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Abstract

This paper presents an operation of a zero-voltage and zero-current switching full-
bridge dc/dc converter that uses a phase-shifted PWM control (IC number UC3879)
in order to solve switching losses in switches. Using MATLAB/Simulink program for
analysis of operating switches, frequency is 50 kHz. The experimental result shows
that DC/DC converter can operate switches under zero-voltage and zero-current
switching. The leading leg of switches can achieve under zero-voltage switching
condition and - lagging leg of switches can achieve under zero-current switching
condition. The DC/DC converter can operate at rate voltage of 310V, maximum
power of 1000W and efficiency of 93.21%. So, the experimental results can be

verifiad by simulation result and concept idea.
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3.3.1.4 N1599NLUUNLD LLUﬁQﬂ’J']&IEQQ

O O
Viﬂ = 310V Vgu[ = 6OV
O O

5U# 3.15 m'ﬁﬁ’uéfﬂﬁwUuLLﬂuLW'a%‘l‘gﬁ"uawﬁauﬂmlWﬁwmmﬁqe

Tuaisedazldunuweslsy EE80 'Lumsa%’Nﬂﬁawaﬁw%mmﬁqa WD

inuadidalunisinasndwiusey uarruadnilunsumsmulgugiiuagadiy

useou N Vi, = 310V

wsiuIeen ¥, =60V

NTERANIULT 1, = 104

nseman1ueen I, =504

ANAEINGDY f, = 50 kHz
75An

mﬂﬁan‘ummsumLanuLwﬁﬂaﬂnﬁﬁwa@mﬁuﬁmsﬁ

Vil +V,I
A = SN = L 00 (1)
P AX Ky X By X foX]
o
S By o AR TRy (core area)

v

Nunnaelunsauneveduny (window area)

V., V, = USSP ITLAZL TN UN IR LD RN ALE AU

LI, = NILUAN U ILBLNTELANNATUDDNATLE AU
i 2

] = AUNUIUUTDINTSULE (A/m)

A1 window utilization factor

Ek
1l
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]

| 1 ] 2
By, AUV LRI LIS ULWENEgn (Wb/m )

fs

ANREIVTTeeAaNAvRIN AU IS (H2)

1

[

laeifionAnudaind®s f,= 50 kHz wazidenesnagssil
o s = oo dy dl 2
- IV UDANLUUN 4 A/mm
& alg v ¢t a ' 9 ' & a o
- unumanflvRsunueslsAgavdmaumuILLLTs A& LS WAN B (By) Uszanm
0.3 aan

- A1 window utilization factor (k,,) fiAwindiu 0.4

n.) AMUIMIAT Ap

UNUAMITITRD5H99 ald

A (310x10)+(60x40)

PRI T 4 0.4%0.3%50 X103 x4 % 106

= 6.35 x 10 8m*

Aeadonaunulia A, innndriidnnalilaedenuny EE-80 i

S = 784.08 x 107 m?
W = 554.13 x 10~ m?
A, =434x107 m*

7.) 13U
TuIusaUMuUgUNImIINENNITT (1)

) ! Vi
7 AX Bif XSX

WNUAMN TS TR99 s le

310

N, = = 6.58 sou
1™ 4%0.3x784.08%10-6x50x 103

AadudeniuraaasiuUsuglidau 32 seu

TIIUTOUIUIYREATIMIINENNTST (3)

Yo

= 3
2 T AXBy xSXf, &

wnuAWIsEimesanggasle
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60

N, = = 1.28 5
2 7 4x0.3x784.08x10-6x50%103 8 sou

MudeniurnaIam Uy Renisiuiu 6 seu

A.) AMUIUNUNNTNFAYRIYAAIAINALNITH (4)

/)
A, == (4)
W
1 -y =} ] 1 A
1573018 1AW vhd J =4

UNUATN ARSI AL EDNAIAI LWL LUYDINS L LA /mm2

A 1 Bl 106 mm?

e — ey mm
WL e T 00
A w 125 %107° %
= S\ | D X mm
W2 SR
wslilesannuaYes skin effect WilvireddonanneuniismilEnninmuanRme s
(skin depth) e uigageildeldnmeunis (5)
2p
o(m) = [— (5)
U
P = anmsnumulniy (Qm)
H = permeability (H/m)
W = MEENTY (rad/s)
unuAIITIIwasasluaunis
2 X (2%10=9)

=3.18%10"*m

(M) AN P T oo 72 x B0 £57

s 2 1

ihmsidenvuavasinumiisaitvesndt Skin depth 9nan519 Feazdenldaianeaunaues

SWG28 (a = 0.1110 x 10° m?)

, . 2.5 x 1076 -
AatUTIUINEeN bl SAnagIeuUsUNT = — WA
Y 0.1110 x 10°°
0 | o 12.5 x 1076 )
Snuseildlunsiindeisunienll = = 113 u

0.1110 x 10-°
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1)NTIFDUAIINNA DY
—
INAUNISN (4)
n
W - Kw = Zi:l(AwiNi) ................................................. (6)
WNUAMITHMDIVRIURaIRR LA LN U T ldaS 9l

W-K, = 55413 X 107% x 0.4 = 221.652 mm?

AwiNy + A,oN; = (32 0.1110 x 23) + (6 X 0.1110 x 113)
= 156.95 mm?

VAU 6 sxwu WK, = Y7 (4, N;) deduandndng 2 e anansoiuas

'Lu'*zj'a@’iwmﬁ’whwmtmumé‘ﬂwﬁawaqmmﬁqalﬁ

v
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3.3.2 2993AUAY
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MOSFET lagazusznaulusie 3 daudisil

3.3.2.1. 2925 5N)LAN 03

assnguameiiiuinsunasiiennszuansadeasldisesiiedndles
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IC1 +15VDC
7815
P
@i el tl B L c3
1000uF/35V —— 100uFf25v
15VAC D1
1N4001
P2 5
o @]
0VAC D2 0
VDC
P3 1N4001 R c2 ey S c4
1000uF/35V T 100uF/2sV
15VAC
Ic2
7915 P6

Pl 1P ouTj3 (@]
: -15vDC

15VAC 06
1N4DO1
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N3 3.18 2esisnawesiuUUINay 15 Taakassulianmsiviiuvas
Numdouaauiiu nana 220v/15v uduehulalenindlwdlaeldlalenwes 1N4001 91nthy
wgnnsediiZeusemifulssquuuiiia 1000 Lilaswda 2 & yntudgaildasgni
TiSeusgleBisnpuawmesiues LM7815 uag LM7915 szvililaduaialnihnsyuansauy

UInau 15 lag
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3.3.2.2.24935 IC UC3879 Phase shift resonant controller
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4.1 FyruduinauasuaninE

