Raytheon Electronics
Semiconductor Division

RC5041

Programmable DC-DC Converter
for P55C, K6, and M2 Processors

Features
¢ Programmable output from 2.1V to 3.5V using integratedThe RC5041 is a non-synchronous DC-DC controller IC

4-bit DAC

* 87% efficiency
 Oscillator frequency adjustable from 200KHz to 1IMHz  accept a voltage identification (VID), the RC5041 can gener-
» On-chip Power Good function
» Excellent transient response
» Over-\oltage Protection
 Short Circuit Protection

» Precision trimmed low TC voltage reference
e 16 pin SOIC package
+ Meets Intel Pentiuffi VRM specifications using

minimum number of external components

Applications

+ Programmable power supply for P54C, P55C, K6, and  that the output voltage is out of tolerance. The internal oscil =g
M2 based CPU motherboards

* VRM module for Pentium and equivalent CPU’s

» Programmable power supply for high current
microprocessors

Block Diagram

VREF

Description

which provides an accurate, programmable output for
Pentium CPU applications. Using an integrated 4-bit DAC to

ate precise output voltages between 2.1V and 3.5V in

100mV increments. Output load currents in excess of 10A

can be delivered using minimal external circuitry. The

RC5041 is designed to operate in a standard PWM control m
mode under heavy load conditions and in PFM control mod €
while supplying light loads for optimal efficiency. An on- -
board precision low TC voltage reference eliminates the
requirement for external components in order to achieve

tight voltage regulation. The Pentium CPU is continuously —
protected by an integrated Power Good function, which :
sends an active-low interrupt signal to the CPU in the event

lator can be programmed to operate over a range of 200KI-<
to 1MHz to allow flexibility in choosing external compo-
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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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PRODUCT SPECIFICATION

Pin Assignments

Pin Defi nitions

|

CEXT 1 16 = VIDO
PWRGD 02 15 3 VID1
IFB 0 3 14 4 VID2
VFB 01 4 13 3 VID3
VCCA 05 12 43 VREF
VCCD ™6 11 3 GNDA
GNDP 0™ 7 10 = GNDD
HIDRV 014 8 9 3 VCCQP

65-5042-02

Pin Number | Pin Name | Pin Function Description

1 CEXT Oscillator capacitor connection.  Connecting an external capacitor to this pin sets
the internal oscillator frequency from 200 KHz to 1 MHz. Layout of this pin is critical to
system performance. See Application Information for details.

2 PWRGD | Power Good output flag. Open collector output will be at logic HIGH under normal
operation. Logic LOW indicates output voltage is not within £10% of nominal.

3 IFB High side current feedback. Pins short 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.

4 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.

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

6 VCCD Digital V cc. Connect to system 5V supply and decouple to ground with 4.7uF
tantalum capacitor.

7 GNDP Power ground. Return pin for high currents flowing in pins 8 and 9 (HIDRV and
VCCQP). Connect to low impedance ground. See Application Information for details.

8 HIDRV | FET driver output. Connect this pin to the gate of the N-channel MOSFETs M1 and
M2 in Figures 1 and 2. The trace from this pin to the MOSFET gates should be kept as
short as possible (less than 0.5"). See Application Information for details.

9 VCCQP | Power V cc for FET Driver. VCCQP must be connected to a voltage of at least
VCCA + VGS,0N (M1). See Application Information for details.

10 GNDD Digital ground. Return path for digital logic. This pin should be connected to system
ground so that ground loops are avoided. See Application Information for details.

11 GNDA | Analog ground. Return path for low power analog circuitry. Connect to system ground
so that ground loops are avoided. See Application Information for details.

12 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
to this pin.

13-16 VID3—- Voltage identification (VID) code inputs.  These open collector/TTL compatible
VIDO inputs will program the output voltage over the ranges specified in Table 1.
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Absolute Maxim um Ratings !

Control Supply Voltages, VCCA and VCCD 13v
FET Supply Voltage, VCCQP 13v
Voltage Identification Code Inputs, VID3-VIDO 13v
Junction Temperature, TJ 150°C
Storage Temperature, TS -65 to 150°C
Lead Soldering Temperature, 10 seconds 300°C

Notes:

1. Functional operation under any of these conditions is not implied. Permanent damage may occur if the device is subjected to

conditions outside these ratings.

Operating Conditions

Parameter Conditions Min. Typ. Max. Units
Control Supply Voltages, VCCA and VCCD 4.5 5 7 Y
Driver Supply Voltage, VCCQP 9 10 12 \%
VID Code Input Voltage, Logic HIGH 2 \%
VID Code Input Voltage, Logic LOW 0.8 \Y,
PWRGD HIGH Threshold +7 %VREF
PWRGD LOW Threshold +10 %VREF
Ambient Temperature, TA 0 70 °C

Electrical Specifi cations

(Vccea, Veeb =5V, 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 TA =0-70°C, See Table 1. . 2.1 3.5 \%
Output Current! 5 10 A
Setpoint Accuracy2 ILOAD = 5.0A 1.0 15 %
Output Temperature Drift TA =0-70°C, VouT = 2.8V . +10 mV
Load Regulation ILoAaD = 0.5 to 6A . -14 mV
Line Regulation VIN = 4.75-5.25V, ILOAD = 5A, . 2 mV

