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Implementing the RC5035 and RC5036 DC-DC
Converters on Motherboard Designs

Introduction

State-of-the-art microprocessors must integrate an increasirigower voltages and higher currents have created the demand

number of functions and provide the flexibility to perform  for fast, flexible, and efficient power supplies. These supplies

the complex tasks required by today’s demanding applica- must be capable of handling 3.3V for the I/O portion of the

tions. For this reason, Intel’s Pentifirmicroprocessor CPU, and even the lower voltages for the core logic.

architecture has replaced the aging X86 architecture as the

computer applications evolve towards multimedia and the Because of the increasing electrical requirements of these

Internet. CPUs, motherboard designers cannot simply use linear regu-
lators as power supply controllers. To provide a solution to

To support sophisticated multimedia and internet applica- this problem, Raytheon Electronics has developed a series of

tions, microprocessors integrate a large numbers of transisDC-DC converters. This document describes an efficient

tors onto a single chip. Pentium chips, for example, integratdual power supply system for Intel’s P55C and AMD’s K6

well over 5 million transistors on a single piece of silicon. To microprocessors using Raytheon’s RC5035 and RC5036

integrate so many transistors onto a small area of silicon, thBual Adjustable Voltage Regulators.

physical dimensions of each transistor have been reduced to

the sub-micron regiqn. As a rgsult of each geometry redu_c1:>55c and K6 Processor Overview

tion, the corresponding operational voltage for each transis-

tor has also been reduced. The majority of the logic, controll he PS5C and K6 are the third generation of Pentium class

and memory chips now operate using a 3.3V supply, com- microprocessors. They have many feature enhancements for

pared to 5V only 5 years ago. The core logic of the new higher performance and are pin compatible with the older

higher speed Pentium CPUs use under 3.3V. The lower Pentium processors. For motherboard designers, the most

voltage used by the core logic increases the average currerfignificant difference between these and older generation

required in systems using state-of-the-art microprocessors Processors is the requirement for a dual power supply.

(see Table 1).

Table 1. CPU Voltage/Current Requirements

Processor Voltage Required Description Current Required
P54 STD 3.3V? Core & 1/0 5A
(3.135 - 3.60V) 512k SRAM 1A
VRE 3.5V Chipset A
(3.4V -3.6V) Total A
Cyrix 6x86 | 3.3V Core & 1/0 7.2A
(3.15V - 3.60V) 512k SRAM 1A
Chipset 1A
Total 9.2A
P55C 2.8V+100mv Core 5.7A
STD 3.3V I/O 0.4A
(3.135V - 3.60V) 512k SRAM 1A
Chipset AA
Total 2.4A
AMD K6 2.9V +5%/3.2V £100mV Core 9.5A
3.3V (3.135-3.60V) I/0O 512K SRAM Chipset 3A
Note:

1. P54 voltage requirements depend upon CPU type.
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AN48 APPLICATION NOTE

r————— == == - - ———— - |
|
| or----—-- =] :
| r= T
| 1] | I
r——=—-- | I m | |
vout? | | N | I
U — -l I |
r———-===- -4 Core | I/O I
Vout? | ' |
L — — — — — - I
I I |
[ I '
| | |
Ll et 4
Socket 7
| I
Figure 1. Dual Power Plane with Socket 7 for P55C
The P55C and K6 peer supplies are dided in two sec- P54/P55/K6 Flexible Motherboar d

tions. One is the 3.3V supply thatvpers the I/O circuitry . .
The other pwer supply pruides a lover wltage to the CPU A flexible motherboa_rd alles for a ariety of processors to
core circuitry typically between 2.5V and 2.98s a result P& Supported on a single motherboard design, and it can

of this duality the motherboard for P55C and K6 requires a INclude an auto-corgurable rgulator circuitAn
dual paver plane system as sk in Figure 1. auto-confgurable fexible motherboard must support the

3.3V Standard Range, tM&RE s-speciftation*, the P55C,

The P55C and K6 use tREC2DET pin (as defied on the K6, a}nd the Peptium ©rDrive processors without
Soclet 7) to adjust theoltage of the core peer plane to the ~ €Xternal jumpers. Figure 2 she hav the RC5035 and
correct wltage, depending on the CPU installed in the RC5036 can implement an auto-cgufiable vitage rgula-
soclet. The P55C or K6 force théCC2DET pin LON tor system for arious CPUs.

causing the on-boardgelator to preide the laver wltage

for the core pwer plane.

RC5035/RC5036

Vout?

P54 High Regulator 1 o)
6x86 High P54/6x86 = No output
or 3.3V + 5% @ 3A

P55C =3.3V+5% @ 3A

VCC2DET

P55C low
K6 low Regulator 2 O

Vout 2

P54/6x86 = 3.5V + 100mv @ 9.2A
P55C = 2.9V £ 100mv @ 5.7A

K6 = 2.9V + 5% @ 7.5A (200MHz)
or 3.2V = 100mV @ 9.5A (233MHz)

Figure 2. P54/P55 Auto-Configurable Regulator

“Implementation Guidelines for 3.3V Pentium Processors with VR/VRE Specifications, Dec. 1994
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On P54 Pentium processors ancef@rive processors, the ~ Main Contr ol Loop

VCC2DET pin is an internal No Connect. It can therefore beThe RC5036 contains a precision trimmed ZBEo

set to a high leel by an &ternal pull-up resistoOn the reference, a constant-on-time architecture contral&igh
P55C and K8, this pin is connected to grourat.the 3.3V current output dvier, and a lov offset operational ampli:
andVRE s-speciftation processors, the switching and the  Figure 3 shavs hav the RC5036 usexternal components
linear rggulator portions of the RC5035 and the RC5036 canto form an adjustable dual wer supply

be driven to 3.3V or 3.5V in the current sharing cgofa-

tion. Alternatively, the linear rgulator can be disabled while The main control loop for the switch-mode werter con-
the switch-mode gulator supplies the entire current load to sists of a pair of signal conditioning ampifs. These ampli-

the processor fiers acquire eitage and current information from the
regulator output, compare the informatioraagst the preci-

RC5036 Dual Adjustab le Regulator sion reference, and present error signals to the input of the
constant-on-time oscillatoFhe current feedback controlling

Description signals desxie from the wltage deeloped across the sense

resistor that feeds into the IFBH and IFBL inputs to the
RC5036.The wltage feedback signal is sent back from the
output through aaltage dvider to the FBSW pin of the
RC5036 to compare amst the precision referencehe

error signals from both the current feedback loop and the
voltage feedback loop are summed together and used to con-
trol the of-time portion of the oscillatoiThe current feed-

back error signal is also used toyid®e short circuit

protection for the RC5036.

