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ABSTRACT

This thesis presents the study and design of the liquid suction and dispensing control tool
for test tube. Practically, liquid suction and dispensing can be controlled by increasing and
decreasing air pressure by moving piston in cylinder that is connected to a stepper motor, The
rotation of the stepper motor is commanded by a microcontroller interfaced with a computer via
serial port. Hence, users can control the suction and dispensing via the developed software.

The experimental results show that the implemented system is operated properly. The
quantity of liquid suction and dispensing can be controlled easily by the user via the developed

software.
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foyansudngades  ednlsimmannsofuuasdfoyaiiuuuy None  Tnuliides
asdvaouiian id

¥

TagamenSotianga (STOP BIT) Wumsszyiweuvavesmsaugadeya lavez
vidoyalianmzasinilu 1

A ’ o i A

MIFOUABNDTABYASULIATYIH RS232 Hu1IAsgIUgATIMNITUTRBBNULLNIHD

»

M lumsdadoyasynsuuuy szFalasde 2 Aena Tnodmualilissdudygiadua 3-15

e o @ < 4 o ar = as n’: 9 9 Py Q@ Qs q'

Taad dmfuasin 0 uaz (-3) - (-15) han dmivasin 1 dniudunaldezliszduusidud
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2.3.3. THABHAYIIMUT YN
& »
Data Carrier Detect: DCD w%mm‘%umw Carrier Detect: CD mmzuﬂﬂwmﬁaums
] B a’d‘l Y [} b < . ) o ¥ . 'iv W ovg v
dedyyrunnglnsaideaisdoya iwu ludy Modem) dmsumslgauilnavivas lilagn

u

1#a1umin
-~ 3 A v o g/ as o o o
Receive Data: RD %30 RxD IHniesudga uoynsudundinouinaes Tas
A Ay d o o
Foyatidu 133 amesiinies
. P} ' ] [T =, o y ad 1
Transmitted Data: TD 58 TxD ifodadoyainaoununes Tasasdoyaninuer
o o
Tuiineseanly

Data Terminal Ready: DTR humndngnaidiesnsinasuiiunesiinelvginsel

<
14

w 3 g kY a1 g = 3/ A 1 L4
darenniuiidesnsassmsaasedis Tasa DTR Hazdpa¥ouraiuv DSR veginsel
4 Ve o s
Waronauazan DTR veagunseiarsniazasaudoudaiue DSR vosnouAinaes arldms
s 4 y - 4 .
WPLABIUY Null Modem 1 19aodagnauiies 3 1du vzAs uBouas11 DTR 1ag DSR Y0362
W ¥ Y Y
udhdaiu
o
Signal Ground: GND 31Ma9833zUY
Data Set Ready: DSR ldafiuy1 DTR iHoAsw@aumiifouasiuszning
a I o 4 ,; ﬂ ) o w9 & [

AouRuaesfugUnsailatemy ¥ DSR HwzmThundwmsusudeyannnisusnzagnaamn
91011 DTR

ar L]

9 o o 14 ¥ o (]
Request To Send: RTS l¥dmivudidynnuioswelimuginssilaenisdidoya
o [ o o Ao o g A 3 4 9 A 1
nduudneunImes lasvinsudygna RTS NAew CTS ualunsaifilamaiFounauuy
Null Modem (U1 3 @1 92ApAU¥ONABY1 RTS LAz CTS Whanefiu esz I¥msfuddaya
o ‘3 9/
vy ldnananal
Clear To Send: CTS ¥iivznasiudyg ueiny1 RTS esudya uladeyain
[] Qs w’ ¥ 4 L) ] 1 i Qs [
TxD wgndwenll  duluniitdldinenseasugilnsaidevieimeniior Sudynw
ELNY

Ring Indicator: RI l3uaasanizdygaononais Insswt Undss lugaldam

J [
2.4 Tulnsnaulnsames wwes 89C51
lulasneuInsamesaszna MCS-51 iivatoiues lasuAazsiuodiinezi Insesadnedh
A naliqumniduandsdueen 1l udmdsiavesmsldnuuazanudosnmsves

Tn5997U
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2.4.1 pruanliAnd gy ves MCS-51

il lasneuInsamesnuwia 8 Ua

=1 =

o & a = a =
- M?Gﬁiﬂﬂﬂ“ﬂﬂmmailmz’:ﬂﬂiN’dﬁﬁﬂ'}ﬂ]ﬂﬂ‘ll‘l'IWﬂ'lﬂWiuﬂ'J'lﬂ‘]f

»
A o A Y

- U adyveya

¥

- §i53emmed ao1uzTasunsy (Program Status Word M58 PSW) 1az #2%euan (Stack

(Data Pointer H3® DPTR) AM191U0UL 16 1in

Pointer H38 SP) Y114 8 1
- fimiseanudioyaniely (Intemal RAM) 119 256 Tud

= 4 =3 Y ¥ 3 = o It
- fimesadunnuansfiemae awsaldauididunanazioniye 4 wosa

= é -1 4
- ihasdeaseynsuLuUYagmand

4 o ar
- nwesaanimasvuig 16 1a 3 69
s [ a o o [ L) =Y

- sasesfuurast e wnes s1a 1d 6 uvasnuiia

! o 4 = td
- anseverenieanuimelnldgege 64 flalua

o o s s a A & & a
AHIVUDT 8ICS1 !ﬂullﬂlﬂiﬂﬂuiﬂﬁa!ﬁ@'ﬂ!UU“}leﬂU? KAV HUS 40 U1 ﬂﬁllﬁﬂﬂjuaﬂ

#2.13 uazvdenlaezunsulaseadramelu dagildi 2.14

L
(r2pP10]1 4a0Qwec

(T2 EX}P1.10]2 28 [T PO (ADD)
M.203 25 0 PO $ADT)
P1.30]4 27 0 P02 (AD2)
EBIPL4Ls 36 P Po3 A0
MOSIP1.50 6 25 0 POA (AD4)
MISOLP1.607 ] P05 ¢ADS)
[scKjpi.r8 23 [ P16 (ADE)
RSTOY 32 0 P07 ¢AD7)

{RXD}PI.0E] 1D 21 [ EAnvpp
(TXD}PIIC] 11 30 0 ALEPRTG

(INTD} 320012 1 [1 PSEN

(RTI}P3.30]13 25 [0 P27 tA15)
(TopPa.4 ] 14 27 [1P2.6 (A1d)
(TIpPASC] s 26 1 P25 (A13)
(WR}Pa.6C] 16 25 P24 Ai12)
(RO}Pa.7C1T 24 [ P23 A1)
XTAL2L] 16 B P22A10)

XTAL1O] 10 2 D1 P2.1 tAD)

GND 20 21 [1 P24 (ASH

Ui 213 Taozunsundiyniaves 89051
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ditiovemyanana wizesuiniimanszls

POD - PO.T P20 - P27
I i
RAM ADDR. PORT 0O PORT
EEPROM REGISTER [~ RAM LATCH - A FLASH
H
L
3 !
H
|
i PROGRAM
i ] STACK ADDRESS
i REGISTER ACC POINTER iy toa
!
L L
) -+ BUFFER
g ™2 TMP1
H
PC
! ALY INCREMENTER
H
H
] INTERRUPT, SERIAL PORT.
; ANG TIMER BLOCKS
; 3
! PROGRAM
' Psw counTER [*
i
H
;
-
- TIMING y - DUAL
ol NP REGISTER C F DPFTR
v ¥

WATCH PORT 3 PORT 1 SM PRO
: DOG LATCH LATCH PORT I RBae™
! |
H 3

51 2.14 1denleozunsuinssadanivluves 8ocsi

8/ 1 A o A:!y
3 1FuYeIUIA1Y Y84 89C5T Hdl
3
Ve (11 40) Huviduna Tlidss +5 Thad
GND (11 20) WhunnsadmSuseiunsiadveszin
o« o = = FI= = -
wein 0 (0.0 — P0.7) Wunesmuute 8 U unvaesiienis aansalniusunanse
14 # '

yaweia usnviniuvnesaildignldaulunsaanedvvieaasaludadives
misANuIINeUen (A0 - A7) uazudoya (DO - D7) Tagldnszuumsammansidie

