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Abstract

Nowadays we have a lot of technology about balancing such us Robot , Airplanc balancing ,
ship and sub-marine. In this thesis we will introduce about balancing system by using principle of
inverted pendulum to help “Balancing Robot” to be balancing even having extemal force doing to
robot it still not falling down. This theory can help to develop robot and rescued-robot movement

to be more efficiency,
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3.1.2) 29930389n 32 UMANA AUIVVUIAD (Full wave Bridge Rectifier)
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3.1.3.2) m3uitla (Ripple Voltage)
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- Fixed Voltage : 5V 3 A (Max)
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1.1C :  Bridge Rectifier : FL402

Voltage Regulator : LM 350T

2. Capacitor Cq, (Electrolyte : C,, C,) 6,800 uF /50 V
C (Polyester :C,) 100 nF
C (Tantalum : C;) 10uF/35V

3. Diode :  Ultra Fast Recovery Diode (D,) : MUR460

4, Resistor R, 3k(2, R, 120 (Q/0.25W

vancs



26

3.2.1.1) visfautlaa
o o ' = [ A ]
Aamnnussdy Iddweviungegeaiisidesns (30 v,) uaziieanini
-1 o T ® = o ] 1 a
2nsilgUnsaiRedlumneynsunieluaes didRaussdunnnton 3 daudedu Tums
= g9 = Y- 3 ] dy
DONULLTINDIL NI TATBLT IR LA U A U0 1Tl
] [ ar ar 3 94 o P
- AIUYBNNAITNITEADLSIAUYY 1F  IC wed LM350T Felsznovil

degilnsainielu dagi)

é} IHPLT

VOLTAGE
REFERENCE

PROTECTION
CIRCUITRY

Fe
ADJUSTABLE oureuT \|>
8,

7% 3.6 299n10uv89 1C LM 350T
Tagagyinulugluuuues Negative Feedback TeeiimsalSeuifiounsady Reference N7
ql i Qr ot U é =1
Adjustable HualaouhlTasnsSunudumudsum ladadSoufisunn Voltage Reference
Ao
AMelunidan 1.25 v
- AIUYBINITNTDITIAUNTIHBN  (Ripple Voltage) 111899101L59AUN
ponu1nnuiad lalead luSsunefinsinnldam Sedesld c fitter 111 avhwifinsos
g A F= T ot o '
usaunszmenlulmoglunuanniula
] = 94 o oo o aa o 1 ' 9/
- AUV0INITeINTzHE 1% IC vSAdNFanssdugnindumanowdn
[=} J ot T s i é
29955 09n520d 92ADININNT usefuvIeendiu 2 MuoausIAUANAT Y P-N Junction F41u
o) = s ] s oo o ]
AMTUT U 15T UANATOL P-N Junction Yaaganau laTeainlszuin 600-700mV ug

o an o &

iWioaninlunalfia Suavesnuanimnien (Deviation) 391¥1s s¥uanAs 83 P-N Junction
whin 1 Taad darfy TumadunssuaniasiiuseduannsonlaTon Wiy 2x1 = 2 v
madwesnesFuanszuadead ussdunma Wfheiadosviiy v,
V,=3041.2502=3325V_,
iioennislsziamwsiimed lumeus i peak to peak Fofu
V,=33.25/2 - 2351V,

¥
oo o 1 Iy = @ ' |
At fasmuaivesvananAeniivedens 30 Volis (iuald) iflu27 v



217

A
3.2.1.2) lﬂﬂilﬂ‘;ﬂ@ﬂﬁxllﬁllﬂﬂ!ﬁﬂﬂﬂﬂ

]
= o

Tuduvesvsuia Gursesihldnszuavariuldmudes Taonde
wasfteenuuuinlinunszualdqeqa 4 Ampere Seanszualdilu Puse DC Fams
@Bﬂltﬂﬂ’l&%iﬂ?ﬂﬁ’gﬂ ﬁ,ﬂ&ﬁTﬁdﬁ\‘iWWﬂﬁlﬂﬂg 3 §1 fig Peak inverse voltage ,Current average
voltage g Peak surge current F3us sfufitowiynvonsvsuad eonuuniiius sdulszuin
341788 §arfuPeak inverse voltage woelalealuaees Full Bridge PEvR LR Wil ave
wssdmoimiuediatos  @ssanm 342 = 17 v) SedonlFuSadiued FLaoz 43} Peak
inverse voltage = 200 V :ﬁuﬁuawadams 14197u Current average = 4 A LIDT peak surge current =

é ot = T4 1 1] o
200 A FeenmnsauuniudTinunszuavesmdonlaaidlesliiFunwdeudigrsesmadaly

3.2.1.3) 2495030439 UNIZINON

o 4 X @  d 1 LY N |
Tunsesnseaussdunszfen 1@lddududszadeuuiuaces e

b
ar 4

. o v o as e,: o 1o o
Ripple Voltage NAIHUAIMNNDY 2.5 v,,_,,muummmmmmw1mmmuﬂs::i;"1¢’fmu

1o/ (FXAW)

Filier

=3 /{2X50%X2.5)

C

= 12,000 pF

Qs

#1d

=

= ] Y o ) s =
9800 C A1 6,800 uF 1AZi1939 1A M UAN LT IAUYDIVA AN

2
W
PBivfu 27v_ = 27+/2 = 38.183 Sudenld ¢, Heunsanuussduld so v

5 Fiiter

3.2.1.4) 2993 5PYISLALUIIAY
YuTnseauit18i@on14 1C Voltage Regulator : LM 350T flrfoninnisu
1A aua 1.25 - 33 v TA0Tl Voltage Reference n1elufilsnvidy 1.25 v ms§uszdu
wsednilFFadmnUTus (®,)14 3 K Ohm wznztiy dusideansundesiolnlng o

910114 30 Taav sy R, uaz R,

NYAT vV, - V {1 +R/ARN,,*R)
30 1.25(1 +(R/R,)) +{(100uA* R,)
R, = (28.75*R,(1.25+(100uA*R,))
TuTnsanuiidontd R, --120€2

R, —3k£2



28

14
Qs &

druizneunuenimiieninfinaiudadu idail
-C,,C, =6,800 pF (Electrolyte) ﬁ'lﬂﬁ'lﬁ‘ﬁﬁuiﬁﬂmﬂllﬁ'ﬁ Ripple Rejection
-C, =10 pF (Tantalum) YmvhAgawswnszualiduvaadiossdy
ar o e a d' J
urasuanasi ldszduussunsiunuuy
LA Q/ b s o = J A " o
- D, ldetlosiums lnafeunduvesnseue AefAaiu eas lnaad

» 1 »
Wuvaaimnio1i (L) wezd nszuen lHadiu L anad L szadudn

3.2.2) wdnmasoenuuuuviasnnel 5 Taannh
gilnsaimaluases
1.1C :  Bridge Rectifier ; FL402

Voltage Regulator : SI 80508

2. Capacitor @ Cg, (Electrolyte : C,, C,) 6,800 uF /50 V
3. Diode . Schottky Diode (D,) : IN5822-E3/73
4. L Coil : L 100uH

3.2.2.1) ivteualas
1 [ o 4 a‘:’
TuduvoamasnwId 5 Tasnshlu munsnldnszueuuy Switching
o 1 o ar o P
qagnld 34 Tavlunisdnnndauvesmdout/as desdnnmnnus sduTwiueiun sv aeh

A =1 ool r a o L4 o 3 1 o cf
ifinsnipasesilgilnsainegluuweynsuiwi Ivussduiansanason deil

- IUYDIWATINET TC ,.T__.- _ \ ;—o 2 SWout
sedunsedu 19 1C wef SI 80508 § )
4 wa i -| Reg. -{ OCP |}
ﬂuﬂmﬁuum'ﬂmwi Regulator ! T L
A : - » :
WUU Switching Fenwluilsezney ; OSC || Reset orive | |
1 as o -~ E Q L E
T2 gilnsaldien dagy viadd L l ;
Trananasoululsesanlu L. Comp>- | TsD | |

tszane 2 v lusrsnsiauves — g b a vos

IC 3 — = 5
717 3.7 1esnvluves 5 i VREF
1C ST 80508 : ' i
O L LT .d)__________________________'



29

1 as ﬁ. . QF <3 ] s
- WIUVBINVINTOIUTIAUNTLINOY (Ripple Voltage) ﬁﬂﬂﬂﬂ’]iﬂﬂ&‘lﬁﬂlﬁﬂ?ﬂﬂ’lﬂ%i

urasneusuiliua layndszans

1 = Y o o a8 LY t ot o o '
- WIUVDINVTLIUINTELLE Husmwummﬂmwmwmmuu'jaﬂuﬂsuﬂﬂﬁ éws

Hussuanasayilssuin 2 v

¥
o ar

3 =t L = ar [} 3 Vo
AUUMATIVD99995 5N zuadesdl ussaum Idhodedonvindu v,

in = 5+2+2 - 9 Vpeak
& = o' w ar q’:
Lummﬂmﬂs:mmmsmmaﬂumaummu peak to peak AIUU

V, =9/J2 ®636V_

L
ar  as

afuvanIAnAvgivoIssundetiyi s Taadashiilu o v,

3.2.2.2) 'Nmﬁmn'mtmmmﬁuﬂﬁu

‘
o o

] a o ] -

Tudmwesneesusad 1ureesiiiiinszuanaruldmadon Taonlo

4 4
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a o n’: o = o o .
POAULLIIUTATIIU ADeftlsdan1sfiimes 3 #1 A Peak inverse voltage ,Current average
A o A (4 o o) as

voltage 1482 Peak surge current HALTIAUNBINHNVDININIULIAD ponuuy I linssdulszuin
¢ e - . . Vo ] ] t
9T1a¢ Ae1iUPeak inverse voltage ¥0laloalua99s Full Bridge 3ziviiunsaniievesm

as o i 1 Y] - | Y a L4 A o
ussruemwnidiustiados (s 972 - 4.5 V) dudonlsusasiues KBP 206 %9l Peak

4 \

inverse voltage = 600 V FUNVINDADATS 19978 Current average = 2 A 1i01¢ peak surge current =

€§ o = L=} 1 1 s
60 A SeannsouuniudTinanszuavomieuasldlaohiFenenoudigreesnmdaly

3.2.2.3) 2909030 IAUNTLNDU
w  d ] s 4 1
Turgesnsoenseua  AlETuAvYszgRovuINAY299s 11099InAN ripple
1 o "o [ u‘/’ o (=] s dy
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3.2.2.4) 19933 NHITTAUUIIAU
9
an 2
TuTasesauilladen]s 1C Voltage Regulator : SI 80508 il Switching

Type Voltage Regulator lauiinseanuuuiesaagll

C}"'_k?Vm SWout
. . S1-8000S

c1 ZZZ E

: Vos

E S.S GND

_____ C%{“ 5_____-__
GND GND
O—e * —(

gﬂﬁ 3.8 29953 nssRuLs S uA s sfuneii 14 s1 80508
1‘%15&1]5.01‘!?'{1 Output 71U Input 917 Port Vos (Voltage output sense) Tl
aRouftufiy Voltage Reference nuluiftodnuiszduussiulvnafiogiisedu s v,
danlsznoufiusnmilosinfindrandredy fided
- C,, C,= 68,000 pF (Electrolyte) ﬁmﬁwﬁ'ﬁau“luﬂmﬁnﬁﬁ Ripple Rejection
- D, ( Schottky Diode) sitedlosiiums lnafounduvenszua iione Tnaniith,
uAAAM TN (L) ma1zé nszuaf nardiu L oaas L aenduds

- L Coil = 100 uH #1vil9iilu Choke coil 1117993
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VN 4

Nquf duIesAMugHH (Inverted Pendulum)

Foy d ar
4.1) 3TUVUBUNDIANUGAU (Inverted pendulum System)
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d‘. Y a3 o ﬂ' ot o 1 | o d.v
NP 4.1 dios s uasfandaaus wiidrsoudrez lAnwdsnuveandazday el
- 1 ' 2
y:= yi+1siné T,=5M(y,) .1
HOSNAINUIINNUNWLY AL AD
1 ne 1 2
T, =§'M(y2 ) +EM(Z| ) 4.2)

#15U Free Body Diagram 499 y, ag z, inuily

yi=+Isiné 4.3)
y:=y"'—8'lcosl (4.4)
zi=1cos@ (4.5)
z/'=-18'sinf {4.6)

»
AL WU

T=T+T:
P | 5 2
T=sM(PY 3 M0y +2h] @)

. ¥
ar [ o W
THngeaudng v vosszuuazfiu13Nunuman Pendulum Aeriu
V = mgz1 =mglcos8 (4.8)
9111 LaGrange Equation fio

L=T-V 4.9)

1 "Nl 1.2 1.’
=§[M+m](y,) +§M[(y ) +(Z,) 1-mglcosé
LENUAIRINEYNTS 4.4 1D 4.6 JAAIY

L= %[M Lo(pl) + mly.'9'0059+%m1’9’ _mglcosd  (4.10)
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© at at i o ar Ovl
fmTUANIT State Space Variable vasszvuiiaesdn fio v, uay 6 Aaiuseld aunis

V83 LaGrange Equation fio

d L oL
S A A = O (4.1 1)
dt oy oY\
Al
di 89" 06 @12
! oL

T —=(M+m)y \+micos@ (4.13)
oL
=0 (4.14)
O
or _ micos@'\ +ml'6' (4.15)
oL _ mlsin@ (4.16)

o , . . oA
ﬂz'lﬁﬁumwmizuummﬂu Nonlinear Dynamic Equation A9

(M +m)y" +ml0"cosf -ml@'sinf = f @.17)
mlcos@y"\ —mly"@'-ml’8"-mglsin@ =0 (4.18)

AUMST 417 uax aunisn 418 awnsofvzlssualddurumsdadula Taons
E D) 1
Uszaald yu 6 fisudhlnd 0 10 q Fafu 214 Cos 8 = 1 uag Sin 0 =0 UufAvszBIA

- - 4 ,
UAUIMAPYEY Pendulum Bnsifeundanpiiesn  #esldaums Linear Pendulum

Equation BABINTI 11104

w_JS _mgb (4.19)
M M
gre—d (MM 00 (4.20)

M Mi
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5.1) msvaewainsluszuuileundy
k4

] - ar

dauilszneuiugiuvesszuuntuguiie 2993ntuauilound (Feedback Control Circuit)
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F13zNeUAILNsTLINMIATITE MIUAN uazosnlsznounugugaie dewaaslugl s
s 1] o FENEET 1 r-| A a a Qs & a Y = =
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511 5.1 vhenlaezunsudiulsznouRugIuveszUUA LY

e ' a = o ] o ia £ 2
STULAIUALAAADINHARDLAUBIADAITUNIUATIAGY  uAmadounlasiiRadusiy
W v of = & Y = ] 1 = o‘: c!w ¥ w o F LY =
Zodldrowiull msonmeziidifarmaiu Sdudrdsdpei ldfiannurawanly
TR = b4 3 - Y P [y =} 3 YY)
suuIfieofigadan ssuvnlunuiuivawsia dedeunenlimuiyauiudnuuzuyes
13 ]
ufaysza MIfnyIdnyazvewIniuguaeqiiu eldidhled msvawenwaiasawisa
{ L= L) A n‘ (-] O L] ﬂl
nlRvungAnssuvesszuuldesnls Fuiludadiyediebe

d.y ’ &S a g e «a =) a ) - P
Tavluuniisgnandaiamuguildiuegin q 1 Ao dwsuguuuy “#led” (PID)
o o 4 d
WUMITABOUUVDYNTY (Series Compensation) HAz “wIATiAANNTI” Millumssassil
¥
flound (Feedback Compensation) mumﬁmwmmmﬂaﬁm% (Phase-lead Compensation)

LBLNITFAOUU WA E1MET (Phase-Lag Compensation) 92 1&na1fialuynde i

5.2) damnuAuBITTLLAIVAY
at d' L} :.: 1 J I o J 1
SnuazvesszuuAIunUNBENULIIBt1ATY dontusyfunsldnuvswsazszun T

fuudpuniioudu drediagiu szuuwed vsuniosmganuuAtnea AsHARDUALDY
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ar 1 ar . o o 1 =4 o = ar
Handunw Touvasiwasy Ges) e ldRanFudisleuvornilaifodmuandosns degil
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E(s) com T
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51U% 5.2 Control Block

Jommusidesnsdieiinstloundy 1dun

1. Anunsiud luan 1z ogaa (Steady state Accuracy)
2. HﬁFIEJ‘IJtTuFN‘I?’JﬂE: (Transient Response)

3. M3fSATISUNI (Disturbance Rejection)

4. AU} voesEULY (System sensitivity)

5.2.1) ﬂ'amuﬁm'iﬂuammagjﬁn {Steady state Accuracy)
sevuRfiafes i 2 wwu ¥ilad | wriszohifisAanmaluaougeg
Fufipsnindyananiine widaf 2 nuriiliddAawmaluaousegdaiosnndygnaud
aafinasdoaaudunaabes Feszvezihunuy Tnui aldvn$1uau Inadfiqaduia

