EAMIAVIAVIAVEAY
5 XY .'.3’_:3'
SULIOI T L 1 X TLIUTIIES
L) 12
STOP: 3
C
setb SDA
ret
SHOUT:
push B
mov  B,#8
X42:
ric A
mov  SDAC
nop
setb SCL
nop
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nop
nop
nop
cir SCL
dinz  B,X42
setb SDA
nop
nop
setb SCL
nop
nop
nop
nop
mov C, SDA
clr SGCL:

pop B
ret

SHIN:

X43:

ACK:

nop
nop

clr SCL
ret

NAK: :
setb SDA
nop
nop
setb SCL
nop
nop
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nop
nop

clr SCL
ret

RTC_CLOCK_ENABLE:

mov  ADDR_RTC,#0
call READ_RTC
clr ACC.7

mov ZDATAA

call WRITE_RTC
ret

;RTC_CLOCK_DISABLE:

’
’
’
]
’
’

WRITE_RTC:

X58:

X569:

READ_RTC:

mov  ADDR_RTC,#0
call READ_RTC
setb ACC.7

mov  ZDATAA

call WRITE_RTC
ret

mov  A#ADDR13

call START

ic X59

clr ACC.0
call SHOUT
jc X58

mov...: A, ADDR_RTC
call SHOUT
ic X58

mav -~ A, ZDATA
call SHOUT
jc X58

clr G

call STCP

ret

mov A #ADDR13

call START

ic X55

clr ACC.0

call SHOUT

ic X54

mov A, ADDR_RTC
call SHOUT

ic X54

call STOP

mov  A#ADDR13
call READ_CURRENT
jmp X55
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X54:

X55:

READ_ADC:

x60:

X61:

X62:

CONFIG_1620:

X64:

XE5:

call

ret

setb
clr

mov
mov
mov

clr

ric

mov
setb
djinz
setb
mov

clr
setb
mov
ric
dinz
mov
clr
mov

clr
setb
mov
ric
djnz
anl
mov
setb
setb
setb
ret

clr

setb
mov
mov

clr

e

mov
setb
djnz
mov
mov

clr

STOP

CS

CS
A#0dfh
ACC.5,C
B.#4

SCL

A
SDAC
SCL
B,X60
SDA
B.#9

SCL

SCL
C,SDA

A

B,X61
DATA_HLA
A

B,#4

SCL

SCL

C,SDA

A

3,x62

A #OFh
DATA_LO,A
CS

SCL

SDA

RST
RST
A #0ch
B,#8

SCL

SDA,C
SCL
B,x64
A,#0ah
B,#8

SCL

N-24



-25

rrc A
mov SDA,C
setb SCL
dinz B,x65
setb SCL
setb SDA
clr RST
ret
START_1620:
clr RST
setb RST -
mov  AfOeeh
mov  B,#8
x66:

READ_1620:
X68: oY Y
X LT
iy
i
%
X69:

add A#20h
setb SCL
setb SDA
clir RST

ret

; ] = Y o Y v d‘ = Y 1 Y o v ¢ v 1%
enasiluenasianulidmiunisldauienis@nwivinuu eyl luldussleviaunisi

laidnsdllag viedu Snvvinudlvidewadilomuazfese1sddisdvetenalsynassninisiluly



N-26

Display: MOV P0,#00000000B ; Clear Databus

SETB DRIVER_LE ; Enable Driver
Latch

MOV RO,#7 ; Set 7 times loop

MoV A,#00000001B ; Initial ACC. Value
LOOP_LEFT: MoV POA ; Out ACC. Value to
DATABUS

ACALL DELAY_100ms ;Delay 1s

RL A ; Rotate ACC. Left

DINZ RO,LOOP_LEFT ; Do loop until 7
times

MOV RO,#7 ; Set 7 times loop
LOOP_RIGHT: MoV POA ; Out ACC. Value to
DATABUS

ACALL DELAY_100ms ;Delay 1s

RR A ;Rotate ACC. Right

DJNZ RO,LOOP,RIGHT Do loop until 7
times

RET
; Dummy Delay time 10ms,1s
DELAY_100ms: MOV R7,#100 ;.Do 100 times
DELAY_100ms_1: MOV R6,#0E6H ; Each loop = 1.ms
DELAY_100ms_2: NOP

NOP

END

DJINZ 7 R6,BELAY _100ms_ 2
DINZ R7,DELAY 100ms_1

RET
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Features

* Compatible with MCS-51™ Products

° 8K Bytes of In-System Reprogrammable Downloadable Flash Memory
— SPI Serial Interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles

° 2K Bytes EEPROM

~ Endurance: 100,000 Write/Erase Cycles

4V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

256 x 8-bit Intemal RAM

32 Programmable /O Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low-power Idle and Power-down Modes

Interrupt Recovery From Power-down

Programmable Watchdog Timer

Dual Data Pointer

Power-off Flag

s l
© 06 06 06 0 o 6 0 0 0 06 0 0 o

Description

The AT89S8252 is a low-power, high-performance CMOS 8-bit microcomputer with
8K bytes of downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel’s high-density nonvol-
atile memory technology and.is compatible with the industry-standard 80C51
instruction set and pinout. The on-chip downloadable Flash allows the program mem-
-ory to be reprogrammed in-system through an SP1 serial interface or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with downloadable Flash on a monalithic chip, the Atmel AT89S8252 is a powerful

-microcomputer which provides a highly-flexible and cost-effective soldtion to many
embedded control applications.

The AT89S8252 provides the following standard features: 8K bytes of downloadable
Flash, 2K bytes of EEPROM, 256 bytes-of RAM, 32 1/0 lines, programmable watch-
dog timer, two data pointers, three 16-bit timer/counters, a six-vector two-level
interrupt architecture, a full duplex serial port,-on-chip-oscillator, and clock circuitry: In
addition, the AT89S8252 is designed with static logic for operation down to zero fre-
quency and supports two software selectable power saving mades. The ldle Mode
stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
tem to continue functioning. The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions.until the next interrupt or\hard-
ware reset.

The downloadable Flash can be changed a single byte.at a time and is.accessible
through the SPI serial interface. Holding RESET active forces.the SPl.businto a serial
progTramming interface and allows the program memory to be written to or read from

unless Lock Bit 2 has been activated.

ATmEL
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Pin Description

vcce
Supply voltage.

GND
Ground.

Port 0

Port 0is an 8-bit open drain bbi-didirectional I/0 port. As an
output port, each pin can sink eight TTL inputs. When 1s
-are written to port 0 pins, the pins can be used as high-
‘impedance inputs. :

Port} 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external

2

program and data memory..In this mode, PO has internal
pullups.

Port0-also receives the codebytes during Flash program-
ming and outputs the code bytes during program
verification; Extemal pallups are required during program
verification.

Port 1

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

AT89S58252 mmmese————————————
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Block Diagram
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Some Port 1 pins provide additional functions. P1.0 and
P1.1 can be configured to be the timer/counter 2 external
count input (P1.0/T2) and the timer/counter 2 trigger input
(P1.1/T2EX), respectively.

Pin Description

Furthermore, P1.4, P1.5, P1.6, and P1.7 canbe configured
as the SPI slave port select, data input/output and shift
clock input/output pins as shown in the following table.

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger
and direction control)

P1.4 SS (Slave port select input)

P1.5 MOSI (Master data output, slave data input pin
for SPI channel)

P1.6 MISO (Master data input, slave data output pin
for SPI channel)

P17 SCK (Master clock output, slave clock input pin
for SPI channel)

Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT8988252, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

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

Port 2

. Port 2 is an 8-bit bi-directional /O port with internal pullups.
The Port 2 output buffers can sink/source four TT: inputs.
When 1s are written to Port 2 pins, they are pulled high by
the‘intemal pullups and can be used as inputs: As inputs,
Port 2 pins that are extemally being pulled dow will source
currient (1) because of the intemal ptillups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
extemal data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strongintemal pul-
lups when emitting 1s. During accesses.to extéernal data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

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

Port 3

Port 3 is an 8 bit bi-directional /O port with intemal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
-When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (extemal interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T (timer 1 external input)

P3.6 WR (extemal'data memory write strobe)

P37 RD (external data‘memory read strobe)
RST

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

ALE/PROG

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

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory. :
I desired, ALE operation can be disabled by setting bit 0 of
SFRlocation 8EH. With the bit set; ALE is active only dur-
ing aMOVX 0r'MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is‘inexternal execution mode.

PSEN

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

When the AT89S8252 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to extemal data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-

4 AT89S8252 mmmors v
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gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
intemally latched on reset.

EA should be strapped to V. for internal program execu-
tions. This pin also receives the 12-volt programming
enable voltage (Vps) during Flash programming when 12-
.. volt programming is selected.

Table 1. AT89S8252 SFR Map and Reset Values

OF8H
OFOH
OESH
OEOH
0D8H
0DOH
0CsH
O0CoH
088H
0B0H
WH
OAOH

98H

S0H

88H

XTAL1

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

XTAL2

Output from the inverting osciliator amplifier.

PSW

SPCR
000001XX

T2CON

T2MOD
XXXXXX00

RCAP2L

RCAP2H

TH2

P
XX000000

P3
11111111

IE
0X000000

SPSR

P2
11111111

SCON
00000000

SBUF

P1
11111111

00000010

TCON
00000000

T

THO

TH1

PO
11111111

SP
00000111

DPOL

DPOH

DPR1L

DPiH

SPDR

PCON
0XXX0C00

AIMEL

OFFH

OF7H

OEFH

OE7H

ODFH

OD7H

OCFH

OC7H

OBFH

0B7H

OAFH

OA7H

9FH

97H

8FH

87H
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-

cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general retum

= random data, and write accesses will have an indeterminate

effect.
User software should not write 1s to these unlisted

Table 2. T2CON—Timer/Counter 2 Control Register

locations, since they may be used in future products to in-
voke new features. In that case, the reset or inactive values
of the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 9) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16 bit cap-
ture mode or 16-bit auto-reload mode.

T2CON Address = 0C8H

Reset Value = 0000 0000B

U-6

Bit Addressable
TF2 EXF2 RCLK TCLK EXEN2 ciT2 CP/RL2
Bit 7 6 5 4 3 1 0
Symbol | Function
TF2 : Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK =1 or TCLK = 1;
EXF2 Timer 2 external flag set when either a_capture or reload is causad by a negative transition on T2EX and EXEN2 =1.
‘ When Timer 2 intertupt is enabled, EXF2 =1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/dovwn counter mode (DCEN = 1).
RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 8. RCLK = 0 causes Timer-1 overflows tobe used for the receive clock:
:| TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses foriits transmit clock in serial port
] Modes 1 and 3. TGLK = 0 causes Timer 1 overfiows to be usad for the transmit clock. 1
EXEN2 Timer 2 external enable; When set, allows acapture or reload to occur as @ result of a negative transition on T2EX if
| Timer 2 is not being tsed to clock the 'serial port. EXEN2 = 0 causes Timer.2 to ignore events at T2EX.
TR2 Start/Stop control for Timer 2. TR2 = 1 Starts the timer.
CcT2 Timer or counter select for Timer2. C/T2 =0 fortmer function. C/T2 = 1 for extemal event counter (falling edge triggered).
CP/RL2 | Capture/Reload select. CP/RL2 =1 causes captures, to-ocetr on negative transitions at T2EX if EXEN2 = 1. CP/RL2 = 0
causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bitis ignored and the timer is forced to auto-reload.on Timer 2 overflow.
6 AT89S8252 mmsesssesses -
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Watchdog and Memory Control Register The WMCON
register contains control bits for the Watchdog Timer
(shown in Table 3). The EEMEN and EEMWE bits are used

Table 3. WMCON—Watchdog and Memory Contro Register

to select the 2K bytes on-chip EEPROM, and to enable
byte-write. The DPS bit selects one of two DPTR registers
available.

WMCON Address = 96H Reset Value = 0000 00108
PS2 PS1 EEMWE EEMEN DPS WDTRST WDTEN
Bit 7 6 4 3 2 1 (4]
Symbol Function
PS2 Prescaler Bits for the Watchdog Timer. When all three bits are set to “0”, the watchdog timer has a nominal period of
PS1 16 ms. When all three bits are set to “1", the nominal-period-is 2048 ms.
PSO
EEMWE EEPROM Data Memory Write Enable Bit. Set this bit to “1” before initiating byte write to on-chip EEPROM with the
MOVX instruction. User software should set-this. bit to “0” after EEPROM write is completed.
EEMEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruetion with DPTR will access on-chip EEPROM
| instead of extemal data‘memory. When EEMEN = 0, MOVX with DPTR accesses external data memory.
DPS Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DP0, and DPS = 1 selects the
; second bank, DP1
WDTRST | Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bit is set to “1”.by user software, a pulse is
RDY/BSY | generated to reset the watchdog timer. The WDTRST bit is then automatically reset to “0” in the next instruction cycle.
‘ The WDTRST bit is Write-Only. This bit also serves as the RDY/BSY flag in a Read-Only. mode during EEPROM write.
RDY/BSY = 1 means that the EEPROM is ready to be programmed. While programming operations are being executed,
| the RDY/BSY bit equals “0” and is automatically. reset to “1” when programming is completed.
V\‘(DTEN Watchdog Timer Enat'e Bit. WDTEN =1 enables the watchdog timerand WDTEN = 0 disables the watchdog timer.

: SP}I Registers Control and status bits for the Serial Periph-
eral Interface are contained in registers SPCR (shown in
Table 4) and SPSR (shown in Table 5). The SPI data bits
are contained in the SPDR register. Wiiting the SPI data
register during seriai data transfer sets the Write Collision
bit, WCOL, in the SPSR register. The SPDR is) double buff-
ered for writing and the valuesin SPDR are not changed by
Reset.
Inte rrupt Registers The global interrupt enable bit and the
individual interrupt enable bits are'in the IE register. In
addition, the individual interrupt enable bit for the SP! is in
theTSPCR register. Two priorities can be'setfor eachof the
six interrupt sources in the IP register.

AIMEL

Dual Data Pointer Regisiers To facilitate accessing both -

intemal EEPROM and extemal data memory, two banks of
16'bit' Data Pointer Registers are provided: DPO at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS
=0,in SFR WMCON selects DP0 and DPS = 1 selects
DP1. The-user should always initialize the DPS bit to the
appropriate value before aceessing the respective Data
Pointer Register.

Power Off Flag The Power OffFlag (POF) is located at
bit_4-(PCON.4) in the PCON'SFR. POF is set to “1” during
power up. It can he set and reset under software control
and is-not affected by RESET.

-7



Table 4. SPCR—SPI Control Register

ATmEL

SPCR Address = D5H

Reset Value = 0000 01XXB

SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO
Bit 7 6 5 4 3 2 1 0
Symbol Function ,
SPIE SPI Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SP! interrupts: SPIE = 1 and ES
‘ = 1 enable SP! interrupts. SPIE = 0 disables SP| interrupts.
$PE i SPI Enable. SPI = 1 enables the SPI channel and connects SS, MOSI, MISO and SCK to pins P1.4, P1.5, P16, and
‘ P1.7. SPI = 0 disables the SPI channel.
DORD Data Order. DORD = 1 selects LSB first data transmission. DORD = 0 selects MSB first data transmission.
Nj‘lSTR Master/Slave Select. MSTR = 1 selects Master SPIl mode. MSTR = 0 selects Slave SPI mode.
CPOL Clock Polarity. When CPOL = 1, SCK'is high when'idle. When/CPOL = 0, SCK of the master device is low when not
transmitting. Please refer tofigure on SPI Clock-Phase and Polarity Control.
CPHA Clock Phase. The CPHA bit together with the CPOL bit controls the clcck and data relationship between master and
; slave. Please refer to figure on SP! Clock Phase and Polarity Contrcl.
SPRO SPI Clock Rate Select. These two. bits control the SCK rate of the device configured-as master. SPR1 and SPRO have
SPR1 no effect on the slave. The relationship-between SCK and the osaillator frequency, Fosc, is as follows:
SPR1SPRO SCK = Fo. divided by
0 0 4
4 | 16
i 0 64
1. 1 128

Table 5. SPS] - SPI Status Register

SPSR Address = AAH

Reset Value = 00XX XXXXB

1 SPIF WCOL - - — — - -
Bit 7 6 5 4 3 2 1 0
Symbol Function
SPIF SPI Interrupt Flag. When a serial transfer is complete, the SPIF bit is set and an interruptis generated if SPIE = 1 and
ES = 1. The SPIF bit is cleared by reading the SPI status register with SPIF.and WCOL bits set, and then accessing
the SPI data register.
WCOL Wirite Collision Flag. The WCOL bit is setif the SPI data register is written.duringa data transfer. During data transfer,

the result of reading the SPDR register may.be incorrect,. and writing to it has no effect. The WCOL bit (and the SPIF

bit) are cleared by reading the SPI status register with SPIF and' WCOL set, and then accessing the SPI data register.

Table 6. SPDR — SP| Data Register

Y-8

Reset Value = unchanged

SPDR Address = 86H

SPD7

SPD6

SPD5

SPD4

SPD3

SPD2

SPD1

SPDO

Bit 7

1

(0]
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Data Memory — EEPROM and RAM

The AT89S8252 implements 2K bytes of on-chip EEPROM
for data storage and 256 bytes of RAM. The upper 128
bytes of RAM occupy a parallel space to the Special Func-
tion Registers. That means the upper 128 bytes have the
Same addresses as the SIR space but are physically sepa-
rate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AOH (which is P2).

MOV OAOH, #data
Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains OAQH, accesses
the data byte at address 0AQH, rather than P2 (whose
address is 0AOH).

MOV @RO, #data
Note that stack operations are examples-of indirect
addressing, so the upper 128 bytes of, data RAM are avail-
able as stack space.

The on-chip EEPROM data memory is selected by setting
the EEMEN bit in the WMCON register at SFR address
location 96H. The EEPROM address range is from O00OH to
7FFH. The MOVX instructions are used to access the
EEPROM. To access off-chip data memory with the MOVX
instructions, the EEMEN bit needs to be set to “0.

The EEMWE bit in the WMCON register needs to be Set to
“17 before any byte location in the EEPROM can be written.
User software should reset EEMWE bit to “0” if no further
EEPROM write is required. EERROM write cycles in-the
Serial programming mode are self-timed and typically take
2.5 ms. The progress of EEPROM write can be monitored
by reading the RDY/BSY bit (read-only) in SFR WMGON.
RIPY/BW = C means programming is still in progress and

R[PY/BSY =1 means EEPROM wiite cyclée'is completed

and another write cycle can be initiated.

In laddition, during EEPROM programming, an attempted
re%;d from the EEPROM will fetch the byte being witten
with the MSB complemented. Once the write cycle is'com-
pleted, true data are valid at all bit locations.

Programmable Watchdog Timer

The prograrmmable Watchdog Timer (WDT) operates from
an‘ independent oscillator. The prescaler bits, PS0, PS1
and PS2 in SFR WMCON are used to set the period of the
Watchdog Timer from 16 ms to 2048 ms. The available

] : : Rhg
* timer periods are shown in the foilowing table and the

actual timer periods (at Ve = 5V) are within +30% of the
nominal.

The WDT is disabled by Power-on Reset and during
Power-down. It is enabled by setting the WDTEN bit in SFR
WMCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WMCON. When the WDT times out without
being reset or disabled, an intemal RST pulse is generated
to reset the CPU.

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits
PS2 PS1 PSO Period (nominat)
0 0 0 16 ms
(¢} 0 1 32 ms
0 1 0 64 ms
0 i 1 128 ms
1 0 0 256 ms
1 0 1 512 ms
1 1 0 1024 ms
1 1 1 2048 ms

Timer 0and 1

Timer 0 and Timer 1.in the AT89S8252 operate the same
way as Timer 0 and Timer 1 in the AT89C51, AT89CS52 and
ATBICS5. For further information, see the October 1995
Microcontroller Data Book, page-2-45, section titled,
“Timer/Counters.” -

Timer 2

Timer 2 is 216 bit Timer/Counter that ¢an operate as either
atimeror an event counter. The'type of operation is
selected by bit G/T2in the SFR T2CON (shown in Table 2).
Timer2 has three operating modes: capture, auto-reload
(up-or down counting), and.-baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 8.
Timer2 consists of two 8-bit registers, TH2 and TL2. Inthe
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
later periods, the count rate is 1/12 of the oscillator
frequency.

