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ABSTRACT

In this thesis, a Zero-Voltage-Switched (ZVS) Multi-Resonant (MR).buck converter is
studied. The topics under study include the principle of operation, analysis, design and simulation
of the ZVS-MR buck converter. Experimental results:show-that the designed prototype circuit

achieves zero-voltage switching throughout its operation range.
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112] ::xmua{ nﬂﬁ‘lﬁﬁf (Normalized Current)

I, = (2.24)

anuaaiadueivealad (Normalized Switching Frequency)

Iy = S (2.25)
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i “DC Analysis and Design of Zero Voltage Switched Multiresonant Converters ,

W.A.Tabisz and F.C.Lee, IEEE, 1989
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= 0.28974448702058 x 10~ joules
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A, =AA, -_E
K.,K.JB,

_ (2)0.28974448702058x10°)

(0.6)1)3)10° f0.2)
=1.609692x10~ x 10"
=1609.692 mm*

° y v 2 [ b 4

vinnsdatndusisusa@envnavesunumeslsa 189 nmssveuny

¢ & ' A 4 Y o A dd

o3 lsd (manuan n.) Teaflas miudwaguituiissuiuiuiidavnsvenuduiuii

Musspwaanauds Aezawnsofesniavetinue’ lsdnestinnlflunswuld Taoden

Mgl 4 oo 4 v A A o & 44

unues 15ABuY 1Y EER-35/34 SallAnagaiuins sn I iunanua 9eununununn

o 4 o @ d o o 4

Tusiyvamaiisane lipts adwimitaihivensesiianowosiaes Ashuaaluaunish
3.11 Aman

A =AGAL =T (100X218)

il

21800 . mm? 3.11)

WounuA 18 UaNNI5H:3.6 WA NTOMUIAN LS DBYIIRUNDUAIVDIA

r.l' U3 Y v e 3 i ;
mienh a4 s8v

Ll e (8116)8.4499)

EER 35/34 Y N=—2—
o AB_ (100¥0.2)

34 = 4 591U

wazvnavsiduaIan Ty ssnsasiuas Idnnaunsh 3.7 Glouniaee

= %é = 0.8333 L. mm’

o | P

& ° @ o
Faaunsnii lden ldmunavesvaala ldannmseuuinalndnil (MARUIN 1.)
1 4
nMiudoahns asaeuduIsuMsRu TN aRu ldsmeduvIAYsINULAAY

3 ¥ 4 2 '
uuu@sninidnss T sinsaunisi 3.8 Wisunuaiez 1d

iupu EER 35/34 ; (218Y0.6) > (0.8333)(4)
130.8 > 3.33

é oy 1] Qr or H
Faoaunmsiuse uaashannsanuaia ldismesuvinaussunudenu
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TTUTYIVBIBINNSA (air gap) N IN Iamanumilonindesnisinnaldasinauns
(3.9) iloununnz 14
4nx(4) (100)x1077

unit EER 35/34 ; 1 e = —~ = 0247 mm
8.116x10

34 ﬁmimmiﬁmmmzmsaammmwsm‘uau

3.4.1 SnuamMaauYesianIg
o 4 d a o w A 1
2evsnounBiines uuus lsnuunalasvazuswu Iniuiugud Ae Yieatveams
° a d ° H (3 2 Ay v b 4= ° v
mnuvsnssaiatiziinulusisamishaer - swinildssnuuy s dmuald
1 { a 1o = ° 3 Y @ ¢
sanmiedad hivhnszua 1, ash Tasvmsuasmmnnuiiesneus v Infueina
' ¥y > a
Wnsiani ldoenuuu 13300eniddanruny Uc3seaN amsanIunua99s Tsuusinou
s d a o ar 9 ° i o
nestaeiaiadvazusedu Iihidhugudld nazasafmunsanamsi 7, lay

Tnseadumsiauuesdinaug UC3ge4N silsznoulidawdua o dsgin 3.7

Error amplifier(EE/A)

A998 Ertor Amplifier (E/A) 711 Tumssaunussviiosnenseduis sdu i
O IANATUANIINAMS T INUIBII I35 M Pulse Width Modulation 12 s siinasma
voas e i AT siee Whisun munhavesiadie st zd s v e

uaez lUSuaudvesaauny

Voltage Controlled Oscillator (VCO)

HedduVoltage Controlled “Oscillator J(VCOyTMThiipasnaNammiidosnsiay
maudanaa T8v/Avunaassiu iideudanmngy Taousadu i 19lums
muguamsznnemsnfsufuninididesmsfugndresddasduiuifuilsddures
Error Amplifier (/A) $ato1vinaves (B/A) Waiuguusesdss i (veo) aumnszuahith
1., ToouseduTdh (voo) fidummeinamfumiu 289 Ry , Rrange M0sAuUIZY
Cyoo HBAINHUANNA VR IHAd gega-digaanisadinuaiuileddu Ryange »
RginCuco MNIONINME RAMINTS

3.6

I 3.15
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3.6
Seomax = (3.16)
Fault {15] Fault
and Blas and
Logic 5V Gen
Soft-Ref [16] Preclslon
Refarence
Nif2] N 5] slg Gnd
INV
n UvLO
E/A Out| 4 1_______
Range| 6|
Rmin One Steering FET A Out
Shot Loglc Drivers o
Cvco| 8] 14} B Out
Zero [10] _———Eg Pwr Gnd
RC

311 3.10 Inssadenisihinudiningy

One -shot timing generator and Zero wave crossing detection comparater
Jo o 5§ o o/
Haridu Ope shot * gaiinnlfimeimuannunhseewadgiga Tavy RC oo

o’ o o

doanuWadein One  shot sgnﬁmnl%"uﬂamn"hwmﬁ"c\ﬁ'ﬁﬂﬂ%ﬂﬂmﬂ?amﬁanﬁ'u
Fayana1nTlendu Zero detestion. comparator  daygiiatsrnnizia fhwosdamiioni L,
waguseiu Ifhdudulssg. C, ) daildduaunsaiineilins adnsnszua ifduiiv
quiv3oussauTiihidiuguieie g 51&5uaaaﬂti1ums&ﬂéﬂuuﬂawmmizuazqm‘ngﬁ i
asnlfounladlk uazdumnzauduginsals Tammiimsulsfiu1fuas mmnhaves
Wadawison ldnauns

T, =RC (3.17)

T, =037, (3.18)

Under voltage lockout (UVLO) and 5 V bias generator
e o 5 [ o °
HanFu (UVLO) msarunumMsthavesled elleatuamnlasasismsiiau

193910% a1 vazisuT¥uled Tunotussauinihndeulddllediinnnni uvLo
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Jo T 4 3
threshold #82WaATU 5 V bias generator 33gn Enable Wovi11#9950u 9 nwluvesdsled

Ma'ld

Steering logic to output driver

o d' r ©o o
dhnsessudyanafiniflunsduvuamvesueamaiise

One Shot
Fault Latch L
UvLO 050
- Qutput

sa.50

Pwe Gnd

3 ¥ (4
sz anAeldnuveunIdne

TWaziBUADY 4 vauAaTAve IR AU

15 V Pin A93#0 Bypass 11/l Signal Ground Ravdaifiinlszq 0.1uF Tﬁﬂﬁ'mﬁnﬂizqf
A235iA1 ESR 10E ESLd1

Soft-Ref Pin 9215017 3 WA 14118 System Reference, Restart Delay Soft-Start Tag
Soft-Ref pin ¥1537193 14§11 Inpit Reference IR§ E/A 329111500 Overshoot Talumsnugy
dwmdun 014 Bypass Capacitor-88Wileg, 0.1 dF deszilfifnasdarinynie Fault Fulu
szuu Taosaana lunmsn e 9xdlusnsia e 19:1 (Restart Time + Soft Start)

gasiildie
Teofistart. = Cly 510K (3.19)

(3.20)

T rostart = Csp¥190KQ2

resta

+ 3 v
A IABINIIIAN Restart Delay Fuasaunsaldmnrudnuiiu 20 kQ derfiand

1119191 Soft Ref a9ns 19 uaaz Waumsalasull

(0.48mAXR , ) - 0.2

restart = RgpxCgxin 321
(048mA + R,)- 5

T
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3.4.2 NIBBNUBY INVINIVYN
¢ ' P P
NITBBAYLISVUAIUNUYDIIIIS ISUUUMIUITUANATIININNIIADULIOTIADS
& ¥ 4 4 a & s A
wuuia tlez Idmansdasilunismuguadadudisess Tsuuiiuleanizvesssyy
wanmsulaowalassianudfszulasualasnilidn
} 4
= =y ¥ -~y .4 é
TulSygriawusiauiiflulssuuyaiadvmzusedu A uduguddssszauls
ussau A nusaadisadad lsihnszud T Tasfius sy Idfnueanindestiauiiu
LR I & ¢ °
guineunadagesiinszua i
o 9 ¥ A A a v o o @ 4 & P
ninudnmsdnedu SudenlFledadraiadmunuaiasived UcseN Fulhilod
~ ° @ A I'4 o 9/ 4’ =) & o 4‘
frsanluqua1s M19uYeaesiads Isuuuinouneiines 1a tismniiflandun
nlasunssauaunua MU 18 (Voltage Control Oscillator)-4azein15 niMmuuay19namya

o . 3 3 o o da ar [ 4
inssuavsueama (one-shot timer) 1dnaeh iNelifian1sadnsfius wmugud

From Error Amp 5V

Feedback
and
Reference

Clock One-Shot Pulse

(Resonant Time)
et

Q)
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vCcoO

Clock
{Internal)

One Shot
Minimum Maximum Zero Controlied
Pulse Pulse Pulse
@)

519 3.12 () tansees MeluYe s UC3864N T e e

) mmﬁﬁh’s’iumimnﬂumsv‘imumma‘%m .

