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Powering Intel's Pentium Il Microprocessor using the SC1151CS and the MP60-F VRM

Introduction

Modern microprocessors demand more and more
stringent requirements from their power sources. De-
creasing working voltages, increasing current draw
and faster changes in load demand all combine to
make the power supply designer’s life more interest-
ing. These requirements also mandate the use of local
regulation or voltage conversion as close as possible
to the microprocessor itself.

Intel has defined the power requirements for their
Pentium Il microprocessor and Semtech has designed
the SC1151CS single chip PWM controller to meet
those requirements. Semtech has also designed the
MP60-F Voltage Regulator Module (VRM) both to
demonstrate the SC1151CS and also to serve as a
plug-in VRM solution for those not wishing to develop
an on-board solution.

This application note describes the SC1151CS, it's
design philosophy and practical use in a Pentium Il
power supply application.

Design Criteria

Output Filter Components

Probably the most striking design criterium for a
power system to meet Pentium Il requirements is the
need to maintain regulated output voltage during very
fast load transients. It is impossible for even the
fastest PWM controller to respond to the required load
transient in the time available. This means that short
term transient load requirements will have to be met
using the output capacitors of the power system. Un-
fortunately all practical capacitors have parasitic char-
acteristics, the most important of which for our pur-
poses are

a) Equivalent Series Resistance (ESR)

b) Equivalent Series Inductance (ESL)
The output capacitor equivalent circuit is shown in
Fig.1. The combined effect of all these parasitics dur-
ing a fast increase in load current is shown in Fig.2

The ESR of the capacitor causes a downward volt-
age step (together with a short spike due to ESL). The
output circuit of the converter must be designed so
that the additional output voltage sag caused by dis-
charging output capacitors is offset by the reducing
ESR drop due to less current demanded from the out-
put capacitors. In simple terms we are looking for low
ESR, high capacitance and low inductance in the con-
verter output circuit.

==c

3 ESL

ESR

Fig.1 Output Capacitor with parasitics
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Fig.2 Output Voltage during load transient

The choice of output capacitors therefore be-
comes very important. The first criteria is that ESR
should be less than 10mWto keep the leading edge
transient to less than 120mV for a 12A load tran-
sient. The choice of cost and technology leads to
three approaches.

a) Multiple aluminum electrolytic capacitors - typi-
cally to meet ESR requirements 7x1000uF will be re-
quired.

b) Multiple OS-CON type capacitors - this ap-
proach typically results in 4x330uF but at approxi-
mately 5x the cost of a).

¢) Multiple tantalum chip capacitors - typically 10
to 20 giving a total output capacitance of 1000 to
2000pF and an even higher cost solution than b).
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For a cost effective solution the only real option is
to use multiple low ESR aluminum electrolytics, with a
total capacitance of approximately 7000uF. The Intel
specified decoupling at the processor socket will fur-
ther reduce the leading edge ESR transient but is not
included in results presented in this application note.

The output inductor value on a “Buck” converter is
set from a consideration of the allowable peak to peak
current ripple. This in turn will determine output volt-
age ripple and the output current below which the op-
erating mode will be discontinuous. A high value of
output inductor will result in low ripple and the capabil-
ity of achieving low output current in continuous mode,
but will suffer from poor transient response.

An optimum value is 4puH for the Semtech applica-
tion circuit. Semtech does not recommend changing
this value by more than +25% without careful evalua-
tion in the intended application. The specified inductor
may be wound with 9 turns of 16AWG wire on a Mi-
crometals T60-52 core.

Choice of FETs

There are many suitable choices of FETs from
many different manufacturers. The requirements are,
as a minimum, logic level drive, 22mW Rds(on), Vdss
3 30V and a package consistent with the power dissi-
pation and heatsinking requirements. For example, if a
22mWFET is chosen it should be in TO-220 packag-
ing with a 10°C/W (or better) heatsink used, if a 100mwW
FET is chosen it could be in a TO-263 package, sol-
dered down to the PCB with sufficient copper area to
alleviate the need for additional heatsinking.

