m " R
thinnemanaid szeeindatantz

1) Y ad as 4 o
antunuus Ay TWAd M5 ue58%-A% nouniesines

CONTROL OF DC-DC CONVERTER

Tay
1 t:i P w o o =
Ninfeuninidos Fawg

WWAAANIY ABNIID

1oy

riedibir " "’7{"/! p /! P o
lnﬂjﬂv!ﬁﬂu 6 2 3 2 8 l .b"“";“.“g?”r%‘“l'"“;"I".-
wooa Ao
1u,mﬂu,ﬂ..1.5...’?1.:9.:...2..5.{*.3

= = id’ L] = ar = L )
WggnimuididudiunilieanmsinnmumdngastSganimnsamanstuya
MUIAINTTUIZUUAIUAY
ao1iuma TuTadnszesundudigunmisarmnizls

Ymsfnui 2548



< = oy,
Ysgapiinusilnsdnm 2548
MAIFIAINTTNISVURILFY

) < o 4 o
amgdranssumani aaniunalulatnszseumnduigunnisnmanizi

oA A o< 4

Soe  mraouguusaan INdid i ad-a% aouneTines

CONTROL. OF DC-DC CONVERTER

A NiSouminsden Sauyi 46015294

WaRAANIY Aol 46015295

; A 12
....7:‘......................................‘i’)WﬁUﬂﬂiﬂH'I

o o

= 4
(FA.AT.BUUNT utlumﬂtlm‘luﬁim



A3 AIUguLs R INd W03 Ad-A% neunedines

CONTROL OF DC-DC CONVERTER

Tan
1 A - L3 o
Tdeuni.nids Sauys 46015294

wWAAANY aona 46015295

J 1]
s santsomn

£ [ o
A yiund ygdnvangesal

unfiate
I d
= = & o p ey Py s
Pygniinusatividuauemsfiauuazmsosnivuaiieesad — 4% aouned
1903(DC -DC Converter) AIMIAILGUITAULIIRUOIANRAWITMs Fuandaiu 333 Tao
Y I's I3 o & A' o
1Huvstinaouneiimedidiunessidanugulunisoenuuunisfnu Tasadneesinaeu
o = ar LY o ey

03IABTFTIAMIUAUULUNIIAY (Valtage mode control) 29931inABUNBT MBI YHAR LAY
UUVNSSUA(Current mode control) 140995TNABUIIBTIABS ¥ ARIUNUUULNIZHEINAY
A L] hnd @ r
(Average current mode control) Mo llnaaes nadeuaNuaTa UM ISNYISTADLIIAY

' - a ¢ A -
(9IANAYDI2993 UaTNATOUTIHARDLTUBIVBALIRuIBIAAdlonszua I Ao Wnalings
aasumlasedaiundu udniwanrsnaassldSsufounidoddodsvemsniuguly

[ 4

M o ot o o

uAazuuy rasnasAnndaunssh lihuuomelumadeniinsmuguusdueiana

o o = s
VYOI NUIAY — AT naunaima‘ﬂﬁ



o 9/ S A o L4
MIMURULTIRY INRd M5 12395R3-A8 nounesined

CONTROL OF DC-DC CONVERTER

Tho
Tfesai.nites faunS 46015294

WWNAANIY ABNI? 46015295

ewsanmlinm

- [ v
sALriuNi ygydnuunaial

* ABSTRACT
This paper presents the investigating and designing of three types of DC-DC converter,
Voltage mode control type, Current mode control type and Average current mode type of DC-DC
converter in order to test the voitage regulation preperty and the response of output voltage when

output current is changed immediately then finding the advantages and drawbacks of each type.
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_1-D
V. BLCS’

[
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vy 2.17) HdeamasibiszaennunseiuIifhwenesiindooasas
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HSIRLDIANAYBITI DIAMIS LRS- AY awsonuguidaciilédents
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H3IAU (Voltage Mode Control) UagM3AUAUUUUNIZUS (Current Mode Control) galu
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nesAruudasmihmhidiumaR lsfaidudygradmivaugumainm

4 o ar = d = =t or o o

soamiavadunnaesiduydndy  TagnesesdinuaSuufodyonudesdygnudaeds

AT A a & w 4

(f3sufiuy (Comparator) A3pifi 3.1 () Hdygnunfsuifioniaaeie dgygrunduiiu
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wvuaudlunsadad (Fs = 1/Ts) Phasnmsuasdgonanfiodndygafe  dogu
A7UAYN (Control Signal, Vc)
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voat29ila - I vesdgaaudhullmuswosdggnaniugy Kagili 3.1 (¥) aaafio wn
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7 3.1 2esRguLEAdY (M) phavsnfeuidey @) prludyga
3.2 m3munululHuANIIAY (Voltage Mode Control)

manugu iy Inuanssdunaas ddagn 3.2 useduiihdwesn vo ganaunu

TasnsdounduTlfnsvsvswanudanma (Emor Amplifier) Fedgygnad e insvivenw
- or & . - al A

arAanmasziiudygranuguvemoi TS sumouiudygnadiuidonComparator)

A LY ar = o A o a a o
e sdygnafduudiduEwM) IduinaveweamameSnussauusdu I fluerdna

Wnafld
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3.3 manugululnuanszua (Curreat Mode Control)

aamuguluTnuanszue Tudnadhauaeadlddagln 33 lusdazauves

a o e - a a . o 3 [
M5 AT T gEUMIRN(Clock) ATUDAIAEA Rs Flip — Flop T iiuseminszuaini
vo gnmiugulasmisfloundulidiisssenenidanan  dognadanaia (Vo) seqn
=L Qr 9 ] A o A
WRoudeusuusedulthanaion  Rs  (@eidedgganszuaidfhvesneama) e
uaduIfhanadou Rs Tinunnnd Rs Flip - Flop ssgnitzmimldueamangaii

