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Abstract

The objective of BICYCLE ROBOT project is to realize and build an intelligently
automatic controller for a bicycle without human operator. The control hardware architecture of
the robot consists of tilt sensors (a gyroscope and mercury switches), a turning control unit, a

driving unit (a DC. servo motor) and a microcontroller.
The control scheme works as follows. First, the tilt sensors sense the state of the robot’s

balancing position and then send the signal to the microcontroller for generating a control decision

based on the control rules. After the final control decision has been made, the output signal will

be sent to the turning contrel unit in order to make the balancing state for BICYCLE ROBOT.
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291 4F | 4 | 4ap | 4c | aB | aa | @ 4
31 a7 | 46 | as | a4 | @ | 2 | @ 40
m 3 { 38 [0 {3c| || 3 38
" 2en 37 | 36 |3 | 34| 3| 2] 30
250 F | 226 f | 2| || 2 28
24n 27 [ 26 | as | 4 ] B3| 2] 20 .
an iF e} w | c|m |l 18
71 17 16 s || s |n 10
211 oF | oE | o | oc | on | oa | 09 08
201 07 | o6 | os § o4 | 03 | 02 | o1 00
¥t
RO-R7 3imnof uuards
181
171 .
RO-R7 Fimnof nuari2
1on
oFlt
RO-R? 38rmnod uuari 1
osH
oTH .
RO-R7 Fimnod nuario”
00H

H ( ’
Wi 27 uamsunavesy 128 Tudniddsdoyauvumiens wazneden

aa d 3 .

1. 39UADIUUNA (register banks 0 — 3)

1 4

o Vo o 1 a '

AsuAdum i 00h Bia 1Fh aeiludauvesiSamesimad (0 - 3) Taouvufiunuede ag

o o ] o a

8 luATmud214 32 lud wdazuuadeslissames Ro, R1, R2,R3, R4, RS ,R6 , R7) Sy
° 1 o A ad d o ° =1 o a ¥ do '
NRMUBYIIDIA 3 HBYNTIFNALATVINRIUALVIA 0 (ouD 1Az SP v S uaU RS

07h U
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o ]

2. mnammﬂmmﬂ"ﬂ'i”h’f'ﬁ]é"m'mﬁﬂuuunﬁaxﬁnﬂﬁ' (bit addressable area)

fuidausuonas 200 8 78 $1070 16 luanSeutadludinez iy 128 n &4
Mumiadindaeioluil 00 o1 | 02 ,03, 04,05, 06,07 9uds 7Fh 13U Tn 00 fifie DO Yo4
misuanuirdumisd 20n i 01 fite D1 vesmaE UG 20h

3. M3namheanusilfauiall serateh pad area)

Auiidaus 30n 80 7Fn se@oudoya’ldas ludviniu lawnsoldsdadvasuin

) 4 d” - a dy Y] Pl 9/ o
atdaiefiauannuineil lsassSansdoudoyaumivaunn

2.1.2 maveuldsunsunianad iy MCs-s1
1] o o 1 a ] ] o
lsunsumissnmfinnuduiuedetadunuseg Wi msaunuiduesauasms
& A ) ' yaa Y ) sy A LY
uEAdHA MINUBNaMIHLNNMNFITgudsesudanafidesms uieenuzld
¥
quUnseinanTnmes (tmer) 199 WsunaminnmilsuwuguiReanasnawgudeusu
® lilsunsamiaaamwugy (loop) fen
o o o [~/ o o voA = ' P °
wliiTmmeidudvauiuddmuanisudy ud 11955 anmamitswdamnseasie

9/ 1 o 4 Y o 1 = o’l’ 9 o ] (IR Aa s’q’:’
ﬁaum"lmﬂuﬁuu 1‘"‘n’lﬂ'liﬁﬂﬂ'lﬁﬁﬂﬂﬂﬂllﬁ’JWlﬂ'lSﬂi’J‘l]ﬁf]Uiﬂllimﬂ’.l‘lﬂ'lclui%ﬁlﬂﬂiuu”]

u
]

y '
wiiauugud MmdadateTusunsutorminnaies1gsds RETURN (RET) (oo #4
v o d
#19019% 1
o ] a' 1 :i : o Ghd 4 d' o
pa0g1# 1 mseonuuy llsunsuminnafiduiiqalaeldiiames RO Wodmua Mcs-s1
RUN 1n24157 12 MHz uag 11.059 MHz
N 12MHz 1 machine cycle 14 clock = 12 qmzﬁunmwhﬁu 12{1/(12)(106)} =1US

1 11.059 MHz 1 machine cycle ¢ clock = 12 gnugfuaify 12{(11.059)(10} = 1.082 1S

; subroutine for delay time machine cycle
DELAY: MOV RO#01H [1]; Tvaa RO = 01H
' &
DELAY1 : DIJNZ RO, DELAY! [2] ; aan1 RO awumﬁ’ammﬁau

4

14
dlidugudlididsuninzihgud
37U = MOV RO, #01H[1] + DINZ , DELAY1 [2] + RET [2]
W =[1]+[2]+[2]

77U = 5 Machie Cycle



1

5(148) = 5 US #in2mi57 12 MHz

AU

a ! d
A 5 (1.082[1S) = 5.3 LS 1n21157 11.085 MHz
o Tsunsumizanauwy 2 gu
msfanatimiznllszAanngllugugiuen Sifmua Ro viaaugyluias R
maaugiuen unsesnnamnaiviel 1ddiaeded 2
F20619i1 2 §1 RO = 03H , R1 = 02H vui¥ou Tlsunsumiizenan $rdmun MCS-51 RUN #
Speed 12 MHz 29ou T)sunsuneu udr3audminna
as o ' A b4 = Yy 2 o
amh neuduazAsalsu 1sunsuudSandmanm

2k ok ok ok ok ok ok k3 ok ok ok ok o ok ok ok o ok ok ok ok ok ok ok %k subroutine delay tlme o o 0k ok o ok ok o ok ok ok o ok ok ok ok o ok ok ok ok ok ok ok ok ko ok

machine cycle

DELAY: MOV R1, #02H [1]
DEL2: MOV RO, #03H [1]
DELI : DJNZ RO, DELI (21,
DINZ R2, DEL2 [2]
RET [2]

910 115un5 MM UBoUI 11U machine cycle muns atvee Tdsunsy

T = 14 {1H2424242) +H{142424242} + 2

W = 1+H{1432)+2} +{1+3(2)+2} + 2

W = 1+{3+3(2)} + {3+3(Q)} +2

TW = I42{3H3(2)} 42 oo (6))

Tumi3imans RO w. 9afiau 3 50U

Tunu3sames R1 ai. yafiau 2 seu

W = +RI{3+ROQ2)} +2

T = 3HRIGBHROQ)] " oo )
aBWNU R = 02,R0 = 03 asluaums (2)

W = 3+2{3+3(2)}
W =3+209)

) o o '
39 =21 machine cycle TIATINVNATIW IUAUMIT 1 UanIgn

} 4 ] ] [ 1
gy aniusnnsatgasaunsh 2 1/1418e s Mcs-51 RUN finawi 12 MHz w2

v
nuana luldsunsutimny
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namintl = 210Us) = 21 us
* Wsunsamizanamwy 3 g

' } 4 1 4
nmsmianafidesmsnamng wilfqiuendn 1 susamiiu 3 Susaldsunsuda

o
anu
ORG 0000H

1 MOV R2,#02H [1] ;
2 LOOP3: MOV R1,#03H m
3 LOOP2: MOV RO#04H ar
4 LOOP1: DJNZ R0,LOOPI 1
5 DJNZ R1,LOOP2 (21 N
6 DINZ R2,LOOP3 2
7 RET [2] ;
8 END [2] ;

IBemI0

Winsanhiideussiialuthadalds machine cycle g witlugasesnin
s l¥nsausoumduasgasded |
fMdaR = 1H2+{3+4+4+4+4+ 51+ {3+4+4+4+4+5 1+ {3+4+4+4+ 5 Y +6 ]+ [2+ {3+4+4+4+4+5)
+{3+4+4+4+4+5}+ {3+4+4+4+4+5}+6]+7
14 machine cycle = 1H[1+{1+24+2+2+2+2}+ { 14242424242} + {14+2+2424242}+2]
+ [TH{1+242424 242 4+ {1424 2424242} + {1 4242424242} +2)+2
= XX -
= 1+[1+{4(2)+2}+{1+4(2)+2} +{1+4(2)+2}+2]
+H{1+{4(2)+2} {1+4(2)+2}+ {1+4(2)+2} +2]+2

142[1+4(2)+2}+ {1+4(2)+2} + {1+4(2)+2}+2]+2

1+2[1+3{1+4(2)+2}+2]+2

wldgns 1+R2[1+R1{1+R0O(2)+2}+2]+2
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2.2 STV Elﬁ') (servo system)
& A @ ot ° o a . -
feszuuMsaeu InsainTesdnsnaitimshauiulaunga (dynamic) mneieszuy
d‘du = d' s Q’l’ s d‘
nou InsafilidmdsBuym «0) nlfounasldanm snfuaumdnnisvessuuseyinsai
= o 9 9 o o d a
imsfloundunuuguiauda MIMNUYeIszUUIEe T Idulsiemynuesssuussina
o o = = o 2 = o 1 Y 1 &
madouilasvesdunssuyn T lunaideady FAUTIDVVLITUNTZUVAING ADE NI
(N e . 2
MiuszyuunsafaneuInsa (wacking control system) mioszuyivaladsnouinga
(following control system)
] [ q @ { ar
agllddszuneeiTa Ao szuumsneuInsandeeinsnadi lduTnanldSans
& [ | ° v o [ ' a = Iy o
wdou I ludnuaithudumiag | anudisen | Sasuse uazuseia MIBITUVIFDT 121
- o o 4 o ¥ o o o
AvszuUMsABU Insavamesiuesdis wuneon 181t 4 uuudss

o ' 4 d’
L szuumineu Insadumiana1vesuenes , iile r(t) = 8(t)

()

d ¢ A
2. STUUMINBU INTANIIMISITOUVBUNDINBIADT W0 () = = a(t)

()

[ ] L4 4
3. szuumisneu Insadasussweuwanemes , iiie r(t) =

=< (1)
a d .s' d
4. szuumsneu Insaussdaveunaiuomes , W0 (1) = Jgt— =T(t)

/s o o ¥ < L% o 1 4
szuuiwes 1w 1§ luInsenwil selduvumsaeu Insadumiam  Sesvuy
o 9 4 . 4 ' o 4 4
iwes Inlszneudaswei Tasimed  wazaevsdruniuguarsiuveused Tuemes

Gwazibasgluuni 3)

2.2.1 Adveslawsined (DC. servomotor)
aa 2 I A aa s a - AN
Agiei lwemeinfe  Aduewmesfilidulsznoudenaiie fusudon(gearblock)
ted o A o 2 dy 8 o aa o 4 8/
Usznevegiimmwesiiaduemesies dalulassnuiimdiuedswes Taemefinldany
Tunmonthiiene suldud Mxﬂumﬂmqumﬂauwmsn(nnuauﬂ) hmauluauvm‘ln
n‘umwuwas(Tﬂmu‘ﬂE}umai) YOINIITYANIVGUMSIAL (5wa~mumu°luuww 3) vz

o5 Tadudn uazdFimes TwemeiBndigminnidifusduindouvessadnsum

® A%ueInes (DC. motor)

[y

s o a 4 a 4 a ey
ﬂmuamaﬂi‘lummﬁmwas (transducer) LLN‘Uﬂ‘NIJﬂ'Iﬁ)E)ﬂuUUGlHuf}mﬁﬂumz
a ] a S '8 o @ 1 [y o 4
WlﬁlslﬂBlliQUﬂ‘UE)\ilWﬂ‘HIBQﬂ‘]ﬁJBWIUSﬂzlﬂuﬁﬂﬁﬁuiﬂﬂﬁﬂﬂnﬂizuﬁﬂ‘li111Lilﬂi (armature)
a PP L4 9 ] 1 -1 o g q'dy
uiwﬂvmlwawmﬂwamm%z"lmmwaszmnaumuumanuazmmﬂmm 1uﬂuﬂi$llﬁ

P @ a (4 P t @ a 1
#'lnaluvaadadnihngadraflad (feld) fdsznoudinduusswimin ¢ uazvaalad niumnan
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o’: vy Y v o o 3 ) I}
uuagnNmnﬂué'nmqmsnummnu r ANUAUNUTTESNINUIIUAVBUND A ATSHALIN

fu
T = Kl en(201)
2 a ] o a o
We T Asuslinvoswariiviroduiafu-was (N-m)
Aordunsanimdntimiudunwed (wb)
o)
I aonszuaiuueunly (a)
A o c;
wee K Anfnam

b 4
L =

o [~] @ 1 o ]
ﬂQu‘NllﬁQ‘Uﬂﬂ]ﬂ\ilwﬁ'ﬁ]%lﬂuﬁﬂﬂ']uTﬂlmiQﬂUNﬁfJﬁﬂlﬂQlﬁulliﬂllulH5ﬂllﬁ$ﬂ5$llﬂ
P L) A B [} d o ° Y a I4 1} @ @
lllﬂﬂﬂﬁ']ﬂﬂ')uTIﬂaQUﬂ1Uﬂu1ﬂllulHﬁﬂﬂﬂZ'ﬂ'l‘h‘llﬂﬂT'lﬁ'ﬂm% (voltage) ANATOUAIVULIDY
s y v 1w d ¢
I'Jﬁﬂlﬂi]ﬁ lelﬂ UHAAT IUN VAIIULT IVDUNDIVDINDIADS llﬁzgl"lUﬂ'li"l‘Hﬁ‘UﬂQﬂileﬂ

¥ o ' [ g o dy d . A
ﬂ'nuﬂllwuﬁizﬂ'J'NI'Jﬁ'ﬂlﬂi)Uﬂuﬂﬁ‘U (back emf) HHAZANUITIVDAUNDIUBDINDIAD

E=K¢ O co2-2)

