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ABSTRACT
This project is presented analysis of controller design to the power supplies. In this
case, the controller design is applied to buck converter at the constant frequency 40 kHz. Buck
converter is designed with input voltage 30 V (£ 2 V) |, output voltage 12 V(£ 0.5%) and
outpul current maximum (2A) in continuous current mode (CCM). The bode plot is used for
analysis the behaviors of buck converter design. The experimental result shows the small ripple

of output voltage when the lode current changes in lead,
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2.6.2 Error Amplifier
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2.6.3 Soft — Start Latch

Wmrni st uc 3825 e lauaoon i Duty Cycle

2.0.4 PWM Comparator & Laich
o & P el Gl 1 o g -~ - ar v dli o
AmhinlSoufsuaws e W hRnnn Eror Amplifier nuFmmiuion A

917 Oscillator LA A AaNH: PWM 11A21190 MOSFET #ip 11

a § & 3
2.6,5 Current limiting & Shutdown Wimiitlsznouduisasuenaaduszuy

Hosdunszua i T MOSFET fufing

2.0.6 Undervoliage Lockout

o Yo 3 A v o 5 o a o WY
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2.6.7  Output
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g0 msihidumdeni 114 uaees pe/pCe Converter
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aﬂymmmﬂimmwﬁm 11TE1FHH Inductor

* Continuous Inductor Current Mode

A—t Ai,
0

U210 nazua T4l Ripple Snman

* Discontinuous Inductor Current Mode

szt nszaalld Ripple Hvinalug



2.7.1 vedinalunisesnuuy

Continuous Inductor Current Mode msn1a i Mode ﬁ ﬂimtﬁ”lﬂﬁW Peak — Peak

¥
Ripple a1 089110 AC winding loss 8¢ Core loss HiitTo NM51AA Core Teluagdium B,

¥
%99 Core @1 Discontinuous Inductor Current Mode 115911974 Mode 'ﬁ ﬂi:’LL’d1ﬂ‘ﬁ1 Peak

4
A [ . . 1 =5
Peak Ripple fannnyild Ac Winding Inss 0% Corc loss 191110 N3L80N Core T98UD

il

v ] ke ] '
= Y= =] =] =) . .
NIWATAIRUVDUNHU T uazdTzEninmhanaaiiasnin Core loss , AC winding loss li0E

DC winding loss

L

2.7.2 msaupumdsgands vz gasiplvesdunilenililigadading

a4 v

1 ¥
ganniinulumes Inductor gnd1da i ldimuAus ngunginiouenifiu 30 - 40 Dae

2.7.3 ﬂ]'ﬁ!a@ﬂ’ﬁﬁﬂﬂlﬂ\‘mﬂ‘lm ﬂdﬁ]!‘}"lﬁﬂ?ﬁ]
“IjUTiJ Y1 Parameters

1]

« Paramerers 111

[, = Total rms current at tufl load

I, = peak shorl circuit current

., = Maximum continuous peak - to — peak current swing
.

AP = core area product = 4 A4 . em’

* Winding Parameters

A, =Total winding window area in core , e

AP = Conductor area, ent

& = Winding factor - 0.7

J,..=Maximum flux density , Afen’

N = Number of turns

[ = Avg length of 1 turn (MLT) . cm

P = Winding loss

*Care parameters

A, = Effective center — post area , em’

B, = Saturation flux density , Tesla

B, . = Maximum peak flux density

B, = Maximum peak - to - peak flux density swing

1, = Gap length . cm



u, = Permeability of free space (45107)
u, = Relative permeability
P = Core loss

V = Core Volume

2.7.4 MISADNUUIAUDIVDIS UHLIL 1Y

AU TLAUR Air gap

1 1
o
2 2BHA T,
WAITWT Ampere's Jaw A Air aap
NI = HI,
aUNT (2.24) , (2.25)
LI=BAN
AU N
* ﬂjfgﬁwlimilcd
NI
BA, B
* ﬂi_ﬁl Core loss limited
. L LA,
BA. AB_A

Ampere — turn WA ( Current density ) X { Conductor Area )

NI =4, =J4,K

* N30 B, limited

(2.24)

(2.26)

(2.29)
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— Jlnﬂ,\AwK (230)
M.

TUNT (2.27) , (2.30)

J A K L,
ma}‘{ W — B Pk (231)
M. max “ T
Area product ( AP)
LI 1, 10° )
AP =4 .4, = " cm {2.32)
Jumx KBmax
kY . d’ o l’ = =y o r‘é} a
811 Current density A1 Inductor URMUHAUTIWIAUY 30
S AN NT” Alem? (2.33)
Al i
AP = » f; W{)fz'm . cm’ (2.34)
4200 AF) KB ..
o Lf 1,10
(APY'" = W e’ (2.35)
d b 10 - .
AP = (};6;\/,‘) , ent’ (2.36
- - ) HHAN
* N30 Core loss limited
dUnT (2.28) L (2.31)
max ‘/In 'I‘ LA].‘H
A] e 54 (2.37)
Area product ( AP )
LAL 1,,10°
AP = A A, =—2t — em’ (2.38)
Jmux K&Bm

] i = o ¥ = ~ s 4 o e o
#1 Current density 111119 Inductor Hguunigiigunisdiu 30° ¢ Tavhdoulumsoonuuud,

] 14 r
k‘r‘fﬁﬂ’.]ﬁ'l‘ﬂﬂ‘ﬂf[ﬂﬁ@ Copper loss IW11U Core loss , #941U Copper loss ﬁﬂﬁ’qmﬂgmwu 15° C



d31lmsfianyuaves Core

* ﬂim B, limited

* 591 Core toss limited

-02
J o =297(4P)H"
LAL 1,107

B S e NN LR L T LR S T
FeraTh L ST e Ak d e mie il e i G llNE

" 297(AP) " KAB,

LA 1,107
297KAB,
LA 1.10° 4,

}) ( RS

297KAB,

(AP)D.76 —

LV A
420KR

max

1.313

LR, 0105

pl fHr

297KAR,

2.8 NM1999nNUUYIIDI Pulse Transformer

Alem?

4
cm

cm

4
(M1

4
CH

I
cm

31]'?12.12 39973 Pulse Transformer

62773

[
[

(2.39)

(2.40)

(2.41)

{2.42)
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U590 gate U939 MOSFET §113703495Buck Converter $uiludn3er$1929959Y gate

el oy [ 1 o e o Qs .:; - ﬂ
#tnsuensuma ihszninsauguivissmadids Taseesdy gate Midenidluuu
14 Pulse Transformer MISOONUUVASIE Pulse Transformer @4AA1IEIL130 IFUAUNE1INI]

o 5 d‘i a o Y a T A g v PR = o' o

yuatan latinannmas i n g uidwuilan Tufeaaununaartiaes 1AL
EE - 19 (4, =233mm’ 4, - 51.7mm AP = 120461 mm') 1IUTOUUDIIARIALTUNIL

(Np Y49 Pulse Transformer ﬁ‘rmm“lﬁmnaumi

I] ik X '[)un\'
Np = pripE A . {2.43)
Ac' S Bmu.\; i f\

wenduanseuvesvaaandsnivo oo dui (v ) iduiwauseuvesvaaa

oM

Ugunil Ao

o a

! (2.44)

¥

a9 3 o { 5 J—

ABNUUIAUBINIANDILAIN LAY Pulse Transformer THIHINZHLA1LVMIAU0I MOSIE]

=] b k = o - w f '

auautlsgyldibmednlyugi ¢ danhithsiunszaatlfhas Train puse
_ A @ U TR 1 ~ 1 3 =1 L .
Pransformer 1o s1ansedu lbdifieannin e 3825 Anamn Ivishaosdndmlszy i ¢
o e A R - Y A A ]
Ao ld landenarmii i 1An 158 resonance V93435 (series resonance) MAAIINGUAL
sz T C vasaamilonimad ) gugiuos pPulse Transformer L viesndianudaluns
S 1 ~ LT | > - = ] g - Cal 1
SW BEUINHIIND 0 17aNAIWA resonanee T 0.1 wivaenud lumsadng anamg il

w o
Awesdunulszy Wi ¢ dwsadldanannis

Al 100 (2.45)

Taud
¢, = anwy fhvosdunudsey i ¢,
.= Anumieniwesianiioni Z,
L] o =y ! w v o
AunuilszyTihmedunangi ¢ Taleadunszua b, drdun & uay & aeduiiluag
, a 4w . v o da e oy =
93 Clamping tinfusedu Iidennseulalen b, udwaia puse silavaninszdudiess

| ] a ' = 1
W1 0 v, AINIAIIA19892993 Clamping ABINTTHAAANIAWNA UMIAINS  peauInie



A o 3 o ] o g v A A oA ' o
womainy IHuuaveanssiuanasoudunulszy i ¢ el WwadenAinsdinaivean
1 1 1 = o i =]
93 Clamping tiaond1 10 viwesmunalumsaing mnnuy lfhaesdanudsey i

¢ A ldninanns

107
h Zﬁﬁi‘
Ro+R.