»
et - 1 a o o a oo
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r A 4 g4
nlavunlaafiorases Vo nuldouniaslyl
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+
v D cTt R
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T AN -
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Cock__ oiR 8

i 33 2eninneuneiiaei inauguuuLNsZUL (Current Mode Control)
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i L. J ﬂ' L o

auguuuuaszumedodudnuamaniy ilFlunsmugquizdus sfue iy
vonvsinnounesine Tasndnmanugu  sziinniloundudygnunszuaussdunan
A3eN AIANUMUATIITUATZU) WIHIUIIVUIUANURANDIANIZUY (Current Amplifier)

o = ar a - o [
Taelidgygnenleesvnsanudanmaus swududygnudiads ez Wdggnuniugy

o A4 4 S d
eonin  hSoufouiudgagpaiud@osiinesafoufion sindunez 1ddge e

ar a o o A o at o ¥ o £ a
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fueenll 3 FFdwdufio AruguIINIIRY (Voltage Mode Control) AIURNULLNIZIA

{Current Mode Control) uﬂzﬂmquzmumzumnﬁu (Average Current Mode Control)

4.1 mvenuuuaiiseslinneunesneINURMIULNIAY

gumiama ifhvesiesiinnounefimessianruguuunus sduiiuTuTnua
MnszuaAsitea(CCM)

Vi=20-25V Vo=5V Jo=1-10A Fs=100kHz
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feuluiddghhiaesdhanlunumhinssuaeswdeiiles (ccM) Aenszuan
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INAUAIIN (2.13)

L >~——R 4.1)

& '. o 1 Ll A b d‘
vz 18deu T I eeshanluTnuahnszuaedisdeiion (CoM) Asrumin
@D Wdwaama L fdeoiigafivedehlduerhumlulnumbnszuasdndeion

(ccM) Tasumusi D =D, uaz R=R_ Waunsi @.1) WRaums L Asannsii (4.2)

_(1'“Dmni)3m
Lo = 2f (4.2)

A 1 & s - e
die D_ e MAA lmRadIga

1]

R, flo mnmoudumugagavesivaa

f  feanualunsaiad

1
1 ]

L] " A L 4 Q
L., fie Awnnumilenhdmgaimiildaeshenluivnus com)

L 4
nnfuaeiane Mfwesresaunsemei b, 18dail

unufil D, = 0.2 f, = 100 kHz uas R = 5 Q luaunisn ¢.2) o214

[ - (1-02)(5)
ma ™ 2 %100 kHz

= 20x10° H
=20uH



19

A o ] o o [ 4 ° ]
e 1t le 1431003 Tu Tuua (coM) 934 9 Sudendriamumitanth 1uinna20 pH

% 3 ] . L] 3 ] .: o =
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Tumssenuuuadsdamilonh L dudnghidesdiiisisfie dunileniezdedli

A e o L4 A St o [ 4 )
suduniluvarhnssumedmnaimigiqa TasTmsesnuuuiidiu Ginmsdimuavinaves

' § 4 v 4 da .
uﬂuﬁ'mﬂmaqmﬂmﬁuﬂ (Area Product, Ap) FEHINAUARAY Y BILNY {Window, Area
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4 de
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!
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*
- oL

fe ndanunazayludmiloni
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(4.3)

o L} y - @ J o
fis SanidusEninnIzuagegAlUNIZIAD I IDUIEY (RMS) vesiamilonii

(Crest Factor)
fio Anuruntunszua ludunianouag

- ' w o
fim AUMULUUNANATIgA

wasnuazayTudamtsnivna ldnnaumsn (2.4)
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VinpuaiAn Idfhveaans

[, =1,=104
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= —(10

oo \10)
=1 -
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Fafuezld

Lo = 10+~;- =1054

UNUAT § = 10.5A, L = 55pH aslusumsi 4.4
wldn

1 - 2

E =—55x10" }{(10.5)" J
L sx10%)(103)
=3.03x107J
UnuA1 E = 3.03x10°J,k = 06,k = 1
I = 3x10° A/m® 10z B = 027 ashusunsi (4.3)
2(3.03x107)

(0.6)(1)(3x10° 4/m*)(0.2)
=1.6833x10

=1.6833x107"?
= 168333 mm*

A,=4.4,=

Ao
SudenunumessA uuy ETD49 il A,=57181mn’
2 2 A Ly it Ao
He=21lmm' A,=271mm’ Fwoquiilua winaamieIn 14
4 ar a ﬂ' o 1 A 1 ) o q'; A
aanldrudauniioninz1fushumossauiosivaadsadniia Tvaioann
MIudsaansa@Is i Iunaoe Tasswauseuvewudunewas
s ldnnaumsn @.5)

N = LI& 4.5

) A b
Taofn
N 9 $TUIUTUVOILHUNDIIAIYBIAT L

UNUAY ILmax=10.5 A,L=55pH, A =211 mm’,B =02 a3luaumsn (4.5)

(55x10)(10.5)
(211mm*)(0.2)
_ (55x10°)(10.5)
- (211x10%)(02)

=13.68
- N =14

N =
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1205 UN YD I¥0I0IMIN (Airgap) MIN RMANUMTsnhAdeimIs I ld

NNAUNITN (4.6)

I = Axx107 4,

g L (4.6)

unuAl N=14,Ac=211mm’,L =55 uH aslumunisi @.6)