i ldfuasela1nsieueesests lamnninsuesmes unyainsuay

wsesu bishifluemder Wsnsvesnnwdlumsadasiiu 100 kHz - 184315 kHz uasd
13 »

frnaifiaing livinssna ¢ )i 35S aniulumseenuus Seldsonuuy 1 led
UC3864N a3 1anudnwguldhauinawdasnguimaf ) Iauilu 0 kiz uazl
andauqugaga (£, Yanuilu 240 kiz uazlivnwats , _dauius pS weld
o ay ¥ S = [ v o do 9 LY o g
dygnai linnledlanutuassamal t-duiusiumsid i ez liudfmua

¥ L P A o d’
lumismaginsaians 4 Mindeail
v 1
mu«:eamsa%’nmm‘éﬂumsmuquuemﬂﬂ

3.6

conmin = = (3.22)
R.uinCyco

fconmax = 3-6
(R //R

(3.23)

range ) veo
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INAUNSN 3.22 wag 3.23 3214

R —=_ " mn (3.24)

Taovzimuald C . =360pF eldihwremsmmou

1322914 R, = . 3.6 —=125kQ
(80x10°)(360x10°7)
3
nn324 9214 R = L e s O
240x10°
80x10’

gnweamsaanativueamaliiinszualvivh

Toffmax = RC
T =0.3T

off min off max

i Bt mua ihedulf 1 =5uS 18en C =360pF

off max

3
%316’ R=~—5§—1—0—_l—2—=14kﬂ
360x10

nazee 1A T, =(0.3)(5x107%)=1.548

off min

aafl 3.6 uaairwesginsalnldiudinrugu UC3864N

R (11 6) 62.5kQ
R, (N7 125kQ
Cyoo (118) 360 pF
R (%9 14kQ
c (9 360 pF
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3.5 Ns0aNLYT I ITUINAv IR IR 18

c IRF640
P L, z
UC3864N 33 uF 33uF 100
' Qs o D, 15V
D, 15V
1N4148
A v g _—

i o o % a ar & LY o |4
310 313 2995 tunavewedidamartiv I uiwslads Isuuuntaneuries nes

nupdIadnus sdu il ugudnldluTnsam

Tunsdunavswesamamisdm i iads Tauiinasunssmesuuuaiad
fuseu ithidhugnisuihde sadvesssunaiamsuaduma Iifhssuigesaugu
fnevsmamis TasasvsSunaidenidunmlfudeuas i nas 1fe31% 3.13Tas
aseenuvaimanadihiinanmuselfuounnadn idosyndumis i
Smton Sufeminumos 5@l EE19 (A, = 23.3 o A, = 517 ot A, = 1204.61

mm’) S1nusewesveaedgugiivesndoulas iMdhd e ldneaunisi (3.12)

Vpn kamax

AB -f

€ max S

N =

P

(3.12)

Tagn
N, fi8 Snussuvewaainljugivesndiomlasldibh

Vvﬁ.l*

fio usadugeganidngugi
A _ _ o . ““1 ¥ N = =S
e v, =15V D_ =025 uag B, =02T 9214 N =938y uazideniniu
= a 9/ L R o)
souvesvamanasnlivemdeulad i ()T NUsSsuvsIsanIMgugl fo N,
= N, = 9 sou Taoadanesuadiliiu Ao mANDWANIBT AWG2S (2, = 0.08046 mm’

¢,,= 0.366 mm)
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sudvlszy il mednnlugiic, flesiunszuaddivadumdousladini
4 o o s o @ @ 4
iileannussdudunavearstunavssueaias1As (15 sdueIANAvDY UC3864N) 111U
o o o P @ a o @ 1 & o
dygraveduiniiszdudeuilugud anug IfhweduiuilzgInih ¢ deadendiiivi
a o o . & v g
W 18nutis Tanuuduo 9299565 Tauuusuino1ynss (series resonance) 11899 1NA AN Y2
o { o o v 4 a d
Th ¢, mazdamiionimedmlgugivesndiembasiih L, desnhamudlunsaind
H =t A & o o v ~ A
athafisane Wardenanuds Tauuudiiu 0.1 whwewmudlunsaiad manug iives

Fudulszgih , daa Bonaunsi 6.13)

100
CP= 2 .2
4z fs Lp

(3.13)
Tnvfi
c, foamyiviheesduiulszyini c,

L, Ao anuvtisnivesauniiein 2

o = = o 4

danulszy sy @egii ¢, laTeaGsmszua D, Admmu R uag R, Ao
s P L y a ar 1 o w d -
fuilursesunoni) (clamping circuit) ity sdusnason alea b, thidgyaaiaduiny
~ ar a d g 3 a &
fszaudrduilugud ansdraivenansuaauideunanhatunalunisadadedis
~ A o Y a ’ o o P ] v o
Woanaesnuldunavswsduanasesdanulszgidih ¢ sl disdendmsduian

' ¥ ’ - o -

w9 29sunnuil bidesnh 10 mhvssmunanlinssiag sanuy Idfhossdadulsey

i ¢, dnoar 1A neaumsi (3.14)

10T,
€2 =1 (3.14)
R +R
g &
Taoh
c, #eonanuylithvesduinlszyivihc,
R, 9 AU nIvesddumu R,
R, fB ANWAWMUYOIRIR MU R

fdumu R soiedesiumsesaSamnilsiia (parasitic oscillate) AFIAIID U3

a Qv a =S g 9 @ o o o
BOTFAUAAUAIGINN msaammmmmmmﬂﬂw'lmnnmmuﬂszi;'lvlv’l“lmﬂ-mmmmzm



50

mileninkFaitannamevesmnihdyanuhnssdumns weAMATITATIE MY
VOIHIRUMU R, Fal 9 munT2aIa1RY (rise time) YOI IRUINA-FOT BON R=100Q
el snmiuresaiuna-sesaduin lieaniamsnins ainddaonimigs &2
dumur  soeidhudumainlizy Idfhoennminavazuemandangminszud §
woilalea D dsuuue luadauieniavuiaveassiua i (spike) innaseumna-seda
hildiiuRnaus swuna-seidveswemiaiide

e 1diniseenuuuisesiads Tauvitaseunefinefuuuriadvas
usedudugud 2esmaaugu mazasesiunaveseaadduihuiiSoudooud Se

] » F
Thdmdegieenuuuhladeeesildlunminanes Tastiununmussdeasnmuaai

] 1 4
31 3.14 Aail

IRF630 |-
1 < i 8.116 uH 55 uH
F———?———————
e )k
' !
S~ E| 324.68 nF
T §1-SQ
b0 — 25 | MBR1660 200 uF
8147k
'-I:~J & >
100 33pF 3.3 pf
——AAN~——1 ¢ i€
L L]
M KQ 1NAL48 %“g
15V
J €
J D
o L
| 500 pF 3
I 10k0 ' l?'nF +15V
= 62.5 2
0.14F 19
J kQ D17 . 0.5Q
N 2 14k
360uF 360pF = 4 k2
~ |

710 3.14 naasilnes s wveIMsABnUYRYA (Closed-Loop)
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NIINAAdIACHANTINAODI

4.1 unin
o = LY L3 o o dd a a
2estfadls Tauuuvidansunesmesuvuadadsius s thiuguéildeenuuyll
Tuuniidun Wgmbwnaasafenadeuanuawnisalunisinuissdunseduinih

ld A J-) ar a 9 ° ¥ P 9 9 o a8 M I 1
s iofSouiisusunai 1dsinnisiassiwmanlddeandesdunguinioli &

ac = dw o ° J ;
'Jﬁﬂ'li‘VlﬂﬁfNi'JIIENNﬁfTﬁ°ﬂﬁﬁflﬂﬂ‘ﬂﬂzu“ﬁuﬂﬁﬂ‘lﬂ‘luﬂ'ﬂu

° Q) e d ar d < a dat [}
42 M esesiaatslHmiinasuneitmesuuuadasius i idiuily
4
gue
Tumsdranereesiads Tauuviidaneunesmesiniadadnus siu Muiiugudly
19 4.1 zfvsoussduTdihiiduaiad (7)) ussduldiianasenaing (V)
P e Sl A \ = r : a 2 A
sz I Ineduadad (i) Ansfinandnanquitga £, =100 kHz dadwile
o P o = 4
Nomax =3A L Vi o =20V naznnsannuomunugage £, =184.135kHz  inayy
@e I, =14, Vo =25V udasasgiii 4l

{8} zvs xrc 1-SCHEMATICI-ZVS JRC {active)
106V

&7 4

SEL»>
=166V

B V{PRINI1:Z,C1:2)

NAWA VaNAWAWS

B Iislid

NAAAAAAANS
v v Vv vV V

v

-10%

B I{L}

e

av

207

o7

3.3035zs 3.9200ms 3.940013 3.8¢00zs 3. 2%00ms 4. 000028

o Vi32:2,5
() Tize
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i) zve_mre_l-STHEMATICI-ZVS VEC (zcvive)

1057

AN\ AN ANVA :

R F{ERINIL:Z,TLiZy

A
N/
\V

. vV ViV V/\V/\d%ﬂ?

