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Application Note 50

Implementing the RC5050 and RC5051 DC-DC
Converters on Pentium® Pro Motherboards

Introduction Intel Pentium Pro Processor Power

This document describes how to implement a switching voItReqL“rements

age regulator using an RC5050 or an RC5051 high speed Refer to Intel's AP-523 Application Not@entiun® Pro
controller, a power inductor, a Schottky diode, appropriate processor Power Distribution Guidelindsovember 1995
capacitors, and external power MOSFETS. This regulator (order number 242764-001), as a basic reference. The speci-
forms a step down DC-DC converter that can deliver up to fications contained in this document have been modified
14.5A of continuous load current at voltages ranging from  sjightly from the original Intel document to include updated
1.3V to 3.5V. A specific application circuit, design consider- specifications for more recent processors. Please contact
ations, component selection, PCB layout guidelines, and pefntel Corporation for specific details.

formance evaluations are covered in detail.

Input Voltages
In the past 10 years, microprocessors have evolved at such A0ilable inputs are +12¥5% and +5\&5%. Either one or
exponential rate that a modern chip can rival the computingboth of these inputs can be used by tr:e Db-DC converter
power of a mainframe computer. Such evolution has been The input voltage requirements for Raytheon’s RC5050 ’
possible because of the increasing numbers of transistors thgr't:d RC5051 DC-DC converters are listed in Table 1
processors integrate. Pentium CPUs, for example, integrate '

well over 5 million transistors on a single piece of silicon. .
gep Table 1. Input Voltage Requirements

To integrate so many transistors on a piece of silicon, their MOSFET MOSFET
physical geometry has been reduced to the sub-micron level. Part # | Vcc for IC Drain Gate Bias
As a result of each geometry reduction, the corresponding ["Rcs5050 | +5V +5% | +5V +5% 12V +5% or
operational voltage for each transistor has also been reducedg 5051 +5V +5%

The changing CPU voltage demands the design of a pro-
grammable power supply—a design that is not completely

. ) . Pentium Pro DC Power Requirement
re-engineered with every change in CPU voltage. entid 0 DC Power Requirements

Refer to Table 2ntel Pentium Pro and OverDri¥eProces-
The voltage range of the CPU has shown a downwards trengbr Power Specifications. For a motherboard designs without
for the past 5 years: from 3.3V for the Pentium, to 3.1V for a standard VRM (Voltage Regulator Module) socket, the
the Pentium Pro, and to 1.8V for future processors. With thion-board DC-DC converter must supply a minimum of
trend in mind, Raytheon Electronics has designed the 13.9A of current @2.5V and 12.4A of current @3.3V. For a
RC5050 and RC5051 controllers. These controllers integratelexible Motherboard design, the on-board DC-DC con-
the necessary programmability to address the changing  verter must supply 14.5A maximuradP.
power supply requirements of lower voltage CPUSs.
DC Voltage Regulation
Previous generations of DC-DC converter controllers were ag indicated in Table 2, the voltage level supplied to the

designed with fixed output voltages adjustable only with & =py must be withir5% of its nominal setting. \oltage reg-
set of external resistors. In a high volume production envi- |,iation limits must include:

ronment (such as with personal computers), however, a CPU

voltage change requires a CPU board re-design to accommp-gytput load ranges specified in Table 2

date the new voltage requirement. The 5-bit DAC inthe Output ripple/noise

RC5050 and the RC5051 reads the voltage ID code thatis . pc output initial voltage set point

programmed into modern processors and provides the appip-Temperature and warm up drift (Ambient #00to +50C

priate CPU voltage. In this manner, the PC board does not 44 || Joad with a maximum rate of change 6€5per 10
have to be re-designed each time the CPU voltage changes. minutes minimum but no more than°@per hour)

The CPU can thus automatically configure its own required. oytput load transient with:

supply voltage. Slew rate >30Als at converter pins
Range: 0.3A -d-P Max (as defined in Table 2).

Rev. 1.1.0
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Table 2. Intel P entium Pr o and OverDrive ® Processor P ower Specifi cations

Voltage Maximum Maximum Thermal
Specifi cation, Current, Design po wer?!

CPU Model, Features VP (VDC) lccP (A) (W)

150MHz, 256K L2 Cache 3.1 +5% 9.9 29.2

166MHz, 512K L2 Cache 3.3+5% 11.2 35.0

180MHz, 256K L2 Cache 3.315% 10.1 31.7

200MHz, 256K L2 Cache 3.3+5% 11.2 35.0

200MHz, 512K L2 Cache 3.3+5% 12.4 37.9
OverDrive Processors

150Mhz 2.5+5% 11.2 26.7

180Mhz 125 29.7

200Mhz 13.9 32.9

Flexible Motherboard? 2.4-3.5 +5% 14.5 45.0

Notes:

1. Maximum power values are measured at typical VccP to take into account the thermal time constant of the CPU package.
2. Flexible motherboard specifications are recommendations only. Actual specifications are subject to change.

Output Ripple and Noise

Ripple and noise are deéid as periodic or random signals
over the frequencband of 20Mhz at the output pins. Output

Table 3. Output Voltage Programming

Codes (continued)

ripple and noise requirements#¥3mV must be met VID4 | VID3 | VID2 | VID1 | VIDO |Vgyr to CPU
throughout the full load range and under all spedifhput 0 1 0 0 1 1.60V
voltage conditions. 0 1 0 0 0 1.65V
. 0 0 1 1 1 1.70vV
Effi ciency 0 0 1 1 0 1.75V
The eficieng of the DC-DC cowverter must be greater than 0 0 1 0 1 1.80V
80% at maximum output current and greater than 40%wat lo
current drav. P J 0 0 1 0 0 1.85V
0 0 0 1 1 1.90v
Processor Voltage Identifi cation 0 0 0 1 0 1.95v
There are foureitage identiftation PinsYID3-VIDO, on 0 0 0 0 1 2.00v
the Pentium Pro processor package which can be used to 0 0 0 0 0 2.05v
support automatic selection of thenms supply wltage. 1 1 1 1 1 No CPU
These pins are internally unconnected or are shorted to 1 1 1 1 0 2.1V
ground (\és).. The logic status of théID pins defnes the 1 1 1 0 1 22V
voltage reqwr_ed by the processiororder to address future 1 1 1 0 0 23V
low voltage microprocessors, the RC5050 and RC5051 .
include avID4 input bit to ectend the outputaltage range 1 1 0 1 1 2.4V
as lav as 1.3VThe output eltage programming codes are 1 1 0 1 0 2.5V
presented iffable 3A “1” refers to an open pin and a ‘0’ 1 1 0 0 1 2.6V
refers to a short to ground. 1 1 0 0 0 27V
. 1 0 1 1 1 2.8V
Table 3. Output Voltage Programming 1 0 1 1 0 29V
Codes 1 0 1 0 1 3.0V
VID4 | VID3 | VID2 | VID1 | VIDO |Vgyr to CPU 1 0 1 0 0 3.1v
0 1 1 1 1 1.30V 1 0 0 1 1 3.2V
0 1 1 1 0 1.35v 1 0 0 1 0 3.3V
0 1 1 0 1 1.40V 1 0 0 0 1 3.4V
0 1 1 0 0 1.45v 1 0 0 0 0 3.5V
0 1 0 1 1 1.50V Note:
0 1 0 1 0 1.55V 1. 0= processor pin is tied to GND

1 = processor pin is open.
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I/0O Controls

In addition to thé&/oltage Identiftation, there are geral sig-
nals that control the DC-DC ceerter or preide feedback
from the DC-DC coverter to the CPUThey are Paver
Good (PWRGD), Output Enable (OUTEN), and Upgrade
Present (UP#)These signals will be discussed later

RC5050 and RC5051 Description
Simple Step-Do wn Con verter
s1 L1

Vin — DI ~—~C1 R, Vout

Ayl

65-5050-06

Figure 1. Simple Buck DC-DC Converter

Figure 1 illustrates a stepagda DC-DC cowrerter with no
feedback controlThe denation of the basic step-dm con-

The RC5050 and RC5051 Contr oller s

The RC5050 is a programmable non-synchronous DC-DC
controller IC.The RC5051 is a synchronousrsion of the
RC5050When designed around the appropriatiemal
components, either of thesevi®s can be corgired to
deliver more than 14.5A of output currefithe RC5050 and
RC5051 utilize both current-mode analtage-mode PWM
control to create an injeated step-den wvoltage rgulator

The ley differences between the RC5050 and RC5051 are
listed inTable 4.