Choice of Schottky

Again the Schottky diode choice is governed by the
trade off between cost and performance. As a mini-
mum, Vr3 30Vand VFEQ.5V @ If = 14A at Tj =
100°C. Better Vf characteristics will improve efficiency
and reduce power dissipation in the Schottky, espe-
cially at the lower output voltages. Packaging should
be TO-220 and a heatsink of 10°C/W or better is re-
quired.

In applications at output voltages in the high range
around 2.8V, it is possible to use a TO-220 or TO-263
packaged Schottky soldered down to about 1 sg. in of
copper. In these applications, the lowest Vf Schottky
should be used and performance evaluated in the ap-
plication. Thermal impedance will be approximately
30°C/W .

SC1151

The SC1151CS contains the control circuitry to im-
plement a Pentium Il power solution. It is a simple,

voltage mode, non synchronous PWM controller with
integrated 5 bit D/A converter, and power monitoring
circuitry. The operating frequency is fixed at 100kHz.
A higher operating frequency would normally allow
smaller filter components however in this application,
the output capacitors are fixed by ESR requirements.
Using a lower value inductor at higher operating fre-
guencies would require a change of core material and
much increased cost or, using the same core material,
would have minimal effect on the required core size.
The standard buck topology was chosen to minimize
the implementation costs.

MPG60-F

The MP60-F is a self contained, plug-in voltage
regulator module (VRM) designed to power the Intel
Pentium Il microprocessor. It uses the Semtech
SC1151CS. The circuit diagram is shown in Fig.3 and
board layout in Figs. 4 through 7. Performance data in
this application note relates to this board.

PCB Layout Guidelines

Good analog layout techniques are important to the
successful implementation of a Pentium Il power solu-
tion using the SC1151CS. A multilayer board will
greatly ease the layout task, although it is perfectly
feasible to produce a working system with only a dou-
ble sided PCB. The MP60-F is a perfect example.
A continuous ground plane should be used underneath
the chip, and all ground pins should be directly con-
nected to this plane. It is preferable, though not strictly
necessary, that no large ground currents flow in the
plane beneath the chip, they should be routed around
it. The chip decoupling capacitor (C13 in Fig.3) should
be as close to the chip as possible, with the ground
side connecting to the ground plane close to pin 1 of
the chip. C11 should also be mounted as close to the
chip as possible, as should R3 and R4 and to a lesser
extent R1. The current sense traces from R1 should
be as short as reasonably possible and should run
close and parallel to each other. The FET drive con-
nection (pin 8 to FET gate) should be kept short. High
current paths should be kept wide and short, see the
MP60-F layout (Fig.4 and Fig.5) for a guide.
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Circuit Diagram
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Fig.3 Application Circuit Schematic
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Bill Of Materials

Qty |Reference Part/Description  |Vendor Notes

4 C1,C11,C12,C13 |0.1pF Ceramic Various

9 C2,C3,C4,C5,C6, |1000uF/6.3V Sanyo 6.3MV1000GX or equiv. Low ESR
C7,C8,C9,C10

1 D1 PSR16C30CT Photron Or lower Vf device from various vendors

1 L1 4uH 9 turns 16AWG on Micrometals T60-52 core

1 Q1 BUK556 Philips Logic level FET, £ 22mW, 30V

1 R1 5mw IRC OAR-1 series

1 R2 10kW, 5%, 1/8W Various

1 R3 2.32kW, 1%, 1/8W |Various

1 R4 1.00kW, 1%, 1/8W |Various

1 R5 10W, 5%, 1/8W Various

1 U1 SC1151Cs Semtech

2 Heatsinks Various £ 10°C/W

Tap

AsT
Fig.6 Top component layout

r\r\r'|

. o . ©®
.00 L L1 NN 08 SEMTECH
e g
i o [f| Em® . B16936F
P |:| * o ® ® i .
[ ] L ] e @ [ ] ol:l . L ]
) L e L] - - C
-
(XXX RN IRRNNRINNSN Y J]
HO00 000 0OONCOOOONONDY

ASB
Fig.7 Bottom component layout
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Performance
Typical performance characteristics are shown below

SC1151 Efficiency in Application circuit 16935F Application circuit 16935F Ripple, 3.1V, 10A out
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