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RC5050

Programmable DC-DC Converter for Low Voltage

Microprocessors

Features

* Programmable output from 1.3V to 3.5V

» 85% efficiency typical

* 1% output accuracy

 Oscillator frequency adjustable from 80KHz to 1IMHz

» On-chip Power Good and Enable functions

» Over-\Voltage Protection

» Foldback current limiting

» Precision trimmed low TC voltage reference

» 20 pin SOIC package

« Meets Intel Pentiuffi Il specifications using minimum
number of external components

Applications

* Programmable power supply for Pentilm

» \oltage Regulator Module (VRM) for Pentium Il
processors

» Programmable step-down power supply

Block Diagram

Description

The RC5050 is a DC-DC controller IC which provides an
accurate, programmable output for all Pentium Il CPU appli-
cations. The RC5050 uses a 5-bit D/A converter to program
the output voltage from 1.3V to 3.5V. The RC5050 uses a
high level of integration to deliver load currents in excess of
15A from a 5V source with minimal external circuitry. Non-
synchronous operation allows a low cost solution for most
CPU power supply applications. The internal oscillator can
be programmed from 80KHz to 1MHz for additional flexi-
bility in choosing external components. An on-board preci-
sion low TC reference achieves tight tolerance voltage
regulation without expensive external components. The
RC5050 also offers integrated functions including Power
Good, Output Enable, over-voltage protection and current
limiting.
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RC5050 PRODUCT SPECIFICATION

Pin Assignments

CEXT —1 20 1 VIDO
ENABLE —2 19 —3 VID1
PWRGD —3 18 = VID2
IFB —4 17 = VID3
VFB —5 16 — VREF
VCCA —6 15 = GNDA
VCCD —7 14 F=— GNDD
VID4 —8 13 —3 VCCQP
NC —9 12 = HIDRV
GNDP 10 11— NC
65-5050-02
Pin Defi nitions
Pin Pin
Number Name Pin Function Description
1 CEXT | Oscillator Capacitor Connection . Connecting an external capacitor to this pin sets the

internal oscillator frequency. Layout of this pin is critical to system performance. See
Application Information for details.

2 ENABLE | Output Enable . Open collector/TTL input. Logic LOW will disable output. A 10KQ internal
pull-up resistor assures correct operation if pin is left unconnected.

3 PWRGD | Power Good Flag . Open collector output will be at logic HIGH under normal operation.
Logic LOW indicates output voltage is not within +12% of nominal.

4 IFB High Side Current Feedback . Pins 4 and 5 are used as the inputs for the current feedback
control loop and as the short circuit current sense points. Layout of these traces is critical
to system performance. See Application Information for details.

5 VFB Voltage Feedback . Pin 5 is used as the input for the voltage feedback control loop and as
the low side current feedback input. Layout of this trace is critical to system performance.
See Application Information for details.

6 VCCA | Analog Vcc . Connect to system 5V supply and decouple to ground with 0.1pF ceramic
capacitor.

7 VCCD | Digital Vcc . Connect to system 5V supply and decouple to ground with 4.7uF tantalum
capacitor.

8 VID4 | VID4 Input. A logic 1 on this open collector/TTL input will enable the VID3-VIDO inputs to

set the output from 2.1V to 3.5V, and a logic 0 on this pin will set the output from 1.3V to
2.05V, as shown in Table 1. Pullup resistors are internal to the controller.

9 11 NC No Internal Connection . Connection of these pins to system ground will improve the
thermal dissipation characteristics of the package.
10 GNDP | Power Ground . Return pin for high currents flowing in pins 12 and 13 (HIDRV and
VCCQP). Connect to low impedance ground.
12 HIDRV | FET Driver Output . Connect this pin to the gates of N-channel MOSFETs M1 and M2 in

Figure 1. The trace from this pin to the MOSFET gates should be < 0.5".

13 VCCQP | Power Vcc . This is the power supply for the FET driver. VCCQP must be connected to a
voltage of at least VCCA + VGs,0N (M1). See Application Information for details.

14 GNDD | Digital Ground . Return path for digital logic. This pin should be connected to system
ground to minimize ground loops.

15 GNDA | Analog Ground . Return path for low power analog circuitry. Connect to system ground to
minimize ground loops.

16 VREF | Reference Voltage Test Point . This pin provides access to the DAC output and should be
decoupled to ground using a 0.1uF capacitor. No load should be connected.

17-20 VID3- | Voltage Identification (VID) Code Inputs . These open collector/TTL compatible inputs will
VIDO | program the output voltage over the ranges specified in Table 1. Pullup resistors are
internal to the controller.
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Absolute Maxim um Ratings

Supply Voltages, Vcca, Vceb, Vecop 13V
Voltage Identification Code Inputs, VID4-VIDO 13V
Junction Temperature, TJ 150°C
Storage Temperature -65 to 150°C
Lead Soldering Temperature, 10 seconds 300°C
Operating Conditions
Parameter Conditions Min. Typ. Max. | Units
Supply Voltages, Vcca and Vccb 45 5 7 \%
Output Driver Supply, VccoQp 8.5 12 Vv
Input Logic HIGH 2.0 Vv
Input Logic LOW 0.8 \%
PWRGD Threshold Logic HIGH 93 107 | %Vo
Logic LOW 88 112 %Vo
Ambient Operating Temperature 0 70 °C

Electrical Characteristics

(Vcea, Veeb =5V, VouT = 2.8V, Fosc = 300 KHz, and Ta = +25°C using Figure 1, unless otherwise specified)
The « denotes specifications which apply over the full operating temperature range.