4 I’ o '
WoE  fis iavimsfounduiiniauiiuTias (v)
[] g 1 o
0 fe 1ﬁuusmnmanﬁnmmi‘lunmas (wb)
A d o’y ] o = ' A =
® 19 ANUITIVOINBINOTUNU IS IROUADIUIN (rad/sec)
[ )
aums (2-1) uag (2-2) lﬂufmmsmmm5411ﬁ'nmsﬁnmﬁusmvmﬁ%nama{
aa /o ° [y & & o aa Y <4
ﬂmuamasuufﬂmmmuunﬂan‘lﬂ‘lﬂﬂawﬂszmﬂ mwz‘uuagﬂmﬂumsmw N
' Adye o ' ' v o oA an o
VBNA1ITINY mwwﬂg%nnmi‘lumu“lﬂnﬂuﬂﬂquuuuﬂa AKUDIADIUVUYUIY  (shunt
DC. motor) , HUUBYNSTY (series) , UUDNAY (compound) uazlmuuﬂmﬁnm'zs (permanent

magnet motor)
qua 4 1 g ) v 4 Ao [y
Tulassuiddvemesivumiminans 1dgminnld  SaiisnuasTnssadieds

sl 2.8
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!

o
UNIHBNMAIS

L . ’
U IMDVBIDITNTDT

i 2.8 uansTassadrevesdduome fuuuuiminons

y
IJEJIGIEJSIL‘UUN 1‘3’5' MIine ﬂuWﬂﬂ‘UENSJEJWIOitﬂullllmﬁﬂﬂ'l?i‘ﬁ\iﬁ'l\i‘i]'lﬂllU‘UBN‘Vﬂ‘]f
VAN %Qtl‘]J‘Uﬁ ﬁiﬁlﬁulﬁﬁ‘llﬂdﬁﬁﬂuﬂ'lﬂdﬂ muuamﬂmus NI9N5Y tlﬁt’]'lﬁﬂ'lﬁ]ﬂillﬁ“’

v ° a

a = 1 =y ] A9y a4 a
UIAUAVSUMIANINAIY  HIISUUDA EJvhJIJﬂ‘liiTﬂllfTUGluWﬂﬂ “/Iﬂﬂllllﬁ ‘Ylﬁﬂ‘lWiTQﬂ’J'llLﬁ y

a 2 o @ 9

‘ummaﬂmuuamu‘unuuamamnu“lwmmﬂ“lumsﬂszau ﬁ'ﬁwmmmmmmu UrzN

vzﬁﬂﬂ‘li’s’ﬁmmﬁﬁ'mmnmﬁmminaﬂqm

4
2.2.2 wwoilumenilalviess (servo amplifier)
¢ a ¢ 4 o /o d o od d 4 ave
o3 Lueuilalrions WumsSunesmnedsidanseiindfioenuuniudielday
o o o '3 1 [
103 Iueines Tasmsniuguams S od i wazgminnlfinnlusugamnnssuuaz
a d1 U4
m3dssAvguoud
4 a 4 1 @ 4 . o Y d (o @
ies lweu/dlvions udiuvesdalag (driver) Hmihliudjuazvoedygnu
' 4 o ¢ o % a % ' o
Tinnzandeuisetlonludvagueomes Tawyiy lres Taeuid e vz gnunivennidiy
a s a ¢ . . o da o o . . 4 o
alusuend1Wions (linear amplifier) HASWOIANUDYAYY (pulse width modulation) Fuily
= n' a 4 1 4
uvvaingweuld Inieos (switching amplifie  Taolulnssarni 1812 onlduuy

o 4 = L4
alosueulaWions

o ainlasuendlviions
tflumsﬂmﬂnwnamamuummm cnwvwmuiﬂuwclnmmmﬁmasmamau‘lu
druimudady TﬂumnmuUsuamJa"l‘/\haas;ﬂummuusaﬂunsaﬂszuﬁiuammulauu
@ a g o Y J LY ::; ::;
uﬂaamuusaﬂumsmuqu amumauﬂa"lﬂmasmmsn“lwmsmuauwmumsa uag

o a a 1 [} o
Unrnnilgmiidiasinaiade Wy mssunumeanuaimin s (electromagnetic

. 0 ¥ i 4 o 1o & I {
interference) Y IdMsmvguuuLTiduiiiienly Fufuindudeidszmsniis uddedus
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2

a ! °o_w 4 o w 1 ] o
fntiunde Tmsgaydomaedidelge Weanndidsnudauingwgaudolueniyn

< ’‘d o o 1o a d 1 qyd 9/
mmcxﬁmaﬂﬂummumﬂ msw”lwmzﬂnamaﬂnﬂmu NITUBAADTIUUNADILUN

mszitesniniilinszualnarmud iy
o a 4 ) 4 [Y 9/ o ¢
ies lueudd Iivesuvunsmdanes Yaoonldmundnnisesnuuumaeiym
4 2 S i o
pon 1Al 2 upy Ae uwy “B” wasuuy “T FendeuannsafeniunmuguaS
r ¥
womes I luaedfiomald Wit 18deniduvy o wisnuvusadduanddy
sl 29 Snlszneudaonsudained 4 @ asmmefswmmuiivadaie MAL MY
uuniliidense f1v mneidimaliiiveda@e (+DC) uazmsilesfiuTarindounduee
fimsuisdausussniannudaned ot lsfimmuihunssindiss I asesmae iy
° o a d ° LY 4 o ° 9
wedudidles waznsziinstiounsuvesnszuauaz Taavimnnuemesnszvin1domn
A '3 v- o 1 ' LY
iieaninueimesegluaniizasuia m3e lildroagiuniag)
° a d o : o
MINNMYBINITVTATAD QI LAz Q4 ﬂ‘vmﬂs“Ltaxﬁanatﬂaﬂﬁ'snTaaﬁLmﬂﬁ'nqu
TWlufiemanila uay Q2 v Q3 avumswumuanamas‘”’lﬂmhamm“lnHnu"lﬂ'lu‘nﬁmq

ﬂisﬁ‘\l']ll ﬂ\iqu’Jﬁﬂmﬂﬂﬂﬂﬂiﬂﬁﬂﬂﬂ‘h’ﬁmﬂiuﬂﬁ ﬂ’J‘VI'H']ﬂi umummnwamwmlmm

1 L3 =5 ’q 3 a
veTainoua: Tannsivemes1diuess

+DC

MOTOR DC

PNP

=

{ [d o o v
17 2.9 maeiynuuy o Aimnefdwnaiodudo)

v 1 4 [ 4
TusesidnusTwestiiosuoudWwesildisn 19 lodvimihiit  Taodeiay

o o P 4 v & ' o - '
ﬂUQ’Jﬂimﬂ‘lUuﬂﬂlWUﬂﬁﬂu@U °]5\“]3ﬂﬁ1'15'|0ﬁ3180ﬂ1”1]7171 3 ﬂf]uh_l
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NN 3

Tnssadavesusudinseny

t oo qy ° o 1 T
TnsardvesszuvluTassaujuoudsnsnuiiomnsodwunoondly 2 aulngq
v 4 '8 4
ud  Taseadrmeeriaung (ardware)  uasmseonuuuweTiLag (software) laus1y
a ' ¢ do a ' P v & i
azbun ludnvesmsesnuuuaeinfiurefuweyluuni 2 uas 4 dufuluuniozve

a [V o ’d a o 1 g
ElﬁmULQW‘I::TﬂNﬂTNYIN8‘15ﬂlnimwi‘luazl%ﬂmﬂeviﬂu

v d ']
3.1 Insaadanesanad
1 4 e’u’:‘ Y 1 A ] [] ° 1
dwmvesssaniiummsousnesn | dunasday PR AIUILTIINIUT Y
r a:i =Y Yo dy
Ay wonezesuwlddene 11il
3.1.1 yaduindouvesdiase
y ) A v o i et ¢ & daa o d a
Tudumsdumdouveauoudsnsnuiiv ¥aguomes Fatuuuuiiifvivienna
9 P o ' a 'l A Yt oy o A wa
AW nuisa 78 seuneuf 18 T aungiidenlaaduemesniffesnnguaniidves
ot el et a o o ° & - o [V o A
ATNBIMBINUNTIUAgIIA IS IToUM  Fammzaufvsrinnldlunsdundowse sy
1 L] ar s i 4
fammaiundasiondaan tfhwessodnsom dnenuuaaod Gattery) van 24 Taas
\ dqw o 4 ki A Y 4
Tudauvesresi ¥ augumstumiewiy wosnns e 1¥anud 2luns,
Y A Ao o’l’ = 14 -1 o o A v v o 1
vundounsnaaiute lufizesauguanuvewemeiduindeuudsdiala AannaImn
Q2 qu o o Y A v q Ya o LY
1319919299513AQ101M03 (regulator) imrhfiswnseumuazus syt uLomes lav299s9s 14
o a o 1 @ Y]
Todues L1200 veeuSHN SGS-Thomson Usgnouiuzenss o uuuyuussaule

(programmable voltage regulator) uﬁmﬁ'«gﬂﬁ 3.1

5 | A
B
10K
+ 1 2
- 1200
cxl
. 1uF [ .
3 I 4 MOTOR
VI == FT 5%
4V 00uF 1
20
c
- D

bl U9 3.1 2493 programmable voltage regulator
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d 1

] ' 4
suyminflouldfuasesie ussduninuuames 24 Toavi dmf s e mymiy

]
[y

[ [ 4
musefivzdfua ldndadummdiuald  Tasludifiee Fuldfiussfueninmoifiy
¢ A 9 o Jd o &
18 Taan ienwlvfuveimesdunde
=Y ° @ A o A Yt o
mafialumsalvgqumsiinuvesgadundoufite  seldtaduun 5 wowil
I'4 9/ @ @ 1 ' ) o L) o o 4 [}
12 Taanl nldiduidaremstoussduoniynldfunomesduadon Tnoludmusines
N . J . . = o 3 9o -
nouInsa (control circuit) (LAZNVTINUIOT (power circuit) Y895t ULAAY laR9sUR 32

<

from recgulator
12Vde, 18Vdc . GND

SW1 OFF

SW2 ON C1
\Lﬁc ]

N?> Nec ({\Jo [

DC MOTOR

: o o o 4
s 3.2 uﬁm’nilsﬂeuTmauax’N%suwmasvaamsmuauuamawmﬂﬁau

»
-3 LY an a . . R A ° { °

am 1 lag 2 umi‘]uauﬂﬁ’m (Limit SWltCh)“]f\ﬁ]z‘n'lel"lﬁ lﬂﬂ - ﬂﬂﬂ'li‘n'l\i'lu‘ﬂﬂﬁ
a ¢ A a d o d = o 1 Yo J o & aa o @ ;
iy Cl1 lueimtmnmnilzuuﬂﬂutlazﬂizlminuhﬂuuamaiﬂmmaau DUATIATOIAIUIY
a to aa o do d A Y a & @ [} 79 3
ﬂﬂﬂgﬂﬂﬂ“]ﬂ“]fﬂiT’JIJE]W]E]Sﬂ?lﬁﬂﬂll'lﬂﬂ"][ﬂ')ﬂt}'ﬂﬂﬂu Tﬂumiﬁu13J11.|i$qﬂﬂ°lm1u1umi

o d o Y 1 o d o 4 o

ﬂ']Uf]lJﬂ'lsVl'l\ﬂu‘llﬂﬁllﬂlﬂfﬁﬂ]utﬂﬁﬂu IﬂUf’nlﬂ5ﬂﬁ33ﬁ\ﬂﬁ“E]lﬂf]i‘llutﬂﬁﬂuﬂ‘l\ﬂullﬁzﬂfilﬂ

L} = 4 A 0 1
1dTagTideslnaadafisaTaoasa Failitazmnunzdnlunsmug

3.1.2 {ARILANM DY
¥ »
lunseenuumazadssuumununisfivavesaiy  Worfunsaunudumia
9 4 @ o v Ay o ' o 14
nyulaviiueimef nyuldedwmieideams  msmaugudumazhi118 Taons
=) = o v o [y P d 3
nSoufoudyganuguivdyanufoundy (feedback) fumnentiym  ndusaes

L

Y o LA [ YN}
ﬁiyiy'lﬂlﬂ%QﬂllﬂﬂQlﬂUllNﬂN‘YI'NB‘LI‘IﬁE]ﬂ (analog voltage) uazmm"h]mmwmwm
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o . dd o o o LY A: £ o 3/
(03 12 (servo amplifier) 'Vlllluﬂ’)ﬂ'l'l]ﬂllﬂ'li'/I'N'luﬂlﬂﬁllﬂlﬂ8‘5 SIAIGL)) Feogiin

4 a d o 3 o a . -] o'cf
ooyl luiiemeii I dyananiufianain (eror signal) Wugudfaznganyu

o o ' o o o Yo ~
Uﬁﬂﬂulﬂﬂzllﬂsunﬂﬁﬂ‘ISﬂauTﬂsaﬂ“l"u\lﬁqumﬂQﬂcﬁmﬁ)iT?ualﬂaiuﬂﬂqvlﬂﬂqzllﬂ 33

RIB(1)]
——» SENSOR1

Y[6()

SERVO
AMPLIFIER,

DC.SERVO
MOTOR

CONTROLLER [
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o 238 o ok ke e ok ke ok ok ok ek ok ok ok ok % ok ok
,* *****CENTER ek ok ok ok ok ok o ok ok

CENTER:

LCO3:
LCO2:
LCO1:

LCF3:
LCF2:
LCF1:

ORG 0000H
MOV P1.#00H
SETB P1.7
MOV R2#05H
MOV RI1#05H
MOV RO#1FH
DIJNZ RO,LCO1
DJNZ R1,LCO2
DINZ R2,LCO3
CLR PL7
MOV R2#04H
MOV RI1#19H
MOV R0#4CH
DINZ RO,LCF1
DINZ R1,LCF2
DINZ R2,LCF3
SIMP CENTER
END

;Set Portl.7 For T on

;Clear Portl.7 For T off
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. Ak ek ok ok ok e 2 e o ok o ok o ok o o o ok
’***** e e e ok ok S_LEFT e 2 2k o o e ok ok ok o

ORG 0000H
B_LEFT: SETB P1.7 ;Set P1.7 For T on
MOV R2,#03H
LSLO3: MOV RI1,#0AH
) LSLO2: MOV RO,#18H
LSLOL: DINZ RO,LSLOL1

DINZ R1,LSLO2

DINZ R2,LSLO3
CLR Pl1.7 ;Set P1.7 For T off
MOV R2,#0DH

LSLF3: MOV RI1,#03H -

LSLF2: MOV RO#0CAH

LSLFI: DINZ RO,LSLF1

DINZ RI,LSLF2
DINZ R2,LSLF3
SIMP B_LEFT
END
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o 3 3k 3 ok sk e ok ok ok ok ok ok K A3k o ok ok ok ok ok ok
; * B_LEFT 4 ok ok o o ok ok