Vourt = 2.8V

Output Ripple/Noise, pk-pk VouT = 2.8V, 20MHz BW . 20 mV
Cumulative Accuracy3 TA = 0-70°C, VouT = 2.8V . +50 mV
Efficiency ILOAD = 6A, VouUT = 2.8V . 80 85 %
Short Circuit Detect Threshold Internal comparator offset . 100 120 140 mV
Output Current Driver 0.5 1.0 A
Power Dissipation No load 0.1 0.2 w
Thermal Impedance, 83A 150 °C/IW
Response Time, Sleep to Full Load 10 us
Oscillator Frequency Range® 0.2 1 MHz
Oscillator Frequency Accuracy Excluding tolerance of CEXT 10 %
Maximum Duty Cycle in PWM Mode 90 95 %
Minimum Duty Cycle in PFM Mode 100 ns
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Electrical Specifi cations (continued)
(Vccea, Veeb =5V, fose = 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
Response Time to Short Circuit 15 30 ns
Soft Start Duration at Power-Up 10 us
Load Transient, 0.5A to 5.7A step Slew rate = 20A/us 50 mV

Notes:

1. The maximum output current is limited only by the external components used and their thermal limitations. For loads greater
than 10A, adequate thermal management is required to achieve optimal performance and reliability.

2. Setpoint Accuracy includes Output Ripple/Noise.
3. Cumulative Accuracy is determined by Setpoint Accuracy, Line and Load Regulation, Output Ripple/Noise, and Temperature

Drift.

Table 1. Voltage Identifi cation Codes f or Pentium Pr o

Data Bits

VID3

VID2

VID1

VIDO

VccP
(vDC)

1

1

1

1

No CPU

21

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.0

3.1

3.2

3.3

3.4

O|O0O|O0|O0|O0O|O|O0O|O|F|(FP|IFP|IFPIFPIFP|PF

O|Oo|O|OCO|(FR|RP|IPIFPIO|IOC|IO|OC|R|[FR|F

O|O|rRP|FRP|O|O|RP|[FP|O|OC|R|RLR|OC|O|F

O|FRP|O|FRP|IO|FRP|O|FR|O|(FR,|O|FR|O|FrL|O

3.5
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L2

yoszo

1N5817
0.1pF
ciz_|
1uF

IRL3103 L1 R

Py

SENSE

9 8
R7 AN
10 7 < vo_ >
10K * o6 1.3pH oma L [u
11 6 | | EE
12 5 ‘61.0;1»: g 8
VREF 1 RC5041 4 L
lm 14 3 DS1
™ <
0.1pF 15| 2 MBR1545CT g |3
< onp > . e s
7 N L 4
CEXT
IOOpFT

65-5041-09

Figure 1. Standard Test or Application Schematic

Table 2. RC5041 Bill of Materials

Reference Part Number Description Relevant Specifi cation

C4, C5, C7, C8, | Panasonic ECU-V1H104ZFX | 0.1uF 50V capacitor

C10

CEXT Panasonic ECU-V1H121JCG | 100pF capacitor

C12,C6 Panasonic ECSH1CY105R 1pF 16V capacitor

Cl,C2 Sanyo 6MV1000GX 1000uF 6.3V electrolytic capacitor

Cl1 Panasonic ECU-V1H224ZFX 0.22uF 50V capacitor

C13,C14 Sanyo 6MV1500GX 1500uF 6.3 electrolytic capacitor | ESR < 0.047 Q

DS1 Motorola MBR1545CT Schottky Diode Vi< 0.72V @ If = 15A

DS2 General Instruments 1N5817 Schottky Diode

L1 Skynet 320-8107 1.3pH inductor

L2t Bead inductor

M1 IRL3103 N-Channel Logic Level RDS(ON) < 19mQ
Enhancement Mode MOSFET VGs > 4.5V, Ip > 20A

RSENSE Copel AWG #18 6 mQ CuNi Alloy Wire Resistor

R1-R4, R6, R7 | Panasonic ERJ-6ENF10.0KV 10K 5% Resistors

Note:

1. The 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.

uoljewoju] Ateuiwijdid
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Application Inf ormation

Simple Step-Do wn Con verter

S L1
r +

Vin = DI ~—~Ci R, Vout

3|

65-AP42-01
Figure 2. Simple Buck DC-DC Converter

Figure 2 illustrates a stepagda DC-DC cowrerter with no
feedback controlThe deation of the basic step-dm
corverter will sere as a basis for the design equations for
the RC5041. Referring to Figure 1, the basic operation
begins by closing the switch Sihen S1 is closed, the input
voltageVN is impressed across inductor The current
flowing in this inductor is gien by the follaving equation:

= Vin—Vour)Ton
- L1

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

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

- Vout(Ts—Ton)
L L1

Where Tsis the werall switching period, and §-ToN) is
the time during which S1 is open.