¥
vosrlardunelouvenada duiulunmisiSudynnuainiiuaougegdvesssvy @
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yABBADIALNA s = 0 THAuszuYL oonelsAmuszuufitIinal s = 0 @HUsAINUDITELLT

a L at 4:‘ ¥
faad uasNaﬂa‘uaum‘n’mgummmmmaanﬁu

5.2.2) Nﬂﬂﬂﬂﬂuﬂ&‘ff”mé (Transient Response)
' o & a w v w '
PRIV UNDYU ¢ LﬂU’JﬂJﬂ&IﬂUﬂ‘jx‘lﬂUBﬂﬂﬁu’N uazmmn”s’mmu (Bandwidth)
d' b : [ ~ vas -
UHITSUD msmeuTwmq’flﬂ"lﬂmwwﬁauu Lﬂuﬂnaﬂmmmﬁm t, Lmuuf]umsmn
Y o o A4 4 ' <
ﬂ’J‘lﬂJﬂ’)'lw‘leU‘U‘EN'SZ‘U‘Uﬁﬂﬁ‘)U muutﬁﬂmzaﬂ‘manmmﬂuauawmswu ﬁ'mmumm
[y Y o
e ldszvmiiuea
. » [l
AauveINanpuanDIFIngiy  Merdeslavassfudasinisnuavessyuy
Y ' ] = W :‘; ar ] 1 e; |l ] oy 4=; o [l
Lﬁmzaﬂmmmuawmmmumﬂmmmo arulu Tagunnui mmmummi’faanumu
A . ¥ s ul: Y o a o
worle (Phase Margin) LHASATFPIFAVDIVUIN Mp AIUU ‘UEJﬂT‘r‘i'Llﬂi‘uIﬂmuﬂ’ﬂuﬂnﬂﬂﬂ‘}ﬂu

31/v94 Phase Margin 1Az M,

5.2.3) NAYDITITLNIUMBUBN (Disturbance Rejection)

= a T as = o a '
HaYBIRITUNIU D AilMedyguoon C Wotsa laonfladdunieTou

C G.L
P Lo (5.1)
D 1+GGGH

ezt ldnidavewesen G,.G,GH >> 1 1314
C._L_ (52)
D GGH

,
o - Aa

Sumanisdounduzannavesdssuniu D Alide C na S1OAT1W0WITOUIM

t T d a o o =)
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5.2.4) ANN1IVPITTUU(System sensitivity)
& e ] = [} o ar [y
anulweeszuy Aedasidmmanldsuiasvsuryaiuvesilandu loudioves
1 o = o = a [y
sy semsalAvuntasvesminidmedvesszuy  Invmgiimsalfounlawsiiineives
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U(s) "‘ I Y (s)

——j G(s) —

L

317 5.3 mafimesvoesziy

m3lasunladlussuinailannulwesgyl wilden

oM
5 =-aGA’£ (53)
76
Tauft M=) (i) =5 (5.4)
y oM. G. 3G.G
2l Y =—[=]==—[=]=1 .
Wi eyl -5

1 j v
gufe anylvesszuudadiy 1 daluliimsasanyTesmsilasunlag

meludn llwilwesszuuasia

—_— — . G(s) -
n)_ o

1 H(s) —l———
L

517 5.4 szUTla

anulwesgil 5.4 mildan

oM
S = 3G/ G/M{ (5.6)
2
Tnof M =Y G(s) (5.7)

R(s) 1+ G(s)H ()
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. M _G. 8G. G G
2 e Mo, v G G
¢ aG[M] aG[1+GH][M] (5.8)

1
" 1+GH

d‘ r 4 L7 3 s
We99In | 1+ GH | snnnmilaaue daiumstloundusadunisaaanulives
i‘:l 9/ F=1 o n!j [-3

szuy leenald msesnuuudoinisIianulafianios duiuesszdimusnnulr By

ot muadae 15y

" 1

=—— <K
° 1+GH 59

= a o a a
Faorofanundudodmualunmuninlunias 18 lnowewiiy
. 1
I+ CGH(jo)2 a (5.10)

3 ot Ll =]
5.3) msvawanuusynsulaaliiimuguuuunled
¥ =Hq ¥ d W = = oo = o w
S 1fdudinuguuuudled Fyarusenaiugy ub anuduiuiiuau

AANA1A e(t) Taoaruns
de
u(t)=K,e+ K, —+k, [edt (5.11)
dt
w3ofiHenFunie Towmily
k
G)=K,+K,s+— (5.12)
)

N - - rL = - : a = o =) ¢ a =Y - [l

Fraruguuuniiled laom luinawyila Wsiiludidonseting dauwdn vieeglug

n‘; o an o o 4
yoedunoudTN3nIUAN (Control Algorithm) UNATReanoINAABIHTE 1t IS TUsivmaes

L
Ta ar « ar

TumsiFauslusnwudesldiamumnindouanu

msmunuuuLAle (P control) Miumnnlumsaiuguaszuiums Wesnnmsaiugy
A5EUUMIIAEITDIRUTLUDAUAT (Regulator Systems) iHOAIAIAILT 19U gUHQH ANLAY

F WA:; ' a' a 9 é A‘ dﬁ:‘ A e d’ - o = J
nazszay PaammmuaMamiles delidwsunsunielinsudsiavumiinesinaiu
=2 arey

welidhlatanuauiiAvesiiunIugu (Control Action) usinzAdvzeTUWATIAILAY

& ™ - o
#Wug v P, PLuaz PD uonvindu Junsdidaly
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5.4) mﬁﬂ'wqwmuﬁ’mhu (Proportional Centrol)

+D(s)
Uis)

R(s) + E(s} — = Y e Y(s)
. i

= o = o
zll'ﬂ 5.5 Uaﬂﬂ151ﬂz!iﬂﬁNﬂ'lﬁﬂ')llﬂlJW'lﬁ']NLﬂﬂﬁ KP

as ' i & o o a ar
agnsaunuuuudadiutugln 5.5 dygrunivgu uo Wudadnadaduionim

Aanana e NsznIedyanaduaz dygIuesnyosz Uy Wufe
u(t) =K, e(t)= K [r(t)-y()] (5.13)

J d' q‘ 9F é d' 9 - = o =1 ar
msauquuuuil e 1 idindwaneuvesszuundosns Iwnimed X o)
a a @ oy a ' ¢ A M
wezlfumld  anuRanaaluaniuzegfwesszuumuguiadasilugud iaden
Snswmeyoasaniuguldmiiy (1/6as meensenans (d.c gain)) ¥9958VU K ,= 1/G(0)
) ] ¥
Wissonnanldeuntasvesannzianden  uazoymsldauresudiy  8nTvew
- ] a 3 AL Yoo 1 as o ¢ 1 [
nssuaasszinlfoum llamunas dniuis I Hanaaiuamusogauiluguiogiaus Ao

15UR 18RS VINITLUEAT IHUATIIM

TEUVANNA

E(s)=R(s)-Y(s)
1

= [m]fe(»‘)

e.(0) = limsE(s) = lim s[l—;ﬁ;(é_—)m@ (5.14)

»
-3 L o Q o é '
dmfudygnauduuuduiiulaniisniae

1 1

= : = (5.15)
1+ KplimG(s) 1+ Kp

e (1)
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[ Qs c:' J ar ' o
Aranmaluanmzegivesszuundauy duiuam K | vesdaniugu [Taofufenld
¥ ] 1
& A =2 9 = = =Y
Kp = 100, e_(t) = 0.009] Aviu adannzadoundouudasviaifanmsifasumniines
r 1 d
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E
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HAABUAUBDIADT Y MUUHUIHUID

Kp (ko)
c(fy=——=(1-¢ 7 A
() T+ Kp ( ) (5.16)
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Qmwgﬁmm{ﬂuﬁq ﬁaqmimmqﬂuum‘lmy:ua::ﬁym?mmmn U303z UUTIUANNToUVIIA
Tngy msldsanveennifu i lfifansdud (satration) AegagavessLuy SxUVeE
solugaelidudadu mldrasevauesd hidiulunumguiFadufisman1’
sfuRumiaves Inanedan/fou lldefiman/foud K Taedmioadumisves
TnaneTaluszuty s wsinld e pr‘fméau q TwattanosvzAoy q wAeufm
Mz AR K,=0.125,8,,=-15 nnfudmeseves Inavzifluningd A -1.5 uddou
Sumnmeziiuiuion A Tﬂ“lcmf‘umi._lwmIwmfuﬁaﬁhﬁmﬂmwﬁaa Fazanaaile K .
s dafy szuuRsTvzRun K, RUAMUS BINARBUTLB tazanmHAWaIA Ty

Vas ' a = @ a
aouzegAl uadoafilataatos NTWENRNT (relative stability) YBITZULAIY

5.5) MINURMUULBUNNTS
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szuuauguuuudadiuediafeniu  evssihildfanuienaalugauzegdmie
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au Fadoifovesdiniugy PI AABATINGIVOIHAABUAUBIATIAWAZUNINRUAY UALIN
ar - ] by ) qu ¥
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IWHdunnd1 msaruqu p1 Fozdvuduvosszuniuridududanlsideants
AURY
x'=Ax+bu (5.17)
y=Cx (5.18)

L. at

9o ar o - = s o
Tddmlsmmada vy Aedygiuesnvesionduiininvaadaniugu Pl Uufo

x,=e=r—y=r—Cx (5.19)
Tai u=Ke+Kx, (5.20)
x'=Ax~-bK C +bK x, +bK r(t) (5.21)

¥ fa 1 a
22 ldmaarinw o s iuAafiuud (Augmented State Vector) 111

] _[4-bK,C. KT x| [6K,]
xln+l - C; 0 x«+| 1 r() (522)
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ssuunldougiuvunn “wida 07 wuihu “wia 17 MlA lulaAawaraluaouzegdd
A ar ¥ d q’: ' a1 e v e ¥ ¥ o 3
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R
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otrelsinw  Tumelfiaiu liansadunsiziiledsudinloy  (Kprkds) Tdda
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5.6) N3AIVGUUULLYWUS (Derivative Control)
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UNN 6

Neural Network
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gﬂ‘ﬁ 6.4 Tnssasiana Output Y&dNeuron Network
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node input 4% input ¥aMURYDS Neuron 1w net, 9318
net, = Za)ﬂO, +6 (6.1)
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Tuvaeh 6 duyugavme 1214 output (0,) Y049 neuron i fio

0, = f(net,).f () =—— 62
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(6.5)
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(6.6)
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Aw, (n+1)=né,0 +arw, (n)+ fAw (n-1), 5, =— aaE (6.8)
net,

VINNQUDY chain rule for derivative 15192 14

o =e(n+1}6y(n+1)6u(n) do, (6.9
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Inverse pendulum's PCB overlay layer
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Balancing robot Drive schematics
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> Balancing robot Drive’s PCB bottom layer
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LM150/LM350A/LM350

General Description

The LM150 series of adjustable 3-terminal positive voltage
regulators is capable of supplying in excess of 3A over a
1.2V to 33V output range. They are exceptionally easy to
use and require only 2 external resistors to set the output
voltage. Furlher, both line and load regulation are compa-
rable to discrete designs. Also, the LM150 is packaged in
standard transistor packages which are easily mounted and
handled.

In addition to higher performance than fixed regulators, the
LM150 series oMers full overload protection available only in
IC’s. Included on the chip are current limit, thermal overload
pratection and safe area protection, All cverioad protection
circuitry remains fully functional even if the ad;ustment termy-
nal is accidentally disconnected.

Normally, no capacitors are needed unless the device is situ-
ated mora than 6 Inches from the input filter capacitors in
which case an input bypass is needed. An output capacitor
can be added to improve transient response, while bypass-
ing the adjustment pin will increase the regulator's ripple re-
jection.

Besides replacing fixed regulators or discrete designs, the
LM150 is useful in a wide variety of other applications. Since
the regulator is “floating” and sees only the mnput-to-cutput
differential voltage, supplies of several hundred volts can be
regulated as 'ong as the maximum input to output differential
is not exceeded, i.e., avoid short-circuiting the output.

By connecting a fixed resistor between the ad;ustment pin
and output, the LM150 can be used as a precision current

National Semiconductor

3-Amp Adjustable Regulators

May 1998

regulator, Supplies with electronic shutdown can be
acrieved by clamping the adjustment terminal to ground
wt ch programs the cutput to 1.2V where most loads draw
l.ttle current.

The part numbers in the LM150 series which have a K suffix
are packaged in a standard Steel TO-3 package, while those
with a T suffix are packaged in a TQ-220 plastic package.
Tha LM150 is rated for =55°C € T, £ +150°C, while the
LM350A is rated for —40°C £ T, £ +125°C, and the LM350 is
rated for 0°C £ T, < +125°C.

Features

Ad;ustable cutput down to 1.2V

Guaranteed JA output current

Guaranteed thermal regulation

Qutput is short cireuit protected

Current ¥mit constant with temperature

P* Product Enhancemant tested

B6 dB ripple rejection

Guaranteed 1% output voltage tolerance (LM350A)
Buaranteed max. 0.01%/V line regulation {LM3504)
Guaranteed max. 0.3% load regulation (LM350A)

Applications

& Agjustable power supplies
m Constent current reguiators
B Battery chargers

Connection Diagrams

{TO-3 STEEL)
Metal Can Package

ADJUSTMENT YIN

DS0B08T-4
Case ia Output

Bottomn View
Order Number LM150K STEEL
or LM350K STEEL
See NS Package Number K0ZA
Order Numbor LM150K/883
See NS Package Number K02C

{TQ-220)
Plastic Package
Vout
1
l :F YIN
O [ —=——>Vur
I F:: AlJ
CHRpOROA1-5
Front View

Qrdor Number LM350AT or LM350T
See NS Package Number T03B

© 1999 Nalional Semiconductar Cerporation DSC09061
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Storage Temperature

Absolute Maximum Ratings (ote 1)

Distributors for availability and specifications.

Lead Temperature

Operating Temperature Range

-65°C to +150°C

- . . Metal Package (Soldering, 10 sec.) 300'C
if Military/Aerospace specified devices are required ; h
h P Pack X
please contact the National Semiconductor Sales Office/ lasiic Package (Soldering, 4 sec.} w0C
ESD Tolerance TBD

{Note 4}
Power Dissipation Internally Limited ll::;:g.t\ 'jgg fIJ i ::ggg
Input-Output Voltage Differential v - ==

; i’ = "33 LM350 0'C=T,s+125C

Electrical Characteristics

Specifications with standard type face are for T,= 25'C, and those with boldface type apply over full Operating Tompera-
ture Range. Unless otherwise specified, Vi~ Vour= 5V, and ‘out® 10 mA. (Note 2)

Parameter Conditions LM150 Units
Min Typ Max
Reference Voltage 3V S (Vi ~ Vour) € 35V, 1.20 1.25 1.30 v
10 MA S iy S 3A, P 5 30W
Line Regulation 3V S (Vi - Vour) § 35V {Nota 3) 0.005 | 001 WA
0.02 0.05 %V
Load Regulation 10 mA £ lo,r 5 3A (Note 3) 0.1 0.3 %
03 1 %
Thermal Regulation 20 ms Pulse T : . 0.002 0.01 %W
Adjustment Pin Current - _ 50 100 WA
Adjustment Pin Current Change 10 mA 5 lgyr % 3A. 3V € V= Vgur) < 35V 0.2 5 m
Temperature Stability T 5 Ty S Toaax N 1 %
Minimum Load Current Vin — VYour = 35V as 5 mA
Current Limit Vin = Vour § 10V 0 4.5 A
Vin ~ Vour = 30V 0.3 1 A
RMS Output Noise, % of Vo 10 Hz s f < 10 kHz 0.001 %
Ripple Rejection Ratio Vour = 10V, 1 = 120 Hz, Capy = 0 HF 65 d8
Vour = 10V, f = 120 Hz, g, = 10 4F 66 86 dB
Long-Term Stability = 125°C, 1000 hrs 0.3 1 %
Thermal Resistance, Junclion K Package - 1.2 15 oW
to Case
Thermal Resistance, Junction K Package _ 35 ‘CW
to Ambient {No Heat Sink)

Electrical Characteristics

Specifications with standard type face are for T, = 25°C. and those with boldface type apply over full Operating Tempera-
ture Range. Unless otherwise specified, Vi, = Vour & 5V, ar‘d our = 10 mA. (Note 2)