The RC5036 combines a highhyfiefent switch-mode

DC-DC corverter and a precision lineargrgator in a

single 16 lead SOIC packag#ith the appropriatex¢ernal
components, this cearter can be confured to meet the
P54/P55/K6 #xible motherboard requiremenihe

RC5036 contains the complete control logic for utilizing the
VCC2DET pin of the P55C and K6 (see FigureTd)is con-
trol function allavs the RC5036 to automatically capfire a
system between the 2.xV core logaitage for the P55C and

K6, and the 3.5WRE s-speciftation wltage for the P54. Linear Operational Amplifi er

The lov-offset operational amplér is confgured to be the
controlling element in a precision lineagator From
This section describes the functions of taeaus internal Figure 3, the operational amptifiis used to compare the
components of the RC5036. divided output of the linear gelator to the precision refer
ence.The error signal can then be used to controlveepo
NPN transistar

Functional Description

VIN
3
9m [ Vi
'
= CONSTANT ON-TIME
OSCILLATOR
lo
7| vir {9m ANALOG
SWITCH
w N
I |
i * \% |
—/\W l +—Voursw
g IoN T To CPU Core
+12V
VREFE REF N
-
Iset To l/O
RC5036
SWITCHER E:\JI\,IAEQ_FE
SELECT
SWCTRL 65-5036-01
From CPU
VCC2DET pin
LIN EN

Figure 3. RC5036 Block Diagram
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High Current Output Driver s

The RC5036 high current outputii contains high speed
bipolar paver transistors corgured in a push-pull cormfiu-
ration.The output drier can source 1A of current in less
than 100nsThe driver's pever and ground are separated
from the werall chip pever and ground for added switching
noise immunityThe SDR/ driver on the RC5036 has a sep-
arate pwer supplyVCCR which can be obtained from an
external 12V source as sha in Figure 5.

Internal Ref erence

The reference in the RC5036 is a precision baaltgpe
reference set to 1.5\s temperature coiéient is trimmed

to provide a near zer®C. For a guaranteed stable operation
under all loading conditions, a QA capacitor is
recommended on théREF output pin.

Over-Voltage Protection

The RC5036 constantly monitors of the outpoitage for
over-voltage protection. If thealtage at th&FBL pin on the
RC5036 &ceed 20% of the selected prograoftage, an
over-voltage condition is assumed tdst and the chip shuts
down the output dvie signals to the peer FETSs.

Oscillator

The RC5036 constant-on-time oscillator includes a
comparatgran eternal capacitgra fixed current source, a
variable current source, and an analog switch that selects
between tw threshold vltages for the comparatdrhe
external capacitor is alternately cgaed and dischged
through the enabling and disabling of the=fl current
sourceThe \ariable current source is controlled from the
error inputs that are reeeid from the current anditage
feedback signal§he oscillator dftime is controlled by the
amount of gailable current from theariable current source
to chage the &ternal capacitor to the high thresholddeof
the comparatoiThe on-time is set by the constant current
source that dischges the eternal capacitoraitage to the
lower comparator threshold.

RC5035 Dual Regulator

As can be seen by comparing Figure 3 and Figure 4, the
RC5035 is identical to the RC5036 with theeption of the
built in switching function on the RC503@his function
allows the RC5036 to be used in P54/P55C/IGilile
motherboard designs.

% Vi
CONSTANT ON-TIME <
OSCILLATOR A%
VZ] Im 10 | anALOG
SWITCH
v NS
mh ;
T v |
| Y
g ON To CPU Core
| v
REF h
>
To I/O
RC5035

65-5035-01

Figure 4. RC5035 Block Diagram
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RC5035/RC5036 Evaluation Boar d

Raytheon Electronics fefrs an galuation board to
evaluate system \el performance of the RC5035 and the

patibility with previous Pentium processors, the P55C uses
an I/O wltage of 3.3Ymaintaining compatibility with
existing system chipsets and SRAM$ie core current
requirement is between 3A and 5A at 2.8xd the 1/O

RC5036.This board is not intended to be a complete metherrequires 0.4A at 3.3VThe K6 requirements are simildmt

board solution, bt rather seres as a guide to the peror
mance of the part using the supplietieenal components

the core current requirements are much greater (up to 9.5A).

and PCB layoutAppendix B contains the schematic, Bill of RC5036 Application

Materials, and the complete layout of tvaleation board.

Dual Power Suppl y Application

The best application of the RC5036 is to use the switch-
mode rgulator to preide the 2.xV wltage supply for the
core of the P55C and KAt the same time, the lineargaa-

Although most of today's desktop computers use multiple tor can preide the less critical 3.3V peer supply for the

output paver supplies, laver operating wltages and

I/O portion of the design. Figure 5 st®a typical dual

increased transient response requirements are forcing the Power supply confjuration.

move into local paver supply systems. Such supplieséha

inherent adantages of laer parasitic inductance and resis- Using the switch-mode gellator for the coreoltage supply

tance.The RC5035 and RC5036 address the need for a
localized dual paer supply for the P55C and K6.

The P55C Pentium processor has increased L1 cache
memory @er the P54 processor and includes some other
refinements in architecture to ackgehigher performance
levels with multimedia application$he operating
frequeng of the core is rated from 150MHz to 200 MHz,
with the core supplyaltage in the 2.5-2.9V rangeofcom-

c7 I
0.1uF R7
47

has tw adwantages. First, since the comtage is dropped
belav 3V, the high dicieng/ switch-mode rgulator reduces
the paver dissipation requirements of thensy FETSs at

high currents. Second, thailt-in over wltage protection
inherent in the switch-mode design protects the CPU core
from ary voltage related stresses. In addition, the linear
regulator can easily handle the 5V to 3.3V wansion at the
lower currents without creating adgr burden for thermal
management.

N R i e

ci4
01“1 ImouFIsoom:EipF

j C16 R6

0.1pF 7.5mQ

P55=2.8V+/-100mV@5.7A
P54=3.5V+/-100mV@10A

N
J
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2SK1388
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4.7uH

DS1
A MBR1545CT
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12

13| RC5036
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14
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~ 2K 15 |o

15
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Disable: Off

N

|

Enable = 0
Disable = 1

~C5
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" ~
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10K
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Figure 5. Dual Power Supply for P54/P55C/K6 Flexible Motherboard
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+12V _T_
c4
0.1uF R7
47
+5V * *
_LCl _T_CZ DS2
1500pF| 0.1pF K L c6
i 1N5817 0.1pF
4.7uF J ML
2SK1388 L2 R1
4.7pH 6m Jvosw
L 8 bs1 Q R c10
10 7 A MBR1545CT K 1500uF
11 6 :
12 5
13] RC5035 [, < 52
_14] 3
15 2
Cext J_ »1—6 A~ H o
180pFT\
GND * % Q1
L D44H11

Figure 6. RC5035 with Linear Regulator Slave

RC5035 and RC5036 Application

However, the linear rgulator short circuit protection can be

An application of the RC5035 and the RC5036 is to use the2Chie/ed using a dferential amplifer with two inputs.The

switching rgulator as a ly-drop-out rgulator as shwn in
Figure 6. In this application, the switchingyuator is used
to provide high eficieng/ conversion from 5V to 3.3Wvhile
the linear rgulator is used to drop the 3.3Vwdoto 2.8V (or
lower). This approach has the ahtage of reducing the
power dissipation of the lineargalator FET substantially

to the point that it wuld not require a heat sinkhe disad-
vantage is that the switchinggidator must carry the load
current for both the switching output and the linear output.

