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Half-Bridge Drivers
A Transformer or an All-Silicon Drive?
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Topology Trend for High Efficiency

* ﬁﬁ%;& Hard Switching ¢ $x;:|:9€ Soft Switching
- &1%5( Flyback - LLCEIE*?‘F-L%*}E LLC-HB resonant

— IE# Forward — BIRFHALIE B Active clamp forward

— WH R 2-swtiyback :> — BIETHALR I active clamp fiyback

— WHKIEF 2-swiomward — AIFFREF(AHB) asymmetical halt-bridge
— = Ful bridge | — TEFBEMF Ful bridge with phase shif

= . - L
) ME} B
3 |
. CIT T
o~k mmsHmEw "
L | 1 Active clamp Forward /—1|§ RIAEREAR ae

WEBMEBREET o AREIEH

LLC-HB Active clamp Flyback

L = FBFZ LT FB Phase-shift
LI ||

LI M';Hij = Emf
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i FF I The High-Side Switch

« BRMSEWN, FEFTEBREFXRZVS)FFIERIFHRIMNE
achieve high efficiency, the topologies with ZVS (Zero-Voltage Switching) behavior are preferred.

« FTERARMINGHN AT ZRSEIIBRBRIEFX, W
M OS F ET H,‘J ;}E 1:& q I Hlj,:\l] All the soft switching topologies implement the power switch with floating

reference pin, e.g. the source pin of MOSFET.

¢ ﬂ‘] 1-I_ /A\ Ex 9:: ;&}:‘Z FH I:I:I 1§FH M OSFET ? Why are MOSFETSs used in soft switching

applications?

- _‘lgl_ EﬁI1IE High frequency operation
— 1Z|§ : 1:& %‘- (ZVS EE, ;?I‘T.}Z; E%) Body diode (current loop for ZVS)

— AN IR 2 = i MOSFET?

How to drive the high side MOSFET?
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¢ iﬁ ;F 9& '—:j ﬁE ;F 9& E,‘J Z %IJ The difference between soft and hard-switching

on mtontte TON




BHXZFRIIE

Turn-on Procedure for Hard-switching
*E}] ir_"f:? The Miller plateau

Vo' | i~ SRR Eab VGS,MiIIer
D TH g ! ! .
Vorv H ] ! g

A 4

v

\ 4

v

KEN T EHCpFE

The miller plateau is caused by Cgp

v

o HT(S2). B=(S3MEEAMOSFETE  SiS,'S; S, |
QE Bﬂﬁgﬁ%hﬁ E’J EEEE"‘ ﬁj\ Stages 2 and 3 dominate the switching losses of MOSFET and driver.

® VGS $c H-VGS Mmerﬂ-_l'[_'y[ﬁj] (DRV) E’]l}_*& j]TEE;: DRV'’s source capability as Vg is

around Vec vier 1S important.
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Turn-off Procedure for Hard-switching the miter plateau

A

o
D
Vory < >
Cep
|
I
R Reate R, C
:k/— WA AM—GE—AW L7DbS
Is I >
Cas
v -
LSrl
i —

v

KEN T EHCpFE

The miller plateau is caused by Cgp

v

. ¥(S2). H=(S3)MELEMOSFETE s, s,(s, s
EHX Ej] %% g:l: %El:ﬁ %‘E H,‘J 3‘5 %EB% Stages 2 and 3 dominate the switching losses of MOISFET! and dr:iver.
¢ VGS %i&VGS, MillerHTJ- Q]IX ij] ’:’% (D RV) E(] 5&*& ﬁg j] ?EE% DRV'’s sink capability as VGS is around
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ii%ﬁ{ﬁE Ei%Simulation Circuit of Elyback

R RATIO_POW = -0.0667 X1
p RATIO_AUX = -0.0667 MBRS340t3 Out
300m ~E + Ny
MWV 2 7 L O Vout
Vclipp _l cclamp < Rclamp
RI11 § T 1.4nF 88k D1
3.9k Lp § ' 1N4148 Resr
1.75mH e Aux 100m § Rload
9 Ip 25
Iclipp>—D=>1,, R9 16
som "o
L C6 7 D3 = a40uF
47pF MUR160 - .
(< Isnub U C5
10uF
17 0.1uH
*Vin out -
C 250 T . =
lpri +
Verr >_Q);€. V1
Rupper g c7
. Aux
4.851k 10pF | verain
Il 12
i i
R17  C4 X2 R5
20k 3.97nF PwmcM Vv Ve 470
AM——] v T T T i
FB_ouT NN F IRF840 —
Vramp>—_| osc GND_| Il D2 -
#L_QENS | 1N4148
| DS
Rlower — VW 3 Vsense
0.97k R13
dlc 1k Rsense
T 470pF 1

1

¢ 17‘75\-&;%& %E%_I: EI(]VGS‘ VDS&IDS Simulate the Vg, Vs, and |5 on Flyback.
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lﬁﬁﬁ _.E%E‘ ﬁiE Turn-on Simulation of Flyback
i: ° 2V / div
N e G

- ’/\,\__.__/ 50 ns / div
4.00
VGS
o E

700 200 V / div
500
300 \

\ VDS 50 ns / div
100

A
-100

1.20
200 mA / div‘
400m [\,_ ~ 3]

A

plotl
vgs in volts

plot3
vdrain in volts

@ 800m
g
S e
= © .
ac _/ 50 ns / div
& 0 ".
»
3 IDS B
-400m AN
\
1.01995m 1.02005m N 1.02015m 1.02025m 1.02035m

R time in seconds

* VGS"I: ﬂ_ HTJ- ﬁ %Ié ;}] ?(LQIE‘ZVGS rises with Miller effect.
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plotl
vgs in volts

plot2
ipri in amperes

plot3
vdrain in volts

[ -

12.0
t\\ VGS

2V /div

4.00 \_

0

700

500

300

100

VDS

-100

|~

1.20

©
=)
ls)
3

IDS

400m

0
! V

-400m

l9€7

’
1.0244m 1.0246m , 1.0248m 1.0250m
/ time in seconds

9& |‘7-|-—.| HT,I.?‘?'?:E ﬁlé gj] 5\5[}:‘_[ Turn off with Miller effect.