2013,03/13 20:16:52 [=—= Niok  Normal
YOKOGAWA 4 228 ] 200MS/S  SpsAliv

<¢ Mainz10k »>

CH2/S;  CH1/S,

o LY

F

aH

t
CH1: 10V/div i CH2: 10v/div

. Freq(C1) 51.09862kHz Freq(C2) 51.09862kHz :

. Duty(C1) 42.87» - Duty(C2) 44.56%

JUN 4.1 dyaadurinanaing S, uag S,

2013,03/13 20:20:33 = ——Jj1ox ~ Normal
YOKOGAWA 9 5794 Y 200MS/s  Spspliv

€ Maini10k >> ©

S EH1/55 - CH2/5, -

e it 'Al - l b

f

aH

|

SO L O DA
CHI1: 10v/div.  CH2: 10V/div

| Freq(C1) 51.15090kHz = Freq(C2) 51.1247dkHz
Duty(C1) 43.17« o Duty(Cz) 46.47«

JUN 4.2 dyraduvinenaingd S; uag S,



2013-03,13 20:21:42 [=0i=x oniok Normal

YOKOGAWA 4 47 1 200MS-s  SpsAliv
R Muln.;lllk >

CH2/S4  CH1/S,

(i

CHL: 10V/div ~ CH2: 10V/div

Freq(C1) 51.17707kHz |  Freq(C2) 51.19017kHz
: Duty(C1) 44.557 ¢ Duty(C2) 46.382

5UN 4.3 dyadiurnnniiaing S, was Sq

2013,03,13 20:22:41 [ ——niox  Normal

YOKOGAWA ¢ 1699 q 200MS/S  SHsAliv
: : : <% Taini 10K 3>

LACRSNEALI LN

vyl

F

aH

Mg D [

- CH1: 10V/div - CH2: 10v/div
© Freq(C1) 51.11168kHz : Freci(CZJ 51.124?4kHZ
Duty(C1) 42.73% . Duty(C2) 43.05%

'

JUR 4.4 Fyaraudurrinafiaing 52 uay S3

NFUT 4.1 uaw3un 4.2 wansliiudedygradurtinavesaindaisluiniioniu euanste dead

time uaz9NFUN 4.3 wargUil 4.4 uans Phase shift vesdygafurinndadideyil 47 aaen
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Switch ZVS ZCS
S1 X v
52 X Vv
54 v X
sS4 Vv X

4.2.1 NMM5WUSEUMEUNANITYAADITSLALNANISS1a8q

S——— g b o N

CH1: 200v/div CH2: 10A/div
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|
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|
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Vin(V) | 1in(A) | Piu(W) | Vo(V) I,(A) | Po(W) | Phaseshift| Eff (%)
305.78 U 19 237.74 60.6 3.64 220.58 99.90 92.78
301.32 1.49 442.94 38.9 6.85 410.32 82.23 92.63
306.39 225 674.90 60.3 e 621.09 63.95 92.05
305.97 2.93 891.35 60.35 13.5 814.725 45.69 91.40
300.45 3.63 1069.20 60.4 16.5 996.6 2083 9521
nawlauduRusszheuiEouaiuUszansaw
100
98 |
9
e 94
z 92 BN ¥
L
S 90
w2
e 88
33
86 e
84
82
80
0 20 40 60 80 100 120
Phase Shift (24f1)
Uil 4.10 nsALdITUSTEwIaAe AT UUsEAVE AN




Uszansnn (%)

100
98
96
94
92
90
88
86
&4
82

80

NINUEAIANUFUNUSTENIN9N S avInNLasUSZaNT AN

2 4 6 8 10 12 14

NITLEVIDDA
Iy (A)

fg‘uﬁ 4.11 nsaNuduRussENINNTELaTIen Ul L anS AW

16

18

45



46

4.5 39150INaN1NAADY

L3

MnnsileimsnageumsvinnuvesAiesRdyifreuesineiiaindioustugus
naskaguinuh @lndiine A vie aind S, wavaing S, sxvinsedndaneliteulunseuanud Tnedung
Idanguadudildanuanisnaaadlutisiiednd S1 wavaind S2 whnssua nszuaazanauugud
newidadad S1 uavadnd 52 swvgmitnszua dwaliliinaugadelunisaindddusaymes
o = g da & a o a £ @ =4 = [ £ [
wnszua FudunamiatuIInnIsdeua uavsamUrdimesudeans (Cb) ndaevilinszuannanduy

& & ' a v a gaa & a ¢ a6 ° a € 9 )
QUEJ'ﬁ’JmL?'JﬂTTUﬂW AIUAINVNNG B %59 83019 S3 wagdIney S4 Q%W’]ﬂ’?‘iﬂ?ﬁ]‘ﬁﬂ?HIWLQ@U“L‘ULWQ@UQUEJ

= 3

Fengunduitlaninwanisnaaetluyieiiadng 53 uas adad Se- lahinszua wsefuazanaaugus
Aoufiasisshnssua JoililiiinanugadslunsaindsmeEutnseug iewinnaresnisvie

waghavinvesndmesmelumuesmpntiues saanisnaaeslunisei 4.1

m'%"mﬂauna%maﬂﬁ'gﬂﬁ’mwmaau‘lmamaﬁﬂwam warAsriusesuwioantilasnis
Uuidouyuavesdnnduinnsenindindie A uavaindie B dswudndonsvinisiialvasismy
wsasneueimosasilinssuaiinindy uazussdumnasnesiimanasiioyion viliideaUTuidousm
wavasdyayrnduainaliiidesas avssiliussiusennduaniaiwiugy Tageinnan1snaass

