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ABSTRACT

This project presents the standalone data logger, which is widely used in many industrial
process system. The proposed data logger can be measured and record a chang of the process
temperature and process variables in the term of electrical signals. The obtained data can be
graphically displayed through the computer’s monitor. Morever ,the measurement process can be
activated although the computer is not operating. Microcontroller is used as a processor to implement

the system.
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SDA
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3.4. MIMOHUUIZUVITE T'C
o ° o 3 Ao w oA o - A
nanmsauvesszuuta £'c ididy Ao mssmuausawmsalFlumsidennis
¥ A Aoa “ Y 4 a - a4 a ea
81909 Felleg 2 guvufe nso1edmu 7 1a waz 10 e lavaziaeninsnenglnsaii
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& 'Y A a ﬂ 19 = ’ 3§ L4 9 ot o g
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1n03 AdE e Buyw 1N uasnsheanuihiinida SeilddesfigunsaiiveTesadi e
lunsidfoudeuussuutia 'C Feazvldifanisvhem 18odavanvats W

1. lodvmenesadunn/ 1019%n (/O Expander): PCF8574, PCF8582, PCF8584

2. 'lo@8n30u0yNIN(Serial EEPROM): 24Cxx, PCF8570, PCF72/73, PCF8582

3. 'lod ADC/DAC: PCF8591

4. lo#Toalnindon(Real-Time Clock, RTC) : PCF8583, PCF8593, PCF8598,

41T56¢
5. lo®9uLCD ( LCD Driver): PCF8466, PCF8576, PCF8577/78, PCF8579,

i
3 40 i_

c2 1 s
150V T RESET

—w—4—0 o—t

9 |RST "(FV
1"3}( MCS51 | r2[ 1 R3
4K7 4K7 16

P1.0| 1 15| SDA p7 12

pralz 14] SCL P6 11

P5 110

162 Pal9

PCFB574A P37

3| A2 P2|6_

2| A1 Pi]5

20 1] A0 POt 4

J__,_ 18 19

c3 c4 L

33pFI I 33pF

XTAL1
11.0592 MHz

517 3.6 n3neaees luTnsnouInsames Mcs-51 Auginsalszuia I'c
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¥
msaelulnsneuInsames MCs-51 iWhdusyuuda r'c Wu munsom 1A Tavldw
Q A = é 1 hond “J i
woin 2 91 Amuev iy spa Snvmilauilu SCL uazdedIdunIu 4.7 k€2 wadwiin
14
WOSATIIADY
- o ' v o 3y o @ 2
119 3.6 wamsieesdntienisae lulnsneuInsames MCS-51 Whfussuutia I'c
4 3 vy Y ¢ : sai o
Funtuldievsezdyiwesa PLo {uvi spa ez PL1 Wi scL daugunsaifidhns

N L & = g o L4 o
Arnanae 7o lodutuwesAdUNN/ 191N (oS PCF8574
3.6. Msaullsunsufanenuszuuda I'C

Sugudromseiraaniiznasyuvesszuula e felszneudae 2 ane thud
gnsMgAuazmadedaenaRimune SCL uazanzdudumsdadoya
3.6.1. anzHgaaveya
I. fwmuavr SCL uaz SDA ifluaain “0” ﬁagjfiau
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¥
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[ Yt a & 9 9 @ (3"
3. Awmuau SDA Tiaodndlu “17 s ldszuundudiainednnis
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ievimsdsdasuduud wzdesdadoyamuguanlidie Faziunisde
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w = =
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& Y o =t r=% = u‘:
3. fmuan scL Indumfianuzdluasin «0» Sands
L4 b4
dmsunisdadeyanedn «1” Ndunoumsddsi
1. fnuant spa Wliaednddu«1” dmiumsdsdoyaasin «”
2. Amuald scL Tdflasdnidlu «17 dmfunisdadayanauim
Tuvefiv SDA dapadinednidiu 1

¥
3. fmua ScL Induulantuziluasin “0” Bnass
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ngufved ADC uaz DAC

4.1. N¥HveImsTIvTINdoyauazmsulasdua

o aa VA =1 ' ar o .
sdunudygnaldihifanudenies Sondt dyaueurdien (Analog Signal) (i
° a " 4 y 4 a
maiedayaa I wdimsdseuiona (Process) o ldlsluuvfimunzay daznszh
ar o v A ] o ar ooy
Tugduvvvesdyguewiaen uadinmaliauazglnsa lumsdssuianadyguaiaea
Yas [ J P v - o b a 9 4 [ :
Taumavannaiva Fmunhlumsdssurananisiuausdoyasznszdrlddieni dnly
TunsnlAsuguuuvesdyan (Conversion) JeisuuaasszuunIvguitldmsiszuana
viavnauedoyalugduvuvesszuudadnoa degUd 4.1 uansdeszuunluguiiinig
Yszmanadeyauuuaines szuudinaruiiussuuiiinsudsuulamianienm (Physical
4 o da A o o ga St
Process)  padqyanm IWdhalianuaedios (@ygimeuiaen)  ezgansudanyeini
wa o a 1w [} 4
quauiammzausugduuumenisn il uudsdgaa i wu 299sve1s 2eesilanes
[ o 1 1 o o ey :é ar
Wudu dmnees Abc  agvimihfnldeugidygymewdeniudygyudlaoa dada
szuanan1sAInea (Digital Process) 9zsanisAudeyaeunlszuiann niounaue
ar aa - [} ar o
Tugduuvvesdygrudsnea nieervgnudeuldegluydvesdyaraeudeniaies
4 [ @ - e “
DAC misvinistlounauliamszuunlinafeunamanmenin
aa ar e T =]
Tuszuuiiivain q Yeyaluna@einu ninees ADC ensadienldodiasanga
g e a ' ) 1 . . a
Alusududesldiaes ADC matwq d7 uaveldiTA15uLiaIa) (Time Sharing) a3

1 ar 1 1 é 1
Multiplex NIIFUAIDYIUASAINT (Sampling And  Hole, S/H) HIWITISTUUYUIAYDY

ar ey L)

o d o ¥ { ar aa
FuauowdenuuiuPidvus uduldeuiludygudlnea dygyrudsaeaszgnd

0]
' »
-1 o ar

1 L A -] s ar
o lUfa System Bus devzinistszuranadgyanuildsy mndunavesdyainozgn

v
< -]

i o a = a o Y =2 Ve ]
denduoenut e dsuiludyapaewiden ndrusummsgudygiuin

L

4.2. NgUAMITNAYR Y

LT TS

b4
@ ey s

Tumsulasdyanaewdeniiudyanudiaeaiu 1995 ADC wdssldnarlums

o v

A L) 3 1o b ) i s ar
Uszunana Fsmlumsdszuanatiuyvsgiunateilede wu madfeussaudya

AP

d o ' 4 ° a4 w
LLﬁ%ﬂ’J']iJLi’ﬂuﬂ'liﬂ'N'milﬂdQ‘ﬂﬂi‘m‘i']llﬁu 9 mimﬁuﬂmmrjwmmmﬂmimumm
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Signal
Transducer ;D ena =>
Condittion
==y
Analog
= S/H
Multiplexer ::w . F:D
= @amux) giretut Digital
ADC =
O/P
=y
: : Coantrol =d
logic G:T

51 4.1 szuvmuguiaiimslsswanadeyauuuitaen

Av

Ta

51U 4.2 myfasnnuAawaIali Aperture Time

) a ] 3 = ) 1 g é
franalumsudasdyaia nueds Frariifianny limiveulunisia e

(5871 Aperture Time

.

o o o o dv v
131N 4.2 dyyenaen v Idasimanideuuas = 114939 Aperture Time
t

ar 3 ' = o s (Y
, T, savu vasmsdeuntasourdaenisdiauiiiy AV Tae

av =1, % (4.1)
dt
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¥ [ ] ¥
Aarfy 11aM2993 ADC 15 lunmsilfeunslassdgaalusiuiat 7, Wudygiw
sa t @ oa o ’ 3 &£ ¥ - & o 1 a P
avmenvzlvuiamifudyaiaeurfensdi lanmilslugisnaniu FuSsnannudanaiai
= :3 dyl .
INAYUUIN  Aperture Time Error
o 1 Ad o a A 4 a o a &
d1eee nydindgyanaduymiugladuyned Tavisesinnddeunlasuuginau
= ¥ s al o' 4 R o
LNAYUFIGALTINIAAAUNUNAT 501 %) 9AFUE1IRA (Zero Crossing) LA NMAperture
Time Error A0

d(4sinwr),_,

AV =T,.
dr

=T, Aw (4.2)
' Py a s ] 4 3
HAZAANVHARDIATIN (E) ilgﬂﬂ‘ﬂ'lﬂﬂﬂ'ﬂﬁ']u‘lli]ﬁ“llu’]ﬂzﬂﬂﬁumll'ﬁlﬂﬂ 'ﬁﬂ

&= AV xT, 4.3)
24

¥
ot Q

9 9 A o L4 - LY as oy
JHU ﬂ'lﬂﬂﬁﬂ’]'ilﬂﬁﬂu i}JJﬂJ'IﬂJ.E‘]J“]ﬂEJNﬂ’NHﬂ 1 KHz 1ﬁlﬂuﬁiyﬂul'lﬂlﬂ‘ilﬂﬂﬂﬂu'lﬂ10

10
~ A =t S J 1 a 1 o 1 = 1t 1 o
in Fsfesms IdiliaaruazidoarnnidinuAanate inu 5 n3aliA UMY 0.001
14

A911U 12871 Aperture Time 9204 1U%24

¢ 0.001 N

T == =—"—-x1,000=320x10"" (4.4)
T 3.14

wiiuld312993 ADC Afinannsge szlda lunsnlfoudygranianud 1 x4z

¥
S o

o ~ A o:‘ o ad 1
Widusiaauia 10 Oa Faezldnarvimua 320 uTudurf venvniifaliizasldnisdu

L. A& o 1 '
UASAIATAYY T Wﬂﬂgﬂ"lllﬁ’ﬁ'lﬂllﬁzi‘iﬂ’iQﬂﬂ’]'Iﬁ?U
1 ' ar
4.3. MIFHUUAZAIM T

' [ g ra [ as =, o 1 o
NITGUUDSAIATTUY I ﬁﬂ nmmxmﬁuqnﬁmtymwmﬂmimuﬂizqmuﬁaﬂu

= & 5 1o da o 1 o . . . E) |
il‘Hﬁsiﬂ'l‘VlﬁLl mwuaqmtmumﬂmmxmwmﬂumsmwﬂ (Switching Time) ‘¥3995¢W
1 ar 0 [] L] = a =1
HOZAIMATYIM (Sample and Hold) 3¢NIN1TYU (Sampling) YYD UNNLUAZTUINUNL

, s 4 , o da  Lw
(Hold) T luganmmis Fsdwlng sz lFlumsdszqussduiiinig i lnad

LY =1

1 é - dl Y 1
Tumsqudygruewden sifonduiiuszoy q Fadanefiamgld 4.3 maguee

LY o

@ 1 B 3 = o o
Lfluﬂ”l‘mﬂﬂﬂﬁiumﬁuﬂu1aﬂﬂ1u‘uadtaa1ﬂﬁuﬂ TﬂUf’f’miﬂsmamﬁ"wmmxm’qa Novad

LY ]
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L] a ar L @ a QW Q d
msgudnanufwanuswaadousumsquadudyyimiaduny 0 fudgygiaewaen

< v v

o o w 2]

é s r I =
save Iniudyanuuegan Modulate) TxrinpqumITHadiudyaUOUIRBN 9 1ANY Y §

yoamsgqu “S1dygradeiilesiinniuiers luiind Alldasimsguuiaiimisgnguudn

o LY '

r:; 7] [ (=Y = J
dygnaudananezaansalfeundumn1d laglidansdadeu”

X
A

")

A 4

? T 2T 3T 4T ST 6T 7T 8T 9T
{n

Xp(H)

0 T 2T 3T 4T ST 6T 7T BT 9T WOT
(")

JUN 43 msgudysm
o = -
(n) danouIABNIUNN
(v) WadAwgudyanw

ar o @ v
(7)) doygMoUIAeNNAIN TN
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4.4. 'ﬂt]}la Quantizing

ar o

Quantizing fie Nsiasudyanmeuideniiinnudatios Wudyauilideiles

L7 U v

1 ¥ ]
- ar

@ U & A 3 LY . o e -=; () Pt =1
waemsgy FelinszuaunadisWa (Coding) Trovazdadyaud ludeiioaiuldiglnde

] A @ @ o a =] t a
Aonsdszuiana uazdudadiuduRusiudyainouifion 14 Quantize Fyyannioutdon

a o

a an o o & o o
uazdoyguatasa  udnhuniisunswies ldnuduW1Eves Quantize Transfer Function

Azl 4.4

111 T 7’—
110 T /
101 T
/
100 T
/

011 /
010 T /
4

001 T /
/

000 } } ; } i + + —p Volt
1.25 250 375 500 625 71.50 8.75 10.00

;ﬂﬁ 4.4 Quantize Transfer Function 441% 3 Bit

auAseea Wuswaluuns

o

4 o . o o a
1{J9¥11115 Quantize LAY Encode doysyisiounenuaz
-

(Binary) 3 T ud2 w2 ldsvadtaen 8 szAufio 91n 000 D9 111 iioennluszunluwd
sHadsmeaudazAtazuNVIAvesdyymewden Fuzdudadiuduaniana la
Mgeqavessiaainea fe yndafidu 1 seahfudyguemndenduainagudin (1-27)
Tao n WuinnudevesssiaasaeaunazSafiiu 1 uazezsifunnadumaavesouifen

¥
1 o LY

9/ . . a - 3 9/ 9 1
AUAIWATUINUN (weighting) YOITHAVUAUULAINITAWY 2
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LY L]

fotiuru sudvmnavesdyanaeuifonidu 10 Trad (3vfd 1011) szumuauIa

Ly =1

YpIFQYY IUOUIAONDUNY

g o

o L

a [y o as 1 ar 1
wdvyietua vensudesAedduluglf 4.4 duduusn 1dun

AZIDAVDY
Vm=(%)x{(lx23)+(0x22)+(1x21)+(1x2°)} (4.5)

A15 Quantize @aRMUAIdIINTIUIUTAVBITARIRDE HT0 AN Wufp YN 190
56 (Step) MLAUDUIADNBUNY LazdaduszuinAuANTnasUIABNTLAM 2"
$uamaazieniynezgndvuannduiuiia fie iy 2" anuz @u ADC 8
{in, Quantizer 32 1W10171WM 256 @Az ApAuAUmnasutdenlulaezunsy @i ADC 12
fin, Quantizer 92110191 M 4096 01Uz AenuANmnaourdenlulaozunsy A1
nsmume HeriFiozfiauisssfu (Decision Point %132 The Should Level) Fanuiidea
putAeN9z s I 2-10 g0 Tavegi 0.625, 1.875, 3.125, 4.375, 5.625 uaz 8.125 Taan
sshaadenadudyameudenduaudusiadinen 1 aaiuy Fufusdenanee
gnUSuliTnnugndesnniige eudamutavesenidenldasetudweants Quantize fi
WIIRU 1.25, 2.50, 3.75, 5.0,6.25, 7.5, 8.75 laaw c?ufluQﬂﬁanmwmiﬁaﬁ%maaﬁmuz

gae -
4.5. Quantizer Resolution

v [ ) o o ’ o 1 J
Tuurazan Uz Ty IUATADAI WY ITUNUIHIAYESA YR IMaUIADNATlAM
é L] 3 1 LY A '
wilslugi9a1du 9 ve99auL93 2Ry F958n71 Analog Quantization ¥30 Quantum 138 LSB
o a ] o Y 4 o
(Least Significant Bit) n1sutlasdygulugus 4.4 aradeudn midy 1.25 Tran Tasfnom

910

FSR
2’1

o= (4.6)

' d @
Tas  FRS fie Full Scale Range 3933300 AN AINAYBILITIAUBUIADN

n fig Nuulnvesviaainea

= 1 Q =Y Qr L
NNFUMT AU IUUTANN VLIRuBIAloUGuAzanas uazd i dwany

& &

a . 1 a o d 3 ' v o =]
DUANYDN Quantizer ANDAYNUDIAYYIMUDIUINDN NITLIHUFISHARNUDITUYIUDUIADN
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a I a an a 4 @ ' [} ar {
ouwn uazldndyaraddaeaeiynidugiuines tufe a1 1 Fredagiaewdenn

1 o aa L4

‘Sl L -y é Qs 1 =) \
nasuudaslhillusWadinea 1 anue yemdygiuasnoateriynasnainsend

+
=1

Quantizing Error ﬁﬂgﬂ‘ﬂ 4.5

g‘ﬂ“?l 4.5 Quantizing Error

v b4
fi1 Quantizing Error 2248 19 18 Tpun15iAuS 1mu09 Quantizer 1W11nTu yaze19m
1 a 1w 4-_45 LY s ] - Y
THauoviyniianuAanmamidogud idnuazflnduniniufanainszinisenan

TUay I T UATUNTEUNN

4.6. sHannavdmIumaasudeya

Output Code

1y

110§

tog]

100

ougl

010

ooy

} R [l Il —f, 1 | Vin

.59  -375 250 -1.25 625 7150 875  10.00

1A 4.6 nrumlestatuves ADC 3 §n Al¥5iaeaviiialuus

72139
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sWaduavifdomihunldluszuoadoudeya 1Aun sWaluun3 (Straight Binary) Toe

a =t 3 o o FSR 4 t =
stalumTaniusgs szunudodygiaeuiien e T20% 13U 2995 ADC uia 12 1in

[ o oo 3 '
fiofer 1111 1111 1111 weziidauemdon@uamna (FSR) ity 20 Taan azunudoy
ar g - : o
Famnaeuidonauin 20 (1 -2 wie 1939951171 Taad  wenvimindaiiszuu BCD
) o 3 a g - 4 9 @
mud I umMIfuanndsmaasuazaoin sryunevide luinSimnzdwiuns

o = 4 = r b= 'dz 1
AMUIUNWNAUAMTAT ADIN Lm%ﬂ'liLLﬂﬂﬂﬁ’ﬂJutUﬂﬂmUV!ﬂﬁMTN‘HNU’Jﬂllazﬁﬁ

4.7. 2903 UIAZ AIA Y 1M

Analog S'H
Input | o— ¢ +1 Output
Vi : J_ Vo

| 1 Ch
control

+5V +5V
® ()] *

S/H

o o

*~—t
LT Ampl | _l_ Amp? Analog
Analog : C
output
input I ~|V ®
]
. ]
) , T
sampler
Sample&Hold
command
4]

31 4.7 myquuazaamdys o

.4
(M) AUFMUBINTGULAZAIN TRy 10

() laszunsnusenees NI quiRzAI T ya I

1TYUUAZAIAIT RN (Sample And Hold, S&H) i1l luszun ADC,

o s &
Data Distribution, Sampling Scope, DVM, Reconstruction Filter ﬂ?aamﬁanﬂanmmm 49
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b

(9 1 o s o1 Ao w
2avsdand 1 niluaae s unssfu (Voitage Memory) Taufimsidgunsalswiiddgie dufy
o { 3 i . o o a

52y Aagilfi 4.7(n) weredatesiugvesquuazAmdyaIINTYy s euIaenduyn
o
AL NN
71U 4.7(1) uetaersesdraneiildlumsnanes TnedeestiiosBuffer) dimaedn
3 v 1 o 4 LY o a ]
SunnuazeiynusInssguuAznImdyyiaiugy NesiivesvesdmBuyniztae
9 e a a o 2 ] ¥ A & o y =
THeesiidunyndufinaudags Fazalndensldauuasaunsamunszumieiiliifans
o v o 15 1 a L4 ¥ 4 0 1] L4 o oA doy 15 A
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A1519 6.1 LEANUIATEIH ETIA RS-232 11D 9 Pin

EIA RS-232 | CCIT V.24
9 Pin EIA RS-232 Description | Signal type & Direction
Circuit Circuit
5 AB 102 Signal group/common Ground/common
2 BB 104 Received data Data from DCE
3 BA 103 Transmitted data Data to DCE
1 CF 109 Receive line signal detector | Control from DCE
4 CD 108, 2 Data terminal ready Control to DCE
6 CC 107 Data set ready Control from DCE
7 CA 105 Request to send Control to DCE
8 CB 106 Clear to send Control from DCE
9 CE 125 Ring indicator Control from DCE
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EIA RS-232 | CCIT V.24 '
25 Pin EIA RS-232 Description Signal type & Direction
: Circuit Circuit

1* AA 101 , | Protective ground Ground

7* AB 102 Signal ground/ common return Ground/common
2% BA 103 Transmitted data Data to DCE

3* BB 104 Received data Data from DCE
4+ CA 105 Request to send Control to DCE
5* CB 106 Clear to send Control from DCE
6* CcC 107 Data set ready Control from DCE
20* CD 108, 2 Data terminal ready Control to DCE
22 CE 125 Ring indicator Contro! from DCE

8 CF 109 Received line signal detector Control from DCE
21 CG 110 Signal quality detector Control from DCE
23 CH 111 Data signal rate selector (DTE) Control to DCE
23 CI 112 - Data signal rate selector (DCE) Control from DCE
24 DA 113 Transmitter signal element timing | Timing from DCE

(DTE)
17 DD 115 Receiver signal element timing Timing from DCE
(DCE)

14 SBA 118 Sccondary transmitted data

16 SBB 119 Secondary received data

19 SCA 120 Secondary request to send Control to DCE

13 SCB 121 Secondary 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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A15199 6.5 DATIVOALAZYINIAWDINAAZTA (ms)

N3 IeA ¥ WeAaz N (ms)
110 9.91
150 6.67
300 3.33
600 1.67
1200 0.822
2400 0.417
2800 0.208
9600 0.104
19200 0.052
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7.2. aandsznauvealasanu
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v
swazdsauanin1siinunludman g aunse ladeil

7.2.1. wihelszanananma
¥
Tulasenruiioz 19 luTasaoulnsaiand wes ATMEGAL6 1uniae
Uszurawanars efiaud 18.345 wanzidsad vrelunisaiuqualasainiiaeas q
¥
mumaetiadeyneynsy Wwiasneulnsamesiawisarhauldniiaas 1dgdnseldesw
Y o o w Wy
nnneuendesun uenvinildiannsoalszuiadidalanielu 1 clock
QA ' 3 o
fautintazvineld nuvedlulasnoulnsanes
1. aailasnssunalugnoenuuulvldaoilnenssuuuy RISC (Reduce
o =1 o a '
Instruction Set Computer ) fin ¥i11HMsUszNanalinnusa 1 f1ds Ao 1 Clock #30 CPU

b 4

asndszuranamdald 1 MIPS/ MHz

]
as

2. fiddlumsnruquasianveslulasneuInsamed §1uan 118

GRGE
3. MHIwANNS MUY FLASH dmSutiuin Program Memory 41U 16
Kbytes (ATMEGA 16)

4. miwanu$wuy EEPROM @ wiuifufin Data Memory ¥ulm 1024
Byte (ATMEGA 16)
5. MHAANUI WY RAM UU1A 2 K Byte (ATMEGA 16)

6. szuumsnlaoudyg e Analog to Digital yu1A 10 4% $1uu 8

e

%09

2
2

0
7. anuddYINUIAN 0- 16 MHz (ATMEGA 16)

as L) a
8. TELUUMTATINVUILAVAYYIUDUINON (Analog Comparator)

¥

9. TIMER/COUNTER %11 16 1% 1 ¥04deyaal

ar

10. TIMER / COUNTER 91417 8 U 2 09dtuey 19l

g u

11. Vo 4.5~ 55 T2av uazamnsouan Pinours 404 1u TnsneuInsamed
(ATMEGA 16) laaag1f 7.2
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PDIP
{XCKITO} PRO 3 4 ~ £ 3 PO (ADCH
Ty PRI ] 2 30 [0 PAY (ADCH)
{INT2ZAMND; PR2 ] 3 38 O Pa2 (ADCY)
{OCOAINY PR3 T 4 3T 3 PA3 {ADCI)
(S8 PR ]G 3 11 Pag (ADCH)
(MOSH FRS L] ¢~ 8B [0 PAS (ADCS)
MOy PREC] T 34 [ g (ADCE)
{SCK) PH7 [ 8 33 O Pa7 (ADCT)
RESET ] & 82 O AREF
VCC [ 10 3 [ GND
GND 3 11 M [ avee
XTALZ ] 12 2B [0 PCT (TOSCH
XTALY [ 13 o8 [ PCB (TOSCH)
{RXO) POC (T 14 7 O PCS (TON
(TXDy PRI T 18 28 [1 PC4 {(TDD)
(INTD} PD2 [] 14 25 [ PC3 {TMS)
NTH PRI 717 24 [ BC2 (TCK)
(CC18y PD4 ] 18 Z3 {1 PCt (5DA)
(CC1A] POS 7 19 2 [1 PCO (SCL}
{ICP) PD6 ] 20 1 O PO7T0CD)

719 7.2 Pinouts ATMEGA 16

msulasdamendenilufagafidnen

1.
2.
3.