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which

HF___'-_ATIIE 9
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the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Table 8. Timer 2 Operating Modes

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16 bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a I-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and

RCLK+TCLK | CPRL2 | TR2 | MODE RCAP2L, respectively. In addition, the transition at T2EX
c 0 1 | 16-bit Auto-reload causes bit EXF2 in T2CON to be set. The EXF2 bit, like
; TF2, can generate an interrupt. The capture mode is illus-
g 1 1 | 16-bitCapture trated in Figure 1.
1 X 1 Baud Rate Generator
X X o | (o
Figure 1. Tirer 2 in Capture Mcde
OSC > 12 g .
CM2=0
U= OVERFLOW
O0— IR
T2 PIN CAPTURE | FD‘I
RCAP2H | RCAP2L !
TRANSITION
CTOR TIMER 2
G TE INTERRUPT
T2EX PIN [ =9 {0 ool >l EXF2
| /o
EXEN2
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Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured i its 16 bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 9). Upon reset, the DCEN bit
is set to O so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16 bit value in RCAP2H and RCAP2L. The values in
RCAP2H and RCAP2L are preset by software. If EXEN2 =
1, a 16 bit reload can be triggered either by an overflow or

Figure 2. Timer 2 in Auto Reload Mode (DCEN =0)

| ose | -

AT89S8252

by a 1-to-0 transition at extemnal input T2EX. This transition
also sets the EXF2 bit. Both the TF2 and EXF2 bits can
generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up ordown,
as shown in Figure 3. In this mode, the T2EX pin controls
the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16 bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underfiow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bittoggles whenever Timer 2 overflows or
underflows and'ean‘be used as a 17th bit of resolution. In
this'operating mode, EXF2 does not flag an interrupt.

; ’ ERFLOV
CONTROL OVERFIRW
T e TR2
e |, fesel RELOAD, l | Y
TIMER 2
e Rl INTERRUPT
, RCAszl RCAP2L
< > TF2 T
TRANSITION . D v | |
DETECTOR J
T2EX PIN Dﬁ*ﬁ*——o/ : . EXF2 ’-

EXEN2

Table 9. T2MOD — Timer 2 Mode Control Register

] CONTROL

T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
e i l—‘_ N - - | TeoE DCEN ,

Bit 7 shiii e 3 e a0

Symbol Function
— Not implemented, reserved for future use.
: ‘T.ZOE Timer 2 Output Enable bit.

DC When set, this bit allows Timer 2 to be configured as an up/down counter. J
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1 )
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ﬁigure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
10 be reloaded with the 16 bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2’s overflow rate according to the following equation.

Modes 1 and 3 Baud Rates = 1imer2 O;/(esrﬂow Rate

The Timer can be configured for either timer or-counter
operation. In most applications, it is configured for-timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
&s a timer, it increments every machine cycle (at 1/12 the
escillator frequency). As a baud rate generator, however, it
increments every state time(at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1 and3 _
Baud Rate

_ Oscillator Freguency = |
32x 65536 —(RCAP2H,RCAP2L) |

where (RCAP2H, RCAP2L) is the content of RCAP2k and
FICAF2L taken as a 16 bit unsigned integer.

Timer 2 as a baud raie generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1.in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that.if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will notcause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer

2isin use as a baud iate generator, T2EX can be used as
an extra extemnal interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be tumed off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

Programmable Clock Out

A'50% duty cycle clock can be programmed to come out on
P1.G, as showniin Figure 5. This pin, besides being a regu-
lar/1/0.pin, has two alternate functions. It can be
programmed to input the extemal clock for Timer/Counter 2
or to output a 50% duty cyele clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2(T2CON:1).must be cleared'and bit T2OE (T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the rcload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in-the following equation.

Oscillator Frequency

oA Mgttt Ely e i (RCAP2H,RCAP2L)]

In the clock-out made, Timer 2 roliovers will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possibie to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

ANNEL e



Figure 5. Timer 2 in Clock-out Mode
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Figure 6. SPI Block Diagram
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UART

The UART in the AT89S8252 operates the same way as
the UART in the AT89C51, AT89C52 and AT89CSS. For
further information, see the October 1995 Microcontroller
Data Book, page 2-49, section titled, “Serial Interface.”

Serial Peripheral Interface

The serial peripheral interface (SPI) allows high-speed syn-
chronous data transfer between the AT89S8252 and
peripheral devices or between several AT89S8252
devices. The AT8958252 SP| features include the
following:

* Full-Duplex. 3-Wire Synchronous Data Transfer

* Master or Slave Operation

* 1.5 MHz Bit Frequency (max.)

LSB First or MSB First Data Transfer

Four Programmable Bit Rates

End of Transmission Interrupt Flag

°
L]

Ll

Figure 7. SPI Master-slave Interconniection

* Write Collision Flag Protection
* Wakeup from Idle Mode (Slave Mode Only)

The interconnection between master and slave CPUs with
SPl is shown in the following figure. The SCK pin is the
clock output in the master mode but is the clock input in the
slave-mode:-Writing-to the SPl data register of the master
CPU starts the SPI clock generator, and the data written
shifts out of the MOSI pin and into the MOSI pin of the
slave CPU. After shifting one byte, the SPI clock generator
stops, setting the end of transmission flag (SPIF). If both
the SPI interrupt enable bit (SPIE) and the serial port inter-
rupt enable bit (ES) are set, an interrupt is requested.

The Slave Select input, SS/P1.4, is set low to select an
individua! SPI device as a slave. When SS/P1.4 is set high,
the SPI port is deactivated and the MOSI/P1.5 pin can te
used as aniinput. )

There are four.combinations of SCK phase and polarity
with respect to serial. data, which are determined by control
bits'CPHA-and CPOL."The SPI data transfer formats are
shown,in-Figure 8.and Figure Q.

MSB~"MASTER" LSB §M|so MISO! MSB. SLAVE . LSB
1 8-BIT SHIFT REGISTER |- e 8-BIT SHIFT REGISTER
4 : A
’ < iMOSI_ MOSI: (| |
’ SPl 'SOK  SCKi
{CLOCK GENERATOR 3 fl 5 5
: VCC r
Figure 8. SPI transfer Format with CPHA = 0
I SCK CYCLE # 1\ 3 4 5 6 7 8
(FOR REFERENCE)
e NN PPROR (9
= N |ES I e
SCK (CPOL=1) ) | ) ) § \J’_/
MOSI MSB 6 5 4 3 2 1 LSB
(FROM MASTER) (] =
MISO wss X s D---M“m'
(FROM SLAVE)
SS (TO SLAVE) ’ , ' ‘ , J ’ ' t ’ l ‘ ' ' ’ ' /
| | | | | | | | | | | | | | | | | [

£
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Figure 9. SPI Transfer Format with CPHA =1

SCK CYCLE # 1 2 3

(FOR REFERENCE)
SCK (CPOL=0) /
SCK (CPOL=1) N

| | |

MOSI MSB 6 5
(FROM MASTER) l
MISO "\ "msB 6 5
(FROM SLAVE)

SS (TO SLAVE)

“Not defined but nomally LSB of previously transmitted-character

Interrupts

The AT89S8252 has a total of six interrupt vectors: two
external interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial portjinterrupt. These
interrupts are all shown in Figure 10.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bitin Special Function
Register |E. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table 10 shows that bit position {E.6 is unimple-
mented. In the ATB9CS51, bit position IE.5 is also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logica! OR of bits TF2
and EXF2 in register T2CON. Neither of ihese flags is
cleared by hardware when the service routinejis vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,

and that bit will have to be cleared in'software.

ﬁne Timer 0 and Timer 1 flags, TR@)and TF1, are set 4t
S5P2 of the cycle in which the timers overflow. The values
are then polied by the circuitry in'the.next'cycle. However,
the Timer 2 flag, TF2, is set at S2P2 and is polled in.the

same cycle in which the timer overflows.

Table 10:” Interrupt Enable (IE) Register

(MSB)(LSB)
Lea =& [ es ERCEEE | o |
Enable Bit = 1"enables the interrupt.
Enable Bit = 0 disables the intermrupt.

Symbol f Position | Function
Disables all interrupts. If EA =0, no interrupt
EA E7 isadcncwiedged.leA:Leachintenupp
i - source is individually enabled or disabled by
setling or clearing its enabile bit.
35 IE6 Reserved.
ET2 IES Timer 2 interrupt esable bit.
ES IE4 SPl and UART interrupt enable bit.
ET1 IE3 Timer 1 interrupt enable bit.
EX1 IE2 External'interrupt 1 enable bit.
ET0 IE1 Timer 0 interrupt enable bit.
EX0 IEQ External interrupt O enable bit.

User software should never write 1s to unimplemented bits, because
they. may be used in future AT89 products.




Figure 10. Interrupt Sources
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INT1 IE1 |—
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and ourput, respectively,

“of an inverting amplifier that can be configured for use as
an on-chip escillator, as shewn in Figure 11. Either a qQrasrtz
Crystal or ceramic resonator may be usad: To drive ihe
device from an extemal clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure12.
There are no requirements on'the duty cycle of the extemnal
clock signal, since the input to the intemal clocking circuitry
is through & divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
ot\uwrved.

Figure 11. Oscillator Connections

oD
,——)I——I— XTAL2
el

C1 l
XTAL1

l GND

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

Figure 12.. External Clock Drive Configuration

NG. —— 1 XTAL2

EXTERNAL
OSCILLATOR ———— , XTAL1

SIGNAL.

llll
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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
—modg. The-idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution

from where it left off, up to two machine cycles before the

internal reset algorithm takes control. On-chip hardware

inhibits access to intemal RAM in this event, but access to

the port pins is not inhibited. To eliminate the possibility of -
an unexpected write to a port pin when idle mode is termi-

nated by a reset, the instruction following the one that

invokes idle mode should not write to a port pin or to exter-

nal memory.

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down Externai : 0 0 Hoat Data Data Data

Power-down Mode

In the power-down mode, the oscillator is stopped-and the
instruction that invokes power-down is, the 1ast instruction
executed. The on-chip RAM and-Special Function. Regis-
ters retain their values until the power-down mode is
terminated. Exit from power-down can be initiated either by
a hardware reset or by an'enabled external interrupt. Reset
redefines the SFRs but does not change the on-chip RAM.
The reset should not be activated before Vi is restored to
its normal operating level’and must be held active long
enough to allow the oscillator to restart and stapilize.

- To exit power-down via an interrupt, the extemal interrupt
must be enabied as level sensitive before entering power-
dewn. The interrupt service routine starts at 16 ms (nomi-
nal) after the enabled interrupt pin is activated.

Lock Bit Protection Modes("®

Program-Memory Lock Bits

The AT8958252 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to cbtain the
additional features listed in the following table.

hen fock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up ‘without a reset, the laich :nitializes to a random
value and holds that value untif reset is activated. The
latched value of EA must agree with the current logic level
at that pin.in crder for the device 16 function properly.
Once programimed, the lock bits can only be unpro-
gramnied wiih the Chip Erase.operations in either the
parallel or serial modes,

Program Lock Bits
F—LB1 LB2 | LB3 | Protection Type
1 U U U No internal memory tock feature.

2 P u U MOVC instructions executed from external program ' memory are disabled from fetching code bytes
from internal memory EA is sampled and latched on reset and further programming of the Flash
memory (parallel or serial mode) is disabled.

3 P P U Same as Mode 2, but parallel or serial verify are also disabled.

-

P P Same as Mode 3, but external execution is also disabled.

Notes: 1. U= Unprogrammed
2. P =Programmed

18 AT89$8252 s T T —
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Programming the Flash and EEPROM

Atmel's AT89S8252 Flash Microcontroller offers 8K bytes
of in-system reprogrammable Flash Code memory and 2K
bytes of EEPROM Data memory.

The AT89S8252 is normally shipped with the on-chip Flash

7,,,,77Qo,de,an,cLEEERONLData—memory -arrays in the erased

State (i.e. contents = FFH) and ready to be programmed.
This device supports a High-voltage (12V) Parallel pro-
gramming mode and a Low-voltage (5V) Serial
programming mode. The serial prugramming mode pro-
vides a convenient way to download the AT89S8252 inside
the user's system. The parallel programming mode is com-
patible with conventional third party Flash or EPROM
| programmers.

The Code and Data memory arrays are mapped via sepa-
rate address spaces in the serial programming mode: In
the parallel programming mode, the two airays occupy one
contiguous address space: 0000H tg'1 FFFH for the Code
array and 2000H to 27FFH for the'Data array.
| The Code and Data fmemory arrays on the. AT8958252 are
programmed byte-by-byte in either programming mode. An
auto-erase cycle is provided with the self-timed program-
ming operation in the serial programming mode. There is
no need to perform the Chip Erase operation to reprogram
any memory location in the serial programming mode
unless any of the lock bits have been programmed.
In the parallel programming mode, there is o auto-erase
‘cyc!e. To reprogram any non-biank byte, the user needs to
use the Chip Erase operation first io erase both amays.
Parallel Programming Algorithm: To program and verify
Ithe AT89S58252 in the parallel programming mode, the fal-
owing sequence is recorimended:
1. Powar-up sequence:
| Apply power between Vec.and GND. pins.
Set RST pin to “H".
Apply a 3 MHz to 24 MMz clock to XTAL1 pin and wait
for at least 10 milliseconds.
Set PSEN pin to “L”
[ ALE pin to “H”
- EApin to “H" and all other pins to.“H™.
3. Apply the appropriate combination of “H” or“L.” logic
 levals to pins P2.6, P2.7, P3.6, P3.7 to selectone of
the Programming operations shown in the Flash
. Programming Modes table.
4. Apply the desired byte address to pins P1.0to P1.7
and P2.0 to P2.5.

Apply data to pins P0.0 to P0.7 for Write Code
operation.

5. Raise EA/V,, 10 12V to enable Flash programming,
erase or verification.

6. Pulse ALE/PROG once to program a byte in the

Code memory array, the Data memory array orthe

lock bits. The byte-write cycle is self-timed and typi-
cally takes 1.5 ms.

7. To verify the byte just programmed, bring pin P2.7 to
“L” and read the programmed data at pins PO.0 to
PO.7.

8. Repeat steps 3 through 7 changing the address and
data for the entire 2K or 8K bytes array or until the
end of the object file is reached.

9. Power-off sequence:
Set XTAL1 to “L”.
Set RST and EA pins to 4",
Tum V¢ poweroff.

In the parallel programming mode, there is no auto-erase
Cycle and to reprogram any non-blank byte, the user needs
1o use the Chip Erase operation first to erase both arrays.

Data Polling: The AT8958252 features DATA Polling to
indicate the end of a write cycle. During a write cycle in the
parallel or serial programming mode, an attempted read of
the last byte written will-resutlt in the complement of the writ-
ten datum on P0.7 (parallel mode), and on the MSB of the
serial.output byte on MISO (serial mode). Once the write
Cycle has beer: completed, true data are valid on all out-
puts, 'and the next cycle may begin. DATA Polling may
begin ary time after a write cycle has been initiated.
Ready/Busy: The progress of byte programming in the
parallel programiming mode can also be monitored by the
RDY/BSY, vutput. signal. Pin P3.4 is pulled Low after ALE
goes High during programming to indicate BUSY. P3.4 is
pulled High’again when programming is done to indicate
READY.

Program Verify: If lock.bits LB1 and LB2 have not been
programmed, the programmed/Code or Daia byte can be
read back via the address’and data lines for verification.
The state of the lock bit€ can also be verified directly in ine
parallel programming.mode. In the serial programming
mode, the state of the lock bits can only be verified indi-
rectly by-observing that the lock bit features are enabled.

Chip Erase: Both Flash and EEPROM arrays are erased
electrically at the same time. In the parallel programming
mode, chip erase is initiated by using the proper combina-
tion of control signals and by holding ALE/PROG low for 10
ms. The Code and Data arrays are written with all “1”s in
the Chip Erase operation.

e — AT'TEI' 19
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In the serial programming mode, a chip erase operaticn is
initiated by issuing the Chip Erase instruction. In this mode,
chip erase is self-timed-and takes about 1 6 ms.

During chip erase, a serial read from any address location
will return OOH at the data outputs.

Serial Programming Fuse: A programmable fuse is avail-

~able to disable Serial Programming if the user needs

maximum system security. The Serial Programming Fuse
can only be programmed or erased in the Parallel Program-
ming Mode.

The AT89S8252 is shipped with the Serial Programming
Mode enabled.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H and 031 H, except that P3.6 and P3.7 must
be pulled to a logic low. The values retumed are as follows:

(030H) = 1EH indicates manufactured by Atmel
(031H) = 72H indicates 8958252 '

Programming Interface

Every code byte in the Flash/and EEPROM arrays can be
written, and the entire array can-be erased, by using the
appropriate combination of control signals. The write oper-
ation cycie is self-timed.and once initiated, wiil
automatically time itself to completion:

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact\your Icéal
programming vendor for the appropriate software revision.

Serial Downloading

Both the Code and Data memory arrays can be pro-
grammed using the serial SP| bus while RST is pulled to
Voo The serial interface consists of pins SCK, MOSI (input)
and MISO (output). After RST is set high; the Programming
Enable instruction needs to be executed first before pro-
gram/erase operations can be executed.

An auto-erase cycle is built into the self-timed programming
operation (in the serial mode ONLY) and there is no need
to first execute the Chip Erase instruction unless any of the
Iq‘ck bits have been programmed. The.Chip Erase opera-
tion tums the content of every memory location'in.both the

ode and Data arrays into FFH.

The Code and Data memory arrays have separate address
spaces:

0000H to 1FFFH for Code memory and O00H to 7FFH for
Datgmemary. * - 0 oo — -
Either an extemal system clock is supplied at pin XTAL1 or
a crystal needs to be connected across pins XTAL1 and
XTAL2. The maximum serial clock (SCK) frequency should
be less than i/40 of the crystal frequency. With a 24 MHz
oscillator clock, the maximum SCK frequency is 600 kHz.

Serial Programming Algorithm

To program and verify the AT89S8252 in the serial pro-
gramming mode, the following sequence is recommended:
1. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to “H".
If.a crystal is not connected across pins XTAL1 and
XTAL2,"apply'a 3 MHz to 24 MHz clock to XTAL1 pin
and wait for at'least. 10 millisecqnds.

2./ /Enable-serial programming by sending the Pro-
gramming Enable serial instruction to pin
MOSI/P1.5. The frequency of the shift clock sup-
plied at pin SCK/P1.7 needs to be less than the
CPU clock-at XTAL{ divided by 40.

3., ‘The Code or Data amay is programmed one byte at
atime by supplying the address and data together
with the appropriate Write instruction. The selected
memory location is first automatically erased before
new datais written. The write cycle is self-timed and
typically takes less than 2.5 ms at 5V,

4. Any memory location can be verified by using the
Read instruction which returnsthe content at the
selected address ai serial output MISO/P1.6.