_ Arx107 (18) (21 1mm?)
e 55x10% H
_ Amx107 (14)° (211x10%)
55x10°°
=0.94x10"m
- =0.94 mm

4.1.1.2 mifnnammidamnlizg
] e o = (=) a
Ay e udiulszg fmesasnaumssifUidlaveassduedna

d du s : o . 4
aumsi (2.17) szldnumsfladnnaumadawy I wesduinkizy Kaaunsh @.7)
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’ 8Lcf?
— v, (1 _ Dmin) 4.7
AV, 8Lef}

unuf AV, =0.5%V, D, =02 A=55uH f—100kHz aeluaunisfi @.7)

min

_ ¥, (1-0.2)(100)
0.5 7, (8)(55x10°)(100x10* )’

=36.36x107
=36.36 uf

iipsnnluages Bidewn s Iusedu It dweentim T ainaifuandmua 94
idendwnuguosdannlszyIduinnhrmainnald Judon ¢ =200 uf Tasmmhdui
-} o o A ] o

tseq Il 100 pf uAli ESR « R =019 Q 2 Amnviufuiionas ESR 40987

itnlszg I vl 14s ESR 370 R =0.005 ©
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fio nizua I luda Il unaovesla loadaa

unuen I, =105A I, =9.5A D__=5720=0.25 adlumun1s (4.8)

1 (10.5 + 9.5)(0.25)1",
I,,a,=
2 T
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E
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, o S1uusouvevanImigugivemioulaa i
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B usadugagamaAnnlyugi
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dudmbszgIfhmednalgugi ¢, flesfunszuad@dInaiunieulaslvih
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Unitrode Products
= from Texas Instruments

UCc1825
Uca825

High Speed PWM Controller

FEATURES

» Compatible with Voltage or Current Mode

Topologies

+ Practical Operation Swilching Fraquencies

to 1MHz

» 50ns Propagation Delay to Qutput
« High Current Duai Totem Pole Oulputs

(1.5A Peak)
+ Wide Bandwidth Emror Amplifier

+ Fully Latched Logic with Double Pulse

Suppressicn
+ Pulse-by-Pulse Cument Limiting

« Soft Start f Max. Duty Gycle Control
+ Under-Voltage Lockoul with Hysteresis

+ Low Start Up Current {1.1mA)

BLOCK DIAGRAM

DESCRIPTION

The UC1825 family of PWM control ICs Is optimized for high fre-
guency switched mode power supply applications, Particular care
was ghiven i minimizing propagation delays through the comparators
and logic circuitry while maximizing bandwidth and slew rate of the
emor ampiifier. This controller Is designed for use in elther cur-
reni-mode or voltage mode systems with the capability for input volt-
age faed-forward.

Protection circultry includes a cument limit comparator with a 1V
threshold, a TTL compatible shutdown port, and a soft start pin which
wiil double as a maximum duty cycle clamp. The logic Is fully latched
o provide Jitter free operation and prohibit multiple pulses at an out-
put. An under-voltage lockout section with 800mV of hysteresis as-
sures low start up cument. During under-voitage lockout, the outputs
are high impedance.

Thesa devices feature totem pole outputs designed to source and
sink high peak cuments from capacitive loads, such as the gate of a
power MOSFET. The on state Is designed as a high level.
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uc182s
ucagas
uCcisas
ABSOLUTE MAXIMUM RATINGS (Noto 1) CONNECTION DIAGRAMS
&Jn:!y\‘uﬂqe(gl:ﬁ 1;);'.‘ ..... e W (o8 (Top View)
D B Y e 05A | Nor W Package
Puha X TT ) 20A S
Analog Inputs wel1] (18} vaer s.7v
PITS 1, 2 T o iiiirererreerrnnrennnnennns 03V TV N[z ] veo
PINB,B) ... 03Vio BV Gl aout 8
Clock Output Current (PIN4). .. .........cvvvnnnnn. SmA E/A Oun Out
Emor Ampitfier Quiput Curent (Pin3) ................ SmA Gioak [4] i3]ve
Soft Start SINK CUTent (PN B) .....oovvvreennennt. 2:: ai([] EPur Gnd
wnm ....... (P“) ...................................... w cis| ]out &
S%omge Temperature Rangs. . ............ -85°C to +150°C Aamp (7] 10] &ne
Load Temperaturs {(Soklering, 10 seconds) .......... 3Wc Sott Start[§] o
Naots 1: All voltages are with respecl 1o GND (Pin 10}); all aw-
renty are positive Info, negative out of part; pin numbers refer o
DiL-18 package.  PACKAGE PIN FUNGTION |
Nm? 3 cauult-t:m |n|euuedd0twltnmbook1hruu %ﬁﬁ ;‘ LCC-20 w |=1m
SOIC-18 (Top View) Q& L Packages —a 2
DW Package | EAOu 4
| Clock g
NG 5
WVE1] = ] vrers.1v 82 12018 o :
NI[E pelvee 146 ~ 1) [ _Raymp ]
E/A Outfs] ulout 8 s 17§ ——mwc :2
Glack[4] 13]ve 18 180 T UWSD 12
Rr{S] @]Pwr Gnd 17 18] _._._._g“"t""A ;“i___
i3] [Mout A 18 14]
| PwrGnd | 16 |
Remp[T @land LRLURLE NG 16|
Soft Starts] ]iLIM/SD Ve 17
| OutB | 18 |
Vco 19
VRer 5.1V 20

ELECTRICAL CHARACTERISTICS: Uniess otherwise stated, thess specifications apply for , RT = 3.85k, CT = 1nF, Vcc =
15V, -85°C<TA<125°C for the UC1825, —40°C<TA<85°C for the UC2825, and 0°C<TA<T0°C for the UC3825, Ta=Ta

uciazs
PARAMETERS TEST CONDITIONS UC2825 ucsazs
MIN | TYP [max | min [ TYP | MAX |uNniTs