207

o s A
HIL\WAWAW LTASAVAWATAWWAVANVAYI

S Ly i et S A G/ -t
SEL»>

~107v

>
-
>

3.34000s 3.350fms 3266053 3.8740m3 3.3800ms 3.8300w2  4,0000ma

Lize

()

4 HaaMNITRIIRARR e el T uetaies
Fovdaganuiil dussiuanasoniiaag (V.,)
Foeam o 2 anszudivithiiaad (1,)
sosdayRnai 3 Mnssua iiah Inarmdamiloai (1,)
Fosdaianad 4 ausen ithieanasewlalen (Vj,)

O 130 Lo =54 (lg ) W0EV, =20V (V, 2)
() 030 o =1A (Ig) W02 V, =25V (Voo )

vinsaf Idsnmsassezmiiniddussdu i wanasoudufulss g anasfagud
Tuvazhadadlidnszuaii vazdeuadadiinszuali wWudfesrsaseshithams

at a oo q’: o A P a 9
qiymuiummzmm DAMIVINALT DY INTNVDINIVIBNAY



: v a g o pl g a  da " o
4.3 ﬂ”li‘ﬂﬂﬁﬂ\‘l?Qﬂiﬂﬁﬂlii‘lﬂlﬂuﬂuﬂﬂﬂunﬂilﬂﬂiuﬂﬂﬁ?ﬂﬁmﬁQﬂ‘lﬂﬂﬂ“ﬂu
¢
fue

I3 o
MINATOUMIINALS IBUUUNVBIIIDIUVV A (Closed-Loop)

Tek Run: 100MS/s Sample
[

C4 Freq
92.593kHz
Low sighal
amplitude

ch3 S5.00A 1.00 v

720V 1-Feb 2008
\\/ 18:27:36

Tek Run: 100MS/s Sample
1

. C4 Freq

1 108.342kHz
Low signal
amplitude

" 1 Feb 2008
18:32:40
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Tek Run: 100MS/s Sample
L

L3

T

-

"l'--!'""F"'I'-"I"ﬂ":-‘ o

C4 Freq

1 170.648kHz
Low signal

amplitude

A . -M2.50us _Chl J '2'0'\)‘1|:eb2003
b 18:31:08

®

91l 4.2 waninasiansmsiadaeens Hmunue19sHns a9l (Closed-Toop)

U or = ¥ o [} A o o
Foeag e 1 mussuanaiounaiag (V,)
soudeyanaii 2 sanszua Ivlihiaiad (15)
sosdaganah 3 Arnssue’ v lvarmdamiiond (1)
soedaygun 4 amsmu Idiivanasoulalen (V)

(M) 58 Iy =5A (Tpum) 408V =20 VIV

() n58l_ I, =3A waz-V, =22 vV

=3

@) 3ol I, =1A (gg)-was V=25V (V, ..)

i 4.3 ﬁ‘lumssﬂ%‘amﬁﬂnmmﬁﬂauﬂnﬁtﬁaﬁuﬁmmﬂﬂﬂﬁmsmmsaﬁ'uﬂﬂﬂs'au
fiedad (V) mnszualihiiadad (1) snssuaihitlwaidamiionh (1) M
useiufhfiannseulalen (V,) finsdinuinsugudga £, Aatwilel,, =5A
AV, 0 =20V Sunsdiiassshouiiannziinanafie I, =3A waz V, =22V

y ~ ; »
aznstinMMdRNINNGIYa §, ., Navuiie 1, =14 wazV, . =25V



4' =) d‘ d' 4 Q o
AN 4.l li’ﬁﬂ\‘lﬂ'l"ikﬂ%ﬂﬂlﬂﬂﬂﬂ'ﬂ”ﬂﬂ?'ﬂﬂ”?ﬂﬂ‘il'lﬂﬂ'ﬁﬂﬁﬂﬂ\‘iﬂl]ﬂ’liiﬂﬁﬂﬂ

V. I, mm‘f’;mnqn( Joon YkHz)

\%) (A) NNIIINDY NNINAAD
5 100.00 92.59
4 115.68 102.00

20 3 127.43 116.30
2 142.71 131.60
1 170.59 161.30
5 115.68 102.00
4 12252 111.10

25 3 136.23 125.00
2 154.91 142.90
1 184.31 170.64
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VNS ez mmmanugei A nmsnaesseinindtosniiidiuam

9/ P a1 9 a 3 (=Y C ° 9
‘1ﬂ zuminfﬂu'Nvsnmmwmunmmhsﬂmuuuazmmwmmmqﬂmmma ] ‘ﬂﬂﬂﬂ'\

W Y a9 =2 9 = A4 ¥ o s 'Y o 9
11]1%%’\1!7\9\60?!15 %Qﬁi’)@ﬁﬁﬂ'ﬂﬂﬂ'leWEm'ilZI‘HLti\iﬂulﬂ'lﬁ?!ﬁ"lﬂﬂ'mﬂﬁﬂﬂﬂ'li

4.4 MINATBUNIIINBSLAUNIINUONNA

nsnageuMIsasazfussm e dnnisila (Closed-loop)

Digital Oscilloscope DL1520
o t Probe Digital Multimeter
] CHi CH2
¢
— 0] =
_w SMPS _ Vo ] load
__.O_.._
DCPower Supply
PAD35-10L
DC Power Supply APS-1

117 4.4 msSaganaassdimSunaaeInIT I MNTTALIT RO AR



aq
IHENTINAABY

1. IngANAaBIAs3LN 4.4

> wop

S100598u TR 10 V 910 DC Power Supply 314 APS-1 Wifiunssnauny
S1ous38u Tri#1 20V 910 DC Power Supply 3u PAD35-10L TiMnsesnndiag

@ 2 Y o o o o
Tuinaussdu fhiednainszuaoing 1A-5A amdidy
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5. 9101598U 1M1 25 V 910 DC Power Supply 33 PAD35-10L M¥fuatasmaiids

¥ o ¥
HAINIMTINADDINIUION 4

AanIInaany

13197 4.2 Han 13 TAR LS IR UIBIANAYOIIIRTLIY closed-Toop

14 v,/ )
*) Vn=20V 1V, =25V
1 4.983 4.985
2 4.979 4.980
3 4.975 4.971
4 4972 4973
5 4.969 4.970

4.5 MInageuMsAdUEHeIUBNsIRL I Re

FSnsnaasy

1. IYANAOBIAIZUN 4.5
2. $10u539u I 10 V 910 DC Power Supply 311 APS1 Hifiuesnugy

3. 9101330 171 20 V 910 DC Power Supply 3u PAD35-10L Tifuasesmafida

ar o @ A i U
a. Wuindygrausiuiifwerdyaienszua Idfusrdnanldounlasedis

gundunn 1 A Tl s Avazansaldiiu 1 a

5. 91003939 11 25 V 910 DC Power Supply 31 PAD35-10L 1dfuasesmindias

HAPININADBININTIN 4



Digital Oscillescope DL1520

= CH! CH2

q L
ioad 1} |load 2

i SMPS Vo
O —O-
DC Power Supply
PAD35-10L

DC Power Supply APS-1

a ar o o (2
31 45 msdaganaaesdmsimaneumsaouauesens AL INRueAYA

Haninaasy
Stopped g 2000/07/81_07:02:08
CHI=S00mY; T
ac 1 (2ma/div)

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 [ ~~-=ve= Main 0K Mode © SINGLE
BW : FULL CH2 : ooV Zoom : 10K Type : EDGE CH1 ¥
Delay 0.0ns

4 o w '8 a o 4 %
10 4.6 3idganausauIiiieayavessesiusedu 20 v dienszue Ilfueidna

nlasunslasedrsiunauan 1 A ldu s Auaznin s Alddlu 1 A
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CHI=500mV: . 2ms/dv
ac 11 L (2msidiv)
: : NORMSO0KS /s

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 ! -——sw=- Main © 10K Mode @ SINGLE
BW © FULL CH2 : a.av Zoom @ 1K Type I EDGE CHI 4
Delay : 0.0ns
Hold OF : MINIMUM

Ui 47 gildaanos i ldfluedwavearsesiiusiu 25 v lenszua i ioidne

nlasunlasesanunanusin 1A Tl s Auazans A Thili 1 A

4.6 Uszansamueziitlavemssdilirtuednave 1ases

4.6.1 szansamassisesuuyldila (Closed-loop)

M13137 4.3 uamatlseAnmnueadeestuueila (Closed-oop)
M uaanlszdninmaesssiussanlinihtune v, o =20V
(@) uaanlizdninmessssiussauinibune v, . =25V

(m) uaastlsyansamussrnesiusedulihduns v, =22V

V., M| L& Vv, (V) L, | R(Q) | sztiniam %
20 1.54 497 448 1 72.291
0.33 498 0.97 5 73.191

(™
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4.6.2 Slilevosssivlvivinerdnn

V. M| LA | V) I,(A) | R (Q) | dsz@nEam%
25 1.27 4.97 4.5 1 70.441
0.26 4.986 0.98 5 75.174
C))
V. M| LW | V,v I,(A) | R(Q) | szansam%
22 0.85 4.975 2.72 1.66 72364
G))

L : 2000/07/01 07:4322
CH1=100mV: £ Sus/div
AC 11 : .

=Filter=

Smoothing : OFF CH1 :
CHZ :

BW . FULL

=0ffset=

=Record Length=
Main :
a0V Zoom .

10K
10K

=Trigger=
Mode : AUTO
Type : EDGE CH1 §
Delay : 0.0ns
Hold OFF :  MINIMUM

sl 48 SilTlavews s A uednaversesiussiu Ifhduneuasnssuawiuordne
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wes YiaduR Y TR T EEE P
, 4 Nunnthaadng
AWG # gunang iiesnmuauy

l'Ill'l'l2

mm mm

44 0.0503 0.06604
0.00199

43 0.0564 0.07366
0.00250

42 0.0633 0.08128
0.00314

41 0.0711 0.09144
0.00397

40 0.0798 0.1041
0.00500

39 0.0897 0.1143
0.00631

38 0.1008 0.1295
0.00799

37 0.1130 0.1448
o 0.01003

36 0.1270 0.1626
0.0127

35 0:1422 0.1778
0:0159

34 0:1600 0:1981
00201

33 0.1803 0.2235
0.0255

32 0.2032 0.2489
0.0324

31 0.2261 0.2743

0.0401
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mm mm
30 0.2540 0.3048
0.0507
29 0.2870 0.3404
0.0647
28 0.3200 0.3759
0.0804
27 0.3607 0.4191
0.1022
26 0.4039 0.4699
0.128
25 0.4547 05232
0:162
24 0:5105 0.5817
0.205
23 0.5740 0:6502
0259,
22 0.6426 0.7214
0:324
21 0.7239 0.8052
0412
20 0.8126 0.8966

0.519
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AWG # gunan WBIIWRUIY

mm2

mm mm

19 0.9119 1.003
0.653

18 1.024 1.118
0.823

17 1.151 1.247
1.040

16 1.290 1.389
1.308

15 1.450 1.557
1.652

14 1.628 1.737
2.082

13 1:829 1.943
2.627

12 2.052 2172
3.308

11 2.304 2.431
4,168

10 2588 2.720

5.261
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[U] Unitrode Products
amn | from Texas Instruments

apphcation 1 UC1861-1868
[ o i uC2861-2868
| available | C3861-3868

Resonant-Mode Power Supply Controllers

FEATURES

o Controls Zero Current Switched (ZCS)

or Zero Voltage Switched (ZVS)
Quasi-Resonant Converters

« Zero-Crossing Terminated One-Shot

Timer

« Precision 1%, Soft-Started 5V
Reference

+ Programmable Restart Delay
Following Fault

« Voltage-Controlled Oscillator (VCO)
ith Programmable Minimum and
aximum Frequencies from 10kHz to

MHz

* Low Start-Up Current (150pA typical)

\
. E::l 1 Amp Peak FET Drivers

. O Option for Off-Line or DC/DC

DESCRIPTION

The UC1861-1868 family of ICs is optimized for the control of Zero Cur-
rent Switched and Zero Voltage Switched quasi-resonant converters. Dik
ferences between members of this device family result from the various
combinations of UVLO thresholds and output options. Additionally, the
one-shot puise steering logic is configured fo program either on-time for
ZCS systems (UC1865-1868), or off-time for ZVS applications (UC1861-
1864).

