Raytheon Electronics
Semiconductor Division

RC5051

Programmable Synchronous DC-DC Converter for
Low Voltage Microprocessors

Features

Programmable output from 1.3V to 3.5V using an
integrated 5-bit DAC

85% efficiency typical

Adjustable operation from 80KHz to 1MHz
Integrated Power Good and Enable functions
Overvoltage protection

Short circuit protection with current limiting
Drives N-channel MOSFETSs

20 pin SOIC package

Meets Intel Pentium Il specifications using minimum
number of external components

Applications

Power supply for Pentium Il
VRM for Pentium Il processor
Programmable step-down power supply

Block Diagram

Description

The RC5051 is a synchronous mode DC-DC controller IC
which provides an accurate, programmable output voltage
for all Pentium 1l CPU applications. The RC5051 uses a
5-bit D/A converter to program the output voltage from 1.3V
to 3.5V. The RC5051 uses a high level of integration to
deliver load currents in excess of 17A from a 5V source with
minimal external circuitry. Synchronous-mode operation =g
offers optimum efficiency over the entire specified output &
voltage range, and the internal oscillator can be programme
from 80KHz to 1MHz for additional flexibility in choosing =R
external components. An on-board precision low TC refer-
ence achieves tight tolerance voltage regulation without
expensive external components. The RC5051 also offers
integrated functions including Power Good, Output Enable,
over-voltage protection and current limiting.
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PRELIMINARY INFORMATION describes products that are not in full production at the time of printing. Specifications are based on design goals
and limited characterization. They may change without notice. Contact Raytheon Electronics for current information.
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Pin Assignments

Pin Defi nitions

CEXT —1 20 — VIDO
ENABLE —2 19— VID1
PWRGD —3 18 — VID2

IFB —4 17 — VID3
VFB —5 16 —3 VREF

VCCA 6 15— GNDA

VCCP —7 14 — GNDD

VID4 —8 13— VCCQP

LODRV {9 12 1 HIDRV

GNDP —]10 11 —— GNDP

65-5051-02

Pin Number | Pin 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 . A logic LOW on this pin will disable the output. An internal pull-up
resistor allows for either open collector or TTL compatibility.

3 PWRGD | Power Good Flag . An open collector output that will be at logic LOW if the output
voltage is not within £12% of the nominal output voltage setpoint.

4 IFB High Side Current Feedback . Pins 4 and 5 are used as the inputs for the current
feedback control loop. 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. See Application Information for details regarding
correct layout.

6 VCCA Analog VCC . Connect to system 5V supply and decouple with a 0.1pF ceramic
capacitor.

7 VCCP Power VCC for low side FET driver . Connect to system 5V supply and place a 4.7pF
tantalum capacitor for decoupling and local charge storage.

8 VID4 VID4 Input. Alogic 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 will set the output from 1.3V to 2.05V,
as shown in Table 1. Pullup resistors are internal to the controller.

9 LODRV | Low Side FET Driver . Connect this pin to the gate of an N-channel MOSFET for
synchronous operation. The trace from this pin to the MOSFET gate should be < 0.5".

10,11 GNDP Power Ground . Return pin for high currents flowing in pins 7 and 13 (VCCP and
VCCQP). Connect to a low impedance ground.
12 HIDRV | High Side FET Driver . Connect this pin to the gate of an N-channel MOSFET. The
trace from this pin to the MOSFET gate should be < 0.5".
13 VCCQP | PowerVCC. Thisis the supply for the high side FET driver. VCCQP must be connected
to a voltage of at least VCCA + VGS,0N (MOSFET).
14 GNDD Digital Ground . Return path for digital logic. Connect to a low impedance system
ground plane to minimize ground loops.
15 GNDA Analog Ground . Return path for low power analog circuitry. This pin should be
connected to a low impedance system ground plane 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 0.1pF capacitor. No load should be connected.
17-20 VIDO-VID3 | Voltage Identification Code Inputs . These open collector/TTL compatible inputs will

program the output voltage over the ranges specified in Table 1. Pull-up resistors are
internal to the controller.




