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ABSTRACT
This senior presents the design and construction of a unit step voltage

generator by using microcontroller to control the operation of MOSFET. Voltage
signal is required to drive the MOSFET to operate as switches in this equipment.
TC44229CAT gate drive is used to minimize the rise time of MOSFET BS170 that has
10 ns of rise time to be 5 ns of rise time at 50 v of the operated voltage and this
equipment can generate the stable operating voltage level for 100 ps. This
equipment is constructed for test the resistive voltage divider that has the resistance
lower than 1 k@ in high-voltage laboratory. Experimental results show a good
agreement between parameters of unit step voltage waveform from the unit step

voltage generator and the parameters standard defined by IEC 60060-2 [1]
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o 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time (s)

JUN 2.4 nymanuduiusseninaussiulnihvesingnageu (V) funan ()



99.5~

89

Vioad (V)
S

98.5 —
98

97.6 - s r N r ] Fa r i
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time (sec) b 10-3

JUR 2.5 nsmipuduiusseriraussiuliveasingnaaeu (V) Auna (t) anisdang

2.2.3 AUAUNIUIINANTELADAUTLY

Tumedfdamluiuiinsimuasiuauadslumssaszy msrznsliiniediolidausey
fednsniniull dewilhienadesdesufiusey msensdauseguannedauu dns
Wavuwlasssiulifuaznszualiiihogusai dufenisivdsuwiasedesaniiives
aunilit wazauuwindnlnidiinadonsdusznaveaaiasiuialusuaiunmuse
wsaslainvderueseaaualiih Juildargnislérumesesdusznovduas dnnsda
Usggarrsaidesiiiulifiviurias madausequunefiamsaedsyaiieituiu nsdiadnsnis
snuszphldlagldanusnunusitanssuadauszq () Tsweaynsuduszvdnaumadngiuin
nszuanssfiuifiuvdsey () Tiflengannwe tielildnszuasnusegiiiandfoliliiuidanseua
vosumasteliihnszuanss (U) Seduagiudmaiiaussiudausey glajmiﬁuﬁulﬂ AINTZUA

o = a v, av 5 | v as i
dnUsygadioulsng i=c — azluAn R, o1amladaaun1sn 2.3
dt

Rl &= (2.3)

wazilnuamussussdulnindauszguasdinnulsegld wszanusiuniu R,)  dudeedy
o o 1Y) o o 4w g o o v Y w
wsanuluirAuussiulnidausgnnvuaiiafiiulssgoaussPaNLET UaNINUURDY

o = |

< 1 & s &/ a W = o o L =l &/ 1 =4
denalovuuazusuliuddaosiiladsrmmatinivenisdnuseadnmeg nanhe A

1/

Funu (Ry) sleanusienseuadauslagegn

U o



2.3 uadnn (MOSFET; Metal Oxide Semiconductor Effect Transistor)
wodwn (MOSFET) Ao wsudainesilyandwaauininilunisavaudyayalngal

29smglunanalafagui 2.6

S
JUN 2.6 Magrewoane

NFUN 2.6 ueawnUssNOUAIY 3 dau Ao
1. 1w (GATE) Wuduiminunanneenlasusslans lanvadeliiinanusiefndanasey

sEwinuHuansuduie adiauininrenugumsitieanvedyyadlni
2. ¥93d (SOURCE) \Wudunnidwesduaiu
3. @3 (DRAIN) 1Uudiuresnvesdoein

2.3.1 Ysztanuad MOSFET wuslagmulasiadeanunsaundseanlaiu 2 sfinfe

2.3.1.1 fiwA%u (Depletion)

MIvhaLsmoaaLUURwaTY #a15n91n3y iuinniiussiuduay dladisuiven
¥o3d %ﬁﬂﬁﬁﬂs:qamﬁﬂﬁuﬁmmw LLasLﬁﬂUssqmmmng%umaﬁwﬁﬁmmu%ﬁﬂau
oonled dwaliidomsiduiiiioginsivunnanas vildvesinesewinwasu wavesesa mniy
ﬂ'izu,aawlwa‘lﬁﬁaaaqmmmLLﬂmalﬁﬁaguﬁ ..

sU#l 2.7 MOSFET uuu Depletion



2.3.1.2 @UsULLUR (enhancement)
NIV TUYDIUDANA LU ULBUBIUTLUUA LU D99INTENINNAT LA UN VAT ULA L FD 5 S

Wuasit Gauandnanueamauuuanddy vilide deussduvandhiiviinmaninuszgauiu
o Ve o 4' -:-Il [ .d' « o v =g ] v -3 v 5

lwdlanassulAfouinnansidunvigesaundunsuls aviliusamayinauld saluusama
wuvtazinnulaneslequseduiu MU uLs IR UL LaZLSITEUINNTINY Larsesd

(Vgs) Atloulsiiisiasiianunnnia Ves (th) (Gate Source threshold voltage) annsauandlafagy

728
o
i_s Ve
o
2 *J
35U 2.8 MOSFET wuy Enhancement
2.3.2 Usstnnued MOSFET wudlngnuviinuaansiudamasaiuisanussaniadu
2 vinAa

2.3.2.1 nMOS (negative MOSFET)
nIudamesUssnnuiiou (NPN) evdesmuidndge svinauniniluiaes
atausa laalu p-type azgnudnaagsiiuan Ussnauivildidnaseudasyursdrugngaiuly

Auuy dmaliuiiaiuuuiibidnaseudassunnaudiu ntype TiSundawrunua (channel)
duarlnihfszivaiiutrsusunuaiidadu ntype  wilsuduinsunazveialalaeld

|

o

slannseudasuiunmveuansdaguii 2.9

nMOS

gﬂﬁ 2.9 dydnwal nMOS



2.3.2.2 pMOS (positive MOSFET)

NudamesUszinfildun (PNP)  edausnsdndsmiaduau (aunylwiiiseu)
dyaailvdserivasnvedaluinsuld nisviauves pMOS awvieunduiu nMos Tasidle
Yassanurwdnda (lasundinazfinav) ssiieauulniluiaduegauss sidnasoudaseluy
n-type azgnudnadagiuan Uszneviuileavisdugngatuluiuuy dewaliusio
v [ v a | o < ' ' L ps
auuuilaainaudu p-type lalsenitusunua dyunalvinfveivaniutiwsuwuaidadu
p-type wilaurtuinsunazeeialalagldleadunmenanssagui 2.10

1

pMOS

2.10 drydnwal pMOS

=n.

3y

WINWUIUTZLANRIuaaNala g lan e N1SLUINE 2 LUUADLUIMINLASIAS19UaTLUIRNY
vinvemsudane sudazannsowidlanarsviialagaesauyaudassiialsuandlusuil 2.11

5 S S S
G -y |
\ ¥ G ! G P-channel
D D D D
D D D
G { | o | G N-channel
— G g 4
S S S
MOSFET enh MOSFET enh (nobulk) MOSFET dep

JUH 2.11 209sauyavaaamauuuAnddu (dep) uaswuuidusiuiiue (enh)
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2.3.3 ANWULNITNIIUVDY MOSFET
dnwnzn1Ivuseantazldluinang drevasueauadns  Useian n-channel
enhancement mode wanafisgufl 2.12 ieanudresenisidila Fdduannuluaiesiinn

FUFauLINAINY

- H_
I_

sUM 2.12 luinaat i vesuoam

NM3YI9LTaILRAMRLUATLSawenaan WY 3 B39n15HnaIunleiuAe Y429 Cutoff,
i | . 1 =t pd s as Po— a =
%74 Linear region Waz419 Saturate FI93YUBLNUILAVUTIAUNTILAAINIGUN 2.13 uay 2.14

50 T T T i T
; ’ N ¥ o =T
= 40 | -~ dnearregion— AL — S - .
g C . 5V 1
£ 30 F } , .
=] = i
) - | 5V ]
0 20 F ‘ ; - :
— - t samuratonregion —
8Ot | 4V
4 i )
& 10 | i 3V
r / ' 5 1
. ,' 1V |
U T , o 1 T A —
0 2 4 6 8 10

Drain to source voltage [V]

SUM 2.13 N5 1V curve YosuaLs

G
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Vos < Vis- Vi

Source Gate
Vo Viy
e

Linear operating region (ohmic mode)