S_LEFT:

LBLO3:
LBLO2:
LBLOI:

LBLF3:
LBLF2:
LBLF1:

ORG 8000H
SETB P1.7

MOV R2,#04H
MOV RI#08H
MOV RO#ISH
DINZ RO,LBLOI
DINZ RI1,LBLO2
DINZ R2,LBLO3
CLR PL7
MOV R2#02H
MOV RI#I9H
MOV RO,#0B9H
DINZ RO,LBLFI
DINZ R1,LBLF2
DINZ R2,LBLF3
SIMP S_LEFT
END

;Set P1.7 For T on

;Set P1.7 For T off

54



[} o 1d o '
aauved llsunsunauguidiaes Taegfidumic -11° M)

o 2 2 3k ok ok ok ok ok ok ok ok 2k %k 3 3k 2k o ok ok ok ok ok ok ok k
; S_RIGHT ***#sasasssas

VS_RIGHT:

LSRO3:
LSRO2:
LSRO1:

LSRF3:
LSRF2:
LSRF1:

ORG 0000H
SETB P1.7
MOV R2#05H
MOV RI1,#09H
MOV RO,#12H
DJNZ RO,LSROI
DJNZ R1,LSRO2
DJNZ R2,LSRO3
CLR P17
MOV R2#19H
MOV RI1,#06H
MOV RO,#39H
DIJNZ RO,LSRF1
DINZ R1,LSRF2
DINZ R2,LSRF3
SIMP VS_RIGHT
END

;5et P1.7 For T on

;Set P1.7 For T off
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o 3% 3% 3 3 2k o 3k o ok o ke ok ok % % ok ok %k
’* e 2k e 3k ok ok 3k ok ok B_RIGHT e 2 2 o ok ok ok ok ok 3k %k

ORG 0000H

S_RIGHT: SETB P1.7 ;Set P1.7 For T on
MOV R2#05H

LBRO3: MOV RI1,#09H

LBRO2: MOV RO,#13H

LBI-{OI: DINZ RO,LBRO1

DINZ R1,LBRO2

DINZ R2,LBRO3
CLR P1.7 ;Set P1.7 For T_off
MOV R2#19H

LBRF3: MOV RI1#06H

LBRF2: MOV RO,#3BH

LBRF1: DINZ RO,LBRF3

DINZ RI,LBRF2
DINZ R2,LBRF1
SIMP S_RIGHT
END
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< 3202 o o o o o o o o ook o ok ok ok oo ok o ok o ook ok ok ok ok ok ok
’

; RULE BASE CONTROL PROGRAM
;**********************************
ORG 0000H ;Start of program
MOV P1,#00H ;Clear Portl

<Ak Ak A o ok ok ok
* CENTER

CENTER: CPL Pl.6 ;Watchdog
SETB P1.7 ;Set P1.7 For T on
‘ MOV R2#05H
LCO3: MOV RI1#05H
LCO2: MOV RO#1FH
LCOl: DJNZ RO,LCO1
DJNZ R1,LCO2
DJNZ R2,LCO3
CLR P1.7 ;Clear P1.7 For T off
MOV R2#04H
LCF3: MOV RI1,#19H
LCF2: MOV RO0,#4CH
LCF1: DJNZ RO,LCF1
DINZ R1,LCF2
DIJNZ R2,LCF3

j¥** #2242 CHECK MERCURY SWITCH (INCLINE TO LEFT)*** %44k k%
CK_S_LEFT: CPL Pl.6 ;Watchdog

JNB P1.0,CK_B_LEFT

LCALL DELAY_IS

JNB Pl1.0,CK_B_LEFT
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CK_B_LEFT:

58

LCALL VS_RIGHT  ;Very small incline to left

;S0 turn left very small

CPL Pl1.6 ;Watchdog

JNB PI1.1,CK_S RIGHT

LCALL DELAY_1S

JNB P1.1,CK_S_RIGHT

LCALL S_RIGHT ;Small incline to left

;So turn left small

jR¥*R*RXCHECK MERCURY SWITCH (RIGHT)***#* %4 xx4x

CK_S_RIGHT:

CK_B_RIGHT:

CPL Pl.6 ;Watchdog

JNB P1.2,CK B RIGHT

LCALL DELAY 1S

JNB P1.2,CK_B RIGHT

LCALL VS LEFT ; Very small incline to right

;S0 that turn left very smal

CPL Pl.6 ;Watchdog
JNB P1.3,CENTER

LCALL DELAY IS

JNB P1.3,CENTER

LCALL S_LEFT

SIMP CENTER



Hp—

-************************************************
>

; TURN RIGHT(BIG & SMALL)

-********************k***************************
s

o 3% 3k o 3¢ ok 3k ok e ok ok ok 3k kK 3 3 3k 3k 3k 3 2 2 3¢ o ok %ok
: B_RIGHT

;LBRO:Loop Big Right On
;LBRF:Loop Big Right Off
S_RIGHT: CPL Pl.6 ;Watchdog
SETB P1.7 ;Set P1.7 For T on
MOV R2#05H
LBRO3: MOV R1409H
LBRO2: MOV RO#13H
LBROL: DJNZ RO,LBRO1

DJNZ RI,LBRO2
DJNZ R2,LBRO3

CLR P17 ;Set P1.7 For T_off
MOV R2#19H

LBRF3: MOV RI,#06H

LBRF2: MOV RO#3BH

LBRFI: DINZ RO,LBRF1

DINZ R1,LBRF2

DINZ R2,LBRF3

CPL Pl.6 ;Watchdog
JNB PI1.1,BACK

LCALL DELAY 1S

JNB P1.1,BACK

SIMP S _RIGHT

BACK: RET
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« 3 3K ok o 3k 3k oK ok %k % 3k ok Xk 3% ok 3 3k 3k 3 ok 3% ¥ Xk 5k %k %k
jhEE S_RIGHT *

;LSRO:Loop Small Right On

;LSRF:Loop Small Right Off

VS_RIGHT:

LSRO3:
LSRO2:
LSROL1:

LSRF3:
LSRF2:
LSRF1:

X1:
BACKI:

CPL Pl1.6
SETB P1.7

MOV R2#05H
MOV RI1,#09H
MOV RO,#12H
DINZ RO,LSRO!
DINZ R1,LSRO2
DINZ R2,LSRO3
CLR P1.7

MOV R2,#19H
MOV RI1#06H
MOV RO,#39H
DINZ RO,LSRF1
DINZ RI,LSRF2
DINZ R2,LSRF3
CPL Pl.6

JNB P1.0,BACKI1
INB PI.1,X1
CPL P16
LCALL DELAY IS
INB PL.1,X1
CPL P1.6
LCALL S_RIGHT
SIMP VS_RIGHT
RET

;Set P1.7 For T on

;Set P1.7 For T off

;Watchdog

;Watchdog

;Watchdog



-************************************************
]

; TURN LEFT (BIG & SMALL)

-************************************************
>

« 3 3 3 3k 3k 3 ok ok ok 2k ok ok Ak ko kokkkkkk
h* B_LEFT s

;LBLO:Loop Big Left On
;LBLF:Loop Big LEFT Off

S_LEFT: CPL PL6 ;Watchdog
SETB P1.7 ;Set P1.7 For T on
] MOV R2,#04H
LBLO3: MOV RI1,#08H
LBLO2: MOV RO#15H
LBLOI: DINZ RO,LBLOI

DINZ R1,LBLO2

DINZ R2,LBLO3
CLR P1.7 ;Set P1.7 For T off
MOV R2,#02H '

LBLF3: MOV RI#19H

LBLF2: MOV RO,#0B9H

LBLFI: DINZ RO,LBLFI

DJNZ R1,LBLF2
DJNZ R2,LBLF3
CPL PIl.6 ;Watchdog
JNB P1.3,BACK2
SIMP S_LEFT
BACK2: RET
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VS_LEFT:

LSLO3:
LSLO2:
LSLO1:

LSLF3:
LSLF2:
LSLF1:

BACK3:

o e 3 o ke ok ok o ok ok ok o ok ok 3k e 3k ok 3k 3k ok o e ok ok %k
; S LEFT ** *

;LSLO:Loop Small Left On
;LSLF:Loop Small Left Off

CPL P16
SETB P1.7

MOV R2#03H
MOV RI#0AH
MOV RO,#18H
DINZ RO,LSLOI
DINZ RI,LSLO2
DINZ R2,LSLO3
CLR P1.7

MOV R2#0DH
MOV R1#13H
MOV RO#0CAH
DINZ RO,LSLF]
DINZ R1,LSLF2
DINZ R2,LSLF3
CPL P16

INB P1.2,BACK3
INB P13X2
CPL PL6
LCALL DELAY_1S
INB P1.3,X2
CPL Pl.6
LCALL S _LEFT
SIMP VS_LEFT
RET

;Watchdog
;Set P1.7 For T _on

;Set P1.7 For T off

; Watchdog

;Watchdog

;Watchdog
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;************* DELAY_I Sec (Approximation) e 2k 2 ok ok o 3 ok ok ok ok ok

DELAY_1S:
L3:
L2:
L1:

;************* END OF PROGRAM ek 3k ok 3k o ok ok ok ok ok ok

MOV R2,#32H

MOV R1#32H

MOV RO#IEH

DINZ RO,L1

CPL Pl1.6 ;Watchdog
DINZ R1,L2

CPL P16 ;Watchdog
DINZ R2,L3

CPL Pl.6 ;Watchdog
RET

END
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Features

Compatible with MCS-51™ Products

8K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8-Bit Internal RAM

32 Programmable 1/O Lines

Three 16-Bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high density nonvolatile memory technology and is
compatible with the industry standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which’provides a highly flexible and cost effective solution to many embedded control

LT s
applications. (continued)
. . .
Pin Configurations PDIP
i (t2) proodt ~ 40 Bvcc
i (T2 EX) Pt.1 (]2 39 1 P0.0 (ADO)
Pi.2r]3 38 [1P0.1 (AD1)
P1.3c|4 37 D P0.2 (AD2)
) P1.4C|s 36 [1P0.3 (AD3)
P1.5 ] 6 359 P0.4 (AD4)
P16 7 34 [5P0.5 (ADS)
. P1.7C]s8 33 [0 P0.6 (ADS)
¥ PQFP/TQFP AST ]9 32 A PO.7 (AD7)
= (AXD) P3.0C] 10 31 13 EA/vPP
o ~———— (TXD) P3.1¢] 11 30 [ ALE/PAGG
oo aaaa (TNTO) P3.2d 12 29 O FSEN
[ <<% (INT1) p3.3 13 28 LI P2.7 (A15)
INDEX - - (To) P3.4] 14 27 [1P2.6 (A14)
CORNER rar¥z2,825e (t1) P3.sd 15 26 1 P2.5 (A13)
aoaaaz>aaaa (WR) Pa.a]1s 2513 P2.4 (A12)
N AA000N0000Nn (RD) P3.7¢f 17 24|3P2.3 (A11)
/44,42, 40,3836, 34 xTAL2C] 18 231 P2.2 (A10)
P1.s ¢ 33 [OPO0.4 (AD4) XTAL1 ] 19 22 {1 P2.1 (A9)
P1.6 ]2 32 b Po.5s (ADS) GND } 20 213 P2.0 (A8)
P17} 3 31 [P0.8 (ADS)
ABT ] 4 ¢ 30 [3P0.7 (AD7)
AxD) P05 29 ;I EA/VPP
kccle 28 FING 68PLCC
TXD) P3.1C] 7 27 [JALE/PROG
RT5) P32} s 26 [ PSEN oy
NT1) Paa] e 25 [JP2.7 (A15) w sTas
(To) py»ad 10 24 [IP2.6 (At4) ~ oooo
(t1) P35 11 23 B P2.5 (A13) L fzfz:=
12'314'516' 718" %202 122 CoRNER S2¥z3c82592
U000 U 000000 acaoaZ>adaa
REETER lipngngagag
tlEffooanaey P1 SEP 5 3 1 43 4135|p0.4 (AD4)
—— Ptl.6C]s 381D P0.5 (ADS)
Iglg P1.7 ]9 37[3P0.68 (ADSG)
=~ RST 10 36[0P0O.7 (AD7)
(RXD) P3.0C}11 3s[Q EA/vPP
NC C]12 34[aNC
(TXD) P3.113 330 ALE/PROG
(INT0) P3.2cJ14 323 PBEN
(iNT1) Pa.ac|ts 31[aP2.7 (A1s)
% (To) Pa.ac]1s o|aP2.6 {Aa14)
517 E
(T1) Pa.sc 18'%20% 1923 (25, 2757| 7P2-5 (A13)
¥ [ERERRRNRRRRRRRRRE]
enyLege-ams
teifo Ragey
—\Axx aaaaa
« |o LR
C
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port

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

Port O can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal pul-
lups. -

Port 0 also receives the code bytes during Flash program-
ming and outputsl the code bytes during program verifica-
ion. External pullups are required during program verifica-
ion.

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
Nhen 1s are written to Port 1 pins, they are pulled high by
he intgrnal pullups and can be used as inputs. As inputs,
2ort 1 pins that are externally being pulled low will source
urrent (1) because of the internal pullups.

n addition, P1.0 and P1.1 can be configured to be the
imer/counter 2 external count input (P1.0/T2) and the
imer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

ort 1 also receives the low-order address bytes during
-lash programming and verification.

Port Pin Alternate Functions

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

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

AT89C52 ©*

Port 2

Port 2 is an 8-bit bidirectional }/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I; ) because of the internal pullups.

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

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

Port 3

Port 3 is an 8-bit bidirectional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

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

AINEL

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RST

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

ALE/PROG

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

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
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pulsa is skipped during each access to external data mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing 8, MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

P_‘éE_l?
Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle; except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EK/VPP

External Access Enable. EA must be strapped to GND ir
order to enable the device to fetch code from external pro
gram memory locations starting at 0000H up to FFFFH
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to Vi for internal program execu
tions.

This pin also receives the 12-volt programming enable volt
age (Vpp) during Flash programming when 12-volit pro
gramming is selected.