\nsaInRUIRiAD SITEAVEAWENER 93.21 % Tsedurudn 300 V



uni 5

d3UazITAINANTVINADY

5.1 a3y

NNNSANUATEIRT-AT AauIesimesiaindfoussduguiuasnsvuagud Tasldnng
doumawuuAduuanduiu 3uduainmissiasasesmelulusunsy Simulink  Taeviinisuduen
windaweineluasawiilifensaindnieliussiuguiuasnssuanud uaziamnsiinesalins
ndaesiladiaundeid-ff rounesines dsludisusnuesmsanumlasanuildldunumdnmeslsy
\wes EE70 daiuilunisiunesuncion dwalilunsiuseunsiowasiulitiossou viliansnsvens
wssruremsioulasidnUseann 1:1 SuuBsunildunumdn EE70 ansunu wwiwioutas Taglsny
Ugugiivhmssiefuwuveynsu Tusasishunsgivhnsseuvurun devilisasmesusaiuremile
wUassamiiAUsesnm 3:1 aumudeadnis Bsnnsazsenioulatiuuisgdosilrviaulasianudaiy
fiamnaiwesingg wirtu Fudeldhnisnaaeuiriesreunasines %qLﬁ'aﬁwmi%’ugﬂﬂﬁumﬁuuas
nsuafiaIngA B wifinnsedndniglsusadugud LLﬁsLﬁ@ﬁﬂﬂﬁﬁﬁUgUﬂﬁuLquﬁuuasnwuaﬁa?m‘f?ﬁ A
wuhaindldldinsaindaeldnssuaquinuilidiansseTusunsuly Seldnduuninseinae
TUsunsy v‘fﬂﬁwu:i'm'l'i‘ﬁaﬁwﬂaiaﬁmﬁma”lﬁﬁaulmmma@uéﬁu W ilosainardamilenin
aurndaiman (Lm) aelundeudasiiatisefuly %"qﬁﬁﬁqmfimﬁflaummmﬁmwamﬁauﬂawzﬁuag
fuduiuseuvesnIsuneuAtsaULIY n1sTiaenldunumanmeslsviiued FE70 fufiuiluniswu
vownaosdwiliRatlagmiu Faldvnsutlagmiliatulaemswdsuwnumdnineslsiilily
mavmiioudadiioualgtulaedenidunuues EE80 ielausaiusaunioutadiildinnsouiy
iaviliesmioniaunngn (Lm) fiFg [iovnsvagauLdesouesaes Sainnsaing
meliusafuguinssuagudmimanisvaaosiiniy

[

nmsAnwuAdesnsuneiinesiu nuiinseshliAnnsaindnelénssuaguddu
axﬁuagﬁuﬂ"rwwwﬁLmLaﬁmaaﬂ’lﬂ'l%ma‘afuﬁaﬂﬁa, mﬁ’amﬁmﬁwﬁﬁawﬂwﬁa warAMISIdMesveInLl e
wasitld luvassiinmsadndneldussiuguiastuegiuamniinesesfanienhtasuaziendnamm
UnBinesvesuenmaiiliiiugunsalaindds feasdesendenisuiuidounavesdygadununalsl
denndasiuAmsiimes deliiinalumsviauasiavifasrquanednamurdinesvesadive

i
M3



48

nNsvedeudsyancnmaeualIatreueiinesinem st inanwavidouynae
TYIMTENINNEINTNY A wagaintne B munan1snaaesnsied 4.2 wuinnisiialantuasyinlid
NILUABDNNTY warsavinisdeunumavesdygralianas ey liusssiuvieaniaind Taeain

b}

HansVnaRItuUsEANSAMElAEsani 93.21% laeliidieenvindu 996.6 Taa

5.2 ULaUuaLUY

1ANSALEYIINSANYIAUAIITINNISTIaesalUTLNTuN s ARLRImes Tl UR YA S
PONLUUATLAEYIINMINATIUITIBNATOIRTYATRBUIBSIND S ndsauswuguinssuarudlaeldnig
W@ouWaLUUNAUUE DN tesandasmsntiauwtaiidardamdenihauiuudivan (Lm) dnnianungiv

o v o a o o & v a & adal |
\Tquwma\jﬂqiﬂqﬁ\ig\?ﬂ LW@WQSL@@ﬂI‘ULLﬂULVIaﬂLwaﬂi‘wﬂu"ﬂuqﬂiﬂﬁy



49

WBNEI5D19D9

[1] MajidPahlevaninezhad, Pritam Das, Josef Drobnik, Praveen K. Jain and AlirezaBakhshai,
A Novel 2ZVZCS Full-Bridge DC/DC Converter Used for ElectricVehicle, IEEE
TRANSACTIONS ON POWER ELECTRONICS, 2012

[2] ayiani 1ndnde enasussneunsaawivinsesnwuuimieiiuasuioutas , @ad
walulagnszaoumaidinammsainnses, 2542

[3] Yan Bao, Sheng Li, Jiuchun Jiang, Weige Zhang, Research and Improvement of A Zero-
Voltage Zero-Current Switching Full-Bridge Converter , |EEE , 2018

[4] vasfnd Andvies, vade tasnana, Inea. wgiyadiiess, asing \fNyLy, “ashYH
Gnauneimeiuuuauiadaindioussiumuduasnssuanud” Usaaninus
AFNTINAERSUMAR, gruIvienssu i, aodumalulagnszaemndninnumms

aNANIEUY, 2541



dy I dl Y o U 14 ﬁl = 1 gj 1 Y o ¥ € Y ¥
wnanstluenasianulidmsunisldnuienisfinwivintu ldeygnlriluldusslevisunisen

ludnsallagsau Snvivhudilvidauwdasilon uavdesgdadadivaaenarsynasaninisinluly



51

AIARNUIN N.

& ¢ s
Yayaguniainisdn

Digital Oscilloscope (YOKOGAWA)
U DL1620 (2 Channel)
F18az18en 200 Mhz Analog
Bandwidth

200 MS/s on two channel

8 bit vertical resolution

DC to 30 Mhz, 850V

(DC+AC peak)2% DC accuracy,

Internal low pass filter
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Digital Oscilloscope (Rigol)

W DS1052E

2 Analog channels + external trigger
1 Million point deep memory

1 GSa/sec max sample rate

577 TFT QVGA (320X240) with 64K
color LCD backlit display
Trigger modes: edge, pulse width,

slope, video, pattern, continuous

time, and alternate

WEnA9I Current Probe (FLUKE)
U 80i-110s AC/DC

Twazden 10mV/A, 100mV/A
Input 100A peak Max

Freguency : DC to 100kHz .(@3 db)
Output 10mV/A, 100 mV/A CAT lll
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AR Digital Multi Meter (Hewlett
Packard)

JU 973A

Twazden Vac or Vdc : 0 to 1000/1000
Volts

lac or Idc : 0 to 10 Amps

HARNMACLAMP METER §u CM-9942G

SN8avlden 1a ACV, ACA, DCV, Ohm:s,

Hz, Capacitance, Diode

aunsnieridu Auto Range
Heridu “A” druduia ACA
aridu V> dwduda ACV, DOV

Handu “Q7 & wsusa Resistance,

Diode, Capacitance
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=m UNITRODE

Phase Shift Resonant Controller

FEATURES

» Programmable Output Turn On
Delay; Zero Delay Available

Compatible with Voltage Mode or

Current Mode Topologies

Lockout

» Soft Start Control
+ Outputs Active Low During UVLO

3LOCK DIAGRAM

Practical Operation at Switching
Frequencies to 300kHz

Four 100mA Totem Pole Outputs
10MHz Error Amplifier

Pin Programmable Undervoltage

Low Startup Current - 150pA

& uc1879
§ = uC2879
% = uC3879

DESCRIPTION

The UC3879 controls a bridge power stage by phase shifting the switching
of one half-bridge with respect to the other. This allows constant frequency
pulse width modulation in combination with resonant, zero-voltage switching
for high efficiency performance. The UC3879 can be configured to provide
control in either voltage mode or current mode operation, with overcurrent
shutdown for fast fault protection..

