gipmomyanats nazvoMindImAnTEY,

2 L) @ o w da '
nseanutiauaziudaaunaddans 1l

PULSE - RECIEVER MACHINE

Tay

WAIHASUNS Theds

£ ] w o
WIBPANIA MYwug

2/,

vy 4530
5%
S TLL Y — -3
) £ Nandatls ol iha FvinkEll. 41 q ?-a
mw-wﬁuu.......§.§.Q.g.§.. Do w 1 4
Supoud 30 N.A, 251 N B

a a ﬂ‘dy 1 & ar o a L)
PSaaniinusidudumilwoimsfnmmundngasdSaaniennssumanstusa
anIndiannseting
aouma TuTatnsgsoundudmumvisamnsziis

UnsdAnwn 2550



4 L) LU o e [
lﬂ?a\jﬂnuﬂuﬂ35”ﬂﬂgmjmﬂﬁﬁﬂﬁﬂ§’]%1?u

PULSE — RECIEVER MACHINE

Tag

¢ an o

UIBNWATUNT NS SHE 47010290

o

WA Ay sva 47010740

Q

el (2
£19150NU5nE1

ATASIAY YA

= 4

UTganinusdmiulsygisinssumansiuha
= oo o
TN nIotnd
= 4
ANIMINTTHAAAS
a =) Y ¥ ar
aatiuma Tu latnszsemndudinunmisaiansz il

Un1sdnu 2550



71097 Un1sfiny1 2550

madmBannseting

anzfInNssneany

an1tuma lu Tagwnszromndudnunmsaianszils

Soq nseaiuiiauaziudyauiaddans iy

Yar o
HIANI
o

WIINNASUNS Fiioars s¥e 47010290

o w ¢

WIWANIA HIyAUS  5Wer 47010740

C]

sa |
£19150M1/5nY7




) w d

3 o Ao ¥ Qs <
lﬂ%@ﬂﬂu‘i—lﬂ!!ﬂ%‘iﬂﬁﬂ]ﬂﬂﬁlﬂﬂﬁ@ﬂﬂ‘ﬂ"ﬁ'ﬁﬂ

[T T}

WILMNATUNS 1905 37 47010290
=Y ° w o o
wedmas Hgus sia 47010740
an ol (22
A3.A519% Yayuas 919156015

UmsAnuI 2550

UNAALD

dy 4 o & w d a at @ 4
TasesnuiilulnssnumsahunTesidiadygaiaddimioda Insudansianig

3/

as o 4 0 a  a o f: [ { o
Taondnmsinuvesnesnieaiiiadyananadil 14 leradudygimanuies 555

o o

4 o = o o [y
woldmuaumade-Tamainu vesmsudmeesuazuemva s azaundaan i
= P o o o A o g o [ & a
fuamamileniuasdaful sy Wohmafvazaundsnu lieszeznamisziaiy
AwsaRuLaznsziaige vntuss dedyyaiueamangaiiou Awdesnunazes

Q,: o [ @ o VoW o d Y n’: 1 [y
o 1 iunezgndade TSaidadyganaudansienig vdsnniiuadnees ludmsy

@ o dw g o

o o dao s & [y o
FanaWadsanrannd Fazsudygaiaddanrananniilnsudannyaadiniy

=} @ o Ay ¥ a 1 & Y A t ar o & o
1995 winsdaduanui ldnnddesenie Iimdeuddygaviiaman Suilu

[ @

o @ PR Vo o & o Ay ¥ ¥
ﬁﬂ'_.!iy']mﬂaﬁ]ﬁ1%13ﬂﬂ$51ﬂ@0ﬂ151ﬂ1uu ‘HﬁQﬂ']ﬂuuilgu'lﬁmﬂﬂmﬂaﬂ'j']cﬁ']'-Jﬂﬂulﬂulﬂlq]']

v v

o 2 ar ar I ¥ |
s FyanauiovesvuInroId e udan I IaN louse 11

a0 Yo Y Y o o Y
Iﬂﬁ\j\i']uu‘lﬂillﬂ'ﬁﬂ5'Jﬂﬁﬂﬂllﬂ'3 Wﬁﬂi]‘ﬂﬁ]ﬂﬂ‘]ﬂ’]ﬁﬂﬂﬁ@ﬂ'lﬂ

(P97 Yaue)

o (R
9191507115011



PULSE - RECIEVER MACHINE

Mr.Thepsirin Vinijsorn ID. 47010290
Mr. Wuttipong Tamnupan ID. 47010740
Dr.Siridatch Boonsang Advisor

Education Year 2007

Abstract

This project is construction pulse generator for ultrasound probe. This circuits used
timing IC NE555 to generate pulse frequency for control transistors and MOSFET turn on — turn
off. The circuit will collect power in inductor and capacitor. When it reach to the limit time for
high power. After that circuit send signal to MOSFET for stop working. The collected power will
transfer to ultrasound probe working. And then create receiver circuit that received ultrasound

signal from ultrasound probe and take the signal to amplified circuit.



.28 -

=

nnAnssnlsymna
o © dw o 4 T Iy = dan =
msdai Iassnuiiaunsediuiegsie U 14ded veveuquernsdfsias yayuas Anoy
o 3o 2 = 4 Ao ' o Cslu ] 'V a
HUSWN 1Hﬂ11]‘§ﬂln llﬁg'ﬂlﬂﬂﬂlﬂumﬂﬁz‘}’i?‘lﬂﬂ'ﬁﬂ‘ﬂﬂiqq‘luu HAazUoUAUAUNINIIUL NNoY
o W 1Y 4 s o (Y a oo a oA o
lﬂu’fﬂ’ﬂ~ﬂ“ﬁ’\ﬂ‘l'ﬁﬂiﬂ3QQ'\H‘N%U?"\L?% Ha%’;q@]ﬂ'\ﬂﬂlﬂﬂlﬂUﬂm‘qUHMlﬁﬂ“'ﬁﬂuﬂﬁnﬂﬂﬂﬂ1u')ﬂﬂ')1”

Q =1 L4
agadnlumssiiganuazaInlumstuginsal



MU

UNAAtaNIH Ine

Abstract

My

BRPHGTRRY

Mstyns

uni 1

uni 2

PN

Voo

3

= dy A o
TSI PRGN
~ dl o =
2.1 noufndudans lain
as = o 4
2.2 daas latiansuaduses
2.3 NANMSYBUNANANITATINTOUAILA AT VTS
“ 5 = o o o
nFeaiuiindygruwad

s A w w o

3.1 wSesfudadyyIuWaa (Pulser)
o »

3.2 ANMUTUAUTYOIFINUIANBY Pulser System

s iudyann

(1]

L.

4.1 tutlsznovvesesfuduyan
MIBONULUINTS

5.1 25AdeANNE

5.2 s lAfutaeiymussiugs
HANITNANDY

6.1 HANIINAADY
agUnansnanoasUUINKNMIUA 1y
7.1 ayUNanInAaes

7.2 Jyriwaziuamamsud tu

Aaanssuilszame

NMARUIN

14

18

20

25

27

28
29



MSUYNN

4 P oA o ¥
1 llﬁﬂﬁEN‘I)"NﬂﬁuﬂaWﬂJﬂﬂQﬂu1N11%Q1u

aadt
el
=2

HERIdNYUEMIAANAUAINET

gant
=
=b
[ (9]

HARIRNH UM TINANAUA LV

wanazsalouveddls Tydmanin

ean 2ot
= =
=$n. =3b. -
NI S N N
(¥ ]

=

eaft
=
=n

5 MannN1$%11914v84 Angle Beams

6 1138995 NADUAAMITLIA AN FIMDY Automated Scanning

e gan
2 =
=n. =b.

dAnymzveanautdsa1uiyy Near Field uag Far Field

=0,

1
1
1

o

8
@ ] = o
9 MAaNMININTUVIINITUTAAULBO5UUD contact

eat
=2

2
2
2.7 Pulser-receivers
2
2
2

gt
=3

4 2 A w o o
1 nsesfutiadyanuwad

eon
=
=
(8]

eat
=
=a.

a 4 a = a @ o
3.2 L!ﬁﬂwﬁ]ﬁ'ﬂﬂI‘IﬂﬂgllﬂiNﬂlﬂﬂlﬂ?ﬂ\‘iﬂ'\!ﬂﬂﬁﬂjiy']mWﬁﬁ

N -
el
=h. =h.
[F8) [#8]
B o

uaadeyauh 1491NNSADI99 VY Pulse-Echo Mode

ean
=
=2.
(o8]
n

HAAINIADN I TUARAFDS A UINS D9 PULSER

ean
=
=2.
(7]
(=)

1YY Through Transmission Mode
319 3.7 uamsdgyaah 1491nN15@829950UY Through Transmission Mode
517 4.1 29sART YL IULT AU

5171 4.2 2995veeFygurivives

511 5.1 uamavveslediues NEsSS

a

U 5.2 Wesduad ndyauiad
31t 530095 dgygadansienad

d‘ L o =3
31N 6.4 Fyamudans Taiin

A by A‘. = I P [} [ Aa (o :;
10 SANAITITADUAIUAAULTUINANNOYY ﬁTWiUﬂJ@QEHﬁ’JVINﬂiM1ﬂ5ﬂ1

w w d 1 @ v A a J 4 ar o
uaaInNudLRUTI s e dyaue inaiuluwesesadwdygnaiad

t = o ar 4
Llﬁﬂﬂﬂﬁﬂ@ﬂi']uﬁﬂ'll”]fﬂiL%Tﬂﬂlﬂ?ﬂ\‘l PULSER 111! Pulse-Echo Mode

10
11
12
12
13
13
14
14

16
17
17

17
18
19
20
23
24
26



matiyna

L 4

AT 6.1 namueaInnuduRUSdye) 0 nput 0T YYIOUPUIVBITNTIANLTIAUTY

o [y

A519% 6.2 psuaasnNuduRuTuT iy ludadunse AV Emitter

A5 6.3 LAAIN NN FURUTEATIM TVEEHUANUDVDII TV

25
25
26



ot ' o & & ana v ¥ 3
Tumsasavaoufagaieg Taglivhaesusmniuiitnmsvannaeld 1didend
" o -1 1
Thesilumsasreudaauazmaueain manzgru nsasaeuanmanuily
1 g ' o 1o = o
wiman wiman i msursi@msnegeumsnszansueuiivs MsnaaeUIauil wazns
4 a o ) o
asvaoudendudsnnudgs Aeanudmihaeana Tulagneufiamesildvai main
9/ Qs = n‘j ¥ o e 3 ' o =
Tasuanuisialumagaamassuagiealfians dwatllasindlleudgaamnssy
i 4 ] ]
spouaaeider Tuussaunaiina1en du 3Emsildasunnuanlonniga Ao msasivaey
4 { & ' o = 4 o | a d
Frontudmennudgs $and1 10 Pidmuiinisasnaeudondudvinimdgaiumnaiad
o o 4 v r o ' = v [
T&suanuilon AFvisguarstheasasnnumudn malulatasaumnea ldlidmwyienanau
v A ¥ A a P2 a a a o a & Ao
TinToansnasudrvndudsinnudgailseansnmuasAnonwundaanlusnmng ms
4 A s & ¥ oy a s v o w - '
aswasudwadudvimud g aduniivnumddydimivma TuTatmnseaeylasl
° y‘: A
MmidFuanudonme

Tﬂum'lﬂwﬂuTﬂumu"lwmunawﬂmﬂtmumsmnﬂaumummﬂuamwunmﬁ“l A

Y

>
L3 -1

'Nfﬂilm“ﬂﬂ uuﬂﬂ’f] miaamwnummmymmm TaggoudImsasreaoudIIsAeMs

] L] 4' = e ar ar 1 d' o a L -
ﬁQNTuﬂﬁuLﬁUQﬂﬂJﬂUWMﬂﬁﬂulﬂUﬁlﬂiJﬂiﬁ”] WoninsaasumMsasundasdnymuznso

Y

h.

EYEY o g = ad a o ¢ M o . R
aufavesiagiiu e TadidnniansuaiiveinSonuadiwes I s g ( piezoclectric

transducer ) 15 nssinanildnszdudnd I I adsnduides
- S v A A o = 4 a
wonmilanINNIMIINends nmsasndevudiududsaiudsinnuigais
qaauiiuazanuamIsendwndiudaasvug ity lumeiageans Wondudvariud

ldTaauazazeunduinidudyyuddaeaizannsonsnaeuanunuimsossounniai

2
Aadumeluld eluilegtudumaiiafitouldsumn



matszgnalfan

wivans9TeudIsnduduinnuige Tdgnih luwawunldaulugaaivnssuaiea wu

) o

E
& = a a -~ 1 T o
Vlasinll WoaFaunziFomdsiunios msapiSo mMsunilows gaesnnssusosud ms

1 »
pead1e Tang msiiu Wudy Fodrevesmstiunisansreaoui T 1dauldun

g g r L * ' = s a .3
MSIAANUHUIVDIITANNY "lmm:ﬁlu‘[aﬁz niziloy no wsmnﬁwmﬁmnwgﬂ

1Y
@ o @ o

HAAANNLII90IMISANTEIAN nizanydeveuniosdu dulifusosud udo
3 L4 4 ¥
viaudy gunsainansumnd iudy
msiaszAuvosveunal Anugevesaznoulutieingaamns sy udu
3 LY ) b4 Ao o b4 o o J
Mlumsasnaevguandanamoemnlunudugstiine nsinsesuaninnaiu
= = a ' - A ' 5 @ ¥
aoluFuanuidiulave wanadn iy So wiouruyamiziviu Mudu

Q1

[ ¢
Fnguszasnuazveuuaveslnsaau

1
=}

ivafiny1esadndyanuiad (PULSER) #1Flumsdui Insudansaniud
mminaasanisiasimsihnumensnrouindnvuzvosdygnanioluiees 1l
@ o ' (% 4 Sl e ]
anvazlurula dnvuzveusniynii ldlinedals

. ) N .
Wodudszlonilumsdnmnsidou uazmsasnaeusesunninluiaadiondy

g la



a
unn 2

o & a4y
NYHHNUHFIUNINEIYDN

= A'| [¥) =
2.1 ngpnaudanslain
2.1.1 AuauliAuasssumAveIniudans laia

HANMIVOINMITLABUNFLYDIATMIFEY AD TUINVBIRAINUIZENTINIZIILBINININ

3 ar T

ot [] as ¥ ar :;w 13 ] ¥ ar :; o n;.
AN 5’]1’1‘5371‘1]?'1‘1]'39\01‘1?1\1\1'IU‘IJ'NET'JH‘D%?(Z‘V]'E]Hﬂﬂ‘Ull‘lJ‘Vlﬂ'Jﬁ\‘lﬂ'Jﬂ uﬂmﬂ‘mmqmﬂumsuw

3

ngguszasefumsasfounduvosdgygiulaa uaznmnldlumsidunsaunsaiun
o s u’;’ a 4 Q o o
Anmszrzmalddae daiumsinudesssundvesnivazi ifidilalumsi lddssgndld
nuldedgndos
A a
2.1.2 Adudans laiia
A o a A A a da a ) ¢ wa & o Y
Aaudans1 lwiin Ao afudsenlinnugaunhifiyuyedes lasu Felaeialduday
I'd di c; = ae Au’; ] a s =} - & a o [ u’: di
uymdaz lddunduanuiidseniinnuidwg 20 1850 awdenud 20 Aladse Aalundu
A o o =R =2 P = A = J = a o
ANuddans latdavanmnedndudediianudgand 20 Aladin Wuies
~16°GHe

PARETERSOUND ar MICROSOUND
{previous} cafied HYPERSL UND

i ~500 GHy

Ulirasonls gleaning, - 20« 1 KHe
Graia reflament in matai, ~ 40 KHr
Foatiaring ia cast kon ~ 500 M-
Sonar =10 1’4z

ULTRASOUND
{pravicus} calivd SUPFERSOUND

~20 GHa

AUDOSOUND

~15 GHx

MNFRASQUND

31 2.1 wamadaaenduanuingatiunldau

2.1.3 ¥UAUDIAAUDANT 14

i o a i a 1 @ v = = o A 1 = 1 [
ﬂﬁuaa@]sﬂmuﬂﬁmumqmumnaNmaq Mﬁa1ﬂ'ﬁuﬂﬁlﬂﬂu"lf~ilmﬂ$‘ﬁuﬂllﬂﬂ@ﬂﬁﬂu

d.l d' a ; T ¥ o
mumandsunvesaymaludnaaiu TasawisaudsImiudad

¥
o =



-4 -

2.1.3.1 AAUMYET (Longitudinal Wave) i adufiaynndnasiimsindoui

1dluRanufefunamsnasuiivenay

b% ¥y i wuw LE) “tng 66

22 L!ﬁﬂ&ﬁﬂﬂmzﬂ"lilﬁﬂﬂﬁuﬂ“lllﬂ"l"l

=h.