7.
8.

10 bit Resolution

0.5 LSB Integral Non-linearity

65 — 260 us Conversion Time

UP to 15 KBPS at Maximum Resolution

8 Multiplexed Single Ended Input Channels
0 — Vee ADC Input Voltage Range

Free Running or Single Conversion Mode

Interrupt on ADC Coenversion Complete

T4 AVR ATMEGA 16 fIevsutlasdyanusindeniludiaeavuia 10 ia

| Y & 1 v ¥ o
§  yosdyn i Yaumazyouziudygadinmeanaszaveawoia A lagluseyuezd
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y 1 o = ™ o aa = o
7993 Sample Hold evulddayamsuidonfifudmumdasuiludygsdiaeafilisvay

s = e o e = 1 o
AYWIUANN IﬂU'NiliLlﬂﬂ\'lﬁﬂ,jﬂg']mﬂu']ﬁﬂﬂlﬁuﬂﬂﬂBﬁ'ﬂ:’;ljuﬁﬁ\'ﬁ]']U"["l‘hl'ﬂZﬂiTJﬂll,UﬂﬂBﬂ



38

s FelunsldanlinsianuuanaistuvesussduTdvesrseseufenuas
useuIvpsszuumanasiuiu 03 V Fslumsldauesdessous wiu v drebuaznsag
w1 AREF Tuga9v0952duusefu 4, — GND

MU

ludmvssmsutasdygnuoudondiudinea munsoudsmsiauld

2 Mode B

1. Single Conversion Mode

2. Free Running Mode

Tun159M1974 Single Conversion  Mode rfl‘i’iﬁmtﬂuﬁjﬁmuﬂmﬂ%’am%um
uAlud1uves Free Running Mode 2993 Analog to Digital 9z1udasanisuazendeyades
#3114 ADC Data Register #91in ADFR 1u Register ADCSR 2z:ffuil#ifon Tnuanis1dam
V4927 Analog to Digital
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dadedyananinuuuisea Ind(Real Time Clock: RCT) 111935 DS1307

Amrhfiadregunat g dou 1 (Iavldasansn 32.768 AladsadTunisada)

7.2.4, ﬁﬁaunmm‘in’fﬁlymmuwnm (Compact Flash)
29 ¢ o & ) 4 o am A
114TﬂsNmuﬁlwmummmwymm Kingston CF/512FE FIUUTUUA AD

1. AMuPoyd 512 MB

0

yAdAd I 1.43” x 1.68” x 13” — CF Type |
A5 INMTBUIBYA 3.7 - 6 MBsec
anuEamsdioudoya 1.5 - 5 MB/sec
AMAUR Plug-And-Play tHound 19140 uh
14181 PC Card Type 11 Adapter

Tvsia Auto steep aREATINT IAANAINIUINUVMADT
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7.2.5. unaenely
IWdseatioliaees RTC sileennaees RTe $uiludesiinuaasaia
cﬁ’aﬁw?ﬂy1ﬂ'1nmﬂlﬁgﬂﬁ'm’5~aﬁui‘luﬁaaﬁ"lﬂtﬁynaﬁﬁmﬁimiﬁ'ﬁmws RTC Tuvas i
Tdssmmnd (@013 10131 unde ihvaden Taulduumnsiaifon - loseuuun
usaau 3 Taavineld
ﬂmﬁuﬂ’ﬁmm AC/DC Switching Power Supply
1. swidaivih sow
2. usswuWdh 1A s v. 4A. £0.5%
3. usnulrfh2 e 12 v.2 A +£10%
4. UszAnam > 85% filwaadtu 220 ¥, msfeunlasnaud 100
kHz.
5. mstlesdi
5.1. Output Overload
5.2. Short Circuit
5.3.szuuids T nseenuuumInsadanguldqa
54,1113 RESTART in3 018 Tusineuniste 1 Tnan niedionts
Ransien niadafamstinuiananeuniey
5.5. s AE U AL lunenlag
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7.4. HANINAADI

7.4.1. 1mareinsIoTagauugh
>

) ¥ o« o P ¢ A
msnanesluTnssamilidenlfimuresnsiniagungil wes LMm3ss Fuily

v

ledldnitniuguugiludwguugiidwa 0 *C 81 100 °C Tesldnwazidundes

a do da & s A . o =
WATTANTATNUYT 3 V8NN HUAD YTLIN V1AL LI Ad_]llSt WQZ]JTI 7.8

s

Ad)

U7 7.8 wwesas 9 Yagunglies LM335

dnuazMINIUYes LM335 syausuw@niudiues laleaniinnul
1 = 4 o ar [y o d o =
apgangiiun e ldTuusadu i ludandy ezldeninmiluussduliidiues Zener

<& Y o o g ot t aq

Voltage : V) Fa9zutlsiuTnoasstugangiduysel ludhwgamgiineanuuuddem Tay
<\ ' a 1 o oa -! a g w a‘a’d
AUy 10 mV AvgamalNLAN 1 8eruaadu (10 mV/K) U5z loyuhddyvesgunsaiid
4 9 'S a = 9 & ' i) o ~ 1 \ Y]
do sz IfiemiynAduFadu FadusuerAwsedweniymuniowdiunsiseniredwsedy
Y ' 0 Ao o an v ﬂ 2 o ﬂ = 9
unamanatIInsiiuLed ledaal v ldasezitluiidnuasluFadumuaums

¥

il

€

v, =(10ov/°Cr, (7.1)

4 [y = 1 o
dlo ¥, A useduviflueniyn Smisudlulsan
T, Ao quugil imbeihunaiu
Vs 7.1 demafeussruaaduiiuesraaden Taon

0°C =273K @i ussaulwvh V, Agaunad T laq wxliadsaums
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v, =273 +{100mV /°C)T,. (72)

e T, fie gungiileq Smibediu C
t:{ o VoA =Y ar d o qw Yt = ﬁ
IRt 7.1 szruitigungdl 0 ssnduysainie o K ez ldm ¥V, iautvov
v o 1 a o ] + 1 o as a
uailssnndiaeledaslurisinaass udhnisTadeslas ¥, nguugll 0 sesmduysal
] > 1 4
i1 ¥, #3014 aedisn liidugud dniu TediSdin adjust Bdmiviua v, Willuov
figauugil 0 samnduysel Tnsdneiot Adjust vosleFdhdudrdmmuinliva ldniluna

10 k A931l#i 7.9

-y

N
0

511 7.9 mslSuudsanuasTod LM 335

ione993a gL 7.9 udhimsdiuudsled Tasnstuindguugiives (7,)
Wd i d 8 unuluaunis® 2. we (7.2) iednaamdr ¥, udnhm 7, @ldin
UFumm ¥, veeasns TR ueniyw 7, fdwhdumidisiuon’s Tavi 7, dewdimninianen
ATEUINMTUTVLIAN
7.4.2. anudeudifndvluda LM 335
Tuszuuasnivgungiinieanudou nszuasy Ivasiuginssimsasiedy

P = ! 3 (=% [ 1 3 v w
Faziinadeagungiilumsasnda levmwes R, szveuldnssuavamiudadumy

s
Yy ldfidevuudulofiminiy dwussdueinnues LM335 szidmnaszuadilums

wau nagivaneftezduliisesthaumualnd id (nszuadigaussuin 100 ud)
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7.4.3. quentiadszdidi LM335
FNuMZMINIUYBINNe LM 335 Aealimsdfuaanugndesluns
Maouneu Taeziinsdfudminszuah 1 mA  snnudAawaianasamsiNuigumgil
25°Cwse 4°C wiimanuAawaamiiy 2°C (gaga 6°C) uadislimsyfuusslod1H
faugndeauda zldmanufanaadifaniquugil 2°C uazlanuhifuguduves
d‘ = o o o 1 o 9/ s/
Aseua I mA ngungu 0.3°C Andan1snIaug msiamgungiilueinadesldnal
Uszanm 3 w1 Seve Idgungiigaiondinnnguugiifinsasundasly masenuuy
° ' 9 va a a e 4 Y A a4 7 a s 9
pamezfmuauandi3n 8o Juii huhwnuliisdoun dezimgungliganey
o o v A a P o
avlunmszna 3 3w msesnuvunanzsmumiluamill 1 Juii) deginsal

Sindmeziaguuginiiiugn 0.2°C aasn 1000 Falue Suuihguugd 725°C

L]
IS4

Taniindsuiinaudezdoond 1 Q fianwgend 1 kHz udsziin lavnfinddufivaud
[ 134 ] []
AuAu 20 8930 Q AN 100 kHz
9/ o o o = o P} P
FenrsszTevenrueiasiviagungiives LM3ss  fe  dledleu
Qo o o = 1 é ¥
usasu i lusanduldfiueslaleassifanssun indhdiues 7, Inadu LM335 Feoy

Tura
S5mA>[, >400 pAd (7.3)

[] ¥
uazazldimanugndegegadl 1, < imA daiy Wenmsafmunmm R,

@910

(V 1 = Viom ] )
R = supply nomina (74)
bias lmA

A =) ¥ = (
e R,, A0 anudumeynsuiimiiediu Q
V.

oy 18 1398 T ATe 1985 (Rondonlde s Vi)

Voo #30 V, Ao usesuvifhildonly tmsss Smbudu v

n

1 v
Wlasnindinsdasgamgiilugae 0°C 81 100°C Anius V, ., 3edim

JEMIN 273 V 83 373 V 1aaun1sf (7.4) wannsofuannia R, 8 18990

mv

nominal

ias
13180 2.27kQ  udtiiasnndadiuniuazininny
=3xkQ &

=2.73 V futmma R,

ias

o a1 = - ¥
ATUNTUNLUUU DU ﬁN’c‘T'I'LI']'iﬂ!ﬁ‘E)ﬂGL“H R
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[ AR AR AR Rk oK o K o Intterrupt routine ** ¥ F#xkd kb s Ak kxkdonk //

bit flag_conv_complete;

unsigned int compare_timeflag,; .
unsigned int time_sampCH]1,time_sampCH2,time_sampCH3,time_sampCH4;
unsigned int time_compare;

interrupt [ADC_INT]void ADC _isr(void)

stop_adc(};
flag_conv_complete=1;

}

interrupt [EXT_INTO]void ext0_isr(void)
{ .
time_compare++;

time_sampCHI1++;
time_sampCH2++;
time_sampCH3++;
time_sampCH4++;

//***************************** Watch dog ************************//

#define flag WDT MCUCSR.3 // for detect cf card

void WDT_on(void)

{
WDTCR=0x08; // enable watch dogand set to 17.3 ms timeout at 5 volt

}

void WDT off(void})

{
#asm("wdr")// reset watch timer
WDTCR=0x18://set both WDE and WDTOE
WDTCR=0x00;// clear WDE

——
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#define Vpb 0.0048828125 // volt per bit

#define el PORTC.4 // gate 1
#define €2 PORTC.5 // gate 2
#define e3 PORTC.6 //gate 3
#define e4 PORTC.7 // gate 4

#define sel PORTB

unsigned int value_adc[32];
extern bit flag_conv_compilete;

bit flag_complete _1;
bit flag_complete 2;
bit flag_complete_3;
bit flag_complete_4;

struct select_channel_ADC // for select address per channel

{

char channel;

}selc;

void initial_ADCmul{void)

{
ADCSRA=0x8E; //prescaler for range 50-200Khz
ADMUX=0x40; // selectat ch 0

void Initial PortMul(void)

{
DDRB=0x07; // PB = output at bit0-2 for selectchannel
DDRC=0xFQ; // PC = Output at bit4-7 for enable gate
el=1;e2=1,e3=1,ed4=1,// disable muitiplex at enable gate
sel=0;// select initial for channei



void start_ade(void)

{

ADCSRA.6=1;// start conversion analog

}

void stop_adc(void)}

{

ADCSRA.6=0;// stop conversion analog

}

void Read_ADC_InputChannel(char enable gate,char start_channel)

{

char channel_array ;

flag_conv_complete=0;

switch(enable_gate)

{

case 1 : . N

flag complete_1=0; _
channel _array=start_channel;
el=0; // enable gatel

for(selc.channel=0;selc.channel<=7;selc.channel++)

{

sel=selc.channel; // select input channel

delay us(1);// wait for MUX to stabilize

start_adc();

while(flag_conv_complete!=1); // wait for conversion complete
value_adc[channel _array]=ADCW, // calculate volt per channel start 0-7
flag_conv_complete=0;// // ¢lr flag complete converion analog
channel_array++;

el=1; // disable_gatel

sel=0; // select input channel

delay us(100); // wait for MUX to stabilize
flag_complete_1=1;// success for convert 8 ch
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channel_array=0;
break;

case 2 :
flag_complete_2=0;
channel array=start channel;
€2=0; // enable gate2

for(selc.channel=0;selc.channel<=7;selc.channel++)

{

sel=selc.channel; // select input channel

delay us(1);// wait for MUX to stabilize

start_adc();

while(flag_conv_complete!=1}; // wait for conversion complete
value_adc[channel array]=ADCW; // calculate volt per channel start 0-7
flag_conv_complete=0;// // clr flag complete converion analog
channel_array++;

e2=1; // disable_gate2

sel=0; // select input channel

delay_us(1); // wait for MUX to stabilize
flag_complete_2=1;// success for convert 8 ch
channel_array=0;

break;

case 3 : flag_complete_3=0;
channel_array=start_channel;
- e3=0; // enable gate3

for(selc.channel=0;selc.channel<=7;selc.channel++)

{

sel=selc.channel; // select input channel

delay us(l);// wait for MUX to stabilize

start_adc();

while(flag_conv_complete!=1); // wait for conversion complete
value_adc[channel_array]=ADCW, // calculate volt per channe] start 0-7
flag_conv_complete=0;// // clr flag complete converion analog
channel_array++;



e3=1; // disable gate3

sel=0; // select input channel

delay_us(1); // wait for MUX to stabilize
flag_complete_3=1;// success for convert 8 ch
channel array=0;

break;

case 4 : flag_complete_4=0;
channel array=start_channel;
e4=0; // enable gate4

for(selc.channel=0;selc.channel<=7;selc.channel++)

{

sel=selc.channel; // select input channel

delay_us(1);// wait for MUX to stabilize

start_adc();

while(flag_conv_complete!=1); // wait for conversion complete
value_adc[channel_array]=ADCW; // calculate volt per channel start 0-7
flag_conv_complete=0;// // clr flag complete converion analog
channel_array++;

ed=1, // disable_gate3

sel=0; // select input channel

delay_us(1); // wait for MUX to stabilize
flag_complete_4=1;// success for convert § ch
channel array=0;

break;

}
void read_ADCO_7(void)

{

Read ADC_InputChannel(1,0);
while(flag_complete_11=1);

}
void read_ADCS8_15(void)

{

}

Read ADC_InputChannel(2,8);
while(flag_complete_2!=1}),
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void read_ADC16_23(void)

{
Read_ADC_InputChannel(3,16);
while(flag_complete_3!1=1);

1

void read_ADC24_31(void)

{
Read ADC_InputChannel(4,24),
while(flag_complete 4!=1);

}

void printADCO_7(void)
{
char loop_printl;
for(loop_print1=0;loop_print1<=7;loop_printl++)
{
printf("%.2f ",(value_adc{loop print1]*Vpb));

}
}
void printADC8 _15(void)
{
char loop_print2;
for(loop_print2=8;loop_print2<=15;loop_print2++)
{
printf("%.2f ",(value_adc{loop print2]*Vpb));

}
}
void printADC16_23(void)
{
char loop_print3;
for(loop_print3=16;loop_print3<=23;loop_print3++)
{
printf("%.2f "(value_adc[loop_print3]*Vpb));

}

} .

void printADC24_31(void)

{
char loop print4;
for(loop_print4=24;loop_printd<=31;loop_print4++)

printf("%.2f ",(value_adc[loop _printd4]*Vpb));
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char rx_value_time[5];
char id[3];

void write_eeproin_int(unsigned int address,unsigned char data)

{

while(EECR.1!=0); // wait until zero bit write enable
EEAR=address; -~

EEDR=data;

EECR.2=1; // write logical one to EEWME
EECR.1=1; // write logical one to EEWE

unsigned char read_eeprom_int(unsigned int address)

{

while(EECR.1!=0); // wait until zero bit write enable
EEAR=address;

EECR.0=1; // write logical one to EERE
return{(EEDR);

L]

void write_eeprom_16bit(unsigned int address,unsigned int data)

{
unsigned char buffer_wr_lbyte=0;
unsigned char buffer_wr_hbyte=0;

buffer wr_lbyte=datalbuffer_wr_lbyte;
buffer_wr_hbyte=(data>>8)|buffer_wr_hbyte;

write_eeprom_int(address,buffer_wr_lbyte);
write_eeprom_int(address+1,buffer_wr_hbyte);

unsigned int read_eeprom_16bit(unsigned int address)

{
unsigned char buffer_rd_lbyte=0;
unsigned char buffer_rd_hbyte=0;
unsigned int buffer _rd=0;

buffer_rd_lbyte=read_eeprom_int(address);
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buffer_rd_hbyte=read_eeprom_int(address|1);

buffer rd=(buffer_rd[buffer rd_hbyte)<<8§;
buffer_rd= buffer_rd|buffer_rd_lIbyte;
return(buffer_rd);

}

void store_time_eeprom(unsigned char sel)

{

switch(sel)

{

case 0xF1 : // code accept from program time visual basic

write_eeprom_16bit(0,atoi(rx_value_time));
putchar('a"); // code aacept data time sampling
break;

case O0xF2:

write_eeprom_16bit(2,atoi(rx_value_time));
putchar('b"); // code aacept data time sampling
break;

case 0xF3 :

write_eeprom_16bit(4,atoi(rx_value_time));
putchar('c");// code aacept data time sampling
break;

case 0xF4 :

write_eeprom_16bit(6,atoi(rx_value_time));
putchar('d"); // code aacept data time sampling
break;

}

void clr_value_eeprom(void)
{
write_eeprom_16bit(0,0);
write_eeprom_16bit(2,0);
write_eeprom_16bit(4,0);
write_eeprom_16bit(6,0);
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#include<ds1307.h>
#include<bed.h>

#define write_cmd_cf "W
#define read_cmd_cf 'R’
#define rst cmd_cf 'S
#define accept_cmd "'

char num([]={0,1,2,3,4,5,6,7,8,9};

siruct datalogger _time_structure

{
unsigned char day;

unsigned char month;
unsigned char year;
unsigned char hour;
unsigned char min;
unsigned char sec;

} data;

unsigned char number_rec_hour;
char get_ready[4]={0x0A,0x0D,0x3E};
void chk_accept_cmd(void);

void reset_CF(void)

{

putchar(rst_cmd_ct);

chk_accept_cmd();
}

void chk_accept_cmd(void)
{
unsigned char ik,tmp[4];
loop:
for(i=0;i<3;i++)
{
tmp(i}=getchar();
}
for(k=0;k<3;k++)
{
1
if(tmp[k]!=get_ready[k])



{
putchar(rst_cmd_cf);
goto loop;
}
}
}

void write_filename_ CF(void)

{

unsigned char buff=0,tmp_hour,tmp_l,tmp_h;

tmp_hour=number_rec_hour;
tmp_hour=bin2bcd(tmp_hour);
tmp_h=(tmp_hour&0xF0)/10;
tmp 1=(tmp hour&0x0F)%10;

loop:
putchar(write_cmd_cf);
buff=getchar();

if(buff==accept_cmd)

{
printf("RECORD%d%d.DAT",num{tmp_h),num{tmp _1]);
putchar(13); // \r code decimal

putchar(13); //\r code decimal

}
else if(buff!=accept_cmd)

{
reset_CF();

goto loop;

}
j

void write_time_date(void)

{
printf("%d/%d/%d ",data.day,data.month,data.year);
printf(" %d:%d:%d ",data.hour,data.min,data.sec) ;
}
void read_RTC(void)
{

ric_get_date(&data.day,&data.month,&data. year);
rtc_get_time(&data.hour,&data.min,&data.sec);
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#include<megal6.h>
#include<delay.h>
#include<stdio.h>
#include<stdlib.h>

#include "multiplex _adc.c"
#include "isr.c”

#include "cf.c"

#include "watch_dog.c"
#include "eeprom_avr.c"

#define out_sound PORTD 4

#define sw_program PIND.5 //input sw program time sampling
#define push_closefile PORTD.6

#define detect_cf PIND.7

extern char rx_value_time([5];

extern char id[3];

extern unsigned int time_sampCH]1 time _sampCH2,time_sampCH3,time_sampCH4;
extern unsigned int time_compare;

extern unsigned char number_rec_hour;

unsigned int time_eep_ch[5];

void initial _port(void)

