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Abstract

This project proposes utilization of signal from camera system, sensor temperature, computer
and compass system to apply for surveying area to navigation system of robot separated in three
parts .First is systemn image processing, video signals are used in motion detection process. Second
otir robot can check temperature where it’s in there, and can know its position by create into map that
use in the surveying route system. Third our robot can shun any roadblocks and barricade by human

contro! from computer-monitor.
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2.3 Hugwmsdszutanan

M3UsTUIAHAMNATADD(Image Processing) iHunszuIumsithdoyammataoadn
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f(x,y) g(x.y)
K 5
E
[
Input image Output Image

2. ATSMINSMNIZUTOU (Local Operation) d1w5umInszdinisuuuilainnuduie

=y 1 o 5 o 1 1 -y 1 i L) ol
ﬁlﬂﬂﬂﬂl%ﬁtlﬂﬁﬁﬁﬂlluﬂ'lﬂﬂﬂ awﬁ'ﬁswﬂm1m1mﬁ7nummﬂanquwnwaﬁagmnmlﬁmnu

(Neighborhood Pixel) Tunmviindin dagildi 2 dnwaizmisnszhinisnimilszinniiduamsmaey
(Edge Detection) N3 030 adnyay e Tainiszeena (Spatial Filtering) iUy

&1 fixy) 12 gix,y) immidhazMwHadRERINERY MasaRnian gixy) il

€

A
=N,

glx,y) = tlneighborhood of f(x,y,)]

f(x.y) a(x.y)

= i |

Input image OCutput Image

L4 »
3. MINTLWININIKUA (Global Operation) MIinsziimituut manuduuansluuday

=y Y4

J o ' = o o L4
NWALDUDINTAHAANTS (Output Image) ‘i!%‘,‘lluﬂ‘lJﬂTﬂ'ﬂl.ll{I‘mtﬁQﬂﬂﬂﬂﬂl“‘h’ﬁ‘l] ana lunwtivd A

] » »
51# 3 davuzmsnseiiman sz ldia msmsalaafa (Thresholding) MR Fa Insun

U

4 (Histrogram) 11U



15

§1 flny) 182 glx,y) tHummiud iz nmradniaudIdy MesaRnisa gixy) sziinineil
fx.y) g{xy)
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input image QOutput Image
g(x,y)

= r[f(xi’yi) Jor all i]

23.2 ﬁvugmn11u&’uﬁ’uﬁ:zw.inﬁnwa(nasic Relationships between Pixels)
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2.3.2.1 WnwralnAiAug (Pixels Neighbors)

Tumsdsznosammiiaoatiy fnsnsedmanonouildngquusaines
IndAsemudumdn uonont mudou (Connectivity) sgwannrassi1lAmnizluduana
Anafeglodifuturiniy  Sufunsidilediisnueinaalndifsaensedmus iy
wonivgiq 2 wun Ao Anwalndfoiuny 4 FeRnanlssasedesdmaiiugmannuns
Anralndifsann 8 FafnanilseFaedvauogiiigfmausesa sl 3

Sfvualdnnea p ﬁﬁ'umﬁm;.iﬁ (x.y) N,(p) ag Ny(p) szitfunmsilseTan naan 4
uag 8 MUHAY uag N (p) xﬂuﬁmﬂnﬂﬁiag"luﬁnmﬁq (+1,y+H1),(x+1,y-1),(x-1,y+1) 1BE (x-1,y-1)

Twvasiiaunsnuna N,p) sxdsznonlide p uaz Wamanfumus
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(x+1,y), (-1,y),(x,y+1) uaz (y-1) g AUITNVD N,(p) wz1lsznoudie p, N,(p)

LAz N, (p)

g(x,y)

Nag(p) »[ ] +p
i pey) No(p) = [ ]
Ne(p) = [ |+[ ]+ p

Output Image

23.3 dygasuniulujilaiw@inen (Noise in Digital Image)
sUmwATaeaf laluaesadneziqunimanauilesnnidygusuniu Noise)
Juogdrmans mssiavsdanvuzvesdygrusuniudmiuaumisdiumadssuiananin
AvnoalatnvzegluglveaflsnFun1snsea1e (Distribution Functions) wedaden dalun
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'{$8TAMP BS2sx}
' {$PBASIC 2.5}
hbearing VAR WORD

main:
PULSIN 4, 1, bearing ' Get reading
bearing = (bearing-1250) /125 ' BS28x - Calculate Bearing
' in degrees
DEBUG "Compass Bearing ", DEC3 bearing ,CR

' Display Compass Bearing
GOTO main
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'{$STAMP ES2sx}
' {$PBASIC 2.5}

SDha CON 6 ' I2C serial data line

5CL CON 7 ' I2C gerial clock line

WrCMPS03 CON 5C0 ' write to compass

RACMPS03 CON sC1 ' read from compass

Ack CON 0 ' acknowledge bit

Nak CON 1 ' no ack bit

i2cSDA VAR NIB ' I2C serial data pin

i2chata VAR WORD ' data to/from device

REGISTER VAR BYTE ' register address

i2cHWork VAR BYTE ' work byte for TX routine

iz2chAck VAR BIT ' Ack bit from device

temp VAR WORD ' for r3 printing

digits VAR NIB

width VAR NIB

Init:
PAUSE 250
i2cSDA = SDA ' define SDE pin
REGISTER = 0 ' compase revision number
GOSUB Read Byte
DEBUG 2,1,1, "Revision Number = " ,DEC2 iZcData

Main:
REGISTER = 1 ' Show Data 0-255 for 0-360 degree
GOSUB Read_Byte ' Read Byte From I2C
DEBUG 2,1,3, "The Coarse Data(0-255) = " ,DEC i2cData
REGISTER = 2 ' get Data in degrees, 0.0 - 353.3 Degree
GOSUB Read Word
DEBUG 2,1,5, "Position = ",DEC i2cData/10,".",DEC1l i2cData," Degree"
PAUSE 250
GOTO Main

' Compass Access Subroutines
' Writes low byte of i2cData to REGISTER
Write_Byte:
GOSUB I2C Start
i2cWork = WrCMPSD2
GOSUB I2C TX_ Byte ' send device address
i2cWork = REGISTER
GOSUBR I2C _TX Byte ' send register number
i2cWork = i2cData.LOWBYTE
GOSUB I2C TX Byte ' send the data
GOSUB I2C_Stop
RETURN

' Writes i2cData to REGISTER

Write Word:
GOSUB I2C Start
i2eWork = WrCMPSO03
GOSUB I2C_TX Byte ' send device address
i2cWork = REGISTER
GOSUB I2C _TX Byte ' send register number
i2cWork = i2cData.HIGHBYTE
GOSUB I2C_TX_ Byte ' send the data - high byte
i2cWork = iZcData.LOWBYTE
GOSUB I2C_TX Byte ' send the data - low byte
GOSUB I2C_Stop
RETURN

lusunsuf 2 [usunsudrwsenlama CMPSO3 tusZUULH 1°C 981 I-Stamp (Fisi0)
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' Read 12cbhata (8 bits) from REGISTER

Read_Byte: GOSUB I2C_Start
i2cWork = WrCMPSO03
GOSUB I2C_TX_Byte ' gend compass address
i2cWork = REGISTER
GOSUB I2C_TX Byte
GOSUB I2C Start
i2cWork = RACMPSO03
GOSUB I2C_TX_ Byte ' send read command
GOSUB I2C RX Byte Nak
GOSUB I2C_Stop
i2cData = i2cWork ' return the data
RETURN

gend register number
repeat start (sets register)

' Read i12cbata (16 blts) from REGISTER
Read Word: GOSUB I2C_Start
i2cWork = WrCMPS03

GOSUB I2C_TX_Byte ' send compass address
iZ2cWork = REGISTER

GOSUB I2C TX_ Byte ' send register number

GOSUB I2C Start ' repeat start {sets register)
i2cWork = RACMPSO03

GOSUB I2C_TX_Byte ' send read command

GOSUB I2¢C RX Byte

i2cData.HIGHBYTE = i2cWork ' read high byte of data

GOSUB I2C RX_Byte Nak
GOSUE I2C Stop

iZcData .LOWBYTE = iZcWork ' read low byte of data
RETURN
' Low Level I2C Subroutines
'Start
I2C _start: INPUT i2cSDA ' I2C start bit segquence
INPUT SCL
LOW i2cSDA ' SDA -» low while 5CL high
Cilock Hold:
IF (INS.LOWBIT(SCL) = 0) THEN Clock Hold ' device ready?
RETURN
'Transmit
I2C_TX Byte:
SHIFTOUT i2c¢SDA,SCL,MSBFIRST, [i2cWork\8] ' send byte to device
SHIFTIN i2cSDA,SCL,MEBPRE, [i2cAck\1] ' get acknowledge bit
RETURN
'Recelve
I2C_RX Byte Nak: i2cAck = Nak ' no Ack = high
GOTO I2C_RX
I2C_RX Byte: i2cAck = Ack ''Ack = low
I2C RX:
SHIFTIN i2¢5DA,SCL,MSBPRE, [i2cWork\8] ' get byte from device
SHIFTOUT 1i2cSDA,SCL,LSBFIRST, [i2cAck\1] ' send ack or nak
RETURN
'Stop
I2C Stop: LOW i2cSDA ' I2C stop bit segquence
INPUT SCL
INPUT i2cSDA ' SDA --» high while SCL high
RETURN

lsunsud 2 TWsunsuduA1nInlugs CMPSO3 druseuud I°C ¥o9 I-Stamp (fisi)
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RDL401A Series

Machirs type F Function
AUTO SWTTCH‘ DASPLAY
y X, JRX o @ O
\.\Q ” ______ ]
S T g
~. [ RS232 ey
RDLAOIA sswe
v

2 S g) =~ =~ b
.‘-\\-\ ] - ‘,..»‘J/ -.A:hb_—,.-r’
‘__‘_,/
RELADTA WAS-1297 CNS-OTTODO06
B Optional
DCBVIM20VAC

DISK5146 DCOVIZIVAC



Application

To raplace tha RS-232 cable between Computer and Computar ( Terminegt § .
Ramole control

Remote monitering

Data acquisiton

Computer aided integrated manufachuring

Point-of-sale system

Dala transmissson of movable station

POINT TO POINT COMMUNICATION

CNb-




Configuration

ANTENNA

RESET PWR TXO DCO
SWITCH

CHANNEL Ssdect Switch ;

Switch 1 : ON: 433.92MHz
OFF : 424.33MHz
Switch 2 | ON : 4800 BPS Disable
OFF : 4800 BFE Enable

-~ ion Switch 3 : ON : B800 BPS Enable
L OFF ; 19200 BPS Enabla
v B Switch 4 ;| Resarved

RS5-232 Port -- To be connected with the Computer { Tarminal ) .

REST Switch — Press this REST gwilch 1o reset radio Charmel 1o the new setting .
Before presaing this switch . the radio Channel will not changs
although the CHANNEL Selost Switch has boen ohanged, { The
CHANNEL Saloct Swiltch is iocated an the bottom of the RDLADTIA unit )

Power Jack -- For DC 8%V power input .
PWR Power indicator — Tum on when the power is applied .

