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Ladkrabang(KMITL)
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ABSTRACT

A linear power supply has been developed for laboratory use. The power
supply is capable of providing 0 - 15V, 2A. The printed circuit board is built using
Circuit Wizard. The power supply is built using LM723, a monolithic integrated
programmable voltage regulator. The chip is assembled in 14-lead dual in-line plastic
package. The output driver uses NPN 2N3055 for high current sourcing. The circuit has
built-in short circuit protection. The digital meter for displaying output voltage and
current has been developed using PIC16F685 microcontroller. The power supply was
tested with ripple voltage. The ripple voltage was 5mVpp at 5V output voltage.
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2.1 ANNI5VBINIIBITNWNAY (Power Supply) [1]

20V " Transformer Rectifier Fiker Regulator _Va;
iﬂput output

ol =3 §
?LJVI 2.1 U68ﬂ1ﬂ85LLﬂ'iiJ‘EJENW']’JL’D’Bi‘UWWﬁ’]EJ

wannsresnesdwnatgansouandldfogu 2.1 Infhnsruaadu (AC 220
bad) deuliiundioudas (Transformer) iitoanseduusaduliilioglusesuilivanzay
ntuezdeiifuesulasnssudlnih Rectifien Fuimihdeulninnssuaadulsy
ihnszuanss ifhnssuansefildanduiasdedidnunnugneiueyiafenhlunsosl
Seudeaeasnseanud (Filter) wagdrugavneiduisasniunuussiulni (Regulator) B
vhmihimuguinussiuussuliowinsvansslilisssuasiinudeinsliuadsunlas

MuANTIZYeIan JeUsenaumeaiunisuuasiniinssuaaduildulninnssuanse saselud

2.1.1 ndiouuaslwi (Transformer) [2]
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Dol (2.1)
Vz_nz_h .

e Vy,V, = mdsvavBnavaussiuliiniitivesnainusugiivazyiont (had)
I,z = AnuszAvduavenssudlniivilvasiusnainUgugiivayyiegdl (woud)

1l

n; = IUIUTBUVRIUAaIRSULNHN
n; = IUIUTOUVIUAaININY LW

2.1.2 29351584n52ua (Rectifier Circuit) [3]

2995138enseuansalondnegein salwiees Ao 299sluiidnuandily

ar L v <7 s =] =i s w
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2.1.2.1 19ISFHINTIRARUUASIAAY (Half Wave Rectifier Circuit) mniﬂ‘m 24
aﬁmamimmwﬂauwﬂmmu Luaammmﬂsamﬂmmlmiamvﬂnlvaamam‘l,wﬂ'ivualwa
T1n995 ifnussdufinnAsousf Y R, muanwmmmammmauwmmeamammmma
autnunlaleraggnludandudwililuiinssualvaluasas LLNWU‘WWﬂﬂ'ﬁE)lJ R, ediAnilugud
muuammmmmwmﬁiwammumﬂuammmﬂmﬂmﬂa AFuna 8dn (Half wave)
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] i ° i = =i &
finady (Average value) annsaduINmIARATaE Y e NATLF I nNLRATANT W
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g =

Y833UN 2.4 udwnsmenmvesyunaulaeduniuildsuad

W
=l

weadldisnsBuilinsndygadsaunismaaielanad
1 (T

mAMsIFUINTREY Vae 108 V(E) = Vimsin(ot) 499 1= 21; Ve = 0 2¢ld

Vie = %[fon Vi sin(wt)d(wt) + fnzn Vm sin (mt)d(mt)] (2.3)
Vi
Vae = — (2.4)
T
d‘ 1 s aJ = 2
118 Vie = AMS9URAvR09assaansewa (lhan)
Vo = Aussiugsgnvasdynialvadu (ad)

mnszualniinedy 9zld
lac = — (2.5)

A1UsyAnSua (Effective value or Root Mean Square) Ao usssulwihaduiineliiinunanis
amusauriiuuswiulniiess Wy dwnaduussiulnihadusuleddn 14.14 Taad asewush
frumuen 1 Teviu agviliiAnanufouwhiudietouussiulniiingedn 10 Taad aunisnis
wAsulniensidued gl

’1 T

nMsmAUsUINe 5N aY99s 38N UALUUATIAAN 1A8 V() = Vasin(wt)
azlel

Vims = \/-2% foﬁ(Vm sin(wt))? d(wt) + %1 fozn(Vm sin(wt))? d(wt) (2.7)



Vrms == T (28)
Anszualniiensiduea agla
Im
Ir'ms = ? (2-9)

2.1.2.2 1I538INTTuARUUHINATU (Full Wave Rectifier Circuit) 99n4aideves
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2.1.2.3 253sanszuafnnduuuudunaiuny (Center Tap Rectifer Circuit)
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2.1.2.4 2993L389NTEUAUUUUIAY (Bridge Rectifier Circuit) userulwaguazsoid
NaoumvansIsuiaiuaziodnnIzgnuieaniawuiivie digui 2.8

JUN 2.8 2993138 TBUALUUUIAD

'lmwia“ﬂ'%"alsnLﬁamamamﬁuwmamuﬁdwLﬂa%'a A ’uawmwﬁanﬁﬁﬁﬁLﬂuuanLLaV%’a B faniu
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niauUas Aanaisarunnasedlvanazdfaniadeifunauusn Ao ﬁ*’ﬁgwaﬂagjmqﬁmw 514
gﬂﬁ 2.10 ffunsinnseualalanavifnaduiuitayanss D, fiu D; wax D; fiu Dg

v.(vg

U7 2.10 miﬁﬂmu’uama%ﬁmmzLLaLﬁuﬂﬁmmw%ﬁuﬁaﬁuwﬂLﬂ‘u?&nmﬂ
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dniissnsslafauslurasienssuanuuiivnauarlddygruodnannsunduves
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lic = 2In/ T (2.10)
Vie = 2Vm/ T (2.11)
e = I f42 (2.12)
Vs = Vi [Y2 (2.13)

7] 2 o 1 s a d 1
W3AUgaUNaY (Peak Inverse Voltage - PIV) L‘TJumLL‘Nﬂuﬁauﬂauqaqmwmﬂsaulﬂiaﬂ
wurnlasuludanau lalendildavdasiusesiunaie (Breakdown) ganIusIugauUndu

WSIPUSDUNS VDTS BINTLUALUUASIARY = Vnm
o v s =l A =l &

WSIAUGDUNAUVDIRSISEaNSELALUURLAALT I wmasUNY = 2V,

LSIAUEDUNAUVDIINRSEI LN T LALUUANARULUUUS AT = Vm

mUsgnauA3ulla (Ripple  Factor) Lﬁaamﬂﬁ@@}ﬂﬂ@ﬂﬁﬂm‘uamwsﬁmﬂsmaﬁﬁg\i
asUsznaulrihnswaresdusenavlndiadu Awedlwiinss wuneds Aeds Arlnihadu
Dumiloussannaduiiulsiuatsouy anadeisnsduvesilwihadusoliiinnss Eonin
fusznauAIszIaNn ()



Ligms) ; Vims) ViaN889 A8 anavasasdusynavlwinaduwingy diy I'vtrms) » V'iegmsy ANN8E4
Adamavasdnygaeen (sulninsauagniedsu) W Ve, udygiudagud 2.11
Vie WuAadouay Ve 1Huasdusznoulufinaduvdeisonin usadusysen (Ripplr
Voltage)

JUT 2.11 uswiulwihiuszneumenilwihnssuansazalwinssuaady

[

MNFUN 2.11 aglaaudunug fsil

V: (rms) __ Iy (rms)
Vac lde

(2.14)

n1sasiA1LsaRuln (Voltage Regulation) vunedia n1swdsuvesusasulniinszuansed
1@WNATRNINIMAA N1sAAILTIRUNANTR

VL — Vi

VR = T {2.15)

AW U5 LINSEUARUUASIPALEIAALS U Aail

Vi

Voltage at noload = Vi = Vi /m (2.16)

ViL Voltage at Full load = Vm/m —li (Rf + Ry) A7

Weo R = anusunmuangilaleslssuludanss (ev)
Rs

AnIAUMWIRaInyRenll (aviv)



LNUAIAIUELNIST 2.15 azla

vr = B [E) -t + R |
(M) L (Re+RY
VR = Rf + Rs

RL""(RF"‘ Rs)

° o/ -l =3 A F [ o &
ﬁqﬂ'i‘l.l'lxﬁ’ililﬁﬂ@ﬂ‘iﬁLL?‘LL‘UULF]Mﬂa'Uﬂ%l@ﬂ']LL?\‘)C”IUI'V‘J'W'] PN

Vn. = Voltage at no load Vic = 2Vm /1

Vi, = Voltage at Full load = 2Vn /m —lac (Rr + Ry)
LLWUFi’lﬂGluﬁllﬂ']’iﬁ 2.15 %15{

vr = [ —lec e + Ry |
T (B)- Lae(Re+RY)

Rf + R5
2RL= (Rf+ Ry)

2.1.3 1495n509AYH (Filter) [4]

10

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

a a - =~ v wa =
MNITNTDIAITUN A IITLADNAIUD IﬂﬂiﬁﬂmaﬂUm’Uﬂq RLC un1smaudauos

| a0 w wa e ) M ve &
NBEAITHONINNU ﬂ‘mall‘l_]fﬂ"lla\? RLC V]MNaﬂ‘Uﬂ’Nllﬂlmﬂﬂu

L ffun (R) e Aununseualiiy dududlesneglulniinszad

LUULAEINY

THNGRIEINE

2. gawiendn (L) e azeaulyaiuddiniumingy gamnuigeunnvilannuaiuniy

meluiveuiunBegadu
3. sfiudsey (O fie avweulvimmigano

29951 Tu995UVY Two port Beflviadunuasioninndsgui 2.12
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Filter circuit
" Her circu -
Vis) Hes) Vi)

fgﬂﬁ 2.12 Filter circuit

NNFUN 2.12 agldaunisvesnisaielou (Transfer function) lasasiliusnsnaiusewing
IVIWNLaEBUNY feaun1shl 2.24

Vo(s)

Vi(s) (2.24)

H(s)

N@NN3VBINTAELoUT19ElY His)  wasdinasRonsunludwesnnud loedl s=jw
mummwaimaammnmmmqmnimmmmﬂmwwLaanmmnaaﬂwmmww g
ansnsaudslasail

l L
a

i Nﬂ]snsaammnmmu (Low pass filter, LP) fio mmmawaqmﬂmm et
U (Adfitvue Sond auiserag)

2 'msﬂimmmﬁqachu (High pass filter, HP) g Ua:ﬂﬁmmﬁﬁqqn Tt sy
LLaxﬁmmmﬁﬁﬁwﬂ'jwﬁﬁmumﬁﬂﬂ

2 'gai}sniaumummamu (Band pass filter, BP) A wanudlvw Ul amila sy
Tt mun LLauauamwmwum

q, 'miw&gmmummamu (Band stop filter, BS) fie soulvinudnuenuiloanaaud
firwunld dldle

Hs) o H(s)
Passband Stopband Stopband Passband
0 wC W 0 we W
a) Low-pass (LF) b) High-pass (HF)
I'-Ks) *-KS) A
Lower Upper
Pass Pass Pass
Stopband L Stopband Bance Stopband o
0 wel  we2 W 0 wel w2 w
c) band-pass (BF) d) band-stop (BS)

JUN 2.13 Anauifive11993n399A LA UUAY
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2.1.3.1 2995N509AUDANY (Low pass filter)

* Low pass RL filter

Vi(s) R S Vo(s)

o2 ©

gU‘ﬁ 2.14 Low pass RL filter circuit

mﬂg“d‘ﬁ 2.14 Transfer function 2le

Vi(s) = ILs + IR (2.25)
Vo(s) = IR (2.26)
wnuaasluaunisi 2.24 2zl
vy _ IR
® = ¥R
1
— Ls (22?)
1+E
UAUAT S = jw
1
H(jw) = - (2.28)
(jw) 1+%

WANLDANBDN (wd INEUNITA 2.28 A4l
WieRsanddunnm (A1) 9wl wl/R = 1 MU o= R/L
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« Low pass RC filter

R
(¢ MN 0
Vi(s) C == Vofs)
0 0

gﬂ'ﬁ 2.15 Low pass RC filter circuit

R]'lﬂgﬂﬁi 2.15 Transfer function gl

I

Vo(s) = = (2.29)
Vi) = IR+ o (2.30)
wnuAnasluannsi 2.24 ala
1
H(S) = Cs -
I(R + E)
1
W 2.31
1+ RCs ( )
WNUAT S = jw
e 4
H(jw) m (2.32)

MAMUDANDEN (o) 1NEUASA 2.32 Fadl
Waiarsandudunnm (Aud) 9818 wRC = 1 AT we = 1/RC



2.1.3.2 Na'snsaamm?igamu (High pass filter)

* High pass RC filter

14

»:
|1
O ] | =)
VKS) R Vo(s)
O -

Eﬂﬁ 2.16 High pass RC filter circuit

a Y
MNJUN 2.16 Transfer function e

Vo(s) = IR
\ : + IR
e = Cs
wnuAnasluaunsi 2.24 agle
HE) IR
§) = ————
I
I(CE g IR)
il
= 1
1+ RCs
LVUAT S = jw
: 1
H(jw) = 1
1+ju)RC

WAMUDANaN (w0 MNEUNTA 2.36 Fatl
WaRvnsanduduanin (Anud) a8ld 1/wRC =1 feiu

(2.33)

(2.34)

(2.35)

(2.36)

we = 1/RC
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« High pass RL filter

R
< A4 ©
Vis) L Vols)
= O

g‘U‘V‘i 2.17 High pass RL filter circuit

mngﬂ‘ﬁl 2.17 Transfer function a¢l#

Vi(s) = IR +ILs (2.37)
Vo(s) = ILs (2.38)
wnuAasluaunsi 2.24 agld
H _ ILs
)= {RTLs)
- (2.39)
f-eant "_R A
1+L_s
WNUAT S = jw
H(jw) = — (2.40)
- . :
1+

A L2 i H L du
yAUdANeeN (W) MNENNISA 2.40 Al
WeRaIsanduiunnm (M) 90 R/wl =1 fafl we=R/L
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2.1.3.3 2993N509AUAIINDHIY (Band pass filter)

he w] - Lower cut off frequency
Wy - Upper cutoff frequency
Wo = VWi, - Center frequency
B = w — wy - Band Width
Wo

= = - Quality factor

lng?l Q A AMNINUBII993 Band pass winA1 Q wnagyhliuuudinduavas asviliien
Aryayndladay

» 2993N5IANUARIULUY RLC BYNsY (Series RLC Band pass filter)

L. C
G IYYYY: { IL . o
Vis) R Vols)
o e O

E‘U“?i 2.18 Series RLC Band pass filter

fﬂ’mgﬂ‘ﬁ 2.18 Transfer function agle

Vo(s) = IR (2.41)
Vi(s) = ILs + = + IR (2.42)
wnuenasluaunisi 2.24 ayls
s IR

I(Ls+§ +1R)

Ls+—+4+ R
Cs



drTnoayanan NzveAIMAIANTER 17
WNUAT s = jw
H(jw) - (2.44)
w T ;
il [
jwC

yAuineon (oo naunsi 2.44 fail

Wefisandrndunnw (anuf) 9wl ool = 1/weC  fofu w.= J1/LC
Wofarsanduiidumuigs wnudunnm 9gld wl/R =1 # o.=R/L
defnsandiuiiduanudm wnudupam) a¢ld 1/oRC= 1 faty o = 1/RC

2.1.3.4 'meqmmumw?icim (Band stop filter)

e w) — Lower cut off frequency
Wy — Upper cutoff frequency
Wo = VWIWy — Center frequency
B = wy — w — Band Width
Wo