XTAL1

Input to the inverting oscillator amplifier and input to the

internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Of8H OFFH
OFOH B . OF7H
00000000
]
OESH OEFH
0 EOH ACC 0E7H
& 00000000
0D8H ODFH
PSW
ODOH | oo 0D7H
ocen | T2CON T2MOD ROAP2L RCAP2H TL2 TH2 oCFH
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
OCEOH OC7H
088H IP 0BFH
E XX000000 .
P3
OBOH | 111111 0B7H
QASH I OAFH
¥ 0X000000
i P2
OADH | 41411111 OA7H
SCON SBUF
%H | 00000000 | XXXXXXXX 9FH
3
P1
9OH | 111119 97H
- TCON TMOD TLO TL1 THO TH1 -
£ 00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
s0H PO sP DPL DPH PCON |
s 1111111 00000111 00000000 | 00000000 0XXX0000



DC Servo Motor
Controller/Driver

' The MC33030 is a monolithic DC servo motor controller providing all

gctive functions necessary for a complete closed loop system. This device
consists of an on—chip op amp and window comparator with wide input
common-—mode range, drive and brake logic with direction memory, Power

—Switch driver capable of 1.0 A, independently programmable over—current
monitor and shutdown delay, and over-voltage monitor. This part is ideally
suited for almost any servo positioning application that requires sensing of
temperature, pressure, light, magnetic flux, or any other means that can be
converted to a voltage.

Although this device is primarily intended for servo applications, it can be
used as a switchmode motor controller.

& On—Chip Error Amp for Feedback Monitoring

Window Detector with Deadband and Self Centering Reference Input
Drive/Brake Logic with Direction Memory

1.0 A Power H-Switch

Programmable Over—Current Detector

Programmable Over—-Current Shutdown Delay

Over-Voltage Shutdown

L Al LEE Baf sual 1

Representative Block Diagram

Motor
¢ Vee Vee
Feedback S 1_1____.._. 1_0.___ 1i|
Position Error Amp
¥ |
Iimiens |
= Over-
= Power |
{ ! - Voltage i
} Monitor »  H-Switch }
'
r ! ! !
I g 1 +I Drive/ '
’ 3| = Brake |
sl Window Logic |
| > | Detector |
| . Programmable {
| N - Over-
v | + Direction Current |
, L | Memory Detector | |
, Reference | 1 7 _& Latch |
Position 1 |
|
|
|
|

§ This device contains 119 active transistors.
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DC SERVO MOTOR
CONTROLLER/DRIVER

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 648C
(DIP-16)

DW SUFFIX
PLASTIC PACKAGE
CASE 751G
(SOP-16L)

Input Delay
Reference IZ 15 | Over-Current
Input Filter- Reference
Error Amp Output E 14 | Driver
Filter/Feedback Input Output A

Gnd Gnd
Gl [
Error Amp j
Output 6 't {Vee
Error Amp Driver
Inverting Input ! 10 OutputB
Error Amp Non— Error Amp
Inverting Input Input Filter

Pins 4, 5, 12 and 13 are electrical ground and heat
sink pins for IC.

PIN CONNECTIONS

—_—
Reference EF 0] 16 I Over-Current

Kl

(Top View)

ORDERING INFORMATION

Device Temperature Range| Package

Operating

MC33030DW SOP-16L

MC33030P DIP-16

Ta =—40°t0 +85°C

© Motorola, Inc. 1996 Rev 2
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, MC33030
MAXIMUM RATINGS
t Rating Symbol Value Unit
:Power Supply Voltage Vee 36 \
Input Voltage Range VIR -0.3to Vco \Y
Op Amp, Comparator, Current Limit
(Pins1,2,3,6,7,8,9, 15)
Input Differential Voltage Range VIDR -0.31t0 Ve Vv
Op Amp, Comparator (Pins 1, 2, 3, 6, 7, 8, 9)
Delay Pin Sink Current (Pin 16) 'DLY(sInk) 20 mA
Output Source Current (Op Amp) lsource 10 mA
Drive Output Voltage Range (Note 1) VDRV —-0.31to0 (Vo + VF) v
Drive Output Source Current (Note 2) IDRV(source) 1.0 A
Drive Output Sink Current (Note 2) IDHV(sink) 1.0 A
:Brake Diode Forward Current (Note 2) IF 1.0 A
Power Dissipation and Thermal °C/wW
Characteristics
P Suffix, Dual In Line Case 648C
f Thermat Resistance, Junction—to—Air RoJga 80
I Themal Resistance, Junction-to-Case Reuc 15
N (Pins 4, 5, 12, 13)
' DW Suffix, Dual In Line Case 751G
¢ Thermal Resistance, Junction—to-Air Rgga 94
Thermal Resistance, Junction-to—Case Royc 18
(Pins 4,5, 12, 13)
Operating Junction Temperature Ty +150 °C
Operating Ambient Temperature Range TA -40t0 +85 °C
étorage Temperature Range Tstg ~65to +150 °C
NleES: 1. The upper voltage level is clamped by the forward drop, VR, of the brake diode.
¥ 2. These values are for continuous DC current. Maximum package power dissipation limits must
5 be observed. .
ELECTRICAL CHARACTERISTICS (VoG = 14 V, Ta = 25°C, unless otherwise noted.})
L ’ Characteristic Symbol Min Typ Max l Unit
ERROR AMP
Input Offset Voltage (- 40°C < Tp < 85°C) Vio - 1.5 10 mV
VPine=7.0V,R. =100k
thput Offset Current (Vpjn g = 1.0 V, R = 100 k) ho - 0.7 - nA
Input Bias Current (Vpjn g = 7.0 V, R = 100 k) lig - 7.0 - nA
Iﬁput Common-Mode Voltage Range VICR - Oto(Vce—1.2) - \
AVio =20 mV, R =100k
Slew Rate, Open Loop (Vjp = 0.5V, C|_= 15 pF) SR - 0.40 - Vius
'Unity-Galn Crossover Frequency fo - 550 - kHz
Unity~Gain Phase Margin om - 63 - deg.
d.ommon—Mode Rejection Ratio (Vpjp g =7.0 V, R = 100 k) CMRR 50 82 - daB
Fower Supply Rejection Ratio PSRR - 89 - daB
VCC =9.0t0 16 V, Vpjn 6 =7.0 V, RL =100 k
O:ulpul Source Current (Vpjn g = 12 V) lo+ - 1.8 - mA
Quitput Sink Current (Vpj g = 1.0 V) lo- - 250 - HA
Cutput Voltage Swing (R = 17 k to Ground) VoH 12,5 13.1 - v
i VoL - 0.02 - \
NdTES: 3. The upper or fower hysteresis will be lost when operating the Input, Pin 3, close to the respective rail. Refer to Figure 4.
1 4. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.
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' MC33030
ELECTRICAL CHARACTERISTICS (continued) (Vo = 14 V, Tp = 25°C, unless otherwise noted.)
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[ 1 Characteristic I Symbol l Min Typ , Max I Uniﬂ
WiNDOW DETECTOR ,
.Input Hysteresis Voltage (V1 — V4, Vo — V3, Figure 18) VH 25 35 45 mV
Input Dead Zone Range (Vo - V4, Figure 18) Vipz 166 210 254 mV
Input OffsetVoltage (I [V2 - Vpin 2] - [Vpin 2 - V4] |Figure 18) Vio - 25 - mv
Input Functional Common-Mode Range (Note 3) \
Upper Threshold VIH - (Vce - 1.05) -
Lower Threshold ViL - 0.24 -
Reference Input Self Centering Voltage VRsc - (12Vee) - \
Pins 1 and 2 Open
ngdow Detector Propagation Delay !p(IN/DRV) - 2.0 - us
Comparator Input, Pin 3, to Drive Outputs
i ViD=05V, RL(DRV) =390 Q
OVER-CURRENT MONITOR
[Over—Current Reference Resistor Voltage (Pin 15) Roc 3.9 4.3 4.7 \
FDelay Pin Source Current |DLY(source) - 5.5 6.9 HA
] VpLy =0V, Roc =27k, IpRy = 0 mA
Delay Pin Sink Current (Rog = 27 k, DRV =0mA) 'DLY(sink) mA
b VpLy=5.0V - 0.1 -
. VDLY=8.3V - 0.7 -
VpLY =14V - 16.5 -
Delay Pin Voltage, Low State (IpLy = 0 mA) VoL(pLY) - 0.3 0.4 v
Over-Current Shutdown Threshold Vih(oC) \%
Voo =14V 6.8 7.5 8.2
t Vcc=8.0V 55 6.0 6.5
Over—Current Shutdown Propagation Delay Ip(DLY/DRV) - 1.8 - us
Delay Capacitor Input, Pin 186, to Drive Outputs, VIp=0.5V
POWER H-SWITCH
Drive—Output Saturation (- 40°C < Tp <+ 85°C, Note 4) v
High-State (Isource = 100 mA) VOH(DRV) | (Vcc-2) | (Vcc-0.85) -
Low-State (Isink = 100 mA) VOL(DRV) - 0.12 1.0
I:)n've—Output Voltage Switching Time (C|_ = 15 pF) ns
Rise Time. tr - 200 -
Fall Time tf - 200 -
E
Brake Diode Forward Voltage Drop (I = 200 mA, Note 4) VE - 1.04 2.5 v
TOTAL DEVICE
Standby Supply Current Icc - 14 25 mA
Qver-Voltage Shutdown Threshold Vth(ov) 16.5 18 20.5 v
(-40°C < TA < +85°C)
Over-Voltage Shutdown Hysteresis (Device “off” to “on”) VH(OV) 0.3 0.6 1.0 v
Operating Voltage Lower Threshold Vece - 7.5 8.0 \
(—40°C < Tp < +85°C)
NéTES: 3. The upper or lower hysteresis will be lost when operating the Input, Pin 3, close to the respective rail. Refer to Figure 4.
4. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.
¢
}
t
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Figure 1. Error Amp Input Common-Mode
Voltage Range versus Temperature
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Figure 2. Error Amp Output Saturation
versus Load Current

s : 0 :
g AVig=20mV Veg s Vee-
& — R =100k w ‘
g ~ 400 = ~1.0[ Source Saturation
wt S | AtoGnd
v g = Ta=25°C
i.— 800 2-20
] E— g LT 1
! — g -~=—= T T e
§; 800 g 20 ] F Sink Saturation
3 - s
a A=
él 400 5 10 T 1
: % L]
> 0 Gnd S ;ﬁ 0 ln ™M
: -55 -25 0 25 50 75 100 125 30 100 300 1.0k 3.0k
Ta, AMBIENT TEMPERATURE (°C) I, LOAD CURRENT (4 pA)
I
t
Figure 4. Window Detector Reference-Input
, Figure 3. Open Loop Voltage Gain and Common-Mode Voltage Range
Phase versus Frequency versus Temperature
ot B0 p—— 0 o~ T T
g = Max. Pin 2 V|cR so that VlCC e
= ' N & @ _o5/—Pin3can change
3 | \\ Moz state of drive outputs. —T]
60 45 -1.0 —
N e 28 1
g ' Phas\ \ I e _,_L\__,J
a 4 i - 0Z 5 —
N = S )
S NN @ £ o3
-5" Vec=14 \ Phase} | W ©
a ' 20lVou=7.0v N Margin(H1353% 2 o2
© RL =100k A= 63° & Z
o |o =40pF a 0.1
< ol TA=25°C \ 180 2 0 Gnd
1.0 10 100 1.0k 10k 100 k 1.0M -55 -25 0 25 50 75 100 125
f, FREQUENCY (Hz) Ta, AMBIENT TEMPERATURE (°C)
Figure 5. Window Detector Feedback-Input Figure 6. Qutput Driver Saturation
Thresholds versus Temperature versus Load Current
0
7.15 i~ T T T
s Vo S’ VCC/ Source Saturation
w 0] Ry to Gnd ]
Q 710 Upper Hysteresis ™| Vg = T~ Tp =25°C
5 a -10
>
g 7.05 Voo =14V 8
A i |
% 700 Pin2=7.00V % L.
3| /
1 - = LU Sink Saturation [
. Hyst
l:_a $.90 Lower Hysteresis V4 CD’. | RL=Vee //
== 1 B Ta=25C Gnd '\
.85 0 1
b ~55 -25 0 25 50 75 100 125 0 200 400 600 800
: Ta, AMBIENT TEMPERATURE (°C) It , LOAD CURRENT ( mA)
i
{
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MC33030
!
; Figure 7. Brake Diode Forward Current Figure 8. Qutput Source Current-Limit versus
| versus Forward Voltage Over-Current Reference Resistance
500— : 7 g w0 \ —T
_ - Ta=25°C / = Veg=14V _|
T 40 o \ Ta=25°C
= )4 € 600
i / o \
g 300 3]
3 4 < \
f/ 3 400 A
o / )
c
: " / 2
5 A e
2 / 3 200 <
v 3 e
0 |
05 0.7 0.9 1.1 1.3 1.5 0 20 40 60 80 100
VR, FORWARD VOLTAGE (V) Roc, OVER-CURRENT REFERENCE RESISTANCE (kQ)
i
Figure 9. Output Source Current-Limit Figure 10. Normalized Delay Pin Source
versus Temperature Current versus Temperature
= 600 E 104
E— [ l Vv I— 14V é
% , [ — ROC =15k CC = %
* T — (&}
& T w100 -
3 40 T Sa y N
3 Rog =27k 2 8 / N
§ & 72:'0.96 /
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Figure 13. Normalized Over-Voltage Shutdown
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Figure 14. Normalized Over-Voltage Shutdown
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MC33030 76
OPERATING DESCRIPTION

The MC33030 was designed to drive fractional horsepower
DC motors and sense actuator position by voltage feedback. A
typical servo application and representative internal block
diagram are shown in Figure 17. The system operates by
setting a voltage on the reference input of the Window
Dectector (Pin 1) which appears on (Pin 2). A DC motor then
drives a position sensor, usually a potentiometer driven by a
gear box, in a corrective fashion so that a voltage
proportional to position is present at Pin 3. The servo motor
will continue to run until the voltage at Pin 3 falls within the
dead zone, which is centered about the reference voltage.