Parameter Conditions LM3IS0A LM350 nits
Min | Typ | Max |Min | Typ |Max
Reference Vollage loor = 10 MA, T, =25°C 1238 [1.250 |1.262 v
IV S (Vi - Vour] € 36V, 1225 |5.250 [1.270 |1.20 | 125 [1.30 | V
10 MA € loyy < 3A, P < 30W
Line Regulation 3V S (Vs — Vour) S 35V (Note 3] 0.005 | 0.01 0,005 [0.03 | %V
0.02 | 0.05 0.02 |0.07 | %V
Load Regulation 10 mA € Igur < 3A (Note 3) 0.1 0.3 0.1 0.5 %
03 | 1 03 | 15| %
Trermal Regulation 20 ms Pulse _ 0.002 | 0.01 0.002 [0.03 | %W
Adjustment Pin Current - 50 | 100 50 | 100 | pA
Adjustment Pin Current 10 MA S lour S 3A, 3V £ (Vi ~ Vour) & 02 | 5 02 | 5 | wa
Change 35V .

www,nations!.com 2



Electrical Characteristics (contied;

Specifications with standard type face are for T<’= 25°C, and those with boldface type apply over full Operating Tempera-

ture Ranga. Unless otherwise specified, vV -

out * 5V, and Igur = 10 mA. (Note 2)

Parameter Canditions LM350A LM350 Units
" Min | Typ | Max | Min | Typ |Max
Temperature Stability Tan 8 Ty 8 Thpax 1 1 %
Minimum Load Current Vin = Vour # 35V 35 10 3.5 10 | mA
Current Limit Vin — Vour S 10V 3.0 4.5 30 | 45 A
Vi = Vour = 30V 0.3 1 025 | 1 A
RMS Quiput Noise, % of 10 Hz<fs10kHz 0.001 0.001 %
VUUT
Ripple Rejection Ratio Vour = 10V, = 120 Hz, Cap, * 0 BF 65 65 dB
Vour = 10V, f = 120 Hz, Cpgy = 10 WF | 66 | BB 66 | B6 dB
Long-Term Stability T, = 125°C, 1000 hrs 025 | 4 025 [ 1 %
Thermal Resistance, Junction K Package - 1.2 1.5 |"Cw
to Case T Package 3 4 3 4 |'Chw
Therma) Resistance, Junction K Package - 35 ‘CwW
to Ambient {No Heat Sink) T Package 50 50 ‘o

Nate 1: Absolute Maximum Ralings indleate limits bayond which damaga to the device may occur Operating Ratings indicate conditions for which the davice is In-
tended to be funchional, but do not guarentes specific parformanca Wmits. For guaranised suacticatons and test condliions, ses the Electical Characteristics.
Hote 2: Thase lons are for powar jans up to 30W for Lhe TO-3 K} package and 25W for the TO-220 (T} packege. Powear dissipalion i
guaranisad at inese values up 1o 15V Input-output diffsrantial. Above 15V diflerentiar oower Ssspation will be imited by Internal protection circuitry. All limits (.e.,
the numbers Jn the Min. and Max. columns} are guarantesd to National's AQQL {Averaye Ouiyoing Quality Leval}.

Hote 3: Regulation is measurad at & conslanl junction temperaturs, Jsiag pulse testrg wit 8 ow duty cycle. Changes in oulpul voltage due to heating effects ere
covwad under the spacifications for tharmal regulalion

Note 4: Refer lo RETS 150K drawing for military spegifications of the LM150K

Typical Performance Characteristics

Load Regulation Current Limit Adjustment Current

12 ' —
g [ 11 M | NN
E ' lowt = 500 mA 2 ___'_1 - b 3 L T =
Mbauns= PERL L] e
. 1 w 1 H v - i
s f AT e H H ' E wl— =~
2 + 2 1 £
= 5 ¥y -pite Eosl——1A
2 e [ £ 2 | A
> = i = m S R
] = H
] ‘ i 3 e
E -0 Fyjyeisy f L T S
o gyt 14V r T
-t 1 L 1 AL ['] 10 L
s - o 1B P51 15 MO ON N [T S S R T
TEMPERATIRE (L) INPUT -QUTPUT RIFFERENTIAL (V) TEMPEAATURE {*C}
CS00005T-3% 1006061 34 DEO0S0E1-35
Dropout Voltage Temperature Stability Minlmum Qpcrating Current
3
. proseT - T 1 s
[ | L]
= f =
= 15 e < s
= | 1 2 a2 E 35
£ -
E | laur = T - L] ~
¥ ~ z g itz
[ = lout - 28 = = e,
H e £ ER -
I e 2 E I
£ B 3 x
- . v 4
£ toy ¢ BOmA T Y S 123 g
2 o or = ZImA 8 g
: L]
“ L [X5)
=15 -25 % bt 125 %/ m I
TEMPERATURE [°E) TEMPERATURE (') INPUT-OUTPUT DIFFERENTIAL (v}
DEOOR0G1- 28 08 - 8T [ i S
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Ripple Rejection

100
_n Cany = 10pF
2 by e ———— |
e . =t
H
€ Gapy* ¥ [ ] |
M
.l
i Vi - Vo = WY |
T gg | v - Mma ; L
[T ! ]
LeNt i i
b L

Typical Performance Characteristics (contnuen)

Ripple Rejaction

1] S

-

Capy = 104F

60

LTUYAL

al . ..

lpur = 500 ma.

Lvw By

Vour ~ WY

L
.

RIPPLE REMECTION (4W)

10

Ripple Rejection
168

RIFPLE AEJECTION le8)

www.national.com

D 5 16 1§ 2 25 3} I WM ik Ik 0 M 10
QUTPUT VOLTAGE [V} FAEWIENCY {Hy OUTPUT CURRENT (A
300008 1 -39 CS00608 Y40 D000 1-41
Qutput Impedance Line Transient Responsa Load Transient Response
15
0 p——a 1% 1 - T 0. Capy®
Vi = 15¥ w [ Vour = WV i | | LT AR ]
= iz 1 - oo_ b T
You1 = T1Y — £z EE w5 (LT Cagyt 10wt . .
R | Lot - S0E WA Pl 3 18 E! . \ B N
- T 5c ? -] L
H 2= 0 ES -0 ot
2 % H Yo =~ W
1] { 58 o0
£ 3% s 8% - “— mmE040 - 50 mal
.!. w -1 + - - ! R : I !r, I |
s iz . l FER] T ==
5 Sg L — az 1 RS -
s £% w4+ - ‘i az: . P .
i S " JENTIER [ o I .
- 0 L] L] 3 L
Woo1e T 1k 0k 1M L _—
TIME Lk ™ 1
FREQUENCY {Hz) - o - ™
4




Application Hints

In operation, the LM150 develops a nominal 1.25V reference
voltage, Vrer, between the output and adjustment terminal.
The reference voltage is impressed across program resistor
R1 and, since the voltage is constant, a constant cusrent |,
hen flows through the output set resistor R2, giving an out-
put voltage of

R2
VouT = VRer (1 + m) + lapy R2.

LMESs0

O V 1y ’JVOUT
A

FIGURE 1.

Since the 50 pA current from the adjustment terminal repra-
sents an error term, the LM150 was designed to minimize
laps and make it very constant with line and load changes.
Ta do this, all quiescent operating current is returned to the
output establishing a minimum load current requirement. If
there is insufficient load on the output, the output will rise.

EXTERNAL CAPACITORS

An input bypass capacilor is recommended. A 0.1 pF disc or
1 WF solid tantalum on the input is suitable input bypassing
for akmost alt applications. The device is more sensitive to
the absaence of input bypassing when adjustment or output
capacitors are used but the above values will eliminate the
possibility of problems.

The adjustment terminal can be bypassed to ground on the
LM150 to improve ripple rejection. This bypass capacitor
prevents rigple from being amplified as the output voltage is
increased. With a 10 uF bypass capacitor 86 dB ripple rejec-
tion is obtainable at any output level. Increases over 10 pF
do not appreciably improve the ripple rejection at frequen-
cies above 120 Hz. i the bypass capacitor is used, il is
sometimes necessary to include protection diodes to prevent
the capacitor from discharging through internal low current
paths and damaging the device.

In general, the best type of capacitors to use is sofid tanta-
lum. Solid tantalum capacitors have low impedance even at
high frequencies. Depending upon capacitor construclion, it
takes about 25 pF in aluminum etectrolylic to equal 1 pF
solid tantatum at high frequencies. Ceramic capacitors are
also good at high frequencies, but some types have a large
decrease In capacitance at frequencies around 0.5 MHz. For
this reason, 0.01 uF disc may seem to work bener than a 0.1
WF disc as a bypass.

Although the LM150 is stable with no output capaciters, like
any feedback circuit, certain values of external capacilance
can cause excessive ringing. This accurs with values be-

tweer 500 pF and 5000 pF. A 1 pF solid tantalum {or 25 pF
alum:num elecirotylic) on the output swamps this effect and
insures stability.

LOAD REGULATION

The +M150 1s capabie of providing extremely good foad
regulation but a few precautions are needed to obtain maxi-
mum perormance. The current set resistor ¢onnected be-
twanr the adustment terminal and the output terminal (usu-
aly 2401}) should be tied direclly to the output {case) of the
reguiator rather than near the load, This eliminates line
drops from appearing effeclively in series with the reference
and degrading regulation. For example, a 15V regulator with
0.05¢} resistance between the regulator and load will have a
loasd regulation due to line resistance of 0.054Q x Iy If the
set resistor is connected near the load the effective line re-
sistance wy; be 0.050 {1 + R2/R1) or in this case, 11.5 times
WOrse

Figure 2 shows the effect of resistance between the regula-
tor and 24001 set resistor,

LM150

VIN—]¥IN  Vour
AD)

300808 1-8

FIGURE 2. Regulatar with Line Resistance
in Qutput Lead

With the TO-3 package, it is easy to minimize the resistance
from the casa 1o the set resistor, by using two separate leads
to the case. The ground of R2 can be returned near the
grownd of the load to provide remote ground sensing and im-
prove joad regulation.

PROTECTION DIODES

When external capacitors are used with eny IC regulator it is
spmet'mas necessary to add proteclion diodes to prevent
the capac-ors from discharging through low cutrent points
nto the regulator. Most 10 pF capacitors have low enough
intema’ sen@s resistance to dJeliver 20A spikes when
snorted. Although the surge is short, there is enough energy
to damage pars of tha I1C.

When an output capacitor is connected to a regulator and
tha input is shorted, the output capacitor will discharge into
the output of the regulator. The discharge current depends
on the value of the capacitor, the output voltage of the regu-
lator &nd the rate of decrease of V. In the LM150, this dis-
charge path is through a large junction that is able to sustain
25A su-ge with no problem. This is not true of other types of
pos*ve regulators. For output capacitors of 25 WF or less,
there s no need to use diodes.

The oypass capacitor on the adjustment terminal can dis-
chamge through a low current junction. Discharge occurs
when either the input or oulput is shorted. Internal to the
LM150 is a 501 resistor which limits the peak discharge cur-
rent No protection is needed for output voltages of 25V or

www,nalfional.com




Application Hints (contirued)

less and 10 pF capacitance. Figure 3 shows an LM150 with
pretection diodes included for use with outputs greater than
25V and high values of output capacitance.

Schematic Diagram

Vin VIN
ADJ

D1 prolects against C1
D2 protects against C2

[iH]
Your = 1A25v(1 +E) + IapJR2

FIGURE 3. Regulator with Protection Diodes

nl " ) o <n
j:E ] m ] [ :, (1™ an
ais
Y
[0
< nat -
S
L] Fi‘
sav A
>
[IT8.9
e
< m
5
< L ars
L H
S
Your
son
DS009081-10
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Typical Applications

1.2V-25V Adjustable Regulator
LM150

vy 7 28V Vin  Vour

v 1t
ADd ouT

2!
0.1uF 1uf

Full cutpu! qurrent not available
a! high input-output voltages.

1Oplional — mproves transient responsa. Output capaciicrs n the range of
1 pF to 1000 yF of aluminum or tantalum electmryuc 2re commonly used
{0 provide improved output i and rej of

‘Needad if davice is more than B mehes from fitter capacitors.

R2
ttVgur = 1.25V (1 + F) + lany (A2)

Hote: Usually R1 = 2400 for LM*50 and R1 = 1200} for LM350.

Preclslon Power Regulator with Low Ternperature
Coaofficient

LMI50

Voutz v

$m
£

Ik
AUTPUT I

ADST o
CROOSOS1-13

*Adjust for 3,75V across R1

Slow Turn-ON 15V Regulator
LMI50

0300008114

Adjustable Regulator with Improved
Ripple Rejectlon

LMI50

DS009081-15
tSoid tanisium
*Dechurpes C1 1l output B sharted 1o ground
High Stability 10V Regulator
LM150
Your
1oV
A
<: 2k
I 01 4F LIS P
>
- 1.5k
- "
D500NCH 116
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Typical Applications (contioued)

Digitally Selected Qutputs Regulator and Voltage Referenco
LM150 LM150
v v ¥ v, =15
L] LA Ol ouT Vour = 15¥
Rt
F 9
‘i
Az* >

D3000081-3
INPUTS
DwnRs1-17

“Sets maximum Voyr

10A Regulator
M350

Your
aps OV

Viy

[t 1'

Vin 9

LM350

AN Vin N J“uui

DBa0sE1-18

*Minimum load current 50 mA

www.national.com 8



Typical App!ications {Continued})

5V Logic Regulator with 0 to 30V Regulator
Electronic Shutdown*
LMIS)
LM150
Vin Vi Vour vouT

Vi Tv-25v WV ADJ

15Q

“Min culput = 1.2V

-1V
DS00G081- 2

Full outpun tasrant not avallable al high input-autput voltages

5A Constant Voltage/Constant Current Regulator

Mps02 _ _

2 _I._ CURRENT S % b
100 pF ADIUST ‘b 250k < 5w
A1 LM360 |

.

o

n

5y —4 ViN - Vour [—q purear
ADJ

1.2v-1av

Cy

+
1uF

R4

= 11

[ ] 03
1N457 LEG®
i i > RE
(] RS &
75 pf ZJDI‘{
-6¥ TO 15V 4
VOLTAGE 104F
ADJUST
= O8008061-21

150id tantalum
*Lights in eonstant current moda
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Typical Applications (continueq)

12V Battary Charger

500
AN
RB
0.2
Vin 218V LMI50 > Py AAA o)
+
R
LED 15
RS Rl
o m
TO 12V
a4 BATTERY
TN2805
>
2 i
< 1 +
- 01 :F —_—
[ T i
1000 pF
START -—l
& . O }
- 0008 1- 71
Adjustable Current Regulator 1.2v-20V Regulator with
LM1SD RY Minimum Program Current
0.3 laur LM150
Vin—¥ix _ Vour
ADJ BTO0AA iy Vin  Vour Vour*
R2 ADJ
150 R1
1.2k
[
ans Y LMH?
Vour
RZ
b 2k
b 128
4 =
DE00006 125
_L *Minmmum culput current = 4 mA
- V-
-5V T0 18V
Deae0s- 2 3A Currant Regulator

LM150

Precision Current Limiter Viy Vin  Vour
LW150 | A l Rl
Ve 0 c: <& s
. 1 >
vin=—{Vin Vour p— lour - - & ™
aps A m I 1
Lean

*0.4 SRy 1200

DS0000E 1-26
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Typical Applications (continued)
Tracking Prereguiator
A2
k1]
- AAA
e
At
ur Lmisp
ADJ
vin v, [ vin  Vour Yaur
L] out ADJ
w150 S 83
124
ct ter
0.t uF 1 uF
R <
L
ADJUST
5000081 T7
Adjusting Multipla On-Card Regulators
with Single Control*
LM150
viw—¥in _Vour vour  Vin—{Yin  Vour vour"t Vin— vour!
. ADd ADJ
1na002 m INED2
120
L 4
R2
1k
- 2300606128
tMinimum load = 10 mA
*All outputs within 100 mV
AC Voltage Regulator Simple 12V Battery Charger
LM350 LM350 Hg*
v v Vo Ve
v VouTt N—p- N uT
IN 04 o ADS
b n —
»120 1 ~
b3 + L
12 Vpp 1000 uF**
24 Vp-p A . R2
> 2.8%
_%__ S :Dq“ %__.
»
«£
DS000061-30
120
ADJ 2
el | B Vout—@ *Rg—3eta oulput impedance of chargar: Zoyr * Rs (l + E)
D3D0E08 - 48
LM350
DY -20 Usa ol Ry aliows low charglag rates with fully cnarged battery.
*+100¢ ¥ 15 recommended ta fiker out any input rassients
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Typical Applications (continued)

Temperature Controller

LMJ50
ViN N - our > Vour
SR
»
-
o
—— - HEATER
LM%
100k 2
GAIN
Az
"
DExe00 4. 17
Light Controller
LM250
—1 N out
ADJ
’A/ LAMP
s - OS00008 112

VN —

Adjustable 10A Regulator

M pF

m ~
11
LM350
LMI50
a
—t—{¥in  ¥pur AP A5V T025¢
ags ™ [ VA 025
» »
:I 100 :’si
LT T <
11,
LM 104
S
O 3 158 Sk
. AAA,
p 15k
DXSO09081-3%
Current Limited 6V Charger
L350
1900 uF -+
i
v
DE00R0G1-12

*5ms peak current (2A for 0.301)
**1000 UF is recommended to filtar out any input transients.