(2.46)
Tan#
=y o
T = ATIIA1004MTa NG
w9
R,= ATATHMIUAUBIAIA MY R,
R, = AMUATUNIUADEIRUNIY R
w g A o a = z o o 2 3 ] v
Fadmmn r, wietleriumsiia Parasitic oscillate Temnsoidads ldnndunud sy i
1 1 I
pazdamileniurdannanna o uesminhdnonuluaeasdll  gae  uonaniinmIg
¥ S w @ 8o t f‘.JiJ = ’ i )
arumuodaIf e R, Galdimuagaaiiin (Rise time) 999 ¥, lamdon r = 100
A FO 4 - ' 9 a 3 i al = g = a o
waldaaaiiuees 17, Frwmdunoi i MOSEET Yomsadnddionnuiags e
1 A =] 3 o o @ o Y
i R, aosierluduniainlsgy iheaniin gue vie MOSFET Mdnigminizua s
Zener Diode 2. daitnion Tuasaumedidavinauo s lslihdume spike) 7117 i

munneesaau i w0 MOSFET
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2.9.1 HANMSNIH
51/#12.13 Error Amplifier A shmthiFoufivuussdu il v, 19 Sampling
G = U - = = kY Gt
network £ R , funssau i v 5.1v) dwnnnmanSenieues ldussdu v sani 110
3 a el =l uw [ os A ] o Y a g
1 pwM mmsalSeuieuaseauldda v Aunsaau lddidudon ¥, seiIdiAadyg i
A A = ¥ A a w
pulse 15319 7_ Fafinnunaniouauulsmuiuvnavossadu i v,
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afutwiingil2 13 dionsedulddh ¥, Wudehld v ues v, HRwndy Ermor
o 4 o ar ] o a o
Amplifier EA szimsnlFvufvnusedu v, du v, Swanfie vildldusadulud v, anng
' ad o =5 A ar g LT & o el
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Error Amplifier EA Hut1eau5edu v, iuiiy dawalids PwM shnswandaana pulse A7

14 1 +
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2,02 SN Transfer Function U993999 Buck Converter

(V.\'p B 1) LO V o
— A T
1 c. L
V(5D R
Resr :

Lp V
N YU \/_\—0*49—&0
T C() s
V -
I h R
RC.\ r :;/':_:. 5 -

o =i wa .
sdh2.15 199770y a l¥A1M9W Transfer Function

o

3UA2.15 Au909995 Transfer Function 4992303 1A 9T

v, -V, V.SC V. 0
a woy it NSTTRS B ;ﬂW‘Hllﬂ(lﬁj Va = V(: (2.47)
SL SC.R_+1 R

L] (2}



V.o SC, v,
0 _ M V + L — 0
SL, SI, SC R_+1) R,

vV 1 SCU i_ _ V;n
\SL TSCR.+1 R, ) S

& [AT a

]

i

V}LRH +SI, SC ]Z V

+
SLR, ~ SCR, +1

SE

rt

2] i Wi

((Rr, +S8L XSC, R, +1)+ 8C,(SL,R )) v

S’LRCR._+

2 [ [ (A1

[¢) [

SL R SL

i el o

i £ 1) M

1

V[S(, R, R +S*LC.R,

S*L.C RR +SL,C

.+ R, +SL, LR T 1%
SL

4 [ ey 2] o

V S*LRC R, +SLR,

o i i el

V., SLASC,R, R, +87L,C

SL .

AR N Rt STE I ) IR

U 4 [atg o (] [

SR C,R., +R )

¢ a9

SLASC, R R, +SL,

2y de,nR‘,,fs O L T

£ 2 t

A SC R, +1
B LN AT
SC R+ SL,_S$°1 +S3C I +1
RU (82
SR, 11

)

i

[
()

(2.48)

(2.49)

(2.50)

(2.51)

(2.52)

(2.53)

(2.54)

(2.56)



2.9.3  P19A 143 Transfer Function Y993497 Error amplifier

gﬂ'ﬁllﬁ 1235 Error Amplifier EA 7

AR
(s
dVv

iH

. (RS (Pt )
R(R, +1/5C, +1/8C,)

(1+8C R,)ISC,C,

SEC.C R, + SC, + SC
A/ eehtdd & L4S il

£l

1+ SC,R,

TSR (C,+Co)(14 SR,C,C, 1 C, +C)

(2.57)

(2.58)

(2.59)

2.60)



2.10 ANUUANINIZTHINAIIAIUUUVY Open loop Uz Closed loop

L
I
o Co é Ry,
Vin ‘/{\j' “ —[ VY E—A\f\f\ﬂ
= R ‘\; 2 R[
esr< j RSZ
. . WY SR wa VI

g'ﬂ“ﬁl.l? 1495 Buck Converter Yotz Closed loop

r 5

W13 Buck converter feedback loop 1‘1!3’&“2.17 TUYAN loop HRNNAYIRDINDIMN
o o 9 = 5 = B -::ys) ol
AUNAR B (Inverting input YB3 error amplifier) senunaoun Uy Open loop ¥432ULLUNNI

- 3 ° ] o AW oYW A ~ &= =
mufasulaednnluszuuearinlimanisiianun 1d ldmilewaunianans Wadss 1d
(-1 [ 24 i Yo u": Y = Y
UAFIHTULUY Closed loop (o @oga B iy 17) 1w iimsnldomlaadnnly

e

o S A A a oy
FEUUHANTTNTIUN ‘iﬂm3Jﬂu&ﬂfu1’i"3@!ﬂﬂlf’fﬂﬂ3 1ﬂ
2.10.1 155405 11Ua3A) Transfer Function d1%5UN13051@00591W
2.10.1.1 Crossover frequency

r9a79ziiEiosnwilofin 1A Crossover frequency (AUATA Open loop

= O -1 o1 ) R ' o0
guin aautlu 1) SEUUREAD I HATIVUB Open loop phase shift UA1HDLNT1T 360



2.10.1.2 ANNUBTUUDI gain 1MV 299 5N 14 US Corner frequency

R !
vorv, S, =U2aRG
VA : >
I . e
_ [ g
Ve ooy 5 -20+ o °
i J 5 404 & -45
O -
. ~60 I. l Hz O 90
aus, S, ey, 01/, 1, 19y,
= .
3‘1]112.18 1397 RC integrator
o & FAEs
e 4
T @ 60 £ ¢
L 3 e 40 fy =1 /2HR2C1 ﬁ ap
y SR, @ 1 . @
020l | @ 45
l / A Y
. B 2 W Hz & :
0.1/, £ 10f, ey, foaoy,
= . :
31N2.19 7393 RC differentiator
V. n VY sdo, W2z JII_C_
T BN ()_ / ,‘E CD
\ Gt B S L+ a0
el v
l l g 401 @ 90
=
o\ —60+—+— Hz 2180
01 fu f. 10F, O1L, £, 100,

3UM2.20 9193 LC filter

714 2,18 ner@adnuuzued Phase shift #71108 Comer frequency Hmsnlasuuilas
o < = .o A o 4 a0 s
-90° uAAINIUA 220 NPhase shift NANUA Corner frequency - 180° Galunsdindaiil
F r 1
dunswdonisiia liafoTniw A1l Open loop gain ANIIMA Crossover frequency 34A153)
o ) 1 e o] = £ oo = .
M3l ounaue Phase shift 1fn - 90° a1u19933107 2.18 Aabin1safaenuasves gain -

20 dB/decade ( 150 Slope 1)



2.10.1.3 Crossover frequency < (1/3) ﬁJE]\iﬂ’Jmaﬁ?JWﬁ)

2.10.1.4 Phase Margin

dwsuszuvfiazdiaBoininndsl Phase margin 2 45° dauanalugilii 2.21

U

=
1

2

-+ 40
=,
=
o+ 20 Feo
= . -lslopeat £,
é 100 10001000 s (rain margin
g —20-  TPrequency.lz :
= |
A |
= —40 |
|
. |
{
!
i
|
= | 1
A 1
5o 1
240" }
[ g8 |
ENNsa :
i l
T 320 [
: Phase margin (; :
e O (X P\ P VI
v 100 1000 10000

Freguency, Hz

21 0@ad Open loop gain AT Phase shift VOITSULATDHFAIN
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2.10.2 aUN1TAMANYMEYDI9DT LC filter

T—f Y{/“\f\‘-ﬂ———) l”,,
’ o

TN 3

| [

] ! ! 1 e
t i T T

LCGO 1000 10000

Frequency,Hz (a)
01 nl
20 S v,
T T
E— V C,, =
[ne} _60—' n = ‘Ru = A L” /C”
) R,
l =8
I | | { & &
T | 1 1

100 1000 10000
Frequency,Hz

gﬂﬁl.ZZ Transfer function 1.C filter ﬂJﬂ&NﬂﬂﬂMLﬁUUﬁiJﬂﬂ‘ua
@ vz ludnsan k|

(b) VMEHUITWR,,

2.10.3 Transfer Function 493 Pulsc width modulator ( PWNM }

717 2.20 @193 afuIwm G, (modulator DC gain)

= 0.5(Fsp—1) (2.61)

[/

n

V = 1 Peak D4Ry 104 ¥/
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2.10.4 HA3IUVAA Transfer Function
L
#11R910
G, =G, +G,+G, (2.62)
G,= MR TI1U94 gain
G, = gain YD Output LC filter
G = gain U943 Modulator