TXD tndicator — Green LED ums on whan the data is sent from the connecled Computer
{ Terminal § o ROLAJ1A unit.

DCO Indicator - Geaen LED turng on when it detects 3 radio Tansmission from the air
{ Data Camier Datect ).

CHAMMEL Salact Swilch — DIF switch locatad on the bottom of the RDLADA unit [s for
changing radio channal 433.920MHz or 434, 33MHz. Aftar you
make Channet change , you must press RESET swilch or
pawes off and then reboot power . Then the ROL4A01A  will be
mset 1o the new radia Channel .



Installation

1. install the RS-232 cabla between tha RDL401A and Computer o Teminal .
{ The pin connection is as PIN ASSIGNMENT )

2. Setupy one pair of ROLADT , ona for Master Comparter (ferminal) and the ather for
Remote Computer { terminal ) . Set both RDLAO1A units 8¢ the same channeal .

3. Connact the DC power supply to the DC Power Jack on RDL401A unit, the PWR LED
will fum on. .

4, The DCO LED must light green constantly for the recelving unit when detacting a radio
transmiasion from the other unit . If not selnsiall them to have a constant green DCD
light for the recenving unki .

Please note that your must not have both units bacome irensmitting at the same tme
because RDL401A is for hatf-duplex communication ondy . Al one time you must have
ong unit becoms transmitting and iha othar unit become receiving .

Note :

To get connaction with RDLAGA , you must set Computer (terminal) as the following
perameters under {he operation sofiware you are using :

Sandard:  Stendard RS-232
BaudRale:  480(/9600/19200 bps

Party : Nong
DalaBis: 8
Stop BIT : 1

Flow control :  None



PIN ASSIGNMENT

t

i 9 Pin D Female Connect

Pin Number Signal
X
TXD [ Out )
RXD {In}
X
Ground
x
x
RYS ( Out)
x

WIWEN{ ] Bl DM -

[ ] CNS-OTTO008 Connect

Mate A Pin Male 8 Pin
Number Number
1 e st 1
2 - - k)

3 - - 2
4 - - 8
5 - - 5
6 - e 4
7 - L 1
8 - - T
] - - ]




t L]

Frequency : 43392449 1IMHz

Antenna Impedanca : 50 Chms , unbalanced
Number of Chennels : 2 (Frequency Synthesized]
Froquevicy Steblllty:  +/- 10 ppm ( st 0~60 Deg. C )

Data Rate : 4800/9500419200 Baud

Duta format ; Nona Parity , B Dota Bits , 1 Stop Bit,
Hall-dupiex over a single channal Asynchionous
. Serial

Communication Distance : Approx. 50~150 maters { prospeciive }

Power Supply - 8vDe

Environment : Operating Temperature 0 —80 Deg. C
Storage Tamperature -10 —+70 Deg. C
Hurmidity : 10 % ~ 95 % , non-condensing

Dimensions W 107 * D 102 *H 28 mm

Weight : APPROX. 0.38 KGs

Transmitier Output Power . SmW maximum

Modulation Deviation @ 35 +. § KHz

PLL Programming Time : 5§ m sec , maximum

Curreni Drain © 80 mA madmun &l 9 VDG nominal
Senaltivty : - 102 dBm
Selochivity ; 85 KHz maximam

Receives Current : Typical 27 mA



PROMAG RDL260T
REVS

Radio Data Link RF Module with UART Interface
INTRODUCTKINS:

’ mumnm»mw;nrwuhummmmnmmmm h
. hmmmmwmmwm ROL200T RF Module ¢an be buit into your
mmmmmmwmmmhmmMMWm ltisa

fow cost and high quality redio date communication soiution,

FEATURES:

1. 1M frequency 433.82MHz / 434.33MHz

2. Two chennei selectable.

3. Low power congumption with 3.3vdc

4. RS232 ntertace (Serial TTL level)

5. Spoed up o 9600bps with automat Nlow conkrol.
8

7

8.

. Haff-duplex with automatic Receiving/Trenamiting control
. Small package size.
Distance: 50~450 meters with appvopriate anionna

APPLICATION:
Hand-heid tarmingls
Compuser to computee Typleal Application
Computsr to teeminal Y
Dats collaction teming

Mobiie-around deio communications
Remobe control W
Remots monioring
POS systerm.

b

RDL200T

T I

SPECIFICATIONS:

1. Frequancy: CHY 433.82MHz / CH2 434.33MHz

2. Madulation; FSK

3. Output powar: Tdbm {Sme)

4. Recaiving Sensibilty. -102dbm

5. Oopeniing voltagos: 2. TVde-3.3de .

8. Powor cormmumption; Tic80mA / Roc30mA

* 7. Interface : RS232 (TTL Lavel: TXDVRXD)

5. Dats Rate : 19200bpa/06000ps | 4800608 , Hei-duplex .
' 9. Operating emperstury: 0°C~55°C (Storags Tempersiure: -10°C ~X0°C)



PROMAG RDL200T

CGICK REFERENCE DATA

MTMWW 60

BLOCK DIAGRAM

§F Controlier: UART and R interfaos unit
FF Transceiver: A lofhg-range racio ranaceiver for wirsiess ks opersiting in the gicbally aveliebie 1M band.
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PROMAG RDL200T
\ REV.B

RDL2GOT APPLICATION

1. Point to Point Rk Data Link
For point to point radio data ink, just change your R5232 trenacetver IC te RGL200T in your RS232 praduct.

You don't need to change any fivnware, RDLZOOT serves #8 b invisiie RS232 cable in your product.

2. Muli-Stetior; Radic Data Link
For Mulli-Station radio deta link, you have to bulld & prolocol for Mult-Station: that's similar 1o RE4SS5 lo

assigh machine D for each stution.




PROMAG RDL260T

REV.B
PACKAGE DUTLINE {DIP28B)
rE sLERRA l5
RN
" =

Unidl: mm
i
| 1 |*Antanna
1 j*Antenna Signal (WD
%,4,5,6,7,8,8 e T — '
1 T Rst | I Jaetive Low Reset T
i ) RXD T [UART Data imput
e XD O URRT Data Qutput
Tt @0 | 1 jeaD
14 TADSCHMD Rosarved
3 BESG AB00pps Gidisable lienabls
16 arsl 'U:QBUﬂbpa 1119290kps (*ehort data pack)
17 CH T [0:933.92mMz 1:424, 33002
18 TRIED | © |RXG Status LED
15 TILED | © |TRD $tatws LED
20 GND [
' vee power Lnput +3.3Vde~Z.7vdc
27,23,24,2%,26 NG N Conrect ‘
27 ' e 1) GAD
28 GHD b

*Ardanna Signai GND: Connact %0 snienna cable GND.

*Antarvnd © 50 obm 7 430-4250Mx / - 25dh.
‘ "19200bps for short data pack (ot 70 bytes) only.



PROMAG RDL200T
REVE

The ROLZ00TSK Start It includas M ROL20DT modula and RS232 Transceiver IS, You can aasidy leam and
dovelp your proguct for winsless communication application




PROMAG

RDL206T

REVE

STAAT KIT PACLAGE APPLICATION
Exampie: Point 1 Pont ndbo dats tnk

- PC

Davice

(o) e | |

Ko your comerumication way 8nd easy 1o Lpgrade your RrUCt 10 D0cOT WS prodict with ROL200T

ASYREL200TSK BLOCK DIAGEAM

DiP SWITCH

On

4 L1
; N S |
3 S—
1 .

L. ¢ CHI4433.52Miz} / OFF:CHZ(436. I9MR:)

2. MW : 4800 bps DISABLE | OZF ¢ 4800 Dps [EMRBLE
3. DN : 9500 bps EMABLL / OFF. ¢ 19200 opa ENABLE
- 4, Remeruved )




PROMAG RDL200T
’ - REV.S

ASY-ROL200TSK CIRCLHT DIAGRAM

o
3 1 €3 [na__q_m l

E

- -~ -
: | bis i
Iy —i1 L
_ L] dwo
[

o
o
o
g
(3




PROMAG

RDL200T

3i.3Vde D20 Power

SUPpLY

2BOL- 52200

220 ok

A1

. e S N Tine bestate :
GEIEAACA R$212 Transceiver iC b3 i
BASTE D1AnE G T
Swsions " losors wRioa e ousions T
T80 ariabie Resister "Y1 1
RECAS~1760LEN  [17UF/ L6V “ i e 2
MrsLE2K5D TOBRPESSOY o oy
IO AX10IKSD 3. 210E/ 50V £11,4612,517
T s o
“le1,ce. o9, 010 4
1OUF/ 25V C6 i)
490 ot ) %2, 11 .
v e

0BG~ DR

[

13 ohm

lr4

H
S +
I R “ IR o
. oy
RN it :
: i i
ot kb S S e o — m i emrand

"PROVIDED BY GIGA-TMS INC.



PROMAG RDL200T
REV.B

ORDERING INFORMATION

RDL204T-00: (Redic Deta Link Module)
PAN: RDA200T.00

o~
o

ROL200T Stert Kit Package: (ASY-RDL200TSK x 2°C8)

PN RDLZNT—SKT
E: Incdude 230VAC/VOC Adapior

Ut Inciude 120VAC/BVDC Adaptor
ROLAD1A-00 {Stand-Alone Redio Deta Link)
PH: RDLAOTAE

E: Include Z30VACANVDC Adaptor
U: Include 120VACHVDC Adagror
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OPTICNAL ANTENKA SQUKET AND ANTENNA
1. Anterma Sockel
PN; CNS-OTGO0AT {Angle 160)

PIN: CNS-OTGOR0A (Angle 90)

P/N; WAS-1524
RO
3 Antenng

PN: ANT-T0D1 {50 ohms. 434+-5 MHz}
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mpatible with MCS-51™ Products
Bytes of In-Systern Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles
lly Static Operation: 0 Hz to 24 MHz

ree-level Program Memory Lock

B x 8-bit Internal RAM

Programmable /O Lines

o 16-bit Timer/Counters

t tnterrupt Sources

agrammable Serial Channel

w-power idle and Power-down Modes

scription

AT88C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
s of Flash programmable and erasable read only memory (PEROM}). The device
anufactured using Atmel's high-density nonvolatile memory technology and is
patible with the industry-standard MCS-51 instruction set and pinout. The on-chip
h allows the program memory to be reprogrammed in-system or by a conven-
il nonvolatite memory programmer. By combining a versatile 8-bit CPU with Flash
monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
jhly-fiexible and cost-effective solution to many embedded contro! applications.
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8-bit
Microcontroller
with 4K Bytes
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2 AT8B9C51 provides the following standard features: 4K
es of Flash, 128 bytes of RAM, 32 1/O lines, two 16-bit
er/counters, a five vector two-level interrupt architecture,
ull duplex serial port, on-chip oscillator and clock cir-
try. In addition, the ATB9C51 is designed with static logic
operation down to zero frequency and supports two
tware selectable power saving modes. The Idle Mode
1ps the CPU while allowing the RAM, timer/counters,
ial port and interrupt system to continue functioning. The
wer-down Mode saves the RAM contents but freezes
» oscillator disabling all other chip functions until the next
‘dware reset.

n Description

c
pply voltage.

iD
ound.

reo

rt 0 is an 8-bit open-drain bi-directional I/O port. As an
tput port, each pin can sink eight TTL inputs. When 1s
2 written to port 0 pins, the pins can be used as high-
pedance inputs.

rt 0 may also be configured to be the multiplexed low-
ler address/data bus during accesses to externai pro-
am and data memory. In this mode P0 has internal
{lups.

rt O also receives the code bytes during Flash program-
ng, and outputs the code bytes during program
rification. External pullups are required during program
rification.

irt1

rt 1 is an 8-bit bi-directional 1/O port with internal pullups.
e Port 1 output buffers can sink/source four TTL inputs.
1en 1s are written to Port 1 pins they are pulled high by
3 internal pullups and can be used as inputs. As inputs,
«t 1 pins that are externally being pulled low will source
ment (I, } because of the internal pullups.

it 1 also receives the low-order address bytes during
1sh programming and verification.

t 2

it 2 is an 8-bit bi-directional KO port with internal pullups.
@ Port 2 output buffers can sink/source four TTL inputs,
hen 1s are written to Port 2 pins they are pulled high by
2 internal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current {I, ) because of the internal puliups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). in this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Speciat 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 I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (|, ) because of the pullups.