The primary control blocks implemented include an error amplifier to com-
pensate the overall system loop and to drive a voltage controlled oscillator
(VCO), featuring programmable minimum and maximum frequencies. Trig-
gered by the VCO, the one-shot generates pulses of a programmed maxi-
mum width, which can be modulated by the Zero Detection comparator.
This circuit facilitates “true” zero current or voltage switching over various
line, load, and temperature-changes, and is also able to accommodate the
resonant components’ initial tolerances.

Under-Voltage Lockoutis-incorporated to facilitate safe starts upon
power-up. The supply current during the under-voltage lockout period is
typically less than 1501A, and the outpuis are actively forced to the low

Applicaﬁons state. (continued)
Device 1861 1862 1863 1864 1865 1866 1867 1868
UVLO 16.5/10.5 16.5/10.5 817 8/7 16.5/10.5 16.5/105 8/7 87

Alternating Parallel Alternating Parallel Altemati Parallel Altemnating Paraliel
“Fixed” Off Time Off Time Off Time Off Time On Time On Time On Time On Time
BLOCK DIAGRAM
Fault |15 Fault
3V and Bias and
Logic 5V Gen J &4
Soft-Ref|1s Precision
Reference]
Nif2 >_ il 5| Sig Gnd
INV]3 -
UvLO Eﬂ Vee
E/A Outj 4 L____.
Range| 6
. One Steering FET 11jA Out
Rmin{7 vCO J .
Shot Logic Drivers
Cvecol|8 14|B Out
Zero |10 L——-—Ez‘j Pwr Gnd
0.5v
RC|9
Pin numbers refer to the J and N packages. voeaie
LUS289A - OCTOBER 1998 - REVISED FEBRUARY 2006

72



DESCRIPTION (cont.)

UVLO thresholds for the UC1861/62/65/66 are 16.5V

(ON) and 10.5V (OFF), whereas the UC1863/64/67/68

thresholds are 8V (ON) and 7V (OFF). After V¢ ex-

ceeds the UVLO threshold, a 5V generator is enabled

which provides bias for the intemnal circuits and up to
mA for external usage.

........................................... 22v
Current

eorSinkk(Pins 11 &14) ..............cciouun 0.5A

Pulse (0.518) . .......c.ooein o et e 1.5A

PowerGroundVoltage . . . ...........0...0 ... .. .. +0.2v

(Pins2,3,10,&15) .......0 .o ...et. 04t 7V

por Amp Output Current .. ..o .0 .. . el v, 2mA

wer Dissipation .. .. ... .0 0L T e s w

ion Temperature (Operating). .. .. ..o coee e ..o 150°C

Lead Temperature (Soldering, 10 seconds) . ... ... .. 300°C

are; positive into the specified terminal. Pin numbers refer to
e J and N packages. Consult Unitrode Integrated Circuits da-
tablook for information regarding thermal specifications and
itations of packages.

PIL-16, SOIC-16 (Top View)
Jor N, DW Packages
A4
5Vi 1 16 | Soft-Ref
Ni| 2 15} Fault
NV} 3 14{B Out
|
! E/A OQut] 4 13| Vee
| sig and| 5 12} Pwr Gnd
§
RangeE 1] A Out
Rmin[z 10| Zero
Cveo| 8 91 RC

UC1361-1868
UC2861-2868
UC3861-3868

delay, and the intemal system reference.

Each device features dual 1 Amp peak totem pole output
drivers for direct interface to power MOSFETS. The out-
puts are programmed to altermate in the
UC1861/63/65/67 devices. The UC1862/64/66/68 out-
puts operate in unison alllowing a 2 Amp peak current.

CONNNECTION DIAGRAMS
PLCC-20 & LCC-20 (Top View)
Q & L Package -
PACKAGE PIN FUNCTION]
FUNCTION PIN ‘
| SoftRef 1
5v 2
NI 3
INV 4
3 2 1 2019 E/AQut 5
5 =4 ® . Sig Gnd 6
Range 7
s 17 RMIN 8
8 16 Cvco 9
RC 10
£ ¢ Zero 11
8 14 NC 12_
9 10 11 12 13 NC 13
T AOut 14
Pwr Gnd 15
Pwr Gnd 16 _
Vce 17
B Out 18_
NC 19
Fault 20

3



UC1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICSUrless otherwise stated, all specifications apply for —-55°C<Tas125°C for the
UC186x, -25°C<TA<85°C for the UC286x, and 0°C<Ta<70°C for the UC386x, Vcc=12V, Cvco=1nF, Range=7.15k, RMIN=86.6k,
C=200pF, R=4.02k, and Csr=0.1pF. TA=TJ.

| PARAMETER TEST CONDITIONS [ min | TYP | Max Junmrs
5V Generator
utput Voltage 12V <Vec < 20V, ~10mA <losOmA 4.8 5.0 5.2 \'4
Short Circuit Current Vo =0V -150 -15 mA
Soft-Reference
estart Delay Current V=2V 10 20 35 pA
Soft Start Current V=2v 650 | 500 | 350 | pA
Reference Voltage T4=25°C, lo = 0A 495 | 500 { 505] Vv
12V < Vee < 20V, ~200pA < lo < 200pA 4.85 545 Vv
ine Regulation 12v<Vec < 20V 2 20 mvV
Load Regulation —200A < Io < 200pA 10 | 30 | mv
Enor Amplifier (Note 3)
Input Offset Voltage Vem =5V, Vo=2V, 1o = 0A —10 10 | mv
Input Bias Current Vem =0V -20 | -0.3 pA
Yoltage Gain Vem=5V, 0.5V< Vo< 3.7V, lo=0A 70 100 dB
Power Supply Rejection Ratio._|{Vem = 5V, Vo.= 2V, 12V < /Vce <20V 70 | 100 dB
¢ Amplifier (Note 3) (cont.)”
Common Mode Rejection Ratio |0V < Vem <6V, Vo = 2V 65 | 100 dB
Vourt Low Vip = -100mV, lo = 200uA 0.17 | 0.25 \"
Vour High Vio = 160mV, lo = ~200pA 3.9 4,2 Vv
nity Gain Bandwidih (Note 4)- 051 08 MHz
Val Controlled Oscillator
aximum Frequency Vip (Error Amp) = 100mV, Ts=25°C 450 | 500 | 550 | kHz
Vip (Esvor Amp) = 100mV 425 575 | kHz
Minimum Frequency | Vip {Error Amp) =-100mV, Ts = 25°C 45 50 55 kHz
Vio (Eror Amp) = -100mV 42 58 kHz
Shot
Comparator Vith 045 | 0.50 | 0.55 \"
Propagation Delay {Note 4) 120 | 200 ns
Maximum Puise Width VzeEro =1V 850 | 1000 | 1150 § ns
Maximum to Minimum Pulse Vzero = OV UCx861 = UCx864 2.5 4 55
Width Ratio VZERO =QV  UCx865 — UCx868.~55°C to +85°C 4 5.5 7
Vzero = 0V | UCx865 — UCx868, +125°C 3.8 5.5 7
Stage
Rise and Fall Time CLoAD = InF (Note 4) - 25 | 45 | ns
Output Low Saturation o = 20mA 0.2 0.5 v
lo =200mA 0.5 22 \"
Quiput High Saturation o = -200mA, down from Ve 1.7 25 \'/
UVLO Low Saturation fo= 20mA 08 | 15 \'/
Fault Comparator
Fault Comparator Vth 285 | 3.00 | 315 v
Delay to Output (Note 4) (Note 5) 100 | 200 | ns
3
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UC1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICSUnless otherwise stated, all specifications apply for -55°C<TA<125°C for the
UC186x, —25°C<Ta<85°C for the UC286x, and 0°C<Ta<70°C for the UC386x, Vce=12V, Cvco=1nF, Range=7.15k, Rmin=86.6K,

C=200pF, R=4.02k, and Csr=0.1pF. TA=TJ.

PARAMETER TEST CONDITIONS | min | TvP | MAX [UNITS
UVLO

Vee Tum-on Threshold UCx861, UCx862, UCxB65, UCX866 15 [165] 18 [ v
UCx863, UCx864, UCX867, UCX868 7 |so] 9| v

Vce Tum-off Threshold UCx861, UCx862, UCx865, UCX866 95 [ 105 [115] v
UCx863, UCx864, UCxXB67, UCX568 6 | 70| 8 v

lcc Start Vce = Vec(on) — 0.3V 150 | 300 | pA

lec Run Vio = 100mV 25 | 32 | mA

Note 1: Currents are defined as positive into the pin.

