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Duul-Phase High Efficiency Mobile CPU Power Supply
Minimizes Size and Thermal Stress

Design Note 247
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Introduction

The increasing demand for computing power in
notebook computers has significantly increased CPU
clock frequencies and supply currents. Forthcoming
mobile CPUs call for core currents as high as 25A to
handle sophisticated computing tasks. Traditional
single-phase solutions have difficulty delivering such
a high current. When the CPU supply voltage (0.7V to
1.8V) is converted directly from a high voltage (21V
max) adapter input, single-phase MOSFET drivers are
not strong enough to efficiently drive high current
MOSFETs without dV/dt shoot-through problems.

The resulting excessive power l0ss in the MOSFETs
increases thermal stress close tothe CPU and reduces
the battery run time. The physical size of a high cur-
rent (25A) inductor becomes unacceptably large and
more low ESR output capacitorsare required to handle
largerload steps. Also, currentcrowding in PCB traces
near the inductor pads raises reliability concerns. As
aresult, the single-phase solution is inefficient, bulky
and can cause long-term reliability issues.

L7, LT LTC, LTM, Linear Technology, the Linear logo and Burst Mode are
registered trademarks of Linear Technology Corporation. All other trademarks
are the property of their respective owners.

AAA

* VWA
—— 1000pF 100
AAA
g Y
|| MA . . . it
27k R310K 100 ._I +
|« o AA e 'A% 1401 1pF Cin
VRON- g 4 -
C4 0.1pF LTC1709-7 = ViN
| 1 36 —
i RUN/SS ne |— =
2 N 35
€5 0.01yF 1 SENSET T6G1 -
| - .
o—i SENSET Swi
[ Ris 4 3 1 Lt RS
R610K1% 60.4kS , EAIN BOOSTA 5 I _1_0‘47uF W o oma
Wy - PLLFLTR vy — N—6A-9—
C7 120pF s 6 31 I o TuF
q 3 > —{ LN BG1 - 14902 3 -
7 30 =
€8 1000pF FCB EXTVge b— BAT54A
Uimeeed | | —oowrs] ™ (0 [0 o s
—wwv = S| e 2y 6.3V —
SGND PGND
= c120_i 101y 862 12 =
470pF ” DIFFOUT e I T 1 W
Vo5  BOOST2 047F == -{;qm -
12 25 I =
Vos* Sw2 -
13 . 2
SENSE2 62
| 14 23
I SENSE2*  PGOOD AA Vour*
15 2 WA ouT
1000pF ATTENOUT Vs ¢ = =L RS | —— 1
L L U aren— vina |2 Lo -hqas_-{l 6 T {00030 | LT
3100 Z10e 17 20 T 0MF =
< 3 — viDo VID3 F— = +
18 19 = =
—] viD1 VD2 — Cout 1~
—4— Vour
5103 Ssi0 =
3 350 )
VoSENSE
] VOSENSE
Hest {BATS4C Gyy: 4 Y5V GAPACITORS 10F AT 35V o
i|” = 10PTIONAL Cour: PANASONIC SP CAPACITORS 270uF/2V EEFUEOD271
1 P L1, L2: SUMIDA CEP125-ROMC-H OR CDEP134-0R9-MC
e 33y 01TOQ6: IRIRF7811
FREQUENCY = 200kHz
VDO VIDI  VID2 VID3  VID4 PGOOD

Figure 1. Schematic Diagram of a 25A Mobile VRM
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Dual-phase switching is the best solution for this ap-
plication. The LTC®1709-7 is a dual-phase controller
that drives two synchronous buck stages 180 degrees
out of phase, reducing input and output capacitors
without increasing the switching frequency. The
relatively low switching frequency and integrated
high current MOSFET drivers help achieve high power
conversion efficiency to maximize battery run time.
Because of output ripple current cancellation, lower
value, low profile inductors can be used, resulting in
fasterload-transientresponse and reduced component
height. The LTC1709-7 also features discontinuous
conduction mode and Burst Mode® operation to
minimize power losses when the CPU is in “sleep”
mode. Because current is divided equally between
two identical channels, heat is distributed uniformly
and long-term PCB reliability is improved.

Design Example

Figure 1 shows the schematic diagram of a25A mobile
CPU core power supply. With only one IG, sixtiny SO-8
MOSFETs and two 1pH, low profile, surface mount
inductors, an efficiency of about 85% is achieved for
a15Vinput and a 1.6V/25A output. Greater than 80%
efficiency can be maintained throughoutthe load range
from 5A to 25A.

Figure 2 shows the measured load transient waveform.
The load current changes between 0A and 25A. The
slew rate is 30A/ps. With only four SP capacitors
(270uF/2V) at the output, the maximum output volt-
age variation during the load transient is less than
190mVp.p. Resistors R4 and R6 provide the active
voltage positioning with no loss in efficiency. Without
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Figure 2. Load Transient Waveforms at 25A Step
and 30A/ps Slew Rate

the active voltage positioning, three more SP capaci-
tors would be needed.

Table 1 comparesthe performance and key component
selections ofthe single-phase and dual-phase designs.
The dual-phase technique saves two 270pF SP output
capacitorsandtwo 10pFceramicinputcapacitors. With
the same number of MOSFETs and the same switching
frequencies, the dual-phase solution achieves much
better efficiencies. The higher efficiency in the dual-
phase circuit, with more uniform current distribution,
dramatically reduces the temperature rises in the
MOSFETs and inductors.

Conclusion

Compared to the conventional single-phase solution,
the LTC1709-7 based, dual-phase mobile VRMachieves
higher efficiency, smaller size and lower solution cost.
Thedual-phase solutionextends battery life, minimizes
thermal stress and improves long-term reliability.

Table 1. Comparisons of Single-Phase and Dual-Phase Solutions (Switching Frequency is 200kHz)

Single Phase

Dual Phase

MOSFETSs: IRF7811

Six (2 for Top, 4 for Bottom)

Six (per Phase, 1 for Top, 2 for Bottom)

Inductors and Sizes (L x W x H, Unit: mm)

One 1pH/25A (14.6 x 14.6 x 9)

Two 1pH/13A (12.5 % 12.5 x 4.9 Each)

Input Capacitors Six 10pF/35V, Y5V Capacitors Four 10pF/35V, Y5V Capacitors
Output Capacitors Six SP Capacitors, 270uF/2V Four SP Capacitors, 270uF/2V
Efficiency: Viy = 20V, Vgyt = 1.6V, lgyT = 25A 80% 83%

Max Temperature*: Inductor 110°C 70°C

Vin =21V, lgyt = 25A, o o

Vour = 1.6V MOSFETs 104°C 70°C

*Open air, after 20 minutes full-load operation. The temperatures are measured on the top surface of the components.
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