Parameter Conditions Min. Typ. Max. Units
Output Voltage See Table 1 1.3 3.5 \%
Output Current 13 A
Initial Voltage Setpoint ILoAD = 0.8A +20 mV
Output Temperature Drift Ta=0to 60°C +10 mV
Load Regulation ILoaD = 0.8A to 13A -25 mV
Line Regulation VIN = 4.75 to 5.25V +2 mV
Output Ripple 20MHz BW, ILoAD = 13A +11 mV
Output Voltage Regulation

Steady State! VouT = 2.8V, ILOAD = 0.8 — 15A 2.74 2.80 2.90 \%

Transient? ILoAD = 0.8 to 14.2A, 30A/us 2.67 2.80 2.93 V
Efficiency ILoAD = 13A, VourT = 2.8V 80 85 %
Output Driver Rise and Fall See Figure 2 50 ns
Time
Turn-on Response Time ILoAD =0 to 13A 10 ms
Oscillator Range 80 300 1000 KHz
Oscillator Frequency CExT = 100 pF 270 300 330 KHz
Max Duty Cycle PWM mode 90 95 %

Notes:
1. Steady State Voltage Regulation includes Initial Voltage Setpoint, DC load regulation, output ripple/noise and temperature

2.

drift.

These specifications assume a minimum of 20, 1uF ceramic capacitors are placed directly next to the CPU in order to provide

adequate high-speed decoupling. For motherboard applications, the PCB layout must exhibit no more than 0.5n0Q parasitic
resistance and 1nH parasitic inductance between the converter output and the CPU.
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Table 1. Output Voltage Programming Codes

VID4

VID3

VID2

VID1

VIDO

Vour to CPU

0

1

1

=

1.30vV

1.35v

1.40v

1.45Vv

1.50vV

1.55v

1.60V

1.65V

1.70v

1.75V

1.80V

1.85v

1.90v

1.95v

2.00v

2.05v

No CPU

2.1V

2.2V

2.3V

2.4V

2.5V

2.6V

2.7V

2.8V

2.9V

3.0v

3.1v

3.2V

3.3V

3.4V

RPlRr[kRr[R[RP|RP|RP|RP|RP|RP|R|[RP|RPR|RP|RP|r|o|o|o|o|o|o|o|o|o|o|o|o|o|o| o

O|O0|O0|O0|O0O|O0O|O0|O|(FR|(FP|IFP|IFPIFPIPIFPIFPOIOCIO(O|OCO|C|OC|OC|FRP|FP|IFP|FP|FP|FP|PFP

oO|loo|O0O|O0O|FR|FP|FP|FP|O|lOCO|OC|O|F|IFP|FP|PIO|OC|OC|O|FP|FP|[P|P|IOC|OC|OC|O|FRP|FP|PF

oO|Oo|rRr|FR|O|O|(FR|FRP|O|O|FRP|RP|O|O|R|[FRP|O|OC|FRP|RP|OC|O|RP|[FRP|O|OC|FRP|FRP|OC|O|F

oO(r|O|Rr|O|R|O|FRP|O|(FR|O|R|O|FRP|O|(FRP|O|RP|O|RP|O|[FRP|O|(FRP|O|RP|O|F,|O|FR]|O

3.5V

Note:

1. 0 = processor pin is tied to GND

1 = processor pin is open.
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Typical Operating Characteristics
(VCCA, VCCD =5V, fosc = 280 KHz, and Ta = +25°C using circuit in Figure 1, unless otherwise noted)

Efficiency (%)

Vour (V)

Vour (V)

Efficiency vs. Output Current

92.0
9.0 Vour = 3.3V
88.0 i
[
86.0 // v M: 2.8V
/
84.0
82.0 // Vour = 2.5V —
80.0 ///
78.0 /
76.0
74.0
1 3 5 7 9 11 13 145
Output Current (A)
Output Voltage vs. Output Current,
Rsense = 6mQ
3.5
3.0 >

2:5 /

2.0
* !
15 /
1.0 y,
05 —
0
0 5 10 15 20 25

Output Current (A)

Output Programming, VID4 =0

35

3.0

25

2.0

15

1.0
130 140 150 160 170 180 190 20

DAC Set Point

2.83
2.82
2.81
2.80
2.79
2.78
2.77
2.76
2.75
2.74

Vour (V)

2.73
1

1250

1050

850

650

450

Frequency (KHz)

250

50

Load Regulation, Vour=2.8V

Output Current (A)

3 5 7 9 11 13 14.5

Oscillator Frequency vs. Cext

\\

18 39 75 150 300

35

3.0

2.5

2.0

Vour (V)

15

Cexr (pf)

Output Programming, VID4 = 1

561

1.0
2122 23 24 25 26 27 28 29 30 31 32 33 34 35

DAC Set Point

65-5050-03




RC5050

PRODUCT SPECIFICATION

Typical Operating Characteristics

Vout (20mV/div)

500mV/div

20mV/div

Vour (1V/div)

Vyy (LV/div )

Output Ripple, 2.8V @ 13A

Time (2us/division)

Switching Waveforms, 0.5A Load

Time (2ps/division)

Output Startup, System Power-up

Time (10ms/division)

(continued)

-4 CEXT
pin

-« HDRV
pin

Vour (50mV/div)

500mV/div

20mV/div

Vour (1V/div)

ENABLE (1V/div)

Transient Response, 0.5A to 13A

Time (50us/division)

Switching Waveforms, 13A Load
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// /} ki | ,/’/
/ / J/ - CEXT
/ 7 | ¢ s pin
U v v
_..,._W W [V,M_ﬂ\ - —
o] L J l t -4 HIDRV
""" B pin
Time (2us/division)
Output Startup from Re-enable
4
Time (10ms/division)
65-5050-04
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Test Cir cuit
+12v
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Figure 1. 15A Application Circuit for Pentium 1l Processor

+12V
0.1uF - 47Q L
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Y4
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65-5050-11
Figure 2. Output Driver Test Circuit
Table 2. Recommended Bulk Capacitor s for CPU-based Applications
Output CouT Maximum
Application Current CIN Cout ESR
Intel Pentium Il Klamath 14.2 3 x 1000pF, 10V 5x1500uF, 6.3V Sanyo 9.0mQ
Motherboard United Chemi-con 6MV1500GX
LXF10VB102M
Motorola PowerPC 7A 2 x 1200uF, 10V 3 x 1000pF, 10V Sanyo 30mQ
603/604 Motherboard Sanyo 10MV1000CG
10MV1200EG
Intel Pentium Il 15A 3 x 1000pF, 10V 7 x1500uF, 6.3V Sanyo 7.0mQ