= = — Quality factor

- - ' o 0 w fa ° 8 ¥
lng?l Q fio AMNNYBINRT Band stop winA1 Q wnazvliuuudInsuauas azvivlvien

dyanulanau

. ’JW?HEBGF]’J’]&JSWEMLLUU RLC aynsu (Series RLC Band stop filter)

R
o AN o
L
Wes)
c T
L= <

SUM 2.19 Series RLC Band stop filter

ﬂ’lﬂg‘dﬁl 2.19 Transfer function azle

ILs + - (2.45)
Cs

Vo(s)

Vi(s) = IR+ILs + - (2.46)

149023
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WAUANAIUENNST 2.24 2¢le

I(Ls +é)

I(R+L5+§)

H(s) =

(2.47)
UIUAT S = jw
jw
. _ jwC
H(jw) = ——1C (2.48)

mANUDAMeaN (o) INANNSH 2.48 fadl

Wofinrsandndunnm (ud) 9218 wl = 1/w.C iy we= J1/LC
Lﬁaﬁmsmmuﬁﬂummﬁ'qa Wnuduenm) a9ld wl/R = 1 foiu  wo= R{L
definnsandruiluarudi wnudunnm) 9618 1/0RC= 1 iy o = 1/RC

2.1.4 299s15aNama3 (Regulator Circuit) [5]

< = = ¢l a i ldv 1

2s3ARARes Ao 299sBldnnselindfiairausefunsuansnsdl lnolidueg

nunseuaianeliiuivan gl wagauulsdunegluaedinszuaady aunsouusls 2
WUU fg

2.1.4.1 Shunt voltage regulator 31]‘*71' 2.20 9 1Ju19957541 Zener diode
a gy voltage regulator ¥N91UMBATS reverse bias A7 Zener diode 'lﬁag”l,wdw
“Zener breakdown voltage” lnwagdl Voltage-Ampere characteristic ﬁagﬂﬁ 220 n
LSRN FEUANINAULTINY Zener breakdown WagaIn 1V curve 3wiiudn e
breakdown &1 Zener impedance #1a1n AV/AI s ety nszualvananunsofiae
Wasuwlasld  Tudaefindraunnlaglavinld vo LU§Ejulﬂmwﬂﬁfﬂimaﬁﬁauﬁan@mmmu
(operating point) fiwuzey 91n19951671
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A,
. LR
breakdown T *Zl T R
Iin I_ZY‘ \f
— Softknee o
e
n 1

gﬂ“ﬁ 2.20 Shunt voltage regulator

INFUN 2.20 a¢leaunisnadl

o () - (9) (%) o

Tun"588NUUUIIITIFRITIMUART Vi, Liman), Ieminy \HOTIEMIAN Ry 9ANNS¥INURLEDY

| e | o - 5 la 1 _ao
Liisnndngn soft knee (Ul 2.20 n) Tuaedl 1, Manuas 1, geanardaslsiifiudiimmun
(maximum rate) Y84 Zener AIUUANNANNTTN 2.49 9¢la

Vin(min)_VZ(min)

Ri(max) = —— %f?:,_?g (2.50)
INAUNITT 2.50 @115091A Ry nom (nominal value) I 91ntufimanves Izmax)
IZ(max) = Lt D == L (2.51)
Ri1(min) RL(min)
aele
maximum zener power dissipation = Izmax) X Vz(min) (2,52}

o I = nszualwihillvanu zener (wowd)
Vin = Ussnulnidunes (1as)
Vz = usssuluin zener (1aa)
I = nsualwindilwariuanusunulvan (wewd)
Ri = anwdiunmuluieas (eviu)
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2.1.4.2 Series voltage regulator

- £ %

Vi Feedback— R.< Vo
Control |——o

l er i

C

E‘Uﬁ 2.21 Series voltage regulator

997 series voltage regulator uLUu regulator wmmmmwlmmmmwswmnn U0
ripple 16 ﬂ’]'SLUaHULLUﬂ\‘I’UENLLi\‘lﬂULEﬂV]WMG]E]IViaﬂLlayﬂ'ﬁLUﬁEJULL‘UaWEN Vin Btii997n
142995 negative-feedback control ‘ﬁdﬂumuqﬂw V =V, (reference voltage) l4ianlae
mstauuswiuniugy series element Jadu transistor ﬁﬁﬁﬂ’luaqwlu‘tha active region @1u
feedback control Tnealuazdu comparison amplifier

mnsﬂw 2.22 Tunsdifidosnstrnseualwaniiudsuudasldunn Imalum’[,mmwmuﬁum
Zener diode wWasuluunn mmﬂw'snwaaLmawwmanswﬁiﬂwam FausnsIng
Wasuuawes Iz M9 1L 9883698 factor (current gain transistor) 29951 Funin “Zener
diode-Emitter Follower Regulator”

o A . S
T L O g
Vi Vo SR
! .

o T o—

gﬂﬁ 2.22 Zener diode-Emitter Follower Regulator

13
=

NNFUN 2.22 egliaunisnsil

Al = % (2.53)
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Vo= Vz— Ve (2.54)

rlvaniinty Vo fasiutuse suasyily Ve anad (Vo AS) n1sanasues Ve 104
Dusalinisinssuavemsudawasanas vl Ve Sandvunndulusmed v, afl gty
w9k Vo anaumowinniu tufe ¥i1ls Output Voltage (Vo) Tidnmsdt Tuviuaaifienty &
Inanildnanas il Vo anasiny (Hunald Vs Wsiudadunisifiunisiinssuwaves
nsTanes vl Ve anas dawaldd Vi Senfiui
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3.2 911 PCB Layout

o

gﬂﬁ 3.4 181N INDTTNWABUULNY PCB

o —0
$IL10 a >
c45 -
2 ot 4
2
5.4 - C4T
D414
7 4
o a : =
S TRE
NI E L ‘
. \ L I+, .,:nj i 7 v
(1 — L
- "/J
4] &

3U7 3.5 awaswnieidwnansuaraunsaluuuny PCB

24



25

JUN 3.6 aensasuanamadayauuusy PCB

=
Sl e
L 4
iy
nr P
i
ds 3
130
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3UW 3.7 angnsasuansuadeyauazgunsaluuwsiu PCB



3.4 s19n159UnIal

A13NA 3.1 1ensaunsel

FAUNIY

1.2kQ
100Q
10kQ
12kQ
15kQ
1kQ
2.2kQ
2.4kQ
330Q
4.7kQ
470k
56Q
5.1kQ
51kQ
7.5kQ

1509

0.47Q
2400
wuulay

5kQ
1kQ

wuuLiendn
10kQ
20kQ
50k&

faufulsey

wUULEn
0.01pF
0.1pF

YUIR Y TR + 5%

9 ¢n
2 ¢
2 6
167
2 7
2 #7
167
16
161
4 ¢
161
6 M
161
2/
2 7

YUIA 2 TR + 5%

1617

YUIA 3 PR + 5%

nsaifafLn

N9

wuudidnnsalad
10pF50V 30
2.2uF50V 6
220uF35V 361
470uF35V 1
2200pF35V 161
lolon
IN5404 4 &7
IN5401 187
1N4148 2 M7
1N4007 2 97
NI1UTARDS
B647 161
58550 161
S8050 161
59014 16
2N3055 16
L7805 16
L7812 167
1o
LM723 167
HA17358 167
PIC16F685 1 /7
LED
RED-GREEN 16
miu
wlouvaslain 16
&R 2 9 16
and 6 4 167
Wad 0.5A 1¢
nszusniad 10A 161
7-segment 2§

26
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d o o
3.3.3 gunsalasnedann

5UN 3.11 lalan U# 3.12 LED

eah
=k

JUT 3.13 nsudames 5U7 3.14 lod



3.3.4 qﬂnscﬁﬁuq

uuim\\\\\\\\\\%
TN

UM 3.19 nszuenind

U7l 3.16 7Segment

29
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daldianeaeasiiiaiadaud dhgunsalieinFeulianuuiy P8 udresldunudegui
3.20

UM 3.20 2asnmneidwnateifioasgunsniudn

3U# 3.21 1vsuanwmadeyaifioasgunsaiuda



3.4 WoulUsunsuuannadoya

1: char convert[10] = {0x3f,0x06,0x5b,0x4f,0x66,0xﬁd,Ox?c,0x07,0x7f,0x67];
2: char buffer(4)];

3: int V=0;

4:

5: woid scan()

6: {

T: PORTB=~0x10;

B: PORTC=buffer[0];
9: Delay ms(2);

10:

113 PORTB=~0x20;

12: PORTC=buffer(1l];
13: Delay ms(2);

14:
152 PORTB=~0x40;

16: PORTC=buffer[2];
1l: Delay_ms{Z);

18:

19: PORTB=~0x80;
20: PORTC=buffer(3];
21: Delay ms(2);
223 }
23

24: read volt()

25: {

26: V = ADC Read(l);
21 V = V*50/1023;

28:

29: buffer[l]=convert[V/10];

30: buffer[0]=convert [V§10];

31: buffer[2]=convert[0];

32: buffer[3]=convert[0};

33: }

34:

35: void main()

36: {

37:  ANSEL = 0x02; // Configure AN1 pin as analog
38:  ANSELH = 0; // Configure other AN pins as digital I/0
39: CION bit = 0; // Disable comparators

40: C20N_bit = 0;

41:

42: TRISA = OxFF; // PORTA is input

43: TRISB = 0;

44: TRISC = 0;

45;

46: while(l)

47: {

48:  scan();

49: read volt();
50: }

ik}

- o o a )
UN 3.22 ﬂﬁaauamqwamayaaﬂusamuTWﬁw
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3.5 NMINALHdUINDT

gﬁalﬁqwswnna%%wwmBLLasLLaﬂawaﬁﬁ’agau,th gunsaifieseulinnfnfeiulens
aglediagui 3.23

< a & ¢
UM 3.23 1ashnduaieauysed

o & as =l .:; o & a‘.’/ a ar i A
vn1InaasuwInesTRNatelagidsuuanuaznaaing antuusuLssiulniaaued
Apens Aveusiuliinfieminrovuamnaluinsuanmadayans Ui 3.24
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U7 3.25 wnneidwnaraliseuseiulwih

ugudugunsaivianuaadlundeandn fegui 3.26

JUT 3.26 wamsTunullaussyaslunasaman



iﬁwnna%%’wwmaaaﬂmawizﬁ fagunl 3.27

JUN 3.27 wWnneidwwaneasvauysol

35



unii 4
NANT5298LaLdAUSIUNE

Tumsfinwuaziinsginnneidwmareiseliivivan {3dulsidennaaeulnaly
Avneadaniiimeslunsiauseivlninszuansaldeoadalaalaulunisindmygralni
nszuaaay Yanegaulanad

4.1 Faussaulniinszuansaeving

lumsiaussiulwihnszuanssiioninmesldiineadadfines 3 fu fia UNIFT UTSS
, UNIFT UT136C wag KYORITSU KEW 1011 @sagldimsasinussdulnirlunisnaaauss
LR U AN NABIANTIAUILY AIm1s19sialusl

M3t 4.1 Iaussiulriihnszuanssiieinelagldhdneaiaffinessu UNIT UTs5

wswulniisaldannnisnaans ( Taad )
wsesu L AUl
fvun (Toart ) | aésfi1 | edefi2 | adafl3 | duade ARIAARDY

(%)
1 1.0 1.0 1.0 1.0 0
2 2.0 2.0 2.0 2.0 0
3 3.0 3.0 3.0 3.0 0
q 4.0 4.0 4.0 4.0 0
5 5.0 5.0 5.0 5.0 0
6 6.0 6.0 6.0 6.0 0
T 7.0 7.0 1.0 7.0 0
8 8.0 8.0 8.0 8.0 0
9 9.0 9.0 9.0 9.0 0
10 10.0 10.0 10.0 10.0 0
11 1.0 11.0 11.0 11.0 0
12 12.0 12.0 12.0 12.0 0
13 130 13.0 13.0 13.0 0
14 14.0 14.0 14.0 14.0 0
15 15.0 15.0 15.0 15.0 0
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nmsaasdlunsinussulniinssuansueminelude 0 - 15 Tad Tagld
Avmealafiines Ju UNIT UT55 daruuaauseulniiniumsed 4.1 wafiléainisie
usefulnin aziuldin AnedslunsTauseuluiag 3 s Srmsetuaiusasulnging
AmuniinnnesdnwanaldTroussuliiesninuagiiussulniineaisadouwihiy o %

M350 4.2 Foussiuliinszuansaioninalaeldfdneadadfitnesiu UNIT UT136C

wssduluiialdannnismeasa (Taas )
wsasuling Asn Ul
fvun (Taad) | pdait 1 | mdaii2 | aéiii3 | euade ARIALARDY
(%)

1 1.0 1.0 1.0 1.0 0

2 2.0 2.0 2.0 2.0 0

3 3.0 3.0 3.0 3.0 0

4 4.0 4.0 4.0 4.0 0

] 5.0 5.0 5.0 5.0 0

6 6.0 6.0 6.0 6.0 0

7 7.0 7.0 7.0 7.0 0

8 8.0 8.0 8.0 8.0 0

9 9.0 9.0 9.0 9.0 0

10 10.0 10.0 10.0 10.0 0

11 11.0 11.0 11.0 11.0 0

12 12.0 12.0 12.0 12.0 0

13 12.9 12.9 12.9 12.9 0.76

14 13.9 13.9 13.9 139 0.76

15 14.9 14.9 14.9 14.9 0.76

nnsnaasslumsiaussiulinssuansaevinelurgae 0 - 15 Tad Taeld
Ainoadaffines u UNI-T UT136C iomuuadusssiulniimiumsd 4.2 waiildainis
Sausedulai audiulddn Anadelumsiaussiulain 3 a5 Tudae 1 - 12 Taad Sdanse

o :‘I a = 1 s A 1 ar 1 '3
AuAssulniifruaLasirusulniaaadouwiniu 0 % wilugie 13 - 15 Thag
fauswulnieaiapdouriaiu 0.76 %



38

a319%1 4.3 Faussdulwiinszuanssiiiovinalagldfinoaiaflinessu KYORITSU  KEW
6 |

wsaulwihdivaléainnisneass ( Taad )
wsarulwi Aus el
fvun (Taad ) | edeit 1 | iz | il 3 | Auiade ARALAG Y
(%)
i 1.0 1.0 1.0 1.0 0
2 2.0 2.0 2.0 2.0 0
3 3.0 3.0 3.0 3.0 0
4 4.0 4.0 4.0 4.0 0
5 5.0 5.0 5.0 5.0 0
6 6.0 6.0 6.0 6.0 0
7 7.0 7.0 7.0 7.0 0
8 8.0 8.0 8.0 8.0 0
9 9.0 9.0 9.0 9.0 0
10 10.0 10.0 10.0 10.0 0
11.0 i 6 11.0 11.0 0
12 12.0 12.0 12:0 120 0
13 13.0 13.0 13.0 13.0 0
14 14.0 14.0 14.0 14.0 0
15 15.0 15.0 15.0 15.0 0

vinmsvaaeslumsiaussduliiionszuansaevinaludie 0 - 15 Tiad lagld
Minoadaffines Ju KYORITSU KEW 1011 ilarvussussiulwiiniumsned 4.3 naitld
msiausaiulnia aeiulddn anadslunistauseiuladiaie 3 ads femsetuen
Ul s muaiinanaesinnatsldsiousasulnitoonutuasdaius e ulasin
ARIRLARBUYINTY 0 %



4.2

s

A

Tyeuaulwiinszuaaauving

L3

v q

[ [

nslaesulavindygalwihaduiieguudygulwiiasmaeninn fgudelui

o L7 7]

DSO-X 20124 MY52132826: Fri Apr 22 15.05:46 2016

i Measurements |
| I S G P ) PP )

o)1 OCAMS-FS()

2009/ 2 0% 0.0¢ 49.00%/ Stop £ 2 70.3%
7 TR
T i Agilent
Acquisition
High Res
50.0kSals
I i
AC 1001
Pk-Pk(2}:
5my
DC AMS - FS[1)
i oy
AC RAMS - FS(2):
. 830w
Measurement Menu
+  Source 2 Type Add “ Settings I Clear Meas
A LY s € 1
SUN 4.1 Tausasulnii 5 Tad lifllvan
[I50-X 20124, MY52132826: Fri Apr 22 15:06:38 2016
200¥ 2 10w 0.0s 49.008/ Stop F 2 70.3%
- i =
f i Agilent
Acquisition
High Res
50.0kSals
Channels
[ 10.0:1
AC 10.01

ST
Pk-Pk(2):
ImV

S50u¥.