Reference Section

Quiput Voltage Ti=26°C, o= tmA 505 | 5140 | 6515 | 500 [ 510 | 6520 v

Line Ragulation 10V < Ve < 3V 2 20 2 20 mv

Load Reguistion imA < 1o < 10mA 5 20 5 20 mv

Temperature Stabliity” TN < TA < TMAX 0.2 04 02 04 |mvVirC

Total Output Vadafion® Line, Load, Temperature 5.00 520 | 485 525 \'

Ouipul Noise Voitage* 10Hz < f< 10kHz 50 50 BV

Long Term Stebiity* Ta= 125°C, 1000hrs. 5 25 6 25 mVv

Short Circult Cusrent VREF = OV 45 | 50 | 100 | -45 | 50 | 100 | mA
Oscillator Section

inttial Acouracy* Ti=2C 360 | 400 | 440 | 380 | 400 | 440 | KHr

Voltage Stability* 10V < Voo < 30V 0.2 ) p2 2 %

Temperature Stablilty™ TN < TA < TMAX -] -] %

Total Veriation* Lina, Temperature M0 460 | 30 480 | kHz
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ELECTRICAL CHARACTERISTICS: Uniess otherwise statod these specifications epply for , RT = 3.55k, CT = 1, Ve =
16V, 55°C<Ta<125°C for the UC1825, —40°C<TA<85°C for the UC2825, and 0°C<Ta<70°C for the UC3825, Ta=Tu.

uc182s
PARAMETERS TEST CONDITIONS uc282s UGsa2s
MmN | TYP | wax | M | TYP | Max |uNITS
Oscilistor Section {cont.)
Clook Out High 390 | 45 39 | 45 Vv
Clock Out Low 23 | 29 23 [ 28 | V
Ramp Pesk® 26 | 28 | 30 | 28 | 28 | 30 | V
Ramp Valley" 07 | 1.0 (125} 07 § 10 {125]| V
Ramp Valey o Peak® 16 | 1.8 | 20 ] 16 | 18 | 20 ]| V¥
Emor Ampiifier Section
input Offset Voltage 10 15 mVv
input Bias Current 0.8 3 06 | 3 pA
Input Offsst Curment 0.1 1 0.1 1 pA
Open Loop Gain 1V < Vo <4V 80 | 95 B0 | 85 dB
CMRR 1.5V < Vou < 5.5V | 95 7% | 85 d8
PSRR 10V < Vee < 30V 85 | 110 85 | 110 dB |
Output Sink Currant VpiNa =1V 1 25 1 25 mA
Output Source Current VPIN Y = 4V 05 | 13 05 | 43 mA
Output High Vottage IPIN3 = 0.5mA 40 | 47 | 50 | 40 | 47 | 60 v
Output Low Voltage IPNS = ImA ¢ (o510 ]| o (05! 10 | V
Unity Gain Bandiidth* 3 55 3 5.5 MHz
Slew Rate* ] 12 8 12 Vipus
PWM Companstor Section
Pin 7 Blas Curent VeINZ =0V -1 5 -1 5 | pA
Buty Cycle Range 0 80 0 85 | %
Pin 3 Zero DC Thveshold _ [VPINZ = OV 11 | 125 11 [ 125 v
| Deiay o Output® 80 | 80 80 | 80 | ns
Soft-Start Section
Charge Current VPiNg = 0.5V 3 9 20 3 ] 20 | LA
Discherge Cumenl VeiNg B 1V 1 1 mA
Current Limit / Shutdown Section
Pin ¢ Bias Current D<WPINR <4V 15 10 | pA
Curment Limit Threshold 09 | 10 [ 11 | 09 | 10 | 11 v
Shutdown Threshokd 125 | 140 | 166 | 125 | 140 | 185 | V
Delay io Oulput 50 | a0 50 | 80 | ns
Quiput Section
Output Low Level louT = 20mA 0.25 { 0.40 025 (o040 ! v
louT = 200mA 1.2 | 22 12 | 22 | V
Output High Level louT = -20mA 130 | 135 13.0 | 135 v
fouT = -200mA 120 | 130 120 | 130 Vi
Coflecior Leaiage Ve = 30V 100 | 500 10 | 500 | uA
Rise/Fall Time* CL= 1nF 0 | &0 30 | 80 | ns
Under-Voltage Lockout Section
Start Threshold 88 | 92 | 06 | 88 | B2 |98 | V
UVLO Hysteresis 04 ;| 08 | 12 | o4 | 08 | 12 | ¥V
Supply Current Section
Start Up Current Voc =8V 11 | 25 11 | 25 | mA
icCc VPN, VPINT, VPINe = (N, VRiN2 = 1V 2 33 2 .. mA

“ This parameter not 100% tasted In production but guaranteed by design.
3



Printed Circuit Board Layout Considerations

High speed circults demand careful sttention to layout
and component placement To assure proper perfor-
mance of the UC1825 follow these rules: 1) Use a ground
ptans. 2) Damp or clamp parasitic inductive kick snermgy
from the pate of driven MOSFETs. Do not aliow the out-
put pins to ring below ground. A series gate resistor or a
shunt 1 Amp Scholticy diode at the output pin will serve