Motherboard (All versions
including next generation)

United Chemi-con
LXF10VvB102M

6MV1500GX
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Table 3. RC5050 Application Bill of Materials f

or Intel P entium Il Pr ocessor

Reference Manufacturer P art # Description Requirements/Comments
C4, C5, C7-C11 | Panasonic 0.1uF 50V capacitor
ECU-V1H104ZFX
Cext Panasonic 100pF capacitor
ECU-V1H121JCG
C12,C6 Panasonic 1uF 16V capacitor
ECSH1CY105R
Ci United Chemi-con 1000uF 10V electrolytic ESR < 62mQ
LXF16VB102M10X20LL | capacitor 10mm x 20mm See Note 1 and Table 2
Cour Sanyo 1500uF 6.3V electrolytic ESR <44mQ
6MV1500GX capacitor 10mm x 20mm See Note 1 and Table 2
DS1 Motorola MBR2015CT Schottky Diode Vi< 0.52 at If = 10A
D1 1N4735A 6.2V Zener Diode,
Motorola
L1 Skynet 1.3uH, 14A inductor See Note 2
320-8107 DCR ~ 2.5mQ
L2 Skynet 2.5pH, 11A inductor See Note 3
320-6110 DCR ~ 6mQ
M1, M2 International Rectifier N-Channel Logic Level RDS(ON) < 19mQ
IRL3103 Enhancement Mode MOSFET VGs <4.5V, Ip=15A
See Note 4
RSENSE Copel 5.5mQ CuNi Alloy Wire Resistor
AWG#18
R5 Panasonic 47Q 5% resistor
ERJ-6GEY050Y
R6 Panasonic 10KQ 5% resistor
ERJ-6ENF10.0KV
Notes:

1. In order to meet the voltage transient requirements for the Intel Pentium Il Motherboard application, the equivalent ESR of
the output capacitors must not exceed 7.5mQ. In order to satisfy the specified Output Voltage Regulation requirements for
VouT = 1.8V at 15A for next generation processors, the output capacitors must exhibit no more than 7.0mQ equivalent ESR

for a motherboard application. The use of the capacitors recommended in Table 1 will address this and other voltage

specifications without significant added cost, although it is left up to the user to specify the components used. Please refer to

Application Bulletin 5 for additional considerations required to meet the Intel Pentium |l voltage transient specifications.
2. To optimize a converter for 15A at 1.8V output, fsw = 300 kHz, change the value of L1 to 1.24uH.

3. Inductor L2 is recommended to isolate the 5V input supply from current surges caused by MOSFET switching. L2 is not
required for normal operation and may be omitted if desired.

4. For 15A designs using IR3103 MOSFETS, heat sinks with thermal resistance ©sa < 50°C/W should be used.

Application Inf ormation

Simple Step-Do wn Con verter

"

Vin —

L1

DI —~cC1 R, Vout

Ayl

65-5050-06

Figure 3. Simple Buck DC-DC Converter

Figure 3 illustrates a stepagda DC-DC cowrerter with no

feedback controlThe demvation of the basic step-dm con-
verter will sene as a basis for the design equations for the
RC5050. Referring to Figure 3, the basic operati@inssy
closing the switch SWhen S1 is closed, the inputltage
VIN is impressed across inductor The current fiwing in

this inductor is gien by the follving equation:

— (VIN _VOUT)TON

L L1

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




PRODUCT SPECIFICATION

RC5050

When S1 opens, the diode D1 will conduct the inductor cur
rent and the output current will be delfed to the load
according to the equation:

= Your(Ts—Ton)

L L1

whereTs is the werall switching period anfTs—ToON) is
the time during which S1 is open.

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

Tong

Vour = V|N[]'-|-' 'S'D
In order to obtain a more accurate approximatio’VfouT,
we must also include the foand \oltageVp across diode
D1 and the switching los¥sw. After taking into account
these &ctors, the ng relationship becomes:
T

- ON
Vour = (Vin +VD_VSW)_TS —Vp
whereVsw = MOSFET switching loss
IL * RDS,ON

The RC5050 Contr oller

The RC5050 is a programmable DC-DC controlleM®en
designed around the appropriaxteenal component3he
RC5050 can be comfiired to delier more than 14.5A of
output currentThe RC5050 utilizes both current-mode and
voltage-mode control to create an grigted step-den \volt-
age rgulator During heay loading conditions, the RC5050
functions as a PWM step @a regulator Under light loads,
the controller goes into Pulse FrequeModulation (PFM)
or pulse-skipping modd&he controller will sense the load
level and switch between thedwnodes automaticallyhus
optimizing its eficieng/ under all conditions.

Main Contr ol Loop

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

The digital control block is designed to ¢athe comparator
inputs along with the main clock signal from the oscillator
and preide the appropriate pulses to the HNDButput pin
that controls thexaernal paver MOSFET(s)The digital
section vas designed utilizing high speed Schyttlansistor
logic, thus allaving the RC5050 to operate at clock speeds
as high as 1MHz.

High Current Output Driver s

The RC5050 contains a high current outputetrivhich uti-
lizes high speed bipolar transistors arranged in a push-pull
configuration.This driver is capable of defering 1A of cur
rent in less than 100n8he driver's paver and ground are
separated from theverall chip pever and ground for addi-
tional switching noise immunityrhe output dser paver
supply VCCQR is derved from an eternal 12V supply
through a 4@ series resistom he resulting vltage is suf-
cient to preide the gite-source altage to the x@ernal MOS-
FET required in order to achie a lav Rbs,0N

Internal Voltage Reference

The reference included in the RC5050 is a precision band-
gap \oltage referencé he internal resistors are precisely
trimmed to preide a near zero temperature daaént (TC).
Added to the reference output is the resulting output from an
integrated 5-bit AC. The DAC is provided in order to alle

the DC-DC cowmerter output to be directly programmable via
a 5-bit digital inputWhen theVID4 pin is in the HIGH
state,pin&/ID3-VIDO will scale the outputaltage from 2V

to 3.5V in 100mV increment$Vhen theVID4 pin is pulled
LOW, the output can be programmed from 1.3V to 2.05V in
50mV steps. 6r guaranteed stable operation under all-oper
ating conditions, a O(F decoupling capacitor should be
connected to théREF pin. No load should be imposed upon
this pin.