5. At tie end of a programming session, RST can be
set low to commence normal operation.

Power-off sequence (if needed):

Set XTAL1 to “L” (if a crystal is rot used).
SetRST to“L™
Tum Vs power off:

Serial Programming Instruction

Thellastruction Set for Serial Programming follows a 3-byte
protocol-and is-shown in the following table:

20 AT89S8252 S S




DALLAS s Lipeagpples Fa i LT

SEMICONDUCTOR 64 X 8 Serial Real Time Clock
FEATURES PIN ASSIGNMENT
* Real time clock counts seconds, minutes, hours, date 7

of the month, month, day of the week, and year with x1 1 8] vec

lean year compensation valid up to 2100 x[]2 7[1 sawour
® 56 byte nonvolatile RAM for data storage ::; j : % i
® 2-wire serial interface DS1307. 8-PINDIP (300 ML)
¢ Programmable squarewave output signal
¢ Automatic power fail detect and switch circuitry gLy sHD Vi

x2 0m|2- 7O sawour

© Consumes less than 500 nA in battery backup mode Vear- 0|3 6 [1..scL

at 25°C GND 4 s [0 soA
® Optional industrial temperature range (—40°C_to DS1307Z 8-PIN SOIC (150 MIL)

+85°C (IND)
® Avalilable in 8-pin DIP or SOIC PIN DESCRIPTION

Vi — Primary Power
ORDERING INFORMATION X(1:CX2 - 32.76;y KHz Cryita!uf)pcl);nnedion
DS1307 Seti_al Timekeeping Chip; Vear — +3 Voit Battery Input
DS1307Z R ping Chi cr B s
imekeeping Chip; = i
8-pin SOIC (150 mily gg’_\ 5 Sﬁ: ga‘ot:(

DS1307N 8-pin DIP.(IND)
DS1307ZN 8-pin SOIC (IND) SQWIOUT " = . Square wave/Output Driver
DESCRIPTION

The DS1307 Serial Rea! Time Clockis a low power fuii and providing a device identification code followed by a
BCD clock calendar plus 56 bytes of nonvotatita SRAM. register address. Subsequent registers canbe accessed
Address and data are transferred serially via 2 2-wire sequentially untila STOP condition is executed. When
bi—directional bus. The dock/calendar provides Ve falls below 1.25 X Vgar the device terminates an
seconds, minutes, hours, day, date, month, and year access in progress ‘and resets the device address
information. The end of the monthdate is automatically counter. Inputs to the device will not be reccgnized at this
adjusted for months with less than 31 days, indluding time to prevent eroneous data from being written to the
corrections for leap year. The dock operates in either device from an out of tolerance system.-When Ve falls
the 24—hour or 12-hour format with AM/PM indicator. below Vgar thedevice switches intoa low current battery
The DS1307 has a built—in power sense circuit vich backup mode. Upon powerup, the device switches from
detects powerfailuresand automatically switches tothe battery to Viog when Vg s greater than Viga+0.2V and

battery supply. recognizes inputs when Vg is greater than 1.25 x VAT
The block diagram in Figure 1 shows the main elements
OPERATION of the Serial Real Time Clock. The following paragraphs

The DS 1307 operates as a slave device on the serial bus. describe the function of each pin.
Access is obtained by implementing a START condition

022798 .1/11
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DS1307 BLOCK DIAGRAM Figure 1

L.

OSCILLATOR RTC
AND DIVIDER
SQUARE WAVE
SQWIOUT ~<——— our L\l“ RAM
(56 X 8)
CONTROL
LoGiC
Voo ——*
Vi —_— POWER
e | CONTROL
3
SCL — 5
R ABSER [
SDA <*+—
= it
SIGNAL DESCRIPTIONS

Vee, GND — DC power is provided to the device on
these pins. Vccisthe +5 volt innut. 'When 5 volts are
applied within normal limits, the device is fully accessi-
bleand «ata can be written and read. Whena 3 vnitbat-
tery is conrinected to the device'and Vects below. 1.25 x
Vear reads and writes are-inhibited. However, the
Timekeeping function continuesunaffected bythe lower
input voltage. As V falls below Vear the-RAM and
timekeeper are switched aver to the external 3 voltbat-
tery.

Vear —Battery input for any standard 3 volt lithium cell
or other energy source. Battery voltage must be held
between 2.5 and 3.5 voits for proper operation. ‘The
nominal write protect trip point voltage at which access
to the real time dlock and user RAM is denied Is'set by
the intemal circuitry as 1.25 x Vear nominal. A Lithium
battery with 35 mAh or greater will back up the DS1307
for more than 10 years in the absence of power.

SCL(Serial Clockinput) -SCLis used to synchronize
data movement on the serial interface. -

SDA/(Serial Data Inout/Output) — SDA is the input/
output pinfor the 2-wire serial interface. The SDA pinis
Gpen drain which requires an extemal pull-up resistor.

SQW/OUT (Square Wave/ Output Driver) — When
enabled, the SQWE bit set to 1, the SQW/OUT pin out-
puts one of four square wave frequencies (1Hz, 4KHz,
8KHz, 32 KHz).. The SQW/OUT pinis open drain'which
requires-an external pull-up resistor.

X1, X2 - Connections for a'standard 32:768 KHz quartz
crystal. The intemal osdillator circtitry is designed for
operation with a crystal having a.specified load capaci-
tance (CL)of 12,5 pF.
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RTC AND RAM ADDRESS MAP
The address map for the RTC and RAM registers of the

DS1307is shown in Figure 2. The real time clock regis-
ters are located in address locations 00h to 07h. The

DS1307 ADDRESS MAP Figure 2

0oH

RAM registers are located in address locations 08h to

3Fh. During a multibyte access, when the address

pointer reaches 3Fh, the end of RAM space, it wraps
aroundto location 00h, the beginning of the clock space.

o7H CONTROL,

08H

RAM
56 X8

CLOCK AND CALENDAR

The time ard calendar information is. obtained by read-
ing the appropriate registen bytes. The real time clock
registers areillustrated in Figure 3. The time andcalen-
dar are set orinitialized by writing the appropriate regis-
ter bytes. The contents of the time and calendar regis-
ters arein the Binary—Coded Decimal (BCD) format. Bit
7 of Register 0 is the Clock Halt (CH)bit. Whenthisbitis

settoaone, the oscillatoris disabled. Whencleared to a
Zero, the oscillaior is enabled.

The DS1307 carni'be rut in either 12-+hour or 24-hour
mode. Bit 6 of the hours registeris defined as the 12— or
24-hourmade selectbit. Whenhigh, the 12—hatrmode
is selected..In the 12-hourmode, bit 5 is the AM/PM bit
with logic high being PM. (nthe 24—hour mode, bit 5is
the second 10 hour bit (20-23 hours).
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DS1307 TIMEKEEPER REGISTERS Figure 3

| il =
P v e e e
00H | CH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-59
12 10HR 01-12
X %[ am | OHR HOURS 0023
X X X X X DAY 1-7
%
X X 10 DATE DATE 01759
X X 10 MONTH MONTH 01-12
10 YEAR YEAR 00-99

CONTROL REGISTER
The DS1307 Control Register is used to control the
operation of the SQW/OUT pin.

BT7 |BTée [ BTS | B4 /| BIT3 | BT2 | BT1{ BTO

SOWE X X RS1 RSO

out X X

OUT (Output control): This bit controls the output level
of the SQW/OUT pin when the square wave output is
cisabled. if SQWE =0, thelogic leve! on the SQW/OUT
pinis 1ifOUT =1and is 0 if OUT = 0.

SQWE (Square wava Enabla): This bit when set to a
logic 1 will enable the oscillator output. Thefrequency of
the squaie wave output depends on flie value of the
RS0 and RS1 bits.

RS (Rate Select): These bits cantrol the frequency sf
the square wave output when the square wave output
has been enabled. Table 1 lists the square wave fre-
quencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RS0 SQW OUTPUT
FREQUENCY
0] 0 1Hz
Y] 1 4 KHz
1 0 8 KHz
1 1 32 KH>

2-WIRE SERIAL DATA BUS

The DS4227 supports a bi—directional 2—wire bus and
data transmission protocol. ‘A device that sends data
onto the bus is defined as a transmitter and a device
receiving data as a receiver. The device that controls
iiie message is called a master. The devices that are
controlled by the master arc slaves. The bus must be
controlled by a masterdevice which generates the serial
clock (SCL), controls the bus access, and generates the
START and STOP conditions. The DS1307 operates as
a slave on the 2—wire bus. A typical bus configuration
using this 2—wire protocol is show.in Figure 4.
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TYPICAL 2-WIRE BUS CONFIGURATION Figure 4
= o — 3 Vee
% Re Re
SDA @
2-WIRE
SERIAL DATA
BUS

DS1307
MCRO- REALTIME
CLOCK

DEVICE

The following bus protocol has been defined (see Figure
5).

© Datatransfermay beinitiated only when the bus is not
busy.

® During data transfer, the data line mustremain stable
whenever the clock line is HIGH.-Changes in the data
line while the clock line.is high will be interpreted as
control signals.

Accordingly, the following bus conditions have been
defined:

Bus not busy: Both dataand clock iines remain HIGH.

Start data transfer: A change in the state ofthe data ine
from high to low, while the dock line is high, definesa
START condition.

Stop data transfer: A change in the state of the data line
from low to high, while the clock line is high defines the
STOP condition.

Data valid: The state of the data line represents valid
data when, after a START condition, the data line'is
stable for the duration of the high period of the clock sig-
nal. The data on the line must be changed during‘the
low period of the clock signal. There isanedlock pulse
per bit of data.

Each data transfer is'initiated with a START condition
and terminated with-a STOP condition. The number of
data bytes fransferred. between the START and the
STOP conditions is not limited; and is determined bythe
master device. The information is transferred byte—
wise and each receiver acknowledges with a rinth bit.

Acknowledge: Each ' receiving device; . when
addressed, is obliged to generate anacknawiledge after
the reception of each byte. The master device must
generate an extra clock pulse which is associated with
this acknowledge bit.

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in sucha way
that the SDA line is stable low during the high period of
the acknowledge related clock pulse. Of course, setup
ard hold times must be ‘taker into accouni.” When
receivingdata froma slave 2 mester must signal anend
of data to.the slave by not generating an acknowledge
bit on the last byte that-has been clocked out of the
slave. In this case, the stave must leave the data line
high to.enable the master to generate the STOP condi-
tion.

DATA TRANSFER

Figures 5, 6, and 7 detail how data transfer is accom-
plished onthe2-wire bus. Depending on the state ofthe
R/W bit in the transmission'protocols as shown in Fig-
ures.6.and 7, two types of data transfer are possible:
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DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

)
'
.
'
1
'

- Data transfer from a master transmitter to a slave
receiver. The first byte transmitted by the master is
the slave address. Next follows a number of data
bytes. The slave retums an acknowledge bitafter
eachreceived byte. Data is transfered with the most
significant bit (MSB) first.

9 ]
\ / [N-1]
ACK "
STOP
CONDITION

The DS1307 may operate in the following two modes:

1.~ Slave receiver mode (DS1307 write mode): Serial

data and clock are received through SDA and SCL.
After each byte is received.an acknowledge bit is
transmitted. START and STOP'conditions are rec-
ognized as the beginning and end of aserial transfer.

2. Data transfer from a slave fransmitter ‘0 a master
receiver. The first byte (the'slave address) is trans- Address recognition is performed by hardware after
mitted by the master. The'slave tien retums-an reception of the slaveaddress and direction bit(See
acknowledge bit. This is followed by the slave trans- Figure 6). The address byteis the first byte received
mitting a number of data bytes. The masterretims after the start condition is generated by the master.
an acknowledge bit after ali feceived bytes ottier The ‘address, byte' contains the 7 bif DS1307
than the last byte. At the end of the last recetved address, whichis 1101000, followed bythedirection

bit (R/W\) which fora write is 2 0. After receivingand
decoding the address byte the DS1307 outputs an
acknowledge on the SDA line.  After the DS1307
acknowledges the slave address + wiite bit; the
master transmits a register acdress fo the DS1307
This will set the register pointer on the DS 1307. The
master will then begin transmitting 2ach byte of data
with . the ' DS1307. acknowledging each ' byte

byte, a 'not acknowledge' is retumed.
The master device generates all-of the serial clock
pulses and the START and STCP conditions. A transfer
is ended with a STOP. conditic or with a repeated
START condition. Since arepeated START conditioris
also the beginring of the next seria’ transfer, the bus will
notbe released. Data is transfared with the inost signifi-

cant bit (MSB) fist. received.  The master will generate a stop condition
to terminate the data write.
DATA WRITE - SLAVE RECEIVER MODE Figure 6
A
15
<Slave Address> Vv <Word Address (n)> <Data(n)> <Data (n+1)> <Data (n+X)>

[_s_l1101000]0|A]x>o<xxxxx]A]xxxxxxxx|A[xxxxxxxx|A|x>oo<xxxx]A]7|

S — START (== l
5k

A — ACKNOWLEDGE

TA TRANSFERRED
P - stoP (x+1%res»»a<~mmea
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2.

Slave transmitter mode (DS1307 read mode): The
first byte is received and handled as in the slave

receiver mode. However, in this mode, the direction
bit will indicate that the transfer direction is reversed.
Serial data is transmitted on SDA by the DS1307
while the serial clock is input on SCL. START and
STOP conditions are recognized as the beginning
and end of a serial transfer (See Figure 7). The
address byte is the first byte received after the start
condition is generated by the master. The address
byte contains the 7 bit DS1307 address, which is

1101000, followed by the direction bit (R/W\) which

foraread is a 1. After receiving and decodingthe

address byte the DS1307 inputs an acknowledge on
the SDA line. The DS1307 then begins to transmit
data starting with the register address pointed to by
the register pointer. If the register pointer is not writ-
ten to before the initiation of a read mode the first
address that is read is the last one stored in the reg-
ister pointer.  The DS1307 must receive a Not
Acknowledge to end a read.

DATA READ — SLAVE TRANSMITTER MODE Figure 7

;

<Slave Address>

<Data(n)> <Data(n+1)>

<Data (n+2)> <Data (n+X)>

[s ] 101001 [a

xxxxxxxx]Alxxxxxxxxl-Alxxxxxxxx]A|xxxxxxxx|7\ P |

>0>0

{(
N

DATA TRANSFERRED
(<+1 BYTES + ACKNOWLEDGE)
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ABSOLUTE MAXIMUM RATINGS*

__Voltage on Any Pin Relative to Ground— -0.5Vto +7.0v
Operating Temperature 0°C to 70°C
Storage Temperature —55°C to +125°C
Soldering Temperature 260°C for 10 seconds

* Thisisastressrating only and functional operation ofthe device atthese orany other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

The Dallas Semiconductor DS1307 is buiit to the highest quality standards and manufactured for long term reliability.
All Dallas Semiconductor devices are made using the same quality materials and manufacturing methods. However,

applications require. Products which have successfully passed through this series of environmental stresses are
marked IND or N, denoting their extended operating temperature and reliability rating. For specific reliability informa-
tion on this product, please contact the factory at (972) 371-4448:

RECOMMENDED DC OPERATING CONDITIONS g (0°Cto 70°C5
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage Voo 4.5 5.0 5.5 Vv 1
Logic 1 Vi 22 Vec+0.3 v 1
Logic 0 Vie 03 +0.8 v 1
Vear Battery Voltage Vear 25 35 Vv 1

DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vec=4.5V tc 5.5V)
PARAMETER sYMBoL |\ min TP MAX | unrrs | noTEs |
Input Leakags Iy 1 HA 10
/O Leakage it 1 A 1
Logic 0 Output VoL 0.4 v 2
Active Supply Current lcea 1. mA 9
Standby Current lccs 200 pA 3
Battery Current (OSC ON); IgaT1 300 500 nA 4
SQW/OUT OFF
Battery Current (OSC ON); lgars 480 800 nA 4
SQW/OUT ON (32 KHz) |
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; V=4.5V to 5.5V)
PARAMETER | symBoL| miN TYP MAX UNTS | NOTES
SCL Clock Frequency fscL 0 100 KHz
Bus Free Time Between a STOP tsur 4.7 us
and START Condition
Hold Time (Repeated) START tuosTA 4.0 us 5
Condition
LOW Period of SCL Clock tLow 4.7 ps
HIGH Period of SCL Clock tricy 4.0 s
Set—up Tinie for a Repeated tsusta 47 us
START Condition
Data Hold Time tup.DAT 0 us 6,7
Data Set—up Time tsu.paT 250 ns
Rise Time of Both SDA and SCL tr 1000 ns
Signals
Fall Time of Both SDA and SCL te 300 ns
Signals
Set—up Time for STOP Condition tsusTo 4.7 us
Capacitive Load for each Bus Cg 400 pE 8
Line
/O Capacitance Cio 10 pF
ﬂﬁal Capacitance 125 pF
NOTES:
1. All voltages are referenced to ground.
2. Logic zero voltages are specified at a sink current of 5 mA at Viao=4.5V, Vo =GND for capzcitive loads.
3. lecs specified with Vee=5.0V and SDA, SCL=5.0V.
4. Voe=0V, Vgar=3V.
5. After this period, the first clock pulse is'generated.
6. A device must intemally provide a holdtime of at least 300'ns for the SDA signal (referred to the Viamin of the
SCL signal) in orderto bridge the undefinec region of the falling edge of SCt
7. The maximum tpp.par has only to be met if the device does not stretch the LOW period (t ow) of the SCL signal.
8. Cg—total capacitance of one bus liné in pF.
9. icca— SCL clocking at max frequency. = 100 KHz.

1
1

0.SCL only.
1. SDA and SQW/OUT
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TIMING DIAGRAM

r- -

w s w225 Ll

DS1307 64 X 8 SERIAL REAL TIME CLOCK 8-PIN DIP

T

B

4

8 5

o

) Mopsog |

PKG 8—PIN
DiM MIN MAX
AN 0.360 0.400
MM 9.14 10.16
BIN. 0.240 0.260
MM 6.10 6.60
CIN: 0120 0.140
MM 3.05 358
DIN. 0.3m0 0325
L% 762 826
EIN. 0.015 0.040
MM 0.38 1.02
FIN. 0.120 0.140
MV 3.04 356
GIN 0.080 0.110
MM 22y 27
HIN 0320 0370
MM 813 940
JIN 0.008 0.012
L% Y 020 03¢
KN 0.015 2021
MM 038 053

S
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DS1307Z 64 X 8 SERIAL REAL TIME CLOCK 8—PIN SOIC (150 MIL)

MIN MAX

AT i

1 AN | o018 | 0.1%
My 478 498
B H
BIN. | 0150 | o158
(®) ‘ M 381 401
H H H CIN. 0048 | 0062
MM 122 157
1
EIN | 0004 | 0010
MU 0.10 025
A EIN | 0053 | 0069
i [ 1.35 175
P GIN 0,050 BSC
MM 127 BSC
4 HIN' | 0230 | 0244
MY 5.84 620
JiN-) 0007 | oot
: A | MM 018 028
\_;%f% 3 ki | 0012 | o000
- M Q.30 051
phl J L LN 10016 | 0050
MM 241 127
phi 0° &
56-G2008-001
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@ HARRIS ICL232

+5V Powered Dual RS-232

December 1993 Transmitter/Receiver

Features Description

* Meets All RS-232C Specifications The ICL232 is a dual RS-232 transmitter/receiver interface
circuit that meets all EIA RS-232C specifications. It requires

* Requires Only Single +5V Power Supply
a single +5V power supply, and features two onboard charge

* Onboard Voltage Doul?lerllnverter pump voltage converters which generate +10V and -10V
¢ Low Power Consumption supplies from the 5V supply.
* 2 Divers The drivers feature true TTL/CMOS input compatibility, slew-
- 13V Output Swing for +5V Irput rate-limited output, and 300Q power-off source impedance.
- 300Q Power-off S?u.rc.:e Impedance The receivers can handle up to +30V, and have a 3kQ to 7kQ
- Output Current Limiting input impedance. The receivers also have hysteresis to
- TTL/CMOS Compatible improve noise rejection.
- 30V/us Maximum Slew Rate
*2Reconvars Ordering Information
- 130V Input Voltage Range
- 3kQ to 7kQ Input Impedance TEMPERATURE
- 0.5V Hysteresis to Improve Noise Rejection PART NUMBER RANGE PACKAGE
* All Critical Parameters are Guaranteed Over the Entire [ {cL2320PE 0°C to +70°C 16 Lead Plastic DIP
Commercial, Industrial and Military - Temperature
Ranges ICL232CJE 0°C tc +70°C 16 Lead Ceramic DIP
- - O
Appllcatlons ICL232CBE 0°C to +70°C 16.Lead SOIC (W)
« Any System Requiring RS-232 Communications Port IR € ~40%Clo+85°C | 16 Lead Plastic DiP
- Computer - Portabie and Mainframe ICL23210E -40°Ct0 +85°C | 16'Lead Ceramic DIP
- Peripheral - Printers and Terminals
[ | -40°C to +85° 16 d SOIl
- Portable Instrumentation SAWARAT dis 3 i 1 A
- Modems : ICL232MJIE -65°C't0 +.125°C | 16 L.ead Ceramic DIP
- Dataloggers
Pinouts Functional Diagram
ICL232
(PDIP, CDIP, SOIC)
TOP VIEW A = VOLTAGE boubuér H 6] vee
i
—
ct+ 1] 16] Ve v+ E +10V TO -10V 15| GND
VOLTAGE INVERTER
v+ E [15] onp
ci- E 14] Tiour

5kQ

ct-[3] [14] T1our
c2+[4] [13] Ry c2+ E L E Rt
c2- E [12] Rigur R1
‘< E El o c2- E 12] R1gyr
T2our [7] 10] T2 v- ]