Measurement Menu

< Source jo Type: I Add “ Settings I Clear Meas |

SU# 4.2 Sausaduiluit 10 Taadt LiilTuan

39

'Lumﬁmﬁ’mmm‘lﬂﬂwrﬁ:ﬂLLaaﬁ’Uﬁmewmﬂ%’aaaa%a'iaaiﬂﬂs;u DSO-X 2012A Tu



[S0-X 20124, MY52132626: Fri Apr 22 15:07.32 2016

£ 70.3%

| 500V 2 10%

)

Aequisition

High Res
50.0kSals

3 Agilent

Channels

AC 1001

Pk-Pk{1):

DC AMS - FS[1):

¢ Measurements

15.0¢
AC RMS - FS(2):
3g0uy

Measurement Menu

) Sour;a 19 Type: II Addl || Settings ” CqurMaas

gﬂﬁ 4.3 Jausulnii 15 Tas Lidllvan

DS0-X 20128, MYS2132626: Fri Apr 22 14:30:.25 2016

200v/ 2 10w/

§ 2 72.0%

T
T

4% Agilent

Bequisition

High Res
50.0kSa/s

Channels

bc 0.01
AC 1001

A

¢ Measurements
Pk-Pk("):
0.0V
Pk-Pk{2):
Smy
DC RMS - FS{1).

AC RMS - FS(2]:

850u |

Channel 2 Menu

Io Coupling

I BW Limit i Fine | lmrt | _ Probe

gﬂi?i 4.4 Sausesiulnin 5 Thad Alvan 100 Teviy




41

DSOX 20124, MYS2132826: Fri Apr 22 14.41 322016

B0V 2 0w 0.0s 39.00z/ Stop £ 720%

i i ©

T i Agilent
i Aoquisiton

High Fes
50.0kSals

- Channels -

AC 1001
14

| Measuroments
L : Pk-Pk[ ' ):
. WWW e oY

amy

SEeA i h o1 gy
AL AMS - FS[2]
A70u¥

Measurement Menu

= Source 1O Type: “ _Add_ l Settings I Clear Meas i

gﬂﬁ 4.5 Yauswulnin 10 Taadt Alvan 100 Taviy

DSO-X 20128, MY52132826. Fri Apr 22 144305 2016

| 5.00v/ 2 10w 0.0 39.005/ Stop §F 2 72.0%

kil o ]

T <45 Agilent
Acquisition

High Res

B0.0kSa/s

E Channels

AC 10.0.1

1 Measurements
R TP S T PT F g gy Pk-PK[ J:

bl 1)
OC AMS - FS{ ).
i
AT AMS - FS[2);
4600V |

Measurement Menu

lx': _Seurca Ho Type: “ Add H .Ssttings : ” 'Ch_aar Mt_aas

gﬂﬁ 4.6 Yousssulndin 15 Thad Alvas 100 Tovy



42

DSO-X 20128, MY52132626: Fri Apr 22 14:4622 2016
|00y 2 10w 0.0 38.00%/

£s

Stop s 70.3%
7% Agilent
. Acquisition
High Res
50.0kSafs

Channels

AC 1001
|1

i Measurements
P-Pk[ ')

:
$
5
%
E
g
:

5.00V
ACAMS - FS(2)
3200V |

Measurement Manu

+5  Source 2 Typs | Add S_qttings “ Clear Meas

gﬂﬁ 4.7 Sausaulnin 5 Taas Alvan 500 leviu

[S0-X 20128, MY52132826: Fri Apr 221447352016

| saoov 2 10w 0.0s 39.00%/ Stop § 2 70.3%
F

E - Agilent
Acquisition

High Res
50.0kSa/s

Channels

DE oo
. AL 1001
131

¢ Measurements
By ?-iwwmmmmm Ph-PK[ )

Ph-PH(Z)

- 100mYV

v
DC AMS - FS(1):
A 0
AC RMS - FS(2):
490uy

Measurement Menu

'S Sourc_a [lo Type: I ‘ Add ” Settings Il Clear Meas

SU 4.8 Fausesiulni 10 Taadt #ilvan 500 Tesiu



DE0-X 20124 MY52132826: Fri Apr 22 14:48:352015
5.00/ 2 0% 0.0s 39 002/ Stop £ & T03%

= Agilent |

7
1

- Boquistion
High Res
50.0kSals

Channels

AC 1001

DCAMS-FS().

DR LA
AC RMS - FS(2):
450uVJ

Measurement Menu

I Source “0 Type: I| Add 11 Settings ll Clear Meas

gﬂﬁl 4.9 Sauseulnin 15 Taas flvas 500 laviy

[1S0-X 2012A, MY52132826: Fri Apr 22 145523 2016

1500w 2 10w 0.0s 39.00%/ Stop § 2 70.3%

¥ e 5 o
9 5 Agilent

i hoquistion ¢ |

High Res
50.0kSals

Channels

AC 10.0:1

# Measurements

e — L ] PP
AT i : . 100my

Ph-Pk(2):

i 5my

DC AMS - FS[1]:
5.02v

AC RMS - FS(2):

850uV

Measurement Menu

:g', Source ”o Type. l Add “ Settings l Elaa_r Meas

gﬂﬁ 4.10 Sausaulniia 5 Thad filvian 1 Alalov

43



44

[IS0-X 20124, MY52132826: Fri Apr 22 14:54.15 2016
5.00v/ 2 0% 00s 39003/ Stop

7
1

Aoquistion |
High Res
50.0kSafs

Channels
pr TR

AC 1001

i Msasurements |

By B v v e e e e — PLPH(T Gy
Pk-PK(Z

N R
AC BMS - FS{2):
4700y,

Measurement Meanu

'S S'_cvurua O Typs ” _Add_ : I Settings | Clear Meas

SUT 4.11 Fausedulvii 10 Taad Alvan 1 Alaleviu

DS0-X 20125, MY521326826: Fri Apr 22145314 2016

| &.0ov/ 2 10w 0.0s 39,008/ Stop 4 2 70.3v
g

p i+ Agilent

Acquisition
High Res
50.0kSa/s

Channels

D

T
AC 10.01

Iy ¢ _Measurements 1|
R E g ool Pl-Pl( 1)
0.0V

PEPK2E T
___AmV
DCAMS-FS[1)
Svaaalierior i)
AC AMS - FS[2];
460uY

Measurement Menu

+>  Source Ho Type: “ ~Mcl i Settings | Clear Meas

g‘uﬁ 4.12 Yauseuldin 15 Tad flvan 1 Alaleviu



45

[150-X 20128, M52132626: Fri Apr 22 1457.01 2016

| 500w 7 10% 0.0¢ 39.008/ Stop § 2 70.3%

7 T

i i Agilent

- Acquisition
High Res
50.0kSars

Channsls

AC 1001

hr S
.
2
3

Ph-PK(2):

BC AV ~FE{ ]

Ll sy

AC RMS - FS[2]:
830uv

Measurement Manu

< Source !Q _Typa | Add Se_ttmgs t Clear Meas |

SUT 4.13 Yaussiulnil 5 Taad #flwan 5 Alalevy

DS0-X 20124, MY52132826. Fri Apr 22 1457:35 2016

5.00v/ 2 10v/ 0.0s 39.00%/ Stop £ 2 03y
% Agilent
¢ Acquisition

High Res
50 OkSals

£
i

Channels

AC 10.0:1

¥ Measurements
d| Pk-Pk(7):

_____1o0my
Pk-Pk(2):

S oY

DC AMS - FS{1)
10.0V

AC AMS - FS[2):
450UV

Measurement Menu

l-.,'. ~ Source I lc Type: I l Add I l Settings l Clear Meas

SUR 4.14 Fausedulnit 10 Taad #ivan 5 Alalovi



DSO-X 20124, MY52132826: Fri Apr 22 14:59.02 2016

| 800w D 10%

0.0¢ 39.00%/ Stop

¥
T

i Agilent |
_Boquisition

High Res
50.0kSals

Channels

0ol
AC 1001

. Measurements

Ph-PH )

T
AT AMS - FS()
450uv

Measurement Menu

l Source O Type “ Add l Settings H Clear Meas l

SUT 4.15 Sausedulin 15 Taad filvan 5 Alaleviu

DS0-X 20128, MY52132826: Fri Apr 22 1502152016

| 600w 2 109

00s 39.0038/ Stop

F]
T

£ 2 70.3%
<% Agilent

| Acquisition |
High Res
50.0kSa/s

Channels &

009
AC 1001

¢ Measurements =

Ph-Pk[ )
___ 100mv
P-PK{7]:

B IR T
OC AMS - FS{1:

ey
AC AMS - F§(2):

850uV

Measurement Menu

ll.'_ Source O Type “ Adg! 3 “ Settings l Clear Mgas

SUT 4.16 Saussulwin 5 Taadt filvian 10 Alaleviu

46



47

DSO-X 20124, MYS2130826: Fr Apr 221501102016
500V 2 10% 00s 39003  Stop 4 703

g Agilent

Ea
T

Acquisition
High Res
50.0kSals

Channels i

AC 1001

i Measurements
PR-P( )

100my
Pk-PK[2)

i amy
OC AMS - FS(1]
10.0V
AC AMS - FS(2]
4900V

Measurement hMenu

l lﬁourt:n I 2 Type “ _ A_dd | Sattlngs “ Clear Meas I

U 4.17 Sausaduilwit 10 Taadt Alvan 10 Alalesy

(50X 20124, MY52132826. Fri Apr 22 15:00:40 2016

1oB0ov, 10w 0.0s 39.00%/ Stop F 2 70.3%
7 d . ]
i i Agilent
Acquisition
High Res
50.0kSals

Channels
e 0o
AC 1001

+ Measurements -«

P A e el S TR | PP )

AT TR
AC AMS - FS(2):
440uv

Measurement Menu

‘._- Source !O Type: “ Add I Settings I Clear Meas '

gﬂﬁ 4.18 Sauseslnin 15 Thad Alvan 10 Alaleviu



48

M15199 4.4 Faasuilavesdyqruliiinszuaadu

Tnanfitvun Asulaialaoindyauliin ( Dadlad )
(Alaloviu ) 5 Thas 10 Than 15 Tan

lufllwan 5 4 3
0.1 5 il 3

0.5 5 q 3

1 5 3 4

5 5 3 4

10 g 4 3

nnmsneaedlunsindyaaliinssuaaduenvinalagldindosesadalaalauas
Manealad 2 1o Jaussdulniifinnnesdwnaiesresenun awalay 1 a1e Ja
doynraulniiinszuansenss dwdn 1 ae Sadyaraliinssuaadu Wetad3uilaves
Fydliiinszuaadu nanisaaesaziiuledn Weviuussiulnd 5, 10,15 Taad
audu udasulnannuefidiuue Avsuillafisalafidwiiu 5, 3 - 4, 3 - 4 fadlad
ANFIRY ﬁaqumﬁulﬂﬁmaﬂwamﬁwaﬁﬂﬁﬁmﬂywmm%auwaﬂuLLazwamﬂmﬁLﬂi'\zﬁ
sUdygralviuandfiduiae vinnvesundsdiglnii Wedroussduinfoenunegls

“
[

dygalnihnszuanse



unii 5
ATUNATIBLATUDLAUDIUS

5.1 d@3UNan1539Y

miAedifunmsinvifieafundnmsieurenasiagnisesnuuisessnEenis
ldgunsaididnnseiindlunisadroundsdrsliimaruisovduussdulanialadoud
0 - 15 lad wazUSunszualane 2 weud N308nLUUINTWIINRETTWNATY Wafnw
winnIsiuYeINIIeitway Fevsasiiadrduldiussansamdmsulunisdne
wseulwiliiulvan Tnensmaaeufuindesiafifnmsguasialndideatu filuandy
HANSVAABITIAY drussduseneuiididnylussesutesnidu 2 dw e dauusnilutees
wiviesdnwareldlusunsy Circuit Wizard $raeslassadiauagyiuiy PCB wazduiiaes
Junsuanwadoyaldliusunsu Mikio C @eulusunsulilasaeulnsaaeiuarmagaunn
nesiunans FsinuanisnaaesuansliiiuieUssdnsamvomninessnnansfiadng
Fuuazmesisinmnesnmneidwmansldutimsneasusonidu 2 dw fo duusnld
mstaussiulwinlegldfineadafifives 3 su fie UT55, UT136C, KEW1011 21nnanis
vasedinussiulnilugae 0 - 15 Taad Adnealfaffimesqu UTS5 uay KEW1011 1#3n
wsssulrfmsafuAusesulwinfisnuauasiiausssulninaainndeusiniu 0 % us
fmoadafiinoiqu UT136C lsumusssulninaamadoulusag 13 - 15 Tad ety
0.76 % LLasa"su‘i?'iaaqlﬁ'ﬁﬂnwﬁﬂé’ﬁgm'}mlwﬁwimaiﬁﬁaaa%aiaaiﬂﬂju DSO-X 2012A Tun1s
Tndr3ulanndygralwihaivieguudyyraliimsimaewinauasiiassisy
Fyaadliih mnuaneaeanui Weuduussiului 5, 10, 15 Taad mudidu wiwudou
Tvaaeuaiidmun Avdulaiifaldfidnviatu 5, 3 - 4, 3 - 4 fadlad mudsu s
LLﬁaﬁulwﬂﬂLLa::Iwaﬂﬁmaﬁﬂﬁﬁmfwmmﬁauuﬂadl‘uLt,aswamﬂms‘imeﬁgﬂﬁ'ﬁuymml‘vdﬁﬂ
wansliiiuisoninmveaunasinglwi dodsussiulwireanuagldduaolvinss nss
fugausvasilumsaauvadglwinssuanss tethlulfluiesufoins

5.2 YoLEUDLUY

dmiuwminestwnateyel 9nnisvedouledisuseulwihldiuinanuds e
Ianiadilgymagiinlimnnesdwnarslidisuseiulnihosnin Wewinnneidwwane
laflsguutoaiulningnaees Jeilinnaneidnwanglifinudenswazesiuming

al g ¢al o v ¢ s & o @ o 1 a wa
deomelinugunsaiihuldau waneidwnarefmurdmsululdauluiesufifing



LBNA1591994

[1] www.ee.eng.cmu.ac.th/online corses/252283/lab5-theory |.html

[2] www.edu.nu.ac.th/wbi/355203/tran.htm

[3] www.neutron.rmutphysics.com

[4] Jimmie J. cathey, theory and problems of electronic devices and circuits, " ED,
schaum’s outline series, MCGRAW-HILL, www.elec-za.com/2995n589ALE-filter-circuit

[5] www.ecpe.nu.ac.th/ponpisut/lab



NIANUIN



N Uinne
VISHAY.