The Window Detector is composed of two comparators, A
and B, each containing hysteresis. The reference input,
common to both comparators, is pre-biased at 1/2 Ve for
simple two position servo systems and can easily be
overriden by an external voltage divider. The feedback
voltage present at Pin 3 is connected to the center of two
reSistors that are driven by an equal magnitude current
source and sink. This generates an offset voltage at the input
of each comparator which is centered about Pin 3 that can
float virtually from Ve to ground. The sum of the upper and
lower offset voltages is defined as the window detector input
dead zone range. -

To increase system flexibility, an on~chip Error Amp is
provided. It can be used to buffer and/or gain—up the actuator
position voltage which has the effect of narrowing the dead
Zone range. A PNP differential input stage is provided so that
the input common-mode voltage range will include ground.
The main design goal of the error amp output stage was to be
able to drive the window detector input. It typically can source
1.8 mA and sink 250 pA. Special design considerations must
be made if it is to be used for other applications.

The Power H-Switch provides a direct means for motor
drive and braking with a maximum source, sink, and brake
current of 1.0 A continuous. Maximum package power
dissipation limits must be observed. Refer to Figure 15 for
thermal information. For greater drive current requirements,
a method for buffering that maintains all the system features
is shown in Figure 30.

The Over-Current Monitor is designed to distinguish
between motor start-up or locked rotor conditions that can
occur when the actuator has reached its travel limit. A
fraction of the Power H-Switch source current is internally
fed into one of the two inverting inputs of the current
comparator, while the non-inverting input is driven by a
programmable current reference. This reference level is
controlied by the resistance value selected for Roc, and must
be greater than the required motor run—current with its
mechanical load over temperature; refer to Figure 8. During
an over—current condition, the comparator will turn off and
alldw the current source to charge the delay capacitor, Cpy.
When CpLy charges 1o a level of 7.5 V, the set input of the
over—current latch will go high, disabling the drive and brake
functions of the Power H~Switch. The programmable time
delay is determined by the capacitance value-selected for
CoLy.

vV _,C 75C
toLy = l ref 7DLY _ — DkY = 136 CDLY in uF
DLY(source) P H

This system allows the Power H-Switch to supply motor
start-up current for a predetermined amount of time. If the

rotor is locked, the system will time—out and shut—-down. This
feature eliminates the need for servo end-of-travel or limit
swilches. Care must be taken so as not to select too large of
a capacitance value for Cpyy. An over~current condition for
an excessively long time—out period can cause the integrated
circuit to overheat and eventually fail. Again, the maximum
package power dissipation limits must be observed. The
over—current laich is reset upon power-up or by readjusting
VPin 2 as to cause Vpin 3 to enter or pass through the dead
zone. This can be achieved by requesting the motor to
reverse direction.

An Over-Voltage Monitor circuit provides protection for
the integrated circuit and motor by disabling the Power
H-Switch functions if Vo should exceed 18 V. Resumption
of normal operation will commence when Ve falls below
174 V.

A timing diagram that depicts the operation of the
Drive/Brake Logic section is shown in Figure 18. The
waveforms grouped in [1] show a reference voltage that was
preset, appearing on Pin 2, which corresponds to the desired
actuator position. The true actuator position is represented
by the voltage on Pin 3. The points V1 through V4 represent
the input voltage thresholds of comparators A and B that
cause a change in their respective output state. They are
defined as follows:

V1 = Comparator B turn—off threshold

V2 = Comparator A turn—on threshold

V3 = Comparator A turn—off threshold

V4 = Comparator B turn—on threshold

V1-V4 = Comparator B input hysteresis voltage

V2-V3 = Comparator A input hysteresis voltage

Vo-V4 = Window detector input dead zone range

(V2-Vpin2) - (VPin2 — V4)I = Window detector input
voltage

It must be remembered that points V1 through V4 always
try to follow and center about the reference voltage setting if
it is within the input common-mode voltage range of Pin 3;
Figures 4 and 5. Initially consider that the feedback input
voltage level is somewhere on the dashed line between Vo
and V4 in [1). This is within the dead zone range as defined
above and the motor will be off. Now if the reference voltage
is raised so that Vpj, 3 is less than V4, comparator B will
turn—on [3] enabling Q Drive, causing Drive Output A to sink
and B to source motor current [8]. The actuator will move in
Direction B until Vpj, 3becomes greaterthan V4. Comparator
B will turn-off, activating the brake enable [4] and Q Brake (6]
causing Drive Output A to go high and B to go into a high
impedance state. The inertia of the mechanical system will
drive the motor as a generator creating a positive voltage on
Pin 10 with respect to Pin 14. The servo system can be
stopped quickly, so as not to over-shoot through the dead
zone range, by braking. This is accomplished by shorting the
motor/generator terminals together. Brake current will flow
into the diode at Drive Output B, through the internal Vg rai,
and out the emitter of the sourcing transistor at Drive Output
A. The end of the solid line and beginning of the dashed for
Vpin 3 [1] indicates the possible resting position of the
actuator after braking.
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Figure 17. Representative Block Diagram and Typical Servo Application
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i Vpin 3 should continue to rise and become greater than Vo,
the actuator will have over shot the dead zone range and cause
the motor to run in Direction A until VPpin 3 is equal to V3. The
Drive/Brake behavior for Direction A is identical to that of B.
Overshooting the dead zone range in both directions can cause
thel servo system to continuously hunt or oscillate. Notice that the
last motor run—direction is stored in the direction latch. This
inférmation is needed to determine whether Q or Q Brake is to be
enabled when Vpj, 3 enters the dead zone range. The dashed
linés in [8,9] indicate the resulting waveforms of an over—current
condition that has exceeded the programmed time detay. Notice
that both Drive Outputs go into a high impedance state until VPin
2 8 readjusted so that Vpin 3 enters or crosses through the dead
zone [7, 4].

The inputs of the Error Amp and Window Detector can be
susceplible to the noise created by the brushes of the DC
motor and cause the servo to hunt. Therefore, each of these
inputs are provided with an internal series resislor and are
pinned out for an external bypass capacitor. It has been
found that placing a capacitor with short leads directly across
the brushes will significantly reduce noise problems. Good
quality RF bypass capacitors in the range of 0.001 to 0.1 uF
may be required. Many of the more economical motors will
generate significant levels of RF energy over a spectrum that
extends from DC to beyond 200 MHz. The capacitance value
and method of noise filtering must be determined on a
system by system basis.

PR

Thus far, the operating description has been limited to
servo systems in which the motor mechanically drives a
potentiometer for position sensing. Figures 19, 20, 27, and 31
show examples that use light, magnetic flux, temperature,
and pressure as a means to drive the feedback element.
Figures 21, 22 and 23 are examples of two position, open
loop servo systems. In these systems, the motor runs the
actuator to each end of its travel limit where the Over-Current
Monitor detects a locked rotor condition and shuts down the
drive. Figures 32 and 33 show two possible methods of using
the MC33030 as a switching motor controller. In each
example a fixed reference voltage is applied to Pin 2. This
causes Vpin 3 to be less than V4 and Drive Output A, Pin 14,
to be in a low state saturating the TIP42 transistor. In Figure
32, the motor drives a tachometer that generates an ac
voltage proportional to RPM. This voltage is rectified, filtered,
divided down by the speed set potentiometer, and applied to
Pin. 8. The motor will accelerate until Vpjn 3 is equalto Vq at
which time Pin 14 will go to a high state and terminate the
motor drive. The motor will now coast until Vpjp, 3 is less than
V4 where upon drive is then reapplied. The system operation
of Figure 31 is identical to that of 32 except the signal at Pin
3 is an amplified average of the motors drive and back EMF
voltages. Both systems exhibit excellent control of RPM with
variations of Vg however, Figure 32 has somewhat better
torque characteristics at low RPM.
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Figure 25. Notch Filter Figure 26. Differential input Amplifier
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In this application the servo motor drives the
heaVair conditioner modulator door in a duct system.
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Figure 29. Remote Latched Shutdown Figure 30. Power H-Switch Buffer
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High Performance
Current Mode Controllers

The UC3842A, UC3843A series of high performance fixed frequency
current mode controllers are specifically designed for off-line and dc—to—dc
converter applications offering the designer a cost effective solution with
minimal external components. These integrated circuits feature a trimmed
oscillator for precise duty cycle control, a temperature compensated
reference, high gain error amplifier, current sensing comparator, and a high
current totem pole output ideally suited for driving a power MOSFET,

Also included are protective features consisting of input and reference
undervoltage lockouts each with hysteresis, cycle-by-cycle current limiting,
programmable output deadtime, and a latch for single pulse metering.

These devices are available in an 8-pin dual-in-line plastic package as
well'as the 14—pin plastic surface mount (SO-14). The SO-14 package has
separate power and ground pins for the totem pole output stage.

The UCX842A has UYLO thresholds of 16 V (on) and 10 V (off), ideally
suited for off-line converters. The UCX843A is tailored for lower voltage
applications having UVLO thresholds of 8.5 V (on) and 7.6 V (off).
® Trimmed Oscillator Discharge Current for Precise Duty Cycle Control
® Current Mode Operation to 500 kHz
® Automatic Feed Forward Compensation
® Latching PWM for Cycle-By-Cycle Current Limiting
® Internally Trimmed Reference with Undervoltage Lockout
® High Current Totem Pole Qutput
® Undervoltage Lockout with Hysteresis
® Low Startup and Operating Current
[ ]

Direct Interface with Motorola SENSEFET Products

Simplified Block Diagram
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UC3842A, 43A UC2842A, 43A

MA)l(lMUM RATINGS
Rating Symbol! Value Unit
Total Power Supply and Zener Current (Icc +12) 30 mA
OutEput Current, Source or Sink (Note 1) lo 1.0 A
Oufput Energy (Capacitive Load per Cycle) W 5.0 w
Current Sense and Voltage Feodback Inputs Vin -0310+55 \'
Error Amp Output Sink Current lo 10 mA
Povaer Dissipation and Thermal Characteristics
D Suffix, Plastic Package
Maximum Power Dissipation @ Tp = 25°C Pp 862 mwW
, Thermal Resistance, Junction—to—Air RgJA 145 °C/W
N Suffix, Plastic Package
Maximum Power Dissipation @ Tp = 25°C Pp 1.25 W
Thermal Resistance, Junction-to—Air RgJa 100 °C/W
Operating Junction Temperature Ty + 150 °C
Operating Ambient Temperature Ta °C
UC3842A, UC3843A Oto+70
LUC2842A, UC2843A -25t0+85
Sicfrage Temperature Range Ts(g -65t0 + 150 °C

ELECTRICAL CHARACTERISTICS (VG = 15V, [Note 2], Ry

unfess otherwise noted.)

=10k CT=3.3nF, Tp = Tjow to Thigh [Note 3,

80

UC284XA UC384XA
Characteristics Symbol Min l Typ l Max Min | Typ I Max Unit
REFERENCE SECTION
He!erence Output Voltage (I = 1.0 mA, Tj =25°C) Vref 4.95 5.0 5.05 4.9 5.0 5.1 \'
Line Regulation (Ve = 12 V10 25 V) Regiine - 2.0 20 - 2.0 20 mv
Load Regulation (o = 1.0 mA to 20 mA) Regdload - 3.0 25 - 3.0 25 mv
Teererature Stability Tg - 02 - - 0.2 - mv/°C
Total Output Variation over Line, Load, Temperature Vief 4.9 - 5.1 4.82 - 5.18 v
Output Noise Voltage (f = 10 Hz to 10 kHz, Tj=25°C) Vn - 50 - - 50 - puv
Long Term Stability (T = 125°C for 1000 Hours) S - 5.0 - - 5.0 - mV
Output Short Circuit Current Isc -30 | -8 | -180 | -30 | -85 | -180 | mA
OSCILLATOR SECTION
Frequency fosc kHz
1)=25°C 47 52 57 47 52 57
TA = Tiow to Thigh 46 - 60 46 - 60
Frequency Change with Voltage (Voo =12 V10 25 V) | Afgseipy - 0.2 1.0 - 0.2 1.0 %
Frerquency Change with Temperature Afgge/AT - 5.0 - - 5.0 - %
TA = Tiow to Thigh
O‘ss:illator Voltage Swing (Peak~to—Peak) Vosc - 1.6 - - 1.6 - \'
Digcharge Current (Vogc = 2.0 V) ldischg mA
Ty =25°C 75 8.4 9.3 7.5 8.4 9.3
TA=Tiow to Thigh 7.2 - 9.5 7.2 ~ 9.5

NOTES: 1. Maximum Package power dissipation limits must be observed.
¥ 2.Adjust Vo above the Startup threshold before settingto 15 V.

3. Low duty cycle pulse techniques are used durin

Tiow =  0°C for UC3842A, UC3843A
-25°C for UC2842A, UC2843A

Thigh = +70°C for UC3842A, UC3843A
+85°C for UC2842A, UC2843A

g test to maintain junction temperature as close to ambient as possible
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; UC3842A, 43A UC2842A, 43A

ELECTRICAL CHARACTERISTICS (VGG = 15 V, {Note 2], Ry

unless otherwise noted.)