] ¥
weadunsiauiiuiindaseueawsauazvidaya

72223
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o o -~ a ¥ o = A
woia 1 (Lo - PL7) Dunefavuia 8 fin suuaesianie aunso lnilusunanse
1 HANDTA 41 P1.0 - P13 Ianuiluan T2, T2EX, RxD1, TxD1 auddis
wasn 2 (P2.0 - P2.7) tiluweiavina 8 in uuuaesisma Midusuwanso avinaneda
wennininrmesaddignldnulunsiadesvrueansaluagvesmiasanuiiniouen
(8 — Al15)
o s = = 9 & P
#oin3 (3.0 — P3.7) Wunesavuia 8 da uvvaesfiemia awnsaldiudunanse

: & a A A = o A =
wInaneda uennmiuvinesa 3 fadluviinaninnsifouiay dudlswaziBea

fdeluil

P3.0 (RxD) v1iudeyaninesaoynsy

P3.1 (TxD) WdWayganmweinoynsy

P3.2 (ﬁo) 41 8umo3 31 (Interrupt 0) BUNADINAIGUDD

P3.3 (INT1) ¥1 Suimedi) (Interrupt 1) BUNADINMBUDN

P3.4 (10)  vduyadmiusudyana Inwesnnneusntes o
P3.5 Ty vduyadmiuFodyaa lnwesnnmeuenaea |
P3.6 WR  nidyyaudsudeyaiumihennuiinisuen
P3.7 RD wnidgygnusudeyanumizeanuiineusn

91 519" (RESET) I%ﬁmi’u‘éﬁmms?acﬁmzﬁm‘lﬁﬁtymmmﬁ:ﬂuaa%n 1 9819188 2 29
seumaulwia Tasfinesdufiadyanannimimohaudeiesilednlnd

V1 ALE (Address Latch Enable) ifnanfildluntsaavnumanandauennsadiud
(Wosa 0) iipAdAUMIIIANUTINEBUDN ALE fnzﬁqaann1ﬁaaﬂ§mnum%u”lmsﬁﬂ U30
amuitlszana 1/6 mvesarudeeadammed iedinmslFiumisennusinousn sady

1 o]

Tuamz Auonard (Access) HUIIAMNUTINBUDN ALE 328999 NUUNBIRadIng )

]
P =Y

U1 PSEN (Program Store Enable) sﬂuﬁwwmsmﬁwwmmnnﬁ t0UUVA (Enable) U8
External Program Memory 1A 11)aznonuues OF vo4 dfson (EPROM)

41 ALE (Address latch enable) (udtyananeina 1iudaanuniugumsuand (lawch)
o ° v oS ¢ A ' 9 ¥ dd o o .
dyanudumisiioonuininneia 0 seweda 0 gnldlumhiifiaes (iufyanadumi
uazdoya UaAmandnusenu) anudvesdyniu ALE sxiiauilu 16 thusinnudh
=y g a 1 9 g A o Y ¢ o = A
mavumeludy @y SldnSaneanud 12 wonviEsad Joyniw ALE wilanudidy 2

' ¥ 1

wnnzdsad Wufe ALE szldaein 1 aeenialu 1 nuadulmda sndumsiidiids Movx

2 - = o & a H o o ¥
Faldnaraeuwydulmia Fyanu ALE azmohlvilsgn huuwsiulwfahessvesdidail
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1 EA/Vpp (External Access Enable) (funiduwa dioasiniilu 1 Ffgazidaduaznszii
o ar ' o = d A a A ¢ o o w
fdaniambeanuiiiuTisunsuniolu Weasinilu o FRgrzmladuaznszdididanin
' o A d
e s nuTUsunsuneuen
11 XTAL 1flundunaves Sunseda ueuddniowss (Tnverting Amplifier Oscillator)
naziudunareesfuila Clock fiegnielu

¥1 XTAL 2 v ueiyavesduniafs ueutlarheieny (Inverting Amplifier Oscillator)

2.4.2 Tassafraveanannud
YUIAVBINUIBAUS (Intemal RAM) 3z 5enovlde
[] o ] o Cd =: o [] =
HuseATUS 1A IuE1e 91uau 128 lud TawSuein auwmida 00H 89 7FH Tulvue
Directly 419% Indirectly
[ o o o P o ] =
W3NS IAINDUT N 120 Tud TasSuain dwnue 80H o9 FFH TuTwua
3
Indirectly i MU
9/ o aAa o e . . . =) - a
M3 1B NUVDIRINTUT VEADS NIAY (Special Function Register) H38 SFR Tagisua1n
v
o l . Y =] 1
Aunuy 80H 69 FFH  Tulnua Directly 1du vimu1831 msld SFR - aziflums 4
1 e o s A& o 1 1 ) a3 o o o ] o
HUAUEY 110 128 1Ud i uwuaveardlsaui st un@edusuen gl

Y
PUUY

2.4.3 MIdAMINHUHHANS N EWeN
Imstanisifertunilsanuiimousn uesmiy 2 0619 fle MsTanisdy

wuwAuI Talsunsuneuan (Extemal Program Memory) uaz Huenwidoyanisusn

{External Data Memory)
wiwanui lsunsuniguan sxgniden n3e Enable 1A ndeya e PSEN
mieanuddoyanisuen  vzgaiden w3 Enable TAnndgar RD fu WR

dade 9 oA

2.44 FhaumeinAn ey
9 AHa gl Y oa . . . ¥

M3 IFNUYe S amas Al NHAY (Special Function Register — SFR) Taazd1g
o v 3 ] A A & 3 a’ a 1
RMUe Aaud 80H aude FFH Fali§wnunavua 128 lud SFR gndaansndresdmiald

' o Y a 3 A Au 4

Tagase uavnegoziiunsdraswuda wihves SER Gaail
SRR NN U0 IUE U890 (Program Status Word) 30 PSW dluSdemansa
Wimhifuaaiuzveddiania 9 e113 ddumde § DOH 09 D7H lswaziduadaii
- P u@®q Flag Parity A

- OV udAd Flag N3 Over Flow
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- RSO ugasmadenld Register Bank 19 0
- RS UaRINI5LAON Register Bank 119 1

- FO Flag Al¥hmumng

- AC Flag Auxiliary Carry

- CY Flagéma

¥ ¥
L)

= . = d ] a4 a wa A~ o & Y
Tiauanl Parity (P) 9¢31dan3o ded laose lulannuuedulmaanflvziuegiu
£ ] ¥ i o o A qu
HPNAYAIABY (Accumulator) T 151 S1doyalunengyanass fiu 1 Weduswiuiia wsa
[ Y] ] = n; dwnz 9/ 3 s ]
udnzdeuduavgeue e wisa  ipldlumsassasudeyanimesa  eynswite
¥ 3 o 1 9/ = 1
asnaudayamusugndaine
<] 3 1 9 = S A o
Flag 4@3M3 Overflow (OV) dilu 1 1d1as wu msnsedmundiamaas el
HAAWSNLINNT +127 uaziioandl 128

Flag FO 114 Flag 0 rﬂ fruaiianszdenlF5meesuuen (Register Bank) %30 RS

€

uaz RS1 Tasiinisden 1ddal

RS1 RSO HUANUBIS I AIABS
0 0 LN 0
o
0 1 HUSA 1
o
I 0 HUan 2
1 1 HUAR 3

¥

Flag Auxiliary Carry (AC) Lﬁﬂﬁﬂﬁ'ﬂ’mm BCD (Binary Code Decimal) ﬂ:gﬂ!ﬁm 1y
Fmenainiie 3 dundadn 4 niedmadniddadudegilugas oAl - oFH Tunsdifind
Wunduuuy BCD udanaisidinudinzdomudisids DAA (Decimal Adjust
Accumulator) e 1WA NI RiAu 9 ndLIneg1agndes

uA3uWn (Cary Flag) Ama (€Y) asgnldluaesnsd asdivspazfumanszdima
adiamnans laoundndanaszimdilofidmasenuininiia 7 lusazmimsuon uasly
nsfifaezfumsdnd9nmssuninda 7

$meed B wldwmisii oFor  fnarldgfunenguauaes lunsnszding
AdlAIAAT 13U MUL AB (m3gmluiiames A M B) vaz@eiu S3maed B faminsa
15 smees #1148 nd10 33ames B munsadadumiie OFOH fis 0F7H