1N4001 thru 1N4007

Vishay General Semiconductor

General Purpose Plastic Rectifier

/

DO-204AL (DO-41)

PRIMARY CHARACTERISTICS
Irav) 1.0A
VRam 50V to 1000 V
lrsm (8.3 ms sine-wave) 30A
Irsm (square wave t, = 1 ms) 45 A
Ve 11V
Ir 5.0 pA
Ty max. 150 °C

FEATURES
* Low forward voltage drop @

* Low leakage current
* High forward surge capability
 Solder dip 275 °C max. 10 s, per JESD 22-B106 RoHS

e Compliant to RoHS Directive 2002/95/EC and in  COMPLIANT
accordance to WEEE 2002/96/EC

TYPICAL APPLICATIONS

For use in general purpose rectification of power supplies,
inverters, converters and freewheeling diodes application.

Note
* These devices are not AEC-Q101 qualified.

MECHANICAL DATA

Case: DO-204AL, molded epoxy body

Molding compound meets UL 94 V-0 flammability rating
Base P/N-E3 - RoHS compliant, commercial grade
Terminals: Matte tin plated leads, solderable per
J-STD-002 and JESD 22-B102

E3 suffix meets JESD 201 class 1A whisker test

Polarity: Color band denotes cathode end

MAXIMUM RATINGS (Tx = 25 °C unless otherwise noted)
PARAMETER SYMBOL | 1N4001 | 1N4002 | 1N4003 | 1N4004 | 1N4005 | 1N4006 | 1N4007 | UNIT
Maximum repetitive peak reverse voltage VRRM 50 100 200 400 600 800 1000
Maximum RMS voltage VRms 35 70 140 280 420 560 700
Maximum DC blocking voltage Voc 50 100 200 400 600 800 1000
Maximum average forward rectified current I 1.0 A
0.375" (9.5 mm) lead length at T4 = 75 °C Fev) i
Peak forward surge current 8.3 ms single half I 30 A
sine-wave superimposed on rated load FSM
- th=1ms 45
Non-repetitive peak forward |
surge current square waveform th=2ms lrsm 35 A
Ta =25 °C (fig. 3) fm e ——
tp=5ms 30
Maximum full load reverse current, full cycle I a0 A
average 0.375" (9.5 mm) lead length T, = 75 °C R(AV) H
Rating for fusing (t < 8.3 ms) 12t 3.7 Als
Operating junction and | o
storage temperature range Ty Tste A1+ 150 e
Note
) For device using on bridge rectifier appliaction
Document Number: 88503 For technical questions within your region, please contact one of the following: www.vishay.com

Revision: 23-Feb-11 DiodesAmericas@vishay.com, DiodesAsia@vishay.com, DiodesEurope@vishay.com 1



1N4001 thru 1N4007
Vishay General Semiconductor

ELECTRICAL CHARACTERISTICS (T, = 25 °C unless otherwise noted)

PARAMETER TEST CONDITIONS | SYMBOL | 1N4001 | 1N4002 | 1N4003 | 1N4004 | 1N4005 | 1Na006 | 1N4007 | UNIT
Maximum instantaneous

forward voltage EHA Ve L ¥
Maximum DC reverse current Ta=25°C In 5.0 uA
at rated DC blocking voltage Ta=125°C 50

Typical junction capacitance | 4.0V, 1 MHz Cy 15 pF

THERMAL CHARACTERISTICS (T, = 25 °C unless otherwise noted)

PARAMETER SYMBOL | 1N4001 |1N4002I1N4003|1N4004|1N4005‘1N4006l1N4007 UNIT
Roga 50
Typical thermal resistance °C/W
Roa 25
Note

(1) Thermal resistance from junction to ambient at 0.375" (9.5 mm) lead length, PCB mounted

ORDERING INFORMATION (Example)

PREFERRED P/N UNIT WEIGHT (g) | PREFERRED PACKAGE CODE | BASE QUANTITY DELIVERY MODE
1N4004-E3/54 0.33 54 5500 13" diameter paper tape and reel
1N4004-E3/73 0.33 73 3000 Ammo pack packaging

RATINGS AND CHARACTERISTICS CURVES
(Ta =25 °C unless otherwise noted)

1o T T 30 T P R L B 23
< 60 Hz Resistive Ty=656°C
e or Inductive Load < 8.3 ms Single Half Sine-Wave
) pag P
= 08 £ 25 N
3 \ g N
&) = N
B 0.2'x02" \ a N
E 06 (5.0 mm x 5.0 mm) @ 20
8 Copper Pads \ g’ ‘\
o @
o el
5 04 \ 5 15 ™
g g N
5 G N
w \ [ \\
& o2 3 10
o $ N
g 0.375" (9.5 mm) Lead Length =
<<

i I "

0 25 50 75 100 125 150 175 1 10 100
Junction Temperature {°C) Number of Cycles at 60 Hz
Fig. 1 - Forward Current Derating Curve Fig. 2 - Maximum Non-repetitive Peak Forward Surge Current
www.,vishay.com For technical questions within your region, please contact one of the following: Document Number: 88503

2 DiodesAmericas@vishay.com, DiodesAsia@vishay.com, DiodesEurope@vishay.com Revision: 23-Feb-11
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1N4001 thru 1N4007
Vishay General Semiconductor

PACKAGE OUTLINE DIMENSIONS in inches (millimeters)
DO-204AL (DO-41)

[

1.0 (25.4)
MIN.
0.107 (2.7)
0.080 (2.0) |‘_ l
DIA. -—l
0.205 (5.2)
0.160 (4.1)
1.0 (25.4)
5 MIN.
0.034 (0.8
ooz [
Note DIA.
. ; .~ 0.026 (0.66) — i
Lead dlameter15'.—-0_023 0.58) for suffix “E” part numbers

www.vishay.com For technical questions within your region, please contact one of the following:
4
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Philips Semiconductors

Product specification
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High-speed diodes

1N4148; 1N4448

T S B e T e e S e W T R s S e T B

FEATURES

Hermetically sealed leaded glass
S0OD27 (DO-35) package

High switching speed: max. 4 ns

General application

Continuous reverse voltage:
max. 75 V

Repetitive peak reverse voltage:
max. 75 V

Repetitive peak forward current:
max. 450 mA.

APPLICATIONS
e High-speed switching.

LIMITING VALUES

DESCRIPTION

The 1N4148 and 1N4448 are high-speed switching diodes fabricated in planar
technology, and encapsulated in hermetically sealed leaded glass SOD27
(DO-35) packages.

© Ik::ﬂ:b:d__i'l ——

MAM246

The diodes are type branded.

Fig.1 Simplified outline (SOD27; DO-35) and symbol.

In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VRRM repetitive peak reverse voltage - 75 \%
VR continuous reverse voltage - 75 \%
I continuous forward current see Fig.2; note 1 - 200 mA
lFRM repetitive peak forward current - 450 mA
lpsm non-repetitive peak forward current | square wave; T; =25 °C prior to
surge; see Fig.4
t=1pus - 4 A
t=1ms - 1 A
t=1s - 0.5 A
Ptot total power dissipation Tamb = 25 °C; note 1 - 500 mW
Tsig storage temperature -65 +200 °C
T junction temperature - 200 °C
Note

1. Device mounted on an FR4 printed circuit-board; lead length 10 mm.
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Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

ELECTRICAL CHARACTERISTICS
T; = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VE forward voltage see Fig.3
1N4148 Ir=10 mA - 1 \
1N4448 I =5 mA 0.62 0.72 \V
Ir =100 mA - 1 \%
Ir reverse current Vg =20V, see Fig.5 25 nA
Vg =20V; T;=150°C; see Fig.5 |- 50 UA
Ir reverse current; 1N4448 Vg =20V; Tj =100 °C; see Fig.5 |- 3 UA
Cyg diode capacitance f=1MHz; Vg = 0; see Fig.6 pF
ter reverse recovery time when switched from I = 10 mA to 4 ns
Ir = 60 mA; R =100 Q;
measured at Igr = 1 mA,; see Fig.7
Vi forward recovery voltage when switched from I = 50 mA; |- 2.5 A"
tr=20 ns; see Fig.8

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rih j-tp thermal resistance from junction to tie-point |lead length 10 mm 240 KW
Rihj-a thermal resistance from junction to ambient |lead length 10 mm; note 1 350 KW
Note

1. Device mounted on a printed circuit-board without metallization pad.
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Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

GRAPHICAL DATA

MBG451

300
IF
(mA)
200
~
\\
100 \\
N
\\\
0
0 100 Taicis (°c)

current as a function of ambient

200

Device mounted on an FR4 printed-circuit board; lead length 10 mm.

Fig.2 Maximum permissible continuous forward

600 MBG464
IF
(mA)
/1 1/
(1) f’ (2) /(3)
arar)
/
200
: L
il g
il
A4
0 1 VF (V) 2

(1) Tj=175 °C; typical values.
(2) T;=25°C; typical values.
(3) Tj=25°C; maximum values.

Fig.3 Forward current as a function of forward

Based on square wave currents.
Tj = 25 °C prior to surge.

temperature. voltage.
MBG704
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e
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Fig.4 Maximum permissible non-repetitive peak forward current as a function of pulse duration.

tp (us)
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Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4448
103 MGD290 MGDO04
| — 1.2
R
(uA) Z o
102 g é (pF)
= 1.0
oz
7
0O /2
10 =
—— 7 —
0.8
1 - 2
7L -
Vi
0.6
107" =
I"
iy 4
10‘20 Vi = s 0.4
7€) 0 10 VR (V) 20
(1) Vg =75V, typical values.
(2) Vg =20V, typical values.
f=1MHz; T;=25°C.
Fig.5 Reverse current as a function of junction Fig.6 Diode capacitance as a function of reverse
temperature. voltage; typical values.
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®

2N3055
MJ2955

COMPLEMENTARY SILICON POWER TRANSISTORS

s STMicroelectronics PREFERRED
SALESTYPES
= COMPLEMENTARY NPN-PNP DEVICES

DESCRIPTION

The 2N3055 is a silicon Epitaxial-Base Planar
NPN ftransistor mounted in Jedec TO-3 metal
case.

It is intended for power switching circuits, series
and shunt regulators, output stages and high
fidelity amplifiers.

The complementary PNP type is MJ2955.

INTERNAL SCHEMATIC DIAGRAM

Co (TAB) Co (TAB)
(1) (1)
B B
£E0(2) Eo(2)
SC0B820 SC08830
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
NPN 2N3055
PNP MJ2955
Vcgo |Collector-Base Voltage (Ig = 0) 100 \"
Vcer | Collector-Emitter Voltage (Rge < 100Q) 70 \Y
Vceo |Collector-Emitter Voltage (Ig = 0) 60 Vv
Veso Emitter-Base Voltage (lc = 0) 7 Vv
lc Collector Current 15 A
Iz Base Current 7 A
Ptot Total Dissipation at T, < 25 °C 115 w
Tstig |Storage Temperature -65 to 200 °C
T; Max. Operating Junction Temperature 200 °G

For PNP types

August 1999

voltage and current values are negative.




2N3055 / MJ2955

THERMAL DATA

Rihj-case JThermal Resistance Junction-case 1:5 °C/W 1
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
lcex Collector Cut-off Vee =100V 1 mA
Current (Vge = -1.5V) [Vce =100V T;=150°C 5 mA
lceo Collector Cut-off Vee =30V 0.7 mA
Current (lg = 0)
lego Emitter Cut-off Current |Veg =7 V L] mA
(lc=0)
Vceo(sus)* |Collector-Emitter Ilc = 200 mA 60 v
Sustaining Voltage
(ls=0)
VcEeRr(sus)* | Collector-Emitter Ic = 200 mA 70 V
Sustaining
Voltage (Rge = 100 Q)
Vce(saty* |Collector-Emitter lc=4A Is = 400 mA 1 \
Saturation Voltage lc =10 A le=3.3A 3 Vv
VBe* Base-Emitter Voltage lc=4A Vece=4 A 1.8 \
hrg* DC Current Gain lc=4A Vece=4 A 20 70
le=10 A Vece=4 A 5
fr Transition frequency lc=0.5A Vece=10V 3 MHz
ls/b* Second Breakdown Vee =40V 2.87 A
Collector Current

* Pulsed: Pulse duration = 300 ps, duty cycle 1.5 %
For PNP types voltage and current values are negative.
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RENESAS

2S5B647, 2SB647A

Silicon PNP Epitaxial

REJ03G0648-0200

(Previous ADE-208-1025)

Rev.2.00
Aug.10.2005
Application
® Low frequency power amplifier
e Complementary pair with 2SD667/A
Outline
RENESAS Package code: PRSS0003DC-A
(Package name: TO-92 Mod)
1. Emitter
2, Collector
3. Base
Absolute Maximum Ratings
(Ta=25°C)
ltem Symbol 25B647 2SB647A Unit
Collector to base voltage Veso -120 -120 vV
Collector to emitter voltage Vceo -80 -100 Vv
Emitter to base voltage Veso -5 -5 Vv
Collector current le -1 -1 A
Collector peak current ic(peak) -2 -2 A
Collector power dissipation Pc 0.9 0.9 w
Junction temperature Tj 150 150 °C
Storage temperature Tstg -55 to +150 -55to +150 *C

Rev.2.00 Aug 10, 2005 page 1 of 5
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25B647, 2SB647A

Electrical Characteristics

(Ta=25°C)
2SB647 2SB647A
Item Symbol | Min Typ Max Min Typ Max Unit Test conditions
Collector to base Vigriceo | =120 — — =120 — — V |lc==10pA le=0
breakdown voltage
Collector to emitter V(BRJCEO -80 — —_ -100 — —_ V lc ==1 mA, Rge = =
breakdown voltage
Emitter to base ViBRr)EBO -5 — — -5 -— — V. Jle==10pA,lc=0
breakdown voltage
Collector cutoff current lceo —_ — -10 — - -10 WA |Veg=-100V, =0
DC current transfer ratio  |hrgs*’ 60 = 320 60 — 200 Ve = =5V,
Ic = =150 mA*?
hrea 30 —_— L 30 = = VCE =5 V,
lc = -500 mA*?
Collector to emitter Veesat) s B -1 e - -1 V  |le =-500 mA,
saturation voltage Is = —50 mA*?
Base to emitter voltage  |Vee — — -1.5 — — -1.5 V. |Vee=-5V,
Ic = —150 mA*?
Gain bandwidth product |fr — 140 — — 140 e MHz |Vce =-5V,
le = =150 mA
Collector output Cob —_— 20 _ —_ 20 — pF |Veg=—-10V, =0
capacitance f=1MHz
Notes: 1. The 25B647 and 2SB647A are grouped by hggs as follows.
2. Pulse test
B c D
25B647 — 100 to 200 (160 to 320
2SB647A 60 to 120 100 to 200 |—

Rev.2.00 Aug 10, 2005 page 2 of 5
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25B647, 2SB647A

Main Characteristics

Maximum Collector Dissipation Curve Typical Output Characteristics
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2SB647, 2SB647A

Collector Output Capacitance vs.
Collector to Base Voltage
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Collector to Base Voltage Vg (V)

Rev.2.00 Aug 10, 2005 page 4 of 5
RENESAS



HA17358, HA17904 Series

Dual Operational Amplifier

HITACHI

Description

HA17904 and HA17358 are dual operational amplifiers which, provide internal phase compensation and
high gain, and mono power source operation is possible. It can be widely applied to control equipment and
to general use.

Features

e Wide range of operating supply voltage and mono power source operation is possible.

* Wide range of common mode input voltage possible to operate with an input around 0V, and output
around 0V is available.

* Frequency characteristics and input bias currrent are temperature compensated.