=10k CT=33nF, Ta=Tiow to Thigh [Note 3],

81

UC284XA UC384XA
Characteristics Symbol Min l Typ I Max Min l Typ l Max Unit
ERROR AMPLIFIER SECTION
Voltage Feedback Input (Vg = 2.5 V) VEB 245 25 2.55 2.42 25 2.58 \'
Input Bias Current (Vg = 2.7 V) i - -01 | -1.0 - -01 [ 20 | pa
Open Loop Voltage Gain (Vo =2.0Vt0 4.0 V) AvoL 65 90 - 65 90 - dB
Unity Gain Bandwidth (T j = 25°C) BW 0.7 1.0 - 0.7 1.0 - MHz
Power Supply Rejection Ratio (Voc = 12V to 25 V) PSRR 60 70 - 60 70 - dB8
Output Current mA
Sink (Vo =1.1V,VEg=2.7 V) 1Sink 2.0 12 - 2.0 12 -
Source (Vo =5.0V, VEg =2.3V) ISource -0.5 -1.0 - -0.5 -1.0 -
Output Voltage Swing \
High State (R = 15 k to ground, Vpg = 2.3 V) VOH 5.0 6.2 - 5.0 6.2 -
Low State (Rl = 15k to Vief, VER =2.7 V) VoL - 0.8 1.1 - 0.8 14
CURRENT SENSE SECTION
Current Sense Input Voltage Gain (Notes 4 & 5) Ay 2.85 3.0 3.15 2.85 3.0 3.15 Vv
Maximum Current Sense Input Threshold (Note 4) Vih 0.9 1.0 1.1 0.9 1.0 1.1 \
Poyver Supply Rejection Ratio PSRR dB
Vce = 1210 25 V (Note 4) - - 70 - - 70 -
Input Bias Current B - -2.0 -10 - -2.0 -10 HA
Propagation Delay (Current Sense Input to Output) tPLH(in/out) - 150 300 - 150 300 ns
OUTPUT SECTION
Output Voltage v
Low State (Igjnk =20 mA) VoL - 0.1 04 - 0.1 0.4
(Isink = 200 mA) - 1.6 2.2 - 1.6 22
High State (Igjnk =20 mA) VOH 13 13.5 - 13 13.5 -
(Isink = 200 mA) 12 13.4 - 12 13.4 -
Output Voltage with UVLO Activated VOL(UVLO) ‘ \Y
Vce =6.0V, Igink = 1.0 mA - 0.1 1.1 - 0.1 1.1
Output Voltage Rise Time (C_ = 1.0 nF, Ty =25°C) tr - 50 150 - 50 150 ns
Output Voltage Fall Time (C|_ = 1.0 nF, T = 25°C) 1 - 50 150 - 50 150 | ns
UNDERVOLTAGE LOCKOUT SECTION .
Startup Threshold Vih v
UCX842A 16 16 17 14.5 16 17.5
UCX843A 7.8 8.4 9.0 7.8 8.4 9.0
Minimum Operating Voltage After Tum-On VCC(min) v
UCX842A 9.0 10 11 8.5 10 11.5
UCX843A 7.0 7.6 8.2 7.0 7.6 8.2
PWM SECTION
Duty Cycle %
Maximum DCmax 94 96 - 94 96 -
Minimum Cmin - - 0 - - 0
TOTAL DEVICE
Power Supply Current (Note 2) lcc mA
Startup:
(Vcc =6.5V for UCX843A, - 0.5 1.0 - 0.5 1.0
. 14V for UCX842A) Operating - 12 17 - 12 17
Power Supply Zener Voltage (Icc = 25 mA) vz 30 36 - 30 36 - '
NOTES: 2. Adjust Vo above the Startup threshold before settingto 15 V.
3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible
. Tiow = 0°Cfor UC3842A, UC3843A Thigh = +70°C for UC3842A, UC3843A
—25°C for UC2842A, UC2843A +85°C for UC2842A, UC2843A
4. This parameter is measured at the latch Irip point with VFB'= ov.
5. Comparator gain is defined as: Ay AV Output Compensation
AV Current Sense Input
MOTOROLA ANALOG IC DEVICE DATA 3
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UC3842A, 43A UC2842A, 43A

Figure 17. Representative Block Diagram
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OPERATING DESCRIPTION

The UC3842A, UC3843A series are high performance,
fixed frequency, current mode controllers. They are
specifically designed for Off-Line and dc-to—dc converter
applications offering the designer a cost effective solution
with minimal external components. A representative block
diagtam is shown in Figure 17.

Oscillator

The oscillator frequency is programmed by the values
selected for the timing components R and CT. Capacitor Ct
is charged from the 5.0 V reference through resistor RT to
approximately 2.8 V and discharged to 1.2 V by an internal
current sink. During the discharge of CT, the oscillator
generates and internal blanking pulse that holds the center

input of the NOR gate high. This causes the Outputtobein
a low state, thus producing a controlled amount of output
deadtime. Figure 1 shows Rt versus Oscillator Frequency
and Figure 2, Qutput Deadtime versus Frequency, both for
given values of CT. Note that many values of Rt and C1 will
give the same oscillator frequency but only one combination
will yield a specific output deadtime at a given frequency. The
oscillator thresholds are temperature compensated, and the
discharge current is timmed and guaranteed to within + 10%
at Ty = 25°C. These internal circuit refinements minimize
variations of oscillator frequency and maximum output duty
cycle. The results are shown in Figures 3 and 4.

In many noise sensitive applications it may be desirable to
frequency-lock the converter to an external system clock.
This can be accomplished by applying a clock signal to the
circbit shown in Figure 20. For reliable locking, the
free—running oscillator frequency should be set about 10%
less than the clock frequency. A method for multi unit
synchronization is shown in Figure 21. By tailoring the clock
waveform, accurate Output duty cycle clamping can be
achieved.

Error Amplifier

A fully compensated Error Amplifier with access to the
inverting input and output is provided. It features a typical dc
voltage gain of 90 dB, and a unity gain bandwidth of 1.0 MHz
with 57 degrees of phase margin (Figure 7). The noninverting
input is internally biased at 2.5 V and is not pinned out. The
converter output voltage is typically divided down and
monitored by the inverting input. The maximum input bias
current is ~2.0 pA which can cause an output voltage error
that is equal to the product of the input bias current and the
equivalent input divider source resistance.

The Error Amp Output (Pin 1) is provide for external loop
compensation (Figure 30). The output voltage is offset by two
diode drops (= 1.4 V) and divided by three before it connects
to the inverting input of the Current Sense Comparator. This
guarantees that no drive pulses appear at the Output (Pin 6)
when Pin 1 is at its lowest state (VoL ). This occurs when the
power supply is operating and the load is removed, or at the
beginning of a soft-start interval (Figures 23, 24). The Error
Amp minimum feedback resistance is limited by the

amplifier's source current (0.5 mA) and the required output
voltage (VOH) to reach the comparator's 1.0 V clamp level:

Rf(min) _3.0(10V)+14 V= 8800 Q

0.5mA

Current Sense Comparator and PWM Latch

The UC3842A, UC3843A operate as a current mode
controller, whereby output switch conduction is initiated by
the oscillator and terminated when the peak inductor current
reaches the threshold level established by the Error Amplifier
Output/Compensation (Pin1). Thus the error signal controls
the peak inductor current on a cycle~-by—cycle basis. The
current Sense Comparator PWM Latch configuration used
ensures that only a single pulse appears at the Output during
any given oscillator cycle. The inductor current is converted
to a voltage by inserting the ground referenced sense resistor
Rg in series with the source of output switch Q1. This voltage
is monitored by the Current Sense Input (Pin 3) and
compared a level derived from the Error Amp Output. The
peak inductor current under normal operating conditions is
controlled by the voltage at pin 1 where:

lpk__:V(Pin 1)-14V
3Rg
Abnormal operating conditions occur when the power
supply output is overloaded or if output voltage sensing is
lost. Under these conditions, the Current Sense Comparator

threshold will be internally clamped to 1.0 V. Therefore the
maximum peak switch current is:

| _10v
pk(max) = “‘RS"‘

When designing a high power switching regulator it
becomes desirable to reduce the internal clamp voltage in
order to keep the power dissipation of Rg to a reasonable
level. A simple method to adjust this voltage is shown in
Figure 22. The two external diodes are used to compensate
the internal diodes yielding a constant clamp voltage over
temperature. Erratic operation due to noise pickup can result
if there is an excessive reduction of the Ipk(max) clamp
voltage.

A narrow spike on the leading edge of the current
waveform can usually be observed and may cause the power
supply to exhibit an instability when the output is lightly
loaded. This spike is due to the power transformer
interwinding capacitance and output rectifier recovery time.
The addition of an RC filter on the Current Sense Input with a
time constant that approximates the spike duration will
usually eliminate the instability; refer to Figure 26.
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PIN FUNCTION DESCRIPTION

Pin
8-Pin 14-Pin Function Description
3 1 Compensation This pin is Error Amplifier output and is made available for loop compensation.
2 3 Voltage This Is the inverting input of the Error Amplifier, It is normally connected to the switching power
Feedback supply output through a resistor divider,

3 5 Current Sense A voltage proportionat to inductor current is connected to this input. The PWM uses this
information to terminate the output switch conduction.

4 7 RT/Ct The Oscillator frequency and maximum Output duty cycle are programmed by connecting
resistor RT 1o Vyef and capacitor CT to ground. Operation to 500 kHz is possible.

5 - Gnd This pin is the combined control circuitry and power ground (8-pin package only).

b 10 Output This output directly drives the gate of a power MOSFET. Peak currents up to 1.0 A are sourced
and sunk by this pin.

7 12 Vee This pin Is the positive supply of the contro! IC.

8 14 Vref This is the reference output. It provides charging current for capacitor Ct through
resistor RT.

- 8 Power Ground This pin is a separate power ground return (14-pin package only) that is connected back to the
power source. It is used to reduce the effects of swilching transient noise on the contro! circuitry.

- 11 Ve The Output high state (VoR) is set by the valtage applied to this pin (14-pin package only). With

¥ a separate power source connection, it can reduce the effects of switching transient noise on the
control circuitry.

- 9 Gnd This pin is the control circuitry ground return (14-pin package only) and is connected back to the

, power source ground. ’

- 2,4,6,13 NC No connection (14-pin package only). These pins are not internally connected.

Undervoltage Lockout

Two undervoltage lockout comparators have been
incorporated to guarantee that the IC is fully functional before
the output stage is enabled. The positive power supply
terminal (Vcc) and the reference output (Vref) are each
monitored by separate comparators. Each has built-in
hysteresis to prevent erratic output behavior as their
respective thresholds are crossed. The Vg comparator
upper and lower thresholds are 16 V/10 V for the UCX842A,
and 8.4 V/7.6 V for the UCX843A. The V,ef comparator upper
and lower thresholds are 3.6V/3.4 V. The large hysteresis
and low startup current of the UCXB842A makes it ideally
suited in off-line converter applications where efficient
bootstrap startup techniques are required (Figure 33). The
UCX843A is intended for lower voltage dc to dc converter
applications. A 36 V zener is connected as a shunt regulator
form VG to ground. Its purpose is to protect the IC from
excessive voltage that can occur during system startup. The
minimum operating voltage for the UCX842A is 11 V and
8.2 V for the UCX843A.

Output

These devices contain a single totem pole output stage
that was specifically designed for direct drive of power
MOSFETs. Itis capable of up to 1.0 A peak drive current and

has a typical rise and fall time of 50 ns with a 1.0 nF load.
Additional internal circuitry has been added to keep the
Output in a sinking mode whenever an undervoltage lockout
is active. This characteristic eliminates the need for an
external pull-down resistor.

The SO-14 surtace mount package provides separate
pins for Vc (output supply) and Power Ground. Proper
implementation will significantly reduce the level of switching
transient noise imposed on the control circuitry. This
becomes particularly usefulwhenreducingthe Ipk(max) clamp
level. The separate Vg supply input allows the designer
added flexibility in tailoring the drive voltage independent of
VCC. A zener clamp is typically connected to this input when
driving power MOSFETs in systems where V¢ is greaterthat
20 V. Figure 25 shows proper power and control ground
connections in a current sensing power MOSFET
application.

Reference

The 5.0 V bandgap reference is trimmed to +1.0%
tolerance at T} = 25°C on the UC284XA, and + 2.0% on the
UC384XA. Its primary purpose is to supply charging current
to the oscillator timing capacitor. The reference has short
circuit protection and is capable of providing in excess of
20 mA for powering additional contro! system circuitry.

H
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UC3842A, 43A UC2842A, 43A
) DESIGN CONSIDERATIONS

Dg not attempt to construct the converter on
wire-wrap or plug—in prototype boards. High Frequency
circuit layout techniques are imperative to prevent pulsewidth
jitter. This is usually caused by excessive noise pick-up
imposed on the Current Sense or Voltage Feedback inputs.
Noisé immunity can be improved by lowering circuit
impedances at these points. The printed circuit layout should
contain a ground plane with low—current signal and
high—‘current switch and output grounds returning on
separate paths back to the input filter capacitor. Ceramic
bypass capacitors (0.1 pF) connected directly to Vce, Ve,
and Vref may be required depending upon circuit layout. This
provides a low impedance path for filtering the high frequency
noige. All high current loops should be kept as short as
possible using heavy copper runs to minimize radiated EMI,
The Error Amp compensation circuitry and the converter
output voltage divider should be located close to the IC and
as far as possible from the power switch and other noise
generating components.

Current mode converters can exhibit subharmonic
oscillations when operating at a duty cycle greater than 50%
with, continuous inductor current. This ‘instability is
independent of the regulators closed—loop characteristics
and Is caused by the simultaneous operating conditions of
fixed frequency and peak current detecting. Figure 19A
shovgs the phenomenon graphically. At tg, switch conduction
begins, causing the inductor current to rise at a slope of mq.
This ‘slope is a function of the input voltage divided by the
indugtance. At t1, the Current Sense Input reaches the
threshold established by the control voltage. This causes the
switch to tum off and the current to decay at a slope of m2 until
the next oscillator cycle. The unstable condition can be
shown if a pertubation is added to the control voltage,
resu{ting in a small Al (dashed line). With a fixed oscillator
period, the current decay time is reduced, and the minimum
current at switch turn-on (tp) is increased by Al + Al m2/m1.
The iminimum current at the next cycle (t3) decreases to (Al+
almg/m1) (ma/m1). This pertubationis multiplied by mo.m4q on

i

11
4

E

each succeeding cycle, allernately Increasing and
decreasing the inductor current at switch turn-on. Several
oscillator cycles may be required before the inductor current
reaches zero causing the process to commence again. If
mp/m1 is greater than 1, the converter will be unstable. Figure
19B shows that by adding an artificial ramp that is
synchronized with the PWM clock to the control voltage, the
Al pertubation will decrease to zero on succeeding cycles.
This compensation ramp (m3) must have a slope equal to or
slightly greater than mo/2 for stability. With mo/2 slope
compensation, the average inductor current follows the
control voltage yielding true current mode operation. The
compensating ramp can be derived from the oscillator and
added to either the Voltage Feedback or Current Sense
inputs (Figure 32).