Error Amplifier Circuit
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this purpase. 3) Bypass Vcc, Vc, and VREF. Use 0.1pF
monaolithic caramic capacitors with low equivalent series
inductance. Allow less than 1 cm of total lead length for
each capacitor belween the bypassad pin and the ground
planie, 4) Treat the timing capacitor, CT, like a bypass ca-

ucigas
{_' d,) (D))  VREF 6.1V
3 Error Amp
Output
iNv1]
NON E“
INV
Open Loop Frequency Response Unity Gain Slew Rate
100 5
80
41—
80 \\ VN ]
‘0 AN (V) s\t .
Av (dB) \w 2 ."/VQUT I'- \
* 3 ¥ N
) \\ 0 1
p I EAR 0 02 0.4 06 08 10
-20 -a0
g TIME (ps)
180
100 1K 10K 100K 1M 10M 100M
FREQ (Hz)
PWM Applications
\ Current-Mode
M
Convan’aona_li\h;llagf ode) 1swiTeH Fctazs
7 [uciezs Py
" l B
(8]
Oaclilator Lo o1
| M 1.25v
Ham;lzj_l 1zsv C “mf,': >
'__CJ> __im'"“ | From Eva
Ic-‘r = on A
b LF'_nm_EfA_ * A small Tller may be required te
suppress switch noise.
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Oscillator Circuit UCc3a2s
mﬁg - Deadtime vs C1(3k Rr 100k)
4%
22
Q 1w
- o
2
//
0w =
007
we 10 2 7 w 2 L1 0
Cr (nF)
Timing Resist vs Frequency Deadtime vs Frequency
160
100 A
N 1.0nF ]
\ @@‘J&\N 140
SEANNN\NEE
2
£ N \\\ \\\R‘ " 470pF
pl
) D ANNAN NN SR i =t B
100 1K 1O 1O 1M
FRED (Hz FREQ (HI)
Synchronized Operation
Two Units in Close Proximity Generalized Synchronization
"ucis2s uciezs uctszs ] uc1ezs |
Glock Clock VREF ]
VYREF 22 i
AT 3 AT Clack a3 “-‘r-_Fe ’l 15 AT
= AT F—AAA—] AT
B 48 LAPF =
cr[E Local ’_'"W;*EE X cr
T ORamp Cr a3 0
! Ter crle S| 6lcr
ST TS aste a N W Siave_
Loea) = = = Lcnl
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Forward Technique for Off-Line Voltage Mode Application
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Vm

i PT

ucm.—'l

7/Ramp

(4] Clock |

8]lcT l
[slAT

_

Conastant Volt-Second Clamp Circult

The circult shown here wil achleve a constant
voit-second product clamp over varying input voltages.
Tha ramp generator components, RT and CR are cho-
son so that the ramp at Pin 9 crosses the 1V threshold
at the same time the desired maximum volt-second
product is reached. The delay through the functional
nor block must be such that the ramp capaciior can be
complelaly discharged during the minimum deadtime.

e e I
I— uciez2s a‘]oug B
Vln it

3 smn-
1 down

L1

ﬁ

Output Saction
Rise/Fall Time {(Ci=1nF)
02
LN
V)
1 o2
e 7T
E Ll \
uo 4 S0 12 10 20
Thrm {n8)
Rise/Fall Time (CL=10nF) Saturation Curves
)
\ b ; -
s \' 2 2 4‘|/‘
£ w \ 5 .-9"}?“
B .l \ "1/
°n 100 20 30 %0 &0 o|:| o5 T 18
lare (A)
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Open Loop Laboratory Test Fixture

15¥

This test fixture is useful for exercising many of the As with any wideband circult, careful grounding and by-
UC1825's functions and meeasuring thair specifications.  pess procedures should be followed. The use of &

ground plane is highly recommended.

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

+ <&
Vin 42-568Y :},

> o
ﬁ}-w-;;;,:f voursv
El

81

o )

4.7nF 120
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IMPORTANT NOTICE

Texas Instrumenis incorporated and s subsidiaries (M) reserve the right to make corrections, modifications,
enhancaments, improvements, and other changes {o iis products and services at any time and fo discontinue
any product or service without notice. Cuslomers should obtain the lates! relevant information before placing
orders and should verifythat such informationis current and complete. All producis are sokd subject to TI's terms
and conditions of sale supplied al the time of order admowledgment.

Tl warrants performance of its hardware producds to the specificalions applicable at ihe time of sale in
accordance with Ti’s siandard warranty. Testing and other quality control techniques are used fo the extent Tl

deems necessary to support this warranty. Excepl where mandated by govemment requirements, testing of all
parameters of each product Is nol necessarly performed.

T1 assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associaled with customer products
and applications, customers should provide adequate design and operaling safeguards.

Tl does not warrant orrepresent that armylicense, either express orimplied, is granted under any Tl patent right,
copyright, maskwork right, or other Tl intellectual property right refating to any combination, machine, or process
inwhich Tl products or services are used. information published by Tl regarding third—party products or services
doas not constifute a license from Tl to use such products or sendces or a warranty or endorsement thereof.
Use of such infformation may require a icense from a third party under the palents or other intelleciual property
of the third party, or a license from Tl under the patents or other inteleciual property of T1.

Reproduction of information in Tl daia books or data sheets is permissible only ¥ reproduction Is withoul
aleretion and is accompanied by ail associated wamranties, conditions, fimitations, and nolices. Reproduction

of this Information with afteration is an unfair and deceptive business practice. Tl Is nol responsible or lable for
such altered documentation.