Independently programmable time delays provide dead-time at the turn-on
of each output stage, allowing time for each resonant switching interval.

With the oscillator capable of operating in excess of 600kHz, overall output
switching frequencies to 300kHz are practical. In addition to the standard
free running mode, with the CLKSYNC pin, the user may configure the
UC3879 to accept an external clock synchronization signal. Alternatively, up
to three units can be locked together with the operational frequency deter-
mined by the fastest device.

Protective features include an undervoltage lockout and overcurrent protec-
tion. Additional features include a 10MHz error amplifier, a 5V precision ref-
erence, and soft start. The UC3879 is available in 20 pin N, J, DW, and Q
and 28 pin L packages.
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ABSOLUTE MAXIMUM RATINGS

Supply Vollage: (VG VINY = wns & sas s v 5 s 5905 o © 16 20V
Output Current, Source or Sink, DC. ... ............. 20mA
Analog 1/0s
(Pins1,2,3,4,5,6,14,15,17,18,19) ...... -0.3t0 5.3V
{PIN A8Yews & swsan & wow & e v 2 van 8 Fan 5 e —-.03V to VIN
Storage Temperature Range ............. —65°C to +150°C
Junction Temperature. . ................. -55°C to +150°C

Lead Temperature (Soldering, 10sec.) ............ +300°C

Notes: Pin references are to 20 pin DIL and SOIC packages.
All voltages are with respect to ground unless otherwise stated.
Currents are positive into, negative out of the specified termi-
nal. Consult Packaging Section of Databook for thermal limita-
tions and considerations of packages.

CLCC-28 (Top View)

L Package
DELSETA-B

CcT UVSEL
N/C CLKSYNC
N/C —7N N/IC

QUTC —31 4 — RT

ouUTB—1—13 — RAMP

PWRGND —J1 ]2 14— GND

VIN—I & W11 15— NIC
VC —J"]28 16— NIC

OuUTC —3—J27 17— VREF

pigiaen
|_e N
Cs
N/C
DELSETC-D

uUC1879

uc2879
uUc3879
Table I. Product Selection Guide
TEMPERATURE AVAILABLE
RANGE PACKAGES
ucc1879 - 55°C to +125°C dJ, L
UccCc2879 —-40°C to +85°C N, DW, Q, J, L
UCcC3879 0°C to +70°C N, DW, Q

CONNECTION DIAGRAMS

DIL-20, SOIC-20 (Top View)
J or N Package, DW Package

Yt

VREF E
COMP E

x [T
cs[4]
DELSETCD [ 5 |
ss |6

ouTp [ 7]
outc[s]

ve s

VIN |10

EI GND
E RAMP
E RT

E CLKSYNG

|16] uvsEL
15| DELSETAB
14] cT

[13] outa

12] outs
[11] PWRGND

PLCC-20 (Top View)

Q Package
DELSETC-D
ss cs
ouTD i l [
20 19
outc —{|4 u 18 [|— comp
ve —||5 17 [} VREF
VIN —{|6 16 [|— GND
PWRGND —{|7 15 |- RAMP
oute —|8 14[}— RT
10 11_12 13

OUTA —|_J_I T T L CLKSYNC
UVSEL
DELSETA-B




uc1879
uc2879
uC3879

ELECTRICAL CHARACTERISTICS Unless specified; VC = VIN = Vyygg, =12V, CT = 470pF, RT = 9.53k, RDELSETA-B =
RpeLsec-p = 4.8k, CpeLseTa-e = CperseTc.p = 0.01uF, TA=T,.

PARAMETER TEST CONDITIONS [ min | TP | Max [uniTs
Undervoltage Lockout
Start Threshold VuvseL = VIN 9 10.75 | 12.5 Vv
VuvseL = Open 12.5 | 1525 | 16.5 V
UVLO Hysteresis VuvseL = VIN 115 | 1.75 | 2.15 V
VuvseL = Open 5.2 6 7.4 \%
Input Bias, UVSEL Pin Vuvser = VIN = 8V 30 A
Supply Current
Ivin Startup VIN =VyyseL = 8V, VC = 18V, IpeLseTaB = 150 600 HA
IpELSETC-D =0
lve Startup VIN = VyyseL = 8V, VC = 18V, IpeLseTAB = 10 100 HA
IpeLseTc.0=0
Ivin Operating UC3879, UC2879 23 33 mA
uC1879 23 36 mA
Ivc Operating 4 8 mA
Voltage Reference
Output Voltage T,=+25°C 4.92 B 5.08 V
Line Regulation 11V < VIN < 18V 1 10 mV
Load Regulation lvrRer = —10mA 8 20 mV
Total Variation Line, Load, Temperature 4.875 5.125 \
Short Circuit Current VREF =0V, T ;= 25°C —60 -15 mA
Error Amplifier
Error Amplifier Input Voltage 24 25 2.6 V
Input Bias Current 0.6 3 A
AVOL 1V < Veome < 4V 60 90 dB
PSRR 11V < VIN < 18V 85 100 dB
Output Sink Current Veomp = 1V 1 25 mA
Output Source Current Voomp = 4V -1.3 | -0.5 mA
Output Voltage High lcomp = —0.5mA 4 4.7 5 \'
Output Voltage Low lcomp = 1TmA 0 0.5 1 Vv
Slew Rate Ta=+25°C 6 11 Vius
PWM Comparator
RAMP Offset Voltage Ty =25°C, Note 3 1.1 1.25 1.4 \Y
PWM Phase Shift, Veomp > VrRaMPpeak + VRAMPoffset 98 99.7 102 %
ToELsETA-B, TDELSETC-D = 0, Note 1 Vcomp < Zero Phase Shift Voltage 0 0.3 2 %
Output Skew, Vcomp > VRAMPpeak + VRAMPoffset 10 ns
TpeLseTA-B, ToELSETC-D = 0, Note 1 Vcomp < Zero Phase Shift Voltage 10 ns
Ramp to Output Delay, TpeLseTa-B = 0, UC3879, UC2879 115 250 ns
ToeLseTc-D =0 uc1879 115 | 300 | ns
Jscillator
Initial Accuracy Ta=25°C 180 | 200 220 kHz
Voltage Stability 11V < VIN < 18V 1 2 %
Total Variation Line, Temperature 160 200 240 kHz
CLKSYNC Threshold 2.3 2.5 207 V
Clock Out High 2.8 4 V
Clock Out Low 0.5 1 1.5 V
Clock Out Pulse Width 400 600 ns
Ramp Valley Voltage 0.2 0.4 )




uC1879
uc2879
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ELECTRICAL CHARACTERISTICS Unless specified; VC = VIN = VyysgL =12V, CT = 470pF, RT = 9.53k, ROELSETA-B =
RoeLsec-b = 4.8k, CoerseTa-6 = CpeLseTcp = 0.01pF, Ta=T,.