Vos = Vas- Vi Ve > Vas- Vi
Source Gate Drain Gate Drain

Saturation mode at point of pinch-off Saturation mode

JUN 2.14 dnwagnainnuvaseain

2.3.3.1 Msvinnuaeaveew (cut off)

O Ve < Vi 108 Voo ADUSISUSENINUUANUALLRTA LAy Vy, ADUTIRU
threshold wasgunsal  lutaamsyeninuimsudanesazlivham waghifimsihnszua
sy asulazeesa lulunadiianududeunintuasinnsanarendaua I doures
w198 8 nnseuiineesaindsnuuiniudoussiludiesy wadldde
Anszud threshold Saduilsrdtudnlunuudeavasusiusenitsinmuazyvesa Tunisgau
ﬂfmé'hﬂszuassijwmmasmmmséfaqﬁﬂ"xLﬂuqumﬁawiﬁu%amaﬂzjﬁwmum’lumaﬂ.ﬁﬁ’ﬁ
ﬂﬁUﬁﬂiSLtﬂlﬂﬁgBUﬂﬁwLﬁﬂﬁﬂﬂ%ﬂU’Nﬂ%ﬁQﬂﬁUﬂ’ﬁ sub-threshold leakage nszualuatioundu
Hannsauszanaldesaunisi 2.4

Vas-Vih

Ip%lpe ™7 (2.4)

Wy Iy, AB AINTEUELD Ve = Vi, WasLSIAUNT Ve =KT/q

WAZAIPINTENBUAILTY (n) MNLARIELNITA 2.5
n =2 + Cy/Cox (2.5)

e G fo Armnuqlnfvestu depletion
Cox AR AANIinfvestusenlen



12

2.3.3.2 N394 Linear region
P | a & ° = )
ELAALID Vig > Vi, 88E Vps < (Vs - Vi) MMTa00IHNTvnnuLazinisasauumLug
Tnszuaaunsalvadiuaasulargesals uodmnazyinauadieAuseunIusIvaggn

AUANTABLIIUNY ANYDINTEUATILYATENINVNATULAY YV IMD TAANINTOALIAAIANNNTT 2.6

2
W Vs

ID: Uncox: [(VGS_Vth)VDC_T] (2.6)

T i Ao charge-carrier effective mobility
W Ao ANATINUBIVIAN
L Ao ALYV UAY
Cox AB @iﬁmmﬁﬂw%aaﬂhﬁﬁmLﬂwiwﬁwmuﬁuﬁ

2.3.3.3 N15¥1N91UY79 Saturation
AAEID Vs > Vi 88E Vos = Vee - Vi) TunSillladngazyinnuuaziinisasausuuua
FutialinszualvanIusEnINT AT ULALTaSA LTS IAUNVUATULAININAINNVILAN

[ '

Siannsauazunsnszaremvenil msulniasldduifsdlulrunuanauquaazninagy
wmnsaltlizendn pitch-off TunslitnssualnsuIslA1TUogNULTINUNYVUATULALNTAIUAN

sugudsannsosnaldsauni 2.7
HncoxW 2

lng A Gh channel-length modulation parameter

2.4 29957 W lunsdusoaing
gunsailieusenIsuas (Opto-lsolator) wieiliiuniteaulsfuiuaes (Opto-Coupler)

uARIRagUN 2.15

g ) S, J (R0

(+) »

(+)

5UN 2.15 29958unoae
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2.4.1 gunsali¥audansna (Opto-Isolator)

9N3UR 215 wansgunsniifousdenianas Opto-isolator) w3easuldiuivass
(Opto-Couplen) tHugunsaididnnseindildlunisifeunenisnalaslindnnisaoy
dyaralidudygrauas wardsundvanuaadulwiimuiy [dmiunsdeusae
dyauszwinasnasiveinmsuenmslnihegafiavaieteetunissuniufumaliin wis
sonlunarvvilaudazviinezUsznaumevaonueadi (LED) vuwiiideuasdsUndaniiuaiia
dunsanazinunaiidulnlimsudame svdolnldlaton lnsasgnuansuegludidieaiy

LﬁaomnﬁmuzgmmnmwgumnluiﬂiﬂauiwaLaa‘ﬂ;immsnﬂ'uuaatwaﬁﬁé’ﬂﬁ'ﬂmama Tu
nsTuInAvapaaigs (Power Mosfet) 9upsiinisanenszua (Sourcing) Waz AInNTrua
(sinking) oEhesaA3 leliiueamaasavialFiawtiageq Sisnududedldreesdinmed
A (double emitter-follower) $aUsznoushenudamesiduitiuuasfbuf fgu 2.15 Ty
winmsvenaaslunstuteaamds dnasoluil

1) Wonswdamesléudaniuiad mnlulasreulnsaass awilimsudaines
wanszua (turn on) ssvilbilaleaaaassinnu wazdsdygnlufesluaudiiavinisaeney
Fyorauiilés

2) Lﬁauiqﬁuﬁﬂuv&'wawwiﬁuﬁLLsaﬁuqu (high) NITUTALNDIAIVUILYNY dIUAD
auanzlivinny vaunsoueawaaansatinssuale

3) Weussiuidnnanstuian  (low) nsudamesiaisasyiau daufaduuuaylal
e Mlueawallannsminszuals

2.5 299338an52ud (Rectifier)

’Nﬁm‘%'aansxLtaﬁmwﬂwﬁwﬁﬁﬂmauﬂ'ﬁlumsLLané’cyfymﬂ'isLLaaé’U'lw'nawLUu
dyaaliiinszuanssdolinuanifveulnlniwanwlvluiiemalediienmisgunsuiden
Tlumsuwdasdyaralaun Talen

IC 7805

I~
L~

1 c § Rt

AC 37V [ 2200uF
220V

g'dﬁ 2.16 NISITEINTEUAFIMSUATIMLTIOU 5 V
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1INJUT 2.16 msadauseiu 5 Taad Tnensliesidosnseuauuuuinalagliniowas
wasusediuann 220 Taad Wy 12 Taad anmiuiiusesudaalaloafiowasudunssuansuas
T¥sufuuszglumsnseanseualiiFouudaninu IC wes 7805 tisudasussiuiiu 5 Taad vnluly
fold

dmiunisaiauseiu 15 e vguisndunisadrausesiu 5 Thad uslasuein IC
we$ 7805 u IC wes 7815

2.6 lulasmoulnsaiaes

2.6.1 lulasaaulnsaiaas (Microcontroller)

lulasmeulnsawass (Microcontroller) Asgunsaimuauuuaidnilldimuiuazdevuin
Tdnaswnanszuvaentiwes danuaiunsalunisusvanana fudn wazdndulasineg lae
annsadoulusunsuitarvuagluuunmsmunildeswdasy wianwnusiosnsvosldny
vilfasaluldanuununiasdidnnsetndidudeulsiuegnd drsaadiurugunsaluay
YUIAVBITEUY lumm:ﬁﬁ%mmmmmqaﬁu

2.6.2 drulsznavvaddulasraulnsatass

2.6.2.1 MheUssananananamiediy (CPU: Central Processing Unit)

wigUsvaananatmiedigvianiilunsAruan uisuszunadeya Inovinany
Tusunsuiduliumieausalusunsy

2.6.2.2 WA (Memory)

whemmdtEmsauiseonitu 2 @ fie mearufiTlidmiuiulusunsamdn
(Program Memory) iisuiaiiausninfaruaaiasnasiameialiy Aedoyalaq figniiulily
i ligameluwibifimdss Sndunildemizuanusidena (Data Memory) 1Hifunion
nszarwnalumsAnmesdfly wasiuiiindoyadansnuusien uininliflwEes doyar

gmeluadroiumieauusy RAM) luinsesraufiimesvialy usdwivlulaseeulnsaiaed

asielwi miremudadoyaasiianidunienususy Sedoyarzmeluidiolifindos uay
\Juddwson (EEPROM : Erasable Electrically Read-Only Memory) %ammmﬁu%’agalﬁmﬂﬁ
fildeq

2.6.2.3 dfieraiugunsalnigusn viewain (Port)

dwdnreiugunsninieusn wiawesn (Port) il 2 dnvmsAe wosndunn (Input Port)
wazwaindadynyrumvianainiadwn (Output Port) fhuﬁaz'l'ﬁ‘lumw?iamiaﬁ'uqﬂninimﬂuan
fodndudwiidrdunn [5miusewitaneindunaiiefudyy i 0199sfonisnaaing e
thludsznanauazdilunesmedwaitauaniua 1y msfnaiuomasnln sy
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2.6.2.4 f0avaiuvaIdnyye wiova (BUS)

flatduniansuanasudygudeyasewing By wihsauduasweimdudnuue
vasdedy g Sunwnnegnmeluibilasaeulvsaaes lnswdaludadoya (Data Bus) U
uanAa (Address Bus) wazU@nIuAu (Control Bus)