Table 4. RC5050 and RC5051 Diff erences

RC5051 RC5050
Operation Synchronous | Non-Synchronous
Package 20-S0OIC 20-sOIC
Output Enable/ Yes Yes
Disable

Main Contr ol Loop

Refer to the RC5051 Block Diagram illustrated in Figure 2.
The control loop of the galator contains tev main sections;

verter is the basis for the design equations for the RC5050 the analog control block and the digital control blote

and RC5051. Referring to Figure 1, the basic operation
begins by closing the switch Si¥hen S1 is closed, the input
voltageV,y is impressed across inductor The current
flowing in this inductor is gien by the follving equation:

| _ (VIN_VOUT)TON
L~ L1

whereTgy is the duty gcle (the time when S1 is closed).

When S1 opens, the diode D1 conducts the inductor
current and the output current is gelied to the load accord-
ing to the follaving equation:

_ Vout(Ts—Ton)
- L1

whereTgis the @erall switching period and g Top) is the
time during which S1 is open.

By solving these tw equations, we can are at the basic
relationship for the outpuiltage of a step-den corverter:

Ton
Vour = V|N5?S‘%

In order to obtain a more accurate approximatioVggur,
we must also include the foand \oltageV  across diode
D1 and the switching los¥,gy After taking into account
these &ctors, the ne relationship becomes:

_ Ton
Vour = (VintVp _VSW)T_S -Vp

whereVg,, = MOSFET switching loss

IL * Rps,on

analog section consists of signal conditioning angpkfi
feeding into a set of comparators whichyide the inputs to
the digital control blockThe signal conditioning section
accepts inputs from the IFB (current feedback)\érB
(voltage feedback) pins and sets up tentrolling signal
paths.The wltage control path amplés the/FB signal and
presents the output to one of the summing areplifiputs.
The current control path tek the diference between the
IFB andVFB pins and presents the resulting signal to
another input of the summing ampifiThese tw signals
are then summed together with the slope compensation input
from the oscillatarThis output is then presented to a
comparatgrwhich pravides the main PWM control signal to
the digital control block.

The additional comparators in the analog control section set
the point at which the current limit comparator disables the
output drve signals to thex¢ernal paver MOSFETS.

The digital control block tads the comparator inputs and the
main clock signal from the oscillator to pide the appropri-
ate pulses to the HIDRand LODR/ output pins.These

pins control the xernal paver MOSFETsThe digital sec-
tion utilizes high speed Schojtkransistor logic, allwing

the RC5050 and the RC5051 to operate at clock speeds as
high as 1MHz.

High Current Output Driver s

The RC5051 contains twidentical high current output
drivers that utilize high speed bipolar transistors in a
push-pull confyuration. Each dver is capable of
delivering 1A of current in less than 100ns. Eachetis
power and ground are separated from the shpaver and
ground for additional switching noise immunity




AN50 APPLICATION NOTE

+12V

RC5051

+5V

0sC

I

AY|
Al

- DIGITAL

—_::j_ h2 CONTROL —— """V e VO
|

5-BIT 1.24v
VREF DAC | |REFERENCE COWER v
EEEE GOoD PWRGD
viDo| viD2| RSEL
VID1 VID3
Figure 2. RC5051 Block Diagram

The HIDRV driver has a pwer supplyVCCQR supplied age and outputs an aatlow interrupt signal to the CPU
from a 12V source as illustrated in Figurel Be resulting when the pwer supply wltage &ceedst12% of nominal.
voltage is sufcient to preide the @gite to sourceoltage to The Pover Good fhg pravides no other control function to
the external MOSFET that is required to achéea lav the RC5050 or the RC5051.
Rps,on Since the lev side synchronous FET is referenced
to ground, there is no need to boost tategirve wltage, Output Enab le (OUTEN)

and itsVCCP paver pin can be tied d6CC. The DC-DC cowerter accepts an open collector signal for

controlling the outputeitage.The lav state disables the out-
Internal Voltage Reference put wltage When disabled, the PWRGD output is in the lo
The reference included in the RC5050 and RC5051 is a prestate.
cision band-gp \wltage referencél he internal resistors are
precisely trimmed to prade a near zero temperature doef Upgrade Present (UP#)
cient (TC).Added to the reference input is the resulting out-
put from an intgrated 5-bit AC—provided in accordance
to the PentiunfPro specifiation guidelinesThese guidelines
require the DC-DC caserter output to be directly program-
mable via a 4-bit @ltage identiftation (VID) codeThis

Intel speciftations state that the DC-DC s@nter should

accept an open collector signal, used to indicate the presence
of an upgrade processdhe typical state is high (that is, a
standard processor is in the systeWihen in the lav or

ground state (an @vDrive processor is present), the output
code scales the referenagtage from 2.0V (no CPU) to voltage must be disabled unless thevester can supply the
3.5V in 100mV incrementdo taget future generations of requirements of the @vDrive processokVhen disabled, the
low-voltage processors, the RC5050 and RC5051 incorpo- pywrGD output must be in thewstate. Because the

rate &vID4 pin to allov additional programmapility between pc5050 and RC5051 can supply the requirements of the
1.3V and 2.05VFor guaranteed stable operation under all  §arprive processotthe #UP signal is not required.

operating conditions, a QUE of decoupling capacitance
should be connected to ti&REF pin. No load should be

. L Over-Voltage Protection
imposed on this pin.

The RC5050 and RC5051 constantly monitor the output
Power Good (PWRGD) voltage for protectl(_)n anst wer wltage conditions. If the
o . voltage at th&FB pin exceeds 20% of the selected program
The RC5050 and RC5051 Wer Good function is designed  \qjtage, an ver-voltage condition is assumed and the chip
in accordance with the Pentiufto DC-DC cowmerter speci-  gigaples the output ¢ signal to thexdernal MOSFET(s).
fication to preide a constantaltage monitor on theFB
pin. The circuit compares thé-B signal to th&/REF wolt-
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Short Cir cuit Pr otection

A current sense methodology is implemented to disable th
output drve signal to the MOSFET(s) when aveecurrent
condition is detected.he \wltage drop created by the output
current fowing across a sense resistor is presented to an
internal comparato¥When the wltage deeloped across the
sense resistoxeeeds the comparator threshotitage, the
chip reduces the output dei signal to the MOSFET(s).

The DC-DC cowerter returns to normal operation after the
fault has been remed, for either anwervoltage or a short
circuit condition.

Oscillator

The RC5050 and RC5051 oscillator section usessd ftur
rent capacitor chging confguration.An external capacitor
(Cext) is used to preset the oscillator frequebetween
200KHz and 1MHzThis scheme alles maximum #xibil-
ity in setting the switching frequeyiand in choosingxer-
nal components.