In the case of P55C, the lineagudator supplies the higher
current required by the processor core, rather than the
switching r@ulator in the application of Figure A.second
disadwantage of this approach is that the switchirglator

is required to praide the short circuit current protection for
the switcher and for the lineargator; thus disabling the
linear short circuit protection.

reference input is connected to the chip +5V suppig the
second input is tan from the/SC2 pin. If the input to the
power transistor for the lineargalator comes from an
supply other than the +5the linear short circuit protection
function cannot be used.

Figure 7 shars an implementation where thgyuator is a
single switch-mode gulator operating at 3.3V or 3.5but
when it detects thé CC2DET in the LQV state, the chip
implements a dual supplygelator to address the P55C. In
this confguration, the design of aekible motherboard
allows for the switch-mode gailator to carry the

highest current for theavious processors under consider
ation. In addition, in this corguration the linear galator
should be designed to supply the P55C processor 1/O and
other peripheral ICs that maywered by 3.3V
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+12V 1o
E.lpF 377
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Figure 7. RC5035 Implementation for P54/P55C/K6 Flexible Motherboard

Detailed Design Relationships By rearranging these twequations, we can arei at the
basic relationship for the stepwlo buck regulator These
Generaliz ed Design Equations equations arealid for the assumption that thegrgtator is

operating in the continuous mode (design equations for a
regulator operating in the discontinuous mode are not
discussed here).

The dervation of the basic step-dm buck regulator design
equations are the basis for the design relationships for the
RC5035 and the RC5036. Figure 8whkdhe basic step-

down DC-DC conerter without a feedback controller . L .
Figure 9 shws a pictorial representation of theltage and

current relationships described for the stepatoggulator

—

' y

o
=
°

r
=
=)
2
=
N

Figure 8. Simplified Step-Down DC-DC Converter ; -
‘ A s

The basic operation is realized inctsteps. Step one occurs ~ T=1/f >
when switch S1 is closed, piding voltage on the inductor
L1. The current fiwing through the inductor is calculated

. . : . A . Figure 9. Inductor Current Relative to Period
from the follaving relationship (assuming an ideal switch):

The Duty Cycle is calculated by:

ek = Imin)
Vin—Vour = LI—F——
ON

Vour*Vo  _ Ton
Step tvwo occurs when switch S1 is open, making diode D1 V,y+Vp—Vgy T
drive the current through the induct®he current through

the inductor decreases at the foliog rate:

= Duty Cycle

whereT is the total period of the clockpN + TOFF and

| | VD is the diode fonard wltageVsw = |0 * RDS,ON
VotV _ Ll(MIN_ pK)
DT Vout ~ Torr
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Specifi ¢ Design Equations

Current-Sense Resistor

The abwe general relationships are the basis for the specifi The_current sense resistor ca_rries all of the peak current of
design relationships used for selecting the proper inductand@€ inductorThe peak current is Iger than the load current.

and capacitance for the design under consideration.

Selecting the Inductor

The inductor is one of the most critical components to be
selected for a DC-DC cwarter applicationThe critical
parameters are inductance (L), maximum DC currey)i (I
and coil resistance (RIJhe core material is a criticadtor
for determining the amount of current that the inductor can
handle As with all engineering designs there are trads-of
for various types of inductor core materials. In general,
Ferrites are popular because of theiv kost, lav EMI, and
high frequeng (>500kHz) characteristics. Molypermallo
powder (MPP) materials a good saturation characteristics
and lav EMI with low hysteresis losses; tivever, they are
expensve and more éiently utilized at frequencies b&lo

The RC5035 and RC5036die to limit the output current to
the load by turning éthe top-side FET dver when the @lt-
age across the current-sense resistoeeds 100mMVhen
this happens the outpubiage temporarily goes out ofge-
lation.As the wltage across the resistor increases, the top-
side FET turns dfmore and more until the current limit
value is reached. Only then can the chip continuouslyateli
the limit current at a reduced outputitage leel.

When designing thexéernal current sense circuitqyay
careful attention to the output limitations during normal
operation and during adlt condition. If the short circuit
protection threshold current is set tow|dhe DC-DC
corverter may not be able to continuously detithe
maximum CPU load currerithe design equations used to

400kHz. DC winding resistance is another critical parameterSet the short circuit threshold limit are as fatio

In general, the DC resistance should bptlas lav as
possibleThe paver loss in the DC resistancegdades the
efficieng of the conerter by:

2
Ploss = I" *Rpc

where | is the eerage load current in the inductor arddR
is the DC resistance of the inductor

The alue of the inductor is a function of the switching
frequeng (ToN) and the maximum inductor currermxl
The maximum inductor current can be calculated asvistio

Viny—Vew—V
in~"Vsw Vo
Ik = Nt 3 L STON

WhereToON is the maximum on time of the M1 FET and
Vsw is the drain-to-sourceoltage dropped by the FET

The inductor wlue can be calculated by:

Vin—Vew—V
_YIN"Vsw— Vo
L= HTON

U Te=Tuin

linductor = Noad ¥ (lpk =Imin)/ 2

Vin

Isc = § s wheretlge yin>lpk
SENSE

Since the glue of the sense resistor is generally in the
milliohm region, trace resistance can contitéd signifcant
errors.Therefore, care should be &kin the layout of the
PCB.The traces to the IFBH and IFBL pins of the RC5035
and RC5036 should beelin connected to the pads of the
current-sense resistdio minimize the infilence of noise,

the two traces should be runxigo each otheror an
embedded sense resistor can begimatied into the PCB.

The sense resistoalue can be approximated by:

Vth,min

0.5+ 1 oap,mAx

R _ Vth,min
SENSE ~ 7]
PK

x (1-TF) = x (1-TF)

WhereTF =Tolerance Bctor for the sense resistor

Different types of sense resistoxsse Table 2 describes the
tolerance, size, peer capability temperature cofe€ient,
and cost of &rious types of sense resistors.
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Table 2. Comparison of Sense Resistor s

Discrete Discrete Metal Strip Discrete
Motherboar d Iron Allo y Resistor Surface Mount MnCu Allo y Wire

Trace Resistor (IRC) Resistor (Dale) Resistor
Tolerance Factor +29% +5% +1% +10%
(TF) (1% available)
Size 2"x0.2"x0.001" | 0.45" x 0.065" x 0.200" |0.25" x 0.125" x 0.025"|0.200" x 0.04" x 0.160"
(LxWxH) (1 oz Cu trace)
Power capability > 50A/in 1 watt 1 watt 1 watt

(3 and 5 watts available)

Temperature +4,000 ppm +30 ppm +75 ppm +30 ppm
Coefficient
Cost@10,000 Low; included in $0.31 $0.47 $0.09
piece quantity motherboard

The followving equations are based on fwerance Bctor inTable 2.

