w3 TEXAS INSTRUMENTS

ds Fully Integrated
Power Management

General Manager — Kilby Power R&D

Jeffrey Morroni
Texas Instruments

%
s
P
e

e et
g S




The Power Management End-Game

Invisible = 100% Efficiency, O Volume
Easy-to-Use = Complete power management in 1 chip, no EMI

Power Supply On a Chip

Devices
 Conduction Losses
« Charge Losses

Passives
vin(*) « Magnetics

A « Capacitors

\ Parasitics
* Device Ringing — IV Overlap
* Reverse Recovery
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Typical Loss Breakdown — Buck Converter

Conduction

V- Overlap Losses

Device Switching Losses

. Overlap
. grr/diode
. switching QRR
g concuct

onduction

Topologies Can Improve Upon Some or All of
the Above
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Topology Classes

Standard Converters

Hybrid Converters

Resonant Converters

w® AR T

v" Simple and proven

v' Low Cost

X Hard Switched

X Full VIN rated
devices

TI Information

VOUt

v' Reduced Device Voltage
Stresses

v' Reduced Energy Storage
In Inductors

X Hard Switched

X Additional Component(s)
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v" Reduced or eliminated
switching losses

v' Majority of energy
storage still in L

X Additional
Component(s)
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Hybrid Converter Example

Qi + | r*(l:rl‘ﬁ
LTI ] . 22pF 10V
V <+> Al _I QZ C:iR Vout i\iosmm
in\ _ ] N
Q = -2
1 T | 1A

1.0mm

=
- Advantages -
» More energy storage in caps, less in :
5 e 17x smaller footprint
- Lower switch ratings and stress 34X smaller volume
« Smaller current ripple
 Disadvantages
» Added component
» Duty cycle limitation

[Nishijima, 2005]
[Shenoy], 2015
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Hybrid Converter Example

Q@ Ve A
% I ak "
V. C+> 'l Q, R — R§ Vout
in\ _ " | L -
LN Il
=

* V|y— VC Applied to L,
* V. charged through phase 1
path

* L, current decreases

[Nishijima, 2005]
[Shenoy], 2015
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Hybrid Converter Example

5
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s

|
s
|12
| |+

1 Qs VN2

Current in both inductors
decreases

* No current flowing through V.,
o O
> >

[Nishijima, 2005]
[Shenoy], 2015
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Hybrid Converter Example

Ao
a1 i 0 N
ol Cle o=\ _J_JM
vaD P T Rév‘_’”t ENN
@ + b T

L w4

|
VQl
VQ2

] E"fzt Vin/2

L, current decreases

V. Applied to L, 5 Becomes
Phase 2 source g
* L, current increases X/

V2

[Nishijima, 2005]
[Shenoy], 2015
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Hybrid Converter Example

Ql + VC 1
14T
() H
ﬂjm I
kl Vi /2
o o
- > >
e Current in both inductors
decreases
- No current flowing through V, _ Vin/2
= s
[Nishijima, 2005]

[Shenoy], 2015
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Hybrid Converter Example

AN

X X X X

Capacitor Voltage and Inductor currents

naturally balanced

+
+ R§ Vout

Q; +||Vc (YI:(lﬂ
14T T :
+ | '|_ 2 —
V() Q k:Q ]
N
| By Qu

More energy storage in the capacitor,

less in inductors

Device rated for V,/2
Hard Switched
Additional Component(s)
Duty Cycle Limitation
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Advantages — Capacitors vs. Inductors

AN

X X X X

Q; 4+ | Ve (\(Izrlﬂ
14T T T 1+
+ | 'l - :i R< Vout
V(1) i &__Qz ) = _
R eyt |
|y Qu

Capacitor Voltage and Inductor currents
naturally balanced

More energy storage in the capacitor,
less in inductors

Device rated for V,/2

Hard Switched

Additional Component(s)

Duty Cycle Limitation

TI Information
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Rsp Advantages

Q; 4+ | Ve r‘rl:rl‘ﬁ
: = |—| >, Cle R§v:ut
Yo | -
QG = M J_

v Capacitor Voltage and Inductor currents
naturally balanced

v' More energy storage in the capacitor,
less in inductors

v" Device rated for V /2

X Hard Switched

X Additional Component(s)

X Duty Cycle Limitation

TI Information

R, (m{l* mm?)

*B. El-Kareh, L. Hutter, "Silicon Analog Components”

Legend
100 Hoa=ref[1]
[ &= ref [5]
|| ®=ref ]33]
1o 4 O=rel [37]
{ #=ref [2.73]
H ©=ref [4]
H “=recl [38]
1 = ¥=rel [62]
I O=ref [(Y]
W=rcf [71]

.1

~8V Rated
~0.1ImQ-mm? _16v Rated

~0.6mQ-mm?