For this discussion, refer to the Block Diagram on page 1 ofpg\wer Good (PWRGD)

the data sheeflhe control loop of the grilator contains tow
main sections; the analog control block and the digital con-
trol block. The analog block consists of signal conditioning
amplifiers feeding into a set of comparators whichvigl®

the inputs to the digital blocKhe signal conditioning sec-
tion accepts inputs from the IFB (current feedback)\&id
(voltage feedback) pins and sets up tentrolling signal
paths.The wltage control path amplds the/FB signal and
presents the output to one of the summing areplifiputs.
The current control path tek the difierence between the
IFB andVFB pins and presents the resulting signal to
another input of the summing am@@ifiThese tw signals

The RC5050 Rwer Good function is designed in accordance
with the Pentium Il DC-DC carerter specifiations and pro-
vides a constantotage monitor on th€FB pin. The inter

nal circuitry compares théFB signal to th&/REF wltage

and outputs an aeg-low interrupt signal to the CPU should
the paver supply vltage eceed+10% of its nominal set-
point. The Paver Good fag prwvides no other control func-
tion to the RC5050.

Output Enab le (ENABLE)
Intel speciftations state that the DC-DC s@nter should

are then summed together with the slope compensation inp@ccept an open collector signal for controlling the output

from the oscillatarThis output is then presented to a com-
parator which pravides the main PWM control signal to the
digital control block.

voltage; a logic L@V on the EMBLE pin disables the out-
put wltage. When disabled, the PWRGD output is in the
low state.
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Upgrade Present
Intel speciftations state that the DC-DC s@nter should

accept an open collector signal (UP#), used to indicate the

presence of an upgrade processdre typical state is high
(standard processoryVhen in the lav or ground state
(OverDrive processor present), the outpoltage must be
disabled unless the cearter can supply the @vDrive pro-

Due to the trend of increasing load current etdosupply
voltages, an operating frequgmaf 300 KHz has been cho-
sen to optimize éitiengy while maintaining rcellent output
regulation and transient performance.

Design Considerations and
Component Selection

cessor's peer requirements. Because the RC5050 can sup-
ply the OwerDrive processor requirements, the UP# signal iSMOSFET Selection

not required.

Over-Voltage Protection

The RC5050 prades a constant monitor of the outpotty
age for protection ajnst ower wltage conditions. If the
voltage at th&FB pin exceeds 20% of the selected program
voltage, an wervoltage condition will be assumed and the
RC5050 will disable the output gd signal to the>dernal
MOSFET(s).

Short Circuit Pr otection

This application requires the use of N-channel, LogieLe
Enhancement Mode Fieldfgétt Transistors. Desired
characteristics are as folts:

» Low Static Drain-Source On-Resistance,
RDS,0N< 37 mQ2 (lower is better).

* Low gate drve wltage VGSs< 4.5V,

* Power package with o Thermal Resistance.

 Drain current rating of 20A minimum.

¢ Drain-Source gltage > 15V

A current sense methodology is implemented to disable thelh€ on-resistance (%,0N is the primary parameter for

output drve signal to the MOSFET(s) when aveecurrent
condition is detected.he \ltage drop created by the output
current fowing across a sense resistor is presented to an
internal comparato'When the wltage deeloped across

the sense resistokeeeds the 120 mV comparator threshold
voltage, the RC5050 will reduce the output dytgle to pro-
tect the pwer devices.

The DC-DC cowerter will return to normal operation after
the fault has been reraed, for either anver wltage or a
short circuit condition.

Oscillator

The RC5050 oscillator section is implemented usingealfi
current capacitor chging confguration An external capaci-
tor (CEXT) is used to preset the oscillator frequebetween
80KHz and 1MHzThis scheme alles maximum #xibility
in setting the switching frequepas well as in choosing
external components.

In general, a lwer operating frequegawill increase the
peak ripple currentdiving in the output inductor and thus
require the use of a lger inductor alue. Operation at Yeer
frequencies also increases the amount ofggn&tiorage that
must be preided by the blk output capacitors during load
transients due to the s¥er loop response of the controller

Additionally, the eficieng/ losses due to switching of the
MOSFETSs will increase as the operating freqyeac
increasedTherefore, dfcieng/ will be optimized at lwer
operating frequencies.

MOSFET selectionThe on-resistance determines thevpo
dissipation of the MOSFET and therefore siguaifitly
affects the dfcieng of the DC-DC Cowerter Table 4
presents a list of suitable MOSFETSs for this application.

Note:

1. RDS,0N values at Tj = 125°C for most devices were ex-
trapolated from the typical operating curves supplied by
the
manufacturers and are approximations only.

Two MOSFETSs in P arallel

At higher load currents, it is recommend that MOSFETSs
be used in parallel instead of a single MOSF&ignificant
adwantages are realized usinggtMOSFETS in parallel:

« Significant reduction of paver dissipation.
Maximum current of 15A with one MOSFET

PMOSFET= (12 Rps,0N(Duty Cycle) =
(15)%(0.050)(2.8+0.4)/(5+0.4-0.35) = 7W

With two MOSFETS in parallel:

PMOSFET= (12 Rps,0N(Duty Cycle) =
(15/27(0.037%)(2.8+0.4)/(5+0.4-0.35) = 1.3W/FET

* Note: RDS,0Nincreases with temperatufssume BS,0N= 25m
at 25C. Rps,oNcan easily increase to 50t high temperature
when using a single MOSFEWhen using tw MOSFETSs in
parallel, the temperaturefe€ts should not cause th@& onto rise
above the listed maximumalue of 37n.