{
DDRD.4=1; //PD4 = Output out_sound
PORTD.4=1;
DDRD.5=0; //PD5 =Input Sw detect time program
PORTD.5=0;
DDRD.6=1; // PD6 = Qutput push_closefile
PORTD.6=0;
DDRD.7=0; //PD7= Input detect cf card
PORTD.7=0;

}

void initial_int(void)

{
SREG.7=1;// enable global interrupt

)

void initial _ext_int(void)

{

MCUCR=0x02; // select INTO falling edge gen int
GICR=0x40;// int0 interrupt request enable
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void initial _uart(void)
{
UCSRA=0x02; //2x
UCSRB=0x18;
UCSRC=0x8§6;
UBRRH=0;
UBRRL=103; // baudrate 9600 bps
y
void rx_val_time(void)
{
char x;
clr_value_eeprom();
for(x=0;x<4;x++) // four package data

gets(id,2); // rx length & code channel
gets(rx_value_time,id[1]);// time sampling value
store_time_eeprom(id[0]); // check channel

}

}

void load_time _samplig(void)

{
time eep_ch[1]=read_eeprom_16bit(0);
time_eep_ch[2]=read_eeprom_16bit(2);
time_eep_ch[3]=read_eeprom_16bit(4);
time_eep_ch[4]=read_eeprom_16bit(6);

}

void reccord_complete_sound(void)
{
delay_ms(500);
out_sound=l;
delay_ms(500);
out_sound=0;
}
void stop_int(void)

{

SREG.7=0;// enable global interrupt// disable global inttrupt

}

void start_int(void)

{

SREG.7=1;// enable global interrupt;// disable global inttrupt

}

void start_exint(void)

{
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}

GICR=0x40;// int0 interrupt request enable

void stop_exint(void)

{
}

GICR=0x00;// int0 interrupt request disable

void main(void)

{

initial int();

initial _port();

initial uart();

initial ADCmul();

Initial PortMul();
time_compare=0;// initial value time

time_sampCH1=0; // initial value time samplimg0-7
time_sampCH2=0;// initial value time samplimg8-15
time_sampCH3=0; // initial value time samplimg16-23
time_sampCH4=0; // initial value time samplimg24-31

number_rec_hour=1; // nuber file reccord

if(sw_program!=1) // check for change time sampling

{
delay_ms(100) ;

rx_val_time();
while(1); // for restart
}

if(detect_cf==0)// for detect cf card
{
push_closefile=1;
delay_ms(1000);
push_closefile=0;
while(1);
i

initial_ext_int();/ start interrupt ext from ds1307
load_time_samplig();
stop_int();

chk_accept_cmd(); // accept for job

delay_ms(100);
reset CF();

write_filename_CF();
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start_int();

while(1)
{
if(time_sampCH1==time_eep_ch[1])
{
stop_exint();
read RTC();
read_ADCO0_7();
printf("\r\n");
printf("CHO-7 ");
write_time_date();
printADCG_7();
time_sampCH1=0;
start_exint();

}
if(time_sampCH2==time_eep_ch[2])
{

stop_exint(};

read_RTC();

read_ ADC8_15();

printf("\r\n");

printf("CHS8-15");

write_time_date();

printADC8_15();

time_sampCH2=0;

start_exint(); _
} R [ ]
if(time_sampCH3==time_eep_ch{3])
{

stop_exint();

read_RTC();

read_ADCI16_23();

printf("\r\n");

printf("CH16-23 "),

write_time_date();

printADC16_23();

time_sampCH3=0;

start_exint();
!
if(time_sampCH4==time_eep_ch[4])
{

stop_exint(};
read_RTC();

read ADC24 31();
printf("\r\n");
printf("CH24-31 ");
write_time_date();
printADC24_31();
time_sampCH4=0;
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start_exint();
}
if(time_compare==36000)
{
stop_int(); // disable all interrupt
time_compare=0;
push_closefile=1;
delay_ms(1000);
push_closefile=0;
// number_rec_hour++;
break;

}
}

while(1)

{
reccord_complete_sound(); // sound
if(detect_cf1=0)

{
delay_ms(100);
WDT on();
while(1);
}
}
}
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eatures

High-performance, Low-power AVR® 8-bit Micracontroller
Advanced RISC Architecture
- 131 Powertu!l Instructions — Most Single-clock Cycle Execution
- 32 x 8 General Purpose Working Registers
-~ Fully Static Operation e ®

- Up to 16 MIPS Throughput at 16 MHz
- Qn-chip 2-cycle Multiplier
Nonvolatile Program and Data Memories
- 16K Bytes of In-System Self-Programmable Flash

Endurance: 10,000 Write/Erase Cycles 8-bit AVR®

— Optional Boot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program H
True Read-While-Write Operation M IC rocontrOI Ier
- 512 Bytes EEPROM H
Endurance: 100,000 Write/Erase Cycles W|th 1 GK Bytes
- 1K Byte Internal SRAM
— Programming Lock for Software Security In'SyStem
JTAG (IEEE std. 1149.1 Compliant) interface
- Boundary-scan Capabilities According to the JTAG Standard P I Ogr am mable

~ Extensive On-chip Debug Support

- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface Flash
Peripheraf Features

- Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes

- One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture

Mode ATmegail6

— Real Time Counter with Separate Oscillator
- Four PWM Channeis
- 8-channel, 10-bit ADC ATmega1 6L
8 Single-ended Channels
7 Differential Channeis in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 16x, or 200x
- Byte-oriented Two-wire Seriaf Interface
- Programmable Serial USART Su mma ry
- Master/Slave SP| Serial Interface
-~ Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparator
»* Specia Microcontroller Features
- Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated RC Oscillator
- External and Internat Interrupt Sources
~ Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
/0 and Packages
—~ 32 Programmable /O Lines
-~ 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
Operating Voitages
- 2.7-5.5" for ATmega16L
- 4.5-5.5" for ATmega16
Speed Grades
— 0- 8 MHz for ATmegal6L
- 0-16 MHz for ATmegai6
* Power Consumption @ 1 MHz, 3V, and 25°C for ATmegai6L
- Active: 1.1 mA
- ldle Mode: 0.35 mA
-~ Power-down Mode: < 1 pA
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Note: This is a summary document. A complete document
‘ mEl is available on our Web site at www.atmel.com.
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Figure 1. Pinout ATmegai6
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(OCO/AINT} PB3 (7] 4 37 [ PA3 (ADC3)
(38) PB4 1] 5 36 f‘.’] PA4 {ADCA4)
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XTAL1 ] 13 28 [ PCe (TOSC1)
(RXD) PDO ] 14 27 [ PCs (TDY)
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(NTQ) PD2 ] 16 25 [7 PC3 (TMS)
(INT1) PD3 [} 17 24 7 PCz (TCK)
(OCTB) PD4 (7] i8 23 {7 PC1 (SDA)
(OC1A} PDS 3] 19 22 [1 PCO (SCL)
(ICP1) PD6 ] 20 21 [ PD7 (OC2)
TQFP/QFN/MLF
5w
82 &  seno
p22-3 3358
l22<cx 2322
TonNc02Qa - =
AEPE8Z08888
oapaoonnonnoog
® 44,.42,,40, .38, 36,34
{MOSN PB5 (7] 1 33 [ PA4 (ADC4)
(MiSO) PBE ({2 M~~~ =~=-=-=-< t 32 [ PA5 (ADCS)
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NOTE: oo >w&&;&
Bottom pad should F@aLTq SLLT
be soldlgred 10 ground, E g g) i) 5 %a g tz:

Disclaimer Typical values contained in this datasheet are based on simulations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min
and Max values will be available after the gevice is characterized.

2 ATmegal6(L) me—————
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The ATmega16 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega16 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

Figure 2. Block Diagram
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Pin Descriptions
vce
GND

Port A (PA7..PAD)

ATNEL

L]

The AVR core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resufting architecture is more code efficient while achieving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega18 provides the following features: 16K bytes of In-System Programmable
Flash Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K
byte SRAM, 32 general purpose /O lines, 32 general purpose working registers, &
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with compare modes, Internal and External Interrupts, a seriat
programmable USART, a byte oriented Two-wire Seral Interface, an 8-channel, 10-bit
ADC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with Internal Oscillator, an SPi serial port, and six
software selectable power saving modes. The Idle mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters, SPI port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues
to run, allowing the user to maintain a timer base while the rest of the device is sleeping.
The ADC Noise Reduction mode stops the CPU and afl 1/O modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the crystal/resonator Oscillator is running while the rest of the device is sleeping.
This aliows very fast start-up combined with low-power consumption. In Extended
Standby mode, both the main Oscillator and the Asynchronous Timer continue to run.

The device is manufactured using Atmel's high density nonvolatile memory technology.
The On-chip ISP Flash allows the program memory to be reprogrammed in-system
through an SPI serial interface, by a conventional nonvoiatite memory programmer, or
by an On-chip 8eot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Fiash memory. Soft-
ware in the Boot Flash section will continue to run while-the Application Fiash section is
updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmegai6 is
a powerful microcontroller that provides a highly-flexible and cost-effective selution to
many embedded control applications.

The ATmega16 AVR is supported with a full suite of program and system developmerit
tools including: € compiiers, macro assemblers, program debugger/simulators, in-circuit
emulators, and evaluation kits.

Digital supply voltage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional 1/0 port, if the A/D Converter is not used.
Port pins can provide internal puli-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with both high sink and source capability,
When pins PAQ to PA7 are used as inputs and are externally pulled low, they will source
current if the internal pull-up resistors are activated. The Port A pins are tri-stated when
a reset condition becomes active, even if the clock is not running.

4 ATmega16(L) me——————
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Port B is an 8-bit bi-directional /0 port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are extemally pulled low will source
current if the pull-up resistors are activated. The-Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the functions of various special features of the ATmega16 as listed
on page 56.

Port C is an 8-bit bi-directional 1/O port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally puiled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running. If the JTAG interface is
enabled, the pull-up resistors on pins PC5(TD!}, PC3(TMS)} and PC2(TCK)} will be acti-
vated even if a reset occurs.

Port C aiso serves the functions of the JTAG interface and other special features of the
ATmegat6 as listed on page 59.

Port D is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D aiso serves the functions of various special features of the ATmega16 as listed
on page 61.

Reset Input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 36. Shorter pulses are not guaranteed to generate a reset, .
Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.
Qutput from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. 1t should be externaily
connected to V¢, even if the ADC is not used. If the ADC is used, it shouid be con-
nected to V¢ through a low-pass filter,

AREF is the analog reference pin for the A/D Converter.

A comprehensive set of development tools, application notes and datasheets are avail-
able for download on hitp://www.atmel.com/avr,

ATMEL s
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2gister Summary
Address Name Bit7 Bits Bit5 Bit4 Bit3 Bit2 Bit 1 Bito Page
$3F (35F) SREG | T H S v N 2 4] 7
$3E ($5E) SPH - — - - - 3SF10 SPs 5P8 10
$30 ($50) SPL SP7 SP8 SPS SP4 SF3 §P2 SP1 SPO 10
“$3C (85C) OCRO Timar/Countard Quiput Compare Register 83
$38 (33B) GICR INTH INTO INT2 - - - IWSEL WCE 46, 57
$3A ($54) GIFR INTF1 INTFQ INTF2 - .- - - I 88
$39 ($58) TIMSK QCIE2 TOIE2 TICIE1 OCIE1A OCIE18 TOIE1 OCIED TOIEQ 83, 114, 132
$35($58) TIFR QCF2 TOV2 ICF1 OCF1A QCF18 TovVt oCcrFo TOVD 84, 115, 132
$37 (857} SPMCR SPMIE RWWSB - RWWSRE BLBSET PGWRT PGERS SPMEN 250
$36 ($56) TWCR TWINT TWEA TWETA TWSTO Twwe TWEN - TWE 178
$35 (§58) MCUCR SM2 SE SM1 SMO ISC11 I8C10 1ISCO1 1SCO0 30, 68
$34 ($54) MCUCSR JTD 15C2 - JTRF WDRF BORF EXTRF PCRF 39, 67,228
$33 ($53) TCCRO FCCo WGMOO COMO1 COMoo WGMO1 CS02 Csi1 €860 81
$32 ($52) TCNTQ Timer/Counter0 (8 Bits) 83
.s:nf” J OSCCAL Osdllglor Calibralion. Register 28
OCDOR On-Chip Debug Register 225
$30 ($50) SFIOR ADTS82 ADTS1 ADTSD — ACME PUD PSR2 PSR10 55,86,133,189,2189
$2F {$4F) TCCR1A COMIAT COM1AD COM1B1 COM1B0O FOC1A FOC1B WGM11 WGM10 109
$2E ($4E) TCCR1B ICNCY ICES1 e WGM13 WGM12 cs12 CS11 CSt0 112
$20 (34D) TCNT1H Timer/Counter! ~ Counter Register High Byte 113
$2C ($4C) TCNTIL Timer/Countar1 ~ Counter Register Low Byte 113
$2B (84B) QCR1AH Timer/Counter! ~ Output Compare Register A High Byte 113
$2A ($4A) QOCR1AL TimeaCountert ~ Output Compars Register A | aw Byte 113
$29 ($49) OCRI1BH Timer/Counter! ~ Output Compare Register B High 8yt 113
$28 (548) OCR1BL Timer/Counter1 ~ Output Compare Register B Low Byte 113
$27 (847, ICR1H Timer/Counter1 ~ Input Capture Register High Byte 114
$26 (348) ICRIL Timer/Counter1 ~ Input Capture Register Low Byte 114
525 ($45) TCCR2 FOCZ WGM20 | comzi | comze | wemar | csz2 | csat | cs0 127
$24 ($44) TCNT2 Timer/Countor2 (8 Bits) 129
$22 ($43) QCR2 Timer/Counter2 Quiput Compare Register 129
$22 ($42) ASSR - - = - AS2 TCN2UB OCR2UB TCR2UB 130
$21 (541} WDTCR - - - WDTOE WDE WOP2 WOP1 WOPQ 43
$20 (540§ UBRRH URSEL - - - . UBRR{11:8} 165
UCSRC URSEL UMSEL UPM1 UPMG USB8S UCSZ1 UCSz0 UCPOL 164
$1F ($3F) EEARH - - - - - . - - EEARS 17
$1E ($3E) EEARL EEPROM Address Register Low Byte 17
$10 ($30} EEDR EEPROM Data Register 17
$1C ($3C} EECR - - - o EERIE EEMWE EEWE EERE 17
$18 ($38) PORTA PORTAT PORTAS PORTAS PORTA4 PORTA3 PORTAZ PORTAY PORTAD 84
$1A (838 DDRA DDAT DDAS DDAS DoAY BDAJ DDA2 DAY DDAO 84
£19(539) PINA PINAZ PINAB PINAS PINA4 PINA3 PINA2 PINAY PINAD 84
$18 ($38) PORTB PORTET PORTBS PORTBS PORTB4 PORTE3 PORTB2 PORTB1 PORTBO 84
$17 (837 DORE DogY DDBB DDBS DDB4 DOB3 Boe2 DOB4 DDBO 84
$18 (§39) PINE PiNB7 PINBS& PINB5 PINB4 PINB3 PINB2 PINB1 FINBG 84
$15 (835) FORTC PORTC? PORTCS PORTCS PORTC4 PORTC3 PORTC2 PORTC1 PORYCO 65
$14 ($34) DORC ooCY DOCE DOCs DOoc4 DOC3 DOC2 a0y [#eels] 85
$13 ($33) PINC PINCT PINCE PINCS PINC4 PINC3 PINC2 PINC1 PINCG 85
$12 ($32) PORTD PORTOT PORTDS PORTDS PORTD4 PORTD3 PORTD2 PORTDA PORTDO £5
$11(831) DORO oooy DDDS DDDS DDD4 [s]o]ox] DOD2 DODt DDDO 85
$10($30) PIND PIND7 PINDS PIND5 BIND4 PIND3 PIND2 PIND1 PINDG 85
SOF ($2F) SPDR SPI Data Raglstar 140
SOE ($2E) SPSR SPIF WCOL = - - - - SPI12X 140
$00 (' 20) SPCR SPIE SPE DORD MSTR CPoL CPHA SPR1 SPRO 138
$0C ($2C) UDR USART I/O Data Registar 161
$0B ($28) UCSRA RXC TXC UDRE FE DOR PE u2xX MPCM 162
$OA (§24) UCSRB RXCIE TXCIE UDRIE RXEN TXEN ucsz2 RXB8 T™X88 163
$09 ($25) UBRRL USART Baud Rate Register Low Byte 185
$08 ($28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO pidi)
$07 (827} ADMUX REFS1 REFSC ADLAR MUXd MUX3 MUX2 MUX1 MUXQ 215
$08 ($26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPSO 217
$05 (325) ADCH ADC Data Register High Byte 218
$04 (3243 ADCL ADC Data Register Low Byte 218
$03 ($23) TWDR Two-wirg Senal Interface Data Register 180
502 (52) TWAR TWAS TWAS twae 1 twas T rway T twar T 7wao T Twece 180
6 ATmegal6(L) me————
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Address Name Bit7 Bit6 Bits Blt4 Bit3 Bit 2 Bit1 Bit0 Page
501 (521} TWSR TWS7 TWS6 TWS5 TWS4 TWS3 - TWPS1 TWPS0 179
$00 ($20) TWBR Two-wire Serial Interface Bit Rate Register 178
tes: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug-
ger specific documentation for details on how to use the OCDR Register.
2. Refer to the USART description for details on how to access UBRRH and UCSRC.
3. For compatibllity with future devices, reserved bits should be written to zero it accessed. Reserved /O memory addresses
should never be written.
4,

2466NS-AVR-10/06

Some of the Status Flags are cleared by writing a logical one to them. Note that the CB! and SBI instructions will operate on
all bits in the /O Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers $00 to $1F only.
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Anemonics Operands Description Operation Flags #Clocks

[RITHMETIC AND LOGIC INSTRUCTIONS

.DD Rd, Rr Add two Registers Rd+ Rd + Rr Z.C.NV.M 1
0C Rd, Rr Add with Carry two Registers Rd«-Rd*Rr+C 2.CNV.H 1
DIW Rdl,K Add immadiate to Worg Rdh:Rdl & Rdh:Rdl + K ZCNV.5 2
B Rd, Rr Subtract two Registers Rd+Rd-Rr 2,CNV.H 1
3uB! Rd, K Subtract Constant from Register Rd+ Rd-K ZC N V.H 1
3BC Rd, Rr Subtract with Camy two Registars Rd+«Rd-Rr-C ZCNV.H 1
3BCI Rd, K Subtract with Carry Constant from Reg. Rd+Rd-K-C ZCNV.H 1
3B RdLK Subtract Immediate fram Word Rdh:Rdl « Rdh.Rdl - K ZCNV.S 2
aAND Rd, Rr Logical AND Registers Rd « Rd s Rr ZNV 1
aNDi Rd, K Logical AND Register and Constant Rd « Rd ¢ K ZNV 1
oR Rd, Rr Logical OR Registers Rd+Rd v Rr ZNV 1
ORI Rd, K Logical OR Register and Constant Rd « Rd v K 2NV 1
ECR Rd, Rr Exciusive OR Registers Rd+ Rd G Rr ZNV 1
COM Rd Ona's Complement Rd « $FF - Ra 2,CNV 1
NEG Ra Two's Complement Rd «<- $00 - Rd 2ZCNV.H 1
SBR Rd,K Set Bit(s) in Register Rd « RAVK ZNV 1
CBR Rd,K Clear Bii{s) In Registar Rd + Rd » (§FF - K} 2NV 1
INC Rd incrament R« Rd+ 1 2NV 1
DEC Rad Qecrament Rd+ Rd ~ 1 ZNV 1
TST Rd Test for Zero or Minus Rd « Rd « Rd ZNV 1
CLR Rd Clear Register Rd « RdDRd ZNV 1
SER Rd Set Register Rd + $FF None 1
MUL Rd, Rr Muitiply Unsigned R1:RO« Rdx Rr ZC 2
MULS Ra, Rr Muttiply Signed R1:R0 « Rd x Rr 2C 2
MULSU Rd, Rr Multioly Signed with Unsigned R1;R0 « Rd x Rr 2.C 2
FMUL Rd, Rr Fractional Multiply Unsigned R1:R0 « (Rd xR} << 1 2 2
FMULS Rd, Rr Fractional Multiply Signed R1:R0 « (Rd xRr) << 1 2C 2
EMULSU Rd Rr Fractional Multiply Signed with Unsigned R1:R0 « (Rd x R) << 1 2.C 2
BRANCH INSTRUCTIONS

RJMP 3 Relative Jump PO« PC+k +1 None 2
1MP indirect Jump 10 (Z) PC 2 Nohe 2
JMP Kk Oiract Jump PC+k None 3
RCALL K Relative Subrouting Calt PCv+—PC+k+1 None 3
ICALL Indirect Call to (Z} PC+2Z None 3
CALL k Direct Subroutine Cali PC+kK None 4
RET Subroutina Retum PC + STACK None 4
RETI Interrupt Retum PC « STACK { 4
CPSE Rd,Rr Compare, Skip if Equai if{Rd=R)PC«PC+20r3 None 1/213
CP Rd.Rr Compare Rd - Rr Z,NV.CH 1
CPC Rd,Rr Compare with Carry Rdg~Rr-C Z NV.CH h]
CP1 Rd K Compare Register with Immadiate Rd ~ K 2 NVCH 1
SBRC Rr, b Skip if Bit in Register Claared it (Relb)=0) PC e~ PC +20r 3 Nons 112/3
SBRS Rr, b Skip it Bit in Register is Set if (Rr)=1)PC & PC+20r3 Nohe 17213
SBIC P b Skip if Bit in 11O Register Cleared f(PL)=Q) PC—PC+20r3 Nane 17243
SEBIS P b Skin if Bt in /O Register is Set HP=1)PC«PC+20r3 None 11213
BRBS 5.k Branch if Status Flag Set if (SREG(8) = 1) then PC—PC+k + 1 None 1/2
BRBC s,k Branch if Status Flag Clearad if (SREG{s) = Q) then PCPC+k + 1 None 1/2
BREQ K Branch it Equal if{Z=1)then PC < PC +k + % None 112
BRNE K Branch if Not Equal 1 {Z = 0 thar PG PC + k + 1 None 12
BRCS k Branch if Carry Set H({C=1)then PC« PC +k+1 Nohe 112
BRCC K Branch if Carry Clearsd if (C=0)then PC « PC + k + 1 None 112
BRSH k Branch if Sama or Higher it (C = 0} then PC «- PC + k + 1 None 1/2
BRLO K Branch if Lower if(C=1}then PC « PC +k+ 3 None 112
BRMI k Sranch if Minus if {(N=1)then PC « PC + k+ 1 Nene 412
BRPL k Branch if Plus if(N=0)then PC « PC + k+ 1 None 172
BRGE X Branch if Greater or Equal, Signed if (ND V= () then PC « PC +k + 1 None 112
BRLT K Branch if Less Than Zero, Signed if (NG V™ 4)then PC «- PC + k+ 4 None 112
BRHS 3 Branch if Half Camry Flag Sat F{H=1}then PC = PC +k + 1 Nore 112
BRHC k Branch if Half Carry Flag Claared if (H=0)then PC « PC +k+ 1 None 1/2
BRTS K Branch if T Fiag Set f{T=1)then PC = PC+k +1 Ngne 172
BRTC X Branch i T Flag Cleared f{T=01theanPC  PC+k+ 1 None 1/2
BRVS K Branch if Overflow Flag is Set f(V=1)then PC e PC + k + 1 None 1/2
IRVC L3 Branﬁif Ovarflow Flag is Clgsreu if (V= Q}Lhﬂ £C o+ PC + i +1 N.n_rﬂ_sl 1/2