Ordering Information

Type No. Application Package
HA17904PSJ Car use DP-8
HA17904FPJ Car use FP-8D
HA17904FPK Car use

HA17904PS Industrial use DP-8
HA17904FP Industrial use FP-8D
HA17358 Commercial use DP-8
HA17358F Commercial use FP-8D

o
Hitact? "2

semiconductor



HA17358, HA17904 Series

Pin Arrangement

L
Vout1 | 1 8 | Vee
1
— +
Vin(=)1 | 2 7 | Vout2
2
+ —
Vin(+)1 | 3 6 | Vin(-)2
GND | 4 5 | Vin(+)2
(Top View)

Circuit Schematic (1/2)

oy

) ®

(D
Lo
o |

Vinm o a2 &g _L &
C Q7
R1
Vin(+) O— 4 Vout
"j Q11 Q13
! L Q10 Q12
=
O,
Qs Qs
777 T
HITACHI




HA17358, HA17904 Series

Absolute Maximum Ratings (Ta = 25°C)

Ratings

HA17358 HA17358 HA17904 HA17904 HA17904 HA17904 HA17904
Item Symbol F PS FP PSJ FPJ FPK Unit
Supply LT 32 32 32 32 32 32 32 V
voltage
Output sink 15 50 50 50 50 50 50 50 mA
current
Common- Vo -03to -0.3to -0.3to -0.3to -0.3 to -03to -0.3to \
mode input Vee Vee Vee Vee Vee Ve Vee
voltage
Common- V Voo =V s/ WV I FV o £V e V
mode
differential
voltage
Power P, 570 385*? 570" 385*? ata 285 385" mw
dissipation
Operating Topr -20to -20to -20to -20to —40 to —40 to —40 to °C
temperature +75 +75 +75 +75 +85 +85 +125
range
Storage Tstg 55 to -55to -55to -55 to -55to 55 to -55to °C
temperature +125 +125 +125 +125 +125 +125 +150
range

Notes: 1. These are the allowable values up to Ta = 55 °C. Derate by 8.3mW/°C above that temperature.

2. These are the allowable values up to Ta = 45 °C mounting on 30% wiring density glass epoxy

board. Derate by 7.14mW/°C above that temeperature.

HITACHI



HA17358, HA17904 Series

Electrical Characteristics 1 (V.. =+15V, Ta = 25°C)

Item Symbol Min Typ Max Unit Test Conditions
Input offset voltage Vs - 3 7 mV Veu = 7.5V, Rg = 500, Rf = 50k
Input offset current ha —_ 5 50 nA Ven = 7.5V, Lo =1l =iy |
Input bias current ls — 30 250 nA Vew = 7.5V
Power source rejection PSRR — 93 — dB Rs = 1kQ, Rf = 100kQ
ratio
Voltage gain A 75 90 — dB R, =, Ry = 1kQ, Rf = 100kQ
Common mode rejection CMR — 80 — dB Rs = 5002, Rf = 5kQ
ratio
Common mode input Veme) 13.5 — — \% Rs = 1kQ, Rf = 100kQ
voltage range

Veme — — -0.3 \Y Rs = 1kQ, Rf = 100kQ
Peak-to-peak output Vop-p — 13.6 — V f=100Hz, R = 20kQ, R, = 1k,
voltage Rf = 100kQ
Output source current losource 20 40 — mA Vi =1V, V=0V, V,, = 10V
Output sink current losink 10 20 — mA Vi =1V, V=0V, V, =25V
Output sink current losink 15 50 — PA Vi =1V, V=0V,

Vout = 200mV

Supply current - — 0.8 2 mA Viy=GND,R =
Slew rate SR — 0.2 — Vipus R =, Vg, =7.5V, f= 1.5kHz
Channel separation CS — 120 — dB f=1kHz

Note: As for the characteristic curve, refer to HA17902.

Electrical Characteristics 2 (V.. =+15V, Ta =40 to +125°C)

Item Symbol Min Typ Max Unit Test Conditions

Input offset voltage Ve — — 7 mV Vou = 7.5V, Rg = 50Q, R, = 50kQ
Input offset current bis - — 200 nA Vem =79V, ho = L=l |
Input bias current ls — — 5C0 nA Veu = 7.5V

Common mode input Vs 0 — 13.0 V Rs = 1kQ, Rf = 100kQ

voltage range '

Supply current lee — — 4 mA Vi=GND, R =

Note: As for the characteristic curve, refer to HA17904FPK.

HITACHI



HA17358, HA17904 Series

Package Dimensions

Unit: mm
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574

L7800 series

Positive voltage regulators

Feature summary

® Output current to 1.5A

m Output voltages of 5; 5.2; 6; 8; 8.5; 9; 10; 12;
15; 18; 24V

B Thermal overload protection
B Short circuit protection
m Output transition SOA protection

Description

The L7800 series of three-terminal positive
regulators is available in TO-220, TO-220FP, TO-3
and D2PAK packages and several fixed output
voltages, making it useful in a wide range of
applications. These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A
output current. Although designed

Schematic diagram

TO-220 TO-220FP
® 7
D?PAK TO-3

primarily as fixed voltage regulators, these
devices can be used with external components to
obtain adjustable voltage and currents.

Vi SERIES Yo
O— PASS
ELEMENT
CURRENT SOA
GENERATOR PROTECTION
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFIER
THERMAL
PROTECTION
l GND
O
CS22280
August 2006 Rev. 13 1/47
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L7800 series

Pin configuration

1 Pin configuration
Figure 1.  Pin connections (top view)
[ ————— ouTPUT OUTPUT
O ey SREYND O T GROUND
[ ———— INPUT [ ———— INPUT
€sS05710 CS05700
TO-220 TO220FP
N
L OUTPUT
GND =
[——3 INPUT
£
PC11920
D?PAK (Any Type) T
Figure 2. Schematic diagram
t 6 5 — ) g O IN
fgm. R18 R8 R9 R13
Y Q9 D2
—F 16
+fkan ™
-4 Q17
R21
Ri2
RS RWL] R11
QO0UT
= R20
an
fm R7
%ms
S-4958 ke
Ays
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Maximum ratings

L7800 series

2

Maximum ratings

Table 1. Absolute maximum ratings
Symbol Parameter Value Unit
for Vo= 5to 18V 35
' DC Input voltage V
for Vo= 20, 24V 40
Io Output current Internally Limited
Pp Power dissipation Internally Limited
Tsta Storage temperature range -65 to 150 °C
2 : t for L7800 -565 to 150 &
perating junction temperature range i
ok for L7800C 0to 150
Note: Absolute Maximum Ratings are those values beyond which damage to the device may
occur. Functional operation under these condition is not implied
Table 2. Thermal Data
Symbol Parameter D?PAK TO-220 TO-220FP TO-3 Unit
Rinsc | Thermal resistance junction-case 3 5 4 °C/wW
Rihga | Thermal resistance junction-ambient 62.5 60 35 °‘C/wW
Figure 3. Application circuits
Vi L78XX Vo
C, =0.33uF T T Co=0.1uF
€S25220
4/47 kys




L7800 series Test circuits

3 Test circuits

Figure 4. DC Parameter

Vi L78XX Vo

C, =0.33uF Co=0.1uF

=

€525220

Figure 5. Load regulation

Yi L78XX * - Vo

Ru  270pF

2NB6121 oV

8 e 1000 30us

& O
= €$25230

0.33ufF

Figure 6. Ripple rejection

L78XX Vo

RL
E.ssm

-

120Hz( 470uF

£S25240

3
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Electrical characteristics

L7800 series

4

Electrical characteristics

Table 3.  Electrical characteristics of L7805 (refer to the test circuits, T, = -55 to 150°C, V,= 10V, I
=500 mA, C; = 0.33 uF, Cy = 0.1 pF unless otherwise specified)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vo Output voltage T,=25°C 4.8 5 52 \Y
lo =5mAto 1A, Pg <15W
Vg Output voltage V, = 8 to 20V 4.65 5 5.35 Vv
V=710 25V, T;=25°C 3 50
AV | Line regulation mv
V) =8to 12V, T, =25°C 1 25
lo=5mAto 1.5A, T, =25°C 100
AV | Load regulation mV
lo =250 to 750mA, T, = 25°C 25
Iy Quiescent current Ty=25°C 6 mA
IO =5mAto 1A 0.5
Aly Quiescent current change mA
V|=8t025V 0.8
AV/AT | Output voltage drift lo = 5mA 0.6 mV/°C
eN Output noise voltage B =10Hz to 100KHz, T, = 25°C 40 UV
SVR | Supply voltage rejection V=810 18V, f=120Hz 68 dB
Vy Dropout voltage lo=1A, T ;=25°C 2 25 Y
Ro Output resistance f=1KHz 17 mQ
lsc Short circuit current V=35V, T;=25°C 0.75 1.2 A
lscp Short circuit peak current | T, = 25°C 1.3 2.2 3.3 A

1. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be

taken into account separately. Pulse testing with low duty cycle is used.

6/47
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L7800 series

Electrical characteristics

Table 6. Electrical characteristics of L7812 (refer to the test circuits, T, = -55 to 150°C, V, = 19V, lo
=500 mA, C; = 0.33 uF, Co = 0.1 pF unless otherwise specified)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vo  |Output voltage T,=25°C 115 | 12 | 125 Y
lo=5mAto 1A, Pg <15W
Vo Output voltage V| = 15.5 to 27V 11.4 12 12.6 \
V| =14.510 30V, T, = 25°C 120
AV | Line regulation mv
Vi=161to 22V, T; = 25°C 60
lo=5mAto 1.5A, T;=25°C 100
AV | Load regulation mv
lo = 250 to 750mA, T, = 25°C 60
Iy Quiescent current T,=25°C 6 mA
lo = 5mAto 1A 0.5
Aly Quiescent current change mA
V| = 15 to 30V 0.8
AV/AT | Output voltage drift lo = 5mA 1.5 mV/°C
eN Output noise voltage B =10Hz to 100KHz, T, = 25°C 40 | Vg
SVR | Supply voltage rejection V| =15to 25V, f = 120Hz 61 dB
Vg Dropout voltage lo=1A,T;=25°C 2 2.5 \%
Ro Output resistance =1KHz 18 mQ
lsc Short circuit current V=35V, T;=25°C 0.75 1.2
Iscp Short circuit peak current | T, = 25°C 1.3 2.2 3.3

1. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be

taken into account separately. Pulse testing with low duty cycle is used.

J]
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Electrical characteristics

L7800 series

Table 11.  Electrical characteristics of L7805C (refer to the test circuits, T, = -55 to 150°C, V, = 10V,
lo =500 mA, C = 0.33 pF, Cg = 0.1 pF unless otherwise specified)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vo Output voltage T,=25°C 4.8 5 5.2 Vv
lo = 5mA to 1A, Pg <15W
Vo Output voltage V| =7 to 20V 4.75 5 5.25 Vv
Vi=71t025V, T, =25°C 3 100
AVp!" | Line regulation mvV
Vi=8to 12V, T; =25°C 1 50
1 lo=5mAto 1.5A, T, =25°C 100
AVo!" | Load regulation mV
lo =250 to 750mA, T, = 25°C 50
ly Quiescent current T,=25°C 8 mA
lo = 5mA to 1A 0.5
Alg Quiescent current change mA
Vi=7t025V 0.8
AVG/AT | Output voltage drift lg = 5mA -1.1 mV/°C
eN Output noise voltage B =10Hz to 100KHz, T, = 25°C 40 HV/Vg
SVR | Supply voltage rejection Vi =81t018V, f = 120Hz 62 dB
Vyq Dropout voltage lo=1A,T;=25°C 2 Vv
Ro Output resistance f=1KHz 17 mQ
lsc Short circuit current V=35V, T;=25°C 0.75
lscp Short circuit peak current [T, = 25°C 2.2

1. Load and line regulation are specified at constant junction temperature. Changes in V5 due to heating effects must be

taken into account separately. Pulse testing with low duty cycle is used.
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L7800 series

Electrical characteristics

Table 18.  Electrical characteristics of L7812C (refer to the test circuits, T, = -55 to 150°C, V=19V,
lo =500 mA, C; = 0.33 pF, Cp = 0.1 pF unless otherwise specified)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vo Output voltage T,;=25°C 11.5 12 12.5 v
lo=5mAto 1A, Pg <15W
Vo Output voltage V)= 14.5to 27V 11.4 12 12.6 v
V| =14.51t0 30V, T = 25°C 240
V" | Line regulation mvV
Vi=16to 22V, T, = 25°C 120
lo=5mAto 1.5A, T, =25°C 240
AVo!" | Load regulation mV
lo =250 to 750mA, T, = 25°C 120
lg Quiescent current T,=25°C 8 mA
lop =5mAto 1A 0.5
Alyg Quiescent current change mA
V| =14.51t0 30V 1
AVo/AT | Output voltage drift lo = 5mA -1 mV/°C
eN Output noise voltage B =10Hz to 100KHz, T = 25°C 75 UV
SVR Supply voltage rejection V,=1510 25V, f = 120Hz 55 dB
Vy Dropout voltage lo=1A,T;=25°C 2 v
Ro Output resistance f=1KHz 18 mQ
lse Short circuit current V=35V, T;=25°C 0.35 A
lscp Short circuit peak current | T, = 25°C 2.2 A

1. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be

taken into account separately. Pulse testing with low duty cycle is used.

J
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Typical performance

L7800 series

5

Typical performance

Figure 7. Dropout voltage vs junction Figure 8.  Peak output current vs input/output
temperature differential voltage
-2968 §-2076
= 1
i o L 78X (:, ]
(4] ~ o L7805
- | 25 / Y
2 \\ ""l-.,___- .," l Ny
h i i N N
N~ e~ 2 ~ &
maA
B Q\%\ N <) Ihs\
15 N ]
L N |
1 \ 'R \\‘ b \ﬁ\‘l N
— oropOUT m:::s- Bea ! 805 ™ ~N
B%=5% of Vg, [
® 0.5 \ ;
-} &
0 | |
-7 -50 -25 0 25 50 75 W0 15 T ro /] 5 0 15 20 25 Vg (V)
Figure 9. Supply voltage rejection vs Figure 10. Output voltage vs junction
frequency temperature
sw N Y
| [ o || ]
| L1805 L7z :f,::::
80 = = 1g=20mA
N 1
80 ™
120
40
20 t:mnl '
T=25'C |l |
it 18
. LI
10 10 0 0 t 2 75 -50 25 0 25 50 75 W0 w700
Figure 11. Output impedance vs frequency Figure 12, Quiescent current vs junction
temperature
1 =297
Z =EE 5 d |
(n) " ;l H (ma) 'i.'sn:
i =10V I &8 ::mm
10 Vo =5V
=t Tamb= 5
C=0uF 1
T —|n, mAl L 4.2
1 /] '.--_-""--
= = /
&0 4
10 igfflorems ‘
— it 1% !"
] - i L7805
10t i ] kX3 [
10 w* 10* Lo 001 () 5 50 25 0 25 %0 75 W0 @S T

26/47

3




L7800 series Typical performance

Figure 13. Load transient response Figure 14. Line transient response
Ay | ] T Ia avg l I S 'vi
W i () tmv) | { | w
__\2"\! ciid S ""'L”fﬁ - 15
~LOAD CURRENT__ 1
20 10
o
1 } 0 ; 5
0 DEVIA! L 0 DEVIATION 0
{ T
2
| .
i : -10 L=500mA
| =5y |
r = [
0 10 20 0 &0 50 t(us) o 2 4 6 ] 0 tius)

Figure 15. Quiescent current vs input voltage

| F] ] fr2am,
(ma) Vo= 5V
| 1g=20ma
5 T =25°C
]
. et
" |
1
4.0

3.0

Figure 16. Fixed output regulator

(1)
Vi L78XX Vo

(3) (2)
C, =0.33uF Co=0.1uF

€525250

1. To specify an output voltage, substitute voltage value for "XX".
2. Although no output capacitor is need for stability, it does improve transient response.
3. Required if regulator is locate an appreciable distance from power supply filter.