T
g E Tin
R [3 5] Raour T o
T20yt E —‘4 - 1__0-' T2y
T2
Ry E = D°— E R2oyt
Jé_sm

CAUTION. These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3020 2
Sopyright © Harris Corporation 1993 11-8



Specifications ICL232

Absolute Maximum Ratings

Thermal information

9%

(9%]

VegtoGround ..., (GND -0.3V) <V < 6V Thermal Resistance TN 8¢
VttoGround . ... (Ve -0-3V) <Vt < 12v CeramicDIP Package............... 80°C/W  24°C/W
V=toGround: svccnc s o5 vinies va s s o -12V < V- <(GND +0.3V) Plastic DIP Package . ............... 100°C/W -
Input Voltages SOICPackage: . : « susorcisssamasson 100°Crw -
T s D2 N o s nsimbesmialo b et i s o (V--0.3V) < Viy < (V++0.3V)  Maximum Power Dissipation. . ... .................... 250mw
Ripu R oo o -—-.. 230V Operating Temperature Range
Output Voltages ICI2326 o st s e s e 0°C to +70°C
i Py s I e (V--0.3V) < Vyyour < (V+ +0.3V) G282 o i e o -40°C to +85°C
Rigun R2%uy1 - e cveveann (GND -0.3V) < Vgxour < (Ve +0.3V) ICLE232M cooes's s s vt s aibinis s easd v S v e o -55°C to +125°C
Short Circuit Duration
T OUT T 20UT: 2405 Sistasiuniial o s e baiaisriiere by Sl Continuous
RIGUT R20ur s 56 ¢ 6iime o e e e vivimiinine e o e en vrmnae Continuous
Storage Temperature Range . ............... -65°C to +150°C
Lead Temperature (Soldering 10s). ................... +300°C

CAUTION: Stresses above those listed in *Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation

of the cevice at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Test Conditions: Ve = +5V £10%, T, = Operating Temperature Range. Test Circuit as in Figure 8

Unless Otherwise Specified
LIMITS
PARAMETER TEST.CONDITIONS MIN TYP MAX UNITS

Transmitter Output Voltage Swing, Toyr T1ourand T2y loaded with 3kQ to o) 19 +10 Y

Ground
Power Supply Current, i Outputs Unloaded; T, = +25°C - 5 10 mA
Tin: Input Logic Low, V. - - 0.8 Vv
T.'N' Input Logic High, V,y 20 = - \"
Logic Pullup Current, Ip Tl T2= 0V - w6 200 WA
RS-232 Input Voltage Range, Vi =30 - +30 \
Receiver Input impedance, Ry Vi =13V 3.0 5.0 7.0 kQ
Receiver Input Low Threshold, Vj (H-L) Ve = 5:0V, Ty = +25°C 0.8 1.2 - \
Receiver Input High Threshold, V;y (L-H) Vcc = 5.0V, Ty = +25°C = w7 24 \
Receiver Input Hysteresis, Viyyst 0.2 0.5 1.0 v
TTL/CMOS Receiver Output Voltage Low, V| loyr = .3.2mA - 0.1 0.4 \"
TTL/ICMOS Receiver Output Vottage High, Vg f Tour = -1.0mA 35 4.6 - v
Propagation Delay, tp RS-222 to TTL - 0.5 - us
Instantaneous Siew Rate, SR C; =10pF, R /=3KQ, Ty = +25°C - - 30 Vius

(Notes 1,2)
Transition Region Slew Rate, SRy Ry = 3kQ, C_ = 2500pF Measured - 3 - Vius

from +3V to -3V or -3V to +3V
Output Resistance, R Voo =V =V-= 0V, Vg p = £2V 300 - - Q
RS-232 Output Short Circuit Current, Ig¢ T1gyr or T2oyr shorted to GND - +10 - mA

NOTES:
1. Guaranteed by design.
2. See Figure 4 for definition.




ICL232

Typical Performance Curves

10

550

500 ==

———
450 Ta = +25°C R

V-SUPPLY

‘\
Rl S T
oY

S

Py =
w ~ s
g EXTERNAL SUPPLY LOAD | f\,ﬂ = Had -
S 400| 1kQ BETWEEN V+ + GND S = [~
w OR V-+GND i < 7
a =
-
= 350) TRANSMITTER OUTPUT 2 l ‘I\l\ ™ N ~
E OPEN CIRCUIT ‘ ; L 6 V- (Vo = 4.5V) V- (Ve = 5V)
a 300 T GUARANTEED — = l l l \ \
s | OPERATING 5 5 2N
. 250 — SRR,
= V+ SUPPLY To BANGE < E R N \
£ S | ] 4| Ta=+25°C \ N,
——rmnre)
: . TRANSMITTER OUTPUTS N
- OPEN CIRCUIT N\
3 4 5 6 0" MTT2 e g 5 6 T B9 M0
INPUT SUPPLY VOLTAGE V¢ (V) llLoapl {(mA)

FIGURE 1. V+, V- OUTPUT IMPEDANCES vs Vee

FIGURE 2. V+, V=-QUTPUT VOLTAGES vs LOAD CURRENT

Pin Descriptions

PLASTIC DIP, PIN .
CERAMIC DIF SoIC NAME DESCRIPTION

1 1 C1+ Extemai capacitor “+” for internal voltage doubler:

2 2 V+ Internally generated +10V (typical) supply.

3 3 C1- Extemal capacitor *-" for intermal voltage doubler.

4 4 C2+ Externial cagacitor “+" intemal voltage inverter.

5 5 C2- External capacitor *" intermal voltage inverter:

6 6 V- Internially generated -10V (typical) supply.

7 7 T200y RS-232 Transmitter 2 ottput +10V (typical),

8 8 R2 RS-232 Receiver 2 input, with intemal 5K pulldown resistor to GND.

9 9 R2out Receiver 2 TTL/CMOS output.

10 10 T2 Transmitter 2 TTL/CMOS input, with iiternal 400K pullup resistor to V.

11 11 Ty Transmitter 1 TTL/CMOS input, with internal 400K pullup resistor to Vc.

12 12 Riour Receiver 1 TTL/CMOS output:

13 13 Ry RS-232 Receiver 1 input, with intemal 5K pulldown resistor to GND.

14 14 T1our RS-232 Transmitter 1 output +10V (typical).

15 15 GND Supply Ground.

16 16 VCC Positive Power Supply +5V +10%

11-10
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Detailed Description

Transmitters

The ICL232 maa%%nmﬂmmgd—w—Th&tmmmiﬁeﬁﬁm%MGWﬁbtmnes which

a single +5V power supply which meets all EIA RS232C spec-
ifications and features low power ccnsumption. The functional
diagram illustrates the major elements of the ICL232. The cir-
cuit is divided into three sections: a voltage doubler/inverter,
dual transmitters, and dual receivers.

Voltage Converter

An equivalent circuit of the dual charge pump is illustrated in
Figure 3.

11
LYY

[

92\ S7
Co-

oy)s8

— 01

— ¢

RC

VOLTAGE
OSCILLATOR LEVEL

TRANSLATOR

FICURE 3. DUAL CHARGE PUMP

The voltage quadrupler contains two charge pumps which.use
two phases of an intemally generated clock to generate +10V
and -10V. The nominal clock frequencyis 16kHz. During
phase one of the cdlock, capacitor C1"is charged to Vee-
During phase two, the voltage. on C1.is “added to Vee,
producing a signai across C2 equal to twice Vee. Atthe same
time, C3 is also charged to 2Vcei'and then during phase one,
it is inverted with respect to ground to produce a signal across
C4 equal to -2V The voltage ‘converter accepts input
voltages up to 5.5V. The output impedance of the doubler (V+)
is approximately 200Q, and the output impedance 'of the
inverter (V-) is approximately 4500. Typical graphs are
presented which show the voltage converters output vs input
voltage and output voltages vs load characteristics. The test
circuit (Figure 8) uses 1uF capacitors for C1 -C4, however, the
value is not critical. Increasing the values of C1 and-C2 will
lower the output impedance of the voltage doubler and
inverter, and increasing the values of the reservoir capacitors,
C3 and C4, lowers the ripple on the V+ and V- supplies.

T1|N' T2IN ’ \

90% Vou
Tour T20ur 10% v
oL -
tF tr

Instantaneous _ (0.8) (Vor - Vo) (0.8) (Vo - Vor)
Slew Rate (SR) ~ t il r

FIGURE 4. SLEW RATE DEFINITION

translate the inputs to RS-232 outputs. The input logic
threshold is about 26% of V¢, or 1.3V for Ve = 5V, A logic
1 at the input results in a voltage of between -5V and V- at
the output, and a logic O results in a voltage between +5V |
and (V+-0.6V). Each transmitter input has an internal 400kQ
pullup resistor so any unused input can be left unconnected
and its output remains in its low state. The output voltage
swing meets the RS-232C specification of +5V minimum
with the worst case conditions of: both transmitters driving
3kQ minimum load impedance, Ve = 4.5V, and maximum
allowable operating temperature. The transmitters have an
internally limited output slew rate which is less than 30Viys.
The outputs are short circuit protected and can be shorted to
ground indefinitely. The powered down output impedance is
a minimum of 300Q with +2V applied to the outputs and
VCC =0V.

v+
Vee
400k 3000
Txin Tout
GND < Ty < Ve V- < Vroyt < V+
v

FIGURE 5. TRANSMITTER
Receivers

‘The receiver inputs 2ccept up to +30V while presenting the

required 3kQ to 7kQ input impedance evan it the power is off
(Mce '=0V). The receivers have a2 typical input threshold of
1.3V which is within the 3V fimits, known as the transition
region, of the RS-232 specification. The receiver output is
0V 1o Voe. The vutput will \be.low wiienever the input is
greater than 2.4V and high whenever the. input is floating or
driven between +0.8V,and -30V. The receivers feature 0.5V
hysteresis toimprove noise rejection,

Vee

RN G
-30V<Rm<+3ov ::m

Rout
GND < Vgour<Vec

GND

FIGURE'6. RECEIVER

T T2in
OR

R, Ry

Tlout T20ut Vou
OR v
Riout R2out oL
tone torn e
Average Propagation Delay = m

FIGURE 7. PROPAGATION DELAY DEFINITION
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Test Circuits

+4.5V 10
1uF I +5.5V INPUT

€37 = IR
EE ci+ Vee [16 —Y
1pF£

= —E v+ GND 15[,:'
= 30
3 |ct Tlour EI'[:—W'__L
T1OUTPUT ==
tE_E c2+ Rty [13]— Rs-232
1uF £30V INPUT

€2 TTUCMOS
T_E 2 Riour E"‘ ouTPUT

1uF C4

=] TTUCMOS
_E”'E Y T [~ nput
oy TTUCMOS
:
L 2 o0tPurd (7] 2o T2m [10]—< \pur
g RS-232 8 9 TTUCMOS
130V INPUT R2 Rzour [9]— T

FIGURE 8. GENERAL TEST CIRCUIT

1 ]C1+ Vee

+—{z|v+ GND

-~

C2+ R1|N

I: c2-
—E V- T

7 {T20ut T2
8 [R2y R2oyr

[]
E c1-
[]

(3]

g
TR E E s

Rout = Vil Tzoﬂ
ViN=22V n
gt e

FIGURE 8. POWER-OFF SOURCE RESISTANCE CONFIGURATION

Applications

The ICL232 may be used for all RS-232 data terminal and
communication links. It is particularly-useful in-applications
where +12V power supplies -are not available for conven.
tional RS-232 interface circuits. The applications presented
represent typical inierface configurations,

A simple duplex RS-232 port with CTS/RTS handshaking is
illustrated in Figure 10. Fixed ouwput signals such as CTR
(data terminal ready) and DSRS (data signaling rate. select)
is generated by driving them through” a 5kQ resistor
connected to V+.

oy T %

1 CTR(20) DATA
c1 4[] © 4T TERMINAL READY
Lo :L: IC1.232 p gemsﬁgwﬁ%
c24[] <l.cq
=

T4
11 1
D >— 'D"T_z —> TD (2) TRANSMIT. DATA
INPUTS  grg 510 7+ RTS (4) REQUESTTO SERD
OUTPUTS 5 o
TTUCMOS  RD <— —-aq- —< RD (3) RECEIVE DATA
RZq R1

-8'< CTS (5) CLEAR TO SEND

15_t——< SIGNAL GROUND (7)

FIGURE 10. SIMPLE DUPLEX RS-232 PORT WITH CTSIRTS
HANDSHAKING

In applications requiring four RS-232 inputs and outputs
(Figure 11), note that each circuit requires two charge pump
capacitors (C1 and C2) but can share common reservoir

capacitors (C3 and-C4). The benefit of sharing common res-
ervoir capacitars is the elimination of two capacitors and the
reduction of the charge pump source impedance which
effectively increases the output swing of the transmitters.

1 4
CITLTT orza2 A ce
10 ) (ST 1
1IN 4
D >— T2 1" T0 (2.TRANSMIT DATA
INPUTS | () )jgrs 5304 -—D— s RTS (4] REQUEST TG SEND
OUTPUTS . I
TTLICMOS  RD < —<RD (3] RECETVE DATA
R2 4 R1
cTs .i-a< I-__:‘-< CTS (5) CLEAR TO SEND
B
c4 . 2 cf 4 +5V
iy e TR e [ W
2uF 2uF RS-232
fit s $ 2 20 INPUTS AND
i OUTPUTS
icL232
1 4
C1 1t c2
G 5T
1
1 14 DTR (20) DATA TERMINAL
R 'D"_n_ — READY
INPUTS  psrs >19, | 7, DSRS (24) DATA SIGNALING
OUTPUTS RATE SELECT
12 13 . DCD (8) DATA CARRIER
TTL/CMOS  DCD <] Ll
oJR ¢ RN peTECT
R1 <«— —< R1(22) RING INDICATOR

15_t*< SIGNAL GROUND (7)

FIGURE 11. COMBINING TWO ICL232s FOR 4 PAIRS OF RS-232
INPUTS AND OUTPUTS
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* Low Voltage and Standard Voltage Operation
— 5.0 (Vo = 4.5V to 5.5V)
— 2.7 (Vgc = 2.7V to 5.5V)
— 1.8 (V. = 1.8V to 3.6V) s
Internally Organized 16,384 x 8 and 32,768 x 8
¢ 2-Wire Serial Interface
* Schmitt Trigger, Filtered Inputs for Noise Suppression
* Bidirectional Data Transfer Protocol
* 1 MHz (5V), 400 kHz (2.7V) and 100 kHz (1.8V) Compatibility
= Wirite Protect Pin for Hardware and Software Data Protection
* 64-Byte Page Write Mode (Partial Page Writes Allowed)
* Self-Timed Write Cycle (5 ms typical)
* High Reliability
— Endurance: 100,000 Write Cycles
— Data Retention: 40 Years
— ESD Protection: > 4000V
* Automotive Grade and Extended Temperature Devices Available
8-Pin JEDEC PDIP, 8-Pin JEDEC and EIAJ SOIC, 14-Pin TSSOP, and
8-Pin Leadless Array Packages

Description

The AT24C128/256 provides 131,072/262,144 bils of serial electrically erasable and
programmable read only memory (EEPROM) organized as 16,384/32,768 words of 8
bits each. The device's cascadable feature aliows up to 4 devices to share a common
2-wire bus. The device is optimized for use in many industriai and commercial applica-
tions where low power and low voltage operation are essential. The devices are avail-
able in space-saving &-pin/ JEDEC/PDIP, 8-pin EIAJ, 8-pin JEDEC SGiC, 14-pin
TSSOP, and 8-pin ILAP packages. In addition; the entire familv is availablzin 5.0V
4.8V to 5.5V), 2.7V (2.7 te 5:5Y) and: 1.8V(1.8V to 3.6V) versions.

Pin Configurations

8-Pin PDIP.
Pir Name ! Function —
AQ (] 1 8[avece
A0 - A1 Address Inputs A1 Y2 7 O wP
SDA Serial Data NOGIR spscL
- GND 04 5 [ SDA
SCL Serial Clock Input
wp Write Protect
NC No Connect 8-Pin SOIC
N
A0 4 g[ivce
A1[02 7awp
14-Pin TSSOP NC i3 6.dsct
GND O 4 5[1SDA
A0 [ 1O 14 VvCC
Al1[]2 13[wp
NC[]3 12[INC
NC[j4 11[INC 8-Pin Leadless Array
NC[]5 10[INC
NC[ 6 9[scL vee Ao
GND [ 7 81SDA WP 7] Z] A1
SCL [R] CINC
SDA[R] GND
Bottom View

Y

2-Wire Serial
EEPROMs
128K (16,384 x 8)
256K (32,768 x 8)

AT24C128
AT24C256

Rev. 0670C-08/98
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——Ab i ings*
Operating Temperature............ccoooeeveveeenene.... -565°C to +125°C |
: Storage Temperature .............ccoeeeeceeeeenennnn. -65°C to +150°C
Voltage on Any Pin ;
+ with Respect to Ground ..o -1.0V to +7.0V ‘
Maximum Operating Voltage..........ccccccceeiiniieniin, 6.25V i
DC Output CUITENt.......eoevievieceeeeeeeeeeeeeeeee 5.0mA ’

Block Diagram

WP

*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
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended  2riods may affect device
reliability. ]

VCC ——
GND =
scL START
STOP
SDa LOGIC
SERIAL"| e
conTrOLEN ol HvpUMP/ TIMING
LOGIC
l LOAD T
DEVIGE ﬂ‘fj DATA RECOVERY
ADDRESS
COMPARATOR R A
| '{ ' 4
A PM_J DATA WORD 2
: EEPROM
A, (s | ADDR/GOUNTER 9
x
v
( v oEC | SERIAL MUX
ol __’I_D,J,IACK
Loat
L= C
Do - ]

Pin Description

SERIAL CLOCK (SCL): The SCL input is ised to positive
edge clock data into each EEPROM:device’and negative
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
be wire-ORed with any number of other open-drain ¢~ open
collector devices.

DEVICE/PAGE ADDRESSES (A1, A0): The A1 and A0
pins are device address inputs that are hardwired or left not
connected for hardware compatibility with AT24C32/64.
When the pins are hardwired, as many as four 128K/256K
devices may be addressed on a single bus system (device
addressing is discussed in detail under the Device
Addressing section). When the pins are not hardwired, the
Jefault A; and A, are zero.

WRITE PROTECT (W?): The write protect input, when tied
to GND, ‘allows normal write operations. When WP is tied
high to Vg all write operations to the memory are inhib-
ited. If left unconnected, WP'is internally pulled down to
GND.*Switching WP to'V. prior to a write operation cre-
ates a software write protect function.

Memory Organization

AT24C128/256, 128K/256K SERIAL EEPROM: The
128K/256K is internally organized as 256/512 pages of 64-
bytes each. Random word addressing requires a 14/15-bit
data word address.

2 AT24C128/256 oo
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Pin Capacitance("

Applicable over recommended operating range from T, = 25°C, f = 1.0 MHz, Vee = +1.8V.

Symbol (!—Test Condition Max i Units Conditions

Cio ; Input/Output Capacitance (SDA) 8 ! pF V=0V I

Chi { Input Capacitance (A, A,, SCL) 6 pF Vi = 0V
Note:  This parameter is characterized and is not 100% tested.

IJC Characteristics

Applicable over recommended operating range from: Ty = 40°C to +85°C, V¢ = +1.8V to +5.5V, Tac = 0°C to +70°C,
Vec = +1.8V to +5.5V (unless otherwise noted).