PRODUCT SPECIFICATION RC5051

Absolute Maxim um Ratings

Supply Voltages, VCCA, VCCP, VCCQP 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 Voltage, VCCA, VCCP 4,75 5 5.25 \%
Input Logic HIGH 2.0 \%
Input Logic LOW 0.8 \%
Ambient Operating Temp 0 70 °C
Output Driver Supply, VCCQP 8.5 12 \%
PWRGD threshold Logic High 93 107 | %Vo
Logic Low 88 112 | %Vo

Electrical Specifi cations
(Vcca =5V, VouT = 2.8V, fosc = 300 KHz, and Ta = +25°C using circuit in Figure 1, unless otherwise noted)
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 Y

Output Current 13 A

Initial Voltage Setpoint ILoAD = 0.8A +20 mV
Output Temperature Drift TaA =010 60°C . +10 mV
Load Regulation ILoAD = 0.8A to 15A . -25 mV
Line Regulation VIN =4.75V to 5.25V . +2 mV
Output Ripple 20MHz BW, ILoAD = 15A +11 mV

Output Voltage Regulation
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Steady State! VOUT =2.8V, ILOAD=010 13A |« 274 | 2.80 | 2.90 Y

Transient? ILOAD = 0.8 to 14.2A, 30A/us . | 267 | 280 | 293 \
Output Voltage Regulation See Note 3

Steady State! VourT = 1.8V 1.74 | 1.80 | 1.86 v

Transient? ILOAD = 0.8 to 15A, 20A/us 1.70 | 1.80 | 1.90 \Y
Efficiency ILoAD = 13A, VouT = 2.8V 80 85 %
Output Driver Rise and Fall Time See Figure 2 50 ns
Output Driver Nonoverlap Time See Figure 2 50 ns
Turn-on Response Time ILoAD = OA to 13A 10 ms
Oscillator Range 80 300 1000 | KHz
Oscillator Frequency CeXT =100 pF 270 300 330 KHz
Max Duty Cycle 90 95 %

Notes:

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

2. 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.

3. In order to satisfy the specified Output Voltage Regulation requirements for VouT = 1.8V at 15A for next generation proces-
sors, the output capacitors must exhibit no more than 7.0mQ equivalent ESR for a motherboard application.
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Table 1. Output Voltage Programming Codes

VID4

VID3

VID2

VID1

VIDO

o

1

1

=

1.30V

1.35v

1.40v

1.45V

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

RlRrlkRr|[R|[RP[RPR|RP|RP|RP|RP|RP|R|RP|R|[R|r|o|o|o|o|o|o|o|o|o|o|o|o|o|o| o

O|O0O|O0|O0|O0|O0O|O0|O|F|(FP|IFP|IFPIFPIP|IFPIFPOIOCIO(IO|OC|OC|OC|O|FRP|FP[FP|FP|FP|[FP|PFP

oO|Oo|O|O0O|FR|FP|IFP|IFP|IO|O|OC|O|(F|IFRP|FP|FPIO|IOC|OC|(OC|(FRP|FP|FP|P|OC|OC|OC|OC|FR|[FP]|PF

O|Oo|rRr|FRP|IO|O|(FR|FRP|O|O|FP|RP|O|O|RP|[FP|IO|OC|FRP|P|IOC|O|RP|FRP|O|OC|R|FR|OC|O|F

O|(r|O|R|O|R|O|FRP|O|(FRP|O|RP|O|FRP|O|(FRP|O|RP|O|RP|O|[FRP|O|FRP|O|R|O|FR|O|FL]|O

3.5V

Note:

1. 0 = processor pin is tied to GND.