* No added heat sink equired. With power dissipation
down to around one att and with MOSFETs mounted
flat on the motherboard, ngternal heat sink is required.

The junction-to-case thermal resistance for the MOSFET

package (D-220) is typically at 2/W and the
motherboard sees as anxellent heat sink.

10
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Table 4. MOSFET Selection Table
RDS,0N(MQ) Thermal
Manufacturer & Model # Conditions 1 Typ. Max. Package | Resistance
Fuji VGs=4V, Ip=17.5A | TJ =25°C 25 37 TO-220 ®IA=T5
2S5K1388 Ty =125°C 37 —
Siliconix VGs=4.5V, ID=5A | T3 =25°C 16.5 20 SO-8 ®Ja=50
S14410DY T} =125°C 28 34 (SMD)
National Semiconductor VGS=5V, ID=40A Ty =25°C 13 15 TO-220 ®JA=62.5
NDP706AL ®jc=1.5
NDP706AEL T3 =125°C 20 24
National Semiconductor VGs=4.5V, ID=10A | TJ=25°C 31 40 TO-220 PJA=62.5
NDP603AL T3 =125°C 42 54 ®jc=2.5
National Semiconductor VGSs=5V, ID=24A TJ=25°C 22 25 TO-220 PJA=62.5
NDP606AL TJ=125°C 33 40 ®jc=1.5
Motorola VGs=5V, Ip=37.5A | T =25°C 6 9 TO-263 dJa=62.5
MTB75N0O3HDL T3 =125°C 9.3 14 (D2 PAK) ®yc=1.0
Int. Rectifier VGSs=5V, ID=31A Ty =25°C — 28 TO-220 PJA=62.5
IRLZ44 T3 =125°C — 46 ®yc=1.0
Int. Rectifier VGs=4.5V, ID=28A | Tj=25°C — 19 TO-220 PJa=62.5
IRL3103S TJ=125°C 31 ®J3c=1.0
Note:
1. RDS,0ON values at Tj = 125°C for most devices were extrapolated from the typical operating curves supplied by the
manufacturers and are approximations only.
» Higher curr ent capability. With thermal management
under control, this on-board DC-DC circuit is able to
deliver load currents up to 15A with no performance or
reliability concerns.
MOSFET Gate Bias Tttt
Figure 4 illustrates w an eternal 12V supply is used to : 1 ML
bias the output dver supplyVCCQPR A 47Q resistor is | HE’_‘
used to limit the transient current into MECQP pinanda | -
1uF capacitor fter is used to fier theVCCQP supply This : L1 RS o>
method preides a suffcient gate-to-source biasoitage | Pé"owtfgl'\" Yo
(VGs) to the MOSFETand therefore reduces the KON : | B
and the resulting peer loss within the MOSFETFigure 5 I b DSt
illustrates hav the Rbs,oNdecreases dramatically s s :
increasesA 6.2V Zener (D1) is used to clamp theltage at  «_ _ _ _ ___ ______ A 65.5050.07

VCCQP to a maximum of 12V¥hus ensuring that the abso-
lute maximum wltage limit of the IC will not be>eeeded.

Figure 4. MOSFET Gate Bias Configuration
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RC5050 PRODUCT SPECIFICATION

Choosing the alue of the inductor is a tradédletween

01 % allowable ripple wltage and required transient respoie

0.091 “aFuji system designer can choosg aalue within the alleved
_ gzgs: ——Fuiji range in ord_er to maximize _either ripple or trgnsie_nt perfor
S 006l —&—706A mance.The fist order equation (close approximation) for
Z 0051 _x— 706AEL minimum inductance is:
g oo4r _ Vour=Vin) _Vout _ ESR

0.031 % Loin = ; X~ Xy

0.02} IN r

0.(())1 - where:

152 253 354 5 6 7 8 9 10 11 * VIN = Input Paver Supply
Gate-Source Voltage, V Gs (V) * Vour = Outputvoltage

» f=DC/DC cowerter switching frequerc

» ESR = Equialent series resistance of all output capacitors
in parallel

» V= Peak to peak output rippleltage ludget

Figure 5. R DS,0N vs. VGSs for Selected MOSFETs

Converter Effi ciency

Losses due to parasitic resistance in the switches, inductor
coil and sense resistor dominate at high load curreelsle  The frst order equation for maximum alled inductance is:
The major loss mechanisms undentyelaads, in usual Vv Vv DV
order of importance, are: = Vin~Vour)PmVis
p ' L 2Co x :
p2

min —

« MOSFET PR Losses where:
* Inductor Coil Losses
» Sense Resistor Losses

Co =The total output capacitance

« gate-chage losses * Ip = Peak to peak load transient current
« diode-conduction losses * Vib = The output vltage toleranceuulget allocated to
« transition losses load transient
« Input Capacitor losses * Dm = Maximum duty gcle for the DC/DC coverter
« losses due to the operating supply current of the IC. (usually 95%) o
Some magin should be maintained betweemih and Lmax
The following sections detail these dominant loss Adding magin by increasing axalmost avays adds
components. expense since all theaviables are predetermined by system
performanceeept for G, which must be increased to
Selecting the Inductor increase max Adding magin by decreasingrin can either

be done by purchasing capacitors witivéo ESR or by
increasing the DC/DC cwarter switching frequeycThe
RC5050 is capable of running at high switching frequencies
and preides signiftant cost sangs for the neer CPU
systems that typically run at high supply current.