1.0252m

i;%ﬁ Eiﬂ%;&lﬂ1ﬁ§ Turn-off Simulation of Flyback

A

»
»

100 ns / div

200 V / div
124

100 ns / div

200 mA / div‘

100 ns / div

on mtontte TON




$A5:|:§'E§ﬁﬂ5f§ Turn-on Procedure for Soft-switching

vt » BTFEREFXEVS), Si@R
5 II | %K %j] ?&E Because of ZVS, there is no Miller effect as turning on.
¢ gq: 9&?)'% %‘I:E E,‘J E %E&);%/'_‘E_' % The switching losses
|G are dominated by
R - §E IZ H.‘-J- I‘Eﬂ (u éﬁ %;ELS]_) ’ & The dead time (to reduce S,),
- : g and
VDS i i i - gﬁces?ﬁ EE, Uéﬁﬁsz El‘] EE?)E 1#5}7_"2 ﬁlé Source
X i i i capability to charge Cg to reduce S,
vy :
| ; / b Q,IX Ej] ﬁlé jj %‘&5}? ?Fj_i 1& Less driver capability requirement.
D | [
N S

Sisis, I EURTFHIME

I, depends on topology

REEERH ﬂN
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iﬁi*;é;élﬂﬂ*i Turn-off Procedure for Soft-switching
REIN T B

The Miller plateau

___________________

b o EMUTREFL: KMEERPNBL sma

P V as hard-switching: The Miller plateau exists as turning off.
v -7 Y .GS Miller

Ve RRETIJEEASRETEE BhE
5 Voo B ZE B | 1% 22 33 FE I 77 [8) FIMOSFET

The difference is that I also reduces at this duration since I, will go through the
opposite MOSFET as V5 changes.

T ATER2NMOSFET Z B BIFEAIZ X,
) ){%Sl ~ S4E,‘Jj:§g§;: HT} I\E—.l ;}EEEH%;E To avoid overlap

between 2 MOSFETS, minimize the duration of S, ~ S,,.

¢ % % gik E,‘] D RV;&*& ﬁg jj Strong DRV'’s sink capability is

needed.

v

v

v
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LLC**#Q‘?E EE,E% Simulation Circuit of LLC-HB

V3
{Vbulk}

WV3
D2
1N4148
R11
15
1 M1
NV IRF840 (B-)—< YM1 |
23 22 MU
+
B1
C Voltage < 12
Mupper ?nlqo MBR2045
- —— Y Y Y\ I\/\/\, ° _ o
V(G2)<2.57? 0 s 12 T >_r—
(1)52 Vbridge|  {Ls}
>—1 ,
TNal48 ,}V©4 <”-ma9 >=D>9 Lmag
C {Lmag}
+ ML
—|<|— VLM
R14 Mlower}:t X13
MBR2045
15 1 M2 Vcs TCS
VWV FIRF84 | : —DF—
* B2 ML lCS X3
7( Voltage ICs >—O)j;{€s} )ngl\_ll_ll%'[Alle
= ICS

° 1ﬁELLC-HBJ:E(]VGS_MU\ VDS_MU&IMU Simulate the Vg yy, Vps_ mus @nd ly,, on LLC-HB
o JTE L EBRIRIZE, |MU$H|MLE"J7':T FEJ%%ICS To ease the reading of current, the direction of |I,,, and |, is referred to Is.
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LLC**#Q‘ ﬁiE Turn-on Simulation of LLC-HB

14.0 0 A

% 2V /div

E 10.0 /(
g& g >
52 6.00
2 E VGS_ML g / VGS_MU 200 ns / div

g 2.00

E

-2.00 \/_ g%

400 200 V / div
300 \\

200

VDS MU 200 ns / div
100 T _
0

L

2.00
100 I_ML I_MU 500 MA / div‘
° )@/x‘/ // %7 200 ns / div
\

plot2
ym1 in volts

plot3
im1, iml in amperes

-1.00

-2.00 TAE ; i;.IEIJILl_CDSa,]EE.IJIL

Not overlap; it is the current through C4

10.1922m 10.1926m

time in seconds

i VGS_ML* fﬂ ’ ICS;}EEIJ \VDS’ % 'q:ZVS VGS_ML off, ICS reduces VDS_MU for ZVS.
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Plot3
iml, im1 in amperes

Plotl
mlower, mupper in volts

Plot2
ym1 in volts

14.0

10.0

6.00

2.00

-2.00

400

300

200

100

2.00

1.00

-1.00

-2.00

LLC**#*H_HFE Turn-off Simulation of LLC-HB

/()

VGS_MU

= iR

S

2V /div

VGS_ML

/

—

0%7

j\\ VDS_MU

-

7

—

| MU

VGS_ML

—B€7

10.1976m

10.1978m

10.1980m 10.1982m

time in seconds

* gﬂ-—: gik H(] 9& |‘7.|-—_| ﬁg j] Strong turn off capability is required.