For an embedded PC trace resistor:

V th,min 80mV
 — — = — — 0, =
Rsense = 557 TPYPwe X(1-TF) = 5o 1oR X (1-29%) = 5.4mQ
For a discrete resistor:
V.. .
_ th,min _ _ 80mV Eopy —
RSENSE = O""""""""""""""""“5+ ILOAD’MAX X(l TF) = 0m5A + 10A X(l 5A)) = 7.2mQ
Table 3 lists recommendedlues for sense resistors for Switching Regulator.
various load currents using an embedded PC trace resistor or > +R3
a discrete resistor Vour = VREFBRTE

Table 3. Rsense for Various Load Current

ILOAD, RSENSE RSENSE Linear Reulator

MAX PC Trace Resistor | Discrete Resistor v _ . [R4+RSQ

(A) (mQ) (mQ) out = YREFO R4 O
5 10.3 13.8
6 8.7 11.7 Where:
7 Z 101 R2 > 1.5KQ and (R2 + R3¥ 25KQ

-6 0. R4 > 1.5K0 and (R4 + R5 25KQ.

8 6.7 8.9
9 6.0 8.0 Since the wvltage reference for the RC5035 and RC5036 is
10 54 75 1.5V, the linear rgulator equation becomes:

4+4R5
Vour = LevERARED

Feedback Voltage Divider U R4

The RC5035 and RC5036 precision reference is trimmed to

1.5V nominally so that the system designer has contl 0 Assuming that R4 is the resistor connected between the feed-
choosing the outputoltage for each gulator from 1.5V o pack pin of the mgulator chip and ground, and settMguT

3.6V. Hence, the design procedure includes the setting of thg, 3.3\ then:
feedback resistor3hese resistors should be 0.1% accurate

resistors to obtain the best accyraesults.The \alue of the _ o, B83-157_
resistors is an important consideration, because choosing 3% = R4 15 O~
total resistance of thexdder netvork incorrectly can rgate

the efect of using 0.1% resistorshe folloving equations Thus. if R4 is 50K. then R5auld be 60K
relate the outputoltage to the referencelage. ' ' '

1.2(R4)
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Since the gltage dvider connects to the input of a bipolar

operational ampliér inside the DC-DC caerter chip, the
effect of the input current on the accuraxf the wltage

divider netvork must be ealuated. If the input bias current

of the operational amplédr was on the order of#, the
effect of the current can be calculated mdinhg the total
bias current required for thevitier netvork.

__ 33 _
INET_50K+6OK 30uA

A 1pA input current yields a 3.3% error in the outpaoltage

due to the input current required for the RC5035 or RC503
operational ampliér. Hence, the 50K and 60K resistors are

not good choices. If the resistors are reduced lagtaif of
10, to 5K and 6K, then thauA input current produces an
acceptable 0.3% error

Filter Capacitor s

Good ripple performance and transient response are func-

tions of the fiter capacitors. Since the 5V input for a PC
motherboard can be located/sml inches way from the

DC-DC corverter input capacitance can play an important

role in the load transient response of the RC5035 and

RC5036. In general, the higher the input capacitance, the

more chage storage isvailable for impreing the current
transfer through the FETow ESR (Equralent Series

Resistance) capacitors are best suited for the application

described in this documerithe input capacitor should be

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

the efect of ringing caused by Ige trace lengths.

The ESR (defied as the real part of the resonant impedance

of the capacitor) rating of a capacitor is didiflt number to
obtain.As a rule, the lver the ESR, the better suited the
capacitor is for use in switchingwer supply applications.
Marny capacitor manafcturers do not supply ESR datat &

useful estimate of the ESR can be obtained using thevfollo

ing equation:
_ DF
ESR = >mc

Where DF is the capacitor's dissipatiantbr f is the
frequeng of measure and C is the capacitanceaiads.

With this in mind, calculating the output capacitance
correctly is crucial to the performance of the DC-DC
corverter The output capacitor determines thell loop
stability, output wltage ripple, and the transient load
responseAn estimate of thewdk decoupling capacitance
required can be obtained using the foilog equation:

_ I x At
c T AV -1 xESR

WhereAt is the period wer which the CPU demands
current from the capacitors, af¥ is the maximum allwed
voltage changewer that period.

Schottky Diode Selection

The circuit in Figure 5 shes a Schottk diode, DS1This
diode should hee a lav forward \oltage drop because it
directly afects the rgulator eficieng. During the dftime

of the paver FET M1, the wltage on the inductor drops
until the DS1 clamps and conducts full current through the
inductor The paver in DS1 (B =VF x IL) is a direct sub-
traction from the werall eficieng/ of the comerter Thus,

DS1 should hee a lav VF to minimize the paerloss term.

A diode selection guide is\gn inAppendix C.

OSFET Switc hes

he MOSFET switch in a RC5035 and RC5036 application
circuit is an N-channel logicAel FET Thus, the switch is
fully on whenVgs is 4V Mary manufcturers mad logic-
level FETs lit you should choose the one with thevdst
RDs(ON)at the gren Imax current kel. RDS(ON)enters
into the eficieng/ equation as a peer loss. In addition, the
efficieng is influenced by theae chage of the FET and the
clock frequeng of the DC-DC cowerter chipAt higher
clocking rates the amount of cgarneeded to be dedired to
the FET lavers the werall eficieng. A selection guide for
logic-level MOSFETS is gien inAppendix C.

Timing Capacitor

To select the appropriate timing capacitor you must consider
the design trade-fsf between frequegcmaximum &pected
load current, dfciengy, and response time. In general, the
frequeng, response time, andfigieng are intefrelated.
owever, since the RC5035 and RC5036 rely on a constant-
on-time control for the PWM function, you should alscetak
into account the maximum load current.

The PWM controller modulates the current switch tojg®
the correct current ramp on the inducilidre amount of
chage and dischge in the inductor determines theseage
load current at gngiven time.The RC5035 and RC5036
modulate the current switch by adjusting thietiofie in
response to the feedback inputs obtained from thdator
output.That is, in response t@wying load conditions, the
regulator chips adjust the frequenaf the oscillator to mod-
ulate the dftime of the FETThus, for an increasing current
load, the RC5035 and RC5036 increase the frequnc
release more chge into the inductor (see Figure 10).