1 = processor pin is open.
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RC5051

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 |
90.0 Vo =33V
88.0 A t
[
86.0 // v M: 2.8V
84.0 /
82.0 // Vour = 2.5V E—
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
35
3.0 -

25 /
2.0

* !
15 /
1.0

0.5 —
0
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Output Current (A)
Output Programming, VID4 =0
35
3.0
2.5
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//
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L—
1.0
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DAC Set Point

Load Regulation, Voyt=2.8V
2.83
2.82
2.81
2.80
2.79
2.78
2.77
2.76
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2.74
2.73

Vour (V)

1 3 5 7 9 11 13
Output Current (A)

14.5

Oscillator Frequency vs. Cext
1250
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50 T~ |
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Output Programming, VID4 = 1

35

3.0 —

25

Vour (V)
\

2.0
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1.0
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DAC Set Point 65-5050-03
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Typical Operating Characteristics

Vour (20mVidiv)

Vour (50mVidiv)

Output Ripple, 2.8V @ 13A

Time (2ps/division)

Transient Response, 0.5A to 13A

Ch | LA W 400ms Chi v 2.7V

Time (400ns/division)

Switching Waveforms, 13A Load

500mV/div

20mV/div

Time (2ps/division)

J2.80v

2.66Y

(continued)

Al 280mv
@: 2.660V

2.94

CEXT
pin

HIDRV
pin

500mV/div

20mV/div

Vour (LV/div)

Vi (1V/div)

Vout (50mV/div)

Transient Response, 13A to 0.5A

A 280mv
@; 2,660V

7 2.9av

2.80¥

2.66Y
TEiE 50.0m T R L (11! e e X2 2
Time (400ns/division)
Switching Waveforms, 0.5A Load

- CEXT
pin

-4 HDRV
pin

Time (2us/division)

Output Startup, System Power-up

Time (10ms/division)

65-5051-12
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Typical Operating Characteristics  (continued)

Output Startup from Re-enable VREF Tempco
s 3.17 —
5 /
>
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5 /
2 =
2 3.15
o L~
o ‘ff”’
g: 3.14
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s : 3.13
= «
4 ' 3.12
o
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0 25 70 100
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)
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0-1pF Rsense: Cour: and Ciy.
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65-5051-03

Figure 1. 15A Application Circuit for Pentium 1l Processor
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Test Cir cuits (continued)

+12V WA
479 if 1uF
VCCQP
HIDRV
+5V 01‘T‘ VCCA HIDRV RISE/FALL
HF < T 7000pF
VCCP
T LODRY LODRV
4.7uF T RISE/FALL
v 7000pF
I p
GNDA GNDD GNDP
~

Table 2. Recommended Bulk Capacitor

10%

INOL |=—

50%

50%

Figure 2. Output Drive Test Circuit

s for CPU-based Applications

65-5051-05

Cout
Output Maximum

Application Current | CIN CouTt ESR RSENSE
Motorola PowerPC TA 2 x 1500pF, 6V 2 x 1500pF, 6V Sanyo 22mQ 10.5mQ
603/604 Motherboard Sanyo 6MV1500SX

6MV1500CX
Intel Pentium Il Klamath 14.2 3 x 1200pF, 10V 5 x1500uF, 6.3V Sanyo 9.0mQ 6.0mQ
Motherboard Sayno 6MV1500GX

10MV1200EG
Intel Pentium I 15A 3 x 1200pF, 10V 6 x1500uF, 6.3V Sanyo 7.5mQ 6.0mQ
Motherboard (All versions Sayno 6MV1500GX
including next generation) 10MV1200EG
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RC5051

Table 3. RC5051 Application Bill of Materials f

or Intel Klamath 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 General Instrument Schottky Diode 3A, 20V
IN5817
D1 1IN4735A 6.2V Zener Diode,
Motorola
L1 Skynet 1.3pH, 14A inductor See Note 2
320-8107 DCR ~ 2.5mQ
L2 Skynet 2.5uH, 11A inductor See Note 3
320-6110 DCR ~ 6mQ