7

' 4

v o~ = ) s a

= 1 o A o . 4 da ]
vinglszuhiidmfidiunauda (Compression) Faffin afufilidraoymavesiinaiell
ANUAUTS UBZATUYENY (Reaction) fip ARURTITIBYMATEIAINANTIANNALAAZITDIAT
v o (d L ]
yoannuRuRnlaoumuszozmandounsivag 1difuasmglaed Sine Wave) Tnssenniuss

ATAIRVAINYIIY STULNNTTHINFIUBADIAIUSA VSaT VDT INBY 7B 1 AU

A = & - 1 A g > A o v W
AU !lﬁzﬂﬂ’]ﬂnﬁ‘]lﬂu T Hwnny — Tﬂﬂ?ﬂﬂlﬂullﬂuuuuﬂ’ﬂi]ﬂulﬂ‘\ﬂu11J'§5U']ﬂ‘\ﬁ

A

A A ~ A A A o
2.1.3.2 PAUMIUYIN (Transverse Wave) A19 AAUNTING AUUAAUBMTINGDUN
¥ [) [ [ [ b d )
T luiemananfunen1anIsnasuiueInay AAUTNATIIZIAUNIIHINAINAIINTVUIA
[y v A o 1 Qs - d o 3/ A
fmnanalngnhuuiavesnnuendy wazannsaun Ik IudInanitiuvewdld adu
= dw ] = 1 Y cl 14 3
siail leusaaunsiiudnaliiiuvounaiuazia’ld
d' A o -1 : 3 A ci 1 n:‘ o []
aaumuraiidnuuzmieudiinuazdioy Futumaraiinimslasudumisves
=1 = - ' 3 v o A A A = ¥ 6 a
aymadiu Tl lufama@er wu lussuudeminduiiemisessnduiiwasui landuduiia
A i‘_l 4 A v oa A a P ° ' Y
yosndumue Wunuinihifeuvesszuiifaninmsndsudumniesoymnduiioun
NNNUNI ANUHNIvIRINa1Iee lunlasuntlas Taemsimdsuiivesnduaiuenaegi
d 1 4 =3 = 1] % Q3 Q @ : 4
anusesnanus e snauriamusd lusazAunEIuAINa IRty Auiuf
ANUDIRIITUAAUAIVYN AAUMINYINIAADUN 1AL BUNTININIIINDUYDIAAUA N

oo



-
ARAUULILMEN R

..............

EUALUUIRER

S
e —n
A . :

511 2.3 uEAIdnEUZMSINARAUAINYI

i a 4 a 4 4 w
2.1.3.3 Audmh (Surface Wave or Ray eight) flo Aauvtianilaknduiy

=) T ’ a a o o v (- = = i o
AAUATNUIN um:ﬂNﬂum:mm‘inJaU‘umLmuwmaumﬂ"lmﬂumm°lu‘nﬂ‘nNmﬁmmﬂﬂu

ArmimasuNtigIndu@e) waselimslasmnlaslunama@eduiamianismasunves

3 1 ] ] ¥ ]
aaude Soihldaaundeud llawuurszunlunuien Srumainauiudunishilnwmzou

>
HIUDIAINATUN 10U

2.1.4 ANUDUAZANUININAY (Frequency And Wave length)

=]

$ o = a ) 4 & a i
ANd fla SruanvesmsesaFaaniiauysoinnumaidudaniuneluniiaing aaud

gnaamnnunasiudaeIfusz@unananudife i

4 4 A a ¢ & - a &
ANUENMIAAY Ao szugnfindudunIsTnINmMsduRauysainiomaAunenIunile

59U ( 1 cycle ) a3n3ona1 ldnanuennaud] uszuenes snI N1 8o019R0iTlad(Successive

Compression) H39A151U1U19YD DN (rare-fraction) NTOA Ao NMSAUTHMTUTIA UL

vos Tumnauazussduunnuinuseuq dumsnmnadluuinumwiginaianisaaan

wuuvo Tuanauazus Wwuduing fuussduresussnmalnd

= A a @ o Jda o 1 ;
ANUDLASANHYIANAUUANUTUNUTD umanmma”lﬂu

c=fA
Taodt ¢ fo anus lunsdumsvasndudviheduwnsdeduil (m/s)
A fe aunvesnduimieiiumes (m)
f o fe snuSalimibuiuEia (Hz)

g 4 o a
2.1.5 AU URINAUOANI1 aiin

]
=

d A @ 3 A = o w Sdq Y [~ @
anusInvensuldvesniulueimeaigunglinnuduinsald wdudaaums

v=331.45+0.607T (m/s)



-6 -

a o 4 o
Togl v fio anusrvonauludinatsema

=

T fe gquiveandaulueime (@rmsaiied)

.
A o

2.1.6 YSurundsnuvsinaudans lata
Phinuwdsmvesnaudaan Tinfigninluzinnvemiudans Tetin sxlimisni
wiem? FudumsTHauandanud Uil 1 M5 1asUANAT FIFHIRINAUNANIINSIAUNI
" o o
voenauluar 13w
2.1.7 MIAANBUYDIAAUDAAT 15Tin
.ﬁ'l .4' = ] [ o d‘i d‘! 7] =Y =1 9 =§
WENAWAUNIIFNIUAINGTY 19U (Beam) ¥83ATUDDAT Lyt anien 1 d1g

u v

= | Y Q/ =3 = ar L 1 A 4 o
finInN1sgeonvoIndudans JalansoinaaInMsgaT UG uduniaveIniu Taedana

s ¥

o A o o s dw = @ ¥ o dyg @
mﬂaauﬂmuwadam@ﬂmuu%uﬂaumﬂuwawmmmsau NIPAFUHAINTUADINIDUHYUNY

Y oa

o ] ] ]
dnvaz Anudanguuazauuiuyesing sauinnudvesniui lshsslinnudge

[ d a o
HNANUNITEIQNAATULIN

[y a = d
2.2 dans lwiAnIIHaA uvOF
= A o = g A A a - [ A ¥
msinanaudans lxtiadusduiifanmsnBewlamdsauginudu Wi
wasunalasmsdu i wlamnannmadasundinu Wi dundsnunaim Iinanauda
= o : S A A A a 13 ﬂ A .
as ladanszaweon Tl luenma daiudsfionaauiifaduidunauna (Mechanical Wave)
& 'Y =Y ar o E 1 5 a
adudans Ixiaaunsoadinldlasdmswadured Fuilugdnsalnlfulfoundaandd
[ ar 9/ = acd o dy
Wundasuna Taenanmsadeesiinainizaei
a o o & (Y] o
- wudleTydaAnsa (Piezo-electric Transducer) Fautaswasau Wi wazwdsuna
a dl o c‘ [ &
Taglinnuas Iy ugninegavis
=y =y A d. 1
- woununtlnansafin  (Magnetrotrictive  Transducer)  Fatlasunalas ldursznang
' ¥
waa I luwaarafuduminmuevsaunusdnfiamwasainiiy
a o a o . ] 1 g
- upudanlaan3aiw (Electrostrictive Transducer) Fautlad1dunsznitawdsau i
AUWAIIUNG
221 d5ngniselitleTadidansa
= a g = rd a & & o Y oo o
dloTxgiaaniadiulsingnsaisssundstania Feunsori Iwdanuiams
] 2 2 1 '
nlasulaseingduuumiia TP ubnguuunids1d nade ifouusinaliun solid

. . . g a a o a ) 1
Crystalline Dielectric fazifian Ay (Stress) Awlunsanoa MildwdnaSanoaiagyly iwu



-7

o d o a 1 =
WINAIONG (Quartz) Wah 1dARDYszgeen/fouly Asingdsveaniadiunald

9

AWAURUTsENIaMsunU (Displacement) ¥o9szguanuazauluuaniianaouly

l i area-A
! e
" PU— %

-:i = | Pt r=3 =Y
5UN 2.4 wanagnnaouvosdelediannsn

9

] ¥
msunuivenlszgmeluszimiulssymonenvestansifudwvesnioaea Gend
= - a o ] 1Y ] 3 a g W HAa W o v
wavautleledidania mydadszpirldlasnsdedrdidalnsadinfmdiuuen udrtannuen
» ¥ ¥ 1 ]
Andszninad1MadesUIA (magnitude) 1AEM3HA7 (polarity) Y¥o1szquurifigminiienth
(induced surface charge) [WudnduTasasafuvaLazRamsveuss (F) funsedifinnud
thunan uazanudge E, fndouTnaamldlavihmives C. uaz C,
WU W HINTUNI 5]
E.
Ey ==
C. +C,

] T ;‘3 1@ - 9/ as & a0 o 9 A
Tagaunartiyuegiund dwssdueviyn nwnnanseildasasldTasmsmy

v
L=

] ] 9 ° 1 ] ) 1A o a o o
i1 C, mevinudinnnuad m E, aseulnaanildninasuenuaugues C,. uazduiiuaued
d‘ 1 b ' d’; s :’I ﬂl'
w99 C, uag R, Neovuunu 1 £, Hyuduanud uazezaansdinnuianas nisaouaueg
aonnuda s oliulya1dTaemsldmseduresiiimmihsuaudgs wSelaomsfiuany
Aunmuaeslvan R,
@ = a d a

2.2.2 IngiloTadiaanin

& - ad o dquw ' Y ' . .

’JGIQLﬂUT“IiE)laﬂTISﬂﬂﬁl%ﬂuﬂvwﬂﬂw’nd YU Quartz , Tourmaline , Sulphate , Barium

Titanate 1A% Zirconnate Titanate (TZ1) TagWa 1uda winmenduazasanoafiiluingilels

ad =) o c:‘ Qs o ' : o = a 4o %4
fidaninsssunaselivrveaiuesmusssumd uddrvesTagilo Txdidansafiduns e vaun
@ nuBen Tmmun szdeuinneussaneanieluusiduuaz netagh 14 luusdu

aa o Y o o 4w ad 2
auw IWdhaduseduTasawn ndnimuduneuiudreziidimununioneau uae

¥

oo U2 [y a d = o o Py 1 A g Y o 1
Usewpadmmuguaniavesingdeladidansa dmssudruivhunniniagduaszw lul



-8-

Fosrianvuna Taslnssadrsvesnsanoauazfeaunsaim 1diigUsie vunaaieg nagfiana

& &£ e a
‘IJ'BQ‘IJ’Jﬁiwgﬂﬂ%‘N‘IJ‘L!SS‘H’JN‘UU%E]Hﬂ]SNﬁﬂ

a =, a g a a 4
2.2.3 siavoutlsTad@ansansuaduwes
= ad o = o 1 9 =Y A
dlTedidaniansuaduresamnsauioen iy 2 viia fa
=1 o o s i a J
- WU Generation-action Transducer 1Hiludsy Tnousedu i unadiuazm Idon
[ e - = ad a
ussdutazANudnIns o ngileTadiaanse
- WU Motor-action Transducer 11fudads Tasmsnlasunasveagisrahldiie
{ o a & Y a o = &
ndudaas Ixdnssiuegiuvnannuguazanudvowssau fitlould lui
o o ﬂ; =y J l; "o ol
apensdinmsain IMihfifesussivagiuvuinuosieg
2.2.4 MeMinuvswmNIudanraifIduazdy
d‘. a s Qr r o y-: o 1 ) ¥ o Q
wesialdsudganamanaseuszh IdFumsiesiinInwe Mldifansdaoime
4 v o o oy . o g o
Tagsoutuin fanudoudyyiauiluiae (electrically pulse) 91nMsopaFaan Nazvild
: ' - £ o d' iy d' w
Fuas Inwennusadsy vinauagianamuidonsul@eundasvunavesdygialidmin
a & o o o s a g o o o
mseoagaaniuenn il Tavia hidduemiyniisonuiezanaclszuta 10 nlofidud vesfids
awiflould uaeninnezgeiaillasdszina Aaslennudvesdygy usoadamnaii
¥ v T [ Ed
Howdhsumssiiaasivunnuiis Tauuusailuauininan s sunavesruatsiasin

o o L

> ' v »
Wy daunanudou Mdueivmezasaniill dammsiauvesmuaduresaasy dni

MINUAsEINAUaIE Ao WalndwFsantanudasafuanuds IunuS Yo ITua 15155100
o e T oW a oo { d4 4 v i1& &
W szt ldsues Inedn Wuwaznadyeimns IMfhaivinad ntunseuidavisaesdn
YDIN I U
e @ Q@ = Py o =T ad a = -1
Amauialaond hlvesdans ladansmeauresunudle Tsdidansn Ae Tnnw
4 Qo o I'd 1 t:i Qs o
Munuusanasagann Taslidlszunm 100 wangTowy ualnvagiiiniaunnu
aunuldadusziiaianas
& 3/ @ W al 1 a o
2.2.5 damisimsIfnuaisudidamsmaiiees
- etleduiilt lassadranelud@enie Taed lunas Iddmswadiso s ldsunms
- o
NITUNNHIBANTINTIGA

o I'd 1 Q a'/ [ 1 @ W " a
o Naa AT NUMIveiu lasna lesnuussuanaseuaiiu 18 WAy 20 Vrms

el ¥
o e @

Aniunnavesdygnufivelouldfiudmsmadiresmsogluiadiiail



-9.

1 -]

o anuds Tauuud Aoanudndmsuadumesmusaiinuldeseddssaniam
g9q) voans A uresaziiaszina 40 Alaidsn (Bandwidth) dmSudids uazalszunm 5
Aladsa dmSudasy sziuunuanudvesdisuazneniwoun1udvesdia udntlos

o

A 8 T v s ad s T v c:’
molduulehd@sumunse 'S‘Uﬂ'ﬂHﬂﬂﬂﬂﬂﬂ'lﬂ'lﬂﬂ']ﬁ\ivlﬂﬂﬂﬂllﬂ

,
3/ Qs

guuglinlduvesdmsuadureinisoglurie 20 81 +60 asruaaiFoa
¢ AdazAs s inemadondatunIn Na1A0 AN LALUIINUUILAUYDIN
A l)szanm 30 oam AN woIRdwdsigndoen llizanninuuaunuilszim 10
= o P=1 o iy ﬁ' = d’ 1 @
wiua Tuhueureiiu Sadudesiigndeen lizanasninuuinnuvesdisuilszuim 30
93 ANy hinTevinavaussiuneanuazanal 3 i Sunazddaog luuuai wa
[ o 1 o s 1 Y] a A Y 9/ & = )
asatunniga o1 lshaunsdinegludessufamsdonuniniulfnn mizaiwdvida
= 3 o o o v 3/ o Y A s 3/ @ Qs 3 =3
a5 laiinawnsaazoudunaesinghegludesildadudestimariuldnaehianig
o sans lasinmuiso lfidug a8 TnelfausRiSond1 Plan Concave Lens
»
Mathanthvomsmaduwes uamsm1fidudunuazyinle Near Field d4asuag Far Field
¥ J o yﬂ -] dl. -] s 9 = a‘:!‘ 3 d' d' o o
nsgneninaui Mifudndumingdinsums v uafuaeinadinnudgaimunedmsy
] r ¥ 1 ¥ )
14 unamsunnd (Ultrasound) Alanudaaus 2 83 5 wnnzdsa moldnsnlutlodeiinigds
WHudway
da‘ g/ v w 1 =] 9 T Y] o di o 9/ =; o
. psdinlFnuasuszdealinnudiumussvuiududisy mevinihiidu Ivasnwdng
o s = o [ ‘; =
wdadmdumuaziinnlseuia 10 89 100 AlaTorn M ldanudumusidiasnudes Touuuds
W 3 tdld Qo 9 d’d 1 3 J d' Vo [ |
waand M lFfununidygssuniunn a1sidTnaanisnnuduniugaiuie vaadadl
a1 Tagiinuduay
«  aydpdudrnzauismiddwazdsuan IFnuunusuld Taedoldanud
15 UL 05 35U
. aawdaan Iwidadlusdunaneme Mldaansods lidhuueldogranizes msd

namsvasndudans1 ledaim ldawnsad 1) 1Fou lduannare

2.3 winmsveanaiinnsnsivaeuMendudainuigs
4 = d.' [S) =1 s A
nsasnasudlsndudsnuigdinvaemaiind ety dalszreulude
* Pulse-echo inAtiniivg ldnawmdoadanizdug rudn T fidudiunfaiufenmdone