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

T
- [ ONO
Vout = VINDTS 0

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

Vot = (Vi +Vp—V )Tﬂ—v
ouT — IN D SW TS D

Overview

The RC5041 is a programmable DC-DC controller IC.
When designed around the appropriatemal components,
the RC5041 can be cogfired to delier more than 14.5A of
output current. During heg loading conditions, the
RC5041 functions as a current-mode PWM steprdogu-
lator. Under light loads, the geilator functions in the PFM
(pulse frequencmodulation), or pulse skipping modehe

controller will sense the loadvel and switch between the
two operating modes automaticallijus optimizing its &f
cieng under all loading conditions.
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Figure 3. Typical Switching Waveforms

Main Contr ol Loop

Refer to the Block Diagram on pageThe control loop of
the regulator contains te main sections, the analog control
block and the digital control blockhe analog block con-
sists of signal conditioning ampéfis feeding into a set of
comparators which pwide the inputs to the digital block.
The signal conditioning section accepts inputs from the IFB
(current feedback) andFB (voltage feedback) pins and sets
up two controlling signal path§he wltage control path
amplifies thevVFB signal and presents the output to one of
the summing ampliér inputsThe current control path tak
the diference between the IFB aW#B pins and presents
the resulting signal to another input of the summing ampli-
fier. These tw signals are then summed together with the
slope compensation input from the oscillaidris output is
then presented to a comparatehich pravides the main
PWM control signal to the digital control block.

The additional comparators in the analog control section set
the thresholds of where the RC5041 enters its pulse skipping
mode during light loads as well as the point at which the
maximum current comparator disables the outpwedsig-

nals to the eernal pever MOSFETSs.

The digital control block is designed to ¢éathe comparator
inputs along with the main clock signal from the oscillator
and preide the appropriate pulses to the H\DButput

pin that controls thexternal pever MOSFET The digital
section vas designed utilizing high speed Schptilansistor
logic, thus allaving the RC5041 to operate at clock speeds
as high as 1MHz.
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High Current Output Driver s When disabled, the PWRGD output must be in thedtate.
The RC5041 contains twidentical high current output Since the RC5041 can supply thee@rive processor spec-
drivers which utilize high speed bipolar transistors arrangedTi cations, thé&JP#signal is not required.

in a push-pull condjuration. Each dver is capable of def .

ering 1A of current in less than 100ns. Eachits pover Over-Voltage Protection

and ground are separated from tkerall chip paver and The RC5041 prades a constant monitor of the output
ground for additional switching noise immunitye HIDR/ voltage for protection agjnst werwltage conditions. If the
driver has a peer supplyVCCQR which is boot-strapped  voltage at th& FB pin exceeds 20% of the selected program
from a flying capacitor as illustrated in Figure 2. Using this voltage, an werwltage condition will be assumed, and
configuration, C12 is alternately clygd fromVCC via the the RC5041 will disable the outputkisignal to the
Schottky diode DS2 and then boosted up when the FET is MOSFET(s).

turned onThis scheme prades aVCCQP wltage equal to

2¢VCC -VDS(DS2), or approximately 9.5V witMCC = Shor t Cir cuit Pr otection

5V. This wltage is sufcient to preide the 9V gte drve to
the external MOSFET required in order to acleéea lav
RDS(ON) Since the I side synchronous FET is referenced
to ground (refer to Figure 3), there is no need to boost the

gate drve \oltage and it CCP paver pin can be tied to internal comparatoWhen \oltage deeloped across the
VCC. SeeTypical Operating Characteristics for typical full  gonse resistoxeeeds the comparator threshotitage,

loadVCCQP vaveform. the RC5041 will disable the outputeisignal to the
MOSFET(s).

A current sense methodology is implemented to disable the
output drve signal to the MOSFET(s) when areecurrent
condition is detected.he \ltage drop created by the output 'U
current fowing across a sense resistor is presented to an -

Internal Voltage Reference

The reference included in the RC5041 is a 1.24V precision The DC-DC cowerter returns to normal operation after the
band-@p \oltage referencehe internal resistors are pre-  fault has been remed, for either anwerwltage or a short
cisely trimmed to praide a near zero temperature domént circuit condition.

(TC).Added to the reference input is the resulting output

from an intgrated 4-bit AC. The DAC is pravided in Oscillator

accordance with the Pentiufo specittation guideline, The RC5041 oscillator section is implemented using a

which requires the DC'[_)C cuerter output to be directly fixed current capacitor ctging confguration. An external
programmable via a 4-bibltage identitation (VID) code.  cahacitor (CEXT) is used to preset the oscillator frequenc