Resate of Tl products or servces with stalements different from or beyond the parameters stated by Tl for that

product or service voids all express and any impled warranties for the associated Tl product or service and
Is an unfair and deceptive business practice. Tl Is not responsible or Hable for any such statemerts.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright © 2002, Texas Instruments incorporated
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== UNITRODE

Average Current Mode PWM Controller IC

FEATURES

* 103V - 20V Operating Range

« Low Offset Voltage Ampiifier

» High Bandwidth Current and Voltage

Amplifiers

» Low Offset Current Sense  Amplifier

¢ Undervoltage Lockout

« Trimmed 5 Volt Reference

e Extemally Programmabte Oscillator

Charge Current

+ 1.5A Peak Totem Pole Qutput
+ Available in 16-pin DIL or SOIC

Packages

BLOCK DIAGRAM
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DESCRIPTION

The UC3886 family of PWM controller iICs is designed for DC-to-DC con-
verters with average current mode control. It is designed for use in con-
junction with the UC3910 4-bit DAC and Voltage Monitor. The UC3886
drives an external N-channel MOSFET and can be used to power the In-
tel Pentium® Pro and other high-end microprocessors.

The UC3886 in conjunction with the UC3910 converts 5VDC to an adjust-
able output ranging from 2.0V to 3.5V in 100mV steps with 35mV DC sys-
tem accuracy.

The osciliator is programmed by the user's selection of an external resis-
tor and capacitor, and is designed for 300kHz typical operation.

The voltage and current amplifiers have 3.5MHz gain-bandwidth product
to satisfy high performance system requirements.

The internal current sense amplifier permits the use of a low value current
sense resistor, minimizing power loss. It has inputs and outputs accessi-
ble to allow user-selection of gain-setting resistors, and is internally com-
pensated for a gain of 5 and above. The command voltage input is
bufiered and provided for use as the reference for the current sense am-
plifier.

The output of the voltage amplifier ({input to the current amplifier) is
clamped to 1 voit above the command voltage to serve as a current limit.
The gate output can be disabled by bringing the CAG/ENBL pin to below
0.8 volts.

COMP  GAM CAQJENBL
oo NEI e -
| ]
| i
| i
| i
! |
i |
, |
VOLTAGE PWM PWM
COMPARATOR
VSENSE[3] L AMPLIFIER [9]vee
COMMAND [4] + CURRENT (8] GATE
AMPLIFIER
i LoV PGND
|
| {
> |
| cT
BUFFER H]cT
l 1 Vee /M [::I
BUF osc '
i T o
IS0 [1g] !
ISN D REF E"(.)]VHEF
isp CURRENT '
SENSE I
' AMPLIFIER :
SGND 13
i —— i
L e _ — UDG-55098-2

6/98
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ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM
.................................. 20V
g';fgg Soliage DIL-16, SOIC-16 (Top View)
CAM, COMMAND, VSENSE, ISN, ISP. . ........... t 1A J, N, or D Packages J
Analog Input . . .. e raaraeae e eaaaan 03Vt 7V AO/ENBL [ 16lHs0
Storage Temperature ... ..........on... —65°C to +150°C CAO/E l: j
Junction Temperature. ............. .v...—05°Cto +150°C CAM E _1_§_| Isp
Lead Temperatue {Soldering, 10sec.) ............. +300°C
pe _.( eenng, ) ) i comp{3] [14] 15N
Currents are positive into, negative out of the specified terminal, '
Consult Packaging Section of Databook for thermal limitations COMMAND E E SGND
and considerations of packages. VSENSE E E RT
BUF [6] ler
paip [ 7] 10] vREF
GATE[8] (9] vee

ELECTRICAL CHARACTERISTICS Unless otherwise specified, VCC = 12V, Vcommanp = 3.0V, CT = 1nF, RT = 10k,
Ta=Tu=0°C < Ta < 70°C for the UC3886. (Nate: -25°C < Ta < 85°C for the UC2886, and -55°C < Ta < 125°C for the UC 1836}

PARAMETER I TEST CONDITIONS min | Tvp | max funiTs
Overall :
Suppiy Current VCC = 11V, Gate Open 10 15 mA
VCC =9.3V 5 mA
Undervolttage Lockout
Start Threshold 9.7 10.3 | 10.8 Vi
UVLO Hysteresis 025 | 04 V
Voltage Error Amplifier
Input Offset Voltage Veu = 3.0V (UC3886) 4 mv
Vem = 3.0V (UC2886, UC15886) 15 my
input Bias Current Vom = 3.0V -2 pA
input Offset Current Vem = 3.0V (UC3886) 0.01 pA
Vem = 3.0V (UC2886, UC1886) 0.1 pA
Open Loop Gain 2.5V < Veopp < 3.5V 60 85 dB
Common-Mode Rejection Ratio 2V <Veomp < 4V 60 85 dB
Power Supply Rejection Ratio 11V <VCC < 15V 60 85 dB
Output High Voltage (Ciamp) lcome = —100pA (UC3886) 3.95 4 4.05 Vi
Icome = —100pA (UC2886, UC1886) 3.9 4.1 \'
Qutput Low Voltage (Clamp) lcompe = 100pA 1.9 2.7 \'4
Qutput Sink Current Veomp = 3.7V 09 mA
Qutput Source Current Veomp = 2.8V =015 | 0.25 mA
Gain-Bandwidth Product F = 100kHz 2 35 MHz
5.0V Reference
Cutput Voltage ivrer = 1.0mA 49 5 5.1 \'
Total Variation Line, Load, Temperature 4825 5175 \')
Line Regulation 11V < VCC < 15V 10 my
Load Regulation 0 < lyrer < 2mA 15 mv
Short Circuit Current ~10 40 mA




68

ucC1886
uc2ss6
uc3sse

ELECTRICAL CHARACTERISTICS Unless otherwise specified, VCG = 12V, VcomMand = 3.0V, CT = 1nF, RT = 10k,
Ta=TJ = 0°C < Ta < 70°C for the UC3886. (Note: —25°C < Ta < 85°C for the UC2886, and -55°C < Ta < 125°C for the UC1886)