L1

6A Regulater

0 —d
(3

LMIS

p— QuTPUT

e
y 120

||}-1——)

DS000001-2
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PhySiCﬂI Dimensions inches {miZimeters} unless otherwize noted

0.980+1.020
|24.89-25.91]

2.151-0.161
we [3.84-4.08]

0.660-0.670
[15.75-17.02]

1.177-1.187
[28.50-30.40]

0.420-0.500

0.325-0.352

[19.87-12.70]

g 0.498-0 512
[12.57-12.95]

a 0.080-0.815
[22.%5-23.24]

[8.26-8.94]

. 0.060-0.070
[1.52-1.78]

0.750-0.775

2y g 0.038-0.743

B y5.30-15.59)

SR

[0.97-+.38] +—
UNCOHTROLLED || |
210-0.220 2% f O 168-0.078 L?g;%“ -
0.218-0. - (.27-4.52 - N | X
[5.33-5.59] [.27-4.52) [0.64] M4 T (2,95 MAX
] 04250435 | SEATING PLANE — xoz4 (R )
[10.80-11.05]
2 Lead TO-3 Metal Can Package (K)
Order Number LM150K STEEL or LM350K STEEL
NS Package Number KO2ZA

9,420-0.500 0.265-0.305
f10.67- 12 70} [7.24-7.75]

0.980-1.020 0.060-0.070

2x p0.151-0.161 [24.89-25.91] — f‘_ I~ [1.52-1.78]
[5.64~4.08] i
___ g 0-495-0.510
3 [12.57-12.85)
r— N
0.560-0.670
[+6.76-17.02]
a 0:380-0.915
lz2.35-23.24] 0.760-0.775
' 2 19.30-19.88]

1.1772-1.1%7
{29.90-30.40]

0,210-0.220
715.33-5.59]

___'r 0.425-0.435
[10.80-11.05]

| ——

0.120
2% B[y 0s)
0.038-0 943
28 [y er 09 -

LHCONTROLLED

CEAD DI
0.168-0.178 0.830 1,

DR, 27-452] (0.75)

SEATING PLANE — |

1

1
—
2 Lead TO-3 Metal Can Package (K}
Mil-Aero Product

Order Number LM150K/883
NS Package Number K02C

L) 0085 0y

[2.14]
wpz¢ (ALY 8)
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LM150/LM350A/LM350 3-Amp Adjustable Regulators

Physical Dimensions inches (miltimeters) unless otherwise noted (Continued)

0.240-0.280 0.330-0 3%0
T ie.10-6.603 [T [8.38-8.8%] -
0.100-0.120
0.148-0.153
[2.54=3.05] s a [3.78-30] |

wals
0.400 _o g05

e -
[ro.18 2551

}

" T o.080-0.110
[2.29-2.79]

0.19¢-0.210

! l ‘ [u.saib.n]

1.605-4.03%
[25.53-26.29]

l ”"Ilf‘ A

— -

0.048-0.055 _T

[1.22-1.40]

0.130-0.180
PN ¥1ID ——/ - ty30-408] °" e

0.027-0.037
[0.65-0.94]
TYP

+0.007 +0.t4

.528-0.555 0.015 [gpor [0-38 Jg0r]
3.3&-14.10]) o8
I

0.175+0,185

38 (Riv L}

[4.45-4.70) ]’ / 1
o ga ‘
—{ 0%-6 ‘\‘Il" Lo 100 1y 035
5.048-0.052 05 Ly [2.67 1y
[1.22-132] SEATING PLANE
TAPERED
SIDES 19

3 Lead Moided TO-220 (T)
QOrder Number LM350AT or LM350T
NS Package Humber T03B

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-

VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN
CONDUCTOR CORPORATION. As used herein:
1. Life supporl devices or systems are devices or sys-
tems which, (2) are intended for surgical implant into
the body, or {b) support or sustain life, and whose fai--
ure to perform when proparly used in accordance
with instructions for use provided in the Jabeling, can
be reasonably expected to rasult in a significant injury
to the vser.

APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-

2. A critical component is any component of a life supporl
device or system whose faiture to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or fo affect its safety or effectiveness.

&

Nallonal Semiconductor
Corporation

Amorikcas

Tel: 1-800-272-0958

Fax. 1-800-737-7018
Emad: supporiiinec.com

www.national.com
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International PD - 914378
IGR Reclifier IRF9540N

HEXFET® Power MOSFET

Advanced Process Technology ' b
Dynamic dv/dt Rating \Vj =100V
175°C Operating Temperature bss
Fast Switching

P-Channel G
Fully Avalanche Rated

RDS(on) =0.117Q

7 Ip = -23A
Description 5
Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power . -~
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal
resistance and low package cost of the TO-220 TO-220AB
contribute to its wide acceptance throughout the
industry.

Absolute Maximum Ratings

Parameter | Max. Units

Iy @ Tg = 25°C Continuous Drain Current, Vgs @ -10V : -23
Ip @ Tc = 100°C| Continuous Drain Curren, Vgs @ -10V -16 A
lom Puised Drain Current © -76
Pp @Tc = 25°C Power Dissipation 140 W

Linear Derating Factor 0.91 wiC
Vas Gate-to-Source Valtage | +20 v
Eas Single Pulse Avalanche Energy@® : 430 mJ
lar Avalanche Current® ; -11 A
Ear Repetitive Avalanche Energy® - 14 m.J
dv/dl Peak Diode Recovery dv/dt @ -5.0 Vins
Ty Operating Junction and i -55 to + 175
Tstg Storage Temperature Range _ °C

Soldering Temperature, for 10 seconds ' 300 (1.6mm from case )

Mounting torque, 6-32 or M3 srew T 10 Ibfein {(1.1N+m)
Thermal Resistance

Parameter [ Typ. Max. Units

Rasc Junction-to-Case _ __ —l— —_— 1.1
Recs Case-to-Sink, Flat, Greased Surface : 0.50 —_ ‘CW
Rosa Junction-lo-Ambient L — 62

5/13/98



IRF9540N

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Mm—[Typ”L- TUnits Conditions
V(BRIDSS Drain-to-Source Breakdown Voitage -1 00 V | Vgs =0V, Ip = -250pA
AVigriss/aT, | Breakdown Voltage Temp. Coefficient | — T_ 11 J -— | V/I°C | Reference to 25°C, Ip =-1mA
Rosion) Static Drain-to-Source On-Resistance | — - - —_L117 Q |Vgs=-10V,Ip=11A ®
Vs Gate Threshold Voltage -2, 0 V | Vps = Vgs. Ip = -250pA
gts Forward Transconductance 53 J— S | Vpg = -50V, Ip = -11A
— IS Vps = -100V, Vgs = OV
loss Drain-to-Source Leakage Current = _._ T A |Yos =100V, Vgs =
il -—_L -250 Vps = -BOV, Vs =0V, T, = 150°C
Gate-to-Source Forward Leakage R 100 Vgs = 20V
tess ——t - —|— nA
Gate-to-Source Reverse Leakage - . =1-100 Vag = -20V
frmm—te b
Qq Total Gate Charge — = 97 ip=-11A
Qgs Gate-to-Source Charge —  --| 15 | nC | Vos=-BOV
Qe Gate-to-Drain {"Miller") Charge — -1 51 Vgs =-10V, See Fig. 6 and 13 @
taom Turn-On Delay Time — 15 | — Voo = -50V
L Rise Time | 67 | — . Ip=-11A
tajofy Turn-Off Detay Time :1:51 [— Rg = 5.1Q
t Fall Time ‘ —_— Rp = 4.20), See Fig. 10 ®
] : Between lead, P
Lo intemal Drain Inductance — 45' — . &
, 4. 6mm {0.25in.} .
=t —-—— nH a *
7 from package B
Ls Intemal Source Inductance - 5 T and center of die contact s
Ciss Input Capacitance — 1300 — Vos = 0V
Coas Qutput Capacitance — 400, — | pF | Vpg=-25V
Crss Reverse Transfer Capacitance -— ' 24_0_:(— f=1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min.__Ty_p_. Max : Units Conditions
Is Continuous Source Current 23 | MOSFET symbol o
{Body Dicde) . A showing the .y
[ Pulsed Source Current ‘ 75 integral reverse o
{Body Diode) @ I R p-n junction diode. .
Vsp Diode Forward Vollage — —-- -16 \% Ty=25°C, lg=-11A, Vs = OV @
trr Reverse Recovery Time gl 7_1 80| 220 ns | Ty=25°C, [F=-11A
Qe Reverse RecoveryCharge —-—4_8304_1200 nC | di/dt = -100A/us @
ton Forward Turn-On Time Infrinsic tum-on time is negligible {tum-on is dominated by Ls+p)
Notes:
(D Repetitive rating; pulse wicth limited by @ Igp < -11A, difdl § 4704/ps, Vpp € Vigrioss.
max. junction temperature. ( See fig. 1) T,%175°C
@ Starling T, =25°C, L =7.1mH @ Pulse width < 300ps; duty cycle < 2%.

Rg = 250}, lag = ~11A. (See Figure 12)
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Peak Diode Recovery dv/dt Test Circuit

—<+ Circuit Layout Considerations
« Low Stray Inductance
@ « Ground Plane
» Low Leakage Inductance

Current Transformer

el
Ll

—.

- -
o —
[ A
Rg i « dvidt contro'led by Re e
¢ Igp controlled by Duty Factor "D” -+ Voo
« D.U.T. - Device Under Test
Vas
* Reverse Poalarity of D.U.T for P-Channel
@ Driver Gate Drive Parind - — v e BwW.
PW- e = "Period
[F
[ves=10v] ***
N QJ_ [ i
@|pbur lgp Waveform
Reverse
Recovery | Body D:opde Forward
Current Current
@ [D.u.T. vpg Waveform
Diode Recovery \ ¥
/ / (ool
Re-Applied | ——— " o
Vollage Body D;od Drward Drop
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o =
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+

ke

Vgs = 5.0V for Lagic Level and 3V Drive Devices

Fig 14. For P-Channel HEXFETS
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Package Outline
TO-220AB Cutline
Dimensions are shown in millimeters (inches)

10.54 (. 415) 378140} -
287 (13 10.29 .405) P54 130 a8 185)
2.82 1103 (il -
) J A 1.20( 185) | 132082y
. LT 2 foang
H
547 (255) [
¥ 6.101.240)
15.24 (600} 1
$4.84 (. 504)
l -] F‘TL’ 1.135'.‘015) LEAD ASSIGNMENTS
. 1-GATE
1 i? - | 2-DRAIN
. 3-S0URCE
l | _‘ 4 -DRAIN
14.09 (.555) |
1247 [ 530) A5 (160}
| 3.55 146)
93 (.037) 0.55 (.022
gy 148 (085} ¥ o8 (027) -~ X bas :.mu;
115 (045) [EEEATERONIC) | zezcams
A {1
2
NOTES:
1 DIMENSIDNING 5 TOLERANGING PER ANSIY14.5M, 1582 3 (ITLINE CONFORMS T JEDEC DUTLINE TO-220AB.
2 CONTROLLING DIMENSION - INCH 4 WEATSINK & LEAD MEASUREMENTS DO NOT INGLUDE BURRS.

Part Marking Information
TO-220AB
EXAMPLE :

THIS 1S AN IRF1010
WITH ASSEMBLY

INTERNATIONAL 'r Oj.

LOT CODE 9B1M PART NUMBER
RECTIFIER S IRmej/
LOGO IOR9246
d tM DATE CODE
ASSEMBLY YWW)
LOT CODE YV = YEAR
WW = WEEK

Internationa
TSR Rectifier
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International
ISR Rectifier IRF540N

HEXFET® Power MOSFET

s Advanced Process Technology D
e Ultra Low On-Resistance Vpss = 100V
« Dynamic dv/dt Rating }—
o 175°C Operating Temperature 'Y RDS(on) = 44mO
» Fast Switching G
« Fully Avalanche Rated Ip = 33A

s
Description

Advanced HEXFET® Power MOSFETs from International
Rectifier utilize advanced precessing techniquesto achieve
extremely low on-resistance persilicon area. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, provides the designerwith an extremely efficient
and reliable device for use in a wide variety of applications.

The TO-220 package is universally preferred for alf
commercial-industrial applications at power dissipation
tevels to approximately 50 watts. The low thermal
resistance and low package cost of the TO-220 contribute TO-22C0AB
to its wide acceptance throughout the industry.

Absofute Maximum Ratings

Parameter Max. Units
b@Tc=25C | Conlinuous Drain Current, Vgs @ 10V - a3
o @ T = 100°C| _Confinuous Drain Current, Vs @ 10V 23 A
lom Pulsed Drain Current ' 110
Pp @T¢ = 25°C Power Dissipation 130 w
Linear Derating Factor T 0.87 WIFC
Vas Gate-to-Source Voltage 120 v
lar Avalanche Current® 16 A
Ear Repetitive Avalanche Energy® T ‘ 13 mJ
dv/dt Peak Diode Recovery dv/dt @ ' 7.0 vins
T, Operating Junction and - 55 o+ 175
Tsto Storage Temperature Range o °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfsin (1.1N+m)
Thermal Resistance
Parameter Typ. Max. Units
Rajc Junction-tp-Case _— 1.15
Recs Case-to-Sink, Flat, Greased Surface 0.50 e “CIW
Raja Junction-to-Ambient —_— 62
www.irf.com 1

03/13/01
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TR Rectifier

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min.z Typ. | Max. [Units Conditions
V(gRr)DsS Drain-to-Source Breakdown Voltage 100 i__ == V | Vgs =0V, Ip = 250pA
AVieriose/ATy | Breakdown Voltage Temp. Coefficient | — | 0.12 | — | V/°C | Reference ta 25°C, Ip = 1mA
Rosion) Slatic Drain-lo-Source On-Resistance | — |- — | 44 | mQ | Vos = 10V, Ip = 16A ®
Vasithy Gate Threshold Voltage 20 |- -1 40 V | Vps = Vgs, Ip = 250pA
<[ Forward Transconductance 21 o — s Vpg = 50V, Ip = 16A@
loss Drain-to-Source Leakage Cument — 2] 2 pA Vps = 100V, Vgs = OV
— | - —] 250 Wpg = BOV, Vgs = 0V, T, = 1580°C
lass Gate-to-Source Forward Leakage — 1 - -] 100 nA Vs = 20V
Gate-to-Source Reverse Leakage — "L-" - J.1 0o Vg =-20V
Qg Total Gate Charge — T Io = 16A
Qgs Gate-te-Source Charge — —=] 14 | nC i Vps =60V
Qg Gate-to-Drain ("Miller"} Charge — - 21 Vgg = 10V, See Fig. 6 and 13
taton) Turn-On Delay Time L | 11| — Voo = 50V
t Rise Time P ] 35 | — ns | 1D =16A
taioty Tuen-Off Detay Time — | 3 — Rg = 5.1Q2
b Fall Time — [ 35  — Vgs = 10V, See Fig. 10 &
Lo Internal Drain Inductance _— a5} — Between lead,
= oy | Bmm (0.:25in.)
from package ¢
Ls Internal Source Inductance —— 75— . -
and center of die cantact s
Ciss Input Capacitance — 1 1960| — Vgs = OV
Coss Oulput Capacitance — | 250 [ = | Vps = 25V
Crss Reverse Transfer Capacilance — | 40 — pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy® — (70001850 | mJ | lhs=16A,L = 1.5mH
Source-Drain Ratings and Characteristics
Parameter Min, Ty-pj Max. | Units Conditions
Is Continuous Source Current 0 a3 MOSFET symbol °
(Bedy Diode) B A showing the
lsm Pulsed Source Current R I TS integra! reverse e
(Body Diode)® 4 p-n junction diode. s
Vap Diode Forward Voltage — -1 12 v | Ty=25°C,Ig=16A, Vgs= OV @
tr Reverse Recovery Time —| %15 170 | ns [ T,=25°C, Iz = 16A
Qr Reverse Recovery Charge — T565] 760 | nC | didt = 100A/ks @
ton Forward Tum-On Time Intrincic tum-on time is negligible (tum-on is dominated by Lg+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ Igp < i16A, difdt £ 340A/us, Vpp < Vier)DSS:
max. junclion temperature. (Ses fig. 11) T,<175°C
@ Starling T, = 25°C, L =1.5mH @ Pulse width < 400ps; duty cycle < 2%.
Rg = 250, 155 = 16A. {See Figure 12) ® This is a typical value at device destruction and represents

operation ouiside rated limits.
® This is a calculated value limited to Ty = 175°C .

www.irf.com
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IGR Rectifier
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Fig 1. Typical Output Characteristics Fig 2. Typical Output Characteristics
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Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance
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C, Capacitance (pF)
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Ves = 0V, f= 1MHz
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1500 \\
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1000 g
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1 10 100
Vps, Drain-to-Source Voltage (V)
Fig 5. Typical Capacitance Vs,
Drain-to-Source Voltage
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Fig 7. Typical Source-Drain Dicde
Forward Voltage
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International

TR Rectifier
Ip = 16A I |
Vg = BO
VDS = 50&
FOR TEST CIRCUIT
SEE FIGURE 13
0 20 40 60 80
Qg . Total Gate Charge (nC}
Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
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b | ; b % - ;
Nd sy ﬁ' 100psec |
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Fig 8. Maximum Safe Operaling Area
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IR Rectifier
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N\ Fig 10a. Switching Time Test Circuit
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Fig 9. Maximum Drain Current Vs, Wi P
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Fig 10b. Switching Time Waveforms
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Fig 11. Maximum Effective Transient Thermal Impedance, Juncticn-to-Case
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Fig 12a. Unclamped Inductive Test Circuit

V(BR)DSS

k_— tp*--'b

lag - £

Fig 12b. Unclamped inductive Waveforms

PR R QG L - i
Vas /
' . Qgg w--Qgp + ~

Vg

Charge - —-»

Fig 13a. Basic Gate Charge Waveform

Eag , Single Pulse Avatanche Energy (mJ)

International

IGR Rectifier
F-104] J |D
! TOP 6.5A
. 11.3A
\ BOTTOM  16A
300 %
200 f
\\\\‘\\\
MERRENANG
\§§
S
025 50 75 100 125 150 175

Starting T;, Junction Temperature (°C)

Fig 12c. Maximum Avalanche Energy

Vs, Drain Current

Cumrent Regulator
Same Type as D.U.T.