ATmega16(L) sessssse—————————————s
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Anemonics Operands Description Operation Flags #Clocks
iRIE K Branch if Intarrupt Enabled if{t=1then PC+ PC+k+1 None 1/2
RID k mm if 1marruet Disabled if()=0)then PC+ PC+k +1 M 142
JATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move Between Ragisters Rd « Rr None 1
AOvW Rd, Rr Copy Register Word Rd+1:Rd + Rr+1:Rr None 1
DI Rd, K Lpad mmediate Rd « K Nona 1
b Rd, X Load Indiract Rd « (X) None 2
D Rd, X+ Load (ndlrect ana Post-inc. Rd e (X} X=X r 1 Nona 2
LD Rd, - X Load indiract and Prg-Dec. X+ X-1, Rd« (X) None 2
LD Rd. Y Load Indirect Rd « (Y} 4 None 2
LD Rd, Y+ Load Indiract and Post-inc. R e (Y} YY1 None 2
Lo Rd, - Y Load Indiract and Pre-Dec. Ye¥Y-1,Rde(Y) None 2
o0 Rd.Y+g Load Indirect with Displacement Rde{¥+q) None 2
LD Rd, Z Load indiract Rd« (Z) None 2
LD Rd, 2+ Lead Indirect and Post-Inc. Rd (2} 7« Z+1 None 2
[€s] Rd, -Z Load Indiract and Pre-Dec. Ze-Z<1,Rde= (&) None 2
LoD Rd, Zvg Load [ndirect with Displacement Rd e (Z+q) None 2
LDS Rd, K Load Oirect from SRAM Rd e (k) None 2
ST X, Rr Store Indirect {X) « Rr None 2
8T X+ Rr Store Indirect and Post-Inc. ()e=Rr X=X+t Nane 2
ST - X, Re Store Indirect and Pre-Dec. Xe X1 (X)=Rr None 2
ST Y, Rr Store Indiract {¥) « Rr None 2
ST Y+, Rr Store Indirect and Post-Inc. (Yje=RrLYeY+1 None 2
ST -Y, Rr Store Indirect and Pre-Dec. Yo Y1, (Y)eRr None 2
ST0 Y+q,Rr Store Indirect with Displacement | (Y+q) «Rr None 2
ST Z, Rr Store Indirect {2) « Rr None 2
ST Z+, Rf Stare Indirect and Post-Ing, Z)eRrZ+2Z+1 None 2
8T -Z, Rr Store Indiract and Pre-Dec, Ze2-1(Z)—Rr Nane 2
STD Z+q,Rr Store Indirect with Displacament (2 + Q) e Rr None 2
STS K, Rr Store Direct to SRAM {k} < Rr None 2
LPM Load Program Memory RO « (2) Nona 3
LPM Rd, 2 Load Program Memory Rd « (2) None 3
LPM Rd, Z+ Load Program Memory ang Post-inc Rde (&) Z « 249 None 3
SPM Store Program Memory {2} « R1RO None -
N Rd, P In Port Rd P None 1
ouT P, Rr Qut Port P« Rr Nons 1
PUSH Rr Push Register oni Stack STACK « Rr None 2
r_P-OF Rd Pop R-eqiuler from Stack Rd « STACK None 2
BIT AND BIT-TEST INSTRUCTIONS
SBi B.b Set Bit in I/C Register VO(P, D) = 1 None 2
CBi P.b Claar Bit in /O Register 1/O{P,b) «- 0 None 2
LSL Rd Logical Shift Left Rd{n+1) « Ra{n), RA(0} « D ZCNV 1
LSR Rd Logical Shift Right Rd{n) « Rd(n+1), RA(7} « 0 ZC NV 1
ROL Rd Rotats Lefl Through Carry RA(0)C,RA(N+1)e~ RA(N),CRA(7) ZC NV 1
ROR Rd Rotate Right Through Carry Rd(7)+C.Rd(n)+— Rd(n+1) CRd() ZLNY 1
ASR Rd Arithmatic Shift Right Rd(n) « Rd{n+1), n=0..6 ZONV 1
SWAP Rd Swap Nibbles RA(3..0)Rd(7..4),RA(7..4}+~Rd(3..0} Nona 1
BSET 3 Flag Set SREG(S) « 1 SREG(s) 1
BCLR 9 Flag Claar SREG(s) « 0 SREGI(S)_ 1
BsT Rr, b Bit Store from Registerto T T « Rr{b) T 1
AL Rd b Bit load from T to Register Rd(b) « T None 1
SEC Set Carry Ce1 C 1
CLC Claar Camy G0 C 1
SEN Set Negative Flag N 1 N 1
CLN Clear Negative Flag N+«0 N 1
SEZ Set 2aro Flag 21 2 1
CL2 Clear Zero Flag Ze0 Z 1
SEl Gilobal Interrupt Enable b1 | 1
cL Global Interrupt Disable le0 | 1
SES Set Signed Test Flag S S 1
CLS Clear Signed Test Flag Se0 8 1
SEV Sat Twos Complemant Overflow. Vet vV 1
oLy Clear Twos Complemant Overflow Ve0Q vV 1
SET Set T in SREG Te1 T 1
CLT Claar T In SREG Te0 T 1
SEH SetHalf Carry Fiag in SREG N1 H 1

2466NS~AVR-10/06
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nemonics Operands Description Oparation Flags #Clocks
H Clear Half Carry Flag in SREG «—0 H 1
U CONTROL INSTRUCTIONS

JP No Opaeration None 1
-EEP Sleep : see specific descr. for Sleep function) None 1
DR Watchdog Reset (see specific descr. for WDRAImer) None 1
REAK Braak Eor On-Chip Debug Only None N/A

1 ATmegal6(L) messs—————
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irdering Information

Speed (MHz} Power Supply Ordering Code Package Operation Range

ATmegal6L-8AC 44A Commercial
ATmegal6L-8PC 40P6 (0°C to 70°C)
ATmega16L-8MC 44M1
ATmega16L-8Al 44A

8 27-5.5V ATmega16L-8AU" 44A
ATmega16L-8PI 40P6 Industrial
ATmega16L-8PUM . 40P8 {-40°C to 85°C)
ATmegal6L-8MI 44M1
ATmegal6L-8MU) 44M1
ATmegat6-16AC 44A Commercial
ATmegai6-16PC 40P6 (0°C to 70°C)
ATmega16-16MC 44M1
ATmega16-16Al 44A

18 4.5+ 5.5V ATmega16-16AU 44A
ATmegai6-16PI 40P6 Industrial
ATmegat16-16PUM 40P6 {-40°C to 85°C)
ATmegal6-16MI 44M1
ATmega16-16MU 44M1

lote: 1. Pb-free packaging aiternative, complies to the European Directive for Restriction of Hazardous Substances (RoHS direc-
tiver). Also Halide free and fully Green.

Package Type
43A [ 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)
40P6 I 40-pin, 0.600" Wide, Plastic Dua! Infine Package (PDIP)
44M1 l 44-pad, 7 x 7 x 1.0 mm body, lead pitch 0.50 mm, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)

AIMEL 1
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"PIN 1 IDENTIFIER
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COMMON DIMENSIONS
(Unit of Measure = mmj

SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.85 1.00 1.05
8] 11.75 12.00 12.25
o1 8.80 10.00 10.10 | Nate 2
E 11.75 12.00 12.25
Notes: 1. This package conforms to JEDEC reference MS-028, Variation ACB.
2. Dimensions D1 and E1 do not include motd protrusion. Allowable El 9.80 | 1000 | 1010 jNote2
protrusion is 0.25 mm per side, Dimensions O1 and E1 are maximum g .30 - 0,45
nlastic body size dimensions including mold mismatch. c 0.09 0.20
3. Lead coplanarity is 0,10 mm maximum. : - :
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
250 Park TiTLE DRAWING NO. [REV.
Al!!!!l, gins‘msrghér: 935r1 ;ay 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Bady Thickness, 440 B
* ! 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package {TQFP)

12 ATmegal6(L) m——————
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Notes: 1. This package conforms to JEDEC reference MS-011, Varlation AC.
2. Dimensions D and E1 do not include mold Flash or Protrusion.
Mold Flash or Protrusion shaill not exceed 0.25 mm (0.010%).

COMMGN DIMENSIONS
{Unit of Measure = mm}

SYMBOL, MIN | NOM | MAX | NOTE |
A - | - ! ases
A1 | o381 | - -
D |s52070 | - | 52578 | Note2
E |15240 | - | 78875
E1 (13482 | - | 13870 [Note2
B | 0356 | =~ | 0559
Bt | 1041 | - | 1851
L | 3048 | - | 3ss6
0203 | - | 038
88 | 15494 | - | 17526
e 2,540 TYP
09/28/01

TITLE

= San Jose, CA 95131 | njine Package (PDIP)

ATMEL 2925 Orcnard Parkway | 40p6, 40.10a0 (0.600°/15.24 mm Wide) Plastic Dual

DRAWING NO. [REV.
40P6

B

AIMEL

2466NS-AVR~10/06 N &
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B} -
O
\—Marked Pin# 11D
TCP VIEW
K]
‘ 22" "~ ~Pini Corner SIDE VIEW
4 »
- \
WA
!
= r Y ™~ g; Option A Triangle
\ ?
— AP I COMMON DIMENSIONS
g to- GCZ (Unit of Measura = mm)
—) ] SYMBOL| MIN NOM MAX | NOTE
o = Option B p, A 0. 090 | 1. '
= = P 80 g 00
— = (€ 0.30) AT - 1 og2 | oos
- L ) A3 0.25 REF
aﬂﬂﬂﬂﬂﬂﬂﬂﬂ ﬂ‘j b 018 | 023 | 030
; D 6.90 7.00 | 7.10
Pin 41 _I
__l I__@ Nolch D32 5.00 5.20 5.40
(0.20 )
E 6.90 700 | 7.10
BOTTOM VIEW E2 500 | 520 | 5.40
[ 0.50 BSC
L 0.5 | 064 | 069
Note: JEDEC Standard MO-220, Fig. 1 (SAW Singulation) VKKD-3, |
L K [ o020 | o2 [ o :
5/27/06
T 2525 Ot P TITLE BRAWING NO. |REV,
arkway .
AIMEL renar 44M1, 44-pad, 7 x 7 x 1,0 mm Body, Lead Pitch 0.50 mm, 44M1
Smiamro Son Jose, CA 95131 | g 50 mm Exposed Pad, Micro Lead Frame Package (MLF) G

2466NS-AVR-10/06
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L ATmega1 6(L)

rrata

'megai6(L) Rev. M

ATmegal6(L) Rev. L

2466NS-AVR-10/06

The revision letter in this section refers to the revision of the ATmegai6 device.

s First Analog Comparator conversion may bhe delayed
* Interrupts may be fost when writing the timer registers in the asynchronous timer
* IDCODE masks data from TD! input

1.

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising V¢, the first Analog Comparator conver-
sion wili take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Com-
parator before the first conversion,

interrupts may be tost when writing the timer registers in the asynchranous
timer

it one of the timer registers which is synchronized to the asynchronous timer2 clock
is written in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround
Always check that the Timer2 Timer/Counter register, TCNT2, does not have the

value OxFF before writing the Timer2 Control Register, TCCR2, or Qutput Compare
Register, OCR2

IDCODE masks data from TD! input

The JTAG instruction iIDCODE is not working correctly. Data to succeeding devices
are replaced by ali-ones during Update-DR.

Problem Fix / Workaround
- |f ATmega16 is the only device in the scan chain, the problem is not visible.

- Setect the Device ID Register of the ATmegal6 by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller to
read out the contents of its Device ID Register and possibly data from
succeeding devices of the scan chain. Issue the BYPASS instruction to the
ATmega186 while reading the Device ID Registers of preceding devices of the
boundary scan chain.

-~ |f the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

* First Analog Comparator conversion may be delayed
* Interrupts may be lost when writing the timer registers in the asynchronous timer
« IDCODE masks data from TD! input

1.

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising V¢, the first Analog Comparator conver-
sion will take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnaiog Com-
parator before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous

ATMEL 18
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It one of the timer registers which is synchronized to the asynchronous timer2 clock
is written in the cycle betore a overflow interrupt occurs, the interrupt may be lost.

Probiem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does nct have the
value OxFF before writing the Timer2 Control Register, TCCR2, or Output Compare
Register, OCR2

IDCODE masks data from TDi input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices

are replaced by all-ones during Update-DR.

Problem Fix / Workaround

— M ATmega16 is the only device in the scan chain, the problem is not visible.

—~ Select the Device ID Register ot the ATmegat6 by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controlfer to
read out the contents of its Device |ID Register and possibly data from
succeeding devices of the scan chain. Issue the BYPASS instruction to the
ATmega16 while reading the Device 1D Registers of preceding devices of the
boundary scan chain,

- 1t the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

+ First Analog Comparator conversion may be delayed
* Interrupts may be lost when writing the timer registers in the asynchronous timer
* IDCODE masks data from TDI input

1.

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising Vg, the first Analog Comparator conver-
sion will take longer than expected on some devices,

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Com-
parator before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous
timer

If one of the timer registers which is synchronized to the asynchronous timer2 ctock
is written in the cycle before a overflow interrupt occurs, the interrupt may be lost.
Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does not have the
value OxFF before writing the Timer2 Control Register, TCCR2, or Output Compare
Register, OCR2

iDCODE masks data from TDI input

The JTAG instruction {DCODE is not working correctly. Data to succeeding devices
are repiaced by all-ones during Update-DR,

Problem Fix / Workaround

- If ATmegai6 is the only device in the scan chain, the problem is not visible.

—~ Select the Device ID Register of the ATmegai6 by issuing the IDCODE

instruction or by entering the Test-Logic-Reset state of the TAP controller to
read out the contents of its Device ID Register and possibly data from

16 ATmegal6(L) m————
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succeeding devices of the scan chain, Issue the BYPASS instruction to the
ATmega16 while reading the Device ID Registers of preceding devices of the
boundary scan chain.

~ |f the Device IDs of all devices in the boundary scan chain must be captured

simultaneously, the ATmega16 must be the fist device in the chain.

= First Analog Comparator conversion may be delayed
+ Interrupts may be lost when writing the timer registers in the asynchronous timer
* IDCODE masks data from TDI input

1.

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising Vg, the first Analog Comparator cenver-
sion will take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Com-
parator before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous
timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock
is written in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround
Always check that the Timer2 Timer/Counter register, TCNTZ2, does not have the

value OxFF before writing the Timer2 Control Register, TCCR2, or Output Compare
Register, OCR2

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly, Data to succeeding devices
are replaced by afl-ones during Update-DR.

Problem Fix / Workaround
— If ATmega16 is the only device in the scan chain, the problem is not visible,

— Select the Device ID Register of the ATmega18 by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller to
read out the contents of its Device ID Register and possibly data from
succeeding devices of the scan chain. Issue the BYPASS instruction to the
ATmega16 while reading the Device 1D Registers of preceding devices of the
boundary scan chain.

— 1f the Device IDs of all devices in the boundary scan chain rmust be captured
simuitaneously, the ATmega16 must be the fist device in the chain.

First Analog Comparator conversion may be delayed
Interrupts may be lost when writing the timer registers in the asynchronous timer
IDCODE masks data from TDI input

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising V¢, the first Analog Comparator conver-
sion will take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Com-
parator before the first conversion.

ATMEL 17
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Interrupts méy be lost when writing the timer registers in the asynchronous
timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock
is written in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does not have the
value OxFF before writing the Timer2 Control Register, TCCR2, or Output Compare
Register, OCR2

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices

are replaced by alt-ones during Update-DR.

Problem Fix / Workaround

- |f ATmega16 is the only device in the scan chain, the problem is not visible.

— Select the Device |D Register of the ATmega16 by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controlier to
read out the contents of its Device ID Register and possibly data from
succeeding devices of the scan chain. Issue the BYPASS instruction to the
ATmega16 while reading the Device |D Registers of preceding devices of the
boundary scan chain.

-~ If the Device 1Ds of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

* First Analog Comparator conversion may be delayed
* Interrupts may be tost when writing the timer registers in the asynchronous timer
¢ [DCODE masks data from TDI input

1.

First Analog Comparator conversion may bhe delayed

If the device is powered by a slow rising V¢, the first Analog Comparator conver-
sion will take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enabte theAnalog Com-
parator before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous
timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock
is written in the cycle before a overflow interrupt accurs, the interrupt may be lost.

Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does not have the
value OxFF before writing the Timer2 Control Register, TCCR2, or Output Compare
Register, OCR2

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices
are replaced by all-ones during Update-DR.

Problem Fix / Workaround
- If ATmega16 is the only device in the scan chain, the problem is not visible.

ATmega16(L) me———————— s
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Select the Device ID Register of the ATmega16 by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller to
read out the contents of its Device ID Register and possibly data from
succeeding devices of the scan chain. Issue the BYPASS instruction to the
ATmega16 while reading the Device |D Registers of preceding devices of the
boundary scan chain.

if the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega18 must be the fist device in the chain.

I3
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Please note that the referring page numbers in this section are referred to this docu-
ment, The referring revision in this section are referring to the document revision.

—r

o

. Updated "Timer/Counter Oscillator” on page 31.

Updated “Fast PWM Mode” on page 102.

Updated Table 38 on page 83, Table 40 on page 84, Table 45 on page 112,
Table 47 on page 113, Tabie 50 on page 129 and Table 52 on page 130.

Updated C code example in “USART Initialization” on page 150.

Updated “Errata” on page 343,

Updated typos.
Updated “Serial Peripheral Interface ~ SP{” on page 136.

Updated Tabie 86 on page 222, Table 116 on page 279 ,Tabhle 121 on page 298
and Table 122 on page 300,

Updated note in “Bit Rate Generator Unit” on page 179.
Updated values for Vyyr in “ADC Characteristics” on page 300.
Updated “Serial Programming Instruction set” on page 279.

Updated USART init C-code example in “USART” on page 1;45.

Updated “Ordering Information” on page 11.

MLF-package alternative changed to “Quad Flat No-Lead/Micro Lead Frame
Package QFN/MLF",

Updated “Electrical Characteristics” on page 294,
Updated “Ordering Information” on page 11.

Removed references to analog ground.

Updated Table 7 on page 28, Table 15 on page 38, Table 16 on page 42, Table
81 on page 211, Table 116 on page 279, and Table 119 on page 296,

Updated “Pinout ATmega16” on page 2.
Updated features in “Anailcg to Digital Converter” on page 205.
Updated “Version” on page 230.

Updated “Calibration Byte” on page 264,
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ev. 2466G-10/03

Rev. 2466F-02/03
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10.

11

12.

13.

14,

Added “Page Size” on page 265.
Updated “Calibrated Internal RC Oscillator” on page 29.

Removed “Preliminary” from the datasheet.
Changed ICP to ICP1 in the datasheet.
Updated “JTAG interface and On-chip Debug System” on page 36.

Updated assembly and C code examples in “Watchdog Timer Control Regis-
ter - WOTCR” on page 43.

Updated Figure 46 on page 103.

Updated Table 15 on page 38, Table 82 on page 218 and Tahle 115 on page
279.

Updated “Test Access Port = TAP” on page 223 regarding JTAGEN.
Updated description for the JTD bit on page 232,

Added note 2 to Figure 126 on page 255.

Added a note regarding JTAGEN fuse to Table 105 on page 263.

Updated Absolute Maximum Ratings* and DC Characteristics in “Electrical
Characteristics” on page 294,

Updated “ATmega16 Typical Characteristics” on page 302.

Fixed typo for 16 MHz QFN/MLF package in “Ordering Information” on page
1.

Added a proposal for solving problems regarding the JTAG instruction
IDCODE in “Errata” on page 15.

Added note about masking out unused bits when reading the Program
Counter In “Stack Pointer” on page 12.

Added Chip Erase as a first step in “Programming the Flash” on page 291 and
“Programming the EEPROM” on page 292.

Added the section “Unconnected pins” on page 5.

Added tips on how to disable the OCD system in “On-chip Debug System” on
page 34.

Removed reference to the “Multl-purpose Oscillator” application note and
“32 kHz Crystal Oscillator” application note, which do not exist.

Added information about PWM symmetry for Timer0 and Timer2.

AIMEL 21
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7. Added note in “Filling the Temporary Buffer (Page Loading)” on page 256
about writing to the EEPROM during an SPM Page Load.
8. Removed ADHSM completely.
9. Added Table 73, “TWI Bit Rate Prescaler,” on page 183 to describe the TWPS
bits in the “TWI| Status Register - TWSR" on page 182,
10. Added section “Default Clock Source” on page 25.
11. Added note about frequency variation when using an external clock. Note
added in “External Clock” on page 31. An extra row and a note added in Table
118 on page 296.
12. Various minor TW| corrections.
13. Added “Power Consumption™ data in “Features” on page 1.
14. Added section “EEPROM Write During Power-down Sleep Mode” on page 22,
15. Added note about Differential Mode with Auto Triggering in “Prescaling and
Conversion Timing” on page 208.
16. Added updated “Packaging Information” on page 12,
Rev. 2466E-10/02 1. Updated “DC Characteristics” on page 294.
‘Rev. 2466D-09/02 1. Changed all Flash write/erase cycles from 1,000 to 10,000.
2. Updated the following tables: Table 4 on page 26, Table 15 on page 38, Table
42 on page 85, Table 45 on page 112, Table 46 on page 112, Table 59 on page
144, Table 67 on page 168, Table 90 on page 237, Table 102 on page 261, “DC
Characteristics” on page 294, Table 119 on page 296, Table 121 on page 298,
and Table 122 on page 300.
3. Updated “Errata” on page 15.
Rev. 2486C-03/02 1. Updated typical EEPROM programming time, Table 1 on page 20.
2. Updated typical start-up time in the following tabies:
Table 3 on page 25, Table 5 on page 27, Table 6 on page 28, Table 8 on page 29,
Table 9 on page 29, and Table 10 on page 30.
3. Updated Table 17 on page 43 with typicat WDT Time-out.
4. Added Some Preliminary Test Limits and Charactarization Data.
Removed some of the TBD's in the following tables and pages:
Table 15 on page 38, Table 16 on page 42, Table 116 on page 272 (table removed
in document review #D), "Electrical Characteristics” on page 294, Table 119 on
page 296, Table 121 on page 298, and Table 122 on page 300.
5. Updated TW| Chapter.
22 ATmega1 G(L) |
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11.