¥
wiouanin maiafimnsdmsunsasreinsesuandivioanumvesiag Taodiulumy



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanuiludnuadilon uazneendidaaivesonalsnasaniinisuiluly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanuiludnuadilon uazneendidaaivesonalsnasaniinisuiluly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanuiludnuadilon uazneendidaaivesonalsnasaniinisuiluly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanuiludnuadilon uazneendidaaivesonalsnasaniinisuiluly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanuiludnuadilon uazneendidaaivesonalsnasaniinisuiluly



215 -

3.1.1 d@9uves PULSER RATE GENERATOR AND MAIN BANG SEQUENCER
danadradyunseAunsian 299583ui 0214 Microcontrollor(AT89CS 1)

Famsaddyanadindon (Pulse ) Aoidsoonmdavneniyn Wofiexihdgygranimii
Wlumsmugunisianluddug o dnshemunmmafvazsundam B3 luesnis
wiionh drwmugudyeoueiyn uazdinadadygadlnsia

3.1.2 @IU¥93 MAIN BANG GENERATOR

dadndygrunugudygiaeriyn ﬁ'mmgm‘lud’mﬁ”ﬂ:ﬁw'lﬂ“l%’li‘luﬁamuqn
womniDaniodanisva eshaussiuiifamsazanl3dsdeeenufueninnues
193 Tﬂud"mumummﬁﬁmanwsf%ﬁﬁ'ﬂummi'flu'ﬁ"ﬁffauﬁﬁfhu'saﬁuuazﬂs:u'dqa iag
annsodSuruiaves e yn1deina99sd1u DAMP RES

3.2 ANNTNWUBUBIYIUINIUDY Pulser System

) MAX RATE 5KHz __|
TRIGCER, i T=200uS MIN |
INTERNAL

| N
EXTERNAL

{ (ENERGY TRANSFERS FROM INDUCTOR
34

[} ~

~ R T0 STORAGE CARACITOR QURING THIS

+12V At TIME)
ORIVE !
ON"

[
t

1
i
I
t
— |- INDUCTOR CHARGING TIME

|

|

U

OUTPUT o
GRIVER u

OFF
] ]
i i
~ - mO5S
i
MAIN u'
BANG  — |
OCCURS ' /
|
~ = 0-1s5
SYNC o “l
ouT I

i
_r._-
2
(%
;’:.-1
tn

[
ar

o o e ' ar 1 o a J A as o
1U0 3.3 uaannuduiuissvindygnunie Mifaduluniosaddyanaiad



16 -

3.2.1 n9MiaadyeyIs DRIVER ON
= o < . 4 a
nI Moz eI dy g Iu v iyNYe923958IUV8 MAIN BANG SEQUENCER Faifin
91NMicrocontrollor (AT89C51) dyanaludufiszdudiuiih labemunamsituezean
s B luvaaamiionh
3.2.2 OUTPUT DRIVER
nsmiiflunswfuaasdyanunnsssaudureara Tingaviiou e W lddyaa
L4 a -3 o 8 d a : a J ' a o
EMWNIRATUMBNAMABINS TagraiiNaniseorsauemdaiusziindunsundyg 1y
@74 MAIN BANG SEQUENCER szoad Tutananfivzdlusranaildlumsoomndany
vnvaaamiioni Uity 3dwuivlseyaely
3.2.3 MAIN BANG OCCURS
- o A = o o ar
nskanInIsfasInueiyneees deslidnvazifluiadauussdunaznszag
3.2.4 SYNC OUT
as = v o a .—; A | o Yy @ < 2 @
nsuadyy I ud Insdaifavune dsdygna i Tus dueiyneoaraeshids

-

o J [ =’ P J ' a o o« a J
nzmﬂ‘uuuﬁ"a AYUIUUWSINATUNDUTILTIAUIDIMHNIIVTTINAYUBAT

OSCILLOSCEPE
500PR
RF
+SYNC SIGNAL, CH?2
ouT T/R QuT CH1 OR SYMC
T T i T i

TYPICAL
TRANSDUCER,
PANAMETRICS v109

— SAMPLE, STEEL, 0.3" (7.6 mm) THICK

U7 3.4 uamamisaensueAaTesIdIiUINTo9 PULSER WUV Pulse-Echo Mode



$rlnvemyrnan nIizveNintIAnT

17 -
ki DEs v T
SO O A S A I !
-3 A A
, ks
h k!
e i ﬁTL e, -

0% ==t S I B ekt Lot
500 Y I g7

31 3.5 uermadygy i 149100 13ABIIVIUVY Pulse-Echo Mode

OSCILLOSCORE
SQ0PR
RF
+5TYNC SIGNAL CH2
QuT T R QUT CHi OR SYNC

T

TRANSMIT
TRANSDUCER SAMPLE POLYSTYRENE
RECEIVE —— .215" (5.5 mm) THICK
TRANSOUCER ~—-—— : IRANSLUCERS TYRICALLY
TVPE V109

91l 3.6 uemanmisaens WaR w1919 PULSER UV Through Transmission Mode

100 m = m o e m e ]
90

Diges s e o

BQOmY | + 1u4b

zﬂﬁ 3.7 uae "@@1mﬁ15ﬂ1nn1s¢imwmw Through Transmission Mode

383006



UNN 4
s
DTV TN
4.1 dvlszneuvearassudygrm
Ny . .
input —» N » s viudod VIV F YR r» output
115 97U g

4.1.1 NISAATYYIUUTIAUGA
[} dy @ o w  da ] @ Y s & Qs
nesludwiiszsudygraiadoans leianndi Insudansiaad suludynu
azfousInmsaoi 1 INsUsans191IALUL Pulse-Echo Mode uazi udayaisiusidugai
) v ¥
dwonuindeuriuINI395aIU Pulser A0 flosnindyguiadNoonu191n2995 Pulser 1

o a w & s (Y A Q1 as as ot
Pudyanaludnuazveaiadauilnusiuge S hilodudagiudansianidie

¥ Ly ;’,’ v dy ] Y Ao o o o ' A 9 =] ‘

doams Agtiues lud it mihdadygiaus wugedananoen e 1¥ivaoud

L L 4 L 7 o’ Qs s A =

dyanudanananazteundudhundaia TnsudansnduasTudunluraes Faoed
- o { as o & o o '

nnadmnuazdudyanaiisdesms dagranssduguiuudezgnisasenlylunua

el ° 1) - | ) d o [ 1 A’:
!mﬂﬁlzgﬂﬂﬂ'ﬁlﬁﬁﬂlWUQllﬂﬁﬂJﬂJu'lﬂHJu’lﬂlﬂﬂ‘ﬂli]vlnﬂﬂﬂﬂ'lﬁl‘ﬂ'luu

\/L/\ {1
— AN
500 o

—N\
500

o e
INPUT

f 500 Dl D2
KDIODE DIoDE

"500

77

ar

U 4.1 nesdndyginmswugs



-19 -

4.1.2 199517Hivle3

esaniinzilusesyneldnsudamosives PN2222 neoidunuy Common

»
@

o o " w & da @ ) ety oA
Collector U@ 1M IVLIHUDIIVININY ] mdﬂﬂﬂliﬂiuﬂtﬂaiuumd FJIVTHUHUINGU

dyanaudinmeduym nmiudygafioonldmusniynsziludyananiisnyas

o o a

Rt usdy Ity ez ldwssnunnuvasns Iiimuie I wesaunsoduy

X
aszua lduinau

2002
E <
< ] 10uF/
10KQZ oy
INPUT]—————__PN2222A-L
KOS
ToKQ g OUTPUT

<
500 <

sUN 4.2 nannsvnesdyaauivves



=20 -

uni s

MIDONUUU NV

v o
5.1 NITATNAIIUD

ar ¥

N Coa L . ey o
sl ledadedygnunud wedmidnadwanudnlddudyaunsedums

o H A ad 9/ [] ¥ ' o [

wuvenesdIuduuazadnlFlumsthmihinugqumsazauuaz Udesndanmosnliia

@y Tageninsoutianes ludwiivinsadeanudiioonlditiu s dau dadl

s.L1duadudyananszqumsiny

a ¥

» ]
2995819219 Microcontrollor (AT89C5 1) iwthnaiuanudnsgdumaninues

1 y 1o a a ' 3 - Qs
20958udu lavazaaitlupulsefiviAouaniiionud 20kHz 0HNUITIVUDINYY

5.1 2 uadnunaimsituazaundsnu B3 lusaalrsmisni
» ¥ [
2eesd il 19 ledes NEsss unaeuuy TuTumadia Tno 1¥dyanaildnniens
] =i =Y Vv 1] d’ o A -3 ] a
Tudwd 1 iludygrunnhbses ludwiidugaseseeinulugaveuasvesdynia

s & 1
Wad luaiuusn

L

Qs

»
mﬂmnmmsaﬂuﬂmnwmmf[nTummﬁammmﬁmam"lﬁ’mu

AT =1.IxR, xC

Taoi AT fo mmunmfeninaiianuzilu High ndsngnaszdu

GNDE E] vVee
TRIGGER [ 2 | [ 7] piscrarce
outpuT 3 & mHRESHOLD
RESET[ 4] [ 5] controL voLTAGE

319 5.1 uanvveslodiues NEsSS

1 Iy 1 o = ° o o o
5.1.3a7Ua s uaunaImsmamnasnunnvaatamieni lnueazan 1 ludfu
Uiy
[] dy p=] o ' o cf 0 { a L]
sl 1 ledues NEsss wieeduraes n Tuamdasimifidludiviianan
nndyy i ldluesdufgewenlydmanies Weldilugramunalfvaaramionin

msmomndsnuiiazaue 1imu I8 Tealuduaraume 1 luduinlszy Tavvaaamileni



-21 -

o 1 o d
wfuazaundanue 3 lugduuuvonszue uaziinamemndanu ity 1 lugluuvees

o

[y o di ' ; 9 - Qs g ' o
UsIAU AnannsTvey V= L; lur9aseuiiaziiniunvo v WYAUHNAT LUADIAY
)

T a « @ s o a J o b a s
mssensudaaefdudnvuzvoiaindainnniiazaonaswer 1 uezniudmaein i
a =4 A o o ¥y A o o ' = & e ¥ = g o
wiin 1Bu-f-du Midiledygrufivinineesludufaeswasesuium inudmns ihau
aifoufluaiadreasniimiihliled 18 Sudyanaiadiluve uvias lodTaiauiiudaniiag
ot o ] 1 o o P! o o
nalagoduAimuna1namsliua R uadr C o1miyniieana leFazeir 144y
) 4 o ¥ as o o a o
nimFanesmelfidudiswusidunanszusununazdaiiuaiasniugums charge vaaIA

wmignihdoy

o o a

5.14gwmadedyaunugudy I aeImum

[ 7] L]

] [ Y a o o [
2erdmluseldlofiues NESss wmeidiuiees uTumadiaimihidludniugy
3} o dy o o 1 A r Ls
woamnl1finamaeeau (lavdndvemmnazinssuantnasaialnonn199TaIng 1
o 2 o d — ot o Voo o dl 3
wasSutvazanluvearamiivnivell) dildmdsuinuazauo 1 uveain
= o ] o 9 o o a o v ar J o o
milenhezgnaiom lUinu T udunudsepiaduausdugin Tasnesizedudygavoy
o o ¥ U a o 1Y 9 i dyc ) ° v
yawasRagn idnnmsdunasuiludnizdqulfies luduiihau Tudrmshnuiou
9 t:fr& T = o [} 4 g LY 4 ' = = o
mihiddwiawzhonluiiduiadosuvesdiuiidesfamsasaundnue 13l
A ) o 1 s =2 1 d’d‘ = J
vaaramnilnh wemdamihinszuadoainsiey) weundsluduitiilsuemimnaniseoriu
o o = 1 = Q o y:in/ =3 A
wasnuiazaue aoemonveamamilsnhawniuasay Pndunlszy1d weiions
o o = - [ > @ o o [ o o e
aainamaihnszuadnafsnmdsnuiusstuasnszuannuasguo B luduonsegil oz

mamsaomeon lilg naaverisesiflui Insuvesdansmud 18 Teodyaraeniyniild

¥ ]
=

fivzlanuazdluiadauilinussiunaznseuaga (Negative Pulses)

s.1.sdmafdyamge lasue

o

> ¥
2esauiiey 14 leded NESss wdaitlurees TuTumadianiuiu Tavordodamia

o

v oA o Y Y o Coad ¥ d
‘il'lﬂ'Nil'ialuﬂ'JUWﬁﬂQU1lﬂuﬁiyiy1mﬂ§$ﬂu1ﬁ’N‘iJ'SVINWLI 'N‘i]'iﬂ']uu‘ilZﬂ“’ﬂﬂﬂﬁiNﬁﬂlu U

%y
e penldinsoatadhluvaziines Iddueiyneon i Insudansaiuauds Seae

'
o

183 lenddsdedygiueenut wenszinsasedeudygunialdnseiugiehiigs

¥ A

Fadhe Tusaei hildvinsdedaanaoanmioniidyanusuniui lidoamsduq dhun $ild

o [ o = | 1 dyg Y 1t v = o o v A
p19in linsagaiidesnts Talihnesdwiliunievenldiinaarsaslaiisihidsinegie 1l



.22 -

v 1 ﬂ, o - 4
asnaoy dgndesdis amunainseouvesnses luduisiumsosuluvueiitniioive

1 o L] 1 P P = 3 A
amlaagluanzinszuaagias I shafimnefueaman/fsuamuziiveswdnamila

o M- d [Y)
5.2 NesIfuHaeMyMustuga

1 -:II < T - 4’ 9 dé ) 1
esdufzdutanssaugedl v lddyarunnledyaimssnuiwawudinn

0]

1 - T LY o Y [ o <« a W 4
aIUnay mﬂaﬁ’hnummmﬁma{ 11-!'N‘i]iﬁ‘ilzi%ﬂﬁﬂ'i)ﬂﬂN"H’dmi’)illﬂﬂﬂ1ﬂ')'\Wl'u IWIEN

RS = o :3 o) 1 ey ] ) 3 as o o g 1

sz Wan lodues NEsss tulim lufsanonemsihunldduminesniudmass 1dsw
[ o ' 4 ) o a Vot v ar

nszuanazussdu Idnun Wenudmeesihnszuauswinainunansezgniteldiuuaain
] ¥ ]
o (reiivemdafiaoiuzesroy) l¥nszumzgnazamer3luvaarn uazluvuzh
= ° s a oo o o = ¥
woadalianiuzthnszuandy (nineinsuFamessnninizuasy) mnszuanazauetd

Tuvaadaiivzgamiomam laloa lifuazay Bwududszyeniyn Tugduuuves

dl A = d a 3 ' o ¥ ® P Y-
V= L-d— uazmmmnmmJaUuﬁnm:uummuamammnmn ‘V]ﬂ?’iﬂ"lﬂiﬁ“ﬁllﬁmlﬁdﬂu‘ﬂ
4

= J Hy Ll 1] " le L] ' { - J ¥ ] L% 1 a
waduiilimgann eailuriszoznmdug) dwssdunfhaiuidezgniina 1l liifu 400 Thad
] o £ o o o J o @ o Y ]

Taspadiues laloaues 1N6303 FulluFuesnldnmszaunsaduer’ld 914U 2 @1 @

usssuFeiuaozimiliaunify 200 Trad) ndsmminneufidygiueinnizesnu1niniies

1 Qo <

esezdadyy g Insdaeen lurewNedomsduglnsaliadiduliii dygraeniynan

299sfhidanzgndeeenliud wedyanadalasiagndisenyuddyanaeriynezgndaonn

@

& 1 Qs ] ¥ =} Qs 1 <
a1 Faawsadui ldoneniunizidnuuzduiado (negative pulse) m31zfimaves

n‘; Aaa g Qs Iy o 9 o Q d' @ a1 a
nszuﬁuuwuﬂﬁuauﬂau;m1"lﬂ1uawsznawﬂw5uaamwnuﬂﬂ:ﬂNmmmﬂuummau

¥
Ay o Y

& MuSnuennivzaedidunmaliud Ide e 1¥lumsuSuvnavesdym i

(damping) 1% WwAINABINTS



223 -

]

=0 LuF

499k /7

uwac\u

=X30pF

Vee
_|H|JT
: = o o 33y
= rup i CRYSTAL  33pF
- v Ly
S i
i e T E—
i LH= Ik
= L= ; .
F nl bt H B
= B= _
M AT8CS] M
0.1un
INJTTS] =+
'~ 23v
__ NSF v M
i 10k3
470pF
E
- [
N4 148 e

310

onT T
Sk

{

K. S
N4 00 ~a/ de

D
,
ccA .c.i\...
Inductor B
| OUTPUT
_Z.S:* v w A 1
< INALIS pzthmm =
B
Y ¥ W_qz
INJL4S IN4L49] "
|
¥y ¥ M L]
INALI8 INJ148]
b 4 b 4 rlz _mﬁﬁndm ®li5e0
1] i
il
15303 _|) |_ S
& s Joger
== 15k
1§5303
x=
540
.
L)
gy