(7 = gain U0 Sampling network

2.11 an¥zU84 Transfer Function Y24 Output LC filter B8% Error amplifier

= . Y . = ¥ o [
5111 2.23 1A 2alr Gf LAY gain VDY Errar amplifier Bos8nuuun IlUanImuaaIitg

¥ .
8 2.10.1
+100 Gan=+L,
J: \\ }!TN / I
+8 N S 17
Ee.
+ 61 i |
E : : Errer amplifier gain
+40— [
} |
i |
b 20— |
el [0 100 1000 l[]|UUU Frequency.Hz
£ 0 | : - = ! |
o "j{\\ — DO |’a|n([ Cilter + modul ator 4+ sampling  resistors)
20k :
/;’ \*' ~ G =total gain (LC filter + modulator + sampling resistors R, R.
A= )

& e |
Fo=1220L C s L

- 60— \|
— L, =lags ot > Fo(=20- of switching frequency)
~ 80 \

gﬂﬁz.zs Transfer Function Y89 Output LC filter LAY Error amplifier



2.12 Pole Ua% Zero U4 Transfer Function Y83 Error amplifier

A

V"”“—T_ﬂ‘FE\ .
—

-

51#2.24 Error Amplifier

= = . \[u o o =) 1 = ZE 1
qﬁjﬂﬁﬂ2.2? 1) Phase shift 32H7H v 13 180" ungds gam ST ?Iﬁﬁlfﬂ Impedance

1 1

b

1 & 1
moluz, 2, wzugaeg umonues S=jw M7, =R, Z,= (Rl-i-gc—) i/ wld
i

2

Z, (R+1/SC)HISC,)
7 (R+1/8C, +1/8C;)

(2.63)
I

ri 2 A % ¥ e L3 o N S 1
%4 gain W38 transfer function fnialiodlugvos G(b):D_(\Il Taw G(S) dzuaatag iy

3
mousa 11l

Gy = VEN_AUEST) + 87,)(1+58Z,)

= : {(2.63)
D(N)  SP.(L+SP)1+SP)1+SP)

4
1y 9/ ~

AuNIT (2.64 ) a3t Wdamanui ladadl
1187,= 1-S(2 7 17,) = 1427 M,C,=0 W30 =127 RC,

Gt Z oy P ld1ana1vna RCTaannuinasanyi Z Gun Zeros frequency (7. ) 4182

A wAfiasafuAt P Gon Pale frequency (£, )daunnwdfinsafum p, Sonduilu Pole 7

Origin (f,,)
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. o . . .
2.13 ﬂamﬂmmﬁmm:ﬁauvmmma Pole Uz Zero 1319A1NFUYDY Transfer Function

e ag

0 slope \ -1 slope
+ slope 0 slope

(a) (b)

3ifi2.25 AnnNEAINEUUDS Pole AL Zero
(1) PILTUYEY Pole

(b) ANMUHUVTI Zero

ANWA Zero uag  Pole i]&flit‘fﬂ\“]ﬁﬁgﬂm‘jL“ljalmJiL’LJa\]ﬂ’JHHQﬁHIEN gain VDY error
amplilier #1138 Zero min/aoulagnnFuaes win asfignudu <1, d1 pole 15l Ao
B anLFLAD4 gain a= AT -1 1Az g2 Pole T Origin aglnaiuduvad gain HAnths 1
Tan Pole A Oriuin TN HIVEY Crossover (requeney 115jﬁﬂ’3111§ﬂd1!'1’i151j b G‘éamﬂ%’aqa

¥y ) R I =
ANAUTZ AUTTNTA T sain TINUDA crvor ammphifier 1‘;-=1'r‘|-:lfi"1l'1’1 226

o, =Ry

f' = 1 \ (_] \
N
N
0dB AN
Pole at origin
gain =0 dB at

Fo = 12700 +C)

g‘lJ‘?lZlﬁ gain VB4 Error amplifier
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2.14 M3A 14N Transfer Function 999 Error amplifier N3 1 Pole 1 Zero

3/ ] '
luduilazuan 3T a9 Transfer function Y83 Error amp A 180191017485 W37

2.27 1a83 1 Zero, | Pole ung Pole ‘ﬁﬁ;ﬂ origin

3ﬂﬁ2.27 4799 Error Amplifier EA

dl

= (2.57)
dl,

LR A LISC)ASE) o s
R(Ry +1/8C, +1/5C,) B

o (1= SCRNHESPCC, 259)

ST #6C, 5 -
e
S°C.C,
1 I+ 8CR, e

SRAC, +C)(1+ SR,C,C, /C, +C,)

Transfer function AHANNTI ( 2.60 ) M1 3098 11H13%03 Pole 197 origin DYAAIINA
= 12 2 R(C, 1) Maiiiaved (zero NAWA £ — 172 TR,CUATAINHIUINBY Pole ARG
Pa | | 1 o 12

f,=12nRC,
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2.15 M9A1HI0¢  Phase Shift Y99 Error amplifier :10AMHUI Pole Haz Zero
T4MdAN15U89 Venable fie §a1d31v83 ([ )-(if,) = K @131 Phase lead

AU kA 109910 Zero 91 £,
0, =tan " (i) (2.65)
Tl 0, (at F)=tan' K (2.66)

@171 Phase lag 177108 1A 1103010 Pole 11 £,

0"‘: ~tan " Uﬂ (2.67)
o 2 g ) |
AIUY 0, (at I,) = tan & (2.68]

L 2 4 1 o i A\ \
HATIAD YL Phase shitt ATHIAIAIA Zero DEAANLGN £ 573001 Pole agRAIINA £ . Pole 1)
'ﬁijﬂ Origin f,, . Lmzqamnﬁ'ﬁﬂm Inverting Amplitier 404 Error Amphifier 1AT1N15UD Phase
|
shift A&

&

fesr Ut b s

) =y _tnl
=270 —tan” K + tan ‘!\ {2.60)

= L =W Yo & - v A
@1519N2.1  LEAd Phase shift 9118871102105 ( 2.69 Y ijawos K ilasuulas i ¢

111;3 CSr

K Phase Lag -
2 233
3 216
4 208
5 o 202
6 19¢
10 191° -
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2.16 M3ATHIN Phase Shift U932995 LC Filter 713l ESR Tudnduilszgsnman

2an
#MFUNATIVUDI Open loop phase shift 321/52NBURIYYUVBQ Error Amplifier 11411
1 ] ¥ [l
YUUBI Output L.C filter laudf C 31 esr, phase shifl ﬁ]:m;mwuﬁu 90° 11141 phase shift $307

aun £ fia

g, =180°~ tan~ = (2.7

MINN2.2 UFAT Phase shift N IARMUINIINEUMT (2,70 ) tlomve K aldouw)aslihiis ©

-
1 esr

LA Phasc lag

0.25 ) 166

0.5 153

N 'OM" ‘ 143°

e o >
L2 ATNA e 130 i
1.3 - T 126 N

Lo 122

: L 119’
2. N e |
\ 2.3 "¢ _‘
3 108 N

u + 104

> 1071

6 99,5
N 7 98.1° )

8 97.1°

9 96.3
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MIAIMIUAZNISTF I

3.1 psoanuuulIdIv3 Buck Converter

LV
YTy
o—¢——”“i ] i,
L l i
2 - +
iZa=_23
Ay S5 <

aun1Ez.1;

10 TUNT15(2.3)

gﬂﬁll 13993 Buck converter
I"(J ¥ I/\ X D

p=Y0 2042 10%

o = DT =0.4x25us =10pus

V, =V, ~V,=30-12=18F

(3.1

{3.2)

{3.4)

(3.5)



TqUMNIS(2.17) _(lfD)xR_QLO.4)x6 _

P =
27 (2)(40K Hz)

45411

fmua L ugnn L, 25% ioldnszua i luanaiiissedianiueu

min

L=125L . =(125)x(45uH) = 56.25uH
~ 60uH
Vs—Vo 30-12
Al = (—- YOT = —HOAN2S5usy=3.64
I 7 (60;1[7' (O 4)N25ps)
V1A TN (2.11) N7 DS 0 Dt
A 36
Imm < ji. £t = 2_)_ =0.24
2 2
IR 4> NI T 2 O 957
[ .".'m': ‘[1’;+["";;~}- 3 ’2u+(:" ‘?T)L = ]
v \} 3 V3 \‘ \aff'_)
AN Ll
< AV
8L )’ |
s
waadn T Ripple Tviseanawdis wuamii 0.5 %
};[ x100 = 0.3 %
DINAUMT (3.8 , -
(3.8) C 1=0.4 =156.25uF

" 860, 0.005 x A0kHE

35
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(3.8}
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3.2 MSPDAUUUA WA
Yupaun 1 Muuaf sy

Inductance (L)
Full Load Current (7,,)
Max peak Short Circuit Current {7..,)

Max Ripple current (A7}
Max Temperature Rise

Switching Frequency (/)
Mode Miiiuvasnszue i Tna ludaumiionh

peaun 2 180N Core Material
P
PHABUN

3 AU Max Flux Density 1812 Max Flux Swing
5 B, Limited
-OMHUARIYEL B A1LAYY Core Material MiRan

e [gEE

(3.1

-AUINAT AB,
M 'J‘!J
ABJTH!V i max ]
Spk
ABma\'
ABm;\.\,a‘um = (31 n
.
LA f,

s bt

- /13m0 Core Joss 31T aanT 13 Core loss Ailaeny A B
1 Core loss << 100 mw/cm’ waasiuilunsdl B, Lunited

2 1 o = 4
51 Core loss >> 100 mw/cm LLﬁﬂﬂ’J’lLﬂuﬂim Core loss limited
ATal Core toss limited #1104 B . Tyr3i

- AN Thermal Core Resistance

AHUAAIUB g R, 3710 Darasheet
SLI.