This code will scale the referenceltage from 2.0V (no between 200KHz and 1MHThis scheme alles maximum
CPU) to 3.5V in 100mV incrementsoiFguaranteed stable flexibility in setting the switching frequepas well as

operation under all loading conditions, a IDKull-up resis- choosing Eternal components.
tor and 0.uF of decoupling capacitance should be con-

nected to th¥’REF pin. In general, a lver operating frequegawill increase the

peak ripple currentdiving in the output inductpand thus
Power Good require the use of a lger inductor alue. Operation at Veer
The RC5041 Rwer Good function is designed in accordance frequencies also increases the amount ofggn&torage that
with the PentiunPPro DC-DC cowmerter specifiation and must be preided by the blk output capacitors during load
provides a constantoltage monitor on th&FB pin. The transients due to the sker loop response of the controller
circuit compares theFB signal to th&/REF wltage and

outputs an aote-low interrupt signal to the CPU should the As the operating frequewdés increased, the user should note

uorjewnioju] Ateuiwild

power supply wltage &ceed+7% of its nominal setpoint. that the dicieng losses due to switching are relaty fixed
The Pover Good fhg pravides no other control function to  per switching gcle. Therefore, as the switching frequgns
the RC5041. increased, so is the contifion tovard eficieng/ due to

switching losses.
Upgrade Present ( UP#)
Intel's speciftations state that the DC-DC senter must Careful analysis of the RC5041 DC-DC controller has
accept an open collector signal, used to indicate the presenfgSulted in an optimal operating frequgr 650KHz,
of an upgrade processdihe typical state is high (standard Which allows the use of smaller indueti and capacite
CPU).When in the lav or ground state (GwDrive processor ~ components while maximizing peakiefengy under all
present), the outpubitage must be disabled unless the con-OPerating conditions.
verter can supply the @vDrive processos speciftations.
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Design Considerations and

Component Selection

MOSFET Selection

The on-resistance (B&(ON) is the primary parameter for
MOSFET selectionThe on-resistance determines thevpo
dissipation of the MOSFET and therefore sigaifitly
affects the dfcieng/ of the DC-DC Cowerter Table 5 pre-
sents a list of suitable MOSFETS for this application.

This application requires N-chanrilgic LevelEnhance-
ment Mode Field Eéct Transistors. Desired characteristics

are as follavs:

» Low Static Drain-Source On-Resistance,
RDS(on)< 37 nM2 (lower is better)
* Low gate drve wltage VGs< 4V

» Power package with b thermal resistance

» Drain current rating of 20A minimum

» Drain-Source gltage > 15V

Table 5. MOSFET Selection Table

RDS,ON(MQ)

Thermal
Manufacturer & Model # Conditions 1 Typ. Max. Package | Resistance
Fuiji VGs =4V, TJg=25°C 25 37 TO-220 PIA=T5
2SK1388 Ip=17.5A T1=125°C 37 —
Siliconix VGs =4.5V, TJ=25°C 16.5 20 SO-8 ®Ja =50
S14410DY ID=5A TJ=125°C 28 34 (SMD)
National Semiconductor VGs =5V, Tjg=25°C 13 15 TO-220 dja =625
NDP706AL ID = 40A Pyc=15
NDP706AEL Ty =125°C 20 24
National Semiconductor VGs =4.5V, TJy=25°C 31 40 TO-220 dJA =62.5
NDP603AL ID = 10A Tj=125°C 42 54 Pic=25
National Semiconductor VGs =5V, Tj=25°C 22 25 TO-220 dJa =625
NDPGO6AL ID = 24A Ty =125°C 33 40 ®yc=15
Motorola VGs =5V, TJg=25°C 6 9 TO-263 dJa =625
MTB75NO3HDL ID = 37.5A Tj=125°C | 9.3 14 | (D2PAK) | ®yc=1.0
Int. Rectifier VGs =5V, TJy=25°C — 28 TO-220 dJA =62.5
IRLZ44 ID = 31A Tj=125°C — 46 ®c=1.0
Int. Rectifier VGs =4.5V, TJ=25°C — 19 TO-220 dJa =625
IRL3103S ID = 28A Tj=125°C 31 ®yc=1.0

Note:

1. RDS(ON) values at TJ=125°C for most devices were extrapolated from the typical operating curves supplied by the
manufacturers and are approximations only. Only National Semiconductor offers maximum values at Ty = 125°C.
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Two MOSFETs in P arallel
For high current requirements, we recommend that tw

MOSFETSs be used in parallel instead of one single MOS-

FET. Significant adentages are realized usingptMOS-
FETs in parallel:

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

PMOSFET= (I RDs(ON)(Duty Cycle)
= (14/(0.050)(3.3+0.4)/(5+0.4-0.35) = 7/

With two MOSFETSs in parallel:

PMOSFET= (I RDs(ON)(Duty Cycle)
= (14/2(0.037%)(3.3+0.4)/(5+0.4-0.35) = 1.3W/FET

*Note: RpS(on)increases with temperatufssume RS(on)= 0.025 at

25°C. Rps(on)can easily increase to 0.050W at high temperature when

using a single MOSFEWhen using tw MOSFETSs in parallel, the
temperature écts should not cause th®&on)to rise abwe the listed
maximum \alue of 37mW

 Less heat sink equired. With power dissipation dan to
around one att and with MOSFETs mountediflon the
motherboard, there will be considerably less heat sink

required.The junction-to-case thermal resistance for the

MOSFET package (@-220) is typically at Z2/W and the
motherboard sees as anxeellent heat sink.

» Higher curr ent capability. With thermal management
under control, this on-board DC-DC a@nter is able to

deliver load currents up to 14.5A with no problem at all.

MOSFET Gate Bias

The MOSFET can be biased by one of twethods—
Chage Pump or 12V Gate Bias.