Symbol Parameter ' Test Condition Min ‘ Typ Max Units

Vees Supply Voltage 1.8 3.6 \Y

Ve Supply Voltage 2l 5.5 \%

Vees Supply Voltage 4.5 55 \Y

lect Supply Current Vee = 5.0V READ-at 400 kHz 1.0 20 mA

leco Supply Current Ve =5.0v WRITE at 400 kHz 20 3.0 mA

e Standby Current ’ Vec =1.8V ‘ 7 N i 02 A
(1.8V option) { Voo =306V Ve A R g { >0

v Standby Current V=20V e v/ 0.5 uA
(2.7V option) Vel = 5.5 (RN W FCAPES 5

S Stag‘.jg\’; ‘;’;trlr;:‘; Voa= 0555 sy HVod orVes J 6.0 WA

I Input Leakage Current: « Vi = Vg or Vg j ‘ 0.10 3.0 uA

o 1 83:feur:tLeakage Vour=VcarVss \ ] 45 i o i

Vi g‘ input Low Level® . W2 og Veo/x 0.3 \% ’

Vi Input High Level™ ‘ Viee /0.7 Ve +0.5 v

Vorz Output Low Level “VMeg=3.0V oy =2.1TmA 0.4 \ ik

Viis Output Low Level AWVeD 1.8V llor 2015 mA 02 v

Note: 1.V, minand V,; max are reference only and are not tesied
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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 = 100 pF (unless oth-

erwise noted). Test conditions are listed in Note 2.

i 18volt . 2.7-volt 5.0-volt |
Symbol g Parameter | Min | Max { Min @ Max Min ' Max | Units
eyl | Clock Frequency, SCL | 100 400 1000 | kHz
Hhow Clock Pulse Width Low 47 | 13 06 | | us
ticu Clock Pulse Width High 4.0 1.0 04 ! Hs
bk Clock Low to Data Out Valid 01 | 45 | 005 : 09 = 005 | 055 us
toue \alectceginpad) i 47 13 05 | s
famiy Start Hold Time 4.0 . 06 025 | s
tsusn Start Set-up Time 47 0.6 ; 025 | us
thio.oar Data In Hold Time 0 | 0 W 0 us
tsuoar Data In Set-up Time 200 100 100 ns
ts | Inputs Rise Time(") 1.0 0.3 03 us
& Inputs Fall Time(® 300 300 . 100 ns
tsusTo Stop Set-up Time 4.7 ' 06 025 ! us
b Data Out Hold Time 100 50 504 \ | ns
twr , Write Cycle Time oh) /8 10 : 10 ? ms
Endurance™ | 5.0V, 25°C, Pagé Mcde 100K 100K 7 00K | | | g;(':'f:s

Notes: 1.
2. AC measurement conditions:
R, (connects to V(g): 1:3KQ(2:7V, 5V), 10KQ (1.8V)
Input pulse voltages: 0.3V¢ to 0.7V
Input rise and fall times: <50ns
Input and output timing reference voltages: 0.5Vge

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 timeperiods (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. After a read saquence, the
stop command will place the EEPROM in a standby power
mode (refer to Start and Stop Definition timing diagram).

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

ACKNOWLEDGE: All addresses and data words are seri-
ally transmitted to,and from.the EEPROM in 8-hit words.
The EEPROM sends azero during the ninth clock cycle to
acknowledge thatit has received each word.

STANDBY MODE: The AT24C128/256 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 intemal 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.
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AT24C128/256

—Bus Timing (SCL: Serial Clock, SDA: Serial Data

tH!GH

oCL

v _: w tlt:)W:[ \' P S—"—— _’l'ﬁ‘

e \__AJT
t 1

5 L\ﬁ ,HD; g * :sum___
wner TN

Write Cycle Timing (SCL: Serial. Clock, SDA: Serial Data-l[O)

WORD n i o
e N
STOP START
CONDITION CONDITION

Note: 1. The writc cycie time t,gis the time fror'a va'id stGp condition of a write seduence to theend of the internal clear/write
cycle.

AIGEL :
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SDA / >< \

scL I

DATA STABLE | | DATA STABLE

DATA
CHANGE

Start and Stop Definition

sfA 1 Wi

SCL

START STOP

Cutput Acknowledge

NP AV R\
NG

DATA IN —\

DATA OUT

START ACKNOWLEDGE
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Device Addressing

data word address will “roll over” and previous data will be

 The 128K/256K EEPROM requires an 8-bit device address
word following a start condition to enable the chip for a read
or write operation (refer to Figure 1). The device address
word consists-of a-mandatory one, zero-sequence for the
first five most significant bits as shown. This is common to
all 2-wire EEPROM devices.

The 128K/256K uses the two device address bits A1, A0 to
allow as many as four devices on the same bus. These bits
must compare to their corresponding hardwired input pins.
The A1 and AO pins use an intemal proprietary circuit that
biases them to a logic low condition if the pins are allowed
to float.

The eighth bit of the device address is the read/write opera-
tion select bit. A read operation is initiated if this bit is high
and a write operation is initiated if this bit is low:

Upon a compare of the device address, the EEPROM will
output a zero. If a compare is not made, the device will
retumn to a standby state.

DATA SECURITY: The AT24C128/256 has a hardware
data protection scheme that allows the User to write protect
the whole memory when the' WP pin is-at-Vgc.

Write Operations

BYTE WRITE: A write operation requires two 8-bit data
word addresses following the device address word and
acknowiedgment. Upon receipt of this address, the
EEPROM will again respond with a zero and then glock in
the first 8-bit data word. Following receipt of the 8-bit data
word, the EEPROM will outputya zero. The addressing
device, such as c microcontroller, then must terminate the
write sequence with a stop condition. At this time the
EEPROM enters an inteme!ly-timed write cycle, twr. [0 the
nonvolatile memory. All inputs are disabled during this
write cycle and the EEPRQM will not respond until the write
is complete (refer to Figure 2).

PAGE WRITE: The 128K/256K EEPROM is-capable of 64-
byte page writes.

A page write is initiated the same way asabyte write, but
the microcontroller does not send a stop conditian. after the
first data word is clocked in. Insteac, afterthe EEPROM
acknawledges receipt of the first data ward; the micracan-
troller can transmit up to 63 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 3).

The data word address lower 6 bits are internally incre-
mented following the receipt of each data word. The higher
Jata word address bits are not incremented, retaining the
nemory page row location. When the word address, inter-
1ally generated, reaches the page boundary, the following
dyte is placed at the beginning of the same page. If more
han 64 data words are transmitted to the EEPROM, the

overwritten. The address “rofl over™ during write is from the

last byte of the current page to the first byte of the same
page.

ACKNOWLEDGE POLLING: Once the internaily-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.

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 three read
operations: current'addrecs read, random address read
and sequential read.

CURRENT ADDRESS READ: The internal data word
address counter maintains the last address accessed dur-
ing the last read.or write operation, incremented by one.
This address stays valid between operations as long as the
chip power is maintained. The address “roll over” during
read is from the last byte of the-last memory page, to the
first byte of the first page.

Once the device address with the read/write select bit set
to ane is clocked in/and acknowledged by the EEPROM,
the current address data word is serially clocked out. The
micracontroiier does not respond with an input zero but
does generate a following stop condition (refer to Figure 4).

RANDOM READ: A random read requires a “dummy” byte
write sequence.to loadin the data'word address. Once the
device 2ddress word and data word address are clocked in
and acknowledged by the EEPROM, the microcontroller
must generate another start condition.” The microcontroller
now. initiates a current address read by sending a device
address with the read/write select bit high. The EEPROM
acknowledges the device address and serially clocks out
the data word. The microcantraller does not respond with a
zero but does generate afollowing stop condition (refer to
rigure-5):

SEQUENTIAL'READ: Sequential reads are initiated by
either a current address read or 2 random address read.
After the microcontroller receives a 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 sequential data wards. When
the memory address limit is reached, the data word
address will “roll over” and the sequential read will con-
tinue. The sequential read operation is terminated when
the micracontroller does not respond with a zero but does
generate a following step condition (refer to Figure 6).

AIMEL z
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Figure 1. Device Address

Tl [o[o[nlnFM

MSB LSB
Figure 2. Byte Write
S W
T R S
A i T
R DEVICE T FIRST SECOND 0
T ADDRESS E  “WORD ADDRESS / /WORD ADDRESS DATA P
l L WL NTCL VTR L D ™™ o R |
swemﬂlll! K AN Iﬂ
8 T~ i T A1 1 1| | I L 1 1S 1
LRA W™ A LA
&l e— 8 e’ e
E BW K 1B K B K K
Figure 3. Page Write
S w
T R 8
A I T
R DEVICE T FIRST SECOND 0
T ADDRESS™) E WORD ADDRESS (i) WORD ADDRESS (n} DATA (n) \ DATA (n +x) P
U TIT K TH TAP=T T | 1] AT IC LT T Tt 1T 1T ¢t
SDAUNEHHHol bl [ RE! /51 P 1]
1 I 1 18 \I"\R 1 et ; V N1 1 1 1 1 { i 1 1 1 1
LRA A LA A\ A
§ /G s o} s¢C c c
B BW K B K B K K K

(* = CON'T CARE bit)
(t = DON'T CARE bit for the 128K)



AT24C128/256

Y-45

ad
aa

Figure 4. Current Address Re

s
T R S
A E T
R DEVICE A e}
| T __ADDRESS D P
R A )
SDA LINE l l l I l l U
3 L I BSS G N |
LR A DATA N
s’ cC 0o
e BW K
A
G
K
Figure 5. Random Read
- i 1st,.2nd WORD, =
T R st,.2n . T R S
A i ADDRESS n A  DEVICE E T
R  DEVICE T R / ADDRESS A Ie)
T ADDRESS' E T D P
Y L T 11 1
SDALIN[[IUO’ ,*’r HHHOI ] ’U
1 1 % ey |
CRA M A DATA o N
S.7:4] s c c o}
l B BW K B B8IK K
A
I C
DUMMY-WRITE \
(* = DON'T CARE bit)
(t = DON'T CARE bit for the 128K)
Figure 6. Sequential Read
R s
: E A A A T
DEVICE A & Lo Q O
ADDRESS | D K K K P
T T T T | "0 T LY~ | ) Il T FJT WA T T v LWTNT T 1
\ £. L 1] | L
- — — A Eot 0 1R b S | AT AW LA 1 4 )1 et 1 N
}7 A DATA n DATA n + 1 DATA n'+ 2 DATAn 4 3
©
WK

AmEL
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twr (Max) . Tge (max) | —lsar(maX)—E fuax
(ms) (nA) (nA) | (kHz) Ordering Code Package Operation Range
10 | 3000 6.0 - 1000 AT24C128-10PC 8P3 Commercial
i | AT24C128N-10SC 8S1 ! (0°C ta 70°C)
| | AT24C128W-10SC 8S2 !
§ AT24C128-10CC 8c
AT24C128C1-10CC 8C1 5
| AT24C128T1-10TC 14T
3000 6.0 1000 AT24C128-10P! 8P3 Industrial
AT24C128N-10SI 851 (-40°C to 85°C)
AT24C128W-10S| 852
AT24C128-10C| 8C
AT24C128C1-10Cl 8C1
AT24G128T1-10T| 14T
10 1500 0.5 400 AT24C128-10PC-2.7 8P3 Commercial
AT24C128N-10SC-2.7 8S1 (0°C to 70°C)
AT24C128W-10SC-2.7 8S2
AT24C128-10CC-2.7 8C
AT24C128C1-10CC-2.7 8C1
AT24C128T1-10TC2.7 14T
1500 05 400 AT24C128-10P1-2.7 8P3 Industrial
AT24C128N-10S1-2.7 8S1 (-40°C to 85°C)
AT24C128W-10S1-2.7 8s2
| AT24C128-10C1-2.7 8C
| AT24C128C1-10C1-2.7 8C1
AT24C128T1-10T1-2.7 14T

Package Type
8C 8-Lead, 0.230" Wide, Leadless Array Package (LAP)
8C1 8-Lead, 0.300" Wide, Leadless Array.Package (LAP)
8P3 8-Lead, 0.300" Wide, Plastic Dual Inline‘Package (PDIP)
8S1 8-Lead, 0.150" Wide, Plastic Gull Wing Small Outline Package (JEDEC SOIC)
8S2 8-Lead, 0.200" Wide, Plastic Gull Wing Small Outline Package (EIAJ SOIC)
14T 14-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)
-1.8 Low-Voltage (1.8V to 3.6V)
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tws (max) lec (max) Isg (max) | fyax ‘ i
(ms) (HA) (HA) (kHz) | Ordering Code | Package | Operation Range
20 800 0.2 {100 |  AT24C128-10PC-1.8 . 8P3 Commercial
; . AT24C128N-10SC-1.8 8S1 (0°C to 70°C) |
| | AT24C128W-10SC-1.8 t o 8S2 j |
; i AT24C128-10CC-1.8 i 8C ;‘ f
| AT24C128C1-10CC-1.8 i 8cCt
| | AT24C128T1-10TC-1.8 g 14T
800 02 | 100 |  AT24C128-10PI-1.8 | 8P3 § Industrial
| | AT24C128N-10SI-1.8 § 8S1 | (-40°Cto 85°C)
i [ AT24C128W-10SI-1.8 [ 8s2 |
j {  AT24C128-10Ci-1.8 | 8¢ !
| | AT24C128C1-10CI-1.8 {  8Ct
| {_~AT24C128T1-10TI-1:8 fo 14T '
Package Type

8C 8-Lead, 0.230" Wide, Leadless Array Package (LAP)

8C1 G-Lead, 0.300" Wide, Leadless Array. Package (LAP)

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

8s1 8-Lead, 0.150" Wide, Plastic Gull Wing Small Outline Package (JEDEC SOIC)

8S2 8-Lead, 0.200" Wide, Plastic Gull Wing Small Outline Package (EIAJ SOIC)

14T 14-Lead, 0.170" Wide, Thin Shrink Small Outline Package (TSSOP)

Options

Blank Standard Operation (4.5V to 5.5V)

27 Low-Voltage (2.7V to 5.5V)

-1.8 Low-Voltage (1.8V to 3.6V)

ATEL
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——AT24C256-Ordering Information——
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twr (Max) Iec (max) Isg (max) | fyax I ?
(ms) (HA) (HA) | (kHz) | Ordering Code [ Package ! Operation Range
10 3000 6.0 1 1000 AT24C256-10PC | 8P3- | Commercial
f AT24C256N-10SC 8s1 (0°C to 70°C)
AT24C256W-10SC 8S2
AT24C256-10CC (o
| AT24C256C1-10CC 8C1 |
| AT24C256T1-10TC 147 j
3000 6.0 f 1000 ; AT24C256-10PI 8P3 Industrial
AT24C256N-10SlI 8S1 (-40°C to 85°C)
i g AT24C256W-105I 852 {
; AT24C256-10CI 8C
AT24C256G1-10C] 8C1
|  AT24C256T1-10T 14T |
10 1500 0.5 [*7400 AT24C256-10PC-2.7 8P3 : ! Commercial
AT24C256N-10SC-2.7 831 ! (0°C to 70°C)
| | AT24C256W-10SC-2.7 8s2
’ ! © —~\AT24C256-10CC-2.7 8C |
j ' AT24C256C1-10CC-2.7 8C1 1‘
{ ; AT24C256T1-10TC-2.7 14T |
1500 05 | 1400 ') |~ AT24C256-10PI-2:7 8P3 | Industrial
| AT24C256N-10S81-2.7 8S1 | (-40°C to 85°C)
1
) AT24C256W-10SI-2.7 8S2 i
, =7 IMT24C256-10CH 27 8C
; | AT24C256C1-10C1-2.7 ac1 ;
5 _i AT24C256T1-10T1-2.7 147
Package Type
8C 8-Lead, 0.230" Wide, Leadless Array Package (LAP)
8C1 8-Lead, 0.300" Wide, Leadless Array Package (LAP)
8P3 | 8-Lead, 0.300" Wide, Plastic Duak.Inline.Package (PDIP)
8S1 1 8-Lead, 0.150" Wide, Plastic Gull Wing SmaliOutline Pacrage (JEDEC SOIC)
8S2 8-Lead, 0.200" Wide, Plastic Gull Wing Small Outline Package (EIAJ SOIC)
14T 14-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)
-1.8 | Low-Voltage (1.8V to 3.6V)

12 AT24C128/256 s o msre
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= AT24C128/256

(ms) (pA) (HA) i (kHz) Ordering Code Package ' Operation Range

20 1 800 0.2 {100 AT24C256-10PC-1.8 ‘ 8P3 Commercial
? AT24C256N-10SC-1.8 | 8s1 (0°C to 70°C)
i | AT24C256W-10SC-1.8 b ge2
g j | AT24C256-10CC-1.8 Rl e
? AT24C256C1-10CC-1.8 | 8Ct
L f AT24C256T1-10TC-1.8 . 14T
| 800 0.2 . 100 | AT24C256-10P!-1.8 | 8P3 Industrial
{ AT24C256N-10S1-1.8 ‘ 831 (-40°C to 85°C)
| AT24C256W-10SI-1.8 | 8s2
: AT24C256-10C1-1.8 | sc
AT24C256C1-10CH-1.8 L HCT
AT24C256T1-10TI-1.8 NI4T

‘ Package Type
8C 8-Lead, 0.230" Wide, Leadless Array Package (LAP)
8C1 8-Lead, 0.300" Wide, Leadless Array Package (LAP)
8P3 8-Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S1 8-Lead, 0.150" Wide, Plastic Gull Wing Smail Outline Package (JEDEC SOIC)
852 8-Lead, 0.200" Wide, Plastic Gull Wing Small Outline Package (EIAJ SOIC)
14T 14-Lead, 0.170" Wide, Thin Shrink Small Outline Package (TSSOP)
Options
Blank | Standard Operation (4.5V t0 5.5V)
| 27 | Low-Voitage (2.7V to 5.5V)
| -18 | Low-Voltage (1.8V tc 3.6V)
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. ”
Packaging Information =

8C, 8-Lead, 0.230" Wide, Leadless Array Package
(LAP)
— Dimensions-in-Inches and (Millimeters)

SIDE
TOP VIEW VIEW

[ 6.15(0.242) l 1.30(0.051)
5.85 (0.230) _J 1.00(0.039)
0.42(0.017)
0.34 (0:013)
BOTTOM VIEW
8 1 F
-l— |7 2 0.41(0.016) TYP
1.27 (0.050) TYP I ol
r— e 33 -—f
s 40
064 (0.025) TYP —»f Jo—

8C1, 8-Lead, 0.300" Wide, Leadless Array Package
(LAP)

Dimensions in Inches and (Millimeters)

SIDE
TOP VIEW VIEW
5.15 (0.203)
485 (0.191)
8115 (0.321) 1.30 (0.051)
7.85 (0.309) _J " 100(0.039)
- | 042(0017)
0.34 (0.013)
BOTTOM VIEW
L 8 1 p
L7 2] 041 (0.016) TYP
127 (0:050) TYP
T__ 16 37
15 4 —T

0.64 (0.025) TY —h’ L—

8P3, 8-Lead, 0.300" Wide,
Plastic Duai Inline Package (PDIP)

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

400 (10,15}
355 (9.02)
| PIN
‘ 1
i ¥ 200 7y
| } 246 (6.10)
: 037 (1840}
== €37 (94(
300 (7.62) REF e | 027(550)

210 (5.33) MAX ——{ |~ .100(2.54) BSC

LSQA@‘BU {__j” | C15(360)MIN
.115(2.92) ~—{— 022(. 59)

070(1.78)  .014(356
045 (1.14)

325 (8.26)
' 300(7.62)

____..| 430 (10.9) MAX

8581, 8-Lead, 0.150" Wide,
Plastic Gull Wing Small Qutline (JEDEC SOIC)
Dimensions in Inches and ( Millimeters)

1020 (.508)
013 (330)
ﬂjﬂ;ﬂ f

157 (3.99) 244 (6.20)
150(3:81) .228 (5.79)

PINT o
Ui |
«-1 l~ 050¢1.27) BSC
196 (4.98)
189 (4.80
e 068 (1.73)
{053 (138)
010(254) | |
.004 (102)
%REF .010 (.254)
i %1 [ 007(203
0(127) f [ !
6(405)
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‘Packaging information —

8S2, 8-Lead, 0.200" Wide,
Plastic Gull Wing Small Outline (EIAJ SOIC)

14T, 14-Lead, 0.170" Wide, Thin Shrink Small
Outline Package (TSSOP)

Dimensions in Inches and (Millimeters)

‘( f“ o (Zg—ggi
Jann—= ]

213(541) 330 (8.38)

| il odie/
PIN1 fo .205 (5.21) .300(7.62)

TIIT—— t

il
—{ |=—.056 (1.27) BSC

212 (5.38)
203 (5.16)
rﬁ] 080 (2.03)
{ 0704178)
o Sl
Al
013(330) 4 4§
.004 (-102)
0
FREF £10 (.254)

/ JT— { <007 (178)
——— —_— = =
\ 035 (889) _" 14 !