~

2

In general, a lver operating frequegaecreases the peak

dipple current fbwing in the output inductothus alleving

the use of a smaller inductoalue. Unfortunatelyoperation
at lower frequencies increases the amount ofgnstorage
that must be praded by the blk output capacitors during
load transients due to sler loop response of the controller

In addition, the dicieng/ losses due to switching of the
MOSFETSs increase as the operating frequésincreased.
Thus, eficieng is optimized at lver operating frequencies.
An operating frequernycof 300 kHz vas chosen to optimize
efficieng/ while maintaining ecellent rgulation and tran-
sient performance under all operating conditions.

Design Considerations and
Component Selection
Figure 3 shws a typical non-synchronous application using

the RC5050. Figure 4 illustrates the synchronous applica-
tion using the RC5051.
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lm lcz lcz j“
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Figure 3. Non-Synchronous DC-DC Converter Application Schematic Using the RC5050
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Figure 4. Synchronous DC-DC Converter Application Schematic Using the RC5051
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MOSFET Selection Cosiderations

MOSFET Selection

» Power package with o Thermal Resistance
 Drain current rating of 20A minimum

» Drain-Source gltage > 15V

This application requires N-channel LogicveéEnhance-
ment Mode Field HéctTransistors. Desired characteristics The on-resistance (i3 on) is the primary parameter for
MOSFET selection. It determines thenmy dissipation
within the MOSFET and, therefore, sigodntly afects the

are as follavs:

» Low Static Drain-Source On-Resistance,
Rps,on < 37 nQ (lower is better)
* Low gate drve wltage Vgs< 4.5V

Table 3. MOSFET Selection Table

efficieng of the DC-DC cowerter Table 5 is a selection
table for MOSFETS.

Rps,on(MQ) Thermal
Manufacturer & Model # Conditions * Typ. Max. Package |Resistance
Fuiji Vgs=4V,Ip=17.5A| T;=25°C 25 37 TO-220 | ®jp=75
25K1388 T,=125°C 37 _
Siliconix Vgs=4.5V,Ip=5A | T;=25°C 16.5 20 SO-8 ®;,=50
S14410DY Ty=125°C 28 34 (SMD)
National Semiconductor Vgs =5V, Ip=40A | T;=25°C 13 15 TO-220 | ®;,=62.5
NDP706AL P;c=15
NDP706AEL T;=125°C 20 24
National Semiconductor Vgs=4.5V,Ip=10A| T;=25°C 31 40 TO-220 | ®;4=62.5
NDP603AL T;=125°C 42 54 P;c=25
National Semiconductor Vgs=5V,Ip=24A | T;=25°C 22 25 TO-220 | P;,=62.5
NDP606AL T;=125°C 33 40 ®)c=1.5
Motorola Ves=5VY,Ip=37.5A| T;=25°C 6 9 TO-263 | ®j5 =625
MTB75NO3HDL T;=125°C 9.3 14 (D? PAK) | ®5c=1.0
Int. Rectifier Vgs=5V, Ip=31A | T;=25°C — 28 TO-220 | ®;4=62.5
IRLZ44 T;=125°C — 46 ®;c=1.0
Int. Rectifier Vgs=4.5V, Ip=28A| T;=25°C — 19 TO-220 | ®;4=62.5
IRL3103S T;=125°C — 31 ®;c=1.0
Intl Rectifier Vgs=4.5V, Ta=25°C 18 SO-8 ®;0 =50
IRF7413 Ip=3.7A SMD

Note:

1. Rpson Vvalues at Tj = 125°C for most devices were extrapolated from the typical operating curves supplied by the
manufacturers and are approximations only.
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Two MOSFETSs in parallel.

We recommend tovMOSFETS used in parallel instead of
one single MOSFETThe following signifcant adantages
are realized using wvMOSFETSs in parallel:

« Significant reduction of Power dissipation
Maximum current of 14A with one MOSFET

Pvosrer= (I* Rps,on(Duty Cycle) =
(14)%(0.050)(3.3+0.4)/(5+0.4-0.35) = 7/

With two MOSFETSs in parallel:

PumosreT= (12 Rps on(Duty Cycle) =
(14/2%(0.037%)(3.3+0.4)/(5+0.4-0.35) = 1.3W/FET

* Note: Rpg gnincreases with temperatufsssume Ryg on= 25mQ at
25°C. Rps oncan easily increase to 5Qmat high temperature when
using a single MOSFEWhen using tw MOSFETS in parallel, the
temperature éécts should not cause thg&foy to rise abee the
listed maximum alue of 37n@.

» Less heat sink equired.
With power dissipation dan to around one att and with
MOSFETs mounteddt on the motherboard, considerable
less heat sink is requiretihe junction-to-case thermal
resistance for the MOSFET packag©f¢220) is typically
at 2C/W and the motherboard sesras anxeellent heat
sink.

» Higher curr ent capability.
With thermal management under control, this on-board
DC-DC corverter is able to deler load currents up to
14.5A with no performance or reliability concerns.

MOSFET Gate Bias

MOSFET can be biased by one obtwmethods: Chge
Pump and 12V Gate Bias.

» Method 1. Charge pump (or Boostrap) method.
Figure 5 emplgs a chage pump to praide gate bias.
Capacitor CP is the clgg pump dephped to boost the
voltage of the RC5050 output der. When the MOSFET
switches df, the source of the MOSFET is at -0.6V
VCCQP is chaged through the Schottldiode to 4.5V
Thus, the capacitor CP is chad to 5VWhen the MOS-
FET turns on, the source of the MOSFBItage is equal
to 5V. The capacitor @tage follavs, and hence pviades a
voltage aVCCQP equal to 10Mhe Schottl diode is
required to preide the chage path when the MOSFET is
off, and reverses bias when th&aCCQP goes to 10 he
chage pump capacitpCP needs to be a high Q, high fre-
queng capacitorA 1pF ceramic capacitor capacitor is
recommended here.

PWM/PFM
Control

4 DS1 ]CB

65-AP50-01

Figure 5. Charge Pump Configuration

» Method 2. 12V Gate Bias.

Figure 6 illustrates wo a 12V source can be used to bias
theVCCQRA 47 Q resistor is used to limit the transient
current into th&/CCQP pin and a|dF capacitor fter is
used to fier theVCCQP supplyThis method praides a
higher qte bias wltage (\&g) to the MOSFETand there-
fore reduces the % o of the MOSFET and reduces the
power loss due to the MOSFERigure 7 shas hav
Rps,onreduces dramatically witgg increasesA 6.2V
Zener diode (D1) is placed to clamp tledtage avCCQP

to a maximum of 12V and ensure that the absolute maxi-
mum \ltage of the IC will not bexeeeded

I

I

I

I

I

: RS

| | PwmPEM vo>
| Control

: % Ds1 cB
I

I

65-AP50-02

Figure 6. 12V Gate Bias Configuration
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—9—R(DS)7060
—&—R(DS)706A
—%—R(DS)-706AEL

Rps,on (Q)

152 253 354 5 6 7 8 9 10 11
Gate-Source Voltage, V gg (V)

Figure 7. R pg on VS. Vg for Selected MOSFETSs
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Converter Effi ciency

Losses due to parasitic resistance in the switches, coil, and* gate-chage losses
sense resistor dominate at high load-curraml@he major  + diode-conduction losses
loss mechanisms under hgdoads, in usual order of impor « transition losses
tance, are: * Input Capacitor losses
 losses due to the operating supply current of the IC.
« MOSFET PR Losses
» Coil Losses
* Sense Resistor Losses

Calculation of Con verter Effi ciency Under Hea vy Loads

Pout _ lout * Vour
Pin lout *Vout * PLoss

Efficiency =

PLoss = PDyosrer * PDcoil t PDsenser * PPgate * PPpjope + PDrran t PDcap + PD ¢

V +V
where PDy,osrer = lout: X Ros.on* DutyCycle , whereDutyCycle = —29T D
, Vin*tVo—Vsw