ATUINDINAUT
R, 23 (4PY

3.2



k)

- 11470 Temperature rise loss limit (Lossy,,)

Lossy,,. = Temp,, /R, (3.13)

=t =] ot Y el 1y
-nlSunmeu Lossnmp N Absolute loss limit 1890 loss vTUAUBEY
- A% Core loss

Loss
Core foss =

o Pyt 3 [} w
- 111 Core loss g Wi mua B, vindoyani ¥ Core loss

-aa B, . (AB, anad) el Core loss anad

e

unou 4 1onruIANAz 31519998 Core

NIdt B_ Limited

(SRAY 1) 7 O
10 7A3N15(2.36) goreds - EFs 4 )LD em’
420K8

2 =
max

=1 L 2
N3¢ Core loss Limited

doi\ TS 107) 6
N ANNIT(2.42) AP = (W—J}--L—w—)“"

297KAB

[MREY

4
Cii

HONVHIALEY Core loss 1 AP LIANTT AP T8 11701

]
S

¥
TUADUR 5 AUIMDIUIUTEY (V)

Lufhif,. .
0 FUN15(2.27) N = (“{i)(!i
an.\ “i U(Cf” i )

9 (= o =1
81 & Tidluauinwau
A o 4 4
- 1131 Winding loss IRV |, Core loss ARAY
1 Fa
- ilaag Winding loss 0Ra3, Core loss RO YR

o d -3 T
&1 v ifhuaswaudn fuae AR uae Core loss il



¥ ]
YURDUN 6 AU Gap length

-Rectangular center -- pole

Cross - section dimention —p a& b

axb

Effective gap arca (AH)

W
i

o= (@l x @)
[ A gap length

8

Sl = (b +1)]
L(mfl) .

by
|

4
1 em®

ir i /u(J“
A 1IUAT , A107T Tteration
-Round ceater - pole

Rand center — pole with Diameter ——p00

o

S
4 =—Dep
£ 4 [

Effective gap arca (4,)

{, + Air gap length

, A ,
I, =p,N" [" 1+ | x10"  cm?

ATHIUA !L, ﬁ?ﬂ?‘zﬁl Iteration

¥ 1
FUADUR 7 A IUINVUIAUDIUARIAAINT L2 Winding Resistance

(3.14)

(3.15)

(3.16)

(3.17)

{3.18)

¥ ]
* finsanvuaiuiidanhlFauein Winding data f 7, 1dasedniivuaduri

o
AUGNN D,



I 93 =
n, = k ladoyann1in fs

=t ] 3 3/
* gylifonvuinvesaladnhninais i laulddoya o,

3 ]
[UDTUDIRIAN I

321 ﬁ{]ﬂﬁhﬂ ﬂTSFJﬂ!!‘lJ'UC?hlﬁﬁﬂTlh
o 1 =Y o

1. MYPUAATTIITIUWRET (Parameter)

L = 60 puH.

P

L, = 2253 A. = 23A.

£
I,= 4502A. = 46A

f,= 4A

Max Temperature Rise = 30°
Switching Freq =40 KHz

Maode msﬁwmrﬂmmu Continuous
21880 Core Material

i EE Core 1193 2E6

T on PR

& ORItk Sratiz Mageenzalos Cwves 270 3 F Ly

| »c
|
- A -

i

B0 e

BT

58]

— 1=
gyl
- ra
&= i
5 =
i
e

1ng

L& AR | W . —
[l L 3

.

o]

=

oo

=

=

o

T

<
R U S, 4

.

3. 7UNI(3.4) AB =B  x-—-17°



T020x—
4.6

= 0.1739T

AD
oUN15(3.5) AB _ By

i, ofcfed ~

= 0.0086 T

WG o pedona b

51N3.3 N3N BAUE URE Power Loss

nnnsdilunsdl 2 Limited
4. 180NVUIARUAY Shape U0 Core
1439l B_, Limited Lo ntunaud 2|
11,10
420KB

max

UN13(2.36) AP = 1315

- E(60;1H)(4.6)(2.3)104]1‘315
420(0.7)(0.2)

- 6.348]1_3[5

{ 588



5. ATUAMTTLIUTA (A)

I AUNNT(2.27)

6. AU Gap length

30 YHNIT(3.18)

- [(60yH)(4.6)(2.3)104 s
420(0.7)(0.2)

= [6-348]1.315
58.8

4
5 cin

(W9

=05

7 L(/LIIJ)],\L‘;}& 1072

= 2
B A (em”)

= ((60)(4.6)x107

[ (0.2)(0.455) J
= 30.329 381
oA
IN-Coiow v G cm’
A L{p)

= (470 107) (30.329)° [@;{2] 10"
60

= (0.0812 cm, ¥W3D 0.812 mm.

7. MUINVUIAVD 0IAA AL Winding Resistance

4]

o oy oM L 4 ¥ o 2 o
nanszud liben Winding Data ¥39WU0NTHHAVDINDT = 2.233 A 90000791107 19

] = ' v - 5 = - o L4 ¥
ud wipaainaaaiivualual ud Bobbin Huwiaaniandewinldalramas 23 unu uazldnis

watnwy aa 2 1fuguinuiy 'ty
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Winding Daty
WIRE TANLE — Copper Wire - MNomwy I[ngolptioco:
. '.'m‘.":" K T R IR
AWG DYAMFTER.;  AHREA DIAMETER AREA ONHS/CHM OHMHS/ CH AMPS
Copper: Cappar Inenlatd Ins. 0 C 100 C for
cm cm? <m cm? 450A/cm?

L0 259 LO052620 .273 _OSR5T2 LOReD33 .0ano44 23 .67
11 L2317 04172y _244 -DAG6T3E LOD004L .0000S5S TR_7IE
12 LZOS 033092 .2t 8 037309 .0000S2 LOODDT L4 832
Lz .1 H3 DZ6243 L1958 029793 L0066 Q00U EB 11.809
14 1613 _QZ0B11 174 .23 800 000083 L0011l 9.365
15 _14s .016504 158 019021 000104 L0001 40 7.427
16 12w .0131084 .13% 015207 .DO0132 0001746 5.890
- LLE s LDEGITY 1z24 S012164 Ralelol ¥ . Q00222 4.671
iH L1102 LO0G8231 S1l11 LLO%TAS .000209 . J002E0 A.704
19 091 LOD6 SET 100 _OGT7 B4 000264 .a003s53 2.93T
20 L0H1 .005176 .0 Aae LDOET44 .0O00313 .000445 2.329
21 Q72 004105 .080 005004 LR00420 000561 1.847
22 L0654 003255 071 .004013 -DOOSI0D .ConTGE 1.465
z3 L0357 0028582 .05 4 003221 00066 H LOD0ES2 t.162
PCC I,ab g KMITL Industrial Electronicacs
s

3.3 Msoonttuy Pulse Transformer
2 s
f,ﬁnmmun‘la{‘lﬁﬁuuu EE =19 (4 =233mm A4 _=51.7mm AP = 120461 mm )
a =] 4 3 a o
dusavvesaatatsungiveaiela i e nauas

"4 x [)

4 prE pk max

U AHUAIT(2.43) N3
! /Ti' x Bﬂléi‘( >< .f\

=40.236 = 41 501

>

N =N, =41 70U

'
= @ a dg

Yoa M o . & ¥ a
ﬂ')ﬂ'lv’l‘ﬁ}@uﬂﬂ'ﬂ“}ﬁ’ﬁ‘! A0 ATANDIANUDT AWG 30 Lu@ﬁﬂﬂi‘ﬁﬂ'lﬂﬂ AFA

100
ToAr ()L,
= 31.66 uF

0 TUNTT(2.45)



107,

21N WUATT(2.46) C,2 ﬁ nielsznuming C,
+
8 &

31.66 pl

3.4 MSFRNUUUNBINIVUAN

V=12V
/=2 A

L =6311 i
C. = 220 uF

3.4.1 Transfer function Y84 Open Loop Gain 142131523 Error Amplifier

3.4.1.1 Transfer function Y83 LC Filter

wh #
e AT €N (3.19)
=1/ 276311 palf x 220 yF
<135V 1z
WA S,
S =127 ! (3.20)

=1/ 271’(1 60mCY = 220/,[F)

= 4521 Hz

43



N15UA3 Bode Plot 4943 LC Filter

Lo
VSR PO\ Pe» ), P
T Cpiv
Vm | =

o 7eig 3o
73,5 svsauyaghlai e

. N . SC R
[Tansfer Function =-- £

(Y

+1

S ey =
'\( A +CUL() 8 ("“R“" to
LR, :