Port 3 also serves the functions of various special features
of the ATB9C5H1 as listed below:

Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P33 | WNTT {external interrupt 1)
P3.4 TO (timer 0 external input) ]
P3.5 T4 (timer 1 external input)
P36 WR (externai data memory write strobe) N
P3.7 RD (external data memory read strobe)

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

RST

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

ALE/PROG

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

in normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL 3



AIMEL

se is skipped during each access to external Data
mary.

esired, ALE operation can be disabled by setting bit 0 of
R location 8EH. With the bit set, ALE is active only dur-
a MOVX or MOVC instruction. Otherwise, the pin is
akly pulled high. Setting the ALE-disable bit has no
act if the microcontrolter is in external execution mode.

EN
)gram Store Enable is the read strobe to external pro-

m memory.

1en the ATB9C51 is executing code from external pro-
im memory, PSEN is activated twice each machine
Je, except that two PSEN activations are skipped during
:h access to external data memory.

PP

iernal Access Enable. EA must be strapped to GND in
.er to enable the device to fetch code from extemal pro-
im memory locations starting at 0000H up to FFFFH.
te, however, that if lock bit 1 is programmed, EA wiil be
arnally latched on reset.

. should be strapped to V¢ for internal program
scutions.

s pin also receives the 12-voit programming enable volt-
2 (Vpp) during Flash programming, for parts that require
volt Vpp.

AL1

it to the inverting oscillator amplifier and input to the
amal clock operating circuit.

AL2
tput from the inverting oscillator amplifier.

scillator Characteristics

AL1 and XTALZ2 are the input and output, respectively,
an inverting ampiifier which can be configured for use as
on-chip oscillator, as shown in Figure 1. Either a quartz
sstal or ceramic resonator may be used. To drive the
vice from an extemnal clock source, XTALZ should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
ciock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

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

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intermal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
1 . XTAL2
C1 -
e ) * XTAL1
. GND

Note: C1,C2 =30 pF 10 pF for Crystals

= 40 pF £ 10 pF for Ceramic Resonators

ratus of Externail Pins During Idle and Power-down Modes

lode Program Memory ALE | PSEN PORTO | PORTH PORT2 | PORT3
lle Internal 1 1 Data ' Data Data | Data
e | External 1 1 Float | Data Address Data
owerdown | Internal 0 0 Data | Data Data Data
ower-;!own i External ; 0 0 Float Data Data Data

AT89C51 e



s A T89C 51

jure 2. Extemmal Clock Drive Configuration

NC

EXTERNAL

OSCILLATOR

SIGNAL

swer-down Mode

the power-down mode, the oscillator is stopped, and the
itruction that invokes power-down is the last instruction
ecuted. The on-chip RAM and Special Function Regis-

XTAL2

XTALA

GND

ack Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset, Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated befare V¢
is restored to its normal operating level and must be held
active long enough to ailow the osciilator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U} or can be programmed (P) to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic levei at that pin in order for the device to
function propenrly.

Program Lock Bits

LB1 LB2 LB2  Protection Type
1 u u u No program lock features
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 is disabied
3 P Same as mode 2, also verify is disabled
4 % P P Same as mode 3, alsc external execution is disabled

AIMEL s
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agramming the Flash

ATB9C51 is normally shipped with the on-chip Flash

nory array in the erased state (that is, contents = FFH)
ready to be programmed. The programming interface
epts either a high-voltage (12-volt) or a low-voltage
-) program enable signal. The low-voltage program-
g mode provides a convenient way to program the
19C51 inside the user's system, while the high-voltage
jyramming mode is compatible with conventional third-
y Flash or EPROM programmers.

1 ATBOC51 is shipped with either the high-voltage or
-voltage programming mode enabled. The respective
-side marking and device signature codes are listed in
following table.

Vpp =12V Vpp = 5V

p-side Mark AT89C51 AT89C51
000¢ X000-5

] Yyww YYyww

jnature {030H) = 1EH (030HY =1EH
(031H) = 51H (031H) = 51H
(032H) =F FH {032H) = 05H

+ ATBIC51 code memory array is programmed byte-by-
2 in either programming mode. To program any non-
1k byte in the on-chip Flash Memory, the entire memory
st be erased using the Chip Erase Mode.

gramming Algorithm: Before programming the
19C51, the address, data and control signals should be
up according to the Flash programming mode table and
ure 3 and Figure 4. To program the AT89C51, take the
ywing steps.

Input the desired memory location on the address
lines.

input the appropriate data byte on the data lines.
Activate the correct combination of control signals.
Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

Pulse ALE/PROG once to program a byte in the

Flash array or the lock bits. The byte-write cycle is

self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will resuit in the com-
plement of the written datum on PO.7. Once the write cycle
has been compieted, true data are valid on all outputs, and
the next cycie may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can aiso
be monitored by the RDY/BSY output signal. 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 data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

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

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must he pulled to a logic low. The values retumed are
as follows.

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

(032H) = FFH indicates 12V programming
(032H) = 0O5H indicates 5V programming

Programming Interface

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

All major programming vendors offer worldwide support for
the Atmel microcontrolier series. Please contact your local
programming vendor for the appropriate software revision.

ATSIC T e —
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sh Programming Modes

de RST PSEN ALE/PROG EANpp P26 | P27 | P36 | P3.7
1e Code Data H L HM2v L H H H
__\\_//““ l
ad Code Data H L H H H
te Lock Bit - 1 H L HA2V H H H H
T~
Bit- 2 H L Hi12v H H L L
—~_
Bit-3 H L HH12V H L S | L
ip Erase H L ) HM2v H L L L
_‘\_/— |
e S S ‘
ad Signature Byte | H L H H L L | L L
1. Chip Erase requires a 10 ms PROG pulse.
Jre 3. Programming the Fliash Figure 4. Verifying the Fiash
+5V *3v
ATBIC51 T AT89CS51 j
aoor. AU AT py Veg |-— apDR. 20 AT ) by Veo |
QO00OH/OFFFH PGM OOOOH/IOFFFH PGM DATA
P20 - P23 PO |4 —— ppm P20 - P23 PO —»(JSE 10K
AB - A1 A8 - A11 PULLUPS)
777777 » P26 r——»f P26
3EE FLASH » P27 ALE |4 - PROG SEE FLASH . ... wf P27 ALE |a-- - -
OGRAMMING - 4 PROGRAMMING —
SDES TABLE | ——»| P36 MODES TABLE | ———# P3.6 y
R— LY ] » P37 ! "
| T XTAL2 EA j¢—— Vv, Ve 477 XTAL2 EA l¢—
E | I I
24 MHz | 3-24 MHZJ =
=zt e
T ll 7T
.- | XTALT RST |« Vi e 4 | XTAL1 RST |&------ Vyy
* -+ GND PSEN |—— -~ GND PSEN ;
1 1 1 1
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ATmEL

sh Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P1.0 - P1.7
P20 - P23

PORT 0

ALE/PROG

EAN pp

P2.7
(ENABLE)

P3.4
(RDY/BSY)

_ PROGRAMMING
4. .._.ADDRESS

&,‘\ -

* - tavay

-{ DATA OUT »-————

| *
<" DATA N j%— S
> tova  terox :
tavaL > = % tonax
t NS
= > e
sHL | oty ™ | LansL
J' J— e — o
Y [LOGIC 1
____________ t______________________L_OQlC__U
4# S t
EHSH tay .
. 4
gHeaL —* e ‘
i
h__ BUSY
l‘ tye -

< J’| * tenaz
b
!/ 'READY o

ish Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

P1.0 - P17
P20 - P23

PORT O

ALE/PROG

EAV,,

P2.7
(ENABLE})

P3.4
(RDY/BSY)

[ _PROGRAMMING (.. VERIFICATION
| ADDRESS >~ — ¢ ADDRESS >
! S » <+ Layay
\' i ... DATA N j DATA OUT }’
Pooryar fgpox ™
tavaL = * M ghax
X .
Stat «—lgen * \
LOGIC 1
(;'f_/':-’ /‘/f A ’;'f; _______________________ L _O_G_IQ_O ___________ ‘ _________
Y - t « t
EHSH tecav f‘ > \ EHQZ
toueL ™ f" J\ii
7 o ’ . Busy -l{"iR’EAD'Y' )
‘ “ tye 4
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sh Programming and Verification Characteristics
0°C to 70°C, Ve = 5.0 £10%

nbol Parameter Min Max Units
m Programming Enable Voltage 11.5 12.5 Vv

0 Programming Enable Current 1.0 mA
L;L_—_ o _.Osciilator Frequency 3 24 MHz
) Address Setup to PROG Low TP .
x Address Hold after PROG 48% o

: ata Seiup 10 PROG Low o ‘
w . Data Hoid after PROG ! 48% o

" P2.7 (ENABLE) High to Vpe 48lc o

" Ve Setup o PROG Low 10 us
L_(” ! Vpp Hold after PROG 10 ps
w | PROB Wi 1 110 bs
W 1 Address to Data Valid 48t o

W ENABLE Low to Data Valiid B ] o 48t5 o _

2 Data Float after ENABLE ) 0 4Btc oy

" PROG High to BUSY Low 1.0 Hs
o Byte Wrtt;_C;cle Time 2.0 ms

1. Only used in 12-volt programming mode.

AIMEL
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solute Maximum Ratings*