12.

13.

14

Added the note at the end of the “Bit Rate Generator Unit” on page 179.

Corrected description of ADSC bit in “ADC Control and Status Register A -
ADCSRA" on page 220.

Improved description on how to do a polarity check of the ADC doff results in
“ADC Conversion Result” on page 217.

Added JTAG version number for rev. H in Table 87 on page 230.
Added not regarding OCDEN Fuse helow Table 105 on page 263.

Updated Programming Figures:

Figure 127 on page 265 and Figure 136 on page 277 are updated to also reflect that
AVCC must be connected during Programming mode. Figure 131 on page 273
added to illustrate how to program the fuses.

Added a note regarding usage of the “PROG_PAGELOAD ($6)” on page 283
and “PROG_PAGEREAD ($7)" on page 283.

Removed alternative algortihm for leaving JTAG Programming mode.
See “Leaving Programming Mode" on page 291.

Added Calibrated RC Oscillator characterization curves in section “ATmega16
Typical Characteristics” on page 302,

Corrected ordering code for QFN/MLF package (16MHz) In “Ordering Informa-
tion” on page 11.

- 15. Corracted Table 90, “Scan Signals for the Oscillaters(1)(2)(3),” on page 237,
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DS1307

64 x 8, Serial, I°C Real-Time Clock

GENERAL DESCRIPTION

The DS1307 serial real-time clock (RTC) is a
low-power, full binary-coded decimal (BCD)
clock/calendar plus 56 bytes of NV SRAM.
Address and data are transferred serially through
an I*)C*, bidirectional bus. The clock/calendar
provides seconds, minutes, hours, day, date,
month, and year information. The end of the
month date is automatically adjusted for months
with fewer than 31 days, including corrections for
leap year. The clock operates in either the 24-
hour or 12-hour format with AM/PM indicator.
The DS1307 has a built-in power-sense circuit
that detects power failures and automatically
switches to the battery supply.

* C is a trademark of Philips Corp. Purchase of °C components of
Maxim Integrated Products, Inc, or one of its subiicensed
Associated Companies, conveys a license under the Philips rc
Patent Rights to use these components in an 1C system, provided
that the system conforms to the FC Standard Specification as
derfined by Philips Corp.

ORDERING INFORMATION

FEATURES
* Real-Time Clock (RTC) Counts Seconds,

- Minutes, Hours, Date of the Month, Month,
Day of the week, and Year with Leap-Year
Compensation Valid Up to 2100

» 56-Byte, Battery-Backed, Nonvolatile (NV)
RAM for Data Storage

* 12C Serial Interface

* Programmable Square-Wave Output Signal

*  Automatic Power-Fail Detect and Switch
Circuitry

» Consumes Less than 500nA in Battery-
Backup Mode with Oscillator Running

* Optional Industrial Temperature Range:
-40°C to +85°C

*  Available in 8-Pin Plastic DIP or SO

®  Underwriters Laboratory (UL) Recognized

Typical Operating Clrcult and Pin Conflgurations appear
at end of data sheet.

PART TEMP RANGE VOIZ'{,)AGE PIN-PACKAGE TOP MARK*
DS1307 0°C to +70°C 5.0 & PDIP (300 mils) DS1307
DS1307+ 0°C to +70°C 5.0 8 PDIP (300 mils) DS1307
DS1307N ~40°C to +85°C 5.0 § PDIP (300 mils) DS1307
DS1307Z 0°C to +70°C 5.0 § SO (150 mils) DS1307
DS13072+ 0°C 10 +70°C 5.0 8 SO (150 mils) DS1307
DSI307ZN ~40°C to 85°C 5.0 8 SO (150 mils) DS1307N
DSI1307ZN+ -40°C to +85°C 5.0 8 SO (150 mils) DSI307N
DSI1307Z/T&R 0°C to +70°C 5.0 8 SO (150 mils) Tape and Reel _ DS1307
DS1307Z* T&R 0°C 1o +70°C 5.0 8 SO (150 mils) Tape and Reel  DS1307
DS1307ZN/T&R 40°C 1o +85°C 5.0 8 SO (150 mils) Tape and Reel _DS1307N
DS 1307ZN+T&R ~40°C to +85°C 5.0 8 SO (150 mils) Tape and Reel DS1307N

+ Denotes a lead-free/RoHS-compliant device.

* A "+ amywhere on the top mark indicates a lead-free device. An "N on the lower fefi corner of the top mark indicates an industrial

temperature grade device.

Note: Some revisions of this device may incorporate deviations from published specifications known as errata. Multipie revisions of any device
may be simuftaneously available through vanous saies channels. For information about device errata, click here. www.maxim-ic.com/errata.
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DS1307 64 x 8, Serial, 1°C Real-Time Clock

ABSOLUTE MAXIMUM RATINGS
Voltage Range on Any Pin Relative to Ground

Operating Temperature Range (Noncondensing)

Commercial
Industrial
Storage Temperature Range

Soldering Temperature (DIP, leads)..
Soldering Temperature (surface mount)

0.5V to +7.0V

.0°C to +70°C

-40°C to +85<C

. -55°C to +125°C

..... +260°C for 10 seconds

.See JPC/JEDEC Standard J-STD-020A

Stresses beyond those listed under ‘Absolute Maximum Ratings” may cause permanent damage lo the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is
not implied. Exposure to the absolute maximum rating conditions for extended periods may affect device reiiebility.

RECOMMENDED DC OPERATING CONDITIONS
(Ta=0°Cto +70°C, Ta = 40°C to +85°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Vee 4.5 5.0 5.5 \Y
Logic i Input VIH 2.2 Vee+ 0.3 A"
Logic 0 Input Vi -0.3 +0.8 \Y
Vgar Battery Voltage Vaat 2.0 3 3.5 v
DC ELECTRICAL CHARACTERISTICS
(Ve = 4.5V 10 5.5V; TAa=0°C to +70°C, Ta = -40°C 10 +85°C.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Leakage (SCL) I -1 1 RA
/O Leakage (SDA, SQW/OUT) Lo -1 1 RA
Logic 0 Qutput (Ip, = 5mA) VoL 0.4 v
Active Supply Current
(fSCL - 100kHZ) ICCA 1.5 mA
Standby Current Iees (Note 3) 200 MA
Vgar Leakage Current IgaTLKG 5 50 nA
1.216 x  1.25x 1.284«x
Fai == : A\
Power-Fail Voltage (Vgar = 3.0V) VrrF Vaar Vaxr Vaar
DC ELECTRICAL CHARACTERISTICS
(Vee = OV, Vgar = 3.0V; To = 0°C to +70°C, Ta = -40°C to +85°C.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vaar Current (OSC ON);
SQW/OUT OFF laami 300 500 nA
Vaar Current (OSC ON);
SQW/OUT ON (32kHz) [pat2 480 800 | nA
Veat Data-Retention Current
{Oscillator Off) loator 10 100 nA
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DS1307 64 x 8, Serial, I°C Real-Time Clock

AC ELECTRICAL CHARACTERISTICS
(Vece = 4.5V 1o 5.5V, To=0°C to +70°C, Ta = -40°C to +85°C))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
SCL Clock Frequency fseL 0 100 kHz
Bus Free Time Between a STOP and ; 47
START Condition BUF : s
Hold Time (Repeated) START
Candition T thosta | (Note d) 0 bs
LOW Period of SCL Clock tLow 4.7 us
HIGH Period of SCL Clock thiGk 4,0 us
Setup Time for a Repeated START ; 47
Condition SUSTA . us
Data Hold Time tHD.DAT 0 T8
Data Setup Time tSUDAT (Notes 5, 6) 250 ns
Rise Time of Both SDA and SCL
Signals tr 1000 ns
Fall Time of Both SDA and SCL
g tr 300 ns
ignals
Setup Time for STOP Condition tsu.sTO 4,7 us
CAPACITANCE
(Ta=+25°C)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Pin Capacitance (SDA, SCL) Cwo 10 pF
(ﬁ:apacntance Load for Each Bus Cs (Note 7) 400 pF
ine
Note I:  All voltages are referenced to ground.
Note 2: l.imits at -40°C are guaranteed by design and are not production tested.

Note 3: Iees specified with Ve = 5.0V and SDA, SCL = 5.0V.
Note 4: After this period, the first clock pulse is generated.

Note 5: A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the Vyumy of the

SCL signal) to bridge the undefined region of the falling edge of SCL.

Note 6: The maximum typ.par only has to be met if the device does not stretch the LOW period (t_ ow) of the SCL signal.

Note 7: Cg—total capacitance of one bus line in pF.
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TIMING DIAGRAM
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TYPICAL OPERATING CHARACTERISTICS

(Vee = 5.0V, To = +25°C, unless otherwise noted.)
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PIN DESCRIPTION

PIN NAME FUNCTION
Connections for Standard 32.768kHz Quartz Crystal. The internal oscillator circuitry is
1 X1 designed for operation with a crystal having a specified load capacitance (C,) of 12.5pF.

X1 is the input to the oscillator and can optionally be connected to an external 32.768kHz
oscillator. The output of the internal oscillator, X2, is floated if an external oscillator is
connected to X1.

Note: For more information on crystal selection and crystal layout considerations, refer to
Application Note 58: Crystal Considerations with Dallas Real-Time Clocks,

Backup Supply Input for Any Standard 3V Lithium Cell or Other Energy Source. Battery
voltage must be held between the minimum and maximum limits for proper operation.
Diodes in series between the battery and the Vgar pin may prevent proper operation. Ifa
backup supply is not required, Vaar must be grounded. The nominal power-fail trip point
3 Vear (Vpe) voltage at which access to the RTC and user RAM is denied is set by the internal
circuitry as 1.25 x Vgar nominal. A lithium battery with 48mAhr or greater will back up
the DS1307 for more than 10 years in the absence of power at +25°C.

UL recognized to ensure against reverse charging current when used with a lithium

battery.
4 GND Ground
5 SDA Serial Data Input/Output. SDA is the data input/output for the I*C serial interface. The

SDA pin is open drain and requires an external puliup resistor.

Serial Clock Input. SCL is the ctock input for the I°C interface and is used to synchronize
£ SCL L
data movement on the serial interface.

Square Wave/Qutput Driver. When enabled, the SQWE bit set to I, the SQW/OQUT pin
7- | SWQ/IOUT outputs one of four square-wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT

pin is opén drain and requires an external pullup resistor, SQW/OUT operates with either
VCC or VBAT applied. ’ ]

Primary Power Supply. When voltage is applied within normal limits, the device is fully
g v accessible and data can be written and read. When a backup supply is connected to the

cc device and V¢ is below Vqp, read and writes are inhibited. However, the timekeeping
function continues unaffected by the lower input voltage.

DETAILED DESCRIPTION

The DS1307 is a low-power clock/calendar with 56 bytes of battery-backed SRAM. The clock/calendar
provides seconds, minutes, hours, day, date, month, and year information. The date at the end of the
month is automatically adjusted for months with fewer than 31 days, including corrections for leap year.
The DS1307 operates as a slave device on the I°C bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When Vc falls below 1.25 x Vgar, the
device terminates an access in progress and resets the device address counter. Inputs to the device will not
be recognized at this time to prevent erroneous data from being written to the device from an out-of-
tolerance system. When V¢ falls below Vgar, the device switches into a low-current battery-backup
mode. Upon power-up, the device switches from battery to Vcc when Vccis greater than Vgar+0.2V and

recognizes inputs when V¢ is greater than 1.25 x Vgat. The block diagram in Figure 1 shows the main
elements of the serial RTC.
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OSCILLATOR CIRCUIT

The DS1307 uses an external 32.768kHz crystal. The oscillator circuit does not require any external
resistors or capacitors to operate. Table | specifies several crystal parameters for the external crystal.
Figure 3 shows a functional schematic of the oscillator circuit. If using a crystal with the specified
characteristics, the startup time is usually less than one second.

CLOCK ACCURACY

The accuracy of the clock is dependent upon the accuracy of the crystal and the accuracy of the match
between the capacitive load of the oscillator circuit and the capacitive load for which the crystal was
trimmed. Additional error will be added by crystal frequency drift caused by temperature shifts. External
circuit noise coupled into the oscillator circuit may result in the clock running fast. Refer to Application
Note 58: Crystal Considerations with Dallas Real-Time Clocks for detailed information.

Table 1. Crystal Specifications”

PARAMETER SYMBOL MIN TYP MAX UNITS
Nominal Frequency fo 32.768 kHz
Series Resistance ESR 45 kQ
Load Capacitance C, 12.5 pF

*The crystal, traces, and crystal input pins should be isolated from RF generating signals, Refer to
Application Note 58: Crystal Considerations for Dallas Real-Time Clocks for additional specifications.

Figure 2. Recommended Layout for Crystal

LOCAL GROUND PLANE (LAYER 2)

—— e ——————— N vt — —

—_—— e |

I
GND

NOTE: AVOID ROUTING SIGNAL LINES IN THE CROSSHATCHED
AREA (UPPER LEFT QUADRANT) OF THE PACKAGE UNLESS
THERE 1S A GROUND PLANE BETWEEN THE SIGNAL LINE AND THE
DEVICE PACKAGE.
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Figure 3. Oscillator Circuit Showing Internal Bias Network

COUNTDOWN
CHAIN

CL2 RTC
I I REGISTERS

Tl

CRYSTAL

4—— D51307 RTC

RTC AND RAM ADDRESS MAP

Table 2 shows the address map for the DS1307 RTC and RAM registers. The RTC registers are located in
address locations 00h to 07h. The 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 around to
location 00h, the beginning of the clock space.

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. Table 2 shows
the RTC registers. The time and calendar are set or initialized by writing the appropriate register bytes.
The conteunts of the time and calendar registers are in the BCD format. The day-of-week register
increments at midnight. Values that correspond to the day of week are user-defined but must be
sequential (i.e,, ik 1 equals Sunday, then 2 equals Monday, and so on.) Illogical time and date entries
result in undefined operation, Bit 7 of Register 0 is the clock halt (CH) bit. When.this bit is set to 1, the
oscillator is disabled. When cleared to 0, the oscillator is enabled.

Please note that the initial power-on state of all registers is not defined. Therefore, it is important to
enable the oscillator (CH bit = 0) during initial configuration,

The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12-hour or 24-hour mode-select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5
is thu AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10-hour bit (20 to
23 hours). The hours value must be re-entered whenever the 12/24-hour mode bit is changed.

When reading or writing the time and date registers, secondary (user) buffers are used to prevent errors
when the internal registers update. When reading the time and date registers, the user buffers are
synchronized to the internal registers on any IC START. The time information is read from these
secondary registers while the clock continues to run. This eliminates the need to re-read the registers in
case the internal registers update during a read. The divider chain is reset whenever the seconds register is
written. Write transfers occur on the I°C acknowledge from the DS1307. Once the divider chain is reset,
to avoid rollover issues, the remaining time and date registers must be written within one second.
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Table 2. Timekeeper Registers

Bit3 | Bit2 | Bit1 | Bito

ADDRESS | Bitz | Bit6 | Bits | Bitd FUNCTION | RANGE
00H CH 10 Seconds Seconds Seconds 00 59
01H 0 10 Minutes Minutes Minutes 00 59
12| 10 Hour 112
02H 0 10 Hour Hours Hours +AM/PM
24 PM/AM 00 23
03H 0 0 0 9] 0 ] DAY Day 01 Q7
04H 10 Date Date Date 01 31
, 10
05H 0 0 0 Month Month Month 01 12
06H 10 Year Year Year 00 99
O7H oUT { o | o | sawe 0 | o0 | RS1 | RSO Control —
08H-3FH RAM 56 x8 | O0H-FFH
0 = Always reads back as 0.
CONTROL REGISTER
The DS1307 control register is used to control the operation of the SQW/OUT pin.
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT 0
OouUT 0 0 SQWE 0 0 RS1 RSO

Bit 7: Output Control (OUT). This bit controls the output level of the SQW/OUT pin when the square-
wave output is disabled. If SQWE = 0, the logic level on the SQW/OUT pinis 1 if OUT =1 and is 0 if
OUT=0.

Bit 4: Square-Wave i*]nable (SQWE). This bit, when set to logic 1, enables the oscillator oufput. The |
frequency of the square-wave output depends upon the value of the RS0 and RS! bits. With the square-
wave output set to 1Hz, the clock registers update on the falling edge of the square wave.

Bits 1, 0: Rate Select (RS1, RS0). These bits control the frequency of the square-wave output when the
square-wave output has been enabled. The following table lists the square-wave frequencies that can be
selected with the RS bits.

SQUARE-WAVE
RSL 1 RS0 | yTPUT FREQUENCY
0 0 THz
0 ] 4.096kHz
1 0 8.102kHz
1 ] 32.768kHz
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I°’C DATA BUS

The DS1307 supports the I*C 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 the message is called a master. The
devices that are controlled by the master are referred to as slaves. The bus must be controlled by a master
“device that generates the serial clock (SCL), controls the bus access, and generates the START and STOP
conditions. The DS1307 operates as a slave on the I*C bus.

Figures 4, 5, and 6 detail how data is transferred on the I*C bus.

= Data transfer may be initiated only when the bus is not busy.
» During data transfer, the data line must remain 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 data and clock lines remain HIGH.

Start data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is
HIGH, defines a 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 signal. The data on the line must be
changed during the LOW period of the clock signal. There is one clock 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 transferred between START and STOP conditions is not limited, and is
determined by the master device. The information is transferred byte-wise and each receiver
acknowledges with a ninth bit. Within the 2-wire bus specifications a standard mode (100kHz clock
rate) and a fast mode (400kHz clock rate) are defined. The DS1307 operates in the standard mode
(100kHz) only.

Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge 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 puil down the SDA line during the acknowledge clock pulse in
such a way that the SDA line is stable LOW during the HIGH period of the acknowledge related
clock pulse. Of course, setup and hold times must be taken into account. A master must signal an
end 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 slave must leave the data line HIGH to enable the master to generate
the STOP condition.
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Figure 4. Data Transfer on I°C Serial Bus
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Depending upon the state of the R/W bit, two types of data transfer are possible:

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 returns an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a “not acknowledge” is returned.

The master device generates all the serial clock pulses and the START and STOP conditions. A
transfer is ended with a STOP condition or with a repeated START condition. Since a repeated
START condition is also the beginning of the next serial transfer, the bus will not be released. Data is
transferred with the most significant bit (MSB) first.

The DS1307 may operate in the following two modes:

1.

Slave Receiver Mode (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
recognized as the beginning and end of a serial transfer. Hardware performs address recognition after
reception of the slave address and direction bit (see Figure 5). The slave address byte is the first byte
received after the master generates the START condition. The slave address byte contains the 7-bit
DS1307 address, which is 1101000, followed by the direction bit (R/W), which for a write is 0. After
receiving and decoding the slave address byte, the DS1307 outputs an acknowledge on SDA. After
the DS1307 acknowledges the slave address + write bit, the master transmits a word address to the
DS1307. This sets the register pointer on the DS1307, with the DS1307 acknowledging the transfer.
The master can then transmit zero or more bytes of data with the DS1307 acknowledging each byte
received. The register pointer automatically increments after each data byte are written. The master
will generate a STOP condition to terminate the data write.
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Figure 5. Data Write—Slave Receiver Mode

|
<Siave Addreas> <Word Address {n}> <Data {n) <Data {n+1)> <Data (n+X)>

15| 1101000 | 0 { A[ ooxxoxxxx [ A xoxxxxxx [ A] xxoooxxxx [ A] oo [ a[ P

<RW=>

))
IS

§ — START DATA TRANSFERRED
A — ACKNOWLEDGE (X+1 BYTES + ACKNOWLEDGE)

P —STOP
RAW — READMWRITE OR DIRECTION BIT ADDRESS = DOM

2. Slave Transmitter Mode (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. The DS1307 transmits serial data on SDA 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 6). The
slave address byte is the first byte received after the START condition is generated by the master. The
slave address byte contains the 7-bit DS1307 address, which is 1101000, followed by the direction bit
(R/W), which is | for a read. After receiving and decoding the slave address the DS1307 outputs an
acknowledge on SDA. The DS1307 then begins to transmit data starting with the register address
pointed to by the register pointer. If the register pointer is not written to before the initiation of a read
mode the first address that is read is the last one stored in the register pointer. The register pointer
automatically increments after each byte are read. The DS1307 must receive a Not Acknowledge to
end a read.

Figure 6. Data Read—Slave Transmitter Mode

E

<Slave Address> <Data (n)» <Data {(n+1) <Data (n+2)> <Dala (n+X)>»
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<
DATA TRANSFERRED
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A — ACKNOWLEDGE FOLLOWED BY A NOT ACKNOWLEDGE (A) SIGNAL)

P —STOP
A — NOT ACKNOWLEDGE
RAN — READMWRITE OR DIRECTION BIT ADDRESS = D1H
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TYPICAL OPERATING CIRCUIT
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PACKAGE INFORMATION

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package
outline information, go to www.maxim-ic.com/DallasPacklnfo.)
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PACKAGE INFORMATION (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package
outline information, go to www.maxim-ic.com/DallasPackinfg.)