_ 2
PDcoil = lout *ReoiL

2
PDsenser = lout * Rsense
PDgate = deate X X5V, where gare is the @te chage and f is the switching frequenc
PDp ope = Vi *Ip(1—-Dutycycle)

2
Vin X Crss* I oap * f
IbrIVE

PDrgan = , Where Rgsis the reerse transfer capacitance of the high-side MOSFET

2
PDcap = Irms X ESR

PDic = Vee*lec
Example

3.3+0.5
5+0.5-0.3

DutyCycle =0.73

PDyosper = 10°x0.030x 0.73 = 2.19W

PDco, = 10°x0.010 = 1W

PDgryser = 10° x 0.0065= 0.65W
PDgate = CV xf x5V = 1.75nf x (9-1)V x 285Khz x 5V = 0.019V
PDpjope = 0.5%x10(1-0.73 = 1.35W

2
_ 57 x400pf x 10x 285khz
PD1raN = 0TA 0Jo0.010

PDcap = (7.5-2.57%0.015 = 0.3W
PD,c = 0.2W
PD| oss = 2.19W +1.0W +0.65W +0.019VN +1.35W +0.010W +0.37W +0.2W = 5.789W

3.3x10

0O Efficiency = m: 85%




AN50 APPLICATION NOTE

Selecting the Inductor When designing thexéernal current sense circuitiyay

careful attention to the output limitations during normal
operation and during adilt condition. If the short circuit
protection threshold current is set tow)dhe DC-DC con-
verter may not be able to continuously defithe maximum
CPU load current. If the threshold/éd is too high, the out-
put driver may not be disabled at a safe limit and the result-
ing paver dissipation within the MOSFET(s) may rise to
destructve levels.

The inductor is one of the most critical components to be
selected for a DC-DC cwarter applicationThe critical
parameters are inductance (L), maximum DC curreft (I
and DC coil resistance (RThe inductor core material is a
crucial factor in determining the amount of current the
inductor is able to withstanés with all engineering
designs, tradet exist between arious types of core materi-
als. In general, Ferrites are popular due wdost, lav EMI
properties, and high frequgn¢>500KHz) characteristics.
Molypermallgy powvder (MPP) materialsx@ibit good satu-
ration characteristics,WoEMI, and lav hysteresis losses,
but tend to be xpensive and more é&ctively utilized at
operating frequencies b&ol00KHz.Another critical
parameter is the DC winding resistance of the induttos
value should typically be reduced as much as possible, as thle - - N (Iok = min)
power loss in the DC resistancegtlades the étieng of SC= linductor — "Load, max 2

the comerter by the relationship;Rs= Io> x R.. The \alue
of the inductor is a function of the oscillator duycie
(Ton) and the maximum inductor currengg). Ipk can be
calculated from the relationship:

The following is the design equation used to set the shert cir
cuit threshold limit:

\%
Rsense = ﬁ where: | 5 = Output short circuit current

Where },c and |, are peak ripple current and
lload, max= Maximum output load current.

You must also takinto account the currenpl-Ipin), or the
ripple current ftwing through the inductor under normal
operation. Figure 8 illustrates the inductor curreateform
for the RC5050 DC-DC ceerter at maximum load.

V| N~ VSW B VD
Ipk = Iy * E__L—B’TON

WhereTgy is the maximum dutyycle andvp is the
forward wltage of diode DS1. A Ipk

Then the inductoralue can be calculated using the ! (pictmin)/2

relationship: W : ~~—— f

' INImin LoD, max

L

DVIN_VSW_VODT
U g =tyn N

-~ Ty — e T~

- T=1/f >

WhereV gy (Rps on X lo) is the drain-to-sourceoitage of
M1 when it is switched on. Figure 8. Typical DC-DC Converter
Inductor Current Waveform

Implementing Shor t Cir cuit Pr otection

Intel currently requires all peer supply manwfcturers to
provide continuous protection aimst short circuit condi- (o= min) _ Vin—=Vsw—Vour) (Vour * Vo)
tions that may damage the CPId.address this requirement, > = L Vi —VartVo)
Raytheon Electronics has implemented a current sense meth- N TSwETD
odology to limit the paver delvered to the load in thevent where:

of overcurrentThe \oltage drop created by the outputcur , N = input wltage to cowerter

rent across a sense resistor is presented to one terminal of g~ _ ; -

internal comparator withyssteris:os.The other comparator 33\/\:’_%2,'\::%9\/%?8: sxgghggmgk?jlemw X Ros.on
terminal has the thresholdiage, nominally of 1220mV TD: the switching pgeriod of the ceerter = i/fs and

Table 6 states the limits for the comparator threshold of the ’
Switching Rgulator

The calculation of this ripple current is as foln

fg = switching frequenc

For an input wltage of 5V output wltage of 3.3YL equals
Table 6. RC5050 Short Cir cuit Comparator 1.3uH and a switching frequepof 285KHz (using
Threshold Voltage Cext = 100pF), the inductor current can be calculated at
approximately 1A:

Short Cir cuit Comparator

Vihreshold (MVY) (Ipk="min) _ (5.0-14.5x0.037-3.3)
Typical 120 2 1.3x10°°
Minimum 100 (3.3+0.5) « 1 Z oA

- 5.0-14.5x0.037+ 0.5 3
Maximum 140 285x 10

10
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Therefore, for load current of 14.5A, the peak current
through the inductol,, is found to be approximately
15.5A:

(IPK_Imin)

ISC2 Iinductor = ILoad, max+ 2 =145+2 = 16.5A

The net step is to determine thalue of the sense resistor
Including sense resistor tolerance, the sense resatar v
can be approximated as folle

Vth,min

1.0+ ILoad,max

Vin mi
Reense = lts':'”x(l—TF) = x(1-TF)

Therefore, the short circuit detection threshold must be at

least 16.5A.

Table 7. Comparison of Sense Resistor s

WhereTF =Tolerance Bctor for the sense resistor

Table 7 describes tolerance, sizewppcapability tempera-
ture coeficient and cost ofarious type of sense resistors.

Discrete Metal Discrete
Discrete Ir on Strip Surface Discrete MnCu CuNi Allo y
Motherboar d Alloy Mount Resistor Alloy Wire Wire Resistor
Description Trace Resistor Resistor (IRC) (Dale) Resistor (Copel)
Tolerance +29% +5% +1% +10% +10%
Factor (TF) (£1% available)
Size 2" x0.2"x 0.001" |0.45"x 0.065"x | 0.25" x 0.125" x | 0.200" x 0.04" x | 0.200" x 0.04" x
(LxW x H) (1 oz Cu trace) 0.200" 0.025" 0.160" 0.100"
Power capability >50A/in 1 watt 1 watt 1 watt 1 watt
(3W and 5W
available)
Temperature +4,000 ppm +30 ppm +75 ppm +30 ppm +20 ppm
Coefficient
Cost Low included in $0.31 $0.47 $0.09 $0.09
@10,000 piece motherboard

Refer to Appendix A for Directory of component suppliers

Based on th&olerance BEctor in the abee table, for an
embedded PC trace resistod for |y59 max= 14.5A:

\%

100mV
2.0A +14.5A

R — th,min
SENSE 2.0A + ILoad, max

x(1-TF) =

x (1-29%) = 4.3mQ

For a discrete resistor and f@§aly max= 14.5A

\Y

_ th,min _ -
RSENSE S 20A+ ILoad, max>< (1-1h)
100mV on —
3.0A + 1454 * (175%) = 5.8mQ

For user comenienceTable 8 lists the recommendealves

for sense resistors foakious load currents using embedded

PC trace resistors and discrete resistors.

