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Applications

- Blade servers

= N+l redundant systems
- Telecom line cards
—RAID

—Merchant power

Features

~ Ultra-fast, adjustable gate turn-off
nm ~ Internal charge pump
Bus - Wide voltage operation range
- Adjustable turn-off threshold
- Complements TI's TPS2490
hot swap controller
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> ceamparson oLEYIN. Converters
We now compare the old big three converters (buck, boost and

buck-boost) to five new converter topologies that we will be
introducing in lectures 14-16. All of the new five topologies will
have transformer isolation.. Moreover, as we will see each new
topology has a specific power range over which it works best.
Below we list converters in ascending order of the power level they
can handle as well as the voltage levels. In general, the higher
power and voltage level topologies have 2-4 switches rather than
the single switch of the big three topologies.
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Bk o 150 560 No e TG N
Halfforward  0-150  5-500  Ye: Sooe

Flyback 0-150 5500 Yes

Push-pull 100-1000  50-1000 Yes
Hali-bridge 100-500 501000 Yes

Full-bridge 400-2000+  50-1000  Yes
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oreover, the timing sequence for driving the various topologies
will also vary. In particular, we will cover both switches drives at
fsw and switches synchronized at % x f5, in our discussions below.
On the next page we briefly summarized what we learned in
lecture 11 as regards switch topology and power as well as
voltage and current levels in the associated switches.
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When selecting a device for the application, it is important to understand the following
requirements of the design.

* Output voltage level and regulation needed - is the output protected from
surges ? what maximum output voltage protection is required ?

+ Qutnut load dynamics such as microprocessor load that changes with various
states of the processor.

* Efficiency requirements - will the input source be large reservoir like line power ?

or is it a battery that will it be charged often ? or is it a limited supply battery that
must be managed well 7

# Other considerations of the input supply e.g. variation of the input supply -is ita

battery 7 is it simple stepped down AC line with lot of ripple ? what is the output
impedance of the supply source ? how far is it from the power solution ?

“ Physical and environmental issues - €.g. any height limitations ? how is the

ventilation for taking away heat ? area available for the power solution ? what is
the ambient temperature of operation 7 what are the manufacturing requirements
e.g. surface mount vs through hole, PCB line, contact limitations, Lead-free,
solder refiow temperatures etc. ?

“# Finally the cost available to implement the power solution and relative merits of all
of the above.



In lectures 16 and 17 we will cover the last of the big eight 1'..- qo
lopologies. We need to employ these circuits to achieve k\V aw/
Wn With topology comes different switch stress. ‘K

at is as the input voltage changes we use different topologies

as shown below. Themk has low parts count but high peak
currents than those in a forward converter. The ge
reduces switch voltage stress because only % the V,, appears

across the primary winding. ‘I‘heiflrymme_: requires four switches,
rive

two of which require floating ga . The Il, as we will
see below, also works but has a danger of C{ TURATION.
This could cause us to fry the switch if not ful to balance the
Ve aw make &
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core so that no imbalances or DC levels nccur
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Configurations Controller Driver Benefit/application
High efficiency/medium power
(1)LM5100 | High efficiency/medium-high power
(2) LM5100 | High efficiency/high power

High efficiency/multi-output power

* Single resistor oscillator setting

* Synchronizable to external clock
* 1 A sink/source drivers
* Thermal shurdown
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Fig. 3. A transformer-based dcfac power stage such as this 4-bridge
circuit offers galvanic isolation in exchange for added weight, size, cost
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Effect of nonidealities
on transformer volt-second balance

Volt-seconds applied to primary winding during first switching period:

(V, - (0, and Q, forward voltage drops))( Q, and O, conduction time)

Volt-seconds applied to primary winding during next switching period:

- (¥, = (0, and O, forward voltage drops))( @, and O, conduction time)

These volt-seconds never add to exactly zero.
Net volt-seconds are applied to primary winding

Magnetizing current slowly increases in magnitude

rin series with 7 Yok
apter 12) DL

Fundamentals of Power Electronics 40 Chapiter 6: Converter circuils

Saturation can be prevented by
mn_,:m , or by use of current programmed mode
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Effect of nonidealities Zare

on transformer volt-second balance resat /Q

Volt-seconds applied to primary winding during first switching period:

\—Nt ﬁﬂd (V,—(Q, and Q, foryard voltage $)( Q, and Q, conduction time) “= d

Voit-seconds applied to primary winding during next switching period:

Jumr__k./ - (V, ~ (Q, and @, forward voltage drops))( , and Q, conduction time) = b
t 1

\\wl.u . VaTi TAeMS
e ATIA
These volt-seconds never add to exactly zero. =} Aw._.“{ mm. <

Net volt-seconds are applied to primary winding
Magnetizing current slowly increases in magnitude

Saturation can be prevented by placing a capacitor in series with
primary, or by use of current progra

Fundamentals of Power Electronics 39 Chapter 6: Converter circuits



Bridge Transformer Dissipation at 80°C
720-W output

R Winding loss

70.0%

62.5%

B Core loss

60.0% 55.0% 50.0%
Duty Cycle

Fig. 10. Measured total loss of 150-kHz bridge transformer providing

12V até0A.










Voz0:; LT, oulls 'bi:l% dtades

S'-r ' on T .
: ﬂiﬁ:;“ . -—Jr'iﬂﬂ ;L R




__-.._E.-_-n:nw_"m.-uni
» Smallest Solution Size
A No Need for Bdarnal FET Deiver ICs |

\

Jl \ . _.._..____.__H.M_.__m”.T _,_m_-nﬂﬁmﬂﬂm

S _ * Smaliest Inductors and MOSFETs

LTC3730 T, 11 Vour = 0.8% 1o 7V.a1 60A

PolyPhase » H /

Fixed Frequency Operation
* Low Qutput Noise and Lass Output Fitaring

LTC*3731 supports 12-phase operalion and 240A oulpul

Broadest Family of PolyPhase® DC/DC Controllers
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D can be used as chipset with the nev X
-and LM5642 dual synchronous buck ¢

Configurations Controller«  Driver Benefit/application

Not required
(1) LM5100 | High efficiency/medium-high power
(2) LM5100 | High efficiency/high power

Optional High efficiency/multi-output power

converter \ _ LMS642
fom 61D

High efficiency/medium power

* Single resistor oscillator setting
» Synchronizable to external clock
* 1 A sink/source drivers

» Thermal shutdown
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Given by the full input voltage. A similar situation occurs for the

full bridge shown below which also alternatively %
the pri inding, but this time using four swiw ,,{'.:;'\'

Vf,{-r'uss
S 1
(4 Vg»f{"

_— /
Tha lull-brdge reguisier topelagy
We synchronize switches 1 and 4 together in time and then '\I _}ﬁﬂ
switches 2 and 3. Note that wqwﬁm\m 4
switches in when the timing puts Swx.s In the same
MMG?&'E%H in the alternative sequenne Hence, we
. - 1 ang 0 al-Mr=Tn ""l

off as we mpluy more switches but thElr individual cost may well
be much lower-hopefully a factor of ten.
On the next page we will summarize the switch sequence as

well as the voltage ramp on the duty cycle circuit for the full bridge
converter topology.
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a. First T, switch interval: +"«"i and zero applied sequentiglly 4—

There are therefore two T, intervals one with +V, and one with -

Vg across the primary. Below is that during the first T; in the

primary with +Vg. Vy switches between 0 and V; like non-isolated

buck as follows during Taw. During D Vg is applied and during D' '-rd
zero is applied. no

Primary (during ﬁrstT.} C.n':i cofﬁ?

01&&. on To achieve o f“w
UT = Ug v"r =0
| == either of two ways:

M V=0 via equal v Doth sides

by, X I memrsie et a0

b) Second T, intérval: -V, and zer

The primary circuit looked at during the second T, timing interval is
different T., — 2T, because -V is applied during D and zero

during D'. .B_r{ ”.’
L‘j... Ao

4
'""lhsu o ﬂ : %evo

2. \Vaw 4’&1’ _ r
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dt During D’
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Panud VT =.V by either of rwn ways
L “ , iy qual V
. o £ on bngn sides. t -
arevsus T 4
Vr swﬁchalg be‘l\%'eer'?'v and 0 in primary. i

By symmetry we reset the core of the transformer L, over 2T,. Up
during D of the first T and down during D of second Ts.