PARAMETER TEST CONDITIONS MIN | TYP | MAX |UNITS

Ramp Peak Voltage 2.8 2.9 3.2 Vv
Current Limit

Input Bias Vcs = 3.0V 2 10 LA

Threshold Voltage 235 2.5 2.65 V

Delay to OUTA, B, C, D 160 300 ns
Cycle-by-Cycle Current Limit

Input Bias Veg=2.2V 2 10 LA

Threshold Voltage 1.85 2 2.15 V

Delay to Output Zero Phase 110 300 ns
Soft Start/Reset Delay

Charge Current Vgs = 0.5V —20 -9 -3 UA

Discharge Current Vgg = 1V 120 230 LA

Restart Threshold 4.3 4.7 V

Discharge Level 300 mV
Output Drivers

Output Low Level louT = 10mA 0.3 0.4 \

Output High Level lout = —10mA, Referenced to VC 22 3 vV
Delay Set (Note 5)

Delay Time RpeLsETA-B = RpeLseTe.D = 4.8k 300 430 600 ns

Delay Time RoeLseTa-e = RpeLseTc-p= 1.9k 130 | 170 | 250 ns

Zero Delay VpELsETA-B = VDELSETC.D = 5V 5 ns

Vote 1. Phase shift percentage (0% = 0°, 100% = 180°) is de-

ined as ngm %

vhere 6 is the phase shift, and ® and T are defined in Figure 1.
\t 0% phase shift, ® is the output skew.

Jote 2. Delay time is defined as:

delay =T e (% —duty cycle )

vhere T is defined in Figure 1.

lote 3. Ramp offset voltage has a temperature coeffecient of
bout —4mV/°C.

lote 4. The zero phase shift voltage is the voltage measured
t COMP which forces zero phase shift. This condition corre-
ponds to zero effective output power. Zero phase shift voltage
as a temperature coeffecient of about —-2mV/°C.

lote 5. Delay time can be programmed via resistors from the
elay set pins to ground.

Delay Time = (0. 89¢107'% «Rpgy 4y ) sec

he recommended range for Rpg; ay is 1.9k to 10k.

OUTC 50% —
OUTD

Duty Cycle =f?

Period =T
TDHL(A to C) = TDHL(B to D) =@

Figure 1. Phase Shift, Output Skew & Delay Time
Definitions



’IN DESCRIPTIONS

‘LKSYNC (Bi-directional Clock and Synchronization):
Jsed as an output, CLKSYNC provides a clock signal. As
n input, this pin provides a synchronization point.
fultiple UC3879s, each with their own local oscillator
‘equency, may be connected together by the CLKSYNC
in, and they will synchronize to the fastest oscillator.
his pin may also be used to synchronize the UC3879 to
n external clock, provided the frequency of the external
ignal is higher than the frequency of the local oscillator.
[LKSYNC is internally connected to an emitter follower
ull-up and a current source pull-down (300uA typical).
herefore an external resistor to GND can be used to
nprove the CLKSYNC pin's ability to drive capacitive
yads.

‘OMP (Error Amplifier Output): This pin is the output of
1e gain stage for overall feedback control. Error amplifier
utput voltage levels below 0.9 volt forces zero phase
hift. Since the error amplifier has a relatively low current
rive capability, the output may be overridden by driving it
ith a sufficiently low impedance source.

T (Oscillator Frequency Set): After choosing RT to set
le required upper end of the linear duty cycle range, the
mning capacitor (CT) value is calculated to set the
scillator frequency as follows:

_ Diin
1.08eRT of

onnect the timing capacitor directly between CT and
ND. Use a high quality ceramic capacitor with low ESL
1d ESR for best results. A minimum CT value of 200pF
sures good accuracy and less susceptibility to circuit
yout parasitics. The oscillator and PWM are designed to
‘ovide practical operation to 600kHz.

S (Current Sense): This pin is the non-inverting input to
e two current fault comparators whose references are
it internally to fixed values of 2.0V and 2.5V. When the
ltage at this pin exceeds 2.0V, and the error amplifier
itput voltage exceeds the voltage on the ramp input, the
ase shift limiting overcurrent comparator will limit the
1ase shifting on a cycle-by-cycle basis. When the
ltage at this pin exceeds 2.5V, the current fault latch is
it, the outputs are forced OFF, and a soft start cycle is
itiated. If a constant voltage above 2.5V is applied to
is pin the outputs are disabled and held low. When CS
brought below 2.5V, the outputs will begin switching at
degrees phase shift before the SS pin begins to rise.
lis condition will not prematurely deliver power to the
ad.

UC1879
ucC2879
Uc3879

DELSETA-B, DELSETC-D (Output Delay Control): The
user programmed currents from these pins to GND set
the turn on delay for the corresponding output pair. This
delay is introduced between the turn off of one switch
and the turn on of another in the same leg of the bridge
to allow resonant switching to take place. Separate
delays are provided for the two half-bridges to
accommodate differences in the resonant capacitor
charging currents.

EA- (Error Amplifier Inverting Input): This is normally
connected to the voltage divider resistors which sense
the power supply output voltage level. The loop
compensation components are connected between this
pin and COMP.

GND (Signal Ground): All voltages are measured with
respect to GND. The timing capacitor on CT, and bypass
capacitors on VREF and VIN should be connected
directly to the ground plane near GND.

OUTA — OUTD (Qutputs A-D): The outputs are 100mA
totem pole output drivers optimized to drive FET driver
ICs. The outputs operate as pairs with a nominal 50%
duty cycle. The A-B pair is intended to drive one
half-bridge in the external power stage and is
synchronized to the clock waveform. The C-D pair drives
the other half-bridge with switching phase shifted with
respect to the A-B outputs.

PWRGND (Power Ground): VC should be bypassed with
a ceramic capacitor from VC to the section of the ground
plane that is connected to PWRGND. Any required bulk
reservoir capacitor should be connected in parallel.
PWRGND and GND should be connected at a single
point near the chip to optimize noise rejection and
minimize DC voltage drops.

RAMP (Voltage Ramp): This pin is the input to the PWM
comparator. Connect it to CT for voltage mode control.
For current mode control, connect RAMP to CS and also
to the output of the current sense transformer circuit.
Slope compensation can be achieved by injecting a
portion of the ramp voltage from CT to RAMP.



3IN DESCRIPTIONS (cont.)