N 5.2 WoFerIUe

AL



-4 -

53 1933 yanuadsansianid

i ' Qs w o = >

finanndagnandunanni Insusannanduauniosadwdya aiadozing

Fyanandeamsuas ludeans dnhudssudnazdosimidadyaisusdugeeen

<« L]

a

ietloatuli1iBannuFemionnsdaivludaudus wesludmvesmsdadyyin
[y d’ Yo W v o A a w o [N £
ussdugeseniisglddidumunazduiuieflostunszuauazussdungaoon ldammile
Tuaeesauiiezii la Teamesfidendudnanazvwutueg aodnduysnaundyasdun
o '8 d‘ ~ s 1 9 g s :ly o o s Q
funs1ALD92993 iediusedu IaeiudhunlaTeairasdafissvosiisa ludamua sduas
o o v Y Y v o w ¥ v e qw A
nsNINaLIIFUN I uTIntazneauay (19 la Teamesiinendudravinuiu) i ldimie
» ¥
udimwizus wumtoss My niuaziiliuaesveeuuy Common Collector Tauld
a - ¢ 2 4 aa " oM g o s
N3 wFmaesives PN2222 Fenasilezlidanimvensminu | Hude Wunesididesunu
1 3 ] ¥
Twes isaimndesnisnenseualiduInaauaznssuaiifainumioududygyiudans
o - vA = v o ] a o 1 1 o Qs 1
y1ee1viian lufeaws 391dhnsaersesimdessaslumsiienszuaviunuy ndsansiu

Y Lo t Y o a =) &
NTUANNDT U UIINOINIAV TV BT YU IUDNYAN U

) - }20(
__)2% 10 8pF ok
500 500

)
R ——— &

e g ;
INPUT [ = 500 <00 220 DIJDE L 10uF| mha

| DIODE 410k %QOO 50) ":[] OUTPUT
77 L

=+

[ Ou

[

{ T (Y o L4
51U 53090 udyanugans



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanuiludnuadilon uazneendidaaivesonalsnasaniinisuiluly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanuiludnuadilon uazneendidaaivesonalsnasaniinisuiluly



- _omes - al

227 -

4
uni 7
apuazIinsizinanmInaasa

IANMSNARD9195A 19T yey1uPulse 113z du Transducer Galldnvaz il luamifAinas i

=1 o 1A

Weygrudfideeanlfidwvesnduiihidesnisiusgfe uazdrlsinissuddawainlyld

o = o

Fyarudansi lads duaduaidgaildlumsSudyanaiidygiusuniudin
] ¥
= = J

) 4
Yruiludraunn flddoyaiildonnaiionly uazravsameilfiuiinisnevausn
A4 ta 1 A A da g o d R & a o o
Awan LiAwihiaos mezilennuddsgaiudygpunsiidanas Fdlaunguinnduny
a s A 4 & 1o g d - A o quaw i e
Uszqudalunnudmwesidonnudgaiumanunuilseytveiinauniui i dyanai Tativue
=4 1] o’z’ 9/ A 1 & a0 A o ¥ ' ] a ‘:ly 9
dnasnatiudoyaiadwivein1a ludinifiaas fl¥msewmerfadion]y)]1d
Sy 3/ = b d ] v o [} ’ Ao w
FimsudluAomsadraudu PCB 193 Ground Alngjuazdiuvoanesaunsithdyg o
L o H y dl ) lﬂ' = o Qs A o
A159190g419 U 103G round iReHauImAniAan1 U995 seindrafuoenly daeeii

Wdyanasuniuaatioend



229 .

HMNARHIN



Source Code #¥lumaidiavdlsuninaiiaPulse

#include<reg51.h>
#define porta P1
#define NORMAL 1
#define PRESS 0

sbit abc = porta”0;
void delay 1 (void) // delay 100us

{ TMOD = 0x21;
THO=0xFF;
TLO=0xA6;
TF0=0;
TRO=1;
while (TF0==0),

TRO=0;

void delay2(void) //delay 300us
{

delay1();

delay1();

delay1{};

}

void main()

{



while(1)
{
abe=1;

delay1();

abe=0,
delay2();
}
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Small Signal Diode

{continued)
Electrical Characteristlcs T, =25°C unless otherwise noted
Symbol Parameter Test Conditions Min | Max | Units
Vi Breakdown Voltage Ir = 100 pA 100 v
lg = 5.0 uA 75 v
Ve Forward Voltage 1N914B/4448 | i = 5.0 mA 620 720 my
1Ng16B | |- = 5.0 mA 630 730 mvV
1N914/916/4148 | | = 10 mA 10 A\
1N914A/916A | |- = 20 mA 10 \%
1N916B | I =20 mA 1.0 v
1NG14B/4448 | i = 100 mA 1.0 v
[ Reverse Current Vp=20V 25 nA
VR =20V, T, = 150°C 50 PA
Vp=75V 5.0 pA
Cr Total Capacitance
1N916A/B/4448 | Vo =0, f = 1.0 MHz 20 pF
1N914A/B/4148 | Vp =0, f = 1.0 MHz 4.0 pF
[ Reaverse Recovery Time s =10 mA, Vg = 6.0V (60mA), 4.0 ns
I, = 1.0 mA, R, = 100Q
Typical Characteristics
160 120
Ta:257C Ta= 23°C li
— 100
E 150 ‘é ]
>f |— 3 =~ a0 '
§ 140 T g
£ =1
] 3 /
> +—] HH 9
g H E 40 - ~
$ [ : _—
o 1o ] & T3
. N | 1]
" 2 3 5 10 0 W 50 100 e Hoverse Vao%illa.v.. IvI ° i

Roverse Current, ! [uA]

Figure 1. Reverse Voltage vs Reverse Current
BV -1.0 to 100 uA

g

Taz26°C | ! Tl

500
3
e T -
¢
& 400
] il
>
T 30
3

-

e 200

250

1 2 3 L] 10 (] 50 100

Forward Gurrent, | [uA]
Figure 3. Forward Voltage vs Forward Current
VF-1t0 100 uA

GENERAL RULE: The Reverse Current o & diods will approxsnately

double for every

ten (10) Degree C increase i Temperaiure

Figure 2. Reverse Current vs Reverse Voltage
IR-10to 100V

Tam 25°C

£

g
\

@
2

Forward Voltage, ¥ [mV]

.
@
&

01 02

04

05 1 ? 3 & 10
Forward Current, | [mA]

Figure 4. Forward Voltage vs Forward Current
VF-0.1to10 mA
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Small Signal Diode

{continued)
Typical Characteristics (continued)
900
or— T T
Te2s'c Tyt il i
5'800 Ta= -40 °C o ]
az
g A E o i T e
< % > A A
~12 v g 800 LA™ Ta= 25°C LU el
& p. = i
£ // 5 P Pl
>10 > 500 I3 P Te= +65°C
I
B = L g 1
. LT g 400 T
Sos H P
[ra w "
300
BT 20 30 50 100 200 300 500 800 001 003 o1 03 1 3 1o

Forward Current, |, [mA]
Figure 5. Forward Voltage vs Forward Current
VF - 10 to 800 mA
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Figure 7. Total Capacitance
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Figure 9. Average Rectified Current (IFW))
versus Ambient Temperature (T,}
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Forward Current, |, [mA]
Figure 6. Forward Voltage
vs Ambient Temperature
VF - 0,01 - 20 mA (-40 to +65 Deg C)
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Figure 8. Reverse Recovery Time vs
Reverse Recovery Current
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TRADEMARKS

The following are registered and unregisterad trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST ® MICROWIRE™ SILENT SWITCHER® UHC™
Bottomless™ FASTI™ OPTOLOGIC ® SMART START™ UktraFET ®
CoolFET™ FRFET™ OPTOPLANAR™ SPM™ VCX™™
CROSSVOLT™ GlobalOptoisolator™ PACMANT™ STAR*POWER™
DenseTrench™ GTO™ POP™ Stealth™

DOME™ HiSeC™ Power247™ SuperSOT™-3

EcoSPARK™ PC™ PowerTrench @ SuperSOT™-6

E2CMOS™ ISOPLANAR™ QFET™ SuperSOT™-8

EnSigna™ LittleFET™ Qs™ SyncFET™

FACT™ MicroFET ™ QT Optoelectronics™ TinylLogic™

FACT Quiet Series™ MicroPak™ Quiet Series™ TruTranslation™

STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUMEANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTENAPPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into supportt device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness. '

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without nofice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Preduction This datasheet contains final specifications, Fairchild
Semiconductor reserves the right to maka changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. K§
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Electrical Characteristics

NPN General Purpose Amplifier

T, * 25°C unless otherwise noted

{continued)

Symbol Parameter Test Conditions Min Max | Units

OFF CHARACTERISTICS

ViBRICEO Collector-E mitter Breakdown lc=1.0mA lIg=0 40 V'

Voltage

Vierceo Collector-Base Breakdown Voltage | Ic=10pA, Ig=0 60 v

V(gRrIEBO Emitter-Base Breakdown Voltage le=10pA Ic =0 6.0 '

Iy Base Cutoff Current Vce=30V, Ve = 3V 50 nA

lcex Collector Cutoff Current Ve =30V, Veg = 3V 50 nA

ONCHARACTERISTICS*

hee DC Current Gain le=0.1mA, Vee = 1.0V 40
le=1.0mA, Vee = 1.0V 70
lc=10mA, Ve =10V 100 300
le=50mA, Ve =10V 60
le = 100 MA, Ve = 1.0V 30

Veesan Collector-Emitter Saturation Voltage = 10mA, lg= 1.0 mA 0.2 %
I = 50 mA, Ig = 5.0 mA 0.3 \'s

Vaesay Base-Emitter Saturation Voitage lc=10mA, [z = 1.0mA 0.65 0.85 \'
I = 50 mA, | = 5.0 mA 0.95 \

SMALL SIGNAL CHARACTERISTICS

fr Current Gain - Bandwidth Product lc=10mA, Ve =20V, 300 MHz
f = 100 MHz

Cobo Output Capacitance Vep =50V, Ig=0, 4.0 pF
f=10MHz

Cibo Input Capacitance Veg=0.5V,Ic =0, 8.0 pF
f=10MHz

NF Noise Figure lc =100 uA Ve =50V, 5.0 dB
Rs =1.0k2,f=10 Hz to 15.7kHz

SWITCHING CHARACTERISTICS

ty Delay Time V=30V, Vge =05V, 35 ns

t Rise Time lc=10mA, Ig; = 1.0 mA 35 ns

te Storage Time Ve = 3.0V, [ =10mA 200 ns

1% Fall Time lg1 = tgz = 1.0 mA 50 ns

*Pulse Tast: Pulse Width < 300 s, Duty Cycle < 2.0%

Spice Model

NPN (1s=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259 lse=6.734 ki=66.78m Xtb=1.5 Br=.7371 Nc=2
Isc=0 Ikr=0 Rec=1 Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=5 Cje=4.493p Mje=2593 Vje=.75 Tr=239.5n T=301.2p
Itt=4 Vtf=4 Xtf=2 Rb=10)
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NPN General Purpose Amplifier

(continued)

Typical Characteristics

Typical Pulsed Current Gain

g vs Collector Current
500
i T
W o 2
5 125 g i T~
& 30
Y 25 °C,
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& |
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¥ 01 1 10 100
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vs Ambient Temperature
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NPN General Purpose Amplifier

(continued)

Typical Characteristics (continued)

Noise Figure vs Frequency Noise Figure vs Source Resistance
12 T T T TTTTT 12 TTTITT
|g=1.:°r:; VCE=5'OV lg=1.0mA ,/
_ = — i)
g CTTITm @10 HH 77
w g =50uA = Ig=50mA 7
x 8 Ui Rg =1.0kQ x 8 15=50pA
o N g =0.5mA Q .
w6 AN H Rg = 2000 we \j.
] i { 7]
® - @
¢ [N S SRR
w ) B e L
z:2 I¢=100uA Rg =500 ||| z?2
o NN 0
0.1 1 10 100 0.1 1 10 100
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NPN General Purpose Amplifier

(continued}

Typical Characteristics (continued)

Storage Time vs Collector Current

500 T -
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NPN General Purpose Amplifier

(continued)

Test Circuits
30V
> 300ns % 750
—_—— 106V
Duty Cycle = 2%
uty Lycle 10Ka
0 -1
<05V ] "“ C < d40pF
: 1
<10ns > & -

FIGURE 1: Delay and Rise Time Equivalent Test Circuit

V<< 50051..“‘":' 1,

""" 109V 2150
Duty Cycle = 2% ’

0 10 KO

-
Fr\ C, < 4.0pF
I e -
- k— <10ns

FIGURE 2: Storage and Fall Time Equivalent Test Circuit
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FASTr™ PowerTrench® SyncFET™
Bottomless™ GlobalOpteisolator™ QFET™ TinyLogic™
CoolFET™ GTO™ Qs™ UHC™
CROSSVOLT™ HiSeC™ QT Optoelectronics™ VCX™
DOME™ [SOPLANAR™ Quiet Series™

E2CMOS™ MICROWIRE ™ SILENT SWITCHER®

EnSigna™ OPTOLOGIC™ SMART START™

FACT™ OPTOPLANAR™ SuperSOT™-3

FACT Quiet Series™ PACMANT SuperSOT™.6

FAST ® POP™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTCR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUMEANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES iT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION,
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can .
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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KE E SEMICONDUCTOR KIA7805AP/API~
TECHNICAL DATA KIA7824AP/API

KOREA RLECTRONICS CO,LTD. RIPOLAR LINEAR INTEGRATED CIRCUIT

THREE TERMINAL POSITIVE VOLTAGE REGULATORS

5V, 6V, 8V, 9V, 10V, 12V, 15V, 18V, 20V, 24V. .
l"_‘:—'l
FEATURES : A L i
+ Suitable for C~-MOS, TTL, the Other - : . T
Digital IC's Power Supply. ! T
+ Intemal Thermal Overload Protection. [ o T
- Internal Short Circuit Current Limiting. I men
+ Qutput Current in Excess of 1A. v 7 W
+ Satisfies TEC-65 Specification. z P
(International Electronical Commission). : L
L 150 WX
¥ B3
] 47 WX
MAXIMUM RATINGS (Ta=25T) 2 1;":“
CHARACTERISTIC SYMBOL | RATING | UNIT " weur T T
2 COMMON(CASE) : tu:ﬁ
K,IA7805AP/API~ 35 3. ourTeCT
Tnput Voltag KIA7815AP/API v v
oltage e ]
s KIATS18AR/API~| o
KIAT7824AP/API TO—-220AB
.
Power Dissipation (Tc¢=25T) Pp 208 w
Power Dissipation | KIA7805API~ P 20 W
{Without Heatsink) | KIA7824API b :
pu i MILLIMETERY
Operating Junction Temperature Ti -30~150 T 2 f tomu
4
Storage Temperature Tet -55~150 T : %}:;
[ ¢ | 20
I 0728 MaX
4 13,001 0 50
L] 300 MAT
L 18
N 130
) 254
0 43 0 20
4 408
Q 2,60+ 0.80
~}- *"]r!"* : -
=] T PYE . z
v AN 16
1. HPUT
2. COMMON
3. QUIPUT
TO-220IS

1998. 12. 4 Revision No : 1 KELC 1/19



KIA7805AP/API~KIA7824AP/API

EQUIVALENT CIRCUIT

* 1} INPUT

Qle

R14

R18

—{3) oUTPUT

R20

R21
dYAVAY,

‘® COMMON (GND)

1998. 12. 4 Revision No : 1 KEE %19



KIA7805AP/API~KIA7824AP/API

KIATR5AP/AP]
ELECTRICAL CHARACTERISTICS (Vi=10V, Ipur=500mA, 0T £T;<1257C)
CHARACTERISTIC SYMBOL cgz%%Trr TEST CONDITION MIN. | TYP. |MAX. | UNIT
Output Voltage Vour 1 T=25C, lour=100mA - 48 50 5.2 v
TOVE VN 25V - 3 100
Imput Regulation Reg line 1 Ti=25T mV
8o0VEVm=12v - 1 50
SmA L lours1.4A - 15 100
Load Regulation Reg load 1 T=26T mV
250mA L loyr = 750mA - 5 50
TO0V €V £20V
V \Y = = . - .2 v
Output Voltage out b somAclan=108, Pogisw | 7T 525
Quiescent Current Ip 1 T=26C, lour=5mA - 42 8.0 mA
Qubescent Current Change Alp 1 TOVaVns23V - - 1.3 mA
. Ta=25T, 10Hz<f<100kHz
v v ’ st= - - | BVoms
Qutput Noise Voltage NO 1 Towre 50 u
) . . =120Hz, 80V < V<18V, .
Ripple Rejection Ratio RR 1 loot=50mA,  T,-25C 62 78 dB
Dropout Voltage Vo 1 Lur=104, Ti=2%T - 20 - \Y%
Short Circuit Current Limit Isc 1 T=25T - 16 - A
Average Temperature
Coefficient of TCvo 1 Iour=omA, 0C<T,<12%7TC - -0.6 - mV/C
Output Voltage