..-‘Nl*b e l~ x NEW DRAW% 2;35 ?T
ﬂ ﬂ H ﬂ ﬂ ﬂ H ﬂ \ Bl UPDATE DIMENSIONS
, j ¥
U NV S X

+ f
e A2 € ( \ A
u_t:LEJ_1:1,Lm_—_m,t:Ln%_7 {_,%,f/ t ML

PKG 8 PIN 14 PIN 16 PIN
LTR MIN MAX | MIN MAX t MIN MAX

A IN.| 0.0530.069 | 0.05310.069{0.053 [ 0.068
MM| 135 |1.75 1135 [ 175 1135 {175

IN.{ 0.004 | 0.010 | 0.004 | 0.010 [ 0.004 [ 0.010
MM10.10 10.25 |0.10 |0.25 (010 {0.25

A2 iN.] 0.048 | 0.062 [ 0.048 | 0.062 | 0.048 | 0.062
MM{1.22 [ 1.57 | 1.22 |1.57 |1.22 [1.57

, N.10.01210.020(0.012 [0.020[0.012 {0.020
MM]0.03010.51 10.30 1051 10.30 |0.51 | THE CHAMFER ON THE BODY IS OPTIONAL.
Jo. 011 |0.007 | 0. ) )
c u‘:‘ 3%’7 8.2131 oo 8_%1 8‘?,?7 ggy IF IT 1S NOT PRESENT, A TERMINAL 1
IDENTIFIER MUST BE POSITIONED SO THAT

0188 0 106 O T oot | 0'aa_ | 1/2 OR MORE OF IT'S AREA IS CONTAINED

IN.| .050 BSC 050 BSC 050 BSC IN THE HATCHED ZONE.
e M| 1.27 BSC 1.27 BSC 1.27 BSC

IN.| 0.150 | 0.158 | 0.150 | 0.158 | 0.150 | 0.158
EVum|{ 3.8t 401 [3.81 [4.01 |3.81 |4.01
4 IN.J0.230]0.2440.230[0.244 [0.230 [ 0.244
MM|5.84 |6.20 {5.84 |6.20 |5.84 |6.20
IN.10.016 | 0.050 | 0.016 | 0.050 | 0.016 | 0.050
L mMlo.41 [1.27 |04t |1.27 |04t [1.27
9 o 3 o & 5 a

Al

0

SIGNATURE DATE
b

= BRANAS MKV
ENGR. MGR: it
MFG. ENGR: PACKAGE OUTLINE .150" SOIC 8,14&16 LD.
e STE | F5CU N0 PART HO. REv
ORAN 5. MW.C. |2/95| A 56—-G2008~-001 B

DO NOT SCALE DWG. | sur N/A | [oem 1 or 1

15 0f 15

Maxim/Dallas Semiconductor cennot assume responsibility for use of any circuitry other than circuilry entirely embodied in & Maxim/Dallas Semiconductor product.
No circuit patent licenses are implied. Maxim/Dallas Semiconductor reserves the right to change tha circuitry and specifications without notice at any time.

Maxim Integrated Products, 120 San Gabriei Drive, Sunnyvale, CA 94086 408-737-7600

@ 2005 Maxim integrated Products » Printed USA
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc, The Dallas logo is a registered trademark of Dallas Semiconductor Corporation.



'“9 Texas
INSTRUMENTS

4-40

CD4051B, CD4052B, CD4053B

Data sheet acquired from Harris Semiconductor August 1998 - Revi March 2
SCHS047D g sed March 2000

CMOS Analog Muitiplexers/Demultiplexers
with Logic Level Conversion

The CD4051B, CD4052B, and CD4053B analog multiplexers
are digitally-controiled analog switches having low ON
impedance and very iow OFF leakage current. Control of
analog sianals up to 20Vp_p can be achieved by digital
signal amplitudes of 4.5V to 20V (if Vpp-Vgs =3V, a
Vpp-Vee of up te 13V can be controlled; for Vpp-Veg levet
differences above 13V, a Vpp-Vgg of at least 4.5V is
required). For example, if Vpp = +4.5V, Vgg = 0V, and
VEeg =-13.5V, analog signals from -13.5V to +4.5V can be
controlled by digital inputs of OV to 5V. These muitiplexer
circuits dissipate extremely low quiescent power over the
full Vpp-Vsg and Vpp-VeEg supply-voltage ranges,
independent of the logic state of the control signals. When
a logic “1" is present at the inhibit input terminal, all
channels are off.

The CD4051B is a single 8-Channal multiplexer having three
binary control inputs, A, B, and C, and an inhibit input. The
three binary signals select 1 of 8 channels to be turned on,
and connect one of the 8 inputs to the output.

The CD4052B is a differential 4-Channel multiplexer having
two binary control inputs, A and B, and an inhibit input, The
two binary input signals seiect 1 of 4 pairs of channels to be
turned on and connect th& analog inputs to the outputs,

The CD4053B is a triple 2-Channel multiplexer having three
separate digital control inputs, A, B, and C, and an inhibit
input. Each control input selects one of a pair of channels
which are connected in a single-pole, double-throw
configuration.

When these devices are used as demultiplexers, the
"CHANNEL IN/OUT" terminals are the outputs and the
“*“COMMON QUT/IN" terminals are the inputs.

Ordering Information

Features
Wide Range of Digital and Analog Signal Levels
- Digital ....... . 3V ta 20V
-Analog. ... <20Vp.p

Low ON Resistance, 1258 (Typ) Over 15Vp_p Signal Input’
Range for Vpp-VEeg = 18V

High OFF-Resistance, Channel Leakage of £100pA {Typ)
at Vpp-Vege = 18V

Logic-Leve! Conversion for Digital Addressing Signals of
3V to 20V (Vpp-Vss = 3V to 20V) to Switch Analog
Signals to 20Vp_p {Vpp-VEg = 20V)

Matched Switch Characteristics, rgn = 50 (Typ) for
Vop-Vee = 15V

Very Low Quiescent Power Dissipation Under All Digital-
Control Input and Supply Conditions, 0.2pW (Typ) at
Vpp-Vss = Vpp-VEE = 10V

Binary Address Decoding on Chip
5V, 10V and 15V Parametric Ratings
10% Tested for Quiescent Current at 20V

Maximum Input Current of 1pA at 18V Over Full Package
Temperature Range, 100nA at 18V and 25°C

Break-Before-Make Switching Eliminates Channel
Overlap

Applications

Analog and Digital Multiplexing and Demultiplexing
A/D and D/A Conversion

+ Signal Gating

TEMP.RANGE

PART NUMBER (°C) PACKAGE
CD4051BF, CD4052BF, -551t0 125 16 Ld CERAMIC
CD4053BF DIP
CD40518E, CD4052BE, -55to 125 16 Ld PDIP
CD40538E
CD4051BM, CD4051BNS -850 125 16 Ld SOIC
CD40518PW, CD4052BPW, -65t0 126 16 Ld TSSOP
CD4053BPW

1 CAUTION: These devices are sensitive to etectrostatic discharge; follow proper IC Handiing Pracedures.

Copyright © 2000, Texas Instruments Incorporated
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Pinouts
CD4051B (PDIP, CDIP, SQIC, TSSOP) CD4052B (PDIP, CDIP, TSSOP)
TOP VIEW TOP VIEW
7 ot
CHANNELS { a[1] [16] Voo Y CHANNELS { o [1] 6] voo
INOUT 1 6 [2] [15] 2 IMOUT 12 2] 15] 2 } X CHANNELS
wyn INJOUT
comouTin [3 4] 1 COMMON *Y" OUT/N [3 4] 1
E D CHANNELS INJOUT [ iD
CHANNELS { 7[4] i3] o ¥ CHANNELS { 3[3] [13] COMMON “x* OUT/N
NioUT { 5 2] 2] 3 / INOUT 1 4 [5] [2] 0 } X CHANNELS
INH [6] [11] A INH €] 7] s J ot
vee [7] 0] 8 vee {7 10} A
Vs [2] 9]¢ vss [2] BL
CD4053B (PDIP, CDIP, TSSOP)
TOP VIEW
NS
by LT_ E Voo
INFOUT 4 bx 2] [15] oUT/IN bx OR by
ey [3] [14] OUT/IN ax OR ay
OUT/IN CX OR CY [4] 3] ay}
INIOUT
INfOUT X [5] [12] ax
INH 6] [11] A
VEE E E B
vss [8] BE
Functional Block Diagrams
cD4051B
- CHANNEL IN/OUT
f ¥
7 6 5 4 3 2 1 0
@0 clolelolclel:he
[ * | ‘
. i
A 1@
i
COMMON
B (19— BINARY P OUT/IN
LOGIC . (";2 6 )
LEVEL DECODER E_'
CONVERSION WITH
ct INHIBIT @_
INH F
e
(8) Vss VeE

FAlt inputs are protected by standard CMOS protection network.
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CD4051B, CD40528, CD40538

Functional Block Diagrams (Continued)

AT
B’r@—‘
|NHT®—

s

AT@'—"

e 1 (O ——

CD40528
X GHANNELS INJOUT
a3 2 1 ¢
OO0 @
] N 1
COMMON X
OUT/IN
16
Leeed
BINARY
LoGIC TO E__' ®
LEVEL — 10F4 COMMON Y
DECODER L OUTIIN
CONVERSION WITH
- INHIBIT
| 16 }—tb
1____5_.. T DOOO L=
‘ V9 1 2 3,
(B)v v
s EE Y CHANNELS INfOUT
CD40538
am%r::vz'ro
1
LOGIC y DECODERS INfOUT
LEVEL (15)Voo WITH [ \
CONVERSION INHIBIT cy ex by bx ay ax
\ [ |/ 900006 cammer
ax OR ay
GOMMON
1 OUT/IN
el bx OR by
®
8 § @— 16
- COMMON
- OUT/N
cx OR cy
¢t (@O— B -
TG
Voo
(8) ves Veg

YAl inputs are protacted by standard CMOS protection natwork.

3|
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TRUTH TABLES
INPUT STATES
INHBIT | C | B | A “ON" CHANNEL(S)
CDA4051B
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 ] 0 1 5
0 1 1 0 6
0 1 1 1 7
1 X X X None
CDA4D52B
INHIBIT 8 A
0 0 0 0x, Oy
0 0 1 1x, 1y
0 1 0 2x, 2y
0 1 1 3x, 3y
1 X X None
CDA40538
INHIBIT AORBORC
0 0 ax or bx or ¢x
0 1 ay or by or cy
1 X None
X =Don't Care .
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CD40518B, CD4052B, CD40538

Absolute Maximum Ratings

Supply Voltage (V+ to V-)

Voltages Referenced to Vgg Terminal ........... -0.5V to 20V
DC Input Voltage Range ... ............... -0.5V to Vpp +0.5V
DC Input Current, Any Oneldnput. .........cooievn s 110mA

Operating Conditions
TemperatureRange . . .. ...

Thermal Information

Thermal Resistance (Typical, Note 1) 8a (°CW)  Bye (PCW)
67

EPackage ................ ..o N/A
FPackage .................ovvn. 115 45
DPackage ..............c.0vu.n. 73 N/A
NSPackage..................... 64 N/A
PWPackage. ............... ... 108 NIA
Maximum Junction Temperature (Ceramic Package) .. ....... 175°C
Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range.......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s) . ............ 265°C

(SOIC - Lead Tips Only)

CAUTION: Strasses ebovs those listad in “Absolute Maximum Ratings” may cause permanant damage lo the device. This is a stress enly rating and operation of the
davice at thesa or any other conditions above those indicated In the operational ssctions of this specification is not implied.

NOTE:

1. The package thermal impedance is calculated in accordance with JESDS1.

Electrical Specifications Common Conditions Here: If Whole Tabis is For the Full Temp. Range, VsuppLy = 5V, Ay = +1,

RL = 10042, Unless Ctherwise Specified (Note 3)
CONDITIONS LIMITS AT INDICATED TEMPERATURES {°C)
25
PARAMETER Vis(V) |VEe(V)|Vss(V) |Vop(V)| 55 | 40 | 85 | 125 | MIN [ TvP | Max | unrms
SIGNAL INPUTS (V,5) AND OUTPUTS (Vos)
Quiescent Device - - - 5 5 5 150 150 - 0.04 5 LA
Current, [pp Max ; . ] 10 | 10| 10 | 30| 30| - | o004]| 10 WA
- - - 15 20 20 600 600 - 0.04 20 pA
- - - 20 100 100 | 3000 | 3000 - 0.08 100 HA
Drain to Source ON - 0 0 5 800 850 1200 | 1300 - 470 1050 Q
Resistance ron Max
0<Vis < Vpp - 0 0 10 310 330 520 550 - 180 400 Q
- 0 0 15 200 210 300 320 - 125 240 (o]
Change in ON - 0 0 5 - - - - - 15 - Q
Resistance (Batwaen
Any Two Channels), - 0 0 10 B ) - - B 19 B Q
ATON - 0 0 15 - - - - - 5 - Q
OFF Channel Leakage - 0 1 18 1100 (Note 2) | £1000 (Note 2) - +0.01 1100 nA
Current: Any Channsl (Note 2)
OFF (Max) or ALL
Channels OFF (Common
QUT/IN) (Max}
Capacitance: - -5 5- 5
input, Cig - - - . - 5 . pF
Qutput, Cos
CD4051 - - - - - a0 . pF
cD4052 - - - - - 18 - pF
CcD4053 . - . . . 9 . pF
Feedthrough
Cios - - - - 0.2 - pF
Propagation Delay Time Voo R = 200kQ, 5 - - - - - 30 60 ns
(Signal Input te Qutput C = 50pF,
o L {1t =20ns 10 - - - . 15 30 ns
15 - - - - 10 20 ns
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CD4051B, CD4052B, CD40538

Electrical Specifications Common Cenditions Here: If Whole Tabie is For the Full Temp. Range, VsyppLy = $5V, Ay = +1,
RL = 100Q2, Unless Otherwise Specified {Continued) (Note 3)

CONDITIONS LIMITS AT INDICATED TEMPERATURES (°G)
25
PARAMETER VistV) |VEe) | VssV) [Vop(v)| 55 | <0 | 85 | 125 | MIN [ TP [ MAX | UNITS
CONTROL {ADDRESS OR INHIBIT}), V¢
Input Low Voltage, V|, |ViL=VDpp |VEE * Vss, 5 1.5 1.5 15 1.5 - - 1.5 A
Max through R__=1kQto Vgg,
1kQ; Iig < 2uA on Al 10 3 3 3 3 - - 3 v
Vin = Vpp | OFF Channets 15 4 4 4 4 - - 4 v
through
input High Voltage, Vi, | 1k0 5 35 3.5 35 35 3.5 - - \
Mi
n 10 7 7 7 7 7 ; . v
15 11 11 11 11 iA - - A
Input Current, lyy (Max) |Viy=0,18 18 +0.1 0.1 +1 1 - +1p5 0.1 HA
Propagation Delay Time:
Address-to-Signal t;, ty = 20ns, 0 0 5 - - - - - 450 720 ns
OUT {Channels ON or | C|_ = 50pF,
OFF) See Figures 10, [R =10k | ° 0 10 - : - - © | 180 ) 320 | e
1,14 0 0 15 - - - - - 120 240 ns
-5 0 5 - - - - - 225 450 ns
Propagation Delay Time:
Inhibit-to-Signal OUT | 1, t; = 20ns, 0 0 5 - - - - - 400 720 ns
(Channel Tuming CN) | Ci_ = 50pF,
Ses Figure 11 Ry = 1kQ ¢ 0 10 - - - - - 160 | 320 ns
0 0 15 - - - - - 120 240 ns
-10 0 5 - - - - - 200 400 ns
Propagation Delay Time: _
Inhibit-to-Signal OUT [ t,, t=20ns,| ¢ 0 5 - A - 200 450 ns
(Channel Turning C_ = 50pF,
OFF) See Figure 15 |R_ =10k | 0 0 10 : - - - - 90 210 ns
0 Q 15 - - - - - 70 160 ns
-10 o] 5 - - - - - 130 300 ns
Input Capacitance, Cjy - - - - - 5 75 pF
{Any Address or inhibit
Input)
NOTE:
2. Determined by minimum feasible isakage measurement for automatic testing.
Electrical Specifications
TEST CONDITIONS LIMITS
PARAMETER Vig (V) Vpo (V) | Ry (k) TYP UNITS
Cutoff (-3dB) Frequency Chan- | 5 (Note 3} 10 1 Vog at Common OUT/N CDAD53 30 MMz
nei ON (Sine Wave Input) Vee = Vss. CDA052 25 MHZ
v CDA4051 20 MHz
20Log-vf’-§= -~3dB
IS Vos at Any Channet 60 Mriz
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Electrical Specifications
[ TEST CONDITIONS LIMITS
PARAMETER Vis (V) Vpp (V) | RL(kQ) TYP UNITS
Total Harmonic Distortion, THD | 2 (Note 3) 5 10 0.3 %
3 (Note 3) 10 0.2 %
5 (Note 3) 15 0.12 %
Veg = Vss, fis = 1kHz Sine Wave %
-40dB Feedthrough Frequency | 5 {Note 3) \ 10 I 1 Vog at Common QUT/IN CD4053 , 8 MHz
All Ch Is OFF
(Al Channels OFF) VEE = Vss, CD4052 10 MHz
20 Log\cis= -40dB €D4051 12 MHz
1S Vog at Any Channel <] MHz
40dB Signai Crosstalk 5 (Note 3) | 10 1 1 |Between Any 2 Channels 3 MHz
F
requency VEE = Vss. Between Sections, Measured on Common 6 MHz
CD4052 Onl
20Logvos= _40dB y Measured on Any Chan- 10 MHz
Vis nel
Between Any Two In Pin 2, Qut Pin 14 25 MHz
Sections, CD4053 :
Of_’,fyc’ 5 In Pin 15, Out Pin 14 6 MHz
Address-or-Inhibit-to-Signal - 10 10 65 MVpPEAK
Crosstalk {Note 4)
Vee=0,Vgg =01, t4=20ns, Voo 65 mVpEAK
= Vpp - Vgg (Square Wave)
NOTES:
3. Peak-to-Peak voltage symmetrical about Voo - Vee
2
4. Both ends of channel.
Typical Performance Curves
600 . : 300 . T
a Voo - Veg = 5V - Voo - Ve = 10V
g =)
a 50 ’\\ y
- '\\ 2 /
% 400 / AN 5 200 ot N\ T =125°C
2 ( ~ N\ 2
cz) 300 / u ‘ Ta=125°C E 150 ‘\
@ / ~N N g > Ta=25°C
Z 210 . AN Ta=25°C | Z 100 !
g - N S Ta = -55°C
] " Ty = -55°C 3
Ez-’ 100 5 50
0 0
-4 -3 -2 -1 0 1 2 3 4 5 -10 -7.5 -5 2.5 0 2.5 5 75 10

Vs, INPUT SIGNAL VOLTAGE (V)

FIGURE 1. CHANNEL ON RESISTANCE vs INPUT SIGNAL
VOLTAGE (ALL TYPES)

Vi3, INPUT SIGNAL VOLTAGE (V)

FIGURE 2. CHANNEL ON RESISTANCE vs INPUT SIGNAL

VOLTAGE (ALL TYPES)
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Typical Performance Curves (Continued)

600 T
Ta = 25°C I | I
500 Vpp -VEg = SV

AN
400

ALY
- | 10V

100 15V

ron, CHANNEL ON RESISTANCE (%)

M40 75 5 25 0 25 5 75 10
Vg, INPUT SIGNAL VOLTAGE (V)

FIGURE 3. CHANNEL ON RESISTANCE vs INPUT SIGNAL

VOLTAGE (ALL TYPES)
8 T
s zgg:g\‘,’ Ry = 100k, Ry = 10k l
w 4 VEE.-SV l / 1kQ )
2 "l Tam2soc . Z2hte
5 A 2 1000 —
- /
g 2 o’
2 =
F
a 0
5 —
[+
52 =
e
%]
S4
. _
% 4 -2 0 2 4 8

Vis, INPUT SIGNAL VOLTAGE (V)

FIGURE 5. ON CHARACTERISTICS FOR 1 OF 8 CHANNELS

(CD40518)
5
? 10 TA - 25°C
Z | ALTERNATING “O"
Iy AND “I” PATTERN
[T] Cy = 50pF
2 10t i
§ Vpp = 15V
g
i 103 - ’ 4
& W 2=
@ SVpp =10V 1 CD4052 ﬁ
= p sV AL g 3
uEJ 102 & Vpp = 5V 4
b A—\Cp_ = 15pF
a | | LLE
£ Al =
10 102 10¢ 104 10°

SWITCHING FREQUENCY (kHz)

FIGURE 7. DYNAMIC POWER DISSIPATION vs SWITCHING
FREQUENCY (CD4052B}

250 r T
— Vpp -Veg = 15V
g DD EE™
w

200
% T = 125°C
-
2 N .
é 150 . e~y
3 / \
a 100 /\-\-_ Ta = 259C
z
z Pt Ty = -55°C
5 50
z
°

¢

10 75 5 <25 0 2.5 5 75 10
Vig, INPUT SIGNAL VOLTAGE (V)

FIGURE 4, CHANNEL ON RESISTANCE vs INPUT SIGNAL

VOLTAGE (ALL TYPES)

105 T T 117 T T T T™TTT T L
£ [ 1am2s0c TEST CIRCUIT
S | ALTERNATING “Q" L+ oVoD
w AND " PATTERN
S 104 O = S0pF — -

T ]
2 Vop = 15V v
2 t
i 103 ')’ ,/
[-™
B - e
a ‘ Voo = 10V —
& 42 £ |
E ? Vpp = 5V
n.'s A | LT el
£ Z\eL=15F =
10 AL B e .
1 10 102 103 104 10°

SWITCHING FREQUENCY (kHz)

FIGURE 6. DYNAMIC POWER DISSIPATION va SWITCHING

FREQUENCY (CD40518B)

§‘1°5 Ta = 25°C Vpp = 15V i

ALTERNATING “O” ot
E:L AND “I" PATTERN P —Vpyp = 10V
S ot fmr . dV./aullil
2 / TEST GIRCUIT
& Z /oo 1
z 7]’ 4 ¢
2 7 70002 3 ~—CL
& 10° o w7 - _131
3 1000 1’ CD4053 f -
3 //;' w m
& Vpp = 5V 11 15

2 ’_ YoD 1
g " sEees i—“
]

5 Cy = 15pF O
® 10 | LI =

1 10 102 103 104 105
SWITCHING FREQUENCY (kHz)

FIGURE 8. DYNAMIC POWER DISSIPATION va SWITCHING
FREQUENCY (CD40538B)
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Test Circuits and Waveforms

Vpp = 15V Vpp = 7.5V Vpp = 5V Vpp = 5V

| S
(- e | Vgg = 0V Vgg = OV
Vas =QV
VEE =0V P
[ T [ 7 [ 7
8 Vgg = -7.5V g VEg=-10V L—g Veg= -5V Llg
Vgg= Qv
(A} (8) © o)

NOTE: The ADDRESS (digital-control inputs) and INHIBIT logic levels
are: ‘0" = Vgg and *1" = Vpp. The analog signal (through the TG) may
swing from Vg to Vpp.