Charge pump (or Bootstrap) method

Figure 4 emplgs a chage pump to prade cate bias. Capac-
itor CP is the chge pump deplged to boost thealtage of
the RC5041 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 wltage aVCCQP equal to
10V. The Schottl is required to prnade the chage path
when the MOSFET is &fThe Schottl reverses bias when
theVCCQP goes to 10Mhe chage pump capacitpCP
needs to be a high Q and high frequecapacitorA 1uF
ceramic capacitor is recommended here.

Control

¢ DS1 ]CB

————————————— 4 65-5040-13

I
I
I
I
I
I
: PWM/PFM
I
I
I
I
I

Figure 4. Charge Pump Configuration

Method 2. 12V Gate Bias

]

|

| M1

I

| E]

|

| L1 RS

I | PWM/PFM voy
| Control

|

| ¢ DS1 cB

I /‘\

|

o _____ v 65-5040-14

Figure 5. 12V Gate Bias Configuration

Figure 6 uses arxternal 12V source to biASCCQRA 47Q
resistor is used to limit the transient current intoB&€ QP
pin. A 1pF capacitor fter is used to fier theVCCQP sup-
ply. This method preides a higher @te bias vltage to the
MOSFET, and therefore reduces thgioN)and resulting
power loss within the MOSFEFigure 7 illustrates o
RDS(ON)decreases dramatically ¥ss increasesA 6.2V
Zener (DS2) is used to clamp theltage alVccopto a
maximum of 12V and ensure that the absolute maximum
voltage of the IC will not bexeeeded.

uorjeuniojuj Ateuiwijdid
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Converter Effi ciency * Sense Resistor Losses
gate-chage losses

» diode-conduction losses

« transition losses

Losses due to parasitic resistance in the switches, cail,
and sense resistor dominate at high load-curreat.le
The major loss mechanisms undentyelaads, in usual

order of importance, are: * Input Capacitor losses
* losses due to the operating supply current of the
« MOSFET PR Losses IC

* Inductor Coil Losses

Efficiengy of the conerter under hag loads can be calculated as folbn

Pout _ lout *Vour

Efficiency =

Pin lout *Vout * PLoss

where P o5 = PDyosrer + PDinpucTor * PPrsense + PDoate + PDpiope + PDrran * PDcap+ PDic
Design Equations:

2
(1) PDpmosrer = lout *Rpsion) * DutyCycle

Vout* Vb

where DutyCycle = ——————
Vin*tVo—Vsw

_ 2
(2) PD\ypucTor = lout *RinbucTor

_ 2
(3) PDrsense = lout * Rsense

(4) PDgate = GgaTe Xf x5V, wWheregg,1e is the @te chage and f is the switching frequenc

(5) PDpope = Vi X lgyT(1—-Dutycycle)

2
VN X Crgs * | x f . . . .
(6) PDrpay = —N—RSS__LOAD __ '\where Gssis the reerse transfer capacitance of the high-side MOSFET

IDRIVE
(7) PDcap = lgme X ESR

(8) PDjc = Vee*lee
Example:
3.3+0.5

DutyCycle = m = 0.73

PDyosrer = 10°x0.030x0.73 = 2.19W

PD,npucTor = 10°%0.010 = 1W

PDrsense = 10° x 0.0065= 0.65W

PDgate = CV xf x5V = 1.750f x (9-1)V x 650Khz x 5V = 0.045V
PDpjope = 0.5%10(1-0.73 = 1.35W

2
_ 5°x400pf x 10 x 650khz
PDrgay = o 00.010W

PDcap = (7.5-2.57%0.015= 0.3W

PD,c = 0.2W

10
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PD| ogg = 2.19W +1.0W +0.65W +0.045VN + 1.35W +0.010N +0.37W +0.2W = 5.815N

. _ 3.3x10 .

O Efficiency = 33x 104 581¢ 5.815D85A)

Selecting the Inductor Table 6. RC5041 Short Cir cuit Comparator
The inductor is one of the most critical components to be Threshold Voltage

selected in the DC-DC cwerter application.The critical Shor t Cir cuit Comparator
parameters are inductance (L), maximum DC current (lo) and Vihreshold (mV)

the coil resistance (RI)he inductor core material is a cru-

cial factor in determining the amount of current the inductor Typical 120

will be able to withstandAs with all engineering designs, Minimum 100

tradeofs exist between arious types of core materials. In Maximum 140

general, Ferrites are popular due to their tmst, lov EMI

properties and high frequen¢500KHz) characteristics. ~ When designing thexéernal current sense circuithe

Molypermalloy povder (MPP) materialsxibit good satura- designer must pay careful attention to the output limitations v
tion characteristics, W0 EMI and lav hysteresis losses; e during normal operation and duringaft condition. If the =g
ever, they tend to be xpensve and more édctively utilized short circuit protection threshold current is set tog khe

at operating frequencies bel@l00KHz.Another critical DC-DC corverter may not be able to continuously detithe —
parameter is the DC winding resistance of the indu€tds ~ maximum CPU load current. If the thresholddkis too —
value should typically be reduced as much as possible, as thigh, the output dvier may not be disabled at a safe limit and
power loss in the DC resistance willgtade the diciengy of  the resulting paer dissipation within the MOSFET(s) may -
the cowerter by the relationship1®ss= I0° x R1.The rise to destructie levels.
value of the inductor is a function of the oscillator duytyle