2: Pulse measurement techniques are used to insure that T) = TA.

Nots 3: VID = V(NI) - V(INV).

Notg 4: This parameter is not 100% tested in production but guaranteed by design.

Note 5: Vi = 0 1o 4V tr(Vi) 10ns” _“tpd =t(Vo =

APPLICATION INFORMATION

UVLO & 5V GENERATOR (See Figure 1)When power
is dpplied to the chip and Vcc is less than the upper
UVLO threshold, lcc will be less than 300pA, the 5V gen-

:vrj:; will be off, and the outputs will be actively held low.

en Vo exceeds the .upper UVLO threshold, the 5V
generator turns on. Until the 5V pin exceeds 4.9V, the
outputs will still remain low.

The 5V pin should be bypassed to signal ground with a
0.1uF capacitor. The capacitor should have low equiva-
lent series resistance and inductance.

FAULT AND SOFT-REFERENCE (See Figure 1):The

Soft-Ref pin serves three functions: system reference, re-

delay, and sofi-start. Designed to source or smk

HA, this pin should be used as the input reference for

error amplifier circuit. This pin requires a bypass ca-

pacitor of at least 0.1uF. This yields a minimum_soft-start
ime of 1ms.

Under-Voltage Lockout sets both the fault and restart de-
lay latches. This holds the outputs low and discharges
Soft-Ref pin. After UVLO, the fault latch is reset by
low voltage on the Soft-Ref pin. The reset fault latch
the delay latch and Soft-Ref charges via the 0.5mA

ent source.

6V) - Vi = 3V)

The fault pin is input fo a high speed comparator with a
threshoid of 3V. In the event of a detected fault, the fault
latch is set and the outputs are driven low. if Soft-Ref is
above 4V, the delay latch is set. Restart delay is timed as
Soft-Ref is discharged by 20pA. When Soft-Ref is fully
discharged, the fault latch is reset if the fault input signal
is low. The Fault pin.can be used as a system shutdown
pin.

If a fault is detected during soft-start, the fault latch is set
and the oUtputs are driven low. The delay latch will re-
main reset until Soft-Ref charges to 4V. This sets the de-
lay latch, and restart delay is timed. Note that restart
delay for a single fault-event is longer than for recurring
faults since Sofi-Ref must be discharged from 5V instead
of 4V.

The restart delay. to soft-start time ratio is 24:1 for a fauit
occurring during normal operation and 19:1 for faults oc-
curring during -soft-start. Shorter ratios can be pro-
grammed-down to a limit of approximately 3:1 by the
addition of a 20kQ or larger resistor from Soft-Ref to
ground.

A 100k resistor from Soft-Ref to 5V will have the effect
of permanent shut down after a fault since the internal
20pA current source can't pull Soft-Ref low. This feature
can be used to require recycling Vcc after a fault. Care
must be taken to insure Soft-Ref is indeed lfow at start up,

4 or the fault latch will never be reset.
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APPLICATION INFORMATION

UC1861-1868
UC2861-2868
UC3861-3868

Vel

)

Pwr Gnd

Fauit]

On/Of[5V Generato] 5V
Vih* (IC Bias) T

4.9V — inhibit Output(s) (UVLO)

Inhibit Output(s) (Fault)

S s
3.0v Fault v Delay
Latchi 4 Latch|

3&_ 2oni

0.2V L a Soft-Start
R R 0 or 0.5pA
Soft-Rei L

recision
Zener

g
<

Restart
Delay 20uA

5V

||||—‘)

Sig Gnd

*UCx861/62/65/66 -thresholds are-16.5V_and 10.5V.
UCx863/64/67/68 thresholds-are 8V and 7V.
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| 5V
:5.0V---.
: Restart - ., .. 4V BOV ---eees
i Delay
Soft-Ref y
e e (S (N1 5.
Fault
Output(s) Low W)//A E
UDG-92021-1
Figure 1. UVLO, 5V, fault and soft-ref.




UC1861-1868
UC2861-2868
UC3861-3868

From rror Amp 5V

[]
Feedback
and INV ..}
Reference
Imin Irange
sv (#) 4>
i | ] Clock One Shot Pulse
(Resonant Time)
5Y — Dy 3v/2v . i
. J: f
= 5v e =
15K$
vth2
15K$
Vihi
n 2 12K$
ero
__{}__
U UDG-92022-1
VCO
Zero :
0.5V, e l .................... LN j P N 7 S
One Shot I I l l
Minimum Maximum Zero Controlled
Pulse Pulse Pulse UDC.92022.1
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UC1861-1868
UC2861-2868
UC3861-3868
APPLICATION INFORMATION

Minimum oscillator frequency is set by Rmin and Cvco.  The Emor Amplifier directly controls the oscillator fre-
The| minimum frequency is approximately given by the quency. E/A output low corresponds to minimum fre-

equ?tlon quency and output high comesponds to maximum
43 frequency. At the end of each oscillator cycle, the RC pin
Frn = m is discharged to one diode drop above ground. At the be-

ginning of the oscillator cycle, V(RC) is less than Vih1t
imum oscillator frequency is set by Rmin, Range & and so the output of the zero detect comparator is ig-

Cvco. The maximum frequency is approximately given by  nored. After V(RC) exceeds Vih1, the one shot pulse will

the

uation: be terminated as soon as the zero pin falls below 0.5V or
33 V(RC) exceeds Vth2. The minimum one shot pulse width
Faax = @y |/ Range o Creg is approximately given by the equation:

Tpw(min) 03 R C.
The maximum puise width is approximately given by:
Tpwimax) 12 R C.

STEERING LOGIC

UCx861, 63 UCx862, 64
%% One_Shot
Out A Fault_Latch 1
S (i $0.50
> Output
20.50
Fault Laich -L—-q Out 8
UVLO —*d
Pwr Gnd Pwr Gnd
UDG-82043 'SN ] UDG-92074

steering logic is configured on the UC1861,63 to result in The steering logic is configured on the UC1862,64 to result in
dual non-overlapping square waves at oulputs A & B. This is ~ inverted pulse trains occurring identically at both output pins.

to drive dual switch ZVS systems. This is suited to drive single switch ZVS systems. Both outputs
are available to drive the same MOSFET gate. Itis advisable to
join the pins with 0.5 ohm resistors.
UCx865, 67
M vee
One Shot Out A Ucx866, 68
One Shot
Fauit Latch
UVLO 3050
Fault Latch 4—d DUl = Output
uvLO —=d R out B iEO.Sn
UDG-92015
he steering logic is configured on the UC1865,67 1o result in Pwr God
al ing pulse frains at ouiputs A & B. This is suited to drive UDG-92016
al switch ZCS systems. The sieering logic 7s configured on the UC1866,68 1o result in

non-inverted pulse trains occunring identically at both output
pins. This is suited to drive single switch ZCS systems. Both
oufputs are available to drive the same MOSFET gate. it is ad-
visable to join the pins with 0.5 ohm resistors.




APPLICATION INFORMATION (cont.)

UC1861-1868
UC2861-2868
UC3861-3868

Internal One Shot _’_I I—L

[ L

Out A I l

UCx861,63

s ]

UCx862,64 —lJ l_r

UCx865,67

i

} Out A I l
1

: Out B | l

‘ UCx866,68 l | H
!