Figure 19. Continuous Current Waveforms
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—>»  Oscillator Peri?d !(— i I ;

I t s i3

»lle

\
(Anmﬂ—’;’) (::%) <~

w_ fnductor
Current

MOTOROLA ANALOG IC DEVICE DATA



UC3842A, 43A UC2842A, 43A 86

OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
L _ CASE 62605 NOTES:
8 s ISSUE K 1. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL,
D “B- 2. PACKAGE CONTOUR OPTIONAL {ROUND OR
SQUARE CORNERS).
O . 3. DIMENSIONING AND TOLERANCING PER ANSI
{ ; Y145M, 1982,
hJ L|.|J LUJ Lll MILLIMETERS | INCHES
E DIM| MIN | MAX | WiN | MAX
A | 940 ] 1016 | 0370 | 0.400
" NOTE2 je—{-A<]—> B | 610 | 660 0240 | 0260
fe— | —» C | 394 | 4457 0455 ] 0.175
D | 038 [ 051 ] 0015 0020
F | 102 178 | 0040 | 0.070
i i [ \ G 254BSC 0,100 8SC
" [ . \ I W] o078 ] 127 | 0039 | 0050
\_ J | J | 020 | 030 [ 0008 | 0012
. L K 292 343 | 0115 | 0.135
husaed | Gt | i J L 71.62BSC 0,300 BS
:] M —_— 10° _ 10°
i SEATING N™ ¢ N | 676 | 101 ] 0o% [ 004
—~|lp “K M~
H G
[$]@ 0130005 @[T]A @[ D)
D SUFFIX
PLASTIC PACKAGE
CASE 751A-03 NOTES:
(SO-14) 1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.
ISSUEF 2. CONTROLLING DIMENSION: MILLIMETER.
—_— - 3. DIMENSIONS A AND B DO NOT INCLUDE
A A AR HH R MOLD PROTRUSION.
4. MAX'MUM MOLD PROTRUSICN 0.15 (0.006)
1" 8 PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR
[=B-] P7pL PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
o ; @J 0.25 (0.010)@! B @] IN EXCESS OF THE D DIMENSIQN AT
. ﬂ_m_ﬂ MAXIMUM MATERIAL CONDITION,
. MILLIMETERS | INCHES

MIN | MAX { MIN | MAX

—-DIGL— R x 4503

Y
—

A | 855 | 875 0337 | 0344
; c r_ B | 380 | 400 0150 | 0157
[ — y \ C | 135 | 175 | 0054 | 0oes |

,:ﬂ:‘ D] 035 | o049 | 0014 | o019

~-T J G| 1276sC 005085C
gemgﬁm D 14 pPL K M J { 019 ] 025 1 0.008 [ 0009
E K| 010 | 025 ] 0.004 [ 0009
[®[0250010@[T][e ©]AG)] Wl ool 191 o[ 7°
t P [ 580 | 620 | 0228 | 0244
R | 025 | 050 | 0010 | 0019

Molorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the sultability of its products for any particular purpose, nor does Motorola assume any fiability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential orincidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary overtime. All operating parameters, including “Typicals”
must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applicationsintended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase oruse Motorola products forany such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, aftiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly orindirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges thatMotorola
was negligent regarding the design or manufacture of the part. Motorola and @p registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Aftirmative Action Employer.
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OCTAL BUFFER/LINE DRIVER
WITH 3-STATE OUTPUTS
i

The SN54/74L5240, 241 and 244 are Octal Buffers and Line Drivers
designed to be employed as memory address drivers, clock drivers and
bus-oriented transmitters/receivers which provide improved PC board
density.

* Hysteresis at Inputs to Improve Noise Margins
¢ 3-State Outputs Drive Bus Lines or Buffer Memory Address Registers
* Input Clamp Diodes Limit High-Speed Termination Effects

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)

_ SN54/74LS240
Vee 2G 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1

2 |[o][e][17] [ ][ 1[5 ] 2] 1]

L) g

. ot
Mo
Lidl2 Jls JTa s e T e s JT0

16 1A1 2Y4 1A2 2Y3 1A3 2Y2 {A4 2Y1 GND

SN54/741.5241
Vec 2G 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2Af

Anninnnnnon
<

! e
LS
5 LillzJlaJLaJTs e JT7 JTe o [T

1G 1A1 2v4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND

u +

_ SN54/74L.8244
Voo 2G 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1

[20][v9] s8] (71 (][] [34][13] (72 [
ﬁ“’\u// e
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16 1A1 2v4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND
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SN54/74L.S240
SN54/74L.S241
SN54/74L.S244

OCTAL BUFFER/LINE DRIVER
WITH 3-STATE OUTPUTS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 738-03

DW SUFFIX
SOIC
CASE 751D-03

ORDERING INFORMATION

SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXDW SOIC

FAST AND LS TTL DATA
5-1




SN54/74L.5240 « SN54/74L.5241 « SN54/74L.S244
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TRUTH TABLES
I SN54/74LS240 SN54/74LS244
! INPUTS INPUTS
¥ OUTPUT - OUTPUT
\ 1G, 2G D 1G, 2G D
L L H L L L
1 L H L L H H
H X 2) H X 2
SN54/74LS241
‘ Akl ouTPUT Sl OUTPUT
y 1G D 2G D :
' L L L H L
L H H H H
' H X (2) L X
y H = HIGH Voltage Level
L =LOW Voltage Level
X = Immateria!
' Z = HIGH Impedance
IUARANTEED OPERATING RANGES
Symngl Parameter Min Typ Max Unit
Vcc | |Supply Voltage 54 45 5.0 55 Y
74 4,75 5.0 5.25
TA ' Operaling Ambient Temperature Range 54 -55 25 125 °C
i 74 0 25 70
loH ' |Output Current — High 54,74 -3.0 mA
] 54 -12 mA
. 74 -15
oL ! | Output Current — Low 54 12 mA
i 74 24
[
i
I
!
b
]
!
i
3
E
k
1
]
i
b
i
. FAST AND LS TTL DATA
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SN54/74LS240 « SN54/74LS241 « SN54/74L.S244

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

v Limits
‘$ymbol Parameter Min Typ Max Unit Test Conditions
v I-‘ Input HIGH Voltage 20 Vv ztji:sg::ed Input HIGH Voltage for
54 0.7
Vi Input LOW Voltage - — v f,:’,ar::msed Input LOW Voltage for
VT3V~ Hysteresis 0.2 0.4 v Ve =MIN
VIK Input Clamp Diode Voltage -0.65 | -1.5 v Ve =MIN, Iy =-18 mA
v O'H Output HIGH Voltage 54,74 | 2.4 34 vV |Veco=MIN, IoH=-3.0 mA
L 54,74 2.0 \' Vce =MIN, lo = MAX
' 54,74 025 [ 04 | v |ior=12mA  |Vcc=Voc M,
VoL Output LOW Voltage VIN=VjLor Vi
i 74 0.35 0.5 \' loL =24 mA per Truth Table
10ZH Output Off Current HIGH 20 | pa [veo=Max voyr=27v
'OZ'L Output Off Current LOW -20 KA [Vco=MAX, VouT =04V
hHi Input HIGH Current 20 HA_ VGG =MAX. Vin =2.7 V
0.1 mA Voo =MAX,V|y=7.0V
ht Input LOW Current -0.2 mA Voo =MAX,V|N=0.4V
Ioé Output Short Circuit Current (Note 1) | -40 ~225 mA | Voo =MAX
E Power Supply Current
. Total, Output HIGH 27
: Total, Output LOW [ LS240 a4
lcd LS241/244 6 | ™ [Veo=MAX
i Total at HIGH Z LS240 50
LS241/244 54
Note 1: Not more than one output should be shorled at a time, nor for more than 1 second.
AC CHARACTERISTICS (T4 =25°C, Vo =5.0 V)
i Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tp'j.{ Propagation Delay, Data to Output 9.0 14
tPHL LS240 12 18 ns
tPLi'l Propagation Delay, Data to Output 12 18 ns CL = 45 pF,
tPHL LS241/244 12 18 R_L=667Q
tpzH Output Enable Time to HIGH Level 15 23 ns
tpzL Output Enable Time to LOW Level 20 30 ns
Pz Output Disable Time from LOW Level 15 25 ns CL=5.0pF,
tPHZ Output Disable Time from HIGH Level 10 18 ns RL=667Q

e e w

FAST AND LS TTL DATA
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SN54/74LS240 « SN54/74L.S241 « SN54/741.S244

AC WAVEFORMS

VN ¥ 13V 13V
Vee
tPLH tPHL
vout 13V 1.3V L

Figure 1 Swi

TO QUTPUT
UNDER TEST

5kQ
~ C° sw2
Figure 2 1

A}

VE
Ve . 1oV SWITCH POSITIONS
PzL tpLz SYMBOL SwWi Sw2
Vourt 13V \7 13V tpzH Open Closed
oL
¢ 05y tpzL Closed Open
Figure 3 tpLz Closed Closed
tPHZ Closed Closed
3
3
' - : Figure 5
| Ve
I 1.3V 13v
VE R
! PZH_ I~ PHZ
J — el Y. ZVOH
Vout 13V TsLSV
’ 05V
“t ! Figure 4
3
|
3
FAST AND LS TTL DATA

5-4



K’L %UG@%@EE'E‘@’%@?M?@% L4960

i

E

i
»:2.5A0UTPUT CURRENT
®, 5.1V TO 40V OPUTPUT VOLTAGE RANGE

» PRECISE (+ 2%) ON-CHIP REFERENCE O
® HIGH SWITCHING FREQUENCY ‘/
»; VERY HIGH EFFICIENCY (UP TO 90%) S @

»! VERY FEW EXTERNAL COMPONENTS

2.5A POWER SWITCHING REGULATOR

s SOFT START HEPTAWATT
= INTERNAL LIMITING CURRENT
-; THERMAL SHUTDOWN ORDERING NUMBERS: L4960 (Vertical)

} L4960H (Horizontal)

DESCRIPTION . _ _
The L4960 is a monolithic power switching regula- ThekL4960|s mounted in a Heptawatt plastic power
tor delivering 2.5A at a voltage variable from5Vto ~ Package and requires very few external compo-

40V in step down configuration. nents. . I .
Features of the device include current limiting, soft  Efficient operation at switching frequencies up to

start, thermal protection and 0 to 100% duty cycle 150KHz e_lllows a reductionin the size and cost of
fér continuous operation mode. externalfilter components.
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CONNECTION (Top view)

= -- -

T T SO ot e e

?
¢

OUTPUT
———————> SOFT SIART
—————>> O0SCILLATOR
——— > GND )
""" frrEq. comp
[ """ FEEDBACK INPU!

!
L $.7795
Tab connected to pin4g
3
1
4
b
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
f Vi Input voltage 50 \'
'V, - V7 | Input to output voltage difference 50 v

V7 Negative output DC voltage -1 \

. Negative output peak voltage at t = 0.1us: f = 100KHz . -5 \
Vs, Vg | Voltage at pin 3and 6 5.5 \'
L Vs Voltage at pin 2 7 v
] I3 Pin 3 sink current 1 mA
y s Pin 5 source current 20 mA
| Piv | Power dissipation at Tease < 90°C 15 w
'Tj, Tetg | Junction and storage temperature -40to 150 °C
g R

PIN FUNCTIONS
° NAME FUNCTION
SUPPLY VOLTAGE Unregulated voltage input. An internal regulator powers the

- -

internal logic.

FEEDBACK INPUT

The feedback terminal of the regulation loop. The output is*
connected directly to this terminal for 5.1V operation; it is
connected via a divider for higher voltages.

53 FREQUENCY A series RC network connected between this terminal and|

. COMPENSATION ground determines the regulation loop gain characteristics.

4 GROUND Common ground terminal.

5 OSCILLATOR A parallel RC network connected to this terminal determines the

) switching frequency.

6 SOFT START Soft start time constant, A capacitor is connected between thid
terminal and ground to define the soft start time constant. This
capacitor also determines the average short circuit outpuf]

' current.

OUTPUT Regulator output.

IS7 i
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L4960
Figure 3. Test and application circuit
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L4960

API?LICATION INFORMATION

Figute 26. A minimal 5.1V fixed regulator; Very few componentare required
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Figure 27. Programmable power supply
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L4960

HEPTAWATT PACKAGE MECHANICAL DATA

E DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 48 0.189
. C 1.37 0.054
) 2.4 2.8 0.094 0.110
;D1 1.2 1.35 0.047 0.053
I E 0.35 0.55 0.014 0.022
tF 0.6 0.8 0.024 0.031
, Fi 0.9 0.035
G 2.41 254 2.67 0.095 0.100 0.105
. Gl 4.91 5.08 5.21 0.193 0.200 0.205
G2 7.49 7.62 7.8 0.295 0.300 0.307
. He 10.4 0.409
. H3 10.05 10.4 0.396 0.409
., L 16.97 0.668
L1 14.92 0.587
P L2 21.54 0.848
L3 22.62 0.891
! L5 2.6 3 0.102 0.118
., Ls 15.1 15.8 0.594 0.622
T 6 6.6 0.236 0.260
., M 2.8 0.110
P M1 5.08 0.200
i Dia 3.65 3.85 0.144 0.152
'
3
L |
| ]
3 T
) L |
—
< T
g 0: I [a] =
. 12
L5 13
—_— 1
; | '
A A
‘E ’ \ X 7 & 8§
i ==
' ]
w7 LY
‘ L§
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L200

f
¥

', ADJUSTABLE VOLTAGE AND CURRENT REGULATOR

'y ADJUSTABLE OUTPUT CURRENT UP TO2 A
(GUARANTEED UP TO Tj= 150 °C)

» ADJUSTABLE OUTPUT VOLTAGE DOWN TO
2.85V

' INPUT OVERVOLTAGE PROTECTION (UP TO
1 60V, 10ms)

s SHORT CIRCUIT PROTECTION
"= OUTPUT TRANSISTOR S.0.A.PROTECTION
'a THERMAL OVERLOAD PROTECTION

» LOWBIAS CURRENT ON REGULATION PIN
, @ LOW STANDBY CURRENT DRAIN

DESCRIPTION

The L200 is a monolithic integrated circuit for volt-
age and current programmable regulation. It is
available in Pentawatt® package or 4-lead TO-3
metal case. Current limiting, power limiting, thermal
shutdown and input overvoltage protection (up to

|
!
ABSOLUTE MAXIMUM RATINGS

Pentawatt®

TO-3(4 lead)

60 V) make the L200 virtually blow-out proof.

The L200 can be used to replace fixed voltage
regulators when high output voltage precision is
required and eliminates the need to stock a range
of fixed voltage regulators.