RT (Clock/Sync Duty Cycle Set Pin): The UC3879
»scillator produces a sawtooth waveform. The rising edge
s generated by connecting a resistor from RT to GND
ind a capacitor from CT to GND (see CT pin
lescription). During the rising edge, the modulator has
inear control of the duty cycle. The duty cycle jumps to
100% when the voltage on COMP exceeds the oscillator
)eak voltage. Selection of RT should be done first, based
n the required upper end of the linear duty cycle range
Diin) as follows:

~ 25
10mA o (1- Dlin)

‘ecommended values for RT range from 2.5k to 100k.

iS: Connect a capacitor between this pin and GND to
et the soft start time. The voltage at SS will remain near
ero volts as long as VIN is below the UVLO threshold.
soft start will be pulled up to about 4.8V by an internal
A current source when VIN and VREF become valid
assuming a non-fault condition). In the event of a current
ault (CS voltage exceeding 2.5V), soft start will be pulled
> GND and then ramp to 4.8V. If a fault occurs during the
oft start cycle, the outputs will be immediately disabled
nd soft start must fully charge prior to resetting the fault
itch. For paralleled controllers, the soft start pins may be
aralleled to a single capacitor, but the charge currents
fill be additive.

\DDITIONAL INFORMATION

lease refer to the following Unitrode publications for
dditional information. The following three topics are
vailable in the Applications Handbook.

] Application Note U-154, The New UC3879 Phase-
hifted PWM Controller Simplifies the Design of Zero
oltage Transition Full-Bridge Converters by Laszlo
alogh.

ITRODE CORPORATION
'ONTINENTAL BLVD. - MERRIMACK, NH 03054
L. (603) 424-2410 FAX (603) 424-3460

uc1879
uCc2879
uc3879

UVSEL: Connecting this pin to VIN sets a turn on voltage
of 10.75V with 1.5V of UVLO hysteresis. Leaving the pin
open-circuited programs a turn on voltage of 15.25V with
6.0V of hysteresis.

VC (Output Switch Supply Voltage): This pin supplies
power to the output drivers and their associated bias
circuitry. The difference between the output high drive
and VC is typically 2.1V. This supply should be bypassed
directly to PWRGND with a low ESR/ESL capacitor.

VIN (Primary Chip Supply Voltage): This pin supplies
power to the logic and analog circuitry on the integrated
circuit that is not directly associated with driving the
output stages. Connect VIN to a stable source above 12V
for normal operation. To ensure proper functionality, the
UC3879 is inactive unti VIN exceeds the upper
undervoltage lockout threshold. This pin should be
bypassed directly to GND with a low ESR/ESL capacitor.

NOTE: When VIN exceeds the UVLO threshold the supply cur-
rent (IN) jumps from about 1001A to greater than 20mA. If the
UC3879 is not connected to a well bypassed supply, it may im-
mediately enter the UVLO state again. Therefore, sufficient by-
pass capacity must be added to ensure reliable startup.

VREF: This pin provides an accurate 5V voltage
reference. It is internally short circuit current limited.
VREF is disabled while VIN is below the UVLO threshold.
The circuit is also disabled untii VREF reaches
approximately 4.75V. For best results bypass VREF with
a 0.1pF, low ESR/ESL capacitor.

[2] Application Note U-136, Phase Shifted, Zero Voltage
Transition Design Considerations and the UC3875 PWM
Controller by Bill Andreycak.

Design Note DN-63, The Current-Doubler Rectifier: An
Alternative Rectification Technique for Push-Pull and
Bridge Converters by Laszlo Balogh.
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UNITRODE CORPORATION

U-154

THE NEW UC3879 PHASE-SHIFTED PWM CONTROLLER SIMPLIFIES THE
DESIGN OF ZERO VOLTAGE TRANSITION FULL-BRIDGE CONVERTERS

by Laszlo Balogh

INTRODUCTION

This Application Note will introduce the UC3879
integrated circuit and compare its performance to
its predecessors, the UC3875/6/7/8 controller fami-
ly. These integrated circuits provide all necessary
control, decoding, protection and drive functions to
successfully manage the operation of the full-
bridge converter with phase-shifted control. This
integrated solution greatly simplifies the design
procedure and offers significant savings in develop-
ment time and printed circuit board real-estate for
the designer.

Using the conventional full-bridge topology with
phase-shifted control technique has already
demonstrated its superiority in medium to high
power, DC-to-DC power conversion. This control

method provides well controlled dv/dt values and
zero-voltage switching of all primary side semicon-
ductors in the power stage over nearly all operating
conditions. Several publications [1-8] discussed the
details of operation including equivalent circuits for
the resonant transitions for both legs of the bridge
converter, conditions for zero-voltage switching and
describing further improvement possibilities. The
major benefits offered by this approach are a sim-
pler power stage than its hard switched counter-
part, utilizing circuit parasitics instead of being
penalized by them, improved efficiency and lower
EMI level. These significant advantages are realized
with a slightly more complex control algorithm.

&
cT [14] Oscillator ) e [ paaere]
CLKSYNC _
> Q

AT [18]
Cycle by Cycle
| Current Limiting
| Comparator

ol

8| ve
Time Delay A OUTA
11| PWRGND
‘ L
II Time Delay B |—— 12| OUTB
4 15] DELAYSET
A-B
: L
"} Time Delay C |— 8| ouTC
I
|
I
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L—‘ Time Delay D |——LiE ouTD

{ 5| DELAYSET
C-D
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| Shutdown
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solfl——
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&
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> Soft Start

2.5V Logic

/

uvLo
Reference Gate J Voltage
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Figure 1. UC3879 Block Diagram



APPLICATION NOTE

UNITRODE UC3879 PHASE-SHIFT
PWM CONTROL IC - BLOCK DIAGRAM

The UC3879 is an improved version of the previ-
ously introduced UC3875 controller family. The
internal architecture of the IC is shown in Figure 1.

The undervoltage lockout level of the UC3879 is
user selectable by the UVSEL pin. Two predefined
thresholds are available. If the UVSEL pin is float-
ing, the chip starts running when the supply voltage
exceeds 15.25V on the VIN pin. In case the UVSEL
pin is externally connected to the VIN pin, operation
starts at 10.75V. Independent of the selected start
up option, the UC3879 goes to an undervoltage
lockout mode when the input voltage falls below
approximately 9.25V. The threshold levels reflect
the two most commonly used auxiliary power gen-
eration methods; bootstrap or off-line.

The operating frequency of the synchronizable
oscillator is programmed by two external compo-
nents. The resistor from the RT pin to ground
defines the charge current of the timing capacitor
while the discharge current is internally fixed at
10mA. This way, the duty-cycle (Dpgg) of the oscil-
lator, which corresponds to the duty ratio of the sig-
nal appearing on the CLKSYNC output of the IC,
can be set accurately based on the relationship:

2.5V

RT = :
0.01A * Dosc

The minimum recommended pulse width for reli-
able operation is around 250nsec and for all practi-
cal applications it should not exceed 500nsec.
Hence, Dogc shall be determined based on the
clock frequency as:

Dosc = (250nsec...500nsec) * fcopock

The timing capacitor, connected between the CT
pin and ground, in combination with the already
defined RT value determines the clock frequency
(fcLock) by the following formula:

(1 - Dosc)
1.08 * RT " feLock
In practice, the selection of proper capacitance val-
ues are much more difficult than those of the resis-
tors. Therefore, one might first select the appropriate

capacitor value to fulfill the requirement based on the
following simple table:

CT'=

U-154

After choosing the value of the timing capacitor, the
required resistance can be calculated as:

RT = 047 +0.07*/47.17-5*104*CT * fo 00K

CT * feLock

Figure 2 shows the solution of the timing equations
for the most commonly used frequency range. It
offers a quick guide to estimate the required resis-
tor value.