2rating Temperature ........o.eeevieeveveeniiennns -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
rage Temperature...........cc.onenecnicann, -856°C to +150°C age to the device. This is a slress rating only and
functiional operation of the device at these or any
tage on Any Pin other conditions beyond those indicated in the
v Respectto Ground ..o -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum reting
ximum Operating Voltage ...........cco e ieicennn 8.6V conditions for extended periods may affect device
reliability.
Output Curment...........ooo e 15.0 mA
. Characteristics
-40°C t0 85°C, Ve = 5.0V £20% (unless otherwise noted)
nbol Paratneter Conditlon Min I Max Units
Input Low-voltage (Except EA) 0.5 0.2 Vg~ 0.1 v
Input Low-voltage (EA) 05 0.2Vce-0.3 v
Input High-voltage i (Except XTAL1, RST) 0.2V, +09 Voo + 0.5 v
. Input High-voltage | (XTAL1, RST} 6.7 Veo Ve + 0.5 v
Output Low-voltage" (Ports 1,2,3) o = 1.6 mA 6.45 v
Output Low-voltage'! _
A (Port 0, ALE, PSEN) lo, = 3.2 mA 0.45 v
Ion =-60 PA, Voo =5V 210% 24 v
Output High-voltage -
* (Ports 1,2.3, ALE, PSEN) lon =-25 HA 0-78 Ve V..
lon = -10 YA i 0.9 Ve v
lgy =-B00 WA, Voo = 5V £10% 2.4 v
Output High-voltage _ o v
n (Port 0 in External Bus Mode) lon =-300 uA 078Vee v
} low = -80 pA 0.9 Ve Y
! Logical 0 Input Current (Poris 1,2,3) V= 045V -50 YA
f -
i Logical 1 to 0 Transition Ciirent - _ .
(Ports 1,2,3) Vi = 2V, VCC =5V 110% 650 pA
Input Leakage Cusrent (Port 0, EA) 0.45 < Vy < Ve #0 pA
ST Reset Pull-down Resistor 50 300 K
Pin Capacitance Test Freq. =1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 ; mA
Power Supply Current = —
i tdle Mode, 12 MHz 5 mA
Ve = BV 100 pA
Power-down Mode® ee N
. Veg=3V 40 ! HA

as: 1. Under steady state {non-transient) conditions, 15, must be externally limitad as follows:
Maximum lo_ per port pin: 10 mA
Maximum |, per B-bit port: Port 0: 26 mA
Ports 1, 2, 3: 15 mA
Maximum total |5, for all output pins: 71 mA
If Ig_ exceeds the test condition, Vg, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.
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Characteristics

er operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
uts = 80 pF.

ternal Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
mbol Parameter Min Max Min Max Units
sLeL Oscillator Frequency _ : o 24 MHz
L ALE Pulse Width o127 2t o 40 7 ns
L Address Valid to ALE Low 43 o oo -13 ns
x Address Hold after ALE Low 48 20 | | ns
Y, ALE Low to Valid Instruction In 233 4t o -65 ns
" ALE Low to PSEN Low 43 tr e -13 ns
.  PSENPusewith | 208 | | 320 ns
v | PSEN Low to Valid Instruction In 145 | 3t 145 ns
x | InputinstuctionHoldaferPSEN | o | 0 ns
z | Input Instruction Float afier PSEN 59 tram10 ns
a | PSEN to Address Valid 75 o8 ]l s
Y ' Address to Valid Instruction In 312 5‘chL'55 ns ]
"z . PSEN Law to Address Float 10 | 10 ns
WH WR Pulse Width 400 Bte,  -100 ns
™ RD Low to Valid Dala In 252 ] B0 ns
ox | DatatodaterRD | 0 | 0 ns
oz Data Float after RD ‘ 97 2y, -28 ns |
w S ALE Léw to Valid Data In 517 T Bto 150 ns
Address to Valid Data In ; 585 Sty o -165 ns -
- ALE Low to RD or WR Low ' 200 300 3tCLCL-§0 " *"alm;sa" I
w | Address to RD or WR Low 208 | 415 o, 75 ns
;\,x | Data Valid to WR Transition 23 i o -20 ns
wi | DataValidto WR High T 433 | | Tige 120 ns
1o Data Hold after WR 33 to o 20 ns
AZ i RD Low to Address Float 0 | o _0 _ns N
i ' RD or WR High to ALE High 43 123 te 20 to o +25 ns |

AIMEL
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lernal Program Memory Read Cycle

* LTI ki -
ALE ‘ f’ h B L
‘ M Ippy
taviL R R T
3 o ,T Lip - " Li,,f,,,, , .
PSEN ‘T oty _
‘ +~toyay—
_ > sz | t
Eoy 1 PXIZ « *
| LLAX W - ﬂ | \ .
: : thrx-'ﬂ E‘“ ;
PORT 0 e e .\’ - _—AO_AT—T'_ o _L—ﬁ'ﬁﬁ\? ﬂi;\_\_,.\i& L .AD A? . .\} o
L oo R -AF ‘, E"-.,,,,,,,,,,i,,,,,;ﬁ]‘;_.i, g R s .
}4' gy
PORTZ2 . ,\)" 7  AB-A15 i / AB-A15 _ e

ternal Data Memory Read Cycle

b Lo -
ALE
o4 b
PSEN
-« tov »
b trLRH >
- Howe L4
RD - b ax >
t - s oy o > ighos
- AVl » i
RLAZ » t
> o« RHDX
PORT O AQ - A7 FROM RI OR DPL DATA IN AD - A7 FROM PCL INSTR N
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ial Port Timing: Shift Register Mode Test Conditions

= 5.0 V £20%; Load Capatitance = 80 pF)

12 MHz Osc Variable Oscillator Units
1bol Parameter Min Max Min Max
) Serial Port Clock Cycle Time 1.0 12ter oL ys
W lOuttht Data Setup to Clock Rising Edge 700 10tcLCL—133_ ) - L
X Output Data Hold after Clock Rising Edge 50 2o 117 ns
X Input Data Hold after Clods_Bising Edge 0 0 ns
v Clock Rising Edge to Input Data Valid 700 | 10t; ¢ -133 ns
ft Register Mode Timing Waveforms
INSTRUCTION 0 1 2 4 5 8 7 8
ALE
“ * e xi
CLOCK
tQVXH - -
L tXHD):
WRITE TO SBUF 0 1 2 3 4 5 B 7
¥ ™ t A
OUTPUT DATA by . XHDX SET TI
CLEAR RI wALID VALID VALID VALID VALIlY VAL VALID vALID
E Y
lNPU; DATA SETRI
Testing Input/Output Waveforms!")  Float Waveforms!"
o7 0.8V B2V v Voo™ 01V £ T g oy
A A \/ vV e Timing Reference ™ ... . .._
s N TEST POINTS / N LOAD S\ Points L
sy S w02 Vgmoav View OV Voo
1. AC Inputs during testing are driven at V- 0.5V fora Note: 1. Fortiming purposes, a port pin is no longer floaling

logic 1 and 0.45V for a logic 0. Timing measurements
are made at V| min. for a logic 1 and Vy, max. fora
logic 0.

when a 100 mV change from load voltage ocours. A
port pin bagins to float when 100 mV change from
the loaded Voy/Vg, level occurs,
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lering Information

peed Power
AHzZ) Supply Ordering Code Package Operation Range
12 5V £20% AT88C5H1-12AC 44A Commercial
ATBICS51-12JC 44 {0°Cto 70°C)
ATB9CH1-12PC 40P6
AT89C51-12QC 44Q
ATBIC51-12Al 44n Industrial -
ATB9C51-12J1 44 (-40°C to 85°C)
“ ATBIC51-12PI 40P6
ATBICSH1-12Q1 440Q
16 5V +20% ATBIC51-16AC 44A Commercial
ATBSC51-18JC 44J (0°Cto 70°C)
ATBICH1-16PC 40P6
ATB9C51-16QC ‘ 44Q
. ATBIC51-18Al YT Industrial |
‘@ ATBOC51-16M 44 (-40°C to 85°C)
‘ ATBAC51-16PI 40P6
ATB3C51-16Q1 44Q
20 5V +20% AT89C51-20AC 44A Commercial
AT88C5H1-20JC 44 (0°Cto 70°C)
ATB9C51-20PC 40P6
AT89C51-20Q2C 440
ATBIC51-20A1 44A Industrial
AT89C51-20J1 44 {(40°C 10 85°C)
AT89C51-20PI 40P6
ATBIC51-20Ql 44Q
24 | svr20% AT89C51-24AC 44A Commercial
ATBIC51-24JC 44) {0°C 10 70°C)
ATB9C51-24PC 40P6
! ATB8C51-24QC 440
ATB9C51-24Al1 i 444 Industrial
ATBICS51-24J1 44/ {40°C to 85°C)
ATBAC51-24PI 40P6
AT89C51-24Q1 440Q
Package Type
A  d4-lead, Thin Plastic Guil Wing Quad Flatpack (TQFP)
1 44-lead, Plastic J-leaded Chip Carrier (FLCC)
26 40-lead, 0.600" Wide, Plastic Dual inline Package (PDIP)
2 44-lead, Plastic Gull Wing Quad Fiatpadk {PQFP)
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:kaging Information

AMEL

A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad

“latpack (TQFP)
Jimensions in Millimeters and (Inches)”
JEDEC STAMDARD MS-026 ACB

: ; 12.21(0.478)
PINTID - = =] 11,750 458)

0.45(0.018)

0.80(0.031) BEC 1 Q300,012

. 10.100.384)
= a.50(c ans] 7

o

azol08 T -
we I
I

1 0.75(0.030)

!l ©75(0030) 015(0.006)
F' 0 4500.018)

0 05(0.002)

Controlling dimension: millimeters

;' - 1.20(0.047) MAX

Dimensions in Inches and {Millimeters)
JEDEC STANDARD M5-018 AC

045(1.14) X 45°  PINNO. 1 045{1.141 X 30
iDENTIFY -
roo _
i ]
i
! B56(16.7)
. .B50(16.5)
032(813) 4
026¢.660) H §Y5(17.7)
! I ‘535[17.4150
) . 1 1
asp{1 27) TYP :
- =, .500(12.7) REF SQ

L .0220.559) X 45" M.

i

“_45°

44), 44-lead, Pliastic J-leaded Chip Carrier (PLCC)

.012(.305)

-

- 008(.203)

1 i
630(16.0)
b .59u(15.0)
u21( 533)
0130330

!
1043¢1.09)

-
020,508
A20¢3.05¢

-
092 29)

_ 180457

16514.19)

X (3K

40P6, 40-lead, 0.600" Wide, Plastic Dual inline
Package {PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.6)
}" 2.04(51.8) p.’N‘i

| 1

R A B T I

[ N Vo : | i

! | ) | ] i

I ! Jr 7] 56E(14.4)
i ; i/ L1 s30(135)
o oy

B et Sl o e i s i s

T |- .000{2.29)
= 1.9DD[48 26) REF — =] MAX
_220(5.59)

.005{.127
MAX l !