M1, M2, M3, M4

International Rectifier
IRL3103

N-Channel Logic Level
Enhancement Mode MOSFET

RDS(ON) < 19mQ
VGs <4.5V, Ip=15A

See Note 4

RSENSE Copel 5.5mQ CuNi Alloy Wire Resistor

AWGH#18
R5 Panasonic 47Q 5% resistor

ERJ-6GEY050Y
R6 Panasonic 10KQ 5% resistor

ERJ-6ENF10.0KV

Notes:

1. Inorder 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 Il 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.
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Application Inf ormation Internal Voltage Reference

The reference included in the RC5051 is a precision band-
The RC5051 Contr oller gap wltage referencéhe internal resistors are precisely
The RC5051 is a programmable synchronous DC-DC con- trimmed to preide a near zero temperature dimént (TC).
troller IC. When designed around the appropriatemal Added to the reference input is the resulting output from an

components, the RC5051 can be aqunfed to delier more integrated 5-bit [AC. The 5-bit DAC monitors the 4oltage
than 15A of output currerithe RC5051 functions as add identification pinsVID0O-VID3, as well as a range select pin

frequeny PWM step dwn regulator (RSEL).When the RSEL pin is at logic HIGH, theAD will
scale the referenceliage from 2.0V to 3.5V in 100mV
Main Contr ol Loop incrementsWhen RSEL is pulled L@, the DAC will scale

the reference from 1.30V to 2.05V in 50mV increments. F
guaranteed stable operation under all loading conditions,
0.1uF of decoupling capacitance should be connected to the
VREF pin. No load should be connected/®REF.

Refer to the RC5051 Block Diagram on pagé&He control
loop of the rgulator contains tev main sections; the analog
control block and the digital control blockhe analog sec-
tion consists of signal conditioning amp#ifs feeding into a
set of comparators which pride the inputs to the digital
control bIoEk.The signal copr:lditioning Eection accep?ts inputs Power Good (PWRGD)

from the IFB (current feedback) aw&B (voltage feedback) The RC5051 Rweer Good function is designed in accordance
pins and sets up tweontrolling signal pathhe wltage with the Pentiumll DC-DC corverter specifiations and pro-
control path ampliéis the/FB signal and presents the output vides a constantoltage monitor on théFB pin. The circuit

to one of the summing amptfi inputs The current control ~ compares th&'FB signal to the/REF wltage and outputs
path tales the diference between the IFB aw&B pins and  an actve-low interrupt signal to the CPU should theygo
presents the resulting signal to another input of the summingupply \oltage &ceed+12% of its nominal setpoinThe
amplifier. These tw signals are then summed together with Paver Good fag pravides no other control function to the
the slope compensation input from the oscillafbis output ~ RC5051.

is then presented to a comparatehich pravides the main

PWM control signal to the digital control block. Output Enab le (ENABLE)

The RC5051 will accept an open collector/TTL signal for

The additional comparators in the analog control section segontrolling the outputeitage. The low state disables the out-

the point at which the RC5051 enters its pulse skipping  pyt woltage When disabled, the PWRGD output is in the lo
mode during light loads as well as the point at which the cuigiate.

rent limit comparator disables the outpuvdrsignals to the
external paver MOSFETSs. Upgrade Present (UP#)

Intel speciftations state that the DC-DC smnter should

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

ground state (an @vDrive processor is present), the output
voltage must be disabled unless theveoter can supply the
requirements of the @vDrive processoiWhen disabled, the
PWRGD output must be in thewcstate.The RC5051 can

High Current OUtPUt D_rlver. S ) ~ supply the requirements of the @idrive processothe UP#
The RC5051 contains twdentical high current output @i sjgnal is not required.

ers that utilize high speed bipolar transistors in a push-pull

configuration. Each dvier's pever and ground are separated Over-Voltage Protection
from the chips paver and ground for additional switching
noise immunityThe HIDRV driver has a pwmer supply
VCCQR which is supplied from arxgernal 12V source
through a series resistor or a @epump circuit pavered
from 5V if 12V is not &ailable.The resulting vltage is suf-
ficient to preide the @te to source dré to the gternal
MOSFET required in order to achi&a lav RDs,0N Since
the lav side synchronous FET is referenced to ground, there
is no need to boost theig drve wltage and it¥ CCP

power pin can be tied tgCC.