2.6.2.5 299sndindgyeyneuuniing

tutudiuvsensuiididguindndiunis (esvrnnisiiauditiadulusi
lulaspoulnsaaes ﬂs“‘ﬁuaqr‘fvmsﬁmum%’amx mnﬁmujrg'lzuu’lﬁmﬁﬂﬂuf‘iqa TINMILNITVININY
fazanunsavilafvudmalililasaoulnsaaeiiniu fammilumsusrnanagamludae

2.6.3 lulaspaulnsaiass PIC 16F877

McLRVppiTHY — [ U 40[] 4 RBIPGD
RAOANO €—p [] » 39 [] ¢ Reeipce
RataN1 4= [] 3 38[] € R8s

RA2IAN2Nref- 4— [ 4 37 [] 4> R84
RA3IAN3Nrer+ 4—p [ 5 36 [] € RBIPGM
radmockl 4= [ ¢ 35 [] ¢ RB2
RASIAN4ISS 4—p [] 7 ' 3 [] > Re
REORDIANS ¢—p [] 3 ~N 33[7] 4= RBOINT
REIWRIANG ¢—p [] o E 32[] ¢— Voo
Re2/CSIANT €—p [ 10 T3 31[] ¢— Vss
voo —p [ 11 A\ 0[] ¢—p ROTIPSPT
vss —p [ 12 O 29[7] ¢—p ROGPSPS
0SCHCLKIN —p [] 13 o 26 ¢—p ROSIPSPS
0SC2CLKOUT ¢— [ 14 27 [] ¢—p RO4PSP4
Reomiosormickl 4—p [ 15 2 [ ] ¢—p RCTRXIDT
re1miosicer2 ¢—p [ 16 25[7] 4— RCBTXICK
RC2CCP1 —p O« 24| ¢—p RCHSDO
ReaiscriscL 4—p [ 1 23[7] ¢—p RC4/SDUSDA
ROOPSPO 4—p [ 19 22[] ¢— RDIPSP3
RD1/PSP1 ¢—p L] 20 21[] 4~ RD2PSP2

sU 2.17 PIC 16F877

903U 2.17 Wulassairaneuenveslulaseeulnsaaes PIC 16877  a1ansa
wismsdnvsienisldauves PIC 16F877 ey 4 nqufie

1) naudrygranniing & 2 91 fis OSC1/CLKIN uaz 0SC2/CLKOUT

2) nguAuAu i 1 91 A MCLR

3) NuwesnBuNA — 1w i 33 1

a) nilrides i 2 11 Ao 11 Vss wSemnsmiduaye VoD viewilnides
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2.6.3.1 pauvdlulasaoulnsalaas PIC16F877

~N OB W -

)
)
)
)
)
)
)
)

(03]

9)

10)
11)
12)
13)
14)
15)
16)

fiendslunwueaduud 35 Ands

¥mnufoeadaiainosligagn 20 MHz

ivuneAuTlUsLATY Flash Memory 9u1a 8 K word (14 - bit words)
fimiheganudntoyauuy RAM 368 Bytes

fimihemudntoyauuy EEPROM 256 Byte

finsmovausdumesTmitaiun 14 una

annsaidenssun1sUeariutaya (Code Protection)

Hnuausendawd ey (Sleep Mode)

annsadendyeouniinilévatelnun XT RC Lareoadialnasndsanus
fifaftunssnwaiosnwnnsvineu 1éin POR . PWRT, OST, BOR uag WDT
N15LUSUNTUAITWILUY ICSP (ICSP : In-Circuit Serial Programming)
annsaveniilidsnssaud 2.0 Taas da 5.5 1a

YNV /O unazy annsniunazUassnseualagedn 25 mA

flluga Timer / Counter ¥ uiavan 3 § Timer 0,Timer 1 uae Timer 2
#luga CCP (CCP : Compare / Capture / PWM) 37u2U 2 %@

filuga Analog to Digital Converter AMNAZdUATUIA 8 U wag 10 Un 112

8 1N luAITN

17)

ﬁ‘[u@aﬁam'ﬁm{mmmu USART (USART : Universal Synchronous Asynchronous

Receiver / Transmitter)

18)

fiwosn 1/0 33U 5 wain laun wasn A, B, C, D, way E 197 1/O s3uiu 33 1



Ui 3
A1528NKUULAZUIZNaVUESS

nseaniuukazUsenavaaTasiliausulniutumvinnseenuuulaglivdnnis
wugnlumsdausealviuiuiudszauaglidmiivdssgmeyszaliel@iudygrugaruiu Jai
TinseeninTasiilauseiulnvisudulsznaudie 2 dwluglq fe 2995AIUALLAL995AAS

3.1 799511849

Rv S1 Sz
AN o —

Sl | e
220V

d lﬂl o ) s Il.:' =l
E‘IJ‘YI 3.1 N VTAUYAUDAATN ﬂ?LUﬂLL‘NﬂU‘IWﬁ’}EU‘UU BAENVILTUINIELLE

3.1.1 faLAiudseq

3.1.1.1 Mufivdseghnsesindanssdugudu ()

ﬁ’JLﬁUU‘Sb’i}'ﬁi}vﬂﬂﬁﬂﬂ‘i”ﬂ%ﬂﬂ')d’\]iﬂiamﬁdﬁu LaziruUszaliiuingnaaeuiiaasng
usefuzUTy Nha’rlﬂl‘dﬁl’lLﬂ‘UU‘i“’?'UUWBlﬁﬂIﬁ]ﬂﬁﬂWiBﬂ’)LﬂUU‘iﬁ]‘UUﬂﬁ‘Uz’J Hudafudseai
Pruanuagtaaugninfuliionts 2 41 fidnuandunsinszuen JJ‘Uuﬂﬂﬂ"iﬂ’J'lJJ*xllJ'lﬂIﬂEm'ﬂU
annsavuussliildiaus 6.3 Taadis 450 Taast Sarmnquavaunausssulniosiiuly
vuifiudseq

nsidenmdufivyszaildlunssondamiliuiingnaaouty dosisdusaiului
Intindauszafiseenslian snveuwaeiluundt 1 1dimunussduliilunisdaussauiniu
50 Toad daudafuszasdaamuussdildodatios 50 Taad uenaniflumssenuuusaiv
Uszquaalaseuil SedoarilianalunismedssaliiuTaamaaoulasiiusesiuliidiy
Uszqanasiisadniiosviounuazhianar mrnveuasuluunit 1 ldwuanalumsmelsey
wiriu 100 lulasiui

Rnanguinsmelszyuesiiivyszrlunesduduiiviaszuinmifiudssquagainy

AU lAANUFUNUS TENINULTPULALLIAIaNA1TT 3.1
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2

Vigag(t) = V_erc (3.1)

NNaANNsA 3.1 sEldrAiing (T) Wiy RC Tuniseenuuuvedlassuiinesnislsm
LﬁuUsuamaﬂivﬂmaﬁuiqﬁuﬁﬁaLﬁuﬂsvaaﬂauﬁﬂuﬁnﬁaa ﬁ’qﬁgu%'aaaﬂLLUU’Iﬁﬁhmﬁnmﬁﬁh
Wy 2000 mwaonammwumlumsmwsva wazanvauwaaluunil 1 Janfiazimadey
firtfoniian 1 Alaleviy Sannsaosnwuuimfivdsealdfaunsi 3.2

T =RC (3.2)
2000x100x10°° = 1000xC,
Cy = 200 pF

3.1.1.2 ffudszlunsasiSeansyua (C,)

fiiuUszgluasieansaua () dnthilluniseFaussiuilénnieenssanssuauuy
Wueduieliusadurisanainasesiiiinaudevuniuuay Judenvindidntnslaridui
L‘fjaamnG'hLﬁuﬂszq-uﬁm&én‘[m‘laﬁﬂmmnﬁaﬂ‘z’fﬁ'ﬁLﬁm}wqﬁ'ﬁmmnLﬁaﬁ'ﬂﬁl,l,iaﬁumaaﬂﬁ
ATEELINTgR wartnavesiuUsrdluisesFeenseuatianunsanlalng msvssanaan
ﬂ1sl:1mwﬁvi]'l,mwsmmﬂusmusu'uu fdw.fl*zjmwmnn'mmmmuﬂsva'[mw3mmmﬁmuﬁﬂ
Fuseanas 10 wiwandluanisi 3.3