10.1984m

»
»

100 ns / div

b 200 V/ div‘

100 ns / div

500 mA / div‘

100 ns / div
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Driver Comparison Between Hard-Switching and Soft-Switching

EE;:F;E Hard-switching Exﬂ:* Soft-switching
/}?7“& ﬁg j] EE&;}Z ':F' % Medium 1& Low
Source capability requirement
R BE S E K /S High /S High
Sink capability requirement
§E IZ HT,I- |\Eﬂ *%E %3’_&5}2 *:llai ﬁ% Accurate *:llai ﬁ% Accurate
Dead time accuracy requirement
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=l g =
Sin R =R
The Solutions for High-Side Driver
o %%:'E i%’%ﬁ‘]ﬁ% Transformer-based solution
- $DRV§@)\ Single DRV input
- yﬂDRViﬁ])\ Dual DRV inputs

o ﬁ%ﬁ%ﬁ‘i EE,E%E'X Ej] %% . Xﬂiﬁ] tl:ll Silicon integrated circuit driver: dual outputs
- %DRVE@)\ Single DRV input
- yﬂDRViﬁ])\ Dual DRV inputs

on mtontte TON
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¢ |‘—.| EHX ij] Q }:TE %% The gate-drive transformer
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1) L RS e A S S
Consideration as Designing Driver Transformer
o XS R RYF IR EN-WMRFAA00 VIFR E DI R B 2K IE
(P FC) EE,E%’ )”JJ 1%1:%500 VB%%_ Ground-referenced floating drive — keep 500-V isolation if a 400-V pre-regulated

PFC exists.

o REimE R ZE /N S WA SREB TR A ERRIANEE

M OS F ET Minimize the leakage inductance - the delay between output and input windings may Kkill the power MOSFETS.

¢ % %_I- 5% j:l‘_L- ’a"%" fE‘_l, ?-% '1% ?%V*T,IE fE‘_l, ’ E\ }rlsl % ,l:'ﬁ'! *n Follow Faraday’s law — keep V*T constant,

otherwise, saturate.

« RIFRBHME, BHILIEM-AEERRAC)S EMAFBEE 15

1 IE \ _I_
E,‘J I B /R A Keep enough margin from saturation — the worst case happens with transient load at high line.

¢ 1% % _I%_ Eéé- 'g" % %9& ;E’"\'_){%_ I M B% E EEE 1E‘E High permeability ferrite — minimize the I,.

¢ 1%?% —I%— 5& EE, ;)ﬁ; ﬁlé jj ’ u 7:”] ,l‘;% 9:: %Ijj $ %‘- Keep high sink current capability




it‘[ﬁj]%%!ff)\ Slngle DRV Input

DRV VC

FEXAEtE g QEIJJ ?:.'5 Driver > Ve = DVpgy

Dead time generator i i } . _ - V¢ 1 L
A o Ve | f Q>—— |2+ =05
i \ i :’\/\/\/ + .z : 1F RC CC

¥ RCZi I‘—M=2 Lu
i ¥ - & - QVC VC
DRV | ! S ——— {
D i |

. Ry 5
E?“VT—’ 7 F - IR ot oo
| I !

the driver transformer and R to
damp the L-C resonance.

________________________

® %gﬂ A 3_5 5)111:}%1% EE.%_\:(CC);E E{TLEHZ fj] %% 7"1" E %’%@éiﬁ An ac coupling capacitor (C.) is needed to reset the driver transformer flux.
* VGS“]EF; H—R)j&:]: IJ_'_| = tt The amplitude of V¢ is dependent on duty. @

° ,L, SR H-J' V EEIZT'J ﬁﬁ'?—)j Ej] HT/& @,uu, F]t,j] ;BE With (-V,) to turn off at steady state, but the sink capability is limited at start-up. ®
° FF'EE'H& ¢E,] H_,“Eﬂ é‘-&(LM//RGS * CC) ’ BEJJ:EE H& ¢EF$,L,\—EJ'-¥£E,]€22 fE/ﬁl'] Need a fast time constant (L,,//Rz5 * C.) to

avoid flux walking due to the fast transient.

- BEBERABXEEUVLO)IC HIENTER BRIRE, FEEHZRERAMFITRS

Watch out the ringing between C and drive transformer at skip mode or UVLO, a diode is needed to damp the ringing.




™ EIJIL 1j EljﬁDRV'tlﬁj)\

Single DRV Input with DC Restore

Vbry -
yEIZHTJ-rETJFEﬂ:_%E ngTJJ%% Driver -Vf
Dead time generator |TTTTTTTTTTmmTooommm o mm oo ! /\ VC = DVDRV
Ve o VeV
' _/\ii NWE e 3 E L,
R CajfiSes 22

DRV

_____________ < _iRes gt -

b fg,{-{?ﬁﬂ'VGSﬂE E ER 7;& a: |J_'_| .;‘_I_:E_ tl:, Vs amplitude is independent on duty ratio at steady state.

d /& EE,IJIL ﬁlé j] ﬁ BE Limited sink capability. @
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EDRVH#IN, HPNPXH

Single DRV Input with PNP Turn-Off

?E IZ HTJ- |‘ET‘| }_'l":ﬂi%% glz ij] %% Driver

_______________________________________________________________________

Dead time generator
1

| ety e ‘Ié
i

PNPEBRIAE+ZINEF I E X F]

A pnp transistor + diode help to improve the switching off.

on mtontte TON




3l @H%AN DI ] pon't Forget the AND Gate
FE X BB =4 28 X == g o se

Dead time generator High-side Driver

________________________________________________________________

o]l
8 = ;
2

=

DRV \ %L
s 5 5

b ﬁn %AN D I‘__l HB ij] ﬁ[l::', j] ﬁ BE ’ i'?é' j]u H§7|‘IHIZ ij] %% Add the totem-pole drivers if output capability of AND gate is limited.
. iﬁi‘l‘ /TEEE\ E 2%5-:5 ﬁk ? Is the design finished?
> F%E. TERARBRIREHEUVLO)ECy . Co, B IRFNTEE 38 8 HIHREL no.not

yet. Pay attention to the ringing among C,, C, and driver transformer when skip or UVLO. A diode and resistor to damp the ringing. ®
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5511‘& Ei_,l'ifthRV!ff)\ Dual Polarlty Symmetrical DRV Inputs

””””””” v
[.'ll:ﬁj] =f=) Drlver T '. PRV
' - L Vv DRV
! A >} ! 1|§ DRV
DRV | O— B [ .y,
| o ° ROff T I]I '

. DRVA 'ﬁ DRVBd:& |$*E}i 1435‘1*/]\ DRV, and DRV, are opposite-polarity and symmetrical -)9&2;;.2'{%% (=] EE,% g

no ac coupling capacitor.

o EEHHRBEI, WLLC-HB, EREEARMFRERE, NIEXFRES(AHB)EH IRFHAL tisis suitable for

push-pull type circuit, e.g. LLC-HB, but NOT for asymmetrical type, e.g. AHB or active clamp. @
® IE = z&ﬁil ﬁ ikﬂytli?& ET E,] E_[ Bj] %g E J:T: ﬁ'tﬁZZL_ Pay attention to the flux of driver transformer at line/load transient.