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 pinsThese two
outputs control thexternal pever MOSFETsThe digital
utilizes high speed Schottkransistor logic, allwing the
RC5051 to operate at clock speeds as high as 1MHz.

The RC5051 constantly monitors the outpoitage for pro-
tection a@inst aer wltage conditions. If theoltage at the
VFB pin exceeds 20% of the selected prograsitage, an
over-voltage condition is assumed and the RC5051 disables
the output drie signal to thex¢ernal MOSFETS.

10
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Short Cir cuit Pr otection

MOSFET Gate Bias

A current sense methodology is implemented to disable theThe high side MOSFETage drver can be biased by one of

output drve signal to the MOSFETSs when areecurrent
condition is detected.he \ltage drop created by the output
current fowing across a sense resistor is presented to an
internal comparatokWhen the wltage deeloped across the
sense resistoxeeeds the 120mV comparator threshaitt-v
age, the RC5051 reduces the output dytjecto protect the
power devices.

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

Oscillator

The RC5051 oscillator section usesxadi current capacitor
chaging confguration An external capacitor (EXT) is used
to preset the oscillator frequgnibetween 80KHz and
1MHz. This scheme allwes maximum #xibility in setting
the switching frequenycand in choosingxernal
components.

In general, a lwver operating frequeyaecreases the peak
ripple current ftwing in the output inductpthus alleving

the use of a smaller inductoalue. Unfortunatelyoperation
at lower frequencies increases the amount of@nstorage
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
MOSFETS increase as the operating frequésiincreased.
Thus, eficieng is optimized at laver frequenciesAn oper
ating frequenyg of 300KHz was chosen to optimizefef
cieng/ while maintaining ecellent rggulation and transient
performance under all operating conditions.

Design Considerations and
Component Selection

MOSFET Selection

This application requires N-channeadgic LevelEnhance-
ment Mode Field Eéct Transistors. Desired characteristics
are as follavs:

» Low Static Drain-Source On-Resistance,
RDS,0N< 20mQ (lower is better)

» Low gate drve wltage VGs< 4.5V

» Power package with o Thermal Resistance

» Drain-Source gltage rating > 15V

The on-resistance (&,0N) is the primary parameter for
MOSFET selectionThe on-resistance determines thevpo
dissipation within the MOSFET and therefore siguaifitly
affects the dfcieng of the DC-DC Cowverter

two methods—Chae Pump or 12V Gate BiaBhe chage
pump method has the atage of requiring only a single
input wltage, it the 12V method will realize increasedi-ef
cieng by providing an increasedvaragevGsto the high
side MOSFETSs.

Method 1. Charge Pump (Bootstrap)

Figure 3 emplgs a chage pump to prade gate bias. Capac-
itor CP is the ch@e pump deplged to boost theoltage of
the RC5051 output drer. When the MOSFET switchesfpf
the source of the MOSFET is at -0.8ACCQP is chaged
through the Schotkdiode to 4.5VThus, the capacitor CP is
chaged to 5VWhen the MOSFET turns on, the source of
the MOSFET wltage is equal to 5\he capacitor eltage
follows, and hence pvides a vltage aVCCQP equal to
10V. The Schottl diode is required to pvide the chage
path when the MOSFET isfofind reerses bias when
VCCQP goes to 10\ he chage pump capacitor (CP) needs
to be a high Q, high frequencapacitorA 1uF ceramic
capacitor is recommended here.