FFeunn (Stack Pointer) W30 SP HUITmAn VA 8 Tn TR MR 81H Taoms

o o [ 1 =1 ¥
udwrdsugaves usy (RAM) neluldedisiads uesSenvenin’ldodesimiide

LAY
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¥ Ed
@ a =gl

#¥ieya (Data Pointer) 38 DPTR fa¥toyailuivamoivuie 16 in Mlszneu

a)

v osa L4

=% =y o - A = 0' ﬂ; -3 ¥
13 ABTVUIA 8 Ta apIdTwAU 1dun I3maes DPL FudhuSimaasaud nd e
oa o ::E oy o 3/ ci o [] YA o o
82H uazismeed DPH Fuiluidmaesdugaiidums 830 lasvzldiramesaosdalums
yoyadiedosmsaaasfuvisanuineuenawn
FmAnTUeINDITA 1O Ussnandie wosn 0 UALMYUIN 80H Wasa | Sd vy i 90H
=g "= o o ] i
WoiM 2 DAMHIN 0AOH azwose 3 Ié w9 0BOH
AaAas g A o o o =Y o a LY 1 . q'(
F3mees nwed Uinwesmnimasuiuna 16 fia aoeda To wondingmuan (TLO) f
AWMU 8BAH Az 8 1A MUY (TH1) 91 #1uru 8DH
“a o o A o v Q3 o ) o o
Fiamesmuguwesaeynsy Iineineynsunisludlddmsumsdeasiuginsal
- =TS o ar ~ 3 o [ Ao o ar o 9/ 3 ar [
fu 9 Stmeeidwsnie sBUF l¥dwSuiluiiawesiweidoyaianifunasmisds

Timmesnnaugumsadoya Ao SCON

4 3 '
2.4.5 iAnimeiuaz Tnes
o o I'd L] <
TuinsTusrawesaszna 8051 szussymlmes (Counter) Moginion 2 71 I
1 e oA ¥ da 4 o 3 o o o W@
ms Tlsunsuriumssvenmes niimdimey  Feawsedmuanldiidudnivdygimen

muuondeiimsasuaniuzvedladn (High-Low Logic Transition) @ 3ur i3 Ldsunsum

'
a =1

] ar e o aa o 1 o & a =y

unnA 1A UMSS Samas NI NvLeny fuwaigmivssunnunahiiadog onnin

o s o oo .
moly Mmifinninesdszngasuilulnes (Timer)

o o 9 o o a d?‘ ¥ 1] 1]
- imiwes Tuuavzgnldfumanissiiineduedis iniueunieusn
o 9 o @ @ ] o e M - Y °

- Tnwed Inuaszgnlddmsiamaialumsiamgmsol wienenssuiidesiniu
sz

9 w 4 o« ar =Y a 3 4 Y

i nime P Tudgyg annininlnivszihoulyInue nmes Adums

A @ o o o ° ¢ o
L‘l.lﬁEJ‘LI!LiJﬂQ“UENfTﬂJiy’]anﬁﬂﬂauﬂﬂ‘UﬂﬁhlllIﬂiIﬂi!“ﬁﬂ!‘]ﬁ)iﬂu5]57]’]\31141141,?11'\-&1,9]651'}11]@]

¥
= o =y

Faawsndeniivuatdlu 33mans TMOD  wenaIntdlssamesiudy As THI/THO

waz TLI/TLO 16 lumsmvuaausudu i inues

M519% 2.3 T3aaed TMOD

(msb) (1sb)

GATE CT M1 MO GATE C/T M]1 MO

Timerl Timer(
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¢ A4 ¢ & o A .
Tnwesiugmvelulaslilsimaweinszga 8051 visaaedafe To 1az T1 1Hu

Ay s o o o Y ' o eaa Pl
16 fa InwesnnuniwesysemnsoiinuldvanInue Tasmsamuguimidiiduitanes

WiAY TMOD itag TCON

GATE
0

/T

MOCDE 00
MODE 01
MODE 10

MODE 11

TnwedFuiauiolia TRO (TR1) giae

Tnwesisuiauile INTO INTD) Hao1uz Tadmdly High vaezide vy TRO

(TR1)

-~ d o o
@onTnua lnwesinnimes
FUNANINT YA IVNEN VD IT U

BUWPINYT TXO (TXD)

ddurna 13 1a 14 5 Tina19ves TLO (TL1) uax 8 UAued THO (TH1)

A1UYUIA 16 Un

8 1inea1ds Inaa sz lussmmos tHo (TH) NWlaly TLo (TLD) e

ifalones W

dumsnganisiamreddnwes 1 midounsiaiin TR1=0 (@unly

fuaTnua 3 190U nwes 1 fludadedyaiaven (Baud Rate) az

14
tanald 8 ia Inweinsaesilumsadudyyudunessy

15197 2.4 57003 TCON

(msb)

(lsb)

TF1

TRI1 TFO TRO IEl IT1

IEO

IT0

e L4 3 ' 4 yv a a [
33ames TCON ldmuguaniuzaisn vedlnwes venvindifinunumsiiadumessil

TFO,TF1

é = §
Tones Idudan  gniwa Tagarsindiide In-wesiialenes IWddy ndef

o
Taoa1saus
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TRO,TR1  Haiunisiinu gremedagseviag

& o
| Tnwesiamu
4 a
0 Tnweswgamau
a e Y] o S A o a o
IEO,IE1 dumesiuran  grimadisesindledyanmduwesineuenmiuvey

1
o oo a o

a s a a
Yaansoasravuduealadn Low 14 wieiiledwasssignduiums

@ =, < o ¥ &
ITO,ITI dnyusmsduaesslgnsaalgranig

! duwmeSUdyanaveuvia

o o

0 aumes i dyanalain Low

2.4.6 auma{%’ﬂ (Interrupts)

a da sA A Y ¢ P Y s A
duneiflihumamsafodessuasanidazuga Tl smses 13 o dusnied
o @ o L @ 1 d'
Tsunsudrdehauegudi lhaulullsnnsuduau
a a a oo LY ' o ﬂIJ 5) Q n’;
a3 molumidinasumessy1d Tasmstisdulamds cALL asldlumesdids
» 1 )

M ldinansws (push) SrF TlsunsuealyIudnan (stack) nazunuidrsyaisuduvailaidu
dyw =] =3 o é A L4 @ o - Ql Qs o G‘I
uanantifadmswatai nauniGiFuiuinudumessy  uazdoundudwsidr  RETI

3 = P = o a

ununztu RET Faegsiwaidanay lunanufsiny

a = o ar 3 r'd Lo Lo (A ]

anvuzmsoumessilluaszna 8os1 iunuunnees - mgnissioumes sUAuangg
o el & o ] a ; @ :r’a' o o 1 o as 9
AuvzEenienFuananduiuiudnsuzyo urgMsalfgnimuad e sfadau 13

' & 3o q . o a v a

puned Bl FAelddidenszlan Gump)  lddsdumdsvesldsunsuaTeidesms

Usgunana fIan1519% 2.5

- o fa Lo
AN 2.5 ﬂ"liﬂln'iﬂulﬂﬂiiﬂﬂizqa 805t

Fomsoumossy aulannney
EX0 External 0 03H
ETO Timer 0BH
EX1 External 1 13H
ET1 Timer 1 1BH -
ES Serial 23H o
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[ ¥
ounes TUnnmesifeteaunIny (push) ¥ Tisunsussuuauan (stack) Lazms

= o as d' = = o :3’ 4 o = 3
wauwessUTsunsy Waimansoumesslywlunsena 8051 asanirzonanmiseuin

'
=l

a a o o : a a Jda P=] [ - =) oo ' o
fiapumodsUninua  wasiimundes tefiseydwrasduiladumossdau lnueimelu
A o A & a o o o o o o 3
WiodmImINAeuen WeduHnUMIDwneisl Ma RETI asiimssuanaszuil
Y = do (A Y] :-J
Sudmsdumesslouq lasnasa
4’1 = Y 1o 3/ FTY & a as Y = o ar
drenewndmdu luiuthudeimsldBumessdnea  musedaldnindunes sl
e . 2L a 5 a Y [l
332997 (Interrupt Enable Register — IE) Faligtunuaiuaisnd 2.6 wilddyapamanivly

1 Y a a oo d? [ = 5% o 'ﬂ
ﬂ@i‘ﬁkﬂﬂﬂ'ﬁﬂuLﬂﬂﬁiﬂ’Uu ﬂﬂﬂlWﬂulﬂﬂiﬁﬂﬂ’lﬂuaﬂﬁ]ﬁ‘vﬂ\ﬂul HYIBITUA

M5197 2.6 dumes s vaans

(msh) (Isb)