PARAMETER TEST CONDITIONS miN | Tre | max [uniTs
Input Buffer
Gain Isur = £ 500uA (UC3886) 0.98 1 1.02 | viv
lgurF = £ S00pA {UC2886, UC1836) 0.95 1.05 | vv
Current-Sense Amplifier
Input Offset Voltage Ve = 3.0V (UC3886) 2 my
Vem = 3.0V (UC2886, UC1886) 6 my
Input Bias Current Veu = 3.0V -1 A
Input Offset Current Vem = 3.0V 0.2 A
Open Loop Gain 2V <Vigo <6V 60 85 dB
CMRR OV < Vepu< 4.5V 60 85 dB
PSRR 11V <VCC < 15V 60 85 dB
Output High Voltage liso = —100uA 5 V'
Qutput Low Voltage llso= 1mA 1 \'/
Output Source Current Viso=2V -0.2 mA
Gain-Bandwidth Product F = 100kHz 2 35 MHz
Current Amplifier
Input Offset Voltage Ve = 3.0V (UC3886) 13 mv
Veu = 3.0V {UC2886, UC1886) 18 my
Input Bias Current Veu = 3.0V 1 LA
Open Loop Gain 1V < Vean < 3V 60 85 dB
CMRR 1.5V <Vpom<4.5v 60 85 dB
PSRR 11V < VCC < 15V 60 85 dB
Qutput High Voltage Icao = —100pA 3 3.3 v
Output Low Voltage lcag = 100pA 1 v
Qutput Source Gurrent Veao =1V -0.1 1-0.25 mA
Gain-Bandwidth Product F = 100kHz 2 3.5 MHz
Oscillator
Frequency RT = 10k, CT = 1nF (UC3886) 90 100 110 | kHz
RT =10k, CT = 1nF {UC2886, UC1886) 85 115 | kHz
Frequency Change With Voltags 11V > VGC > 15V 1 %
CT Peak Voltage 2.6 2.8 )
CT Valiey Voltage 1 1.2 \'
CT Peak-to-Peak Voltage 1.6 1.8 2.0 \'
Output Section
Cutput Low Voltage lgaTE = 200mMA 1.6 2.2 \'
Output High Voltage lgaTE = ~200mA 9 10.3 v
Output Low Voltage 5V < VCC < 9V, lgate = 10mA 0.5 \
Veao < 0.8V, lgate = 10mA 0.5 v
Rise/Fall Time CL=1nF 150 ns
Maximum Duty Cycle (LUIC3886) 90 %
(UC2886, UC1886) 85 %




PIN DESCRIPTIONS

BUF: (Buffer Output) The voltage on COMMAND pin is
buffered and presented to the user here. This voltage is
used to provide the operating bias point for the current
sense amplifier by connecting a resistor between BUF
and ISP. Decouple BUF with 0.01uF or greater to SGND.

CAM: (Current Amplifier Minus Input) The average load
curent feedback from 1S0 is typically applied through a
resistor here.

CAO/ENBL: (Current Amplifier Output/Chip Enable) The
current [oop compensation network is connected be-
tween CAQ/ENBL and CAM, the inverting input of the
current amplifier. The voltage at CAO/ENBL is the input
to the PWM comparator and regulates the output voltage
of the system. The GATE output is disabled (held low)
unless the voltage at this pin exceeds 1.0 volts, allowing
the PWM to force zero duty cycle when necessary. The
user can force this pin below 0.8 volts externally with an
open collector, disabling the GATE drive.

COMMAND: (Voltage Amplifier Non-Inverting Input) This
input to the voltage ampilifier is connected to a commandg
voltage, such as the output of a DAC. This voltage sets
the switching regulator output voltage.

COMP: (Compensation, Voltage Amplifier Quiput) The
system voltage compensation network is applied be-
tween COMP and VSENSE. The voltage at COMP is
clamped to prevent it from going more than 1V above the
COMMAND voltage. This is used to provide an accurate
average current limit. The voltage on COMP is also
clamped to 0.7V below the voltage on COMMAND. This
is done to avoid applying a full charge to capacitors in
the compensation network during transients, allowing
quick recovery time and little overshaot.

CT: (Oscillator Timing Capacitor) A capacitor from CT to
SGND along with the resistor on RT, sets the PWM fre-
quency and maximum duty cycle according to these
formulas:

2.0v

D B P
A T RT «4.0mA

where Dpmax is the maximum operating duty cycle, angd

RT is in ohms,

2.0V «((4.0mA «RT) - 2.0V)
CT+1.8V«RT? «4.0mA

Fosc =

where Foge is the UC3886 osciilator switching fre-
quency in Hz, RT is in ohms, and CT is in farads.
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GATE: (PWM Output} The output is a 1A totem pole
driver. Use a series resistor of at least 58 to prevent in-
teraction between the gate impedance and the output
driver that might cause excessive overshoot.

ISN: (Current Sense Amplifier inverting Input) A resistor
to the iow side of the average current sense resistor and
a resistor to 1SO are applied to this pin to make a differ-
ential sensing amplifier.

ISO: (Current Sense Amplifier Output) A feedback resis-
tor to ISN is connected here to make a differential
sensing amplifier. The voltage at this pin is equal lo
(VBUF + A * lavG * Rsense) where A is the user deter-
mined gain of the differential amplifier, lavg is the
average load cutrent of the system, and Rsgnse is the
average current Sensing resistor. For stability, A must be
greater than 5. Set A such that A « Isc « Rsense = 1.0V
where I1SC is the user-determined short circuit current
lirnit.