<G>

&
™
|El|’|l
1
L
CP :l:_
CB

LODRV M3
N a

GNDP DS1

Figure 3. Charge Pump Configuration

DS2
VCCQP

HIDRV

L1 RS

PWM/PFM
Control

65-5051-06

Method 2. 12V Gate Bias

Figure 4 illustrates hw a 12V source can be used to bias
VCCQPRA 47Q resistor is used to limit the transient current
into theVCCQP pin and aldF capacitor is used tdtér the
VCCQP supplyThis method preides a higher ate bias
voltage (\G9) to the MOSFETS, and therefore reduces the
effective Rbs,0oNand the resulting peer loss within the
MOSFET In designs where #fieng is a primary concern,
the 12V @te bias method is recommendad.2V Zener
diode, D1, is used to clamp theltage aVCCQP to a maxi-
mum of 12V and ensure that the absolute maximaitage
of the IC will not be rceeded.

11
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47Q

DS2
VCCQP

HIDRV

LODRV
GNDP

Figure 4. 12V Gate Bias Configuration

1uF ==

PWM
Control

$ 65-5051-07

Choosing the alue of the inductor is a tradédletween
allowable ripple wltage and required transient respoiie
system designer can choosg &alue within the alleved
range in order to maximize either ripple or transient perfor
manceThe frst order equation (close approximation) for
minimum inductance is:

- _ Vour—Vin) y Vour LESR
min f V|N Vr

L

where:

* VIN = Input Paver Supply
* Vourt = OutputVoltage
» f=DC/DC cowerter switching frequerc

RC5051 Short Circuit Current Characteristics

The RC5051 short circuit current characteristic includes a
hysteresis function that prents the DC-DC coerter from
oscillating in the eent of a short circuit. Figure 5 shis the
typical characteristic of the DC-DC omrter circuit with a

6 mQ sense resistorhe cowerter ehibits a normal load
regulation characteristic until theokkage across the resistor
exceeds the internal short circuit threshold of 120At\this
point, the internal comparator trips and signals the controller
to reduce the coerters duty gcle to approximately 20%.
This causes a drastic reduction in the outpltage as the
load regulation collapses into the short circuit control mode.
The output vltage does not return to its nominalwe until
the output current is reduced toaue within the safe oper
ating range for the DC-DC cwoerter

Output Voltage vs. Output Current
35
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Figure 5. RC5051 Short Circuit Characteristic

* ESR=Equralent series resistance of all output capacitorsgchottky Diode Selection

in parallel
» Vy = Peak to peak output rippleltage ludget

The frrst order equation for maximum alNed inductance is:
(Vin=Vour)PmVib

2Co x I
p2

where:

» Co =The total output capacitance

* Ip = Peak to peak load transient current

» Vitb = The output wvltage toleranceuaget allocated to
load transient

* Dm = Maximum duty gcle for the DC/DC coverter
(usually 95%)

Some magin should be maintained betweemik and Lmax.

Adding magin by increasing maxalmost alvays adds

expense since all theaviables are predetermined by system

performanceept for G, which must be increased to

increase max Adding magin by decreasingrin can either

be done by purchasing capacitors witvéo ESR or by

increasing the DC/DC cwarter switching frequerncThe

The application circuits of Figures 1 and 2wt Schottl

diode, DS1, which is used as a free-wheeling diode to assure
that the body-diodes in M3 and M4 do not conduct when the
upper MOSFET is turning band the laver MOSFET is

turning on. It is undesirable for these diodes to conduct
because their high foavd \oltage drop dgrades diciengy.

Since this time duration issvy short, a 3A Schotykdiode

will suffice for this application.

Output Filter Capacitor s

Output ripple performance and transient response are func-
tions of the fiter capacitors. Since the 5V supply of a PC
motherboard may be locatedrseal incheswaay from the
DC-DC corverter, the input capacitance can play an impor
tant role in the load transient response of the RC5D1d..
higher the input capacitance, the more ghatorage is
available for impr@ing the current transfer through the

FETs. Lav Equivalent Series Resistance (ESR) capacitors
are best suited for this type of application. Incorrect selection
can hinder the caerters overall performancelhe input
capacitors should be placed as close to the drain of the FET

RC5051 is capable of running at high switching frequenciesas possible to reduce thdeet of ringing caused by long

and preides signiftant cost sangs for the neer CPU
systems that typically run at high supply current.