 Enables Smaller Die
Area -- $$ Savings
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FOM Advantages

=
IS

Q; o V¢ L, 12
7y | M-
9 r Cl+ =
W | B | SRR &
' T e
Q3 7__(‘(':(2‘(\_ UD) =
L U I e,
'| > Q4 ° 5 0 1I5 2I0 2I5 30
1 ormalized FQM (QG * Rdson)
v Capacitor Voltage and Inductor currents
naturally balanced ~8V Rated
v’ More energy storage in the capacitor, ~16V Rated
less in inductors
v ' .
P 3 el RIS « ~3x-5x better FOM in
X Additional Component(s) this example
X Duty Cycle Limitation
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CV<2 and |-V Overlap Losses

Qg Ve b * Hard Switching Losses
14T T 11 . Reduced
w(®) B RICT SRSV . 120V
I . oh 1k ] * V/2 and C decreases w/FOM
1 AT 1 improvements
) NG ) IV Overlap — %VITNILtT
_l HQA  Assume same DV/DT and
T DI/DT as a Buck
v' Capacitor Voltage and Inductor currents - t, halves, 2x more transitions,
T BN « 1/4 the transition losses

AN

More energy storage in the capacitor,

less in inductors 4
Device rated for V,,/2 4
Hard Switched

Additional Component(s) | :
Duty Cycle Limitation 5 ,

| area
= W

X X X X
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Buck Converter vs. SC Buck

Conduction

V- Overlap Losses

Device Switching Losses

. Overlap
. grr/diode
- switching

QRR
D conduction
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Adding It All Up

Ti +| VCJ Ly : é ) % Q L R +
e _i —_—
W | mE | TR vs, w() e T T

1 Qa

15.3

« Dramatic Size Reduction
are. ° Efficiency the same or better
voume  than comparison points
« Major downside of duty cycle
o | [] re limitations
HF Switcher TPS84A20 TPS51367

— o ek ek e
o N B~ OO o NP~ O

9.2

Relative Size
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Topology Classes

Standard Converters

Hybrid Converters

Resonant Converters

VmCD 1 E Q, =R

v" Simple and proven

v' Low Cost

X Hard Switched

X Full VIN rated
devices

TI Information

VOUt

v' Reduced Device Voltage
Stresses

v' Reduced Energy Storage
In Inductors

X Hard Switched

X Additional Component(s)
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v" Reduced or eliminated
switching losses

v' Majority of energy
storage still in L

X Additional
Component(s)
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Resonant Converter Example

I—AUX
MMt S5y

I} L Saux
'SARR

Q +
RSy,
Q, ~

C. Nan, R. Ayyanar, “A 1 MHz Bi-directional Soft-switching DC-DC Converter with Planar Coupled Inductor for Dual Voltage
Automotive Systems”
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Resonant Converter Example

I—AUX
MMt S5y

L Saux

Yy N

Q

Q,

" +
ge— Rgvm

« Typical Buck Operation

* |Inductor current slews down

TI Information

ILl
ILAUX
[~/

VLAUX

VSW
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Resonant Converter Example

Laux
I g g gt = So

,_| |— L Saux
A

Yy

— Q n +
V: +> _| < C:: Rgvout
"\ Q; -

* Q2 remains ON holding
switched node at ground

« SAUX turns ON ramping up
current in LAUX

* Once AUX current is greater
than L current, Q1 Coss
conducts

TI Information

ILl
ILAUX

VLAUX

VSW
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Resonant Converter Example

A
I—AUX >
ANt oo . i)
H L Saux e
i N
— Q N +
ge— Rgvm
Vin . -P-Qz ) >
3
>
e Turn ON Q1 with ZVS
 LAUX current ramps down to
zero after which SAUX Is
turned off =
> 1 |
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Resonant Converter Example

A
fl}eflff)i"' oo — é
— <
H L Saux —
A S
— Q N +
V. firs C—_— Rgvout
) QZ i o
<
>
e Q1 conducts remainder of
Interval as in typical buck
converter
=
(0]
>
NN TTTT
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Resonant Converter Example

A
I—AUX <
At So o 2
] L Saux e
i . MO + § )
c_—R .
Vin —| ‘>'Q2 V(_)u »
3
>
v' ZVS turn on of Q,
v ZCS turn off of S, )«
v No |-V turn on losses for Q,
X Added conduction losses for =
Saux \ |
X Added die area for S, S

X Extra component losses
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Analysis and Comparison

Laux
At So A 4220
|_| |_ L Saux — Q, L N +
m V. C—— R;Vout
- Q + R * VS . " 1> Q, -
WO AR T g B
g Smaller Die
cond. £oss 1.0x ~2.3x
+ Laux
101 055
10x o
105 ox
105 10x
105 0.2
105 12x
10 0.96x
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Buck Converter Vs. ZVT

Conduction

V- Overlap Losses

Device Switching Losses

. Overlap
. grr/diode
. switching
|:| conduction
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Opportunities

I-AUX

Lt So A (YY)
|—||— L Saux — Q LC N R§V+
o, L2t Vs, W e T 7
[ * - C_— Vout 0
V() 1B, o 20%
Smaller Die

* If cost is a non-factor (usually isn't), large efficiency gains

possible
« Other main challenge - The Magnetic element
« Conduction Losses
* Core losses

e Cost
 Sjze
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Summary

New Topologies offer opportunity to move towards
full power supply on a chip
Options and alternatives with various pros and
cons
Still need improvements on:

 Inductor integration

« Capacitor integration

 Better FETs
« Better packages
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Questions
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