020 508)

Dimensions in Inches and (Millimeters)

INDEX MARK

LO0RA0]

4.50 (.177) 6.50 (.255)

430 (169) 625 (246)

l

TTI000]— +

sio(20 .
NN ] 120 (T MAx

~
vl ol i U

-850 (.028) ESC-‘-l L \;
0,(1551:006\ SEATING

030(012) | 005(002) PLANE
0.19(.007)

o 020 (008)

gREF 0.03 (0%4)

( 075 (.oso)___] ?‘

045 (016)

*Controlling dimension: millimetérs

ATMEL
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B SEMICONDUCTOR

(B DALLAS

051620

Digital Thermometer and Thermostat

www.dalsemi.com.

FEATURES

* Requires no external components

* Supply voltage range covers from 2.7V to
5.5V

* Measures temperatures from -55°C to +125°C
in 0.5°C increments; Fahrenheit equivalent is
-67°F to +257°F in 0.9°F increments

* Temperature is read as a 9-bit value

* Converts temperature to digital word'in 1
second (max)

* Thermostatic settings are user-definable and
nonvolatile

= Data is read {from/written/via a 3-wire serial
interface (CLK, DQ, RST)

* Applications include thermostatic-controls,
industrial systems, consumer products,
thermometers, or any thermally sensitive

system
* 8-pin DIP or SOIC (208-mil) packages

DESCRIPTION

PIN ASSIGNMENT
DQ 1| ! 8 Vop
CLK/CONV[T]| 2 "M Twicn
RST[IL]| 3 6[TT] Trow
GND 4 51T Tcom

DS1620S 8-Pin'SOIC (208-miil)
See Mech Drawings Section

s — % 1 \No
CLK/CON.V E 2 7:] THIGH
RST. 3 o0 Ticw
GND [ 4 NP yLequ

DS1620 8-Pin/DIP{(300-mil)
See Mech Drawings Section

FiN'DESCRIPTION
bQ - 3-Wirednput/Output

CLK/CONV~ +3-Wire Clock/Input and
Stand-<alone‘Convert Input

RST -.3-Wire Reset Input

GND = Ground

ThicH - High Temperature Trigger

TLow -.Low Temperature Trigger

Tcom - High/LLow Combination Trigger

Vpp =Power Supply Voltage (3V - 5V)

The DS1620 Digital Thermometer and Thermostat provides 9-bit temperature readings which indicate
the temperature of the device. With three thermal alarm outputs, the DS1620 can also act as a thermostat.
Thich is driven high if the DS1620’s temperature is greater than or equal to a user—defined temperature
TH. Tiow is driven high if the DS1620s temperature is less than or equal to a user—defined temperature
TL. Tcowm is driven high when the temperature exceeds TH and stays high until the temperature falls

below that of TL.

1 of 13
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DS1620
User—defined temperature settings are stored in nonvolatile memory, so parts can be programmed prior to
insertion in a system, as well as used.in standalone-apptications W1tno,uLa7CHJ.~Tempera'mrefsetti’ngs and

[
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temperature readings are all communicated to/from the DS1620 over a simple 3—wire interface.

OPERATION-MEASURING TEMPERATURE —
A block diagram of the DS1620 is shown in Figure 1. The DS1620 measures temperatures through the
use of an onboard proprietary temperature measurement technique. A block diagram of the temperature
measurement circuitry is shown in Figure 2.

The DS1620 measures temperature by counting the number of clock cycles that an oscillator with a low
temperature coefficient goes through during a gate period determined by a high temperature coefficient
oscillator. The counter is preset with a base count that corresponds to —55°C. If the counter reaches 0
before the gate period is over, the temperature register, which is also preset to the —55°C value, is
incremented, indicating that the temperature is higher than.—55°C.

repeats.

The slope accumulator is’ dsed-to compensate | for ‘the:'nonlingéar. behavior of the oscillators over
temperature, yielding a high-resolutioti temperature measurement.—This is done by changing the number
of counts necessary for the cotinter to go through for each incremental degree in temperature. To obtain
the desired resolutiou, therefore, both the value,of the counter and the.number-of counts per degree C (the
value of the slope accumulater) at a given temperature must be known'

DS1620 FUNCTIONAL BLOCK DIAGRAM Figure 1

Pﬁ —
STATUS REGISTER AND
CONTROL LOGIC
CLK ——» ‘*[ TEMPERATURE SENSOR
ADDRESS L
R [
RESET
DQ ——

HIGH TEMP TRIGGER, TH

B e 213 |

LOW TEMP TRIGGER, TL

el i

RA
son
SELF HEATING DIGITAL COMPARATORAOGIC
RESISTOR ————————{] Teou
RB
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DS1620
TEMPERATURE MEASURING CIRCUITRY Figure 2
SLOPE ACCUMULATOR
PRESET | COMPARE
-
LOW TEMPERATURE SET/CLEAR
COEFFICIENT OSCILLATOR »  COUNTER PRESET LSB
] ‘ ‘ L v v
INC
-0 TEMPERATURE REGISTER
A

HIGH TEMPERATURE »

COEFFICIENT OSCILLATOR COUNTER

;

=0

STOP

This calculation is done' inside the'DS1620 to provide 0.5°C resolutiori. The ‘température reading is
provided in a 9-bii, two’s complement reading by issuing a READ TEMPERATURE &orumnand. Tabie }
describes the exact relationship of output data to measured temperature. The data is transmitted serially
through the 3—wire serial interface, LSB first. The DS 1620 can measure temperature over the range of
-55°C to +125°C in 0.5°C inctements, For Fahrenheit usage;-a lookup table or conVersion factor must be
used.

TEMPERATURE/DATA RELATIONSHIPS Table 1

TEMP DIGITAL OUTPUT DIGITAL OUTPUT
(Binary) (Hex)
+#125%C 011111010 00FA
+259€ 000110010 0032h
+2°C 000000001 0001h
+0°C 000000000 0000h
-%2°C 111111111 01FFh
=25°C 111001110 01CEh
=298C 110010010 0192h o

Since data is transmitted over the 3-wire bus LSB first, temperature data can be written to/read from the
DS1620 as either a 9-bit word (taking RST low after the 9% (MSB) bit), or as two transfers of 8—bit

3of 13



DS1620
words, with the most significant 7 bits being ignored or set to 0, as illustrated in Table 1. After the MSB,
the DS1620 will output Os.

Note that temperature is represented in the DS1620 in terms of a 4°C LSB, yielding the following 9-bit
format:

MSB LSB
X X X X X X X 1 1 1 0 0 1 1 1 0

T=-25°C

Higher resolutions may be obtained by reading the temperature, and truncating the 0.5°C bit (the LSB)
from the read value. This value is TEMP_READ. The value left in the counter may then be read by
issuing a READ COUNTER command. This value is the count remaining (COUNT_REMAIN) after the
gate period has ceased. By loading the value of the slope-aceumulator into the count register (using the
READ SLOPE command), this value may.then-be'read, yielding-the number of counts per degree C
(COUNT_PER_C) at that temperature,”"Theé actual temperature may be thenube calculated by the user
using the following:

TEMPERATURE=TEMP_READ-0 25+ (COUNTPER € - COUNT_REMAIN)

COUNT. PER-C
DETAILED PIN DESCRIPTION Table 2
PIN | SYMBOL DESCRIBRTION
l DQ Data Input/Qutput pin for 3-wire communication port.

2 CLK/cony | Clock input pin for 3-wire communication port. ' When the DS1620 is used in a
stand-alone application with no 3=wire port, this pin can be used as a convert

pin.‘Temperature conversion will begin on.the falling,edge’ of CONV.

3 RST Reset-input pin for,3-wire communication port.
GND Ground pine
5 Tcom High/Liow Combination Trigger.-Goes high when temperature exceeds TH;
will reset'to Jow when temperature falls below TL.
6 Trow Low Temperature Trigger: Goes high when temperature. falls below TL.
1 Thicy High Temperature Trigger-~Goés highrwhen temperature exceeds TH.
8 Vbp Supply Veltage. 2.7V — 5.5V input power pin.

OPERATION-THERMOSTAT CONTROLS

Three thermally triggered outputs, TuigH, Trow, and-Teom, are.provided to allow the DS1620 to be used
as a thermostat, as shown in Figure 3. When the DS1620’s temperature meets or exceeds the value stored
in the high temperature trip register, the output Tyigy becomes active (high) and remains active until the
DS1620’s measured temperature becomes less than the stored value in the high temperature register, TH.
The Thig output can be used to indicate that a high temperature tolerance boundary has been met or
exceeded, or it can be used as part of a closed loop system to activate a cooling system and deactivate it
when the system temperature returns to tolerance.

The Trow output functions similarly to the Tyigy output. When the DS1620°s measured temperature
equals or falls below the value stored in the low temperature register, the TLow output becomes active.
Trow remains active until the DS1620’s temperature becomes greater than the value stored in the low
temperature register, TL. The Tiow output can be used to indicate that a low temperature tolerance
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DS1620
boundary has been met or exceeded, or as part of a closed loop system it can be used to activate a heating

UY-56

system and deactivate it when the system temperature returns to tolerance.

The Tcom output goes high when the measured temperature meets or exceeds TH, and will stay high until

the temperature equals or falls below TL. In this way, any amount of hysteresis can be obtained.

THERMOSTAT OUTPUT OPERATION Figure 3

| |
| |
Thicn #
|
!
1
| |
| |
|
|
Trow }
|
| |
Teom '4 | B
/" ¥l
Tl TH TEC)

'OPERATION AND CONTROL

' The DS1620 must have témperature settings \resident in' the- TH and TL registers for thermostatic
‘operation. A configuration/status Tegister also determines the mcthod: of operation. that'the DS1620 will
\use in a particular application and indicates the status of. the temperature ‘conversion-operation. The
‘configuration register is defined as follows:

(CONFIGURATION/STATUS REGISTER

DONE THF TLF NVB l 1 0 CPU iSHOT
where
DONE = Conversion Deng Bit.“1=conveérsion complete, O=conversion in progress.
THF = Temperature High Flag: This bit.will be setto 1 when the temperature’is‘greater than or equal

to the value of TH. It will remain until reset by writing 0 into this location.or by removing power from
the device. This feature provides a method-of determining if the DS16207has ever been subjected to
temperatures above TH while power has been applied:

TLF = Temperature Low Flag. This bit will be set to 1 when the temperature is less than or equal to
the value of TL. It will remain 1 until reset by writing 0 into this location or by removing power from the
device. This feature provides a method of determining if the DS1620 has ever been subjected to
temperatures below TL while power has been applied.

NVB = Nonvolatile Memory Busy Flag. I=write to an E? memory cell in progress. 0=nonvolatile
memory is not busy. A copy to E? may take up to 10 ms.

CPU = CPU Use Bit. If CPU=0, the CLK/CONV pin acts as a conversion start control, when RST is
low. If CPU is 1, the DS1620 will be used with a CPU communicating to it over the 3—wire port, and the
Sof13
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operation of the CLK/CONV pin is as a normal clock in concert with DQ and RST . This bit is stored in

1 5] 7‘2 T o 3 ~
—nonvolatie & memory, capable of atleasi 50,000 writes. The DS1620 is shipped with CPU=0.

ISHOT = One-Shot Mode. If ISHOT is 1, the DS1620 will perform one temperature conversion upon
—reception_of the Start Convert-T protozol.—If 1SHOT is- 0, the DS1620 will-continuously —perform
temperature conversion. This bit is stored in nonvolatile E* memory, capable of at least 50,000 writes.
The DS1620 is shipped with 1ISHOT=0.

For typical thermostat operation, the DS1620 will operate in continuous mode. However, for applications
where only one reading is needed at certain times or to conserve power, the one—shot mode may be used.
Note that the thermostat outputs (TuicH, TLow, Tcom) will remain in the state they were in after the last
valid temperature conversion cycle when operating in one—shot mode.

OPERATION IN STAND-ALONE MCDE
In applications where the DS1620 is used.as” a.simple~thermostit;«no CPU is required. Since the
temperature limits are nonvolatile, the DS1620 can be programmed priox. to.insertion in the system. In

order to facilitate operation without*a CPU,. the CLK/CONV pin-(pin 2)}.can be used to initiate
conversions. Note that the CPU/bit must_be set-to, 0-in the configuration register ‘to use this mode of
operation. Whether CPU=0 or/1,the 3=wire port s active. Setting CPU=1.disables the stand—alone mode.

To use the CLK/ CONV pin fo initiate conversions, RST, muist-be low and/CLK/CONV must be high. If
CLK/CONV is driven low and‘then brought high in less than 10 ms; one temperature conversion will be
performed and then the DS1620 will return to an idle ‘state. If CLK/CONV 'is drivén low’and remains low,
continuous conversions will take-place until CLK/CONV is hrought hLigh againl ‘With the<CPU bit set to 0,
the CLK/CONV will override the 1SHOT bit if itis equal to 1. This-means that even.if the part is set for
one-shot mede, driving CLK/ CONV: low- will initiate conversions,

3-WIRE COMMUNICATIONS
The 3-wire bus is comprised of three signals. These are the RST (reset) signal, the CLK/(¢clock) signal,

and the DQ (data) signal. All'datastransfers are initiated by driving the RST input high. Driving the RST
input low terminates communication. (See-Figures4 and 5.) A clock cycle is‘a sequence of a falling edge
followed by a rising edge. For data inputs; the ddta must.be valid-during the rising edgé of a clock cycle.
Data bits are output on the falling'edge of the clock and remaimvalid through the rsing edge.

When reading data from the DS1620, the.DQ.pin goes to 'a‘high-impedanc€ state while the clock is high.

Taking RST low will terminate any communication_and cause the-PQ pin to go to a high-impedance
state.

Data over the 3—wire interface is communicated LSB first. The command set for the 3—wire interface as
shown in Table 3 is as follows.

Read Temperature [AAh]
This command reads the contents of the register which contains the last temperature conversion result.
The next nine clock cycles will output the contents of this register.
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Write TH [01h]

Y-58

This command writes to the TH (HIGH TEMPERATURE) registerAfter issuing this command the next

—nine clock cycles clock in the - 9-bit temperature limit which will set the threshold for operation of the
ThicH output.

Write TE[02h]
This command writes to the TL (LOwW TEMPERATURE) register. After issuing this command the next
nine clock cycles clock in the 9-bit temperature limit which will set the threshold for operation of the

TLow output.

Read TH [A1h]
This command reads the value of the TH (HIGH TEMPERATURE) register. After issuing this command
the next nine clock cycles clock out the 9—bjt temperature limit which sets the threshold for operation of
the Tyign output.

Read TL [A2h] |
This command reads the value of the TL (LOW TEMPERATURE) register. After issuing this command
the next nine clock cycles clock’ oiit the 9-bit temperature limit which sets-the threshold for operation of
the Trow output.

Read Counter [A0Oh]
This command reads the value of the counter byte: The next nine-clock cycles wiil output the contents of
this register.

Read Slope [A9h]
This command reads the value of the slope counter byte from the DS1620] The next nine clock cycles
will output the contents of this register.

Start Convert T [EEh]

This command begins a temperature-conversion. No, further data” is required~In one-shot mode the
temperature conversion will be performed and then the DS1620 ‘will refain‘idle. In contintious mode this
command will initiate continuous-conversions.

i

Stop Convert T [22h]

This command stops lemperature conversion. No further datais required. This’command may be used to
halt a DS1620 in continuous conversion mode., After issuing this command’ the current temperature
teasurement will be completed and then the DS 1620 sill. femain idle until a-Start Convert T is issued to
Tfesume continuous operation.

Write Config [0Ch]
This command writes to the configuration register. After issuing this command the next eight clock cycles
clock in the value of the configuration register.

Read Config [ACh]
This command reads the value in the configuration register. After issuing this command the next eight
clock cycles output the value of the configuration register.
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DS1620
DS1620 COMMAND SET Table 3
3-WIRE BUS
I DATA AFTER
ISSUING
INSTRUCTION | DESCRIPTION PROTOCOL-—PROFOCOE—NOTES
PERA 2 0 2 OEng:!:!!:!!!ED
Read Temperature | Reads last converted temperature AAh <read data>
value from temperature register.
Read Counter Reads value of count remaining AOh <read data>
from counter.
Read Slope Reads value of the slope ASh <read data>
accumulator.
Start Convert T | Initiates temperature conversion. EEh Idle 1
Stop Convert T | Halts temperature conversion. Idle
s en THERMOSTAT'COMN S
Write TH Writes high temperature Timit value <write data>
into TH register: :
Write TL Writes low temiperature limit value 02h <write data> 2
into TL register.
Read TH Reads stored value of high Alh <read data> 2
temperature Jimit from TH register,
Read TL Reads/stored value of low A2h <tead.data> 2
temperature limit from TL register.
Write Config Writes configuration data fo 0Ch <write data> 2
configuration register.
. Read Coafig Reads coufiguration data from ACh <read data> 2
| configuration register.

NOTES:

L. In continuous conversion.ode, 4 Stop Convert: T command-will halt continuous conversion. To
restart, the Start Convert, T .command must be issued. In one-shot mode;‘a’Start Convert T command
must be issued for every tempeérature reading-desired.

2. Writing to the E? typically\requires 10 ms at toom temperature, After issuing’a write command no
further writes should be requested:for.at least 10 ms:
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FUNCTION EXAMPLE

U-60

Example: CPU sets up DS1620 for continuous conversion and thermostatic function-

DS1620 MODE '
CPU MODE (3-WIRE) DATA (LSB FIRST) COMMENTS

X RX 0Ch CPU issues Write Config command

X RX ~ 00h CPU sets DS1620 up for continuous
conversion

TX RX Toggle RST CPU issues Reset to DS1620

TX RX 0lh CPU issues Write TH command

TX RX 0050h CPU sends data for TH limit of +40°C

X RX Toggle RST CPU issues Reset to DS1620

X RX 02h CPU issues Write TL command

TX RX 0014h CPU sends data for TL limit of +10°C

X RX Toggle RST CPU.issues Reset to DS1620

X RX Alh CPU issues.Read TH command

RX X 0050h DS1620 sends back:stored value of TH for
CPU toverify

X RX Toggle RST CPU-issues Reset to DS1620

X RX A2h CPU issues Read, TL command

RX TX 0014h DS 1620 sends back stored value of TL for
CPU'to verify

X RX Toggle RST CPU issues Reset to.DS1620

X RX £Eh CPU issues Start Convert T command

X RX Drop_RST CPU issues Reset to DS1620

READ DATA TRANSFER Figure 4

I

RaT
tce

K

CL

tc
toc
DQ ; 0
\

OH

A

o

N4
PROTOCOL
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DS1620
WRITE DATA TRANSFER Figure 5
st L
— tooy fe—

tr

/]

= toon
" XX & X X777

toc

PROTOCOL

NOTE: tcy, tey, tg, and tg apply to both read and'write data transfer:

RELATED APPLICATION'NOTES

The following Application Nofes can be applied to-the DS1620.-These-notes can. be obtained from the
Dallas Semiconductor “Application Note Book™, via our Web site at http:\\Www.dalsemi.com/, or through
our faxback service at (972)/371-4441 ,

Application Note 67: “Applying.and Using the DS1620 in Temperature Control Applications”

Application Note 85: “Interfacing the DS1620 to the Motorcla SPI Bus”

Application Note 105: “High Kesoiution Temperature 'Measurement ; with Dalias Direct-to—Digital
Temperature Sensors”

'Sample DS1620 subroutines that Can be used in conjunction with AN105 can-be downlcaded fiom the
web-site or our Anonymous F [P Sjte.