1598, 12. 4

Revision No : 1

KELC

319




KIA7805AP/API~KIA7824AP/API

KIATR06AP/API
ELECTRICAL CHARACTERISTICS (Vm=11V, Ipur=500mA, 0T gT;=125TC)
CHARACTERISTIC SYMBOL cgaEcSLlr;'r TEST CONDITION MIN. | TYP. | MAX, | UNIT
Output Voltage Veur 1 T=35°C, lour-100mA 575 | 60 | 825 | V
OV Ving 25V - 4 120
Input Regulation Reg line 1 T;=25C mV
WLV 13V - 2 80
SmA =Ilour=14A - 15 120
Load Regulation Reg load 1 Ti=25C mY
250mA lour=750mA - 5 60
VIV 21V
\% - = 7 - 6. \%
Output Voltage Vour L | somA<Ior=10A, PoglsW | ° 3
Quiescent Current Is L T=25C, Ilour=5mA - 4.3 80 mA
Quiescent Current Change Alg 1 VeV 2BV - - 1.3 mA.
. Ta=25T, 10Hz<f< 100kHz
(¢] t Volta Vi ' =i= - , s
utput Noise Voltage NO 1 lowr=5 55 uv
. .. . f=120Hz, SV=Viw< 19V, ~ dB
Ripple Rejection Ratio RR 1 loyr=50mA, Ty-25C 61 77
Dropout Voltage Vo 1 Iour=1.04, Ti=25TC - 2.0 - \Y
Short Circuit Current Limit Isc 1 T=25T - 1.5 - A
Average Temperature
Coefficient of TCvo 1 Iour=omd, 0C<T=125T - =07 - mV/T
Qutput Voltage
1588, 12, 4 Revision No : 1 KEE 4/19




KIA7805AP/API~KIA7824AP/API

KIA7808AP/API
ELECTRICAL CHARACTERISTICS (Vin=14V, lour=500mA, 0T < T;=125T)
CHARACTERISTIC SYMBOL CI'TI;ECE{JTI‘T TEST CONDITION MIN. | TYP. | MAX. | UNIT
Output Voltage Vaut 1 T;=25C, Ioyr=100mA 77 8.0 83 A%
105V EVing BV - 6 160
Input Regulation Reg line 1 T=265T mV
NVEVNE1TV - 2 80
SmA<lour £ 1.4A - 12 160
Load Regulation Reg load 1 T=25C mV
250mA L lour £ 750mA - 4 80
105VEVNg 23V
= = 7. - :
Qutput Voltage Vv U | somAslom=10a, Pogisw | '° B4 LV
Quiescent Current Is 1 Ti=%67T, lour=5mA 4.3 80 mA
Quiescent Current Change Alp 1 105VEVRE 2BV - - 1.0 mA
Output Noise Voltage Vio | Ta-25C, 10He=t< 100Kz N -
Iour=50mA
]
. .. . f=120Hz, 115V £VIn£215V B
Ripple Rejection Ratio RR 1 Tour=50mA, T;=25C 58 74 dB
Dropout Voltage Vo 1 loyr=1.04, T=25T - 2.0 - Ay
Short Circuit Current Limit Isc 1 T,=25TC - 1.1 - A
Average Temperature
Coefficient of TCvo 1 loyr=5mA, 0T <Tj=<125C - -1.0 - [mV/T
Qutput Voltage
1998, 12. 4 Revision No 1 KEE 5/19




KIA7805AP/API~ KIA7824AP/API

KIATR09AP/AFPI
ELECTRICAL CHARACTERISTICS (Vi=15V, Ipur=500mA, 0C=T;<125T)
CHARACTERISTIC SYMBOL CITRECSI}ET TEST CONDITION MIN. | TYP. | MAX. | UNIT
Qutput Voltage Vour 1 Ti=25C, Iour=100mA 8.64 9.0 9.35 v
115V Vw26V - 7.0 180
Input Regulation Reg line 1 T=25T mV
LBV Ve 15V - 2.5 90
5mA Zlour < 1L4A - 12 180
Load Regulation Reg load 1 Ti=25C mV
250mA < Iour < 750mA - 4.0 90
115V Vi 26V i
Qutput Voltage Vout 1 5 <lovr= 1.0A, Po< 15W 855 9.45 v
Quiescent Cutrent Iz 1 Ti=25C, Iour=5mA - 43 8.0 mA
Quiescent Cwrent Change Alg 1 115V Vn=26V - - 10 mA
Output Noise Voltage Vo 1 Ta=25C, 10Hz<f<100kH: L - EVme
IouT=50mA
. C . . £=120Hz, 125V Vs 225V
Ripple Rejection Rati ' = = -
pple Rejection o RR 1 loor=50mA, T;=25C 96 72 dB
Dropout Voltage Vb 1 Tour=1.0A, T=25TC - 20 - A%
Short Circuit Current Lirmnit Isc 1 Ti=25TC - 1.0 - A
Average Temperature
Coefficient of TCvo 1 Iour=5mA, 0CT=Tg125TC - -1.1 - mv/C
Output Voltage
1898. 12 4 Revision No : 1 KEE 6/19




KIA7805AP/API~KIA7824AP/API

KIAT810AP/AP]
ELECTRICAL CHARACTERISTICS (Vin=16V, loyr=500mA, 0T =T;=125TC)
CHARACTERISTIC SYMBOL C;%?ET TEST CONDITION MIN. | TYP. | MAX. | UNIT
Output Voltage Vour 1 T;=25C, Iour=100mA 96 | 100 | 104 v
125V < Ve 27V - 8 | 20
Input Regulation Reg line 1 Ti=2T mV
14V V<20V - 25 100
SmAZlour£1.4A - 12 200
Load Regulation Reg load 1 Ti=25C mV
Z0mA £ lour = 750mA - 4 100
125VEVwE25v
t Volt V = -
Output Voltage ouT L 5.0mA <lomr <108, Pos 15W 95 10.5 \Y
Quiescent Current Is 1 T=25T, Iour=SmA - 43 8.0 mA
Quiescent Current Change Alp 1 125V V27V - - 1.0 mA
. Ta=25T, 10Hz =< 100kH? i i
Output Noise Voltage Vo 1 lour=50mmA 20 HV s
. .. . i=120Hz, 135V < VINZ 235V
Ripple Rejection Rati RR ' = -
pple Rejection (o] 1 Tour=5 1T 55 72 dB
Dropout Voitage Vo 1 lour=1.0A, T;=25T - 2.0 - A%
Short Circuit Current Limit Isc 1 T=25T - 09 - A
Average Temperature
Coefficient of TCvo 1 Tour=5maA, 0C<T;<125C - -1.3 - |mV/T
Qutput Voltage
1998. 12 4 Revision No : 1 KEE 7/19




KIA7805AP/API~ KIA7824AP/API

KIA7812AP/API
ELECTRICAL CHARACTERISTICS (V=19V, Ilour=500mA, 0T <Tj=125C)
CHARACTERISTIC SYMEBOL CERE(ZSIET TEST CONDITION MIN, | TP, | MAX, | vt
Qutput Voltage Vour 1 T=25C, Ioyr=100mA 115 120 | 125 A
145VE VeV - 10 240
Input Regulation Reg line 1 Ty=25T mV
16V V22V - 3 120
SmA Zloyr=14A - 12 240
Load Regulation Reg load 1 T=25C mV
250mA = lour= TB0mA - 4 120
145VEVn<27V
Output Volt v = = : - 2, A"
put vollage ooT L somA<lomrs10a Posisw | 126
Quiescent Current Is 1 T=25C, lour=bmA - 43 8.0 mA
Quiescent Current Change Alg 1 145V EVR=V - - 1.0 mA
. Ta=25C, 10Hz=fx 100kHz ) )
Output Noise Voltage Vo 1 Tour=50mA 90 #Vrms
: o . 1=120Hz, 15V < VN 25V i
Ripple Rejection Ratio RR 1 Tos 1T 55 71 dB
Dropout Voltage Vo 1 Iour=1.08, T=25TC - 2.0 - v
Short Circuit Current Limit Isc 1 T=265TC - 0.7 - A
Average Temperature
Coefficient of TCvo 1 Iour=5mA, 0T <=Ti=125TC - -16 - ImV/t
QOutput Voltage
1998, 12. 4 Revision No @ L I(EE 2/19




KIA7805AP/API ~KIA7824AP/API

KIA7815AP/API]
ELECTRICAL CHARACTERISTICS (Vn=23V, Iour=500mA, 0T=T;<125T)
CHARACTERISTIC SYMBOL C;[}:{ECS&T TEST CONDITION MIN. | TYP. |MAX. | UNIT
Output Voltage Vour 1 T1=25C, lour=100maA 144 150 | 156 v
175V Vin= 30V - 11 300
Input Regulation Reg line L T;=%T mV
0V V<26V - 3 120
SmALlour<144A - 12 300
Load Regulation Reg load 1 T;=25"C mV
250mA = lour £ 750mA - 4 150
175VEVs IV
On A% v 1 = 2 - ) Vv
utput Voltage ouT 5. <loor<10A, PosI5W 14.25 15.75
Quiescent Current Ts 1 T=25C, Tour=5mA - 4.4 8.0 mA
Quiescent Current Change Alp 1 175VEVins 30V - - 1.0 ma
Ta=25"T, 10Hz<f<100kHz
O t Noise Volta V, 1 ! - = - 10 - '
utput Noise Voltage NO Lo 1 HVrmy
. .. , {=120Hz, 18.5V< V<285V
Ripple Rejection Rati RR 1 ’ = 54 7 -
pple Rejection 0 Torr= 15T 0 dB
Dropout Voltage Vp 1 Iour=1.04, Tj=257T - 2.0 - A%
Short Circuit Cwrrent Limit Ise 1 T=25C - 05 - A
Average Temperature
Coefficient of TCvo 1 Ior=5mA, 0C <T;=126C - 20l - {mvrc
Output Voltage
1998. 12. 4 Revision No : 1 9/1%
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KIA7805AP/API~KIA7824AP/API

KIAT7818AF/AP]
ELECTRICAL CHARACTERISTICS (Vin=27V, lour=500mA, 0C = T;=2125TC)
CHARACTERISTIC SYMBOL | o> TEST CONDITION MIN. | TYP. [MAX. | UNIT
QOutput Voltage Vour 1 T=25C, Iour=100mA 173 ] 180 | 187 \Y%
2AIVEVR<33V - 13 360
Input Regulation Reg line 1 T=25C mV
AV V30V - 4 180
SmAZleur=1.4A - 12 3680
Load Regulation Reg load 1 T=25TC mV
20mA Zloyr<750mA - 4 180
2IVEVing 33V,
Output Volt: V 1 = = ! 7. - ; \'
Pt Vottage out 60mA <lovr <10A, Po 15W | L7} 189
Quiescent Current Is 1 T=25C, Iour=-5mA - 45 8.0 mA
Quiescent Current Change Alp 1 2IVEViNE 33V - - 1.0 mA
Qutput Noise Voltage Vyo | | Ta=BT, 10Hz<f< J00KHz, T B
Totr=00mA
. .. . f=120Hz, 22V<Vpn=<32V
Ripple Rejection Rat: RR 1 ’ - = -
pple Hejection io o T25T 52 68 dB
Dropout Voltage Vo 1 Tour=1.0A, Ti=25TC - 20 - v
Short Cireuit Current Limit Isc 1 T=25T - 0.4 - A
Average Temperature
Coefficient of TCvo 1 Lour=5mA, 0CT=T;=15T - -25 - [mV/t
Qutput Voltage
1998, 12, 4 Revision No : 1 KELC 10/19




KIA7805AP/API~KIA7824AP/API

KIATR20AP/API
ELECTRICAL CHARACTERISTICS (Vin=29V, Iour=500mA, 0C<T;<125T)
CHARACTERISTIC SYMBOL CI”{{%S[;IFT TEST CONDITION MIN, | TYP. |MAX. | UNTT
Output Voltage Vout 1 Ti=25T, Ilour=100mA 192 | 200 | 208 \Y
2V <V <35V - 15 400
Input Regulation Reg line 1 T;=25C mV
2BV <VN<32V - 5 200
SmA =Torr<14A - 12 400
Load Regulation Reg load 1 Ti=25T mV
20mA loyrr£750mA - 4 200
23V s Ving BV
V Vi 1 - = 1 - 21,
Output Voltage ouT 50mA<lorr <104, Poglsw | 0 e
Quiescent Current Ts 1 Ti=6C, lour=5mA - 4.6 8.0 mA
Quiescent Current Change Alp 1 2V VN 3BV - - 1.0 mA
Output Noise Voltage Vio | TarZT, 10He 1< 100kH? ol | Ve
Tourr=50mA
. o . f=120Hz, 24V <Vmns3H4V
Ripple Rejection Rati RR 1 ’ - = ! -
pple Rejection 0 Toor= T25T 50 65 dB
Dropout Voltage Vo 1 lour=1.04, T;=25T - 2.0 - v
Short Circuit Cuwrrent Limit Isc 1 T;=26C - 0.4 - A
Average Temperature
Coefficient of TCvo 1 Iout=5mA, 0T < Ti=125T - -30 - |ImV/tC
Output Voltage
1998, 12. 4 Revision No : 1 KEE 11/19




KIA7805AP/API~KIA7824AP/API

KIAT824AP/API

ELECTRICAL CHARACTERISTICS (V=33V, lour=500mA, 0C = T;<125T)

CHARACTERISTIC SYMBOL C;JFX%SE;IFT TEST CONDITION MIN. | TYP. |MAX.| UNIT
Output Voltage Vour 1 T;=257T, loyr=100mA 230 | 240 | 250 v
ZIVESVREBY - 18 480
Input Regulation Reg line 1 T;=25T mV
AVEVREIBY - 6 240
mA=EIour£1.4A - 12 480
Load Regulation Reg load 1 Ti=25C mvV
250mA £ Ipyr= 750mA - 4 240
2TV V< 38v
Output Vol Vv =T 22, - 2
put Volage ovt L 50mASlur<104, Po<1sSW 8 ® v
Quiescent Curreat In 1 Ti=25T, lour=5mA - 46 80 mA
Quiescent Current Change alp 1 2V V38V - - 10 mA
Output Noise Voltage Vo 1 Ta=25T, 10Hz < (< 100kHz - 150 - £V rme
[our=50mA
. .. . f=120Hz, 28V <ViN<38V
Ri Rejection Rati RR 1 ’ == -
pple Rejection 0 Tovp= 5T S0 66 dB
Dropout Voltage Vp 1 Iour=1.04, T;=25C - 20 - v
Short Circuit Current Isc 1 Ti=25TC - 0.3 - A
Average Temperature
Coefficient of TCvo 1 Tour=5maA, 0T =T/<125T - -35 - |mv/e
Qutput Voltage
1998, 12. 4 Revision No : 1 KEE 12/19




KIA7805AP/API~KIA7824AP/API

TEST CIRCUIT1/STANDARD AFPPLICATION CIRCUIT

V [N O VOUT
L, KIA78xxAP /API Iout
3 = o
g 3 =] -1
S S < o

IB

TEST CIRCUIT

1. VOUT- Reg'liﬂe N Heg -load ’VOUT . [B 'A]B . VNO . AVOUT /AL'IVIN had VOUT i 'TCVO

= =1

T ! [ |voisE
L FILTER METER
=—==5 10Hz~ FE=5<0 0o

_.OORHZ
<9

(T) 3-T C\D D1our
en]

!
0.33uF Gl_)
=)
c
p_]
w
&
=
3

ej=1Vp-p L
f = 120Hz OSCILLOSCOPE

1 @ » =30
pur [N ‘L
5 f + RR=20 log ok (dB)
& 1 geo
| Ig L
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KIA7805AP/API~KIA7824AP/API

APPLICATION CIRCUIT

(1) VOLTAGE BOOST REGULATOR
{a) Voltage boost by use of zener diode

Viwo————*¢ ! * ‘ Vour
= J- KIA7Bxx AP /API L .
=] = +|
g — — =]
pk = o =
v > JoUT(IC)
- R1
v, *11
7]%77 : *[1 2 5mA
Yout = Vout(ic)+ V2,
(b} Voltage boost by use of resistor
VINO— 1 t ) t— ©our
- i KIA78xxAP/API l
= R
o — e =
o a5 & o
o Ig A—T —
1
0
m;
R2
Yout = Yourtc) (1+ 1 ) +R2 - Ip
c¢) Adjustable output regulator
(c) Adj p g
ViNo— . — oy,
[A78xxAP /AP out
S
F
H— =3 I’
o : S
5 <& Ts T
KIA4558F /S X % &
77177 77777 777

Y%ut = (1+ 22
UT oUT(IC) R
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KIA7805AP/API~KIA7824AP/API

(2) CURRENT BOOST REGULATOR

Vin
——0%Vur
E-A_ KIA78xxAP /AP - .
ST 5 He
o
7 7 7707

PRECAUTIONS ON APPLICATION

{1) In regard to GND, be careful not to apply a negative voltage to the input/
output terminal. Further, special care is necessary in case of a voltage
boost application.