UDG-92017

Fi?ure 3. Current waveforms.
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PACKAGE OPTION ADDENDUM
TEXAS
INSTRUMENTS
www.ti.com 18-Jul-2006
IPACKAGING INFORMATION
!
|  Orderable Device Status () Package Package Pins Package Eco Plan® Lead/Ball Finish MSL Peak Temp @ |
Type Drawing Qty
5962-9203101M2A OBSOLETE  LCCC FK 20 TBD Callll  CallTi
5962-9203101MEA OBSOLETE  COIP J 16 TBD Caim cCalm
|| 5962-0203102MEA OBSOLETE CDIP J 16 TBD CallTi CaliTi
5962-9203103Q2A ACTIVE Lcece FK 20 1 TBD POST-PLATE N/ A for Pkg Type
5962-9203103QEA ACTIVE CDIP J 16 1 TBD A42SNPB N/ Afor Pkg Type
5962-9203103V2A ACTIVE Lcce FK 20 1 TBD CaiT  N/Afor Pkg Type
5962-9203103VEA ACTIVE CDIP J 16 1 TBD CallTl  N/AforPkg Type
UC1861J OBSOLETE  CODIP J 16 TBD CaliTi  CallTl
UC1861J883B OBSOLETE COIP J 16 TBD CallTt  CallTi
uC1863J ACTIVE CDIP J 16 1 TBD A42SNPB N/ A for Pkg Type
UC1863J8838 ACTIVE CDIP J 16 1 TBD A42SNPB N/ A for Pkg Type
UC1863JQMLV ACTIVE CDIP J 16 TBD CallTl  CallTl
UC1863L ACTIVE Lcce FK 20 1 TBD POST-PLATE N/ A for Pkg Type
UC1863L8838 ACTIVE Lcece FK 20 1 TBD POST-PLATE N/ A for Pkg Type
UC1863LOMLY ACTIVE LCCC FK 20 TBD CalTi  Call T
UC18644 OBSOLETE - CDIP J 16 TBD CaiTt CalT
UC1864J883B OBSOLETE — CDIP J 16 TBD Calli CalTl
UC1864L OBSOLETE LCCC FK 20 TBD CallTi  CaliTl
UC1864L883B OBSOLETE -~ LCCC FK 20 TBD Cail.  CalTi
UC18654 OBSOLETE -~ CDIP J 16 TBD Calll. CalTl
UC1865J883B OBSOLETE - CDIP J 16 TBD CallTi | Call Tt
UC18674 OBSOLETE = CDIP J 16 TBD CallTi.  CallTl
UC1867L OBSOLETE  LCCC FK 20 T8D Callli | | CaliTl
UC2861DW ACTIVE soic Dw 16| | 40 | Green s(Rw%H)S & CUNIPDAU | Level-2-260C-1 YEAR
o T,
UC2861DWG4 ACTIVE soic DW 16. | 40, Green S(I;,%H)S & 'CUNIPDAU  Level-2-260C-1 YEAR
no ¥
UC2861DWTR ACTIVE SoIc 5] 16 2000 Green S(f:/c:BH)S & CUNIPDAU = Level-2-260C-1 YEAR
no ¥
UC2861DWTRG4 ACTIVE soic ow 16 2000 Green (RoHS& CUNIPDAU Level-2-260C-1 YEAR
no ShiBr)
UC2861N ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC2861NG4 ACTIVE PDIP N 16 (25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
uC2861Q ACTIVE PLCC FN 20~ 46 Green (ROHS & CUSN  Level-2-260C-1 YEAR
no Sb/Br)
UC2861QG3 ACTIVE PLCC FN 20 46 Green(RoHS & CUSN  Level-2-260C-1 YEAR
no Sb/r)
UC2863DW ACTIVE SOIC ow 16 40 Green s(mﬂ)s & CUNIPDAU Level-2-260C-1 YEAR
. no T,
UC2863DWG4 ACTIVE SOIC DW 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
o Sb/Br)
UC2863DWTR ACTIVE SOIC DwW 16 2000 Green s(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
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TEXAS
INSTRUMENTS
www.li.com 18-Jul-2006
| Orderable Device Status ™  Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp
| Type _ Drawing Qy
UC2863DWTRG4 ACTIVE SOIC Dw 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
. no Sb/Br)
! UC2863N ACTIVE PDIP N 16 25 Green{RoHS & CUNIPDAU N/Afor Pkg Type
! no Sb/Br)
. ©  UC2863NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2864DW ACTIVE SOiC DwW 16 40 Green(RoHS & CUNIPDAU  Level-2-260C-1 YEAR
no Sb/Br)
UC2864DWG4 ACTIVE SOIC DwW 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2864N ACTIVE PDIP N 16 25 Green{RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2864NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2865N ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2865NG4 ACTIVE PDIP N 16 25 Green{RoHS & CUNIPDAU N/A for Pkg Type
no Sb/Br)
UC2866N ACTIVE PDIP N 16 25 Green{RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2866NG4 ACTIVE PDIP. N 16 25-Green (RoHS & . CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC3861DW ACTIVE soIC Dw 16 40 ~Green(RoHS & CUNIPDAU  Level-2-260C-1 YEAR
no Sb/Br)
UC3861DWTR ACTIVE SOoIC bw 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3861DWTRG4 ACTIVE soic DwW 16 ~ 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3861N ACTIVE PDIP N 16 25 Green{RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC3861NG4 ACTIVE PDIP N 16 25 Green{RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
Uc3862DW ACTIVE SOiIC DW 16 40 - Green (RoHS &  CUNIPDAU  Level-2-260C-1 YEAR
no Sb/Br)
UC3862DWG4 ACTIVE SOIC DW 16 40 Green(RoOHS & CUNIPDAU  Level-2-260C-1 YEAR
no Sb/Br)
UC3862DWTR ACTIVE SOiC DwWw 16 2000 Green (ROHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3862DWTRG4 ACTIVE soic DW. 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3862N ACTIVE PDIP N 16 25 Green{RoOHS & CUNIPDAU N/Afor Pkg Type
no SbiBr)
UC3862NG4 ACTIVE PDIP N 16 25 Green{RoHS& CUNIPDAU N/Afor Pkg Type
1o ShiBr)
UC3863DW ACTIVE SOIC DW 16 40 Green(RoHS & CUNIPDAU  Level2-260C-1 YEAR
no Sb/Br)
UC3863DWG4 ACTIVE Soic Dw 16 40 Green{RoHS & CUNIPDAU  Level2-260C-1 YEAR
no Sb/Br)
UC3863DWTR ACTIVE soic DwW 16 2000 Green(RoHS & CUNIPDAU Level2-260C-1 YEAR
no Sb/Br)
UC3863DWTRG4 ACTIVE SOIC DW 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
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Texas PACKAGE OPTION ADDENDUM
INSTRUMENTS
www.fi.com 18-Jul-2006
" Orderable Device Status ) Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Poak Temp © |
Type Drawing Qty
UC3863N ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/A for Pkg Type
no Sb/Br)
UC3863NG4 ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3864DW ACTIVE SOIC Dw 16 40 Green{RoHS& CU NIPDAU Levet-2-260C-1 YEAR
no Sb/Br)
UC3864DWG4 ACTIVE SOIC DW 16 40 Green(RoHS& CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)
UC3864DWTR ACTIVE SOIC bw 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3864DWTRG4 ACTIWVE SOIC DW 16 2000 Green (RoHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
| UC3864N ACTIVE PDIP N 16 25 Green(ROHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3864NG4 ACTIVE PDIP N 16 25 Green (RoHS& CU NIPDAU N/ A for Pkg Type
no Sb/Br)
UC3865DW ACTIVE SOIC DW 16 40 - Green (RCHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
LC3865DWG4 ACTIVE Soic bw 16 40 _ Green (RoOHS& CU NIPDAU Level-2-260C-1 YEAR
no ShiBr)
UC3865DWTR ACTIVE SOIC bDw 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3865DWTRG4 ACTIVE SOIC bw 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3865N ACTIVE PDIP N 16 25 - Green(RoHS & CU NIPDAU N/ A for Pkg Type
no Sb/Br)
UC3865NG4 ACTIVE PDIP N 16 25  Green (RoHS & CU NIPDAU N/ A for Pkg Type
no Sb/Br)
UC3865Q ACTIVE PLCC FN 20 46 Green (RoHS & CU SN Level-2-260C-1 YEAR
\ no SbiBr)
UC3865QTR ACTIVE PLCC FN 20 /1000 Green (RoHS & CU SN Levei-2-260C-1 YEAR
no Sb/Br)
UC3865QTRG3 ACTIVE PLCC FN 20 .~ 1000 Green (RoHS & CUSN Level-2-260C-1 YEAR
no Sb/Br)
UC3866N ACTIVE PDIP N 16 25 Green (RoHS & CUNIPDAU N/A for Pkg Type
no Sb/Br)
UC3866NG4 ACTIVE PDIP N 16 25 Green (RoHS& CU NIPDAU N/ A for Pkg Type
no Sb/Br)
UC3867DW ACTIVE SOIC DwW 16 40 = Green (RoHS & . CU NIPDAU  Level-2-260C-1 YEAR
no Sb/Br)
UC3867DWG4 ACTIVE SoIc DW 16 40 Green (RoOHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3867DWTR ACTIVE S0iC Dw 16 2000 Green (RoHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3867DWTRG4 ACTHVE SOIC Dw 16 2000 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3867N ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/A for Pkg Type
no Sb/Br)
UC3867NG4 ACTIVE PDIP N 16 25 Green (RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3868N ACTIVE PDIP N 16 25 Green (RoHS & CU NIPDAU N/ A for Pkg Type
no Sb/Br)
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3 PACKAGE OPTION ADDENDUM
TEXAS
INSTRUMENTS
www.ti.com 18-Jul-2006
Orderable Device Shtus(_') Package Package Pins Package Eco Planim Lead/Bafl Finish MSL Peak Temp o ]
Type Drawing Qty
UC3868NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)

-

} The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: T1 has announced that the device will be discontinued, and a lifetime-buy period is in effect.

RND: Not recommended for new designs. Device is in production to support existing customers, but T1 does not recommend using this part in
new design.

REVIEW: Device has been announced but is not in production. Samples may or may not be available.

BSOLETE: Tl has discontinued the production of the device.

Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
J-“;ttp://www.ti.comlproductcontent for the latest availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): Tl's terms "Lead-Free” or "Pb-Free” mean semiconductor products that are compatible with the current RoHS requirements
or ali 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed o be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
b-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
ckage, or 2) lead-based die adhesive used between the die and. leadframe. The component is otherwise considered Pb-Free (RoHS
mpatible) as defined above.
Green (RoHS & no SbiBr): Ti defines "Green” to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
ralardants {Br or Sb do not exceed 0.1% by weight in homogeneous material)

) MSL, Peak Temp. — The Moaisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
‘temperamre.

1Imponant Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
‘provided. Ti bases its knowledge and belief on information provided by third parties, and makes no representation or warmranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
‘reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
.incoming materials and chemicals. TVand Tt suppliers consider certain information to be propristary, and thus CAS numbers and other fimited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the totat purchase price of the Ti part(s) at issue in this document sold by Ti
to Customer on an anaual basis.
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IMPORTANT NOTICE

Texas instruments incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any fime and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All producits are sold subject to Tl's terms
and conditions of sale supplied at the time of order acknowledgment.

Ti warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with Tr's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for appiications assistance or customer product design. Customers are responsible for
their products and applications using Ti components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any T1 patent right,
copyright, mask work right, or other T1 intellectual property right relating to any combination, machine, or process
in which T1 products or services are used. information published by Tl.regarding third-party products or services
does not constitute a license from Tl to use such products or services or.a warranty or endorsement thereof,
Use of such infonmation may require a ficense from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of T1.

Reproduction of information-in-Tl.data books or data sheets is.permissible only if reproduction is without
alteration and is accompanied by all associated wamranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. T! is not responsible or liable for
such altered documentation.

Resale of Ti products or services with statements different from or beyond the parameters stated by Tl for that

product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions: . - ) .