EA - ET2 ES ETI EX1 ETO EX0

oy

Suwmeis3tawmes 1tailadwnoisUndeanms aunsofvualdlusyduia

EA
a s o o :
0 sniandwaesSlianue
3
[ ayaIABLADs SN IMUA
ET2
a o o o 7
0 srianavmessUnnTnwed 2
L=y oo o
I pYaABUIADT S UNIN INwes 2
ES
a - o o o
0 srEndumesTnInneTaayATY
o o ¢
I ayaIRdumes ST RE YN
ET0, ETI
0 srindwaessinnlenes Maveslnmes
= o o -~ o o
1 ayu B Wi fnnlened IMavedlnued
EX0, EX1
0 snidndwAes sUVINFyn M meuen

= Jo o = o
I oy Mg umes SN Fye iudwasisinouen
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Y o A = o o B
Tulas Tusivawesnszga 8051 mivayuszaudnimsduaesil 2 szay (High oz
=y Qr L) Q‘fﬁ s é 4 : [-v3 [
Low) hi33mmesseauaniouwnossy ap) Fwand13lumaisi 2.7 wieunssduluiims
o o d’ -y ~a o o d?' g o = = o d‘ :l ’
Bunaisil mammmsaumasaﬂmumsmiazﬂgmﬁaumaﬁsﬂaun Pyzduaniimlouny
A 5 a ¢ o @ A . - . P
nied1nd1  lavdndgiiuisesimuadinssduduilognu  (Routine) NNAMDIZAVTINTO
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#define CW2 P3 7
#define CLK2 P3 6

#define IND2  P3_5
fidefine INDI P32

f#define SEN1  P2_0
#define SEN2 P2 2
#define ON i

enum time_speed {
_500us =461, /*5round/second period I ms*/
_625us =576, /*4 round/ second period 1.25 ms*/
_833us =768, /*3 round / second period 1.66 ms*/
_1250us= 1152, /*2 round / second period 2.5 ms*/

_2500us = 2304, /*1 round / second period 5 ms*/

_5000us = 4608,
_10ms =9217
} time;

enum HALF FULL({
Half = 400,
Full =200
}h_f,

#define cmd_size 16
char data buffer[cmd_size];

bdata bit recv,trans;

unsigned char data ¢_step,round;
unsigned int data step;

bdata bit pulse,cw,automode,sensor;
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unsigned char data idx = 0;

char data* data motor = &buffer{1];

void clear(void);

void init_timerQ(void)

{
TMOD |= 0x01;
time = _500us;
THO = -(time) >> 8;
TLO = -(time) & Oxff:
ETO=1;

void init_serial(void)

{
SCON = 0x50;
PCON = 0x00;
TMOD |= 0x20;
THI1 = 0xFD;/*9600 bps*/
TL1 = 0xFD;
RI = 0;recv=i;
TI = 1;trans=1;

/" ES=1;
TR1 =1,

void init_system(void){

c_step=0;

pulse = 0;

round = (;



h_f = Full;

init_timer0Q);

init_serial();

EA=1;

sensor = 0;
CWI = I
CW2 =1,
automode = 0;

*motor = 3;

while(SEN! != ON || SEN2 != ON)

{
if(SEN1 == ON)
*motor = 2;
if(SEN2 == ON)
| *motor=1;
step = 1;
TRO=1;
}
TRO =0,

for(idx=0;idx<cmd_size;idx++)
buffer[idx]=0;

clear(;

void process_cmd(void)

{
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sensor = (buffer[0] == 3)71:0;
cw = (buffer[2])?1:0;

switch(buffer[1])
{
case 1 :CWI1 =cw;
IND! =0;
break;

case 2 : CW2 =cw;
IND2 =0;
break;

automode = (buffer[0] > 1)71:0;

if(automode)

CW2 = ~cw;
switch({buffer[3])
{

case 1 : time=_2500us;
break,
case 2 : time = _1250us;
break;
case 3 : time = _833us;
break;
case 4 : time = _625us;
break;
case 5 : time = _500us;

break;

default : time = _5000us;
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b

round =

¢ step =

break;

buffer[4];
buffer[5];

step=round * h_f+¢_step;

void clear(void)

{

round = ¢_step = step = O;

pulse = cw = 0;

}

void main{void){

init_system();

for(;;){

TRI1=];

for(idx=0;idx < cmd_size;idx++)

buffer[idx]=getchar(};

TRI1=0;

process_cmd();
TRO=1,
while(TR0==1)

>
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IND2=IND =1,

for(idx=0;idx<cmd_size;idx++)
buffer{idx]=0;

clear();

void timerQ_isr(void) interrupt | using 1

{

THO = -(time) >> &;

TLO = -(time) & Oxff;

if(step == 0)
{
TRO =0;
}
else{

pulse = ~pulse;

iflautomode) {
CLK! = pulse;
CLK2 = !pulse;
telse{

/*select motor in manual mode™/
switch(*motor)
{
case 1 : CLK1 = pulse;break;
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case 2 : CLK2 = pulse;break;
case 3 : CLK2 = CLKI = pulse;break;/*init mode*/
}/*end else*/

}/*end select mode*/

if{pulse = 1)

step--;
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PIN CONNECTION (Top view)
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PIN FUNCTIONS - L297/L297D

N° NAME FUNCTION

1 SYNC QOutput of the on-chip chopper oscillator.

The SYNC connections The SYNC connections of all L2975 to be
synchronized are connected together and the oscillator
components are omitted on all butone. If an external clock source
is used it is injected al this terminal.

2 GND Ground connection.

K} HOME Open collector output that indicates when the L297 is in its initial
state (ABCD = 0101).

The transistoris open when this signal is aclive,

4 A Motor phase A drive signal for power stage.

5 INH1 Active low inhibit control for driver stage of A and B phases.
When a bipolar bridge is used this signal can be used to ensure
fast decay of load current when a winding is de-energized. Also
used by chopper to regulate load current if CONTROL inputis low.

[§] B Motor phase B drive signal for power stage.

7 Cc Motor phase C drive signal for power stage.

8 INH2 Aclive low inhibit control for drive stages of C and D phases.
Same functions as INH 1.

9 D Motor phase D dnive signal for power stage.

10 ENABLE Chip enable input. When low (inactive) INH1, INH2, A B, C and D
are brought low.

11 CONTROL Control input that defines action of chopper.

When low chopper acts on INH1 and INH2; when high chopper
acts on phase lines ABCD.

12 Vy 5V supply input.

13 SENS2 Input for load current sense voltage from power stages of phases
CandD.

14 SENS, tnput for load current sense voltage from power stages of phases
A andB.

15 Viet Reference voltage for chopper circuil. A voltage applied to this pin
determines the peak lcad cumrent.

An RC network (R to Ve, C to ground) connected to this terminal

16 0SsC determines the chopper rate. This terminal is connected to ground
on all but one device in synchronized multi - L297 configurations f
= 10.69RC

17 CWICCW Clockwise/counterclodkwise direction control input.

Physical direction of motor rotation aiso depends on connection
of windings.

Synchronized intemally therefore direction can be changed at any
time.

18 CLOCK Step clock. An active low pulse on this input advances the motor

ona increment. The step occurs on the rising edge of this signal.

L3y 56s:miamson ¥
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PIN FUNCTIONS - £L297/L297D (continued)
N° NAME FUNCTION
19 HALF/FULL Hali/full step selectinput. When high selects half step operation,
when low selects full step operation. One-phase-on full step mode
is obtained by selecting FULL when the L297’s translator is at an
even-numbered state.
Two-phase-on full step mode is set by selecting FULL when the
translator is al an odd numbered pesition. (The home positionis
designate state 1).
20 RESET Reset input. An active low pulse on this input reslores the
translator to the home position (state 1, ABCD = 0101).
THERMAL DATA
Symbol Parameter DIP20 | S0O20 { Unit
Ringamn Thermal resistance junction-ambient max 80 100 *Cw

CIRCUIT OPERATION

The L297 is intended for use with a dual bridge
driver, quad darlington array or discrete power
devices in step motor driving applications. It re-
ceives step clock, direction and mode signals from
the systems controller (usually a microcomputer
chip) and generates control signals for the power
stage.