Symbol Parameter Value Unit
Vi DC Input Voltage 40 \
2 Y/ Peak Input Voltage (10 ms) 60 Y
AVi, | Dropout Voltage 32 \

lo Output Current

internally fimited

Pyt -| Power Dissipation

internally limited

Taig | Storage Temperature -551t0 150 °C

¢ | Top | Operating Junction Temperature for L200C -25 to 150 °C
forL200 -55to0 150 °C
i
' THERMAL DATA
TO-3 Pentawatt®
Rinjcass | Thermal Resistance Junction-case Max 4 °C/W 3°C/W
Rinjamb | Thermal Resistance Junction-ambient Max 35°C/W 50 °C/W

March 1993
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CONNECTION DIAGRAMS AND ORDER CODES (top views)

OuTPUT
sl oumwur CURR.
T ReFERENCE
GND I—— ew oND
LT LIMITING
| SOT— N T4
LIMITING
S-29112
$-75%5/3
Type Pentawatt® TO-3
L200 L200T
L200 C L200 CH L200 CT
L200 CV
}
BLOCK DIAGRAM -
1
PASS OouUTPUT
INPUT ELEMENT {%‘5\
S-0.A. ' CURRENT
PROTECTION /LlMITINO
CURRENT ERROR
SOURCE REFERENCE AMPLIFIER COMPARATOR ——Q 2
VOLTAGE
04 REFERENCE
THERMAL
PROTECTION
l yOX ] GROUND
S-39218
]
APPLICATION CIRCUITS
1
Figure 1. Programmable Voltage Regulator Figure 2. Programmable Current Regulator.
with Current Limiting
R
V5-2 ‘
5[ otmax)* 7 o] L Ys-2
V=V {1 “2) °° TR
o~ Yrel .R_l

w

-1 L200 t r— L200 I
Bl i
v PT g D.AWF y

(] —yw Yo
R1 “I R2 4 0 0.22uF 3 I" O4uF
8200  710kn T ' 1

[ $-za2811

e veym A

2/12
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i L200
I
SCHEMATIC DIAGRAM
[l]Ra R9 RIS
L ' ¥ais
Q7
.<016
Ru.[]
{Jro .
L1 4 CL:\QIG
o2y At | _@ ﬂi\/":-
o)

¥
2

1y
¥ am m:v[?L
02 (4 $KDs 09
Q0 Ri2
['}il Rz[I] R6 | RY|

. e

ELECTRICAL CHARACTERISTICS (Tamb = 25 °C, unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit

[

EVOLTAGE REGULATION LOOP

lg Quiescent drain Current (pin 3) Vi=20V 4.2 9.2 mA
en Output Noise Voltage Vo = Vref lo=10mA Vv
B=1MHz 80 H
Vo Output Voltage Range lo=10mA 2.85 36 \
AVo | voltage Load Regulation Alo=2A 0.15 1 %
Vo (note 1) Alo=15A 0.1 0.9 %
AVi | Line Regulation Vo=5V
AV, Vi=8to18V 48 60 dB
SVR | Supply Voltage Rejection Vo=5V lo= 500 mA
f = 100 Hz (note 2) 48 60 dB
AVi, | Droupout Voltage between Pins 1 | I,=1.5 A AVp £2% 2 25 \
and 5
Vet Reference Voltage (pin 4) Vi=20V lo= 10mMA 2.64 2.77 2.86 \

' £ SGS-THOMSON 312
Y Chutl I TRORIES
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i
Figure 17. Load Transient Reponse
los 24 ]:' o } i %0V
To='0mA 102
- e '
&Yy 2200my Con 1pF
%'”WL I_ '—" Co =00 )sF
,;‘j*,” 1,.,:‘— $-2388n
i
APPLICATIONS CIRCUITS

Figure 19. - Programmable Voltage Regulator

i —

Figure 18. Current Limit Sense Voltage vs..
JunctionTemperature.

G- 20N
T

Vs T ]
{mv 4
’ Yo »Yim
460 v, W0V
lagmaxy COMA
450 +
[
PN !
H
40 +
4% - N
A,
420
&0
-0 Q & 80 20 'l {*c)

Figure 20.- P.C.Board and Components Layout
of Figure 19.

- S-1)812

AT T R T S wE T

]

Figure21.- High Current Voltage Regutator with
Short Circuit Protection.

Figure 22. - Digitally Selected Regulator with
Inhibit.
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(N7 TIP2955
Y/ TIP3055
! COMPLEMENTARY SILICON POWER

TRANSISTORS

| = STM PREFERRED SALESTYPES
. » COMPLEMENTARY PNP - NPN DEVICES

DESCRIPTION

!The TIP3055 is a silicon epitaxial-base planar
NPN  transistor mountend in TO-218 plastic
' package and intented for power switching
circuits, series and shunt regulators, output
, stages and hi-fi amplifiers.

The complementary PNP type is the TIP2955.

! INTERNAL SCHEMATIC DIAGRAM
Co(2) Co(2)
(1) (1)
B B
3
Eo(3) Eo(3)
SC06960 SC08810
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
PNP TIP2955
' NPN TIP3055
Vceo [Collector-Base Voltage (I = 0) 100 \
, Vceo |Coliector-emitter Voitage (lg = 0) 60 \'
le Collector Current 15 A
ls Base Current 7 A
Pit  |Total Dissipation at T < 25 °C 90 w
Tstg |Storage Temperature -65 to 150 °c
t Tj Max. Operating Junction Temperature 150 °c

, For PNP types voltage and current are negative.

i
June 1998 1/4
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b TIP2955/TIP3055

THERMAL DATA

iLRm]-c.s, IThermal Resistance Junction-case Max ] 1.4 | °cw ]
: ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
t| Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
: Icex Collector Cut-off Vce= 100V Vee=-15V 5 mA
Current (Vge = 1.5V)
'| lceo  |Collector Cut-off Vee=30V 0.7 mA
' Current (Ig = 0)
F leso Emitter Cut-off Current (Veg =7V 5 mA
3 (|C = 0)
i | Vceo(susy* |Collector-Emitter lc = 30 mA 60 \Y
Sustaining Voltage .
: (Is = 0)
Vcegsat)* | Collector-emitter, lc=4A ls=04A 1 \Y
I Saturation Voltage lc=10A Ie=3.3A 3 \
: Vge* Base-emitter Voltage lc=4A Vce=4V 1.8 \
; hre* DC Current Gain lc=4A Vce=4V 20
I lc=10A Vce=4V 5
: hte Smali Signal Current lc=1A Vee=10V f=1KHz 15
' Gain
b fr Transition-Frequency |[lc=0.5A Vge=10V f=1 MHz 3 MHz
RESISTIVE LOAD
ton Turn-on Time lc=6A ls1=0.6 A 0.5 ps
; tott Turn-off Time lB2=-0.6 A VBEoft = - 4V 0.9 ns
Ru=5Q

b Pulsed: Pulse duration = 300 s, duty cycle 1.5 %

For PNP type, voltage and current value are negative.

S ey Pen

2/4

4




——

102

TIP2955/TIP3055
TO-218 (SOT-93) MECHANICAL DATA

E DIM. mm inch

5 MIN. TYP. MAX. MIN. TYP. MAX.

I A 4.7 ' 4.9 0.185 0.193
c 147 1.37 0.046 0.054
D 25 0.098
E 0.5 0.78 0.019 0.030
F 1.1 13 0.043 0.051
G 10.8 ' 11.1 0.425 0.437
H 14.7 15.2 0.578 0.598
L2 - . 16.2 - 0.637
L3 18 0.708
L5 3.95 4.15 0.155 0.163
L6 ’ 31 1.220
R - 12.2 - 0.480
o 4 4.1 0.157 0.161

B8]

o [
L L6 _
L3 .
) 19 R '
/ _/ >
B o A S
. \ /\ T % ‘
L
. R . 123 P025A
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SERVO MOTOR CONTROL FOR RADIO CONTROL

[
DESCRIPTION
The M51660L is a semiconductor integrated circuit for use in servo
motor control in radio control applications.
Housed in a 14-pin molded plastic zig-zag infine package (ZIP), the
M51660L contributes to the miniaturization of the set.
The built-in voltage reguiating circuit, and the differential
comparator used in the comparator circuit provide the M51660L
wlth extremely stable power supply voltage fluctuation
characteristics and temperature change characteristics.

FEATURES

® Small Circuit CUITeNt ssecceceecsaniacnrensenssesarsanceses 3.5mA typ.
(When output is off)

@ Excellent power supply and temperature stability

@ Simple setting of dead band

@ Includes protection circuit for continuous “H” level input

|
APPLICATION

Dlgltal proportional system for radio control, and servo motor
cpntrol circuit, etc.

RECOMMENDED OPERATING CONDITIONS

PIN CONFIGURATION (TOP VIEW)

Servo position voltage [I

Timing capacitor IZ

Timing resistor E

External PNP transistor drive (1) Iz
Input E

Output (1) E

Error pulse output l__g—_

Output (2) [10]

Stretcher input E

External PNP transistor drive (2) [E
Regulated voltage output [1__3_

Supply [14]

1099 1S

[ Supply VOBQe range seeessectrststessonsniennes sesrencsanes3 5~ ~7V Outline 14P5A
I Rated supply voltage ««:seeeseresncecnen testeecsnnresscnceees 4.8V
!
T
|
§
i
!
¥
|
|
BLOCK DIAGRAM
Supply GND
(4.8V) A
l Vee
! . .
o External PNP transistor drive (1)
Control Output
Input logic Flip-flop drive (6) output (1
circuit circuit @ Output (2)

'| External PNP transistor drive (2)

! One-shot Pulse Voltage :

' multivibrator stretcher Lfi:gtllztmng —G% Regulated voltage output

l ]

Servo position  Timing Timing Error pulse - Stretcher
voltage input  capacitance resistor output input
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MITSUBISHI <CONTROL / DRIVER IC>

M51660L

SERVO MOTOR CONTROL FOR RADIO CONTROL

el L I e T

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted)

¥
Symbol Parameter Conditions Ratings Unit
Vece Supply voltage . B 7.5 \
10 SINK Output sink current 500 mA
10 SOURSE Output source current 200 mA
Pd Power dissipation 550 mwW
Ke Thermal derating range Ta225°C 5.5 mW/°C
Topr Operating temperature -20 - +75 °C
Tstg Storage temperature range -40 - +125 °C
ErLECTRICAL CHARACTERISTICS (Ta = 25°C and Vcc = 4.8V, unless otherwise noted)
“symbol Paramet Test condit Limits Unit
‘Symbo arameter est conditions Min. | Typ. | Max. n
f . When output is OFF 35 5 °
,]CC Circuit current . When output Is ON 20 mA
3
. m lo SINK = 100mA 0.1 0.2
Vou Output voltage ‘L 10 SINK = 400mA 04 | 07 | ¥
VoH Output voltage “H" 10 SOURCE = 100mA 3.4 3.8 Vv
; "
Ione Ex'ternal PNP transistor 30 mA
. Drive current
VReg Internal regulated supply voitage 2.3 2.45 2.6 Vv
"|Reg Intemal regulated supply output current 3.0 mA
Tos Minimum dead band width Ros = 510Q, Cs = 0.1uF 1.5 ns
L]
I
§
i
TYPICAL CHARACTERISTICS (Ta = 25°C, unless otherwise noted)
]
i Thermal derating (maximum rating) Circuit current vs. supply voltage
' 1000 8
¥
% When output is OFF
! = 800 g
4 o E 6
[ s 8
d 600 -
2 E
a < E 4
i k=] 3
5 400 ™ < - e
I 5 N g
5 N (5] 2
«
£ 200 <
f o N
. = “1
: 0 N
0 25 50 75 100 125 0 2 4 6 8
Ambient temperature Ta (°C) Supply voltage Vce (V)
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M51660L

’;.
r
SERVO MOTOR CONTROL FOR RADIO CONTROL
!
Internal regulated supply voltage vs. Output voltage “L” vs. output sink
: supply voltage current
¥ S 4 1000 p——p=r~rrrrry
I e 5-7, [—Vcc =48V
1 £ S 4
>
. & s E 4
-— P
. g 1o
. B - Hos 7
g' 2 % 3 L4
7] o] /]
i 3 5 d
] s Z 10 e
2 o]
7
S 1
] ® (o] 3
t E
o
= 0 1
i 0 2 4 8 8 1 35710 3 57100 3 571000
Supply voltage Vce (V) Output sink current IsiNk (mA)
| .
, Deadband width vs. deadband resistance
]
i ,
' Stretcher capacitance
Cs =0.1yF
g 1 7
8
[
t S
3
[ H
|z
@ 5
; 8 /
b Q
[+1]
o /
i
} 0
0 1k 2k

] Deadband resistance Roa (Q)

APPLICATION EXAMPLE
I
Servo motor control circuit for radio-controlled

S

—Vce

' 2SA695 250695 | 4]
10n

—— -

Unit
Resistance :q
Capacitance : F

] Input
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SERVO MOTOR CONTROL FOR RADIO CONTROL

%

TE¢HNICAL APPLICATION NOTES
PIN DESCRIPTION

1.

Servo Position Voltage Input Pin (Pin ®)

Connect the potentiometer terminal for position detection that

follows the output axis. Compare this voltage with the voltage

of the triangular wave of pin ® and drive the motor. A capacitor
f approximately 0.1uF should be connected for noise
revention.

Timing Capacitor Pin (Pin @)

ponnect a capacitor that will generate a triangular wave by

Constant current charging. A typical value is 0.1pF. Also

connect a feedback resistor from the output here.

Timing Resistor (Pin®)

Connect a resistor that will determine the value of the constant

current of pin ®. A resistor of 18kQ will yield a current of

1.0mA. A capacitor of approximately 0.03uF should be

connected in parallel with the resistor to increase stability.

External PNP Transistor Drive O (Pin @)

Connect to the base of the external PNP transistor.

Input Pin (Pin ®) .

Operate with a positive pulse of peak value 3V or greater.

Output O Pin (Pin ®)

Connect a feedback resistor between this pin and pin @®.

Ground (pins ®and ®)

Error Pulse Output pin (Pin @)

Connect a resistor between this pin and pin @. The dead band

will change according to the value of this resistor.

Output@ pin (Pin @)

Thls Is the output @ pin.

, Stretcher Input Pin (Pin @)

Connect the capacitor and resistor of the pulse stretcher

_section.

. External PNP Transistor Drive ® (Pin ®)

Connect to the base of the external PNP transistor.

. Regulated Voltage Output Pin (Pin @)

,This is the output of the internal regulated supply voltage.

Make connections from this pin to a potentiometer or pulse

'stretcher resistor. Connect a capacitor of approximately 2.2uF

13.

e g m

e —

for stability.

Supply Voltage (Pin @)

The supply voltage exhibits uniform characteristics from 3.5V
to 7V. Connect a capacitor of approximately 10yF.
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