3
Bl

Vgs

I

Cutrant Sampling Resisiors

Fig 13b. Gate Charge Test Circuit

www.irf.com



International IRF540N

IGR Rectifier

Peak Dicde Recovery dv/dt Test Circuit

. —<+ Circuit Layout Considerations
p.uT — » Low Stray Inductance
4 @ s Ground Plane
m_ * Low Leakage Inductance

Current Transformer
<

PN |

4
¥
@ ﬁ
0 —
Rg tl_ « dv/dt controlled by Rg 1+
s |gp controlled by Duty Factor "D T. Vop
v s D.U.T. - Device Under Test
GS

*

Lall$

Reverse Polarity of D.U.T for P-Channel

@ Driver Gate Drive PW
Period - — | D=
PW— Period

f
[VGS=10V ] LA L
'

55~

@ D.U.T. Igp Waveform

Reverse

Recovery | Body Diode Forward

Current [~ Current /'
dirdt

@ |0.U.T vpg Waveform

Diode Recove
e N/ [7\, ]
DD
-+
Re-Applied 4 ¢ .
Voltage

Bady Diode Fo;vard Drop

@ | incustor Curent S.
_-_w
Ripple & 5% U'sol
L]

*** Vag = 5.0V for Logic Level and 3V Drive Devices

Fig 14. For N-channel HEXFET® power MOSFETs
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IRF540N

Package Outline
TO-220AB
Dimensions are shown in millimeters (inches)
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NOTES
1 DIMENSIONING & TOLERANCING PER ANSI Y 14.5M, ‘982
2 CONTROLLWG DIMENSKIN :iNCH

3 JTLME CONFORMS TO JEDEC OUTLINE TO-220A8.
4 HEATSINK & LEAD MEASUREMENTS DO NOT WCLUCE BURRS

Part Marking Information
TO-220A8

EXAMPLE : THIS IS AN [RF1010
WITH ASSEMBLY

LOT CODE 9B1M INTERNATIONAL

RECTIFIER
LOGO N

A7

PART NUMBER

DATE CODE
(YYWW)

YY = YEAR

WW = WEEK

ASSEMBLY
LOT CODE

Data and specifications subject to change without notice.
This product has been designed and qualified for the industrial market.
Qualification Standards can be found on IR’s Web site.
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TGR Rectitier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
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{’ TEXAS

INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS5057

CMOS AND Gates
High-Voltage Types (fﬁ-Volt Rating)

CD4073B Triple 3-Input AND Gate
CD40818 Cuad 2-Input AND Gate
CD4082B Dual 4-1nput AND Gate

® £D40738, CD4081B and CD-
40828 AND gates provide the system de-
signer with direct implementation of the
AND function and supplement the axisting
tamily of CMOS gatas.

The CD40738, CD40818 and CD4082B
types are supplied in 14-lead dual-ire-_, |
lina ceramic packiges ([Yand F gottiiés) -
14-lead dual-in-line'plastic packagés (E’
sutfix), and in.chip form {F sutix)..

€CD4073B, CD4081B, CD4082B Types

Features:’
® Medium-Spsed Operation — tp .
tpHL =50 ns (typ.) st Vpp =10V
100% tasted for quisscent currentat 20 V
Maxhmum input current of 1 JA 81 18 V over
full package-temparaturs ranga; 100 nA ot
18 V and 26°C
MNoite margin (full package-temparaturs
range} =
1VmVpp=5V
2VatVpp=» 10V
25VatVpp=15V
Stand wrdizad, symmstrical output
cheracteristics
® 5:V,10-V, and 15-V perametric rating
l"’lobn:ull requiramants of JEDEC Tentative
. Stemdard No. 138, “‘Standsrd Specifications
for Discription of ‘B’ Series CMOS Devicas”

N

ITamm o @p

wrcs-arved

a
chaga1e
FUNCTIONAL DIA_GRAM

MAXIMUM RATINGS, Adisolute-Maximum Vefyes:
DC SUPPLY-VOLTAGE FARGE; (Vpp) .,
Voltagos refararted In\lgs‘l'u"uﬁiid) e T e g e e -0.5¥ o +20V . IH
INPUT VOLTAGE RANGE ALL INPUTS -, -0.5ViaVpp +0.5V D ._i
DO NPUT CURRENT, ANY.ONEIPUT ... 0o oeialidim e erngornenscnsnrsrernsimanes nnenns +10mA e ",
POWER DISSIPATION PER, mcmas—cpnk 5 —3
FWTA"'S!OC‘D+'WC--\N—" P 500mwW €3
For Ty = +1009C 46+ . seeeaes +14...Derate Linearky at 12mW/OC to 200mW T s
DEVICE DISSIPATION ﬁkﬁmrwrl sston - . - o -t X
FOR Tp = FULL PACKASE-TEMPERATURE RANGE A Paoklg' Types).. A 100mW w2
OPERATING-TEMPERATURE FANGE [TA s+ s 1 v vvvrenmeeeneenranneaaneaaameeneiinn ~589C to +1280C : l 7
STORAGE TEMPERATURE RANGE (Tatg) -« - o tvuivanierneviammrearemannieaee o -859C to +150°C ves
LEAD TEMPERATURE (DURING EOLDERINGE s irero
Al distance 1/1Q % 1/32 inch (1.59 £ 0.79mm}from casafor 10 MAX .. ......vviiiniieaiianiniia, +285°C )
slance 132 mch | }r c 28
FUNCTIONAL DIAGRAM
RECOMMENDED OPERATING CONDITIONS
For maximum relisbility, nominsi operating conditions should be selscted so that
operstion is slweys within the following ranges:
HAR ERISTIC LIMITS UNITS
CHARACT MiN. MAX. .- . e o:
— A - Sy
Supply-Voltagh Rnfp ﬂ‘or Ta= Ftﬂl Plckagn 'T.’;'ﬁ- 3 18 v P .
Tomperature Rmﬂ A 1 s W L
5 Y TR o g [
e TS , millal
DYNAMIC E LEchcAL CHARACTERISTICS atT A=ZSOC, Input ¢, ty=20 ns, i P
and C =50 pF,;R 3y =200k .. . . . o
; = I 2
L ALL TYPES S >
A TEST CON NS LIMITS . =
CHARACTEEQH_C-. R mm UNITS r 2
we S =, i)
i~ TYP. MAX. - g
H H - . 12% 250 : .'-"Q Nes
Propagation Ddlay :lj_ma,_ . 50 120 s . _ -
tPHL tPLH T a5 a0 = A
B e 100 200 ng-20h
Transition Time, - 50 100 ns CcD40738
tTTHL tTLH 40 80 FUNCTIDNAL DIAGRAM
Input Capacitance, Cypy 5 15 pF -

3180



CD4073B, CD40818, CD40828 Types

ETATIC ELECTRICAL CHARACTERSSTICS ™%
CONDITIONS | LIMITS AT INDICATED TEM o
CHARACTER. EMPERATURES (°C) .
. UNITS
1sne Vo [ ViN [VDD 125 -
(W] W) [{v)]| 56 | —40 | 485 | +125 | Min, | Typ, |Max.
Quisscent f}evim__‘ C - 05| & | 025 | 025 6 78 - 001 } 025
Ctl-rrm;:' ~- (000] 10| o5 | 05 15 151 - 001 | 05 A
poMax. TR A5 ] 1 |t | o | ®] - loor] 1]~ :
— |00} 20| 5 5 | 150 j1so0] - | 002| &
Output Low 0.4 Q5 B {064 [ 061 0.42 0.36 | 0.51 1 - XM VOUTAGE ¥p] —
(Sink) Current 05 |oto]j10] 16 | t5 | 110 09 [ 13 | 26 - e
1oL Min. 15 o151 15 | az rl 28 74 | 32 68 = Fig. 3 — Typical voltsge trensfer churscreristics.
Qutput High 4.6 a5 5 | -0.64]1-061)-0.421-0.361-0.% -1 - mA
{Source) 25 o5 | s | -2 |- ] 13 |-1asf-as | 32| -
Current, | 95 |010| 10 [~18 |16 | 1.1 | -08 §—13 | -2.68 | - 7
10H Min,
.- . 135 |015]-16 |42 | 4 -28 | —24 |-34 4.8 -
OutpurVoltage: |, — [ 05| -6 0.05 - ¢ |[oos
Low-Level, S £ I - 0 05
Vot Mim,.. o= Jore] w0l 0.05 005 |
IS <=1 -1015]| 15 0.06 - o} 0.05 v
Dutput Voltige: - ['ps| B 405 495 5 -
' High-Lewd, - 0,10 10 9.95 9,05 10 -
VoH Min. ] 05| 15 1985 1496| 18 | -
Input Law 0.5 ‘- |.5 1.5 — - 1.5
Valtaga, 1 e 10 3 - - 3 [
Vi Max. — — )
1.5 il 18 4 4 v Fig. 4 — Typical progagetion delay time
input High 0545 - ) 3.5 35 - - a1 # function of ioad capacitence.
Voluage, 1.9 — |10 ? 7 - = '
ViH Min. 15125 _ 15 11 1 -— -
Inzrut Currant 11079 | & A
Ihi- Max, ©° 0,18 18 | t0.1 | 201 b4 1 o 0.1 u
‘.
WIS 1wty
He, 10,1} Fig, § ~ Typlcal output low fsink )
© current cherecterislics.
TEETID
RETwOim saca-Hies
- Fig. 1 — Sehamatic disgrem for CDSD818 (T of 4 idanticel getes).
HE &, 13
X a0,

Fig. 2 — Logic diagram for CDA0818 {1 of 4 identical gates),

3-101

TR IR

Fig. § — Minlmum outgut low [sink}
currant chargcearistics.

H
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CD40738B, CD40818, CD40828B Types

. Yoo oRAm- rg-iuumt m.m nm}:—v
nd ::—}_A [ L
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h!--n I ] :}— :}—onm
RS =l i .
Lm ST
ey
v,,‘ Inme
o Yoo T "3
L |1 el W Fig. 8 = Typiat outpue igh fourel
a1 3 N z 41%ce current characteristics.
sl | 3
smow-w—-’_4 :}— ]::] PP o kot
- kL A
- = E {vg
Lm Lo

"ss‘ sacn-2vtes

Fig. 7 — Schematic disgram for CD40828 (1 of 2 identice! gutet).

Fig. 10 — Minimum output high frource)
current charactaristics.

Fig 9 — Logic disgram for CO40828 (1 of 2 identicel gatur).
oo

. | [E Uy 5

ET 1

)
-

a

I 3_0 wics- Wit
Ll Hi0) Fig. 12 — Typical transition time 35 8
—l — — — :% 3 function of load capacitance
=L ]
] ::.1 :q P S| NRENT TEMFCRIFIAL (Ta] 8370 H —-r
l"u - ! |[ 7 1
WaALL MPUTS ARE FROTECTED $Y | S L
CNOS PROTECTION NETWORK ™ e
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. g o I z
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i 4
B L
e s
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E 4 CLe13 o# ——=
-1
pi1g.%. 1) Hun \ n i 'O’ F el 84 ) b
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Fig. 13 = Logic disgram for CO40738 (] of 3 identical gutes). of frequency.

3-192



" ¥og

v !

HPUTS

aa

FISI-2TEONRL
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Fig. 17 — tnput-voltape test circuit.

 TERMINAL ASSIGNMENTS
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TOP ViEW
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LT -2 Voo
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» L]
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Yis aJ—NC
TOP VLW
« NC =MD COMNECTHOM
SECH - L4BITRE
CDAOs2ZB

205 - 24438

.CD&0738

I-IOZ
{0.102-0.2%4) 61-69,
I (1.549-1,753)
Chip dimenaions and pad /ayout 92C5-35100
for CDH0818.
9 10 20 30 40 50 &0
60— ___.T.
50
40
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3¢ 11448-1.651
Fo]
19
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00z-0254 . .
Ti440-1650 pacu-ename
Chip dimensions and pad iayout
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20—
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IMPORTANT NOTICE

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

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

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE ("CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOCD TG
BE FULLY AT THE CUSTOMER'S RISK.

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

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

Copyright ® 1999, Texas Instruments Incorporated



(N7 | BD135
Y/ | BD139

®
I ~ NPN SILICON TRANSISTORS
Type Marking |
BD135 BD135 '
BD135-10  BD135-10 ‘
BD135-16 BD135-16
BD139 80139
BD139-10 BD139-10 ! !
BD139-16 ~_BD139-16

» STMicroelectronics PREFERRED
SALESTYPES

DESCRIPTION ' SOT-32
The BD135 and BD139 are silicon Epitaxial
Planar NPN transistors mounted in Jedec
SOT-32 plastic package, designed for audio
amplifiers and drivers utilizing complementary or
quasi-complementary circuits.