TeKS0.0IVlS/rS 28 Aigqs | 5
[ ¥ i )

1 |
2.00V M 1.00s Chi F 2.24V 7 Aug 1996

12:41:35

A 3.56us
@: —100ns

Figure 10. Scope Photo of Pin 9 at a 5Amp Load
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Corversely as the current load is reduced, the RC5035 andfor the design requirement of a greater than 80 Beta.
RC5036 adjust the oscillator frequgrto maximize the FET
off-time (see Figure 11). Doing this ultimately places upper For reliability, the junction temperature must nateed

and laver limits on the operating frequenof the chips
oscillator

TeK SITH SOAOMS/IS 48 Aths
3 L4

ne

2.24V 7 Aug 1996
12:42:58

M 1.00us Chl 7

Figure 11. Scope Photo of Pin 9 at a 0.1A Load

Figure 12 shas the relationship between the nominal
oscillator frequeng and the €xT capacitance. In general,
the laver the oscillator frequendqlarger GEXT), the better
the overall eficieng of the design, lit load rgulation and
response time are diminishéde higher the oscillator

frequeng, the better the transient response time and the load ®
regulation.These &ctors must all be weighed together when

deciding the appropriateeXT capacitor

Oscillator On-time Pulse Widthvs C  EXT

/

/

/

Pulse Width ( psec)
N

60 120 180 240

Figure 12. Pulse Width vs. Capacitance

Linear Regulator Design Considerations
The RC5035 and RC5036 lineaguators can be cogfi

120°C. Then, the maximum peer dissipation allwable for
the 16 lead SOIC package can be calculated by:

b= Tymax)=Ta
b Rosa

Assuming that the ambient temperatliseis 50C and the
thermal resistance of the 16 lead SOIC package iC19¢)

then the maximum peer dissipation for the RC5035 and
RC5036 is:

_ 120-50

Py = g = 0.466W

Using a typical paver transistqrthe D44H11 for eample,

the minimum Beta for operation a 3A is approximately 50 at
25°C. This may appear to violate the abaequirement of
Beta > 80, bt further analysis shes that the Beta in the
actual application is much highd&eta increasesver
temperature; thus, the junction temperature of threepo
transistor under a 3A load, is:

= I xVeg = 3A%(5-3.3) = 51W

Using the equation for obtaining the junction temperature,
we hae:

_ Domax) ~Ta

= 51w
RGJA

Po

For aTO-220 package with the appropriate heat sink, the
Roaa is about 8C/W. Assuming that the ambient tempera-
ture is 50C, TJ(max)is:

Po*Roa +Ta = Tymax = 5-IW x8+50 = 90.8°C

Thus, the transistor Beta is much higher than the minimum
required alue A transistor with a rated Beta minimum of 50
at 25C should yield a Beta of 80+ under the abambient
conditions.

Now, the RC5035 and RC5036wer dissipation due to the

ured in sgeral ways depending upon the application require-base current required by the NPN transistor can be calcu-

ments.The most cost &ctive solution is using an NPN
bipolar transistor as the highwyeer pass elementhis solu-

lated, with a minimum Beta of 88t the maximum load of
3A, the base current is 3A/80 = 37.5mA. Since the output of
the transistor is 3.3\the baseoltage is one diode drop

tion can be usedfefctively to pravide 3.3V from a +5V sup-
ply as shwn in Figure 5The considerations when using this higher 3.3V + 0.7V = 4VThus, if the RC5035 and RC5036
approach imolve the output current capability of the linear VCCL supply (the/CC supply for the operational ampdif)
regulator operational amplér and the thermal dissipation of is connected to 12\then the paer dissipation of the chip
the 16 lead SOIC packagghe bipolar transistor should due to the linear glator is:

have a Beta > 80 in order to limit the base current required
from the linear operational ampéfi A thermal analysis

performed on the application in Figure 5wisdhe reasons Pp = (12V —4V) x37.5mA = 0.3W

11
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Hence, at the maximum current of 3A, theveodissipation  that is directly underneath thegrdator should be the ground
of the RC5035 and RC5036 is within the maximurweo layer to sere as &tra isolation from the noisy peer planes.
allowed at an ambient temperature of G0

MOSFET Placement

Motherboar d Design Considerations Placement of the peer MOSFET is critical in the design of
the switch-mode gulator The FET should be placed so as

Modern high speed computers require careful attention to ally minimize the length of theate drve signal from the
aspects of PC board design, both electrical and thermal. InRc5035 or RC5036. Excessilead length on this trace
addition, with I/O lus speeds running at 66MHz andveo  cayses high frequepmoise from the parasitic inductance

supply currents in the JAmp range, each phase of the and capacitance of the trace. Since thiéage can transition
motherboard design requires careful attention to the parasitigearly 12V in approximately 100nsec, the resulting ringing
resistance and capacitance on the PCB. and noise isery difficult to suppressThe trace should be

] ] ) ) routed on one layer only anégt far avay from the quiet
Electrical Design Considerations analog pins of the dé&ce: VREF, CEXT, FBSW IFBH,

A dual paver plane design presentsaxiety of challengesin  IFBL, andVFBL (see Figure 13).
design, especially because one plane is split t@ $mth the

core \oltage and the 1/0. Care must bedako insure that Inductor and Schottky Diode Placement

the planes heae adequate area for the currents tloat b the ~ The inductor and y-back Schottk diode must be placed
CPU.The RC5035 or RC5036 needs to be locaardyf close to the source of thewper MOSFET Excessie lead
close to the CPU in order to reduce the IR dfom, when length on this trace causes high freqyemaise from the
designing with a switch-modeguelator, trace lengths to parasitic inductance and capacitance of the tfetoe node

reduce RF noise must be minimiz&this is especially true  between the inductor and the Schyitliode swings between
for the high frequencies of the RC5035 and RC5036. Most the drain wltage of the FET and the foand wltage of the
of the design problems associated with a switch-mode diode. It is recommended that this node beveded to a

regulator denve from the initial component placemenhe plane if possibleThis node is part of the high current path in

following sections should senas a step-by-step procedure the design, and as such it is best treated as a plane to

to follow when designing with the RC5035 or RC5036. minimize parasitic resistance and inductance on that node.
Most PC board mana€turers use 1/2 oz. copper on the top

Regulator Chip Placement and bottom signal layers of the PCBiese layers should not

The RC5035 or RC5036 should be placed as close to the be used to route the high current portions of tiyelegor
Vcore side of the P55C as possible. Preferably the PC layedesign. Since it is more common to use 1 oz. copper on the

Example of Example of
a Correct Layout an Incorrect Layout
SWDRV SWDRV
9 8 — e s
o A o | =
1 6— —ju 6
2 5 —12 s
Noisy Signal is
routed away from S (@O rreL —]13 (4 FBL
quiet pins [ha @:I IFBH s %: IFBH
CEXTC—{is) (D= VREF  cexi—]i5 (2)|= VReF
o 1 6 13

Noisy Signal
radiates onto
quiet pins

(O = "Quiet” Pins

Figure 13. Example of Correct and Incorrect Layout
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PCB inner layers, use those layers to route the high current~or example, 10A of load current requires a minimum width
paths in the design. of 200 mils which reficts a 1% L/W error