(2) When a surge voltage exceeding maximum rating is applied to the input
terminal or when a voltage in excess of the input terminal voltage is
applied to the output terminal, the circuit may be destroved.
Specially, in the latter case, great care is necessary
Further, if the input terminal shorts to GND in a state of normal operation,
the output terminal voltage becomes higher than the input voltage (GND potential),
and the electric charge of a chemical capacitor connected to the output terminal
flows into the input side, which may cause the destruction of circuit.
In these cases, take such steps as a zener diode and a general silicon
diode are conmected (o the circuit, as shown in the following figure.

Qutput surge and

input short protecting
/‘ diode.
—d

Vin O KIA78XXAP /API Burt
SERIES
7
Input surge 7
protecting Vg > VN
diode. 7%/77

{3) When the input voltage is too high, the power dissipation of three terminal regulator
increase because of series regulator, so that the junction temperature rises.
In such a case, it is recommended to reduce the power dissipation by inserting the power lmiting
resistor Rsp in the input terminal, and to reduce the junction temperature as a result.

1998. 12, 4 Revision No @ 1 KEE 15/12



KIA7805AP/API~KIA7824AP/API

v Rsp iy’ lour
INC i KIAY8xXxAP /AP v
5 SERIES ouT
3 1
[ M
o
g
7

The power dissipation Pp of IC is expressed in the following equation.
Pp = (V'-Vour) * Iour + Vin' - Is

If V' is reduced below the lowest voltage necessary for the IC, the parasitic

oscillation will be caused according to circumstances.

In determining the resistance value of Rsp, design with margin should be made by making
reference to the following equation.

Vin - Vv’
Iour + Is
(4) Comnect the input terminal and GND, and the output terminal and GND, by capacitor
respectively. The capacitances should be determined experimentally because they
depend on printed patterns. In particular, adequate investigation should be
made so that there is no problem even at tirme of high or low temperature.

Rsp €

(5) Installation of IC for power supply
For obtaining high reliability on the heat sink design of the regulator IC, it is
generally required to derate more than 20% of maximum junction temperature (T; MAX.)
Further, full consideration should be given to the installation of IC to the heat sink.

(a) Heat sink design
The thermal resistance of IC itself is required from the viewpoint of the
design of elements, but the thermal resistance from the IC package to the
open air varies with the contact thermal resistance.
Tseble | shows how much the value of the contact thermal resistance (B¢ +8 5
is changed by insulating sheet (mica) and heat sink grease.

TABLE 1. UNIT: C/W
PACKAGE MODEL NO. | TORQUE MICA Oc+8s
Not Provided 0.3~05(1.5~2.0}
TO-220AB KIAT8xxAP 6kg'cm - :
| Provided 2.0~254.0~60)

The figures given in parentheses denote the values at time of no grease.
The package of regulator IC serves as GND, therefore, usually use the value at time
of "no mica”
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KIA7805AP/API~KIA7824AP/API

(b) Silicon grease

When a circuit not exceeding maximum rating is designed, it is to be desired that the grease
should be used if possible. If it is required that the contact thermal resistance is reduced from
the view-point of the circuit design, It is recommended that the following methods be adopted.

A’ Use Thercon (Fuji High Polymer Kogyvo K.K)
B: Use SC101 (Torei Silicon) or G-640 (GE), if grease is used.

(¢} Torque

When installing IC on a heat sink or the like, tighten the IC with the torque of

less than the rated
value.

If it is tghtened with the torque in excess of the rated value, somefimes the intemnal elements
of the IC are adversely affected. Therefore, great care should be given to the installing operation.

Further, if polycarbonate screws are used, the torque causes a change with the passage of time, which
may lessen the effect of radiation.

(6) TEC (International Electronical Commission)~-65 Specification,

(a) IEC (International Electronical Commission)-65 is the standard, parts testing method, machinery and tolls
(used in connecting main power directly and indirectly) Which are used at home and general building.
The pwpose of the above standard is not w breaking out the risk which is related to an electric shock,
a heating, a fire and the damage of surrounding parts in the case of normal or abnormal operating.

(b) In case temperature is limited by temperature overbeating prevention device, fuse or the operation of
fuse resistor

One must calculate the temperature of PCB substrate in 2 minute.
4T £110C regulated

AT=T(The PCB substrate temperature in 2 minute) - TalAmbient wemperature)

(c) Graph

2 -
Isc{A)

120 time(second)

As the territory of the deviant line appear by the heat, as the area is wider,
T{The PCB substrate temperature in 2 minute) 15 becoming high.

19¢8. 12, 4
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KIA7805AP/API~KIA7824AP/API

IB - Tj VOUT - T]
4] —~ 8
—_~ z
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£ ] 5
2 4 L‘_‘ Sy
e 5
= <
= =
[x (@]
8 2 [ 2
" KIA7B805AP1 5 KIATBOSAPL
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m Ioyr =0 E Lour=5.0mA
4] 1 1 o 0 L !
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KIA7805AP/API~KIA7824AP/API

Vp — Ty E Pp — Ta
& 24
S 3 AVoz%&ig%UTPUT o THERMAL RESISTANCE
e e 20 N I~C | J-A c/¥
£ =) j" 6.0 | 62.5
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intersil

Data Sheet

4.5A, 500V, 1.500 Ohm, N-Channel Power
MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETSs are designed for applications such
as switching regulators, switching converters, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.

Formerly developmental type TA17415.

IRF830

July 1999 File Number 15823

Features
- 4.5A, 500V

* rpS(ON) = 1.5000

» Single Pulse Avalanche Energy Rated
+ SOA is Power Dissipation Limited

* Nanosecond Switching Speeds

+ Linear Transfer Characteristics

« High Input Impedance

+ Related Literature

- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

Ordering Information Symbol
PART NUMBER PACKAGE BRAND D
IRF830 TO-220AB IRF830
NOTE: When ordering, include the entire part number. G
S
Packaging
JEDEC TO-220A8B
SOURCE
DRAIN
GATE
DRAI
(FLANGE)
4-251 CAUTION: These devices ara sensitive to alactrostatic discharge; follow proper ESD Handling Procedures,

hitp:/Awww.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999



IRF830

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

Drain to Source Voltage (Note 1) . . . ... .o i e e e e Vps
Drain to Gate Voltage (Rgg =20k} (Note 1) ... ... ... . i e Voar
Continuous Drain CUment . . . .. .. ... . o

T =000 o Ip
Pulsed Drain Cutrent {NOt& 3) . . .. .. . (Y]
GatetoSourceVoltage ... ... ... ... . Ves
Maximum Power Dissipation . .. ......... .. ... ... .. .. . Pp
Linear Derating Factor . . .. ... ... e e e
Single Puise Avalanche Energy Rating (Note 4) . . . ... ... ... ... . . .. . il . Eas
Operatingand Storage Temperature . .. ......... ... . .. .. i il T). TsTo
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm) fromCasefor 108. ... ... ... .. .0 i i T

Package Body for 10s, See Techbrief 334 . . .. ... .. .. .. .. Tpkg

IRF830
500
500
4.5

3.0

+20
75

0.6

300

-55 to 150

300
260

UNITS

c%‘agb§<>>><<
O

QO 0
a0

CAUTION:; Stressas above those listed in “Absclute Maximum Ratings” may cause permanent damage to the device. This is a strass only rating and operation of the

device af these or any other conditions above those indicatad in the operational sections of this specification is not implied.

NOTE:
1. Ty =25°C to 125°C.

Electrical Specifications T =25°C, Unless Otherwise Specified
c

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX | UNITS

Drain to Source Breakdown Voltage BVpgs |Vas =0V, Ip = 250pA (Figure 10} 500 - - v
Gate to Threshold Voltage Vas(tH) | Ves =Vbs. Ip = 250pA 2.0 - 4.0 v
Zero-Gate Voltage Drain Current Ipss Vpg = Rated BVpgg, Vgg = 0V - - 25 pA

Vps = 0.8 x Rated BVpgs, Vgs = OV, T; = 125°C - - 250 pA
On-State Drain Current (Note 2) IpioN) VDs > Ip(oN) x Tos(ON)MAX . Vs = 10V 4.5 - - A
Gate to Source Leakage lessg Vg =120V - - 1100 nA
Drain to Source On Resistance {(Note 2) TDS(ON) Vgs =10V, Ip = 2.5A (Figures 8, 9) - 1.3 1.5 Q
Forward Transconductance {(Note 2) [/ Vpg 2 10V, Ip = 2.7A (Figure 12) 2.5 42 - S
Tum-On Delay Time ta(oN) Vpp =250V, Ip = 4.5A, Rg = 12Q, R| = 54Q - 10 17 ns
Rise Time t MOSFET Switching Tirpes are Essentially K 15 23 ns

Independent of Operating Temperature.
Tum-Off Delay Time (OFF) - 33 53 ns
Fall Time t - 16 23 ns
Total Gate Charge Qgror) | VYes =10V, Ip = 4.5A, Vpg = 0.8 x Rated BVpgg - 22 32 nC
(Gate to Source + Gate to Drain) 'g(REF) =1.5mA (Figure 14) Gate Charge is
Gate 1o Sourca Charge Qgs Essentially independent of Operating Temperature. N 15 R nC
Gate to Drain "Miller” Charge di - 11 - nC
Input Capacitance C\SS Vg =0V, Vpg =25V, f = 1.0MHz {Figure 11} - 600 - pF
Output Capacitance Coss - 100 - pF
Reverse-Transfer Capacitance Crss - 20 - pF
Intemal Drain Inductance Lp Measured from the Modified MOSFET - 35 - nH

Contact Screw on Tabto | Symbol Showing the

Center of Die Internal Devices

Measured fromthe Drain | nductances - 45 - nH

Lead, 6mm (0.25in)

FromPackage to Center

of Die
Intemal Source Inductance Ls Measured from the - 75 - nH

Source Lead, 6mm

(0.25in) From Header to

Source Bonding Pad
Thermat Resistance Junction to Case ReJc - - 1.67 | “cw
Thermal Resistance Junction to Ambient Rga Fres Air Operation - - 625 | °Ccw

4-252 | _imtergil
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Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Continuous Source to Drain Curment Isp Modified MOSFET D - - 4.5 A
Pulse Source to Drain Curent {Note 3) lgom | SYmbol Showing the - - 18 A

Integrat Reverse
P-N Junction Diode

G
S
Source to Drain Dicde Voltage (Note 2) VsD Ty =25°C, Igp = 4.5A, Vgg = OV (Figure 13) - - 1.6 v
Reverse Recovery Time trr Ty =25°C, Igp = 4.5A, dlgp/dt = 100A/us 180 350 760 ns
Reverse Recovered Charge QRR Ty =25°C, Igp = 4.5A, digp/dt = 100A/us 0.96 22 4.3 ile

NOTES:
2. Pulse test: pulse width < 300ps, duty cycle < 2%.
3. Repetitive rating: pulse width limited by Max junction temperature. See Transient Thermal Impedance curve (Figure 3}.
4. Vpp = 50V, starting T = 25°C, L = 25mH, Rg = 250, peak lag = 4.5A.

Typical Performance Curves unless Otherwise Specified
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FIGURE 1. NORMALIZED POWER DISSiPATION vs CASE FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs
TEMPERATURE CASE TEMPERATURE
E 1
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5z [ }
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= T 1 Ppm
g : . 0.1 _-'""
33 YEoss
X o - 0.02 ;
2 E E 0.01 Banil 4 |
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FIGURE 3. NORMALIZED MAXIMUM TRANSIENT THERMAL IMPEDANCE
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Typical Performance Curves unless Otherwise Specified {Continued)

102 ] — —
OPERATION IN THIS N 1 1 Vag = 5.5V
-, REGION IS LIMITED ™ Vgg =10V
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2 et s < e
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x 3 P 10us = PULSE DURATION = 80ys
=2 - 3 -
o . 100us o DUTY CYCLE = 0.5% MAX
z ~ P4 |11 E Vos =45V
~ G5 = 4.
g 1 » = ms 2 2
8 H = 1
T =25°C 11‘:;;' 1 Vgs =4.0V
T, = MAX RATED ms
01 SINGLE PULSE och 0 I I l
"y 10 10° 10° 0 50 100 150 200 250 300
Vps. DRAIN TO SOURCE VOLTAGE (V) Vps, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 4, FORWARD BIAS SAFE OPERATING AREA FIGURE 5. OUTPUT CHARACTERISTICS
5 -5
PULSE DURATION = 80y Vgs = 10V I < ° [PULSE DURATION = 80us
- DUTY CYCLE = 0.5% MAX Vs = 5.5V . [DUTY CYCLE = 0.5% MAX
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l | | I 5 4
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Vps, DRAIN TO SOURCE VOLTAGE (V) Vgs, GATE TO SOURCE VOLTAGE (V)
FIGURE 6. SATURATION CHARACTERISTICS FIGURE 7. TRANSFER CHARACTERISTICS
10 ——— 22
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DUTY CYCLE = 0.5% MAX w } DUTY CYCLE = 0.5% MAX
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FIGURE 8, DRAIN TO SOURCE ON RESISTANCE vs GATE FIGURE 9. NORMALIZED DRAIN TO SOURCE ON
VOLTAGE AND DRAIN CURRENT RESISTANCE vs JUNCTION TEMPERATURE
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Typical Performance Curves uniess Otherwise Specified {Continued)
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Test Circuits and Waveforms

Vps
L
VARY tp TO OBTAIN ] .
REQUIRED PEAK Ias R N—j = Voo
—4 T-
puT
tp
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT

2R
Rg = Voo
.:I_I_ 3
Vas _
FIGURE 17. SWITCHING TIME TEST CIRCUIT
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CURRENT (ISOLATED
REGULATOR SUPPLY)
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12V < AS DUT
BATTERY | ozpn 50kQ oaur
3
il 1
D
ouT
—
I Ig(REF)
0— L VDS
Ig CURRENT ——= Ip GURRENT

SAMPLING —  SAMPLING
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FIGURE 15. GATE CHARGE TEST CIRCUIT
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FIGURE 18. RESISTIVE SWITCHING WAVEFORMS
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All Intersil semiconductor products are manufactured, assembled and tested under IS09000 quality systems certification.

Intersil semiconductor products are sold by description only, Intersil Corporation raserves the right to make changes in circuit design and/or specifications at any fime with-
out notice. Accordingly, the reader is cautioned to venfy that data sheets are cument before placing orders. Information furnished by intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infiingements of patents or other rights of third parties which may resuit
from ifs use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, ses web site http:/mmw.intersil.com

Sales Office Headquarters

NORTH AMERICA EUROPE ASIA
Intersil Corporation Intersil SA Intersil (Taiwan) Ltd.
P. O. Box 883, Mail Stop 53-204 Mercure Center 7F-8, No. 101 Fu Hsing North Road
Melbourne, FL 32902 100, Rue de la Fusee Taipei, Taiwan
TEL: {407) 724-7000 1130 Brussels, Belgium Republic of China
FAX: (407) 724-7240 TEL: (32) 2.724.2111 TEL: (886) 2 2716 9310
FAX: (32) 2.724.22.05 FAX: (886) 2 2715 3029
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MUR1540, MUR1560, RURP1540, RURP1560

Electrical Specifications T = 25°C, Unless Otherwise Spacified

MUR1540, RURP1540 MUR1560, RURP1560

SYMBOL TEST CONDITION MIN TYP MAX MIN TYP MAX UNITS

Vg Ip=15A - - 1.25 - - 15 v

Ip = 15A, T = 150°C - - 142 - - 1.2 v

[ Vg = 400V - - 100 - - pA

VR = 600V - - - - - 100 pA

VR = 400V, T = 150°C - - 500 - pA

VR =600V, Tg = 150°C - - - - - 500 pA

ter Ig = 1A, dIg/dil = 100A/ s - - 55 - - 55 ns

I = 15A, dIg/dt = 100A/us - - 60 - - 60 ns

1a I = 15A, dig/dt = 100A/ps - 30 . - 30 - ns

1y IF = 15A, dig/dt = 100A/ps - 17 - - 20 - ns
RaJc - - 15 - - 15 °c/w

DEFINITIONS

Vg = Instantaneous forward voltage (pw = 300us, D = 2%).
Ig = Instantaneous reverse current.
tyr = Reverse recovery time at dig/dt = 100A/us (See Figure 6), summation of t3 + tp.
ty = Time to reach peak reverse current at dig/dt = 100A/us (Ses Figure 6).
1, = Tirne from peak Igy, 10 projected zero crossing of Iy, based on a straight fine from peak Ipy through 25% of Ipy (See Figute 6).
Rgyc = Thermal resistance junction to case.
pw = pulse width.
D = duty cycle.