® 175 %ggik El,] 92 |7H The strong turn off capability is still needed. @

° IE:E EE liﬂ'l)F:ﬁ EE.”:‘: ﬁ E’JLJE_ Pay attention to the delay caused by the leakage inductance. -> '{ ,'Iﬂ',}f=ﬁ EE,”:C[EEE—I #1§
FH S(R?ff |'Z|:|I gﬂﬁﬁfufitff 'EH gjzéﬂ minimize the leakage inductance and use dual output windings instead of single output winding.

. EE Rof—fE BEF ﬂ'ﬁﬁﬁ 9" El"] *J'_l%% Extra losses caused by voltage drop on R . ®




ElXEjJ QE%% The Driver Transformer

* 'ﬁl: %’ Pros
- ,E\}-j_z %% tl:%% )fl- E gi E ! A transformer is more robust than a die!
- Rq-'/_]—j-kﬁﬁ I];Tg)::l-; & _‘IEJ_ dV/dtHiR;I:P ?FS‘_E Z:ﬁﬁ@z Less sensitivity to spurious noise and high dV/dt pulses
— BEE? chear

"5!3\ j%h' Cons
— EE, E% E % Complicated circuits
- % ifE ,—‘%:? 1:& l_lﬁ'uﬁ gf, ft%/ 23?, E% % 'ﬁ: A 9& |7H *E:_Et Pay attention on extreme line/line condition & off mode ......
- % 55 ,1%‘.'_._ ﬁﬂ' 7)% % }E.ﬁ N P& —%‘j— Pay attention on the leakage inductance and isolation

- 5& EE,:JZI:E zﬁ-\lé jj ZEEE\ﬁ]g gi ? Is the sink capability strong enough?

== @
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4 —p— e
o éﬁiﬁ% The all-silicon-solution
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N

- M OR B 2% iR ZER

Silicon Half Bridge Driver Principle

% ﬁkﬁlﬁﬁ?zﬂz ij] %% Integrated HB driver thifjftiﬁ
° J,_% EE Principle ooy Vbulk

— BT A Eﬁiﬁ)\ VBtE E__
RO NEIDVE DN e

] ] i Single Input
Single or dual inputs !

High & low side driver

— SimainIk s 25 _i”/en\y D :1|§M1

Integrated HB driver

I:EI' Dead e o o
N i Tier:ile ] +| Vcc i i ‘ ‘
SR IR BN 28 \V = DRV_LO

i in : 2

AL |



HEAEFAER?

Silicon Solution, What are its Limits?

—
[ —]

i |E_|g BEJ%_ ﬁ:l:H. Ij:,' EE,}_ 600 V High-side isolation — 600 V is reached within the silicon.

o = im 5 (K um IX 2 (8] BY L AL (R B E IR — B b RE MR P2 E 88

Matched propagation delay between high and low side drive Prevents any unbalanced transformer usage.

d %— ﬁ#-lﬁ -[-_IIIX Ej] %% E,‘J I{IE EE,;},%' %% E ‘a‘-ﬁ- EE,?}E High side driver supply — Bootstrap supply is

requested.

® %_ 1:)-%—[, :I: *}t 'HE' %_l_lﬁ'uﬁ -[-HX fj] ’:’% E(] ﬁ EE,}:TE ﬁi IEI '|E|E Noise immunity — Negative voltage robustness of the

high side driver.

EBEESH ﬂN
ON Semiconductor®



igﬁﬁy _I%_EBE% Silicon Solution, High Voltage Isolation

R AE R SR U+
%ﬁSGOO V Level

shifter sustains up to 600 V

52 Ej] IZEE Floating area
NS +| VBoot
s e DRV_HI

IN_HI[[}—Pulse Leyel SQ— | ¢ il 1Ing

J

<
=
=

Trigger Shjfter R SND_HI
. Vi
\ +] Vcc i ‘ ‘
: > - PRV_LO
IN_LODj in out D ] F M2

e
"

__________________________________________________________________________

o Hi}()ﬂ%ﬂﬁ%ﬁ: EIN_HIE@)\E@Eﬁ\miﬁFﬂEHj(;FIJ Pulse trigger: generates

pulse on each edge from IN_HI input.

o EE.IIZELl:gj:&’:%: ){%—HJ'](;FF)\AGND%%?F?%@EGND_H|7§% Level shifter:

shifts pulses from GND reference to GND_HI reference.

e E T E M ARE: FHUEB B TiEHmaSaIBKITIE R sriip fop: laches

pulses information from the level shifter.




EAFE, TEHFIBER

Silicon Solution, Matched Propagation Delay

' Vbulk
: \ +| VBoot i
e — bRV_HI
I in t [ i} PRVEI
IN H||:D7Pulse Level S Q in_ou ]
-5 Trigger Shifter R / END._HI
: [ 7]
i L .
1 ( \ \IjVCC i H
: e — bRV_LO
IN_LO[1] Delay n o on | — I; M2
ﬁl&?‘l%z Delay compensation |
L ) GND I
[ ]
I_:—l —_ J—

__________________________________________________________________________

Y—1EE—lﬁﬁ QE 4 |:u:| \ J:j]” )\L R H_,I- IHj Delay is inserted on the fastest path: Low side driver

path

D> ZIMESIRIEIR: fkom i 25+ TR S FNE BT A 2R IR o

compensate: Pulse trigger + level shifter and SR flip-flop delays.
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AR, SimdKz)ss iR