100

10

RT(kQ)

10 100 1000

CLOCK FREQUENCY (kHz)
UDG-95141

Figure 2. Timing Resistor (RT) vs. Oscillator Frequency

During free-running operation the capacitor voltage
changes between nearly 0V and 2.9V linearly. Typical
operating waveforms for free-running and synchro-
nized operation are demonstrated in Figure 3.

MASTER
CLOCK

CLKSYNC J H

UDG-95142

Frequency Range Capacitance

fcLock < 30kHz 2.2nF
30kHz < fecrLock < 100kHz 680pF

100kHz < fcLock 220pF

Figure 3. Oscillator Waveforms
a) Free-running; b) Synchronized Operation

Synchronization can be attained by driving the
CLKSYNC pin from another UC3879 or by external
circuitry as shown in Figure 4.

In both cases, all ICs will synchronize to the IC or
external clock signal with the highest free-running
frequency. The resistors R1 to Rn may be needed
to properly terminate the synchronization bus and
to keep the sync pulse narrow due to capacitance
loading the line.
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RT

ICN

Ic2

CcT
CLKSYNC

CT
CLKSYNC

3879's only
Ic1
cT
CLKSYNC
R1
Syncing to
external cT
clock ek

IC1

= UDG-85143

ICN

T
KSYNC CLKSYNC

UDG-85144

Figure 4. Typical Synchronization Schemes

An additional benefit of using local timing compo-
nents for each individual oscillator is that it allows
the synchronizing connections among the ICs to be
broken without any local loss of functionality.

Output regulation is achieved using the 10MHz gain
bandwidth on-board error amplifier. The noninvert-
ing input of the error amplifier is internally connect-
ed to a 2.5V reference. The inverting input (E/A-)
and the output of the amplifier (E/A OUT) are acces-
sible for feedback and compensation purposes. The

output of the error amplifier is utilized to command
the high speed PWM circuit. This signal is compared
to the RAMP input of the IC having a usable input
voltage range from zero to 2.9V.

Soft-start is accomplished with a capacitor from the
soft-start pin (SS) to ground. During the soft-start
period, the soft-start output of the error amplifier is
clamped to the capacitor voltage which is gradually
increased from zero to about 4.8V. It corresponds to
pulse width, phase shift or peak current limiting

ucss7e
2> ) VP 4 ol o
|
CLKSYNC
: OSCILLATOR
PWM

RAMP 1.3v COMPARATOR
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Figure 5. UC3879 with Voltage Mode Control
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Figure 6. UC3879 with Peak Current Mode Control

sum of the current sense signal and the slope com-
pensation, derived from the voltage across the tim-

depending on the exact implementation.

The UC3879 is equally suited for conventional
voltage mode control or for peak current mode con-
trol. When used in voltage mode, the CT signal is
directly fed to the RAMP terminal as indicated in
Figure 5.

In current mode operation, the RAMP signal is the

ing capacitor as it is shown in Figure 6.

Fault protection is established by two independent
current limiting circuits which accept a 0V to 2.5V
amplitude maximum current sense signal on their
CS input pin. They provide cycle-by-cycle and shut-
down type current limit protection in both voltage or
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Figure 7. Operation of the Current Limiting Circuits (typical waveforms)
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current mode operation. The characteristic wave-
forms are presented in Figure 7.

The fault protection circuits are inactive until the
instantaneous voltage on the CS pin remains below
the first threshold of 2V. When the signal on the CS
pin exceeds 2V the existing output pulse is termi-
nated. This first level of overload protection pro-
vides an effective defense mechanism to protect
the primary side semiconductors against excessive
current stress and to establish a rough input power
limitation for the converter based on cycle-by-cycle
current limit action.

At more severe overload conditions, this protection
method is not adequate. For these cases, the
UC3879 offers a second level of security. When the
current sense signal on the CS pin would exceed,
even momentarily, the 2.5V maximum value, the IC
will initiate a full soft-start cycle to prevent cata-
strophic failure. If the load conditions do not
change, hiccup mode will be established to reduce
component stresses and to limit average power dis-
sipation to a fail safe level.

The four totem pole OUTputs of the UC3879 can
each deliver 100mA peak drive current. These out-
puts are intended to drive external gate drive cir-
cuits. This enhances the robustness of the overall
design. To further reduce the noise transmitted
back to the analog circuitry, the output section fea-
tures its own collector power supply (VC) and
ground (PGND) connections. Local decoupling
capacitors and series impedance to the auxiliary
supply improves performance even more,

U-154

The steady state timing relations for the four out-
puts are shown in Figure 8.

Delays between the output drive commands to
facilitate Zero Voltage Switching operation are pro-
grammed at the DELAYSET inputs. Delay time is
determined by the current flowing from the delay
set pin to ground through a resistor, Rgg|ay. Timing
accuracy will improve by using a current sink con-
nected to the delay set pins in place of the resistors.
The delay time can be calculated by the following
equations:

249.6 = 10-12
tdelay = ldelay [sec.]
where
| - Vdelayset .
delay = Rdelay

Vdelayset = delay set pin voltage (2.4V typ.),

Rgelay = resistor value from delay set pin
to GND.

One unique feature of the UC3879 is the ability to
separately program the A-B output delays different-
ly from the C-D outputs. This capability accommo-
dates the different energy levels available for the
resonant transitions of the leading and trailing legs
of the bridge circuit [7-9]. Inability to optimize each
of these durations will generally result in loosing
zero voltage switching of the full-bridge converter
switches under some operating conditions.

The optimum delay time, on the cycle-by-cycle
basis, is the function of the actual current flowing in
the primary winding of the transformer. This current

€ tpeLay AP
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Figure 8. Output Timing Diagram for Steady State Operation
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Figure 9. Adaptive Control of Delay Times

value can easily change by a factor of 10 to even
100 depending on load conditions. This causes a
large variation in the required delay time, thus
adaptive programming of delays might be desirable
for certain applications.

Figure 9 introduces a simple external circuit to
achieve variable delay times based on the momen-
tary value of the sensed current.

The resistor network connected to the positive
input of the operational amplifier determines the
ratio of the minimum and the maximum delay
times. The actual values of tyejaya-8 and tyelayc-D
can be scaled by the resistors between the emitters
of the respective transistors and ground.