The complementary PNP types are BD136 and INTERNAL SCHEMATIC DIAGRAM
BD140 respectively. Co(2)
(1)
B
Eo(3)

5C06960

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter ) Value Unit
o _BD135 BD139

Vceo |Collector-Base Voltage (le =0) '_ 45 ] 80 \Y

" Veeo  |Collector-Emitter Voltage (15 =0) 45 80 v
Veso |Emitter-Base Voltage {l¢ = 0) , - 5 v

lc Collector Current ) 3 e 1.5 A

lom Collector Peak Current | 3 A

1) Ba;se Current o l L 0.5 A

| Py |Total Dissipation at Te < 25 °C » 12.5 w
Pwt | Total Dissipation at Tam < 25 °C ] 1.25 w
Tsig  Storage Temperalure -65 to 150 °c
Tj Max. Operating Junction Temperature ) ‘ 150 °C

September 2001 1/4




BD135/BD139

THERMAL DATA

| Rthj-case lThermaI Resistance Junction-case Max | 10 ; °ciw |
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter l Test Conditions Min. | Typ. | Max. | Unit
lcao Collector Cut-off Vea =30V 0.1 HA
Current (Ig = 0) Vea=30V Tc=125°C 10 KA
leo Emitter Cut-off Current [Veg =5V 10 pA
{lc = 0) _ .
Vceosus)* |Collector-Emitter Il = 30 mA
Sustaining Voltage for BD135 I 45 A
{ls = 0) for BD139 80 v
Veegsan* |Collector-Emitter lc =0. 5A le=0.05A 0.5 Vv
Saturation Voltage - R
Vee* Base-Emitter Voltage lc=05A Vee=2V 1 \
hre# DC Current Gain lc =5 mA Vee=2V 25
Ic = 150 mA Vee=2V 40 250
‘|c=0.5A Vc[:_-ZV 25
hre hre Groups Ic = 150 mA Vee=2V
ifor BD135/BD139 group-10 63 160
[for BD135/BD139 group-16 100 250
"Pulsed: Pulse duration = 300 ps, dutycycle 1.5% -
Safe Operating Area
( 5C84630
e (A} I e e Bt | Pt B S5
lc MAX  © R
:_aP%LSED '”'j:;ttfj:ji]l.: .- P
Ll rPULSE QPERATION P S
A \L ;“”\J [0 irs *t::
\I ! 190 us .
H N il H- "“:' %_’i,‘:h:i
2NN iR G S Bin
I IR
. L o i i"""‘"ﬁ*
. TDC OPERATION \\\ ims ]
10 a _??: * For single non *"7 X\%E%?—J—{I :
s repehhve putse I B e
o I H U W oot i LI T
AR TEH = i == T
-2 i |\|\||1\ |:l\|] T R
10 0 2 4 & 8 1 2 5 8 2 2 4 6B
10 10 10 Vee(¥)
2/4 KY[




BD135/BD139

S0OT-32 (TO-126) MECHANICAL DATA

DIM mm inch
MIN. TYP. MAX. MIN, TYP. MAX.
A 7.4 7.8 0.2: 0.307
B 10.5 10.8 0.413 0.425
b 0.7 09 0.028 0.035
b1 0.40 0.65 0.015 0.025
C 2.4 2.7 0.094 0.106
c1 1.0 1.3 0.039 0.051
D 15.4 16.0 0.6086 0.630
2.2 0.087
al 4.4 0.173
F 38 0.150
3 3.2 0.118 0.126
H 2.54 0.100
H2 2.15 0.084
| 1.27 0.05
0] 0.3 0.011
v 10° 10°
1 [T 11 \
— — A - e
o ' — } ~—
P : ny
I G oL N ".@k
g ! N
- Bt
| - - . +
‘ H‘Z_. .'_Ll 13 -0 __I __tj‘ iF
| IS
B | L 1: Base
1L i il T 2: Collector
D { t 40| 3: Emitter
I i ) v | .
L IRk
e - — ool Ol _.Lb
- e - 0016114/B

3

3/4




BD135/BD139

information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequencas
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of $TMicroelecironics. Specification mentioned in this publication ara
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data sheet,

is always more up-to-date than this

Internetpages
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Please note:

DC PM Motor Standard 1.13.021.

Tirechion of Rotation

@ A -
‘,Q\Q‘h e 17 =
+ - f o Y
Ly ER S
(
REL 42,540 §2e0.2 . = w_'_':f
T
Flug Cornaction 2,8 ¢ 0,4
Technical Data *)
Type 701 701
+ The illustrated motor is representative
Rated Voltage Vv 12 24 for the standard series.
Rated Torque mNm 10 15 [n]n ]
& e 1.50
Rated Speed rp.m. 2650 6200 6000 Foted vorage 120G}
Rated Output Power w 2.8 i 9.8 5.000 1 =10 7 1.25
Rated Current A 0.45 0.65 000 / v 100
n=f
Max. Allow. Const. Current*™) A 0750 0750 N \/ T
3.000 o5 i}
~N N
No Load Speed r.p.m 4100 B400 y \
2.000 v 0,50
No Load Current A 0.070 0.080 N \
M
Stall Current A 115 23 100 | \k oz
Stall Torque mNm 28 58 0 0.00
] 5 10 15 20 25 30
1]
Rotor Inertia gem? ; 91 g1 Torque fmNmp
| Type: 113.02170t (12 VDC)
Speed Regulation Constant r.p.m./mNm 145 145
Torque Constant mNm/A 265 26.5 e s @
10,000 T T T 25
Mech. Time Canstant ms - - Fatad Voltage: 24 OO
Electr, Time Constant ms - - v 20
Terminal Resistance Oohm 10.5 10.5 N 1etm
15
Thermal Resistance R,, K/W 13.3 13.3 /
Riz K/W 13.3 13.3 \\ 10
Weight g 105 105 Ry 05
*) all data are respected to an ambient temperature of 25 °C 1 N
**) at rated voltage 0 oo
1] 10 20 0 40 50 80
Torque {mNm}

Standard articles produced to order, but not kept in stock.

DESIGN:

* DC PM Mator

+ Brush type commutation

* 7 segment commutator

¢ Sintered branze bearing oil impregnated

¢ Direction of rotation depending on applied polarity
» Corrosion protected housing

* A-endshield/drive end: zinc die-cast

Type: 113.021.701 (24 VDC)

recommended operating range

Max, allowable radial load_. ... 20N
(15 mm from mounting surface)

Max. altowable axial load. o . .- BN
Axial play__ .. - __0.05-07 mm
Allowable temperature range_.. _ — . .0°C/+70°C



MUR405, MUR410, MUR415,
MUR420, MUR440, MUR460

MUR420 and MUR460 are Preferred Devlces

Switchmode™
Power Rectifiers

.. . designed for use in switching power supplies, inverters and as

free wheeling diedes, these state—of-the-art devices have the
following features:

Ultrafast 25, 50 and 75 Nanosecond Recovery Times
175°C Operating Junction Temperature

Low Forward Voltage

Low Leakage Current

High Temperature Glass Passivated Junction
Reverse Voltage to 600 Volts

Mechanical Characteristics:

Case: Epoxy, Molded

Weight: 1.1 gram {approximately)

Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

Lead and Mounting Surface Temperature for Soldering Purposes:
220°C Max. for 10 Seconds, 1/16” from case

Shipped in plastic bags, 5,000 per bag

* Available Tape and Reeled, 1500 per reel, by adding a “RL" suffix

the part number

Polarity: Cathode indicated by Polarity Band

Marking: MUR405, MUR410, MUR415, MUR420, MUR440,
MUR460

MAXIMUM RATINGS

IT’Iease See the Table on the Foltoewing Page

© Semiconducior Components Industries, LLC, 2002 1
March, 2002 - Rev. 5

to

ON Semiconductor™

http:/lonsemi.com

ULTRAFAST RECTIFIERS
4.0 AMPERES
50-600 VOLTS

o—p|—o

—

AXIAL LEAD
CASE 267-05
{DO-201AD)

STYLE 1

MARKING DIAGRAM

MURdxx

—

MUR4xx = Device Code
=05, 10, 15, 20, 40, 60

XX

ORDERING INFORMATION

Device Package Shipping
MUR405 Axial Lead 5000 Units/Bag
MUR405RL Axial Lead 1500/Tape & Reel
MUR410 Axial Lead 5000 Units/Bag
MUR410RL Axial Lead 1500/Tape & Resl
MUR415 Axial Lead 5000 Units/Bag
MUR415RL Axial Lead 1500/Tape & Reel
MUR420 Auxtial Lead 5000 Units/Bag
MUR420RL Axial Lead 1500/Tape & Reel
MUR449 Axial Lead 5000 Units/Bag
MUR440RL Axial Lead 1500/Tape & Reel
MURA46E0 Axial Lead 5000 Units/Bag
MUR460RL Axial Lead 1500/Tape & Reel

Preferred devices are recommended choices for future use
and best overall value,

Publication Order Number:

MUR420/D




MUR405, MUR410, MUR415, MUR420, MUR440, MUR460

MAXIMUM RATINGS

MUR
Rating Symbol 405 410 415 420 440 460 Unit
Peak Repetitive Reverse Voltage VRRM 50 100 150 200 400 600 Volts
Working Peak Reverse Voltage Vawm
OC Blocking Voltage Vr
Average Reclified Farward Current {(Square Wave) Irav) 4.0 @ Tp =80°C 40@ Amps
{(Mounting Method #3 Per Note 2) Tp = 40°C
Nonrepetitive Peak Surge Current lespm 125 70 Amps
{Surge applied at rated load conditions, half wave,
single phase, 60 Hz)
Operating Junclion Temperature & Storage Temperature Ty Tag —651t0 +175 °C
THERMAL CHARACTERISTICS
Maximum Thermal Resistance, Junction to Ambient Raya [ See Nota 2 “CIW |
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage {Note 1) VE Valts
{ir = 3.0 Amps, Ty = 150°C) 0.710 1.05
{ir = 3.0 Amps, T) = 25°C) 0.875 1.25
{ip = 4.0 Amps, T = 25°C} 0.890 1.28
Maximurm Instantaneous Reverse Current (Note 1) ir LA
(Rated dc Voltage, T, = 150°C) 150 250
(Rated dc Voltage, T, = 25°C) 5.0 10
Maximum Reverse Recovery Time ter ns
{Ir = 1.0 Amp, di/dt = 50 Amp/us) 35 75
{lg = 0.5 Amp, ig = 1.0 Amp, Igg =0.25 Amp) 25 50
| 25 50 ns

Maximum Forward Recavery Time
(tr = 1.0 A, difdt = 100 Adus, Recovery to 1.0 V)

1. Pulse Test: Puise Width = 300 pus, Duty Cycle < 2.0%.

http:flonsemi.com
2



MUR405, MUR410, MUR415, MUR420, MUR440, MUR460

MUR405, MUR410, MUR415, MUR420

100

80 I I
40 =175°C—]
70 . 2 Ty=175°C_]
= B0
50 E a0
& 20
T o8 — 100°C
/ w 0.4
2 /| @2 g2
V7 r £ o08
/,/ / E_ 0.04
; //ARNES-
% 0.008 ———
E 7 0.004
E 20 yAviani 0.002
g / / 0 20 40 60 B0 100 120 140 160 180 200
o S0 1711 Vp, REVERSE VOLTAGE (VOLTS)
= / / / Figure 2, Typical Reverse Current
S /
K a0 f
[
2 . / J
2 “ / / l.._ 25°C
g 7 i g .
|E TJ = 175°C —7 100°C i Rated VF{ —]
g 1.0 + i i E HNA=2B°CIW
= i | 5 80 _
. 1 &
| 11— 3
0.5 o 60
/ / % N
0.3 ] 2 \kdc
. / & 40— SQUARE WAVE Q\
) B
0.2 l I I § 20 \\
EE
[1[1] 2 T
4
0.1 £ o0
02 03 04 05 06 07 08 09 10 11 12 o 50 100 150 200 250
vE, INSTANTANEQUS VOLTAGE (VOLTS) Ts, AMBIENT TEMPERATURE (°C}
Figure 1. Typica! Forward Voltage Figure 3. Current Derating
{Mounting Method #3 Per Note 2)
g 10 | 200
% 8.0 T /
= 80 {Capacilive ﬂ =20 10 | 5.0 4 T, < 255
o - Load) lavy 7 / \ =
= 1 T A7 170 & %R
2 60 = < g 80—\
[=]
AT do | 70
E 50 = £ w -
2 40 a g 5 M.
w SQUAREWAVE 2
g 3.0 . 40 ——1
é 2.0 ©
g 39
& 10
% 0 20
o ] 10 20 30 40 50 60 70 80 0 10 20 20 40 50

IF¢avy. AVERAGE FORWARD CURRENT (AMPS)
Figure 4. Power Dissipation

Vi, REVERSE VQLTAGE (VOLTS)
Figure 5. Typical Capacitance

http:/fonsemi.com
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MUR405, MUR410, MUR415, MUR420, MUR440, MUR460

MUR440, MUR460

2 777 400 I PR
200 —t
/// / =1 T, = 175°C ]
z & =
// / s = =
10 7 E 20
10 AV AW i & 8.0 100°C3
- 777 3 40
50 / / g 08
04 o ™
3.0 / / Q 0.2 a8 2
& 3 -
S Ty=175°C / / < 0% =
= 20 0.02 o
| o -~
% / /‘ ® lc 0.008 i
5 100°C 0.004 5 100 200 300 400 500 600 700
(&)
2 10 1 Vg, REVERSE VOLTAGE (VOLTS)
= . .
% 07 l, ,I Figure 7. Typical Reverse Current
[
2 os— 11
(=]
2 [/
z 03 & " 1
B / l ES RatedVg —|
Z , Roga = 28°CIW
RSB 5 T
[+
[] :
o
0.1 1 % 6.0
| T ~
e 2 40 S d
0.05— @ e
AN & SQUARE WAVE N
N 2 2 xS
0.03 s
0.02 I l £ 0
03 05 07 09 11 13 15 17 19 21 23 0 50 100 150 200 250
v, INSTANTANEOQUS VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C)
Figure 6. Typical Forward Voltage Figure 8. Current Derating
{Mounting Method #3 Per Note 2)
& 14 T N 40
£ sauarewave L2
g_ 12 // V.
) 50 yAay4 ” \ T)=25°C
E 10 ya 21 do | N
= 1V o 2
& >, .. 5 \
7] 10 / W M,
= % . A A ~ % N
g i (Capacitive Ilp_p; 20 A 7V 7 5 1
8 6.0 Load) AV/ "/ -
Ry~ 3
4 7, . iy i ——
=
% 20 Z 50
S 0 10 20 30 40 50 60 70 80 90 10 "o 10 20 0 a0 50
friav), AVERAGE FORWARD CURRENT (AMPS) Vg, REVERSE VOLTAGE {VOLTS)
Figure 9. Power Dissipation Figure 10. Typical Capacitance

h?tp:.;‘.l.o.n.semi.c-:om
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MUR405, MUR410, MUR415, MUR420, MUR440, MUR460

NOTE 2 — AMBIENT MOUNTING DATA

Data shown for thermal resistance junction—-to—ambient
(Rgja) for the mountings shown is to be used as typical
guideline values for preliminary engineering or in case the
tie point temperature cannot be measured.

TYPICAL VALUES FOR Rgyp [N STILL AIR

Mounting Lead Length, L {IN)

Method T8 | 14 | 12 | 34 | Units
1 50 | 51 | 53 | 55 | Gw
2 Raja 58 59 61 63 *Ciw
3 28 SCAW

MOUNTING METHOD 1

P.C. Board Where Available Copper
Surface area is smatl,

Iy

MOUNTING METHOD 2

Vector Push-tn Terminals T-28

]
Ny AP

MOUNTING METHOD 3

P.C. Board with
1-1/2" x 1-1/2” Copper Surface

IS }n;:/g

http://onsemi.com
5



©SI1-8000S Series

=== 5/-8000S Series =}

FuII Mold, Separate Excitation SW|tch|ng Type

BWFeatures
« Compact full-mold package (equivalent to TO220)
« Qutput current: 3.0A
+ High efficiency: 79 to 91%
+ Requires only 4 external components
+ Phase correction and output voltage adjustment performed internally
+ Built-in reference oscillator (60kHz}
+ Built-in overcurrent and thermal protection circuits
« Built-in sofi start circuit (output ON/OFF control)

BApplications

+ Power supplies for telecommunication equipment

+ Onboard local power supplies

mLineup
‘ Part Number 51-80335 S1-BLS0S S0l 808 ‘ S1-8120S S1-81508 ]
Vo(V) 33 5.0 . 9.0 12.0 15.0
1o(A) o h 3.0 i
WmAbsolute Maximum Ratings
o Parameter Symbal F.gs Unit
DC Input Voltage : VIN \ 43 "
P o ) 4 i Po1 1 18(Wlth infinite heatsmk) W
ower Dissipation ; '
Po2 ‘ 1. 5(W|thout heatsmk stand-alone operatlon) w
Junction Temperature T : - +125 °C
—_ . j —
Storage Temperature Tsg —40 to +125 °C
SW Terminal Applied Reverse Vaoltage Vew o i ) _-1 B v
Thermal Resistance(junction to case) Ringc) i 55 *CMW
*S1-80338: 35V
BRecommended Operating Conditions
Parameter . Symbol — -y \ N .t:ng_s — p————— - — 4 Unit ]
L _ $1-8033S | SI-8050S  $I-8090S  51-81205 | SI-81508 )
DC Input Vollage Range VIN 55t028 L 71040 : 12to 40 | 15to 40 1810 40 v
Qutput Curr.;nrR.ange lo ' ) Oto 3.0 A
Operating Junction Temperature Rangre* B Thp , ) -30to +125 °C