FIGURE 9. TYPICAL BIAS VOLTAGES

4--[-- t, = 20ns et ;= 2008 w—te}— tr = 2008 | {;m 20ns
90% 90*/?4& Z 90% 90%
50% 50% 50%

50% \
=10% 10%
-+—— TURN-ON TIME
E——
_ (
TIME - | —TURN-QFF TIME
TURN-OFF TIME torz
FIGURE 10. WAVEFORMS, CHANNEL BEING TURNED ON FiGURE 11. WAVEFORMS, CHA/NNEL BEING TURNED OFF
(R = 1kQ) (R = 1KQ)
Vop Voo Voo

1 16 1 1 18 #
2 15 2 2 15
3 14 3 3 14
4 13 .l_ 4 —+ 1 _.':I
H 12 - 5 12 - 5 12 e
6 1 6 1" 6 1
T 10 "7 10 -7 10
S . 93. gy —

— CD4051 == = cD4aps2 = =3 CD405} ==

FIGURE 12, OFF CHANNEL LEAKAGE CURRENT - ANY CHANNEL OFF
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Test Circuits and Waveforms (Continued)

Voo Vop Voo
»
1 1 1 3
2 2 2 Ipp
3 3 3
4 4 4 —Jr =
5 5 . 5 -
6 1 ] 1 ] 1
7 10 7 10 7 10
/ .. 1 g
-.%- CD40S1 == = CD4052 == =  CD4053 =
FIGURE 13. OFF CHANNEL LEAKAGE CURRENT - ALL CHANNELS OFF
Vpo \"/
oo
_OUTPUT o mour CUTPUT
1 16 |1 i 1 16}~ Vpp 1 16 11
Vpp |2 15 RS e ¢ R 2 15 2 1§ Ri< 0L
<3 14 L L 43 14 3 14 1
4 13 > Ve Voo {4 13 4 13 >
5 12{ Vpp 5 12 5 121 vpp EE
Vee 116 1p— LT Vee ~6 " v 6 11—
—r  10l—Vvss GLOCK Ve [, ol ¥ 17 o5 ves ctock
{3 9 M 8 af—{s8 cLock, < 8 9 W
Vsg Vss w IN Vas
CcD4051  Vss cp40s2 Vss CD4053 Vsg
FIGURE 14. PROPAGATION DELAY - ADDRESS INPUT TO SIGNAL QUTPUT
v
OUTPUT ouTPUT oo
o , " , - OUTPUT ; ”
RLZ FRS0pF| {2 15 s0pF| |2 15 RLS 7R sopF [ 12 2500
X ] I 3 14 3 14 3 14
- ‘ Vee |4 13 Ve |4 13 Vg Lt 13
vV, Vpo*+15 12 Vpp +15 12 Vop 445 12
VDD |6 11 Voo _J1J 6 11 Vop ® s 11
SSCLOCK Vgg4—7 10 VSSCLOCK Vg +{7 10 Vs CLOCK Ve *+™]7 10
IN  ygge—is 9 IN  vgge—is 8 p! IN Vgg -8 8
tpiL AND tp /85 tpH AND tpy ¥ tpHL AND tpy 'S8
CD4051 CD4052 CD4053
FIGURE 15. PROPAGATION DELAY - INHIBIT INPUT TO SIGNAL OUTPUT
Voo
. t v Voo
O oo :
; ViH L
? f—— ot .
7 T o A TNT
2 15 i 2 15 a A B
3 14 - 3 14 = i 13
K |4 13 4 13 Vitg 5 12 =
Vi, 5 12 5121 K, 6 1= oVi
(U'_ 6 1 °-—+ (O— ] 11 - vIL 7 10 Y IH
ViL E 7 10 o ViL 7 10 8 9 L_,‘ i - ViL
.2 " ot _E 82 —oVi CD40538
—L CD40518 . == CD4052B -
- Vic Vi =
MEASURE < 2uA ON ALL MEASURE < 2uA ON ALL MEASURE < 2uA ON ALL
“OFF" GHANNELS {s.g., CHANNEL 6) “OFF” CHANNELS {e.g., CHANNEL 2x) “OFF" CHANNELS (e.g., CHANNEL by}

FIGURE 16. INPUT VOLTAGE TEST CIRCUITS (NOISE IMMUNITY)

10
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Test Circuits and Waveforms (continued)

Vop
Voo
T 16

1 16 2 15

2 15 3 14

3 1 4 13

5 12 —~16 11

LA o 7 10f—4—a
J: T 10 b 8 k] )

3 514
1 Cpaos g)_ CD4052

€D4053 =

FIGURE 17. QUIESCENT DEVICE CURRENT

Voo

1 16 —T

2 15

3 14

4 12

5 12 vV

§ 11— o

T el

L2 d Vas
Vgg CD4051 r

CD4053 NOTE: Measureinputs sequentially,

to both Vpp and Vgg connact all

unused inputs to either Vpp or Vgs.

Voo KEITHLEY
160 DIGITAL
MULTIMETER
- 76 | N
10k 2« . » >
‘ON" 1kQ Y
RANGE
Vss XY
PLOTTER
, H.P. X
MOSELEY F
T030A L

FIGURE 18. CHANNEL ON RESISTANCE MEASUREMENT

CIRCUIT
Voo
1 18 -—T
2 15
3 14
4 13
5 12 v
§ 1 o
7 10 b ﬂ-——(D-—o\o
| 8 9
Vss

Vss £D4052 J"
NOTE: Measureinputs sequentially,

to both Vpp &nd Vgg connaect all
unused inputs to either Vpp or Vgg.

FIGURE 19. INPUT CURRENT _

Ve, {GFF 1—— o
CHANNEL| &
Voo

et

FIGURE 20. FEEDTHROUGH (ALL TYPES)

5Vp.
h-p [ CHANNEL IN X
™1 ONOROFF

SVpp

CHANNEL CHANNEL
ON w OFF RF
VM
COMMON R
~
= N
CHANNEL RF | CHANNEL
OFF VM ON s
Ry Ry

FIGURE 21. CROSSTALK BETWEEN ANY TWO CHANNELS

(ALL TYPES)
CHANNEL IN Y | RF
ON OR OFF VM
RL Ry

FIGURE 22. CROSSTALK BETWEEN DUALS OR TRIPLETS (CD4052B, CD4052B)

11
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Test Circuits and Waveforms (Continued)

DIFFERENTIAL CD4052
SIGNALS Chdasz

-
-
COMMUNICATIONS I —
—f LINK =
L >
DIFF. DIFF. L,

AMPLIFIER! RECEIVER
LINE DRIVER Be
>

DIFF. DEMULTIPLEXING
MULTIPLEXING

FIGURE 23. TYPICAL TIME-DIVISION APPLICATION OF THE CD40528

Special Considerations

in applications where separate power sources are used 10
drive Vpp and the signal inputs, the Vpp current capability
should exceed Vpp/R| (Ry = effective external load). This
provision avoids permanent current flow or clamp action on
the Vpp supply when power is applied or removed from the
CD40518, CD40528B or CD4053B.

A A
B B -
c ¢ CDaosiB
INH
p--a Qo = A COMMON
Q4 OUTPUT
112 B >
E—IB CD4556 m c CcD4051B >
_E' E 'NH
A
——{ B
¢ CD4os1B
| INH

FIGURE 24. 24-TO-1 MUX ADDRESSING
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being refied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of Hability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with T1's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible far their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards,

T assumes no liability for applications assistance or customer product design. T! does not warrant or represent
that any license, either express or impiied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. T!'s publication of information regarding any third
party's products or services does not constitute Ti's approval, warranty or endorsement thereof.

Copyright ® 2000, Texas Instruménts Incorporated



19-4323; Rav 9; 5,00

+5V-Powered, Multichannel RS-232

General Description

The MAX220~-MAX248 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where 12V is
not available,

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

y-53

WM AXI/W

Drivers/Receivers

Features

Superior to Bipolar

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

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

¢ Meet All EIA/TIA-232E and V.28 Specifications
¢ Multiple Drivers and Receivers

¢ 3-State Driver and Receiver Qutputs

4 Open-Line Detection (MAX243)

Applications Ordering Information
Portable Computers PART TEMP. RANGE ___ PIN-PACKAGE
Low-Power Modems MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
Interface Translation MAX220CWE 0°C to +70°C 16 Wide SO
Batlery-Powered RS-232 Systems MAX220C/D 0°C 1o +70°C Dice*
Multidrop RS-232 Networks MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering information continued at end of data sheet.
“Qontact factory for dice specffications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply RS-232 No, of Cap. Value & Three- Activein Data Rate
Number (V) Drivers/Rx_Ext. Caps (uF) _ State SHDN {kbps) Foatures
MAX220 +5 2/2 4 01 No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yos — 200 Low-powar shutdown
MAX223 (MAX213) +5 4/5 4 10(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 o] — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.1) Yes —_— 120 § drivars with shutdown
MAX231 (MAX201) +5and 2/2 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.510+132 same functions as MAX232
MAX232 (MAX202} +5 242 4 1.0(0.1) No — 120 (84) Ingustry standsard
MAX2324 +5 2/2 4 0.1 Ng — 200 Higher siew rate, small caps
MAX233 (MAX203) +5 22 Q — No — 120 No external caps
MAX233A +5 2/2 a — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/Q 4 1.0{0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAJ.236 (MAX206) +5 4f3 4 1.0(0.1} Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0{0.1) No — 120 Complernents IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No —_ 120 Replacas 1488 and 1488
MAX239 (MAX209) +5 and 3/5 2 1.0{0.7) No — 120 Standard +5/+12V or battery supplies;
+7.510 +13.2 single-packaga solution for IBM PC sariai port
MAX240 +5 5/5 4 1. Yas — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0 {0.1) Yes —_ 120 Complete IBM PC serial pert
MAX242 +5 212 4 0.1 Yos v 200 Separate shutdown and enable
MAX243 +5 2i2 4 0.4 No — 200 Opan-line detaction simpiifies cabling
MAX244 +5 8/10 4 10 No — 120 High slew rata
MAX245 +5 8/10 0 — Yes v 120 High slaw rate, int, caps, two shutdown modas
MAX246 +5 B/10 0 — Yes v 120 High slew rata, int. caps, thrae shutdown modas
MAX247 +5 8/9 0 — Yes v 120 High slew rate, int. caps, nine opearating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, seiactive half-chip enables
[_MAXZAQ +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package
MAX1MN Maxim integrated Products 1

For free samples and the latest literature, visit www.maxim-ic.com or phone 1-800-998-£800.
For small orders, phone 1-800-835-8769.
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20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) .. 440mW
18-Pin Narrow SQ {derate 8, 70mW/°C above +70°C) ...696mw
16-Pin Wide SO (derate 2.52mW/*C above +70°C)......762mwW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C}....800mw
20-Pin SSOP (derate 8.00mw/°C above +70°C) .......... 640mw
16-Pin CERDIP (derate 10.00mw/°C above +70°C).....800mwW
18-Pin CERDIP {derate 10.53mW/°C above +70°C}.....842mW
Operating Temperature Ranges

Drivers/Receivers
AESOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Voltage (VEC) e ciee -0.3Vto +6V
Input Voltages
TIN- v vrerr e e et ra e ab et e -0.3Vto (Vce - 0.3V)
RIN (EXCEDt MAX220) 1...covees oottt eeeiereens s e +30V
BIN IMAX220) .1t ste s e eraan =25V
Tout {Except MAX220) (Note 1) . 15V
ToUT (MAX220). ...t +13.2V
Qutput Voltages
U T e rererertmrerr ettt et arie st rasesbers e rebe e s s dnrassrar s sbae e e et e ne 15V
BOUT vt et rebe e e e e ae e -0.3Vto (Voo + 0.3V)

Driver/Receiver Qutput Short Circuited to GND......... Continuous
Continuous Power Dissipation (TA = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP {derate 11.11mwW/°C above +70°C})....880mwW

MAX2__AC_ _,
MAX2_ _AE_ _ MAX2_ _E__..
MAXZ2__AM_ _, MAX2_ _M__... ..-B5°C to +125°C
Storage Temperature Range .................. ...-85°C to +160°C
{ead Temperature (soldering, 10S€C) .....ccovivreriveecirirann, +300°C

MAX2_ _C o 0°C to +70°C
..... -40°C to +85°C

Note 1: Input voltage measured with ToyT in high-impedance state, SHDON or Vg = OV.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V,

Stresses baeyond those listed under "Absolute Maximum Ratings” may cause permanent damage !0 the device. Thasa are strass ratings only, and functional
operation of tha device at thase or any other conditions beyond those indicaled in the operationa! sactions of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended pariods may affact device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Voo = +5V £10%, C1-C4d = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TMiN 1o Timax, unless otherwise noted.)

PARAMETER | CONDITIONS | MIN  TYP MAX | UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs ioaded with 3k{2 to GND *5 +8 v
input Logic Threshold Low 1.4 0.8 Vv
Input Logic Threshold High All devices except MAX220 2 1.4 v
- MAX220; Vog = 5.0V 24 *
Logic Pull-Upinput Current ﬂfx_cept MAX220, normal operation 5 40 uA
SHDN = GV, MAX222/242, shutdown, MAX220 =0.01 +1
Vee = 5.5V, SHDN = OV, Vout = £15V, MAX222/242 =001 =10
Qutput Leakage Current Voo = SHION = OV Vour = 215V 7007 =0 pA
Data Rate 200 116 kby/s
Transmitter Output Resistance Voo = V+ = V- = 0V, Voyt = 22V 300 1M Q
Output Short-Circuit Current Voutr =0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range =30 v
RS-232 Input Threshold Low Vee = 5V Al except MAX243 R2im °8 13 v
MAX243 R2;n (Note 2) -3
. All except MAX243 R2iN 1.8 2.4 ’
RS-232 Input Threshold High Voo = 5V MAX343 Fop (Nore 2) 03F o7 \Y
RS-232 Input Hysteresis All except MAX243, Voe = 5V, no hysteresis in shdn, 0.2 0.5 1 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Cutput Voltage Low louT = 3.2mMA 0.2 0.4 v
TTL/CMOS Cutput Voltage High lour = -1.0mA 35 Vvee-02 Y
L Sourcing Vour = GND -2 -10
TTL/CMOS Output Short-Circuit Current Shinking Vour = Vag n % mA
2 MAXIMN
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Voo = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0,047pF, C2-C4 = 0.33F, TA = TMIN t0 TMaX, unless otherwise noted.)

PARAMETER CONDITICNS MIN TYP MAX ! UNITS
SHDN = Vee or EN = Ve (SHDN = OV for MAX222), ,
TTL/CMOS Output Leakage Current OV < Vour £ Voo +0.05 =10 pA
EN Input Threshold Low MAX242 1.4 0.8 Vv
EN Input Threshold High MAX242 2.0 1.4 vV
Operating Supply Voltage 4.5 55 v
MAX220 0.5 2
No load
Ve Supply Current (SHON = Vo), MAX222/232A/233A/242/243 4 10 mA
Figures 5, 6, 11, 19 3kQ load MAX220 12
both inputs MAX222/232A/233A1242/243 15
Ta = +256°C 0.1 10
Ta=0°Cto +70°C 2 80
Shi lyC t MAX222/242 A
utdown Supptly Curren f Tr = 40°C 0 +85°C 5 0 Y
Ta =-55°C to +125°C 35 100
SHDN input Leakage Current MAX222/242 +1 WA
SHON Threshold Low MAX222/242 14 0.8 v
SHDN Threshold High MAX222/242 2.0 1.4 vV
CL = 50pF to 2500pF,
RL = 3k to 7K, MAX222/232A(233A/242/243 6 12 30
Transition Slew Rate Vee =5V, Ta = +25°C, Vius
measured from +3V MAX220 15 3 30
to -3V or -3V to +3V.
MAX222/232A/233A/242/243 B 4.3 35
Transmitter Propagation Delay tPHLT MAX220 2 o
TLL - tion), s
oo Fie-232 (norma operation) : MAX222/232A233A/242/243 5 85 | "
PLHT MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay tPHLA MAX220 06 3
- i S
Eiz 522;0 TLL (normal operation). t MAX222/232A/233AI242/243 06 1 H
PLHR MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 05 10 Us
RS-232 to TLL (shutdown), Figure 2 | tp_ s MAX242 2.5 10
Receiver-Output Enable Time, Figure 3 | teq MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpa MAX242 160 500 ns
Transmitter-Output Enable Time . MAX222/242, 0.1uF caps 250 us
{SHDN goes high), Figure 4 ET (includes charge-pump start-up)
Transmitter-Output Disable Time -
42, 0.1 00 ns
{SHDN goes low), Figure 4 1ot MAX222/2 WF caps 6
i . i MAX222/232A/233A/242/243 300
Transmu}ter + to - Propagation _ {PHLT - tPLHT ns
Delay Diference (normal operation) MAX220 2000
Receiver + to - Propagation i MAX222/232A/233A/242/243 100
Delay Difference (normal operation) IPHLA - 1PLHR MAX220 225 ns
Note 3: MAX243 R2quT is guaranteed to be low when B2y is 2 OV or is floaling.
MAXIMN 3
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Typical Operating Characteristics
MAX220/MAX222/MNAX232A/MAX233A/NMAX242/MAX243

AVAILABLE OUTPUT CURRENT MAX222/MAX242
QUTPUT VOLTAGE vs, LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 - 1 — A0V
uf z Ve
B g S OUTPUT LOAD CURRENT -1 -mF CAPS
s | EMHER V. ORV- LOADED 3 1 e (LOWSFROMV+TOV- 1 Ve IS L e
' 0.1uF =z ALLCAPS i | & — i
= 4 | Vec=25V [ Uipr_ | E 9 b 1uF f[\__ = 45V prom—
w NOLOAOON E r\ < SHON
2 2 T TRANSMITTER OUTPUTS g | ivec=vs28v 8 o
2 g | (EXCEPTMAXz20, 233 £ 2 o
| 1 | a3 ALL CAPS >
E 2 | V- LOADED, NO LOAD ON V4 5 7 ORF A S 5 \
= ' & Vog = +4.75V % # \tl— 10F CAPS
2 4 01uF w1 3 A
§
5 T \\L \ +—
B =] 5 - - 0.11F CAPS
- v .
. = V+ LOADED, NO LOAD ON V- . . v
¢ 5 10 15 2 % 0 0 W W 40 0 6 500us/div

LOAD CURRENT (ma) DATA RATE (Kbits/sec)

4 MAXIVI
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Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

input Voltages
Output Voltages
TOUT cvevrvrrmvienriiniceinenrsinens s evennees (V+ + 0.3V} to(V--0.3V)
BOUT e iee s e e seenr e eens 0.3V 1o (Vo +0.3V)
Short-Circuit Duration, TOUT vvcvrveienieeniiinn i Continuous

Continuous Power Dissipation (Ta = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP {derate 10.53mW/°C above +70°C)....842mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C}....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C) .......... 1.07W
24-Pin Plastic DIP {derate 9.09mwW/°C above +70°C})......500mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mw

20-Pin Wide SO (derate 10 00mW/°C abeove +70°C)....... 800mw
24-Pin Wide SO (derate 11.76mW/°C above +70°C}....... 41mwW
28-Pin Wide SO (derate 12.50mW/°C above +70°C} ............. w
44-Pin Plastic FP (derate 11.11mW/°C above +70°C).....889mW
14-Pin CERDIP {derate 9.09mW/°C above +70°C) .........
16-Pin CERDIP {derate 10.00mwW/°C above +70°C)........
20-Pin CERDIP {derate 11.11mW/°C above +70°C)........
24-Pin Narrow CERDIP

{derate 12.50mW/°C above +70°C) .............. 1w
24-Pin Sidebraze (derate 20.0mW/°C above +70°C).......... 1.6W
28-Pin SSOP (derate 9.52mW/°C above +70°C)............. 762mwW

Operating Temperature Ranges
MAX2 _ G e e 0“C to +70°C
MAX2 __E__.... ....-40°C to +85°C
MAX2 _ .M L e .-55°C to +125°C
Storage Temperature Range................ .-65°C to +160°C
Lead Temperature {soldering, 10S&C) .........cccocivviviienns +300°C

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage !o the davice. These are slress ralings only, end functional
operation of the device et these ur any athar conditions beyond those indicatad in tha operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affsct device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Vog = +5V £10; MAX233/MAX235, Ve = 5V +5%, C1-C4 = 1.0pF; MAX231/MAX238,
Voo = 5V 210%,; V+ = 7.5V 10 13.2V; Ta = TmiN to Tmax;: unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP  MAX UNITS
Cutput Voltage Swing All transmitter outputs loaded with 3kQ to ground +5.0 +7.3 \
MAX232/233 ' 5 10
Vce Power-Supply Current ;‘f ':i‘;'s,c MAX223/230/234~238/240/241 7 15 mA
MAX231/239 0.4
V+ Power-Supply Current MAX231 18 > mA
MAX238 5 15
o | MAX228 . 15 50
Snudown Supply Current | Ta = +25°C 1= rano36/2407241 1 10 HA
input Logic Threshold Low | Tyy; EN, SHDN (MAX233); EN, SHON (MAX230/235-241) 0.8 vV
TIN 2.0
tnput Logic Threshold High E SHDN (MAX223); 04 Y
EN. SHDN {MAX230/235/236/240/241)
Logic Pull-Up Current Tin=0V 1.5 200 HA
Seceter ot tase o | v
M0 M 5

6P XVIN-0CCXVIN
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

3-58

{MAX223/230/232/234/236/237/238/240/241, Voo = +5V £10; MAX233/MAX235, Vce = 5V £5%, C1-C4 = 1.0uF; MAX231/MAX239,
Vee = 5V 210%; V+ = 7.5V 1o 13.2V; Ta = TMIN t0 Timax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 0.8 1.2
= o SHON = 0V (MAX235/236/240/241
RS-232 Input Threshold Low $A _+23 C. ( ) Vv
cc=9 Shutdown (MAX223)
SHDON = 0V, 0.6 1.5
EN = 5V (R4|N, RN}
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
= o SHDN = 0V (MAX235/236/240/24 1)
RS-232 Input Threshold High 3“ _"2‘:’/ C. v
cc= Shutdown (MAX223)
SHON = 0v, 1.5 2.4
EN = 5V (R4|n, R5in)
RS-232 Input Hysteresis Vee = 5V, no hysteresis in shutdown 0.2 0.5 1.0 v
| RS-232 Input Resistance Ta = +25°C, Ve = 5V 3 5 7 kQ
TTL/CMOS Output Voltage Low louT = 1.6mA (MAX231/232/233, touT = 3.2mA) 0.4 v
TTL/CMOS Output Voltage High lout = -1mA 35 Vec-04 Vv
0V € RouT < Vee: EN = OV (MAX223),
TTL/CMOS Output Leakage Current BN = Ve (MAX235-241) 0.05 £10 pA
) ) Normal MAX223 600 - -
Receiver Outpui Enable Time - ns
P operation MAX235/236/239/240/241 400
) Normal MAX223 900
Receiver Output Disable Time . ns
P operation MAX235/236/238/240/241 250
RS-232 IN to Normal operation 0.5 10
Propagation Delay TTL/CMOS QUT,| SADN = ov tPHLS 40 ps
Ci = 150pF (MAX223) tPLHS 40
MAX223/MAX230/MAX234-241, Ta = +25°C, Voo = 5V,
AL = 3k to 7k, Ci = 50pF to 2500pF, measured from 3 5.1 30
+3V to -3V or -3V to +3V
Transition Region Slew Rate Vius
MAX231/MAX232/MAX233, Ta = +25°C, Ve = 5V,
R = 3k to 7k, C = S0pF to 2500pF, measured from 4 30
+3Vto-3Vor-3Vio +3V
Transmitter Qutput Resistance Vee = V+ = V- =0V, Vour = 22V 300 Q
Transmitter Output Short-Circuit +10 mA
Current

MAXIM




v-59

+5V-Powered, Multichannel RS-232
Drivers/Receivers
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AESOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Voltage (VEC) v, -0.3V 1o +6V
fnput Voltages
Tin, ENA, ENB, ENR, ENT, ENRA,
ENRB, ENTA, ENTB......c.cocovvviviniric -0.3Vto (Vee + 0.3V)
BIN oo
Tour {Note 3).
BOUT - recrrnrererimirirn e sines s iiea e riaesiniee s
Short Circuit (one output at a time)
TOUT O GND ..o e Continuous
ROUTI0 GND ..o Continuous

Continuous Power Dissipation (Ta = +70°C)

28-Pin Wide SO (derate 12.50mW/°C above +70°C} ............. 1w

40-Pin Plastic DIP (derate 11.11mW/°C above +70°C) ...611mW

44-Pin PLCC (derate 13.33mW/°C above +70°C)" ...........1.07W
Operating Temperature Ranges

MAX225C_ . MAX24_C_ _ ....ccooivvveei it 0°C to +70°C

MAX225E_ _, MAX24_E_ _ oo -40°C to +85°C
Storage Temperature Range .............. .~65°C to +160°C
Lead Temperature (soldering, 10S€C) ...vvviiverioiiiiciniennns +300°C

Note 4: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Vg = OV,

Stressas beyond those listed under "Absclute Maximum Ratings” may cause permanent damage lo the device. These are strass ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposura to
absolute maximum rating conditions for extanded periods may affect device refiability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249
(MAX225, Vo = 5.0V £5%; MAX244-MAX249, Vo = +5.0V £10%, external capacitors C1-C4 = 1uF; Ta = TMin to TMAX; unless oth-

erwise noted.)