Typical Performance Curves
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& /4
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) 05 1.0 15 20
Vr, FORWARD VOLTAGE (V) Vg, REVERSE VOLTAGE (V)
FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE FIGURE 2, REVERSE CURRENT vs REVERSE VOLTAGE
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MUR1540, MUR1560, RURP1540, RURP1560

Typical Performance Curves (Continued)
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FIGURE 3. trr, ta AND tp, CURVES vs FORWARD CURRENT

Test Circuits and Waveforms

Vag AMPLITUDE AND
Rg CONTROL dig/dt
t1 AND tz CONTROL I

DUT CURRENT

Rg SENSE
|'_| I‘I o—mA— I __|_*v
Vae = Voo
Py I IGBT T-
S
1y - __L
FIGURE &. t,, TEST CIRCUIT
I=1A
L =40mH
R<0.10
Eave = 12LP [Vr(avLAVR{avL) - VoD)
Q4 =IGBT (BV¢Es > DUT VRiavL)) L R

CURRENT

SENSE Voo
&
JL Voo
H DUT - T

FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns ot is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST @ OPTOLOGIC™ SMART START™ VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SupersOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SupersOT™.-g
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
ECMOS™ LittleFET™ Qs™ Tinyl.ogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENT SWITCHER®  UltraFET ®
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PROCUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITYARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEYANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMIGONDUGTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the bedy, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

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

Datasheet Identification Product Status Definition

Formative or
In Design

Advance Information This datasheet contains the design specifications for
product development, Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date,
Fairchild Semiconductor reserves the tight to make
changes at any time without notice in order to improve

design.

No [dentification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at

any time without notice in order to improve design.

Cbsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.

Rev H4




Philips Semiconductors Linear Products

Product specification

Timer NE/SA/SES55/SE555C
DESCRIPTION PIN CONFIGURATIONS
The 555 monolithic timing circuit is a highly stable controller capable
of producing accurate time delays, or oscillation. In the time delay D, N, FE Packages
mode of operation, the time is precisely controlled by cne external
resistor and capacitor. For a stable operation as an oscillator, the Gnp [ 1] B vee
free running frequency and the’duty cycle are both a'ccuratery o TRIGGER [ ] DISCHARGE
controlled with two external resistors and one capacitor. The circuit
may be triggered and reset on falling waveforms, and the output outpuT[ 3 | € | THRESHOLD
structure can source or sink up to 200mA, RESET|[ 4 | 5 | CONTROL VOLTAGE
FEATURES F Package
L4 -off time | han 2,
Turn-off time less than 2us GNDE hnd E Vee
® Max. operating frequency greater than 500kHz NG E E NG
® Timing from microseconds to hours TRIGGER E EI DISCHARGE
¢ Operates in both astable and monostable modaes OUTPUT[Z El NG
5 10
@ High output current ne [: :I THRESHOLO
‘ RESET[® | 9] ne
¢ Adjustable duty cycle ne (7] 3] conTROL voLTAGE
® TTL compatible
©® Temperature stability of 0.005% per °C TOP VIEW
APPLICATIONS
® Pracision timing
® Pulse generation
@ Sequential timing
® Time delay generation
® Pulse width modulation
ORDERING INFCRMATICN
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Small Outline (SO) Package 0to +70°C NES55D 0174C
8-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NES55N 0404B
8-Pin Plastic Dual In-Line Package (DIP) -40°C to +85°C SASL55N 04048
8-Pin Plastic Small Outline (SO) Package -40°C to +85°C SA555D 0174C
8-Pin Hermetic Ceramic Dual In-Line Package (CERDIP) -55°C to +125°C SES55CFE
8-Pin Plastic Dual In-Line Package (DIP) -56°C to +125°C SES555CN 0404B
14-Pin Plastic Dual In-Line Package (DIP) -55°C to +125°C SES555N 04058
8-Pin Hemmetic Cerdip -55°C to +125°C SE555FE
14-Pin Ceramic Dual In-Line Package (CERDIP) 0 to +70°C NES55F 0581B
14-Pin Ceramic Dual In-Line Package (CERDIP) -556°C to +125°C SES55F 05818
14-Pin Ceramic Dual In-Line Package (CERDIP) -55°C to +125°C SES55CF 0581B

August 31, 1994 346
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Philips Semiconductors Linear Products

Product specification

NE/SA/SE555/SES55C

Timer
BLOCK DIAGRAM
vee
o 8
S
SR CONTROL
VOLTAGE
THRESH- o8
oLD
8 O-{| COMPARATOR |
> R
TRIGGER
COMPARATOR H-O 2
R
DIS- =
CHARGE
T o RESET
FLIP FLOP HO 4

s b4

OUTPAUT GND

EQUIVALENT SCHEMATIC

CONTROL VOLTAGE

THRESHOLD

O
TRIGGER
RESET

DISCHARGE 14

NOTE: Pin numbers are for 8-Pin package

R18
100

4.7K

AN

Q24

!
I

OUTPUT
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Philips Semiconductors Linear Products Product specification
Timer NE/SA/SE555/SE555C
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply voltage
Vee SES55 +18 v
NE555, SE555C, SA555 +16 v
Pp Maximum allowable power dissipation’ 600 mw
Ta Operating ambient temperature range
NE555 Oto 470 °C
SAS555 -40to +85 °C
SES55, SES55C -55 to +125 °C
Ts1g Storage temperature range -65 to +150 °C
TsolLp Lead soldering temperature {10sec max) +300 °C
NCTES:

1. The junction temperature must be kept below 125°C for the D package and below 150°C for the FE, N and F packages. At ambient tempera-

tures above 25°C, where this limit would be derated by the following factors:

D package 160°C/W
FE package 150°C/W
N package 100°C/W
F package 105°C/W

August 31, 1994
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Philips Semiconductors Linear Products Product specification

Timer NE/SA/SE555/SES55C

DC AND AC ELECTRICAL CHARACTERISTICS
Tp = 25°C, Ve = +5V to +15 unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS SESSS NESSS/SESSSC UNIT
Min Typ Max Min Typ Max
Vee Supply voltage 4.5 18 4.5 16 \4
lee Supply current (low Vee=5V, R =ee 3 5 3 6 mA
state)’ Veo=15V, R == 10 12 10 15 mA
Timing error (monostable) Ra=2kQ to 100k
tm Initial accuracy? C=0.1uF 05 20 1.0 3.0 %
At/AT Drift with temperature 30 100 50 150 ppm/°C
Aty/AVs Drift with supply voltage 0.05 0.2 0.1 0.5 BV
Timing error (astable) Ra, Rg=1k$l to 100k
fa Initial accuracy? C=0.1pF 4 6 5 13 %
Atp/AT Drift with temperature Vee=15V 500 500 ppv°C
Atp/AVg Drift with supply voltage 0.15 0.6 0.3 1 WV
Ve Control voltage level Vee=15V 9.6 10.0 10.4 9.0 10.0 11.0 Vv
Veo=5V 29 3.33 38 26 3.33 4.0 "
Veoo=15V 9.4 10.0 | 1086 8.8 100 | 112 v
VTR Threshold voltage
Veo=5hV 2.7 3.33 4.0 2.4 3.33 4.2 A
1 Threshold current® 0.1 0.25 0.1 0.25 pA
VTRIG Trigger voltage Vee=15V 4.8 5.0 52 4.5 5.0 5.6 v
Vee=5v 1.45 | 1.67 1.9 1.1 1.67 22 v
HriG Trigger current Virig=0V 05 0.9 0.5 20 pA
VRESET Reset voltage? V=15V, Viy =10.5V 0.3 1.0 0.3 10 v
IreESET Reset current VreseT=0.4V 0.1 0.4 0.1 0.4 mA
Reset current VReseT=0V 04 1.0 0.4 1.5 mA
Vee=15v
Igink=10mA 0.1 0.156 0.1 0.25 vV
ISINK=50mA 0.4 0.5 04 0.75 v
VoL Cutput voltage (low) I51nK=100mA 20 2.2 20 25 \
IsiNK=200mA 25 25 Y%
Vee=5v
lsinK=8mA 01 | 025 0.3 0.4 v
IsINK=5MA 0.056 0.2 025 | 0.35 v
Voo=15V
Isource=200mA 12.5 125 \
Vou Output voltage (high) Isource=100mA 130 | 133 12.75 | 13.3 v
Veo=5V
Isource=100mA 3.0 3.3 2.75 33 \
toFr Tum-off time® VreseT=Vee 05 2.0 0.5 2.0 Hs
tr Rise time of output 100 200 100 300 ns
tr Fall time of output 100 200 100 00 ns
Discharge leakage current 20 100 20 100 nA
NOTES:
1. Supply current when output high typically 1mA less.
2. Tested at Voe=5V and Vcc=15V.
3. This will determine the max value of Ry +Rg, for 15V operation, the max total R=10MQ2, and for 5V operation, the max. total R=3 4MQL
4. Specified with trigger input high.
5. Time measured from 2 positive going input pulse from 0 to 0.8xV ¢ into the threshold to the drop from high to low of the output. Trigger is

tied to threshold.
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Philips Semiconductors Linear Products

Product specification

Timer

NE/SA/SE555/SES55C

TYPICAL PERFORMANCE CHARACTERISTICS
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Philips Semiconductors Linear Products

Product specification

Timer NE/SA/SE555/SE555C
TYPICAL APPLICATIONS
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Philips Semiconductors Linear Products

Product specification

Timer

NE/SA/SE555/SE555C

TYPICAL APPLICATIONS

NOTE: Allresistor valuss are in £}

Vee
Vee vVee
10k
13V
001pF ce
2 8§55
= OvoLts

SWITCH GROUNDED
AT THIS POINT

Figure 1. AC Coupling of the Trigger Pulse

1—>»

DURATION OF
TRIGGER PULSE AS
SEEN BY THE TIMER

ke

A

Trigger Pulse Width Requirements and Time
Delays

Due to the nature of the trigger circuitry, the timer will trigger on the
negative going edge of the input pulse. For the device to time cut
properly, it is necessary that the trigger voltage level be retumed to
some voltage greater than one third of the supply before the time cut
period. This can be achieved by making either the trigger puise
sufficiently short or by AC coupling into the trigger. By AC coupling
the trigger, ses Figure 1, a short negative going pulse is achieved
when the trigger signal goes to ground. AC coupling is most
frequently used in conjunction with a switch or a signal that goes to
ground which initiates the timing cycle. Should the trigger be held
low, without AC coupling, for a longer duration than the timing cycle
the output will remain in a high state for the duration of the low
trigger signal, without regard to the threshold comparator state. This
is due to the predominance of 45 on the base of Qa, controlling
the state of the bi-stable flip-flop. When the trigger signal then
retums to a high level, the output will fall immediately. Thus, the
output signal will follow the trigger signal in this case.
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Another consideration is the “turn-off time”". This is the measurement
of the amount of time required after the threshold reaches 2/3 Ve
to turn the output low. To explain further, Q4 at the threshold input
tums on after reaching 2/3 V¢, which then tums on Qs, which tums
on Qg. Current from Qg turns on Qqg which tums Qq7 off. This
allows current from Qg to turn on Qo and Qp4 to given an output
low. These steps cause the 2ius max. delay as stated in the data
sheet.

Also, a delay comparable to the turn-off time is the trigger release
time. When the trigger is low, Qqg Is on and tums on Qq4 which tums
on Qqs. Q45 turns off Q4g and allows Q47 to turn on. This turns off
current to Qg and Qz4, which results in output high. When the
trigger is released, Q4o and Q44 shut off, Q¢5 tums off, Q45 tums on
and the circuit then follows the sarme path and time delay explained
as "turn off time”. This trigger release time is very important in
designing the trigger pulse width so as not to interfere with the
output signal as explained previously.



MICROCHIP

TC429

6A Single High-Speed, CMOS Power MOSFET Driver

Features

+ High Peak Output Current: 6A
+ Wide Operating Range: 7V to 18V
+ High Impedance CMOS Logic Input

* Logic Input Threshold tndependent of Supply
Voltage

» Low Supply Current
- With Logic 1 Input — SmA Max
- With Logic 0 Input — 0.5mA Max

« Cutput Voltage Swing Within 25mV of Ground
or VDD

+ Short Delay Time: 75nsec Max
+ High Capacitive Load Drive Capability
- trise: traLL = 35nsec Max With
CLoap = 2500pF

Applications

* Switch-Mode Power Supplies
* CCD Drivers

* Pulse Transformer Drive

» Class D Switching Amplifiers

Device Selection Table

Part Number Package Temp. Range
TC429CPA 8-Pin PDIP 0°C to +70°C
TC429EPA 8-Pin PDIP -40°C to +85°C

TC429MJA | 8-Pin CERDIP | -55°C to +125°C

Package Type

8-Pin PDIP/CERDIP

S

vop [1_[® L& ] vop
INPUT IZ_LDO‘EE OuUTPUT
ne (3] [ 6 ] ouTpuT

GND [ 4 TC420 5] anD

NC = No internal connection
NOTE: Duplicate pins must both be connected for proper operation,

General Description

The TC429 is a high-speed, single CMOS-level
translator and driver. Designed specifically to drive
highly capacitive power MOSFET gates, the TC429
features 2.5 output impedance and GA peak output
current drive.

A 2500pF capacitive load will be driven 18V in 25nsec.
The rapid switching times with large capacitive loads
minimize MOSFET transition power loss.

A TTL/CMGS input logic level is translated into an
output voltage swing that equals the supply and will
swing to within 25mV of ground or Vpp. Input voltage
swing may equal the supply. Logic input current is
under 10pA, making direct interface to CMOS/bipolar
switch-mode power supply controllers easy. Input
“speed-up” capacitors are not required.

The CMOS design minimizes quiescent power supply
current. With a logic 1 input, power supply current is
SmA maximum and decreases to 0.5mA for logic 0
inputs.

For dual devices, see the TC426/TC427/TC428,
TC4426/TC4427/TC4428 and TCA426ATCA427A/
TC4428A data sheets.

For noninverting applications, or applications requiring
latch-up protection, see the TC4420/TC4429 data
sheet.

Typical Application

© 2002 Microchip Technology Inc.
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TC429

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings*

Supply Volage ......ccooviiiiiie et +20V

Input Voltage, Any Terminal
................................... Vpp + 0.3V to GND - 0.3V

Power Dissipation (T < 70°C)

PDIP
CERDIP
Derating Factor
PDIP....oieiee 5.6mW/°C Above 36°C
CERDIP ..o 6.4mW/°C
Operating Temperature Range
C Version.......ccovveeccennceenin e, 0°C to +70°C
E Version..............cccevvecneiiieenns -40°C to +85°C
MVersion ..o -55°C to +125°C
Storage Temperature Range............... -65°C to +150°C

TC429 ELECTRICAL SPECIFICATIONS

*Stresses above those listed under “Absolute Maximum
Ratings" may cause permanent damage to the device. These
are stress ratings only and functional operation of the device
at these or any other conditions above those indicated in the
operation sections of the specifications is not implied.
Exposure to Absolute Maximum Rating conditions for

extended periods may affect device reliability.