Products Applications

Amplifiers amplifierti.com Audio www_fi.com/audio

Data Converlers dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www._ti.com/broadband

Interface interface ti.com Digital Control www_ti.com/digitalcontrol

Logic logic.ti.com Military www._ti.com/military

Power Mgmt power.t.com Optical Networking www_ti.com/opticainetwork

Microcontroliers microcontroller.ti.com .. - Security www._ti.comV/security

Low Power Wireless www.li.com/lpw Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address:  Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2006, Texas Instruments Incorporated
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Philips Semiconductors . Product'speciﬁcation

N-channel TrenchMOS™ transistor IRF640, IRF640S
FEATURES SYMBOL QUICK REFERENCE DATA
1 'Trench’ technology d
¢+ Low on-state resistance Vpss =200V
¢ Fast switching

Low thermal resistance b=16 A

? Roson < 180 mQ
S

|
GENERAL DESCRIPTION

N-channel, enhancement mode field-effect power transistor using Trench technology, intended for use in offine
switched mode power supplies, T.V. and computermonitor power supplies, d.c. to d.c. converters, motor control circuits

and general purpose switching applications.

The IRF640 is supplied in the SOT78 (TO220AB) conventional leaded package.
The IRF640S is supplied in the SOT404 (D*PAK) surface mounting package.

'PINNING SOT78 (TO220AB) SOT404 (D*PAK)
1 PIN DESCRIPTION b
‘ whs O 1 - Ta
1 gate A ]
2 |drain’
3 source
2
tab |drain 154 1 3
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL | PARAMETER CONDITIONS MIN. | MAX. | UNIT
Vpss Drain-source voltage T,=25°C to 175°C - 200 \
Voer Drain-gate voltage T,=25°C.t0175:C; Res = 20 k2 - 200 Y
Ves Gate-source voltage - +20 v
Iy Continuous drain current Tro= 25 °C; Vgs =10V - 16 A
Tew =100 °C; Vgg =10V - 1 A
Tow Pulsed drain current T =25°C - 64 A
Py Total power dissipation Tw=25°C - 136 w
T, Tag  |Operating junction and ~ 55 175 ‘C
storage temperature

1 Itis not possible to make connection to pin:2 of the SOT404 package

August 1999 1

Rev 1.100
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Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF640, IRF640S

|

VALANCHE ENERGY LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)

SYMBOL |PARAMETER CONDITIONS MIN. MAX. { UNIT
Exs Non-repetitive avalanche Unclamped inductive load, I, = 6.2 A; - 580 mJ
energy t, =720 ps; T, prior to avalanche = 25°C;
Vpp £ 25 V; Rgs = 50 Q; Ve = 10 V; refer
tofig;14
las Peak non-repetitive - 16 A
avalanche current
t
THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Rip;m | Thermal resistance junction ' - - 1.1 | KW
to mounting base -
Ria Thermal resistance junction | SOT78 package, in free air - 60 - Kw
to ambient S0T404 package, pcb mounted, minimum.{_ - 50 - KW
footprint

ELECTRICAL CHARACTERISTICS
T=25°C unless otherwise specified

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT

Verpss | Drain-source breakdown Ves =0 V; 15 =0.25 mA; 200 - - \
voltage T,=-55°C | (178 - - \'4

Vesroy Gate threshold voltage Vis = Vgs: Ip =1 mA 2 3 4 \'
T;=175°C 1 - - A

1;=-66"C - 6 v
Rpsiony | Drain-source on-state Ve =10V p=8A - 130 | 180 | mQ
resistance T,=175°C } /- - |52 | mQ

lass Gate source leakage current [Ves =+£20V; Vps =0V - 10 | 100 | nA
loss Zero gate voltage drain Vps =200 V; Vs =0 V; - 005} 10 BA
current Vs =160 V; Vs =0 V; T, = 175°C - - 250 | pA

Qgony Total gate charge =18 A; V=160V, Vgs =10V - - 63 nC
Qqe Gate-source charge - - 12 | nC
Qg Gate-drain (Miller) charge - - 35 nC
taon Turn-on delay time Voo =100V; R, =56 Q; - 12 - ns
t, Tum-on rise time Vs = 10V;R= 5.6 Q - 45 - ns
tyon Tum-off delay time Resistive load - 54 - ns
t Tum-off fall time - 38 - ns
L, Internal drain inductance Measured tab to centre of die - 3.5 - nH
Ly Intemnal drain inductance Measured from drain lead to centre of die - 45 - nH

(SOT78 package only)
L Intemnal source inductance |Measured from source lead to source - 7.5 - nH
bond pad

Ciss Input capacitance Ves=OV;Vps=25V;f=1MHz - 18501 - pF
Coes Output capacitance - 170 - pF
C.s Feedback capacitance - 91 - pF

| August 1999 2 Rev 1.100
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Philips Semiconductors Product specification
N-channel TrenchMOS™ transistor IRF640, IRF640S
REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS
T; = 25°C unless otherwise specified
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. ] MAX. | UNIT
I Continuous source current - -1 16| A
{body diode)
lsu Pulsed source current (body - - 64
diode)
Vsp Diode forward voltage F=18A;Vgi=0V - 10 { 1.5 \'4
t, Reverse recovery time le="18A;-dl/dt = 100 Adus; - 130 - ns
Q, Reverse recovery charge Ves =0V, Vy=25V - 0.8 - pcC
3 Rev 1.100

|
I
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Philips Semiconductors . Product specification

N-channel TrenchMOS™ transistor IRF640, IRF640S
Normalised Power Derating, PD (%) 19 Jransient thermal nce, Zth
100
” )y
80 \\\ 140=05 -
70 N £ 0.2 Hi .
60 04 Fo.4 LI —H
50 - 0.05
“ £0.02 D=tpiT
30 ™ 0.01 =L single —le'-
\ pulse
20 ‘ ] l ]
10 N T e
0.001 .
° 0 25 50 75 100 125 150 175 1E-06 $E-05 1E-04 1E-03 1E-02 1E-01 1E+00
Mounting Base temperature, Tmb (C) Pulse width, tp (s)
Fig.1. Normalised power dissipation. Fig-4.—Transient thermal impedance.
PD% = 100-P5/Pyp 25 ¢ = {Tas) Zin pmo = 1(t); parameter D = /T
Drain Current, ID (A)
o Normalised Current Desating, 1D (%) 2 R TRz
T~ 18 T -2
%0 3y A A
80 . \ 16 =
0 14 Z 5\
N 1"
60 12 — o
50 ™~ 10 /1/
40 8 ol
30 ~Z 5V
6
20 AN 4 ]
10 2 45V
[/}
° 25 50 75 100, 125 - 150 | 475 9 g L
Mounting Base temperature, Tmb (C) S A 0 ntead Vo sy ° 2
Fig.2. Normalised conftinuous drain current. Fig.5. Typical output characteristics, T,=25 C.
ID% = 100-Ip/lp 25 ¢ = {Ts); Ves =10 V Ip = f{(Vips)
100 é'ﬂ%'gﬂﬁm M) = .3 Drain-Source On Resistance, RDS{on) (Ohms)
[——RDS{on} = VDS D= = ’ asv] |5V Ti=25¢C
573 ~ < tp=10 us[rH 025
11 ~:\\ t\\ S ‘ ‘
1 = 100 us 0.2
D.C. TRE <1 ':ls 0.15 35V
3 + L/ L/ o
! = 100 s t 01 52 1 L8V
VGS = 10V
0.05
0.1 [}
1 Dram v Vl;gom 1000 0 2 4 Gm%m‘ln{ mz}) 14 % 18 20
Fig.3. Safe operaling area Fig.6. Typical on-state resistance, T;= 25 °C.
Ip & Iow = {Vios); Iou Single pulse; parametert, Rosiony = Hlo)

August 1999 4 Rev 1.100
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Philips Semiconductors

Product specification

N-channel TrenchMOS™ transistor

i
!

IRF640, IRF640S

g Drein cument 1D (A) 45 T_hr:ohold Voltage, VGS(TO) (V) —
1 | VDS >IDXRDS(ON) J 4 B i <=1 maximum
16 ,I/ 3.5 4] = ‘% -+
7 '\\_ -~ -
14 77 3 e~ Ypieal =<
12 p) / 25 \jL\ *~.
- — \
10 -~k minimum ~
175¢ [/ / 2 = === _ ]
8 ,/ l is - ‘ M~
6 V. - - ™
S Jm=2¢ 1 it 3
4 i
2 - 05
° == ]
o 1 2 3 4 5 6 60 40 20 0 20 40 60 80 100 120 140 160 180
Gate-source voltage; VGS (V) Junction Temperature, T] (C)
i Fig.7. Typical transfer characteristics. Fig.10. Gate threshold voltage.
! Ip = f{Vgs) Vasaoy = H(T); conditions: I = 1 mA; Vs = Vs
2% Transconductance, gfs (S}
VDS > ID X RDS(ON) ri=25/c
L] 7 M |
20 4 i
L~ LY
— 175
15 L= 1.0E-03 minimum
bt
P B T oea T —
10 +— 1.0E-04 -
// == maximum
s ,/ 1.0E-05
—7 7t ya 1 —
° 10606 1 /A ! |
[} 2 4 [ 8 10 12 14 16 - 18 20 ¢ .05 1 15 2 25 3 35 4 45 5
Drain cusrent, ID.(A) Gate-source voitage, VGS (V)
Fig.8. Typical transconductance, T,= 25 .°C. Fig.11.. Sub-threshold drain current.
gs =flp) ) Iy = V), conditions: T; =25 °C
Normalised On-state Resistance 20000 Capacitances, Ciss, Coss, Crss {pF)
29 FHH
27 7 T
25 e - Ciss ]
23 - —
21 7~ 1000 ~
19 A =N
17 4 Ji— N— Coss ||
15 —~ N L Tl
13 — 100 =
14 —
09 -~ Cres
07 HH
" il
£0 40 20 0 20 40 60 80 100 120 140 160 180 0.4 1 10 100
Junction temperature, T} (C) Drain-Source Voltage, VDS (V)
Fig.9. Normalised drain-source on-stale resistance. Fig.12. Typical capacitances, Cig Coess Crss
RosonyRosonzs <= HT) C = f(Vps); conditions: Vss =0 V; = 1 MHz
|
|
i
' August 1999 Rev 1.100
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Product specification

N-channel TrenchMOS™ transistor

IRF640, IRF640S

- Source-Drain Diode Current, IF (A)