ISP: {(Current Sense Amplifier Non-Inverting Input) A re-
sistor to the high side of the average current sense
resistor and a resistor to BUF are connected to this pin
to make a differential sensing amplifier.

PGND: (Power Ground) The PWM output current returns
to ground through this pin. This is separated from SGND
to avoid on-chip ground noise generated by the output
current,

RT: (Oscillator Charging Current) This pin is held at 2V,
Resistor RT from this pin to SGND sets the oscillator
charging current. Use 5k < RT < 100k.

SGND: (Signal Ground) For better noise immunity, sig-
nal ground is provided at this pin.

VCC: (Positive Supply Voltage) This pin supplies power
to the chip and to the gate drive output. Decouple to
PGND and separately to SGND for best noise immunity.
The reference (VREF), GATE output, oscillator, and am-
plifiers are disabled until VCC exceeds 10.3V.

VREF: (Voltage Reference Output) An accurate 5V refer-
ence as provided at this pin. The output can deliver 2mA
to external circuitry, and is internally short circuit current
limited. VREF is disabled if VCC is below UVLO. Bypass
SV REF to SGND with an 0.01pF or larger capacitor for
best stability.

VSENSE: (Voltage Sense Input) This input is connected
o COMP through a feedback network and to the power
supply output through a resistor or a divider network,



APPLICATION INFORMATION
OSCILLATOR

The UC3886 oscillator is a saw tooth. The rising edge
is governed by a current controlied by RT flowing into
the capacitor CT. The falling edge of the sawtooth sets
the dead time for the output. Selection of RT should be
done first, based on desired maximum duty cycle. CT
can then be chosen based on the desired frequency,
Fs, and the value of RT. The design equations are:

2.0v
RT «4.0mA

2.0V« ((4.0mA«RT)-2.0V)
CT+1.8VeRT? «4.0mA

Dpax =1-

FOSC:

5k} = RT< 100kQ

—— ic=lR

-—lc —TZ—

Ct —* 1o

}—'13,L 4
E 2.8V
é 1SiNK=4.0mA

Figure 1. Oscillator
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Configuring the Current Sense Amplifier

The UC3886 Current Sense Amplifier is used to amplify
a differential current sense signal across a low value
current sense resistor, Rgeyse. This amplifier must be
set up as a differential amptifier as shown.

The Current Sense Amplifier gain, Ggsa, is given by the
ratio of R2/R1. The output of the Current Sense Ampli-
fier at the ISO pin is given by

R2
Viso =Vaur + Vsense * =

The Current Sense Amplifier gain, Ggga, must be pro-
grammed to be greater than or equal to 5.0 (14dB), as
this ampiifier is not stable with gain below 5.0. The Cur-
rent Sense Amplifier gain is limited on the high side by
its Gain-Bandwidth product of 2.5MHz. Therefore GCSA
must be programmed between

Gesa_min=5.0 and  Ggsa max = 2.5MHz/FswitcH
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Figure 2. Programming Maximum Duty Cycle with RT
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APPLICATION INFORMATION (cont.)
lLouT Enabling/Disabling the UC3886 Gate Drive
RsSENSE The CAO/ENBL pin can be used to Disable the UC3886
—r AN ' gate drive by forcing this pin below 0.8V, as shown.
Loyt |+VSENSE- _L Bringing the voltage below the valley of the PWM oscil-
Cout 2 RLoaD lator ramp will insure a 0% duty cycle, effectively dis-
abling the gate drive. A low noise open collector signal
§ R1 a1 should be used as an Enable/Disable command.
R2 ISO
{16}
ISN SA 180
@ _
— ISP ON/OFF
it g | =
R2 BUF
1 CAO/
—WV—‘ 6] < CAM L1 EneL
o VCOMMAND CA PWM
4

UDG-96024 COMP RA@ UunG-96023
Figure 5. Configuring the Current Sense Amplifier Figure 6. Enabling/Disabling the UC3886

TYPICAL APPLICATIONS
v _L ,_L J_____ AL AA _L Yout
T T T
RTN <'7 T 1
y GATE
cC T _L [:] Vee Ucasss ISP
T T BUF
1'::] PGND
:? A-¢] SGND oM E:
- ) IS0
‘E—E‘;‘ VREF CAM
'._d] Voomuanp CAOTENBL [::]—T—- TL
1 L : WSENSE [:
T3 ! comp [ f—wa— ‘{
: cT AT | A
L__ —_ PR =
_‘j—:" ? - OMN/OEF
= = :__%L == _?f UBG-96025

Figure 7. The UC3886 Configured in a Buck Regulator
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TYPICAL APPLICATIONS {cont.)
+5¥mN WA 15T AL O ~ Yout
1 1
i 1
GND K& _]?_
+12Vm
+12ViIN - L %
Vour <
- L PWRGOOD ;“‘L
L - F-5--=—- Z —— FAULT - -
{ VCC  OVP VSENSE ! 150 CAM CAO/ COMF VSENSE VcC |
OVP FAULT OVPB i ISH ENEL I
ViDo Do PWRGOOD 1sp GATE [:j—
ucaeo ucaass |
VD1 D1 DAC/MONITOR I - BUF PWM
VID2 D2 [ I P G"D[;]
VID3 03 DACOUT W VCOMMAND i
! OVTH/ | | sa :
GND G CBUF VREF AT VREF ND
| GNp GND —UVTH DA ___{E___; J?: J=: L%___?___?HHMTJ
= == l ; = = = UDG-9602t
Figure 8. UC3886 Configured with the UC3910 for a Pentium® Pro DC/DC Converter
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