MIN

-‘ i-——

Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13,45 (0.525) o0

85 (0.506) ~ |

12

44Q, 44-lead, Plastic Quad Flat Package (PQFP)

0.50 (8.020)

T 0.35(0.014)

R - ,
SEATING } N . 1
PLANE ! |w|
Il o 065(1.65)
-lgyg-?gli o ‘ﬁ 015(,381)
AZ563. A il 022(.55%)
065(1.65) 0141 356}
110{2.79) 041(1.04
8902 29) 060
™ ss0ia0)
P T
e + B REF
012(308) _ ji-— Iy 18
oog{203) AT T

| .690{17.5)

BRTTL TR

10.10 (0.394)
4.0 (0,386 °C

S -—‘

o .
g1 00 7

b f i
" — i 1.03 {0.04 1) o
0 78 (0.030) 0.25(0.010) MAX

Controlling dimension: millimeters

.. 2.45 (0.096) MAX
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i DALLAS DS18S20

® SEMICONDLCTOR e High Precision
1-Wire~ Digital Thermometer

AW : O
FEATURES PIN ASSIGNMENT
¢ Unique l-wire interface requires only one
port pin for communication DALLAS NC |
¢ Each device has a unique 64-bit serial code DS1820
stored in an on-board ROM 13 3 NC L
¢ Multi-drop capability simplifies distributed aan Voo [
temperature sensing applications
. DQ [
Requires no external components
Can be powered from data line. Power supply 8-pin 150-mil SOIC
range is 3.0V to 5.5V (DS18S207Z)
e Measures temperatures from -55°C to
+125°C (—67°F to +257°F)
e 10.5°C accuracy from —10°C to +85°C SRERN
* 9-bit thermometer resolution 8as
e Converts temperature in 750 ms (max.) TS
¢ User-definable nonvolatile alarm settings
e Alarm search command identifies and U
addresses devices whose temperature is
outside of programmed limits (temperature {(BOTTOM VIEW)
alarm condition)
.. . . TO-92
* Applications include thermostatic controls, (DS18520)
industrial  systems, consumer products,
thermometers, or any thermally sensitive
system PIN DESCRIPTION
GND - Ground

DQ - Data In/Out
Vpp - Power Supply Voltage
NC - No Connect

DESCRIPTION

The DS18S20 Digital Thermometer provides 9-bit centigrade temperature measurements and has an
alarm function with nonvolatile user-programmable upper and lower trigger points. The DS18520
communicates over a l-wire bus that by definition requires only one data line (and ground) for
communication with a central microprocessor. It has an operating temperature range of —55°C to +125°C
and is accurate to £0.5°C over the range of —10°C to +85°C. In addition, the DS18S20 can derive power
directly from the data line (*“parasite power”), eliminating the need for an external power supply.

Each DS18S20 has a unique 64-bit serial code, which allows multiple DS18S20s to function on the same
I-wire bus; thus, it is simple to use one microprocessor to control many DS18S20s distributed over a
large area. Applications that can benefit from this feature include HVAC environmental controls,
temperature monitoring systems inside buildings, equipment or machinery, and process monitoring and
zontrol systems.
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DS18520

DETAILED PIN DESCRIPTIONS Table 1

8-PIN SOIC* | TO-92 | SYMBOL | DESCRIPTION

5 1 GND Ground.

4 2 DQ Data Input/Output pin. Open-drain 1-wire interface pin. Also
provides power to the device when used in parasite power mode
(see “Parasite Power” section.)

3 3 Vbb Optional Vpp, pin. Vpp must be grounded for operation in
parasite power mode.

*All pins not specified in this table are “No Connect” pins.

OVERVIEW

Figure 1 shows a block diagram of the DS18S820, and pin descriptions are given in Table 1. The 64-bit
ROM stores the device’s unique serial code. The scratchpad memory contains the 2-byte temperature
register that stores the digital output from the temperature sensor. In addition, the scratchpad provides
access to the 1-byte upper and lower alarm trigger registers (Ty and Ty). The Ty and Ty registers are
nonvolatile (EEPROM), so they will retain data when the device is powered down.

The DS18520 uses Dallas’ exclusive 1-wire bus protocol that implements bus communication using one
control signal. The control line requires a weak pullup resistor since all devices are linked to the bus via a
3-state or open-drain port (the DQ pin in the case of the DS18520). In this bus system, the
microprocessor (the master device) identifies and addresses devices on the bus using each device’s unique
64-bit code. Because each device has a unique code, the number of devices that can be addressed on one
bus is virtually unlimited. The 1-wire bus protocol, including detailed explanations of the commands and
“time slots,” is covered in the 1-WIRE BUS SYSTEM section of this datasheet.

Another feature of the DS18S20 is the ability to operate without an external power supply. Power is
instead supplied through the 1-wire pullup resistor via the DQ pin when the bus is high. The high bus
signal also charges an internal capacitor (Cpp), which then supplies power to the device when the bus is
low. This method of deriving power from the 1-wire bus is referred to as “parasite power.” As an
alternative, the DS18820 may also be powered by an external supply on Vpp.

DS18S20 BLOCK DIAGRAM Figure 1

Vpy
PARASITE POWER
47K CIRCUIT =P nsuogggumu. DS18520
...... >~— >
bQ L 4
TEMPERATURE SENSOR
INTERNAL Voo ” “”NT‘EO"
1-wirs PORT ALARM HIGH TRIGGER
c;‘.hIDI?'7 % Coo g SCRATCHPAD P " prcister (EEPROM}TH,
‘_’ ALARM LOW TRIGGER (T,)
— REGISTER (EEPROM]
Voo SUPPLY »
SENSE
8-BIT CRC GENERATOR
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DS18520

OPERATION — MEASURING TEMPERATURE

The core functionality of the DS18S20 is its direct-to-digital temperature sensor. The temperature sensor
output has 9-bit resolution, which corresponds to 0.5°C steps. The DS18S20 powers-up in a low-power
idle state; to initiate a temperature measurement and A-to-D conversion, the master must issue a Convert
T [44h] command. Following the conversion, the resulting thermal data is stored in the 2-byte
temperature register in the scratchpad memory and the DS18520 returns to its idle state, If the DS18520
is powered by an external supply, the master can issue “read time slots” (see the 1-WIRE BUS SYSTEM
section) after the Convert T command and the DS18520 will respond by transmitting 0 while the
temperature conversion is in progress and 1 when the conversion is done. If the DS18S20 is powered
with parasite power, this notification technique cannot be used since the bus must be pulled high by a
strong pullup during the entire temperature conversion. The bus requirements for parasite power are
explained in detail in the POWERING THE DS18S20 section of this datasheet.

The DS18520 output data is calibrated in degrees centigrade; for Fahrenheit applications, a lookup table
or conversion routine must be used. The temperature data is stored as a 16-bit sign-extended two’s
complement number in the temperature register (see Figure 2). The sign bits (S) indicate if the
temperature is positive or negative: for positive numbers S = 0 and for negative numbers S = 1. Table 2
gives examples of digital output data and the corresponding temperature reading.

Resolutions greater than 9 bits can be calculated using the data from the temperature, COUNT REMAIN
and COUNT PER °C registers in the scratchpad. Note that the COUNT PER °C register is hard-wired to
16 (10h). After reading the scratchpad, the TEMP_READ value is obtained by truncating the 0.5°C bit

(bit 0) from the temperature data (see Figure 2). The extended resolution temperature can then be
calculated using the following equation:

COUNT _PER_C—COUNT _REMAIN
COUNT _PER _C

Additional information about high-resolution temperature calculations can be found in Application Note
105: “High Resolution Temperature Measurement with Dallas Direct-to-Digital Temperature Sensors”.

TEMPERATURE =TEMP _READ-0.25+

TEMPERATURE REGISTER FORMAT Figure 2

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
LsByte| 20 | 22 | 24 ] 22 [ 2 [ 2 | 2 | 2
bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit & bit 8
MsByte| S | s | s | s | s | s | s ] s
TEMPERATURE/DATA RELATIONSHIP Table 2
TEMPERATURE | DIGITAL OUTPUT | DIGITAL OUTPUT
(Binary) (Hex)
+85.0°C* 0000 0000 1010 1010 00AAh
125.0°C 0000 0000 0011 0010 0032h
+0.5°C 0000 0000 0000 0001 0001h
0°C 0000 0000 0000 0000 0000h
-0.5°C [EECEESERTERETEY FFFFh
-25.0°C 1011 111111001110 FFCEh
-55.0°C 1111 1111 1001 0010 FF92h

*The power-on reset value of the temperature register is +85°C
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DS18520

OPERATION — ALARM SIGNALING

After the DS18S20 performs a temperature conversion, the temperature value is compared to the user-
defined two’s complement alarm trigger values stored in the 1-byte Ty and Ty registers (see Figure 3).
The sign bit (S) indicates if the value is positive or negative: for positive numbers S = 0 and for negative
numbers S = 1. The Ty and Ty registers are nonvolatile (EEPROM) so they will retain data when the
device is powered down. Ty and Ty can be accessed through bytes 2 and 3 of the scratchpad as explained
in the MEMORY section of this datasheet.

Ty AND T REGISTER FORMAT Figure 3

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit {
S 26 2’ 2° 2° 22 2! 20

Only bits 8 through 1 of the temperature register are used in the Ty and T, comparison since Ty and Ty,
are 8-bit registers. If the result of a temperature measurement is higher than Ty or lower than Ty, an
alarm condition exists and an alarm flag is set inside the DS18S20. This flag is updated after every
temperature measurement; therefore, if the alarm condition goes away, the flag will be turned off after the
next temperature conversion.

The master device can check the alarm flag status of all DS18S20s on the bus by issuing an Alarm Search
[ECh] command. Any DS18S20s with a set alarm flag will respond to the command, so the master can
determine exactly which DS18S20s have experienced an alarm condition. If an alarm condition exists
and the Ty or Ty settings have changed, another temperature conversion should be done to validate the
alarm condition.

POWERING THE DS18S20

The DS18S20 can be powered by an external supply on the Vpp pin, or it can operate in “parasite power”
mode, which allows the DS18S20 to function without a local external supply. Parasite power is very
useful for applications that require remote temperature sensing or that are very space constrained. Figure
1 shows the DS18S20°s parasite-power control circuitry, which “steals” power from the 1-wire bus via
the DQ pin when the bus is high. The stolen charge powers the DS18520 while the bus is high, and some
of the charge is stored on the parasite power capacitor (Cpp) to provide power when the bus is low.
When the DS18S20 is used in parasite power mode, the Vpp pin must be connected to ground.

In parasite power mode, the 1-wire bus and Cpp can provide sufficient current to the DS18820 for most
operations as long as the specified timing and voltage requirements are met (refer to the DC
ELECTRICAL CHARACTERISTICS and the AC ELECTRICAL CHARACTERISTICS sections of this
data sheet). However, when the DS18820 is performing temperature conversions or copying data from
the scratchpad memory to EEPROM, the operating current can be as high as 1.5 mA. This current can
cause an unacceptable voltage drop across the weak 1-wire pullup resistor and is more current than can be
supplied by Cpp. To assure that the DS18520 has sufficient supply current, it is necessary to provide a
strong pullup on the 1-wire bus whenever temperature conversions are taking place or data is being
copied from the scratchpad to EEPROM. This can be accomplished by using a MOSFET to pull the bus
directly to the rail as shown in Figure 4. The 1-wire bus must be switched to the strong pullup within 10
us (max) after a Convert T [44h] or Copy Scratchpad [48h] command is issued, and the bus must be held
high by the pullup for the duration of the conversion (teny) or data transfer (t.. = 10 ms). No other
activity can take place on the 1-wire bus while the pullup is enabled.

The DS18520 can also be powered by the conventional method of connecting an external power supply to
the Vpp pin, as shown in Figure 5. The advantage of this method is that the MOSFET pullup is not
required, and the 1-wire bus is free to carry other traffic during the temperature conversion time.