2 .
" ve=of ',l
16
14 A /
17dc / /
12 y
10 ] ][ =25C
4
8 vl
) A
/ /
4 .
2 ’ /
° 7 /

¢ 0% 02 03 04 05 06 07 08 09 1 11 12

Source-Drain Voftage, VSDS (V)

Fig.13. Typical reverse diode current.
I = {Vsps); conditions: Vs = 0V; parameler T,

Maximum Avalanche Curvent, Ixs (A)

100
10 o Sl s
-

NN Nl
1 Tj prior to he =150 C ===xis
Hh

0.1

0.001 0.01 0.1 1 10
Avalanche time, tay {ms)

Fig.14. Maximum permissible non-repetlitive
avalanche current (l,s) versus avalanche time (t,,);
unclamped inductive load

August 1999
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Product specification

N-channel TrenchMOS™ transistor

L

IRF640, IRF640S

ILECHAN!CAL DATA
i
' Plastic single-ended package; heatsink mounted; 1 mounting hole; 3-lead TO-220 SOT78
E p— A —]
P = Ay
T _.l } r ¥ r
Dy 4@» ) —:
l _ =¥ /& i
i - |
D | ' | |
- B4, .
|
¥ A ¥ Ll
L1 l Ly
oo 11 ) —i—- 7 7 ~lak
. by -]}
|
it
f1hlzhis |
v ]: o~ xL—b - L—c
Uk )
0 10 mm
[TRRTIEEEWS SRS AN TN |
scale
DIMENSIONS {mm are the original dimensions)
! UNT | A Al B by c DDy | E ° L [ ;2:: P q Q
mm | 33 {12 | o7 | 10| o4 |12] 50 o7 | 2% |ns |2y | 20 |56 | (3
Note
1. Terminals in this zone are not tmned.
% — Jmnmces - EUROPEAN ISSUE DATE
so78 T0-220 =39 97-06-11
Fig.15. SOT78 (TO220AB); pin 2 connected fo mounting base (Nel mass:2g)
Notes
1. This product is supplied in anti-static packaging. The gate-source input must be protected against static
discharge during transport or handling.
2. Refer to mounting instructions for SOT78 (TO220AB) package.
3. Epoxy meets UL94 VO at 1/8".

Rev 1.100
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Philips Semiconductors Product specification
N-channel TrenchMOS™ transistor IRF640, IRF640S
MECHANICAL DATA
Plastic single-ended surface mounted package (Philips version of D2-PAK); 3 leads
\‘ {one Jead cropped) SOT404
e R
E |
' | [
o E e
AT h
I H | !
! | 1 i
| y 1 1
(3 ] | \ i
] 1 i
1 : \ 1
Mo =" W Yy ) =
‘D). &
~ 2 '
! l v L’,—
I 1 i LI t
| 00 B i
? {5l [e} ~a
0 25 5mm
baseaterind
scale
DIMENSIONS {nems are the original i
UNIT| A | A b c “:‘_ Dy E . L |"'Hp. | @
mn 450 | 140 | 0.85 | 084 11 160 | 10.30 254 290 | 1540 260
410 | 127 | 060 | 048 120 { 970 210 | 14.80) 2.20
VERSION = JEDEE =) PROJECTION ISSUE DATE
soraot 3@ | nen

Fig.16. SOT404 surface mounting package. Centre pin connected to mounting base.

Notes ’
1. This product is supplied in anti-static packaging. The gate-source input must be protected against static
discharge during transport or handling.

2. Refer to SMD Footprint Design and Soldering Guidelines, Data Handbook SC18.
3. Epoxy meets UL94 VO at 1/8".

August 1999 8 Rev 1.100



94

Philips Semiconductors : Product specification

N-channel TrenchMOS™ transistor IRF640, IRF640S

MOUNTING INSTRUCTIONS
[

Dimensions in mm

175

| !
Fig.17), SOT404: saldering pattern for surface mounting.

DEFINITIONS

Data sheet status

' Objective specification | This data sheet contains target or goal specifications for product development.
Preliminary specification | This'data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications. '
Limiting values

Limiting values are given in accordance with.the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may'catse permanentdamage o the device. These are siress ratings only and
operation of the device at these or at'any other conditions-above those givenin the Characteristics sections of
this specification is not implied. ‘Exposure folimiting values for extended periods:may affect device reliability.

Application information
Where application information is given, it is advisory‘and-does not.form part of the specification.
© Philips Electronics N.V. 1999

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not form part of any quotation or coniract, it is believed to be
accurate and reliable and may be changed without notice. No liability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey norimply any license under patent or other '

industrial or intellectual property rights. '

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or systems where malfunction of these
products can be reasonably expected to result in personal injury. Philips customers using or selling these products
for use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting
from such improper use or sale.

August 1999 9 Rev 1.100
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T LR Discrete POWER & Signal
FAIRCHILD Technologies
SEMICONDUCTOR ™
Features i ::;_p,n! :g:::
V= 7
* Low power loss, high efficiency. ..!mi-—- pll <o | = '—:::—:
* High surge capacity. A }—"‘éﬁ I I8 5 ‘
* For use in low voltage, high frequency — g W L
inverters, free wheeling, and polarity
protection applications. mm ’
* Metal silicon junction, majority carrier _:3;.{“_5;{ f inches (mm) '
conduction. ~‘Ez )
* High cr.l:;e:: capacity, low forward ) jj
* Guard ring for over voltage protections TO-220AC mpossy 7| 1 .J
PIN 1 #0—
: . G e - e
16 Ampere Schottky Barrier Rectifiers et Pese
Absolute Maximum Ratings* 7~ 26:¢ s dimise notes
Symbol Parameter Value Units
lo Average Reclified Cutrent 16 A
375" lead lengih @ TA= 125°C
Hrepetitve) Peak Repetitive Forward Curent
(Rated Vi, Squars Wave, 20 Kiiz) @ T4=125°C 32 A
if{surge) Peak Forward Surge Current
8.3 ms single half-sine-wave 150
Superimposed o rated load (JEDEC method)
Po Total Dévice Dissipation 20 5 w/
F Derate above-25°C 16.6 mwW/9C
Ra Thermal Resistance, Junction to Ambient - 80 *CIwW
Ran Thermal Resistance, Junctionto Lead i5 2CIW
Teg Storage Temperature Range €5t +175 A
T Operating Junction Temperatuge 6540 +150 °C
*These ratings are imiting values abave which the serviceabiity of any semicontucior device may be impeired.
Electrical CharacteriStiCs 1,725:c.uniess otherwise noted
A
Parameter Device Units
1635 1645 1650 1660
Peak Repelitive Reverse Voltage 35 45 50 60 v
Maximum RMS Voltage 24 N 35 42 Vv
DC Reverse Voltage  (Rated Vr) 35 45 50 60 v
Voltage Rate of Change (Rated VR) 10,000 ViuS
Maximum Reverse Current
@ rated Vg Ta=25°C 0.2 10 mA
Ta=125°C 40 50 mA
Maximum Forward Voltage
Ir=16 A, Tc=25°C 0.63 0.75 A"
Ir=16 A, Tc= 125°C 0.57 0.65 A"
Peak Repetitive Reverse Surge 1.0 0.5 A
Current
2.0 us Puise Width, f = 1.0 KHz
1999 Fairchid Semiconductor Corporation MBR1635 - MBR1660 Rev. A

099 L8N - SE9LUEN
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Schotty Barrier Rectifier
{continued)
Typical Characteristics
Forward Current Derating Curve Non-Repetitive Surge Current
20 <150
E N
—_ w
<6 g 125 \
- S \k
z O 400
[ w N
& 12 e M\
3 SINGLE PHASE K 3 75 d
a | HALF WavE a \\
& Blemz Z =
= RESISTIVE OR X 50 R
& INDUCTIVE LOAD E
€ 4 375 (3.00mm) LOAD o
G w 25
s \ 2
o l | é ¢
0 25 5 715 1000 125 150 475 1 -2 5 10 .20 50 100
AMBIENT TEMPERATURE (°C) NUMBER OF CYCLES AT 60Hz
Forward Characteristics Reverse Characteristics
e T
T = 150°C T, =25°C .
< 10
5 7 ————F E
& Zd Sl ST N %
5 4 &
S 7 3
[=3 i G ———
< 4~ wen163snmrios ?é
E 01 g
[ : == Q
1 T Pulse Width = 300:5
0.01 [ T2r2eor, o 0.001
’ 02 04 06, 08 -1 12 T8 20~ 400 60 80 (100 /120 140
FORWARD VOLTAGE (V) PERCENT OF RATED PEAK REVERSE VOLTAGE (%)
Typical Junction Capacitance Transient Thermal impedance
5000 T gmo
iy il g
& (]
4 2000 | 2
2z =~ MER' ) o
z 1 1] ot { 1lc‘ss-usmus & 10
G 1000 2 =
g i -t
S o0 [LMERIED MERIER ~ §
2 l £
2 20 NI 2
3 u " 8
100 , 4 2 03
0.1 1 10 100 E oot 0.1 1 10 100

REVERSE VOLTAGE (V)

T. PULSE DURATION (sec.)

MBR1635 - MBR1660 Rev A
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended 1o be an exhaustive list of all such trademarks.

ACEx™ ISOPLANAR™
CoolFET™ MICROWIRE ™
CROSSVOLT™ POP™
E2CMOS™ PowerTrench™
FACT™ Qs™
FACT Quiet Series™ Quiet Series™
FAST® SuperSOT™-3
FASTI™ SuperSOT™-6
GTO™ SuperSOT™-8
HiSeC™ TinyLogic™
DISCLAINMIER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION-OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER 1TS 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
systems which, (a) are intended for surgical impiant into
the body, or (b) support or sustain life, or {(c) whose
failure fo 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.

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

PRODUCT STATUS DEFINITIONS
Definition of Terms
Datasheet Identification Product Status Definition
Advance Information Formative o 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 nofice 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 spedifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheset is printed for reference information onty.
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