+1
( J

r

MTEE
L, =631
C, =220ul"
R, =160m

44



S220uF x160mC2) + 1

45

| 63.11uH x 220uF x 160mQ2
(6311417 2200F

_ §35.2x10 ° +1
S17x107 4 §152.942 %107 +]

3.4.1.2 Transfer Functior U89 Modulator

10 AUNVI(2.61) G, =050, -1)/2.8

= 0.5(24-1)/2.8

=4.107 %50 12.27dB

3.4.1.3 Transfer Function U84 Sampling network

-
i

.1 -
G, :V—“: .’ = 0416 w50 -7.61d8

3.4.1.4 Bode Plot 593v84 Open Looep Gain

AU G, ( Transfer function } 572)

(Jf = Cr.“, + (1,” + GA

=0+12.27-761

=4.66dB

+ 22004 x 63.1 I‘Ub’]+ S[EZO;&F‘X 160mC2+

63114 }'

J631 L 1 2200

(3.21)

(3.22)



Mogriuce (dB)

Mhase {drg)

Frequzrey (1423
= .
gﬂﬂ3.6 Bode Plot 571484 Open Loop Gain

3.4.2 Transler function U89 Error Amplilier

A R, Re,. Ry Ry Tangmauaiaus as Tyl

- . .
g‘lJi’l3.7 Sampling netwark

Tamiion R, =680Q
2R,
680+ K.,

12R,,

680+ R, =

5.1

46
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680+ R, = 2.35R,,

680 = (2.35-1)R,,

=503.7€Q2 = 5000

R =10(R,, +R,,)

=10x1183.7
=11.8374C2

0ASIAMWIENIN R, (1 R, =19.95 (dmamengiliiae)

R, =19.95%11.837k

=236.148k ~ 240kCQ2

Ayl & lde3aluages

Ry, = 6800 R, = 50002 R, = 12kC2, R, = 24040

#1473 Crossover frequency fa 8kHz (Lﬁﬂmﬂlﬂ@ﬁﬂ'ﬂuﬁﬁijWg)

AN Phase margin ﬁf

ADIN15 Phase margin = 45° @Talfu Phase Shift 14 Open loop = 360°-45°=7315°
8k

£ o 1 <
NN = ——— =176 ~119° hminla hlgaisadi 2 (3.18)
F.. 4521

ear

Phase shift 104 Error Amplifier = 315°- 119°= 196°



W51 K 9nlumisieh |

Phase shift = 196°-> K = 6 ( thonf1 K- 10)

AU S,

1= i‘i = ?g = 50011z
N 1. =1127R,C,

C, =1/27(800)240k)

= 828931 ~ 820 pF
Auaalf,
Sy = Jio ¥ K =8k <10 =80 kliz

ALY

]f"“ 3 ];"’2/? ?2('3

¢, = 14 272(804 ) 240k)

=8.28pl = TpF

48

(3.24)

(3.25)

(3.26)



TR LR parameter 489 Controller 1011 l1/ilans Bode plot

¢,
— |
‘ Rz C ]
Rl — f\‘"—'}

V."n__v__ _M_J‘\ /\\ '\\ h\

~ 4 Y,

r_ *

3UA13.8 2993 Error Amplifier #1981 Transfer Function

1+ 5C\ R,
SRAC, + C {1+ SR.C\CL, 1 C + )

Transfer Function =

LA
R, =06800  Rs, = 5000
Ry =12k R, =2404k0
C, =820pF (', =T0pk

o L+ S(B20pF < 240kQ2)
SU2K)E20 pF" + T pF N1+ S(240kQ x 820 pF x T pFY (820 pF +7 pF))

~ S196.8% 107 +1
8§716.53%10 ¥ +59.924x107™° + 0




Bode plot 499 Error Amplifier

Bode Diggram

Magritude (dB)

-45

I*Hase (deg)

Frequency (Hz)

=l .
31]1’]3.9 Bode Plot ¥99 Error Amptifier



3.4.3 Bode Plot 934483 Open Loop Gain 4847133211

- Bode Diag.ram

Magritude (dH)

e (deg)

Pha

10’
Frequency (Rz)

3
@

gﬂ‘ﬁ&l{] Bode Plot U903 Open Loop Gain YI47511)
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4.1 WamIhaasdvay 11i2923A7UAN (Open Loop Control)

JUN

Ouetpret A

Tdmnanoa

15F =

04

+ 16
l 0. hiti-
2
I3
Y_
0.1
. 13
-

YL e

=~

Cuitpuidd ¢ . |14

10KCQ

10402
1042

10402

(]

:

20480

.

I:

&, R, G
F——a—r
3 3000 10 <2
y 4
L, R.Z 10
3
5
¥ -
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L
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v UG
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sUfia.1 2935 Buck Converter %iia Open Loop



CHI=EY

| NOBMIIDMMS 5

TS s
(10un/Giv ]

cz Qs '
suia.2 wsadn 1 v uea MOSFET

CHi=RY
oco11

i 1-4‘ " ¥
h - i
l i |
' i a
i 4l ;
it i !
i i
¥ i
i d

ix .

=) i - -3

-
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el |
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{t0uig fadiv ) ]
WO IS ¢ |

"
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sali4.3 nredu i

.. 498 MOSFET
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1

=
1

CHI=
DG ihl

il

u‘

¥
Z i  1Dus/div
S {1duBLdiv)
: HONE TS 5

i

51 4.4 usesdu 'l v, w09 Power Diode

X
CHI=5W CHz=MImY - Uhaeedive
oo & I N [0 fdiv]
. - PEA RGNS S .
", 5 :

4.5 Lamanse

we' i I ardmdamileni fu ¥, 109 MOSFET
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e e (4
08 1 12 1416 18 2 22 24 26

qiiies useduliihimesendafimaavnlanssna ihitnen (1A~ 254 )

R v 0 L P B\ e
DCoWeE [ELaR B 1 (2ras fodiv)
. . HOPEL T $ /5
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4.2 HON1INARDIVAIZII1923AIVAN (Closed Loop Control)

57

Hg w
sUlananeq
12462
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;|r 0 e B20 P}‘— 240 k2
I
Sle - 15 3
jﬂ (P78
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0 1 o {u 2002
I;I_ 10 g
O
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7 i2
OuiputB o 114 10
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gﬂ‘ﬁd,.ll] 7495 Buck Converter ¥11a Closed Loop




38

Ot 521 (N
28 29 30 31 32

{ (= | =1 = % [ H p2
silfig.ar uradu IslihfinneenuSeudenduns s I fhifimad (28 v ~ 32 v)

Vo)
A

N
104+

14,12 nssau Iiinmeesnidaiimsnlaounlasnszua lddhiineeen (1A ~34 )
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silfi4.13 usedublihiinweendoimsmiuvesnssaldfhnnioon (1a~24) aths

Auiviule

‘CHi=10mv -
DC 11

CH2=50mY
AC 111

aT =24.6us

e O N 1R PSR o e

40.6504kHz:

20us/div
(2Dus/div)

£l

AUIUIWTAIAUA K = 10
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[1] HART W. Daniel, “Introduction to Power FElectronic”, Prentice-Hall International 1997,

[2} PRESSMAN I. Abraham, “Switching Power Supply Design”, Second Edition, McGraw-
Hill ,1998,

[3] “Unitrode Magnetic Design Handbook™”, MAG100A. UNITRODE.
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MapuIn B Data Sheet Y93 [C UC3825

t: 7 Unirode Products
wae - from Texas Instruments

uc182s
Uc2825
UC3i825

: availabie |

High Speed PWM Controller

FEATURES

«  Compatible with Yoltage or Current Mode

Topoiogies

«  Practical Oparation Swilching Frequencies

to 1hHz

+  Sins Propagation Delay to Cutput

+ High Current Dual Totem
(1.5A Peak)

Pole Qutputs

+  Wide Bandwidth Error Amplifier

+  Fully Latched Logic with Doubie Pulse

Suppression

+  Pulse-by-Pulse Current L

im:ting

+»  Soft Start ! Max. Duty Cyele Controt

+  Under-Voltage Lockout with Hysteresis

«  Low Start Up Current (1 TmA)

BLOCK DIAGRAM

DESCTRIPTION

The UC1825 family of PWM contral ICs is optimized for high fre-
quency switthed mode power supply applicalions. Particular care
was given to minimizing prapagation delays through the comparaiors
and lagic circuitry while maximizing bandwidth and slew rate of the
arror amplifier. This contraller is designed for use in either cur-
rent-mode or voltage mode systems with the capability for input vait-
age feed-fonwvard.

Protection circuitry includes a current timit comparator with a 1V
threshold, a TTL compatible shutdown port, and a soft start pin
which will double as a maximum duty cycle clamp. The logic is fulfy
latchad 1o provide jitter free operation and prohtbit multiple pulses at
an output. An under-voliage tnckout section with 800mV of niysteresis
assures low starl up cument During under-voltage lockout. the out-
puts are high impedance.

These devices feature totem pole outpuls designed to source and

sk high peak currents from capacitive loads, such as the gate of a
poveer MOSFE T The on state 15 designed as a fugh level

Wide

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1
Clock [4 |- |
1
) LI
: PWM Laiah
or [8] Fac i) (5at Dom.)