C, =10x200 pF
C, = 2000 pF

lnglunisuszneuadieaselsvhnmsidenuunaiiediu 2200 pF

3.1.2 AumunuInianszLasaUszy

'lum':‘amﬂ's-'il'lwnumLﬂUUﬁu%uuluawuwsnmmmaalw'ﬁ'mummuﬂs Whlalagnss
\iean Nﬁ‘UE]x?ﬂ'iulLEﬂNﬁ'ﬁjmuL?Naﬂﬂ‘i“%ﬂuﬂdlﬂﬂLLﬂuNa‘llBQﬂ’i'iLUﬁEJuLLUaﬂE]EJ’N‘S')ﬁL'i’J‘UBQ
?iU’llJlWﬁﬂadNaL?IEJFIEJLI.‘I«TﬁQi]’IUITJﬁ’]LLﬂu‘mTMB’I Unﬁ'l-umu‘uaqmm'uU'ivaauaa Faiile asma‘h
4190y mm’luﬁaaﬂwmaqmm‘lumiaamwummmumumnﬂns suadnuse wuaaﬂu
ﬂ"rmmmsawamwaqma‘lﬂﬁw 1u‘[ﬂsw1uﬁ"[*uLtuaams"lwﬂfmmmmamnwuauﬂaqniuuaaau
uwlassy ﬂ‘ULlis‘iﬂﬁﬂd‘ﬂ’lﬂ'lJ‘lJN’I'U’Nf\]\JL‘iENﬂ‘i wa wazidenldniouvasiisnensy wald gaga
2 wanuwls C'N‘uuiNEJEJﬂtlUUﬂ‘i"LLﬂi)ﬂU'i“i)ﬂWl 1.5 WaNWUS @ns00anuuuAIUAIENINIINg
nszuadnUszqladsaunsi 3.4

]

Ry (3.9)

Ry

Ve
|
50

— = 34Q
15
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wanaNAIANEIUNILTLERsaunsT 3.4 wdalunislausaduniusesdiilad
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Annex C
{informative}

Step response measurements

C.1 General

Step response meaeurement ls a fradiional method to characterize an Impuise voltage
divider, an imputse oscllloscope or 3 digital recorder. Because there Is no direct corretation
between unlt step response parameters and correct measurement of Impuise voitages, i lost
Its role for the requirements of this standard, but remains kmportant for characterizing the
dynamic behaviour in connection with comparison measurements (£.4.2, 9.3.2) and especially
Tor the : 0t of dividess and Instruments. Fusthemmore it 1s applled for performance
checks of the dynamic behaviour (see §.5.3 and 8.5.3).

For the estimation of esrors In time parameter measurement by corvoiution (Anmex 0), the
precise knowledge of the unit step regponse I6 necessany.

C.2 Definttions tn addition to Clause 3

c21
:ate-rmca Ievel (impuise massurements only),

r#esan value of the slep response faken over the reference level epoch [see C.2.10 and
Flgure C.1a}, 1.e., over the range of 0,Sey,, 10 2r,

ROTE A mesmuting system muy beve moce thas ose refersrce lavw, for sxemple, {I iy hess Afetect scaie
factots fo¢ diffivent weviforme dow 10 ta vartilon of the tekaporia level (xee 35,4 ked Figuie & 5a).

€22
origin of & slep response,
a

Inidart whan the response curve firstly starts a monotonic ise above the ampifude of the
noise at the zero level of the (unil) step response (see Figure C.1a).

HOTE 1 in some cades the snlt sley rencoma atarts with e Indlel distosticn {Flgure G2). Tean ta origis
shoidd be debarmined s the crosting of the dewnward axiensios fram the peist of mancbafic Incremss of the usil
wlep tmpenia with the reo lise. The vl datsrtion mey be chitmciacltsd by o paaraier T, (inhis dstortion
tind} which cofraasonds 1o the partfel ate(s] betwedn e 2 Ine and e unll sbes Fedponie up ba o,

NOTE 2 All i tme velues {astep! 7y) ste messuiud from the adgn

c23
unit step responsa,

20
step response nommalized such that 3 reference level becomes unily and the zem level

remains zefo (Figure C.1a).

NOTE A mesturing syvines hat u Ul step rexporae fof anch refe esce lavel. The orign &, of the abeap tesponse
s idurrtical with 1hat of the usit Map deeposse.

C24
etep responss Integral,

!ﬁgy'aﬂnmoqtmdmm!mﬁue unit step respoase g{r) (see Flgure C.1b);



ISNEC 60060-2 © 2010

¢
T{e)= fll-e(rr. (c.1)
&
C25
?:mtnmnm response me,
value of the slep response integral at 24, -
=T ) (c.2)
C.2%6

partial responas tims,

maximum vae of the slep response Integral for r < 2., (5688 Figure C.1b) equal o the
shaded area In Figure C.1a

NOTE  Useasly I = 7j1,) whare £y 8 the ine whe= g(7 fral resches e 2nh emsitode {eea Fuygure G V).

Ca7

residual response time,

Tdt)

expenmenta response time 7, minus the value of the step reeponse Integral at some specific
time ¢, whese t, < 2v -

TRlET T (C.3)

c28

ovarshoot of the unif afep responss,

gm'ermce between the maximum g, (¢) and unity as a percentage of unity (Figure C.1a):
A,~100 % (g, (1} (C.4)

c23
settfing time,

&
shortest time for which the residual response tme Tr(f) becomes and remains 1ess than 2 %
of

[T —70r] < 00 (C.5)

Tor 3t values of t in the epoch from 0, to the longest time-fo-half value Ty, of the Impulse
voltage to be measured (see Figure C.1b]).

c21e

refersnce level epoch (impuise voitage only)

time Interval In which the reference ievel of the step response Is determined with Hs lower
limit being equat to 0,5 fimes of the lower limit of the m‘maﬁom { 0,5¢,.) and Hs upper
limit befng equal to 2 imes the upper limit of the nominal epoch (21, )

C.3 Circult ror sfep response measurements

The circult arangement used for determining the step r should be desciibed In the
mudwmmmuummﬁspmﬂemmw@ conditions.
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Sultabie circults are shown In Figure C.3. The prefemed circult [s shown In Figure C.3a where
the siep generator Is placed at a metallic wﬁ or at a melalic stip conductor at feast 1 m

wida, which serves as the eanih refum.

To generate the step the measuring sysiem ls supplied by either a slowéy rising mpulse ar a
direct voitags which Is ch drelay or a {see Figuse C.3d}. The followsng methods
of mppmgg:lm been mﬁ%ﬁ Shid 3 4 .

— by a refay with mercury-wetted contacts: this gives steps up to some hundreds of voits,

— by a uniform fleid gap In ar at atmospherc pressure with a spacing up fo some
millimetres: this gives steps up to several Kikovoits,

— by 3 uniform gap with 3 spacing up to some milllmatras under increased gas pressure: (his
gh'es staps up {0 some tens of kilovoids.

When the step s generated using a repetitive generator, the duration of the step, and of the
Interval between Eeps shall be chosen such that no addtlonal erors are Infroduced with

respect 1o a single pulse.

C.4 Requirements for the efsp response of a component

The component, normally a comweriing device or 3 recording measuing Instrament, ls
sub) o a voltage sbe?Eam its output s measured. The rse time of the appilled step
should be fess than 175 of the partial response time 7_. Slight smoodhing of the recorded dala
of the step response 1s recommended 1o reduce the Influence of smal oscillations and nolse
superimposed on the step response.

The unit step response within the sefected reference kevel epoch should not deviate from unity
by mare than £2 %. The umit step response, at the fime of ihe comesponding voifage
waveform, 1, used Tor the measurement of the assigned scale facior, should nof deviate from
the reference level by more than £1 % It r, used falls outside the range of the nominal level
epach. When a full Bghtning Impuise woitage ks used In defermination of the assigned scale
factor, 4 15 equal 1o 27, which s 2 times of the front time of the kmpuise. When a froat
cmppedgrxﬂngir?tlaevwagels,uaeﬂ. 1y 1 equal o 27, which s 2 times of the time fo
chopping of the mpulse. When 3 switching Impuise is used, 3, Is equal to 7, which Is the time
to peak of the Imputse. When a direct voltage Is used, 4 Is equal to foa ms. when and
altemating voltage Is used, 4 |s equal to one quarter of the period of the voitage.