1573
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Typical performance L7800 series

Figure 17. Current regulator

Jd R1 VXX
lo = Vxx/Ry+lg TO.SS}JF v O.1pFT |
__1 o]

RL
Cs25260
Figure 18. Circuit for increasing output voltage
Vi oI‘ L78XX I I Vo
. Vix R
0.33uF § 0.1uF
y
g1 251y
R
VO = VXX(1+R2/R1)+IUH2
Cs25270

Figure 19. Adjustable output regulator (7 to 30V)

Vio L7805 ’ ——o Vo

o ASUF 0.1uF
LS141

10KQ

Cs25280
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L7800 series Typical performance

Figure 20. 0.5 to 10V Regulator

13V<V, <25V
+ 00— ¢ o Vo
c L7805 Ry
1 9100
Vxx
R
Vo=VyxRa/R, TO.33}JF ljgs1 "
- 0.1uF
~JVRY, &—=1T7V
-0
CS25290

Figure 21. High current voltage regulator

Q1 BD536
Vio i
g1 —
Ry
Y
R, - Vaear = ~ L78XX - —o Vo
Irea-(la1/Bai) e 9
. 0.33uF 0 UF e
lo = Ireg + Q1 (Ireg _BE9" )
Ry
l €525300
Figure 22. High output current with short circuit protection
Rse Q1
Vi
Q2
R1
@ L78XX o Vo
30 ‘
Rsc=Veea2/lsc
—
Q1=BD534 0.33uF 0. 1uF
Q2=2N6124
_T_ £525310

3
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Typical performance L7800 series

Figure 23. Tracking voltage regulator

v, Vo
tO * o +
L78XX -L
0.33uF 0.1uF 4,7KQ
COMMON ’ COMMON

1 L o ™

LS141

+
4.7KQ

v o )

-0
2N6124
cs25320

Figure 24. Split power supply (+ 15V - 1 A)

+20V OT L7815

1

T 0.33uF 0.1uF T

1. 1L
T

1N4001
-20V oL L7915

€S25410

4 O +15V

1N4001

@ Q =15Y

* Against potential latch-up problems.

3]
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L7800 series Typical performance

Figure 25. Negative output voltage circuit

_vo
1 =
5

OJuF
3|
o Y L78xX
S-269111
Figure 26. Switching regulator
sV 1mH Vo

i 2N3789 .. 3
1N5812 .
4700
' —H Lrexx 2
10uF i i
0.33uF 3

033 ] L2000

0.50

==
5-269212

Figure 27. High input voltage circuit

Vio \/ © ’ L78XX Vo

R 0.33uF 0.1uF

Vin= V|- (Vz+ Vgg)

— C€S525370

3
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Typical performance L7800 series

Figure 28. High input voltage circuit

VIN
Vi o—e » L78XX Vo
R -J_
v, T 0.33uF 0. TuF
| CS25330
Figure 29. High output voltage regulator
ViN
Vi T L78XX s——o Vo
T 0.33uF 0.1uF
i CS25380
Figure 30. High input and output voltage
Vi
Vio—ae * L78XX ® +——oVo
R
0.33uF 0.1uF D
Vo = Vxx + Vzy . .
Cs25390
Vni

32/47
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L7800 series Typical performance

Figure 31. Reducing power dissipation with dropping resistor

L L78XX
lo
| RL
d
Ao Vi(min)~Vxx-VDROP(max) TO. 33uF * 0.1 uF T

IO(max)"’ld(n'lax)

CS525340

Figure 32. Remote shutdown

Q
Yig ° \1[ ° L78XX Vo
R
HE 0.33uF 0. 1uF
y
]
| 525400
Rs
fﬁfu‘%D—:'—lifz

Figure 33. Power AM modulator (unity voltage gain, I <0.5)

Vi T L78XX —— o Vo Vx{E XA\
T i
0.33uF | 1 °

Modulation
" Signal

560

C€S25350

Note: The circuit performs well up to 100 KHz.
1573 33/47




Typical performance L7800 series

Figure 34. Adjustable output voltage with temperature compensation

Vi o— L78XX o o Vo

Vo = Vxx (1+Ro/Rq) + Vgg BC153

CS25360

Note: Q5 is connected as a diode in order to compensate the variation of the Q; Vg with the
temperature. C allows a slow rise time of the V.

Figure 35. Light controllers (Vomin = Vxx + Vgg)

1 2
Y= %  vyo—Y L7exx P Vo
3 “
S-3890/1 . - 5-3891/1

Vg falls when the light goes up Vo rises when the light goes up

34/47 IYT




L7800 series Typical performance

Figure 36. Protection against input short-circuit with high capacitance loads

«

Vio L78XX o Vo

L

b T

CS25410

1. Application with high capacitance loads and an output voltage greater than 6 volts need an external diode
(see fig. 32) to protect the device against input short circuit. In this case the input voltage falls rapidly while
the output voltage decrease slowly. The capacitance discharges by means of the Base-Emitter junction of
the series pass transistor in the regulator. If the energy is sufficiently high, the transistor may be destroyed.
The external diode by-passes the current from the IC to ground.
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LM723/LM723C
Voltage Regulator

General Description

The LM723/LM723C is a voltage regulator designed prima-
rily for series regulator applications. By itself, it will supply
output currents up to 150 mA; but external transistors can be
added to provide any desired load current. The circuit fea-
tures extremely low standby current drain, and provision is
made for either linear or foldback current limiting.

The LM723/LM723C is also useful in a wide range of other
applications such as a shunt regulator, a current regulator or
a temperature controller.

The LM723C is identical to the LM723 except that the
LM723C has its performance guaranteed over a 0'C to
+70°C temperature range, instead of =55°C to +125°C.

National Semiconductor

June 1999

Features
m 150 mA output current without external pass transistor

® Output currents in excess of 10A possible by adding
external transistors

= [nput voltage 40V max
®m Qutput voltage adjustable from 2V to 37V
® Can be used as either a linear or a switching regulator

Connection Diagrams

Dual-In-Line Package

Ny
NG~ 1 ] ot
FREQUENCY
CURRENT LiMiT—] 2 131 COMPENSATION
CURRENT SENSE=—43 12p=v*
INVERTING INPUT—] 4 8] S8
NON~INVERTING
weur ] ® 10— "Your
Veer = 6 ]
e b 8f—nNC
DS008563-2
Top View

Order Number LM723J/883 or LM723CN
See NS Package J14A or N14A

Metal Can Package

CURRENT
LT

DS008563-3
Note: Pin 5 connected to case.
Top View
Order Number LM723H, LM723H/883 or LM723CH
See NS Package H10C

© 1999 National Semiconductor Corporation DS008563

www.national.com
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Connection Diagrams (continued)

CURRENT
LIMIT FREQ COMP
CURRENT .
SENSE i
=N V[
W ot
Vrer v
Ve
D5008563.20

Top View
Order Number LM723E/883
See NS Package E20A

Equivalent Circuit*

FREQUERCY
v COMPENSATION

Ve

TEMPERATURE /=
COMPENSATED 4
ZENER

SERIES PASS
! Ve TRANSISTOR
HON-INVERTING Vour
- INPUT

*
CURRENT
LIMITER
v
5 " 1 2
v CURRENT  CURRENT
LT SENSE

DS008563-4
*Pin numbers refer to metal can package.

Typical Application

Vour
Vaer |
M3 A "K.

e Ot VWA

REGULATED
= ouTrut

IE.“J::“ ‘l_ Iu_u 10055

DS008563-8

R1R2
R1 + R2
for minimum temperature drift.

Note: R3 =

Typical Performance

Regulated Output Voltage 5V
Line Regulation (AV,, = 3V) 0.5mV
Load Regulation (Al = 50 mA) 1.5mV

FIGURE 1. Basic Low Voltage Regulator
(Vour = 2 to 7 Volts)

www.national.com 2



Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and
(Note 10)

Pulse Voltage from V* to V™ (50 ms)

Continuous Voltage from V* to vV~
Input-Output Voltage Differential

Maximum Amplifier Input Voltage
(Either Input)

Maximum Amplifier Input Voltage
(Differential)

Current from V,
Current from Vgege

Internal Power Dissipation
Metal Can (Note 2)

specifications.

50V
40V
40v

8.5V

5V
25 mA
15 mA

800 mw

Electrical Characteristics (note 3) (Note 10)

Cavity DIP (Note 2)
Molded DIP (Note 2)
Operating Temperature Range

900 mw
660 mW

LMm723 =55°C to +150°C

LM723C 0°C to +70°C
Storage Temperature Range

Metal Can -65'C to +150°C

Molded DIP -55'C to +150°C
Lead Temperature (Soldering, 4 sec. max.)

Hermetic Package 300°C

Plastic Package 260°C
ESD Tolerance 1200V

(Human body model, 1.5 k2 in series with 100 pF)

Parameter Conditions LM723 LM723C Units
Min [ Typ | Max | Min | Typ | Max
Line Regulation Vin = 12V to Vyy = 15V 0.01 | 0.1 0.01 | 0.1 % Vour
=55'C £ Tp £+125°C 0.3 % Vour
0'C < T, <+70°C 0.3 % Vour
Vin = 12V to V, = 40V 0.02] 0.2 01 ] 05 % Vour
Load Regulation IL=1mAtol =50 mA 0.03 ] 0.15 0.03| 0.2 % Vour
=55'C £ T, <+125°C 0.6 % Vour
0C<T,<+70°C 0.6 % Vour
Ripple Rejection f=150Hzto 10 kHz, Crer =0 74 74 dB
f =50 Hz to 10 kHz, Crer = 5 pF 86 86 dB
Average Temperature Coeffic- -55'C < T, s +125'C 0.002 |0.015 %I'C
ient of Output Voltage (Note 8) 0'C<T,<+70°C 0.003]0.015 %I"C
Short Circuit Current Limit Rsc = 10Q, Vour = 0 65 65 mA
Reference Voltage 6.95(7.15]7.35(6.80| 7.15 | 7.50 \
Output Noise Voltage BW = 100 Hz to 10 kHz, Cree = 0 86 86 pVrms
BW = 100 Hz to 10 kHz, Crepr = 5 WF 25 25 pVrms
Long Term Stability 0.05 0.05 %/1000 hrs
Standby Current Drain IL=0, V) =30V 1.7 | 35 1.7 | 4.0 mA
Input Voltage Range 9.5 40 | 95 40 A
Output Voltage Range 2.0 37 |20 37 \')
Input-Output Voltage Differential 3.0 38 | 3.0 38 \%
LIS Molded DIP 105 ‘Cw
6, Cavity DIP 150 ‘CIW
6, H10C Board Mount in Still Air 165 165 ‘CIw
0,a H10C Board Mount in 400 LF/Min Air Flow 66 66 ‘CW
0, 22 22 ‘cw

Note 1: "Absolute Maximum Ratings” indicale limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: See derating curves for maximum power rating above 25°C.

Note 3: Unless otherwise specified, Ta = 25°C, Vjy = V' = Vg = 12V, V" = 0, Voyr = 5V, I = 1 mA, Rgc = 0, C4 = 100 pF, Crer = 0 and divider impedance as
seen by error amplifier < 10 k2 connected as shown in Figure 1. Line and load regulation specifications are given for the condition of constant chip temperature. Tem-

perature drifts must be laken into account separately for high dissipation conditions.

Note 4:
Note 5:
Note 6:
Note 7:
Note 8:

V* and Ve must be connected to

Replace R1/R2 in figures with divider shown in Figure 13.

a +3V or greater supply.

L1 is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-387 pot core or equivalent with 0.009 in. air gap.
Figures in parentheses may be used if R1/R2 divider is placed on opposite input of error amp.

For metal can applications where Vy is required, an external 6.2V zener diode should be connected in series with Voyr.

3
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Note 9: Guaranteed by correlation to other tests.

Load Regulation
Characteristics with
Current Limiting

Electrical Characteristics (Note 3) (Note 10) (Continued)

Typical Performance Characteristics

Load Regulation
Characteristics with
Current Limiting

Note 10: A military RETS specification is available on request. At the time of printing, the LM723 RETS specification complied with the Min and Max limits in this
table, The LM723E, H, and J may also be procured as a Standard Military Drawing,

Load & Line Regulation vs
Input-Output Voltage
Differential

008 (8]
T T17 T Vour = 5V, Ve = +120 M Vour =5V
" )i ! l R = 102 Rgc =0
3 ] Tan-85°C| ] 5 0 T . 02 Ta®425°C
> s . £ — 3 AVeey
* ] * el = 1mA
| v -0 et 0.1
z Ta=25C— [~ = al
— ] =
£ Ji Tae 125 T E IATANN | 2 e
3 015 Il ] Tar25Cul 3
2 11 2 L SRR 3 L Loap——I |
o T1 u \ | w Vouy = +5V
02 | Vgyy = BV, Vi = 412V 43 i 1 01 R0
b Rac = 105144 T\ =125C Tas25°C
i TR 1Y A L | | o I = TmAtol, =50 mA
LI S T I T T 0 1 e s om0 5 B 15 2 3 45
DUTPUT CURRENT (mA) OUTPUT CURRENT (mA) Vin = Vour (V)
DS008563-22 DS008563-23 DS008563-24
Current Limiting Current Limiting Standby Current Drain vs
Characteristics Characteristics vs Input Voltage
12 Junction Temperature
Vour = 5V, Vi » 12V 2.0 T
) Rac=100T [T _ w0 i1} Ta = -55°C —+—
w 10 z LI ] . ‘:‘ 16 et
= w SENSE VOLTAGE = B
[ = o7 ot LN~ =R ] Tar25°C
s 0 [ 3 o f—r—
£ [ Taemse g A3 ;- £ B 1]
06 6 . - 125°€ —|—]
§ T . ﬁ [ uuch&u.s::: -\“ e e 10 Ta=125C
R e g HEEANCH : o
g o Ta = -88°C spmdd—] 56 1] E Z 06
E H
s w - ; T T 5 5 T
3 . | Yout " Vagr
S £ o4 fhog = 10 w = oz
0 £ - il
02 @ s 0 I ¢ o [T i 010 3 4 s
OUTPUT CURRENT (mA) S0 0 s e 150 INPUT VOLTAGE (V)
Paiechias JUNCTION TEMPERATURE ( €) DS00ES63-27
DS008563-26
Line Transient Response Load Transient Response Output Impedence vs
- : Py 12 Frequency
s INPUT VOLTAGE s LOAD CURRENT
i § = T o il -
R m g z w - Vour = +5V
2 < B s = Vin = +12v
e =
B 2 z o = Rec=0 | L3
Z » 3 R 2 5 Ta = 25°C
o AL ourruT voLTAG 2 - S § vl e
s _._.___-n LTAGE —] m w OUTPUT VOLTAGE [ = & H Lo «14F
= o0 -8 3 s 0 8 H
2 Vi = +12V N = = Vi = +12V =z ;
> Vour = +5V 'S‘ > Vour =+5v]| -20 3 o
S -2 fitm 40 z 5 40 =4 mA = 2w
£ Ta=25C = E Tas%C | 5 E
= =p o =
40 . 40 0 Bac:9
-5 5 15 2 3 45 -5 s 15 2% B a5
(]
TIME Lus) TIME (2 10k 100k ™
L] -
DS008563-2 DS008563-29 FREQUENCY (Hz)
DS008563-30
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Maximum Power Ratings