trace lengths.
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The ESR rating of a capacitor is afidifilt number to quan-

tify. ESR is defied as the resonant impedance of the capaci-
tor. Since the capacitor is actually a complapedance

device having resistance, inductance and capacitance, it is
quite natural for this déce to hae a resonant frequen@s

a rule, the ler the ESR, the better suited the capacitor is
for use in switching peer supply applications. Mgrcapac-

itor manufcturers do not supply ESR dakauseful estimate

of the ESR can be obtained using the fellg equation:

DF
2rfC
Where DF is the dissipatioadtor of the capacitpf is the *
operating frequeng and C is the capacitance ardds.

ESR =

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

ClUE) = o X AT .
(W) = AV_ioxESR

WhereAV is the maximum gltage deiation due to load
transientsAT is the reaction time of the per source (Loop
response time of the RC5051 is approximatgly)2and ©

is the load current step. .

For o = 14.2A (0.8—-15A load step) adt¥/= 110m\, the
bulk capacitance required can be approximated assfsilo .

__ loxAT 14.2A x 2jis _
ClWF)= AV _T X ESR 110mV - 14.2A x 7.0ma 2 -0F .
Because the control loop response of the controller is not
instantaneous, the initial load transient must be supplied
entirely by the output capacitofEhe initial wltage deia-

tion will be determined by the total ESR of the capacitors
used and the parasitic resistance of the output tragea. F .
detailed analysis of capacitor requirements in a high-end
microprocessor system, please refekpplication Bulletin
AB-5.

Input Filter

The DC-DC cowerter design should include an input induc-
tor between the system +5V supply and theveder input .
as described belo This inductor serss to isolate the +5V
supply from the noise in the switching portion of the DC-DC
corverter and to limit the inrush current into the input capac-
itors during pawer up.A value of 2.5H is recommended.

The recommended 3 x 1@ capacitors deler current
when the high side MOSFET switches on.

2.5uH

5V Vin
O

L 1000pF, 10V
[~ Electrolytic

Ayl

AYl
pAl
V|
J 1

0.1pF ==

e O
_]_ 65-5051-09

Figure 6. Input Filter

PCB Layout Guidelines

Placement of the MOSFETS relatito the RC5051 is

critical. Place the MOSFETSs such that the trace length of

the HIDRV and LODRY pins of the RC5051 to the FET

gates is minimizedA long lead length on these pins will

cause high amounts of ringing due to the inductance of thm
trace and theae capacitance of the FEIhis noise =y
radiates throughout the board, and, because it is switchinm
at such a highaltage and frequeggit is very difficult to —

suppress. 1
In general, all of the noisy switching lines should bptk 5
away from the quiet analog section of the RC5081at

]|

is, traces that connect to pins 9, 12, and 13 (L@DR
HIDRV andVCCQP) should bedpt far avay from the
traces that connect to pins 1 through 5, and

pin 16.

Place the 0{0F decoupling capacitors as close to the
RC5051 pins as possible. Extra lead length on these
negates their ability to suppress noise.

EachVCC and GND pin should ke its avn via to the
appropriate planérhis helps preide isolation between
pins.

Surround the CEXT timing capacitor with a ground trace.
Be sure to place a ground omEr plane underneath the
capacitor for further noise isolation to pide additional
shielding to the oscillator (pin 1) from the noise on the
PCB. In addition, place this capacitor as close to pin 1 as
possible.

Place the MOSFETS, induct@nd Schottk as close
together as possible for the same reasons as in #&.abo
Place the inputddk capacitors as close to the drains of
MOSFETS as possible. In addition, placement of pfo.1
decoupling cap right on the drain of each MOSFET helps
to suppress some of the high frequeswitching noise on
the input of the DC-DC caerter

Place the outpututk capacitors as close to the CPU as
possible to optimize their ability to supply instantaneous
current to the load in thevent of a current transient.
Additional space between the output capacitors and the
CPU will allow the parasitic resistance of the board traces
to degrade the DC-DC caerters performance under
severe load transient conditions, causing higlatage
deviation. For more detailed informationgarding

capacitor placement, refer Application BulletinAB-5.