For step response requirements. of impulse voltage reference measuring systems, see 10.2.3.
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e

Figure C_2 — A unlt-etep response g{s) showing an inttal distorfion
of intflal ai time T,

Figuta C.34 — Prafatred Figure C.3b — d for |
Arrangemant s ‘f:‘f::::l. i

. . re €34 - A typical step
Flgure G.3¢ ‘fmmm-m Intge Figu pemnmes Em"

NOTE G Ia the chopping davice 16 gesersts e step.
Figure C.3 — Suttable circults for sisp reaponse measuremant
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TLP 250
TOSHIBA TLP250
TOSHIEA Phofocbupler  GaAlAs fred & Phoio-IC

Transistor Inverter
inverter For Air Conditionor

Unk In mm
IGBT Gate Drive
Power MOS FET Gate Drive LT ¥

5

The TOBEIHA TLPSE0 conricts of s GaAlis light smitbng dicde xud a 5

izbagrated photodedectes
This unit ic S-desd DI packige:
P250 is suiiakle for gabe driming ciocuit of IGHT o« power IO8 FET

& Izput threchald correct: IF=SméAlman.}
¢ Supplr currext J00): 11eeflkegn ]
*  Supply voltage (Vook 10-35V
¢ Dutpat cuszext 0k 21 54 {pax ]
¢ Suritching time (plHiaH1) LEpclmxs |
«  Isclatiom veliage: 2500Vemalmiz )
¢ UL recofrizad: UL12T7, £l No EOT7340
¢ Ogption (D4 type
VDE agyrored: DIN VDEOBHLIDG. D2, cnctifcnte Neo 70823
Mawi=yes opazatizg snsalatics rcliage: BSOVEY
Higkest permizrikle oves voltage: S000Vps
{Ncde] Whoen a VDEO834 approved fype k nasded,
pisaca decignate the “option (DAY
¢ Orsapagedist e 0.4 fe==n )
Oleasnnca: e iz

Schmatic

Iy
-
2+ —a
o =+ d
% —o

A D 1F Bypiass cazelior must be
cofneated tetween pin B and 5 (See Note 5}

a
o

mn O

Truth Table
T Tz
input On o on
LED on of on

SEAMTA

TOIHIEA 11-1aC4
Welght 054 g
Pin Configuration (top view)
1[ s
2L 7
}::
3 [] s
4[] s

‘HC.
| Asde

NG

© Vo (Custpurt)
‘Vp
Vo

L-B B T R SRR S R
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TOSHIBA TLP250
Absolute Maximum Ratings {Ta = 25°C)
Charactetmte St Fatng (3140 §
Foneard curent i 20 A
Foreand covent detating (Ta 2 70°C) Ay fATa 03 i oo
[ [Peaiimnaiont formant curent (hoig 1) terr 1 &
Roverse volane 1 5 v
Jenation lEmpEtitae T 126 T
“Hpeak cpd criedt (R s 2 5.1 £ 1588Hz) (Mot T logwy -15 &
Lipeak output curert Py s 25,1 5 156H) [Mate 35 lapL +15 A
G (Tat & 7S it 35 v
voltige [
g (Ta = 85°C| 24
(Tas T 35
E Supply voltage - Yoo W
{Te = 85°C) 2%
Cegpot wollage derating (Ta x 707 AVt 8Te ~TE ¥ic
Supply wollage derating (Fa2 70°C) AVor FATe -B7E L
Jenaion iempentune T 125 <
Cpmataling frequaney {Hle 3} f 25 (i
Cperiating bempenaive rangs Tee -85 T
Slorage WMEa il rage Tz ~B5-125 o
Lewad eoldering pempesafune {104) {Mote 4} T 260 O
Bexlation willage {AC, 1w, RHS 60%) el 5 BV 500 Witre

Note 40 Puize wickh Pyy < 1us, 300pps.
Note 2: Exporenential wavefom

Node 3:

Notz 4. HE&E Z2mm or more from a lead root.

Node 5:

Not= &

Recommended Operating Conditions

fogether.

Exporenentis wavelom, lopy s ~1.0AL 5 2.5p5), log &+ 1.0 5 2.5u5)

Device considerd a bwo ferminal device: Pins 1, 2, 3 and 4 shorted fogether, and pinz §, §, 7 and £ shorted

A ceramic capachon!d. 1uF) should be connected from pin E to pin S to stablize the operation of the high

gak Besr ampifier. Fajure o provide e bypassing may impalr the switching proparty. The total ead
length between capactor and couper should not excesd fomi

Chanacterist Symbol Min Tyq Wax Urat
Ingast currerd, on {Heda 7} frpan T & ma
ingud voltags, of LT — ) - 08 v
Buppy volage Ve 18 — a0 | 20 v
Pesk outpet cureant omdicer | — — 05 A
Operating bemperatire Teer 20 2% 7 | & ©

Note 7: input signal rise Bme (Sall time) < 0.5 ps.




TOSHIBA TLP250

Electrical Characteristics (Ta = -20~T0°C, unless otherwise specified)

Tesd
Charastetatic Sy fﬁ_ Teal Conetton Mo Tos Max. Lt
npek forwand vollige Wy — | -t0mA, Ta=2EC 18 18 v
s o aam avpiaTa) — |w-0ma -~ | 28] = |wie
input reverse curnend ™) - Vi = 5Y, Ta = 26°C _— 0 pA
et caelanon Oy — V=g, =1, Taz2%'C e 45 0 pE
I = 10 ma
‘H’ M b&'ﬂ 3 L —4:“5 —35 -
Vpe =aov  |Vee- 4Y
Crtped ourment f% T A
® ] | i
L evel foey 2 Vg = 25 a5 3
o : Neot = #8560 Vg = 15
_ H" kewed Vit 4 Ry = 2000, by = 5t 11 i2& e
Outpedl wollage - v
. Vet = »35¢, Wegy = 15V ‘ "
L el Viow 5 |, =000,V = 0 & - -2 | -25
fca = 30V i = 10mA _ B _
S keen e Ta=I5C
= 3N g = Wenk — - ¥
Supply cument Vo = 30V i . k.
Voo = GOV, iy = OmaA e 5 \ ¥
LY kel leeL i Taz38'C
Ve = 3V i = O — —_ 1
Theeankd e “Crotpeat | Vegr = HIE Vegy = 18 4 4 "
CUTEE Lt i Ry = 2000, Vi » O - §* i ki
Thesulesld inp s “Oustpet P Viper = #15, Vg = 18V . A |
weage H—l! i FL = 2000, Wi < O e s
Supply volage Voo ol s 10 £ 35 v
Cars e — |vs=0 T=1MdH2 - a G =
(ing-oupat) Ce Ta= 36+ « " # i
Resistancelngu oot} Re |~ [Riiceom = o0 m | Wl | | o

" Al Grplcal values are at Ta = 25%C ("1 Duration of I time = SOps

- e a4 e e



TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Tent

Chansterite Syrobd *ii_ft— Teai Cordiion Men Typ* | Ma | Unsk
Propagaton L—H tois - 15 08
s H—t. to b =BmA e 7 s e | as

& Ve = 10V, gy = 218 £

Ontpes ries Brvee: & = 2000 P e i
Otyat fal tive ty e e -
TR Mricades rarséensd gy & GO & =
s . : - o = SOV y = EmA P — -
nmnundy o high beved Caa 7 Vior = A0V, Ta = 25°C 5000 Wips
Caamsire node transkent &
; ; Vg = 800V, Ig = Dma
Evarrundy of kow heved Cop 7 Ver = 3V, Ta = 35°C 8000 e — Wi

" All tplcal walues @ at Ta = 25°C

Medz T Input signal rise Sme (3l time) £ 0.5 us.
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TOSHIBA TLP250

Tt Cosl € G s, o, bty

l: | - lg —! L———————-——-
iy awF 1 veen ‘
°—[ 1T sw T Von &R
q LR ¥o—- e
1000 [ ]
1 Vi

Tt Cioi T Cragi, Chiy

.- _ BV
Vi / .
%% i t
—*L | —H Con o SE00

B¢ ] =B bty
Cont _ 4800y
Vo — o A s 1
Cra
BW B{lp=0)

CMLICHH] s the maximum rate of rise (fall] of the common mode vokage that can be sustained with the cufpot
voikape in the low (hgh) stabe,

P ——
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TOSHIBA TLP250
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE
* The irfomnation contaited hend & subjed to charge wthow ndtse

« The rfommadion cortaned harsn b presentsd Oy ik @ QUi for Tl apgdioalions of our procics. No rescorEiliity s asermed
h;memy.fuwﬁrrwuum«mmﬁmmmm&mmmum He liosnas
g‘-wmBv‘:iﬁﬂhnbnmwmm:rypweﬁmmwaTM&mm

« TOEHBA is contivualy working b imgeove the qually acd refabily of B prodocts, Newenlekess, seviondustte devcas in
parvial can maboneton o 18l due 1o thesr inherent dlectieal sensithdy and vuinerabdty 1o physical sirese. K b the responsibily
of the buyer, when uBizing TOBHEA producis, te eorrely with the stancurds of safety in making a safe design for the entire
wysiatr and to vedd aluaticos 0 which & mattaction o M of such TOSHIBA produdts cousd caliie lota of human B,
beaclily irgury o dimage 1o peoperty
nmvmummmmmmwa&mwwummmmuamnm
ol reoent TOEHIEA products apeciications Also, pfaase keap in mind the precedions asd condlions st Foth in the
“HandEng Guide for Eamicordutor Devices,” of "TCEHIEA Bemicarductor Refabity Handbook™ efs.