Bandwldth

Errar Amp >
Ereg: NI @—\:} "
Amp | INY [1I i @BM

Togple FfF

| ! | o (1] Qut A

Soft Start lfl?]
|

[
|UM/SD %ﬁ]——

(7

L
CPRTR
w Shutdawe
ijHTR
4y

4] out B

VREF

1

i

i

|

|
5
_
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ABSOLUTE MAXIMUM RATINGS (Note 1)
Supply volfage {Pins 13, 15).
Quiput Current, Sogrce or Sinx (Pins 11, 14)

N 0.5A
Putse {06 sy . 2.04
Anailog Inpuls

(Pins 1,2 70 ... ... D3V TY
Png oy oo 0.3V o 6Y
Clock Dutput Current (F' .1) . . -SmA
Ereor Amplifier Dutput Current iP.n ’1‘] SmA
Soft Start 8ink Current (Pin &) 20ma
Oscilater Charging Curent (Fin & -6mA

Power Dissipation .. .. .. e oo dw
Storage Temperature Range bB“C to+ 15[} 1§
Lead Temperature (Soldenng, 10 seconds] . 306°C
Note 1: All voltages are with respect to GND (Fin 100 all cur-
rents are positive inla, negative oul of part; pin numbers reler o
DIL-16 package.
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uc182s
uc2s2s
ucasas
CONNECTION DIAGRAMS
DIL-16 {Top View)
Jor N Package
—
INv 1] (8] vaer 5.0¢
Ni[2] 18] voo
EiA ou[3] Tlovt 8
Gloek [ 4] 12]vg
AT[E) [2]Pwr Gnd
ci#] (Ti]out A
Ramp 7] 10]ana
set Bier[4] (W]

PACKAGE PIN FIENCTION

MNaoie 3: Cansult Unitrode Integrated Circuit Databook for thermal
limitations and considerations of package. PLCC'?G aLce-20 FUNCTION PiN
(Top View) N/C !
SOIC-16 (Top View) Q & L Packages 'h‘:‘!" §
DW Package EiA Ot 4
Clock o
NG 6
nv[T] Vi 18] Vaze5.1v 3 2 12019 BT z
W, CT 8
NI[Z] %] veo 4 18 Ramp g
E/A Out[3] 4 out B 5 17 Soft Start 10
Clock[4] T ve 5 18 NC 11
= ILIFST 12
ATE]| 2l Pwr @nd 7 15 and 13
crlg] [wlou A ] 14 Cut A 4
Aamp[7] i) ane 9 10 11 1213 z\ggm IE
H ol
Boft Start[s] [sjiLiIMraD vn T
Out B 18
pawe 5]
VRZF 5 1V 20
THERMAL RATINGS TABLE
; Package hd 73 LS AT [IATS
DIL- 164 ' 80-129 23
i DI 16N 2" 45
PLCC-20 43-7501) 24
LCC-20 70-80 207 i
SOIC-16 50-120' 35 !

{1} Specitied Bua {junetion to ambisnt) 1s lor davices mounted ta 5in® FR4 PC hoard with one ounce coppar whers noted, When re=
sislance range s gvan, lower vafues are for 5in® aluminum PC board. Tust PWE was 0,062in thick and typically used 0,835mm
trace widihs lor power packages and $.3mm trace withhs [or non-power packages with 100 x 100 mil probe land area at the end of

each frace.

(2} & 4o dala values stated were dorivad from MIL-STD- 18358, MIL-5TD+18358 slales thal the baseline values shown are worst

case {mean +2s} lor a 60 x BOm:; microcircuit device silicon die and applicable for devices wilh die sizes up to 14400 square mils,

l'or device die sizes greater than 14400 sguare mils use the following valuss, dual-indfine, 11°CAW; 1lat pack 10°CAW, pin grid array,

10°CAM.
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uc18zs
’ ucaszs
uc3szs

ELECTRICAL CHARACTERISTICS: Unless otherwise slated, these specifications apply fer | RT = 3.65k, C7 = 1nF_Vce
= 15V, BEUCeTa< {29 Cror the UG1825, A0"C<Ta<85°C for the LC2B24, and 0-C«Ta<70°C tor the UC2825. Ta=To

uc1825
PARAMETERS TEST CONDiTIONS Uc2825 ycaezs
MIN | Toe [ max [ miv ] Tor | max JuwniTs
Reference Section .
Cutput Voliage ¢ =250, lo=1MmA J.505 § 550 | 535 | S00 | 510 | 52C !
Lme Requiation 10V € Voo« a0y 2 20 2 | s | ey
Lcad Regulation IimA < 12 < 10mA . 2 20 5 20 r
Temperaiure Stal b T < Te = Theas a2 a4 i2 a4 iy C
Total Oubpul Yanalon® Line. Load Temperatiie 500 520 493 24 P
Cutpul Noige vatage” 10HZ < 1< 10«Hz 80 50 L
l.ong Term Slabikty” T = 125°C 16000 — 5 5 5 2 s
Shorl Circuid Current YREF = 0V 15 -0 -160 | -15 -50 | -100 ma
Oscillator Section
Inhat Accuracy'  [Tu=20C 360 400 | 440 360 400 440 kHz
Valtage Stability 10V < Vad < By 02, 2 02 | 2 o
Temperature Stabilily” Tati < Ta < Thzx 5 & e
Total Varation® Line. Temperature 340 450 340 460 | kHz
Qscillater Section (cent.} -\
Clack Qut Hih f Lxe as 39 | 45
Clock Out Lew T 23 24 23 29 \
Ramg Peax” - 25 an 25 248 a0 !
Ramp Valley’ < 10 | iz2s | o 1g | rpa | v
Ramp Valey to Feak’ 16 ¢ 1R | 20 2 18 | 20 ¢
Errar Amplifier Sectien
Input Offset Voltags | 10 13
Input B:as Current ; 3 06 4
Input Offset Current_ ! ai 1
Open Loop Gan £ 50 a5
CRAR LAAN Y 75 LY | «l% Eid
5 550 1
: 12 | | 2e :
Ut Source Cunelt SRR, AW — A | The 13 r
CuUlput High volag:: hooo= -0 amA SRy 1l 49 47 50
Outpul Low Veitage L P A L N u 2 CE i0 -
Lintty Gain Bangw ity e 7 :__777 > 30 _ 3 8.3 WEE o
Slew Rate 1Ls e | o
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Uc1826
- UcC2s2s
Uciezs

ELECTRICAL CHARACTERISTICS: Unless olhenwse siated, these specficalions apply for | RT = 3 65k, CT = InF, vec
=15V, -B5°C<Ta<125°C for ine UC1825, —40 " C<T2<85°C for the UC2825, and 0°C<Ta<70°C for the UC3825, Ta=Ts

uc192s
. ucag2s
PAPAMETERS : TEST CONDITIONS uCc2825
f MIN | ToP | Max | Min | Top | max |uniTs
PWM Comparator Section
Pin 7 Bias Current ST OV -1 -5 -1 -5 A
Dwty Cvcle Range o &g 0 85 %
Pin 3 Zern DC Threshold VR F = OV 1.4 1.24 1.1 1.25 W
Delay to Cutput’ ‘ 0 £ 50 &0 ns
Seft-Stan Section -
harge Current C Ve =04V 3 il 20 3 9 20 LA
Cischarge Currani SRS = Y 1 1 mA
Gurrent Limit / Shutdown Section
Pin 9 Bias Current L Vene < gy 15 10 pA
Carrent Limd Threshed 0g 10 1.1 g9 ta i1 v
Shutdoen Threshold 125 140 1.55 1.25 1.4G 158 hd
Detay 1o Quiput - 30 a0 50 Jags| ns
Qutput Section R
CUtput Low Leve iILT = 20mA 025 | 040 0.256 | 0.40 v
LT = 200mA 13 2.2 1.2 22 v
Cutput High Level T = -20mA 130 [ 135 B0 | 1335 v
(U = -20mA . 120 | 150 i20 | 130 v
Collector Leakage W= a0y 100 sao i0 500 LA
RiseFal Time” CL= 1= i) 50 30 60 ns
Under-Voitage Lockout Section
St Threshald A5 9.2 9.5 5.4 9.2 46 N
LIVL O Hyst=res)s . 04 0.8 14 .4 04 12 v
Supply Current Secticn \
It il Current L1 5 i1 24 mA
B &) 2 Ve B 2 [ | T [ | ma

* This paramcter not 100% re< e production Bul guarareea by design.