ABSOLUTE MAXIMUM RATINGS*

|Voltage on Any Pin Relative to‘Ground =0.5V to +7.0V,
Cperating Temperature £ N0 25°C
NG CT+125°C

Storage Temperature
Soldering Temperature

|

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

260°C for-10 seconds

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER | SYMBOL MIN TYP MAX UNITS NOTES
Supply Vb 2.7 5.5 Vv 1
Logic 1 Viu 2.0 Vect0.3 \% 1
Logic 0 Vi -0.3 +0.6 \% 1
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DS1620

DC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp=2.7V to 5.5V)

U-62

PARAMETER SYMBOL CONDITION | MIN | MAX | UNITS | NOTES
| Thermometer Error Terr 0°C to +70°C +l5 °C 10, 11
-55°C to +0°C
and 70°C to See-Typical-Curve
125°C

Logic 0 Output VoL 04 \Y 3
Logic 1 Output Von 2.4 \Y% 2
Input Resistance R; RST to GND 1 MQ

DQ, CLK to Vpp 1 MQ
Active Supply Current Icc 0°C to +70°C 1 mA 4,5
Standby Supply Current Istpy 0°C to +70°C 1 pHA 4,5

SINGLE CONVERT TIMING DIAGRAM (STAND-ALONE MODE)

CONV

AC ELECTRICAL CHARACTERISTICS

teny

(-55°C te +125°C; Vpp=2.7V to 5.5V)

PARAMETERS SYMBOL MIN TYP MAX UNITS | NOTES

| Temperawre Conversion Time Tre 400 1000 ms
Data to CLK Setup ipc 35 ns 6
CLK to Data Hold tepy 40 ns 6
CLK to Data Delay tcop 100 ns 6,7.8
CLK Low Time tor, 285 ns 6
CLK High Time tcy 285 ns 6
CLK Frequency fork DC 1.75 MHz 6
CLK Rise and Fall tr, tF 500 ns
RST to CLK Setup tec 100 ns 6
CLK to RST Hold tecn 40 ns 6
RST Inactive Time tcwn 125 ns 6,9
CLK High to I/O High-Z tepz 50 ns 6
RST Low to I/O High-Z trpz 50 o 6
Convert Pulse Width teny 250 ns 500 ms

NV Write Cycle Time twr 10 50 ms 12
AC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=2.7V to 5.5V)
PARAMETER SYMBOL MIN TYP | MAX UNITS | NOTES
Input Capacitance C 5 pF
I/O Capacitance Cio 10 pF

i1of13



DS1620

NOTES:

p—

. All voltages are referenced to ground

2. Logic 1 voltages are specified at a source current ot 1 mA.
—3—Legie-O-veltages-are-specificdatasimkcurrent of 4 mA-

4. Iccspecified with DQ pin open and CLK pin at Vpp.

5. Icc specified with Vecat 5.0V and RST =GND.

6. Measured at Viy=2.0V or Vi.=0.8V.

7. Measued at Vou=2.4V or Vo = 04V.

8. Load capacitance = 50 pF.

9. tcwnumust be 10 ms minimum following-any write command that involves the E memory.

10. See typical curve for specification limits outside 0°C-to 70°C range:

11. Thermometer error reflects témperature accuracy as tested during calibration.

12. Writing to the nonvolatile memory should only take place in‘the 0°C to 70°C temperature range.

13. Valid for design revisions D1 and-above. The supply range for'Rev. G2 fand below.is 4:5V.< 5.5V.
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DS1620

TYPICAL PERFORMANCE CURVE

——————DS1620 DIGITAL THERMOMETER AND" OSTAT

TEMPERATURE READING ERROR

EFROR (deg. C)

D
e

UPPER LIMIT
SPECIFICATION

&T

L)
=35 -15

LOWER LIMIT
SPECIFICATIO!

TEMPERATURE (deg.'C)
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LTC1286/LTC1298

H A Q e
Micropower Sampii g
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L71LE|<,>:1'NOL09Y =

12-Bit A/D Converters In

S0-8 Pnc!gggeg

FEATURES

12-Bit Resolution
8-Pin SNIC Plastic Package
Low Cost
Low Supply Current: 250pA Typ.
Auto Shutdown to 1nA Typ.
Guaranteed +3/4LSB Max DNL
Single Supply 5V to 9v Operation
On-Chip Sample-and-Hold
60us Conversion Time
Sampling Rates:
12.5 ksps (LTC1286)
11.1 ksps (LTC1298)
I/0 Compatible with SP|, Microwire, etc,
Differential Inputs (LTC1 286)
2-Channel MUX (LTC1298)
3V Versions Available: LTC1 285/L.TC1288

APPLICATIONS

® Battery-Operated Systems
& Remote Data Acquisition
Battery Monitoring
Handheld Terminal Interface
- Temperature Measurement
Isolated Data Acquisition

L

»

DESCRIPTION

The LTC1286/LTC1298 are micropower, 12-bit, succes-
sive approximation sampling A/D converters. They typi-
cally draw only 250pA of supply current when converting
and automatically power down to a typical supply current
of 1nA whenever they are not performing conversions.
They are packaged in 8-pin SO packages and operate on
5V'to 9V'supplies. These 12-bit, switched-capacitor, suc-
cessive approximation ADCs include sample-and-holds.
The LTC1286 has a single differential analog input. The

. LTC1298 offers a software selectable 2-channel MUX.

On-chipserial ports allow efficient data transfer to a wide
range of micropracessors and microcontroliers overthree
wires. This, coupled with micropowerconsumption, makes
remote loeation possible and-facilitates transmitting data
through isolation barriers.

These cireuits can be used in ratiometric applications or
with an external reference. The high impadance analog
inputs and tiie ability to operate with-reduced spans (to
1.5V 1ull scale) allow direct connection to sensors and
transducers in many applications, eliminating the need for
gain stages.

TYPICAL RPPLICATIC NS

25uW, S0-8 Package, 12-BitADC
Samples at 200Hz and Runs 0% a SV Supply

475F sV

gﬁ*"z

- MPU
L (e.9., 8051)
1 8
VRer Vee P1.4
ANALOG INPUT 2 v 01085 Ok | P13
0V T0 5V RANGE —3{ iy ey L P12
7 i 5 | SERIALDATALINK
GND  CS/SHON
LICi256/8 « TAOT

Supply Current vs Sample Rate

1000 ==
= 1a=25°C
— Voo =VRer =5V
| foux = 200kHz
2 il
= 100 =
=
w
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=2 vV
=}
= 1
a 10
=
@»
LZ
: | J
0.1k 1k 10k 100k

SAMPLE FREQUENCY (Hz)

LTC12868 - TAG2
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LIC1286/LTC1298
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Supply Voltage (Vge) t0 GND oo 12V Power Dissipation ...........coooooo 500mwW
Voltage Operating Temperature Range
Analog-and Reference ... —0.3V to Voo + 0.3V LTC1286C/LTC1298C..........oooooo 0°C to 70°C
B ToTiF2 LM Y Ot =0.3Vto 12V LTC12861/LTC12981 ..o -40°C to 85°C
BigualiOmpt. ot -0.3Vto Vg + 0.3V Storage Temperature Range ............... —65°C to 150°C
Lead Teraperature (Soldering, 10 T SR 300°C
:
PACKAGE/CRDER INFORMATION
r
TOP ViEW ORDER PART e ORDER PART
wve [l 8w NUMBER Veer (7] 7] Voo NUMBER
+IN [2] 7] cLk +IN [2] 7). CLK
-In [3] 6] Dour LIC1286CNS N 6100 LTC1286CS8
GND [4] 5] CS/SHON LTC12861N8 GNO{4 5] CS/SHON LTC1286158
| N8 PACKAGE S8 PACKAGE PART MARKING
‘ 8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC
1 Tumax = 150°C, 4 = 130°C/W Tunax = 150°C, Gy = 175°C/W 1286C
J 12861
| ToP viEw ORDER PART TOP ViEw ORDER PART
Gston 3] |3 Veg (Vagr) NUMBER ES/SHON [T B Ve (Vher) NUMBER
cHo [2] 7] cLx CHo [2 7] oK
St [ s T ke e NS T
GND [4 5] o GND [3 5Dy
N8 PACKAGE $8 PACKAGF PART MARKING
8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 1298C
| Tymax = i50°C, 64 = i30°C/W i TiMay = 150°C, Ba = 175°CW 1298!
Consult factory for military grade parts.
RECOMMENDED OPERATING conpitions
EMBUL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vee Supply Voltage (Note 3) LTC1286 45 9.0 v
LTC1298 45 5.5 v
foik Clock Frequency Vg =5V (Note 4) 200 kHz
tove Total Cycle Time LTC1286, fgx=200kHz 80 s
; LTC1298, fgpx=200kHz 90 ps
thoi Hold Time, Dy After CLKT Veg =5V 150 ns
tsufs Setup Time CS. Before First CLKT (See Operating Sequence) LTC1286, Vgg = 5V 2 us
R LTC1298, Vg = 5V 2 ps
tsup| Setup Time, Dyy Stable Before CLKT Veo =5V 400 ns
twhg CLK High Time Ve =5V 2 s
EWL_“L CLK Low Time Voo =5V 2 us
Mg S High Time Between Data Transfer Cycles Vg =5V 2 ps
twigs CS Low Time During Data Transfer LTC1286, fo k = 200kHz 75 us
| LTC1298, fc = 200kHz 85 ps
—

5
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LTC1286/LTC1298
—CONVERTER AND MULTIPLEXER CHARACTERISTICS (votes)
LTC1286 LTC1298
|PARAMETER CONDITIONS MIN  TYP MAX MIN _TYP MAX | yyys
— i ~Missing-Cudes) ® 12 12 Bits
Integral Linearity Error (Note 6) ® /4 +2 +3/4 +2 LSB
iDiﬁerential Linearity Error ® /4 13/4 /4 +3/4 LSB
Offset Error © 34 £3 34 43 LSB
ain Error ® +2 18 2 +8 LSB
Analog Input Range (Note 7 and 8) © -0.05V to Ve + 0.05V v
ﬁ EF Input Range (LTC1286) 45< Ve <55V 1.5Vto Ve +0.05V Vv
__(Notes 7, 8, and 9) 5.5V < Vgg <9V 1.5V to 5.55V v
Z\nalog Input Leakage Current (Note 10) @ +1 ] £ LA
l
g)IGITﬂL RND DC ELECTRICAL CHARACT ERISTICS  (Nate 5)
SYMBOL | PARAMETER CONDITIONS MIN. TYP  MAX UNITS
Vi High Level Input Voltage Vgo=5.25V o 2 v
%L Low Level Input Voltage Ve =475V ® 0.8 v
[—,H ~ | High Level Input Current Vin=Vec o 25 pA
W | LowLeveltnput Current Vi= 0V o =25 pA
VL“” High Level Output Voltage Vge=4.75V, [y = 10pA ° 40 464 v
| Vie= 475V, lg <3604 e 24\ 462 v
Vo Low Level Output Voltage - Viig = 4.75V, Ip = 1.6mA s 04 v
s Hi-Z Output Leakage €S < High e 3 pA
l_souncg Output Source Current Vour= 0V =25 mA
E;NK OQutput Sink Current Vour=Vee 45 mA
R‘REr Reference Innut Resistance C__S =Vec 5000 MQ
(LTC1286) €S'=GND 55 kQ
IREF Reference Current (LTC1286) €S =Vee ° 0001 | 25 JA
toyc 2640us, fo k< 25kHz ® 90 140 PA
‘ tevc =8OS, fojy = 200kHz ° 90 4 /140 1A
ot Supply Current S = Ve ¢ 0.001/ 3.0 pA
| LTC1286,cyg > 640)ss, Tjjc < 26KHz ° 200 406 1A
‘ LTC1286, toyc =.80ps; fyx = 200KHz ° 250 500 1A
LTC1298, 1oy > 720y, fox < 25kHz ® 290 490 JA
| LTC1298:4oyc =69us, foyx = 200kHz ° 340 640 pA
DYNAMIC ACCURACY ., - 1250 (LTC1286), fsmer, = 11.1kHz (LTC1298) (Note 5)
SYMBOL | PARAMETER CONDITIONS MIN TP MAX UNITS
S/ +D) | Signal-to-Noise Plus Distortion Ratio 1kHz/7kHz Inpui Signal 71/68 dB
TTi[)____ Total Harmonic Distortion (Up to 5th Harmonic) 1kHz/7kHz Input Signal - —84/-80 dB
ﬁR_ Spurious-Free Dynamic Range 1kHz/7kHz Input Signal 90/86 ds
:__ | Peak Harmonic or Spurious Noise 1kHZ/7kHz Input Signal -90/-86 dB

LT IR
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LTC1286/LTC1298

ASY A ole-5)
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX UNITS
tsmpL Analog Input Sample Time See Operating Sequence 5 CLK Cycles
'*fSMPL(MAX) Maximum Sampling Frequency LTC1286 [} 12.5 kHz
LTC1298 [ 111 kHz
tsony Conversion Time See Operating Sequence 12 CLK Cycles
tapo Delay Time, CLK{ to Doyr Data Valid See Test Circuits ) 250 600 ns
tais Delay Time, CST to Doyt Hi-Z See Test Circuits e 135 300 ns
fen Delay Time, CLK{ to Dy Enable See Test Circuits ° 75 200 ns
thoo Time Output Data Remains Valid Atter CLKL Croap = 100pF 230 ns
4 Doyt Fall Time See Test Circuits e 20 75 ns
ir Doyr Rise Time See Test Gircuits ® 20 75 ns
Cin Input Capacitance Analog Inputs, On Channel 20 pF
j Analog Inputs, 0ff Chanpel 5 pF
Digitainput 5 pF

Hote 7: Two-on-chip diodes-are tied to each reference and analog input
which will-conduct for reference or analog input voltages one diode drop
below GND orone diode drop above Ve, This spec allows 50mV forward
bias of either diode for 4.5V < Vgo<5.5V. This means that as long as the
reference or analog input does ot exceed the supply voltage by more than
50mV the output code will-be correct. To achieve an absolute 0V to 5V
input voltage range will therefore require a minimum supply voltage of
4.950V overinitial folerance, temperature variations ang loading. For 5.5V
<Vee <9V, reference and analog input range cannot exceed 5.55V. If
reference and analog input range are.greater than.£.55V, thz output code
will not be quaranteed to be ‘correct

Nate &: The supply voltage range forthe LTC1286is from 4.5V to 9V, but
the supply voltage range for the LTC1298 is only-from 4.5V to 5.5V,

Note 9: Recommended operating conditions .
Note 10: Channel teakage current is measured after the channel selection.

T‘he @ denotes specifications which apply over the full operating
temperature range.
h(nte 1: Absolute maximum ratings are those values beyond which the life
of a device may be impaired.
Note 2: All voltage values are with respect to GND.

ote 3: These devices are specified at 5V. For 3V specified devices, see
LTC1285 and LTC1288.
Niute 4: Increased leakage currents at elevated temperatures cause the S/H

to droop, therefore it is recommended that foik 2 120kHz at'85eC, fork >
7:‘3kHz at 70° and fg ¢ > 1kHz at 25°C.

Note 5: Vg = 5V, Ve = 5V and CLK = 200kHz unless otherwise speciiied.

Note 6: Linearity error is specified between the actual-end points-of the
A/D transfer curve,

TYPICAL PERFORMANCE CHARRCT EﬁISTICS

Supply Cuirent vs Sample Rate

1000 Ty T
E Ta=25°C
— Voo =VRer =5V
oLk = 200kHz /:
s (R
E 100 f ] LI B | //
w —
g ] LTC1298/
;’ LTC1286
§ %
> 10
= T
1
0.1k 1k 10k 100k
SAMPLE RATE {kHz)
LY128698 GO3

Supply Curr_ent vs Temperature
7T I

Tyz25°C
Vo= VRep =5V
[~ fcLk = 200kHz

S

3

g

LTC1298 fgypy =11.1kHz

[
5

SUPPLY CURRENT (A)

L

g

LTC1286 fgppq =12.5kHz

200
—85-35-15 5 25 45 65 85 105 125
TEMFERATURE (°C)

LT1786/58 Go4

SUPPLY CURRENT (pA)

=

Shutdown Supply Current vs Clock
. Rate with'CS High and CS Low

35 " 4V S S Bt R
Tas25°C B = o
SO Vg = VRer = SV e
25
2
20 v
15
10 ] CS=0 PR
" | (AFTER convERSION)
5 //
1
:L, A
002 CS=Vge T
. B

1 20 40 60 80 100 120 140 160 180 200
FREQUENCY (kHz)

L11B688 GOY
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LTC1286/LTC1298

Reference Current vs

Change in Qffsetys

JIo4900)
Sample-Rate(LTC1286)

i Ta =25
90 veg = 5v 7
— 80 VRer=5V
% e foLk = 200kHz //
£ & Z
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3 50 //
w
S 40 4
w
& 30
&
20 +
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0 2 4 & 8 19 12 14
FREQUENCY (kHz)

L11286%2 Qo€

Change in Offset vs Temperature

0

0.5 X,
o
[}
gl
&
&S 15
=
&
'é -2
& Vog = Vger = 5V

2.5 | 11k = 200kHz

fsmpL = fsmpe (max)
T v ERGI | 1
55 -85 15 5 25 45 |\ 65705

TEMPERATURE (°C)

| 17178608 Gog

Peak-to-Peak ADC Nuise vs
Reference Voltage

2
Ta=25°%

Vee =5V
foLk = 200kHz
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D
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N
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Referense Current vs Temperature

T T T
Vee = VRer= 5V

fompe = 12.5kHz
| fouk = 200kHz
Ta= 25

L

25145/ 65/ 85.105 125
TEMPERATURE (<C)

LT128688 GO7

Change n Linearity vs
Reference Voltage

T T
Ta'=25°C

Vgo'= 5V B

L
2

GE IN LINEARITY-(LSB)
&
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1 6

(LBS)

sh hinh o o
E 28Nk

DIFFERENTIAL NONLINEARITY ERROR

~-1.0

foLk = 200kHz © |
fompL = 12.5kHz

-

2287 3 35 W
REFERENCE VOLTAGE (V)

45 9

11120698 610,

Differential Noslinearity vs Code

1/4096 Vper)

CHANGE IN OFFSET (LSB

CHANGE IN GAIN-(LSB)

EFFECTIVE NUMBER OF BITS (ENOBs)

Reference Voltage

T T
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Voo =5V
Tk =200kH ]
fsmpL = 12.5kHz

&

N
]

15 \\
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~
\
0
W52 25 3 35 4 45 5
REFERENCE VOLTAGE (V)
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Change In Gain vs
Reference Voltage
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-8 Vg = 5V y
-8 fowk = 200kHz
fsupL = 12.5kHz
-7 L
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vl \
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\
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17128656611

Effective Bits and S/(N + D)
vsinput Frequency

12 74
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~
9 S s6
8 50
7 44
6 38
5
4
3 Ta=25C
2 L Vee =5V
foLk = 200kHz
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0  ENR I
1 10 100 1000
INPUT FREQUENCY (kHz)
LTC 128598 G20
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LTC1286/LTC1298

_SPURIOUS FREE DYNAMIC RANGE {6B)

MAGHITUDE (dB)

CLOCK FREQUENCY (kHz)

Spurious Free Dynamic Range Altenuation vs
—vsFrequency S/(N+D) vs Input Level Input Frequency
100 0
80 T
%0 i [m- =) ) Ta=25°C 10 L
I~ = 70 |-Veo=Vper=5V N
80 3 H: 3 fin = 1kHz // 20 A
45 \ X Dg- 60 |-fsmpr = 12.5kHz / 30
= 2
i N 2 50 ] =
60 N =) z 40
50 N £ = 50
= 40 <
40 i i 2
8 . g 60
30 {— - 2 < 70
20 [Ty =25°C —L—--- [
VA = v & é’ 80 Tp=25C
| _Vcc = VRer= Ve = Vrer = S5V
10— fopL = 12.5KHz g W 90 | R ez
oLty g @ & 100 NIRRT
1k 10k 100k ™ Ye0 _20 920 0 0 1 10k . 100k ™ 10M
INPUT FREQUENCY (iiz) INPUT LEVEL | (48) INPUT FREQUENCY (Hz)
L7T 1286/98 G27 T LTC 1286/98 G26
Power Supply Feedthrough
4096 Pgint FFT Plot Intermodulation Distortion vs-Ripple Frequency
| o g T T LV o o e e e
| Ta=25°C Ta=25°C Ta=25°C
3_20 | Vce = VRer =5V | o0 | Veo = VRer=5V. Vg = 5V (VRipp e = 20mV)
| fin = 5kHz 11 =5kHz |-VRep = 5V
3 fouk = 200kHz fo = 6kHz folk = 200kHz
-{-40 ™ Tsmpt = 12.5kHz _.—40 Fsmpt =12.5kHz @
| £ =
60 b oy 5
w r=du 2-50
80 ! % 80 { £
| . T, T ) 5
| ’ ! - "
-100 -100 = 'a H
i AR | | : i i L
=120 i o ? ki —
140 ool =8 -100
0 1 2 3 4 54% 7L N I\ 2503 4=y (a2 ; 1 10 100 1000 10000
FREQUENCY (kHz) FREQUENCY (kHz) RIPPLE FREQUENCY (kHz)
| LTC 128548 G21 LTC 1286/98 G4 LT 128688 G2
|
| Maximum Clock Frequency vs Sample and Held Aquisition kaximum Clock Frequency vs
Source Resistance Time vs Source Resistance Supply Voltage
200 10000 —~r—+—— 300 T
—Lh__J: Ta =25 Ta=25°C
50 I | Voc = VRer= 5V Voo = VRep=5V
2 7 / .29
| o "
200 = /| =
| { = / S 280
1$0 Vee—] wnput E 1000 “gJ | T ]
[ 3 | o
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100 = < e o . 3 S
RSouRcy z et yyall e g
= . 260
50 —NPUT |
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Ve = VRep = 5V 100 (e L T
0 250
01 1 10 0.1 1 10 100 1000 10000 5 6 7 P 9
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LT1286/98 G 12 i Ol LT1286/8 G13

LT e



U-71

i
LTC1286/LTC1298
Minimum Clock Frequency Digital Input Logic Threshold Input Channel [ eakage Curpent
> —rEobtmorvsTemperatare — vs Supply Voltage vs Temperature
200 T T 3 T 1000
Vec = VRep =5V S Ta=25°C Vé; = SIV r_\r_
& VRer = SV
) = 100
g 150 § g L
g % B 2 10 // /
3 100 @2 = ON CHANNEV 4
,?C: E / w 1 /
5 o S
. g ] g /O cranneL
/ 2 o1 7/
a A
0 1 0.01 <
-55 -35 -15 5 25 45 65 85 3 4 5 6 v 8 ] =60—40-20 0 20 40 60 80 100 120 140
TEMPERATURE (°C) SUPPLY\VOLTAGE (V) i TEMPERATURE (°C)
LiZsegs- 518 Q12725698 Gid UEEGIS
LTC1286 LTC1298

Vaer (Pin 1): Reference Input. The reference input defings
the span of the A/D converter:

IN* (Pin 2): Positive Analog tnput,
iN~ (Pin 3): Negaﬁve Analog Input.