Capacitor Placement Thermal Consideration

The correct placement of thedddESR capacitors iseg to a I°R pawer losses result in increased sod temperature of

successful switch-mode wer supply design. Decoupling  the resistarthus increasing thealue of the resistoin

capacitors must seewwo purposes: support thegpected addition, ambient temperaturanations add to the change in

transient current of the CPU and yide noise suppression  resistor alue:

over a wide range of frequencid® support thexgpected

transient current of the CPU, enoughikbcapacitance is

required.To provide noise suppression, anety of capacitor

types and capacitances are required. where Rois the resistance at a0, o20 = 0.003937C, T is
the operating temperature, and R is the desiatuky

Low ESR capacitors on the input side (5V) of the FET must

be located close to the drain of theveo FET thus, mini- For temperatur@ = 50°C, the %R change = 12%.

mizing parasitic inductance and resistance critical in

suppressing the ringing and noise on thegosupply Low Summar_y

ESR output capacitors must be placed close to the output Table 4 is a summary of the tolerances for the Embedded PC

sense resistor to prijle good decoupling at thekage Trace Resistor

sense point.

R = Ryg[1+ 0yo(T —20)]

Table 4. PC Trace Resistor Tolerance Summar y

The impedance on goodWcESR capacitors gradually Tolerance due to Sheet Resistivity variation | 16%
increases as the frequgn.ncreasesThus,. for.h|gh Tolerance due 1o L/W error 1%
frequeng noise suppression, good qualitwlinductance —

ceramic capacitors (usually.1uF surice mount capacitors) | Tolerance due to Temperature Variation 12%
should be placed in parallel withWdESR hulk CapaCitorS. Total Tolerance for PC Trace Resistor 29%

Power and Gr ound Connections

The connection of théCCA pin to the 5V pwer supply

plane should be short and bypassed with pfochpacitor

set directly on the piThe ideal connection is directly to the )

5V power plane. Designs that use an input indyctbould

connecl/CCA to the input of the inductor as st in Fig- R=px L WQ

ure 5.A similar arrangement should be made forWi@CL

pin that connects to the +12V supply plane. Each ground

should hae a separate connection to the ground plane. wherep is Resistiity (UQ-mil), L is Length (mils)W is
Width (mils), and t iSThickness (mils).

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

Embed ded Sense Resistor (PC Trace Resistor)
Three major error sources must be considered when layingFor 1 0z. coppett = 1.35 milsp = 717.86uQ-mil, and

out embedded sense resistors, described asillo 1L/1W =1 Squard.

Sheet Resistivity For example, to layout a 5.3 embedded sense resistor

For 1 ounce coppethe thicknessariation is typically W =10/0.05 = 200 mils.

between 1.15 mil and 1.35 millherefore, the error due to ) )

sheet resistity is (1.35-1.15)/1.25 = 16%. Now, L (mils) = 0.00530*200*1.35/717.86 = 2000 mils, and
L/W =100.

Mismatc h Due to L/IW )
The percent error in L/W is dictated by the geometry and thd herefore to model 5.30/ one needg/ = 200 mils, and
power dissipation rating of the sense resisfoe resistor L = 2000 mils (see Figure 14).

must be able to handle the load current, requiring a minimum

width which is calculated by: 010 010 10 10 0 10 10

W =200 mils

IL
W =505 L = 2000

. - . . Fi 14.530mQS Resistor (10 O
whereW is the minimum width required for propervper gure m Q2 Sense Resistor ( )

dissipation (in mils) and lis the load current iAmps.
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You can also implement the sense resistor in thenfwitp

By placing the FET on the PC board and utilizing thegro

manner Each corner square is counted as 0.6 square sinceplane as a heatsink, tlga can be reduced by adtor that

current fowing through the corner square does rmw flini-

formly, concentrated twards the inside edge. See Figure 15.

10 10 10 10 10 10
.60 600 W =200 mils
10 10
.80

Figure 15. 5.30 m Q Sense Resistor (10 O)

A Design Example Combining an Embed ded Resistor
and a Discrete Resistor

corresponds to the sade area. &t a 1 inch square area, the
©Ja drops to approximately 4G/W, so that,

_ 120-25

P,
D 40

= 2.3

The paver that the FET dissipates at the rated 8A load is
calculated as follos:

2
Puosrer = (I RDS(ON))(Duty Cycle

3.3+04 _ 1.68W

P = (64(030 5703 =

For a law cost implementation, the embedded PC trace resissince the paer at 8A is within the thermal guideline, a heat

tor is more dective. Havever, the wide tolerancetR9%) of
this resistor presents a challengke folloving design
example preoides a féxible solution for wide tolerances.

When using Raytheos’/RC5036 demonstration board

sink is not required other than the P@Bhen the current is
11A, a similar calculation can be performed fowpo
dissipation:

33+04 _ 319w

P=(12)(087) 5703 =

(Figure 16), you hae the option to choose an embedded or a

discrete MnCu sense resistbo use the discrete sense resis-
tor, populate R21 with a shorting bar (zero Ohm resistor) for,

proper Kelvin connection and add the MnCu sense resistor
To use the embedded sense resistopulate R22 with a
shorting bar for I€lvin connectionThe embedded sense
resistor allovs you to choose a plus or a minus delta resis-
tance tap to déet aly changes that may be attitbd to junc-
tion temperature increments, or due to layout inaccuracies.
That is, by running a thick jumper between ogit plane

and the center tap\gis approximately 6 Similarly, the

left or the right tap gie approximately 6.7 or 5.3nQQ as

the sense resistoalue.

Thermal Design Considerations

Good thermal management is also critical in the design of
high current rgulators. System reliability is deaded if
component temperatures becommeeassie. Use the follav-

ing sections as a reference in designing for good thermal
management.

MOSFET Temperature
The paver dissipation of the FET can be calculated by:

p. = TJ(max)_TA
P G)JA

For the Fuji 2SK1388 FE®a is 75°C/W. For reliability
the junction temperature of the FET should nateed
120°C. Assuming that the ambient temperature i¥23hen
the paver dissipation is:

_120-25
T

5 = 1.267W

Clearly this paver level exceeds the thermal guideline set
above. For a 120C maximum junction temperature, a single
FET requires a heatsink or more sud area in order to
reduce theéga.

Parallel FETs

An alternate method for reducing thenso dissipation on

the FET is to connect twpover MOSFETS in parallel.

In this case, the FETs share the load current and can elimi-
nate the need for a heatsink. Be careful when designing with
parallel FETs: mak sure that the high current paths to the
drain and from the source are equal, and thatate dyve
signals to the FETs kia the same propagon delayThese
considerations are critical for the FETSs to properly share the
load currentThe following is an &@ample of the thermal
improvement with parallel MOSFETS.