©51-8000S Series

HElectrical Characteristics (Te=25°C)
5; ' L - Ratings - h_
i Parameter Symbo! S1-80335 S1-80503 l - S1-8090S SI1-81208 S1-81508 Unit
¢ mir, | typ max F“ ’ e . typ, Tmax. min. . typ. Wmax. min.  typ. max
o S1-80008* ! v 317 {330 | 343 | 480 } 500 520 | 855 | 9.00 | 945 11.50| 12.00 [ 12.50 14.25[15.00 15.75
tput Pe— o e TS U U
V““p” $1-800085 3234] 330 [3.366[ 490 500 60| 873 | 900 | 027 — — v
olage Condiions | Vw=15V,lo=1.08 | Vi=20V,io=10A | Vme21Vlo=10A | Viw=24Vlo=10A | V=25, lo=1.0A
— : R
7 88 90 o
Efficiency n | gl L8 kN .l. - ' . | | I | %
]Condiiions V=15V, lo=1,0A Viuz20V, lo=1.0A ViNE21Y, 1o=1.04 ViN=24V, Jo=1.0A Viu=25V, lo=1.0A
f 0 60 60 60
Switching Frequancy | § | [ o4 | I | 80 1 l l KHz
ICondilinns Vin=15V, lo=1.0A V=20V, lo=1.0A Vin=21V, 1o=1.0A Vin=24V, lo=1.0A ViN=25V, [o=1.0A
(R 1 i
Lin Regulation AVoune 80 | |4 10| [ ! [0 [ 130 EXEXI N
: !Condilions Vin=8 to 28, lo=1.0A | Vin=10to 39V lo=1.04 | Vin=1510 30V, lo=1.0A | Vin=18 to 30V, 1o=1.04 | Vin=21 to 30V, lo=1.0A
. : el al :
AV 10 | 30 10 40 10 | 4 1 4 10 | 40
Load Regulation oLoan I | i R L l L I 0 i 40 | l -y
) ]Conditinns V=15V, 10=0.5 10 1.54 | V=20V, lo=0.5 00 1.5A | V=21V, Io=05%0 1.5A | V=24V, io=0.5t0 1.5A | V=25V, lo=0.510 1.5A
Terpede Coclidenl ol Ut Wtage.~ AVO/ATa 105 | | 105 | £1.0 +10 1.0 mv/°C
Btk ivieg sl i | . |
4 5 4
Ripple Rejection Reres A T S 5 45 48
]Conditions £=100 to 120Hz =100 to 120Hz f=100 1o 120Hz =100 10 120Hz {=100 to 120Hz
Overcurrent Protection Is1 3.1 J 1 31 [ ] KN T | 31 | | 31 | | A
Starting Current ]Cundilions ViN=15V Vin=20V Vin=21V Vin=24Y Vin=25Y
*1: “S" may be indicated to the right of the Sanken lego (except S1-81208S, SI-§1508)
HExternal Dimensions {unit: mm)

32102
iim.o’“

4,087
7.9802

16.903

@
z
04557 |
3.907 | (4.3)
10.77 *J
Forming No. 1101

a. Part Number
b. Lot Number
¢. Logo Mark

Pir Amangement

@ Vi

(Z SWour
@ GND
& Vos
& 8.5

Plastic Mold Package Type
Flammabitity; UL94V-0
Weight: Approx. 2.3g

73 I



©SI1-8000S Series

EBlock Diagram

- |
~—{ Reg.}—() | ocP I

2 SWour

Swour

S1-8000S5

ITa-Po Characteristics

20

T
Infinfie heatsink With Silicon Grease

Heatsink: Aluminum

-
o

200xZ00xZmm
[2.3"CW)

N

100x100xZmm

5.2°CAWY

75x75x2mm
(7.6°C)

N

Power Dissipation Po (W)
o

i

Without heatsink

| J
/-

v,

-25 0 25 50 75 100 125
Ambient Operating Temperature Ta {*°C)

74

Ciz: 1000uF
L+ :150pH
D1 RK46(Sanken)
Vo
Po=Vorlo ——=1 =VFlo 1—-——
ViN

The efficiency depends on the inpul voltage and the out-
put current. Thus, obtain the value fram the efficiency graph
on page 75 and substitute the percentage in the formula
above.

7 Vo : Output voitage
Vin:
| lo
X
VE

Input voltage

: Output current

: Efficiency {%)

: Diode forward voltage
0.5V(RK46)}

Thermal design for D1 must be considered separately.




©5I1-8000S Series

HTypical Characteristics

Output Veltage(SI1-8050S5) Efflciency Characteristics(S1-8050S) Load Regulation{S!-8050S)
10 *Load=C,C Taz25°C 100 : : Ta=25°C 545 Tas25°C
i ]
o % T 5.10
R Vi E~
s o A ¢
by - - {2
> 2 ; L--...:'TO%’.. > 5.05
oS = [ & ——t——t | Va=tov
% g7 ; + % 20v
> G“/ / k5 ' 2 500
=4 &/ G =
Z z & E WV
5 &5 i R e g N
o
2 / 4.95%
5 e
o & ) ot
0 2 3 10 1z H 0.5 1.0 15 2.0 2.5 a0 0.5 1.0 1.5 20 2.5 3.0
Input Voltage Vin (V) Output Current fo (A) Output Cument ko (A)
Temperature Characteristics(S1-80505) Overcurrent Protection Characteristics{5{-80505) Thermal Protection Characteristics{5|-8050S)
160 515 10 : Ta=25°0 10
I~ [VIN=20V,l0=1A) . V=20V, [o=0A)
I .
=80 5.10 8 — &
& n =2 , 2
Sl ] 22 - g
280 ” 505 7 'g 6 — © 6
™ on
1?, \-9._________‘_. g’g ! E
4 — $38 i S S
#7 o _f500 =2 6 P z 4
= 323 ] (3 k=
& 53 % - > TSO OFF TSDON
c [s18] - o
.g 60 { 4.85 2 '_ 4 2
= 1 [ | 20v
w | ] |
ol |
50 25 [} 25 50 75 108 ° 2 3 4 5 6 %0 15 100 125 150 175 200
Ambient Temperatura Ta (°C) Output Current lo (A) Ambient Temperature Ta (°C)
Note on Thermal Protection:
The thermal protection circuit is intended for
protaction against heat during Instantaneous
short-circuiting. its operation I3 not guaran-
teed for continuous heating conditlon such
as short-circuiting over extended periods of
time,
Qutput Voltage(SI-8120S} Efflciency Characteristics(S1-81208S) Load Regulation{S!-8120S)
25 *LoadaC.C Ta=25°C 100 i Ta=25°C 123 Ta=25°C
90 , Vasaoy
20 - s 12.2
) ! 2av’| T8V s
o =80 e o
15 § =124
[=] cn
2 g0 g N V=40V
(=]
Z 10 o > 120 N 24V
=] = -
3 =] 2 !
3 - it 60 T g 15v
~
[ — Cia
] e s e
3A ] "_I:
'\':
00 S 10 15 20 25 30 00 0.8 1. 15 29 25 3.0 00 0.5 1.0 1.5 20 2.5 30
Input Valtage VIN {V) Output Current lo (A) Qutput Current lo (&)



0SI1-8000S Series

A - T - = W - MR mmm e s —_- LY

Application Notes

1. Selecting External Components

. 76

{1) Choke coil L+

To maintain the stable operation of the regulator, choke coit L1
should be selected appropriately.

When selecting choke coil L1, consider the following:

a) Suitable for a switching regulator
Do not use a coil as a noise filter because it generales excess
heat.

b} Appropriate inductance
The greater the inductance of the choke coil, the smaller the
output ripple voltage. However, the size of the coil increases
large as the inductance increases. If the inductance is low, a
greater peak current flows to the IC and loss increases. This
is not favorable for stable operation.
The standard external circuit shows reference inductance val-
ues suitable for stable operation. However, the appropriate
inductance may also be calculated as follows:
_ {(Vm—-VopVo
L ACveef
Where, AlL indicates the ripple current of the choke coil that
is roughly set as follows:
« If the output current is close te the maximum rating (3 A) of
SI-8000S
Ripple current = output current x 0.2t0 0.3
+ i the output current is about 1.0A or less
Ripple current = ocutput current x 0.3 to 0.4
¢) Satisfying the rated current
The rated current of a choke coil must be greater than the
maximum load current. Note that the inductance decreases
drastically and an excess current flows if the load current ex-
ceeds the rated current of the coil.
d) Good DC current superposition characteristics
The current flowing through a choke coil is a triangular wave-
form current superimposed on a DC current equal to the load
current. The coil inductance decreases as the load current
increases. In general, the coil can be used until the induc-
tance drops to 50% of the rated value. Use this as the refer-
ence value for selection.
100% inductance
50%
Load current lo (max.}
e) Less noise

A drum-type open magnetic core coil can affect peripheral
circuits with noise because the flux passes outside the coil.
To avoid this problem, use a toroidal, El, or EE type closed
magnetic core coil.

(2) Input capacitor Ci1

Input capacitor C1 operates as a bypass capacitor in the input

gircuit.

When selecting input capacitor C1, consider the following:

a) The breakdown voltage is higher than the maximum input volt-
age.
Satisfies the allowable ripple current
Exceeding the ratings of this capacitor or using it without de-
rating may reduce its service life and also cause the regulator
to malfunction. Therefore, an input capacitor with a sufficient
margin should be selected. With the SI-8000S Series, the
effective ripple current Irms flowing to the input capacitor can
be calculated approximately as follows:

b

—

Vi
|rms'=,1.2 x V_Iz x|lo

(3) Output capacitor C2
Qutput capacitor Cz2 operates as a smoothing capacitor for switch-
ing output, The cutput rippte voltage from the regulator is deter-
mined by the praduct of the pulsating current part AIL (=Cz2 charge-
discharge current) of the choke coll current and the equivalent
series resistance ESR of the output capacitor Ca.

Vrp=AlL-C2ESR

Therefore, a capacitor of low equivalent series resistance ESR
should be selected to reduce the output ripple voltage. It is rec-
ommended to select a low-impedance capacitor intended for use
with switching regulators as Ca.
{4) Dicde Dy

Use a Schottky barrier diode for D1. If you use a general rectifier
diode or fast recovery diode, the |C may be damaged. {Sanken
RK46 recommended}

2. Cautlons on Pattern Design
{1} Large current line
Since a large current flows through the bold lines in the standard
external circuit make the pattern as wide and as short as pos-

sible.

ViN L Vour

O 1 2 a0k O
51-80005
+* 3 4 +*
(93174 Ca 17
D 7N
GND T GND

[o ]

(2) Input capacitor
Place the input capacitor C1 and output capacitor C2 as close to
the IC as possible. Since a large current flows through the lead
wires of the input and output capacitors to charge and discharge
them quickly, minimize the lead wire length. The pattern around
the capacitors should atso be minimized.

i “{ CrCa
S+ "
:(0) (0}
'I ':
Example of bad pattarn Example of good pattern



(3) Sensing terminal
Qutput voltage sensing terminal Vos should be connected as close
to output capacitor C2 as possible. If the terminal is far from the
capacitor, the decreasing regulation and increasing switching
ripple may result in abnormal oscillation.

Example of basic pattern

O Q O

o o
1

SI-8000S

o
5

D1 =k

o — H C1
Vour Co
0O O
'e) Vu GND 0O
Top view (with part names)
r- - B - - "l ' -
Applications
1. Soft Start

Connecting a capacitor to terminal no. 5 permits a soft start at power-
on. Delay time T¢ and rise time Ts can roughly be calculated as
shown below. (However, the values may slightly vary in an actual
application.) If the capacitance of Ca is increased, it takes longer o
discharge Cs after Vin is turned off. Therefore, it is recommended to
set the value to 10uF or less. When not using the soft start function,
keep terminal no. & open.
0.7xCs
20108 (sec
__4.845xCs
T VINX20x10-6

Ta= )

(sec)

S1-80005
5
J’_s.s.
],; Ca

'

]
1
'
]
'
'
'
'
'
i
'

|

Ta Ts

. Output ON/QFF control

Output can be turned on and off by using the soft start terminals.
Set the sofl start terminal voltage to VssL (0.2V typ.) or less to stop
output. To switch the potential at the soft start terminals, drive the
open coflector of the transistor. Since the discharge current from Ca
flows to the ON/OFF control transistor, limit the current for protec-
tion. The §S terminal is pulled up to the power supply in the IC and
no external vollage can be applied.

S1-8000S $1-8000S
5 5
S8, S.5.
c
Tk Il ?
ONIOFF $.§ + ONIOFF

©51-B000S Series

3. Variable Qutput Voltage
The output voltage can be increased by connecting a resistor to Vos
terminal No. 4. (There is no way of decreasing the voltage)
(1) Variable output voltage with single external resistor

JuLr

—_— Vo©
2 YO . O

51-80005 JS 1 REx
Vs C2

3 4 = Vs i
GND
o]

The output voltage adjustment resistance Rex is calculated
as follows:

Vs : Qutput voltage of product
Vo' : Adjusted output voltage
lvs : Inflow current to Vs terminal

* The temperature characteristics of output voltage worsen because
the value Rex is not compensated for temperature. The Vs value
fluctuates by up to +20% depending on the IC product. Since the
output voltage fluctuates more, a semi-fixed resistor is necessary
for accurate output voltage adjustment. If Vs and Rex are constant,
the range of output voltage fluctuation can be expressed as follows:
AVo (%)= 1200 05
Vo'

aVo" Adjusted output voliage

(2} Variable output voltage with two external resistors

Ju
Vo
-0
51-80008
v C2
4 s
3 I
Rexz
GND

O

The output voltage adjustment resistances Rex1 and Rex are
calculated as follows:

Vo'-Vs
Rex1= —————
S«lVs
Vs
x2= —————
REX2= 5 1)1vs

S:Stahility factor

Bypassing the current to Rexz improves the temperature charac-
teristics and voltage fluctuation ranges more than the method of
(1). Stability factor S indicates the ratio of Rex: to Vs terminal
inflow current, Increasing the S vatue improves the fluctuations
of the temperature characteristics and output voltage. (Usually 5
to 10}

If the Vs and Rex values are constant, the output voltage fluctua-
tion range can be calculated as follows:

+20° Vo'=Vs

S : Vo'

avo'{%)=
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SEMICONDUCTOR®

KA78XX/KA78XXA

3-Terminal 1A Positive Voltage Regulator

www.fairchildsemi.com

Features Description

» OQutput Currentup to 1A The KA78XX/KAT8XXA series of three-terminal positive
+ Output Voltages of 5,6, 8,9, 10, 12, 15, 18, 24V regulator are available in the TO-220/D-PAK package and
» Thermal Overload Protection with several fixed output voltages, making them useful in a
« Short Circuit Protection wide range of applications. Each type employs internal

+ Qutput Transistor Safe Operating Arca Protection current limiting, thermal shut down and safe operating area

protection, making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A output
current. Although designed primarily as fixed voltage
regulators, these devices can be used with external
components to obtain adjustable voltages and currents.

TO-220

1. Input 2. GND 3. Output

Internal Block Digram

INPUT SEFIES ouTPuT
[ PASS o
1 ELEMENT 3
CURRENT 5OA ‘::‘f
GENERATOR PROTECTION >
STARTING REFEREMCE ERRORA
cIRCUIT VOLTAQE AMPLIFIER
b
>
THERMAL, <
PROTECTION
1 aMo
[+
2
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KATBXX/KATBXXA

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) V) 35 \'
(for VO = 24V) VI 40 vV
Thermal Resistance Junction-Cases (TO-220) ReJc 5 ‘T
Thermal Resistance Junction-Air (TO-220}) Raya 65 ‘cw
Operating Temperature Range (KA78XX/A/R) TOPR 0~+125 °C
Storage Temperature Range TSTG 65~ +150 C

Electrical Characteristics (KA7805/KA7805R)
(Refer to test circuit ,0°C < Ty < 125°C, Io = 500mA, Vi =10V, C|= 0.33pF, Co=0.1uF, unless otherwise specified)

KAT7805
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
T)=+25°C 48 [ 50| 52
Output Voltage Vo 5.0mA < lo = 1.0A, PO < 15W Y
Vi=7Vto 20V 475 ] 50 1525
. . . Vo =7V to 25V - 4.0 | 100
Line Regulation (Note1) Regline | Ty=+25°C my
V| = 8V to 12V - 1.6 50
. lo = 5.0mA to1.5A - 9 100
Load Regulation (Note1) Regload | Ty=+25°C - myv
lo =250mA to 750mA - 4 50
Quiescent Current e} Ty =+25°C - 50 | 80 mA
Qui o nt Chan Al io = 5mA to 1.0A - 003| 05 mA
uie n re e
seent MU d @ [VE7vio2sv - |03 |13
Output Voltage Drift AVO/AT | lo=5mA - -0.8 - | mwvreC
Qutput Noise Voltage VN f= 10Hz to 100KHz, TA=+25 °C - 42 - WVVO
. S f=120Hz
Ripple Rejection RR Vo = 8V to 18V 62 73 - dB
Dropout Voltage VDrop | lo=1A, TJ=+25°C - 2 - v
Output Resistance ro f=1KHz - 15 - me
Short Circuit Current Isc Vi =35V, Ta =+25°C - 230 - mA
Peak Current IPK Ty=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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L2938

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGE UP TO 46 V

a TOTAL DC CURRENT UP TO 4 A

a LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwait and PowerSOZ20 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15 PowerS020

DRDERING NUMBERS : L298N {Multiwatt Vert,)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nection of an external sensing resistor. An additional
supply input is provided so that the logic works at a
lower voltage.