Noise vs Filter Capacitor LM723 LM723C
{Crer in Circuit of Figure 1) Power Dissipation vs Power Dissipation vs
(Bandwidth 100 Hz to 10 kHz) Ambient Temperature Ambient Temperature
100 1000 1000
00 — 300 I I
80 800 p—t 10 \ 800 AL
% 700 700
£ w0 \‘\\ % 600 \\\\ = 600 [P
3 N =
= S E 500 £ 500
LT . \\ & 400 N\ ] \
g L V\ o 400
3001 7.MAx = 150°C 300 |7 yay = 150
20 AN 200 {Ryy = 165°C/W (H10C 200 ,{"ﬁ 1650C,/W (H10C
= 100 {Rry = 150°C/w (DiP) 100 [Rr = 150°C/W (OIP)
. o LNO_HEAT SINK | o (NO_HEAT SINK__ |
LI T T 5525 0 25 50 75 100 125 150 -55-25 0 25 50 75 100 125 150
(uF) (e
Cap (0 PR T, AMBIENT ‘JEuPERnuR;S:wg;}ﬂ T, AMBIENT T[w:RA'IUR;Sf;E:sma
TABLE 1. Resistor Values (kQ) for Standard Output Voltage
Positive Applicable Fixed Output Negative Fixed 5% Output
Output Figures Output Adjustable Output Applicable Output Adjustable
Voltage +5% 110% (Note 6) Voltage Figures *5% +10%
(Note 5) R1 R2 R1 | P1 | R2 R1 R2 |R1 | P1| R2
+3.0 1,5,86,9 12 (4) 412 |1 3.01 | 1.8 [05 | 1.2 +100 7 357|102 (22| 10| 91
+3.6 1,5 6,9 12 (4) 357 |365| 15 |05 (1.5 +250 7 3.57 | 266 | 22| 10 | 240
+5.0 1,5,6,9,12 (4) 2.15 1 4.99 | 0.75 | 0.5 [ 2.2 | -6 (Note 7) 3, (10) 357 |1 243 112|105 ] 075
+6.0 1,5,6,9 12 (4) 116 1 6.04 | 05 [ 05| 27 -9 3,10 348 [ 536 | 1.2 | 05| 2.0
+9.0 2,4,(56,9 12) 1.87 | 715 075 [ 1.0 | 2.7 -12 3,10 3.57 | 845 | 1.2 | 05| 3.3
+12 2,4,(56,9,12) 487 [ 715 | 2.0 [ 1.0 3.0 ~-15 3,10 36511512 ]| 05| 43
+15 2,4,(5 6,9, 12) 7.87 [ 715| 3.3 | 10| 3.0 -28 3,10 357 | 243 1205 10
+28 2,4,(56,9,12) 210|715 | 56 | 1.0 2.0 -45 8 357 [ 41222 10 | 33
+45 7 3.57 | 487 | 22 | 10 | 39 -100 8 357 | 976 22|10 | 91
+75 7 3.57 | 78,7 | 22 | 10 | 68 -250 8 3.57 | 249 [ 22| 10 | 240
TABLE 2. Formulae for Intermediate Output Voltages
Outputs from +2 to +7 voits Outputs from +4 to +250 volts Current Limiting
(Figures 1, 4, 5, 6, 9, 12 (Figure 7)
Vi i (\"I % i ) V] R2 - R1 lumir = Vsense
auy REF R1 + R2 VouT = (ﬁ % ——);R3 = R4 Rsc
2 R1
Outputs from +7 to +37 volts Outputs from =6 to =250 volts Foldback Current Limiting
(Figures 2, 4, 5, 6, 9, 12) (Figures 3, 8, 10) b (VOUT R3 + Vsense (R3 + FM))
R1 + R2 v R1 + R Regd Reo P4
+ R2 V R3 + R4
Vs o (v x ...._) = (_E.Ef x,.___). - _ [ Vsense
our REF Rz Vout 2 i :R3 = R4 ISHORT CKT ____RSC X S
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Typical Applications

Vin

Y

<
v Veo

cL >=—=VVv

LM723C

(3

LN INV.

1.

J. j“:"’ jE 2

R1R2
R1 + R2
for minimum temperature drift.
R3 may be eliminated for
minimum component count.

Note: R3 =

Typical Performance
Regulated Output Voltage 15V

(Vout = 7 to 37 Voits)

Line Regulation (AV,y = 3V) 1.5 mV
Load Regulation (Al_ = 50 mA) 45mv

Varr Vour 7
"’ w123 o nEuLATED

DS008563-9

FIGURE 2. Basic High Voltage Regulator

- 5:., v Ivu= :::
Vaer Vour 1
. m
G man
Dope o
>
Sm o5 f—
ox
L L 18 IV,
> > L“
3 T T
REGULATED
B ouTPUT
DS008563-10
Typical Performance
Regulated Output Voltage -15V
Line Regulation (AV,y = 3V) 1 mv
Load Regulation (Al_ = 100 mA) 2mv

FIGURE 3. Negative Voltage Regulator

Vin
4
v Veo
m
Vier Vour IN3064

_,_!
<
[
LM723C q - REGULATED
ouTPUT
[ <
<
<

DS008583-11
Typical Performance
Regulated Output Voltage +15V
Line Regulation (AV,, = 3V) 1.5 mv
Load Regulation (Al = 1A) 15 mVv

FIGURE 4. Positive Voltage Regulator
(External NPN Pass Transistor)
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Typical Applications (continued)

Vi
Y
<
Su
n
v Ve 284
Vner Vour
S oz
s e O
3
P She
REGULATED
. ouTRUT
3
<R Lo

DS008563-12
Typical Performance
Regulated Output Voltage +5V
Line Regulation (AVy = 3V) 0.5 mv
Load Regulation (Al = 1A) 5mv

FIGURE 5. Positive Voltage Regulator
(External PNP Pass Transistor)

Y
REGULATED
ouTRuT
.Ell
:Eu
b
] DS008563-13
Typical Performance
Regulated Output Voltage +5V
Line Regulation (AV,y, = 3V) 0.5 mv
Load Regulation (Al = 10 mA) 1mv
Short Circuit Current 20 mA

FIGURE 6. Foldback Current Limiting
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Typical Applications (continued)

N2

LM723
LM723C

[Ty v s
umuT Sam

REGULATED

Typical Performance

Regulated Output Voltage +50V
Line Regulation (AV,y = 20V) 15 mv
Load Regulation (Al, = 50 mA) 20 mV

FIGURE 7. Positive Floating Regulator

ouTPUT

DS008563-14

T
2N5287

REGULATED

RS 10K
ARA &
> VWA
i o e
' Vaer Vour
e ]
£ 1N14z6 vz
s ] LM723
50 Sk wae
CS
N, NV, }—g
. " T
::m f“ V- COMP 100 pF
<

Typical Performance

Regulated Output Voltage =100V
Line Regulation (AV,y = 20V) 30 mv
Load Regulation (Al_ = 100 mA) 20 mV

FIGURE 8. Negative Floating Regulator

T BUTPUT

DS008563-15
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Typical Applications (continued)

Vin

<ns
S

Vaer Vour

R
51

LM123

warzac G v

T2
2N5153

D1
NZ071

3]
1.2 mH

- REGULATED

v I:um

T ouTPUT

C2 100 uF

Typical Performance

Regulated Output Voltage
Line Regulation (aV,y = 30V)
Load Regulation (Al = 2A)

DS008563-16

+5V
10 mvV
80 mv

FIGURE 9. Positive Switching Regulator

1 | e
= ,
hocd <
<R2
1 Vner Vour
el )
[T o
w23
e B
CS
RIIK
A N INV.
> v Come
<
I o €115 pF
1 s g

. REGULATED
o ouTRUT

=0
M

00 uF

Typical Performance
Regulated Output Voltage
Line Regulation (AV,y = 20V)
Load Regulation (Al, = 2A)

DS008563-17

-15v
8 mvV
6 mv

FIGURE 10. Negative Switching Regulator
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Typical Applications (continued)

<
4 723
sM w2

cs 2

Note: Current limit transistor may be used for shutdown if current limiting is not required.
Typical Performance
Regulated Output Voltage
Line Regulation (AV,, = 3V)
Load Regulation (Al, = 50 mA)

Vin
Y
L
v Vee
Vaes v, AR::A o REGULATED
e i = outeur

LOGIC INPUT

DS008563-18

+5V

0.5 mV

1.5 mv

FIGURE 11. Remote Shutdown Regulator with Current Limiting

o NEGULATED
0

Vin
/
3
b3 100
;
Vier Vour
> A3 100
< m
>
sM Vz 2N3084
Lm723
LM723C o
[1] S— =
INV. N

Regulated Output Voltage
Line Regulation (AVyy = 10V)
Load Regulation (Al, = 100 mA)

FIGURE 12. Shunt Regulator

T ouTPUT

DS008563-19
+5V
0.5 mv
1.5 mV
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Typical Applications (continued)

VRer
R1
NONINVERTING
P1 INPUT
R2
v
DS008563-21

FIGURE 13. Output Voltage Adjust

(Note 6)
Schematic Diagram
1.8k
R4
a7
020
“Tez - 2 COMPENSATION
SP :: 409 .
rhie R24 10 CURRENT
Q16 Tile
400
2 11.8%
Sri7 1 CURRENT
SENSE
022 2 INVERTING
f INPUT
AAA 3 NON~INVERTING
yyvy
2k 380 INPUT
R14 R19
1.1k
R20 300
R11
v

DS008563-1
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MICROCHIP PIC16F685/687/689/690

20-Pin Flash-Based, 8-Bit CMOS Microcontrollers with
nanoWatt Technology

High-Performance RISC CPU:

+ Only 35 instructions to learn:
- All single-cycle instructions except branches
« Operating speed:
- DC - 20 MHz oscillator/clock input
- DC - 200 ns instruction cycle
* Interrupt capability
+ 8-level deep hardware stack
» Direct, Indirect and Relative Addressing modes

Special Microcontroller Features:

+ Precision Internal Oscillator:
- Factory calibrated to + 1%
- Software selectable frequency range of
8 MHz to 32 kHz
- Software tunable
- Two-Speed Start-up mode
- Crystal fail detect for critical applications
- Clock mode switching during operation for
power savings
« Power-saving Sleep mode
* Wide operating voltage range (2.0V-5.5V)
* Industrial and Extended Temperature range
* Power-on Reset (POR)
+ Power-up Timer (PWRTE) and Oscillator Start-up
Timer (OST)
*+ Brown-out Reset (BOR) with software control
option
* Enhanced low-current Watchdog Timer (WDT)
with on-chip oscillator (software selectable
nominal 268 seconds with full prescaler) with
software enable
* Multiplexed Master Clear/Input pin
+ Programmable code protection
+ High Endurance Flash/EEPROM cell:
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEPROM retention: > 40 years
* Enhanced USART Module:
- Supports RS-485, RS-232, and LIN 2.0
- Auto-Baud Detect
- Auto-wake-up on Start bit

Low-Power Features:

+ Standby Current:
- TnA@ 2.0V, typical
* Operating Current:
- 20 A @ 32 kHz, 2.0V, typical
- <1 mA @ 4 MHz, 5.5V, typical
* Watchdog Timer Current;
- <1uA @ 2.0V, typical

Peripheral Features:

= 17 1/O pins and 1 input only pin:
- High current source/sink for direct LED drive
- Interrupt-on-pin change
- Individually programmable weak pull-ups
- Ultra Low-Power Wake-up (ULPWU)
* Analog comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(CVREF) module (% of VbD)
- Comparator inputs and outputs externally
accessible
- SR Latch mode
- Timer 1 Gate Sync Latch
+ A/D Converter:
- 10-bit resolution and 12 channels
= TimerO: 8-bit timer/counter with 8-bit
programmable prescaler
* Enhanced Timer1:
- 16-bit timer/counter with prescaler
- External Gate Input mode
- Option to use OSC1 and OSC2 in LP mode
as Timer1 oscillator if INTOSC mode
selected
+ Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler
* Enhanced Capture, Compare, PWM+ module:
- 16-bit Capture, max resolution 12.5 ns
- Compare, max resolution 200 ns
- 10-bit PWM with 1, 2 or 4 output channels,
programmable “dead time”, max frequency
20 kHz
- PWM output steering control
* Synchronous Serial Port (SSP):
- SPI™ mode (Master and Slave)
+ I°C™ (Master/Slave modes):
- 12C™ address mask
* In-Circuit Serial Programming™ (ICSP™) via two
pins

@ 2005 Microchip Technology Inc. Preliminary
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PIC16F685/687/689/690

::g‘l:r';l RN 10-bit A/D Timers
Device 1o Comparators . SSP |ECCP+| EUSART
Flash | SRAM |EEPROM (ch) 8/16-bit
(words) | (bytes) | (bytes)
PIC16F685 | 4096 256 256 18 12 2 211 No Yes No
PIC16F687 | 2048 128 256 18 12 7 11 Yes No Yes
PIC16F689 | 4096 256 256 18 12 2 11 Yes No Yes
PIC16F690 | 4096 256 256 18 12 2 21 Yes | Yes Yes
Pin Diagrams
20-pin PDIP, SOIC, SSOP
VoD —=[]1 = 20[]=— Vss
RAS5/T1CKI/OSC1/CLKIN =—[]2 19[]== RAO/ANO/C1IN+/ICSPDAT/ULPWU
RA4/AN3/T1G/OSC2/CLKOUT =[] 3 18[]=+ RA1/AN1/C12IN-/VREF/ICSPCLK
RA3MCLRVPP —=[14 .,  17[]== RA2/AN2/TOCKIINT/C10UT
RC5/CCP1/P1A =—=[|5 & 16[]== RCO/AN4/C2IN+
RC4/C20UT/P1B =—=[|6 § 15[]<+ RC1/AN5/C12IN-
RC3/AN7/P1C =—=[|7 € 14[J== RC2/ANE/P1D
RC6/AN8 ==[]8 ™ 13[J<—= RB4/AN10
RC7/ANY =—[]9 12 []=—= RB5/AN11
RB7 =—=[]10 11[]=—» RB6
VoD —[]1 K 20[]=— Vss
RAS5/T1CKI/OSC1/CLKIN =—»[]2 19[]== RA0/ANO/C1IN+/ICSPDAT/ULPWU
RA4/AN3/TT1G/OSC2/CLKOUT < []3 @ 18[J=> RA1/AN1/C12IN-/VREF/ICSPCLK
RA3MCLRNVPP —=[]4 © {7[]== RA2/AN2TOCKI/INT/C10UT
RC5/CPP1 «—=[]5 2 16[]=+= RCO/AN4/C2IN+
RC4/C20UT =—=[]6 % 15[]<» RC1/AN5/C12IN-
RC3/AN7 =—=[|7 & 14[]== RC2/ANG
RC6/AN8/SS =—[]8 & 13[]<— RB4/AN10/SDI/SDA
RC7/ANS/SDO = []9 12[]=— RB5/AN11/RX/DT
RB7/TX/CK <—[]10 11 [J=—= RB6/SCK/SCL
VoD —=[]1 ™ 20[]=— Vss
RA5/T1CKI/OSC1/CLKIN =—[]2 19[]== RAO/ANO/C1IN+/ICSPDAT/ULPWU
RA4/AN3/T1G/OSC2/CLKOUT = [|3 18 []== RA1/AN1/C12IN-/VREF/ICSPCLK
RA3/MCLRVPP —=[]4 @ 17[]== RA2/AN2/TOCKIINT/C10UT
RC5/CCP1/P1A <—[]5 E 16[]<+ RCO/AN4/C2IN+
RC4/C20UT/P1B =—=[]6 r 15[]=»= RC1/ANS/C12IN-
RC3/AN7/PIC =—=[|7 & 14[]== RC2/ANG/P1D
RC6/ANS/SS <—»[]8 13 []<—= RB4/AN10/SDI/SDA
RC7/ANS/SDO = [1]9 12[]=— RB5/AN11/RX/DT
RB7/TX/CK =—[]10 11 []~—= RBB/SCK/SCL

DS41262A-page 2
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PIC16F685/687/689/690

Pin Diagrams (Continued)

20-pin QFN

o
z
2 3
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34 Z 3
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3 © 3
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o © ¥
gg
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e <
<t W o ¢ o
< < 0 N <
£ £ > 3 &
“LE-B-8-% -

RA3/MCLR/VPP +—|1 15 [=— RA1/AN1/C12IN-/VREF/ICSPCLK
RC5/CCP1/P1AN ——nl2 14 |=—— RA2/AN2/TOCKI/INT/C10UT

PIC16F685/687/

RC4/C20UT/P1BM «—=(3 689/690 13 |=—= RCO/AN4/C2IN+
RC3/AN7/P1C1) a—|4 12 |=—= RC1/AN5/C12IN-
RC6/ANS/SSID) — |5 11 RC2/ANG/P1D()

w ~ o] <D E

§ § 8 8§ 8§

wd

5056 8

0 X g X @

2 ES K =

< m ¥ 9~ =

= s z O
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o X o g
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Note 1: P1A, P1B, P1C and P1D are available on PIC16F685/PIC16F690 only.
2: SS, SDO, SDA, RX and DT available on PIC16F687/PIC16F689/PIC16F690 only.