Table 8. Rgense for Various Load Current s

Rsense Rsense
I oad,max PC Trace Discrete
(A) Resistor (m Q) Resistor (m Q)
10.0 5.9 7.9
11.2 54 7.2
12.4 4.9 6.6
13.9 4.5 6.0
14.0 4.4 5.9
145 4.3 5.8

Discrete Sense Resistor
Discrete IrorAlloy resistors come inariety of tolerances

and pover ratings, and are most ideal for precision imple-
mentation. MNCWlloy wire resistors or CuNAlloy wire

resistors are ideal fordocost implementations.

11
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Embed ded Sense Resistor (PC Trace Resistor)

Embedded PC trace resistorsd¢he adantage of near zero

cost implementation. Heever, the \alue of the PC trace
resistor has lge \ariations. Embedded resistors/as

major error sources: the sheet registiof the inner layer
the mismatch due to L/Vénd the temperaturenation of

the resistarAll three error sources must be considered for

laying out embedded sense resistors.

» Sheet esistiity.
For 1 ounce coppethe thicknessariation is typically
1.15 mil to 1.35 milTherefore error due to sheet resisti
ity is (1.35 - 1.15)/1.25 = 16%

* Mismatch due to L/W.
Percent error in L/W is dictated by geometry and the
power dissipation capability of the sense resistbe

where:

p = Resistvity(uQ-mil),
L = Length(mils), L

W = Width(mils), and W' 7

t = Thickness(mils).

For 1oz coppert = 1.35 milsp = 717.86uQ-mil,
1L/1W =1 Square Q).

For example, you can layout a 5.30rembedded sense
resistor using the equations a&bo

_ 10 _
W = 0—05 = 0—05 = 200mils

_ RxWxt _ 0.00530x 200x 1.35 _ .
L = 5 = =17 86 = 2000mils
L/W =100

sense resistor must be able to handle the load current and
therefore requires a minimum width which is calculated asTherefore, to model 5.30membedded sense resistgou

follows.

0.05

_ IL
where:W = minimum width required for proper wer
dissipation (mils) and I= Load Current ilkmps.

For 15A of load current, minimum width required is
300mils, which reficts a 1% L/W error

» Thermal Consideration.
Due to PR pawer losses the siate temperature of the
resistor will increase leading to a highafue. In addition,
ambient temperature
variation will add the change in resistalwe:

R = Ryg[1+ 0yg(T —20)]

where:Ryq is the resistance at 2D, a,g= 0.00393/C, T
is the operating temperature, dRds the desiredalue.

For temperatur@ = 50°C, the %R change = 12%.

Table 9 is the summary of the tolerance for the Embedded

PCTrace Resistor

Table 9. Summary PC Trace Resistor Tolerance

Tolerance due to Sheet Resistivity variation | 16%
Tolerance due to L/W error 1%
Tolerance due to temperature variation 12%
Total Tolerance for PC Trace Resistor 29%

Design Rules f or Using an Embed ded Resistor
The basic equation for laying an embedded resistor is:

L

R = prXt

needwW = 200 mils and L = 2000 mils. Refer to Figure 9.

10 10 10 10 10 10 10 10 10 10

W = 200 mils

L = 2000

Figure 9. 5.30m Q Sense Resistor (10 O)

You can also implement the sense resistor in thexfwitp
manner Each corner square is counted as 0.6 square since
current fowing through the corner square does rmt fl
uniformly and it is concentratedwards the inside edge, as
shawn in Figure 10.

10 10 10 10 17 10

.600 .600
10 10
.80

Figure 10. 5.30m Q Sense Resistor (10 0)

A Design Example Combining an Embed ded Resistor

and a Discrete Resistor

For low cost implementation, the embedded PC trace resistor
is most desirable. Heever, its wide tolerance (29%) pre-
sents a challenge. In addition, requirements for the CPU
change frequenthyand, thus, the maximum load current may
be subject to change. Combining embedded resistors with
discrete resistors may be a desirable option. Figure 1issho

a design that prades fexibility with a solution to address
wide tolerances.

In this design, you he the option to choose an embedded
or a discrete MnCu sense resisiiar use the discrete sense
resistor populate R21 with a shorting bar (zero Ohm resis-
tor) for proper Klvin connection and add the MnCu sense
resistor To use the embedded sense resistoithe other
hand, populate R22 with a shorting bar f@\Kn connec-
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Embedded Sense Resistor

IFBH ——— O

MnCu Discrete
Resistor

IFBL

Sl

O

OO0 |0

Al

H Output Power

O O O Plane (Vout)
R-Ar
R

R+Ar

Figure 11. Short Circuit Sense Resistor Design Using a PC Trace Resistor and an Optional Discrete Sense Resistor

tion. The embedded sense resistonafiche user to choose a
plus or a minus delta resistance tap fseifaly large sheet
resistvity change. In this design, the center tap yield6m
the left tap yields 6.76, and the right tap yields 5.3

RC5050 and RC5051 Shor t Cir cuit Current
Characteristics

Power Dissipation Consideration During a
Short Circuit Condition

The RC5050 and RC5051 controllers respond to an output
short circuit by drastically changing the dugicle of the

gate drive signal to the pper MOSFET In doing this, the
power MOSFET is protected from stress and framneual
failure. Figure 13A shes the gite drve signal of a typical

The RC5050 and RC5051 short circuit current characteristi®C5050 operating in continuous mode with a load current of

includes a Wisteresis function that prents the DC-DC con-
verter from oscillating in thevent of a short circuit. Figure
12 shavs the typical characteristic of the DC-DC verter
circuit with a 6nf) sense resistofhe cowerter ehibits a
normal load rgulation characteristic until theltage across
the resistorxceeds the internal short circuit threshold of
120mV At this point, the internal comparator trips and
signals the controller to turnfahe cate drive to the paer
MOSFET This causes a drastic reduction in outmltage
as the load gulation collapses into the short circuit control
mode.The output vltage does not return to its nominal
value the output current is reduced taadue within the safe
range for the DC-DC caerter

3.5

3.0

2.5

2.0

15
1.0

Output Voltage

0.5
0

0 10 15

Output Current

20 25

Figure 12. RC5050 Short Circuit Characteristic

10A. The duty gcle is set by the ratio of the inputltage to
the output vltage. If the input eltage is 5Yand the output
voltage is 3.1VYthe ratio oMout/Vin is 62%. Figure 13B
shaws the result of a RC5050 going into its short circuit
mode with a dutyycle approximately of 20%. Calculating
the paver in the MOSFET at each condition on the graph
(Figure 12) shars hav the protection wrks.The paver dis-
sipated in the MOSFET at normal operation for a load cur

rent of 14.5A, is gien by:
[14.57
d

03 x.037x.62= 1.2W

Py = I”xRgy x DutyCycle =
for each MOSFET

The paver dissipated in the MOSFET at short circuit
condition for a peak short current of 20A, isegi by:

Py = B%ng 037x.2= 0.74W
for each MOSFET

These calculations shathat the MOSFET is not being
over-stressed during a short circuit condition.