If two FETs are in parallel, the systernfeefively drops the
current through each FEThe paver dissipation of each
FET is gven by:

3.3+04 _
5+0.4-0.2 0.79W

P = (5.5)(.037)
This magnitude of imprement compounds upon itself
because as the wer dissipation of the FET drops, so does
the Ros(ON) This improrement manifests itself in higher
overall coversion eficieng for the rgulator

Schottky Diode

A similar analysis can be made for thelflack Schottk
diode. In the non-synchronous design, thiebfick diode
carries the full current of the output load when thegro
MOSFET is turned &f Thus, a thermal analysis is in order

14
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for this componeniThe paver in the diode is a direct func-
tion of the forvard wltage at the rated load current during
the of time of the FETThe following equation can be used
to estimate the diode per: .

41/2 Digit DVM

Analog or Digital scope (100Mhz BW)
Current Load (Actie)

PC “Silver Box” Paver Supply

The following additional equipment can be useful for ehar
Po = (our) (VP Tore acterizing the performance of thguator:

Using the gample of a rgulator supplying 11A to the load
once more, the peer in a Motorola MBR2030CTL Reer
Rectifier can be calculated. From the Motorola data book,
theVf of the diode at 11A is 0.5\f the reggulator is per

* Current Probe

Intel TransientTester

Debugging the Fir st Design

forming a 5V to 3.3V coversion, then the bfime is Testing the switching grilator design is discussedsti
(1 - Duty Cycle). Br 5V to 3.3V the duty gcle is because igulator encompasses more areas of concern than
approximately 0.71. does the linear gailator In delugging the switching gula-

tor design, a methodology must be falked. The cost of the
Since this deice is in aTO-220 package, a comparison CPU is at least 2—3 times the cost of the PC motherboard, so
can be made between its thermal resistance and the the paver supply to the CPU mustork properly to goid

calculation abee. The maximum pwer for a free standing ~ ary damage. Hence, a thoroughatation of the peer sup-
TO-220 deice = 1.267WSince the calculated number is  Ply is required prior to plugging the CPU into the sefain
higher a heatsink must be added, or the package should bethe motherboard.

mounted onto the PCB so that it s\as heatsink.

Step 1: Initial Measurements

H ; The initial measurementsviolve using the M to insure
(D:ha.raCtenzmg and Deb ugging the that the appropriate p@r is being applied to the proper pins
esign of the RC5035 or RC5036.

This section praides a systematic approach to dgging

and characterizing an initial RC5035/RC503@ulator 1.
design. If all of the abe mentioned design guidelinesrba
been follaved, then the delyging of the fist design is

straight forvard.A discussion of the equipment required for 2.
testing the design, the methodology for aigding the

design, and what is required to perform a thorough charac-
terization is presented is this section. 3
Equipment Required

The following are the minimum equipment required for
testing the performance of thegtgator:

Check Power Supply. Using the I¥M, check that the
VCCA pin (pin 6) has +5V

CheckVREF Test Roint. Using the I¥M, measure the
voltage on th&/ REF pin (pin 2).This wltage should be
1.5V +1%.

Check Switch Control. Using the I¥M, measure the
voltage on the SWCTRL pin (pin 1&.high level

(+5V) on this pin will cause the switcher output of the
RC5036 to be at +3.5YThis is a no connect pin on the
RC5035.)

Embedded Sense Resistor

IFBH —— ()

MnCu Discrete
Resistor R21 | R22 o1 0
IFBL

Output Power
O Plane (Vout)

R-Ar

R

R+Ar

Figure 16. RC5036 Demo Board
Sense Resistor Implementations
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4. CheckVCCP. Using the WM, measure th&’CCP pin
(pin 10).This pin should be approximately 12V

If all of the abee conditions check correctlthen proceed to
the net step in the erification process. If you ke ary
problems obtaining acceptable results from thevalsteps,

5. CheckVCCL. Using the M, measure th¥CCL pin  then, most likly, one or more of thexéernal parts is either

(pin 11).This pin should also be approximately 12V

6. Check LIN_EN. Using the WM, measure the linear
regulator enable pin 1.df the RC5036, a highvel
(+5V) on this pin enables the lineagtaator
operational ampliér. (This pin is a no connect on the
RC5035).

7. CheckVSCL. Using the WM, measure thealtage on
pin 13.This pin should measurery close to +5V for a
no load condition on the linearg@lator A voltage
difference between théCC supply and/SCL of more
than 50mV indicates a possible short circuit condition at
the output of the linear gelator

8. Check the Linear Regulator Output. Using the IV M,
measure the outpubitage of the linear gulator For
the appropriate feedback resistors, the outpliage
should be 3.3\£3%.

9. Check CexT. Using the oscilloscope, obserthat there
is a triangular \&ve shape on pin 15, see Figure Tie
frequeng of this pin \aries with the eernal capacitor
selected and the output loading conditions.

Tk Gk ogspeed: 201 Arruls s ns
f 1

¥

.

|
W IS M2 hnEE ThT & i

Figure 17. Timing Capacitor Waveform on Pin 15

10. Check the Switcher OutputVoltage.Using the VM,
measure theoltage at the output of the switchingue
lator circuit after the sense resistéor the RC5036, the
output wltage should measure 3.33%. (The vltage
output for the RC5035 and RC5036 and RC5036 with
SWCTRL lov depends on thexternal feedback resistor
ratio). Using the aote load connected to the output of
the wltage rgulator apply a light loading condition,
approximately 100mA, then measure the switcher out-
put agin. The wltage should remain at 3.5V

connected incorrectly or isudlty.

Step 2: Verifi cation
1.

Load Regulation Check.This step imolves using the
active current load to check the loaduéation of the
supply through its speadfil load rangelhe actve load
should be connected to the output of the switching sup-
ply and the M, as is used to measure the supply out-
put wltage at the CPU soek First, set the as® load

to 0.5A, then measuiéout. Increase the acé load to

1A, then 2A, and so on through the spedifioad range.
Each time record the outpublitage.The load rgulation

is then calculated by the follong equation:

VOUT(IMAX) _VOUT(IMIN)

LR = Vour(IDEAL)

x 100 = %

Both, the switching supply and the lineagu&tor
should be chedd for load rgulation throughout the
current speciéd range.

Efficiency The eficieng of the switching rgulator can

also be measured and compared to the calculatad v

to determine if the selected components are operating
within their specifd ranges. Excessi eficieng/ losses
indicate that one or more components are being stressed
beyond their speciéid temperature limithe eficieng

of a switching pwer supply is simply calculated from

the following relationship:

EFE = Pout _ Vout *lout

x100 = %
Pin Vin*lin

This eficiengy number can be compared to thi-ef
cieng calculated from the estimations of therious

losses in the componenthe relationship is gen as
follows:

POUT

EFF = x 100

Pout * PDroTaL

Where POFOTAL is the sum of all of the peer losses in
the circuit.