© 2005 Microchip Technology Inc. Preliminary DS41262A-page 3



PIC16F685/687/689/690

1.0 DEVICE OVERVIEW

The PIC16F685/687/689/690 devices are covered by
this data sheet. They are available in 20-pin PDIP,
SOIC, TSSOP and QFN packages.

Block Diagrams and pinout descriptions of the devices
are as follows:

* PIC16F685 (Figure 1-1, Table 1-1)

+ PIC16F687/PIC16F689 (Figure 1-2, Table 1-2)

* PIC16F690 (Figure 1-3, Table 1-3)

FIGURE 1-1: PIC16F685 BLOCK DIAGRAM
INT
Configuration
b Data Bus 8 PORTA
<¢|_F‘rogram Counter |<
Flash @ == RAG/ANO/C1IN+/ICSPDAT/ULPWU
4k x 14 e X] RA1/AN1/C12IN-/VREF/ICSPCLK
Program ; RAM I <1 RA2/AN2/TOCKI/INT/C10UT
e | 8-Level Stack(13-b|t)—| 256 bytés M RA3/MCLRNVPP
File <= X/ RA4/AN3/T1G/OSC2/CLKOUT
Registers ~=+X] RAS/T1CKIOSC1/CLKIN
Program 14
Bus RAM Addr
9 PORTB
/ Addr MUX
Instruction Reg ‘
ll Direct Addr 7 ﬁ Indirect <[] RB4/AN10
o N RB5/AN11
Status Reg
8
POR
l} 3 MUX
Power-up
Timer ég
Institiction £> +-. ] RC3/AN7/P1C
Decode and = Oscillator “"" RC4/C20UT/P1B
Control Start-up Timer ALU --- RC5/CCP1/P1A
== X| RC6/ANS
OSC1/CLKI P(E\q;esréton 8 ___._ RC7/ANS
Timin
OSC2/CLKO | Genaration K=M[ Watehdog
Timer
Brown-out
Reset
Internal
Oscillator
Block
MCLR VDD Vss
CCF’1I
TOCKI T1 T1CKI lz%? P1C P1D
Timer0 Timer1 Timer2 ECCP+
ANS ANS AN10 AN11 1} ﬁ ﬁ

FEEY

. T4

Analog-To-Digital Converter Analog Comparators EEDAT
and Reference s 256 Bytes
Data
. EEPROM
VREF AND AN1 AN2 AN3 AN4 AN5 ANB AN7 C1IN- C1IN+ C10UT C2IN- C2IN+ C20UT EEADR

—
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PIC16F685/687/689/690

TABLE 1-1: PINOUT DESCRIPTION - PIC16F685

Name Function I:yp:;t Q.I'.':s:t Description
RAQ/ANO/C1IN+/ICSPDAT/ RAQ TTL — General purpose I/0. Individually controlled interrupt-on-
ULPwWuU change. Individually enabled pull-up.

ANO AN — A/D Channel 0 input.
C1IN+ AN — Comparator 1 positive input.
ICSPDAT TTL CMOS |ICSP™ Data I/0.
uLPwu AN — Ultra Low-Power Wake-up input.
RA1/AN1/C12IN-/VREF/ICSPCLK RA1 TTL CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN1 AN — A/D Channel 1 input.
C12IN- AN — Comparator 1 or 2 negative input.
VREF AN — External Voltage Reference for A/D.
ICSPCLK ST — ICSP™ clock.
RA2/AN2/TOCKVINT/C10UT RA2 ST CMOS | General purpose I/0. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN2 AN — A/D Channel 2 input,
TOCKI ST — Timer0 clock input.
INT ST — External interrupt pin.
c10uT — CMOS | Comparator 1 output.
RA3/MCLR/VPP RA3 TTL — General purpose input. Individually controlled interrupt-on-
change.
MCLR ST — Master Clear with internal pull-up.
Vpp HV — Programming voltage.
RA4/AN3/T1G/OSC2/CLKOUT RA4 T Tk CMOS | General purpose I/0. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN3 AN — A/D Channel 3 input.
TG ST — Timer1 gate input.
0Sc2 — XTAL | Crystal/Resonator.
CLKOUT — CMOS | Fosc/4 output.
RAS5/T1CKI/OSC1/CLKIN RAS TTL CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
T1CKI ST — Timer1 clock input.
0SC1 XTAL — Crystal/Resonator.
CLKIN ST — External clock input/RC oscillator connection.
RB4/AN10 RB4 TTLE CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN10 AN — A/D Channel 10 input.
RB5/AN11 RB5 TTL CMOS | General purpose I/0. Individually controlled interrupt-on-
change. Individually enabled pull-up.
AN11 AN — A/D Channel 11 input.
RB6 RB6 TTL CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
RB7 RB7 TTL CMOS | General purpose I/O. Individually controlled interrupt-on-
change. Individually enabled pull-up.
RCO/AN4/C2IN+ RCO ST CMOS | General purpose /0.
AN4 AN — A/D Channel 4 input.
C2IN+ AN —_ Comparator 2 positive input.
Legend: AN = Analog input or output CMOS = CMOS compatible input or output
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels
HV = High Voltage XTAL = Crystal

DS41262A-page 8 Preliminary @® 2005 Microchip Technology Inc.




PIC16F685/687/689/690

TABLE 1-1: PINOUT DESCRIPTION - PIC16F685 (CONTINUED)

Name Function I.rr;f;uet o.;;t:::t Description
RC1/AN5/C12IN- RC1 ST CMQOS | General purpose /0.
ANS AN — A/D Channel 5 input.
C12IN- AN — Comparator 1 or 2 negative input.
RC2/AN6/P1D RC2 ST CMOS | General purpose /0.
ANB AN — A/D Channel 6 input.
P1D — CMOS | PWM output.
RC3/AN7/P1C RC3 ST CMOS | General purpose I/O.
AN7 AN — AJD Channel 7 input.
P1C — CMOS | PWM output.
RC4/C20UT/P1B RC4 ST CMOS | General purpose /0.
Cc20UT — CMOS | Comparator 2 output.
P1B — CMOS | PWM output.
RC5/CCP1/P1A RC5 ST CMOS | General purpose I/0.
CCP1 ST CMOS | Capture/Compare input.
P1A ST CMOS | PWM output.
RC6/AN8S RC6 ST CMOS | General purpose /0.
ANS AN — A/D Channel 8 input.
RC7/AN9 RC7 ST CMOS | General purpose /0.
ANS AN — AJ/D Channel 9 input.
Vss Vss Power — Ground reference.
Vob Voo Power — Positive supply.
Legend: AN = Analog input or output CMOS = CMOS compatible input or output
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels
HV = High Voltage XTAL = Crystal

© 2005 Microchip Technology Inc.
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UTC S8050

NPN EPITAXIAL SILICON TRANSISTOR

LOW VOLTAGE HIGH CURRENT
SMALL SIGNAL NPN
TRANSISTOR

DESCRIPTION

The UTC S8050 is a low voltage high current small
signal NPN transistor, designed for Class B push-pull
audio amplifier and general purpose applications.

FEATURES

*Collector current up to 700mA
*Collector-Emitter voltage up to 20 V
*Complementary to $8550

ey

]

TO-92

T:EMITTER

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

2:BASE 3: COLLECTOR

PARAMETER SYMBOL VALUE UNIT
Collector-Base Voltage VcBo 30 V
Collector-Emitter Voltage VCEO 20 \'
Emitter-Base Voltage VEBO 5 \
Collector Dissipation(Ta=25°C) Pc 1 W
Collector Current Ic 700 mA
Junction Temperature Tj 150 5 6
Storage Temperature TSTG -65 ~ +150 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C, unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
Collector-Base Breakdown Voltage BVceo Ic=100pA,IE=0 30 Vv
Collector-Emitter Breakdown Voltage| BVceo Ic=1mA, 1B=0 20 \
Emitter-Base Breakdown Voltage BVEBO IE=100uA,lc=0 5 \
Collector Cut-Off Current IcBO Vee=30V,le=0 1 HA
Emitter Cut-Off Current IEBO VEB=5V,|c=0 100 nA
DC Current Gain(note) hFE1 VCE=1V,lc=1mA 100

hFE2 VcE=1V,lc=150 mA 120 | 110 | 400

hFE3 VCcE=1V,lc=500mA 40
Collector-Emitter Saturation Voltage | VcEe(sat) Ic=500mA, IB=50mA 0.5 \4
Base-Emitter Saturation Voltage VBE(sat) Ic=500mA, IB=50mA 1.2 \'
Base-Emitter Saturation Voltage VBE VCE=1V,lc=10mA 1.0 vV
Current Gain Bandwidth Product T VCE=10V,lc=50mA 100 MHz
Output Capacitance Cob Vce=10V,le=0 9.0 pF

f=1MHz
UTC unisoNic TECHNOLOGIES cO., LTD.
y .

QW-R201-013,A




UTC S8050 NPN EPITAXIAL SILICON TRANSISTOR

CLASSIFICATION OF hFE2

RANK C D E

RANGE 120-200 160-300 280-400

TYPICAL PERFORMANCE CHARACTERISTICS

Fig.1 Static characteristics Fig.2 DC current Gain Fig.3 Base-Emitter on Voltage
0.5 I 18=3.0mA 10° | b 10
Z 15=2.5mA Vee=1Y z Vee=1v
E® £ g
e (4] - 10'
g z 5
B oos 5 g
3 E =1
o =1 =3
<] 3 S
2 o2 Q =
E ] 10’ g °
s 3"
g o * g
0 o Ll 1 i &' o
12 16 20 ] 1 10! 1" 10° 0 0.2 0.4 0.6 08 1.0
Collector-Emitter voltage ( V) lc,Collector current (mA) Base-Emitter vollage (V)
= : Fig.5 Current gain-bandwidth Fig.6 Collector output
ig.4 uration v s
Flgid:sat oltage product Capacitance
10 i : 10 TiigE EEEEl 10? e :
Ic=10"B ? fl -
= | I ] = VCeE=10V =
| 2 =
E Vee(sat) 5 = o f=1MHz
B 1 SR 2 & 10t e =0,
1] = S { 1
5 £E= o
5 33 3
= £8 | 3
319 i i e O
EHEE E
Lg Vce(sat) [ 111 I Q
10‘ . Al 11 g4 1 I |mERl wﬂ 1 1 mﬂ Ll L1 Ll i L
16! 10° 10! e 10 10° 10’ 10° 10 10° 10! 10 10°
le,Collector current (mA) Ic,Collector current (mA) Collector-Base voltage (V)

UTC uUNISONIC TECHNOLOGIES CO. LTD. >
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S8550 TRANSISTOR (PNP)

TO-92

FEATURES O

Power dissipation

Pew @ 0.625 W( Tamb=25C )
Collector current

lew =05 A
Collector-base voltage

Vigricao := 40V

T .@‘y

\&

1. EMITTER
2. BASE

3. COLLECTOR

128
ELECTRICAL CHARACTERISTICS( Tamb=25C  unless otherwise specified )

Parameter Symbol Test  conditions MIN TYP MAX UNIT
Collector-base breakdown voltage | V(BR), lc=-100 HA, I:=0 =40 Vv
Collector-emitter breakdown voltage | V(BR)., lc=-0.1mA, ;=0 -25 V
Emitter-base breakdown voltage V(BR)ggo le=-100 LA, 1.=0 =5 \Y
Collector cut-off current lego Veg=40 V, =0 =0.1 HA
Collector cut-off current leeo Vee=20 V, [5=0 0.2 HA
Emitter cut-off current leso Veg==3 V., =0 =0.1 LA

Heg( 1y Vee=-1V, I;=50mA 85 300
DC current Vgain(note)

Hee 2y Vee=-1V, I.=500mA 50
Collector-emitter saturation voltage | V c(sat) Ic=500mA, Ig= 50 mA =06 Vv
Base-emitter saturation voltage Vge(sat) 1c=-500mA, Iz= 50 mA =92 Vv
Base-emitter voltage Vee le=-100mA =14 \Y

Vee=6V, 1,=20mA
Transition frequency f, 150 MHz

f = 30MHz

CLASSIFICATION OF Hgg

Rank B C D
Range 85-160 120-200 160-300
Wing Shing Computer Components Co., (H.K.)Ltd. Tel:(852)2341 9276  Fax:(852)2797 8153

Homepage: http://www.wingshing.com E-mail:  wsccltd@hkstar.com



SEMICON

T P A )
FAIRCHILD

DUCTOR®

SS9014

Pre-Amplifier, Low Level & Low Noise
+ High total power dissipation. (Py=450mWw)
* High hpg and good linearity
+ Complementary to SS9015

NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings T1,=25°C unless otherwise noted

1

TO-92
1. Emitter 2, Base 3. Collector

Symbol Parameter Ratings Units
Vego Collector-Base Voltage 50 v
Veeo Collector-Emitter Voltage 45 \
Vego Emitter-Base Voltage 5 vV
Ic Collector Current 100 mA
Pc Collector Power Dissipation 450 mwW
Ty Junction Temperature 150 °C
Tsta Storage Temperature -55 ~ 150 °C

Electrical Characteristics Ta=25°C unless otherwise noted
Symbol Parameter Test Condition Min. Typ. Max. Units
BVego Collector-Base Breakdown Voltage lc =100pA, Iz =0 50 \
BVceo Collector-Emitter Breakdown Voltage | I =1mA, Ig =0 45 \
BVegg Emitter-Base Breakdown Voltage g =100pA, I =0 5 \
leso Collector Cut-off Current Vg =50V, I =0 50 nA
leBo Emitter Cut-off Current Veg =5V, Ig =0 50 nA
heg DC Current Gain Ve =5V, Ig =1mA 60 280 1000
Ve (sat) | Collector-Base Saturation Voltage lc =100mA, Ig =5mA 0.14 0.3
VgE (sat) Base-Emitter Saturation Voltage lc =100mA, Ig =5mA 0.84 1.0 \
VgEe (on) Base-Emitter On Voltage Ve =5V, I =2mA 0.58 0.63 0.7 V
Cob Output Capacitance Veg =10V, Ig =0 2.2 3.5 pF
f=1MHz
fr Current Gain Bandwidth Product Vee =5V, I =10mA 150 270 MHz
NF Noise Figure Vee =5V, Ig =0.2mA 0.9 10 dB
f=1KHz, Rg=2KQ
heg Classification
Classification A B Cc D
hee 60 ~ 150 100 ~ 300 200 ~ 600 400 ~ 1000

©2002 Fairchild Semiconductor Corporation
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Typical Characteristics
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Figure 1, Static Characteristic
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Figure 3. Base-Emitter Saturation Voltage
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