Silicon Solution, High
F' Ej] EE.EQ EFS:EVCC Bootstrap connected to Vcc

Vcc}__/\/\/\, M

Vboot Vbulk

O] Ve
DRV_LO —Lcvce

[ ] ]

LI F M2

- BEERBEBRARTHISIR]

Bootstrap technique is used for supplying the high side driver

Side Driver Supply

F|:| Ej] 7'55?% Bootstrap Step:
i -'L_Jl;glgkil Step 1 . |\/|29§|‘ﬂ M, is closed 9 CbOOt
?%iﬁ],: CbootﬁﬁVCC?ﬁEﬁ Cpoot IS grounded:

Cpoot IS refueled via V.
* '},53?%2 Step 2. Ml & MZ;FE% M, & M, are opened

> H5IEZEE, Dy fAET, Cuooih

53 ij] IZEJM:,H\: FE, Bridge pin is floating, Dy, is blocked &

C,oot SUPPlies floating area.

o 7533?%3 Step3: Mla‘él\j—_l M, isclosede *ﬁglﬂiﬂ
BEHRE KT, Dy /i 7AFHER,
CbOOt ﬂ\] ;2 ij] IZ_ijZ{,\ EE, bridge pin moved to bulk

level, D, is still blocked & C, . supplies floating area.

Kehzs B




= i OE B 2% 51 3 BB & YRR (T 7 2
Root of High Side Driver Negative Voltage?
* E Ei;&ffﬂﬂ%iﬂ% Let's focus on the half-bridge branch:
— EREZEFEF LG G5 BB F1EK e oad connected to a halfbridge branch is inductive:
— A TFLLCH4F tcaniicns
- NEERERBER TERRETZIFEEEW(ZLET LFT1EHE

—_— . ax
M OS F ET'{A‘-*& E_') Or with the most simple case in a synchronous buck (where body diodes of the mosfet are
represented).

Vbulk

o—-11 F% Dbody1 . _

AL |
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Theory: Buck Converter Operation

* B%}:TZ ?F:’; j:ﬁ %% I{IE H(] ’ﬂrfz-.'vr - Bfl\ 15t step of the buck converter:
Vbulk
— ||_

MloN:ki T/

I
> Time
VBridge !
VBridge :
© VBqu - ‘:—I
_ | |
M, OFF & | |
o ! : > Time
: :
- I I
- Stepll . 1 |
Step 1:

MlTEJ"i% ON
M, < ] o
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Theory: Buck Converter Operation

* B%}:TZ ?F:’; *&%%I{IE H(] ’ﬂré—_',r : Bfl\ 2"d step of the buck converter:

Vbulk

|\/|10FFO JAN TE/N

|

|

I

|

1 1
Vi 1 , : > Time

Bridge \ | |

O 1 1

| VBridge : :

© - Veuk J- + :

| |

M, OFF ZAN ; !
o ! : > Time

SR EEEEEEE .

| 1

— 1 1 1

- Stepd 1 1 2

Step 2:

M, XA ore
M, < ] o
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Theory: Buck Converter Operation

¢ IZ%}:TZ ?F:’; j:& %% %‘- .E Bfl\ 3'd step of the buck converter:
Vbulk

M, OFF 7\ T /\

I I
| :
I
o , : : > Ti
VBridge \ : : : 'me
—> Ve : : :
I Bridge 1 1 1
¢ - VBqu 1- : i i
M, ON ; ; ;
¢ ! —— > Time
Vf T T T T T 1 |
1 | B |
- Stepd ¢ 1 12, 3 |
Step 3:

M, XA ore
MzTEJ"i% ON

on mtontte TON
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Theory: Buck Converter Operation

i B%}:TZ ?F:’; *&%%I{IE %‘- JL Bfl\ 4t step of the buck converter:

Vbulk

O

M, OFF /N

VBridge \

Step 4.
M, XA ore
M, < ] o

== @
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Bench: Buck Converter Operation

i %ﬂi%;& Bﬁ&tﬁr JI—IL, Anywhere but in a ppt file there are parasitic elements:
- EJ—.E H,‘] B%}.j_l 5? ?&%% True buck converter:

A BRK

Parasitic inductances

on mtontte TON
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Bench: Buck Converter Operation
¢ B%}:TZ ?l::g j:ﬁ %% %‘- - Bfl\ 15t step of the buck converter:

Vbulk

I

|
> Time
VBridge \ o : !
|
VBridge :
VBqu 1- ‘:—I
| |
M, OFF ! i
: : > Time
1 : :
- | |
Step!d 7 1 |
Step 1:

M, 518 on
M,X 4] o

on mtontte TON
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Bench: Buck Converter Operation
¢ IZQE?F’;*% 25 ’rh- — B}l 2"d step of the buck converter:

Vbulk

I

M, OFF
ST
VBrldge \ ———o Time
r IL
M, OFF
> Time
- )
Step 2: -
M, K] orr YORN
M, ] orr
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Bench: Buck Converter Operation
¢ IZ%}:TZ ?F:’; j:&%% %‘- .E Bfl\ 3'd step of the buck converter:

Vbulk

I

M,; OFF
> Time
VBridge \ ———o !
r IL
M, ON
> Time
Step 3:
M, XA orr

M, S8 o

on mtontte TON
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Bench: Buck Converter Operation

F I

X

o PEEEEIRE

BA
)| 4t step of the buck converter:

I

Vbulk

Step 4.
M, K] ore
M,X 4] o

minzarr. @
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Bench: Buck Converter Operation

i *ﬁ%lﬂfﬂ_tﬁl‘]ﬁ %Eﬂ%%&ggiﬂ%|cm‘;‘ﬂ}?‘$ﬁ EE,ijilf, Negative voltage on

bridge pin will create negative current injection inside the IC driver.