Electrical Characteristics: Ty = +25°C with 7V <Vpp < 18V, unless otherwise noted.
Symbol Parameter Min l Typ l Max I Units | Test Conditions

Input
Vin Logic 1, High Input Voltage 2.4 18 — \
ViL Logic 0, Low Input Voltage — 1.3 0.8 v
In Input Cumrent -10 — 10 WA OV <ViN<SVp
Output
Vou High Output Voltage Vpp - 0.025 — — A%
VoL Low Output Voltage — — 0.025 \
Ro Output Resistance — 18 25 Q Viy = 0.8V,

lout = 10mA, Vpg = 18V

— 15 25 Q Vin =24V,

loyt = 10mA, Vg = 18V
Ipk Peak Output Current — 8 - A Vpp = 18V (Figure 3-4)
Switching Time (Note 1)
tr Rise Time — 23 35 nsec |Figure 3-1, C; = 2500pF
& Fall Time — 25 35 nsec |Figure 3-1, C| = 2500pF
o4 Delay Time — 53 75 nsec |Figure 3-1
to2 Delay Time — 60 75 nsec |Figure 3-1
Power Supply
Is Power Supply Current — 3.5 5 mA Vin=3V

— 0.3 0.5 Vin =0V

Note 1: Switching times ensured by design.

DS21416B-page 2
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TC429

TC429 ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Over operating temperature range with 7V < Vpp < 18V, unless otherwise noted.

Symbol Parameter l Min l Typ ] Max l Units l Test Conditions
Input
ViH Logic 1, High Input Voltage 2.4 — — Vv
Vi Logic 0, Low Input Voltage — — 0.8 Vv
N Input Current -10 - 10 HA oV VNS Vpp
Output
Vau High Output Voltage Vpp —0.025 — —_ Vv
VoL Low Cutput Voltage — - 0.025 "
Ro Output Resistance - - 5 Q Vin = 0.8V,
loyr = 10mA, Vpp = 18V
— - 5 Q Vin = 2.4V,

IOUT = 10mA, VDD =18V

Switching Time (Note 1)

tr Rise Time — — 70 nsec |Figure 3-1, C, = 2500pF
te Fall Time — — 70 nsec |Figure 3-1, C, = 2500pF
teq Delay Time — — 100 nsec |[Figure 3-1
tpz Delay Time - - 120 nsec jFigure 3-1
Power Supply
Is Power Supply Current — — 12 mA ViN =3V
— — 1 Vin = OV
Note 1: Swilching times engured by design.

@ 2002 Microchip Technology Inc.
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TC429

2.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 2-1.

TABLE 2-1: PIN FUNCTION TABLE

Pin No.
{8-Pin PDIP, Symbol Description
CERDIP)
1 Voo Supply input, 7V to 18V,
2 INPUT Control input, TTL/CMOS compatible logic input.
3 NC No connection.
4 GND Ground.
5 GND Ground.
6 OCUTPUT CMOS totem-pole output, common to Pin 7.
7 CUTPUT CMOS totem-pole output, common to Pin 6.
8 Voo Supply input, 7V to 18V.

DS21416B-page 4
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TC429

SWITCHING TIME
DEGRADATION DUE TO
NEGATIVE FEEDBACK

FIGURE 3-3:

18V

TEK Current

Probe €302
_K\To oV
— 0.1uF

2500pF

1 \Y
Logic
Ground ?
BA
300 mv l PC Trace Resistance = 0.05W
Power
Ground

3.3  Input Stage

The input voltage level changes the no-load or
quiescent supply cumrent. The N-channel MOSFET
input stage transistor drives a 3mA current source load.
With a logic “1" input, the maximum quiescent supply
current is SmA. Logic “0" input level signals reduce
quiescent current to S00pA maximum.

The TC429 input is designed to provide 300mV of
hysteresis, providing clean transitions and minimizing
output stage current spiking when changing states.
Input voltage levels are approximately 1.5V, making the
device TTL compatible over the 7V to 18V cperating
supply range. Input current is less than 10pA over this
range.

The TC429 can be directly driven by TL494, $G1526/
1527, 5G1524, SES5560 or similar switch-mode
power supply integrated circuits, By off-loading the
power-driving duties to the TC429, the power supply
controller can operate at lower dissipation, improving
performance and reliability.

PEAK QUTPUT CURRENT
TEST CIRCUIT

FIGURE 3-4:

gy
18V

TEK Current
Probe 6302
ov

O.1pF

34 Power Dissipation

CMOS circuits usually permit the user to ignore power
dissipation. Logic families such as the 4000 and 74C
have outputs that can only supply a few milliamperes of
current, and even shorting outputs to ground will not
force enough current to destroy the device. The TC429,
however, can source of sink several amperes and drive
large capacitive loads at high frequency. The package
power dissipation limit can easily be exceeded.
Therefore, some attention should be given to power
dissipation when driving low impedance loads and/or
operating at high frequency:.

The supply current versus frequency and supply
current versus capacitive load characteristic curves will
aid in determining power dissipation calculations.
Table 3-1 lists the maximum operating frequency for
several power supply voltages when driving a 2500pF
load. More accurate power dissipation figures can be
obtained by summing the three power sources.

Input signal duty ¢ycle, power supply voltage and
capacitive load influence package power dissipation.
Given power dissipation and package thermal resis-
tance, the maximum ambient operation temperature
is easily calculated. The 8-pin CERDIP junction-to-
ambient thermal resistance is 150°C/W. At +25°C, the
package is rated at 800mW maximum dissipation.
Maximum ailowable chip temperature is +150°C.

DS521416B-page 6
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TC429

3.0 APPLICATIONS INFORMATION FIGURE 3-1: INVERTING DRIVER
SWITCHING TIME

31 Supply Bypassing TEST CIRCUIT

Charging and discharging large capacitive loads Vpp = 18V

quickly requires large currents. For example, charging o)

a 2500pF load to 18V in 25nsec requires a 1.8A current [

from the device's power supply. I 1uF 1 0.1uF
'1_”3 I M I

To ensure low supply impedance over a wide frequency
range, a parallel capacitor combination is recom-
mended for supply bypassing. Low-inductance ceramic
disk capacitors with short lead lengths (< 0.5 in.) should Input oi—{>o— 6 Output
be used. A 1uF film capacitor in parallel with one or two 7 I

0.1pF ceramic disk capacitors normally provides

adequate bypassing. TC429 :E 1 = 25000

4 5 .
3.2  Grounding l—i B are wave

= tRISE = tFALL S 10nsec

The high-current capability of the TC429 demands Y o0
careful PC board layout for best performance. Since N7
the TC429 is an inverting driver, any ground lead Input
impedance will appear as negative feedback which can ov e 1o —T—
degrade switching speed. The feedback is especially f 1 ]
noticeable with slow rise-time inputs, such as those 18v 20% ] ~ 00%
produced by an open-collector output with resistor pull- Output Z
up. The TC429 input structure includes about 300mV of OV e 10% — ——10%

hysteresis to ensure clean transitions and freedom

from oscillation, but attention to layout is still
recommended. FIGURE 3-2: SWITCHING SPEED

Figure 3-3 shows the feedback effect in detail. As the
TC429 input begins to go positive, the output goes
negative and several amperes of current flow in the
ground lead. As little as 0.05Q2 of PC trace resistance INPUT
can produce hundreds of millivolts at the TC429 ground
pins. If the driving logic is referenced to power ground,
the effective logic input level is reduced and oscillations
may result.

Ya

To ensure optimum device performance, separate
ground traces should be provided for the logic and
power connections. Connecting logic ground directly to
the TC429 GND pins ensures full logic drive to the input
and fast output switching. Both GND pins should be
connected to power ground. TIME (100ns/DIV)

VOLTAGE (5V/DIV)

C| = 2500pF
Vg =18V

| I
/ 100ns

o s | o

NN

C| = 2500pF |
Vg=7V

VOLTAGE {5V/DIV)

\ OUTPUT

5V 100ns
1 1

TIME (160n&/DIV)

© 2002 Microchip Technology Inc, DS21416B-page 5



TC429

Three components make up total package power
dissipation:
+ Capacitive load dissipation (P¢)
* Quiescent power (Pq)
+ Transition power (P1)
The capacitive load-caused dissipation is a direct func-
tion of frequency, capacitive load and supply voltage.
The package power dissipation is:

Pc=fC Vg2
Where:

f = Switching frequency

C = Capacitive load

Vs = Supply voltage
Quiescent power dissipation depends on input signal
duty cycle. A logic low input results in a low-power

dissipation mode with only 0.5mA total current drain.
Logic high signals raise the current to SmA maximum.

The quiescent power dissipation is:
Pa=Vs(D () +{(1-D) I}

Where:
Iy = Quiescent current with input high {(5mA max)
k. = Quiescent current with input low

(0.5mA max)
D =Dutycycle

Transition power dissipation arises because the output
stage N- and P-channel MOS transistors are ON
simultaneously for a very short period when the output
changes.

The transiton package power dissipation is
approximately:

Pr=fVg(3.3x 102 A+ Sec)

An example shows the relative magnitude for each
item.

C =2500pF
Vg =15V
D =50%
f = 200kHz

Pp = Package power dissipation = P¢ + P1 + Pg
= 113mW + 10mW + 41mW
= 184mW

Maximum operating temperature = T, - 8,5 (Pp)
=125°C

Where:

T, = Maximum allowable junction temperature
(+150°C)

85 =Junction-to-ambient thermal resistance
(150°C/W, CERDIP)

Note: Ambient operating temperature should not
exceed +85°C for [JA devices or +125°C for

MJA devices.
TABLE 3-1: MAXIMUM OPERATING
FREQUENCIES
Vg fuax
18V 500kHz
15V 700kHz
10V 1.3MHz
5V >2MHz
CONDITIONS: 1 CERDIP Package (8,, =150°C/W)
2. Ty =+25°C
3. G = 2500pF
FIGURE 3-5: PEAK OUTPUT
CURRENT CAPABILITY
SVDIV T NPUT
500mV/DIV
(5 AMP/DIV) P
QUTPUT
Vg=18V _
R =0.1Q
1
5v 500mV Slp,s
TIME (5ps/DIV)

3.5 POWER-ON OSCILLATION

Note: It is extremely important that all MOSFET
Driver applications be evaluated for
the possibility of having High-Power
Oscillations occurring during the power-on
cycle.

Power-on oscillations are due o trace size and layout
as well as component placement. A ‘quick fix’ for most
applications which exhibit power-on oscillation
problems is to place approximately 10k{ in series with
the input of the MOSFET driver.

© 2002 Microchip Technology inc.
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TC429

4.0 TYPICAL CHARACTERISTICS

Note: The graphs and tables provided fellowing this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein are
riot tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified pawer supply range) and therefore outside the warranted range.

Rise/Fall Times vs. Supply Voltage  Rise/Fall Times vs. Temperature Rise/Fall Times vs. Capacitive Load

SO0 —T—T 60 1T 100 e e me|
| Tp=+25°C | Cy = 2500pF ETa = +25°C
CL = 2500pF Vpp = +15V Cvpp = +15¥
50 50 l
L3
o~ - = e
T fo ; L
- £ %_ £ 10 zar ot
b —]
w wl F w
E e \‘\ E 30 P Tt E
R
iy ki =
20 tr 20 [ =
-l
10 10 1
5 10 15 20 5025 0 25 50 75 100125150 100 1K 10K
SUPPLY VOLTAGE (V) TEMPERATURE {°C) CAPACITIVE LOAD (pF)
Supply Current vs. Capacitive Load Delay Times vs. Temperature Delay Times vs. Supply Voltage
70— 80— B —T—T
Ta= +25°C | CL = 2500pF |_Ta= +25°C
. 60 [—Vpp = +15V Vpp = +15V Cy = 2500pF
Z 80 _ 120
= 50 r /| 3
z Al 2 70 £ 100
40 < w
& AT A \\
3 = t 7 ~ \
O 30 - D2 py > N
> 400kHz [IU Al > 6o L < 80
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g 20 —H - o 7 8 N
D2
2 © 200kl:|z HIH 8 1 oy 0
20kHz i [~
I 1D1
(] 40 40
10 100 1K 10K -50 25 0 25 50 75 100 125 150 5 10 15 20
CAPACITIVE LOAD (pF) TEMPERATURE (°C) SUPPLY VOLTAGE (V)

Supply Current vs. Frequency Supply Current vs. Supply Voltage  Supply Current vs. Temperature

50 LRBLBLRLERR 4 T T J ] T T T
Ta=+25°C Hl Ptk | 4 Vpp = +18°C
Cy_ = 2500pF | Ap = =
T4 1 g [ INPUTLOGIC "1 > g 'k\ INPUT LOGIC "1" -}
E E E N,
uE.n 30 i E (/ E \\\
3 Vpp=18Vy) o o3
> 20 / > >
& /A 2 3
) Z 5 5
10 T w 7]
‘ Y|sv
0 A ,
1 10 100 K o 4 8 12 16 20 7550 -25 0 25 50 75 100 125 150
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TC429

TYPICAL CHARACTERISTICS (CONTINUED)

Voltage Transfer Characteristics

High Output Voltage vs. Current

Low Output Voltage vs. Current

400 v 400 v
2 Ta = +25°C Ta =+25°C Ta = +25°C
HYSTERESIS
=310mV £y y 5
s1s — E 300 E 300 4
w w Vpp =5V W
g 1| & g
5 300my = 200 <5 200 ~
o110 =] 10V A 15V 1 O /
=2 =
E 200mv E / /é v | B —tl
5 —— 4 ¥ 100 re = 100
° 5] o
A Y
0" 025050075 1 1.251.501.75 0 20 40 6 80 100 0 20 40 60 80 100
INPUT VOLTAGE (V) CURRENT SCURCED (mA) CURRENT SUNK (mA)
Thermal Derating Curves
1600
a0 T J | 1
[~~4._8-Pin DIP
g 1200 P
E “q-pPnCERDIP ™
@ 1000 o]
w ~ [ [~
z Y ™
o <
a ~ta ™~
3 o TR
s e ,_\
200 R o o
]
0 10 20 30 40 50 &0 T0 0] 0 100 110 120
AMBIENT TEMPERATURE (-C)
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TC429

5.0 PACKAGING INFORMATION

51 Package Marking Information

Package marking data not available at this time.

5.2 Package Dimensions

8-Pin Plastic DIP

PIN 1
F”nnn,[

( 260 (6.60)
240 (6.10)

045 (1.14) 070 (1.78)

.030 (076)“’] L -—l I'_o40(1oz S0 (7,87
e .400 (10.16) —odf 290 (7.37)
1348 (8.84)

200 (5.08)
140 {3.56) { 040 {1.02)

020 (0.51) 015 (0.38) _—
150 (3.81) 1 .
115(2.92) [ ]-r 1 008 (0.20)
—-l P |- 400 (10.16)

310 (7.87
110(279) 022 (0.56) (787)
090 (2. 29) 015 (0.38)

[ 1

Dimensions: inches (mm)

8-Pin CERDIP (Narrow)

110 (2.79)
090 229) o1
| m 1 r/_
7.62
2% Es.aa}
M
055 (1.40) MAX. — I—— ——I-——,020(0.51)M1N.
400 (10.16) 320 (8.13)
L 200 (7.37)
T Q0102
200 (5.08) . 4 020059 SRS
160 (3.06) i
! 015 (0.38) .
150 (3.81 3° MIN.
6 S ' oo (020) 4
__lL |__.4oo {10.16)
320(8.13)

065 (1.65) .020(0.51)
045(1 14) .016 (0.41)

Dimensions: inches {mm)
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Sales and Support

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and reacom-
mended workarounds. To determine if an errata sheet axists for a particular device, please contact one of the following:

1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current infarmation on our products.

© 2002 Microchip Technology Inc. DS21416B-page 11
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NOTES:
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Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. it is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such informaticn, or infringement of
patents or other intellectual property rights arising from such
use or otherwise, Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyad, implicitly or otherwise, under any intellectual property
rights.

DNV MSC

DNV Certification, inc.
USA The Hetherlands

>

ANSI-RAB £
~

DN

1S0 9001 / G5-9000
REGISTERED FIRM

ams * (
N’

Accreditad by the RvA

Trademarks

The Microchip name and logo, the Microchip logo, FitterLab,
KeeLoa, microlD, MPLAB, PIC, PICmicro, PICMASTER,
PICSTART, PRC MATE, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

dsPIC, ECONOMONITCOR, FanSense, FlexROM, fuzzyl AB,
In-Circuit Sernal Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
MXDEV, PICC, PICDEM, PICDEM.net, fPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorperated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a servica mark
of Microchip Technolegy Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

f‘? Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
daesign and wafer fabrication facifities in
Chandlar and Tempe, Arizona in July 1999
and Mountain View, California in March 2002,
The Company's qualily system processes and
procedures are QS-8000 compliant for ils
PICmicro® 8-bit MCUSs, KEeLoa® code hopping
devices, Serdal EEPROMSs, microperipherals,
non-volatile memary and analog products. In
addition, Microchip’s quality system for the
design and manufacture of davelopment
systems is 1SQ 9001 cortified.
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WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 Wast Chandler Blvd.

Chandler, AZ §5224-6199

Tel: 480-792-7200 Fax: 480-792-7277
Technical Support; 480-792-7627
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