4of21



DS18520

The use of parasite power is not recommended for temperatures above 100°C since the DS18520 may not
be able to sustain communications due to the higher leakage currents that can exist at these temperatures.
For applications in which such temperatures are likely, it is strongly recommended that the DS 18520 be
powered by an external power supply.

In some situations the bus master may not know whether the DS18820s on the bus are parasite powered
or powered by external supplies. The master needs this information to determine if the strong bus pullup
should be used during temperature conversions. To get this information, the master can issue a Skip
ROM [CCh] command followed by a Read Power Supply [B4h] command followed by a “read time
slot”. During the read time slot, parasite powered DS18S20s will pull the bus low, and externally
powered DS18S820s will let the bus remain high. If the bus is pulled low, the master knows that it must
supply the strong pullup on the I-wire bus during temperature conversions.

SUPPLYING THE PARASITE-POWERED DS18520 DURING TEMPERATURE
CONVERSIONS Figure 4

Vey

4E DS18820
GND DQ Vpp
Vpy

Micro-
processor

To Other
- 1-Wire Devices

1-Wire Bus

POWERING THE DS18520 WITH AN EXTERNAL SUPPLY Figure 5

DS18820 \jm_ (External Supply)
Micro- GND DQ Vpp

processor ATK [

1-Wire Bus

Teo Other
1-Wire Devices

64-BIT LASERED ROM CODE

Each DS18820 contains a unique 64-bit code (see Figure 6) stored in ROM. The least significant 8 bits
of the ROM code contain the DS18S20’s 1-wire family code: 10h. The next 48 bits contain a unique
serial number., The most significant 8 bits contain a cyclic redundancy check (CRC) byte that is
calculated from the first 56 bits of the ROM code. A detailed explanation of the CRC bits is provided in
the CRC GENERATION section. The 64-bit ROM code and associated ROM function control logic
allow the DS18S20 to operate as a l1-wire device using the protocol detailed in the 1-WIRE BUS
SYSTEM section of this datasheet.

64-BIT LASERED ROM CODE Figure 6

8-BIT CRC | __48-BIT SERIAL NUMBER | 8-BIT FAMILY CODE (10h) |
MSB LSB MSB LSB MSB LSB
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MEMORY

The DS18820°s memory is organized as shown in Figure 7. The memory consists of an SRAM
scratchpad with nonvolatile EEPROM storage for the high and low alarm trigger registers (Ty and Ty).
Note that if the DS18520 alarm function is not used, the Ty; and Ty, registers can serve as general-purpose
memory. All memory commands are described in detail in the DS18S20 FUNCTION COMMANDS

section.

Byte 0 and byte 1 of the scratchpad contain the LSB and the MSB of the temperature register,
respectively. These bytes are read-only. Bytes 2 and 3 provide access to Ty and Ty, registers. Bytes 4
and 5 are reserved for internal use by the device and cannot be overwritten; these bytes will return all 1s
when read. Bytes 6 and 7 contain the COUNT REMAIN and COUNT PER °C registers, which can be
used to calculate extended resolution results as explained in the OPERATION — MEASURING
TEMPERATURE section.

Byte 8 of the scratchpad is read-only and contains the cyclic redundancy check (CRC) code for bytes 0
through 7 of the scratchpad. The DS18S20 generates this CRC using the method described in the CRC
GENERATION section.

Data is written to bytes 2 and 3 of the scratchpad using the Write Scratchpad {4Eh] command; the data
must be transmitted to the DS18S20 starting with the least significant bit of byte 2. To verify data
integrity, the scratchpad can be read (using the Read Scratchpad [BEh] command) after the data is
written. When reading the scratchpad, data is transferred over the 1-wire bus starting with the least
significant bit of byte 0. To transfer the Ty and T, data from the scratchpad to EEPROM, the master
must issue the Copy Scratchpad [48h] command.

Data m the EEPROM registers is retained when the device is powered down; at power-up the EEPROM
data is reloaded into the corresponding scratchpad locations. Data can also be reloaded from EEPROM
to the scratchpad at any time using the Recall E” [B8h] command. The master can issue “read time slots”
(see the 1-WIRE BUS SYSTEM section) following the Recall E* command and the DS18S820 will
indicate the status of the recall by transmitting 0 while the recall is in progress and 1 when the recall is
done.

DS18520 MEMORY MAP c&l &5

SCRATCHPAD (Power-up State)
byte 0 | Temperature LSB (AAh} (85°C).

byte 1 | Temperature MSB (00h) EEPROM
byte 2 | Ty Register or User Byte 1* <4—»| Ty Register or User Byte 1
byte 3 | Tr. Register or User Byte 2* 4—»| T; Register or User Byte 2

byte 4 | Reserved (FFh)

byte 5 | Reserved (FFh}

byte 6 | COUNT REMAIN (0Ch)
byte 7 | COUNT PER °C  (10h)
byte 8 | CRC*

*Power-up state depends on value(s) stored
in EEPROM
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CRC GENERATION

CRC bytes are provided as part of the DS18520’s 64-bit ROM code and in the 9" byte of the scratchpad
memory. The ROM code CRC is calculated from the first 56 bits of the ROM code and is contained in
the most significant byte of the ROM. The scratchpad CRC is calculated from the data stored in the
scratchpad, and therefore it changes when the data in the scratchpad changes. The CRCs provide the bus
master with a method of data validation when data is read from the DS18520. To verify that data has
been read correctly, the bus master must re-calculate the CRC from the received data and then compare
this value to either the ROM code CRC (for ROM reads) or to the scratchpad CRC (for scratchpad reads).
If the calculated CRC matches the read CRC, the data has been received error free. The comparison of
CRC values and the decision to continue with an operation are determined entirely by the bus master.
There is no circuitry inside the DS18520 that prevents a command sequence from proceeding if the
DS18520 CRC (ROM or scratchpad) does not match the value generated by the bus master,

The equivalent polynomial function of the CRC (ROM or scratchpad) is:
CRC=X*+X’+X*"+1

The bus master can re-calculate the CRC and compare it to the CRC values from the DS18S20 using the
polynomial generator shown in Figure 8. This circuit consists of a shift register and XOR gates, and the
shift register bits are initialized to 0. Starting with the least significant bit of the ROM code or the least
significant bit of byte 0 in the scratchpad, one bit at a time should shifted into the shift register. After
shifting in the 56™ bit from the ROM or the most significant bit of byte 7 from the scratchpad, the
polynomial generator will contain the re-calculated CRC. Next, the 8-bit ROM code or scratchpad CRC
from the DS18S20 must be shifted into the circuit. At this point, if the re-calculated CRC was correct, the
shift register will contain all 0s. Additional information about the Dallas 1-wire cyclic redundancy check
is available in Application Note 27 entitled “Understanding and Using Cyclic Redundancy Checks with
Dallas Semiconductor Touch Memory Products.”

CRC GENERATOR Figure 8 INeUT

L[ | (or) on ] | (ox)
(MSB) (LSB)
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1-WIRE BUS SYSTEM

The 1-wire bus system uses a single bus master to control one or more slave devices. The DS18820 is
always a slave. When there is only one slave on the bus, the system is referred to as a “single-drop”
system; the system is “multi-drop” if there are multiple slaves on the bus.

All data and commands are transmitted least significant bit first over the 1-wire bus.

The following discussion of the l-wire bus system is broken down into three topics: hardware
configuration, transaction sequence, and 1-wire signaling {signal types and timing).

HARDWARE CONFIGURATION

The 1-wire bus has by definition only a single data line. Each device {master or slave) interfaces to the
data line via an open drain or 3-state port. This allows each device to “release” the data line when the
device is not transmitting data so the bus is available for use by another device. The 1-wire port of the
DS18820 (the DQ pin) is open drain with an internal circuit equivalent to that shown in Figure 9.

The 1-wire bus requires an external pullup resistor of approximately 5 kQ; thus, the idle state for the 1-
wire bus is high. If for any reason a transaction needs to be suspended, the bus MUST be left in the idle
state if the transaction is to resume. Infinite recovery time can occur between bits so long as the 1-wire
bus is in the inactive (high) state during the recovery period. If the bus is held low for more than 480 ys,
all components on the bus will be reset.

HARDWARE CONFIGURATION Figurex/=

Vpy
DS18S20 1-WIRE PORT
47K

DQ
Pin

Ry :} 1-wire Bus E ~ D Rx

SpA
Typ. + Tx
T,ﬁc I 100 Q
MOSFET
Ry = RECEIVE
Tx = TRANSMIT

TRANSACTION SEQUENCE

The transaction sequence for accessing the DS18S20 is as follows:

Step 1. Initialization

Step 2. ROM Command (followed by any required data exchange)

Step 3. DS18520 Function Command (followed by any required data exchange)

ft is very important to follow this sequence every time the DS18S20 is accessed, as the DS18520 will not
respond if any steps in the sequence are missing or out of order. Exceptions to this rule are the Search
ROM [FOh] and Alarm Search [ECh] commands. After issuing either of these ROM commands, the
master must return to Step 1 in the sequence.
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INITIALIZATION

All transactions on the 1-wire bus begin with an initialization sequence. The initialization sequence
consists of a reset pulse transmitted by the bus master followed by presence pulse(s) transmitted by the
slave(s). The presence pulse lets the bus master know that slave devices (such as the DS18520) are on
the bus and are ready to operate. Timing for the reset and presence pulses is detailed in the
1-WIRE SIGNALING section.

ROM COMMANDS -

After the bus master has detected a presence pulse, it can issue a ROM command. These commands
operate on the unique 64-bit ROM codes of each slave device and allow the master to single out a
specific device if many are present on the 1-wire bus. These commands also allow the master to
determine how many and what types of devices are present on the bus or if any device has experienced an
alarm condition. There are five ROM commands, and each command is 8 bits long. The master device
must issue an appropriate ROM command before issuing a DS18S20 function command. A flowchart for
operation of the ROM commands is shown in Figure 14.

SEARCH ROM [FOh]

When a system is initially powered up, the master must identify the ROM codes of all slave devices on
the bus, which allows the master to determine the number of slaves and their device types. The master
learns the ROM codes through a process of elimination that requires the master to perform a Search ROM
cycle (i.e., Search ROM command followed by data exchange) as many times as necessary to identify all
of the slave devices. If there is only one slave on the bus, the simpler Read ROM command (see below)
can be used in place of the Search ROM process. For a detailed explanation of the Search ROM
procedure, refer to the iButton Book of Standards at www.ibutton.com/ibuttons/standard.pdf. After every
Search ROM cycle, the bus master must return to Step 1 (Initialization) in the transaction sequence.

READ ROM [33h]

This command can only be used when there is one slave on the bus. It allows the bus master to read the
slave’s 64-bit ROM code without using the Search ROM procedure. If this command is used when there
is more than one slave present on the bus, a data collision will occur when all the slaves attempt to
respond at the same time.

MATCH ROM [55h]

The match ROM command followed by a 64-bit ROM code sequence allows the bus master to address a
specific slave device on a multi-drop or single-drop bus. Only the slave that exactly matches the 64—bit
ROM code sequence will respond to the function command issued by the master; all other slaves on the
bus will wait for a reset pulse.