The principa! functions are a translator, which gen-
erates the motor phase sequences, and a dual
PWM chopper circuit which regulates the currentin
the motor windings. The translator generatesthree
different sequences, selected by the HALF/FULL
input. These are normal (two phases energised),
wave drive {one phase energised) and half-step
(alternately one phase energised/two phases en-
ergised). Two inhibit signals are atso generated by
the L297 in half step and wave drive modes. These
signals, which connectdirectlyto the L298'senable
inputs, are intended to speed current decay when
a winding is de-energised. When the L297 is used
to drive a unipolarmotor the chopperacts on these
lines.

Aninput called CONTROL determines whether the
chopper will act on the phase lines ABCD or the
inhibit lines INH1 and INH2. When the phase lines

411

‘T_I SGS-THIIHSPI

are choppedthe non-active phase line of each pair
(ABor CD)is activated{rather than interruptingthe
line then active).In L297 + 298 configurations this
technique reduces dissipation in the load current
sense resistors.

A common on-chip oscillator drives the dual chop-
per.It supplies pulses at the chopper rate which set
the two flip-flops FF1 and FF2. Whenthe currentin
awinding reaches the programmed peak value the
voltage across the sense resistor (connected to
one of the sense inputs SENS or SENS2) equals
Viet and the corresponding comparator resets its
fiip flop, interrupting the drive currentuntil the next
oscillator pulse arrives. The peak current for both
windingsis programmedbya voltage divideron the
Vier input.

Ground noise problems in multiple configurations
can be avoided by synchronising the chopper os-
cillators. This is done by connecting all the SYNC
pins together, mounting the oscillator RC network
on one device only and grounding the GSC pin on
all other devices.
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MOTOR DRIVING PHASE SEQUENCES

The L297's translator generates phase sequences
for normal drive, wave drive and half step modes.
The state sequences and output waveforms for
these three modes are shown below. In all cases
the translator advances on the low to high transis-
tion of CLOCK.

HALF STEP MODE

Clockwise rotation is indicate; for anticlockwise ro-
tation the sequences are simply reversed RESET
restores the translator to state 1, where ABCD =

0101.

Half step mode is selected by a high level on the HALFFULL input.

NORMAL DRIVE MODE

Normal drive mode (also called "two-phase-on” drive) is selected by a low level on the HALF. JFULL input
nd

when the translator is at an odd numbered state (1,

remain high throughout.

3, 5 or 7). In this mode the I H1 and INH2 outputs

Leo] , o0 4
@\

E]

HOME

| ]
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MOTOR DRIVING PHASE SEQUENCES (continued)

WAVE DRIVE MODE

Wave drive mode (also called "one-phase-on” drive) is selected by a low level on the HALF/FULL input
when the translator is at an even numbered state (2, 4, 6 or 8).

ELECTRICAL CHARACTERISTICS (Refer to the block diagram Tamp = 25°C, Vs = 5V unless otherwise
specified)

Symbol Parameter Test conditions Min. Typ Max. Unit
Vs Supply voltage (pin 12) 4.75 7 v
iy Quiescent supply current (pin 12) | Outputs floating 50 80 mA
Vi Input voltage Low 08 \

{pin 11, 17, 18, 19, 20)
High 2 Vs v
h Input current Vi=L 400 JA
(pin11, 17, 18, 19, 20)
Vi=H 10 RA
Ven Enable inpul vollage {pin 10) Low 1.3 v
High 2 Vs Vv
len Enable input current {pin 10) Ven=L 100 I
) Ven=H 10 RA
Vo Phase output voltage lo = 10mA VoL 0.4 \'
(pinsd, 6,7 9}
lo= 5mMA VoH 39 Y
Vinh Inhibit output voltage {pins 5, 8) 1o = 10mA Vint 0.4 \
o = 5mA VinnH 39 v
Varnc | Sync OutputVoltage la =5mA VsyncH 33 Y
la = 5mA Vsyncv 0.8

6/11 :77 gsm
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L297-1297D
ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test conditions Min. Typ Max. Unit
heak Leakage current (pin 3) Vee=TV 1 MA
Vit Saturation voltage (pin 3) | =5mA 0.4 v
Vor Comparators offset voltage V=1V ] mV

(pins 13, 14, 15)
lo Comparator bias current -100 10 pA
(pins 13, 14, 15)
Vet Input reference vollage (pin 15) 0 3 Y
lcik | Clock time 05 Hs
ls Set up time 1 us
tu Hold time 4 us
g Reset time 1 us
treix | Reset lo clock delay 1 Us
Figure1.
i /-
= LS
cwilCw X
HALF STEP/ t
FUL STEP . s ty -
RESET PRy Y
'n treux
o
o7 =
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APPLICATION INFORMATION
TWO PHASE BIPOLAR STEPPER MOTOR CONTROL CIRCUIT
This circuit drives bipolar stepper motors with winding currents up to 2A. The diodes are fast 2A types.

Figure 2.
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DIP20 PACKAGE MECHANICAL DATA
OIM. mm inch
MIN. TYP. MAX, MIN. TYP. MAX.
at 0.254 0.010
B 1.39 1.85 0.055 0.065
b 0.45 0.018
b1 0.25 0.010
D 254 1.000
E 8.5 0.335
e 254 0.100
e3 22.86 0.900
F 71 0.280
| 393 0.155
L 33 0.130
Z 1.34 0.053
—]
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SC20 PACKAGE MECHANICAL DATA
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mm inch
Dim.
MIN. TYP. MAX. MIN, TYP. MAX.
A 2,65 0.104
al 0.1 0.3 0.004 0.012
a2 245 0.096
b 0.35 0.49 0.014 0.019
b 0.23 0.32 0.009 0.013
C 0.5 0.020
cl 45 (typ.)
D 126 13.0 0.496 0512
E 10 10.65 0.394 0.419
e 1.27 0.050
a3 11.43 0.450
F 74 786 0.291 0.299
L 0.5 1.27 0.020 0.050
M 075 0.030
S 8 (max.)
L
1
[4]
£ [

V) =« A
(SINIRRINIRININININID \
LNIR ol < S

el
1
D
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Information fumished is befieved to be accurate and reliable. However, SGS-THCMSCN Microelecironics assumes no responsibility for the
consequences of use of such information nor for arry infringement of patents or other rights of third parties which may resull from its use. No
license is granrd by impdication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics, Specification mentioned
in this publicaton are subject to change without notice. This publication supersedes and replaces all information previousty supplied.
SGS-THOMSON Microelectronics products are not authorized for use as critical compenents in life support devices or systems without express
written approvd of SGS-THOMSON Microelectronics.
© 1886 SGS-THOMSON Microelectronics — Printed in ltaly — All Rights Reserved
SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China- France - Germany - Hong Kong - lialy - Japan - Korea - Malaysia - Malta - Morocco - The Nethertands -
Singapore - Spain - Sweden - Switzenand - Taiwan - Thailand - United Kingdom - U.S.A.
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ABSOLUTEMAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Suppy 50 Vv
Vss Logic Supply Vollage 7 v
Vi.Ven |Input and Enable Voltage 0307 v
lo Peak Qutpul Current (each Channel)
- Non Repetitive {t = 100us) 3 A
—Repelitive (80% on -20% off; ten = 10mMS) 25 A
-DC Operation 2 A
Vsens Sensing Vollage -1l02.3 \
Piot Total Power Dissipation (Tyse = 79°C) 25 w
Top Junclion Operating Temperature -2510130 °C
Tsg. T; | Slorage and Junclion Temperature -4010150 °C
PIN CONNECTIONS (top view)
/ | ~ s E=——>  curmentsensics
w /> outpute
'@' LY ama—— OUTPUT 3
2 [ NPuUT4
T} Suam— ENASLE B
w2 wpurs
9 /">  LOGIC SUPPLY VOLTAGE Vge
pultiwatis — ]
A e—NTVY) 5
8 [0 ENASLEA
50 NeuTa
4« /O SsupPLY VOLTAGE vs
.$, Y E— OUTPUT 2
2 E/// ourpu
\ [ o~ ! S CURRENT SENSING A
Z TA2 CONNECTED TO PINB DSERCLGA
GND 1 20 ] GrD
Sense A 2 19 1 senses
N.C. 3 18 /3 nc.
Qi1 4 17 [ Outd
o2 5 PowerS020 6 [T ou3
Vg 6 15 [-—1 tnputd
tnput 1 7 14 [ Enable 8
Enable A ] 13 1 wpun3
tnput 2 9 12 [ vss
GND 10 1 ] eno
RN
THERMAL DATA
Symbol Parameter PowerS$020 Multiwatt1s Unit
Ruinjpease | Thermal Resistance Junction-case Max. - 3 °CIW
Rivpamb | Thermal Resistance Junclion-ambient Max. 137 35 cw