(Ton) and the maximum inductor currenpk)). Ipk can be  The design equation used to set the short circuit threshold m

calculated from the relationship: limit is as follows:
VANERY. v Rsense = \ﬂ’ where: | 5 = Output short circuit current
| = yINT Vsw™ DOr lsc
PK = 'MIN " [J L 0" ON
. . . (IPK - Imin)
WhereToN is the maximum dutyycle andvp is the Isc2 linductor = Load, max* —— 5

forward wltage of diode DS1.
Where pk and in are peak ripple curreanhd

Then the inductoralue can be calculated using the relation-lload, max= maximum output load current.

ship:

P The designer must also w@lnto account the current

HTON (IPK —=Imin), or the ripple currentdiving through the induc-
tor under normal operation. Figure 7 illustrates the inductor mmn
current vaveform for the RC5041/42 DC-DC cagrter at

WhereVsw (RDSONX 10) is the drain-to-sourceoitage of  maximum load.

M1 when it is switched on.

L= Vin—Vsw—Vo
-0

yewiojuj A

IPK_IMIN

—
k=
=~

Implementing Shor t Cir cuit Pr otection

=
°
7z
=
=)
2
=
N

Intel currently requires all peer supply manwdcturers .
to provide continuous protection aipst short circuit \T( : \/ f
conditions that may damage the CHO.address this » > Imin oap
requirement, Raytheon has implemented a current sense ; -
methodology to disable the outputwdrisignal to the X on T Tor
MOSFET(s) when anwver current condition is detected. =~ T=1/f >
The ltage drop created by the output curreswihg across

a sense resistor is presented to one terminal of an internal
comparator with ¥sterisis.The other comparator terminal
has the thresholdoltage, nominally of 120mWable 6 states The calculation of this ripple current is as folka
the limits for the comparator threshold of the Switching-Re
ulator:

— —>» t

Figure 7. Typical DC-DC Converter
Inductor Current Waveform

(Nok = min) - (VIN_VSW_VOUT)X (Vout *Vp)
2 L (VIN_VSW+VD)

11
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where: « Vin = input \ltage to Cowerter

« Vsw= voltage across Switcher (MOSFET) =

ILOAD X RDS(ON)

« Vp = ForwardVoltage of the Schotkdiode
e T = the switching period of the cegrter = 1/§,

where § = switching frequenc

For an input wltage of 5Yan output gltage of 3.3Yan
inductor \alue of 1.8iH and a switching frequepof
650KHz (using @xT1=39pF), the inductor current can be

calculated as foll@s:

(Ipk="min) _ (5.0-14.5x0.037-3.3)
2 1.3x10°

(3.3+0.5) x —1
(5.0-145%0.037+05) " gogx 10°

= 1.048A

Therefore, the peak currenp, through the inductor for a

14.5A load is found to be:

(IPK_Imin)

ISC2 Iinductor - ILoad, max+ 2

As a result, the short circuit detection threshold must be at

least 15.5A.

The net step is to determine thalue of the sense resistor

=145+1 = 156.5A

Including sense resistor tolerance, the sense resatar v
can be approximated as folle:

Vth,min

Rsense =
sc

x (1-TF) =

Vth,min

1.0+ ILoad,max

x (1-TF)

WhereTF =Tolerance Bctor for the sense resistor

There are seeral diferent type of sense resistorable 7
describes tolerance, size wer capability temperature
coeficient and cost ofarious type of sense resistors:

Table 7. Comparison of Sense Resistor s?!
Discrete Metal Discrete
Discrete Ir on | Strip surface Discrete MnCu CuNi Alloy
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"x0.001" | 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 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 $0.31 $0.47 $0.09 $0.09
@10,000 piece | included in
motherboard

Notes:

1. Refer to Appendix A for Directory of component suppliers

Based on th&olerance in the alve table,

For Embedded PCrace Resistoand for
lioad,max= 14.5A
\Y;

th,min

RSENSE ) 1.0A + ILoad, max>< (=79
_ __100mV oony =
= ToA+1am < (1729%) = 4.6mQ

For discrete resistor anghad, max= 14.5A
\%

_ th,min _
RSENSE - LOA+ ILoad, max>< (1 TF)
_ 100mV o -
= ToA+1435a < (1=5%) = 6.1mQ

For user comenienceTable 8 lists recommendedlue for

sense resistor foravious load current using embedded PC

trace resistor or discrete resistor

Table 8. Rsense for Various Load Current

RSENSE RSENSE
ILoad,max PC Trace Discrete
(A) Resistor (m Q) Resistor (m Q)

10.00 6.5 8.6
11.20 5.8 7.8
12.40 5.3 7.1
13.90 4.8 6.4
14.00 4.7 6.3
14.50 4.6 6.1

12
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RC5041 Short Circuit Current Characteristics The higher the input capacitance, the moregsatorage is
available for impreing the current transfer through the FET
Low “ESR” capacitors are best suited for this type of appli-
cation and can inflence the corerter's dicieng if not
chosen carefullyThe input capacitor should be placed as
close to the drain of the FET as possible to reduce thet ef
of ringing caused by long trace lengths.