SKIP ROM [CCh]

The master can use this command to address all devices on the bus simultaneously without sending out
any ROM code information. For example, the master can make all DS18S20s on the bus perform
simultaneous temperature conversions by issuing a Skip ROM command followed by a Convert T [44h]
command. Note, however, that the Skip ROM command can only be followed by the Read Scratchpad
[BEh] command when there is one slave on the bus. This sequence saves time by allowing the master to
read from the device without sending its 64-bit ROM code. This sequence will cause a data collision on
the bus if there is more than one slave since multiple devices will attempt to transmit data simultaneously.

ALARM SEARCH [ECh]

The operation of this command is identical to the operation of the Search ROM command except that
only slaves with a set alarm flag will respond. This command allows the master device to determine if
any DS18820s experienced an alarm condition during the most recent temperature conversion. After
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every Alarm Search cycle (i.e., Alarm Search command followed by data exchange), the bus master must
return to Step 1 (Initialization) in the transaction sequence. Refer to the OPERATION — ALARM
SIGNALING section for an explanation of alarm flag operation.

DS18S20 FUNCTION COMMANDS

After the bus master has used a ROM command to address the DS18S20 with which it wishes to
communicate, the master can issue one of the DS18520 function commands. These commands allow the
master to write to and read from the DS18S20’s scratchpad memory, initiate temperature conversions and
determine the power supply mode. The DS18S20 function commands, which are described below, are
summarized in Table 4 and illustrated by the flowchart in Figure 15.

CONVERT T [44h]

This command initjates a single temperature conversion. Following the conversion, the resulting thermal
data is stored in the 2-byte temperature register in the scratchpad memory and the DS18S20 returns to its
low-power idle state. 1f the device is being used in parasite power mode, within 10 ps (max) after this
command is issued the master must enable a strong pullup on the i-wire bus for the duration of the
conversion (teonv) as described in the POWERING THE DS18820 section. If the DS18820 is powered
by an external supply, the master can issue read time slots after the Convert T command and the
DS18520 will respond by transmitting 0 while the temperature conversion is in progress and 1 when the
conversion is done. In parasite power mode this notification technique cannot be used since the bus is
pulled high by the strong pullup during the conversion.

WRITE SCRATCHPAD [4Eh]

This command allows the master to write 2 bytes of data to the DS18S20°s scratchpad. The first byte is
written into the Ty register (byte 2 of the scratchpad), and the second byte is written into the Ty register
(byte 3 of the scratchpad). Data must be transmitted least significant bit first. Both bytes MUST be
written before the master issues a reset, or the data may be corrupted.

READ SCRATCHPAD [BEh)]

This command ailows the master to read the contents of the scratchpad. The data transfer starts with the
least significant bit of byte 0 and continues through the scratchpad until the 9% byte (byte 8 — CRC) is
read. The master may issue a reset to terminate reading at any time if only part of the scratchpad data is
needed.

COPY SCRATCHPAD [48h]

This command copies the contents of the scratchpad Ty and Ty registers (bytes 2 and 3) to EEPROM. If
the device is being used in parasite power mode, within 10 ps (max) after this command is issued the
master must enable a strong pullup on the 1-wire bus for at least 10 ms as described in the POWERING
THE DS18520 section.

RECALL E? [BSh)

This command recalls the alarm trigger values (Ty and Ty) from EEPROM and places the data in bytes 2
and 3, respectwe]y, in the scratchpad memory. The master device can issue read time slots following the
Recall E? command and the DS18S20 will indicate the status of the recall by transmitting 0 while the
recall is in progress and 1 when the recall is done. The recall operation happens automatically at power-
up, so valid data is available in the scratchpad as soon as power is applied to the device.

READ POWER SUPPLY [B4h)
The master device issues this command followed by a read time slot to determine if any DS18S20s on the
bus are using parasite power. During the read time slot, parasite powered DS18520s will pull the bus
low, and externally powered DS18S20s will let the bus remain high. Refer to the POWERING THE
DS18520 section for usage information for this command.
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DS18520 FUNCTION COMMAND SET Table 4

Command

Convert T

Description

TEMPERATLURE C(
Initiates temperature
conversion.

Protocol
INVERSIO

1-Wire Bus Activity

N COMMANDS

After Command is Issued

DS18S20 transmits conversion
status to master (not applicable
for parasite-powered DS18520s).

MEMORY COMMANDS

Read Scratchpad | Reads the entire scratchpad BEh DS18S20 transmits up to 9 data 2
including the CRC byte. bytes to master.

Write Scratchpad | Writes data into scratchpad 4Eh Master transmits 2 data bytes to 3
bytes 2 and 3 (Ty and T1). DS18820.

Copy Scratchpad | Copies Ty and Ty, data from 48h None 1
the scratchpad to EEPROM.

Recall E Recalls Ty and Ty data from | B8h | DS18S20 transmits recall status
EEPROM to the scratchpad. to master.

Read Power Signals DS 18820 power B4h DS18S20 transmits supply status

Supply supply mode to the master. to master.

NOTES:

1. For parasite-powered DS18S20s, the master must enable a strong pullup on the 1-wire bus during
temperature conversions and copies from the scratchpad to EEPROM. No other bus activity may take
place during this time.

2. The master can interrupt the transmission of data at any time by issuing a reset.

(8

Both bytes must be written before a reset is issned.
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1-WIRE SIGNALING

The DS18S20 uses a strict 1-wire communication protocol to insure data integrity. Several signal types
are defined by this protocol: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. All of these
signals, with the exception of the presence pulse, are initiated by the bus master.

INITIALIZATION PROCEDURE: RESET AND PRESENCE PULSES

All communication with the DS18S20 begins with an initialization sequence that consists of a reset pulse
from the master followed by a presence pulse from the DS18S20. This is illustrated in Figure 10. When
the DS18S20 sends the presence pulse in response to the reset, it is indicating to the master that it is on
the bus and ready to operate.

During the initialization sequence the bus master transmits (Tx) the reset pulse by pulling the 1-wire bus
low for a minimum of 480 pus. The bus master then releases the bus and goes into receive mode (Rx).
‘When the bus is released, the Sk pullup resistor pulls the 1-wire bus high. When the DS18S20 detects

this rising edge, it waits 15-60 ps and then transmits a presence pulse by pulling the I-wire bus low for
60-240 ps.

INITIALIZATION TIMING Figure 10

MASTER Tx RESET PULSE MASTER Ry
480 s minimum —p|¢——————— 480 ps minimum
DS18520 Ty
D518520 +—— Predence pulse
walts 15-60 ps —p| l.q_ 60-240 pus

| 17] [

LINE TYPE LEGEND
mmmmma  Bus master pulling low

e 01513520 pulling low
Resistor putiup

READ/WRITE TIME SLOTS
The bus master writes data to the DS18520 during write time slots and reads data from the DS18S20
during read time slots. One bit of data is transmitted over the 1-wire bus per time slot.

WRITE TIME SLOTS

There are two types of write time slots: “Write 1™ time slots and “Write 0 time slots. The bus master
uses a Write | time slot to write a logic 1 to the DS18S20 and a Write 0 time slot to write a logic 0 to the
DS18520. All write time slots must be a minimum of 60 ps in duration with a minimum of a | ps
recovery time between individual write slots. Both types of write time slots are initiated by the master
pulling the 1-wire bus low (see Figure 11).

To generate a Write | time slot, after pulling the 1-wire bus low, the bus master must release the 1-wire
bus within 15 ps. When the bus is released, the 5k pullup resistor will pull the bus high. To generate a
Write 0 time slot, after pulling the 1-wire bus low, the bus master must continue to hold the bus low for
the duration of the time slot (at least 60 pus). The DS18S20 samples the 1-wire bus during a window that
lasts from 15 s to 60 ps after the master initiates the write time slot. If the bus is high during the
sampling window, a 1 is written to the DS18S20. if the line is low, a 0 is written to the DS18S20.
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READ TIME SLOTS

The DS18520 can only transmit data to the master when the master issues read time slots. Therefore, the
master must generate read time slots immediately after issuing a Read Scratchpad [BEh] or Read Power
Supply [B4h] command, so that the DS18820 can provide the requested data. In addition, the master can
generate read time slots after issuing Convert T [44h] or Recall E2 [B8h] commands to find out the status
of the operation as explained in the DS18S20 FUNCTION COMMAND section.

All read time slots must be a minimum of 60 ps in duration with a minimum of a 1 [s recovery time
between slots. A read time slot is initiated by the master device pulling the 1-wire bus low for a
minimum of 1 ps and then releasing the bus (see Figure 11). After the master initiates the read time slot,
the DS18520 will begin transmitting a 1 or 0 on bus. The DS18S20 transmits a 1 by leaving the bus high
and transmits a 0 by pulling the bus low. When transmitting a 0, the DS18520 will release the bus by the
end of the time slot, and the bus will be pulled back to its high idle state by the pullup resister. Qutput
data from the DS18520 is valid for 15 ps after the falling edge that initiated the read time slot. Therefore,
the master must release the bus and then sample the bus state within 15 ps from the start of the slot.

Figure 12 illustrates that the sum of Ty, Tre, and TsampLe must be less than 15 us for a read time slot.
Figure 13 shows that system timing margin is maximized by keeping Ty and Tgc as short as possible
and by locating the master sample time during read time slots towards the end of the 15 ys period.

READ/WRITE TIME SLOT TIMING DIAGRAM Figure 11

'ART START
DSFT SLOT OF 8LOT

MASTER WRITE “0” SLOT

MASTER WRITE “¥" SLOT
1ps €Tape €@

80 ps < Ty “0" <120

|4——>1ps

Veu !
1-WIRE BUS
GND e
+ 15ps """ 15 ps "'4— Wps —D-I % 15ps -p'q— 15ps ..'._ 30 ps .I
MASTER READ “0” SLOT MASTER READ “1" SLOT
——’I [4— 1 s € Tyec < 0©
VPU . .
\\ -
GND [ S _‘\’ T T R e o e e o T R
?:;1’ Master samples >tps Master samples
>1ps —» '-1— Eé

16 ps _.|<7 45 s —>|

LINE TYPE LEGEND
mmm—— Bus master pulling low sasaes DS18520 pulling low

Resistor pullup
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DETAILED MASTER READ 1 TIMING Figure 12

Veu

— mum&r
(= Tir>1pus ‘>|<‘ Tee — ,l i
* 15

+ us —>

RECOMMENDED MASTER READ 1 TIMING Figure 13

Veu

1WIRE BUS VZ\HH of Master

GND
Twr =| Tre= Master samples {
small’ small :

-

-+ 16 us

LINE TYPE LEGEND
= Bys master pulling low

Resistor pullup
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ROM COMMANDS FLOW CHART Figure 14

Initialization

MASTER Ty

Sequence RESET PULSE

v

DS18S20 Ty
PRESENCE
PULSE

1

33h
READ ROM
COMMAND

4

MASTER Ty ROM
COMMAND

55h
MATCH ROM
CCMMAND

MASTER Tx
BITQ

Fah
SEARCH ROM
COMMAND

CCh
SKIP ROM
CCMMAND

COMMAND

DS18S20 Tx BIT &

D518520 Ty BIT D

DS18S20 Tx BT D

DS18520 T BITD

150121

MASTER T, BIT O MASTER Ty BIT @
DS18520 Ty
FAMILY CODE
1BYTE
MATCH? MATCH? FLAG SET?Z,
DS18820 Ty
SERIAL NUMBER ¥ ¥ g
€ BYTES
+ DS1BS20 TxBIT 1
DS18520 Ty MASTER Ty —
CRC BYTE BIT1 DS18620 Ty BIT 1
MASTER T BIT 1
N
¥ ¥
I D518520 TxBIT 83
MASTER Ty D51BS20 T4 BT 63
BIT 83
MASTER Ty BIT 63
N N
BIT 63 BIT63
MATCH? MATCH?
v ¥
MASTER Ty
FUNCTION
COMMAND
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DS18520 FUNCTION COMMANDS

MASTER Ty
FUNCTION
COMMAND

44h

?