{*) Mourted on aluminum substmate

213
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PIN FUNCTIONS (referto the block diagram)

MW.15 | PowerSQ Name Function
1,15 2,19 Sense A; Sense B [ Between this pin and ground is connected the sense resistor to
control the current of the load.
2.3 4.5 Out 1; Out 2 Outputs of the Bridge A; the current that lows through the ioad
conneded between these two pins is monitored at pin 1.
4 ) Vs Suppl Vollage for the Power Quiput Stages.
A non-Hnductive 100nF capacitor must be connected between (his
pin and ground.
57 7.9 Input1; Input2 | TTL Compatible Inputs of the Bridge A.
611 8,14 Enable A; EnableB | TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
B 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacior must be
connecded between this pin and ground
10,12 1315 Input3; Input4 | TTL Compatible Inputs of the Bridge B.
13,14 1617 Out 3, Out 4 Outputs of the Briage B. The current that flows through the load
conneded between these two pins is monilored at pin 15.
- 3,18 N.C. Not Connecled

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, Tj = 25°C; unless otherwise specified}

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs | Supply Voltage (pin 4) Operative Condiion Vig +2.5 46 v
Vss  |Logic Suppiy Voltage (pin 9) 4.5 5 7 v

Is Quiescert Supply Current (pin 4) =H; =0 V=L 13 22 A
Vi=zH 50 70 A
Vern = L Vi=X 4 mA
lsg Quiescent Current from Vss {pin 9) =H; =0 Vi=L 24 36 mA
Vi =H 7 12 mA
=L Vi =X 6 mA
Vi |input Low Vollage 03 1.5 v
{pins5,7.10,12)
Vi |input High voltage 23 VSS Y
{pins 5,7, 10,12)
iy Low Voltage Input Current Vi=L —10 pA
(pins 5,7,10,12)
[ High Voltage tnput Current Vi=Hg Vgg-0.6V 30 100 HA
(pins 5,7, 10,12)
Ven = L |Enable Low Voltage (pins 6, 11) 0.3 1.5 v

Ve = H |Enable Bigh Vokage (pins 6, 11) 2.3 Vss v

len =L [Low Voitage Enable Current Ven = L -10 HA
(pins 6, 11)

len =H |High Voltage Enable Current Ven = HS Vg5 0.6V 30 100 HA
(pins 6, 11)

Veesatgny | Source Saturation Voltage h=1A 0.95 1.35 1.7 \Y

I, =2A 2 27 v

Veesup | Sink Saturation Vottage L=1A (5) 0.85 12 1.6 Y

h =2A (5) 1.7 2.3 \

Vees | TolalDrop IL=1A (5) 1.80 32 v

h =2A (5) 49 v

Vsens | Se€NSiNG Voltage (pins 1, 15) -1 {1} 2 v

[7[ 3
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L298
ELECTRICAL CHARACTERISTICS {continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Ty (V) |Source Curren Tum-off Delay 05Vito091.  (2);(4) 1.5 us
T2 (Vi) |Source Current Fall Time 091 0.1, (2),(4) 0.2 s
T3 (Vi) |Source Current Tum-on Delay 05Vvito 01ty (2); () 2 us
T, {V)) |Source Current Rise Time 011 100901 (2):(4) 0.7 us
Te (V) |Sink Curent Tum-off Delay 0.5V 09l (3),{4) 07 us
Te (Vi) | Sink Current Fall Time 0.9f to0.1k  (3);(4) 0.25 ns
T7 (Vi) [Sink Cumrent Turn-on Delay 05Vito 091 (3).(4) 16 1S
Te (Vi) |Sink Cumrent Rise Time 01l o091 {3);(4) 0.2 us
fc (Vi) |Commutation Frequency I =2A 25 40 KHz

Ty (Ven} |Source Current Tum-off Delay 09V 1009L  (2)(4) 3 us

T2 (Ven) [Source Current Fall Time 0901, 011 (2);(4) 1 us

Ta (Ven) |Source Current Tumn-on Delay 0.5V o010 (2);(4) 0.3 us

Te (Ven) |Source Curent Rise Time 01l to09K (2);(4) 04 us

Ts (Ven) |Sink Current Tum-off Delay 05Vento 0940 (3) (4) 22 us

T (V) |Sink Current Fali Time 0.94 o011, (3);(4) 0.35 us

T7 (Ven} |Sink Currert Tum-on Delay 05Vento 091 (3);(4) 0.25 us

Tg (Ven) |Sink Curmert Rise Time 010 o091, (3).(4) 0.1 us

1} 1)Sensing voltage can be —1V fort 50 psec; in steady state Vs min> -0.5 V.
2}Seelig.2.
J)Seelig. 4.

4) The ioad must be a pure resistor.

Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
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Figure § : Sink Current Delay Times vs. Input 0 V Enable Switching.
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Figure 7 : Forhigher currents, outputs can be paralieled. Take care to parallel channe! 1 with channel 4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER QUTPUT STAGE

TheL298 integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an induclive load in com-
monor differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
extemalresistor (Rsa ; Rsa.) allows todetect the in-
tensity of this current.

1.2, INPUT STAGE

Eachbridgeis driven by means of fourgatesthe in-
put of whichare In1; In2; EnAand In3; In4 ; EnB.
The Ininputs set the bidge state when The Eninput
is high; a lowslate of the Eninputinhibits the bridge.
Allthe inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. Whenthe large ca-
pacitor of the power supplyis too farfromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednear the negalive pole of Vs thatmust
be nearthe GND pin of the |.C.

573

Each input must be connected to the source of the
driving signals by means of a very shortpath.

Turn-On and Turn-Qff ; Before to Tum-ONthe Sup-
plyVoltageand beforeto Tumit OFF, the Enablein-
put mustbe driven to the Low state.

J.APPLICATIONS

Fig 6 shows a bidirectional DC motor contro! Sche-
matic Diagram for which only one bridge is needed.
The extemal bridge of diodes D1 to D4 is made by
four fast recovery elements {tr £ 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load cument.

The senseoutputvoltage canbe usedto controlthe
cument amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higherthan 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inpuls of the
ICare chopped; Shottkydiodeswouldbe preferred.

M3
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This solution candnive unti!3 AmpsInDC operation  Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

OnFig 8itis shownthedriving ofa twophasebipolar Y the 1.C.L6506.
stepper motor ; the needed signals to drive the in-

puts of the L298 ara generated, in this example,

from the IC L297.

Fig9 shows an example of P.C B. designedforthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.
This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.
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18-0175: Rov X 590

+15kV ESD-Protected, +5V RS-232 Transceivers

General Description

The MAX202E-MAX213E, MAX232E/MAXZ41E line
driversireceivers are dasigned for RS-232 and V.28
communications in harsh environments. Each
transmiltter output and receiver input is protected
against +15kV electrostatic discharge (ESD) shocks,
without latchup. The various combinations of features
are outlined in the Selection Guide. The drivers and
receivers for all ten devices meet ail EJATIA-232E and
CCITT V.28 specifications at data rates up to 120kbps,
when loaded in accordance with the EIA/TIA-232E
specification.

The MAX211EMAX213EMAXZA1E are available in 28-
pin 50 packages, as well as a 28-pin SSOP that uses
60% less board space. The MAX202E/MAX232E come
in 16-pin narrow SO, wide S0, and DIP packages. The
MAX203E comes in a 20-pin DIP/SQ package, and
needs no external charge-pump capacitors, The
MAXZ05E comes in a 24-pin wide DIP package, and
also eliminates axtemnal charge-pump capacitors. The
MAX206E/MAX20TE/MAX208E come in 24-pin S0,
SSOP, and narrowr DIP packages. The MAX232E/
MAX241E operate with four 1jiF capacitors, while the
MAX202E/MAX206E/MAX207E/MAX208E/MAX211E/
MAX213E operate with four 0.1pF capacitors, further
reducing cost and board space.

Applications
Notebook, Subnotebook, and Palrmtop Computers

Batery-Powered Equipment
Hand-Held Equipment

Ordefing Information appears ol end of data sheel.