= The TCEHIEA products Red I this document are inereded for LsaQe In QuEnbd Eedinvnios apploRione jeompuen, personal
eqiipment, offos equiperenl, Meatuning aguipment, incuetial roboline, domestc aplaneed, ofr | Theke TOSHIEA prodics
are neiher tanded nor wamanied for Wase b equipiert Tl recsies exiresednarily high qualty andio refabily o &
mafunction o Taliire of which may cause kous of humaen Be o bodily iy (“Unindsnded Lhage'} Unintended Usage inddude
omic energy control bstruments, aiplane of spaceship Pstnments, trasscoration innFumenta, tafle signal retruments,
combustion contrdd Instruments, rvedical insrurmenss, af types of sadety devices, ez Unirdended Usage of TOSHEA paduts
Bt in this docurent shall be madke o the cstomenr's own sk

= The prodhucts descrbed i this SO ane subisct 1o e nEgn exchange and lrein ade W,

= TOEHEA products shokt not be embedded 19 the dowrsiream prodacts which we prohi bited %o be produced and sclc, under
any lave and regifations

. Mmm;nwwmm.mm«upuhmmuwmmanmay.mmuue,mmn«
ol chemicaly.
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TC4429CAT

MICROCHIP

TC4420
TC4429

€A HIGH-SPEED MOSFET DRIVERS

FEATURES
® Latch-Up Protected ... Will Withstand >1.5A
Reverse Qutput Current
M Logic Input Will Withstand Negative Swing Up
to 5V
m ESD Protected 4kV
m Matched Rise and Fall Times ....._...........25nsec
m High Peak Output Current ... .. 6A Peak
M Wide OperatingRange .o 43V to 1BV
m High Capacitive Load Drive ... 10,000pF
M ShortDelay Time oo Sonsec Typ.
m  Logic High Input, Any Voltage ... 2.4V to Vg
M Low Supply Current With Eogic ™" Input _ 450;:A
m  Low Oufput Impedance
m  Output Voltage Swing to Within 25mV of Gmuld
of Vi
APPLICATIONS
M Switch-Mode Power Supplies
m Motor Controls
m  Pulse Transformer Driver
m Class D Switching Amplifiers
PIH CONFIGURATIONS
Pin SOC
Voo [1] ® ] %o
3 T | Svemr
3 || TOM® 5] cvmwr
5 Vb :Iﬂn
@Yoo

J3
2

Cw=3pF

© 2001 Marochip Techrckgy inc.  DEGT4sGA

GENERAL DESCRIPTION

The TC44204420 are A (peak), singleoutput MOSFET
drivers. The TCA428 is an inverting driver {pin-compatible
with the TC428), while the TC4420 s a non-iwerting driver.
These drivers are fabricated in CMOS for loveer poveer, more
efficient operation versus bipolar drivers.

Bothdevices have T TL-compatible inputs, which canbe
driven as high as Ve + 0.3V or as low as — 5 without upset
of damage to the device. This efimnates the need for
extemal level shifting circuitry and its associated cost and
size. The output swing is rail-to-rail ensuring betier drive
woltage margin, especially dunng power up/power dovn
sequencing. Propagational delay time is only S6nsec (typ.)
and the output rise and fall times are only 28nsec (typ.) into
2500pF acress the usable power supply range.

Unike other dnvers, the TC44204420 are virtually
latch-up proaf. They replace three or moce discrete compo-
nents saving PCB area, parts and improving overall system
relfiability.

ORDERING INFORMATION

Temperature
PartNo. Logic Package Range
TC4420CAT Noninverting S5-Pin TO-220 0°C o +70°C
TCH420C0A Noninverting  &Pin S0IC OFCto +70°C
TC4420CPA  Noninveriing §-Pin PDIP FCto +70°C
TCA420E0A Noninverting B-Pin SOIC - 40FC to +85°C
TCA420EPA Noninverting E-Pin POIP —4FC o +865°C
TC44200A  Moninverting 8-Pin CerDIP  -25°Cto +85°C

TCA4200M3A Noninverting &-Pin CerDIP —55°C o +125°C
TCA429CAT  Investing 5-Pin TO-220 FC o +70°C
TC4426C0A  Inverting &Pin S0IC FCto +70°C
TCA429CPA  Investing &-Pin PDIP FC o +70°C
TC442920A  Inverting E-Pin SCIC - 40°C o +85°C
TCA429€PA  Inverting E-Pin POIP —40°C 10 +85°C
TC442001A  Inverting &Pin CerDiP - 25°Co +85°C
TC44200UA  Inveriing &Pin CerDiP - 55°C to +125°C
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TC4429
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6A HIGH-SPEED MOSFET DRIVERS

ABSOLUTE MAXIMUM RATINGS*

Pad:age Power Dissipation, T s 25°C

Storage Temperature Range ... —85C to +150°C
Operating Temperature (Chip) ....o.oooooo +1807C
Operating Terrpemm Ranga (Amboem]
C Version ... sriininin, B HO +7EPC
| Version . - 25°C to +85°C
E Vemm -..—40rC to +85°C
M Version . -...—56*C o +128°C
LeadTerpemﬁIe{deenng msec) v +300PC

“Static-senzitive device. Unused devices must be stored I conductive
materisl. Protect devices fom siatic dscharpe and statc Seds.
Sfresses above those lisied under "Absolute Mavimum Ratngs" may

5PinTC-220 {¥4ith Heat Sﬂk) ......................... 125N cause nent damage 1o Bhe device. Thess are siress ra o
Derating Factors [To Ambient} wm mdm&ﬂmummmumxﬂa:
POIP o oo N 8m-C above those naicated in the opertion sectons of the SpecTcaons 15
SGC Y & L Py | 4"-“!.1‘“0 ot impled. Exposure to absoluts madimomn rating conations for
CerDiP...._.... s BmeG  SIprlegtaekfeddenee RS
EPinTOZ20 ... wione, . VTN C
Thermal Impedances (i'o Case)
&-Fin TO-220 Rauc - 1PCIW
ELECTRICAL CHARACTERISTICS: T,=+25°Cwith 4.5V < Vi;n s 13V, unless othenvise speciied.
Symbol Parameter Test Conditions | Min [ Typ | | unit
input
Ve Logic 1 Hoh Inpus Voltage 24 13 - v
Wi Logic 0 Low Input Voitage —_ 13 GE v
Vire (M} Inpul Voitage Range -5 — | Yo 13 |V
line Input Currerit OV < Wy < Ve -10 —_ 10 BA
Outpat
Van Figh Outpatt Voltage See Figure 1 Voo— 0025 | — — v
Ve Low Output Vioitage See Aigure 1 = S oms |V
Ro Output Resistance, High lows = 10 MA,_ Vo = 18V I 21 23 o
Ro Oufput Restetance, Low lous = 10 MA, Vg = 16V — 15 25 0
lew: Peak Output Curent Vo = 18V (See Figure 5) —_ 5] — A
T L3t Up Protecion Duly Cycle < 2% 15 — = A
Withstana Reverse Current 1 < 300:52¢
Swatching Time (Note 1)
te Rise Time Figure 1, G = 2500pF — 25 35 nsec
i Fal Time Figure 1, C, = 2500pr — = 35 nseC
ten Daiay Time Figure 1 —_ 55 75 nsec
ters Detay Time Figure 1 —_ 55 75 nsec
Power Supply
[ Power Supply Current Vi =3V — 0.45 15 mA
Vi = OV - 55 150 A
Vo Opesating Input Voltage 45 — 18 v
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6A HIGH-SPEED MOSFET DRIVERS

TC4420
TC4429
ELECTRICAL CHARACTERISTICS: Measured over operafing temperature range with 4. 5V < Vpn £ 18V,
unless othenwise specified.