IN_HI Pulse |7 Level S Q=i 0% j ]IEMI Vridge
- Trigger Shifter R / idge
|\

N >
\ +] Vcc
~ — DRV_LO
IN_LO Delay in  out 1|§ M2
/ GND
< L /

VBridge < O VH.‘-_I- E,‘] ilﬁiﬁ'] EE Leaky path when Vg 40 <0V
M) 5358 7 i Y A% 7E IR 11881 C P B0 3ok P — £ R 437

This leakage path could create some trouble inside the driver IC.

AL |
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How to Characterize the Negative Voltage?

Bridge

VBqu 1-

_V]c B

J,_% IE Principle:

> *ﬁ%lﬂ{:\l]_tiﬂél}]u ﬁHi](;I:PNegative pulse is - Vnegl \: . —

added on bridge pin: /
/ ______ |_

> Time

> %ﬂ-iﬁ—'ﬁﬁ FEJE with adjustable : Te.o
Negative voltage : =g ":
Sy,

> NA[ATITEE andadjustable width \ ! /
|

II:> ﬁ EE,}:TE EE/I\HR;FP jﬁ:g i%lﬂ k ’ E EEIX ij] ’:’% IC 9& 57‘5[ At each pulse width the neg. voltage is increased

until the driver IC fails.

AL |
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%:T: ?

1
| 1
VCC A7, [=1=| 1
1 —— —
. Bl &Rk
: { . \2/(')3\?—'“ Synchronous Buck |
! MBR1100 10R = Converter :
I U1 = Q5 '
! NCP5106A . FDP3682 .
1 — 1
X , vee ~—{BooT . 0 Vout !
1
IN_HI]| IN_HI DRV_HI L1 !
' 3 6 AN '
IN_LOJ IN_.LO BRIDGE * * |
1 4 5 100uH :
1
! [|GND DRV_LO ; c3 Rload § Rload1 !
! - 1R 220uF 10R 10R
R T 50V !
Sync - B :
?0 1
1
Pul se gen. ,
1
1
. - 1
= e ap (e nppp—— (" g gy AU Wi
i D11 =y
| DIN4148 0 100V
! 8 =t 330uF
| ca
1
s 1 JCls X1 = o6 ¢
CIRERELS e 1 oon 1 FppP36s2
\ [em] .
HTEE Adj. MC3B152 D14 R10 D7 N i
pulse width D1N4148 47k Bzk84C18 EI TJE 35 ﬁ, EE, }:E
: R i )i )i Adj. VNeg
1 I
1 je—
! = A4
1
1
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~

3 £ | = 751

Example of Negatlve Voltage Measurement

C R R, T

EEimdrEngE L=
I_:E - % ﬂ;Tg?E When the

bridge pin is released, it generates

\some noise on the hi- side driver.

1+

H 324.535§

L L I T T T 1T 1T T T T I T I'Iﬁall:lr!lsl T
B 1"."-“....?.1':.'2[“'1"'?
Z ' Z Z Z Z +|

! i u

: L N— ﬁ ﬁ Z Z ]

L1l I 1 1 1 I 1 ] I__I ] 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 I_

III T | LI | LI T I__I T LI | LI LI | LI | LI | LI I_

‘i‘. . . b T . . . . .

ao Z 'UE: Z Z Z Z ]

] . 1HEJMRWM“%MWW

Lo . . . . . .

o, . ) . . . . .

|: Vneg =-18V . 227 dhs, .
T 20.0v
Ch3  10.0Y  Buw

E: sl ERE

Cha 100t

=

B,

M 800ns 1.25G5% T 16.0psfpr

A Wicdth Chd

E wigth = 150 nsj

IEERHEN S B E

Note: Negative voltage pulse is applled When the bridge pin voltage is reaching zero.

VG_LO
(10 V/div)
VG_HI

(10 V/div)

HEEES| R

Vbridge pin

(20 V/div)

. HTJ' I‘Ej Time

(80 ns/div)

on mtontte TON
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Negative Voltage Characterization

Negative Voltage versus Neg. pulse duration @

+25°C
0 100 NeZ%gti ve pul :S%god rato ”4(0%5) 500 600

o . Nw&mmm@&w&ﬁmh
2 o T A T
> 15 i —
E -.-.-ﬁ%. W & \\
e &7 ‘1 NDnHing
/Y E&_ﬁ&
2 &S RS
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Negative Voltage Characterization in Temperature

Negative Voltage versus Neg. pulse duration @ different

Temp
Negative pulse duration (ns)
0 100 200 300 400 500 600

0
> 5 .
& -40°C
e 1o P e ——25°C
D -15 °
D~ / ——125°C
5 \>/ / ]
o '20 / L~
g s/
> 30 | y
< 35

« ;T FEIRFNFICRIEIRE R P H R X LAFIERIE

Note: These characterizations will be available in each IC driver datasheet

EBEESH “N
ON Semiconductor®




—IXEJJ%%ICiSF:WJ Driver IC Remarks

c TREFSHRAECTEZEETLEAEN-40C<T <+125C)XEXHE
/—7!5 ‘Szo %Jl_lb EE, %Z‘SliE_,WﬁﬁE EIEEQ£ ON Semiconductor defines electrical parameters

on overall temperature range (here -40 ° C <T;<+125° C). See electrical table & characterization curves.

c R% e X FANAE S E IR T (T, = +25 C)REX BSS

ﬁf{ Z_ n» IEE?;:E ﬁ:l\: lﬂ]l}_‘— tl:# 'f.[E *EI- ZZx Competitors define the electrical parameters only at T, = +25

° C. Temp characterization is not always available

9 j:r%;ﬂ%.g :;HE._ a I:I:I %1&&% _l%—;ﬂ%.gﬁj\%u /TEEg I/I\ ? what about min & max over
extended temperature range?

c REZTHNFIFHEHE TN ESSHERAERBRIZ

A4y (a] . .
f‘i |':T_| E}Fi The competitors values extracted from the curves probably do not take into account the lot to lot process
variations

9 g 1'K§HE,_ B FIJ ﬁE EBZ* the range variation is probably wider.
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ON Semiconductor IC Driver Cross Reference