MAXIM

Features

+ ESD Protection for R$-232 UO Pins:
+15kV—Human Body Mode!
+8kV—IEC1000-4-2, Comact Discharge
+15kV—IEC1000-4-2, Air-Gap Discharge

+ Latchup Free {unlike bipolar equivalents)

+ Guaranteed 120kbps Data Rate—LapLink™
Compatible

+ Guaranteed JVips Min Slew Rate

+ Operate from a Single +5V Power Supply

Pin Configurations
ToPviEw
A4
W[ ok
0-[1] anaxane [ o
e [o] mwcor [l en
o] " Nl
v.[s] ]
1o 7] 1] 12m
Raui [ o] Rout
DIPISO

Pin Canfiguraiions and Typical Operating Circuits continued at
end of data sheet

Selection Guide

oy | VI AL hoen | o | LOUENER | TG
SH!JTDOWN CAPACITORS
MAX202E 2 2 0 4.{0.1ysF) No No
MAX203E 2 2 0 None No No
MAX205E 5 3 0 None Yes Yes
MAX206E 4 3 0 4 (0.1pF) Yes Yes
MAX07E 5 3 0 4 (0.14F) No No
MAX208E 4 4 0 4 {0.14F) No No
MAXZH1E 4 5 0 4 0. 14F) Yes Yes
MAXZ3E 4 5 2 4 (0.1pF) Yes Yes
MAX232E 2 2 0 4 (1) No No
MAXZ41E 4 5 0 4(1pF) Yes Yes

LeplLink is o regiaered rademark of Traveling Scltware, Inc.

MAXIMA

Maxim Integrated Products 1

For free samples & the latest Iiterature: http.//www.maxim-ic.com, or phone 1-800-998-8800
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VMIAXZ202E-MIAX2T13E, MIAX232EMNIAX24TE

+15kV ESD-Protected, +5V RS-232 Transceivers

ABSOLUTE MAXIMUM RATINGS
Vg 0.V 10 46V
Vi w{VCC - 03V 1o + 14V
| — w14V 10 +0.3V
Input Voltages
TN oo «0.3V1o (V+ +0.3V)
RN oo 23V
Ouput Yohages
T OUT e (V 0.3W1e (V+ + 0.3V)
ROUT.. ”

Shont-Circui Durauon T OUT e

Continuous Power Dissipation (T A + 10 C)
18-Pin Plastic DIP {derate 10.53mWrC above +70'C)...B42mW
16-Pin Namowe 50 (derate 8.70mi¥I'C above +70°C) ....696mW
16-Pin Wide SO (derate 9.52mWi"C above +70°C} ......762mWY
20-Pin Plastic DIP (derate 11.11mW{*C above +70°C).. 889mW

20-Pin SO (derate 10.00mW/C above +70'C)............8
24-Pin Narmow Plastic DIP

{derate 13.33mWPC abtve +70°C) o ] OTW

24-Pin Wide Plastic DIP

{derate 14.29mWP'C above +70°C)..... o

24-Pin SO {derata 1. 76mWrC above +70'C) "t

24-Pin SSOP (derate 8.00mW*C abave +10°C)........£40mW

28-Pin SO [deraa 12.50mW/'C above +70'C).....occovcer IW

28-Pin SSOP (derate 9.52mW/*C above +10°C)......... 762mW
Operating Temperazurc P.angus

MAX2_ EC__ ... -0 +10°C

MAX2_ EE_ 40'C 1o +85'C
Storage Temperamre Range..... ..-65°C 10 +165'C
Lead Temperanre {soldesing, 10531:) +300°C

Skasses beyond hose Fsied indar ‘Absokte Maximum Rasngs” may cause pemanan! damiage to e dovice, Thas a sress raings anly, and binctomi
qeraimn of the device at theseor any other condiions beyend thase indicated inthe operational saGions of Uy spediications fs nui inpliad. Expostre b
dxsokie matinum A Conlions lor extended periods may efed dedce refiabdly.

ELECTRICAL CHARACTERISTICS

(VCC - +5V £10% for MAX202E/206E/208E/211/Z13E/232E241E: VL - +5V 5% for MAX203E/205ER207E; C1-Cd = 0.}4F for
MAX202Er206E/201E/208E7211E213E; C1-Cd - 1pF for MAXZIZERR4TE: Tp - Ty to Tpgax; unless othenvisa noted. Typical values

area Ta= +25'C)

100

PARAMETER [ SYMBOL| CONDITIONS MN TYP MAX |UNTS

DC CHARACTERISTICS
MAXZ202E/203€ T
MAX205E-208€ no2a

Ve Supply Current lc | Noload, Tp - +25°C MAX21ERZT3E W 20 | m
MAX232E T
MAX241E T 15
MAX205E/206E D)

Shurdovn Supply Cument Tp - +#25°C, Figure 1 MAX21ERATE T 10 ] o,
MAX213E 15 5

LOGIC

input Pulk Up Currert T IN - OV (MAX205E-208ER11E/21 JER41E) 15 200 |

Input Leakoge Current T_IN - OV 1o Vo (MAX202E7203E7232E) 10 | A

bpus Trreshold Low g, éﬁgﬁmm%m 08 | ¥

TN 20
nput Threshold High Vi | N, SHON (MAX213E) or EN, SHON 24 v
(MAX205€-208€1211€7241E) :
Ompavaogslon | Vot | o000 sacnkemergziezi |y
Output Voltage High VoH | RLOUT: lour - -1.0mA 35 Vee-04 v
- - <
Ovipu Lealkoge Curter ;Nuz\éggjgaErghgyzfmﬁE&ndmwd 005 410 1 A




+15kV ESD-Protected, +5V RS-232 Transceivers

ELECTRICAL CHARACTERISTICS (continued)

(Ve - +5V £10% for MAX202E/206E7208E/211E/21 3ER232E/241E: Vo = +5Y £5% for MAXZ03E/20SE/207E; C1-Cd - 0.1pF fer
MAX202£206E/20TE0BE/21TE/213E: C1-C4 « 1F for MAX23ZE/241E: T4 = TIAN 10 THAY; unless athenwise nated. Typicat vakees

aeat g - +25'C)
PARAMETER [ SYMBOL | CONDITIONS MN TP MAX | UNTTS
EIATTIA-232E RECEIVER INPUTS
Input Voltage Range 30 kY v
Al parts, normal aperation | 0.3 ¥
input Threshold Low A P ) . v
Vee -5V 06 13
EN-Vce
Tre a8 AR parts, nomal operation 11 24
Input hreshalg High ey | MAXIE R Ry, . v
cc- vt 15 24
SHDN - OV, EN - ViCC
Input Hystaresis Ve = 5V, no hysteresis in shudown 062 05 10 v
Input Resistance Ta - +25°C, Vg - 5V 3 5 1 0
EIATTIA-232E TRANSMITTER OUTPUTS
Output Voltage Swing Al drivers oaded with 3k to ground (Note 1) | 5 44 i
Outpus Resistance Voo = Vo o Ve« OV, VouT - 22V 300 Q
Outpur Short- Circuit Current 10 60 | mA
TIMING CHARACTERISTICS
. Ry, - 3k to 7k, €. - S0pF to 1000pF,
Maximum Data Ratz oné ransmitter swiching 120 kbps
All parts, normal operation 03 10
Receiver Propagaton Delay ‘[’m' CL-150pF | MAXZ13E (R4, RY), . w |
SHON - OV, EN - Ve
. . MAX205E7206E211E/213E241E normal .
Recenver Oupur Enabla Time operaton, Figure 2 200 0
Receiver Ouput Disable Time MAXZ0SE/206E 211 E2213E/241E normal 0 v
operation, Figure 2
Transminer Propagation Deby ‘&{“L‘]' RL - 3K, CL - 2500pF, allvansmiters boaded 2 s
Ta = +25'C, Voc = SV, R - 3kQto T,
Transition-Region Slew Rate Gy - S0pF to 1000pF, measured from -3V to 3 6 ] Vis
+Vor+3Vio -3V, Figure 3
ESD PERFORMANCE: TRANSMITTER CUTPUTS, RECEIVER INPUTS
Human Body Mode! 115
ESD-Protection Volinge (EC1000-4-2, Cortact Discharge 18 kv
[EC1000-4-2, Ar-Gap Discharge 115