Symbol Parameter Test Conditions [ Min [Ty | Max [ Unit
input
Vi Logic 1 High Input Vioitags 24 — - v
V. Logc 0 Low Inpuf Valtage — — Y] v
Vi (Max] nput Voltags Range -5 — |Vee+03| v
bis llp(.ﬁ CurTent OV Ve = Voo —1d o 0 ey
Output
Ve High Output Voliaga See Flgure 1 Veo-0025] — — v
Ve Low Output Voltage See Flgure 1 — — | oges [ w
Ry OarfpuR Resistance, High Tour = 10MA, Voo = 18V = 3 s 7]
R Ourtpurt Resistance, Low Loy = 10MA, Voo = 18V — 28 -] (4]
Switching Time {Nate 1)
e Rise Time Flgure 1, C, = 2500pF — 32 &0 nsec
I Fal Time Flguee 1, G = 2800pF — 34 €0 nsac
e Delay Time Flgure 1 — 50 100 nssec
te Detay Time Figure 1 — 55 100 nsec
Power Supply
lg Power Supply Current V=3V — 0.45 3 mA

Ve =0V -_— 60 400 A
Vio Operating input Voltags 45 — 16 v
NOTE: 4. Bwiching times puaranézed by design.

Vpo =18V
/Ny
v
1 ]
0.ApF = — 0 1uF
meur 012 De 81 ¢+ ¢+ OouTPuT
1]
% Cy =2600pF
) = INPUT. 100 kHz, square wave,
Lo = by & TONZEC.

Figure 1. Bwitohing Time Te<t Ciroutt



6A HIGH-SPEED MOSFET DRIVERS

TC4420
TC4429

TYPICAL CHARACTERISTICS

Rise Time vs. Supply Voltage Fall Time vs. Supply Voltage  Rise and Fall Times vs. Temperature
120 100 80—
] Cy = 2300 pF
Ve = 18V
e L 80 - w0l
C{=10,000 pF \‘
~ B - CL=10000pF | . Lget]
o ¥ &0 oo ) —t= =
é o . S £ M — — E feau ]
g - Bl g 40 e ] 1= 4700 pF g’“ thase
- ¢ I ”!" T —f—]__]ce=2200pF
- N s e Sl 20 — 10
]
6 7 ¥ 1316 % 1 7 ] 1 13 % D-u 20 2 &0 100 140
Voo (V) Voo (V) Ta T2
F‘ropag.:tion De;'a(yagrm
Rise Time vs. Capacitive Load Fall Time vs. Capacitive Load vs. Supply Vi
100 - 100 &5
20 < 1]
A
d A 8 —
aa = . 80 ralE: \
E‘“ Vao=§"/ A4 PALL rf‘z" -
: =T £ " A % o \\ i
R i
=12V, Voo =12V, 2 —)
F " //\;:=1W g P e E“ \\
20 7 20 tat
\\__‘__
]
10 10 35
1000 10000 100 10,000 4 @ 8 1 12 14 1€ 13
CAPACITIVE LOAD {pF) CAPACITIVE LOAD {pF} SUPPLY VOLTAGE (V)
Propagation Delay Time ¥
vs. Temperature Supply Current vs. Capacitive Load Supply Current vs. Frequency
&0 ™ T 84 T TITTY 10040 | astril
*3::-”.::” ca ““’:’;'w Il = Cu= 220 pF = T
S - & pads
0 — L= e 8 ﬂ l 1 ﬁ F4I
e I | ov
= ik - i =: :
g LtTt04 B ] E" g ra
: i Bl
5 : 28 12 ] ot 10 u
- 10 ; 200 k2 J1H 5 —
® 1 =
1l i 7 it
20 1z 7} P
1] Y AT T Tl 0 14 H H
40 20 20 80 W00 14 0 100 1000 10,000 0 100 1000 10,000

T.i CAPALSTIVF | AN InFY FREMIFNGY kHA
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6A HIGH-SPEED MOSFET DRIVERS

TC4420
TC4429

TYPICAL CHARACTERISTICS (Cont.)

High-State Qutput Resistance

3
RS
o R
- |50 mna,
3 18 ma Y
-]
&
3
2
& 7 ® iy 13/
Vi (V)
Effect of Input Amplitude
on Propagation Uelay
20
LOAD = 2300 pF
i
180 -
i anil
|~
120 |- INPUT 24V 1~
R
& INPUT 3V LT
5 & —
& ] INPUT BV
|
§ T ey

o
6 8 7 &6 % 1011 12 13 14 16
Ve 00

2&

Boqr 1)

16

“w

-

Cramaormir Area (A8) 1 07
(5]

Low-State Qutput Resistance
N
N,
\uo ma
\Jq:l—
10ma \E
E 7 § M 18 16
Vpe V1
Total nA+S Crossover*
,I
e
//
pd
/
//
-

E 8 7 B B 10 11 12 13 14 16

IUPPLY YOLTAGE (V)

* Tre values on this graph represen
ﬂ‘!hnmby&nmdm
one compiets cyde. For a sihgie
tranzition, dvide the valus by 2
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6A HIGH-SPEED MOSFET DRIVERS

TC4420
TC4429
PACKAGE DIMENSIONS
8-Pin Plastic DIP rt/— P
L ¢ oy
c 250 (5,601
240 (5.4
i = sl
ssetsy | |‘_ _l ]‘_m (1.78)
30 (D76 “Na O3 _——
— A00 (10.16) —.| 20 @37
348 {8.84)
200 (5.08) [T
140 (3.58) 1 J_Lmuaz; i T
220 (0E1) 015 {0.38)
450 (3.81] i mam.lef"' n I MIN.
415 (2.92)
) _”_ |__.Auo<1ms]
A0 2T 2056 D (7.E7)
LeC 2250 Ms5p3ss
10275
8-Pin CerDiP ~| '_ PN 1
O r(_
b
30 Isu;
DE5 {1400 MAX. ——Il—mum.sum.
- A00 {10963 320 [B.13)
l -a a4 250 (7.37)
o D4AG {1.02)
mms.om] | o0 0.51) Al
-160 {4.05]
I' !; 015 (0.38)
%ﬂz'-'g g}] 150 (3.81) 008020y MmN
— ___L
._”_. _A00{10.16)
3A208.13)

Dﬁsuﬁ) 020 (051}
D45 (1.14) msmu

Dimensions: ches [mm)
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6A HIGH-SPEED MOSFET DRIVERS

TC4420
TC4429

PACKAGE DIMENSIONS (Cont.)

8-Pin SOIC

5-Pin TO-220

™

ﬂﬁﬂﬂi—[

A5 (359)
A50 (3.1} 228 (575}

T |
i -

DEQ {17} TYF.

+]

497 (5.00)

-DES {175}
D53 {135}

.020 {0.51) 080 (0.25)

D13 4033) 00L(0.10)
A15 {10,543
MTRE 330 391)
102 (2.£2) 156 {3.88)
{ 140 {3.58)
| DA
293 (748} =i ;
204 {‘5.15: i 6
37 {0.85)
£93(1295)
482 (12.2¢] L
PN § __072{1.83)
—'l D2 i15m

273 16.53)
263 {£.BE)

244 (820}

0104025}
TD:G’ {D.%E}

250 (127
D16 (2.47)
LBED WL D)
osspem_ |
245 (1.14) |
I
43 (1557) R
289 j1a.45) T ERLes.
_ |02 msey
012 (0.30)
1154292}
0E7 221} Dtmensions: Iches (mm)
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Philips Semiconduciors Product specification
PowerMQOS transistors IRFP460
Avalanche energy rated

FEATURES SYMBOL QUICK REFERENCE DATA

- Repefitive Avalanche Rated d

= Fas! gatiching - Vioes =800V

= Stabie off-eiate chamdleristics

» High thermal cyding perfomance _Q ; =204

. Lm -

Rpgoig = 0.27 2

GENERAL DESCRIPTION PINNING $0T429 (TO247)

Intemedmr mm-tmmtmad 1 |gae

es, T V. am
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LIMITING VALUES

Limiting valuss In accordance with the Absoluiz Madmum System {IEC 134}

SYMBOL | PARAMETER CONDITIONS MIN. | Max | UNT
W, Dvaln-source vaitage T,~25'Cin150°C - 00 v
e D@ 25Ciod \ 3 v
o [earas M ariaiih o By
y Continuous drain cument | T,, = 25'C; V,,, = 10V - 20 A
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THERMAL RESISTANCES
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MaX_ | UNIT

e | ThErmal resistancs nction - - | 0s | KAV
Al T
Rusa Themnal Jnction | 5OT428 package, In free ar & 45 - | KW
’ 0 ambient