13
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PD, Diode — IF, ave X Vi X (1-DutyCycle) =
Tek Ruis: 23.61‘-.31? Saifipie ; 14)( O45>( 08:—_ SW
: 47228V fch! coupiing
i " e Thus, for the Schotkdiode, the thermal dissipation during
M T E P TR f‘“ﬁ”{ 1 igﬂ-_-_— a short circuit is greatly magrefil. This requires that the
e i AU | — thermal dissipation of the diode be properly managed by an
f : : ‘| JACNy appropriate heat sino protect the Schotykfrom being
‘; } S — destrged in the gent of a short circuit, you should limit the
| i GNDA junction temperature to less than 180You can find the
. E il . required thermal resistance using the equation for maximum
s T r—p—& i e T R junction temperature:
} ! . s
‘lr‘gm eev UM 206ys Chi :f e Q P. = Tima)~Ta
[ T , 50 D Rosa
W‘V‘ Hl“”'"e scalel Position | Offsot | Seskow "_‘.“xij“rgbc{
| —C LI L o5 |mididliced| Assuming that the ambient temperature 50
Figure 13A. V Output Waveform for Normal T -T
gOperation ggggitionp\)/vith V out = 3.3V@10A Ros = J(maF),(; A= 1305 0= 150w

Thus, you need to pvade a heat sink thatggs the Schotik

Jch7 Coupiing) diode a thermal resistance of’@8W or lover to protect the
{ . iy % device during an indefiite short.
i’ ,I ' j i ———— In summarywith proper heat sink, the Schattitiode is not
f | 1 AC Ay over-stressed during a short circuit condition.
| |
E j Lo
| ! | i ' GNDA Schottky Diode Selection
[ | |
e NI T The application circuit diagram of Figure 3 aisoa Schottik
%’ ' - | . EE diode, DS1. In non-synchronous mode, DS1 is used gs a fl
L_ N o o back diode to pnide a constant current path for the inductor
l ooy Mzoows chis o ov 2 when M1 is turned 6f Table 10 shws the characteristics of

several Schottly diodes. Note that MBR2015CTL hasexry
low forward wltage dropThis diode is ideal for applications
where the outputaltage is required to be less than 2.8V

ca! probe |

nd. e .~|rme >ca|e ros ltlor‘
initialized |
i

O,Fcc{ g Deskawy
Fuu 'dl\. av

153

Figure 13B. V ccop Output Waveform for

Output Shortedto G d . .
viput Shorted o ot Table 10. Schottky Diode Selection Table

Pawer dissipation on the Schoytkliode during a short cir Manufacturer Forwar d Voltage
cuit condition must also be considered. During normal-oper|  Model # Conditions Ve
ation, the _Schot§kdiode diss_ipz_ites peer whiIe_the pwer Philins = 20A T = 25°C < 0.84v
MOSFET is of. Thg paver dI.SSIpa'[ed in the diode during PBYFF){1035 IE = 20 T~J: 125°C <0.72v
normal operation, is géen by: ]

Motorola lr = 20A; T;= 25°C < 0.84v
Po, biode = I X Vi (1-DutyCycle) = MBR2035CT |l = 20A; T,= 125°C <0.72v

Motorola le = 15A;T;= 25°C < 0.84v
14.5x 0.5V x(1-0.62) = 2.75W MBR1545CT |I-=15A;T,=125°C|  <0.72v
During a short circuit, the dutycle dramatically reduces to | Motorola lg = 20A; Tj= 25°C <0.58v
around 20%The forward current in the short circuit condi- | MBR2015CTL |l = 20A; T;= 150°C < 0.48v

tion decays xponentially through the inductorhe paver
dissipated in the diode during short circuit condition, is
approximately gien by:

Output Filter Capacitor s

Output ripple performance and transient response are func-

tions of the fiier capacitors. Since the 5V supply of a PC

1 1.5us .
_ “L/R_ s motherboard may be located/seal inches &ay from the
Ik ending = lsc @€ = 20Axe "H= 7.0 . : .
' DC-DC corverter the input capacitance may play an impor
Ie. ave= (20A +7.90)/2= 14A tant role in the load transient response of the RC5050 and

RC5051.The higher input capacitance, the more ghastor
age is mailable for impr@ing current transfer through the

14
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FET. Low Equivalent Series Resistance (ESR) capacitors aréor Io= 12.2A (0-13A load step) ank/ = 100mV the ulk
best suited for this type of application. Incorrect selection capacitance required can be approximated asafsilo
can hinder the coerter's eerall performancelhe input | xAT 129A %2
capacitor should be placed as close to the drain of the FET aS(pF) =——2 = LN X PS5 = 287QF

. L AV —15xESR 100mV —12.2A x 7.5mQ
possible to reduce thefeft of ringing caused by long trace

lengths. Because the control loop response of the controller is not
instantaneous, the initial load transient must be supplied

The ESR rating of a capacitor is afidifilt number to entirely by the output capacitof&he initial wltage deiation

quantify ESR is defied as the resonant impedance of the  is getermined by the total ESR of the capacitors used and the

capacitor Since the capacitor is actually a compleped- parasitic resistance of the output traces.adetailed analysis

itis natural for this déce to hae a resonant frequen@s a  gystem, please refer Application Bulletin 5.

rule, the lover the ESR, the better suited the capacitor is for
use in switching pwer supply applications. Mgrcapacitor Input Filter
manufcturers do not supply ESR datauseful estimate of
the ESR can be obtained using the felfgy equation:

The DC-DC cowerter should include an input inductor
between the system +5V supply and theveoter input as
Esr = PF described bels. This inductor sems to isolate the +5V

2 C supply from the noise in the switching portion of the
DC-DC corverter and to limit the inrush current into the
input capacitors during peer up.A value of 2.pH is rec-
ommended, as illustrated in Figure 14,

where DF is the dissipatioadtor of the capacitpf is the
operating frequeng and C is the capacitance ardds.

With this in mind, correct calculation of the output capaci-

tance is crucial to the performance of the DC-DCredier 5(;/ 2.5uH Vci)n

The output capacitor determines thvemll loop stability

output wltage ripple, and load transient respoffsee calcu- oAuF = 4 L L 1000uF 10v

lation is as follavs: AHE T T T Electrolytic
__ loxAT o o

COF) = AV —15xESR _l_ 65-AP42-17

whereAV is the maximum eltage deiation due to load Figure 14. Input Filter

transientsAT is the reaction time of the per source (loop ) .

response time for the RC5050 and RC505ppsoximately  Bill of Material

2us), and 4 is the output load current. Table 11 is the Bill of Material for th&pplication Circuits
of Figure 3 and Figure 4.

Table 11. Bill of Materials f or a 13A P entium Pr o Klamath Application

Quantity | Reference Manufacturer P art Description Requirements and
Order # Comments
7 C4, C5, C7, | Panasonic 0.1pF 50V capacitor
C8, C9, C10, | ECU-V1H104ZFX
C11
1 C6 Panasonic 4.7uF 16V capacitor
ECSH1CY475R
1 Cext Panasonic 120pF capacitor
ECU-V1H121JCG
1 C12 Panasonic 1pF 16V capacitor
ECSH1CY105R
3 C1,C2,C3 United Chemi-con 1000uF 6.3V electrolytic ESR <0.047 Q
LXF16VB102M capacitor 10mm x 20mm
4 C13, C14, Sanyo 1500uF 6.3V electrolytic ESR <0.047 Q
C15, C16 6MV1500GX capacitor 10mm x 20mm
1 DS1 Motorola Shottky diode, 15A Vf<0.52V @ ;= 10A
(note 1) MBR2015CT
1 D1 Motorola 1N4691 6.2V Zener Diode

15
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Table 11. Bill of Materials f or a 13A P entium Pr o Klamath Application (continued)

Quantity | Reference Manufacturer P art Description Requirements and
Order # Comments
1 L1 Pulse Engineering 1.3uH inductor
PE-53680
1 L2* Pulse Engineering 2.5pH inductor *Optional—helps
PE-53681 reduce ripple on 5v line
2-4 M1-M4 International Rectifier N-Channel Logic Level Rps,on < 18mQ
(note 2) IRF7413 Enhancement Mode MOSFET Vgs = 4.5V, Ip = 5A
1 Rsense Coppel 6 mQ, 1W
CuNi Wire resistor
1 R5 Panasonic 47Q 5% resistors
ERJ-6GEY050Y
1 R6 Panasonic 10KQ 5% resistor
ERJ-6ENF10.0KY
Ul Raytheon Programmable DC-DC
RC5050M or RC5051M converter

Refer to Appendix A for Directory of component suppliers.