PARAMETER I CONDITIONS ] MIN TYP MAX | UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 0.8 v
Input Logic Threshold High 2 1.4 v
Logic Pull-Up/input Current Tables 1a~1d Normal operation 10 >0 pA
Shutdown +0.01 z1 .
Data Rate Tables 1a-1d, normal operation 120 64 | kbits/sec
Qutput Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 x7.5 h v
FNA.EX, ERT ENTA, EITE w001 225
Output Leakage Current (shutdown) Tables 1a-1d HA
Voo =0V,
VouT = 215V +0.01 +25
Transmitter Qutput Resistance Voo = V+ = V- =0V, Vour = £2V (Note 4) 300 10M Q
Output Short-Circuit Current Vourt = 0V =7 +30 mA
RS-232 RECEIVERS
RS-232 Input Voitage Operating Range +25 v
RS-232 Input Threshold Low Vee =5V 0.8 1.3 \Y
RS-232 Input Threshold High Voo = 5V 1.8 2.4 V
RS-232 Input Hysteresis Vee =5V 0.2 05 1.0 v
RS-232 Input Resistance 3 5 7 k(2
TTIJCMOS Qutput Voltage Low louT = 3.2mA 0.2 0.4 v
| TTL/CMOS Output Voltage High IouT = -1.0mA 35 Veo-02 v
. Sourcing VouTt = GND -2 -10
TTL/CMOS Qutput Short-Circuit Current Shrinking VouT = Vec m 0 mA
TTL/CMOS Output Leakage Current Normal operation, outputs disabled. +0.05 <0.10 pA
Tables 1a-1d, OV < Vour < Ve, ENR_ = V¢e

NAXIMN
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ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225, Ve = 5.0V £5%; MAX244-MAX249, Voo = +5.0V £10%, external capacitors C1-C4 = 1pF, Ta = TMIN to Tmax; uniess oth-
erwi' @ noted.)

PARAMETER | CONDITIONS | MN  TYP  wMaX [UNITS
POWER SUPPLY AND CONTROL LOGIC
MAX225 4,75 525
QOperating S ly Vot
perating Supply volage MAX244MAX249 45 T
MAX225 10 20
No load
Ve Supp'y Current MAX244-MAX249 11 30 mA
(normal operation) 3kQ loads on | MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
Shutdown Supply Current A
PPy TA = TMIN 10 Tmax , 50 .
Leakage current +1 LA
Control Input Threshold low 1.4 0.8 y
Threshold high 2.4 1.4
AC CHARACTERISTICS
- CL = 50pF 10 2500pF, RL = 3kQ to 7xQ, Vce = 5V,
Transition Slew Rate Ta = +25°C, measured from +3V to -3V or 3V 10 43V | ° 10 30 | Vs
Transmitter Propagation Delay WPHLT 1.3 35
TLL to RS-232 {normal operation), LS
Figure 1 PLHT 15 35
Receiver Propagation Delay tPHLR 06 1.5
TLL to RS-232 (normal operation), us
Figure 2 PLHR 0.6 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (low-power mode), Hs
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation
Delay Ditierence (normal operation) | LT~ 1PLHT 350 ns
Receiver + to - Prcpagation ;
Delay Difference {normal operation} tPHLR - tPLHR 350 ns
Receiver-Output Enable Time, Figure 3 | tER 100 500 ns
Receiver-Output Disable Time, Figure 3| tor 100 560 ns
MAX246-MAX249 5 8
{excludes charge-pump start-up) W
Transmitter Enable Time tey
MAX225/MAX245-MAX249
X 10 ms
{includes charge-pump start-up)
Transmitter Disable Time, Figure 4 tor 100 ns

Note 5: The 3000 minimum specification complies with EIA/TIA-232E, but the actual resistance when in shutdown mode or VG =
0V is 10MQ as is implied by the leakage specification.

MAXIMN 9
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Drivers/Receivers
Typical Operating Characteristics
MAX225/MAX244-MAX249
TRANSMITTER OUTPUT VOLTAGE (V+, V-)
TRANSMITTER SLEW RATE OUTPUT VOLTAGE vs. LDAD CAPACITANCE AT
vs. LOAD CAPACITANCE vs. LOAD CURRENT FOR V+ AND V- DIFFERENT DATA RATES
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g 1 N 1uF CAPACITORS 5, | et canstPuve AN [ \\\\ -
z N\ = 1HF CAPACITORS £ N\ -
B 10 S 0 [BTRANSMITERS = 70 0see —
4 \\ 40kb/s DATA RATE 5 DANING 5kE2 AND 3 \\ ~
E BTRANSMITTERS 1 E 2 [ 20000F AT 20H0itsses 8.5 <
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E_ 8 \\ $ tw Al:D V- LI(]ADED e 80 X 100K/5ec
) . S i e il 55 200kb!/sac NG
) " Vs LOADED 5o LALCAPACITORS wF\ N
° 1z 3 4 5 0 5 10 1B 2 B W B T 2 3 4 s
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Figure 2. Receiver Propagation-Delay Timing
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Table 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 1 Normal Operation * All Active All 3-State
1 0 Shutdown All 3-State All Low-Power Receive Mode
1 1 Shutdown All 3-State All 3-State
Table 1b. MAX245 Control Pin Configurations
- —_— OPERATION TRANSMITTERS RECEIVERS
ENT ENR TA
STATUS TA1-TA4 TB1-TB4 AA1-RAS RB1-R\S
0 0 Normal Operation All Active All Active All Active All Active
) . ‘ RA1-RA4 3-State, | RB1-RB4 3-State.
0 1 Normal Operation All Active All Active RAS Active RB5 Active
All Low-Power All Low-Power
1 0 Shutdown Al 3-State All 3-State Receive Mode Receive Mode
RA1-RA4 3-State, | RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RB5 Low-Power
Receive Mode Receive Mode
Table 1c. MAX246 Control Pin Configurations
S _— OPERATION TRANSMITTERS RECEIVERS
ENA ENB
STATUS TA1-TA4 TB1-TB4 RA1-RA5 RB1-RBS
0 0 Normal Operation All Active All Active All Active All Active
) . ) RB1-RB4 3-State,
0 1 Normal Operation All Active All 3-State All Active RES Active
. RA1-RA4 3-Siate, ,
1 0 Shutdown All 3-State All Active RA5 Active All Active
RA1-RA4 3-State, | RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RA5 Low-Power RAS Law-Power
Receive Mode Receive Mode

12
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Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations
PR TRANSMITTERS RECEIVERS
OPERATION MAX247 } TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
ENTA | ENTB | ENRA | ENRB
A STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TBE3 RA1-RAS RB1-RB5
0] 0 4] Normal Operation 1 All Active | All Active | All Active All Active
A All 3-State, except
0 0 1 Normal Operation .= =71 All Active | Alt Active | All Active RBS stays active on
MAX247
Q 0 0 Normal Operation | All Active | All Active | All 3-State All Active
All 3-State, except
Q 0 1 Normal Operation All Active | All Active | All 3-State RBS5 stays active on
MAX247
o 1 0] Normai Operation All Active | All 3-State { All Active All Active
All 3-State, except
0] 1 1 Normal Operation | All Active | All 3-State | Alt Active RB5 stays active on
MAX247
o] 1 0 Normal Operation All Active | All 3-State | All 3-State All Active
All 3-State, except
0] 1 1 Normai Operation All Active | All 3-State | All 3-State RB5 stays active on
MAX247
1 0 0 Normal Operation o | All 3-State | All Active | All Active All Active
: ) o All 3-State, except
1 0 1 Normal Operation «-f All 3-State | All Active | All Activé RB5 stays active on
MAX247
E 0 0 Normal Operation “ir| All 3-State { All Active | All 3-State All Active
All 3-State, except
1 Q 1 Normat Operation All 3-State | All Active | All 3-State RBb stays active on
MAX247
Low-Power I.ow-Power
1 1 0 Shutdown All 3-State | All 3-State Receive Mode Receive Mode
All 3-State, except
1 1 1 Shutdown All 3-State | Afl 3-State Eiﬁeffewﬁl de RB5 stays active on
MAX247
Low-Power
1 1 0 Shutdown All 3-State | All 3-State | Al 3-State Receive Mods
All 3-State, except
1 1 1 Shutdown All 3-State | All 3-State | All 3-State RB5 stays active on
MAX247

MNAXIMN
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Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voltage converters, R3-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

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

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

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

RS-232 Drivers
The typical driver output voltage swing is =8Y when
loaded with a nominal 5kQ RS-232 receiver and VCC =
+5V. Qutput swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for x5V mini-
mum driver output levels under waorst-case conditions.
These include a minimum 3k() load, VcC = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400k} input puli-up resistors to VCC are built in
{(except for the MAX220), The pull-up resistors force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12pA,
except in shutdown mode where the putl-ups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes {maximum 25uA)—when in shutdown

14

mode, in three-state moede, or when device power is
removed. Cutputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode,
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or Vee.

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

The receiver TTL/CMOS ocutputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX2358/MAX236/MAX239-
MAX241), and are also high-impedance whenever the
shutdown control fine is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1uA
with the driver output pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between 0V and (VcC + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1kQ2 series impedance. The transmitter is aiso zener
ciamped to approximately VcC + BV, with a series
impedance of 1kg.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/ps unloaded and
10V/us loaded with 3Q and 2500pF.

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

The receiver inputs withstand an input overvoltage up
to +25V and provide input terminating resisters with

Table 2. Three-State Control of Receivers

PART |SHDN|SHDN| EN | EN(R) RECEIVERS
Low X High impedance
MAX223 — High | Low — Activa
High | High High impedance
Low High impedance
MAX225 | — | — | — [|High |Active
MAX235 | Low Low High Impedance
MAX236 | Low — _. | High Active
MAX240 | High X High Impedance

NAXIM
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nominal 5kQ values, The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

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

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

Negative Threshold—-MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that controf
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Qiﬁerent
cabies are not needed to interface with different pieces of
equipment.

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

Other members of the RS-232 family implement the
oplional cable fault protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, feft floating,
or shorted to ground. The high output tells the serial
communicetions IC to stop sending data. To avoid this,
the control lines must either be driven or connected
with jumpers to an appropriate positive voltage level.

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

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 25pA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode). On
the MAX225, all five receivers are controlled by the

ENR input. On the MAX245, eight of the receiver out-

puts are controlled by the ENR input, while the remain-
ing two receivers (RAS and HBS) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high,

Receiver and Transmitter Enable

Control inputs

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

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

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

The MAX248 has ten receivers and eight drivers with
two control pins, each controlling one side of the
device. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers to go into
a_three-state mode. Similarly, the B-side controi input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver {RA5 and RB5) remain
active at zll times. The entire device is put into shut-
down moge when both the A and B sides are disabled
(ENA = ENB = +5V).

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

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

16

The MAX 249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each, There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. In shutdown mode, active receivers operate in a
low-power receive mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same value as C1 and
C2 connected as ciose as possibie to the device.

INAXIM
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Figure 23. MAX247 Pin Configuration and Typical Operating Circuit
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Figure 24. MAX248 Pin Configuration and Typical Operating Circuit

MAXIMN 33




+5V-Powered, Multichannel RS-232

14-86

) ]
Drivers/Receivers
TOP VIEW b F
' — I l +
2 =
—_ — {0 Veg 2
£2%3 % g2 % % Z = W alcr- +5Y 70 +10V VOLTAGE DOUBLER hat o
3::::»—;—;-;—.—;—-:::: L24C2+ V-TLLF
A [ o] e ] ] o] W= e #1070 -10V VOLTAGE INVERTER Ix
. 18| ERTA 5 ENBj2r
la + + -~
 tlgeur U1
RelN [T 39 RggiN - A0 >
RualN (2] 38 ] RagIN L A E
EARA (9] __3__13 RgyIN ) TR X
Rai0UT {10 36 ENRB 2| Ta0uT TpOUT{43
Rez0UT (07 NAXLMN [35] Rgy0UT . 400k !
RuOUT (T2 Max24a 1) RegOUT L . \ Tah|m
Rm0UT (13 33 ] Rgs0UT Y
Ras0UT (4] [32] Rgs0UT - 3] Tas0UT Tg0UT [ 42 -
TariN (35] [37] ResOuT 400k
T [T 307 Ty Mﬂ\_ﬁéw” TN
TaalN (17 IR DL BN RgaiN |37
IR E « .
T EE
|§S>“u’uo3’>|§§ 0| RagOUT = = pyoutls
pLCC "I T} RN p 9 RgaIN | 38 "
5 sk
MAX249 FUNCTIONAL DESCRIPTION RO = 4 = ReplUTy%4
10 RECEIVERS o 5f BN ( Pagh3s
5 A-SIDE RECEIVERS
5 B-SIDE RECEIVERS 5 S
6 TRANSMITTERS 2| rour = T R
3 A-SIDE TRANSMITTERS T - ol
3 B-SIDE TRANSMITTERS — |
4 CONTROL PINS o “
ENABLE RECEIVER A-SIDE (ENFA)
ENABLE RECEIVER B-SIDE (ENRE) 13| R0t = = poutl
ENABLE RECEIVER A-SIDE (ENTA) T ] Ry K e
ENABLE RECEIVER B-SIDE (ENTB) ‘
5 5K
- 14| RpgOUT = RgsOUT|31
o S|ENRA ENRBJ3s
> GND
]

Figure 25, MAX249 Pin Configuration and Typical Operating Circuit
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PART TEMP. RANGE PIN-PACKAGE MAX232AC/D 0°C to +70°C Dice*
MAX222CPN 0°C to +70°C 18 Plastic DIP MAX232AEPE -40°C to +85°C 16 Plastic DIP
MAX222CWN 0°C to +70°C 18 Wide SO MAX232AESE -40°C to +85°C 16 Narrow SO
MAX222C/D 0°C to +70°C Dice* MAX232AEWE -40°C to +85°C 16 Wide SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEJE -40°C to +85°C 16 CERDIP
MAX222EWN -40°C to +85°C 18 Wide SO MAX232AMJE -55°C to +125°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CERDIP MAX232AMLP -55°C to +125°C 201.CC
MAX222MJIN -55°C to +125°C 18 CERDIP MAX233CPP 0°C to +70°C 20 Plastic DIP
MAX223CA| 0°C to +70°C 28 SSOP MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX223CW! 0°C to +70°C 28 Wide 50 MAX233ACPP 0°C to +70°C 20 Plastic DIP
MAX223C/D 0°Cto +70°C Dice" MAX233ACWP 0°C to +70°C 20 Wide SO
MAX223EA] -40°C to +85°C 28 SSOP MAX233AEPP -40°C to +85°C 20 Plastic DIP
MAX223EW! -40°C to +85°C 28 Wide SO MAX233AEWP -40°C to +85°C 20 Wide SO
MAX225CWI| 0°C to +70°C 28 Wide SO MAX234CPE 0°Cto +70°C 16 Plastic DIP
MAX225EW! -40°C to +85°C 28 Wide SO MAX234CWE 0°C to +70°C 16 Wide SO
MAX230CPP 0°C to +70°C 20 Plastic DIP MAX234C/D 0°C to +70°C Dice*
MAX230CWP 0°C to +70°C 20 Wide SO MAX234EPE -40°C to +85°C 16 Plastic DIP
MAX230C/D 0°C to +70°C Dice* MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EPP -40°C to +85°C 20 Plastic DIP MAX234EJE -40°C to +85°C 16 CERDIP
MAXZ230EWP -40°C to +85°C 20 Wide SO MAX234MJE -55°C to +125°C 16 CERDIP
MAX23CEJP -40°C to +85°C 20 CERDIP MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX230MJP -55°C ta +125°C 20 CERDIP MAX235EPG -40°C to +85°C 24 Wide Plastic DIP
MAX231CPD 0°Cto +70°C 14 Plastic DIP MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CWE 0°C to +70°C 16 Wide SO MAX235MDG -55°C to +125°C 24 Ceramic SB
MAX231CJD 0°C to +70°C 14 CERDIP MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX231C/D 0°C to +70°C Dice” MAX236CWG 0°C to +70°C 24 Wide SO
MAX231EPD -40°C to +85°C 14 Plastic DIP MAX236C/D 0°C to +70°C Dice”
MAX231EWE -40°C to +85°C 16 Wide SO MAX236ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX231EJD -40°C to +85°C 14 CERDIP MAX236EWG -40°C to +85°C 24 Wide SO
MAX231MJD -55°C to +125°C 14 CERDIP MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX232CPE 0°C to +70°C 16 Ptastic DIP MAX236MRG -55°C to +125°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CWG 0°C to +70°C 24 Wide SO
MAX232C/D 0°C to +70°C Dice* MAX237C/D 0°C to +70°C Dice*
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX232ESE -40°C 1o +85°C 16 Narrow SO MAX237EWG -40°C to +85°C 24 Wide SO
MAXZ232EWE -40°C to +85°C 16 Wide SO MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232EJE -40°C to +85°C 16 CERDIP MAX237MRG -55°C to +125°C 24 Narrow CERDIP
MAX232MJE -55°C to +125°C 16 CERDIP MAX23BCNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232MLP -55°C to +125°C 20LCC MAX23BCWG 0°C to +70°C 24 Wide SO
MAX232ACPE 0°C {0 +70°C 16 Piastic DIP MAX238C/D 0°C to +70°C Dice*
MAXZ232ACSE 0°C to +70°C 16 Narrow SO MAX23BENG -40°C to +85°C 24 Narrow Plastic DiP
MAX232ACWE 0°Cto +70°C 16 Wide SO * Contact factory for dice specifications.
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Drivers/Receilvers
Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE MAX243CPE 0°C to +70°C 16 Plastic DIP
MAX238EWG -40°C to +85°C 24 Wide SO MAX243CSE 0°C to +70°C 16 Narrow SO
MAX238ERG -40°C to +85°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO
MAX238MRAG -55°C to +125°C 24 Narrow CERDIP MAX243C/D 0°C to +70°C Dice”
MAX239CNG 0°C o0 +70°C 24 Narrow Plastic DIP MAX243EPE -40°C to +85°C 16 Plastic DIP
MAX239CWG 0°C to +70°C 24 Wide SC MAX243ESE -40°C to +85°C 16 Narrow SO
MAX238C/D 0°Cto +70°C Dice* MAX243EWE -40°C to +85°C 16 Wide SO
MAX239ENG -40°C to +85°C 24 Narrow Plastic DIP MAX243E.JE -40°C to +85°C 16 CERDIP
MAX239EWG -40°C to +85°C 24 Wide SC MAX243MJE -55°C to +125°C 18 CERDIP
MAX23%ERG -40°C to +85°C 24 Narrow CERDIP MAX244CQH 0°C to +70°C 44 PLCC
MAX239MRG -55°C to +125°C 24 Narrow CERDIP MAX244C/0D 0°C to +7Q°C Dice*
MAX240CMH 0°C 1o +70°C 44 Plastic FP MAX244EQH -40°C 1o +85°C 44 PLCC
MAX240C/D 0°C to +70°C Dice” MAX245CPL 0°C to +70°C 40 Plastic DIP
MAX241CAl 0°C to +70°C 28 SSOP MAX245C/D 0°C to +70°C Dice"
MAX241CWI 0°C to +70°C 28 Wide SO MAX245EPL -40°C to +85°C 40 Plastic DIP
MAX241C/D 0°C to +70°C Dice" MAX246CPL 0°C to +70°C 40 Plastic DIP
MAXZ41EAI -40°C to +85°C 28 SSOP MAX246C/D 0°C to +70°C Dice*
MAXZ41EWI -40°C to +85°C 28 Wide SO MAX246EPL -40°C to +85°C 40 Plastic DiP
MAX242CAP 0°Cto +70°C 20 SSOP MAX247CPL 0°C to +70°C 40 Plastic DiP
MAX242CPN 0°C to +70°C 18 Plastic DIP MAX247C/D 0°C to +70°C Dice*
MAX242CWN 0°C to +70°C 18 Wide SO MAX247EPL -40°C to +85°C 40 Plastic DIP
MAX242C/D 0°C to +70°C Dice® MAX248CQOH 0°C to +70°C 44 PLCC
MAX242EPN -40°C to +85°C 18 Plastic DIP MAX248C/D -0°C to +70°C Dice*
MAX242EWN -40°C 10 +85°C 18 Wide SO MAX248EQH -40°C to +85°C 44 PLCC
MAX242EN -40°C to +85°C 18 CERDIP MAX249CQH 0°C to +70°C 44 PLCC
MAX242MJN -55°C to +125°C 18 CERDIP MAX249EQH -40°C to +85°C 44 PLCC

* Contact factory for dice specifications.

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circist patent licenses ars
implied. Maxim reserves the right ta changa the circuitly and specifications without notice at any tims.
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