Printed Circuit Board Layout Considerations

High speed circuils demand carefu! attention to fayout
and component placement. To assure proper perfor-
mance of the LUC1825 fallowy these rules: 1) Use a ground
plane. 23 Damp of clamp parasitic inductive kick energy
frcn the gate of diiven RIOSSETs Do not allow the out-
put pins 10 ring below ground. A sanes gate iesislor or a
shunt 1 Amp Schottky diade at the outpul pin w i serve

Ecror Amplifier Circuit

uc182s
uC2825
ucaazs

this purpose. 3) Bypass Voo, V¢, and VREF. Use 0.1uF
monalithic ceramic capaciiors with low equivalent series
inductance Allow less than 1 cm of total lead fenyth for
each capacitor between the bypassed pin and the ground
plane 4y Treal the tning capacitor, CT, Tike a bypass ca-
pegitor

Wmazs

Open Loop Frequency Respense

Simplified Schematic

Error Amp
Qutput

Lo |

160 5
BO |
= 4 .
BO pom gy YiH K
V) 3 —
40 = W S \
b } il ouTt
Av (@B} . \ a9 1: |
q 0 1
" Y 'l /& O 0z 04 0B 0B Lo
-20 R L
TIME (ps})
-180
100 1K 10K 100K M 10M 100M
FAEQ (Hz)
PWM Applications
Conventional {Voltage Mode) Current-!‘-.‘tod_e_
/L/ R s 1BW TCH iTCWZS
\ ] % [ osanater
e v {|-{8
[ ,FOBcillltor JT-:BT cr
, -
| ‘l ) 1.2|5V
: ; ¥—
iﬂamp: 1.25V | ! Romp
i -
o From €/

= A small fliter may ba raquired (o

Guppress swlich nolsa,

68
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uc182s
. uca2sz2s
Oscillator Circuit Jcsg2s
UCi825 Deadtime vs C1 {3k R 100k}
4%
22
o ;
o e
3 /“/
ot
47
= Lr? 19 2 47 o 7 10
: Cr (nF}
Timing Resistance vs Frequency Deadtime vs Frequency
10k i b / i
ONE NG &» o 142 —
- N ] -
4 . % 2
é CIRTS i < =
e \ ~ 123
I,
1 ANNARN _
s 1% e s ¥ 18- 18- the
FREQ iz FRE2 Iz
Synchronized Operation
Two Units in Close Proximity Generalized Synchronization
’ uc1aas U182 ‘ ‘ug1eas ‘ | ['Uciszs
Clack 4 . 4 Clack VRer iy | |
IUH.F 2N222 ‘
1 HE‘-’HEF !
_ AT —_
‘ AT [Bl-awie=- —D 5JAT ‘ TRy v 4300 !i veRY L ‘
: , r—r(}ﬁ - [ RT |
i L|J 43 n1g E e I: = |
i | I cr &'* | T8 cr ;
i 41 61
Ma cr (84| g ™ [ e BT |
Master 1 470 S:::'i 0 Siave_|
Local é = = Laon|
Ramp Ramp
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uc1azs
ucagzs
Forward Technique for Off-Line Voltage Mode Application ' ucaezs

Constant Volt-Second Clamp Circuit

—_ Al
The circuit shown here wil achieve a constant TUC'“S °“' B

volt-second product clamp over varying input voltages
The ranip generator components. RT and CR are cho-
sen so that the ramp at Pin 9 crosses the 1Y threshold
at the same lime the desited maximum vol-sacond
product 15 reached The delay throuph the funcional
not black must be such that the ramp capacitor can e
completely discharasd during the maimum ceadume

Cutput Section

Simptified Schematic Rise/Fal Time (CL=1nF)
uc1e2s L
== {15 vec o = o s
13've — : e
i 1 { - i e
Vo C|) 1
{11114 Out Zogi—f —
e i S 5' ; i ‘»‘
s ~_ [z Pwr P/ | |
) Gnd i i {
0L G@ Gnd R TR o BT B TR
— g Timp (5!
Rise/Fall Time {CL=10nF} Saturation Curves
—— 2
| 1A
IRy A
Y . d
.’I
18 \‘ a s ]
"X R Rl
R : ¥ 2 : -
- - | i
g AN 9 =L -
DD 20 300 0 EX ) -5 e e
SRS EM

Tme trs;
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uc182s

ucasas

Open Loop Laboratory Test Fixture UCaszs

0

B | sott Srart

-] LM

S.ER% T jLBhuidn'ln

3 . LOE-GE20

This test fixlure & useful for exercising many of [he As with any wideband circuit, careful grounding and by-
UC 18255 functions and measuring their specifications. pass procedures should be followed. The use of a
ground piane is highty recommended.

Design Example: 50W, 48V to 5V DC to DC Converter - 1.5MHz Clock Frequency

+ ——
ViN 42-56Y % 39%0n

- \ >+

=) ; - ""“TI VouT 5V

i — 15v%g L ogzr é 4 ! 0.ByuH A

) NS Tk HJ . wF] .

1 EEER S l

. " 5520 % T 5:1 I
| ™™ ) 3 = .. ! oA R
W LG LL ea| 4
LONS S ST
g = 150p!




2 TExAs
INSTRUIMENTS

wreaw ti.com

PACKAGE OPTION ADDENDUM

10-Feb-2006

PACKAGING INFORMATION

Orderable Device Status Package Package Pins Package EcoPlan @ eqct/Ball Finish  MSL Peak Ternp >
Type Drawing Cty
ACTIVE pRstal F 20 1 TED POST-PLATE N A for Pk Type
ACTIVE cop J 106 1 TBD A22 SNPS M/ Afor Pka Type
ACTIVE CFP W 113 1 TED AZIBNPS N YA for Prg Tire
ACTNVE LCCC Fg a0 1 TBD CaT N ¢ & for Prg Type
ACTNE chip J 6 1 TBD Cal Tl N i A Tor Pkg Type
ACTHWE Chip J 1 1 TBD A£2 SNPS N iAfor Frg Type
UC1826J8836 ACTIVE CUiP J 16 1 TBS ADSNPD N Afor Phg Typs
LCIA25J0MLY ACTIVE <onp J 15 TED Cat Tl Call T
UC1825L ACTIVE LCCO FK 20 1 TBD PGST-PLATE NI A for Pg Type
UC1825L 8838 ACTINE LCCT F¥ 20 1 1BD POST-PLATE N /A for Pag Type
UC1E25L QMY ACTIVE LCCC F¥ 2 TBD CalTl Call Tl
LIC1326\VERIB ACTIVE CFP W 15 1 TBD. AL28NPB N/7Afor Fkg Type
UC2a2a0w ACTINE SOIC oW 16 40 Green(RoHS & CUNPBAU  Level-2-280C-1 YEAR
no ShiBry
UC25260W1 PREWIEW SN W 16 Green {RaHS & CUN:IPDAY  Level-2-260C-1 YEAR
no SvBi)
UCZAZETAGA ACTIV S0 oW 5 43 Green{RBeHS & CUNIPDAU Level-2-260C-1 YEAR
no SbBr
UC2E26TWTR ACTIVE SO W 16 2000 Green (RoMS &  CU NiPDAU  Lenvel-2-2000-1 YEAR
no SbiBry
LIC2RZEDWTRGA AGTIVE SOIC DY 16 2000 Green (ReHS & CUNPLAU  Level-2-280C-1 YEAR
no SbiBri
LCzAZ ACTINE cop J 15 1 TBD ALZSNPA N 1A for Pry Type
UC2RGM ACTIVE PP N 16 26 GreentRoHS & CUNIPDAU. NI A for Phg Tyre
no ShBri
LLAG2ENSY ACTIE PO AN 16 25 Green{RoHS & CUNPDAU  NiAfor Prg Type
0SBy
ACTIVE (S 1. EN 20 L5 Green {RoHS & (SR Lewval 2.2000-1 Y2AR
1 S By |
BN oG 15 Geeen (HoHS & 1L S Level -Z-2500 F1oaR
& o SRy
SCIE FAET FN G 1000 Greed (RoHS & G 5N
= no ShiBr
~CTIME N oG 100 Grgen (FoHS & CU 8N
N Y ma ShBi)
LIC3A2E 0N ACTIVE SOIC T 1 10 Green (ReHS &  CUNPRALL Level-2-2000-71 YEAR
‘ 110 SheBit
UCIRZELWGS ALZTIVE S01C ihY 15 49 Green {RoHS &  CUNTFLAU  Lewel-2-2000-1 v2AR
10 SbeBr
UCIREINTR ACTIVE S L 16 2000 Green(RoHS &  CUNPDAL  Lewsl-2-2600-1 T2AR
no SHBn
JCABZEDWIRGY ACTINE 5210 WY 15 2000 Green{RoHS &  CUNPDAL  Lewel 2-2000-1 YEAR
B ro 8B
LOARZAS ACTIVE cop J 1E 1 TBD A42SHPS N A for Phg Type
LUZAB25N ACTIVE Fae LY 16 25 Green(RoHS &  CUNFDAL N iafor Phy Typ=
130 Sb/Bry
LE3EI0NE CACTIVE PR N 16 25 Creen(RoHE & CUNPDAL N/dforPa Tvpe |




ﬁ; XAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

wwwe ti.com 1HFe-2006
Orderable Device Status ' Package Package Pins Package Ece Pian® Lead/Ball Finish MSL Peak Temp ™
Type Drawing Oty
, no Sk‘Br)
UC38250 ACTIVE FLCC FN 20 48 Green{RoHS & Cl o Level 2 260:0-1 YEAR
no SEBr
UC23253GIR SCTIVE PLCC FH n 1300 Green (RoHb & CU SN Level-2-260C-1 YEAR
no Skan
UCA8250TRGS ACTIVE RP.CC FN 20 1003 Green (RoHS & CU SN Lewvel-2-200C-1 YEAR |
no Bl/Bri ;

0 The marksting status values are defined as folows

ACTIVE: Prodatt device recomrended for naw designs.