« MOSFET loss: PBET = I? x RDS(ON)x DutyCycle
 Diode loss: BIODE = | xVF x (1-DutyCycle)

« Inductor loss: PIND =4x Rpc

« Sense Resistor [0sSRBENSE= I x R

e Gate Drve loss: PGAE = Qe x f xVGS

* IC power loss: Rc =Vcex Ice

" At the writing of this document, Intel has not made available a P55C tester. However, testers are available for P54 and P6;

thus, a similar offering may be forthcoming for the P55C.
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Step 3: Transient Response Test

This test galuates the time tak for the rgulator feedback Tk Running: 500ks/s  Average
loop to react to a step change in the output load current and I
then return to a spedaifil steady-stateoltage.This test is a ' :
measure of the gallators ability to respond to aavst case
change in current that might be demanded from the CPU
(that is, sleep-to-full load). Seral transient testers are
available from Intel for the P5Z.hese test boards fiirectly
onto the CPU soek and irolve a scope measurement simi-
lar to the one shwn belav. Contact Intel for information on
TransienfTesters. (See Figure 18).

A 85mv
{@: -78mV

e

“Ch2 2.00V ™ 100us Ch2 7 1.36V

Math3 50.0mv 100Ms

Figure 18. Transient Response of RC5036 Evaluation
Board (0.5A to 5A Load Step)
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Appendix A: Director y of Supplier s for Components

Dale Electronics, Inc.

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

Fuji Electric

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

PH: (214)233-1589

Intel Corp.

5200 NE ElanYoung Pkwy
Hillsboro, OR. 97123

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

International Rectiér
233 Kansas St.

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

IRC Inc.

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

Mallory

North American Capacitor Co.
7545 Rockville Rd.
Indianapolis, IN 46214

PH: (317) 273-0090

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

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

PH: (805) 867-2555

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

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

Sumida Electric USA

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

PH: (708) 956-0702

Xicon Capacitors

PO Box 170537
Arlington, Texas 76003
PH:(800) 628-0544
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Appendix B: Bill of Materials and Gerber File

BOM for RC5036 Application cir cuits, Figures 5 and 6

Quantity | Reference Manufacturer Part Order # Description

4 C4,C5,C7,C14 Panasonic ECU-V1H104ZFX 0.1pF 50V capacitor

1 C10 Panasonic ECU-V1H153KBX 15nF capacitor

1 C6 Panasonic ECU-V1H121JCG 180pF capacitor

1 C9 Panasonic ECSH1CY105R 1pF 16V capacitor

4 C2,C3,C12,C13 | Sanyo 6MV1500GX 1500uF 6.3V electrolytic capacitor
10mm x 20mm

1 C15 Sanyo 16MV330GX 330pF 16V electrolytic capacitor,
8mm x 15mm

DS1 Motorola MBR1545CT Schottky Diode, Motorola
L1 Pulse Engineering PE-53682 4.7uH inductor

1 M1 Fuiji 25SK1388 N-Channel Logic Level
Enhancement Mode MOSFET

1 Q1 National D44H11 NPN Power Transistor

1 R1 Copel AWG #18 6 mQ Iron Alloy resistor

1 R2 Panasonic ERJ-6ENF1.74KV 1.74K 1% Resistor

1 R3 Panasonic ERJ-6ENF2.00KV 2.00K 1% Resistor

1 R4 Panasonic ERJ-6ENF12.1KV 12.1K, 1% Resistor

1 R5 Panasonic ERJ-6ENF10.0KV 10K 1% resistor

1 R7 Panasonic ERJ-6GEY100V 47Q 5% resistor

1 R6 Copel AWG #18 7 mQ Iron Alloy resistor

1 Ul Raytheon RC5036M Dual Regulator for P55 - Switching

regulator + Linear regulator
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Appendix C: Selected Component Specifi cations
Table 1. Power MOSFETS
MOSFET Selection Table
Rps, ON
(mQ) Thermal
Manufacturer and Model # Conditions (Note 1) Typ. | Max. Package Resistance
Fuiji Vs =4V, Ip = 17.5A Tj=25°C 25 37 | TO-220 ®jp =75
25K1388 Ty=125°C | 87 | —
Siliconix VGs = 4.5V, Ip = 5A Tj=25°C 165 | 20 | SO-8 ®3p = 50
Sl14410DY Ty =125°C 28 | 34 | (SMD)
National Semiconductor Vs =5V, Ip = 40A T3=25°C 13 15 | TO-220 ®jp =625
NDP706AL T os ®jc=15
NDP706AEL Tj=125°C 20 24
National Semiconductor Vgs =4.5V, Ip = 10A Tj=25°C 31 40 | TO-220 Pjp =625
NDP603AL T=125°C 22 | 52 ®jc=25
National Semiconductor VGs =5V, Ip = 24A T3=25°C 22 25 | TO-220 Pjp =625
NDP606AL T, 125°C 3 n ®ic=15
Motorola Ves =5V, Ip = 37.5A T3=25°C 6 9 TC%—263 ®jyp =625
MTB75NO3HDL T;=125°C 93 14 (D* PAK) ®3c=1.0
Int. Rectifier Vgs =5V, Ip = 31A Tj=25°C — 28 | TO-220 ®jp =625
IRLZ44 Ty=125°C — | 6 ®yc=10
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.

Table 2. Power Darlington Selection

Power Transistor Selection Table
B
Manufacturer (hre)
and Model # Conditions (Note 1) Typ. | Min. Package Thermal Resistance
Various Ic =4A, Vce = 1V Ty=25°C 80 40 TO-220 ®yp =75
D44HXX Tj=125°C -
Motorola Ic =3A, Vce = 2V Tj3=25°C 80 40 TO-220 dja =625
MJE15028
Tj=25°C TO-220 ®Ja =625
Tj=125°C Pjc=1.0
Table 3. Power Magnetics, Inductor s
Device Mfgr. Parameter Conditions Max Value Units
CDHR127-1R3NC Sumida DCR 25°C 0.0101 Q
PE-53680 Pulse Engr. DCR 25°C 0.004 Q
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Table 4. Capacitor s

Device Mfgr. Parameter Conditions Max Value Units
20SA100M Sanyo ESR 100-300kHz 0.037 Q
6SA330M Sanyo ESR 100-300kHz 0.035 Q
1000uF XICON ESR 100-300kHz 0.15 Q
16MV330GX Sanyo ESR 10-200kHz 0.10 Q
6MV1500GX Sanyo ESR 10-200kHz 0.044 Q

Table 5. Schottky Diodes

Device Mfgr. Parameter Conditions Max Value Units
C10T02QL Nihon Vf If = 5A 0.47 Y,
MBRB1545CT Motorola Vf If =7.5A 0.57 Y,
MBRS140T3 Motorola Vf If = 1A 0.6 \
EC10QS02L Nihon Vf If =1A 0.45 \Y

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

LIFE SUPPORT POLICY:

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

Raytheon Electronics
Semiconductor Division
350 Ellis Street

Mountain View, CA 94043
415.968.9211

FAX 415.966.7742
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© Raytheon Company 1997