D518520 BEGINS
CONVERSION

DEVICE
CONVERTING
TEMPERATURE
?

CONVERT
TEMPERATURE
7

PARASITE
POWER

FLOW CHART Figure 15

48h

MASTER ENABLES
STRONG PULLUP ON DQ

v

D§18520 CONVERTS
TEMPERATURE

v

MASTER DISABLES
BTRAONG PULLLP

MASTER
Ry "08"

MASTER
Rx™18"

COPY IN
PROGRESS
?

COPY
SCRATCHPAD
?

PARASITE
POWER
?

MASTER ENABLES
STRONG PULL-UP ON DQ

v

DATA COPIED FROM
SCRATCHPAD TO EEFROM

v

MASTER DISABLES
STRONG PULLUP

MASTER
Ry 08" Ry "187

MASTER

?

PARABITE
POWERED

MASTER
Ry 18"

MASTER
Ry “08"

B&h
RECALL E?
?

MASTER BEGING DATA
RECALL FROM E* PROM

—

DEVICE
BUSY RECALLING
DATA
?

MASTER MASTER
Ry "0s* Ry 18"

MASTER Ty Ty BYTE
MASTER Ry DATA BYTE TO SCRATCHPAD
FROM SCRATCHPAD +
MASTER T, T BYTE
TO SCRATCHPAD

L
> v

MASTER Ry SCRATCHRAD

CRC BYTE

v

RETURN TQ INITIALIZATION
SEQUENCE (FIGURE 14) FOR
NEXT TRANSACTION
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DS18520 OPERATION EXAMPLE 1

In this example there are multiple DS18820s on the bus and they are using parasite power. The bus
master initiates a temperature conversion in a specific DS18520 and then reads its scratchpad and
recalculates the CRC to verify the data.

MASTER MODE DATA (L.SB FIRST) COMMENTS

TX Reset Master issues reset pulse.

RX Presence D§18820s respond with presence pulse.

X 55h Master issues Match ROM command.

TX 64-bit ROM code Master sends DS 18520 ROM code.

TX 44h Master issues Convert T command.

X DQ line held high by | Master applies strong pullup to DQ for the duration of the

strong pullup conversion (tgny)-

X Reset Master issues reset pulse.

RX Presence DS 18520s respond with presence pulse.

X 55h Master issues Match ROM command.

TX 64-bit ROM code Master sends DS18820 ROM code.

TX BEh Master issues Read Scratchpad cornmand.

RX 9 data bytes Master reads entire scratchpad including CRC. The master
then recalculates the CRC of the first ¢ight data bytes from the
scratchpad and compares the calculated CRC with the read
CRC (byte 9). If they match, the master continues; if not, the
read operation is repeated.

DS18520 OPERATION EXAMPLE 2

In this example there is only one DS18S20 on the bus and it is using parasite power. The master writes to
the Ty and Ty registers in the DS18S20 scratchpad and then reads the scratchpad and recalculates the
CRC to verify the data. The master then copies the scratchpad contents to EEPROM.

i _MASTER MODE | DATA (LSB FIRST) COMMENTS
' TX Reset Master issues reset pulse.

RX Presence DS 18520 responds with presence pulse.

TX CCh Master issues Skip ROM command.

X 4Eh Master issues Write Scraichpad command.

TX 2 data bytes Master sends two data bytes to scratchpad (Ty and T))

TX Reset Master issues reset pulse.

‘ RX Presence DS 18820 responds with presence pulse.
! X CCh Master issues Skip ROM command.
! ™ BEh Master issues Read Scratchpad command.

RX 9 data bytes Master reads entire scratchpad including CRC. The master then
recalculates the CRC of the first eight data bytes from the
scratchpad and compares the calculated CRC with the read CRC
(byte 9). If they match, the master continues; if not, the read
operation is repeated.

TX Reset Master issues reset pulse.

RX Presence DS18520 responds with presence pulse.

TX CCh Master issues Skip ROM command.

X 48h Master issues Copy Scratchpad command.

X DQ line held high by | Master applies strong pullup to DQ for at least 10 ms while copy

strong pullup operation is in progress.
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DS18520 OPERATION EXAMPLE 3

In this example there is only one DS18520 on the bus and it is using parasite power. The bus master
initiates a temperature conversion then reads the DS18520 scratchpad and calculates a higher resolution
result using the data from the temperature, COUNT REMAIN and COUNT PER °C registers.

MASTER MODE DATA (LSB FIRST) COMMENTS
TX Reset Master issues reset pulse.
TR Presence DS 18520 responds with presence puise.

I TX CCh Master issues Skip ROM command.

| TX 44h Master issues Convert T command.

X DQ line held high by | Master applies strong pullup to DQ for the duration of the
strong pullup conversion (toony)-

14 Reset Master issues reset pulse.

RX Presence DS 18820 responds with presence pulse.

X CCh Master issues Skip ROM command.

. TX BEh Master issues Read Scratchpad command.

i RX 9 data bytes Master reads entire scratchpad including CRC. The master
then recalculates the CRC of the first eight data bytes from the
scratchpad and compares the calculated CRC with the read
CRC (byte 9). If they match, the master continues; if not, the
read operation is repeated. The master also calculates the
TEMP_READ value and stores the contents of the COUNT
REMAIN and COUNT PER °C registers.

Reset Master issues reset pulse.

Presence DS18520 responds with presence pulse.

|G

- CPU calculates extended resolution temperature using the
equation in the OPERATION - MEASURING
TEMPERATURE section of this datasheet,

RELATED APPLICATION NOTES

The following Application Notes can be applied to the DS18520. These notes can be obtained from the
Dallas Semiconductor “Application Note Book,” via the Dallas website at http://www.dalsemi.com/, or
through our faxback service at (214) 450-0441.

Application Note 27: “Understanding and Using Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Product”

Application Note 55: “Extending the Contact Range of Touch Memories™

Application Note 74: “Reading and Writing Touch Memories via Serial Interfaces”

Application Note 104: “Minimalist Temperature Control Demo”

Application Note 105: “High Resolution Temperature Measurement with Dallas Direct-to-Digital
Temperature Sensors™

Application Note 106: “Complex MicroLANs”

Application Note 108: “MicroLAN — In the Long Run”

Sample 1-wire subroutines that can be used in conjunction with AN74 can be downloaded from the
Dallas website or anonymous FTP Site,
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to ground —0.5V to +6.0V
Operating temperature -55°C to +125°C
Storage temperature -55°C t0+125°C

Soldering temperature

See J-STD-020A Specification

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

DC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp=3.0V to 5.5V)

 PARAMETER SYMBOL ;| CONDITION | MIN [ TYP MAX UNITS | NOTES
Supply Voltage Vbp Local Power | +3.0 +5.5 A\ 1
Pullup Supply Vy Parasite Power | +3.0 +5.5 v 1,2
' Voltage Local Power | +3.0 Vb
. Thermometer Error terr -10°C 1o +0.5 °C 3
+85°C
-55°C to +2
+125°C
Input Logic Low N0 -0.3 +0.8 \") 1,4,5
Input Logic High Vi Local Power | +2.2 The lower of \Y 1,6
5.5
Parasite Power | +3.0 or
: Voo + 0.3
Sink Current I Vi0=0.4V 4.0 mA 1
Standby Current Ibps 750 1000 nA 7.8
Active Current Ibp V=5V 1 1.5 mA 9
DQ Input Current Ipo 5 A 10
' Drift +0.2 °C 11
NOTES:

1.

All voltages are referenced to ground.

2. The Pullup Supply Voltage specification assumes that the pullup device is ideal, and therefore the
high level of the pullup is equal to Vpy. In order to meet the Vi spec of the DS18820, the actual
supply rail for the strong pullup transistor must include margin for the voltage drop across the
transistor when it is turned on; thus: VPU_ACI'UAL = VPU_[DEAL + VIRANSISTOR-

3. See typical performance curve in Figure 16

4. Logic low voltages are specified at a sink current of 4 mA.

5. To guarantee a presence pulse under low voltage parasite power conditions, Vimax may have to be
reduced to as low as 0.5V,

6. Logic high voltages are specified at a source current of 1 mA,

7. Standby current specified up to 70°C. Standby current typically is 3 pA at 125°C.

8. To minimize Ipps, DQ should be within the following ranges: GND < DQ < GND + 0.3V or Vpp —
0.3V <DQ £ V.

9. Active current refers to supply current during active temperature conversions or EEPROM writes.

10. DQ line is high (“hi-Z” state).

11,

Drift data is based on a 1000 hour stress test at 125°C with Vpp = 5.5V.
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AC ELECTRICAL CHARACTERISTICS: NV MEMORY
(-55°C to +100°C; Vpp=3.0V to 5.5V)

PARAMETER SYMBOL CONDITION MIN TYP | MAX UNITS

NV Write Cycle Time tor 2 10 ms

" EEPROM Writes Nerwr -55°C to +55°C 50k writes

" EEPROM Data Retention tEEDR -55°C to +55°C 10 _years

AC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=3.0V to 5.5V)

' PARAMETER SYMBOL { CONDITION | MIN | TYP | MAX | UNITS | NOTES
Temperature Conversion tconv 750 ms 1
Time

| Time to Strong Pullup On tspON Start Convert T 10 us

‘ Command Issued
Time Slot tsoT 60 120 Us 1
Recovery Time trEC 1 us 1

" Write 0 Low Time TLowo 60 120 us 1

~ Write 1 Low Time tLow 1 15 us 1
Read Data Valid trpv 15 us 1
Reset Time High trRSTH 480 15 1
Reset Time Low trsTL 480 us 1,2
Presence Detect High tromGH 15 60 ns 1
Presence Detect Low tPoLOW 60 240 us 1

" Capacitance Cwvour 25 pF

NOTES:

1. Refer to timing diagrams in Figure 17.

2. Under parasite power, if trerr > 960 Us, a power on reset may occur.

TYPICAL PERFORMANCE CURVE Figure 16
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TIMING DIAGRAMS Figure 17
1-WIRE WRITE ZERO TIME SLOT

" taor START OF NEXT CYCLE
—— la— tREC
- YLown
1-WIRE READ ZERO TIME SLOT
lmor START OF NEXT CYCLE
—= l— {REC
oy ———om
1-WIRE RESET PULSE
RESET PULSE FROM HOST
I—-: fasmL - trgm
//
1-WIRE PRESENCE DETECT
PRESENCE DETECT
il lpoHiGH [
N\
o tpoLow |
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