LIFEBUY: T has announced that the device will b2 discontnued, and a fifetime-buy penod 1s in efect

NRND: Not recommended far new desans. Device is in productien to suppoer exisling customers, but T! does nol recormmend usig
anew desgn

PREVIEW: Device has been a
OBSCLETE: Tt has dscontinu

this part In

‘nounced bt is aot mproducton Samples may or may not be availabte
G the production of the device

- The planned eco-rendyy classification: PL-Freg {ReHS) Pl-Frea (RoHS Exempt), or Green (RoHS & no SWeBry - please check
hiy comvpriad wwtetnlen - *ar the latest availabisy infarmation and add tional product content detadls

TBD: The Pl Free!Green con. ersicn gian has not been gef ned

Ph-Free {RoHS): T1's terms "Lead-Free” or Pb-Free” rean senvconducler preducts that are compatible vath the current RoHS requrements
for ai € substances, mcludig the requirement thit lead not exceed G 1% by weight in homager.zous malensls i\nere designed to be soldered
at high femperatues 77 Pb-Free products are suitable for use o speciiiad laad-frae processes

Ph-Frae {RoHS Exempt): This component nas 3 RoHS exenphion for either 1) lead-based flip-chip solder bumps used Letween the die and
package, or 2) lead-based die adneswe used between the e and leadfame. The compenend :3 otherwise consdsred Pb-Free (Refts
comrpatble) as defined above.

Green (RoHS & no SKiBr): Ti defines "Green™ ta mean Pb-Free (RonS compatiblie), and e ol Sromine (8r) and Antimony (59 based fre
retardants {Br or Sb do net exceed J.1% by waight in homogeneous matenal)

12 Eco

BMSL Pesk Temp — The Moistuse Sensiivity Level rating accerding to the JEDEC ndusiry siandard classficatons and peak e3ider
tamperaire.

tmpertant Information and Disclaimer:The mlarmation proaded on this page represents Tl's kpowiedge and Lalief 3 of lhe dwe that + s
provided. T1 bases fs knoviedse and belel on information provided by tird padies and roakes no representaton or waranty as to the
accuracy of such mfarmation C¥orts are undecway to setier integrate wfornaton from thed padies T! has taken an? conlinues 1o take
(EFS0NARE sleps la pravide represealaive and sccwrate informaton s may not huve eonducted destuctive testing ar enemical analysis <
incoming matenals and cherc Tl and T sapniers consdes certan mformaion to be prophistary, and thus CAS numoers and other s
wfarraton may not e availas & for rei2ase

=

{n no avent shall TFs kability a5 73 cut of such informraton excead the tonal purchase peace of the Tl partis) atissue in this docunsent sobd by 1
lo Customes oa an anrial bas =
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J {R—GDIP—T*x) CERAMIC DUAL IN—LINE PACKAGE
14 EADS SHOWN

PINS aw

¢ 15 1 20
M k 8
. '"H 0.300 0.360 300 D.350
B : Ma] (762) | 062 | (42 | (ED)

AL O

‘ BSC B5C BSZ BS

_ 0785 | .B40 | o9ea | 1.08C
FOMAL | age) | (21.34) | (28.36) | (26.32)

e 3 M _ | — | — | —
7%_; Mg 0300 | tao | 03e | 0300
VANEVENESANEY - {7.62) | (7.62) | {787 | (7.62)
1 7
- 0245 | D245 | 0.220 | £.243
0.065 (1,55) S OMN
_ L. §.22 7) | (5.5 8,22
DTE5 [14) (6.22) | (6,22) | (5.58] | (6.22)
_ 0.0ED {1,52) .
a‘ M~ 0.0CS {013) K 50 (6.58) — [4] w,l
d92 3 =
-J | ae0n (5,08) vAX B
il Seatrs Plore
F 3

‘ﬁﬂ

fl
5 L J |
i 0130 (3.30) WIN H
p _‘F _1
/ ) g 18
7

|
l
4040083 /F 03703 |

Al limoos cimens=rs cre v ineaes [ limeters).

Tiis druwang s €.z sct to chungs sinoat rotice

This pockzge 3 aticolly scolad with o ceramic Uz usny gloss ¥
ladex moint is meesced on otop for terminal ideptifizelon ondy on oess cercmic glase It seqt only
Folls within ML 572 1835 GMP* =14, SOIRI-T6, GL:="-TiE cnd CO-21-T20.

HOTES:

=N
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MECHANICAL DATA

W (R—GDFP-F16)

CERAMIC DUAL FLATPACK

Base and Seating Plane
0.285 (7.24)

0045 (1,14} oaes (5.21)
l’ 0.975 (C.38)
1 _*
= 2
) — 0008 (0,15)
L 0.082 (3.03) 004 (01
0.055 (L&
€ 0.305 {7,75) MAX ——»]
0.019 (048}
! 18 CO0IS (038
» y- 40 et
[ ] ] | ¥
[ | il
\ I ]
= 1050 {1,279 |
0.430 {10,652 [ '
G379 (9.40) | E |
rar; . - &\ [ ]
r - ] 0.005 (0,13) MY
J — 4 Floces
[ Wola'e il 24
¥ - "l .
B g } ?
Al 0.360 {514
i * B I50 (k3%
4041B0-3,/0 £7/23
NOTES: Ml lingar dimz=s'z~¢ ere r i-zhes {m'llimelers).

A
B, T™fs droaing
£, Tnis peckage
0. ndox point
E. Tole wittn K

<t to chorge withoul notice
hermetically secled w'th o ceremic 1'd using goss i,
zez on ecp for termincl icentilication anly.

£33 GO*P1-F16 ond JEUEC MI--0492AC
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MECHANICAL DATA

KMLCCEDEH - OCTOBER 1456

FK{S-CQCC-N")

28 TERMINAL SHOWN

LEADLESS CERAMIC CHIP CARRIER

NO.OF B

TERMINALS ™ | max | M MAX

0 G342 | 02358 | ©307 | po2ss

- (RB% © o(aCH | (7RO | (30%

o 0442 | oass | cdoe | 043

< (1123 | (10E3 | (10313 | (1163

G0 | 00 | 0435 | 0560

4 (1526) | (1678 1 1258) | (422

" 0729 | Gl | 049 | 0580

& TR | 19,22 4 (258 | (1422

o pu | 0062 | 0850 | 0SS

e | 2aam | e | 218

. 1141 | 1185 | 1047 | 1063

= (7359) | (Z5E9) | 1266} | (270

0020 {051} 0.080 (2,03
5070 (0.2, ¥, h [ GG
I I 0020051 X
[T 0.610(0,25)
0,055 (1.40)
0.085 (1,14) aons19
- [ 0.035 (0.89)
AR Al
028(0 71) _.| L I 0pe5(1.14)
0.022 (0.54) T 0035 (0.69)
b+ G050 [127)
£040140/D 10196

NOTES:

; er: 10 change S
qe car be hermetically seaed with 5 miztalbd.
s are god plated

Fais witnin JECEC MS-002




MECHANICAL DATA

N (R—PDIP—T**)

PLASTIC DUAL—IN-LINE PACKAGE

16 PiKS SHOWN
PIhS **
+ A~ 16 L] 20
DM a
19 i 0775 | 0775 | 0820 | 1.060
. . . L
0 8 ol s ot B A T e Mo B il SR T A WAX | rapg) | (15,88) | (23.37) | (28.32)
0.260 {5.60) A MN 0745 0.743 9.550 0840
) B.240 {6.10) {1882) | (18,92) | {21,59) | (23.88)
MS=CO1
P2 e gy mgm e e = = A aron | M| B Ao
.I J L
0070 (1.78)
- 0.045 {1,145 £
, 0.045 (114) ¥ i {0.325 (8,26
et o i 0.020 (L.51) MIN S 150

|
i

0.200 (5,08) WAX

|\ EEEE
(\ j - T Gauge Pione

Seating Flone

¥ 0925 £3,18)

|
0180 (2.54)

0.021 (0.57)

WIN

romo {0.25) NOM
4.‘ 0430 £10,02) MAX

™ o015 ([.2E] /4 ‘\
(& [0.010 (0,250 i \
3 1
\ :

14/18 Pin Orly

e 43 20 Pin vender ecption A
4040048/E 1272002
NGTES: A AR lneor dimersions c-e in inches [milmeters).

H  Ta's grewnq ‘s zbpeer to chonge withaut rotice.

@, Tl s within JEDES WS-00'. except 18 and 20 pin minimun body length (Dim A).
ﬁ Tre 20 pin end izcd shoulder wiglh is o vendor opton, eiher hall or fu. width,

77



MECHANICAL DATA

WPLTO04A — GCTOSER 1564

FLASTIC S-LEADED CHIP CARRIER

EN (§-PQCC-J™)
20 PiN SHOWN

Seating Plane
-] nnng 010

o N MW D180 (4.57) MAX
- ¥ Ll umpo
0.090 2,29)

— M 0,020 {0.51) MIN

Xy
/ O - @_ﬁl.m) /%t /ﬁ j

m
m
o Bl
g
"

—
L]

N L LT 72~y & .
f 13 g 0.
0,008 10.20) NOK — 0067 (818 (1|
NOL OF DiE ; [MJET D2iE2
IS :
4 Wil | FAAX Bl | MAX it MAX
k] SRMATE | 000003 | CIh g, L 0ATI a0 L B RES | 0158d )
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