The RC5041 has a short circuit current characteristic
that includes aysteresis function that prents the DC-DC
corverter from oscillating in thevent of a short circuit.

A typical V-l characteristic of the DC-DC cwerter output is
presented in th&ypical Operating Characteristics section,
page 5The cowerter performs with a normal loadyrdation
characteristic until theoltage across the resistor reaches the ] S

internal short circuit threshold of 120mAt this point, the 1€ ESR rating of a capacitor is afidiéilt number to
internal comparator trips and sends a signal to the controllgfuantifs ESR or Equialent Series Resistance, is defl as

to turn of the gate drie to the pwer MOSFET This causes N résonant impedance of the capacBatce the capacitor
a drastic reduction in the outpuiliage as the load gala- is actually a compleimpedance déce haing resistance,

tion collapses into the short circuit mode of conffle out- inductance and capacitance, it is quite natural for thiee
put woltage will not return to the normal load characteristic © have a resonant frequends a rule, the lwer the ESR,
until the output short circuit current is reduced to within the the better suited the capacitor is for use in switchingepo
safe range for the DC-DC ogerter supply applications. M@ncap_acnor manuafcturers do not
supply ESR dataA useful estimate of the ESR can be

Schottky Diode Selection obtained using the folleing equation:

The application circuit diagram of Figure 1 safsotwo Schot- SR = PF
tky diodes, DS1 and DS2. In synchronous mode, DS1 is useg 2 C
in parallel with M3 to preent the lossy diode in the FET Where:

from turning on. DS2 sees a dual purposAs confgured, it
allows theVCCQP supply pin of the RC5041 to be boot-
strapped up to 9V using capacitor C\¢hen the laver

MOSFET M3 is turned on, one side of capacitor C12 is

connected to ground while the other side of the capacitor iS\Nith this in mind, correct calculation of the output capaci-

being chaged up to vltageVIN — VD through DS2The t : :
X . i ance is crucial to the performance of the DC-DCrediet
voltage that is then applied to thetg of the MOSFET is The output capacitor determines themll loop stability

VCCQP -VSAT, or typically around 9\A vital selection : :
o . L output oltage ripple and load transient respofi$e calcu-
criteria for DS1 and DS2 is that thexhibit a very low Iatign is as ?ollwpsr') P

forward \oltage drop, as this parameter can direcfigcthe

regulator eficieng. In non-synchronous mode, DS1 is used _ loxAT
) =

« DF is the dissipatiorefctor of the capacitor
- fis the operating frequenc
e C s the capacitance iarfads

uorjeuniojuj Ateuiwijdid

as a fyback diode to pnade a constant current path for the —lo*ESR
inductor when M1 is turned ofTable 9 lists seeral suitable : : o
: Where AV is the maximum weltage deiation due load
Schottly diodes. Note that the MBR2015CTL haseayw tranlsient ximd g 't .
low forward \oltage dropThis diode is most ideal for appli-
cation where outputoltage is required to be less than 2.8V AT is reaction time of the peer source (Loop
response time of the RC5041) and it is
Table 9. Schottky Diode Selection Table approximately fis
Manufacturer Forwar d Voltage lois the output load current
Model # Conditions Ve
Philips I- = 20A;T, = 25°C <0.84V For lt(;): 10A, gndAVd: 75&\'/, .the lulk capacitor required
PBYR1035 |l = 20A;T,=125°C <0.72V can be approximated as fodls:
Motorola le = 20A;T; = 25°C <0.84Vv lox AT 10A x 8
MBR2035CT |l = 20A; T, = 125°C <0.72V CF) = AV =xESR ~ 78mV _10A lfg,mQ = 320QF
Motorola I =15A;T;=25°C <0.84V
MBR1545CT |lz=15A;T,;=125°C <0.72Vv Input fi Ilter
mgtlgrz(z)liSCTL :F - 58/’: _-II_-J' - fé’;gc : 822¥ We recommend that the design include an input inductor
F- Pz : between the system +5V supply and the DC-DGreder

) ) input described bela This inductor will sere to isolate the
Output Filter Capacitor s +5V supply from noise occurring in the switching portion of
Optimal ripple performance and transient response are  the DC-DC cowerter and to also limit the inrush current into
functions of the fter capacitors used. Since the 5V supply ofthe input capacitors on per up.We recommend aalue of
a PC motherboard may be locatedesal incheswaay from around 2.5H.
the DC-DC cowerter input capacitance can play an impor
tant role in the load transient response of the RC5041.
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In general, all of the noisy switching lines should bptk
5V 2.5uH vin away from the quiet analog section of the RC50#1at
0 0 is to saytraces that connect to pins 8 and 9 (HNDadhd
L000LE. 10V VCCQP) should bedpt far avay from the traces that
0.1pF /= — T~ Electt‘ol)’lﬁc connect to pins 1 through 4, and pin 12.
o ° 2. Place decoupling capacitorsi{F) as close to the
1 65.APA2-17 RC5041 pins as possible. Extra lead length on these will
= negate their ability to suppress noise.
Figure 8. Input Filter 3. EachVCC and GND pin should ka its avn via davn
. . to the appropriate plane undernedthis will help gve
PCB !—ayout Guidelines and isolation between pins.
Considerations
4. Surround the CEXT timing capacitor with a ground

PCB Layout Guidelines

1. Placement of the MOSFETS relatito the RC5041 is
critical. The MOSFETs (M1 & M2), should be placed
such that the trace length of the HNDRin from the
RC5041 to the FETages is minimizedA long lead
length on this pin will cause high amounts of ringing due
to the inductance of the trace combined with thgdar
gate capacitance of the FEThis noise will radiate all
over the board, and because it is switching at such a high
voltage and frequencit will be very difficult to sup-
press.