Drive trise / | Propag. Matching Cross Pin-Out
tfall typ. Delay typ. Delay Conduction | Compati- Remarks
(C.=1nF) ton ! torr Typ / Max Protection bility
40 n 100 ns / _ 3.3V CMOS/TTL inputs
NCP5181 > 20 ns / 35 ns : IR2181
!/ 20 ns 100 ns IRS2181
_ *3.3V CMOS/TTL inputs
85 ns / 100 ns / IR2106 P
NCP5106A a5 100 20 ns/35ns - IRS2106,
ns ns FAN7382
IR2106 — | *3.3V CMOS/TTL inputs
85ns/ 100 ns/ ) .
NCP5106B a5 100 20 ns/35ns v IRS2106, sInternal fixed dead time 100 ns
ns ns FAN7382
IR2304 - 3.3V CMOS/TTL inputs
85ns/ 100 ns / IRS2304, | «Internal fixed dead time 100 ns
NCP5304 20ns/35ns v
35ns 100 ns L6388/84
FAN7380
85 / 250 / R2111 3.3V CMOS/TTL input
ns ns — . .
eInt | fixed dead t 650
NCP5111 35 ns 100 ns 30ns/60ns NA IRS2111, n ernzfl ixed dead time ns
«One pin for creepage
o5 ns / 620 s / 210 «3.3 V CMOS/TTL input
ns ns IR2104 — . .
sInternal fixed dead time 520 ns
NCPS5104 35 ns l00ns | l0ns/asns NA IRS2104
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> UK zh 38 T & 2F HILL 45 FE B [

LLC-HB Schematic with Driver sransformer

Vee
il 3
L
NCP1395A Vce R10
RI6 78k o IN4l48 o OutA
e b B | | e | be b BN S . < IRFB1INS0A Heatsink PCV-0-472-20L
Red 200k | o Al LR 2 in5816 12 [ i * 1 Ki195/25 45w 18°C/W 3
AN —fZ) B 1k 09034 | KL112-25 int 270 out
R25 R11 150k | AD_Q_ = i Qi v GD
Cante L A ] . I F =1 = T 2Nz907 RS ETD44
Ush ‘ .8Meg 1 : R4 47k ET4415A p12 D11
SFH615-A . g VB T P =4W /N mbrieas mbr1645 24V /10 A
s L - e " XFMR
iz 150k p T 100n :<2:213 R29 2N2907 'E 2 ' Irms=5 A
u o) . CL7_ s Clé - 1 E YE
L AAA 47k 4
(;70‘ 10u il f voe 3 AT 100 P e cab | csa | 1 gﬁzo .
R19...5.2 | § rrrrrr D10 1mF T 1mF T - 68oul
T ! i o Part number = EEUFC1V681
AR, ‘ o |1 N Dias o7
b! 4 R20 A F c3c
] ezez /N qosmis — . 10 1mF
L | A . I’"’:‘ée 11N50A D3 D6 Part number = EEUFC1V102
salEs = | = 2
s oo A % ) P Z‘meums Zlgmbue‘:s
| 7
t 47k D17 P o Qi1 GD
! ! | 2N2907
A Ej\/\,—< . I }—/,;%\F \\ - aNE T A 21 N i ~
' RI15 540 ! 1 ”
L ] 1 L. .
Ianalog ground L | =L
[ Gnd 1
! R23 = !
! 10k !
' '
' ' R7
| ' 86k
' '
! ! c4
' T 10n
' '
c1
: : 22nF
Part number = PHE450MB5220JR06
! ! EVOX RIFA 630 V Use
' 1
SFH615-A

LLC*?E_ ﬁ'-]lj %% LLC controller
NCP1395

o %EM:%?'\J 24 \/ @ 10 AH,‘] LLCEIﬂi% LLC-HB with 24 V@ 10 A
5& D RV&? Il:l:ll E,J L LC* ﬁ'-]u ﬁ% the LLC controller with dual DRV outputs.
ql: Bj] L LC?F:’; j:ﬁ H,J M OS FET Transformer drivers the MOSFETSs of LLC converter.

« NCP1395,
. TWER

X = 3 JE 25

Driver Transformer

0.47uF

Part number = PHE450MF6470JR06L2

EVOX RIFA 630 V/
100uF

Part number = 2222-05737101
C10

Snap-in BC Comp. 450 V

L1
PCV-0-274-04
220u

u2
TL431
R8
10k

REEERH ﬂN
ON Semliconductor® .




R32
33k

FF
R33

FHIEZIEICRILLCES

LLC-HB Schematic with D%gver IC

OutA

7
ML
IRFB1IN50A
KL195/25,4SW
ETD44
ET4415A
L1

D12
1 P =4W 7N moriess
XFMR

B % [E]

PCV-0-472-20L
L3

KL112-25 int 4.7uH out DGD

24V/10A

[ES
mbri645
Irms=5 A

N
AT — l N
NCP1395A Vee ?;Ac37 pjés .
A e s 9 =
; - Ut
" e = NCP518
v AN & P .
) I o -
UsA \ L8Meg - = .
SFH615-A = B i .
R12 L. ci5s _lcis - 100nF
! E % T 100n T 22u |
J ! s
cu R22
100 T 4.7k : 0 c1z
100n
w o A
i P T
i
C13 100
|
1 T
| s
RIS 540
! 1
fanalog ground L
Gnd
R23 =
10k

— M2
<] IRFB11IN50A

KL195/25,4SW

D4
1N4148

LLC* IE'FJIJ%% LLC controller
NCP1395

I:Bj] |C Driver IC
NCP5181

Cl

22nF

Part number = PHE450MB5220JR06
EVOX RIFA 630 V

0.47uF
Part number = PHE450MF6470JR06L2

c7
EVOX RIFA 630 V

100uF

Part number = 2222-05737101

Snap-in BC Comp. 450 V

L1
PCV-0-274-04
220u

d %ﬁ”ﬁj{] 24 \/ @ 10 AE"]LLCEﬁ*ﬁ LLC-HB with 24 V@ 10 A

e NCP1395, &
e NCP5181, Ixzh2S

-

cs
100y
1%

(1:3?: T T gazouF
mi ‘[ 1mF ]’