(Vimlars =0
Because of the switching configuration 5

are at a fraﬂuenﬂ fo/2, not at fe..
Sscondary Vottage V. Timing:  © ELONORAry of TEF
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Find on your own for D Q2, Qs and Dg are on while for D' diodes Ds I/ 2
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2. Input and output currents
i(out) = ips + ine. How it splits is uncertain, but if at anytime it

: . 3 ooy ifout
splits equally then: 1pgs = s ™ Lz_}

During first Ty interval iin(transformer) = ? When ips = ips

[ V‘!‘"“:‘ - z — “ ﬁt:l?:utput
: ] e :f while in the primary
Mw 4 A : ips CaUSes Nips
‘V : r "‘I- i ios CAUSES Nips
el &~ |
; I'““"-._I

Wﬂ-\; Idﬂ " l“‘ ‘fﬂn"'o

Review the dot cunventmn on a two turn transformer that says:

4 ni e e

> — T if n4i4 is positive = +n, then
- At i is negative = -naiz
watch dots i Wy 1n__b coming into the dot

N4is + N2i2 =0 | i in secondary and
4 into dot of primary

L

At the primary on top of the page we have three currents.
ips and ips flow in opposite directions with respect to the coil dots:
iin @nd ips are assumed flowing into the dot

kin-Nips+ Nipg=0 = k=0

Pood b
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T 0 "o £ blow,
o flows nW & Y 144 !
d out of dot | if equa = ips
F i en in general ips and ips alternate the flows as
‘\; but always the load receives current either for ips or
3 ' - peimar k|
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During the first T, we find durj rval D the two equations
below im = I = Nigs o Transformer input
i(out) = ips + ips } 7 Transformer output 1
During the second T; period T; — 2T, during the same interval D ow 7
[/ we get the same result for in and icu. Note in the first T, with +V, T @ 0%
applied ips = 0 but ipg = 0. Where as in the second T; with -V 310d¢
-applied ips = 0 but ips = 0.

o
—» Switching ripple at f, 3"""‘5
= Transformer ripple occurs at f./2! sy M
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Comtro\ drives vecquived For Tregwhedling Nl
SYNCHRONOUS RECTIFIER

Primary PWM Inputs Trans Inputs | SR Inputs

_State | GateA GateB GateC GateD | Out1 Out2|Gate 1 Gate 2
=" 0 0 1 0 1 1
0
0
1

3 (it - 0
2= 1
3™ 4 1

1 1 1 {
1 1 0 0
0 1 1 1

Gate B Q)

Gate D>

Fig. 2. Synchronous rectifier truth table and drive logic.
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to one another) turn on during each phase of a clock nﬁ_m
For simplicity, the circuit of Fig. 1 has a common 5-V

Vour=1.9V
L2
* \l{.jlr
SuH3.8mO [1.5uH,3.8 mQ
C1 04
_ CAP

Fig. 1. Two-phase dual-synchronous controller with a single output.
Redrawing the single-chip controller as two separate controllers
simplifies the analysis of controller operation.
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C1 req150.5746 kHz
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5V % Ch2 5V "'wm 2us Chi 34V 19 Mar 2003
2A Chd 2A 11:04:33

Fig.2. Shown here are the waveforms for the Fig. 1 circuit operating
under no-load conditions with a common input voltage of 5 V to both
controller channels. These waveforms include the switching nodes of
the master con-troller (switching waveform shown on Channel 1) and
the slave controller (switching waveform shown on Channel 2), as
well as the inductor currents for L1 (Channel 3) and L2 (Channel 4).
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NCP5424 no hiccup Vin 3.3 V master & |
Tek N4 25.0 Ma;s 1083 AC'QE 5.0 v Elﬂ\'ﬂ Ch 38.4 current G 0 [ﬂﬂd
| | iy 1 |
| j L =

1

Ch3

Ch4

Ch1 5.00V Bw 500V BvM 2.00 us Ch2/ 400mV 4 Apr 2003
Ch3 2.00A B 2.00 A 14:02:44 ]

Fig. 3. Switching waveforms and inductor currents for the circuit of Fig. 1

are shown here as in Fig. 2 with the circuit operating no-load. However,

the input voltage on the master controller (switching waveform shown

on Channel 1) has been reduced to 3.3 V, while the input voltage on the |
slave controller (switching waveform shown on Channel 2) remains at 5 V.

reduced to 3.3 V, the Channel 1 pulse width at zero
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