Notes:

1. When used in synchronous mode, a 1A schottky diode such as the 1N5817 should be substituted for the MBR2015CT.
2. Atarget Rpg oy value of 10mQ should be used for each output driver switch. Refer to Table 3 for alternative MOSFETS.

PCB Layout Guidelines and trace and the lge gte capacitance of the FEThis noise
Considerations radiates all throughout the board, and, because it is

switching at such a higtoltage and frequemgit is very
PCB Layout Guidelines difficult to suppress.

* Placement of the MOSFETS relatito the RC5050 is
critical. Place the MOSFETs (M1 & M2) so that the trace
length of the HIDR pin from the RC5050 to the FET
gates is minimizedA long lead length on this pinauld
cause high amounts of ringing due to the inductance of the

ey

Figure 15 shas an @ample of good placement for the
MOSFETSs in relation to the RC5050. In addition, thgs fi
ure shavs an @ample of problematic placement for the
MOSFETSs.

M2 Good layout Bad layout
[J]11 RC5050 10 [ [J]11 RC5050 10 [
12 9 —tt 9
— Y - — s
14 73 I— Y 7
15 61 [ — 1} 61
18 [ . gy () —
a7 ) - 17 ¢y
s 3 [ 18 3]
[I— 21 19 | _»2 1
— P gy oo [N —
7 Ry
- . . M1
1 ="Quiet" Pins ifj
M2 |

Figure 15. Placement of the MOSFETs
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In general, all of the noisy switching lines should bptk ¢ Place the outputudk capacitors as close to the CPU as

away from the quiet analog section of the RC505at is, possible to optimize their ability to supply instantaneous
traces that connect to pins 12 and 13 (HNDivd current to the load in thevent of a current transient.
VCCQP) should bedpt far avay from the traces that con-  Additional space between the output capacitors and the
nect to pins 1 through 5, and pin 16. CPU allavs the parasitic resistance of the board traces to
degrade the DC-DC caerter’s performance undenssre

» Place the 0{F decoupling capacitors as close to the load transient conditions, causing higheltage
RC5050 pins as possible. Extra lead lengthates their deviation. For more detailed informationgarding
ability to suppress noise. capacitor placement, referApplication BulletinAB-5.

» EachvCC and GND pin should ka its avn via to the » The traces that run from the RC5050 IFB (pin 4)4RB
appropriate plandhis helps to praide isolation between (pin 5) pins should be run xieto each other andetvin
pins. connected to the sense resisRunning these lines
together preents some of the common mode noise that is
» Surround the CEXT timing capacitor with a ground trace. presented to the RC5050 feedback inpuy, as much as

Be sure to place a ground ovper plane under the possible, to run the noisy switching signals (H\D&
capacitor for further noise isolation to pide additional VCCQP) on one layebut use the inner layers foryer
shielding to the oscillator pin 1 from the noise on the and ground onlyif the top layer is being used to route all
PCB. In addition, place this capacitor as close to the of the noisy switching signals, use the bottom layer to
RC5050 pin 1 as possible. route the analog sensing signdiB and IFB.

* Place the MOSFETSs, inductor and Schytik close Example of a PC Motherboar d Layout and

together as possible for the same reasons orrshéuiet Gerber File .

abq/e. Place the inputk Capacnors as _c_lose to the This section shws a reference design for motherboard

drains of MOSF.ETS as pqs&b!e. In addition, placement oTmplementation of the RC5050 along with the Layout Gerber

a 0.4 decoupling capacitor right on the d_ram of each File and Silk ScreerThe actual PCAD Gerber File can be

MQSF.ET he!ps to SUppress some of the high frequenc obtained from Raytheon Electronics local Salefsc®for

switching noise on the input of the DC-DC verter from the Semiconductor Bision Marketing department at
415-966-78109.

® ® ® ®
H
5t H ® ®
L3
s ® ®
@
s » ®
s o A )
® * .
®
®
BOTTOM
Raytheon Electronics L J
M3 RCMB.2C [ 3150
D301 + + X +
= 2 s ¥ 8 § - -
L1 + g g
4 + + .
£10 | - €1 . o °:° & ¥ 8
1 c14 C17 vt xx x% + 8 oa
H N - C13 + Xx X X XX
= - = (T < X X X X @
Zcia ) x X %
Raut RE R1 + B B N X x
X
TOP SILK R3. x
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Guidelines f or Debugging and
Performance Ev aluations

Debugging Your Fir st Design Implementation

1.

6.

Note the setting of thélD pins to knav what \oltage is
to be epected.

Do not connect gnload to the circuitWhile monitoring
the output vltage, apply peer to the part with current
limiting at the paver supplyThis ensures that no cata-
strophic shorts are present.

If proper wltage is not achied go to "Procedures "
below.

When you hee proper wvltage, increase the current lim-
iting of the paver supply to 16A.

Apply load at 1A incrementéin active load (HP6060B
or equvalent) is suggested.

In case of poor gulation refer to "Procedures” belo

Procedures

1.

If there is no wltage at the output and the circuit is not
drawing current look for openings in the connections,
check the circuitry @rsus schematic, and check the
power supply pins at the dige to male sure that eit-
age(s) are applied.

If there is no wltage at the output and the circuit is
drawing excessie current (>100mA) with no load,
check for possible shorts. Determine the path of the
excessve current and which #ise is draving it—this
current may be dven by peripheral components.

If the output wltage comes close to thepected alue,
check theV/ID inputs at the déce pins.The part is &c-
tory set to correspond to théD inputs.

Premature shut @ can be caused by an inappropriate
value of the sense resist&ee the “Sense Resistor” sec-
tion.

Poor load rgulation can be due to manauses. Check
the wltages and signals at the critical pins.

TheVREF pin should be at theltage set by theID
pins. If the paver supply pins and théD pins are
correct the/REF should hee the correctoltage.

Next check the oscillator pitvou should see awaooth
wave at the frequerycset by the xernal capacitor

When thevVREF and CEXT pins are chestt and
correct and the outpubltage is incorrect, look at the
waveform atvCCQR This pin should be swinging from
ground to +12V (in the +12V application), and from
slightly belav +5V to about +10V (chge pump appli-
cation). If theVCCQP pin is noisywith ripples/aer
shoots riding on it this may mealkhe cowmerter not to
function correctly

9.

10.

Next, look at HIDR/ pin. This pin directly dwes the
gate of the FETIt should preide a @te drve (Vgs) of
about 5V when turning the FET ok .careful study of
the layout is recommended. Refer to the “PCB Layout
Guidelines” section.

Past experience shws that the most frequent errors are
incorrect components, improper connections, and poor
layout.

Performance Ev aluation

This section shws a samplevaluation results as a reference
guide for @aluating a DC-DC Corerter using the RC5050

on

a Pentium Pro motherboard.