Note 1: MAX211EE__tested with VCC = +5V £5%.
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+15kV ESD-Protected, +5V RS-232 Transceivers

e L] %
0¥ {59 o S0 ST
OO SLEVY-RATE TEST CIRCUIT MABIUN SLEK- PATE TEST ClRCUT
(1 ARE FORMAX2YE
¥ 1of FORMARZIZEALIAE

TRARSMITTER INPUT PULL- UP RESISTORS, EIARLE, AND SHUTCO'AN ARE HOT FROVIDED Ol THE LGAX200F, MAK263E, AND W73
ENABLE AND SHUTCORH ARE NOT FREMIDED OM THE LAXD7E AND MA2(BE

e s
b1 on
s

J o

a

T

nu—n--

figure J, Trnsiion Slew-Rate Circut

Detailed Description

The MAX202E-MAXZ213E, MAX232EMAX241E consist of
three sections: charge-pump voltage converters,
drivers (iransmitters), and receivers. These E versions
provide extra protection against ESD. They survive
15KV discharges to the RS-232 inputs and outputs,
tested using the Human Body Model. When tested
according to IEC1000-4-2, they survive :8KV contact-
discharges and +15KkV air-gap discharges. The rugged
£ versions are intended for use in harsh environments
or applications where the RS-232 connection is
frequently changed (such as notebook computers). The
standard (non-"£") MAX202, MAX203, MAX205-
MAX208, MAX211, MAX213, MAX232, and MAX241 are
recommended for applications where cost is critical.

+5V to 10V Dual Charge-Pump

Voltage Converter

The +5V to + 10V conversion is performed by dual
charge-pump voltage converters (Figure d4). The first
charge-pump converter uses capacitor C1 to double
the +5V into +10V, storing the +10V on the output filter
capaditor, C3. The second uses C2 to invert the +10V

into -10V, storing the -10V on the V- output filter
capacitor, C4.

In shutdown mode, V+ is intemally connected to VcC by
a 1ki2 pull-down resistor, and V- is intemally connected
1o ground by a Tk pull-up resistor.

RS-232 Drivers
With V¢ = 8V, the typical dniver output voltage swing
i5 +8Y when loaded with a nominal 5kQ RS-232
receiver. The output swing is guaranteed to meet
EIATIA-232E and V.28 specifications that call for +5V
minimum output lavels under worst-case conditions.
These include a 3kQ load, minimum V¢c, and
maximum operating temperature, The open-circuit
output voltage swings from (V+ - 0.6V) ta V-,
Input thresholds are CMOS/TTL compatible. The
unused drivers’ inputs on the MAX205E-MAX208E,
MAX211E, MAX213E, and MAX241E can be left
unconnected because 400ks} pull-up resistors to Vg¢
are included on-chip. Since all drivers inven, the pull-
up resistors force the unused drivers’ cutpits lov, The
MAX202E, MAX203E, and MAX232E da not have pull-
up resistors on the ransmitter inputs.
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+15kV ESD-Protected, +5V RS-232 Transceivers

When in low-power shutdown mode, the MAX205E/
MAX206£ MAXZ211E/MAX21IEMAX241E driver outputs
are urned off and draw only leakage cuments—even if
they are back-driven with voltages between OV and
12V, Below -0.5V in shutdown, the transmitter output is
diode-clamped to ground with a 1kQ series
impedance.

RS-232 Receivers
The receivers convent the RS-232 signdls to CMOS-logic
output levels, The guaranteed 0.8V and 2.4V receiver
input threshotds are significanty tighter than the +3V
threshotds required by the EIA/TIA-232E specification.
This allows the receiver inputs to respond to TTLUCMOS-
logic levels, as well as RS-232 levels.

The quaranteed 0.8V input low threshold ensures that
receivers shorted to ground have a logic 1 output. The
5k input resistance to ground enswres that a receiver
with its input left open vall also have a logic 1 owput.

Receiver inputs have approximately 0.5V hysteresis.

This provides clean output tansitions, even with slow
rise/fall-time signals with moderate amounts of noise

and ringing.
In shutdown, the MAX213t's R4 and RS receivers have
no hysteresis.

Shutdown and Enable Control
(MAX20SE/MAX206E/MAX211E/
MAX213EMAX241E)
In shutdown mode, the charge pumps are turned off,
Y+ is pulled down to Vg, V- is pulled to ground, and
the transmitter outputs are disabled. This reduces
supply current typically to 10A (15pA for the MAX213E).
The time required to exit shutdewn is under 1ms, as
shawm in Figure 5.

Receivers
All MAX213£ receivers, except R4 and RS, are putimo
a high-impedance state in shutdown niode {see Tables
1a and 1b}. The MAX213E's R4 and RS receivers stll
function in shutdown mode. These two awake-in-
shutdown receivers can monitor extenal activity while
maintaining minimal povser consumption.

The enable control is used to put the receiver outputs into
a high-impedance state, 1o allow wire-OR connection of
two EIA/TIA-232E ports {or ports of different types) at the
UART. It has no effect on the R3-232 drivers or the
charge pumps.

Note: The enable control pin is active low for the
MAXZ211E/MAX241E (ER), but is active high for the
MAX213E (EN}. The shutdown control pin is active high
for the MAX205E/MAX206E/MAX211E/MAX241E
(SHDN), but is active lov for the MAX213E (SHDN).

MADSE-xef] 20
WAZIEZE | X0
WAz 19

LMot 0

Figure 4. Charge-Pump Diagram
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+15kV ESD-Protected, +5V RS-232 Transceivers

M Ry 1510 fesMood  Ryum

CHARGECURRENT | DISCRARSE CHARGECLRRINT | DISCHARGE
LEAT RESSIOR RESISTAILCE 10T RESISTCR RSISTANCE
HGH- L—»! 0wt HeH- s (EVCI
VOLTAGE {g — STORAGE VIGR WOLTAGE nc; L gpu:énum LR
¥ 0F T CPACTIOR TSI 0 1 it
ALY " SR —

Figure 3. Human Body ESD Tet Modef Figure Ja. 1EC1000.42 £SD Test Model
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Figure &. Human Body Model Current Waveform I
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IEC1000-4-2
The (EC1000-4-2 standard covers ESD testing and
performance of finished equipment; it does not
specifically refer to integrated circuits. The
MAX202EMAX203E-MAX213E, MAX232EMAX241E  The air-gap test involves approaching the devica with a
help you design equipment that meets level 4 {the  charged probe. The contact-discharge method
highest level} of IEC1000-4-2, without the need for  connects the probe to the device before the probe is
additional ESD-protection components. energized.

The major difference between tests done using the Machine Mode!

Human Body Model and [EC1000-4-2 s higher peak  The Machine Model for ESD tests all pins using a
CUITerII n IEC}OM‘A'Z. because seres resstance Is ZOOPF 5‘0rage capac"ol and zero d|5charge
lower in the IEC1000-4-2 model. Hence, the ESD  resigiance, Its objective is to emulate the sress caused
withstand voltage measured to [EC1000-4-21is by comact that oceurs with handling and assembly
generally lower than that measured using the Human  diying manufaciuring, Of course, all pins require this
Body Model. Figure 7b shows the curent waveform for  eeyection during manufacturing, not just RS-232 inputs
the 8kV IEC1000-4-2 level-four ESD cortact-discharge g ouputs. Therefore, after PC board assembly, the
test Machine Mode! is less refevant to YO parts.

Figure 7. [EC1000-4-2 £S0 Generatee Curent Waveform

MAXZ20Z2E-MAXZ2T3E, MMAXZ232E/MVMAX241E



+15kV ESD-Protected, +5V RS-232 Transceivers

'H Table 3. DB9 Cable Connections

A\ Commonty Used for EIA/TIAE-232E and
V.24 Asynchronous Interfaces

PIN CONNECTION

Recaived Line Signal

1| Dooctrlsomemes | andshake fom DCE
0co)

2 | Receive Dato (RD) Data from DCE

3 1 Transmit Data {TD} Data from DTE

4 | Data Taminal Ready Handshake from DTE

5| Sigal Ground Rgg:“ por for

6 | Data Set Ready (DSR) | Handshake from DCE
Request to Send (RTS} | Handshake from DTE

8 | Clearto Send (CTS) Handshake from GCE

9 | Ring Indicator Handshake from DCE
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Pin Configurations and Typical Operating Circuits (continued)

MAXZ202E-MAX2T13IE, MAXZ232E/MNVMIAX24
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