The inductor is one of the most critical components to be
selected in the DC-DC cuwerter application..The critical
parameters are inductance (L), maximum DC current (lo)
and the DC coil resistance|jRThe inductor core material
is a crucial &ctor in determining the amount of current the
inductor will be able to withstandis with all engineering
designs, tradets exist between arious types of core materi- )
als. In general, Ferrites are popular due to theidost, lov ~ INtel currently requires all peer supply manufcturers to
EMI properties and high frequen¢>500KHz) characteris- prowde continuous protection aipst short circuit cqndl-
tics. Molypermally povder (MPP) materialsdibit good tions that may damage the CPId.address this requirement,

Implementing Shor t Cir cuit Pr otection

saturation characteristicsytcEMI and lav hysteresis Raytheon has implemented a current sense methodology to
losses: hovever, they tend to be xpensie and more &c- limit the pover delivered to the load in thevent of an wer
tively utilized at operating frequencies beld00KHz. current conditionThe \oltage drop created by the output

Another critical parameter is the DC winding resistance of current fowing across a sense resistor is presented to one
the inductor This value should typically be reduced as much términal of an internal comparator witisterisis. The other

as possible, as thewer loss in the DC resistance will comparator terminal has a threshotdtage, nominally
degrade the dicieng of the corerter by the relationship: 120mV Table 6 states the limits for the comparator threshold
PLOSs= 102 X RI. of the Switching Rgulator

12
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Table 6. RC5050 Short Cir cuit Comparator The calculation of this ripple current is as folko
Threshold Voltage
9 Upc=min) _ Vin=Vsw—Vour)  _ Vour*Vp) T
Short Cir cuit Comparator 2 L (Vin—Vsw+Vp)
Vihreshold (MV) H
- where:
Typical 120 I
— * Vin = input \ltage to coverter
Minimum 100 * Vsw= voltage across the MOSFET
Maximum 140 = ILOAD X RDS,ON

* VD = ForwardVoltage of the Schotikdiode
e T =the switching period of the cegrter = 1/%,
where § = switching frequenc

When designing thexéernal current sense circuitithe
designer must pay careful attention to the output limitations
during normal operation and duringauft condition. If the
short circuit protection threshold current is set tog khe For an input wltage of 5V an output gltage of 2.8Yan
DC-DC corverter may not be able to continuously deili inductor \alue of 1.8iH and a switching frequepof
the maximum CPU load current. If the thresholeelés too 285KHz (using &xT1 = 100pF), the inductor current can be
high, the output dvier may not be disabled at a safe limit and calculated as follos:
the resultin er dissipation within the MOSFET(s) ma
rise to dest?uz?e Ieyels.p o mey (lpk Lmin) - (B A5 0.057_2.8) X

2 1.3x 10

The design equation used to set the short circuit threshold (2.8+0.5) 1

limit is as follows: X =3A
(5.0-14.5x 0.037+ 0.5) 285x 103

V
_ Vin O o
Rsense = lsc’ where: Ig¢ = Output short circuit current Therefore, for a continuous load current of 14.5A, the peak

( _ current through the inductdpk, is found to be:
pk ™ 'min
[ S AL
Load, Ipk = mi
oac, max 2 e loin) gy 605 2 170

ISC2 Iinduc'(or = ILoad, max 2

ISC2 Iinductor =1

where pk and min are peak ripple curreand load,

max= maximum output load current For continuous operation at 14.5A, the short circuit detection
) threshold must be at least 17.5A.

The designer must also &into account the current

(Ipk—Imin), or the ripple currentdlving through the induc- g gt step is to determine thalue of the sense resistor

tor under normal operation. Figure 6 illustrates the i”d“Ctorlncluding tolerance, the sense resis@iue can be approxi-
current vaveform for the RC5050 DC-DC cuwerter at mated as follas: ’

maximum load.

Vi o V., .
th,min th,min
Ink R = MMy (1-TF) = —— M _x(1-TF)
* P SENSE ISC 3.0+ ILoad,max
| ('r;l{-lhi-n)-/é ------ ; whereTF =Tolerance Bctor for the sense resistor
\% X ; |LiAD, MAX There are seeral diferent types of sense resistorable 7
: : ; Y describes tolerance, size wer capability temperature
- Ty T T —> >t coeficient and cost ofarious sense resistors.
- T=1/f >
' S '

Figure 6. Typical DC-DC Converter Inductor
Current Waveform
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Table 7. Comparison of Sense Resistor s

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"x 0.2"x 0.001" | 0.45"x0.065"x | 0.25" x 0.125" x | 0.200" x 0.04" x | 0.200" x 0.04" x
(LxW xH) (1 oz Cu trace) 0.200" 0.025" 0.160" 0.100"
Power capability| >50A/in 1 watt (3W and | 1 watt 1 watt 1 watt
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
Based on th&olerance in the alve table:
e For an embedded PC trace resistond includes a foldback function withyhteresis that pvents the
lload,max= 14.5A: DC-DC corverter from oscillating in thevent of a short cir
Vi min cuit. A typical V-l characteristic of the DC-DC cwoerter
Rsense = : x(1-TF) = output using a sense resistatue of 6nf2 is presented in the
3.0A +1 X . o .
Load, max Typical Operating Characteristics section, pagé&fe con-
100mV \{erterlperforms with a typicab%age rgulation chgracteris-
30A+ 145A x(1-29%) = 4.1mQ tic until the wltage across the resistoweeds the internal

e For a discrete resistor anddd, max= 14.5A:
Vv

_ th,min _ —
RsensE = 30A+1,, ] maxx(l TF)
100mV o
30A+ 145  (1~5%) = 5.4mQ

For user comenienceTable 8 lists the recommendealves
for sense resistoalues at &rious load currents using an
embedded PC trace resistor or discrete resistor

Table 8. Rsense for Various Load Currents

RSENSE RSENSE
ILoad,max PC Trace Discrete
(A) Resistor (m Q) Resistor (m Q)
10.0 55 7.3
11.2 5.0 6.7
12.4 4.6 6.2
13.9 4.2 5.6
14.0 4.2 5.6
14.5 4.1 5.4

RC5050 Short Cir cuit Current Characteristics
The RC5050 has a short circuit current characteristic that

short circuit comparator threshold of 120mAt this point,

the internal comparator trips and sends a signal to the con-
troller to turn of the cate drve to the pover MOSFET

This causes a drastic reduction in the outpliage as the

load regulation collapses into the short circuit control

mode. The output vltage will not return to the normal load
characteristic until the output short circuit current is reduced
to within the safe range for the DC-DC werter

Schottky Diode Selection

The application circuit of Figure 1 shie a Schottk diode,
DS1. DS1 is used as glflack diode to pnide a constant
current path for the inductor when M1 is turnefl Afvital
selection criteria for DS1 is that leibits a \ery low for-

ward \oltage drop, as this parameter will directly impact the
regulator eficieng as the outputoiltage is reducedable 9
presents seral suitable Schotykdiodes for this application.
Note that the diode MBR2015CTL hasexry low forward
voltage drop.This diode is most ideal for applications where
output wltages belw 2.8V are required.