Load Regulation

VID lioad (A) Vour (V)
10100 0.5 3.0904
1.0 3.0825

2.0 3.0786

3.0 3.0730

4.0 3.0695

5.0 3.0693

6.0 3.0695

7.0 3.0695

8.0 3.0694

9.0 3.0694

9.9 3.0691

Load Regulation 0.5A — 9.9A 0.70%
VID loaa (A) Vo (V)
10010 0.5 3.2805
1.0 3.2741

2.0 3.2701

3.0 3.2642

4.0 3.2595

5.0 3.2597

6.0 3.2606

7.0 3.2611

8.0 3.2613

9.0 3.2611

10.0 3.2607

11.0 3.2599

12.0 3.2596

12.4 3.2596

Load Regulation 0.5A — 12.4A 0.64%
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Output Voltage Load Transients Due to Load Current Step
VID IIoad (A) Vout (V) . . .
11010 05 2505 This test is performed using Intel P6.0/P6S/N6ilfage
. . TransienfTester
1.0 2.504
2.0 2.501 Low to High |0.5A-9.9A -76.0mV Refer to
3.0 2 496 Current Step Attachment
A for Scope
4.0 2.493 Picture
5.0 2.493 High to Low [9.9A-0.5A [+70mV Refer to
6.0 2.492 Current Step Attachment
B for Scope
7.0 2.492 Picture
8.0 2.491 Low to High |0.5A-12.4A |-97.6mV  |Refer to
9.0 2.490 Current Step Attachment
10.0 2.989 C for Scope
Picture
11.0 2.488 Highto Low |12.4A-0.5A |+80.0mV Refer to
12.0 2.486 Current Step Attachment
13.0 2.485 D for Scope
Picture
159 2454 L High |0.5A-13.9A |-99.2mV RI fu
. ow to Hig .S5A-13. -99.2m efer to
Load Regulation 0.5A — 13.9A 0.84% Current Step Attachment
Note: E for Scope
Load regulation is expected to be typically around 0.8%. The Picture
load regulation performance for this device under evaluation High to Low |13.9A-0.5A |+105.2mV |Refer to
is excellent. Current Step Attachment
F for Scope
Picture

Note:

Transient voltage is recommended to be less than 4% of the
output voltage. The performance of the device under evalua-
tion is significantly better than a typical VRM.
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Input Ripple and P ower on Input Rush Current

Pawer on Input Rush Currentas not measured on the moth-
erboard because we did noamt to cut the 5V trace and
insert a current probe in series with the supglyvever,

with the input fiter design, the Input Rush Current is well
within specifcation.

load = 9-9A | Input Ripple Refer to Attach-
Voltage = 15mV | ment G for Scope
Picture
Note:

Excellent input ripple voltage. Input ripple voltage is recom-
mended to be less than 5% of the output voltage.

Component Case Temperature

Case Temperature Case Temperature | Case Temperature
loag = 9-9A loag = 12.4A loag = 13.9A

Device Description (°C) (°C) (°C)

Q3A MOSFET 57 63 66.3
K1388

Q3B MOSFET 58 64 66.6
K1388

L1 Inductor, 53 56 61.2
Unknown

Q2 Schottky Diode 66 70 87
2048CT

IC Raytheon’s RC5050 52 54 58

Cin Input Cap. 1000pF 38.2 36.8 39

Cout Output Cap. 35 34.8 38.2
1500pF

Note:

The values for case temperatures are within guidelines. That is, case temperatures for all components should be below
105°C @25°C Ambient.

Evaluation Summar y

The on-board DC-DC camerter is fully functional. It has
excellent load rgulation, transient response, and inpait-v

age ripple.

Tek Running: S00kS/s
4
15

Hi Res
T

A 76.0mV

TGN 20, 0mViE,

M T00Ms Chi J —35.2mv

Attachment A

Tek Running: 500kS/s
I

Hi Res
-+

13

@: -74.0mvV

A 70.0mv
@: 50.4mv

oK 20.0mve

M 100us Ch1 ./ 43.2mV

Attachment B
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Tek Running: 500ks/s Hi Res ; Tek Running: 500kS/s Hi Res
T. E T |
13 v 3 I3 ¥ 3
A 97.6mV Al 99.2mV
J@: ~94.8mv @: =97.6mv
Jy ‘,,“ "I, y,‘ 'V"‘ ‘q‘y ————————————
m‘n“‘“ o " Yy — — e e — — — -
e teitf
ity ottt A : 7
AT 20 0mveE W ToOps CRi 7 =356mv TORN 20.0mvVeR W 100ps ChiJ —35.6mv
Attachment C Attachment E
Tek Running: 500ks/s Hi Res Tek Running: S00kS/s Hi Res
4 T- q L T. 3
3 ¥ i |3 v El
A: 80.0mV A:105.2mV
J@: 61.2mv @: 80.4mv
¢ ¥
5 “J.M\Ll‘nln TR \ . N ‘fluln‘ T ot o ,uww
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AT el — — — e " st
E———_ ey
TR 20.0mvE M 100ms Chi 7 36.8mv TEEE 20.0mva e M T00ps Chi J 38.8mvV
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Summary RC5050 Evaluation Boar d

This application note a@rs mayg aspects of the RC5050 Raytheon Electronics pviles an ealuation board toerify-
and RC5051 for implementation of a DC-DC weerter a on  ing system leel performance of the RC5050he ealuation
Pentium Pro motherboard detailed discussion includes  board sergs as a guide to performancgectations when

the processor peer requirements, a description of the using the suppliedxernal components and PCB layout.
RC5050 and RC5051, design considerations and compo-

nents selection, layout guidelines and considerations, guidezall Raytheon Electronics local Saledité# or the Mar&t-

lines for deligging, and performanceauations. ing department at 415-966-7819 for aaleation board.
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Appendix A

Director y of Component Supplier s

Dale Electronics, Inc.

E. Hwy. 50, PO Box 180
Yankton, SD 57078-0180
PH: (605) 665-9301

Fuji Electric

Collmer Semiconductor Inc.
14368 Proton Rd.
Dallas,Texas 75244

PH: (214)233-1589

General Instrument

Power Semiconductor Dision
10 Melville Park Road
Melville, NY 11747

PH: (516) 847-3000

Hoskins Manudicturing Co.
(Copel Resistowire)
10776 Hall Road
Hamlurg, MI 48139-0218
PH: (313) 231-1900

Intel Corp.

5200 NE ElanYoung Pkwy
Hillsboro, OR. 97123

PH: (800) 843-448Tech. Support
for PowerValidator

International Rectiér
233 Kansas St.

El Sggundo, CA 90245
PH: (310) 322-3331

IRC Inc.

PO Box 1860
Boone, NC 28607
PH: (704) 264-8861

Motorola Semiconductors
PO Box 20912
PhoenixArizona 85036
PH:(602) 897-5056

National Semiconductor
2900 Semiconductor Dué
Santa Clara, CA 95052-8090
PH: (800) 272-9959

Nihon Inter Electronics Corp.
Quantum Markting Intl, Inc.
12900 Rolling Oaks Rd.
Caliente, CA 93518

PH: (805) 867-2555

Panasonic Industrial Co.
6550 KatellaAvenue
Cypress, CA 90630
PH: (714) 373-7366

Pulse Engineering
12220World Trade Drive
San Digjo, CA 92128
PH: (619) 674-8100

Saryo Enegy USA
2001 Sago Avenue
San Digo, CA 92173
PH: (619) 661-6620

Siliconix

Temic Semiconductors

2201 Laurelood Road
Santa Clara, CA 95056-1595
PH: (800) 554-5565

Sumida Electric USA

5999 Nev Wilke Road Suite #110
Rolling Meadavs, IL 60008

PH: (708) 956-0702

Xicon Capacitors

PO Box 170537
Arlington, Texas 76003
PH:(800) 628-0544
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The information contained in this data sheet has been carefully compilealigat shall not by implication or otherwise become part of the
terms and conditions of gsubsequent sale. Raythephiability shall be determined solely by its standard terms and conditions of sale.
No representation as to application or use or that the circuits are either licensed or free from patent infringemend isriimtestieel.
Raytheon resees the right to change the circuitry ang ather data at gntime without notice and assumes no liability for errors.

LIFE SUPPORT POLICY:

Raytheors products are not designed for use in life support applications, wheegimra 6r malfunction of the component can reasonably
be expected to result in personal injuiithe user of Raytheon components in life support applications assumes all risk of such use and
indemnifies Raytheon Compgraginst all damages

Raytheon Electronics
Semiconductor Division
350 Ellis Street

Mountain View, CA 94043
415.968.9211

FAX 415.966.7742
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