Part number = EEUFC1V681
C3c

1mF
D3 D6 Part number = EEUFC1V102

Z‘X mbr1645 ? mbr1645

R7
86k

R8
10k

X D RVﬁ" Il:Ij H,J L LC* LI:EIJ ﬁ& the LLC controller with dual DRV outputs.
|CE_']|: Ej] L LCE??& E(] M OS F ET driver IC drives the MOSFETSs of LLC converter.
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VGSi)EZﬁé Vs Waveform

Tek  Stopped 25 Acys 28 Sep 09171710 Tek  Stopped 30 Acys 28 Sep 09170745
L I I i L I I I

2 us / div

; VGS_ML
1 (5 V/div)

Ves_mu
1 (5 V/div)

A IMU

" (2 Aldiv)

i Vs ML
1 (100 V/div)

Chi ooy g Chz 2084 [ M2 0ps 1.25G55 T 200psdr Chi ooy g Chz 2084 [ M2 0ps 1.25G55 T 200psdr
Ch3 5.0 gy Chd 5.0 ] A Chi o~ 8.0y Ch3 5.0 gy Chd 5.0 ] A Chi o~ 8.0y

-E;’jlz ij] g jZ ’:’% Driver transformer EIX Ej] ’:’% I C Driver IC (N C P518 1)

* ;& }FZE_I:% gll—éﬂ’l The waveforms seem similar.

on mtontte TON




ﬁrﬁJﬁMOSFET*m High side MOSFET Turns off

Tek  Stapped 199 dois zsswueﬂwnn ~ ' Stopped 3 Acus 28 Sep 04 17:05:29 ‘
_IIII| IIIIIIII |||II| IIIIIIII ! IIIIIIIIIIIIIIII | | ]

St 80 ns / div
., Turn’o’ff comparls‘on‘ .
‘\"DSJ\HU
Ves mL
(5 V/div)
Ves mu
(5 V/div)
IMU
(2 A/div)
Vs ML
1 B s 2 1 lOO V/dIV
R E e L e e (@ & 8§ oo . ey e | )

E_’ll: Bj] aig j: ag Driver transformer EIX ij]’:% I C Driver IC (NCP518 1)

i l: Bj] ICEﬁ j] i'H_j,aé |7.T-,| M OSFET The driver IC turns off the MOSFETSs more vigorously.
* QE Bj] IC;&P}-‘I MOSFETHT I;&?O nS, B£1EE9: 9&?}'1%% IC turn-off is 70 ns

faster, lowering the switching losses

AL |




%—fl#‘ﬁMOSFE %iﬁ High side MOSFET Turns on

Tek  Stopped 77 Ao 28 Sep 09 17:16:40 = Stopped LEN 28 Sep 09 17:06:48 ‘
L L | IIIIIIII | L | L i | L | T 1 17T [ | S T T [ T T ] T T | L | L wrrrryrreTT | L | L | T T 1T i
C I I I I T I I I ﬁ 1 rurn-on Z Z T Z Z Z j ]

Fooe domparson {200 s/ div

1 Ves_mL
1 (5 V/div)

VGS_MU
| (5 Vidiv)

o IMU

| (2 Adiv)

1 Vos mL

chi 100V B chz 204 @ M 200ns 125654 1T 20.0psdt Chi 100V By Chz 206 o M 200n: 125654 1T 20.0pskt (100 V/le)
Ch3  5.0v B Che  5.0Ov bs & Chi -~ 98.0Y Ch  50Y By che 5.0 bs & Chi - 880V

-E:’llz ij] g jl ’:’% Driver transformer EIX Ej] ’:’% I C Driver IC (N C P518 1)

o IRFEICESIHEKIEMOSFETZ 8722 R BB HITEX

A Y
HTJ- IEj The driver IC keeps safe and enough dead time between high and low side MOSFETSs.

AL |
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The Efficiency Comparison

MDD ML M B | e | L,
Input power Output power Vout lout BEX
(W) (W) (V) (A) n
IRFSEIC 128.33 | 119.72 | 23.96 5.00 |93.29%
Driver IC 257.2 235.46 23.57 9.99 91.55%
IR 7 25 [ 2 128.34 | 119.72 | 23.96 5.00 |93.29%
Driver Transformer 2585 23646 2367 999 9148%
o |C3|Xf\j]%§5§}£ %%7‘5;7%3"] I%E;\ 5£E E%Z%U There is no efficiency difference

between the IC driver and transformer solutions.
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Summary: Transformer or IC?

i ﬁﬂ %*% 'L\ iﬁ -Io-|_ ’ W‘j %I:I:I 7‘5 %%KE‘I- u Both solutions work if well-trimmed.

¢ ﬁﬂ‘] )ZL% -i')‘(;ITé FH EB Ej] %% I C E,‘J EE EE We recommend the IC solution because:
- ﬁﬂ‘] Z: ;’L_': Q }:TE ’:’% We don't sell the transformer.

— TWEFIEFEF TN vanva insertion for the transformer.

— TEELFL ease te ayout

— T TT ease the design

— GRRIBEZTIEZZOIRE, UA rree of ransformer problems, e.g:
o PRESHEAEIA isolation is destroyed,
o FEIBTE BT flux walking away,
o KAIRRTNFIZE|HIHRES unexpected ringing after tur off,

i 1EE _I%_E EE,;\}E I:I:I QE %% E(J _I%_E %/I\ I\'-:‘-_l :'.EEIE Height of the transformer in low profile PSU

ERXERH ﬂN
ON Semiconductor®



For More Information

* View the extensive portfolio of power management products from ON
Semiconductor at www.onsemi.com

* View reference designs, design notes, and other material supporting
the design of highly efficient power supplies at
WWWw.onsemi.com/powersupplies
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