GND (Pin 4): Analog Ground. GND should be tied directly
{0 an analog ground plane.

S/SHON (Pin 5): Chip Select Input: A logic Tow of this

[w]l

disables and powers down the'LTC1286.

DAOUT (Pin 6): Digital Data Output. The A/D-conversion
result is shifted out of this output.

CLK (Pin 7): Shift Clock. This clock synchronizesthe serid
data transfer and determines conversion speed.

Vee (Pin 8): Power Supply Voltage. This pin provides
power to the A/D converter. It must be kept free of noise
and ripple by bypassing directly to the analog ground
plane.

CS/SHDN (Pin 1): Chip-Select Input. A logic iow on this
input enables the LTC1298: A logi¢ high on this input
disables and powers dowr the LTC1298.

CHO(Pin 2): Analog nput.
EHT (Pin 3): Analoy liput:

GND (Pin4):Analog Ground: GND'should be tied directly
to an'analog ground plane.

input enables the LTC1286. A logic high on this'input- Dy (Pin 5): Digital-Data Input. The r_ndl‘ﬁ’ﬁléxeraddress is

shifted-into this input.

Dour-(Pin 6): Digital-Data Qutput. The A/D conversion
result is shifted-gut ot this‘output.

CLK (Pin 7): Shift"Clock. This clock synchronizes the
serial-data transfer and determines conversion speed.

Voo/VRer (Pin 8): Power Supply and Reference Voltage.
This pin provides power and defines the span of the A/D
converter. It must be kept free of noise and ripple by
bypassing directly to the analog ground plane.

AT
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LTC1286/LTC1298

CS/SHDN
Voo (VN‘/VnEf) Dix ClLK
e g S i
I I 1
i BIAS AND |
! SHUTDOWN CIRCUIT SERIALFORT  f—v—Ogyr

1

IN* (CHO)—L—0 CoampLE !_O/c l
1
: I-_A Z
1

I (CH1) =0 SAR

+ MICROPOWER
COMPARATOR

CAPACITIVE DAC

i
1
I
|
t
1
]
1
]
I
I
I
i
1
1
!
1
i
]
i
1
i
i
i
1
1

____________ r______._______._.__ —_— e S erevere | o
GND VRer PIN NAMES IN-PARENTHESES
REFER.TO THE LTC1298
Load Circuit for kg, 1, and Voitage Waveforms for Doyt Rise and Fall Times, t,. &

1.4v

% Vox
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LTC1286/LTC1298
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NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH
THAT THE QUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL.
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Voltage Wavefarms for teq

LTC1298
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APPLICATION INFORMATION

OVERVIEW

The LTG1286 and LTC1298 are migropower, 12-bit, stic-
cessive approximation sampling A/D ‘eonvertérs. The
LTG1286 typically draws 250pA of supply.curient when
sampling at 12.5kHz while the LTC1298 nominally con-
sumes 350pA of supply current when sampling “at
11.1 kHz. The extra 100uA of supply current on the
LTC1298 comes from the reference input which is inten-
tionally tied to the supply. Supply current dropslinearly as
the sample rate is reduced (see Supply Currentvs Sample
Rate). The ADCs automatically power down when not
performing conversions, drawing only leakage current.
They are packaged in 8-pin SO and DIP packages. The
LTC1286 operates on a single supply from 4.5V to 9V,

whilethe LTC1298 operates froma 4.5V to 5.5V supply.

Both-the LTC1286.and theL.TC1298 contain a 12-bit,
switched-capacitor ADC,.a sample-and-hold, and a
serialport (see BlocCk-Diagram). Although they share
the same-basic-design, the LTC1286 and LTC1298
differin'some respects. The LTC1286 has a differential
input and has an external reference input pin. It can
measure signals floating on a DC common-mode volt-
age and can operate with reduced spans to 1V. Reduc-
ing the spans allows it to achieve 244pV resolution. The
LTG1298 has a two-channel input multiplexer and can
convert either channel with respect to ground or the
difference between the two. The reference input is tied
to the supply pin.

LT UIER
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LTC1286/LTC1298

SERIAL INTERFACE

di SRABEETOG -micropro-
cessors and other external circuitry via a synchronous,
half duplex, 4-wire serial interface. The single channel
LTC1286 usesa 3-wire interface (see Operating Sequence
in Figures 1 and 2).

Data Transfer

The CLK synchronizes the data transfer with each bit being
transmitted on the falling CLK edge and captured on the
rising CLK edgein both transmitting and receiving systems:

The LTC1286 does not require a configuration input word
and has no Dyy pin. A falling CS initiates data transfer as
shown in the LTC1286 operating sequence--After CS fafls
the second CLK pulse enables Doyr. Afteronenull bitthe

A/D conversion result is output on the Douyr line. Bringing
hebreeptett et TC 1286 Torth

The LTC1298 first receives in put data and then transmits
back the A/D conversion result (half duplex). Because of
the half duplex operation, Din and Dgyr may be tied

together allowing transmission over just 3wires: CS, CLK
and DATA (Din/Doyr).

Datat@nsferisiuitiated_byafauinq chipselect (CS)signal.
After CS falls the LTC1298 looks for a start bit. After the

Start bitis received, the 3-bit input word is shifted into the

O input whicheeonfigures the 1TC1298 and starts the
conversion: After one null bit, the result of thé conversion
isoutputon the Dgyr line. Atthe end of the data exchange
CS stioutd tie brought high. This.resets the LTC1298 in
preparation for the next data exchange.

tove

c—s—,h
e

-

i,

Ll g
«Z MU UL

HI-Z  NUW

(MSB)
ooy =

] | POWER

| DCwWn

WL TH AR
L Hi-z . NULL
Oour ‘exrlsnlawlaglaa !37 B6 | B5 | B4 | 'B3 | B2 B i 80" B:TIBH]BWIBQIBB
‘ el ! ] |

{ fpara

“AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW,
THE ADC WILL OUTPUT LSB-FIRST DATA THEN FOLLOWED WITH ZERQS INDEFINITELY.

" I—“ tove
i

|

-+ s

NULL
HI-Z  BIT

Biils10| B9 | B8 | B7 | BS

tcony

}g

[SLK

K

H I l l | HI-Z
BSMB3B281BO‘B1B28384858687B889810811

POWER DOWN

|

tpaTa '

*AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW,

THE ADC WILL QUTPUT ZEROS INDEFINITELY.

toaTA: DURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POWER DOWN AND THE REFERENCE INPUT

BECOMES A HIGH IMPEDANCE NODE, LEAVING THE CLK RUNNING TO CLOCK UUT LSB-FIRST DATA OR ZEROQES.

10128658 (01

Figure 1. LTC1286 Operating Sequence
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LTC1286/LTC1298

APPLICATION INFORMATION

aao |
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TNULLBIT  SHIFT A/D CONVERSION

RESULT OUT

SHIFT MUX |
ADDRESS IN

LTC1096/%8 - A

MSB-First Data (MSBF = 0)

I' 2 =
]| j=—1suCs "]I

< POWER DOWN

0bD/
START SIGN

w4 || 7 77 7 0NN 0 w227

SGU MSBF

DIFF NUL
|

L
Hi-Z HI-Z
Bl B11 81(," 89] B8 l B7 I BA ! 85 l B4| B3| B2 | B1 ' BG -B1| B2|'B3 | B4 B5 | B6 | 87 {88 | B9 |Bi0 B1 1‘l

Doyt

tsmpL | (msB)
1 tcony

tpaATA

MSE-First Data (MSBF - 1)

tove ﬁ

&S g=d
=

A POWER
s }'_"

DD,
START  SIGN

w2l I e 77777727772 | o |
f SGL/ | MSBF
| DIFF
a NULL
| : [uso) &
SMPL |

tcony

1paTA

| “AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS Low,
‘ THE ADC WILL OUTPUT ZEROS INDEFINITELY.

tpATA: DURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POWER DOWN AND THE REFERENCE INPUT
| BECOMES A HIGH IMPEDANCE NODE, LEAVING THE CLK RUNNING TO CLOCK OUT LSB-FIRST DATA OR ZEROQES.

170128698 - HI2

Figure 2. LTC1298 Operating Sequence Example: Differential Inputs (CH*, CH")
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Input Data Word

Aaas a ot OO T—WOT
configured to have a single differenti

1S permanently

sion result appears on the Doy line. The data format is
MSB first followed by the LSB sequence. This provides
easy interface to MSB or LSB first serial ports. For MSB
first data the CS signal can be taken high after BO (see
Figure 1). The LTC1298 clocks data into the Dy input.on.
the rising edge of the clock. The input” data words are

defined as follows:

MUX  MSB FIRST/
ADORESS LSB FIRST

Start Bit V4
The first “logical one” clocked info the-Dyyinput after.CS
goes low is the start bit. The'start bit initiates the-data
transfer. The LTC1298 will ignore all leading zeros which
precede this logical one. After the start bit isteceived, the
remaining bits of the input word will be clocked ia. Further

inputs on the Dyy pin are ten ignored. untit the next CS
cycle.

Multiplexer (MUX) Address

The bits of the input word fallowing the START hit assign
the MUX configuration for the reauested conversion. Sor
agiven channe! selection, the converter will measure the
voltage between the twe ghannels indicated by the + and
~ signs in the selected row of the following tables: n
single-ended mode, all inputeftannels are measured with
respect to GND.

LTC1298 Channel Selection

MUX ADDRESS CHANNEL ¢
SGUOIFF 0D0/SIGN | @ 1}.GND
SINGLE-ENDED 1 0 + =
MUX MODE 1 1 4 2
DIFFERENTIAL 0 0 + .=
MUX MODE 0 1 N .

11010960 -4

MSB First/LSB First (MSBF)

The output data of the LTC1298 is programmed for
MSB first or LSB first sequence using the MSBF bit.
When the MSBF bitis g logical one, data will appearon
the Doyr line in MSB first format. Logical zeros will be
filled in indefinitely following the last data bit. When the

a input. The conver-  Stquence)

MSBF bit is

logical zero, LSB first data will follow the

Transfer Curve

The LTC1286/LTC1298 are permanently configured for
unipolar only. The input Span and code assignment for
this conversion type are shown in the following figures.

Transfer Curve

0008000000014

8812-4p o e
[ L [ CEEL TN R

Vin
000000000000 ! ! A, —
o = =
~ 2 VREE 2
@ el g b
1058= 0k
UTDV2%RE - 20
Gutput Code
INPUT VGiTAGE
OUTPUT CODE INPUT VOLTAGE|  {Vggr = 5.6CaV)
TP 111008 (11 [ e — 1088 4.99878v
(SRESKARERELEY RV 43975V
0000000000000 1 1LS8 000122V
0000000000060 ov Y

LICIZeAS - A

Operatispwith Dyy and Byt Tied Together

The=ETC1298 can be“operated with Dy and Dgyr tied
together. This, eliminates-one of the lines required to
cammunicate to the microprocessor (MPU). Datais trans-
mitted.in-both directions on a single wire. The processor
pin-connected to this data line should be configurable as
eitheran input oran output. The LTC1298 will take control
of the data line and drive it low on the 4th falling CLK edge

_ after the start bit is received (see Figure 3). Therefore the

processor port line must be switched to an input before
this happens to avoid a conflict.

[n the Typical Applications section, there is anexample of
interfacing the LTC1298 with Dinand Dgyriiedtogether to
the Intel 8051 MPU.

2

e-(see Operating
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I'e
LTCI1286/LTC1298
APPLICATION INFORMATION — =
i MSBF BIT LATCHED
cs BY LTC1288
1
=
1 2 3 4
CLK m[ I 4 4 4 *
DATA (Dw’Om;rw 000/SIGN MSBF / B11 810 l ¢ o o
04 o
MPU CONTROLS DATA LINE AND SENDS o LTC1298 CONTROLS DATA LINE AND SENDS
MUX ADDRESS TO LTC1298 Lo A/D RESULT BACK TO #MPU
PROCESSOR MUST RELEASE 1 !~ LTC1298 TAKES CONTROL OF DATA LINE

DATALINE AFTER 4TH RISING CLK
AND BEFORE THE 4TH FALLING CLK

CN 4TH FALLING CLK
IS 285 453

Figure 3. LTC1298Gperation with O and Doy Tied Together

ACHIEVING MICROPOWER PERFORMANCE

With typical operating currents of 2504 and automatic
shutdown between conversions, the-T€1286/LTC1298
~achieves extremely low power consumption over-a wide
range of sample rates (see Figure4). The auto-shutdown

allows the supply curve to drop withreduced samplerate.

Several things must be taken into accountto achieve such
a low power consumption,

1600

E v .25C | ,

— Vec = VRer =8V
i !CLK =200kHz 4
= = 7
= 100 |— -
= b
£ [ (0c1298 AL
% 1
= [7 LTC1286
5:- y4 //
a 10 Z

V
1
0.1k 1k 10k 100k

SAMPLE RATE (kHz)

C11man Gay

|
i
g :
j-lgure 4. Automatic Power Shutdown Between Conversions
‘illows Power Consumption to Drop with Sample Rate.
|

Sh!utdown

The LTC1286/LTC1298 are equipped with automatic shut-
down features. They draw power when the CS pin is low
and shut down completely when that pinis high. The bias
Circuit and comparator pawers down and the reference

input becomes high impedance atthe end of each conver-
sion feaving the CLK nunningto clock Out the LSB first data
orzeroes(see Higures 1.and 2). If the GSis not running rail-
to-rail, the input logic buffer will draw current. This current
may be large compared to the typical supply current. To
obtain the lowest supply current, bring the CS pin to
ground whenitislowanato supply voltage whenitis high.

Wheu the CS pin is tigh (= supply voltage), ine converter
isinsnutdown' made and ¢raws only-leakage current. The
status of the Dy aad CLK input have ne efiect on supply
current Guring this fime-ihere is no need to stop Dy and
CLK-with €S = high: they can continue to run without
drawing current.

Minimize CS Law Time

In“systems that have significant time between conver-
sions, lowest pawer drainWill occur with the minimumCS
low time: Bringing GS Tow, transferring data as quickly as
possible,.and-thenbringing it back high will result in the
lowest-eurrent drain. This minimizes the amount of time
the device draws power. After a conversion the ADC
automatically shuts down even if CS is held low (see
Figures 1 and 2). If the clock is left running to clock out
LSB-data or zero, the logic will draw a small current.
Figure 5 shows that the typical supply current with CS =
ground varies from 1pA at 1kHz to 35uA at 200kHz. When
CS = Vg, the logic is gated off and no supply current is

LT A
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Clock Frequency

Y-78

35 —r——
Ta=25°C
30 | Vg = Vpep =5V /,/
— =75
=
= Pa!
X e
o
= 15
g C5-=0
> 10 4 = 4o
g /7 (AFTER CONVERSION)
= %
w
1
~ 1
0.002 CS=Vee
5 1

1 20 40 60 80 100 120 140 16C 180 200
FREQUENCY (kHz)

Uresss @

Figure 5. Shutdown current with TS high is{n& typically,
regardless of the clack. Shutdawn currentwith €S = greund
varies from 1pA at 1kHz to 35pA at 200kHz.

Doyt Loading

Capacitive loading on the digital output canincrease power
consumption. A 100pF capacitor onthe Doyr pincan-add
more than 50yA to the supply current-at a 200kHz clock
frequency. An extra 50pA or so of current goes into
charging and discharging the load capacitor. The-same
goesfor digital lines driven atahigh frequency by anylogic.
Tthe G x V x f currents must be evaluated-and the trouble-
some ones minimized. :

PERATING ON OTHER THAN'SV SUPPLIES (LTC1286)

The LTC1286 operates from14 5V to 9V supplies and the
1.1C1298 aperates froma 5V supply-Tooperatethe L TC1286
on otiter than 5V supplies a few things must be keptin
mind.

I}input Lagic Levels

i:rhe input logic levels of CS, CLK and Dy are made.to meet
TTL on a 5V supply. When the supply voltage varies, the
input logic levels also change. For the LTC1286 to sample
and convert carrectly, the digital inputs have to be in the

proper logical low and high levels relative to the operating -

supply voltage (see typical curve of Digital Input Logic
Threshold vs Supply Voltage). If achieving micropower
consumptionis desirable, the digital inputs must go rail-to-
rail between supply voltage and ground (see ACHIEVING
MICROPOWER PERFORMANCE section).

the-maximumrecommended clock rrequency 1s200kHz

for the LTC1286/LTC1298 running off a.5V supply. With
the supply voltage changing, the maximum clock fre-
quency for the devices also changes (see the typical curve
of Maximum Clock Rate vs Supply Voltage). If the maxi-
mum clock frequency is used, care must be taken to
ensure that the device converts correctly.

Mixed Supplies

itis-passible te.-have a microprocessor running off a 5V
supply and communieate with the LTC1286 operating on
a 9V/supply. The requicement to achieve this is that the
outputsofCSand CLK fromthe MPU have to be able totrip
the equivalent inputs of the LT61286 and the output of
Ogyr from- the_LTC1286 must,be able to toggle the
equivalent input-of the MPU-(see typical curve of Digital
laput Logic. Threshaldvs._Supply Voltage). With the
LTC1286 operating ona 3V supplv.theoutputof Dgyrmay
go between OV and 9V. The 9V output may damage the
MPU runaing off a 5V supply. The way ta get around this
possibility is to have a resistor divider on Dy (Figure 6)
and connect the center peint'tothe MPYU input. It should
be noted that to get full shutdown,-the €S input of the
LTC1286 must be driventothe Vg voltage to keep the CS
input butfer from drawing current. An‘alternative is io
leave CS low after-a conversion, clock data until Dout
outputs zeros, and then stop the'clack low.

v 4.7pF
= T
(e.g. 8051)
SV.= Vpef Vee = -y P14
DIFFERENTIAL INPUTS —] +IN CLK o <+ P1.3-
COMMON-MOOE RANGE
=l (58 = 1
wiosy —| ™ Oour i P12 ‘

_[- GND (%S 50k __L

= LTC1286 =

LTC129658 - FO6.

Figure 6. laterfacing a 9V Powered LTC1286 ta a 5V System
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