The draving belav depicts anxample of good place-
ment for the MOSFETS in relation to the RC5041
and also ame@ample of problematic placement for the
MOSFETSs.

(_) M1
(_y M2
Correct layout
—]° s —p—
10 7
 — 61
— ) s
— ¢y |
| — r\’:{:I
| — 2[4
[ — T gy |
/4
'::) = “Quiet" Pins M1
M2

trace as much as possibMso be sure todep a ground

or powver plane underneath the capacitor for further noise
isolation.This will help to shield the oscillator pin 1

from the noise on the PCB. Place this capacitor as close
to the RC5041 pin 1 as possible.

Place MOSFETS, inductor and Schygtts close
together as possible for the same reasons as #&.abo
Place the inputidk capacitors as close to the drains of
MOSFETSs as possible. In addition, placement of a
0.1uF decoupling cap right on the drain of each MOS-
FET will help to suppress some of the high freqyenc
switching noise on the input of the DC-DC verter

The traces that run from the RC5041 IFB (pin 3) and
VFB (pin 4) pins should be run togethexht® each

other and be Klvin connected to the sense resisRam-

ning these lines together will help in rejecting some of
the common noise that is presented to the RC5041 feed-

Poor layout
—° s4—1
10 73
 — 611
—i2 s
N ey !
s ) -]
5 i 2 [
16 :1::

Figure 9. MOSFET Layout Guidelines
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back inputTry as much as possible to run the noisy  Example of a La yout on a PC Motherboar d

switching signals (HIDR & VCCQP) on one layer; and and Gerber File

use the inner layers for onlyer and grognd. lf.the.tOp A reference design for motherboard implementation of the

Ia_lyer is being used to route all of the noisy switching . RC5041 along with Layout Gerber File and Silk Screen are

s!gnals, use the bottom layer to route the analog Sens"}ﬂesented her&@he actual Gerber File can be obtained from

signalsVFB and IFB. a Raytheon local Sales Repfi©é or from Raytheon
Semiconductor Madting Department at (415) 966-7819.

TOP

uorjeuniojuj Ateuiwijdid

POWER MOTTOE
ZE25
% %
C13
! | +
CEXTU o ¥ 2 000 000
16 - +
R7 X X
CL R2 o C7 3 ° X x)( § X
6 - in + X x x X +
- | _| LN 2 X §§ >2< L]
C1 T10 o ﬁ Lz ¢ + x X +
Ca L1 C1 X oo
T NT D2 + |
o o +
Ciif |I - - x X B R
SENBE— I + + +®8 S
RS C4 + X x +
TOP SILK + + + X XX
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RC5041 Evaluation Boar d

Raytheon preides an ealuation board for the purpose of
verifying the system ieel performance of the RC504The
evaluation board sees as a guide as to what can xgeeted
in performance with the suppliedternal components and
PCB layout. Please call your Raytheon local Sales Rep
Office or Raytheon Semiconductor Matikg Department at
(415) 966-7819 for anvaluation board.
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Notes:
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RC5041

Mechanical Dimensions — 16 Lead SOIC

Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. X
2. "D"and "E" do not include mold flash. Mold flash or
A .053 069 135 175 protrusions shall not exceed .010 inch (0.25mm).
Al 004 010 0.10 0.25 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 .008 010 0.19 0.25 5 5. "C" dimension does not include solder finish thickness.
D .386 .394 9.80 10.00 2 N . .
6. Symbol "N" is the maximum number of terminals.
E .150 .158 3.81 4.00 2
e .050 BSC 1.27 BSC
H .228 .244 5.80 6.20
h .010 .020 0.25 0.50
L .016 .050 0.40 1.27 3
N 16 16 6
a 0° 8° 0° 8°
ccc — .004 — 0.10
16 9
E H
o l
FERBORNE
1 8 -
| b | |—— h x 45°
—+— - \ AL
A T i
Fooo } seatinGg [-c- L_f
—[e]~— —|[~B PLANE | EAD COPLANARITY
(=] cec]c]
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Ordering Inf ormation

Product Number

Package

RC5041M

16 pin SOIC

The information contained in this data sheet has been carefully compieglenat shall not by implication or otherwise become part of

the terms and conditions ofyaaubsequent sale. Raythemtibility 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 infringemerd isrimtgrlidel.

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, wheegiire 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

4/97 0.0m
Stock#DS30005041
© Raytheon Company 1997