ELECTRICAL CHARACTERISTICS

T _= 25 °C uniess oferaise specifiad
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | M&X_ | UraIT
Visorss | DEAN-GOUNCE Braakdonn Vou= OV L=025mA 4] - - v
AV, J|oed breakdown Vos = Vaur L= 0.25 -] o - | %X
AT Ditage e peraiure NN\l 557
5‘“ Draln-source on reststance |V, = 10V, L, - 10 A - o2 oz | o

o | Gate thresnoil votiage u’é =Yy k=025 ma 20130 [ 40| ¥
O ~ g X =
3 Draln-source leakage cuent |V, =500V, =0V - 2 | 50 | pA
o Vo = 200 V. Vo = DV: T, = 125 °C - | 100 1000 | pa
boss (Gate-50urne 12akage Cument Ve = +30 Vo Vo = 0V - | 1o | 200 | nA
Total charge 5= 20 ALV = 400V W, = 1DV - | 147 | 1% | nC
%’*‘ i k i 7 - ]12] 18| nc
Cge Mn[ﬁ%?rﬁuge > T8 | 100 | nC
Ly Tum-oa time W =20V R, =12 - 23 - s
L Turm-on rise ime ;=380 ¥ T2 - ns
by Tum-oar time - |1 o] - ne
£ Turm-of Tail - | T - ns
Ly Ird2mial drain Induciance Mezsured from tab to centre of gk = 35 nH
L Imamal drain inductance Mieasured from drakn iad 1 centre of dis - 45 - nH
L Imama source inductance mnatrxmieaﬁmm - 15 - nH
(C:: m Vs = OV, Vg =25V, 1= 1 MHE y 340%) E BE
| Crue Feedback capaciiance R oF

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS

T, = 25 °C uniess ohenatse speciniad
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX_ | UNIT
k Continuous saurce curent | T,, - 25°C - - 20 | A
| s mx’:emnmmmy Tus = 25'C - - s | A
Vo Diode forward voitage: =20 A Vis =0V - - Jis5| v
t. Raverse time: =20 A Vg =0V, olidt = 100 A - 800 - ns
Q Raverse mm&ge e — - - 15 - pC
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DEFINITIONS

Dxata shest statss

Otjective speciiction | This data sheet contalns tamet of goal specificaions for product development.

Pretminary specification | This data sheet contains preliminary dats; supplementary data may be pubiehed Later,

Product specification This da1a sheet contalns final product spacifications.

Limtting valusa
o ?ﬁ?m%&m“"m“m‘m“ e ua”n’?age T SN R b Rk
of the devils at these o condtions above those In the Characianstice sections of
qbedma"-mismﬂmiem !Blmrngvamasfur pericds may avect device reflabifty.
Appumﬁm Infoemation

Vihere application information is given, It s achisory and does not form pert of the specificaiion.

& Phillpa Electronics MLV, 1599

AX e reserved. action In whole of In part s bited without the writien consent of the:
wp‘y'% sy Reproduct part s protd pelor

The Informaton | mmmmmm u*canmnlsheimtom

Socurste 3 rekable and may be changed wihout notce. m%mu:e% for arty
hmcﬂnglmm o i

LIFE SUPPORT APPLICATIDNS-

These & are not ]

Enng be reasonatly hm% czm these produdis
mein?mapmmmsnatMrmmmageemmn'lrgimmpmpsbr?gy%mpﬁg
Trom such Improper use or 538,
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BS170
BS170
———————————————— R s B
Small Signal MOSFET
500 mA, 60 Volts
N-Channel TO-982 (TO-226)
Features
» Po-FresPackage is Available®
MAXIMUM RATINGS
Rating Symbotf | Value | Ut
Drain - Soarce Winitsps: Noys, &0 Vo
Gaae—Gource Voltage '
= Condmnous Vas + 2 Sdc
— Mor—repettive it < SOus} Visu EE Wipk
Drain Cuarent (Mot} lp as Adc
mmmm:apuﬂmggn-zt fo 350 miy
Cperating and Storage Junction: T T | -S5®0] "¢
Temperatare Range +150

Laximum ratings ane those wlues beyond wiich device damage can ocoLr.

Maximum ratings applied 10 the device are Indwdus stress it values (not

rorial opering condtionsi and are not vaild Simultsnecusty. Hthese bt are

exteeded, devioe functiony operstion 1s not Implled, damage may occur and

reitabitty may be afected.

NOTE: The Power Dissioation of the packsge may resut i o lower contriuous
drar current.

ON Semiconductor®

http:ionasmi_com

500 mA, 60 Volts
Rps(on) = 5.0

=

ETYLE M

MARKING DIAGRAM
& Pibl ASSIGNMENT

ra
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BE17E |4
AV

ey
£

{

1
Drain  Gale Source

I

3

BE170 = Device Code
A = Aztemibly Localion

Y = Year

WHN = Work Wes
- = Fo—Free Package
(Note: Microdot may be In either iocation)

ORDERING INFORMATION
Seow detsiiud rdedsc irsd s icesiaion s e kg
dirfmrnicrm secion o page 2 o s dete sheel.
*For addtonal Information on our Pb—Free strategy and soidering detss, please m;dui.: oo o .
downioad the ON Semiconducir Soidering and Mountng Techriques
Reference Monua!, SOLDERRMOD.
= & n e, 2008 1 Fublication Order Nummber-

ey
Augact, 2006 — Rev. §
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ELECTRICAL CHARACTERISTICS (Ty = 25°C uniess otrenwise noted)

[ Charaodecictio symoct [ w0 | e [ max [ ume
OFF CHARACTERISTICE
Gade Reverse Current Igne = oo 106 nAcc
OVgn = 150, Vi = T}
Drain-Source Ereakdown Viatage Vamoss &0 s0 - Vac
(Vg = O, 1 = 100 Adc)
ON CHARACTERIZTICE (Noke 1)
Gafe Theeshold Volage Vonmy oe 20 ia e
(Vog = Vs, Ip= 1.0 mAdcH
Statc Drain—Souwrce On Resistsnce ot - 1.8 =3 1] Q
(Vg = 10Wdc, |, = 200 mdc)
Drain Cutoft Cument I = = 18 wh
(Ve = 25 VO, Vg = 0 VOC)
Forward Transconductance On ) 200 - mmhos
(Ve = 10VAC, I, = 250 maAac)
SMALL -JONAL CHARACTERISTICE
Inpit Capackance Cas - = el pF
(Ve = 1BV, Vgg = 0, 7= 1.0 MHD)
SWITCHING CHARACTERISTICE
Tum-On Tme 1 N 4.0 0 ns
(o = 0.2 AdC) Se= Figure 1
Tum-OF Time to2 - 2.0 10 ns
iy = 0.2 Adc) See Figure 1
1. Pulse Test Puice Width = 300pe, Duty Cycle = 2
ORDERING INFORMATION
Device Packape Shippingt
ESt70 TO-82{TC~225) 1000 UnitTube
ES00 TO-82 (TO-125) 1000 UnitTube
{Ph—Free)
ES{TORLRA TO-52 (TC-225) 2000 Tape & Res|
BS170RLAAG TO-52 (TO-2286) 2000 Tape & Ree|
{Po—Free)
ES170RLRM TO-52 (TC~226] 2000 Tape & Reel
ES170RLRMG TO-52 (TC-226} 2000 Tape & Reel
{Pb—Free)
ES170RLRP TO-52 (TO-226) 2000 Tape & Reel
BS170RLRPG TO-52 {TC-226) 2000 Tape & Reel
{Po—Free)
BEST70RLY TO-52 {TC-228) 2000 Tape & Reed
ES17ORLYIG TO-52 (TC-228) 2000 Tape & Ree!
(Pb—Fres)
BESY70R1 TO-52 (TC-226) 2000 Tape & Reel
ES170A.1G TO-52 (TO-226) 2000 Tape & Reel
{Pb—Free)

TFor iformstion on tape and reei spedicadions, Inckading part oreniation and tspe sizes, please refer 1o owr Tape and Res Fackaging

Epecticyions Brodhure, BROSOHID.
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Design and Construction of a Voltage Step Generator
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Abstract

This project presents the design and construction of a unit step
voltage generator by using microcontroller to control the operation of
MOSFET. Voltage signal is required to drive the MOSFET to operate as
switches in this equipment. TC44229CAT gate drive is used to minimize
the rise time of MOSFET BS170 that has 10 ns of rise time to be 5 ns of
rise time at 50 v of the operated voltage and this equipment can generate
the stable operating voltage level for 100 ps. This equipment is
constructed for test the resistive voltage divider that has the resistance
lower than 1 kQ in high-voltage laboratory. Experimental results show a
good agreement between parameters of unit step voltage waveform from
the unit step voltage generator and the parameters standard defined by

IEC 60060-2 [1]

Key words: step vollage generator
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