As these delays can be realized in several ways
along the external gate drive circuits, setting zero
delay is also offered by simply connecting the delay
set inputs to the IC's 5.0V reference.

The precision, short circuit protected 5.0V bandgap
reference is available for external functions as well.

UC3879 VS. UC3875/6/7/8

Although the UC3879 retained the operating princi-
ple and the basic architecture of the UC3875, it is
still important to draw attention to the enhanced
and added features of the new IC. The differences
between the two controllers are summarized in
Table 1. Their consequences for the circuit design
will also be highlighted.

UNDERVOLTAGE LOCKOUT

The undervoltage lockout circuit utilizes a logic input
(UVSEL) to select between the two available turn-
on voltages (15.25V/10.75V). The advantage of this
solution is that it can configure the undervoltage
lockout threshold without external components. The
UC3879 provides the same undervoltage lockout

Features UC3875/6/7/8 uCc3879
Undervoltage Lockout Fixed at 15.25V/10.75V Selectable
Supply Current 45mA typ. 27mA typ.

Oscillator Section

up to 2MHz operation

up to 600kHz operation

Error Amplifier

noninverting input accessible

noninverting input tied to 2.5V

Cycle-by-cycle Current Limiting

not available

implemented

Time Delay Circuits

60ns minimum delay

0 delay available

Output Drivers

4 x 2A totem-pole

4 x 100mA totem-pole

Table 1. Comparison of Unitrode's Phase-Shifted PWM Control ICs
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levels that were offered by multiple part numbers in
the UC3875/6/7/8 family.

SUPPLY CURRENT

The supply current demand (ljy) of the UC3879 has
been significantly reduced. While the startup
current stayed the same, approximately 150uA, the
operating supply current of the circuit decreased
from 45mA to about 27mA. The gain was achieved
by reducing internal bias currents. As a result, the
maximum operating frequency has been lowered
and the gate drive philosophy is revised. The
UC3879 expects a high current gate drive device
connected fo its outputs opposed to the direct drive
capability of the UC3875 family.

OSCILLATOR SECTION

The UC3879 features a completely redesigned
oscillator circuit offering better noise immunity, tem-
perature stability, and linearity. The charge current
of the timing capacitor is constant, producing a lin-
ear, positive slope on the timing capacitor during
the conduction period. The voltage level is tailored
to provide ramp signal for voltage mode control
directly. Likewise, slope compensation can be
effortlessly accomplished using the voltage of the
timing capacitor in case of peak current mode con-
trol. The operating frequency is programmed by the
combination of RT and CT, which are connected to
their separate pins.

ERROR AMPLIFIER

Both integrated circuits make use of a 10MHz gain
bandwidth amplifier to regulate the output voltage.
The noninverting input of the UC3879 error amplifi-
eris internally wired to a 2.5V reference opposed to
the UC3875 family where the reference is to be pro-
vided externally.

In constant output voltage applications, the
UC3879 will save those components related to gen-
erating the reference for the feedback ampilifier.
Conversely, it will require more components and
more elaborate solution if the programming of the
output voltage, thus the reference, is required.
Systems with isolation between the primary and
secondary side controllers will not experience any
difference in the design since the error amplifier of
the control IC is usually configured as a voltage fol-
lower processing the error signal transmitted from
the secondary side of the converter.

U-154

CYCLE-BY-CYCLE CURRENT LIMITING

This new feature is implemented only in the
UC3879 controller. It provides exact, cycle-by-cycle
current protection for the primary side switches dur-
ing over-load conditions. The fast comparator uti-
lized for cycle-by-cycle current limiting will termi-
nate the active interval in every switching period
when the current sense signal exceeds the inter-
nally set 2V reference value. This first level of over-
load protection is suitable to limit the maximum
power to be handled by the power stage and will not
result in a hiccup type of operation.

DELAY CIRCUITS

As previously described, the time between turning
off one switch and turning on the other in the same
leg of the bridge has a profound effect on circuit
performance. Note that the programmed delay
times should accommodate any delays introduced
by the high current gate circuits and transformer.

Allowing zero delay between the outputs of the
UC3879 provides greater freedom to the designer
to implement those delays as desired. Possible
other points to program the necessary delays are
the inputs of the high current gate drivers or the
secondary sides of the gate drive transformers. All
these solutions have their pros and cons, and
require careful considerations in sight of the actual
application.

OUTPUT DRIVERS

The output totem pole drivers of both controllers
have identical structures. They feature their own
power rail connections and they are kept active low
during undervoltage lockout. However, output cur-
rent ratings are remarkably different. With its 2A
peak current capability, the UC3875 family is pre-
pared for direct drive of the gates or gate drive trans-
formers of the most commonly used power switch-
es. Yet, with the continuously increasing die sizes,
separate driver chips can be advantageous to elim-
inate undesired power dissipation and noise gener-
ation from the sensitive analog control sections. In
this regard, the UC3879 is designed to work with
external high current gate drive circuits. Its fast out-
puts, with 100mA peak current capability, are espe-
cially appropriate to drive the TTL or MOSFET input
stages of those devices.
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Undervoltage Lockout Delay Times uUC3879 UVSEL pin DELAYSET pins
Turn-ON Turn-OFF | 1p>0 | 1p=0 Old Part # Float | -Vce | 2VRer | Rset
10.75V 9.25V X uc3875 X X
15.25V 9.25V X ucC3876 X X
10.75V 9.25V X uc3s77 X X

15.25V 9.25V X UCc3878 X X |

Table 2. Providing UC3875/6/7/8 functionality through the setup options of the UC3879 control IC.

UC3879 DESIGN FLEXIBILITY

Besides the several improved features and added
functions, the UC3879 offers the greatest degree of
design flexibility with the minimum number of exter-
nal components. Table 2 shows the different setup
possibilities to achieve the same functionality
offered by four different part numbers in the
UC3875 family.

SUMMARY

As demonstrated, the UC3875/6/7/8 and the
UC3879 integrated circuits are dedicated to elimi-
nate most of the difficulties associated with imple-
menting the numerous auxiliary functions and the
tedious control algorithm of the full bridge convert-
ers with phase-shifted control. The single chip solu-
tion with its carefully optimized signal levels and
minimum number of external components provide
the fast track in the controller design for one of
today's most promising power conversion tech-
niques.
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Abstract

This paper presents the principle of a zero-voltage and zero-
current switching full-bridge dc/de converter using a phase-shified
PWM control with UC3879 in order to solve switching losses in
switches. The Simulation model by using MATLAB/ Simulink program
is used for analysis of operating switches and verified by the
experimental results. The frequency is 50 kHz. The full-bridge dc/de
converter has a rated input voltage of 310 V , output voltage of 60 V ,
rated power of 1,000 W, 20 A. It is the trend for development of
prototype.
Keyword:full-bridge DC-DC converter, Zero-Voltage Zero-Current

Switching (ZVZCS)
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