S
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 \'
Vss Logic Supply Voltage 7 v

Vi, Ven Input and Enable Voltage -0.3t07 3
lo Peak Qutput Current {(each Channel)
— Non Repetitive (t = 100us) 3 A
—Repetitive {80% on —20% off; ton = 10ms} 23 A
-DC Operation 2 A
Vsens Sensing Voltage -1t023 \'
Pt Total Power Dissipation (Tease = 75°C) 25 w
Top Junction Operating Temperature —2510 130 °C
Tag. T; | Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ [ ~ L3 — CURRENT SENSING B
19 [ 3 OUTPUT4
$ (F 7 F— QUTPUT 3
12 [0 INPUTA4
n - ENABLE B
w0 INPUT3
[ 7 LOGIC SUPPLY VOLTAGE Vgg
Multiwatt15 s [E————— oo
$ T/ > INPUT 2
6 [~ ENABLEA
s [CT—/—™ INPUT 1
a [T SUPPLYVOLTAGE Vs
Q} 3T OUTPUT 2
> ouTPuT1
[ P A CURRENT SENSING A
Z TAB CONNECTEC TOFIN & DOSIN2A04A
/
GND ] 1 20 [T oND
SenseA [_| 2 19 [ SenseB
NG [ 3 18 ] NG
out1 [ 4 17 [ Out4
ouz [—] 5 PowerS0O20 16 [ ous3
ve 18 15 7 Input4
nput1 1 7 14 |_ ] EnableB
EnableA [ 8 13 [ Input3
nput2 9 12 [ vss
GND [ 10 11 ] GND
035N239
THERMAL DATA
Symbol Parameter Power$020 Multiwatt15 Unit
Rinjease | Thermal Resistance Junctioncase Max. - 3 °C/W
Rinjamb | Themmal Resistance Junction-ambient Max. 13 (M) 35 °C/W

{*) Mounted on aluminum substrate

2/13
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L298

PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerS0 Name Function
1,15 2;19 Sense A; Sense B | Between this pin and ground is connected the sense resistor to
control the current of the load.
2:3 4:5 Qut 1; Qut 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Qutput Stages.
A nen-inductive 100nF capacitor must be connected between this
pin and ground.
5.7 7,9 input 1; input 2 TTL Compatible Inputs of the Bridge A.
6;11 814 Enable A; Enatle 8 |TTL Compatible Enabte Input: the L state disables the bridge A
{enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 V35S Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13,15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 1617 Qut 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected betwaen these two pins is monitored at pin 15.
- 3;18 N.C. Mot Connected

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

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voltage {pin 4) Operative Condition Vg +2.5 486 \'
Vgs Logic Supply Voltage (pin 9) 4.5 5 7 V)
Is Quiescent Supply Current {(pin 4) {Ven=H; 1L=0 V=L 13 22 mA
Vi=H 50 70 mA
Veq = L Vi= X 4 mA
lgs Quiescent Current from Vsg (pin 9} |Ven=H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven = L Vi= X 6 mA
Wi Input Low Voltage 03 1.5 v
{pins 5, 7, 10, 12)
Vi Input High Veoltage 23 VSS A
{pins 5,7,10,12)
'8 Low Voltage Input Current Vi=L -10 pA
(pins 5,7,10,12)
lin High Voltage Input Current Vi=H g Vgs 0.6V 30 100 HA
{pins 5, 7, 10, 12)
Ven =L |Enable Low Voltage {pins 6, 11) -0.3 1.5 \)
Vea = H |Enable High Voltage (pins 6, 11) 23 Vss 1
len =L |Low Vollage Enable Current Ven=L -10 pA
{pins 6, 11}
len =H |High Voltage Enable Current Ven = H £ V55 0.6V 30 100 pA
{pins 6, 11)
Veesat (H) | Source Saturation Voltage I=1A 0.95 1.35 1.7 )
IL=2A 2 27 \
VCEsat L Sink Saturation Voltage I, =1A (5) 0.85 1.2 1.6 v
IL=2A (5) 1.7 2.3 V
Vcesat |Total Drop IL=1A (5) 1.80 3.2 \Y
IL=2A ({5) 4.9 v
Viens | Sensing Voltage {pins 1, 15) -1 (1) 2 Y
IYI 3/13




L298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min, Typ. | Max. Unit
T, (Vi} |Source Current Turn-off Delay 0.5Vito 091 (2):(4) 15 us
T2 (Vi) |Source Current Fall Time 091 to0t 1l (2% (4) 0.2 us
T3 (Vi) |Source Current Turn-on Delay 05Vite 01l (25 {4 2 us
Ta (Vi) |Source Current Rise Time 011 o091,  {2); (4) 07 us
Ts (V) 1Sink Current Tum-off Delay 05Vito 0.91.  (3)(4) 0.7 1S
Te (Vi) [Sink Current Fall Time 09I 010 {3k 0.25 us
T7 (V) |Sink Current Tum-on Delay 05Vito 091 (3):(4) 16 us
Ta (Vi) |Sink Cumrent Rise Time 011 to09I1L. (3% d) 0.2 us
fc (Vi) |Commultation Frequency IL=2A 25 40 KHz
Ty {Ven} |Source Current Turn-off Delay 0.5Vento Q9L (2% (4) 3 us

Tz (Ven} |Source Current Fall Time 09I to011. {2} {4) 1 us
T3 {Ven) |Source Current Turn-on Delay 0.5Vento 0.1 {20 (4} 0.3 us
Ta {(Ven) |Source Current Rise Time 01 o091k  (2);(4) 04 us
Ts {Ven) |Sink Current Tum-off Delay 0.5Vento 09k (3); (4) 22 ns
Te {Ven) |Sink Current Fali Time 09I toQ1 1L (3 0.35 Us
Ty (Ven) |Sink Current Tum-on Delay 05Vento 091 (3} (D 0.25 us
Te (Ven) |Sink Cumrent Rise Time 0.1, to091L (3% () 0.1 us

1) 1)Sensing voltage can be —1 V for t £ 50 psec; in steady stale Ve min 2—0.5V,

2) See fig. 2.
3) See fig. 4.

4) The Yoad must be a pure resister.

Figure 1 : Typical Saturation Voltage vs. Output

Vgar
(v}

2.4
20
1.6
1.2
0.8

0.4
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Figure 2 ; Switching Times Test Circuits.
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Note : For INPUT Switching, setEN = H

For ENABLE Switching, setiN=H
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FR301 THRU FR307
3.0 AMPS. Fast Recovery Rectifiers

Vollage Range

50 to 1000 V
Current

olts

3.0 Amperes

Features

< Low forward voltage drop

< High current capability

< High reliability

< High surge current capability

Mechanical Data

Lead:

24 o

Cases: Molded plastic
Epoxy: UL 94V-0 rate flame retardant

Axial leads, solderable per MIL-
STD- 202, Method 208 guaranteed

Polarity: Color band denotes cathode end
High temperature soldering guaranteed:

250°C/M10 seconds/. 375" ,{9.5mm) lead

length

s at 5 Ibs.,{2.3kg) tension

< Weight: 1.2 grams

DO-201AD

220 (56
.‘-m?_ggﬁ% 1.%&5..4)
DA,

1

375 (9.5
g 338 (3.5}

.0 (25.4)
MIN.

.052 (1.3
048 (1. -1

DIA |-

Dimensions in inches and {mlllimeters)

Maximum Ratings and Electrical Characteristics
Rating at 25°C ambient temperature unless otherwise specified.

Single phase, half wave, 60 Hz, resistive or inductive load.
For capacitive load, derate current by 20%

Type Number FR301|FR302{FR303|FR304 |FR305|FR306 | FR307 | Units
Maximum Recurrent Peak Reverse Voltage 50 100 | 200 | 400 | 600 | 800 | 1000 | V
Maximum RMS Voltage 35 70 140 | 280 | 420 | 560 | 700 vV
Maximum DC Blocking Voltage 50 | 100 | 200 | 400 | 600 | 800 [1000 | V
Maximum Average Forward Rectified Current
375"(9.5mm) Lead Length @T = 55°C 3.0 A
Peak Forward Surge Current, 8.3 ms Single
Half Sine-wave Superimposed on Rated Load 150 A
(JEDEG method )

Maximum Instantaneous Forward Voltage 1.2 v
@ 3.0A

Maximum DC Reverse Current @ Ta=25°C 10 uA
at Rated DC Blocking Voltage @ Ta=100°C 150 uA
Maximum Reverse Recovery Time ( Note 1) 150 | 250 | 500 ns
Typical Junction Capacitance ( Note 2 ) 80 pF
Operating Temperature Range T, -85 to +125 °C
Storage Temperature Range Tste -65 to +150 °C

Notes:1. Reverse Recovery Test Conditions: 1r=0.5A, Ir=1.0A, Irr=0.25A
2. Measured at 1 MHz and Applied Reverse Vollage of 4..0 Volts D.C.

- 226 -
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RATINGS AND CHARACTERISTIC CURVES (FR301 THRU FR307)

FIG.1- MAXIMUM FORWARD CURRENT DERATING
CURVE

4
s
: 5
Z 3 g
o a3
g \ 4
3 2 N E
o
g Single Phase 2
z Half Wave 60Hz :
@ 3 [ Resistive or ]
w Inductiva Load L
g 0.375"(9.5mm) 5
w Lead Length
Z 9 1 L
D 25 50 75 100 125 150 17§
AMBIENT TEMPERATURE. (*C)
FIG.3- TYPICAL FORWARD CHARACTERISTICS
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F1G.2- MAXIMUM NON-REPETITIVE PEAK FORWARD
SURGE CURRENT

150
\\\
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[
50 s
[
| Tj=25%
8.3ms Singte Half Sine Wave
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10
1 5 10 50 100
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FIG.4- TYPICAL JUNCTION CAPACITANCE
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80 e
'
40 T
Tj=25% B
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20
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REVERSE VOLTAGE. (V)

FIG.5- REVERSE RECOVERY TIME CHARACTERISTIC AND TEST CIRCUIT DIAGRAM
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VWA WY

()
= S0vde
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PULSE
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*

HOTES: 1. Rims Time=7ns max. Inpun Impadance=

1 megohm 22pf

1

2. Rlgg Time=10ns max. Sourse Impadance=

50 ohms

+0.5A

N\

-
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—l "‘"""—SET TIME BASE FOR

5 10ns/ cm

- 227-




	Title Page
	ณัฐพล0000001A.tif
	ณัฐพล0000002A.tif

	Abstracts
	ณัฐพล0000003A.tif
	ณัฐพล0000004A.tif
	ณัฐพล0000005A.tif
	ณัฐพล0000006A.tif
	ณัฐพล0000007A.tif

	Contents
	ณัฐพล0000008A.tif
	ณัฐพล0000009A.tif
	ณัฐพล0000010A.tif

	Lists of Illustrative
	ณัฐพล0000011A.tif
	ณัฐพล0000012A.tif

	Chapter 1
	ณัฐพล0000013A.tif
	ณัฐพล0000014A.tif

	Chapter 2
	ณัฐพล0000015A.tif
	ณัฐพล0000016A.tif
	ณัฐพล0000017A.tif
	ณัฐพล0000018A.tif
	ณัฐพล0000019A.tif
	ณัฐพล0000020A.tif
	ณัฐพล0000021A.tif
	ณัฐพล0000022A.tif
	ณัฐพล0000023A.tif
	ณัฐพล0000024A.tif
	ณัฐพล0000025A.tif
	ณัฐพล0000026A.tif
	ณัฐพล0000027A.tif
	ณัฐพล0000028A.tif
	ณัฐพล0000029A.tif
	ณัฐพล0000030A.tif

	Chapter 3
	ณัฐพล0000031A.tif
	ณัฐพล0000032A.tif
	ณัฐพล0000033A.tif
	ณัฐพล0000034A.tif
	ณัฐพล0000035A.tif
	ณัฐพล0000036A.tif
	ณัฐพล0000037A.tif
	ณัฐพล0000038A.tif
	ณัฐพล0000039A.tif
	ณัฐพล0000040A.tif
	ณัฐพล0000041A.tif
	ณัฐพล0000042A.tif

	Chapter 4
	ณัฐพล0000043A.tif
	ณัฐพล0000044A.tif
	ณัฐพล0000045A.tif

	Chapter 5
	ณัฐพล0000046A.tif
	ณัฐพล0000047A.tif
	ณัฐพล0000048A.tif
	ณัฐพล0000049A.tif
	ณัฐพล0000050A.tif
	ณัฐพล0000051A.tif
	ณัฐพล0000052A.tif
	ณัฐพล0000053A.tif
	ณัฐพล0000054A.tif
	ณัฐพล0000055A.tif
	ณัฐพล0000056A.tif
	ณัฐพล0000057A.tif
	ณัฐพล0000058A.tif
	ณัฐพล0000059A.tif
	ณัฐพล0000060A.tif

	Chapter 6
	ณัฐพล0000061A.tif
	ณัฐพล0000062A.tif
	ณัฐพล0000063A.tif
	ณัฐพล0000064A.tif
	ณัฐพล0000065A.tif
	ณัฐพล0000066A.tif
	ณัฐพล0000067A.tif
	ณัฐพล0000068A.tif
	ณัฐพล0000069A.tif

	Chapter 7
	ณัฐพล0000070A.tif
	ณัฐพล0000071A.tif
	ณัฐพล0000072A.tif
	ณัฐพล0000073A.tif
	ณัฐพล0000074A.tif
	ณัฐพล0000075A.tif
	ณัฐพล0000076A.tif
	ณัฐพล0000077A.jpg

	Chapter 8
	ณัฐพล0000078A.jpg
	ณัฐพล0000079A.tif
	ณัฐพล0000080A.jpg
	ณัฐพล0000081A.tif

	Chapter 9
	ณัฐพล0000082A.tif
	ณัฐพล0000083A.jpg

	Appendix
	ณัฐพล0000084A.tif
	ณัฐพล0000085A.tif
	ณัฐพล0000086A.tif
	ณัฐพล0000087A.tif
	ณัฐพล0000088A.tif
	ณัฐพล0000089A.tif
	ณัฐพล0000090A.tif
	ณัฐพล0000091A.tif
	ณัฐพล0000092A.tif
	ณัฐพล0000093A.tif
	ณัฐพล0000094A.tif
	ณัฐพล0000095A.tif
	ณัฐพล0000096A.tif
	ณัฐพล0000097A.tif
	ณัฐพล0000098A.tif
	ณัฐพล0000099A.tif
	ณัฐพล0000100A.tif
	ณัฐพล0000101A.tif
	ณัฐพล0000102A.tif
	ณัฐพล0000103A.tif
	ณัฐพล0000104A.tif
	ณัฐพล0000105A.tif
	ณัฐพล0000106A.tif
	ณัฐพล0000107A.tif
	ณัฐพล0000108A.tif
	ณัฐพล0000109A.tif
	ณัฐพล0000110A.tif
	ณัฐพล0000111A.tif
	ณัฐพล0000112A.tif
	ณัฐพล0000113A.tif
	ณัฐพล0000114A.tif
	ณัฐพล0000115A.tif
	ณัฐพล0000116A.tif
	ณัฐพล0000117A.tif
	ณัฐพล0000118A.tif
	ณัฐพล0000119A.tif
	ณัฐพล0000120A.tif
	ณัฐพล0000121A.tif
	ณัฐพล0000122A.tif
	ณัฐพล0000123A.tif
	ณัฐพล0000124A.tif
	ณัฐพล0000125A.tif
	ณัฐพล0000126A.tif
	ณัฐพล0000127A.tif
	ณัฐพล0000128A.tif
	ณัฐพล0000129A.tif
	ณัฐพล0000130A.tif
	ณัฐพล0000131A.tif
	ณัฐพล0000132A.tif
	ณัฐพล0000133A.tif
	ณัฐพล0000134A.tif
	ณัฐพล0000135A.tif
	ณัฐพล0000136A.tif
	ณัฐพล0000137A.tif
	ณัฐพล0000138A.tif
	ณัฐพล0000139A.tif
	ณัฐพล0000140A.tif
	ณัฐพล0000141A.tif
	ณัฐพล0000142A.tif
	ณัฐพล0000143A.tif
	ณัฐพล0000144A.tif
	ณัฐพล0000145A.tif
	ณัฐพล0000146A.tif
	ณัฐพล0000147A.tif
	ณัฐพล0000148A.tif
	ณัฐพล0000149A.tif
	ณัฐพล0000150A.tif
	ณัฐพล0000151A.tif
	ณัฐพล0000152A.tif
	ณัฐพล0000153A.tif
	ณัฐพล0000154A.tif
	ณัฐพล0000155A.tif
	ณัฐพล0000156A.tif