14
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Table 9. Schottky Diode Selection Table

Manufacturer Forwar d Voltage
Model # Conditions Ve
Philips Ir = 20A; T=25°C <0.84V
PBYR1035 Ilr = 20A; T=125°C <0.72Vv
Motorola Ir = 20A; T=25°C <0.84Vv
MBR2035CT |l = 20A,; T=125°C <0.72Vv
Motorola Ie = 15A; Tj=25°C <0.84V
MBR1545CT |l = 15A; T=125°C <0.72Vv
Motorola le = 20A; T=25°C <0.58V
MBR2015CTL |l = 20A; T=150°C <0.48V

Output Filter Capacitor s

Optimal ripple performance and transient response are fun

tions of the fiter capacitors used. Since the 5V supply of a
PC motherboard may be locatedesal inchesaay from

the DC-DC cowmertet input capacitance can play an impor
tant role in the load transient response of the RC50a6.
higher the input capacitance, the more ghatorage is
available for impraing the current transfer through the

FET(s). Lav “ESR” capacitors are best suited for this type of

application and incorrect selection canuefice the con-
verters overall performancelhe input capacitor should be

placed as close to the drain of the FET as possible to reduce

the efect of ringing caused by long trace lengths.

The ESR rating of a capacitor is afidifiit number to quan-
tify. ESR or Equialent Series Resistance, is defi as the
resonant impedance of the capacifince the capacitor is
actually a compbeimpedance déce having resistance,
inductance and capacitance, it is quite natural for thicee
to have a resonant frequends a rule, the lver the ESR,
the better suited the capacitor is for use in switchingepo
supply applications. Mancapacitor manuafcturers do not
supply ESR dat& useful estimate of the ESR can be
obtained using the folling equation:

_ DF
ESR = >1C
where:
« DF is the dissipatiorettor of the capacitor
e fis the operating frequenc
¢ Cis the capacitance iarads

With this in mind, correct calculation of the output capaci-
tance is crucial to the performance of the DC-DCreaier
The output capacitor determines themll loop stability
output wltage ripple and load transient resporfi$e calcu-
lation is as follavs:

oy - oXAT
(W) = AV i xEsR

C_

where:

¢ AV is the maximum eltage deiation due to load
transients

e AT is the reaction time of the wer source (Loop
response time of the RC5050), approximately 2

e lpis the output load current

For lo=12.2A (0.8 to 13A) andV = 100mV the lulk
capacitance required can be approximated asisilo

lox AT
CF) = — 0 - 12.2x 2y

AV —15*xESR ~ 100mV —12.2A x 7.5mQ

= 320QF

Input Filter

It is recommended that the design include an input inductor
between the system +5V supply and the DC-DGredar

input described bela This inductor will sere to isolate the
+5V supply from noise occurring in the switching portion of
the DC-DC cowerter and also to limit the inrush current into
the input capacitors during wer up.An inductor \alue of
around 2.5H is recommended, as illustrated helo

5V 2.5uH Vin
[¢! AN o)
L 4L L 1000pF, 10v
OlIJ.F R ™~ T T Electrolytic
e, O
_l_ 65-5050-09

PCB Layout Guidelines and
Considerations

PCB Layout Guidelines

1. Placement of the MOSFETS relatito the RC5050 is
critical. The MOSFETs (M1 & M2), should be placed
such that the trace length of the HDRin from the
RC5050 to the FETaes is minimizedA long lead
length on this pin will cause high amounts of ringing
due to the inductance of the trace combined with the
large cate capacitance of the FET(§)his noise will
radiate all @er the board and will beevy difficult to
suppress, especially when the oscillator frequésic
increased.

Figure 7 depicts arxample of proper placement of the
MOSFETSs in relation to the RC5050 as well as an
example of incorrect placement of the MOSFETSs.

In general, all of the noisy switching lines should be
kept avay from the quiet analog section of the RC5050.
That is to saytraces that connect to pins 12 and 13
(HIDRV andVCCQP) should bedpt far avay from the
traces that connect to pins 1 through 5, and pin 16.

15
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Correct layout Poor layout
[J11 RC5050 10 [ 11 RC5050 10 [
e T N — e 9
i 8 [ 13 8 [
o EPY 73 (- 73
s 6 s 6
Cie ) - ) ) -
[— g () 17 gy
Cis 3 C 18 31—
[T 2 [ [I— ) | > 1
— 1) THi—] T2 [N/
L 1
/ < )
) = "Quiet" Pins
65-5050-10
Figure 7. Examples of Good and Bad MOSFET Layout
2. Place decoupling capacitors (@F) as close to the PC Board Layout Chec Klist

RC5050 pins as possible. Extra lead length on these
capacitors will ngate their ability to suppress noise.

EachVCC and GND pin should ka its avn via davn
to the appropriate plane underneatthis will help to *
add isolation between pins.

The CEXT timing capacitor should be surrounded with
a ground trace if possibl@.he placement of a ground or
power plane underneath the capacitor will alsovjate
further noise isolatioriChis will help to shield the oscil- «
lator from the noise on the PCBhis capacitor should

be placed as close to pin 1 as possible.