Aseu

jeunioju]
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* The traces that run from the RC5051 IFB (pin 4)4RB
(pin 5) pins should be run togethexh# each other and
Kelvin connected to the sense resisiumnning these
lines together rejects some of the common mode noise
that is presented to the RC5051 feedback inpyt.as
much as possible, to run the noisy switching signals
(HIDRV, LODRV & VCCQP) on one layebut use the

inner layers for paer and ground onlyif the top layeris

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

PC Board Layout Chec Klist )

» 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 xteto theVCC pin of the
controllet

» Bypass Capacitors ér Power MOSFET.
A 0.1yF 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 gate drve 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 agate drvve trace (< 1 inch).

— The aate drve 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 lilk capacitance needs to be located less
than 1" from the drain of the per MOSFET We
recommend the folleing guidelines for the amount of
bulk input capacitance:

« For an output load of <10A use 2 X 15%60caps.
» For an output load of >10A use 3 X 15360caps.

— The two traces that run from the sense resistor to the
RC50XX controller IC should be minimum width
traces and be run parallel to each othvge
recommend these sense resistiues:
 For Pentium Pro use 0.006
» For P55C MMX PentiumAMD K6 use 0.00%.
 For Pentium Il use 0.0@B.

Ground Plane.

The RC50XX controller IC hae a continuous ground

plane running underneath the entire chip area. Each of the

IC ground pins should ke a separate via connection

down into the ground plane.

Input Filter .

In mary high current DC-DC corerter designs, it is

advisable to add an input inductor in order to create an

input filter. An inductor on the order of 1-3uH is usually
all that is required to perform thdtéir. When this
component is added to the circuit, it is important that the

RC50XX controller IC recee itsVCC paver from the

system side of the input inductor and not the “dirty” side

of the inductor(ie the side that is connected to thevpo

MOSFET drains)

To Minimize Electromagnetic Interference (EMI).

— Avoid long ground connections. Connect directly to
the ground plane.

— Use a star ground, where all grounds are connected to
one point.

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

— Route the high current carrying traces asgroplanes
where possible.

— Keep sensitie lov-level signals way from the actie
switching componentsTry to route them using the
ground plane as a shield.

PC Motherboar d Sample La yout and
Gerber File
A reference design for motherboard implementation of the

RC5051 along with the PCAD layout Gerbde find silk
screen can be obtained from our neditkg department at

— The output blk capacitors should be located as close t0415-966-7734.

the CPU sockt as possibleWe recommend the
following guidelines for the amount ofilx output
capacitance:
 For Pentium Pro use 4 X 1500
 For P55C MMX PentiumAMD K6 use 2X 1500F.
» For Pentium Il use 7 X 15Q6.

* Inductor Location.

RC5051 Evaluation Boar d

Raytheon preides an ealuation board toerify the system
level performance of the RC5051. It sesvas a guide to per
formance gpectations when using the suppliedeznal
components and PCB layout. Please call the etizdk

The inductor should be located near to the Source of thedepartment at 415-966-7734 for araleiation board.

Pover MOSFET The ideal condition wuld be to use an

internal paver plane to connect the Source of the@o Additional Inf ormation

MOSFET, the inductarand the flback schotti diode
together
* Sense Resistor
— The sense resistor should be located methe
inductor

For additional information contact the Raytheon Electronics
Semiconductor Dision marleting at 415-966-7734.
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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.
2 496 512 12.60 13.00 2 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
a 0° 8° 0° 8°
cce — .004 — 0.10

[REREREL R

.

E H

Al [ j_
Feeme e % A

LEAD COPLANARITY
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Ordering Inf ormation

Product Number

Package

RC5051M

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

7/97 0.0m
Stock#DS30005051
0 Raytheon Company 1997