Group the MOSFETS, inductor and Schgtéls close
together as possible for the same reasons as ##&.abo
Also place the inputulk capacitors as close to the

drains of MOSFETSs as possible. In addition, placement
of a 0.uF decoupling cap right on the drain of each
MOSFET will help to suppress some of the high
frequeng switching noise on the input of the DC-DC
corverter .

The traces that run from the RC5050 IFB (pin 4) and
VFB (pin 5) pins should be run togethexht each

other and be Blvin connected to the sense resistor
Running these lines together will help in rejecting some
of the common noise that is presented to the RC5050
feedback inputTry as much as possible to run the noisy
switching signals (HIDR & VCCQP) on one layer and
use the inner layers for wer and ground onlylf the

top layer is being used to route all of the noisy switching
signals, use the bottom layer to route the analog sensing
signalsVFB and IFB.

« Bypass Capacitor neaiVref pin.

This pin should be adequately bypassed with gF0.1

capacitor

Bypass Capacitors ér VCC (5V).

A 0.1uF should be placed right xigto theVCC pin of the

controller

Bypass Capacitors ér Power MOSFET.

A 0.1uF cap should be placed at the drain connection of

each pwer MOSFET

5V Connection to the contoller IC.

EachVCC pin on the IC should be connected to the 5V

power plane through itsven via.

Power MOSFET Gate Drive Trace.

— The aate drive trace should be routed on one layer only

— The controller IC and the p@r FET should be
oriented in such aay as to minimize the trace length
of the gate drve trace (< 1 inch).

— The aate drive trace routing should staway from the
quiet analog section of the RC50XX controller IC.
(i.e. keep avay fromVref, IFB, VFB, and CEXT)

Bulk Capacitance.

— The input lnlk capacitance needs to be located less
than 1" from the drain of the p@r MOSFET We
recommend the folleing guidelines for the amount of
bulk input capacitance:

« For an output load of <10A use 2 X 1560caps.
« For an output load of >10A use 3 X 1560caps.

— The output blk capacitors should be located as close to
the CPU sockt as possibleWe recommend the
following guidelines for the amount ofilx output
capacitance:

e For Pentium Pro use 4 X 1500
» For P55C MMX PentiumAMD K6 use 2X 1500F.
e For Pentium Il use 7 X 15Q@.

16
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* Inductor Location. * To Minimize Electromagnetic Interference (EMI).

The inductor should be located near to the Source of the — Avoid long ground connections. Connect directly to

Paver MOSFET The ideal condition wuld be to use an the ground plane.

internal paver plane to connect the Source of thevgo — Use a star ground, where all grounds are connected to

MOSFET, the inductarand the ffback schottk diode one point.

together — Use good quality inductors such as torrids or pot cores.

* Sense Resistor Avoid rod inductors.

— The sense resistor should be located tethe — Route the high current carrying traces asgroplanes
inductor where possible.

— The two traces that run from the sense resistor to the ~ — Keep sensitie low-level signals way from the actie
RC50XX controller IC should be minimum width switching componentsTry to route them using the
traces and be run parallel to each ativge ground plane as a shield.
recommend these sense resisalues:

« For Pentium Pro use 0.006 Example of a PC Motherboar d Layout and

 For P55C MMX PentiumAMD K6 use 0.00D. Gerber File

* For Pentium Il use 0.0& A reference design for motherboard implementation of the
* Ground Plane. RC5050 along with the Layout Gerber File and Silk Screen

The RCS0XX controller IC ha a continuous ground are presented belo The actual PCAD Gerber File can be

plane running undermeath the entire chip area. Each of thgyiained from a Raytheon Electronics local Saldic@br
IC ground pins should ke a separate via connection from Marketing at 415-966-7734.

down into the ground plane.

* Input Filter . .
In mary high current DC-DC corerter designs, it is RC5050 Evaluation Boar d
advisable to add an input inductor in order to create an Raytheon Electronics pviles an ealuation board for
input filter. An inductor on the order of 1-3uH is usually the purpose oferifying the system el performance of
all that is required to perform thétér. When this the RC5050.The &aluation board sees as a guide as
component is added to the circuit, it is important that the to what can bex@ected in performance with the sup-
RC50XX controller IC recee itsVCC paver from the plied external components and PCB layout. Please call
system side of the input inductor and not the “dirty” side your local Sales Gite or Raytheon Electronics Maitk
of the inductor(ie the side that is connected to thevpo ing department at 415-966-7734 for amleation board.
MOSFET drains)
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Mechanical Dimensions — 20 Lead SOIC

Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. i
2. "D"and "E" do not include mold flash. Mold flash or
A 093 -104 2.35 2.65 protrusions shall not exceed .010 inch (0.25mm).
Al 004 .012 0.10 0.30 3. "L"is the length of terminal for soldering to a substrate.
B 013 :020 0.33 0.51 4. Terminal numbers are shown for reference only.
c -009 013 0.23 0.32 5 5. "C" dimension does not include solder finish thickness.
D .496 512 12.60 13.00 2 g ) .
6. Symbol "N" is the maximum number of terminals.
E 291 .299 7.40 7.60 2
e .050 BSC 1.27 BSC
H .394 419 10.00 10.65
h .010 .029 0.25 0.75
L .016 .050 0.40 1.27 3
N 20 20 6
o 0° 8° 0° 8°
cce — .004 — 0.10

[REREREL R

.

E H

Al [ j_
Feeme e % A

LEAD COPLANARITY

(= ccec]
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Ordering Inf ormation

Product Number

Package

RC5050M

20 pin SOIC

The information contained in this data sheet has been carefully compilealieiat shall not by implication or otherwise become part of the
terms and conditions of grsubsequent sale. Raythedhiability 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 isrimtgolicel.
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, wheadlra 6r malfunction of the component can reasonably
be expected to result in personal injuithe user of Raytheon components in life support applications assumes all risk of such use and

indemnifies Raytheon Compgragainst all damages.

Raytheon Electronics
Semiconductor Division
350 Ellis Street

Mountain View, CA 94043
415.968.9211

FAX 415.966.7742
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